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SUMMARY 
 

Cancers of colon and rectum, also called colorectal cancer (CRC), is one of the most 

common cancers in the world. Several genes have been identified contributing to a person's 

susceptibility to CRC. Kirsten rat sarcoma viral oncogene homolog (K ras) is one of the 

important genes responsible for sporadic CRC. It is involved in G protein-mediated signal 

transduction. It has constitutive GTPase activity, which is lost when the gene is mutated. Ras 

proteins control signaling pathways that are key regulators of several aspects of normal cell 

growth and malignant transformation. They are aberrant in most human tumors due to 

mutations in the ras genes themselves or to alterations in upstream or downstream signaling 

components. K ras mutations are relevant for both the molecular diagnosis of cancer and for 

the patient prognosis. Rational therapies that target the ras pathways might inhibit tumor 

growth and metastasis. Several of these new therapeutic agents are showing promise in the 

clinic and many more are being developed. Therapies that target the ras proteins and the 

signaling pathway that they control would therefore be very valuable in treating tumors that 

have ras mutations. The analysis of K ras mutation spectrum  is, therefore, very important for 

the adequate treatment of CRC patients in Pakistan, as the methodology adopted in the 

present study for detecting the mutation can be used for diagnostic purposes in future. Also 

this study will help in understanding and locating the hotspots of mutations in K ras gene in 

CRC patient. This information will be useful for developing anti cancer therapies for 

Pakistani CRC patients.  

Present study aims at analyzing K ras at molecular level and to find out the frequency 

of prevalence of mutations in K ras in Pakistani CRC patients. For this purpose, this study 

was divided into two sections. In the first section, molecular analysis of K ras with reference 

to its association with adherent molecule was addressed in two colorectal cancer cell lines i.e. 

Caco-2 with wild type K ras (control) and DLD1with heterozygous mutation at codon 13 of 

K ras. Presence of mutation at codon 13 (G13D) in DLD1 was confirmed by PCR based 

sequencing.  

K ras expression has been analyzed in these cell lines at transcriptional level by 

measuring mRNA level by qRT-PCR and translational level by western blotting. As 

compared to Caco-2, a slightly higher expression of K ras was observed in DLD1 cell lines, 

but the calculated increase was not significant. When expression of adherent junction proteins 
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was compared in these two cell lines, α-catenin showed a slight decrease (1.3 folds) in 

expression level, while β-catenin and E-cadherin were significantly down regulated (4.2 fold 

decrease) at transcriptional level by qRT-PCR. The results of real time analysis were found to 

be concordant with western blotting. 

Our results present an idea of presence of a possible cross talk between K ras and 

adherent junction mediated signaling cascades. Heterozygous mutation (G to D) in codon 13 

results in overexpression of K ras and down regulation of E-cadherin, α-catenin and β-catenin 

in DLD1 cell lines, compared to Caco-2 cell lines. The downregulation of  E-cadherin, α-

catenin and β-catenin may lead to dissociation of the adherent junction complex causing 

loosening of the junction between the tumor cells and hence leading to metastasis. 

In the second section, status of K ras mutations in Pakistani CRC patients was 

analyzed. For this purpose tissue and blood samples were collected from about one hundred 

and fifty CRC patients after having their consent. DNA was extracted from tissue and blood 

samples, and coding region of the K ras was amplified by PCR (Polymerase Chain Reaction). 

Mutations in the amplified gene were detected by following the standard mutation detection 

techniques viz, denaturing gradient gel electrophoresis (DGGE) and restriction fragment 

length polymorphism (RFLP) analysis. Presence of mutations was confirmed by DNA 

sequencing.   

The incidence of CRC is higher in men as compared to women in the Pakistani 

patients. K ras mutation frequency is 13 % and mutations at codon 12 and 13 are most 

prevalent. Comparison of the specific types of K ras mutation between Pakistani population 

and other countries revealed that Pakistanis have lower rate of K ras mutation compared to 

other countries. Female patients were more susceptible for K ras mutations and colonic 

tumors have more susceptibility to harbor these mutations. These mutations are predominant 

in patients with non-metastatic stage of CRC. 

 The dominant mutation observed at codon 12 was G to A transition (in the second 

base of codon) in 8 out of 12 codon 12 mutants (67%) substituting glycine (GGC) to aspartic 

acid (GAT). It was followed by G to T transversion (in the second base codon) in 3 out of 12 

codon 12 mutants (25%) substituting glycine (GGC) to valine (GTT)  and G to T transversion 

(in the first base codon) in 1 out of 12 codon 12 mutants (8%) substituting glycine (GGC) to 

cystein (TGT). All codon 13 mutants were found to have G to A transition at second base of 

codon substituting glycine (GGC) to aspartic acid (GAC).  A novel heterozyogous mutation 

(GAA (Glycine) to AAA (Lysine) was found at codon 31 in tumor sample 017. We could not 

find any mutation at codon 61 of K ras in Pakistani population.  
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We could only find a significant association of K ras mutational status to gender and 

metastatic state. No significant differences in the prevalence of K ras mutations were 

observed with respect to the patients' age, sex and tumor type. It can be inferred from this 

study that the incidence of CRC is higher in men as compared to women in Pakistan.  K ras 

mutation frequency is comparatively low in Pakistani CRC patients and mutations at codon 

12 and 13 are most prevalent in this gene. Female patients are found to be more susceptible to 

acquiring K ras mutations and colonic tumors have more susceptibility to harbour these 

mutations. These mutations are predominant in CRC patients before or in early metastatic 

stage of the disease.  
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INTRODUCTION 
 

Globally, deaths from cancer are projected to rising continuously, with an estimation of 

12 million deaths in 2030 (WHO, 2009). According to a survey, 60% of the global cancer occurs 

in developing countries (INCTR, 2009) and Pakistan has high incidence of cancer (Zeb et al., 

2008). The most severely affected province is the Khyber Pakhtoonkhawa (former North West 

Frontier Province) (Wahid et al., 2005).  

 

Colorectal cancer 

Colorectal cancer (CRC) is a general term used to refer to the cancer that develops in the 

colon or the rectum. Globally, CRC is the third most common cancer in men since 1975. CRC 

burden has been steadily rising in women. It was the fourth most common cancer in 1975 and has 

reached the second position by 1990, with about 49% increase in the number of cases globally 

over the 15 years. As in men, the disease is more common in women of the developed countries 

than in the developing countries of Asia and Africa (Perin, 2001). Every year nearly one million 

people worldwide develop CRC (Jemal et al., 2006) and worldwide 655,000 deaths occur per 

year due to CRC. It is the second leading cause of cancer-related death in the west (WHO, 2009). 

Incidence and prevalence of CRC varies from country to country, particularly, depending 

on different genetic and environmental factors present in that area. CRC has relatively low 

incidence in Asia and Africa, but high in western countries, including Northern Europe, New 

Zealand and Australia (Parkin et al., 1992). It has been reported to be the fourth most common 

cause of fatality among cancer patients in China and relatively uncommon in India as compared 

to the western world (Bhatia et al., 2000). CRC is the second leading cause of cancer and third in 

cancer deaths in the USA (Grothey and Schmoll, 2001). In developing countries the observed 

incidence of CRC is found predominantely in the left colon contrary to the western population 

where it has been reported in the right colon (Perera, 2008). Reported incidence rate of CRC in 

Iran is 6.0–7.9 per 100,000 persons annually (Ansari et al., 2006; Hosseini et al., 2004), which is 

low compared with that in western countries viz., 20 to 40 per 100, 000 persons annually (Parkin, 

2001). In most of the Middle-Eastern countries the annual incidence of CRC is 3–7 per 100,000 

persons (Parkin, 2002; Stewart and Kleihues, 2003) and 30–50 per 100,000 persons in North 

America and Europe (Schottenfeld and Winawer, 1996).  
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A significant proportion (23%) of young CRC cases have been reported in Saudi Arabia 

(Isbister, 1992), Jordan (13%) (Al Jaberi, 1997) and Egypt (36%) (Soliman et al., 1997). Lifetime 

risk of CRC may reach 6% of the population in the western industrialized countries (Jemal et al., 

2006). Khuhaprema and Srivatanakul (2008) reported that the incidence in Japan and Thailand is 

rising, probably due to the acquisition of western lifestyle.  

 

Diagnosis of CRC  

A major symptom of CRC is a change in bowel habits. Some other symptoms, which are 

common in CRC patients, are continous or alternative diarrhoea or constipation, feeling that 

bowel does not empty completely, blood (either bright red or very dark) in stool, narrower than 

usual stools, gas pains or cramps, tired all the time, weight loss with no known reason, nausea or 

vomiting etc.  

Some CRC patients show the presence of high carcinoembryonic antigen (CEA) level in 

their blood. Bleeding polyps can be detected by fecal occult blood test (FOBT). Colorectal 

epithelial DNA can be extracted from stool samples and amplified, allowing for the detection of 

mutations indicative of colorectal neoplasia (Sidransky et al., 1992). Sigmoidoscopy, 

colonoscopy, digital rectal examination and double contrast barium enema (DCBE) are often 

used to diagnose CRC. Sosna et al. (2008) compared the DCBE with Computed Tomographic 

Colonography (CTC) for detecting colorectal polyps 6 mm, using endoscopy as a gold standard. 

They observed that DCBE has statistically lower sensitivity and specificity than CTC for 

detecting colorectal polyps ≥6 mm. 

 

Stages of CRC 

Dukes (1932) described the first practical staging system of CRC as follows:  

Stage 0: The CRC in the innermost lining of the colon or rectum. Carcinoma in situ is                                                     

another name for Stage 0 of CRC. 

Stage I: The tumor grown into the inner wall of the colon or rectum. 

Stage II: The tumor extending more deeply into or through the wall of the colon or rectum 

invading the nearby tissue, but cancer cells not yet spread to the lymph nodes. 

Stage III: The cancer spread to nearby lymph nodes, but not to other parts of the body. 

Stage IV: The cancer spread to other parts of the body, such as lungs or the liver.  

 Tumor-node-metastasis (TNM) classification system has been suggested by the Union 

Internationale Contra le Cancer (UICC) and American Joint Committee on Cancer. (AJCC) 

(Beahrs et al., 1988; AJCC, 1997). Five stages  have been recognized: 
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T0: No evidence of cancer in the colon or rectum. 

T1: Tumor grown into the submucosa, but no penetration through muscularis propria.  

T2: The tumor has invaded the muscularis propria (a deeper, thick layer of muscle that     

contracts to force the contents of the intestines along).  

T3: Tumor grown through the muscularis propria and into the subserosa (a thin layer of 

connective tissue beneath the outer layer of some parts of the large intestine) or into tissues 

surrounding the colon or rectum. 

T4: The tumor has invaded other organs or has caused a perforation (hole) in the wall of the 

colon or rectum. 

TX: The primary tumor cannot be evaluated.  

Tis: Refers to carcinoma in situ (also called cancer in situ). Cancer cells are found only in the  

epithelium or lamina propria. 

NX: The regional lymph nodes cannot be evaluated due to lack of information.  

N0: There is no regional lymph node metastasis (the cancer has not spread into the regional  

lymph nodes). 

N1:There is metastatic involvement in one to three regional lymph nodes. 

N2: There is metastatic involvement in four or more regional lymph nodes. 

 

CRC treatments 

Partial resection of bowel or colectomy, laparoscopic surgeries, chemotherapy and 

radiotherapy are common options for CRC treatment. 
 

Risk factors associated with CRC 
Several life style factors and dietary components are suggested to be associated with risk 

of CRC. Different environmental factors are likely to cause damage to DNA through direct 

binding of metabolites (adduct formation) or oxidative stress. Some of the epidemiological 

studies have shown that consistently high intake of dietary fat, meat and protein is positively 

related to the risk of CRC particularly to proximal and distal cancers (Boyle and Langman, 2000; 

West et al., 1989). Some of the prospective studies show that overweight and obesity increase 

risk of colon cancer (Johnson and Lund, 2007). An increase in the ratio of consumption of red 

meat to fish/chicken has been associated with an increase in colorectal polyp risk (Yoon et al., 

2000).  

Johnson and Lund (2007) and Doyle (2007) also showed some evidences for adverse 

association of intake of red and processed meat with risk of CRC. Two toxic substances, 
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Polycyclic aromatic hydrocarbons (PAHs) and heterocyclic amines (HCAs) are produced when 

red meat is cooked at high temperatures (Sinha et al., 2005), so intake of charbroiled or smoked 

meat may be associated with increase levels of DNA adducts due to HCAs and PAHs (Balbi et 

al., 2001; Peters et al., 2004). High intake of red meat, increase luminal contents of N-nitroso 

compounds (NOCs) in colon (Lewin et al., 2006), this increase is considered due to heme iron 

which is 10 percent high in red meat than in white meat (Cross et al., 2003). 

Different studies have shown that the intake of fruits, vegetables or antioxidants lower the 

risk of CRC (Pally et al., 2000). Association of low vitamin D intake has been reported with 

colon cancer in humans (Braun et al., 1995). Pritiva et al. (2009) reported that estrogen decreased 

multiple components of inflammatory signaling and immune response pathways in the rectal 

mucosa. Estrogen treatment increased highly significantly expression of E-cadherin, a 

downstream target of vitamin D. So they concluded that the vitamin D system in the colon may 

be the functional target for estradiol and chemopreventive activity of hormone replacement 

therapy on these neoplasia results (at least in part) from changes in vitamin D activity. 

Less fermentable dietary fibers have protective effect against CRC and this phenomenon 

was confirmed by a large study of Europian population (the EPIC study) conducted by Bingham 

et al. (2003) in 519, 978 individuals. Exposure to solvents has been linked to rectal cancer. 

Several studies suggest an increased risk of rectal cancer associated with exposure to toluene and 

xylene (Lynge et al., 1997). 

Folate is one of the water-soluble B vitamins, can lower cancer risks at several sites (Kim, 

1999; Giovannucci, 2002). Low folate intake is associated with colon cancer. Duthie et al. (2008) 

reported that severe colon folate deficiency altered DNA stability and global protein expression 

in noncancer-derived human colon cells in vitro. It was found that folate differentially altered 

activity and expression of proteins involved in proliferation. Besides this, less physical activity 

(Boyl and Langman, 2000), alcoholism (Brooks and Theruvathu, 2005), air pollution (Goldberg, 

2001) and smoking (Bu-Tian et al., 2006) have also been proven to be the possible risk factors 

for CRC. 

 

Etiology of CRC 
Genetic factors are also considered to have an important role in determining some CRC 

phenotypic features like tumor stage, grade, and location within the colon as well as putatively 

controlling therapeutic response and survival parameters (Park et al., 2001). Two kinds of 

observations indicate a genetic contribution to CRC risk: (1) increased incidence of CRC among 
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persons with a family history of CRC; and (2) families in which multiple family members are 

affected with CRC, in a pattern indicating autosomal dominant inheritance of cancer 

susceptibility (Burt and Peterson, 1996; Lynch and Smyrk, 1996). CRC develops either as a part 

of a hereditary cancer syndrome, or sporadically, or induced by inflammatory bowel disease 

(Schottenfeld and Winawer, 1996). 

About 75% of patients with CRC have sporadic disease, with no apparent evidence of 

having inherited disorder. The remaining 25% of patients have a family history of CRC that 

suggests a genetic contribution, common exposures among family members, or a combination of 

both. Mutations have been identified as the cause of inherited cancer risk in some colon cancer-

prone families. Flat CRCs  account for 10% to 20% of all CRCs and that these are considered to 

be frequently associated with more advanced pathologies. However, controversy exists as to the 

origin and progression of flat CRCs compared with the more common polypoid-type 

morphology.  

 

Histological features 
Tumor initiation and invasion in CRC is a highly complex process. As tumor cells 

interact with the surrounding stromal cells and the extracellular matrix, at the tumor host 

interface, the extracellular matrix is broken down by proteolysis and new extracellular matrix is 

synthesized. Afterwards tumor cells, singly or in larger aggregates, can migrate into the 

desmoplastic extracellular matrix. Tumor invasion is a initial step in the metastatic cascade, 

different invasion phenotypes are closely correlated to differences in clinical aggressiveness 

(Prall et al., 2005; Shinto et al., 2006). The mammalian colon is lined with a rapidly proliferating 

epithelium. This epithelium is organized into compartments of cells called crypts. Intestinal stem 

cells adenocarcinoma reside at the base of each crypt (Bach et al., 2000).  

Small areas of the colon epithelium that display irregular glandular architecture or 

Abberant Crypt Foci (ACF) usually develop in adenomas (Fig.1). Bird (1987) described the ACF 

as lesions consisting of large, thick crypts in methylene blue–stained specimens of mice colon 

treated with a carcinogen (azoxymethane).  
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Fig 1. Steps involved in the development of CRC. 

 

 

There are different forms of CRC, most important are adenocarcinoma, lymphoma, 

leiomyosarcoma, neuroendocrine and melanoma tumors. Adenocarcinom is the most common 

type of CRC which originates in glands. It accounts for about 90-95 percent of all CRCs. It has 

two subtypes, mucinous (comprises about 10-15 percent of adenocarcinomas) and signet ring cell 

(comprises less than 0.1). Lymphomas are rare and more likely to start in the rectum than in the 

colon. When it starts somewhere else in the body, it has a tendency to more likely to spread to the 

colon than to the rectum. 

Leiomyosarcoma occurs in the smooth muscle of the colon. It accounts for less than two 

percent of CRCs and has a high chance of metastasizing. Neuro-endocrine tumors are divided 

into two main types: indolent and aggressive. Carcinoid tumors are considered indolent while 

large cell and small cell neuroendocrine tumors are considered aggressive. Melanoma is the rare 

type of colon cancer and accounts for less than two percent of CRC. 

Molecular and genetic features associated to CRC 

There are different prognostic molecular markers for CRC, most common are 

microsatellite instability (MSI), abnormalities in 5q and 17p allele, allelic loss at chromosome 

18q and mutations in K ras. 

 

            Microsatellite instability (MSI) 

Human DNA contains microsatellites (repetitive di-, tri- and tetranucleotide 

repeats) which are frequently located between genes. Variations in the number of repetitive units 

in each microsatellite is referred as microsatellite instability (MSI). Usually it is caused by the 
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failure of DNA mismatch repair system which repairs the errors occurring during replication. 

Mismatch occurs when incorrect nucleotide bases are inserted by DNA polymerase (Loeb, 1994). 

Mismatch repair genes including hMLH1, hMSH2 and hMSH6 are involved in correction of these 

mistakes. Approximately 90% of the total hereditary nonpolyposis CRC (HNPCC) cases have 

mutations in these genes (Liu et al., 1996). 

  Hereditary syndromes cause approximately 5 to 15% of overall CRC cases. Usually 

hereditary CRC is divided into two major categories: hereditary non-polyposis CRC (HNPCC) 

and those related to polyposis syndromes including familial adenomatous polyposis (FAP), 

Peutz-Jegher syndrome (PJS), and juvenile polyposis (JP) (Park and Kim, 2005). Microsatellite 

instability may be used as a pre-screen for patients with suspected hereditary non-polyposis CRC 

(Duffya et al., 2007). 

 

            Abnormalities in 5q allele 

Allelic losses or abnormalities in chromosome 5q have been observed in 20–50% of 

sporadic CRC (Vogelstein et al., 1988). Adenomatous polyposis coli (APC) gene is present on 

chromosome 5q21 and inherited mutations in this gene result in the familial adenomatous 

polyposis syndrome (FAP). FAP is characterized by the development of hundreds of polyps at a 

very early age. Approximately 800 different mutations in the APC gene have been reported to 

contribute FAP. Most of these mutations are nonsense or frameshift that gives rise to a truncated 

protein. Approximately one third of the so far identified FAP-causing mutations occur at codons 

1061 and 1309 (Sieber et al., 2000). In sporadic CRC, inactivation of the APC gene is considered 

to be one of the earliest events in carcinogenesis. The APC protein is normally involved in the 

degradation of -catenin (Morin, 1999). 

 

            Abnormalities in 17p allele 

Loss of material from the short arm of chromosome 17 is found in up to 75% of CRC 

cases (Vogelstein et al., 1988). This chromosome also contains the tumor suppressor gene p53. It 

encodes a transcription factor that regulates the expression of genes involved in apoptosis, cell 

cycle, angiogenesis and genome maintenance (Vogelstein et al., 2000; Mills, 2005). Mutations in 

the p53 gene are found in approximately 50% of CRCs, with most mutations occurring in exons 

5–8.  p53 gene has been widely investigated as a prognostic marker (Duffya et al., 2007). 

Kikuchi-Yanoshita et al. (1992) presented evidence that genetic changes in both alleles of the 

P53 gene through mutation and loss of heterozygosity (LOH), which result in abnormal protein 
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accumulation, are involved in the conversion of adenoma to early carcinoma in both non-familial 

polyposis cases and in familial adenomatous polyposis. 

 

            Allelic loss of at chromosome 18q  

Loss of genetic material from the long arm of chromosome 18 is found in approximately 

70% cases of CRC. There are three tumor suppressor genes present in the region 18q, which 

include DCC (Deleted in colon cancer gene) and Smad 2 and Smad 4 (initially described as 

DPC4) genes (Thiagalingam et al., 1996). The DCC is a candidate tumor suppressor gene. Any 

mutation in DCC (resulting in the loss of function), together with loss of the wild-type 18q allele, 

may play a role in carcinogenesis (Cho and Fearon, 1995). O’Connell et al. (1992) found that 

allelic loss on chromosome 18q was associated with poorer prognosis in Dukes’ B and C stage 

CRC tumors. 

 

             K ras 

K ras is one of the most frequently mutated oncogenes in CRC. Mutant K ras is present in 

approximately 50% of CRCs. It is considered to play an important role in the relatively early 

stages of CRC carcinogenesis (Fearon and Vogelstein, 1990). 

 

K ras (Kirsten rat sarcoma viral oncogene homolog) 

            Structure 

The classical human Ras family consists of three proto-oncogenes, c-Harvey (H)-Ras, c-

Kirsten (K)-Ras, and N-Ras (no c-prefix was added because no viral counterpart was found). The 

corresponding H-, N- and K ras proteins (p21Ras) are of 21 kDa molecular mass.   

K ras was discovered by Der et al. (1982). It was observed that this gene has fibroblast 

activity and was found homologous to the transforming gene from the Kirsten Rat sarcoma Virus 

(although it was originated from the genomic DNA of human LX-1 lung carcinoma cells). It is 

located on the short arm of chromosome 12 (at position 12.1) (Fig.2A). Its total genomic size is 

45675 base pairs with 5 exons (4 coding).   

K ras is involved in G protein-mediated signal transduction. It has constitutive GTPase 

activity, which is lost when the gene is mutated, most commonly at codons 12, 13, and 61 (Bos, 

1989). The human K ras contains an alternative fourth coding exon. Alternative RNA splicing 

specifies either of two isomorphic proteins differing by 25 amino acid residues at their carboxy-

terminus. So the K ras is expressed in two isoforms, designated as K ras4A and K ras4B. All Ras 
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proteins are 188 amino acids in length except K ras4B that contains an additional amino acid 

(Barbacid, 1987). 

 These Ras (H-, K ras4A, K ras4B, and N-ras) proteins have 85% homology and amino 

acids 1–165 (G domain) are highly conserved between these four Ras proteins. Several motifs 

present in conserved domain are important for protein function including GTP binding, effector 

binding etc (Jura et al., 2006). 
 

 
Fig. 2 (A). Location of K ras on chromosome 12 at location, base pairs 25,249,446 to 25,295,120.  

           (B).  Isoforms of  Ras (Schubbert et al., 2007). 

 

The first 85 amino acids specify binding to GDP and GTP, this region includes the 

phosphate binding loop (P loop), comprising of amino acids 10-16, Switch I region (amino acids 

32-38) and Switch II region (amino acids 59-67). P loop binds to the γ phosphate of GTP and 
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Switch I, II regulate binding to Ras regulators and effectors. At the carboxy terminal 25 amino 

acids show considerable variation, it is named as hypervariable domain (amino acids 165-

168/169) (Fig 2B). In this region terminal –CAAX farnesylation motif is present which specify 

membrane localization of Ras. C-terminal CAAX motif, CVLS, CVVM, CIIM, CVIM are shown 

in Fig. 2B. Key cysteine residues responsible for palmitoylation in H ras, N ras and K ras4A are 

also present in this region (C in Fig. 2). A stretch of lysines, proximal to CVIM motif is 

responsible for localization of K ras4B (KKKKKK in Fig. 2B) (Schubbert et al., 2007). All Ras 

isoforms differentially ubiquitylated, which modulate signaling properties (Jura et al., 2006). 

Deletion of the CAAX motif leads to the interruption of the post translational modification, 

thereby preventing the trafficking of Ras to plasma membrane (Wright and Philips, 2006).  

Ras is expressed in all tissues, have a promotor region with multiple GC boxes, but lack a 

TATA- or CCAT-box; features resembling the promotors of housekeeping genes. A comparison 

of human H-, K-, and N-Ras nucleotide sequences with the corresponding regions in other 

mammalian species reveals a remarkable sequence similarity (Watzinger et al., 1999).  

These Ras isoforms, in various human tumors, harbor point mutations that confer 

transforming activity. Mutations leading to an amino acid substitution at the positions 12, 13, and 

61 are the most common in naturally occurring (i.e. non- experimental) neoplasms and 

experimentally induced animal tumors. 

 

           Nano- Structure 

In addition to the most frequent mechanism of point-mutational activation, 

overexpression of non-mutated Ras can also convert normal Ras into oncogenes. The increased 

amount of the corresponding mRNA derives either from high transcriptional activity of 

heterologous promoters and enhancers (Chakraborty et al., 1991).  

By using the immunogold electron microscopy and computational analysis Plowman et 

al. (2005) reported that oncogenic H ras and K ras proteins are recruited to small (10-12nm), 

dynamic cluster in the inner plasma membrane, referred to as nanocluster. Reported amino acids 

that are altered by somatic mutations in human cancers are glycine 12, glycine 13 and glutamine 

61 (yellow color in Fig. 3). The amino acids reprted to be affected by germline mutations causing 

Noonan, Costello and cardio-facio-cutaneous (CFC) syndromes are valine 14, glutamine 22, 

proline 34, isoleucine 36, threonine 58, glycine 60, lysine 117, alanine 146, valine 152, glutamate 

153 and phenylalanine 156 (white color in Fig. 3). Effector binding loops play an important role 

in binding to effectors, switch I and switch II (pink ropes in Fig. 3). Arginine finger of GAPs 
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(GTPase-activating proteins), stimulates the GTP hydrolysis (blue rope in Fig. 3) (Schubbert et 

al., 2007). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. The three-dimensional structure of Ras–GTP  by immunogold microscopy: Hotspot regions (codon    

12, 13,61 etc are highlted by different colors (Schubbert et al., 2007). 

 

Functions of normal Ras protein 

           Cell proliferation and differentiation 

Generally Ras proteins are activated in response to extracellular stimuli including growth 

factor, EGF, platelet-derived growth factor, granulocyte-macrophage colony-stimulating factor 

etc. It has been observed that under normal conditions quiescent cells in Gо, have less than 5 

percent of their total Ras protein in active state compared with nearly 50 percent upon mitogenic 

stimulation. So Ras depending signaling, mediate proliferation or differentiation (Marshal, 1995). 

            Cell cycle regulation 
Adjei (2001) has reported that Ras-mediated activation of the MEK/MAP kinase pathway 

is one of the factors which increase cellular levels of cyclin D 1. The increased level of cyclin D 

1 promotes the progression of cells through G 1 Check point and into S phase, thus leading to 

proliferation. Ras mediated activation of the P13-k and Ral GDS pathway also leads to G 1 

progression. 
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             Angiogenesis 

Ras mutations have been implicated in tumor metastasis and angiogenesis (Adjei, 2001). 

Su et al. (1993) have observed that transformation of cells by oncogenic Ras mutant resulted in 

increase in the expression of key metalloproteinases such as gelatinase which is involved in 

tumor metastasis. 

Role of K ras in CRC 
There are two types of CRCs, polypoid and non-polypoid CRC (Shibata et al., 1997). The 

biobehaviors of these two types of CRCs vary in several points because non-polypoid cancers 

reveal an earlier vertical growth than polypoid cancers, and polypoid cancers accumulate 

alterations of several genes e.g. APC, adenoma development; K ras, exophitic growth; p53, 

malignant transformation (Fujimori  et al., 1994) and DCC (Deleted in CRC), cancer invasion 

(Carethers  et al., 2001 ), while non-polypoid cancers  reveal an ill-balanced genetic mutation 

(Yao  et al., 1996). Epidemiologic studies (Neugut et al., 1993) have shown that a personal 

history of colon adenomas places one at increased risk of developing colon cancer. Development 

of CRC is considered to be a pathological progression of normal epithelium to adenomatous 

polyps and invasive cancer. 

Fearon and Vogelstein (1990) suggested a model for the development of CRC 

carcinogenesis by comparing genetic alterations in normal colonic with adenomas and 

malignancies. It represents a sequence of events during which normal colonic epithelium 

gradually transform into colorectal adenoma and then carcinoma by the accumulation of genetic 

alterations. These alterations cause progressive disorders in cell growth, differentiation and 

apoptosis. The transition of normal epithelium to carcinoma include seven major molecular 

abnormalities. These mutations may be hereditary or due to environmental risk factors. The 

major genes considered to be involved are APC, K ras, DCC (19q), and P53 (Fig. 3). K ras 

mutations are found in approximately 50% of all CRCs and are thought to correlate with early to 

late adenomas in colorectal carcinogenesis (Fearon and Vogelstein, 1993). Risk of developing 

CRC in these the tissue having ACF is higher than normal population. 

