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The present study was undertaken to investigate the correlation between breast 

and bone cancer by comparing their genetic networks using in-silico systems 

biology approach that involves integration of experimental and computational 

research to understand complex biological systems. The genes involved in breast 

and bone cancer were retrieved and compared from bioinformatics databases – 

KEGG database and WikiPathways. Subsequently, the interactions between 

various genes common in breast and bone cancer were analysed using Cytoscape 

v:3.2.1 software and its various plug-ins and tools such as PSICQUIC, Network 

Analyser, MCODE, CHAT and ClueGO. Eighteen common genes were 

identified between these malignancies and gene networks were constructed to 

study physical and functional interactions. The main network obtained from 

PSICQUIC had 27,382 nodes and 59,269 edges which were analysed using 

MCODE and CHAT to identify 40 hub genes including BRCA1, ESR1, TFF1, 

CDKN1A, CDKN2A, E2F1, ATF3, PRDM1, CCND1, FOXO, MYC, FKBP5, 

CDK4, JUN, PTN, SOCS1, TGFB1, CCNB1, CXCL8, CCNE2, RUNX1 that may 

be critical candidate genes involved in metastasis of breast cancer to bone 

thereby, representing potential therapeutic targets. These hub genes were found 

to be enriched in various signalling pathways such as cell cycle, transcription 

misregulation in cancer, p53 signalling, breast cancer, integrated breast cancer, 

FOXO signalling pathway and DNA damage pathways. Therefore, it was 

concluded that these genes that frequent between breast and bone cancer may be 

responsible for common molecular origin of both these cancers. 
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INTRODUCTION 

Network biology enables the detection of 

physical or functional relationships between 

biological component such as genes, proteins, 

transcription factors etc. and therefore is used to 

study large number of interactions in cells. The study 

of networks is important to understand the 

complexity of biological systems which in turn helps 

to understand the pathobiology of disorders and 

prioritisation of candidate disease-causing genes 

(Pujol et al., 2010 and Arrell et al., 2013). 

The etiology of complex human diseases 

such as cancer involve changes of interaction in the 

dynamic environment of the systems at molecular 

and cellular levels which accounts for the inherent 

complexity of the disease. Genetic studies on cancer 

are traditionally based on single-gene analysis that 

use a reductionist approach which focuses on a 

specific mutation or pathway giving undue 

explanatory weightage to a single factor. This 

overlooks the fact that any clinical state results from 

alternations in multiple, biochemical pathways and 

networks that are responsible for homeostasis 

(Regenmortel, 2004).  
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For a realistic view of a biological system, a 

system oriented approach must be used as the 

emergent properties possessed by a system result 

from a whole and not by its isolated parts (Hanahan 

et al., 2000; Ahn et al., 2006). 

The identification of genes that are involved 

in generic cancer mechanism, is of much importance 

due to their role as potential therapeutic targets 

(Ergu¨n et al., 2007; Barabasi et al., 2011). It is 

difficult to identify genes involved in various cancers 

due to their subtle mechanism and complexity, 

thereby, necessitating methods for identification of 

genes and regulatory mechanism which are involved 

in pathophysiology of cancer. The use of integrative 

approaches to understand mechanism of cancer i.e. 

initiation, progression and metastasis is integral to 

the field of systems biology (Chuang et al., 2007; 

Chang et al., 2009). 

Breast cancer is the most commonly 

diagnosed type of cancer among women accounting 

for 29% of all new cancer cases in women and is the 

leading cause of cancer-related deaths in female 

patients worldwide (Jemal et al., 2010; Siegel et al., 

2012). The intra-tumor heterogeneity reported in 

breast cancer is due to various factors such as 

epigenetic alterations, genetic instability and 

selective pressure due to increased mutation rate. 

Advanced features such as increased proliferation 

capacity, motility and invasiveness are favoured for 

the formation of primary tumors in breast tissue. 

There have been number of reports of metastasis of 

breast cancer to tissues such as lung, liver and brain 

via circulation (Coleman et al., 1987), though bone 

is the most common site of breast cancer recurrence 

and many molecules/ associated pathways have been 

implicated yet the molecular mechanisms underline 

oncogenies and metastasis from breast to bone is 

poorly understood (Mundy, 2002; Kozlow et al., 

2005; Cicek et al., 2006; Selander et al., 2008; Guise, 

2009; Poznak et al., 2009). A gap exists between the 

understanding of association between the genes 

common in breast and bone cancer and their role in 

tumorogenies and metastasis. Therefore, the present 

study was undertaken to investigate the correlation 

between breast and bone cancer by comparing their 

genetic networks using in-silico systems biology 

approach. This would help identify genes common 

to both pathways which in turn would give 

meaningful insights to the development of secondary 

cancers and metastasis from breast to bone. 

