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1.1 Epidemiology“

Nowadays colorectal cancer (CRC) has become a common” pllbllC health
: -problems throughout’ the -world. The jprevalence .of colon cancer exhibits-a. strll\mL
geographic variation. Approxnmately 1, million-new patrents -of colorectal, cancer are
diagnosed annually that.i 1s approx1mately 9.5% of all new cancer cases and nearly half

- of them die (Stewart et al., 2003 Ansari et al., 2006; Erlchsen et al., 2013 and Jess el
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al., 2013) B . .

Worldwrde CRC is -the, 3rd, most _common .carcinoma. in_ males and fourth

‘t‘ e

«. primary cause ofcancer assoclated deaths in both females and males (Boyle et (11 +2002;

Jemal et al.,20]1; Karaca et al., 2012 Chlu etal., 2013) The collectlve prevalence of

CRC in Western Europe and’ north America, and Middle. East countrles is 30-50, and 3-

Lo 7 cases/lOOOOO persons respectlvely (Hind er al.,-2008; Elsamany et al., 2014) In

Mlddle East and European countrles only 15- -35° and 2-8% of CRC ¢ases occurred in

: persons below the age of forty years respectrvely (Gruenberoer et al 2008 H ind er a/

#
2008) Accordmg to. Iraman cancer reglstry colorectal cancer is’ the thlrd most prevalent .

IS

. cancer’ m females ‘and ﬁﬁh in males (Iraman Annual Cancer Report 2005 -2007) which

v( »

is thé. same as! the outcomes of globocan report (Globocan 2008). . L.

w o . =] -
H a7y

Also globocan report showed that colorectal cancer is the fourth most prevalcnt

+

cancer’in Iran In many Medlterranean reglons CRCi is the thlrd most common cancer

. (Akhavan et al. 2014) CRC has almost the: same frequency of occurrence in Iran and

Ld 'l

Mediterranean countries: ‘ At first, advanced’.countries have hlgh mcrdcnce of CRC

-

because the risk’ factors mvolved were prevalent there, but recently CRC has become
“.widespread in developmg countrles that had: low risk. factors (Cayglll etal., 1996 Chao

et al., 2005: Baghestam etal 2014). .

T

- -

Incldence rates- vary worldw:de wnth lowest mc1dence rate in Indla -and highest

3

rates m Japan Incldence of ¢ cancer 1ncreases with age. Frequency “of colon-cancer is

almost equal in both males and- females but rectal cancer occurs more frequently in men

‘, G

than‘in women (ACS 2006)

5

-

lndustnalrzed countrres exhibit the. maxnmum mcndence whereas. Chma 'md
South Amerlcan countrles have low:penetrance. These dlfferences are mainly due

to variation in, dlet and other envrronmental factors (Tam ura et al.; 1996) l‘he.
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Chapter 1 Introduction

clustered in a palisade arrangement and are enlarged, cigar-shaped and
hyperchromatic. Adenomas are categorized into 2 types, tubular and villous. Based on
the histology, villous adenoma consist of digiti-form villi organised in a frond while
tubular adenomas are comprise of branched tubules. Tubulovillous adenomas consists

of both tubular and villous adenomas.

Most colorectal cancer originate from adenomas in a step by step process.
First step in the development of colorectal cancer is the formation of 1 or more
synchronous adenomas. Secondly, increasing number of polyps in the colon
increases the risk of cancer (Heald er al., 1975). In the third step, adenomatous
tissue normally is found contiguous to carcinoma (Cappell, 2005). Then if
colectomy is nor performed than patients having hundreds or thousands of
adenomatous polyps, are eventually transformed into cancer (Bussey, 1975). In
patients having adenomatous polyps with size greater than 1 cm develop CRC at a

higher frequency (1%-1.5% per annum) (Stryker et al., 1987).

Although most hyperplastic polyps are not linked with risk of colorectal
cancer development (Winawer et al., 2006), some pose a risk factor for cancer
development. Hyperplastic polyps can be malignant if polyp size is large (greater
than | cm in diameter), greater number of hyperplastic polyps in the
colon (>20)and having colorectal cancer in the first degree relative (Jass,
2004). Recently hyperplastic polyp are reclassified as serrated adenoma (Higuchi
and Jass, 2004). A serrated adenoma differs from an ordinary hyperplastic polyp by
abnormal propagation of crypt epithelium and by nuclear atypia (Chulmska et ol
2006). In one study, approximately 18% of removed hyperplastic polyp specimens
were reclassified as serrated adenomas using the revised classification (Torlakovic
et al., 2006). Considerable evidence suggests that serrated adenomas can eventually

results in cancer development (Jass, 2004).

