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ABSTRACT 

 

Colorectal disease is one of the most widely known harmful diseases around the globe, yet the 

included flagging pathways and driven-qualities are to a great extent unknown. Incorporation of 4 

associate datasets to clarify the impending key applicant qualities and paths in colorectal cancer 

was done. Articulation profiles GSE27000, GSE22915, GSE45066, GSE75420, were selected. 

The number of DEGs shared were 292 (127 down-regulated, 165 up-regulated). They were 

recognized within the 4 datasets of GSE. Following that, 170 DEGs/hubs were recognized from 

DEGs protein-protein interaction arrange compound. Finally, 2 utmost important modules were 

screened from PPI, 28 focal hub genes were recognized and the greater part, where the relating 

genetic factor are linked with chemokines and cell cycle process. Taken above, utilizing 

incorporated bioinformatical investigation, DEGs applicant pathways and genetic factor in colon 

cancer were identified, which might enhance our perspective of the reason and fundamental sub-

atomic trials. Thus, these applicant pathways and genes could be beneficial focuses for colorectal 

cancer. 
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Chapter 1  

INTRODUCTION 

 

Colorectal malignant growth starts in the rectum. Malignancy of the rectum and colon disease are 

often collected on the reasons that they share various climaxes for all intents and purpose. Usually 

these cancers initiate with a growth on the inner lining of the rectum. They are called polyps. On 

the off chance that malignant growth frames in a polyp, it can develop into the mass of the rectum 

or colon after some time. Mass of the rectum and colon consist of numerous layers. This malignant 

growth initiates in the cordial level and can mature apparently through the majority or a few of 

different layers. While divider contains malignancy cells, they would therefore be able to mature 

into veins. The degree of spread of this malignant growth relies upon how intensely it matures into 

the separator and the probability of spreading outside the colon is high [1]. All around the world, 

it is the second most ordinarily analysed disease in females and the second in males. 1.7 million 

cases and nearly 962,101 deaths in 2017 as per the World Health Organization GLOBOCAN 

repository. Every year, roughly 135,610 new instances of malignancies are analysed, of which 

121,620 are colon and the remaining are rectal diseases. Every year, around 50,630 Americans bite 

the dust of CRC, representing roughly 8 percent of all disease deaths [2]. Most solemn threat factor 

for colon malignant growth is the growing age. In 89% of cases individuals aging above 38 and 

87% in those aging above 58 [3]. A considerably greater rate of colorectal malignancy within 

progressively wealthy countries diverged and less developed countries is likewise supposed to be 

recognised with factors like obesity and deployment of prepared meat.  
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1.1 OBJECTIVE 

Analysing microarray data to explore key genes and their functions in progression of colorectal 

cancer. To analyse gene expression using various bioinformatics tools like Morpheus, DAVID, 

Expander, etc. to decipher Differentially Expressed Genes (DEGs) using Microarray data 

profiling. Identifying microarray datasets from GEO database. The process of enrichment analysis 

with tools to uncover their biological significance. And when the analysis of Gene Expression Data 

is done, screening is performed. Thus, helping in understanding the key genes, pathways and 

function modules involved. 
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Chapter 2  

LITERATURE REVIEW 

 

Colorectal malignant growth emerges from an antecedent injury, the adenomatous polyp, which 

shapes in a field of epithelial cell hyper proliferation. Movement from this forerunner injury to 

colorectal malignant growth is a multistep procedure, joined by changes in a few silencer qualities 

that outcome in anomalies of cell guideline, and has a characteristic history of 10– 15 years. In 

most cases colorectal diseases emerge from dysplastic adenomatous polyps. It is a multistep 

procedure includes the inactivation of an assortment of genes that stifle tumours and fix DNA and 

the concurrent actuation of oncogenes. 

 

2.1 EPIDEMIOLOGY 

Comprehensively, the provincial occurrence of CRC shifts more than 10-fold. The most 

noteworthy frequency rates are in Europe, New Zealand, Australia and North America. South-Asia 

and Africa have the least rates. Topographical differences like these give off an impression of 

being owing to contrasts in dietary and ecological experiences that are obligatory beginning with 

a basis of genetically determined susceptibility. For sporadic CRC, age is a considerable danger 

cause [4]. Huge bowel cancer is exceptional afore 40; the rate begins to increase fundamentally 

amid 50 and 40. 

