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ABSTRACT

Colorectal cancer is the result of abnormal growth of cells in colon and rectum. It is the major
cause of mortality and morbidity globally. Among all cancer occurrence, CRC accounts for over
9%. In women, colorectal cancer is the seventh most common cancer and the ninth most
common cancer in men, in Pakistan. Numerous risk factors are responsible for colorectal cancer,
mainly age, smoking, alcohol consumption, family history and physical inactivity. Colorectal
cancer due to genetic alterations occurs approximately with rate of 10% while sporadic
colorectal cancer occurs with the rate of 90%. Adenomatous Polyposis Coli (APC) is a tumor
suppressor gene and mutation in this gene downregulates the f-catenin which in turn activates
the transcription of oncogenes. The objective of the present study is to analyze the significant
association of APC I1307K (T—A) polymorphism with colorectal cancer in selected Pakistani
population. This study includes 100 sporadic samples of CRC and 50 healthy controls. DNA was
extracted from all CRC’samples and controls. ARMS-PCR was performed to genotype APC
11307K polymorphism. Among three genotypes, TT, TA, AA, only two genotypes TT and TA
were found in current study. Occurrence of APC [1307K was found to be significantly greater in
CRC patients compared to controls (P-value 0.0000). Calculated allelic frequency of A allele
was higher in patients (0.65%) than controls (0%). On the basis of sigrfiﬁcant statistical results,
we may say that in our selected population, .an association between APC 11307K variant and

colorectal cancer was present.
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Chapter 1 , Introduction

1.1 Colorectal Cancer

When growth of the cells becomes abnormal it is termed as Cancer. Some of the cancers are not
able to spread to other parts of the body; they are termed as benign tumors (National Cancer
Institute, 2014). Abnormal bleeding, weight loss, prolonged cough and modification in bowel

movements are common symptoms of cancer (NHS, 2014).

Cancer that starts to develop from the colon or rectum is termed as colon cancer or rectal cancer
respectively (Bano et al,, 2013). Together both colon cancer and rectum cancer are termed as
colorectal cancer. It is caused due to the abnormal growth of cells that have the capability to
enter or spread to other parts of the body (National Cancer Institute, 2014). One of the utmost
malignancies of human is the colorectal cancer. Polyps or benign adenomas are the colorectal
cancers that start to grow on the inner lining of the colon or rectum. It takes 10 to 20 years to
become cancerous as the growth of abnormal cells is very slow. In population of U.S, lifetime

risk is 19% for developing CRC (Labianca et al., 2005).

Colorectal cancer due to genetic alterations occurs approximately with rate of 10% while
sporadic colorectal cancer occurs with the rate of 90% (Weitz et al., 2005). Colorectal cancer is
recognized as a multifactorial cancer because of the involvement of both geneic and

environmental factors (Grogan and Kirsch, 1997).

Globally alimost one million people are suffering from colorectal cancer (Jemal ez al., 2006). The
average age of the occurrence of colorectal cancer is the age over 50. Symptoms of colorectal
cancer include weight loss, blood in the stool, bowel movements changes and feeling tired all the

time (University of Marvland medical center, 2015).
1.2 Worldwide Prevalence of Colorectal Cancer

Over the past two to three decade colorectal cancer (CRC) has become prevalent in developed
countries and has increased in incidence. Currently in United States, CRC is the second most
common form of cancer and the third leading cause of cancer mortality {Jemal ez al., 2005). In

Taiwan, CRC has become the fourth most common form of cancer and the third leading cause of

W
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Chapter ! Introduction

death due to cancer. Approximately 10% of CRCs are attributable to genetic alterations whereas

90% occur sporadically (Weitz et al., 2005).

Throughout the world, colorectal cancer is Athe major cause of mortality and morbidity. Among
all cancer occurrence, CRC accounts for over 9% (American Institute for Cancer Research 2007,
Boyle and Langman, 2000). In countries like Australia, New Zealand, Canada, the United States
and parts of Europe, the prevalence of CRC is highest. The countries with lowest risk of CRC
include China, India and some areas of South America and Africa (Boyle and Langman, 2000).
In 2014, almost estimated individuals to be newly diagnosed with colorectal cancer are 136,830

and 50,310 deaths due to colorectal cancer in the United States (Siegel et a/., 2014).

Almost 530,000 deaths were recorded in 2002 accounting 8% of all cancer deaths (American

Institute for Cancer Research 2007; Janout and Kollarova, 2001). Although colorectal cancer is

the fourth most common cause of death from cancer (American Institutc for Cancer Research

2007; Janout and Kollarova, 2001), it is estimated that 394,000 deaths due to colorectal cancer
still occur throughout the world annually (Boyle and Langman, 2000). The worldwide incidence
and mortality are estimated to be of 1.23 million new cases and 608, 000 deaths in 2008 (Ferlay
etal, 2010).