1.3 Histology

Colorectal cancers are categorized into well differentiated, poorly
differentiated and moderately differentiated based on the cytology and how much
glandular structure of the cell is preserved. Poor differentiation probably serve as a
histologic marker of severe genetic mutations, but the underlying mutations are

TR TR A N BT

currently unknown Poorly dlfferennated constntutes approxnmate}y 20% of cancers
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Chapter 1 Introduction

cancer, produce cancer achexia along with a series of symptoms including weight loss,

anorexia, poor health and muscle weakness (Cappell, 2005).
1.5 Types of colorectal cancer
Colorectal cancer can be divided into several types.

1.5.1 Adenocarcinomas:

95% of colorectal cancer are adenocarcinoma. Adenocarcinoma begin in the gland cells

that lubricate the inside of the colon and rectum by producing mucus.
Other types of tumour include the following;

1.5.2 Carcinoid tumours: carcinoid tumours begin within specific hormone-

producing cells in the colon.

1.5.3 Gastrointestinal stromal tumours (GISTs): GISTs begin from specific
cells in the wall of the colon called the interstitial cells of Cajal. Few are malignant
while others are benign. These tumours are rare in the colon but can be found anywhere

in the digestive tract.

1.5.4 Lymphoma: These are cancers of the immune system cells and are usually

found in lymph nodes but may also start in the colon and rectum.

1.5.5 Sarcomas: These tumours are typically found in blood vessels as well as in
connective tissue and muscle in colonic and rectum wall. Colon and rectal sarcomas are

rare.

1.6 Risk factors:

Risk factors that increases the susceptibility of colorectal cancer can be broadly

classified into two categories;

o Environmental risk factors,

e Genetic risk factors
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Chapter 1 Introduction

that can be attributed to smoking in USA is one in five and decreases in the amount of

smoking may effects colorectal cancer incidence (Giovannucci, 2001).

1.6.1.4 Physical activity

Physical activity is related with a reduced risk of CRC (WCRF, 2007). A report
in UK on physical activity advises adults to have a minimum of 2/, hours of exercisc a

week.
1.6.2 Genetic risk factors
Genetic factors include syndromes related to CRC’

1.6.2.1 Hereditary non-polyposis colorectal cancer/Lynch syndrome

Hereditary non-polyposis colorectal cancer (HNPCC), a frequently occuring
hereditary CRC syndrome linked with a strong family history of colorectal cancer. It is
also called lynch syndrome (LS) and accounts for approximately 2-4% of all colorectal
cancer cases (Hampel er al., 2008). Individuals with LS do not have polyposis although
they have adenomatous polyps. HNPCC poses a lifetime risk of approximately 50-80%
of CRC, it poses an increased threat to endometrial, gastric and ovarian cancers
(Jasperson et al., 2010). LS is an autosomal dominant syndrome and is caused by
mutations in four mismatch repair (MMR) genes; MLH1, MSH2, PMS2 and MS6.
MLHI and MSH2 are the most commonly mutated genes in Lynch syndrome (Niessen

et al., 2009).
1.6.2.2 Familial adenomatous polyposis

Familial adenomatous polyposis (FAP) accounts for less than [% of all
colorectal cancer cases and is inherited in an autosomal dominant fashion (Burt, 2000).
In FAP, individuals develop hundreds to thousands of adenomatous polyps. By age 35,
prevalence of CRC associated with FAP is above 90% and 95% of individuals with
FAP have polyps (Petersen et al., 1991) and individuals are recommended to have
prophylactic removal of colon. Mutations responsible for FAP is in the adenomatous
polyposis coli (APC) gene, although 12-20% of individuals diagnosed with FAP have
no obvious mutations in APC or other polyposis gene, MUTYH (de la Chapelle, 2004:
Filipe et al., 2009). Other characteristics associated with FAP include desmoids, gastric
polyposis, congenital hypertrophy of the retinal pigment epithelium (CHRPE), and

small bowel adenomas (Allen and Terdiman, 2003).
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Chapter 1 Introduction

1.7 Genetics of colorectal

A number of genes have been identified underlying the pathogenesis of
colorectal cancer. FAP and FAP variant syndromes are associated with mutations
in the APC (adenomatous polyposis coli) gene. In FAP patients majority of the
mutations are nonsense or frameshift mutations that interfere with protein
synthesis and cause premature protein truncation, only a few mutations cause
silencing of the APC gene expression, frameshift and nonsense mutations
constitute approximately 95% of the known mutations (Galiatsatos et al., 2006;
Segtidas et al., 2006). APC gene is also involved in the pathogenesis of sporadic

colorectal carcinoma.