APC and K ras mutation is considered to be the early event in the CRC carcinogenesis 

(Volgestein et al., 1988). K ras  mutation have been reported in ACF, adenoma and carcinoma 

with a close rate suggesting that K ras mutation initiates in ACF stage and maintains during the 

process of the  carcinogenesis (Yuan et al., 2001).  
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This demonstrates the possible relationship of ACF to carcinoma and ACF as a 

preneoplastic lesion in the carcinogenesis of colorectal carcinoma (Luceri et al., 2000; Takahashi 

et al., 2000). Kobayashi (1996) and Shivapurkar (1997) have suggested that ACF could be added 

to the order: normal epithelium, ACF, adenoma and carcinoma (Fig. 4).  

 

 

 

 
 

Fig. 4.  Role of K ras in adenoma-carcinoma sequence. 

  

In a recent study conducted by Kevin et al. (2007) it was found that K ras affects 

proliferation and differentiation, whereas N ras suppresses apoptosis. It was observed that 

expression of mutant K ras (from its endogenous locus) induced hyperproliferation in the colonic 

epithelium. It was seen to be sufficient to induce neoplasia but when combine in mutation with 

APC, mutant K ras promoted tumorogensis. In the rat model the formation of abberant crypt foci 

were enhanced by cancer promoters such as chenodiols and suppressed by chemopreventive 

agents such as docosahexaenoic acid (Sutherland and Bird, 1994; Takahashi et al., 1994). Yuan 

et al. (2001) reported that ACF might be a very early morphological lesion in the tumorogenesis 

of colorectal tumor. 
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 The morphological feature and gene mutation status was found to be different in ACF 

and adenoma. ACF might be the precursor of adenoma or earliest morphological lesion with 

detectable molecular genetic alteration in it. By using the azoxymethane mouse model for human 

CRC, Uronis et al. (2007) reported that flat CRCs do not develop de novo but progress through a 

flat adenomatous stage to invasive carcinoma without transit through an intermediary polypoid 

stage. It was shown by combination of serial colonoscopic and histologic analyses. 

K ras is considered to be one of the most activated oncogenes, with 17 to 25% of all 

human tumors harboring an activating K ras mutation. Activating K ras mutations are mostly 

prevalent in pancreatic (95%), thyroid (55%), lung and colorectal (35%), carcinoma 

(Kranenburg, 2005). There is some evidence that environmental agents may be involved in the 

induction of the mutations (Hayashi et al., 1996). 

Butz et al. (2004) have suggested that the reduction of K ras 4A/4B splice variant ratio in 

sporadic human CRC may involve down-regulation of K ras 4A expression. K ras2 gene not only 

induces tumors but also inhibits tumor growth. Li et al. (2003) have reported the inhibitory 

effects of wild type K ras2 on tumor growth and proliferation.  

Zhu et al. (2006) reported that wild type K ras2 has been reported to have a growth 

inhibitory effect on adenocarcinoma of colon. It was founded that wild type K-ras2 gene could 

step down the growth and cell cycle of colon carcinoma cells manifested as significantly 

increased stage G0-G1 cells and decreased stage G2-M cells. These findings suggest that resting 

cells with proliferation activity are inhibited to advance into proliferating cell cycle. Hong et al. 

(2007) have reported that loss of heterozygosity on chromosome 12p12-13 K ras2 occurs in 

colon carcinoma and wild type K ras2 can effectively inhibit its growth.  

K ras2 seems to have a dual function. It promotes cancer development as a gain of 

function oncogene and also it inhibits cancer as a loss-of-function tumor suppressor gene (Hong 

et al., 2007). Li et al. (2005) investigated the possible genetic variation of wild type K ras2 in the 

carcinogenesis of colon carcinoma by analyzing heterozygosity (LOH) (on 12p12-13) in tumor 

and its adjacent tissues.  

Frequent loss of heterozygosity was reported in this domain during carcinogenesis and 

progression of colon carcinoma. Pearson et al. (2009) reported that the combinatorial oncogenic 

mutations of K ras and β-catenin drive rapid progression of prostate tumorigenesis to invasive 

carcinoma. 
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The Ras signaling pathway 

As high percentage of human being tumors harbor oncogenic Ras mutation, so Ras 

signaling pathway is a major focus of new drug development efforts (Adjei, 2001). Mutant RAS 

protein remain constitutively activated, thus leads to complex interactions among their 

downstream effectors, while wild type Ras protein is switched off shortly after its activation. In 

some of the human tumor types, these interactions contribute to cancer genesis and progression 

by inducing changes in cell survival, angiogenesis, apoptosis and metastasis. 

Generally the nonmutated Ras proteins are activated in response to growth factors binding 

to membranous receptor tyrosine kinases. In a signaling cascade involving phosphorylation of 

extracellular mitogen-activated kinases (ERKs), the signal is relayed to the nucleus where it 

activates some transcription factors. These include c-Jun, c-Myc, c-Fos, that are involved in the 

cell proliferation control. Activated Ras, through phosphoinositide 3-kinase acts on actin 

filaments within cells. These biological effects of Ras activation heavily depend on the tissue and 

cell type (Malliri and Collard, 2003). 

The activity of RAS is regulated by a cycle of guanine nucleotide binding and hydrolysis. 

In the active state p21 remain bound to GTP, in the inactive to GDP (Watzinger and Lion, 1999). 

A conformational change in GDP-bound form occurs which results in fast GDP release and  

formation of a binary complex between the nucleotide-free form and GEF. Regulatory proteins 

like GAPs (GTPase activating proteins) help to keep most of p21RAS in an inactive GDP-bound 

state (Fig. 5).  

Another regulatory protein, involved in nucleotide exchange reactions or transition of Ras 

proteins from the inactive to the active GTP-bound state is designated as Guanine Nucleotide 

Exchange Factors (GEFs) or RAS-GRFs (guanine nucleotide releasing factors) (Satoh and 

Kaziro, 1992).  

GEF (Guanine Nucleotide Exchange Factor) promotes dissociation of GDP and acts as a 

positive regulator; GAP (GTPase activating protein) promotes hydrolysis of GTP and acts as a 

negative regulator (Watzinger and Lion, 1999). 
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Fig.  5. Mechanism of Ras regulation by GAP and GEF: The activity of Ras s regulated by the cycle of 

guanine nucleotide binding and hydrolysis. In the inactive state p21 is bound to GDP, in the active to 

GTP. Guanine nucleotide exchange factor (GEF) acts as a positive regulator by promoting 

dissociation of GDP, while GTPase activating protein (GAPS) acts as a negative regulator by by 

promoting hydrolysis of GTP. Pi, inorganic phosphate (Watzinger and  Lion, 1999). 

 

Usually release of GDP is regulated by the intracellular concentration of GTP. A ligand-

free Ras protein immediately binds GTP, because it is 10-fold more abundant in the cytosol than 

GDP. Over expression of p21Ras can results in the saturation of the regulatory proteins, resulting 

in a deregulated activation of Ras and oncogenic transformation (Satoh and Kaziro, 1992). 

On binding of growth factor to cell-surface receptors, an activated receptor complex is 

formed, which contains adaptors such as SHC (SH2-containing protein), GRB2 (growth-factor-

receptor bound protein 2) and Gab (GRB2-associated binding) proteins. These proteins recruit 

SHP2 and SOS1, the latter increasing Ras–guanosine triphosphate (Ras–GTP) levels by 

catalysing nucleotide exchange on Ras. The GAP (GTPase-activating protein) binds to Ras–GTP 

(Figs.5, 6). 
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Fig.6. Ras and Ras effector pathway: Ras activates the phosphatidylinositol 3-kinase (PI3K)– 3- 

phosphoinositide-dependent protein kinase 1 (PDK1)–Akt pathway that is involved in cellular 

survival. Ras binds and activates the enzyme phospholipase C (PLC), which regulate calcium 

signalling and the protein kinase C (PKC) family (Derived from Schubbert et al., 2007). 

 

Ras post-translation modification 
Newly synthesized Ras is cytosolic in nature. For its biological activation or the 

transduction of the extracellular signals (provided by growth factors and cytokines), Ras must be 

associated with the inner surface of the plasma membrane. For this association, a series of post 

translational processing is required which include farnesylation of cysteine residue, proteolytic 

cleavage of the AAX peptide, and carboxymethylation of the new C-terminal carboxylate (Omer 

et al., 1997). Farnesyl pyrophosphate (FPP) contains 15-carbon isoprenoid chain, which is 

transfered to a cystein residue present very close to the carboxyl terminus of Ras. This reaction is 

catalyzes by Farnesyl transferase (FTase). This attached group is responsible for association of 

Ras to the intracellular memebranes (Fig. 7a). 
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 Farnasyl transferase inhibitors (FTI’s) can block this pathway (Downward, 2003). When 

FTase are inhibited, K ras and N ras but not H ras proteins acquire an alternative pathway, in 

which 20 carbon isoprenylation is added. This reaction is catalyzed by geranylgeranyl transferase 

(GGTase). After isoprenylation end three amino acids are acted upon by endopeptidase from the 

carboxyl terminus of the protein (Fig. 7b). The carboxyl terminus is then methylated by 

methyltransferase (Fig.7c). Following methylation, in H ras and N ras but not in K ras, addition 

of two palmitoyl long-chain fatty acid groups (P) takes place to the cystein residue, just upstream 

of the farnesylated carboxy-terminal cysteine. This process is catalyzes by Palmityol transferase. 

Palmityolation stabilizes the interaction of Ras to membrane (Fig. 7d) but it does not take place 

in K ras. The interaction of K ras to the plasma membrane is due to the lysine residues (present 

near the carboxyl terminus), which interact with the negatively charged lipid head groups.       

 

 
Fig.7. Post translational modification in Ras: post translational processing is required which include 

farnesylation of cysteine residue, proteolytic cleavage of the AAX peptide, and carboxymethylation of 

the new C-terminal carboxylate (Downwards, 2003). 

 

Farnasyl transferase inhibitors (FTIs) 

Since the Ras proteins (K-, H-, and N-) to be biologicaly active, require post translational 

modification by farnasylation, several strategies have been developed to target this pathway. 

FTI’s are the compounds that mimic the carboxy-terminal CAAX motif of Ras and compete for 

binding to farnasyl transferase (Downward, 2003). SCH 66336 inhibits the growth of tumor in K 

ras transformed xenografts and several tumor cell lines (Bishop et al., 1995). SCH 66336 has also 
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been proved to inhibit the growth of number of human xenografts including colon, lung, bladder, 

pancreas and prostate (Liu et al., 1998). 

So Ras will be blocked in the cytosol and will be unable to stimulate its downstream 

targets. These FTI’s show different mechanism of action, and effects of human cancer cell lines 

and in xenograft models. It is reported that most of FTI’s inhibit Ras-dependent transformation of 

fibroblast (Kohl et al., 1994). L-744, 832 inhibits the growth of many tumor cell lines with 

minimal systemic toxicity (Sepp-Lorenzino et al., 1995). Kelland et al. (2001) examined the 

activity of R115777 in vitro and in vivo in breast cancer models. It was shown to inhibit the 

MCF7 (ER-positive breast cancer cell line which expresses wild type Ras and wild type p53) cell 

growth.  

 

Reported mutations in K ras  

RAS genes are the most common targets for somatic mutations in different human 

cancers (Table 1). Prevalence of K ras mutations has been widely studied in different cancer in 

western populations, but there are few data available in developing countries. The overall 

reported K ras mutation rate in CRC in Iranian population is 37.4% and it was founded that 

codons 12 and 13 are preferentially involved in CRC in this population (Bishehsari et al., 2006). 

The reported K ras mutation rate in CRC in Italian population is 46% and codons 13 (high 

frequency of G to A transition in the second base (G13D)) was found to be preferentially 

involved in CRC in this population (Bishehsari et al., 2006). This type of mutation was reported 

to be linked with high consumption of refined grain (Slattery et al., 2000). 

Hayashi et al. (1996) analyzed the frequency and type of point mutations in codon 12, 13, 

and 61 in 319 CRC tissues collected from patients in Japan. They compared their results with 

those from other sources to examine whether different geographic locations and environmental 

influences might impose distinct patterns on the spectrum of K ras mutations. Comparing 

findings in the U.S., France, and Yugoslavia with those in Japan, a number of significant 

differences were found. A possible explanation put forth was, that an environmental carcinogen 

prevailing in a geographic region combines with the susceptibility of a particular tissue to dictate 

which type of DNA lesion will predominate. 

The predominance of G-to-A mutations among American and Japanese CRC patients 

could be attributable to alkylating agents or to the absence of direct interaction with any 

carcinogens. The prevalence of G-to-T mutations among Yugoslav and French patients might be 

ascribed to polycyclic aromatic hydrocarbons and heterocyclic amines.  
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Table 1. Activation of Ras signaling pathway in different cancers (Derived from Downward, 

2003). 

          
  Mutation or defect                    Tumor Type                             Frequency (%)    

Ras mutation                                Pancreas                                        90 (K ras) 

                                                     Lung adenocarcinoma                   35 (K ras) 

                                                      (non-small-cell) 

                                                      Colorectal                                      45 (K ras) 

                                                      Thyroid (Follicular)                      55 (K-, H-, N- ras)  

                                                      Thyroid                                          60 (H-, K-, N-ras) 

                                                      (Undifferentiated papillary)   

                                                      Seminoma                                     45 (K-, N-ras) 

                                                      Melanoma                                     15 (N-ras) 

                                                      Bladder                                          10 (H-ras) 

                                                      Liver                                              30 (N-ras) 

                                                      Kidney                                           10 (H-ras) 

                                                      Myelodysplastic syndrome            40 (N-ras, K-ras) 

                                                      Acute myelogenous leukemia        30 (N-ras) 

 
On comparison of the pattern of K ras mutations in CRC carcinomas from Iranian and 

Italian population, Bishehsari et al. (2006) concluded that frequency of K ras mutations can be 

similar, but spectrum of the mutations can be differentially influenced by genetic and 

environmental factors. Diet-related carcinogens, such as heterocyclic amines from heavily 

cooked meat may induce K ras mutations (Potter, 1997). 

The recorded frequency of K ras mutation in Netherlands cohort study (Brink et al., 

2003) is 37% and 94% of effected tumors had mutation in codon 12 and 13. Yanez et al. (1987) 

found mutations in codon 12 of the K ras in 4 of 16 colon cancers, 2 of 27 lung cancers, and 1 of 

8 breast cancers.  Ras mutations were detected in DNA purified from stool by Sidransky et al. 

(1992). Takeda et al. (1993) detected these mutations in cells obtained from the sputum of 

patients with lung cancer. Lee et al. (1995) investigated the frequency of K ras codon 12 point 

mutations in stomach cancer. Mutations were found in 11 (7.9%) of 140 samples. Seven cases 

had a 1-bp substitution changing GGT (gly) to AGT (ser) and 2 had a 1-bp substitution changing 

GGT to AGT (asp). 
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Andreyev et al. (1997) investigated K ras exon 1 mutations (codons 12 and 13) in 

histological sections of colorectal adenocarcinomas. Vasko et al. (2003) analyzed 269 mutations 

in H ras, K ras, and N ras from 39 studies. The rate of mutations involving N ras exon 1 and K 

ras exon 2 was less than 1%. Yuan et al. (2001) analysed the codon 12, 13 and 61 of K ras and 

mutation cluster region (MCR) of APC gene in 35 CRC, 15 adenomas, 34 ACF and 10 normal 

mucus tissue samples. K ras mutation frequency in ACF, adenoma and carcinoma was found  to 

be 17.6%, 13.3%, and 14.3% respectively, showing no difference in K ras mutation among three 

pathologic procedures. No mutation in codon 61 was found in the three tissue types. Mutation 

rate of APC gene in adenoma and carcinoma was 22.9% and 26.7% respectively, which was 

higher than that of ACF (2.9%). According to their findings all ACF with K ras mutation were 

located in distal colon, implying the same site of predisposition of CRC. 
Jass et al. (2006) assessed the presence of mutation of K ras and BRAF and aberrant 

expression of p53 in thirty-two sessile serrated adenomas (SSA), 10 mixed polyps (MP), 15 

traditional serrated adenomas (SA), 49 hyperplastic polyps (HP) and 84 adenomas. The findings 

were correlated with loss of expression of O-6-methylguanine DNA methyltransferase (MGMT). 

It was reported that K ras mutation occurred more frequently (26.5%) than BRAF mutation 

(4.8%) in adenomas and particularly in adenomas with villous architecture (50%). Aberrant 

expression of p53 was found uncommon overall, but occurred more frequently in MPs and SAs 

(12%) than adenomas (1%) and there was concordant loss of expression of MGMT. 

 

Germline mutations in K ras 

Germline mutations that affect components of the Ras–Raf–MEK–ERK pathway are now 

known to underlie a group of developmental disorders, such as Noonan syndrome, Costello 

syndrome and cardio-facio-cutaneous syndrome. Germline mutations in human syndromes 

frequently encode novel mutant proteins. Studies performed to date suggest that strength and/or 

duration of signaling through the Ras–Raf–MEK–ERK pathway regulates developmental 

programmes (Schubbert et al., 2007).  

 
Genotype/Phenotype correlation 

Some hyperplastic polyps may be true neoplastic lesions, and could be precursors of 

malignant neoplasia. Otori et al. (1997) conducted a study to clarify genetic alterations in 

colorectal hyperplastic polyps. Twenty eight colorectal polyps having serrated components were 

resected from patients endoscopically and were found to contain 47% hyperplastic polyps and 
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56% adenomas harboring K ras mutations. Accumulation of intranuclear p53 protein was 

detected immunohistochemically in 22% of adenomas, but not in any of the hyperplastic polyps.  

Takahashi et al. (1997) have described the incidence and variety of K ras mutation in 

each independent histological component comprising epithelial neoplastic lesions of the large 

intestine of less than 10mm diameter. These findings suggested that K ras mutation may advance 

the phenoconversion from tubular to villous configuration in colorectal lesions of epithelial 

neoplasia. K ras mutation has been shown to be linked to the initiation of hyperplastic aberrant 

crypt foci and small hyperplastic polyps (Otori  et al. 1997; Takayama et al., 2001) and is 

therefore closely associated with the development of glandular serration. While the acquisition of 

K ras mutation is also observed in adenomas, this change is correlated with the development of a 

villous architecture and in some cases the presence of epithelial serration. Okulczyk  et al. (2004) 

did not find any correlation of K ras  mutations with clinical features of the tumor or with Dukes 

or TNM clinical advancement. 

A non-significant correlation was observed with the left-side location in the colon and with 

mucinous histotype. Yeh et al. (2004) demonstrated that Myelocytomatosis viral oncogene 

homologue (MYC) and K ras cooperate to induce tumorigenesis through multiple mechanisms. 

Tran et al. (2008) demonstrated that MYC and K rasG12D cooperate for the initiation and 

maintenance of tumorigenesis, a double conditional transgenic mouse models of lymphoma and 

lung adenocarcinoma was generated. MYC-, K rasG12D- or MYC/K rasG12D-induced 

lymphomas exhibited sustained regression upon single or double oncogene inactivation.  
It was concluded that in contrast to most MYC induced tumor models, MYC-induced 

lung tumors were not oncogene-addicted; whereas K rasG12D inactivation did induce complete 

tumor regression in K rasG12D–induced lung tumors. The combined inactivation of MYC and K 

rasG12D was observed to be associated with reversible lung tumorigenesis. So it was suggested 

that combined targeting of oncogenic pathways is more likely to be effective in the treatment of 

lung cancers and lymphomas. 

 

K ras and tumor invasion 

Many different epigenetic factors are known to influence invasiveness of tumors, for 

example, matrix components, matrix degrading enzymes, and growth factors. However, genetic 

factors inherent to the tumor cells, too, were seen to play a role also. Specifically, in CRC 

carcinoma cells, Ras-signaling was shown to be important for the epithelial-mesenchymal 

transition (Conacci-Sorrell et al., 2003; Avizienyte et al., 2005). Prall and Ostwald (2007) has 

reported that in vitro Ras activation enhances the epithelial-mesenchymal transition of colorectal 
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carcinoma cells but Ras effects are known to be highly dependant on cell types and the tissue 

context. 

 

K ras and CRC prognosis 
Conflicting data exists on the relationship between the prognosis of CRC patients and the 

presence of K ras mutations. Some studies show that presence of K ras mutations predicts poor 

patient prognosis in CRC, independently of tumor stage (Conlin et al., 2005). A meta-analysis 

conducted by Andreyev et al. (1998) involving 4268 patients from 42 different institutions 

concluded that only a specific type of K ras mutation (patients with a G–T transversion at codon 

12 ) had an adverse outcome. Andreyev et al. (2001) have shown that over all UICC tumor 

stages, K ras mutations in colorectal carcinomas are associated with a worse prognosis. Font et 

al. (2001) concluded that K ras mutations and 18q loss of heterozygosity are two genetic markers 

which may identify patients with more aggressive behavior, mainly in Stage II CRC tumors.  

 

Other Ras proteins 

            R ras 

R ras is a small GTPase that displays a less potent transforming activity than the 

oncogenic Ras variants like N-, K- and H ras (Marte et al., 1997). R ras is approximately 55% 

identical to the Ras Protein. The cellular location of R ras is unknown, but it is considered to be 

intracellular in position (Huff et al., 1997). 

  M ras  

M ras has approximately 55% sequence identity with K ras (Quilliam et al., 1999). It has 

weak interaction with multiple Ras effectors, such as Raf, Ral GDS etc. This protein is suggested 

to play a role in reorganization of the cytoskeleton (Matsumoto et al., 1997). 

 

Anti Ras therapy 

Newly developed genomics and proteomic approaches may provide more sensitive 

indicators of response than current biochemical, immunohistochemical methods. Therapies that 

target the RAS proteins and Ras-involved signaling pathways would therefore be very valuable 

in treating tumors that have activating RAS mutations. There are almost 20 new therapeutic 

agents in clinical trials at present, and many more are being developed. Some of these agents 
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should ultimately be effective for some tumor types, particularly when used in combination with 

other agents (Downward, 2003).  

Suzuki et al. (2006) constructed a C-terminal deletion dominant negative RAS mutant 

and investigated its suppressive effect on cancer in vivo and in vitro. They deleted the CAAX 

motif of the dominant negative Ras N116Y and found that the CAAX-deleted constructs were 

effective in suppressing cancer cell growth in vitro and in vivo. The CAAX-deleted construct 

could be safer than the original N116Y construct and be very useful for cancer therapy (Guo and 

Fang, 2006). Dominant negative Ras constructs are capable of inhibiting the Ras signal 

transduction pathway. For example, L61S186Ras and N17Ras block Ras signaling from both 

wild-type and mutant RAS (Stacey et al., 1991; Stewart and Guan, 2000). 

A new compound named cetuximab (the antibodies directed against EGFR receptor) has 

been introduced in clinical practice by Cunningham et al. (2004) and it is now an approved 

treatment for metastatic CRC (irinotecan-resistant) but there are some clinical studies which 

indicate that CRC containing K ras mutations does not show significant response to cetuximab.  

To predict the outcome between K ras mutation status and tumor regression, following 

cetuximab treatment, Roock et al. (2008) analyzed a group of patients with metastatic CRC 

treated with cetuximab. Cetuximab proved effective on patients with wild-type K ras, while 

patients harboring K ras mutations in their tumor showed very less tumor shrinkage when treated 

with cetuximab. K ras wild type-state predicts survival benefits and it shows an association to 

early radiological response. Cutsem et al. (2009) have assessed the association between K ras 

mutation status and response to cetuximab. They observed that, cetuximab (combined with the 

FOLFIRI) reduces the risk of progression of metastatic CRC in patients having wild type K ras 

tumors. 

 Cell cycle checkpoints are considered to be a huge potential targets for chemotherapy 

and biotherapy modalities. However, understanding of molecular components involved in these 

checkpoints and DNA repair pathways is necessary to fully manipulate and exploit the 

mechanisms (Foster, 2008). 

Bevacizumab (Avastin) a monoclonal antibody, is a diffusible glycoprotein produced by 

both normal and neoplastic cells. It is an important regulator of physiologic and pathologic 

angiogenesis (Ferrara et al., 2003). Hurwitz et al. (2004) have introduced this new compound and 

it is in clinical practice, in particular the management of advanced CRC. Bevacizumab has shown 

promising preclinical and clinical activity against metastatic CRC. In a phase 2 trial of the 

treatment of CRC, the addition of bevacizumab to fluorouracil plus leucovorin increased the 

response rate, the median time to disease progression (Kabbinavar et al., 2003). Hurwitz et al. 
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(2004) treated 402 metastatic CRC patients with the combination of bevacizumab to fluorouracil-

based combination chemotherapy. It resulted in statistically significant and clinically meaningful 

improvement in survival. 

 

Adherent molecules 

E-Cadherin (CDH1), located on chromosome 16q22, is a transmembrane protein (80 

kDa) confined to epithelial cells and is mainly responsible for adherence junctions between them.  

The functions of E-cadherin are mediated through its cytoplasmic domain to the actin 

cytoskeleton via catenins complex which consists of α-catenin (also called CTNNA1, 102 kDa, 

chromosome 5q), β-catenin (also called CTNNB1, 92 kDa, chromosome 3p) and γ-catenin (83 

kDa, chromosome 17q) (Shiozaki et al., 1996: Nagar et al., 1996). α-catenin plays an important 

role in linking the E-cadherin-catenin complex to the actin cytoskeleton. It does not bind directly 

to E-cadherin, but interacts with it via β- and γ-catenins (Knudsen et al., 1992). β-catenin is 

considered  as an  important  oncogenes. It plays an important role in tissue morphogenesis, 

organogenesis, regulation of cadherin mediated cell recognition and adhesion (Haegel et al., 

1995) and activation of transducing oncogenic signaling cascades (Miller et al., 1999; Taipale et 

al., 2001).   

Usually β-Catenin is phosphorylated by Src (this phenomenon is necessary for its 

dissociation from E-cadherin (Coluccia et al., 2006)) and glycogen synthase kinase 3-β: 

adenomatous polyposis coli (GSK:APC) complex which leads to its ubiquination and 

proteasome-mediated degradation. Krishnan et al. (2006) have reported that GSK3 activity is 

decreased by the canonical Wnt signaling pathway, which involves the growth factor Wnt, the 

Wnt receptor Frizzled, and associated regulatory proteins such as Disheveled and Frat. It leads to 

diminish the phosphorylation and degradation of β-catenin which results in accumulation of β-

catenin in the cytoplasm and nucleus (Fig. 8A). In cancerous cells, β-catenin is oftenly found in 

the cytoplasm and nucleus where it associates with TCF family members to form a complex and 

activate transcripionally number of oncogenes, including c-Myc, cyclinD1 (Goss and  Groden, 

2000) (Fig. 8B).  
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Fig. 8. Wnt signaling pathway (A). In the presence of APC or in the absence of Wnt ligand, β-   

catenin is localized to the adherens junction where it is associated with E-cadherin. When 

phosphorylated, β-catenin is rapidly degraded by ubiquination of the APC complex. (B). 

When APC is mutated, or in the presence of the Wnt ligand, β-catenin accumulates in the 

cytoplasm and the nucleus and associates with members of the Tcf family of transcription 

factors to increase transcription of oncogenes (Derived from Goss & Groden, 2000).  

 

Tyrosine phosphorylation of β-catenin in response to growth factor stimulation induces 

disassembly of the E-cadherin-catenin complex, disrupting normal cell adhesion processes 

(Shibamoto et al., 1994). Reduced expression of cadherin-mediated adhesion may act as a 

promoter of tumour cell detachment from the primary site, stimulation for invasion of adjacent 

normal tissue and metastasis and this loss of expression has been associated with an aggressive 

tumour phenotype and highly invasive neoplasms (Bukholm et al., 1998: Pignatelli et al., 1994). 

In CRC, loss of E-cadherin has been associated with a more malignant phenotype and poor 

differentiation by stimulation of invasion (Tsanou et al., 2008). Comparative and combined 

analysis of these genes is promising in molecular diagnosis and determining the malignant 

potential of colorectal cancers. 

 

Justification of the study 
The incidence of CRC is increasing day by day in the world. Its rate varies widely in 

different geographical parts of the world. Different aspects of CRC have been studied in the other 
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countries of the world, but in Pakistan, relatively little or almost no information is available about 

different aspects of this disease at molecular level.  

Mutation in K ras gene is considered as one of the most important factors responsible for 

CRC. Experimentally induced mutations in K ras stimulates the migration of human CRC cells 

(Caco-2) cells by decreasing the level of E-cadherin/beta-catenin/p120 protein (adherent 

junction) complex formation (Li et al., 2010).  To study the molecular mechanism of CRC, 

mutational spectrum and presence of interaction or cross-talk between different proteins like K 

ras- and adherent molecules -mediated signaling cascades is very necessary. Different geographic 

locations and environmental influences are considered to impose distinct patterns on the 

spectrum of K ras mutations. K ras is found to be mutated in CRC (25-45%), pancreatic cancer 

(95%), thyroid (55%), lung cancer (35%) and breast cancer (5-10%). These mutations are known 

to be associated with diet related carcinogens, such as heterocyclic amines and other polycyclic 

aromatic hydrocarbons (Tachino et al., 1995; Bishehsari et al., 2006). Thus studying and 

comparing the molecular characteristics of CRC and analysis of related genes from populations 

having different ethnicity and environmental exposures, is necessary to understand the gene-

environment interaction.   

