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Abstract: Head and neck cancer comprises several pathologies occurring at distinct sites above the clavicle. 

Due to their anatomical position, these types of cancer may cause additional physical, physiological and 

psychosocial impairments. Early detection is known to improve clinical outcomes, highlighting a clear need 

for improved cancer screening such as employing molecular biomarkers. Technological advancements have 

led to an increasing volume of gene expression data deposited in public repositories. The present study 

conducted a differential gene expression analysis for head and neck cancer, focusing on oral cavity cancer 

and thyroid cancer. Expression data was extracted from the Gene Expression Omnibus and The Cancer 

Genome Atlas databases. The data was prepared and analyzed in the R environment. Four differentially 

expressed genes were identified for oral cavity cancer: LOXL2, FAT1, SOD3 and DPT; and 12 altered genes 

were found for thyroid cancer: CRABP1, CSGALNACT1, WSCD2, ITM2A, ID3, PAX8, SELENBP1, 

TNFRSF11B, SDPR, LRP1B, MT1F and SGK223. A survival analysis demonstrated that higher expression 

of FAT1 in oral cavity cancer is associated with lower survival. For thyroid cancer, lower expression of ITM2A 

and ID3 were associated with lower survival. This study identified potential diagnostic and prognostic genetic 

biomarkers for oral cavity and thyroid tumors. 

Keywords: head and neck cancer; thyroid cancer; oral cavity cancer; gene expression; biomarkers. 

HIGHLIGHTS  
 

 Using GEO and TCGA data to identify differentially expressed genes;  

 Identification of 4 differentially expressed genes for oral cavity cancer; 

 Identification of 12 differentially expressed genes for thyroid cancer. 
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INTRODUCTION  

Cancer is a disease of genetic origin which develops from single cells into a neoplastic mass with 
uncontrolled cell division, altered cellular function and potential to invade neighboring tissues [1]. The 
terminology “head and neck cancer” is utilized when referring to a group of cancers that occur above the 
clavicle, with exception for the brain, skin, lymph nodes, eyes, esophagus and trachea [2,3]. Among the main 
anatomic sites for this neoplasia are the oral cavity, pharynx, larynx, nasal cavity, paranasal sinuses, ears 
and thyroid. They are also subdivided into the histological types of squamous cell carcinoma and 
adenocarcinoma, the former being most common and accounting for 90% of instances [2,4,5]. 

Depending on the course of the disease upon diagnosis, treatment for head and neck cancer may require 
aggressive procedures such as surgical resections, chemotherapy, radiotherapy, the use of feeding bags 
and tracheostomy. Tumor resection, in particular, usually leads to the disfigurement of facial features. 
Accordingly, this group of cancers inflicts physical, physiological and psychosocial repercussions, which in 
turn affect self esteem, communication, loss of autonomy and difficulties in feeding [4,6,7]. According to World 
Health Organization (WHO) data, approximately 1.518.133 new cases and 5.510.771 cancer-related deaths 
were estimated worldwide for head and neck cancer in 2020, respectively representing 8.4% and 5.2% out 
of all cancer types [8]. Evidently, this landscape configures a major public health issue globally. 

Early detection is known to improve clinical outcomes with a chance of survival reaching up to 80% [7], 
highlighting the need for reliable and improved diagnostic methods. To this regard, cancer biomarkers occupy 
an especially influential position in a clinical setting. They have been successfully applied for several 
purposes in patient assessment, including disease development risk estimation, screening, diagnosis, 
prognosis, monitoring and therapy response prediction [9]. 

In the current era of biological big data and high throughput technologies, the use of bioinformatics 
resources has become an essential first step in biomarker discovery [10]. From this perspective, an 
increasingly popular strategy to aid cancer screening is the identification of differentially expressed genes 
between normal and tumoral tissue, which may potentially be employed as biomarkers. 

Gene expression may be analyzed through microarray or RNAseq techniques and experimental data is 
usually stored in public repositories, such as the Gene Expression Omnibus (GEO) database [11] and The 
Cancer Genome Atlas (TCGA) [12]. Several research efforts have combined and/or repurposed gene 
expression data from online databases in order to assess novel potential biomarkers for bladder cancer [13], 
pulmonary adenocarcinoma [14], pancreatic duct adenocarcinoma [15], cervical cancer [16], among others. 

