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ABSTRACT 

Metastasis is the most lethal attribute of breast cancer and is responsible for majority 

of cancer related deaths. Numbers of metastasis suppressor genes that act to prevent 

or control metastasis have been identified in several types of cancers including breast 

cancer. This study was designed to screen three metastasis suppressor genes (DRG1, 

PTEN and gelsolin) for germ line mutations in sporadic breast cancer cases of 

Pakistani population. For expressional studies these genes were screened in both 

Pakistani as well as in British cohort. Three different study groups were recruited for 

this study. Cohort 1 was from Pakistani population, comprised of 350 blood samples 

and used for mutational analysis by polymerase chain reaction-single stranded 

conformational polymorphism (PCR-SSCP). Amplified products showing altered 

mobility patterns were sequenced and analyzed. For mRNA expression analysis, two 

different cohorts, (cohort 2 & cohort 3) from two different populations were used. 

Cohort 2 was from Pakistani population and comprised of 60 tissue samples while 

tumor matched normal adjacent tissues were used as control. Cohort 3 was from 

British population and comprised of 114 breast cancer tissues and 31 normal 

background tissues. Cohort 2 and 3 were screened by using real time quantitative 

polymerase chain reaction (qPCR) and data obtained was compared according to 

patients’ outcome and survival. Additionally, DRG1 expression was targeted in vitro 

using ribozyme transgene technology to explore the function of DRG1 in two human 

breast cancer cell lines.  

In this study using cohort 1, mean age of patients was calculated as 47±1.1 years, age 

at menarche as 13±0.1 years and mean age of post menopausal patients at menopause 

was calculated as 45±0.5 years. After Single Strand Conformational Polymorphism 

(SSCP), 57 samples showing altered mobility patterns were observed in DRG1. Splice 

site non-synonymous substitution and frame shift mutations were observed on exon 1 

and exons 3, 4, and 5 respectively. Overall, clear majority of the sequenced mutations, 

51 mutations out of 57 were frame shift mutations, which were deletions and 6 were 

splice site substitution mutations. Deletion mutation 459A/- was detected with highest 

frequency among all variations (0.36). Most prevalent mutation among 

premenopausal patients was frame shift mutations which were 369A/-, 377A/-, 

387A/- in exon 4. While frame shift mutation 459A/- in exon 5 was most prevalent 

among postmenopausal patients. When analyzed according to age group frame shift 
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mutations in exon 4 (369A/-, 377A/-, 387A/-) was found most common in age <40 

years. While 459A/- in exon 5 was wide spread among patients >40 years of age. It 

was observed that DRG1 expressed aberrantly in clinical breast tumor tissues in both 

cohorts 2 and 3 and was found to be significantly down regulated compared to control 

tissues. A highly significant link was seen between low levels of DRG1 expression 

and metastatic development. Patients who died of breast cancer also showed 

significant down regulation of DRG1 in cohort 3.  

Sequencing analysis revealed nineteen different types of mutations in different 

regions of PTEN (in exons 2, 4, 5, 6, 7 and splicing sites of intron 2 and 4 and also in 

the 3’ UTR region), including 3 silent, 8 missense, 2 frame shift and 6 splice site 

variations. Among the observed variations in this study, three missense mutations 

have already been reported i.e. 319G>A (Asp106Asn), 389G>A (Arg129Gln) and 

482G>A (Arg160Lys) in different populations. Substitution at 3’ UTR region of 

PTEN 2634 T>A was observed with a highest frequency (0.139). Most common 

mutation in premenopausal patients was frame shift mutation that was -/A in exon 7. 

While substitution mutation T>A in 3’UTR region was most prevalent among 

postmenopausal patients. Most prevalent mutation among patients in age group <40 

years was substitution mutation that was T>A in 3’UTR. While -/A, mutation in exon 

7 was most prevalent in patients >40 years of age. Significant low levels of PTEN 

were observed in low grade tumor and in patients with poor prognosis in cohort 2. No 

significant difference was observed in transcript levels of PTEN, when analyzed 

according to grades, NPI value and TNM staging in cohort 3.  

Different types of mutations were observed in gelsolin which include 3 non-

synonymous substitutions, 1 synonymous substitution and 10 frame shift mutations 

(comprising of 4 duplications, 5 deletions and 1 insertion) that were located in exons 

4, 6, 7, 8, 10, 11, 14. Insertion mutation observed in exon 10 in 36 samples has 

highest frequency (0.116) among all mutations observed. Most common mutation 

found in premenopausal patients was frame shift mutation that was 539 A/- in exon 7. 

Frame shift mutation 897_898------/GCAGGC in exon 10 was most prevalent among 

postmenopausal patients. This variation was also the most prevalent mutation among 

patients in age group <40 years. While 987_988 C>T, 987_988 --/TC in exon 11 was 

wide spread among patients >40 years of age. Negative correlation of gelsolin 
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transcript levels with development of metastasis in breast cancer patients in both 

cohorts (2 and 3) was observed.  

In vitro study revealed that knockdown of DRG1 results in significantly increased 

invasion and motility and decreased matrix-adhesion in MCF-7 cells.  

In this study different risk factors were also analyzed in association with breast cancer 

in patients but no association of these factors was observed in Pakistani population 

which is in accordance with many earlier studies conducted in this population. A wide 

range of germline mutations observed in DRG1, PTEN and gelsolin were found to be 

in important domains and might impair their functional activities. It can be suggested 

that these variations may play an important role in the pathogenesis and progression 

of breast cancer metastasis. Low expressional levels of these genes appear to be 

linked to development of metastasis and may be useful as a prognostic factor. In vitro 

data presented here indicate an involvement of the DRG1 gene in breast cancer 

progression and demonstrate a potential role of this gene in suppressing tumor 

metastasis.  
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1 Introduction 

1.1 Cancer 

Cancer is major cause of mortality in both under developed and developed countries 

(Jemal et al., 2011). It is a vast term which covers all the conditions that lead towards 

uncontrolled and unwanted cell proliferation. Almost all mammalian cells have the ability 

to capitulate oncogenic transformation. Emerging neoplastic cells build up several 

genetic and epigenetic variations that lead towards altered genetic activity. Resultant cell 

population can become cancerous by disregarding check points of proliferation (Ponder, 

2001). 

Causes of cancer include aging, genetic predisposition, infectious agents and 

environmental influences. These factors transform normal cells into cancerous cells by 

altering a wide spectrum of regulatory mechanisms and pathways. Due to this 

complexity, development of effective and specific cancer therapies are still hampered 

(Peto, 2001). 
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Figure 1.1 A framework for genetic effects on cancer development (Adopted from 

Ponder, 2001) 

Cancerous cells can be influenced by several factors. Within cells these factors include 

acquired or hereditary fault of DNA repair, cell-cycle checkpoints and defects in 

regulation of epigenetic events. Genetic alterations modify the assembly and obliteration 

of both external and endogenous mutagens and can affect mutational events in cells. 

Outcome of pathway events can also be influenced by various other factors. With in cell 

genetic alterations exert affect on phenotypes and also modify cellular response to 

external stimuli or signals. These variations also alter the interactions among neighboring 

cells and response to certain physiological and developmental changes in body, resulting 

in carcinogenesis. A number of different steps are involved underneath all this 

convolution and obscurity of every neoplasm that drives cancerous cells to unrestrained 

proliferation, invasion and metastasis. Changes in energy metabolism along with escape 
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from immune system also help in creating microenvironment conducive for 

tumorigenesis (Ponder, 2001; Hanahan and Weinberg, 2011).  

1.2 History of cancer 

Word used for cancer by Hippocrates was “carcinos” for non-ulcer tumor and 

“carcinoma” for ulcer tumors. Celsus (28-50 BC), first time used the term “cancer” that is 

a Latin name used for crab while Galen (130-200 AD) described it as “oncos” (swelling). 

Earliest proof of cancer found in bones of Egyptian mummies and in ancient manuscripts 

named Edwin Smith Papyrus, dates back to 3000 BC (Olszewski, 2010).  

1.3 Causes of Cancer  

Different historical concepts of cancer have been put forward at different times to explain 

the causes of cancers. First model of carcinogenesis known as “mutational model” mainly 

focused on the chemical environment, radiation and viruses. Second, “genome instability 

model” concerned about genomic instability and led to the formulation of the theory of 

„tumor suppressor genes‟ (TSGs) (e.g. p53), genome integrity and repair-related genes 

(such as BRCA1 and MLH1), in contrast to the first paradigm with its emphasis on point 

mutations and chemical carcinogens. Third model (non-genotoxic model) that concerned 

non-genotoxic factors emphasized on several important modulators of cancer risk (diet, 

obesity, hormones and insulin resistance) that act through functional changes including 

epigenetic events rather than effecting at DNA level.  

Another interpretation of carcinogenesis (Darwinian Model) took its idea from 

Darwinism and attributes a greater role to clonal expansion (selection) of cells rather than 

to mutations. It also highlights role of both macro and micro environment in selecting 

those cells that have some acquired advantages. Next theory (tissue organization model) 

emphasized more on the role of local or (micro-) environment surrounding the pre-

cancerous cells. Disease appeared with the emergence of focal proliferative lesions that 

are known to act as precursors for cancer development. This altered tissue architecture 

translates into the emergence of a unique tumor microenvironment inside these lesions, 

associated with altered blood vessels and/or blood supply that in turn can trigger 

biochemical and metabolic changes fuelling tumor progression.  
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All these concepts can be classified in to two groups. One group of theories emphasizes 

on biological changes in the epithelium that lead to malignancy while other suggests that 

alterations in stroma/extracellular matrix are necessary for malignancy along with 

changes in epithelium (Vineis et al., 2010).  

1.4 Different Techniques used to Study the Process of Carcinogenesis 

Numbers of techniques have been used to explore the complex process of carcinogenesis 

by using different frozen, fixed or fresh cancerous materials including DNA and RNA 

samples. Flow cytometry and karyotype analysis was first used to study different cellular 

and genetic aberration. Fluorescence in situ hybridisation (FISH) has been used to detect 

chromosomal abnormalities including both additional and deletion variations. For the 

detection of allelic disparity micro satellite and loss of heterozygosity (LOH) analysis are 

important techniques used for small repetitive DNA sequence. Comparative genomic 

hybridization (CGH) is used to screen gain or loss of human chromosomal material in 

fresh, fixed or frozen DNA sample (Rao et al.,  2008). 

Different semi and real time quantitative techniques are used to analyze RNA and protein 

expressional levels that include Serial Analysis of Gene Expression (SAGE), Quantitative 

PCR, Imunohistochemistry, tissue microarrays and proteomic approaches while RFLP, 

SSCP, DGGE and sequencing are used to detect genetic variations (Kenemans et al., 

2004; Garnis et al., 2004; Baig et al., 2011). In present study SSCP was used for 

mutational analysis which is among the most frequently used mutation detection tool. Its 

simplicity, robustness and low cost make it the most common mutational analysis 

technique. Nevertheless, there are certain physical factors that affect its accuracy that 

ranges between 60- 90%. Mutation detection ability of SSCP decreases with increase in 

product size of amplicon (Weber et al., 2005).  

DNA methylation patterns of genes are analyzed by Southern blot experiments using 

methylation sensitive restriction enzymes. For determining differential genomic DNA 

methylation, different assays can be used e.g. Methylation specific PCR Assay, 

Methylight Assay, Methylated-CpG island recovery assay and Methylation-sensitive 

arbitrarily primed PCR Assay (Feng and Kiviat, 2008).  
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Specific gene function can be analyzed through alteration of cell behavior by introducing 

foreign gene or by disrupting endogenous gene in cell culturing. RNAi is a relatively 

advance technique to target gene functions via post transcriptional or translational gene 

silencing (Tijsterman et al., 2002, Garnis et al., 2004). 

1.5 Breast Cancer  

The breasts are made up of sections or lobes. Each lobe contains many lobules/ glands 

which are linked to nipple by ducts. Fatty, connective and lymphatic tissue surrounds the 

lobules and ducts while axillary lymph nodes are present under arm. Breast tissue cancer 

that originates from lobules or inner lining of milk ducts is called breast cancer. It can be 

called ductal carcinoma or lobular carcinoma depending upon its origin (Ward et al., 

2004). It is the most frequently diagnosed cancer worldwide, with frequency of 23 % in 

all cancers and accounts for 14% cancer mortality (Jemal et al., 2011). Breast cancer 

rates vary worldwide and are observed highest in Europe. A lesser number of breast 

cancer cases are also observed in male population but with poor prognosis which  

accounts towards late diagnosis (Curado, 2011). 

1.6 Categorization Basis for Breast Cancer 

Different criteria have been used to classify breast cancer based on TNM staging (Tumor 

Node Metastasis), different receptors status, pathology, histological grade and altered 

expression of certain genes.  

1.6.1 Stage 

Different parameters are used for the TNM classification of breast cancer based on three 

parameters which are size of the tumor (T), number of lymph nodes involved (N) and 

tumor metastasis (M). Larger tumor size with involvement of nodal spread and metastasis 

is related to a more advanced stage and poor prognosis.  

Breast cancer is categorized from 0 to IV based on cancer spread. Stages resolve the 

treatment and outlook for recovery. Main stages used are stages 0, I, II, III, and IV. Stage 

0 predicts an earlier pre-malignant cancer and is also called noninvasive carcinoma or 
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carcinoma in situ which can be a lobular carcinoma in situ or ductal Carcinoma in situ. If 

cancer spreads beyond duct or lobule then it can be stages I or II as these are the early 

stages of cancer. Stage I shows that tumor is not larger than 2 cm in diameter and cancer 

cells have not spread beyond the breast. In stage II the tumor has spread to the axillary 

lymph nodes and is < 2 cm in diameter or the tumor‟s diameter is 2-5 cm with or without 

growth to the auxiliary lymph node. Tumor is still stage II, if it is > 5 cm without growth 

to the axillary lymph nodes. Stage II is also termed as “locally advanced cancer”. In this 

stage tumor in breast is large (> 5cm across) and the cancer has spread to other lymph 

nodes or tissues near the breast. In stage III, tumor is more than 5cm with extension to 

chest wall or skin, with involvement of axillary and internal mammary lymph node but 

with no distant metastasis. Stages I–III are potentially curable and can be described as 

'early' tumor. Stage IV indicates that cancer has spread to other organs of the body (e.g. 

bone, liver or lung). It is defined as 'advanced' and/or 'metastatic' cancer with the 

involvement of near and distant lymph nodes (Ward et al., 2004; Hammer et al., 2008).  

1.6.2 Histopathology 

Breast cancer can also be classified by its histology. Mostly breast cancers are derived 

from the epithelium lining of the ducts/ lobules, and are classified as mammary ductal 

carcinoma. Carcinoma in situ is proliferation of cancer cells within the epithelial tissue 

without invasion of the surrounding tissue. While invasive carcinoma invades the 

surrounding tissues (Rakha et al., 2010). These will be further discussed in detail in 

section 1.7. 

1.6.3 Grade (Bloom-Richardson Grade) 

While grading any cancer it can be categorized as low, intermediate or high grade tumor 

depending on the degree of differentiation. High grade tumors show worse prognosis 

while low grade tumors have well differentiated cells. Nottingham combined histological 

grade system that is also called Nottingham Grading System is the most common and 

widely accepted grade method in breast cancer (Rakha et al., 2010). 
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1.6.4 Receptor status 

Receptors present on cell surfaces, in cytoplasm or in nucleus bind certain hormones and 

respond accordingly. Three different types of receptors i.e., estrogen, progesterone and 

HER2/neu can be present on breast cancer cells. Cells without these receptors are 

categorized as triple negative or basal-like cancers (Shabaik et al., 2011). 

1.7 Types of Breast Cancer 

Breast cancer can be described as a diverse, multistep disease regarding staging, 

pathological categorization and clinical course that progress through low grade epithelial 

atypia to invasive ductal carcinoma (Yerushalmi et al., 2009).  

Types of breast cancer can be grouped as invasive or noninvasive cancer. 

1.7.1 Noninvasive Breast Cancer 

Noninvasive means it has not yet invaded other breast tissue. Noninvasive breast cancer 

is called "in situ." In situ breast carcinoma (CIS) is a transitional phase in the evolution of 

invasive malignancy from normal breast tissue. There are two histological forms of CIS. 

1.7.1.1 Ductal Carcinoma In situ (DCIS)  

Type of cancer that is still restrained to ducts and has not spread to proximal tissues is 

called intraductal or noninvasive breast cancer. Advancement of this cancer in to more 

complex invasive form is possible if it is left untreated. Histologically, it is composed of 

proliferated malignant cells bounded by the basement membrane of breast ducts and can 

be of different stages. Classification of DCIS depends upon the form of tumor that is 

either micro papillary, papillary or solid along with grading and necrotic status of 

cancerous cells (Bane, 2013). 

1.7.1.2 Lobular Carcinoma In situ (LCIS)  

Abnormal growth of cells in milk producing glands of breast can cause Lobular 

carcinoma in situ. It is mostly restricted to these glands but can be converted to invasive 

form. Histologically, it is composed of high nuclear grade anaplastic cells present in 
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lobules. This cancer serves as a precursor of other, more advanced pathological types of 

breast cancer (Hajdu and Tang, 2009). 

1.7.2 Invasive Breast Cancer 

Spreading of breast cancer from lobules or milk carrying ducts to other parts of breast 

generates invasive types of breast cancer.  

1.7.2.1 Invasive Ductal Carcinomas (IDC)  

Invasive ductal carcinoma is the largest and the common most subtype of invasive breast 

cancers. Histologically, it is a heterogeneous most cancer that accounts for almost 70% 

breast cancer cases with 30-50% 10 year survival rates (Weigelt et al., 2005)  

1.7.2.2 Invasive Lobular Carcinoma (ILC) 

Invasive lobular carcinoma (ILC), also known as infiltrating lobular carcinoma, is 

characterized by spreading of cancer from primary lobular location to other parts of 

breast tissue. It is the second highest epithelial type in breast cancer with a frequency of 

10-15% without any age limitation (Ansquer et al.,  2010). 

There are other well defined, less common types of breast cancer that are grouped 

according to their prognosis and ER status and are described as follows: 

1.7.3 Good Prognosis, ER Positive Tumors 

1.7.3.1 Tubular Carcinoma (TC) 

Histologically, it comprises of open tubules with single layered epithelial cells with lower 

nuclear grading. It is mostly found in post menopausal patients with 1-6 % occurrence 

frequency and includes 0.7 to 10.3 % cases of invasive epithelial cancer. In this type 10 

years survival rate has been observed to be 90-100 %.  
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1.7.3.2 Invasive Cribriform Carcinoma 

Histologically these tumors are comprised of cribriform pattern and grouped as pure, 

classic and mix type. Mean age of patient has been observed as 53 to 58 years with 

frequency of 1-6 % and 90-100 % 10 year survival rates. 

1.7.3.3 Pure Mucinous Carcinoma 

Presence of profuse extracellular as well as intracellular mucin has been observed in this 

type. Different subtypes of these tumors are mucinous carcinoma, cystadeno carcinoma 

and columnar cell mucinous breast carcinoma along with signet ring cell cancer 

(Tavassoli et al., 2003). It represents oldest median ages i.e., 71 years with a frequency 

<5% of all types and 80 to 100% 10 year survival rate. 

1.7.3.4 Invasive Solid Papillary Carcinoma (SPC) 

It consists of papillae that have solid focal areas. It comprises of DCIS in more than 75% 

cases while 33% cases include invasions in lymphatic vessels. This type is mostly found 

in menopausal patients with occurrence frequency of <1–2%. 

1.7.3.5 Apocrine Carcinoma 

Apocrine carcinomas (ACs) only have cytological difference from IDC. Histologically, it 

resembles apocrine carcinoma with large multiple nucleoli and excessive eosinophilic 

cytoplasmic granules. Its occurrence frequency is 0.3–4%.  

1.7.3.6 Neuroendocrine Tumors 

This type is characterized by tumors comprised of thick, solid mass intercalated with 

flimsy fibrovascular stroma. They can be divided into various categories including small 

or large cell cancer (SCC or LCC), solid neuroendocrine or atypical carcinoid cancer. Its 

occurrence frequency is 2-5% among all breast cancers 

. 



Introduction 
 

11 
 

1.7.4 Good Prognosis, ER Negative 

1.7.4.1 Medullary Carcinoma 

This carcinoma is composed of poorly differentiated cells with no glandular structures, 

scant stroma, circumscribed margins and a prominent lymphoplasmacytic infiltrate. 

Preliminary tumor is identified as „atypical medullary carcinoma‟ (AMC). Medullary 

carcinoma (MC) comprises 1%–7% of breast cancer cases. Node involvement is less 

seen. Although MC is not an indication for BRCA gene screening, there are growing data 

that indicate that MC may correlate with BRCA1 gene mutation. Its frequency is 1–7% 

and 10 year survival rate is 50–90%. 

1.7.4.2 Secretory Breast Carcinoma 

This type is of cancer is very rare with less available data and also termed as juvenile 

carcinoma due to younger mean age of patients. Its frequency of occurrence is 0.01-

0.15% in all breast cancer cases. 

1.7.4.3 Adenoid Cystic Carcinoma  

Adenoid cystic carcinoma (ACCs) histologically represents a combination of 

proliferating glands, connective tissue cells and myoepithelium. It is mostly found in post 

menopausal patients and also involve pain due to neural association. Its frequency of 

occurrence is 0.1% in all breast cancer cases. 

1.7.4.4 Acinic Cell Carcinoma 

This carcinoma is different from other types due to the presence of structures that 

resemble salivary glands. Onset age of acinic cell carcinoma ranges from 35-80 years. 

Very limited no of patients have been reported so far (7 cases) in this case.   

1.7.5 Poor Prognosis, ER Positive 

1.7.5.1 High-Grade Small-Cell NE Carcinoma 

This is a violent type of breast tumor characterized with lymph node involvement that 

shows worse prognosis. Patients with this type of breast cancer have been found to be in 

60-70 years of their age.  
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1.7.5.2 Invasive Micro Papillary Carcinoma 

This type is characterized with void mass of cancerous cells and lymphatic nodes 

invasions in almost 72.3- 91% of patients. Mean age of patients in this case has been 

found to be 52.5 years and ranges from 33 years to 78 years while its frequency is less 

than 3% of all breast cancer cases.  

 

 

1.7.6 Poor Prognosis, ER Negative 

1.7.6.1 Metaplastic Carcinoma 

This is a type of adenocarcinoma tumor that transforms basic epithelial or mesenchymal 

elements of tissues in to a non-glandular component. This is a high grade pathological 

type mostly found in older age females. Its incidence is most common in Hispanic or 

African American and observed frequency is less than 5% among other types of breast 

cancers. 

1.7.6.2 Lipid-Rich Carcinoma 

This type of tumor is characterized by high cytoplasmic lipid content and less 

differentiated proliferation. Occurrence of this cancer among all other types is 1 to 2% 

with mean age at diagnosis less than 50 years.  

1.7.6.3 Glycogen-Rich Clear-Cell Carcinoma 

This type of carcinoma is mostly characterized by clear cytoplasm with high content of 

glycogen. Mean age observed in patients is 57 years while its frequency has been 

recorded as 1.4 to 3 % (Tavassoli et al., 2003; Weigelt et al., 2005; Yerushalmi et al., 

2009). 

1.8 Hereditary/ Familial Breast Cancer 

Breast cancers resulting due to the genetic variations in one or both alleles of highly 

susceptible genes are termed as hereditary cancers. About half of familial breast cancer 
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cases, are hereditary cancers. Breast cancer susceptibility gene 1 and 2 (BRCA1 and 

BRCA2) are the most studied and highly penetrated genes in case of hereditary breast 

cancer. Almost 30 to 40% cases among familial types and 2 to 3 % of all breast cancer 

cases contain genetic variations in these genes. Apart from these susceptibility genes, 

there are certain other genes found to play important role in familial breast cancer cases, 

such as CHEK2 (cell cycle check point gene) is accounted for 5 % cases while variations 

in TP53 and PTEN are responsible for 1% familial cases in breast cancer (Wooster and 

Weber, 2003; Chappuis et al., 2002). 

1.9 Sporadic Breast Cancer 

Sporadic breast cancers often result from a serial stepwise accumulation of acquired and 

uncorrected mutations in somatic genes. Mutational activation of oncogenes, often 

coupled with non-mutational inactivation of tumor suppressor genes, is probably an early 

event in sporadic tumors, followed by more, independent mutations in other genes. 

Important genes that have been observed to play important part in sporadic cases are 

ERBB2, cyclin D1 and MYC with a rare chance of mutational inactivation of BRCA1 

and BRCA2.  Later diagnostic age and contribution of low penetrance genes in contrast 

to familial cases are attributes of sporadic breast cancer (Kenemans et al., 2004). 

Sporadic breast cancer has been further divided in diverse molecular subgroups that have 

distinctive characteristics mostly based on hormonal receptor status (ER, PR and Her-

2/neu). Both luminal A and B subtypes, ERBB2, basal-like along with normal breast-like 

subgroups are included in it. Basal-like tumors represents the most undifferentiated form 

among all types of breast cancer. Up regulation of EGFR and Vascular Endothelial 

Growth Factor (VEGRF) pathways along with low expressional levels of Her-2/neu is a 

distinctive character of Basal-like subtype. ERBB2 tumors have been observed to over-

express Her-2/neu and multiple genes at 17q11. Patients with ERBB2-positive breast 

cancer show comparatively poor final outcome related to ERBB2 negative cases. 

Luminal subtypes although show difference in final outcome but both strongly express 

estrogen receptor. They also show a discriminative expression of nuclear antigen, TOPO 

II along with several proteins involved in cell cycle. Besides sporadic mutations that 

accumulate in the developing tumor due to cancer genome instability, DNA sequence 
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polymorphisms have been linked to cancer aggressiveness and susceptibility. Recent 

genome-wide association studies to identify SNPs connected with cancer susceptibility 

reflect the increasing recognition of polymorphisms as cancer-relevant parameters 

(Melchor and Benitez, 2008; Garber, 2009). 

1.10 A Global Scenario of Breast Cancer 

Breast cancer has been reported as most lethal female malignancy worldwide. Prevalence 

varies from highest in Western Europe (89.9/ 1,00,000) to lower most in East of Africa 

(19.3/ 1,00,0000). Developed regions show higher rates i.e., 80 cases compared to <40 

cases per 1, 00,000 women in under developed countries. Highest rates of breast cancer 

occur in Australia and Europe specifically in Italy, France, and Switzerland that showed 

average rates of 60 to 100 per 1,00,000 cases. Lowest ASR(W) has been observed in 

Harare, China, Thailand and India (18 to 30/1,00,000) (Curado,  2011).  

In both North and South American continent, USA and Canada along with Barbados, 

Uruguay, and Argentina showed maximum breast cancer incidence while Mexico and 

Central America are ranked lowest in this regard (Ferlay et al.,  2010). In United States 

Breast cancer is an older age disease with median age of 61 years accompanied with an 

early stage diagnosis. Relative survival rates in females have also been improved with 

advancement in diagnosis and treatments (Siegel et al., 2012). 

In Europe both highest and lowest breast cancer incidence rates in the world have been 

observed. Early stage diagnosis accompanied with postmenopausal status is a 

characteristic of European breast cancer cases (Curado, 2011).  

Breast cancer has been observed less frequently in African continent compared to other 

world. According to breast cancer incidence rates Ghana and Sudan ranked lowest while 

South Africa is topmost in Africa (Abdulrahman and Rahman, 2012). In Asia, breast 

cancer incidence is rising among all other cancers though its rate is still lower than 

western population. Countries with westernized life style like China and Singapore, 

showed highest rates while Thailand, Korea and India exhibit lowest rates of breast 

cancer in Asian countries (Curado, 2011).  
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In Middle East/ Arab world breast cancer is the commonest most malignancies in females 

and is a comparatively younger age disease with a 49 to 52 years of median age (El 

Saghir et al., 2007).  

