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ABSTRACT 
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Breast cancer the most frequently diagnosed cancer and its metastasis to distant 

organs accounts the majority of deaths. Numerous genes and proteins are 

involved in the cause of metastasis. Though KIBRA is one of the component of 

Hippo Pathway and is reported as tumor suppressor but this scaffolding protein 

has also been found to be an emerging and important player in the process of 

metastasis. It has been reported that KIBRA protein interacts with various 

proteins through its domain and leads cytoskeleton arrangement, cell polarity and 

migration. N terminal and C terminal of the protein contains the WW, Internal C2 

& putative class III PDZ domain that interacts with DDR1, DLC1 & PKCζ and 

helps the breast cancer cells to metastasize. To study whether KIBRA is involved 

in breast cancer metastasis, we checked its expression at both protein and mRNA 

level by Immunoblotting and Real Time PCR which showed increased KIBRA 

expression in ER positive cells. Further investigation to elucidate the role of 

KIBRA in ER positive cells, ER transfection and immunoblotting in triple negative 

breast cancer cell lines were performed, which indicated that ER leads to 

enhanced KIBRA expression in breast cancer cells.          
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1.0. INTRODUCTION 

Breast cancer is one of the most common invasive malignancies diagnosed and is the 

second leading cause of death among women globally (Friedenreich, 2011). It is a 

heterogeneous disease which is characterized by different molecular drivers.  Several 

studies conducted led to scientific advancements and progress in breast cancer 

research and therapy, still most patients with breast cancer are prone to recurrence, 

chemoresistance and metastasis. And since the outcome of treatment are drastically 

different for different cancer types, especially in the case of triple negative breast 

cancer (TNBC), patient having aggressive clinical course, the chances of early relapse 

is high and that of survival rate is low (X. Zhang et al., 2016).  

Coping with the challenges like recurrence, chemo-resistance and metastasis is 

onerous. The increased propensity of motility and invasiveness, chemo-resistance and 

radio-resistance among epithelial malignant tumour is endowed by epithelial-

mesenchymal transition (EMT), a critical biological process during embryonic 

development (Kang & Massagué, 2004; Thiery & Morgan, 2004; Thiery & Sleeman, 

2006). Therefore, EMT is considered as the elementary step of chemo-resistance, local 

recurrence and metastasis. The mechanism of EMT has been widely studied over 

decades, and a number of hypotheses have been proposed such as signalling 

pathways (transforming growth factor-β/Wnt/Notch) (Ahmad et al., 2012; Debies et al., 

2008; Li, Wicha, Schwartz, & Sun, 2011), cancer stem cells(Bao et al., 2012), miRNA 

(Wang et al., 2010), oncogenic events. Proto-oncogene activation (ras) (Hanahan & 

Weinberg, 2011), cancer stem cells, miRNA and inflammation are associated with the 

induction of EMT, but the EMT mechanism and the genes involved have not been 

explored completely. Thus, the extensive understanding of the molecular mechanisms 

and identification of the genes responsible for breast cancer recurrence, chemo-

resistance and metastasis are necessary for precision medicine (X. Zhang et al., 2016). 

KIBRA (KIdney/BRAin protein), also known as WWC1 (WW and C2 domain containing 

1), is a multi-domain phosphor-protein and is predominantly found in brain and kidney. 

It interacts with several signalling molecules and regulates cell polarity, cell migration 

and cell cycle (Duning et al., 2008a; Kremerskothen et al., 2003; Schneider et al., 2010; 
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Yoshihama, Chida, & Ohno, 2012). It was initially cloned and characterized by 

Kremerskothenetal (Kremerskothen et al., 2003) as a molecule which interacts with 

postsynaptic dendrin protein (human dendrin KIAA0749) (Herb et al., 1996; Neuner‐

Jehle, Denizot, Borbély, & Mallet, 1996).Since then it has been a subject of interest in 

the field of cognitive neuropsychology. However, the role of KIBRA in breast cancer 

came into light only after the discovery of regulation of oestrogen receptor activity by 

binding to the dynein light chain 1(DLC1) molecule (Suresh K. Rayala et al., 2006). 

Later on, it was also reported that the KIBRA interacts with discoidin domain receptor 

1(DDR1) and modulates collagen-induced MAPK kinase signalling in breast cells 

(Hilton et al., 2008). Several studies have shown that KIBRA promotes oncogenic 

signalling, however, despite all these studies, the molecular mechanism involved and 

its oncogenic potential remains unclear. 