In this context, our study aimed to identify differentially expressed genes between tumoral and non-
tumoral tissue for head and neck cancer, with emphasis on thyroid and oral cavity cancers by combining 
multiple studies from GEO and TCGA. 

MATERIAL AND METHODS 

Dataset acquisition 

The data was obtained from GEOdatabase and TCGA. As a selection criterion, only studies that 
contained normal samples and biopsies performed on humans were chosen. Due to discrepancies in sample 
size for different anatomical sites of head and neck cancer, the dataset of this study is divided into two groups: 
five GEO studies for oral cavity cancer under the accession number: GSE13601, GSE38517, GSE58911, 
GSE83519, GSE146483 and four GEO studies for thyroid cancer under the accession number: GSE53072, 
GSE65144, GSE82208, GSE129562. Additionally, TCGA data was retrieved from the Thyroid Carcinoma 
project, with 118 tumors paired normal samples and the Head and Neck Squamous Cell Carcinoma project 
with 521 tumor paired normal samples, allowing a better size comparison sample (Table 1). The GEO data 
was acquired and preprocessed using the GEOquery package in the R environment, after that transformed 
to Log 2 [17], while TCGA data was acquired from the website, normalized in transcript per milion and then 
transformed to Log 2 [18,19]. 
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Table 1. Datasets employed in this study and their characteristics. 

Cancer site Sample Database 
Accession 
number 

Tumoral 
samples 

Non-
tumoral 
samples 

Platform Reference 

Oral cavity tongue GEO GSE13601 31 27 GPL8300 20 

Oral cavity oral mucosa GEO GSE38517 7 13 GPL570 21 

Oral cavity 
oropharynx, 
hypopharynx, 
larynx 

GEO GSE58911 15 15 GPL6244 22 

Oral cavity oral mucosa GEO GSE83519 22 22 GPL4133 - 

Oral cavity oral mucosa GEO GSE146483 8 3 GPL17077 23 

Thyroid thyroid GEO GSE53072 5 4 GPL6244 24 

Thyroid thyroid GEO GSE65144 12 13 GPL570 25 

Thyroid thyroid GEO GSE82208 27 25 GPL570 26 

Thyroid thyroid GEO GSE129562 16 16 GPL10558 27 

Thyroid thyroid TCGA TCGA-THCA 118 -  28 

Head and neck multiple TCGA TCGA-HNSC 521 -  29 

Differential expression 

Identification of differentially expressed genes (DEGs) was performed through a comparison of tumoral 
and non-tumoral expression data using bayesian statistics with Benjamini-Hochberg false discovery rate 
correction [30]. An adjusted p value <0.05 was considered significant and a Log 2 Fold Change threshold >|1| 
was set to filter out DEGs with less difference in expression. The intersection of DEGs obtained from each 
dataset was selected, aggregating evidence for diagnostic potential and providing more reliable results. 
These procedures were carried out in R programming language [31]. 

Functional enrichment and protein interaction 

The list of DEGs obtained for both cancer types in the previous step was used as input for a functional 
enrichment analysis and in the construction of a protein-protein interaction network. To gain insight on the 
mechanisms surrounding thyroid and oral cavity cancers, we sought to identify over-representation of Gene 
Ontology terms [32,33] using g:Profiler [34]. The Homo sapiens ontology was queried for overrepresented 
biological processes, and an adjusted p-value <0.05 was considered as significant after Benjamini-Hochberg 
False Discovery Rate correction. Results were manually filtered to remove term redundancy. 

Uniprot identifiers corresponding to the DEGs were queried using the StringApp v2.1.1 extension [35] of 
Cytoscape 3.10.1 [36] in order to retrieve significant interactions from the STRING database [37]. The 
STRING protein query employed the following parameters: evidence score threshold >0.80 and target 
organism Homo sapiens, and 40 additional interactors. The resulting network was analyzed in terms of the 
quantity of connections established by a protein (node degree) and the extent to which a connection lies on 
the shortest path between two nodes (edge betweenness centrality) [38]. These variables were mapped to 
node size and edge width, respectively. Additionally, Log2 FC and enriched biological themes were mapped 
to the node coloring using the Omics Visualizer v1.3.1 extension [39]. 

