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Abstract— Cancer is a leading cause of death and around 10 million people died in 2020. In terms of new cases reported in 

2020, leading was breast cancer with 2.26 billion cases.  In most cases, reason for the disease is stated as a germline mutation on 

tumor suppressor gene, BRCA1. Even though dysfunction of BRCA1 is the reason for cancer development, the pathway 

determining this malignant cellular transformation is poorly defined. Identifying the mechanism behind functional loss of this 

proteins is one of the major challenges faced by cancer biologists. This paper makes an attempt to characterize the behavior of 

BRCA1 by identifying its topological properties in a Protein-Protein Interaction Network (PIN). . 

Index Terms—Biological networks, Protein-protein interaction, Cancer protein  identification, BRCA1 

 

I. INTRODUCTION 

  Cancer is a disease caused by uncontrolled cell growth. According to World Health Organization, in 2020 it has taken 10 

million lives. Around 2.26 million breast cancer cases were reported in 2020 which is the largest when compared with other 

cancer types. However, breast cancer mortality rate can be reduced if diagnosed and treated early.  Mutation in BRCA1 is sited 

as the reason for fifty percent cases in breast and ovarian cancers [1]. These mutations can also cause fallopian tube cancer, 

prostate cancers, leukemias and lymphomas. 

 

BRCA1 is a complex protein made with 1863 amino acids.  It when interacts with its RING domain (BARD1) in vivo[2] 

forms heterodimers. BRCA1 gets its tumor suppression ability from these hetrodimers[3]. BRCA1’s interaction with RAD51 

activates p21 which contribute to cell-cycle arrest and growth suppression. DNA double-strand breaks (DSBs) when compared 

with other DNA damage is considered to be the most dangerous as it causes cell death. To repair DSBs, cells make use of 

homologous recombination (HR) and nonhomologous recombination (NHR) [4,5]. BRCA1 maintains genomic stability by 

regulating HR and NHR [6].  

 

Even though vital the dysfunction of BRCA1 is the reason for cancer development. ER-negative and EGFR-positive breast 

cancers are caused by alteration in BRCA1-mutant Primary Mammary Epithelial Cells (PMEC)[7].  In this paper the 

topological behavior of BRCA1 in a PIN is discussed. It was observed that, compared with non-cancer proteins, BRCA1 exhibit 

entirely different topological behavior.  

II. LITERATURE REVIEW 

Identifying genes associated with a specific phenotype is a key step towards understanding complex disease mechanisms and 

thereby developing targeted diagnostic and therapeutic interventions[8]. Role of protein-protein interaction at the N-terminal 

region of BRCA1 in cancer risk classification is discussed[9]. Protein inhibitors of BRCA1 were identified from small molecule 

microarrays [10]. A study on BRCA1’s direct interaction with DNA is presented [11]. Vadiraj Kurdekar et.al.[12] reports effect 

of small‐molecule inhibitor Bractoppin on BRCA1 tBRCT domain.  

Researchers were mainly concentrated on identifying mutations in protein-protein interactions of BRCA1 based on its 

physical properties. Very few works have addressed the topological behavior of BRCA1 in a protein-protein interaction 

network. This paper provides a detailed discussion on behavior of BRCA1, especially the graph centralities of BRCA1 in PIN. 

III. METHODS AND DATA 

A. Data 

Protein-protein interaction for the proposed work was downloaded from Human Protein Reference Database (HPRD) [13]. 

After removing redundancy and self interactions there were 39,240 protein interactions pairs containing 7932 proteins. From 

this the subset of interactions of non-cancer proteins and BRCA1 protein are generated. The subset contains 7102 interactions 

of 1137 non-cancer proteins, BRCA1 and 1097 cancer proteins. 
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B. Grpah Centrality of Proteins in PIN 

A protein’s significance in a PIN can be estimated through its various centrality values in the network. Proteins are ranked 

based on these four centrality measures. Various centrality measures used in the proposed method are listed below. 

Degree Centrality (DC):  Number of edges incident upon the node is given by its degree centrality. It represents the count of 

immediate neighbours of the node[14] as given in Equation 1. 

                          DC(i) = 
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Average Shortest path (SP): How well a node is connected in the network can be estimated though its average shortest path 

distance to other nodes as given in Equation 2.  

                        SP(i) = 

1

1 n

ij

j

p
n 

                                   (2) 

where pij denotes the shortest path from the node to any other node in the network.  

Betweenness Centrality (BC):  It is the aggregate of shortest paths passing through that node [15]. It shows the efficiency of a 

node to act as a bridge between two other nodes. BC of a node can be calculated as given in Equation 3. 

                       BC(i) = 
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σs,t(i) is the shortest path from node s to node t passing through node i, where s and t are two other nodes in the network. 

 

Clustering Coefficient:  Clustering coefficient of a node gives an insight on how connected a nodes’ neighbours are among 

themselves. It is the count of triangles in the network as in Equation 4.  

                     CC(i) = 
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where li is the count of edges possible to i.  

IV. RESULTS AND DISCUSSION 

From the protein-protein interaction network various centrality values were calculated. Proteins are ranked according to the 

centrality values, expecting BRCA1 protein to hold top rank in the list. Some of the observations noted are discussed below. 