Current writing proposes that more than 86 percent of patients analysed younger than 50 are 

symptomatic at finding, and in spite of this, they have a further developed stage at determination 

and more unsatisfied results. As of now, most rules don't prescribe screening for asymptomatic 

people younger than 50 except if they have a constructive family ancestry or an inclining acquired 

syndrome [5]. Be that as it may, in 2018, the American Cancer Society issued a "qualified" 

proposal to start screening people at normal hazard for CRC at age 45 years. 
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2.2 RISK FACTORS 

Natural and hereditary elements be able to upsurge the probability of emerging colorectal cancer. 

However susceptibility that are hereditary results in the increments in threat. These issues be able 

to isolate in an adequately great hazard to adjust suggestions for colon cancer screening, factors 

that may change screening proposals, and those that don't modify screening suggestions since they 

are thought to give a little or unsure extent of risk. 

 

2.2.1 Hereditary CRC syndromes 

Many inborn conditions, in which maximum are inherited, are related to a massive risk of 

mounting colorectal cancer. The most shared of the ancestral colon cancer conditions are the FAP 

and Lynch syndrome. Nearly 10 percent of unselected patients with CRC convey at least one 

pathogenic transformation, and that the greater part are not Lynch disorder or FAP [6]. 

 

 2.2.2 Family history of Sporadic CRCs 

Family history is likewise a significant hazard factor even outside of the disorders with a 

characterized hereditary inclination. Having a single influenced first-degree relative (parent or kid) 

with CRC expands the hazardous risk. Risk is additionally expanded if two first, or one first and 

at least one first or second-degree relatives on either side of the family have colon disease, or if 

the case is diagnosed underneath age of 50 years. 
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2.2.3 Inflammatory Bowel Disease 

A sensible gauge of the colon malignant growth frequency is around 0.4 % every year to people 

with infection length somewhere in the range of 20 to 25 years, at that point 1 % annually from 

that point [15]. Most reports recommend that the co-event of ulcerative colitis recognizes a subset 

of patients with a significantly more serious hazard. Others have recognized the nearness of pseudo 

polyps, especially assuming extensive and complex [7].  

 

2.2.4 Abdominal Radiation 

Grown-up overcomers of youth harm who got abdominal radiation are at altogether expanded 

danger of resulting gastrointestinal neoplasms, the dominant part being CRC. Rules from the 

Children's Oncology Group suggest colonoscopy at regular intervals for overcomers of youth 

disease who got 30 Gy or a greater amount of stomach radiation, with screening starting 10 years 

after radiation or at age 35 years, whichever happens last [14]. A background marked by radiation 

treatment for prostate disease was related with an expanded danger of rectal malignancy in two 

substantial databases [8]. The greatness of hazard is around like that seen in patients with a family 

ancestry of colonic adenomas. Regardless of whether such malignant growths pursue an adenoma 

to disease grouping, and whether expanded screening in such patients would improve malignancy 

recognition rates and results, is hazy.  

 

2.3 PROTECTIVE FACTORS 

Various factors have been stated by studies that helps with lowering the risk of colorectal cancer. 

Some of them are everyday exercises, factors including dietary, often use of drugs like aspirin and 

NSAIDs. And not even single one of them is nowadays used for colorectal cancer screening 

recommendations. 
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2.3.1 Physical Activity 

Considerable observed data lets us know that daily physical activity, either for work purposes or 

in the free time, is linked with protection from CRC. In a meta-analysis of 19 studies, there was a 

considerable 29 percent supressed risk of colorectal cancer as when mirroring the highest versus 

the lowest active individuals and a 27 percent suppression for distal colon cancer [9]. The 

mechanism underlying the obvious protective amalgamation of physical activity is unknown and 

no trails of intervention of physical activity for Colorectal Cancer prevention have been described. 

 

2.3.2 Diet 

A number of epidemiologic studies have made it clear that an association between the intake of a 

high fruits and vegetables diet and protection from CRC. The general danger of CRC is roughly 

0.4 contrasting gatherings with the most astounding intake with those with the least. In any case, 

dissonant information have additionally been distributed. The connection between utilization of 

production and CRC was tested in an imminent partner examine that consolidated subjects from 

the study of Nurses' Health (77,746 ladies) and Follow-up Study of the Health Professionals' 

(36,352 men). In that examination, there was no critical relationship between the utilization of 

organic products, vegetables, or the mix on the occurrence of either colon or rectal disease, 

autonomous of nutrient enhancement use or smoking propensities [10]. 