Survival analysis 

All identified DEGs underwent a survival analysis using TCGA patient data to evaluate their prognostic 
potential [15,40]. The Kaplan-Meier method was used to estimate the survival probability for patients. The 
Mantel-Haenszel test was employed to compare survival curves between groups of high-expression and low-
expression for each gene (cutoff by median expression), taking p<0.05 as significant. These procedures were 
carried out with the Survival package in R [41]. 
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RESULTS 

Each dataset analyzed yielded a different number of DEGs (Table 2), which stems mainly from natural 
variability and particularities of the original experiments. In order to reduce this bias and provide a more 
comprehensive analysis, the intersection of DEGs between datasets was selected for each cancer site. 

                  Table 2. Number of differentially expressed genes identified in oral cavity and thyroid cancers. 

Cancer site Accession number Identified DEGs 

Oral cavity GSE13601 1822 

Oral cavity GSE38517 113 

Oral cavity GSE58911 2245 

Oral cavity GSE93519 2689 

Oral cavity GSE146483 6636 

Thyroid GSE53072 3206 

Thyroid GSE65144 6922 

Thyroid GSE82208 257 

Thyroid GSE129562 884 

Thyroid TCGA-THCA 4100 

Head and Neck TCGA-HNSC 2164 

 
In oral cavity cancer, the intersection between datasets yielded 4 DEGs, namely LOXL2, FAT1, SOD3 

and DPT. Out of these, LOXL2 and FAT1 show a significantly higher expression in tumoral tissue. In contrast, 
SOD3 and DPT appear as down-regulated in cancer when compared to adjacent non-tumoral samples. As 
for thyroid cancer, the intersection of DEGs resulted in 12 altered genes, all of which exhibit lower expression 
in cancer: CRABP1, CSGALNACT1, WSCD2, ITM2A, ID3, PAX8, SELENBP1, TNFRSF11B, SDPR, LRP1B, 
MT1F and SGK223. 

Our network analysis for the combined cancer sites formed a main network of 31 nodes and 65 
connections (Figure 1). Five DEGs form connections in the main network, although not directly to each other. 
A central path is established between FAT1, LOXL2 and PAX8, the latter of which is the most central node 
with a degree of 14. The significantly enriched biological processes for our set of DEGs are also highlighted 
in the network (Figure 1). 
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Figure 1. Network for differentially expressed genes in head and neck cancer obtained from STRING interaction data. 
Nodes colored in gray represent additional interactors. 

A total of three DEGs displayed a significant association between expression and survival (Figure 2). 
The FAT1 gene, which was found up-regulated in tumor samples, displayed a significant association between 
higher expression samples and a lower survival rate in oral cavity cancer. As for thyroid cancer, survival 
analysis revealed two genes, ITM2A and IDE3, with an association between lower expression samples and 
a low survival rate. These two were found down-regulated in cancer.  
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Figure 2. Survival analysis for the differentially expressed genes in head and neck cancer. 

DISCUSSION 

The genes LOXL2, SOD3, differentially expressed in the oral cavity, and MT1F, differentially expressed 
in the thyroid cancer, were found enriched for response to copper ion. The presence of ions in the human 
body is observed in various biological processes, such as the cell cycle and protein composition. Neoplastic 
and metastatic processes tend to alter the homeostasis of ionic components, including copper [42,43]. 
LOXL2, DPT, TNFRSF11B and CSGALNACT1 were found enriched for biological processes related to 
cellular organization, namely collagen fibril organization and extracellular matrix organization. Cancer, in 
general, is known to cause local changes in terms of anatomy and histology, including cytoplasm, morphology 
and nuclear organization [44]. These structural changes usually lead to reduced oxygen levels [45,46]. To 
this regard, SOD3 is known to protect against oxidative stress by converting reactive oxygen species [47]. In 
our study we found this gene down-regulated in oral cavity cancer, which may aid in tumor development. This 
gene has been previously linked with aggressive phenotypes of oral squamous cell carcinoma [48]. 

The thyroid gland is an integral part of the endocrine system, producing hormones that have a role 
throughout the body [49]. Therefore, gene expression modulation in this organ may cause systemic changes. 
In this study, ID3 and PAX8 demonstrated, through functional enrichment, activity related to metanephros 
development and negative regulation of developmental process. Although a different and distant organ, this 
is a particularly interesting finding given the bidirectional relationship between thyroid cancer and kidney 
cancer, where patients who initially have the pathology in one of these two sites tend to have a recurrence in 
the second site [50]. Similarly general thyroid dysfunctions can lead to kidney alterations [51]. Additionally, 
PAX8 is enriched for negative regulation of stem cell population maintenance. In this case, downregulation 
of this gene, as it is observed in our study, may enhance tumoral cell proliferation. 