Murtaza et al. (2014) studied K-ras mutation in Pakistani colorectal
cancer patients. The concluded from this study that K-ras mutation has a lower
frequency and is not significantly associated with Pakistani colorectal cancer

patients compared to those observed in other parts of the world.

In Spanish population a genome wide association study was conducted
and identified 64 variants at twenty-four loci that were associated with
progression of colorectal cancer. Two of these SNPs rs11987193 and rs12080929
were replicated in the second phase but are not statistically significant

(Fernandez-Rozadilla et al., 2013).

Yaylim et al. (2012) genotyped TRAIL 1595 C/T polymorphism in
Turkish population. There were no significant differences between TRAIL 1595
C/T genotypes and allele frequencies between CRC patients and controls. It was
inferred that TRAIL heterozygous genotype (C/T) might be associated with

colorectal cancer development in Turkish population.

1.8 Apoptosis and programmed cell death

Data obtained through high-throughput technologies has considerably improved
our understanding of the underlying mechanisms of colorectal cancer and it is now
known that overexpression of oncogenes, inactivation of tumor suppressor genes,
deregulation of spatio-temporally controlled intracellular signaling cascades, loss of
apoptosis, hyperactivation of cell survival signaling, resistance against wide ranging

molecular therapeutics are contributory in cancer development and progression. Intra-
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Chapter 1 | Introduction

apoptosis-inducing ligand (TRAIL) are some of the ligands that induces apoptosis
through TNFR, Fas and DR4/DR5 res;}ective]y (Mocellin, 2010).

1.9 TRAIL

TRAIL stands for tumour nectosis factor related apoptosis inducing ligand,
belongs to TNF family, it induces or inhibit cell death/apoptosis depending on the
receptor to which it binds. TRAIL based on its property to trigger cell death in cancerous
cells and leaving intact normal cells, is considered as a potential candidate for cancer
therapy (Schmaltz et al., 2002; Johnstone et al., 2008; Pal et al., 2011). The TRAIL gene
is of 20 kb in length, consists of 5 exéns and is located in the 326 region (Allen and
El-Diery, 2012). It is expressed as a ty:pe II trans-membrane protein consisting of 281-
amino acids, exposed on the cell surfaée and anchored in the plasma membrane. Wiley
and colleagues and Pitti and colleagues independently identified TRAJL in 1995 and
1996, respectively, and according to §equence alignments it is closely related to other
death receptors, with maximum sequence similarities reported for Fas ligand (Wiley e/
al., 1995; Pitti e al., 1996). TRAIL is expressed by natural killer cells and can trigger
TRAIL mediated apoptosis in target cél]s following cell-cell interaction (Smyth et al..

2007).

1.9.1 TRAIL receptors

TRAIL upon interaction with‘: its receptors trigger apoptosis in cancer cells
(Ivanov et al., 2003; LeBlanc and Asernazi, 2003; Ozoren and El-Deiry, 2003). Four
TRAIL receptors have been identiﬂed in humans, includes; DR4 (Pan ¢t al., 1997a),
DRS (Pan et al., 1997b; Sheridan et al 1997; Walczal et al., 1997; Wu et al., 1997),
DcR1 (Degli-Esposti et al., 1997, Paré et al., 1997b, Sheridan et al., 1997), and DcR2
(Degli-Esposti et al., 1997; Marsters et al., 1997) and a 5" receptor osteoprotegerin
(OPG), (Emery et al., 1998). DR4 aﬁd DRS are involved in the process of apoptosis
and both have a conserved death domain, contrarily DcR1, DcR2 and osteoprotegrin
inhibit apoptosis induced by TRAIL. Eé(tracellular domains of death receptors and decoy
receptors i.e. DcR1 and DcR2 are honfaologous. In DcR1 there is complete absence of a
cytoplasmic domain and with the help} of a glycophospholipid moiety it is anchored in

the plasma membrane, whereas DcR2 have a non-functional truncated cytosolic domain

