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ABSTRACT

Colorectal cancer is the result of abnormal groMh 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%o. 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 l0% 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 B-catenin rvhich in turn activates

the transcription of oncogenes. The objective of the present study is to an'alyze the significant

association of APC ll307K (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 perfornced to genotype APC

I1307K polymorphism. Amorg three genotypes, TT, TA, AA, onll'fwo genotypes Tf and TA

were found in current study. Occurrence of APC Il307K was found to be significairtly greater in

CRC patients compared to controls (P-value 0.0000). Calculated allelic tiequency of A allele

was higher in patients (0.65%) than controls (0%). On the basis of sign'ificant statistical results,

we may say that in our selected population,.an association between APC Il307K variant and

colorectal cancer was present.
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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). Abnorrnal 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 c3ncer or rectal cancer

r.espectively (Bano et al.,2Ol3). Together both colon cancer and rectum cancer are termed as

colorectal cancer. It is caused due to the abnormal growth of cellsthat have the capability to

enter or spread to other parts of the body (National Cancer Institute, 20t4). 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 inr,er 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 l9%o for developing CRC (Labianca et aI.,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 almost one million people are suffering from colorectalcancer (Jemal et a|.,2006).The

average age of the occurrence of colorectal cancer is the age over 50. Syrnptoms of colorectal

cancer include weight loss, blood in the stool, bowel movements changes and feeling tired all the

time (University of Mary'land medicalcenter, 2015).

1.2 Worldwide Prevalence of Colorectal Cancer

Over the past two to three decade colorectal cancer (CRC) has become prevalent in developed

countries ancl has increased in incidence. Currently in United States, CP.C is the secottd most

common form of cancer and the third leading cause of cancer mortalit.v (Jernal et a1.,2005).ln

Taiwan, CRC has beconie the fourth most common form of cancer and the third leading cause o[

r.'a)
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Chapter I Introduction

death due to cancer. Approximately l0% of CRCs are attributable to genetic alterations whereas

90Yo occur sporadically (Weitz et a\.,2005).

Throughout the world, colorectal cancer is the major cause of mortality and morbidity. Among

all cancer occurrence, CRC accounts for over 9%o (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 couritries with lowest risk of CRC

include China, India and some areas of South America and Africa (Boyle and Langman, 2000).

ln2014, 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 al., 2014:).

Almost 530,000 deaths rvere record ed in 2002 accounting 8ol, of all cancer deaths (American

Institute for Cancer Research 2007; Janout and I(ollarova, 2001). Although colorectai cancer is

the fourth most common cause of dedth 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 woildwide incidence

and mortality areestimated to be of 1.23 million new cases and 608, 000 deaths in 2008 (Ferlay

er a1.,2010).

1.3 Cotorectal Cancer in Pakistan

In lvomen, colorectal cancer is the seventh most common cancer and the ninth most common

cancer in men, in pakistal (WHO, Globocan). 25.4% and20.l%o of gastrointestinal 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. Froni'1995-1999, in males

4lYrrisewas noted, indioating higher risk of CRC in males in future (Bhurgri et.a\,2006'1.

In a study (Khan et al. 2005-2009), 48o/o patients of colon cancer belongeri to above 50 year age

group that was similar t6 other studies but rectum cancer shorved interesting age distribution,

Z6yoof cases of rectum cancer were found in patients with less than 30 yoar age group and lvith

the age.group above 50 year 37% of cases were seen. The restrlt of this study is cornpletely

different from paffern reported in Western studies. Pakistan has high incidence of cancer (Zeb et

a1.,2008).The most severely affected province is the Khyber Pakhtunkhvza (Wahid et a|.,20A5)'

,r . iri.i4r
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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 inio the wall of intestine

(colon and rectum) or pl'dximate areas. It is further categorizes in TX, T0, Tis, Tl,T2,T3,T4a

and T4b. The N (node) categorizes the tumor into the regional lymph nodes. Lyrnph nodes

(collection of cells of ilnmune system) are the first target of tumors. This category is further

divided into NX, N0, N1a, Nlb, Nlc, N2a and N2b. The M (metastasis) category determines if

the tumor has extended to the other organs. Liver and lungs are the supreme sites where

colorectal cancer commonly metastasized. M category is further classified into MX' M0, Mla

and Mlb.