MATERIALS AND METHODS 

Retrieval of genes 

Genes which have been reported to be 

involved in breast and various forms of bone cancer 

were retrieved from Kyoto Encyclopaedia of Genes 

and Genomes (KEGG) 

(http://www.genome.jp/kegg/pathway.html) and 

WikiPathways 

(http://www.wikipathways.org/index. php/). These 

genes were analysed to identify genes common to 

both breast and bone cancers pathways. 

Construction of gene interaction network 

Physical and functional interactions of genes 

common between breast and bone cancers were 

identified using various plug-ins of Cytosacpev:3.2.1 

software (Shannon et al., 2003). 

PSICQUIC: 

(http://www.ebi.ac.uk/Tools/webservices/psicqui

c/view/main.xhtml). 

The Proteomics Standard Initiative 

Common QUery InterfaCe (PSICQUIC) provides 

computational access to molecular-interaction data 

resources by allowing users to select the interaction 

data from all or a subset of the datasets available. 

Network Analyzer was used to compute and display 

various topological parameters (such as nodes and 

edges) and centrality measures (such as degree, 

betweenness centrality, clustering coefficient) for 

biological networkobtained from PSICQUIC. 

MCODE: 

(http://apps.cytoscape.org/apps/mcode) 

 Molecular Complex Detection (MCODE) 

helps in analysis and fine-tuning of results with 

numerous node-scoring /cluster-finding parameters. 

Itwas used to identify highly interconnected regions 

in the form of clusters or molecular complexes in 

dense network (Bader et al., 2003). 

CHAT: (http://apps.cytoscape.org/apps/chat) 

The Contextual Hub Analysis Tool (CHAT) 

was used to identify hub nodes in the network of 

genes and proteins. Degree based hubs provide 

meaningful information about various biological 

pathways (Borneman et al., 2006). 

ClueGO : (http://www.ici.upmc.fr/cluego/) 

ClueGO helps to integrate Gene Ontology 

(GO) terms and KEGG/BioCarta pathways to create 

functionally organised pathways (Bindea et 

al.,2009).  
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RESULTS AND DISCUSSION 

Retrieval of genes 

The genes reported to be involved in breast 

and various form of bone cancer (such as 

osteosarcoma, Ewing’s sarcoma, Fanconi anemmia, 

multiple myeloma, acute myeloid leukemia, etc.) 

were retrieved from KEGG and WikiPathways. Out 

of a total of 17 and 42 genes involved in breast and 

bone cancer respectively, 18 were found to be 

common in both these pathways (Table 1). 

 

Table 1: Common genes identified between breast and bone cancer 

Gene 

name 

Protein name UniProt 

accession 

ID 

Gene name Protein name UniProt 

accession ID 

SMAD2 Mother against 

decapentaplegic 

homolog2 

Q15796 P13k Phosphatidylinositol  

3-kinase 

regulatory subunit 

alpha 

P27986 

BCL-2 Apoptosis regulator 

Bcl-2 

P10415 P16 

(CDKN2A) 

Tumor suppressor 

ARF 

Q8N726 

C-myc 

 

Myc proto-oncogene 

protein 

P01106 c-Kit Mast/Stem cell  

growth factor 

receptor kit 

P10721 

CCND1 G1/S-specific 

cyclin-D1 

P24385 

 

KRAS-2 GTPase KRas P01116 

RB1 Retinoblastoma 

associated-protein 

P06400 N-RAS GTPase NRas P01111 

JUN Transcription factor 

AP-1 

P05412 CyclinD1 CyclinD1 Q9H014 

p53 Cellular tumor 

antigen p53 

P04637 P21 Cyclin dependent 

kinase inhibitor 1 

P38936 

ATM Serine-protein 

kinase ATM 

Q13315 WNT1 Proto-oncogene 

wnt-1 

P04628 

CYP19 Aromatase P11511 WNT2 Protein wnt-2 P09544 

 

Construction of gene interaction network 

Gene networks were constructed to study 

physical and functional interactions using various 

Cytoscape plugins. In the plugin PSICQUIC one 

main network containing 27,382 nodes (representing 

the genes) and 59,269 edges (representing the 

interconnection between genes) were obtained from 

the input of 18 genes common in breast and bone 

cancer (Figure 1). 