(Turneh et al., 2000).
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Chapter I Introduction

1.10 Death Receptor (DR4) gene

DR4 serves as an endogenous factor in the regulation of tumour cells and a
significant role during cell death signaling (Wajant et al., 2002). DR4 is composed of
single transmembrane helix, 2 extracellular ligand-binding, cysteine-rich pscudorepeats
(50s and 90s loops), and the apoptosis-triggering cytoplasmic death domain
(Hengartner et al., 2000; Evan et al., 2001; Koornstra er al., 2003; Bouralexis et al.,
2005). Polymorphisms in DR4 have been described in various human cancer, such as
bladder, lung, gastric, breast cancer and endometriosis (Kuraoka et al., 2005; Wolf et

al., 2006; Ulybina et al., 2009; Kim et al., 2012).

Death receptor 4, DR4, the first receptor recognized for TRAIL is located on
chromosome 8p21 (Hazra et al., 2003). DR4 is a type 1 transmembrane protein
comprises of two extracellular cysteine-rich pseudo-repeats and composed of 486
amino acids. Two receptor loops, the 50- and 90-s loops, play important role in signal
transduction between ligand and receptor. One loop that is conserved in ligand receptor
complexes throughout the TNF superfamily is composed of a hydrophobic motif, and
the other loop is specific for each individual complex and controls receptor selectivity
and cross reactivity (Hazra et al., 2003). Exon 3 and 4 encode the principle elements of

the DR4 ligand-binding domain (Fisher et al., 2001).

1.10.1 Polymorphisms of DR4

Gene polymorphism studies may be acceptable a crucial marker to
determine the risk and prognosis of cancer. SNPs in the TRA/L and DR4 gene have been
reported in various human cancer types such as lung cancer, head and neck cancer
(Fisher er al., 2001), bladder cancer (Hazra et al., 2003), breast cancer (Frank et «l.
2005; Yildiz et al., 2010) prostat cancer (Mi er al., 201 1) etc. Some cancers were found

to be significantly associated with the DR4 gene polymorphism while athers were not.

DR4 gene is extremely polymorphic and the most widely studied polymorphism
is in the ectodomain and is C to G substitution at position 626 (C626G) of DR4. Another
DR polymorphism A1322G in the death domain of DR4 is also extensively studied.

1.10.2 C626G SNP in DR4

The C626G polymorphism is in the ectodomain region of DR4 and itisaCtoG

substltutlon It is located in exon 4 of the gene that is TRAIL binding domain. The
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C626G polymorphism results in an amino acid change of threonine to arginine at
position 209. Since this exchange occurs in the extracellular cysteine-rich domain
which is the binding site for TRAIL, it can alter the affinity of DR4 for TRAIL (Kuraoka
et al., 2005).

Frank et al. (2006) reported that the heterozygous carriers of DR4 626C >G
showed a significant association with a decreased colorectal cancer risk and showed
626C-683C haplotype as risk factor for colorectal cancer. They revealed a protective
effect of Arg209 on rectal cancer risk as well as an increased risk for advanced
colorectal cancer stages. In addition, the DR4 626C-683C haplotype conferred a 2.4~

fold colorectal cancer risk, suggesting its relevance in human cancer.

A meta-analysis by Chen et al. (2014) indicated that the C626G polymorphism
in DR4 gene is associated with cancer susceptibility in Caucasian. Furthermore, Hazra
et al. (2003) showed an increased risk of C to G transition in 626 position of exon 4 of
DR+ gene in bladder cancer. In Ovarian cancer, alteration of the DR4 gene including
C626G do not lead to clinically relevant ovarian cancer predispositon (Horak et al.,
2005). Kuraoka et al. (2005) showed an association between the DR4 polymorphism

and the risk of gastric cancer.

1.10.3 A1322G SNP in DR4

The A1322G polymorphism is located in the death domain of DR4. This domain
is responsible from the transmission of the apoptotic signal to the TRADD (TNFR-
associated death domain) and induct the apoptosis. Chen et al. (2014) reported that the
AG and GG variant genotypes in 1322 position of exon 10 of DR+ were associated with
statistically significant risk of all human cancers. Martinez-Ferrandis er al. (2007) also
found no association between A1322G polymorphism and breast cancer in Spanish
women, whereas the A1322G polymorphism in the death domain of DR4 was
significantly associated with Mantle Cell Lymphoma and chronic lymphocytic

leukemia patients than in age and sex matched healthy controls (Fernandez et al., 2004).