1.3 Colorectal Cancer in Pakistan

In women, colorectal cLinf:er is the seventh most common cancer and the ninth most common
cancer in men, in Palzistan (WHO, Globocan). 25.4% and 20.1% of gast;ointestinal malignancies
in males and females respectively constituted by the colorectal cancer according to a local study
(Mehdi, 1998). In both genders, the risk of CRC is equal at present. From-1995-1999, in males
41% rise was noted, indicating higher risk of CRC in males in future (Bhurgri et.al, 2006). -

In a study (Khan et al. 2005-2009), 48% patients of colon cancer belonged to above 50 year age
group that was similar to other studies but rectum cancer showed interesting age distribution,
26% of cases of rectum cancer were found in patients with less than 30 year age group and with
the age group above 50 year 37% of cases were seen. The result of this study is completely
different from pattern reported in Western studies. Pakistan has high incidence of cancer (Zeb et

al., 2008). The most severzly affected province is the Khyber Pakhtunkhwa (Wahid e al., 2005).

-Ijetermining the Role of #idenomatous Polyposis Coli (APC) Gene Po_lymorph‘?sm in the
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C;hapter 1 Introduction

1.4 Staging of Colorectal Cancer
The extent of tumor in the particular part of the body can be determined by the stages of tumor.
Staging system provides the information about the location of cancer and also gives idea about

the either it is affecting other body parts or not.

TNM system, recognized by the American Joint Committee on Cancer, is the most common stage
system used for colorectal cancer. There are three factors that define the particular stage of the
tumor. The T (tumor) category of CRC determines the degree of tumor into the wall of intestine
(colon and rectum) or proximate areas. It is further categorizes in TX, T0, Tis, T1, T2, T3, T4a
and T4b. The N (node) categorizes the tumor into the regional lymph nodes. Lymph nodes
(collection of cells of immune system) are the first target of tumors. This category is further
divided into NX, N0, N1a, N1b, Nlc, N2a and N2b. The M (metastasis) category determines if
the tumor has extended to the other organs. Liver and lungs are th¢ supreme sites where
colorectal cancer commonly metastasized. M category is further classified into MX, M0, Mla

and M1b.

Colorectal cancer is also classified into different grades. Grades of the tumors differentiate the
cancerous tissues with normal tissues. If the physical appearance and origin of the cancerous
tissues is more like normal tissues then it is classified as low grade tumot (well differentiated).
‘Growth o;° low gfade turuérs is slower than the high grade tumors. Well diterentiated tumors are
less aggressive and arelr.‘ot capable to spread quickly through the other paits of the body. If the
physical appearance of the 'c::_ancerous tissues is abnormal then it is classified as high grade tumor
(poorly differentiated). Grades are further classificd numerically (GX, Gl1, G2, G3, G4). GI and

G2 are placed in low grade tumors while G3 and G4 are placed in high grade tumors.

1.5 Types of cancer in the Colon and Rectum

Colon and rectum includes different types of cancers (American Cancer Society, 2015). These types are
adenocarcinoma, carcinoid tumors, gastrointestinal stromal tumors (GISTs), lymphomas, sarcomas. 95%
of the colorectal cancer is made up of adenocarcinoma. In these cancers, the internal side of the
colon and rectum is lubricated by the mucus (formed by the glands in the cell). Carcinoid tumors

are polyps that are initiaied by some specific hormone-making cells in the intestine.
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Chapter 1 Introduction

Tominaga et al., 2010). The occurrence of colon tumor is high is due to mutation at codon 175

and tumor in rectum occur due to mutation at codon 288 (Vidaurreta et al., 2008).
1.7.3 Adenomatous Polyposis Coli (APC) Gene

One of the tumor suppressor genes is Adenomatous Polyposis Coli (APC) gene that is present on
chromosome 5q22.2 (Groden et al., 1991). This tumor suppressor gene contains 16 exons
encoding 2843 amino acids and spans 58kb (Kwong and Dove, 2009). 10.5kb of mRNA is
expressed by APC gene (Groden et al., 1991; Joslyn et.al., 1991; Kinzler et al., 1991). 75% of
coding sequence of APC lies in the region of exon 16 (Chen et al., 2006). A large protein
encoded by APC gene is involved in suppressing tumor activities and various cellular functions
(Worm et al., 2004). Structure of APC gene is shown in figure 1.

1.7.3.1 APC Promoter

1A and 1B are the two promoter regions of APC gene (Lambertz and Ballhausen, 1993). The

- most commonly active promoter is promoter 1A. The 1A promoter of APC gene has been shown

to be heavily methylated in colorectal tumors (Hiltunen et al., 1997). Tumors with promoter
hyper methylation fail to express the transcripts of APC (Esteller er al., 2000). There is no
evidence for epigenetic mechanism with the APC 1B promoter. It suggests that APC promoter
1A hyper methylation may provide an alternative mechanism of APC inactivation in the early
stages of colorectal tumorigenesis.