1.11 Worldwide Breast Cancer Mortality  

Breast cancer is the largest and most common group of several tumor subtypes that 

distress people of all social, racial, religious and age groups. It accounts for maximum 

cancer related deaths in females in developed as well in under developed countries. 

Worldwide breast cancer mortality rates vary from 6-29/ 1,00,000 which ranks fifth cause 

of death from all cancers (Ferlay et al., 2010). 

Breast cancer mortality rates differ among developed and undeveloped countries being 

the lowest in low income countries. In previous years, perhaps due to advancement in 

science, decreased breast cancer mortality rates has been observed in developed countries 

but a rise in Asian countries has been seen during the same period (Curado, 2011). 

Approximately similar breast cancer mortality rates have been observed in African and 

European population despite the younger age of African breast cancer patients. 

Heterogeneous trends have been observed in Asian countries with lower mortality rates in 

general. Korean population exhibit lower most and Singapore has shown highest breast 

cancer death rates in Asia with intermediary rates observed in Japan. In USA, decreased 

mortality rates have been observed among all races in last three decades but 

comparatively death rate is greater in black women. In Europe, breast cancer death rates 

exhibit same trend being highest in postmenopausal females and ranges from 7-25/ 

1,00,000 women (La Vecchia et al., 2010). No large variation has been observed in breast 

cancer mortality patterns in New Zealand and Australia (Curado, 2011). 

1.12 Characteristics of the sampled population 

Three different cohorts were selected for this study from two different populations i.e., 

from Pakistani and British (UK) populations. 

Breast cancer is the most common cancer worldwide and women of all geographic areas, 

races and ethnicities are affected from breast cancer. Nevertheless, ethnicity and region 
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based variations in breast cancer biology is an established feature (Bhikoo et al., 2011). 

In Asian Pacific region, rapidly increasing incidence rate of breast cancer (3 to 4% per 

year) has been observed as compared to global rise (Parkin et al., 2005). It is also the 

most common cancer in Pakistani females with highest incident rates among Asian 

populations except Jews (Bhurgri et al., 2006). Available population based cancer 

registry data from South Asia shows that Pakistan has the highest Age Standardized Rate 

(69 per 100,000) of breast cancer in this region (Moore et al., 2009). Since there is no 

national cancer registry in Pakistan, therefore the precise incidence and mortality rates of 

breast cancer are not known (Bhurgri, 2004; Hanif et al., 2009; Khokher et al., 2012). 

Hospital based data is the only reliable source of cancer related information of local 

patients. The best strategy however to develop comprehensive nationwide cancer data 

base is to establish and maintain a national population related cancer registry.  

Breast cancer frequency has been reported highest among all other cancers in Pakistan as 

reported by Institute of Nuclear Medicine and Oncology (INMOL), Lahore from the year 

2000 to 2009  (Khokher et al., 2012), Shaukat Khanum Memorial Cancer hospital 

(SKMCH) (Badar et al.,  2011), Karachi Institute of Radiotherapy & Nuclear Medicine 

(KIRAN) (2000 to 2008) (Hanif et al., 2009), Jinnah hospital Lahore from 1997 to 2001 

(Aziz et al., 2003), and by Armed Forces Institute of Pathology, Rawalpindi Pakistan 

(1992-2001) (Jamal et al., 2006).  

Mean age at breast cancer presentation in Pakistan has been reported as 47±12 years 

(Bhikoo et al., 2011; Khokher et al., 2012), 48 years (Malik, 2002), (Siddiqui et al., 

2000, Bhurgri et al., 2007, Sharif et al., 2009), 47.6±12, (Badar et al., 2011), <45 years 

(Afsar et al., 2010), between 30-50 years (Fatima et al., 2010). It is comparatively a 

younger age disease in terms of an early peak age at presentation, which is 40 to 50 years 

in the Pakistan compared to 60 to 70 years in the West (Bageman et al., 2007; Leong et 

al., 2010). Younger age of patients at breast cancer presentation is a feature in most 

developing countries like India (Saxena et al.,  2005; Agarwal et al., 2007), Srilanka 

(Lokuhetty et al., 2009) along with Cameroon (Ngowa et al., 2011). Younger age range 

of patients in Pakistan and the other developing countries may be explained by the 
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younger age structure and the lower life expectancy of women in these regions (Khokher 

et al., 2012).  

Different reproductive factors have been reported to exert protective role in females that 

are multiparity, late menarche and breast feeding along with early menopause. Pakistani 

population however exhibits a different pattern of breast cancer risk factors. Breast 

cancer is prevalent in multiparous, lactating females at comparatively younger age 

opposite to western world. It has been proposed that different genetic factors solely or in 

arrangement with other non genetic factors may be playing a key role in this regard 

(Fatima et al., 2010; Khokher et al., 2012). 

Pakistani women have higher frequency of Invasive Ductal Carcinoma along with lower 

Invasive Lobular Carcinoma, which can be attributed to low prevalence of the risk factors 

for ILC in the local population. In a study only 26 patients among 6,718 were observed to 

have Ductal carcinoma in situ during ten years duration (Afsar et al., 2010; Khokher et 

al., 2012). This is in contrast with the developed countries like United States, where 20-

25% of all newly diagnosed cases are DCIS (Lee et al., 2012). 

Stage at presentation of breast cancer is a major determinant of patient‟s survival after 

treatment. In a study of breast cancer cases presented at two cancer hospitals in Lahore, 

63% and 71%, presented at advanced stages (TNM Stage III and IV) (Gilani et al., 2003), 

10 years data report of INMOL shows that 58% of patients presented at late stages. A 

similar picture has also been reported in various other studies from Pakistan (Malik et al., 

2002; Aziz et al., 2004; Hanif et al., 2009; Khokher et al., 2010; Malik et al., 2010). Very 

few women are reported to be at stage 0 and stage I or at grade I at the time of 

registration (Afsar et al., 2010; Khokher et al., 2012). Profile of breast cancer patients in 

Pakistan follows a pattern similar to that of other developing countries with earlier peak 

age and advanced disease stage at presentation.  

In United Kingdom (UK), there is a well defined national level cancer registry available 

for country wise cancer data regarding British population. Patients with cancer tend to 

present with more advanced disease and have poorer survival rates than many of their 

European counterparts (Berrino et al., 2007; Sant et al., 2009). In UK, breast cancer is the 
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second most common cause of death from cancer in women after lung cancer. In 2010, 

around 1,200 deaths from breast cancer occurred in women aged under 50 (Parkin, 

2011a).  

Breast cancer is accounted for 31 % of all cancers in women in 2010 in UK. There is a 

chance of developing breast cancer in one per eight women at some point in their lives, 

with age being the strongest risk factor, after gender (Cancer Research UK, 2013). 

Incidence rates for breast cancer in UK have increased since 1971 while mortality rates 

have fallen. Almost four out of every five new cases were diagnosed in women aged 50 

and over, with more cases observed in the age group 60 to 64 years that accounts for 14 

% of all new cases. In 2010, 41,259 new cases were diagnosed with an increase of 1.8 % 

compared to 2009. There were 126 new cases per 100,000 women in 2010, compared 

with 125 new cases per 100,000 women in 2009. These incidence rates have increased by 

90 per cent between 1971 and 2010. Five-year survival estimate for women, diagnosed 

with breast cancer in 2005-09 and followed up to the end of 2010 was 85 % as compared 

to 81 % in 2000-04 and 76 % in 1993-95 (Ziaei et al., 2013). Mortality rates have been 

observed higher in women aged over 70 years of age. Approximately, 9,700 women died 

from breast cancer in England in 2011, a rate of 24 deaths per 100,000 women. These 

mortality rates have fallen by 37 % between 1971 and 2011. Earlier detection and 

improved treatment for breast cancer helped in increased survival rates. Survival has been 

observed higher from breast cancer compared to other major cancers in women that 

includes cervical, colorectal, ovarian, and lung cancer (Office for National Statistics, 

2011). 

There are various factors that can account for increased risk of breast cancer in women. 

Around 9% of cases of breast cancer in UK are linked to excess body weight or obesity 

(Parkin and Boyd, 2011). Women currently using hormone replacement therapy (HRT) 

have a 66% increased risk of breast cancer. Use of HRT has fallen in UK in recent years, 

although around 3% of breast cancer cases in the UK each year are linked to its use 

(Parkin, 2011b). Risk of breast cancer in current users of oral contraceptives (OC) is 

increased by around a quarter but only 1% of all the breast cancer cases each year are 

linked to OC use. 
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Drinking moderate amounts of alcohol increases the risk of breast cancer and this risk 

increases with increase in drinking. Around 3,100 cases of breast cancer in the UK each 

year are linked to alcohol consumption. A more active lifestyle reduces breast cancer 

risk.  Around 1,700 cases of breast cancer in UK each year are linked to being physically 

inactive. It is also estimated that about 27 per cent of cases of female breast cancer in UK 

are linked to largely modifiable lifestyle and environmental factors (Parkin, et al., 2011). 

A strong association has been between older age and delay in help-seeking due to poorer 

knowledge of symptoms and risks among older women (Grunfeld et al., 2002). Although 

women with a strong family history of breast cancer have a higher risk, a larger 

percentage of cases occur in women without a positive family history (McPherson et al., 

2000). 

Mean age at breast cancer presentation in British population has been reported as 63 

years (Walters et al, 2013). Female breast cancer incidence rates have overall increased 

for all broad age groups in Great Britain since the mid-1970s. The largest increases have 

been seen in women aged 65-69 and 50-64 with approximately half (48%) of female 

breast cancer cases being diagnosed in these age groups. An average of 45% of cases 

were diagnosed in women aged 65 years and over, and 80% were diagnosed in the 50s 

and over, in 2008-2010 (Cancer Research UK, 2013).  

Reproductive factors influence the risk of cancers of the female genital tract (uterus and 

ovary) and breast. Breastfeeding of infants in Britain is not very common, and is 

generally not prolonged for more than a few weeks. It has also been observed that risk of 

breast cancer is reduced with increasing parity. Certain aspects of reproductive history 

are associated with different risks of developing different histological types of breast 

cancer. Effects of age at menarche and of age at first birth vary significantly across tumor 

type, with the greatest effects seen for lobular breast cancer. Increasing parity was 

associated with reductions in risk for ductal, lobular, tubular and mucinous cancers, with 

a substantially greater effect for mucinous cancers than for the other tumor types (Reeves 

et al., 2009). A significantly greater effect of age at menarche has been found on lobular 

cancer compared with ductal breast cancer among postmenopausal women (Li et al., 

2008). 
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1.13 Risk Factors Responsible for Breast cancer 

Primary breast cancer risk factors have been identified as follows; 

1.13.1 Gender and Age 

Reproductive age has a positive correlation with breast cancer and risks decreases after 

50 years of age. Age of breast cancer occurrence mostly ranges from 55 to 75 years in 

developed countries while it is a relatively younger age disease in underdeveloped 

regions (Key et al., 2001). 

1.13.2 Nulliparity, Breast Feeding, Hormone Levels 

Both child bearing and breast feeding, reduce females‟ life time exposure to estrogen 

levels thus acting as protective factors against breast cancer. Estrogen has been reported 

to have the ability of conversion to certain toxic mutagenic metabolites that can enhance 

tissue proliferation (Key  et al ., 2001;Yager et al., 2006).  

1.13.3 Migration and International Variation 

Both breast cancer prevalence and death rates vary worldwide among different 

populations. Developed countries show higher rates compared to under developed 

countries. Interesting observation has been made regarding increase risk in people who 

migrated from these low risk regions to high risk areas (Key et al., 2001). 

1.13.4 Reproductive Factors  

Reproductive factors include age at menarche, child bearing and menopause. Early 

menarche and older age at menstruation work oppositely in case of breast cancer with 

older menstruation age decreasing the risk of breast. Effect of early menarche has been 

observed to increase the risk of breast cancer in premenopausal women compared to post 

menopausal. Breast cancer risk decreases about 5% with each 1 year delay in menarche. 

While menstrual cycle duration and regularity has not shown any relation to breast cancer 

risk. Women with at least one successful pregnancy exhibit 25% more protection 

compared to nulliparous females. Nulliparous females face almost double risk of breast 
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cancer compared to those  having five or more than five children (Parsa and Parsa, 2009; 

Key et al., 2001).  

1.13.5 Endogenous Hormones 

Epidemiology of breast cancer shows key role of hormonal factors in this disease. 

Estradiol along with progesterone increases mitotic potential of breast epithelial cells. 

Earlier menarche and late menopause in females expose breast tissues longer to these 

hormones by increasing reproductive phase. Both these parameters are considered 

important in etiology of breast cancer worldwide. 

 1.13.6 Oral Contraceptives  

Oral contraceptive users are at higher risk of breast cancer but this risk decreases 

significantly after almost 10 years cessation of these medicines. 

 1.13.7 Exogenous Hormones 

Exogenous hormones are taken in the form of infertility drugs, contraceptive agents, as 

post menopausal therapy etc. and are reported to exhibit higher risk of breast cancer (Key 

et al., 2001; Chen, 2008). 

1.13.8 Diet 

Inconsistent results from different studies have hypothesized that higher fat intake can be 

presented as a risk factor while high vegetable consumption can exert potential protective 

affects. It is also assumed that phyto-estrogens has the ability to counter act endogenous 

estrogen levels in humans thus providing protection against breast cancer (Vera-Ramirez 

et al., 2013).  

1.13.9 Alcohol and Smoking 

Alcohol can prove to be a risk factor through different ways and can affect levels of 

estrogens and estrogen receptors. It can also exert affect via carcinogenic byproducts of 

alcohol metabolism or may be because of decreased supply of important nutrients in 

alcoholics (Pieta et al., 2012). Many mammary carcinogens are present in tobacco smoke 



Introduction 
 

22 
 

that can play role in breast carcinogenesis as a result of both active and second hand 

smoking, particularly for long-term heavy smoking and smoking initiation at an early 

age. Several studies suggest that breast cancer risk is likely to emerge after many years of 

smoking commencement, mainly among chronic heavy smokers (Reynolds, 2012). 

1.13.10 Anthropometry 

High birth weight, adult height, obesity and elevated body mass index (BMI) in post 

menopausal females has been reported to show positive association in some studies with 

breast cancer suggesting the involvement of resultant alterations in certain hormonal 

levels (Suzuki et al., 2012).  

1.13.11 Exercise 

Physical activity and exercise not only improves the eminence of life but also show a 

positive protective affects against breast cancer. Although data is inconsistent but this 

correlation has been found greater before menopause (McNeely et al., 2006). 

1.13.12 Radiation 

Ionizing radiations along with radiations from sun are reported to have an increased 

effect on sensitive breast tissues especially in a younger age (Ronckers et al., 2005).  

1.13.13 Carcinogens 

There are large numbers of chemicals and biological materials that have been diagnosed 

as carcinogens including dyes, asbestos, and coal tar along with different other products. 

Endocrine disrupting chemicals and carcinogens are present in many occupational 

environments and can increase breast cancer risk (Brophy et al., 2012). 

1.13.14 Mutagens 

Repair mechanisms naturally present in body can be hindered by different mutational 

events. These mutational processes can be a consequence of endogenous mutagens 

mostly present in free radical forms or due to exogenous influences and environmental 
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exposures. Different metabolic pathways can be distressed by their resultant influence  

(Ponder, 2001).  

1.13.15 Familial Risk 

Familial risk can be counted as sharing of genetic material among family members or 

exposure of these members to same environment. Almost one fourth breast cancer cases 

show inherited aspect and this risk increases two-fold with an incidence of breast cancer 

in first degree relative (McPherson et al., 2000).  

1.13.16 High-risk Mutations 

Germline mutations have been reported in various genes that can influence breast cancer 

incidence. Changes in relatively common genes, along with certain innate and 

environmental factors present a high number of cases. Many low-risk polymorphisms 

may also exert their combined effect on breast cancer risk (McPherson et al., 2000; Key 

et al., 2001). 

1.14 Genetics of Breast Cancer 

This cancer has all hallmarks of a multistep genetic disease. Breast carcinogenesis is a 

resultant phenotype developed by the genetic alterations in certain oncogenes along with 

tumor suppressor genes. These alterations in genetic mechanism respond as unwanted 

cell growth, deviation from apoptosis, invasion and spread to neighboring cells and 

tissues (Ingvarsson, 2004). 

Two types of genes have been discovered to play a vital role in this scenario i.e., 

oncogenes and tumor suppressor genes. Proto-oncogenes exhibit role in controlling 

cellular proliferation and programmed natural cellular death. Certain genetic and 

expressional variations in these genes activate them to oncogenes that help cells to escape 

normal growth check points and natural death. On the other hand, tumor suppressor genes 

normally regulate cell proliferation. These genes can be classified as gate keepers and 

care takers depending on their role in controlling cell division or in DNA repairing for the 

maintenance of genomic integrity (Levitt, 2002). Somatic and germ-line mutations have 
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been described in several tumor suppressor genes whereas, oncogenes are usually found 

amplified in different cancers. Genes in ATM-CHK2-TP53 cell-cycle checkpoint 

pathway are mutated in relation to breast cancer, particularly TP53 at the somatic level. 

BRCA1 and BRCA2 germ line variations, in which DNA repair function is interrupted, 

account for the large number of familial breast cancer cases. Many other genes have been 

identified to increase breast cancer risk that includes p53, PTEN, ATM etc. However, 

they are responsible for a small number of cases as mutations in these genes are even less 

common than mutations in BRCA1 and BRCA2 (Ingvarsson, 2004). Another aspect of 

breast cancer that has been widely studied is the involvement of miRNAs in the 

regulation of mammary gland tumorigenesis, functioning either as tumor suppressors or 

oncogenes. There is emerging evidence about the involvement of other non translated 

RNA markers like T-UCRs, snoRNA, IncRNAs and piRNAs in breast cancer 

development (Behbod and Rosen, 2012). 

1.15 Metastasis 

Metastasis is the resultant artifact of a long and complex mechanism that starts with the 

change in cellular behavior and their altered interactions with the environment. In the 

beginning, lesions and tumors consist of diverse cellular population with different genetic 

behaviors. Metastasis is only achieved when genetic alterations in cells allow them to 

cross natural barriers and help them to settle in secondary sites. All these individual 

successful steps lead towards metastasis. Different types of cancers have ability to 

disseminate in different organs as their secondary sites, but breast cancer is mostly 

characterized to have properties of spreading to almost all organs of body. Once 

disseminated, metastasis from carcinoma of the breast is found in various organs. Mostly 

its spread has been observed in bones, lungs, brain, and liver and symptoms of metastatic 

breast cancer depends on the location of metastasis. Breast cancer behaves as a violent 

pathology in about 10 to 15% of cases and metastasis can be observed within 2 to 3 years 

of primary tumor development. However breast cancer metastasis in other organs can be 

expected even after 10 or more years. Prognostic markers like increase in tumor size, 

axillary lymph-node involvement, high histological grade, angioinvasion, low 

expressional levels of steroid-receptor, high levels of ERBB2 protein along with 
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expressional analysis of almost 70 genes have been reported to be associated with 

metastasis development (Weigelt et al., 2005; Chiang and Massague, 2008). 

1.16 Metastasis Suppressor Genes  

Metastasis is the most lethal attribute of breast cancer and presents a continuous 

challenge for health care field. Certain proteins have been identified, through 

complementary functional and biochemical studies focusing cell signaling and 

biomarkers, that work to suppress the process of evident metastasis without affecting 

primary neoplasm. Down regulation of these suppressor genes have been observed in 

many types of metastatic tumors. Metastasis suppressor proteins regulate several distinct 

points of well known signal transduction pathways and can be of different types and 

reside at various cellular locations. Discovery of metastasis suppressor genes has 

introduced a novel approach for treating cancer and preventing metastasis (Kovacevic 

and Richardson, 2006). 

In this study we have selected three MSGs (DRG1, PTEN and gelsolin) for studying their 

genetic and expressional patterns at DNA and RNA level in breast cancer patients. 

1.17 Differentiation related gene 1 (DRG1) 

DRG1 gene was first discovered through its strong in vitro expression in colon cellular 

differentiation. It belongs to Ndrg family of genes and is almost identical to human RTP, 

cap43 and rit42 genes. It is highly conserved across species which shows its role in 

important cellular processes. DRG1 is mapped at 8q24.2 and its mRNA that encodes 

43kD cytoplasmic protein, is detected in vital organs. Its expression level is organ 

specific and mostly expressed highly in intestine, prostate, kidney and ovary.   

Phosphorylation of this protein is observed in vitro by calmodulin kinase 2 and protein 

kinase A (Kovacevic and Richardson, 2006; Bandyopadhyay and Watabe, 2007). DRG1 

has been reported to be involved in different cellular functions that can vary from 

maintenance of myelin sheath to cellular differentiation and suppression of metastasis 

along with function in mast cells for enhanced exocytosis (Guan et al., 2000; Taketomi et 

al., 2003; Bandyopadhyay et al., 2004).  
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Decreased expression of DRG1 has been found in several cancers that includes breast, 

colon, prostate and pancreas. Negative involvement of DRG1 has been observed in 

invasion and metastatic development in both breast and prostate cancer cases 

(Bandyopadhyay et al., 2003; Bandyopadhyay et al., 2004; Caruso et al., 2004, 

Maruyama et al., 2006). Many studies have also indicated prognostic importance of this 

gene as patients with positive expression are observed to show better prognosis than 

patients with poor expression of DRG1 (Bandyopadhyay et al., 2004; Maruyama et al., 

2006). DRG1 expressional levels have been observed to be high in primary colon tumor 

samples compared to metastatic tissues (Guan et al., 2000).  Over expression of DRG1 

has been reported to be associated with cell growth inhibition in H1299, lung metastatic 

cancer cell lines (Stein et al., 2004). All these studies indicate the inverse role of DRG1 

in tumor metastasis. Considering the role of DRG1 in metastasis suppression, it has been 

proposed that its expression could be used as a prognostic marker in cancer patients. This 

follows the observation that individuals with higher DRG1 levels have greater survival 

rates, in breast and prostate cancer patients (Bandyopadhyay et al., 2003; Bandyopadhyay 

et al., 2004). This is supported by studies examining DRG1 expression in colorectal 

cancer and comparing it with patient outcome (Sansal et al., 2004; Shah et al., 2005). 

Significant low expression of DRG1 mRNA levels in tumor cells compare to their normal 

counterpart in breast cancer patients suggest that variations in DRG1 in cancer cells occur 

at transcriptional levels (Bandyopadhyay et al., 2004). 

Significant correlation of DRG1 expression with extent of metastasis has also been 

observed in animal model (Guan et al., 2000; Yoshizumi et al., 2004). DRG1 is also 

capable of suppressing primary tumor growth, depending on the cellular context (Stein et 

al., 2004).  

DRG1 is regulated and controlled by different factors and is responsive to various stimuli 

like Von Hippel–Lindau (VHL) protein, methylation, hypoxia, p53, PTEN, carcinogen, 

androgens and different oncogenes like N myc and C myc. Hypermethylation of CpG 

islands control DRG1 expression at transcriptional level and DRG1 might also be 

regulated by histone acetylases (Guan et al., 2000). p53 gene that act as a tumor 

suppressor, has been observed to regulate DRG1 levels. It has been reported to induce its 
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expression in colon and bladder cancerous cells. Oncogene N myc, transcriptor factor C- 

myc and tumor suppressor Von Hippel–Lindau have been reported to down regulate 

DRG1 promoter activity and its transcription respectively. It has also been found to be 

upregulated in response to nickel treatment which results in intracellular elevation of Ca
+2 

levels (Masuda et al., 2003; Li and Kretzner, 2003).  

DRG1 has been also noted as a stress responsive gene since its translocation to cytoplasm 

has been observed in response to certain DNA destructive agents (Le et al., 2003; Liang 

et al., 2003). DRG1 expression is also induced in response to different chemicals like 

homocystein, tunicamycin, mercaptoethanol, synthetic retinoids and 

lysophosphatidylcholine. It has been reported that blockade of sonic hedgehog (shh) 

pathway up regulates DRG1 expression in prostatic cancer cells. Therefore it has been 

postulated that shh promotes metastasis by suppressing DRG1 expression (Karhadkar et 

al., 2004; Bandyopadhyay and Watabe, 2007). Similarly estradiol may also significantly 

affect DRG1 expressional levels in ER responsive breast carcinoma cell lines (Fotovati et 

al., 2006). Due to these reasons DRG1 may be considered as a potential therapeutic agent 

while developing estrogen target based anticancer therapies (Fujii et al., 2008). 

DRG1 is among genes which are reported to be upregulated by an important  

transcription factor i.e., PTEN (Unoki et al., 2001). DRGI is positively associated with 

PTEN since increased transcriptional levels of PTEN result in DRG1 up regulation and 

opposite affect has been observed in case of PTEN low levels (Bandyopadhyay et al., 

2004). It has been proposed that metastasis suppression ability of DRG1 is regulated 

through PTEN, as low levels of PTEN has been observed to be associated with more 

invasive and metastatic phenotype of certain cancers (Davies et al., 2002; Kovacevic and 

Richardson, 2006).  

From the above discussion it is clear that DRG1 plays a vital role in controlling 

aggressive nature of metastatic tumor by its significant contribution in preventing 

metastasis and invasion of cancer cells. Therefore, it has been suggested in earlier studies 

that DRG1 is negatively associated with tumor progression and metastasis indicating it as 

a potential prognostic marker (Kovacevic and Richardson, 2006). 
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1.18 Phosphatase and tensin homologue deleted from chromosome 10 

(PTEN)  

PTEN gene termed as phosphatase and tensin homologue deleted from chromosome 10, 

MMAC1 (mutated in multiple advanced cancers 1), or TEP1 (TGF b regulated and 

epithelial cell enriched phosphatase 1) is an important gene that plays a role in tumor 

suppression and is located on chromosome 10q23.3 (Diaz-Meco and Abu-Baker, 2009). 

It is a part of a large family of tyrosine phosphatase and encodes a 403 amino acid long 

protein that constitutes phosphatase and C2 domain along with a short N and C terminal 

tails (Leslie and Downes, 2004).  

PTEN controls different cellular properties such as migration, invasion, adhesion and 

growth mainly with the help of dual-specificity phosphatase domain. It controls cell 

survival and other cell cycle mechanisms by modulating PI3K pathway (Leslie and 

Downes, 2004; Steelman et al., 2011). Activated AKT pathway by uncontrolled 

accumulation of PIP3 resulted from PTEN loss is an major event in different organs 

cancerogenesis along with tumorigenesis of various breast cancer subtypes ( Stemke-Hale 

et al., 2008; Diaz-Meco and Abu-Baker, 2009) PTEN is reported to be regulated by 

different factors including PPARg receptors, p53, EFR1 growth factor and certain nuclear 

factors like NFkB (Teresi and Waite, 2008).  

Association of loss of PTEN with activation of certain human cancers has been proved by 

the observation of genetic mutations reported in PTEN gene in tumor samples and 

cancerous cell lines, including prostate cancer, colon cancer and Glioblastoma (GBM) 

(Bismar et al., 2001; Maehama, 2007; Jhawer et al., 2008; Zheng et al., 2008). It has 

been reported that variations observed in PTEN result in enhanced proliferation and 

advancement in S-phase of cell cycle (Li et al., 2007). Analysis has shown that PTEN 

controls cellular growth by arresting it in G1 phase through inhibition of PI3K pathway 

(Weng et al., 2001). 

PTEN germ line variations have been reported to be associated with the risk of 

development of different subtypes of mammary carcinomas (Maehama, 2007) 
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Protein expressional analysis of sporadic breast cases has suggested that loss of PTEN 

vitally participate in sporadic breast cancer development, while its expression causes 

growth suppression via cell death (Bose et al., 2002). PTEN mRNA transcript levels has 

been noted to be correlated with expression of metastasis suppressor gene DRG1 in 

several studies. Worst prognosis was observed in patients with negative expression of 

both PTEN and DRG1 as compared to those who showed positive expression of both or 

single gene (Bandyopadhyay et al., 2004). Several studies have observed its role in 

suppression of metastasis and its inactivation has also been found to be correlated with 

invasiveness and metastasis (Depowski et al., 2001 Hwang et al., 2001; Davies et al., 

2002; Trotman et al., 2003; Wang et al., 2003). It has been  suggested that metastasis 

suppressor role of PTEN is mediated through DRG1 (Bandyopadhyay and Watabe,  

2007).  