 

2.3.3 Drugs 

A few specialists (most outstandingly nonsteroidal calming operators) have been appeared to have 

unobtrusive to direct chemo preventive impacts in normal and high-chance populaces [13]. A 

considerable collection of observational and mediation preliminary proof recommends that 

headache medicine and other nonsteroidal calming drugs (NSAIDs) ensure against the 

improvement of colonic adenomas and malignant growth. Customary utilization of headache 

medicine and different NSAIDs is related with a 20 to 40 percent decrease in the danger of colonic 

adenomas and CRC in people at normal hazard.  
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Chapter 3  

METHODS AND MATERIALS 
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3.1 COLLECTION OF DATA 

With the help of these repositories, databases and tools process of data collection was performed. 

 

 KEGG PATHWAY 

 

A database asset for seeing abnormal state capacities and utilities of the natural framework 

is KEGG. For example, the cell, the life form and the environment, from atomic dimension 

data, particularly extensive scale sub-atomic datasets created by genome sequencing and 

other high-throughput trial advancements. 

            

 

 

 

 

 

 

 

 

 

 

 

                       

 

                         Fig. 1 Kyoto Encylopedia of Genes and Genomes 
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 Reactome 

 

Reactome is an open-source, free, curated pathway database. The objective is to give 

instinctive bioinformatics apparatuses to the representation, elucidation and examination 

of pathway learning to help fundamental research, genome investigation, demonstrating, 

frameworks science and training. 

 

 

 

 

 

 

 

 

                                                     Fig. 2 Reactome  database 

 

 

 BioCyc 

 

The BioCyc database collection is an assortment of organism specific Pathway/ Genome 

Databases (PGDBs). They usually gives the evidence to the information in reference to 

genomic and metabolic pathway information for many organisms. 
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                                                    Fig. 3 BioCyc Database Collection 

 

 Panther 

 

PANTHER (Protein Analysis Through Evolutionary Relationships) Grouping System was 

intended to characterize proteins and their genetic factors so as to encourage high-

throughput examinations. Proteins have been arranged by Family and subfamily, pathway, 

biological procedure and molecular capacity. 

 

 

 

 

 

 

                                                    Fig. 4 PANTHER Classification System 
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 PUBMED 

 

NCBI (National Center for Biotechnology Information) develops and maintains a free 

source which is named PubMed. There is also a tool embedded in it which is called 

MEDLINE with advanced search features and filters which provides an insight to the 

studies being carried out. 

 

 

 

 

 

 

 

 

                                                                  Fig. 5 PUBMED 

 

 MORPHEUS WEBSITE 

 

It is a versatile matrix visualization and analysis software. It helps view the dataset as a 

heat map and then explore the interactive tools in Morpheus [12]. Helps to cluster, search, 

filter, sort and display charts to decipher the meanings behind the same. Also helps to create 

annotations. Morpheus helps to separate modeling from numerical implementation just by 

using a domain-specific mark-up language. The model description language allows users 

to describe their models in mathematical and biological terms. 
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                                                    Fig. 6 MORPHEUS Website  

 

 THE CANCER GENOME ATLAS (TCGA) 

 

The Cancer Genome Atlas (TCGA) is a project that is utilized to list hereditary changes in 

charge of malignancy, utilizing genome sequencing and bioinformatics [11]. TCGA 

applies high-throughput genome examination systems to improve our capacity to analyse, 

treat, and avert malignant growth through a superior comprehension of the hereditary 

premise of this malady. 

 

 DAVID 

 

The Database for Annotation, Visualization and Integrated Discovery (DAVID) includes a 

full Knowledgebase update to the unique web-open projects. DAVID presently gives a 

thorough arrangement of utilitarian explanation instruments for examiners to comprehend 

natural importance behind large list of genes [16]. 
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3.2 Identification of DEGs and Microarray Data 

 

 NCBI-GEO was used for NGS from which colorectal malignant growth and contiguous gene 

articulation profile of GSE27000, GSE22915, GSE45066 and GSE75420 were collected. 