1.7.3.2 Domains of APC

Armadillo region and oligomerization are the two domains of APC gene (Feamnhead et al,
2001). Interaction of the APC protein with other proteins is dependent on the domains of APC.
Homodimers of APC are formed due to the heptad region that is found within the
oligomerization domain of APC protein at N-terminus (Su er al, 1993). Dimerization of wild
type APC with both wild type APC and mutant APC occur due to the existence of
oligomerization domain (Polakis, 1997). Seven amino acid repeats are found in armadillo region
(Fearnhead et al., 2001). In mutant APC, it is retained consistently and this domain extremely
conserved (Miyoshi ef al., 1992). 20 amino acid repeats and 15 amino acid repeats are found in
the central portion of armadillo region (Fearnhead et al, 2001). For survival of the cells,

armadillo region is important.

T T T T T e e e e et e et et e
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Figure 1. Structure of Adenomatous Polyposis Coli (APC) Gene
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1.7.3.3 Functions of APC Gene

APC gene is involved in various functions including microtubule assembly, cell adhesion,
apoptosis, canonical Wnt signaling transcription, signal transduction and chromosomal
segregation. Primary function of APC gene is the cleavage of B-catenin by ubiquitin degradation
pathway (Fodde et al., 2001; Polakis, 1997; Rubinfeld et al., 1991). Abnormal functioning of
these cellular processes caused by APC mutation leads to the growth of cancer cells.

1.7.3.3.1 APC in Canonical Wnt Signalling

In suppression of canonical Wnt signallig pathway, APC plays a crucial role. This pathway is
-involved in the cell proliferation and differentiation in the skin, immune system, intestine, bone
and brain (Aoki and Taketo, 2007). Stimulation of this pathway triggers the activation of TCF
dependent transcription of Wnt-target genes like MYC (He et al., 1998), CCNDI (Tetsu and
McCormick, 1999) and EphB (Batlle et al., 2002) through beta-catenin. It is evident from studies
that by using different machineries, APC inhibits the activation of TCF-dependent transcription
by beta-catenin. Studies showed that APC is involved in the inhibition of the beta-catenin/TCF-
dependent transcription via direct interface with a repressor complex.

1.7.3.3.2 APC in Chromosomal Segregation

One of the main driving forces that regulate the growth of tumors is chromosomal instability
(CIN) (Sotillo et al., 2007; Weaver et al., 2007). Mis-segregation of the chromosomes due to
loss of APC has been reported in previous studies (Alberici et al., 2007; Aoki et al., 2007;
Dikovskaya et al, 2004). During the process of mitosis, APC is localized to spindles,
kinetochore and centrosome (Kaplan et al., 2001; Louie et al., 2004; Olmeda-et al., 2003). When
APC is mutated, the resultat truncated APC gene causes chromosomal instability (Alberici et al.,
2007; Fodde et al., 2001; Kaplan et al, 2001). C-terminal of APC fragment contains
microtubule-binding region. When this C-terminal fragment of APC gene.is expressed it causes
aneuploidy in CRC cell line (HCT116) (Fodde et al, 2001). Weak kinetochore-microtubule
interactions and chromosomal instability occur due to the expression of N-terminal APC
fragment (Tighe et al., 2004). Truncated APC shows dominant-negative effect on chromosomal
segregation.

1.7.3.3.3 APC in Cell Adhesion

Loss of cell adhesion is due to the inactivation of APC also causes the development of

tumorigenesis (Bienz and Hamada, 2004; Birchmeier et al., 1995). In mammalian epithelial
e e
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cells, APC is present at the plasma membrane (Miyashiro et al., 1995; Nathke ef al., 1996), and
involved in the interaction of beta-catenin that connect E-cadherin to beta-catenin and the actin
cytoskeleton (Kemler, 1993; Rubinfeld et al., 1993; Su et al., 1993). E-cadherin level becomes
elevated at cell membrane when APC is expressed in full length that promote the chances of cell
adhesion in CRC cells where truncated APC is expressed this leads to the translocation of the
nuclear and cytoplasmic beta-catenin to the cell periphery (Faux et al., 2004). Cell adhesion is
affected by APC through the translocation of beta-catenin.

1.7.3.3.4 APC and Microtubule Network

At the end of the microtubule, APC is present (Nathke et al., 1996). This APC is able to form
bond and to stabilize the microtubules (Munemitsu ez al., 1994; Smith et al., 1994). It shows that
APC is responsible for the regulation of microtubule network along with microtubule mediated
mechanisms including spindle formation and cell migration (Nathke, 2006). Previous studies
indicated that cell migration is inhibited by the depletion of APC (Kroboth et al, 2007).
Decrease in the level of post-translationally modified microtubules and decrease in microtubule
stability occurs due to the knocking down of APC (Kroboth et al., 2007). Interaction of APC
with EB1 leads to the stabilization and polymerization of microtubules (Morrison et al., 1998,
Nakamura et al., 2001; Su et al.,, 1995).