1.1. OBJECTIVES 

• To determine the expression of KIBRA in breast cancer cell lines. 

• To compare the expression of KIBRA in receptor positive and receptor negative 

breast cancer cell lines.   

 



 

 

 

CHAPTER II 

REVIEW OF 

LITERATURE 
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2.0. REVIEW OF LITERATURE 

 

2.1 . Structure of KIBRA And Regulation 

Human protein KIBRA is a scaffolding protein and is encoded by the WWC1 gene 

located at chromosome 5q35.1. It consists of 1113 amino acids and has an 

approximate size of 125.3 kDa. KIBRA consists of two N terminal WW domains 

(positions 6-39 and 54-86 respectively) covering a stretch of 35-40 amino acids (Suresh 

K. Rayala et al., 2006). Both of the domains consists of two conserved tryptophan 

residue, an internal block of aromatic amino acids and a conserved proline residue 

(Dobrosotskaya, Guy, & James, 1997). These domains interact with the protein 

consisting of the prolein rich region (PPxY). A 15 amino acid long zone responsible for 

nuclear localization has been identified between amino acid 361and 376 (Suresh K. 

Rayala et al., 2006). An internal C2, Ca2+ sensitive, (Büther, Plaas, Barnekow, & 

Kremerskothen, 2004) domain is composed of two four stranded β sheets and is 

located in between 655 and 783. This 128 stretches long amino acid residue is involved 

in phospholipid binding in a calcium-dependent manner. Calcium binding induces a 

change in electrostatic potential which plays a role in the enhancement of phospholipid 

binding (Rizo & Südhof, 1998). Apart from these a glutamic acid-rich region is located 

in between 845 and 873 (Kremerskothen et al., 2003). At C terminal a class III PDZ 

binding sequence is located in between 1110 and 1113 (Duning et al., 2008a), and has 

a major role in the formation and function of signal transduction complexes (Fig.1) 

(Fanning & Anderson, 1999).  
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Previous studies has revealed that KIBRA is a major regulator of Hippo signaling 

pathway and is involved in inhibiting cell proliferation and apoptosis (Xiao et al., 2011) 

but further studies has reported that phosphorylation regulation of KIBRA by mitotic 

kinases (Aurora and CDK1) during mitosis (Xiao et al., 2011), ERK (extracellular signal-

related kinases) at Ser548 and RSK (p90 ribosomal S6 kinases)at Thr929 and Ser947 

leads to cell migration and proliferation (Yang et al., 2014).   

 

2.2. Interacting Partners of KIBRA. 

Several studies have reported the role of KIBRA in numerous cellular functions such 

as cell polarity and migration, transcriptional regulation, vesicle transport and 

synaptogenesis. These functions were acknowledged after a study identified the 

interacting partners of KIBRA via yeast two-hybrid screening.   

KIAA0749, a postsynaptic dendrin protein, was the first interacting partner identified 

(Kremerskothen et al., 2003). This dendrin protein interacts with the WW domain of 

KIBRA through its PPxY motif and is found to be localized in the dendritic region. It 

plays a major role in cytoskeleton organisation (Kremerskothen, Plaas, Kindler, 

Frotscher, & Barnekow, 2005). KIAA0749 also interact with -actinin and synaptic 

scaffolding molecule S-SCAM (Kremerskothen, Kindler, Finger, Veltel, & Barnekow, 

2006), and is responsible for sleep deprivation (Neuner‐Jehle et al., 1996). 

Further studies have identified synaptopodin and PKCζ as the interacting partners of 

KIBRA which has asserted its role in the process of postsynaptic density (PSD) (Büther 

et al., 2004; Duning et al., 2008a). Similar to dendrin the PPxY motif of synaptopodin 

interacts with the WW domain of KIBRA and help in cytoskeleton arrangement (Duning 

et al., 2008a; Kremerskothen et al., 2005). KIAA0513 is also an interacting partner of 

KIBRA which has a potential link with cognition and is found to be upregulated in 

schizophrenic patients (Lauriat et al., 2006). 