 

A. BRCA1 has higher degree 

One of the most elementary characteristics of a network is the degree/connectivity. First parameter considered was the 

connectivity or degree of a protein in a PIN. The degree of BRCA1 was 106 which is far higher when compared with non-cancer 

protein with an average degree 3.88. Detailed plot showing the degree distribution of 1137 non-cancer proteins is given in 

Figure 1. From the figure, there are 1082 proteins whose degree is less than 26, of which 749 had degree 1. It may be noted that 

only 4 (0.35 percent) non-cancer proteins have there degree greater than BRCA1.From the result it is clear that when compared 

with non-cancer proteins, proteins encoded with BRCA1 proteins interacts strongly with other proteins and shows higher 

connectivity.   
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Fig. 1. Degree distribution of non cancer proteins 

 

B. BRCA1 has lower shortest path distance 

Next parameter considered was shortest path distance to other proteins in the network. Average shortest path distance of 

BRCA1 was only 3, while on an average a non-cancer protein has shortest path distance as large as 4.07. To have a more 

detailed view of shortest path distance; proteins are separated by their average shortest path to other nodes and examined their 

shortest path distribution, which is given in Figure 2.  It may be noted from the graph that all non cancer proteins have their 

shortest path distance either greater than or equal as that of BRCA1, of which 1042 (91.65 percent) have greater shortest path 

than BRCA1. The graph again asserts that BRCA1 interacts stronger in protein interaction network than non-cancer proteins.  
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Fig. 2. Shortest path distance distribution of non cancer proteins 

 

C. BRCA1 has higher betweenness centrality 

In a biological network the significance of Betweenness centrality is that it reflects how many signals pass through the node. 

When calculated the betweenness value for all proteins, the average betweenness value of non-cancer proteins reported by the 

method was 2586.94 which is lesser than BRCA1 with betweenness 7533. Detailed plot showing the betweenness distribution 

of 1137 non-cancer proteins is given in Figure 3. From the graph only 2 (0.18 percent) non-cancer protein is having betweenness 

value greater than BRCA1.  Hence the result suggest that more signals pass through BRCA1 than non-cancer proteins.  
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Fig. 3. Betweenness distribution of non cancer proteins 

 

D. BRCA1 has lower clustering coefficient 

 

Clustering coefficient of a node shows how well connected a node is with its neighbours. Results from the method shows that 

clustering coefficient of BRCA1 is much lesser than average clustering coefficient of non cancer proteins. Exempting the nodes 

with clustering coefficient zero, average clustering coefficient of the non-cancer proteins was 3.78e-1, which is greater than that 

of BRCA1 (1.44e-3). Detailed plot showing the clustering coefficient of non-cancer proteins is given in Figure 4. Again note 

from the graph that only 5 (3.6 percent) of non-cancer protein have their clustering coefficient lesser than BRCA1. 
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Figure 4. Clustering Coefficient of non cancer proteins 

 

The significance of the results obtained was statistically verified through t-test with a significance level of 10% (i.e. 90% 

confidence). The null hypothesis (H0) selected for the analysis is given below. 

H0 : µBRCA1 – µnon cancer = 0 

 

i.e., we assume that for any centrality measure there is no difference between centrality value of BRCA1 and average non cancer 

proteins. Table 1 summarizes the t-test for degree centrality, shortest path, betweenness centrality and clustering coefficient. 
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Degree and betweenness centrality were tested using right-tailed test and shortest path and clustering coefficient were tested 

using left-tailed test. The result of t-test for various centrality parameters is given in Table 1.  

We performed right-tailed test for degree and betweenness centrality with a critical point 1.28 at 10% level of significance. It 

may be noted that the value for degree centrality and betweenness centrality are 1.831 and 6.309 respectively. Since the value is 

larger than the critical point, the null hypothesis is rejected with 97 and 99 percent confidence respectively. Left-tailed test with 

critical point -1.28 was performed at 10% level of significance for shortest path and clustering coefficient. As the values 

obtained were much less than the table values, null hypothesis for shortest path and clustering coefficient were rejected the 91, 

96 and 96 percent respectively. Hence we conclude that degree and betweenness centrality of BRCA1 is greater than non-cancer 

proteins. But shortest path and clustering coefficient of BRCA1 is lower than non-cancer proteins. 

 

Table 1. t-test on centrality  

Parameter t-statistic 
Confidence  

% 

degree BRCA1 Vs. degreenon cancer 1.831 97 

BCBRCA1 Vs. BCnon cancer 6.309 99 

SPBRCA1 Vs. SPnon cancer -1.3 91 

CCcancer Vs. CCnon cancer -1.738 96 

 

CONCLUSION 

Mutation in BRCA1 is the reason for about fifty percent cases breast and ovarian cancers. But the pathway determining this 

malignant cellular transformation is poorly defined. As an aid to this, the paper presents a comparison between different graph 

centralities of BRCA1 protein over non cancer proteins in a PIN. Result demonstrate that when compared with non-cancer 

proteins BRCA1 exhibits  an entirely different network signature, interacting strongly and showing high tendency to form hubs 

in a protein-protein interaction network.  
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