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Abstract:
The expression of cohesin genes has been found to be disregulated in a number of cancers including prostate, breast and squamous cell carcinoma; and mutations in genes that encode cohesin components have been noticed in colorectal cancer and myeloid malignancies (reviewed by Rhodes et al., 2011). It has been suggested that members of the cohesin complex might be considered as a subgroup of cancer biomarkers (Xu et al., 2011a). Therefore, this study focused on studying the expression of STAG genes in breast cancer cell lines and primary breast tumours. More attention was paid for STAG3, because in addition of being the meiotic component of cohesin is also a member of Cancer Testis (CT) antigens. CT antigens have been used successfully as cancer biomarkers as well as therapeutic targets for various malignancies. 
Our findings show that the STAG1, STAG2 and STAG3 genes are highly expressed at the mRNA level in the breast cancer cell lines including: MCF-7, T-47D, MDA-MB-231 and MDA-MB-468 and primary breast tumours as well compared to normal breast tissue or normal breast cell line, MCF-10A, using qRT-PCR. Interestingly, a tendency for increasing STAG3 mRNA expression was recorded from stage I through stage IV of breast tumour implying that there might be increased expression as the tumour develops. Therefore, STAG3 expression was confirmed at the protein level by immunoblotting, where STAG3 protein bands were produced by all of the studied cancer cells when compared with the normal breast. Jurkat cells were used as a positive control as STAG3 expression in these had been previously established. Further confirmation of STAG3 protein signal was achieved in primary breast tumour tissue sections compared with the normal tissue using immunohistochemistry. Overall, these data suggest that STAG3 may be a suitable novel biomarker for breast cancer detection.  
Because STAG3 is a potential therapeutic target for breast cancer, RNA interference was successfully used to deplete STAG3 in MCF-7 cells. Analysis of the cell cycle profile by FACS revealed an accumulation of cells in G1 phase, and simultaneous reduction in the number of cells in both S and G2/M phases of the cell cycle. However, when depleting STAG3 using other si-RNAs specific for STAG3, more breast cancer dead cells were reported in MTT toxicity assay compared to MCF-10A.
Finally, we studied STAG3 regulation by the transcription factors, E2F4/E2F6, no correlation was found between STAG3 expression and either of E2Fs as depleting any of them did not affect STAG3 expression. Interestingly, we found that RNAi-mediated E2F6 silencing, but not E2F4, in cancer cells caused cell death. On the other hand, MCF-10A cells depleted of E2F6 showed higher survival fraction in MTT. This finding suggests E2F6 as another potential therapeutic target for breast cancer. 

Acknowledgements:
First of all, I would like to acknowledge my mentor, Prof. Alastair Goldman, for his great encouragement, guidance and optimism throughout my study. I thank him from all of my heart to give me this chance to work on cancer as I have never ever through about such subject before coming to the UK and meeting him. So, Alastair has delineated different direction for my scientific progression. Similarly, I am grateful to Dr. Helen Bryant for her continuous assistance, guidance and perseverance that will not be forgotten. I have learned from her many things and she shared me her experience and knowledge. I greatly appreciate working in the Medical school particularly at Dr. Helen’s lab and Dr. Spencer Collis’ lab as I was always surrounded by the best Postdocs I have ever met. 
Second of all, I will never forget the help, advice and support of Dr. Christopher Staples who was always there either at the tissue culture room or at his bench when I ask for his assistance. I always search for Chris advice when I get scientific problems even I was struggling to understand his Scottish accent. I am sure that Chis will become a great professor and expert in the near future. I would also like to thank all of the Postdocs and members of both Helen’s and Spencer’s labs namely: Dr. Polly Gravells, Dr. Giancarlo Barone, Dr. Ross Drayton, Katie Myers, Svetlana Solovieva as well as Dr. Spencer Collis who always offers me good suggestions during Friday’s lab meeting. 
I am also grateful to all of my colleagues at Alastair’s lab: Tzu Ling Tseng, Ta Chung Chou and Emily Strong for their friendship. All of them were wonderful teachers for me at the first weeks of my PhD at MBB. Additionally, thanks for Laura Hun, research technician at Alastair’s lab. I would like to thank my colleagues at the Medical school, Oncology Dept. for their support especially Karl Patterson, Luke McKenzie, David King, Dr. Judith Ritchie, Emma Grant. I really appreciate the help of Maggie Glover for teaching me the immunohistochemistry. I would like to say thank you so much to all of my friends namely Naer alKaabawi, Zeena Alwan, Avan Majeed, Nadal Al Saryi and Shler Hussien for their moral support during my study.
Further, I want to thank my family: my father, mother, sisters and my brother for their unconditional love and support. Likewise, I am grateful to my wounded and oppressed country, Iraq. I hope from all of my heart to see my country safer, greater and stronger and recuperate of all terrorism and extremists forever. Finally, I would like to thank the Higher Committee for Education Development in Iraq (HCED), office of prime minister, to give me this opportunity to complete my PhD in the United Kingdom.


      Abbreviations:
	A                         
	Adenine

	APC/C                 
	Anaphase promoting complex or cyclosome 

	ATM                    
	Ataxia Telangiectasia, mutated

	ATR                     
	AT- and RAD3- related

	ATP                      
	Adenosine Triphosphate

	BORIS                  
	Paralog of the CTCF

	bp                        
	Base pair

	C                          
	Cytosine

	CAR                     
	Cohesin associated region 

	CDCA5                
	Cell division cycle associated 5 protein (sororin)

	CDK                     
	Cyclin Dependent Kinases

	cDNA                  
	Complimentary DNA

	CdLS                    
	Cornelia de Lange Syndrome  

	ChK1                   
	Checkpoint kinase1

	CpG                     
	Cytosine-guanine dinucleotide 

	CSPG6                 
	Chondroitin sulfate proteoglycan 6

	CTAs                    
	Cancer Testis Associated genes

	CTCF                    
	Epigenetic modulatory protein CCCTC-binding factor

	CTD                     
	C-terminal domain 

	DBDs                    
	DNA binding domains 

	ddH2O                  
	De-ionised water

	DDR                      
	DNA damage response 

	DHA                      
	DNA hypomethylating agent 

	DMEM                  
	Dulbecco’s Modified Eagles Medium 

	DMSO                   
	Dimethyl Sulphoxide

	DNA                      
	Deoxyribose Nucleic Acid

	DNMTs                 
	DNA methyltransferases 

	DSBs                     
	Double Strand Breaks 

	ESP1                     
	Separase 

	FACS                     
	Fluorescence- activated cell sorting

	FCS                        
	Fetal Calf Serum 

	G1                         
	Gap1- phase of the cell cycle

	G2                         
	Gap2-phase of the cell cycle

	GF                         
	Growth factor 

	HLA                       
	Human Leukocte Antigen

	HU                         
	Hydroxyurea

	IHC                       
	Immunohistochemistry

	kDa                        
	Kilodaltons

	LOH                       
	Loss of heterozygosity 

	min                        
	Minutes 

	M-phase                
	Mitosis phase of the cell cycle

	MAGEA                  
	Melanoma, cancer testis antigens

	MBDs                     
	Methyl-CpG binding proteins 

	Mec1                      
	Mitosis entry checkpoint 1

	MEFs                       
	Mouse embryonic fibroblasts 

	mg                           
	Milligram

	ml                           
	Millilitre

	mM                        
	Millimolar     

	mRNA                     
	Messenger RNA  

	MTT                        
	Thiazolyl Blue Tetrazolium Bromide 

	NBD                         
	Nucleotide binding domain 

	NEAAs                     
	Non-Essential Amino Acids  

	ng                             
	Nanogram

	Noc                         
	Nocodazole

	PBB                          
	Polo-box binding 

	PBS                          
	Phosphate buffered saline 

	PcG                          
	Polycomb group of genes 

	PCR                         
	Polymerase Chain Reaction

	PFD                         
	Paraformaldehyde 

	PI                              
	Propidium Iodide

	Plk1                          
	Polo-like kinase 1

	PMSF                       
	Phenyl methyl sulphonyl fluoride

	PP2A                       
	Protein phosphatase 2A 

	PRC1, 2                  
	Polycomb repressive complex 1, 2 

	PSSC                      
	Precocious separation of sister chromatids 

	PTTG                       
	Pituitary tumour transforming gene (Securin)

	RBS                          
	Roberts Syndrome

	RNA                         
	Ribose Nucleic Acid

	RNAi                        
	RNA interference 

	RNAP II                    
	RNA polymerase II

	RNase                      
	Ribonuclease

	rpm                          
	Revolutions per minute

	RPMI 1640             
	Roswell Park Memorial Institute Medium
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Chapter 1: Introduction
1.1. Breast cancer 
Breast tissue is made up of lobules, glands for milk production, and ducts that connect the nipple to the lobules, in addition to stroma (the fatty and connective tissues surrounding the ducts and lobules, blood vessels and lymphatic vessels) (reviewed by Sarkar and Mandal, 2011). 
Breast cancer is the second most common cancer in women and the leading cause of cancer death all over the world (Siegel et al., 2013). Breast cancer is a clinically and molecularly heterogenous complex disease (Desmedt et al., 2008). 

1.1.1. Etiology of Breast cancer 
Every year about 1.7 million new cases of breast cancer in women are diagnosed worldwide (International Agency for Research on Cancer GLOBOCAN, 2012). Male breast cancer is relatively rare and accounts for <1% of all breast cancers identified (Jardines et al., 2015). The incidence of breast cancer in men has been relatively stable over the past decades, except in Africa, where, for uncertain causes, the incidence is growing (Jardines et al., 2015). However, the etiology of most cases of breast cancer in both genders is obscure (Coyle, 2004). Hormonal levels and testicular abnormalities may play a role in the development of this disease in male, with the other risk factors are similar to those in female breast cancer (reviewed by Giordano, 2005). Several factors predispose women to breast cancer. One of the most important risk factors for breast cancer is a family history of the disease. Hereditary breast cancer accounts for 5-10% of all cases of breast cancer (Carroll et al., 2008; Claus et al., 1994). About 30% of hereditary breast and ovarian cancers have germ line mutations in susceptibility genes, such as BRCA1 and BRCA2 (Marchina et al., 2010).The remaining is due to other factors including the family, such as an environmental factor, chance, or an undiscovered gene mutation (Carroll et al., 2008). Familial breast cancer can be caused by defects in other tumour suppressor genes, such as TP53, RAS (HRAS1), Ataxia Telangiectasia Mutated (ATM), Phosphatase and tension homology (PTEN), hMSH2 and hMLH1 (de Jong et al., 2002). Recent studies have resulted in the identification of numerous polymorphisms associated with increased risk for breast cancer, with FGFR2 (Fibroblast growth factor receptor 2) being one of important candidate genes (Easton et al., 2007; Hunter et al., 2007).
Genetically, cancer can occur due to alterations in three main classes of genes including proto-oncogenes, tumour suppressor genes and DNA repair genes, whose alterations cause the development of cancer phenotype and genotype that are resistant to the inherent and natural death mechanisms seen in cells with proliferation dysregulation (Bhatt et al., 2010). Furthermore, cancer can be caused by epigenetic changes such as DNA methylation and histone modifications (Baylin and Ohm, 2006). 
It is well known that one of the risk factors for all types of cancer including breast cancer is exposure to ionizing radiation, for instance X-rays (WHO, 2000; Land et al., 2003). Obesity constitutes a risk factor for breast cancer in postmenopausal women, adding to increased risk of relapse and poor prognosis (Loi et al., 2005). Adipose tissue is the main source of estrogen in postmenopausal obese women resulting in higher estrogen levels in those women compared to women of same age, but normal body mass index (Judd et al., 1982). Body mass index was not found to be a risk factor for breast cancer incidence in premenopausal women (Singletary, 2003).   
Pregnancy has been demonstrated to augment the risk of breast cancer occurrence in the short term, albeit it provides a long-term protection (Albrektsen et al., 1994). Breastfeeding has been found to be protective against both early and late onset breast cancer with triple-negative subtype and also in BRCA1 mutation carriers (Kotsopoulos et al., 2012). Furthermore, reproductive factors (timing of menarche and menopause, number and timing of children) were also demonstrated to predispose for breast cancer (Brinton et al., 1988). For instance, early stage of menarche and late onset of menopause might increase the possibility for developing breast cancer (Trichopoulos et al., 1972). Increased maternal age at first live birth was suggested to increase risk for breast cancer (MacMahon et al., 1970). Very high birth weight (>4,500 g) was associated with the greatest increase in breast cancer risk (Innes et al., 2000). Additionally, height is also associated with increased risk of breast cancer before and after menopause (Tretli, 1989). For example, milk intake increases height growth rate (de Beer, 2012), similarly, increased animal protein intake at childhood is also related to increased peak height growth rate (Berkey et al., 2000). Higher peak height growth rate, regardless of age at menarche, is positively associated with increased risk of premenopausal and postmenopausal breast cancer (Berkey et al., 1999). 
Epidemiological studies indicate that moderate to vigorous levels of exercise for 3-4 hours per week might decrease the total number of ovulatory cycles leading to decrease breast cancer risk 30-40% compared to sedentary women (McTiernan, 2003). Alcohol consumption even at moderate levels might augment the risk for breast cancer in both premenopausal and postmenopausal women (Singletary, 2003). Additionally, diets with high fat, low fruits and vegetables, low fibres and high simple carbohydrates may predispose to breast cancer. The aforementioned lifestyle factors possibly cause breast cancer via hormonal mechanisms (McTiernan, 2003). Hormones such as oestrogen and progesterone are the major drivers of breast cancer growth (reviewed by Colditz and Bohlke, 2015). It has been found via laboratory experiments, epidemiologic and randomized trial evidence that therapy reliant on combining oestrogen with progesterone can be carcinogenic (International Agency for Research on Cancer, 2008).

1.1.2 Classification of breast cancer
A- Histological classifications of breast cancer subtypes
Histopathological classification alone is of limited use clinically. The Nottingham Grading System (NGS) is considered as a “gold standard” for the grading of breast cancer. This NGS system combined with tumour size and lymph node (LN) stage forms what is called Nottingham Prognostic Index (NPI) (Rakha et al., 2010a). Breast cancer can be classified into subgroups according to histological grade (Elston and Ellis, 1991) and histological type (Ellis et al., 1992).Grade and type of breast cancer offer complementary knowledge (Rakha et al., 2008a, b). Grade is an evaluation of the differentiation degree (i.e. nuclear pleomorphism and tubule formation) and proliferative activity (i.e. mitotic index) of a tumour and reflects its aggressiveness (Elston and Ellis, 1991).On the other hand, histological type indicates the growth pattern of the tumours (Weigelt et al., 2010a). 
There are at least 17 distinct histological special types of breast cancer according to the World Health Organisation (WHO) classification (Ellis et al., 2003).
Histologically, breast cancer can be broadly categorised into non-invasive (in situ; means in its original place) and invasive (infiltrating) carcinoma (reviewed by van Schooneveld et al., 2015). Breast carcinoma in situ can be further sub-classified into lobular or ductal; both types can be differentiated from each other based on growth patterns and cytological characteristics (Malhotra et al., 2010). Ductal carcinoma in situ (DCIS) is substantially more common compared to lobular carcinoma in situ (LCIS) (Malhotra et al., 2010). Depending on the architectural features of the tumour, DCIS has been further sub-classified into five subtypes: comedo, cribiform, papillary, micropapillary and solid (Connolly et al., 2004). 
Concerning invasive carcinoma, is as a heterogeneous group of tumours as in situ carcinoma, and the major types of invasive carcinoma involve infiltrating ductal, invasive lobular, ductal/lobular, tubular, mucinous (colloid), papillary and medullary carcinomas (Malhotra et al., 2010), in addition to neuroendocrine, adenoid cystic, metaplastic carcinomas (Weigelt et al., 2010a), cribiform, apocrine and micro-papillary (Sinn and Kreipe, 2013). Infiltrating ductal carcinoma (IDC) is the most common subtype and constitutes 70-80% of all invasive carcinomas (Li et al., 2005). Based on the levels of glandular/tubule formation, nuclear pleomorphism and mitotic index, IDC is further sub-classified into grade 1 (well-differentiated), grade 2 (moderately differentiated) and grade 3 (poorly differentiated) (Lester et al., 2009).    
Interestingly, the use of molecular markers (ER, PR and HER2) is well agreed for IDC, but is still controversial for DCIS (Harris et al., 2007).


B- New molecular classifications of breast cancer subtypes
Using microarray-based gene expression analysis of 456 cDNA clones in a study performed by Sorlie and his coworkers, breast tumours were classified into five intrinsic subtypes (Sorlie et al., 2001) as below:
1- Luminal A: this subtype represents 50-60% of all breast cancers with low histopathological grade. The main features of luminal A cancers are expression of oestrogen receptor (ER) and/ or progesterone receptor (PGR), lack of expression of Human epidermal growth factor receptor (HER2; also known as ERBB2), and expressing cytokeratins CK8/18 with low expression of proliferation related genes, e.g. Ki67 (Paik et al., 2004; Carey et al., 2006). Luminal A subtype patients are of good prognosis and lower relapse rate compared to the other subtypes (Kennecke et al., 2010). 
2- Luminal B: luminal B subtype accounts for 15-20% of breast cancers. This tumour is more aggressive, has higher histological grade and proliferative index with poor prognosis (Creighton, 2012). Luminal B subtype has been defined as ER+/ HER2- and high Ki67 or ER+/ HER2+. Hence, Luminal A and luminal B subtypes can be differentiated by the overexpression of the proliferation marker (Ki67) in luminal B (Sorlie et al., 2001; Cheang et al., 2009). However, up to 6% of the luminal B subtype patients possess ER-/ HER2- (reviewed by Eroles et al., 2012; Yersal and Barutca, 2014). About 30% luminal B group is HER2 positive (Cheang et al., 2009; Loi et al., 2009). Additionally, luminal B has high recurrence rate and lower survival relative to luminal A (Ellis et al., 2008).  
3- HER2 overexpression: HER2+ accounts for 15-20% of all breast cancer subtypes. This subtype is characterised by overexpression of the HER2 gene and other genes associated with the HER2 pathway as well as overexpression of proliferation genes, but negative for ER. This tumour is more aggressive both clinically and biologically. About 75 % of HER2 positive tumours have a high histological grade and over 40 % have mutated TP53 (Tsutsui et al., 2003). Clinically, HER2 subtype has a poor prognosis (Gabos et al., 2006). 
4- Basal-like subtype accounts for 10-20% of all breast cancers. The term basal-like has come from its expression of genes normally expressed in basal myoepithelial breast cells, such as cytokeratins CK5/6, CK14, CK17 and laminin (Perou et al., 2000; Gusterson et al., 2005). The basal-like subtype is manifested by ER-, PgR- and HER2- (HER2+ to varying degrees) (Perou et al., 2000). Therefore, this subtype is termed as Triple-Negative. However, the terms basal-like and triple-negative are not synonymous (Bastien et al., 2012). Clinically, basal-like tumours are manifested by a large tumour size, high histological grade, more aggressive clinical behavior, frequent lymph node involvement and their occurrence in younger patients (Sorlie et al., 2001). These tumours have a higher rate of mutated TP53 with poor prognosis compared to luminal type tumours (Sorlie et al., 2001). 
5- Normal breast-like: These tumours represent 5-10% of all breast cancers, and are not-well characterised. They express adipose tissue genes and their prognosis is positioned in between luminal and basal-like cancers. Normal-like subtype is characterised by ER-, PgR- and HER2-, so it can be identified as triple-negative, but this subtype cannot be considered basal-like as it is negative for both CK5 and EGFR (reviewed by Eroles et al., 2012; Yersal and Barutca, 2014). There is some suspicion about the presence of normal-like tumours as they might be technical artifacts resulting from high contamination with normal tissue during microarrays (Weigelt et al., 2010b). 
6- Claudin-low: this new subtype was recognised in 2007 (Herschkowitz et al., 2007). It is manifested by a low expression of genes implicated in tight junctions and intercellular adhesion, such as claudin-3, claudin-4, claudin-7, cingulin, oculin and E-cadherin that is why they are called claudin-low. Those tumours are characterised by low expression of proliferation genes, however, they have a worse prognosis (reviewed by Eroles et al., 2012). 

1.1.3. Cancer biomarkers
Many cancer biomarkers are available including: genetic, epigenetic, glycomic, proteomic and imaging biomarkers. A biomarker is possibly a tumour secreted molecule or could be a specific response of the body to the presence of cancer (Mishra and Verma, 2010). Biomarkers have many possible applications in cancer, including screening for hidden primary cancers, differentiation between benign and malignant neoplasms or differentiating one type of tumour from another, risk assessment, prediction of therapy response, determination of prognosis or recurrence of disease independent of treatment, monitoring the cancer progression or determining the most efficient therapy (Henry and Hayes, 2012). 
Various forms and types of cancer biomarkers are available including DNA, mRNA, proteins, metabolites or processes such as angiogenesis, proliferation or apoptosis (Hayes et al., 1996). Those biomarker molecules can occur in blood (e.g. whole blood, serum or plasma), tissue-derived (e.g. biopsy) or body secretions or excretions (e.g. sputum, urine, nipple discharge or stool) (Henry and Hayes, 2012). Additionally, cancer markers can be hormones, enzymes, oncofetal antigens and receptors (Kulasingam and Diamandis, 2008). 
Unique gene expression profile has been recognised in each tumour, and even tumours of the same molecular subtype may be different in their biology and disease progression (Sorlie, 2004). These alterations can considerably affect intrinsic tumour behaviour and therefore can influence patient outcome and therapy response (McVeigh et al., 2014). Conventional prognostic markers lack specificity and possibly leading to over-treatment of patients with detrimental adjuvants of negligible benefit (Carlson and Roth, 2013). Therefore, the need for new cancer biomarkers is increasing, which can be exploited for cancer diagnosis, prognosis and epidemiology (Mishra and Verma, 2010). Some important features should be available in an ideal tumour biomarker such as reliability, specificity, sensitivity, reproducibility, acceptability, adding to the ease of their measurement and cost-effectiveness (Weberpals et al., 2011). 

1.1.4. Why does breast cancer need biomarkers?
Studying biomarkers is still behind the study of therapies themselves, which has been paid more attention (Van Poznak et al., 2015). Among the reasons that led to lagging breast cancer biomarker investigations include absence of significant investment by pharmaceutical companies and academic centres, absence of a clear framework for performing biomarker studies and difficulties in recognising cohorts of samples that can be studied sufficiently (Van Poznak et al., 2015). However, improved understanding of the molecular characteristics of breast cancer and the identification of the essential genes that highlight the molecular diversity of breast cancer could improve prediction of tumour behavior and therapy response (Rakha et al., 2010b). Furthermore, the increasing number of treatments available for breast cancer has augmented our demand for biomarkers to enhance classification and clinical management for individual breast cancer patients and confirms the need for understanding the combinatorial expression of essential biomarkers in breast cancer (Rakha et al., 2010b). The use of a set of biomarkers, instead of using only one, might be crucial in differentiation between a high or low possibility for systemic therapy response (Kaufmann et al., 2007). 
Because the breast cancer disease has a high morbidity and mortality rates in women all over the world compared to other diseases, the need for biomarkers is in an increased demand (Mamas et al., 2011). Biomarkers are powerful tools to facilitate clinical decision-making processes in early stages of breast cancer (Sana and Malik, 2015). 
Biomarkers can also be used to localize the tumour and find out its subtype and stage (Bhatt et al., 2010). The benefit of identifying new biomarkers and using them widely is to ensure providing the patient with the most appropriate cancer treatment, thereby avoiding unnecessary treatments and their related toxicities and finally decreasing health costs (de Gramont et al., 2015).
Using diagnostic and predictive biomarkers can enhance early detection of cancer and eventually reduces its mortality rate and also helps personalize tumour therapy (van Schooneveld et al., 2015). Prognostic factors estimate patient clinical outcome independently of treatment. Predictive factors, on the other hand, forecast patient response to specific cancer therapy along with the sensitivity or resistance of tumours to that therapy. Predictive markers determine which treatment will be the best for the patient (Weigel and Dowsett, 2010).
Although numerous breast cancer biomarkers have been described for its diagnosis, prognosis and chemotherapy response prediction, many of them are not validated for use in clinic (dos Anjos Pultz et al., 2014). Only 2-3 breast cancer biomarkers are regularly used in surgical pathology (steroid hormone receptors and HER2, as discussed below) because of the high quality research evidence supporting them, unlike other biomarkers that lack similar quality evidence (Makretsov, 2014). However, it is still hard to get adequate and precise scientific information about reproducibility, specificity, sensitivity and positive and negative prediction of ER, PgR and HER2 (Makretsov, 2014).

· Established biomarkers:
These biomarkers have played many important roles in breast cancer classification, prognosis and prediction as discussed above.
1- Oestrogen receptor alpha (ERα): this steroid receptor transcription factor is the most important biomarker in breast cancer, because it constitutes an indicator for endocrine therapy response (reviewed by Weigel and Dowsett, 2010). Oestrogens play an important role in the growth and development of both normal and cancerous breast tissues (Pearce and Jordan, 2004). Over 75% of tumours are ERα-positive (Anderson et al., 2002) and manifested by well-differentiation, less aggressiveness and better prognosis (Dunnwald et al., 2007). ER-positive tumours use the steroid hormone estradiol for their growth (reviewed by Weigel and Dowsett, 2010), and their patients are commonly treated with tamoxifen, which is a selective modulator of ER that inhibits its binding to oestrogen (dos Anjos Pultz, 2014). However, ER status offers limited prognostic information (Rakha et al., 2010b). On the other hand, ER-negative tumour patients do not benefit from endocrine therapy, although they may benefit if they express PGR (Davies et al., 2011; Dowsett et al., 2006). ER expression has been shown to be regulated by BRCA1 as the depletion of the last one by RNA interference (RNAi) in breast cancer cell lines caused significant reduction in ER endogenous levels (Hosey et al., 2007).
2- Progesterone receptor (PgR): PGR is an oestrogen-regulated gene, its expression is strongly dependent on the occurrence of ER (Horwitz et al., 1978). Tumours expressing PGR but not ER are rare and account for <1% of all breast cancer cases (Olivotto et al., 2004; Viale et al., 2007). A strong correlation exists between PGR expression levels and prognosis on endocrine therapy (Yu et al., 2008). Tumours with lower/absent PGR expression are characterised by more proliferation, aggressiveness, poor prognosis and recurrence (Rakha et al., 2007, Viale et al., 2007).
3- Human epidermal growth factor receptor 2 (HER2): HER2 is an oncogene discovered by King et al., (1985). HER2 is a member of the tyrosine kinase receptor family that includes ERBB1 (EGFR), ERBB3 (HER3) and ERBB4 (HER4) (Tafe and Tsongalis, 2012). HER2 status should be evaluated in every breast cancer patient (Romond et al., 2005, Smith et al., 2007). HER2 has been used as an indicator of patient’s prognosis and prediction (Slamon et al., 1987, Mass et al., 2005). Overexpression of HER2 in breast cancer patients is possibly correlated with relapse and short overall survival (Pegram et al., 2000). Overexpression and amplification of HER2 occurs in around 15% of all breast cancers (Choritz et al., 2011), and this cohort of patients can be treated with anti-HER2 monoclonal antibodies, e.g. trastuzumab. 

· Potential Biomarkers for Breast Cancer:
Some of these biomarkers have been suggested to be clinically useful and biologically informative although they have not been approved yet. Table 1.1 summarises some of the potential breast cancer biomarkers. 

· Combinatorial biomarkers for breast cancer prognosis and prediction
Combinations of multiple established genes (markers) have emerged to provide additional biological insights in order to improve the prognostic and predictive information obtained from histopathology and IHC assay (Patani et al., 2013). Additionally, genomic tests exist to improve breast cancer treatment decision making. The main disadvantages of these platforms are their high cost and their requirement for fresh-frozen tissues (Eroles et al., 2012). Table 1.2 summarises some of the commercially available multi-gene signatures for breast cancer patients.  
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  Table 1.1: Some potential Biomarkers for Breast Cancer
	Potential Biomarker
	Biological function
	Biomarker for
	Drawback
	Further comments

	Ki67
	overexpressed in mitosis (Proliferation marker)
	Diagnosis, prognosis & prediction of therapy response 
	Formalin-fixed paraffin sections could not be used
	associate with high grade cancer & poor outcome

	Cyclin D1 and cyclin E
	Overexpression and amplification
	Poor prognosis
	/
	/

	ERβ
	Under-expressed in tumours & may function as a tumour suppressor
	Diagnosis
	Its role as a predictive marker of therapy response is controversial
	Gene product is different from ERα

	Topoisomerase IIα (Product of TOP2A gene)
	Its overexpression is correlated with high proliferation
	Prediction of outcome & therapy response
	/
	TOP2A aberrations (commonly amplifications) account for 30-90% of HER2-amplified breast cancer 

	uPA and PAI

	Key protease system involved in angiogenesis, invasion and metastasis.
	Independent prognostic biomarkers
	requirement for relatively larger tumour tissue amounts & fresh or freshly frozen samples 
	Recently IHC was used to measure uPA and PAI-1 using formalin-fixed and paraffin-embedded

	Circulating tumour cells (CTCs)
	/
	Diagnosis and prognosis
	/
	Blood containing CTCs can be detected using immunocytometry

	Thomsen-Friedreich (TF)
	Aberrantly glycosylated carbohydrate and cancer associated antigen
	CEA 15.3, CEA 27.29 may be markers of breast cancer progression and recurrence
	lack sensitivity and specificity to distinguish early cancer patients from those with benign disease or disease free
	Carbohydrate and glycoprotein markers derived from tumour include: CEA, TPA, MCA and CA; 15.3 and 549

	Tumour-specific DNA
	Tumour-derived cell free DNAs, varies in their sizes, which correlate with tumour size and LN involvement.
	monitor minimal residual disease and to identify early relapse
	/
	/

	 h-MAM gene
	/
	lymph node metastasis
	/
	/

	Osteopontin
	phosphorylated glycoprotein that is a surface bound integrin
	detection
	/
	osteopontin-a & -b are expressed in both normal and cancer tissues, osteopontin-c is expressed selectively in breast cancer 

	 FGFR
	correlated with tumourigenesis
	susceptibility, progression and metastasis
	/
	A role of FGFR2 polymorphisms in breast cancer

	 EGFR; HER-1
	/
	poor prognosis
	/
	/

	 PTEN
	tumour suppressor gene (TSG)
	Predict longer relapse-free survival (RFS) in ER positive and PTEN positive breast cancer patients
	/
	Samples not expressing PTEN were associated with increased tumour size and advanced stage

	Sirtuins (e.g. SIRT3)
	mitochondrial histone deacetylase and TSG
	may be associated with metastasis
	/
	/

	Snail, Twist and Zeb-1
	involved in epithelial-to-mesenchymal transition
	metastasis and therapy resistance
	/
	/

	PIK3CA 
	regulate cell growth, motility, proliferation, intracellular trafficking, survival & differentiation 
	prediction of chemotherapy resistance

	/
	Mutations of PIK3CA indicate poor response in HER2 positive breast cancer patients treated with trastuzumab

	 RARA
	/
	tamoxifen response prediction
	/
	/

	STAT3
	downstream signaling transducer of several pathways, e.g. interferons, hormones ,interleukins & growth factors
	prediction biomarker for tamoxifen response
	/
	/

	TIMP-1
	Regulate metalloproteinases activity
	chemotherapy resistance
	/
	Further control of cell proliferation, apoptosis and angiogenesis

	LIN28: a regulatory stem cell gene
	Promote cell transformation and proliferation
	tumour relapse post-therapy & chemo- and radiotherapy resistance
	/
	overexpressed in different cancers, e.g. breast, colon, lung and cervical

	Cytochrome P450 2D6 (CYP2D6)
	Metabolize tamoxifen into potent anti-oestrogenic metabolites, e.g. endoxifen
	Prediction for systemic chemotherapy resistance
	CYP2D6 was unable to determine the need of postmenopausal women for tamoxifen therapy
	/ 

	Micro RNAs (miRNAs)
	act through binding to the 3’ UTR of target mRNAs leading to translation inhibition or splitting the targeted mRNA by the ribonuclease found in RISC
	diagnosis, progression, prognosis or prediction
	/
	miRNAs are small non-coding RNA molecules comprising 22 nucleotides 

	Metabolites
	/
	diagnosis, prediction and prognosis
	/
	cancer cells re-program their metabolism by increasing the rates of aerobic glycolysis, glutaminolysis or fatty acid synthesis

	DNA methylation
	/
	diagnosis, prognosis
	/
	DNA is more stable than RNA and proteins. DNA methylation is a cell-type specific.


CEA: Carcinoembryonic antigen; EGFR: Epidermal growth factor receptor; FGFR: Fibroblast growth factor receptor; h-MAM: Human Mammaglobin gene; MCA: Mucin-like carcinoma associated antigen; PAI: Plasminogen activator inhibitor; PIK3CA: Phosphatidylinositol-4, 5-biphosphonate 3-kinase; PTEN: Phosphatase and tension homology; RARA: Retinoic acid receptor alpha; RISC: RNA-induced silencing complex;  STAT3: Signal transducer and activator for transcription 3; TIMP-1: Tissue inhibitor of metalloproteinase 1; TPA: Tissue polypeptide antigen; uPA: Urokinase-type plasminogen activator; UTR: Untranslated region. 





Table 1.2: Combinatorial breast cancer biomarkers commercially available
	Combinatorial biomarker
	Technique used
	Assay type
	Tissue type
	Clinical application

	MapQuant Dx
(Sotiriou et al., 2006)
	DNA microarray
	97-gene signature
	Fresh or frozen
	Restratify grade 2 tumours into low-risk grade 1 or high-risk grade 3 tumours

	Veridex
(Wang et al., 2005)
	DNA microarray
	76-gene signature
	Fresh or frozen
	prognose LN negative patients

	MammaPrint
(van’t et al., 2002) 
	DNA microarray
	70-gene signature
	Fresh or frozen
	Stratify patients with good or poor prognosis

	PAM50 
(Gnant et al., 2014; Parker et al., 2009)
	DNA microarray & RT-qPCR
	50-gene signature
	FFPE, Fresh or frozen
	Determine intrinsic subtype, offers a risk of relapse score and predict relapse-free survival

	Oncotype Dx
(Paik et al., 2004)

	RT-qPCR
	21-gene recurrence score
	FFPE
	Offers a recurrence score and predicts therapy response

	MapQuant Dx simplified
(Toussaint et al., 2009)
	RT-qPCR
	8-gene signature
	FFPE
	Restratify grade 2 tumours into low-risk grade 1 or high-risk grade 3

	IHC4
(Cheang et al., 2009)
	Immunohistchem-
istry
	4 genes: ERα, PR, HER2 & Ki67
	FFPE
	An alternative to the others, determine intrinsic subtypes & has independent prognostic utility

	Theros
(Ma et al., 2004; Ma et al., 2008)
	RT-qPCR
	2-gene ratio of HOXB13 to IL17R
	FFPE
	Stratify ER+ patients into groups & predicts low-grade or high-risk of recurrence & predicts good or poor therapy response 


FFPE: Formalin-fixed paraffin-embedded; PAM50: Predictor Analysis of Microarray 50.
Both Oncotype DX and MammaPrint are prognostic molecular tests that are validated to be used in the clinic although they are expensive in comparison with the cost of histological grading. However, many countries including the developing ones are still unable and will not be able to obtain such cost-effective tests. As a result, IHC4 represents a practicable replacement for gene expression profiles (Cheang et al., 2009). Otherwise histological grading offers a surrogate method that is simple, cheap and highly accurate for prognosis and identification of cancer patients of low and high risk (Rakha et al., 2010a).
1.2. Breast cancer biomarkers of this study
At the present time, few cancer biomarkers are available that are highly specific and sensitive for the dectection of cancer (Mishra and Verma, 2010). One subgroup of potential cancer biomarkers is cancer/testis associated genes (CTAs). Cancer/ testis (CT) antigens are encoded by genes that are normally expressed only in human germ line cells, but are also expressed in different types of tumours (Simpson et al., 2005). A number of CTAs have been used as biomarkers of different malignancies, for instance ovarian cancer, breast cancer, lung cancer, cervical cancer, osteosarcoma, testicular cancer and urinary bladder cancer, and other CTAs have been considered as targets of cancer immunotherapy (Fratta et al., 2011). 
Concerning breast cancer, CTAG1, BAGE1 and MAGEA10 (all CTAs) have shown higher expression in breast cancer (Taylor et al., 2007). Higher frequency of CT mRNA expression levels (e.g. LAGE-1, CSAG2, MAGE-A3, MAGEA6, MAGE-A12, CTAG1A (NY-ESO-1), etc.) was found in ER and PgR negative breast cancer cell lines and primary breast tumours (Grigoriadis et al., 2009). Furthermore, all of the eight CT-X genes (located on the X chromosome) including GAGE, SAGE1, MAGEA, NY-ESO-1, CT7, CT10, CT45 and NXF2 revealed higher expression rates in ER negative breast tumours (Chen et al., 2011). Clinical trials of vaccination targeted CTAs are still ongoing (Taylor et al., 2007).
Members of the meiosis-specific cohesin complex showing cancer/testes gene characteristics (designated meiCT genes) have been suggested as another subgroup of cancer biomarkers (Feichtinger et al., 2012). Importantly, the cohesin protein complex plays many important roles in eukaryotic cell biology, including sister chromatid cohesion (SCC) in both mitosis and meiosis, chromosomes bi-orientation onto mitotic and meiotic spindles, chromosome segregation, DNA double strand break (DSB) repair through homologous recombination, control of cell cycle-checkpoints (Watrin and Peters, 2009), chromatin remodeling (Hakimi et al., 2002) and gene expression regulation (Kang and Lieberman, 2009). It has been verified that cohesin acts via many different mechanisms to control gene transcription that regulates cell proliferation, differentiation, morphogenesis and pluripotency (Dorsett, 2010). Cohesin deficiency has been shown to be harmful in yeast via alteration of gene transcription, recombination and chromosome segregation (Lin et al., 2011), which were proposed to cause various malignancies (Xu et al., 2011a). 

1.2.1. Cancer Testis genes (CT genes)
The term “cancer-testis (CT) antigens” was introduced by Chen et al. (1997). However, the nomenclature “Cancer/Testis Associated (CTA)” is a more suitable name because many members of this gene family are not yet confirmed to have antigenic properties in cancer cells (Kalejs and Erenpreisa, 2005). Any gene that shows an mRNA expression profile restricted to the testis and neoplastic cells can be termed as a CT gene (Hofmann et al., 2008). Reports differ, but between 70 and 83 families of CTA have been recognised since the early 1980s (Almeida et al., 2009; Cheng et al., 2011; Hofmann et al.,2008). There are three groups of CT genes: testis-restricted, testis/brain-restricted and testis-selective, depending on their expression profiles (Almeida et al., 2009; Hofmann et al., 2008). Furthermore, CTAs have been classified into two types: those that are encoded on the X-chromosome (cancer testis-X antigens, CTX), and those that are not (non-X cancer testis antigens, non-XCT) that are encoded by the autosomes (Simpson et al., 2005). Some CT genes also occur in the central nervous system (CNS), which is another immunologically privileged tissue, these are denoted as cancer/testis-CNS (CT/CNS) antigens (Hofmann et al., 2008). 
Of 228 CTAs that have been recognised, 120 CTAs (52%) map to the X chromosome (CTX genes), whereas the remaining (non-XCT genes) are distributed on the 22 autosomes and the Y chromosome (Rajagoplan et al., 2011). About 10% of genes on the X-chromosome have been assessed to belong to the X-CTA family. The X-CTA genes often comprise multi-gene families. On the other hand, non-X CTA genes are distributed throughout the genome and are mostly single-copy genes (Simpson et al., 2005). Importantly, some autosomes that are gene-poor such as chromosome 21 (only 425 genes) are enriched for CTA genes, while those that are gene-rich such as chromosome 1 (3380 genes) and chromosome 7 (1764 genes) are very CTA-poor (Rajagoplan et al., 2011).
However, CT gene classification is still filled with difficulties and a uniform classification is premature as the biological and clinical importance of many CTAs is still unclear (Hofmann et al., 2008). A new group of genes has recently been added to the CT gene family, the meiotic CT (meiCT) genes, whose expression is not only testis restricted, but possibly also further restricted to the highly immunologically privileged meiotic spermatocytes. These are more extensively represented on the autosomes than previously categorised CT genes (45 of the 52 meiCT genes are autosomally encoded). It has been shown that the meiCT genes are expressed in a wide range of cancer types (Feichtinger et al., 2012).  
Abnormal expression of CTAs in mitotically dividing somatic cells has been assumed to cause unsuitable non-allelic inter-/intra-chromosomal recombination and inter-homologue recombination that might result in oncogenic genetic alterations, for instance loss of heterozygocity and translocations (Simpson et al., 2005). However, CTAs cannot officially be considered as oncogenes, which are normal cellular genes that take part in cell proliferation and are aberrantly stimulated in cancer cells (reviewed by Kalejs and Erenpreisa, 2005).
CTA expression was first shown in melanoma and all the classic CTAs are expressed in this type of tumour (Kalejs and Erenpreisa, 2005). The high expression of cancer testis-X genes is associated with progressive disease, poor differentiation grade and poor prognosis in many cancers including: bladder cancer, non-small cell lung cancer, breast cancer, colorectal and pancreatic ductal adenocarcinoma, hepatocellular carcinoma and multiple myeloma (Scanlan et al., 2002). Hence, CTA represents an exceptional group of cancer-specific biomarkers because of the immunological privilege of the testis where those genes are normally expressed in addition to their expression in cancer cells.  
Epigenetic events, especially DNA methylation, seem to be the major mechanism controlling the expression of CTA in normal and transformed cells and cancer stem cells as well (Fratta et al., 2011). The term epigenetic refers to heritable changes in gene expression that are not associated with alterations in the nucleotide sequence of genomic DNA (reviewed by Fratta et al., 2011). The first evidence that expression of CTA was regulated by DNA methylation was offered by Weber et al., who observed that treatment with DNA hypomethylating agent (DHA) 5-aza-2’-deoxycytidine (5-AZA-CdR) activated the de novo expression of MAGE-A1 gene in human melanoma cell line (Weber et al., 1994).
In normal somatic cells expressing CTCF (epigenetic modulatory protein CCCTC-binding factor, which is implicated in epigenetic reprogramming occurring during spermatogenesis), promoters of CT genes were found to be methylated and repressed, whereas testis and cancer cells expressing BORIS (the brother of imprinted sites; a paralog of the CTCF), the promoters of CT genes were found to be de-methylated and activated and bind directly to BORIS, which dislocate CTCF at these loci (Hong et al., 2005; Valtolin et al., 2005).
DNA methylation is a DNA modification that causes silencing of gene expression sometimes due to the covalent addition of a methyl group mediated by DNA methyltransferases (DNMTs) to the 5-carbon atom of cytosine bases in the cytosine-guanine dinucleotide (CpG) of mammalian DNA strands. It has been shown that a subset of germ line specific genes, such as MAGE-type genes are primarily silenced via DNA methylation (De Smet et al., 1999), which occurs either by directly interfering with the binding of the DNA by specific transcription factors (Watt, 1998) or by binding methyl-CpG binding proteins, which block gene expression by recruiting chromatin remodeling co-repressor complexes (Wade, 2001). Heavy methylation was shown to repress gene expression in cells, despite the occurrence of transcription factors necessary for expression (reviewed by Ghafouri-Fard and Modarressi, 2009). It has been observed that promoters of MAGE, XAGE, PAGE and GAGE (all CTAs) are hypomethylated in cancer samples (Kim et al., 2013), this was confirmed by several studies that have strongly linked the activation of these genes in cancer with promoter demethylation (Lim et al., 2005). Although, DNA hypomethylation may not be the only mechanism of de-repression of CTAs in cancer as several CTAs deficient of CpG islands are also overexpressed in response to DNA hypomethylation (Qiu et al., 2010). 
Many CTAs still have unknown functions, although it is believed that they might be essential for normal cell development and cancer cell tumourigenesis. MAGEA cancer testis antigens have been found to inhibit p53 function by preventing its chromatin interaction (Marcar et al., 2010). 
Interestingly, some CTAs are functionally related to DNA repair factors including: SPO11, SYCP1, helicase-like CAGE and HAGE, which act in meiotic prophase of gametogenesis represented by homologous recombination (Kalejs and Erenpreisa, 2005). 

1.2.2. Cohesin, its architecture and functions in cell division
During the process of cell division (mitosis and meiosis), the chromosomes undergo DNA replication during S-phase of the cell cycle to generate a pair of identical sister chromatids. After their bi-polar attachment to the microtubules, the chromosomes align at a position in between the spindle poles. Afterwards, chromosome segregation occurs because of the pulling forces of the spindle microtubules (Brooker and Berkowitz, 2014; Mehta et al., 2012) (Figure 1.1). The accurate alignment and attachment of chromosomes to microtubules suppresses the spindle assembly checkpoint (SAC), which then silence Anaphase Promoting Complex/ Cyclosome (APC/C) activity (Wong, 2010). 
The duplicated DNA molecules (sister chromatids) connect physically to each other from the time of their synthesis in S phase until their separation in anaphase. This cohesion relies on a multi-protein complex known as cohesin (Haering et al., 2008), which was first described in the mid-1990 (Losada et al., 2000). The association of the cohesin ring with the DNA is not completely known, but there are two most common ring models have been defined. One single cohesin ring has been suggested to encircle two DNA strands trapping them together; this ‘embrace’ model has historically dominated (Haering et al., 2002). This model suggests that the sister chromatids are connected topologically instead of biochemically (Chang et al., 2005). Alternate cohesin ring model, the “handcuff” model, has been suggested, which implies that each sister chromatid is encircled by one cohesin ring, and the two rings then associate together or interconnect leading to sister chromatid cohesion (Zhang et al., 2008c). Though, another few cohesin models have also been proposed. 
The cohesin ring has a diameter of between 30-35 nm, which is substantially bigger than a prolonged 10 nm nucleosomal chromatin fiber (Gruber et al., 2003).  
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Figure 1.1 Mitotic and meiotic cell division. 
During the process of cell division either mitosis or meiosis, DNA replication occurs, the chromosomes attach to the microtubules and align at a position in between the spindle poles. Later, chromosome segregation begins because of the pulling forces of the spindle microtubules. 



Cohesin associates with chromosomes in late G1 in budding yeast, whereas in fission yeast, Drosophila, Caenorhabditis elegans and mammalian cells cohesin loading onto chromosomes begins in telophase. Upon loading, the cohesin complex binds to DNA, but until S-phase if is able to move along DNA. During S-phase, during DNA replication the stability of interaction increases holding sister chromatids together through G2 and M-phase (Sumara et al., 2000; Vass et al., 2003). The cohesin complex interacts with chromosomes during the cell cycle to make sure that pairing of sister chromatids generated throughout DNA-replication remains post-synthesis until anaphase. This pairing in turn permits mitotic replication products to be recognised by the spindles and later allows their bipolar alignment on the mitotic spindles (Mc Intyre et al., 2007) (Figure 1.2). 
Cohesin is a ring- shaped structure composed of four protein subunits: structural maintenance of chromosome (SMC) subunits which include SMC1 and SMC3, and two subunits of non-SMC proteins: RAD21/SCC1/MCD1 and Scc3/STAG/Stromalin/stromal antigen (SA) (Guacci et al., 1997). In vertebrates, there exist three Scc3 homologs SA1, SA2 and SA3 and the last one (SA3) is meiosis-specific (Carramolino et al., 1997; Losada et al., 2000) (Figure 1.3). 
There are at least five species of cohesin complex connected to chromosomes, including the mitotic cohesin (SMC1α-SMC3 bridged by STAG1 or 2 and RAD21), meiosis-specific SMC1α- containing cohesins (SMC1α-SMC3 bridged by STAG3 and RAD21L or probably REC8), meiosis-specific SMC1β-containing cohesins (SMC1β-SMC3 bridged by STAG3 and either REC8, RAD21 or RAD21L); these associations show that STAG3 is the sole subunit present in all meiosis-specific cohesin complexes (Lee and Hirano, 2011). 
SCC1/RAD21/MCD1, which is α kleisin, consists of three domains: the C- terminal domain interacts with ATPase head of SMC1, the N-terminal domain interacts with ATPase head of SMC3, and the central domain provides a region for cleavage by separase (ESP1) (Uhlmann et al., 2000). SCC1 has been described as having two sites that can be cleaved by ESP1 separase. Mutations in both cleavage sites of SCC1 that prevent its cleavage are lethal (Uhlmann et al., 1999; 2000). Furthermore, RAD21 depletion using RNAi resulted in premature separation of paired centrioles (Nakamura et al., 2009).
[image: ]Figure 1.2 Cohesin in the cell cycle.

Cohesin loading onto chromatin occurs in telophase and early G1 phase. Cohesin is activated and established  between sister chromatids through acetylation of SMC3 cohesin subunit by replication fork associated acetyltransferase ESCO1 with the aid of polymerase δ (Pol δ). In mammalian cells, PDS5 maintains centromeric cohesin, whereas Wings Apart-like Protein (WAPL) facilitates the removal of centromeric cohesin. The sister chromatids exit the cohesin complex through the interface made by the amino-terminal region of RAD21 and the head domain of SMC3. During DNA replication, centromeric cohesin is protected from removal during prophase by BUB1 through shugoshin (SGO1) and protein phosphatase 2A (PP2A). In prophase Polo-like kinase (PLK1) phosphorylates the SA subunit of cohesin leading to release of most cohesin from chromatin. Cyclin-dependent kinase 1 (CDK1) and aurora kinase B phosphorylate sororin to dissociate it from cohesin. Both PLK1 and Aurora B are needed for removing chromosome arm cohesin during metaphase. When anaphase is forthcoming, centromeric  RAD21 cohesin is cleaved by ESP1 (after it has been released by its inhibitory partner,  pituitary tumour transforming gene (PTTG1; Securin) to destroy cohesin  rings. The cohesin complexes that are released during mitosis can be used again in the subsequent G1 phase after a cohesin deacetylase (histone deacetylase 8 (HDAC8) in human cells) detaches acetyl groups from SMC3. MAD2 is a principal effector of the spindle assembly checkpoint via inhibition of APC/C, DNA damage response (DDR) and precocious dissolution of sisters (PDS5).
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Figure 1.3 Model for the cohesin complex architecture on chromatin. 
In mammalian somatic cells, the cohesin core complex consists of Smc1, Smc3, Scc1, and either SA1 or SA2. Wapl association with the core complex relies on Scc1 and SA1, and there is evidence that Wapl directly interacts with Pds5 (image taken with permission from Peters et al., 2008). 