PATJ (PALS1- associated tight junction protein) is another interacting partner of KIBRA 

which has asserted its role in cell polarity. It is a component of the evolutionarily 

conserved multiprotein complex and interacts with the putative class III PDZ binding 

site of KIBRA (Shin, Straight, & Margolis, 2005; Shin, Wang, & Margolis, 2007).  Apart 

from PATJ, another link of KIBRA with cytoskeleton was acknowledged after 
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identification of binding of dynein-complex with it (Traer et al., 2007). This interaction 

was substantiated by the study describing the simultaneous interaction of KIBRA with 

Dynein light chain 1 (DLC1) and histone H3. The binding of KIBRA with H3 is mediated 

via the glutamic acid-rich region of KIBRA, located near the C terminus (Fig.2) (Suresh 

K. Rayala et al., 2006). 

The concept of involvement of KIBRA in transcriptional regulation is further supported 

by various studies suggesting the upregulation of KIBRA expression upon the 

application of progesterone and its binding with discoidin domain receptor1 (DDR1). 

DDR1 is a tyrosine kinase, important for the development of mammary gland and in a 

molecular complex with KIBRA and PKCζ is, involved in the collagen-regulated 

stimulation of MAPK cascade (Hilton et al., 2008). 

 

2.3.Interaction Parterners Involved in Metastasis 

 2.3.1. DDR1 

DDR1 is epithelial-specific and highly expressed during pregnancy and several primary 

breast cancers (Barker et al., 1995). In an experiment performed on female mice DDR1 

knockout shows defects in blastocyst implantation together with hyper-proliferation and 

abnormal branching of the mammary ducts and an increased amount of collagenous 

extracellular matrix surrounding the mammary epithelium (Vogel, Aszódi, Alves, & 

Pawson, 2001). This suggests that DDR1 has a role in mediating extracellular matrix 

(ECM) signalling within the mammary gland and this signalling plays a role in alveolar 

morphogenesis and regulation of cell motility and adhesion (Fata, Werb, & Bissell, 

2004). Deregulation of this signalling interaction may cause migration, invasion, 

metastasis and leads to tumour progression. 

DDR1 interacts with KIBRA in the process of tumor progression. Its PPxy motif binds 

to the binds to the WW binding motif of KIBRA and regulates ERK MAPK pathway in 

the ligand-dependent response of DDR1. (Heidi N. Hilton et.al). DDR1 get activated 

when its ligand (collagen I or IV) comes and bind to it, this leads to dissociation of the 

KIBRA-DDR1 complex which indicates that KIBRA plays a role in the downstream 

signalling pathways induced by the extracellular matrix. E. Faraci-Orf et.al., showed 

that forced activation and expression of DDR1 in mouse mammary epithelial HC11 cells 
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with collagen results in increased activation of Stat5, a downstream target of Prlr and 

increased β-casein gene expression (Faraci‐Orf, McFadden, & Vogel, 2006). 

 

Figure 2: Interacting Partners of KIBRA Involved in Metastasis 

 

2.3.2. Protein kinase C 

Protein kinase C, a member of PKC family of serine/threonine kinases, is another 

interacting partner of KIBRA as well as of DDR1 involved in the process of metastasis. 

It interacts with a small KIBRA fragment of 44aa fragment (953 to 996) containing four 

potential PKC phosphorylation sites (S967, S975, S978 and S981) through its complete 

catalytic domain (Büther et al., 2004) and is involved in multiple signal transduction 

pathways and modulate the processes like cell proliferation, adhesion, invasion and 

chemokine- triggered migration in breast cancer (Sun et al., 2005; Urtreger, C 

Grossoni, B Falbo, G Kazanietz, & Bal, 2005; Wu et al., 2010; F. Zhang et al., 2010). 

The interaction of PKCζ with DDR1 and KIBRA in the presence of collagen forms a 

complex which leads to ERK MAPK cascade activation (Curat & Vogel, 2002). Collagen 

stimulate the DDR1 which lead to dissociation of complex and allow either PKCζ-KIBRA 

complex for downstream signaling or stimulated DDR1 to participate in Ras/ ERK 

signaling (Xie & Haslam, 1997).  
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PKCζ is a major player of PAR polarity complex, responsible for the establishment of 

the cell polarity, but the PAR polarity complex independent function of PKCζ has been 

observed in the invasive progression of breast cancer. PKCζ depletion promotes EMT 

in absence of functional PAR polarity complex. An oncogenic PKC - NFκB-p65 

signalling suppresses E-cadherin and ZO-1 expression and promotes epithelial-

mesenchymal transition (EMT) and cause invasion in breast cancer. In a study 

conducted on experimental animal models by Arindam Paul et.al. PKC was found to 

be highly active in invasive and metastatic breast cancers rather than non-invasive 

ductal carcinomas and the depletion if PKC inhibits invasion and metastasis in breast 

cancer cells (Paul, Danley, Saha, Tawfik, & Paul, 2015).  

