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Abstract 

Breast cancer is the second leading cause of cancer-related mortalities among females 

worldwide. It is genetically heterogeneous disease caused by various environmental 

and genetic factors. Abnormal expression of various genes/proteins such as chemokine 

C-X-C motif (receptor 4), insulin like growth factor-1 receptor and estrogen growth 

factor receptor and their associated biological regulatory networks are linked with 

breast cancer. In this study, the crosstalk interaction between these genes/proteins and 

their associated signaling networks involved in breast cancer metastasis were studied 

by using both in-silico (qualitative modeling, hybrid PetriNet modeling, 

pharmacophore modeling and virtual screening) and in-vitro approaches (genotyping, 

cell viability assay, quantitative real time polymerase chain reaction and western 

blotting). The association of rs1801157 single nucleotide polymorphism, located 

within the C-X-C motif ligand 12 (CXCL12) gene, with the development of breast 

cancer was assessed. The results of genotyping showed the significant prevalence of 

genotype GG (p<0.05) with a number of variables including patient’s age, weight, 

lymph nodes status, hormonal imbalances (ER and PR) and family history using 

multivariable logistic regression among Pakistani breast cancer patients as compared 

to AA genotype. Our in-silico results suggested that rs1801157 single nucleotide 

polymorphism identified in CXCL12 gene has crosstalk link with insulin like growth 

factor-1 receptor (IGF-1R) and epidermal growth factor receptor (EGFR) signaling 

and is an important factor in predicting the outcomes of breast cancer therapy, which 

can also result in multidrug resistance due to induction of insulin like growth factor-1. 
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Furthermore, to address the problem of multidrug resistance in breast cancer cells, an 

effective and non-toxic biologically synthesized silver nanoparticles (drug delivery 

vehicles) were conjugated with anti-cancer inhibitors such as fulvestrant and gefitinib 

to inhibit the activity of multiple genes and proteins such as estrogen growth factor 

receptor, C-X-C motif (ligand 12), phosphoinositide 3 kinase, insulin receptor 

substrate-1, insulin like growth factor-1 receptor, PDZ domain containing 1 and 

estrogen receptor-α to treat breast cancer cells. In conclusion, for a multifactorial 

disease like breast cancer, more than one therapeutic targets should be inhibited with 

an effective drug delivery vehicle to induce apoptosis in cancer cells.  
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Chapter 1 

 

INTRODUCTION 
 

Breast cancer (BC) is the second most common cancer among females 

worldwide with an estimation of 40,890 deaths per year (Carol DeSantis, Jiemin Ma, 

Leah Bryan, & Ahmedin Jemal, 2014; DeSantis et al., 2015). A number of genetic and 

environmental factors including late menopause, late childbearing, hormonal 

imbalance, obesity, alcohol consumption and lazy lifestyle increase the risk of BC 

(Madigan, Ziegler, Benichou, Byrne, & Hoover, 1995; McPherson, Steel, & Dixon, 

2000; Parkin & Fernandez, 2006). Whereas, the genetic defects such as variation in 

ER-alpha has been observed in 74-76% of BC cases (Nadji, Gomez-Fernandez, 

Ganjei-Azar, & Morales, 2005; Rhodes, Jasani, Balaton, Barnes, & Miller, 2000). 

Estrogen receptor has two isoforms: ER-α (~70% occurrence of ERα+ and 30% of 

ERα- in BC cases) (Hurvitz & Pietras, 2008; Madeira, Mattar, Logullo, Soares, & 

Gebrim, 2013) and estrogen receptor-beta (ER-β) (Fuqua et al., 1999; Saji et al., 

2002).  

Among the genetic factors, single nucleotide polymorphisms (SNPs) have been 

reported to be associated with BC progression and metastasis. In BC, the CXCL12 

gene expression and its association among age group, stages, organ metastasis and 

multiple risk factors have been assessed in various populations across the world (de 

Oliveira et al., 2009; Kato, Kitayama, Kazama, & Nagawa, 2003; OLIVEIRA et al., 

2011; Schimanski et al., 2011). The SNP G801A also represented as rs1801157 

polymorphism causes nucleotide variations from guanine ―G‖ to adenine ―A‖ (Modi et 
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al., 2005; Petersen et al., 2005). Previously, the relationship of CXCL12 chemokine 

(CXCL12-A/SDF1-3‘A) in different populations of 3‘-untranslated region (UTR) 

(G>A) was reported. Therefore, evidences has shown the role of CXCL12 and its 

receptor CXCR4 in the growth of BC (Chang et al., 2009; Chen et al., 2006; Hidalgo-

Pascual et al., 2007; Maley et al., 2009). Genotypic and allelic variation of rs1801157 

SNP of CXCL12 enhance the interaction of CXCL12 with CXCR4 which may cause 

the pathogenesis of various diseases such as colorectal, cervical, breast carcinoma 

basal cell carcinoma and multiple myeloma (Chen et al., 2006; Hidalgo-Pascual, et al., 

2007; Luker & Luker, 2006; Maley et al., 2009; Pemberton et al., 2006). Therefore, in 

this study, BC patients from Pakistani population were screened for genetic 

polymorphism (SNP) rs1801157 and the correlation with age, stages and metastasis in 

BC patients and control group was found. The increased expression of CXCL12 

develops crosstalk mechanism with other growth factors such as insulin like growth 

factor-1 receptor (IGF-1R) and epidermal growth factor receptor (EGFR). We were 

also aimed to analyze the up and down regulated expressions of genes/proteins which 

are linked with IGF-1R, EGFR and CXCL12 axis in association with signaling 

networks by using computational approaches.  

The logical modeling of Rene' Thomas formalism (Ahmad, Bernot, Comet, Lime, 

& Roux, 2007; Ahmad, Niazi, Mansoor, Siddique, & Bibby, 2012; Aslam et al., 2014; 

Khalid et al., 2016) was used to study the complex dynamical behaviors and 

interactions among genes and proteins involved in IGF-1R, EGFR and 

CXCL12/CXCR4 associated BRN in BC. Furthermore, the continuous Hybrid 
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PetriNet (HPN) modeling approach (Heiner, Herajy, Liu, Rohr, & Schwarick, 2012) 

was applied in this study to analyze the delay parameters of regulatory networks of 

interactions between IGF-1R, EGFR and CXCL12/CXCR4 signaling involved in 

metastatic development of BC. The discrete (Ahmad, Bernot, Comet, Lime, & Roux, 

2006; Ahmad, et al., 2012; Paracha et al., 2014) and continuous modeling (Heinrich & 

Schuster, 1998) were used in this study to provide a dynamical insights to observe the 

new inhibitory targets which are linked with multiple regulatory networks that are 

difficult to find through high throughput technologies. Ligand based PM modeling is 

another technique which was used to find the potential inhibitory drugs to block the 

biological activity of molecular target such as IGF-1R (Wermuth, Ganellin, Lindberg, 

& Mitscher, 1998). It is a computational drug discovery technique used to screen a 

number of compounds in World Drug Bank data which was performed by virtual 

screening (VS) (Gao, Yang, & Zhu, 2010; Yang, 2010). From the hits, few inhibitors 

such as gefitinib and fulvestrant were delivered to BC cell lines with/without the help 

of nanoparticles to identify the variations in expression levels of various genes or 

proteins involved in the BC signaling pathway. 

Gefitinib also known as IRESSA [4(3,chloro4fluoroanilino),7,methoxy6(3, 

morpho-linopropoxy)quinazoline] is a selective inhibitor of EGFR which is effective 

against non-small-cell lung carcinoma (Watanabe et al., 2014) and adenocarcinoma 

(Noro et al., 2006). In contrast, gefitinib can cause resistance towards combinatorial 

therapy of lung cancer treatment because of induction of IGF-1R (Ge et al., 2014). On 

the other hand, fulvestrant also known as Faslodex is effectively used in estrogen 
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receptor down-regulator (ERDR) hormonal therapy to overcome the endocrine 

resistance towards BC (Ciruelos et al., 2014). Chemotherapy is in practice for many 

years and has preferentially leaded to a significant reduction in mortality among 

patients with BC (Martin, Smith, & Tomlinson, 2014). However, there is an evidence 

of multidrug resistances towards this therapy (Martin, et al., 2014). To overcome this 

limitation, one of the most promising strategies is to use nanoparticles as an anti-

cancerous drug delivery vehicle (Yuan et al., 2016). Biological synthesis of silver 

nanoparticles (AgNPs) has several biomedical applications such as targeted drug 

delivery, cancer treatment, molecular imaging, endocrine resistant therapy, genomic 

DNA analysis, photothermal therapy, antibacterial agents and as biosensors 

(Alivisatos, 2004; Salata, 2004). In the present study, we targeted nano-material based 

drug delivery by conjugating gefitinib and fulvestrant to biologically synthesized 

AgNPs which significantly enhanced apoptosis in BC cell line. 
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1.1. Aims and Objectives 

 
1. To identify risk alleles contributing to rs1801157 polymorphism of CXCL12 

gene in the BC patients and healthy individuals in Pakistani population. 

2. To find the correlation of CXCL12 with other growth factors such as IGF-1R 

and EGFR related signaling pathways through computational system biology 

approaches. 

3. To identify potential inhibitory compounds (drugs) through pharmacophore 

modeling for the management of BC progression. 

4. To evaluate the activity of selective inhibitors in breast cancer cells after 

conjugation with silver nanoparticles (pegylated and non-pegylated) by 

evaluating the expression of important BC related genes and proteins. 
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Chapter 2 

REVIEW OF LITERATURE 

2.1. Breast Cancer (BC) 

BC is an abnormal growth and development of breast tissue(s). Breast malignancy 

predominantly starts in the milk producing breast cell lining which is called lobular 

carcinoma (LC) (Figure 2.1) (breastcancer.org, 2014). Other common type of BC 

affects the area of ductal areolas where milk is delivered and is termed as ductal 

carcinoma (DC) (Van Bogaert, 1980). Few rare types of BC are tubular carcinoma 

(TC) and medullary carcinoma (MC) (Park et al., 2013; Rashid, Rahmat, 

Jayaprasagam, Alli, & Moosa, 2009). All the above types can influence the possibility 

of developing risk of tumor in lymph nodes near breast. The cancer through lymphatic 

channels is commonly metastasized to distant body parts such as lungs, liver, bones 

and brain (Shayan, Achen, & Stacker, 2006; Weigelt, Peterse, & Van't Veer, 2005). 
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Figure 2.1: Types of BC. BC may be classified as ductal and lobular carcinoma. 

Ductal carcinoma begins in the lining of milk ducts which are thin tubes that carry the 

milk from milk glands to nipple while lobular carcinoma begins in milk glands of 

breast which can metastasize to lymph nodes and blood vessels 

(www.breastcance.org). 

2.2. Breast Anatomy 

The female breast is an imperative organ producing and conveying milk to the infants 

(Sharma, Dave, Sanadya, Sharma, & Sharma, 2010). It is comprised of lobules (organs 

that deliver milk), the ducts (the tubes that conveying the milk to the areola) and 

stroma (the connective tissues covering ducts, lobules, blood and lymphatic vessels) 

(Figure 2.2). 
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  Breast is composed of blood vessels and lymphatic channels located within 

stroma. In the advanced stages of breast cancer the tumor that can invade the 

neighbouring tissues (lymph nodes and blood vessels) and have ability to spread 

throughout the body such as bones, lungs, liver and brain. There are Cooper‘s 

ligaments (stretch from the chest wall muscle to the skin) surrounding the lobules that 

help to hold the breast in place. The chest wall is composed of pectoralis muscle 

which separates the muscle from breast (www.bccmiami.com, 2010). Invasive breast 

cancer is the cancer that has arisen in the cells ducts (ductal cancers) and lobules 

(lobular cancers) which metastasize to surrounding normal tissues. 

 

Figure 2.2: Anatomy of breast. It mainly consists of lobules, the ducts and the 

surrounding tissues such as blood, fatty and inflammatory lymphatic vessels (www. 

bccmiami.com).

http://www.bccmiami.com/
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2.3. Worldwide BC Epidemiology 

Incidence and mortality rate due to BC among the females worldwide is 12.7% 

(Ferlay, Parkin, & Steliarova-Foucher, 2010) accounting for 14.1 million new cancer 

cases from 2012-2015 (Torre et al., 2015). About 99% of BC cases are diagnosed in 

females while only 1% in males. The female steroids hormones (estrogen and 

progesterone) which support the BC development are produced in small quantities in 

males (Anders, Johnson, Litton, Phillips, & Bleyer, 2009). BC is considered as the 

most frequently diagnosed cancer among females in United States of America (USA) 

(Siegel, Miller, & Jemal, 2016). It was constantly increased in American population in 

2016 (Siegel, et al., 2016). According to the previous data collected from 1980 to 

2016, the increasing incidence of BC in women is co-related to an increased 

reproductive age as shown in Table 2.1 About 231,840 new cancer cases of invasive 

BC and 40,290 female deaths are likely to ensure in the year 2015 in US (Siegel, 

Miller, & Jemal, 2015). From year 1980 to 2016, BC death rates decreased by 30% 

due to early diagnosis and treatment are shown in Table 2.1.  



 

 

 

 

Table 2.1: BC incidence and mortality rate among US population from year 1980 to 2016. 

Years 

Incidenc

e rate 

(estimate

d new 

cases) 

Mortalit

y rate 

(estimat

ed 

deaths) 

%age 

inciden

ce rate 

in BC 

females 

%age 

death 

rates in 

BC 

females 

References Years 

Incidenc

e rate 

(estimate

d new 

cases) 

Mortalit

y rate 

(estimate

d deaths) 

%age 

inciden

ce rate 

in BC 

females 

%age 

death 

rates 

in BC 

femal

es 

References 

1980-1981 108,900 35,800 27% 19% (Silverberg, 1980) 1982 112,900 37,300 26% 19% (Silverberg, 1982) 

1983 114,900 37,500 26% 18% (Silverberg, 1983) 1984 115,900 37,600 26% 18% (Silverberg, 1984) 

1985 119,900 38,700 26% 18% (Silverberg, 1985) 1986 123,900 40,200 26% 18% (Silverberg, 1986) 

1987 130,900 41,300 27% 18% (Silverberg & Lubera, 1987) 1988 135,900 42,300 28% 18% (Silverberg & Lubera, 1988) 

1989 142,900 43,300 28% 18% (Silverberg & Lubera, 1989) 1990 150,900 44,300 29% 18% 
(Edwin Silverberg, Boring, & Squires, 

1990) 

1991 175,900 44,800 32% 18% (Boring, Squires, & Tong, 1991) 1992 181,000 46,300 32% 19% (Boring, Squires, & Tong, 1992) 

1993-1994 183,000 46,300 32% 18% 
(Boring, Squires, & Tong, 1993; 

Boring, Squires, Tong, & 

Montgomery, 1994) 
1995 183,400 46,240 32% 18% (Wingo, Tong, & Bolden, 1995) 

1996 185,700 44,560 31% 17% 
(Sheryl Parker, Tong, Bolden, & 

Wingo, 1996) 
1997 181,600 44,190 30% 17% 

(Parker, Tong, Bolden, & Wingo, 

1997) 

1998 180,300 43,900 30% 16% 
(Landis, Murray, Bolden, & 

Wingo, 1998) 
1999 176,300 43,700 29% 16% 

(Landis, Murray, Bolden, & Wingo, 

1999) 

2000 184,200 41,200 30% 15% 
(Greenlee, Murray, Bolden, & 

Wingo, 2000) 
2001 193,700 40,600 31% 15% 

(Greenlee, Hill‐Harmon, Murray, & 

Thun, 2001) 

2002 205,000 40,000 31% 15% 
(Jemal, Thomas, Murray, & 

Thun, 2002) 
2003 212,600 40,200 32% 15% (Jamal et al., 2003) 

2004 217,440 40,580 32% 15% 
(Murray, Ghafoor, Samuels, & 

Ward, 2004) 
2005 212,930 40,870 32% 15% (Jemal et al., 2005) 

2006 214,640 41,430 31% 15% (Jemal et al., 2006) 2007 180,510 40,910 26% 15% (Jemal et al., 2007) 

2008 184,450 40,930 26% 15% (Jemal et al., 2008) 2009 194,280 40,610 27% 15% (Jemal et al., 2009) 

2010 209,060 40,230 28% 15% 
(Jemal, Siegel, Xu, & Ward, 

2010) 
2011 232,620 39,970 30% 15% 

(Carol DeSantis, Siegel, Bandi, & 

Jemal, 2011; Rebecca Siegel, Ward, 

Brawley, & Jemal, 2011) 

2012 229,060 39,920 29% 14% 
(Rebecca Siegel, Naishadham, & 

Jemal, 2012) 
2013 234,580 40,030 29% 14% 

(Rebecca Siegel, Naishadham, & 

Jemal, 2013) 

2014 235,030 40,430 29% 15% (Siegel, Ma, Zou, & Jemal, 2014) 2015 234,190 40,730 29% 15% (Siegel, et al., 2015) 

2016 249,260 40,890 29% 14% (Siegel, et al., 2016) 2017 249,270 40,990 29% 14% (Siegel, et al., 2017) 
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2.3.1. BC Epidemiology in Pakistan 

Pakistan can create a lap in knowing the total incidence and deaths due to BC 

(Hanif, Zaidi, Kamal, & Hameed, 2009). According to one source, It accounts for 

35.5% of the total cancer cases in the females in Pakistan (Karachi cancer registry, 

2006) while in another nine years data analysis in the year 2009, it is estimated that 

BC incidence rate was increased up to 38.2% (Hanif, Zaidi, Kamal, & Hameed, 2009). 

Incidence rate due to BC among the females in Pakistan is 20.4%, accounting for 

4,411 cases of BC during the year 2008-2012 (Badar et al., 2015). It is frequently 

diagnosed malignant cancer in 1/3
rd

 Pakistani womens belongs to Karachi, Lahore and 

Islamabad (Badar, et al., 2015; Bhurgri et al., 2007; Malik et al., 1992). It is reported 

at the Institute of Radiotherapy and Nuclear Medicine, Peshawar that the incidence of 

male BC raises with age. It is one of the rare disease and accounts for less than 1% of 

all malignancies in males. They also analyzed that it is usually diagnosed in the late 

stage with poor prognosis in men (Tasneem, Khan, & Khawaja, 2011). Mortality rate 

of BC is mainly high due to cultural norms and late diagnostic owing to the 

socioeconomic status (Baloch et al., 2012; Curado, 2011). Incidence rate of BC in 

Pakistani women‘s is higher due to diet, racial or various genetic factors (Sohail & 

Alam, 2007). In 2015, 4,366 new BC cases and 40,000 deaths due to BC were 

recorded in Pakistan (Badar, et al., 2015). In the year 2015, the total of 80.4% of BC 

cases of Punjab, 10.8% belonged to Khyber Pakhtunkhwa, 4.4% to Sindh and the 

remaining 4.4% from all other regions of Pakistan were estimated. The annual 

incidence rate for BC accounted for 42.7% in postmenopausal females, 85.2% had 
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infiltrating ductal carcinoma, 49.6% had stage III tumor, 60.7% had stage II BC and 

37.3% were hormonal receptors estrogen, progesterone and human epidermal growth 

factor receptor 2 (ER, PR and HER2) (Badar, et al., 2015). The mortality rate of BC in 

Pakistan is comparatively higher than Asian and neighbouring countries while also 

comparable with US. Multiple risk factors like smoking, obesity, alcohol consumption 

and life style play a role in increasing incidence of BC in US population (Madigan et 

al., 1995). BC incidence rate had high stages III and IV comparable to stage I and II 

due to number of challenges (late diagnosis, low socio-economic condition of patients) 

are obstacle for limiting success of BC treatment in Pakistan.  

2.4. Causes of BC 

BC is initiated by amalgamation of various environmental and/or genetic factors 

which are steroidal factors, personal or family history of hereditary alterations, race 

and ethnicity, overweight, lack of childbirth or lactation, and alimental iodine 

deficiency (Abdulkareem et al., 2013; Águas, Martins, Gomes, de Sousa, & Silva, 

2005; Vogel et al., 2008). According to one source, estimated number of death rates 

due to BC is 12% as a consequence of alcohol drinking in Europe and America (Allen 

et al., 2009; Rehm et al., 2009).  

2.5. Symptoms of BC 

Initially tumor is smaller in size which then adopts a lumpy shape in the breast area. It 

grows in size that spreads to the surrounding tissues or armpit lymph nodes (Weigelt 

et al., 2005). Other symptoms such as loss of weight, bone pain, skin ulcers, breast 
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discomfort and arm swelling are felt in BC (Abdulkareem et al., 2013; Fisher et al., 

1977). 

2.6. Stages of BC 

BC is characterized in a number of stages from primary to late stage (0-IV). The most 

common stage system is involved in T, N and M which are represented as tumor size, 

lymph node involvement and tumor metastasis (Sobin, Gospodarowicz, & Wittekind, 

2011). Clinically, early stages I and II are termed as ―regionally progressed BC‖ in 

which the tumor size invades the surrounding breast tissues which may cause 

protuberance (Marrazzo et al., 2006). Stage III is a ―locally-advanced breast tumor‖ 

which includes the ―L‖ where tumor can spread in the region of axilla. Stage IV is 

―most advanced or metastatic (M) stage of BC‖ which involves the tumor metastasis 

to other organs of the body (lung, bones, liver and brain) and may cause death if 

untreated (Marrazzo, et al., 2006; Omne-Ponten, Holmberg, & Sjödén, 1994).  

2.7. Types of BC 

BC is classified as a heterogeneous disease affecting women worldwide. World Health 

Organization (WHO) has estimated that about 83-90% of the BC cases are of type DC 

and 13% are LC (Duffy et al., 2016; Møller Talman, Jensen, & Rank, 2007). Other 

rarer 8% of the histological types of BC consist of tubular carcinoma, mucinous 

carcinoma, paget‘s carcinoma and lymphoma (Kuper-Hommel et al., 2003; Louwman 

et al., 2007). Cancer types that stay non-invasive at the start of disease can be shifted 

to the particular types of invasive carcinomas (Siegel et al., 2016; Weigelt et al., 

2005). In-situ/non-invasive breast carcinomas have more than 90% chances of survival 
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in females (Siegel et al., 2015). Inflammatory BC is more common type of cancer 

which can cause inflammation and bleeding from breast areola (Anderson, Schairer, 

Chen, Hance, & Levine, 2005). The detail of two common types of BC: ductal and 

lobular carcinomas are mentioned below.  

2.7.1. DC in-situ (DCIS) 

DC in-situ (DCIS) is frequent cause of non-invasive BC. Ductal implies that the 

growth of cancer cells begins inside the milk producing ducts. Carcinoma alludes to 

any disease that covers the internal organs and in-situ signifies "in its unique place." A 

DC is a cancer that begins in the epithelial cells that line the milk glands of the breasts 

and starts to metastasize around the breast lump (Mai, Yazdi, Burns, & Perkins, 2000). 

2.7.2. LC in-situ (LCIS) 

LC in-situ (LCIS) is the non-invasive uncontrolled growth of milk-producing lobules 

of the breast cells. It this type of BC, the tumor starts in the milk lobules, which purge 

out into the ductal channel that carries milk to the areola (Lishman & Lakhani, 1999). 

2.7.3. Invasive/Infiltrating DC (IDC) 

Invasive/infiltrating DC (IDC) is the cancer that spreads to the wall of milk ducts and 

grows into the surrounding tissue(s). It has a great risk to metastasize to lymph nodes 

and other nearby organs (Mai et al., 2000). There are three subtypes of IDC. 

2.7.3.1. Medullary carcinoma (MC) 

In the medullary carcinoma (MC), the appearance of cancer cells look like a medulla 

of brain and is observed in females with genetic mutations such as BC susceptibility 
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gene 1 (BRCA1) (Ashida, Fukutomi, Tsuda, Akashi-Tanaka, & Ushijima, 2000; 

Shousha et al., 2000). 

2.7.3.2. Tubular carcinoma (TC) 

It is another subtype of IDC which occurs in early 50‘s in females with a risk of family 

history of first degree BC (Lagios, Rose, & Margolin, 1980). 

2.7.3.3. Mucinous carcinoma (MuC) 

MuC is an uncommon sub-type of IDC in which diseased cells are seemed as fluid like 

substance. This is the most averse type of BC and occurs in women above the age of 

60 (Di Saverio, Gutierrez, & Avisar, 2008). 

2.7.4. Invasive LC (ILC) 

Invasive LC (ILC) is another most common type of BC. It effects cells that produce 

milk in lobules which can drain out in distant organs through lymphatic vessels 

developing a high risk of BC metastasis (Martinez & Azzopardi, 1979). 

2.7.5. Inflammatory BC (IBC) 

Inflammatory BC (IBC) is intermittent and antagonistic form of BC which begins with 

the reddening and swelling of the breast rather than discrete lump. It has tendency to 

grow and spread rapidly with symptoms deteriorating in days or even hours. In NCI 

(National Cancer Institute), about more than 4% of all BC cases in the American 

women are of IBC. It is important to recognize symptoms and seek prompt treatment 

(Hance, Anderson, Devesa, Young, & Levine, 2005). 
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2.8. BC Molecular Subtypes 

BC is composed of four major molecular sub-types which have distinct morphological 

features and clinical implications (Adrada et al., 2014; Blows et al., 2010; Gilcrease, 

2015; Parise & Caggiano, 2014; Perou & Børresen-Dale, 2011). It includes Luminal A 

and B, Basal (triple negative) and HumanEpidermal GrowthFactor Receptor 2 (HER2) 

types which are described below. 

2.8.1. Luminal A 

Luminal A tumors are the frequent subtypes comprising of about 74% of BC cases 

which express both estrogen/progesterone receptors positive (ER+/PR+) and HER2 

negative (HER2-). The presence of these positive receptors can have a better prognosis 

and can be treated with endocrine therapy such as estrogen therapy (ET) and combined 

estrogen progesterone therapy (EPT) (Blows et al., 2010; Gilcrease, 2015). 

2.8.2. Luminal B 

Luminal B tumors are relatively less common (accounts for about 10 % of total BC 

cases) and represent the triple positive receptors (ER, PR and HER2). These tumors 

are of highest grade, fast growing and more aggressive than luminal A subtype (Parise 

& Caggiano, 2014). 

2.8.3. Basal (Triple Negative) BC 

The basal like subtype is about 12% of overall BC diagnosis. It is also known as triple 

negative because of three common negative markers (ER-, PR- and HER2-) (Perou & 

Børresen-Dale, 2011; Prat et al., 2013). It is most commonly diagnosed in African 

women as compared to Europeans and Americans. Basal BC is associated with poor 
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prognosis and is unresponsive to targeted therapies (Adrada et al., 2014; Blows et al., 

2010). 

2.8.4. HER2 enriched BC 

HER2 receptor is a proto-oncogene which is over amplified in this type of BC and 

accounts for about 4% of the BC cases. This over-expression has adverse prognostic 

impact and it indicates the chances of recurrence. Various factors such as tumor size, 

advanced stage, increased proliferation rate and hormonal imbalance are associated to 

HER2 involvement in BC (Blows et al., 2010). 

2.9. Interactions of BC types, subtypes and risk factors 

A risk factor is any integrative feature that increases the incidence of getting a disease. 

Interactions of different BC molecular types and subtypes are associated with a 

number of risk factors (Tamimi et al., 2012). Some of the important environmental 

factors are patient's age, ethnicity, high fat diet, alcohol consumption, radiation 

exposure and intake of heterocyclic amines, sedentary lifestyle, lack of breast feeding 

to child and iodine/vitamins deficiency (Belpomme et al., 2007; Hamajima, Hirose, & 

Kungu, 2002; Hashemi, Karimi, & Mahboobi, 2014; Wolff & Weston, 1997). 

Whereas, the most common genetic factors are related to genetic mutations within 

families (Catsburg et al., 2014; Hashemi et al., 2014; Stuebe, Willett, Xue, & Michels, 

2009). Other major factor associated with BC subtypes is hormonal imbalance (late 

menopause and early discharge of periods) which may increase in women‘s who gave 

substantial weight (Calle, Rodriguez, Walker-Thurmond, & Thun, 2003; Emaus et al., 

2014; Tamimi et al., 2012). In developed countries, higher incidence of elevated 
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endogenous hormones in women who have an average age of 21-25 years can increase 

the risk of BC (Tamimi et al., 2012). It has been hypothesized that post-menopausal 

women have greater testosterone and estrogen levels in blood stream. The increase 

level of testosterone is linked with high risk of developing insulin resistance in 

postmenopausal women (Yasui et al., 2012). Therefore, hormonal therapies such as 

ET and EPT are conducted to prevent from osteoporosis and menopausal problems 

which are discussed below. 

2.9.1. Estrogen therapy (ET)  

The utilization of Estrogen therapy (ET) after menopause is to reduce the risk of BC. 

Women take estrogen replacement therapy (ERT) also termed as menopausal hormone 

therapy (MHT) to treat osteoporosis (Judd et al., 1981; Manson, 2010). Although, 

taking estrogen actually creates higher risk of strokes and blood clots in the body 

(Judd et al., 1981). This therapy has been used for decades but few contradictory 

studies has shown female reproductive system effected by it (Danforth et al., 2007; 

Lacey Jr et al., 2002; Manson, 2010; Rodriguez, Patel, Calle, Jacob, & Thun, 2001). 