1.19 Gelsolin (GSN) 

Gelsolin protein super family is a large family of conserved proteins found throughout 

the animal kingdom. Gelsolin super family consists of seven different proteins, all 

containing homologous repeats of gelsolin-like (G) domain. Gelsolin is an important 82 

to 84 KDa protein of this family that is encoded by a gene on chromosome 9. Both 

plasma and cytoplasmic isoforms of gelsolin can participate in binding, severing and 

capping of actin filaments (Silacci et al., 2004). It is found in different types of cells and 

comprised of six G-domains. Gelsolin is reported to be influenced by different factors 

like calcium ions, pH change, tyrosine phosphorylation and phosphoinositides, especially 

by Phosphatidylinositol 4, 5-bisphosphate (PIP2) (Sagawa et al., 2003; Narayan et al., 

2003). It has been reported to control dermal fibroblast mortality along with different ion 

channels while it can also be affected in turn by apoptosis (De Corte et al., 2002). 

Gelsolin is one of the first discovered and more studied actin binding proteins, and its 

role in tumorgenesis related events like invasion and metastasis has attracted much 

attention (Gettemans et al., 2007). 

Gelsolin as a cytoskeleton-regulated factor might be able to regulate cell mobility and 

therefore can play role in tumor and metastasis inhibition. It‟s frequent down regulation 

has been observed in many cancerous tissues especially breast cancer tissues (Liu et al., 
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2007). Increased promoter activity of gelsolin has been observed in normal breast cells as 

compared to cancerous cells in vitro (Dong et al., 2002). TNF-induced, ROS production 

and apoptosis in MCF-7 cells also requires gelsolin (Li et al., 2009). 

Variations in gelsolin expression affect major cytoskeletal changes during differentiation 

and carcinogenesis. Diminished expression of gelsolin has been shown to be a 

characteristic of a various number of transformed cells. Expression of gelsolin has 

frequently been observed down regulated in gastric, ovarian, pancreas and colon 

carcinoma (Kim et al., 2004; Ni et al., 2008; Noske et al., 2005; Ni et al., 2008; Gay et 

al., 2008). It has been observed that silencing of gelsolin occurs in gastric tissues through 

histone deacetylase over expression and might play some role in gastric carcinogenesis 

(Kim et al., 2004). There have been similar reports of variations in gelsolin expression in 

human breast cancer and colon cancers (Liu et al., 2007; Gay et al., 2008). Since gelsolin 

binds to PIP2 which can inhibit PIP2 hydrolysis by PLCγ in vitro (Sagawa et al., 2003), it 

has been speculated that tumor suppression function by gelsolin is aggravated by 

restriction of signal transduction through phosphoinositides (Saarikangas et al., 2010).   

Gelsolin has a controversial role in cell apoptosis due to its dual role in apoptotic process 

(Posey et al., 2000). There are different studies that propose gelsolin either as a tumor 

suppressor (Noske et al., 2005; Sagawa et al., 2003; Haga et al., 2004; Liu et al., 2007; 

Jin et al., 2012) or as a tumor activator (Tanaka et al., 2005; Uchida et al., 2006; 

Langbein et al., 2006; Thompson et al., 2007). In this scenario dual role of gelsolin is 

speculated in cancer growth. It is perceived that role of gelsolin as a tumor suppressor 

depends upon the type of cancer (Gettemans et al., 2007). It has been shown that gelsolin 

act as a tumor activator by drastically increasing the cellular aggregation, invasiveness 

and motility (Rao et al., 2002; Van Den Abbeele et al., 2007). Shieh et al., (2006) 

reported a biphasic expressional pattern of gelsolin with low staining in non malignant 

oral lesions compared with increased expression in metastatic oral cancers. On the other 

hand over-expression of gelsolin has been shown to decrease metastatic development in 

vivo by its binding with actin molecules (Fujita et al., 2001). Partial or
 
total loss of 

gelsolin expression has been commonly observed in a majority
 
of breast cancers patients 

with an increase in PIP2 levels. It has been suggested that Protein kinase C inhibition by 
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gelsolin is responsible for inhibition of cellular growth and tumor progression (Winston 

et al., 2001; Sagawa et al., 2003; Liu et al., 2007). 

1.20 Present Study 

The most lethal and debilitating attribute of cancer cells is their ability to metastasize. It 

is a complex process of associated mechanism of many proteins. Due to certain genetic 

and epigenetic changes in normal tissue homeostasis regulating mechanisms, cells lose 

normal behavior that result in a transformed malignant phenotype. If these changes 

persist during progressive rounds of cell division, these abnormal cells can disseminate to 

other parts of body. These cells survive bio physical forces and immune system insults, 

endured and flourished at distant sites. In this process of metastasis increased expression 

of metastasis promoting and decreased expression of metastasis suppressor genes play a 

coordinated role (Cook et al., 2011). 

In search of new prognostic markers / genes, many earlier studies have explored the 

association among markers and clinical outcome to predict the risk of metastasis in breast 

cancer cases. Since breast cancer is a varied disease therefore prediction of metastatic 

potential of a tumor requires analysis of many different markers. Exploration of new 

tissue related precise markers not only increase the understanding and knowledge of 

underlying mechanism related to metastatic development but also add to the discovery of 

new therapeutic targets.   

Present study aims to identify mutations/polymorphisms in three MSGs in different 

cohorts of breast cancer patients. It also aims to determine whether resultant down 

regulation of their expression is the cause of breast cancer metastasis. 

This study is designed to associate genetic variations in three MSGs with risk of breast 

cancer. Expression profile of these genes will also be analyzed in breast tumor tissues to 

evaluate their altered expression and its effect on patients‟ outcome and survival. 

Additionally, cellular functions such as growth, adhesion, invasion and cellular migration 

in breast cancer cell lines will also be explored, using a series of in vitro cell models. 
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Work plan can be divided into following three parts, 

 A population based case-control study for the screening of genetic variations in 

DRG1, PTEN and gelsolin and analysis of these variations in etiology of breast 

cancer metastasis according to age group and menopausal status.  

 Examination of expression profile of DRG1, PTEN and gelsolin in breast cancer 

patients and comparison with clinical outcomes of patients in Pakistani as well as 

British cohort. 

 Investigation of the role of DRG1 on cellular functions such as growth, adhesion, 

invasion and cellular migration in breast cancer cell lines, using a series of in vitro 

cell models. 
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2 Materials and Methods 

2.1 Materials  

2.1.1General Chemicals  

Following is the list of chemicals/ consumeables used in this study, 

Phenol                                                                    Merck 

Chloroform                                                            Merck 

Isoamyl alcohol                                                    Merck 

Ethanol                                                                   Sigma 

Proteinase K                                                           Sigma 

SDS                                                                        Sigma 

Sodium Acetate                                                       Sigma 

Tris                                                                         Sigma 

Isopropanol                                                            Merck 

DEPC-treated water                                             Merck 

Primers                                                                   Alpha NA, Eurofins,Invitrogen  

PCR MM (Master Mix)           Thermo scientific 

Ethidium bromide                                                  Sigma 

Agarose                                                                 Vivantis & Invitrogen 

Acrylamide                                                           Merck 

Bisacrylamide                                                    Invitrogen 

TEMED                                                                Invitrogen 

Ammonium Persulfate                                        Merck 

DNA ladder           Fermentas 

EDTA           Invitrogen 

Boric acid           Serva 

Sodium Chloride         Invitrogen 
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Sucrose          Invitrogen 

Tris EDTA sol (T.E.)                                           USB (USA) 

RNA Later                                                           Ambion 

Super script III First-Strand kit       Invitrogen 

Trizol           Invitrogen 

Antibodies                                                           Santa Cruz Biotechnology  

 

2.1.2General Solutions  

Following solutions were used in this study 

RBC lysis buffer 

It contains 155mM NH4Cl, 10mM NaHCO3, 200µM EDTA. For making 500ml of RBC 

lysis buffer 77.5 ml of NH4Cl (1M), 5ml of NaHCO3 (1M) and 250 µl of EDTA was 

dissolved in distilled water and volume was made up 500ml. 

Nuclear lysis buffer 

Nuclear lysis buffer contains 10mM Tris, 400mM NaCl, 2mM EDTA. For making 500ml 

of buffer 10ml of Tris/HCl (1M), 80ml of NaCl (5M) and 10ml of EDTA (2M) was 

dissolved in distilled water and volume was made up 500ml. 

Sodium Acetate 

3M Sodium Acetate was made by mixing 9.84gm Sodium Acetate in 40 ml distilled 

water. 

Loading dye 

For 10ml loading dye, 4 gm Sucrose and 0.025 gm Bromophenol Blue were added in 

distilled water. Final volume was made to 10 ml. 
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Sodium Dodecyl Sulphate 

For 20% Sodium Dodecyl Sulphate, 4 gm Sodium Dodecyl Sulphate SDS was added in 

20ml distilled water. This solution was incubated and stored at 37ºC. 

Ethidium bromide (EtBr) 

0.1g of Ethidium bromide powder was mixed in 10ml, dH2O and kept at 4ºC, away from 

sunlight for further use. 

10X TBE  

For 10X TBE, 109 gms Tris, 55 gms Boric acid and 9.3 gms EDTA was dissolved in 

distilled water to a final volume of 1000 ml. pH was adjusted at 7.4 and the solution was 

autoclaved for further use. 

Proteinase Kinase (protease K) pK 

For stock solution of pK, 0.015gm pK was added in 7.5ml, 50% Glycerol. For working 

solution 1ml pK from stock solution was added to 9 ml water and stored at 4ºC for further 

use. 

Sodium Hydroxide NaOH 

1M NaOH stock was prepared by adding 0.8 gm NaOH in 20 ml water. For making 

10mM working solution, 250µl from stock was added to 24.75 ml distilled water. 

Agarose gel 

For 1% agarose gel, 1gm agarose was mixed in 100 ml H2O. For 2% agarose gel, 2gm 

agarose was mixed in 100 ml H2O and 8-10µl Ethidium bromide was added, after 

boiling, for staining gels. 

Ammonium Persulphate (APS) 

10gm APS was mixed to 100 ml dH2O for making 10% APS and stored at 4ºC for further 

use. 
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Monomers: Acrylamide/ Bisacrylamide 

For making working solution, 29 gm Acrylamide and 1 gm Bisacrylamide were mixed in 

100ml distilled water and stored at 4ºC. 

Polyacrylamide gel electrophoresis (PAGE) 

For making gel solution for two plates, 13.5ml of 30% Acrylamide-Bisacrylamide, 380µl 

of 10% APS, 5ml 10XTBE and 20µl TEMED were dissolved in 50ml distilled water.   

Trypsin (25mg/ml) 

500mg Trypsin was dissolved in 20ml 0.05M EDTA, mixed and filtered through a 0.2µm 

Minisart filter (Sartorius, Epsom, UK), aliquoted to 250µl samples and was kept at -20°C 

until required. For working solution, 250µl aliquot was diluted in a further 10ml of 

0.05M EDTA solution and used for cell detachment. 

Penicillin (120mg/ml) 

600mg Crystapen Injection Benzylpenicillin Sodium (Britannia Pharmaceuticals limited, 

Surrey, UK) was dissolved in 5ml sterile injection water (B.Braun, Germany) to make 

working solution. 

Streptomycin Sulphate (250mg/ml) 

5g Streptomycin Sulphate was dissolved in 20ml sterile injection water, solution was 

filtered through 0.2µm Minisart filter and stored at -20°C until required. 

Bovine Saline solution (BSS) 

79.5g NaCl, 2.2g KCl, 2.1g KH2PO4, and 1.1g Na2HPO4 were dissolved in distilled water 

to make a final volume of 10 liters pH was adjusted to 7.2. 

LB agar 

15g agar along with 10g NaCl, 5g Yeast extract and 10g of Tryptone were dissolved in 

distilled water to a final volume of 1liters and pH was adjusted to 7.0. This solution was 

autoclaved and cooled slightly before adding selective antibiotics (if required) and poured 
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into 10cm petri dish plates (Bibby Sterilin Ltd., Staffs, UK). The solution was allowed to 

cool and harden. These petri dishes were then inverted and stored at -4°C for further use. 

LB broth 

10g of Tryptone (Duchefa Biochemie, Haarlem, The Netherlands), 5g Yeast extract 

(Duchefa Biochemie, Haarlem, The Netherlands) and 10g NaCl were dissolved in 

distilled water to a final volume of 1liter and pH was adjusted to 7.0.  This solution was 

autoclaved and allowed to cool before adding selective antibiotic (if required), followed 

by storage at room temperature. 

DEPC water 

250µl Diethyl Pyroncarbonate (DEPC) was added to 4750µl distilled water and the 

solution was autoclaved before use. 

Protein lysis buffer 

2 mM CaCl2, 1 mg/ml Leupeptin, 0.5% Triton X-100 and 10 mM Sodium Orthovanadate 

along with Aprotinin (1 mg/ml) were dissolved in distilled water and stored at 4°C until 

use. 

Ammonium Persulfate (APS) 

1g of Ammonium Persulfate was dissolved in 10ml of distilled water, separated into 

2.5ml aliqoutes and then stored at 4°C until required. 

10X Running buffer 

303g Tris, 1.44Kg Glycine and 100g SDS were dissolved into distilled water to make a 

final working volume of 10 liter which was later diluted in distilled water to make 1X 

concentrate, before use. 

Transfer buffer 

15.15g Tris, 72g Glycine and 1liter Methanol (Fisher Scientific, Leicestershire, UK) were 

dissolved in distilled water and final volume was made to 5 liters. 
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Blocking solution 

1 gm dry milk and 0.5ml Tween20 were dissolved in 500ml of 1XTBS. 

Washing buffer 

0.5µl of Tween20 was added in 500ml of 1%TBS.  

10X TBS 

121.1g Tris and 400.3g NaCl were dissolved in distilled water. The final volume was 5 

liters and pH was adjusted to 7.4. 

DAB Chromagen 

DAB chromagen was prepared fresh each time by mixing the following reagents in the 

order mentioned. Firstly, 2 drops of wash buffer were added in 5ml of distilled water. 

Then 4 drops of DAB solution (Vector Laboratories Inc., Burlingame, USA) were added 

in the same container. In the end 2 drops of H2O2 were added to the above solution. 

Mixture was shaken well after the addition of each reagent. 

ABC Complex 

The ABC complex was prepared using a kit obtained from Vector Laboratories Inc., 

Burlingame, USA.  4 drops of reagent A were added to 20ml of wash buffer, followed by 

the addition of 4 drops of reagent B. This solution was thoroughly mixed and left to stand 

for approximately 30 minutes before use. 

Phosphate buffer saline (PBS) 

One tablet of PBS (SIGMA-ALDRICH) was dissolved in 200 ml of deionized water for 

making 0.01 M PBS. 
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2.2 Patients Identification and Collection of Samples 

Present case-control study consisted of pathologically confirmed female breast cancer 

cases. Diagnosed females with breast cancer were ascertained from oncology wards of 

different hospitals and research institutes. Three study groups were used in this study. 

Cohort1 was used for screening germline mutations and consisted of 350 patients‟ blood 

samples along with 350, age and gender matched, healthy and disease free normal 

individuals as controls. While cohort 2 was used for evaluating expression at mRNA 

level and comprised of 60 tissue samples. Tumor matched normal adjacent tissues were 

used as control in study cohort 2.  Both these study groups were recruited from Pakistan. 

Samples in cohort 1 and cohort 2 were recruited from Nuclear Oncology and 

Radiotherapy Institute (NORI), Pakistan Institute of Medical Sciences (PIMS), Military 

Hospital (MH), and Allied Hospital Faisalabad, Pakistan. These samples were collected 

with a prior approval from Ethical Committees of COMSATS Institute of Information 

Technology, Islamabad and participating hospitals. All study subjects participated on a 

volunteer basis with informed consent. Subjects‟ blood was collected in EDTA-

containing tubes and tumor samples were collected and stored in RNA later. This RNA 

later is especially synthesized to stabilize and protect cellular RNA. It inhibits RNase 

activity and also protects RNA quality during thaw/freeze cycles. Samples were kept at 

low temperature until further utilization. 

Cohort 3 comprised of breast cancer tissues (n = 114) and normal background tissues (n = 

31) from British population. These samples were collected immediately after surgery and 

stored in deep freezer at −80 °C. Patients were routinely followed clinically after surgery. 

The median follow-up period was 120 months. Presence of tumor cells in the collected 

tissues was verified by examination of frozen sections following H & E staining by a 

consultant pathologist.  

2.3 Isolation and Quantification of DNA 

2.3.1 DNA Extraction 

DNA was isolated from leukocytes, using organic method as described by Masood et al., 

(2011) with minor modifications. The detailed procedure is as follows,  
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4ml of blood was taken in 15 ml falcon tube and 12ml of lysis buffer was added. The 

tube was kept at 37˚C for 5 minutes. Tube was centrifuged at 40,000 rpm for 3 minutes 

and supernatant was discarded and tube was blotted on absorbent paper. After 

resuspending pellet in 4 ml RBC‟s lysis buffer, it was centrifuged again under same 

conditions. Supernatant was discarded and 400µl nuclear lysis buffer was added in pellet 

along with 300µl 20% SDS and 10µl pK. Pellet was digested over night at 55ºC. After 

digestion 3 ml of T.E. and equal volume of phenol was added.  Tube was kept at 37˚C for 

5 minutes followed by 10 minutes centrifugation. Upper aqueous phase was collected in 

new tube. T.E. was again added to lower organic phase, kept at 37˚C for 5 minutes 

followed by 10 minutes centrifugation. Aqueous phase was again picked and pooled to 

the same tube. Equal volume of Chloroform/ Isoamyl alcohol solution in ratio of 24:1 

was added. Tube was centrifuged again at 4000 rpm for 10 minutes. Upper phase was 

collected in new tube and 1/10
th 

volume of Sodium Acetate and two volumes of ice 

chilled 100% Ethanol were added in it. After gentle mixing for 10 minutes, the tube was 

centrifuged at 4000 rpm for 10 minutes. Supernatant was carefully discarded and 

centrifuged for 5 minutes after adding 500µl, 70% Ethanol. Again supernatant was 

discarded. After air drying, pellet was dissolved in approximately 200-400µl T.E. buffer 

and then stored at 4ºC for further utilization. 

2.3.2 Quantification 

Extracted DNA from these samples was quantified using spectrophotometry and yield gel 

electrophoresis. Methodology for these techniques is as follows, 

2.3.2.1 Spectrophotometry 

Following steps were used for measuring concentration of DNA in the sample tubes. 

Step1: DNA stock solution was diluted with water in a ratio of 1:100 in a 1.5ml 

centrifuge tube. 

Step2: 400µl autoclaved distilled water was dispensed into the cuvette as a reference. 
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Step3: DNA sample was poured in the cuvette for spectrophotometry and quantification. 

DNA was scanned for a range of UV radiation (260nm-280nm). 

Step4: UV absorbency values at 260nm and 280nm of radiation were noted and 

A260/A280 was calculated as follows 

Amount of DNA (ng/μl) = Absorption at 260 x 50 x DF 

Dilution Factor (DF) =Total vol. of dilution/Vol. of stock DNA in the dilution 

Step 5: After calculations 5ng/μl dilutions were prepared in 100μl volume and kept at low 

temperature for future use. Dilutions were prepared by using following formula,  

V1= (C2xV2)/C1 

C1 = Amount of DNA in stock solution.  

V1 = Volume of DNA of stock solution to be diluted. 

C2 = Amount of DNA in dilution to be prepared (5ng/μl). 

V2 = Volume of DNA dilution to be prepared (100ml). 

2.3.2.2 Yield gel electrophoresis  

Electrophoresis was performed on isolated DNA in 1% Ethidium bromide stained 

agarose gel. Gel was prepared and poured in caster to solidify. 2µl of DNA, mixed in 5µl 

of loading dye (Bromophenol Blue) was loaded in wells. Horizontal gel was 

electrophoresed at 100 volts (80 mA) for 30 minutes. After run was completed, gel was 

visualized under UV illuminator and photographed (Bio Doc Analyze biometra).  

2.4 Polymerase chain reaction (PCR) 

2.4.1 Designing of Primers  

Primers for whole coding region of genes were designed using primer 3 input software 

versions 0.4.0. Intron/ exon junctions were also included in this study for identification of 

splice site variants. Primers sequences were cross checked by NCBI/ Primer-BLAST. 
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List of primers, their sequence, product size and annealing temperature is mentioned in 

Table 2.1, 2.2, 2.3.  

Table 2.1 Primers designed for DRG1 gene 

DRG1 

Primer 

Sequence (5’-3’) Product 

Size 

Annealing 

Temperature 

PF1 AACTCTCTCGCGGTAATTCG 161 58˚C 

PR1 TGCTTCTATCTCCGCGATCT   

PF2 GGCTGTGATTCCTCCCTTTT 151 59˚C 

PR2 CAAACCTTCTCCTGGACCTC   

PF3 CAAGACAGGTGATGCTCGAA 163 62˚C 

PR3 CTGGATCTTGGCACCTTTGT   

PF4 TCCCCCATTCTTAATCTTGC 150 50˚C 

PR4 AAGAATAGTACCAGAGAAGGGAAT

GA 

  

PF5 TACTCTTCAGTGGCCCGAAC 164 68˚C 

PR5 ATGCCTCCCTTGTCCTTCTT   

PF6 GCTGGATGCTGAAACTGTGA 156 60˚C 

PR6 CCAATTCAGTCAGGCACAGA   

PF7 CAGTTCTGTCAACAACTCCAGA 278 63˚C 

PR7 TTTTAGGACAGTCTGGTTAATTCC   

PF8 TCTAGTTACACCAAACCCAAAGG 151 64˚C 

PR8 GACCACAGGCCCATGATACT   

PF9 GGGCAGAAGCTAGGTTATTATTT 400 59˚C 

PR9 CCAAAACAAATTCTGACAATGA   
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Table 2.2 Primers designed for PTEN gene 

PTEN 

Primer 

Sequence (5’-3’) Product 

Size 

Annealing 

Temperature 

PF1 AGTCGCTGCAACCATCCAG 550 60˚C 

PR1 AGAGGAGCAGCCGCAGAA 

  PF2 TTTGATTGCTGCATATTTCAGA 227 58˚C 

PR2 TCTTTTTCTGTGGCTTAGAAATCTT 

  PF3 TTTTGTTAATGGTGGCTTTTTG 178 58˚C 

PR3 AACTCTACCTCACTCTAACAAGCAGA 

  PF4 AAAGATTCAGGCAATGTTTGTT 228 55˚C 

PR4 CGATAATCTGGATGACTCATTATTGT 

  PF5 TGCAACATTTCTAAAGTTACCTACTTG 363 62˚C 

PR5 TCCAGGAAGAGGAAAGGAAAA 

  PF6 ATGGCTACGACCCAGTTACC 276 58˚C 

PR6 TGTTCCAATACATGGAAGGATG 

  PF7 CAGTTAAAGGCATTTCCTGTG 274 56˚C 

PR7 GCTTTTAATCTGTCCTTATTTTGGA 

  PF8 ACCAGGACCAGAGGAAACCT 364 56˚C 

PR8 CAACCCCCACAAAATGTTTA 

  PF9 TTGTGGGTTTTCATTTTAAATTTTC 598 60˚C 

PR9 GGTCCATTTTCAGTTTATTCAAGTTT 
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Table 2.3 Primers designed for gelsolin gene 

GSN 

Primer 

Sequence (5’-3’) Product Size Annealing 

Temperature 

PF1 CTTAGGCTCTGCCCTGTCTC 294 63˚C 

PR1 CCCAAAGGTCTGCACTGTTC 

  PF2 GAAAGCCAGGCTCATATTGC 237 62˚C 

PR2 CTGGTGCATCTGTCCCTACC 

  PF3 CTCCCCTGGGCTAATGCT 248 63˚C 

PR3 AGACCAGGAGCACCTCAGTG 

  PF4 GCACTGACTTCCTGGGTCTC 235 62˚C 

PR4 GAAAGTCATGAGCAGCGTGT 

  PF5 CTCACAGCCACCCTTCCTCT 189 64˚C 

PR5 GTCTTCCACCTCCCTGTCCT 

  PF6 GCCACAGACACTCATGTGCT 243 62˚C 

PR6 GAGCTGCAGAACATCCCATC 

  PF7 CAGCTCCTTCTCCTGGACTG 232 63˚C 

PR7 CATCCCCTCCAAACAGGAC 

  PF8 GGCCTCTAACCCTCCATCAC 163 63˚C 

PR8 ACCCCTTCCCATCCTACCT 

  PF9 AGCCACATCCTGCTCCTCT 308 62˚C 

PR9 GTGCATGGGGAAAGTGAGG 

  PF10 GTGCTGCACAGCATCTGACT 212 63˚C 

PR10 AGTACCCCCACGACACACAC 

  PF11 TTCTCAGACTCAGGGCAAGG 220 62˚C 

PR11 AAGAGAAGGACAAGGCTCAGG 

  PF12 TCCCTGACTTGCTCTCCTGT 233 62˚C 

PR12 TCCCTTCTGTGTTCCAGGAC 

  PF13 GGGCTTTTTGTCTGGTTCCT 267 60˚C 

PR13 TAATAGCTGCATCCGGACAG 

  PF14 AGATGGGAGAGAGGGGTGAT 219 62˚C 

PR14 AGGGGAAAGCAGAGGTGTG 

  PF15 GGGGAGGGAAGACATCTCAC 173 64˚C 

PR15 GTTTCTCCCACTCCCTCTGG 

  PF16 CCGTGAATTTGATCAGCACT 172 60˚C 

PR16 CAGCACCCCACAAGCAAC 
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2.4.2 Optimization for Amplified Products  

All primers from DRG1, PTEN and GSN genes were optimized for their specific 

annealing temperature and run on PAGE to check any non- specific bands. After 

optimization all primers were amplified in separate PCR assays.  

2.4.3 Amplification of Breast Cancer Samples and Controls 

PCR amplifications were performed in 10μl PCR mixture containing 5μl master mix 

(Thermo scientific), 1μl of each primer (10mM), 1 μl PCR water and 2μl (10 ng/μl) 

extracted DNA. PCR mixtures for all reactions were prepared in PCR workstation to 

minimize any cross contamination.  

Reaction mixture was placed in GeneAmp PCR System 9700 (Applied Biosystem 

System, USA) and Verity 96 well thermal cycler (Applied Biosystem System, USA) were 

used. 

 Amplification conditions were: 

 

All patients and control DNA samples were amplified for specific genes with exon 

specific primers. Negative controls were also used in order to rule out any contamination 

or non specificity. 
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2.5 Post-Amplification Horizontal Agarose Gel Electrophoresis 

Amplified PCR product was run on a 2% pre stained agarose gel along with 100bp DNA 

ladder. Horizontal gel was electrophoresed at 100 volts (80 mA). After run was 

completed, gel was visualized under UV illuminator and photographed (Bio Doc Analyze 

biometra).  

2.6 Single Stranded Conformation Polymorphism (SSCP) 

Single stranded conformation polymorphism (SSCP) is used for the detection of 

mutation/ sequence variations. Procedure used for SSCP analysis is described below 

2.6.1 Polyacrylamide Gel  

Polyacrylamide gel (8%) was used for resolving amplified PCR product. Gel solution 

was poured in 1.5 mm space between two glass plates. After placing comb, gel was 

allowed to polymerize for 45-60 minutes at room temperature.  

