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Abstract 

 
Bowel cancer is common in people over the age of 50 but some 

people also develop bowel cancer during the early ages.  We divided 

the task in three stages Samples collection, Testing and identification. 

At the time sample collection we collected DNA from younger 

peoples and compared the same with fifteen different types of genes. 

After collection we tested these samples with different theories to 

observe the changes from gene to gene and to observe the risk of 

bowl cancer. Finally, after different experiments, we found that all 

types of cancer are related to the gene changes but, a change in a 

cancer cell could be the risk of bowel cancer.  We also observed that 

these experiments and results might also help in the early detection 

and prevention of cancer, which in turn will help in saving lives. 

 

 

Introduction 
 

Colorectal cancer is a major health issue. It is the third most 

occurring cancer in men and second most occurring in women. 

Basically, cancer is an uncontrolled division of abnormal cells. 

Colorectal cancer which is also known as bowel cancer occurs 

in colon or rectum. It occurs in the linings of colon or rectum 

resulting in the formation of a mass known as tumour. A 

tumour can be benign or malignant. If it is malignant it can 

destroy other cells and tissues. Colon and rectum make up the 

large intestine in human body and it plays an important role in 

the digestive system. The length of the colon is about 5 to 6 

feet and the rectum is 6 inches and it ends at anus. It may 

occur as a polyp, non-cancerous growth, and it develops on the 

inner wall of the rectum or the colon in aged people. Most of 

the colorectal cancer occurs due to old age and lifestyle factors 

but the causes can be genetic or environmental. Some other 

factors include smoking, improper diet, obesity and lack of 

physical inactivity. Other factors that cause colorectal cancer 

are inflammatory bowel disease such as Crohn’s disease, 

ulcers, alcohol. Symptoms include fever, constipation, stool 

bleeding, nausea, loss of weight and appetite and most 

common is metastasis. About 50% of individuals do not report 

any symptom. Anaemia or rectal bleeding is severe symptoms 

in people at the age of 50. 

Most frequently colorectal cancer occurs in WNT signalling 

pathway as it increases the signalling efficiency. WNT 

signaling pathway plays an important role in tumor 

development and tissue homeostasis [1]. The way, in which 

WNT pathway is controlled by APC protein, it is obvious that 

most of the colon cancer caries a high level of WNT signaling 

pathway activity. In 92% of sporadic CRC there is an 

alteration in WNT regulator. WNT pathway has genetic 

mutations also that can cause colorectal cancer [1]. WNT 

signaling pathway starts at the bottom of intestinal crypts and 

it is very crucial for tissue homeostasis and stem cell. 

Basically, APC is the first event for the start of tumor 

formation. Later, other mutations such as KRAS, PI3K, TGF-

beta, p53 and SMAD4 occur, which is also named as multistep 

somatic evolution [2]. If mutations occur in POLE and POLD1 

genes, it is also associated with familial colorectal cancer 

specifically - colon cancer. The gene that regulates metastasis 

in colon cancer is MACC1. CRC is diagnosed by a number of 

ways. Cancers originating in ascending colon and cecum have 

tumors that grow outward. They are diagnosed by 

macroscopy. Adenocarcinoma is a malignant tumor that can 

destroy other cells as soon as it invades muscular is mucosae 

layer, submucosa and inner wall. It also changes the position 

of the nucleus if it is inside a cell as mucus remains inside the 

cell.  This is diagnosed by micro scope. If metastasis occurs it 

is diagnosed by immune-histo chemistry.  
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Figure 1: Characteristics of Colorectal Cancer  

 

There are different treatments that are used for the eradication 

of colorectal cancer. They include radiotherapy, 

chemotherapy, vaccines, antibodies and surgery. 

Chemotherapy is the use of drugs to target cancer it can be 

added in surgery. Radiotherapy is the use of radiations. 

Immunotherapy includes immune checkpoint inhibitors in 

cancer that is caused by mismatch repair deficiency. Palliative 

care is for those patients who represent symptoms for 

colorectal cancer. Medications are provided for starting stages 

in cancer. 

 

 

Classification of Colorectal Cancer 
 

There are different types of cancers that occur in colon or 

rectum. 

  Lymphoma is the cancer of white blood cell known 

as lymphocyte. This is the cancer of immune cell. It starts 

in the lymphocytes that reside in colon or rectum. 

 Sarcoma occurs in the blood vessels, muscles and, 

other segments of connective tissues that are present in 

the colon or rectum. 