Therapies that target the ras proteins and the signaling pathways that they control would 

therefore be very valuable in treating tumors having K ras mutations.  There are almost 20 new 

therapeutic agents in clinical trials at present, and many more are being developed. Some of these 

agents should ultimately be effective for some tumor types, particularly when used in 

combination with other agents (Downward, 2003).  

More than 10 anti-K ras chemical agents (K ras enzyme inhibitors) are in clinical trials. 

Some of them are showing good results and ultimately be effective treatments for some tumor 

types. In addition, about 98% of CRC having K ras mutations show resistance to Cetuximab or 

Erbitex, the drug currently used for treatment of CRC. The analysis of K ras can be useful in 

customizing or selection of adjuvant therapy for patient, and hence can save the patient from side 

effects of chemotherapy. 

The analysis of K ras mutation spectrum  is, therefore, very important for the adequate 

treatment of CRC patients in Pakistan, as the methodology adopted in the present study for 

detecting the mutation can be used for diagnostic purposes in future. Also this study will help in 

understanding and locating the hotspots of mutations in K ras gene in CRC patient. This 

information will be useful for developing anti cancer therapies for Pakistani CRC patients.  

The main objectives of the present study, therefore, were to determine 

i) the frequency of K ras mutations, 



28 
 

ii) specific pattern of mutations in K ras and 

iii) the genotype / phenotype correlation in Pakistani CRC patients. 

In the following pages the methodologies adopted to achieve the results described in the 

adjoining sections, have been described under two sections: Section I comprises molecular 

analysis of K ras and adherent molecule complex, by comparing their expression pattern in 

normal and mutant (for K ras) CRC cell lines, wherases, Section II deals with the status of K ras 

mutations in Pakistani CRC patients. 
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MATERIALS AND METHODS 

 

All general laboratory reagents/chemicals used were from Sigma-Aldrich (Poole, UK) 

unless otherwise stated. For comparison of the expression of K ras and adherent molecule 

complex such as E-cadherin, Alpha-catenin and Beta-catenin (at message and translational level) 

in normal and mutant (for K ras) cell lines, following methodology was adopted. 

 

General sterilization 

All cell culture manipulations were carried out using aseptic technique in class II Cytomat 

Pharmaceutical Safety cabinets (Medical Air Technology Ltd).  The cabinet, and all equipment 

used were wiped down with 70% ethanol prior to culturing in order to maintain a good aseptic 

technique.  All glassware and Pasteur pipettes used were autoclave sterilized at 121°C and 15psi 

for 30 minutes (Prior Clave Ltd).  Disposable, sterile, plastic tissue culture flasks (NUNC, 

Fischer Scientific UK), pipettes, and centrifuge tubes (Sterilin, Staffordshire, UK) were used for 

general culturing techniques.  Cells were incubated in LEEC MK11 proportional temperature 

controller incubators at 37°C with an atmosphere of 5% CO2.  Cell culture medium was prepared 

freshly as and when required and was only used if a corresponding sterility test showed no 

contamination. Only sterile solutions were used for cell culture. 

  

Selection of cell lines 

For this part of project, two human colorectal cancer cell lines were selected i.e, Caco-2 

(wild type for K ras at codon 13) and DLD1 (mutant for K ras at codon 13, confirmed by 

sequencing). The stored cell lines (provided by American Type Culture Collection, ATCC) were 

carefully removed from liquid Nitrogen and rapidly thawed by transferring to a 37°C water bath 

and gently agitating.  When completely thawed, the storage vials (Cryovials) were cleaned with 

70% ethanol and contents were transferred to a medium sized 80 cm2   flasks containing 10mls of 

growth medium. The flasks were incubated at the optimum conditions for growth of cells (37°C 

in 5% CO2) and checked regularly under the light microscope for cell growth and general cell 

health. 
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Cell culture medium 
 

The growth medium used for the cell lines were as follows: 

(1). DLD1 – Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco-BRL, Paisley, UK) 

supplemented with 10% (v/v) Fetal Bovine Serum (FBS) (50mls in 500mls of medium) (Gibco-

BRL, Paisley, UK) , 2mM Glutamine (Invitrogen, Paisley, UK) (5mls in 500mls of medium) and 

1% Non-essential Amino acids (NEAA) (Invitrogen) (10µl  in 500mls medium).   

(2). Caco-2 – Rosswell Park Memorial Institute (RPMI) 1640 (Gibco) supplemented with 10% 

(v/v) Fetal Bovine serum (FBS) (50mls in 500mls of medium) (Gibco-BRL, Paisley, UK) and 

2mM Glutamine (Invitrogen, Paisley, UK) (5mls in 500mls of medium). 

Culture medium was prepared in the aseptic environment. A sterility test was done by 

placing 10ml of fresh medium to a small 25cm2 culture flask, and left for 2 days in a gassed 

environment with 5% CO2 at 37°C to check for contamination; the flask was routinely monitored 

for cloudiness and particulate matter under the Nikon light microscope (Olympus Optical Co. 

Ltd, London, UK).  

 

Sub-culturing    

On reaching to confluency (generally between 70-80%), cell lines were sub-cultured at a 

ratio of 1:3 into medium 75cm2 flasks as follows.  After removal of culture media cell layer was 

washed with Phosphate Buffered Saline (PBS) (Gibco). The adherent cells were then detached 

from the flasks by trypsinizing (using 2-3ml Trypsin/EDTA, form Gibco) at 37°C for 5 minutes.  

The flasks were then gently agitated by tapping until the cells completely detached as were seen 

under the light microscope.  After complete detachment of cells, Trypsin was deactivated by 

adding 5mls of Fetal bovine calf Serum to the flask and the resulting cell suspension was spinned 

down at 1400 rpm for 8 min and supernatant tapered off.  The obtained cell pellet was 

resuspended in 3mls of culture media and transferred to the flask containing 10mls of pre-

warmed medium (at 37°C for 20 minutes).  

 

Freezing down attached cell lines  

For the permanent storage, cells at 70% confluence were trypsinised and centrifuged at 

1500 rpm for 8 min. The resultant pellet was resuspended in 5mls freezing media (Fetal bovine 

calf serum inactivated calf serum (Gibco) + 10% Dimethyl Sulfoxide and divided amongst 

cryovials (1x102 cells/ml). The cryovials were subsequently placed in a ‘Biocell freezing vessel’ 
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and placed in a -80°C and after 24 hours, moved in liquid Nitrogen freezer for permanent storage.
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Confirmation of mutation at codon 13 in DLD1 

Caco-2 contains a normal K ras (Delag et al., 1993) while DLD1 has heterozygous 

mutation at codon 13 of K ras (Trainer et al., 1988). For confirmation of presence of mutation at 

codon 13 of K ras in DLD1, specific region of gene from both cell lines (Caco-2 and DLD1) was 

amplified and sequenced. For this purpose genomic DNA was extracted from the cell lines using 

Qiagen DNA extraction kit (Hilden, Germany) according to the protocol published by 

manufacturers (Appendix I). Extraction was performed in a Class II Laminar Flow Hood. 576 bp 

PCR product was amplified and sequenced by using 50ng of genomic DNA as a template in 50µl 

reaction mixture, containing 0.2 units of Taq DNA polymerase (Fermentas Life Sciences), 

1.5mM MgCl2, 2.5mM dNTPs, and 10pM of each K ras-S forward and K ras-S reverse primers 

(Claire et al., (2009) shown in Table 2). Initial denaturation was carried out for 4 minutes at 

94°C, then 35 cycles, each of denaturation at 94°C for 45 seconds, annealing for 60 seconds at 

52°C, followed by extension at 72°C for 30 s. 10 µl of amplified PCR products were checked on 

1% agarose gel. PCR product was purified by ‘QIA quick gel extraction kit cat# 28704’ 

according to the manufacturer’s instructions (Appendix II) and sequenced by using forward and 

reverse primers. 

 

Comparison of expression of K-ras, E-cadherin, Alpha-catenin and Beta catenin 

in Caco-2 and DLD1 cell lines  

 
Real time PCR 

            cDNA preparation 

Total RNA was extracted from the cells using RNeasy kit (Qiagen, UK) according to the 

protocol published by manufacturers (Appendix III). Extraction was performed in a Class II 

Laminar Flow Hood, cleaned with RNase Zap wipes (Ambion Ltd, Cambridgeshire, UK) prior to 

experimentation and DNase/RNase free filter tips were used in whole experiment.  

The purified RNA products were analysed for quality and quantity by measuring 

absorbance at 260nm and 280nm on Nanodrop ND-100 spectrophotometer (LabTech 

International, UK). The concentrations were read as µg RNA/ml. In addition to ascertain the 

purity of the RNA, the absorbance ratio at 260/180 nm was also determined. RNA samples were 

only utilized in further experiments if their ratio were within limits of 1.7-2.2. cDNA was 
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prepared by using ‘High Capacity cDNA reverse transcription Kit’ (Applied Biosystems, USA) 

by following the protocol published by manufacturer’s (Appendix IV). 

The expression of K ras, E-cadherin, Alpha-catenin and Beta-catenin in Caco-2 and 

DLD1 cells at transcriptional level was compared by Real time PCR (MY IQ-2, Bio-Rad, 

Hertfordshire, UK). For Real time PCR, cDNA prepared from total RNA extract from the cells 

was used for amplification of K ras, E-cadherin, Alpha-catenin and Beta-catenin.  Beta-actin 

was used as house keeping gene for normalization. 

  

            Preparation of standard curve 

 To ensure consistency in experiments, a standard curve was generated by doing the 

reverse transcription step and subsequently a tenfold serial dilution, made from neat cDNA to 

1×10-3 in DNase free water. Each cDNA sample was analyzed in triplicate for each gene on 

qRT-PCR and a curve was analyzed by the iCycler-iQ software. 

 

            Amplification 

The primers used for the amplification are given in Table 2. The assay was done in 

triplicate and each experiment was repeated for the confirmation of results. Annealing 

temperature was optimized for amplification of each set of primer by amplifying the genes at 

different temperatures by using conventional thermal cycler and the products were analyzed on 

agarose gels.  

The reaction mixture comprised of 2 µl cDNA, 12.5 µl of Syber green Master Mixture 

(containing polymerase, PCR buffer and MgCl 2  by Bio-Rad, UK), 0.4 µl of (25mM) dNTPs and 

d. H2O to volume up the reaction (20 µl).  The negative controls (d.H2O) were run to check that 

the primers and Taq polymerase /SYBR green PCR mixes are not contaminated. Negative 

controls also determine if the primers are forming primer-dimer artifacts which are most readily 

seen when there is no appropriate DNA for amplification. The β-actin housekeeping gene was 

used as an internal control throughout.  
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Table 2. Primers used for qRT-PCR.  

Gene 
 

Sequence (5’-3’) Source 

Alpha- Catenin Forward CTGGGAGGAGAGCTCATCA 
 

This study 

Alpha-Catenin Reverse TTTCACTGTTTGCACTACAGCATTC 
 

This study 

Beta-Catenin Forward TGTTCTCAGATTTCTGGTTGTT 
 

This study 

Beta-Catenin Reverse CACTTTCTGAGATACCAGCC 
 

This study 

E-Cadherin Forward CTGTCGAAGCAGGATTGCAAA 
 

This study 

E-Cadherin Reverse GAAGAAACAGCAAGAGCAGCA 
 

This study 

K-ras Forward GCAAGAGTGCCTTGACGATA 
 

This study 

K-ras Reverse TCCAAGAGACAGGTTTCTCCA 
 

This study 

Beta-Actin Forward GATGGCCACGGCTGCTTC 
 

(Doak et al., 2004) 
 

Beta-Actin Reverse TGCCTCAGGGCAGCGGAA 
 

(Doak et al., 2004) 
 

K-ras-S Forward AGTTTGTAAATGAAGTACAGT This study 

K-ras-S Reverse TCTCACGAAACTCTGAAA This study 

Alpha- Catenin-S Forward CCACACTGAACCTTTCAGAA This study 

Alpha- Catenin-S Reverse GCCTTTCAGCCCTTGCAG This study 

 

 K ras and β-actin (control) was amplified utilising the following conditions:   

1. 95°C for 10 min 

2. 94°C for 30s 

3. 55°C for 30s 

4. 72°C for 30s 

5. 55°C for 30s 

6. 72°C for 7 min 

7. 95°C for 30s 

8. 55°C for 10s 

9.  10s at each 1°C increase in temperature from 55°C to 95°C to generate a melt curve 

X    40 Cycles 
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E-cadherin, α-catenin,  β-catenin and β-actin (control) were amplified utilising the following 

conditions:   

1. 95°C for 3 min 

2. 94°C for 30s 

3. 59°C for 30s 

4. 72°C for 30s 

5. 55°C for 30s 

6. 95°C for 30s 

7. 55°C for 10s 

8.  10s at each 1°C increase in temperature from 55°C to 95°C to generate a melt curve. 

 

            Data analysis 

All data was analyzed using the iCycler-iQ software. A melt curve analysis was included 

to determine the specificity of the PCR reaction products that had been generated (samples 

without the correct melting temperature (Tm) indicated contamination or primer-dimer artefacts. 

Comparison of expression of K ras and adherent molecules in Caco-2 (control and wild type for 

K ras) & DLD1 (mutant for K ras) cell lines was calculated by the iCycler-iQ software 

automaticaly (in ΔΔCT units). As β-actin was used as house keeping gene and Caco-2 cell lines 
was used as a control. Negative ΔΔCT value represents down-regulation of gene in DLD1 in 

comparison to corresponding Caco-2. 

 

 

Western blotting 
The expression of K ras, E-cadherin, Alpha-catenin and Beta-catenin in Caco-2 and 

DLD1 on translational level was compared by Western blotting (Hongbao, 2006). β-actin was 

used as a control. Briefly, protein was extracted, quantified and detected by blotting on 

memebrane using Bio-Rad chemiluminescence detection assay.  

   

           Protein extraction and quantification 

Cell lines were grown in the respective media and total protein was extracted from cell 

lines by using RIPA Buffer (R 027, Sigma, USA) according to the protocol published by 

X    40 Cycles 
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manufacturers (Appendix V). RIPA buffer has been designed to disrupt the plasma membrane of 

the cells resulting in the isolation of the cytoplasmic proteins.  

The extracted protein was quantified by using ‘Bicinchoninic acid protein assay kit’ 

(BCA) (Thermofishere Scientific, Waltham), different concentrations of standards were prepared 

according to the manufacture’s protocol. The working range of this assay was 125 – 2000 µg/ml. 

The working reagent was made by adding 50 parts of reagent A (Bicinchoninic acid, sodium 

tartrate, sodium carbonate, and sodium bicarbonate in 0.1 N NaOH) and 1 part of reagent B 

(containing 4% copper (II) sulphate penta-hydrate). The assay was run in triplicate for each 

standard and unknown sample. 200 µl of working reagent was mixed in each sample and reaction 

plate was incubated at 37°C for 30 min. The absorbance of each sample was measured at 515 nm 

on a plate reader. The protein concentration in unknown samples was determined by comparison 

of the average of the absorbance to the standard curve calculated from BCA protein standards. 

  

              Electrophoresis of extracted protein 

  The extracted protein samples were electrophoresed on 12% acrylamide: bisacrylamide 

gel. The gel was prepared (by adding 4 ml of (30%) Acryl-bisacrylamide, 2.5ml of 1.5 M Tris-

HCl pH 8.8, 100µl of 10% SDS, 50µl of 10% Ammonium per Sulphate, 6µl of TEMED and 3.34 

ml of water and allowed to polymerize for 1 hour at room temperature. Samples were mixed with 

Laemmli Buffer (Bio-Rad, UK) in a 1:1 ratio, vortexed, incubated for 5 min at 95-100°C and 

spun to settle down and 20 µg of protein samples were loaded in each well. 10 µl of Bio-Rad 

Western C protein marker was loaded for size comparison. Electrophoresis was carried out in 

running buffer (25 mM Tris pH 8.3, 192 mM Glycine, 0.1% (w/v) SDS) at 120v until the dye 

front reached the bottom of the gel. 

 

          Blotting on membrane 

For blotting of proteins on membrane, PVDF membrane was immersed in 100% methanol 

until translucent and fibre pads, Bio-Rad Blot Paper and membrane were equilibrate for 10 min 

in transfer buffer (20 mM Tris (pH 8.3), 192 mM Glycine, 20% (v/v) Methanol, 0.1% (w/v) SDS, 

pre-cooled at 4°C). The protein was transferred to PVDF Membranes at 400 mA for 1 hr at 4°C 

in transfer buffer. The membrane was washed briefly in 1xTBS/T buffer (20 mM Tris (pH 7.6), 

125 mM NaCl, 0.1% (v/v) Tween20).   

 

          Blocking and antibodies probing 
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To avoid the nonspecific binding, the membrane was incubated in 5–10 ml blocking 

buffer (5% Non-fat dried milk in PBS) for 1 hr at room temperature with gentle agitation. 

Blocking buffer was removed and membrane was incubated in primary antibody diluted in 10 ml 

blocking buffer overnight at 4°C with gentle agitation. Primary antibodies used were Mouse 

monoclonal anti–K-ras (Santa Cruz, Biotechnology; 1:2,000), Rabbit anti-α-catenin (1:5000; 

Sigma-Aldrich), Mouse anti-β-catenin (1:1000; BD Biosciences, San Jose, CA), Rabbit anti-E-

cadherin (1:1000; Cell Signaling Technology Inc.), and Mouse anti- β-actin (1:1000; Cell 

Signaling Technology Inc.). Membrane was washed for 4 × 5 min in 1xTBS/T at room 

temperature with strong agitation and incubated in HRP-conjugated secondary antibody for 1 hr 

at room temperature with gentle agitation. Protein Standards (Bio-Rad WesternC) was incubated 

in Bio-Rad StrepTactin-HRP Conjugate diluted in 5–10 ml blocking buffer. Membrane was 

washed for 4 × 5 min in 1xTBS/T at room temperature with strong agitation.  

 

         Detection by chemiluminescence 

Protein was detected by using Bio-Rad Immun-Star WesternC Chemiluminescent kit. 

Luminol/enhancer and peroxide buffer solutions was mixed in a 1:1 ratio to prepare substrate 

solution and membrane was incubated in it for 5 min at room temperature and visualised by using 

the Bio-Rad ChemiDoc XRS.  Images were saved and membrane was placed on filter paper, 

dried at room  temperature and stored at 4ºC.   

 

        Stripping and reprobing of the membrane 

For stripping and re-probing, the membrane was washed in 1xTBS/T, incubated for 4 × 5 

min in stripping buffer (200 mM Glycine (pH 2.2), 0.1% (w/v) SDS, 1% (v/v) and Tween 20) at 

room temperature with strong agitation and washed again for 4 × 5 min in1xTBS/T. After 

complete washing, membrane was rehydrated by incubating in 100% methanol and washed 

briefly in 1xTBS/T followed by proceeding to blocking and antibody incubations as described 

earlier.  
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RESULTS 

 

Confirmation of mutation at codon 13 in DLD1 cell lines 

The specific amplified region (contaning the codon 13) of K ras was sequenced and  it 

was confirmed that Caco-2 used in our experiments contains a wild type K ras (GGC at codon 

13) and DLD1 contains heterozygous mutation at codon 13 (GAC) (Fig.9). 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig.9. Sequence analysis of codon 13 in DLD1 and Caco-2 cell lines.  In DLD1 the codon 13 showed mutation, 

amino acid Glycine was converted into Aspartate while Caco-2 showed wild type codon 13. 

 

 

Relative average expression of K ras, α-catenin, β-catenin and E-cadherin as determined by 

message level 

            K ras 

Relative average expression of K ras was analyzed in Caco-2 (control, wild type for K 

ras) and DLD1 (mutation at codon 13 of K ras) by qRT-PCR. As compared to Caco-2, a slightly 

higher expression of K ras was observed in DLD1 cell lines, but the calculated fold increase was 

not in significant range (0.5-1.5). The final values calculated by Real time PCR iCycler-iQ 

software automaticaly (in ΔΔCT units) are shown  in Table 3 and Figure 10. As β-actin was used 

as house keeping gene (so its expression is denoted as NA) and Caco-2 cell lines as a control so, 

the final value in DLD1 cell lines was normalized to the control and hence, the expression in 

control is considered as 1.  
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Table 3. Relative average expression of K ras in Caco-2 and DLD1 cell lines. 

Cell lines Gene Mean Ct Ct SD Expression Expression 
SD 

K ras 22.9 0.13786 1 0.26978 Caco-2 
(wild-type) β-actin 18.66 0.34098 N/A N/A 

K ras 20.53 0.18765 1.81981 0.44584 DLD1 
(mutant) β-actin 18.84 0.57238 N/A N/A 

 
 

 
 
 

 

 

             

 
    
 
 
 
 
 
 
Fig. 10. Comparison of expression of K ras in Caco-2 (control and wild type for K ras) & DLD1 (mutant for K 

ras) cell lines by qRT-PCR. A slightly higher expression of K ras was observed in DLD1 as compared 
to Caco-2 cell lines. 

 
           α-catenin, β-catenin and E-cadherin  

Relative average expression of Alpha-catenin (α-cat), Beta-catenin (β-cat) and E-

cadherin (E-cad) in Caco-2 and DLD1 cell lines was calculated by Real time PCR iCycler-iQ 

software automaticaly (in ΔΔCT units) are given in Table 4 and graphically represented in Figure 

11. As β-actin was used as house keeping gene (so its expression is denoted as NA) and Caco-2 

cell lines as a control so, the final value in DLD1 cell lines was normalized to the control and 

hence, the expression in control is considered as 1. Negative ΔΔCT value represents down-

regulation of gene in DLD1 in comparison to corresponding Caco-2. E-cadherin and β-catenin 

showed slightly lower expression while α-catenin showed significantly reduced expression in  

DLD1 as compared to Caco-2 cell lines. 
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           Table 4. Relative average expression of α -catenin, β-catenin and E-cadherin in 
           Caco-2 and DLD1 cell lines. 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
Fig.11. Comparison of expression of E-cadherin, β-catenin and α-catenin in Caco-2 (control and wild type for 

K ras) & DLD1 (mutant for K ras) cell lines by qRT-PCR. E-cadherin and β-catenin showed slightly 
reduced while α-catenin showed significantly reduced expression in  DLD1 as compared to Caco-2 cell 
lines. 

 
A significant down regulation was noticed in the expression for   β -catenin and  E-cadherin 

(4.2 fold decrease) while the expression of α-catenin was not significantly changed (1.3 folds 
decrease). 

 
Fold decrease in expression 

 
Gene                 Caco-2                 DLD1 
α-catenin             1                         -1.3 
β -catenin            1                         -4.2 
E-cadherin          1                         -4.2 

 

Condition Gene Mean 
Ct 

Ct SD Expression Expression 
SD 

α-catenin 22.58 0.04365 1.00000 0.15362 
β-catenin 22.44 0.20846 1.00000 0.20872 
E-cadherin 19.68 0.15031 1.00000 0.18314 

Caco-2 
(wild-type) 

β -actin 18.06 0.21729 N/A N/A 
α-catenin 23.87 0.08010 0.76991 0.11303 
β-catenin 25.41 0.03320 0.24022 0.03311 
E-cadherin 22.66 0.23604 0.23838 0.05070 

DLD1 
(mutant) 

β -actin 18.98 0.19606 N/A N/A 
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Expression of K ras, α-catenin, β-catenin and E-cadherin as determined by translational  

product. 

 
When expression of K ras was compared on translation level in Caco-2 and DLD1cell 

lines, a slight increase in expression was observed in DLD1 (Fig. 12A), α-catenin showed slight 

down regulation or decrease in expression in DLD1 as compared to Caco-2 (Fig. 12B) while β-

catenin expression level in DLD1 was significantly downregulated (Fig. 12C) and E-cadherin 

also showed the visible downregulation in DLD1 as compared to Caco-2 (Fig. 12D). 
 

 

     (A)                                                                                                      (B)   
 
 
 
            
 
 
 
 
 
 
  
 
 
 
        
  
  (C)                                                                                                                      (D)       
        
 
 
 
 
 
 
 
 
Fig.12. Expression of K ras, α-catenin, β-catenin and E-cadherin in Caco-2 and DLD1 cell lines as determined 

by estimation of translational level through Western blotting technique. (A) Comparison of K ras 
expression in Caco-2 and DLD1, (B) Comparison of α-catenin expression in Caco-2 and DLD1, (C) 
Comparison of β-catenin expression level in Caco-2 and DLD1, (D) Comparison of E-cadherin 
expression in Caco-2 and DLD1. 

β -catenin 
 
   β -actin 

E-cadherin 
  
 
  β -actin 
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DISCUSSION 

 

Constitutive activation of mutant Ras proteins plays an important role in cell 

proliferation, apoptosis and differentiation by transducing signals from cellular receptors to 

signalling cascades within the cell. Ras mutations are considered as an early event found in 

progression of approximately 30% of colorectal cancers (Waldner and Neurath, 2010).  K ras is 

one of the important Ras genes found to be mutated in different cancers. In colorectal cancer, it 

has been considered to be involved in early stages of carcinogenesis.  

The adherent molecules or E-cadherin–catenin complex (E-cadherin, α-catenin, β-catenin 

and γ-catenin) plays a crucial role in epithelial cell-cell adhesion and in the maintenance of tissue 

architecture. Distraction of this particular complex can lead to scattering of cells (Keller, 2007).  

Loss of E-cadherin-mediated adhesion has been reported to be involved in the neoplastic process, 

allowing cells to escape normal growth control signals, resulting in loss of differentiation and 

increased cell proliferation associated with invasive behaviour (Tsanou et al., 2008; Lochner and 

Birchmeier, 1991).  

In the first section of this study, molecular analysis of K ras with reference to its 

association with adherent molecule was addressed in two colorectal cancer cell lines i.e Caco-2 

and DLD1. Caco-2 contains a normal K ras (Delag et al., 1993), while DLD1 has heterozygous 

mutation at codon 13 of K ras which is responsible for its malignant properties (Trainer et al., 

1988). DLD1 also possesses a p53 mutation, which has not been found responsible for malignant 

properties in this particular cell line (Shirasawa, 1993). Presence of mutation at codon 13 (G13D) 

in DLD1 was confirmed by PCR based sequencing.  

K ras expression has been analyzed in these cell lines at transcriptional level by 

measuring mRNA level by qRT-PCR and translational level by western blotting. As compared to 

Caco-2, a slightly higher expression of K ras was observed in DLD1 cell lines, but the calculated 

increase was not significant. When expression of adherent junction proteins was compared in 

these two cell lines, α-catenin showed a slight decrease (1.3 folds) in expression level, while β-

catenin and E-cadherin were significantly down regulated (4.2 fold decrease) at transcriptional 

level by qRT-PCR. The results of real time analysis were found to be concordant with western 

blotting. 
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Down regulation in expression of adherent molecules has also been reported 

previously in different cancers. Reduced expression in E-cadherin, β-catenin or α-catenin 

has been observed in CRC with frequent lymph node metastasis (Takayama et al., 1998). 

Joo et al. (2002) have demonstrated that reduced expression of β-catenin and α-catenin is 

associated with tumor differentiation. It has been observed that α-catenin acts as a tumor 

suppressor in DLD1 cell lines and it’s over expression can mitigate the effect of mutant K 

ras in these cell lines.  

Down regulation in the expression of E-cadherin has been reported to be associated to 

advanced stage of CRC (Zheng et al., 2010), tumour size, histopathology and differentiation 

(Tsanou et al., 2008). Herzig et al. (2007) have reported that loss of E-cadherin expression 

results in β-catenin degradation and blocking of Tcf/β-catenin-mediated transcriptional activity in 

mammalian cell but the forced expression of constitutive-active β-catenin or genetic ablation of 

Tcf/β-catenin transcriptional activity in these cells does not affect tumor progression. So this is 

an indication that signals other than β-catenin/Tcf-mediated Wnt signaling is induced by the loss 

of E-cadherin during this tumor progression. 

Oncogenic K ras has been observed to effect the expression of E-cadherin in human 

prostate and pancreatic ductal cells also. Kwon et al. (2010) have reported that over expression of 

K ras reduces the expression of E-cadherin in pancreatic cells by hypermethylation of promoter 

which decreases aggregation of cells leading to increase in metastasis in human prostate cells. 

Agbunag and Bar-Sagi (2004) have reported that its oncogenic expression trigger the mitogenic 

activity of pancreatic ductal cells by reducing the expression of E-cadherin. 