2.6.2 Sample preparation 

Samples (150-300 ng of amplified DNA) were first denatured at high temperature i.e., 

95°C for 8 minutes and then placed in ice. 5µl loading dye was added to each tube. 

2.6.3 Electrophoresis 

After the gel solidified, sample wells were washed with 1X TBE buffer to remove un-

polymerized polyacrylamide after removing comb. Prepared samples were loaded into 

the wells. The gel was run in 1X TBE buffer which was pre-cooled to 10°C. Voltage was 

set to 100 Volts and gel was run for 3 hours. 

2.6.4 Staining SSCP Gels with Ethidium bromide 

 For staining, the gel was placed in dish, containing 200 ml of running buffer and 1: 

10000 dilution Ethidium bromide, for about 4-5 minutes. The gel was placed on a UV 

transilluminator and image was captured by Gel Doc installed software.  

2.6.5 Identification of Variants and Sequencing 

Amplification products showing abnormal SSCP patterns were selected for sequencing in 

forward direction. Samples were prepared as per instructions and shipped to MCLab 

(USA). The sequenced results were made forward complementary before analysis using 

BioEdit v 7.0.5 software and analyzed.  
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2.6.6 Software Application for Mutational Analysis 

Sequencing results were analyzed via Alamut bio software version 2.0 for the detection 

of mutation site as well as its effect on genomic, cDNA and protein level. The in silico 

SIFT, Polyphen and Align GVGD programs were used to analyze pathogenicity caused 

by non-synonymous mutations by considering sequence conservation. 

2.7  Expression Analysis of Genes 

Affect of genetic variations are generally highly tissue-specific, due to which differential 

expression of selected genes in breast tissues was also analyzed.  

2.7.1 RNA Extraction for Expression Analysis 

RNA extraction was carried out by Trizol reagent method as described by Masood et al., 

2012 with minor modification. Tissue sample was taken out from freezer and allowed to 

thaw. Approximately, 100 mg tissue was taken by using sterile razor. Cut tissue pieces 

were scraped together in to 1.5 ml eppendrof tube using a spatula. 1ml of Trizol reagent 

was used to homogenize 100 mg of tissue sample with the help of glass-Teflon. For 

complete homogenization, samples were kept at 37˚C for 5 minutes. Chloroform (200µl) 

was added and sample was spinned/ mixed thoroughly for 15 seconds. After keeping 

sample at 37˚C for 2-3 minutes, it was centrifuged for 15 minutes at 4°C at 12,000 rpm. 

Upper layer was collected carefully in another eppendrof tube. 500µl Isopropanol was 

used to precipitate RNA per 1 ml Trizol. Sample was again centrifuged at low 

temperature for 10 minutes after incubation at room temperature. Pellet was obtained and 

washed in 1 ml of 70% Ethanol. After centrifugation pellet was dried and dissolved in 

DEPC-treated water and stored at low temperature for future use.  

2.7.2 Quantification of Extracted RNA 

Quantity of extracted RNA was estimated by spectrophotometer. 

2.7.2.1 Spectrophotometry 

Extracted RNA was quantified using dH20 using spectrophotometer “GENESYS”. Firstly 

400µl autoclaved distilled water was dispensed into the cuvette as a reference and then 

sample RNA was poured into cuvette and placed in spectrophotometer; RNA was 
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scanned over a wavelength range of 260nm-280nm. UV absorbancy value at 260nm and 

280nm of radiation was noted and a ratio of 260:280 was calculated. 

 

 

The quantity of RNA in dilution was calculated by the following formula, 

Amount of RNA (ng/μl) = Absorption at 260 x 50 x Dilution Factor (DF) 

 

Total volume of dilution   

DF =   

Volume of stock RNA solution in the dilution 

From the calculated amount of RNA in UV spectrophotometery, 5ng/μl dilution was 

prepared in 100μl volume. The dilution was prepared as follows: 

 

V1 = X2 x V2 

       V1 

Where,   

            X1 = Amount of RNA in stock solution.  

V1 = Volume of RNA of stock solution to be diluted. 

X2 = Amount of RNA in dilution to be prepared (5ng/μl). 

V2 = Volume of RNA dilution to be prepared (100ml). 

             All the RNA dilutions made were kept at low temperature for future use. 

 

2.7.3 Reverse Transcription-Polymerase Chain Reaction and cDNA synthesis 

SuperScript First-Strand Synthesis
 
System and oligo primers were used to reverse 

transcribe RNA that provides high cDNA yields, sensitivity and specificity. 

For cDNA synthesis 3-5µl RNA that was pretreated with DNAse was added in a sterile 

0.5ml tube. For each reaction 1µl 10mM dNTP mix, 2µl Random hexamers (50 ng/ ul), n 

µl DEPC-treated water and n µl RNA were mixed. This mixture (RNA and primer) was 

kept at 65°C and after 5 minutes shifted on ice for 1 minute. In another tube, 9µl, 2 X 

reaction mixtures that contains 2µl 10X RT buffer, 2µl 0.1 MDTT and 1µl RNase Out 
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along with 4µl 25 mM MgCl2 was prepared, and each component was added in the 

indicated order. RNA and primers were mixed in this mixture, centrifuged and kept at 

42°C for 2 minutes. After that 1µl of Super Script III RT was mixed and again kept at 

42°C for 50 minutes. This step helped in greater full-length cDNA synthesis and higher 

yields of first-strand cDNA. Reaction was then kept at 70°C for 15 minutes and then 

transferred on ice. In the end, 1µl of RNase H was mixed in each tube and kept for 20 

minutes at room temperature and was further kept at -20°C or used for PCR immediately. 

This RNase H helped to remove any traces of RNA template from final cDNA. 

2.7.4 Quantitative Polymerase Chain Reaction (qPCR) 

2.7.4.1 Primer Designing  

Coding sequence details of selected genes were retrieved from Genbank. Primer 

designing was carried out with the help of Beacon Designer software and were 

synthesized by Invitrogen. Primer details are mentioned in Table 2.4. Primer dilution was 

carried out by dissolving in ddH2O to make final concentration 10pM before using them 

in PCR reaction. All primers were kept at low temperature till use. 

Table 2.4 Primer sequences used for expressional studies 

Primer Forward Primers Reverse primers 

DRG1 

Quantitative 

TGCTACAGCTGATGACCTC ACTGAACCTGACCTGACCGTA 

CACCAATTCCTCAATGGAGAT 

PTEN 

Quantitative 

CAACCGATACTTTTCTCCAA ACTGAACCTGACCGTACAAGTT 

GAACTGCTAGCCTCTG 

GSN 

Quantitative 

CTGACTGCTCAGCTGGAT ACTGAACCTGACCGTACATAG 

ATGATCATGGGCTTCC 

GAPDH 

Quantitative 

CTGAGTACGTCGTGGAGTC ACTGAACCTGACCGTACACAGAGA 

TGATGACCCTTTTG 
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2.7.4.2 Real Time PCR (qPCR) 

cDNA used in real time quantitative polymerase chain reaction (qPCR) was generated as 

described in the section 2.7.3. A master reaction mixture used in qPCR was composed of 

forward primer (0.3µl), reverse primer (0.3µl), qPCR Master Mix (5µl), probe (0.3µl), 

H2O (2.1µl) and cDNA (2µl). In each reaction, one of the primer pairs used (see Table 

2.4) contain a Z-sequence (ACTGAACCTGACCGTACA). Concentration of this primer 

was 100 pM instead of 10 pM. Shedding of this Z-sequence from the primer, and its 

fluorescent detection compared to the fluorescent detection present in a number of 

standard qPCR reactions with a known gene copy number (GAPDH) formed the basis 

behind the quantification of gene copy number in a given test sample. All experiments 

were repeated three times and stored for further interpretation. 

Results are given as number of transcripts/μl based on an internal standard and the results 

were further normalized using the expression of GAPDH in these samples. Conditions for 

qPCR were: an initial 15 minute 95°C period followed by 60 cycles of 95°C for 15 

seconds, 55°C for 60 seconds and 72°C for 20 seconds.  

2.8 Breast cancer cell lines   

MDA-MB-231 and MCF-7, breast cancer cell lines were used in this study. Breast cancer 

cell lines were stored and cultured according to the recommended protocol provided with 

these cell lines.  

2.8.1 MDA-MB-231 

MDA-MB-231 cells were initially derived from a pleural effusion of Caucasian origin. 

Cells retain epidermal growth factor receptors (EGFR) and transforming necrosis growth 

factor (TGFα). It is classified in group „stromal/mesenchymal‟ gene expression signature, 

characterized by the high expression of genes encoding smooth muscle actin (gene 

ACTA2), vimentin (VIM), fibrillin (FBN1), biglycan (BGN), chains of collagen types I, 

III, V, and VI, lysyl oxidase (LOX) and LOX-like2 (LOXL2), the angiogenesis 

associated interleukin-8 (IL8) and thrombospondin 1 (THBS1), urokinase receptor 

(PLAUR), connective tissue growth factor (CTGF), combined with the low expression of 
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genes typical of epithelial cells. Epithelial cells were isolated from pleural effusion of the 

nodules. These cells are found negative for estrogen receptors and their growth is not 

largely influenced by hormones. Aneuploidy in these cells have also been observed with 

chromosome counts in near-triploid range (modal number= 64, range = 52 to 68). Eleven 

additional chromosomes and certain unassignable chromosomes along with the absence 

of H8 and N15 chromosomes have also been observed (Lacroix & Leclercq, 2004).  

2.8.2 MCF-7  

This cell line was originally isolated from a Caucasian woman in 1970. Cells were 

isolated from the chest wall nodules pleural effusion. MCF stands for Michigan Cancer 

Foundation and seven stands for the number of efforts made for the establishment of this 

cell line. Karyotypes of MCF-7 contain originally possessing 85 chromosomes which 

were later reduced to 69 after 220 passages. These cells express estrogen receptors, 

WNT7b and can be inhibited by necrosis factor alpha (TNFα) (Burdall et al., 2003; 

Lacroix & Leclercq, 2004).  

2.9 Media and Cancer Cell Lines Storage Conditions 

Breast cancer cell lines were routinely cultured in DMEM/ Ham‟s F12 with L-Glutamine 

medium that also included certain antibiotics (streptomycin and penicillin) supplemented 

with 10% FCS. L-Glutamine (2mM concentration) is an essential amino acid requirement 

as primary reservoir of nitrogen for the synthesis of proteins, nucleic acids and other 

nitrogenous compounds. Streptomycin (200µl) and penicillin (25u) were used to avoid 

bacterial contamination in the desired cell lines. Blasticidin S was added to control the 

growth of eukaryotic cells by inhibiting peptide bond formation in the ribosomal 

machinery. Transformed cells of interest retaining Blasticidin S resistant genes were able 

to grow and proliferate in the culture. Blasticidin S was used in two different 

concentrations as 50µg/ml for selection and 0.5µg/ml for maintenance medium used in 

routine culturing. 

 

 

http://en.wikipedia.org/wiki/Chromosome
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2.9.1 Revival of Cells from Liquid Nitrogen Tanks 

Breast cancer cell lines were stored in liquid nitrogen (-196°C) tanks in small cryogenic 

centrifuge tubes. When required, these tubes were removed from liquid nitrogen and 

resuscitated. Tubes were rapidly thawed after their removal from liquid nitrogen by 

placing in a water bath at 37°C.  Outer surface of the cryogenic tube was cleaned 

thoroughly with a steret sterile swab and the cells along with DMSO containing medium 

were transferred to a universal container (UC). These universal containers already 

contained 10ml of pre-warmed medium to immediately dilute DMSO present in 

cryogenic tube. Universal containers were centrifuged to obtain cell pellet and medium 

was aspirated to remove any traces of DMSO. After adding 5ml of pre-warmed medium 

these cell pellets were transferred to a fresh 25cm
3
 tissue culture flask. Flasks were then 

kept at 37°C in incubator with 5% CO2 to retain a normal growth pattern. Following 

incubation, the flask was routinely examined under the microscope to obtain an 

estimation of the number of healthy adherent cells. The medium was routinely changed to 

remove any dead cells which did not survive the freezing/resuscitation process.  Flasks 

were then returned to the incubator and standard sub-culture techniques were followed 

for growing these cells. 

2.9.2 Replenishment of Medium for Breast Cancer Cell Lines 

Supplemented DMEM medium was used for maintaining the normal physiology of breast 

cancer cells. Cells were maintained and grown in either 25cm
2
 or 75cm

2
 tissue culture 

flasks (Greiner Bio-One Ltd, Gloucestershire, UK) in an incubator maintained at 37°C, 

95% humidity and 5% CO2. Cells were subcultured upon reaching 80–90% confluency. 

All tissue culture techniques were carried out following aseptic techniques inside of a 

class II laminar flow cabinet. Breast cancer cells were usually observed at 40X resolution 

under inverted microscope (Olympus, Hamburg, Germany). 

2.10 Detachment of Adherent Cells and Cell Counting 

Once the cells were confluent, they were rinsed briefly with EDTA after aspirating 

medium out of the flask. Incubation with trypsin/EDTA solution for several minutes at 
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37˚C helped cells to detach from the flasks.  Detached cell suspension was placed in 20ml 

universal container (Greiner Bio-One Ltd, Gloucestershire, UK) and centrifuged at 

3,000rpm for 5 minutes.  Medium was replaced without disturbing the pellet in container. 

Cellular suspension solution was later used for counting cells/millimetres for use in 

cellular assays or transferred in small quantities into new tissue culture flasks. Cell 

numbers in suspension fluid were calculated on a Neubauer haemocytometer counting 

chamber using an inverted microscope (Reichet, Austria) under 10 x magnifications. The 

cells present in these squares were counted by the following equation 

Cell number / ml = (number of cells counted in 16 squares ÷ 2) x (1 x 10
4
) 

2.11 Storage of Cell Stocks in Liquid Nitrogen 

Stocks of low passage cells were ideally stored in a liquid nitrogen tank. 75cm
3
 flasks 

were used to obtain maximum number of cells. Cells were trypsinized and pellet was 

obtained after centrifugation. After pellet formation, cells were resuspended in the 

required volume (dependent on the number of cryogenic tubes to be frozen) of a 

protective medium consisting of 10% dimethyl sulphoxide (DMSO) in normal growth 

medium. After resuspension, cells were aliquoted (1ml) into already labeled 1.8ml 

cryotubes (Nunc, Fisher Scientific, Leicestershire, UK). These cryotubes were loosely 

wrapped in tissue paper and placed at -81°C for an overnight freezing. Cells were later 

transferred to liquid nitrogen tanks for long term storage. Reason for slow freezing was to 

increase resuscitation rate as compared to fast freezing as reported in previously 

published reports (Coombes and Crawford, 1998). 

2.12 Maintenance of Cancer Cell Lines 

Both breast cancer cell lines (MDA-MB-231 and MCF-7) were cultured in DMEM that 

contained 2mM L-glutamine, 15mM HEPES along with 4.5mM NaHCO3. 10% FCS 

50units/ml benzylpenicillin (Britannia, Pharamaceuticals, Ltd) and 50µg/ml streptomycin 

(Sigma) were also added in to medium. Cell lines were seeded in (25cm
2
 or 80cm

2
) 

culture flask (Nuclon) at cell densities of 1x10
5
 cells/ml for routine sub-culture or 5x 
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10
5
cells/ml for experimental work. All seeded culture flasks were loosely capped and 

placed horizontally in an incubator (Flow Laboratories), set at 37°C.  

2.13 In vitro Analysis of DRG1 Molecule in Breast Cancer Cell Lines 

2.13.1 Initial Screening of Breast Cancer Cell Lines 

Both cell lines were screened first for DRG1 molecule expression at transcript level. 

Expression of DRG1 was checked by using DRG1 forward and DRG1 reverse 

conventional primer pair outlined in Table 2.5. 
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Table 2.5 Primer sequences used for in vitro analysis 

Primer Forward Primers Reverse primers 

DRG1 

Conventional 

GGACGATTTCACAAAAACAT CATCTTCATACTGCAAAGCA 

GAPDH 

Conventional 

GGCTGCTTTTAACTCTGGTA 

 

GACTGTGGTCATGAGTCCTT 

 

DRG1 

Ribozyme1 

 

CTGCAGCAGTGTTGACTTCCC 

CACACTGATGAGTCCGTGAGGA 

 

ACTAGTGATGCTCGAATTGGATTTGTT 

GGTTTTCCATTTCGTCCTCACGGACT 

 

DRG1 

Ribozyme2 

 

CTGCAGGACATCCAGAACAA 

TCAACTGATGAGTCCGTGAGGA 

 

ACTAGTGGCCCGAACCTGTAACTTGAT

TTCGTCCTCACGGACT 

 

 

 

DRG1 was found to be expressed in both MCF-7 and MDA-MB-231 breast cancer cell 

lines. Reaction conditions used are shown below. 
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2.13.2 Designing and Generation of DRG1Ribozymes 

Hammerhead ribozyme transgenes, specifically targeted to DRG1 transcripts were 

constructed based on the secondary structure of DRG1 mRNA. 

                       

Figure 2.1: Secondary structure of human DRG1 which was used in the design of anti-

DRG1 transgenes. 

Initial secondary structure mRNA prediction regarding DRG1 was carried out with the 

help of Zuker‟s RNA mFold software (Zuker, 2003). A GUC codon was targeted in this 

structure and short hammer head transgenes primer were generated against that particular 

region. This allowed the hammerhead catalytic region of the ribozyme to interact and 

accurately cleave a specific GUC sequence within the target mRNA transcript leading to 

the loss of DRG1 molecule at transcript level. Two strand primer sets (DRG1 rib1F, 

DRG1 rib1R and DRG1 rib2F and DRG1 rib2R), as mentioned in Table 2.5, were used in 

this regard.  
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PCR conditions used for synthesis of these ribozymes were as follows, 

Step     Time   Temperature 

Initial denaturing   5 min    94ºC 

Denaturing    10 sec    94ºC 

Annealing    15 sec    70ºC 

 -    15 sec    65 ºC 

 -    15 sec    60 ºC 

 -    15 sec    57 ºC 

 -    15 sec    54 ºC 

 -    15 sec    50 ºC 

Extension    20 sec    72 ºC 

Final Extension   7 min    72 ºC 

Hold     ∞    04ºC 

 

Step 2-4 were repeated over 48 cycles, each with different annealing temperature 

comprising 8 cycles. 

Once combined, transgenes produced were electrophoretically run on 2% agarose gel to 

confirm presence and correct size before being inserted into pEF6 plasmid in the TOPO 

cloning reaction. 

2.13.3 Transformation of Ribozymes in Competent Cells 

DRG1 coding region was amplified and confirmed by running 2% agarose gel 

electrophoresis. Size, specificity and estimation of amplified products (for both 

ribozymes) yield were carried out by running 1kb ladder along with the samples. Cloning 

of amplified products of DRG1 was completed by using the recommended protocol 

mentioned in pEF6/V5-HisTOPO® TA Expression Kit manual (Invitrogen Corporation, 

Canada). 
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 Reaction conditions used were as follows; 

PCR Product   0.5 to 4µl   

Diluted Salt solution  1µl 

TOPO
® 

Vector 1µl 

Distilled Water Final volume up to 5µl 

After mixing it was kept at 37˚C for 30 minutes and stored on ice until proceeding to One 

Shot
®
 chemical transformation. Above mentioned reaction mix was then transferred to 

One Shot TOP10
®
 (chemically competent E. coli) and gently mixed by stirring the 

mixture using the pipette tip. After a brief heat shock for 30 seconds at 42°C, these vials 

were placed on ice. After incubation on ice, SOC medium (250µl) was added in these 

tubes. Tubes were capped tightly and shaken horizontally at 20rpm on a horizontal orbital 

shaker for 1 hour (Bibby Stuart Scientific, UK) at 37°C. After that contents of tubes were 

spread onto two selective agar plates with varying contents density (containing 100µg/ml 

ampicillin). As vector contains ampicillin resistant gene, so only those competent cells 

retaining plasmid survived in overnight incubation.  

2.14 Selection and Orientation Analysis of Positive Colonies 

After overnight incubation plates were examined to check colony growth. In order to 

check the orientation of inserts 10 colonies were randomly selected for analysis after 

proper labeling on the plates. 

Correct insertion and orientation of insert in the plasmid was done by using primer set i.e. 

T7F vs RbToP. The colonies were tested using PCR with primers specific to plasmid. 

Product size obtained using the plasmid specific primer, T7F gave an indication of the 

size of inserted sequence and was used to check that the full sequence had been inserted 

without degradation mentioned. There were approximately 90bp between the T7F 

promoter and the beginning of the insert, thus correct orientation size would be more than 

500bp. Likewise a band of approximately 140bp by using the same set of primers 

indicate the reverse orientation of the amplified product.  
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PCR reaction was set for every colony selected as follows,  

8µl - 2X REDTaq ReadyMix PCR Reaction mix  

1µl- T7F plasmid forward primer5‟TAATACGACTCACTATAGGGA3‟ 

1µl- DRG1 Reverse primer RbToPF 5‟CTGATGAGTCCGTGAGGACGAA3‟ 

6µl – PCR water 

In order to test the DNA present in the colonies, a sample was picked from the plate using 

a sterile pipette tip and inoculated into mix before the addition of primers.  Each reaction 

mix was then placed in a thermo cycler and subjected to conditions mentioned in section 

2.13.1. Colonies showing correct orientation of the insert in PCR amplification were 

picked off the plate and used to inoculate 10ml of ampicilin selective LB broth and 

incubated overnight while being horizontally shaken at 225 rpm.  
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Figure 2.2 Schematic presentation of the pEF6 Vector (produced form pEF6/V5-His 

TOPO TA Expression Kit protocol) 
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2.15 Plasmid Isolation and Quantification 

After orientation check of inserts, colonies selected were subjected to plasmid isolation. 

Plasmid extraction was undertaken using Sigma Gen Elute Plasmid Mini Prep Kit 

according to the provided protocol. 5ml of the LB broth inoculated with the correct 

colony was spun at 4,000 rpm to obtain a pellet of bacteria. Bacterial pellet was then 

resuspended in 200µl of resuspension solution (containing RNase A) and mixed through 

pipetting. 200µl of lysis solution was then added and the container inverted 5-6 times, 

this stage was completed within 5 minutes before adding 350µl of the neutralization 

solution, inverting 4–6 times and centrifuging at 8,000 rpm in a microcentrifuge.  Plasmid 

DNA was bounded to the column by transferring the cleared lysate to a Mini Spin 

Column placed inside a collection tube. Flow through was discarded after spinning at 

8,000 rpm for 30 seconds – 1 minute. 750µl of wash solution (containing Ethanol) was 

also added in column before spinning at 8,000 rpm for 30-60 seconds. Supernatant was 

discarded without disturbing the pellet.  An additional short spin at 8,000 rpm was then 

given to remove any remaining flow through before transferring the Mini Spin Column to 

a fresh collection tube. Plasmid DNA was eluted after adding 100µl of elution solution 

and spinning at 8,000 rpm for 1 minute. 0.8% agarose gel was used to confirm the 

presence and correct size of plasmid.  

2.16 Transformation of Mammalian Cells using Electroporation 

After plasmid purification and quantification through spectrophotometry, 7µl of 

respective two ribozymes (rib1 and rib2) based plasmid were introduced in both MCF-7 

and MDA-MB-231 separately. Confluent wild type cells of both cell lines were 

trypsinized, pelleted and counted following resuspension as mentioned before in section 

2.10. Three million cells suspended in 3ml normal medium were placed in a large 

universal container. Using a electroporation cuvettes plasmid was added in 800µl of the 

above mentioned cell suspension. After a brief mix, the cuvette was subjected to an 

electrical pulse of 310V and 1500 capacitance from an electroporator (Easyjet, Flowgene, 

Surrey, UK). Following this pulse, the cell and plasmid suspension was quickly 

transferred into 10ml of pre warmed medium and placed in an incubator at 37˚C to allow 

any surviving cells to fully recover from electroporation process. Empty pEF6 vector 
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plasmid was also introduced in cell lines as internal control (MCF-7
pEF6

 and MDA-MB-

231
 pEF6

). 

2.17 Establishment of Stable MDA-MB-231 and MCF-7 Cancer Cell 

Lines  

Following overnight incubation, cells were subjected to a medium, containing 5µg/ml 

Blasticidin S selection, for 5 days.  Since the plasmid of interest had Blasticidin resistant 

gene, so only the cells having plasmid survived. Wild type cells of both breast cancer cell 

lines were also kept in selection as internal control and transformed empty plasmid in 

breast cancer cell lines as positive control.  After 5 days, wild type breast cancer cells 

died completely while only those cells having positive transformation remained alive. 

Transformed cancer cells were then switched to maintenance medium having 0.5µg/ml 

Blasticidin S; this places a selection pressure on the cells to maintain the plasmid and 

results in long term transformation of the cells. 

2.18 Confirmation of Transformation  

Both cancer cell lines were tested initially and also following long periods of use through 

real time PCR and western blotting. This was done to estimate the efficacy and stability 

of transformation sequence using RT-PCR and western blot analysis. 

2.18.1 RNA Isolation and Expressional Analysis 

RNA of both cell lines was extracted using total RNA isolation reagent in accordance 

with the protocol provided (TRI reagent, Sigma, Dorset, UK). Sample RNA was 

quantified using a spectrophotometer (WPA UV 1101, Biotech Photometer, Cambridge, 

UK) and standardized to a concentration of 500 ng. This RNA was used as template to 

reverse transcribes cDNA using an iScript cDNA synthesis kit (Bio Rad Laboratories, 

Hemel Hempstead, UK). Following cDNA synthesis, samples were probed using 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH) primers to check cDNA quality 

and confirm uniform sample cDNA levels, together with those specific for DRG1 

transcript (full primer details are shown in Table 2.5). Polymerase chain reaction (PCR) 
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was performed in a T-Cy Thermocycler (Creacon Technologies Ltd., Emmen, The 

Netherlands) using REDTaq® ReadyMix™ PCR Reaction Mix (Sigma).  

The PCR reaction conditions used are as follows, 

 

PCR products were separated on an agarose gel, stained with Ethidium bromide and 

visualized under ultraviolet light. Primer sequences along with reaction conditions used 

in this regard have been mentioned in section 2.7.4.2 and in Table 2.4. 

2.18.2 SDS-PAGE and Western Blotting   

2.18.2.1 Cell Lysis and Protein Extraction 

Breast cancer cell lines wild types, controls, and transgenes generated were maintained in 

separate large flasks. Once the cells were confluent, the cell monolayer was detached 

from the flask using a sterile cell scraper and both, the detached cells and medium, were 

then transferred to a universal container using a sterile transfer pipette. The cell 

suspension was then centrifuged at 3000 rpm for 5 minutes to obtain cell and protein 

pellet at the bottom of universal container. Following centrifugation and medium 

aspiration, cells were mixed with 200 – 250µl (depending on pellet size) of lysis buffer 

before being transferred to a 1.8ml microfuge tube (Alpha Laboratories, Hampshire, UK). 

The tubes were then placed on a Labinco rotating wheel (Wolf laboratories, York, UK) 

for 1 hour.  After 1hr, these tubes were centrifuged at 13,000 rpm for 15 minutes for the 
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removal of any insoluble materials. Supernatant was quantified after transferring to 

another tube.  

2.18.2.2 Protein Quantification 

For protein quantification Bio-Rad DC Protein Assay through microplate was used, the 

method is outlined as follows.  