Table 1.3: Subunits of the core cohesin complex and the regulatory components concerned with the cohesion cycle.
	Mammals
	S. cervisiae
	D. melanogaster
	S. pombe
	Function

	SMC1α
	Smc1
	Smc1
	Psm1
	Core cohesin (mitosis)

	SMC1β
	
	
	
	Core cohesin (meiosis)

	SMC3
	Smc3
	Smc3
	Psm3
	Core cohesin 

	RAD21
	Mcd1/Scc1
	Rad21/Vtd
	Rad21
	Core cohesin (mitosis)

	RAD21L
	-
	-
	-
	Core cohesin (meiosis)

	REC8
	Rec8
	C(2)M
	Rec8
	Core cohesin (meiosis)

	SA1/STAG1
	Scc3
	SA (stromalin)
	Psc3
	Core cohesin (mitosis)

	SA2/STAG2
	
	SA (stromalin-2)
	
	

	SA3/STAG3
	
	-
	
	Core cohesin (meiosis)

	NIPBL/SCC2
	Scc2
	Nipped-B
	Mis4
	Cohesin loading

	MAU2/SCC4
	Scc4
	Mau2
	SsI3
	Cohesin loading

	ESCO1
	Eco1/ Ctf7
	Eco/Deco
	Eso1
	Cohesion establishment

	ESCO2
	
	San
	
	

	PDS5A
	Pds5
	Pds5
	Pds5
	Cohesion maintenance

	PDS5B/APRIN
	
	
	
	

	WAPL/WAPAL
	Rad61/Wpl1
	WapI
	Wpl1
	Cohesion maintenance

	Sororin/CDCA5
	-
	Dmt (Dalmatian)
	-
	Cohesion maintenance

	HDAC8
	Hos1
	-
	-
	Smc3 deacetylase

	Shugoshin1/SGO1
	Sgo1
	MEI-S332
	Sgo1
	protection of Centromeric  cohesin 

	SGO2
	
	
	Sgo2
	

	Separase/ESPL1
	Esp1
	Sse1
	Cut1
	Cohesin removal

	Polo like kinase1 (PLK1)
	Cdc5
	Polo
	Plk1
	Cohesin removal

	PTTG1
	Pds1
	Pim
	Cut2
	Securin

	SSU72
	Ssu72
	Ssu72
	Ssu72
	Cohesin maintenance & removal





SMC1 and SMC3 hinge domains are firmly attached with each other at one end, while from the other end their ATPase heads are connected physically by SCC1/RAD21/MCD1 to produce 40 nm diameter, a tripartite ring structure which is fundamental for cohesion between sister chromatids. The binding of ATP to the ATPase heads of SMC1 and SMC3 is necessary for connection of SCC1/ RAD21/ MCD1 with SMC1 and SMC3 (Haering et al., 2004). Recently, a new mammalian cohesin subunit, RAD21-like protein (RAD21L) has been described, which is produced in testis and ovary similar to other meiosis-specific proteins (Ishiguro et al., 2011). RAD21L possesses sequence similarity to SCC1/RAD21 and REC8; however, RAD21L is very similar to RAD21 than REC8 (Ishiguro et al., 2011). RAD21L was found to interact with other cohesin subunits including: SMC1α, SMC1β, SMC3 and STAG3 protein (Gutierrez-Caballero et al., 2011). It was demonstrated that RAD21L localizes along axial elements in early meiotic prophase; and in late pachytene, when RAD21L and REC8 dissociate, RAD21 was shown to transiently localize to axial elements (Ishiguro et al., 2011).   
It has been noticed that dissociation of cohesin from chromatin implies opening the interface of SMC3/kleisin which is suggested as an exit gate (Chan et al., 2012). Whereas the SMC1/3 hinge interface acts as a DNA entry gate (Gruber et al., 2006).  
Furthermore, SMC1 and SMC3 are not only portions of cohesin, but have also been recognised as recombination complex subunits (Stursberg et al., 1999); and this complex is known as RC-1, which consists of DNA polymerase ε, DNA ligase III and an endonuclease (Nasmyth and Haering, 2005).  
Interestingly, it has been found that the connection between SCC1 and the heterodimer SMC1 and SMC3 is inhibited through mutations that preclude ATP binding to SMC1 (Haering et al., 2004). Likewise, SCC1 is suggested as crucial for the association of kinetochores with microtubules, and that impaired SCC1 function results in failure of sister chromatid cohesion in each interphase and mitosis (Hoque and Ishikawa, 2002). 
It has been determined that cohesin binds to every 10-15 kb region on the chromosome arm, called cohesin associated region (CAR) (Laloraya et al., 2000). CAR falls within the intergenic regions which are rich in the bases A/T, the average length of the CAR region is 0.8 kb (Laloraya et al., 2000). 
Cohesin has been suggested to be required for reestablishment of chromosome condensation post cell division (Lavoie et al., 2002); it has been demonstrated as essential for condensation of chromosomes in meiosis in many eukaryotes (Guacci et al., 1997). Moreover, it is proposed that condensin subunits including Smc2, Smc4, Ycs4, Ycg1 and Brn1 in budding yeast (Lavoie et al., 2002) are required for sister chromatid cohesion maintenance at several regions of chromosome arms, but not needed at centromeric nor telomeric regions (Lam et al., 2006) (Figure 1.4). Both sister chromatid cohesion and condensation are important for chromosome segregation to occur correctly (Huang et al., 2005). Furthermore, cohesin and condensin have also been implicated in DNA repair and mitosis and meiosis recombination (Yu and Koshland, 2003).
Accessory proteins are needed for cohesin loading, acetylation modification that occurs after translation and for establishment and maintenance of sister chromatid cohesion (Kueng et al., 2006). Accessory proteins including SCC2/Nipped-B/NIPBL in human and SCC4/MAU-2 function as a cohesin deposition complex (Skibbens, 1999; Uhlmann et al., 1998). 
Nipped-B has been discovered in the nucleus at all stages that possess a nuclear envelope, demonstrating that it might be required in association of cohesin with chromosomes at telophase and hence might affect all cohesin functions at interphase as well as sister chromatid cohesion (Rollins et al., 2004). By opening the cohesin ring, Nipped-B might provide equilibrium between unbound and bound condition by offering opportunities to detach or load cohesin onto chromosomes. This mechanism might be different from proteolytic removal of cohesin by separase at the metaphase-anaphase transition but might be involved in cohesin removal from chromosome arms in prophase (Rollins et al., 2004).
It has been found that loading of cohesin complex onto chromatin is not enough to facilitate sister-chromatid cohesion (reviewed by Xu et al., 2011a). During DNA replication, cohesin associated with DNA interacts with acetyl transferase Ctf7/Eco1 in yeast/Eso1/ESCO1/2 in vertebrates (Skibbens et al., 1999), which in turn acetylates the nucleotide binding domain (NBD) of SMC3 cohesin subunit rendering cohesin in a cohesive form that is essential to tether 
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Figure 1.4 Comparison between cohesin and condensin structure.
In eukaryotes, a condensin subunit is composed of SMC2, SMC4, and three non-SMC subunits: CAP-D2/3, CAP-G/G2 and CAP-H/H2; and is required for sister chromatid cohesion maintenance at several regions of chromosome arms. However, condensin is neither required at centromeric nor telomeric regions unlike cohesin. On comparison, the cohesin core complex consists of SMC1, SMC3, SCC1, and either SA1 or SA2. 





sister chromatids together from G2-phase until M-phase (Zhang et al., 2008a). Additionally, the acetyl transferase Eco1 has been discovered to be necessary for generating sister chromatid cohesion but not for cohesin loading onto chromosomes (Skibbens et al., 1999). Furthermore, the acetylation of SMC3 is needed to continuously control releasing activity and this is required for maintaining cohesion after S-phase (Chan et al., 2012). It has been found that partial deacetylation of Smc3, because of overexpression of Hos1 (Histone deacetylase) in yeast, was associated with reduction of sister chromatid cohesion (Chan et al., 2012).  
Sororin (also known as CDCA5; cell division cycle associated 5) is a cohesin associated protein discovered in mammalian cells only. It is critical for the establishment of SCC as it has been demonstrated that its reduction from cultured human cells resulted in severe cohesion defects in G2 phase without decreasing the whole amount of chromatin bound cohesin (Schmitz et al., 2007). On the other hand, it has been found that Sororin was not essential for the association of chromatin with cohesin. Sororin interacts with chromatin bound cohesin during S phase and plays a major role in the establishment or maintenance of cohesion between sister chromatids in G2 phase by changing the weak interactions to a more steady interaction between cohesin and chromatin (Schmitz et al., 2007).
A study of Xenopus eggs and HeLa cells has revealed that DNA replication and acetylation of cohesin stimulate attachment of Sororin to cohesin, and upon binding to cohesin Sororin displaces WAPL from its binding collaborator (PDS5). Consequently, Sororin sustains cohesion by avoiding the ability of WAPL to separate cohesin from DNA (Nishiyama et al., 2010).
Interaction of PDS5 with ESCO1 and Sororin has been found to produce a cohesive state of cohesin, while a non-cohesive form is boosted when PDS5 associates with WAPL (Nishiyama et al., 2010). Importantly, the cohesin associated proteins including PDS5A (vertebrate homolog), WAPL and Sororin separate from chromosomes in prophase together with cohesin on chromosome arms (arm cohesin) in mammals (Kueng et al., 2006; Sumara et al., 2000). Conversely, in yeast, the majority of cohesin persists its association with the chromosomes until metaphase, and Pds5 remains until cell cycle exit (Ciosk et al., 2000), suggesting that Pds5 is in charge of not only the establishment of cohesion but also its maintenance during mitosis (Mehta et al., 2012). By contrast, recent findings propose that Scc3 and Pds5 are necessary for establishment of sister chromatid cohesion in S-phase, but are neither required for maintenance of cohesin on DNA nor for stabilizing cohesin ring (Kulemzina et al., 2012). Genetic experiments have designated PDS5 in mammals into two orthologues, PDS5A and PDS5B, PDS5 is to be necessary for cohesion.
Shugoshin in association with protein phosphatase 2A (PP2A) protects cohesin at centromeres during mitosis and meiosis from the action of protease enzyme (separase). In mammals, two shugoshin isoforms (SGO1 and SGO2) have been recognised. Whereas SGO1 has a critical role in mitosis, SGO2 is important in meiosis. However, in mice germ cells, both SGO1 and SGO2 are expressed together (Lee et al., 2008). 
Recently, SSU72 (a multifunctional protein phosphatase) has been suggested as a cohesin-binding protein that regulates the maintenance and dissociation of sister chromatid cohesion at chromosome arms, and is highly conserved among eukaryotes. Furthermore, SSU72 is proposed to be involved in sister chromatid arm cohesion by directly and functionally interacting with RAD21 and SA2 during G2 and mitotic phases (Kim et al., 2010). The Ssu72 gene is vital for cell viability in yeast. Two marked SSU72 homologs were observed in human cells (Pappas and Hampsey, 2000).
Ssu72 overexpression in yeast has been proposed to counteract the phosphorylation of SA2, and it might be included in the SA2 dephosphorylation or hypophosphorylation. On the other hand, it did not affect the phosphorylation of Rad21 (Kim et al., 2010). Nevertheless, Ssu72 depletion was revealed not to affect the interactions between Rad21 and SA2 and with the structural subunits, Smc1 and Smc3 (Kim et al., 2010). Importantly, depletion or mutational inactivation of phosphatase activity of Ssu72 has been observed to bring about precocious disjunction (separation) of cohesin from chromosome arms, while Ssu72 overexpression has generated high resistance to the arm cohesion dissociation (Kim et al., 2010). Possibly, Ssu72 might be phosphorylated by Plk1 and/or aurora B kinase in yeast, as it has been found that the amino acid sequence of Ssu72 involves a polo-box binding (PBB) motif, which is identified by Plk1, and potential phosphorylation sites for aurora B kinase (Kim et al., 2010). 
It has been suggested that cohesin in vertebrates is regulated by two different pathways: a prophase pathway that detaches cohesin complexes from chromosome arms; this removal might be regulated by CDK1, as CDK1 activation is assumed to start prophase (Sumara et al., 2000), and the second pathway is anaphase promoting complex or cyclosome (APC/C) - separase pathway, which is activated at the metaphase-anaphase transition, which removes the remaining cohesin complexes from centromeres (Sumara et al., 2000). It was revealed that in human chromosomes very small quantities of SCC1 remain bound with centromeric regions until metaphase and that a small amount of SCC1 is cleaved during anaphase; concurrently SCC1 vanishes from centromeres (Waizenegger et al., 2000). These remaining amounts of cohesin could be adequate to preserve cohesion from prophase till anaphase (Sumara et al., 2000).
It was argued in an experiment using budding yeast that anaphase starts through activation of APC by releasing 14S cohesin from chromosomes. The APC participates through ubiquitination of Pds1 (Securin ortholog) (Cohen-Fix et al., 1996). After proteolysis of Pds1p in S. cerevisiae, which is dependent on ubiquitin, separase (Esp1p) causes cleavage to Scc1p/Mcd1p and leads to separation of 14S cohesin from chromosomes (Uhlmann et al., 1999; 2000). Possibly, APC in vertebrates becomes active much earlier than in yeast and cohesin removal from chromatin is just one among several steps necessary to initiate anaphase (Sumara et al., 2000). In all eukaryotes, including Drosophila and vertebrates, APC and its mitotic activator CDC20/ Fizzy were suggested to be prerequisites for separation of sister chromatids (reviewed by Peters et al., 2008).
Separase activity is inhibited by its physical binding with Securin, which is known as pituitary tumour transforming gene (PTTG) in humans, until anaphase onset. Furthermore, it is also inactivated by phosphorylation mediated by CDK1, and by physical binding to cyclin B-CDK1 subunit (Stemmann et al., 2001). As soon as bi-orientation of sister kinetochores on mitotic spindles occurs, the spindle checkpoint is inhibited causing APC/C activation (reviewed by Mehta et al., 2012). 
Likewise, Losada and his co-workers (2000) had the same observations as Sumara et al. (2000) that in mammalian cells dissociation of sister chromatid cohesion is regulated by two step mechanism. The first step starts at the onset of mitosis when strong cohesion between sister chromatids at interphase is partially released, permitting each chromatid to condense. A small proportion of SA1 is noticed to exist between the two sister chromatids, indicating the possible importance of the small quantities of cohesin in tethering the sister chromatids in metaphase. The second step takes place at the metaphase-anaphase transition and causes complete separation of the sister chromatids (Losada et al., 2000).
It has been identified that prophase pathway in vertebrates does not depend on cleavage of any cohesin (Summara et al., 2000). Therefore, SCC1 persists intact during prophase when cohesin is separated from chromosomes (Waizenegger et al., 2000). It has been proposed that there are three possible roles of prophase pathway: firstly, during this phase, the removal of cohesin from chromosome arms could be fundamental for chromosome condensation, which occurs at the same time. Secondly, chromosome segregation accuracy possibly improves by the dissociation of sister chromatids during prophase as the topoisomerase directionality could be supported by dissociation of sister chromatids. Lastly, the prophase pathway maintains cohesin from destruction by separase because this pathway releases cohesin from chromosomes without causing cleavage of any cohesin. As a result, vertebrate cells leave mitosis with intact cohesin complexes, which can be reloaded again on chromatin following nuclear envelope establishment (reviewed by Peters et al., 2008). 
Waizenegger and his co-workers indicated that prophase pathway brought about detachment of most arm cohesin by means of a separase-independent mechanism (Waizenegger et al., 2000) that depends on WAPL (Kueng et al., 2006). WAPL has been presumed to be recruited to peri-centric cohesin depending on its PDS5 association. This notion is supported by two pieces of evidence: firstly, WAPL binds PDS5 in vitro (Kueng et al., 2006). Secondly, SCC1 mutations that are defective in PDS5 recruitment also abolish recruitment of WAPL (Chan et al., 2012).  
During prophase in vertebrates, centromeric cohesin (cohesin on chromosome’s centromere) is protected from removal by shugoshin (McGuinness et al., 2005) whose activity depends partly on BUB1 and Aurora B kinases (Kitajima et al., 2005). Aurora kinase Ipl1 in yeast has been found to be necessary for the maintenance of a tight association between duplicated sister spindle pole body (SPB), which is called SPB cohesion (Shirk et al., 2011). Residual small foci of arm cohesin are also protected by SGO1 (Nakajima et al., 2007). The position of SGO1 protein at centromeres is essential and is achieved by binding of SGO1 to PP2A contrasting the phosphorylation of STAG (Kitajima et al., 2006; Tang et al., 2006). 
Removal of centromeric cohesin at anaphase is similar in mammals and yeast. At metaphase-to-anaphase transition, APC/C which is an ubiquitin protein ligase mediates degradation of Securin, releasing separase which in turn cleaves the central domain of RAD21/SCC1 subunit of cohesin and then separation of chromosomes occurs (Haering et al., 2004). Wang and Dai (2005) presented evidence in their study on shugoshin indicating that its degradation during meiosis depends on APC/C pathway but not separase. Furthermore, stabilisation of SGO1 in mammalian cells is achieved through activation of the spindle checkpoint by microtubule disruption. Likewise, degradation of SGO1 was revealed to be inhibited after spindle checkpoint activation, but its degradation was enhanced following return of APC/C activity (Wang and Dai, 2005).  
During meiosis, two synchronous steps lead to release of cohesin. Firstly, at anaphase I, arm cohesin is emitted, excluding centromeric cohesin which is kept. This assists chiasmata release and homologous segregation. At anaphase II, the release of centromeric cohesin occurs, permitting separation of sister chromatids. SCC1, during meiosis, is mostly substituted by a meiotic equivalent (REC8) in all studied organisms. This replacement is essential at meiosis I for maintaining centromeric cohesin (Klein et al., 1999). In budding yeast, Rec8 is the only meiosis-specific subunit (Jin et al., 2012). The meiotic variant SMC1 β in mammals is necessary for formation of chiasma, but not for early meiotic recombination (Revenkova et al., 2004).
In a study performed during meiosis in Caenorhabditis elegans, it was supposed that phosphorylation and degradation of Rec8 at the short arm leads to dissociation of cohesin from chromosomes. Cohesion dissolution occurs successively. At meiosis I, Rec8 of the short arm is degraded; whereas in C. elegans it is protected at the long arms by LAB-1 (Long Arms of the Bivalent) during metaphase I. Moreover, LAB-1 was proposed to be required for both loading and maintenance of cohesin complexes onto particular subdomains of chromosomes during S phase and prophase I, respectively, in C. elegans.  It has been revealed that LAB-1 has the ability to protect sister chromatid cohesion through counteracting the activity of Aurora B kinase and localizing a phosphatase PP1 by LAB-1 rather than PP2A by SGO1. Afterwards, at anaphase II, removal of the remaining cohesin from peri-centromeric areas coincides with chromosomal segregation (Tzur et al., 2012). In budding yeast, two cell cycle regulated kinases, Aurora kinase Ipl1 and Cdc5 (Polo-like kinase), were found to have opposing roles in controlling sister-chromatid cohesion and SPB. While Ipl1 protects centromeric cohesion, Cdc5 stimulates meiotic cohesion removal from the chromosome to dissociate sister chromatids (Lee and Amon, 2003; Yu and Koshland, 2007).

1.2.2.1. Role of cohesin in DNA double strand break (DSB) repair
DNA double strand breaks (DSBs) are common events in eukaryotic cells, which can be caused by many endogenous and exogenous insults. In mitotic cells of multicellular eukaryotes, all DSBs are pathologic (accidental) except the physiologic pathway of DSBs of V(D)J recombination in higher eukaryotes, which occurs in developing T- and B- lymphocytes and other highly variable immune system proteins to provide the antigen binding diversity for the immunoglobulin and T-cell receptor proteins (Goodsell, 2005; Jackson, 2002; Lieber, 2010). DNA damage can be generated by many different genotoxic agents. Radiation either ionizing, including X-rays, gamma rays and decay of radioactive elements within the earth (reviewed by Lieber, 2010), or non-ionizing radiation, such as ultraviolet light (UV) from the sun, can generate DNA damage (reviewed by Brandsma and Gent, 2012). Natural and artificial mutagenic chemicals, chemotherapeutics and reactive oxygen species (ROS) from oxidative metabolism are DNA-damaging agents (reviewed by Jackson, 2002; Lieber, 2010). Another cause of DSBs is unintended action by nuclear enzymes on DNA such as the action of topoisomerases type II, which transiently cause breakage of both strands of the DNA. Then, a DSB occurs if the topoisomerase fails to rejoin the broken strands (Adachi et al., 2003). Finally, DSBs can result from physical or mechanical stress on the DNA duplex, such as telomere failures in eukaryotes can cause chromosomal fusions that possess two centromeres, which in turn lead to physical stress by the mitotic spindle (fusion/breakage/ bridge cycles) with DSBs (Murnane, 2006). All of the above are sources of DSBs in mitotic cells, in meiotic cells, additional physiologic source of DSBs is created by the enzyme SPO-11, a topoisomerase II-like enzyme, during meiotic recombination (Zickler and Kleckner, 1999).      
Whatever the cause of DSBs, cells use two major pathways to repair those DSBs: non-homologous end-joining (NHEJ) or homologous recombination (HR). NHEJ involves the direct re-ligation of broken DNA ends and is therefore error-prone and occurs throughout the cell cycle. In contrast, HR entails the use of homologous template between sister chromatids in S and G2 phases to repair the damage (reviewed by Bhardwaj and Gullerova, 2013), and is therefore error free. HR repair is considered the main mechanism of the repair of exogenous and endogenous DSBs (Vilenchik and Knudson, 2003). Obviously, cohesin plays important roles in DNA damage repair, and it was found that cohesin recruitment to DSB sites relies on several central DNA repair factors (Unal et al., 2004).
The first evidence for the role of cohesin in genome integrity maintenance against DNA damage was obtained from the fact that cohesin mutations are sensitive to ƴ-irradiation because of defects in DNA DSB repair in S. pombe (Birkenbihl and Subramani, 1992).
After DNA damage has occurred, cohesin gathers in a large domain (50-100 kb) that circumscribes the DSB, whether this break occurs in CAR region or not. It has been shown that this process relies on SCC2/SCC4, demonstrating its dependence on cohesin loading to these regions (Unal et al., 2004). Furthermore, DNA damage induces the establishment of sister chromatid cohesion in G2 at DSB sites and genome-wide as well. This cohesion formation post DSBs relies on Eco1/Ctf7. Surprisingly, cohesion establishment was shown in G2 when Eco1 was overexpressed (Unal et al., 2007), indicating that establishment of cohesion might take place in the absence of DNA damage. In yeast, Scc2 has been found to be essential for cohesin loading both for S-phase and break induced cohesion. This demonstrated that establishment factors might be alike during the two processes (Ciosk et al., 2000; Unal et al., 2004). In vertebrate cells, cohesin is recruited to DSBs by SMC5-SMC6 complex. The aforementioned complex is required for DNA damage repair and has a special role in HR (Potts et al., 2006).  
Regardless of the timing of cohesion (S-phase or after S-phase), the fundamental function of cohesin in DNA repair is to bring the two sister chromatids together so that the DSB on one sister chromatid can be repaired using the intact sister as a template for HR (reviewed by Mehta et al., 2013). 
Upon DNA damage in yeast, DSBs activate Mec1 and MRX (Mre11/Rad50/Xrs2), which are components of the DNA damage response (DDR) pathway; these in turn activate Chk1, which phosphorylates Mcd1 at serine 83. This phosphorylation converts Mcd1- bound chromatin to a cohesive state. Importantly, phosphorylation of histone H2AX by Mec1/Tel1 produces γH2AX. It has been shown that yeast strains that cannot phosphorylate H2AX fail to recruit cohesin, and this proposes the possible role of γH2AX as a signal for cohesin gathering (Unal et al., 2004).
In meiosis, cohesin is implicated in the programmed DSB repair required for production of chiasmata, which is a structure created through physical exchange of non-sister chromatids. Non-sister chromatids, in meiosis, are required for recombination-mediated repair, unlike in mitosis where sister strands are used in the repair process to protect genome integrity (reviewed by Mehta et al., 2013). It has been found that replacement of Rec8 with Rad21/Mcd1/Scc1 in meiotic cells of mice cannot cause programmed DSB repair and subsequent chiasmata formation (Xu et al., 2005). In the same way using budding yeast, Scc1 replacement with Rec8 renders mitotic cells impaired in DSB repair, and this Rec8 fails to produce cohesion after DNA damage (Heidinger-Pauli et al., 2008). 
Interestingly, depletion of Sororin from cultured human cells leads to critical impairment in DSB repair possibly because of absence of SCC (Schmitz et al., 2007). Likewise, Securin was also found to be involved in the DNA damage response and interacts with p53 repressing its transcriptional activity. DNA damage was found to induce Securin degradation in human, and that degradation triggers release of separase and subsequent cohesin cleavage (Bernal et al., 2002).  


1.2.2.2. Cohesin’s role in gene expression
A role for cohesin in regulating expression of genes has been shown in Drosophila (Rollins et al., 1999). The notion that cohesin might be associated with regulation of gene transcription has emerged via its role in promoting chromosome looping through chromatin alterations (Kagey et al., 2010). Cohesin has been shown to affect translation indirectly and increase translational capacity through enhancing rRNA transcription in budding yeast and humans (Bose et al., 2012).
Experiments have indicated that cohesin subunits in mammals physically associate with CCCTC binding factor (CTCF; a zinc finger protein), and colonise on DNA with CTCF, which is involved in regulation of gene expression (Wendt et al., 2008). CTCF is supposed to regulate gene expression by enrichment of cohesin at specific genomic loci, cohesin in turn enables CTCF to insulate promoters from distant enhancers  and controls transcription independent of the cohesin role in sister chromatid cohesion (Wendt et al., 2008). This cohesin-CTCF association is the result of direct binding between STAG2 and CTCF, in which CTCF is unnecessary for loading of cohesin onto chromatin but is indispensable for cohesin enrichment at specific enhancer regulatory loci throughout the genome (Xiao et al., 2011). 
Cohesin subunits Scc3 and Smc1 have been found to be necessary to increase the expression of a target gene, Rec8, in yeast because they modulate the Rec8 promoter activity during meiosis (Lin et al., 2011). However, the expression of Dmc1, and other meiosis-specific genes is mostly unaffected when depleting Scc3 or Smc1 implying that cohesin might not regulate meiotic genes entirely (Lin et al., 2011). Additionally, gene transcription was suggested to be under the direct control of cohesin, exemplified by NIPBL/ Nipped-B. It has been found that cohesin binds Myc gene and facilitates its expression in each of Drosophila, mouse, zebrafish and humans, in which Myc protein plays an important role in regulation of cell proliferation and protein synthesis (Rhodes et al., 2010). Knockdown of cohesin or Nipped-B/ NIPBL was shown to reduce the expression of Myc gene in Drosophila (Schaaf et al., 2009).
The SCC2 ortholog, Nipped-B, was identified as a modulator of interactions between enhancer proteins and promoters occurring at Ubx and cut genes in Drosophila (Rollins et al., 1999). Mild decrease in SCC2/Nipped-B/NIPBL or cohesin activity has been shown to alter expression of genes without affecting chromosome segregation or SCC (Dorsett, 2011). This suggests that higher levels of cohesin binding to chromosomes are required for gene regulation, while lower cohesin binding is sufficient for both cohesion and segregation from chromosomes (Schaaf et al., 2009). 
That expression of runx1 and runx3 genes was eliminated when the Rad21 cohesin subunit was mutated in early embryo of zebrafish, this constitutes additional evidence for the role of cohesin in vertebrates as a gene regulator (Horsfield et al., 2007). Cohesin might play an essential role in cell type-specific regulation of RUNX1, possibly by facilitating interactions between conserved regulatory elements (CREs), where enhancers and insulators are located onto chromosomes, and the promoters of RUNX1 (Leeke et al., 2014). 
Furthermore, genes essential for cell proliferation and development are cohesin regulated (Dorsett, 2011), these include important genes such as the ecdysone receptor (ECR) (Pauli et al., 2010). 
Regarding hormones, cohesin regulates the functions of oestrogen hormone. In human cells, reduction of cohesin leads to abnormal cellular responses to oestrogen steroid hormone, demonstrating that steroid signaling is regulated by cohesin (Schmidt et al., 2010). It has been demonstrated that cohesin might regulate hormone-mediated gene transcription through three possible routes: either by changing the levels or binding of hormone receptors, or stabilising the interactions of chromatin required for activation or repression of ER-regulated genes, or altering histone modification in response to hormones (Rhodes et al., 2011).  
In addition, cohesin has been suggested to have a role in mediating gene regulation by other nuclear hormone receptors, particularly PDS5B which acts through chromatin modification to regulate the response to androgen (Maffini et al., 2008). 
SSU72 affects the phosphorylation condition of the C-terminal domain (CTD) of RNA polymerase II (RNAP II); phosphorylation of the CTD has been shown to coordinate recruitment of RNA processing factors during transcription and regulate the transcription cycle (Krishnamurthy et al., 2004). It has been found that mutation of the serine 5 phosphatase SSU72 hinders the degradation of RNAP II (Somesh et al., 2005). It has been demonstrated that SSU72 protein as a highly conserved factor physically and functionally interacts with the RNAP II core machinery both in vivo and in vitro throughout the beginning of transcription (Pappas and Hampsey, 2000). SSU72 was first recognised as a component of the transcription initiation complex via its physical binding to each of: TFIIB (Dichtl et al., 2002), TFIID, TFIIH (Ganem et al., 2003), and RNAP II (Dichtl et al., 2002). Furthermore, it has been suggested that SSU72 affects many phases of the transcription cycle, including the initiation-elongation and elongation-termination transitions (Reyes-Reyes and Hampsey, 2007). Furthermore, SSU72 has been found to inhibit transcription through concomitant binding to both promoter and terminator elements (Lopez and Henderson, 2015).

1.2.2.3. Cohesin dysfunction and developmental diseases
Nonlethal mutations in genes that encode cohesin components as well as factors correlated with cohesin, are directly associated with human developmental disorders called cohesinopathies (Liu and Krantz, 2009).
Impaired cohesin functions have been shown to be responsible for many human diseases such as Down syndrome (trisomy 21), which thought to result from mis-segregation of chromosome 21 in oocytes throughout meiosis I (Gilliland and Hawley, 2005). Possibly, defects in either cohesin or cohesin regulators are the main reason of Down syndrome. Unfortunately, till now it remains unclear how these defects occur (Peters et al., 2008).  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Germ line mutations of sister chromatid cohesion genes comprising cohesin core or accessory genes, have been verified in a number of developmental disorders in humans such as Roberts Syndrome (RBS) and its milder symptom SC phocomelia (SC), each caused by ESCO2 mutations (Vega et al., 2005); Cornelia de Lange Syndrome (CdLS), which results from heterozygous mutations of SMC3, SMC1A and SCC2 (nipped B like; NIPBL) (Liu and Krantz, 2009; Musio et al., 2006); and Warsaw Breakage Syndrome (WABS) (Van der Lelij et al., 2010). 
Interestingly, each of RAD21, STAG1 and STAG2 mutations has not been observed in cohesinopathies, implying that mutations in these genes may be harmful for cell viability (reviewed by Xu et al., 2011a). Indeed, homozygous knockout of STAG1 in mouse resulted in embryonic lethality with significant growth delay, multi-organ hypoplasia, impaired lipid metabolism and severe skeletal development abnormalities, features characteristic of CdLS (reviewed by Solomon et al., 2014). A STAG3 inactivating mutation was found in a large consanguineous family with premature ovarian failure and was present in all six affected family members (Caburet et al., 2014). Additionally, STAG3 knockout female mice were sterile with arrest of oocytes in early prophase I resulting in depletion of oocytes at one week of age (Caburet et al., 2014).
The expression of meiosis-specific cohesin subunits in mitotic cells might induce cohesinopathies and cancer; for instance, TP53 mutated (but not TP53 wild-type) lymphoma cells have been found to overexpress REC8, STAG3, DMC1, SYCP1, SYCP3 and MOS (the meiosis-regulatory protein) after irradiation (Kalejs et al., 2006).

1.2.2.4. The correlation between cohesin and cancer
One of the hallmarks of cancer is genome instability, which produces chromosome abnormalities comprising: aneuploidy, loss of heterozygosity, chromosomal translocations and many others. Mutations in genes that encode proteins whose function is to control cell cycle are considered as potential candidates in inducing chromosome instability (Barbero, 2012). 
Importantly, it has been verified that cells defective in cohesin reveal many characteristics of malignancy, such as chromosome instability (Hauf et al., 2001), defect in DNA damage response and repair (Watrin and Peters, 2006) and anomalies in gene expression (Liu and Krantz, 2009).
Interestingly, mutations in core cohesin component genes and their regulators have been discovered in aneuploid colorectal cancers, suggesting that impaired cohesin may promote aneuploidy in human tumours (Barber et al., 2008). A high prevalence of mutations in genes encoding cohesin has been found in acute myeloid leukemia and other myeloid disorders such as myelodysplastic syndromes, chronic myelomonocytic leukemia, chronic myelogenous leukemia and classical myeloproliferative neoplasms (Leeke et al., 2014). Furthermore, bladder cancer is the first type of cancer, which harbours prevalent genetic lesions in genes implicated in the sister chromatid cohesion and segregation process such as STAG2 and ESPL1 (Separase) (Guo et al., 2013).  
Cohesin overexpression in cancer raises the possibility that cohesin contributes to cancer development through regulation of transcription in two ways: firstly, by regulation of oncogenes as well as pluripotency genes; secondly, by its contribution to hormone-dependent pathways and their subsequent involvement in cancer (Rhodes et al., 2011).
Many investigators have reported abnormal expression of sister chromatid cohesion genes and their regulatory and accessory genes at the level of mRNA and protein in cancer cell lines and primary tumours (reviewed by Xu et al., 2011a). Below are some examples of cohesin components, accessory and regulator genes that are implicated in carcinogenesis:
According to COSMIC database of cancer genomic data, 15 examples of mutations have been found in RAD21L, some of them are reoccurring, 83 mutations in SMC1β and 88 in STAG3 (Strunnikov, 2013). All of the human genes: SMC1L1, STAG3 and SMC3 (also called Chondroitin sulfateproteoglycan 6; CSPG6) were found to be mutated in colorectal cancer (Barber et al., 2008). Overexpression of mammalian SMC3 has been shown in human colon cancer cell lines (Ghiselli and Iozzo, 2000). In colorectal cancer, STAG3 mutations have been shown to be associated with chromosome instability (Barber et al., 2008).
Interestingly, STAG3 recorded significant allele-specific loss of heterozygosity for one SNP (Single Nucleotide Polymorphism), in which the common A allele revealed significant preferential loss in 94% of primary ovarian tumours studied (286 cases), whereas the rare G allele showed amplification in the majority of those tumours. This result suggested the implication of a common allele of STAG3 in the development of epithelial ovarian cancer (Notaridou et al., 2011).  
Also, it has been found that mutations in the X-linked STAG2 gene, which has been suggested to work as a ‘caretaker’ tumour suppressor gene, cause cohesion defects, lagging chromosomes and anaphase bridges (classic signs of aneuoploidy) in glioblastoma cell lines, melanoma and Ewing’s sarcomas (Solomon et al., 2011). Furthermore, cohesins containing STAG proteins might play roles in human cancer either as tumour-suppressors or oncogenes based on their mutation, protein loss or overexpression (Solomon et al., 2011).
RAD21 expression has been demonstrated to be elevated in a number of cancers such as breast cancer, where its overexpression correlates with larger tumour size indicating elevated proliferation (Xu et al., 2011b). On the other hand, RAD21 down-regulation was observed in oral squamous cell carcinoma (Yamamoto et al., 2006). 
PDS5A mRNA has been found to be down-regulated in both kidney and breast tumour samples compared to the corresponding normal tissues (Kumar et al., 2004), whereas in tumours of the colon, liver, stomach and oesophagus PDS5A mRNA and protein levels were up-regulated (Zheng et al., 2008). In another study, PDS5A mRNA and protein expression was significantly increased in glioblastoma multiforme (Hagemann et al., 2011). Expression of PDS5B is missing in many cancers, and it is suggested to participate in stem cell differentiation and in embryonic carcinoma (Denes et al., 2010). 
Human WAPL has been reported as an oncogene in uterine cervical cancer (reviewed by Barbero, 2012). Sororin, was identified in lung cancer as an up-regulated gene (Nguyen et al., 2010). Down-regulation of SGO1 has been shown to result in chromosome instability in colorectal cancer cells (Iwaizumi et al., 2009).
Mammalian Securin (PTTG1) is overexpressed in different cancers and can promote human cellular transformation (Cohen-Fix et al., 1996). Furthermore, PTTG1 is correlated with highly aggressive tumour behaviour (Ramaswamy et al., 2003), and it was identified as a proto-oncogene that is upregulated in several tumours (Smith et al., 2010). Interestingly, it is overexpressed in hepatocellular carcinoma (Molina-Jimenez et al., 2010).
Suppression of PTTG1 using siRNA prevented ovarian and lung cancer cells from growing. On the contrary, PTTG1 overexpression associates with metastasis in breast cancer patients (Ramaswamy et al., 2003). It has been demonstrated that overexpression and aberrant separase is involved in many human cancers, containing breast, prostate and colorectal cancers, and was correlated with a poorer prognosis in osteosarcoma (Meyer et al., 2009). Separase overexpression induces precocious separation of chromatids, lagging chromosomes and anaphase bridges (Zhang et al., 2008b).
Many studies have shown that PLK1 is overexpressed in a number of human cancers paralleled to normal tissues. Similarly, overexpression of Aurora B has been reported in cancer cells including colorectal cancer. It has been debated that Aurora B overexpression causes polyploidy and multi-nucleation in human cells, along with its overexpression provokes chromosome lagging in metaphase, error in chromosome segregation and cytokinesis errors, consequently, implying a direct connection between Aurora B and tumourigenesis. These essential roles of both PLK1 and Aurora B make them good candidates for cancer therapy (reviewed by Barbero, 2012).
MAD1, MAD2, BUB1 and BUBR1, which are proteins responsible for spindle assembly checkpoints (SACs), can also be argued to play a role in cohesin-mediated carcinogenesis. The main role of SACs is to monitor the correct congression of all chromosomes to the metaphase plate and their successful attachment to kinetochores; it precedes and is organised with APC/C mediated destruction of RAD21, to assist anaphase during mitosis (Yu and Tang, 2005).  Experimentally, it was hypothesized that mice heterozygous for Mad2 were susceptible to many cancers, and these cells demonstrated precocious segregation of sister chromatids (Michel et al., 2001).  
Moreover, human homolog of SCC2 (NIPBL) was also shown to be mutated in colorectal cancers. Uncommon mutations have occurred in BUB1 whose action is to control cohesion, either directly, through recruitment of SGO1 to kinetochores or indirectly, through spindle checkpoint maintenance (Kitajima et al.,2005; Perera et al., 2007). 

1.3. STAG/Scc3 proteins and their functions:
Scc3/STAG is the fourth subunit of core cohesin complex that is associated with SCC1 or RAD21 and further stabilises the cohesin ring (Losada et al., 2000; Sumara et al., 2000). STAG, which is conserved from yeast to human, is a HEAT- repeat domain subunit responsible for protein-protein interactions, and is also known as Irr1/ Scc3 in yeast and STAG/SA/stromalin in mammals. Three homologues have been identified in vertebrates: STAG1 (SA1), STAG2 (SA2) and STAG3 (SA3) (Canudas and Smith, 2009). The structure and function of Scc3 and its HEAT repeats are still poorly understood (Mehta et al., 2012). STAG/Scc3/stromalin is located in the nucleus as well as in the intracellular stroma (Ghiselli and Iozzo, 2000). SA1 and SA2 central region sequences reveal 75% similarity, but the C-terminal domain (~200 amino acids long) is substantially dissimilar between them (Losada et al., 2000). It has been shown that Scc3 interacts directly with Scc1 in the cohesin complex in each of yeast mitosis (Toth et al., 1999), Xenopus oocytes and human cell lines (Losada et al., 2000). 
Scc3 is one of the cohesin complex components that is essential for chromosome segregation (Tarnowski et al., 2012), and the protein encoded by Scc3/Irr1 is responsible for establishment and maintenance of sister chromatid cohesion in mitosis and meiosis (Bialkowska and Kurlandzka, 2002; Prieto et al., 2002). A possible function of Scc3/STAG in regulation of transcription has emerged (Lara-Pezzi et al., 2004). The findings of Lin et al. (2011) have revealed that Scc3 and Smc1 are similar in their regulation of Rec8 expression. Furthermore, the density of Pol II binding to Rec8 gene is regulated by Scc3. 
Fission yeast possesses two homologs of Scc3: Psc3 and Rec11, which is meiosis specific (Tomonaga et al., 2000). Scc3 orthologue has been suggested to be essential for DSB repair. However, Scc3 orthologue has also been proposed to play a potential role in generating DSBs, since complete removal of scc3 activity inhibited the occurrence of DSBs and fragmentation of chromosomes (Wang et al., 2003).
SA1 and SA2 containing complexes have been suggested to be differentially regulated during mitosis at the level of nuclear transport (Losada et al., 2000; Sumara et al., 2000). In one study, the two mitotic paralogues, SA1 and SA2, have been suggested to be found together in one cell, and are replaced mostly by the paralogue SA3 during meiotic divisions (Canudas and Smith, 2009), in contrast, other researchers (Losada et al., 2000; Sumara et al., 2000) indicated that either SA1 or SA2 is found in cohesin complexes, but not both. 
In an experiment performed by Losada et al. (2000) on Xenopus egg extracts, it has been shown that the complex containing XSA1 (X for Xenopus) had a sedimentation coefficient of ~14S, while the XSA2- containing complex had ~12.5S. Interestingly, they showed that upon onset of mitosis, ~95% of XSA1 is removed from chromatin. However, a small proportion (~5%) of XSA1 remained on the chromatin during metaphase, suggesting that it possibly participates in holding the pair of sister chromatids together.
The ratio between cohesin SA1 and cohesin SA2 is different among species, e.g. in Xenopus egg extracts, the ratio is 10:1, while it is 1:3 in HeLa cell extracts. XSA1 has been observed to concentrate within the nuclei in interphase chromatin, while XSA2 is seemingly found on the nuclear envelope. Moreover, the timing of association of SA1 and SA2 with chromatin of somatic tissue culture cells of human and Xenopus did not reveal any significant difference (Losada et al., 2000).
Inhibition of SA1 and SA2 using RNAi has been shown to result in dissociation and opening of the cohesin rings (Zhang et al., 2008a). Scc3/SA phosphorylation was shown to be required for the prophase pathway (Hauf et al., 2005), highlighting that this subunit is strongly implicated in releasing the activity in both yeast and animal cells (Chan et al., 2012).  
In a study performed by Kulemzina et al. (2012), it was found that Scc3 depletion affected negatively sister chromatid cohesion, but had no effect on binding of cohesin to DNA. Both Scc3 and Pds5 were suggested to function in establishing cohesion during S phase. In vertebrates, it has been shown that binding of WAPL with cohesin relies on the presence of SCC1 and SA1/ SA2 (Kueng et al., 2006). Some human PDS5 has been observed to bind each of SA1 and SA2 containing 14S cohesin complexes (Sumara et al., 2000).
Arabidopsis AtSCC3 and AtREC8 (Scc3 and Rec8 orthologues) are essential for centromere cohesion maintenance at anaphase I as well as for monopolar orientation of the kinetochores at meiosis I (Chelysheva et al., 2005). It has been shown that in Schizosacchromyces pombe there are two Scc3 homologues: Rec11, which is required for arm cohesion and Psc3, which is implicated in centromere cohesion. Both Psc3 and Rec11 were found to interact with Rec8 (Kitajima et al., 2003). Additionally, only Psc3 was observed to participate in mitotic cohesion (Tomonaga et al., 2000). 
The meiosis specific cohesin subunit Rec11/ STAG3 has been suggested to strengthen or develop the chromosome arm cohesion, and defects in the arm specific Rec11-associated cohesin have been shown to result in non-disjunction in meiosis I. This phenotype was obviously different from the more disruptive chromosome segregation seen in rec8 deletion (Kitajima et al., 2003).

1.3.1. STAG1/ SA1
Cohesin containing the SA1 subunit (cohesin-SA1) has been suggested to be required for arm and telomere cohesion (Canudas and Smith, 2009).
Interestingly, SA1 deficiency makes the cells unable to establish or maintain sister chromatid cohesion post-DNA replication in S phase, a phenotype similar to that noticed after depletion of the telomeric protein TIN2. It has been observed that both the shelterin subunit TRF1 and its binding partner TIN2, which are components of mammalian telomeres, bind to cohesin SA1, but not cohesin containing SA2 .Depletion of SA1 resulted in loss of telomere and arm cohesin, but without causing any effect to centromeres (Canudas and Smith, 2009). 
Defects in SA1 have been reported by Remeseiro et al. (2012b) to be associated with many crucial problems. For instance, its depletion led to embryonic lethality. Interestingly, its deficiency in heterozygous mice resulted in telomere replication defect leading to aberrant telomere structures, which in turn caused telomere fragility and errors in chromosome segregation. As a consequence, aneuploidy and frequent and earlier tumourigenesis occurred. Moreover, lack of SA1 correlated with decreased accumulation of cohesin complex at promoters and CTCF sites, leading to changes in gene expression and inhibition of biological processes dependent on cohesin, demonstrating its role in developmental disorders such as Cornelia de Lange Syndrome (CdLS) (Cuadrado et al., 2012; Remeseiro et al., 2012a).   
Presence of SA1 binding regions on c-MYC (proto-oncogen) promoters demonstrates its essential role in regulating gene expression (Remeseiro et al., 2012a). Interestingly, apoptosis dependent on p53 has been proposed to be facilitated by STAG1 which targets TP53 transcription (Anazawa et al., 2004).

1.3.2. STAG2/ SA2
Cohesin-SA2 has been proposed to be responsible for centromeric cohesion (Canudas and Smith, 2009). In addition, mitotic cohesins, STAG2 and SCC1 have been suggested to take part in meiotic sister chromatid cohesion (Prieto et al., 2002). Importantly, it has been indicated that SA2 depletion had no effect on cohesion at chromosome arms or may result only in a minor effect on arms (Canudas and Smith, 2009).
Conversely, post-DNA replication and before mitosis, most arm-cohesin has been proposed to detach through phosphorylation of cohesin subunit SA2 (STAG2) by Aurora B and PLK1 (Hauf et al., 2005) and association of SA with Pds5 and Wap1 (WAPL in vertebrates) which constitute cohesin disestablishment complex to open the cohesin ring (Gandhi et al., 2006). The action of PDS5/WAPL1 complex is countered by the function of Sororin and ESCO2 (Nishiyama et al., 2010). SA2 phosphorylation is antagonised by the phosphatase SSU72 leading to boosting cohesion (Kim et al., 2010).
In prophase, as mentioned above, cohesin is detached from chromosome arms by a pathway relies on the phosphorylation of SA2. This process leads to partial sister chromatids separation in chromosome arms. SA2 has been suggested as the critical target of PLK1 in the cohesion dissociation pathway (Hauf et al., 2005). Probably it is important for removal of arm cohesin through its phosphorylation by PLK1, and RAD51 phosphorylation promotes this process (Prieto et al., 2002).
A non-phosphorylatable mutant of SA2 has demonstrated decreased cohesin dissociation from chromosomes in both prophase and prometaphase. In contrast, non-phosphorylatable SCC1 did not result in such impairment (Hauf et al., 2005), suggesting the role of PLK1 in dissociation of cohesin by phosphorylating SA2 (Mehta et al., 2012).
The phosphorylation of SA2 has been verified as is not enough alone for the deletion of cohesin from chromosomes, but also cohesin associated proteins PDS5 and WAPL are crucial for cohesin unloading from chromatin during prophase pathway. Possibly, SA2 phosphorylation causes small alterations in cohesin, which in turn enable cohesin dissociation by WAPL followed by opening of a cohesin ring via a method that does not rely on the SCC1 cleavage by separase (Mehta et al., 2012).
Significantly, it was demonstrated that SA2 phosphorylation at its C- terminus was not essential for cohesin loading onto chromatin, although it is required for unloading or resolution of some cohesin complexes from chromosome arms during prophase and pro-metaphase. This dissociation process is not completely required for the onset of anaphase. Possibly, SA2 phosphorylation induces conformational changes in cohesin that lead to opening of the cohesin ring (Hauf et al., 2005). It has been suggested that deficient SA2 resulted in precocious separation of sister chromatids (PSSC) in metaphase leading to aneuploidy, as it has been shown in many kinds of tumours (Solomon et al., 2011).
Because the STAG2 gene is located on the X-chromosome, a single mutational event was found to be enough to cause complete STAG2 inactivation due to the presence of a single X-chromosome in males and due to inactivation of the X-chromosome in females with the remaining wild-type allele residing on the inactivated X-chromosome (Solomon et al., 2014). Similarly, inactivation of the X chromosome has been found to be responsible for STAG2 inactivation seen in certain tumours (Solomon et al., 2011). As mentioned before, deletions or inactivating mutations of the STAG2 have been demonstrated to cause a wide range of different tumours (Solomon et al., 2011). It has been argued that the contribution of STAG2 in cancer pathogenesis is neither a consequence of inducing widespread transcriptional alterations nor controlling the expression of promoting or suppressing tumour-specific genes. But then, activation of STAG2 in cancer cells, as it has been proposed, causes changes in chromosome numbers, which is referred to as aneuploidy. Interestingly, STAG2 probably acts as a tumour suppressor gene that when inactivated drives chromosomal instability, parallel to MSH2 and MLH1, which are caretaker genes causing nucleotide instability upon their inactivation (Solomon et al., 2011).  
SA2 protein has been reported to participate in the regulation of transcription. Moreover, there is a probability of its transporting between nucleus and cytoplasm (Tarnoweki et al., 2012).

1.3.3. STAG3/ SA3
STAG3/ SA3 is a meiosis specific cohesin component and a member of the CTA family (specifically a meiCT gene), which is normally expressed in germinal cells. STAG3 has been shown to associate with the synaptonemal complex (SC) especially synaptonemal complex protein 1 (SCP1) in zygotene-stage spermatocytes (Pelttari et al., 2001). Human STAG3 gene has been mapped to the 7q22 region of chromosome 7; six human STAG3- related genes have been mapped: one gene at 7q11.22, two at 7q22 adjacent to the functional gene and three at 7q11.23; two of these genes border the breakpoints generally related to the Williams-Beuren syndrome (WBS) deletion, which is a developmental disorder (Pezzi et al., 2000). Furthermore, STAG3 has been proposed to be positioned at the interchromatid domains, but has not been noticed at chiasmata regions during metaphase I and the final stages of meiosis (Prieto et al., 2001). 
Importantly, STAG3 was observed to interact with RAD21L and also RAD21, but that interaction between either RAD21 or RAD21L and STAG3 is not mediated through the same domain that interacts with STAG1/STAG2 (Gutierrez-Caballero et al., 2011). In meiosis, it has been found that STAG3 associates with all kleisin subunits including: RAD21, RAD21L and REC8, albeit only STAG3 fraction that associates with RAD21L is phosphorylated (Lee and Hirano, 2011); indicating that the phosphorylation of STAG3 might have a role in the release of cohesin containing RAD21L at mid pachytene stage of meiosis. Additionally, STAG3 phosphorylation possibly controls other functions related to RAD21L containing cohesin on the synaptonemal complex (SC) (Lee and Hirano, 2011). The aforementioned SC is a tripartite structure composed of two lateral elements (LEs, after synapsis known as axial elements, AEs) connected by transverse filaments named the central element (CE). SYCP2 and SYCP3 are the principal components of the AE/LE in mammals, whereas SYCP1 comprises the CE (Dobson et al., 1994).
STAG3 has been implicated in the pairing of chromosomes as well as SC structure maintenance in a cohesin-like manner throughout patchytene phase (Pezzi et al., 2000). Mammalian STAG3 has been found to be required for normal formation of SC between homologous chromosomes (Hopkins et al., 2014). STAG3 has also been suggested to be essential for meiotic sister chromatid cohesion at chromosome arms (Prieto et al., 2001). However, cohesion function at the centromeres in the early stages of prophase I until metaphase I has been proposed to be executed by a cohesin complex containing STAG3, SMC1β and REC8 (Llano et al., 2014). Repair of SPO11-induced DSBs also requires STAG3, as it was found that in Stag3 mutants in mice ƴH2AX signal was not removed from the chromatin, which suggests that the DNA damage is not repaired in Stag3 mutants (Hopkins et al., 2014). Furthermore, STAG3 is necessary for correct segregation of chromosomes during meiotic division (Storre et al., 2005). STAG3 was found to be needed for the stability of meiosis-specific cohesins, as in Stag3 mutant each of SMC1β, REC8 and RAD21L protein levels were decreased (Hopkins et al., 2014). Furthermore, STAG3 has been found to be activated in lymphoma cells after induction of TP53 mutation by irradiation (Kalejs et al., 2006). 
Male mice devoid of STAG3 were infertile and revealed severe meiotic phenotype such as shortening of chromosome AE/ LEs, loss of centromeric cohesion with meiotic arrest at zygotene-like stage (in both males and females). Thus, STAG3 is crucial for mammalian gametogenesis in both males and females and is a strong candidate for male infertility in human (Llano et al., 2014). In contrast, Bayes and her colleagues strongly report from their sequence data that the Stag3 gene is not the cause of male infertility in aspermic TT rats (Bayes et al., 2001). Another study used STAG3-deficient mice of both sexes revealed sterility of both sexes, disrupted AE, loss of synapsis between homologous chromosomes and consequently unrepaired DSBs; and STAG3 deficiency caused the most severe phenotype that has not been reported to any other single meiotic specific cohesin component (Winters et al., 2014).   
In STAG3 knockout mice it was supposed that SA1 and SA2 expression in spermatocytes and oocytes is up-regulated or has increased stability via association with other cohesin complexes naturally associated with STAG3, or in the STAG3 loss SA1 and SA2 can more effectively associate with SMC1β complexes (Winters et al., 2014).   
A degree of similarity of 75% has been demonstrated to be present between human and murine STAG3 protein, which is lower than that between human and murine STAG1 (99%) and that between human and murine STAG2 (99%) (Pezzi et al., 2000). Nevertheless, it has been found that rat Stag3 cDNA (4181 nucleotides long) encodes a 1256 amino acid protein with 77% sequence identity to human STAG3 proteins, and its coding region contains a highly polymorphic hexanucleotide repeat (Bayes et al., 2001). The principal difference of STAG3 among different species occurs at the amino- and carboxyl termini of the proteins (Pezzi et al., 2000). SA3 varies from SA1 and SA2 mostly in its C- terminal sequences; this variance may have essential implications for meiosis I regulation, where cohesion at chromosome arms wanted to be secured to permit homologous chromosomes separation in anaphase I (Hauf et al., 2005). Substitution of SA1/SA2 by SA3 at meiosis has been supposed to be necessary to make cohesin complexes resistant to their removal from chromosome arms that depends on PLK1, and thus allows the preservation of arm cohesion until the activation of separase (Hauf et al., 2005).  

1.4. Regulation of meiotic genes (specifically STAG3) in normal cells
Generally, meiotic genes including STAG3 are considered to be neither highly expressed nor functioning in normal somatic cells. However, STAG3 has been found to be overexpressed in many types of cancer. So what represses STAG3 expression in normal somatic cells? The answer to this question has been addressed in some experiments with laboratory mice. Interestingly, E2f6 (orthologue of E2F6 in human) has been proved to be critical for the long term somatic silencing of some meiotic genes that are specific for male germ line cells including Stag3 (Pohlers et al., 2005). STAG3 was induced at the protein level in cells lacking E2F6 (Storre et al., 2005). Although, it was suggested that not all meiosis-specific genes require E2F6 for their repression in somatic cells (Kehoe et al., 2008). 
Multiple mechanisms were reported as being involved in transcriptional repression of STAG3 by E2F6 in normal somtic cells, including methylation of histone H3 on lysine 9 and lysine 27, (Storre et al., 2005). Mechanistically, gene repression mediated by E2F6 implicates hypermethylation of CpG leading to inactivation of target gene promoters (Pohlers et al., 2005). It has been demonstrated that testis-specific/ placenta-specific genes associated with CpG-rich promoters, mostly hyper-methylated in normal somatic cells, were more recurrently activated in tumours than genes associated with CpG-poor promoters (De Smet et al., 1999; Rousseaux et al., 2013). Although DNA de-methylation could be essential, in some instances, it has been suggested that it is not enough to induce an ectopic gene expression (De Smet et al., 1999; Rousseaux et al., 2013). 
It was suggested that E2f6 binding is critical for the maintenance of Dnmt3B-mediated DNA methylation and silencing of certain germ-line-specific genes, such as Hox genes in mice (Velasco et al., 2010). Dnmt3b seems to occupy and methylate the proximal promoter of the germ-line genes (e.g. STAG3) in normal somatic cells. Mutations that impair the catalytic activity of Dnmt3b were not found to affect the ability of binding Dnmt3b to promoters of germ-line genes, but cause their hypo-methylation and successive aberrant activated transcription (Velasco et al., 2010). However, silencing of a subset of germ-line genes in mice embryos might require a different Dnmt, such as Dnmt1, which was shown to be involved in silencing of a specific set of germ-line genes, e.g. Mvh, Dazl, Scp3 and Gcna1 (Maatouk et al., 2006).
Likewise, another study demonstrated that target gene silencing by E2F6 depends on its binding to Polycomb (PcG) group proteins (Attwooll et al., 2004), such as EZH2 (the enhancer of zeste homolog 2), which is a member of the polycomb group of genes that plays an essential role in gene silencing (Bachmann et al., 2006).
Surprisingly, Xu and his colleagues’ study has not supported the hypothesis that E2F6 plays a role in silencing chromatin or methylating histone. In that study, although over 8000 genes have  been  identified to be bound by E2F6 in Ntera2 cells, which are derived from a testicular embryonal carcinoma, removal of E2F6 from these promoters by shRNA (short hairpin RNA) was found to have no role on changing the transcriptome of the cell (Xu et al., 2007). These findings were argued to be confusing as E2F6 binds at the core promoters of these 8000 target genes, not to upstream or downstream enhancer regions. The authors justified that result by saying that recruitment of E2F6 to core promoters may be an outcome, not a reason, of transcription complex formation (Xu et al., 2007). Intriguingly, many factors have been found to interfere with E2F6 regulation. It was suggested that E2F6 mediated transcriptional repression of the E2F1 gene to be facilitated by BRG1, and that E2F6 is less effective in transcriptional repression in the presence of a dominant negative BRG1. The latest, BRG1, is the ATPase subunit of the SWI/SNF chromatin-remodeling complex (Leung and Nevins, 2012). 

1.4.1. The E2F Family of Transcription Factors
Regulation of gene expression is undertaken by a number of factors including transcription factors, histone-modifying enzymes and chromatin remodeling machinery (Beshiri et al., 2012). 
The E2Fs represent a large family of transcription factors with one or more conserved DNA binding domains (DBDs) that bind target promoters and regulate expression of downstream genes (Attwooll et al., 2004; Trimarchi and Lees, 2002). The E2F family is comprised of eight genes that encode nine major proteins: E2F1, 2, 3 (a, b), 4-8. The family members can be classified as transcriptional activators or repressors depending on their structure and functions (Iaquinta and Lees, 2007). The repressive E2Fs are 3b-8 (Trimarchi and Lees, 2002). The activating E2Fs include E2Fs 1-3a (Figure 1.5). It has been shown that different E2F family members share the same consensus STTTS (S is either G or C) binding site regardless of which family member or which cell type analysed (Xu et al., 2007). 
The E2F family members are located downstream of growth factor signaling cascades, where they perform important functions for cell growth and proliferation through regulating genes implicated in cell cycle progression. Therefore, the E2F family members possibly play a central role in oncogenesis by controlling of oncogenic transformation (Chen and Wells, 2007).
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Figure 1.5 The E2F Family of Transcription Factors
The E2F family is composed of 9 members which function as transcriptional activators, repressors, or both. E2Fs 1-6 share a homologous DNA binding domain (blue) and DP dimerization domain (orange). E2Fs 7-8 contain two DNA binding domains, but have no DP dimerization domain. E2F1-5 contain Rb binding domain (green) within a transactivation domain. While E2F1- E2F3b have a nuclear localization signal (NLS, purple), E2F4 and E2F5 lack the N-terminal domain, and consequently lack NLS sequences.  However, E2F6, E2F7, and E2F8 lack sequences required for transactivation and pocket protein-binding, and accordingly, they are pocket protein-independent transcriptional repressors (modified from Iaquinta and Lees, 2007).



1.4.1.1. The E2Fs Regulation
The function of E2Fs is regulated via the retinoblastoma tumour suppressor gene (RB) and CDKs (Chen et al., 2009; Sardet et al., 1995). E2Fs are regulated by pRB through two distinct mechanisms. First, pRB association is adequate to block the transcriptional activity of E2F. Second, the pRB-E2F complex can recruit histone deacetylases (HDACs) to the E2F-target genes’ promoters thereby repressing their transcription (Lee et al., 2002). 
Progression through the cell cycle depends on the degree of phosphorylation of pRB and its related pocket proteins (p107 and p130). Phosphorylation of pRB and its pocket proteins regulates their connection with E2Fs, which can reactivate the last (Farkas et al., 2002). This phosphorylation is facilitated by cell cycle-dependent kinase complexes including: cyclin D-CDK4/6 and cyclin E-CDK2 (Lee et al., 2002). In quiescent and G1 cells, the pRB family members are un-phosphorylated. However, in mid-G1 phase, Rb family members are first phosphorylated by (CDK4 or CDK6), which in turn respond greatly to growth factor (GF) stimulation. As the cells progress through S-phase pRB and pocket proteins become phosphorylated till late mitosis where they return to de-phosphorylation status (Chellappan et al., 1991; De Gregori, 2004). The interaction between RB and E2Fs forms a complex, which is essential to regulate cell proliferation; and the detachment of this complex inactivates RB function (Chellappan et al., 1991) (Figure 1.6).  
The inhibitory E2Fs bind specifically to the un-phosphorylated form of pRB to inhibit the transcription of their target genes (Chellappan et al., 1991), this inhibition can be specifically alleviated by the phosphorylation of pRB (Lees et al., 1993). 
Correspondingly, the phosphorylation of E2F can increase its affinity for binding to pRB (Peeper et al., 1995). E2Fs have been shown in many studies to bind to pRB, p107 and p130 at distinct but different stages of the cell cycle (Schwarz et al., 1993; Shirodkar et al., 1992). E2F1, E2F2 and E2F3 are mainly associated with Rb, while E2F4 associates with all Rb family members i.e. Rb, p107 and p130 (DeGregori, 2004). In cells deficient of pRB, it has been shown that p107 and p130 substitute for pRB in regulating the activator E2Fs (Lee et al., 2002).  
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Figure 1.6 A schematic diagram of the E2F and RB family regulation in the cell cycle.
In G0 and early G1 pRB binds and inhibits the transcription factor E2F. This has two effects. First, some genes whose products are necessary for S phase rely on the E2F activity. By sequestering E2F, RB confirms that S phase cannot start. Second, the E2F-RB complex causes transcriptional repression of other genes. In proliferating cells, phosphorylation of pRB by cyclin D-Cdk4/Cdk6 releases E2F, which in turn stimulates genes that mediate S phase entry. In tumor cells, the interaction between pRB−E2F is disrupted by the RB gene mutation. 