Women who undergo a hysterectomy are treated with ET (Martin, Barbieri, & 

Crowley Jr, 2015). Some women who have thicker bones produce advanced estrogen 

levels and are found to be at greater risk for BC (Melton et al., 2012). There is a close 

relationship between higher estrogen levels and cancer metastasis. 

2.9.2. Combined Estrogen Progesterone Therapy (EPT) 

The utilization of combined Estrogen Progestrone therapy (EPT) for control of 

menopausal symptoms that are associated with ageing is to reduce the risk of 
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advanced stages of BC (Anderson et al., 2007; Beral et al., 1997; Chlebowski et al., 

2003; Martin, et al., 2015). The women on combined EPT are most likely to develop 

BC at a more advanced stage. Combined treatment therapy after menopause can 

increase the chances of mortality from BC (Ross, Paganini-Hill, Wan, & Pike, 2000). 

The bio-identical hormones have been promoted as a protective way to treat the 

symptoms of hormonal imbalances. Few studies have shown that the results of bio-

identical hormones are safer than natural or synthetic versions of hormones. Previous 

studies suggested that there is no evidence that these hormones are effective in 

controlling the effect of BC progression (Boothby, Doering, & Kipersztok, 2004; 

Cirigliano, 2007; Holtorf, 2009; Wiley, 2015). According to World Health Initiative 

(WHI) study, women taking EPT have a higher health risks of developing heart 

diseases (Rossouw, Manson, Kaunitz, & Anderson, 2013). It accounts that 10,000 

women took this combined therapy per year. It was used to reduce the risk of 8% cases 

of BC per year (Chlebowski et al., 2013). The high rate of developing BC to whom 

combined EPT is given, the risk of heart attack, strokes and thrombosis is increased 

(Investigators, 2002; LaCroix et al., 2011). However, EPT controls the risk of 

colorectal cancer and controls the occurrence of osteoporosis (Johnson et al., 2009; 

Riggs & Melton III, 1992). Hormone therapy does not help patients whose tumor cells 

are double or triple negative in nature (ER-, PR-). 

2.10. Genetic mutations in BC 

Genes have the ability to control cell growth, division and DNA damage repair. 

Genetic mutations lead towards various cancers by allowing cells to grow and divide 
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uncontrollably. BC caused due to various genetic and epigenetic alterations lead 

towards de-regulation of genes and proteins associated with BC subtypes (Cam et al., 

2014; Cox et al., 2006; Dossus & Benusiglio, 2015; Fang et al., 2014; Fingar & 

Blenis, 2004; Kobayashi, Ohno, Sasaki, & Matsuura, 2013; Landwehr et al., 2011; 

Meindl et al., 2010; Network, 2012; Shaltiel, Krenning, Bruinsma, & Medema, 2015; 

Stracker & Petrini, 2011; Stracker, Roig, Knobel, & Marjanovic, 2013; Turnbull & 

Rahman, 2008; Wooster & Weber, 2003; Yu et al., 2006). There are two types of 

genetic mutations: sporadic (non-familial) and hereditary (familial) mutations. More 

than 80% of BC is non-familial (Van't Veer et al., 2002) and about 5-10% of familial 

are caused as a result of mutated genes (Anderson, Huey, & King, 2003). Genetic 

predisposition to BC is caused by genetic defects in DNA due to high incidence of 

consanguineous marriages (Denic & Bener, 2001). The most common genetically 

occurred mutations are due to abnormal BC susceptibility gene 1 and 2 (BRCA1 & 

BRCA2) (Ford et al., 1998), Tp53 (Cam et al., 2014), phosphatase and tensin homolog 

(PTEN) (Fingar & Blenis, 2004) and mouse doubleminute 2 homolog (Mdm2) 

(Komarova et al., 2004; Schayek et al., 2009). Other mutated genes responsible for 

inherited BC are shown in Table 2.2. Inherited changes in serine/threonine kinase 11 

(STK11) gene is associated with BC risk (Wooster & Weber, 2003). Some of the 

somatic mutations such as ERBB2 (v-erb-b2,4-avianErythroblastic-Leukemia-

ViralOncogene-Homolog,2-4) also called HER2 have also been identified in breast 

tumor (Fang et al., 2014). Other important key factors are cytokines or signaling 

proteins which are involved in leukocyte trafficking, infection and inflammation that 
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can lead to tissue dysfunction (Luster, 1998; Murdoch & Finn, 2000; Schiraldi et al., 

2012). Abnormal expressions of signaling proteins that can lead to genetic 

abnormalities termed as gene mutation. Few studies have shown down regulation of 

various ligands and their specific receptors (CXCL12-CXCR4, IGF-1-IGF-1R and 

EGF-EGFR) in tumor microenvironment which activated various downstream 

mediator proteins such as PI3K, Akt and PDZK1 that resulted in angiogenesis (Kim et 

al., 2013; Teicher & Fricker, 2010). 



 

 

 

 

Table 2.2: BC worldwide known genetic mutations 

BC mutations Role References 

BRCA1 and BRCA2 (BC susceptibility gene 1 and 2) Repair damaged DNA (Kobayashi et al., 2013) 

Tp53 (tumor suppressor gene p53) Stop tumor growth (Cam et al., 2014) 

Mdm2 (mouse double minute 2 homolog) Stop tumor growth (Komarova et al., 2004; Schayek 

et al., 2009) 

ERBB2,4 (v,erb-b,2-4-avianerythroblastic leukemia 

viraloncogene homolog-2,4) 

Regulate cell growth (Fang et al., 2014) 

AR (androgen receptor) Cell development (Cox et al., 2006) 

ATM (ataxia telangiectasia mutated) Repair damaged DNA (Stracker et al., 2013; Turnbull & 

Rahman, 2008) 

PTEN (lipid phosphatase and tensin homolog) Regulate cell growth (Fingar & Blenis, 2004) 

BARD1 (BRCA1 associated RING domain 1) Repair damaged DNA (Klonowska et al., 2015) 

BRIP1 (BRCA1 interacting protein 1) Repair damaged DNA (Turnbull & Rahman, 2008) 

CDH1 (cadherin 1, type 1, E-cadherin (epithelial) Transmit signals to control cell proliferation, 

transformation and regulation are involved 

in activity of genes/proteins 

(Dossus & Benusiglio, 2015) 

CHEK1 and 2 (checkpoint kinase 1 and 2) Stop tumor growth (Shaltiel et al., 2015; Turnbull & 

Rahman, 2008) 

DIRAS3 (Ras family member 3) Stop tumor growth, control cell growth and 

division 

 

(Yu et al., 2006) 



 

 

 

 

NBN (nibrin) Repair damaged DNA (Stracker & Petrini, 2011) 

PALB2 (partner and localizer of BRCA2) Repair damaged DNA, stop tumor growth (Turnbull & Rahman, 2008) 

MRE11 (meiotic recombination 11 homolog 1) Repair damaged DNA (Stracker & Petrini, 2011) 

RAD50 (human homolog of Saccharomyces cerevisiae 

RAD50) 

Repair damaged DNA (Stracker & Petrini, 2011) 

RAD51 (human homolog of Saccharomyces cerevisiae 

RAD51)  

Repair damaged DNA (Meindl et al., 2010) 

STK11 (serine/threonine kinase 11) Cell proliferation (Wooster & Weber, 2003) 

SLX4/FANC (human homolog of Drosophila 

melanogaster SLX4/ Fanconi Anemia Complementation) 

Repair damaged DNA (Landwehr et al., 2011) 

CXCL12-CXCR4 (C-X-C motif ligand 12-receptor 4) Tumor cell proliferation, growth and 

metastasis 

(Kim et al., 2014; Neves, Ram, & 

Iyengar, 2002) 

IGF-1-IGF-1R (insulin-like growth factor-1-insulin-like 

growth factor receptor-1) 

Tumor cell growth and development (Law et al., 2008; Pollak, 2008) 

EGF-EGFR (epidermal growth factor-epidermal growth 

factor receptor) 

Tumor cell proliferation, invasion and 

metastasis 

(Law et al., 2008; Pollak, 2008) 

Akt-PI3k (serine/threonine protein kinase-

phosphoinositide-3 kinase) 

Cell proliferation, survival and growth (Teicher & Fricker, 2010) 

PDZK1 (PDZ domain containing 1) Maintenance of cholesterol level (Kim et al., 2013) 
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Previous studies have predicted the behavior of BC subtypes with respect to variations 

or genetic mutations in cancerous cells. It is vital for the researchers to observe the 

expressions (―increased/over‖ and ―decreased/under‖) at cellular level by western blot 

analysis, microarray and genome-wide chromatin immunoprecipitation and sequence 

(ChIP-Seq) techniques (Shannon Bailey, Hyunjin Shin, Thomas Westerling, Xiaole 

Shirley Liu, & Myles Brown, 2012; Caldon, 2007; Kang et al., 2014; Malaguarnera & 

Belfiore, 2014a; Moerkens, Zhang, Wester, van de Water, & Meerman, 2014a; 

Network, 2012; Christos Sotiriou et al., 2003; Haim Werner & Sharon Maor, 2006; 

Wooster & Weber, 2003). Mutated genes disrupt cell cycle proliferation, cell division, 

cell death, motility, adhesion and angiogenesis in signaling pathways (Segovia-

Mendoza et al., 2015). ER negative, PR negative and HER2 negative are carrier of 

BRCA related diseases. The prognosis of a BC in such cases is relatively increased 

about 80-90% and lower in case of ovarian cancer (Liede et al., 2002; Parmigiani, 

Berry, & Aguilar, 1998). 

2.11. Role of polymorphism rs1801157 in CXCL12 gene 

BC is a constant rise Pakistan where the incidence rate is comparatively high than 

other Asian countries (Asif, Sultana, Akhtar, Rehman, & Rehman, 2014). Chemokine 

has reported to be a high risk of developing BC in different inhabitants such as Brazil, 

China and Italy (Dewan et al., 2006; Gu et al., 2012; Hinton, Avraham, & Avraham, 

2010; Oliveira, et al., 2011; Rhodes et al., 2011; Singh et al., 2013; Svensson et al., 

2015; Tsuyada et al., 2012). Chemokine ligand (C-X-C motif) ligand 12 (CXCL12) is 
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a signaling protein/tissue specific ligand which interacts with CXCR4 involved in 

promoting tumor cell migration (Luster, 1998; Murdoch & Finn, 2000; Schiraldi et al., 

2012). The increased expression of CXCL12, the chemotactic gradient 

CXCL12/CXCR4 can directly metastasize tumor to other parts of the body such as 

bones (Cavallaro, 2013; Hinton et al., 2010; Liberman et al., 2012; Salomonnson, 

Stacer, Ehrlich, Luker, & Luker, 2013; Sun et al., 2014). The activation of CXCR4 

upon ligand binding is involved in tumor cell migration, regulation, proliferation, 

invasion and cancer metastasis (Wang, Loberg, & Taichman, 2006). The SNP G801A 

designated in the SDF-1 has been located at +801A position and are involved in 

genetic mutation from guanine ―G‖ to adenine ―A‖ (Modi et al., 2005; Petersen, 

Glashoff, Shrestha, Bergeron, Laten, Gold, & van Rensburg, 2005).  Genotype ―AA‖ 

is reported to be a target of high expression of CXCL12 G801A (rs1801157) 

polymorphism observed in BC patients (Winkler et al., 1998). It has found in Iranian 

females (Razmkhah, Talei, Doroudchi, Khalili-Azad, & Ghaderi, 2005) that 

homozygous genotype ―AA‖ is suggested as up-regulated expression of CXCL12 gene 

compared to wild type homozygous genotype ―GG‖ and heterozygous genotype ―AG‖ 

(Sei et al., 2001; Voevodin, Samilchuk, & Dashti, 1999). The detection of SNP is 

analyzed by various experimental methods which are as follows:  

 Hybridization,  

 Genotype specific PCR,  

 Primer extension Amplification Refractory Mutation System-PCR,  

 Direct Sequencing,  
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 Allele specific PCR and Cold PCR.  

Number of advantages and disadvantages has been found in all of the above 

mentioned methods (Rapley & Harbron, 2005).  

The genetic variations in restricted fragments was analysed by using the RFLP. It is an 

in-expensive and simple technique for the evaluation of genotypic frequencies of 

genes (Syvänen, 2001). The polymorphism was restricted with the help of enzymes 

which may cleave the sequence due to genetic alterations. 

Previous study described that there is no more alterations between genotype ―GG‖ and 

―AA‖ in healthy individuals and BC patient. It has revealed that the relative mRNA 

levels of CXCL12 gene was considered to be associated with BC age and stages which 

are prevalent to be a risk of developing BC in Asian population (de Oliveira, et al., 

2009). In one of the Asian country, Pakistan has high prevalence rate of developing 

BC progression therefore it is necessary to find the genetic alteration in rs1801157 

polymorphism of CXCL12. The genotypic variations of polymorphism (rs1801157) 

lead to enhance the ligand binding interaction (CXCL12-CXCR4) which is involved in 

the multiple disorders. It has been assessed in disease resistance/susceptibility or 

clinicopathological features (stages) in BC population (Maj et al., 2015; Schimanski et 

al., 2011; Xu et al., 2007). The aim of our study is to find the rs1801157 

polymorphism of CXCL12 gene in BC patients and to find the correlation of CXCL12 

with multiple risk factors and clinicopathological aspects related to patient age, stages 

and metastasize in different parts of body. 



Chapter 2                                 Review Of Literature 

 

27 

 

2.12. Signaling pathways associated with BC 

Various transcriptional factors and signaling proteins have been found specific to few 

subtypes of BC (Osmanbeyoglu, Pelossof, Bromberg, & Leslie, 2014). This study is 

focused on BRN associated with BC related to receptors such as EGFR, IGFR and 

chemokine receptor (CXCR4). The signaling cascade begins by the binding of ligands, 

IGF, EGF and CXCL12, with their specific receptors (IGFR, EGFR and CXCR4, 

respectively) which are essential for epithelium growth and development of mammary 

glands. In normal fibroblast, IGF signaling requires a functional IGFR, EGFR and 

CXCR4, suggesting a potential crosstalk mechanism between three signaling 

pathways (Figure 2.3). 

2.12.1. IGFR associated signaling network 

The IGF signaling pathway includes ligands (insulin, IGF-1 and IGF-2), receptors, 

protein kinases and transcription factors. The IGFR signaling has anti-apoptotic 

properties which are responsible for the development of various malignancies 

including ovarian, pancreatic, prostate, colorectal, lung and BC (Kawai et al., 2011; 

Koti et al., 2013; Ouban, Muraca, Yeatman, & Coppola, 2003b; Vincent & Feldman, 

2002; Wu et al., 2006). Phosphorylation of both IRS-1 and IRS-2 (insulin-receptor-

substrate 1 ad 2) are induced following the activation of receptor IGFR upon ligand 

binding (Vincent & Feldman, 2002). IRS-1 regulates downstream mediator kinase 

PI3k as shown in (Figure 2.3) responsive to cell proliferation, transformation and 

survival (Jennifer Law et al., 2008; Michael Pollak, 2008; Haim Werner & Sharon 

Maor, 2006). PI3k converts the lipid, phosphatidylinositol diphosphate (PIP2) to 
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phosphatidylinositol trisphosphate (PIP3), which localizes serine threonine kinase to 

cell membrane followed by its phosphorylation of phosphoinositide-dependent kinase-

1 (PDK1) (Fingar & Blenis, 2004). The lipid phosphatase and tensin homolog (PTEN) 

regulates PI3K and Akt signaling by converting back PIP3 to PIP2 (Fingar & Blenis, 

2004). Akt further controls the mammalian target of rapamycin (m-TOR) which is 

ubiquitously expressed in mammalian cells (Porta, Paglino, & Mosca, 2014). It 

integrates the input signal initiated by nutrients (amino acids and energy), insulin and 

other cellular growth factors to alter downstream signaling and protein synthesis 

(Fingar & Blenis, 2004). m-TOR initiates angiogenesis and translation through 

phosphorylation of substrates such as ribosomal protein-S6 kinase (p70-S6K) and 

4Ebindingproteins (4EBPs) (Fingar & Blenis, 2004). However, under genotoxic stress 

response, m-TOR signaling is suppressed by the activation of p53 (Cam et al., 2014). 

It has negative feedback loop by Mdm2 which involves in the activation of PTEN 

inhibitor (Poyurovsky & Prives, 2010). p53 is auto-phosphorylated and regulated by 

several kinases such as ATR and ATM by means of promoting cell cycle arrest and 

apoptosis (Abraham, 2001; John Powers et al., 2004). Cell cycle check point kinases 

such as chk1 (check point kinase 1) and chk2 (check point kinase 2) are up-regulated 

due to DSB and SSB, subsequently it up-regulates which are vital for the maintenance 

of genomic integrity (Shaltiel et al., 2015). In contrast, these serine/threonine kinases 

are involved in the activation of DNA damage repair mediated through DNA repair 

proteins including RAD51, FANCD2 (Fanconi Anemia Complementation Group D2) 

and MRN 
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complex: meiotic recombination 11 homolog 1 (MRE11), human homolog of 

Saccharomyces cerevisiae (RAD50) and Nibrin (NBN) (Andreassen, D'Andrea, & 

Taniguchi, 2004; Stracker & Petrini, 2011; Stracker et al., 2013). Fanconi Anemia 

(FA) is one the rare cancer genetic variation assembled with BRCA2 and other FA 

related proteins. BRCA2-FANCD2 complexes involved in homologous recombination 

and DNA DSBs repair in mammalian cells (Hussain et al., 2004). SLX4 protein is one 

of the subtypes of FA pathway which promotes the assembly of ionizing radiation (IR) 

and oxidative stress (OS)-inducible BRCA2 foci (Landwehr et al., 2011). Other 

subtypes such as PALB2, BRIP1 and BRCA1 associated RING domain 1 (BARD1) are 

linked with familial BRCA predisposition (Klonowska et al., 2015; Meindl et al., 

2010; Turnbull & Rahman, 2008). Mutations and sequence divergent in BRCA related 

genes are 60-80% for BC and 20-40% for ovarian cancer (Kobayashi et al., 2013). 

BRCA1 also interacts physically with p53 which has tendency to express the levels of 

gene/proteins (Ouchi, Monteiro, August, Aaronson, & Hanafusa, 1998). In response to 

regulation, p53 indirectly inhibits CDK2 by promoting the transcription of p21 (kinase 

inhibitor) and phosphorylation of S6 (Abbas & Dutta, 2009). BRCA1 negatively 

regulates or knockdown IGF-1 in estrogen (E2) dependent manner (Kang et al., 

2012b). IGF-1 has higher growth promoting activity regulated by both ER and PR 

mediated by overexpression of IGF-1R (Cui, Lazard, Zhang, Hopp, & Lee, 2003; 

Hewitt, Li, Li, & Korach, 2010). The level of IGF-1R is enhanced due to estradiol‘s 

and progestin‘s induction of IRS-1
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and IRS-2 (Cui et al., 2003). It is hypothesized that germline mutations in various 

TSGs (BRCA1/2, p53, Mdm2, BRAD1, MRN complex, RAD51, FANCD2, NBN, 

SLX4, PALB2 and BRIP1) and DNA damage response can disturb the functions of 

another signaling pathways which drastically increase the risk of BC.  

2.12.2. EGFR associated signaling network 

The receptor EGFR also known as HER one (HER1) is tyrosine kinase protein that is 

activated by ligand (EGF) binding (Skandalis et al., 2014) (shown in Figure 2.3). 

Ligand binding interactions trigger dimerization and auto-phosphorylation on proto-

onco tyrosine kinase gene (src) and DIRAS3 (Ras family member 3 of distinct 

subgroup). DIRAS3 acts as a tumor suppressor and 55-60% homolog with cytoplasmic 

kinase Ras protein to control proliferation and death (Yu et al., 2006; Yu et al., 1999). 

Signaling of Ras protein is induced following the activation of adaptor protein IRSs, 

tyrosine kinase src and growth factors (Irby & Yeatman, 2000; Pruett et al., 1995). It 

transmits signals to several downstream mediator proteins including Ras-Raf, MEK-

MAPK and ERK1/2 (Irby & Yeatman, 2000; Roberts & Der, 2007). The 

Raf/MEK/ERK/MAPK signaling cascade and PI3k-Akt signaling have close interplay 

which results in the transcription of genes (ER and PR) (Khalid et al., 2016; Roberts & 

Der, 2007; Skandalis et al., 2014) involved in cancer metastasis, growth and 

development. It has been observed in a recent in-silico based study that the levels of 

both IGF-1R and EGFR are overexpressed by the suppression of TSGs in which lead 

the system towards cancer (Khalid et al., 2016). 
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2.12.3. CXCR4 associated signaling network 

Chemokines are cytokines that play a role in leukocytes trafficking and secreted by 

cells of both normal and inflammatory states (Luster, 1998). The CXCL12 is a 

leukocytic factor involved in regulation of immune cells such as T or B lymphatic 

cells (Tang et al., 2010), located on chromosome 10q11.1 (Shirozu et al., 1995). 

Scientists have showed an increased levels of chemokines (CXCL12 and CXCR4) in 

the tumor cells which allowed these cells migrate to other parts of the body such as 

lung, liver and bone and brain (Cavallaro, 2013; Hinton et al., 2010; Liberman et al., 

2012; Salomonnson et al., 2013; Sun et al., 2014). CXCL12 interacts with G protein 

coupled receptor which activates multiple signaling pathways, including PDZK1, 

PI3k-Akt (Teicher & Fricker, 2010) and MAPK-ERK1/2 (Sobolik et al., 2014) (Figure 

2.3). Activation of receptor CXCR4 by the binding of ligand CXCL12 which further 

involved in phosphorylation of G proteins such as Gα (alpha), Gβ (beta) and Gγ 

(gamma) (Cheng et al., 2010). Upon receptor‘s activation, Gα unit dissociates to 

activate phospholipase Cβ (PLC β) which produces inositol triphosphate (IP3) and 

tends to increase intracellular calcium (Ca
2+

) concentration (Neves et al., 2002). The 

Ca
2+

 ion influence the activation of both proto-oncogenes (src and Ras) and activates 

their associated effector proteins.  

In addition, Somatostatin Receptor (SSTR) mediates regulation by specific GPCR. Gα 

act as insulin stimulated glucose transporter which transport insulin to sigma (δ) cells 

(Park, Jiang, Zhang, & Smith, 2012). The complexity of interaction among SSTR and
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G-protein subunits trigger the activation of PDZK1 protein. It is a scaffold which 

further enhances hydrolyzation of phospha-tidyl-inositol-di-phosphate (PIP2) to 

produce di-acyl-glycerol (DAG) and IP3. It activates PKC which induces mitogenic 

signaling that promotes cell proliferation (Kim et al., 2014; Park et al., 2012). The 

overexpression of PDZK1 is a novel estrogen key regulator protein with ability to 

enhance activity of growth promoting factors including Akt, EGFR and IGF-1R 

signaling in BC (Kim et al., 2014). Therefore, PDZK1 can be targeted therapeutically 

to control the effect of BC metastasis. 

2.13. Treatment 

Targeting of IGFR, EGFR and CXCR4 associated signaling pathway components are 

a promising approach for BC treatment. Several independent studies have identified 

the natural or synthetic treatment strategies which target EGF and IGF to reduce BC 

cellular proliferation (Fattah et al., 2006; Ghosh et al., 1999; Zhan et al., 2012). 

Gifitinib is one of the tyrosine kinase inhibitor which inhibits the expression of growth 

factors EGFR and HER2+ BC cells. Another combinatorial approach; the coalescence 

of gefitinib with calcitriol have more preponderant anti-proliferative effect than with 

either of inhibitor alone in BC+ cells (Segovia-Mendoza et al., 2015). The expression 

of IGFR and EGFR is up-regulated due to induction of apoptosis, transformation and 

cell cycle proliferation mediated by deregulation of mitogenic activated signaling 

pathway (Segovia-Mendoza et al., 2015). Furthermore, the natural products such as 

HMQ1611 (taspine derivative) and Nimbolide (terpenoid lactone derivative) have 

anticancer properties and have the ability to inhibit IGF and EGF which further 
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inhibits ERK1/2, PI3k and Akt downregulators (Elumalai, Arunkumar, Benson, 

Sharmila, & Arunakaran, 2014; Zhan et al., 2012). The role of ERK1/2, PI3k and Akt 

phosphorylation involved in enhanced expression of ER increases the risk of BC. In 

ER+ BC treatment, calycosin, a natural anti-estrogen product has successfully been 

used to control the growth of estrogen mediated IGF-1R/PI3K/Akt pathway (Chen et 

al., 2014). In addition, the utilization of monoclonal antibodies (trastuzumab and 

pertuzumab) are well-recognized against HER2+ BC cells (Roskoski, 2014). 

However, even though PDZK1 has shown to be one of the most promising new 

inhibitory targets and have close interplay with IGFR and EGFR dependent ERK1/2 

signaling (Kim et al., 2014). Incremented PDZK1 level was linked with resistance to 

combinatorial paclitaxel/5-fluorouracil/etoposide only at low dosage (Kim et al., 

2014). Previously known anti-IGFR and EGFR therapies or combination treatments 

caused hindrance because of complex and redundancy targeting several signaling 

pathways. Thus the privileged expression of IRSs and conformational changes in 

ligand receptor interactions might have an effect on therapeutic outcomes. Therefore, 

we studied the mechanisms that regulate the transcription of the ER, PR and HER2 

genes which may therefore provide a novel finding into the understanding of BC 

metastasis. 

In the past few decades, previous studies have been shown the significance of TSGs 

and onco-genes in cancer (Cui et al., 2003; Hewitt et al., 2010; Park et al., 2012; 

Roberts & Der, 2007; Haim Werner & Sharon Maor, 2006). The present study 
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suggests that IGF-1R, EGFR and CXCR4 represent ER, PR, HER and PDZK1 

associated signaling pathway controlling a broad range of key proteins involved in
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BC. Their combined blockade by selective inhibitors cause the down-regulation of 

signaling proteins involved in tumor progression and angiogenesis (Dong et al., 2015). 

It is hypothesized that IGF-1R/PI3K/Akt, EGFR/MEK/ERK and 

CXCR4/SSTR/PDZK1 signaling pathways being vigorously involved in progression 

of BC metastasis could be a suitable drug target for clinical trials in future. 
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Figure 2.3: IGFR, EGFR and CXCR4 Signaling Pathway. i) Signaling of IGFR 

(Insulinlike-growth factor-receptor) starts from the binding of ligand insulin growth 

factor (IGF) to induce phosphorylation of insulin receptor substrates (IRSs) (Vincent 

& Feldman, 2002). It activates various downstream mediator proteins; Phosphor-

Inositide3Kinase (PI3K) to Phospho-Inositide dependent Kinase-1 (PDK1) by PIP3 

(Jennife Law et al., 2008; Michael Pollak, 2008; Haim Werner & Sharon Maor, 

2006). PI3K phosphorylates serine/therionine protein kinase (Akt) which suppressed 

by the activation of PTEN (Fingar & Blenis, 2004). It activates through the regulation 

of tumor suppressor gene p53 which negatively regulates by
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mouse double minute2homolog (Mdm2) gene (Poyurovsky & Prives, 2010). p53 is 

activated by upregulated expression of Chk1 and Chk2 (cell cycle check point kinase 1 

and 2) (Shaltiel et al., 2015). An important role of MRN complex: MRE11 (Meiotic-

Recombination-11), RAD50 (human homolog of Saccharomyces cerevisiae RAD50) 

and NBN (Nibrin) activated by protein kinases such as Ataxiatelangiectasiamutated 

(ATM) and Ataxiatelangiectasiarad3 related protein (ATR) signaling (Andreassen, 

D'Andrea, & Taniguchi, 2004; Stracker & Petrini, 2011; Stracker et al., 2013). It 

activates further DNA damage repair protein complexes are RAD51 (human homolog 

of Saccharomyces cerevisiae RAD51), FANCD2 (Fanconi-Anemia-Complementation-

Group-D2) and BRCA2 (Hussain et al., 2004). The deregulation of FA subtypes: SLX4 

(Human-Homolog of Drosophila-Melanogaster) (Landwehr, et al., 2011), PALB2 

(Klonowska et al., 2015; Meindl et al., 2010; Turnbull & Rahman, 2008), BARD1 and 

BRIP1 (Klonowska et al., 2015; Meindl et al., 2010; Turnbull & Rahman, 2008) are 

associated with familial BRCA1 gene (Klonowska et al., 2015; Meindl et al., 2010; 

Turnbull & Rahman, 2008). BRCA1 is positively regulated by IGF-1 in estrogen E2 

dependent manner. Akt further modulates the mammalian target of rapamycin (m-

TOR) initiates translations through the phosphorylation of Ribosomal protein S6 

kinase (p70-S6K) (Fingar & Blenis, 2004). Phosphorylated S6 indirectly inhibits 

Cyclin-CDK2 by promoting the transcription of p21 (kinase inhibitor) (Abbas & 

Dutta, 2009). In addition, oxidative stress and ionizing radiation triggers the 

overexpression of ER and PR have ability to induce cellular proliferation (Cui, 

Lazard, Zhang, Hopp, & Lee, 2003; Hewitt, Li, & Korach, 2010).
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ii) EGFR or HER signaling regulated by the binding of EGF (Skandalis et al., 2014). 