A range of standard samples of known concentrations were set up using a serial dilution 

of a 10µg/ml Bovine Serum Albumin (BSA) standard (Sigma, Dorset, UK). Standards 

were serially diluted from 10µg/ml to 0.005µg/ml in the same lysis buffer solution in 

which cells were previously suspended. 5µl of the given samples along with the standards 

were loaded into separate wells of 96 well plate. 25µl of „reagent A‟ followed by 200µl 

of „reagent B‟ were simultaneously added to each well. „Working reagent A‟ was 

prepared by combining 20µl of reagent S in 1 ml of reagent A.  Following addition of 

reagent B, samples were mixed briefly and then left for approximately 45 minutes to 

allow the colorimetric reaction to fully occur.  Absorbance of samples and standards at 

620nm was then read using an ELx800 plate reading spectrophotometer (Bio-Tek, Wolf 

laboratories, York, UK).  A standard curve was constructed based on the absorbance of 

the BSA standards and used to determine sample concentration. All samples were then 

normalised to the desired final concentration of 1.0 – 1.5mg/ml through dilution in an 

appropriate amount of lysis buffer and further diluted in a 1:1 ratio with 2x Lamelli 

sample buffer concentrate.  Samples were then boiled and stored at -20
o
C prior to use. 

2.18.2.3 SDS-PAGE Electrophoresis 

SDS-PAGE was used for protein detection from cells grown in 75cm
2
 tissue culture 

flasks. SDS-PAGE was undertaken using an OmniPAGE VS10 vertical electrophoresis 

system (OminPAGE, Wolf Laboratories, York, UK). Both stacking and resolving gels 

were made in separate universal containers, added in between glass plates held in place in 

a loading cassette. Ingredients required for making 15ml and 5ml (enough for two gels) 

for both 10% resolving and 5% resolving gels are mentioned in Table 2.6.  
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Table 2.6 Composition of SDS-PAGE gels  

Component 5% Stacking gel (5ml) 10% Resolving Gel (15ml) 

Distilled Water 3.4ml 5.9ml 

30% Acrylamide 0.83ml 5.0ml 

1.5 M Tris (pH8.8) 0.63ml 3.8ml 

10% SDS 0.05ml 0.15ml 

10%APS 0.05ml 0.15ml 

TEMED 0.005ml 0.006ml 

 

Once the resolving gel was set, the stacking gel was prepared and added on top of the 

resolving gel.  A plastic comb was placed in the unset stacking gel and the mixture was 

left to harden and form a gel. Once both resolving and stacking gels had set, the loading 

cassette was placed into an electrophoresis tank and covered in 1X running buffer. The 

combs were then carefully removed and 8-10µl of molecular weight marker or 18µl of 

protein samples was added to the wells. Proteins were then separated according to 

molecular weight using electrophoresis at 125V, 40mA and 50W for a varying length of 

time (depend on protein size and gel percentage). 10% polyacrylamide gels were used 

when protein size was predicted to be between 20 – 90kDa as DRG1 (Santa Cruz 

Biotechnology, UK). 

2.18.2.4 Western Blotting 

Following gel electrophoresis, samples were shifted to nitrocellulose membrane from 

polyacrylamide gel using Western blotting. Gels were removed from the electrophoresis 

tank and unclipped from the loading cassette. Stacking gel was removed while resolving 

gel was placed on the top of a Hybond nitrocellulose membrane in a SD10 SemiDry 

Maxi System blotting unit (SemiDRY, Wolf Laboratories, York, UK).  

  



Materials and Methods 
 

67 

 

Membrane and gel was arranged to transfer protein from gel to the membrane, 

arrangement was as follows, 

Negative electrode (-ve) 

3X blotting paper 

Membrane 

Gel 

3X blotting paper 

Positive electrode (+ve)   

3mm chromatography paper (Whatman International Ltd., Maidstone, UK) was used as 

blotting paper. Electroblotting was undertaken at 15V, 500mA, 8W for 1 hour.  Proteins 

were blotted onto nitrocellulose membrane, following which they were probed for 

specific proteins following the SNAP ID protocol provided (Millipore, Watford, UK).  

2.18.2.5 Blot Assembly 

Before starting the blot assembly procedure, antibody, blocking, and wash buffer 

solutions were prepared. Blot holder lid was opened while taking care not to damage the 

inner white face. Inner white face of the blot holder was made wet with Milli-Q water, 

until it turned grey. Any excess liquid was removed by using the blot roller to prevent 

movement of the blot during assembly (If using only one well of a double or triple well 

blot holder, the unused well(s) must also be wet). Pre-wet blot membrane was placed in 

center with blotted protein side down. Blot membrane should not exceed size of the 

holder. Membrane was rolled gently with blot roller. Spacer (wetting not necessary) was 

placed on top of the blot, and it was made sure that it completely covers all edges. Blot 

was again rolled to ensure complete contact of blot spacer with blot membrane. Blot 

holder lid was closed and squeezed firmly. Blot holder was placed in system with the 

well side up. Assembly procedure was repeated for all blots being processed. System lid 

was closed and latched. Appropriate volume of blocking solution was added to each well. 

After well(s) were emptied completely (10–20 seconds), vacuum was turned off using the 
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vacuum control knob(s). Primary antibody was evenly spread to each well and allowed to 

incubate for almost 10 minutes with the vacuum off. Vacuum was turned on for 10 to 20 

minutes and with vacuum running continuously, blot was washed thrice with washing 

buffer. Vacuum was turned off after emptying blot holder. With the vacuum off, 

secondary antibody was evenly applied across the entire surface of the blot holder. 

Secondary antibody was allowed to incubate for at least 10 minutes with vacuum off. 

Vacuum was again turned on for 10 to 20 seconds to completely empty the blot holder 

from antibody solution. With vacuum running continuously, blot was washed thrice. Blot 

holder was removed and placed with well-side down with opened lid. Spacer was 

removed with forceps and discarded. Membrane was removed and incubated with 

detection reagent that is Western HRP Substrate. After 5 minutes, it was placed inside an 

UVITech imager (UVITech, Inc., Cambridge, UK) and images were captured and saved. 

These images were then further analyzed using the UVIband software package (UVITEC, 

Cambridge, UK) which allows the protein bands detected on the screen to be quantified. 

Expression of housekeeping gene GAPDH was used in this study to allow further 

normalisation of the samples (following initial quantification and standardisation) and to 

compensate for minor errors which may have occurred in quantification or pipetting of 

the samples. GAPDH  was chosen as an internal control as it is one of the most 

commonly used loading controls within the literature and is widely accepted with a large  

number of scientific studies using this control (Kirat et al., 2007; Rudchenko et al., 

2008).  DRG1 antibody, raised in goat (Santa Cruz Biotechnologies, Santa Cruz, CA, 

USA) and GAPDH, raised in mouse (Santa Cruz Biotechnologies, Santa Cruz, CA, 

USA), were used for probing at a concentration of 1:100 and 1:200 respectively. Anti-

goat and anti-mouse secondary antibodies were obtained from Sigma and used at a 1:350 

concentration in line with recommended settings outlined in the SNAP ID protocol. 

Western blotting was repeated, quantified and standardized separately, at least twice.  

2.19 In vitro Characterization of DRG1 in Breast Cancer Cell Lines 

Confluent flasks for wild type (MCF-7
Wt

), empty pEF6 control (MCF-7
pEF6

) and MCF-

7
DRG1KD

 as well as wild type, pEF6 and DRG1 knocked down cell lines of MDA-MB-231 

were maintained and kept at 37˚C with 5% CO2 and used in various functional assays.  
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2.19.1 Breast Cancer Cell Growth Assay  

Experimental method used in this assay was a partially modified protocol described by 

Bonnekoh et al., (1989). A set of three 96 well plates (Nunc, Fisher Scientific, 

Leicestershire, UK) were generally used for this assay. Cells after trypsinization were 

resuspended in normal medium. Cells were counted and (usually 3000 cells in 200µl 

normal medium) seeded in each well. Five replicates for each cell line were made in rows 

of the plates. The plates were left at optimal incubation temperature for 1day, 3day and 5 

day incubation period. Following the appropriate incubation period, cells in wells were 

fixed after removing medium in 4% formaldehyde in BSS for at least 5 minutes before 

rinsing and staining in 0.5% crystal violet in dH2O for 5 minutes. Stain was washed with 

the help of 10% acetic acid and cell growth is presented as gross increase that was 

determined via spectrophotometric analysis.  

% increase = (day3 or 5absorbance) - day1 absorbance/day1 absorbance 

At least four replicate wells were setup within each experiment and the entire experiment 

procedure was repeated four times.  

2.19.2 In vitro Tumor Cell Matrigel Invasion Assay 

The invasive capacity of the cells used in this study was determined by in vitro Matrigel 

invasion method. Experimental method used is a modification described by Albini et al., 

(2000). 24 well cell culture plate inserts (ThinCert™, Greiner bio-one, Germany) 

containing 8µm pores was used in this experiment. Working Matrigel solution was 

prepared in serum free medium to a concentration of 50µg per 100µl, added to the inserts 

and allowed to set in a drying oven. Once dried, these inserts were placed into sterile 24 

well plates and rehydrated, for approximately 40 minutes. After rehydration, normal 

medium was poured in well containing the insert in order to sustain any cells that may 

have invaded through the insert. 20,000 cells in 200µl of normal medium were then 

poured in insert. Plate then was placed in incubator for 3 consecutive days.  

Inserts were cleaned from inside after removing from plates and cells were counted under 

microscope after fixation and staining.  
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2.19.3 In vitro Tumor Cell Matrigel Adhesion Assay 

Tumor cells‟ adhesion ability was examined through this assay. It was modified from the 

technique described previously by Malik (2009).  

5µg of Matrigel in 100µl of serum free medium was poured in 96 well plate wells and 

dried in an oven to form an artificial basement membrane. After rehydration about 40 to 

45,000 cells were seeded in wells in 200µl of medium and placed in an incubator for 40 

minutes. Following incubation, cells were washed with BSS after removal of medium. 

After that cells were fixed, stained and counted under microscope.  

2.19.4 Electric Cell-Substrate Impedance Sensing Analysis of Breast Cancer 

Cell Lines Migration  

The electric cell-substrate impedance sensing (ECIS) system (Applied Biophysics Inc, 

Troy, NJ, USA) was used to detect and track MCF-7 and MDA-MB-231 cell migration as 

described previously (Jiang et al., 2008). Briefly, 200,000 cells per well in 300μl of 

medium containing HEPES buffer were seeded onto ECIS 96W1E arrays and incubated 

until a confluent monolayer formed over the array electrodes. This monolayer was then 

wounded electrically to create a simultaneous physical break in the cell monolayer of 

equal dimensions. Rate of change in impedance, as cells migrated back onto the 

electrode, was then monitored and measured using the ECIS software provided.  

2.19.5 Screening of Different Molecules 

Estrogen, PLC gamma inhibitor (CalBiochem, Nottingham, England, UK) and ROCK 

inhibitor (Santa-Cruz BiotechnologiesInc.) were screened at DRG1 knocked cells in 

ECIS. DRG1 knocked down cells were also screened with PTEN primers. 

2.20 Statistical Analysis  

Student t-test and one way ANOVA were applied to confirm any significant correlation 

in all experiments. Data values given represent the mean value ± SEM, and values of p ≤ 

0.05 were considered to be statistically significant. Confidence Interval was calculated 



Materials and Methods 
 

71 

 

using the null hypothesis approach. Statistical analysis was carried out with the help of 

SPSS statistics 17.0 software and Graph Pad Prism 5.  

In all in vitro assays the transfected breast cancer cell lines, containing the DRG1 

ribozyme transgenes, were compared with respective pEF6 plasmid controls (cells 

containing closed pEF6 plasmid only) using a two-sample, two-tailed t-test. All 

experiments were repeated at least thrice and all data was normalized to reach on solid 

conclusions.  
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3 Results 

Present case-control study consisted of pathologically confirmed breast cancer cases 

along with age and gender matched, healthy and disease free individuals as controls. 

Three study groups were recruited in this study, cohort 1, cohort 2 and cohort 3. Cohort 1 

and cohort 2 were from Pakistani population while cohort 3 was from British population.  

3.1 Samples Outline of Cohort 1 in Pakistani Population  

Cohort 1 was used for screening germ line mutations and consisted of 350 blood samples. 

Data from diagnosed breast cancer patients of Pakistani population is shown in Table 3.1. 

Mean age of patients was 47±1.1 years. Mean age at menarche was calculated as 13±0.1 

years, while mean age of post menopausal patients at menopause was calculated as 

45±0.5 years. 

Table 3.1 Demographic characteristics in Pakistani case-control study (cohort 1) 

 Associated factors Cases  

 N (%) 

Controls 

N (%) 

OR  

(95% CI) 

1 Age    

A ≤ 40 years 123 (35.1) 167 (47.7) 0.5938 (0.4383 - 0.8044) 

B Above 227 (64.8) 183 (52.2) 1.6842 (1.2432 - 2.2816) 

2 Age at menarche    

A < 13 years 149 (42.5) 132 (37.7) 1.2243 (0.9045 - 1.6571) 

B ≥ 13 years 186 (53.1) 198 (56.57) 0.8707 (0.6464 - 1.1729) 

C ≥ 17 years 15 (4.2) 20 (5.71) 0.7388 (0.3719 - 1.4678) 

3 Age at first birth    

A < 25 years 198 (60.9) 173 (53.39) 1.3608 (0.9962 - 1.8589) 

B ≥ 25 years 127 (39.07) 151 (46.6) 0.7349 (0.538 - 1.0039) 

4 Menopausal status    

A Pre menopausal 146 (41.71) 213 (60.85) 0.4603 (0.3403 - 0.6226) 

B Post menopausal 204 (58.28) 137 (39.14) 2.1724 (1.6061- 2.9384) 

5 Age at menopause    

A < 48 years 126 (61.7) 111 (81.02) 0.3784 (0.2268 - 0.6314) 

B ≥ 48 years 78 (38.23) 26 (18.97) 2.6429 (1.5839 - 4.4098) 
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3.2 DNA Extraction  

DNA was isolated from leukocytes as described before in section 2.3.1. DNA of both 

normal as well as cancer patients is shown in figure below:  

 

                        

Figure 3.1 Electropherogram of genomic DNA. Electrophoresis was carried on 1% 

agarose gel. After Ethidium bromide staining, DNA bands were visualized in ultraviolet 

trans-illuminator. C, stands for normal controls while B stands for breast cancer patients.   

 

3.3 Optimization of Primers 

All exons of DRG1, PTEN and gelsolin were optimized according to specified product 

size on mentioned temperature (Table 2.1). A range of temperatures and reagents 

concentrations were used to obtain a single band of specified product size. Amplified 

products were loaded on 2% agarose gel. Electrophoresis not only depicts the success of 

polymerization but also narrates any chances of probable non-specificity. Since samples 

were to be used for mutation detection later, so it was important to remove the chances of 

any non-specific primer binding. Ladder (100 bp) was used as ruler for product size 

estimation.  

 Figure 3.2 Electropherogram of amplified product. Exon (1) of DRG1 gene along with 

the 100bp ladder showing size of specific product amplified. NC is negative control, and 

numbering showing patients’ ID. Ethidium bromide staining was carried out on 2% 

agarose gel after electrophoresis. 
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Final optimized product was also checked and confirmed on PAGE for any nonspecific 

amplification.  

 

 

                 

Figure 3.3 Electropherogram of amplified product. Exon (2) of PTEN gene along with 

100bp ladder showing size of specific product amplified.  Ethidium bromide staining was 

done on 8% PAGE after electrophoresis.  

 

3.4 Mutation Detection by using SSCP and Sequencing 

PCR product was analyzed by SSCP and samples showing altered mobility pattern were 

observed and selected for DNA sequencing.   

 

3.5 Mutation Detection in DRG1Gene 

After Single Strand Conformational Polymorphism (SSCP), 57 samples showing altered 

mobility patterns were observed. Different array of mutations were found in exons 1, 3, 4 

and exon 5. No mutants were found in exon 2, 6, 7, 8, and 9. Figure 3.4 shows banding 

pattern of all exons of DRG1 gene determined by SSCP.  
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Figure 3.4 Banding patterns of different exons of DRG1. C represents normal controls 

while B indicates breast cancer patients’ genome amplified for the respective exons. 

Samples were exposed to a brief heat shock (10 minute) after adding formamide as 

denaturing agent and shifted on ice. After electrophoresis, mobility patterns of the 

samples were compared with controls of all exons of DRG1, after Ethidium bromide 

staining of gels. 
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3.6 Sequencing of the Suspected Samples of DRG1 

An extensive screening of DRG1 gene was conducted for mutations in 350 samples and 

350 cancers free control samples. 57 samples out of 350 were detected as mutant. 

Different array of mutations were found in exons 1, 3, 4 and exon 5. No mutants were 

found in 350 healthy normal individuals that were used as controls. Overall, clear 

majority of the sequenced mutations; 51 mutations out of 57 were frame shift mutations 

which were deletions and 6 were splice site substitution mutations. Deletion mutation 

459A/- that resulted in frame shift showed highest frequency among all observed 

mutations. It was observed in 21 cases and had highest frequency among all variations 

which was 0.36 (Table 3.2). 

 

Table 3.2 Mutations observed in DRG1 gene in breast cancer patients 

No 

of 

cases 

Frequency 

of 

Mutations 

OR 

(95% 

CI) 

Location  Alteration Change Effect 

6 0.10 0.11 

(0.006-

2.13) 

Exon1 40A>G Glu15Lys Missense, 

splice site 

substitution 

(deleterious) 

13 0.22 0.29 

(0.0173-

5.058) 

Exon3 230A/- Deletion Frameshift 

mutation 

17 0.29 0.425 

(0.0251-

7.1971) 

Exon4 369A/- 

377A/- 

387A/- 

Deletion Frameshift 

mutation 

21 0.36 0.583 

(0.035-

9.8215) 

Exon5 459A/- Deletion Frameshift 

mutation 
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3.6.1 Non-synonymous Substitution Mutation 

Six samples were found to have non-synonymous substitution missense mutation at 

splice site 40A>G, Glu15Lys (Figure 3.5) junction type is 5’ and variant position is -3. 

Variant scoring of GVGD is Class C0 (GV: 225.19 - GD: 34.45) and SIFT score is 0.03 

by Alamut biosoftware.  

3.6.2 Frame Shift Mutations 

A frame shift mutation was observed in Exon 3, 230delA in 13 samples (Figure 3.6). 3 

types of deletions, 369delA, 377delA and 387delA were observed in exon 4, all of which 

resulted in frame shift mutations in 17 samples (Figure 3.7). Another frame shift mutation 

(459delA) was found in exon 5 in 21 samples (Figure 3.8).  

Most prevalent mutation among premenopausal women was frame shift mutation that 

was 369A/-, 377A/-, 387A/- in exon 4 whereas frame shift mutation 459A/- in exon 5 

was most prevalent among postmenopausal patients. When analyzed according to age 

group frame shift mutation in exon 4 (369A/-, 377A/-, 387A/-) was found most common 

in age <40 years. While 459A/- in exon 5 was wide spread among patients >40 years of 

age. Distribution of all these mutations according to age and menopausal status is 

summarized in Table 3.3. 
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Figure 3.5 Genetic variants in exon 1 identified by sequencing analysis (40A>G). DRG1 

sequence from genomic DNA, showing non-synonymous mutation at splice site 

Glu15Lys.  

                

Figure 3.6 Identification of the variant by sequencing analysis on exon 3 (230delA). 

DRG1 sequence from genomic DNA, showing deletion mutation at amino acid 77.  
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Figure 3.7 Identification of the variant by sequencing analysis on exon 4 (369delA, 

377delA, 387delA). DRG1 sequence from genomic DNA, showing deletion mutations at 

amino acid 123, 126 and 129.  

               

Figure 3.8 Identification of the variant by sequencing analysis on exon 5 (459delA). 

DRG1 sequence from genomic DNA, showing deletion mutation at amino acid 153.   
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Table 3.3 Distribution of DRG1 mutations in different age and menopausal status group 

in breast cancer patients. 

 Types  

of 

mutation 

   Pre 

menopausal 

_________    

N          (%) 

      Post 

menopausal 

__________ 

N          (%) 

OR  

(95% 

CI) 

Age  

<40 

_______  

N           

(%) 

Age   

>40   

_______ 

 N           

(%) 

OR  

(95% 

CI) 

40A>G 2             

(33.3) 

 4             

(66.6) 

0.5217 

(0.087-

3.1284) 

   2            

(33.3) 

   4            

(66.6) 

1.3214 

(0.2173-

8.0372) 

230A/- 4             

(30.7) 

9                 

(69.2) 

0.4021 

(0.1062-

1.5223) 

 3            

(23.07) 

10           

(76.92) 

0.7154 

(0.1689-

3.0305) 

369A/- 

377A/- 

387A/- 

11           

(64.7) 

6              

(35.29) 

2.881 

(0.8683-

9.5594) 

 8            

(47.05) 

 9            

(52.94) 

3.5556 

(1.0416-

12.1368) 

459A/- 6              

(28.57) 

15              

(71.42) 

0.2737 

(0.084-

0.8914) 

3             

(14.28) 

18           

(85.71) 

0.2949 

(0.0728-  

1.1944) 

 Total 23 24  16 41  
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3.7 Mutation Detection in PTEN Gene 

After single strand conformational polymorphism (SSCP), different types of mutations 

were identified in this study that include three known mutations, in exons 2, 4, 5, 6, 7 and 

in splice sites of intron 2 and 4 and also in 3’ UTR region of PTEN. No mutants were 

found in exon 1, 3, 8, and 9. Figure 3.9 shows banding pattern of all exons of PTEN gene 

after SSCP.  

 

 

Figure 3.9 Banding patterns of different exons of PTEN. C represents normal controls 

while B indicates breast cancer patients’ genome amplified for the respective exons. 

Samples were exposed to a brief heat shock (10min) after adding formamide as 

denaturing agent and shifted on ice. After electrophoresis, mobility patterns of the 

samples were compared along with controls of all exons of PTEN, after Ethidium 

bromide staining of gels. 
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3.8 Sequencing of the Suspected Samples of PTEN 

In this study blood samples from 350 patients with breast cancer were analyzed for 

mutations in the coding region and in intron/ exon boundaries of the PTEN gene. 

Nineteen different types of mutations were identified in this study; three of these 

mutations are known and already reported in other populations.  

Mutations were observed in exons 2, 4, 5, 6, 7, the splicing sites of intron 2 and 4 and in 

3’ UTR region of PTEN (Table 3.4). No variations were found in exons 1, 3, 8 and 9. 

Multiple variations were also detected in some samples. However, no mutation was 

detected in control samples. In this data, 3 silent, 8 missense, 2 frame shifts, 2 splice site 

and 4, 3’ UTR mutations were observed in 35, 213, 90, 48 and 88 samples respectively, 

whereas multiple mutations were observed in 212 samples (Table 3.4, 3.5). Substitution 

at 3’ UTR region of PTEN 2634 T>A was observed in highest frequency in all detected 

mutations. It was detected in 66 cases and had highest frequency among all variations 

which is 0.139 (Table 3.4). 
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Table 3.4 Detected mutations in PTEN gene in breast cancer patients 

      

 

 

No of Cases Frequency 

of  

variations

Location Nucleotide/ 

position in 

transcript

Amino 

Acid/Codon

Alteration Change Effect

3’splice site, 

Exon 2

5’splice site,

Exon 4

Missense

(rs 

121909229)

3’UTR

variation

3’UTR

variation

Insertion, 2 

substitution

22 0.046 3’UTR 2662, 2664, 

2665

Non coding -/G, T>C, 

A>T

Insertion Frame shift

66 0.139 3’UTR 2634 Non coding T>A substitution

63 0.132 Exon 7 676 225 -/A

Val to Gly Missense

28 0.059 Exon 6 621 206 T>G Ser to Arg Missense

42 0.088 Exon 6 572 190 T>G

Missense

18 0.037 Exon 5 482 160 G>A Arg to Lys Missense

Arg to Gln

30 0.063 Exon 5 457 153 G>A Asp to Asn

33 0.069 Exon 5 389 129 G>A

Missense

23 0.048 Exon 5 396 132 T>G Gly to Gly Silent

0.021 Exon 5 343 114 G>A Asp to Asn

Asp to Asn Missense

32 0.067 Exon 5 319 106 G>A Asp to Asn Missense       

(rs 

57374291)       

Intron -/T Insertion Splice site 

variation

20 0.042 Exon 5 274 91 G>A

Asp to Asp, 

Arg to Arg

Silent

12 0.025 31598 Intron T>C Splice site Splice site 

variation

31 A/- Deletion Frame shift

12 0.025 Exon  2 153, 163 50,54 T>C, A>C

27 0.056 Exon  2 92

36 0.075 68527

10
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Table 3.5 Multiple mutations observed in different samples in PTEN 

 

 Samples Multiple Mutations 

20 92InsA, 153 T>C, 163A>C, 31598T>C 

23 389G>A, 482 G>A 

25 274 G>A, 319 G>A, 343 G>A, 396 T>G, 457 G>A 

39 274 G>A, 343 G>A, 457 G>A 

43 68527InsT, 389 G>A 

62 572T>G, T>G621 

 

3.8.1 Synonymous Substitutions (Silent)  

12 samples were found to have substitution mutations in exon 2 with no change in 

resultant amino acid, 153 T>C (Asp50Asp) and 163 A>C (Arg54Arg) with a frequency 

of 0.025. Another substitution was found in exon 5 in 23 samples i.e, 396 T>G 

(Gly131Gly) with a frequency of 0.048 (Figure 3.10A-C). 

3.8.2 Non-synonymous Substitutions 

Different types of missense substitutions were observed in exon 5, 274G>A (Asp91Asn) 

in 20 samples, 343G>A (Asp114Asn) in 10 samples, 389 G>A (Arg129Gln) in 33 

samples, 457G>A (Asp153Asn) in 33 samples, 482G>A (Arg160Lys) in 18 samples with 

frequencies 0.042, 0.067, 0.021, 0.069, 0.063, 0.037 respectively. Two types of missense 

substitutions were observed in exon 6, 572T>G (Val190Gly) in 42 samples and 621T>G 

(Ser206Arg) in 28 samples with respective frequencies of 0.088 and 0.059 (Figure 

3.11A-H). 

3.8.3 Frame Shift Mutations 

Frame shift mutations in PTEN gene were observed with frequencies 0.056 and 0.132. 

These were found in exon 2 due to a deletion 92delA, in 27 samples (Figure 3.12C) and 

in exon 7, 675-676insA in 63 cases (Figure 3.12D). 
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3.8.4 Splice Site Variations 

Splice site variants were found in different regions of PTEN. 3’splice site variation in 

exon 2 was observed due to substitution, 31598 T>C, in 12 cases with a frequency of 

0.025 (Figure 3.12A). Insertion was observed in 36 samples at 5’splice site of exon 4, 

68526-68527insT, with a frequency of 0.075 (Figure 3.12B). Different types of variations 

were found in 3’UTR region of PTEN that were 2634T>A in 66 samples, 2661-

2662insG, 2664T>C and 2665 A>T in 22 samples with respective frequencies of 0.139 

and 0.046 (Figure3.10 D, E and F).  

When analyzed according to menopausal status, most common mutation in 

premenopausal women was frame shift mutation that was -/A in exon 7. While 

substitution mutation T>A in 3’UTR region was most prevalent among postmenopausal 

patients. Most prevalent mutation among patients in age group <40 years was substitution 

mutation T>A in 3’UTR. While -/A, mutation in exon 7 was most prevalent in patients 

>40 years of age. Distribution of all these mutations according to age and menopausal 

status is summarized in Table 3.6. 
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Figure 3.10 PTEN sequences from genomic DNA showing synonymous substitutions. A- 

153 T>C (Asp50Asp), B- 163A>C (Arg54Arg), C- 396 T>G (Gly131Gly) and 3’ UTR 

variations D- 2634T>A, E- 2662 -/G, F-2664T>C and 2665 A>T. Arrows shows 

observed change, M is for mutated sequence while W is for wild sequence. 