Human BRG1, a subunit of the SWI/SNF chromatin remodeling apparatus, has been involved in control of cellular proliferation (Hendricks et al., 2004). Chromatin remodeling complexes are in charge of making DNA accessible to transcription factors and as a result take part in gene expression (Ho and Crabtree, 2010). It has been revealed that BRG1 activity relies on its association with pRB through repressing the expression of E2F target genes (Hendricks et al., 2004). However, pRB seems to have a much greater and wider repressive activity on E2F than BRG1 under experimental conditions (Hendricks et al., 2004).
It has been shown that the E2Fs, especially E2F1, partially facilitate the transcriptional regulation of the E2F6 gene; and E2F1 was demonstrated to be able to augment the activity of E2F6 in both human and mouse (Lyons et al., 2006). E2F4 was found to occupy the promoters of all E2F family genes including E2F7 and E2F8, except E2F4 itself and E2F6 (Lee et al., 2011).

1.4.1.2. Pocket Protein-Dependent Repressive E2Fs (E2F4)
E2F4 has been shown to constitute the vast majority of the endogenous activity of E2F in most cells (Garneau et al., 2009). Many findings support the idea that E2F4 is important in controlling cell growth and E2F-dependent transcription. These findings include: firstly, E2F4 constitutes the majority of total E2Fs in most cells as it is the most abundant of all the E2F family members. Secondly, E2F4 is constitutively expressed during the cell cycle and even in quiescent cells, unlike other E2F genes (Beijersbergen et al., 1994). Thirdly, E2F4 forms complexes with all three Rb family members in a cell-cycle-regulated manner (Moberg et al., 1996). Fourthly, E2F4 seems to be regulated at the subcellular level and to be deprived of the nuclear localisation signal that occurs in E2F1, E2F2 and E2F3 (Lindeman et al., 1997). Fifthly, E2F4 lacks the cyclin A-binding domain presents in E2F1, E2F2 and E2F3, and therefore, resists negative regulation by cyclin A-associated kinases (Dynlacht et al., 1997). Lastly, E2F4 gene includes a unique serine repeat domain that is unavailable in other E2F members (Ikeda et al., 1998). 
As E2F4 plays a widespread and obvious role in the repression of transcription of multiple gene promoters during G0 and early G1 (Takahashi et al., 2000), it must be continually repressed and only expressed from time to time to permit the cell cycle progression (Cheng et al., 2013). In arrested cells, the p130 protein, an Rb family member, sequesters E2F4. E2F4 has been suggested to regulate G0/G1 transition of the cell cycle because of its higher mRNA expression in mid-G1 phase (Sardet et al., 1995). From mid-G1 to late S-phase, E2F4 has been suggested to be transcriptionally active (Moberg et al., 1996). As the cells cross the G1-to-S phase transition, E2F4 associates with the increased levels of both pRB and p107; but a substantial amount of E2F4 is present as free E2F (Moberg et al., 1996). 
Because E2F4 is cytoplasmic, so it cannot activate E2F responsive genes by itself. Yet, E2F4 is able to associate with the pocket protein family to gain nuclear localisation (Verona et al., 1997). Moreover, the binding of promoters of E2F responsive genes by these complexes reduces histone acetylation and causes gene transcription repression in G0 (quiescent cells) (Takahashi et al., 2000). 
Inhibition of one specific E2F family member, such as E2F4, in some cases is followed by the binding of different E2F family members (free E2F-1, E2F-2, and E2F-3) that are responsible for transcriptional activation (Takahashi et al., 2000). E2F4 has been shown to activate transcription under particular conditions (Fang and Han, 2006).
Importantly, E2F4 can act as an oncogene or a tumour suppressor as it was indicated that it can function as either a repressor or an activator of transcription in vivo (Chen et al., 2009; Lee et al., 2011). Additionally, E2F4 has been demonstrated to play a role in the DNA damage response under physiological conditions (Crosby et al., 2007). Significantly, E2F4 depletion has been found to prevent G2 arrest induced by irradiation and provoked apoptosis (Crosby et al., 2007). It has been found that in post-radiation treatment E2F4 co-localised with p130 in the nucleus during a stable G2-phase arrest induced by radiation. Furthermore, knockdown of E2F4 by small-interference RNA (si-RNA) sensitised cells to irradiation causing enhanced cellular damage and cell death (DuPree et al., 2004; Crosby et al., 2007). It has been suggested that in response to radiation, E2F4 becomes active in the nucleus leading to a stable G2 arrest by repressing target genes, thereby providing increased ability to cell survival via decreasing proliferation of cells that have irreversible DNA damage (Crosby et al., 2007). Deregulated E2F4 was suggested to cause aberrant DNA synthesis or induce large scale chromatin remodeling as the mechanism of ATM activation, probably via several transcriptionally activating genes (Bartek et al., 2004).
It has been found that persistent E2F4 expression into the nucleus of normal HIEC cells prevents proliferation by inducing cell death. However, despite strong E2F4 expression in the nucleus of colon cancer cells, the level of cell death was unimportant in comparison with normal HIEC cells; suggesting that colon cancer cells have developed resistance against cell death provoked by  persistent nuclear E2F4 (Garneau et al., 2007).
Generally, it is suggested that E2F4 regulates its target genes’ expression by being recruited to their core promoters (Lee et al., 2011).

1.4.1.3. Pocket Protein-Independent Repressive E2Fs (E2F6)
The human E2F6 gene has nine exons dispersed along 20.4 kbp of genomic DNA on chromosome 2  resulting in transcription of six E2F6 mRNA, that are alternatively spliced and devoid of exons 2, 3 and 4, and part of exons 1 and 5. These six E2F6 transcripts encode for four different proteins (Kherrouche et al., 2004). That alternative splicing has been suggested to be essential for production of protein diversity (Kherrouche et al., 2004).
E2F6 has been suggested as a pocket protein- independent transcriptional repressor, due to the fact that E2F6 lacks C-terminal sequences required for transcription activation and interaction with pocket protein family members (Trimarchi et al., 1998). Because E2F6 is not regulated by pRB, p107 or p130, it can cause transcription repression of E2F responsive genes via counteracting the activity of the other E2F complexes through pRB-, p107- or p130-independent mechanism (Trimarchi et al., 1998). The role of E2F6 as a transcriptional repressor has been verified via repressing E2F- responsive G1/ S genes during S-phase of the cell cycle (Giangrande et al., 2004). 
E2F6 is expressed throughout the cell cycle, but its expression peaks sharply increases throughout the G0-G1 transition, reaching its higher level in mid-G1 and continues steady afterwards, implying that it might exert its physiological role throughout cell cycle progression (Kherrouche et al., 2004). E2F6 was suggested to play a role during the cell cycle by distinguishing G1/S and G2/M transcription (Giangrande et al., 2004). 
It was observed that the core E2F6-binding element (TCCCGC) in murine meiosis-specific gene promoters was much conserved in proximal promoter regions (within 200 bp upstream of their transcription initiation site) of 19 out of 24 meiosis-specific genes (Kehoe et al., 2008).
E2f6 deficiency alone has been shown to de-repress a part of meiosis-specific genes in mice somatic cells, including Slc25a31, Stag3, Smc1b and Tex12 (Kehoe et al., 2008). It was suggested that not all meiosis-specific genes that are controlled by E2F6 require E2F6 for their repression in somatic cells (Kehoe et al., 2008). Moreover, it has been shown that E2F6 is dispensable for cell-cycle regulation (Pohlers et al., 2005).
Analysis of the human E2F6 promoter region showed the occurrence of two putative E2F binding sites, both of which were functionally important as their mutations or deletion stopped promoter activity (Lyons et al., 2006). Interestingly, E2F6 plays a critical role in the DNA repair process by increasing BRCA1 foci post-UV induced DNA damage (Yang et al., 2007). E2F6 has been shown to play an essential role in UV-induced apoptosis through its modulation of BRCA1, a tumour suppressor gene (Yang et al., 2007). Overexpression of E2F6 has been demonstrated to increase the resistance of cells to UV-induced apoptosis, while its under-expression makes the cells sensitive to UV-induced apoptosis (Yang et al., 2007). It has been found that cells expressing E2F6 had significantly low levels of BRCA1 transcript; that has been explained by negative regulation of E2F6 to BRCA1 mRNA through transcriptional repression. Hence, BRCA1 promoter was strongly occupied by E2F6 antibody exclusive of UV irradiation. While, after UV irradiation and treatment with siRNA-specific for E2F6, there was a significant reduction in the E2F6 and BRCA1 binding (Yang et al., 2007).
The mechanism of repression by E2F6 is still obscure. Though, many studies have shown that E2F6 interacts with particular repressive factors that associate with the multimeric mammalian polycomb protein complex through its repression domain (reviewed by Lyons et al., 2006). Two distinct PcG protein complexes have been recognised in Drosophila and mammalian cells: PRC1 and PRC2. E2F6 is known to associate with the PRC1 complex members including BMI1, HPC and HPH (Trimarchi et al., 2001). Concerning PRC2 complex, it involves the PcG proteins EZH2 and EED (Jones et al., 1998). The PRC2 complex is thought to be required for the initiation of gene repression, while the PRC1 complex is involved in the continued repression maintenance (van Lohuizen, 1999). It has been shown that E2F6, DP1 and EPC1 (enhancer of polycomb; unusual member of PcG family) form a complex that can associate with EZH2 through binding to EPC1 in proliferating cells (Attwooll et al., 2005). 

1.4.1.4. E2Fs Functions in vivo
E2Fs play a fundamental role in the control of cell proliferation by regulating the expression of genes whose functions are vital for either entry into, or passing through, the cell cycle (Trimarchi et al., 1998). However, it has been difficult to determine the actual role of the different members of E2F family in normal cells because of the complexity of this family, its protein partners and the diversity of its target genes (Schwemmle and Pfeifer, 2000). Though, E2Fs may function as either tumour suppressors or oncogenes based on the cell type and/or experimental conditions (Ho et al., 2001).  
Three problems have made investigating the role of E2Fs in vivo technically more challenging and experimentally very difficult to explain the result.  These obstacles included: first of all, the high degree of functional redundancy among the activator and the repressor E2Fs. Secondly, the functional antagonism found between the activator and repressor E2Fs in the regulation of normal cells proliferation. Thirdly, the E2F family members have the ability to control the expression of each other (Chen et al., 2009). 
E2Fs are able to act as oncogenes, in which overexpression of E2Fs steer quiescent cells to re-enter the cell cycle (Johnson et al., 1993). It has been found that the E2F family of transcription factors is associated with the control of all phases of the cell cycle (Giangrande et al., 2004). The E2F family plays an essential role in the regulation of cell cycle progression, control the expression of genes implicated in DNA replication, DNA damage repair, cell fate and mitosis (Giangrande et al., 2004). 
Interactions of E2F-pRB play a key role in restricting the oncogenic activity of E2F; this was sustained by many lines of evidence (Cam and Dynlach, 2003).

1.4.1.5. E2F Target genes
More than 7% of the common human genes have been suggested to be regulated by E2F family (Muller et al., 2001). Over 8000 promoters have been identified to bind by E2F1, E2F4 or E2F6 in at least one of five studied cell types (Xu et al., 2007). It has been observed that 7346 genes had E2F4 binding sites in their promoters, which account for ~30% of all annotated human genes (Lee et al., 2011). Generally, traditional E2F target genes include those involved in cell cycle progression and DNA replication. Recently, E2F targets consist of genes involved in DNA repair, checkpoint, cell development and differentiation, metabolism, micro RNAs, cell cycle arrest, apoptosis and others (Ozono et al., 2013).
Importantly, the promoters bound by E2F6, but not by E2F1 or E2F4, involved transcriptional regulators but did not include genes implicated in DNA damage, DNA repair or cell cycle control  (Xu et al., 2007). Additionally, E2F6 particularly recognises promoters of E2F target genes that are stimulated at G1/S phases of the cell cycle (Leung and Nevins, 2012). Expression of E2F6 repressor was shown to be influenced at the transcriptional level by E2F family members especially E2F1 (Lyons et al., 2006). 
The cell cycle progression genes whose expression is induced by E2Fs include: CycE and activator E2Fs themselves (E2F1-E2F3a). Furthermore, the negative regulators of pRB, Emi1 and Skp2 genes, and genes that are necessary for S and G2/M phase progression of the cell cycle, which encode Cdc2 (CDK1), CycA, CycB and B-myb, are all E2F targets (DeGregori, 2002). 
Concerning DNA repair, the E2F target genes include RAD51, MLH1 and MSH2 (Iwanaga et al., 2004). E2F target genes associated with checkpoint involve CHK1, BUB1, MAD3, ATM, CLSPN and RANBP1 genes (DeGregori, 2002).
The Firizzled homologs1-3, Homeobox and TGF, which are genes involved in the cell development and differentiation, are targets of E2F (DeGregori, 2002).
One of the main microRNAs that is controlled by E2F is miR-17~92, which is in addition a target of E2F1-E2F3 is also a negative regulator of these E2Fs (Emmrich and Putzer, 2010). The cell cycle arrest and apoptosis genes can be activated by E2Fs; examples of apoptotic genes that are targeted by E2F include caspase3, caspase7 and Apaf1 (DeGregori, 2002). 

1.5. The link between E2F4, E2F6 and human cancer.
The deregulation of E2F activity is linked to the development of human cancer. It has been suggested that the deregulated activity of E2F might be used to distinguish normal cells from abnormally growing cancer cells (Ozono et al., 2013; Fang and Han, 2006). As discussed above, it has been revealed that E2Fs can participate in tumour proliferation via suppressing the expression of certain tumour suppressor genes or promoting the expression of some oncogenes (Fang and Han, 2006). Activator E2Fs were suggested to act as both oncogenes and tumour suppressors; while Cam and Dynlach suggest that the repressors E2F4 and E2F5 do not have direct influence in tumourigenesis (Cam and Dynlach, 2003). Chen et al. have suggested E2F4 to function as an oncogene or a tumour suppressor gene (Chen et al., 2009). Lack of E2f4 significantly inhibited both thyroid and pituitary tumours formation in mice (Lee et al., 2002).
As a result, alterations of activator E2F genes would include gain-of-function mutations, overexpression and/or amplification. On the contrary, changes of repressor E2F genes would involve loss-of-function mutations, chromosomal deletions and/or epigenetic silencing (Chen et al., 2009). Only one silent mutation of E2F4 located in the mutated (CAG) allele of breast tumour was found among all the tumours and cancer cell lines including the primary human tumours of colon, stomach, lung and breast, metastatic colon tumours and small cell lung tumour cell lines tested by Schwemmle and Pfeifer (2000). Thereby, E2F4 was suggested not to be involved directly in tumourigenesis, in spite of its up-regulation may be connected with human cancer (Schwemmle and Pfeifer, 2000).
In general, it has been shown that the levels of activator E2Fs are raised in most types of cancer, and are supposed to facilitate the uncontrolled proliferation of cancer cells (Chen et al., 2009). However, it has been found that E2F4 and E2F5 when express with activated mutant of RAS gene can play an oncogenic role (Beijersbergen et al., 1994; Polanowska et al., 2000). Conversely, E2F6 was demonstrated to possess weak or no oncogenic activity relative to empty vector-transduced cells. Additionally, as E2F6 overexpressed, it can antagonise the functions of both oncogenic E2F2 and E2F3a proteins and the anti-oncogenic E2F4 and E2F5 (Chen and Wells 2007). E2F6 was found to control genes that are implicated in the pathogenesis of neoplasia and regulating heredity and chromatin structure (Oberley et al., 2003). Hence, E2F6 has been revealed to repress a number of target genes in human cancer cell lines by competition with activating E2Fs (Oberley et al., 2003). 
E2F4 possibly has an essential role in breast cancer progression and that elevated nuclear expression is associated with poor outcome, and more advanced cancer (Rakha et al., 2004). E2F4 may determine the promotion of proliferation of human intestinal epithelial cells and colorectal cancer cells. This suggestion has been made as E2F4 and its target cyclin A were found to be over-expressed and mostly nuclear in human colorectal tumour cells relative to the equivalent benign epithelium (Garneau et al., 2009).
Decreased expression of E2F4 has been determined to reduce the proliferation rate of colorectal cancer cells, and normal intestinal epithelial crypt cells (Garneau et al., 2009). E2F4 gene has a serine repeat trinucleotide (ACG)n, which is recurrently mutated in different tumours involving human sporadic colorectal cancers; these E2F4 mutations result in increased transactivation of E2F consensus promoter sites and present a growth advantage in HEK293 cells and rodent fibroblasts (Ikeda et al., 1998; Takashima et al., 2001). Interestingly, E2F4 deficiency was supposed to suppress tumourigenesis by increasing the free pools of p107 and p130 allowing them to replace pRB in the inhibition of the activating E2Fs (Lee et al., 2002).

1.6. Project hypothesis and aims 
The project hypothesis is that deregulation of STAG3 is associated with breast cancer tumourigenesis. As shown before, STAG3 is the meiotic component of cohesin, and sister chromatid cohesion is essential to regulating proper chromosome segregation during cell division (Duro and Adele, 2015; Peters et al., 2008). Errors in chromosome segregation can contribute to tumourigenesis; most tumours are associated with changes in ploidy, especially when they are well developed (Rhodes et al., 2011). Loss of chromosomes causes LOH, and changes in chromosome number generally cause genetic imbalances (Feeney et al., 2010; Leeke et al., 2014; Solomon et al., 2014; Xu et al., 2011a). It is therefore reasonable to expect that cohesins help guard against changes that can cause cancer, and indeed research indicates that cohesins and their regulatory and associated proteins may be tumour suppressing genome stability genes (Bhardwaj and Gullerova, 2013; Barber et al., 2008). Indeed, each of the three genes in yeast predicted to be the human homologs of: Smc1 (SMC1L1), Scc3 (STAG2, which is closely related to STAG3) and Smc3 (SMC3; also known as CSPG6) caused impaired chromatid cohesion and chromosome instability in human cells when down-regulated (Barber et al., 2008). Furthermore, we hypothesize that E2F6, transcription factor, may be defective in breast cancer cells leading to overexpression of STAG3. The role E2F6 as a transcriptional repressor of meiosis-specific genes in murine somatic cells has been confirmed in several studies. 

The project aims: 
1- Investigate the expression of the STAG1, STAG2 and STAG3 genes in breast cancer cell lines and primary breast tumours trying to find a suitable breast cancer biomarker.
2- Investigate phenotypic consequence of STAG3 expression in breast cancer.
3- Investigate the role of E2F6 in regulation of STAG3 in cancer. 
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Chapter 2: Materials and Methods
2.1.      Materials
2.1.1.   Laboratory equipment 
	Item
	Company

	Agarose gel electrophoresis system
	Geneflow

	Sensitive Balance (NH-214)
	Fisher Scientific

	Benchtop centrifuge-accuSpinTM Micro
	Fisher Scientific

	Biological safety cabinet
	Gelman Sciences

	BlotTM Mini Gel Tank for electrophoresis of BlotTM mini gels
	Life technologies

	Eppendorf Master cycler
	Applied Biosystems

	FACScalibur
	Beckton Dickinson

	SRX-101 Medical Film processor 
	Konica Minolta Medical & Graphic, INC 

	Haemocytometer
	Hawksley

	Heat block
	Grant Instruments

	CO2 Incubator-tissue culture 
	Sanyo

	Light microscope
	Optika

	Mid bench centrifuge-Heraeus MegaFuge 16
	Thermo Scientific

	Mini Spin Eppendorf (centrifuge put in 4°C)
	Hamburg

	Mini Trans-Blot® Electrophoretic transfer system
	Bio-Rad

	MSE Mistral 3000i (Cold centrifuge)
	Sanyo

	Multiskan FC (Plate reader)
	Thermo Scientific

	NanoDrop ® Spectrophotometer
	Labtech International

	Peltier Thermal cycler (DNA Engine, gradient PCR))
	MJ Research, Inc. 

	pH meter
	Jenway

	Pipettes
	Gilson

	Power supply
	Bio-Rad

	Rotor-Gene™ 6000  Real-Time PCR machine
	Corbett Robotics

	Robot (qPCR Robot) 
	Corbett Robotics

	Shaking platform
	Stovall Life Science

	Thermal cycler
	Applied Biosystems

	Vortex 
	Scientific Industries

	Water baths
	Grant Instruments






2.1.2.   Glassware, plastics and disposables
	Item
	Company

	Cell scraper
	Sarstedt

	Centrifuge tubes-15 ml
	Corning

	Centrifuge tubes- 50 ml
	Fisherbrand

	Coverglass-22 × 22 mm
	Menzel-Glazer

	Coverglass-22 × 32 mm
	Menzel-Glazer

	Cryovials
	Nalgene

	Culture plates- 6 well
	Cellstar

	Culture plates- 96 well
	Corning

	Eppendorf’s- 0.2 ml, 0.5 ml and 2 ml
	Sarstedt

	Eppendorf’s- 1.5 ml
	Greiner bio-one

	Filter tips
	Starlab

	Gel loading tips
	Starlab

	Microscope slides
	Thermo Scientific

	0.22 µm Millex GP filter unit
	Millipore

	Polystyrene Test Tube, FACS, non-sterile
	Elkay

	Refill tips
	Sarstedt

	Sterile syringes 
	Becton Dickinson

	Tissue culture dish
	Cellstar

	Tissue culture flasks- T25, T75 and T175
	Fisher Scientific


 
2.1.3.   Purified Water
Milli Q water and ultra-pure deionized water type 1 (ddH2O) was used throughout the study, and was produced via a Triple Red System (Triple Red Healthcare Technology).
2.1.4.   Sterilisation
Some solutions used for tissue culture were sterilised using a syringe connected to a Millex GP filter unit (0.22 µm pore size). 
Glassware, PBS and other solutions requiring sterilisation were autoclaved at 120ºC for 15 min using MP24 Rodwell autoclave (Rodwell Scientific).  


2.1.5.   Chemicals
	Item
	Company

	Agarose
	Biogene

	Ammonium per sulphate (APS)
	Fisher Scientific

	Bovine serum albumin (BSA)
	Sigma-Aldrich

	Bromophenol blue
	Sigma-Aldrich

	β-mercaptoethanol
	Sigma-Aldrich

	Dimethyl sulfoxide (DMSO)
	Fisher Scientific

	Ethylenediaminetetraacetic acid (EDTA)
	Fisher Scientific

	Ethanol
	Fisher Scientific

	Ethidium Bromide
	Sigma-Aldrich

	Glacial acetic acid
	Fisher Scientific

	Glycerol
	Fisher Scientific

	Glycine
	Fisher Scientific

	Hydrochloric acid
	Sigma-Aldrich

	Industrial methylated spirit (IMS)
	Fisher Scientific

	Isopropanol
	Fisher Scientific

	Methanol
	Fisher Scientific

	MnCl2 10 mM for PMP (Protein Metallo Phosphatases)
	BioLabs

	NP-40 
	Sigma-Aldrich

	4% Paraformaldehyde solution (PFA)
	Santa Cruz

	Ponceau S stain
	Sigma-Aldrich

	Sodium chloride
	Fisher Scientific

	Sodium Deoxycholate 
	Sigma-Aldrich

	Sodium dodecyl sulfate (SDS)
	Sigma-Aldrich

	Sodium hydroxide (NaOH)
	Fisher Scientific

	N,N,N,N-Tetramethylethylenediamine (TEMED)
	VWR

	Tris-base
	Fisher Scientific

	Tris-HCl 
	Sigma-Aldrich

	Trypan blue stain
	Sigma-Aldrich

	Tween 20
	Sigma-Aldrich

	30% (w/v) Acrylamide/ Bis-acrylamide
	Geneflow

	Universal developer
	Champion Protochemistry

	Universal fixer
	Champion Protochemistry

	Xylene
	VWR 






2.1.6.   Enzymes and inhibitors
	Item
	Stock concentration or unit
	Company

	Benzonase® Nuclease
	25 U/µl
	Novagen

	Lambda protein phosphatase
	20,000 units
	BioLabs

	10×NE Buffer for PMP
	10×
	BioLabs

	Phenylmethanesulfonyl fluoride (PMSF)
	100 mM
	Sigma-Aldrich

	Phosphatase inhibitors (cocktail 2)
	100×
	Sigma-Aldrich

	Phosphatase inhibitors (cocktail 3)
	100×
	Sigma-Aldrich

	Protease inhibitors 
	100×
	Calbiochem

	Velocity DNA Polymerase
	500 units
	Bioline



2.1.7.   Cytotoxic agents
All cytotoxic agents were purchased from Sigma-Aldrich at a tissue culture grade. 
	Drug
	Working concentration
	Mechanism of action
	Purpose of use

	Hydroxyurea (HU)
	0.5, 1.5 or 2 mM 
	Inhibits ribonucleotide reductase
	S-phase arrest 

	Nocodazole (Noc)
	0.4 µg/ml
	Microtubule depolymerizing agent
	G2/M phase arrest

	Thymidine (dT)
	2.5 mM
	Suppresses synthesis of dCTP
	S-phase arrest



Hydroxyurea was prepared as 20 mM stock solution, in complete DMEM containing 10% FCS. Each solution was sterilised by filtration. Thymidine was prepared as 100 mM stock solution in complete DMEM in 10% FCS. Nocodazole was prepared in DMSO at 100 µg/ml stock solution. 





2.1.8.      Antibodies
· Primary antibodies
	Epitope

	Raised in
	Company (Cat. no.)
	Dilution Factor

	
	
	
	WB
	IHC

	STAG3
	Rabbit
	Abcam (ab69928) polyclonal
	1:500
	1:100

	STAG3
	Rabbit
	Sigma-Aldrich (HPA049106) polyclonal
	1:2000
	1:400 

	STAG3 (A-15)
	Goat
	Santa Cruz (sc-23628) polyclonal
	1:5000
	

	E2F4 (D-3)
	Mouse
	Santa Cruz Biotechnology (sc-6851) monoclonal
	1:1000
	

	E2F6 (TFE61)
	Mouse
	Santa Cruz Biotechnology (sc-53273) monoclonal
	1:1000
	1:50 

	EZH2 (ENX-1)
	Rabbit
	Santa Cruz Biotechnology (sc-25383) polyclonal
	1:1000
	

	 β-actin 
	Mouse
	Abcam (ab8226) monoclonal
	1:5000
	

	 β-Tubulin
	Mouse
	Sigma-Aldrich (T8328) polyclonal
	1:5000
	



· Secondary antibodies
	Antibody

	Company (Cat. no.)
	Dilution Factor

	
	
	WB
	IHC

	Anti-rabbit IgG, HRP-linked
	Cell Signalling Technology (7074)
	1:2000
	

	Anti-mouse IgG, HRP-linked
	Cell Signalling Technology (7076)
	1:2000
	

	Anti-goat IgG, HRP-linked
	Santa Cruz Biotechnology (sc-2020)
	1:2000
	

	Goat anti-rabbit biotinylated
	Vector laboratories
	
	1:200

	Goat anti-mouse biotinylated
	Vector laboratories
	
	1:200



2.1.9.   Mammalian cell lines
All cell lines were obtained from Sigma-Aldrich except Jurkat cells, which were presented as a gift from Prof. Matthew Holley, department of Biomedical Science, The University of Sheffield. 
	Cell Line
	Genotype
	Characteristics
	Reference

	MCF-10A
	Immortalised human mammary epithelial cell line
	Normal, immortalized
	(Soule et al., 1990)

	MCF-7
	human breast adenocarcinoma cell line
	ER+, PR+ & HER2-
	(Soule et al., 1973)

	MDA-MB-231
	human breast metastatic adenocarcinoma cell line
	Triple negative
	(Cailleau et al., 1974)

	MDA-MB-468
	human breast metastatic adenocarcinoma cell line
	Triple negative
	(Cailleau et al., 1978)

	T-47D
	human breast invasive ductal carcinoma cell line
	ER+, PR+ & HER2-
	(Keydar et al., 1979)

	Jurkat
	Leukemia T-lymphocyte
	
	(Schneider et al., 1977)

	HEK293
	human embryonic kidney cells
	
	(Graham et al., 1977)

	HeLa
	human cervical adenocarcinoma 
	
	(Gey, 1951)



2.1.10.       Tissue culture media, reagents and buffers
2.1.10.1.   Foetal calf serum (FCS)
Foetal calf serum was supplied by Seralab, and was free of mycoplasma, virus and endotoxin. 
2.1.10.2.    1x Phosphate buffered saline (PBS)
1x PBS was made by dissolving 1 PBS tablet (Oxoid) in 100 ml ddH2O. This was autoclaved and stored at room temperature.
2.1.10.3.     Trypsin-Versene (EDTA)
Trypsin-Versene (EDTA) was supplied by Lonza (Cat. No. BE17-161E); and is composed of 200 mg/L Versene (EDTA) and 170,000 U Trypsin/L. It was used to remove cells from the surface of culture vessels into suspension. 
2.1.10.4.     Presept 
Presept solution was prepared by dissolving 4 tablets (2.5 g each) in 5 L tap water, and was stored at room temperature. The tablets were supplied by Johnson and Johnson Company. Presept was used to de-contaminate tissue culture waste.
2.1.10.5.      Tissue culture media
2.1.10.5.1.   Media for breast cancer cell lines and other cancer and transformed cell lines
Breast cancer cell lines used in this study were: MCF-7, MDA-MB-231, MDA-MB-468 and T-47D, in addition to HeLa and HEK293 cell lines were included in this study. All of the above cells were grown in Dulbecco’s modified eagles medium (DMEM; Lonza) containing 4.5 g/L glucose with L-glutamine, 10% FCS (Seralab) and 1x non-essential amino acids (Bio Whittaker) were added.
PC-3, IMR-32, SK-N-SH, A375, U2OS, UWB1+BRCA1 and UWB1-BRCA1 cell pellets were obtained from Academic Unit of Molecular Oncology, Medical school, The University of Sheffield.  
2.1.10.5.2.   Medium for Jurkat cells
Jurkat cells were grown in RPMI 1640 (Roswell Park Memorial Institute medium; Lonza) containing L-glutamine, 10% FCS and 1x non-essential amino acids were added.
2.1.10.5.3.   Medium for normal breast cell line
MCF-10A cells were grown in DMEM containing 4.5 g/L glucose with L-glutamine with addition of 1x non-essential amino acids, 5% horse serum (Invitrogen), insulin 10 µg/ml (Sigma-Aldrich), cholera toxin 0.1 µg/ml (Calbiochem), epidermal growth factor 10 µg/ml (EGF; Sigma-Aldrich) and hydrocortisone 50 µM (Sigma-Aldrich), final concentration. 
Prior to use, all the aforementioned media along with Trypsin-Versene (EDTA) and PBS were warmed in a 37˚C water bath for at least 30 minutes. 
2.1.10.5.4.   Freezing media
Freezing medium used for most cell lines except Jurkat and MCF-10A was prepared by adding 10% DMSO to complete DMEM as described above. For MCF-10A, freezing medium composed of the media used to grow them with 10% DMSO. Concerning Jurkat cells, the freezing medium composed of RPMI as mentioned above with 5% DMSO.
 2.1.11.      Buffers and reagents used in methods
 2.1.11.1.   RIPA buffer (radio immunoprecipitation assay buffer)
100 ml 5× RIPA buffer is composed of: 25 ml 1M Tris-HCl, pH 8.0 (Sigma-Aldrich), 15 ml 5 M NaCl (Fisher Scientific), 5 ml 10% SDS (Fisher Scientific), 5 ml NP-40 (5.0%) and 2.5 g Sodium Deoxycholate (2.5%). All the ingredients were mixed, dissolved by magnetic stirrer, autoclaved and stored at room temperature.
2.1.11.2.   5x SDS-PAGE sample buffer 
100 ml 5× sample loading buffer consists of: 25 ml 1 M Tris-HCl pH 6.8 (Sigma-Aldrich), 10% SDS (Fisher Scientific), 0.05% bromophenol blue (Sigma-Aldrich), 5 ml β-mercaptoethanol (Sigma-Aldrich), 50% glycerol (Fisher Scientific), and ddH2O added up to 100 ml.  
2.1.11.3.   1.5 M Tris pH 8.8
1 L of 1.5 M tris was made by dissolving 181.7 g tris hydroxymethyl aminomethane in 700 ml ddH2O using magnetic stirrer. The pH was adjusted with HCl, and ddH2O was added to achieve a final volume of 1 L. The solution was stored at room temperature. 
2.1.11.4.    1 M Tris pH 6.8
To make 1 L of 1 M tris 121.4 g tris hydroxymethyl aminomethane was dissolved in 700 ml ddH2O using magnetic stirrer. The pH was adjusted with HCl, and ddH2O was added to achieve a final volume of 1 L. The solution was stored at room temperature. 
2.1.11.5.   10× SDS-PAGE running buffer
1 L of 10× SDS-PAGE running buffer consists of: 30.3 g Tris-base (Sigma-Aldrich), 144 g glycine (Fisher Scientific), 10% SDS (Fisher Scientific). Except SDS, the other ingredients were dissolved in enough ddH2O using magnetic stirrer, and then SDS was added and the final volume of the solution was brought up to 1 L. 

2.1.11.6.   10× Towbin transfer buffer
1 L of 10× Towbin transfer buffer is composed of 30.3 g Tris-base (Sigma-Aldrich) and 144 g glycine (Fisher Scientific). The ingredients were dissolved in enough ddH2O using magnetic stirrer, and the volume of the solution was adjusted to 1 L with ddH2O, and was stored at room temperature. 
2.1.11.7.   Transfer buffer
To make 1 L of 1x transfer buffer 100 ml of 10× Towbin transfer buffer, 700 ml ddH2O and 500 µl 20% SDS (Fisher Scientific) were mixed together, and finally 200 ml methanol (Fisher Scientific) was added.
 2.1.11.8.   0.1% PBS Tween (PBST) 
PBST 0.1% was made by mixing 500 ml 1x PBS with 500 µl Tween 20 (Sigma-Aldrich), and stored at room temperature.
2.1.11.9.   5% Milk/PBST
5 g less fat dried milk (Marvel) was dissolved in already made 0.1% PBST and mixed well. Milk/ PBST was used fresh or stored at 4ºC for maximum of 2-3 days.
2.1.11.10.   Stripping buffer 
Re-probing buffer was produced by dissolving 0.2 M glycine (Fisher Scientific) with 1% SDS (Fisher Scientific) in 1 L ddH2O, and the pH was adjusted to 2.5 using HCl or NaOH.
2.1.11.11.   50× TAE buffer
1 L 50× TAE buffer was made by dissolving 242 g Tris-base (Sigma-Aldrich), 57.1 ml glacial acetic acid (Fisher Scientific) and 100 ml 0.5 M EDTA (Fisher Scientific) pH 8.0. The ingredients were dissolved in 500 ml ddH2O on magnetic stirrer. The pH was amended by HCl to 7.6-7.8, and the volume completed to 1 L using ddH2O. The solution was stored at room temperature. 

2.1.11.12.   MTT
To make the MTT solution used in the toxicity assay, 0.03 g of 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-Diphenyltetrazolium Bromide (MTT) (Duchefa Biochemie) was dissolved in 10 ml PBS and sterilised by filtration. MTT solution was stored at 4ºC for up to 4 days. 

2.1.11.13.   Immunohistochemistry (IHC) reagents
· H2O2/Methanol
6 ml of 30% hydrogen peroxide (H2O2; Aristar®) were mixed with 300 ml methanol. 
· 1:10 Dako solution
10x Dako solution (Dako; Cat. No. S1699) was diluted 1:10 by mixing 30 ml of Dako solution with 270 ml of ddH2O. 
· 10% Normal goat serum
Normal goat serum supplied from Vector laboratories was diluted to 10% by adding 300 µl normal goat sera to 3 ml PBS.
· 2% Normal goat serum
1 ml of 10x normal goat serum was diluted with 4 ml PBS to give 2% serum.
· Avidin Biotinylation enzyme Complex (ABC)
ABC kit was purchased from Vector laboratories (Cat. No. PK-6100). In 5 ml PBS, 2 drops of reagent A were added and vortexed and 2 drops of reagent B were added and vortexed too to make ABC complex used in IHC assay.  
· Diaminobenzidine (DAB)
DAB from the kit obtained from Vector laboratories (Cat. No. SK-4100) was made in 5 ml ddH2O by adding 2 drops of buffer followed by vortexing, 4 drops DAB with vortexing and lastly 2 drops of H2O2 followed by vortexing. 

2.1.12.   Primers for RT-qPCR       
Oligonucleotides designed for STAG1, STAG2, STAG3, FLI-1, E2F4 and E2F6 and all the reference genes used in this study were bought from Eurofins, Germany. 
[bookmark: OLE_LINK8]Concerning STAG1, STAG2 and STAG3 genes, three primer pairs were designed for each at N-terminus termed (STAG N), C-terminus (STAG C) and the middle region (STAG M). The primers designed at the C-termini of STAG1, STAG2 and STAG3 (STAG1 C, STAG2 C and STAG3 C) were used later for further investigation of STAG gene expression because those primers were more efficient in amplifying STAG genes particularly STAG3 in RT-qPCR compared to the other primers (Appendix 1). 
The above primers were used in RT-qPCR to detect the expression of those genes in normal and cancer cell lines. Either the forward or reverse primer of each gene was placed at the junction between two exons to avoid contamination with amplified genomic DNA. The length of amplicons was about 100 nucleotides. All the oligonucleotides supplied were dried, and suitable amounts of milliQ water to make a stock concentration of 100 µM were added as stated by the manufacturer. Except reference primers particularly 18S and Actin, which were used in 5 µM concentration, all the other oligonucleotides were then diluted to 10 µM concentration using milliQ water prior to use and stored at -20ºC. Primer binding sites are shown for STAG3 and E2F6 in Figures 2.1 & 2.2, respectively. Primers are as follows:
	Primer
	Sequence

	STAG1 Fwd N
	AAAGAAAAAGGGGTCGTCCTGGCCG

	STAG1 Rev N
	CCTGCTCCTCTAATTCCAGCTTC

	STAG1 Fwd M
	CATGGAGCCATGCCAGAACAG

	STAG1 Rev M
	CCTCTTTGGAAGGAGAGCCATC

	STAG1 Fwd C
	GTGATGATGTCATCCCGAAGCC

	STAG1 Rev C
	CAGCTCTCTCTCGCCGATTTC

	STAG2 Fwd N
	ACCAAAAGCAAGGCAAAGGCAAAA

	STAG2 Rev N
	GGACCAGAAGGAGGTTTTCC

	STAG2 Fwd M
	GCCCATGACCTTTCAAAGTGG

	STAG2 Rev M
	TGAGTACACTGCAGTGCGTG

	STAG2 Fwd C
	GAAAGTGGTTGAGGGCATGC

	STAG2 Rev C
	CATAACAGGGGTGTGCAGTG

	STAG3 Fwd N
	ACTCAAACCATACCTCAGAGGG

	STAG3 Rev N
	CTGCTCTCTTCTTCACATTGCG

	STAG3 Fwd M
	AGTTGACTGAGCACCTCATCC

	STAG3 Rev M
	CAGCTGAGAAGCTGGAGCAG

	STAG3 Fwd C
	GCCTGGGCAACCAGCTGAT

	STAG3 Rev C
	GTCTGTATCCTGCCGTTCTTC

	FLI1-1 Fwd
	GAATTCTGGCCTCAACAAAAG

	FLI1-1 Rev
	CCCAGGATCTGATACGGATCT

	FLI1-2 Fwd
	ATCCAGCTGTGGCAATTCCT

	FLI1-2 Rev
	CATCGGGGTCCGTCATTTTG

	E2F4 Fwd
	TTGATCCCACACGAGAGTG

	E2F4 Rev
	GGTGGAGAAAGACGAAGCA

	E2F6-1 Fwd
	GGAAGATGCTTTGGATGAG

	E2F6-1 Rev
	GATAGGTCACATATGCTAGTC

	E2F6-2 Fwd
	TTCCAGCTCCCAGAGAAGAC

	E2F6-2 Rev
	TTACTGGTCTGACCCTGCTCCA

	E2F6-a Fwd
	GCGAGGAAGTTACCCAGTCTCCT

	E2F6-a Rev
	ATGGCAGCAGGCCCTCCACGTTGAT

	E2F6-b Fwd
	CCAGCGATACATCAAAACGAGGTC

	E2F6-b Rev
	ATGGATCTTGTCAGATCTGCTCCC

	18S Fwd
	AGAAACGGCTACCACATCCA

	18S Rev
	CACCAGACTTGCCCTCCA

	Actin Fwd
	CAGCCATGTACGTTGCTATCCAGG

	Actin Rev
	AGGTCCAGACGCAGGATGGCATG

	HSPCB Fwd
	TCTGGGTATCGGAAAGCAAGCC

	HSPCB Rev
	GTGCACTTCCTCAGGCATCTTG

	RPS13 Fwd
	CGAAAGCATCTTGAGAGGAACA

	RPS13 Rev
	TCGAGCCAAACGGTGAATC

	snRNA Fwd
	ACCTGGCAGGGGAGATACCA

	snRNA Rev
	GGGGAAAGCGCGAACGCAGT



2.1.13.   PCR primers for sequencing
All oligonucleotides used to sequence the coding region of E2F6 and STAG3 promoter region were purchased from Eurofins, Germany. For E2F6 sequencing, many different primers and some are unique for the transcript variant a (isoform 1) and others unique for variant b (isoform 2) were designed and listed below. Some primer binding sites are shown in Figure 2.2.
	 Primer
	Sequence

	STAG3 Fwd 
	CACCGATTCACCCCTAGATGTGT

	STAG3 Rev 
	TCCTCTCACACCTTCCCCAGAG

	E2F6-b Fwd
	ATGGAAGATGCTTTGGATGAG

	E2F6 c,d,e Fwd
	ATGGATCTTGTCAGATCTGCTCCC

	E2F6 f 6F3 Fwd
	ATGGAAGATGCTTTGGATGAG

	6R-common Rev
	TCAGTTGCTTACTTCAAGCA

	E2F6 Rem For
	ATGAGTCAGCAGCGGCCGGCGA

	E2F6 Rem Rev
	GGTGATGTCATACACTCTCCGC


    
2.1.14.      SiRNA 
Except the three si-STAG3 purchased from OriGen, which were provided in 20 µM stocks, all other siRNAs were made at 100 µM stocks in 1x siRNA buffer provided. The mRNA sequences targeted are shown in Figures 2.1 and 2.2. Below are the sequences of all si-RNA oligonucleotides used in the experiments of gene silencing throughout the study: 
	siRNA name
	siRNA sequence
	Company

	Control si-RNA sense
	UAAUGUAUUGGAACGCAUA
	Eurofins

	si-E2F6-1 sense
	AAGGAUUGUGCUCAGCAGCUG
	Eurofins

	si-E2F6-2 sense
	AGUUAAAGCUCCAGCAGAA
	Eurofins

	si-E2F6-3 sense
	CUUAAGAAGUGCUCAAUAA
	Eurofins

	si-E2F4-1 sense
	GCAGAGAUUUAGAAAGAUU
	Eurofins

	si-E2F4-2 sense
	UCACAGAGGACGUGCAGAA
	Eurofins

	Si-STAG3-1 sense
	GCGCAAGACCCAAGCCGAU
	Eurofins

	Si-STAG3-2 sense
	UGACUAUGGUGACAUUAUC
	Eurofins

	Si-STAG3-3 sense
	CUAGAGCAAGGCAGAUUGA
	Eurofins

	Si-STAG3-4 sense
	GGGUAGAGAAGCCGAGAGA
	Eurofins

	Si-STAG3-A sense
	GCACCUAACAGAGCAGUUUAAUGAG
	OriGene

	Si-STAG3-B sense
	ACCUCAAGAAUGUGACCAUUUGGAA
	OriGene

	Si-STAG3-C sense
	GCCUUCUACAACACUCAUGACCUGA
	OriGene






2.2.             Laboratory methods
2.2.1.          Mammalian cell culture techniques
2.2.1.1.       Thawing
Frozen cells were warmed in a water bath at 37˚C for ~ 1 min, and then mixed into a T25 (40 ml) flask with (9 ml) pre-warmed cell culture medium as above. Cells were incubated at 37˚C, 5% CO2 in a humid incubator for 24 hours before moving them to T75 flask. 

2.2.1.2.     Adherent cells
Adherent cells used in this study included the breast cancer and the normal breast cell lines listed in (section 2.1.9), along with HEK293 and HeLa cell lines.
2.2.1.2.1.   Cell maintenance 
Adherent cell lines were grown using appropriate medium (details in 2.1.10.5.1 and 2.1.10.3) without antibiotic in T75 (160 ml) flasks. They were incubated at 37˚C, 5% CO2 in a humid incubator. Afterwards, the cells were regularly inspected under the light microscope to check for confluence. 
2.2.1.2.2.   Cell passage
Adherent cells were split when 80% confluent by removing the media from the flask, then washing with 10 ml PBS. After discarding PBS, 1 ml trypsin-versene (EDTA) was added to the cells, and left in an incubator at 37˚C, 5% CO2 until the cells detached from the flask. Fresh cell culture medium (9 ml) was added to the cells to inhibit trypsin, and mixed with the cells in about 10 times by up and down pipetting. Finally, these 10 ml were dispersed into other flasks as required to maintain cell growth.


2.2.1.3.        Suspension cells
Jurkat is the suspension cell line used in this study.
2.2.1.3.1.    Cell maintenance
Suspension cells were grown using RPMI medium (details in 2.1.10.5.2) without antibiotic in T75 flasks. The flasks were incubated vertically at 37˚C, 5% CO2 in a humid incubator. The cells were regularly inspected under the light microscope to check for overgrowth. 
2.2.1.3.2.    Cell passage
To split suspension cells, after counting the cells, they were spun at 2000 rpm using (MSE Mistral 3000i) for 5 minutes at 4˚C; and then re-suspended at 1×106 cells/ ml or the required cell number in 50% conditioned and 50% fresh media. T75 flasks containing cells were incubated vertically at 37˚C, 5% CO2 in a humid incubator.

2.2.1.4.      Mycoplasma testing
Contamination with Mycoplasma was checked periodically throughout the project and also on any new cell line used. This test was performed using PCR Mycoplasma Test Kit (EZ-PCR Mycoplasma Test Kit, Geneflow) in the Dept. Oncology, Medical school, the University of Sheffield. 

 2.2.1.5.         Cell viability and counting
2.2.1.5.1.       Adherent cells
After obtaining the cells in trypsin and media as described above, cell viability and count was determined by a haemocytometer without staining. In order to avoid contamination, after re-suspension of the cells in the flask, a small amount was moved to a 15 ml tube. Around 7 µl cells were put on the haemocytometer and covered by a coverslip. Cells were counted in the four squares of the haemocytometer under the microscope. The resulting number was divided by 4 (because of 4 squares) and then multiplied by ×104 to determine number of cells/ ml.
 2.2.1.5.2.       Suspension cells
The viability of Jurkat cells was checked using 0.4% (w/v) Trypan blue stain (Sigma-Aldrich). After re-suspending the cells in the flask, a small volume was moved to a 15 ml tube. The stain was mixed 1:1 with the cell suspension. Viable cells appeared un-stained under the light microscope. Cell numbers were counted in the four squares of the haemocytometer under the microscope. The resulting number was divided by 4 and multiplied by 2 (because of dilution 1:1) and then multiplied by ×104 to determine number of cells/ ml.

2.2.1.6.         Harvesting 
2.2.1.6.1.      Making cell pellets 
Cells were grown to 80-90% confluence, and then collected as above to get 10 ml of media with cells ~1x107 in case of adhesion cells. Regarding Jurkat cells, they were collected into a suitable tube by taking the volume from the cultured medium that is equivalent to ~30×106 cells.
Cells were spun at 1500 rpm using (Heraeus MegaFuge 16) for 3 minutes. After removing the media, cell pellets were washed twice with PBS at 1500 rpm for 3 min each as before. The supernatant was discarded, and the pellets were re-suspended in 1 ml PBS in an eppendorf tube and spun as above using (Mini Spin eppendorf centrifuge). Lastly, after discarding PBS, the pellets were stored at -20 or -80˚C for RNA or protein extraction. For protein extraction, ice-cold PBS was used for washing.
2.2.1.6.2.      Cell pellets for IHC
To make cell pellets to be used for IHC, normal and cancer cell lines were grown on T175 flasks. The cancer cell lines included: Jurkat, MCF-7 and MDA-MB-231, and MCF-10A cells were the normal ones. The adhesion and suspension cells were maintained as above. When the cells reached 90% confluence, media was removed from the flask and washed twice with 5 ml PBS. 2.5 ml trypsin was added in each flask, which was incubated at 37ºC, 5% CO2 till the cells detached. 2.5 ml appropriate medium containing 10% FCS (or 5% horse serum in case of MCF-10A cells) was added and mixed with trypsinised cells. Media containing the cells was then removed from the flask into 1x 15 ml tube, centrifuged at 1,200 rpm for 5 min using Heraeus MegaFuge 16 centrifuge, and the supernatant was removed carefully to waste. After collecting cell pellets from the above cell lines, 1ml paraformaldehyde (PFD) was dripped carefully down the side of the tube until the pellet is covered. The cell pellets covered with PFD were left overnight at 4˚C. Afterwards, PFD was replaced with 3ml of 70% ethanol. 
Blocks of formalin-fixed, paraffin-embedded cell pellets of the above cell lines were then made by the Histology unit, Medical school, the University of Sheffield. Three micron thick sections of those blocks were mounted on glass slides.

2.2.1.6.3.      Cryopreservation 
Adhesion and suspension cells were collected from flasks as described above and spun at 1500 rpm using (Heraeus MegaFuge 16) for 3 min. Media was removed and cell pellets at a density of around 5x106 were mixed with 1 ml of suitable freezing medium (2.1.10.5.4) into a cryogenic vial (Corning) and kept in -80˚C for long term storage. The vials were labeled with the name of cell line, passage number if known and the date.

2.2.1.7.        SiRNA transfection
Gene depletion has been achieved by applying small interference RNA (si-RNA) specific for E2F4, E2F6 or STAG3. As a control, non-specific siRNA (scrambled) was used to transfect the cells; mock control was included in which cells were transfected with DharmaFECT® (transfection reagent; Thermo Scientific) only but not siRNA. Transfection conditions were optimised for each cell line, which included using different transfection reagents (e.g. DharmaFECT® #1,  DharmaFECT® #4 or Lipofectamin®, and either forward or reverse transfection protocol was followed based on the suitability of the cell line under study. Furthermore, different cell numbers were transfected onto either 96- or 6-well plate format or different concentrations of scrambled non-specific si-RNA control were used, i.e. changing one parameter each time in order to obtain transfection with as much as possible less toxicity conditions.
· Forward (Standard) siRNA transfection
Standard transfection was applied in 6-well tissue culture plates, and was optimised for each cell line (table 2.2.1.7). The optimised cell numbers were plated using complete medium devoid of antibiotic overnight so that cells would be approximately 50-70% confluent at time of transfection. The day after plating, if necessary, the media was replaced with fresh complete media. Otherwise, the transfection continued by adding the optimised amount of siRNA to DMEM serum free medium (SFM) in an eppendorf tube, and leaving for 5 minutes at room temperature. Similarly, appropriate amount of DharmaFECT® #4 was added to SFM in an eppendorf tube and left for the same time. Later, siRNA-SFM was mixed by pipetting carefully up and down with the DharmaFECT-SFM and kept for ~20-25 min at room temperature. A suitable amount of the mixture (siRNA-DharmaFECT-SFM) was added dropwise to each well containing the growing cells. The plates were incubated at 37ºC, 5% CO2 in a humid incubator for 24 or 48 h of transfection before collecting cell pellets as described before in section (2.2.1.6.1).  
· Reverse siRNA transfection
Reverse transfection was performed in 96 well and 6-well plates, and was optimised for each plate format and each cell line used (table 2.2.1.7). Briefly, optimised amount of siRNA was mixed by pipetting with SFM in an eppendorf tube, and was left for 5 min at room temperature. Synchronously, the appropriate amount of DharmaFECT® #4 was added to SFM in an eppendorf tube and left for the same time as before. Afterwards, siRNA-SFM was mixed by pipetting carefully up and down with the DharmaFECT-SFM and incubated at room temperature for a further 20-25 min. During that time, healthy cell lines with about 80% confluence and grown overnight in a medium without antibiotic were trypsinized, counted and diluted in an antibiotic-free complete medium. A suitable amount of the mixture (siRNA-DharmaFECT-SFM) was then pipetted to the bottom of the well. Afterwards, cells were added at the optimised density into each well and mixed with the previously added complex of siRNA-DharmaFECT-SFM. Plates were incubated at 37ºC with 5% CO2 and humidity for 12, 24, 48 or 96 h. 
If necessary, the transfection medium was replaced with a complete medium after 24 or 48 h of transfection to reduce cytotoxicity, and the incubation continued for further 24-72 h as per the experiment’s purposes. 
Final concentrations of siRNAs used
	SiRNA
	Final concentration used
	SiRNA
	Final concentration used

	Si-E2F6#1
	20 µM
	Si-STAG3#2
	20 µM

	Si-E2F6#2
	20 µM
	Si-STAG3#3
	20 µM

	Si-E2F6#3
	20 µM
	Si-STAG3#4
	20 µM

	Si-E2F4#1
	20 µM
	Si-STAG3#A
	5 µM

	Si-E2F4#2
	20 µM
	Si-STAG3#B
	5 µM

	Si-STAG3#1
	20 µM
	Si-STAG3#C
	5 µM



Reverse transfection in 96-well plates
	Cell line
	SiRNA+SFM/ well (µl)
	Dharmfect+SFM
/ well (µl)
	Cell no.in complete medium (µl)

	MCF-10A
	0.5+ 9.5 
	0.2+ 9.8
	8×103 in 100

	MCF-7
	0.5+ 9.5 
	0.2+ 9.8
	1×104 in 100

	T-47D
	0.5+ 9.5 
	0.2+ 9.8
	1×104 in 100

	MDA-231
	0.5+ 9.5 
	0.2+ 9.8
	5×103 in 100

	MDA-468
	0.5+ 9.5 
	0.2+ 9.8
	1×104 in 100

	HEK293
	0.5+ 9.5 
	0.2+ 9.8
	1×104 in 100

	HeLa
	0.5+ 9.5 
	0.2+ 9.8
	5×103 in 100



Forward and reverse transfections in 6-well plates
	Cell line
	Transfection 
	SiRNA+SFM/ well (µl)
	Dharmfect+SFM
/ well (µl)
	Cell no.in complete medium (µl)

	MCF-10A
	forward
	10+ 190 
	4+ 200
	18×104 in 2000

	
	reverse
	(10+ 190)*
	4+ 200
	25×104 in 2000

	MCF-7
	forward
	10+ 190
	4+ 200
	2×105 in 2000

	
	reverse
	(10+ 190)*
	4+ 200
	25×104 in 2000

	T-47D
	forward
	10+ 190
	4+ 200
	2×105 in 2000

	
	reverse
	(10+ 190)*
	4+ 200
	25×104 in 2000

	MDA-231
	forward
	10+ 190
	4+ 200
	15×104 in 2000

	
	reverse
	(10+ 190)*
	4+ 200
	2×105 in 2000

	MDA-468
	reverse
	5+ 190
	4+ 200
	2×105 in 2000

	HEK293
	reverse
	10+ 190
	4+ 200
	2×105 in 2000

	HeLa
	reverse
	10+ 190
	4+ 200
	2×105 in 2000


*means the amount of (siRNA+SFM) used was (5+190 µl) when transfecting with si-STAG3#A or si-STAG3#C.

2.2.1.8.        Synchronisation experiments
Synchronisation experiments were performed to investigate in which cell cycle phase STAG3 is expressed and also to induce S-phase block to study the effect of E2F6 depletion using si-RNA on the cell cycle. For synchronisation experiments in 100 mm tissue culture plates, ~1.5 ×106 MCF-7 cells were plated for 6 h before being arrested at specific cell cycle phase with an appropriate drug. As shown in table (2.1.7), G2/M phase arrest was obtained by applying 0.4 µg/ml nocodazole. To synchronise cells at the S-phase of the cell cycle, hydroxyurea or thymidine was used at the concentrations mentioned in table (2.1.7). At times indicated after drug treatment, the cells were either harvested or released by removing the media and washing with PBS twice. Fresh media was then added; and the cells continued to grow for further 3, 6 or 9 h after release. 
For synchronisation in 6-well plates, the experiment was performed the same as in reverse transfection in section 2.2.1.7, but 48 h after transfection, hydroxyurea was added at a concentration of 2 mM and incubated at 37ºC, 5% CO2 overnight.
 2.2.1.9.        Cell cycle analysis
For cell cycle analysis, either synchronised cells at different phases of the cell cycle or cells transfected with STAG3, E2F6, E2F4 or scrambled siRNAs were trypsinized to remove them from plates. The harvested cells were washed twice with ice-cold PBS, centrifuged at 2000 rpm using (MSE Mistral 3000i centrifuge) at 4˚C for 5 min each. Cells were prepared for cell cycle analysis by fixation in 1ml of 70% cold ethanol at -20°C overnight. The next day, the cells were pelleted to remove ethanol, washed once with 1 ml PBS, and then re-suspended with 1 ml PBS for 1 h at room temperature. Subsequently, the cells were spun at 2000 rpm using the above centrifuge for 5 min at 4˚C, and resuspended in 500 µl PBS containing 18 µl propidium iodide (stock 1 mg/ml; Invitrogen) and 4 µl RNAse A (stock 2 mg/ml; Sigma-Aldrich) in 15 ml tubes wrapped with foil to avoid light exposure. The tubes were kept in dark at 4˚C up to 7 days till the cell cycle analysis was performed. Beckton Dickinson FACSCalibur flow cell sorting machine was used to analyse cell cycle at the University of Sheffield, Medical School, Core Facilities, Flow Cytometry Unit. Quantitation of the percentage of cells in individual cell cycle phases was performed using the CellQuest IX flow cytometry software package.

