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Dona Touma 

Abstract 

The aim of this study was to investigate mRNA and protein expression of three genes 

(Transforming Growth Factor Beta Induced (TGFBI), Damaged-Specific DNA Binding 

(DDB2) and Minichromosomal Maintenance-5 (MCM5)) in breast cancers. Q-RT-PCR 

(36 cancers, 8 normal/benign tissues and 9 organoid samples), western blotting (6 cell 

lines, 6 cancers and 4 normal/benign tissues) and immunohistochemistry (67 breast 

cancers) were performed, and for TGFBI functional assays (viability, apoptosis and 

invasion) were carried out in two cell lines (ZR-75-1 and MDA-MB-468) after transient 

transfection with recombinant TGFBI and vector controls.  

TGFBI showed reduced mRNA and protein expression in all cancer cell lines relative to 

HBL-100. The mRNA levels were also significantly lower in breast cancers compared to 

normal/benign tissues. Immunohistochemistry results showed that 46 / 67 breast 

cancers were negative or had <1% nuclear staining. There was a significant correlation 

between TGFBI mRNA levels and patient age; with lower levels expressed in younger 

women (p=0.04). Higher expression of DDB2 mRNA was observed in ER/PR positive 

(MCF-7, T47-D and ZR-75-1) compared to ER/PR negative (HBL-100, MDA-MB-231 and 

MDA-MB-468) cell lines. Higher DDB2 mRNA levels was .significantly correlated with ER 

positive (p=0.04) and grade II (p=0.02) tumours; lower levels were associated with 

younger patient age (p=0.025). In addition, higher DDB2 protein expression was 

associated with ER (p=0.001) and PR (p=0.004). Elevated MCM5 mRNA and protein 

levels were observed in MCF-7 and MDA-MB-231.   MCM5 immunoreactivity was 

significantly correlated with low grade (p=0.02) and ER/PR positive (ER p=0.04 and PR 

p=0.01) tumours. Transfection with TGFBI had no effect on viability, apoptosis and 

invasion of ZR-75-1 and MDA-MB-468 cells.  

In conclusion, the results fail to support the hypothesis of this study, namely that 

expression of TGFBI, DDB2 and MCM5 could contribute to the more aggressive features 

of sporadic breast cancers in younger women. 
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1.1 Breast Cancer 

Breast cancer is a major health problem worldwide. There have been considerable 

advances in the early detection, management and understanding of the biology of the 

disease. However, it is a heterogeneous disease with differences in the clinical 

presentation, pathological features and biological potential (Harris et al., 2004).The age 

of the patient is one of these differences. It has been recognised for some time that 

breast cancer in younger women (����-years old) is more aggressive, and has a poorer 

outcome and survival; this has been associated with its pathobiological features (Adami 

et al., 1986; de la Rochefordiere et al���	

��������et al., 1996; Walker et al., 1996). 

Two previous PhD students (Whyman, ����������������������������������#������$�

and molecular studies, which focused on breast cancer in younger women. This thesis 

will investigate three genes (TGFBI, DDB2 and MCM5) identified as being differentially 

expressed in breast cancer in younger women. This study will attempt to understand 

the differences in these genes in breast cancer with this age group. 

 

1.2 Epidemiology 

Breast carcinoma is the most prevalent malignancy in women worldwide. The highest 

incidences are in North America, North-west Europe and Australia, whilst the lowest 

����&�����*��������+*��#������+&���>���#���?�&���#�@[�����
���\�����@������[ingdom 

>@[�� ����&�� carcinomas are ���� �*� ��� ���� #������&�� #��#��&�� ]������ ^����� ����

diagnosed with breast cancer each year and 12,000 women died from the disease in 

2008. In contrast 277 males were diagnosed in 2007, with 70 male breast cancer 

deaths in 2008. The highest in#����#�� �*� ����&�� #��#��� �&� ��� ��� ���� ����_� ��-69 

(Figure 1.1, A), however, the number of deaths increases with age (Figure 1.1, B). A 

woman’s risk of developing breast carcinoma is estimated to be 1 in 9 during her 

`�*������>���#���?�&���#�@[�����
��  
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Figure 1.1 Breast Cancer Incidence and Death in United Kingdom 

{�������*�����&��#��#���#�&�&����@[�������|�>+���������*����
http://info.cancerresearchuk.org/cancerstats/types/breast/incidence/index.htm��{�������*�����&����@[�������}�>~���
taken from http://info.cancerresearchuk.org/cancerstats/types/breast/mortality/index.htm.  
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1.3 Risk Factors  

The causes of breast cancer are complex but many risk factors have been identified, 

which can influence the development of the disease. These relate to the genetic 

background of the woman, hormonal and reproductive factors, history of benign breast 

diseases (BBD) and lifestyle.  

 

1.3.1 Genetic Background 

It is recognised that there are genes that are associated with an increased risk of 

women developing breast cancer due to them carrying a mutation. The risk at which 

women will develop the disease in the future depends on the penetrance of the gene. 

These genes are categorized into three groups of high, intermediate and low 

penetrance (Byrnes et al., 2008; Ripperger et al., 2009). 
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1.3.1.1 High Breast Cancer Risk Associated with Cancer Predisposition 
Syndromes  

Early onset familial breast cancers are attributable to inherited susceptibility to germline 

mutations in highly penetrant genes such as breast cancer associated gene 1 (BRCA1) 

and 2 (BRCA2). Mutation carriers have up to 60-���� ��&���* developing the disease 

(Ripperger et al., 2009; Easton et al., 2007; De Jong et al., 2002). Several other 

predisposition syndromes have been identified that also increase the risk of developing 

breast cancer (Table 1.1) (Ripperger et al., 2009). These include syndromes due to 

mutations in t������_����������>TP53), phosphatase and tensin homolog gene (PTEN) 

and cadherin-1 (CDH1) (Table 1.1). 

 

Table 1.1 High Breast ���#���?�&� Associated with Predisposition Syndromes  

Gene Name  Syndrome Breast Cancer Risk 

 
TP53 

 
Transformation-

?�`��������������� 
 

 
��-Fraumeni Syndrome 1 

 
��-|����$���������*�]� 

 
PTEN 

 
Phosphatase and 

Tensin 
Homologue 

 

 
��^�����$������ 

 
��-�����$���������*�}� 

 
STK11/LKB1 

 
Serine/threonine 

Protein [inase 11 
 

 
Peutz-Jegher Syndrome 

 
]����$���������*�}� 

 
NF1 

 
Neurofibromin 

 

 
Neurofibromatosis Type I 

 
�\?���� 

 
NBN 

 
Nibrin 

 

 
Nijmegen Breakage Syndrome 

 
����*���|�}��`� 

 
CDH1 

 
E-�adherin 

 

 
Hereditary diffused gastric cancer/ 

familial lobular breast cancer 
 

 
�����$���������*�}� >��
��

��`�) 

Taken from Ripperger et al., 2009  
SIR: Standardized Incidence Ratio 

 

1.3.1.1.1 BRCA1 and BRCA2  

BRCA1 and BRCA2 are highly penetrant tumour suppressor genes (Scully et al., 1999) 

`�#��������#����&����	}��	�����	��	�-	����&_�#����`$�(Hall et al., 1990; Wooster 

et al., 1994). Some similarity in the exons of BRCA1 and BRCA2 is present; however, 

no sequence homology is observed in the proteins >����et al., 1998). These proteins 

play a role in maintaining genome integrity by interacting with components of DNA 

repair machinery or by transcriptionally regulating genes involved in DNA damage 
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>����� ���� ������ �����. Familial BRCA2 mutation was also found to significantly 

increase the risk of developing breast cancer among men (Schlebusch et al., 2010). 

 

1.3.1.1.2 TP53  

TP53 is a tumour suppressor gene that is located on chromosome 17 (McBride et al., 

1886)��_���protein plays an important role in controlling DNA damage in cells  >[�&����

and Bartek, 2004) and also in inducing cell cycle arrest by modulating the transcription 

of various genes (Whibley et al., 2009; Margolis et al�������). TP53 is mutated in ��-

Fraumeni syndrome 1 >���_���� et al., 2008), which is a disorder in which multiple 

neoplasms develop at an early age including soft tissue sarcomas, leukaemia and 

brain tumours; and it also increases the risk of developing breast cancer (Table 1.1) 

(Ripperger et al., 2009).  

 

1.3.1.1.3 PTEN 

The tumour suppressor gene PTEN is located on chromosome 10 (Steck et al., 1997), 

and its protein has a role in cell growth by inhibiting cell proliferation, survival, migration 

and apoptosis (Baker, 2007; Saal et al., 2007). PTEN mutation occurs in ��^����

syndrome >���^�et al., 1997), which is characterized by multiple hamartomas in skin, 

breast, thyroid and gastrointestinal tract (Ripperger et al., 2009). The heterozygous 

form increases the risk of breast cancer (Table 1.1). It was recently identified that loss 

of PTEN expression is significantly associated with the basal-like breast cancer 

subtype in human sporadic and BRCA1 associated hereditary breast cancer (Saal et 

al., 2008). Deletion or mutation in the PTEN gene has also observed in a variety of 

human cancers (Stambolic et al., 2000).  

 

1.3.1.1.4 CDH1 

CDH1 is a tumour suppressor gene located on chromosome 16 and encodes E-

��������_����������&�_��������&����$���_�������*���#�``-cell adhesion, thus maintaining 

the architecture of epithelial tissues (Becker et al., 1994). Patients with mutation in this 

gene have familial diffuse gastric cancer, and subsequently they are at ���� �isk of 

developing breast cancer (Ripperger et al., 2009).  
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1.3.1.2 Intermediate Penetrance Genes 

Women with a heterozygous mutation in DNA repair genes such as: ATM, CHEK2, 

BRIP1 or PALB2 are at moderately increased risk of developing breast cancer (Table 

1.2) (Ripperger et al., 2009).  

 

Table 1.2 Intermediate Penetrance Genes Associated with ?�&���*�~���&�����#�� 

Gene Name Relative Breast 
Cancer Risk 

 
ATM 

 

 
Ataxia Telangiectasia 

Mutated 
 

 
2.4 

 
CHEK2 

 

 
��``��$#`����#�_�����

[���&��� 
 

 
����*���		����`� 

 
BRIP1 

 

 
BRCA1-Interacting 

Protein 1  
 

 
2.0 

 
PALB2 

 

 
��������������#�`������*�

BRCA2 
 

 
��� 

  Taken from Ripperger et al., 2009  

 

1.3.1.2.1 ATM 

The ATM protein plays a role in signalling the presence of DNA damage, leading to the 

phosphorylation of key substrates such as BRCA1 >�������et al., 1999). Homozygous 

mutation carriers present with progressive neurological disorders due to cerebellar 

degeneration; and also with immunodeficiency, translocation and growth retardation 

>��$`��� ���� ~$���� ������� �������$���&� ��������� #������&� &�^� ��`���� *���&� �*�

neurological progression; however, they are at an increased risk of breast cancer 

compared to the general population (Table 1.2) (Easton, 1994; Stredrick et al., 2006; 

Ripperger et al., 2009). 

 

1.3.1.2.2 CHEK2 

CHEK2 is a DNA-damage signal transducer, which mediates the activation of 

downstream effectors that play a major role in the initiation of DNA repair, cell cycle 

arrest or apoptosis, depending on the activated effectors (Antoni et al., 2007). 

�������$���&� ��������� #������&� _��&���� ^��� ��-Fraumeni syndrome 2, which is 
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characterized by early age cancer development (Bell et al., 1999), and also this 

disorder moderately increases the risk of breast cancer (Ripperger et al., 2009).  

 

1.3.1.3 Low Penetrance Genes  

A number of Single Nucleotide Polymorphisms (SNPs) have been shown to be 

associated with an increased risk of developing breast cancer (Tabl��	�����*�������_`� 

in genes such as: FGFR2, LSP1, MAP3K1, TGF-�1, TOX3, COX11, CASP8 and 

RAD51L1 (Ripperger et al., 2009; Mavaddat et al., 2010). The current prognostic 

investigators have their value; however, two very similar tumours may have quite 

different outcomes. Inherited genetics variants, particularly of low penetrance alleles 

may prove to be important in helping to more fully assess prognosis and plan treatment 

(Eccles and Tapper, 2010).  

 

Table 1.3 ��^���������#������&�+&&�#������^���?�`������?�&���*�~���&�����#�� 

Gene Name Relative Risk of Breast 
Cancer 

  Homozygous Heterozygous 

 
FGFR2 

 

 
Fibroblast Growth Factor Receptor 

 
1.6 

 
1.2 

 
LSP1 

 

 
�$�_�#$��&-Specific Protein 1 

 
1.2 

 
1.1 

 
MAP3K1 

 

 
��������+#������������������[���&��	 

 
	�� 

 
1.1 

 
TGF-�1 

 

 
Transforming Growth Factor Beta 1 

 
1.2 

 
1.1 

 
TOX3 

 

 
High Mobility Group Box Family 

�������� 
 

 
1.6 

 
	�� 

 
COX11 

 

 
�$��#�����#������&���&&���`$�

_����������		 
 

 
��
� 

 
------ 

 
CASP8 

 

 
��&_�&��� 

 
0.88 

 
------ 

 
RAD51L1 

 

 
?+��	-�����	 

 
0.84 

 
------ 

 Taken from Ripperger et al., 2009 and Mavaddat et al., 2010 
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1.3.1.3.1 FGFRs 

FGFRs play an important role in developmental processes including proliferation, 

��**�������������������������&�&�����������������?�&����``����>[����&�����������

2010). For example allelic specific up-regulation of FGFR2 elevates susceptibility to 

breast cancer (Meyer et al., 2008). Four SNPs within intron 2 of FGFR2 were shown to 

be associated with an increased risk of developing breast cancer (Hunter et al., 2007).    

 

1.3.2 Reproductive and Hormonal Factors 

Endogenous sex hormones particularly oestrogens have been associated with an 

increased breast cancer risk, mainly in post-menopausal women (���`�$�et al., 1989). 

This might be due to the conversion of androgenic precursors to oestrogen in adipose 

cells (Simpson et al���	

������&��������&� ����`����������_����������*�breast cancer, 

particularly for ER-positive tumours >��_�������[�_��^�&&�������|).  

 

1.3.2.1 Age at Menarche and Menopause  

Short exposure to sex hormones due to late age at menarche and early age at 

menopause significantly reduces the risk of breast cancer >[�`&�$��t al., 	

���?�&&� 

et al., ���|��� ��� ��&�� ��#���&�&� �$� ���� _��� *���� $���� ��`�$� ��� �����#�� >���#��-

closas et al��� ���|�� ���� �`�����&� �$� ��� *��� ��#� $���� �`���� ��� ����_��&� 

>��``��������������_�����������`���#���&����~���&�����#����	

}���However, a recent 

study of Japanese women found that none of the reproductive factors were significantly 

associated with the risk of breast cancer in premenopausal women, in contrast to the 

*�������������_�&�����_��&�`�^�����>[�^���et al., 2010). 

 

1.3.2.2 Age at Full-Term Pregnancy 

Both full-term p������#$������$�����������>����$���&�������`&�����������`�pregnancies 

����#�&������&���*�����&��#��#���>[�`&�$�at el., 	

�������`����������`�� et al., 2001; 

[�^��� et al 2010). ��&� ��&�� �&� ����#��� �$� }�� *��� ��#� *�``-term pregnancy 

>��``��������������_�����������`���#���&����~���&�����#�����������This might be due 

to the cell differentiation that occurs in the breast during the woman’s first full-term 

pregnancy (Singletary, 2002). In addition, full-����� _������#$� �*���� ��� ���� �*� ���
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further increases the risk compared to nulliparous ^�����>[�`&�$�at el., 	

�������`��

2000; Hulka et al������	��[�^���et al., 2010).  

 

1.3.2.3 Breastfeeding  

���������������*�����&�*��������&��������&�������������#�������&���*�����&��#��#�� 

�$�]��*�������$�	������&��*�����&�*�������>��``��������������_�����������`���#���&�

���~���&�����#������������`���et al., 2001). This might be due to the lactation and high 

prolactin levels produced after pregnancy which results in less oestrogen exposure to 

the breast (Hulka et al., 2001).  

 

1.3.2.4 Oral Contraceptive and Hormone Replacement Therapy (HRT) 

@&��of oral contraceptives is associated with a very small increase in the incidence of 

breast cancer but in the current and recent users; however, it is not a significant risk 

after 10 years of stopping use of the contraceptive >��``��������������_�����������`�

Factors in ~���&�����#����	

}). The Woman’s Health Initiative (WHI) (Anderson et al., 

2004) demonstrated that older women who �&�����&������&�*������`��&����$���& had an 

increased breast cancer risk compared to women who reported no hormone used. 

Additionally, the use of conjugated oestrogen and progesterone HRT further increases 

the risk of breast carcinoma compared to not taking HRT >~���`��������+����&���et al., 

2004); and also increases the risk compared to the use of oestrogen only (Ross et al., 

2000).  

 

1.3.3 Breast Density and History of Benign Breast Diseases (BBD) 

Women with a very low proportion of fat in their breasts are considered to have more 

dense breasts. These women are at five times higher risk of developing breast cancer 

compared to women with less ���&�� ����&�&� >�#�����#�� ���� ��&� �����&� ��`����

2006). A prior history of proliferative BBD particularly with atypical hyperplasia elevates 

the risk for future development of invasive breast carcinoma (Dupont et al��� 	

�� 

Bodian et al���	

�������`����$�����������_�&�-menopausal women (Byrne et al., 2000). 

A study carried out by Hartmann et al., (����) demonstrated that women with atypical 

hyperplasia had a four-fold risk of developing breast cancer; while women with 

proliferative disease without atypia had a two-fold risk.  
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1.3.4 Lifestyle Factors  

A woman’s lifestyle is considered to have a significant influence on the risk of 

development of breast cancer. A number of lifestyle factors have been shown to 

increase the relative risk (Table 1.4). In addition, other lifestyle factors such as 

socioeconomic status are more likely to influence outcome once the disease has 

developed rather than development of breast cancer. 

 

Table 1.4 ��*�&�$`����#���&�Associated with Relative ?�&���*�~���&�����#��� 

 
Lifestyle 
Factor 

 

 
Description 

 
Relative Risk Associated 

with Breast Cancer 

 

 

 

Diet 

High consumption of dietary fat and calories 

(����`�� ����; Hulka et al., 2001); deficiency of 

*�`�#� �#���� �������� ~12, Minerals (Rogers et al., 

	

���� �������&� >+�� ��� �� ���� ��� >���� ����

Rohan, 2006), and low fruits, vegetables and 

fibre intake (Rogers et al., 	

��� [�``��� et al., 

2009) have all been shown to increase the risk 

of breast cancer.   

A meta-���`$&�&��*�]��&�����&�

has shown that dietary fat 

appears to impart the highest 

risk; breast cancer risk 

increases by approximately 

	������^�����^����� high 

fat intake (Boyd et al���������  

 

Height 

Taller post-menopausal women are at increased 

risk of breast cancer; however, this association 

�&���#`����>��������~������et al., 2000).   