 2.3.3. Dynein Light Chain 1 

DLC1 is a cytoplasmic protein which is encoded by DYNLL1 gene in a human being 

(Pfister et al., 2005). It is an 8 kDa highly conserved protein component of cytoplasmic 

dynein complex and is expressed in numerous tissues. Along with its role in dynein 

motor function, it also interacts with Pak1 (p21- Activated Kinase 1) which 

phosphorylates and upregulates DLC1 expression and promotes the growth of ER-

positive breast cancer cells. In addition, conditional upregulation of DLC1 facilitates 

recruitment of DLC1-ER complex to the ER target gene pS2 which facilitates estrogen-

induced ER transactivation growth stimulation, and anchorage-independent growth of 

breast cancer cells (Suresh K Rayala et al., 2005). Rayala et.al in a study revealed that 

KIBRA interacts with DLC1 and potentiates ER transactivation by getting recruited at 

ER-responsive element (ERE) sites in ER-responsive genes in a ligand-induced 

manner through the underlying mechanism. The glutamic acid-rich region of KIBRA 

interacts with histone H3 which lead to the opening of chromatin with the subsequent 

recruitment of KIBRA-DLC1 and DLC1-ER complexes to chromatin of ER-targeted 

genes (Suresh K. Rayala et al., 2006). 

SNX 4 (sorting nexin 4) interacts with the dynein (microtubule motor protein) and KIBRA 

and forms a complex which sort out the transferrin receptor (TfnR), a component 

involved in proliferation and cell survival (Daniels, Delgado, Rodriguez, Helguera, & 

Penichet, 2006), from lysosomal-mediated degradation and guide towards the 

juxtanuclear endocytic recycling pathway (Traer et al., 2007).    
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2.3.4. PALS1-associated tight junction protein (PATJ)  

PATJ has been identified as another interacting partner of KIBRA where last four 

amino-acids of KIBRA interact with the eight PDZ domain of PATJ. Additionally, KIBRA 

also interact directly with synaptopodin (involved in actin based cytoskeleton 

organization)  and regulate directional migration (Duning et al., 2008b).  

PATJ is a member of an evolutionary conserved system the Pals1-PATJ-Crb complex 

(Protein-associated with Lin seven1-Pals1 associated tight junction protein-Crumbs3 

complex) which regulates apicobasal polarity, tight junction formation, signaling, and 

directional migration of eukaryotic cells (Margolis & Borg, 2005; Shin, Fogg, & Margolis, 

2006) by regulating reorientation of the MTOC (microtubule‐organizing centre) and 

localization of PKC and PAR3 to the leading edge in direction of migration (Shin et al., 

2007) . 
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3.0. METHODOLOGY 

 

3.1. Mammalian Cell Culture 

3.1.1. Cells: 

The human breast cancer cell line T47D was acquired form National Centre for Cell 

Science (NCCS), Pune, India. HBL100 cells were received as a gift from Dr. Andrew 

Craig, Queen’s University, Canada. MCF 7 (Michigan Cancer Foundation 7), MDAMB 

231 (M.D. Anderson Metastatic Breast Cancer 231), MDAMB 453 (M.D. Anderson 

Metastatic Breast Cancer 453) were also purchased from NCCS, Pune, India.  

All the cell lines were cultured in their respective mediums along with the 

supplementation of 10% FBS and 1% penicillin and Streptomycin solution and 

incubated in the humidified environment containing 5% CO2 and 370C temperature.  

Different cell lines and their origin and ER status is mentioned in Table1. 

 

Cells Type ER 

Status 

Media 

HBL 100 Human Normal Mammary Gland Cells Positive DMEM 

MCF7 Invasive Ductal Carcinoma Cells Positive DMEM 

T47D Invasive Ductal Carcinoma Cells Positive RPMI 

MDAMB 231 Invasive Ductal Carcinoma Cells Negative DMEM 

MDAMB453 Invasive Ductal Carcinoma Cells Negative DMEM 

 

Table 1: List of Cell Lines and Their Properties 

 

3.1.2. Passaging of Cells: 

In cell passaging adherent cell lines were first washed with PBS which was followed by 

Trypsin/EDTA treatment for a short span of time (approximately 5 to 7 minutes) to avoid 

cell damage. The detached cells were resuspended in their respective media 10% FBS 
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and 1% penicillin and Streptomycin solution (complete media) and plated in a new 

culture Flask. 

