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Abstract--- Gene expression profiling and analysis helps in identification of master regulators inducing disease. 

The GEO dataset GSE74530 comprising of samples from 6 normal and 6 oral cancer patients were analyzed using 

R package of Bio Conductor program GEO2R. The differentially expressed genes among the samples were 

identified using Benjamini Hochberg method. The up-regulated and down-regulated genes were identified based on 

fc value > 2.0 and p-value < 0.5. Protein interaction network was constructed for the up-regulated and down-

regulated genes with data from Bio Grid and Reactome database. The network was further explored by applying 

mathematical models for topological interaction analysis to determine the hub genes. Signal transducer and 

activator of transcription 1 (STAT1) was identified as the master regulator of Oral Squamous Cell Carcinoma 

(OSCC). Cross validation with The Cancer genome Atlas (TCGA) followed by gene ontology and functional 

enrichment analysis also revealed the role of STAT1 in progression of OSCC. Survival analysis with respect to 

expression of gene also showed the decrease in rate of patient prognosis with increase in expression of STAT1.  

Keywords--- Oral Squamous Cell Carcinoma (OSCC), The Cancer Genome Atlas. 

I. INTRODUCTION 

Oral Squamous Cell Carcinoma (OSCC) is a common oral malignancy representing about 80-90% of all the 

cases (1). This is one among the top ten common cancers worldwide. Asia has large number of oral cancer patient 

and India is considered as the oral cancer capital of the world as the number of OSCC patients in this country is 

more (2). Major etiological and predisposing factors that contribute to the development of OSCC is smoking, 

alcohol abuse and use of tobacco and related products (3). In India, where practices like smoking and use of tobacco 

are culturally accepted, the rate of incidence and mortality due to OSCC is in its peak. The gene that occupy the top 

position in the regulatory hierarchy is called as the ―master regulatory genes‖ or ―master regulators‖. They work 

without the regulatory influence of other genes. Instead they regulate the expression and functioning of other genes. 

The term was coined by Susmu Ohno (4).  

Gene expression analysis using micro array is a major tool to identify the differentially expressed genes. In this 

study, the gene expression profile GSE74530 comprising of data from twelve different samples among which 6 are 

normal and the remaining are of oral squamous cell carcinoma were analyzed (5). The differentially expressed genes 

from the set of samples were identified and protein interaction network was constructed to elucidate their role in 

metabolic pathways. The genes with high degree of connectivity in the protein interaction network was elucidated 
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and are considered as hub genes. Thus, from the hubs, the master regulator of OSCC were identified. The gene 

ontology terms of each genes along with the functional enrichment was also carried out. 

II. MATERIALS AND METHODS 

Gene expression Data Profile 

The gene expression profile data of GSE74530 was retrieved from Gene Expression Omnibus Database (GEO) 

(5 and 6). It consists of twelve samples among which 6 are from normal and the remaining are from oral cancer 

patients. Expression profiling by array was the experimental type used. The tumor sample from oral cavity and 

adjacent non tumor tissue were obtained from patients enrolled in Phase 0 clinical trial. Affymetrix platform was 

used for determining the genes and the mRNA expression was analyzed to compare the differential gene expression 

between the normal and tumor samples.  

Analysis of Gene Expression Data 

The tumor and normal samples were loaded separately into the GEO2R analysis (7) platform and the differential 

expression of genes were analyzed by applying established BioConductor and R packages using limma query (8). 

Benjamini Hochberg method (9) was used for determining the differentially expressed genes (DEGs). On the basis 

of p-value (p-value ≤ 0.05) and fold change (fc ≥ 1.0), the up-regulated and down-regulated genes were identified. 

The top 250 DEGs were pre-processed and selected from the set of all genes expressed.  

Function Enrichment and Ontology 

Functional enrichment analysis was carried out using the Database for Annotation, Visualization and Integrated 

Discovery (DAVID) v6.8 (10). To determine the genes involved in cancer related pathways, Kyoto Encyclopedia for 

Genes and Genomes (KEGG) was used (11). Similarly, Gene Ontology enRIchment anaLysis and visuaLizAtion 

tool (GORILLA) was used to predict gene ontology terms of the genes involved in OSCC (12). Only those with 

significant p-value < 0.5 were considered for progressive analysis.  

Network Construction and Analysis 

The metabolic and signaling pathways can be mapped and characterized using gene-protein interaction network. 

Additionally the protein interaction network construction paved way for the identification of function of unknown 

proteins. Cytoscape tool (13) was used for predicting the PPI network by integrating the experimental data from 

BioGrid and Reactome FIS databases using The Proteomics Standard Initiative Common QUery InterfaCe 

(PSICQUIC) (14). The topological interaction analysis was carried out using mathematical models of scoring 

functions provided by Cytohubba (15).  Finally, on the basis of the impact, rank and occurrence of the genes, the 

master regulators were identified.  