It transmits signals through phosphorylation of proto-oncogene/TSG (src/DIRAS3) 

(Yu et al., 2006; Yu et al., 1999) and adaptor protein (IRSs) to several downstream 

mediator proteins including serine/threonine-protein kinases (Ras, Raf), mitogen-

activated-kinases (MEK and MAPK) and extracellular signalregulated-kinase 

(ERK1/2) (Irby & Yeatman, 2000; Roberts & Der, 2007) involved in BC progression 

and metastasis.  

iii) CXCR4 is another important signaling pathway which contributes to regulate 

Somatostatin Receptor (SSTR) through signal molecule (agonist) (Park, Jiang, Zhang, 

& Smith, 2012). Upon CXCR4 activation Gα unit dissociate to activate phospholipase 

Cβ (PLC β) which produce inositol triphosphate (IP3) tends to increase intracellular 

calcium (Ca
2+

) concentration (Neves et al., 2002). The complex interaction of SSTR 

and G-protein subunits triggers the activation of PDZ domain containing 1 (PDZK1) 

protein (Kim et al., 2014) which leads to hydrolyzation of PIP2 to IP3 and DAG (Kim 

et al., 2014; Park et al., 2012). Upon CXCR4 activation Gα unit dissociate to activate 

phospholipase Cβ (PLC β) leads to enhanced expression of insulin through the 

phosphorylation of ERK1/2 (Kim et al., 2014; Park et al., 2012). In BC the expression 

level of ER and PR is increased by the phosphorylation of growth factor receptors 

(IGFR, EGFR and CXCR4). 
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2.14. Silver Nanoparticles 

Silver nanoparticles have countless potential for biomedical applications in 

diagnostics, Imaging and treatment. These nanoparticles are efficiently employed as 

an alternative to traditional medicines, drug delivery vehicle, and bioimaging (Chan et 

al., 2002; Staniland et al., 2008). Silver nanoparticles have also gained enormous 

attention due to its anti-microbial property (Kim et al., 2007). Their use in 

disinfectants, wound dressings, catheters is well documented (Johnston et al., 2010). 

Antimicrobial properties of silver nanoparticles have been utilized in coating of 

implantable devices to prevent microbial infection (Chen & Schluesener, 2008), their 

antimicrobial properties are because of generation of oxidative stress thereby killing 

even the Methicillin-resistant Staphylococcus aureus (MRSA) by free radical 

production (Samuel & Guggenbichler, 2004). Cytotoxicity is one major limitation in 

their application originating due to perturbations of physiological mechanisms by 

nanoparticles Hussain, Hess, Gearhart, Geiss, & Schlager, 2005; Yoon, Byeon, Park, 

& Hwang, 2007. Their cytotoxicity is because of three major factors size, surface to 

volume area and surface capping (Asharani, Hande, & Valiyaveettil, 2009). 

Cytotoxicity of nanoparticles increases with decrease in size which is due to increase 

in their surface area. Small sized nanoparticles can easily evade phagocytosis and 

hence excretion or degradation by cellular mechanisms. Surface capping can 

significantly reduce the cytotoxicity of nanoparticles.   

It is important to consider the size of nanoparticles for biomedical applications as in-

vivo studies have confirmed that nanoparticles greater than 80 nm gets entrapped in
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liver and exhibit long term cytotoxicity, whereas small sized nanoparticles less than 10 

nm are excreted through urine (Zhang et al., 2014). Medicinal plants are now seen as a 

potential source of synthesising biocompatible nanoparticles, by surface modification 

with DNA, Peptides, carbohydrates or biochemical molecules (Hashmi et al., 2017). 

Properties of surface modified nanoparticles are entirely dependent upon nature of 

capping agents. Plants like Aerva javanica are enriched source of antioxidants and 

using these antioxidant compounds (Phenols) in synthesis of silver nanoparticles have 

given us silver nanoparticles with antioxidant properties (Hashmi et al., 2017). Aerva 

javanica has been known for its medicinal properties. It has been used in conventional 

medicine as antifungal, antibacterial agent (Khan et al., 2012) Anthelminthic 

properties of Aerva javanica has also been reported (Srinivas & Reddy, 2012). Aerva 

javanica (common name Hathi bovei) was used in skin treatment because of its 

antioxidant properties (Khan et al., 2012). These antioxidant properties of Aerva 

javanica are due to presence of alkaloids, flavonoids and other biochemical 

compounds exhibit characteristic green fluorescence (Goyal, Pareek, Nagori, & 

Sasmal, 2011). In this study antioxidant properties of Aerva javanica were utilized in 

the synthesis of non-toxic silver nanoparticles. Phenols are oxidised (from –C-Br to -

C=Br) into quinoid compounds (Wang et al., 2007) which was the reason that even 

nanoparticles with size 3-8nm showed no toxicity even after 2 days. Whereas studies 

have shown that nanoparticles ranging in size less than 10 nm showed rapid diffusion 

into cell membrane and nuclear pores causing cytotoxicity and genotoxicity. This 

small size of nanoparticles can pass through blood brain barrier can canter testis as
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reported in findings (Zang et al., 2014). Nanoparticles of such size must be non-toxic 

otherwise they may lead to generation of reactive oxygen species within brain leading 

to brain injury, coma and consequently death. Presence of this hydrophilic group (-

OH) is important as it helps nanoparticles to efflux out from kidneys and can cause 

damage to it (Zang et al., 2014). Due to their non-toxic nature they can be efficiently 

employed in drug delivery. 

2.14.1. Drawbacks of Nanoparticles 

Elemental silver is known for its antimicrobial activity (Rai, Yadav, & Gade, 2009) 

and used to treat burnt wounds (Parikh et al., 2005) and disinfect medical instruments 

(Monteiro et al., 2009) and fabrics (Monteiro et al., 2009). Some of the drawbacks of 

chemically synthesized silver nanoparticles are the cytotoxic effects because of 

generation of reactive oxygen species (ROS) (Martindale & Holbrook, 2002). 

Cytotoxic effects of silver nanoparticles have been seen on various cell lines including 

Huh7 cell lines, MCF 7, HepG2, NIH3T3 cell lines (Hsin et al., 2008; Hashmi et al., 

2017). The exact mechanism depends upon capping agents of silver nanoparticles but 

chemically synthesized silver nanoparticles reduce the glutathione levels and promote 

the production of ROS (Dewanjee, Maiti, Sahu, Dua, & Mandal, 2011). Glutathione is 

an important reactive oxygen species scavenger, hence minimizing oxidative stress by 

binding to ROS (Anderson, Nilsson, Eriksson, & Sims, 2004). Cell membrane 

undergoes lipid peroxidation and DNA and mitochondrial damage occurs as a result of 

ROS generation. The exact mechanism depends upon capping agents of silver 

nanoparticles reduce the Bcl-2 and enhance Bax signaling which are leading to 
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cellular apoptosis which is caused by AgNPs (Hsin et al., 2008). Cytotoxicity of 

nanoparticles increases with decrease in size which is due to increase in their surface 

area. Small sized nanoparticles can easily evade phagocytosis and hence excretion or 

degradation by cellular mechanisms. Surface capping can significantly reduce the 

cytotoxicity of nanoparticles. Biosynthesized nanoparticles, however, do not exhibit 

cytotoxic properties because of surface capping which potentially reduces their 

toxicity (Hashmi et al., 2017). 
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Chapter 3 

MATERIAL AND METHODS 

3.1. CXCL12 genotyping responsible for BC 

3.1.1. Blood Sample Collection 

 Blood sampling was assigned by the IRB committee of ASAB (Annexure # 1), 

NUST. A written consent was taken from the subject of NORI hospital Islamabad and 

Holy Family hospital, Rawalpindi. Total 218 samples of BC patients and 147 samples 

of healthy individuals were stored at in EDTA tubes (BD vacutainer ™, New Jersey, 

USA) and kept at 4 degree Celsius (°C) after DNA extraction.  

3.1.2. DNA extraction and Quantification 

3.1.2.1. Isolation and Purification of Genomic DNA  

DNA was extracted from blood samples as described by Sambrook and Russell 

(Sambrook, Fritsch, & Maniatis, 1989). In the first step lysis solution was prepared 

containing sucrose, Tris (pH: 7.5), MgCl2 and Triton X-100 (0.32 M, 10 mM, 5 mM, 

and 1% (v/v)) (Sigma Aldrich, Dorset, UK). 0.75ml of lysis solution was added in 

0.75ml blood in eppendrof tube (Axygen®, California, USA) and was added in 0.75ml 

blood in tube. The supernatant was wasted after centrifugation of 13,000rpm for 1 min 

in a microcentrifuge (Edison, New Jersy, USA). Again 400µl of lysis solution was 

added in pellet and was centrifuged with the above mentioned centrifugation.  

In the second step the 0.5mL of RBC lysis solution was prepared: 10mM tris 

(pH 7.5), 400mM NaCl and 2mM EDTA (pH 8) and 12 µl of 20 % sodiumdodecyl 
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sulfate (SDS) (Sigma Aldrich, Dorset, UK). The pellet was completely dissolved with 

0.5mL of RBC lysis solution with 5µl of proteinase-K (25µg/mL) was added and then 

incubated overnight at 37ºC in incubator (Memmert, Schwabach, Germany). 

In the third step after incubation the pellet was re-suspended with 0.25ml of 

phenol and 0.25ml of chloroform: isoamyl alcohol (Sigma Aldrich, Dorset, UK) and 

were mixed vigorously and then centrifuged. The aqueous phase were collected and 

were purified using 1/10
th

 volume of 3 molar sodiumacetate (pH: 6) (Sigma Aldrich, 

Dorset, UK), 0.5milliliter of isopropanol. DNA was precipitated by adding the 0.2ml 

TE buffer (10mM Tris-HCl, 1mM EDTA, pH 8.0) (Sigma Aldrich, Dorset, UK). 

Precipitated DNA was incubated overnight and next day were kept on heat block for 

30 minutes at 65 ºC (Wealtec, Sparks, USA) and then stored at 4°C. 

3.1.2.2. Quantification  

Genomic DNA was measured or quantified by spectrophotometer (SP300 Optima, 

Japan). 

3.1.2.2.1. Spectrophotometry 

The optical density at 260nm and 280nm of wavelengths were calculated of 

concentration of genomic DNA. If the concentration of DNA was measured at 

absorbance ratio of 1.8 then it is pure DNA. If the concentration of DNA was 

measured above or below 1.8 then there is contamination of protein. 

3.1.3. Primers for amplification of CXCL12 gene 

Primers for human CXCL12 gene for restriction fragment length 

polymorphism (RFLP) (shown in Table 3.1) were taken from previous study 
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(Oliveira et al., 2011). Primers of glyceraldehyde phosphate dehydrogenase 

(GAPDH) housekeeping gene were also taken from (Manzoor et al., 2011).  

The sequence of the primers was taken from NCBI (National Center of 

Biotechnology Information) and then primers were aligned then check the 

homology sequence   by using the tool CLUSTALW then modified by using the 

OLIGOCALC for specificity of primers. 

           Table 3.1: List of Primers for amplification of CXCL12.  

Gene Primers (5’-3’) bp 

CXCL12 (F) CAGTCAACCTGGGCAAAGCC 20 

CXCL12 (R) CCTGAGAGTCCTTTTGCGGG 20 

 

3.1.4. Restriction Fragment Length Polymorphism-PCR (RFLP-PCR) 

The protocol of detection of CXCL12 polymorphism was taken from (de 

Oliveira et al., 2009). The amplification of human gene (CXCL12) was obtained by 

using the genomic DNA (200ng). The reaction mixture was prepared by using 2.5µL 

of 1X buffer (50%), 2.5µl MgCl2 (2.5mM), 2µl dNTPs (200uM), 1.0µl forward and 

reverses primers (10µM), Taq DNA polymerase (Fermentas, USA) (2.5 units) and NF 

water was added to make the total volume of 12.5µl in PCR tubes (Axygen®, 

California, USA). The master mixture was then centrifuged for amplification of gene 

in Swift™ MaxPro thermal cycler (Applied Biosystem, Foster city, USA).
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3.1.4.1. Polymerase Chain Reaction profile 

The amplification of human gene (CXCL12) was performed as shown in 

Figure 3.1 by using following steps: 

 Initial Denaturation: 94ºC for 5-min by 35 cycles. 

 Final Denaturation: 94ºC for 30 seconds  

 Annealing/Hybridization: 56ºC for 30 seconds  

 Initial Extension: 72ºC for 40 seconds  

 Final Extension: 72ºC for 7-min  

 

 

Figure 3.1: amplification of CXCL12. PCR amplification of human gene (CXCL12) 

was performed by using following steps: 94ºC in 5-min and 30-sec for DNA 

denaturation followed by 35 cycles, 56ºC in 30-sec for annealing and 72ºC in 40-sec 

and 30-min. 
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3.1.5. Analysis of amplified human CXCL12 gene by using gel electrophoresis 

293bp product of amplified fragment of CXCL12 gene was analyzed in 

electrophoresis (Wealtec, Sparks, USA). In 2% gel 1.2 g agarose was mixed in 40mM 

tris+1mM EDTA+20mM acetic acid) (Sigma Aldrich, Dorset, USA). The mixture was 

boiled in microwave oven for 2-3 min and then cooled at 50-60ºC. Finally add 

10mg/mL of ethidium bromide (Thermo Fisher Scientific, USA). After staining the gel 

was poured in casting tray which was equipped with combs and later gel was 

solidified and placed in tank. The tank of electrophoresis was filled with Tris, EDTA 

and acetic acid (40mM ,1mM ,20mM) (Sigma Aldrich, Dorset, USA). The amplified 

PCR products was loaded on gel after mixed with Tris HCl (pH 8.0), bromophenol 

blue, xylene cyanol and glycerol (5mM,0.0025%,0.0025% and 5%) (Sigma Aldrich, 

Dorset, USA). The marker of protein (50bp) (Fermentas, Waltham, USA) was added 

in a very first well of gel for the confirmation of amplified fragment. After loading the 

samples in remaining wells to electrolyze at 60mA- ½ hour and for another ½ hour the 

voltage was increased (80volts) and then see under UV transilluminator (Biometra, 

Goettingen, Germany). 

Remaining PCR product was digested with Msp1 enzyme (Fermentas, 

Waltham, USA). 

3.1.6. Genotyping 

Genotyping of rs1801157 SNP of CXCL12 was performed by the digestion of 

genomic DNA with 10 U/µl of MspI enzyme (Fermentas, Waltham, USA) at 37ºC-

2hour. It recognizes the sequence (5'CCGG3') and genotypic distribution of genotype
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―GG‖, ―AG‖ and ―AA‖ was analyzed. The gel was run and then visualized in UV 

transilluminator (Biometra, Goettingen, Germany) and later photographed by using gel 

documentation system on (Wealtec, Sparks, USA). It shows allele ―G‖ yielded 193bp 

and 100bp products and allele produced only 293bp product length as shown in Figure 

3.2. 

5'C
↓
CGG3' 

3'GGC
↓
C5' 

 

 

 

 

 

Figure 3.2: Allelic variation of allele “G” and “A” of CXCL12 gene. (A) It shows the 

293bp product length of allele “A”. (B) It shows the 100bp and 193bp products of 

allele “G”. 

3.2. Interaction of CXCL12 with multiple signaling pathways such as IGF-1R 

and EGFR related to Biological Regulatory Network (BRN) responsible for BC  

 For modeling the regulatory networks, previously scientists were used the 

differential equations of already reported formalisms such as ODEs and PDEs 

(ordinary and partial differential equations) (De Jong, 2002). Ordinary equation was
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referred to change the behavior of genes involved in biological system with respect to 

time (temperature or pressure). Now the biological system move towards complex 

biological behaviours or interaction of genes and proteins therefore it was more 

difficult to find the complexity of interaction among genes. In 1973, qualitative 

Boolean logic formalism (Thomas, 1973, 1981, 2013; Thomas, Gathoye, & Lambert, 

1976; Thomas, Thieffry, & Kaufman, 1995) was introduced by René Thomas‘ 

(Thomas, 1973) for identification of complex biological behaviours of genes which 

are involved in BRN model. There are also some limitations in Boolean formalism 

which has only two sates of gene ―ON‖ and ―OFF‖. To overcome these limitations 

scientists were used the `Kinetic logic formalism` (Thomas, 1973, 1981, 2013; 

Thomas et al., 1976; Thomas et al., 1995) which is sufficient to identify the complex 

behavious of genes. In this study we were modeling the number of entities related to 

CXCL12, ER-α, IGF-1R and EGFR signaling with two set of sates ―gene OFF‖ (rest 

state) and ―gene ON‖ (firing state) as shown in Figure 3.3. For example: 

 ‗+‘ (positive sign): It shows the activation where the ‗x‘ (gene) is up-regulated 

that is reached at level of theta (θ).  

 ‗-‘ (negative sign): It shows the inhibition where the ‗x‘ (gene) is down-

regulated that is reached at level of theta (θ) (Khalid et al., 2016). 
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which has only two sates of gene ―ON‖ and ―OFF‖. To overcome these limitations 

scientists were used the `Kinetic logic formalism` (Thomas, 1973, 1981, 2013; 

Thomas et al., 1976; Thomas et al., 1995) which is sufficient to identify the complex 

behavious of genes. In this study we were modeling the number of entities related to 

CXCL12, ER-α, IGF-1R and EGFR signaling with two set of sates ―gene OFF‖ (rest 

state) and ―gene ON‖ (firing state) as shown in Figure 3.3. For example: 

 ‗+‘ (positive sign): It shows the activation where the ‗x‘ (gene) is up-regulated 

that is reached at level of theta (θ).  

 ‗-‘ (negative sign): It shows the inhibition where the ‗x‘ (gene) is down-

regulated that is reached at level of theta (θ) (Khalid et al., 2016). 

The methodology for the in-silico studys presented in our current study is shown in 

Figure 3.4 and explained below. 
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Figure 3.3: Up-regulation and down-regulation of gene „x‟. Activation of gene x 

represented as „+‟ sign and inhibition represented as „-‟ sign at level θ (Khalid, et al., 

2016).
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Figure 3.4: Work flow Diagram of in-silico study. Collection of literature data to 

observe biological observations of entities involved in signaling pathways [a(i)] Re-

construction of signaling pathways associated with BC metastasis [a(ii)] BRN model 

was abstracted from re-constructed signaling network [a(iii)] Qualitative modeling by 

using computational tree logic (CTL) formalism to identify logical parameters of BRN 

[a(iv)] to analyze expression levels of entities by discrete modeling [a(v)] BRN 

converted to HPN [a(vi)] to analyze simulation results. In another in-silico based 

study [b(i)] literature search to collect a set of chemical compounds with inhibitory 

concentration (IC50 value) [b(ii)] generation of minimum energy conformations of 

each active and inactive compound [b(iii)] implementation of conformational dataset 

to generate pharmacophore hypothesis [b(iv)] pharmacophore model was screened
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against large library of dataset compounds to examine final hit compounds [b(v)] 

validation of few compounds in wet-lab analysis. 

3.3. Expression analysis of CXCL12, ER-α, IGF-1R and EGFR associated BRN 

with In-silico based qualitative and hybrid Petri Net (HPN) Modeling  

Various computational tools were used in our present study to identify the 

expression analysis of CXCL12, ER-α, IGF-1R and EGFR associated regulatory 

networks involved in BRN related to BC. Some of the noticeable softwares were 

provided by Research Center of Modelling and Simulation (RCMS), NUST to find the 

new inhibitory targets which are discussed as follows with some basic introduction. 

3.3.1. Discrete Modeling of CXCL12, ER-α, IGF-1R and EGFR associated BRN 

using GENOTECH   

 GENOTECH (https://code.google.com/p/genotech/) is a tool used for 

qualitative modeling based on Thomas‘ formalism for BRN.  

3.3.2. Approaches of Rene` Thomas 

 According to Rene` Thomas formalism (Ahmad et al., 2007; Ahmad et al., 

2012; Aslam et al., 2014; Khalid et al., 2016), a directed graph adapted from (Ahmad 

et al., 2012). 

  



Chapter 3                               Material and Methods 

 

54 

 

 

 

Figure 3.5: Example of BRN. In BRN x, y and z are represented as biological entities 

and „+‟ and „1‟ represented as activation and threshold levels respectively (Ahmad et 

al., 2012). 

 

3.3.2.1. Definition 1: (BRN) 

A directed graph or BRN is an ordered pair G (N,ED), where 

 N is the set of all nodes and in Figure 3.5 N represents x, y, and z  

 ED ⊆ N × N is the set of edges or arcs ED ⊆ N × N and in Figure 3.5 E 

represents {(x,y), (y,z) and (z,x)}. 
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In a directed graph  i.e. G = (N, ED), a node n 𝜖 N may have a number of predecessor 

and successors G
-
(n) and G

+
(n) respectively as toy example as shown in Figure 3.5 

adapted from (Ahmad et al., 2012).  

3.3.2.2. Definition 2: (Discrete States) 

Let G be a BRN. The state of a BRN is a tuple s ∈ S, where 

                                      S=∏a∈N Za  

 (Sxa)∀a ∈ N, where xa represents the threshold level of a. A qualitative state denotes the 

set of number of activators with a given threshold levels of products also see the 

resources below which formally define the behaviours of entities with respect to 

instant time. 

3.3.2.3. Definition 3: (Resource Function) 

The set of resources Qxa of a variable a ∈ N at a level  is defined as Qxa = {nb ∈ 

G
−
(na)│(xnb ≥ jnbna ˄ ɳnbna = ‗+‘) ˅ (xnb ˂ jnbna ˄ ɳnbna = ‗-')}.  

3.3.2.4. Definition 4: (Logical Parameters) 

The dynamical sets of logical parameters and their symantics define the behavior of 

entities which are set in equation below: 
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                                  K(G)={Ka(Qxa) ∈ Za ∀ a ∈ N} 

The parameter Ka(Qxa) (at a level x of a) which determines the information of x in 

evolution. There are three rules:  

1) if xa is less than Ka(Qxa) then it will increases by one discrete unit,  

2) if xa is greater than Ka(Qxa) then it will decreases by one discrete unit, and  

3) if xa is equal to Ka(Qxa) then it will not alter.  

The set of parameters and resource functions are adapted from (Ahmad et al, 2012) 

and shown in Table 3.2.  

Table 3.2: Table of states, resources and logical parameters (Ahmad et al., 2012). 

 

The set of parameters and resource functions are adapted from (Ahmad et al, 2012) 

and shown in Table 3.2. The evolutionary operator rules was also adapted or 

following the rules of Bernot (Bernot et al. 2008). 

 

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0033532#pone-0033532-t003
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0033532#pone-0033532-t003


Chapter 3                               Material and Methods 

 

58 

 

3.3.2.5. Definition 5: (State graph of BRN) 

Let G be a directed graph G= (S, T) and Sxa shows the threshold level of entity a in a 

state s ∈ S where ―S” is set of states and ―T‖ is T ⊆ S × S which lead to transition to 

another state s to s
/ ∈ T  if and only if:   

1. ∃ a unique a ∈ N such that Sxa ≠ S
/
xa and Sxa = Sxa ↱ Ka (Qxa) where  

represents the evolution operator (Bernot et al. 2004; Peres & Jean-Paul 2003)  

2. ∀ b∈N / {a} S
/
xb = Sxb. 

Let G be a directed graph G= (S, T) and Sxa shows the threshold level of entity a in a 

state s ∈ S where ―S‖ is set of states and ―T‖ is T ⊆ S × S which lead to transition to 

another state s to s/ ∈ T 

3.3.2.6. Definition 6: (Dead lock state of BRN) 

The qualitative model of BRN generates the state graph represent levels of x, y and z 

entities where two stable states were observed (Figure 3.6) (Ahmad et al., 2012).
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Figure 3.6: State graph. In this stat graph two discrete states were observed (000) 

and (111) (Ahmad et al., 2012). 

 

3.3.2.7. Model Checking 

 Model Checker (Clarke & Emerson, 1981) is a verification tool that explores 

all possible entities in the state space. Variety of software‘s tools is used in model 

checking, each implemented on different modeling approach (Carrillo, Góngora, & 

Rosenblueth, 2012). Model Checker, tool is SMBioNet (Bernot, Comet, Richard, & 

Guespin, 2004; Khalis, Comet, Richard, & Bernot, 2009; Richard, Comet, & Bernot, 

2006; Richard et al., 2012) used in a systematic manner to examines the logical 

parameters set with the particular threshold levels of entities identified by CTL
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(Peres & Jean-Paul, 2003). It is a type of model checking methodology which is 

applicable to branching state space, and is thus a natural choice for application on the 

state graph of a BRN. It expresses all possible states of the system and produces a state 

graph. In the past few years, due to vigorous growth in the computational power, 

biologists are able to produce more efficient and fast methods for analyzing BRNs.   

3.3.2.7.1. Syntax and Semantic of CTL 

The complete specification of the CTL formula is discussed as follows: 

• ∀, also written as ‗A‘, is a path quantifier read as for all. It is first state quantifier 

known as the next quantifier and selects the immediate successor along the selected 

path(s) to hold the Boolean expression. 

• ∃, also written as ‗E‘, is the second path quantifier read as there exists.  

• G, is a state quantifier read as globally. It is the third path quantifier read as there 

exists. 

• F, is another state quantifier read as eventually. It is the forth path quantifier read as 

there exists.   

• X is the last state quantifier known as the next quantifier and selects the immediate 

successor along the selected path(s) to hold the Boolean expression.
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3.3.2.8. Definition 7 (Petri Net) 

A Petri Net (PN) is define the ―P‖ which represents as set of nodes (places), ―T‖ which 

represents as set of transitions among entities (rectangles), ―E‖ which represents as set 

of edges (directed arcs to connects entities) and ―t‖ defines the real numbers where 

marking of continuous places is represented by token are used for the placement of 

token from place to place.  

3.3.3. Hybrid Petri Net Modeling 

 Petri Nets (PNs) were introduced by Carl Adam Petri in the last century for the 

analysis of technical systems and was generated using the SNOOPY tool (version 2.0) 

(Heiner et al., 2012). The continuous dynamics based on trajectories associated in 

BRN are related to BC. In this study, we have implemented a graph theoretical hybrid 

PN approach which uses the kinetic logic formalism based on signaling proteins 

(represented as places) and interactions among proteins/genes (represented as 

transitions). These dynamics are specified as mass-action kinetics and Michaelis 

Menten equations (Heiner et al., 2012). The value of kinetic parameter is developed by 

the transition fire with countless number of tokens on a target place. The firing rate 

was enabled to produce the dynamics with the same initial marking executed by 

multiple time simulations. The marking of places within tokens to describe the 

concentration of proteins are modeled to monitor the dynamics of parameters in a 

signaling devised by (Ruths, Muller, Tseng, Nakhleh, & Ram, 2008). We analyzed the 
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PN model with 10, 50 and 100 time units in simulation runs. The data was obtained by 

high throughput technologies (western blots, microarrays, immunohistochemistry) 

from several studies (Shannon Bailey, et al., 2012; Caldon, 2007; Dedra H Fagan & 

Douglas Yee, 2008; Kang et al., 2012b; Network, 2012; Michael Pollak, 2008; 

Christos Sotiriou et al., 2003) which were used find the levels of each entity involved 

in insulin dependent IGF-1R, epidermal dependent EGFR and hormone receptor ER-α 

associated BC progression. 

3.4. Screening of compounds against the targets using Pharmakophore modeling 

3.4.1. Dataset Collection 

A pharmacophore (PM) model was first introduced by Paul Ehrlich to prove 

the effectiveness of molecular interaction of ligand with its target and provide 

chemical features of the potential compounds (Ehrlich, 1898). The PM model 

generation demands for an accurate and precise input data. In dataset collection, the 

following criteria should be considered: (i) To characterize the activity of binding 

interaction of compounds with receptor; (ii) IC50 in a micromolar (µM) range; (iii) the 

most, least and inactive compounds must be included in the training set.  

According to the above mentioned criteria, the SMILES of training set of previously 

reported 23 compounds against IGF-1R were collected to form a dataset (Anastasius, 

Boston, Lacey, Storing, & Whitehead, 2009; Anderson et al., 2006; Bumke-Vogt et 

al., 2014; Chen et al., 2014; Chen et al., 2009; Amrani et al., 2013; Gable et al., 2006; 

Girnita et al., 2004; Kang et al., 2011; Li et al., 2007; Marconett, Singhal, Sundar, & 

Firestone, 2012; Ryan et al., 
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2008; Stahl, Kissau, Mazitschek, Giannis, & Waldmann, 2002; Tong et al., 2011; Xia 

et al., 2007; Youngren et al., 2005). The 2-Dimensional (2D) structure of the 

compounds was drawn using ChemDraw program (version 8.0) as shown in Figure 

3.7. The inhibitory concentration (IC50) values in the dataset ranged from 0.04µM to 

200µM of the desired compounds and they were identified using different biological 

assays such as cell viability and tyrosine kinase assay. The collected dataset was 

classified on the basis of IC50 value, that is, 4 compounds such as picrodophyllotoxin, 

ellagic acid, quercetin, nikijiquinone D valine were most active (IC50 ≤ 0.5µM), 13 

compounds such as epigallocatechin gallate, curcumin, diaryl urea PQ401, genistein, 

astrogorgiadol, ginsenoside RP1, norhydroguaiaretic acid, nikijiquinone D threonine, 

hematoxilin, apigenin, 1-4(Ethylphenyl)3-(2methylquinolin-4yl)urea, 

1(3Chloro4methyl-phenyl)3(2methyl-quinolin4yl)urea, 1(4Chlorophenyl)3(2methyl-

quinolin-4yl)urea, moderately active (IC50 ≤ 20µM), 4 compounds enterolectone, 

luteolin, 4-(1Hindole-3vl)3(3-4-5trimethoxyphenyl)1-5dihydro 2H-pyrrol-2-one, 1-(2-

methylquinolin-4-yl)-3-phenylurea were less active (IC50 ≤ 60µM) and 2 compounds 

were calycosin, indole 3 carbon inactive (IC50 > 60µM) shown in Figure 3.7. 
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Figure 3.7: Chemical structures and activities of IGF-1R inhibitors in the training 

set. The collected dataset consisted of four most active (IC50 ≤ 0.5µM), thirteen 

moderately active (IC50 ≤ 20µM), four less active (IC50 ≤ 60µM) and two were 

considered as inactive (IC50 > 60µM) compounds. 
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3.4.2. Conformational dataset generation 

The conformation dataset was generated by using default values executed in 

software MOE (Molecular Operating Environment) (version 2007.09), provided by 

Dr. Ishrat Jabeen at Research Center of Modelling and Simulation (RCMS), NUST. It 

is comprehensive drug discovery software used for fragment, ligand and protein based 

PM modeling. The Scientific Vector Language (SVL) command-line is provided by 

MOE that integrates with database browsers which helps in the formation of packed 

conformation dataset (Chen & Foloppe, 2008). The conformational search module in 

MOE was used to generate minimum energy conformations of each active and 

inactive compound. 