 

3.1.3. Freezing and Thawing of Cells: 

For the long-term storage, approximately 8 – 9 million cells were trypsinized and 

transferred into a falcon which is then diluted by the complete media. The cells were 

pelleted down and resuspended in their respective media containing 10% DMSO 

(Cryomedium). These cells were stored in cryovials at 800C. 

The cryopreserved cells were quickly thawed in a 370C water bath. The cell suspension 

was transferred to the falcon, diluted with their respective complete medium and 

centrifuged at 1100 rpm. The pellet was resuspended in the medium and seeded into 

the flask. 

 

3.1.4. Cell Counting: 

Cell Counting was performed by using Neubauer’s Chamber manual method. The 

number of cells in per mL of suspension was calculated by using the formula: 

         Cells per mL= Mean cell Count per Large Square X 104   

 

3.2. ER Transfection: 

ER α was transfected to triple negative breast cancer cells in variable concentration 

(2μg and 4μg) via reverse transfection method. For control pcDNA vector transfected 

cells were used. 

For transfection three 100 mm dishes were plated with a large amount of triple negative 

breast cancer cells (approximately 3.5 x 106) and transfection mixture (Table 2.) was 

added to it. 
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Content Control ER- GFP (2μg) ER- GFP (4μg) 

Serum Free Media 500 μl 500 μl 500 μl 

LTx Reagent 12.5 μl  12.5 μl 12.5 μl 

Plus Reagent 2.5 μl 2.5 μl 2.5 μl 

 Plasmid 2 μl (1 μg/μl)  2 μl (1 μg/μl) 4 μl (1 μg/μl) 

   *Mixture is incubated at room temperature for 25 minutes. 

Table 2: Reaction Mixture for Transfection 

The media was changed at an interval of 9-10 hours and at 30 hours the cells were 

harvested pelleted down and used for RNA isolation and Protein estimation.   

3.3. RNA Isolation and cDNA Synthesis 

For both the transfected and non-transfected cells total RNA isolation was performed 

using RNeasy® Powerlyzer® Tissue & Cells Kit (Qiagen) followed by elution of isolated 

RNA in 50-100 µl of RNase free water. Before storing the RNA at -80 ºC until further 

use the purity and concentration of isolated RNA is need to be estimated by using 

Nanodrop at 260 nm (260/280 ratio for pure RNA is~2.0).   

This isolated RNA is then used to synthesize cDNA by using iScript cDNA synthesis 

Kit (Bio-Rad). For this, variable amount of RNA mixed with 5x iScript Reaction Mix (4 

µg) and iScript Reverse Transcriptase (1 µg). After making up the volume to 20 µg by 

adding up nuclease free water. The mixture is incubated at different temperatures for 

different time as mentioned in Table 3. The newly synthesized cDNA is then stored at 

-20 ºC until further use.        

 

Table 3: Incubation time at different stages for cDNA synthesis 

Priming 5 min at 25 ºC 

Reverse Transcription 20 min at 46 ºC 

RT Inactivation 1 min at 95 ºC 

Optional Step Hold at 4 ºC 
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3.4. Quantitative Real Time PCR 

To determine the mRNA expression of KIBRA in T47D, MCF-7, MDA-MB-231, MDA-

MB-453) compared to the house-keeping gene GAPDH mRNA, following reaction 

mixture (Table 4) was prepared: 

 

 

Reagent Volume 

SYBR Green JumpStart Taq Ready Mix (2x) 10 

cDNA 1 

Forward Primer (10) 1 

Reverse Primer (10) 1 

Double Distilled H2O 7 

Total Volume 20 

 

Table 4: Reaction Mix for qRT-PCR 

*The PCR program was set on standard (40 cycles). 

The temperature settings for the reaction was as follows: 

 

Figure 3: Temperature Condition for Real Time PCR 

94 94

58
70

60

93.9

10 0.25 1 1 0.25 0.25

TEMPERATURE (IN DEGREE CELCIUS)

TEMPERATURE (IN DEGREE CELCIUS)
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After the completion of reaction, the data was then analyzed and the relative expression 

of KIBRA as compared to that of house-keeping gene GAPDH was calculated using 

the following formula: 

 

Where, ΔΔCt= ΔCT of sample – ΔCT of reference 

ΔCT= Ct of gene of interest – Ct of housekeeping gene 

 

Further, the standard deviation was calculated by using the following formula: 

 