1.10.4 C1595T SNP in TRAIL

High levels of soluble TRAIL are detected in patients with autoimmune
disorders such as systemic lupus erythromatosus and multiple sclerosis (Wandinger er

al..2003: Lub-de er al., 2005). TRAIL has also been reported in different diseases such
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Chapter 2 Materials and Methods

2.5.2 STE buffer
This buffer provides a saline environment to the newly exposed chromatin material

i.  3M NaCl (Sodium Chloride) 33.3ml
ii.  IM Tris-HCI buffer (pH8.0) 4.0ml
iii.  0.SMEDTA (pH8.0) 2.0ml

The above reagents were mixed and volume was made up to 1 liter with dH20.
2.5.3 PNA dissolving buffer
This buffer is used for dissolving the DNA and is composed of

. 10mM Tris-HCI (pH8.0)
i.  0.lmMEDTA

2.5.4 SDS solution

10 % solution of sodium dodecyl sulfate or sodium laury! sulfate helps in

protein degradation.
2.5.5 Chloroform-isoamyl alcohol
This solution is made in 24:1 v/v for S00ml total volume as:
1. Chloroform 480ml (24)

ii.  Isoamyl alcohol 20ml (1)

2.6 Assessment of quality and quantity of DNA

Each sample was diluted 50 folds by adding 6 ul DNA sample to 294 ul distilled
water and quantified on UV Spectrophotorﬁeter (U-3210, Hitachi, Japan) at 260nm and

280nm wavelength.
Optical density (OD) ratio for each sample was calculated as:
OD = Absorbance at 260nm / Absorbance at 280nm

The ratio from above formula should lie between 1.7-1.9 for good quality DNA.

The concentration of DNA samples was calculated by using following formula:

T T AT TR R T
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Chapter 2 Materials and Methods

DNA concentration (pg/ml) = Absorbance at 260nm x dilution factor x correction

factor
2.7 Working solution of DNA

40ng/pl working solution of DNA was prepared from the stock DNA solution by
using the following ratio
DNA stock: dH20
60pL: 140 uL

2.8 Reconstitution of primers

Lyophilized primers were mixed with calculated amount of deionized water to
make a stock solution of 100 pM of each primer. From these 100uM stock primer solutions,
20uM working solutions for each primer were prepared by taking 20ul stock solution and
80ul of distilled water. PCR amplifications were performed by using 20uM primer

solutions.
2.9 PCR analysis for TRAIL 1595 C/T

Polymerase chain reaction was carried out to amplify the TRAIL genc in which

polymorphism was present.

2.9.1 Primers for TRAIL 1595 C/T

In order to determine 1595 C/T polymorphism in the TRAIL gene, PCR was
performed by the following primers designed for the analysis. Details of primers are given

in table 2.1,

2.9.2 PCR methodology

After optimization with reproducible results, all samples were amplified at
optimized conditions of PCR. The master mix for all PCR reactions with specific primer
pair was prepared in 1.5mL Eppendorf tube. Total reaction volume for a single PCR

reaction was 25uL. All the PCR reagents with their concentrations are summarized in the

table 2.2.
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Chapter 2 Materials and Methods

Table 2.4: Sequence of the primers used for the genotyping of DR+ 626 C/G

. Primers Sequences
Regions eque

DRy | Forwardprimer | 5. 56GGACAGGCAGATGGAC-3
626C/G

Reverse primer | 5°- ATCCTCTGGGAACTCTGTGG -*3

Table 2.5: Thermal profile of PCR reaction for DR4 626 C/G

No. of Stage No. of Step Temperature | Time No. of Cycles

Stage 1 Step 1 94°C 5 Minutes 01 Cycle ;

Stage 2 Step 1 94 °C 45 Seconds B 35 Cycles {
Step 2 55°C 45 Seconds

Step 3 72°C 45 Seconds |

o : - j

Stage 3 Step 1 72°C 10 Minutes 01 Cycle |
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Chapter 2 Materials and Methods

2.12 Analysis of PCR products by using agarose gel electrophoresis
Analysis of PCR product was performed by using agarose gel electrophoresis.

Following reagents were used in the process of agarose gel electrophoresis:

a) 10x TBE buffer (Tris-Borate- Ethylene diamine tetra acetic acid)
b) 6X Gel loading dye (Fermentas, Lithuania)

c) 10mg/m1 Ethidium Bromide

d) 2% Agarose (Promega)

e) 100bp DNA Ladder (Ferments Lithuania).