2.2.1.10.        MTT toxicity assay
Si-RNA sensitivity of transfected cell lines was evaluated using the MTT assay. The cell lines including: MCF-10A, MCF-7, T47D, MDA-MB-231, HEK293 and HeLa cells were transfected into 96-well microtitre plates, except the outside wells where only media was included. The transfection was performed the same as described in section 2.2.1.7. According to the experiment, either 12, 24 or 96 h post-transfection 50 µl of MTT (Duchefa Biochemie) made in section (2.1.11.11) was added to the cells for 2-3 h in a humid incubator at 37ºC, 5% CO2 to stain the growing cells. The actively growing cells metabolise MTT by enzymes present in mitochondria to formazan, which is an insoluble purple coloured compound. Afterwards, the media was removed and formazan was re-suspended in DMSO (Fisher Scientific; 200 µl per well). The optical density was measured at 560 nm using Multiskan FC (plate reader) with the background subtracted at 670 nm. The cell density is directly correlated with the resulting optical density. Survival fractions were then calculated for each target gene siRNA compared to scrambled siRNA, the negative control. The data shown is a mean of at least three independent experiments. For each experiment there were six replicates and the error bars represent the standard deviation of this mean.

2.2.2.             RNA Studies
2.2.2.1.          RNA Extraction
To analyse gene expression at the mRNA level and also to sequence the coding region of E2F6 in breast cancer cell lines, after obtaining the cell pellets as above (section 2.2.1.6.1.), RNA was extracted using RNeasy® Mini Kit (Qiagen) or mammalian total RNA miniprep kit (Sigma-Aldrich). Manufacturer’s instructions were applied to obtain total RNA whose concentration was measured as described below. RNA was converted immediately to cDNA, or kept at -80˚C till use. 

2.2.2.2.          Reverse Transcription
Following extraction, RNA was converted to cDNA using a High Capacity RNA-to-cDNA kit (AB Applied Biosystems) or High Capacity cDNA Reverse Transcription Kit (AB Applied Biosystems).  The recommendations of the manufacturer were followed. The cDNA was kept at -20˚C. The cDNA was used for RT-qPCR to study gene expression and also to sequence the coding region of E2F6 in breast cancer cell lines.

2.2.2.3.          RT-qPCR
Quantitative real-time polymerase chain reaction (RT-qPCR) was performed using a Corbett Robotics Rotor-Gene™ 6000 (Qiagen) throughout this study. RT-qPCR was applied to study the expression of genes including: STAG1, STAG2, STAG3, E2F4, E2F6 and the reference genes along with the genes used as negative controls such as FLI1. Each reaction consisted of 20 µl of the following: 10 µl of 2× SensiMix containing a mixture of: buffer, dNTP, HiRox, SYBR Green and modified Taq polymerase called “Hot start”. Additionally, the reaction included: 3 µl of Milli-Q sterile water, 2 µl of 10× primers with 5 µl cDNA as a template. Reactions were carried out in quadrate, triplicate or in duplicate technical repeats.
Analysis of melt curve was applied to check for presence of primer dimers as well as amplification of a single product. The cycling conditions were 95°C for 10 minutes for Taq polymerase activation followed by 40 cycles of denaturing at 95°C for 15 s, annealing at 58°C for 15 s and finally 30 s at 72°C for extension. PCR product quantity gained is proportional to the fluorescence signal. Using Rotor-Gene 6000 software, CT (the threshold) value was determined for each cDNA sample in every reaction. 
In order to assess whether the two amplicons of the target and reference genes have roughly the same amplification efficiency, 10-fold serial dilutions of 1/10, 1/100, 1/1000, 1/10,000 and 1/100,000 were prepared from testis cDNA or Jurkat cDNA as well as some breast cancer cellsʹ cDNA. These cDNA serial dilutions were amplified by gene-specific primers using RT-qPCR and the Δ CT values were calculated for the dilutions. The amplification efficiency was determined using the formula E= 10 (-1/slope) (Pfaffl, 2001).
Relative gene-expression value was calculated according to (Livak and Schmittgen, 2001) using the formula: Δ CT = CT target gene- CT endogenous reference gene, allowing for the comparison of samples independently of the amount of total cDNA input. The average amplification efficiency was 1.9, so that 1.9 –ΔΔCT parameter was applied to compare the expression level among genes in the same cell line or relative to the expression of same gene in a normal breast tissue or MCF-10A cells. This denotes the expression fold of one gene with regard to a reference gene. Concerning gene depletion in RNAi experiments, the remaining mRNA of the silenced gene was measured using the method described by Haimes and Kelley in Thermo Fisher Scientific (2010).  
2.2.3.                DNA Studies
2.2.3.1.             Purification of total (genomic) DNA            
Genomic DNA was extracted from the cell pellets of breast cancer cell lines using DNeasy Blood & Tissue Kit (Qiagen) as per the manufacturer’s recommendations. Genomic DNA was used to sequence STAG3 promoter regions from breast cancer cell lines.

2.2.3.2.             Calculating nucleic acid concentration            
Both RNA and DNA concentrations were determined using a NanoDrop® Spectrophotometer (Labtech). 

2.2.3.3.             PCR 
PCR was used to amplify the genomic regions of STAG3 promoter in breast cancer cell lines for sequencing purposes and also to incubate the reverse transcription reaction according to the instructions of the used kit (section 2.2.2.2.). PCR was performed using Eppendorf Master cycler®. The PCR reaction mixture used for genomic DNA amplification composed of mili Q water or ddH2O, 5× Hi-Fi reaction buffer (Bioline), 10 mM dNTP mix (Bioline), 10 µM of each forward and reverse primers (Eurofins), DNA template as required and velocity DNA polymerase enzyme(Bioline). Standard cycling conditions were as below. The amplified PCR products were confirmed using agarose gel electrophoresis as mentioned in section 2.2.3.4.   
PCR reaction
	ddH2O
	Up to 50µl

	5× Hi-Fi Reaction Buffer
	10 µl

	10 mM dNTP mix
	2 µl

	Primers 10 µM each
	1 µl each

	cDNA or DNA template
	As required

	Velocity polymerase enzyme
	1 µl



PCR cycling conditions
	Step
	Temperature
	Time
	Repeat

	Initial denaturation
	98ºC
	5 min
	1

	Denaturation
	95ºC
	30 s
	30-40

	Annealing
	50-68ºC* 
	30 s
	

	Extension
	72ºC
	30 sec- 4 min**
	

	Final extension
	72ºC
	4-10 min
	1

	Hold
	4ºC
	forever
	


* depends on the primer annealing temperature, ** depends on the length of the desired amplicon. 
For incubation of the reverse transcription reaction, the PCR cycling conditions were 37ºC for 60 min, and then stop the reaction by heating to 95ºC for 5 min and hold at 4ºC (following recommendations of High Capacity RNA-to-cDNA Kit, section 2.2.2.2.),  or use temperatures of: 25ºC for 10 min followed by 37ºC for 120 min and 5 min at 85ºC and hold at 4ºC according to the instructions of High Capacity cDNA Reverse Transcription Kits (section 2.2.2.2.).   

2.2.3.4.             Agarose gel electrophoresis
PCR products, amplified DNA molecules, were separated and analysed by using agarose gel electrophoresis.  1× TAE buffer was used to dissolve 1% (w/v) agarose, which was heated using a microwave. The melted agarose gel was poured into its cast with putting a suitable comb to make holes where the samples loaded. The comb was then removed from the solidified gel, which in turn was immersed in the electrophoresis tank filled of 1× TAE. Before loading the DNA samples onto the gel, they were mixed with 6× DNA loading dye (NEB) and diluted with ddH2O to a total volume of 12 µl. Finally, a suitable amount of Ethidium Bromide (Bio-Rad) was added to the TAE buffer, and the electrophoresis of samples was run at 85 V in TAE buffer for 1-2 h to separate DNA bands. PCR products were visualized by putting the gel on a UV transilluminator. Gel images were taken using the Kodak Electrophoresis Documentation and Analysis System 120 and Kodak 1D image analysis software. Sizes and concentrations of DNA were compared with 1 kb DNA Ladder (Biolab), which was loaded onto the gel.
2.2.3.5.             Sequencing reaction
For E2F6 sequencing, cDNAs from breast cancer cell lines with many different primers were used to amplify the coding regions. In contrast, genomic DNAs extracted from breast cancer cells were used for sequencing STAG3 promoter ~1 kb from the transcription start site. Some of the sequencing was performed by Medical school, Core Genetics Facility Sequencing Service, the University of Sheffield. The majority of sequencing was completed by Source Bioscience. DNA templates to be sequenced and their forward and reverse primers were prepared as required by the facility. Sequences obtained were treated manually to confirm the sequence, aligned by LALIGN Server software or using 6-Frame Translation. Concerning E2F6, the nucleic acid sequence was translated to its corresponding protein sequence using Blast Basic Local Alignment Search Tool.

2.2.4.                   Protein Studies
2.2.4.1.                Protein Extraction             
Whole protein lysates were extracted from the cells under study to analyse and compare gene expression at the protein level among different cell lines, between phosphatase treated or untreated cells, cell cycle arrested or control cells or to confirm specific gene depletion after its knockdown using Western blotting analysis. Total cell lysates were obtained by lysing cell pellets of the normal and cancer cells using 1 volume of 1x lysis solution (5x RIPA buffer diluted in ddH2O). 1 ml lysis solution was supplemented with 1x each of two phosphatase inhibitor cocktails 2 and 3, 1x protease inhibitors, PMSF (1 mM) and (2 µl, 50 U) nuclease (Novagen; 25 U/µl). Cell pellets were re-suspended in 1 pellet volume lysis buffer, pipetted up and down, incubated on ice for 30 min, vortexed every 10 min and finally spun down at 13,400 rpm using (Mini Spin placed in 4ºC) for 10 min. The supernatant, representing whole cell lysate, was aliquoted; and the concentration of protein samples was determined as per section 2.2.4.3. Cell lysates were stored in -80˚C for long term storage. 

2.2.4.2.                De-phosphorylation reaction
Protein lysates of MCF-7 cells (made by lysis buffer as above, but without phosphatase inhibitors) were treated with phosphatase enzyme in order to determine whether E2F4, E2F6 or STAG3 proteins are phosphorylated or not. De-phosphorylation reaction involved mixing the appropriate amount of protein extract from MCF-7 or MCF-10A cell lysates with 1x NE Buffer for Lambda Protein Phosphatase, 1x MnCl2 and 20,000 units of Lambda protein phosphatase with milliQ water added up to 50 µl reaction volume. The de-phosphorylated protein mixture was incubated for 30 min or 1 h at 30ºC in water bath, and was aliquated and kept in -80ºC. Protein samples were separated on SDS-PAGE as mentioned in section 2.2.4.4. Western blot analysis was used to examine the de-phosphorylation status in comparison with protein samples treated with phosphatase inhibitors. 

2.2.4.3.                Determination of protein concentration            
The purpose of determining the protein concentration of each sample was to load the same amounts of proteins into the gel wells allowing the comparison among various samples. Following extraction (sections 2.2.4.1. or 2.2.4.2.), the protein concentration of samples was determined using Bio-Rad Protein Assay following the manufacturer’s instructions. Different dilutions of bovine serum albumin (BSA) were made from 0.1 mg/ ml stock as shown in the table to make protein standard curve. 1 µl of each protein sample was added to 800 µl of ddH2O. 200 µl of Bio-Rad dye reagent concentrate was mixed with all protein standards and samples. Following 5 min incubation at room temperature, 200 µl of each of above was moved to 96-well plate to be read using plate reader. The optical density of the samples and standards was measured at 595 nm. The optical density of BSA standards was plotted against the concentration to make the standard curve using Microsoft Excel. Using the equation of this curve, protein concentration of each sample was calculated. After calculating the protein concentration of samples, lysate aliquots of the same protein concentration were made from the different samples and mixed with 5x sample loading buffer and diluted with ddH2O. 
BSA protein standards used to make the curve that was used to calculate the concentrations of protein samples
	µg protein
	Standards’ amount
	water

	0 µg
	0 µl
	800 µl

	1 µg
	10 µl
	790 µl

	5 µg
	50 µl
	750 µl

	10 µg
	100 µl
	700 µl

	15 µg
	150 µl
	650 µl

	20 µg
	200 µl
	600 µl




2.2.4.4.                   SDS PAGE and Immunoblotting
2.2.4.4.1.               Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS PAGE)  
Gels for protein work were made according to the following recipe: 
	Resolving gel percentage
	7% for 8 ml
	8% for 10 ml
	10% for 10 ml

	Distilled H2O
	4.4 ml
	4.6 ml
	4.0 ml

	30% Acrylamide/ Bis-acrylamide
	1.87 ml
	2.7 ml
	3.3 ml

	1.5 M Tris-HCL pH 8.8
	2 ml
	2.5 ml
	2.5 ml

	10% SDS
	80 µl
	100 µl
	100 µl

	10% Ammonium persulfate
	80 µl
	100 µl
	100 µl

	TEMED
	8 µl
	6 µl
	4 µl



	Stacking gel percentage
	5% for 6ml

	Distilled H2O
	4.1 ml

	30% Acrylamide/ Bis-acrylamide
	1.0 ml

	1.0 M Tris-HCL pH 6.8
	750 µl

	10% SDS
	60 µl

	10% Ammonium persulfate
	60 µl

	TEMED
	6 µl



Before loading onto SDS PAGE, and after determining the concentration of protein lysates (section 2.2.4.3.), between 25-40 µg of protein mixed with 5x sample loading buffer and diluted with ddH2O up to 22 µl volume were boiled at 95ºC for 5 min using heat block (Grant Instruments). After spinning the protein samples, they were loaded onto the SDS PAGE along with 10 µl of pre-stained protein ladder (Geneflow). Empty lanes were filled with 5 µl of 5x sample loading buffer. Protein samples were then separated by the gel, which was made up of resolving gel 7%, 8% or 10%, and 5% stacking gel. The gel was run at 130 V for 1 h at room temperature using 1x running buffer.

2.2.4.4.2.                Immunoblotting             
Immunoblotting was performed to analyse gene expression at the protein level. Separation of proteins on SDS-PAGE was followed by their electrophoretic transfer. For wet transfer, Mini Trans-Blot® Electrophoretic Transfer cell system (Bio-Rad) filled with Towbin transfer buffer was used with ice pack placed inside. Additionally, blotting papers of 3 mm thickness pre-soaked in transfer buffer and Whatman Protran nitrocellulose membrane (Amersham) along with the gel containing the separated protein bands were assembled into the transfer sandwich. The transfer was performed at 50 V for 1 h. 
After transfer, the membrane was stained was Ponceau S stain (Sigma-Aldrich) to check for the transfer efficiency. After rinsing the membrane with copious amount of tap water to remove the previous stain, it was blocked for 1 h at room temperature using 5% milk/PBST. 
Subsequently, the blot was probed with primary antibodies as shown in table 2.1.8., which were diluted in 5% milk/PBST. Primary antibodies were incubated overnight at 4ºC on a shaker. After 3 times washing with 0.1% PBST for 8 min each, the suitable secondary IgG horseradish peroxidase-linked antibody (table 2.1.8.) diluted in 5% milk/PBST was used. Secondary antibody was incubated with the membrane for 1 h at room temperature on a shaker. 
After washing as mentioned above, the membranes were incubated with 2 ml ECL detection reagents (GE Healthcare) for 1 min. Finally, the membrane was exposed to X-ray films (Fuji Medical X-Ray film), developed and fixed by Konica SRX 101A Processor to visualise the protein bands.
2.2.4.5.               Protein Quantification                         
To determine the quantity of protein bands on the X-ray films, the films were scanned using HP Photosmart C4600 all-in-one printer, and images were saved as tif. The protein quantity of bands of interest on Western blots was quantified versus either β-Actin or β-Tubulin using the publicly available software, Image J. 

2.2.4.6.             Stripping and Re-probing            
In certain necessary situations to re-probe the membrane with another antibody, the membrane was incubated with stripping buffer for 10 min, and then washed with copious amounts of PBS for 5min, and finally washed for further 5 min with 0.1% PBST. Afterwards, the membrane was re-blocked to be re-probed with primary antibody, and the process continued as in section (2.2.4.4.2). 

2.2.4.7.               IHC assay
Immunohistochemistry was performed on cell pellets from normal and cancer cell lines made in section 2.2.1.6.2 and breast tumour samples obtained from Medical school, The University of Sheffield. Furthermore, breast cancer tissue array with matched adjacent breast tissue as control (BR243o and BR243r) purchased from US Biomax were also used for further confirmation of STAG3 expression. Standard avidin-biotin technique was used to investigate STAG3 and E2F6 protein expression in IHC assay. 
All formalin fixed and paraffin embedded slides (i.e. cell lines and tumour samples) were treated the same. The IHC slides were de-waxed using xylene 1 for 10 min and xylene 2 for 5 min, and then rehydrated by washing with 100% ethanol for 5 min, and washing for 3 min each with 100% and 95% ethanol. The slides were treated with a mixture of H2O2 in methanol for 30 min at room temperature to destroy endogenous tissue peroxidase activity; and later were subjected to running water for 5 min.  
Heat induced epitope retrieval (HIER) was used to uncover hidden antigenic sites by using 1:10 target Retrieval solution (Dako solution). The later was boiled in a microwave on high firstly to 100˚C, and then the slides were put into the solution for 10 min on low with 15-20 sec stop intervals to avoid boiling of slides and lose of samples. After cooling at room temperature for 10 min, the slides were washed twice with 0.1% PBST each for 3 min. The slides were placed in a humidifying chamber and tissue sections were outlined by drawing a circle around using ImEdge hydrophobic barrier pen. 10% Normal goat serum was applied on the slides for 30 min at room temperature to block the reactive sites. Excess sera were flicked off the slides before adding the primary antibody.
In order to optimise IHC staining procedure, dilutions of primary antibodies were made in 2% normal goat serum including: 1:50, 1:100 and 1:200 for E2F6 and 1:100, 1:200, 1:400 and 1:600 for STAG3 antibodies. As a negative control for IHC assay, the primary antibody was excluded, with all other experimental conditions kept constant. After adding primary antibodies, the slides were incubated overnight at 4˚C in a humidifying chamber. 
Following washing with PBS twice for 5 min each, secondary biotinylated antibody 1:200 diluted in 2% normal goat serum was added to the sections for 1 h at room temperature in the same humidifying chamber. Instantly after dropping secondary antibody on the slides, Avidin Biotinylation enzyme Complex (ABC; peroxidase reagent) was made and left to stand at room temperature till use.
The slides were then washed with PBS twice each for 5 min. ABC Complex was applied on the sections for 10 min, followed by washing slides with PBS twice for 5 min each. In order to convert the peroxidase into a coloured product at the sections, the substrate Diaminobenzidine (DAB; peroxidase substrate) was added for 3-9 min till appearance of appropriate colour on the sections. The slides were then washed under running tap water for 5 min, and Gills haematoxylin was used to counter stain the nuclei for 1 min, and washed in a bath of running tap water for 2 min to get rid of access stain. The slides were passed through series of graded alcohols: 70%, 90%, 95%, 100% and 100% for 3 min each and mounted with xylene 1 and 2 for 10-15 min. Finally, cover slips (22x32 mm) were mounted using DPX and left to dry. 
Slides were examined under light microscope and imaged using Aperio ImageScope to scan the whole slide. The slides were scored by Prof. Simon S Cross (Consultant Histopathologist, Academic Unit of Pathology, Dept. Neuroscience, Faculty of Medicine, Dentistry & Health, The University of Sheffield, UK). 

2.3.           Statistical Analysis
Throughout the study the results were represented by either mean or median. Mean was used when low value differences present among technical or biological replicates of the same sample or experiment. Results were represented as median when the data points related to the same sample or experiment are susceptible to the influence of outliers. Standard deviation was included, which shows how much the data are spread out around the mean or average. Standard deviation close to 0 implies that the data points tend to be very close to the mean of the set, whereas a high standard deviation refers to the data points that spread out over a wider range of values.
SPSS software for Windows was used to analyse the data. Comparisons among different cancer cell lines or among breast tumours and normal breast tissues or cell line were analysed using parametric or non-parametric tests. The non-parametric Mann-Whitney U test was used whenever the data are not normally distributed, the sample size is small or the data are affected by outliers. On the other hand, parametric t-test was chosen to analyse large samples whether normally or not normally distributed because parametric tests are robust to deviations from normal distributions, as long as the samples are large. Non parametric tests are slightly less powerful than parametric tests with large samples. The differences between expression levels of each sample either cancer cell line or tumour and normal breast sample were considered significant at confidence levels larger than 95% (P ˂ 0.05). 
Correlation between mRNA expression levels, in addition to the correlation between mRNA remaining levels and MTT toxicity assay results were determined in GraphPad Prism 6 software using Pearson's R Correlation Test.
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Figure 2.1 Locations of STAG3 antibodies, si-RNA specific for STAG3 and the primers used to amplify STAG3 mRNA on the Homo sapiens STAG3 gene and its major transcript variants.
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Figure 2.2 Homo sapien’s E2F6 gene map shows siRNA positions and amplification primers used to amplify E2F6 mRNA. 









CHAPTER 3










Chapter 3: investigating the expression of STAG1, STAG2 & STAG3 genes in breast cancer. Is STAG3 a potential biomarker?
3.1.   Introduction
This chapter sheds light on studying the expression of STAG genes, cohesin components, including: STAG1, STAG2 and STAG3 with focusing on the last one. STAG gene expression was investigated in four human breast cancer cell lines: MCF-7, T-47D, MDA-MB-231 and MDA-MB-468 as well as primary breast tumour cDNA, compared to their expression in normal breast tissue or normal breast cell line, MCF-10A. A previous study performed in our lab (Croucher, 2012) involved investigating the mRNA levels of STAG1 and STAG3 using human breast tumour cDNA; in that study, STAG1 was found to be under-expressed in breast tumours relative to normal breast tissues, whereas STAG3 never showed any significant difference in expression between breast tumour samples and normal ones. STAG genes have been chosen in this study as we wanted to analyse STAG genes expression further and because STAG3 is thought to be meiosis specific and a potential Cancer Testis antigen. STAG3 expression was studied at the mRNA and protein levels in this study with the idea that it might be important to the survival of tumour cells that have lost cohesin function during tumourigenesis. Furthermore, activation and overexpression of STAG3 has been seen in numerous cancers (Strunnikov, 2013). STAG3 is overexpressed in many datasets in Oncomine, involving all cancer types, with some datasets exhibiting up-regulation of STAG3 over 2-fold in over 50% of samples (Strunnikov, 2013). In our study, two types of anti-STAG3 antibodies specific for human against either the carboxy C- or amino N-terminus of STAG3 protein, were used in Western blots as well as immunohistochemistry (IHC). In this chapter, the mRNA expression levels of STAG genes in normal breast tissues, breast tumours and different cancer cell lines will be explored. Additionally, STAG3 protein levels in breast cancer, various cancer cell lines and formalin-fixed paraffin-embedded breast tumour sections is assessed.


3.2.      Results 
3.2.1.   Determining a suitable reference gene to be used for RT-qPCR.      
Because it is necessary to find appropriate reference genes for each experimental set-up, and to obtain accurate expression data using real time quantitative polymerase chain reaction (RT-qPCR), we first tested some reference or comparator genes.
RNU6-1 was first used as a comparator gene, but it did not show consistent results in RT-qPCR (data not shown). Based on published papers we tested 5 further comparator genes (Jacob et al., 2013) including: heat shock protein 90kDa alpha family class B number 1 (HSPCB), ribosomal protein S13 (RPS13), 18S (rRNA), small nuclear RNA (snRNA; USB1), and β-Actin (ACTB). The absolute threshold values (Ct values) of these genes obtained from RT-qPCR were compared in four breast cancer cell lines and normal breast cDNAs, using different dilutions of cDNA (Figure 3.1). Importantly, both 18S and ACTB were the most stably expressed reference genes in both normal and cancer cells, and were therefore used as reference genes throughout this study. 

3.2.2.   Studying the cDNA level of STAG genes.
3.2.2.1. Preliminary investigation of cDNA levels of STAG genes in breast cancer cell lines.
The cDNA levels of STAG1, STAG2 and STAG3 genes were investigated in four breast cancer cell lines including: MCF-7, T-47D, MDA-MB-231 and MDA-MB-468 compared with the normal breast cDNAs. Three pairs of primers for each STAG gene were used in RT-qPCR as outlined in section 2.1.12 to amplify STAG genes relative to 18S in normal breast and breast cancer cell lines. The primers designed for the C-termini of STAG mRNAs were the best in amplifying them (Appendix 1); therefore, these primers were used throughout the study in RT-qPCR experiments. For each RT-qPCR reaction, the melt curve was checked to confirm a lack of primer dimers (Figure 3.2).
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Figure 3.1 Absolute Ct values of the five reference genes studied in cDNAs of normal breast and breast cancer cell lines.
The cDNAs converted from RNAs from normal and four breast cancer cell lines were diluted into A- 1/20, B- 1/40 and C- 1/80 and subjected to RT-qPCR. The expression of five internal control genes (HSPCB, RPS13, 18S, snRNA, and β-Actin) was investigated into two technical repeats. Box plots represent the absolute Ct values of the 5 reference genes studied in the breast cancer cell lines, and the blue lines represent the normal breast cDNA. The horizontal lines represent median, and the star represents a significant difference of P<0.05 between normal and breast cancer cell lines in Mann-Whitney U test.
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 Figure 3.2 Sample melt curve of RT-qPCR reaction in two breast cancer cell lines. 

The total RNA extracted from T-47D and MDA-MB-468 cells was converted to cDNA and subjected to RT-qPCR to amplify STAG genes against an internal control, 18S or β-Actin. RT-qPCR software analysis shows no primer dimers, but only STAG genes and reference genes were amplified. Each peak represents the melt curve in triplicate of, from the left, STAG2, STAG1, 18S, STAG3 and β-Actin. 




3.2.2.2. STAG cDNA levels are significantly different between breast cancer cell lines and normal breast tissue.
The breast cancer cell lines showed an increase of STAG1, STAG2 and STAG3 cDNA compared to the normal breast tissue (Figure 3.3).
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Figure 3.3 STAG1, STAG2, and STAG3 cDNA levels can be significantly altered in breast cancer cell types relative to normal breast.
The cDNAs from normal and four breast cancer cell lines were subjected to RT-qPCR. A- STAG1. B- STAG2. C- STAG3. Fold change in STAG cDNA levels normalised to 18S and compared to normal breast cDNAs was determined for the breast cancer cells. Data shown are representative of five samples for each cell line, and each sample was tested in three technical repeats. Horizontal lines represent the median, and the vertical lines indicate minimum and maximum value. Statistical significance was analysed by Mann-Whitney U test, and a significance of P˂0.01 is indicated by **.

3.2.2.3. STAG cDNA levels are significantly increased in primary breast tumours relative to normalA

To further explore the expression of STAG genes in primary tumour samples, a cDNA panel of 48 dried samples (comprising 43 breast tumours; representing four different TNM stages of breast cancer) and 5 normals were obtained from Origene Technologies (TissueScan Breast Tissue qPCR Array, Cat. No. BCRT302, Appendix 2). 
STAG1 showed a statistically significant increase in cDNA (P= 0.007, using Mann-Whitney U test) in breast tumour samples relative to the normal from stage II through stage IV of cancer; while stage I showed half of the samples reduced and the other half increased in their cDNA levels (Figure 3.4).  
STAG2 cDNA levels were significantly higher in tumour samples of all stages (P= 0.001, using Mann-Whitney U test) than the normal breast cDNAs (Figure 3.4). 
STAG3 revealed a tendency for increasing levels from stage I of breast cancer through stage IV. In addition to that all tumour samples showed higher cDNA levels (P= 0.0003, Mann-Whitney U test) when compared to the normal ones (Figure 3.4).
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Figure 3.4 STAG genes show statistically significant difference in cDNA levels between normal and breast tumour samples and changes with tumour stage.
48 Breast cDNAs obtained from Origene were used in RT-qPCR to explore the fold change in cDNA levels of STAG1, STAG2, and STAG3 genes normalised to β-Actin and relative to normal breast cDNA. The samples included 5 normal (stage 0) and 43 tumour cDNAs (stages I-IV). Each point represents the mean of two technical repeats. The red lines refer to the median value. The left hand figures represent STAG cDNA levels throughout different stages of breast cancer. The right hand figures indicate the fold change in STAG cDNA levels of all samples regardless of the tumour stage. The decimal numbers are the P values for the significant difference between the normal and tumour samples using Mann-Whitney U test. 
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Figure 3.5 Correlation between STAG cDNAs in breast tumours.
The correlation was studied among the cDNA levels of STAG1, STAG2 and STAG3 in primary breast tumours shown in Figure 3.4. Relative expression data were analysed for presence of correlation using GraphPad Prism 6 software, where Pearson's R Correlation Test was applied. In the graphs decimal numbers represent P values. A: a positive statistically significant correlation exists between STAG1 and STAG2 (P= 0.0006, R= 0.5092, R2= 0.2593) in the cDNAs of breast tumours. B: STAG2 and STAG3 show a positive correlation with each other (P= 0.0001, R= 0.6301, R2= 0.3971). C: a positive correlation (P= 0.0023, R= 0.4692, R2= 0.2201) presents between STAG1 and STAG3.








3.2.3.    Detecting STAG3 protein level
3.2.3.1. STAG3 protein level was investigated using two different anti-STAG3 antibodies.
Two antibodies specific for STAG3 were tested to detect its expression at the protein level. Upon using BLAST software to align the sequence of the epitopes used to make the antibodies, it has been found that they match the four major splice variants of STAG3. To verify which band was STAG3 protein, si-STAG3 was used to transfect MCF-7 cells. Surprisingly, both bands of ~135 and ~160 kDa were reduced in cells transfected with si-STAG3#2 compared to scrambled; while Abcam antibody recognised 135 kDa protein, Sigma antibody recognised the other implying that the bands might be different splice variants of STAG3 (Figure 3.6).

3.2.3.2. STAG3 protein and cDNA from breast cancer cell lines are more abundant relative to the normal tissue or normal breast cell line
Cell pellets were collected from four breast cancer cell types in addition to the normal breast cell line and Jurkat cells, which were used as a positive control. Total cell RNA and whole protein lysates were extracted from those pellets. Human normal total RNA of breast and normal breast protein extract (both from BioChain Institute, Inc.) were used as controls for studies of RT-qPCR and Western blot analysis. 
STAG3 expression at the cDNA (Figure 3.7 A) and protein levels (Figures 3.7 B, C) was observed in all breast cancer cell lines including the positive control, Jurkat cells, which were extensively documented as STAG3 positive control cells. Among the studied cancer cells, some differences in cDNA and protein levels in comparison to the normal breast were noticed.
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Figure 3.6 Comparing STAG3 protein levels in different cell lines using Abcam and Sigma anti-STAG3 antibodies
Protein lysates from normal and cancer cell lines were run on the same SDS-PAGE gel with the protein size marker loaded in the middle. After transfer, the nitrocellulose membrane was cut into two parts from the protein marker region. Each part of the membrane was incubated with either Sigma or Abcam anti-STAG3 antibody. To help identify which band represented STAG3, lysates of MCF-7 cells transfected with si-STAG3#1, si-STAG3#2 or scrambled siRNA, were run on SDS-PAGE and then Western blotted as above. 
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Figure 3.7 STAG3 levels are increased in breast cancer cell lines compared to the normal. 
Cell pellets from normal breast and cancer cell lines were used to extract either whole RNA or protein lysates to study STAG3 expression by RT-qPCR or Western blot, respectively. Four samples from different flasks were used for each cell line. A- Fold change in STAG3 cDNA level normalised to 18S. All RT-qPCR reactions were performed in triplicate. Graphs represent mean ± SD. The stars represent *P< 0.05 and **P< 0.01, using Mann-Whitney U test. B- Western blot analysis was conducted on two separated protein lysates of each breast cancer cell line, and compared to lysates of normal breast and Jurkat nuclear protein extract. Abcam anti-STAG3 antibody was used to determine the putative STAG3 protein level. β-Actin was the loading control. C- Western blot analysis was conducted using Sigma anti-STAG3 antibody to show the putative protein level of STAG3 in the above cancer cell lines compared to MCF-10A, the normal breast cell line. β-Tubulin was the loading control. Data shown are representative of at least three experiments. 
3.2.3.3.       Using immunohistochemistry (IHC) to investigate STAG3 protein
3.2.3.3.1.    Choosing the best dilution of anti-STAG3 antibody to be used for the IHC.
Abcam and Sigma-Aldrich anti-STAG3 antibodies were used in different dilutions to optimise the conditions for IHC assay using formalin-fixed paraffin-embedded tissue sections of Jurkat cells. For Sigma antibody, the dilution 1:600 showed moderate staining compared to the other dilutions; therefore, the dilution 1:400 was chosen to determine the putative STAG3 protein signal in breast cancer and normal cell lines (Figure 3.8). Regarding Abcam anti-STAG3 antibody, the dilutions 1:400 and 1:600 showed weak signal. Hence, the dilutions 1:100 and 1:200 were used to explore STAG3 protein signal in the cell lines under test (Figure 3.8).  

3.2.3.3.2.   STAG3 protein signal is strong in breast cancer cell lines relative to the normal cells in the IHC assay.
In the above sections, studies at both the mRNA and protein levels implied that STAG3 is abundant in breast cancer cell types and that the degree of abundance might be linked to tumour stage. While the identity of the protein being detected by the antibodies was not fully conclusive, we felt there was sufficient evidence to test these antibodies on tumour sections, matched with normal tissue, to look for corroboration that putative STAG3 is increased in breast tumours. To optimise the technique and create control slides, we first analysed formalin- fixed paraffin-embedded samples of normal breast (MCF-10A) and breast cancer (MCF-7 and MDA-MB-231) cell lines using IHC assay. Jurkat cells were included as a positive control for STAG3 overexpression. Consistent with the immunoblotting results, Jurkat, MCF-7 and MDA-MB-231 cells gave positive signals when exposed to the anti-STAG3 antibodies (both Abcam and Sigma). However, the staining pattern was different for the two antibodies. The Sigma antibody revealed strong nuclear and cytoplasmic staining in cancer cells, whereas the staining was stronger in the nucleus and moderate in the cytoplasm of cancer cells when using Abcam anti-STAG3 antibody (especially clear in MCF-7; Figure 3.9). 
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Figure 3.8 A preliminary experiment on Jurkat cell slides to choose the proper anti-STAG3 antibody dilution to be used in the IHC assay.
Formalin-fixed paraffin-embedded slides of Jurkat cells were used for optimisation of the IHC assay. Serial dilutions of Sigma and Abcam anti-STAG3 antibodies were used including: 1:100, 1:200, 1:400 and 1:600 to show putative STAG3 protein signal. Negative control was included, where anti-STAG3 antibody was omitted. The figures were captured using Aperio ImageScope to scan the whole slide.  
[image: ][image: ][image: ][image: ]50µm

50µm

50µm

50µm

50µm

50µm

50µm

50µm

Sigma anti-STAG3
1:400
1: 400
Abcam anti-STAG3
1:100
1: 100
Jurkat
MDA-231
MCF-7
MCF-10A

[image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]50µm

50µm

50µm

50µm

Abcam anti-STAG3
1: 200

Figure 3.9 STAG3 protein is increased in cancer cells compared to the normal cell line using IHC.
IHC assay was used to investigate the putative STAG3 protein expression in formalin-fixed paraffin-embedded slides of cancer and normal cell lines. The arrows indicate example cell with nuclear staining. The figures were captured using Aperio ImageScope to scan the whole slide.  





3.2.3.3.3. STAG3 protein levels in breast tumours relative to the normal using IHC.
34 formalin-fixed paraffin-embedded breast tumour slides obtained from the Medical School, Oncology Dept., the University of Sheffield, were used for IHC staining. Sigma anti-STAG3 antibody was used in 1:400 dilution to investigate putative STAG3 protein in those cancerous breast tissue sections (Figure 3.10).  
For further investigation of STAG3 protein signal in breast tumours, the expression was screened in two breast carcinoma tissue microarrays, each containing 6 cases (in 24 cores, quadruple cores per case) of breast invasive ductal carcinoma with matched cancer adjacent breast tissue as a control, (US Biomax, Cat. No. BR243o and BR243r). In both tissue microarrays, malignant adrenal gland was included as a tissue marker. Tumours were scored using semi-quantitative scoring using AllRed score (Figure 3.11). 

3.2.3.4.    STAG3 cDNA and the protein levels are abundant in various cancer cell lines. 
STAG3 expression was further studied by investigating cDNA and protein levels in various cancer and transformed cell lines in addition to breast cancer cell types. Using Sigma anti-STAG3 antibody, the putative STAG3 protein of nearly less than 180 kDa was strongly produced by most of cancer cell lines when compared with MCF10A (Figure 3.12). At the mRNA level, STAG3 showed variable results (Figure 3.13); it gave significant cDNA levels more than 10-fold in some cell lines such as SK-N-SH and HEK293. Jurkat, HeLa, IMR-32 and MDA-MB-468 revealed around 5-fold cDNA levels than the normal. The A375, U2OS and MCF-7 cell lines showed about 2-fold increase of STAG3 cDNA. Concerning PC3, HCT-116, T-47D, MDA-231, UWB1.289+BRCA1 and that without BRCA1, their STAG3 cDNA levels were either similar or less than that of the normal cell line (Figure 3.13). 
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Figure 3.10 STAG3 protein staining in breast tumours using IHC assay.
STAG3 protein staining was investigated in formalin-fixed paraffin-embedded samples of breast tumours using IHC assay. A dilution of 1: 400 Sigma anti-STAG3 antibody was used to demonstrate the putative STAG3 protein signal. The figures were captured using Aperio ImageScope to scan the whole slide.
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Figure 3.11 STAG3 protein levels in breast carcinoma tissue microarray using IHC assay.
Immunohistochemistry assay was used to demonstrate STAG3 protein signal in tissue microarray of breast invasive ductal carcinoma with matched cancer adjacent breast tissue (Cat. No. BR243o and BR243r). A dilution of 1: 400 Sigma anti-STAG3 antibody was used to show the putative STAG3 protein signal. The figures were captured using Aperio ImageScope to scan the whole slide. To be continued on the next page. 
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Figure 3.11 STAG3 protein levels in breast carcinoma tissue microarray using IHC assay (continued).
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Figure 3.12 STAG3 protein level in different cancer cell lines compared to Jurkat and normal breast cell lines.
Lysates from different cancer and transformed cell lines (HeLa, HCT116, PC-3, IMR-32, SK-N-SH, A375, U2OS, UWB1.289 with or without BRCA1 and HEK-293), in addition to Jurkat and MCF-10A as positive and negative controls, respectively were run on SDS-PAGE gel. Western blot analysis was conducted using Sigma anti-STAG3 antibody and anti-β-Tubulin antibody for loading control. Data shown are representative of at least three experiments. 
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Figure 3.13 STAG3 cDNA levels in different cancer cell lines compared to normal breast and Jurkat cell lines.
Cell pellets from cancer and transformed cell lines (HeLa, HCT116, PC-3, IMR-32, SK-N-SH, A375, U2OS, UWB1.289 with or without BRCA1 and HEK-293), in addition to Jurkat and MCF-10A as positive and negative controls, respectively were lysed for RNA extraction. The cDNA was prepared and subjected to RT-qPCR for STAG3, in each case normalised for 18S. All RT-qPCR reactions were performed in triplicate. The cDNA level is shown relative to the level of the same gene in MCF-10A (fold change). Data shown represent mean ± SD of two samples for each cell line. Statistical significance was analysed by Mann-Whitney U test, which is represented by **P< 0.01, ***P<0.001 and NS, for not significant. 





3.3.   Discussion  
Cancer Testis (CT) Antigens have a significant potential to be important as biomarkers or targets for therapy in cancer treatment (Sammut et al., 2014; Scanlan et al., 2002). Some cancer testis genes (termed CTAs) can be expressed in no more than two non-germ line normal tissues (Simpson et al., 2005). However, some CTAs have been reported to express at mRNA level in somatic tissues such as liver, spleen and pancreas (Caballero and Chen, 2009; Scanlan et al., 2004). In addition to thymus, lung, kidney, prostate and brain tissues were also found to express CTA transcripts (Scanlan et al., 2004). Those mRNA levels of CTAs in somatic tissues are <1% of their expression in testis (or germ line cells) according to real-time quantitative polymerase chain reaction (RT-qPCR) data (Caballero and Chen, 2009). Since CTA expression levels in non-gametogenic tissues are extraordinarily low, they are not likely to cause immunologically appropriate levels of major histocompatibility complex/cancer-testis (MHC/CT) peptide complexes (Scanlan et al., 2004). The expression of STAG3 and REC8 genes has been suggested to be not exclusively meiosis-specific as they showed some expression in mouse non-meiotic somatic tissue using RT-qPCR (Feichtinger et al., 2012).
We used RT-qPCR to quantify cDNA of STAG genes in different cancer cell lines. We found increased levels of STAG3 relative to normal in some breast cancer cell lines. This implies either increased expression of STAG3 or increased mRNA stability in the cancer cells. Interestingly, similar results were also obtained for STAG1 and STAG2, which are not CTAs. Thus, the sister chromatid cohesion pathway using the STAG gene products may be challenged in general in these cells where overexpression was implied. 
These findings for STAG3 with RT-qPCR were backed up by an analysis of protein levels. We found that putative STAG3 protein was more abundant in all the breast cancer cells, with no putative STAG3 protein detected from extracts of normal human breast tissue. This suggests that the results from cDNA do represent changes in protein levels in the cell.
Importantly, using cDNAs from tumour samples STAG3 showed a tendency for increasing expression from stage I through stage IV of cancer. This suggests that there might be increased expression as the tumour develops. High expression of CTAs in tumours has been related with poorer outcomes, proposing that their reactivation may augment chemo-resistance and aggressiveness (Cappell et al., 2012).
It is noteworthy that the breast cancer cell lines were different in their expression for the studied genes relative to normal breast tissues. MCF-7 cells showed higher expression of STAG genes amplified by most of the primers. In contrast, T-47D expression, at mRNA level, was lower than the other types of cancer cell lines despite the fact that both MCF-7 and T-47D cell lines have some common characteristics; both are luminal A (oestrogen receptor, ER, positive, progesterone receptor, PgR, positive and human epidermal growth factor receptor 2, HER2/ ERBB2, negative) (Holliday and Speirs, 2011; Kao et al., 2009). A difference between MCF-7 and T-47D is that the tumour type of the former is metastatic adenocarcinoma, while the latter is invasive ductal carcinoma (Kao et al., 2009). Thus the proposed increased expression of STAG3 in breast cancers may not be a general phenomenon but specific to certain pathologies. It would be useful to obtain tissue samples from different breast tumour types to check this idea.
STAG3 is located on chromosome 7 and various studies implicate this chromosome (along with others) as being important in disease. For example, MCF-7 and T-47D cells exhibit numerical chromosomal alterations in all chromosomes (Rondon-Lagos et al., 2014); and within the same cell line the frequency of each chromosome alteration was found to be changeable and identified different clusters (Rondon-Lagos et al., 2014). More specifically, chromosome 7 was found to be frequently numerically and structurally affected in breast cancer tissues, where structural aberrations include translocations, deletions and duplications (Rondon-Lagos et al., 2014). These results might partly explain the reasons of differences seen in STAG3 protein level in these breast cancer cells (Aka and Lin, 2012). 
Concerning MDA-MB-468 and MDA-MB-231; in our finding their expression levels for STAG genes were higher than normal breast tissue. Both of the above breast cancer cells share mutual characteristics of being triple negative (i.e. ER, PgR and ERBB2/HER2 negative), and their tumour type is metastatic adenocarcinoma (Kao et al., 2009). The difference reported in the literature is that MDA-MB-468 being basal subtype with high Ki67, whereas MDA-MB-231 is Claudin-low subtype with low Ki67 (Holliday and Speirs, 2011). In our study, it appears that MDA-468 cells are highly expressed for all STAG genes especially STAG3 at the mRNA levels relative to the other breast cancer cell lines. An increased proportion of cells had polysomy 7 was found in ER-negative groups, e.g. MDA-468 cells, suggesting that polysomy 7 is correlated with the biological malignancy of the tumour cells (Hirata et al., 1998).
With respect to primary breast tumours, a significant increase of STAG1, STAG2 and STAG3 mRNA was implied in the tumour cDNAs when compared with their normal cells. In contrast, Croucher (2012) reported under-expression of STAG1 in breast tumours. Croucher’s findings are consistent with those of Bieche et al (2011) who found STAG1 gene significantly down-regulated in invasive breast tumours. Regarding STAG2, they found no statistically significant difference in mRNA expression between normal and invasive breast tumours (Bieche et al., 2011). Interestingly, a wide range of human tumours harbours inactivating mutations or deletions of STAG2 (Solomon et al., 2011). Similarly, STAG2 was found to be frequently mutated or lost in urothelial bladder cancer, mainly in low stage or grade tumours indicating its role as a tumour suppressor gene that acts through mechanisms different from its role in cohesion to prevent aneuploidy (Balbas-Martinez et al., 2013). Additionally, loss of STAG2 expression was shown to be associated with less or non-aggressive urothelial bladder tumours that are stable genomically (Balbas-Martinez et al., 2013). Thus, our analysis of expression levels is an incomplete picture, and it would be best to know the sequence of the STAG2 e.g. is it mutated? 
Upon studying STAG3 cDNA level in diverse cancer cells in addition to breast cancer cell types the level of STAG3 cDNA was abundant in many cancer cell lines and consistent with STAG3 protein level, but in other cancer cell lines inconsistency was found between STAG3 mRNA and protein levels (see Figures 3.12; 3.13). The same discrepancy was reported in MOS gene, which is the principal meiotic regulator, for some cancer cells (Kalejs et al., 2006). In that study, increased MOS protein was found to be a post-translational event as MOS gene transcription remained stable after irradiation (Kalejs et al., 2006). In our case, the discrepancy may be because STAG3 protein elevation was also a post-translational event and its transcription stayed constant in cancer cells and similar to the normal. Furthermore, high protein levels could result from either increased protein stability, decreased proteasome-mediated degradation (Sagata, 1997) or increased translation from the mRNA. 
Using IHC assay, putative STAG3 protein production was analysed in formalin-fixed paraffin- embedded samples of some cancer cell lines along with MCF-10A as a negative control. Two anti-STAG3 antibodies were used to confirm the results of IHC, although Sigma-Aldrich antibody gave strong signals even with higher dilution unlike Abcam antibody, but still the difference between cancer and normal cells obvious (Figure 3.8). STAG3 protein staining was stronger in cancer cells studied meaning Jurkat, MCF-7 and MDA-231 cells, in comparison with MCF-10A. 
To further investigate the possibility of using STAG3 as a breast cancer biomarker, breast tumours, formalin-fixed and paraffin-embedded tissue sections, were tested with Sigma anti-STAG3 antibody by IHC assay. We have stained a small number of breast tumours and normals. It appears that staining is higher in the breast cancer cells, but larger numbers of samples are needed for statistical significance.
It is known that CTA expression is different in various tumour types and is associated with higher grade and advanced stage tumour such as in melanoma, prostate cancer or hepatocellular carcinoma (Bode et al., 2014). Therefore, our data suggest that STAG3 might be a suitable genuine biomarker for tumour progression in breast cancer.A

Lastly, we suggest studying STAG1 and STAG2 protein expression as that would be helpful to verify the RT-qPCR findings. 










CHAPTER 4








Chapter 4: Analysis of STAG3 Biological Characteristics including: determination in which cell cycle phase it is expressed, its phosphorylation status and function in breast cancer cells 
4.1.   Introduction
To investigate the possible role of STAG3 as a novel breast cancer biomarker, in chapter 3 its expression level was compared in normal and cancer cells by measuring cDNA and protein levels. It was demonstrated that STAG3 cDNA is more abundant not only in breast cancer cell lines and primary breast tumours, but also in various other cancer cell types. This is consistent with the idea that STAG3 gene expression is increased in cancer. Similarly, the putative STAG3 protein was increased in primary breast tumours and all the studied cancer cells in comparison with the normal breast tissue or the normal breast cell line, MCF-10A. 
In this chapter, many aspects of STAG3 gene expression and protein were investigated, experiments included: determination in which cell cycle phase it is expressed using MCF-7 cells in synchronisation experiments, analysis of whether STAG3 is phosphorylated or not using whole cell lysates of MCF-7 cells, compared with MCF-10A cells and study STAG3 phosphorylation status in G2/M phase arrested MCF-7 cells. The phosphorylation status of STAG3 was examined as this could indicate functionality. This was suggested because phosphorylation of the STAG1 and STAG2 subunits (SA1 and SA2) participates in the release of cohesin from chromosome arms in mitosis (Hauf et al., 2005). In meiosis, STAG3 was demonstrated to associate with different kleisin subunits (RAD21, RAD21L and REC8) and the fraction of STAG3 associating with RAD21L was phosphorylated (Lee and Hirano, 2011).
Also in this chapter, STAG3 expression was reduced in MCF-7 cells using siRNA-mediated depletion of STAG3 to discover if depletion caused a significant phenotype specific to cancer cells. 






4.2.       Results
4.2.1.   Synchronisation experiments to determine in which cell cycle phase STAG3 protein is expressing.
4.2.1.1. Synchronisation using nocodazole to check the STAG3 protein level in G2/M-phase.
In order to discover if STAG3 is expressing in mitotic cancer cells, particularly in G2/M phase of the cell cycle, nocodazole was used to arrest MCF-7 cells compared to MCF-7 cells without treatment as a control. Cell pellets collected from cultures with or without nocodazole were used to analyse the proportion of cells at different stage of the cell cycle by flow cytometry, or for Western blot analysis. Cells were successfully arrested at G2/M phase (61.6%) in comparison with non-treated cells (25.1%; Figures 4.1a, b). No difference in the amount of putative STAG3 protein between treated and control cells, was seen by Western blot (Figure 4.1 c).
Subsequently, we checked the expression of STAG3 in different phases of the cell cycle. MCF-7 cells were arrested with nocodazole and released for 3 h, 6 h or 9 h (see section 2.2.1.8 for details), and cells were sampled for flow cytometry and Western blot analysis. 
MCF-7 cells accumulated at G2/M-phase of the cell cycle (69.3%) compared to non-treated cells that showed the normal cell cycle (Figure 4.2). Releasing the cells for 3 h caused roughly half of the cells (45.5%) to enter G2/M-phase and the other half appeared to be in G1 and S-phases (43.6% and 9.2%, respectively). The cells returned to normal cell cycle 6 h after release and continued so after 9 h. Immunoblotting shows that putative STAG3 protein is produced in the phases mentioned above, but we were unable to obtain sufficient cells at S-phase to determine if STAG3 is expressed. 
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Figure 4.1 MCF-7 cells arrested at G2/M produce STAG3 protein. 
MCF-7 cells were either left untreated or arrested in G2/M phase with nocodazole, and (a,b) the cells were subjected to FACSscan analysis. (c) Western blot using Abcam anti-STAG3 antibody was used to check if the putative STAG3 protein was present. 
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Figure 4.2 STAG3 is expressed throughout the indicated phases of the cell cycle after G2/M arrest and release for 3 h, 6 h and 9 h. 
MCF-7 cells were arrested at G2/M phase with nocodazole, and then released for 3 h, 6 h and 9 h as indicated, and (A) the cells were subjected to FACSscan analysis. (B) Western blot using Abcam anti-STAG3 antibody indicates the production of putative STAG3 protein at the indicated time points. 


4.2.1.2.   Synchronisation using hydroxyurea to check the STAG3 protein level in S-phase. 
To determine if STAG3 is expressing during S phase of the cell cycle, MCF-7 cells were treated with 0.5 mM hydroxyurea (HU), and other MCF-7 cells were left without treatment as a control. Cell cycle analysis by flow cytometry and Western blot analysis were performed. We found 77.5% of cells were arrested at G1 as shown in Figure 4.3 b compared to the control. Western blot shows STAG3 level in treated and non-treated cells (Figure 4.3 c).
Because we could not arrest MCF-7 cells at S-phase as mentioned above, which might be because of the low HU dose used; the MCF-7 cells were treated with 1.5 mM HU (i.e. three times the concentration used above) in parallel with non-treated cells. Our result shows that that dose caused only 25.7% cells to accumulate at S phase when compare to the cells without treatment (16.6%; the normal cell cycle) (Figures 4.4 a and b). Equal STAG3 expression was detected in control and treated cells as shown in Figure 4.4 c.
In order to show if STAG3 is expressed during S-phase, MCF-7 cells were arrested using 2 mM HU. Cell pellets were collected from cells without treatment and treated cells. Flow cytometry and Western blot analysis were performed on all cell pellets.  
FACS results reveal that 80.4% MCF-7 cells were accumulated at G1-phase of the cell cycle following 2 mM HU treatment, as compared to non-treated cells that showed the normal cell cycle. After 3 h of release, still 76.2% cells were in G1. There were 33.8% cells at S-phase 6 h post release. After 9 h of release, 29.8% cells were at S phase of the cell cycle (Figure 4.5). 
Western blot result shows that putative STAG3 protein is produced at all times tested with no obvious difference from the control or among different phases. Anti-β-Actin antibody was used to ensure equal protein loading (Figure 4.5). 
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Figure 4.3 MCF-7 cells arrested with hydroxyurea produce STAG3 protein.
MCF-7 cells were treated with 0.5 mM hydroxyurea compared with non-treated cells, and (a, b) the cells were subjected to FACSscan. (c) Western blot analysis using Sigma anti-STAG3 antibody detects putative STAG3 protein level in treated and non-treated cells. β-Tubulin was the loading control.
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Figure 4.4 MCF-7 cells treated with hydroxyurea show little S-phase cell arrest. 
MCF-7 cells were treated with 1.5 mM hydroxyurea compared with non-treated cells, and (a, b) the cells were subjected to FACSscan analysis. (c) Western blot analysis using Sigma anti-STAG3 antibody.
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Figure 4.5 STAG3 is produced throughout the indicated phases of the cell cycle after 2 mM hydroxyurea arrest and release for 3 h, 6 h and 9 h. 
MCF-7 cells were arrested using 2 mM hydroxyurea, and then released for 3 h, 6 h and 9 h, as indicated. (A) The cells were subjected to FACSscan. (B) Western blot analysis using Sigma anti-STAG3 antibody.  

4.2.1.3.   Synchronisation using thymidine to check the STAG3 protein level in S-phase.
Because hydroxyurea treatment could not arrest more MCF-7 cells at S-phase of the cell cycle, Thymidine was used to induce cell cycle arrest at S-phase. MCF-7 cells were either used as a control without treatment or treated with thymidine. Flow cytometry analysis revealed untreated cells continued to cycle as expected, and there was an accumulation of cells thymidine treated at G1 phase (72.7%, Figures 4.6 a, b). Western blot shows putative STAG3 level in both treated and non-treated cells (Figure 4.6 c).
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Figure 4.6 MCF-7 cells arrested with thymidine produce STAG3 protein. 
MCF-7 cells were treated with thymidine compared with non-treated cells, and (a, b) the cells were subjected to FACSscan analysis. (c) Western blot analysis using Sigma anti-STAG3 antibody.
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4.2.2.   Studying the phosphorylation status of STAG3 in whole cell lysate.
In order to determine whether STAG3 is phosphorylated or not in cancer cells to indicate its functionality in those cells, MCF-7 cell lysates were used and compared with the normal cell line. Whole cell lysates were made and treated with either lambda phosphatase for de-phosphorylation reaction or with phosphatase inhibitors for a comparison (as in section 2.2.4.2). Protein samples were then separated on SDS-PAGE and Western blotted to examine their migration to see if there were changes consistent with de-phosphorylation. 
Western blot analysis shows no difference in putative STAG3 protein bands mobility between treated and untreated lysates in each normal and cancer cell lines, even though, STAG3 phosphorylation status is still not clear (Figure 4.7). 