Where, s1= Standard Deviation of the gene of interest 

s2= Standard Deviation of the housekeeping gene 

The Error margin was calculated by the following formula: 

 

The error used for putting error bars was calculated using the following formula: 

 

 

3.5. Protein Estimation and Quantification: 

3.5.1. Lysate Preparation:  

For lysate preparation the cells were harvested by using PBS followed by centrifuging 

it at 3000 rpm for 5 minutes. The pellets were resuspended into NP-40 lysis buffer 

(including protease inhibitor cocktail (PI) in 1:1000 ratio and PMSF), vortexed at every 

10 minutes and incubated at ice for 30 minutes. This mixture was then centrifuged for 

10 minutes at 12000 rpm at 4ºC to extract the total protein. The pellet was discarded 

and supernatant was transferred to an Eppendorf tube and stored at -4ºC for future 

use. 

2-ΔΔCt 

S= √ (s12+s22) 

2- ΔΔCt+/-s 

2- ΔΔCt+/-s - 2- ΔΔCt 
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3.5.2. Protein Quantification by Bradford Assay: 

Cell lysate preparation was followed by protein quantification to determine protein 

concentration using Bradford Assay. For this, bovine serum albumin 1mg/ml was used 

as a standard and lysis buffer was used as a blank. Sample lysates (1μl each) and 

Bradford reagent (Bio-Rad) were added and readings were taken on a 96 welled micro-

plate reader. Readings were compared to a standard BSA dilution series. 

 

Table 5: Bradford Assay Estimation Layout 

 

3.5.3 SDS PAGE 

SDS-PAGE is a discontinuous system and consist of resolving gel and stacking gel. 

1 mm gel having 10% resolving gel (10% acrylamide gel) was prepared post 

polymerization to resolving system stacking gel was prepared.  

 

30% Acrylamide 10% 

Quantity 5ml 10 ml 

Water 2 ml 4ml 

30% Acrylamide 1.5 ml 3.0ml 

1.5M Tris (pH= 8.8) 1.25ml 2.5ml 

10% SDS 50 μl 100μl 

10% APS 50 μl 100 μl 

TEMED 5 μl 10 μl 

 

Table 6(a): Resolving Gel Components       



18 
 

30% Acrylamide 4% 

Water 2.975 ml 

30% Acrylamide  670 μl 

0.5 M Tris-HCl (pH=6.8) 1.25 ml 

10% SDS 50 μl 

10% APS 50 μl 

TEMED 5 μl 

 

Table 6 (b): Stocking Gel Components 

The gel preparation was followed by sample preparation and loading of prepared 

sample into the gel. The electrophoresis was carried out in 1XSDS at a voltage of 

70V for 20 minutes followed by a voltage of 200 V for 45 minutes.  

3.5.4. Western Blotting 

The primary step involved in western blotting or immunoblotting is the transfer of 

protein onto nitrocellulose membrane by using BioRad Tans-Blot Turbo Blotting 

System. For transferring the gel is taken out of the electrophoresis system and 

transferred into a container having transfer buffer in it. The gel is then sandwiched 

between two paper towels in manner that gel is placed above the nitrocellulose 

membrane in the transfer assembly. The transfer buffer was poured to keep the setup 

wet. Then the turbo blot was set at 25V for voltage and 1.3 Amperes of current for 10 

minutes. After time completes the gel from the setup is discarded and membrane is 

used for further processing.  

After transferring the protein onto the membrane, the blocking of the membrane using 

5% fat-free milk is done to block the non-specific binding sites. For blocking the NCP 

was incubated in 20 ml of 5% milk (Prepared in 1X PBST) for one hour on the rocker. 

After this, the membrane was washed 3 times with an interval of 10 minutes using 1X 

PBST buffer. The membrane is then cut into different parts according to the molecular 

weight of different proteins of interest and incubated in their respective primary antibody 
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(prepared in 3% of milk or 5% of BSA) overnight. Dilutions for antibodies were as 

follows (Table 7). 

Name of Primary Antibody Dilution 

KIBRA (in 5% BSA) 1:1000 

GAPDH 1:6000 

ER-α 1:1000 

 

Table 7:  List of Antibody Dilution 

After overnight incubation, the membrane was washed again with 1X PBST for 3 times 

at an interval of 10 min. After washing the membrane was incubated in the secondary 

antibody (prepared in 3% of milk, Dilution- 1:5000) solution for 2 hours on a rocker at 

room temperature followed by washing with 1X PBST for 3 times with 10 min interval. 