1.7.3.3.5 APC and Actin Network

APC have a control on the actin cytoskeleton through which it stimulates the cell migration and
cell polarity (Akiyama and Kawasaki, 2006). When APC is lost, it affects the cell migration by
slowing it down (Andreu et al., 2005; Sansom et al., 2004) that stimulates the growth of polyps
(cofnprising of single layer of adenoma cells) (Oshima et al., 1997). Truncated C-terminal APC
causes the decrease in migration of intestinal epithelial cells (Mahmoud et al., 1997). Abnormal
migration and attack of tumor cells via Asefl and Asef2 are the results of expression of truncated
mutant APC. Development of tumors not only depends on the mutation in APC but it also
involves the mutation in Smad4 that carries a TGF-_-responsive transcription factor (Kitamura et
al., 2007; Oshima et al., 1995; Takaku et al., 1998). APC depletion hinders the development of
actin meshwork and polarized migration, moreover mis-localizes the CLIP- 170 (Watanabe et
al., 2004). Interaction of APC is interrupted by the interaction of APC with EBlwhereas EB1
might be able to device the APC-mediated regulation of actin and microtubules (Moseley ef al.,

2007).

Determining the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
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1.7.3.4 APC in Wnt Pathway

Almost 60% of the mutations in the APC gene are found in Mutation Cluster Region (MCR)
(Miyoshi et al., 1992). For colorectal tumorigenesis, down-regulation of f-catenin is imperative
that occur in MCR of APC. In Wnt signaling pathway, APC and [-catenin are essential
components (Cabrera and Nevot, 2005).

At least 16 secreted cysteine-rich glycoproteins are constituted by Wnt proteins, some of which
stimulates the neoplastic transformation in tissue culture and animal models (Tetsu et al., 1999).
For Wnt signal transduction, members of Frizzled family, Lipoprotein Receptor-related Proteins,
LRP5 and LRPS, act as co-receptors (Tamai ef al., 2000; Nusse, 2001). Activation of B-catenin
occurs as a result of biqding of Wnt ligand to Frizzled receptor (Frank er al, 2002).
Phosphorylation of B-c‘;atenin is facilitated by activated Frizzled receptor that recruits the
cytoplasmic protein Dishevelled (Axelrod et al, 1998; Boutros et al., 2000). Dishevelled is
involved in the activation of Jun-N terminal Kinase (Noordermeer ef al., 1994; McEwen ef al.,
2001) and Wnt signals transduction (Li e al., 1999). Binding of Dishevelled to Axin transduces
Whnt signals (Kishida et al., 1999; Willert et al., 1997). As a result, a complex of multi- protein is
formed which contains Axin, APC, B-catenin and the serine/ threonine kinase GSK-3B (Bienz
and Clevers, 2000). B-catenin’s amino terminus (at threonine 41 and walking downstream to S37
and S33) is further phosphorylated by GSK- 3. Canonical B-TrCP recognition site is generated
around S33/537 (Yaron et al, 1998). Phosphorylation of B-catenin isoforms occur at
serine/threonine residues that are bound by the F-box protein B-TrCP (a subunit of the SCF-type
E3 ubiquitin ligase complex) (Hart ef al.,, 1999; Winston et al., 1999). Proteasomal degradation
and ubiquitination cf phosphorylated R-catenin is initiated by this complex (Aberle er al, 1997).
B-catenin becomes stable in cytoplasm due to the truncation of APC that destroy the complex
formation.

The interaction of (-catenin with T-cell factors (TCFs) occurs when it enters into the nucleus
(Cabrera and Nevot, 2005). TCF-4 and activation of this pathway promotes the transcription of
oncogenes such as cyclin D1 and c-Myc (Sparks et al., 1998; Tetsu et al., 1999). Binding of
repressors and co-repressors like CBP (CREB-binding protein), CtBP (carboxy-terminal binding
proiein), LRP (LDL-receptor-related protein) and Gro (Groucho) is obstrﬁcted by the binding of
p-catenin with Tcf-Lef (Cabrera and Nevot, 2005).

Determining the Role of Adenomatous Polyposis Coli (APC) Genc Polymorphism in the
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1.7.3.5 Mutations in APC

Two types of mutations have been found in APC gene including germline mutations and somatic
mutations. Mostly in patient of FAP, germline mutations in APC have been seen (Cottrell es al,
1992; Laken et al., 1999). Mutations between codons 1061 and 1309 are most common germline
mutations in APC that account for a third of all the germline mutations (Beroud and Soussi 1996;
Miyoshi et al., 1992). APC mutations are not only detected in colorectal cancer but also found to
be associated with some other cancers including liver cancer.