Relative risk of increasing 

height increases �$� }�� *���

each ���������`� �� #���������&�

>��������~������et al., 2000).   

 

 

 

 

Overweight/ 

Obesity 

Multiple studies have found that 

postmenopausal obesity and being overweight 

moderately increase the risk of developing 

breast cancer (Reeves et al., 2007). This might 

be due to increased aromatization of androgens 

to oestrogens in adipose tissue and decrease in 

serum sex-hormone-binding globulin levels 

>���`�$� et al., 1989). However, BMI was not a 

risk factor for breast cancer in premenopausal 

^�����>[�``���et al., 2009).  

 

 

Postmenopausal women who 

are overweight have a 10-

���� ��#���&��� ��&��� ^�`��

obese postmenopausal 

women have �� ���� risk 

(Reeves et al., 2007).   

 

 

 

Physical 

Activity 

A strong protective effect for high physical 

activity was observed in post-menopausal 

women, in contrast to pre-menopausal women 

(Monninkhof et al., 2007). However, inconsistent 

data were observed as a more recent study 

found that physical activity applies for both pre 

and post menopausal women (Howard et al., 

2009).  

 

20-]��� ����#��� ��&�� *���

women with high physical 

activity commitment (Howard 

et al., 2009; Maruti et al., 

2008).  
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Alcohol 

Consumption 

High alcohol consumption increases breast-

cancer risk (Hulka et al., 2001; Singletary, 2002; 

Tjonneland et al., 2007).The mechanism might 

be related to the metabolism of carcinogens 

such as, ethanol (Rogers et al., 	

��.  

Daily alcohol consumption 

increases the risk by 7-	�� 

(Allen et al., 2009). 

 

 

Shift Work 

Recent studies found that night shift work 

(Megdal et al������������ short sleeping duration 

>[��������et al., 2008) are linked with increased 

risk of developing breast cancer. That might be 

due to reduction in the anti-carcinogenic 

melatonin �������>[��������et al., 2008).   

High level of melatonin 

metabolite hormone reduces 

the risk of breast cancer by 

��� (Schernhammer and 

Hankinson, 2009).   

 

In-Utero 

Exposure 

Higher birth weight or higher birth length or older 

maternal age at conception cause a slight 

increase in the risk of breast cancer that might 

be due to high oestrogen levels in the maternal 

���$�>��������Michels, 2007).  

 

These factors increase the 

��&�� �*� ����&�� #��#��� �$� ����

>����������#�`&�����}�� 

 

 

Medications 

It was found that taking aspirin (Mangiapane et 

al., 2008) and non-steroidal anti-inflammatory 

drugs (Takkouche et al., 2008) reduces the risk 

of breast cancer.    

Women regularly taking 

aspirin and NSAIDs reduce 

their risk of breast cancer by 

���� (Mangiapane et al., 

2008; Takkouche et al., 2008).  

 

Medical 

Radiation 

Exposure 

 

High doses of radiation might increase the risk 

of developing breast cancer >����`�������� 

Diagnostic x-ray has an 

estimated increase risk by 

0.1��(Berrington de Gonzalez 

and Derby, 2004).  

 

 

1.4 Pathology of Breast Carcinoma 

Breast carcinomas are divided into in-situ and invasive malignancies. All breast 

malignancies are considered to arise from cells of the terminal ductal lobular unit, 

irrespective of their particular type (Wellings et al���	
}��.  

 

1.4.1 In-Situ Breast Carcinoma  

This refers to proliferation of malignant cells that are confined by basement membrane 

(�`�������et al., 2001), and is subdivided into ductal and lobular, which have different 

morphological features.   
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1.4.1.1 Ductal Carcinoma In-Situ (DCIS) 

There is proliferation of malignant cells which expand duct structures but do not invade 

through the basement membrane. It is divided into different types depending on the 

degree of pleomorphism and mitotic activity of cells: low, intermediate and high grade. 

Necrosis can be present, which can calcify (Silverstein 1998). Different architectural 

patterns (cribriform, micropapillary, solid) also occur (Walker, 2004)���������&�^�����\��

ca�� _��&���� ^��� �� _�`_��`�� ��&&� ���� ��� ��#���&��� *������#$� �*� ��\�� �&� ���� ���

detection of associated calcification by mammographic screening. This early detection 

is one way of improving outcome from breast cancer, since if left ��\� can become 

invasive particularly the high grade form (Sakorafas and Tsiotou, 2000). 

 

1.4.1.2 Lobular Carcinoma In-Situ (LCIS) 

There is a proliferation of poorly cohesive cells that expand the size of acini but without 

�`������������`���`�����#���#�����>��`��������]�����\���&�#��&�����������������&��*�#��� 

for the development of invasive cancer, but may also be a precursor lesion. ��\��has 

been more frequently diagnosed in ^�������������^����]���������$���&�>���_&���et 

al���������� 

 

1.4.2 Invasive Breast Carcinoma  

This is when malignant cells have broken through the basement membrane and 

invaded into the adjacent tissue. 

 

1.4.2.1 Invasive (Infiltrating) Ductal Carcinoma (IDC) 

\����##����&�*���the �������$��*�����&������&����#��#�����&�>}���������##��&��������

pre- and post menopausal women.  In this type, tumour cells can be arranged in 

groups, cords and gland-like structure, of varying sizes with differing degrees of stroma 

present. Ductal carcinoma in-situ can also be present (Walker, 2004).  
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1.4.2.2 Invasive (Infiltrating) Lobular Carcinoma (ILC) 

\����##����&�*���	�-	����*�����&��������&��#��#�������\���&�#���#���������$�&��``�����

uniform cells, which are dispersed singly and the essential hallmark molecular feature 

is the loss or down-����`������ �*� ���	� >�-���������� ^�#� ��_`���&� ����� _������� of 

growth (Sarrio et al�������; Walker, 2004). 

 

1.4.2.3 Special Types of Invasive Breast Carcinoma 

There are various special types of invasive carcinomas, which are summarized in 

Table 1.�; women diagnosed with one of these special types show excellent prognosis 

and high survival rate (Harris et al., 2004; Walker, 2004).  

 

Table 1.5 Special Types of Invasive Breast ���#�����&  

 
Special Carcinoma Type  

 
Description 

 
  

Tubular 

 
* Accounts for 1-2���*����breast cancer   
* It is a well-differentiated tumour, with cells arranged as   
  Tubules 

 
 

Mucinous  

 
* Accounts for 2-����*����#�&�&� 
* Tumour cells present in small clusters in large amount of  
   extracellular mucin 

 
Medullary 

 
* Accounts for `�&&���������*����#�&�& 
* Syncytial sheets of pleomorphic cells with associated    
   lymphocytic infiltrate.  
 
 

 
Papillary  

 
��+##����&�*���������*����#�&�& 
* Tumours present as a papillary structure 
 
 

 
 

 

 

 



Introduction 
 

14 
 

1.5 Breast Tumour Prognosis 

There are various prognostic factors that are involved in determining the overall 

survival of patients such as: patient characteristics, tumour-related features, 

development of recurrence/metastasis, second breast cancer developing and tumour 

markers (Soerjomataram et al., 2008). The important determinants for predicting 

survival of breast cancer patients at the time of presentation >��`_�� et al., 2004; 

����`����$����������``$�����|��are tumour size (Galea et al., 1992), presence/absence 

of lymph node metastasis (Rampaul et al., 2001) and presence/absence of 

lymphovascular invasion (Pinder et al., 1994). Tumour grade is another important 

determinant (Elston and Ellis, 1991). This information can, along with tumour markers, 

be used to select the optimum treatment (Soerjomataram et al., 2008). 

 

1.5.1 Tumour Histological Grading 

Bloom and Richardson (	
�}) used a simple numerical system for grading, which 

depended on three histological factors including differentiation or tubule formation, 

pleomorphism, and mitoses and hyperchromatic nuclei. Elston and Ellis (1991) 

significantly amended the Bloom and Richardson grading system to form the 

Nottingham combined histologic grade. These modifications enhanced the 

reproducibility of scoring, and it is therefore the recommended method ��� ��� @[�

>{������`� ������������ ����_� *��� ~���&�� �#�������� ����`��$�� ������� and is 

recommended by the European Breast Screen���� ����`��$� ����_�� @�� ����#���&� �*�

+������#� ���� �����#�`� ����`��$� >�����``$� et al., 1996), the ��``���� �*� +����#���

����`���&�&�����������`�����`���������������>����`����$�et al., 2002).  

A good correlation has been found between histological grade and prediction of 

overall/disease-free survival of patients (Elston and Ellis, 1991; Simpson et al., 2000). 

Patients with grade 1 tumour show better prognosis with an ����#��#�� �* 10-year 

survival; however, patients with grade � tumours have significantly poorer survival 

>]���10-year survival) (Pinder et al., 2008).  

 

1.5.2 Tumour Pathology Staging  

The TNM (Tumour, Node, Metastases) staging system (Figure 1.2) is based on the 

size of the primary tumour (T), absence/presence of local lymph node involvement (N), 

and the presence/absence of distant metastases (M) (Singletary et al., 2006). The first 
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���������*��{��^�&�_��`�&����$����+����#��������������������*����#������	
}}�and 

since that time regular revisions have been issued to reflect major advances in 

diagnosis and treatment (Singletary et al., 2006). TNM stage can provide important 

information about a patient’s prognosis, outcome and survival rate (Singletary et al., 

2002).  

Tumour size is one of the important prognostic factors for predicting long-term survival 

of the patient. Rosen and Groshen (1990) showed that women with tumours <10mm, 

11-	�����	]-16mm and 17-22mm in diameter have 20-year relapse free survival of 

����� }���� |��� ���� �
�� ��&_�#����`$�� \�� ���������� `$�_� ����� ����`������� �&� �`&��

considered to be essential in predicting the 10-$���� &������`� ������ ^�#� �&� }��� *���

node-���������#��_����������-����*��������_�&������_������&�(Rampaul et al., 2001). 

Hence, an increasing number of positive lymph nodes lead to poorer prognosis and �-

year survival (Jatoi et al., 1999).   

 

 

Figure 1.2 TNM-Staging System 

Summary of the TNM-Staging System, which shows the ranges of the primary tumour size, lymph node involvement 
and distance metastasis. Adapted from Singletary et al., (2002).  

 

 

 

TNM-Staging System 

Tumour Size 

T0     No Tumour 

T1     Tumour ���#� 

T2     2cm ����������� 
         �#� 
 
T3     Tumour > �#�� 

T4     Tumour of any    
          size 
 

Node-Metastasis 

N0     No metastasis 

N1     Metastasis in  
          movable axillary  
          lymph node(s) 
 
N2     Metastasis in     
          fixed axillary   
          lymph node(s) 
 
N3     Metastasis in  
          Intraclavicular    
          lymph node(s) 

Distant Metastasis 

 

M0     No distant 
          Metastasis 
 
M1      Distant 
           Metastasis 
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1.5.3 Nottingham Prognostic Index (NPI) 

The Nottingham Prognostic Index (NPI) was formulated by the Nottingham Breast 

Group, who combined three important prognostic factors together (tumour size, lymph 

node status and tumour grade). This index is the addition of lymph node stage (score 

as 1-���	��������������`�������������������*�^���`$�_����������&��&�&��������*�������

more lymph node metastasis) to the histological grade (score as in 1.5.1, 1-�������0.2 x 

tumour size (cm) (Galea et al., 1992). These calculations provide information on the 

patient’s outcome and survival (Table 1.6).  

 

Table 1.6 ���- off Points of NPI with ������-Year Survival Rate  

Score 5-Year Survival 
Rate 

 
���"# 

 

�� 

 
2.4-3.4 

 
��� 

 
3.4-4.4 

 
}�� 

 
4.4-5.4 

 
��� 

 
>5.4 

 
��� 

 
 

 

1.6 Predictive and Prognostic Markers of Breast Carcinoma  

The most common biomarkers established in breast cancer are oestrogen receptor 

(ER), progesterone receptor (PR) and human epidermal growth factor receptor (HER-

2/neu). Their main role is in the selection of treatment and predicting potential response 

to therapy, but they also provide prognostic information. Patients with ER and PR 

positive tumours have better prognosis and are more likely to be responsive to 

endocrine ����_$� >����� ������*��� ���� +������&�� \�������&�� >���##�� et al., 2006; 

Badve and Nakshatri, 2009). However, women with HER-2/neu over-expression have a 

&�����������``�&������`�>��������������et al., 1988), suggesting an important biological 

role of HER-2/neu in the progression of breast cancer (Menard et al., 2000). 
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1.6.1 Oestrogen Receptors (ERs) 

�^�� �$_�&� �*� �?&� ���� ����� ��#��������� �?�� >�|}����� ���� �?�� >��
������ ^�#�

both have a highly homologous structure, similar oestrogen binding affinity and 

identical transcriptional activation (Jarvinen et al., 2000). The nuclear ERs play an 

important role in modulating the transcription of various genes (Bjornstrom and 

��������� ������ ������ ���� ����#�� ���� ������#�� �?� �������� >~����� ��� Nakshatri, 

2009).  T���?��_�&�����������?��_�&������������&���� associated with better disease 

outcome and also increase the likelihood of response to endocrine therapy (Jarvinen et 

al., 2000; Murphy and Watson, 2006).  

 

1.6.2 Progesterone Receptors (PRs) 

PR is an oestrogen-regulated gene that is expressed as two isoforms PR-A and PR-B 

*���� �� &���`�� ����� >[���&� et al��� 	

���� ���� ��� ��&� ����`������ ���� ��&�������� �?-

positive/PR-positive tumours are more common than ER-positive/PR-negative or ER-

negative/PR-p�&������������&�>����et al���������� 

 

1.6.3 HER-2/neu Receptors (C-erbB-2) 

HER-2/neu proto-��#��������#���&�������&����������`$#�_��������*�	�������^�#�

is part of the EGFR family (Ross and Fletcher, 1998). There is no known ligand for 

HER-2/neu receptor; it heterodimerizes with one of its family members (Ross and 

Fletcher, 1998). This activates the mitogen-activated protein kinase (�+�[) pathway 

���_�&_����$`���&���`��-����&��>�\�[�������#���&���������&#��_�����`��#�����$��*�������&�

genes (Menard et al., 2000). HER-2/neu over-expressing tumours have been 

associated with poor prognosis (Menard et al., 2001) due to their aggressive phenotype 

including high histological grade, ER-/PR- and reduced risk of overall survival (Ferrero-

Pous et al., 2000).  

 

1.7 Treatment of Breast Cancer 
1.7.1 Surgery and Radiotherapy 

Surgery is the first step in treating breast cancer. Its two main goals are removing the 

cancer and also defining the stage of the disease (Hammer et al., 2008). Breast 

���&���������������$�>~��� removes the tumour only, with lymph node surgery, and 



Introduction 
 

18 
 

this is followed by radiotherapy to ensure the ablation of tumour cells at the surgical 

excision margins (Hammer et al., 2008).  This radiation post surgery plays an important 

role in reducing local ��#�����#��>���$�et al., 2002; Young, 2001; Breast Disease Site 

����_��*� ��������������#�����������������?�&���#�������������	

�) but several 

studies found that it �&� ��� ��_�#�� ��� ��� �����``� &������`� � >[���������&�� ���
�� 

Mastectomy is the complete removal of breast and axillary lymph nodes (Hammer et 

al., 2008). ���~����__���#�*�``�^���by radiotherapy is optimal treatment for early 

breast cancers compared to simple mastectomy (SM) because it has equal recurrence 

rate and outcome to simple mastectomy (10-$����&������`�*���~�����������&�����|��

����}}�]����&_�#����`$ (Mitov et al., 2006)) (Taucher and Jakesz, 2004; Danoff et al., 

	
��). Positive axillary lymph node and younger age patients have poorer local control 

and disease free survival post B�S and radiotherapy. Therefore, these women need 

more aggressive treatments >[���et al���������� 

 

1.7.2 Chemotherapy 

There are two different forms of chemotherapy single-agent chemotherapy and poly-

agent chemotherapy. Both treatments are beneficial in controlling any remaining 

deposits of disease, decreasing the recurrence rate and improving long-term survival 

>�~������ ������� Poly-agent chemotherapy reduces both recurrence and mortality 

rate from breast cancer while single-agent chemotherapy has an influence on the 

��#�����#���������`$�>�~��������������$&����#����������#�������_$��&����etter 

outcome for younger women, showing improvement of 7-		�� ��� 	�-year survival for 

women ����$���&��`�����������&�&, while 2-���*�����&����-69 years >�~������������� 

 

1.7.3 Endocrine Therapy 

There are many forms of endocrine therapy including: ovarian ablation, luteinizing 

hormone-releasing hormone agonists, tamoxifen and aromatose inhibitors >���##�� et 

al., 2006). All of these therapies reduce the activation of oestrogen on tumour cells 

either by inhibiting oestrogen from binding to their receptors (Tamoxifen) or by 

inhibiting their synthesis (Aromatose Inhibitors) (Mouridsen et al��������� Tamoxifen is a 

&�`�#�������&���������#�_��������`�����������^���`$��&���*������������_������&�^����?��

and PR positive tumours, because it improves 10-year survival of the patient and also 

shows better overall survival >���##��et al., 2006). �ver-expression of HER-2 with low 
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hormone receptors is associated with low response to any type of endocrine therapy 

due to the resistance that occurs >?�&��``���������&_������������ 

 

1.8 Molecular Profiling and Breast Cancer 

Although important information can be gained from the pathology, staging, 

ER/PR/HER-2 status of breast cancer there is a need for more detailed information 

about individual breast cancers. Microarray technology has become a useful method 

for allowing analysis of thousands of genes at the same time >��u et al., 2008). It has 

led to a greater understanding of the genetic alterations underlying breast cancer 

development and progression, resulting in the identification of specific subgroups 

(molecular classification), and has extended knowledge of the molecular alterations 

that relate to good or poor prognosis, and response to different therapeutic agents 

(Weigelt et al., 2010). 

