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					Abstract

					Background: Management of breast cancer (BC) as a heterogeneous disease is very challeng-ing. Biomarker discovery has been shown promising for this aim. Protein interaction mapping could provide further knowledge of the vital roles of these markers. Materials and Methods: Cytoscape and its plug-ins are used for network construction and evaluation. The plug-ins used in this study are STRING, Network Analyzer, GeneMANIA, and CluePedia. Results: The cen-tral proteins are enriched in transcription regulatory region DNA binding, regulatory region nucleic acid binding, regulatory region DNA binding, Fc receptor signaling pathway, cell cycle arrest, and immune response-regulating cell surface receptor signaling pathway. Conclusion: The introduced biomarkers and their related biological processes may show useful for the breast cancer diagnosis and monitoring; however, has to encounter more validation studies to be clin-ically applicable. [GMJ.2019;8:e1298] DOI:10.31661/gmj.v8i0.1298
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				Introduction

				Breast cancer is the first cancer-related and the second cause of death in women [1]. Metastasis is the cause of death in breast cancer; in other words, if the tumor does not migrate to other parts of the body, it cannot be lethal [2]. The reports indicate that the inci-dent of breast cancer in the western countries is higher than eastern countries due to the dif-ferential life style [1]. Breast cancer detection has been challenging and the first-line applied method for this aim is mammography which may not be applicable in all cases [3]. Early detection is the key for eradication of breast 

			

		

		
			
				cancer and outcome improvements. Discov-ery of associated biomarkers in this stage could potentially introduce a solution in this regard. Many molecular studies including ge-nomics, transcriptomics, and proteomics pro-filing have been conducted and were aimed to achieve a better understanding of underlying disease mechanisms [4, 5]. Ways of none in-vasion methods to detect the candidate bio-markers could be through serum, salivary, urine, tear, and breast fluids study [3]. Simul-taneously, these molecular signatures could be the further analyzed by protein interaction mapping via topological examinations. Net-work medicine could accelerate recognition 
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				of the most crucial agents in terms of central-ity properties. Thus, providing more validity of identified biomarkers of the condition that is considered for investigation [6]. In addi-tion, these interactions can conduct the cell function in an organism with the unique role of central proteins [7]. Following this, enrich-ment analysis of the central proteins, provides further knowledge of the disease condition. To measure this, many algorithms are available either through Cytoscape or through online databases [8]. Network analysis, therefore, could identify multiple powerful therapeutic targets [9]. Since PPI network analysis is an analytical method to achieve various aims relative to molecular mechanism of diseases, there are several PPI network approaches to study breast cancer. In view of this fact, here, it is tired to identify the essential elements through PPI network analysis from the updat-ed Breast cancer biomarkers rather than one or two conducted research for possible diag-nosis and treatment purposes. In this regard, the recent findings related to breast cancer are screened to introduce some of the potent pos-sible genes as a biomarker panel. 

				Materials and Methods 

				The interactome landscape of breast cancer biomarkers was constructed through Cytos-cape version: 3.0.6, which is an open interac-tion source for network construction [10]. The integrated database for network extraction is the string App (www.string-db.org) via evidence channels. STRING App provides platforms for network construction through four different queries including STRING, STITCH, DISEASES, and PubMed. String App searched the disease name “ Breast Cancer” and provided edge scores for each protein-protein associations in which here it is set to 0.5 [11]. After network construc-tion, for better understanding the topologi-cal features, Network Analyzer was used to determine nodes with highest scores of de-gree and betweenness centrality (BC). Nodes with highest scores of degree and between-ness values are called hub and bottlenecks. Those nodes with the co-existence of two pa-rameters are known as hub-bottlenecks. To understand the characteristic of hub-bottle-

			

		