K ras and β-catenin signalling synergize to stimulate tumor formation in colon and 

prostate (Braeuning et al., 2007; Janssen et al., 2006).  Activation of either of these two pathways 

results in tumor development and progression (Miller et al., 1999; Taipale et al., 2001). Zhang et 

al. (2003) have reported that mutational activation of K ras and oncogenic activation of β-catenin 

has an inverse correlation. Synchronous activation of both these genes may exert synergistic or 

syngeneic effects in invasion and metastasis of colorectal cancers. A possible link proposed for 

this behavior was tyrosine phosphorylation of β-catenin (disruption of cell adhesion molecules 

complex) by activated Ras (Kinch et al., 1995). Loss of α-catenin has been found to increase the 

aggressiveness of tumor cells (with mutation in K ras) but on reintroduction cell adhesion and 

proliferation was significantly reduced. So it is being considered as a potent suppressor of 

colorectal tumors (having mutations in K ras) (Claire et al., 2009). Ahmad et al. (2011) have 

reported that ras pathway activation strongly cooperates with Wnt signaling to drive bladder 
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cancer. K- ras plays very important role in Ras signaling or MAP kinase pathway and formation 

of adherens junction seems to activate the MAP kinase pathway indirectly by ligand independent 

activation of the EGFR (Pece and Gutkind, 2000) (Fig.13). Stimulation of growth factor receptor 

stimulates the adherens junctions assembly and activation of Ras which results in activation of 

Raf kinases at the cell membrane (Orton et al., 2005). On activation, Raf kinases phosphorylate 

Mitogen activated protein kinase kinase (MEK) to be phosphorylated which inturn activates 

Mitogen activated protein (MAP) signal transduction cascade (Kolch, 2000). Active MAP kinase 

effects the cell survival by alteration to downstream targets, which control the activities of 

transcription of genes involved in cell survival and inhibition of the pro-apoptotic protein (Bonni 

et al., 1999) (Fig. 13). DLD1 showes cell migration, proliferation and highly aggressive 

tumorigenicity while Caco-2 is non metastatic cell line (Shahrzad et al., 2005; Shah et al., 1994). 
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Fig.13. Ras signaling in CRC cell having wild type codon 13 in K ras, adherent junction complex is providing 
strong mechanical attachment to hold the two adjacent cells together. Binding of the cell surface 
Receptor Kinase (RTK) by ligand converts Ras-GDP to Ras-GTP, followed by the sequential 
activation of Raf (serine threonine) kinase, Mitogen activated protein (MAP) kinase kinase called 
MEK and Extra cellular signal-regulated kinase (ERK). The MEK and ERK complex dissociates 
when MEK is activated and phosphorylates ERK.  The ERK translocates into the nucleus and 
phosphorylates various downstream substrates involved in proliferation. 

 

On the basis of accumulating evidences by present study and some of the previous studies 

(Taipale et al., 2001; Downward, 1998; Tang et al., 2000), presence of a possible cross talk can 

be expected between K ras and adherent junction mediated signaling cascades. Our results 

suggest that due to heterogenous mutation (G to D) in codon 13 is responsible for overexpression 

of K ras and down regulation of expression of adherent complex in DLD1 cell lines compared to 

Caco-2. This downregulation of expression of E-cadherin, α- and β-catenin may lead to 

dissociation of the adherent junction complex causing loosening of the junction between the 

tumor cells and hence leading to metastasis. It has been observed that almost 30 to 40% of the 

metastatic CRC and most of these tumors harbouring K ras mutations do not show any response 

to Cetuximab (chemotherapy currently being used for CRC treatment). So in metastatic CRC K 

ras mutation is highly predictive of tumour resistance to Cetuximab (Fiore et al., 2007: Lievre et 

al., 2006). It also supports the idea that there is a possible cross talk in K ras and adherent 

junctions signaling which needs to be confirmed by further experimentation. A possible model is 

being proposed in Figs.13 and14. 

 



46 
 

 
 

Fig.14. Possible cross talk in K ras and adherent junction complex. Ras signaling in cell having mutation in 

codon 13 in K ras leading the downregulation in expression of adherent junction complex partner 

proteins i.e E-cadherin, α- and β-catenin which can cause the dissociation of adherent complex 

resulting in  intravasation of malignant cells from the primary site causing metastasis. 
 

Our results presented in this study are based on cultured cells and hence in vitro analysis 

and thus need to be confirmed in vivo.To demonstrate the effect of K ras mutations on expression 

of these proteins and their role in signaling and tumorigenicity, the mechanism should be studied 

in normal and cancerous CRC cell lines by disruption of K ras, α-catenin, β-catenin and E-

cadherin. Reintroduction of these protein and effect on their carcinogenesis ability can better 

explain their exact role. 
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MATERIALS AND METHODS 

 

Patient’s eligibility criteria 

Inclusion criteria: In the present study patients of all age groups and sex, with  confirmed 

CRC were included. 

Exclusion criteria: Patients undergoing any anticancer treatment were excluded. 

 

          Patient information sheet 

Selected patients were asked to participate in the study. To make an informed 

judgment, a comprehensive information sheet (Appendix VI) was prepared, which explained the 

purpose, benefits and risks involved in the present study. Patients were ensured about the 

confidentiality of results and privacy of the hospital record. One copy of information sheet was 

also given to each patient. 

 

Patients consent form 

Patient consent form (Appendix VII) was prepared (both in English and Urdu languages) 

and patient was given the opportunity to decide for this donation. Consent form was duly signed 

by the patient or the guardian. He/she was given the complete right to withdraw the consent at 

any time for any reason and it was ensured that this will not affect patient’s care in the future.  

 

Patient questionnaire  

 A questionnare was prepared (Appendix VIII). Pateint was interviewed to get the 

complete information about age, sex, nationality, site, stage and grade of tumor, life style of the 

patient, economic condition, dietary habits, other health problems, family history, smoking and 

presence of any type of  addiction etc. 

 

Sample collection 

Sample collection was done from different hospitals of Lahore. Total 150 CRC samples 

were (meeting our inclusion criteria with the informed consent) collected from Shukat Khanum 

Cancer Hospital and Research Centre, Services Hospital Lahore, Jinnah Hospital & Trust 

Hospital, Lahore. Tumor tissue, its adjacent normal tissue (12 cm away from the tumor location), 

whole blood (3 ml to 5 ml) and paraffin-embedded tissue (when required) of study subjects were 

taken. The tissue samples were immediately transferred to liquid nitrogen, and then stored at -
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800C until further processed. Blood samples were placed in ice buckets and transported to the 

laboratory of School of Biological Sciences (SBS) for the extraction of DNA or stored at 40C. 

 

DNA isolation 

 

            From blood 

Extraction of genomic DNA from blood samples was done by following the protocol 

established by Helms (1990) (with some modifications) which basically consists of 3 important 

steps i.e  isolation and  lysis of  WBCs, removal of proteins and cellular debris and finally the 

elution of DNA.  

For the lysis of RBCs, to 1 volume of blood, 2 volumes of cold sterile, distilled, de-

ionized water and 1 volume of sterilized buffer A (0.32 M Sucrose, 5 mM MgCl2, 10 Mm Tris 

HCl, pH adjusted to 7.6 and 7.5 ml Triton X-100 was added and final volume was made up to 1 

liter with sterilized, de-ionized distilled water) was added. Samples were inverted 6-8 times, 

incubated on ice for 15 minutes and centrifuged at 274 x g (3500 rpm) for 15 minutes at 40C. 

Supernatant was discarded and pellet was resuspended completely in mixture of 2 ml buffer A 

(by vortexing for 30 sec) and 6 ml water and centrifuged  at 274 x g (3500 rpm) for 15 minutes at 

40C. 5ml of buffer B (4 mM Na2EDTA, 100 mM NaCl, 20 mM Tris HCL, pH is adjusted to 7.4, 

final volume was made up to 1 liter with sterilized, de-ionized, distilled water, filter sterilized 

before use) and 500 µl of 10% SDS was added to the pellet. 

For removal of proteins and cellular debris, pellet was resuspended completely by 

vortexing for 30-60 seconds. 50 µl of Proteinase K solution (Fermentas, Life sciences) 

(20mg/ml) was added to the samples and mixture was incubated at 450C overnight or at 550C for 

two hours. After incubation samples were placed at ice for 10 minutes. 4ml of 5.3 M NaCl 

solution (30.98g NaCl dissolved in 100ml water) was added to the samples. Solution was cooled 

until it became cloudy. Samples were vortexed gently for 15 seconds and centrifuged 

immediately at 453Xg (4500 rpm) for 20 minutes at 40C. for elution of DNA, supernatant was 

poured off into a fresh tube and equal volume of chilled isopropanol (-200C) was added to it. 

Mixture was inverted 5-6 times (gently) to precipitate the DNA. Then it was centrifuged at 274 x 

g (3500 rpm) at 40C for 15minutes and supernatant was removed and DNA pellet was washed 

with 1ml of 70% ethanol by centrifugation at 453 x g (4500rpm) for 10minutes.  Supernatant was 

removed and pellet was air dried at 370C for 30 minutes. For the elution of DNA, pellet was 

resuspended in 300-400ul of sterile water. It was incubated at 55°C for 5 minutes and left at room 

temperature overnight or at 370C for 3 hrs. DNA was heated at 700C for 1hr to inactivate the 
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remaining nucleases. RNA impurities in the DNA were removed by treating the DNA with 

RNase. 1 µl of RNase was added for every 10 µl of extracted DNA. It was mixed and incubated 

at room temperature for 30 minutes. Extracted DNA was quantified by agarose gel 

electrophoresis and spectrophotometry and stored at -200C for future use. 

 

From tissue samples 

Extraction of genomic DNA from fresh frozen tissue samples was done by Puregene 

DNA extraction kit (Gentra) by following the protocol given by the manufacturers. For this 

purpose, 5-15 mg (0.005-0.015gm) of tissue sample was pulverized in liquid nitrogen and 

transferred to a sterilized 1.5ml micro centrifuge tube (eppendorf tube). 300 µl of cell lysis (cat# 

D-5002) solution was added in the pulverized sample and mixed thoroughly to homogenized. 1.5 

µl of Proteinase K solution (Fermentas, Life Sciences) (20mg/ml) was added to the sample and 

mixed gently. Incubated the lysate at 550C for 3 hours to overnight until the tissue particulates 

have dissolved. Sample tube was inverted during the incubation time. 

For the precipitation of proteins from the lysate, sample was cooled down to room 

temperature by putting at ice for 5 minutes and then 100 µl of protein precipitation solution (cat# 

D-5003) was added. Sample was vortexed vigorously at high speed for 20 seconds. To settle 

down the proteins in the form of the pellet, sample was centrifuged at 11269Xg (12000 rpm) for 

3 minutes and spernatant was decanted into a sterilized microcentrifuge tube and added 300 µl 

100% isopropanol (2-propanol) to precipitate out the DNA. Sample was mixed carefully to by 

inverting very gently (upto50 times) and centrifuged at 11269Xg (12000 rpm), for 1 minute. 

Supernatant was discarded and sample tube was drained on clean absorbent paper. For washing 

the DNA pellet, 300 µl of 70% ethanol was added to the sample and inverted several times. Then 

centrifugation was done at 11269Xg (12000 rpm), for 1 minute. 

Ethanol was carefully poured off and sample tube was allowed to air dry the pellet for 5-

15 minutes. 300 µl of hydration solution was added to the pellet and let it to be dissolve. 

Extracted DNA was quantified by agarose gel electrophoresis and spectrophotometry and stored 

at -200C for future use.  

 

            From paraffin-embedded tissue samples 

Extraction of genomic DNA from paraffin-embedded tissue samples was done by 

Puregene DNA extraction kit according to the manufacturer’s instructions. This procedure 

consists of de-paraffinization of tissue, cell lysis, protein precipitation, DNA precipitation and 

finally DNA solubilization. For de-paraffinization, three sections of paraffin-embedded tissue 
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were taken into 1.5 ml microcentrifuge (eppendorf) tube.  To wash out the paraffin, 300 µl xylene 

was added to the sample and incubated at the room temperature for 5 minutes. Sample was spun 

at 11269 x g (12000 rpm) for 3 minutes. Supernatant (xylene) was discarded and washing step 

was repeated for 3 times. 300 µl of absolute ethanol was added to each sample and incubated at 

room temperature for 5 minutes with constant mixing. Samples were spun at 11269 x g (12000 

rpm) for 3 minutes, and supernatant was discarded. 300 µl of lysis solution was added to each 

sample, and homogenize completely.  

For protein precipitation, 3 µl of Proteinase K (Fermentas, life Sciences) (20mg/ml) was 

added to lysate and mixed gently by inverting 25 times and incubated at 550C overnight. Sample 

was cooled to room temperature, 100 µl of protein precipitation solution was added and mixed 

uniformly to the lysate by vigorous vortexing for 20 seconds at high speeed.  Sample was spun at 

11269 x g (12000 rpm) for 3 minutes, supernatant (containing DNA) was shifted into a new clean 

sterilized 1.5 ml microcentrifuge (eppendorf ) tube.  

For DNA precipitation, 300 µl of 100% isopropanol (2-propanol) was added to the 

sample and mixed carefully by inverting 50 times. Centrifugation was done at 11269Xg (12000 

rpm) for 5 minutes, supernatant was discarded and tubes was drained at clean paper.  300 µl of 

70% ethanol was added to wash out the DNA pellet. Centrifugation was done at 11269 x g 

(12000 rpm) for 1minute, supernatant was discarded and tubes were drained at clean paper. Pellet 

was air dried for 10 minutes and dissolved in 20 µl of DNA hydration solution. Sample was 

incubated overnight at room temperature. After solubilization, DNA was stored at -200C. 

 

Polymerase Chain Reaction (PCR) for mutation analysis 

For comprehensive mutation assay (which covers all intron-exon boundaries), K ras was 

analyzed for mutations on Denaturing Gradient Gel Electrophoresis (DGGE). Protocol 

established by Hayes et al. (2000), with some modifications was followed. A nested PCR was 

done by using two sets of primers; external primers and internal primers (Tables 5, 6). A GC 

clamp (GC rich fragment) was added to the 5’-end of one of the primers in each primer set of 

internal primers. In first round  of PCR amplification, 50ng of genomic DNA was used as a 

template in 50µl reaction mixture, containing 0.2 units of Taq DNA polymerase (Fermentas Life 

Sciences), 1.5mM MgCl2, 2.5mm dNTPs, and 20pm of  each  external primer. 
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Table 5. External set of pimers used for the amplification of DGGE amplicons. 

 

Primers 

(external) 
Sequence 

 
Annealing 

temperature 
(°C) 

 
Product size 

K1ext F ACTGGTGGAGTATTTGATAG 

K1ext R ACTCATGAAAATGGTCAGAG 

 
54 

 
288 

K2ext F GAAGTAAAAGGTGCACTGT 

K2ext R GGGATATTACCTACCTCAT 

 
54 

 
364 

K3ext F GAAACTAGGAATTACATTGT 

K3ext R CCTAGTATAGCATAATTGAG 

 
52 

 
376 

K4Aext F AATCTCAAACTTCTTGCACA 

K4Aext R TAGTTCTAAAGTGGTTGCCA 

 
54 

 
293 

K4Bext F GAAACATAAAGAAATCCTTTC 

K4Bext R GTAATGCTAAAAC AAATGCT 

 
50 

 
317 

 

Initial denaturation was carried out for 5 minutes at 94°C, then 35 cycles, each of 

denaturation at 94°C for 45 seconds, annealing for 60 seconds at annealing temperature, followed 

by extension at 72°C for 1.15 minutes.10 µl of amplified PCR products were checked on 1.5% 

agarose gel. 

In second round of amplification, 2µl of respective external amplified PCR product was 

taken as template in 50µl reaction mixture, containing 0.2 units of Taq DNA polymerase 

(Fermentas Life Sciences, 1.5mM MgCl2, 2.5mm dNTPs, and 20pm of  each  internal primer set 

of primer (primers used are given in Table 6). 

Initial denaturation was carried out for 5 minutes at 94°C, then 35 cycles each of 

denaturation at 94°C for 45 seconds, annealing for 60 seconds at annealing temperature, followed 

by extension at 72°C for 1.15 minutes. 10 µl of amplified PCR products was checked on 1.5 % 

agarose gel, and visualized under UV transilluminator. 
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Table 6. Internal set of pimers used for the amplification of DGGE amplicons. 

Primers 

(internal) 

Sequence  
Anealing 

temperature 
(°C) 

 
Product 

size 

K1F (7GC) TTTTATTATAAGGCCTGCTG 

K1R (40GC) GTCCTGCACCAGTAATATGC 

55 220 

K2AF (40GC) GGTGCACTGTAATAATCCAG 

K2AR GGCAAATACACAAAGAAAGC 

55 219 

K2BF AGTACATGAGGACTGGGGAG 

K2BR (40GC) ATTATATGCATGGCATTAGC 

60 210 

K3F (40GC) GACAAAAGTTGTGGACAGGT 

K3R (5GC) GATTTTGCAGAAAACAGATC 

55 325 

K4AF TGGCTTTCCCAGTAAATTAC 

K4AR (40GC) AAAAGACATCTGCTTTCTGC 

55 280 

K4BF GTTACCTGTACACATGAAGC 

K4BR (40GC) CCACTTGTACTAGTATGCCT 

55 262 

 
’’GC-clamp used was as follows: (5GC)GCGCG, (7GC)GCCGCCG,(40GC) 

CGCCCGCCGCGCCCCGCGCCCGGCCCGCCGCCCCCGCCCG’’ 

 

 Denaturing gradient gel electrophoresis (DGGE) 

Denaturing Gradient Gel Electrophoresis (DGGE) is a mutation detection method to 

identify single base changes in a specific DNA fragment. In DGGE, double stranded DNA is 

subjected to a gradient of increasing concentration of a denaturing agent such as formamide and 

urea. With increasing concentration of denaturant, melting domains (discrete segments) in the 

DNA dissociate according to their melting temperature Tm. Thus the dissociation of DNA strands 

results in a decrease in mobility during electrophoresis. Therefore wild type and mutant 

sequences can be separated from each other. Optimal resolution can be attained when the region 

selected is in the lowest melting domain, and the fragments do not completely denature. 
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Generation of heteroduplexes between wild-type and mutant fragments is useful in detecting the 

point mutations.  

 

           Polyacrylamide gel electrophoresis for DGGE 

The PCR products were cleaned and eletrophoresed in 9% polyacrylamide gel 

(acrylamide:bis; 37.5:1) with 20%-60% Urea/Formamide (UF) (20% UF was prepared  by 

adding 8.4 g urea  and 8ml of 40% deionized formamide  to 22.5 ml of 40% acrylamide:bis  

stock, 2 ml of 50X TAE buffer and final volume made upto 100ml by adding distilled deionized 

autoclaved water; while 60% UF was prepared by adding 25.2 g urea  and 24 ml of 40% 

deionized formamide to 22.5 ml of 40% acrylamide:bis  stock , 2 ml of 50X TAE buffer and final 

volume was made upto 100 ml by adding distilled deionized autoclaved water. Both solutions 

were filtered sterilized (by 0.45 µm pore size filter assembly) and stored at 4ºC in brown bottles. 

40% acrylamide:bis; 37.5:1  stock was prepared by adding 38.93 g of  acrylamide and 1.07 g of  

bisacrylamide, final volume was adjusted upto 100ml by distilled deionized autoclaved water). 

The solution was filtered through a 0.45 µm pore size filter assembly and stored at 4ºC in brown 

bottle. 20 ml of both 20% UF and 60% UF solutions of acrylamide:bis acrylamide was taken  

separately and 100µl of 10% ammonium persulphate (APS) (1g of APS was dissolved in 10ml of 

autoclaved distilled water) and 30µl of  TEMED (N,N,N,N-tetramethylenediamine, cat # 110-18-

9 by Bio Basic Inc.) Both of these solutions were filled in two syringes separately and fitted to 

the Gradient former (provided with DCode mutation detection system by Bio-Rad, model 475). 

A 20-60% (top to the bottom respectively) gradient was prepared. Gel was allowed to solidify 

completely.  

 

           Sample preparation and loading 

15 µl of  PCR products amplified by internal primers (having GC-clamp) were loaded  on 

the gel in 1:1 ratio of 2X loading dye (which was prepared by adding 0.5 ml of 2% bromophenol 

blue and 2% xylene cyanol; 0.05%  final concentration, 7 ml of 100% glycerol; 70 % final 

concentration, and  2.5 ml  autoclaved distilled water).  

 

           Gel running 

Gel was run parallel to the direction of electrophoresis at either 150 V for 7-8 h, or 120 V 

overnight at 59ºC, 1X TAE   was used as running buffer for the gels. Gels were stained with 

ethidium bromide. Staining solution was prepared by adding 0.1 ml of 10 mg/ml ethidium 

bromide to 100 ml 1X TAE buffer. Polyacrylamide gel was carefully soaked into it for 20 
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minutes. Then gel was removed and soaked in destain solution (1X TAE) for 10 minutes. Gel 

was visualized using UV transilluminator and was photographed with the help of gel 

documentation system. The stained gels were carefully analyzed and the sample showing any 

type of mobility shift was further proceeded for sequencing.  

 

     DNA sequencing 

The presence of mutations was finally confirmed by DNA sequencing. Suspected samples 

were amplified and run on 1.5% agarose gel. DNA was purified by QIA quick gel extraction kit 

cat# 28704 according to the manufacturer’s instructions (Appendix III), sequenced by capillary 

electrophoresis-based sequencing services (Applied Biosystems (ABI) 3730xl DNA Analyzer) 

and presence of mutations was analyzed by SeqMan sequence assembly software. 

 

 Restriction Fragment Length Polymorphism (RFLP) analysis  

As DGGE is not considered to be 100% sensitive technique, hotspot codons (codon 12, 

13 and 61) of K ras gene were analyzed by Restriction Fragment Length Polymorphism (RFLP) 

analysis. 

 

Analysis of Codon 12 

Codon 12 was analyzed according to the PCR-RFLP method of Prall and Ostwald (2007) 

with some modification. By mutagenic PCR, a single nucleotide mismatch at the 3′-end of 

primers was created to produce a BstNI or MvaI (Fermentas, Life Sciences ER# 0551) 

recognition sequence at codon 12. This cleavage site would be absent in mutated codons 12. 

Codon 12, forward primer was carrying a mismatched nucleotide (underlined) (Table 7). 

 

  PCR conditions 

 50ng of genomic DNA was used as a template in 50µl reaction mixture, containing 0.1 

units of Taq DNA polymerase (Fermentas Life Sciences), 2 mM MgCl2, 2.5 mm dNTPs, and 20 

pmoles of each primer. Initial denaturation was carried out for 5 minutes at 94°C, then 35 cycles 

each of denaturation at 95°C for 30 seconds, annealing for 30 seconds at 60°C, followed by 

extension at 72°C for 45 seconds. 10 µl of amplified PCR products were checked on 1.5% 

agarose gel. 



55 
 

Restriction analysis 

For restriction analysis, 20 µl PCR product (250ng DNA) was digested with 20 units of 

BstN1 and incubated overnight at 37°C. All the restricted samples were checked on 9% 

acrylamide: bis acrylamide gel. The gel was run at 100 V for 1.5 hrs at room temperature and 

stained with ethidium bromide and visualized under UV transilluminator. 

 

Table. 7. Pimers used for the amplification of RFLP amplicons. 

Primers Sequence 

Codon 12 F 5’ ACTGAATATAAACTTGTGGTAGTTGGACCT 3’ 

Codon 12 R 5’ TCAAAGAATGGTCCTGCACC 3’ 

Codon 13 F 5′ GTACTGGTGGAGTATTTGATAGTGTATTAA 3′ 

Codon13 R 5′ GTATCGTCAAGGCACTCTTGCCTAGG 3′ 

Codon 61 F 5’ GACATCTTAGACACAGCAGTT ‘3 

Codon 61 R 5’ TAGCCATAGGTGGCTCACCT ‘3 

 

BstN1 restriction site  

In the case of wild type allele, BstNI digestion of codon 12 (exon1) will resulted in 2 

bands of 29 and 128 bp, whereas mutant will show uncut product of 157 bp. 

  

 

 

 

 

Analysis of Codon 13 

Mutations at codon 13 were analyzed by following a protocol established by Hatzaki et 

al. (2001) with some modifications. An HaeIII recognition sequence was introduced in the PCR-

amplified wild-type alleles by doing a mutagenic PCR (Table 7). 

PCR conditions 

 50-100ng of genomic DNA was used as a template in 50 µl reaction mixture, containing 

0.1 unit of Taq DNA polymerase (Fermentas Life Sciences), 2 mM MgCl2, 2.5 mm dNTPs, and 

20 pmoles of each primer. Initial denaturation was carried out for 5 minutes at 94°C, then 35 

cycles each of denaturation at 95°C for 30 seconds, annealing for 30 seconds at 50°C, followed 
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by extension at 72°C for 45 seconds.10µl of amplified PCR products were checked on 1.5% 

agarose gel. 

 

HaeIII  restriction site 

For restriction analysis, 20 µl PCR product (250ng DNA) was digested with 20 units of 

HaeIII or BsuRI (Fermentas, Life Sciences, ER# 0151) and incubated overnight at 37°C. 

 

 

 

 

 

On HaeIII digestion, wild-type codon 13 will result in 3 bands (additional fragment due 

to an internal HaeIII recognition site) of 85, 48, and 26 bp, but mutant allele will be digested into 

2 bands of 85 and 74 bp. All the restricted samples were checked on 9% acrylamide:bis 

acrylamide gel. The gel was run at 100 V for 1.5 hrs at room temperature and stained with 

ethidium bromide and visualized under UV transilluminator. Mutations were confirmed by 

sequencing. 

 

Analysis of Codon 61 

Codon 61 was analyzed by following the protocol established by Sills et al. (1999). To 

amplify the required portion, the primers used are given in Table 5(a). 

PCR conditions 

 50-100ng of genomic DNA was used as a template in 50 µl reaction mixture, containing 

0.1 unit of Taq DNA polymerase (Fermentas Life Sciences), 2 mM MgCl2, 2.5 mm dNTPs, and 

20 pmoles of each primer. Initial denaturation was carried out for 5 minutes at 94°C, then 35 

cycles each of denaturation at 95°C for 30 seconds, annealing for 30 seconds at 55°C, followed 

by extension at 72°C for 45 seconds.10µl amplified PCR products were checked on 1.5% agarose 

gel. The normal sequence of codon 61 is CAA and there are restriction sites for XbaI (Fermentas 

Life Sciences #ER0681), MSEI or Tru1I (Fermentas Life Sciences, ER# 09825), and TaqI 

(Fermentas Life Sciences, ER# 0671) enzyme were created by the presence of  A        T, C       A 

or A       G, mutation respectively, in the first or second base of codon 61. By using this 

technique, CTA, AAA and CGA mutations were analyzed by XbaI, MSEI and TaqI digestion, 

respectively. Wild type codon 61 will not be cut by these enzymes.  

 



57 
 

 

    X ba restriction site                  

 

 

 

    MSEI restriction site               

 

 

    TaqI restriction site                 

                                                  

 

 

All the digested fragments were checked on 6% acrylamide:bis acrylamide gel. The gel 

was run at 100 V for 1.5 hrs at room temperature and stained with ethidium bromide and 

visualized under UV transilluminator. 

 

Sequencing 

The presence of mutations was finally confirmed by DNA sequencing. Suspected samples 

were amplified and run on 1.5% agarose gel. DNA was purified by QIA quick gel extraction kit 

cat# 28704 according to the manufacturer’s instructions (Appendix II), sequenced by capillary 

electrophoresis-based sequencing services (Applied Biosystems (ABI) 3730xl DNA Analyzer) 

and presence of mutations was analyzed by SeqMan sequence assembly software. 

 

Statistical analysis 

In our study all categorical variables such as age and gender of patients, location of the 

tumor, histological differentiation and presence of mutation were compared and analyzed by 

using appropriate statistical test (chi-square test). Results were considered significant when p 

value was less than 0.05. 
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RESULTS 
 

Mutational analysis of K ras in Pakistani CRC patients 
 

Gender wise prevalence of CRC 

Out of total 150 CRC patients, 96 (64%) were male and 54 (36%) were female. For 

comparison, 50 healthy controls were also included in the study. It was observed that in Pakistani 

population (group included in our study), CRC is more prevalent in males  than in females. The 

statistical analysis applied on our data showed the significant difference (p value ≤ 0.05). 

 

Relationship between age, gender and CRC 

The samples in this study were divided our samples into two age groups, <40 years of age 

(Group 1) and ≥40 years (Group 2) (Table 8). Our results indicate that Pakistani CRC patients 

with higher average age, have high tendency to acquire CRC. The risk factor to get CRC is 

higher in age group 2 (≥ 40). In total 150 CRC samples, 52 (35%) were found to be < 40 years of 

age (Group 1) and 98 (65%) were found to be ≥ 40 (Group 2).  In Group 1, out of a total of 52 

patients, 31(60%) were male and 21(40%) were females. In group 2, out of a total of 98, 65 

patients were males and 33 were females. From amongst 54 female CRC patients 61% were  ≥40 

and 39% were <40 years of age. Whereas from 96 male patients, 68 % were ≥40 and 32% were 

<40 years of age (Table 8). In our studied subjects both male and female CRC patients had 

tendency to get CRC in the old age. 

The clinico-pathological data for this study was supplied by the clinicians. According to 

the site of tumor or anatomical part involved, all CRC tumors were divided into four classes: 

colonic, rectal, sigmoidal, and rectosigmoidal tumors (Table 9). Out of 150 tumor samples, 28 

were colonic (ascending, transverse and desending) (19%), 78 were rectal (52%), 24 were 

sigmoidal (16%), and 20 (13%) were rectosigmoidal in origin (Table 9). 

TNM classification method was followed to classify the tumors. Tumor stage (T) was 

available of all patients included in the study. Table 10 shows tumor, nodal and metastatic stage.  

 

 

 

 

 

 



59 
 

          Table 8. Prevalance of CRC in different age of both male and female cancer patients. 

 

 

 

 

 

 

 

 

 

 

 

                 (*calculated at the time of sampling) 

 

Table. 9. Prevalance of different CRC types in male and female cancer patients of    

different  age groups. 