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 nor,mql tissues then it is classified as low grade tumor (rvell differentiated).

Growth of lorv grade turiltiis'is slower than the high grade tumors. Well clift'erentiated tumors are

less aggressive ancl are 4c,t capable to spread quickly through the other pal'ts of the body. If the

physical appeamnce of rhri dancerous tissues is abhormalthen it is classified as high grade tumor

(poorly differentiated), Giades are further classificd numerically (GX, Gl, G2, G3, G4). Gl and

GZ ayeplaced 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 clifferent types of cancers (American Cancer Society, 2015). These types are

adenocarcinoma, carcinoid lumors, gastrointestinal stromal tumors (GISTs), lymphomas, sarcornas' 9570

of the colorectal cancer is made up of adenocarcinoma. In these cancers, the internal side cf the

colon and rectum is lubricated by the mucus (lbrmed by the gtands in the cell). Carcinoid tumors

are polyps that are initiate.d by some specific hormone.rnaking cetls in thc intestine.

@nomatousPoIyposisCo!i(APC)GenePolymorpllisminthe
Development of Colorectal'Cancer in Pakistani Population Pagc 3



Growth of GISTs initiates from specialized cells irr the wall of the colon. [n the digestive tract'

origination of these cancers can be an)rrvhere. Lymphomas are the caltcers of immune system

cells. Usually these cancers starts in the lymph nodes but they can grow in the colon, rectum too.

Sarcomas begin to grow in muscle layers, blood vessels or other connective tissues in the wall of

the colon and rectum.

1.6 Risk Factors for Colorectal Cancer

Numerous risk factors are 1bund to be linked with the risk of developing the colorectal cancer.

Some of the factors are rlodifiable (that can be changed) while some aro non-modifiable (that

cannot be changed). Some environmental risk factors are also responsible lor developing the risk

ofcolorectal cancer.

1.6.1 Modifiable Risk Factors

1.6.1.1 Smoking

Long-term cigarette smoking found to be linked with the tumors in colo:r and rectum. Smoking

attributes to l2Yoof colorectal cancer deaths shown by evidence (Zisrnan el a\.,2006)' Grorvth of

colorectal cancer is incrcased by the carcinogens found in tobacco (U.S' Department tlf Health

and Human Services & lrlational Institutes of Health, 2006)'

Evidence also demonstraies an earlier average age of onset incidence o1'colorectal cancer among

men and women who smoke cigarettes (Zisman et a1.,2006; Tsong et al',2007)'

1.6.1.2 Nutrition

The risk of developing colorectal cancer is extremely affected by the nutritiott or diet- 70% ol'the

cancer can be diminished by changing tood practices (Willett. 2005). Fut'tltermore. sonle sttrclies

indicate that the inclividirals having low intake of fruits and vegetablss are a1 high risk o1'

developing colorectal cal'lcer (National Institutes of Health. 2006).

1.6.1.3 Alcohol ConsumPtion

Acetaldehyde, a reactive metabolite found in alcohol

2OO4). Tissues become vttlnerable to carcinogenesis

can be carcinogc:nic (Poschl and Seitz,

in individuals cott,;uming high level of

@..r*rt"rr P"lyposis Coli(APC) Gene Polymorphism in the
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Chapter I Introduction

alcohol because their diet lacks vital nutrients (World Cancer Research Fund and American

Institute for Cancer Research, 2007).

1.6.1.4 Physical Inactivity and Obesity

physical inactivity and obesity are the two modifiable and correlated risk factors accounting

almost a fourth to a third of CRC (Haggar & Boushey, 2009). There are various studies

suggesting that risk of colorectal cancer might be lower in people rvho utilize energy more

competently (Boyle & Langman, 2000).

