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Colorectal cancer is among third leading cause of death worldwide comprising the third most 
predominant cancer occurring in men and the second most predominant cancer occurring in women. 
Several genetic alterations and mutations in the cell pathway are the leading cause of the cancer. One 
such pathway is the MAPK pathway that is crucial for cell proliferation, differentiation, migration, survival, 
and angiogenesis.  Alteration in this pathway leads to activation of the pathway hence in progression of 
tumors which is due to activating mutations in RAF and RAS. The BRAF oncogenic mutations in 
colorectal cancer, although occurring very rare up to 18%, shows no successful response hence shows 
poor prognosis. To understand the mechanism deeply, we analyse BRAF signalling network and 
analyse its interactions. Aims of the current study is to better understand the whole mechanism at gene 
network level to identify multiple targets for the cure of the respective cancer. We retrieved the BRAF 
signalling network, which consist of 65 nodes and 116 edges, followed by enrichment analysis. To 
identify the mutations and alterations at cancer level, Cbioportal was used which gives complete data 
about the alterations each gene have in the network contributing to the colorectal cancer. Statistical 
analysis was performed using cluster profiler platform to construct enrich map and bar plot to represent 
p values. We found that out of all the interactors of the network, many genetic alterations including 
amplification and mutations were observed in several genes of the network besides the main gene 
BRAF, which includes KRAS, EGFR, RAF1, ARAF and AKT1 suggesting a multi-target approach to the 
development of multi-targeted therapy in future for drug development.  
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INTRODUCTION 

Colorectal cancer (CRC) in worldwide, the 
third utmost predominant cancer in women 
resulting 614,000 cases per year and with 
746,000 cases per year comprising the third 
utmost well-known cancer in men. The frequency 
rates are advanced in more developed countries 

with 737, 000 cases per year, than in less 
developed countries with 624,000 cases per year. 
Though, mortality rate is higher in the latter 
comprising 52% of total deaths, which indicates 
poor prognosis. In 2015, for Asia 61, 228 new 
CRC cases has been predicted by the online 
analysis tool, GLOBOCAN. According to which 
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25, 816 of cases are associated to people who 
are less than 65 years old (Ferlay et al., 2015). In 
Romania, 17.74 cases/100.000 inhabitants of 
CRC were recorded in 2000, and in 2002 it was 
responsible for 19.05 deaths/100.000 inhabitants, 
whereas in 2006, 8240 new cases have been 
reported (Trifan et al., 2006). In 2017, estimated 
diagnosed cases in the US will be 95,520 new 
cases for colon cancer and for rectal cancer it will 
be 39,910 cases. Nearly 4.6% of men about 1 in 
22 and 4.2% of women about 1 in 24 in their 
lifetime will be detected with CRC (Siegel et al. 
2016). CRC risks increases with age; the average 
age for colon cancer diagnosis is 68 in men and 
72 in women; for rectal cancer, the average age is 
63 years equally in men and women. (Howlader et 
al. 2016) 
The MAPK pathway also known as mitogen-
activated protein kinase pathway normally drives 
cell proliferation, differentiation, migration, 
survival, and angiogenesis while this pathway 
promote tumorigenesis due to dysregulation of 
this pathway. MAPK pathway is also mentioned 
as RAS/RAF/MEK/extracellular signal-regulated 
kinase (ERK) signalling cascade (Ascierto et al. 
2012). It is one of the exceptionally vital routes for 
regulation, progression, proliferation and survival 
of cancer cell (Kyriakis et al. 1992). Due to the 
mutations in RAS and RAF the Constitutive 
activation of the MAPK pathway in cancers is 
observed in various malignancies cancers 
(Malumbres and Barbacid 2003). 70% BRAF 
mutation were observed in cancer cell (Davies et 
al. 2002) and these mutations are extremely 
common in most cancers which show poor 
prognosis for example malignant melanoma 
(Brose et al. 2002). 60% BRAF mutations have 
been reported in melanoma patients while 40 to 
70% mutations found in thyroid carcinomas and 
18% observed in colorectal cancers (Cohen et al. 
2003).  

The BRAF mutated colorectal cancer displays 
poor prognosis as till present its cure could not be 
made successful. In this study we use novel 
Insilico approach to investigate BRAF mutations 
associated with colorectal cancer. We study its 
expression at network level and whole pathway is 
analysed. In our study pathway interactors was 
studied at mutation level to find out therapeutic 
targets for future cure. 
  
MATERIALS AND METHODS 

Retrieval of Protein-Protein Interaction 
Network from BioGRID We retrieved BRAF 
interacting network from BioGRID database 

(https://thebiogrid.org/) which is an online, 
biological database of protein-protein 
interactions, genetic 
interactions, chemical interactions, and post-
translational modification. By utilizing the 
cytoHubba, the top 5 genes were selected and 
considered as hub genes. Cancer genome atlas 
was used to predict the role of hub genes 
mutations in 592 colorectal cancer samples. 