3.4.3. Ligand based PM Modeling 

A conformational training dataset of 23 selected chemical compounds was 

implemented in MOE to generate PM hypothesis. The dataset consisted of 21 active 

and 2 inactive compounds were employed to influence the quality of PM model 

depending on the specificity and sensitivity of molecules. Active compounds have 

well known pharmacokinetic properties that directly bind to targeted receptors while 

inactive compounds had poor binding affinity and high IC50 values (Chen & Foloppe, 

2008). In the present study, only active compounds such as picrodophyllotoxin, ellagic 

acid, quercetin, nikijiquinone D valine epigallocatechin gallate, curcumin, diaryl urea 

PQ401, genistein, astrogorgiadol, ginsenoside RP1, norhydroguaiaretic acid, 

nikijiquinone D threonine, hematoxilin, apigenin, 

1,4(Ethylphenyl)3(2methylquinolin4yl)-urea, 1,(3Chloro,4,methylphenyl), 
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3,(2methylquinolin4yl)urea, 1,(4,Chlorophenyl),3,(2methyl-quinolin4yl)urea, 

enterolectone, luteolin, 4,(1,Hindole,3,vl)3(3-4-5trimethoxyphenyl)1-5,dihydro 

2H,pyrrol,2,one, 1,(2,methyl-quinolin,4,yl)3phenylurea were selected with common 

features such as HBDs (Hydrogen Bond Donors), HBAs (Hydrogen Bond Acceptors), 

Aro (Aromatic), HyD (Hydrophobic), number of non-polar atoms and rotatable bonds. 

The developed PM model was selected based on molecular sequence and low root 

mean square deviation (RMSD). 

3.4.4. Virtual Screening (VS) 

The PM based VS approach was used to screen the novel and potential hits 

from dataset to enrich active molecules (Bajorath, 2001). The most active compound 

picropodophyllin (0.04µM) was selected to build the PM model. It was screened 

against large library of World Drug Bank (WDB) database to identify the compounds 

that have desired activities (Wishart et al., 2006). A total of 189 hits were first 

screened by Lipinski‘ positive compounds < 5 HBD groups, < 10 HBA groups and 

Lipinski drug-likeness (Lipinski, Lombardo, Dominy, & Feeney, 2012). Finally, drug-

like compounds with the features such as total number of rotatable bonds, number of 

rings and topological polar surface area (Ertl, Rohde, & Selzer, 2000; Keller, Pichota, 

& Yin, 2006; Veber et al., 2002) were further screened to examine final hit 

compounds such as etonogestrol (DB00294), desogestrol (DB00304), fulvestrant 

(DB00947), gefitinib, (9aS)-4-bromo,9a,butyl7hydroxy1-2-9-

9atetrahydro3Hfluoren3,one (DB07757), 4-(4-hydroxyphenyl)-1-naphthaldehyde 

oxime (DB07150), 3bromo6hydr-oxy2(4,hydroxyl-phenyl)1hinden,1,one (DB07230),
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4,4'-propane-2,2-diyldiphenol (DB06973) and 3ethyl,2,(4hydroxy-

phenyl),2h,indazol5ol (DB07712). 

3.5. Validation of few compounds in the wet lab analysis 

3.5.1. Materials 

Drugs: fulvestrant (Faslodex, AstraZeneca), gefitinib (Iressa; AstraZeneca) and 3-(4,5-

dimethylthiazol-2-yl) -2,5-diphenyl tetrazolium bromide (MTT) were purchased from 

Sigma Aldrich, Vermont, USA. 

3.5.2. Cell Viability Assay 

The cell viability of drugs gefitinib and fulvestrant were assessed against 

MCF-7 cells (ATCC, Manassas, VA) from (American Type Culture Collection) and 

HCEC non-adherent cell line obtained from normal corneal epithelial cells 

(ATCC, PCS-700-010™). 1×10
5
 cells were grown in 96-well microtitre plate (Becton 

Dickinson, Sparks, USA) for 24hrs. The cells were incubated with test samples of 

different concentrations (0.001-0.01 µM) for 48hrs. Later, the cells were treated with 

250µg ml
−1

 MTT (3,4-5,di-methyl-thia-zol,2,yl,2-5,di-phenyl-tetrazoliumbromide) 

(Sigma-Aldrich, Vermont, USA) and incubated for 4hrs at 37ᵒC. The cultured media 

was replaced with 100µL of dimethyl sulfoxide (DMSO) (Sigma-Aldrich, Vermont, 

USA) after incubation. The wavelength of 570nm was recorded in a micro-plate reader 

(Techno Service AMP Platos R496, Giza, Egypt). The %age viability of cells were 

calculated by using cell viability rate (%) equation: [1- (absorbance of test 

samples/absorbance of the control group)] x 100% to calculate IC50 value. 
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3.6. Use of Nanoparticles to deliver the compounds effectively 

3.6.1. Collection of Silver Nanoparticles (AgNPs) 

The silver nanoparticles (AgNPs) with or without pegylation was provided by 

Dr. Hussnain Ahmed Janjua from the Department of Industrial-biotechnology, 

(ASAB), NUST. These AgNPs were prepared from Aerva javanica plant, provided by 

Dr. Qasim Hayat from the Department of Plant-biotechnology, ASAB, NUST. The 

plant species was identified by observing the visible characteristic of plant including, 

stem and leaves morphology. 

3.6.1.1. Grinding of Plants 

Aerva javanica plant was grinded to prepare a fine powder using soxhlet and rotary. 

Powder was poured in thimbil and extract was prepared using ethanol as solvent which 

was recovered by solvent evaporation from rotary. The extract (5 ml approximately) 

was then filtered using Whatman, chloroform was added to the extract in separating 

funnel, and the upper layer was separated with an approximate volume of  1-2 ml. 

3.6.1.2. Synthesis of AgNPs 

Aerva javanica extract was used in 1mM solution of AgNO
3 

(Sigma Aldrich, 

Poole, UK) in a ratio of 1:20 placed in a shaker at 200rpm. The reaction time was 

completed in 6-8 hours (hrs) after reaction to completely reduced Ag ions in 2hrs 

which indicates the formation of AgNPs confirmed from change of colour from light 

yellowish to dark brownish in colour. 
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3.6.1.3. Synthesis of Pegylated-AgNPs (PEG-AgNPs) 

50 grams (gm) of AgNPs solution was transferred into a flask having 100ml of 

water. 50% w/w of poly ethylene glycol was added to this solution. A UV spectrum 

(Model UVD-2950; Labomed Inc, California, USA) of nano-silver solution was 

recorded to confirm the formation of pegylated-AgNPs (PEG-AgNPs). 

3.6.2. Conjugation of drugs (Faslodex and Gefitinib) with AgNPs and PEG-

AgNPs) 

The drugs faslodex (Fas) and gefitinib (Gef) were solubilized using different 

concentrations ranging from 1 to 50 µgmL
−1

 in 1% ethanol. The construction of 

standard curve based on absorbance value was measured at a wavelength of 304nm. 

10µgmL
−1

 drugs solutions were added drop by drop to the AgNPs and PEG-AgNPs 

solutions. The same concentration of different drugs was used in different types of 

nanoparticle solutions. The formation of two sets of drugs-conjugated nano-silver 

particles such as (Fas-AgNPs, Gef-AgNPs, Fas-Gef-AgNPs) and (Fas-PEG-AgNPs, 

Gef-PEG-AgNPs, Fas-Gef-PEG-AgNPs) (as shown in Table 3.3) were obtained after 

continuous stirring at 150 rpm for 2hr at room temperature and later centrifuged at 

14,000rpm for hour. The pellets of drugs-conjugated AgNPs were dispersed in 

distilled water and subjected to STEM and FT-IR analyses to confirm the conjugation
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Table 3.3: Two sets of drugs-conjugated nano-silver particles. Faslodex (Drug1) 

and Gefitinib (Drug 2) were conjugated separately or in combination with or without 

pegylated AgNPs. 

S.No. Drugs Nano 

silver 

particles  

Drug1+NPs Drug2+NPs Drug1+Drug2+NPs 

Set 1 Fas, 

Gef 

AgNPs Fas-AgNPs Gef-AgNPs Fas-Gef-AgNPs 

Set 2 Fas, 

Gef 

PEG-

AgNPs 

Fas-PEG-

AgNPs 

Gef-PEG-

AgNPs 

Fas-Gef-PEG-AgNPs 

 

3.6.3. Characterization of Drugs-conjugated AgNPs. 

3.6.3.1. Ultraviolet–Visible (UV-Vis) Spectroscopy 

Nano-silver production was initially confirmed using UV-Vis 

spectrophotometry (Model UVD-2950; Labomed Inc, California, USA). 3/4th of 

cuvette was filled with nano-silver solution and was loaded in spectrophotometer 

where the nano-silver absorbed photons of particular wavelength depending upon the 

particle size distribution and the absorption spectra was recorded between 300-600nm 

wavelength. De-ionised water (DI.H2O) was used as reference. 

3.6.3.2. FT-IR (Fourier transform-infrared) spectroscopy  

The synthesized AgNPs, PEG-AgNPs and drugs (Fas and Gef)-conjugated 

nano-silver suspension were centrifuged at 14,000rpm-15 min. The pellet was washed 

three times in DI.H2O to remove proteins and possible contamination. The powder of
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nanoparticles was obtained after lyophilization. The pellets of KBr were prepared with 

dried nanoparticle powder using hydraulic press. The transmission spectrum was 

recorded on FT-IR spectrometer (Perkin-Elmer, Shelton, USA) by scanning 

wavenumber range of 450-4000cm
-1

 with a resolution of 1 cm
-1

. 

3.6.3.3. X-ray diffraction (XRD) 

XRD is an elemental analysis technique which uses high energy x-rays 

bombarded on the inner shell electrons of element present in sample to eject them 

creating a hole which is filled by the electrons in the upper shell. Characteristic x-rays 

are produced when electron in higher energy orbit jumps into low energy orbit the 

energy of which is equal to the energy difference between the 2 orbits (Okumura, 

Misawa, & Yoshida, 1991). Elemental analysis of nano-silver samples was done using 

WinX'POW, x-ray diffractometer system (STOE: theta/theta, Germany). Samples 

were air dried, powdered loaded in the XRD diffractometer (STOE: theta/theta, 

Germany) where x-rays passed through sample. Measurements were done at tuneable 

energy of 40 kilo volt (kV) and a current of 30 milliampere (mA). 

3.6.3.4. Scanning Transmission Electron Microscopy (STEM) 

STEM is an efficient technique for providing detailed information about 

surface topography, morphology, composition of a sample by scanning with electron 

beams focused on sample. Samples were prepared on STEM carbon grids and 

analyzed by STEM detector at 10kV and working distance of 5mm using scanning 

electron microscope (Nova Nano-SEM450; Lincoln Nebraska, USA). The STEM
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images of nano-silver samples were observed by ImageJ software (version 1.51) for 

their histogram analysis. 

3.7. Validation of drugs conjugated AgNPs in wet-lab  

3.8. RNA extraction and quantification 

The expression level of genes IGF-1R, IRS-1, ER-α, p53 and PDZK1 were screened 

using RT-PCR. The protocol of RNA extraction and amplification of complementary 

DNA (cDNA) synthesis are described below. 

3.8.1. RNA Extraction 

RNA was extracted from MCF-7 cells grown in 96-well microtitre plate 

(Becton Dickinson, New Jersey USA) using Trizol reagent (Invitrogen, Waltham, 

USA). Major steps are lysis of cell, separation, RNA precipitation, RNA washing, 

solubilization and RNA purification as discussed below in detail.  

3.8.1.1. Cell lysis 

Cell suspension of total 200µl was added 0.75ml Trizol reagent in 1.5ml micro 

centrifuge tube (Eppendrof, Hamburg, Germany). Then 1ml 5NGlacial Acetic Acid 

(0.2ml GAA) was mixed with suspension with 2.48ml of d.d.H2O (double distilled 

water) for 30seconds (sec) to lyse the cells.   

3.8.1.2. Phase separation 

Cell lysates were kept for five minutes at RT prior to dissociation with 0.2ml 

chloroform for 15 seconds for the separation of nucleic acid complexes. The mixture 

was centrifuged (Model 1-15K, Sigma, Osterode, Germany) after addition of 
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chloroform for 20min at 14000rpm. RNA was kept in colorless aqueous phase while 

DNA and proteins in interphase and organic phase.  

3.8.1.3. Precipitation 

0.50ml isopropanol (Sigma Aldrich, Boston, USA) was added in fresh tube 

where the aqueous phase was present and then the mixture was kept at RT and 

centrifuged at 14000rpm for 15min at 4ºC. After centrifugation white pellet of RNA 

precipitate was kept at the bottom of micro-centrifuge tube. 

3.8.1.4. RNA washing 

The pellet of RNA was washed with 0.5ml of 75% ethanol and supernatant 

was discarded after centrifugation at 14,000rpm for 5min at 4ºC in centrifuge 

(HERMLE Labortechnik, Wehingen, Germany).  

3.8.1.5. RNA Solubilization 

RNA pellet was dried for 15-20 sec by upsetting the micro-centrifuge tube on 

blotting paper and was thawed in RNAase free water (20ul) and preserved at -80°C for 

further use.  

3.8.2. RNA Purification 

RNA was purified with DNaseI for the complete removal DNA from RNA 

preparations and then deactivated at 75º C for 10min. For DNaseI treatment, 1ug of 

RNA was mixed with 10x reaction buffer with MgCl2 containing 1uL of DNase I 

(Ambion, Foster City, USA), 1uL of RNase free (1unit) and 10ul of DEPC-treated 

water (Fermentas, New Jersey, USA). The mixture was stored at -80°C. 
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3.8.3. RNA Quantification 

Quantity of purified RNA was assessed using spectrophotometer (Techno 

Service, Giza, Egypt).  

3.9. Protocol for RT-PCR 

Complementary DNA (cDNA) kit (Invitrogen, Los Angeles, USA) was used 

for the synthesis of reverse transcriptase.  

3.9.1. Synthesis of complementary DNA (cDNA) 

The reaction mixture was prepared in reaction tube on ice with 1x reverse 

transcriptase RT buffer (Fermentas, USA), 1µL oligodT (Fermentas, Waltham, USA), 

1.5mM of dNTPs, 40units of Rever Aid™ reverse transcriptase (Thermo Fisher 

Scientific, Waltham, MA, USA), 20U/µl of Ribolock RNAse Inhibitor (Thermo Fisher 

Scientific, Waltham, USA), 1.26µg of 10ul RNA and DEPC treated d.H2O was added 

to make 20µl of final volume of master mix. The reaction mixture was incubated in a 

thermal cycler (ESCO Swiift Maxpro, Changi, Singapore) at 42ºC for 60 min followed 

by extension at 72º C for 10 min. The cDNA was stored at -20º C until used. 

3.10. Primers for amplification of IGF-1R, ER-α, p53 and PDZK1 gene 

Primers for the target genes IGF-1R, ER-α, p53 and PDZK1 were obtained from the 

published data (shown in Table 3.4). 
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Table 3.4: List of Primers for real time PCR reaction.  

S.N

o. 

Genes Primers (5’-3’) bp References 

1 ER-α (F) CCACCAACCAGTGCACCATT 20  

(Bieche et al., 2001)  ER-α (R) GGTCTTTTCGTATCCCACCTTTC 23 

2 EGFR (F) ATGCCCGCATTAGCTCTTAG 20  

(Holtkamp et al., 2008)  EGFR (R) GCAACTTCCCAAAATGTGCC 20 

3 PI3k (F) GTCAATCGGTGACTGTGTGG 20  

(Yamaguchi et al., 

2011) 

 PI3k (R) TCCATCGTCTTTCACCATGA 20 

4 CXCL12 

(F) 

TCAGCCTGAGCTACAGATGC 20 (Laird, Widdowson, 

El-Sheikhi, Hall, & Li, 

2011) 
 CXCL12 

(R) 

CTTTAGCTTCGGGTCAATGC 20 

5 PDZK1 (F) CCCACAGTACAGCCTCACATT 21  

(Inoue et al., 2004)  PDZK1 (R) CACATGGTGAATGGTTTCCA 20 

6 β-actin (F) ACCTTCAACACCCCAGCCATGT

ACG 

25  

(Hanif, 2012) 

 β-actin (R) CTGATCCACATCTGCTGGAAGG

TGG 

25 
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3.11. Quantitative RT-PCR and amplification 

Quantitative RT-PCR was done by using a SYBR Green PCR kit (Invitrogen, Los 

Angeles, USA). 1μg of cDNA was added with 2x Maxima® SYBR green dye 

(12.5μL), 25 μL of NF-H2O (nuclease free water), 0.3μM of forward and reverse 

primer normalized with β-actin (housekeeping gene). 

The PCR reactions were carried out at 95 ºC for 10 min, 45 cycles with this 

temperature profile: at 50 ºC for 1 min in real time PCR system (Sansure Biotech Inc, 

Changsha, China). ΔΔCt values was calculated as specified by the manufacturer to 

analyze the expressions of the genes which were compared to the reference 

housekeeping gene, β-actin. 

3.12. Protein Analysis 

Protein analysis was performed in laboratory of NICR (Northern Institute for Cancer 

Research), University of Newcastle upon Tyne, UK. 

3.12.1. Laboratory Chemicals and Materials for protein analysis 

All chemicals were obtained from (Sigma, Poole, UK), (Sigma, St. Loius, USA), 

(Protogel, Leicestershire, UK) and (Invitrogen, Carlsbad, USA). Sterile plasticware for 

use in cell culture experiments was supplied by Fisher Scientific (Manchester, UK). 

The sources of other reagents and materials are described, as appropriate, in the text. 

3.12.2. MCF-7 cell line 

Cell line has been subsequently authenticated by an in-house NICR programme. 

BRCA1 hemizygous/BRCA2 wild type, p53 wild type and oestrogen receptor positive
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adherent cells with a doubling time of approximately 28 hours. Original supplier was 

American Type Culture Collection (Manassas, Virginia, USA). 

3.12.3. MCF-7 cell culture and sub-culturing 

Cells were maintained in petri dishes and 6 well plates at 37 ºC in 5% CO2 and 95% 

air (SANYO; Illinois, USA) and cultured in DMEM (Dulbecco‘s Minimal Essential 

Medium) with Glutamax 1 (Invitrogen, Paisley, UK). Cells were added with 10% FBS 

(foetal bovine serum) and 1% Pencillin/Streptromycin (Invitrogen, Paisley, UK). Two 

times washing of adherent cells with PBS (Phosphate Buffer Saline) (Invitrogen, 

Paisley, UK) and was incubated with 0.25% trypsin solution (Invitrogen, Paisley, 

UK). This cell suspension in falcon tubes was centrifuged at 12000 rpm for 5min. The 

cell pellet was re-suspended in 9ml of the complete medium and was added to the 

fresh flask containing 10-20ml of medium (composition of medium is mentioned as 

above). 

3.12.4. Cryopreservation of MCF-7 cells 

MCF-7 cells were 80% confluent and suspended by 1 × trypsin-EDTA and re-

suspended in medium of 3 × 10
6
 cells / ml. 0.5ml aliquot of suspension was 

transferred to a sterile cryotube vial after suspended with equal volume of v/v (10%) 

DMSO (Sigma, Arshire, UK). The vial was stored at -80ºC in ice cold freezer. The 

vial was stored at -80ºC in ice cold freezer. 

3.12.5. Recovery of frozen cells 

Frozen MCF-7 cells were kept in vial and were defrosted in a water bath at 37ºC. Cells 

were disinfected with 70% ethanol and were transferred to a tissue cultured flask
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having medium to dilute the DMSO at least 10 fold and then incubated as mentioned 

in section 3.22.3 and the medium was changed after 24 hrs to remove the dead cells.  

3.12.6. MCF-7 cells treatment 

These 1×10
5
 cells were grown in 96-well microtitre plate (Becton Dickinson, Sparks, 

USA) for 24hrs. The cells were treated with different concentrations (0.001-0.01 µM) 

of fulvestrant and gefitinib for 48hrs and sub-cultured as mentioned in above section 

3.22.3 after 2 days.   

3.12.7. Haemocytometer 

20µl of MCF-7 cell suspension was placed on cell counter haemocytometer after 

trypsinisation (5ml of 1× trypsin-EDTA) in 10ml of the medium. Homogenized cells 

were counted under light microscope (Axiovert 25, Zeiss, Germany) in one in four 

mm square grid and then calculated the average cells per cubic millimeter multiplied 

by 1 × 10
4
. 

3.12.8. Cell lysis 

After washing the cells with PBS and were collected to prepare cell lysate with 

radioimmunoprecipitate assay (RIPA) buffer: 50mM Tris-Hydro-Chloride (HCl) pH 

7.5, 150 mM Sodium-Chloride (NaCl), 1mM Ethylene-Diamine-Tetra-Acetic-Acid 

(EDTA), 1% Nonyl phenoxypolyethoxylethanol (NP-40) (v/v), 0.25% sodium 

deoxycholate (C24H40O4) (w/v), 1µgml-1 pepstatin (C34H63N5O9), 1µgml-1 aprotinin, 

1µgml-1 leupeptin (C20H38N6O4), 2mM Sodium Ortho Vanadate (Na3VO4), 2mM 

Sodium Fluoride (NaF) and 2 mM PMSF (Phenylmethylsulphonyl fluoride) (Sigma-

Aldrich, Dorset, United Kingdom) (Davison, de Blacquière, Westley, & May, 2011).
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The mixture was microcentrifuge at 14000 rpm for 10min on 4ºC and the pellet was 

thrown away. The protein assay samples were stored at -20ºC and were used for 

western blotting. 

3.13. Western Blotting 

3.13.1. Sample preparation 

30-40µg of protein from cell samples was added thoroughly with an equivalent 

volume of RIPA buffer and 10µl SDS dye. The mixture was placed on ice before 

loading onto the gel.  

3.13.2. SDS-PolyAcrylamideGelElectrophoresis (SDS-PAGE)  

3.13.2.1. Preparation of Gel 

Gel mixtures was made as below (shown in Table 3.5) and kept on ice immediately.
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Table 3.5: Preparation of gel solution. Two types of gel were prepared for SDS-

PAGE analysis. 3% stacking gel has a lower concentration of acrylamide (40% for 

large pore size) lower pH (6.8) and a different ionic content then 12% separating gel 

were prepared to separate protein. 

12% Separating gel 3% Stacking gel 

Total volume required 3ml Total volume required 5ml 

Distilled water (DW) 1.64ml Distilled water (DW) 2.9ml 

Solution B (Tris 183g; 

pH 8.8)  

0.38ml Solution C (Tris 29.9g; 

pH 6.8)  

1.25ml 

40% Acrylamide 0.90ml 40% Acrylamide 0.38ml 

2% Bisacrylamide 90µl 2% Bisacrylamide 0.38ml 

20% SDS 15µl 20% SDS 25µl 

10% APS 15µl 10% APS 50µl 

Temed 3µl Temed 25µl 

 

3.13.3. Loading Samples and transfer to the blot 

The well forming comb was removed from the gel cassette (Invitrogen, Carsbad, 

USA). The inner well reservoir was then immediately filled with the SDS running
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buffer (× 1) followed by outer reservoir which was filled to the marked line. If two 

gels were run simultaneously the second gel was prepared as above. The gel was then 

loaded from left to right as follows: the first lane was loaded with 4µl of the protein 

marker MagicMark (Invitrogen; Paisley, UK). 10µl of each sample was then loaded 

carefully in each well followed by duplicate. Once loading was completed the upper 

and lower chambers was filled with tank buffer and the BioRad Power Pac 300 

(BioRad; Hertfordshire, UK) was set to run for 2hrs at 20mA. 

After the gel had run for 2hrs at 600V, the power was switched off and the gel casting 

was removed. Prior to blotting, 6 filter paper sheets (Whatman; Knet, UK) and one 

nitrocellulose membrane (Schleicher & Schuell, Krackeler, USA) were all cut at the 

domensions of 5cm × 9cm. The nitrocellulose and 1 piece of filter paper was soaked in 

anode buffer 2 (3.025 g of 25 mM Tris and 200 ml of 20 % Methanol) for at least 

5min, 2 pieces dipped in anode buffer 1 (36.3 g of 0.3M Tris and 200 ml of 20 % 

Methanol) and 3 filter paper in cathode buffer (3.025 g of 25 mM Tris, 5.24g of 40mM 

6-amino-n-hexanoic acid and 200 ml of 20 % Methanol). The lower protruding lip of 

the gel (stacking gel) was discarded and the precast gel case opened using a flat bladed 

knife. The top 10mm comb section of the gel was then also removed using the blade. 

The gel was then transferred onto nitrocellulose membrane in the BioRad Criterion
TM

 

Blotter (BioRad; Hertfordshire, UK). The transfer sandwich was assembled in the 

following order: upper safety lid and anode/ blotting filter papers/ transfer 

(nitrocellulose) membrane/ gel/ blotting filter paper/ base and cathode as shown in 

Figure 3.8. The nitrocellulose membrane was then kept on the upper side of gel
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(with the upper right corner cut), followed by third piece of filter paper. Any air-

bubbles between the gel and filter papers were removed by the use of mini-roller. The 

cassette was then closed and allowed to run for 45min at 100mA.  

 

Figure 3.8: Gel Sandwich. The gel sandwich was accumulated to the semidry unit in 

the following order: upper safety lid and anode/ blotting filter papers/ transfer 

(nitrocellulose) membrane/ gel/ blotting filter paper/ base and cathode (Burnette, 

1981). 

3.13.4. Primary and secondary antibody incubations 

After transfer the membrane was removed from the cassette and briefly blotted dry on 

tissue paper overnight. It was then transferred to a clean tray, ensuring that the cut 

right hand corner was in place and under gentle agitation with 20ml of 5% milk TBST: 

25 mM-Tris (pH 7.4), 150 mM-NaCl and 0.1% Tween 20) to block non-specific 

protein binding site on blot. After blocking, the immobilized proteins were probed 

overnight at 4ºC with primary antibodies: esrogen receptor-alpha (ER-α) 1:2000 (sc-

8005) (Santa Cruz, Biotechnology, California); esrogen receptor-alpha (ER-α) 1:2000 

(sc-8005), anti-PDZK1 1:3000 (#HPA006155); IRS-1 1:2000 (#3407); type type I IGF 
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receptor (#3027) (cell signaling technologies-Hitchin-UK) and GAPDH (sc-25778) 

(Santa Cruz Biotechnology, Heidelberg, Germany). The next day, the membrane was 

rinsed in 5 min washes of PBS-T (20ml per wash), before transfer to a clean blocking 

tray and the application of the secondary antibody. The secondary anti-polyclonal goat 

anti mouse IgG HRP (Horse Radish Peroxidase) antibody (Dako; Cambridgeshire, 

UK) was diluted 1:5000 and mixed for one hour with gentle agitation on a rotation 

shaker. Following this the membrane was finally washed for one hour at room 

temperature in PBS-T with frequent washes (approximately every five minutes).  

3.13.5. Detection and analysis of chemiluminescence  

Next the membrane was thoroughly drained by holding the edge against absorbent 

paper to remove excess moisture and placed on a sheet of cling film protein transfer 

side up. Then 5.85ml of Solution A was combined with 150µl of Solution B from the 

supersignal west dura substrate (Thermo Scientific, Rockford, USA) and mixed using 

vortexing. The entire surface of the membrane was then covered with supersignal 

detection fluid and exposed for 5 min. Any excess fluid was drained onto absorbent 

paper and the membrane wrapped in cling film, removing any air-bubble by the use of 

roller. The membrane was then transferred to the Fuji LAS 3000 camera and imaging 

software system (Raytest; Sheffield, UK). The membrane was placed on the tray on 

position 2; the camera was set to ‗pro‘ mode to detect chemiluminescence with the iris 

set to 0.85. A flat frame was applied and exposure was set for 10 min. The image was 

then analysed using Aida Image Analyser software version 3.28.001 (Raytest; 

Sheffield, UK). Rectangular regions were marked out over the image corresponding to 



Chapter 3                               Material and Methods 

 

82 

 

each sample and luminescence quantified to give a result using GraphPad prism 

software version 4.0 (GraphPad, California, USA). 