 

1.8.1 Development and Progression of Breast Cancer 

The development and progression of breast cancer depends on accumulations of 

genetic alteration events and also epigenetic changes that affect the function and 

regulation of various genes, and influence the controlling mechanism of cellular 

processes (Reis-Filho et al��� ������ ��`$���� ���}��� \� had been proposed that breast 

cancer develops along two multi-&��_�_��^�$&�&���`�������������`&�����#�`���#��#���

����`�>����`&�����et al., 1988). These were based on morphological features, such as 

atypical ductal hyperplasia which is associated with a higher risk of developing breast 

cancer (See 1.3.3) (Simpson et al����������The first pathway was the progression from 

normal to invasive ductal carcinoma by passing through various stages: hyperplasia of 

usual type, atypical ductal hyperplasia and ductal carcinoma in-situ >��\���� The 

second pathway was progression from normal breast to atypical lobular hyperplasia, 

followed by lobular carcinoma in-situ >��\��� and then finally infiltrating lobular 

carcinoma (Reis-Filho et al���������Simpson et al����������However, molecular profiling 

and genomic technologies have extended understanding of breast cancer development 

and progression����^������� >������\��#��#��&����� ��*�`�������� `���`���#��#������>\����

are ER�/PR� ��������*��������	|��`�&&�^���\����������`��rations of CDH1 gene and 

gains of 1q and 16p (Natrajan et al., 2009; Melchor et al., 2008). However, high grade 

lesions (grade III) are ER-/PR-, may have HER-2 over-expression, express ‘basal’ 

markers and have complex karotypes (Reis-��`������������������; Roylance et al., 
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1999). These differences between low and high grades suggested that progression 

from a low lesion to a higher would be uncommon (Abdel-Fatah et al., 2007). However 

further studies, reviewed by ��_��-Garcia et al., 2010, indicate that ER� and ER- breast 

cancer are distinct diseases. In ER� breast cancer grade is associated with the number 

and complexity of genetic aberrations. High grade ER� cancers can have genetic 

aberrations found in ER� low grade tumours, so a subgroup may originate from low 

grade. ER- breast cancer is more complex and heterogenous and the genetic 

alterations differ from those in ER� disease. These differences are important in the 

study of breast cancer in younger women, since a high proportion of these cancers are 

ER-.    

 

1.8.2 Gene Expression Microarray 

1.8.2.1 Classification of Breast Cancers  

The first published major analysis of gene expression microarrays by the Stamford 

group resulted in the classification of breast cancer into four distinct subtypes, based 

on the variation in gene expression. The subtypes (luminal, normal-breast like, over-

expression of HER-2 and basal-like) were obtained *���������#�#�`��`�&����+��`$&�&��*�

cDNA microarrays (Perou et al., 2000). The luminal subtype was then subdivided into 

two different groups. luminal “A” and luminal “B”, which differ in their ER-activated and 

proliferation-related genes, with lower grade and better prognosis for luminal “A” 

compared to luminal “B” group (Sorlie et al., 2001; Sorlie et al��� ����). The normal-

breast like, HER-2 over-expression and basal-like subtypes are ER negative; however, 

the latter 2 subtypes have more aggressive features (Perou et al., 2000��� ����-

expression HER-2 subtype has amplification of HER-2 and also includes HER-pathway 

genes (Rouzier et al��� ������� ~�&�`-like subtype express high molecular weight 

cytokeratins, P-cadherin, caveolins 1 and 2 (van de Rijn et al., 2002) and EGFR 

(Nielsen et al., 2004). This subtype is of high grade with high mitotic indices, and it is 

more common in younger women (Rakha et al., 2008). The different subtypes are 

associated with significant differences in relapse-free and overall survival (Hu et al., 

2006a).  

Three other subtypes have been recently described which are ER negative but have 

gene expression patterns distinct from each other: molecular apocrine (Farmer et al., 

����� and claudin-low (Herschkowitz et al., 2007).  
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1.8.2.2 Prediction of Prognosis and Response to Treatment   

cDNA microarray studies have been found to predict breast cancer prognosis through 

genes that are involved with cell growth and proliferation, angiogenesis, apoptosis, 

signal transduction and transcription factors and regulators (van ����������et al., 2002; 

��� et al., 2009). There are several novel commercial assays, based on previously 

published microarray studies, that can be used to predict the patient’s prognosis and 

response to therapies such as MammaPrint 70-����� &��������� >���¡�� ����� et al., 

������� ��#��$_�� ��� >������ ���}��� ����&® (Ma et al., 2004) and �������® 76 gene 

signature (Wang et al����������These assays differ in the tissue type that can be used 

(frozen/formalin fixed paraffin-embedded), ER and lymph node status of the patient.  

MammaPrint is a microarray based assay that uses frozen breast cancer samples. It is 

for, patients <61 years old with stage I or II and lymph node negative disease (���¡��

�����et al�����������������������et al., 2002). It consists of 70 genes which are involved 

in proliferation, invasion, metastasis, stromal integrity and angiogenesis (Slodkowska 

and Ross, 2009). The 70 genes were identified by analyzing 78 frozen samples from 

breast cancer patients who were lymph-node negative and younge�� ���� ��� $���&�

>���¡�� ����� et al., 2002). Patients can be categorized into good or poor prognosis 

groups. Good prognosis patients are treated with endocrine therapy provided if their 

tumour is ER�, while poor prognosis patients are treated with both chemotherapy and 

endocrine therapy depending on the tumour biology (Buyse et al., 2006; Bueno-de-

Mesquita et al., 2009). 

��� ��#��$_�� ��® is a quantitative RT-��?� �&&�$� ���� ����&������& 21 genes in 

formalin fixed paraffin embedded tissue and is for ER� breast cancers and lymph node 

negative patients (Paik et al., 2004; Paik, 2007). These genes were selected because 

they were found to be most strongly linked with distant recurrence of the ��������&�

investigated (Paik, 2007; Ross et al., 2008). The Recurrence Score (RS) that is 

obtained from this assay ranges from 0-100 and predicts the risk of 10-year distant 

recurrence (Ross et al., 2008). In addition, the RS is important in predicting whether the 

patient will benefit from adjuvant systemic treatment (chemotherapy). Patients with low 

RS are treated with endocrine therapy, while high RS patients are treated with 

chemotherapy (Paik et al., 2006).  
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1.9 Breast Cancer in Younger Women  

Breast cancer in younger women is strongly associated with a positive family history, 

particularly with BRCA1 mutation. The relative risk of there being a germline BRCA1 

����������&�����������������women presenting with breast cancer in the ��-�
�����]�-

49 age groups respectively; however, it decreases with age thereafter (Antoniou et al., 

������� BRCA1, BRCA2 and TP53 mutations were found in half of the women 

������&��� ��� ���� �*� ��� ^��� a &������ *���`$� �&���$�� ^�`�� ��`$� 	��� �*� ��� ^�����

identified with these mutations (BRCA1, BRCA2 and TP53) were related to non-familial 

����&��#��#���>��``���et al., 2006).  

Breast cancers in younger women tend to have more aggressive features (Maggard et 

al����������+�&���$�������#`�����	���$�����������&��#��#���_������&�>���-years) out of 

1427 undergoing surgery found that their tumours lacked oestrogen and progesterone 

receptors, tended to be of higher grade and vascular or lymphatic invasion was 

frequently presented compared to the ��-���$���& group >��``�����et al., 2002). ���� 

studies have similar results, confirming that tumours in the younger age group are 

more likely to be higher grade, larger size, ER/PR negative and lymph node positive 

(Walker et al., 1996; Gnerlich et al., 2009; Anders et al., 2008), besides having over-

expression of HER-2 (Anders et al., 2008). All these characteristics tend to worsen the 

disease-free survival of the younger patients (Anders et al., 2008).  

Younger age has been shown to be an independent predictor of poor outcome and 

survival compared to the older group. �����et al., (1996) ����&����������}���^�����

diagnosed with invasive breast carcinoma, and found that the 210 younger women age 

group (<40-years) had the ^��&���-$����#��#���&_�#�*�#�&������`� >|
�}���#��_��������

the other age groups (41-��� $���&�� �1-60 years, 61-70 years, 71-80 years and >80 

years). Another retrospective study was conducted, where 281 stage I and II breast 

cancer patients were reviewed, this found ���� ����-$���������``� &������`� �����-year 

relapse-free survival in the younger patie��&� >���-$���&�� ^���� |��� ���� ]���

��&_�#����`$�#��_��������
��������������those over ��-years (Yildirim et al., 2000). 

Genomic analysis profiling has shown that there are differences between breast 

cancers from women at different age groups, at the molecular level. �|}�����& were 

identified that could distinguish between breast cancers in women diagnosed at ��]�-

years (200-cases) and cancers from women diagnosed at ¢|�-years old (211-cases). A 

significant decrease in the mRNA levels of �?��� �?� and PR was observed, with 

higher mRNA levels of the HER-2 and EGFR/HER-1 genes (Anders et al., 2008).   
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1.10 Previous Microarray Analysis of Breast Cancers in Younger Women (�� 35-
Years Old) 

Research into sporadic breast cancer in younger women has been undertaken at the 

@�����&��$��*����#�&����*���&�����`�$���&�>��`����et al., 1996; Johnson et al., 2002). In 

order to understand more about breast cancer occurring in young women (����-years 

old) a previous PhD student in the group used a cDNA microarray approach to try to 

identify novel gene differences in sporadic breast cancers in young women (Whyman, 

������� 

+**$�������������_&®����#`������	����������&�>����£�~��+���$TM High Yield TM RNA 

����&#��_���������``����[���>+**$������� 900182)), were used to compare cDNA from 2 

����&�� #��#��&� *���� ^����� ����� ��� $���&�� ���� �����`� ����&�� ��������� &��_`��

(isolated myoepithelial/epithelial aggregates) and the non-����������#� #�``� `���� �~�-

100. Haematoxylin and Eosin staining of frozen sections of both cancers showed that 

��� &��_`�&� �&��� #��_��&��� �������� ���� 
��� ������� #�``&�� ~��� ^���� ��*�`��������

��#��`�#��#�����&�����^���������������������_�&������  

In the first analysis the expression pattern of the cancers was compared with that of 

�~�-100 cells. 470 genes were identified that had higher expression in the cancers 

���� ���� ����&� ���� had lower expression using Significance Analysis of Microarray 

(SAM). In the second analysis comparison was with the normal breast organoid and 

this identified 78 up-����`����� ����&� ���� �}�� ��^�-regulated genes in the breast 

cancers. ���#�� �~�-100 is an immortalised normal breast cell which shows 

tumourigenic features it was felt that comparison between the normal organoid and 

cancers was more relevant for identifying differences with normal breast. Following 

bioinformatic analysis 6 genes were found to have significant up-regulation in the 

breast cancers (Table 1.7), and they were further investigated using q-RT-��?�>�¤~?�

������� �$� �$���� >�$����� ������� ��&�� |� ����&� ^���� considered suitable 

candidates for further study. None of the genes had been identified in previously 

published microarray-studies of breast cancer.  
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Table 1.7 Six Genes Identified as @_-Regulated ���~���&�����#��&�Following Bioinformatic Analysis of cDNA Microarray 

Study 

 
Gene Name 

 
Gene ID 

Fold 
Change 

Compared 
to Organoid 

 
Gene 

Location 

 
Assumed Function 

Transforming Growth 
Factor Beta Induced 

(TGFBI) (68kD) 

{�¥������ ���� ���	 Adhesion protein 

Retinoblastoma Binding 
Protein 4 (RBBP4) 

�}	�	� 2.04 	_���	 Involved in histone 
acetylation and chromatin 

A Kinase Anchor Protein 1 
(AKAP1) 

{�¥���]�� ��
� 17q21-��� Intracellular localisation 
�*��[��������	 

CCAAT/Enhancer Binding 
Protein, Alpha (CEBPA) 

{�¥��]�|] 2.96 	
�	��	 Transcription Factor 

Damage-Specific DNA 
Binding Protein 2 (DDB2 

48kD) 

NM_000107 ���� 11p12-p11 DNA repair via NER 

Granulin (GRN) ~������] ��
� 	}��	��� Autocrine growth factor  

 

In order to determine whether the up-regulation was specific to breast cancers 

occurring in younger women (�� �� -years old) another PhD student >������� ������

investigated the |� ����&� >���`�� 	�}�� ���� �`&�� &�`�#���� �� additional genes that also 

were shown to be up-regulated in breast cancer compared to normal (Table 1.8). All 

genes were investigated by analysing breast cell lines, normal organoids and cancers 

from women of different age groups.  

 

Table 1.8 Three �����������&�����^����@_-Regulated ���~���&���ancers as Identified in the cDNA Microarray Study 

and \���&���������$������������� 

Gene Name Gene ID Fold Change 
Compared 

to Organoid 

Gene 
Location 

Assumed Function 

Acidic Protein Rich in 
Leucines  
(APRIL) 

NM_006401 ���� 
������ Regulating ribosomal 
RNA biosynthesis 

Nuclear Receptor 
Coactivator 3 (NCOA3) 

AI761748 ���� 20q12 Enhances 
transcriptional activator 

functions of nuclear 
receptors  

Retinoic Acid Receptor 
Responder 3 (RARRES3) 

{�¥��]��� ��]� 		��� ��``���**����������������
growth suppression 

 

����������&�`�&��*������¡&�^����were ��������{��+������?+??����^������`$�

��_��&&��� ��� ��� �?{+� `���`� ��� ����&�� #��#��&� ��� ^����� $������� ���� ��� $���&�

compared to ^�����§���-years old������&���$��`&��#��*����������{��+��_������� �&�

highly expressed in the ER� #�``� `���&�>���-7, ZR-}�-1 and T-47D) compared to ER- 
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>�~�-100 and MDA-MB-468). Immunohistochemistry found {��+��_����������cancers 

from both younger and older women regardless of �?�&����&��?+??����_�������^�&�

*����� ��� ]� ����&�� #�``� `���&� >�~�-100, MDA-MB-]|��� ���-7 and ZR-}�-	�� >�������

2008).   

@�`�������_��`������$�*������&��*��$�����the ������study found TGFBI mRNA to be 

down-regulated in breast cancer, compared to normal, with no association with the age 

of the patient, and it was also found in low levels ��� #�``� `���&� ��#�_�� *��� �~�-100. 

DDB2 mRNA levels were higher in ER� compared to ER- cell lines, and it was 

significantly reduced in cancers from the younger women group (mRNA level of 20 

cancer cases)�� ��� ����� �� ����&� ����&�������� showed no statistical difference 

between normal and cancers ������������^��������&��#��#��&������$���&����� ��&��

§���$���& >������������.  

�����$� ��&�&���genes which showed up-regulation in cancer in the microarray were 

selected (TGFBI, DDB2 and MCM5). Two of these were studied �$�������(2008) but 

more cases were needed for further investigations to confirm the results obtained. 

H�^�����������^�&�&�`�#�ed for further study as it showed *�`��#������*�
��
�������

breast cancers compared to normal control (Table 1.9). 

  

Table 1.9 @_-Regulated Genes ���~���&�����#��&�\dentified in the cDNA Microarray that were Investigated in this Study 

Gene Name Gene ID Fold Change 
Compared 

to Organoid 

Gene 
Location 

Assumed Function 

Transforming Growth 
Factor Beta Induced 

(TGFBI) (68kD) 

{�¥������ ���� ���	 Adhesion protein 

Damage-Specific DNA 
Binding Protein 2 

(DDB2)(48kD) 

NM_000107 ���� 11p12-p11 DNA repair via NER 

Minichromosomal 
Maintance 5 

(MCM5)(82kD) 

++��}��
 
��
 ��_	��	 G1 cell cycle regulator 

 

TGFBI gene was selected to be further investigated in this thesis due to the different 

findings obtained by Whyman >���������������� >�����. The cDNA microarray data 

had shown significant up-regulation of TGFBI in breast cancer >*�`��#���������� from 

younger women (����-years old) >�$���������). I��#�����&�������¡s work showed 

down-regulation of TGFBI mRNA in breast cancers compared to normal controls 

regardless of the age of the patient. However, this work involved analysis of FFPE 

tumour tissues by q-RT-��?, which may explain the differences due to sample 

heterogeneity and potential errors when analysing more degraded RNA from FFPE 
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tissues. The importance of this gene also relates to its activation and induction by TGF-

�1 (Table 1.11).  

Transforming Growth Factor Beta (TGF-�1) plays important roles in regulating many 

cellular processes such as: cell division, differentiation, motility, adhesion and death 

>[����&#����et al., 2000). It is a tumour suppressor gene that inhibits epithelial cell 

growth by phosphorylating pRB, through its influence on the transcriptional up-

regulation of the cyclin dependent kinases inhibitors, which induce cell cycle arrest at 

�	�_�&��>[����&#����et al���������+`�������^�������&�&��	

��. The main function 

of TGF-�1 in cancer biology is complex but it is suggested that it has dual roles in 

breast cancer. TGF-�1 acts as a tumour suppressor in the early stages of breast 

cancer; however, it acquires a proto-oncogenic activity essentially promoting tumour 

progression in the late stages of the disease >[����&#����et al., 2000; Benson, 2004). 

Resistance to TGF-�1 response in the late stage can be due to limited or the absence 

of �����������, Smad 4, which in breast cancer cell lines is caused by mutations or 

aberrant expressions >[�`������et al���	

�����^��������������&���������and ����� 

have not been documented in breast cancer (Benson, 2004). A recent study found that 

there was significant association between epigenetic suppression changes in the TGF-

�1 signalling pathway in human mammary epithelial cells (����) and promotion of cell 

proliferation. It suggested that TGF-�2, ���� and ����� are suppressed early in breast 

cancer due to epigenetic events mainly histone modifications (Hinshelwood et al., 

2007). Thus, it was felt that further investigation of TGFBI would be appropriate due to 

the complexity of the role TGF-�1 in breast cancer.  

DDB2 gene was selected for further investigation in this thesis because of the findings 

in the two previous theses. The previous cDNA microarray data had shown significant 

up-regulation of DDB2 with a fold change of ����� in ����&�� #��#��� >�$����������. 

T�&���&�`��^�&��`&��#��*�������$�������>������who found higher DDB2 mRNA levels 

in cancers from younger >���-years) compared to older (§��-years) patients. However, 

��������`$�&���������&��``���������*�#��#��&��������^�&�*�`����_��������������������

study to a larger number of cancers and to include analysis of protein expression as 

well as mRNA analysis. 

The importance of this gene is due to its association with DNA repair mechanisms. It 

has been suggested that DDB complex plays a role in the global genomic repair after 

binding to DNA lesions, to help in recruiting repair complexes to the region (Datta et al., 

2001). Furthermore, its expression is linked with ER status in breast cell lines as was 

*����� �$� ������ >����� and [���an et al., (2008). Thus, it was felt that further 
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investigation of DDB2 would be appropriate to examine its relationship to ER in a larger 

number of cancer cases.  

MCM5 gene was selected for further analysis in this study because it showed a 

significant up-regulation with a 
��
�*�`��#��������the breast cancers in young women 

(����¤���&��`��� #��_����� ��� the normal control. This target had not been analysed 

previou&`$��$��$�����������������^�&���`�������&�������^���$��*�����&���������

on re-�����^� �*� ��� ��#������$� ����� ��� ��� ���������� �*� ��&� &���$�� ���� plays an 

important role in the initiation of DNA replication in eukaryotic cells (Burger, 2009), and 

it is considered to be a suitable biomarker for proliferating cells due to its dramatic 

increase during the cell cycle (Murphy et al��� ������� \�� has been considered to be a 

potential biomarker in various types of cancers (See ���`��	�	�) but no investigations 

were performed of breast cancer. Therefore, it was thought that MCM5 was worthy of 

further investigation breast cancer.  