2.12.1 Preparation of 10X TBE buffer stock

t.  Tris-base (promega) = 107.8gm/liter
ti.  Boric acid (promega) = 55.02gm/liter
i.  EDTA (Ethylene diamine tetra acetic acid) (Bio Rad) = 9.04gm/liter

All reagents were dissolved in 800m] deionized water using magnetic stirrer and

finally 1000ml volume was made in measuring cylinder and stirred to mix well.
2.12.2 Preparation of 1X TBE buffer stock
10X TBE buffer = 200mL
dH20 = 1800mL
2.12.3 Preparation of 2.5% agarose gel
For 20cmx»20cm agarose gel pouring plate 300 ml of 2.5% agarose was made as:
i.  lon free fine agarose (Promega) = 6.5gm
ii. 1X TBE =300m!
iil.  Glycerin =300ul
iv.  Ethidium bromide (10mg/ml) = 5ul

Mix 6.5gm agarose, 300m] 1X TBE and 300u! glycerin in Pyrex bottle and heat in

oven with loose bottle cap until agarose boils to mix in liquids. Add 5p! Ethidium bromide
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Chapter 3 Results

Table 3.2: Number and percentage of total subjects, controls and patients with their
genotypes for TRAIL 1595 C/T polymorphism

TRAIL 1595 C/T genotypes percentage
Group studied
CcC CT T

Patients 43.3% 44.4% 12.2%
Expected H-W 43.11% 45.1% 11.79%

frequency

Controls 49.7% 43.5% 6.7%
Expected H-W 51.75% 40.37% 7.87%

frequency

p-value of patients and 0.507 0.924 0.205
controls .

Table 3.3: The allele frequencies of A and T allele of TRAIL 1595 C/T in CRC and

Controls
TRAIL 1595 C/T allele frequencics |
Group studied
C T

Patients 0.656 0.344 i
-

Expected H-W 65.66 34.34
frequency i

Controls 0.715 0.285
Expected H-W 71.94 28.06 |
frequency : B

p-value of patients and 0.885 0.938
controls J

Csierecrad s em ssociated gemctic ctnarmes in FRAJL and DR enes on Pabistoins popo b
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3.2 DR4 C626G (rs4871857) genotyping analysis on agarose gel

In the C626G polymorphism, there was a C to G transversion and results in an
amino acid change of an arginine to threonine. This eliminates a unique Dra3 restriction
site. Incubation with Dra3, the CC variant shows two bands, 1005bp and 199bp, and the
homozygous GG variant shows one unique band with the size of 1204bp. The
heterozygote GC shows three bands; 1204bp, 1005bp, 199bp. Digestion products were
visualized under ultraviolet light after agarose gel electrophoresis. PCR-RFLP gel picture
of DR4 C626G is shown in fig. 3.6.

3.2.1 Genotype analysis of rs4871857 polymorphism

It is clear from the agarose gel electrophoresis and gel documentation for
rs4871857 PCR products that there are three different genotypes in the studied groups of
CRC patients and controls are shown in table 3.4. In order to find the genotype
percentages, allele frequency and other statistical evaluation of the rs4871857 in the

groups, all the results were entered in SPSS Version 20.0.

All the genotypes of the patients were in Hardy-Weinberg equilibrium p = 0.088
whereas the genotypes of the controls were deviating from Hardy-Weinberg equilibrium
p = 0.0357. The homozygous CC genotype of the major allele was higher 28.3% in the
patients than in controls 1.9%. There was statistically significant difference p =
0.00000156 (p value < 0.05). The heterozygous GC genotype also showed no gross
variation between the two groups i.e., 41.7% in patients and 40.4% in controls. This
difference was statistically insignificant p = 0.885 (p value > 0.05). However the

homozygous genotype GG of the minor allele had higher percentage in controls 57.7% as

compared to patients 30.0%. This difference was also statistically significant p= 0.003 (p

value < 0.05).
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3.2.2 Allele frequencies

The percentage of the minor allele G was higher in controls 0.779% than in
patients 0.508%. Moreover the major allele percentage was higher 0.492% as compared

to 0.221% in controls but the differences were statistically insignificant. The allele

frequencies of C and G are mentioned in table 3.5.
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3.3 DR4 A1322G genotyping analysis on agarose gel

DR4 A1322G were genotyped by the Amplification Refractory Mutation
System (ARMS). DNA fragments’ size was located on the gel and products were
visualized under ultraviolet light after agarose gel electrophoresis as shown in fig.