3.13.6. Protein Quantification 

Total protein was quantified from each cell sample using the protein assay kit BCA 

(Bicin Choninic Acid) (Thermo Scientific, Lough borough, UK). BCA chelates with 

Cu
+
 in a ratio of 2:1 forming a purple coloured reaction product. Absorbance of this 

product can then be measured on MRXTC II Plate reader (Dynex Technology INC; 

Virginia, USA) at 570nm. A stock solution of BSA (Bovine Serum Albumin) of 2 mg 

per ml was prepared as a standard with final concentration ranging from 20-

2000µg/ml. This stock was then diluted to produce the following concentrations: 2.00, 

1.50, 1.00, 0.50, 0.25, 0.125, 0.0625 and 0.00 mg/ml. The mixture of equivalent 

volume of 50 parts reagent A and B of BCA which were used for the preparation of 

working solution. To 200µl of working reagent, 10µl of each standard, blank and cell 

samples were pipetted in duplicate into the microplate well and plate was positioned 

on incubator for 30min after shaking. The wavelength was then measured at 570nm on 

MRXTC II Plate reader (Dynex Technology INC; Virginia, USA). This result was 

then increased by 10 by using the regression analysis to account the unknown protein 

concentration from the original dilution in BCA reagents. For each BCA assay to be 

valid the R
2
 must be >0.9. 

3.14. Statistics 

SNP of genotypic and allelic frequencies was calculated by using GraphPad 

tool of version 7.0 (GraphPad, California, USA) with χ2 test χ2 test. The OD of 
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X-ray film protein bands was measured by densitometric quantification with 

(LabWorks 4.0 software), adjusted and normalized to GAPDH or total corresponding 

proteins (UVP Inc, Cambridge, United Kingdom). Data was expressed as %age for the 

maximum amount of molecule detected in each experiment. Results were identified as 

S.E.M. of minimum 3 times replicated experiments. Statistical differences among 

groups were performed by ‗ANOVA‘ test using the GraphPad tool of version 7.0 

(GraphPad, California, USA) GraphPad tool of version 7.0 (GraphPad, California, 

USA). Statistically significant P-values (< 0.05) were considered. 
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Chapter 4 

RESULTS 

BC is a most common cancer and is a heterogeneous group of various 

malignancies associated with multiple risk factors and genetic factors. It has the 

highest incidence rate in Asia especially in Pakistan. Chemokines are basically 

cytokines or signaling proteins that are known to be associated with multiple disorders 

that lead the cancer towards progression or metastasis.  Various genetic abnormalities 

such as SNP are known to be associated with transcription of CXCL12 gene at β 

splice variant. It has reported that poor prevalence of polymorphism in CXCL12 gene 

with association with organ metastasis in BC (Hassan, Baccarelli, Salvucci, & Basik, 

2008). Therefore, we were aimed to analyze the association of SNP of CXCL12 gene 

with multiple risk factors in Pakistani population which may be derived as prognostic 

marker.  

4.1. SNP rs1801157 analysis of CXCL12 gene 

CXCL12 has five isoforms such as α, β, δ, ε, φ, and γ which are located at 

position 10q11.1. It has four exons (in which first 3 exons are identical with each 

other) (Shirozu et al., 1995) and three introns (Deloukas et al., 2004). The 

polymorphism rs1801157 is present at exon 4 in CXCL12 which result in genetic 

variation or alteration from guanine “G” to adenine “A” (Dean, Carrington, & 

O'Brien, 2002). Most of the studies were based on the association of both alleles “A” 

and “G” of rs1801157 polymorphism among various stages of BC (Jin et al., 2012; 

Kobayashi et al., 2010). The objective of our study is to identify the association of 
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rs1801157 polymorphism of CXCL12 gene with multiple risk factors in BC patients 

of Pakistan. PCR products of 365 individuals were amplified and products of 

rs1801157 polymorphism of CXCL12 gene were digested with Msp1 enzyme 

(Fermentas, USA, Waltham). SNP rs1801157 in the CXCL12 gene was detected 

through PCR- RFLP (shown in method section 3.1.6). After digestion genotype “G” 

yielded 193 and 100bp products lengths and allele “A” produced 293bp product 

shown in Figure 4.1 and remaining gel representation images are given in Figures 6.1-

6.5 (Annexure # 2). 

 

 

Figure 4.1: Genotypic distribution of genotype “GG”, “AG” and “AA”. Figure (a) 

showing four samples of healthy individuals where lane 1: 50bp marker, lane 2 & 3 

contain heterozygous “AG”, lane 4 of “GG” while lane 5 of “AA” genotypes. While 
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Figure (b) having genotype in disease group where lane 1 having 1: 50 bp marker, 

lane 2, 3, 4 and 5 contains “AG”, “GG” and “AA” genotypes.  

4.2. Analysis of rs1801157 polymorphism of genotypic (“GG”, “AG” and “AA”) 

and allelic (“G” and “A”) variations of CXCL12 gene 

4.2.1. Analysis of rs1801157 polymorphism of genotypic (“GG”, “AG” and “AA”) 

variations of CXCL12 gene 

Samples (n=218) of BC patients and (n=147) of healthy individuals were 

included in this study to analyse the genotypic (“GG”, “AG” and “AA”) variations of 

CXCL12 rs1801157 polymorphism. In case of genotype “AG” it was slightly greater 

in healthy individuals (59%) than BC patients which are 27% (shown in Table 4.1 and 

Figure 4.2). There was 63% of genotypic distribution of genotype “GG” was observed 

as compared to genotype “AA” in BC patients. While in healthy group it was 32% and 

9% of genotype “GG” and “AA” respectively. In case of genotype “AG” it was 

slightly greater in healthy individuals (59%) than BC patients which are 27% (shown 

in Table 4.1 and Figure 4.2). It was concluded that genotype “GG” is significantly 

increased in Pakistani BC population which lead the breast tumor towards progression. 
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Table 4.1: Genotypic distribution of genotype “GG”, “AG” and “AA” in patient and 

control groups (Khalid & Hanif, 2017). 

Genotypic frequency
 

 

Genotype 

 

control 

(147) 

 

patients 

(218) 

p value and 

(χ2) 

GG 47 (32%) 138 (63%) <0.0001**** 

(38.85) AG 86 (59%) 59 (27%) 

AA 14 (9%) 21 (10%) 

 

 

4.2.2. Analysis of rs1801157 polymorphism of genotypic (“GG”, “AG” and “AA”) 

variations of CXCL12 gene with respect to dominant, co-dominant and recessive 

models 

The genetic variations of genotype “GG” was found to be more prevalent (p < 0.01) in 

patients than genotype “AG” which is more significant in control group (p < 0.01) 

whereas the recessive genotype is non-significant (p = 0.97) shown in Table 4.2, 

Figure 4.2. The genetic variations of genotype “GG” was found to be more prevalent 

(p < 0.01) Table 4.2 in patients than genotype “AG” which is more significant in 

control group (p < 0.01). It was concluded that “GG” was significantly 63% higher in 
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BC patients which was more prevalent among Pakistani population that lead the 

cancer towards progression (Table 4.2 and Figure 4.2).  

 

Table 4.2: Genotypic distribution of genotype “GG”, “AG” and “AA” (Khalid & 

Hanif, 2017). 

Distribution of genotypes 

 

N (%) 

 

147 samples 

of control 

 

 

218samples 

of Patients  

 

 

 

 

p value and χ2 

 

 

Odds Ratio and 

95% CI
 

AG 59% 27% <0.001*** 

(36) 

3.8 (2.4-5.9) 

GG + AA  41% 73% 

GG  32% 63% <0.001*** 

(34) 

0.3 (0.2-0.4) 

AG + AA  68% 37% 

AA 9% 10% 0.97 (0.001) 0.98 (0.5-2.0) 

AG + GG 91% 90% 

**** χ2 = 36.24 of “AG” and 34.48 of “GG” genotype, p < 0.01. 
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Figure 4.2: Genotypic distribution of genotype “GG”, “AG” and “AA” in BC 

patients and control group. Graphically it was significantly observed that genotypes 

frequencies of genotype “AG” and “GG” were higher in BC patients and control 

groups: χ2= 36.24, 34.28 (two degree of freedom; p < 0.01) (Khalid & Hanif, 2017). 

 

4.2.3. Analysis of rs1801157 polymorphism of allelic (“G” and “A”) variations of 

CXCL12 gene 

The allelic (“G” and “A”) distribution of CXCL12 rs1801157 polymorphism 

was analyzed in BC patients which were 77% and 23% while in control groups were 

61% and 39% respectively. It was observed that allele “G” was found to be more 

prevalent in BC patients of Pakistani population than the healthy individuals (shown in 

Table 4.3 and Figure 4.3.). Our results are concluded that there is strong association of 

polymorphism in our Pakistani population. 
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Table 4.3: Allelic distribution of allele “G” and “A” of rs1801157 polymorphism of 

CXCL12 gene (Khalid & Hanif, 2017). 

Allelic frequency  

 

Allele 

 

Control 

(n=147) 

 

BC Patients 

(n=218) 

p Value 

(chi- square (χ 2) 

OD (95% CI)
 
 

G (%) 61 77 0.01* 

(5.984) 

0.467 

(0.25-0.86) A (%) 39 23 

 

 

Figure 4.3: Graphical representations of Allelic distribution of CXCL12 

polymorphism rs1801157 among BC and control group. Allelic frequencies of allele 

“G” was χ2= 5.984 (p < 0.01) (Khalid & Hanif, 2017). 
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4.2.4. Association of allele “A” and genotype “GG” of CXCL12 gene in age 

groups, stages and organ metastasis of BC patients 

Previously it has been reported to increase the susceptibility or resistance 

towards BC metastasis due to multiple genetic variations (Jin et al., 2012; Kobayashi 

et al., 2010). The parameters like age (20->60), staging (I-IV) and tumor metastasis 

(lungs, liver, bones and brain) of BC patients were examined.  

4.2.4.1 Association of allele “A” and genotype “GG” of CXCL12 gene in age 

groups  

BC women between the ages of 40-45 years ages are more susceptible towards 

BC (Finkel et al., 2007; de oleveria et al., 2011).  

The BC patients with age groups of ranging from 20 to 60. It was found that 

allele A was 30 (37%) of BC patients 20-45, 41 (51%) of age group between 46-60 

and 9 (11%) in age group of patients who are older than 60. It was found that allele A 

was 30 (37%) of BC patients 20-45, 41 (51%) of age group between 46-60 and 9 

(11%) in age group of patients who are older than 60. However there was no 

significant association between presence of allele A in certain age group (Table 4.4 

and Figure 4.4).  
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Table 4.4: Association of allelic frequencies of allele “A” and genotype “GG” of 

CXCL12 polymorphism (n = 218) (Khalid & Hanif, 2017). 

   

n = 218 

(%) 

 

Genotype (CXCL12)   

p value Genotype 

“GG” 

 

Allele “A”  

 

 

Age 

(years) 

20–45 35% 33% 37%  

0.1654 46–60 50% 49% 51% 

>60 15% 18 %       11% 

 

 

Figure 4.4: Graphical representation of the prevalence of allelic frequencies of alleles 

“G” and or “A” in patient age in Pakistani population (Khalid & Hanif, 2017). 
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4.2.4.2 Association of allele “A” and genotype “GG” of CXCL12 gene in 

advanced stages  

In stage II and III 69 (32%), 84 (39%) had higher incidence rate in BC patients 

compared to other stages. While stage I & IV had small number of patients [31 (14%), 

34 (15%)]. Allele “G” was found to be associated with BC stage 2 (n=41), 3 (n=63) 

and 4 (n=20) (P = 0.369) shown in Table (4.5) and Figure (4.5). Allele “G” was found 

to be associated with BC stage 2 (n=41), 3 (n=63) and 4 (n=20) (P = 0.369) shown in 

Table (4.5) and Figure (4.5). It was concluded that the genotype GG is associated to in 

Pakistani population and more prevalent in advanced stages of 3 and 4.  

Table 4.5: Association of allelic frequencies of allele “A” and genotype “GG” of SNP 

rs1801157 of CXCL12 gene (n = 218) (Khalid & Hanif, 2017). 

 

 

 

 

 

Tumor 

stage 

 

  

 

n = 218 

(%) 

 

Genotype (CXCL12) 

 

 

p value  Genotype GG 

 

Allele “A”  

 

1 14% 10% 21%  

0.369 11 32% 30% 35% 

111 39% 46% 26% 

1V 15% 14% 18% 
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Figure 4.5: Graphical representation of the prevalence of allelic frequencies of “G” 

and or “A” allele in stages of BC patients in Pakistan. The differences among stages 

were (p > 0.05) (Khalid & Hanif, 2017).  

 

4.2.4.3. Association of allele “A” and genotype “GG” of CXCL12 gene in 

metastatic organs (lungs, liver, bones and brain) 

Statistical analysis shown a significant association of lungs, liver and bone 

metastasis of genotype GG in BC patients which was 21 (15%), 61 (44%) and 46 

(33%) than Allele "A" carrier i.e. 20 (25%), 23 (29%) and 23 (29%). While in case of 

brain, metastases of BC patients with % ages of allele A carrier 14 (18%) which was 

slightly higher than genotype GG 10 (7%) in Table (4.6) and Figure (4.6). While in 

case of brain, metastases of BC patients with % ages of allele A carrier 14 (18%) 
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which was slightly higher than genotype GG 10 (7%) in Table (4.6) and Figure (4.6).  

Allele “G” was found to be significantly associated with lungs (n=21), liver (n=61) 

and bones (n=46) metastases among BC patients (P = 0.349) shown in Table (4.6) and 

Figure (4.6). It was concluded that the genotype GG is related to high risk of BC in 

Pakistan and more prevalent in liver and bones metastases and high risk of BC in 

Pakistan.  

Table 4.6: Association of allelic frequencies of allele A and genotype GG of SNP 

rs1801157 of CXCL12 gene (n = 218) (Khalid & Hanif, 2017). 

 

 

 

 

Tumor 

organ 

histology 

  

 

n = 218 

(%) 

 

Genotype (CXCL12) 

 

 

p value  Genotype 

“GG” 

Allele “A”  

 

Lungs 19% 15% 25%  

0.349 Liver 38% 44% 29% 

Bones 32% 33% 29% 

Brain 11% 7% 18% 
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Figure 4.6: Graphical representation of the prevalence of allelic frequencies of “G” 

and or “A” allele in various metastatic organs of BC patients in Pakistan. The 

differences among different parts of the body in BC patients were p > 0.05 (Khalid & 

Hanif, 2017). 

 

4.2.5. Association of genotype GG and AA of rs1801157 SNP with multiple risk 

factors of BC patients 

The statistical analysis of genotype GG with AA of CXCL12 rs1801157 

polymorphism was showed to determine the effect of six factors including patient‟s 

age, weight, lymph nodes status, hormonal imbalances (ER and PR) and family history 

using multivariable logistic regression. It was concluded from ORs and 95% CIs 

(shown in Table 4.7) that these factors remained as independent risk factors for BC 

metastasis. 
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Table 4.7. Multivariate analysis of association of risk factors according to the 

CXCL12 rs1801157 genotypes in BC patients (Khalid & Hanif, 2017). 

Risk factors Characteristics p value ODD Ratio CI (95%) 

Polymorphism 

rs1801157 

genotypes 

GG 0.02 1.300 1.060 to 1.600 

AA  1.000  

Age Equal to or below 

or above 60 

0.6 0.930 0.700 to 1.240 

Overweight Present 0.03 1.290 1.030 to 1.630 

Lymphatic 

status 

Metastasis present 0.005 1.240 1.070 to 1.440 

Hormonal status ER 0.03 1.200 1.020 to 1.400 

PR 0.02 1.300 1.040 to 1.630 

Familial Present 0.04 1.95 1.040 to 3.660 

 

 

 

4.3. Computational analysis in predicting the levels of genes CXCL12, IGF-1R 

and EGFR associated Biological Regulatory Network (BRN) responsible for BC  

Computational analysis was used to predict the levels of genes CXCL12, IGF-1R and 

EGFR associated Biological Regulatory Network (BRN) responsible for BC 

metastasis which are described below. 
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4.3.1. Collection of CXCL12 associated signaling data for the construction of 

BRN model  

 The CXCL12 interacting with CXCR4 which is regulating the expression of 

ER-α and transduce the signal towards BC metastasis (Dewan et al., 2006; 

Ganju et al., 1998; Luker & Luker, 2006; Qin et al., 2017; Schober, 

Karshovska, Zernecke, & Weber, 2006; Wescott et al., 2016). It has expressed 

in lymphatic tissues because of dimerization of chemokine CXCL12 with 

receptor CXCR4 (Cavallaro, 2013; Hinton et al., 2010; Liberman et al., 2012; 

Salomonnson et al., 2013; Sun et al., 2014). Upon ligand binding interaction 

following the initiation of activation of downstream mediators proteins: 

PDZK1, IRS-1 and ER-α that are cross-linked with multiple mediators or 

regulators such as IGF-1R (Teicher & Fricker, 2010), EGFR and ERK1/2 

(Sobolik et al., 2014) (Figure 4.7).  

 The association of CXCL12 with CXCR4 plays a role in activating PDZK1 

with direct interaction of PLC-β which lead to stimulate the activation of Ca
2+

 

channels (Kim et al., 2014; Neves et al., 2002) which phosphorylates src  (Xie, 

Singleton, Bourguignon, & Bikle, 2005).  

 The activated Ca
2+

 indirectly phosphorylates the activity of ERK1/2 in 

response of G-proteins which lead to up-regulate expression of ER and PR 

(Kim et al., 2014; Neves et al., 2002).  

 PDZK1 involved enhancing the activation of DAG to PKC which lead the cell 

cycle towards proliferation (Kim et al., 2014; Park et al., 2012). This signaling 
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pathway was caused by overexpression of newly identified protein PDZK1 and 

calcium influx which are involved in increasing expression of growth 

promoting factors such as IGF-1R, EGFR (Kim et al., 2014) which are 

mentioned in another Figure (4.8) and are discussed below. 
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Figure 4.7: CXCL12 associated signaling network related to BC. The signaling 

network of CXCL12, IGFR and EGFR is enhanced by the binding of receptors 

CXCR4, IGF and EGF which lead to the phosphorylation of downstream mediator 

proteins such as PDZ domain containing 1 (PDZK1), src-Ras-Raf-MAPK kinases and 

PI3k-Akt kinases (Dewan et al., 2006; Ganju et al., 1998; Luker & Luker, 2006; Qin 

et al., 2017; Schober, Karshovska, Zernecke, & Weber, 2006; Wescott et al., 2016; 

Kim et al., 2014; Neves et al., 2002; Xie, Singleton, Bourguignon, & Bikle, 2005). In 

CXCL12 pathway, PDZK1 activates with phospholipase C-β (PLC-β) by direct 

interaction of G-proteins. It further promotes the activation of diacylglycerol (DAG) 

to ERK1/2 signaling through PKC. Activated PDZK1 also lead to the signaling of 
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calcium influx (Ca
2+

) which activates multiple downstream signaling proteins src to 

MAPK kinases. It is further enhanced by the phosphorylation of IRS-1 through 

alternate signaling pathway related to IGFR and EGFR signaling. Phosphorylated 

IRS-1 leads to the phosphorylation of kinases such as PI3k, AktMAPK and ERK1/2 

which enhanced the expression of ligands IGF and EGF. CXCL12, IGF and EGF 

interact with CXCR4, IGFR and EGFR receptors that can lead to enhance activity of 

ER and PR. It can enhance the cell cycle proliferation, BC cell migration, invasion 

and tumor metastasis to lungs, liver, bones and brain. It can cause by losses of 

function mutations of PTEN, BRCA1, p53 and Mdm2 (Khalid & Hanif, 2017). 

 

4.3.2. Collection of IGF-1R and EGFR associated signaling data for the 

construction of BRN model  

IGF-1R, a trans-membrane tyrosine kinase, is an endocrine receptor involved in 

normal body growth and development (LeRoith, Werner, Beitner-Johnson, & Roberts, 

1995). IGF-1R is regulated by the binding of ligands, such as IGF-1, to process cell 

proliferation and differentiation (Adams, Epa, Garrett, & Ward, 2000; Dedra Fagan & 

Douglas Yee, 2008; Pandini et al., 1999).  

 The signaling cascade of IGF-1R begins by the activation of several 

downstream mediators such as PI3k-Akt, MEK-ERK and ATM-ATR signaling 

(Figure 4.8) (Khalid et al., 2016; Jennifer Law et al., 2008; Michael Pollak, 

2008; Vivanco & Sawyers, 2002; Watters, Chun, Kim, Bertics, & Gorski, 

2000).  
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 MEK and ERK are also lead to the activation of the EGF growth factor, which 

activates the downstream mediator signaling kinases Ras and Raf (Levin, 

2001) through phosphorylation of IRS-1.  

 Phosphorylated IRS-1 leads to enhance the activity of PI3k/Akt (Jennifer Law 

et al., 2008; Michael Pollak, 2008; Riedemann & Macaulay, 2006) and 

ATM/ATR (Gueven et al., 2001; Lee & Paull, 2007) signalling activated by 

oxidative stress, ionizing radiation and DNA double strand breaks (Werner and 

Maor 2006).  

 Various environmental and genetic mutations caused by the suppression of 

several key TSGs including Mdm2 (Komarova et al., 2004; Schayek et al., 

2009) PTEN (Lee & Paull, 2007), p53 (Hong, van den Heuvel, Prabhu, Zhang, 

& El-Deiry, 2014; Powers et al., 2004) and BRCA1 (Liu, Konduri et al. 2006; 

Werner and Maor 2006; Daniel, Hagan et al. 2011; Bailey, Shin et al. 2012; 

Khalid, Hanif et al. 2016). Due to losses of function mutations of TSGs caused 

by the up-regulated expression of ER-α (Liu et al., 2006; Sayeed et al., 2007) 

which lead the breast tumor towards metastasis. 
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Figure 4.8: Insulin and estrogen dependent regulatory network in BC. (A) The 

common signaling cascade of insulin dependent IGF-1R pathway is adapted from 

different studies  (Khalid et al., 2016; Jennifer Law et al., 2008; Michael Pollak, 

2008; Vivanco & Sawyers, 2002; Watters, Chun, Kim, Bertics, & Gorski, 2000). It is 

activated by the binding of ligand IGF-1 which lead to phosphorylate insulin receptor-

1 (IRS-1) by phosphorylated activity of Mdm2 (5a1). It further regulates the activity of 

downstream mediator protein including PI3k (1a1), which activates AKt (2a1) to ER- α 

(3a1). (B) Phosphorylated IRS-1 further regulates the activity of ATM or ATR 

signaling (1a2) which suppress the activity of Mdm2 (4a1) due to some mutations such 
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as ionizing radiation or oxidative stress (1b). Phosphorylated ATM/ATR signaling 

causes losses of function variations of TSGs which are BRCA1, p53 and Mdm2 by 

DNA damage response by over-expression of ER-α (2b, 3b1, 3b2, 3b3). (C) Another 

pathway of EGFR (epidermal growth factor receptor) indirectly enhance 

transcriptional activation of ER-α (estrogen receptor-alpha) gene (5c) by effector 

proteins Ras, Raf (2c, 3c) which activates/phosphorylates ERK (extracellular signal-

regulated kinase) pathway (4c). There is a close interaction between A and B 

signaling pathway through PI3-k to phosphorylated MEK signaling which enhance the 

activation of ER-α (2a2) to suppress level of p53 (8a4). Phosphorylated Akt and up-

regulated expression of ER-α activates which enhance the level of IGF-1 (8a1) that 

induces signaling to IGF-1R (9a2). IGF-1 up-regulates to activate BRCA1 (9a1) which 

activates p53 gene (6a2). ER-α also activate BRCA1 through stimulation of E2 (8a2) 

and p53 (6a3). In normal condition the BRCA1 inhibits the activity of ER-α (7a2). It 

also inhibits the level of IGF-1R (7a3) which enhances the activation of Mdm2 (6a1). 

Mdm2 normally inhibits p53 (5a2) and p53 maintain activity of Mdm2 (6a1) while in 

mutated condition the level of p53 is disturbed by the activation of ER-α (8a5). The 

levels of both insulin and estrogen dependent receptors (IGF-1R and EGFR) are 

enhanced by the regulation of ER-α and suppression of genes such as p53, BRCA1, 

and Mdm2 in BC cells (8a3, 9a2) (Khalid et al., 2016). 



Chapter 4                                                        Results 

 

 

105 

 

4.3.3. Expression analysis of CXCL12, IGF-1R and EGFR associated BRN using 

Rene' Thomas formalism to find new targets related to BC 

The Rene' Thomas Formalism was performed to find the complex dynamical 

interactions and behavioral analysis among genes and proteins involved in BRN 

model. Two BRN models were abstracted from CXCL12 and IGF-1R/EGFR 

associated signaling pathways (shown in Figure 4.7 and 4.8) to determine the 

significance of key proteins such as CXCL12, CXCR4, PDZK1, PI3k, Akt, p53, IGF-

IR, ER-α, EGFR, PTEN, BRCA1 and Mdm2 involved in BC progression (Figure 4.9A, 

4.9B). Both BRN models consisted of two main types of biological feedbacks such as 

gene “ON” considered as activation (indicate in “+” sign) and gene “OFF” as 

inhibition (indicate in “–” sign). These already reported biological findings of genes 

and proteins (Khalid et al., 2016; Kim et al., 2014; Sobolik et al., 2014; Teicher & 

Fricker, 2010) were analysed to find the expressions of proteins which are inter-linked 

with CXCL12, IGF-1R and EGFR associated BRN to validate new inhibitory targets 

for treatment of BC. 
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Figure 4.9 A: CXCL12 associated BRN model. Positive “+” sign indicate activation 

while negative “-” sign is indicated as inhibition and arrows represents the direction 

of entities (Khalid & Hanif, 2017).  
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Figure 4.9 B: IGF-1R and EGFR associated BRN models. Positive “+” sign 

indicate activation while negative “-” sign is indicated as inhibition and arrows 

represents the direction of entities (Khalid et al., 2016). 
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4.3.4. Analysis of logical parameters of genes in CXCL12, IGF-1R and EGFR 

associated BRN in BC using GENOTECH and SMBioNet softwares 

 Our BRN models have ten biological proteins which are PDZK1, PTEN, Akt, ER-α, 

CXCL12, EGFR, IGF-IR, CXCR4, p53, PI3k, BRCA1, and Mdm2 (Figure 4.9A and 

4.9B). The identification of set of logical parameters of biological entities involved 

CXCL12, IGF-1R and EGFR related BRN models, which govern the expression levels 

of each property using the software GENOTECH (Table 4.8 and 4.9). IGF-1R and 

EGFR associated BRN model was confirmed through SMBioNet analysis which 

showed 5 different sets of logical parameters were computed and were confirmed by 

using computational tree logic formalism as given below. The input file of IGF-1R 

and EGFR associated network which also shows the CTL properties shown in 

Annexure # 3. 

CTL 

 

((IGF-1R/EGFR=0&ER-α=0&BRCA1=0&p53=0&Mdm2=0)>EX (EF(IGF-

1R/EGFR=0&ER-α=0&BRCA1=0&p53=0&Mdm2=0))) &((ER-α=0)>EF(ER-

α=1))&((IGF-1R/EGFR=0&ER-α=0& BRCA1=0&p53=0&Mdm2=0)>EF(AG(IGF-

1R/EGFR=1&ER-α=1))) 

 

All of the five sets of discrete parameters were selected 5
th

 set which has closer 

approximation to biological observations (given in Table 4.9). These parametric 

values allow us to determine the interaction of genes and proteins, wherein ER-α 

remains in a dormant state and TSGs are activated (shown in Table 4.9) and PDZK1 to 

stimulate PI3k/Akt signaling (shown in Table 4.8). Active PDZK1 and ER-α also 

suppress the activity of Mdm2, PTEN, BRCA1 and p53 (Table 4.8 and 4.9). These 
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parametric values allow us to determine the interaction of genes and proteins, wherein 

ER-α remains in a dormant state and TSGs are activated (shown in Table 4.9) and 

PDZK1 to stimulate PI3k/Akt signaling (shown in Table 4.8). Active PDZK1 and ER-

α also suppress the activity of Mdm2, PTEN, BRCA1 and p53 (Table 4.8 and 4.9). 
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Table 4.8: Logical parameters of genes in CXCL12 associated BRN model. It defines the resource sets and the numbers (0, 1) 

indicates the threshold levels. 