GSE27000’s microarray information included 41 African Americans and 41 European Africans 

colorectal tissues and 40 ordinary. GSE22915 included 121 CRC tissue. GSE75420 included 4 

sets of colorectal malignant growth tissues.  

 

Morpheus Website was used for the analysis of raw data of high functional genomic expression 

and was processed in txt format. For the purpose of validation, the colon cancer data from the 

TCGA was analysed and downloaded.  

 

3.3 Investigation of Pathway Enrichment 

Signaling pathway and functional enrichment of DEGs was performed by means of KEGG 

PATHWAY, Panther and BioCyc. Up-controlled genetic factors that were largely augmented in 

G α signaling events. The chemokines receptors bind to the chemokines. And also enriched in 

signaling pathway of cell cycle. The down-controlled genetic factors were primarily augmented in 

mitotic prometaphase and cycle of the cell. The analysis of signaling pathway conveyed that in the 

cell cycle DEGs had some common pathways. Various databases were used for the analysis of the 

candidate DEGs pathways and functions. The most useful one was DAVID because of the 

visualization, integrated discovery function and gene annotation that it provides and therefore 

could provide biological meaning of the gene. 
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3.4 PPI Network Integration 

 

The online database, STRING, was used to engage DEGs-encoded proteins and PPI. Cytoscape 

was used to produce interaction of protein bond network along with deciphering the interface bond 

of the applicant DEGs encrypted proteins in colorectal malignancy. Following, Network Analyzer 

was essentially acquired to decipher degree of the nodes which is basically the quantity of inter-

connections to clear out the important genes of PPI. The core proteins and key important genes 

might be the corresponding proteins in the central nodes that have vital physiological regulatory 

functions.     
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Chapter 4  

RESULT AND DISCUSSION 

 

4.1 DEGs in Colorectal Cancers 

 

By methods for p < 0.04 & logfc > 1 as cut-off measure, 1371, 7831, 2413 and 3949 differentially 

communicated qualities were deducted from the articulation profile datasets GSE27000, 

GSE22915, GSE45066 and GSE75420.  

 

After coordinated bioinformatical investigation, aggregate of 282 reliably articulated genes were 

recognized via 4 profile datasets. 165 up-managed genes. 127 down-directed genes within colon 

diseased materials, contrasted with ordinary colon materials.  

 

Utilizing Morpheus programming, a heat map was developed in which 165 up-controlled and 127 

down-controlled DEGs were found utilizing information profile GSE45066 as a kind of reference, 

demonstrating the altogether differential dispersion of the 292 DEGs. 
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Fig. 7 From 4 profile data sets, 292 commonly alterations DEGs using Morpheus Website. 

        Diverse datasets were represented with diverse colours. Usually changed DEGs 

were coloured in common and these were identified statistically. 
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Table 1. Identified DEGs along with the up-controlled and down-controlled genes 

 

       DEGs                                                                    Genes Name  
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4.2 Analysis of Gene Ontology in Colorectal Cancers  

 

With the use of Panther and DAVID, gene ontology analysis was performed on DEGs. The 

classification was then performed and then deduction was made that there were 3 functional 

groups. 

 

These were as follows: 

 

 Biological Process Group 

 

 Molecular Functional Group 

 

 Cellular Component Group 

 

 

(i) In Biological process group, the down-regulated genes were mainly augmented in 

single-organism process and cellular procedure, cycle process of the mitotic cell and 

localization. The up-controlled genes were largely enriched in the process of single 

organism and also the single organism cellular processes and the process of cell 

proliferation. 

 

 

(ii) In Molecular functional group, the down-controlled genes were mainly augmented in 

binding and binding of the protein. The up-controlled genes were largely augmented in 

binding of the protein and receptor. 

 

 

(iii) In Cellular component group, the down-regulated genes were mainly augmented in 

membrane bound organelle and cell part. The up-regulated genes were largely enriched 

in extracellular region and extracellular space. 
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With the help of these results, it could be commented that bulk of the DEGs were 

considerably augmented in mitotic cycle of the cell, cell part, binding & single 

organism. 