Age 

groups 

Colonic 

(n) 

Sigmoidal 

(n) 

Rectal 

(n) 

Rectosigmoidal 

(n) Total 
Group1 

(<40)   

Females 

 

Group1 

(<40) 

Males 

        6 

 

 

2 

 

 

2 

 

 

6 

 

 

9 

 

 

20 

 

 

4 

 

 

3 

 

 

21 

 

 

31 

 

   Group2 

(≥40) 

Females 

 

Group2 

(≥40) 

Males 

 

7 

 

 

13 

 

 

7 

 

 

9 

 

 

12 

 

 

37 

 

 

7 

 

 

6 

 

 

33 

 

 

65 

 

Total (%) 28 (19) 24 (16) 78 (52) 20(13) 150 

 

  Age groups* Cancer samples 

n = 150 

 

Group 1 

(< 40 years) 

 

Male (n) 

 (% in Group) 

 

31  

(60) 

Female (n)  

(% in Group) 

 

21  

(40) 

Total number  

(% in total population) 

 

52 

 (35) 

Group 2 

(≥ 40 years) 

 

65 

 (67) 

 

33  

(34) 

 

98 

 (65) 

Total 96 54 150 



60 
 

 

 

 Table 10. Prevalance of different tumor, nodal and metastatic stages out of the total 150  

cases examined during the study. 

 

Tumor stage 

 

Cases (%) 

 

Nodal stage 

 

Cases (%) 

Metastatic stage Cases (%) 

T 1 

T 2 

T 3 

T 4 

7 (5) 

11 (7) 

103 (69) 

29 (19) 

N 0 

N 1 

N 2 

 

26  (18) 

38 (26) 

81  (56) 

 

M 0 

M 1 

 

96 (67) 

48  (33) 

 

Total 150  145  144 

 

 

69% (103 out of 150) of the total tumors were found to be in T3 stage (tumor has grown 

into the outer lining of the bowel wall or into organs or body structures next to the bowel) 

followed by 19% (29 out of 150) in T4 (tumor has grown into other parts of the bowel, other 

organs or body structures near the bowel), 7%  (11 out of 150) in T1 (tumor has grown no further 

than the inner layer of the bowel) and 5% (7 out of 150) in T2 (tumor has grown into the muscle 

layer of the bowel wall) (Table 10, Fig. 15a). Information about the Nodal stage was missing in 5 

patients (2 females and 3 males). 56 % of total (81/145) patients were having N2 (there are 

cancer cells in 4 or more lymph nodes that are further than 3 cm away from the main tumour in 

the bowel), 26 % (38/145) having N1 (1 to 3 lymph nodes close to the bowel contain cancer 

cells) and 18% (26/145) having No nodal stage (no lymph nodes containing cancer cells) of 

tumor (Table 10, Fig. 15b). Information about presence or absence of metastasis was missing in 4 

pateints. Out of total of 144, 48 patients (33%) was had metastasis and 96 (67%) were without 

any metastasis (Fig. 15c). 
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No
18%

N1
26%

N2
56%

 

 

 

15(a)                                                                                     15(b) 

  

 

 

 

 

 

  

 

 

 

 

                                               15(c)  
 

Fig. 15 (a) Variation  of tumor stage (T) in  studied tumors, (b) Variation of nodal stage (N) in studied tumors 

(c) Variation of Metastatic stage (M) in studied tumors. 

 

K ras mutations in Pakistani CRC patients 
DNA was extracted from tumors, normal tissue and blood of the study subject, qualitified 

and quantified by spectrophotometery and comparing to the 100bp GeneRuler™ DNA Ladder 

Mix (Fermentas) (Fig. 16). 

 

 

                                         

                                                   

 
 

Fig. 16. Visualization  of extracted DNA  from tumor  samples  of CRC patients on 1% agarose gel. 

 

Exon 1,2,3 and 4 of  K ras were amplified (for DGGE) by using two sets of primers; 

external primers and internal primers showing PCR products of different sizes (Table 5, 6). 

 
10,000 bp 
 
 
10,00bp 
 
 

   1     2     M 
DNA 

T1
5% T2

7%

T3
69%

T4
19%

Mo
67%

M1
33%
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 A GC clamp (GC rich fragment) was added to the 5’-end of one of the primers in each primer set 

of internal primers. PCR products were visualized on 1.5 % agarose gel (Figs.17 to 19).  

     Exon1  

                 Samples 
 

 

 

 

 

 
Fig.17.  PCR amplification of  K ras exon1(internal with GC clamp) on 1.5 % agarose gel.  Sample lane 

(1)Ts03, (2)Ts04, (3)Ts05, (4)Ts06, (5)Ts07, (6)Ts08, (7)Ts09, (8)Ts10, (9)Ts11, (10)Ts12, (11)Ts13, 
(12)Ts14, (13)Ts15, (14)Ts16, (15)Ts17, (16)Ts18, (17)Ts19, (18)Ts20, (19) Negative control and M is 
DNA marker (100bp, Fermentas). 

 
 
Exon 2 
               Samples  

 
 
 
 
 
 
 
 
 
Fig.18. PCR amplification of K ras exon2 on 1.5 % agarose gel. Sample lane (1)Ts01, (2)Ts02, (3)Ts03, 

(4)Ts04, (5)Ts05, (6)Ts06, (7) Negative control and M is DNA marker (100bp Ladder Mix, 
Fermentas). 

 
Exon3 
 
                              Samples 
 
 
 
 
 
 
 
 
Fig.19. PCR amplification of K ras exon 3 (internal with GC clamp) on 1.5 % agarose gel. Sample lane 

(1)Ts03, (2)Ts04, (3)Ts05, (4) Negative control and M is DNA marker (100bp Ladder Mix, 
Fermentas). 

 
 

 
220bp 

1   2    3    4   5    6    7    8   9   10 11 12  13 14 15  16 17 18 19   M1   2    3    4   5    6    7    8   9   10 11 12  13 14 15  16 17 18 19   M

200bp 

 

100 bp 364 bp 
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300bp 
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PCR products with GC clamp were run on DGGE (Figs. 20 and 21). Gels stained with 

ethidium bromide/silver staining were analyzed for the presence of mobility shift in obtained 

band pattern of each exon of K ras separately. Suspected bands (showing mobility shift as 

compared to the control) processed further for sequencing. Out of 150 total, 12 % of tumor 

samples showed mobility shift on DGGE gels which were further confirmed by RFLP and 

sequencing. On DGGE, mobility shift was observed in total 18 CRC tumor samples (Ts02, Ts04, 

Ts 17, Ts 21, Ts 22, Ts 25, Ts 36, Ts 41, Ts 51, Ts 53, Ts 65, Ts 81, Ts 92, Ts 94, Ts 105, Ts 

128, Ts139 and Ts147) in exon#1 of K ras (Fig. 20). Normal tissue and blood DNA of respective 

patients were also analysed for the presence of mutation in exon1, but no mobility change was 

observed in these samples. None of the sample showed any shift in exon 2, 3 and 4 (Fig. 21). 

 

 

 
 
 
Fig.20. DGGE on 9% (Acrylamide: bisacrylamide) for exon#1. (A) lane (1). Ts06 (2)Ts07, (3)Ts08, (4)Ts09, 

(5)Ts10, (6)Ts11, (7)Ts12, (8)Ts13, (9) C7(Healthy control), (B) lane (1)Ts101 (2)Ts102, (3)Ts103, 
(4)Ts104, (5)Ts105, (6)Ts106, (7)Ts108, (8)Ts109, (9) C43 (Healthy control), (C) lane (1)Ts65, (2)Ts66, 
(3)Ts67, (4)Ts68, (5) C11 (Healthy control), (D) lane (1) C19 (Healthy control) (2)Ts95, (3)Ts94, 
(4)Ts93, (5)Ts92 (E) lane (1) C31 (Healthy control) (2)Ts14, (3)Ts18, (4)Ts19, (5)Ts20, (6)Ts21 (F) 
lane (1)Ts36, (2)Ts35, (3)Ts34, (4)Ts33, (5)Ts32, (6)C30 (Healthy control) (G) lane (1)C31 (Healthy 
control), (2)Ts42, (3)Ts40, (4)Ts39, (5)Ts38, (6)Ts37 (H) lane (1)Ts 18, (2)Ts17, (3)Ts16, (4)Ts15 
(Presence of extra band or mobility shift is denoted with arrow). 
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Fig.21. DGGE on 9% (Acrylamide: bisacrylamide) for K ras (A) exon#2,  lane (1)Ts01 (2)Ts02, (3)Ts03, 

(4)Ts05, (5)Ts06, (6)Ts07, (7) C9 (Healthy control), (B) exon#3, lane(1)Ts21 (2)Ts22, (3)Ts23, (4)Ts24, 
(5)Ts25, (C) exon#4, lane (1)Ts61 (2)Ts62, (3)Ts63, (4)Ts64, (5) C11 (Healthy control), (D) exon#4,  
lane (1)Ts 90,  (2)Ts91, (3)Ts92, (4)Ts93, (5)Ts94. 

 
 

Mutation hotspots in K ras 
Codon 12, 13 and 61 were amplified and analyzed for presence of mutation by Restriction 

Fragment Length Polymorphism analysis. Specific fragments of the gene was amplified by PCR 

and digested by specific enzymes to differentiate between wild type and mutant sequence. 

           Analysis of Codon 12 

All tumor samples were analyzed for presence of mutation at codon 12 (Figs 22 to 26). 

MvaI recognition site was created at codon 12 by mutagenic PCR. This cleavage site is absent in 

mutated codon , so in case of wild type allele, digestion resulted in 2 bands (i.e 29 and 128 bp), 

while mutant allele showed uncut product of 157 bp. Twelve tumors were detected harbouring 

mutations at codon 12 contributing 60 % of total K ras mutation (Table 11). 

 

 

 

 

 

 

 

 

 
Fig.22. RFLP on 12 % (Acrylamide: bisacrylamide) for codon12. Sample lane(1) C07 (Healthy control, Un-

restricted, 157bp) (2) N33 (128bp, wild type control), (3)Ts25 (heterozygous mutation) 157 and 128 
bp), (4)Ts27 (128bp), (5)Ts28 (128bp), (6)Ts29 (128bp), (7)Ts30 (128bp) and M is DNA marker, 
(100bp, Fermentas). 

 

200 bp 
 
100bp 

157 bp 
128 bp 
 

    1         2         3          4         5        6        7        M      

29 bp 
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 Fig.23. RFLP on 12 % (Acrylamide: bisacrylamide) for codon12. Sample lane (1) C19 N33 (128bp, wild type), 

(2)Ts81 (homozygous mutant, 157 bp), (3)Ts84 (128bp), (4)Ts85 (128bp), (5)Ts86 (128bp), (6)Ts87 
(128bp), (7)Ts88 (128bp), (8)Ts89 (128bp) and M is DNA marker, (50 bp, Fermentas). 

 
             

 

 
 

 

 

 
Fig.24. RFLP on 12 % (Acrylamide: bisacrylamide) for codon12. Sample lane (1)N 81 (Normal tissue, 

unrestricted, 157bp), (2)C28 (128bp, wild type control), (3)Ts 55 (128bp), (4)Ts54 (128bp),  (5)Ts53 
(heterozygous mutant, 157 bp & 128 bp), (6)Ts51 (heterozygous mutant, 157 bp & 128 bp)  and M is 
DNA marker, (100bp, Fermentas). 

 
 
 
              
       

 

 

 
Fig.25. RFLP on 12 % (Acrylamide: bisacrylamide) for codon12. Sample lane (1) N 105 (Normal tissue, 

unrestricted, 157bp), (2)Ts72 (heterozygous mutant, 157 bp & 128 bp), (3)Ts71 (128bp), (4)Ts70 
(128bp), (5)Ts69 (128 bp), (6)Ts68 (128 bp), (7) C48 (128bp, wild type control) and M is DNA marker, 
(100bp, Fermentas)                

                                 
                                 

 

 

 
 

 

Fig.26. RFLP on 2 %Agarose Gel Electrophoresis) for codon12. Sample lane (1)Ts25 (157 bp & 128 bp), (2) 

Ts81 (157bp, homozygous mutant), (3) C17 (wild type control) and M is DNA marker, (50bp, 

Fermentas). 
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On HaeIII digestion 85 bp

Wild type CD 13 48 bp                                     

26 bp

Homozygous Mutant CD 13 85 bp

74 bp

85bp
Heterozygous Mutant CD 13 74 bp

48 bp
26 bp

Normal tissue and blood samples, of the respective patient  (showing mutation in the 

tumor) were also analyzed for presence of mutation at codon 12. 

 

          Analysis of codon 13 
For the analysis of codon 13, HaeIII digestion site was created. After digestion wild type 

codon 13 resulted in 3 bands of 85, 48 and 26bp (one additional fragment was due to presence of 

an internal recognition site) but mutant allele resulted into 2 bands of 85 and 74 bp (Figs. 27 to 

29). 

 

 

 

 

 

 

 

 

 

 

 

  

                          

 

     

 

 

  

 

 

 
Fig.27. RFLP on 12 % (Acrylamide: bisacrylamide) for codon13.  Sample lane (1)Ts11 (wild type), (2)Ts12 

(wild type), (3)Ts13 (wild type), (4)Ts14 (wild type), (5)Ts15 (wild type), (5)Ts16, (wild type) (6) C20 
(wild type control) and M is DNA marker (50bp, Fermentas). 

 
 

Seven tumors were detected harbouring mutations at codon 13 contributing 35 % 
of total K ras mutations (Table 11). 

85 bp 
 
48 bp 
 
26 bp 

 1      2       3       4      5     6      7      

50 bp 
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Fig.28. RFLP on 12 % (Acrylamide: bisacrylamide) for codon13. Sample lane (1)Ts26 (wild type), (2)Ts28 

(wild type), (3)Ts29 (wild type), (4)Ts30 (wild type), (5)Ts31 (wild type), (5)Ts32 (wild type), (6)Ts33 
(wild type), (7)Ts34 (wild type), (8)Ts35 (wild type), (9)Ts36 (heterozygous mutant) (10)Ts37 (wild 
type), (11)Ts38 (wild type), (12)Ts39 (wild type), (13)C22 (wild type control) and M is DNA marker 
(50bp, Fermentas). 

 

 

 

 

 

 

 

 
Fig.29. RFLP on 12 % (Acrylamide: bisacrylamide) for codon13. Sample lane (1)Ts71 (wild type), (2)Ts72 

(wild type), (3)Ts73 (wild type), (4)Ts74 (wild type), (5)Ts75 (wild type), (5)Ts76 (wild type), (6)Ts77 
(wild type), (7)Ts78 (wild type), (8)Ts79 (wild type), (9)Ts80 (wild type), (10)Ts81 (wild type), 
(11)Ts82 (wild type), (12)Ts83 (wild type), (13)Ts84 (wild type) (14)Ts85 (wild type), (15)Ts86 (wild 
type), (16)Ts87 (wild type), (17)Ts88, (wild type) (18)C22 (wild type control) and M is DNA marker 
(50bp, Fermentas). 
 

Analysis of codon 61 

For analysis of mutations at codon 61, restriction sites were created by PCR for XbaI, 

MSEI nd TruII. Wild type codon 61 (CAA) would not be restricted by these enzymes. Out of 150 

samples, no one showed mutation at codon 61 by RFLP (Fig. 30). 

 

 

 

 

 

 
 
              Fig.30. RFLP on 12 % (Acrylamide: bisacrylamide) for codon 61. Sample lane (1)Ts02, (2)Ts03, (3)Ts04, 

(4)Ts05, (5)Ts06, (6)Ts08, (7)Ts09, (8)Ts10, (9)Ts11, (10)Ts12, (11)Ts13, (12)Ts14, (13)Ts15, (14)Ts16, 
(15)Ts17, (16)Ts18, (17)Ts19, (18)Ts20, (19) C02 (wild type control) and M is DNA marker (100bp, 
Fermentas). 

364bp 
 

 1     2      3    4    5    6     7    8     9   10   11  12   M  13   14  15  16   17  18   19 

300bp 

   1     2     3    4      5    6     7    8    9     10   M 11 12    13   14   15  16  17  18   

85 bp 
 
48 bp 
 
24 bp 
 

 

26bp

85bp
48bp

                  1  M   2   3   4   5   6   7   8   9  10 11 12 13 



68 
 

 

Specific pattern of mutations in K ras in Pakistani CRC patients 
Sequencing was done for samples showing shift in mobility on DGGE or mutation by 

RFLP, most of the tumor samples showed heterogeneity in K ras. The dominant mutation 

observed at codon 12 was G to A transition (in the second base of codon) in 8 out of 12 codon 12 

mutants (66.66%) (Table 11) substituting glycine (GGC) to aspartic acid (GAT) (Figs. 31a, b). It 

was followed by G to T transversion (in the second base codon) in 3 out of 12 (Table 11) codon 

12 mutants (25%) substituting glycine (GGC) to valine (GTT) (Fig.31c) and G to T transversion 

(in the first base codon) in 1 out of 12 codon 12 mutants (8.33%) substituting glycine (GGC) to 

cystein (TGT) (Table 11).  

All codon 13 mutants were found to have G to A transition at second base of codon 

substituting glycine (GGC) to aspartic acid (GAC) (Figs. 31d, e).  A novel heterozyogous 

mutation (GAA (Glycine) to AAA (Lysine) was found at codon 31 in tumor sample 017 (Fig. 

31f, Table11), but it was absent in normal tissue and blood of respective subject. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 31. Few examples of sequence analysis of K ras. (a) G to A transition in codon 12 in tumor sample 022, (b) 

G to A transition in codon 12 in tumor sample 021, (c) G to T transversion in codon 12 in tumor 

sample 04, (d) G to A transition in codon 13 in tumor sample 036, (e) G to A transition in codon 13 in 

tumor sample, (f) G to A transition in codon 31 in tumor sample 017.  



69 
 

Table. 11. Mutational analysis of K ras in Pakistani CRC patients. 
Sample 

I.D 
Age Gender CRC type TNM 

staging 
Tumor 

differentation 
Codon Mutation 

identified 

T02 

T04 

T17 

T21 

T22 

T25 

T36 

T40 

T41 

T51 

T53 

T65 

T72 

T81 

T92 

T94 

T105 

T128 

T139 

T147 

30 

30 

45 

60 

68 

55 

23 

45 

46 

22 

18 

50 

61 

51 

42 

42 

50 

51 

47 

52 

Male 

Female 

Male 

Female 

Male 

Female 

Female 

Male 

Male 

Male 

Female 

Male 

Female 

Female 

Male 

Male 

Female 

Female 

Female 

Female 

Rectal 

Rectal 

Colonal 

Colonal 

Colonal 

Rectal 

Rectal 

Rectal 

Rectal 

Rectal 

Rectal 

Rectal 

Sigmoidal 

Rectal 

Colonal 

Rectal 

Sigmoidal 

Sigmoidal 

Colonal 

Rectosigm

-oidal 

T4N2M1 

T3N1Mo 

T2N2Mo 

T3N2Mo 

T3NoMo 

T3N2Mo 

T3N1Mo 

T3N2Mo 

T3N2Mo 

T4N2Mo 

T3N2Mo 

T3N1Mo 

T3N2Mo 

T4N2Mo 

T4N2M1 

T3N2Mo 

T3N2Mo 

T3N2M1 

T1N1M1 

T3N1Mo 

Well 

Poor 

Moderate 

Moderate 

Moderate 

Poor 

Well 

Well 

Poor 

Poor 

Poor 

Well 

Poor 

Poor 

Well 

Moderate 

Moderate 

Well 

Well 

Poor 

13 

12 

31 

12 

12 

12 

13 

13 

12 

12 

12 

12 

12 

12 

12 

13 

12 

13 

13 

13 

GGC to GAC 

GGT to GTT 

GAA to AAA 

GGT to GTT 

GGT to GAT 

GGT to GAT 

GGC to GAC 

GGC to GAC 

GGT to TGT 

GGT to GAT 

GGT to GAT 

GGT to GAT 

GGT to GAT 

GGT to GTT 

GGT to GAT 

GGC to GAC 

GGT to GAT 

GGC to GAC 

GGC to GAC 

GGC to GAC 

 
 
Genotype/phenotype correlation of K ras mutations 

For investigating the genotype/phenotype correlation, association between K ras 

mutational status and clinicopathological characteristics (age, gender, tumor stage, grade etc) was 

studied. We could only find a significant association of K ras mutational status to gender 

(female) and absence of metastasis (Mo) (Tables 11, 12).  

Out of a total of 54 female subjects included in the study, 11 (20%) showed mutation in K 

ras, while out of 96 male subjects, only 9 (9%) were positive for K ras mutation. In the present 

study, the tendency to get the rectal tumor was observed to be high as compared to the other 
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types, although this trend is statistically nonsignifant. Among 150 CRC patient samples, 78 were 

with rectal tumors but only 11 of them (14%) were with K ras mutation. Out of a total of 28, five 

(18%)  colonic tumors showed mutation in K ras, while among others, 13% of total sigmoidal 

tumors (3 out of 24) and 5% of total recto-sigmoidal tumors (1 out of 20) showed K ras mutation. 

Metastasis was absent in 80 % of the total mutant tumors, only 20% were found to be in M1 

stage of metastasis (Table 12). 

 

       Table 12. Genotype/phenotype correlation of K ras mutations to other parameters. 

Parameters 

 

Cases with mutant  

K ras (n= 20) 

Cases with wildtype 

K ras (n=130) 

p 

value 
Age 

40 

≥40 

 

5 

15 

 

   47 

   83 

 

0.329 

Gender  

(Men) 

(Women) 

 

9 

11 

 

89 

43 

 

0.050 

Location of tumors 

 Colon 

Rectum 

Sigmoidal 

Rectosigmoidal 

 

5 

11 

3 

1 

 

23 

67 

21 

19 

 

0.625 

TNM classification 

T1 

T2 

T3 

T4 

 

No 

N1 

N2 

 

Mo 

M1 

 

1 

1 

14 

4 

 

1 

5 

14 

 

16 

4 

 

6 

10 

89 

25 

 

25 

33 

67 

 

48 

44 

 

0.97 

 

 
 
 
 
 
   0.22 
 
 
 
 
 
0.022 

Tumor differentiation 

Poor 

Moderate 

Well 

 

8 

5 

7 

 

50 

35 

45 

 

0.98 
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So we can conclude that the incidence of CRC is higher in men as compared to women in 

the Pakistani patients (the group included in this study). K ras mutation frequency is 13 % and 

mutations at codon 12 and 13 are most prevalent. Female patients are more susceptible for 

acquiring K ras mutations and colonic tumors have more susceptibility to harbor these mutations. 

These mutations are predominant in patients with non-metastatic stage of CRC. 
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Discussion 
Several life style factors and dietary components have been considered to be associated 

with risk of CRC. In this part of the study, K ras was analyzed for mutations in Pakistani CRC 

patients. According to our information, there has not been any clear data published about CRC in 

Pakistani population uptill now. The reported rate of CRC varies among different populations 

and it has been observed to be associated with different environmental factors particularly diet 

composition (MacLennan, 1997). In Iran the reported incidence rate of CRC was very low viz 6–

8 persons/100,000 total individuals/year (Ansar et al., 2005; Hosseini et al., 2004), while in 

western countries, comparatively higher incidence 20 to 40/100 000 persons/year has been 

reported (Parkin, 2001). Thus analyzing the molecular characteristics of CRC from the 

populations belonging to different ethnicity and environmental exposures could enhance our 

understanding about the gene-environment interaction.  

A total of 150 CRC subjects were enrolled in the current study. Out of these, 96 (64%) 

were male patients and 54 (36%) were female patients. For comparison, 50 healthy controls were 

also included in the study. It was observed that in Pakistani population (group included in our 

study), CRC is more prevalent in males than in females (p value ≤ 0.05) (Table 9). 

 Amongst 54 female CRC patients 61% were of age ≥40 and 39% were <40 years of age, 

whereas out of 96 male patients, 68% were ≥40 and 32% were <40 years of age. The relationship 

between age group, gender and CRC type was addressed.  64% of the total patients were ≥40 

years of age at the time of diagnosis and 36% were less than 40 years of age. So, in the present 

study, majority of the patients had tendency to get CRC in the older age.  

All CRC tumors were categorized into colonic (ascending, descending and proximal), 

rectal, sigmoidal, and rectosigmoidal tumors. It was observed that the frequency of rectal tumor 

was higher (52%), as compared to other CRC tumor types like colonic (19%), sigmoidal (16%), 

and rectosigmoidal (13%). Categorization of tumor types showed that 69% of the total tumors 

were in T3 stage followed by 19% in T4, 7% in T1 and 5% in T2 (Table 10).  The data on nodal 

stage information, which was available for all patients except for five (2 females and 3 males) 

showed that 56 % of the total patients had N2, 26% had N1 and 18% had No nodal stage of 

tumor (Table 10). 67% of patients were without metastasis. 

Mutational spectrum of K ras has been widely studied in western countries whereas very 

little data is available on the spectrum of mutations from Asian countries where epidemiological 

features of the disease are different.  The aim of this study was to evaluate the usefulness of 

detection of K ras mutations in CRC in Pakistani population, with reference to the age and 
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gender of patient, clinicopathological features, differentiation and metastases of cancer. In this 

study we tried to get the spectrum of K ras mutations (frequency), pattern of mutations and 

association of these mutations to some demographic and clinical and clinic-opathologic 

parameters in Pakistani studied subjects. 

In our study the observed frequency of K ras mutation was 13 % in total CRC patients. It 

was found to be mutated in 20 CRC patients. Comparison of the specific types of K ras mutation 

between Pakistani population and other countries revealed, that Pakistanis has lower rate of K ras 

mutation as compared to other countries. 

The overall K ras mutation rate reported in Indian Kashmir is 23%, Iran 37.4%, Italy 46% 

(Bishehsari et al., 2006), China 34.7% (Shen, 2011) and Netherlands 37%. In the present study 

codon 12 was found to be the major culprit of the event, contributing 60 % (12/20) of total 

mutations following by codon 13 with 35% (7/20) incidence. We could not find any mutation at 

codon 61 of K ras in Pakistani population. The dominant mutation observed at codon 12 was G 

to A transition in the second base of codon in 8 out of 12 mutants (67%), followed by G to T 

transversion in the second base codon in 3 out of 12 mutants (25%) and G to T transversion in 

the first base codon in 1 out of 12 mutants (8%) by substituting glycine (GGC) to aspartic acid 

(GAT), valine (GTT) and cystein (TGT), respectively. Similar pattern has also been reported by 

Brink et al. (2003). The only mutation found in codon 13, in all mutants was G to A transition at 

second base of codon substituting glycine to aspartic acid. Crystal structures of the K ras protein 

with substitutions of glycine by aspartic acid or valine at codon 12 has been compared by Al-

Mulla et al. (1999) and it was proposed  that mutant ras with glycine-to-valine change at codon 

12 may generate a more stable signal as compared to glycine-to-aspartic acid mutant or wild-type 

ras protein.  

Mutation at codons 12 and 13 of the K ras was also found to be predominant in CRC in 

Iranian population (Bishehsari et al., 2006). The frequency of this gene mutation could be similar 

to other populations, but the mutational spectrum could be influenced by environmental and 

genetic factors (Bishehsari et al., 2006). Some studies strongly suggest that environmental factors 

such as diet related carcinogens could induce specific mutations in K ras (Tachino et al., 1995) 

and different dietary components were also shown to influence the rate and spectrum of K ras 

mutations in CRC (Slattery et al., 2000). For example major ingredients of the Italian diet are 

pasta and refined grain (Barbagallo et al., 2002), while Pakistani diet is wheat-based with a 

variety of unrefined wholegrain which may reduce the risk of several types of cancers, 

particularly of digestive tract (Ghassemi et al., 2002). 
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Some of the chemical agents for example, N-nitroso compounds which are produced in 

the processing of red and processed meat, could induce G to A transitions (Topal, 1988; 

Bingham, 1996). Two possible mechanisms, that could explain this phenomenon are the 

formation of guanine-adducts in the DNA and the silencing of the O6-methylguanine DNA 

methyl-transferase (DNA repair protein which can remove adducts from the O6 position of 

guanine) (Toft and Arends, 1998). Promoter hypermethylation of this particular gene which leads 

to its silencing has oftenly been observed in CRC and it results in conversions of guanine-

cytosine pairs to adenine-thymine pairs (Esteller, 2000). Guanine-to-thymine transversions are 

considered to be induced by different polycyclic aromatic hydrocarbons found in dietary fats 

(Slattery et al., 2000), smoked and barbecued meat (Stevens et al., 1998) and cigarette smoke 

(Potter, 1999).  

A novel heterozygous mutation (GAA (glutamic acid) to AAA (lysine)) was found in 

codon 31 in tumor sample of one of the patients Ts17, but it was absent in the normal tissue and 

blood of patient. Cyniak-Magierska et al. (2007) has also reported a similar mutation at codon 31 

(GAA (glutamic acid) to CAA (glutamine)) in thyroid carcinoma. This mutation, we believe, is 

being reported for the first time in CRC. Palmirotta et al. (2009) has reported a novel mutation at 

codon 22. Wojcik et al. (2008) has reported an unusual type of 15 bp tandem duplication at 

codon 62. 

Bazan et al. (2002) reported biological relevance for codon 13 mutations such as Dukes' 

stage.  An association between specific K ras mutations and advanced stages of CRC has 

previously been reported in some studies (Moerkerk et al., 1994), whereas others (Kressner et al., 

1998; Bos et al., 1987) could not find any such association.  