 

1.11 Transforming Growth Factor-Beta-Induced (TGFBI) 

TGFBI is a novel gene encoding a 68kDa secreted protein, which is composed �*�|�� 

amino acids (Skonier et al., 1992). It is known by several alternative names mainly 

Beta IG-����[������_���`�������~\����>Thierry-Mieg, 2006). The TGFBI protein has 

been detected in different tissues such as corneal epithelial cells (Rawe et al., 1997), 

&���� *�����`�&�&� >��~����� et al��� 	

���� ������$� �`���&� >�������� et al., 1992), and 

smooth muscle cells of the bladder (Billings et al., 2000a).   

 

1.11.1 TGFBI Gene  

The TGFBI ������&�`�#��������#����&�������	�	 (Skonier et al., 1992; Stone et al., 

1994). The gene was first identified from �����`���������#��#������#�``&�>+�]
������

had been treated with transforming growth factor Beta 1 (TGF-�1) (Skonier et al., 

1992). +��������``$�� ���^�&�*��&���&���`�&������������	-linked to corneal dystrophies in 

1997 (Munier et al., 1997).  

Sixteen different mRNA transcripts are produced by alternative splicing of the TGFBI 

gene. Four of these (b, c, d and e) and the other unspliced form (a) are presented in 

Table 1.10, which shows the encoding exons, number of amino acids and molecular 

weight of the translated protein (Thierry-Mieg, 2006).  
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Table 1.10 mRNA Transcripts of TGFBI 

TGFBI 
Transcript 

mRNA 
Length 

 (bp) 

Exons Amino acid  Molecular 
Weight (kDa) 

A 2926 17 |�� 74.7 
B �|�� 17 ��
 ���} 
C 2991 14 474 �	�� 
D �	�
 17 416 ]��� 
E 1797 6 ----- 68 

This is taken from (Thierry-Mieg, 2006). 

 

1.11.2 Protein Structure   

TGFB\� _������� >|����/68-70kDa) consists of 4 repeat regions, each containing 140 

amino acid repeats (Munier et al., 1997) with internal homology to the Drosophila 

Fasciclin I (FAS I) family (Skonier et al., 1994). Each FAS I domain has two conserved 

regions known as H1 and H2 (each 10aa). The second and fourth internal FAS I 

domains have two conserved sequences (Asn-�$&-Asp-Ile-���� ���� �`�-Pro-Asp-Ile-

���� ��&_�#����`$�� ���^�� ��� �������� ���&���� >[��� et al., 2000b; Ferguson et al., 

����). Two putative heparin-binding sequences are within the third FAS I domain, 

suggesting that this motif might be functional (Ferguson et al��� ����). In addition, 

TGFBI protein has NH2 terminal secretory signal peptide and Arg-Gly-Asp (Arginine-

Glycine-+&_����#��#���&�����#���?��������*�������������������&��^�#�&����&��&���

ligand recognition sequence for several integrins (Skonier et al., 1992; Munier et al., 

1997) >�������	����� 

 

Figure 1.3 TGFBI Protein Structure  

TGFB\� _������� #��&�&�&� �*� *���� �+�� \� ������&� ���� ?��� ��� ��� �-�������`�� ��#� �+�� \� �� ���� �� ������� #������&�
conserved H1, conserved H2 and conserved region mediating adhesion, while FAS I 1 and 4 domains are different from 
each other and also from the 2 and 4 domains.( Diagram adapted from Ferguson et al�������; ����et al., 2006; Thapa et 
al., 2007).  

RGD 

NH2 Terminus  

  

FAS I FAS I FAS I FAS I 

1 2 � 4 

  

Asn-�$&-Asp-Ile-��� Glu-Pro-Asp-Ile-Met 
������������& 

���&������?�������	 

���&������?�������� 

���&������?����������������+��&���� 

Heparin-Binding Sequence 
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1.11.3 Induction of TGFBI 

Treatment by TGF-�1 induces TGFBI expression in various cells types (Table 1.11), 

which showed very low or undetectable TGFBI expression before the treatment. 

�����������*� ����������������#$���#�``� `����>�������^���TGF-�1 loosened cell-cell 

#����#���^�#�`������#�``�&_��������#��_������������������#�``&�>���et al., 2004). 

 

Table 1.11 TGF-�1 Induces TGFBI Expression  

Cell Type Reference 

�����+����#��#������>+�]
� Skonier et al., 1992 

Bladder Fibroblasts  ��~���������`���	

� 

Human Bronchial Smooth Muscle  Billings et al., 2000a 

~`��������������&#`����``&� Billings et al., 2000b 

���#�����#����#�����``�����&�

>�+�+{-	������+{�-1) 

Schneider et al., 2002 

Human [eratinocyte �ell �ine 

>������� 

���et al., 2004 

Fibroblast-������$�����#$��&�>���� Nam et al., 2006 

Human Peritoneal Mesothelial 

��``&�>����&�� 

Park et al., 2008 

�$�_���#�������`��`���``&�>����� Irigoyen et al., 2008 

MG-|���&���&��#������``&� Zamilpa et al., 2009 

 

TGF-�1, mainly the TGF-�1 isoform, acts by binding to a heteromeric cell-surface 

complex. This complex is composed of two transmembrance serine/threonine kinases, 

named type “I” and type “II” receptors (Hirofumi et al., 1999). TGF-�1 binding causes 

the phosphorylation of serine/threonine kinases, stimulating several intra-cellular signal 

transduction pathways, particularly the Smad pathway (Figure 1.4) (Akhurst and 

Derynck, 2001).  

��&��_�&_��$`��������������������������#��^��������]����*������&���`��#��_`�������

translocates to the nucleus, where it binds to various transcriptional coactivators such 

�&��~����������&�#����#�&���������#��_`���^������������`� transcription factors 

of DNA promoters to regulate target gene expression (Derynck et al., 2001).  

Any blockage or inactivation of the TGF-�1 pathway would lead to a lack of response to 

TGF-�1, and in turn would affect TGFBI expression (Shao et al., 2006) and might have 
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a role in the in the down-regulation of TGFBI expression (Shao et al., 2006). However, 

although TGF-�1 signalling maybe inhibited by receptor and ligand methylation, 

mutation or deletion in neoplastic epithelial cells, stromal cells may still respond in a 

tumour tissue. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.4 Smad Signalling Pathway of TGFBI  

This diagram shows that the binding of TGF-�1 to its receptor activates the Smad pathway, which plays an important 
role in promoting gene transcription and translation. It is adapted from (Derynck et al., 2001). 

 

1.11.4 Protein Localization  

TGFBI protein was identified to be a component of the extracellular matrix >�����

(Skonier et al., 1994; Billing et al., 2000a, b). However, analysis of cultured primary 

human bronchial smooth muscle cells (HBSM) (Billing et al., 2000a), bladder fibroblasts 

and bladder smooth m�&#`�� #�``&� >����� >~�``���� et al., 2000b) demonstrated the 

presence of TGFB\� _������� ��� ��� ���� ���� �`&�� ��� ��� ��#`��&� ���� ��� #$��_`�&���

Additionally, immunohistochemical analysis of the mesothelium of parietal peritoneum 

(Park et al., 2008) and the lung #��#���#�``�`����>������>¨���et al., 2006) revealed the 

presence of TGFBI protein in both intracellular and extracellular compartments. These 

studies demonstrate that although TGFB\�_��������&���#��_�������*������� of various 
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tissues, its nuclear localization suggests that it may have important regulatory functions 

(Billing et al., 2000a; Billings et al., 2000b). The nuclear localization of TGFBI can be a 

result of multiple isoforms of the mRNA or by post-translational proteolytic processing 

(Billings et al., 2000a). 

 

1.11.5 Interaction with ECM Proteins  

The precise functions of TGFBI protein are unknown but it has been suggested that it 

��$��#���&���������#�``�`�������#�����_�������>��~�����et al���	

��� interconnecting 

��**��������#����`�#�`���#��_�����&����������������#���������������#�``&����&��&�

essential for the structural integrity and function of tissues and organs (Thapa et al., 

2007). TGFB\� _������� ����&� ��� �� ������� �*� ���� #��_�����&� ��#`����� fibronectin 

(Billings et al����������`�������>[���et al., 2002) and glycosaminoglycans (Ferguson et 

al��� �����, suggesting that TGFBI might play a role in development processes and 

tissue modelling. In addition, TGFBI bound to collagens in vitro (Hashimoto et al., 

1997). This association may be important for the modulation of collagen architecture 

(Hanssen et al., ������ 

 

1.11.6 Adhesion and Migration  

TGFBI protein mediates adhesion and migration of different cell types via binding with 

various integrins (Table 1.12��>����et al������|���_����#�`��`$����1 in epithelial #�``&���v�� 

���*�����`�&�&������v�� in endothelial cells (Nam et al., 2006).  

TGFBI protein mediates both adhesion and migration of aortic vascular smooth muscle 

#�``&�>���������������������#�����^������*��#�����`��v�� integrin >����et al., 2006). 

In addition, this integrin and �v�� play important roles in TGFBI mediating adhesion of 

osteoblasts through binding with the highly conserved tyrosine and histidine residues 

>¤������*��>[���et al., 2002). TGFBI mediates adhesion and spreading of fibroblast-like 

&$�����#$��&� >����� >{��� et al., 2006), human peritoneal ��&���`��`� #�``&� >����) 

(Park et al., 2008) and lymphatic endothelial c�``&�>���� (Irigoyen et al., 2008) through 

��&� �������� ��� ��� *��#�����`� ��#�_���� ���� integrin. In ���������� ���1 integrin is 

responsible for the adhesion and migration of keratinocytes and renal tubular epithelial 

cells (Park et al., 2004)����&���&������#�����`��_���`��`�>�����>�������et al���������� 
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Table 1.12 Functional Integrins of TGFB\������������������&���``��$_�&� 

 
Cell Type 

 

 
Integrin 

 
Reference  

Aortic Vascular Smooth Muscle 
Cells 
 
Osteoblasts 
 

 
���� 

����et al., 2006 
 
[���et al., 2002 (a) 

Fibroblast-like synoviocytes (FLS) 
 
Mesothelial cells  
 
Lymphatic Endothelial Cells (LEC) 
 
Osteoblasts 
 

 
���� 

Nam et al., 2006 
 
Park et al., 2008 
 
Irigoyen et al., 2008 
 
[���et al., 2002 (a) 
 

Keratinocytes  
 
Renal Tubular Epithelial cells 
 
Human Corneal Epithelial (HCE) 
 

 
���	 

Park et al., 2004;  
 
Park et al., 2004 
 
Morand et al������� 

 

 

1.11.7 Apoptosis  

Several studies demonstrate that TGFBI plays an important role in apoptosis. 

Transfection of TGFB\� _`�&���� ��� ����� `���� #�``� `���� &�^��� &����*�#���� ��#���&�� �*�

�_�_��&�&�#��_�����������_������`��������#�``&��^�#���$�����&�����&�`���*�\��~���

up-regulation (Zhao et al., 2006)�� �ver-expression of TGFBI protein by transient 

transfection produced 2-fold increase in apoptosis of the MG-|���&���&��#����#�``&��

^�#�����������_��������������-terminal fragmentation of TGFBI protein (Zamilpa 

et al., 2009).  

 

1.11.8 Tumourigenesis  

Microarray analysis of pancreatic cancer (Iacobuzio-Donahue et al��� ������ oral 

squamous cell c��#������ >������ >�������� et al., 2006), colorectal tumours 

(Buckhaults et al., 2001) and human oesophageal squamous cell c��#������ >������

(Hu et al., 2001) demonstrated that TGFBI mRNA is consistently elevated in neoplastic 

samples compared to normal specimens (Table 1.	�). All of these studies performed 

RT-��?�^����� same RNA used for microarray to validate findings, and confirmed the 

elevation of TGFBI in cancers compared to normal tissues. A previous study of 

pancreatic cancers (Schneider et al., 2002) also showed high TGFBI mRNA levels in 
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26 out of 27 pancreatic cancer samples, compared to the normal samples. TGFBI is 

up-regulated in both colon carcinoma cells (Ma et al., 2008) and in highly invasive 

breast cancer cells (MDA-MB-]�����~��]
����+-MB-��	������&�}����>¨��#�^&���et 

al., 2001). TGFBI expression was compared in tumour/normal RNA samples; 4 out of 

	�� ����`�� ��}� _��#�����#�� ]�	�� `����� 
�	�� #�`���� 
�	�� ��#��`� ���� ]�}� &��``� ����&tine 

cancer had high levels of TGFBI (Ivanov et al., 2008). Further studies were performed 

on renal clear cell carcinoma which demonstrated up-regulation of TGFBI as a result of 

the effect of �*�[��__�`-���������&#��_�����*�#����	��>[��	���(Ivanov et al., 2008). 

Although several studies demonstrated high levels of TGFBI mRNA/protein in a variety 

of cancers others found that TGFBI protein may be down-regulated in cancer (Skonier 

et al., 1994; Thapa et al., 2007), including lung, breast and prostate (Zhao et al., 2002). 

Shao et al., (2006) found TGFBI to be relatively expressed in normal and immortalized 

cell lines but down-regulated or undetectable in most of the tumour cell lines studied 

(prostate, kidney, lung and breast). An immunohistochemical study (Zhao et al., 2006) 

revealed the absence or reduction (> 2-folds) of TGFBI protein in ]���*� 	���_�����$�

lung carcinomas compared to normal lung tissues. The mechanism suggested for the 

down-regulation of TGFB\� �&��_��$_�����$`�������*� ���_�������� ���������^ever, 

��&��&����������`$���#���&����#��&������^��������$��������#�``�`���&�>���-7 and 

MDA-MB-��	�� ����� ^�&� ��� ���$`������ �*� ���BI promoter which suggested that it 

���������������������#�`�&&����������	�`�#�&�>����et al., 2006; Zhao et al., 2006). 

Skonier et al., (1994) showed reduced tumourigenicity of chinese hamster ovary cells, 

when transfected with TGFBI cDNA, in a nude mouse xenograft model. Transformed 

�����*�����`�&�&�>��-40) exhibit down-regulation of TGFBI expression in comparison 

to normal fibroblasts, suggesting that TGFBI expression is reduced during the 

malignant transformation of this cell type (Schenker et al., 1998). It was also 

�����&������� ���� ��#�� ����#���� ^��� ����� #�``� `���� #���������� ���BI plasmid had 

significant suppress�����*�����������^��#��_����������#������#����^����������#����

only cells (Zhao et al., 2006). In addition, expression of TGFBI protein suppresses 

proliferation and invasion of neuroblastoma cells (Becker et al., 2006).  

���*`�#�����������#���& been found as to whether TGFBI protein is involved in various 

aspects of tumourigenesis. Therefore, further research is required in this field. (Thapa 

et al., 2007).  
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1.12 Damage-Specific DNA Binding (DDB2) 

DNA damage-�������� >��~�� _������� >�`&�� ���^�� �&� @�-DDB) is a heterodimer 

composed of the DDB1 (127kDa/p127) and DDB2 (48kDa/p48) subunits, which were 

*��&��_���*����*���������#�``& (Fujiwara et al., 1999). This complex tightly binds to the 

�``������*�@�-induc�����������&�&�>�����������������������&�����&�� which are known 

as Pyrimidine (6-4) pyrimidine photoproducts (6-]���� ���� �$#`�������� _$���������

�����&� >����� (Brash, 1988). DDB complex plays a role in the global genomic repair 

after binding to the DNA lesions to help in recruiting the repair complexes to the region 

(Datta et al., 2001).   

 

1.12.1 Gene and Protein  

DDB1 (p127) maps to chromosome 11q12-�	��� ^�`�� DDB2 (p48) is at 11p11-p12 

(Dualan et al., 	

�������DDB2 gene is 24-26kb and has 10 exons (Inoki et al., 2004), 

DDB2 protein is composed of an N-ter����`�&��������� bladed WD40 domains and a 

�-terminal helical domain (Inoki et al., 2004), while DDB1 _������� #��&�&�&� �*� ��`$� ��

WD40 domains (Angers et al., 2006). Both DDB1 and DDB2 are glycosylated proteins; 

DDB2 protein is widely localized in the nucleus whereas DDB1 is mainly located in the 

cytoplasm but it moves to nucleus post irradiation (Rapic-������ et al., 2002; 

����&#������ ���� ������ ������� +`���������� &_`�#��� of DDB2 gene was found to 

produce 4 different DDB2 protein isoforms (Table 1.14) (Inoki et al., 2004).  

 

Table 1.14 Alternative Splicing of DDB2 

Alternative 
Splicing 

Symbol mRNA 
Length 

(bp) 

Omission 
of Exons 

Number 
of aa 

WD 
Motifs 

Present 
Wild-Type WT 1284 ----- 427 � 

1 D1 717 4-7 ��� 	������ 

2 D2 960 4 and 6 	�| ��`$�	 

3 �� 1092 � �|� 2-� 

4 D4 1106 6 244 1 and 2 
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1.12.2 Functions  

It is suggested that the DDB complex acts as a damage recognition factor in the NER 

pathway (Datta et al., 2001). However, recent studies confirm the association of DDB 

complex with a number of other factors, which allow it to carry out different roles in 

mammalian cells�� @�-DDB complex interacts with histone acetyltransferase cyclic 

+������~	�&�����������&�^���_����and DDB2 subunit ������#�&�^����~��>?�_�#-������

et al., 2002), suggesting its involvement with chromatin remodelling during repair (Datta 

et al., 2001). The recruitment of these chromatin remodelling enzymes to the damaged 

region helps in releasing the DNA from the histone surface via mobilization of the 

nucleosomes (Rapic-������et al., 2002), so allowing full access to the NER machinery 

repair proteins (Figure 1.�).  

 

 

Figure 1.5 Role of DDB-Complex in NER Pathway 

�������{�?����~�&������&���#�����������&��&������#��$`�����&*���&��_������&�>����������~���������@�-induced DNA 
damage in order to facilitate chromatin remodelling at the damaged site (Rapic-������ et al., 2002). (DNA: 
http://dictionary.reference.com/illus/illustration.html/ahd4/DNA/dna).  

 

DDB2 is also activated by the E2F family, and in turn cooperates with DDB1 and E2F1 

to transcriptionally activate genes required for DNA replication and G1/S transition in 

mice (Prost et al., 2007). DDB2 plays an important role in promoting cell cycle arrest 

_�&�� @�-������������ ���� ��� ��� ��#���&�� ��� @�-DDB2-E2F1 complexes (Prost et al., 

2007���\��������������~���#�&��&���`���������^����_�������{�?�_������& with a strong 

correlation found between the increased DDB2 mRNA levels and basal _�����_��&&����

post DNA damage (Hwang et al��� 	


��� ������������ @�-DDB play a role in 

modification or protolysis of DNA-binding and repair proteins as it binds to an ubiquitin 

`���&��#��_`�����������^�����``��]+��?��	�������~	�������#���&��#������*����@��

 UV-Radiation 

DDB1 

CBP 

DNA 

DDB2 P300 

Hallmark of UV-
induced mutagenesis 
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irradiation of cells  (Groisman et al��� ������� ��``��-4A, cytoplasmic ubiquitin-protein 

ligase, interacts with the Ring Finger-�������������������>?��	����������&��-terminal 

domain, while the N-terminal binds to specific domains in the substrate such as DDB1, 

leading to the substrate degradation which is responsible for connecting the E1 

ubiquitin-activating enzyme-E2 in order to degrade DDB2 >����et al., 2001).   