 Adenocarcinoma is the major type that occurs in 

colon or rectum. It occurs in the internal lining. 

Constitutes of about 95% of all CRC’s. 

 Gastrointestinal Stromal Tumour starts in the wall 

of stomach, colon or rectum. It can be benign in the 

beginning but can turn into malignant one. 

 

 

Epidemiology 
 

Colorectal cancer is the third deadly cancer in US. Around 

49,190 estimated lives in US in 2016. Five years survival rate 

has improved in United States in the last several decades [3]. 

From 2007 to 2009 around 5% of the nations’ new born in US 

are diagnosed with colorectal cancer during their lifetime. 

Around 0.1% is diagnosed under the age of 20. In United 

States colorectal cancer rates are higher in males. 

 

Australians also develop colorectal cancer before the age of 

75. In 2015 colorectal cancer was the third deadly cancer in 

Australia. Around 15,604 new cases of CRC originated in 

Australia. Around 5,735 deaths occurred in Australia in 2016 

due to CRC. 

Bowel cancer is the fourth major cancer in UK. Almost 42,000 

new cases occur per year. Around 16,384 deaths occurred in 

UK in the year 2016 due to deadly CRC. Survival rate in UK 

is 57%. Two weeks is the diagnosing period in UK. Screening 

plays an important role in diagnosis. Different factors are the 

cause of CRC including genetic, environmental and aging. 

 

Colorectal cancer in UK is strongly associated with different 

factors including age and sex. About 44% of colorectal cancer 

occurs in females and around 56% occurs in males. Cancer 

rise in the age group that ranges from 50 to 55 and it is more 

common in the age group that ranges from 85 to 89 and cancer 

occurrence with age is 1.7 times lower in female than in male. 

[Cancer Research UK] 
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Metastatic Potential of Colorectal Cancer 

 
The spread of cancer from the site where it started or primary 

site to other cells or tissues is called metastasis. Colorectal 

cancer can spread to lungs, liver and to other organs. 

Metastasis in colorectal cancer refers to the IV stage of cancer. 

Tumours grow in an uncontrolled fashion and secondary 

mutations helps to run this process that results in high tumour 

heterogeneity. 

 

 

An experiment was conducted on 46 pairs of somatic 

variations that contain primary metastasis and 42 pairs that 

were without metastasis. These all pairs were examined by 

whole-exome sequencing. Genomic DNA was extracted from 

paraffin embedded tissue by FFPE (Formalin-Fixed Paraffin-

Embedded) extraction kit. Clonal heterogeneity was then 

evaluated. Mutant-allele tumour heterogeneity analysis is used 

to measure heterogeneity [4]. 

 

Heterogeneity was highly variable among samples that were 

taken for experiment and this experiment plays an important 

role in liver metastasis. Tumours in case of colorectal cancer 

generate the basics for this experiment. High heterogeneity 

results in metastasis of liver from primary site. It invades the 

vascular system of liver.  

 

Figure 2: Metastatic Potential of Colorectal Cancer 

Staging of Colorectal Cancer 
 

Determining a stage of cancer is essential to know about the 

spreading of cancer. Intestine has different structural and 

functional components such as mucosa, submucosa, serosa 

and muscles. A wide network of lymph nodes and blood 

vessels also supply nutrients and blood to the growing tumour. 

Each stage in colorectal cancer tells us about the advancement 

of this disease. 

 

Doctors use a TNM system for staging.  

 

Table 1: TNM Staging System 

  Description Function 

T tumour Tells about the size of Tumour 

N node 

Tells about the invasion of cancer 
into the lymph nodes 

M metastasis 
Describes the metastatic potential of 

cancer 

 

The results of TNM
1
 along with the other factors which are 

specific to the cancer are used to determine the stages of 

cancer. Numbers from 0 to 4 or a letter X is assigned to all the 

factors. Higher number represents severity. Overall there are 4 

stages of cancer after TNM representation. 

 

 
 

Figure 3: TNM Classification System [2] 

 

 

 

 

 

 

 

 

 

 

                                                           

1.https://epos.myesr.org/posterimage/esr/ecr2005/5151/mediagallery/90986?d

eliveroriginal=1 
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Table 2: Staging of Cancer 

Stage What it means 

0 

Carcinoma in situ, these are abnormal cells or 

growths that are present in the inner lining of 

colon or rectum. These cells are restricted to one 

place they do not harm other cells, tissues and 

lymph nodes. Cells representing this stage are 

precancerous.     