Loss of the wild type APC allele causes somatic mutations in most of the sporadic cancer
(Cottrell et al., 1992; Miyoshi et al., 1992). Colorectal adenomas of <5mm in size have been
seen to show somatic mutations (Powell ef al., 1992). There is a region in the coding sequence of
APC gene between codons 1286 and 1513, termed as MCR, where over 60% of all somatic
mutations occur in APC (Miyoshi et al, 1992). A truncated APC protein is formed when a
mutation occur in MCR of APC gene, this truncated protein lacks all the binding sites for axin
and one or two of its 20 amino acids of beta-catenin binding sites.

1.7.3.6 Familial Adenomatous Polyposis (FAP)

The growth of numerous colorectal polyps causes the development of Familial Adenomatous
Polyposis (FAP), an inherited autosomal disease (Chen et al., 2006). FAP is the result of germ-
line mutations in APC and these mutations causes the development of most sporadic colorectal
cancers (Fodde et al., 2001; Liang et al., 2013). Mostly development of thousands of benign
colorectal cancers occurs in patients with FAP (Christopher et a/., 2000). To date, the outcome
of most of the mutations of APC that causes FAP is the development of truncated protein

(Miyoshi et al., 1992; VanderLuijt et al., 1997).
1.7.3.7 Genotype/Phenotype Correlation

The genotype/phenotype correlation for FAP is well-understood. The position of inherited APC
mutation is correlated with the risk of development of FAP (Fearnhead et al., 2001). Mutations
between codon 1250 and 1464 are serious polyposis found in patients and in exon 6 at
codon 233 and in exon 11 at codons 486 and 499, the same phenotype have been found in
APC mutations (Nagase er al., 1992; Eccles et al., 1997). In future, this genotype/phenotype
correlation will become more significant in targeting genetic testing of FAP (Fearnhead ef al.,

2001).
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1.8 Single Nucleotide Polymorphism (SNPs)

Numerous Single Nucleotide Polymorphisms (SNPs) of APC gene have been identified. In a
particular population, biological and epidemiological data showed that several SNPs attributes to
the development of increased risk of CRC (Grogan and Kirsch, 1997). Variant [1307K of APC
causes the formation of cancer and in Ashkenazi Jewish population it is directly involved in 3-
4% of all colorectal cancer (Gryfe et al, 1999). APC I1307K is a missense mutation and is
involved in the substitution of Isoleucine (I) by Lysine (K). Three variants of APC gene, E1317Q
(G—C), D1822V (A—T) and I1307K (T—A), have been found to be associated with the
occurrence of CRC in previous studies. In studies of association between APC gene and risk of
CRC occurrence, E1317Q and [1307K variants of APC gene are most common (Liang ef al.,
2013; Kapitanovic et al.,, 2004). It indicates that this site might be a functional variant. On the
basis of previous studies, variant at position [1307K (rs1801155) of APC gene is selected to

conduct this population study.

Objectives of the Study
The aim of the study is:

* Genetic screening of patients with Colorectal Cancer in selected Pakistani population
+ Assessment of most relevant risk factor leading to Colorectal Cancer
« Investigating Adenomatous Polyposis Coli (APC) gene association in patients of

Colorectal Cancer
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Chapter 2 Malterials and Methods

2.5 Amplification Refractory Mutation System (ARMS) PCR

ARMS PCR was performed for all 100 samples along with the controls. PCR conditions were
altered for the optimization of samples. Extracted DNA was amplified in a total reaction volume
of 25ul consisting of Taq. Buffer 2.5ul, dNTPs 2.5ul, NP40 2.5ul, MgCI2 1.5ul, Taq. Polymerase
2ul, PCR H20 8.5ul, Primer 1.5ul and DNA template 4ul. Reactions for wild-type allele and
mutant allele were prepared in separate tubes. Initial denaturing temperature of ARMS-PCR was
96°C for Imin, annealing temperature was 57°C for 1min followed by 30 cycles and the final

extension temperature was 72°C for Smin. Sequence of all three primers is given in table 2.5.
2.6 Gel Electrophoresis

Products obtained from ARMS-PCR were analyzed on 3% agarose gel. Gel was prepared by
inserting two combs. Products for wild-type allele were loaded in upper row and products for
mutant allele’were loaded in lower row to differentiate the both alleles easily. In all the wells, 6X
loading dye (Thermo Scientific) was poured. To analyze the band size 100bp DNA ladder
(O’GeneRuler) was used. After loading the samples, voltage was supplied and then gel was

analyzed on Gel Documentation System.