About the survival rate, a higher overall is perceptible in thyroid cancer compared to oral cavity cancer, 
which is consistent with the low mortality rate of thyroid cancer reported by the WHO [8]. Additionally, a 
previous study for oral squamous cell carcinoma reported the genes PLAU, CLDN8, and CDKN2A as 
potential predictors of overall survival using data available from GEO and TCGA [52]. 

Out of the DEGs identified in our study, we could not find previous literature relating to head and neck 
cancer for LRP1B, TNFRSF11B, SELENBP1, WSCD2 and CSGALNACT1. In the case of CSGALNACT1, 
which encodes for a type of N-acetylgalactosaminyltransferase, there are some studies describing other 
molecules of this class and their expression in cancer. For instance, increased expression of GALNT14 has 
been associated with poor prognosis in head and neck cancer [53]. In contrast, we found CSGALNACT1 as 
down-regulated. 

In oral cavity cancer, previous studies have been able to identify upregulation of genes LOXL2 [54,55] 
and FAT1 [56,57], as well downregulation of SOD3 [48,58] and DPT [59] in tumoral tissue, results which are 
in agreement with the current paper. FAT1 is frequently found mutated in various types of cancer, including 
a higher mutation rate in head and neck squamous cell cancer [60], and higher expression has been linked 
with a poor prognosis in oral squamous cell carcinoma [57]. 

Both an increase in LOXL2 expression levels as well as reduction in DPT have been associated with 
development of metastasis [55,61], which is reflected by their enriched roles in extracellular organization. 
Moreover, LOXL2 and SOD3 have a role in copper metabolism, and dysregulation of this biological process 
is closely related to the occurrence and progression of tumors [62]. In oral cavity cancer, increased LOXL2 
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expression had already been identified in tumor cells [54], playing a role in proliferation, migration, and tissue 
invasion [55].  

Previous studies in thyroid cancer have reported genes CRABP1 [63], ID3 [64], ITM2A [65], PAX8 [66], 
SDPR [67], MT1F [68], SGK223 [69] with a lower expression in tumoral tissue, which is in agreement with 
the current study.  PAX8 is a transcription factor involved in regulating the development of various tissues, 
primarily in the morphogenesis of the thyroid gland, renal system, and the female reproductive tract [70,71]. 
Accordingly, alterations in this gene are associated with the development of ovarian [72], renal [73], and 
thyroid cancers [66]. Additionally, ID3 downregulation shows a correlation with metastasis [64]. 

Furthermore, it’s necessary to be clear about the study limitations, since this study used just data 
available in GEO and TCGA without clinical analysis that proves our results. Additionally, some studies from 
GEO database contain just few samples, which may influence the results. However, for future works, local 
collections should be carried out with the aim of comparing the results obtained and better understanding the 
possible applications of the results.  

CONCLUSION 

The present study made use of data from public repositories to conduct a differential gene expression 
analysis in head and neck cancers, with special focus on oral cavity cancer and thyroid cancer. As a result, 
four differentially expressed genes were identified for oral cavity cancer: LOXL2, FAT1, SOD3, and DPT; and 
12 genes for thyroid cancer: CRABP1, CSGALNACT1, WSCD2, ITM2A, ID3, PAX8, SELENBP1, 
TNFRSF11B, SDPR, LRP1B, MT1F and SGK223, all of which are potential diagnostic biomarkers. The 
intersection of multiple datasets performed in our study provides a less biased approach and accumulates 
more evidence to identify genes with differential expression between samples. 

We identified, by means of a survival analysis, an association between higher expression levels of FAT1 
and lower survival rates, suggesting that FAT1 could be a potential prognostic biomarker for oral cavity 
cancer. For thyroid cancer, we found ITM2A and ID3 as potential prognostic biomarkers given the association 
between lower expression levels and a lower survival rate. Additional laboratory studies are needed to 
confirm the use of these genes as diagnostic and prognostic biomarkers. 
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