 Dynamical states and parameters 

1 Logical parameter of CXCL12 „K‟ (CXCL12, { }) & (CXCL12 , {CXCR4})  = 0 & 1 

2 Logical parameter of CXCR4 „K‟ (CXCR , { })& (CXCR4, {PDZK1}) & (CXCR4, {PI3k/Akt}) & (CXCR4, {CXCL12}) & (CXCR4, {CXCL12, 

PI3k/Akt}) & (CXCR4, {CXCL12, PDZK1}) & (CXCR4, {PDZK1, PI3k/Akt} & (CXCR4, {CXCL12, PDZK1, PI3k/Akt}) = 0, 1,1, 1, 1, 1, 1, 1 

3 Logical parameter of PDZK1 „K‟ (PDZK1, { } & (PDZK1, {PI3k/Akt}) & (PDZK1, {PTEN}) (PDZK1, {CXCR4}) & (PDZK1, {PTEN, 

PI3k/Akt}) & (PDZK1, {CXCR4, PI3k/Akt}) & (PDZK1, {CXCR4, PTEN}) & (PDZK1, {CXCR4 , PTEN, PI3k/Akt}) = 0, 1, 0, 1, 0, 1, 0, 1 

4 Logical parameter of PTEN „K‟ (PTEN, { }) (PTEN, {p53 (PTEN, {PI3k/Akt}) }) & (PTEN, {PDZK1}) (PTEN, {PI3k/Akt, p53}) & (PTEN, 

{PDZK1, p53}) & (PTEN, {PDZK1, PI3k/Akt}) & (PTEN, {PDZK1, PI3k/Akt, p53}) = 0, 0, 1, 1, 0, 0, 1, 0 

5 Logical parameter of PI3k/Akt „K‟ (PI3k/Akt, { }) (PI3k/Akt, {PDZK1}) & (PI3k/Akt, {PTEN}) (PI3k/Akt, {CXCR4}) & (PI3k/Akt, {CXCR4, 

PDZK1}) & (PI3k/Akt, {PDZK1, PTEN}) & (PI3k/Akt, {CXCR4, PTEN}) & (PI3k/Akt, {CXCR4, PDZK1, PTEN}) = 0, 1, 0, 1, 1, 0, 0,  1 

6 Logical parameter of P53 „K‟ (p53, { }) (p53, {PTEN}) = 0, 1 
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Table 4.9: Logical parameters of genes in IGF-1R and EGFR associated BRN model. It defines the resource sets and the numbers 

(0, 1) indicates the threshold levels. 

 Dynamical states and parameters 

1 Logical parameter of IGF-1R&EGFR „K‟ (IGF-1R/EGFR), & { }) = 1 

2 Logical parameter of ER-α „K‟ (ER-α), { }) (ER-α), &{p53}) (ER-α), &{IGF-1R/EGFR}) (ER-α), & {IGF-1R/EGFR, p53}) = 0, 1, 

1,  1 

3 Logical parameter of BRCA1„K‟ (BRCA1), { }) & (BRCA1), {p53}) = 0,  1 

4 Logical parameter of P53 „K‟ (p53), { }) (p530 (p53), &{Mdm2}) (p53), {BRCA1}) & (p53), {ER-α, Mdm2}) (p53), &{ER-α, 

BRCA1}) (p53), & {BRCA1, Mdm2}) (p53), &{ER-α, BRCA1, Mdm2}) = 0, 0, 0, 1, 1, 1,  1,   1 

5 Logical parameter of Mdm2 „K‟ (Mdm2), { }) & (Mdm2), {p53}) = 0, 1 



 

Chapter 4                                                        Results 

 

 

112 

 

4.3.5. Analysis of two BRN of CXCL12/CXCR4 and IGF-1R/EGFR models 

related to BC 

The selected discrete parameters of abstracted BRN models were used to generate the 

statgraph using the tool GENOTECH (version 3.0) with initial states (0,0,0,0,0,0) and 

metastatic deadlock states of CXCL12/CXCR4 BRN model (1,1,1,0,1,0) and IGF-

1R&EGFR BRN model (1,1,0,0,0) shown in Figure 4.9A and 4.9B.  

4.3.5.1. Stategraph of CXCL12 associated BRN model 

The state graph of CXCL12 associated BRN has 64 states of 6 biological entities are 

CXCL12, PDZK1, CXCR4, PTEN, PI3k or Akt and p53 that are associated in 

interaction among each state with directed arrows of 51cycles see in table 6.1 

(Annexure # 4). It shows the expression levels of each protein that was raised from all 

the states to deadlock in BRN. The unique cyclic trajectories represent the level of 

TSGs which are relatively increased in state (0,,0,,0,,1,,0 ,1). The genes are CXCL12, 

CXCR4, PDZK1 and PI3k or Akt remains in “up” and “down” regulation. On the 

other most critical states like (1,1,1,0,0,1), (1,1,0,0,1,1), (1,1,0,0,1,0) and (1,1,1,0,1,0) 

shows the overexpression of CXCL12 upon interaction with CXCR4 that leads the 

system towards metastatic state (1,1,1,0,1,0) (Figure 4.10). The usual activation of 

CXCL12 is involved in increasing expression of PI3k and Akt signaling through 

binding of receptor CXCR4. It has been observed from the state graph that CXCL12-

CXCR4 axis have a role in activation of PDZK1, PI3k and Akt that ultimately lead to 

suppression of TSGs. Our results were decided that the interaction of CXCL12 with 
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CXCR4 is inhibited by the multiple inhibitory genes including Akt, PDZK1 and PI3k 

to treat BC metastasis. 
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Figure 4.10: State graph of CXCL12 BRN model. The set of parameters was used to 

generate state graph by using the software GENOTECH. The states of entities are 

represented in circles and directed arrows represent the cyclic trajectories which are 

connected with each other state. While deadlock state shows that the levels of PTEN 

and p53 are inhibited that move the BC towards metastasis. 
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4.3.5.2. Analysis of IGF-1R/EGFR associated BRN 

The state graph of IGF-1R & EGFR associated BRN has 32 states of 5 biological 

entities such as IGF-IR & EGFR, BRCA1, p53, Mdm2 and ER-α (Figure 4.9) which 

are involved in interaction among each state with directed arrows of 75 cycles in four 

zones (shown in Figure 4.11). These four zones were revealed to signify the 

expression levels of each protein that was arise from states and shift to deadlock state.  

1. Pink Zone1 = {(0,0,0,0,0), (0,0,0,1,0), (0,0,0,1,1), (0,0,1,1,1), (0,0,1,0,1), 

(0,0,1,0,0), (0,0,1,1,0), (0,0,0,0,1)} 

2. Red Zone2 = {(0,1,1,1,0), (0,1,0,1,0), (0,1,0,1,1), (0,1,1,1,1), (0,1,1,0,1), 

(0,1,0,0,1), (0,1,1,0,0), (0,1,0,0,0)} 

3. Red Zone3 = {(1,0,0,0,1), (1,0,0,0,0), (1,0,0,1,0), (1,0,0,1,1), (1,0,1,1,1), 

(1,0,1,0,1), (1,0,1,0,0), (1,0,1,1,0), (1,1,0,1,0), (1,1,0,1,1)} 

4. Black Zone4 = {(1,1,1,1,0), (1,1,1,1,1), (1,1,1,0,1), (1,1,1,0,0), (1,1,0,0,1), 

(1,1,0,0,0)} 

In Figure 4.11, pink zone is considered as low-risk-zone which shows the levels of 

oncogenes remains in oscillation. Red zones 2 and 3 represent the increased levels of 

one of the gene but not both IGF-1R, EGFR and ER-α. While the last black-zone is 

considered as most critical zone which shows the overexpression of ER-α upon 

interaction with IGF-1R/EGFR that leads the system towards metastasis (Figure 4.11). 

It was observed from state graph that the state (1,1,0,0,1) in black zone moves towards 

a (1,1,0,0,0) state which is deadlock state where p53, BRCA1 and Mdm2 are down-
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regulated. It was concluded that the signal transduction pathway of IGF-1R and EGFR 

associated BRN is inhibited by the complex inhibitory targets including IGF-1R, 

EFGR and ER-α responsible for BC metastasis. 
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Figure 4.11: The state graph of the IGF-1R/EGFR BRN model. The logical 

parameters were used to generate state graph through software GENOTECH. The 

states of each entity are represented in circles and directed arrows represent the 

cyclic trajectories which shows the oscillating behaviors of all the states which are 

involved in state graph. The state graph has 4 biological zones where the system 
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moves from low risk zone (pink colour zone) to high risk (red colour zone) that lead 

towards metastatic/deadlock (black colour zone). The deadlock state (1,1,0,0,0) shows 

that the levels of ER-α is enhanced by the activation of IGF-1R and EGFR while 

suppressor genes are suppressed that move the BC towards metastasis (Khalid, et al., 

2016). 

 

4.3.6. Expression analysis of IGF-1R/EGFR associated BRN with In-silico based 

hybrid Petri Net (HPN) Modeling using the software SNOOPY 

Continuous Hybrid PetriNet (HPN) modeling is another technique which was used to 

confirm the dynamics of qualitative Rene' Thomas formalism and to identify the 

comparison of expression analysis of both homeostatic and diseased conditions of 

CXCL12, IGF-1R and EGFR associated networks. The HPN modeling was performed 

to reveal the time dependent behaviors of key proteins involved in IGF-1R and EGFR 

associated BRN model using the software SNOOPY. 

4.3.6.1. Analysis of IGF-1R/EGFR associated homeostatic and diseased HPN 

modeling 

The continuous dynamics with respect to time dependent behaviours of both 

homeostatic and pathological HPN models were constructed to assess the levels of 

IGF-1R&EGFR in BC (Figure 4.12A and 4.12B). A homeostatic and diseased HPN 

model consisted of 7 places (represent as circles), 8 transitions (represent as squares) 

and 18 edges (represent as directed arrows). The homeostatic IGF-1R/EGFR 
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associated HPN model (Figure 4.12A) was constructed to demonstrate the biological 

activity between p53 and ER-α while in contrast of pathological conditions the 

negative feedback loop of ER-α on p53 shown in Figure 4.12B. The ligands IGF-

1&EGF binding with IGF-1R&EGFR receptors (given by token number of five) after 

inhibitory effect of p53 during pathogenesis that results in increased expression of ER-

α. These biological regulations were observed through simulation results which 

showed the expressions of each entity with time involved in both homeostatic and 

diseased HPN models (Figure 4.12C and 4.12D). The simulations of homeostatic HPN 

model was demonstrated in Figure 4.12C which shows the low levels of ER-α 

(represented by yellow sigmoidal curve) and high level of TSGs (represented by cyan, 

green and navy sigmoidal curves). The activity of BRCA1, p53 and Mdm2 genes 

retains the level of IGF-1R&EGFR (orange coloured line) which is involved in 

stability of cellular environment. It was observed that levels of growth factors and 

hormonal receptor are maintain as low level by activity of Mdm2 and transcriptional 

activation of p53 gene under homeostatic conditions. In contrast, in the diseased 

condition (Figure 4.12D), the level of TSGs are suppressed (cyan, green and navy 

colours) which lead the system towards cancerous state. The mutated behaviours of 

TSGs show the high expressions of IGF-1R&EGFR and ER-α which phosphorylates 

the activity of various downstream mediators such as PI3k and Akt. It was concluded 

that the inhibition of phosphorylation of receptors such as IGF-1R, EGFR and ER-α 

enabled to reduce the cellular proliferation and metastasis related to BC. 
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Figure 4.12 A: Homeostatic pathway of IGF-1R/EGFR model. In the HPN, places 

(represented by circles) show the activity of six entities: IGF-1, IGF-1R, EGF, EGFR, 

ER-α, BRCA1, p53 and Mdm2, while transitions (represented by squares) which show 

the activation, inhibition and phosphorylation of entities and directed arrows 

demonstrate the passages from one place to another through continuous transitions. 

The places of IGF-1, EGF, IGF-1R and EGFR are taken as token number of 5 and 

mass action is given with 1. The homeostatic HPN model was demonstrated the 

biological activity of p53 inhibits the effect of cancerous state ER-α (Khalid et al., 

2016).  
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Figure 4.12 B: Simulations of the homeostatic pathway of IGF-1R/EGFR 

associated HPN model. The simulation of homeostatic HPN model shows the 

quantitative expression profiles of genes. It shows the up-regulated expressions of 

Mdm2 (represented by navy sigmoidal curve) with down-regulates the level of ER-α 

(represented by yellow sigmoidal curve) (Khalid et al., 2016).  
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Figure 4.12 C: Illustration of diseased pathway of IGF-1R/EGFR associated HPN 

model. In this PN, places (represented by circles) show the ativities of entities: IGF-1, 

EGF, IGF-1R, EGFR, ER-α, BRCA1, p53 and Mdm2, while transitions (represented 

by squares) show the activation, inhibition and phosphorylation of entities and 

directed arrows demonstrate the passages from one place to another through 

continuous transitions. The places of IGF-1, EGF, IGF-1R and EGFR are taken as 

token number of 5 and mass action is given with 1. The diseased HPN model was 

demonstrated the negative feedback loop of ER-α on p53 (Khalid et al., 2016).  
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Figure 4.12 D: Simulations of diseased pathway of IGF-1R/EGFR associated HPN 

model. The simulated graph of diseased HPN model shows the low levels of BRCA1, 

p53 and Mdm2 (green, cyan, and navy coloured curves) on vertical-axis with respect 

to time (Khalid et al., 2016). 
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4.3.6.2. Comparison of both homeostatic and diseased IGF-1R/EGFR associated 

HPN models 

The comparison analysis was performed to show the simulation results of IGF-

1R/EGFR associated signaling genes/proteins: IGF-1R, EGFR, ER-alpha, p53, BRCA1 

and Mdm2 with both homeostatic (blue sigmoid curves) and diseased (brown sigmoid 

curves) HPN models with respect to time (Figure 4.13). The differences in levels of 

proteins shown in Figure 4.13A-4.13G are based on our interpretation of the results 

performed by hybrid PN modeling. In the homeostatic model, the levels of ER-α and 

IGF-1R/EGFR are controlled by the regulation of TSGs (blue curves or line). While 

the diseased model has shown to over-express the levels of ER-α by the up regulation 

of IGF-1, EGF and IGF-1R, EGFR which resulted in suppression of TSGs (brown 

coloured curves or line) (shown in Figure 4.13). 
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Figure 4.13: Comparison analysis of both homeostasis (normal) and diseased IGF-

1R/EGFR associated HPN simulated graphs. The simulated graph of normal and 

diseased HPN models shows the relative expressions of genes with respect to time. In 

normal conditions the levels of ER-α is inhibited by the high level of TSGs 

(represented by blue sigmoidal curves/line) while in diseased conditions the high level 



 

Chapter 4                                                        Results 

 

 

126 

 

ER-α has observed by the up regulation of IGF-1R and EGFR (represented by brown 

sigmoidal curve/line) through binding of ligands (Khalid et al., 2016).   

4.3.6.3. Expression levels of both normal (homeostasis) and pathological (disease) 

IGF-1R/EGFR associated HPN simulations compared with previously reported 

data. 

The comparison study of both homeostatic and diseased HPN analysis (given in 

Figure 4.13) of genes IGF-1R, EGFR, ER-α, BRCA1, p53 and Mdm2 showed a strong 

correlation in our results obtained through qualitative modeling (Rene Thomas 

Formalism and HPN) with previously reported data obtained through high throughput 

technologies (Surmacz & Bartucci, 2004; Zhang, Man, Zhao, Dong, & Ma, 2014) as 

presented in Table 4.10. It was observed the comparable states of both homeostatic 

and diseased behaviours of IGF-1&EGF, ER-α, BRCA1 and p53 except the IGF-1R 

and EGFR and Mdm2 levels. We found that decreased levels of IGF-1R and EGFR in 

homeostatic condition resulted in a low levels of ER-α (represented by “-”) compared 

to pathological states. In diseased conditions, the levels of IGF-1R is over-activated 

(represented by “++”) in an in-silico modeling as compared to literature data 

(represented by “+”). In contrast, the rate of production of BRCA1, p53 and Mdm2 are 

suppressed in diseased conditions (represented by “-”) by the auto-phosphorylation of 

downstream mediator proteins PI3k/Akt which maintains the interactions of ligands 

with receptor. Upon activation of IGF-1R and EGFR, the high levels of ER-α 

(represented by “++”) in both in-silico and in-vitro analysis (Surmacz & Bartucci, 
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2004; Zhang, Man, Zhao, Dong, & Ma, 2014) lead the breast tumor towards 

metastasis. 
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Table 4.10: Comparison of simulation results with literature search of entities 

involved in homeostasis and BC pathogenesis. The positive sign “+” shows the 

activity of genes/proteins related to IGF-1R and EGFR signaling while double positive 

“++” sign represented as most active and negative sign “-” considered as inhibitory 

effects of entities involved in BC pathogenesis (Khalid et al., 2016).  

 

Genes 

Normal (homeostasis) Pathological (disease) 

Literature search Simulatio

n results 

Literature search Simulatio

n 

results 

Ligands  Negative (Surmacz, 

& Bartucci, 2004) 

Negative 

 

Positive (Kang et al., 2012a) Positive 

 

Receptor

s  

Negative (Surmacz, 

& Bartucci, 2004) 

Negative 

 

Double Positive (Ouban, 

Muraca, Yeatman, & 

Coppola, 2003a; Surmacz, & 

Bartucci, 2004; Taunk et al., 

2010) 

Positive 

 

ER-α Negative (Zhang, 

Man, Zhao, Dong, & 

Ma, 2014) 

Negative 

 

Double Positive (Bailey, Shin, 

Westerling, Liu, & M. Brown, 

2012; Liu et al., 2006; 

Surmacz & Bartucci, 2004) 

Double 

Positive 

BRCA1 Positive (Ma et al., 

2010) 

Positive 

 

Negative (Kang et al., 2012a; 

Rosen, Fan, Pestell, & 

Goldberg, 2003) 

Negative 

 

p53 Positive (Berger, 

Qian, Liu, Chen, & 

Chen, 2012; Miller 

et al., 2005) 

Positive 

 

Negative (Angeloni et al., 

2004; Bailey, et al., 2012; Liu 

et al., 2009) 

Negative 

 

Mdm2 Positive (Berger et 

al., 2012) 

Double 

Positive 

Negative (Kim et al., 2011b) Negative 
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4.4. Screening of compounds against the targets using Pharmacophore (PM) 

modeling 

The computational modeling provides a dynamical insight to find the complex 

interactions among genes and proteins linked to multifactorial diseases such as cancer. 

We have deployed a molecular drug screening approach which screened the drugs that 

bind to the active site of target molecules and inhibit their activity. In this study, we 

were interested to identify selective inhibitors against IGF-1R by using well-known in-

silico approaches, i.e. pharmacophore modeling (PM) (Ehrlich, 1898) and virtual 

screening (VS) (Bajorath, 2001) which are explained below. 

4.4.1. PM model generation and evaluation 

Our PM model was generated from the dataset of total 23 chemical compounds (0.04 

to 200µM) shown in the method section (Figure 3.7). These compounds have the 

ability to regulate IGF-1R which interacts with various transcription factors including 

ER-α. Previous studies have confirmed the involvement of increased expression of 

IGF-1R in BC progression (Christopoulos, Msaouel, & Koutsilieris, 2015; Dedra 

Fagan & Douglas Yee, 2008; Khalid et al., 2016; Pandini et al., 1999; Michael Pollak, 

2008; Yerushalmi et al., 2012). The statistical parameters, RMSD (0.01-0.89) of these 

21 active compounds were generated to build the PM model using the tool, MOE 

(version 2007.09). The RMSD and IC50 values of 21 set of active compounds as 

shown in Table 6.2 (Annexure # 5). The parametric values included three biological 
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features along with radius (R): F1; HyD/Aro (1.4), F2; HyD (0.8) and F3; HBA (0.9) 

(shown in Figure 4.14). These essential chemical features had good predictive ability. 

Selected compounds were the most active (IC50 ≤ 0.5µM), moderately active (IC50 ≤ 

20µM) and less active (IC50 ≤ 60µM) in the dataset. The inactive compounds had poor 

pharmacokinetic properties and were undetected to prove the effectiveness of our 

model. 
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Figure 4.14: Pharmacophore (PM) Model. The  PM model of IGF-1R inhibitors 

generated by MOE module with chemical features is represented in different colors as 

orange for aromatic hydrophobic (HyD/Aro); green, hydrophobic (HyD) and purple, 

hydrogen bond acceptor (HBA) (Khalid et al., 2018). 
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The selectivity of our model has been evaluated by the set of both active (truely 

identified as positive) and inactive (truely identified as negative) compounds. The 

active compounds with diverse scaffolds were matched to PM model features while 

the inactive compunds were not retrieved by the model. The enrichment of PM model 

has been assessed by two basic values, sensitivity (Sc) and specificity (Sp) (Triballeau, 

Acher, Brabet, Pin, & Bertrand, 2005). The PM model with accuracy rate of 1, showed 

the best predictive ability with high Sc and Sp. The distances between PM features 

have been identified as: (F1-F2: 3.75Å), (F1-F3: 4.99Å) and (F2-F3: 6.79Å) are 

shown in Figure 4.15. The distances shown here represent how PM features are 

participating to interact with different chemical groups to identify potential ligands 

against the target IGF-1R.  
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Figure 4.15: PM features with distance constraints (Å). PM features are represented 

with defined colored as orange, aromatic hydrophobic (HyD/Aro); green, 

hydrophobic (HyD) and purple, hydrogen bond acceptor (HBA) (Khalid et al., 2018). 

4.4.2. Database Screening  

The ligand based PM features were applied to screen the large library of WDB 

database to identify final eight hit compounds shown in Figure 4.16. Some of these 

compounds such as etonogestrol (DB00294), desogestrol (DB00304) and fulvestrant 

(DB00947) have anti-estrogenic activity while others belong to the class of organic 

compounds: 9aS4bromo9a-butyl7-hydroxy-1,2,9,9atetrahydro-3Hfluoren-3-1 

(DB07757), 4-(4-hydroxyphenyl)-1-naphthaldehyde oxime (DB07150), 

3bromo6hydroxy2(4hydroxyphenyl)1hinden-1-1 (DB07230), 

4,4'propane2,2diyldiphenol (DB06973) and 3-ethyl2(4hydroxyphenyl)2hindazol5ol 
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(DB07712). Etonogestrol and desogestrol are synthetically active metabolites that 

have high affinity for ER and PR in the target organs (Barkfeldt, Virkkunen, & 

Dieben, 2001; Maddox & Rahman, 2008). In estrogen receptor positive (ER+) BC 

treatment, both of these drugs restrain fertility by suppressing the LH (luteinizing 

hormone), one of the contraceptive hormones imperative in ovulation (Barkfeldt et al., 

2001; Maddox & Rahman, 2008). Fulvestrant has been used as a selective hormone 

receptor positive (HR+) BC treatment and provides greater control over endocrine 

therapy resistance (Ciruelos et al., 2014). The organic compounds such as DB07757, 

DB07150, DB07230, DB06973 and DB07712 have transcriptional efficacy against 

ER-α and ER-β. We have found that these organic compounds are anti-IGF-1R and 

can control tumerogenesis. Due to unavailability of these compounds, we finally 

selected the most active drug fulvestrant in this study which was further evaluated by 

using both in-silico and in-vitro experiments. This identification indicates that in-silico 

based approaches are used to save our time and resources to identify the potential 

drugs against specific target to control complex diseases such as cancer. 
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Figure 4.16: Illustration of potential Drugbank compounds. Potential 8 hits 

retrieved from WDB database as potent IGF-1R inhibitor (Khalid et al., 2018). 
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4.5. Validation of few compounds in the wet lab analysis 

4.5.1. Combination of fulvestrant with gefitinib reduces the %age viability of BC 

cells 

In the present study, cell viability was determined in MCF-7 (ATCC, Manassas, VA) 

cell line, treated with different concentrations from 0.001-1µM of fulvestrant (Ful) 

(Faslodex, AstraZeneca, USA), gefitinib (Gef) (Iressa; AstraZeneca, USA) and 

combination of both of drugs Ful+Gef as shown in Figure 4.17. Previously reported 

studies shows that fulvestrant reduced the levels of estrogen related genes which are 

linked to BC progression (Ciruelos et al., 2014), while in contrast of gefitinib that can 

cause resistance due to the presence of insulin dependent factors such as IGF-1R (Ge 

et al., 2014). To overcome this limitation we used both of drugs against MCF-7 cells 

and results are confirmed using Mtt assay. IC50 value of Ful+Gef was calculated 

(IC50=0.008 µM) and compared to gefitinib (IC50=5.7µM) and fulvestrant (IC50=0.02 

µM) alone. It showed 50% reduction in cell viability of BC cells was considered as 

statistically significant compared to control in a dose dependent response with 

calculated p value (p < 0.01) (Figure 4.17). In contrast, cell viability was determined 

in human corneal epithelial cells (HCEC) shown in Figure 6.6 (Annexure # 6), treated 

with same concentrations drugs which have shown reduced %age viability of 

approximately 90-100%, respectively. These observations suggest that combined 

treatment of Ful+Gef effectively caused apoptosis in MCF-7 without damaging 

normal cells. 
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Figure 4.17: Cell viability of MCF-7 cell line after treatment with fulvestrant, 

gefitinib and fulvestrant+gefitinib was measured by using MTT assay. All the 

experiments were treated with varying concentrations (0.001-1 µM) and repeated 

thrice. The data was analyzed to reduce the % viability in MCF-7 cells (One-way 

ANOVA; ****p < 0.01).  
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4.6. Synthesis and conjugation of AgNPs with gefitinib and fulvestrant 

Medicinal plants have a pivotal role in the treatment of various malignancies and 

Aerva javanica has been known for its antimicrobial, antiulcer, anthelmintic, 

hypoglycaemic, analgesic and antioxidant properties (Chawla, Chawla, Vasudeva, & 

Sharma, 2012; Khan et al., 2012; Srinivas & Reddy, 2012). The cytotoxicity of AgNPs 

depends on morphology including size, shape, surface chemistry and concentrations of 

nano-scale AgNPs (Lovrić et al., 2005). Surface capping of AgNPs using polyethylene 

glycol (PEG) reduces the cytotoxicity (Jamieson et al., 2007). In this study we were 

used A. javanica sp. strain from our laboratory and characterized the synthesized 

AgNPs using non-toxic green chemistry approach that is money-saving and eco-safe 

(Hashmi et al., 2017; Khan et al., 2012). The solution of plant extract was mixed with 

AgNO3. These characterized AgNPs and PEG-AgNPs were conjugated with gefitinib 

and fulvestrant to synthesize the gefitinib-AgNP, fulvestrant-AgNPs, gef-ful-AgNPs, 

gef-PEG-AgNPs, ful-PEG-AgNPs and gef-ful-PEG-AgNPs. 

4.6.1. Characterization of gefitinib and fulvestrant Conjugated AgNPs 

Conjugation of both of drugs (gefitinib and fulvestrant) with AgNPs was confirmed by 

using different analytical methods which are discussed one by one as follows. 

4.6.1.1. Ultraviolet-visible (UV-vis) spectrophotometry 

UV-Vis spectroscopy was used for indication of size distribution and shape of drug-

conjugated AgNPs. Single peak with maximum absorbance of drugs conjugated with 

or without PEG-AgNPs indicated uniform shape of AgNPs as shown in Figure 4.18. 

Maximum absorption at 440nm of PEG-AgNPs, 470 nm of gef-PEG-AgNPs, 480 nm 
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of ful-PEG-AgNPs and 510 nm of gef-ful-PEG-AgNPs resulted in 10nm increases in 

an average size than 430 nm of AgNPs, 490 nm of gef-AgNPs, 460 nm of ful-AgNPs 

and 500 nm of gef-ful-AgNPs. These results were further confirmed by FT-IR and 

STEM analyses. 

 

 

Figure 4.18: UV-vis spectroscopy peaks for indication of drugs-conjugated AgNPs. 

(A) Maximum absorption at 430 nm of AgNPs, 490 nm of gef-AgNPs, 460 nm of ful-

AgNPs and 500 nm of gef-ful-AgNPs shows the conjugation of AgNPs. (B) The 
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absorption peak at 440 nm of PEG-AgNPs, 470 nm of gef-PEG-AgNPs, 480 nm of ful-

PEG-AgNPs and 510 nm of gef-ful-PEG-AgNPs shows the conjugation of AgNPs. 

4.6.1.2. Fourier Transform Infrared (FT-IR) Spectroscopy 

The functional properties and possible capping structure of drugs-conjugated green 

synthesized AgNPs was identified by FT-IR spectroscopy shown in Figure 4.19. The 

possible reducing agent was identified by observing the band shift from 1079 cm-1 of 

AgNPs, 997 cm-1 of gef-AgNPs, 990 cm-1 of ful-AgNPs and 664 cm-1 of gef-ful-

AgNPs to 1268 cm-1 of PEG-AgNPs, 1258 cm-1 of gef-PEG-AgNPs, 991 cm-1 of 

ful-PEG-AgNPs and 946 cm-1 of gef-ful-PEG-AgNPs, which indicate the conversion 

of saturated bands into unsaturated band reducing the AgNO3 into Ag
o
 atoms. FT-IR 

spectra for AgNPs, gef-AgNPs, ful-AgNPs and gef-ful-AgNPs showed the nitrogen-

hydrogen (N-H) bond stretching at 3401 cm
-1

, 3204 cm
-1

,carbon-hydrogen (-C-H-) 

bonds were observed at 3001 cm
-1

, 2862 cm
-1

, carbon-carbon triple bond (-C≡C-) 

stretches were produced at 2132 cm
-1

, 2054 cm
-1

, 2061 cm
-1

, carbon-carbon double 

bond (-C=C-) stretches at 1605, 1576, 1522 and 1258 cm
-1

 indicating the presence of 

carbon-oxygen double bond (-C=O-) compound which exhibits the confirmed analysis 

of the presence of functional group of both of drugs and AgNPs in combination 

(Figure 4.19A). C-Br functional group has specific characteristic of plant. This band 

shift at 1268 of PEG-AgNPs, 1258 of gef-PEG-AgNPs, 991 of ful-PEG-AgNPs and 

946 of gef-ful-PEG-AgNPs per centimeters shown in Figure 4.19B indicates the 

transfer of electron cloud to Ag
+2

 ions in solution thereby giving rise to formation of 

drugs-conjugated nano-silver particles. 
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Figure 4.19: FT-IR spectra of drug conjugated with or without pegylated green 

synthesized AgNPs. (A) FT-IR spectra for AgNPs shows the nitrogen-hydrogen bond  
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at 3401 cm
-1

, 3204 cm
-1

,-C-H- bonds were observed at 3001 cm
-1

, 2862 cm
-1

, -C≡C- 

stretches were produced at 2132 cm
-1

, 2054 cm
-1

, 2061 cm
-1

, -C=C- stretches at 1605, 

1576, 1522 and 1258 indicating the presence of -C=O- compound. (B) FT-IR spectra 

for drug conjugated PEG-AgNPs. Band shift from 1079 cm-1 of AgNPs, 997 cm-1 of 

gef-AgNPs, 990 cm-1 of ful-AgNPs and 664 cm-1 of gef-ful-AgNPs to 1268 cm-1 of 

PEG-AgNPs, 1258 cm-1 of gef-PEG-AgNPs, 991 cm-1 of ful-PEG-AgNPs and 946 

cm-1 of gef-ful-PEG-AgNPs indicates the reducing group involved in conjugation of 

drugs to AgNPs. The consistent peaks at 2862, 206, 2054 and 1258 per centimeters 

indicate the capping of pegylated AgNPs with drugs. 