 

1.12.3 Mechanism of Action 

��``�^���� �{+� ������� �$� @�-irradiation, a dynamic nuclear accumulation of DDB1 

(p127) was found, whereas DDB2 remains in the nucleus and becomes tightly bound to 

chromatin (Wakasugi et al., 2002). Within 4 hours of irradiation, a fraction >|�����*����

chromatin-bound DDB2 is degraded (Rapic-������et al., 2002), that might be due to the 

�����``-4A levels which begins to dissociate from its negative regulators between 1-2 

���&� �_��� ������������ >���� et al��� ���	��� � ������� ��&� ����� ��``-4A binds tightly to 

��~	�������������*���������``-DDB-?��	�#��_`����^�#��&�����`�����weakening the 

������#��������^�����&����&�>��������]�������{+�>����et al., 2001), demonstrating 

the importance of DDB2 degradation in the recruitment of NER complexes in order to 

repair the DNA-damaged site (Rapic-������ et al., 2002) . After 8 hours, the DDB2 

&������� �&� ������#���`�� ���� ��� ��� ��``-4A degradation; however, its mRNA level 

increases (10-12 fold) and becomes several fold above the level in non-irradiated cells, 

post 48 hours of irradiation (Rapic-������et al., 2002).  

 

1.12.4 Tumourigenesis 

��~�� �&�#��&��������&���_����#����� *�#���������&��@�-induced skin cancer due to its 

��`�� ��� ����#���� {�?� �*� @�-induced photoproducts (Alekseev et al��� ������� \�� �`&��

functio�&��&����������&�__��&&����$�#�����``����_��-����������_�_��&�&��*����@�- DNA 

lesions (Itoh et al., 2004).  

����#��� ��_��&&���� �*� ��~�� ��� ��� ���&�� �_������&� ����#��� @�-induced 

carcinogenesis both by delaying the onset of tumours and by reducing the number of 

tumours per mouse (Alekseev et al���������� \��^�&��`&�� *����� ������������$���& 

and heterozygous DDB2 knockout mice exhibited enhanced skin carcinogenesis in 

��&_��&�� ��� #����#� @�� ������������ ���� ���� ��#���&��� *������#$� �*� ����`�_����

tumours notably lung and mammary adenocarcinomas (Yoon et al��������� Itoh et al., 

2007).  
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��&&��*���~��*��#�������������`�#�``&��&���`��������&�&#�_����`��$���������������`�pment 

(Alekseev et al������������~��_��������&�����#����������&��#��#���`������������#���&��

��� ��� @�-DDB activity, which can be as a result of the high expression of ��``-4A 

>����et al., 2001). It was also observed that DDB2 polymorphism might contribute in 

the aetiology of lung cancer (Hu et al., 2006b).  

  

1.13 Minichromosomal Maintenance-5 (MCM5) 

������&�����������*����&�������*���`$�����&�>����-7), which are involved in the 

initiation of DNA replication (origin licensing) in eukaryotic cells (Guida et al., ����� 

Burger, 2009), ensuring the integrity of the �������>������et al., 	


��������^�&�

originally identified in yeast (Saccharomyces cerevisiae) >������ et al., 1999), then 

subsequently it was discovered in Drosophila melanogaster, Xenopus laevis, mice and 

humans (Guida et al., ������� ����� �& considered as a fundamental biomarker for 

proliferating cells, due to the dramatic increase in its levels during the cell cycle 

(Murphy et al., �������_����#�`��`$���������	�� �������$�>������et al., 1999). However, 

������&��&��``$�`�&���������&#��#����� differentiation (Murphy et al., ����).  

 

1.13.1 MCM5 Gene and Regulation  

The MCM5 ����� ^�&� ������*���� ��� ��� &���� ���� �*� ��� #����&���� ��� >��_	��	��

(Paul et al., 1996). MCM5 gene has multiple E2F binding sites in the promoter, 

suggesting that the gene is regulated by this transcription factor >������et al., 1999; 

Guida et al., ������ 

 

1.13.2 Normal Mechanisms of MCM5 Action 

The nuclear �����_��������__���&� ���_`�$���� ��_������� ��`�� ��� ��� ��������on of DNA 

replication; �^���������_��#�&��#�����``������#���&�&����������#`����>������et al., 

1999). At G1 phase of the cell cycle, the pre-replication complex (pre-?��� *���&� ���

order to initiate DNA synthesis (Guida et al., ���������&�#��_`���#��&�&�&��*�����������

?�#������������_`���>�?�����������&�������#��������>��������et al., 2002) and also 

�����#|�����#��	��^�#�#��_����������������������#���� heterohexamer (ring-shaped) 

��� proteins (Stoeber et al., 2002, Guida et al., ������� ��� ��� proteins are 

helicases, involved in DNA elongation (Guida et al., ������ �������� et al., 2002). 

Afterwards, the complex interacts with Dbf4/cdc7, which has kinase activity to attract 
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DNA polymerase. At this stage, the cell enters the S-phase (Guida et al., �������+*����

�{+� ��_`�#������� ���� ��� ���� ��#|� ���� ������``$� ��&&�#������ *���� ��� #��������

>[����`�_��`���et al., ������������et al., �������``�^�����##�&&��*� ����� *�#���&� ����

initiate DNA synthesis (Guida et al., ������ 

+#��������� �*� ���� #��_`��� �$� #$clin-��_������� ����&�&�� &�#� �&� ��#|�� ���	�� ����

��*]���#}��`���&����������������*��{+�&$���&�&�>Maiorano et al., 2006). They are tightly 

bound to chromatin in late mitosis and G1, while being removed in S and G2 phases. 

��#���{+� ��_`�#������ �&� #��_`����������``� ����_������&������������&_`�#��� *����

chromatin, they remain as a soluble nuclear pool during G2 phase and early mitosis 

(Tachibana et al��� �����. This regulation allows the control of replication origin firing, 

which is crucial to restrict the replication of the chromosome to only one round per cell 

cycle (Romanowski and Madine, 1997).  

 

1.13.3 MCM5 in Tumours  

�����`���`&������_-regulated in a diversity of cancers (Table 1.	������^�����������

expression has not yet been investigated in breast cancer.  

 

Table 1.15 ������`����������������&��$_�&��*����#��&� 

Types of Cancer  References  
~`�������ancer Stoeber et al., 2002 

�esophageal �ancer Williams et al., 2004 

Anaplastic �$��������#����� Guida et al., ���� 

Muscle Invasive @rothelial 
Bladder �arcinoma. 

[����`�_��`���et al., 
���� 

�����#�`��������&��_���`����
���#�� 

Murphy et al., ���� 
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1.14 Aims of this Thesis  

 

Background 

As outlined in the introduction, breast cancers occurring in younger (����$�&��^�����

differ in that they have more aggressive features and poorer outcome, which may be 

due to differences in their molecular profiles. A previous PhD student used cDNA 

microarray and identified genes in breast cancers from this age group to be up or down 

regulated in relation to normal breast. Several genes were investigated by another 

former PhD student. The aim of my thesis is to examine three genes (TGFBI, DDB2 

��������, all up-regulated in cancer) that had been identified as showing differential 

expression and determine whether these changes are still present when more cancers 

are studied, and whether changes are specific to the younger age ( ����$�&������_��� 

 

Hypothesis and Aims  

The aim of this thesis is to test the hypothesis that the differential gene expression 

identified previously by cDNA microarray for TGFB\����~�������������$�#����������

to more aggressive features of sporadic breast cancers in younger women.  

 

����#����& 

1- To investigate the RNA and protein expression of TGFB\����~�����������

in normal breast (tissues and isolated epithelial/myoepithelial cells), breast 

cancer cell lines and breast cancer tissues from patients of different age 

groups. This will be by quantitative reverse transcriptase polymerase chain 

reaction (q-RT-��?��� ^�&����� �`������� ���� �������&��#���&��$� ^���

statistical analysis.  

2- To determine the functional effect of TGFBI in breast cancer by using 

transient transfection and in vitro assays of viability, apoptosis and invasion. 
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2.1 Materials 

2.1.1 Breast Tissue  

The tissues studied were those previously investigated by Sinead Lambe for her PhD 

thesis (2008), but with additional cases having formalin-fixed, paraffin-embedded 

tissue. There were a total of 67 cancers originally selected for the study. A larger cohort 

was not considered necessary as statistically significant differences in expression had 

already been found by Lambe using fewer cases. Unfortunately, due to limiting frozen 

tissue, only 36 of these had both frozen and fixed tissue available for the study. 18 

were from women aged ���� -years (10 with frozen tissue samples), 24 from women 

aged 36-]
�$���&� >	]�^��� *������&��_`�&��������� *����^�����¢����$���&� >	��^���

frozen tissue).  

All specimens had been received fresh and sliced. Samples had been taken and 

rapidly frozen by immersion in liquid nitrogen and stored in a liquid nitrogen fridge. 

Larger samples were fixed in 10% formalin for 18-36 hours, followed by processing 

through graded alcohols, xylene and then embedded in paraffin wax. Data on tumour 

size, tumour type, grade, node status, oestrogen and progesterone receptor status and 

HER-2 status were provided by Professor RA Walker, and are shown in Appendix I. 

Frozen normal/benign tissue was available from 11 patients who had undergone 

reduction mammoplasties, with parallel tissues fixed normal tissues had been 

processed in the same manner as the cancer tissues.  

There was ethical approval for the use of all tissues (Leicestershire, Northamptonshire, 

����?��`����?���>�|�©�����}����� 

Organoids, which are isolated aggregates of epithelial and myoepithelial cells, were 

provided by Sinead Lambe, a previous PhD student. These had been isolated from 

reduction mammoplasties from 8 women aged between 23 and 42 years.  

 

2.1.2 Tonsil Tissue 

Normal tonsil tissue was used as a positive control for the immunohistochemical 

analysis of MCM5.  This was provided by the research laboratory, level 3, Department 

of Cancer Studies and Molecular Medicine and had been fixed and processed in the 

same way as the breast tissue.  

 



Materials and Methods 
 

43 
 

2.1.3 Breast Cell Lines 

All breast cell lines were originally purchased from the American Type Culture 

Collection (ATCC, Rockville, MD, USA). MCF-7, MDA-MB-231, MDA-MB-468 and T-

47D were derived originally from pleural metastases. ZR-}�-1 was derived from 

metastatic ascites. HBL-100 was derived from lactation sample of a healthy woman. All 

cancer cell lines used have epithelial morphological characteristics, except MDA-MB-

231 which is related to the “stromal-like” group (Lacroix and Leclercq, 2004) (Table 

2.1). All cultured cell lines were used at a low passage, up to a maximum of 20-22. 
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2.1.4 Antibodies  

All primary antibodies used are detailed in Table 2.2. Secondary antibodies and tertiary 

reagents used in immunohistochemistry and western blotting in Table 2.3.   
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2.1.5 Oligonucleotide Primers  

Oligonucleotide primers (Table 2.4) were designed using the Primer_3 software 

programme (Rozen and Skaletsky, 2000). The sequence of each primer was tested for 

specificity using NCBI’s Nucleotide Basic Local Alignment Search Tool (BLAST). 

Primers (Sigma®- Genosys, UK) were supplied as a lysophyolised pellet. They were 

centrifuged at 13000rpm at room temperature, and then resuspended in sterile water to 

a concentration of 200pm/μl. An aliquot was taken and diluted in sterile water to make 

up a working concentration of 10pm/μl. 

 

Table 2.4 Oligonucleotide Primers Used in this Study 

Gene 5’ � 3’ Sequence Length 
(nt) 

Tm GC% OD Annealing 
Position 
(5' ����� 

 
GAPDH 
(350bp) 

 

 
F      AGAACATCATCCCTGCCTC 
R      GCCAAATTCGTTGTCATACC 

 
19 
20 

 
|��� 
61.8 

 
�� 
]� 

 
	]��� 
14.46 

 
713 ª}�	 

	��
 �1040 

 
GAPDH 
(100bp) 

 

 
F     TCTGACTTCAACAGCGACAC 
R    GCCAAATTCGTTGTCATACCAG 
 

 
20 
22 

 
66.4 
|��	 

 
61.1 
47.8 

 
10.0 
12.1 

 

�� ª
}	 

	��
 �1038 

 
Oligo(dt)20 

 

           
       TTTTTTTTTTTTTTTTTTTT 

 
20 

 
���� 

 
00 

 
13.6 

 
------ 

 
TGFBI 

Plasmid 
(pRC/CMV2) 

 

 
F    TTTCCAGGGCTTCCCAGAGGT 
R    TGGTGCATTCCTCCTGTAGTGC 

 
21 
22 

 
70 
68 

 
�} 
�� 

 
11.7 
12.4 

 
���� ª 2046 
2127 ª 2149 

 
Vector 

(pRC/CMV2) 
 

 
F     CCCACTGCTTAACTGGCTTA 
R     CAACAGATGGCTGGCAACTA 

 
20 
20 

 
61.7 
63.8 

 
�� 
�� 

 
11.1 
11.0 

 
837 ª ��} 

	��� ª 1070 
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2.1.6 Q-RT-PCR TaqMan Probes   

TaqMan inventoried FAM labelled probes were supplied by Applied Biosystem. The 

position of each assay was selected to span exon boundaries and to avoid splice 

�������&�>���`�������� 

 

Table 2.5 Q-RT-PCR TaqMan Probes Used in this Study 

Gene Chromosome 
Location 

Assay 
Location 

Assay ID Exon 
Boundary 

Amplicon 
Length 

GAPDH 12p13  633 �&��}��

	¥�	 
 

7-8 93 

HPRT1 Xq26.1 646 Hs99999909_m1 
 

6-7 100 

DDB2 11p12-p11 1423 �&���]]
��¥�	 
 

9-10 88 

MCM5 22q13.1 2197 �&�	���	]�¥�	 
 

16-17 70 

TFRC 3q29 1609 Hs00174609_m1 
 

13-14 79 

TGFBI  
 

���	 1838 Hs00932734_m1 
 

12-13 70 

 

 

2.1.7 TGFBI DNA Plasmid 

The TGFBI plasmid and empty vector was kindly provided by Dr Zhoa (University of 

Colombia, NY, USA). The map of the pRC/CMV2 is present in Figure 2.1 

 

Figure 2.1 pRC/CMV2 Vector Map  
This is taken from Invitrogen website: http://www.invitrogen.com/site/us/en/home.html. (*)= the region where TGFBI 
gene was cloned. 
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Media 

Luria Bertani (LB) medium (Appendix VI) 

Competent Cells   

���#`�������**�#���#$������>#���#�``$�#��_����������`�� (Catalogu��{�������	��|�-

017, Invitrogen, Paisley/UK) 

Reagents  

Ampicillin (100mg/mL) (����`����{�������+���]��Sigma®-Aldrich, Dorset/UK) 

Commercial Kits  

QIAquick Spin Mini-Prep (Catalogue Number: 27104, Qiagen, Crawley/West 

Sussex/UK) 

QIAquick Spin Maxi-Prep (Catalogue Number: 12163, Qiagen, Crawley/West 

Sussex/UK) 

 

2.1.8 Cell Culture  

Media  

Dulbecco’s modified eagle’s medium (DMEM) without phenol red and L-Glutamine 

(Catalogue Number: 12491-�	��� GIBCO®, Paisley/UK), 10% foetal calf serum (FCS) 

(Catalogue Number: 10082147, GIBCO®, Paisley/UK), L-glutamine (Catalogue 

Number: ��}
���Sigma®-Aldrich, Dorset/UK) 

RPMI 1640 medium without phenol red and L-Glutamine (Catalogue Number: BE12-

918F, Lonza, Basel/Belgium), 10% foetal calf serum (FCS) (Catalogue Number: 

10082147, GIBCO®, Paisley/UK), L-glutamine (����`���� {������� ��}
��� Sigma®-

Aldrich, Dorset/UK) 

Opti-MEM (Reduced Serum Medium) (Catalogu�� {������� 		�����	�� GIBCO®, 

Paisley/UK) 

Washing Solutions  

Dulbecco’s phosphate buffered saline (DPBS) (����`����� {������� �	�-002, PAA, 

Pasching/Austria) 
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Reagents 

Dimethyl sulphoxide (DMSO) (Catalogue Number: D-��}
��Sigma-Aldrich, Dorset/UK) 

Fugene HD Transfection Reagent (Catalogu��{��������]}�
}����	��Roche Applied 

Sciences, West Sussex/UK) 

BD Matrigel Matrix phenol-red free (Catalogu�� {������� ��|��}�� BD-Biosciences, 

Beford/MA/USA) 

DiIC12(3) lipophilic fluorescent tracer dye (Catalogu�� {������� ��]�	��� BD-

Biosciences, Beford/MA/USA) 

CellTiter-Blue Reagent (Catalogue Number: G8080, Promega, Delta 

House/Southampton/UK) 

Caspase- Glo® 3/7 Reagent (Catalogue Number: G8091, Promega, Delta 

House/Southampton/UK) 

PmaxGFP (Catalogue Number: VCA-1003, Lonza (Amaxa),Basel/Belgium) 

TGF-�1 powder (Catalogue Number: 240-B, R&D Systems®, Abingdon/UK) 

Enzymes  

��$_&�������+�>�������>Catalogue Number: L11-|�
���++, Pasching/Austria) 

Equipment 

C-Chip disposable hemocytometer (Catalogue Number: �++�������, PAA, 

Pasching/Austria) 

Tissue culture flasks (BD-Biosciences, Beford/MA/USA) 

   BD-Falcon: T��#�
2 >����`�����{����������	�
� 

            T}�#�
2  >����`�����{���������		�� 

            T	}�#�
2 >����`�����{����������		�� 

 

6 and 24-well plates (Catalogu�� {������� ���
�]�����]}�� BD-Biosciences (BD-

Falcon), Beford/MA/USA) 

Fluoroblock cell culture inserts (with 8μm pores) (����`����� {������� ����
}�� BD-

Bioscience (BD-Falcon), Beford/MA/USA) 
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Amicon® Ultra-4 Centrifugal Filter Devices (Volumes up to 4mL) (UFC 800396, 

Millipore, Watford/UK) 

Fluostar optima plate reader (BMG Labtech, Aylesbury/UK) 

 

2.1.9 Western Blotting 

Buffers 

Gold protein lysis buffer (Appendix VI) 

Resolving gel buffer (Appendix VI) 

Stacking gel buffer (Appendix VI) 

10% w/v Sodium dodecyl sulphate (SDS) buffer (Appendix VI) 

Western loading buffer (Appendix VI) 

Western running buffer (Appendix VI) 

Western transfer buffer (Appendix VI) 

Western washing buffer (1% and 3% TBS-T) (Appendix VI) 

�����&�����blocking solution (Appendix VI) 

 

Reagents  

10% w/v ammonium persulphate (Cataloge Number: A3678, Sigma-Aldrich®, 

Dorset/UK). 