 

 Figure 3.11 Sequences showing non-synonymous substitution mutations in PTEN gene 

in breast cancer patients. A-274G>A (Asp91Asn), B-319G>A (Asp106Asn), C-343G>A 

(Asp114Asn), D-457G>A (Asp153Asn), E-389 G>A (Arg129Gln), F-482G>A 

(Arg160Lys), G-572T>G (Val190Gly) and H- 621T>G (Ser206Arg). Arrows shows 

observed change, M is for mutated sequence while W is for wild sequence. 
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Figure 3.12 Sequencing analysis showing splice site variations (A- 31598 T>C and B- 

68527InsT) and frame shift mutations (C- 92delA and D-676InsA). Arrows shows 

observed change, M is for mutated sequence while W is for wild sequence. 
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Table 3.6 Distribution of PTEN mutations in different age and menopausal status groups 

in breast cancer patients 

                      

Types    Pre 

menopausal

      Post 

menopausal

OR Age  <40 Age   >40  OR 

of mutation _________   __________ (95% CI) _______ _______ (95% CI)

N          (%) N          (%) N           %  N           %

0.6727

(0.3053-

1.4824)

T>C, A>C 5 7 0.9034 

(0.2826-

2.8883)

4 8 0.9182  

(0.2724-

3.095)

T>C 3 9 0.4142 

(0.1107-

1.5497)

5 7 1.324 

(0.4137-

4.2373)

-/T 21 15 1.8617 

(0.9346-

3.7083)

16 20 1.5216 

(0.7663-

3.0213)

G>A 8 12 0.8391 

(0.3366-

2.0921)

13 7 3.619 

(1.4152-

9.2546)

G>A 14 18 0.9852 

(0.478-

2.0306)

9 23 0.7043 

(0.3182-

1.5588)

G>A 3 7 0.5368 

(0.1371-

2.1017)

3 7 0.7849 

(0.2003-

3.0756)

T>G 13 10 1.6913 

(0.7264-

3.938)

9 14 1.1933 

(0.5054-

2.8176)

G>A 16 17 1.2094 

(0.5957-

2.4554)

10 23 0.7875 

(0.3656-

1.6962)

G>A 13 17 0.9676 

(0.4589-

2.0403

8 22 0.6527 

(0.2841-

1.4996)

G>A 7 11 0.8002 

(0.3047-

2.1014)

1 17 0.1029 

(0.0136-

0.7801)

T>G 18 24 0.9463 

(0.499-

1.7946)

13 29 0.8103 

(0.4094-

1.6039)

T>G 12 16 0.948 

(0.4383-

2.0505)

11 17 1.204 

(0.5504-

2.6336)

-/A 27 36 0.9437 

(0.5524-

1.6123)

21 42 0.9088 

(0.5186-

1.5925)

T>A 29 37 0.9928 

(0.5879-

1.6765)

32 34 1.903 

(1.1265-

3.2149)

-/G, T>C, 

A>T

7 15 0.5776 

(0.2311-

1.4438)

5 17 0.5273 

(0.191-

1.4554)

Total 209 265 169 311

24A/- 13 14 1.1891 

(0.5463-

2.588)

9
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3.9 Mutation Detection in Gelsolin Gene 

 

Figure 3.13 Banding patterns of different exons of gelsolin. C represents normal controls 

while B indicates breast cancer patients’ genome amplified for the respective exons. 

Samples were exposed to a brief heat shock (10min) after adding Formamide as 

denaturing agent and shifted on ice. After electrophoresis, mobility patterns of the 

samples were compared along with controls of all exons of gelsolin, after Ethidium 

bromide staining of gels. 
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3.10 Sequencing of the Suspected Samples of Gelsolin 

Blood samples from 350 breast cancer patients along with 350 age and gender matched 

control samples were used in this study. Different types of mutations were observed 

which include 3 non-synonymous substitutions, 1 synonymous substitution, 10 frame 

shift mutations (comprising of 4 duplication, 5 deletions and 1 insertion). The 

information about these mutations is presented in Table 3.7. Gelsolin mutations observed 

were located in exons 4, 6, 7, 8, 10, 11, 14, 15 while no mutations were detected in 1, 2, 

3, 5, 9, 12, 13 and 16. Similarly no mutation was detected in any of control samples. In 

this data non-synonymous substitution mutations were observed in 12 samples in exon 4, 

in 27 samples in exon 11 and in 18 samples in exon 15. Synonymous substitution 

mutation was observed in exon 10 in 32 samples. In frame shift mutations, duplication 

mutations were observed in 13, 17, 14 and 18 samples in exons 4, 6, 8 and 10 

respectively. While deletion mutations were observed in exon 4, 7, 8, 11, and 14 in 18, 

28, 14, 27 and 20 samples respectively. Insertion mutation was observed in 36 samples in 

exon 10 and this mutation had highest frequency (0.116) among all mutations observed. 

Highest rate of mutations were observed in exon 4 when compared to other exons as 

shown in Table 3.7. 
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Table 3.7 Detected mutations in gelsolin gene in breast cancer patients 

                

No of Cases Frequency 

of variation

OR (95% 

CI)

Exon cDNA level Genomic 

level

Protein level Effect

NM_001127

662.1:

Chr9(GRCh

37):

c.11A>G g.124064260

A>G

Deletion

Frame shift  

mutation

4 Duplication

 Frame shift  

mutation

6 Duplication

 Frame shift  

mutation

Deletion

Frame shift  

mutation

8 Duplication

 Frame shift  

mutation

Deletion

Frame shift  

mutation

NM_001127

662.1:

Chr9(GRCh

37):g.12408

0694_

c.897_898 

insGCAGGC 124080695 

insGCAGGC

10 NM_001127

662.1:

Chr9(GRCh

37):

 c.906G>A g.124080703

G>A

NM_001127

662.1:

Chr9(GRCh

37):

p.Leu329 

Phe

Missense 

substitution

&

c.985C>T g.124080952

C>T

p.Pro330X Deletion

c.987_988 

del

g.124080954

_124080955

d el

NM_001127

662.1:

Chr9(GRCh

37):

c.1436 del g.124088809 

del

NM_001127

662.1:

Chr9 

(GRCh37):

c.1637A>T g.124089635

A>T

18 0.065 0.0012        

(0-0.2817)

15 p.Lys546 Ile Missense 

substitution

20 0.072 0.0024        

(0-0.4424) 

14 p.Lys479Arg

fsX7

deletion, 

Frame shift 

mutation

p.Tyr320Leu

fsX12

Duplication 

Frame shift 

mutation

27 0.098 0.0124 

(0.0001-

1.2345)

11

18 0.065 0.0012        

(0-0.2817)

10 NM_001127

662.1:c. 958 

dup

Chr9(GRCh

37):g.12408

0755 dup

Insertion, 

Frame shift 

mutation

32 0.116 0.0266 

(0.0004 -

1.9199)

p.= Synonymous 

substitution

p.Lys226Ser

fsX50

36 0.131 0.0423 

(0.0007-

2.4876)

10 p.Ala299_As

n300 

insAlaGly

21 0.076 0.0032        

(0-0.5358)

8 NM_001127

662.1:c.675 

del

Chr9(GRCh

37):g.12407

6223 del

p.Asn180Thr

fsX8

14 0.051 0.0002        

(0-0.0759)

NM_001127

662.1:c.701 

dup

Chr9(GRCh

37):g.12407

6249 dup

p.Asp235Gly

fsX32

28 0.1 0.0148 

(0.0002-

1.367)

7 NM_001127

662.1:c.539 

del

Chr9(GRCh

37):g.12407

4642 del

17 0.06 0.0008        

(0-0.2156)

NM_001127

662.1:c.395 

dup

Chr9(GRCh

37):g.12407

3005 dup

p.Val133Gly

fsX53

p.Glu4Aspfs

X44

13 0.04 0.0001               

(0- 0.048)

NM_001127

662.1:c.20du

p

Chr9(GRCh

37):g.12406

4269 dup

p.Phe8Valfs

X53

18 0.065 0.0012                   

(0-0.2817)

4 NM_001127

662.1:c.12de

l

Chr9(GRCh

37):g.12406

4261 del

12 0.043 0.0458 

(0.0027-

0.7773)

4 p.Glu4Gly Missense 

substitution
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3.10.1 Non-synonymous Substitutions 

Three non-synonymous substitution mutations in exon 4, 11 and 15 were observed. 

Transition “11A>G” caused missense substitution mutation and changed Glutamine at 

position 4 to Glycine in 12 samples (Figure 3.14A). Transition C to T, caused missense 

substitution mutation in exon11 at position 985 by altering Leucine at position 329 to 

Phenylalanine in 27 samples (Figure 3.14B). Transversion from A to T in exon 15 

“1637A>T” resulted in missense substitution by changing Lysine at amino acid position 

546 to Isoleusine in 18 samples (Figure 3.14C). 

  

 

Figure 3.14 Sequences showing non-synonymous substitution mutations in gelsolin gene 

in breast cancer patients. A-11A>G (Glu4Gly), B-985C>T (Leu329Phe) and C-1637A>T 

(Lys546 Ile): Non-synonymous missense mutations on exon 4, 11 and 15 respectively. 

Arrows shows observed change, M is for mutated sequence while W is for wild sequence. 

 

 

 

 

 

 

 



Results 
 

94 
 

3.10.2 Frame Shift Mutations 

One insertion, four duplication and five deletion mutations were detected in this study. 

Insertion of 6 bps “GCAGGC” in exon 10 at position 897_898 caused the insertion of 2 

residues Alanine and Glycine in 36 samples (Figure 3.15). Duplication in exon 4, 6, 8 and 

10 were observed at position 20 (Figure 3.16A), 395 (Figure 3.16B), 701 (Figure 3.16C) 

and 958 (Figure 3.16D) respectively. Deletions were observed in exon 4, 12 A/- in 18 

samples (Figure 3.17A), 539 A/- in exon 7 in 28 samples (Figure 3.17B), 675 C/- in 

exon8 in 21 samples (Figure 3.17C). While deletion of 2bp “TC” and 1bp “A” observed 

in exon 11; position 987_988 in 27 samples (Figure 3.17D) and in exon 14, position 1436 

in 20 samples (Figure 3.17E) respectively. 

 

 

Figure 3.15 Sequence showing frameshift mutation in gelsolin gene in breast cancer 

patients. c.897_898insGCAGGC insertion observed in exon 10. Arrows shows observed 

change, M is for mutated sequence while W is for wild sequence. 



Results 
 

95 
 

                  

Figure 3.16 Sequences showing frameshift mutations in gelsolin gene in breast cancer 

patients. A-20dup, -/A (Phe8ValfsX53), B-395dup, -/A (Val133GlyfsX53) and C-

701dup, -/A (Asp235GlyfsX32) and D- 958dup -/T (Tyr320LeufsX12): duplication 

mutations observed on exon 4, 6, 8 and 10 respectively. Arrows shows observed change, 

M is for mutated sequence while W is for wild sequence. 
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Figure 3.17 Sequences showing frameshift mutations (deletions) in gelsolin gene in 

breast cancer patients. A-12/del, A/- (Glu4AspfsX44), B-539del, A/- (Asn180ThrfsX8) 

and C-675del, A/- (Lys226SerfsX50), D-987-988del, TC/-- (Pro330X) and E-1436del 

(Lys479ArgfsX7): deletion mutations observed on exon 4, 7, 8, 11 and 14 respectively. 

Arrows shows observed change, M is for mutated sequence while W is for wild sequence. 
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3.10.3 Synonymous Substitution 

Transition from G to A in exon 10, “906G>A” resulted in synonymous substitution in 32 

samples (Figure 3.18) as codon GAG changed to GAA and both encode for Glutamic 

acid. 

                          

Figure 3.18 Sequence showing synonymous mutation in gelsolin gene in breast cancer 

patients. 906G>A, (Glu), substitution observed in exon 10. Arrows shows observed 

change, M is for mutated sequence while W is for wild sequence. 

When analyzed according to menopausal status, most common mutation found in 

premenopausal women was frame shift mutation that was 539 A/- in exon 7. Frame shift 

mutation 897_898------/GCAGGC in exon 10 was most prevalent among postmenopausal 

patients. This variation is also the most prevalent mutation among patients in age group 

<40 years. While 987_988 C>T, 987_988 --/TC in exon 11 was wide spread in patients 

>40 years of age. Distribution of all these mutations, according to age and menopausal 

status, is summarized in Table 3.8. 
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Table 3.8 Distribution of gelsolin mutations in different age and menopausal status 

groups in breast cancer patients 

       

 

 

Types    Pre 

menopausal

      Post 

menopausal

OR Age  <40 Age   >40  OR OR 

of mutation _________   __________ (95% CI) _______ _______ (95% CI) (95% CI)

N          (%) N          (%) N           %  N           %

11A>G 12 5 (41.6%) 7 (58.33%) 1.1224 

(0.3465-

3.6355)

3 (25%) 9 (75%) 0.5488 

(0.1451-

2.0757)

12 A/- 18 6 (33.33%) 12 (66.6%) 0.768 

(0.2789-

2.1146)

7 (38.8%) 11 (61.11%) 1.0785 

(0.4044-

2.8765)

20 -/A 13 3 (23.07%) 10 (76.92%) 0.453 

(0.1217-

1.6869)

7 (53.84%) 6 (46.15%) 2.0386 

(0.6657-

6.2431)

395-/A 17 8 (47.05%) 9 (52.94%) 1.4222 

(0.5304-

3.8133)

4 (23.52%) 13 (76.47%) 0.4992 

(0.1583-

1.5744)

539 A/- 28 17 (60.7%) 11 (39.28%) 2.6956 

(1.2071-

6.0198)

15 (53.57%) 13 (46.42%) 2.1088 

(0.9596-

4.6343)

701-/A 14 1 (7.142%) 13 (92.85%) 0.1116 

(0.0144-

0.8665)

2 (14.28%) 12 (85.7%) 0.2667 

(0.0585-

1.2166)

675 C/- 21 5 (23.80%) 16 (76.19%) 0.4624 

(0.164-

1.3035)

7 (33.33%) 14 (66.6%) 0.8316 

(0.3241-

2.1338)

897_898------

/GCAGGC

36 12 (33.33%) 24 (66.6%) 0.7527 

(0.3584-

1.5807)

16 (44.4%) 20 (55.5%) 1.414 

(0.6962-

2.8721)

906G>A 32 13 (56.52%) 19 (82.60%) 1.0795 

(0.5082-

2.2928)

15 (46.87%) 17 (53.12%) 1.572 

(0.7483-

3.3024)

958-/T 18 6 (33.3%) 12 (66.6%) 0.768 

(0.2789-

2.1146)

5 (27.7%) 13 (72.22%) 0.6305 

(0.218-

1.8233)

985C>T 

987_988 TC/-

-

27 9 (33.3%) 18 (66.6%) 0.7606 

(0.3279-

1.7643)

4 (14.48%) 23 (85.18%) 0.2644 

(0.0887-

0.788)

1436 A/- 20 11 (55%) 9 (45%) 2.0193 

(0.8062-

5.058)

13 (65%) 7 (35%) 3.443 

(1.3258-

8.9413)

1637A>T 18 7 (38.8%) 11 (61.1%) 0.9943 

(0.3726-

2.6537)

4 (22.2%) 14 (77.77%) 0.4606 

(0.1474-

1.4394)
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3.11 Sample Outline of Cohort 2 in Pakistani Population  

Cohort 2 was used for expressional studies at mRNA level and comprised of 60 tissue 

samples. Tumor matched normal adjacent tissue was used as control. Data of cohort 2, of 

diagnosed breast cancer patients of Pakistani population is presented in Table 3.9.  

Table 3.9 Clinical and pathological information of the study cohort 2 

Grouping Number     

Age      

>50 23     

<50 37     

Grades Grade1 Grade2 Grade3   

 17 22 21   

Histology Ductal Lobular Others   

 47 8 5   

Clinical 

outcome 

free of 

relapse 

With 

metastasis 

With local 

recurrence 

Died of 

breast 

cancer 

Died of 

unrelated 

disease 

 36 8 3 8 5 

 

This study group exhibited higher breast cancer incidence rate in females aged 50 years 

and above (62 %). 28% tumors were grade 1, 37% were grade 2 and 35% were grade 3. 

According to histology 78% tumors were of ductal carcinoma, 13% were of lobular 

carcinoma and 8% were of other types. Based on the clinical outcome patients were 

grouped in different categories; free of relapse (60%), with metastatic disease (13%), 

with local recurrence (5%), those who died of breast cancer (13%) and those died with 

unknown disease (5%). 
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3.12 DRG1 mRNA Levels in Breast Cancer Patients  

Levels of DRG1 transcripts were quantified in breast tumor tissues (cohort 2) and were 

normalized by GAPDH. DRG1 transcript levels in breast tumor tissues were observed to 

be significantly low (p = 0.05) compared with normal tissues (Figure 3.19A).  Levels of 

DRG1 were further analyzed in connection with the grade of breast tumor but no 

significant difference was observed among different grades (p=0.5) (Figure 3.19B). 

Although level of DRG1 transcripts was lower in grade 3 tumor compared with grade 1 

tumor, but the difference was statistically non-significant (p=0.16).  

Nottingham prognostic index (NPI) was calculated to determine prognosis following 

surgery for breast cancer. Patients with NPI values of <3.4, 3.4-5.4 or >5.4 were 

classified as having good, moderate or poor prognosis respectively. It was observed that 

DRG1 was down regulated in patients categorized as poor prognosis amongst three 

groups, but the expression level was almost similar among patients with moderate and 

good prognostic index. When analyzed collectively no significance difference was 

observed among these groups (p=0.5) (Figure 3.19C). Patients were classified according 

to the disease outcome; free of relapse; presence of metastases; local recurrence; died of 

breast cancer. Partially significant difference was observed (p=0.08) in levels of DRG1 

among these groups, but when each group was compared with free of relapse patients 

interesting results were observed. Patients who were free of relapse had significantly 

higher level of DRG1 transcripts than those who develop metastasis (p=0.034). Increased 

transcript levels were also seen in patients who were free of relapse than patients who 

died of breast cancer albeit statistically non-significant (Figure 3.19D). 
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Figure 3.19 A Quantitative analysis of DRG1 transcript levels in control and tumor 

tissues. DRG1 transcript level found to be significantly low in tumor, compared to 

normal tissues (p=0.05). 

 

              

Figure 3.19 B Quantitative analysis of DRG1 transcript levels in breast cancer tissues 

according to grades. Level of DRG1 transcript was lower in grade 3 compare to grade 1 

but this difference is statistically non-significant (p=0.16). 
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Figure 3.19 C Quantitative analysis of DRG1 transcript levels based on NPI value of each 

patient divided in good, moderate and poor prognosis. It was found that patients with 

poor prognosis index have the lowest levels of DRG1 amongst three groups. However, 

the difference between Patients with poor prognosis and good prognosis was not 

significant (0.19). 

            

Figure 3.19 D Quantitative analysis of DRG1 transcript levels according to clinical 

outcome. Patients were divided in to those who remained free of relapse, with metastatic 

disease, with local recurrence and those who died of breast cancer.  Patients who develop 

metastasis (p=0.034) had low level of DRG1 than those who were free of relapse at final 

clinical outcome. 
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3.13 PTEN mRNA Levels in Breast Cancer Patients 

Levels of PTEN transcripts were quantified in breast tumor tissues (cohort 2) and 

normalized by GAPDH. PTEN transcript levels in tumor tissues were found to be low 

compared with normal tissues but the difference was statistically non-significant (p = 

0.22) (Figure 3.20 A).  Levels of PTEN were further analyzed in different grades of 

breast tumor and significant difference was observed in levels of PTEN in grade3 

compared to grade 1 (p=0.01) (Figure 3.20 B).  

Nottingham prognostic index (NPI) was calculated to determine prognosis following 

surgery for breast cancer. Patients with NPI values of <3.4, 3.4-5.4 or >5.4 were 

classified as having good, moderate or poor prognosis, respectively. It was found that 

lowest transcript levels of PTEN were observed in patients categorized as poor prognosis 

amongst three groups. Statistically significant variation was found in levels of PTEN 

(p=0.006), between good and moderate prognosis categories (p=0.05), between poor and 

good prognosis categories (p=0.01) and between poor and moderate prognosis categories 

(p=0.002) (Figure 3.20 C). Patients were classified according to the disease outcome; free 

of relapse; presence of metastases; local recurrence; died of breast cancer. Partially 

significant difference in PTEN transcript levels was found (p=0.07) between free of 

relapse patients and those died due to breast cancer (Figure 3.20 D). 
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Figure 3.20 A Quantitative analysis of PTEN transcript levels in control and tumor 

tissues. PTEN transcript levels were found to be low in tumor when compared with 

control tissues. This difference was statistically not significant (p=0.22). 

           

Figure 3.20 B Quantitative analysis of PTEN transcript levels in breast cancer tissues in 

connection with grades. Level of PTEN transcript was significantly lower in grade 3 

compare to grade 1 (p=0.01). 
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Figure 3.20 C Quantitative analysis of PTEN transcript levels based on NPI value of each 

patient. Patients with poor prognosis index have significant lower levels of PTEN 

compared to other groups. 

           

 

Figure 3.20 D Quantitative analysis of PTEN transcript levels according to clinical 

outcome. Patients were divided in to those who were free of relapse, with metastatic 

disease, with local recurrence and those who died of breast cancer. Patients who died of 

breast cancer exhibited lower levels compared with those who were free of relapse but 

the difference is not significant (p = 0.07). 

0.00E+00

1.00E+06

2.00E+06

3.00E+06

4.00E+06

5.00E+06

6.00E+06

7.00E+06

Good Moderate Poor

R
e

la
ti

ve
 P

TE
N

 e
xx

p
re

ss
io

n
 

0.00E+00

1.00E+06

2.00E+06

3.00E+06

4.00E+06

5.00E+06

6.00E+06

7.00E+06

8.00E+06

Free of relapse with metastasis with local
recurrence

died of breast
cancer

R
e

la
ti

ve
 P

TE
N

 e
xp

re
ss

io
n

 



Results 
 

106 
 

3.14 Gelsolin mRNA Levels in Breast Cancer Patients 

Levels of gelsolin transcript in breast tumor tissues were quantified using real time PCR. 

Levels of gelsolin transcripts were quantified in breast tumor tissues and were normalized 

by GAPDH. Gelsolin transcript levels in breast cancer tissues were significantly lower, 

compared to control tissues (p = 0.03) (Figure 3.21 A).  

When gelsolin transcript levels were observed in accordance with grades, a stepwise 

decrease in level of gelsolin from grade1 to grade 3 tumors was observed. However, the 

expressional change observed was not statistically significant (p = 0.31 and p = 0.21, 

between grade 1 and grade 2 and between grade 1 and grade 3 respectively) (Figure 3.21 

B). Nottingham prognostic index (NPI) was calculated to determine prognosis following 

surgery for breast cancer. Patients were categorized in three classes based on the NPI 

value (<3.4, 3.4–5.4 or > 5.4) as good, moderate and poor prognosis. NPI value was 

calculated using three pathological criteria following (a) lesion size, (b) involved lymph 

nodes and (c) tumor grade. Gradual but statistically non-significant decrease was 

observed in gelsolin transcript levels in tumors with good prognosis to poor prognosis 

tumors (p = 0.43 and p = 0.26), between good and moderate and between good and poor 

prognosis respectively (Figure 3.21 C). 

Patients were categorized according to final clinical outcome in those who were free of 

relapse, which develops metastasis, with local recurrence, and in patients expired due to 

breast cancer. As shown in figure 3.21 D, free of relapse category had highest transcript 

levels of gelsolin in all patients. Interesting finding in this study was significantly lower 

gelsolin transcript levels in groups that include metastatic development (p = 0.002) or 

mortality due to breast cancer (p = 0.03) compared to free of relapse patients.  
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Figure 3.21 A Quantitative analysis of gelsolin transcript levels in the study cohort 2 in 

control and tumor tissues. Gelsolin level in breast cancer tissues was significantly lower 

compared with normal tissues (p=0.03).  

            

Figure 3.21 B Quantitative analysis of gelsolin transcript levels in breast cancer tissues in 

connection with grades. A stepwise decrease in level of gelsolin from grade1 to grade 3 

tumors was noted. However, the difference observed was not significant (p = 0.31 and p 

= 0.21, between grade 1 and grade2 and between grade 1 and grade 3 respectively). 
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Figure 3.21 C Quantitative analysis of gelsolin transcript levels based on NPI value of 

each patient, divided in good, moderate and poor prognosis. It was found that patients 

with poor prognosis index had the lowest levels of gelsolin amongst three groups. This 

difference is statistically not significant between good and moderate prognosis and 

between good and poor prognosis (p = 0.43 and p = 0.26, respectively). 

 

             

Figure 3.21 D Quantitative analysis of gelsolin transcript levels according to clinical 

outcome. Patients were divided in to those who were free of relapse, with metastatic 

disease, with local recurrence and those who died of breast cancer. Patients who 

developed metastasis and who died of breast cancer exhibited significantly lower levels 

compared with those were free of relapse (p = 0.002 and p = 0.03, respectively). 
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3.15 Samples Outline of Cohort 3 in British Population  

Breast cancer tissues (n = 114) and normal background tissues (n = 31) were collected 

immediately after surgery and stored in the deep freezer at −80 °C. Patients were 

routinely followed after surgery. The median follow-up period was 120 months. Presence 

of tumor cells in the collected tissues was verified by examination of frozen sections 

following H & E staining by a consultant pathologist. Clinical details of the patients are 

outlined in Table 3.10. 

Table 3.10 Clinical and pathological information of the study cohort 3 

Clinical data Sample numbers 

Grade  

        Grade1 24 

        Grade 2 42 

        Grade3 58 

TNM  

       TNM 1 62 

        TNM2 41 

        TNM3 7 

        TNM4 4 

NPI  

       NPI1(<3.4) 59 

       NPI2(3.4-5.4) 40 

       NPI3 (>5.4) 15 

Outcome  

        Free of relapse 82 

        With metastasis 9 

        With local recurrence 7 

        Died of breast cancer 16 
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3.16 DRG1 mRNA Levels in Breast Cancer Patients (Cohort 3) 

DRG1 transcript levels in breast tumor tissues were quantified using real time and were 

normalized by GAPDH. When levels of DRG1 transcript were analyzed with respect to 

tumor grade, no significant difference in DRG1 transcript levels among grade 1 (well 

differentiated), grade 2 (moderately differentiated) and grade 3 (poorly differentiated) 

tissues was observed (Figure 3.22 A). NPI (Nottingham Prognostic Index) was also used 

as an indicator to assess the relationship between DRG1 transcript and predicted 

prognosis. Patients were divided into groups i.e., good, moderate and poor prognosis 

according to NPI values. No significant difference was observed among these groups 

(Figure 3.22 B). Moreover, the relationship between DRG1 expression and TNM status 

was also analyzed. No significant differences in DRG1 transcript expression levels were 

observed between early stage (TNM1) and later stage (TNM2, 3 or 4) tissues (Figure 3.22 

C). 

Patients were divided in relation to clinical outcome at final follow up into patients who 

were free of relapse, those with metastasis, those with local recurrence and those who 

died of breast cancer. Patients who were disease-free were found to have significantly 

higher levels of DRG1 transcripts than those who developed metastasis and those who 

died of breast cancer (p = 0.036 and 0.0048 respectively), (Figure 3.22 D, Table 3.11). 

Additionally, lower levels of DRG1 were observed to be associated with a poor overall 

patient survival and free of relapse survival. Patients with low levels of DRG1 expression 

had a mean survival time of 122.5 months (95% CI 111.2–133.8). Similarly patients with 

lower expression levels of DRG1 also showed a reduced, free of relapse survival [118.2 

months (95% CI 106.4–130.0)] compared to those with higher levels of DRG1 [140.1 

months (95% CI 123.2–157.0)]. However, neither overall survival nor disease free 

survival rates for patients with low levels compared to those with high levels of DRG1 

was found statistically significant (p = 0.133 and 0.176 respectively) (Figure 3.22E & 

Figure 3.22F). 
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Figure 3.22 Relative expression of DRG1 transcripts in breast cancer tissues.  No 

significant differences were seen in DRG1 levels between Grade (A); predicted prognosis 

i.e., based on NPI value of each patient (divided into good, moderate and poor) (B) and 

TNM status (C).  Significant reductions in DRG1 levels were seen in patients who 

developed metastasis (p = 0.036) and those who died of breast cancer (p = 0.0048) 

compared to those who were free of relapse (D). However, no significant differences 
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were seen in overall survival (E) and disease free survival (F) rates of patients who had 

relatively high or low DRG1 expression levels. 