BRAF Network Enrichment Analysis From 
DAVID 

We perform enrichment analysis of BRAF 
network from DAVID toolkit 
(www.david.ncifcrf.gov).DAVID is a free 
online bioinformatics database which provide 
functional annotation of huge slopes 
of genes obtained from genomic studies. In the 
present study we determined the biological and 
molecular functions of the interactors of the 
network. 

Analysis of BRAF Network Components at 
Cancer level by using cBioPortal 

For complete study of network at cancer level 
Cbioportal (www.cbioportal.org) was used. The 
Cbioportal for Cancer Genomics 
provides visualization, analysis and download of 
large-scale cancer genomics data sets. In the 
present study oncoprints and mutations plots of 
the genes were analysed which helped to identify 
the mutated regions for therapeutic targets (JAN 
et al.2018).  

Statistical Analysis 
We used Cluster profiler to perform the 

statistical analysis and we used list of all interactor 
as a query and we get enrichmap plot and bar plot 
as an output. Enrichmap show all the possible 
biological function of all selected interactors while 
bar plot display results in the form of p-value. We 
also performed mRNA expression analysis in 
BRAF mutated colorectal cancer.  
 
RESULTS  

BRAF network retrieval from BioGRID 
database 

BRAF network was retrieved from BioGRID 
database. The overall network statistics showed 
that it consist of total 71 nodes and 201 edges. 

Enrichment Analysis of BRAF network 
components by DAVID toolkit 

Functional annotation of BRAF network 

https://thebiogrid.org/
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components was analysed using DAVID toolkit. It 
showed that the pathway components are 
involved in different biological process and 
molecular functions which help to understand the 
whole pathway involvement in disease. 

The biological process table listed below 

showed that majority of the proteins of the 
network are involved in various processes such as 
MAPK signalling pathway, disease mutation, 
pathways in cancer, apoptosis (Table 1). 

 

 
Figure 1: BRAF network of 65 nodes and 116 edges which showed proteins and their interactions, 

respectively. 
Table 1: Molecular Functional Enrichment Analysis of BRAF signalling pathway 

 

S.NO MOLECULAR FUNCTION NO. OF PROTEINS 

1. ATP-binding 23 

2. protein binding 56 

3. protein kinase binding 13 

4. Nucleotide-binding 27 

5. enzyme binding 13 

6. protein serine/threonine kinase activity 13 

7. protein kinase activity 12 

8. protein domain specific binding 10 

9. heat shock protein binding 6 

10. ion channel binding 6 
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Figure 2: BRAF network components participation graph in Colorectal Adenocarcinoma 
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Figure 3: Mutations across Braf domain 

 
Figure 4: Mutations across KRAS domain 

 
Figure 5:| Mutations across ARAF domain 

 
Figure 6: Mutations across AKT1 domain 

 
Figure 7: Mutations across EGFR domain 

 
Figure 8: Mutations across RAF1 domain 
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Figure 9: Enrichment Analysis of Braf Signaling Network in CRC 

 

 
Figure 10: Statistics of Braf Signalling network in CRC 

 
Figure 11: Statistics of BRAF mutation associated with mRNA expression 
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Analysis of BRAF network involvement in 
carcinoma by cBioPortal 

For the complete analysis of the network 
components involvement in the selected 
carcinoma, we used cBioPortal, a cancer genome 
platform which contain large cancer data set, 
where complete information about the mutations 
site and accurate ratio is given. 

In the present study, oncoprints and mutations 
were examined. A dataset of 200 samples of 
Colorectal Adenocarcinoma (TCGA, Provisional) 
was taken in which 184 samples showed 
alterations of which 114 cases showed mutations, 
14 cases showed amplification, 3 cases showed 
deep deletion and 53 cases showed multiple 
alterations. The overall study showed 83.64% 
alterations in which there are 51.82% mutations, 
6.36% amplification, 1.36% deep deletions and 
24.09% multiple alterations. We analysed 
oncoprints of the network components which 
showed the type of mutations and alterations in 
each component of the network causing the 
respective carcinoma. We analysed the 65 
interactors of the BRAF pathway and the 
mutations they have, which help to comprehend 
the whole mechanism of the pathway in causing 
the cancer. The mutation of KRAS was found to 
be 44%, the mutation in FBXW7 and FBXW7 was 
found to be 18%, mutation of MAPK1 was found 
to be 1.5%, mutation of IQGAP1, RPTOR, 
USP28, CCDC88A, NEDDAL, USP28 and EGFR 
were found to be 5% while the least amount of 
mutations were observed in many interactors 
including YWHAH, BAD, MRAS, RNF149, 
HSPA5, SFN, and VHL. The most predominant 
mutation was observed in KRAS gene, followed 
by BRAF, ARAF, IQGAP1, AKT1, RAF1, EGFR 
and FBXW7. 

We perform mutation analysis after employing 
Cbioportal to study the distribution of the mutation 
across the domains of colorectal adenocarcinoma 
associated genes. The mutation across various 
domains was illustrate and presented in below 
figures. 