TEMED (Catalogue Number: T9281, Sigma-Aldrich®, Dorset/UK) 

30% Acrylamide/Bis (Catalogue Number: A3699, Sigma-Aldrich, Dorset/UK) 

Ponceau (Catalogue Number: 78376, Sigma-Aldrich, Dorset/UK) 

Tween 20 (Catalogu��{�������|�	����Sigma-Aldrich, Dorset/UK) 

ECL Chemiluminescence Detection (Catalogue Number: RPN 2106, Amersham 

Bioscience, Little Chalfont/Buckinghamshire/UK) 
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30% Hydrogen Peroxide 100 volume (Catalogu��{���������	}���	���Fisher Scientific, 

Loughborough/UK) 

Protein Standard BSA (Catalogue Number: B8894, Sigma®-Aldrich, Dorset/UK) 

Bio-Rad Protein Assay Dye Reagent concentrate (Catalogu��{����������-0006EDU, 

BioRAD, Hertfordshire/UK) 

BioRad Precision Plus Dual Marker (Catalogue Number: 161-0374, BioRAD, 

Hertfordshire/UK) 

Protease Inhibitor Cocktail (Catalogue Number: P8340, Sigma®-Aldrich, Dorset/UK) 

Membrane 

Amersham Hyperfilm ECL (Catalogue Number: 28-9068-36, Amersham Bioscience, 

Little Chalfont/Buckinghamshire/UK) 

Filter paper (Catalogue Number: SE1141, Amersham Bioscience, Little Chalfont/ 

Buckinghamshire/UK) 

Hybond-XL nitrocellulose membrane (Catalogue Number: RPN2020S, Amersham 

Bioscience, Little Chalfont/Buckinghamshire/UK).  

Equipment 

	����� #���&� ���� 	����� _`���& (Catalogue Number: 170-]]
	�	|�-3312, BioRAD, 

Hertfordshire/UK) 

 

2.1.10 H&E Staining and Immunohistochemistry  

Reagents  

DAB (Catalogue Number: D3939, Sigma®-Aldrich, Dorset/UK) 

Eosin (Appendix VI) 

Mayer’s Haematoxylin (Appendix VI) 

Vectabond (Catalogue Number: SP-1800, Vector Laboratories, Peteborough/ 

Leicestershire/UK)  

�$`����>����`�����{��������	�-����-7, GENTA Medical, Tockwith/York/UK) 



Materials and Methods 
 

54 
 

IMS (Catalogue Number: 200-��-6, GENTA Medical, Tockwith/York/UK). 

DPX (Catalogue Number: 360294H, VWR, Lutterworth/Leicestershire/UK). 

10% Normal Goat Serum (Catalogu��{���������-062Z, Invitrogen, Paisley/UK) 

10% Normal Rabbit Serum (Catalogu��{���������-061Z, Invitrogen, Paisley/UK) 

 

Equipment 

Electric Pressure Cooker (Catalogue Number: S2800, Pascal/Dako, Ely/UK) 

Buffer 

High pH Buffer (pH=9) (Catalogue Number: S2367, Dako, Ely/UK) 

 

2.1.11 Polymerase Chain Reaction (PCR) 

Buffer 

Avian Myeloblastosis Virus (AMV) reverse transcriptase buffer (X10) (Catalogue 

{�������+��|	��Promega, Delta House/Southampton/UK) 

AJ buffer (10X) (Appendix VI) 

PCR gel loading buffer (Appendix VI) 

Chemicals  

Chloroform (99%) (Catalogue Number: 30911, Sigma-Aldrich®, Dorset/UK) 

SeaKem agarose gel (Catalogu��{�������������������, Basel/Belgium) 

Isopropanol (����`�����{���������}����	}��Fisher Scientific, Loughborough/UK) 

Ethanol (����`�����{����������|�����	}��Fisher Scientific, Loughborough/UK) 

Enzymes  

Avian Myeloblastosis Virus Reverse Transcriptase Enzyme (AMV-RT) (Catalogue 

{���������	�	��Promega, Delta House/Southampton/UK) 

Recombinant RNasin® RNase Inhibitor (Catalogue Number: N2611, Promega, Delta 

House/Southampton/UK) 
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Taq DNA polymerase (Catalogue Number: 10342-020, Invitrogen, Paisley/UK) 

Reagents  

RNeasy® Mini kit (Catalogue Number: 74104, Qiagen, Crawley/West Sussex/UK) 

TRI® Reagent (Catalogue Number: 93289, Sigma-Aldrich®, Dorset/UK) 

RNAqueous-Micro Kit (Catalogue Number: Am1931, Applied Biosystem (Ambion INC), 

Warrington/UK) 

100bp DNA molecular weight marker (Catalogue Number: N3231L, New England 

BioLabs, Hertsfordshire/UK) 

Hyperladder I (Catalogue Number: BIO-�������Bioline, London/UK) 

DNTP mix (Catalogu��{�������@	�		��Promega®, Delta House/Southampton/UK) 

Magnesium Chloride >����� (Catalogue Number: BIO-37026, Bioline, London/UK) 

Eithidium bromide 10 mg/ml (Catalogue Number: 46067, Sigma-Aldrich®, Dorset/UK)  

Equipment  

NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies INC, Thermo-

Scientific, Wilmington/DE/USA) 

Thermal Cycle (GeneAmp® PCR System 9700, Applied Biosystems, Warrington/UK) 

 

2.1.12 Q-RT-PCR  

Reagents  

TaqMan® Universal PCR Master Mix without UNG (Uracil-N-Glycosylase) (Catalogue 

{�������]����]|��Applied Biosystems, Warrington/UK) 

Equipment  

MicroAmp® Fast Optical 96-well Reaction plates with Barcode (Catalogue Number: 

]��||�
��Applied Biosystems, Warrington/UK) 

MicroAmp® Optical Adhesive Film (Catalogue Number: 4313663, Applied Biosystems, 

Warrington/UK) 
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}������&��?��`-Time PCR System (Catalogu��{�������]��		�|��Applied Biosystems, 

Warrington/UK) 

 

2.1.13 General Buffers  

Citrate Buffer (pH=6) (Appendix VI) 

TE Buffer (pH=7) (Appendix VI) 

TBE Buffer (pH=8.3) (Appendix VI) 

TAE Buffer >_�¬���� (Appendix VI) 

Tris Buffered Saline (TBS) ~�**���>_��}�|�� (Appendix VI) 
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2.2 Methods 

2.2.1 Cell Culture  

All breast cell lines were cultured and incubated in a humidified chamber at 37�C, 5% 

CO2 and 95% air. MCF-7, MDA-MB-231, MDA-MB-468, T-47D and HBL-100 were 

maintained in phenol red free Dulbecco’s Modified Eagle’s Medium (DMEM) containing 

10% v/v Foetal Calf Serum (FCS) and 2mM L-Glutamine. ZR-75-1 cells were 

maintained in Rosewell Park Memorial Institute medium (RPMI) 1640 without phenol 

red, containing 10% v/v FCS and 2mM L-Glutamine.  

 

2.2.1.1 Passaging Cells  

Cell lines were grown in the appropriate flask size until they were semi- confluent 

(>70%). The medium was then aspirated, and cells washed twice with Dulbeccos 

Phosphate Buffered Saline DPBS. 0.05% Trypsin-EDTA was added and incubated for 

2-3 minutes at 37�C; the flask was gently tapped to encourage greater detachment of 

cells. Trypsin activity was terminated by the addition of medium, and the contents 

transferred to a 15mL Falcon tube and centrifuged at 1000rpm for 5 minutes. The 

supernatant was removed and the cell pellet resuspended in 3-5mL of growth media for 

subsequent culture.    
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2.2.1.2 Counting/Seeding Cells  

Post passage, cells were counted using a C-Chip disposable hemocytometer. The 

mean number of cells present in the four large boxes was obtained to establish the 

total number of cells x 104 per ml (Figure 2.2). Cells were then seeded into either 

T25cm2 flasks or 6-, 24- well plates, the numbers being dependent on both the 

optimum cell line density (Table 2.12) and the subsequent test.  

 

 

 

 

 

       

 

 

2.2.1.3 Preservation and Storage  

Cell lines were stored in liquid nitrogen (-196�C). After passaging as described in 

2.2.1.1, cell pellets were resuspended in 5mL freezing medium (8mL of culture 

medium, 1mL FCS and 1mL of DMSO). Cells (1mL) were put into a cryotube, and 

stored at 4�C for 1 hour, -20�C for 1 hour, then -80�C overnight before being placed in 

liquid nitrogen. Alternatively, cryotubes were placed in a unit containing 200μL of 

isopropanol and immediately incubated at -80�C.  

 

2.2.2 Western Blotting  

 

2.2.2.1 Protein Extraction  

Proteins were extracted from cells post harvesting as described in 2.2.1.1. For frozen 

tissues 10-15 sections (each 5μm) were cut using a cryostat. Gold Protein Lysis buffer 

(Samuels et al., 1993) was added (300-600μl) which contained 1:10 dilution of 

Protease Inhibitor Cocktail, vortexed briefly and incubated on ice for 10 minutes. Cell 

Figure 2.2 C-Chip Disposable 
Hemocytometer 

The hemocytometer consists of 9 
similar squares, each square 1x1mm, 
and the depth of the chamber is 0.1mm. 
Therefore, each square has a total 
volume of 10

-4 
cm

3.   
The four red boxes were counted to 
obtain the mean number of the cells X 
104 per ml.  

1mm 

0.1mm 

1 2 

3 4 
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pellets and tissues were disaggregated using a 22 gauge needle to ensure lysis and 

then centrifuged at 13,000rpm for 5 minutes. The supernatant containing soluble 

protein was removed and stored at -20�C until analysis.  

 

2.2.2.2 Concentrating Protein from Cell Conditioned Media  

‘Cell conditioned medium’ describes the medium in which cells were cultured. This 

varied between experiments as cells were cultured at different densities and for 

different time periods. In order to have a higher concentration of the proteins released 

from the cells in a smaller volume an ultrafiltration method was used. Four ml of the 

conditioned media was added to an Amicon Ultrafilter device, which was then capped 

and placed into a 35� fixed angle centrifuge rotor. It was spun at 7,500 x g for 20 

minutes. The concentrated medium was withdrawn from the bottom of the filter, with a 

side-to-side sweeping motion being used to ensure total recovery. The concentrated 

medium was stored at -20�C until required.    

 

2.2.2.3 Protein Quantification  

Protein concentrations were determined using Bio-Rad’s protein quantification reagent 

(Bradford Assay) (Bradford, 1976). The protein lysate (5μl) was diluted in 795μl of 

distilled water, and 200μl of diluted (1:5) Bradford reagent added. Samples were mixed 

and left in the dark for 10 minutes to allow colour development. Subsequently, they 

were transferred to a 1ml cuvette to measure the absorbance at 595nm using a 

ThermoSpectronic Spectrophotometer. Protein quantity was calculated from a standard 

curve constructed from absorbance against a dilutional series of BSA (0.1μg/μl) (Table 

2.6).  
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Table 2.6 Generation of BSA Standard Curve  

Volume of BSA  
(μl) 

Volume of Water 
 (μl) 

Amount of Protein 
(μg) 

0 800 0 

5 795 0.5 

10 790 1 

20 780 2 

30 770 3 

40 760 4 

60 740 6 

80 720 8 

  

 

2.2.2.4 Gel Preparation   

1.5mm discontinuous polyacrylamide gels were prepared for separation of proteins; 

table 2.7 shows the compositions of resolving and stacking gels for different 

percentage gels. 50μl of 10% APS and 5μl of TEMED were added to the resolving gel 

in order to initiate polymerization, prior to pouring. The stacking solution was poured 

after addition of 25μl of 10% APS and 5μl of TEMED, and then the gel was allowed to 

polymerize for approximately 30 minutes after inserting the 1.5mm comb.  

 

Table 2.7 Composition of Various Percentages of SDS-PAGE Gels 

Reagents 6% (ml) 10% (ml) 12% (ml) 

 R S R S R S 
H2O 5.4 2.7 4.1 2.05 3.4 1.7 
30% Acrylamide/Bis 2 1 3.3 1.65 4 2 
Gel Buffer* 2.5 1.25 2.5 1.25 2.5 1.25 
10% w/v SDS 0.1 0.05 0.1 0.05 0.1 0.05 

               R: Resolving Gel, S:Stacking Gel  
              *Resolving gel buffer-1.5mM Tris-HCL pH8.8, stacking gel buffer-0.5mM Tris-HCL pH 6.8. 
 Composition referred to Laemmli, 1970.  
 

 

2.2.2.5 Separation of Proteins by SDS-PAGE 

Protein lysate or conditioned media (5-25 μg) was mixed with 1:10 western loading 

buffer, denatured at 99�C for 5 minutes, quickly chilled on ice and then loaded into 

each well. Ten μl BioRad Precision Plus Dual (molecular weight marker) was loaded 
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into a separate well at one end of the gel. The tank was filled with running buffer and 

the gel run at 100V (BIORAD Power) for approximately 1-2 hours at room temperature 

until both samples and coloured marker reached the end of the resolving gel (Laemmli, 

1970).  

 

2.2.2.6 Transfer of Protein to a Nitrocellulose Membrane 

Prior to transfer, nitrocellulose membrane and two pieces of supporting blotting filter 

paper were rinsed in transfer buffer for approximately 5 minutes. Nitrocellulose 

membrane was placed on the top of the gel, and then both filter paper and a wet 

sponge were positioned carefully on top of the membrane. The size markers were 

marked on the membrane using a ball point pen. Following this, another filter paper 

and wet sponge were placed onto the gel (Figure 2.3), and all air bubbles were 

removed. Wet blotting was used, with all components fully submerged in the transfer 

buffer. Transfer was performed using 100V for approximately 2 hours at room 

temperature (Towbin et al., 1992).  

 

 

   

     

                                                            

                                                           

                                                            

                                                                                                                 

Figure 2.3 Order of the Components for Protein Transfer Procedure 

 

 

 

- - - - - - - - - - - - - - - - - - - - - -

/ / / / / / / / / / / / / / / / / / / / / /

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

/ / / / / / / / / / / / / / / / / / / / / /

+ + + + + + + + + + + + + + + + + +

O O O O O O O O O O O O O O O

O O O O O O O O O O O O O O

Black Plastic Grid Plate          

Sponge 

Filter Paper 

Gel 

Nitrocellulose Membrane 

Filter Paper 

Sponge 

Clear Plastic Grid Plate          

Negative 
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2.2.2.7 Immuno-detection of Proteins  

The gel was discarded after ensuring that proteins were transferred, by staining the 

membrane with Poinceau for 15 minutes. The membrane was rinsed with water 

followed by washing with TBS-T buffer to remove residual SDS. Non-specific binding 

was blocked by incubating the membrane with Marvel Dried Skimmed Milk solution 

(5%- with TBS-T) for 1 hour at room temperature (DenHollander and Befus, 1989). 

Membranes were incubated with diluted primary antibody for the protein of interest 

overnight at 4�C using gentle agitation. Then the membrane was rinsed with various 

washing procedures depending on the nature of the primary antibody. Subsequently, 

secondary antibodies were added followed by washing.   

 

2.2.2.8 Optimization of Methods for Western Blotting  

The Western Blotting method was optimized for each of the antibodies using different 

secondary antibody dilutions and timings. Additionally, various gel percentages and 

washing procedures were assessed. For detection of DDB2 a range of washing 

procedures were also assessed (Table 2.8).  

 

Table 2.8 Different Washing Procedures for DDB2 Antibody  

Washing Procedures for DDB2 

Washing with 1% TBS-T 

Washing the membrane with 5% milk, which was 

prepared from 3% TBS-T, and then wash with 3% 

TBS-T for three times  

Washing the membrane with 5% milk, which was 

made in 3% TBS-T, then wash with 3% TBS-T 

followed with 1% TBS. This was repeated twice.  

 

 

2.2.2.9 Chemiluminescence Detection 

Reagents A and B were used from the Amersham Bioscience ECL detection system kit 

according to the manufacturer’s instructions. These reagents were pipetted on the 

1 

 

2 

 

3 
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membrane and incubated for 3-5 minutes (Figure 2.4). Excess liquid was removed and 

the membrane wrapped in Saran barrier wrap. The membrane was exposed to X-ray 

film for various times depending on the band intensity, and then the film developed 

using an AGFA Curix 60 film developer. 

 

 

Figure 2.4 Reaction of Chemiluminescence Detection System 

The chemical reaction between the reagents A and B and the secondary antibody-HRP produces an oxidized product, 
which emits visible light in various densities depending on the quantity of the binding secondary antibodies. 

 

2.2.2.10 Stripping of the Membrane 

Membranes were incubated with diluted 1:1 30% hydrogen peroxide for 45 minutes at 

room temperature to dissociate the bound antibodies previously used from the 

membrane. The membranes were washed three times with 1% TBS-T, each for 5 

minutes, and then incubated with appropriate dilution of the primary antibody to be 

tested. The membrane was incubated with the appropriate dilution of the secondary 

antibody for the suitable time, and then results were detected as described in 2.2.2.9.    

 

 

 

 

 

A+B 

Oxidation + 

Nitrocellulose Membrane 

Protein 

 Primary Antibody 

Light  

Luminol 

Enhancer 

  Secondary 
Antibodies- HRP 
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2.2.3 Haematoxylin and Eosin (H and E) Staining 

 

2.2.3.1 Fixed Tissue  

Sections (4μm) were de-waxed by immersing twice in Xylene for 3 minutes and 

rehydrated twice in 99% IMS and once in 95% IMS each for 1 minute. The slides were 

equilibrated in running tap water for 1 minute; immersed in Haematoxylin for 5 minutes, 

and washed in running tap water for 1-2 minutes. The sections were immersed in Eosin 

for 3 minutes, washed with running tap water, and dehydrated through increasing IMS 

concentrations, cleared with Xylene, and then mounted with DPX.  

 

2.2.3.2 Frozen Tissue  

Frozen sections were cut at 5μm, placed on a glass slide and immersed in 

Haematoxylin for 20 seconds, then washed with running tap water for 1-2 minutes. 

Sections were then immersed in Eosin for 2 seconds and quickly dehydrated, cleared 

and mounted.  

 

2.2.3.3 Assessment of Frozen Tissue Cellularity 

H and E stained sections that were parallel to the frozen sections taken for RNA 

extraction were examined for all tissues to check for cellularity. This was undertaken 

with Professor RA Walker. For normal tissues the number of breast lobules and the 

amount of stroma were recorded. For the carcinomas the percentage of the section 

that was invasive cancer was assessed and the presence of in-situ carcinoma and/or 

normal tissue was noted. Although fixed and frozen tissues were available from the 

same patient, it was not always possible to closely match areas of tissue in these as 

the FFPF blocks have been used previously in other studies. 
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2.2.4 Immunohistochemistry (IHC) 

 

2.2.4.1 De-waxing and Re-hydration 

4μm sections were put onto slides coated with Vectabond, dried in an oven at 60oC for 

one hour and de-waxed in Xylene twice for 5 minutes. Sections were then re-hydrated 

in graded alcohols and rinsed in running tap water for approximately 5 minutes.  