2.7 Statistical Analysis
For the interpretation and analysis of data, IBM SPSS software was used. Chi-square and p-value
for age, gender and histopathology were calculated. Genotypic and allele frequency were also

calculated.

)
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Table 2.1
Composition, Concentrations and Functions of Solutions
Components Concentrations Functions
Sucrose 032M Makes the sample heavier.
, Tris-HCI 10mM Maintains the pH.
Solution A
MgCI2 S5mM It acts as a 'detergent and helps in
bursting cell membranes.
Tris-HCI 10mM Maintains the pH.
NaCl 400mM Increases buffer capaéity and
Solution B s
causes buffer precipitation.
EDTA 2mM Captures Mg2+ to protect the DNA
from the action of nucleases
(Chelating agent / Enzyme
inhibitor).
Phenol 100 ml Protein denaturation.
Hydroxyquiniline 10 mg Chelating agent
Solution C
Tris-Cl 0.1IM Lysis buffer
p-mercaptoethanol 200ul Irreversibly denature RNases
Chloroform 24ml Protein denaturation.
Solution D Isoamylalcohol Iml Increases the efficiency of

chloroform to denature.

0000000000000 S
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Table 2.2

Primer sequence used for ARMS-PCR

Primer Sequence

Forward Primer (specific for common 5’-CTAATACCCTGCAAATAGCAGAAGA-
allele) ,

3
Forward Primer (specific for mutant 5’-CTAATACCCTGCAAATAGCAGAAGT-
allele) ,

3
Reverse Primer (common for both 5’-TGAGTGGGGTCTCCTGAACATA-3’
primers)

000000000000 T S SO
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Chapter 3 Results
P

A multifactorial dis€ase, colorectal cancer is the serious cause of mortality. Occurrence of
colorectal cancer might involve different factors including genetic and environmental factor.
Genetic variation in genes that regulate the mechanism in an individual may develop the risk of
colorectal cancer. Adenomatous Polyposis Coli (APC) gene participates in Wnt signaling
pathway that is involved in the development of colorectal cancer when mutated. Different SNPs
have been analyzed to find the association with CRC showing either null association or
significant association. In this study, APC gene has been selected to determine the association
with CRC in specific Pakistani population, as this type of association has not been reported

previously in Pakistani population.

In current study, total number of patients was 100 while 50 control cases were examined for the
determination of APC gene association with colorectal cancer. All the individuals in the study
were evaluated with different parameters including age, gender, type of CRC, family and
smoking history. Genotypes for rs1801155 were calculated in patients and controls, gender and

type of CRC (colon or rectum).

3.1 SNP Genotyping of APC I1307K (rs1801155)

To determine the association of APC with CRC, SNP (rs1801155) of APC gene was genotyped
by using ARMS-PCR technique.

3.1.1 ARRMS-PCR analysis of APC (rs1801155)

The product obtained after ARMS-PCR amplification was analyzed on 2% agarose gel. Gel
picture showed the band size of 255bp (fig. 3). Genotypes were analyzed by visualizing the gel

image that was obtained through gel documentation system (BioRad).
3.2 Genotypic Analysis of APC (rs1801155)

Among three genotypes, two genotypes, homozygous major TT and heterozygous TA have been
identified in patients and only one genotype, homozygous major TT have been found in control
cases and not a single homozygous minor genotype AA have been seen in both patients and
controls. To predict the significance of the study t-test was applied. Genotypic and allelic

frequencies of the patients were also calculated.
S —
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Figure 3 Analysis of APC 11307K by using ARMS-PCR technique

The upper row (1) shows PCR products of 11307-specific allele (wild-type) and
lower row (K) is showing result for [307K-specific allele (mutant allele). Product
size is 255bp. Both rows are showing results for same individuals. Lanes labeled as
“M”are 100bp ladder (O’ Gene Ruler). First well is showing result for [1307K
positive control. Lanes 1-4 are 11307K positive individuals (carrying mutation) in
patients while lane 5 is showing 11307K negative individual in control case. Last
well is showing result for negative control.

L ]
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3.3 Distribution of Genotypes

Distribution of genotypes TT, TA and AA have been analyzed in both patients of CRC and
controls (Table 3.1). Analysis showed that genotypic frequency of TT was 35% and 100% in
CRC patients and controls respectively. TA genotype showed frequency of 65% in CRC patients
and showed 0% frequency in controls. Genotype AA showed 0% frequency in both CRC patients
and controls. To determine the significant association, t-test was applied. The value of t-test was
significant (0.000) (Table 3.2). The resultant value showed the association of APC I1307K
(rs1801155) with CRC.

3.3.1 Allelic Frequency

Frequencies of both T and A allele were calculated for CRC patients and controls. Allele T
showed frequency of 0.675% in CRC patients and 2% in controls while A allele showed 0.335%
frequency in CRC patients and 0% frequency in controls. Allelic frequencies have been showed

in table 3.3. This analysis revealed significant statistical difference.