Statistical Analysis of Braf Gene 
Clusterprofiler were used to obtain enrichment 

plot and bar plot. Bar plot show the p-value of top 
five genes that involve in CRC along with BRAF 
suggesting the participation of BRAF genes and 
its interactors in various biological and molecular 
pathways. Bar plot show different color to 
represent the p-value while enrichmap show the 
function that is performed by BRAF and its 

interactors. 
 
DISCUSSION 
Bioinformatics applies computational methods to 
identified the location or specific gene, prediction 
the transcript of a particular genes and protein 
structure and location inside the cell or disease 
associated with abnormal structure of that protein 
involves devising the effective drug designing 
strategy relative to a particular protein involved in 
a disease pathway (Bashir et al., 2021; Jan et al. 
2021) 

peotFearon and Vogelstein proposed first 
theory of colorectal cancer in 1990 and reported 
that progressing of multiple adenomatous lesions, 
and inherited genetic alterations are the major 
cause of CRC. A research article publish by 
Fearon reported that BRAF mutated colorectal 
cancer displays poor diagnosis. Within MAPK 
pathway 5%-10% mutation of BRAF is observed  
(Fearon and Vogelstein 1990). Although 
contributing only 10% colorectal cancers, the 
BRAF mutations are deadliest as its cure could 
not be completed which is mostly due to common 
BRAF mutation V600E. In our study we 
determined the whole interacting network of BRAF 
to understand its expression at network level. We 
analysed that majority of the interactors of the 
network showed genetic alterations which 
contribute to the cancer progression. The most 
common mutation observed in BRAF gene is 
V600E at Pkinase-Tyr domain. In the current 
study, a total of 71 genes were identified from 
network profile. From protein- protein interaction 
network, 5 gene with high degree were selected 
as hub genes ten genes with high degree were 
chosen as hub genes, including RAF1, EGFR, 
ARAF, AKT1 and KRAS. Gene enrichment 
analysis exposed that all genes mainly involved in 
following biological process including lipid 
modification, protein kinases B signaling and 
phosphatidylinositol phosphorylation. 71 genes 
were also studied by DAVID analysis and 
exposed that they were mostly involved in ATP 
binding, protein domain specific binding, 
nucleotide binding, protein kinase activity, MAPK 
signalling pathway, disease mutation, pathways in 
cancer, apoptosis. Previous studies demonstrated 
that KRAS is a proto-oncogene that encodes a 
21-kDa guanosine 5′-triphosphate- (GTP-) binding 
protein during the initiation phase of the MAPK 
signaling pathway. Many cancers show somatic 
mutations associated with KRAS gene while 
30%–40% mutation of KRAS gene was observed 
in early phase of colorectal cancers 
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carcinogenesis (Burmer and Loeb 1989, Ahmad 
et al. 2020; Brink et al. 2003; Samowitz et al. 
2000; Roth et al. 2010). Although the BRAF gene 
follow the KRAS and released a serine-threonine 
protein kinase in the MAPK signaling pathway. 
Majority of colorectal cancers possess 5-22% 
BRAF mutations (Garnett and Marais 2004; 
Rajagopalan, Bardelli et al. 2002). In previous 
literature it was proposed that p-AKT expression 
is found in many samples of colorectal cancers 
during early phase of disease and show virtuous 
prognosis (Baba, Nosho et al. 2011). Spano et al. 
described that EGFR overexpressed in colorectal 
cancers samples from 25% to 82% (Spano, 
Fagard et al. 2005). In the present study, we 
observed 44% alterations of KRAS, 3% mutations 
of RAF1, 1.4% genetic alterations of AKT1, 1.8% 
genomic alterations of ARAF, 5% mutation of 
EGFR and 10% alterations BRAF were exist in 
592 colorectal samples. 

For the better understanding of relationship 
between the mutation of BRAF and colorectal 
cancer associated with mRNA expression, we 
performed a meta-analysis and explore the 
dataset of mutations exist in colorectal patient 
samples. Finally, integrating the result of BRAF 
signaling network from bioinformatics analysis 
including oncogenomic analysis, mutation 
analysis and statistical analysis we concluded that 
EGFR, KRAS, BRAF, RAF1, ARAF and AKT1 are 
key factors in the diagnosis of colorectal cancer 
and potential targets for the treatment of 
colorectal cancer. 

CONCLUSION 
BRAF mutations are not only one of the most 

recurrent genomic variations in colorectal cancer, 
but also a crucial factor toward EGFR-based 
therapy. Insilico understanding of BRAF-signalling 
network in colorectal cancer, enrichment analysis, 
mutation analysis, oncoprint analysis and multi-
targeted identification provide a new way of curing 
BRAF-driven colorectal cancers. We reported 
that, EGFR, KRAS, RAF1, ARAF and AKT1 along 
with BRAF gene are important targets for multi-
targeted therapy and diagnosis of colorectal 
cancer. In future, experimental studies both in vivo 
and in vitro level are important to confirm the 
outcome of this research and designing of multi-
targeted therapy. 
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