 

Table 3.11Summary of DRG1 transcript levels in study cohort 3
a
 

Group DRG1 transcript mean  

(SEMean) 

p-value (Mann-Whitney 

 U test) 

Grade   

1 239 (108) NS 

2 44.3 (29.3) NS 

3 142.8      (84.0) NS 

NPI Index   

1 (<3.4) 114.1 (50.6) NS 

2 (3.4-5.4) 105.4 (35.9) NS 

3 (>5.4) 297 (277) NS 

TNM staging   

TNM1 141.9 (50.2) NS 

TNM2 166 (114) NS 

TNM3 8.45 (7.76) NS 

TNM4 66.7 (52.0) NS 

Clinical Outcome   

Free of relapse 170.0 (63.6) NS 

With metastasis 26.7 (26.7) p = 0.036 vs free of 

relapse 

Local recurrence 95.4 (73.8) NS 

Died of BrCa 20.4 (13.7) p = 0.0048 vs free of 

relapse 

a 
Median levels and interquartile range (IQR) of DRG1/GAPDH ratio in the respective 

group. NPI, Nottingham Prognostic Index; NS, not significant. 
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3.17 PTEN mRNA Levels in Breast Cancer Patients (Cohort 3) 

Levels of PTEN transcript in breast tumor tissues were analyzed using qPCR and were 

normalized by GAPDH. Levels of PTEN transcript in breast cancer tissues was lower 

compared with normal tissues but this difference was statistically non-significant (p= 

0.90) (Figure 3.23). PTEN expression was analyzed according to grade, NPI status, TNM 

staging and clinical outcome. This study did not identify any significant correlation of 

PTEN transcript levels among grade 1 (well differentiated), grade 2 (moderately 

differentiated) and grade 3 (poorly differentiated) in breast cancer tissues. Nottingham 

Prognostic Index (NPI) was used as an indicator to assess the relationship between PTEN 

transcript and a predicted prognosis. Patients were divided in three groups (good, 

moderate and poor prognosis), based on the NPI values, but no significant difference was 

observed among these groups. Similarly no significant correlation was observed in 

transcript levels among early stage breast tumors (TNM1) compared with late stage 

tumors (TNM2, 3 and 4) (Table 3.12). 

Patients were categorized according to final outcome in different groups i.e., free of 

relapse, with metastatic development, with local recurrence, and in patients who expired 

due to breast cancer. No statistically significant expressional variation in PTEN transcript 

levels among these groups were observed in this cohort (Figure 3.23 A). Similarly, no 

significant association was found among PTEN transcript levels and patients’ disease free 

or overall survival (Figure 3.23 B and C). 
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Figure 3.23A mRNA expression analysis of PTEN in tumor tissues compared with 

controls. Comparison of relative expression levels of PTEN in breast cancer tumor 

samples with reference to NPI status, grade, TNM staging and clinical outcome by using 

t-test.  
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Figure 3.23B PTEN and its correlation with overall survival. No significant difference in 

overall survival was observed between patients with “low or high” levels of PTEN 

transcript. 
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Figure 3.23C PTEN and its correlation with disease free survival. No significant 

differences in disease free survival rates were observed between patients with “low" or 

"high" levels of PTEN transcript. 
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Table 3.12 Summary of PTEN transcript levels in study cohort 3
a 

Group PTEN transcript 

mean  (SEMean) 

p-value (Mann-Whitney 

U test) 

Grade   

1 249 (19) NS 

2 14.9 (2.73) NS 

3 261 (19) NS 

NPI Index   

1 (<3.4) 101.4 (3.4) NS 

2 (3.4-5.4) 7.72(3.73) NS 

3 (>5.4) 96.7(15) NS 

TNM staging   

TNM1 67.8 (6.8) NS 

TNM2 12.05 (4.68) NS 

TNM3 261 (19) NS 

TNM4 8.57(1.83) NS 

Clinical Outcome   

Free of relapse 69.3 (11.1) NS 

With metastasis 14.05 (7.1) NS 

Local recurrence 7.44 (5.99) NS 

Died of Breast 

Cancer  

120 (11) NS 

 

a 
Median levels and interquartile range (IQR) of PTEN/ GAPDH ratio in the respective group. NPI, 

Nottingham Prognostic Index; NS, not significant. 

3.18 Gelsolin mRNA Levels in Breast Cancer Patients (Cohort 3) 

Levels of gelsolin transcript in breast tumor tissues were analyzed by using qPCR and 

were normalized by GAPDH. Gelsolin transcript levels in breast cancer tissues was lower 

compared with normal tissues, however the variation was statistically non-significant (p = 
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0.62) (Figure 3.24 A). Expression of gelsolin was analyzed according to grade, NPI 

status, TNM staging and clinical outcome. No significant correlation of gelsolin 

transcript level was identified among grade 1 (well differentiated), grade 2 (moderately 

differentiated) and grade 3 (poorly differentiated) in breast cancer tissues. Nottingham 

Prognostic Index (NPI) was used as an indicator to assess the relationship between 

gelsolin transcript and a predicted prognosis. Patients were divided into three groups 

(good, moderate and poor prognosis), based on NPI values. No significant correlation 

with NPI was observed. Similarly, no significant correlation was observed in transcript 

levels among early stage breast tumors (TNM1) compared with late stage tumors (TNM 

2, 3 and 4) (Table 3.13). 

Patients were categorized according to final outcome in different groups i.e., free of 

relapse patients, patients with metastatic development, with local recurrence, and in 

patients who expired due to breast cancer. It is interesting to note that patients who 

develop metastasis exhibited gelsolin down regulation compared to free of relapse 

patients (p=0.028) (Figure 3.24 B). With reference to patients survival, no difference in 

disease free survival rates was found associated with high or low level of gelsolin, though 

it is interesting to note that the p value is practically significant (p = 0.05) for overall 

survival, indicating that lower levels of gelsolin are associated with better overall survival 

rates for the patients (Figure 3.24 C and D). 
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Figure 3.24 A mRNA expression analysis of gelsolin in tumor tissues compared with 

control. Comparison of relative expression levels of gelsolin in breast cancer tumor 

samples with reference to NPI status, grade, TNM staging and clinical outcome by using 

t-test. Significant difference was observed in transcript levels among patients who were 

free of relapse and who developed metastasis (p=0.028). 
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Figure 3.24 B Gelsolin and its correlation with patients’ outcome. A significant 

difference was observed in gelsolin transcript levels between free of relapse patients and 

those who develop metastasis. A highly significant correlation was seen between low 

levels of expression and metastatic development (p=0.028). 
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Figure 3.24 C Gelsolin and its correlation with patients’ overall survival. p value was 

significant (p = 0.05) for overall survival, indicating that lower levels of gelsolin were 

associated with better overall survival rates for the patients. 
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Figure 3.24 D Gelsolin and its correlation with disease free survival. No difference in 

disease free survival rates was observed between patients with "low" or "high" levels of 

gelsolin transcript. 
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Table 3.13 Summary of gelsolin transcript levels in study cohort 3
a
. 

Group Gelsolin transcript 

mean  (SEMean) 

p-value (Mann-Whitney 

U test) 

Grade   

1 222 (12) NS 

2 87.7 (3.3) NS 

3 130 (12) NS 

NPI Index   

1 (<3.4) 126.7 (6.4) NS  

2 (3.4-5.4) 160.7 (6.6) NS 

3 (>5.4) 136.8  (6.7) NS 

TNM staging   

TNM1 33.2 (3.1) NS  

TNM2 90.1 (9.9) NS 

TNM3 130  (12) NS 

TNM4 134 (13) NS 

Clinical Outcome   

Free of relapse 135.6 (12) NS 

With metastasis 29.1 (12) p=0.028 vs. disease-free 

Local recurrence 138 (13) NS 

Died of Breast 

Cancer 

222.1 (13) NS 

a 
Median levels and interquartile range (IQR) of gelsolin/GAPDH ratio in the respective group. NPI, 

Nottingham Prognostic Index; NS, not significant. 
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3.19 In vitro Studies 

This study additionally aimed to explore the role of DRG1 on cellular functions such as 

growth, adhesion, invasion and cellular migration in breast cancer cell lines, using a 

series of in vitro cell models. 

3.20 Expression of DRG1 in Cancer Cell Lines 

Expression levels of DRG1 were first explored in both MCF-7 (from ECACC, Salibury, 

England) and MDA-MB-231 (from ATCC, Rockvillie, Maryland, USA) breast cancer 

cell lines. DRG1 expression was observed in both the MCF-7 and MDA-MB-231 human 

breast cancer cell lines. Experiment was repeated three times to confirm the findings 

using GAPDH as internal control as shown in Figure 3.25. 

 

Figure 3.25 Expression of DRG1 in cancer cell lines. Strong expression of DRG1 

observed in MCF-7 and MDA-MB-231 cells. 

 

3.21 Successful Generation and Transformation of DRG1 Molecule  

DRG1 coding region was primarily amplified by a set of primers mentioned in Table 2.5. 

Aforementioned PCR product of coding DRG1 was successfully ligated with pEF6/V5-

Hio-TOPO cloning vector and introduced to competent bacterial cells. Ten colonies were 

randomly selected from the petri dishes after an overnight incubation of these competent 

cells on LB agar medium as shown in Figure 3.26. These colonies were checked for the 

correct orientation of insert in the plasmid by using the primer set of T7F vs RbToP as 

mentioned earlier in section 2.15.  
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Figure 3.26 Competent cells of E. coli forming white colonies. Transformed bacteria 

were observed after an overnight incubation at 37C˚. These colonies were later subjected 

to plasmid isolation after orientation checking. 

3.22 Generation of Transformed Breast Cancer Cell Lines 

Transfection of MCF-7 and MDA-MB-231 breast cancer cells with DRG1 ribozyme 

transgene successfully knocked down the expression of this molecule (Figure 3.24C–F). 

Techniques used for verification of successful knock out in MCF-7 and MDA-MB-231 

included both semi quantitative and real time polymerase reactions. 

 

3.22.1 Confirmation of DRG1 Knockdown at Transcript Level  

A reduction in DRG1 expression was observed in MCF-7 
DRG1KD

 and MDA-MB-

231
DRG1KD

 compared to respective wild type (MCF-7 
WT

 and MDA-MB-231
WT

) and 

plasmid control (MCF-7 
pEF6

 and MDA-MB-231
pEF6

) cells using RT-PCR (Figure 3.27) 

and qPCR (Figure 3.28 A, B). 
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Figure 3.27 Successful generation of transgenic breast cancer cell lines. Low transcript 

levels of DRG1 were seen in MCF-7 
DRG1KD

 and MDA-MB-231
DRG1KD

 cells using RT-

PCR when compared with their wild and control type.  GAPDH molecule was used as 

internal control for both these cell lines. 

 

 

Figure 3.28 Successful generation of transgenic breast cancer cell lines, qPCR 

confirmation of DRG1 knockdown in MDA-MB-231 (A) and MCF-7 (B) cells. Low 

transcript levels of DRG1 were seen in MCF-7 
DRG1KD

 and MDA-MB-231
DRG1KD

 cells 

using qPCR when compared with their wild and control type.  
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3.22.2 Confirmation at Translation Level for DRG1 

 

Western blot experiment mentioned in section 2.19.2 was used to confirm protein profile 

of DRG1 molecule in both mentioned breast cancer cell lines. Results observed in this 

experiment were also in accordance with previous findings recorded in section 3.21.1 at 

mRNA levels. Loss of DRG1 was observed in MCF-7 
DRG1KD

 and MDA-MB-231
DRG1KD

 

compared to the respective wild type (MCF-7 
WT

 and MDA-MB-231
WT

) and plasmid 

control (MCF-7 
pEF6

 and MDA-MB-231
pEF6

). GAPDH was used as internal control to 

verify that the amount of protein load was homogenous in the well. Protein profiling 

detail is mentioned in the Figure 3.29. 

 

Figure 3.29 Protein DRG1 expression in western blotting. Decreased DRG1 protein 

levels was observed in both knockout breast cancer cell lines MCF-7 
DRG1KD

 and MDA-

MB-231
DRG1KD

 as compared to the respective wild type (MCF-7 
WT

 and MDA-MB-

231
WT

) and plasmid control (MCF-7 
pEF6

 and MDA-MB-231
pEF6

). 

 

3.23 In vitro characterization of DRG1 in Breast Cancer Cell Lines 

After successful knockdown of DRG1, wild type (MCF-7
Wt

), empty pEF6 control (MCF-

7
pEF6

) and MCF-7
DRG1KD

 as well as MDA-MB-231
Wt

, MDA-MB-231
pEF6

, MDA-MB-

231
DRG1KD

 cells were analyzed for various functional assays. 

 

3.23.1 Effect of DRG1 Knockdown on the Growth of Breast Cancer Cells 

Equal number of cells for the respective breast cancer cell lines were seeded in five 

replica wells in three plates to estimate the role of DRG1 on cell proliferation. After 
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fixation of three plates in 4% formaldehyde on 1st, 3
rd

 and 5
th

 day, plates were left at 

room temperature. Respective plates were stained with 0.5% w/v crystal violet solution.  

After repeating the previously mentioned growth assay experiments three times, it was 

concluded that knockdown of DRG1 expression had little impact on the growth of the 

tested breast cancer cells over the 3 and 5 day incubation periods. At both time points no 

significant differences were observed between MCF-7 
DRG1KD

 or MDA-MB-231
DRG1KD

 

and the respective control cells (p > 0.05) (Figure 3.30 and 3.31). 
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Figure 3.30 Graphical illustrations of MCF-7 cancer cell lines growth. These breast 

cancer cells (MCF-7) were placed in normal DMEM medium and their growth was 

observed on 3
rd

 and 5
th

 day. No significant correlation of MCF-7
Wt

 and MCF-7
pEF6 

with 

MCF-7
DRG1KD

 was observed. 
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Figure 3.31 Graphical illustrations of MDA-MB-231 cancer cell lines growth. These 

breast cancer cells (MDA-MB-231) were placed in normal DMEM medium and their 

growth was observed on 3
rd

 and 5
th

 day. No significant correlation of MDA-MB-231
WT

 

and MDA-MB-231
pEF6 

with MDA-MB-231
DRG1KD

 was observed. 

 

3.23.2 Effect of DRG1 Knockdown on Invasion of Breast Cancer Cells  

Invasion assay was performed to assess DRG1 impact on one of the most devastating 

feature of cancer. Cancer cells migration and proliferation at distant organs from its 

primary site of origin requires a preliminary step of crossing basement membrane. MCF-

7 
DRG1KD

 cells were found to be significantly more invasive, compared to MCF-7 
pEF6

 

cells (p = 0.013) in the Matrigel in vitro invasion assay (Figure 3.32). In contrast to this, 

DRG1 knockdown in MDA-MB-231 cells seemed to have very little impact on cellular 

invasiveness and MDA-MB-231
DRG1KD

 cells showed no significant change in 

invasiveness compared with control MDA-MB-231
pEF6

 cells (Figure 3.33). Cancer cells 

invasiveness is shown in Figure 3.34 and Figure 3.35. 
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Figure 3.32 Graphical illustration of cancer cells’ invasion in MCF-7 cell line. DRG1 

knockout out generated cancer cells were more invasive and frequently cross matrigel 

membrane. Significant difference in invasiveness of MCF-7 
DRG1KD

 with MCF-7 
pEF6 

was 

observed (p = 0.013). 
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Figure 3.33 Graphical illustration of cancer cells invasion in MDA-MB-231 cell line. 

MDA-MB-231
DRG1KD

 cells showed no significant change in invasiveness compared with 

control MDA-MB-231
pEF6

 cells. 
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Figure 3.34 Invasion assay for MCF-7 cells. MCF-7 
DRG1KD

 cells were found to be 

significantly more invasive, compared to MCF-7
Wt

 and MCF-7 
pEF6

 cells. 

 

Figure 3.35 Invasion assay for MDA-MB-231 cells. MDA-MB-231
DRG1KD

 cells showed 

no significant change in invasiveness compared with MDA-MB-231
WT

 and control 

MDA-MB-231
pEF6

 cells. 

 

3.23.3 Effect of DRG1 Knockdown on Adhesion of Breast Cancer Cells  

Cell adhesion in reference to DRG1 molecule was explored according to the mentioned 

protocol in section 2.20.3. Interestingly again, knockdown of DRG1 seemed to impact on 

cell-matrix adhesion differently in two tested breast cancer cell lines. A significant 

decrease in adhesiveness was observed between MCF-7 
DRG1KD

 cells and control MCF-7 

pEF6
 (p = 0.023), while no significant differences were observed between MDA-MB-

231
DRG1KD

 and MDA-MB-231
pEF6

 (Figure 3.36 and 3.37). Cancer cells adhessiveness is 

shown in Figure 3.38 and Figure 3.39. 
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Figure 3.36 Effect of knockdown of DRG1 on MCF-7 matrix adhesion. Knockdown of 

DRG1 significantly reduce matrix-adhesion in MCF-7 cells (p = 0.023). 
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Figure 3.37 Effect of knockdown of DRG1 on MDA-MB-231 matrix adhesion. DRG1 

knockdown did not have any significant effect on matrix-adhesion in in MDA-MB-231 

cells. 

 

 

Figure 3.38 MCF-7 cancer cells adhesion with membrane. MCF-7 
DRG1KD

 showed 

reduced adhesion in contrast to MCF-7
Wt

 and MCF-7 
pEF6

 cells. 
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Figure 3.39 MDA-MB-231 cancer cells adhesion with membrane. Statistically no 

significant reduction in adhesion was noted in MDA-MB-231
DRG1KD

 cells as compared to 

MDA-MB-231
Wt

 and MDA-MB-231
pEF6

 cells. 

 

3.23.4 Effect of DRG1 Knockdown on Migrational Rates of Breast Cancer 

Cells 

The electric cell substrate impedance sensing (ECIS) system was used to examine the 

effect of DRG1 knockdown on breast cancer cell migration. Following electrical 

wounding, MCF-7 
DRG1KD

 cells, migrated at a much faster rate to re-cover the electrode 

compare to MCF-7 
pEF6

 cells as detected by the enhanced rate of change in resistance 

detected by the ECIS system. In contrast to this, MDA-MB-231
DRG1KD

 cells showed no 

significant change compared to control cells (Figure 3.40 and 3.41). 
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Figure 3.40 Effect of DRG1 molecule on MCF-7 cancer cell lines migration. Decreased 

expression of DRG1 significantly increased MCF-7 cells migration capacity in an ECIS 

based migration assay following 1 h (p = 0.00007), 2 h (p = 0.0002), 3 h (p = 0.0004) and 

4 h (p = 0.0007) periods.  
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Figure 3.41 Effect of DRG1 molecule on MDA-MB-231 cancer cell lines migration. 

Knockdown of DRG1 in MDA-MB-231 cells did not significantly impact on their 

migratory capacity, in an ECIS based migration assay following 1 h, 2 h, 3 h and 4 h 

periods. 

 

3.24 Association of DRG1 with Different Molecules  

Effect of estrogen, PLC gamma inhibitor and ROCK inhibitor with DRG1 were 

investigated to understand the possible correlation and its potential involvement in 

different signaling pathways. From all these molecules, ROCK inhibitor showed 

significant increase in motility in MCF-7 
DRG1KD

 cells in an ECIS based migration assay,  

compared to untreated MCF-7 
DRG1KD

 at 1 hr (p= 0.002), 2hr (p=0.003), 3hr (p=0.023), 

4hr (p=0.027) as shown in Figure 3.42. While DRG1 knocked down cells, showing low 
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expression of DRG1 also showed low expression of PTEN when screened with PTEN 

primers (Figure 3.43). 

 

 

 

Figure 3.42 Treatment of MCF-7 
DRG1KD

 cells with ROCK inhibitor. MCF-7 
DRG1KD

 cells 

showed significance increase in motility when treated with ROCK inhibitor as compared 

to untreated MCF-7 
DRG1KD

 cells at 1hr (p= 0.002), 2hr (p=0.003), 3hr (p=0.023) and 4hr 

(p=0.027).  
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Figure 3.43 PTEN amplification in DRG1 knocked down cells. DRG1 knocked down 

cells from both cell lines (MCF-7  and MDA-MB-231), that exhibited low expression of 

DRG1 also showed low expression of PTEN when amplified with PTEN primers as 

compared to control.  
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4 Discussion 

Breast cancer is the most common type of cancer and one of the major causes of cancer-

associated mortality in females. Globally, it accounts for about 23% of all cancer cases 

and 14% of all cancer casualties (Jemal et al., 2011) with about five fold variation in 

different regions (Khokhar, 2012). Women of all geographic areas, races and ethnicities 

are reported to be affected from breast cancer. However, ethnicity and region based 

variations in breast cancer etiology is an established feature. Incidence, clinical 

presentation and survival rates regarding breast cancer vary in different geographical 

areas and among different races and ethnicities within the same geographic region 

(Bhikoo et al., 2011). Higher incidence and lower mortality rates have been reported 

from developed countries on the contrary lower incidence and higher mortality rates have 

been reported from underdeveloped countries. Late stage presentation of biologically 

aggressive disease in relatively younger population is the characteristic feature reported 

from developing and underdeveloped countries. Genetic, economic, cultural and life style 

differences might be the main attributing factors (Khokhar 2012). In Pakistan, breast 

cancer is the commonest form of cancer and reported highest in all Asian populations 

except Israeli Jews (Bhurgri et al., 2006).  

Present study was designed to screen metastasis and tumor suppressor genes for germ 

line mutations and to screen expressional level of these genes in sporadic breast cancer 

cases. Different risk factors were analyzed in association with breast cancer in patients 

but no role of any of these factors was observed in this population which is in accordance 

with many earlier studies (Malik, 2002, Rusiecki et al., 2005; Gangat et al., 2007; Fatima 

et al., 2010). Our data showed higher incident rate for sporadic breast cancer in age group 

40 years or above. Mean age at onset of breast cancer in patients was 47±1.1 years. Many 

previous studies from different areas of Pakistan have also shown similar results. In 

earlier studies mean age of breast cancer cases in Pakistan has been reported as 47±12 

years (Bhikoo et al.,  2011; Khokher, 2012), 48 years (Siddiqui et al., 2000; Malik, 2002; 

Bhurgri et al., 2007; Sharif et al., 2009), <45 years (Afsar et al., 2010), between 30-50 

years (Fatima et al., 2010), 47.6±12, (Badar et al., 2011) and 46 years (Imtiaz et al., 

2012). It has been observed that in Pakistan breast cancer is a younger age disease 
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compared to western world (Bageman et al., 2007). Most striking difference between the 

developing and the developed world concerning breast cancer is in terms of an early peak 

age at presentation, which is 40 to 50 years in the former compared to 60 to 70 years in 

the later (Leong et al., 2010). Younger age at presentation is a feature of breast cancer 

patients in most of the developing countries like India (Saxena et al., 2005; Agarwal et 

al., 2007), Sri Lanka (Lokuhetty et al., 2009) and Cameroon (Ngowa et al., 2011). 

Younger age at presentation in Pakistan and the other developing countries may be due to 

lower life expectancy (Khokher, 2012). 

Established risk factors for breast cancer include reproductive factors such as early 

menarche, later first full-term pregnancy, low parity and late menopausal age (Key et al., 

2001). Early age at menarche has been observed to have important implications not only 

in terms of the possibility of child-bearing but also due to the reason that age at first cycle 

is related to several pathologic conditions (Gilani and Kamal, 2004). Early age at 

menarche exposes women to estrogen hormones for relatively a longer period in their life 

and has been observed to be an important risk factor for breast cancer (Parsa and Parsa, 

2009). In this study when patients were distributed according to age at menarche, 

approximately 57 % had age at menarche ≥ 13 years and approximately 42% < 13 years. 

Mean age at menarche was observed as 13±0.1 years. Similar observations have been 

made in other studies regarding Pakistani females where age at menarche was 

predominantly >13 years (Gangat et al., 2007; Tariq et al., 2009). It is an established fact 

that older age of menstruation lowers the risk of breast cancer and this risk decreases by 

5% with each 1 year delay in menarche. It has also been observed that, although age at 

menarche is related to breast cancer risk at all ages, the effect may be stronger in 

younger, premenopausal females (Key et al., 2001). 

Early menarche, first pregnancy at late age, nulliparity and late menopause has been 

associated with a high risk of breast cancer. Females’ exposure to endogenous hormones 

decreases with reduction in number of menstrual cycles due to breast feeding and 

pregnancy (Colditz et al., 2006). Breastfeeding and pregnancy cause breast cells to 

differentiate and cause these differentiated mature cells to become more resistant to 
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malignancy (Russo et al., 2005; Britt et al., 2007). In our study about 61% patient had 

first full term pregnancy before 25 years of age.  

Menopause is the termination of the reproductive period in females and generally takes 

place between 40-60 years of age (Kok et al., 2005; Mishra et al., 2009). Late menopause 

presented a greater risk for breast cancer and with each year delay in menopause, risk 

increases by 3% (Key et al., 2001). In our study about 62 % females had menopause 

before 48 years of age (among patients having menopausal status). Mean age of post 

menopausal patients at menopause was 45 years. Similar results have been published 

from different parts of Pakistan where average age of menopause was reported as 44.5 

years ±0.8 years in Karachi (Adhi et al., 2007) and 46±2 in a study from Khyber 

Pakhtunkhawa province, in breast cancer patients (Lowe et al., 2011). All studies from 

Pakistan (including this study) have shown that mean menopausal age of breast cancer 

patients is lower than that in the western world. The average age of menopause in India is 

also similar to that of Pakistani females (Singh, 2012). Median menopausal age observed 

in western world (50.3 years) is higher compared to underdeveloped countries (45–47 

years) (Singh et al., 2002).  

In this study when different risk factors were analyzed in association with breast cancer 

in patients, no association of these factors was observed in Pakistani population which is 

in accordance with many earlier studies (Malik, 2002; Rusiecki et al., 2005; Gangat et 

al., 2007; Fatima et al., 2010). All the established risk factors regarding breast cancer 

show a different pattern in Pakistani population with comparatively early age at 

presentation. It has been proposed that different genetic factors alone or in combination 

with other non genetic factors might play a key role in this regard (Fatima et al., 2010; 

Khokher, 2012).  

Cancer is caused due to the succession of genetic modifications, resulting in disorder of 

normal machinery that control growth, differentiation, cell death or genomic instability. 

Metastasis, the spread and proliferation of primary neoplasm to distant sites, is an 

extremely important mechanism that is responsible for a majority of cancer related death. 

It is a lethal attribute of cancer and there is a vital requirement of markers for distinction 

of primary lesions from tumors with metastatic potential. Breast cancer metastasis is a 
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resultant complex event of coordinated crosstalk of numerous genes. A number of 

metastasis suppressor genes have been identified in several types of cancers and their 

association with tumor growth, proliferation and cell motility is an area which requires 

serious investigations. During the process of transformation, genetic alterations in these 

proteins change normal tissue homeostasis that subsequently progresses to a malignant 

phenotype. The complex process of metastasis is controlled by multiple genes that either 

increase or decrease metastatic potential. Metastasis suppressor genes work to inhibit 

different steps necessary for metastasis without manipulating primary tumor 

development. In several types of cancers, frequent down regulation of proteins encoded 

by these genes have been found in conjunction with clinical progression (Kovacevic and 

Richardson, 2006; Stafford et al., 2008; Chiang and Massague, 2008).  