The membrane was then developed to visualize the bands for protein expression using 

ECL solution on ChemiDoc (Bio-Rad) machine (Software Image lab 3.0) Further 

analysis was done. 

3.6. Statistical Analysis 

For the densitometric analysis of the Immunoblotting results ImageJ software, 

developed by NIH was used. It displays and analyze the expression level of protein by 

quantifying the bands. 
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4.0. RESULTS 

 

4.1. Expression level of KIBRA in Different Breast Cancer Cells 

The basal level expression of KIBRA at mRNA level was checked by using Real 

Time PCR and was found to be high in T47D and MDAMB 231 cells, both of which 

are metastatic breast cancer cell lines, rather than any other cell lines. Also, the 

expression level in T47D cells, which was ER positive was higher than MDAMB231 

cells which was ER negative. This shows that KIBRA expression is involved in 

metastasis. 

To confirm this result and to check the role of KIBRA at protein level immunoblotting 

was performed which showed the same results as that of mRNA expression. The 

protein expression of KIBRA was higher in T47D cells.   
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Figure 4: Expression on KIBRA in different Breast Cancer Cells 

A. mRNA level of KIBRA was normalized to GAPDH was analyzed using 2-ΔΔCT   

B. Lysates from indicated breast cancer cell lines were subjected to 

immunoblotting with KIBRA and GAPDH antibodies. 

C. Densitometric quantification of bands was performed to analyze and equalize 

the protein loaded 
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4.2. ER Transfection and Immunoblotting 

         The KIBRA expression was found to be higher in ER positive cells. To confirm 

any connection between ER and KIBRA expression the MDAMB 231, ER negative 

cell lines, were transfected with ER α vector at variable concentration. The 

expression level for ER α, to confirm transfection and KIBRA was checked by 

immunoblotting. The results had shown the higher expression of ERα as well that 

of KIBRA in cells transfected with higher concentration.  
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Figure 5: ER Transfection and Immunoblotting 

Lysates form the transfected MDAMB 231 cell lines at variable concentration were subjected 

to immunoblotting using GAPDH, ER α and KIBRA antibodies.  
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5.0. DISCUSSION 

The higher expression of KIBRA in breast cancer cells rather than the normal cells 

indicates that the KIBRA could be a possible oncogene.  

The Basal level expression of KIBRA both at mRNA and protein level were found to be 

high in T47D cell lines and MDAMB 231 cell lines. The expression of KIBRA in T47D 

was highest which is an ER positive cell line. From this we hypothesized that there 

could be a connection of ER presence and KIBRA expression. So, to elucidate the 

molecular mechanism involved the MDAMB 231 cells, ER negative in nature, were 

transfected with variable amount of ER alpha. The transfection of ER alpha is first 

confirmed by immunoblotting technique which showed higher expression level of ER in 

4 μg concentration rather than 2 μg concentration. This indicates the successful 

transfection of ER alpha.  

The expression level of KIBRA in these transfected cells was checked by using 

immunoblotting technique the bands of KIBRA for 4 μg concentration of ER were more 

intense than that of 2 μg concentration of ER which indicates that expression of KIBRA 

is affected by presence of ER alpha which could be a reason of higher expression of 

KIBRA in T47D cells.  

5.1. CONCLUSION AND FUTURE PROSPECTS 

The first conclusion which this study draws is that, KIBRA is an oncogene since its 

expression is higher in breast cancer cell lines. Apart from this this study has also 

concluded that the presence of ER alpha synergize the metastasis caused by the 

KIBRA in breast cancer cell lines. 
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       Figure 6: The Synergistic Mode of Action of KIBRA and ER for Metastasis 
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Since KIBRA is the less researched scaffolding protein in field of breast cancer and 

most of the mechanism involved are still unknown so more research could be 

performed to unveil the underlying mechanisms involved. Knowing the mode of action 

of KIBRA could make it as a potential therapeutic target for modulating chemo-

resistance in cancer cells. 
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SUMMARY 

INTRODUCTION: Breast cancer is one of the most common invasive malignancies 

diagnosed and is the second leading cause of death among women globally. It is a 

heterogeneous disease which is characterized by different molecular drivers. The 

increased propensity of motility and invasiveness, chemo-resistance and radio-

resistance among epithelial malignant tumour is endowed by epithelial-mesenchymal 

transition (EMT), a critical biological process during embryonic development. 