1.6.2 Non-modifiable Risk Factors

1.6.2.1 Age

Incidence of CRC is about 90%oin individuats with the age of 50 or older (U.S. Department of

Health and Human Services & National Institutes of Health 2006; Ries et a\.,2008). CRC is one

of the l0 most tr.equently analyzedtumors in rnales and f-enrales r'vith the age of 20 - 49 in LJnited

States (Fairley, 2006). In people with age of 60 to 79 years frequency is 50 times more higher

than in those younger than 40 years (Ries er a\.,2A08; American Cancer Society 2005)'

1.6.2.2 Inherited Genetic Risk

The rate of CRC as a result of identified hereditary conclitions is almost 5 Lo l09h (J ackson el a/"

2006). MLH1 and MSH2 are two genes that are involved in DNA repair pathway' mutation in

these genes is found to be associated with Hereditary Nonpotyposis Colorectal Cancer (HNPCC)

(American Institute for Cancer Research 2007;Papadopoulos et al', 1994)'

Hereditary Nonpolyposis colorectal cancer (HNPCC) attributes to 2 t0 6Yo of all colorectal

cancers (American Institute for Cancer Research, 2007;National Institute of Health, 2006)'

1.6.2.3 Personal History of Adenomatous Polyps

Almost 19% of the U.S population is developing lifetirne risk of CRC (l-abianca, 2005)' The risk

of developing cRC is hlgher in people with a history of adenomas than people with no history

(de Jong et ql., 2005). f)evelopment of malignancies from the adenoinas takes a lor.rg tirne

period, approximately five to ten years (de jonget aI.,2005; Davies et aI" 2005)' Risk of CRC

is Coli (APC) Gene Polymorphism in the

Development of Colorectal Cancer in Pakistani Population Page 5



might be reduced by identifiing and removing the adenomas before it develops into malignancy

(Grande et a\.,2008).

1.6.2.4 Family History of colorectal cancer or Adenomatous Polyps

Most of the patients with colorectal cancer have no family history. However, the rate of those

people who develop CRC is 20oh having individuals in their family influenced by this cancer

(World Cancer Research Fund and American Institute for Cancer Research,2007; Skibber et al',

2001). The risk of development of CRC is higher in individuals who have history of CRC in first

degree family members. The risk is higher in individuals having family history of colorectal

cancer offirst degree relative younger than age 60

1.6.2.5 Personal History of Inflammatory Bowel Disease

Crohn,s disease and ulcerative colitis are two diseases come under inflammatory bowel disease

(IBD). In colon and rectum, mucosal inflammation is caused by ulcerative colitis' Inflammation

of the bowlwall involving some parts of the digestive tract from mouth to anus is caused by the

crhon,s disease. Development of risk of colorectal cancer increases with these conditions

(National Institute of Health,2006). The patients with IBD have been found to have high rate of

development of colorectalcancer. The estimated risk of development of colorectal cancer is four

to twenty folds in patients suffering from inflammatory bowel disease (Janout and Kollarov'

2001).

1.6.3 Environmental Risk Factors

Colorectal cancer also thought to be caused by some environmental factors' Lifestyle' social

factors and ill-defined culiure are the environmental factors that are extensively considered to be

involved in causing colorectal cancer. Occurrence of CRC increases in the population of host

country between the immigrants from low-risk to high-risk countries (Janout and Kollarova'

2001;Johnson and Luncl,'2007). Various geographic factors such as ttrtran residence affected the

occurrence of colorectal cancer. Stronger predictor of risk is current residence in an urban area

than urban location of birth (Janout and Kollarova,200l). colorcctal cancer is more prevalenl in

men than women and colon cancer is more frequent than rectum cancer (Boyle and Langman,

2oo0).

(APC) Cene PolYmorPhism in the

Derelopment of Colorectai Cancer in Pakistani Population Page 6



Chapter I Introduction

1.7 Genetics of Colorectal Cancer

Colorectal cancer accounts for 6%o of heritable germ line mutations (Jeter et aI.,2006). Dilferent

genes are responsible fbr causing colorectal cancer. Kirsten rat sarcoma viral oncogene

homologue (K ras) is oncogene that is involved in the development of colorectal cancer.

Mutation in Adenomatous Polyposis Coli (APC) gene is inherited in Familial Adenomatous

polyposis patients (FAP). I\4LHI, MSH2, PMS2 and MSH6 are responsible for the Hereditary

Non-Polyposis Colon Cancer (HNPCC) (Zoe et al'' 2004).

1.7.1 KRAS Gene

Kirsten rat sarcoma viral oncogene homologue (K ras) gene is located on chromosome l2p12.l

and contains 6 exons; exon 4 has two forms 4,{ and 48 (OMIM). By making interaction with

regulators and effectors, it plays an important role in various signaling pathways that stimulate

cell proliferation. Mutatecl I( ras plays avital role in origination of variotts tumors (Kranenburg,

2005). The rate of the K ras mutation in developing colorectal cancer is about 25 to 45oh

(Bishehsari et al., 2006).