TCGA – Cross-Validation and Survival Analysis 

The master regulator identified was further cross checked with The Cancer Genome Atlas (TCGA) database 

(https://cancergenome.nih.gov/) using the Genomics Data Commons (GDC) portal to confirm the role of the gene in 

OSCC growth, progression and metastasis (16 and 17). Furthermore, the role of genes with respect to survival rate 

https://cancergenome.nih.gov/
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of the patients were also determined. 

III. RESULT AND DISCUSSION 

Identification of DEGs from Microarray Data Analysis 

The expression analysis of the micro array data profile from OSCC patients paved way for the identification of a 

total number of 54675 genes. From the top 250 differentially expressed gene, the analysis of up-regulated and down-

regulated genes using statistical method revealed 133 genes as highly expressed and the expression level of 39 genes 

were low.  

Functional Enrichment Analysis of DEGs 

On the basis of connotation, the up-regulated genes were narrow downed with the help of functional and gene 

enrichment analysis. Furthermore, the gene ontology for the up-regulated genes were also identified. This put light 

on the involvement of the genes up-regulated in different metabolic processes and functions which enhances the 

progression of OSCC was clear. All the ontologies with significant p-values were considered. Table 1 details the 

different ontology terms along with their functions and significant p-values. 

Table 1: Gene Ontology Terms for the Up-Regulated Genes 

S.No.: Gene Ontology Description p-value 

Process 

1. GO:0022617 Extracellular matrix disassembly 1.94E-6 

2. GO:0022411 Cellular component disassembly 4.1E-6 

3. GO:0030574 Collagen catabolic process 1.7E-5 

4. GO:0032963 Collagen metabolic process 4.66E-4 

5. GO:0008544 Epidermis development 8.43-E-4 

Function 

1. GO:0046914 Transition metal ion binding 3.99E-6 

2. GO:0004222 Metalloendopeptidase activity 5.01E-5 

3. GO:0008270 Zinc ion binding 5.01E-5 

4. GO:0008237 Metallopeptidase activity 5.01E-5 

5. GO:0004175 Endopeptidase activity 4.66E-4 

6. GO:0008233 Peptidase activity 6.67E-4 

7. GO:0070011 Peptidase activity, acting on L-amino acid peptides 6.67E-4 

8. GO:0048081 Receptor ligand activity 9.04E-4 

Component 

1. GO:0005576 Extracellular region 7.36 E-5 

2. GO:0005615 Extracellular space 3.23E-4 

The up-regulated genes were involved in several cellular processes like extracellular matrix disassembly and 

cellular component disassembly. This make it evident that the highly expressed genes in the patient will have 

significant effect in inducing metastasis. This is because it is important for the cells to undergo such processes 

before metastasis. For example, the disassembly efficiently aids in detachment of the tumor cell at primary site 

which further enhances the transportation of the tumor cell to secondary site thus promoting invasion and finally 

metastasis of the cancer. Furthermore their presence in extracellular region and space further proves the role of these 

proteins outside the cells which reduces the attaching efficiency of the tumor cells at specific site and mutually 

enhancing invasion and metastasis. This also shows the role of certain gene in angiogenesis process as well. 

PPI Network Analysis  

Protein interaction network is an efficient way for identifying the genes and their interactions as well as the 



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 05, 2020 

ISSN: 1475-7192 

DOI: 10.37200/IJPR/V24I5/PR201706 

Received: 07 Feb 2020 | Revised: 01 Mar 2020 | Accepted: 18 Mar 2020                                                                        402 

protein – protein interactions occurring within or outside the cells collectively. Here, the protein interaction network 

was constructed for both up-regulated and the down-regulated genes by obtaining experimentally validated 

interaction data from BioGrid and Reactome functional Interactome databases. The network thus created is given in 

figure 1A and 1B respectively. The nodes and the edges in the network represents the proteins and the interactions 

they make between each other. The up-regulated genes created 7990 nodes and 4121 edges with data from BioGrid 

database while as the interactions information from Reactome databases created 3662 nodes and 1568 edges. 

Totally, the merged network consists of 11652 nodes and 5689 edges. Similarly, the network constructed for the 

down-regulated genes from the BioGrid database accounts for 900 nodes and 749 edges while as there were 135 

nodes and 151 edges for the network created from the Reactome database. Collectively the merged network for 

down-regulated genes showed 1035 nodes and 900 edges respectively.  