Dietary factors may also modify the growth of tumors harboring specific K ras mutations 

(Bautista et al., 1997). Slattery et al. (2000) also linked this factor with high consumption of 

refined grain, a dietary pattern directly associated with increased CRC risk (Vecchia, 2004). It 

has been studied that diet-related carcinogens, such as heterocyclic amines from heavily cooked 

meat may induce K ras mutations (Potter, 1997) and intake of fruits, vegetables or antioxidants 

lower the risk of CRC (Pally et al., 2000; Pally, 2004). Besides this, less physical activity (Boyl 

and Langman, 2000), alcoholism (Brooks and Theruvathu, 2005), air pollution (Goldberg, 2001) 

and smoking (Bu-Tian et al., 2006) have also been proven to be the possible risk factors for 

CRC. 

Since K ras is considered to be involved in the early events of colorectal carcinoma 

formation, the association between K ras mutational status and clinicopathological characteristics 

(age, gender, tumor stage, grade etc) have been extensively studied but final conclusion has 
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remained debatable. In our study, we could only find a significant association of K ras mutational 

status to gender and metastatic state. No significant differences in the prevalence of K 

ras mutations were observed with respect to the patients' age, sex and tumor type.  

 In our study, 18.51% of the total female and 9.37% of the total male patients harboured K 

ras mutations, which is in concordance with some of the recent studies (Shen et al., 2011). These 

mutations were found predominantly in tumors with out metastasis. Metastasis was absent in 80 

% of the total mutant tumors, only 20% were found to be in M1 stage of metastasis. In a study 

conducted by Fiore et al. (2007), it has been observed that almost 37 % of the metastatic CRC 

cases have been found to harbour K ras mutations and non of them showed response to 

Cetuximab (chemotherapy currently being used for CRC treatment). A positive association 

between K ras mutational status and advanced stage of tumor has recently been reported in a 

study by Naguib et al. (2010), while Zlobec et al. (2010) have at the same time reported no such 

relationship. K ras was found to be mutated in 17.85% of the total colonic tumors, 12.82% of the 

total rectal tumors, 12.50% of the total sigmoidal tumors and 10% of the total rectosigmoidal 

tumors showed K ras mutation.  

It can be inferred from this study that the incidence of CRC is higher in men as compared 

to women in Pakistan.  K ras mutation frequency is comparatively low in Pakistani CRC patients 

and mutations at codon 12 and 13 are most prevalent in this gene. Female patients are found to be 

more susceptible to acquiring K ras mutations and colonic tumors have more susceptibility to 

harbour these mutation. These mutations are predominant in CRC patients before or in early 

metastatic stage of the disease.  

Comparison of our data to those of others suggests that K ras mutations can be 

differentially influenced by genetic and environmental factors. The data acquired by our study 

was based on in vitro experimentation and conducted on smaller patient number. For obtaining a 

comprehensive population based data about the prevalence of CRC the number of patients to be 

registered must be enhanced and Laser micro-dissection should be used to collect the tumor 

samples.  
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APPENDIX I 

 
DNA extraction from Colorectal Cancer Cell lines 

Genomic DNA was extracted from the cell lines using Qiagen FlexiGene DNA extraction 

kit (Hilden, Germany) according to the protocol published by manufacturer’s, the major steps 

were following 

1. Appropriate number of cells (1 x 106) were grown in the respective growth media. On 

attaining the confluency, media was carefully removed by aspiration and cells were washed 

with sterile 1x PBS (3.7mM NaCl, 2.7mM KCl, 8mM Na2HPO4and 2mM KH2PO4, (pH 

7.4)).  

2. Buffer was carefully aspired and 0.1–0.25% Trypsin was added to the cells. After the 

detachment of cells from the flask, 5 ml of the medium (containing Fetal bovine serum) 

was added (to inactivate the Trypsin) and cells were pelleted down by centrifuging for 5 

min at 300 x g. 

3. The cells were disrupted by adding 300 µl Buffer FG1 (Lysis buffer, provided in the kit), 

vortexed to mix well and centrifuged for 20 s at 10,000 x g in a fixed-angle rotor.  

4. Supernatant was discarded and sample tube was left inverted on a clean piece of absorbent 

paper for 2 min.  

5. 300 µl Buffer FG2/QIAGEN Protease (300 µl Buffer FG2 and 3 µl reconstituted QIAGEN 

Protease) was added to the sample and vortexed immediately to dissolve the pellet 

completely. 

6. Sample tube was inverted 3 times and incubated at 65°C for 5 min. 300 µl of isopropanol 

(100%) was added, mixed thoroughly by inversion until the DNA precipitate became 

visible as threads or a clump and centrifuged for 3 min at 10,000 x g. Supernatant was 

discarded.  

7. 300µl of 70% ethanol was added to the pellet, vortexed for 5 s and centrifuged for 3 min at 

10,000 x g. Supernatant was discarded and pellet was air dried the for 5 min at room 

temperature. 
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8. 200 µl of Buffer FG3 was added to the sample, vortexed for 5 s at low speed and DNA was 

dissolved by incubating for 5 min at 65°C in a heating block. 

9. DNA yield was determined from the concentration of DNA measured by absorbance at 260 

nm. Absorbance was measured at 260 nm and 280 nm. Purity was  determined by 

calculating the ratio of absorbance at 260 nm to absorbance at 280 nm. (Pure DNA has an 

A260/A280 ratio of 1.7–1.9). DNA showing the absorbance (at 260 nm) in range of 0.1-1.0 

and A260/A280 ratio >1.7 (indicating that the DNA is free of protein contamination) were 

selected for further experiments. 
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APPENDIX II 
 

Purification of PCR fragment from Agarose gel 

        It consists of following steps, 

1. DNA fragment was excised, weighed and put in 1.5ml microcentrifuge tube. 

2. 300 µl of buffer QG was added to 1 volume of gel (1 mg= 1 µl ). 

3. Sample was incubated at 50°C for 10 min to completely dissolve the gel piece. 

4. During this incubation, sample was mixed by vortexing after every 3 minutes. 

5. 1 gel volume of 100% isopropanol (2-propanol) was added to the sample and mixed 

gently.  

6. QIAquick spin column was placed in a provided 2 ml collection tube. 

7. Sample was poured in QIAquick column and centrifuged at 11269Xg (12000 rpm) for 1 

minute. 

8. Flow through was discarded and QIAquick was placed back in same collection tube. 

9. To remove all traces of agarose, 0.5 ml of buffer QG was again added to the sample and 

centrifuged at 11269Xg (12000 rpm) for 1 minute.  

10. 0.75 ml of buffer PE was added to the QIAquick column and spun at 11269Xg (12000 

rpm) for 1 minute. 

11. Flow through was discarded and QIAquick was placed back in collection tube and spun 

additionally at 11269Xg (12000 rpm) for 1 minute. 

12. Flow through was discarded and QIAquick was placed 1.5 ml sterilized microcentrifuge 

tube. 

13. 50 µl of EB was added to the column to elute the DNA. Column was incubated at room 

temperature for 1 minute, then centrifuged at 11269Xg (12000 rpm) for 1 minute. 

14. Eluted DNA was quantified and kept at -20°C until processed for sequencing.   
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APPENDIX III 

 
Total RNA extraction from Colorectal Cancer Cell lines 

Total RNA was extracted from the cells using RNeasy kit (Qiagen, UK) according to the 

protocol published by manufacturer’s, the major steps were as follows: 

1). Appropriate number of cells (1 x 106 ) were grown in the respective growth media. 

2). On attaining the confluency, media was carefully removed by aspiration and cells were 

washed with sterile 1x PBS (3.7mM NaCl, 2.7mM KCl, 8mM Na2HPO4and 2mM KH2PO4, (pH 

7.4)). Buffer was carefully aspired and 0.1–0.25% Trypsin was added to the cells. After the 

detachment of cells from the flask, 5 ml of the medium (containing Fetal bovine serum) was 

added (to inactivate the Trypsin) and cells were pelleted down by centrifuging for 5 min at 300 x 

g. 

3). The cells were disrupted by adding Buffer RLT (Lysis buffer, provided in the kit) and 

vortexed to mix well. 

4). The lysate was pippted out into a sterile microcentrifuge tube and cells were homogenized by 

vortexing for 1 min and then passed at least 5 times through a blunt 20-gauge needle (0.9 mm 

diameter) fitted to an RNase-free syringe.  

5). 1 volume of 70% ethanol was added to the homogenized lysate  and mixed well by pipetting. 

6). 700 µl of the sample was transferred to an RNeasy spin column (supplied in the kit) placed in 

a 2 ml collection tube. The lid was closed gently and centrifuged for 15 s at 8000 x g (10,000 

rpm).  

7). The flow-through was discarded and 700 µl Buffer RW1 (supplied in the kit) was added to the 

RNeasy spin column.  Lid was gently closed and sample was centrifuged for 15 s at 8000 x g 

(10,000 rpm) to wash the spin column membrane. The flow-through was discarded. 

8). 500 µl Buffer RPE (washing buffer, supplied in the kit) was added to the RNeasy spin column 

and sample was centrifuged for 15 s at 8000 x g (10,000 rpm). The flow-through was discarded. 

9). The RNeasy spin column was placed in a new 1.5 ml collection tube. 

10). 30 µl RNase-free water was directly added to the spin column membrane and centrifuged for 

1 min at 8000 x g (10,000 rpm) to elute the RNA. 

11). Eluted RNA was quantified and stored at -80° C for future use.  
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APPENDIX IV 

 
cDNA Preparation from Colorectal Cancer Cell lines 

It consists of following major steps, 

1). Reaction mixture (for single reaction) was prepared by using the reagents supplied in the kit 
in following composition: 
 
10X RT Buffer                                           2.0 µl 
25XdNTP Mix (100 mM)                          0.8 µl 
10 XRT Random Primers                           2.0 µl 
MultiScribe™ Reverse Transcriptase        1.0 µl 
RNase Inhibitor                                          1.0 µl 
Nuclease-free H2O                                     3.2 µl 
Total per Reaction                                    10.0 µl 
 
2). 10 µl of total RNA (1 µg ) was added to the reaction mixture separately for each reaction. 
 
3). Reverse transcription reaction was run by following the steps given below, 

Step 1 
Incuabation at 25°C for 10 min  
 
Step 2  
Incuabation at 37°C at 120 min  
 
Step 3  
Incuabation at 85°C for 5 min  
 

  4). cDNA was stored at -20°C for future use. 
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APPENDIX V 

 
Protein extraction from Colorectal Cancer Cell lines 

 

Total protein was extracted from the cells using RIPA Buffer (R 027, Sigma, USA) 

according to the protocol published by manufacturer’s, the major steps were as follows: 

1). Appropriate number of cells (5 x 10 7) were grown in the respective growth media. 

2). On attaining the confluency, media was carefully removed by aspiration and cells were 

washed with sterile 1x PBS. 

3). Washing was repeated in order to remove any other minor contaminants.   

4). Washing buffer was removed and 1 ml RIPA Buffer (R 027,Sigma, USA) was added to the 

cells.   

5). Incubated on ice for five minutes. 

6). Cells were scraped off from the flask by sterile cell scraper and shifted into sterile eppendrof 

tubes. 

7). Lysate  was spinned down at 8,000 x g for 10 minutes at 4 °C to pellet the cell debris.  

8). Supernatant (containing protein) was carefully removed and placed on -80°C after the 

addition of Protease inhibitor in 1:100 dilution. 
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APPENDIX VI 
 

PATIENT INFORMATION SHEET 
 
You are being asked to participate in a multi-center research study.  In order to decide whether or 
not you should agree to be part of this research study, you should understand enough about its 
risks and benefits to make an informed judgment. This process is known as informed consent. 
 
Purpose of the research project: 
 
Colorectal Cancer  is one of the most frequent cancers in the  world. There are many causes for 
CRC. One of the major cause is mutation in certain genes . 
You [have been diagnosed as having a COLORECTAL  / RECTAL / COLONAL  tumor] . The 
tissue retrieved by this procedure will be used in study for analysis of any kind of mutation in 
these genes. 
 
Confidentiality, privacy and disclosure of information  
The outcome of this research and your hospital records will be kept confidential.  
 
What are the benefits involved?  
It is not possible to predict whether any personal benefits will result from your participation in 
this research project. The information obtained from this research will be used scientifically and 
may be of benefit to patients with CRC in future. 
 
Are there any risks involved?  
The tissue we wish to collect is no longer needed for your medical care and would normally be destroyed 
if we did not collect it for use. Therefore, there are no physical risks to you in donating your tissue. You will 
not be required to take any medication or undergo any treatment that is not usually indicated for your 
therapy.  There will be no risk to your health or ability to receive appropriate therapy. 
 
What if I don’t want to donate my tissue?  
The choice to donate your tissue is entirely up to you, and no matter what you decide it will not affect your 
care in any way. You are under no obligation to donate your tissue. If you change your mind at any time, 
just contact us and let us know you do not want us to use your tissue. Any remaining tissue will be 
discarded.  
 
Will I find out about the results of the research using my tissue?  
You will receive the result of your surgery from your doctor, but you may not receive results of the 
research done with your tissue. This is because research can take many years and uses tissue samples 
from a large number of people and so will not affect your care right now.  
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APPENDIX VII 
 

PATIENT CONSENT FORM 
 

Project Title:             

Patient Name:            

Name of Surgeon:            

Please read this section carefully and indicate whether you consent to each of these items.  

1.  I have read and understood the Patient Information Sheet and I have been given 
a copy to keep. All my questions have been answered to my satisfaction.  

  
 
Yes/No 

2.  I have had the opportunity to fully consider my donation of tissue for cancer 
research purpose and understand that I may withdraw my consent at any time 
and for any reason and this will not affect my care now or in the future.  

  
 
Yes/No 

3.  I consent to make a gift of my tissue/blood for use in any aspect of cancer 
research.  

  
Yes/No 

4.  I understand that I am consenting to make a 'gift' of tissue for use in any aspect 
of cancer research and waive all claims to patents, commercial exploitation, 
property or any material or products which may form part of or arise from this 
study.  

  
 
 
Yes/No 

5.  I understand that some research projects may include genetic research, and the 
results of such investigations will not be made available to me.  

  
Yes/No 

6.  I understand that information will be collected from my medical records and 
stored on a computer database and that my identity and privacy will be protected 
at all times. No information about me or my family will be revealed in any 
research results.  

  
 
 
Yes/No 

7.  You may contact me in the future to ask my permission to take part in more 
research.  

  
Yes/No 

8.  I give permission for follow-up data to be collected from my medical records.    
Yes/No 

 
 
(Doctor/Health Professional/Research Team Member).…………………………………. has 
explained to me and I understand the consequences involved in participation in the collection of 
material and data for this cancer research project.  

SIGNATURE………………………………………………DATE……………………….  
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INDEPENDENT WITNESS (someone who is not a member of the research team)  
 
NAME: …………………………………………………………………………………….  

SIGNATURE………………………………………………DATE……………………….  
 
 
WITNESS (research team member)  
 
NAME: …………………………………………………………………………………….  
 
SIGNATURE………………………………………………DATE………………………. 
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APPENDIX VIII 
 

QUESTIONNARE FOR THE COLORECTAL CANCER PATIENTS 
 
 

Hospital Registration No:___________                                    Date:______ 
 
General information 
Name:                                                        ---------------------------------- 
Age and Sex:                                             ---------------------------------- 
Education:                                                ---------------------------------- 
Ethnicity:                                                   ---------------------------------- 
Marital status:                                            ---------------------------------- 
Social status:                                              ---------------------------------- 
Usual diet (meat fonder/vegetarian):          --------------------------------- 
Address:                                                      --------------------------------- 
Familial history:                                          --------------------------------- 
Use of narcotics/Smoking:                          --------------------------------- 
Use of any other drug:                                  -------------------------------- 
Any other health problem:                           -------------------------------- 

 
 

Histological information 
 

Presence of tumor and its status:  ............................................................. 
 
Type of carcinoma: ………………………………………………………….. 
 
Biopsy report:  ………………………………………………………………..   
 
 
 



104 
 

 

APPENDIX IX 

 

Gene sequences 
 

KRAS v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog [ Homo sapiens ] 
 
Official Symbol: KRAS and Name: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog 
[Homo sapiens] 
 
Other Aliases:  

C-K-RAS, K-RAS2A, K-RAS2B, K-RAS4A, K-RAS4B, KI-RAS, KRAS1, KRAS2, NS, NS3, RASK2 
 

Other Designations:  
GTPase KRas; K-Ras 2; K-ras p21 protein; Kirsten rat sarcoma-2 viral (v-Ki-ras2) oncogene homolog; 
PR310 c-K-ras oncogene; c-Ki-ras; c-Kirsten-ras protein; cellular c-Ki-ras2 proto-oncogene; oncogene 
KRAS2; transforming protein p21; v-Ki-ras2 Kirsten rat sarcoma 2 viral oncogene homolog 
 

Chromosome: 12 
 Location: 12p12.1 
Annotation: Chromosome 12, NC_000012.11 (25358180..25403854, complement) 
MIM: 190070 
ID: 3845 
 
Genomice DNA sequences 
 
Genomic Size: 45675    Coding Exon Count: 4  
(Exon shown in upper case) 
 
cgggtatgctagcatgtttaattgccccattgtttaatgtcttaactcca 
cgaactttaactgattaatctgtcttctaattaatgtttgaatgactctc 
ctcaggtctaaactaccaaggccatctctacttaaaaacagttgtctttt 
gtttgtgatttcaggggccctgggtataagcgaagtccctgtttagagac 
cttgtgatgggttcaaaatatcaagaaagatagcaaaatatcacaagcct 
cctgacccgagaagattagcgttgaaagggtctgtcgtgtttgtttgggc 
ctggggctaaattcccagcccaagtgctgaggctgataataatcggggcg 
gcgatcagacagccccggtgtgggaaatcgtccgcccggtctccctaagt 
ccccgaagtcgcctcccacttttggtgactgcttgtttatttacatgcag 
tcaatgatagtaaatggatgcgcgccagtataggccgaccctgagggtgg 
cggggtgctcttcgcagcttctctgtggagaccggtcagcggggcggcgt 
ggccgctcgcggcgtctccctggtggcatccgcacagcccgccgcggtcc 
ggtcccgctccgggtcagaattggcggctgcggggacagccttgcggcta 
ggcagggggcgggccgccgcgtgggtccggcagtccctcctcccgccaag 
gcgccgcccagacccgctctccagccggcccggctcgccaccctagaccg 
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ccccagccaccccttcctccgccggcccggcccccgctcctcccccgccg 
gcccggcccggccccctccttctccccgccggcgctcgctgcctccccct 
cttccctcttcccacaccgccctcagccgctccctctcgtacgcccgtct 
gaagaagaatcgagcgcggaacgcatcgatagctctgccctctgcggccg 
cccggccccgaactcatcggtgtgctcggagctcgattttcctaggcggc 
GGCCGCGGCGGCGGAGGCAGCAGCGGCGGCGGCAGTGGCGGCGGCGAAGG 
TGGCGGCGGCTCGGCCAGTACTCCCGGCCCCCGCCATTTCGGACTGGGAG 
CGAGCGCGGCGCAGGCACTGAAGGCGGCGGCGGGGCCAGAGGCTCAGCGG 
CTCCCAGGTGCGGGAGAGAG gtacggagcggaccacccctcctgggcccc 
tgcccgggtcccgaccctctttgccggcgccgggcggggccggcggcgag 
tgaatgaattaggggtccccggaggggcgggtggggggcgcgggcgcggg 
gtcggggcgggctgggtgagaggggtctgcaggggggaggcgcgcggacg 
cggcggcgcggggagtgaggaatgggcggtgcggggctgaggagggtgag 
gctggaggcggtcgccgctggtgctgcttcctggacggggaaccccttcc 
ttcctcctccccgagagccgcggctggaggcttctggggagaaactcggg 
ccgggccggctgcccctcggagcggtggggtgcggtggaggttactcccg 
cggcgccccggcctcccctccccctctccccgctcccgcacctcttgcct 
ccctttccagcactcggctgcctcggtccagccttccctgctgcatttgg 
catctctaggacgaaggtataaacttctccctcgagcgcaggctggacgg 
atagtggtccttttccgtgtgtaggggatgtgtgagtaagaggggaggtc 
acgttttggaagagcataggaaagtgcttagagaccactgtttgaggtta 
ttgtgtttggaaaaaaatgcatctgcctccgagttcctgaatgctcccct 
cccccatgtatgggctgtgacattgctgtggccacaaaggaggaggtgga 
ggtagagatggtggaagaacaggtggccaacaccctacacgtagagcctg 
tgacctacagtgaaaaggaaaaagttaatcccagatggtctgttttgctt 
ggtcaagttaaacccgaagaaaacccgcagagcagaagcaaggctttttc 
cttgctagttgagtgtagacagcaatagcaaaaatagtacttgaagttta 
atttacctgttcttgtcctttcccctatttcttatgtattaccctcatcc 
cctcgtctcttttatactaccctcattttgcagatgtgttctacatctca 
agagttattacagtactccaaaacagcacttacatgattttttaaactta 
cagaggaattgtagcaatccaccagctaaccgcctgaaatagacttaaac 
atgtgcatctcctttttttttttttttttgagacacagtctcgctctgtt 
gcccaggctggagtgcaatggcgcggtatcggctcactgaaacctccgcc 
tcctgggttcaagcaattctcctgcctcagcctcccgagtagctgggact 
agtaggtgcacgccaccatgcccagctaatttttgtatttttagtagaga 
cagagtttcatcatgttggtcaggatggtctccatctgctctgttgccca 
ggctggagtgcagtggcgccgtctcggctcactgcaacctctgcctcctg 
cattcaagcaattctcctgcctcagcctcccgaataactgggattacagg 
tgtctgctgccatgcccggctaattttttgtatttttagtagagacgggg 
gtttcaccatgttggtcaggctggtctagaactcctgacctcgtgatctg 
cccgcctcggcctcccacagtggcatgtgcatcttatagctgaagtctaa 
gccttcttaaatcttgagatccatcaaaacagacaggttttctaattgtt 
atacaatgtatatgttatgtttataatagaaatcattttacaaataagtt 
ataaatgggaaaggtctatttgtaattatcagctcagaattaaccataaa 
actggtgtcactgaagtgactgaggtccaaaatgctgactctgcatgtta 
tagactacagatatcaaatatggttgctaacaatagtttactttgagact 
gtagccatccacagtatatttgcttttaagagatggtagatggtaattca 
gttttatgaaaaataaaaatgaattttcttccattacaaaattgttggat 
tcgagtccagtccactccttactagcttttctaactctcggtgagggatc 
ccctcccagcccatgatcttcatttggtaagactcctttggaacccagtt 
ctctctagtggatttaaatgtgatttggttttaaaaatctcattcaagga 
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attttttttttttctggaaacaaccaccgcataaacaagtaaaccggaag 
atacatgtggctctgaattcatatatatacacaaactctaatccaatgtc 
tgtccacagtatttcctaggctagtaaactttttggccttaacgacccct 
ctaccctctttgtttttttgagagagagagtctcactctgtcacccaggc 
cggaatgcagtggcgcgatctcggcccgctactacctccgactctcaggc 
tcaagcgattctcccgcctcagcttcccgagtagccgggattacaggctc 
ccgccaccgggctaattgtatttttagatacgggatttcaccatgttggc 
caggctggtctcgacctcctgacctcaggtgatccgcccgcctaagcctc 
ccaaagtgctgggattacaggccaccacacccggcctacactcttaaaaa 
ttatcgaaggggccgggcacattggctcttatctgtaatcccagcacttt 
gggagactgaggcgggaggatcgcttgaggccaggagttggagaccagcg 
tactcaacatagtgagaccttgttataaagaaaaaaaaaatccaggatta 
aaaaaaatctttgatttgtttgggatttattaatatttaccgtattggaa 
attaaaacaattttttaaaatgtattcatttaaaaataataagcccatta 
cttggtaacatgaataaaatattttatgaaaaataactattttccaaaac 
aaaaccaaaacttagaaaagtggtattgtttcacacttcagtaaatctct 
ttaatgatgtggcttaatagaagatatggattcttatatctgcatctgca 
ttcaatctattatgatcacacatctggaaaacttgtgaaagaatgggagt 
taaaagggtaaaggacatcttaatgttattatgaaaacagttttgacctc 
ttgcacaccagaaaagtcttagtaacctgaggggttcctagaccacattt 
tgagaactgttttaggctatgcaaactggttggggggaggttggggtagg 
cagagagctagaagatacattttagtgtaattctcctcatctattcctaa 
ttgctttggcctacatttgaaataaagcgtggaggcaaacgggataagat 
acatgtttgtagtggttgttaacttcaccctagacaagcagccaataagt 
ctaggtagagcagagtaaggcggggaactatgccgtgaccgtgtgtgata 
caatttttctagcctgtggtgctttttgcggcagggcttaggagtaaggt 
tagtatgttatcatttgggaaaccaaattattattttgggtcttcagtca 
attatgatgctgtgtatatttagtgtttatctacaatatatgcacattca 
ttaatttggagctactcatcctataataaatagttgtgcatttactccca 
tttttttctgcatttctctccttatttataattatgtgttacatgaggga 
aaggaggtgaaattaaacattcatattatttcaaaaaatttgaaacaact 
aactaaaaaatatgttttattttctgtatggtgtttgttatacaatctgt 
caatattcatgcacctcttgggagacagtgtatgaaaagcaaagagtaac 
agtcacatggattactgattactgagatatattcacttgcatcttttttt 
ttttttgagacggagtggctctgtcgcccaggctggagtgcagtggcgtg 
atctcggctcactgcaagctccgcctcctgggttcacgccattcttctgc 
ctcagcctcccaagtagctgggactacaggcgcccgccaccacgcccggc 
taatttttttatatttttagtagagacggggtttcaccgggttagccagg 
atggtcttgatctcctgacctcgtgatccaccctcctcggcctcccaaag 
tgctaggattataggcgtgagccaccgtgcccggctcacttgcatctctt 
aacagctgttttcttactaaaaacagtgtttatctctaatctttttgttt 
gtttgtttgttttgagatggagtcttactccgtcacccaatctggagtgc 
agtggcgtgatctgggctcactgcaacctctgcctcccgggttcaagtga 
ttctccttcctcagcctccccagtagctaggactacaggagagcgccacc 
acgcctgattaatttttgtatttttagtagagagagggtttcaccatatt 
ggccaggctggtcttgaactcctggcctcaggtgatccacccgccttggc 
ctctgaaagtgctgggattacaggcatgagccgccgcacccggctttcta 
atctttatctttttttgtgcagcggtgatacaggattatgtattgtactg 
aacagttaattcggagttctcttggtttttagctttattttccccagaga 
tttttttttttttttttttttttgagacggagtcttgctctatcgccagg 
ctggagtgcagtggcgccatctcggctcattgcaacctcggactcctatt 
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ttccccagagatatttcacacattaaaatgtcgtcaaatattgttcttct 
ttgcctcagtgtttaaatttttatttccccatgacacaatccagctttat 
ttgacactcattctctcaactctcatctgattcttactgttaatatttat 
ccaagagaactactgccatgatgctttaaaagtttttctgtagctgttgc 
atattgacttctaacacttagaggtgggggtccactaggaaaactgtaac 
aataagagtggagatagctgtcagcaacttttgtgagggtgtgctacagg 
gtgtagagcactgtgaagtctctacatgagtgaagtcatgatatgatcct 
ttgagagcctttagccgccgcagaacagcagtctggctatttagatagaa 
caacttgattttaagataaaagaactgtctatgtagcatttatgcatttt 
tcttaagcgtcgatggaggagtttgtaaatgaagtacagttcattacgat 
acacgtctgcagtcaactggaattttcatgattgaattttgtaaggtatt 
ttgaaataatttttcatataaaggtgagtttgtattaaaaggtactggtg 
gagtatttgatagtgtattaaccttatgtgtgacatgttctaatatagtc 
acattttcattatttttattataagGCCTGCTGAAAATGACTGAATATAA 
ACTTGTGGTAGTTGGAGCTGGTGGCGTAGGCAAGAGTGCCTTGACGATAC 
AGCTAATTCAGAATCATTTTGTGGACGAATATGATCCAACAATAGAGgta 
aatcttgttttaatatgcatattactggtgcaggaccattctttgataca 
gataaaggtttctctgaccattttcatgagtacttattacaagataatta 
tgctgaaagttaagttatctgaaatgtaccttgggtttcaagttatatgt 
aaccattaatatgggaactttactttccttgggagtatgtcagggtccat 
gatgttcactctctgtgcattttgattggaagtgtatttcagagtttcgt 
gagagggtagaaatttgtatcctatctggacctaaaagacaatcttttta 
ttgtaacttttatttttatgggtttcttggtattgtgacatcatatgtaa 
aggttagatttaattgtactagtgaaatataattgtttgatggttgattt 
ttttaaacttcatcagcagtattttcctatcttcttctcaacattagaga 
acctacaactaccggataaattttacaaaatgaattatttgcctaaggtg 
tggtttatataaaggtactattaccaactttacctttgctttgttgtcat 
ttttaaatttactcaaggaaatactaggatttaaaaaaaaattccttgag 
taaatttaaattgttatcatgtttttgaggattattttcagattttttta 
gtttaatgaaaatttaccaaagtaaagaccagcagcagaatgataagtaa 
agacctgtaagacaccttgaaggtcatggagtagaacttccatcccaagc 
agatgaggatttatttaatctcaaagacctccaggaggggacattcccca 
actgtccttgttaactcattttcagaacatatttattagcatattttaca 
tgtaatttggatcttcatgttaaatttaacatcagtggagatggaaaata 
agcatatcgccttgtctttgaaatagccctatattgttagattgtttctt 
aggcttctttaccctgggttaagcagtcctaatactttagcatttattct 
acatctagtgtactaatttaaaaaaatcagttctgaaaaatttctaagaa 
ctttcttcaagttccaagctgtgaaatctagaacaggtcaaagtgcctta 
ttaacgtactgtactgtgtagtgtcttgaagagacactttgcgctgaggc 
aagttctgagggcattgggtggccttgggaagatatttatgcagtttaga 
acctggagaattgattagataactaatcataaggaaacgtcacatatttt 
tggtactataaaaaagtggagaaataatgcctatttgcaaagatttgatt 
taaacatagaaacaactttatttggcttccaattttaagaatttacagca 
gtaaaggggaacagtctaattgaagtagactgcctatgcaatagtctctg 
tatatttacttttgacaagttaattcaatgtgtactatagttttgtttct 
ttgaagaggtttgaatagtgcacccattttaatctgtattgcaaattcag 
ggttacttggcagactctactatttaaatcagatgtaaaaggaagtttta 
atataattcactttatgcctgaaagttttcctgggattttggaaggtgat 
tttactggaaatgctgtctgtcttccctgaaaatctgagaaattccatta 
cactttgtttccaatcagaggtcatgagtgctatatgagtatatacagca 
tgacgtcatgaatgtgataaagtgggttaggaaaccttttgctaatgatt 