In colorectal cancer, K ras mutation is a crucial step and hotspots for tkrc mutations are codons

lZ,13 and 6l.It plays yital role in tumorigenesis and also inhibits gror.vth of cancer. Normally,

K ras act as anti-oncogene that slow down the growth of cell causing colon cancer. V/hen

mutation occurs in K ras, it acts as oncogene (Li,2007)'

1.7 2 TP53 Gene

Location of Tp53, tumor suppressor gene, is l7pl3.l and this gene is involved in variotts

functions including growth and division of cells (f,ane, 1992; Lcvine,lgg-l). Tp53 gene contains

I I exons and it acts as a regulator to control the growth of the cells and induces genes that are

essential in cell cycle lrrest and cell death ertsuing DNA damage (Piclsch et al', 2006)' For

stability and subcellula.r localization, p53 endures various post-translational modificaticns

(Pietsch et a\.,2006; Schuler et a|.,2005).

In CRC, the reported inciclence of Tp53 mutations is approximately -507t, and thcse tnutatiotts

occur at five hotspot codons including 175,245, 248, 273 and 282 (Soussl et al', 2000;

posis Coli [APC) Gene Polymorphism in the

Development of Colorectal Cancer in Pakistani Population Page 7
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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., l99l;Joslyn et.ol., 1991;Kinzler et al., l99l). 75%o 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 o1.,2004). Structure of APC gene is shown in figure 1.

1.7.3.1APC Promoter

1A and lB 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 et al., 2000). There is no

evidence for epigenetic rnechanism with the APC lB promoter. It suggests that APC promoter

lA hyper methylation may provide an alternative mechanism of APC inactivation in the early

stages of colorectal tumorigenesis.

1.7.3.zDomains of APC

Armadillo region and oligomerization are the two domains of APC gene (Fearnhead 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 et al., 1993). Dimerization of wild

type ApC with both wild type APC and mutant APC occur due to the existence of

oligomerization domain (polakis, 1gg7). 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 et al., 1992).20 amino acid repeats and 15 amino acid repeats are found in

the central portion of armadillo region (Fearnhead et a1.,2001). For survival of the cells,

armadillo region is important.

@omatousPolyposisColi(APC)GenePolymorphisminthe
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Chapter I Introduction

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., l99l). 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 a1.,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 thatAPC 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 a|.,2001; Louie et a|.,2004; Olmeda"er a\.,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 (HCTI16) (Fodde et a1.,2001). Weak kinetochore-microtubule

interactions and chromosomal instability occur due to the expression of N-terminal APC

fragment (Tighe et a|.,2004). Truncated APC shows dominant-negative effect on chromosomal

segregation.

f .7.3.3.3 APC in Cell Adhesion

Loss of cell adhesion is due to the inactivation of

tumorigenesis (Bienz and Hamada, 2004; Birchmeier

APC also causes the development of

el al., 1995). In mammalian epithelial

Determining the Role of Adenomatous Polyposis Coli (APCJ Gene Polymorphism in the
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cells, APC is present at the plasma membrane (Miyashiro et al., 1995; Nathke et ol., 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.

L.7.3.3.4 APC and Microtubule Network

Atthe end of the microtubule, APC is present (Nathke et al., 1996). This APC is able to form

bond and to stabilize the microtubules (Munemitsu et 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 EBI 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 a1.,2005; Sansom et a1.,2004) that stimulates the growth of polyps

(comprising 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 er

a1.,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

a1.,2004).Interaction of APC is interrupted by the interaction of APC with EBlwhereas EBl

might be able to device the APC-mediated regulation of actin and microtubules (Moseley et al.,

2007).

Determining the Role of Adenomatous Polyposis Coli IAPC) Gene Polymorphism in the
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Chapter I Introduction

1.7.3.4 APC in Wnt Pathway

Almost 6A% of the mutations in the APC gene are found in Mutation Cluster Region (MCR)

(Miyoshi et al., 1992). For colorectal tumorigenesis, down-regulation of p-catenin is imperative

that occur in MCR of APC. In Wnt signaling pathway, APC and p-catenin are essential

components (Cabrera and Nevot, 2005).