 
Figure 1– Graphical representation of gene network for breast and bone cancer obtained from 

Cytoscape plug-in PSICQUIC. 
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The topological parameters i.e. betweenness 

and degree of connectivity between genes were 

obtained from PSICQUIC. The number of edges that 

are connected to a designated node is a degree. A 

high degree indicates the significance of genes in 

biological interaction, known as ‘hubs’. Highly 

connected nodes (proteins or genes) are called 

“Hubs”. In addition, the number of ‘shortest path’ 

that pass through each node implies betweenness 

centrality which gave node distribution based on 

degree that confirms the presence of genes with high 

centrality values (Assenov et al., 2008). 

Gene clustering  

The network obtained from PSICQUIC 

(Figure 1) was analysed using Cytoscape plug-in 

MCODEand 57 clusters were obtained out of which 

10 clusters that contained genes exclusively found in 

humans were further investigated (Table 2). 
 

 

Table 2 : Ten clusters based on the number of interconnections in the large network obtained 

from Cytoscape plug-in MCODE 

RANK CLUSTER DETAILS RANK CLUSTER DETAILS 

1 

 

Score 16.10 6 

 

Score 3.42 

Nodes 40 Nodes 64 

Edges 314 Edges 108 

2 

 

Score 10.4 7 

 

Score 3.33 

Nodes 11 Nodes 22 

Edges 52 Edges 35 

3 

 

Score 5.25 8 

 

Score 2.95 

Nodes 65 Nodes 104 

Edges 168 Edges 152 

4 

 

Score 3.69 9 

 

Score 2.66 

Nodes 79 Nodes 13 

Edges 144 Edges 16 

5 

 

Score 3.68 10 

 

Score 2.61 

Nodes 20 Nodes 37 

Edges 35 Edges 47 

 

 

Each of the 10 MCODE clusters were 

further investigated and it was found that MCODE 

also helps to identify first order neighbour (proteins 

that directly interact with a given protein) for each of 

these mapped proteins (“seeds”). Seed are the known 

genes used to generate an interactome model from all 

known protein–protein and gene–gene 

interactions.Scores are computed by weighting each 

node and its neighbours (Table 3) and on analysis of 

each individual clusters it was found that the seed 

nodes are assigned with highest score in a specific 

cluster (represented in yellow box in Figure 2). The 

clusters 1,2,3,5,6 and 7 each have one seed gene 

while clusters 4, 8, 9, 10 do not have any specific 

seed gene as they have more than one gene that have 

high score and corresponding neighbours (Bader et 

al., 2003).
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Table 3: A list of seed nodes of clusters 1 to 10 

Cluster No. Gene Name Score 

1 KSR1 13.406 

2 RRAGD 8.0 

3 MAP3K1 4.0 

5 TRP53 4.36 

6 VAV1 3.14 

7 TP53 1.51 

 

  

Cluster 1                                                          Cluster 4 

Figure 2 – The cluster 1obtained from MCODE shows ‘SEED’ gene (represented by 

yellow boxes) whereas cluster 4 does not contain any specific SEED gene. 

 

 

Identifying hubs genes 

Cytoscape plug-in CHAT identifies degree 

based hubs(highly connected nodes) that are 

differentially expressed in various biological 

pathways(Borneman et al., 2006; Muetze et al., 

2016). From the main network obtained from 

PSICQUIC having 27,382 nodes,the genes were 

filtered on the basis of their presence in Homo 

sapiensand 10,109 genes were shortlisted. On 

analysis with CHAT,134 hub genes obtained out of 

which 40 hub genes that were specific to breast and 

bone cancer being highly connected to each other 

(Table 4). 

Hub nodes identified in the present network 

biology study have candidate genes such as ATF3, 

BRCA1, CCNB1, CDKN1A, CXCL8, ESR1, EGR1, 

FOXO3, PTN, TFF1 and TGFB1 that have 

previously been reported to be involved in various 

breast and bone diseases (breast haemangioma, 

osteochondroma, osteoporosis, basal cell carcinoma, 

bone fracture, arthritis, cerebral atherosclerosis) or 

breast cancer mediating metastasis to bone. 

Therefore these genes and their corresponding 

productsmay represent potential therapeutics targets 

(Kang et al., 2001;Cicek  et al., 2006; Bellahcène  et 

al., 2007; Bierie et al., 2008; Schem  et al., 2008; 

Klein et al., 2009; Chen  et al. 2010; Vashisht  et al., 

2012). 