1st coding exon 
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gttaaaatgcaatataaatgttgaagaaataaagctaacagttaagcctt 
tatttgggcggaaggctgaaaaagtttataaacttaaacctataactctg 
cttatgatttctgccaaaccagaagacttgactctgggaagcattggtta 
cctgtgaactttgaaactgacggtccctgacgtagtttagtcacctggga 
aaaggtatctgagattatctcttatctcccaagttacagtgagtctctga 
gggaactgacacattacattaagttcttggtgtagttaaactgtaagaaa 
ggcaggagaacttagtagttaaatagttggttaaatggaaatgctgactc 
catgttattgtaaaaagttaaaaatttaggaggatatggggatttcactg 
ccattgcaggttttgattggtatttaccaatccgtgtgggtcagagagaa 
aattagaaaggatatgactgcacattttggaattattagcagtttttcta 
catttaaaatggaaataaattttttaaaaatttaaatcaagtaatactgt 
attttttggtgatttagatttttcaaaatttacactaagagatagtaagg 
agggtggctattgtttctttcaataatgtctctgagaggttgtaactcat 
ctaaggatacgtagctaataagtggtaggatttcaatttaaattctctga 
gaccaagttaagtagaatttgcactgtactcttgtataactttttaaaac 
tgaaaattagctatctttcaaattaagaaaatatttactaatggagacta 
attcagatttgtaagtataccaaaatttgaacttagcctgctatctaatg 
gcaacttagtggcagaggtatgatgtaaaatcattcaggtatgacacata 
gatggagtatgtttgtattcgaggctgtgcacataatcacctttacttgt 
attgtgaagtatatattgttatcttttatgaagcccactaaagagataat 
gaaatacctcgttattagggcaagattattgaaaactcaaaatagccccc 
aaacacaatacttggctagaaatatatacctttatagttcagagatcatt 
tattatcaaaaccctgaagttttttttctaaggtaaaatttggtggaaga 
ggaaaagtctcgttttaaaaaaatgtaggtagttacagagatcagaatga 
ttagttgatcacttaccaaatatatattaagtatctactgtatataatat 
gctagtaagaataaatatagcaggaagtattttttcccaggctctaattg 
tttgacatcagcatgcttttattgtggcacttataattcagttcaagtat 
tatgcccctctttgatggaacagtttcctattcagtaaggaagaccagat 
taatcattggattggtttgtttcatctttagtgttctgagctgtagagta 
tttatttaccaaggtttattttaatttttattttatttttatttttccat 
gttcattgtagaattcattttacctacgaatgaagtatgtagattataga 
gagaaaatttgtaaaattaaactgatactgaagactggtataagaaaagc 
cttatgtaatttgtaagctgctattcttctgagtttatacatatatcttt 
agtaatcaatgagggatggttgggtgactgccctccaggggacatttggc 
aacatctggagatgtttttggttgccacaacttggggagagagtactgct 
actggcatctattgagtagatgctattactttaaatggcaaagctgcagt 
tacctttgcaccaacctaatattaaacttcctgcagtgcacgggaaagcc 
cccacaacagggttatctgaccccaaacctcaatggtgttaagatccaaa 
ccttgatatgttaacctgtagctttaaacatcctttaaattgtcaaattc 
atgtccctgacataaggtttatgttagattttcaagtataacaaagattt 
aaactttaacttttgtacgttaatgatatgttagcttactccagtcttct 
attaaaacattctgtttttaaaatcagagacacacagcaattttataaat 
catttctcttcaaggctgtgaagctctccccacttttgtgagtgccctct 
actggtcaaattatttgctttataacaagtaacagtgaaatcctaagttt 
gtgtagtttcgctgtttaaattatgggtggcatcaatttataaatatatt 
cgttttatttaaaagtcttatatgattgatttcgtatcatttttgctctc 
tgctaatattaatataaagattactgtctgtattagttaggcctaactaa 
gtaggtgagtatagtgaactaagaaaggaaacgaggcagtatataagaaa 
atagggtggttcagttgttaacacttactgagcttactttgttgaaggga 
ctaaaaggcagcagtgtggctctctgagcttctttgcatgcactcaggag 
ctgcttaatggagtccaaggcttggtggtgtgttacaggggatgatagga 
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gggtcctattcagaagtggcaaattgtgaaagtgcacattttgtagagtt 
ttataggactgtagaatagttgtgagcacctgatttttagaataaacaga 
aaactcaggtactgtatttaggtcaaattaagaataagtatttattaaga 
cctgaatataaaactttactggtcatggtttttttctaccttgggttttt 
ataaatccaaagatttaaaaacatacaaatggaagttggtaatggaatta 
agtgaaaggaaaaaatgattttatggtttggaatctcctaagattctggt 
tttaacaatacaactaattccttaatcctagaaatgttcttcactgccca 
ctttgtaccatgcagtcttcctgtgggctagagatacactgaggcgcaaa 
acagaccagattcctgccttcatggagcttattagttttaggtatctcta 
gatttcttgtaatacctattacaatgcctgcacatcagttcattcatgtg 
ggttcaacgtagtactcagtacatggcaaattcaagttttacttttcgga 
acttcatggatttttttcctcagaatatcttttatccataattggttgaa 
tctgtagatgcagtacccatggatatggatggcccactttattttgaaga 
gcagtgtttctaggcaatcatgctaattatatatgacttaatttagaggc 
tttatacttaagagcattacatttctggcgtctcttaaccattattattt 
cataatgtgtaggttatggaacagttaaattattgggatcttaatataga 
aattagtagaaataagccagatatggtggctcatgcctgtaatcttagca 
ctttgggaggctgaggctattcgctgtactattttttactacttttctat 
aggtttgaaattttttcaaaataaaacattgaaaaaagtaaggtaggtag 
tgtgtccctccttaatcctttcaaatattttattttcactatttctatta 
atttttttttttgtttttgagatggagtctcgctctgttgcccaggctgg 
agtgcagtggcgcgatcttggctcactgcagcctccacctcctgggttcc 
agccattctcctgcctcagcctcctgggtagctggtattacaggcatgca 
ccaccacacccaattactttttgtatttttagtagagacggggtttcacc 
atgttggccaggctagtctcgaactcctgacctcgtgatctgcccgcctc 
agcagtgtcactgcttctagaccgttttcaaggcacagagcttagaaatg 
catgttactaagaaatcaagagttaactatttttcaccttctttctcccg 
cagtgagaaccctggttctaccctgtttctccttgtgtaaattttaatgc 
taaactatacacttgtgaaataaaaatgataatgtcattcttaaattatg 
gatcttgcagtgttatctaagtaacatagattgagtgatttaactttagg 
tttccttatttgtggaatttggataaatatttttcacccttgagaaaagt 
gagactcctttctcatcatcagagtatccttaaaccattaaggcaaacat 
ttgggaaaaaactgagctatctggctgcataaaaattaagttttctttaa 
caaagatagaagacaaatgaaaacctagaaaaaccatttggttcaagtaa 
caggaagctatcttatatatgaattagagaaaagcaaacacacaaataga 
aaaaaagggatggggggtactaaagatataaatagcttgtctaccaaaaa 
agaaataaaataaataacatgaacatataaaaagacacttacttcatgaa 
tgtgatgcaagttcaaacaataaataacatttctgtactttcatattggc 
taaggttaaaatgataactgctaggaagggtatggagaagtgtgcgcctt 
gcactgtagtgggagtatagaccctcagactttatggaggtcagtctgga 
aatatgtttcaaaatgtaaactacatgtcctttgaccaggtaattcaact 
tcttgaaatttatccaaggatttaattggataaatgtttaagatgtatat 
ataagaatgtttactgcagtgttgtttatgattttaaaaaaatggaaatc 
atcttcatgtctaccaatagagaatgggtgaataaattatggtatgtcca 
tatatacaaattacatagttgttggaaatattaggtagatttagatatac 
tgatgttcaaaaatgtccattatgtaagtgaagctgggtcacagcacctt 
gtgttgagtatgatttcatctagaaacaaaattactccctcatcctttgt 
tgtgttttagttttttaaaataagcttataccattgggctgggggaaaag 
taaatactcgttttggagagagaaaagggcactaaagtttcagataccgt 
tagattatttcatgcttatttttcaagcctcaataaattacataattcac 
atgtagtcttggattaaggaaattgctattaaggctaaataaataatatg 
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agaggtatataatataaaatatgaacattatattggcattaagattggat 
ccacggtcattccagcctctcattcttacctggacttcaagtgatcactt 
gtgggcaaatgccatctgacttgaacaggttacacatgtatgctcattat 
atcgttattttcaaaatttgtcatataaattttccttgagttcattcaga 
tttttgaactagttttttctcttgggagtagtacacacttaattctctct 
agtactaagctaatgttcaccattcttataattttaagtatccagcattt 
agtaaagaagtctttgttttctttatccttacttttagtgaatgtcttag 
tttttaattgaaaattctgccatgaaaataagctctttaacatcttcact 
ccctaatcaaaacagaaatccttcatagccttcagttgtagctatccttc 
cctgtgatttgtccagctccattatatttattttgaaatatggtgaccag 
ttttgcaaaattatttcaactgtaggtgcccagtgattttgtaaggagaa 
gatactgtttctgaacagttctcagtagccagtggcctgcccctactttt 
tggcctgcgtgtagtatataaaataatgcagttaactttttatagcactt 
ttcattttataaagagattttcatggtctttaatattaatctatgtataa 
agtcctgtatgcagttttacctactttcacagctgaaggaacaatagctt 
agagaagatgtgagataaagtagtttgcccaagcccatagcacaaataag 
tgaagttcttcggctgtccatggatcgaagactcccaagtctatctctag 
cctggacttctgtcctgagcaccagacatgtatgtatatcaagatgcctg 
caggtcatatccaccaggacaacccatgagtacagggaattcaacatgcc 
caatatcactcatcttttccttcgccctcccctttgtactcatcccctgt 
cggtaagctctgttattttaaaaaattgaaatgtattcacatagcataca 
atttacacttttcaagtgtacatggtttttagtatattcacaagggttgt 
gcagtcattactactaattccagaatgttattatcaccccaaaagtccca 
catccattagcagccactccccaatcccttctcccaccagcctctaaaaa 
ctgctaatttttccatctctgtggatttgtccactctgattatttcatat 
aaagagaatcgtacagacgtggccttttgtgtctggcatcctccacacag 
gatgatattttcagagttcgtctatgtttttgcttgttgatcattccttc 
attcctttttctggctgaataatactctgttatatggatataccttattt 
tgtttatctgttcatttgatgggcatttgagtgatttcctctttttggca 
attttgaataatgccactataaacatttatgtacacgtttttgtgtgacc 
atatgttttcacttctctcgggtgtatatctaaggtacagttgctgggtt 
atatggtagctctgtctttgactttttgaggaactgccaagtggttttgg 
tagtgattgtactgtttacattcctaccaacaattttacctaagtatttc 
tcaaatctatttaatcttttcggtccatactgctgttgctgccttagttc 
agattttgtcatttcttgtaataattcgtagctcatctcccagtctctgc 
tcccctctctccctccctcccccttcttctctctcttatttccacccatt 
tttaacatttatagaagtcaaaagtctagttcagaaagcagaaaccatac 
tagatatttcagcacagagaactaattaggtgttggaagactgaaaggca 
aaaaaacactgaagtaacacagtaacatcaagaatgggcactactcctaa 
gattcagggaatgctgggaagatttggggtttatcagaactggaagctca 
gaggaggggccccttgtcgctgaggcttaatccctgcagaggtgcctttg 
gctgctactggtgaatctgagtgggtatgatgagtcagtgtctgggaagg 
gccaaaacattttgtccctttctataatttgtcatgataatgctagtaat 
gaatctgatctcccttcctattttaaaaaccttttagtgattttgtatag 
gatgaagtttaaaactccttacttaatatacacatgaccctccgtaagct 
ggcccctgcttgattgtccagtttcacttcttggtgcttattctaaggcc 
tctaagccttagagatcctctaagcctttgagatccccaaaccctggact 
gcggactggtacccacctgtgtggcctgtgaggaactgggctgcacagcc 
ggaaggaggtgagcattacttgccttagctcctgtcagatcggcagcatt 
agattctaataggagcgtgaaccgtgttgtgaactgcccatgcaaggatc 
taggttgcatactccttaggagaatctaactaatgcttgatggtctgagg 
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tgaaacagtttcatcctgaaatcacccccaactcggtccttggaaaaatt 
gtcttccacgaaactggtccctgatgccggaaaagttggggaccgctgtt 
ctaagctaaagttatatggagctccttggttctgtgtcctcaacatgctg 
ttctatgttttttacattctgtttgctccttcctgcttggaatgtccttc 
ccctccccgtctttcttaatgcatacaaagttgatctctcctgtgtgcca 
ccattgtacttcgtcttgcatatggtgttacattcattttattttaatta 
tttatttacgttcatgtctcttccactcaccttagttgcttgaggtcaga 
aactatataatgtgtgacacggaatgtgacacctagattttcaataagtg 
tttctatgatacaagggagactgatgtgggtagatgggaatgaactcatc 
aacctctgtttacataccctaaattccctgtttcttccctattataattc 
tgacagtctacaaccgtctttgatggcttataaacggaaagtgcggaaca 
catcattctacagtgaatttaaataacctttcggaagagtaacgtaaagt 
acttgagcattaattgagtaaaagtttctcatcttttcctacaggtgtta 
ttaagcagtatgtaaaaagtccttacaatacttaatacattaagaaaaca 
tacaatttcaagaggaaatccccgagtaatacattattgacattttcagc 
agttctagttatattgagaagagcatctcatggaattggcagaatgaaga 
tggagattaaatgagatgatgtttgtaatatgcttatgacagtatctggc 
atataagtaagggctcagtaaatgttgactgctgtaattactattaatag 
taatatgattacctttagtaaaagttattagtttctttaggttttttgtt 
tactacaatatagtaaacaaaatctatacttggaatgtatatattgtttt 
gttttgatacatggaatatgtctctgtgtcagagtcactgcctgagttgg 
aaaacccatactcgagtatgttaaaaggtgaacacactgaataatttagt 
tattaattataatggaaaaatgacaaacttgatgttctggttaatgaggt 
tatcttatcttgaatgagttagcttttaaattcctcaaaataaaggcatt 
taataaaccaggaaacacttcattaaaaaaattatgcaagtcagtgtaaa 
agaagattaaaattccacatgggcaaaggacacacgttggcgataaatat 
gcagataagaaaaaaaacctatataacattattactcctcaaagaaattg 
gtatgaaaacaataaaaatgtgtagcttatcaaaccaacaaaaatttaaa 
aatatgaaatccattttaagtaatgataaaatgggtgcactcttagtgct 
ttatagaatagtagtataatgaacctcatgtgtgtaccaaccagctcttt 
catatcttaacatttagcaacatttgatttagctctttcttttttccaag 
atagaaaagttaatattgttgaagactcctgcattcttttccctagtctt 
attttcttccctcccataaatgtgttaaaatctctgtgtgtattgttttg 
gttgtatttttacataaaactttacatattatataaaatttaattgaagg 
taaaatttattaaattattcttaatatatattgtaatttaaaaattaaca 
gcttcattgtcttgataaaatttatggtatcttaaacatgtgcttgtttt 
tctaagagaacattgaaacatagattttaaaacaaattgttgaaagatta 
aaaaatctgcctttgcacactgttacattgaaagtggggcatttgtcgtg 
aacattcatttcaaatatgtagtatcttcagaatatttgagaaggatttg 
tattatataattgaaaaatctgttaaattgtatttatgttaactgcttaa 
ttctaataaaatttccattcattttttagtatctgcatatatttacatca 
aatggattcattcacttatttaagaggcagtactaattacctatagcgtt 
caagactgttaggtagagggtgtgtagtggtgagtacaacaggcgtgagc 
cctaccaacacggagtttaaagcctagtagaggatatagacttaaacaat 
ttcacaagtaaatacataattacaaattataatacatgctatgaaggaaa 
cataggaggtaccagagaaggaagagtgctttgcatttttatttttaaga 
ccgaagagtgctattggaggactttgagcaagtgaatgacatgatctaac 
ctaccttcgttcattcattcattcattcattttcttccttcctggctcaa 
gcagtcctcccacctgagctccccaaatagctgggactacaggtacacac 
taccacacctaatttttttttgtattttttgtatttttgatgggatttta 
ccatgttggccaggctggtcttgaactcttgacctcaggtgatccacctg 
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tctcggcctcccaaggtgttgggattataggtgcctagcccatggtgcct 
agccctaacctacatttataaactatcacttgctgctgtgtggagactat 
attgtgagattaacagcagggatacctgctaggaagcaattgctgcagat 
tgcctgagacaaaatagttatcatggactagggggatggtggtggtggtg 
gtggtaggtggttggatgtaggatatattttgaagataggtaaatggtgc 
aagattatgggtcagttttaaatgcttaagtaaattttctttgtaagaca 
ttttaggatgccatgttaagaatctctttataactgtcatttaaaaaaaa 
accacatattttcttagcataatttcccatagtaacattactatgtcaaa 
ggctatgaacatttgaatgactttagataaatactgtaattgctttccaa 
aaatattgtgcttattatgtcaccagaaatgtttgaattctgtctacaat 
tcagtcttgccagtatagtacatttcatttagaaaaattttttactatgt 
agatggaaaaaataatattttagctgggagtggggggactatggggaata 
actttccttcatttaatattttattgtgagttagtttaagttactttatt 
ttatcgtagtttcctaaggctacaaattagtaaccttggtaacttatgta 
cctaatttaaaagtttacttttttgaaaggctggaaatactaattaaaaa 
cgtaacaccttcatccttgtctttgctccattattaactagtttcattac 
agaatctctgtgttttaaaatcagatgggttttcataaccagtactttct 
cagagtggtaaatttaaaaaaatatataaagagaataaataatatttgtt 
gagaatacttcaaataatgtgaagagttattaacttacagcaggagttgg 
caaacttttctataaagggccatatgggtctttgtcacaaagtcttgggt 
ttttgtttttgtttttttaaacagctatttaactattcctagctaatggg 
caatacaaaaacagtgggcaagatttggcctgtgggcagtagcttgctga 
aaccttatttagactctaaattttttgaaagagtctacattgatgcatat 
ttttttttcttcctccaaatacagttgacccttgaacaacatgcgtttga 
gtgaccatgggtccacttgtgatacacgtttttttcccaaccaaatgcag 
atatggagggctgacttttcatatacctggatgttcctgggccaactgta 
ggactagaggctgggggggtcttggaaccaatgccgtgtgtataccaggg 
atgactgtttcttatggcctgacctgaagttggaacagaatctttattaa 
tatataatttttgttgcgtttgttttctctttatatttatccattctttt 
tagatcgtatttcatttaacactttttcttctttagtttttaccaagttg 
cactgaaaatagctcagtgactaattgcacttctaagagtgaggacccta 
gttaaaattaactctaaaaatactgaatttttaacctaaaccttttattt 
ctaatcaacagtattatttatgagtaggttatagattactttgaaacgga 
atgtgtctcagaactttgctatcgatatttttaaggtctggtagggaaaa 
gataataggaatgagatttatcagtgaataggggactgctttcccagttt 
ctcggtcgcactggtgtattcaccatggaagcatcttatgaaatatgtac 
ataaactactaatatcccacattacaggttgactattctttatctgaaat 
gcttaggacctagaagtatttttggattttggtttttcagagtagggata 
ctcagcctacattggtaagtaaagaatgtgaggtgacaggctgggcgcga 
tggttgacgcctgtaatcccagcactttgggaggccgaggcggatcacct 
gaggtcaggagttgaagaccagcctggccaatctgtactaaaaatacaaa 
aattagctggacacagtggcacgtgccagtagtcccagctactcaggagg 
ctgaggtaggagaatcgcttgaacctgggaggcggaggttgcagtgactc 
gagatcgtgtcactgccctccagcctaggcaacagagcaagactccatct 
caaaaaaaaaaaaaaaaaaaaaaaaaaagaatgtgaggtggcagcaatag 
gtaggaagagtctttggtcagctttacatgctctgtagccatgcctgggt 
aatgggttgactctaagactctgtgctttgctcccacctcctgctttttc 
attactctttagaatggtttttaatttgtgatctataggagttctttcaa 
gtatttaataagagaataggctaaattaagtaaatgtcaactgaatgctc 
aaatctctactaaagagcctcttatttagaaaataaatatccatcttttt 
tttctgactggtgagataattaatttttattacagatggtttggaaaata 
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ccatatgctttaaaagataagcacaaaattatagtctaatatgtaggttt 
tcatactttaaaaaattgaaaaccaaagaaaaacatttaacatagcatct 
agtacaaagaaaagagataagcaagagataaatgtcttttttgggacaga 
gttttgctgttgttgcccaggctggagtgcaatggcacaatctcagctca 
ccgtaacctccacctcccgggttcaagtgattctcctgcctcagcctccc 
gagtagctgggattacagtcatgcaccaccaggcccaggtaattttgtat 
gtttagtagagatggggtttctccgtgttggtcaggctgatctcaaactc 
ccgacctcaggtgatctgcccaccttggcctcccaaagtgctgggattac 
agacatgagccatcgcacccggccaagataaatgtcttttaaattatctc 
cattaaagacataacctttataacattttgatgtatatattaccagtttt 
taaacacatagtagatttgtataaatacataaacacatattattgtgatc 
atgctgcacttagacatctttatattctccttatactgtaaacattttga 
aatactttactaacaacatttgtaatgaccattctttctctctttctccc 
tctgatagaatggtctacagagtaattcataaactaaacatactttagag 
gctgggcgcagtggctcatgcctgtaatcccagcactttgagaggctgag 
gcgtgcagatcacgaggtcaggagttagagaccagcctgactaacatggt 
gaaaccccatctctactaaaaaaacagtacaaaaattagccgggcgtggt 
ggcgtgcacctagaatcccagctactcaagaggctgaggcaggagaatca 
ctcgagcccaggaggcagaggttgtagtgagccgagattgcaccacagca 
ctccagcctgggcgacagagcgagactccatctcaaaaaaaaaaaaaaaa 
gatacattaatactatagcctacatgtggaacattaagaaaataattgct 
tttatgtttatgctttatacctgttgttagccctgcttcttatttcatga 
tttcatggcttcacattgtaacatccctttaccatattttttgaggactg 
ttttggcagaatgtgtgaaatcttgagcagaagtattacccaaaagtcag 
aagaaaatcagatttttatttcaagattctgttaaagttacccactccct 
tcttttacttaatcttatagttgcagttctctctctttttagaaaagaaa 
aaagaggcccctcaggatttgcagatgaaacaatattgctctttagagat 
atccatctggctgttagattatttttccacagttttcagaagtggatgag 
gccattagaatcttgagtattgcccatttccttatgtgtgcctttgacta 
tagataaaatagatgcatgacaattatttataagttgattgatttttctt 
gtcatttaaatcatcttgaataatagagttggtagagctatcccattttt 
gaaattattttgttttgtcaataactttttgttaccagcatgtacacttg 
cattgttgactctccatataatacctttaaaaaatttttttttgtggtaa 
aatatgcataacataaagtttaccatggtagttttctttcatttgttttg 
tttttgtttttttgagacggagccttgctctgttgccaggctggagtgca 
gtggagcgatcttggctcactgcaacctccgcctcccgggttcaagcaat 
tcccctgcctcagcctcctgagtagctgggactacaggcgcccgccacca 
cgcccggctaatattttgtattttaatagagatggggtttcaccatgttg 
gccaggatgttcttgatctcctgacctcatgatccgcccacctcggcctc 
ccaaagtgttgggattgcaagtgtgagccaccgcgcctagaccatggtag 
ttaattttaagtgttcaattcagtgaccttaagtgtgttcataatgttgt 
gcaaccatcaccatgttgtctaaccattagcactatctgttttgagaact 
tttttttatcatcccaaattagaattctgtacctgtcaaatagtccccag 
taatcctccctcccccagcccctggtaatctgtagtctacttttcgtctt 
tttgaatttgcctattttaggttcctcatataagtggaattatgtggtat 
ttgtccttttgtgttggcttacttcatttagcataatgttttcaaggttc 
atctgtgttgtagcatgtatatacaggttgaagcatccgttatccaaaat 
ggttgtgaccagaagtggtttggatttcagattttttttttggattttgg 
aatattcatagatacttaactggttcagcatccctcgtccaaaaatccaa 
aatcagatggagctcagtggctcatgcttgtaatcccaacacgttgggtg 
gccaaggcaggaggatcgcttgagcccaggagttcaaccagcctgagcaa 
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cacaagaccctatctctccaaaaaaaaaaaaaaaaaaaaaaagatgaaag 
aaaaaaaaatccaaaatcaaatgctccagtgagcatttccttttagcatc 
atgtcaggctctaaaagttacaggttttggagcattttggatttcagatt 
tttggattaacctgcattaatgctcaacctatatgaaattttattccttt 
ttatggctgaataatgttccactgtatgtatatactacattttgtttatc 
cattcatctgttaacagacacttaagttatttccacattttgggtattat 
aaatagtgctgctgcgaacattggtgtacatgtatctgtttgagtccctg 
tttttagttattttggttatatacctaggaatggaattgctgatcatatg 
gtaattctgtgtttaactttttgaggaactaccactgttttccacaatgg 
catcaccattttacattcccaccagcaatgcacaaagatttcagtgtctg 
tatccttgctaacacttattttccattttttgagtttttttgttttgttt 
ttttaataatagccaatcctaatgggtatgtggtagcatctcatggtttt 
gattttattttcctgactattgatgatgttgagcatcttttcaggtgctt 
agtggccatttgtccgtcatctttggagcaggaacaatgtcttttcaagt 
cctttgcccatttttaaattgaattttttgttgttgagttgtatataaca 
ccttttttgaagtaaaaggtgcactgtaataatccagactgtgtttctcc 
cttctcagGATTCCTACAGGAAGCAAGTAGTAATTGATGGAGAAACCTGT 
CTCTTGGATATTCTCGACACAGCAGGTCAAGAGGAGTACAGTGCAATGAG 
GGACCAGTACATGAGGACTGGGGAGGGCTTTCTTTGTGTATTTGCCATAA 
ATAATACTAAATCATTTGAAGATATTCACCATTATAGgtgggtttaaatt 
gaatataataagctgacattaaggagtaattatagtttttattttttgag 
tctttgctaatgccatgcatataatatttaataaaaatttttaaataatg 
tttatgaggtaggtaatatccctgttttataaatgaagttcttgggggat 
tagagcagtggagtaacttgctccagactgcatcggtagtggtggtgctg 
ggattgaaacctaggcctgtttgactccacagccttctgtactcttgact 
attctacaaaagcaagactttaaactttttagatacatcattaaaaaaga 
aaaccataaaaaagaatatgaaaagatgatttgagatggtgtcactttaa 
cagtcttaaaagcaatcgtgtgtatagcatagaattgcttggattggata 
aacagtggcattatatattttaaaaaataaaagttttgaaagattgaaga 
atttgggcattacagttctcttaaatctgacaaagctgcataaaactatt 
aaaataatcattattatactattttatattctatttctttgagggtttag 
ttttccaaaaactacatattaagcaaatgaatcactcagtggctatgtca 
tataataacgagttagcctagttataagaagtttaacattttatttaaga 
acattgttacagcatgtttactgtatagtctagtaatagaggaaaagaca 
tttgggtgggtggtagtggtagtatttttatagaggagttaccaaatttc 
agctctattatccaagtttacccagctaatggtgttcggaaccgggaatt 
tgagccaattctgactctgttgtctgctctgctccttcttttgtgctgtg 
tctttgaaagtcacctaaaattgtgagggaatgtaatttcaccccaaatt 
tagagtttatgcacttgttatattgaaaatgattaacatgtagaagggct 
tttaatggaataagtggtgtagtaacttcagtgttgcctacctagaaatc 
aaaatctttctagttgtccactttgttttttgaaaaagtaatatgaaaat 
tatgttaatgctttaattcaggtttttgtaaaatattttttatctttaca 
catttaacatacgtttctaaaattatagtctgttatatagcactttgggt 
ctagaatttttcagtagtttctgttttactattatgatctacctgcatat 
taacctattaggttatagttttactatacttctaggtatttgatcttttg 
agagagatacaaggtttctgtttaaaaaggtaaagaaacaaaataactag 
tagaagaaggaaggaaaatttggtgtagtggaaactaggaattacattgt 
tttctttcagccaaattttatgacaaaagttgtggacaggttttgaaaga 
tatttgtgttactaatgactgtgctataacttttttttctttcccagAGA 
ACAAATTAAAAGAGTTAAGGACTCTGAAGATGTACCTATGGTCCTAGTAG 
GAAATAAATGTGATTTGCCTTCTAGAACAGTAGACACAAAACAGGCTCAG 