 

2.2.4.2 Antigen Retrieval 

Heat antigen retrieval was the technique of choice (Shi et al., 2001), with retrieval 

buffers of different pHs being assessed. An electric pressure cooker (Dako) was used, 

for which the temperature (120-125�C) and duration of treatment (30-60Sec) could be 

adjusted to generate different Psi pressure. Pressure cooking is used within the Breast 

Research Unit, since microwave antigen retrieval has been found to result in variation 

in extent of staining of test sections (Rhodes et al., 2001; Walker, 2006). Different 

antigen retrieval buffers were assessed for each antibody: citrate (pH=6), TE (pH=7), 

TBE (pH=8.3) and high pH (pH=9) in order to break the protein cross-links formed by 

formalin fixation. The solutions were heated to 80�C, slides inserted, lid closed tightly, 

subsequently the temperature, length of time and pressure optimum values of the 

pressure cooking determined for each antibody.  

 

2.2.4.3 Immunohistochemistry Procedures    

Immunohistochemistry has become an essential technique in histopathology. There 

have been method refinements from the time of its first introduction in the 1942 (Coon 

et al., 1942), with developments increasing from the 1970s (Delellis et al., 1979). 

Endogenous peroxidase activity was blocked by immersing the sections in 2% 

hydrogen peroxide for 10 minutes. Slides were washed in running tap water for 

approximately 10 minutes followed by rinsing twice with TBS, each for 5 minutes. 

Sections were blocked for non-specific binding by incubating the tissue with normal 

serum diluted 1:5 in TBS for approximately 10 minutes. The type of the normal serum 

used depended on the animal species in which the primary antibody was raised and 

the detection system that was chosen (Table 2.9). Negative controls were left in normal 
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serum while positive control and test sections were incubated with 100μl of the relevant 

primary antibody overnight at 4�C.  

Slides were rinsed twice with TBS for 5 minutes each, and then incubated with 100μl of 

diluted biotinylated secondary antibody for 30 minutes at room temperature. The choice 

of the secondary antibody depended on the primary antibody and detection system 

used (Table 2.9).  

 

2.2.4.4 Immunohistochemistry Detection Systems 

Two different detection systems were used: 

1- StreptABComplex/HRP (ABC) 

The complex was prepared 30 minutes prior to use at room temperature by combining 

1μl of solution A and 1μl of solution B in 998μl of TBS. Sections were incubated with 

100μl ABC for 30 minutes then washed twice in TBS, for 5 minutes each (Figure 2.5). 

 

 

Figure 2.5 Streptavidin-Biotin Complex 

The streptavidin-biotin complex interacts with the biotinylated secondary antibody (Adapted from Handbook 
Immunohistochemistry Staining Method, Edited by Thomas Boenisch, 2001).   

 

2- StreptABComplex/HRP Duet, Mouse/Rabbit 

The complex was prepared 30 minutes prior to use at room temperature by combining 

1μl of solution A and 1μl of solution B in 98μl of TBS. Sections were incubated with 

100μl of ABC/Duet for 30 minutes then washed twice in TBS, for 5 minutes each. 

 

Protein 

   Primary Antibody  

      Biotinylated 
Secondary Antibody  

Streptavidin Biotin Complex 
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Table 2.9 Different Detection Systems Used for the Three Antibodies 

Variables TGFBI DDB2 MCM5 

Normal 

Serum 

Goat Rabbit Goat 

Secondary 

Antibody 

Biotinylated Goat Anti-

Mouse/Rabbit 

Rabbit Anti-Goat Biotinylated Goat Anti-

Mouse/Rabbit 

Tertiary 

Antibody 

StreptABComplex/HRP 

Duet 

StreptABComplex/HRP StreptABComplex/HRP 

Duet 

 

The tertiary and final amplification step is labelled with horseradish peroxidise, allowing 

chromogenic detection with 3,3'-Diaminobenzidine (DAB) substrate. DAB, which 

consists of 9.5ml of distilled water, 20μl DAB and 100μl of 3% hydrogen peroxide, was 

applied to sections for 5 minutes  

After washing in running tap water for 5 minutes, sections were counterstained with 

Mayer’s Haematoxylin for 20 seconds, and then washed again in water for 5 minutes. 

Subsequently, the sections were dehydrated through immersing in decreasing alcohol 

concentrations, and then cleared in xylene, before mounting in DPX.  

 

2.2.4.5 IHC Controls 

Two types of control were used for immunohistochemistry. A positive control tissue 

shown to stain well with the antibody was used in each batch of staining. This control 

checked the reproducibility of staining between batches allowing for comparison of 

staining assessment between runs.  A negative control for each tissue section, was 

also incubated with 1:5 diluted normal serum (depending on the antigen) to ensure 

there was no non-specific staining.  

 

2.2.4.6 IHC Assessment 

Assessment of TGFBI and DDB2 was undertaken by myself initially, and then they 

were assessed jointly with Professor RA Walker, using a double-headed microscope. 

Any differences were discussed and the agreed result recorded.  

For TGFBI both nuclear staining and extracellular matrix (ECM) staining were 

evaluated. Any normal breast tissue present was compared to the positive control, 
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which was normal breast, and categorised as no staining, weaker than control, similar 

to control. The extent of nuclear staining of ductal carcinoma in-situ, if present, and 

invasive carcinoma was assessed separately and categorised as negative (0% or 

<1%), low (1-5%), moderate (5-50%) and high (>50%). ECM staining in relation to 

carcinomas was evaluated as negative (0%), low (2-20%), moderate (20-50%) and 

high (>50%). The method of assessment was the same as had been used previously 

for TGF-������&�����`�_������&�>��`����et al., 1994).  

For DDB2 nuclear staining of normal, ductal carcinoma in-situ and invasive carcinoma 

was evaluated as for TGFBI.  

Assessment of MCM5 was undertaken by Professor RA Walker, since there was 

prominent staining of stromal cells between the tumour cells which made interpretation 

difficult. Between 500 and 1000 tumour cells were assessed and the percentage of 

nuclear reactivity of in-situ carcinoma, if present, and invasive carcinoma determined, 

as undertaken previously for cell cycle proteins (Walker et al., 1996; Walker, 2006).  

 

2.2.4.7 IHC Statistical Analysis  

Re-assessment of my ability to evaluate the staining was undertaken for both TGFBI 

and DDB2 using kappa statistical test according to Landis and Koch, 1977. This test 

was performed using SPSS version 16 to compare the repeatability of my values. 

TGFBI, DDB2 and MCM5 results were correlated with clinicopathological features 

�&����2-&�������>2) test, and also Pearson correlation test was also used to compare 

the staining with patient age as being a continual variable instead of being categorized 

(p-value <0.05 was considered as significant for both tests). Follow-up data were not 

available, so analyses related to age, tumour size, grade, node status and receptor 

status was obtained. All analysis was performed using SPSS version 16.  

 

2.2.5 Isolating RNA and synthesizing cDNA  

2.2.5.1 RNA Extraction 

1- Spin Technology Method  

Total RNA was extracted from approximately 1x107 cells or 15μm of 10 snap frozen 

tissue sections using the RNeasy® Mini Kit, according to the manufacturer’s guidelines. 
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Both cell lines and breast frozen tissues were lysed by adding 400μl or 1000μl of RLT 

lysis buffer (as provided in kit) respectively, and then homogenized by passage for at 

least 5 times through a blunt 20-gauge needle to increase the RNA yield. Seven 

hundred μl of the homogenized sample was transferred to the RNeasy spin column 

and centrifuged for 15sec at 13,000rpm, after adding 1 volume of 70% ethanol for 

precipitation (cell lines 400μl; tissues 1000μl). The column membrane was washed 

once with 700μl of washing buffer RW1 (as provided in kit) and then twice with 500μl of 

washing buffer RPE (as provided in kit). Purified RNA was eluted into a 1.5ml collection 

tube after being centrifuged with 30μl of the RNase-free water (Figure 2.6). RNA was 

then ready for RNase treatment.  

 

2- Tri-Reagent Method 

The Tri-reagent method is an important technique for precipitating RNA from aqueous 

phase by the action of both isopropanol and high salt concentration (Chomczynski and 

Mackey, 1995). Organoids were placed into 1000μl of Tri-reagent, vortexed and left at 

room temperature for 5mins. Two hundred μl of chloroform was added to the samples 

and left for 3mins at room temperature before centrifugation at 13,000rpm for 15mins at 

4�C. The aqueous phase was removed to a clean tube and mixed well with 500μl of 

Tri-reagent and 100μl of chloroform, left for 3mins before centrifugation at the same 

speed. The aqueous phase was removed and placed in 500μl of isopropanol for 

10mins. The supernatant was discarded after centrifugation (13,000rpm) for 15mins, 

and the pellet washed in 500μl of 70% ethanol. After spinning at the same speed, the 

supernatant was discarded and the pellet air dried, then resuspended in sterile 

ultrapure water (Figure 2.7). RNA was ready for DNase treatment.   

 

2.2.5.2 DNase Treatment 

RNA samples were treated with DNase using the DNAqueous-Micro Kit to eliminate 

genomic DNA contamination. Three μl of 10xDNase I buffer and 1μl of DNase were 

mixed gently with each RNA sample. Post incubation for 20mins at 37�C, 3.4μl of 

thawed DNase Inactivation Reagent was added, vortexed once and then kept at room 

temperature for 2mins. The sample was centrifuged for 90sec at 13,000rpm to pellet 

the DNase and the supernatant RNA transferred to a fresh RNase-free tube and stored 

at -20�C until required.  
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Cell Lines/Frozen Tissues 

 

 

 

 

 

                

                                      

 

 

 

 

 

 

 

Figure 2.6 Diagram of the Spin Column Technology 
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                                                    Organoids  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7 Diagram of the Tri-Reagent Method 
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2.2.5.3 RNA/DNA Quantification 

RNA/DNA concentration was determined using the NanoDrop ND-1000 

Spectrophotometer. The Spectrophotometer was calibrated using sterile water and a 

blank set using RNase-free water used for diluting RNA or TE buffer for diluting DNA. 

One μl of the RNA/DNA was loaded and absorbance measured at 260nm to give 

sample concentration in ng/μl. The ratio between absorbance at 260nm and 280nm 

was also measured to check the RNA/DNA purity. Pure RNA/DNA has ratio of 1.9-2.1. 

 

2.2.5.4 Reverse Transcription (RT) 

cDNA was synthesised using AMV-RT enzyme and Oligo-dt20 primer from 1μg of total 

RNA from cell lines and organoids. However, 150-250ng was used to reverse 

transcribe RNA from the frozen tissues. The master mix (9.7μl) (Table 2.10) was added 

to the RNA, which was diluted with sterile ultrapure H2O to give a final volume of 20μl. 

Negative RT reactions, were RNA omitted, used to ensure that was no genomic DNA 

carry over from the RNA extraction. Both positive and negative RT reactions were 

incubated in the thermal cycler (Figure 2.8) for 20 minutes. The resulting cDNA was 

stored at 4�C until required (D’Alessio and Gerard, 1988).  

 

Table 2.10 Components of the RT Master Mix 

Component Concentration Volume (μl) 

AMV RT Buffer 5X 4 

dNTP Mix 10 mM 2 

MgCl2 50 mM 2 

Olig-dt20 10pmol/μL 0.5  

RNasin® RNase Inhibitor 40 U/μL 0.5 

AMV  Reverse Transcriptase 10 U/μL 0.7 
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Figure 2.8 Incubation Times for cDNA Synthesis  

 

2.2.5.5 Polymerase Chain Reaction (PCR) 

One μl of the positive or negative RT reactions was added to the reaction and aliquoted 

with 47μl of the PCR master mix (Table 2.11). The samples were incubated in the 

thermal cycler at 98�C for 3mins, followed by 2-3mins at 60�C at which point 2μl of 

diluted Taq  (1:1:8) (AJ Buffer: Taq: sterile water) was added, making a final reaction 

volume of 50μl. Approximately 25-30 cycles were performed for 30sec at 60�C (Figure 

2.9), which was the annealing temperature for each primer used in this study.  

Amplified cDNA was stored at 4�C until further analysis (Mullis, 1990).  

 

Table 2.11 The Components of PCR Reaction  

Component Volume (μl) 
cDNA 1 
AJ Buffer (10X) 5 
Forward Primer (10pm/μl)  1 
Reverse Primer (10pm/μl) 1 
UP H2O 40 

 

 

 

42.0�C 

99.0 �C 

   4.0 �C 
15 Min 

   5 Min  

       ¯ 

1-Hold 2-Holds 
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Figure 2.9 PCR Conditions for cDNA Amplification  

 

 

2.2.5.6 Agarose Gel Electrophoresis  

PCR products were separated using a SeaKem agarose gel prepared in 1XTAE buffer 

(% w/v) to semi-quantify levels of expression by band intensity. Ethidium Bromide was 

added to a final concentration of 2μg/ml to gel mixture to visualise PCR products. Ten 

μl of each sample was mixed with 2μl of 6 X PCR loading buffer, and loaded into wells. 

Additionally, 20μl of 100bp DNA ladder or Hyperladder I was loaded into separate well 

to determine the size of the products. The gel was run at 100V for approximately an 

hour and the PCR products visualised using UV transluminator. Results were digitally 

captured using FlashPoint 128 capture card and Vision Works 2.0.   

 

2.2.6 Quantitative RT-PCR Method 

2.2.6.1 General Conditions 

There are several methodologies that can be used to investigate the quantity of mRNA 

levels in various samples. Inventoried TaqMan probes (Material 2.1.6) were supplied 

by Applied Biosystems. Q-RT-PCR master mix was prepared by mixing both 0.5μl of 

TaqMan probe with 5μl of TaqMan® Universal PCR Master Mix without UNG (uracil-N-

98�C 

60�C 

94�C 

60�C 

72�C 72�C 3 min 
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30 sec 

30 sec 

25-30 Cycles  
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glycosylase) for one sample. Thermal profile for all the assays used in this study is 

shown in Figure 2.11 

 

 

Figure 2.10 Thermal Profile of the q-RT-PCR  
 

 

2.2.6.2 Standard Curves  

Standard curves were generated by preparing serial dilutions (1:5) of cDNA from the 

HBL-100 cell line. Prepared q-RT-PCR master mix (5.5μl) was added to the wells and 

then 4.5μl of the diluted HBL-100 cDNA (1:20) was loaded in triplicate onto the wells 

plate, making final volume of 10μl. Negative controls were used, containing 4.5μl UP 

H2O instead of HBL-100 cDNA. The plate was covered with optical adhesive film, 

centrifuged and placed in the Real-Time PCR System for 50 minutes. The results 

produced by the 7500 software version 2.0.1 were collected and manipulated in Excel.  

 

2.2.6.3 Probe Efficiency  

Standard curves were generated for each probe in order to determine the PCR 

efficiency. HBL-100 cDNA dilutions (1:5) were transformed into Log2 values and plotted 

onto the x-axis, with Ct values on the y-axis. Slopes obtained from the linear curves 

generated were used in the PCR efficiency equation. A result between 90-110% 

indicates high efficiency of the probe. Additionally, the regression (R2) value was 

calculated to determine how well the standard curve fitted the measured data and 

therefore reflected the reliability of the probe (R2 ¢��
��� 
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Calculation of PCR Efficiency from the Standard Curve  

E= (2(-1/slope)-1)*100 
 

 

2.2.6.4 Absolute Quantification (AQ) 

The RNA levels of 6 genes were measured for 4 samples in each prepared plate. 4.5μl 

of the diluted cDNA (1:20) generated was added in triplicate to 5.5μl of master mix in 

the well. Negative controls were 4.5μl of UP H2O instead of the cDNA. One of the cell 

lines (HBL-100) was used as positive control to ensure the experiment efficiency. 

Finally, the plate was covered with optical adhesive film, centrifuged and placed in the 

q-RT-PCR machine for approximately 50 minutes. The results produced by the 7500 

software version 2.0.1 were collected and rearranged in Excel (Bustin, 2000).  

 

2.2.6.5 Target Gene Analysis 

Absolute quantification of each target gene used the cycle threshold (Ct), which was 

normalized to the mean Ct of three housekeeping genes (GAPDH, HPRT1 and TFRC) 

in order to determine the �Ct in the samples investigated.  

To obtain the relative expression (��Ct) for the different methods of RNA extractions 

(Tri-Reagent and RNeasy), �Ct of Tri-Reagent was subtracted from �Ct of RNeasy kit 

for each breast cancer tissue investigated.   

The relative expression for breast cancers was calculated using two steps:  

1- Subtracting the �Ct value of each sample from the �Ct of the control (mean of 

normal/benign tissues) to obtain the ��Ct. 

2- Relative expression was calculated by using the equation: 2 to the power of       

-��Ct. (2-��Ct). 

 

2.2.6.6 Q-RT-PCR Statistical Analysis    

One sample t-test was performed to determine whether there is significant difference 

between the two RNA extraction methods (Tri-Reagent and RNeasy kit). This test was 

selected because Shapiro-Wilk test confirmed that the results were normally distributed 

(p>0.05).   
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Kruskal-Wallis test with Bonferroni post-hoc correction was performed (data were not 

normal distributed, Shapiro-Wilk test p<0.05) to determine whether there was a 

significant difference between the three groups: normal organoids, normal/benign 

samples and breast cancers.  

Mann Whitney test was performed to check correlations of mRNA expression of the 

three genes with the clinicopathological features including size, grade, lymph-node, ER 

and PR status and HER2. Patient age was correlated with TGFBI, DDB2 and MCM5 

mRNA data using Pearson correlation, because the age was considered as continual  

variable and was also normally distributed (Shapiro-Wilk test, p>0.05). In order to test 

correlation between the IHC results and mRNA data for the breast cancer cases 

Spearman’s rho correlation was used. 

All statistical analysis was performed using SPSS version 16, and all tests showed 

p<0.05 was considered as significant result.   

 

2.2.7 Preparation of Plasmid DNA 

2.2.7.1 Transformation of XL-10 Gold E.Coli Cells  

Transformation of XL-10 Gold ultra-competent E. Coli cells was performed using 100μl 

of thawed E. Coli cells. One Hundred pg of plasmid was added to a 15ml pre-chilled 

polypropylene Falcon tube _`�&��°`��*��-mercaptoethanol. Samples were incubated on 

ice for 10 minutes with gentle swirling every 2 minutes. Five μl of the plasmid and 1μl of 

pUC18 were added to separate tubes, mixed and incubated on ice for 30 minutes. 

Samples were heat-shocked at 42�C for 20 seconds and then immediately held on ice 

for 2 minutes. NZY+ broth (Appendix VI), pre-heated to 42�C was added (900 μl) to 

each sample which was then incubated at 37�C for 1 hour with shaking at 200rpm 

(Graham et al., 1974).   