4.2.3.   Studying STAG3 phosphorylation at G2/M phase of the cell cycle
To explore the possibility that STAG3 is being phosphorylated or not in mitosis in cancer cells, MCF-7 cells were arrested at G2/M phase of the cell cycle using nocodazole, using cells without treatment as a control. Arrest was confirmed using flow cytometry (Figure 4.8 b). Lysates were treated with lambda phosphatase or phosphatase inhibitors. Western blot shows that all putative STAG3 bands were similar in treated and untreated samples and so there was no evidence for phosphorylation in MCF-7 cells (Figure 4.8 c).  
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Figure 4.7 de-phosphorylation reaction in MCF-7 and MCF-10A shows no difference in STAG3 protein mobility.
MCF-7 and MCF-10A cell lysates were treated with either phosphatase inhibitors or lambda phosphatase. Lysates of 40 and 65 µg whole protein extracts were separated on SDS-PAGE, and then analysed by Western blotting using Sigma anti-STAG3 antibody. Data shown are representative of at least four independent experiments. A- MCF-7 cells. B- MCF-10A cells.  
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Figure 4.8 de-phosphorylation reaction in MCF-7 cells arrested at G2/M phase shows no difference in STAG3 protein mobility. 
MCF-7 cells were treated with nocodazole to arrest the cells at G2/M phase, and another MCF-7 cells were kept without treatment. The cells (a, b) were subjected to FACSscan analysis. Cell lysates were made from nocodazole-treated or untreated cells. Each was treated with either phosphatase inhibitors or used for de-phosphorylation reaction. (c) Western blot analysis using Sigma anti-STAG3 antibody. Data shown are representative of at least four independent experiments.  





4.2.4.   STAG3 depletion to explore its functionality in breast cancer cells
In order to explore if STAG3 is essential or has any function in breast cancer cells, its level was depleted. For STAG3 depletion experiments, four different si-STAG3 oligonucleotides; namely si-STAG3#1, si-STAG3#2, si-STAG3#3 and si-STAG3#4, were used to deplete STAG3 in MCF-7 cells. Si-STAG3#2 showed greater reduction of STAG3 protein level than si-STAG3#1 and relative to scrambled or untreated (Figure 4.9). However, at the cDNA level, si-STAG3#1 suggested a better reduction of STAG3 mRNA than si-STAG3#2 (Figure 4.9). Therefore, both si-STAG3#1 and si-STAG3#2 were included in STAG3 depletion experiments.
We also used a Trilencer-27 si-RNA kit (Origene) containing Dicer-Substrate duplexes to deplete STAG3, which included specific sequences: si-STAG3#A and si-STAG3#C. Both si-STAG3#A and si-STAG3#C caused reduction of STAG3 at the cDNA and protein levels in MCF-7 cells (Figure 4.10), and resulted in more dead cells in transfected MCF-7 compared to scrambled control cells (Figure 4.12). 
Those STAG3 specific siRNAs were also used to decrease STAG3 level in other breast cancer cells, MDA-MB-231, compared with MCF-10A. 
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Figure 4.9 transiently transfected si-STAG3 in MCF-7 reduces STAG3 cDNA and protein levels.
MCF-7 cells were transfected with either non-specific si-RNA control (scramble), si-STAG3#1, si-STAG3#2 or si-STAG3#3 or left non-treated. Then, 48 h post transfection either protein lysates or whole RNA converted to cDNA was made from the cell pellets. A- Western blot using Abcam anti-STAG3 antibody. B- Putative STAG3 protein quantification versus β-Tubulin using imageJ software. C- cDNAs from the above cells were subjected to RT-qPCR against 18S to confirm the gene depletion at the mRNA level. 



Protein quantification
B
A
Scrambled
si-STAG3#A
si-STAG3#C

Non

180

STAG3
kDa
135

β-Tubulin
48


B

C

STAG3

                                       
β-Tubulin







Figure 4.10 transient transfection of si-STAG3 in MCF-7 reduces STAG3 cDNA and protein levels.
MCF-7 cells were transfected with either scramble, si-STAG3#A or si-STAG3#C. Then, 24 h and 48 h of transfection whole cell RNA converted to cDNA and protein lysates were made from cell pellets, respectively. A- Western blot using Sigma anti-STAG3 antibody. B- Putative STAG3 protein quantification versus β-Tubulin using imageJ software. C- cDNAs from the above cells were subjected to RT-qPCR against 18S to confirm the gene knockdown at the mRNA level. 
4.2.5.   Cell cycle analysis following STAG3 depletion 
For cell cycle characterisation, cells transfected with si-STAG3#1, si-STAG3#2 or scrambled siRNA were subjected to FACS analysis. Our data show that depletion of STAG3 using si-STAG3#1 or si-STAG3#2 resulted in an increase in the proportion of MCF-7 cells at G1 phase of the cell cycle (Figure 4.11 a). The proportion of cells in both S and G2/M phases of the cell cycle was reduced in transfected cells compared to the scrambled (Figure 4.11 a). Although that result is not significant when using si-STAG3#1 (Figure 4.11 b). The same experiment was repeated four-times, with similar results, to confirm the result. 
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Figure (4.11 a) transiently transfected si-STAG3 in MCF-7 cells causes an increase in the proportion of cells in G1 phase and fewer cells in S and G2/M phases.
MCF-7 cells were transfected with either si-STAG3#1, si-STAG3#2 or control siRNA, scramble. Flow cytometry was used to analyse cell cycle profile post STAG3 depletion. Single cells were gated, and then three gates were applied to this subpopulation (G1, S and G2). Examples of gates are shown in A, B and C. D- Western blot using Sigma anti-STAG3 antibody. E- Putative STAG3 protein quantification versus β-actin using imageJ software. To be continued on the next page.
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Figure (4.11 b) transiently transfected si-STAG3 in MCF-7 cells causes an increase in the proportion of cells in G1 phase and fewer cells in S and G2/M phases.
Quantification of the mean ± SD of the four repeats for each phase of the cell cycle and a significant difference between si-STAG3 tranasfected and scrambled control cells (Mann-Whitney U test) is shown, with NS means not significant.







4.2.6.   Effect of STAG3 depletion on the survival of breast cancer cell lines.  
Because transfection with specific si-STAG3#A or si-STAG3#C caused death of cancer cells compared to non-specific siRNA control in MCF-7 cells, MCF-10A and MDA-231 cell lines were also transfected with either of si-STAG3 in order to determine whether STAG3 expression is required or not for cancer cell survival.
Transfected cells showed different responses to the above si-STAG3 96 h post transfection. MCF-7 cells were the most sensitive to STAG3 depletion, and MTT results reveal death of the cells 96 h following STAG3 depletion with either of STAG3 siRNAs (Figure 4.12). On the contrary, despite severe reduction of STAG3 cDNA level using each of si-STAG3 in MCF-10A, high survival rates were observed in those cells. In breast cancer cells, MTT results were correspondent with STAG3 knockdown status, i.e. in MDA-231, si-STAG3#C caused greater reduction of STAG3 cDNA level than si-STAG3#A, so that more dead cells were reported in MTT with si-STAG3#C than si-STAG3#A (Figure 4.12). 
MCF-10A and MCF-7 cells were transfected with si-STAG3 for 12, 24 and 96 h to determine the exact time when STAG3 depletion occurs, and also to verify the correlation between the survival results and STAG3 mRNA level remaining in the cells. MCF-7 cells showed a decrease of STAG3 cDNA levels to approximately half the cDNA level seen using scrambled si-RNA 12 h after transfection, and the greatest depletion of STAG3 cDNA occurred 24 h post-transfection (Figure 4.13). For MCF-10A cells, some reduction of STAG3 expression was observed with si-STAG3#A, but not si-STAG3#C after 12 h of transfection, after 24 h of transfection a significant reduction of STAG3 cDNA was observed with both siRNAs (Figure 4.13). We could not verify STAG3 silencing 96 h post transfection owing to the high proportion of MCF-7 cells that died compared to MCF-10A cells (Figure 4.13). Importantly, MTT results correlated with STAG3 knockdown status in breast cancer cells (Figure 4.12). A strong positive correlation exists between STAG3 cDNA depletion and the survival fraction in MCF-7 cells (P= 0.0001, R= 0.9378, R2= 0.8794, Pearson's R Correlation test), but not in MCF-10A cells (P= 0.2698, R= 0.3466, R2= 0.1201, Pearson's R Correlation test; Figure 4.14). 
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Figure 4.12 Low survival fraction following STAG3 depletion in cancer cells compared to the normal cell line.
MCF-10A, MCF-7 and MDA-231 cells were transfected with either si-STAG3#A, si-STAG3#C or scrambled control for 96 h to determine the survival fraction following STAG3 knockdown (KD). The Above cells were transfected for 24 h to confirm STAG3 depletion by RT-qPCR, with 18S was the calibrator gene. Data shown are the mean ± SD of three independent experiments per each cell line tested. The stars represent significant difference between si-STAG3 treated and control cells, in which ** and ***** represent P< 0.01 and P< 0.00001, respectively, and NS for not significant in t-test.
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Figure 4.13 STAG3 depletion caused more dead MCF-7 cells compared to MCF-10A, and STAG3 cDNA remaining level is consistent with MTT survival assay. 
MCF-10A and MCF-7 cells were transfected with either scrambled control, si-STAG3#A or si-STAG3#C. STAG3 knockdown (KD) was confirmed at the mRNA level 12 and 24 h post transfection by analysing cDNA level using RT-qPCR. Data shown are the mean ± SD of at least three independent experiments per each cell line tested. The stars represent significant difference between si-STAG3 treated and control cells, in which **, **** and ***** represent P< 0.01, P< 0.0001 and P< 0.00001, respectively, and NS for not significant in t-test.
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Figure 4.14 Correlation between STAG3 depletion and MTT assay in normal breast and breast cancer cell lines.
Data in Figure 4.13 (especially 12 h and 24 h) were analysed for correlation between STAG3 cDNA levels remaining after its depletion and survival fraction following the same gene knockdown (KD) in MCF-7 and MCF-10A cell lines. The correlation was studied using GraphPad Prism 6 software, where Pearson's R Correlation test was applied. A: A strong statistically significant correlation exists in MCF-7 cells (P= 0.0001, R= 0.9378, R2= 0.8794). B: MCF-10A, no correlation exists (P= 0.2698, R= 0.3466, R2= 0.1201). 


4.3.   Discussion
The biological role of cancer testis antigens is still scantily understood in tumours, but there is some evidence that their gene expression might play a role in tumourigenesis (Fratta et al., 2011).
In chapter three, we have provided evidence that STAG3 cDNA and protein levels were increased in the cancer cells compared to normal raising the possibility that STAG3 might be a novel biomarker useful in at least breast cancers. In this chapter many aspects of STAG3 protein biological characteristics, and whether it is of functional importance to breast cancer cells were studied. 
It is well known that treating cells with hydroxyurea (HU) is routinely used to synchronise cells at the G1/S-phase boundary; and after releasing the cells from HU they normally re-enter S-phase promptly and synchronously (Borel et al., 2002). We used HU and thymidine block of the cell cycle to determine when STAG3 is expressed. As expected cells accumulated with a G1 quantity of DNA, which we interpret to be at the G1/S-phase boundary. We found that STAG3 was present during the arrest and there was no obvious change in the STAG3 protein levels after release from the arrest, suggesting that STAG3 is expressed at all stages of the cell cycle.  
Phosphorylation of the STAG1 and STAG2 subunits (SA1 and SA2) contributes to the release of cohesin from chromosome arms in mitosis, where STAG1 and STAG2 associate with RAD21 only (Hauf et al., 2005). In meiosis STAG3 has been found to associate with distinctive kleisin subunits (REC8, RAD21 and RAD21L), and the part of STAG3 that associates with RAD21L was phosphorylated (Lee and Hirano, 2011). So, phosphorylation status of STAG3 was examined in this chapter as this could indicate functionality. 
We used phosphatase treatment of protein lysates from MCF-7 and MCF-10A cells to check if this created band shifts that would be indicative of STAG3 phosphorylation. No difference was observed in Western blots between phosphatase treated and untreated cells in either normal or cancer asynchronous cell lines, thus no evidence of STAG3 phosphorylation was found. We repeated this test with nocodazole arrested MCF-7 cells because we wanted to determine the phosphorylation status of STAG3 in G2/M phase. Again no evidence of phosphorylation was obtained. 
Therefore, it might be better to determine if RAD21L protein is produced or not in breast cancer cells, and whether it is present and associated with STAG3 protein, the future plan will be to check the phosphorylation of that part of STAG3 associated with RAD21L.
We also explored if expression of STAG3 is important to cancer cell survival. Following 48 h of transfection, STAG3 depletion caused significant growth inhibitory effects in MCF-7 cells via induction of G1 phase arrest. Importantly, our data in four independent experiments using FACS analysis of the cell cycle reveal that STAG3 silencing using particularly si-STAG3#2 resulted in accumulation of MCF-7 cells in G1 phase of the cell cycle. Simultaneous reduction in the number of cells in S and G2/M phases of the cell cycle in the transfected cells was reported compared to the scrambled (Figure 4.11 b). From another point of view, we could argue that knockdown of STAG3 interfered with the growth of MCF-7 cells in G2/M phase, which is obvious from the low cell numbers. The cells which were able to pass to G1 phase just accumulated there, and were unable to enter S phase because of the wild-type checkpoint ChK1 presents in MCF-7 cells. Interestingly, this finding suggests that STAG3 silencing in breast cancer cells might become a promising therapeutic target for further clinical application. 
Cell cycle arrested at G1-phase generates a chance for cells to either undergo repair or enter the apoptotic pathway to maintain tissue homeostasis and to remove the mutated cells and hyper-proliferating cancerous cells from the system (Wang et al., 2012). The treatment for some types of cancer relies on the G1 phase of the cell cycle. Breast cancers, for example, have been prevented from proliferating by bringing about the tumor cells entry into G1 cell cycle arrest, preventing the cells from dividing and spreading (Wali et al., 2009). 
Another two si-RNAs from Origene specific for STAG3 were also applied in this study to transfect cells. STAG3 depletion at the mRNA and protein levels was confirmed with the new si-STAG3. Interestingly, upon STAG3 depletion in MCF-7 cells more cell death occurred following transfection with either si-STAG3#A or si-STAG3#C compared to scrambled siRNA. Transfected cells showed different responses to the above si-RNAs using the survival assay, MTT. STAG3 knockdown was verified at the mRNA level 24 h post transfection. MCF-7 cells were the most sensitive to STAG3 depletion, and the MTT results reveal death of the cells 96 h of STAG3 depletion (Figure 4.12 B). On the contrary, despite a great decrease of STAG3 cDNA level using si-STAG3#A or si-STAG3#C in MCF-10A, high survival rates were observed in those cells (Figure 4.12 A). MTT results were correspondent with STAG3 depletion status, i.e. in MDA-231; si-STAG3#C caused a greater reduction of STAG3 cDNA level than si-STAG3#A, so that more dead cells were reported in MTT with si-STAG3#C than si-STAG3#A (Figure 4.12 C). 
MCF-7 cells showed a decrease of STAG3 cDNA level to half of that available in scrambled 12 h after si-STAG3 transfection, but the best knockdown of STAG3 mRNA occurred after 24 h of transfection. In MCF-10A cells, some reduction of the STAG3 cDNA level was observed with si-STAG3#A, but not si-STAG3#C 12 h post transfection, albeit 24 h of transfection there was severe reduction of STAG3 cDNA. However, we could not verify STAG3 silencing 96 h post transfection owing to more dead cells in MCF-7 and more growing cells in MCF-10A. Importantly, the MTT results were correspondent with STAG3 depletion status, and a significant positive correlation was found between the STAG3 mRNA level remaining after its depletion and the survival fraction in MCF-7 cells compared to MCF-10A, where no correlation was observed.  




CHAPTER 5











234

Chapter 5: Regulation of STAG3 in breast cancer cells
 5.1.   Introduction
EZH2, a core subunit of the polycomb repressive complex 2 (PRC2), was suggested to be needed for the meiotic gene repression mediated by E2F6 (Leseva et al., 2013). Therefore, in this chapter, the protein level of EZH2 was examined in breast cancer cell lines to determine if its absence could account for STAG3 expression found in the previous chapter. E2F6 coding and STAG3 promoter regions were sequenced in the four breast cancer cell lines in order to search for any changes in those regions that might affect E2F6 binding to the STAG3 promoter, and hence the transcription regulation. E2F4 and E2F6 gene expression was analysed by measuring both the cDNA and protein levels in breast cancer cell types, and cDNA was also quantified in primary breast tumours as well. A positive correlation was found between STAG3 expression and E2F4 and E2F6 in cancer cells. Therefore, si-RNAs specific for E2F6 and E2F4 were used to reduce their levels separately in order to investigate if changes in their level could account for STAG3 expression. 



















5.2.      Results
5.2.1.   Investigating the protein level of EZH2 in breast cancer cell lines
The level of EZH2 protein was found to be increased in the studied breast cancer cells as well as Jurkat cells when compared with MCF10A (Figure 5.1). Therefore, it was ruled out that an absence of EZH2 was responsible for de-repression of STAG3 in breast cancer cells. In fact the opposite correlation was seen where lower STAG3 protein levels occurred in MCF-10A where low EZH2 protein levels were observed (Figure 5.1). 

5.2.2.   E2F6 Sequencing 
Sequencing of E2F6 cDNA showed that the coding region of E2F6 is intact without any deletion or mutation in the breast cancer cell lines including MCF-7, T-47D, MDA-231 and MDA-468 when compared with reference sequence of E2F6 cDNA (NCBI Reference Sequence: NM_198256.3, Appendix 3). It is therefore likely that E2F6 protein is wild type in the above breast cancer cells. 

5.2.3.   STAG3 promoter sequencing 
Sequencing of the STAG3 promoter region (1000 bp from the transcription initiation site) in the four studied breast cancer lines showed that there is a mutation in all. The mutation occurs at nucleotide -818 of the promoter (Figure 5.2, Appendix 4). The MCF-7 cell line showed heterozygosity, where both adenine (A) and cytosine (C) are in the same position and in forward and reverse strands as well (Figures 5.3). However, the other breast cancer cells including: T-47D, MDA-MB-231 and MDA-MB-468 showed A/T instead of C/G in both strands i.e. pyrimidine to purine mutation in those cancer cells (Figures 5.3). Therefore; after that change the sequence GCAAC becomes GAAAC in the forward orientation. CGTTG, the normal reverse direction was mutated to the sequence CTTTG, which is identical to an E2F binding site (Xu et al., 2007); i.e. the new mutation might induce an additional E2F binding site to STAG3 promoter in those breast cancer cells. 
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Figure 5.1 EZH2 protein level is increased in breast cancer cell lines compared to the normal.
Cell lysates were run on SDS-PAGE gel and Western blotted for EZH2 and β-Tubulin. EZH2 appeared to be present in greater quantity in the lysates of four breast cancer lines and Jurkat cells compared to MCF-10A. Data shown are representative of at least three repeats using different extracts. 
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(NCBI Reference Sequence: NC_000007.14 and Reference Sequence: NC_018918.2, Appendix 4)
Figure 5.2 Scheme showing the STAG3 promoter mutation in breast cancer cell lines compared with normal breast.
The STAG3 promoter was sequenced from gDNA extracted from breast cancer cell lines. The figure shows a mutated nucleotide at -818, adenine A instead of cytosine C (red). 
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Figure 5.3 STAG3 promoter sequence is mutated in breast cancer cell lines.
STAG3 promoter was sequenced in cell lines indicated above. The red arrows refer to the nucleotide that is mutated in forward DNA strand only in MCF-7 cells, but is mutated in forward and reverse strands in T-47D, MDA-231 and MDA-468 cells. Reference sequence is shown along with chromatograph for each cell line. Continued on the next page.
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Figure 5.3 STAG3 promoter sequence is mutated in breast cancer cell lines (continued).



5.2.4.   Abundance of E2F4, E2F6 and STAG3 mRNAs in breast cancer cell lines.
The cDNA levels of E2F4 along with E2F6 and STAG3 were quantified using RT-qPCR in breast cancer lines and Jurkat cells compared to the normal breast tissue cDNA (Figure 5.4). Different primers for the E2F6 were used to amplify unique regions of the cDNAs in order to determine the expression throughout different transcript variants and the common areas among all its six variants (Figure 2.2). Interestingly, increased levels of cDNAs were observed in all STAG3, E2F4 and E2F6 and its variants a, and b throughout the studied cancer cells compared to the normal. Conversely, FLI1 gene, amplified using two pairs of primers, showed decreased cDNA level in breast cancer cells relative to the normal. FLI1 gene was chosen as a negative control because its expression is already known to be down-regulated in the four breast cancer cell lines used in our study according to He et al. (2007). A positive correlation was found between STAG3 and E2F6 cDNA levels and between STAG3 and E2F4 (Figure 5.5). 
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Figure 5.4 E2F4, E2F6 along with STAG3 cDNA levels were increased in breast cancer cell lines and Jurkat cells relative to the normal breast tissue.-ve control
-ve control 
-ve control

cDNA prepared from cancer cell lines (MCF-7, T-47D, MDA-231, MDA-468 and Jurkat cells) and normal breast tissue was subjected to RT-qPCR for E2F4, E2F6 and STAG3. In each case expression was first normalised to 18S. The level of each cDNA is shown relative to that of the same gene in normal (fold change). E2F4, E2F6 and STAG3 cDNA levels are abundant in cancer compared to the normal. FLI1 was used as a negative control for the other genes. Error bars represent the corresponding standard deviation of the means of three repeats. 
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Figure 5.5 Positive correlation exists between E2F4/E2F6 and STAG3 cDNA levels in breast cancer cell lines.
cDNA prepared from the four breast cancer cell lines (MCF-7, T-47D, MDA-231 and MDA-468) was subjected to RT-qPCR to assess relative mRNA levels of STAG3, E2F4 and E2F6 (amplified by primer E2F6-2) normalised to 18S. Relative mRNA levels were analysed for presence of correlation using GraphPad Prism 6 software, where Pearson's R Correlation Test was applied. A: a positive statistically significant correlation (P= 0.004, R = 0.6141, R2 = 0.3771) exists between STAG3 and E2F4. B: a positive correlation between E2F6 and STAG3 (P= 0.0001, R = 0.7375, R2 = 0.5439) is found in the breast cancer cell types.















5.2.5.   Western blotting analysis of E2F6, E2F4 and STAG3 proteins
E2F4 and E2F6 along with STAG3 genes were studied at the protein level in four breast cancer cell lines compared to their level in MCF10A. E2F4 protein with a band of ~63 kDa was produced by all the studied cancer cells including the positive control, Jurkat cells as well as MCF10A. A band of ~37 kDa representing E2F6 protein was more intense implying greater gene expression or increase protein stability in all the cancer cells as compared to the normal cell line. As in Chapter 3 for STAG3 protein, two antibodies were applied to detect its signal on Western blot. While, Abcam anti-STAG3 antibody detected a band of ~135 kDa, Sigma anti-STAG3 antibody recognised many bands and the one predicted to be STAG3 is of ~160 or 170 kDa, which was abundant in cancer than normal cells (Figure 5.6).

5.2.6.   Studying the presence of E2F6 protein using immunohistochemistry (IHC) in normal and cancerous breast cell lines.
To examine the protein level of E2F6 with an independent method, IHC was also used in the cancer and normal cell lines. Formalin-fixed, paraffin-embedded samples of MCF-7, MDA-231, MCF-10A and Jurkat cells were analysed by IHC assay. Different dilutions of E2F6 monoclonal antibody were tested including: 1/50, 1/100 and 1/200. Because both 1/100 and 1/200 dilutions showed poor E2F6 signal (data not shown), a dilution of 1/50 was used to look for presence of E2F6 protein. Consistent with Western blot results of E2F6, IHC showed increased E2F6 signal in Jurkat, MDA-231 and MCF-7 cells in comparison with the normal cell line (Figure 5.7).  
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Figure 5.6 E2F4, E2F6 and STAG3 protein levels in breast cancer cell lines compared to MCF-10A and Jurkat cells.
Lysates from breast cancer cell lines (MCF-7, T-47D, MDA-231 and MDA-468), Jurkat cells and normal breast cells (MCF-10A) were run on SDS-PAGE gel and Western blotted with antibodies against STAG3, E2F4, E2F6 and β-Tubulin. E2F4, the middle band of ~63 kDa, is produced by all the studied cancer cell lines as well as the normal cell line. Importantly, the band representing E2F6 protein of ~37 kDa was stronger in cancer cells when compared with MCF-10A, implying more E2F6 protein is present in these cells. The above left and right figures represent low and over exposure of the same blot, respectively. The lower left and right blue graphs represent E2F4 protein quantification relative to β-Actin and β-Tubulin, respectively. Data shown are representative of at least four experiments.
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Figure 5.7 Anti-E2F6 antibody produces an increased signal in cancer cells compared to the normal cells in IHC.
Formalin-fixed, paraffin-embedded cancer cell lines (MCF-7, MDA-231 and Jurkat cells) along with MCF-10A were tested with anti-E2F6 antibody (dilution 1:50) using immunohistochemistry assay. The arrows indicate nuclear staining. The figures were captured using Aperio ImageScope to scan the whole slide.  







5.2.7.   E2F4 and E2F6 cDNA levels in primary breast tumours measured by RT-qPCR. C

43 cDNAs of breast tumour, representing four different stages of breast cancer, with 5 normal breast cDNAs obtained from Origene Technologies (TissueScan Breast Tissue qPCR Array, Cat. No. BCRT502, Appendix 2) were used to analyse the mRNA levels of the transcription factors, E2F4 and E2F6 (Figure 5.8). E2F4 showed statistically significant increase in cDNA levels (P= 0.0003; using Mann-Whitney U test) in all the tumour samples compared to the normal, and its level increased gradually from stage I through stage IV. 
When E2F6 was amplified using primers common to all forms of E2F6, high levels of cDNA (P= 0.001; Mann-Whitney U test) were noticed in the tumour samples relative to the normal. The E2F6-a cDNA was high (P= 0.0003; Mann-Whitney U test) in the tumour samples as compared to the normal. Again all stages of cancer showed increased expression of E2F6-a cDNA compared to stage 0. However, variant b of E2F6 cDNA was significantly under represented (P = 0.0005; Mann-Whitney U test) in all the tumour samples relative to the normal (Figure 5.8). 
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Figure 5.8 cDNA levels of E2F4 and E2F6 show statistically significant differences between normal and breast tumour samples.
48 Breast cDNAs obtained from Origene were used in RT-qPCR to investigate the fold-change in cDNA levels of E2F4 and E2F6. The results were normalised to β-Actin and are shown relative to normal breast cDNA. The samples included 5 normal (stage 0) and 43 tumour cDNAs (stages I-IV). Each point represents the mean of two technical repeats. The red lines refer to the median value. The upper three figures indicate the fold-change in E2F cDNA levels of all samples regardless of the cancer stage. The decimal numbers are the P values for the significant difference between the normal and tumour samples, which were measured by using Mann-Whitney U test. 
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Figure 5.9 Positive correlation exists between STAG3 and E2F4/ E2F6 in breast tumours.
Correlation was studied between E2F4/ E2F6 cDNAs in tumour samples shown in Figure 5.8 with the same panel of tumour samples tested with STAG3 in Figure 3.5. Relative quantities of cDNA were analysed for presence of correlation using GraphPad Prism 6 software, where Pearson's R Correlation Test was applied. A: a statistically significant positive correlation (P= 0.0001, R = 0.7362, R2 = 0.5419) exists between STAG3 and E2F4 cDNAs in breast tumours. B: STAG3 and E2F6 cDNAs show positive correlation with each other (P= 0.0211, R = 0.3636, R2 = 0.1322). C: a positive correlation (P= 0.0055, R = 0.4211, R2 = 0.1773) presents between E2F6-a and STAG3 in tumour cDNAs.








5.2.8.      Effect of E2F6 and E2F4 depletion on STAG3 cDNA and protein levels*
***
**
*
*

**

5.2.8.1.   Effect of E2F6 depletion on STAG3 cDNA and protein levels
Depletion of E2F6 using small interference RNA (si-RNA) was optimised for each cell line. Cell pellets were collected 24 and 48 h after siRNA transfection from the cell lines plated on 6-well plates. E2F6 mRNA depletion was confirmed 24 h post transfection using RT-qPCR (Figures 5.10A, 11A, 12A and 13A). E2F6 protein depletion was confirmed 48 h post transfection using Western blotting (Figures 5.10, 11, 12, 13, 14 and 15). In addition, cDNA and protein levels of STAG3 and E2F4 were determined in the same samples as above.
The three siRNAs targeting E2F6 at different regions of the gene (Figure 2.2) gave different results in the normal and cancer cell lines. Moreover, the breast cancer cells showed different responses to the E2F6 gene silencing among each other at both cDNA and protein levels. RT-qPCR findings were inconsistent with those of Western blot, possibly as RNA was extracted 24 h post transfection whereas protein extraction was done 48 h after transfection. However, E2F6 depletion was verified at the cDNA and protein levels in breast cancer and normal breast cell lines.
Use of si-E2F6#2 had a greater effect on reducing E2F6 protein in MCF-7 cells (Figure 5.10), si-E2F6#2 and si-E2F6#3 had a greater effect on both cDNA and protein levels in T-47D cells (Figure 5.11). Concerning MDA-MB-231 cells, E2F6 protein depletion was more effective by si-E2F6#2 (Figure 5.12). 
With respect to the control cells, HEK293 and HeLa, both si-E2F6#2 and si-E2F6#3 caused more reduction in E2F6 protein in comparison with si-E2F6#1 (Figures 5.13 and 5.14). In MCF-10A cells, E2F6 cDNA and protein levels were decreased by each of si-E2F6 oligonucleotides (Figure 5.15).
Generally, our data did not detect a correlation between E2F6 depletion and STAG3 cDNA or protein levels. As mentioned above si-E2F6#2 was more effective in reducing E2F6 protein level in MCF-7. However, putative STAG3 protein was increased when detected using Abcam anti-STAG3 antibody, but it was decreased when using Sigma anti-STAG3 antibody (Figure 5.10). Another example that confirms lack of correlation between STAG3 and E2F6 protein depletion was noticed in MDA-231 cells where efficient depletion of E2F6 protein using si-E2F6#2 did not affect the amount of detectable putative STAG3 protein using either Abcam or Sigma anti-STAG3 antibody, whereas the apparent amount of putative STAG3 protein was reduced when detected with the Abcam anti-STAG3 antibody when E2F6 protein decreased by si-E2F6#3 (Figure 5.12).  
Our findings show that there could be a positive correlation between E2F4 and E2F6 protein levels in some normal and cancer cell lines. For instance, in MCF-10A, HEK293 and HeLa cells efficient depletion of E2F6 protein using si-E2F6#2 and si-E2F6#3 correlated with the absence of detectable E2F4 protein (Figures 5.13, 5.14 and 5.15, respectively). Similarly, in MDA-231 cells where si-E2F6#2 was effective in decreasing E2F6 protein level this is associated with lack of detectable E2F4 protein (Figure 5.12). In contrast, depletion of E2F6 protein using si-E2F6#2 or si-E2F6#3 had no effect on E2F4 protein in T-47D cells (Figure 5.11). 
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Figure 5.10 E2F6 depletion in MCF-7 cells and its correlation with STAG3 and E2F4 cDNA and protein levels.
MCF-7 cells were transfected with three different siRNAs against E2F6 (si#1-3), and the cell pellets were collected after 24 h and 48 h of transfection for mRNA and protein analysis, respectively. A- RT-qPCR confirmed E2F6 mRNA depletion after 24 h of transfection, E2F4 as well as STAG3 cDNA levels were also investigated. B- Western blot confirmed E2F6 depletion after 48 h compared to scrambled. E2F4 cDNA and protein levels were checked to determine whether they are affected or not at the same time as E2F6 depletion. Putative STAG3 protein level was determined with Abcam and Sigma anti-STAG3 antibodies. C- Protein quantification normalised to β-Actin.
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Figure 5.11 E2F6 depletion in T-47D cells and its correlation with STAG3 and E2F4 cDNA and protein levels.
T-47D cells were transfected with three different siRNAs against E2F6 (si#1-3), and the cell pellets were collected 24 h and 48 h post transfection for mRNA and protein analysis, respectively. A- RT-qPCR confirmed E2F6 mRNA depletion after 24 h of transfection, E2F4 as well as STAG3 cDNA levels were also investigated. B- Western blot confirmed E2F6 depletion after 48 h compared to scrambled. E2F4 cDNA and protein levels were checked to determine whether they are affected or not at the same time as E2F6 depletion. Putative STAG3 protein level was determined with Abcam and Sigma anti-STAG3 antibodies. C- Protein quantification normalised to β-Actin.
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Figure 5.12  E2F6 depletion in MDA-231 cells and its correlation with STAG3 and E2F4 cDNA and protein levels.
MDA-231 cells were transfected with three different siRNAs against E2F6 (si#1-3), and the cell pellets were collected 24 h and 48 h post transfection for mRNA and protein analysis, respectively. A- RT-qPCR confirmed E2F6 mRNA depletion after 24 h of transfection, E2F4 as well as STAG3 cDNA levels were also investigated. B- Western blot confirmed E2F6 depletion after 48 h compared to scrambled. E2F4 cDNA and protein levels were checked to determine whether they are affected or not at the same time as E2F6 depletion. Putative STAG3 protein level was determined with Abcam and Sigma anti-STAG3 antibodies. C- Protein quantification normalised to β-Actin.
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Figure 5.13  E2F6 depletion in MCF-10A cells and its correlation with STAG3 and E2F4 cDNA and protein levels.
MCF-10A cells were transfected with three different siRNAs against E2F6 (si#1-3), and the cell pellets were collected 24 h and 48 h post transfection for mRNA and protein analysis, respectively. A- RT-qPCR confirmed E2F6 mRNA depletion after 24 h of transfection, E2F4 as well as STAG3 cDNA levels were also investigated. B- Western blot confirmed E2F6 depletion after 48 h compared to scrambled. E2F4 cDNA and protein levels were checked to determine whether they are affected or not at the same time as E2F6 depletion. Putative STAG3 protein level was determined with Sigma anti-STAG3 antibody. C- Protein quantification normalised to β-Actin.
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Figure 5.14  E2F6 depletion in HEK293 cells and its correlation with STAG3 and E2F4 protein levels.A
A

HEK293 cells were transfected with three different siRNAs against E2F6 (si#1-3), and the cell pellets were collected 48 h post transfection for protein analysis. A- Western blot confirmed E2F6 depletion after 48 h compared to scrambled. E2F4 protein level was checked to determine whether it is affected or not at the same time as E2F6 depletion. Putative STAG3 protein level was determined with Abcam and Sigma anti-STAG3 antibodies. C- Protein quantification normalised to β-Tubulin.
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Figure 5.15  E2F6 depletion in HeLa cells and its correlation with STAG3 and E2F4 protein levels.
HeLa cells were transfected with three different siRNAs against E2F6 (si#1-3), and the cell pellets were collected 48 h post transfection for protein analysis. A- Western blot confirmed E2F6 depletion after 48 h compared to scrambled. E2F4 protein level was checked to determine whether it is affected or not at the same time as E2F6 depletion. Putative STAG3 protein level was determined with Abcam and Sigma anti-STAG3 antibodies. C- Protein quantification normalised to β-Tubulin.

                              





5.2.8.2.   Effect of E2F4 depletion on STAG3 protein level     
E2F4 knockdown was studied using si-E2F4#1 and si-E2F4#2 and optimised for MCF-7. Cell pellets were collected 48 h after siRNA transfection from the cells plated on 6-well plates. E2F4 protein depletion was confirmed 48 h post transfection using Western blotting. In addition, protein levels of STAG3 and E2F6 were determined in the same samples by Western blotting.
The two siRNAs specific for E2F4 showed efficient decrease for the middle band of ~63 kDa. The putative STAG3 protein level did not change upon E2F4 depletion when using Sigma anti-STAG3 antibody (Figure 5.16). However, putative STAG3 protein showed different response to E2F4 RNA interference when blotting with Abcam anti-STAG3 antibody. While putative STAG3 protein appeared more abundant in cells treated with si-E2F4#2, less protein was detected in cells transfected with si-E2F4#1 compared to scrambled (Figure 5.16). 

5.2.9.      Studying E2F4/E2F6 phosphorylation 
Because there were three bands upon checking E2F4 protein levels using monoclonal anti-E2F4 antibody, we considered the protein might be phosphorylated. Additionally, we wanted to determine the phosphorylation status of E2F6 in the same lysates used for estimating E2F4 phosphorylation. To do this, protein lysates of MCF-7 cells without phosphatase inhibitors were treated with phosphatase enzyme in order to look for a change in their band pattern (as in section 2.2.4.2). MCF-7 lysates extracted as usual with phosphatase inhibitors were used for a comparison. 
Upon treatment with phosphatase enzyme the middle band detected by the anti-E2F4 antibody appeared to migrate further on the gel, suggesting that this band represents a phosphorylated form of the protein (Figure 5.17). 
Similar experiments were undertaken for the E2F6 protein (lower panel, Figure 5.17). The E2F6 banding pattern remained the same whether phosphatase enzyme is present or not, suggesting that it is not phosphorylated in the cell lysates tested.  
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Figure 5.16  E2F4 depletion in MCF-7 cells and its correlation with STAG3 and E2F6 protein levels.
MCF-7 cells were transfected with two different siRNAs against E2F4 (si#1 & si#2), and the cell pellets were collected 48 h post transfection for protein analysis. Lysates from MCF-7 were run on SDS-PAGE gel and Western blotted for E2F6, E2F4, STAG3 and β-Actin. Western blot confirmed E2F4 depletion compared to scrambled. E2F6 protein was checked to determine whether it is affected or not at the same time as E2F4 depletion. Putative STAG3 protein level was determined with Abcam and Sigma anti-STAG3 antibodies. Data shown are representative of three experiments.  







Phosphatase
Phosphatase
Scramble
Si-E2F4#2
Scramble
Si-E2F4#2

E2F4
E2F4
kDa
75
75
63
63
30 m
+
1 h
+
-
1 h
+
30 m
+
1 h
-
30 m
-
-
1 h
-
30 m
-
1 h
-
30 m
+
1 h
+
-
Phosphatase

Over exposure
35
35
48
48
Low exposure
β-Actin
β-Actin
E2F6
E2F6
75
75

63
E2F4
63

kDa
35
E2F6
35
Low exposure

Figure 5.17 De-phosphorylation reaction in MCF-7 cell lysates shows that E2F4 but not E2F6 is phosphorylated.β-Actin
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Cell lysates from MCF-7 cells grown to ~80% confluence were treated with phosphatase inhibitors, lambda phosphatase or without phosphatase. Those treatments were compared with scrambled si-RNA and si-E2F4#2 in order to determine the exact E2F4 protein band by Western blotting. The E2F4 middle protein band appears to be phosphorylated as it shifts on the gel when treated with phosphatase. Data shown are representative of three experiments.  








5.2.10.    Effect of E2F6 depletion on normal breast and breast cancer cell lines
An MTT assay was used to determine the survival fraction of cells treated with si-E2F6 compared to the negative control with scrambled siRNA. All breast cancer cells were affected by E2F6 knockdown but to different degrees relative to the scrambled. While MCF-7 cells were the most sensitive to E2F6 depletion, T-47D cells were the least affected by the three different si-RNAs (Figure 5.18). 
Concerning HEK-293 and HeLa cell lines, their growth was also reduced by all three E2F6 siRNAs. In response to E2F6 depletion, MCF-10A cells showed a higher survival rate than the other cell lines (Figure 5.18). 
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Figure 5.18 Reduced survival rates of the cancer cell lines using the three si-RNAs specific for E2F6 compared to the scrambled si-RNA and the normal breast cell line.
The MCF-10A, MCF-7, T-47D, MDA-231, HEK293 and HeLa cell lines were transfected in 96 well plates with scrambled si-RNA and one of three specific si-E2F6. After 96 h, Thiazolyl Blue Tetrazolium Bromide (MTT) was added to the cells for 3 h to stain the growing cells. The cell density is directly correlated with the resulting optical density of MTT stain. The data shown are means of six technical repeats per experiment of at least three independent experiments; with the error bars represent the corresponding standard deviation. In each case survival was calculated relative to growth in scrambled control. The stars represent significant difference between si-E2F6 treated and control cells, in which ** and ***** represent P= 0.01 and P= 0.00001, respectively in t-test. 
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Figure 5.19 Confirmation of E2F6 depletion in the cell lines tested for MTT survival assay.
The MCF-10A, MCF-7, T-47D, MDA-231, HEK293 and HeLa cell lines were transfected in 6-well plates with scrambled si-RNA and three specific si-E2F6, separately. After 48 h of transfection, cell pellets were collected for protein analysis. Western blot confirmed E2F6 depletion after 48 h compared to scrambled. STAG3 protein level was determined with Abcam and Sigma anti-STAG3 antibodies. β-Actin was the loading control to verify the equal protein loading. Blue graphs represent protein quantification of the remaining amounts of E2F6 following its depletion normalised to β-Actin.



5.2.11.      Cell cycle profile following E2F4 and E2F6 depletion
5.2.11.1.   E2F4 reduction has no effect on the cell cycle or the viability of breast cancer cells
For cell cycle analysis, MCF-7 cells were transfected with specific si-E2F4 or scrambled non-specific siRNA for 48 h. The stained cells were subjected to FACS machine to analyse the cell cycle. The CellQuest IX flow cytometry software package was applied to quantify the percentage of cells in individual cell cycle phases. Our data show that depletion of E2F4 using si-E2F4#1 or si-E2F4#2 in transfected cells has no effect on the cell cycle of those cells (Figure 5.20). 

5.2.11.2.   Knockdown of E2F6 with or without HU treatment kills the breast cancer, but not the normal breast cells. 
To study cell cycle profile following E2F6 silencing, MCF-7 and MCF-10A cells were transfected in 6-well plates with either scrambled, si-E2F6#1 or si-E2F6#2 for 48 h, then, cell pellets were collected. Similarly, another set of MCF-7 and MCF-10A cells were treated the same as before, but after 48 h of the transfection 2 mM HU was added and the plates were re-incubated overnight. After collecting cell pellets and PI staining, samples were subjected to FACS. The CellQuest IX flow cytometry software package was applied to quantify the percentage of cells in individual cell cycle phases. Transfection with si-E2F6#1 or si-E2F6#2 successfully led to a decrease in E2F6 protein (Figure 5.21).
For MCF-7 cells with depleted E2F6, more cells with sub-G1 DNA content were observed, indicating an increase in apoptotic cells 48 h after E2F6 depletion compared to the scrambled. This is consistent with MTT results shown in Figure 5.18. When depleting E2F6 in MCF-7 cells using specific si-RNA for 48 h followed by 2 mM HU, synchronisation in S-phase was not seen and an even greater induction of apoptosis was observed (Figure 5.22). In comparison, MCF-10A cells showed normal cell cycle after E2F6 depletion with little cell death again consistent with MTT (Figure 5.23). Furthermore, upon reducing E2F6 in the normal cell line followed by HU treatment, compared to MCF-7, MCF-10A cells were arrested in S-phase by HU. Interestingly, less cell numbers were arrested in S-phase of the cell cycle upon depleting E2F6 compared to scramble+ HU (Figure 5.23) indicating that E2F6 is required for S-phase check-point in normal cells.A
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Figure 5.20 Transient transfection of si-E2F4 has no role on MCF-7 cell cycle profile. 
MCF-7 cells were transfected with either si-E2F4#1 or si-E2F4#2 or control siRNA, scrambled for 48 h. Flow cytometry was used to analyse cell cycle profile post E2F4 depletion. A, B & C: Flow cytometry analysis of scrambled, si-E2F4#1 and si-E2F4#2, respectively shows few dead cells. D, E &F: FACS results show the normal cell cycle of si-E2F4 transfected cells or scrambled. G- Western blot confirmed the depletion of E2F4. β-Actin was used as a loading control. Data shown are representative of three experiments.  
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Figure 5.21 Transient transfection of si-E2F6 in MCF-7 and MCF-10A shows reduction of E2F6 protein.
MCF-10A and MCF-7 cells were transfected with either si-E2F6#1, si-E2F6#2 or scrambled siRNA for 48 h. Cell lysates were run on SDS-PAGE gel and Western blotted for E2F6 and β-Tubulin as a loading control. Data shown are representative of at least three experiments.
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Figure 5.22 Transient transfection of si-E2F6 with or without HU in MCF-7 cells affects cell viability.
A- MCF-7 cells were transfected with either scrambled, si-E2F6#1 or si-E2F6#2 for 48 h either with or without an additional 24 h in 2 mM HU. Cells were then collected, stained with propidium iodide, and analysed by flow cytometry. Single cells were gated, and then four further gates were applied to this subpopulation (G1, S, G2 and sub-G1 fractions). Examples of profiles and gates are shown in A. Quantification of mean ± SD of three repeats for each phase of cell cycle and sub-G1 fraction, and the stars represent *P˂0.05 and **P˂0.01 using t-test, is shown in B. Continued on the next page.
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Figure 5.22 Transient transfection of si-E2F6 with or without HU in MCF-7 cells affects cell viability (Continued).G1: 34.3%
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Figure 5.23 Transient transfection of si-E2F6 with or without HU in MCF-10A cells does not affect cell viability.si-E2F6#1
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A- MCF-10A cells were transfected with either scrambled, si-E2F6 #1 or si-E2F6#2 for 48 h either with or without an additional 24 h in 2 mM HU. Cells were then collected, stained with propidium iodide, and analysed by flow cytometry. Single cells were gated, and then four further gates were applied to this subpopulation (G1, S, G2 and sub-G1 fractions). Examples of profiles and gates are shown in A. Quantification of mean ± standard deviation of three repeats for each phase of cell cycle+ sub-G1 fraction, and the stars represent *P˂0.05 and **P˂0.01 using t-test, is shown in B. Continued on the next page.
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Figure 5.23 Transient transfection of si-E2F6 with or without HU in MCF-10A cells does not affect cell viability (continued).

 






5.3.    Discussion
E2F6, a retinoblastoma protein-independent transcriptional repressor, has been shown previously to be required for the silencing of meiosis specific-STAG3 in somatic cells (Storre et al., 2005). It has been demonstrated that the Stag3 promoter in mouse embryonic fibroblasts (MEFs) has the E2f site, which is the same as that in the promoter of Smc1β, and was found to be required for transcriptional repression by E2f6 (Storre et al., 2005). Therefore, it was hypothesized that E2F6 may be defective in breast cancer cells leading to overexpression of STAG3. 
To see if E2F6 was non-functional in breast cancer cells, we sequenced the coding region of E2F6 in the breast cancer cell lines used in this study. Our data confirm that the coding region of E2F6 is unchanged from the reported normal sequence. This result is consistent with many studies in that the repressor E2Fs have not commonly been reported to be mutated in human cancers (Chen et al., 2009). Because E2F6-mediated repression of meiotic genes has been suggested to require the presence of EZH2 (Leseva et al., 2013), the protein level of EZH2 was determined in breast cancer cells, and was found to be abundant in all studied cancer cells compared to normal. Meaning that lack of EZH2 is also not the reason for de-repressing STAG3.
The STAG3 promoter was sequenced to search for any change that might affect its binding to E2F6 and/or E2F4. Each of T-47D, MDA-MB-231 and MDA-MB-468 showed the same mutation of C cytosine, the normal, to A adenine. One exception is MCF-7 cells, which showed heterozygosity compared to the other homozygous breast cancer cells. This mutation added additional E2F-binding site to the STAG3 promoter of those cells, where the normal region GCAAC is mutated to become GAAAC in the forward direction. In the reverse direction that mutated region becomes as CTTTG, the prevalent core motif in vivo for E2F family member binding (Xu et al., 2007). Again this result is surprising as an increase in binding of E2Fs especially repressors to meiotic gene promoters is more reasonably expected to cause down regulation rather than the observed up regulation of STAG3. However, activator E2Fs such as E2F1, E2F2 or E2F3 might bind to the promoter region of STAG3 and cause its overexpression in mitotic cancer cells. Many of the E2F-responsive promoters are thought to contain multiple E2F binding sites (Takahashi et al., 2000). Nevertheless, activation roles for E2F4 and E2F6 have been reported in many studies. The up-regulation of E2F4 gene transcription has been reported to act positively on the transcription of its target genes in vivo during S phase of the cell cycle (Schwemmle and Pfeifer, 2000). E2F6 has been suggested to play dual roles as a repressor and an activator in male germ cell meiosis in mice (Kehoe et al., 2008). Similarly, E2F6 has been found to function as a transcriptional activator and a repressor in cancer cells (Xu et al., 2007).
Our findings show that E2F4 cDNA level is increased in the studied breast cancer lines along with Jurkat cells, relative to the normal. Our result is consistent with that of Schwemmle and Pfeifer (2000), where E2F4 was highly expressed using Northern blot in the tumour cell lines studied compared to its levels in normal tissues. The carcinogenic role of E2F4 has been studied in various tumours, such as prostate, skin, gastrointestinal tract and haematological malignancy (Garneau et al., 2009). Whereas in some studies, E2F4 expression increased in neoplastic tissues relative to their corresponding normal tissues, suggesting E2F4 oncogenic role. Other studies have proposed a tumour suppressor activity for E2F4 as down-regulation of it has been demonstrated in tumour relative to normal tissue (Garneau et al., 2009). 
In our study, the cDNA levels of E2F6 and its transcript variants E2F6-a and E2F6-b were abundant in all the studied breast cancer cells as compared to the normal breast tissue. Using Northern blotting, two transcripts of E2F6 were detected in every human tissue examined including:  normal pancreas, kidney, muscle, liver, lung, placenta, brain and heart (Trimarchi et al., 1998). The E2F6 gene expression was studied on the mRNA level, and it was found that its expression did not decrease during meiosis in meiotic spermatocytes of murine, but increased from pre-leptotene to pachytene spermatocyte stages (Kehoe et al., 2008).
In the same breast cancer cell lines tested for E2F4 and E2F6 cDNA levels, the cDNA level of STAG3 was greater than that of the normal breast tissue. As a negative control gene, FLI-1, showed less cDNA in breast cancer cells paralleled to the normal breast; this finding coincides with He et al., (2007). 
Regarding the primary breast tumour cDNAs, E2F4 showed increased cDNA levels in all the tumour samples with a trend of increasing expression from stage I through stage IV of breast cancer, relative to the normal. In contrast to our study, decreased expression of E2F4 was found in 70% (7/10) of primary breast carcinomas and in all (10/10) metastatic nodal tissues relative to the matching normal breast tissue (Ho et al., 2001). Similar to E2F4, our data reveal a gradual increase of E2F6 cDNA level in primary breast tumours. On the other hand, cDNA level of E2F6-b was decreased in all the tumours in comparison with the normal. Concerning this discrepancy in expression of E2F6-b between breast cancer cell lines and primary tumours, it has been reported that at the genomic level it is unclear how well subtypes of a cell line truthfully represent counterparts of tumour subtype (Kao et al., 2009). It has been found that numerical abnormalities are more frequent in primary tumours; whereas metastatic breast cancers, where most of the breast cancer cell lines studied belong to, more commonly show structural alterations and amplifications (Willman and Ra, 2006). However, E2F6-a variant has been found to be the most abundant species at each phase of the cell cycle. E2F6-b, E2F6-c and E2F6 –e isoforms express at comparatively high levels relative to E2F6-d and E2F6-f (Kherrouche et al., 2004).
At the protein level, the E2F4 protein band of ~63 kDa was increased (normalised to β-Tubulin and β-Actin, separately) in some breast cancer cells compared to MCF-10A cells using Immunoblotting. Our data refer to the phosphorylation of the middle band of E2F4, which was also decreased by si-E2F4#2. In Contrast, E2F6 protein was not phosphorylated in the same cell lysates (Figure 5.20). This might explain why E2F6 has been found to be expressed in all stages of the cell cycle suggesting a functional role beyond that in G0 in an experiment performed on human diploid fibroblast (TIG3) cells (Attwooll et al., 2005). 
In our study, depletion of E2F4 protein in MCF-7 cells was found to have no correlation with STAG3 expression. Regarding E2F6 protein, its level was not affected when depleting E2F4. Using flow cytometry, E2F4 protein depletion from MCF-7 cells was dispensable for breast cancer cell viability, and normal cell cycle was observed following E2F4 depletion in the above cells. It was suggested that occasionally inhibition of one specific E2F family member, such as E2F4, is followed by the binding of activating E2F family members (free E2F1, E2F2 and E2F3) that are in charge of transcriptional activation (Takahashi et al., 2000).
E2F6 protein of around 37 kDa in size was observed to be increased in the same cancer cells tested for E2F4 protein level compared with MCF10A when using Western blotting. This suggestion of increased E2F6 expression contradicts findings of Xu et al. (2007) who found the amount of E2F6 protein expressed in all 5 cell types (including MCF-7 and MCF-10A) to be similar (Xu et al., 2007). In our hands, Western analysis was further supported by immunohistochemistry, where E2F6 protein was found to be strongly stained in the nuclei of cancer cell lines including: MCF-7, MDA-231 and Jurkat cells in comparison with MCF-10A (Figure 5.7). It would be interesting to use this method (IHC) on primary breast tumour material. 
Our findings indicate that there is no correlation between E2F6 depletion using three different si-RNA sequences and STAG3 expression in the studied cancer and normal cell lines. This is consistent with what has been demonstrated recently that the overexpression of E2f6 or Ezh2 in mouse embryonic stem cells neither decreased meiotic gene expression, including Stag3 and Smc1β nor increased DNA methylation. In the same study, additional factors have been shown to be required for repression mediated by E2f6 (Leseva et al., 2013). Repression of Stag3 and Smc1β was largely impaired upon deletion of SET domain of Ezh2 in mouse embryonic stem cells, indicating that the repression required the enzymatic activity of Ezh2 (Leseva et al., 2013). As SET domain of EZH2 was shown to be required for E2F6 mediated repression activity, it would be valuable to sequence that domain of EZH2 in breast cancer cell lines. 
Interestingly, knocking down E2F6 using three different si-E2F6 sequences had a dramatic effect on the viability of cancer cells, with the most significant effect reducing viability to approximately 10%. Together these results implicate E2F6 function as being critically important to survival of the tumour cell lines tested. MCF-7 cells were the most sensitive to E2F6 depletion, T-47D cells were the least affected by the three different si-RNAs. Differential sensitivity to E2F6 si-RNA could reflect variation in the targeting of E2F6 to promoters in different cell lines. In support of this suggestion, Xu et al (2007) found that E2F6 target genes varied between different cell types, with there being a very low number of E2F6 target genes in MCF-10A. Similarly the ART-27 promoter was found to be enriched with E2F6 in HEK293 cells, but not in HeLa cells (Oberley et al., 2003) even though they also express high levels of E2F6  (Oberley et al., 2003; this study). 
Our analysis of cycling cells suggested that MCF-7 cells generally fail to arrest the cell cycle in the presence of hydroxyurea (HU). The negative impact of HU on MCF-7 cell survival was amplified significantly when E2F6 expression was reduced by siRNA. These data suggest that E2F6 is required to protect MCF7 cells from the failure to observe S-phase checkpoint. We speculate that this could be by positively influencing expression of DNA repair genes. It is important to note that this proposed role of E2F6 in MCF7 cells is not generally applicable. In T98G (Glioblastoma) cells, replication stress leads to Chk1 modification of E2F6 causing its dissociation from promoters (Bertoli et al., 2013) and in those cells loss of E2F6 increases protection to HU treatment. On the other hand, reducing E2F6 in the normal cell line allowed MCF-10A cells to overcome the S-phase arrest induced in control cells. 
Future project is to perform chromatin immunoprecipitation, ChIP, to determine if STAG3 promoter is occupied or not by E2F4/E2F6 or any activating E2F. Furthermore, it would be useful to know if the mutated region of STAG3 promoter (representing an additional E2F binding site) binds to E2F6/E2F4 or any other E2F family member as E2F6 cannot bind to all promoters that contain consensus sites for E2F binding (Oberley et al., 2003). 