At least 16 secreted cysteine-rich glycoproteins are constituted by Wnt proteins, some of which

stinrulates 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 LRP6, act as co-receptors (Tamai et a\.,2000; Nusse, 2001). Activation of B-catenin

occurs as a result of binding of Wnt ligand to Frizzled receptor (Frank et al., 2002).

Phosphorylation of B-catenin is facilitated by activ ated Frizzled reccptor that recruits the

cytoplasmic protein Dishevelled (Axelrod et al., 1998; Boutros et al., 2000). Dishevelled is

involved inthe activation of Jun-Nterminal Kinase (Noordermeer et al., 1994; McEwenet al.,

2001) and Wnt signals transduction (Li et al., 1999). Binding of Dishevelled to Axin transduces

Wnt 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-38 (Bienz

and Clevers, 2000). B-catenin's amino terminus (at threonine 4l and walking downstream to S37

and S33) is further phosphorylated by GSK- 3. Canonical B-TrCP recognition site is generat'ed

around S33/S37 (Yaron et ol., 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) (Hartet al., 1999; Winston et al., 1999). Proteasomal degradation

and ubiquitination.cf phosphorylated B-iaienin is initiated by ihis complex (A6erle et al., 1997).

B-catenin becomes stable in cytoplasm due to the truncation of APC that destroy the complex

formation.

The interaction of B-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 Dl 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 obstructed by the binding of

p-catenin with Tcf-Lef (Cabrera and Nevot, 2005).
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Figure 2. A) Controlled cell growth due to wild-type APC B) uncontrolled cell due to mutation

in APC
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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 et al.,

1992;Laken et al., 1999). Mutations between codons l06l 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 er al., 1992). Colorectal adenomas of <5mm in size have been

seen to show somatic mutations (Powell et al., 1992). There is a region in the coding sequence of

APC gene between codons 1286 and 1513, termed as MCR, where over 60Yo 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 a|.,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 a1.,2000). To date, the outcome

of most of the mutations of APC that causes FAP is the development of truncated protein

(Miyoshi et aI.,1992; Vanderluijt et aI.,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 aI.,2001). Mutations

between codon 1250 and 1464 are serious polyposis found in patients and in exon 6 at

codon 233 and in exon 1l at codons 486 and 499,the same phenotype have been found in

APC mutations (Nagase et al., 1992;Eccles et al., 1997).In future, this genotype/phenotype

correlation will become more significant in targeting genetic testing of FAP (Fearnhead et al.,

2001).

Determining the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
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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 I1307K of APC

causes the formation of cancer and in Ashkenazi Jewish population it is directly involved in 3-

4Yo of all colorectal cancer (Gryfe et al., 1999). APC Il307K is a missense mutation and is

involved in the substitution of Isoleucine (I) by Lysine (K). Three variants of APC gene, El3l7Q

(G+C), Dl822Y (A---+T) and I{307K (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, El317Q and Il307K variants of APC gene are most common (Lianget al.,

2013;Kapitanovic et a1.,2004). It indicates that this site might be a functional variant. On the

basis of previous studies, variant at position Il307K (rsl801155) 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

. lnvestigating Adenomatous Polyposis Coli (APC) gene association in patients of

Colorectal Cancer

Determining the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism
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Materials and Methods

2.1 Sample Collection

For the analysis of association of APC gene with colorectal cancer, blood samples were collected

from the selected pakistani population. Total one hundred blood samples were collected fi'om

Nuclear Medicine Oncology and Radiotherapy Institute Q.{ORI) Hospital and Institute of Nuclear

Medicine and Oncology Lahore (INMOL) Hospital. For comparison with the samples, fifty

controls were collected randomly for this study.

Consent forms were filled for the blood sample collection. Risk factors include alcohol

consumption, smoking, ogo, nutritional practices and physical inactivity. Sample tubes were

tabeted rvith the name of patients. Blood samples rvere takes in total quantity of l.5ml. Gently

inverted the tubes after blood collection for proper mixing of additives and blood. Vacutainers

containing blood samples were kept in refrigerator at 20'C. Specific ID's were given to the

blood samples starting from CRC-001 to CRC-100 and were stored in refrigerator.

2.2 DNA Extraction using Organic Method

DNA of samples was extracted by using organic method.