3.4 Genotypic Distribution between Males and Females

All the three genotypes were also analyzed in male and female CRC patients and controls.
Genotype TT was found to be 21 and 14 in CRC males and females respectively while TA
genotype was found to be 38 and 27 in CRC males and females respectively (Table 3.4). TA
genotype was not found in control group. Genotype AA was not present in any of the member
from patient and control groups. The value of odd ratio for gender was, OR 0.938 with 95% CI
(0.406-2.167). Chi-square test was applied to gender to find out association between gender and
CRC. The value of Chi-square was 0.22 with p-value 0.881. It was found that p-value was

greater than the standard significant p-value (<0.05).

T S —
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Table 3.1

Genotypic distribution in Controls and Patients

Genotypes Controls Patients
TT 50 35
TA 0 65
AA 0 0
Total 50 100

Figure.4 Bar Chart representing frequency of all three Genotypes
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Chapter 3 Results
Table 3.2

t-Test for Genotypes

t-Test value Degree of Freedom Significance

34.420 99 0.000°

Table 3.3

Distribution of Allelic Frequency in Patients

Alleles | Allelic Frequency in Allelic Frequency in
Controls Patients
T 100 ‘ 135
2% 0.675%
A 0 65 °
0% 0.335%
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Figure.5 Graph representing Individual Allelic Frequencies
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3.5 Distribution of Colon and Rectum in CRC Patients~

Among all the 100 CRC individuals, frequency of colon and rectum cancer was also calculated.
Number of patients with colon cancer (46%) was found to be higher than the patients with

rectum cancer (54%) (Table 3.5). This result shows that rectum cancer is more prevalent.
3.6 Age Distribution among CRC Patients

Distribution of CRC patients according to different age groups have been shown in table 3.6.
Analysis of data showed that colorectal cancer is more common between the age group of over
30 and below 65. This age group had both genders. The calculated mean and standard deviation
for age was 44.17+£12.96.

3.7 Histopathologic Distribution of CRC Patients

In this study, histopathology reports of CRC patients were also collected. According to
histopathology reports, 24% patients had well differentiated adenocarcinoma, 27% patients had
moderately differentiated adenocarcinoma and 49% patients had poorly differentiated
adenocarcinomas (Table 3.7). This statistical analysis showed that most of the patients found to
have poorly differentiated adenocarcinoma. Chi-square value of histopathology was 28.423 with
p-value 0.000. This statistical analysis showed that most of the patients found to have poorly

differentiated adenocarcinoma.
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Table 3.4

Genotypic Distribution in Males and Females

Results OR (95% CI)

Negative | Positive

Gender Female 14 27 0.938 (0.406-2.167)
Male 21 3%
Total 35 65

04000000000 DS
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Figure.6 Genotypic Distribution between females and males
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Table 3.5

Distribution of type of CRC in Patients

Type of No. of Individuals Percentage
CRC
(N=100)
Colon 46 46%
Rectum 54 54%
= 55
=
"
Z 50
-
L
s 45
)
“ a0
Rectum
Type of CRC

Figure.7 Type of CRC in Patients
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Table 3.6

Distribution of CRC in Different Age Groups

Results Total
Negative Positive
15 years or below 0 1 1
16-25 years 4 3 7
26-35 Years 10 | 14 24
Age Groups 36-45 Years 9 15 24
46-55 Years 6 15 21
55-65 Years 5 15 20
65 years or above 1 2 3
Total 35 65 100
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Figure.8 Distribution of CRC in different Age groups

Determining the Kole of Adenomatous Folyposis Loll (AFC) tene Folymorpnism 1n tne
Development of Colorectal Cancer In Pakistani Population Page 32



.

Chapter 3 Results
[ e e e e e e

Table 3.7

Histopathologic Distribution in Patients

Results Total

Negative Positive

Well 18 6 24
Differentiated
Histopathology
Moderately 11 16 27
Differentiated
Poorly 6 43 49

Differentiated

Total 35 65 100
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Chapter 4 Discussion

Discussion

Third most frequently occurring cancer is colorectal cancer and it is considered as fourth
foremost reason of mortality rate globally (Siegel et al., 2013; Migliore ret al.,2011). APC gene is
a.tumor suppressor gene and when altered causes cancer. It is evident from a study that APC
gene contains germ-line variants that can give rise to development of colorectal cancer (Frayling
et al., 1998). The aim of this study was to determine the role of APC 11307K with Colorectal
Cancer in selected Pakistani population. Total 100 samples were collected to conduct the study
along with the 50 controls. To our knowledge, this study is the first study being conducted in

Pakistani population.