CHAPTER 6





Chapter 6: General Discussion
This study focused on the gene expression in breast cancer, a second major cause of death in women all over the world. Moreover, breast cancer is a molecular heterogeneous disease that possesses many markers, for instance, oestrogen receptor (ER), progesterone receptor (PgR) and human epidermal growth factor receptor 2 (ERBB2/HER2), a gene that can play a role in the development of breast cancer. These markers have been used for prognosis and prediction of breast cancer therapy, as well as to classify patients for suitably targeted treatments (Subramaniam and Isaacs, 2005).  
The first aim of this research project was to explore the expression of STAG1, STAG2 and STAG3, cohesin component genes, in breast cancer cell lines and primary breast tumours trying to find out appropriate and new biomarkers for breast cancer. Interestingly, STAG3 (also a member of cancer testis gene family; CTA) showed a trend of increasing expression from stage I through stage IV of breast cancer, raising the possibility that STAG3 might be a suitable biomarker for breast cancer progression. The expression of other CTAs has been associated with higher grade and advanced stage tumour (Bode et al., 2014). 
Then, the project concentrated on studying STAG3 in more detail. CTAs exemplified by STAG3 represent a group of potential cancer-specific biomarkers due to the immunological privilege of proteins normally more highly produced in testis in addition to their production in cancer cells (Feichtinger et al., 2012). It is well known that almost all cancer cells show modified gene expression profile, including many overexpressed genes, most of the associated antigens are identified as ‘self’ by the immune system. Hence, those genes have limited use in immune therapeutic, diagnostic and prognostic technologies (Simpson et al., 2005). However, immunotherapy success is greatly reliant on the recognition of cancer cells expressing CTA by antigen specific T-cells (T-lymphocyte), and this in turn depends on expression of antigen by Major Histocompatibility Complex (MHC) class I and class II molecules (Krishnadas et al., 2013).
Unfortunately, we found many difficulties with human anti-STAG3 antibodies. One of those problems was that the actual size of STAG3 protein generally is unclear, and there are 17 or 19 predicted splice variants of STAG3 protein according to COSMIC and Ensemble Genome Browser, respectively. No paper investigating human somatic STAG3 protein was published so far. Furthermore, most of the literature has looked at STAG3 in either mouse embryonic fibroblasts or human testis. In other words, STAG3 expression has not been investigated in cancer or in normal cells at the protein level in humans using Western blotting. It is well documented that STAG3 protein size on Western blot is suggested to be 135 or 139 kDa in mice. However, this size might not be the same in human because 75% homology is present between human and murine STAG3 protein (Pezzi et al., 2000), that is in normal cases. In breast cancer tissues, chromosome 7, where STAG3 gene located, was found to be frequently numerically and structurally affected (Hirata et al., 1998; Rondon-Lagos et al., 2014); where the structural aberrations include: duplications, deletions and translocations (Rondon-Lagos et al., 2014). It is possible that we could not sequence the coding region of STAG3 from the breast cancer cell lines because more than one sequence of human STAG3 is present in the cells. Likewise, there are no anti-STAG3 specific monoclonal antibodies present that might solve the problems of polyclonal antibodies. In our results, we were able to recognise two different STAG3 protein sizes (~135 kDa and ~160 or ~170 kDa), which were supported when depleting STAG3 protein from MCF-7 cells, and then Western blot analysis of STAG3 using Abcam and Sigma anti-STAG3 antibodies. 
It seems that STAG3 mRNA and protein are overexpressed in all the studied breast cancer cells in comparison with both normal breast tissue and the normal cell line, MCF-10A. Although, MCF-10A cells showed faint putative STAG3 band, which was consistent with its mRNA expression, compared to normal breast tissue. MCF-10A cells are not completely normal, and might not be 100% mimic to normal breast tissue that did not express STAG3 at both mRNA and protein levels. A slim micro-environmental change was able to intensely influence the growth characteristics of MCF-10A cells with the possibility of rendering them transformed (Yusuf and Frenkel, 2010). In the same study, MCF-10A samples were found to be positive for all ERα, ERβ and EGFR (epidermal growth factor receptor), although MCF-10A cells were already categorised as ERα-negative cell line. The authors suggested that chronic exposure of MCF-10A cells to pico-molar amounts (~6×10-10) of estradiol, found in horse serum used to feed those cells, caused up-regulated expression of ERα and participated in part to transformation of those cells (Yusuf and Frenkel, 2010). In another study, it was shown that exposure of MCF-10A cells to chronic physiologic doses of 17β-estradiol were prerequisite to cause transformation, these conditions imitate the lifetime exposure of the human breast to endogenous oestrogens, which are supposed to take part in the onset of breast cancer (Clamp et al., 2002). 
Putative STAG3 protein increased production was further ascertained in our study in breast tumour formalin-fixed paraffin-embedded tissue sections, using immunohistochemistry assay. STAG3 expression should be higher in cancer than normal because firstly, it is one of CTAs. It is well known that CTAs can be re-expressed in malignant tumours (Cappell et al., 2012). Secondly, as mentioned above STAG3 gene is located on chromosome 7; and Trisomy 7 has been related to malignancy of different tumours including breast cancer (Hirata et al., 1998), this implies that there might be many copy numbers of genes localised on chromosome 7 including STAG3. 
The second aspect of the study was to investigate STAG3 biological characteristics. Interestingly, when STAG3 expression was reduced from MCF-7 cells using RNAi, significant accumulation of cells in G1 phase of the cell cycle occurred. A study on Dicer gene gave results similar to what we have obtained with STAG3 depletion, in that study chemically-synthesized Dicer si-RNA was depleted from MCF-7 cells. Dicer is an important member of the RNase III family that regulates miRNA maturation from microRNA precursors in the cytoplasm. It has been found that Dicer si-RNA induced G1 arrest and high cisplatin sensitization (Bu et al., 2009). Therefore, an important study that needs to be completed in the future is to deplete STAG3 from breast cancer cells using in particular si-STAG3#2 accompanied by chemo-therapy as this will make the cancer cells more sensitive to chemical agents. The CTAs have been shown to be essential for cancer cell proliferation, and their depletion sensitizes cancer cells to standard therapeutic agents (Cappell et al., 2012).  
Another two si-RNAs from Origene specific for STAG3 were also used in this study. STAG3 depletion using either of si-STAG3 affected the viability of the transfected breast cancer cell lines compared to the negative control siRNA or MCF-10A cells. This finding suggests the importance of targeting STAG3 for breast cancer immunotherapy.  
The last avenue of the project was studying E2F4 and E2F6, the transcription factors, and their correlation with the expression of STAG3 in breast cancer cells. No correlation was found between E2F4 depletion and STAG3 expression. Similarly, our findings indicate that there is no correlation between E2F6 knockdown and STAG3 expression in the studied cancer and normal cell lines. Our findings show that most cancer cell lines studied died after E2F6 depletion compared to MCF-10A cells, which showed higher survival fraction. These results suggest that E2F6 might be indispensable for some breast cancer cells, and this in turn suggests it is worth investigating E2F6 as a therapeutic target for breast cancer. 
Additional factors have been shown to be required for repression mediated by E2F6 (Leseva et al., 2013). On the other hand, different isoforms of the same gene have been found to be either cell cycle regulated or not cell cycle regulated, namely possess distinct functions regarding cell cycle control (Cheng et al., 2013). Might be this is true, concerning STAG3 it has many predicted isoforms, and regarding E2F6 many isoforms occur too, as illustrated before. However, the regulation of meiosis-specific genes including STAG3 in human normal and cancer cell lines remains elusive and extensive future work needs to be completed. It is still necessary to understand the mechanisms underlying STAG3 or meiosis-specific gene regulation in normal human cells. 
It might be interesting to explore whether or not E2F6 binds to PcG/EZH2 in breast cancer cell lines. EZH2 is assumed to have dual roles in both gene transcription activation and repression, and each activity resides in separated domains (Shi et al., 2007). In the EZH2 amino-terminal region, which is a cysteine-rich region that goes before the SET domain, EZH2 holds domain I and domain II, which are reported to be required for EZH2 transactivation activity (Shi et al., 2007). 
Extensive future work remains to be undertaken, as STAG3 is similar to the meiotic genes SMC1β and RAD21L, those genes possibly produce proteins that associate with functional cohesin complexes within mitotic cancer cells resulting in genome instability by aberrant alteration of chromosome segregation, and incorporation of these meiotic proteins into the cohesin complex within mitotically dividing cells could provide a drug target specific for cancer cells to prevent chromosome segregation (Feichtinger et al., 2012). Therefore, it might be interesting to explore if STAG3 is forming a complex with other mitotic cohesin components in breast cancer cell lines by doing immunoprecipitation experiments. Importantly, the experimental results apparently suggest that meiotic cohesin may be able to create SCC in cancer cells if this actually happens, then a cancer cell where these proteins are activated can have a problem in SCC resolution in anaphase (Strunnikov, 2013). As suggested by Strunnikov (2013), future important work would be to verify whether the SMC1β-SMC3-RAD21L-STAG3 complex is really able to take part in SCC in mitotic cancer cells. To conclude, STAG3 might be a suitable biomarker for breast cancer progression and a target for breast cancer immunotherapy. 
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Appendix 1 Preliminary experiment using 3 sets of primers for each STAG1, STAG2 and STAG3 cDNAs
The cDNAs converted from RNA from normal and four breast cancer cell lines were subjected to RT-qPCR. STAG genes were amplified using three primer pairs for each gene at N-terminus, Middle region and C-terminus termed STAG N, M, or C, respectively. Data shown represent mean ± SD of six samples of each cell line, and each was tested in triplicate for STAG gene expression relative to 18S. A- STAG1.  B- STAG2.  C- STAG3. Statistical significance was analysed by Mann-Whitney U test, in which a significance of p<0.05 is indicated by *, p< 0.01 is indicated by **, and p< 0.001 is indicated by ***. 



	Appendix 2 Clinical data for the Tissue Scan Disease Tissue qPCR Arrays purchased from Origene

	SKU
	Well
	Well Position
	Gender
	Age
	Tissue of (Origin/Finding)
	Appearance
	SAMPLE diagnosis from pathology verification

	BCRT102/302/502
	1
	C1
	Female
	44
	Breast / Breast
	Normal
	Within normal limits

	BCRT102/302/502
	2
	C2
	Female
	61
	Breast / Breast
	Normal
	Within normal limits

	BCRT102/302/502
	3
	C3
	Female
	45
	Breast / Breast
	Normal
	Lactational changes of breast

	BCRT102/302/502
	4
	C4
	Female
	47
	Breast / Breast
	Normal
	Within normal limits

	BCRT102/302/502
	5
	C5
	Female
	32
	Breast / Breast
	Normal
	Within normal limits

	BCRT102/302/502
	6
	C6
	Female
	46
	Breast, left / Breast, left
	Tumor
	Carcinoma in situ of breast, ductal

	BCRT102/302/502
	7
	C7
	Female
	41
	Breast, right / Breast, right
	Tumor
	Carcinoma in situ of breast, ductal

	BCRT102/302/502
	8
	C8
	Female
	47
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal, lobular

	BCRT102/302/502
	9
	C9
	Female
	72
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal, medullary features

	BCRT102/302/502
	10
	C10
	Female
	47
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	11
	C11
	Female
	44
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	12
	C12
	Female
	52
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	13
	D1
	Female
	76
	Breast, left / Breast, left
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	14
	D2
	Female
	76
	Breast, left / Breast, left
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	15
	D3
	Female
	62
	Breast, left / Breast, left
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	16
	D4
	Female
	62
	Breast, left / Breast, left
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	17
	D5
	Female
	57
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	18
	D6
	Female
	69
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	19
	D7
	Female
	84
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	20
	D8
	Female
	77
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	21
	D9
	Female
	46
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	22
	D10
	Female
	35
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	23
	D11
	Female
	67
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	24
	D12
	Female
	42
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	25
	E1
	Female
	67
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	26
	E2
	Female
	56
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	27
	E3
	Female
	47
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	28
	E4
	Female
	84
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, lobular

	BCRT102/302/502
	29
	E5
	Female
	55
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	30
	E6
	Female
	54
	Breast / Breast
	Tumor
	Carcinoma of breast, squamous cell

	BCRT102/302/502
	31
	E7
	Female
	34
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	32
	E8
	Female
	48
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	33
	E9
	Female
	46
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	34
	E10
	Female
	49
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, lobular

	BCRT102/302/502
	35
	E11
	Female
	63
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	36
	E12
	Female
	63
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	37
	F1
	Female
	48
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	38
	F2
	Female
	61
	Breast, right lateral / Breast, right lateral
	Tumor
	Adenocarcinoma of breast, ductal, lobular

	BCRT102/302/502
	39
	F3
	Female
	76
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	40
	F4
	Female
	70
	Breast, right / Chest wall
	Tumor
	Adenocarcinoma of breast, ductal, recurrent

	BCRT102/302/502
	41
	F5
	Female
	56
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal, lobular

	BCRT102/302/502
	42
	F6
	Female
	55
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	43
	F7
	Female
	50
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	44
	F8
	Female
	56
	Breast, right / Breast, right
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	45
	F9
	Female
	41
	Breast / Ovary
	Tumor
	Adenocarcinoma of breast, metastatic

	BCRT102/302/502
	46
	F10
	Female
	58
	Breast / Breast
	Tumor
	Adenocarcinoma of breast, ductal

	BCRT102/302/502
	47
	F11
	Female
	45
	Breast / Lung
	Tumor
	Adenocarcinoma of breast, metastatic

	BCRT102/302/502
	48
	F12
	Female
	42
	Breast / Liver
	Tumor
	Adenocarcinoma of breast, metastatic




	CASE diagnosis from Donor Institution pathology report
	Tumor grade
	Minimum Stage Group
	Normal (%)
	Lesion (%)
	Tumor (%)

	Adenocarcinoma of breast, ductal
	Not applicable
	Not applicable
	100
	0
	0

	Carcinoma in situ of breast, ductal
	Not applicable
	Not applicable
	100
	0
	0

	Adenocarcinoma of breast, ductal
	Not applicable
	Not applicable
	100
	0
	0

	Adenocarcinoma of breast, ductal
	Not applicable
	Not applicable
	100
	0
	0

	Adenocarcinoma of breast, ductal
	Not applicable
	Not applicable
	100
	0
	0

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	I
	10
	0
	70

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	I
	10
	0
	50

	Adenocarcinoma of breast, ductal
	NSABP Grade: Nuclear 2 of 3 & Histologic 3 of 3
	I
	5
	0
	75

	Adenocarcinoma of breast, ductal, medullary features
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	I
	20
	0
	62

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	I
	30
	0
	55

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	I
	35
	0
	60

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	I
	5
	0
	65

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	I
	20
	0
	60

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	I
	0
	0
	60

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	I
	0
	0
	90

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	I
	0
	0
	90

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	IIA
	0
	0
	55

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIA
	0
	0
	65

	Adenocarcinoma of breast, ductal
	NSABP Grade: Nuclear 3 of 3 & Histologic 3 of 3
	IIA
	5
	0
	80

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIA
	10
	0
	70

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIA
	0
	0
	70

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIA
	0
	0
	60

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIA
	10
	0
	75

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIA
	10
	0
	70

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIB
	1
	0
	45

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIB
	0
	0
	80

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIB
	0
	0
	30

	Adenocarcinoma of breast, lobular
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	IIB
	5
	0
	85

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	IIB
	0
	0
	75

	Carcinoma of breast, squamous cell
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIB
	0
	0
	70

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIIA
	0
	0
	60

	Adenocarcinoma of breast, ductal
	Nottingham G1: 3-5 points Low combined grade (favorable)
	IIIA
	10
	0
	80

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	IIIA
	0
	0
	85

	Adenocarcinoma of breast, lobular
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	IIIA
	25
	0
	65

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	IIIA
	0
	0
	60

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	IIIA
	0
	0
	60

	Adenocarcinoma of breast, ductal
	Nottingham G1: 3-5 points Low combined grade (favorable)
	IIIA
	0
	0
	85

	Adenocarcinoma of breast, ductal, lobular
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	IIIA
	0
	0
	85

	Adenocarcinoma of breast, ductal
	Nottingham G1: 3-5 points Low combined grade (favorable)
	IIIB
	30
	0
	50

	Adenocarcinoma of breast, ductal, recurrent
	Not Reported
	IIIB
	0
	0
	70

	Adenocarcinoma of breast, ductal, lobular
	NSABP Grade: Nuclear 3 of 3 & Histologic 3 of 3
	IIIC
	0
	0
	50

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIIC
	10
	0
	80

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IIIC
	20
	0
	55

	Adenocarcinoma of breast, ductal
	Nottingham G2: 6-7 points Intermediate combined grade (moderately favorable)
	IIIC
	0
	0
	80

	Adenocarcinoma of breast, metastatic
	Not Reported
	IV
	0
	0
	90

	Adenocarcinoma of breast, ductal
	Nottingham G3: 8-9 points High combined grade (unfavorable)
	IV
	5
	0
	35

	Adenocarcinoma of breast, metastatic
	High grade
	IV
	5
	0
	75

	Adenocarcinoma of breast, metastatic
	Not Reported
	IV
	0
	0
	90




	Tumor Hypercellular Stroma (%)
	Tumor Hypo/Acellular Stroma (%)
	Necrosis (%)
	Case ID
	Abstracted pathology report
	Tissue Image (4X)
	Tissue Image (20X)
	Electropherogram
	Bioanalyzer Ratio (28S/18S)

	0
	0
	0
	CI0000012704
	CI0000012704
	CI0000012704.2.4X
	CI0000012704.2.B499
	CI0000012704.2.B499
	1.29

	0
	0
	0
	CU0000001077
	CU0000001077
	CU0000001077.2.4X
	CU0000001077.2.20X
	CU0000001077.2.B371
	1.38

	0
	0
	0
	CU0000006509
	CU0000006509
	CU0000006509.1.4X
	CU0000006509.1.20X
	CU0000006509.1.B297
	1.55

	0
	0
	0
	CU0000011173
	CU0000011173
	CU0000011173.1.4X
	CU0000011173.1.20X
	CU0000011173.1.B487
	1.35

	0
	0
	0
	CU0000011724
	CU0000011724
	CU0000011724.1.4X
	CU0000011724.1.20X
	CU0000011724.1.B487
	1.57

	0
	20
	0
	CI0000019681
	CI0000019681
	CI0000019681.2.4X
	CI0000019681.2.20X
	CI0000019681.2.B627
	1.89

	30
	0
	10
	CI0000020039
	CI0000020039
	CI0000020039.1.4X
	CI0000020039.1.20X
	CI0000020039.1.B627
	1.68

	20
	0
	0
	CI0000005693
	CI0000005693
	CI0000005693.2.4X
	CI0000005693.2.20X
	CI0000005693.2.B400
	1.55

	15
	0
	3
	CI0000007464
	CI0000007464
	CI0000007464.2.4X
	CI0000007464.2.20X
	CI0000007464.2.B628
	1.45

	0
	15
	0
	CI0000011316
	CI0000011316
	CI0000011316.1.4X
	CI0000011316.1.20X
	CI0000011316.1.B627
	1.48

	0
	0
	5
	CI0000012704
	CI0000012704
	CI0000012704.5.4X
	CI0000012704.5.20X
	CI0000012704.5.B628
	1.31

	25
	0
	5
	CI0000015482
	CI0000015482
	CI0000015482.1.4X
	CI0000015482.1.20X
	CI0000015482.1.B627
	1.43

	0
	20
	0
	CI0000019345
	CI0000019345
	CI0000019345.1.4X
	CI0000019345.1.20X
	CI0000019345.1.B627
	1.67

	40
	0
	0
	CI0000019345
	CI0000019345
	CI0000019345.2.4X
	CI0000019345.2.20X
	CI0000019345.2.B628
	1.69

	5
	5
	0
	CI0000021380
	CI0000021380
	CI0000021380.1.4X
	CI0000021380.1.20X
	CI0000021380.1.B627
	1.86

	5
	5
	0
	CI0000021380
	CI0000021380
	CI0000021380.2.4X
	CI0000021380.2.20X
	CI0000021380.2.B628
	1.75

	0
	45
	0
	CI0000007263
	CI0000007263
	CI0000007263.3.4X
	CI0000007263.3.20X
	CI0000007263.3.B354
	1.22

	35
	0
	0
	CI0000008397
	CI0000008397
	CI0000008397.2.4X
	CI0000008397.2.20X
	CI0000008397.2.B305
	1.28

	10
	0
	5
	CI0000009794
	CI0000009794
	CI0000009794.1.4X
	CI0000009794.1.20X
	CI0000009794.1.B403
	1.2

	0
	20
	0
	CI0000010144
	CI0000010144
	CI0000010144.1.4X
	CI0000010144.1.20X
	CI0000010144.1.B376
	1.54

	30
	0
	0
	CI0000010295
	CI0000010295
	CI0000010295.2.4X
	CI0000010295.2.20X
	CI0000010295.2.B575
	1.56

	25
	15
	0
	CI0000011284
	CI0000011284
	CI0000011284.3.4X
	CI0000011284.3.20X
	CI0000011284.3.B620
	1.34

	10
	5
	0
	CI0000013458
	CI0000013458
	CI0000013458.1.4X
	CI0000013458.1.20X
	CI0000013458.1.B581
	1.26

	20
	0
	0
	CI0000013810
	CI0000013810
	CI0000013810.2.4X
	CI0000013810.2.20X
	CI0000013810.2.B575
	1.71

	4
	50
	0
	CI0000006020
	CI0000006020
	CI0000006020.2.4X
	CI0000006020.2.20X
	CI0000006020.2.B304
	1.47

	20
	0
	0
	CI0000008401
	CI0000008401
	CI0000008401.2.4X
	CI0000008401.2.20X
	CI0000008401.2.B411
	1.44

	30
	40
	0
	CI0000009152
	CI0000009152
	CI0000009152.1.4X
	CI0000009152.1.20X
	CI0000009152.1.B371
	1.31

	10
	0
	0
	CI0000010115
	CI0000010115
	CI0000010115.1.4X
	CI0000010115.1.20X
	CI0000010115.1.B372
	1.39

	0
	25
	0
	CI0000011684
	CI0000011684
	CI0000011684.1.4X
	CI0000011684.1.20X
	CI0000011684.1.B417
	1.5

	20
	0
	10
	CI0000013187
	CI0000013187
	CI0000013187.1.4X
	CI0000013187.1.20X
	CI0000013187.1.B453
	1.25

	40
	0
	0
	CI0000006549
	CI0000006549
	CI0000006549.9.4X
	CI0000006549.9.20X
	CI0000006549.9.B628
	1.31

	10
	0
	0
	CI0000012267
	CI0000012267
	CI0000012267.1.4X
	CI0000012267.1.20X
	CI0000012267.1.B424
	1.03

	14
	0
	1
	CI0000012428
	CI0000012428
	CI0000012428.1.4X
	CI0000012428.1.20X
	CI0000012428.1.B488
	1.6

	0
	10
	0
	CI0000015181
	CI0000015181
	CI0000015181.4.4X
	CI0000015181.4.20X
	CI0000015181.4.B628
	1.51

	35
	0
	5
	CI0000015628
	CI0000015628
	CI0000015628.1.4X
	CI0000015628.1.20X
	CI0000015628.1.B627
	1.64

	15
	25
	0
	CI0000015628
	CI0000015628
	CI0000015628.2.4X
	CI0000015628.2.20X
	CI0000015628.2.B628
	1.6

	15
	0
	0
	CI0000015645
	CI0000015645
	CI0000015645.1.4X
	CI0000015645.1.20X
	CI0000015645.1.B506
	1.67

	5
	10
	0
	CI0000020138
	CI0000020138
	CI0000020138.1.4X
	CI0000020138.1.20X
	CI0000020138.1.B627
	1.73

	20
	0
	0
	CI0000016816
	CI0000016816
	CI0000016816.1.4X
	CI0000016816.1.20X
	CI0000016816.1.B627
	1.76

	0
	10
	20
	CI0000021192
	CI0000021192
	CI0000021192.1.4X
	CI0000021192.1.20X
	CI0000021192.1.B627
	1.73

	25
	25
	0
	CI0000009801
	CI0000009801
	CI0000009801.1.4X
	CI0000009801.1.20X
	CI0000009801.1.B627
	1.52

	10
	0
	0
	CI0000016835
	CI0000016835
	CI0000016835.3.4X
	CI0000016835.3.20X
	CI0000016835.3.B627
	1.53

	20
	0
	5
	CI0000017650
	CI0000017650
	CI0000017650.2.4X
	CI0000017650.2.20X
	CI0000017650.2.B627
	1.58

	10
	10
	0
	CI0000020168
	CI0000020168
	CI0000020168.1.4X
	CI0000020168.1.20X
	CI0000020168.1.B627
	1.41

	10
	0
	0
	CI0000007975
	CI0000007975
	CI0000007975.1.4X
	CI0000007975.1.20X
	CI0000007975.1.B311
	1.15

	0
	60
	0
	CI0000008452
	CI0000008452
	CI0000008452.1.4X
	CI0000008452.1.20X
	CI0000008452.1.B311
	0.94

	10
	0
	10
	CI0000014906
	CI0000014906
	CI0000014906.1.4X
	CI0000014906.1.20X
	CI0000014906.1.B489
	1.29

	0
	10
	0
	CI0000021921
	CI0000021921
	CI0000021921.1.4X
	CI0000021921.1.20X
	CI0000021921.1.B623
	1.44




	RT-PCR
	RNA Sample ID
	TNM
	Estrogen Receptor (ER) by IHC from pathology report
	Progesterone Receptor (PR) by IHC from pathology report
	HER2 (ERBB2) by IHC from pathology report
	HER2 (ERBB2) by FISH 
*If results weakly positive by IHC, FISH performed in pathology report.
	Triple Negative Breast Cancer?

	CI0000012704.2.R239
	RN00002DF7
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	

	CU0000001077.2.R189
	RN00002DF8
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	

	CU0000006509.1.R157
	RN00002DFB
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	

	CU0000011173.1.R230
	RN00002DFC
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	

	CU0000011724.1.R230
	RN00002DFD
	Not applicable
	Not applicable
	Not applicable
	Not applicable
	
	

	CI0000019681.2.R326
	RN00002EF9
	pT1bpNXpMX
	Not applicable
	Not applicable
	Not applicable
	
	

	CI0000020039.1.R326
	RN00002EFA
	pT1cpN0 (i-)pMX
	Not applicable
	Not applicable
	Not applicable
	
	

	CI0000005693.2.R199
	RN00002EFB
	pT1cpN0pMX
	Positive
	Positive
	Negative
	
	

	CI0000007464.2.R326
	RN00002EFC
	pT1cpN0 (i-)pMX
	Negative
	Negative
	Negative
	
	Triple Negative

	CI0000011316.1.R326
	RN00002EFD
	pT1cpN0 (i-)pMX
	Negative
	Negative
	Not reported
	Not amplified
	Triple Negative

	CI0000012704.5.R326
	RN00002EFE
	pT1cpN0pMX
	Positive
	Positive
	Negative
	
	

	CI0000015482.1.R326
	RN00002EFF
	pT1cpN0 (i-)pMX
	Positive, weak
	Positive, weak
	Positive, strong
	
	

	CI0000019345.1.R326
	RN00002F01
	pT1cpN0 (i-)pMX
	Positive, strong
	Positive, strong
	Negative
	
	

	CI0000019345.2.R326
	RN00002F02
	pT1cpN0 (i-)pMX
	Positive, strong
	Positive, strong
	Negative
	
	

	CI0000021380.1.R326
	RN00002F03
	pT1cpN0 (i-)pMX
	Positive, strong
	Positive, weak
	Negative
	
	

	CI0000021380.2.R326
	RN00002F04
	pT1cpN0 (i-)pMX
	Positive, strong
	Positive, weak
	Negative
	
	

	CI0000007263.3.R182
	RN00002F05
	pT2pN0pMX
	Positive
	Positive
	Negative
	
	

	CI0000008397.2.R163
	RN00002F06
	pT2pN0pMX
	Negative
	Negative
	Positive, weak (2+)
	Amplified copy number
	

	CI0000009794.1.R199
	RN00002F07
	pT1cpN1pMX
	Negative
	Positive
	Negative
	
	

	CI0000010144.1.R190
	RN00002F08
	pT2pNXpMX
	Positive
	Equivocal
	Negative
	
	

	CI0000010295.2.R275
	RN00002F09
	pT2pN0pMX
	Negative
	Negative
	Positive, strong
	
	

	CI0000011284.3.R319
	RN00002F0A
	pT2pN0 (i-)pMX
	Positive
	Negative
	Positive
	
	

	CI0000013458.1.R281
	RN00002F0B
	pT2pN0 (i+)pMX
	Positive
	Positive
	Negative
	
	

	CI0000013810.2.R275
	RN00002F0C
	pT2pN0 (i-)pMX
	Negative
	Negative
	Positive, strong
	
	

	CI0000006020.2.R162
	RN00002F0E
	pT2pN1bipMX
	Positive
	Positive
	Negative
	
	

	CI0000008401.2.R203
	RN00002F0F
	pT2pN1biiipMX
	Negative
	Negative
	Positive, weak (2+)
	Amplified copy number
	

	CI0000009152.1.R189
	RN00002F10
	pT2pN1mipMX
	Negative
	Negative
	Negative
	
	Triple Negative

	CI0000010115.1.R189
	RN00002F11
	pT2pN1pMX
	Positive
	Positive, weak
	Negative
	
	

	CI0000011684.1.R205
	RN00002F12
	pT2pN1bpMX
	Equivocal
	Equivocal
	Positive
	Amplified copy number
	

	CI0000013187.1.R217
	RN00002F13
	pT2pN1apMX
	Not reported
	Not reported
	Not reported
	
	

	CI0000006549.9.R326
	RN00002F14
	pT3pN1apM0
	Negative
	Negative
	Positive, weak (2+)
	Not amplified
	Triple Negative

	CI0000012267.1.R208
	RN00002F15
	pT1cpN2pMX
	Positive
	Positive
	Negative
	
	

	CI0000012428.1.R231
	RN00002F16
	pTXpN2pMX
	Positive
	Positive
	Negative
	
	

	CI0000015181.4.R326
	RN00002F17
	pT3pN1mipMX
	Positive
	Positive
	Negative
	
	

	CI0000015628.1.R326
	RN00002F18
	pT2pN2apMX
	Positive
	Positive
	Negative
	
	

	CI0000015628.2.R326
	RN00002F19
	pT2pN2apMX
	Positive
	Positive
	Negative
	
	

	CI0000015645.1.R242
	RN00002F1A
	pT1cpN2apMX
	Positive, focal
	Positive, focal
	Negative
	
	

	CI0000020138.1.R326
	RN00002F1D
	pT2pN2apMX
	Positive
	Positive
	Negative
	
	

	CI0000016816.1.R326
	RN00002F1E
	pT4pN1apMX
	Not reported
	Not reported
	Negative
	
	

	CI0000021192.1.R326
	RN00002F1F
	pT4apNXpMX
	Not reported
	Not reported
	Not reported
	
	

	CI0000009801.1.R326
	RN00002F20
	pT2pN3apMX
	Positive
	Positive
	Negative
	
	

	CI0000016835.3.R326
	RN00002F21
	pT2pN3apMX
	Positive
	Positive
	Borderline
	Not amplified
	

	CI0000017650.2.R326
	RN00002F22
	pT3pN3apMX
	Not reported
	Not reported
	Not reported
	
	

	CI0000020168.1.R326
	RN00002F24
	pT2pN3apMX
	Positive
	Positive
	Negative
	
	

	CI0000007975.1.R164
	RN00002F25
	pTXpNXpM1
	Not reported
	Not reported
	Not reported
	
	

	CI0000008452.1.R164
	RN00002F26
	pT2pNXpM1
	Positive
	Positive
	Negative
	
	

	CI0000014906.1.R231
	RN00002F27
	pTXpNXpM1
	Negative
	Positive
	Not reported
	
	

	CI0000021921.1.R322
	RN00002F28
	pTXpNXpM1
	Positive
	Positive
	Positive, weak (2+)
	
	





[bookmark: _GoBack]
ATGAGTCAGCAGCGGCCGGCGAGGAAGTTACCCAGTCTCCTCCTGGACCCGACGGAGGAGACGGTTCGCCGTCGGTGCCGAGACCCCATCAACGTGGAGGGCCTGCTGCCATCAAAAATAAGGATTAATTTAGAAGATAATGTACAATATGTGTCCATGAGAAAAGCTCTAAAAGTGAAGAGACCTCGTTTTGATGTATCGCTGGTTTATTTAACTCGAAAATTTATGGATCTTGTCAGATCTGCTCCCGGGGGTATTCTTGACTTAAACAAGGTTGCAACGAAACTGGGAGTCCGAAAGCGGAGAGTGTATGACATCACCAATGTCTTAGATGGAATCGACCTCGTTGAAAAGAAATCCAAGAACCATATTAGATGGATAGGATCTGATCTTAGCAATTTTGGAGCAGTTCCCCAACAAAAGAAGCTACAGGAGGAACTTTCTGACTTATCAGCAATGGAAGATGCTTTGGATGAGTTAATTAAGGATTGTGCTCAGCAGCTGTTTGAGTTAACAGATGACAAAGAAAATGAAAGACTAGCATATGTGACCTATCAAGACATTCATAGCATTCAGGCCTTCCATGAACAGATCGTCATTGCAGTTAAAGCTCCAGCAGAAACCAGATTGGATGTTCCAGCTCCCAGAGAAGACTCTATCACAGTGCACATAAGGAGCACCAACGGACCTATCGATGTCTATTTGTGTGAAGTGGAGCAGGGTCAGACCAGTAACAAAAGGTCTGAAGGTGTCGGGACCTCTTCATCTGAGAGCACTCATCCAGAAGGCCCTGAGGAAGAAGAAAATCCTCAGCAAAGTGAAGAATTGCTTGAAGTAAGCAACTGA

Appendix 3 Homo sapiens E2F transcription factor 6 (E2F6), transcript variant a, mRNA,
NCBI Reference Sequence: NM_198256.3.
The size of Homo sapiens E2F6 mRNA is 846 bp (from nucleotide 299-1144). The yellow highlighted regions represent the motifs that are also available on and bind to those on E2Fs target promoters. 








AGATTCACCGATTCACCCCTAGATGTGTGTGGGATTTGGATGGCAGAGAG    -951
AAACAGGCACTGAAGATTTTTGGTCAGGACAGGGCAGAGAAATAAGAAGA    -901
GTTGAAAATTCACCAAAGGATAGATAAACCCAGGGCGTTTAGAGAAAACC    -851
TGTAGTGTGCAAAGGAGCCCAGAATCCTGGGGCAACTTGGAGGGAAATAT    -801
ACTTAATTTGATTCACTAAGTTAGGCCCAGTGAAGGGATTGGGTGGCATA    -751
GGTAGAAGCCGAAAAATAAAGTATCTTGTATTGCTGGAGTAGCCTCTGTT    -701
TCTGAGGTCACATCCAAACTTAGCGAGGCAGCTTAACCTGGTGAGAGACA    -651
TGGGTTCAACTCCTGGCTTCTGCACTGCTAGGGCAGAGGACTGCTGTTTG    -601
CTGACACAATCTTGGTGCGTTGGAAGTGAAAGGGAAGAGGCACTGGTGGC    -551
TGTGCTTTGGGCCCGAGCAGCCAGAAGCCAGTTGCCATCACCTATGACGA    -501
GGAGACAGCGCCTGGGGCAGAGCCCAGTATGGGGTGCGTTCAGGGTAGAT    -451
CAGGAGGTATGAGTGGGTAGTGGGCGAGCCAGGCTGGGGGTTGTGGGGGA    -401
GGCCTGCATTGCAGGTGTAAGCGTGGGACCCACATCAGATTGGTAGTGGG    -351
TCATGCATGCTGGGCTGGCTCTCAGGTCCTCCCTGCTGGCTTCCCACTCC    -301
CAGGGGCTTTCTCCTCCGATTCCTTAGCTGGGTGAGGGGCGGGACAGAGC    -251
CCTTTCTTAGGGAAGCCCGGCACCCCTTGCTGTCCAGGGAAGGGGAGTCC    -201
TTCTAGCCCCTGACAGCTTCTCTGCCCCTCCCCTGGCCTCCCCAGGCCTA    -151
GCCAGGGCTGGGTTCTCACCCACCTGTGCCGCCCTGCCTTGTTACCTGGA    -101
AGCACAGCCTTGGGGACTGAGCAGGCCCTCACTGTCACTTTAAGAAGGGA     -51
ATCAGCCACTTTGTGCTCACCACCTCTGGGGAAGGTGTGAGAGGAGAGAA      -1


Appendix 4 Homo sapiens STAG3 promoter region (1kb from the transcription initiation site) shows the E2F binding sites, NCBI Reference Sequence: NC_000007.14 and Reference Sequence: NC_018918.2. 
The yellow highlighted motif represents the normal region, where cytosine at nucleotide -818 is mutated in breast cancer cell lines to render that region similar to E2F binding site. The green regions are the other E2F binding sites.
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Appendix 5 Santa Cruz anti-STAG3 antibody failed to detect STAG3 protein in Jurkat cells.
Lysates from Jurkat cells, the positive control and protein size markers were run on SDS-PAGE gel and transferred to a nitrocellulose membrane. The membrane was then cut into three pieces each containing size marker, and was incubated overnight with Santa Cruz anti-STAG3 antibody either 1:500, 1:1000 or 1:2000 (diluted with 5% milk/PBST). Anti β-Tubulin antibody was used as a loading control.



fold change in STAG3 expression	0	2.8282705040890979	0.51938226125671505	8.1563948693605295E-2	5.7085120176564301E-2	0.48940287562387302	0.85628970946045901	0.15664673637892801	0.48195744442329802	3.5562478941016771	1.953619751926698	2.0277042020324809	1.2704505180432151	0.49626437695570202	0.32086269415299801	0	2.8282705040890979	0.51938226125671505	8.1563948693605295E-2	5.7085120176564301E-2	0.48940287562387302	0.85628970946045901	0.15664673637892801	0.48195744442329802	3.5562478941016771	1.953619751926698	2.0277042020324809	1.2704505180432151	0.49626437695570202	0.32086269415299801	MCF-10A	Jurkat	MCF-7	T-47D	MDA-231	MDA-468	PC3	HCT-116	IMR-32	SK-N-SH	HeLa	HEK293	A375	U2OS	UWB1.289 +BRCA1	UWB1.289 -	1	5.3137942586328988	2.3083474470598082	1.079300067588538	0.839161934432059	4.62998150741873	1.6492072215344109	1.297447802046471	5.3168369766996202	11.381351669598271	4.9150017372596784	11.46208655362031	3.3338033914976251	2.2767490516793418	0.62792021645600204	0.63402529905199401	
Fold change of STAG3 cDNA level
STAG3	untreated	scrambled	si-STAG3#1	si-STAG3#2	2.2710088581417569	1	0.40612619817811801	0.52364706141031203	
STAG3 Relative Expression
STAG3 vertubulin	Non	Scramble	si-STAG3#1	si-STAG3#2	si-STAG3#3	1.9335767002618838	1.1216059644350411	0.60825749709888222	0.10147783251231526	0.81121013133208264	
STAG3: β-Tubulin ratio
scramble	si-STAG3#A	si-STAG3#C	2.4988012330174678	1.290286839837498	1.229108101201124	
STAG3: β-Tubulin ratio


relative expression	scramble	si-STAG3#A	si-STAG3#C	1	0.13091176535257823	0.18513719403582085	
STAG3  Relative Expression
STAG3:Actin ratio	Scramble	si-STAG3#1	si-STAG3#2	1.6720576712114088	0.98342578137974557	0.44869432452353381	
STAG3:β-Actin ratio
scramble	2.3039303891600604	2.1341888165675185	3.55808937493144	2.3039303891600604	2.1341888165675185	3.55808937493144	G1 	S 	G2/M 	61.914285714285718	16.514285714285716	20	si-STAG3#1	4.9000680267386745	1.8970151993768418	4.9946971880185025	4.9000680267386745	1.8970151993768418	4.9946971880185025	G1 	S 	G2/M 	63.333333333333336	15.566666666666665	19.150000000000002	si-STAG3#2	4.1713307229228427	2.4027761721253502	3.4765198800223298	4.1713307229228427	2.4027761721253502	3.4765198800223298	G1 	S 	G2/M 	76.3	9.7999999999999989	12.057142857142855	
% of cells


MCF-10A, STAG3 KD-24 h
MCF-10A	0	5.3761770115615677E-2	4.2171663882463142E-2	0	5.3761770115615677E-2	4.2171663882463142E-2	Scramble	si-STAG3#A	si-STAG3#C	1	0.16763937147539842	0.21193706332721263	
Relative Expression

MTT- 96 h
MCF10A	0	9.5082843459720887E-2	7.7476519644504083E-2	0	9.5082843459720887E-2	7.7476519644504083E-2	 Scramble	 si-STAG3#A	 si-STAG3#C	1	0.83912907756817623	0.76977248858421587	
Survival Fraction


MTT- 96 h
MCF-7	0	1.1488030873022843E-2	1.2642342182574443E-2	0	1.1488030873022843E-2	1.2642342182574443E-2	 Scramble	 si-STAG3#A	 si-STAG3#C	1	3.5377607767156212E-2	4.2757414690242967E-2	
Survival Fraction


MCF7, STAG3 KD-24 h
MCF7, STAG3 KD-24h	0	1.9142468740137891E-2	8.3035450684660634E-3	0	1.9142468740137891E-2	8.3035450684660634E-3	scramble	si-STAG3#A	si-STAG3#C	1	0.12889135801668158	0.18034314005531363	
Relative Expression

MTT-96 h
MDA-231	0	7.7067224456151898E-2	7.5898749291529066E-2	0	7.7067224456151898E-2	7.5898749291529066E-2	 Scramble	 si-STAG3#A	 si-STAG3#C	1	0.76531378970403252	0.42774861237868878	
Survival Fraction


MDA-231, STAG3 KD-24 h
scramble	si-STAG3#A	si-STAG3#C	1	0.74054877614328096	0.64468515421978745	
Relative Expressionn

MCF-10A, MTT
12h	0	5.1948091803696958E-2	0.1238073398497023	0	5.1948091803696958E-2	0.1238073398497023	Scramble	si-STAG3#A	si-STAG3#C	1	1.0104561994962424	0.85973142503690958	24h	0	2.0725223765370115E-2	9.6742487574678262E-3	0	2.0725223765370115E-2	9.6742487574678262E-3	Scramble	si-STAG3#A	si-STAG3#C	1	0.98145455355864863	0.82085501304149178	96h	0	8.4106278898346837E-3	8.0260968708837629E-2	0	8.4106278898346837E-3	8.0260968708837629E-2	Scramble	si-STAG3#A	si-STAG3#C	1	0.91230373898506123	0.87527018523862044	
Survival Fraction Compared to Scrambled


MCF-7, STAG3 KD
12h	0	2.201766087673503E-2	0.19379119941685044	0	2.201766087673503E-2	0.19379119941685044	scramble	si-STAG3#A	si-STAG3#C	1	0.53921589872211717	0.47854113543052712	24h	0	1.9142468740137891E-2	8.3035450684660634E-3	0	1.9142468740137891E-2	8.3035450684660634E-3	scramble	si-STAG3#A	si-STAG3#C	1	0.12889135801668158	0.18034314005531363	
Relative Expression

MCF-7, MTT
12h	0	3.588337603150113E-2	2.6045141170965552E-2	0	3.588337603150113E-2	2.6045141170965552E-2	Scrambled	si-STAG3-A	si-STAG3-C	1	0.81952943781897991	0.58747659280527365	24h	0	9.2890769058428871E-2	0.11246440927309226	0	9.2890769058428871E-2	0.11246440927309226	Scrambled	si-STAG3-A	si-STAG3-C	1	0.27763466308878526	0.26379400936049108	96h	0	1.677021269985943E-2	5.6942732589027748E-3	0	1.677021269985943E-2	5.6942732589027748E-3	Scrambled	si-STAG3-A	si-STAG3-C	1	5.9286277127118994E-2	6.0575164087543085E-2	
Survival Fraction Compared to Scrambled

MCF-10A, STAG3 KD
12h	0	0.15161103793428207	6.982646752691625E-2	0	0.15161103793428207	6.982646752691625E-2	Scramble	si-STAG3#A	si-STAG3#C	1	0.62483765494675059	0.95062523130541532	24h	0	5.3761770115615677E-2	4.2171663882463142E-2	0	5.3761770115615677E-2	4.2171663882463142E-2	Scramble	si-STAG3#A	si-STAG3#C	1	0.16763937147539842	0.21193706332721263	
Relative Expression
E2F4/2nd v Actin	0.45780485584669434	0.22382923278896427	0.85866010188096753	5.2018357436699199E-2	0.65532011013369829	0.33493874079835889	0.45780485584669434	0.22382923278896427	0.85866010188096753	5.2018357436699199E-2	0.65532011013369829	0.33493874079835889	Jurkat	MCF-10A	MCF-7	T-47D	MDA-231	MDA-468	1.7134999104496369	0.6615461359074376	2.5575561399959539	0.47192270087010396	1.4277712091869079	0.96156545743572497	
E2F4: β-Actin ratio

E2F4-2nd v Tubulin	2.560797198829274E-2	0.34978365564730485	0.82003781576201606	0.1497416147515879	0.66483749010556714	6.5533588787697345E-3	2.560797198829274E-2	0.34978365564730485	0.82003781576201606	0.1497416147515879	0.66483749010556714	6.5533588787697345E-3	Jurkat	MCF-10A	MCF-7	T-47D	MDA-231	MDA-468	1.4369118954280578	0.77520570050551263	1.3810577517625375	0.55328811870443984	1.2176811101515173	1.2157661343294539	
E2F4: β-tubulin ratio
MCF-7, E2F6 KD-24 h
E2F6	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.26794336563407345	0.61557220667245638	0.3535533905932734	E2F4	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.36602142398640614	0.75785828325519911	0.68302012837719683	STAG3	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.5547847360339222	0.87055056329612401	0.6155722066724586	
Relative Expression

E2F6 	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.49154434035117028	6.0773727562923048E-2	0.3307503587660563	E2F4-2nd	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.86862142377886153	0.2876080803660232	0.85769715376844136	STAG3 	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.47380779169981624	0.56118181673069067	0.65703207076755943	
Remaining protein:β-Actin


T-47D, E2F6 KD-24 h
E2F6	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.46651649576840576	0.19614602447418841	0.32987697769322472	E2F4	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.61557220667245971	0.36602142398640675	0.637280313659633	STAG3	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.59460355750135963	0.29730177875068087	0.45062523130541526	
Relative Expression

E2F6 	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.62067741093108597	0.16011921784037964	0.23196591814905054	E2F4-2nd  	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	1.3705737453044469	0.97951003046287399	0.44001080865342884	STAG3	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.89628033730633294	1.5843473516511206	0.75813995831351655	
Remaining protein:β-Actin

MDA-231, E2F6 KD-24 h
E2F6	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.39229204894837477	0.43527528164806206	0.31864015682981595	E2F4	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.57434917749851744	0.49999999999999994	0.61557220667245827	STAG3	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	1.0717734625362942	0.53588673126814701	0.36602142398640675	
Relative Expression

E2F6	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.25584131219936262	0.15399784712693296	0.31214387099325996	E2F4-2nd 	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.55046517332807432	6.6959256259053815E-2	0.40785730969196754	STAG3	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	2.0697750300841569	1.1780570282882923	0.15137549625284102	
Remaining protein: β-Actin

MCF-10A, E2F6 KD-24 h
E2F6	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.37892914162759883	0.4156189480713941	0.39685026299204962	E2F4	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.6751749730840948	0.56123102415468762	0.75785828325520044	STAG3	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.67517497308409602	0.72363461872018819	0.92231619358593608	
Relative Expression

E2F6 	Scrambled	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.20316487834359415	0	0	E2F4-2nd 	Scrambled	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	1.0230561271734377	0.21496430243213691	0.52612397720607007	STAG3 	Scrambled	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	1.3500764843667092	1.9781513585743322	2.8015235258496776	
Remaining protein:β-Actin

E2F6	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.64627254302409365	4.0360012371800723E-2	0.17127455197132621	E2F4-2nd 	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.71805319847143134	0.10250540298813129	8.0481495873033188E-2	STAG3 	scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	1.052341890885282	0.75785080458841003	0.21319878195595213	
Remaining protein: β-Tubulin
E2F6 	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.38912142989646026	0.26057387889240652	0.22644794958298306	E2F4	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	0.49645702714868706	0.23483090084638897	0.10568319767526034	STAG3 	Scramble	si-E2F6#1	si-E2F6#2	si-E2F6#3	1	1.6719459998904709	0.89077369664647121	0.16688126577675333	
Remaining protein: β-Tubulin 

scrambled	0	0	3.4283342299770399E-7	1.5801866443395005E-7	0	0	0	0	3.4283342299770399E-7	1.5801866443395005E-7	0	0	MCF-10A	T47D	HEK293	HeLa	MDA-231	MCF7	1	1	1.0000001169715749	0.99999987150606184	1	1	si-E2F6-1	0.14245247382732418	6.104904058128028E-2	0.11061367761379171	5.8198910424776158E-2	3.8259244806602602E-2	1.6857180618797457E-2	0.14245247382732418	6.104904058128028E-2	0.11061367761379171	5.8198910424776158E-2	3.8259244806602602E-2	1.6857180618797457E-2	MCF-10A	T47D	HEK293	HeLa	MDA-231	MCF7	0.90301746432955321	0.67427734971811415	0.82749825748991679	0.51441280820255542	0.59526028425658428	9.0160269008298835E-2	si-E2F6-2	2.2218431682150392E-2	4.3639346627531078E-2	0.11875005884374194	4.0750072973597867E-2	4.3581490715211571E-2	1.9026544369513936E-2	2.2218431682150392E-2	4.3639346627531078E-2	0.11875005884374194	4.0750072973597867E-2	4.3581490715211571E-2	1.9026544369513936E-2	MCF-10A	T47D	HEK293	HeLa	MDA-231	MCF7	0.82725449586388244	0.59151699034377014	0.44584724812397669	0.46261010980494288	0.35924200271016565	0.25311354473433328	si-E2F6-3	2.1903891004839911E-2	3.6262110969776128E-2	0.14160927321324432	4.9717787715630457E-2	8.8266286732245937E-3	8.6419789750187437E-2	2.1903891004839911E-2	3.6262110969776128E-2	0.14160927321324432	4.9717787715630457E-2	8.8266286732245937E-3	8.6419789750187437E-2	MCF-10A	T47D	HEK293	HeLa	MDA-231	MCF7	0.76226211583440406	0.73630419265195679	0.45160306622269553	0.17610838897324174	0.2274037347816967	0.34093145475638492	
Survival Fraction Compared to Scrambled

E2F6 versus Actin	0.66779777995053802	0.13567305472177299	0	0	
E2F6 v Actin	1.782197090031133	0.87602889299512898	0.108310760412986	0.58946232691961897	

E2F6 v Actin	1.501308359730064	0.58419125565367203	0.39120174270845898	0.33996819975266501	

E2F6 v Actin	2.0216264700019928	0.51721556886227504	0.311326124075128	0.63103831204886196	

E2F6 ver actin	1.7657563573703721	1.1099741166556309	0.28837643819451297	0.964341570222083	

E2F6 v Actin	1.45103913124883	0.93776674937965299	5.8563957289169702E-2	0.24852607709750599	

MCF-7, cell cycle profile
G1	1.5176736583776278	1.4422205101855945	2.5146238950056374	3.0049958402633474	11.100600584352723	11.380831838373355	1.5176736583776278	1.4422205101855945	2.5146238950056374	3.0049958402633474	11.100600584352723	11.380831838373355	sc	si1	si2	sc+HU	si1+HU	si2+HU	60.533333333333331	56.800000000000004	59.56666666666667	66	43.266666666666673	43.933333333333337	S	1.4364307617610157	1.2999999999999994	0.17320508075688709	1.7349351572897469	2.5976976986041551	2.4726571402710418	1.4364307617610157	1.2999999999999994	0.17320508075688709	1.7349351572897469	2.5976976986041551	2.4726571402710418	sc	si1	si2	sc+HU	si1+HU	si2+HU	16.633333333333336	14.299999999999999	14.1	20.400000000000002	10.736666666666666	9.6566666666666663	G2/M	1.8147543451754942	0.40414518843273767	1.7387735140993301	2.0968150450941878	2.3718839207122508	1.0367738422626216	1.8147543451754942	0.40414518843273767	1.7387735140993301	2.0968150450941878	2.3718839207122508	1.0367738422626216	sc	si1	si2	sc+HU	si1+HU	si2+HU	20.033333333333335	18.733333333333334	17.266666666666666	10.643333333333333	9.1833333333333336	8.0399999999999991	subG1	0.86152964739080984	1.8050761756779146	0.26057628441590747	1.0042078138181014	15.572518528912841	14.423707336650086	0.86152964739080984	1.8050761756779146	0.26057628441590747	1.0042078138181014	15.572518528912841	14.423707336650086	sc	si1	si2	sc+HU	si1+HU	si2+HU	2.3166666666666669	9.1599999999999984	7.91	2.7366666666666668	36.06666666666667	37.733333333333334	
% DNA Content

MCF-10A, cell cycle profile
G1	3.4530180036213722	2.2546248764114472	3.4828149534536008	17.14730299493187	16.821712160181576	7.1696117979520473	3.4530180036213722	2.2546248764114472	3.4828149534536008	17.14730299493187	16.821712160181576	7.1696117979520473	sc	si1	si2	sc+HU	si1+HU	si2+HU	50.966666666666669	58.766666666666673	52.9	34.300000000000004	50.199999999999996	38.966666666666669	S	2.3643180835073725	0.85049005481153783	2.1800305808252691	12.635795714292545	13.957554704651296	11.793642355099639	2.3643180835073725	0.85049005481153783	2.1800305808252691	12.635795714292545	13.957554704651296	11.793642355099639	sc	si1	si2	sc+HU	si1+HU	si2+HU	16.100000000000001	12.233333333333334	12.453333333333333	51.533333333333331	34.866666666666667	39	G2/M	3.2129944496269101	0.60277137733417041	1.9295940851208404	4.3100232017937046	4.4984775202283718	5.4952737268796126	3.2129944496269101	0.60277137733417041	1.9295940851208404	4.3100232017937046	4.4984775202283718	5.4952737268796126	sc	si1	si2	sc+HU	si1+HU	si2+HU	29.866666666666664	24.933333333333334	30.333333333333332	12.209999999999999	12.51	13.236666666666666	SubG1	1.9078784028338918	2.8138467146121053	3.6407462604984344	0.40426888741694239	0.50507425196697442	0.60104076400856543	1.9078784028338918	2.8138467146121053	3.6407462604984344	0.40426888741694239	0.50507425196697442	0.60104076400856543	sc	si1	si2	sc+HU	si1+HU	si2+HU	2.16	3.293333333333333	3.5533333333333332	1.4666666666666668	2.35	1.165	
% DNA Content
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Figure 1.2 Cohesin in the cell cycle.