2.2.lDay-l

Vacutainers containing blood samples were kept in racks for one hour at room temperature'

750p1 of blood was taken in eppendorfs and then added 750p1 of Solution A. Eppendorfs were

inverted for 4-6 times for proper mixing and were kept for lOmins at room temperature. 'fhen

centrifuged the eppendorfs at l3000rpm for 1min. Supernatant was discarded. Nuclear pellet was

re-suspended in 400pI of Solution A. Mixed well to dissolve the pellet. Centrifuged again for

lmin at l3000rpm. Discarded the supernatant. Pellet was re-suspended in 400p1 of Solution B,

t2pl of 20%SDS (25p1 of t0% SDS) and 5-8pl of proteinase K (20p1lml- stored at 20oc). Pellet

was dissolved by tapping and incubated overnight at 37"C'

2.2.2Day-2

Added 500p1 of fresh mixture of equal volume of Solution C and Solution D. Mixed and

centrifuged at l3000rpm for 1Omins. Upper layer (aqueous phase) was collected into new tubes.

D.t**ining the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
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Equal quantity (500p1) of Solution D was added in aqueous layer. Centrifuged for l0 mins at

13000rpm. Upper aqueous layer was again transferred into different tubes.

After transferring the upper layer, DNA was precipitated by adding 55pl of sodium acetate and

500plof chilled iso-propanol (-20"C). Tubes were inverted several times to precipitate the DNA'

Tubes were centrifuged at 13000rpm for lOmins and then supernatant was discarded (carefully

without disturbing the DNA pellet). 70%o ethanol (-20"C) about 200p1 was added and centrifuged

for Tmins at l3000rpm. Ethanol was discarded. Pellet was dried in an incubator at 37oC for

20min. Then precipitated DNA was dissolved in 80-l00pl of TE/ Deionized water and incubated

over-night at37oC.

Composition of all the solutions along with concentrations and ftlnctions used in DNA extraction

method are shown in table 2.1.

2.3 Quantification of Extracted DNA

DNA quantification was done by using spectrophotometer. Quantification of all the samples

(patients and Controls) was performed to determine either DNA is contaminated or not. The

standard value of quantification ranges from 1.7-1.8, below or above this range, DNA was re-

extracted. Optical density (OD) of the samples was taken at260nm and 280nm. Lid factor l0

was used.

2.4 Agarose Gel ElectroPhoresis

2% gelwas prepared by adding 0.5g of agarose in 45ml of distitted water and 5ml of l0X TBE

in a graduated flask. Solution was heated for 2-3min to dissolve the agarose completely and

allowed to get cool for some time. 5pl of Ethidium Bromide was added into the solution and

mixed. Solution was poured into the gel caster and combs were inserted. For 30min. solution was

allowed to get solidify. After solidification of the gel, combs were removed carefully. Gel caster

was placed into the gel tank and 1X TBE solution was added'

Before loading into the wells, samples were centrifuged for lmin.2.5 pl DNA and2.5 pl loading

dye were mixed and loaded into the wells carefully. Voltage of 1l5V was supplied to the tank by

attaching electrodes for 30min. After the gel electrophoresis, bands were analyzed on Gel

Documentation System by turning on the UV-Trans-illuminator.

D.t".-i,rirg th. R"le of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
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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 2.5u1, dNTPs 2.5u1, NP40 2.5u1, MgCl2 1.5u1, Taq. Polymerase

2ul, PCR H2O 8.5u1, Primer 1.5u1 and DNA template 4ul. Reactions for wild-type allele and

mutant allele were prepared in separate tubes. Initial denaturing temperature of ARMS-PCR was

96oC for lmin, annealing temperature was 57oC for lmin followed by 30 cycles and the final

extension temperature was72"C for 5min. Sequence of allthree primers is given in table 2.5.

2.6 Gel Electrophoresis

Products obtained from ARMS-PCR were analyzed on 3%o agarose gel. Gel was prepared by

inserting two combs. Products for wild-type allele were loaded in upper row and products for

mutant allelCwere 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 l00bp 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.

I

I
I
I

I
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Table 2.1

Composition, Concentrations and Functions of Solutions

)

Components Concentrations Functions

Solution A

Sucrose 0.32 M Makes the sample heavier.

Tris-HCl lOmM Maintains the pH.

MgC12 5mM lt acts as a detergent and helps in

bursting cell membranes.

Solution B

Tris-HCl lOmM Maintains the pH.