 

 

 

http://www.malacards.org/card/breast_hemangioma
http://www.malacards.org/card/osteochondroma
http://www.malacards.org/card/osteopetrosis
http://www.malacards.org/card/basal_cell_carcinoma
http://www.malacards.org/card/bone_fracture
http://www.malacards.org/card/arthritis
http://www.malacards.org/card/cerebral_atherosclerosis
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Table 4: Forty hubs genes involved in breast and bonecancer or secondary cancers 

Hub genes Adjusted p-value Hub genes Adjusted p-value 

SOX17 1 FOXO3 9.15E-09 

TBC1D31 1 TIMP3 0.058561 

ESR1 2.66E-11 S100A4 0.254247 

TFF1 0.327701 FRAS1 1 

MYC 1.92E-05 EGR1 2.73E-14 

IGFBP7 1 FKBP5 0.064485 

BRCA1 6.71E-07 CXCL8 0.001854 

TUBA1C 0.168468 RUNX1 1.23E-04 

CDKN1A 2.05E-14 JUN 3.97E-19 

E2F1 8.73E-06 FOXC1 1 

ATF3 0.001638 CDK4 9.02E-10 

PRDM1 1 EGR1 2.73E-14 

CCND1 3.77E-11 MMP1 0.001238 

RRM2B 1 HES1 0.048223 

SOCS1 0.019093 CCNA2 4.12E-08 

IL2 0.005937 PTN 0.218158 

PTEN 0.001931 CCNE2 3.19E-04 

TGFB1 0.010054 PLA2G4A 4.11E-04 

CCNB1 3.32E-05 PTGS2 5.88E-04 

NOX5 1 BAX 2.13E-08 

 

Enrichment of genes 

The 40hub genes obtained from CHAT were 

analysed using ClueGO to identify interrelations 

between various functional groups in the biological 

networks. In the present study, assessment of 

biological process for the hubs genes with the cut-off 

value p<0.05 was performed. ClueGO integrates 

similar terms of group with their associated genes for 

redundancy reduction. Figure 3A shows the 

pathways crosstalk and functional map of genes 

common in breast and bone cancers obtained from 

Cytosacpe plug-in ClueGO.In a functional map, 

nodes and edges represent a pathway and a pathway 

crosstalk, respectively, while the size of nodes 

reflects enrichment significance of the terms. Figure 

3B shows the functional distribution of biological 

pathways in which shared genes among different 

pathways have been merged to remove redundancy 

and give a comprehensive view of GO terms for the 

hub genes. Some of the hub genes that have been 

identified in the present study have also previously 

been reported to be implicated in breast and bone 

cancer. In the present study 40 genes have been 

identified which are common to the breast and bone 

cancers, some of which have been previously 

reported. Therefore, using a systems biology 

approach comprehensive picture of various 

underlying interactions between genes implicated in 

cancers of breast and bone have been identified. 

A total of 28 pathways were obtained from 

ClueGO in which hub genes were found to be 

involved. Thus, critical hub genes common in breast 

and bone cancers namely BRCA1, ESR1, TFF1, 

CDKN1A, CDKN2A, E2F1, ATF3, PRDM1, 

CCND1, FOXO, TIMP3, MYC, FKBP5, CDK4, 

JUN, PTN, RRM2B, SOCS1, TGFB1, CCNB1, 

CXCL8, CCNE2, RUNX1, HES1, HOXA11, BAX, 

IGFB7, MMP1, CCNA2, CCNE2 have been 

identified in the present study. All genes belong to 

various pathways such as cell cycle, transcription 

misregulation in cancer, p53 signalling, breast 

cancer, integrated breast cancer, FOXO signalling 

pathway and DNA damage pathways which clearly 

indicates that their dysregulation or mutation would 

results in cancers of breast and bone since these are 

common between both cancer types. The approach 

used in the present study, shows that cancer genes 

often function as network hub genes which are 

involved in many cellular processes and form focal 

nodes in the information exchange between many 

signaling pathways whose aberrations may results in 

development of tumors.
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Figure 3 (A) Pathways crosstalk and functional map obtained using Cytoscape 

plug-in, ClueGO. (B) Functional distribution of biological process. 

 

In the present study, we have been able to 

identify 40 hub genes that are common in pathways 

of bone and breast cancer that may play an important 

role in metastasis to form secondary cancers. These 

hub genes may be further analysed for identification 

of potential therapeutic targets to prevent cancer and 

their metastasis from breast to bone. 
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