4.6.1.3. X-Ray Diffraction (XRD) Spectroscopy 

Crystalline material of drugs-conjugated AgNPs was analyzed to confirm the presence 

of drugs and Ag element in solution using X-ray diffractrometer shown in Figure 

4.20A and 4.20B. The diffraction peaks of AgNPs, gef-AgNPs, ful-AgNPs and gef-

ful-AgNPs at 38.32∘, 44.9∘, 65.6∘and 78.1∘ respectively, while the wavelength of PEG-

AgNPs, gef-PEG-AgNPs, ful-PEG-AgNPs and gef-ful-PEG-AgNPs were observed at 

38.3∘, 44∘, 65∘ and 77.6∘ with corresponding planes 111, 200, 220 and 311 which 

shows the well-defined crystalline nature of Ag and PEG-Ag. The observation of 

greater number of peaks with pegylated conjugates because of capping agent and other 

components such as gefitinib and fulvestrant present in nano-silver solution. The 

interplanar spacing (𝑑hkl) of AgNPs, gef-AgNPs, ful-AgNPs and gef-ful-AgNPs was 

calibrated at 2.346∘A, 2.0179∘A, 1.4226∘A and 1.2232∘A and the values of PEG-

AgNPs, gef-PEG-AgNPs, ful-PEG-AgNPs and gef-ful-PEG-AgNPs at 2.3491∘A, 
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2.0571∘A, 1.4343∘A and 1.2299∘A from XRD spectrum shows the average crystalline 

size of PEG-drugs conjugated-AgNPs were greater. These results were further 

confirmed by STEM detector. 
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Figure 4.20: XRD spectra of drugs conjugated with or without pegylated AgNPs. (A) 

It shows the face centered cubic (fcc) crystal structure of AgNPs, gef-AgNPs, ful-

AgNPs and gef-ful-AgNPs. (B) Figure shows the fcc crystal structure of PEG-AgNPs, 
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gef-PEG-AgNPs, ful-PEG-AgNPs and gef-ful-PEG-AgNPs. The samples were 

measured at 2 theta (θ).  

4.6.1.4. Scanning transmission electron microscopy (STEM) analysis 

Drugs-conjugated with or without pegylated AgNPs were characterized for their size 

and morphology by STEM analysis. Figure 4.21 and 4.22 are the representative green 

synthesized AgNPs images shows spherical shape with or without drug conjugates. 

The average size was 30% increased of 480nm of PEG-AgNPs, 510nm of gef-PEG-

AgNPs, 540nm of ful-PEG-AgNPs and 570nm of gef-ful-PEG-AgNPs (Figure 4.22) 

from 460nm of AgNPs, 490nm of gef-AgNPs, 510nm of ful-AgNPs and 550nm of 

gef-ful-AgNPs (Figure 4.21) was observed under UV-vis spectroscopy.   
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Figure 4.21: STEM analysis of drugs conjugated AgNPs. (A) It shows the spherical 

shapes of AgNPs with average size of 460nm of, (B) 550nm of AgNPs conjugated with 

both drugs gefitinib and fulvestrant, (C) 490nm of gef+AgNPs, and (D) 510nm of 

ful+AgNPs.  
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Figure 4.22: STEM analysis of drugs conjugates with pegylated AgNPs. It shows the 

average size of (A) 480nm of PEG-AgNPs, (B) 570nm of PEG-AgNPs with both drugs 

gefitinib and fulvestrant, (C) 510nm of gef+PEG-AgNPs and (D) 540nm of ful+PEG-

AgNPs. 
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4.7. Validation of drugs conjugated AgNPs using wet-lab analysis (quantitative 

real-time PCR and western blotting) 

4.7.1. Expression analysis of genes (ER-α, PDZK1, EGFR, PI3k and CXCL12) 

with drugs conjugated AgNPs in MCF-7 cells using qRT-PCR 

For the quantification of the selected cellular genes (EGFR, CXCL12, ER-α, PI3k and 

PDZK1) in signaling pathway, were optimized by using 1ug of cDNA. Amplification 

plots for all genes were optimized on real time PCR system (Sansure Biotech Inc, 

Changsha, China). Expression data was compared to the expressions of 

“housekeeping” gene (β-actin). It is a constitutive gene, expressing in all cells of the 

body.  

BC cells were treated with or without drugs conjugated AgNPs (Ful, Gef, 

AgNPs+Gef+Ful, PEG-AgNPs+Gef+Ful, AgNPs, PEG-AgNPs) and mRNA 

expression of EGFR, CXCL12, ER-α, PI3k and PDZK1 genes was quantified by qRT-

PCR. After treatment with conjugated AgNPs+drugs and PEG-AgNPs+drugs, EGFR, 

CXCL12, ER-α, PI3k and PDZK1 expressions were down-regulated compared with 

un-treated/controlled MCF-7 cells. While the treatment with drugs and nanoparticles 

alone were less affected and expression levels of genes EGFR, CXCL12, ER-α, PI3k 

and PDZK1 remained unaltered as shown in Figures 4.23a-4.23e. The high expression 

of 2 and 2.2 fold was observed in the levels of EGFR, PI3k PDZK1 and IGF-1R genes 

treated with gefitinib and fulvestrant alone, while a decrease (2 fold) after treatment 

with conjugated drugs to AgNPs was observed (Figures 4.23a, 4.23d, 4.23e and 
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4.23f). Gefitinib, is one of the drug that can cause resistance in combination treatment 

therapy because of induction of insulin dependent growth factors such as IGF-1R (Ge 

et al., 2014). In our study, we were hypothesized to utilize these non-toxic 

nanoparticles conjugated with drugs (gefitinib and fulvestrant) against MCF-7 cells 

which significantly enhanced antitumor efficacy for the treatment of breast carcinoma 

cells. Figure 4.23a-4.23b shows significant decrease (0.06, 0.12, 0.09, 0.3 and 0.18 

fold) in the expression levels of genes EGFR, IGF-1R, CXCL12, ER-α, PI3k and 

PDZK1 in cells treated with PEG-AgNPs+drugs as compared to control. It was helpful 

to overcome the resistance of drugs towards BC treatment. 
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Figure 4.23 (a): qRT-PCR shows the level of EGFR in MCF-7 cells treated with 

fulvestrant, gefitinib, AgNPS+drugs, PEG-AgNPs+drugs, AgNPs and PEG-AgNPs. 

Relative expressions of gene compared with loading control (β-actin) were shown as 

mean ± SEM from three replicate for each blot experiment. Data was analyzed by 

Graph Pad Prism and significance difference is denoted by **** with p < 0.01. 
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Figure 4.23 (b): qRT-PCR shows the level of CXCL12 in MCF-7 cells treated with 

fulvestrant, gefitinib, AgNPS+drugs, PEG-AgNPs+drugs, AgNPs and PEG-AgNPs. 

Relative expressions of gene compared with loading control (β-actin) were shown as 

mean ± SEM from three replicate for each blot experiment. Data was analyzed by 

Graph Pad Prism and significance difference is denoted by **** with p < 0.01. 
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Figure 4.23 (c): qRT-PCR shows the level of ER-α in MCF-7 cells treated with 

fulvestrant, gefitinib, AgNPS+drugs, PEG-AgNPs+drugs, AgNPs and PEG-AgNPs. 

Relative expressions of gene compared with loading control (β-actin) were shown as 

mean ± SEM from three replicate for each blot experiment. Data was analyzed by 

Graph Pad Prism and significance difference is denoted by **** with p < 0.01. 
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Figure 4.23 (d): qRT-PCR shows the level of PI3k in MCF-7 cells treated with 

fulvestrant, gefitinib, AgNPS+drugs, PEG-AgNPs+drugs, AgNPs and PEG-AgNPs. 

Relative expressions of gene compared with loading control (β-actin) were shown as 

mean ± SEM from three replicate for each blot experiment. Data was analyzed by 

Graph Pad Prism and significance difference is denoted by **** with p < 0.01. 
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Figure 4.23 (e): qRT-PCR shows the level of PDZK1 in MCF-7 cells treated with 

fulvestrant, gefitinib, AgNPS+drugs, PEG-AgNPs+drugs, AgNPs and PEG-AgNPs. 

Relative expressions of gene compared with loading control (β-actin) were shown as 

mean ± SEM from three replicate for each blot experiment. Data was analyzed by 

Graph Pad Prism and significance difference is denoted by **** with p < 0.01. 
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Figure 4.23 (f): qRT-PCR shows the level of IGF-1R in MCF-7 cells treated with 

fulvestrant, gefitinib, AgNPS+drugs, PEG-AgNPs+drugs, AgNPs and PEG-AgNPs. 

Relative expressions of gene compared with loading control (β-actin) were shown as 

mean ± SEM from three replicate for each blot experiment. Data was analyzed by 

Graph Pad Prism and significance difference is denoted by **** with p < 0.01. 
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4.7.2. Treatment of IGF-1R, EGFR and CXCL12 associated proteins (IRS-1, 

IGF-1R, PDZK1 and ER-α) with drugs conjugated AgNPs in MCF-7 cells 

The treatment of dose dependent response with AgNPs, PEG-AgNPs, combination of 

both of drugs fulvestrant (Faslodex, AstraZeneca, USA) + gefitinib (Iressa; 

AstraZeneca, USA), AgNPs+drugs and pegylated AgNPs+drugs was determined in 

MCF-7 (ATCC, Manassas, VA) cell line for 48hrs as shown in Figure  4.24.  It 

showed the reduced expression levels of proteins IRS-1, IGF-1R, PDZK1 and ER-α 

after treatment with conjugated AgNPs+drugs and PEG-AgNPs+drugs than the drugs 

and nanoparticles alone. Previously it has been reported that gefitinib that become 

resistance in combination therapy due to induction of IGF-1R (Ge et al., 2014) and in 

contrast of fulvestrant to down-regulates the expression levels of PI3k (Juric et al., 

2012) while surface capping of AgNPs using polyethylene glycol (PEG) reduces the 

cytotoxicity (Jamieson et al., 2007). We were aimed to overcome the resistance with 

the combined treatment of both drugs conjugated with both of AgNPs and PEG-

AgNPs. Figure 4.24B shows the expression levels of relative abundance of untreated 

proteins: IRS-1, IGF-1R, PDZK1 and ER-α which were relatively increased (p<0.01) 

as compared to control in BC cells. In contrast with qualitative and HPN modeling 

(see result section 3.3), it shows the hyper-activity of CXCL12, IGF-1R receptor and 

ER-α hormone receptor due to genetic variation of TSGs are BRCA1, p53, PTEN and 

Mdm2. It has been observed that there is a crosstalk interaction of CXCL12, IGF-1R 

and EGFR associated signaling proteins that is why we targeted IRS-1, PDZK1, IGF-

1R and ER-α to treat breast tumor metastasis. PDZK1 is considered as an important 
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inhibitory target that has strong connection with CXCL12, IGF-1R and EGFR related 

signaling through the direct stimulation of ER-α in BC cells (Kim et al., 2013). Figure 

4.24C shows the relative expression levels of proteins treated with AgNPs+drugs, 

PEG-AgNPs+drugs, drugs (Gef+Ful), AgNPs and PEG-AgNPs. It was observed the 

relative expression levels of proteins IGF-1R, IRS-1, PDZK1 and ER-α was measured 

statistically more significant p<0.01 with the treatment of AgNPs+drugs and PEG-

AgNPs+drugs to reduce the cellular proliferation and BC metastasis. The high levels 

of all proteins are relatively controlled by conjugated drugs with non-toxic AgNPs 

than the drugs alone. Our results suggests that conjugated drugs pegylated AgNPs are 

effective to inhibit the pathological/metastatic effects of estrogen and insulin 

dependent IGF-1R, IRS-1, ER-α and PDZK1 signaling pathways in BC treatment. 
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Figure 4.24 (A): Western immunoblots shows the relative expression levels of 

proteins: IRS-1, IGF-1R, PDZK1 and ER-α in MCF-7 cells treated with 

AgNPS+drugs, PEG-AgNPs+drugs, drugs, AgNPs and PEG-AgNPs. Lane 1 shows 

the control and lane 2, 3, 4, 5 and 6 represents the protein expression profile of MCF-

7 cell line with the treatment of AgNPS+drugs, PEG-AgNPs+drugs, drugs, AgNPs 

and PEG-AgNPs for 48hrs. GAPDH was assessed as a loading control. Cells were 

incubated with antibodies and fixed against IRS-1, IGF-1R, PDZK1 and ER-α. Protein 

bands were measured and normalized to GAPDH or total individual protein 

expression. 
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Figure 4.24 (B): Western immunoblots shows the relative expression levels of 

untreated proteins: IRS-1, IGF-1R, PDZK1 and ER-α in MCF-7 cells. Relative 

expressions of proteins compared with loading control were shown as mean ± SEM. 

Asterisks shows the statistical significance of proteins cultured in serum containing 

medium in MCF-7 cells (unpaired t test; IRS-1 ***p < 0.0002, IGF-1R **p < 0.0011, 

PDZK1 ***p < 0.0004 and ER-α ***p < 0.0008). 
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Figure 4.24 (C): Western immunoblots shows the relative expression levels of 

proteins: IRS-1, IGF-1R, PDZK1 and ER-α in MCF-7 cells treated with 

AgNPS+drugs, PEG-AgNPs+drugs, drugs, AgNPs and PEG-AgNPs. Relative 

abundance of dose dependent proteins was measured as means ± SEM from three 

replicate for each blot experiment. Asterisks indicate the statistical significance of 

proteins cultured in serum containing treated medium in MCF-7 cells (One-way 

ANOVA; ***p < 0.01).  
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Chapter 5 

DISCUSSION 

In Pakistan, Breast Cancer (BC) has highest incidence rate among the females due to 

late diagnosis and low socio-economic conditions of the patients. It can lead to 

systemic damage and drug resistant due to disturbances in complex biological cellular 

processes (Gilani, Kamal, & Akhter, 2003; Menhas & Umer, 2015). It is 

heterogeneous disease by alterations of various risk and genetic factors in genes and 

proteins involved in CXCL12, IGF-1R and EGFR associated BRNs. CXCL12 [C-X-C 

motif (ligand 12)] is an important inflammatory chemokine that has been reported to 

be associated with rs1801157 polymorphism that leads the system towards BC 

metastasis (Cavallaro, 2013; Chang et al., 2009; Kobayashi et al., 2010).  The SNP 

rs1801157 has been identified in 3’ UTR and involves a guanine “G” to adenine “A” 

transition at exon 3 of β splice variant of CXCL12 gene (Chang et al., 2009; Chen et 

al., 2006; Hidalgo-Pascual et al., 2007; Maley et al., 2009). The increasing prevalence 

of CXCL12 polymorphism rs1801157 in Asian population is associated with breast 

tumor susceptibility and metastasis (Jin et al., 2012; Yaal-Hahoshen et al., 2006). We 

were studied the association of rs1801157 polymorphism in 365 individuals of both 

control (N=147) and BC patients (N=218). The allelic and genotypic frequencies of 

CXCL12 polymorphism rs1801157 indicated that the genotype GG (p < 0.05) was 

more prevalent among BC patients compared to allele A (23%) shown in Tables 4.1, 

4.2, 4.3 and Figures 4.2, 4.3. Allele G is considered a risk factor in Asian population 

unlike Europeans (de Oliveira et al., 2009; Sei et al., 2001; Voevodin et al., 1999; 
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Wang et al., 2011; Winkler et al., 1998). This study also focused on genetic alteration 

in a chemokine CXCL12 polymorphism rs1801157 that are involved in interaction of 

cancerous cells with tumor micro-environment. In BC, the relative increase in 

expression of CXCL12 results in organ metastasis including lungs, liver, brain in 

various populations across the world (Cavallaro, 2013; Liberman et al., 2012; Thelen 

& Stein, 2008; Wang et al., 2006). Previous studies showed that rs1801157 

polymorphism is considered as a prognostic marker of metastatic BC lymphocytes 

(Chang et al., 2009; Sun et al., 2014). The analysis of genotypic frequencies found in 

Pakistani patients and healthy individuals was analyzed to find the prevalence of 

genotype GG associated with BC stages (p=0.02) (Table 4.5 and Figure 4.5) and organ 

metastasis (p=0.01) (Table 4.6, Figure 4.6). Previous meta-analysis of this study 

indicated that CXCL12 polymorphism rs1801157 is considered as non-prevalent in 

developing BC due to the less number of multiple inhabitants. Our results emphasized 

that CXCL12 polymorphism rs1801157 was found to be more prevalent in Pakistani 

population and its possible interaction with gene and tumor micro-environment. 

Chemokines are known cytokines that have essential biological role in facilitating 

molecular signaling by interacting with receptor CXCR4 that promote BC progression 

(Begley, Kasina, Shah, & Macoska, 2015; Printz, 2012; Sun et al., 2014). CXCL12-

CXCR4 axis is a chemotactic gradient involved in development of tumor cell 

migration, proliferation, chemotaxis and differentiation (Dewan et al., 2006; Ganju et 

al., 1998; Luker & Luker, 2006; Qin et al., 2017; Schober et al., 2006; Wescott et al., 

2016). Our study demonstrates the expression levels of multiple proteins: CXCL12, 
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CXCR4, PDZK1, PI3k, PTEN, Akt and p53 associated with CXCL12-CXCR4 

signaling was analyzed through in-silico experiments. The results showed that the 

levels of CXCL12, CXCR4, PDZK1 PI3k and Akt are increased by losses of function 

mutation of TSGs such as PTEN and p53 that lead the tumor towards BC metastasis 

(Figure 4.10). The levels of PI3k/Akt, PDZK1 are increased by the up-regulated 

expression of CXCL12-CXCR4 signaling which drastically increased the expression 

of IGF-1R and EGFR associated signaling pathways. Previously reported studies 

indicate that up-regulated expression of AKT and PI3k lead to the regulation of 

hormonal receptor ER-α, resulting in up-regulation of IGF-1R and EGFR (Law et al., 

2008; Pollak, 2008). The BRN of both CXCL12 and IGF-1R/EGFR related signaling 

were constructed in this study which showed the expression levels of genes/proteins 

with the help experimental data obtained from previous experimental findings (Bailey 

et al., 2012; Caldon, 2014; Kang et al., 2012a; Kang et al., 2014; Khalid et al., 2016; 

Kim et al., 2011a; Liao et al., 2014; Malaguarnera & Belfiore, 2014b; Moerkens, 

Zhang, Wester, van de Water, & Meerman, 2014b; Pollak, 2008; Sobolik et al., 2014; 

Sotiriou et al., 2003; Teicher & Fricker, 2010). The role of CXCL12, IGF-1R and 

EGFR associated signaling proteins CXCL12, CXCR4, PDZK1, PTEN, PI3k/Akt, 

IGF1/EGF, IGF-1R/EGFR, ER-α, BRCA1, Mdm2 and p53 was abstracted from 

signaling pathways shown in result section (Figures 4.7 and 4.8) to construct BRN 

model (Figure 4.9). The results showed the higher levels of CXCL12-CXCR4-

PDZK1-PI3k/Akt which regulates multiple estrogen dependent intracellular signaling 

protein ER-α. Previous studies have showed that ER-α could high IGF-1 and EGF 
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expressions that phosphorylates the activity of downstream mediator protein IRS-1 

through IGF-1R and EGFR signaling in BC cells (Fagan & Yee, 2008; Lee et al., 

1999). Our findings were obtained by using the tools of GENOTECH, SMBioNet and 

SNOOPY which suggested that CXCR4, IGF-1R and EGFR signaling pathways are 

associated with increased risk BC progression and metastasis (Figures 4.9-4.13 and 

Tables 4.7, 4.8). These are involved in high levels of IRS-1, PDZK1, IGF-1R, 

CXCL12, ER-α, PI3k/Akt which down-regulates activity of TSGs such as PTEN, 

BRCA1, Mdm2 and p53 and should be targeted together for BC treatment. There is a 

strong correlation between CXCL12, IGF and EGF signaling because of signaling 

proteins of CXCL12 and EGFR associated BRN which crosstalk with IGF-1R 

signaling. These results showed that IGF-1R serves as an important inhibitory target 

and is involved in over-expression of ER-α. In ER+ BC treatment, tamoxifen is a 

selective ER modulator (SERM) used in targeted adjuvant therapy to inhibit the 

activity of estrogen that can cause resistance in advanced stages of BC (Macgregor & 

Jordan, 1998). The mechanism of resistance was controlled by using the combination 

of NVP-AEW541, gefitinib and erlotinib (commercially available inhibitors) against 

IGF-1R. The combination of these inhibitors with tamoxifen, trastuzumab and 

fulvestrant (systemic drugs) used in the management of multiple cancers such as 

adrenocortical carcinoma and different clinical BC subtypes (Baselga et al., 2012; 

Dickler, Cobleigh, Miller, Klein, & Winer, 2009; Hartog, Van Der Graaf, Boezen, & 

Wesseling, 2012; von Minckwitz et al., 2005; Xu et al., 2016). It was concluded that 

blocking the activity of IGF-1R can inhibit the stimulation of multiple proteins 
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PDZK1, IRS-1, PI3k, Akt and ER-α in BC cells which can inhibit the estrogen and 

insulin mediated mutagenesis.  

In order to build the pharmacophore (PM) model (Figure 4.14) selective inhibitory 

drugs through virtual screening (VS) was done. In the present study, we screened the 

potential inhibitory drugs such as DB00294, DB00304, DB00947, DB07757, 

DB07150, DB07230, DB06973, DB00317 and DB07712 (Figure 4.16) against the 

target IGF-1R by using the predictive PM features (Figure 4.15). DB00294 

(Etonogestrol) used in combination with DB00304 (Desogestrol) for the treatment of 

BC in females was clinically found to be less effective drugs due to induction of 

insulin resistance (IR). However in contrast, the commercially available drugs, 

DB00947 (fulvestrant) and DB00317 (gefitinib) have ability to enhance antitumor 

efficacy and chemo-therapeutic-mediated cytotoxicity in lung carcinoma cells 

(Hamilton et al., 2016; Protsenko & Rudakova, 2014). The intense collaboration of in-

silico experiments through drug discovery methods like PM model and VS was 

performed to find the most effective compounds fulvestrant and gefitinib which were 

selected for subsequent wet-lab experiments. The results of cell viability assay showed 

that combined treatment of both of drugs fulvestrant+gefitinib significantly caused 

apoptosis into MCF-7 cells without damaging HCECs normal cells. The IC50 value 

(0.008µM) of fulvestrant+gefitinib was observed by MTT assay to be more cytotoxic 

than the drugs alone (Figure 4.17).  

Fulvestrant has been identified as potential anticancer drug of ER+ BC cells which 

inhibits the activity of multiple inhibitory targets such as PI3k-Akt, ERK1/2 and 
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MAPK-JAK-STAT (mitogen activated kinases) signaling networks involved in drug 

resistance (Liu et al., 2014). In contrast, previous studies showed that the increased 

expression of insulin dependent PI3k-Akt, ERK1/2 and MAPK-JAK-STAT signaling 

pathways are associated with resistance to gefitinib in lung cancer treatment (Ge et al., 

2014; Peled et al., 2013). Chemotherapeutic resistance is the major problem in 

treatment therapy that has preferentially lead to increased mortality rate in patients of 

BC (Martin et al., 2014). However, there is an evidence of multidrug resistances 

towards this therapy that efflux chemotherapeutic drugs from inside of malignant cells 

(Martin et al., 2014). Based on our data, one of the most auspicious strategies was 

used to overcome this limitation which was an anti-cancer drug-conjugated 

nanoparticle for BC therapy.  

Medicinal plants such as Aerva javanica was used to biologically synthesize silver 

nanoparticles (AgNPs) which are known to be employed in various biomedical 

applications such as targeted drug delivery, cancer treatment, molecular imaging, 

endocrine resistant therapy, genomic DNA analysis, photothermal therapy, 

antibacterial agents and as biosensors (Alivisatos, 2004; Salata, 2004). Non-toxic 

effect of AgNPs have been studied on multiple cancer cell lines including human 

hemochromatotic (Huh7) cells, breast carcinoma (MCF-7), hepatocellular carcinoma 

(HepG2), human alveolar adenocarcinoma (A549) cells (Christen & Fent, 2012; 

Foldbjerg, Dang, & Autrup, 2011; Kawata, Osawa, & Okabe, 2009; Vivek et al., 

2012). In the current study, the biologically synthesized AgNPs were exhibited as non-

toxic in nature due to the presence of capping agents using polyvinyl pyruvidone 
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which potentially reduced their cytotoxicity. These particles were conjugated with 

drugs (fulvestrant and gefitinib) to be used as an effective delivery vehicle in breast 

carcinoma cells (Benyettou et al., 2015). Biologically synthesized anti-cancer drugs 

conjugated AgNPs were characterized to confirm the shape, size, crystal structure and 

functional properties with or without drugs conjugation by using UV-vis spectroscopy, 

FT-IR spectroscopy, XRD and STEM analysis (Figure 4.18-4.22). The results showed 

the average size of 440nm of PEG-AgNPs, 470nm of gef-PEG-AgNPs, 480nm of ful-

PEG-AgNPs and 510nm of gef-ful-PEG-AgNPs was 10-20nm increased from 430nm 

of AgNPs, 490nm of gef-AgNPs, 460nm of ful-AgNPs and 500nm of gef-ful-AgNPs 

which can be efficiently employed drug delivery in tumor cells. Presence of 

hydrophilic compound (OH) indicated their stability and bio-compatibility of AgNPs 

which helps nanoparticles to easily efflux out from kidneys to avoid the cells from 

damages (Zhang et al., 2014). 

After conjugation of AgNPs with biologically active drugs, CXCL12, IGF-1R and 

EGFR associated growth promoting factors were targeted to overcome multi-drug 

resistance (Figure 5.1). The significant increase in mRNA expression of EGFR, 

CXCL12, ER-α, PI3k and PDZK1 genes in BC patients compared with mRNA level 

of healthy control. In our findings, there was significant decrease in expression levels 

of genes such as EGFR, CXCL12, ER-α, PI3k and PDZK1 after treatment of MCF-7 

cells with drugs conjugated AgNPs (ful+gef+AgNPs, ful+gef+PEG-AgNPs) than the 

drugs alone as shown in Figure 4.23a-4.23e. While the western blot analysis showed 

in Figure 4.24 found the expression levels of proteins such as IGF-1R, IRS-1, PDZK1 
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and ER-α. Treatment of MCF-7 cells with different combinations of nanoparticles and 

drugs (AgNPs, PEG-AgNPs, fulvestrant+gefitinib, AgNPs+drugs and pegylated 

AgNPs+drugs) was done to study the properties of each compound as shown in Figure 

4.24. It was illustrated that the expression levels of proteins IRS-1, IGF-1R, PDZK1 

and ER-α after treatment with conjugated AgNPs+drugs and PEG-AgNPs+drugs were 

most effective than the drugs and nanoparticles alone. The therapeutic role of 

fulvestrant and gefitinb alone has been confirmed to be less effective than in 

combination with other mTOR inhibitor (everolimus) (Beeram, Tan, Tekmal, Russell, 

& Middleton, 2007; Dragowska et al., 2011) and PI3k inhibitors (BYL719, GDC-

0941, GDC-0980, and BKM120) (Massacesi et al., 2016; Tan et al., 2013) for the 

treatment of locally advanced ER+ or/and PR+ and HER2 negative BC patients 

(Ciruelos et al., 2014). Due to prominent control of drugs over endocrine treatment 

resistance engrossed in tumor growth and development, a few trials of anti-cancer 

drugs conjugated AgNPs were assessed to block the activity of BRNs. Figure 4.24 

describes a treatment algorithms of inhibitors against ER-α dependent IGF-1R, 

phospho-IRS-1 and PDZK1 which regulates cancer cell proliferation, invasion, 

metastasis and survivallance. The qRT-PCR and western results showed that 

behaviours of these signaling genes/proteins EGFR, CXCL12, IGF-1R, PI3k, IRS-1, 

PDZK1 and ER-α should control that lead the system towards homeostasis. 