NaCl 400mM Increases buffer capacity and

causes buffer precipitation.

EDTA 2mM Captures Mg2+ to protect the DNA

from the action of nucleases

(Chelating agent I Enzyme

inhibitor).

Solution C

Phenol 100 ml Protein denafuration.

llydroxyquiniline l0 mg Chelating agent

Tris-Cl 0.lM Lysis buffer

p-mercaptoethanol 200pI lrreversibly denature RNases

Solution D

Chloroform 24ml Protein denaturation.

lsoamylalcohol lml lncreases the efficiency of
chlorofbrm to denature.

Determining the Role of Adenomatous Polyposis Coli (APCJ Gene Polymorphism in the
Development of Colorectal Cancer in Pakistani Population
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Primer Sequence

Forward Primer (specific for common
allele)

5' -CTAATACCCTGCAAATAGCAGAAGA-
a,
J

Forward Primer (specific for mutant
allele)

5' -CTAATACCCTGCAAATAGCAGAAGT-
a,
J

Reverse Primer (common for both
primers)

5' -TGAGTGGGGTCTCCTGAACATA-3'

Table2.2

Primer sequence used for ARMS-PCR

Determining the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
Development of Colorectal Cancer in Pakistani Population Page 20



llTryffi _Tffi-"!,4r"-r.-{.'iry

,) cW3



r)

A multifactorial disease, 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 rsl801l55 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 ZYo 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.

Determining the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
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Figure 3 Analysis of APC I1307K by using ARMS-PCR technique

The upper row (l) shows PCR products of I1307-specific allele (wild+ype) and

lower row (K) is showing result for 1307K-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 I1307K

positive control. Lanes l-4 are Il307K positive individuals (carrying mutation) in

patients while lane 5 is showing Il307K negative individual in control case. Last

well is showing result for negative control'

Determining the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
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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 35o/o 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 Il307K

(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 and2o/, in controls while A allele showed0.335%

frequency in CRC patients and}Yo 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 2l 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).

Determining the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
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Genotypcs Controls Prtients

TT 50 35

TA 0 65

AA 0 0

Totel 50 r00

Table 3.1

Genotlpic distribution in Controls and Patients

Itlgrrt-4 Bar Chart rcyes€nting frcquency of all threc Genot5pes
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ResultsChapter 3

t-Test value Degree of Freedom Significance

34.420 99 0.000'

Table 3.2

t-Test for Genotypes

Table 3.3

Distribution of Allelic Frequency in Patients
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Alleles Allelic Frequency in
Controls

Allelic Frequency in
Patients

T 100
2%

13s

0.675%

A 0

0%
65

0.335%
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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%opatients had well differentiated adenocarcinoma,ZTYo patients had

moderately differentiated adenocarcinoma and 49% patients had poorly differentiated

adenocarcinomas (Table3.7). 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

d ifferentiated adenocarcinoma.

Determining the Role of Adenomatous Polyiosis Coli (APC) Gene Polymorphism in the
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Table 3.4

Genotypic Distribution in Males and Females

Results oR (es% cD

Negative Positive

Gender Female t4 27 0.938 (0.406-2.167)

Male 21 38

Total 35 65

Determining the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
Development of Colorectal Cancer In Pakistani Population



Chapter i Resul*

/m

35

30

E

20

15

10

5

o

cn
oxN

l*g-
F.-

IIgurc.S Genotypic Disuibution betq/een fcmales and males

Determinlng the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
Development of Colorectal Cancer In Pakistani Population Page?9



Chapter j Resul*

Table 3.5

Distibution of tlpe of CRC in Patients

I[una7 Type ofCRC in Patients
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Type of
CRC

No of IndMduals

(N=1fi))

Percentege

Colon 46 460/o

Rectum 54 54o/o

Rectum
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Table 3.6

Distribution of CRC in Different Age Groups
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Results Total