 

 

       

 

 

                    Fig. 8 Three clusters were made of DEGs with analysis of gene ontology 

 
 

 



- 29 - 

 

 

 

                          Table 2. Analysis of significantly enriched DEGs in colorectal cancer  

     Term                                  Description                        Count             

Up-regulated 

GO:0043289                        cell-proliferation                      120 

GO:0008184                          extra-cellular                           39 

GO:0005213                  single-organism process                  43 

GO:0000278                        mitotic cell cycle                       57 

GO:1309074                         cellular process                         21 

GO:0003432                      biological regulation                    21 

GO:0009932                        extracellular part                      109 

Down-regulated 

GO:0043289                    single organism process               104 

GO:0005232                                binding                             108 

GO:0045387                                   cell                                 120 

GO:0074833                             localization                          120 

GO:1309074                          protein binding                         21 

GO:0005430                  mitotic cell cycle process                 21 

GO:0007864                              organelle                             109 
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4.3 Analysis of Signaling Pathway Enrichment 

KEGG PATHWAY and Panther was used to conduct signaling pathway enrichment. The down-

controlled genes were solely enriched in mitotic prometaphase and binding of the receptors of the 

chemokine. The up-controlled genes were solely enriched in ligand binding, cycle of the cell. This 

analysis exhibited that mutual pathways were found in DEGs regarding cycle of the cell and 

receptors of the chemokine binding to the chemokines.  

 

 

                                   Fig. 9 DEGs in colon cancer with significantly enriched pathway 
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4.4 Identification of Key Candidate Genes 

 

170 DEGs (111 up-controlled and 65 down-controlled) out of the 282 usually changed DEGs were 

strained in the complex of the DEGs, having 170 nodes, 510 edges. 110 out of 282 DEGs were 

falling outside the DEG complex. 

 

 Amid 170 nodes, recognition of 28 central node genes was possible with the help of the filters. 

Out of them the most important ten node degree genes were CKD1, CENB1, CCNP, KOF2A, 

CXCI2, DLGP, KCNA2, ITCA1, MAD3L2 and NMU1.  

 

Giving the level of importance, 2 most important modules were chosen for additional deciphering. 

 

 The investigation of the pathway enrichment gave the following evidence: 

 

 Module 1 had 17 nodes, 106 edges that were majorly connected with processes of cell 

cycle.  

 

  Module 2 had 14 nodes, 84 edges that were majorly connected with pathway of 

chemokine signaling. 
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                                       Fig. 10 17 nodes and 106 edges of the first module 

 

 

                       

                                       Fig. 11 14 nodes and 84 edges of the second module 
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4.5 DEGs Validation in TCGA Dataset 

 

 

In order to approve the dependability of the recognized DEGs, TCGA CRC dataset 

was downloaded. Using similar policy the data was analysed. It was found that 

altogether 165 up-controlled genes that were identified were highly articulated too 

in the TCGA colorectal malignancies significantly. 114 down-controlled genes that 

were identified were also lowly articulated in the TCGA colorectal malignancies 

significantly. Some of the down-controlled genes couldn’t be on the gradient. 

Consistency of the up-controlled and the down-controlled was 89.7%, signifying that 

the consequences of the recognized nominee genes are dependable.  
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Chapter 5 

CONCLUSIONS 

 

With the help of various cohorts profile datasets and analysis using integrated 

bioinformatics, identification of commonly changed 292 DEGs was successful and 

out of them 28 usually changed hub genes was identified and were significantly 

enriched in various pathways. They’re mainly linked with chemokines, processes of 

cell cycle and G-protein receptor signaling pathways. Verdicts like these 

considerably enhance the thoughtfulness of the root and the essential subatomic 

procedures in colon cancer. Thus, the pathways and the candidate genes involved 

can be taken forward as beneficial markers. 

 

  



- 35 - 

 

Chapter 6 

DISCUSSION 

Colorectal malignant growth is basically a gathering of molecularly and 

histologically heterogeneous infections described with varying arrangements of 

hereditary and epigenetic adjustments engaged with numerous useful flagging 

pathways, and the latter is tweaked by hereditary and epigenetic occasions, 

prompting the adjustments of quality articulation at transcriptional as well as 

translational dimensions. Subsequently, the attributes of CRC can't be clarified just 

by profiles of the gene expression, however genomic articulation profile can speak 

to adjustments in attributes of tumours. Numerous elements ought to be kept in mind, 

comprising genomic changes, non-coding RNAs and microRNAs, etc., that can take 

an interest in colorectal carcinogenesis and are related with existence to some extent. 
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