		
			
				necks, a sub-network of them was construct-ed via GeneMANIA to predict the function of the obtained genes. It is aimed to see if the genes are functionally related [12]. Two edge weighting in this network construction was based on pathway data and physical interactions. Genes participating in a same pathway are connected (the data is extract-ed from different databases including Reac-tome and BioCyc, via Pathway Commons). The interaction analysis is also queried from various sources such as BioGRID and Path-way Commons. The top hub-bottlenecks were considered as super hub-bottlenecks. The action type analysis of the core of super hub-bottlenecks was handled by CluePedia platform [13]. CluePedia by setting cutoffs for three types of actions namely, expres-sion, activation, and inhibition, analyzed the relationships. Different colors are set to in-dicate these interactions between genes and constructing a network of nested pathway. The source for action query is from STRING Action File in CluePedia Panel. Determina-tion of these actions is through Kappa scor-ing which is a statistical method. The range of kappa score is from 0 to 1 which is cus-tomizable and can be shown by specifying thickness for the corresponding action type.

				Results

				A network of 200 nodes related to breast cancer and 1497 edges considering cut 0ff of 0.5 was constructed via STRING DB. The network consists of 156 connecting nodes and 49 individuals. The main connected component of the queried network is shown in figure-1 with corresponding centrality parameters. After network construction, the centrality analysis showed some key nodes in the network that worth considering in depth understanding. These mentioned cen-tral elements that are 20% highest ranked nodes in degree and betweenness centrality were first analyzed and afterwards the com-mon ones as hub-bottleneck nodes are tab-ulated in Table-1. For better understanding regarding physical and pathway interactions, the 21 central nodes and the 20 additional related proteins were included in a network (Figures-2 and 3). Furthermore, CluePedia 

			

		

	
		
			
				explored the relationships between these agents considering expression, activation, and inhibition. This information provides further data related the identified central genes and their contribution in breast can-cer risk. The critical finding about the top 5 hub-bottleneck nodes is presented in the fig-ure-4. 

				Discussion

				Breast cancer is the most prevalent type of cancer in women worldwide while tremen-dous advances in diagnosis methods are made [14, 15]. Recent molecular studies have ma-jor impact on disease clarification and con-sequently helpful for treatment approaches. Prioritizing gene sets related to breast can-cer as an interaction map was via String 

			

		

		
			
				App, Cytoscape Plugin. Among these genes, some showed higher values in terms of cen-trality analysis knowing as hub-bottlenecks as it is clear from figure-1 and table-1. Addi-tionally, the five top genes of the centrals are entitled as super hub-bottlenecks including TP53, EGF, CCND1, PIK3CA and MYC. These genes are repeatedly reported as novel biomarkers of different kinds of malignan-cies including gastric, colorectal cancer, he-patocellular cancer, ovarian cancer [16-21] and also breast cancer [21-23]. To focus on the central core relations and nature, the 21 central genes were selected for breast cancer sub-network creation via GeneMANIA as in-dicated in Figure-2. A condense interaction and pathway relations between these genes and their 20 neighbors is apparent. Further-more, this core was more explored with re-

			

		

		
			
				Figure 1. The main connected component of the queried network consisting of 156 nodes and 1495 edges is presented. The color cast and node size correspond to the degree value changes through the network.
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				Figure 2. A network of identified central nodes with the 20 added neighbors (41 nodes and 155 links) visualized by GeneMANIA, a Cytos-cape Plug-in is illustrated. The black colored nodes are the query ones while the gray ones are the surrounding nodes. The edge pink and blue colors imply on physical interactions and pathway relationship, respectively. 
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				Table 1. The List of Hub-Bottlenecks Identified Through Topological Analysis Based on Degree and Be-tweenness Values Is Presented. The Nodes Are Sorted Based on Degree Value.
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					67
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					65
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				Figure 3. A: Zoomed view of interaction network of hub-bottlenecks accompanied with the 20 added related nodes (the represented network in the figure 2) via GeneMANIA Online  B: Functions including positive regulation of epithelial cell proliferation, FC receptor signaling pathway, regulation of epithelial cell proliferation, peptidyl-tyrosine modification, peptidyl-tyrosine phosphorylation, ERBB signaling pathway, and immune response-regulating cell surface receptor signaling pathway and interaction properties of the network are shown. 
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				Figure 4. Nested pathway network of enriched super hub-bottlenecks (the top 5 nodes) from interaction enrichment=CluePedia String Actions, CluePedia. Green arrow indicate activation, yellow with round yellow end shows expression, and yellow with flat red end implies on inhibition action. 
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				gards to enrichment analysis. In Figure-3, the biological processes based annotation showed association of crucial terms for our central core, so these genes are functional-ly related. Seven crucial biological pathway were identified which among them positive regulation of epithelial cell proliferation and regulation of epithelial cell proliferation are the two important introduced processes. The role [24, 25] and their development is reported and discussed by several investi-gations. Peptidyl-tyrosine modification and peptidyl-tyrosine phosphorylation refer to 