Current study showed association of APC 11307K with CRC by giving P-value 0.000 that was
less than the standard P-value 0.05. A study on population of Egypt also showed significant
association of APC 11307K with CRC (Malek et al., 2016). Previously, 8.7% 11307K mutation
was found in patients of CRC, this study also reported that mutation was found to be greater
(11.2%) in Ashkenazi Jews (Rennert ef al., 2005). Another study also reported that Ashkenazi
Jews had 6.1% of APC 11307K mutation (Rozen et al., 1999; Drucker et al., 2000). Previously,
Ashkenazi Jews (10.4% patients of CRC) have been identified to carry this mutation (Laken er
al., 1997). Some studies are contradicted to the above mentioned studies reporting no
association of APC 11307K with CRC. No association was found between APC 11307K and
CRC in Tunisian population (Bougatef et al., 2009) and a study conducted also showed null
association between APC 11307K and CRC (Evertsson et al., 2001).

In present study, allelic frequencies were calculated for patient and controls. Allele T showed
frequency of 0.675% in CRC patients and 2% in controls while A allele showed 0.65%
frequency in CRC patients and 0% frequency in controls. According to a study, A allele of APC
11307K was found higher in Patients (10.4%) than controls (4.5%) (Malek et al., 2016).

Two genotypes, TT and TA were identified in present study. These genotypes were analyzed in
patients and controls along with the comparison in gender. In males, TT genotype was higher
(0.21%) than females (0.14%) in CRC patients. TA genotype was also found higher in males
(0.38%) than females (0.27%) in CRC patients and this genotype was absent in control cases

(male and female).
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There are different risk factors that contribute to the risk of CRC including genetic and
environmental factors.

Adenomatous Polyposis Coli (APC) gene is a tumor suppressor gene. APC is-involved in
different cellular processes including cell migration, adhesion, and chromosome segregation. It
has been identified that one of the most essential genetic alteration in colorectal cancer is
inactivation of APC. It has also been found that activation of canonical Wnt signaling plays
important role in tumorigenesis caused by APC mutations. Mutation in APC gene gives rise to
the development of colorectal cancer. ’

Exon 16 of APC gene is the largest exon and contains 75% of gene coding sequence and also
most of the mutations of APC occur on this exon. Mutations found on this exon are either
frameshift or nonsense mutations. APC 11307K is a missense mutation that lies on this exon and
another missense APC mutation has been reported on this exon that is E1317Q. The APC
I1307K polymorphism may confer increased risk of colorectal cancer in different ethnic
populations. It is evident from studies that loss in functionality of APC leads to the development
of colorectal cancer.

Current study was designed to determine the association of APC gene with colorectal cancer in
selected Pakistani population that has not been performed earlier. By viewing at statistical results
and discussion mentioned above, it can be concluded that APC 11307K variant is involved in
developing risk of colorectal cancer. This study showed a significant association of APC 11307K
with colorectal cancer in selected Pakistani population. Calculated value of t-test was 0.000
showing the significance of the study. It can also be seen that most of the mutation of 11307K
was found in patients with poorly differentiated adenocarcinomas that gave significant p-value
(0.000). Most of the patients carrying 11307K mutation were above the age group of 30 and
below 65. Calculated chi-square value of age and gender revealed that these risk factors are not
relevant with colorectal cancer in this study.

Despite of some limitations, the results of the study provide a more complete and systematic
picture of the role of APC polymorphisms in the risk of developing colorectal cancer and may
provide genetic insight into possible strategies for the prevention of colorectal cancer.

In this study not a single homozygous recessive AA genotype was found. There might be a low
penetrance of [1307K allele in patients showing TT genotype. Although selected population in

current study showed a significant association but it may be possible to conduct this study on

L
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large sample size of this population so that more strong association could be seen. This
association has not been reported previously in Pakistani population therefore we might say that
APC [1307K polymorphism is new and interesting finding in this population. The findings of
this case-control study are consistent with the proposal that Pakistani subjects differ from other
subjects with respect to phenotypic expression of APC and CRC risk.

In current study, our results are based on small sample size, but in future more clear picture of
the fact can be obtain by increasing the sample number of study. More work is required to
determine the best way for the identification of APC [1307K mutations on clinical grounds and

to calculate the risk of colorectal cancer with this APC variant.

Only a single variant APC I1307K was investigated for the association, but in future more
variants of APC gene could be studied to find out whether they have any association with risk of
developing colorectal cancer. The results of this study are based on evaluation of selected
Pakistani population solely, but future research performed on other populations of the world may
reveal different results. For further understanding of role of APC polymorphism in developing
the risk of CRC, a more appropriate study design is required with sufficient data regarding
genotypic and polymorphic frequency along with environmental factors. To accurately determine
how family history and other genetic and environmental factors could influence the risk of APC

I1307K carriers in CRC patients further studies are required.
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