Negative Positive

Age Groups

l5 years or below 0 I

l6-25 years 4 ) 7

26-35 Years 10 t4 24

36-45 Years 9 l5 24

46-55 Years 6 15 21

55-65 Years 5 l5 20

65 years or above I 2 a
J

Total 35 65 r00
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Table 3.7

Histopathologic Distribution in Patients

Results Total

Negative Positive

Histopathology

Well

Differentiated

18 6 24

Moderately

Differentiated

ll l6 27

Poorly

Differentiated

6 43 49

Total 35 65 100

Development of Colorectal Cancer In Pakistani Population
Det-rmining the Role of Adenomatous Polyposis Coli (APC) Gene Polymorphism in the
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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 a|.,Zll3;Migliore el a|.,2011). APC gene is

a tumor suppressor gene and when altered causes cancer. [t 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 studywas to determine the role of APC Il307K 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 Il307K 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 I1307K with CRC (Malek et a1.,2016). Previously, S.Toh Il307K mutation

was found in patients of CRC, this study also reported that mutation was found to be greater

(11.2%) in Ashkenazi Jews (Rennert et a1.,2005). Another study also reported that Ashkenazi

Jews had 6.1% of APC Il307K mutation (Rozen et al., 1999; Drucker et o1.,2000). Previously,

Ashkenazi Jews (10.4% patients of CRC) have been identified to carry this mutation (Laken er

dl., 1997). Some studies are contradicted to the above mentioned studies reporting no

association of APC I1307K with CRC. No association was found between APC Il307K and

CRC in Tunisian population (Bougatef et al., 2009) and a study conducted also showed null

association between APC Il307K and CRC (Evertsson e/ 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%o in controls while A allele showed 0.65%

frequency in CRC patients and \Yo frequency in controls. According to a study, A allele of APC

I1307K was found higher in Patients (10.4%) than controls (4.5%) (Malek et a1.,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)1%) than females (0.1a%) 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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Risk of occurrence of colorectal cancer is higher in men (4.7%) than women (4.a%) (Retrieved

f166;www.cancer.org/cancer/colonandrectumcancer/detailedguide/colorectal-cancer-key

statistics 2016). In men, CRC occurrence found to be more common (30-40%) than women

(Colorectal Cancer Facts & Figures 2014-2016).

In current study, rectum cancer (54%) was found to be more frequent than colon cancer (46%).lt

has been found that colorectal cancer occurs in different ratios with the advancing age'

Previously it has been reported in a study of 100 samples that 52Yo patients had colon cancer and

rest of48% had rectum cancer (Zahoor et a1.,2015).

In present study, age was one of the parameter. This study showed that most of the patients with

the age group above 30 and below 65 were found to have more mutations than the age group

below 30. The calculated mean and standard deviation for age was 44.17112.96.It is reported

that with age, risk of CRC and mortality rate gets higher (Colorectal Cancer Facts & Figures

2014-2016). In colon cancer, median age was 69 in males and 73 in females, in case of rectal

cancer; average age was 63 in males and 65 in females (Howlader et a\.,2013). According to

previous study, APC Il307K mutation was found with mean age at 65.0 +l- 9.7 years (Figer er

al., Z00l).Drucker et a\.,2000, studied that Il307K mutation was more frequent at the mean age

70.2 + 1.2 years.

Current study showed that most of the patients carrying I1307K allele were poorly differentiated

(49%) while 24Yo and 27%o patients were found to have well differentiated and moderately

differentiated adenocarcinoma, respectively. In a study, most of the patients of CRC were

moderately differentiated (74.2%),4.ZYo and 8.3% were found to have well differentiated and

poorly differentiated adenocarcinoma (Malek et al., 2016).

Conclusion

Colorectal cancer is more prevalent in developed countries and incidence of CRC is increasing

over the past two or three decades. Colorectal cancer accounts l0o/o of the cancer burden

globally. In United States, second most frequently occurring cancer is CRC and third leading

cause of death. In women, colorectal cancer is the seventh most common cancer and the ninth

most common cancer in men, in Pakistan. In both genders, the risk of CRC is equal at present'
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Theire 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 75Yo 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 I1307K 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

Il307K 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

ofcolorectal 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 Il307K variant is involved in

developing risk of colorectal cancer. This study showed a significant association of APC I1307K

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 I1307K

was found in patients with poorly differentiated adenocarcinomas that gave significant p-value

(0.000). Most of the patients carrying Il307K mutation were above the age group of 30 and

below 65. Calculated chi-square value ofage and gender revealed that these risk factors are not

relevant with colorectal cancer in this study.

Despite of sorne 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 I1307K 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
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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 I1307K 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 I1307K 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

Il307K carriers in CRC patients further studies are required.
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