Inter-individual differences in metastatic potential and tumor derived gene expression 

signatures are influenced by host germline variations. Contribution of germline variations 

in cancer prognosis is an important area of research. As a consequence of variations in 

certain genes, metastatic potential can be determined to certain extent prior to the onset of 

tumorigenesis. Germline mutations can influence the intrinsic properties of the tumor 

cells as well as nature of all other tissues with which it interacts at primary and secondary 

sites. Along with hereditary variations that influence breast cancer susceptibility, 

germline variations similarly renders certain individuals more susceptible to metastasis 

following primary tumor development (Crawford et al., 2011). In first part of this study 

we screened DRG1, PTEN and gelsolin for germ line variations in breast cancer females 

in a Pakistani population-based study by using PCR-SSCP technique.  

Gene expression is the basic process by which information programmed in genome is 

used in the formation of functional phenotypes (Storey et al., 2007). mRNA expression 

analysis studies have confirmed many findings in cancer research and resulted in many 

new insights in cancer biology. It has proved to be a very useful tool for cancer 

classification, cancer diagnosis and disease outcome prediction (de Wit, 2006). Gene 

expressional analysis in cancerous tissues have helped to sort primary neoplasm in 

metastatic or non metastatic tumors (van ’t Veer et al., 2002; Ramaswamy et al., 2003). It 

can also be use as an indirect evaluation of the genetic variations in tumors since these 
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variations usually influence genetic pathways. Expression data have opened a realm of 

possibilities for understanding neoplastic process at molecular levels. Gene expression 

data allow more-precise diagnosis, prognosis and prediction of treatment response. It can 

differentiate histologically identical diseases and can help in developing new prognostic 

methodologies (Huang et al., 2003). Analysis of altered genetic expression is important 

to understand the complex phenomenon of tumor proliferation involving synchronized 

regulation of diverse cellular mechanisms. For the analysis of differentially expressed 

genes, different methods have been used and several studies have associated genetic 

variations with clinical outcome (Bashyam, 2002). In second part of this study Real-time 

quantitative PCR was used to assess mRNA transcript levels of DRG1, PTEN and 

gelsolin in both Pakistani as well as British population. Results from our study elucidate 

the role of these genes in breast cancer metastasis. Furthermore, role of DRG1 in cellular 

functions such as growth, adhesion, invasion and cellular migration in breast cancer cell 

lines, using a series of in vitro cell models was also explored in this study. The results are 

discussed in the subsequent sections one by one. 

4.1 DRG1 

Differentiation-related gene-1, (DRG1) is an effective metastasis suppressor and has been 

shown to play an important role in context of human cancer progression (Guan et al., 

2000; Lachat et al., 2002; Bandyopadhyay et al., 2003;  Shah et al., 2005; Fotovati et al., 

2006; Gangat et al., 2007). It has been proved to be linked with PI3K/AKT pathway that 

phosphorylates PIP2 to produce PIP3. PIP3 binds a subset of downstream targets, 

including AKT. AKT controls different downstream target genes that influence cell 

survival and growth (Hennessy et al., 2005). 

In this study DRG1 was screened for germline mutations in breast cancer patients in 

cohort1. Different types of mutations were observed in DRG1 in this study. It includes 

non-synonymous substitution mutation at splice site in exon 1 and deletion mutations 

which cause Frameshift mutations at exons 3, 4 and exon 5.  Splice site mutation 40A>G, 

Glu15Lys that was observed at exon 1 changed positively charged amino acid Glutamic 

acid in to negatively charged lysine which could disturb its binding interactions 

(Waanders et al., 2010). Alteration at splicing site may also contribute to a decreased 
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expression of DRG1, due to abnormalities in RNA stability and splicing process 

(Francisco et al., 2008) and genetic variations can also affect the way RNA is spliced. 

Variations at splice sites can cause exon skipping and abnormally spliced RNA. Almost 

10% of genetic variations in humans account for abnormal RNA splicing (Bunz, 2008). 

When this mutation was analyzed by Alamut biosoftware its score was 0.03 which was 

observed to be deleterious. Substitutions scoring less than 0.05 are predicted to affect 

protein functions (Ng et al., 2003). In this study different types of frame shift mutations 

were observed in coding regions of exon 3, 4 and 5. These frame shift mutations 

observed in coding regions could result in altered amino acid or premature terminated 

proteins (Indu, 2009). Deletion at exon 3 generates a frame shift that starts at codon 

Lys77 and creates a stop codon, 22 positions downstream. Mutations at exon 4 from 

amino acids 123, 126 and 129 also change reading frame while deletion at exon 5 creates 

a reading frame that ends in a STOP codon, 7 positions downstream to this change. These 

observed genetic changes in coding regions of DRG1 can potentially contribute to genetic 

instability and may prove to be of significant importance. Variations in exons can affect 

gene functions and eventually alter protein structure. Furthermore, location of mutation 

and its affect on gene functions are also important aspects to consider. Mutations can 

affect any part of genomes and can exert little or measureable influence on gene 

functionality that can result in increased risk of cancer (Bunz, 2008). 

DRG1, an important metastasis suppressor gene has been shown to play an important role 

in the context of human cancer progression (Guan et al., 2000; Bandyopadhyay et al., 

2004; Shah et al., 2005; Strzelczyk et al., 2009). Expression profile of DRG1 was 

verified in cohort 2 and 3 of breast cancer patients by quantitative PCR analysis and was 

compared with the clinical data. It was observed that DRG1 express aberrantly in clinical 

breast tumor tissues and was found significantly down regulated compared to control 

tissues. Important point observed in this study is the association between levels of DRG1 

expression and final clinical outcome. A significant association was seen in low levels of 

DRG1 expression and metastatic development. It was observed to be significantly 

negatively correlated with tumor metastasis. Patients who died of breast cancer also 

showed significant down regulation of DRG1 in cohort 3. Our data clearly show that 
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DRG1 may act as a possible prognostic marker and it may also act as a protective factor 

against breast cancer metastasis. Observations in this study are in consistence with an 

earlier study in which DRG1 mRNA was reported to be down regulated in prostate and 

breast cancer (Bandyopadhyay and Watabe, 2007). 

DRG1 has been noted to be highly expressed in disease free patients compared to those 

who died of breast cancer or developed metastasis. Expression of the DRG1 gene is 

inversely correlated with the grading, poor prognosis and patient survival 

(Bandyopadhyay et al., 2003; Fotovati et al., 2006). Considering the role of DRG1 in 

metastasis suppression, it has been proposed that its expression could be used as a 

prognostic marker in cancer patients (Bandyopadhyay et al., 2003). This follows the 

observation that individuals with higher DRG1 tumor levels have greater survival rates, 

in breast and prostate cancer patients (Bandyopadhyay et al., 2004). This can also be 

supported by studies examining DRG1 expression in colorectal cancer and comparing it 

with patient outcomes (Shah et al., 2005). Higher DRG1 mRNA level has also been 

observed in primary colon cancers when compared with metastatic cancer (Guan et al., 

2000). Kaplan-Meier analysis of pancreatic cancer patients has also shown a statistically 

significant correlation of DRG1 expression with survival (Maruyama et al., 2006). The 

clinical data presented in this study is in agreement with these previous studies and 

suggests that high DRG1 transcript levels may be indicative of a better prognosis, with 

lower levels of DRG1 expression being associated with metastatic spread. 

  

4.2 PTEN 

PTEN is an important tumor suppressor gene and reported to play an important role in 

different cellular processes like growth, migration and invasion (Leslie and Downes, 

2004). Reports have shown a regulatory role of PTEN in growth of breast carcinoma 

cells. Different studies have reported that loss of function of PTEN acts as a negative 

prognostic factor in breast cancer patients (Weng et al., 2001; Depowski et al., 2001; 

Bose et al., 2002; Chung et al., 2004; Zhu et al., 2007). 

In this study when PTEN gene was screened at germline level in breast cancer patients of 

cohort1, different types of mutations were observed in exons 2, 4, 5, 6, 7 and the splicing 
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sites of intron 2 and 4 and also in 3’ UTR region of PTEN. No mutations were detected in 

exons 1, 3, 8 and 9, while most of the mutations were found in exon 5. These findings are 

in concordance with previous findings that PTEN genetic mutations occur in exons 2–8, 

mostly observed in exon 5 and infrequently present in exon 1 or 9 (Bonneau et al., 2000; 

Dicuonzo et al., 2001). 

Synonymous substitutions having silent effect were found at exon 2 and 5. In exon 2, two 

different types of substitutions, 153 T>C and 163 A>C were observed which result in the 

formation of same amino acids at positions 50 and 54 that are asparagine and arginine 

respectively. Both of these substitutions were found in Phosphatase tensin domain of 

PTEN. Another substitution was found at exon 5, 396 T>G at amino acid 132 resulting in 

same amino acid that is glycine. This glycine is part of important core phosphatase motif 

found in tyrosine phosphatases and dual specificity phosphatases that is essential for 

enzyme activity (Rodriguez-Escudero et al., 2011). 

Most of the missense mutations found are localized at the NH2-terminal portion 

especially in exon 5. Among these, three mutations have already been reported; 319G>A, 

389 G>A and 482G>A. 319G>A (Asp106Asn), (rs57374291) has been reported to be 

deleterious and possibly damaging, resulting in the complete loss of PTEN functions 

(Goliaei et al., 2009). 389 G>A (Arg129Gln), (rs121909229) is another already reported 

mutation in Japanese (Kanaya et al., 2005) and Chinese population (Yang et al., 2010) 

which is present in phosphatase core motif that has been reported to have high variant 

frequencies in different cancers. 389G is also among the dinucleotide CpG and variation 

observed at this position changes arginine to glutamic acid. Higher rate of occurrence of 

C>T (or G>A) substitution has been observed in methylated CpG dinucleotide compared 

to unmethylated bases (Yang et al., 2010). 

Missense mutation 482G>A (Arg160Lys) reported in this study has also been reported 

earlier in Chinese population (Yang et al., 2010) where the encoding amino acid is 

certainly essential for maintaining protein tertiary structure. Another missense mutation 

observed at base 457 in this study is reported to show variation 457G>C (Asp153His), 

(rs9651492). However, variation found in this study was 457G>A (Asp153Asn) instead 

of 457G>C. 
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Novel missense mutations were also observed that change amino acid aspartate to 

asparagine, 319G>A changes amino acid aspartate in asparagine, at 91, 106 and 114
th

 

position. Exon 6 also contains two types of missense mutations Val190Gly and 

Ser206Arg. All these missense mutations at exon 5 and 6 are very important in context 

that these were found in P, WPD and TI loop of active site pocket in PTEN phosphatase 

domain. Mutations observed in these loops can reduce PTEN phosphatase function and 

can hinder PTEN tumor suppressor activity (Rodriguez-Escudero et al., 2011). 

Deletion of nucleotide 92 observed in exon 2 resulted in shifting of reading frame and 

immature, truncated protein with 53 amino acids, leading to the loss of dual specific 

phosphatase catalytic domain and regular tumor suppressive function (Yaginuma et al., 

2000). 

Another frame shift mutation observed was insertion at exon 7, in C2 domain of PTEN 

gene. This region plays an important role in active protein expression as it is associated 

with phospholipid binding of both substrate and membranes. Mutations in the C2 domain 

result in decreased or no phosphatase activity (Eng et al., 2003). Furthermore, this 

deletion changes the whole downstream coding sequence that might change the carboxyl 

terminal PDZ motif in PTEN. This motif is important in respect of PTEN ability to 

inhibit Akt activity (Wu et al., 2000). 

Alterations at splicing site may contribute to a decreased expression of PTEN, due to 

abnormalities in RNA stability and splicing process (Francisco et al., 2008). In this study, 

splice site variations were observed that are 31598 T>C in 3’ splice site of exon 2 and 

68527-68527insT at 5’splice site of Exon 4. Variations at same position has earlier been 

reported, (CD003200) but in this study instead of deletion 68527delC, insertion of T was 

observed. 

Genetic changes in 3’ UTR in different genes have earlier been observed to be connected 

with higher vulnerability to specific cancers (Vogelstein and Kinzler, 2002). While 

screening 3’ UTR region of PTEN, different types of mutations were also found i.e. 

2634T>A, 2661-2662insG, 2664T>C and 2665 A>T. Among these, nucleotide 2634 has 

been reported to has variation T>C (rs1044487) while in this study it was observed to be 
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T>A. Mutation at position 2664 has also been reported earlier (2664T>C, rs74535369) 

but in this study different nucleotide change i.e. 2664T>A was observed.  

In this study a wide range of germ line mutations in PTEN gene observed in sporadic 

breast cancer patients have shown a positive correlation of PTEN germ line variations 

with breast cancer pathogenesis. These findings can be of prognostic value for the 

management of breast cancer patients. This data demonstrates that PTEN can prove to be 

a good candidate of better diagnosis, prevention and treatment of breast cancer. 

PTEN gene expression is considered as a prognostic factor in different cancers including 

breast, thyroid, head and neck, chronic lymphocytic leukemia, and prostate cancer 

(Snietura et al., 2012; Zou et al., 2012). PTEN transcript levels have shown positive 

correlation with good prognosis in colorectal cancer patients which may aid in the 

accurate assessment of prognosis and can guide clinical treatment (Jin et al., 2012). 

Absence of PTEN protein expression has been observed to be an independent prognostic 

marker in early-stage lung adenocarcinoma (Yanagawa et al., 2012). Increased transcript 

levels of PTEN have been observed to be linked with low-grade liver metastasis and 

disease free survival in pancreatic cancer (Feng et al., 2011). Reduced PTEN expression 

in low grade gliomas has been reported to be associated with glioma tumorigenesis 

(Comincini et al., 2009; Cecener et al., 2009). 

 PTEN has been reported to be effected at germline level (Baig et al., 2011; Liu and 

Feng, 2012; Sawamura et al., 2012) and shows significant down regulation in different 

cancers (Comincini et al., 2009; Feng et al., 2011; Cecener et al., 2012; Yanagawa et al., 

2012; Snietura et al., 2012; Zou et al., 2012). In this study Levels of PTEN transcript in 

breast tumor tissues were quantified in both cohorts 2 and 3. Significant low levels of 

PTEN were observed in low grade tumor and in patients with poor prognosis in cohort 2. 

It has been observed in different breast cancer studies that low transcript levels of PTEN 

is associated with poor patient outcome (Depowski et al., 2001; Harima et al., 2001; Bose 

et al., 2002; Yoshimoto et al., 2007). Interestingly, in this study no significant difference 

was observed in transcript levels of PTEN, when analyzed according to grades, NPI value 

and TNM staging in cohort 3.This indicates possible involvement of other genetic and 

epigenetic abnormalities in pathogenesis of breast cancer in British population. 

http://abbs.oxfordjournals.org/search?author1=Juan+Liu&sortspec=date&submit=Submit
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4.3 Gelsolin 

One of the most fundamental characteristics of malignant and transformed cells is the 

aberrant organization of the cytoskeleton (Yamazaki et al., 2005). Altered expression of 

actin-associated proteins has been observed in transformed and malignant cells. It has 

been noted that levels of various actin-binding proteins decreased in cancerous tissues (Ni 

et al., 2008) and in some cases increase when the cells relapse to a non-malignant form 

(Fujita et al., 2001). Expressional loss of gelsolin, a major actin-binding protein, has been 

commonly observed in breast cancer patients (Winston et al., 2001). Level of PIP2 that 

is a substrate for a number of important signaling proteins (Gamper and Shapiro, 2007) 

has been observed to be increased by down regulation of gelsolin (Sagawa et al., 2003) 

while over-expression of gelsolin has been reported to restrain metastasis in vivo (Fujita 

et al., 2001). Down regulation of gelsolin has been observed in a large number of cancer 

cases including ovarian and skin cancer (Fujita et al., 2001; Noske et al., 2001), those 

originating from the stomach (Kim et al., 2004), breast (Winston et al., 2001; Liu et al., 

2007), pancreas (Ni et al., 2008) and colon (Gay et al., 2008). It has been proposed that 

down regulation of gelsolin in cancerous cells resulted in malignant transformation, 

invasion and metastasis (Stevenson et al., 2012). 

In this study gelsolin was screened for germ line mutations in sporadic breast cancer 

cases. Gelsolin consists of six domains S1-S6 (Nag et al., 2009) and different types of 

mutations were observed in these domains at germline level in this study. Missense 

mutation observed at exon 4 resulted in change in amino acid Glutamine to Glycine at 

position 4. When analyzed by Alamut biosoftware version 2.0, this change was found to 

be present in highly conserved nucleotide (score: 0.99 [0-1]) and in moderately conserved 

amino acid (considering 15 species). This change was tolerated as was analyzed by SIFT 

(score was 0.23). Same is the case with substitution A>T at exon 15 which was observed 

in S5 domain, C-terminal of gelsolin. Mutations in this domain are important due to its 

association with nucleation of actin filaments (Yamazaki et al., 2005). Missense mutation 

resulting from substitution at exon 11 that is C>T, changes amino acid Leucine to 

phenylalanine at putative type 2, Ca
+2

 binding site in S2 domain. Changes in Ca
+2

 binding 

site in gelsolin might hinder Ca
+2

 binding and can affect its functions (Lin et al., 2000; 
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Nag et al., 2009). This change has been found to be deleterious according to SIFT score 

(0.02), as score less than 0.05 is considered deleterious (Ng and Henikoff, 2003).  

In this study different types of frame shift mutations were observed that include one 

insertion, four duplication and five deletion mutations in different exons. Insertion of 6 

base pairs was observed that adds two additional amino acids, Alanine and Glycine at 

exon 10 in S3 domain of gelsolin. This S3 domain of gelsolin is important in severing of 

actin filaments and is functionally relevant for regulation of gelsolin activities (Yamazaki 

et al., 2005; Nag et al., 2009). 

Duplications were observed at exon 4, 6, 8 and 10 while deletions were observed at exons 

4, 7, 8, 11 and 14.  These observed duplications and deletions resulted in premature 

truncation of reading frame, in Ca
+2 

binding sites in domain S1, S2, S3 and S4. Resultant 

mRNA produced can be a target for nonsense mediated decay (NMD). Gelsolin S1-S4 

domains contain actin, PIP2, and Ca
+2 

segments and are important in binding of Ca
+2

 and 

polyphosphoinositide. Variations at these important sites can abolish functional activity 

of gelsolin (Lin et al., 2000; Yamazaki et al., 2005; Nag et al., 2009). Synonymous 

substitution having silent effect was found at exon 10 in S3 domain of gelsolin. All of 

these mutations were observed in important domains of gelsolin, so they may be 

important in context of their consequences and could contribute to defects in functionality 

of this gene.  

Gelsolin expressional variations may play a vital role in the progression of breast cancer 

and can act as a prognostic and diagnostic marker (Yang et al., 2006). mRNA 

expressional study was carried out for gelsolin transcript level analysis in cohort 2 and 

cohort 3. The most significant findings of the present study were the negative correlation 

of gelsolin transcript and development of metastasis in breast cancer patients in both 

cohorts. It has already been reported that increased gelsolin expression can inhibit cancer 

metastasis in vivo (Fujita et al., 2001). Significantly reduced expression of gelsolin was 

also observed in our study in cohort 2. However, this difference was observed to be 

partially significant in cohort 3. Reduced levels of gelsolin have been observed in 

different cancers including skin and ovarian cancer (Fujita et al., 2001; Noske et al., 

2001; Noske et al., 2005), those originating from the pancreas (Gay et al., 2008), breast 
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(Winston et al., 2001; Liu et al., 2007), colon (Ni et al., 2008), gastric cancer (Kim et al., 

2004) and in osteosarcoma (Jin et al., 2012). Present study shows that gelsolin is of 

crucial importance and is inversely correlated with metastatic development of breast 

cancer as it has been assumed that down regulation of gelsolin deregulate cellular 

development and motility in cancerous cells which facilitate tumor transformation, 

invasion and metastasis (Stevenson et al., 2012).  

No difference was observed in gelsolin levels in local recurrence and in disease free 

individuals in cohort 2. While in cohort 3 it was interesting to note that lower levels of 

gelsolin were significantly associated with better overall survival rates, indicating its dual 

role in tumorigenesis.  Dual role of gelsolin in tumorigenesis and metastasis has been 

reported earlier (Gettemans et al., 2007) and it has been noted that gelsolin acts as a 

tumor suppressor (Winston et al., 2001; Sagawa et al., 2003; Kim et al., 2004; Haga et 

al., 2004;  Noske et al., 2005; Liu et al., 2007; Jin et al., 2012) as well as a tumor 

activator (Thor et al., 2001; Yang et al., 2004; Tanaka  et al., 2005; Yang et al., 2006; 

Uchida et al., 2006; Langbein et al., 2006; Thompson et al., 2007), perhaps in distinct 

phases of tumor progression. It has also been hypothesized that gelsolin expression 

oscillates during carcinogenesis and its function in tumorigenesis may be more complex 

than previously anticipated (Gettemans et al., 2007). The data in this study does indicate 

some links with breast cancer metastasis and patient outcome but perhaps additional 

studies are needed to solidify this observation. 

Results from this study show that germ line mutations and expressional variations might 

play important pathogenic role in sporadic carcinogenesis. Ranges of mutations described 

here suggest that variants in these genes can contribute substantially in genomic 

instability leading towards breast cancer metastasis. This demonstrates that these genes 

can be further explored for their potential as a good candidate of better diagnosis, 

treatment and prevention of breast cancer and its metastasis. Current findings can be of 

predictive and beneficial implications for the management of breast cancer. 

4.4 In vitro Characterization of DRG1  

This study assessed the significance of DRG1 in two breast carcinoma cell lines to 

evaluate its cellular function and role in cancer progression and metastasis. Two breast 
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cancer cell lines, MCF-7 and MDA-MB-231, previously displaying expression of DRG1, 

were knocked down to down regulate DRG1 by using DRG1 ribozyme transgene. This 

ribozyme successfully knocked down the expression of this molecule in human 

mammalian construct. The impact of DRG1 on human cells was then assessed using a 

range of in vitro models. 

Results from current study suggest a potential role of DRG1 in cell adhesion, invasion 

and motility as knockdown of this molecule in MCF-7 breast cancer cells decreased the 

adhesive ability of this cell line while increasing invasiveness and migratory capacity. 

However, these effects were not observed in MDA-MB-231 breast cancer cell line and 

additional work is required to fully understand the mechanism for these differences, 

which may lie in different nature and expression profiles of the two cell lines. One 

possible explanation for this can be the differing expression profiles of both cell lines. 

Increase in invasiveness in the MCF-7 cell line is consistent with the findings, which 

suggest that over-expression of DRG1 reduces the invasiveness of breast, colon and 

prostate cancer cells (Guan et al., 2000; Bandyopadhyay et al., 2003; Bandyopadhyay et 

al., 2004; Maruyama et al., 2006). Enhanced motility and decreased adhesiveness of 

DRG1 knockdown MCF-7 breast cancer cells demonstrated by this study further suggest 

a metastasis suppressive role for this gene. Changes in motility, adhesiveness and cellular 

invasion are key traits, required for tumor progression and the acquisition of metastatic 

competence (Chiang and Massague, 2008). Electron microscopic studies have shown 

DRG1 association with cellular membranes and adherens junctions (Lachat et al., 2002) 

suggest that DRG1 might play role in cellular adhesion. It has also been found that E-

cadherin, an adhesion and metastasis suppressor molecule (cancer cells in vitro), is up 

regulated by DRG1 (Guan et al., 2000). Increased expression of E-cadherin has also been 

shown to reduce the motility of metastatic breast cancer cells in vitro (cancer cells in 

vitro). However, it is unlikely that E-cadherin is the only molecular target of DRG1 that 

leads to metastasis suppression. Moreover, inhibition of DRG1 expression results in 

significant changes in microtubule structure and the disappearance of a-tubulin protein. 

Therefore, it has been suggested that the loss of DRG1 may contribute to genomic 

instability in cancer cells (Kim et al., 2004).  
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To explore the possible trail through which DRG1 performs diverse role, different 

molecules were screened in this study in which ROCK inhibitor was seen to increase the 

motility in DRG1 knocked down cancer cells. Rho-associated protein kinase (ROCK) is 

involved in different cellular activities including organization of actin cytoskeleton, cell 

adhesion and motility (Takahara et al., 2003). Rho/ROCK inhibition has been 

recommended as a new therapeutic target for the treatment of different diseases, 

including cancer (Somlyo et al., 2003). Increased ROCK activity has been observed in 

tumor invasion and metastasis while ROCK inhibitor restrains primary tumor growth and 

reduces metastasis (Morgan-Fisher et al., 2013). However, in this study, ROCK inhibitors 

could not inhibit motility in DRG1 knocked down cells. ROCK has some possible role in 

activation and localization of PTEN also (Li et al., 2005; Thorlacius et al., 2006). Results 

from this study indicates that knockdown of DRG1 reduces the expression of PTEN as 

DRG1 knocked down cells also showed decreased expression of PTEN at mRNA level. 

PTEN expression has been correlated significantly with DRG1 in both prostate and breast 

cancer cases at protein level via immunohistochemical analysis and both these markers 

has been observed to serve as a better indicator of patient survival (Bandyopadhyay et al., 

2004).  

In conclusion, in vitro and in vivo data presented in this study evidently point out the 

significant contribution of DRG1 in progression of breast cancer. It also showed 

importance of this gene in restraining cancer metastasis which is the critical cause of 

cancer related deaths. It also provides evidence that PTEN and ROCK inhibitor are the 

potential molecules/ pathways that can be further analyzed to screen the possible 

mechanism through which DRG1 exerts metastasis suppressor functions. Further studies, 

assessing the targets and interacting molecules of DRG1, are required to help 

understanding the molecular mechanisms of metastasis suppression by this molecule. 

In this work, different approaches were used to analyze genes in question for genetic 

abnormalities and expressional alteration in patients with breast cancer. In vitro studies 

were also performed to explore the role of DRG1 on cellular functions such as growth, 

adhesion, invasion and cellular migration in breast cancer cell lines, using a series of in 

vitro cell models. In vitro and clinical data presented here indicates the involvement of 

these genes in breast cancer progression and demonstrates a potential role of these genes 



Discussion 
 

157 

 

in suppressing tumor metastasis. Present results suggest that a wide range of germline 

mutations observed in this study may play an important role in the pathogenesis of breast 

cancer. It was also noted that germ line mutations might play important pathogenic role 

in sporadic carcinogenesis. However, it was established that DRG1, PTEN and gelsolin 

can prove to be a good candidate of better diagnosis, cure and prevention of breast 

cancer. 

In conclusion, this study emphasizes the association of alterations in DRG1, PTEN and 

gelsolin genes with breast cancer development and metastasis. These genes, along with 

clinical significance, as described in present study, can serve as significant prognostic 

indicators and an important target in treatment therapies. Potential technical weaknesses 

in this study which may have affected the results include smaller sample size, proper 

stratification of the cancer subjects and correlation of the in vitro data with the patients’ 

data.  Further validation studies with larger tumor sample size and additional 

stratification of clinical parameters as well as environmental factors are required to 

validate these findings.  
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Questionnaire/ Performa for blood donor  
 

Hospital Ref. no.   Lab. Ref.no.   Date 

 

Name      W/O or D/O     

 

Area of Cancer 

 

Age      Weight and height 

 

Address 

 

Contact Number    Ethnic Group/Caste 

 

Nature of Job (Day shift or night shift) 

 

Marital Status: Single/Married  Number of children: 

 

Year of Diagnosis    Family History of Cancer 

 

Remedies used (Lumpectomy/ Mastectomy/Radiation/ Chemotherapy or else) 

 

Any other complication (Swelling in lymph nodes) 

 

Family History of any other disease related to cancer 

 

Life threatening diseases 

 

Parity      Age at menarche    

 

Age at first birth    Duration of breast feeding   

 

Age at menopause 

Therapy (Hormonal replacement therapy, Oral contraceptives) 

Auxiliary Node    TNM (Tumor Node Metastasis) 

HER,ER,PR 

 