			

		

		
			
				role of EGFR in breast cancer [26]. EGFR is a hub-bottleneck node that is represented in the row 8 of table-1. Role of FC receptor sig-naling pathway in immune system [27] and impact of immunological response in breast cancer are reported and investigated [28]. As it is shown in the figure-3 immune re-sponse-regulating cell surface receptor sig-naling pathway is involved in the biological processes of breast cancer. There is evidenc-es that ERBB signaling pathway regulation is modified (via over expression process) in about 20% of breast cancer patients [29]. As 
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				mentioned above the five top hub-bottleneck nodes were identified as super central genes. Analysis indicates that all the determined bi-ological processes are highlighted and asso-ciated to the super hub-bottlenecks. In addi-tion, some terms are common between super hub-bottlenecks including PIK3CA, EGF, and TP53. In fact, the last two are involved in the same biological processes as regula-tion of epithelial cell proliferation and FC receptor signaling pathways. In this respect, EGF is involved in five biological process-es that are common between biological pro-cessed of PIRK3CA and TP53. Therefore, as it is clear from here, EGF may have addi-tional prominent role in breast cancer since its contribution in many processes. The mal-function of this agent may be resulted from deregulation of these biological processes. Further analysis of relationship between the super hub-bottlenecks is shown in figure-4. There are condense significant interactions between these central cores. Overexpression of CCND1 and MYC in cancer is investigat-ed and confirmed [30, 31]. As it is depicted in the figure-4, TP53 as a tumor suppressor [32] inhibits expression of these two well-known oncogenes. Activation of CCND1 and MYC by EGF displays opposite effect relative to the role of P53. Since role of PIK-3CA in tumor growth is essential [33] and 

			

		

		
			
				EGF activates all oncogenes, it refers to the important impact of EGF in breast cancer. Regarding these actions, it can be concluded that EGF as the one of the important con-tributor to many biological processes, is also unique in super hub-bottlenecks action anal-ysis. Meaning, EGF is the only super central gene that controls expression of the other oncogenes while no other genes have any effect on its expression. Consequently, these enriched terms may be important in breast cancer risk and potentially useful for disease screening. 

				Conclusion

				The identified genes as centrals may be more important in the diagnosis, progression, and treatment of breast cancer. However, more investigation regarding this claim is encour-aged. 
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Abstract

Background: Management of breast cancer (BC) as a heterogeneous disease is very challeng-
ing. Biomarker discovery has been shown promising for this aim. Protein interaction mapping
could provide further knowledge of the vital roles of these markers. Materials and Methods:
Cytoscape and its plug-ins are used for network construction and evaluation. The plug-ins used
in this study are STRING. Network Analyzer. GeneMANIA. and CluePedia. Results: The cen-
tral proteins are enriched in transcription regulatory region DNA binding. regulatory region
nucleic acid binding. regulatory region DNA binding. Fc receptor signaling pathway. cell cycle
arrest, and immune response-regulating cell surface receptor signaling pathway. Conclusion:
The introduced biomarkers and their related biological processes may show useful for the breast
cancer diagnosis and monitoring: however. has to encounter more validation studies to be clin-
ically applicable. [GMJ.2019;8:e1298] DOI:10.31661/gmj.v8i0.1298
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