3.7.
3.3.1 Genotype analysis of DR4 A1322G polymorphism

[t is clear from the agarose gel electrophoresis and gel documentation for DR+
A1322G ARMS-PCR products that there are three different genotypes in the studied
groups of colorectal cancer patients and controls are shown in table 3.6. In order to find
the genotype percentages, allele frequency and other statistical evaluation of the DRY

A1322G in the groups, all the results were entered in SPSS Version 20.0.

The genotyping for DR4 gene 1322 A/G was done. All the genotypes of the
patients and controls were deviating from Hardy-Weinberg equilibrium with p value =
0.0001 and p = 0 respectively. The homozygous CC genotype of the major allele was
higher 35.85% in the patients than in controls 35.55%. There was statistically
insignificant difference p = 0.975 (p> 0.05). The heterozygous CT genotype was also
greater in patients as compared to control group i.e., 30.19% in patients and 28.88% in
controls. This difference was statistically insignificant p = 0.86477904 (p value > 0.05).
Similarly, the homozygous genotype TT of the minor allele had higher percentage in

controls 35.55% as compared to patients 33.96%. This difference was also statistically

insignificant p= 0.849 (p value > 0.05).

3.3.2 Allele frequencies

The percentage of the minor allele T was higher in controls 0.5% than in patients

0.490%. Moreover the major allele percentage was higher 0.509% as compared to 0.5%

in patients. The allele frequencies of C and T allele are mentioned in table 3.7.
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Chapter 3 Results

Table 3.6: Number and percentage of total subjects, controls and patients with their
genotypes for DR4 A1322G polymorphism

DR4 A1322G genotypes percentage
Group
CcC CT TT
Patients 35.85% 30.19% 33.96%
Expected H-W 26.03% 49.98% 23.99%
frequencies A
Controls 35.55% 28.88% 35.55%
Expected H-W 24.27% 49.99% 25.74%
frequencies
p-value of patients and 0.974 0.864 0.849
| controls

Table 3.7: The allele frequencies of C and T allele of DR4 A1322G in CRC patients and

Controls
Allele frequency
Group C T 1

Patients 0.509 0.490

Expected H-W frequencies 163(50.62) 159 (49.38)
Controls 0.5 0.5

Expected H-W frequencies 98 (50%) 98(50%)

p-value of patients and 0.973 |

controls
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Chapter 4 Discussion

The DR4 C626G polymorphism is the most extensively studied polymorphism
in the literatures. Horaka er al. (2005) reported no association between 626C/G
polymorphism and susceptibility to ovarian cancer. DR4 exon.4 G/G genotype was
associated with an overall decreased risk of bladder cancer in Caucasians (Hazra et
al., 2003). Similarly there is no association between C626G polymorphism and
bladder cancer in Spain (Martinez-Ferrandisa et al., 2007). In this study the
homozygous CC genotype had a significantly higher percentage and is a risk factor
whereas the GG genotype of the minor allele serves as a protective factor because of
its higher percentage in control group. In heterozygous carriers the G allele over rides
the effect of the C allele and is related with increased cancer susceptibility.
Contrastingly Frank et al. (2006) reported that the heterozygous carrier of DR4
C626G showed a significant association with decreased colorectal cancer risk. A
meta-analysis by Chen et al. (2014) reported that C626G polymorphism is associated

with cancer risk in Caucasians.

In this study, DR4 C1322T polymorphism is not associated with susceptibility
to colorectal cancer in Pakistani population. A study conducted by Martinez-
Ferrandisa et al. (2007) reported no association between C1322T polymorphism and
breast cancer in Spanish population and similarly no association with lung cancer in
Turkish population (Tastemir Korkmaz et al., 2013). Contrastingly there was
significant association between CI322T polymorphism and Mantle cell lymphoma
and chronic lymphocytic leukemia patients than in a sex and age matched healthy

controls (Fernandez et al., 2004).

To summarize, our investigation on DR4 gene polymorphisms,
A1322G showed no statistically significant association between colorectal cancer
patients and controls. Whereas the homozygous genotypes CC and GG of C626G
were statistically significant and might be associated with colorectal cancer
development. Most of genes, had a role on apoptotic pathway, must be researched and

the study samples must be kept large in number,
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