 

Figure 1A: Protein Interaction Network of the Up-Regulated Genes 
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Figure 1B: Protein Interaction Network of the Down-Regulated Genes 
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Signal Transducer and Activator of Transcription 1 as a Master Regulators in OSCC 

The topological interactions occurring on the network was predicted by applying mathematical models for 

scoring function in networks to identify the hub genes among them and thus the master regulator. Twelve different 

mathematical scoring functions both local and global methods namely Maximal Clique Centrality (MCC), Density 

of Maximum Neighborhood Component (DMNC), Maximum Neighborhood Component (MNC), Degree, Edge 

Percolated Component (EPC), Betweenness, Bottle neck, Closeness, Clustering coefficient, EcCentricity, Radiality 

and stress based on their shortest path were applied for the network separately and the top 10 gene topologies were 

identified from each network separately. The networks thus created with the top 10 shortest paths are shown in 

figure 2A to 2L respectively. As a result, the Signal Transducer and Activator of Transcription 1 (STAT1) was 

found to be one of the major master regulators involved in inducing OSCC progression in patients. This gene was 

used as a prognostic marker for renal, ovarian and pancreatic cancer (Human Protein Atlas).  

 

Figure 2A: Betweenness 
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Figure 2B: Bottleneck 

 

Figure 2C: Closeness 
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Figure 2D: Clustering Coefficient 

 

Figure 2E: Degree 
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Figure 2F: DMNC 

 

Figure 2G: EcCentricity 
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Figure 2H: EPC 

 

Figure 2I: MCC 
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Figure 2J: MNC 

 

Figure 2K: Radiality 
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Figure 2L: Stress 

Role of STAT1 in OSCC Patient Survival 

The survival of the oral cancer patient with respect to the expression of the gene STAT1 was analyzed to 

determine how effectively this gene coordinate with other cancer gene expression leading to cancer progression. 

Based on analysis using available data from TCGA, the following Box-Whisker and Kaplan-Meier plot was 

constructed (Figure 3 and 4) which revealed the role of STAT1 in OSCC progression as crucial. As the expression 

of STAT1 increased, the progression of OSCC in patient increased with decrease in prognosis of the patient. In 

contrast, decreased level of STAT1 in OSCC patient lead to decreased level of OSCC progression and finally a 

higher prognosis. Thus, increased STAT1 correlates with poor prognosis of OSCC.  
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Figure 3A: Expression of STAT1 in HNSC Based on Tumor Grade 

 
Figure 3B: Expression of STAT1 in HNSC based on patient’s age 
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Figure 3C: Expression of STAT1 in HNSC Based on Patient’s Gender 

 

Figure 3D: Expression of STAT1 in HNSC Based on Patient’s Race 
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Figure 3E: Expression of STAT1 in HNSC Based on Individual Cancer Stages 

 

Figure 3F: Expression of STAT1 in HNSC Based on Sample Types 
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Figure 4A: Effect of STAT1 Expression Level on HNSC Patient Survival 

 

Figure 4B: Effect of STAT1 Expression Level and Tumor Grade on HNSC Patient Survival 
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Figure 4C: Effect of STAT1 Expression Level and Race on HNSC Patient Survival 

 

Figure 4D: Effect of STAT1 Expression Level and Gender on HNSC Patient Survival 
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Cross-Validating the Identified Gene Expression 

The role of STAT1 expression in other cancer was also cross validated using an integrated TCGA analysis. A 

PanCancer analysis was carried out finally to determine the proficiency of STAT1. As shown in the figure 5, STAT1 

expression was seen to be significant in different cancers. Hence it is clear that in most of the cancers, the level of 

STATA1 was found to be increased than normal. 

 

Figure 5: Expression of STAT1 Across TCGA Cancers (with Tumor and Normal Samples) 

STAT1 in Tumor 

Among the seven different STAT family members, the role of STAT1 in cancer is crucial. It plays a vital role in 

interferon signaling and thus maintaining several cellular functions. This is aided by the stimulation mechanisms 

working in hand with cytokines, hormones and growth factors. Several experiments proved the role of STAT1 in 

promoting cancer by working as oncogene (18). The signal transduction for STAT1 happens from the cytoplasmic 

domain found in transmembrane receptor. From here, the signal passes into the nucleus and thus the gene expression 

is regulated. This in turn modulates several cellular processes like cell death, differentiation and proliferation (19).  

IV. CONCLUSION  

The gene expression data analysis using microarray expression profiles from twelve samples of normal and 

OSCC cancer patients were carried out. Protein interaction network analysis and followed by topological interaction 

studies revealed Signal Transducer and Activator of Transcription 1 (STAT1) as one of the major master regulators 
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of oral squamous cell carcinoma. It was found that increased expression of STAT1 leads to increase in tumor size 

and stage and consequently, poor prognosis of OSCC. Along with using STAT1 as a biomarker for OSCC, drug 

discovery and development aiming to reduce the expression of STAT1 in OSCC patients will have a better effect in 

increasing the cancer prognosis.   
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