I 

This stage refers to the spreading of cancer in the 

wall of intestine and it also invades into the 

muscles. In this stage the cancer is still out of 

lymph nodes or other organs. 

II 

Stage II is further divided into three types. 

Stage IIA - Cancer enters the serosa but does not 

spread to the lymph nodes or the organs.  

Stage IIA - Cancer is grown in colon or rectum 

yet not reached the lymph nodes. 

Stage IIIC - Cancer reached to all layers of 

intestine and also to all nearby cells but not in 

lymph nodes. 

III 

This stage is also further divided into three types. 

Stage IIIA - Cancer enters the mucosa and 

submucosa and also invades the three lymph 

nodes residing near the primary site 

Stage IIIA - Cancer spreads through other organs, 

tissues and other lymph nodes. 

Stage IIIC - Cancer spreads to 4 lymph nodes and 

also to distant organs. 

 
 
 

Stage What it means 

IV 

It is the last stage in CRC and also the advanced 

stage. This stage represents that metastasis 

occurs to nearby organs and lymph nodes. Even 

though in some cases, lymph nodes are not 

involved but, it spreads to the organs. This stage 

is classified further as Stage IVA and Stage IVB. 

 

 
 

Figure 4: Colon Cancer-Stages [2] 

Methodology 

 

There are different techniques which we used in this project. 

The details of those techniques mentioned below. 

 

1.1 MICROTOME: Microtome’s of the aforementioned 

type and the corresponding processes for microtomy are 

used to cut thin slices off a processed object which is to be 

studied in order to study it for example by means of a 

microscopic process. Microtomes are often used to obtain 

thin tissue sections from a tissue sample which can be 

studied by a transmitted light microscope [6]. It is an 

instrument that is used to cut very thin sections from block 

samples. It was first prepared by George Adams in 1770. 

Next it was developed by Alexander Cummings. In 1835 

Andrew Pichard developed a basic model. It is used in 

electron microscopy, biological researches and histology 

techniques. The sample size that we can cut from 

microtome ranges from 50nm to 100μm. We use it for the 

cutting of sections from tissue blocks. A histology 

technique is used in research. Tissues are hardened by 

replacing water with paraffin. These tissues are cut with 

microtome. The thickness usually varies from 2 to 50 

micrometer. These tissues are then used for microscope 

work. They are also stained with aqueous dyes. 

 

                                                           
2
 https://www.medifee.com/blog/colon-cancer-the-easiest-

cancer-to-prevent/ 
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1.2 H&E STAINING: Acquiring information on the precise 

distribution of a tumour is essential to evaluate intra tumour 

heterogeneity. Conventional hematoxylin and eosin staining, 

which has been used by pathologists for more than 100 years, 

is the gold standard of tumor diagnosis. However, it is difficult 

to stain entire tumor tissues with hematoxylin and eosin and 

acquiring the three-dimensional distribution of cells in solid 

tumours is also challenging due to the difficulties in staining 

and rinsing [7]. 

We used this procedure for staining tissues and the times are 

for 4μm sections, increase the times slightly for staining. 

 

Table 3: Tissue staining steps 

Placing of 

slides in slide 

rack 

5 mins in xylene that is present in flammable 

cabinet. 

3 mins in 100%  EtOH 

 3 mins in 90%  EtOH 

 3 mins in 70% EtOH 

Placing of 

slides in 

small trough  

45 seconds in hematoxylin and for thicker 

slides the time is 1 min. 

Wash under running water until water runs 

clear 

 Quick wash in acid alcohol. 

Wash under water again 

2 mins in Eosin. 

Wash under water for 2 mins. 

Rehydrating 

the slides 
3 mins in 70% EtOH. 

 

3 mins in 90% EtOH. 

 

3 mins in 100% EtOH. 

  2 mins in xylene again. 

Mounting of 

the slides 

Pour few drops of DPEX on tissue and 

mount with coverslip 

 

 

1.3 FFPE REMOVAL FOR DNA EXTRACTION: 

Formalin-fixed, paraffin-embedded (FFPE) tissues are one of 

the popular sources of diagnostic materials, the easiest to store 

and transport. They are often used as the source of nucleic 

acids for retrospective molecular analyses based on DNA 

amplification by polymerase chain reaction (PCR). [8] 

There are two steps by which we extract DNA. 

 

 Prepare FFPE samples 

 Isolate DNA. 