There is a strong correlation between CXCL12 associated PDZK1, insulin dependent 

IGF-1R, IRS-1 and estrogen dependent ER-α signaling which can be targetted together 

to treat BC metastasis (Kim et al., 2014; Kim et al., 2013). Previous study indicated  
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the up-regulated expression of PDZK1 which become resistance towards paclitaxel-5-

fluorouracil-etoposide at low concentration (Kim et al., 2014). In this study, we 

reported for the first time that anti-cancer drugs fulvestrant+gefitinib conjugated 

AgNPs were demonstrated to be effectively significant to inhibits the activity of IGF-

1R, EGFR, CXCL12, IRS-1, PI3k, PDZK1 and ER-α in BC cells. More importantly, 

our results exhibited a novel findings for behaviours of PDZK1 and specially to find a 

molecular crosstalk between biological regulatory growth factors are associated with 

BC progression. Although, we believe that anti-cancer drugs conjugated AgNPs may 

exhibits as safe and most effective against multiple targets which are cross-linked with 

multiple signaling pathways.  
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Figure 5.1: Mechanism of signaling pathways interlinked with CXCL12, IGF-1R 

and EGFR associated growth factors to overcome endocrine therapy resistance in 

BC treatment. Mechanisms begin by the binding of ligands (IGF-1, EGF and 

CXCL12) represented by stars with receptors (IGF-1R, EGFR and CXCR4) which up-

regulated the expression of estrogen. The high levels of estrogens can transduce the 

signal to transcription factors (TF) and IGF-1 signaling. Signal transduction pathway 

of IGF-1, EGF and CXCL1 are lead to cancer cell invasion, metastasis, proliferation, 

angiogenesis and survival in BC progression. The up-regulated expression of growth 
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factors are involved in phosphorylation and trans-activation of various downstream 

signaling proteins PI3k-Akt, PDZK1, IRS-1, ER-α and PDZK1 that can be inhibited by 

anti-cancer drugs (fulvestrant+gefitinib) conjugated with pegylated AgNPs.  
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Conclusion and Future Prospects 

This study reported the CXCL12 rs1801157 SNP in BC patients in Pakistani 

population. Our findings suggests that the association of genotype “GG” in BC 

patients is significant than “AA” and in line with this, genotype “AG” has been found 

to be associated in control. Our results were similar with the previous findings, the 

CXCL12 rs1801157 polymorphism have better prognostic strategy for BC treatment. 

Our in-silico study also provides the prognostic importance to identify the threshold 

levels of multiple signaling pathways CXCL12–CXCR4, IGF-1R and EGFR. These 

signaling networks have a crosstalk interaction with multiple signaling proteins such 

as PDZK1, IRS-1, ER-α, PTEN, PI3k, IGF-1R, Akt and p53 that are associated with  

in breast tumor progression. Although, we tested selective inhibitors (fulvestrant and 

gefitinib) with conjugated pegylated non-toxic AgNPs in-vitro in MCF-7 cells were 

observed to find the down-regulated expressions of multiple proteins EGFR, CXCL12, 

PI3k, IGF-1R, IRS-1, ER-α and PDZK1 associated with complex regulatory networks 

such as CXCL12, IGF-1R and EGFR signaling. Our results also concluded the novel 

findings of PDZK1 function and crosstalk interaction among multiple growth 

promoting signaling pathways which are controlled by anti-cancer drugs fulvestrant 

and gefitinib conjugated AgNPs to treat BC cells.    

Although more research of this study is needed, to analyze the combination of SNP of 

CXCL12 related genes to block the activity of CXCL12 associated signaling pathway 

which can lead to tumor progression. This is better opportunity in the treatment of 

cancer metastasis. Therefore, we will investigate more effective CXCR4 antagonists 
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for clinical testing in BC patient population. Nano-biotechnology has unlocked the 

potentials application of nanotechnology in medicine. Use of gold nanoparticles to 

find the difference between cytotoxicity of green synthesized AgNPs and AuNPs in 

the treatment of multiple cancers including breast, prostate, and colorectal, and non-

small cell lung cancers. 
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Annexure # 2 

 

Figure 6.1: Representative gel image showing 8 samples of genotypic variation of 

genotype CXCL12 polymorphism from left to right based on presence of G and/ or A 

alleles in non-BC and BC patients. Where lane 1: 50bp marker, lane 2 and 5 contains 

genotype AG and lane 4 and 7 contains genotype AA, while lane 3, 6 and 9 contains 

GG genotype. 
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Figure 6.2: Representative gel image showing 8 samples of genotypic variation of 

genotype CXCL12 polymorphism from left to right based on presence of G and/ or A 

alleles in non-BC and BC patients. Where lane 1: 100bp marker, lane 1, 5 and 9 

contains genotype AG and lane 4 contains genotype AA, while lane 2, 3, 6and 7 

contains GG genotype. 

 

Figure 6.3: Representative gel image showing 7 samples of genotypic variation of 

genotype CXCL12 polymorphism from left to right based on presence of G and/ or A 

alleles in non-BC and BC patients. Where lane 1: 100bp marker, lane 5, 7 and 8 
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contains genotype AG and lane 2 contains genotype AA, while lane 3, 4 and 6 contains 

GG genotype. 

 

 

Figure 6.4: Representative gel image showing 14 samples of genotypic variation of 

genotype CXCL12 polymorphism from left to right based on presence of G and/ or A 

alleles in non-BC and BC patients. Where lane 1: 100bp marker, lane 5 contains 

genotype AG and lane 2 and 11 contain genotype AA, while lane 3, 4, 6, 7, 8, 9, 10, 

12, 13, 14 & 15 contains GG genotype. 
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Figure 6.5: Representative gel image showing 5 samples of genotypic variation of 

genotype CXCL12 polymorphism from left to right based on presence of G and/ or A 

alleles in non-BC and BC patients. Where lane 1: 100bp marker, lane 2, 4, 5 & 6 

contain genotype GG, while lane 3 contains AA genotype. 
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Annexure # 3 

Input file of IGF-1R and EGFR associated network: 

A suitable selected model has been generated with four steps such as variables (VAR), 

regulation (REG), parameterization (PARA) and computational tree logic (CTL) in 

SMBioNet software. 

1
st
 step: It is defined as set of variables „VAR‟ of Biological Regulatory Network 

(BRN) as follows: 

VAR 

IGF-1R/EGFR = 0 1; 

BRCA1 = 0 1; 

ER-α = 0 1; 

p53 = 0 1; 

Mdm2 = 0 1 

 

These five set of variables evolve into the interval {0, 1}. All possible number of arcs 

are 2
5
=32 in state graph.

 
 

2
nd

 step: The set of multiplexes (M) and edges (ED) defines the regulatory graph 

(REG) of IGF-1R and EGFR associated network is described as follows: 

REG 

 

BRCA1[(BRCA1<1)]=> IGF-1R/EGFR, ER-α; 

BRCA1[(BRCA1>=1)]=> p53; 

p53[(p53>=1)]=> ER-α; 

p53[(p53>=1)]=> BRCA1, Mdm2; 

Mdm2[(Mdm2<1)]=> p53; 

IGF-1R/EGFR[(IGF-1R/EGFR>=1)]=> ER-α; 

ER-α[(ER-α<1)]=> p53 

 

In this parameterization of REG, where “<” indicates the inhibition and “>” indicates 

the activation of BRN. In case of BRCA1 inhibits the activation of IGF-1R/EGFR and 

ER-α. In the absence of inhibitor p53, activation of the receptors IGF-1R and ER-α. 

p53 activates BRCA1 and Mdm2. The BRN of ER-α associated pathway is represented 

in result section where the targeted genes are IGF-1R/EGFR and ER-α while Tumor 

suppressor genes TSGs (BRCA1, p53 and Mdm2) are multiplexes. 

3
rd

 Step: Set of some possible parameters is defined as Parametric (PARA) 

constraints, which selects the reduced parameters. We constraint the parameter in 

BRN such as K_p53+BRCA1+ER-α = ({Φ}) in the integer interval [0, 1]. 
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Para  

K_p53+BRCA1+ER-α = 1; 

Parametric constraints are important for the selection of suitable possible parameter. 

4
th

 step: CTL is a temporal operator which defines the dynamical properties of the 

system. The syntax and semantic of CTL is discussed at earlier subsection. CTL 

formula is define in SMBioNet as follows: 

CTL 

 

((IGF-1R/EGFR=0&ER-α=0&BRCA1=0&p53=0&Mdm2=0)>EX (EF(IGF-

1R/EGFR=0&ER-α=0&BRCA1=0&p53=0&Mdm2=0))) &((ER-α=0)>EF(ER-

α=1))&((IGF-1R/EGFR=0&ER-α=0& BRCA1=0&p53=0&Mdm2=0)>EF(AG(IGF-

1R/EGFR=1&ER-α=1))) 

 

It has three sections in conjunction of CTL formula. In the first section of this equation 

consider that a successor from which there exist a path where in future the set of all 

the initial states hold. If there is any mutation like DNA damage and radiation occurs 

then increase the level of ER-α in the absence of p53, BRCA1 and Mdm2 gene. While 

in the next section of CTL it is determining that there exist a path in future where 

persistently ER-α is zero. The third section determines that there should exist one path 

in future where all paths and states globally IGF-1R/EGFR and ER-α at the level of 

one. 

Output file 

Output file has consistent logical parameters of selected model verify by CTL 

formulism in BRN. There were five models generated in input file while one of the 

selected model is discussed in output file. It has reduced mathematical 32 parameters 

with the infinite known properties of system is determines as follows: 

# K_IGF-1R/EGFR = 1 

# K_BRCA1 = 0 

# K_BRCA1+p53 = 1 

# K_ER-α = 0 

# K_ER-α+IGF-1R/EGFR = 1 

# K_ER-α+p53 = 1 

# K_ER-α+IGF-1R/EGFR+p53 = 1 

# K_p53 = 0 

# K_p53+BRCA1 = 1 

# K_p53+ER-α = 0 

# K_p53+Mdm2 = 0 

# K_p53+BRCA1+ER-α = 1 

# K_p53+ER-α+Mdm2 = 1 

# K_p53+BRCA1+Mdm2 = 1 

# K_p53+BRCA1+ER-α+Mdm2 = 1 
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# K_Mdm2 = 0 

# K_Mdm2+p53 = 1 

 

These parameterizations are consistent with possible behavior of biological entities 

rather than inconsistent manner.   
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Annexure # 4 

Table 6.1: The state graph contained 64 states and 51 cyclic trajectories (representing 

as directed arrows among states) from 0-51 as described in table as follows: 

Cycle 

No. 

States 

0  [[0, 0, 0, 0, 0, 0], [0, 0, 0, 1, 0, 0], [0, 0, 0, 1, 0, 1], [0, 0, 0, 0, 0, 1], [0, 0, 0, 

0, 0, 0]] 

1 [[0, 0, 0, 0, 1, 0], [0, 0, 0, 1, 1, 0], [0, 0, 0, 1, 1, 1], [0, 0, 0, 0, 1, 1], [0, 0, 0, 

0, 1, 0]] 

2 [[0, 0, 1, 0, 0, 0], [0, 0, 1, 1, 0, 0], [0, 0, 1, 1, 0, 1], [0, 0, 1, 0, 0, 1], [0, 0, 1, 

0, 0, 0]] 

3 [[0, 1, 0, 0, 0, 0], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 0, 1, 0, 0], [0, 1, 0, 

1, 0, 1], [0, 1, 0, 0, 0, 1], [0, 1, 0, 0, 0, 0]] 

4 [[0, 1, 0, 0, 0, 0], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 1, 0, 1], [0, 1, 0, 

1, 0, 1], [0, 1, 0, 0, 0, 1], [0, 1, 0, 0, 0, 0]] 

5 [[0, 1, 0, 0, 0, 0], [0, 1, 0, 1, 0, 0], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1], [0, 1, 0, 

0, 0, 0]] 

6 [[0, 1, 0, 0, 0, 1], [0, 1, 1, 0, 0, 1], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 0, 

1, 0, 0], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1]] 

7 [[0, 1, 0, 0, 0, 1], [0, 1, 1, 0, 0, 1], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 

1, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 0, 0], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1]] 

8 [[0, 1, 0, 0, 0, 1], [0, 1, 1, 0, 0, 1], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 

1, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 1, 1], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1]] 
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9 [[0, 1, 0, 0, 0, 1], [0, 1, 1, 0, 0, 1], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 

1, 1, 0], [0, 1, 1, 1, 1, 1], [0, 1, 0, 1, 1, 1], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1]] 

10 [[0, 1, 0, 0, 0, 1], [0, 1, 1, 0, 0, 1], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 

1, 0, 1], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1]] 

11 [[0, 1, 0, 0, 0, 1], [0, 1, 1, 0, 0, 1], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 

1, 0, 1], [0, 1, 1, 1, 1, 1], [0, 1, 0, 1, 1, 1], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1]] 

12 [[0, 1, 0, 0, 0, 1], [0, 1, 0, 0, 0, 0], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 

1, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 0, 0], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1]] 

13 [[0, 1, 0, 0, 0, 1], [0, 1, 0, 0, 0, 0], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 

1, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 1, 1], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1]] 

14 [[0, 1, 0, 0, 0, 1], [0, 1, 0, 0, 0, 0], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 

1, 1, 0], [0, 1, 1, 1, 1, 1], [0, 1, 0, 1, 1, 1], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1]] 

15 [[0, 1, 0, 0, 0, 1], [0, 1, 0, 0, 0, 0], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 

1, 0, 1], [0, 1, 1, 1, 1, 1], [0, 1, 0, 1, 1, 1], [0, 1, 0, 1, 0, 1], [0, 1, 0, 0, 0, 1]] 

16 [[0, 1, 0, 0, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 0, 0], [0, 1, 0, 1, 0, 1], [0, 1, 0, 

0, 0, 1], [0, 1, 1, 0, 0, 1], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 1, 1, 0], 

[0, 1, 1, 1, 1, 1], [0, 1, 0, 1, 1, 1], [0, 1, 0, 0, 1, 1], [0, 1, 0, 0, 1, 0]] 

17 [[0, 1, 0, 0, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 0, 0], [0, 1, 0, 1, 0, 1], [0, 1, 0, 

0, 0, 1], [0, 1, 1, 0, 0, 1], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 1, 0, 1], 

[0, 1, 1, 1, 1, 1], [0, 1, 0, 1, 1, 1], [0, 1, 0, 0, 1, 1], [0, 1, 0, 0, 1, 0]] 

18 [[0, 1, 0, 0, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 0, 0], [0, 1, 0, 1, 0, 1], [0, 1, 0, 

0, 0, 1], [0, 1, 0, 0, 1, 1], [0, 1, 0, 0, 1, 0]] 

19 [[0, 1, 0, 0, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 0, 0], [0, 1, 0, 1, 0, 1], [0, 1, 0, 

0, 0, 1], [0, 1, 0, 0, 0, 0], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 1, 1, 0], 

[0, 1, 1, 1, 1, 1], [0, 1, 0, 1, 1, 1], [0, 1, 0, 0, 1, 1], [0, 1, 0, 0, 1, 0]] 
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20 [[0, 1, 0, 0, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 0, 0], [0, 1, 0, 1, 0, 1], [0, 1, 0, 

0, 0, 1], [0, 1, 0, 0, 0, 0], [0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 1, 0, 1], 

[0, 1, 1, 1, 1, 1], [0, 1, 0, 1, 1, 1], [0, 1, 0, 0, 1, 1], [0, 1, 0, 0, 1, 0]] 

21 [[0, 1, 0, 0, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 0, 0], [0, 1, 0, 1, 0, 1], [0, 1, 0, 

0, 0, 1], [0, 1, 0, 0, 0, 0], [0, 1, 0, 0, 1, 0]] 

22 [[0, 1, 0, 0, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 1, 1], [0, 1, 0, 0, 1, 1], [0, 1, 0, 

0, 1, 0]] 

23 [[0, 1, 0, 0, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 1, 1], [0, 1, 0, 1, 0, 1], [0, 1, 0, 

0, 0, 1], [0, 1, 0, 0, 1, 1], [0, 1, 0, 0, 1, 0]] 

24 [[0, 1, 0, 0, 1, 0], [0, 1, 0, 1, 1, 0], [0, 1, 0, 1, 1, 1], [0, 1, 0, 1, 0, 1], [0, 1, 0, 

0, 0, 1], [0, 1, 0, 0, 0, 0], [0, 1, 0, 0, 1, 0]] 

25 [[0, 1, 1, 0, 0, 0], [0, 1, 1, 1, 0, 0], [0, 1, 1, 1, 0, 1], [0, 1, 1, 0, 0, 1], [0, 1, 1, 

0, 0, 0]] 

26 [[1, 0, 0, 0, 0, 0], [1, 0, 0, 1, 0, 0], [1, 0, 0, 1, 0, 1], [1, 0, 0, 0, 0, 1], [1, 0, 0, 

0, 0, 0]] 

27 [[1, 0, 0, 0, 1, 0], [1, 0, 0, 1, 1, 0], [1, 0, 0, 1, 1, 1], [1, 0, 0, 0, 1, 1], [1, 0, 0, 

0, 1, 0]] 

28 [[1, 0, 1, 0, 0, 0], [1, 0, 1, 1, 0, 0], [1, 0, 1, 1, 0, 1], [1, 0, 1, 0, 0, 1], [1, 0, 1, 

0, 0, 0]] 

29 [[1, 1, 0, 0, 0, 0], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 0, 1, 0, 0], [1, 1, 0, 

1, 0, 1], [1, 1, 0, 0, 0, 1], [1, 1, 0, 0, 0, 0]] 

30 [[1, 1, 0, 0, 0, 0], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 1, 0, 1], [1, 1, 0, 

1, 0, 1], [1, 1, 0, 0, 0, 1], [1, 1, 0, 0, 0, 0]] 

31 [[1, 1, 0, 0, 0, 0], [1, 1, 0, 1, 0, 0], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1], [1, 1, 0, 
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0, 0, 0]] 

32 [[1, 1, 0, 0, 0, 1], [1, 1, 1, 0, 0, 1], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 0, 

1, 0, 0], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1]] 

33 [[1, 1, 0, 0, 0, 1], [1, 1, 1, 0, 0, 1], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 

1, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 0, 0], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1]] 

34 [[1, 1, 0, 0, 0, 1], [1, 1, 1, 0, 0, 1], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 

1, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 1, 1], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1]] 

35 [[1, 1, 0, 0, 0, 1], [1, 1, 1, 0, 0, 1], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 

1, 1, 0], [1, 1, 1, 1, 1, 1], [1, 1, 0, 1, 1, 1], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1]] 

36 [[1, 1, 0, 0, 0, 1], [1, 1, 1, 0, 0, 1], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 

1, 0, 1], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1]] 

37 [[1, 1, 0, 0, 0, 1], [1, 1, 1, 0, 0, 1], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 

1, 0, 1], [1, 1, 1, 1, 1, 1], [1, 1, 0, 1, 1, 1], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1]] 

38 [[1, 1, 0, 0, 0, 1], [1, 1, 0, 0, 0, 0], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 

1, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 0, 0], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1]] 

39 [[1, 1, 0, 0, 0, 1], [1, 1, 0, 0, 0, 0], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 

1, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 1, 1], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1]] 

40 [[1, 1, 0, 0, 0, 1], [1, 1, 0, 0, 0, 0], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 

1, 1, 0], [1, 1, 1, 1, 1, 1], [1, 1, 0, 1, 1, 1], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1]] 

41 [[1, 1, 0, 0, 0, 1], [1, 1, 0, 0, 0, 0], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 

1, 0, 1], [1, 1, 1, 1, 1, 1], [1, 1, 0, 1, 1, 1], [1, 1, 0, 1, 0, 1], [1, 1, 0, 0, 0, 1]] 

42 [[1, 1, 0, 0, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 0, 0], [1, 1, 0, 1, 0, 1], [1, 1, 0, 

0, 0, 1], [1, 1, 1, 0, 0, 1], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 1, 1, 0], 

[1, 1, 1, 1, 1, 1], [1, 1, 0, 1, 1, 1], [1, 1, 0, 0, 1, 1], [1, 1, 0, 0, 1, 0]] 
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43 [[1, 1, 0, 0, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 0, 0], [1, 1, 0, 1, 0, 1], [1, 1, 0, 

0, 0, 1], [1, 1, 1, 0, 0, 1], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 1, 0, 1], 

[1, 1, 1, 1, 1, 1], [1, 1, 0, 1, 1, 1], [1, 1, 0, 0, 1, 1], [1, 1, 0, 0, 1, 0]] 

44 [[1, 1, 0, 0, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 0, 0], [1, 1, 0, 1, 0, 1], [1, 1, 0, 

0, 0, 1], [1, 1, 0, 0, 1, 1], [1, 1, 0, 0, 1, 0]] 

45 [[1, 1, 0, 0, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 0, 0], [1, 1, 0, 1, 0, 1], [1, 1, 0, 

0, 0, 1], [1, 1, 0, 0, 0, 0], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 1, 1, 0], 

[1, 1, 1, 1, 1, 1], [1, 1, 0, 1, 1, 1], [1, 1, 0, 0, 1, 1], [1, 1, 0, 0, 1, 0]] 

46 [[1, 1, 0, 0, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 0, 0], [1, 1, 0, 1, 0, 1], [1, 1, 0, 

0, 0, 1], [1, 1, 0, 0, 0, 0], [1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 1, 0, 1], 

[1, 1, 1, 1, 1, 1], [1, 1, 0, 1, 1, 1], [1, 1, 0, 0, 1, 1], [1, 1, 0, 0, 1, 0]] 

47 [[1, 1, 0, 0, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 0, 0], [1, 1, 0, 1, 0, 1], [1, 1, 0, 

0, 0, 1], [1, 1, 0, 0, 0, 0], [1, 1, 0, 0, 1, 0]] 

48 [[1, 1, 0, 0, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 1, 1], [1, 1, 0, 0, 1, 1], [1, 1, 0, 

0, 1, 0]] 

49 [[1, 1, 0, 0, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 1, 1], [1, 1, 0, 1, 0, 1], [1, 1, 0, 

0, 0, 1], [1, 1, 0, 0, 1, 1], [1, 1, 0, 0, 1, 0]] 

50 [[1, 1, 0, 0, 1, 0], [1, 1, 0, 1, 1, 0], [1, 1, 0, 1, 1, 1], [1, 1, 0, 1, 0, 1], [1, 1, 0, 

0, 0, 1], [1, 1, 0, 0, 0, 0], [1, 1, 0, 0, 1, 0]] 

51 [[1, 1, 1, 0, 0, 0], [1, 1, 1, 1, 0, 0], [1, 1, 1, 1, 0, 1], [1, 1, 1, 0, 0, 1], [1, 1, 1, 

0, 0, 0]] 

 

Annexure # 5  

Table 6.2: Pharmacophore model was validated by the significance of statistical 

parameters with respect to molecular sequence and root mean square deviation 
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(RMSD). It shows the RMSD of 21 set of active compounds with respect to IC50 

values were generated to build the PM model. The low RMSD values have ability to 

predict the activity of the conformational dataset compounds. 

S.No. IC50 (µM) Molecular sequence RMSD 

1 0.04 1 0.0102 

2 2.77 13 0.0324 

3 20 14 0.0351 

4 31 18 0.0463 

5 6 20 0.0717 

6 0.5 4 0.0778 

7 10 7 0.0936 

8 22 16 0.1282 

9 60 21 0.1554 

10 1.8 6 0.1836 

11 14 11 0.2059 

12 13.5 10 0.3916 

13 12 9 0.4450 

14 1 5 0.4537 

15 0.25 2 0.4652 

16 40 19 0.4856 

17 20 15 0.7056 

18 0.3 3 0.7642 

19 25.6 17 0.8980 

20 10.4 8 0.8983 

21 16.2 12 0.8983 
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Annexure # 6 

 

Figure 6.6: Cell viability of HCEC cell line in a dose dependent effect of 

fulvestrant was measured by using MTT assay. All the experiments were treated 

with varying concentrations (0.001-1 µM) and repeated thrice. The data was analyzed 

to reduce the % viability in MCF-7 cells (One-way ANOVA; ****p < 0.01).  
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ABSTRACT
Background. Breast cancer (BC) is one of the leading cause of death among females
worldwide. The increasing incidence of BC is due to various genetic and environmental
changes which lead to the disruption of cellular signaling network(s). It is a complex
disease in which several interlinking signaling cascades play a crucial role in establishing
a complex regulatory network. The logical modeling approach of René Thomas has
been applied to analyze the behavior of estrogen receptor-alpha (ER-α) associated
Biological Regulatory Network (BRN) for a small part of complex events that leads
to BC metastasis.
Methods. A discrete model was constructed using the kinetic logic formalism and its set
of logical parameters were obtained using the model checking technique implemented
in the SMBioNet software which is consistent with biological observations. The discrete
model was further enriched with continuous dynamics by converting it into an
equivalent Petri Net (PN) to analyze the logical parameters of the involved entities.
Results. In-silico based discrete and continuous modeling of ER-α associated signal-
ing network involved in BC provides information about behaviors and gene-gene
interaction in detail. The dynamics of discrete model revealed, imperative behaviors
represented as cyclic paths and trajectories leading to pathogenic states such as
metastasis. Results suggest that the increased expressions of receptors ER-α, IGF-1R and
EGFR slow down the activity of tumor suppressor genes (TSGs) such as BRCA1, p53
and Mdm2 which can lead to metastasis. Therefore, IGF-1R and EGFR are considered
as important inhibitory targets to control the metastasis in BC.
Conclusion. The in-silico approaches allow us to increase our understanding of the
functional properties of living organisms. It opens new avenues of investigations of
multiple inhibitory targets (ER-α, IGF-1R and EGFR) for wet lab experiments as well
as provided valuable insights in the treatment of cancers such as BC.
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ABSTRACT
Background. C-X-C chemokine ligand 12 (CXCL12) has important implications in
breast cancer (BC) pathogenesis. It is selectively expressed on B and T lymphocytes
and is involved in hematopoiesis, thymocyte trafficking, stem cell motility, neovascu-
larization, and tumorigenesis. The single nucleotide polymorphism (SNP) rs1801157
of CXCL12 gene has been found to be associated with higher risk of BC.
Methods. Our study focuses on the genotypic and allelic distribution of SNP
(rs1801157; G/A) in Pakistani population as well as its association with the clinico-
pathological features. The association between rs1801157 genotypes (G/A) and BC
risks was assessed by a multivariate logistic regression (MLR) analysis. Genotyping was
performed in both healthy individuals and patients of BC using PCR-restriction frag-
ment length polymorphism (PCR-RFLP) method. Furthermore, in-silico approaches
were adapted to investigate the association of CXCL12 and its receptor CXCR4 with
genes/proteins involved in BC signalling.
Results. Significant differences in allelic and genotypic distribution betweenBCpatients
and healthy individuals of genotype (G/G) and (A/G) (p< 0.05) were observed. The
frequency of the allele G in the BC group (77%) was significantly higher as compared
to control group (61%) (p = 0.01). The association of genotype GG with clinico-
pathological features including age, stages of cancer and organ (lung, liver, bones and
brain) metastasis (p> 0.05) was assessed. In a MLR analysis, a number of variables
including age, weight of an individual, affected lymph nodes, hormonal status (estrogen
and progesterone receptor), alcohol consumption and family history associated with
the GG genotype (GG:AA, odds ratio (OR) = 1.30, 95% CI [1.06–1.60]) were found
to be independent risk factors for BC. Our in-vitro results suggest that genotype GG
is possibly increasing the risk of BC in Pakistani cohorts. in-silico analysis finds that
CXCL12–CXCR4 is associated with an increased expression of PDZK1, PI3k and Akt
which lead the breast tumor towards metastasis.
Conclusion. Multiple targets such as CXCL12, CXCR4, PDZK1, PI3k and Akt can be
inhibited in combined strategies to treat BC metastasis.
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Abstract

Insulin-like growth factor 1 receptor (IGF-1R) is an important therapeutic target for breast

cancer treatment. The alteration in the IGF-1R associated signaling network due to various

genetic and environmental factors leads the system towards metastasis. The pharmaco-

phore modeling and logical approaches have been applied to analyze the behaviour of com-

plex regulatory network involved in breast cancer. A total of 23 inhibitors were selected to

generate ligand based pharmacophore using the tool, Molecular Operating Environment

(MOE). The best model consisted of three pharmacophore features: aromatic hydrophobic

(HyD/Aro), hydrophobic (HyD) and hydrogen bond acceptor (HBA). This model was vali-

dated against World drug bank (WDB) database screening to identify 189 hits with the

required pharmacophore features and was further screened by using Lipinski positive com-

pounds. Finally, the most effective drug, fulvestrant, was selected. Fulvestrant is a selective

estrogen receptor down regulator (SERD). This inhibitor was further studied by using both

in-silico and in-vitro approaches that showed the targeted effect of fulvestrant in ER+ MCF-7

cells. Results suggested that fulvestrant has selective cytotoxic effect and a dose dependent

response on IRS-1, IGF-1R, PDZK1 and ER-α in MCF-7 cells. PDZK1 can be an important

inhibitory target using fulvestrant because it directly regulates IGF-1R.

Introduction

Insulin-like growth factor type-1 receptor (IGF-1R), a trans-membrane tyrosine kinase, is

involved in normal body growth and development [1]. It has two extracellular ligand binding

domains, alpha (α) and beta (β) [2, 3]. IGF-1R is regulated by the binding of ligands, insulin-

like growth factors such as IGF-1, to process cell proliferation and differentiation [4–6]. Previ-

ous in vivo and in vitro studies have linked higher levels of IGF-1R and its ligands with various

types of cancer development and progression including breast cancer [7–10], prostate cancer
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