Cohesin loading onto chromatin occurs in telophase and early G1 phase. Cohesin is activated and
established between sister chromatids through acetylation of SMC3 cohesin subunit by replication fork
associated acetyltransferase ESCO1 with the aid of polymerase & (Pol 8). In mammalian cells, PDS5
maintains centromeric cohesin, whereas Wings Apart-like Protein (WAPL) facilitates the removal of
centromeric cohesin. The sister chromatids exit the cohesin complex through the interface made by the
amino-terminal region of RAD21 and the head domain of SMC3. During DNA replication, centromeric
cohesin is protected from removal during prophase by BUB1 through shugoshin (SGO1) and protein
phosphatase 2A (PP2A). In prophase Polo-like kinase (PLK1) phosphorylates the SA subunit of cohesin
leading to release of most cohesin from chromatin. Cyclin-dependent kinase 1 (CDK1) and aurora kinase
B phosphorylate sororin to dissociate it from cohesin. Both PLK1 and Aurora B are needed for removing
chromosome arm cohesin during metaphase. When anaphase is forthcoming, centromeric RAD21
cohesin is cleaved by ESP1 (after it has been released by its inhibitory partner, pituitary tumour
transforming gene (PTTG1; securin) to destroy cohesin ring. The cohesin complexes that are released
during mitosis can be used again in the subsequent G1 phase after a cohesin deacetylase (histone
deacetylase 8 (HDAC8) in human cells) detaches acetyl groups from SMC3. MAD2 is a principal effector
of the spindle assembly checkpoint via inhibition of APC/C, DNA damage response (DDR) and
precocious dissolution of sisters (PDS5).
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		Scramble		5767.861		19.851

		si-STAG3#1		4757.276		16.373

		si-STAG3#2		5013.619		17.255

		si-STAG3#3		6194.811		21.32





all 17-7-14

		



STAG3 vertubulin

STAG3: β-Tubulin ratio



		



STAG3 vertubulin

STAG3: β-Tubulin ratio



si-Transfection
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Microsoft_Excel_Chart3.xls
Chart1

		scramble

		si-STAG3#A

		si-STAG3#C



relative expression

STAG3  Relative Expression

1

0.1309117654

0.185137194



MCF7 12h 12-5

		Name		Take Off		av (MEAN)		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		12-5, scramble, 18S		6.3														scramble		1

		12-5, scramble, 18S		6.4		6.35												si-STAG3#A		0.5236470614

		12-5, scramble, 18S		6.7														si-STAG3#C		0.3415100642

		12-5, scramble, STAG3		24.1

		12-5, scramble, STAG3		24.4		24.2666666667		17.9166666667		0.0000040415		1

		12-5, scramble, STAG3		24.3

		12-5, si-A, 18S		6.1

		12-5, si-A, 18S		6.8		6.4

		12-5, si-A, 18S		6.7

		12-5, si-A, STAG3		25.1

		12-5, si-A, STAG3		25.5		25.3		18.85		0.0000021163		0.5236470614		47.635293859

		12-5, si-A, STAG3		25.3

		12-5, si-C, 18S		6.2

		12-5, si-C, 18S		6.9		6.5

		12-5, si-C, 18S		6.8

		12-5, si-C, STAG3		25.9

		12-5, si-C, STAG3		26		25.9666666667		19.4666666667		0.0000013802		0.3415100642		65.8489935811

		12-5, si-C, STAG3		26





MCF7 12h 12-5

		



relative expression

Relative STAG3 Expression

48%

66%



MCF7 12h  15-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		15-5, scramble, 18S		6.1														scramble		1

		15-5, scramble, 18S		6.4		6.55												si-STAG3#A		0.554784736

		15-5, scramble, 18S		6.7														si-STAG3#C		0.6155722067

		15-5, scramble, STAG3		25.2

		15-5, scramble, STAG3		25.4		25.2		18.65		0.000002431		1

		15-5, scramble, STAG3		25.4

		15-5, si-A, 18S		6.6

		15-5, si-A, 18S		7		6.6

		15-5, si-A, 18S		7

		15-5, si-A, STAG3		25.8

		15-5, si-A, STAG3		26.1		26.1		19.5		0.0000013487		0.554784736		44.5215263966

		15-5, si-A, STAG3		25.8

		15-5, si-C, 18S		6.6

		15-5, si-C, 18S		7		6.6

		15-5, si-C, 18S		7

		15-5, si-C, STAG3		26

		15-5, si-C, STAG3		25.9		25.95		19.35		0.0000014965		0.6155722067		38.4427793328

		15-5, si-C, STAG3		25.6





MCF7 12h  15-5

		



relative expression

Relative STAG3 Expression

45%

38%



MCF7 24h 4-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		MCF7 4-5 scramble 24h, 18S		7														scramble		1

		MCF7 4-5 scramble 24h, 18S		7.2		7.2												si-STAG3#A		0.1309117654

		MCF7 4-5 scramble 24h, 18S		7.4														si-STAG3#C		0.185137194

		4-5 scramble 24h, STAG3		23.8

		4-5 scramble 24h, STAG3		24.2		24.0666666667		16.8666666667		0.0000083681		1

		4-5 scramble 24h, STAG3		24.2

		4-5 si-A 24h, 18S		6

		4-5 si-A 24h, 18S		6		6.1333333333

		4-5 si-A 24h, 18S		6.4

		4-5 si-A 24h, STAG3		25.7

		4-5 si-A 24h, STAG3		25.7		25.9333333333		19.8		0.0000010955		0.1309117654		86.9088234647

		4-5 si-A 24h, STAG3		26.4

		4-5 si-C 24h, 18S		7.2

		4-5 si-C 24h, 18S		7.4		7.3

		4-5 si-C 24h, 18S		7.8

		4-5 si-C 24h, STAG3		26.4

		4-5 si-C 24h, STAG3		26.5		26.6		19.3		0.0000015492		0.185137194		81.4862805964

		4-5 si-C 24h, STAG3		26.9





MCF7 24h 4-5

		



relative expression

mRNA  STAG3  Relative Expression

87%

81%



MCF7 24h 12-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		scramble 24h, 18S		8.6														scrambled		1

		scramble 24h, 18S		8.7		8.7												si-STAG3#A		0.1088188204

		scramble 24h, 18S		8.8														si-STAG3#C		0.185137194

		scramble 24h, STAG3		23.9

		scramble 24h, STAG3		24.3		24.2		15.5		0.0000215792		1

		scramble 24h, STAG3		24.4

		si-A 24h, 18S		7.4

		si-A 24h, 18S		7.4		7.4666666667

		si-A 24h, 18S		7.6

		si-A 24h, STAG3		26.1

		si-A 24h, STAG3		26.3		26.1666666667		18.7		0.0000023482		0.1088188204		89.1181179588

		si-A 24h, STAG3		26.1

		si-C 24h, 18S		7.6

		si-C 24h, 18S		8.2		7.8333333333

		si-C 24h, 18S		7.7

		si-C 24h,  STAG3		26

		si-C 24h,  STAG3		25.5		25.7666666667		17.9333333333		0.0000039951		0.185137194		81.4862805964

		si-C 24h,  STAG3		25.8





MCF7 24h 12-5

		



relative expression

Relative STAG3 Expression

89%

81%



MCF7 24h  15-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		MCF7 15-5 scramble 24h, 18S		8.6														scramble		1

		MCF7 15-5 scramble 24h, 18S		8.6		8.6												si-STAG3#A		0.1469434883

		MCF7 15-5 scramble 24h, 18S		9.2														si-STAG3#C		0.1707550321

		15-5 scramble 24h, STAG3		23.8

		15-5 scramble 24h, STAG3		24.4		24.1666666667		15.5666666667		0.0000206047		1

		15-5 scramble 24h, STAG3		24.3

		15-5 si-A 24h, 18S		8.4

		15-5 si-A 24h, 18S		7.9		8.1

		15-5 si-A 24h, 18S		8

		15-5 si-A 24h, STAG3		26.4

		15-5 si-A 24h, STAG3		26.2		26.4333333333		18.3333333333		0.0000030277		0.1469434883		85.3056511715

		15-5 si-A 24h, STAG3		26.7

		15-5 si-C 24h, 18S		8.2

		15-5 si-C 24h, 18S		8.9		8.55

		15-5 si-C 24h, 18S		9.3

		15-5 si-C 24h, STAG3		26.3

		15-5 si-C 24h, STAG3		27		26.6666666667		18.1166666667		0.0000035184		0.1707550321		82.9244967906

		15-5 si-C 24h, STAG3		26.7





MCF7 24h  15-5

		



relative expression

Relative STAG3 Expression

85%

83%



compiled

				12-5-		15-5

		12h		MCF-7				av		st. dev.						MCF7		st. dev.		%KD

		scramble		1		1		1		0				scramble		1		0

		si-STAG3#A		0.5236470614		0.554784736		0.5392158987		0.0220176609				si-STAG3#A		0.5392158987		0.0220176609		46.0784101278

		si-STAG3#C		0.3415100642		0.6155722067		0.4785411354		0.1937911994				si-STAG3#C		0.4785411354		0.1937911994		52.1458864569

				1st exp

		24h		4/5/15		12/5/15		15-5-15		av		st dev				MCF7, STAG3 KD-24h		st. dev.		%KD

		scramble		1		1		1		1		0		scramble		1		0		1

		si-STAG3#A		0.1309117654		0.1088188204		0.1469434883		0.128891358		0.0191424687		si-STAG3#A		0.128891358		0.0191424687		87.1108641983

		si-STAG3#C		0.185137194		0.185137194		0.1707550321		0.1803431401		0.0083035451		si-STAG3#C		0.1803431401		0.0083035451		81.9656859945

				12h		24h		st. dev. 12h		st. dev. 24h

		scramble		1		1		0		0

		si-STAG3#A		0.5392158987		0.128891358		0.0220176609		0.0191424687

		si-STAG3#C		0.4785411354		0.1803431401		0.1937911994		0.0083035451





compiled

				0		0

				0.0220176609		0.0220176609

				0.1937911994		0.1937911994



MCF7

Relative STAG3 Expression

MCF7, STAG3 KD-12h

46%

52%



MCF7 96h-wrong1

				0		0

				0.0191424687		0.0191424687

				0.0083035451		0.0083035451



MCF7, STAG3 KD-24h

Relative STAG3 Expression

87%

82%



MCF7 96h-wrong

						0		0		0		0

						0.0220176609		0.0220176609		0.0191424687		0.0191424687

						0.1937911994		0.1937911994		0.0083035451		0.0083035451



12h

24h

Relative STAG3 Expression

MCF-7, STAG3 KD



		Name		Take Off		av		Cq		Rel. exp.						MCF-7

		scramble 96h, 18S		6										scramble		0.0556537742

		scramble 96h, 18S		6		6								si-STAG3#A		0.6447690746

		scramble 96h, 18S		6										si-STAG3#c		1.0774746961

		scramble 96h, STAG3		24.9

		scramble 96h, STAG3		24.8		24.85		18.85		0.0556537742

		scramble 96h, STAG3		25.2

		si-A 96h, 18S		9

		si-A 96h, 18S		9.9		9.5333333333

		si-A 96h, 18S		9.7

		si-A 96h, STAG3		24.8

		si-A 96h, STAG3		24.4		24.5666666667		15.0333333333		0.6447690746

		si-A 96h, STAG3		24.5

		si-C 96h, 18S		10

		si-C 96h, 18S		9.9		10.0333333333

		si-C 96h, 18S		10.2

		si-C 96h, STAG3		24.1

		si-C 96h, STAG3		24.3		24.2666666667		14.2333333333		1.0774746961

		si-C 96h, STAG3		24.4





		scramble

		si-STAG3#A

		si-STAG3#c



MCF-7

STAG3 Rlative Expression

MCF-7, STAG3 KD

0.0556537742

0.6447690746

1.0774746961



		Name		Take Off				delta Cq		Rel exp						MCF-7, STAG3 KD-96h

		scramble 96h, 18S		6										scrambled		0.2409805609

		scramble 96h, 18S		6.8		6.3								si-STAG3#A		0.9890993876

		scramble 96h, 18S		6.1										si-STAG3#C		1.5173147055

		scramble 96h, STAG3		22.8

		scramble 96h, STAG3		22.9		22.8666666667		16.5666666667		0.2409805609

		scramble 96h, STAG3		22.9

		si-A 96h, 18S		11.9

		si-A 96h, 18S		12.1		12.0666666667

		si-A 96h, 18S		12.2

		si-A 96h, STAG3		26.4

		si-A 96h, STAG3		26.4		26.4333333333		14.3666666667		0.9890993876

		si-A 96h, STAG3		26.5

		si-C 96h, 18S		12.1

		si-C 96h, 18S		12.7		12.6

		si-C 96h, 18S		13

		si-C 96h, STAG3		26.4

		si-C 96h, STAG3		26.2		26.3		13.7		1.5173147055

		si-C 96h, STAG3		26.3





		



MCF-7, STAG3 KD-96h
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Microsoft_Excel_Chart4.xls
Chart1

		Scramble

		si-STAG3#1

		si-STAG3#2



STAG3:Actin ratio

STAG3:β-Actin ratio

1.6720576712

0.9834257814

0.4486943245



18-9pd

		Actin										STAG3: Actin ratio

		scramble		8426.347		55.89				scramble		1.3531579889

		si-2		6650.276		44.11				si-STAG3#2		0.5525277715

		STAG3

		scramble		5878.225		75.628

		si-2		1894.376		24.372





18-9pd

		



STAG3: Actin ratio

STAG3: Actin ratio



18-9 6well plate

				actin						STAG3:Actin ratio

		scr		4754.518		23.168		Scramble		1.5875345304

		si-1		7099.225		34.593		si-STAG3#1		0.9414621455

		si-2		8668.125		42.238		si-STAG3#2		0.7256972395

				STAG3

		scr		5732.225		36.78

		si-1		5075.761		32.568

		si-2		4777.154		30.652





18-9 6well plate

		



STAG3:Actin ratio

STAG3:Actin ratio



7-9-Image reader

												STAG3:β-Actin ratio

		scr		8097.933		33.331				Scramble		1.2028742012

		si-1		8092.104		33.307				si-STAG3#1		1.1833848741

		si-2		8105.518		33.362				si-STAG3#2		0.6142317607

		scr		3288.062		40.093

		si-1		3232.426		39.415

		si-2		1680.527		20.492





7-9-Image reader

		



STAG3:β-Actin ratio

STAG3:β-Actin ratio



7-9-

				actin						STAG3:Actin ratio

		scr		7474.539		27.87		Scramble		1.3387872264

		si-1		9174.004		34.206		si-STAG3#1		1.3043033386

		si-2		10171.075		37.924		si-STAG3#2		0.4765583799

				STAG3

		scr		4467.841		37.312

		si-1		5342.376		44.615

		si-2		2164.184		18.073





7-9-

		



STAG3:Actin ratio

STAG3:β-Actin ratio



31-8-

				actin						STAG3:Actin ratio

		scr		9590.418		35.67		Scramble		0.7350154191

		si-1		9162.589		34.078		si-STAG3#1		1.3228182405

		si-2		8133.761		30.252		si-STAG3#2		0.9487967738

				STAG3

		scr		3058.497		26.218

		si-1		5258.79		45.079

		si-2		3348.376		28.703





31-8-

		



STAG3:Actin ratio

STAG3:β-Actin ratio



22-08-

				actin						STAG3:Actin ratio

		scr		8079.761		31.905		Scramble		1.6720576712

		si-1		7624.296		30.107		si-STAG3#1		0.9834257814

		si-2		9620.125		37.988		si-STAG3#2		0.4486943245

				STAG3

		scr		5299.962		53.347

		si-1		2941.548		29.608

		si-2		1693.426		17.045





22-08-

		



STAG3:Actin ratio

STAG3:β-Actin ratio



13-8-

				actin						STAG3:Actin ratio

		scr		10071.903		35.968		Scramble		1.7225589413

		si-2		8338.024		29.776		si-STAG3#2		1.2776397098

				STAG3

		scr		5609.548		61.957

		si-2		3444.426		38.043





13-8-

		



STAG3:Actin ratio

STAG3:β-Actin ratio
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Microsoft_Excel_Chart5.xls
Chart1

		Scramble		0		0

		si-STAG3#A		0.0537617701		0.0537617701

		si-STAG3#C		0.0421716639		0.0421716639



MCF-10A

Relative Expression

MCF-10A, STAG3 KD-24 h

1

0.1676393715

0.2119370633



MCF10A 24h 29-4

		Name		Take Off		av		ΔCq		ΔCq expression		ΔΔCq				MCF-10A

		29-4-15 10A scramble, 18S		10.2										scrambled		1

		29-4-15 10A scramble, 18S		10.4		11.1								si-STAG3#A		0.1371031225

		29-4-15 10A scramble, 18S		11.1										si-STAG3#C		0.1611712886

		29-4-15 10A scramble, STAG3		27.3

		29-4-15 10A scramble, STAG3		27.7		27.3		16.2		0.0000132835		1

		29-4-15 10A scramble, STAG3		28.2

		29-4-15 10A si-A, 18S		8.7

		29-4-15 10A si-A, 18S		9		9.1333333333

		29-4-15 10A si-A, 18S		9.7

		29-4-15 10A si-A, STAG3		27.5

		29-4-15 10A si-A, STAG3		28.3		28.2		19.0666666667		0.0000018212		0.1371031225

		29-4-15 10A si-A, STAG3		28.8

		29-4-15 10A si-C, 18S		8.9

		29-4-15 10A si-C, 18S		9.2		9.0666666667

		29-4-15 10A si-C, 18S		9.1

		29-4-15 10A si-C, STAG3		27.6

		29-4-15 10A si-C, STAG3		27.7		27.9		18.8333333333		0.0000021409		0.1611712886

		29-4-15 10A si-C, STAG3		28.4





MCF10A 24h 29-4

		



MCF-10A



10A 24h 3-5

		Name		Take Off		av		ΔCq		ΔCq expression		ΔΔCq				MCF-10A

		3-5-15 10A scramble, 18S		12.8										scrambled		1

		3-5-15 10A scramble, 18S		13.2		12.8								si-STAG3#A		0.061072498

		3-5-15 10A scramble, 18S		13.5										si-STAG3#C		0.1015315495

		3-5-15 10A scramble, STAG3		27.9

		3-5-15 10A scramble, STAG3		27.9		27.9666666667		15.1666666667		0.0000271881		1

		3-5-15 10A scramble, STAG3		28.1

		3-5-15 10A si-A, 18S		7.2

		3-5-15 10A si-A, 18S		8.2		8.1

		3-5-15 10A si-A, 18S		8

		3-5-15 10A si-A, STAG3		27.4

		3-5-15 10A si-A, STAG3		27.3		27.3		19.2		0.0000016604		0.061072498

		3-5-15 10A si-A, STAG3		27.2

		3-5-15 10A si-C, 18S		8.5

		3-5-15 10A si-C, 18S		8.4		8.7333333333

		3-5-15 10A si-C, 18S		9.3

		3-5-15 10A si-C, STAG3		27.2

		3-5-15 10A si-C, STAG3		27.2		27.2		18.4666666667		0.0000027604		0.1015315495

		3-5-15 10A si-C, STAG3		27.8





10A 24h 3-5

		



MCF-10A

Relative STAG3 Expression

MCF-10A, STAG3 KD-24h



10A-24h 4-5 new

		Name		Take Off		av		delta Cq		Rel exp

		4-5-15 10A scramble, 18S		6

		4-5-15 10A scramble, 18S		6.2

		4-5-15 10A scramble, 18S		6.1

		4-5-15 10A scramble, STAG3		27.6				No KD

		4-5-15 10A scramble, STAG3		27.4

		4-5-15 10A scramble, STAG3		27.4

		4-5-15 10A si-A, 18S		6

		4-5-15 10A si-A, 18S		6

		4-5-15 10A si-A, 18S		6

		4-5-15 10A si-A, STAG3		26.7

		4-5-15 10A si-A, STAG3		27.2

		4-5-15 10A si-A, STAG3		27.5

		4-5-15 10A si-C, 18S		6.7

		4-5-15 10A si-C, 18S		6.8

		4-5-15 10A si-C, 18S		6.2

		4-5-15 10A si-C, STAG3		27.4

		4-5-15 10A si-C, STAG3		27.2

		4-5-15 10A si-C, STAG3		26.9





10A 12h, exp1 22-5 

		Name		Take Off		av		ΔCq		ΔCq expression		ΔΔCq				MCF-10A

		10A, scramble 12h, 18S		6										scrambled		1

		10A, scramble 12h, 18S		6		6								si-STAG3#A		0.5176324619

		10A, scramble 12h, 18S		6										si-STAG3#C		0.9012504626

		10A, scramble 12h, STAG3		27.1

		10A, scramble 12h, STAG3		26.8		26.85		20.85		0.0000005291		1

		10A, scramble 12h, STAG3		26.9

		10A, si-A 12h, 18S		6.3

		10A, si-A 12h, 18S		6		6

		10A, si-A 12h, 18S		6

		10A, si-A 12h, STAG3		27.4

		10A, si-A 12h, STAG3		28.1		27.8		21.8		0.0000002739		0.5176324619

		10A, si-A 12h, STAG3		27.9

		10A, si-C 12h, 18S		6

		10A, si-C 12h, 18S		6		6

		10A, si-C 12h, 18S		7

		10A, si-C 12h, STAG3		26.4

		10A, si-C 12h, STAG3		27		27		21		0.0000004768		0.9012504626

		10A, si-C 12h, STAG3		26.7





10A 12h, exp1 22-5 

		



MCF-10A



10A 12h, exp2 22-5

		Name		Take Off		av		ΔCq		ΔCq expression		ΔΔCq				MCF-10A

		10A exp2, scramble 12h, 18S		6										scrambled		1

		10A exp2, scramble 12h, 18S		6		6								si-STAG3#A		0.732042848

		10A exp2, scramble 12h, 18S		6										si-STAG3#C		1

		10A exp2, scramble 12h, STAG3		27.7

		10A exp2, scramble 12h, STAG3		27.3		27.3		21.3		0.0000003873		1

		10A exp2, scramble 12h, STAG3		27.5

		10A exp2, si-A 12h, 18S		6

		10A exp2, si-A 12h, 18S		6		6

		10A exp2, si-A 12h, 18S		6

		10A exp2, si-A 12h, STAG3		27.3

		10A exp2, si-A 12h, STAG3		27.9		27.75		21.75		0.0000002835		0.732042848

		10A exp2, si-A 12h, STAG3		27.6

		10A exp2, si-C 12h, 18S		6

		10A exp2, si-C 12h, 18S		6.4		6

		10A exp2, si-C 12h, 18S		6.4

		10A exp2, si-C 12h, STAG3		27.3

		10A exp2, si-C 12h, STAG3		27		27.3		21.3		0.0000003873		1

		10A exp2, si-C 12h, STAG3		27.3





10A 12h, exp2 22-5

		



MCF-10A



compiled

		12h-10A				exp1		exp2				av		st dev.				MCF-10A		st dev.

				Scramble		1		1				1		0		Scramble		1		0

				si-STAG3#A		0.5176324619		0.732042848				0.6248376549		0.1516110379		si-STAG3#A		0.6248376549		0.1516110379

				si-STAG3#C		0.9012504626		1				0.9506252313		0.0698264675		si-STAG3#C		0.9506252313		0.0698264675

		24h-10A new				exp1 29-4		exp2 3-5				av		st dev.				MCF-10A		st dev.

				Scramble		1		1				1		0		Scramble		1		0

				si-STAG3#A		0.1371031225		0.061072498				0.0990878102		0.0537617701		si-STAG3#A		0.1676393715		0.1507083177

				si-STAG3#C		0.1611712886		0.1015315495				0.131351419		0.0421716639		si-STAG3#C		0.2119370633		0.156136975





compiled

				0		0

				0.0537617701		0.0537617701

				0.0421716639		0.0421716639



MCF-10A

Relative STAG3 Expression

MCF-10A, STAG3 KD-24h



				0		0

				0.1516110379		0.1516110379

				0.0698264675		0.0698264675



MCF-10A

Relative STAG3 Expression

MCF-10A, STAG3 KD-12h




Microsoft_Excel_Chart6.xls
Chart1

		Scramble		0		0

		si-STAG3#A		0.0950828435		0.0950828435

		si-STAG3#C		0.0774765196		0.0774765196



MCF10A

Survival Fraction

MTT- 96 h

1

0.8391290776

0.7697724886



MCF7

		MCF-7		22-3-15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.263		0.292		0.306		0.312		0.322		0.328		0.299		0.276		0.047		0.047		0.047		0.046

				B		0.312		1.842		1.67		1.52		1.35		1.778		2.013		0.297		0.046		0.048		0.046		0.046

				C		0.287		2.488		1.892		3.292		2.381		2.13		2.91		0.291		0.047		0.047		0.047		0.047

				D		0.303		2.486		1.984		2.114		2.46		2.244		2.417		0.332		0.046		0.048		0.047		0.046

				E		0.298		0.117		0.103		0.11		0.103		0.113		0.104		0.328		0.048		0.047		0.047		0.047

				F		0.305		0.126		0.131		0.116		0.136		0.137		0.129		0.315		0.047		0.048		0.047		0.046

				G		0.268		0.296		0.298		0.281		0.315		0.317		0.316		0.306		0.049		0.049		0.047		0.047

				H		0.246		0.299		0.301		0.313		0.314		0.3		0.302		0.288		0.047		0.047		0.046		0.046

		MCF7 2-4-15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.258		0.325		0.398		0.323		0.318		0.321		0.317		0.309		0.046		0.046		0.047		0.047

				B		0.313		1.766		1.818		2.335		2.31		2.322		2.181		0.216		0.046		0.047		0.046		0.048

				C		0.308		3.149		2.374		2.297		2.553		2.505		2.206		0.302		0.047		0.048		0.047		0.047

				D		0.325		3.242		2.433		2.122		2.64		2.668		2.385		0.328		0.047		0.047		0.046		0.046

				E		0.316		0.077		0.08		0.086		0.091		0.088		0.08		0.313		0.047		0.047		0.049		0.048

				F		0.321		0.101		0.102		0.095		0.091		0.09		0.109		0.3		0.048		0.047		0.046		0.047

				G		0.299		0.309		0.309		0.313		0.328		0.305		0.326		0.275		0.055		0.047		0.046		0.046

				H		0.3		0.301		0.292		0.291		0.289		0.286		0.275		0.294		0.048		0.047		0.046		0.046

		MCF7 5-4-15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.297		0.313		0.306		0.311		0.315		0.306		0.312		0.308		0.046		0.047		0.047		0.046

				B		0.308		2.813		2.702		3.263		3.062		2.798		3.168		0.313		0.046		0.047		0.046		0.046

				C		0.329		3.025		2.459		2.307		2.827		2.782		3.179		0.323		0.047		0.048		0.047		0.047

				D		0.307		2.77		2.788		3.162		3.069		2.977		3.723		0.318		0.047		0.047		0.047		0.046

				E		0.309		0.066		0.067		0.075		0.072		0.08		0.075		0.326		0.048		0.047		0.047		0.051

				F		0.33		0.1		0.093		0.093		0.089		0.092		0.095		0.309		0.047		0.048		0.047		0.046

				G		0.279		0.305		0.305		0.306		0.313		0.306		0.317		0.291		0.047		0.047		0.047		0.047

				H		0.279		0.289		0.282		0.269		0.285		0.288		0.282		0.275		0.047		0.048		0.046		0.045

		WT		1.6955		2.122		2.9676666667

		Mock		2.5155		2.387		2.7631666667

		Scramble		2.2841666667		2.4496		2.9532

		si-STAG3#A		0.1083333333		0.0836666667		0.0725

		si-STAG3#C		0.1291666667		0.098		0.0936666667

										Average

		Scramble		1		1		1		1

		si-STAG3#A		0.047427946		0.0341552362		0.0245496411		0.0353776078

		si-STAG3#C		0.0565487049		0.0400065317		0.0317170075		0.0427574147

				MCF-7		st. dev.

		Scramble		1		0

		si-STAG3#A		0.0353776078		0.0114880309

		si-STAG3#C		0.0427574147		0.0126423422





MCF7

				0		0

				0.0114880309		0.0114880309

				0.0126423422		0.0126423422



MCF-7



MCF10A

		MCF10A		3/24/15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282		0.046		0.047		0.047		0.046

				B		0.309		2.57		2.181		3.471		2.854		2.867		2.256		0.291		0.046		0.047		0.046		0.045

				C		0.289		3.646		2.625		2.795		2.273		2.086		2.036		0.3		0.047		0.047		0.047		0.048

				D		0.312		3.219		2.539		2.614		2.418		2.491		2.432		0.286		0.047		0.048		0.048		0.046

				E		0.307		2.204		1.895		2.827		1.724		1.902		2.609		0.305		0.047		0.047		0.048		0.049

				F		0.311		2.162		1.633		1.605		2.449		2.394		2.44		0.298		0.047		0.047		0.047		0.047

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282		0.048		0.047		0.047		0.047

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252		0.047		0.047		0.047		0.045

		10A 31-03-15				1		2		3		4		5		6		7		8

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282

				B		0.309		3.637		3.383		4.225		4.102		3.153		3.446		0.291

				C		0.289		3.654		3.805		2.024		2.731		3.856		3.569		0.3

				D		0.312		2.91		2.916		2.424		2.41		3.185		3.891		0.286

				E		0.307		1.62		2.578		2.147		1.844		1.651		2.151		0.305

				F		0.311		4.126		2.053		1.399		2.016		1.991		1.504		0.298

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252

		10A 1-04-15

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282

				B		0.309		3.308		3.123		3.034		3.145		3.98		3.789		0.291

				C		0.289		3.573		3.051		3.125		4.428		3.419		3.241		0.3

				D		0.312		3.5		2.477		3.113		4.842		3.505		3.649		0.286

				E		0.307		2.093		2.247		2.521		2.132		3.461		1.894		0.305

				F		0.311		2.1		1.384		2.476		2.032		1.963		2.507		0.298

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.314		0.324		0.32		0.321		0.322		0.32		0.325		0.317		0.046		0.047		0.047		0.047

				B		0.317		!4.090		!4.631		2.852		3.515		3.093		3.265		0.326		0.046		0.047		0.046		0.046

				C		0.329		3.646		3.121		3.464		3.503		3.139		!4.296		0.333		0.047		0.047		0.047		0.047

				D		0.294		3.158		2.777		2.691		3.017		3.358		!4.431		0.334		0.047		0.047		0.046		0.046

				E		0.297		3.112		2.82		2.702		3.303		3.383		2.212		0.334		0.047		0.047		0.047		0.047

				F		0.3		2.727		2.466		2.33		2.604		2.946		2.425		0.328		0.047		0.046		0.046		0.046

				G		0.299		0.269		0.316		0.323		0.32		0.316		0.325		0.31		0.051		0.047		0.047		0.047

				H		0.217		0.3		0.274		0.288		0.31		0.301		0.301		0.288		0.047		0.047		0.047		0.046

		WT

		Mock		2.5768333333		3.2731666667		3.2818		3.18125

		Scramble		2.6188333333		2.665		3.2488		3.0002

		si-STAG3#A		2.1935		2.0742		2.4908		2.922

		si-STAG3#C		2.1138333333		1.891		2.27875		2.583

												Average		St. dev

		Scramble		1		1		1		1		1		0

		si-STAG3#A		0.8375867116		0.7783114447		0.766683083		0.973935071		0.8391290776		0.0950828435

		si-STAG3#C		0.8071660409		0.7095684803		0.7014128294		0.8609426038		0.7697724886		0.0774765196

				MCF10A		St. dev

		Scramble		1		0

		si-STAG3#A		0.8391290776		0.0950828435

		si-STAG3#C		0.7697724886		0.0774765196





MCF10A

				0		0

				0.0950828435		0.0950828435

				0.0774765196		0.0774765196



MCF10A

Survival Fraction Compared to Scrambled

MTT- 96h



MDA231

		MDA-231 31-03-15		3/24/15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282		0.046		0.047		0.047		0.046

				B		0.309		1.921		1.658		2.307		1.89		2.499		2.654		0.291		0.046		0.047		0.046		0.045

				C		0.289		2.408		2.167		2.43		2.129		2.4		2.215		0.3		0.047		0.047		0.047		0.048

				D		0.312		2.015		2.342		2.112		1.469		2.543		2.237		0.286		0.047		0.048		0.048		0.046

				E		0.307		1.75		1.702		1.86		2.06		2.035		2.147		0.305		0.047		0.047		0.048		0.049

				F		0.311		1.108		0.921		1.21		1.206		1.331		1.481		0.298		0.047		0.047		0.047		0.047

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282		0.048		0.047		0.047		0.047

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252		0.047		0.047		0.047		0.045

		MDA-231 2-4-15				1		2		3		4		5		6		7		8		9		10		11		12

				A		0.262		0.315		0.32		0.322		0.334		0.326		0.33		0.312		0.047		0.046		0.047		0.047

				B		0.248		1.651		1.612		1.776		2.565		2.317		2.161		0.319		0.046		0.047		0.047		0.046

				C		0.244		3.198		1.563		1.914		1.708		2.516		2.715		0.33		0.047		0.047		0.047		0.047

				D		0.285		3.041		3.001		2.326		1.712		2.244		2.483		0.329		0.047		0.047		0.046		0.046

				E		0.258		1.418		1.932		1.574		1.789		1.741		1.906		0.33		0.047		0.047		0.048		0.047

				F		0.297		1.33		0.657		0.947		0.926		1.174		1.12		0.306		0.047		0.047		0.047		0.046

				G		0.261		0.266		0.312		0.308		0.318		0.309		0.305		0.308		0.048		0.047		0.047		0.047

				H		0.207		0.337		0.327		0.292		0.291		0.285		0.298		0.285		0.047		0.048		0.046		0.046

		WT		2.2542		2.0136666667

		Mock		2.2915		2.269

		Scramble		2.2498		2.619

		si-STAG3#A		1.8814		1.7266666667

		si-STAG3#C		1.1552		1.0256666667

		Scramble		1		1

		si-STAG3#A		0.8362521113		0.6592847143

		si-STAG3#C		0.5134678638		0.3916253023





MDA468

		

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.279		0.289		0.289		0.304		0.306		0.303		0.303		0.306		0.047		0.047		0.047		0.047

				B		0.262		3.563		3.362		3.89		3.778		3.514		3.536		0.299		0.047		0.047		0.046		0.046

				C		0.237		3.028		2.672		3.29		3.597		3.284		3.592		0.306		0.047		0.047		0.047		0.047

				D		0.284		3.219		3.474		3.732		3.752		3.991		3.039		0.307		0.049		0.047		0.046		0.046

				E		0.278		0.33		0.428		0.5		0.383		0.427		0.486		0.308		0.047		0.047		0.047		0.047

				F		0.289		0.547		0.355		0.222		0.487		0.415		0.676		0.292		0.047		0.047		0.047		0.05

				G		0.257		0.299		0.285		0.314		0.31		0.311		0.332		0.271		0.048		0.048		0.047		0.047

				H		0.23		0.332		0.266		0.294		0.367		0.34		0.336		0.26		0.047		0.047		0.05		0.046

		WT		3.6071666667

		Mock		3.2438333333

		Scramble		3.5345

		si-STAG3#A		0.4256666667

		si-STAG3#C		0.496

		Scramble		1

		si-STAG3#A		0.1204319329

		si-STAG3#C		0.1403310228





Compiled

		Aver.		Scramble		si-STAG3#A		si-STAG3#C

		MCF-10A		1		0.8391290776		0.7697724886

		MCF-7		1		0.0353776078		0.0427574147

		T-47D

		MDA-231

		MDA-468

		St.Dev.		Scramble		si-STAG3#A		si-STAG3#C

		MCF-10A		0		0.0950828435		0.0774765196

		MCF-7		0		0.0114880309		0.0126423422

		T-47D

		MDA-231

		MDA-468






Microsoft_Excel_Chart7.xls
Chart1

		Scramble		0		0

		si-STAG3#A		0.0114880309		0.0114880309

		si-STAG3#C		0.0126423422		0.0126423422



MCF-7

Survival Fraction

MTT- 96 h

1

0.0353776078

0.0427574147



MCF7

		MCF-7		22-3-15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.263		0.292		0.306		0.312		0.322		0.328		0.299		0.276		0.047		0.047		0.047		0.046

				B		0.312		1.842		1.67		1.52		1.35		1.778		2.013		0.297		0.046		0.048		0.046		0.046

				C		0.287		2.488		1.892		3.292		2.381		2.13		2.91		0.291		0.047		0.047		0.047		0.047

				D		0.303		2.486		1.984		2.114		2.46		2.244		2.417		0.332		0.046		0.048		0.047		0.046

				E		0.298		0.117		0.103		0.11		0.103		0.113		0.104		0.328		0.048		0.047		0.047		0.047

				F		0.305		0.126		0.131		0.116		0.136		0.137		0.129		0.315		0.047		0.048		0.047		0.046

				G		0.268		0.296		0.298		0.281		0.315		0.317		0.316		0.306		0.049		0.049		0.047		0.047

				H		0.246		0.299		0.301		0.313		0.314		0.3		0.302		0.288		0.047		0.047		0.046		0.046

		MCF7 2-4-15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.258		0.325		0.398		0.323		0.318		0.321		0.317		0.309		0.046		0.046		0.047		0.047

				B		0.313		1.766		1.818		2.335		2.31		2.322		2.181		0.216		0.046		0.047		0.046		0.048

				C		0.308		3.149		2.374		2.297		2.553		2.505		2.206		0.302		0.047		0.048		0.047		0.047

				D		0.325		3.242		2.433		2.122		2.64		2.668		2.385		0.328		0.047		0.047		0.046		0.046

				E		0.316		0.077		0.08		0.086		0.091		0.088		0.08		0.313		0.047		0.047		0.049		0.048

				F		0.321		0.101		0.102		0.095		0.091		0.09		0.109		0.3		0.048		0.047		0.046		0.047

				G		0.299		0.309		0.309		0.313		0.328		0.305		0.326		0.275		0.055		0.047		0.046		0.046

				H		0.3		0.301		0.292		0.291		0.289		0.286		0.275		0.294		0.048		0.047		0.046		0.046

		MCF7 5-4-15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.297		0.313		0.306		0.311		0.315		0.306		0.312		0.308		0.046		0.047		0.047		0.046

				B		0.308		2.813		2.702		3.263		3.062		2.798		3.168		0.313		0.046		0.047		0.046		0.046

				C		0.329		3.025		2.459		2.307		2.827		2.782		3.179		0.323		0.047		0.048		0.047		0.047

				D		0.307		2.77		2.788		3.162		3.069		2.977		3.723		0.318		0.047		0.047		0.047		0.046

				E		0.309		0.066		0.067		0.075		0.072		0.08		0.075		0.326		0.048		0.047		0.047		0.051

				F		0.33		0.1		0.093		0.093		0.089		0.092		0.095		0.309		0.047		0.048		0.047		0.046

				G		0.279		0.305		0.305		0.306		0.313		0.306		0.317		0.291		0.047		0.047		0.047		0.047

				H		0.279		0.289		0.282		0.269		0.285		0.288		0.282		0.275		0.047		0.048		0.046		0.045

		WT		1.6955		2.122		2.9676666667

		Mock		2.5155		2.387		2.7631666667

		Scramble		2.2841666667		2.4496		2.9532

		si-STAG3#A		0.1083333333		0.0836666667		0.0725

		si-STAG3#C		0.1291666667		0.098		0.0936666667

										Average

		Scramble		1		1		1		1

		si-STAG3#A		0.047427946		0.0341552362		0.0245496411		0.0353776078

		si-STAG3#C		0.0565487049		0.0400065317		0.0317170075		0.0427574147

				MCF-7		st. dev.

		Scramble		1		0

		si-STAG3#A		0.0353776078		0.0114880309

		si-STAG3#C		0.0427574147		0.0126423422





MCF7

				0		0

				0.0114880309		0.0114880309

				0.0126423422		0.0126423422



MCF-7

Survival Fraction Compared to Scrambled

MTT- 96h



MCF10A

		MCF10A		3/24/15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282		0.046		0.047		0.047		0.046

				B		0.309		2.57		2.181		3.471		2.854		2.867		2.256		0.291		0.046		0.047		0.046		0.045

				C		0.289		3.646		2.625		2.795		2.273		2.086		2.036		0.3		0.047		0.047		0.047		0.048

				D		0.312		3.219		2.539		2.614		2.418		2.491		2.432		0.286		0.047		0.048		0.048		0.046

				E		0.307		2.204		1.895		2.827		1.724		1.902		2.609		0.305		0.047		0.047		0.048		0.049

				F		0.311		2.162		1.633		1.605		2.449		2.394		2.44		0.298		0.047		0.047		0.047		0.047

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282		0.048		0.047		0.047		0.047

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252		0.047		0.047		0.047		0.045

		10A 31-03-15				1		2		3		4		5		6		7		8

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282

				B		0.309		3.637		3.383		4.225		4.102		3.153		3.446		0.291

				C		0.289		3.654		3.805		2.024		2.731		3.856		3.569		0.3

				D		0.312		2.91		2.916		2.424		2.41		3.185		3.891		0.286

				E		0.307		1.62		2.578		2.147		1.844		1.651		2.151		0.305

				F		0.311		4.126		2.053		1.399		2.016		1.991		1.504		0.298

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252

		10A 1-04-15

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282

				B		0.309		3.308		3.123		3.034		3.145		3.98		3.789		0.291

				C		0.289		3.573		3.051		3.125		4.428		3.419		3.241		0.3

				D		0.312		3.5		2.477		3.113		4.842		3.505		3.649		0.286

				E		0.307		2.093		2.247		2.521		2.132		3.461		1.894		0.305

				F		0.311		2.1		1.384		2.476		2.032		1.963		2.507		0.298

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.314		0.324		0.32		0.321		0.322		0.32		0.325		0.317		0.046		0.047		0.047		0.047

				B		0.317		!4.090		!4.631		2.852		3.515		3.093		3.265		0.326		0.046		0.047		0.046		0.046

				C		0.329		3.646		3.121		3.464		3.503		3.139		!4.296		0.333		0.047		0.047		0.047		0.047

				D		0.294		3.158		2.777		2.691		3.017		3.358		!4.431		0.334		0.047		0.047		0.046		0.046

				E		0.297		3.112		2.82		2.702		3.303		3.383		2.212		0.334		0.047		0.047		0.047		0.047

				F		0.3		2.727		2.466		2.33		2.604		2.946		2.425		0.328		0.047		0.046		0.046		0.046

				G		0.299		0.269		0.316		0.323		0.32		0.316		0.325		0.31		0.051		0.047		0.047		0.047

				H		0.217		0.3		0.274		0.288		0.31		0.301		0.301		0.288		0.047		0.047		0.047		0.046

		WT

		Mock		2.5768333333		3.2731666667		3.2818		3.18125

		Scramble		2.6188333333		2.665		3.2488		3.0002

		si-STAG3#A		2.1935		2.0742		2.4908		2.922

		si-STAG3#C		2.1138333333		1.891		2.27875		2.583

												Average		St. dev

		Scramble		1		1		1		1		1		0

		si-STAG3#A		0.8375867116		0.7783114447		0.766683083		0.973935071		0.8391290776		0.0950828435

		si-STAG3#C		0.8071660409		0.7095684803		0.7014128294		0.8609426038		0.7697724886		0.0774765196

				MCF10A		St. dev

		Scramble		1		0

		si-STAG3#A		0.8391290776		0.0950828435

		si-STAG3#C		0.7697724886		0.0774765196





MCF10A

				0		0

				0.0950828435		0.0950828435

				0.0774765196		0.0774765196



MCF10A

Survival Fraction Compared to Scrambled

MTT- 96h



MDA231

		MDA-231 31-03-15		3/24/15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282		0.046		0.047		0.047		0.046

				B		0.309		1.921		1.658		2.307		1.89		2.499		2.654		0.291		0.046		0.047		0.046		0.045

				C		0.289		2.408		2.167		2.43		2.129		2.4		2.215		0.3		0.047		0.047		0.047		0.048

				D		0.312		2.015		2.342		2.112		1.469		2.543		2.237		0.286		0.047		0.048		0.048		0.046

				E		0.307		1.75		1.702		1.86		2.06		2.035		2.147		0.305		0.047		0.047		0.048		0.049

				F		0.311		1.108		0.921		1.21		1.206		1.331		1.481		0.298		0.047		0.047		0.047		0.047

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282		0.048		0.047		0.047		0.047

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252		0.047		0.047		0.047		0.045

		MDA-231 2-4-15				1		2		3		4		5		6		7		8		9		10		11		12

				A		0.262		0.315		0.32		0.322		0.334		0.326		0.33		0.312		0.047		0.046		0.047		0.047

				B		0.248		1.651		1.612		1.776		2.565		2.317		2.161		0.319		0.046		0.047		0.047		0.046

				C		0.244		3.198		1.563		1.914		1.708		2.516		2.715		0.33		0.047		0.047		0.047		0.047

				D		0.285		3.041		3.001		2.326		1.712		2.244		2.483		0.329		0.047		0.047		0.046		0.046

				E		0.258		1.418		1.932		1.574		1.789		1.741		1.906		0.33		0.047		0.047		0.048		0.047

				F		0.297		1.33		0.657		0.947		0.926		1.174		1.12		0.306		0.047		0.047		0.047		0.046

				G		0.261		0.266		0.312		0.308		0.318		0.309		0.305		0.308		0.048		0.047		0.047		0.047

				H		0.207		0.337		0.327		0.292		0.291		0.285		0.298		0.285		0.047		0.048		0.046		0.046

		WT		2.2542		2.0136666667

		Mock		2.2915		2.269

		Scramble		2.2498		2.619

		si-STAG3#A		1.8814		1.7266666667

		si-STAG3#C		1.1552		1.0256666667

		Scramble		1		1

		si-STAG3#A		0.8362521113		0.6592847143

		si-STAG3#C		0.5134678638		0.3916253023





MDA468

		

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.279		0.289		0.289		0.304		0.306		0.303		0.303		0.306		0.047		0.047		0.047		0.047

				B		0.262		3.563		3.362		3.89		3.778		3.514		3.536		0.299		0.047		0.047		0.046		0.046

				C		0.237		3.028		2.672		3.29		3.597		3.284		3.592		0.306		0.047		0.047		0.047		0.047

				D		0.284		3.219		3.474		3.732		3.752		3.991		3.039		0.307		0.049		0.047		0.046		0.046

				E		0.278		0.33		0.428		0.5		0.383		0.427		0.486		0.308		0.047		0.047		0.047		0.047

				F		0.289		0.547		0.355		0.222		0.487		0.415		0.676		0.292		0.047		0.047		0.047		0.05

				G		0.257		0.299		0.285		0.314		0.31		0.311		0.332		0.271		0.048		0.048		0.047		0.047

				H		0.23		0.332		0.266		0.294		0.367		0.34		0.336		0.26		0.047		0.047		0.05		0.046

		WT		3.6071666667

		Mock		3.2438333333

		Scramble		3.5345

		si-STAG3#A		0.4256666667

		si-STAG3#C		0.496

		Scramble		1

		si-STAG3#A		0.1204319329

		si-STAG3#C		0.1403310228





Compiled

		Aver.		Scramble		si-STAG3#A		si-STAG3#C

		MCF-10A		1		0.8391290776		0.7697724886

		MCF-7		1		0.0353776078		0.0427574147

		T-47D

		MDA-231

		MDA-468

		St.Dev.		Scramble		si-STAG3#A		si-STAG3#C

		MCF-10A		0		0.0950828435		0.0774765196

		MCF-7		0		0.0114880309		0.0126423422

		T-47D

		MDA-231

		MDA-468






Microsoft_Excel_Chart8.xls
Chart1

		scramble		0		0

		si-STAG3#A		0.0191424687		0.0191424687

		si-STAG3#C		0.0083035451		0.0083035451



MCF7, STAG3 KD-24h

Relative Expression

MCF7, STAG3 KD-24 h

1

0.128891358

0.1803431401



MCF7 12h 12-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression								relative expression

		12-5, scramble, 18S		6.3														scramble		1

		12-5, scramble, 18S		6.4		6.35												si-STAG3#A		0.5236470614

		12-5, scramble, 18S		6.7														si-STAG3#C		0.3415100642

		12-5, scramble, STAG3		24.1

		12-5, scramble, STAG3		24.4		24.2666666667		17.9166666667		0.0000040415		1

		12-5, scramble, STAG3		24.3

		12-5, si-A, 18S		6.1

		12-5, si-A, 18S		6.8		6.45

		12-5, si-A, 18S		6.7

		12-5, si-A, STAG3		25.1

		12-5, si-A, STAG3		25.5		25.3		18.85		0.0000021163		0.5236470614

		12-5, si-A, STAG3		25.3

		12-5, si-C, 18S		6.2

		12-5, si-C, 18S		6.9		6.5

		12-5, si-C, 18S		6.8

		12-5, si-C, STAG3		25.9

		12-5, si-C, STAG3		26		25.9666666667		19.4666666667		0.0000013802		0.3415100642

		12-5, si-C, STAG3		26





MCF7 12h 12-5

		



relative expression

Relative STAG3 Expression

52%

34%



MCF7 12h  15-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression								relative expression

		15-5, scramble, 18S		6.1														scramble		1

		15-5, scramble, 18S		6.4		6.55												si-STAG3#A		0.554784736

		15-5, scramble, 18S		6.7														si-STAG3#C		0.6155722067

		15-5, scramble, STAG3		25.2

		15-5, scramble, STAG3		25.4		25.2		18.65		0.000002431		1

		15-5, scramble, STAG3		25.4

		15-5, si-A, 18S		6.6

		15-5, si-A, 18S		7		6.6

		15-5, si-A, 18S		7

		15-5, si-A, STAG3		25.8

		15-5, si-A, STAG3		26.1		26.1		19.5		0.0000013487		0.554784736

		15-5, si-A, STAG3		25.8

		15-5, si-C, 18S		6.6

		15-5, si-C, 18S		7		6.6

		15-5, si-C, 18S		7

		15-5, si-C, STAG3		26

		15-5, si-C, STAG3		25.9		25.95		19.35		0.0000014965		0.6155722067

		15-5, si-C, STAG3		25.6





MCF7 12h  15-5

		



relative expression

Relative STAG3 Expression

55%

61%



MCF7 24h 4-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression								relative expression

		MCF7 4-5 scramble 24h, 18S		7														scramble		1

		MCF7 4-5 scramble 24h, 18S		7.2		7.2												si-STAG3#A		0.1309117654

		MCF7 4-5 scramble 24h, 18S		7.4														si-STAG3#C		0.185137194

		4-5 scramble 24h, STAG3		23.8

		4-5 scramble 24h, STAG3		24.2		24.0666666667		16.8666666667		0.0000083681		1

		4-5 scramble 24h, STAG3		24.2

		4-5 si-A 24h, 18S		6

		4-5 si-A 24h, 18S		6		6.1333333333

		4-5 si-A 24h, 18S		6.4

		4-5 si-A 24h, STAG3		25.7

		4-5 si-A 24h, STAG3		25.7		25.9333333333		19.8		0.0000010955		0.1309117654

		4-5 si-A 24h, STAG3		26.4

		4-5 si-C 24h, 18S		7.2

		4-5 si-C 24h, 18S		7.4		7.3

		4-5 si-C 24h, 18S		7.8

		4-5 si-C 24h, STAG3		26.4

		4-5 si-C 24h, STAG3		26.5		26.6		19.3		0.0000015492		0.185137194

		4-5 si-C 24h, STAG3		26.9





MCF7 24h 4-5

		



relative expression

Relative STAG3 Expression

100%

13%

19%



MCF7 24h 12-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression								relative expression

		scramble 24h, 18S		8.6														scrambled		1

		scramble 24h, 18S		8.7		8.7												si-STAG3#A		0.1088188204

		scramble 24h, 18S		8.8														si-STAG3#C		0.185137194

		scramble 24h, STAG3		23.9

		scramble 24h, STAG3		24.3		24.2		15.5		0.0000215792		1

		scramble 24h, STAG3		24.4

		si-A 24h, 18S		7.4

		si-A 24h, 18S		7.4		7.4666666667

		si-A 24h, 18S		7.6

		si-A 24h, STAG3		26.1

		si-A 24h, STAG3		26.3		26.1666666667		18.7		0.0000023482		0.1088188204

		si-A 24h, STAG3		26.1

		si-C 24h, 18S		7.6

		si-C 24h, 18S		8.2		7.8333333333

		si-C 24h, 18S		7.7

		si-C 24h,  STAG3		26

		si-C 24h,  STAG3		25.5		25.7666666667		17.9333333333		0.0000039951		0.185137194

		si-C 24h,  STAG3		25.8





MCF7 24h 12-5

		



relative expression

Relative STAG3 Expression

100%

11%

19%



MCF7 24h  15-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression								relative expression

		MCF7 15-5 scramble 24h, 18S		8.6														scramble		1

		MCF7 15-5 scramble 24h, 18S		8.6		8.6												si-STAG3#A		0.1469434883

		MCF7 15-5 scramble 24h, 18S		9.2														si-STAG3#C		0.1707550321

		15-5 scramble 24h, STAG3		23.8

		15-5 scramble 24h, STAG3		24.4		24.1666666667		15.5666666667		0.0000206047		1

		15-5 scramble 24h, STAG3		24.3

		15-5 si-A 24h, 18S		8.4

		15-5 si-A 24h, 18S		7.9		8.1

		15-5 si-A 24h, 18S		8

		15-5 si-A 24h, STAG3		26.4

		15-5 si-A 24h, STAG3		26.2		26.4333333333		18.3333333333		0.0000030277		0.1469434883

		15-5 si-A 24h, STAG3		26.7

		15-5 si-C 24h, 18S		8.2

		15-5 si-C 24h, 18S		8.9		8.55

		15-5 si-C 24h, 18S		9.3

		15-5 si-C 24h, STAG3		26.3

		15-5 si-C 24h, STAG3		27		26.6666666667		18.1166666667		0.0000035184		0.1707550321

		15-5 si-C 24h, STAG3		26.7





MCF7 24h  15-5

		



relative expression

Relative STAG3 Expression

100%

15%

17%



compiled

				12-5-		15-5

		12h		MCF-7				av		st. dev.						MCF7		st. dev.

		scramble		1		1		1		0				scramble		1		0

		si-STAG3#A		0.5236470614		0.554784736		0.5392158987		0.0220176609				si-STAG3#A		0.5392158987		0.0220176609

		si-STAG3#C		0.3415100642		0.6155722067		0.4785411354		0.1937911994				si-STAG3#C		0.4785411354		0.1937911994

				1st exp

		24h		4/5/15		12/5/15		15-5-15		av		st dev				MCF7, STAG3 KD-24h		st. dev.

		scramble		1		1		1		1		0		scramble		1		0

		si-STAG3#A		0.1309117654		0.1088188204		0.1469434883		0.128891358		0.0191424687		si-STAG3#A		0.128891358		0.0191424687

		si-STAG3#C		0.185137194		0.185137194		0.1707550321		0.1803431401		0.0083035451		si-STAG3#C		0.1803431401		0.0083035451





compiled

				0		0

				0.0220176609		0.0220176609

				0.1937911994		0.1937911994



MCF7

Relative STAG3 Expression

MCF7, STAG3 KD-12h



MCF7 96h-wrong1

				0		0

				0.0191424687		0.0191424687

				0.0083035451		0.0083035451



MCF7, STAG3 KD-24h

Relative STAG3 Expression



MCF7 96h-wrong

		Name		Take Off		av		Cq		Rel. exp.						MCF-7

		scramble 96h, 18S		6										scramble		0.0556537742

		scramble 96h, 18S		6		6								si-STAG3#A		0.6447690746

		scramble 96h, 18S		6										si-STAG3#c		1.0774746961

		scramble 96h, STAG3		24.9

		scramble 96h, STAG3		24.8		24.85		18.85		0.0556537742

		scramble 96h, STAG3		25.2

		si-A 96h, 18S		9

		si-A 96h, 18S		9.9		9.5333333333

		si-A 96h, 18S		9.7

		si-A 96h, STAG3		24.8

		si-A 96h, STAG3		24.4		24.5666666667		15.0333333333		0.6447690746

		si-A 96h, STAG3		24.5

		si-C 96h, 18S		10

		si-C 96h, 18S		9.9		10.0333333333

		si-C 96h, 18S		10.2

		si-C 96h, STAG3		24.1

		si-C 96h, STAG3		24.3		24.2666666667		14.2333333333		1.0774746961

		si-C 96h, STAG3		24.4





MCF7 96h-wrong

		scramble

		si-STAG3#A

		si-STAG3#c



MCF-7

STAG3 Rlative Expression

MCF-7, STAG3 KD

0.0556537742

0.6447690746

1.0774746961



		Name		Take Off				delta Cq		Rel exp						MCF-7, STAG3 KD-96h

		scramble 96h, 18S		6										scrambled		0.2409805609

		scramble 96h, 18S		6.8		6.3								si-STAG3#A		0.9890993876

		scramble 96h, 18S		6.1										si-STAG3#C		1.5173147055

		scramble 96h, STAG3		22.8

		scramble 96h, STAG3		22.9		22.8666666667		16.5666666667		0.2409805609

		scramble 96h, STAG3		22.9

		si-A 96h, 18S		11.9

		si-A 96h, 18S		12.1		12.0666666667

		si-A 96h, 18S		12.2

		si-A 96h, STAG3		26.4

		si-A 96h, STAG3		26.4		26.4333333333		14.3666666667		0.9890993876

		si-A 96h, STAG3		26.5

		si-C 96h, 18S		12.1

		si-C 96h, 18S		12.7		12.6

		si-C 96h, 18S		13

		si-C 96h, STAG3		26.4

		si-C 96h, STAG3		26.2		26.3		13.7		1.5173147055

		si-C 96h, STAG3		26.3





		



MCF-7, STAG3 KD-96h




Microsoft_Excel_Chart9.xls
Chart1

		Scramble		0		0

		si-STAG3#A		0.0770672245		0.0770672245

		si-STAG3#C		0.0758987493		0.0758987493



MDA-231

Survival Fraction

MTT-96 h

1

0.7653137897

0.4277486124



MCF7

		MCF-7		22-3-15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.263		0.292		0.306		0.312		0.322		0.328		0.299		0.276		0.047		0.047		0.047		0.046

				B		0.312		1.842		1.67		1.52		1.35		1.778		2.013		0.297		0.046		0.048		0.046		0.046

				C		0.287		2.488		1.892		3.292		2.381		2.13		2.91		0.291		0.047		0.047		0.047		0.047

				D		0.303		2.486		1.984		2.114		2.46		2.244		2.417		0.332		0.046		0.048		0.047		0.046

				E		0.298		0.117		0.103		0.11		0.103		0.113		0.104		0.328		0.048		0.047		0.047		0.047

				F		0.305		0.126		0.131		0.116		0.136		0.137		0.129		0.315		0.047		0.048		0.047		0.046

				G		0.268		0.296		0.298		0.281		0.315		0.317		0.316		0.306		0.049		0.049		0.047		0.047

				H		0.246		0.299		0.301		0.313		0.314		0.3		0.302		0.288		0.047		0.047		0.046		0.046

		MCF7 2-4-15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.258		0.325		0.398		0.323		0.318		0.321		0.317		0.309		0.046		0.046		0.047		0.047

				B		0.313		1.766		1.818		2.335		2.31		2.322		2.181		0.216		0.046		0.047		0.046		0.048

				C		0.308		3.149		2.374		2.297		2.553		2.505		2.206		0.302		0.047		0.048		0.047		0.047

				D		0.325		3.242		2.433		2.122		2.64		2.668		2.385		0.328		0.047		0.047		0.046		0.046

				E		0.316		0.077		0.08		0.086		0.091		0.088		0.08		0.313		0.047		0.047		0.049		0.048

				F		0.321		0.101		0.102		0.095		0.091		0.09		0.109		0.3		0.048		0.047		0.046		0.047

				G		0.299		0.309		0.309		0.313		0.328		0.305		0.326		0.275		0.055		0.047		0.046		0.046

				H		0.3		0.301		0.292		0.291		0.289		0.286		0.275		0.294		0.048		0.047		0.046		0.046

		MCF7 5-4-15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.297		0.313		0.306		0.311		0.315		0.306		0.312		0.308		0.046		0.047		0.047		0.046

				B		0.308		2.813		2.702		3.263		3.062		2.798		3.168		0.313		0.046		0.047		0.046		0.046

				C		0.329		3.025		2.459		2.307		2.827		2.782		3.179		0.323		0.047		0.048		0.047		0.047

				D		0.307		2.77		2.788		3.162		3.069		2.977		3.723		0.318		0.047		0.047		0.047		0.046

				E		0.309		0.066		0.067		0.075		0.072		0.08		0.075		0.326		0.048		0.047		0.047		0.051

				F		0.33		0.1		0.093		0.093		0.089		0.092		0.095		0.309		0.047		0.048		0.047		0.046

				G		0.279		0.305		0.305		0.306		0.313		0.306		0.317		0.291		0.047		0.047		0.047		0.047

				H		0.279		0.289		0.282		0.269		0.285		0.288		0.282		0.275		0.047		0.048		0.046		0.045

		WT		1.6955		2.122		2.9676666667

		Mock		2.5155		2.387		2.7631666667

		Scramble		2.2841666667		2.4496		2.9532

		si-STAG3#A		0.1083333333		0.0836666667		0.0725

		si-STAG3#C		0.1291666667		0.098		0.0936666667

										Average

		Scramble		1		1		1		1

		si-STAG3#A		0.047427946		0.0341552362		0.0245496411		0.0353776078

		si-STAG3#C		0.0565487049		0.0400065317		0.0317170075		0.0427574147

				MCF-7		st. dev.