 

 PREPARATION OF FFPE SAMPLES: 

     1-FFPE tissue blocks: 

 

 Using a microtome cut the sections from FFPE tissue 

blocks. 

 Collect the sections separately in 1.5ml of 

microcentrifuge tube. 

 

2-Removal of paraffin from the sections: 

 Preheat or incubate at 50°C. 

 Heat the samples for almost 3 minutes at 50°C to 

melt paraffin. 

 Centrifuge at maximum speed for 2 minutes. 

 Remove and discard the solvent 

 

3-Wash with ethanol: 

 

 Add 1ml of 100% ethanol to tissue pallet and then 

vortex. 

 All the tissues should turn opaque. 

 Centrifuge the sample at maximum speed for 2 

minutes. 

 Remove and discard ethanol. 

 Repeat the above 4 steps. 

4-Dry the tissue pellet: 

 

 Dry at room temperature for 45 minutes. 

 Optional point is that we can also dry at room 

temperature for 72 hours. 

 
5-Digest with protease: 

 

 Incubate at 55°C for 1 hour and then centrifuge 

briefly. 

 Leave at 55°C overnight. 

 

 DNA ISOLATION: 

 

1-Binding of DNA to the beads: 

 

 Take 155μL DNA binding buffer. 

 Shake at the speed of 1000rpm. 

 Place the sample on magnetic stand for 2 minutes so 

that the pellet settles down. 

 

2-Wash the DNA on the beads: 

12 
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 Take 200 μL of DNA wash buffer. 

 Shake for 2 minutes at a speed of 1100rpm until the 

mixture turns chocolate in colour. 

 Repeat these steps twice. 
 Now use the wash solution 2 in the same way and 

twice. 

3-Elute DNA: 

 

 Add 50 μL of elution solution to beads. 

 Shake it for 5 minutes. 

 Place the sample on magnetic stand. 

 Supernatant contains the purified DNA. 

 Purified DNA is ready. 

 Store at -20°C   or -80°C   for long term storage. 

 

 

 

QUBIT TECHNIQUE 
 

Whatever the DNA source or extraction method is applied, 

standardized and cost-effective workflow for the qualification 

of DNA preparations is essential to assure inter-laboratory 

reproducible results. DNA qualification consists of both the 

quantification of double strand DNA (dsDNA) and the 

assessment of its suitability for downstream applications. [10]. 

 

                The Invitrogen qubit is used for accurate    

quantification of DNA or RNA but in our project we used it 

for DNA quantification. There is a mastermix that we can 

prepare by qubit reagent and qubit mix. We set up two 

standard assays and one assay tube for each sample. 

Prepare qubit solution by diluting qubit reagent with qubit 

buffer. 20 μL of working solution is prepared. Next vortex all 

tubes for 3 seconds. Incubate them for 2 minutes at room 

temperature. But in case of protein assay the time should be 15 

mins. Insert the tubes fluorometer and take readings. 

Important point is that all reagents should be at room 

temperature. 

Here is a main scheme for Qubit technique: 

 

 

Figure 5: Qubit technique process can see in 

diagram  

 

4. WORK ON DIFFERENT GENES 
 

I. 1.1 MRE 11 

It plays an important role in double strand break repair, 

maintenance, and meiosis and telomere length maintenance. It 

is an important component of MRN complex. The complex 

possesses single strand endonuclease activity which is 

provided by MRE11. 

 

In certain cases RAD50 is important as it binds with DNA 

ends and holds them in close proximity. This could facilitate 

searches for short or long regions of sequence homology in 

recombining DNA templates. Also stimulate the activity of 

DNA ligase. 

 

It is on chromosome 11 at position 21.It is on a long arm(q) of 

chromosome 11. 

 

I. 1.2 BRF 1 

 

BRF1 gene encodes a protein named as transcription factor 

IIIB which is 90 kDa subunit. 14q32.33 is the long arm of 

chromosome 14, whose position is 32.33. 

It is very helpful in cell transformation, tumorigenesis, 

induction to BRF1, increased expression of BRF1, repressor of 
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BRF1 and it is also an important biomarker of hepatocellular 

carcinoma. 

Liver tumor cell lines show high levels of BRF1 proteinated 

messenger RNA, compared to non-tumor cell lines. In 

contrast, repression of BRF1 decreases the induction of Pol III 

gene transcription caused by alcohol and reduces the rate of 

alcohol-induced cell transformation. 