2nd  coding exon 

3rd  coding exon 
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GACTTAGCAAGAAGTTATGGAATTCCTTTTATTGAAACATCAGCAAAGAC 
AAGACAGgtaagtaacactgaaataaatacagatctgttttctgcaaaat 
cataactgttatgtcatttaatatatcagtttttctctcaattatgctat 
actaggaaataaaacaatatttagtaaatgtttttgtctcttgagagggc 
attgcttcttaatccagtgtccatggtactgcttttggctttggtttctt 
tctacattgaaaatttctcttcaattctgagcacatgttaacatttagaa 
ttcaagaggtggggatttttttttcccatggttacatatatatatatata 
tatatatatatatatatatatatatatatatataaagaacagggcaacaa 
atttttgcgttttctatttcggtagtacttttaaaccattatgtcatgtt 
tctaggttaaacgttgttgtatttgaagaattttactttggcagaatttt 
tttgaggatgtgtttatttctggagaaaggtctcattaaagaaagacaat 
acccagaaagccaacagaaattctgttactcatttaatgcatttttctga 
caaaaattattgccagagagaacctgaattttgtttcaaaaatcatcttt 
gttttaaaaatgactttttcttcaggtaaaataaaataatttcagttgct 
attatttaacctgtttgtatgaagagtttaacatataggaaatgaataca 
taaagataggaaggaattaattgttatatgtagtcatatgtctcttaatg 
acagggatactttctaagaaatacattgttaggtgattttgtcattgtgc 
aaacatcatagaatatacttacacaaaccttggtagtataacctactata 
cacctgggatatgtagtatagtctcttgccccagggatacaaacctgtac 
agtatgtaactgtactaatgactataaggcaattgttaacacaatggtaa 
gttttgtgtgtctaaacctacacttgggctaccctaagtttatatatttt 
tttaaatttctgttcaataataaattaaccttactttactgtaacttttt 
aaactttttaatttttcctaacattttgacttttgtaatacagcttaaaa 
cacacattatacagctatacaaatttttctttccttatatctttattctg 
taagcttttttccatatttaaaattttttgtttgtttttacttattaaac 
ttttttgttaaaaactaagacatgcatgcacattaacctaggcctacaca 
gggtcaggaccatcaatatcattgtcttccacttccacatcttgtcccac 
tggaagatcttcaggggcagtaacacacgtggagctgtcatctcctataa 
taacattgccttcttttggaatacctcctgaaggacctatccaaggctgt 
ttatagttaacttttttttttttttttttttttttttagtaaataggagg 
agtacactataaaataacaatataggtgctataccattatacaactgaca 
gtgcagtaggtttgtttacaccagcatcaccacaaacacgtgagcaatgt 
gtcgtactacagtgttaggatggctataacatcactaagcaataggaact 
tttaaactccattataatcttatgggaccactatcacatatgcaatctcc 
tgtggaccaaaatgtcattatgtggtacatgactgtactaagaaattgat 
ccatctatattccatcaatttgtttagggctttttctggttacatttacc 
tgtgagcccagaaaaccagttttgtagaaattaacttctgtaatgctagg 
agttaaaaaaaattgctgaacaacttttacattgttaaacatttaaaaac 
aagcgttctagaagtttatcaaatttcataaaggtgcaaaaatgtaaatg 
taaatcattatccagctaatatatatgttgtatttccctagtaggagagc 
atatgtacctcttcctagttatacaaatttgatatatagtaaagaaacag 
taaattctacttcaagtcattttgggaggattaaaaactgaatttctcta 
gtttgaccattgtacagatttatctggcaattttactaaaacctgattta 
taggttaaacttggtgtatatcatatatcactttactttagaggaattaa 
gatttcacataaatccatttccaggttccaaagaccaggaagaggcttgg 
tttttgtttttctttttactgtctttacagtctccttgacttttcttagg 
agagaaggtactgagaaaacatgattctaatatttattattttttcttcc 
aacattttcttatgaaacattttcaaatacaaaattgagttttatttaaa 
acatttgcaaatatactacctagattctaccattgttgttttatatttgc 
tttacttacaacttttaaaagatgctttttataccactgaacattttagc 
ttacatttcacaaagaaaagaaaaaatttaagagactttgcataatgttt 
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taaggggttgcagtaaagaagtgcttcttatattttcttatgcatacaaa 
tcagctgggcttattaaaatccagattctaattcagaaggtttaggtggg 
gaccgagtctgcatttctaacaaactcctaggtggtatttttcttggtac 
ttggaccatactttgagtagaaaagcagtagaggacataaaaagagtctt 
gttagtcccactttgttgctgtccacttctcatttgataatatcctaaaa 
tagctgtgtctcctttttggtggttgtatgattactacctcagaagtact 
aattgattcttgctatttgaccttaatactttaatataacacagcattca 
tatttgatcagaaaactatctggcttccttttataagagatttttaggtt 
ttatacagttttgtggccttgggtttttttgtttgatttgtttttttgaa 
ggtatataatatgtaagtagataaacaaatttgatttgtagacattttta 
tgtggatcatctaattaaaaatggagggatacagtatgaaagaatacttg 
tacttcttaacagagcactcaacctttcttttacatcctgtttcactgat 
gttattatgtaatttatgttgctaaactataaattagatatttaatttct 
gttctttgatttccttttattattaaatggacttgttgatttgcctagaa 
attaatttgcctttcaaaagtcttattaatcttcctccgttgaaattaat 
ttgatatttgcatgcttctggaagactttaaagagctattccgagtaact 
gtagagattataaaatgaaatatgggaattttaataaattttacatctcc 
agttactggtgaaaatgtcaagtcctcctttctgcagagtattttgttac 
tcatctgttattcagcttatttatttatttatttatttatttatttttct 
ttctttcttgttttttttttttgagacggagtcttgctttgtcgcccagg 
ctggagtacagtggtgggatcttggctcactgcaggctccgcctcccggg 
ttcacaccattcttctgcctcagcctcccaagtagctgggactacaggca 
cccgccaccatgccttgctaaatttttgtatttttagtagagacgggttt 
cactgtgttagccaggatggtctcgatctcttgacctcgtgatccacctg 
cctcggcctcccaaagtgctgggattacaggcatgagccaccgcgcctgg 
cccttatttgttttttaaacaaaattagtgtgcatatccttgttgtattt 
tatcggcaagttgttttatgccctaacttttggggtcttgatcatgagcc 
taaaacacgtaaacacccaaaaagaattatattccggttaaaggaacaaa 
acattcatttagaagttctcatccatgtaaatcagaggctggcaaatatt 
ttctgtaaagggccaagatagtaaatgttttaggctttgagggccacaag 
tggtatctgttgcatttttttttaattatgaccctttaaaatgcaaaaat 
cgttgttagcttgtgcatagtataaaaataggctggccgcatgctgtggc 
tcatgcctgtaatcccagaaatgaggtgggaagccgaggtgggcacacca 
cctgaggtcaggagttcgaggccagcctggccaacgtggttgaaaccccg 
tctctactaaaaatacaaaacttagccaggcgtggtggcgggtgcctgtt 
atcctggctactcaaggggctgaggcagtagaattgcttgaacctgagag 
gcagaggctgtagtgagcccagatcaagccagtgcacaccagcctggacg 
accgagcgagactctgtctcaaaaaaaaaaaaaaaaggctgtggctgcat 
ttggtccattggctgtaatatgctgattcctaattctctgggtaacttta 
gtgtttgattagctactagaagttaggttaaacttttgtattttacaggc 
taactttaataatcttaaagtaaaacttaacatagttcatggaaaggaaa 
tagaaattttaccctagtactcttttttttttttttttttttttttgagg 
cagagtctccctctgtcacccaggctggagtgcagtggtgggatcttggc 
tgattgcaacctcctcctcctgggttcaagcaattcttgtgcctcagcct 
cccgagcagctgggactacaggcacgcaccaccacacctgactgattttt 
gtatttttagtagagacagggtttcgccatgttggccaggctggtcttga 
actcctggcatcaagtgatcctcccatctgagcctcccagtgtgctggga 
ttacagacgtgagtcactgtgcctggtctctagtattttttttttttttg 
agacggtctcactgttgccaggctggagtgcagtggcgcgatcctggctc 
actgcaacctccgcttcccggattcaagcgattttcctgcctcagcctcc 
tgagtagctgggactatgggtgcacaccaccacgcccagctaatttttgt 
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atttttagtagagacggggtttcaccatgttggccaatatggtctcaatc 
tcttgacctcgtgatctgcccgtctcggcctcccaaagtgctgggattac 
aggcgtgagccactgtgcccagctgtactttttaagataagaattgcagg 
gtatatatttttaccaacttaataacttataattttaaaaagctaattac 
ttggctagaatataatgcgttacatattctttacactcagttcagtccat 
atctgaaaggcaaatagaattattttctgctagtacattgtgtagtccct 
atgttcctagtgtataaggactgttacctagttcacatttatctgggttg 
ttgacagattttcctggtccctttggacagtgcatggccatgttggcaaa 
agctgtcaaaattgaaacattgacaccatgagaattgtgtgttttccagt 
ctgctaaaatcaaaagtgggagggttcagtaaggtgaataacagaagcag 
agttttcggggtatctgttactcctcattcggcttttctgctctctgggg 
gtctcaatttaaatataatgtgaaaattagttttacgaacctaaaaatgt 
tgagtgattcatttcctggttttgttgttaatttctagatatttaaatta 
attgttagaagaaccccgttaaagaatgctttgcaaaacaacctccttat 
gtgctatgtctctgtttaatagtagttgagtttgtgtacatgagatcaat 
attttgaactatagctttttatgagttaaaaattgacggaacagttactg 
tgcacttgctgtgcaccatggtagtctcccaagtagtggtttttctgcat 
ttcaatagtacatgagataggctgtgggtggcaaggtttcttgagaaagt 
gagggatgcacagttgggttttagaatacatcttgttcctccatgccctt 
ccccaccaaaaggctggtagtcttgcatttgtatatagttagggtatttg 
atgtgttgcttccttgacagagttttgcaagaatttgcagatttaacagg 
aacaaaaacttacttaaaacaaaatctcttagtaaaagcatagtctagca 
agatttagaatgatactttggctaacagtactttctctatatggagtgct 
ttgtttccatagcctcacaagtatgttttcagataatagttgagttgaaa 
atgttgtcaatctcttgattttaaaaaatttacatatttaaagttgtata 
cttttgttcctacgtattttcagttgttcttaaagtttaataagtgacat 
ttgaaaatgagtatatgtgtataaaaacaaaagtaggctaggcacggtgg 
ctcatgcctataatcctagcactttgggaggctgaggcaggcggatcaca 
aggtcaggagtttgagaccagcctgggcaatatggtgaaacccccctcta 
ctaaaaatacaaaaattagctgggtgtggtggtgcatgcctgtagtccca 
gctactcaggaggctgaggcaggagaatcgcttgaacccggaggtggcgg 
ttgcagtgagccgagattgcaccactgcagtccagcctgggcggcagagc 
gagactccatctcaaaaaaaaaaaacaaaaaaagaaaaagttaaaaaaaa 
acaaaaaacccccacaaaatgagtatatgtggcaacaagtcctattctca 
aaaaaattattgtgtgctagttaagagcttaatgagtagccagtcggtat 
taaatatctgtttcagctatattttatctttaaaaattatctacagattt 
tggaatgtgaaaaactagtgttttgtttcataggtatatactgtaggcat 
tttaaaaataagagccagtgccagtggtttacagtgtacacaaggataat 
gttctcatgttctcttgatgtcagtatgactttaaagcatattatcaaga 
aataactaagtctgaaaaactgtggtaaataactggtactctaaaaccta 
agtttcttattactaaaaataagaaatggtaaaagtcaccctgtgctgtt 
aattatatgagccactgaggtcctgacactgaattcttggtggtggataa 
taatctcttctttttaattattggcttccaattctctctgcattgctgga 
aacaaaaatcatatatttcactattggtggtggggatgctgtcactgaaa 
aagtagacacattcatattgattttagaaataagttaaaatcaaaatttg 
cttctgctaaattagtagaggaccaatactgtttttctccttcatagtat 
gttttggtacttctacattgacattataacttttttttttttaaacagaa 
atagaagtttacattcttagaaaatttatgaaaatatgagcttttacctg 
gtttgtgtgtgtgcgtatatatatacacatatttttaaatttcttacatt 
gattttcaaattgaaagagaaccatttgtgaaagtatcttaacagagctc 
atgctttacattttacatgctacaaagttattttagtgccttaaattatt 
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tatgttgcttattaatgaaaattttggatacataattttttcaagacaaa 
ggtaaaaataataaaccctttccttctgaggattaatgataaatataaac 
tttaaaacgattaaaaaaatttttttagagacagggtcttgctctgttgc 
ccagactgaagtgcagtggtgcagtcatagctcaatgaagcctcaaactc 
ctgggcccaggcaaccctcctgcctcagccttttgagtagctgggacttc 
aggctcatgccaacatgcctaatttatcttatttttagtagagatgaggt 
ctcaaactcctggcatctcttgccctctcaaagtgctggtactacaggca 
ttagtcaccacacctgacacttaaaatcttttatatacaggtgtaagtgg 
gtatctaacttaaagtgccaacgaatgtagttgaaagtttgtagttggct 
tagctaactagttaactaaattgattccattaaaaataagataagactgc 
tcttagaatataatgatttttgttattcgttaaatataaatatatcactg 
gatagtatatgttaatgacttgagatacgcattttaacatataatcacgt 
tacttaaatgcctgcctttgaactgaaacttaacattatgaatttaaatt 
aaagtttgactttagaggtaaatttctgtactttactaaagcagttctta 
atataattctgagatttctaaaaattagtgtgccctaaagaattgaggtg 
tgtttttcttaactactgtaggcagtagatgtacagatgacttctgcatg 
caaaaattaagccctagccattggtttacttcaactaatacttagttgcc 
aattctctgtgtgtgattgaatttaaaactgcaaatggtactggtgatac 
attaactttttaggtgctaggtccactttgttacatttggttcagtagaa 
acattgatgttaccaatctcagaaagctaaaatatgtatgccaatcccca 
aattaggtaatttattcttaattttaagataaaagaatagaattccctta 
aaattaaatgtggagtaaaatataccagctttaaaaaatattcacctttc 
tgttagaagaatgaacataatattacatcttttaatttgcactatatata 
gattaatatttctgtgtatttctctgtgcccctactttgatggtatgctt 
ttctgaacaaactagcagcacagttaactaagcactttgccccgtttgat 
gactgcctaattttctagattggaaaatattaaaaacttttatctccata 
tggccaatatatgattgtacctgttgtcatagctctcttatgtttaagca 
agaaaaaccctattaagagtatttaaattagaatggaaggcacacagcca 
gtatgattgaacactgttctaaaaattatttttaagacttgtagtaaggc 
caggtttggtggctcatggctgtaatcccagcccttaggaggccaaggtg 
ggcggatcacttgtgctcaggagtttgagaccagcccgggcaacatggca 
aaaccctgtctctacgaaaaatacaaaaatcagtcaggtgtggtggtgct 
tgcctgtagtcccagctatttgagaggctgaggcagggggatcacctagc 
ctgggaggtcgaggctgcagtcatgatcgtgccattgcactccatcctgg 
gcaacccagtgagaccctgtctctaaaacaaaaaaataaaaaaagaactt 
gtagtaaggatacaaaatgctcctattttgtgtgtgtcctttaattcatg 
atgtttttatattatggtaagcagctctcatttaagattttaataatgta 
attaaacatgtacagaagacccagtctcagcttcacttgtataccctgga 
aatagactgaaaggtgttaaaatttaagataaaactcaaggttccagttt 
cttgactcacctttgagattcttttatgtttttgttgttttttaacaaag 
gtttcacgtccatattttaccatttttcttctcattctcccctggaggag 
ggtgtgggaatcgatagtatataaatcacttttttcctaagtcaaagaag 
taatttaaagctaacttcagtttaggctttaattccaggactagcaaact 
aaaatggttgcattaattgacaaacagatgctaatacctgtgtttaggct 
tgtcataatctctcctaattcctaatttaaaaattttaaaatttaattcc 
attagaaaacaaaactgacttttaagaacaaaccaggattctagcccata 
ttttaaaactgcatcctcagttttattcaaacagtctgatgtctgtttaa 
aaaaaaaaaaatctcaagctcataatctcaaacttcttgcacatggcttt 
cccagtaaattactcttaccaatgcaacagactttaaagaagttgtgttt 
tacaatgcagAGAGTGGAGGATGCTTTTTATACATTGGTGAGGGAGATCC 
GACAATACAGATTGAAAAAAATCAGCAAAGAAGAAAAGACTCCTGGCTGT 

4th  coding exon 
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GTGAAAATTAAAAAATGCATTATAATGTAATCTGgtaagtttaagttcag 
cacattaattttggcagaaagcagatgtcttttaaaggtaacaaggtggc 
aaccactttagaactacttaggtgtagtattctaacttgaagtattaaaa 
gataagaaacttgtttccataattagtacatttatttttaatctagtggg 
aattaattataattgagacaattttgatggctgtagtagactaatctata 
tttggcataaagtctaatgatttaatgagtcttaagtaaactaaatattt 
ggaaactgatatttacctttatttttaagggaaaagttttgagataatca 
gcagcttttttttttttttttttttttttagtagggagaaaaagatatga 
gctatagtagacagcagtaatattgaatggcccagaaggtgggaaaaagc 
cactcttaaatgtattttttcttttggatattttacaagcaaataataac 
ttctgcctaagttcgccatctcagtggcatcagcagcacagcactttctt 
atcccagtgagaaacctgggaattttaggatgactcctaccgccctcttt 
tccccctggtttggaagtatccacaaattcctgtgacgttacattctgtg 
tcttttatgtcatcattagttcaggcccctatcatttcttgttggactgt 
tagaacctcctatttggtttaccagttgctgccatcattcattgtgaaac 
cggagagatacactttaaagaaatgtcatttttggccgggcgcggtggct 
cacgcctgtaatcccagcactttgggaggcctaggcgggtgatcacctga 
ggtcaggagttcaagaccagcctggctaacatggtgaaaccctatttcta 
ctaaaaatacaaaaaattagccgggcgtggtggcacgtgcctgtaatccc 
agctacttgggaggctgaggcaggagaattgcttgaacctgggaggcaga 
ggttgcagtgagctgagaatgcaccattgcactccagcttgagcaacaag 
agcgaaactctgtctcaaaaaaaaaaaaaaaaagtcattttagctataga 
ataaaatctcatgttccacatgtgttgcagatagtccttactaccttccc 
accactccagctcttttttggtcttatatctaaaaacgtcatcttgcctg 
aatttcttttgttcttctataaataaataccatgttatttcctaccttcc 
cttgagtcttggctcttgtttggaatgccagtatttttatccctagtctt 
actaattagctaacactctcatgattccccagtctcctactctctaaaaa 
cctttctttaaacccttagactaggcatggagcccttcctgtgtattccc 
agaatactattcttaactattatatgcttcccatgttatgttgaaataac 
taacctcttctgtttcattcctatattacttgacagcaaaatcttagcca 
gaattacatatttttaatctttgcacacccattgcctagtaaggttcctg 
ggacatagtaactacccagtaaatatttattgcgtggaattctcattttc 
gtttctaaacccgtattaaactctgtcttgctcagaaaatacttcactag 
gtatcataaagttcatggcagagcttaagctttggatgcatattgtttgt 
aatatatcatgttcttaagaataggcaataaaattacagttttcaaaaac 
tactacatttattatatttattacaagttggtgttctttattacatgaat 
tttaggtatttcccaaaagtataaaatatacatttgaatagtagactcaa 
tcccaaaagatactacgtggtgtactaatctactaaactcagaaacaaag 
catgactggcattaatttttgttgaaatttatgaactctgaatgtttttg 
aatatcattctgtaaagcaatattttgcaattaaagcaattttgcatgtt 
aaattttaccacaacctctaaaatattgcaaatttaacaatacagtttga 
aaagttacacattttaaataacagtaccatgaccagatttaggtggtggt 
tttaattttttattttctcctcctattgtctcaccattagatgattttaa 
aaatagaattgtttagagtaaaataagtgttatgctctaatttatattta 
aaatgaaggtttaagcacgtactattctaaaatttctaatttgtgcaaat 
tatgttttatacagtgactgtaggtgaatgtcacaattgtttgatgtgac 
gaatccttgtttttcagtacacgtggaagtaattcatataaaagagaagt 
atacttggtaattaaaaatttaaaattaaatacaatttaaaaaaaaattt 
atttgacaagctggctgtggtgtgtgtgcctgtagtatcagctgcttggg 
agcctgaggcaggaggattgcctgaccccaggagtttgaggttgaaggga 
gctatgatggtgccatggcactgtagcctaggcaacagaaagagactcca 
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tctcttaaaaaaagtaaaaataaaaaaattttggcacagggacagtggct 
cacacttataatgccagaactttaggagtccacagcgcgaggactgcttg 
aggccaggagtttaagaccagactgggcaacgtaatgagaccccaccttt 
aggaaataaatacataaataaaaatttgacaatgataaacatatataaat 
tagcttttcttagtcctgaaaaagataatgttatgtgtatgtgtgagaat 
gattagttctcatatgagaaaaaaagaattcattgctctgtgtaggttgt 
gacatttccttcacgattgaaattaattaatttttttttattacttattt 
atttttaaaatagagacaggttcttgctgtgttgcccaggctggtctcaa 
actcctggcctcaagcagttctcctgcctcagcctcccaaattgctgtga 
ctgtaggtgtgagccactgcactgggccaaaattacttaattttaacaag 
atgatgtagagaggagagttcattgcaacataagcctagaatctttgtca 
gaatcttaggaagtaatgttttcaaattctgtgttttcaccataaaatgt 
gtcttctctgtgtccatcacatggtttttcattgttttctgctttaccat 
tttagtaccattggcatttttcttcattgtaaaagtagtagaaatggagt 
agattacataaggatgtgatcagagggaatttattcattcagggtaaggg 
agttagatcctcttttaagattctatcacattctaagggtttatgattct 
aaactgtcaagtaaattgtcaagtgctggcaagctacagaataattttta 
ttgtatcattggaaattttcccctctatatgtgttaaagagtttagcctg 
aagggatacatacacatacatatatgtaatcaaaccttgatggtattgta 
ttgctgataaattatttcttaccacttttcctttctcctgtgggagaaac 
aaaagcatatgtttgtgtagtatcagtaatgatattagagagtgggaaac 
atcagtgagtgcagtttggggactttattggagactttcactagtgctca 
aataaataatgctggtttttatcctactgtttgcttaatgtggactagcc 
tcttattcccattctatgtttacctctcttaaaatattggtcacgctttc 
ttgaattatagatctattaggaaaattcatgaactgtagctaattttcat 
tgttcatgctccagatttattttgaaatatcgttaatcttagtagtacag 
taaaggagaaataccacttaacattttttgtttttttttctttgagacag 
agtcatgctctgtcacccagtctggagtgcagtggtgctatctcggctca 
ctgcaatgcacttcgcctctccgggttcagcaattctcctgcctcagcct 
cctgagtagctgggattacaggcacctgctaccacacccagctaattttt 
gtatttttagtagagacagggtttcaccatgttggccaggctggtctgaa 
actcctcacctcaagtgatccacccgtcttggcctcccaaagtgctggga 
ttacaggcttgagccaccgcaccccgcccacttaacattttaaattaatt 
tcaagataatatcacttgaatatttttacacatataatttttttaataca 
tttatttacacagtttataatatcctacaaagtgattacaatgagtaaaa 
acccagttttcattgttcctaaagtggcttgatttatacaacttaatgtg 
ttgggtatttgtttctaagactccctctgctgtctaggtttggaagtatt 
gtgaggttaacagattttctttttatagttactactcagttgaacaggct 
ttaaaatacagagagaatcatattttttcttcattttttgcttttattta 
tatttttcttttaattggagacatgacaagaattgacttgtgtatggatc 
ttgcataatttaagtactgcaggtttaaaatctactaccagtttgagagt 
gccatttttcacactgtagattattaggttgaaaagtattatggcttaaa 
atcgcttttagccattaaatttaaataaccttgctttaatcataaataga 
tggtggtcacaatgactaactgttaaactctttgaagacaggatatttgg 
ctttatatggcaagcttttgaatacaacagaaattaaaactttatgggat 
agaaagaatctcctccaaattggtaaactataagacctttcaaatgattt 
agctaatttctccacaaatctgaggtattagtgttttttttaaagtggta 
ttctcctgtgttggggtcactttaaacctttttcttaatgataaatatat 
gaattgaaactaatcccttaatatatatcatttgaaaactgaaataatat 
gtttagatactgtttacttgttgataaattattggaataggatgttcgaa 
tactgtttacttcttggtaaatttttaaatccaatggattttacgtaagt 
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atagaactggagctcaaatactgttactgtgtgtgaagatatatgaacat 
agtttacagttgcatggcttatatctaaagtccagaaacataaggacaat 
taagtgtacacacacacacatgcatttggattttgatgacttaggtttgc 
caatgtggaaaaaatagtagcaaattaagttctcctgtgaaaaagtcgtt 
accttatttaaaattctgtgccattggttatccttgtcttttgtgaaaat 
tagtgttcctgtttataatattgacaaaacacctatgcggatgacattta 
agaattctaaaagtcctaatatatgtaatatatattcagttgcctgaaga 
gaaacataaagaatcctttcttaatattttttccattaatgaaatttgtt 
acctgtacacatgaagccatcgtatatattcacattttaatactttttat 
source: 
http://genome.ucsc.edu/cgibin/hgc?hgsid=199337123&g=htcDnaNearGene&i=uc001rgp.1 
(hg18_knownGene_uc001rgp.1 range=chr12:25249447-25295121 5'pad=0 3'pad=0 strand=- 
repeatMasking=none) 
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mRNA sequences 

 
length=1680 
ctaggcggcggccgcggcggcggaggcagcagcggcggcggcagtggcggcggcgaaggt 
ggcggcggctcggccagtactcccggcccccgccatttcggactgggagcgagcgcggcg 
caggcactgaaggcggcggcggggccagaggctcagcggctcccaggcctgctgaaaatg 
actgaatataaacttgtggtagttggagctggtggcgtaggcaagagtgccttgacgata 
cagctaattcagaatcattttgtggacgaatatgatccaacaatagaggtgttattaagc 
agtatgtaaaaagtccttacaatacttaatacattaagaaaacatacaatttcaagagga 
aatccccgagtaatacattattgacattttcagcagttctagttatattgagaagagcat 
ctcatggaattggcagaatgaagatggagattaaatgagatgatgtttgtaatatgctta 
tgacagtatctggcatataagtaagggctcagtaaatgttgactgctgtaattactatta 
atagtaatatgattacctttagtaaaagttattagtttctttaggttttttgtttactac 
aatatagtaaacaaaatctatacttggaatgtatatattgttttgttttgatacatggaa 
tatgtctctgtgtcagagtcactgcctgagttggaaaacccatactcgagtatgttaaaa 
ggtgaacacactgaataatttagttattaattataatggaaaaatgacaaacttgatgtt 
ctggttaatgaggttatcttatcttgaatgagttagcttttaaattcctcaaaataaagg 
catttaataaaccaggaaacacttcattaaaaaaattatgcaagtcagtgtaaaagaaga 
ttaaaattccacatgggcaaaggacacacgttggcgataaatatgcagataagaaaaaaa 
acctatataacattattactcctcaaagaaattggtatgaaaacaataaaaatgtgtagc 
ttatcaaaccaacaaaaatttaaaaatatgaaatccattttaagtaatgataaaatgggt 
gcactcttagtgctttatagaatagtagtataatgaacctcatgtgtgtaccaaccagct 
ctttcatatcttaacatttagcaacatttgatttagctctttcttttttccaagatagaa 
aagttaatattgttgaagactcctgcattcttttccctagtcttattttcttccctccca 
taaatgtgttaaaatctctgtgtgtattgttttggttgtatttttacataaaactttaca 
tattatataaaatttaattgaaggtaaaatttattaaattattcttaatatatattgtaa 
tttaaaaattaacagcttcattgtcttgataaaatttatggtatcttaaacatgtgcttg 
tttttctaagagaacattgaaacatagattttaaaacaaattgttgaaagattaaaaaat 
ctgcctttgcacactgttacattgaaagtggggcatttgtcgtgaacattcatttcaaat 
atgtagtatcttcagaatatttgagaaggatttgtattatataattgaaaaatctgttaa 
attgtatttatgttaactgcttaattctaataaaatttccattcattttttagtatctgc 
 
source:  http://genome.ucsc.edu/cgibin/hgGene?hgsid=199337123 
 
 

 