Therefore, EMT is considered as the elementary step of chemo-resistance, local 

recurrence and metastasis. KIBRA is one such protein which interacts with several 

signalling molecules and regulates cell polarity, cell migration and cell cycle. The role 

of KIBRA in breast cancer came into light only after the discovery of regulation of 

oestrogen receptor activity by binding to the dynein light chain 1(DLC1) molecule. Later 

on, it was also reported that the KIBRA interacts with discoidin domain receptor 

1(DDR1) and modulates collagen-induced MAPK kinase signalling in breast cells. 

METHODOLOGY: To study the expression level of KIBRA in breast cancer cells and 

to investigate the correlation between KIBRA expression and ER, Immunoblotting and 

Real Time PCR were used. 

RESULTS AND DISCUSSION: By studying the expression of KIBRA it was observed 

that its expression is higher in breast cancer cells. Further investigation by transfecting 

ER α in ER negative cells showed that the expression of KIBRA varies directly with 

expression of ER. Based on these results we can conclude that presence of ER 

synergizes with KIBRA and leads to metastasis.  
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APPENDIX I 

List of Materials 

The following instruments used for all the experimental purposes. 

S. No. Name of Instruments Manufacturing company 

1 Weighing balance Mettler Tolendo 

2 Autoclave Narang Scientific Works 

3 Hotplate Tarsons 

4 CO2 incubator New Brunswick, UK 

5 Inverted microscope Olympus Magnus 

6 Laminar air flow NSW (Narang Scientific 

Works) 

7 Microplate reader Synergy H1 

8 Oven Samsung 

9 ProFlex™ PCR System Thermo Fisher Scientific 

10 Refrigerated Centrifuge 5430R Eppendorf, Germany 

11 Trans-Blot Turbo™ Blotting System Bio-Rad 

12 chemi Doc™ XR+ Gel Documentation system Bio-Rad 

13 Vortex Shaker Tarsons 

14 Bench top Centrifuge Tarsons 

15 Deep Freezer (-20°C) REM 600 

16 Refrigerator Sharp 

17 SDS-PAGE Electrophoresis Apparatus Bio-Rad 

18 Real Time PCR Applied Biosystems 

19 NanoDrop 2000 Spectrophotometer Thermo Scientific 

20 Laminar Air Flow Esco 

21 Ultra-Centrifuge Thermo Scientific 

 

 



APPENDIX II 

List of Chemicals and Reagents 

The following are biological chemicals used for conducting biological work. 

S.No. Chemicals  Manufacturing Company 

1 Dulbecco’s Modified Eagle Medium Gibco 

2 Roswell Park Memorial Institute- 

1640 

Gibco 

3 Antibiotics(100X) with 10,000 units 

Penicillin and 10 mg streptomycin 

per ml 

HiMedia 

4 Fetal bovine serum Gibco 

5 DMSO Sigma 

6 Methanol SRL 

7 BSA Amberesco 

8 PBS HiMedia 

9 Ethanol SRL 

10 TAE buffer Bio-Rad 

     11 Protein Biomarker Bio-Rad 

12 Enhanced bioluminescence Invetrogen 

13 Tween 20 Amresco 

14 GAPDH Antibody (ZG003) Thermo Fisher 

15 KIBRA Antibody Cell Signaling 

16 iScript™ cDNA Synthesis Kit BIO RAD 

17 RNA isolation Kit Qiagen 

18 GAPDH Primer SIGMA-ALDRICH 

19 KIBRA Primer Eurofins  

20 iTaq™ Universal SYBER Green 

Supermix  

BIO RAD 



21 Peroxidase- conjugated AffiniPure 

Goat Anti-Rabbit IgG (H+L) 

Jackson immunoresearch 

22 Peroxidase- conjugated AffiniPure 

Mouse Anti-Rabbit IgG (H+L) 

Jackson immunoresearch 

23 Lipofectamine LTX &PLUS™ 

Reagent 

Invitrogen 

24 HiPerFect Transfection Reagent Qiagen  

25 Plasmocin™ Treatment InvivoGen  

26 pCDNA vector (710) Gifted by Andrew Craig (Queens 

University) 

27 ER-alpha GFP (712) Gifted by Andrew Craig (Queens 

University) 

28 Nitrocellulose Membrane Invitrogen 

29 Ethylenediaminetetraacetic acid SBL 

30 Ammonium per Sulphate Ambion  

31 Tetramethylethylenediamine Invitrogen  

32 Phosphate Buffer Saline Gibco 
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