This gene encodes one of the three subunits of RNA 

polymerase III transcription factor complex. This complex 

plays a central role in transcription initiation by RNA 

polymerase III on genes encoding transfer RNA, 5S ribosomal 

RNA and some other small structural RNAs. The gene product 

belongs to the TF2B family. 

Three alternatively spliced variants encoding three different 

isoforms that function at different promoters transcribed by 

RNA polymerase III have been identified. A transcript 

encoding the fourth isoform has not yet been completely 

characterized. 

II. 1.3 POLE 

 

This gene particularly encodes the catalytic subunit of DNA 

polymerase epsilon. It plays a pivotal role in DNA repair 

mechanism and in DNA replication. 

Mutations in this gene are strongly associated with colorectal 

cancer. It participated in chromosomal DNA replication. It is 

also required in the formation of leading strand at replication 

fork. It also has an exonuclease activity. 

A disease arises from the inner wall of large intestine and 

rectum. Lesions are formed in the large intestine. This disease 

is characterized by high predisposition of colorectal cancer 

with high tendency for the development of multiple and large 

tumors. 

 

5. POLYGENIC RISK SCORE ANALYSIS 

 
A polygenic score, also called a polygenic risk score, 

genetic risk score, or genome-wide score, is a number based 

on variation in multiple genetic loci and their associated 

weights. 

 

 
Figure 6: Polygenic factors can influence the FH 

phenotype (Source: Paquette, M.et al. 2017) 

 Importance 

1. PRS becomes more powerful due to the sample size 

increment in GWAS. 
 

2. It performs key role in medicine, experimental 

studies, tissues and clinical settings. 

 

 General Issues:  
 

1. Limited guidelines for performing PRS analysis. 

 

2. Inconsistency between studies. 

 

3. Misinterpretation of results. 

 

 Challenges:  

 
1. Selection of SNPs for inclusion. 

 

2. GWAS affect size.  

 

3. Appropriate interpretation. 
 

 Future Directions: 

 

1. It looks like in near future PRS plays an important 
role in the biomedical science due to the increasing 
size of GWAS. 

2. Efficiency of PRS depends on continued 
development of methods. 

3. Need to be careful about the strengths and weakness. 
 
 
 

Results & Discussion 

United State men and women who developed CRC over 10, 20 

and 30 years of age interval according to their current age 

2003-2005 

 
Table 4: USA men who developed CRC over 10-20-30 

year’s interval according to current age 

 

Current Age 

 

10 years 

 

20 years 

 

30 years 

 

30 

 

0.06 

 

0.29 

 

0.96 

 

40 

 

0.23 

 

0.92 

 

2.29 
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50 

 

0.71 

 

2.14 

 

4.06 

 

60 

 

1.55 

 

3.64 

 

5.06 

 

70 

 

2.51 

 

4.22 

 

N/A 

 

 

Table 5: USA women who developed CRC over age 10-
20-30 year’s interval 

 

Current Age 

 

10 years  

 

20 years  

 

30 years  

 

30 

 

0.06 

 

0.26 

 

0.78 

 

40 

 

0.20 

 

0.72 

 

1.74 

 

50 

 

0.54 

 

1.58 

 

3.16 

 

60 

 

1.10 

 

2.76 

 

4.29 

 

70 

 

1.88 

 

3.61 

 

N/A 

 

Bowel cancer is the general term for cancer that begins in the 

large bowel. A persistent change in the bowel caused cancer 

detection. In below figures we highlighted the cancer 

symptoms. 
 
 

 
Figure 7:  No cancer signs for cancer identification  

 
As shown in figure 8 we can see the villi cancer presented and 

sysmptoms shows the cancer existence. 

 

 

Figure 8:  Villi, Cancer signs can be seen in the image  
 

 

Figure 9:  In large intestine no cancer predicted 
 

 
Figure 10:  We can see Cancer existence in this tissue 
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Figure 11:  Cancer existence in this tissue 

 

Conclusion 

As per the statistics colorectal cancer is the third deadly cancer 

in the United States of America and Australia. In United 

Kingdom it’s the fourth major cancer where 42000 new cases 

occur every year. In 2016 approximately 16,384 deaths 

occurred due to this deadly cancer.  We develop a taxonomy 

which indicates the early stages identification in different 

ages. We presented a detailed hypothesis and results show the 

importance of this issue. We found that all types of cancer are 

related to the gene changes but, a change in a cancer cell could 

be the risk of bowel cancer.Having a larger dataset would be 

an interesting perspective for future work.  
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