		Scramble		1		0

		si-STAG3#A		0.0353776078		0.0114880309

		si-STAG3#C		0.0427574147		0.0126423422





MCF7

				0		0

				0.0114880309		0.0114880309

				0.0126423422		0.0126423422



MCF-7

Survival Fraction Compared to Scrambled

MTT- 96h



MCF10A

		MCF10A		3/24/15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282		0.046		0.047		0.047		0.046

				B		0.309		2.57		2.181		3.471		2.854		2.867		2.256		0.291		0.046		0.047		0.046		0.045

				C		0.289		3.646		2.625		2.795		2.273		2.086		2.036		0.3		0.047		0.047		0.047		0.048

				D		0.312		3.219		2.539		2.614		2.418		2.491		2.432		0.286		0.047		0.048		0.048		0.046

				E		0.307		2.204		1.895		2.827		1.724		1.902		2.609		0.305		0.047		0.047		0.048		0.049

				F		0.311		2.162		1.633		1.605		2.449		2.394		2.44		0.298		0.047		0.047		0.047		0.047

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282		0.048		0.047		0.047		0.047

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252		0.047		0.047		0.047		0.045

		10A 31-03-15				1		2		3		4		5		6		7		8

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282

				B		0.309		3.637		3.383		4.225		4.102		3.153		3.446		0.291

				C		0.289		3.654		3.805		2.024		2.731		3.856		3.569		0.3

				D		0.312		2.91		2.916		2.424		2.41		3.185		3.891		0.286

				E		0.307		1.62		2.578		2.147		1.844		1.651		2.151		0.305

				F		0.311		4.126		2.053		1.399		2.016		1.991		1.504		0.298

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252

		10A 1-04-15

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282

				B		0.309		3.308		3.123		3.034		3.145		3.98		3.789		0.291

				C		0.289		3.573		3.051		3.125		4.428		3.419		3.241		0.3

				D		0.312		3.5		2.477		3.113		4.842		3.505		3.649		0.286

				E		0.307		2.093		2.247		2.521		2.132		3.461		1.894		0.305

				F		0.311		2.1		1.384		2.476		2.032		1.963		2.507		0.298

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.314		0.324		0.32		0.321		0.322		0.32		0.325		0.317		0.046		0.047		0.047		0.047

				B		0.317		!4.090		!4.631		2.852		3.515		3.093		3.265		0.326		0.046		0.047		0.046		0.046

				C		0.329		3.646		3.121		3.464		3.503		3.139		!4.296		0.333		0.047		0.047		0.047		0.047

				D		0.294		3.158		2.777		2.691		3.017		3.358		!4.431		0.334		0.047		0.047		0.046		0.046

				E		0.297		3.112		2.82		2.702		3.303		3.383		2.212		0.334		0.047		0.047		0.047		0.047

				F		0.3		2.727		2.466		2.33		2.604		2.946		2.425		0.328		0.047		0.046		0.046		0.046

				G		0.299		0.269		0.316		0.323		0.32		0.316		0.325		0.31		0.051		0.047		0.047		0.047

				H		0.217		0.3		0.274		0.288		0.31		0.301		0.301		0.288		0.047		0.047		0.047		0.046

		WT

		Mock		2.5768333333		3.2731666667		3.2818		3.18125

		Scramble		2.6188333333		2.665		3.2488		3.0002

		si-STAG3#A		2.1935		2.0742		2.4908		2.922

		si-STAG3#C		2.1138333333		1.891		2.27875		2.583

												Average		St. dev

		Scramble		1		1		1		1		1		0

		si-STAG3#A		0.8375867116		0.7783114447		0.766683083		0.973935071		0.8391290776		0.0950828435

		si-STAG3#C		0.8071660409		0.7095684803		0.7014128294		0.8609426038		0.7697724886		0.0774765196

				MCF10A		St. dev

		Scramble		1		0

		si-STAG3#A		0.8391290776		0.0950828435

		si-STAG3#C		0.7697724886		0.0774765196





MCF10A

				0		0

				0.0950828435		0.0950828435

				0.0774765196		0.0774765196



MCF10A

Survival Fraction Compared to Scrambled

MTT- 96h



MDA231

		MDA-231 31-03-15		3/24/15

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.292		0.316		0.306		0.304		0.295		0.311		0.297		0.282		0.046		0.047		0.047		0.046

				B		0.309		1.921		1.658		2.307		1.89		2.499		2.654		0.291		0.046		0.047		0.046		0.045

				C		0.289		2.408		2.167		2.43		2.129		2.4		2.215		0.3		0.047		0.047		0.047		0.048

				D		0.312		2.015		2.342		2.112		1.469		2.543		2.237		0.286		0.047		0.048		0.048		0.046

				E		0.307		1.75		1.702		1.86		2.06		2.035		2.147		0.305		0.047		0.047		0.048		0.049

				F		0.311		1.108		0.921		1.21		1.206		1.331		1.481		0.298		0.047		0.047		0.047		0.047

				G		0.272		0.308		0.286		0.284		0.271		0.282		0.292		0.282		0.048		0.047		0.047		0.047

				H		0.253		0.267		0.279		0.251		0.256		0.262		0.241		0.252		0.047		0.047		0.047		0.045

		MDA-231 2-4-15				1		2		3		4		5		6		7		8		9		10		11		12

				A		0.262		0.315		0.32		0.322		0.334		0.326		0.33		0.312		0.047		0.046		0.047		0.047

				B		0.248		1.651		1.612		1.776		2.565		2.317		2.161		0.319		0.046		0.047		0.047		0.046

				C		0.244		3.198		1.563		1.914		1.708		2.516		2.715		0.33		0.047		0.047		0.047		0.047

				D		0.285		3.041		3.001		2.326		1.712		2.244		2.483		0.329		0.047		0.047		0.046		0.046

				E		0.258		1.418		1.932		1.574		1.789		1.741		1.906		0.33		0.047		0.047		0.048		0.047

				F		0.297		1.33		0.657		0.947		0.926		1.174		1.12		0.306		0.047		0.047		0.047		0.046

				G		0.261		0.266		0.312		0.308		0.318		0.309		0.305		0.308		0.048		0.047		0.047		0.047

				H		0.207		0.337		0.327		0.292		0.291		0.285		0.298		0.285		0.047		0.048		0.046		0.046

		MDA-231 6-4-15				1		2		3		4		5		6		7		8		9		10		11		12

				A		0.317		0.33		0.322		0.33		0.336		0.337		0.332		0.33		0.046		0.047		0.047		0.047

				B		0.294		2.369		2.277		2.478		2.515		2.567		2.756		0.331		0.046		0.047		0.046		0.046

				C		0.314		2.88		2.654		2.555		2.374		1.927		2.419		0.342		0.047		0.047		0.047		0.047

				D		0.326		2.593		2.314		2.121		2.013		1.937		2.01		0.34		0.047		0.047		0.048		0.046

				E		0.324		1.758		1.703		1.609		1.772		1.797		1.457		0.337		0.047		0.047		0.047		0.047

				F		0.316		0.749		0.565		0.651		0.804		1.041		0.727		0.309		0.047		0.046		0.046		0.046

				G		0.322		0.313		0.327		0.304		0.29		0.297		0.304		0.294		0.048		0.047		0.047		0.047

				H		0.28		0.293		0.317		0.316		0.336		0.343		0.318		0.257		0.046		0.048		0.046		0.046

		MDA-231 7-4-15				1		2		3		4		5		6		7		8		9		10		11		12

				A		0.306		0.325		0.321		0.325		0.326		0.33		0.329		0.332		0.046		0.046		0.047		0.047

				B		0.302		2.376		2.507		2.523		2.347		2.586		2.377		0.333		0.046		0.047		0.046		0.046

				C		0.327		2.66		2.508		2.525		2.674		2.563		2.595		0.337		0.047		0.047		0.047		0.047

				D		0.323		2.527		2.605		2.925		2.586		2.427		2.886		0.333		0.047		0.047		0.046		0.046

				E		0.308		1.993		1.996		2.038		2.234		2.298		2.276		0.307		0.047		0.048		0.047		0.047

				F		0.299		1.066		1.05		1.255		1.253		1.39		1.386		0.334		0.047		0.047		0.046		0.047

				G		0.274		0.326		0.33		0.334		0.332		0.32		0.327		0.321		0.047		0.047		0.047		0.047

				H		0.298		0.307		0.322		0.31		0.303		0.3		0.307		0.299		0.047		0.047		0.047		0.046

		WT		2.2542		2.0136666667		2.4936666667		2.4526666667

		Mock		2.2915		2.269		2.5764		2.5875

		Scramble		2.2498		2.619		2.2102		2.6593333333

		si-STAG3#A		1.8814		1.7266666667		1.6826666667		2.1391666667

		si-STAG3#C		1.1552		1.0256666667		0.7561666667		1.2333333333

												Aver.

		Scramble		1		1		1		1		1

		si-STAG3#A		0.8362521113		0.6592847143		0.7613187344		0.8043995989		0.7653137897

		si-STAG3#C		0.5134678638		0.3916253023		0.3421259011		0.4637753823		0.4277486124

				MDA-231		st. Dev.

		Scramble		1		0

		si-STAG3#A		0.7653137897		0.0770672245

		si-STAG3#C		0.4277486124		0.0758987493





MDA231

				0		0

				0.0770672245		0.0770672245

				0.0758987493		0.0758987493



MDA-231

Survival Fraction Compared to Scrambled

MTT-96h



MDA468

		

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.279		0.289		0.289		0.304		0.306		0.303		0.303		0.306		0.047		0.047		0.047		0.047

				B		0.262		3.563		3.362		3.89		3.778		3.514		3.536		0.299		0.047		0.047		0.046		0.046

				C		0.237		3.028		2.672		3.29		3.597		3.284		3.592		0.306		0.047		0.047		0.047		0.047

				D		0.284		3.219		3.474		3.732		3.752		3.991		3.039		0.307		0.049		0.047		0.046		0.046

				E		0.278		0.33		0.428		0.5		0.383		0.427		0.486		0.308		0.047		0.047		0.047		0.047

				F		0.289		0.547		0.355		0.222		0.487		0.415		0.676		0.292		0.047		0.047		0.047		0.05

				G		0.257		0.299		0.285		0.314		0.31		0.311		0.332		0.271		0.048		0.048		0.047		0.047

				H		0.23		0.332		0.266		0.294		0.367		0.34		0.336		0.26		0.047		0.047		0.05		0.046

		MDA468-7.4.15(1)				1		2		3		4		5		6		7		8		9		10		11		12

				A		0.291		0.334		0.313		0.316		0.313		0.324		0.308		0.314		0.046		0.047		0.047		0.047

				B		0.319		1.887		2.235		2.864		2.863		2.669		2.815		0.319		0.047		0.047		0.046		0.046

				C		0.319		1.597		1.665		1.64		1.898		2.229		2.154		0.31		0.047		0.047		0.047		0.047

				D		0.315		2.105		2.347		2.238		2.425		2.45		2.286		0.331		0.047		0.047		0.047		0.046

				E		0.295		0.569		0.925		0.234		0.52		0.257		0.494		0.316		0.048		0.047		0.047		0.047

				F		0.279		0.193		0.237		0.202		0.247		0.209		0.411		0.29		0.047		0.047		0.046		0.046

				G		0.239		0.264		0.281		0.285		0.254		0.289		0.276		0.263		0.047		0.047		0.047		0.047

				H		0.269		0.276		0.271		0.272		0.279		0.235		0.268		0.266		0.046		0.046		0.046		0.046

		MDA468-7.4.15(2)				1		2		3		4		5		6		7		8		9		10		11		12

				A		0.294		0.322		0.396		0.33		0.308		0.337		0.314		0.322		0.046		0.047		0.047		0.047

				B		0.245		2.358		2.531		2.535		2.341		2.842		2.89		0.318		0.047		0.047		0.046		0.045

				C		0.17		1.537		2.046		2.199		2.365		2.326		2.444		0.314		0.047		0.048		0.047		0.047

				D		0.219		1.877		2.082		2.202		2.958		2.736		2.611		0.312		0.047		0.047		0.046		0.046

				E		0.168		0.631		0.562		0.769		0.363		0.393		0.442		0.324		0.047		0.047		0.048		0.048

				F		0.238		0.334		0.433		0.604		0.307		0.281		0.341		0.317		0.047		0.047		0.047		0.046

				G		0.296		0.3		0.326		0.322		0.316		0.295		0.337		0.322		0.047		0.047		0.047		0.047

				H		0.294		0.298		0.315		0.316		0.306		0.259		0.317		0.314		0.046		0.047		0.046		0.046

		WT		3.6071666667		2.5555		2.5828333333

		Mock		3.2438333333		1.8638333333		2.276

		Scramble		3.5345		2.3085		2.5178

		si-STAG3#A		0.4256666667		0.4998333333		0.5266666667

		si-STAG3#C		0.496		0.2498333333		0.3833333333

										Aver.

		Scramble		1		1		1		1

		si-STAG3#A		0.1204319329		0.2165186629		0.2091773241		0.18204264

		si-STAG3#C		0.1403310228		0.108223233		0.1522493182		0.1336011913

				MDA-468		St.dev

		Scramble		1		0

		si-STAG3#A		0.18204264		0.0534825508

		si-STAG3#C		0.1336011913		0.0227715177





T47D

		





Compiled

		Aver.		Scramble		si-STAG3#A		si-STAG3#C

		MCF-10A		1		0.8391290776		0.7697724886

		MDA-231		1		0.7653137897		0.4277486124

		MDA-468		1		0.18204264		0.1336011913

		MCF-7		1		0.0353776078		0.0427574147

		T-47D

		St.Dev.		Scramble		si-STAG3#A		si-STAG3#C

		MCF-10A		0		0.0950828435		0.0774765196

		MDA-231		0		0.0770672245		0.0758987493

		MDA-468		0		0.0534825508		0.0227715177

		MCF-7		0		0.0114880309		0.0126423422

		T-47D





Compiled

										0		0		0		0		0		0		0		0

										0.0950828435		0.0950828435		0.0770672245		0.0770672245		0.0534825508		0.0534825508		0.0114880309		0.0114880309

										0.0774765196		0.0774765196		0.0758987493		0.0758987493		0.0227715177		0.0227715177		0.0126423422		0.0126423422



MCF-10A

MDA-231

MDA-468

MCF-7

Survival Fraction compared to Scrambled

MTT-96h




Microsoft_Excel_Chart10.xls
Chart1
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Relative Expressionn

MDA-231, STAG3 KD-24 h

1

0.7405487761

0.6446851542



MCF7 24h 4-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		MDA-231, WT 24h, 18S		6														Untreated		0.9330329915

		MDA-231, WT 24h, 18S		6		6												scramble		1

		MDA-231, WT 24h, 18S		6														si-STAG3#A		0.7405487761

		MDA-231 WT 24h, STAG3		26.3														si-STAG3#C		0.6446851542

		MDA-231 WT 24h, STAG3		26.1		26.2		20.2		0.0000008302		0.9330329915

		MDA-231 WT 24h, STAG3		26.2

		MDA-231 scramble 24h, 18S		6

		MDA-231 scramble 24h, 18S		6		6

		MDA-231 scramble 24h, 18S		6

		MDA-231 scramble 24h, STAG3		26.3

		MDA-231 scramble 24h, STAG3		25.8		26.1		20.1		0.0000008898		1		0

		MDA-231 scramble 24h, STAG3		26.2

		MDA-231 si-A 24h, 18S		6

		MDA-231 si-A 24h, 18S		6		6

		MDA-231 si-A 24h, 18S		6

		MDA-231 si-A 24h, STAG3		26.7

		MDA-231 si-A 24h, STAG3		26.4		26.5333333333		20.5333333333		0.0000006589		0.7405487761		25.9451223857

		MDA-231 si-A 24h, STAG3		26.5

		MDA-231 si-C 24h, 18S		6

		MDA-231 si-C 24h, 18S		6		6

		MDA-231 si-C 24h, 18S		6

		MDA-231 si-C 24h, STAG3		26.7

		MDA-231 si-C 24h, STAG3		27		26.7333333333		20.7333333333		0.0000005736		0.6446851542		35.531484578

		MDA-231 si-C 24h, STAG3		26.5





MCF7 24h 4-5

		



mRNA STAG3 Relative Expression

MDA-231, STAG3 KD-24h

0

25.9%

35.5%



compiled

				12-5-		15-5

		12h		MCF-7				av		st. dev.						MCF7		st. dev.		%KD

		scramble		1		1		1		0				scramble		1		0

		si-STAG3#A		0.5236470614		0.554784736		0.5392158987		0.0220176609				si-STAG3#A		0.5392158987		0.0220176609		46.0784101278

		si-STAG3#C		0.3415100642		0.6155722067		0.4785411354		0.1937911994				si-STAG3#C		0.4785411354		0.1937911994		52.1458864569

				1st exp

		24h		4/5/15		12/5/15		15-5-15		av		st dev				MCF7, STAG3 KD-24h		st. dev.		%KD

		scramble		1		1		1		1		0		scramble		1		0		1

		si-STAG3#A		0.1309117654		0.1088188204		0.1469434883		0.128891358		0.0191424687		si-STAG3#A		0.128891358		0.0191424687		87.1108641983

		si-STAG3#C		0.185137194		0.185137194		0.1707550321		0.1803431401		0.0083035451		si-STAG3#C		0.1803431401		0.0083035451		81.9656859945

				12h		24h		st. dev. 12h		st. dev. 24h

		scramble		1		1		0		0

		si-STAG3#A		0.5392158987		0.128891358		0.0220176609		0.0191424687

		si-STAG3#C		0.4785411354		0.1803431401		0.1937911994		0.0083035451





compiled

				0		0

				0.0220176609		0.0220176609

				0.1937911994		0.1937911994



MCF7

Relative STAG3 Expression

MCF7, STAG3 KD-12h

46%

52%



Sheet1

				0		0

				0.0191424687		0.0191424687

				0.0083035451		0.0083035451



MCF7, STAG3 KD-24h

Relative STAG3 Expression

87%

82%



						0		0		0		0

						0.0220176609		0.0220176609		0.0191424687		0.0191424687

						0.1937911994		0.1937911994		0.0083035451		0.0083035451



12h

24h

Relative STAG3 Expression

MCF-7, STAG3 KD



		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		MCF7 4-5 scramble 24h, 18S		7														scramble		1

		MCF7 4-5 scramble 24h, 18S		7.2		7.2												si-STAG3#A		0.1309117654

		MCF7 4-5 scramble 24h, 18S		7.4														si-STAG3#C		0.185137194

		4-5 scramble 24h, STAG3		23.8

		4-5 scramble 24h, STAG3		24.2		24.0666666667		16.8666666667		0.0000083681		1

		4-5 scramble 24h, STAG3		24.2

		4-5 si-A 24h, 18S		6

		4-5 si-A 24h, 18S		6		6.1333333333

		4-5 si-A 24h, 18S		6.4

		4-5 si-A 24h, STAG3		25.7

		4-5 si-A 24h, STAG3		25.7		25.9333333333		19.8		0.0000010955		0.1309117654		86.9088234647

		4-5 si-A 24h, STAG3		26.4

		4-5 si-C 24h, 18S		7.2

		4-5 si-C 24h, 18S		7.4		7.3

		4-5 si-C 24h, 18S		7.8

		4-5 si-C 24h, STAG3		26.4

		4-5 si-C 24h, STAG3		26.5		26.6		19.3		0.0000015492		0.185137194		81.4862805964

		4-5 si-C 24h, STAG3		26.9





		scramble

		si-STAG3#A

		si-STAG3#C



relative expression

Relative STAG3 Expression

87%

81%

0.9330329915

1

0.7405487761
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Microsoft_Excel_Chart11.xls
Chart1

		Scramble		Scramble		Scramble		0		0		0		0		0		0

		si-STAG3#A		si-STAG3#A		si-STAG3#A		0.0519480918		0.0519480918		0.0207252238		0.0207252238		0.0084106279		0.0084106279

		si-STAG3#C		si-STAG3#C		si-STAG3#C		0.1238073398		0.1238073398		0.0096742488		0.0096742488		0.0802609687		0.0802609687



12h

24h

96h

Survival Fraction Compared to Scrambled

MCF-10A, MTT

1

1

1

1.0104561995

0.9814545536

0.912303739

0.859731425

0.820855013

0.8752701852



10A exp1

		29-4-15 MCF10A		24h

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.308		0.278		0.235		0.273		0.273		0.243		0.255		0.357		0.046		0.047		0.048		0.047

				B		0.308		1.16		1.422		1.551		1.575		1.625		1.606		0.336		0.047		0.047		0.047		0.046

				C		0.301		1.342		1.688		1.447		1.836		1.796		1.702		0.335		0.047		0.047		0.047		0.047

				D		0.309		1.401		1.357		2.017		1.847		1.637		1.728		0.324		0.047		0.048		0.047		0.046

				E		0.291		1.573		1.652		1.718		1.472		1.491		1.934		0.307		0.047		0.047		0.047		0.048

				F		0.309		1.017		1.438		1.425		1.373		1.244		1.269		0.301		0.047		0.047		0.047		0.046

				G		0.311		0.315		0.22		0.322		0.272		0.303		0.264		0.294		0.048		0.048		0.047		0.047

				H		0.289		0.342		0.269		0.355		0.29		0.302		0.286		0.29		0.047		0.048		0.047		0.046

		2-5-15 MCF10A 96h				1		2		3		4		5		6		7		8		9		10		11		12

				A		0.294		0.32		0.308		0.311		0.309		0.31		0.309		0.296		0.047		0.047		0.047		0.046

				B		0.305		3.877		3.417		3.55		3.87		3.349		3.995		0.224		0.047		0.047		0.046		0.046

				C		0.305		3.984		4.499		4.728		4.124		5.07		3.7		0.267		0.047		0.048		0.047		0.047

				D		0.314		3.973		4.917		3.696		4.025		3.902		4.422		0.226		0.048		0.047		0.048		0.046

				E		0.292		4.378		4.125		3.863		3.673		2.9		3.661		0.222		0.047		0.048		0.047		0.047

				F		0.305		3.622		4.422		4.331		2.91		3.977		3.978		0.265		0.047		0.049		0.047		0.046

				G		0.3		0.326		0.275		0.295		0.306		0.294		0.305		0.221		0.048		0.048		0.047		0.047

				H		0.264		0.294		0.295		0.267		0.25		0.29		0.278		0.113		0.046		0.047		0.047		0.046

				MCF-10A-1

				24h		96h

		WT		1.4898333333		3.6763333333

		Mock		1.6351666667		4.3508333333

		Scramble		1.6645		4.1558333333

		si-STAG3#A		1.64		3.7666666667

		si-STAG3#C		1.3498		3.8733333333

				MCF-10A

		Scramble		1		1

		si-STAG3#A		0.9852808651		0.906356527

		si-STAG3#C		0.8109342145		0.9320232605

				MCF-10A

		Scramble		1

		si-STAG3#A		0.906356527

		si-STAG3#C		0.9320232605
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10A exp3

		3-5-15 10A

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.374		0.359		0.374		0.382		0.385		0.348		0.408		0.352		0.047		0.047		0.047		0.047

				B		0.377		0.97		0.79		1.267		1.3		1.359		1.054		0.377		0.046		0.047		0.046		0.046

				C		0.37		0.571		1.283		1.309		1.321		1.379		1.341		0.354		0.047		0.047		0.047		0.047

				D		0.372		1.106		1.164		1.179		1.22		1.391		1.223		0.277		0.048		0.048		0.047		0.046

				E		0.344		1.082		1.113		1.152		1.125		1.27		1.243		0.349		0.048		0.047		0.047		0.047

				F		0.342		0.642		0.958		0.966		0.989		1.078		1.048		0.309		0.047		0.047		0.046		0.046

				G		0.336		0.405		0.367		0.369		0.371		0.392		0.369		0.285		0.048		0.047		0.047		0.047

				H		0.332		0.34		0.346		0.345		0.367		0.365		0.278		0.28		0.046		0.047		0.046		0.046

		6-5-15 10A

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.317		0.352		0.35		0.339		0.346		0.294		0.211		0.172		0.047		0.047		0.047		0.048

				B		0.337		1.76		1.837		2.655		2.455		4.24		4.389		0.119		0.046		0.047		0.046		0.046

				C		0.361		2.002		3.601		3.087		3.891		5.115		4.411		0.198		0.047		0.048		0.047		0.047

				D		0.315		3.245		2.359		2.909		4.022		4.02		4.519		0.209		0.047		0.047		0.046		0.046

				E		0.313		1.546		2.168		2.346		2.565		2.029		1.921		0.169		0.048		0.047		0.047		0.047

				F		0.288		1.072		1.624		1.177		1.276		1.257		0.958		0.147		0.048		0.047		0.047		0.047

				G		0.284		0.285		0.318		0.233		0.248		0.239		0.19		0.204		0.047		0.047		0.047		0.047

				H		0.251		0.334		0.322		0.317		0.323		0.208		0.056		0.045		0.047		0.047		0.047		0.045

				24h		96h

		MCF-10A

		WT		1.19		3.1152

		Mock		1.3266		3.14525

		Scramble		1.2138333333		2.634

		si-STAG3-A		1.1641666667		2.2058

		si-STAG3-C		1.0078		1.3856666667

				24h		96h

				MCF-10A

		Scramble		1

		si-STAG3-A		0.9590827956

		si-STAG3-C		0.8302622546

				MTT-96h

		Scramble		1

		si-STAG3-A		0.8374335611

		si-STAG3-C		0.5260693495
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MCF7 exp1

		4-5-15 10A

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.356		0.38		0.378		0.351		0.395		0.394		0.323		0.266		0.047		0.047		0.047		0.046

				B		0.378		1.087		0.456		1.131		1.682		2.056		1.062		0.266		0.046		0.04		0.046		0.046

				C		0.383		1.205		1.579		1.554		1.974		2.123		1.505		0.306		0.047		0.047		0.047		0.047

				D		0.241		1.537		1.729		1.799		1.818		2.105		1.607		0.246		0.046		0.047		0.047		0.046

				E		0.34		1.803		1.784		1.771		1.776		1.33		1.766		0.306		0.047		0.049		0.048		0.047

				F		0.395		0.457		1.101		1.235		1.763		1.612		1.541		0.306		0.047		0.047		0.046		0.046

				G		0.307		0.378		0.364		0.388		0.372		0.339		0.305		0.175		0.048		0.047		0.047		0.046

				H		0.359		0.369		0.382		0.367		0.358		0.359		0.33		0.154		0.047		0.047		0.046		0.046

		7-5-15 10A				1		2		3		4		5		6		7		8		9		10		11		12

				A		0.29		0.341		0.34		0.344		0.349		0.328		0.313		0.084		0.047		0.047		0.047		0.047

				B		0.327		3.85		4.075		4.418		4.414		4.273		4.554		0.169		0.039		0.047		0.046		0.046

				C		0.334		3.905		4.26		4.537		4.432		!5.043		4.66		0.252		0.047		0.047		0.047		0.047

				D		0.335		4.259		4.647		4.647		4.138		4.132		4.477		0.156		0.047		0.047		0.046		0.047

				E		0.324		3.631		4.133		4.065		4.209		4.023		4.089		0.271		0.047		0.047		0.047		0.047

				F		0.316		3.834		3.202		3.325		3.645		3.632		3.889		0.161		0.048		0.047		0.046		0.046

				G		0.283		0.321		0.337		0.318		0.317		0.295		0.263		0.117		0.048		0.047		0.047		0.047

				H		0.21		0.288		0.263		0.322		0.313		0.165		0.302		0.041		0.046		0.047		0.047		0.046

				24h		96h

		MCF-10A

		WT		1.4036		4.264

		Mock		1.656666667		4.3588

		Scramble		1.765833333		4.383333333

		si-STAG3-A		1.765833333		4.025

		si-STAG3-C		1.4504		3.587833333

				24h		96h

		MCF-10A

		Scramble		1		1

		si-STAG3-A		1		0.918250951

		si-STAG3-C		0.82136857		0.81851711

				MCF-10A

		Scramble		1

		si-STAG3-A		1

		si-STAG3-C		0.82136857

				MCF-10A

		Scramble		1

		si-STAG3-A		0.918250951

		si-STAG3-C		0.81851711
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10A 12h MTT

		4-5-15 MCF7

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.104		0.125		0.139		0.13		0.155		0.17		0.206		0.286		0.047		0.047		0.047		0.047

				B		0.1		0.342		0.533		0.22		0.801		0.62		0.916		0.238		0.047		0.048		0.046		0.046

				C		0.106		0.464		0.519		0.536		1.011		1.137		1.237		0.299		0.047		0.048		0.047		0.047

				D		0.122		0.267		0.382		0.719		0.749		1.107		1.25		0.37		0.047		0.049		0.047		0.046

				E		0.161		0.113		0.195		0.201		0.471		0.341		0.29		0.34		0.048		0.048		0.047		0.047

				F		0.156		0.119		0.105		0.098		0.245		0.26		0.301		0.366		0.047		0.047		0.047		0.046

				G		0.139		0.166		0.141		0.159		0.22		0.309		0.304		0.247		0.047		0.049		0.047		0.047

				H		0.197		0.137		0.294		0.314		0.303		0.32		0.323		0.29		0.047		0.047		0.047		0.046

				24h		96h

		MCF-7

		WT		0.7175

		Mock		0.888

		Scramble		0.95625

		si-STAG3-A		0.32575

		si-STAG3-C		0.206

				24h		96h

				MCF-7

		Scramble		1

		si-STAG3-A		0.3406535948

		si-STAG3-C		0.2154248366





10A 12h MTT

		



MCF-7

Survival Fraction Compared to Scrambled

MTT-22h



		24h		MCF-10A-1		MCF-10A-2		MCF-10A-3

		WT		1.4898333333		1.19		1.4036				MCF-10A-1		MCF-10A-2		MCF-10A-3				MCF-10A		St. Dev.

		Mock		1.6351666667		1.3266		1.6566666667		Scramble		1		1		1		Scramble		1		0

		Scramble		1.6645		1.2138333333		1.7658333333		si-STAG3#A		0.9852808651		0.9590827956		1		si-STAG3#A		0.9814545536		0.0207252238

		si-STAG3#A		1.64		1.1641666667		1.7658333333		si-STAG3#C		0.8109342145		0.8302622546		0.8213685701		si-STAG3#C		0.820855013		0.0096742488

		si-STAG3#C		1.3498		1.0078		1.4504

		96h		MCF-10A-1		MCF-10A-2						MCF-10A-1		MCF-10A-2		MCF-10A-3				MCF-10A		St. Dev.

		WT		3.6763333333		3.1152		4.264		Scramble		1		1		1		Scramble		1		0

		Mock		4.3508333333		3.14525		4.3588		si-STAG3#A		0.906356527		0.8374335611		0.918250951		si-STAG3#A		0.912303739		0.0084106279

		Scramble		4.1558333333		2.634		4.383333333		si-STAG3#C		0.9320232605		0.5260693495		0.81851711		si-STAG3#C		0.8752701852		0.0802609687

		si-STAG3#A		3.7666666667		2.2058		4.025

		si-STAG3#C		3.8733333333		1.3856666667		3.587833333

				12h		24h		96h		st dev 12h		St. Dev. 24h		St. Dev 96h

		Scramble		1		1		1		0		0		0

		si-STAG3#A		1.0104561995		0.9814545536		0.912303739		0.0519480918		0.0207252238		0.0084106279

		si-STAG3#C		0.859731425		0.820855013		0.8752701852		0.1238073398		0.0096742488		0.0802609687

				MCF-10A		St. Dev 96h

		Scramble		1		0

		si-STAG3#A		0.912303739		0.0084106279

		si-STAG3#C		0.8752701852		0.0802609687

				MCF-10A 12h		st dev 12h

		scramble		1		0

		si-STAG3#A		1.0104561995		0.0519480918

		si-STAG3#C		0.859731425		0.1238073398





				0		0

				0.0207252238		0.0207252238

				0.0096742488		0.0096742488



MCF-10A

Survival Fraction Compared to Scrambled

MTT-24h



				0		0

				0.0084106279		0.0084106279

				0.0802609687		0.0802609687



MCF-10A

Survival Fraction Compared to Scrambled

MTT-96h



								0		0		0		0		0		0

								0.0519480918		0.0519480918		0.0207252238		0.0207252238		0.0084106279		0.0084106279

								0.1238073398		0.1238073398		0.0096742488		0.0096742488		0.0802609687		0.0802609687



12h

24h

96h

Survival Fraction Compared to Scrambled

MCF-10A, MTT



		21-5-15 exp1 MCF10A-12h

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.252		0.286		0.308		0.251		0.293		0.233		0.277		0.139		0.046		0.047		0.047		0.047

				B		0.203		0.617		0.805		0.905		0.864		0.589		0.409		0.073		0.046		0.047		0.047		0.046

				C		0.212		0.9		1.043		0.946		1.281		0.932		0.666		0.204		0.047		0.048		0.047		0.047

				D		0.184		0.852		0.949		1.039		1.279		1.203		0.729		0.245		0.047		0.051		0.047		0.047

				E		0.217		0.812		0.799		1.08		1.082		1.116		1.003		0.14		0.047		0.047		0.047		0.054

				F		0.201		0.578		0.775		0.772		0.701		0.867		0.508		0.247		0.048		0.047		0.047		0.046

				G		0.238		0.244		0.264		0.247		0.286		0.257		0.252		0.276		0.048		0.047		0.047		0.046

				H		0.25		0.28		0.227		0.228		0.262		0.213		0.318		0.26		0.047		0.047		0.047		0.046

		21-5-15 exp2 MCF10A-12h

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.256		0.207		0.188		0.202		0.21		0.234		0.179		0.173		0.046		0.047		0.047		0.046

				B		0.21		0.38		0.427		0.531		0.505		0.484		0.554		0.145		0.047		0.047		0.047		0.046

				C		0.151		0.378		0.659		0.534		0.964		0.801		0.583		0.212		0.047		0.049		0.047		0.047

				D		0.198		0.445		0.544		0.816		0.941		0.963		0.713		0.127		0.048		0.047		0.047		0.046

				E		0.182		0.349		0.452		0.834		1.015		0.752		0.994		0.24		0.047		0.048		0.047		0.047

				F		0.212		0.398		0.414		0.665		0.697		0.863		1.027		0.192		0.048		0.047		0.047		0.046

				G		0.279		0.218		0.232		0.321		0.296		0.224		0.141		0.07		0.05		0.047		0.047		0.046

				H		0.351		0.311		0.302		0.327		0.237		0.34		0.147		0.084		0.047		0.05		0.047		0.045

				exp1		exp2

		WT MCF10A		0.756		0.5185

		Mock		0.9613333333		0.7082

		scramble		1.0085		0.85825

		si-STAG3#A		0.982		0.89875

		si-STAG3#C		0.77875		0.813

				exp1		exp2		av		st dev

		scramble		1		1		1		0

		si-STAG3#A		0.9737233515		1.0471890475		1.0104561995		0.0519480918

		si-STAG3#C		0.7721864155		0.9472764346		0.859731425		0.1238073398

				MCF-10A		st dev

		scramble		1		0

		si-STAG3#A		1.0104561995		0.0519480918

		si-STAG3#C		0.859731425		0.1238073398





		scramble		0		0

		si-STAG3#A		0.0519480918		0.0519480918

		si-STAG3#C		0.1238073398		0.1238073398



MCF-10A

Survival Fraction Compared to Scrambled

MTT-12h

1

1.0104561995

0.859731425




Microsoft_Excel_Chart12.xls
Chart1

		scramble		scramble		0		0		0		0

		si-STAG3#A		si-STAG3#A		0.0220176609		0.0220176609		0.0191424687		0.0191424687

		si-STAG3#C		si-STAG3#C		0.1937911994		0.1937911994		0.0083035451		0.0083035451



12h

24h

Relative Expression

MCF-7, STAG3 KD

1

1

0.5392158987

0.128891358

0.4785411354

0.1803431401



MCF7 12h 12-5

		Name		Take Off		av (MEAN)		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		12-5, scramble, 18S		6.3														scramble		1

		12-5, scramble, 18S		6.4		6.35												si-STAG3#A		0.5236470614

		12-5, scramble, 18S		6.7														si-STAG3#C		0.3415100642

		12-5, scramble, STAG3		24.1

		12-5, scramble, STAG3		24.4		24.2666666667		17.9166666667		0.0000040415		1

		12-5, scramble, STAG3		24.3

		12-5, si-A, 18S		6.1

		12-5, si-A, 18S		6.8		6.45

		12-5, si-A, 18S		6.7

		12-5, si-A, STAG3		25.1

		12-5, si-A, STAG3		25.5		25.3		18.85		0.0000021163		0.5236470614		47.635293859

		12-5, si-A, STAG3		25.3

		12-5, si-C, 18S		6.2

		12-5, si-C, 18S		6.9		6.5

		12-5, si-C, 18S		6.8

		12-5, si-C, STAG3		25.9

		12-5, si-C, STAG3		26		25.9666666667		19.4666666667		0.0000013802		0.3415100642		65.8489935811

		12-5, si-C, STAG3		26





MCF7 12h 12-5

		



relative expression

Relative STAG3 Expression

48%

66%



MCF7 12h  15-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		15-5, scramble, 18S		6.1														scramble		1

		15-5, scramble, 18S		6.4		6.55												si-STAG3#A		0.554784736

		15-5, scramble, 18S		6.7														si-STAG3#C		0.6155722067

		15-5, scramble, STAG3		25.2

		15-5, scramble, STAG3		25.4		25.2		18.65		0.000002431		1

		15-5, scramble, STAG3		25.4

		15-5, si-A, 18S		6.6

		15-5, si-A, 18S		7		6.6

		15-5, si-A, 18S		7

		15-5, si-A, STAG3		25.8

		15-5, si-A, STAG3		26.1		26.1		19.5		0.0000013487		0.554784736		44.5215263966

		15-5, si-A, STAG3		25.8

		15-5, si-C, 18S		6.6

		15-5, si-C, 18S		7		6.6

		15-5, si-C, 18S		7

		15-5, si-C, STAG3		26

		15-5, si-C, STAG3		25.9		25.95		19.35		0.0000014965		0.6155722067		38.4427793328

		15-5, si-C, STAG3		25.6





MCF7 12h  15-5

		



relative expression

Relative STAG3 Expression

45%

38%



MCF7 24h 4-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		MCF7 4-5 scramble 24h, 18S		7														scramble		1

		MCF7 4-5 scramble 24h, 18S		7.2		7.2												si-STAG3#A		0.1309117654

		MCF7 4-5 scramble 24h, 18S		7.4														si-STAG3#C		0.185137194

		4-5 scramble 24h, STAG3		23.8

		4-5 scramble 24h, STAG3		24.2		24.0666666667		16.8666666667		0.0000083681		1

		4-5 scramble 24h, STAG3		24.2

		4-5 si-A 24h, 18S		6

		4-5 si-A 24h, 18S		6		6.1333333333

		4-5 si-A 24h, 18S		6.4

		4-5 si-A 24h, STAG3		25.7

		4-5 si-A 24h, STAG3		25.7		25.9333333333		19.8		0.0000010955		0.1309117654		86.9088234647

		4-5 si-A 24h, STAG3		26.4

		4-5 si-C 24h, 18S		7.2

		4-5 si-C 24h, 18S		7.4		7.3

		4-5 si-C 24h, 18S		7.8

		4-5 si-C 24h, STAG3		26.4

		4-5 si-C 24h, STAG3		26.5		26.6		19.3		0.0000015492		0.185137194		81.4862805964

		4-5 si-C 24h, STAG3		26.9





MCF7 24h 4-5

		



relative expression

Relative STAG3 Expression

87%

81%



MCF7 24h 12-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		scramble 24h, 18S		8.6														scrambled		1

		scramble 24h, 18S		8.7		8.7												si-STAG3#A		0.1088188204

		scramble 24h, 18S		8.8														si-STAG3#C		0.185137194

		scramble 24h, STAG3		23.9

		scramble 24h, STAG3		24.3		24.2		15.5		0.0000215792		1

		scramble 24h, STAG3		24.4

		si-A 24h, 18S		7.4

		si-A 24h, 18S		7.4		7.4666666667

		si-A 24h, 18S		7.6

		si-A 24h, STAG3		26.1

		si-A 24h, STAG3		26.3		26.1666666667		18.7		0.0000023482		0.1088188204		89.1181179588

		si-A 24h, STAG3		26.1

		si-C 24h, 18S		7.6

		si-C 24h, 18S		8.2		7.8333333333

		si-C 24h, 18S		7.7

		si-C 24h,  STAG3		26

		si-C 24h,  STAG3		25.5		25.7666666667		17.9333333333		0.0000039951		0.185137194		81.4862805964

		si-C 24h,  STAG3		25.8





MCF7 24h 12-5

		



relative expression

Relative STAG3 Expression

89%

81%



MCF7 24h  15-5

		Name		Take Off		av		delta Cq		ΔCq expression		ΔΔCq expression		%KD						relative expression

		MCF7 15-5 scramble 24h, 18S		8.6														scramble		1

		MCF7 15-5 scramble 24h, 18S		8.6		8.6												si-STAG3#A		0.1469434883

		MCF7 15-5 scramble 24h, 18S		9.2														si-STAG3#C		0.1707550321

		15-5 scramble 24h, STAG3		23.8

		15-5 scramble 24h, STAG3		24.4		24.1666666667		15.5666666667		0.0000206047		1

		15-5 scramble 24h, STAG3		24.3

		15-5 si-A 24h, 18S		8.4

		15-5 si-A 24h, 18S		7.9		8.1

		15-5 si-A 24h, 18S		8

		15-5 si-A 24h, STAG3		26.4

		15-5 si-A 24h, STAG3		26.2		26.4333333333		18.3333333333		0.0000030277		0.1469434883		85.3056511715

		15-5 si-A 24h, STAG3		26.7

		15-5 si-C 24h, 18S		8.2

		15-5 si-C 24h, 18S		8.9		8.55

		15-5 si-C 24h, 18S		9.3

		15-5 si-C 24h, STAG3		26.3

		15-5 si-C 24h, STAG3		27		26.6666666667		18.1166666667		0.0000035184		0.1707550321		82.9244967906

		15-5 si-C 24h, STAG3		26.7





MCF7 24h  15-5

		



relative expression

Relative STAG3 Expression

85%

83%



compiled

				12-5-		15-5

		12h		MCF-7				av		st. dev.						MCF7		st. dev.		%KD

		scramble		1		1		1		0				scramble		1		0

		si-STAG3#A		0.5236470614		0.554784736		0.5392158987		0.0220176609				si-STAG3#A		0.5392158987		0.0220176609		46.0784101278

		si-STAG3#C		0.3415100642		0.6155722067		0.4785411354		0.1937911994				si-STAG3#C		0.4785411354		0.1937911994		52.1458864569

				1st exp

		24h		4/5/15		12/5/15		15-5-15		av		st dev				MCF7, STAG3 KD-24h		st. dev.		%KD

		scramble		1		1		1		1		0		scramble		1		0		1

		si-STAG3#A		0.1309117654		0.1088188204		0.1469434883		0.128891358		0.0191424687		si-STAG3#A		0.128891358		0.0191424687		87.1108641983

		si-STAG3#C		0.185137194		0.185137194		0.1707550321		0.1803431401		0.0083035451		si-STAG3#C		0.1803431401		0.0083035451		81.9656859945

				12h		24h		st. dev. 12h		st. dev. 24h

		scramble		1		1		0		0

		si-STAG3#A		0.5392158987		0.128891358		0.0220176609		0.0191424687

		si-STAG3#C		0.4785411354		0.1803431401		0.1937911994		0.0083035451





compiled

				0		0

				0.0220176609		0.0220176609

				0.1937911994		0.1937911994



MCF7

Relative STAG3 Expression

MCF7, STAG3 KD-12h

46%

52%



MCF7 96h-wrong1

				0		0

				0.0191424687		0.0191424687

				0.0083035451		0.0083035451



MCF7, STAG3 KD-24h

Relative STAG3 Expression

87%

82%



MCF7 96h-wrong

						0		0		0		0

						0.0220176609		0.0220176609		0.0191424687		0.0191424687

						0.1937911994		0.1937911994		0.0083035451		0.0083035451



12h

24h

Relative STAG3 Expression

MCF-7, STAG3 KD



		Name		Take Off		av		Cq		Rel. exp.						MCF-7

		scramble 96h, 18S		6										scramble		0.0556537742

		scramble 96h, 18S		6		6								si-STAG3#A		0.6447690746

		scramble 96h, 18S		6										si-STAG3#c		1.0774746961

		scramble 96h, STAG3		24.9

		scramble 96h, STAG3		24.8		24.85		18.85		0.0556537742

		scramble 96h, STAG3		25.2

		si-A 96h, 18S		9

		si-A 96h, 18S		9.9		9.5333333333

		si-A 96h, 18S		9.7

		si-A 96h, STAG3		24.8

		si-A 96h, STAG3		24.4		24.5666666667		15.0333333333		0.6447690746

		si-A 96h, STAG3		24.5

		si-C 96h, 18S		10

		si-C 96h, 18S		9.9		10.0333333333

		si-C 96h, 18S		10.2

		si-C 96h, STAG3		24.1

		si-C 96h, STAG3		24.3		24.2666666667		14.2333333333		1.0774746961

		si-C 96h, STAG3		24.4





		scramble

		si-STAG3#A

		si-STAG3#c



MCF-7

STAG3 Rlative Expression

MCF-7, STAG3 KD

0.0556537742

0.6447690746

1.0774746961



		Name		Take Off				delta Cq		Rel exp						MCF-7, STAG3 KD-96h

		scramble 96h, 18S		6										scrambled		0.2409805609

		scramble 96h, 18S		6.8		6.3								si-STAG3#A		0.9890993876

		scramble 96h, 18S		6.1										si-STAG3#C		1.5173147055

		scramble 96h, STAG3		22.8

		scramble 96h, STAG3		22.9		22.8666666667		16.5666666667		0.2409805609

		scramble 96h, STAG3		22.9

		si-A 96h, 18S		11.9

		si-A 96h, 18S		12.1		12.0666666667

		si-A 96h, 18S		12.2

		si-A 96h, STAG3		26.4

		si-A 96h, STAG3		26.4		26.4333333333		14.3666666667		0.9890993876

		si-A 96h, STAG3		26.5

		si-C 96h, 18S		12.1

		si-C 96h, 18S		12.7		12.6

		si-C 96h, 18S		13

		si-C 96h, STAG3		26.4

		si-C 96h, STAG3		26.2		26.3		13.7		1.5173147055

		si-C 96h, STAG3		26.3





		



MCF-7, STAG3 KD-96h




Microsoft_Excel_Chart13.xls
Chart1

		Scrambled		Scrambled		Scrambled		0		0		0		0		0		0

		si-STAG3-A		si-STAG3-A		si-STAG3-A		0.035883376		0.035883376		0.0928907691		0.0928907691		0.0167702127		0.0167702127

		si-STAG3-C		si-STAG3-C		si-STAG3-C		0.0260451412		0.0260451412		0.1124644093		0.1124644093		0.0056942733		0.0056942733



12h

24h

96h

Survival Fraction Compared to Scrambled

MCF-7, MTT

1

1

1

0.8195294378

0.2776346631

0.0592862771

0.5874765928

0.2637940094

0.0605751641



MCF7 12h

		11-5-15 MCF7 12h

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.332		0.367		0.36		0.367		0.368		0.359		0.357		0.351		0.046		0.047		0.047		0.047

				B		0.364		0.758		0.585		0.673		0.805		0.904		0.935		0.257		0.046		0.047		0.046		0.046

				C		0.358		0.973		0.464		0.842		0.893		0.842		0.84		0.364		0.047		0.047		0.047		0.047

				D		0.341		0.741		0.589		0.842		0.824		0.958		0.876		0.369		0.048		0.048		0.046		0.046

				E		0.387		0.311		0.521		0.568		0.581		0.574		0.579		0.371		0.047		0.047		0.047		0.047

				F		0.358		0.321		0.497		0.51		0.522		0.495		0.449		0.367		0.047		0.047		0.046		0.046

				G		0.337		0.37		0.375		0.365		0.365		0.377		0.382		0.36		0.047		0.047		0.047		0.047

				H		0.361		0.351		0.331		0.356		0.354		0.358		0.348		0.346		0.046		0.046		0.046		0.046

		WT		0.7766666667

		Mock		0.878

		Scrambled		0.805

		si-STAG3#A		0.5646

		si-STAG3#C		0.4946

				MCF-7		exp2		MCF-7

		Scrambled		1		1		1

		si-STAG3#A		0.7013664596		0.886945659		0.7941560593

		si-STAG3#C		0.6144099379		0.5973766396		0.6058932887

				MCF-7		St. Dev.

		Scrambled		1		0

		si-STAG3#A		0.7941560593		0.1312243103

		si-STAG3#C		0.6058932887		0.0120443607





MCF7 12h

		



MCF-7

Survival Fraction Compared to Scrambled

MTT-12h



exp2 MCF7 12h

				0		0

				0.1312243103		0.1312243103

				0.0120443607		0.0120443607



MCF-7



MCF7 24h

		14-5-15 MCF7 12h

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.091		0.12		0.144		0.139		0.143		0.096		0.108		0.15		0.046		0.046		0.047		0.046

				B		0.103		0.263		0.316		0.337		0.262		0.396		0.33		0.157		0.048		0.047		0.047		0.046

				C		0.135		0.303		0.438		0.324		0.476		0.462		0.401		0.206		0.047		0.047		0.048		0.047

				D		0.131		0.196		0.554		0.681		0.854		0.947		0.72		0.188		0.068		0.047		0.047		0.046

				E		0.134		0.164		0.528		0.657		0.754		0.875		0.736		0.116		0.047		0.047		0.047		0.047

				F		0.077		0.178		0.35		0.449		0.482		0.556		0.554		0.121		0.068		0.047		0.047		0.046

				G		0.087		0.165		0.211		0.176		0.138		0.15		0.123		0.165		0.047		0.048		0.047		0.047

				H		0.131		0.114		0.174		0.23		0.267		0.107		0.059		0.109		0.046		0.047		0.047		0.046

		WT

		Mock

		Scrambled		0.8403333333

		si-STAG3#A		0.71

		si-STAG3#C		0.4782

				MCF-7

		Scrambled		1

		si-STAG3#A		0.8449028163

		si-STAG3#C		0.5690598969





MCF7 24h

		



MCF-7

Survival Fraction Compared to Scrambled

MTT-12h



MCF7 24h exp2

		12-5-15 MCF7 24h

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.327		0.292		0.313		0.321		0.382		0.341		0.329		0.212		0.047		0.047		0.047		0.047

				B		0.253		0.393		0.847		0.404		0.875		1.189		1.243		0.197		0.047		0.047		0.047		0.046

				C		0.224		0.36		0.591		1.096		0.962		1.175		1.11		0.147		0.047		0.047		0.047		0.047

				D		0.237		0.447		0.793		0.833		1.096		1.111		1.062		0.282		0.047		0.048		0.047		0.046

				E		0.253		0.145		0.216		0.177		0.227		0.21		0.174		0.425		0.047		0.047		0.047		0.047

				F		0.217		0.174		0.161		0.168		0.237		0.162		0.136		0.261		0.047		0.05		0.046		0.046

				G		0.287		0.325		0.319		0.308		0.316		0.284		0.247		0.268		0.047		0.048		0.047		0.047

				H		0.326		0.318		0.281		0.246		0.344		0.328		0.3		0.062		0.048		0.047		0.046		0.046

		WT		1.0385

		Mock		1.08575

		Scramble		0.979

		si-STAG3-A		0.2075

		si-STAG3-C		0.1804

				MCF-7

		Scramble		1

		si-STAG3-A		0.2119509704

		si-STAG3-C		0.1842696629





MCF7 24h exp2

		Scramble

		si-STAG3-A

		si-STAG3-C
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MCF7 96h

		15-5-15 MCF7 24h

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.416		0.37		0.317		0.352		0.32		0.273		0.205		0.106		0.076		0.043		0.047		0.046

				B		0.367		1.053		1.279		1.699		0.881		1.281		1.194		0.086		0.049		0.047		0.046		0.046

				C		0.358		1.1		1.277		0.86		0.724		1.005		0.483		0.265		0.187		0.048		0.048		0.047

				D		0.376		0.888		1.056		0.995		1		0.993		1.077		0.262		0.15		0.047		0.048		0.046

				E		0.346		0.437		0.449		0.272		0.247		0.318		0.34		0.3		0.157		0.047		0.047		0.048

				F		0.367		0.388		0.478		0.415		0.3		0.301		0.181		0.09		0.188		0.047		0.047		0.048

				G		0.358		0.377		0.286		0.249		0.189		0.339		0.232		0.039		0.099		0.048		0.052		0.046

				H		0.355		0.356		0.371		0.371		0.317		0.183		0.043		0.222		0.039		0.047		0.047		0.046

		WT-MCF7		1.3012

		Mock		0.9932

		scramble		1.0015

		si-STAG3#A		0.3438333333

		si-STAG3#C		0.3438333333

				MCF7

		scramble		1

		si-STAG3#A		0.3433183558

		si-STAG3#C		0.3433183558





MCF7 96h
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compiled

		18-5-15 MCF7 96h

						1		2		3		4		5		6		7		8		9		10		11		12

				A		0.341		0.357		0.356		0.353		0.355		0.354		0.355		0.274		0.047		0.047		0.047		0.046

				B		0.352		1.547		1.478		2.399		2.59		2.796		3.045		0.266		0.046		0.047		0.047		0.046

				C		0.357		1.265		2.326		1.999		2.388		2.551		2.488		0.336		0.047		0.047		0.047		0.047

				D		0.361		2.02		2.283		1.953		1.791		2.146		1.881		0.298		0.047		0.048		0.048		0.048

				E		0.359		0.207		0.149		0.131		0.125		0.128		0.119		0.291		0.047		0.047		0.048		0.047

				F		0.343		0.116		0.131		0.115		0.122		0.14		0.156		0.228		0.049		0.049		0.048		0.046

				G		0.338		0.315		0.356		0.362		0.358		0.213		0.299		0.063		0.049		0.047		0.047		0.047

				H		0.314		0.34		0.357		0.361		0.341		0.331		0.067		0.181		0.047		0.048		0.047		0.046

		WT MCF7		2.7075

		Mock		2.43825

		Scrambled		2.0123333333

		si-STAG3-A		0.1431666667

		si-STAG3-C		0.13

				MCF7

		Scrambled		1

		si-STAG3-A		0.0711446082

		si-STAG3-C		0.0646016233
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		12h		exp1		exp2		av		st. dev.						MCF-7		st. dev.

		Scrambled		1		1		1		0				Scrambled		1		0

		si-STAG3#A		0.7941560593		0.8449028163		0.8195294378		0.035883376				si-STAG3#A		0.8195294378		0.035883376

		si-STAG3#C		0.6058932887		0.5690598969		0.5874765928		0.0260451412				si-STAG3#C		0.5874765928		0.0260451412

		24h		exp1		exp2		av		st. dev.						MCF-7		st. dev.

		scramble		1		1		1		0				Scrambled		1		0

		si-STAG3#A		0.2119509704		0.3433183558		0.2776346631		0.0928907691				si-STAG3#A		0.2776346631		0.0928907691

		si-STAG3#C		0.1842696629		0.3433183558		0.2637940094		0.1124644093				si-STAG3#C		0.2637940094		0.1124644093

		96h		exp1		exp2		av		st. dev.						MCF-7		st. dev.

		Scrambled		1		1		1		0				Scrambled		1		0

		si-STAG3-A		0.047427946		0.0711446082		0.0592862771		0.0167702127				si-STAG3-A		0.0592862771		0.0167702127

		si-STAG3-C		0.0565487049		0.0646016233		0.0605751641		0.0056942733				si-STAG3-C		0.0605751641		0.0056942733

				12h		24h		96h		st. dev.12h		st. dev.24h		st. dev.96h

		Scrambled		1		1		1		0		0		0

		si-STAG3-A		0.8195294378		0.2776346631		0.0592862771		0.035883376		0.0928907691		0.0167702127

		si-STAG3-C		0.5874765928		0.2637940094		0.0605751641		0.0260451412		0.1124644093		0.0056942733





				0		0

				0.035883376		0.035883376

				0.0260451412		0.0260451412
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