 

2.2.7.2 Colony Subculture   

One litre of pre-heated LB Agar (55�C) was mixed with 10μl of Ampicillin (100mg/ml), 

which was then poured into petri dishes. When solidified 140μl of the transformation 

mixture was plated using aseptic technique and then incubated overnight at 37�C. The 
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colonies that had grown after 16-18 hours were then sub-cultured onto individual 

Ampicillin agar plates and incubated overnight at 37�C. Subsequently, single colonies 

were picked and transferred into LB medium and Ampicillin (50μg/μl) in conical flasks 

and incubated overnight at 37�C with orbital shaking at 220rpm. In addition, 0.5ml of 

each sample was added to 0.5ml of 40% glycerol and stored at -80�C until required for 

plasmid DNA purification.    

 

2.2.7.3 Purification of Plasmid DNA 

1- QIAGEN-Mini Prep 

QIAGEN mini prep was performed to yield up to 20μg of plasmid DNA. After growing 

the colonies overnight (Method 2.2.7.2) 3ml of bacterial culture volume was centrifuged 

at 13,000rpm for 15 minutes at 4�C. The bacterial pellet was resuspended in 300μl of 

lysis buffer P1, vortexed until no cell clumps remained, followed by the addition of 

300μl of buffer P2. Tubes were mixed gently by inversion 4-6 times and then incubated 

at room temperature for 5 minutes. The lysate was neutralized by the addition of 300μl 

chilled buffer P3 and mixed gently, with incubation on ice for 5 minutes to enhance 

precipitation. The clear supernatant containing plasmid DNA was transferred to a clean 

tube after centrifugation at 13,000rpm for 10 minutes at 4�C. Again, supernatant was 

re-centrifuged at the same speed for 10 minutes while the QIAGEN-tip20 tube was 

equilibrated by applying 1ml of buffer QBT, allowing it to empty by gravity flow. The 

supernatant was loaded promptly onto the QIAGEN-tip20 tube allowing to entry into the 

resin by gravity flow. The QIAGEN-tip20 was washed twice with 2 ml of buffer QC, and 

subsequently plasmid DNA was eluted with 800μl of buffer QF. It was precipitated by 

adding 560μl room temperature isopropanol to desalt and concentrate the plasmid 

DNA; mixed well and centrifuged immediately at 13000rpm for 30 minutes at room 

temperature. The supernatant was discarded carefully; and the DNA pellet washed with 

1ml of room temperature 70% ethanol. It was left for 5-10 minutes to air dry after 

spinning at 10,000rpm for 10 minutes at 4oC, and then re-dissolved in a suitable 

volume of TE buffer (pH=8). Plasmid DNA concentration was measured (Method 

2.2.5.3) and storage was at 4�C until required.  
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2- QIAGEN-Maxi Prep 

QIAGEN maxi prep and QIAGEN mini prep were performed to yield about 500μg and 

20μg of plasmid DNA respectively. After growing the colonies overnight (Method 

2.2.7.2) 100ml of bacterial culture volume was centrifuged at 8000rpm for 15 minutes 

at 4�C. The bacterial pellet was resuspended in 10ml of lysis buffer P1, vortexed until 

no cell clumps remained, followed by the addition of 10ml of buffer P2. Tubes were 

mixed gently by inversion 4-6 times and then incubated at room temperature for 5 

minutes. The lysate was neutralized by the addition of 10ml chilled buffer P3 and mixed 

gently, with incubation on ice for 20 minutes to enhance precipitation. The clear 

supernatant containing plasmid DNA was transferred to a clean tube after 

centrifugation at 15000rpm for 30 minutes at 4�C. Again, supernatant was re-

centrifuged at the same speed for 15 minutes while the QIAGEN-tip500 tube was 

equilibrated by applying 10ml of buffer QBT, allowing it to empty by gravity flow. The 

supernatant was loaded promptly onto the QIAGEN-tip500 tube allowing to entry into 

the resin by gravity flow. The QIAGEN-tip500 was washed twice with 30ml of buffer 

QC, and subsequently plasmid DNA was eluted with 15ml of buffer QF. It was 

precipitated by adding 10.5ml room temperature isopropanol to desalt and concentrate 

the plasmid DNA; mixed well and centrifuged immediately at 13000rpm for 30 minutes 

at room temperature. The supernatant was discarded carefully; and the DNA pellet 

washed with 5ml of room temperature 70% ethanol. It was left for 5-10 minutes to air 

dry after spinning at 13000rpm for 10 minutes at 4�C, and then re-dissolved in a 

suitable volume of TE buffer (pH=8). Plasmid DNA concentration was measured 

(Method 2.2.5.3) and storage was at 4�C until required.  

 

2.2.7.4 PCR Amplification from Colonies  

Colonies from plates were picked using a P200 tip and placed into an eppendorf 

containing 200μl LB-broth and ampicillin. Ten microlitters were transferred into 0.5ml 

eppendorf and heated at 95�C for 15 minutes. Subsequently, 40μl of PCR Master Mix 

was added and 28 cycles were performed for amplification using the TGFBI primers. 

The samples were run in agarose gel (Method 2.2.5.6).  
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2.2.8 Transient Transfection  

2.2.8.1 Preparation of Cell Lines for Transfection 

Cell lines were maintained as described in Method 2.2.1. One day before transfection, 

the monolayer cell lines were washed with PBS, trypsinized, and counted for seeding 

at various densities (Table 2.12) depending on the chosen cell-culture vessel (mostly 6 

well plates and T25 flasks) overnight to achieve a suitable transfection efficiency (Table 

2.12).   

 

Table 2.12 The Optimal Conditions for Transfection  

Culture Vessel Surface 
Area (cm2) 

Total 
Volume of 
Media (ml) 

Seeding 
Density 

Amount of 
Transfection 
Complex (μl) 

FuGENE 
Transfection 
Reagent (μl) 

6-Well Plate (1-
well) 

9.4 2 400,000 100 7 

T-25 Flask 25 6 1,200,000 300 21 

 

2.2.8.2 Optimization of Transfection 

Cells were seeded into six-well culture dishes (Table 2.12) as described above 

(Method 2.2.1.2), and then transfected (Method 2.2.8.3) using 3:2, 4:2, 5:2, 6:2, 7:2 

and 8:2 ratios of FuGENE® HD Transfection Reagent (μl) to DNA (μg) respectively. 

 

2.2.8.3 Transfection 

One μg of plasmid or vector with 1μg of GFP expression plasmid were diluted in Opti-

MEM to a concentration of 0.02μg/μl. The seeding densities and volumes were 

adjusted in relation to the total surface area of the cell culture vessel being used (Table 

2.12). The optimal ratio of FuGENE® HD Transfection reagent was added to the 

diluted DNA and incubated for 20 minutes at room temperature. The transfection 

complex was added to the cells after washing them twice with DPBS. Plates/Flasks 

were swirled, and then incubated for 6-7 hours. Media were discarded, cells washed 

twice with DPBS and fresh media added. Un-transfected cells were used as a negative 

control.  
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2.2.8.4 Transfection Efficiency 

After transfection, cells were left in transfection media for 6-7 hours. Cells were washed 

with DPBS and incubated with complete media for a further 12-16 hours after 

transfection. At this time the transfection efficiency was determined microscopically 

using GFP reporter plasmid, which was added with the DNA plasmid during 

transfection. Green cells, which are assumed to contain the TGFBI plasmid, were 

counted in three different areas and calculated as a percentage of the total number of 

cells present in this area. The transfection efficiency was the mean of the percentage of 

the three areas that were counted. 

 

2.2.9 Functional Assays  

Cells were seeded into three T25 flasks one day prior to transfection, and then one flask 

was transfected with plasmid and one with empty vector (Method 2.2.8.3). The third 

flask was untransfected control cells. New transfections were performed for each 

repeat experiment, at a specific confluence (70%). Equal densities were ensured by 

plating the same number of cells post counting. The same transfected cells were used 

for both viability and apoptosis assays in each experiment. The readings obtained at 

each time point were the times from replating cells in the appropriate well-plates with 

10% FCS.  

 

2.2.9.1 Optimization of Cell Density and Culture Conditions 

In order to determine optimal cell density, cells were seeded at 5,000, 10,000 and 

20,000 cells/cm2 in triplicate and then incubated in 10% FCS media overnight. The 

complete media was replaced with serum free media (0% FCS) post washing with 

DPBS only for 3 wells of each density, and again incubated for 24 hours. One hundred 

μL of the CellTiter-Blue or 100μL of Caspase-Glo® 3/7 activity was added to each well 

for 3 hours or 30 minutes respectively before reading, with blanks containing complete 

media or serum free media for each cell line.  
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2.2.9.2 Viability Assay 

The cells were prepared as in 2.2.9. They were trypsinized; 1x104 cells were seeded in 

triplicate in opaque-walled tissue culture plates compatible with the fluorometer and 

then incubated until the appropriate time point. Three hours before each time point (6, 

12 and 24 hours) 100μl of CellTiter Blue was added to each well, and incubated at 

37�C. Negative controls were complete media alone. At the specific time points, the 

plate was shaken and then measured at wavelength of 560EX/590EM nm using the BMG 

Fluostar optimal plate reader.  

 

2.2.9.3 Apoptosis Assay 

Cells were prepared as in 2.2.9. They were trypsinized; 1x104 cells were seeded in 

triplicate in 96-well plate and then incubated for the appropriate time point. One 

hundred μl of the caspase 3/7 activity reagent was added to each well 30 minutes 

before assaying; the plate was placed again in the incubator. Positive and negative 

controls were used; positive control was un-transfected cells which were treated with 

Staurosporine (1μg/100μl). For negative control complete media was used to measure 

the background luminescence. At each time point (6 and 12 hours) the plate was 

shaken and the luminescence signals were measured using the BMG Fluostar optimal 

plate reader. 

 

2.2.9.4 Invasion Assay 

Two hundred microlitres of diluted Matrigel (1:1000 in Opti-MEM) was added to the 

FluoroBlok inserts (8μm pore), which were incubated at 37�C for 2 hours. Diluted 

DiIC12(3) staining dye (1:10,000 in complete media) was then added to the flasks of the 

untreated cells and incubated for an hour. After incubation, excess Matrigel was 

removed and cells were typsinized. 

For baseline invasion assays, cells were seeded in 3 inserts for each one of the three 

densities (1 X (104) and 105 cell/cm2) in 100μl of complete media. Complete media 

(700μl) was also placed into each well of the plate. Cells were incubated to 4 hours, 

and then the complete media present in the insert was exchanged with 100μl Opti-

MEM. The plate was then placed in a FLUOstar OPTIMA plate reader (BMG Labtech, 

UK) for 48 hours to measure the fluorescence from cells that had invaded through the 

matrigel.  
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To test the effect of media from transfected cells, cells were seeded into duplicate 

inserts in 100μl of complete media. Seven hundred microlitres of conditioned media 

that had been collected from cells transfected with TGFBI or empty vector after 72 

hours of culture were placed into each well. Cells were incubated at 37�C /5% CO2 for 

]����&�������������������&������_`�#���^���	���²���*��_��-MEM. Cells were cultured 

at 37�C /5% CO2 for 48 hr in a FLUOstar OPTIMA plate reader (BMG Labtech, UK) 

with measurements taken every 2 hours. 

 

2.2.9.5 Calculations and Statistical Analysis of Functional Assays  

Both viability and apoptosis assays results were presented as mean of the three 

triplicate readings of TGFBI plasmid, empty vector and untreated cells in each 

experiment. The blank reading from the same column of the plate was subtracted from 

each reading in that column, and then the results were normalized to the readings at 

the 6 hour time point. This was normalizated by dividing the values of the various time 

points of TGFBI plasmid, empty vector and untreated cells by the mean of the three 

readings obtained at 6 hours after seeding transfected cells into the assay plate. The 

error bars represent the 95% confidence interval. The overall mean graphs present the 

mean of the three separate experiments after normalization and the error bars 

represent the 95% confidence interval.  

The invasion results were presented as mean ±Standard Error of the Mean. The mean 

values for TGFBI conditioned media inserts were calculated as below for each time 

point:  

 

(Reading 1 + Reading 2)/2 = Mean 1              (Reading 3 + Reading 4)/2 = Mean 2               

(Blank Reading 1 + Blank Reading 2)/2 =    (Blank Reading 3 + Blank Reading 4)/2 = 

                   Mean 3                                                              Mean 4 

Mean 1 – Mean 3 = Fluorescent 1  

Mean 2 – Mean 4 = Fluorescent 2  

Fluorescent 1 and Fluorescent 2 values were normalized to the mean of the empty 

vector conditioned media readings at 48 hour time point, after subtracting this mean 

from the mean of the blank. The Fluorescent 1 and Fluorescent 2 values of the same 
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experiment were averaged separately for each experiment preformed. As the 

experiment was repeated three times for ZR-75-1 and twice for MDA-MB-468, the final 

mean was derived from the means of the separate experiments, and the error bars 

represent the standard Error of the Mean. 

Two-Way ANOVA (Analysis of Variance) with the Bonferroni correction were performed 

to analyze the viability, apoptosis and invasion assays, as all the data were normally 

distributed (Shapiro-Wilk test, p>0.05).  

 

2.2.10 DAPI Staining  

Cells were prepared and seeded as described in 2.2.8.1 and then transfected as in 

2.2.8.3. Transfected and untreated cells (2x105 seeding density was used) were 

seeded in 24 well-plate for different time points (6, 24 and 48 hours). At the appropriate 

time point complete media was removed, cells were washed with PBS twice then 2ml 

of acetone was added to each well and incubated for 20 minutes. After fixation, cells 

were equilibrated with PBS and then diluted DAPI (300nM in PBS) was added and left 

for 5 minutes. Cells were washed with PBS twice and viewed using a fluorescent 

microscope. The cells were counted in three different regions in each well and then 

results presented as described in 2.2.9.2.  

 

2.2.11 Synthesis and Secretion of TGFBI with Time 

Cells were counted and seeded in 7 T25 flasks (Method 2.2.1.2). Five of them were 

transfected with the TGFBI plasmid; one with vector alone and one remained 

untreated. After 6-7 hours of the transfection (Method 2.2.8.2), all flasks were washed 

twice with PBS, fresh media was added and they were incubated at 37�C overnight. 

The complete media was changed for serum free media after washing the cells twice 

with PBS, and cells have harvested after 6, 12, 24, 48 and 72 hours of culture. Cells 

were trypsinized and protein (Method 2.2.2.1) and RNA (Method 2.2.5.1, 1) extracted. 

Media from each time point was collected, purified and stored at -20�C. Protein and 

media were subsequently analysed by western blotting (Method 2.2.2) and RNA by q-

RT-PCR (Method 2.2.6.4).   
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2.2.12 Effect of TGF-!1 on TGFBI Expression in MCF-7 Cells  

1.2x106 MCF-7 cells were seeded in complete media in 5 T25 flasks and were 

incubated at 37�C overnight. Cells were washed twice with PBS, and then incubated 

overnight with serum free media. Media were discarded, cells washed with PBS, and 

serum free media with different concentrations of TGF-�1 (1, 2, 5, 25, 75 and 100ng/ml) 

added to the cells for 24 and 72 hours. Media was collected and cells trypsinized for 

protein extraction for subsequent western blotting (Methods 2.2.2). In addition, 

microscopic images were captured using the computerized inverted microspore (Nikon 

Digital Camera) for the various TGF-�1 concentrations and different time points. 
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Chapter 3 

Expression of TGFBI, DDB2 and MCM5 in Breast 

Cancer 
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Introduction 

Three genes TGFBI, DDB2 and MCM5 that were shown to be up-regulated in the 

previous microarray study (Whyman, 2005) were further investigated. There is 

conflicting evidence about the role of TGFBI in breast cancer (Thapa et al., 2007) but 

the literature suggests that both TGFBI and DDB2 could be of clinical interest as 

prognostic markers of breast progression (Itoh et al., 2007; Calaf et al., 2008). MCM5 

has been shown to be a promising marker of proliferating cells due to its increase 

during the cell cycle (Murphy et al., 2005). MCM5 levels have been shown to be up-

regulated in a range of cancers (Table 1.15) but it has not yet been investigated in 

breast cancer (Scarpini et al., 2008; Burger, 2009).  

A number of studies have identified TGFBI protein in various human cell types (Billing 

et al., 2000b; Zhao et al., 2006; Park et al., 2008) and have also shown it to be a 

component of the ECM (Skonier et al., 1994; Billing et al., 2000a). It has been 

suggested that TGFBI may play an important role in a wide biological functions such as 

wound healing (LeBaron et al., 1995) and inflammation (Nam et al., 2006). 

DDB2 plays an important role in nucleotide excision DNA-repair, mainly via its 

involvement with chromatin remodelling during repair (Datta et al., 2001). In addition, 

DDB2 has been found to be a tumour suppressor gene in normal cells (Kulaksiz et al., 

2005). In MCF-7 breast cancer cells it is a transcriptional regulator of the SOD2 

(Manganese Superoxide Dismutase) gene, indicating a possible role in breast cancer 

cell growth (Minig et al., 2009).  

MCM5 is a member of the MCM gene family (MCM2-7), which are involved in the 

initiation of DNA replication (origin licensing), in eukaryotic cells (Guida et al., 2005). 

Several studies have identified that it is highly expressed in various types of cancers 

(Introduction, Table 1.15). Therefore, MCM5 may be marker of proliferation and 

potential prognosis.  

 

Aims 

The aim of this chapter was to examine RNA and protein expressions of TGFBI, DDB2 

and MCM5 in breast cell lines, normal breast tissues and tumour samples using q-RT-

PCR, western blotting and immunohistochemistry. A second aim was to relate the 

findings to clinicopathological features of the cancers.  
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Results 

3.1 Optimization 

3.1.1 Q-RT-PCR Assay Optimization   

HBL-100 cell line cDNA was synthesized for generation of all standard curves. Three 

strong bands were observed using manual GAPDH RT-PCR (Figure 3.1 (+)). No bands 

were seen in the –RT reaction and in the water blank demonstrating successful 

generation of cDNA and lack of genomic DNA contamination (Figure 3.1).  

 

         

 

Standard curves were generated for 3-housekeeping genes (GAPDH, HPRT1 and 

Transferrin Receptor (TFRC)) (Figure 3.2, A) and for the three 3-target genes (TGFBI, 

DDB2 and MCM5) (Figure 3.2, B) using HBL-100 cDNA (Figure 3.1). All standard 

curves synthesised showed a strong and linear correlation between the concentration 

of cDNA template and the obtained cycle threshold (Ct) (Figure 3.2).   

For the three housekeeping genes, GAPDH showed the lowest Ct values compared to 

the HPRT1 and TFRC although the same concentration of cDNA was used in all serial 

dilutions (Figure 3.2 A). GAPDH had also the highest efficiency compared to the rest of 

the assays, which was calculated from the slope of the linear curve generated (Table 

3.1). Both HPRT1 and TFRC showed similar Ct values but with approximately two 

cycles higher in the TFRC assay in the various serial dilutions. The efficiency of the 

HPRT1 and TFRC assays were 87% and 88% respectively. All standard curves of the 

housekeeping genes showed R2¢��
��>���`����	�� 

TGFBI showed the lowest Ct values in serial dilutions compared to DDB2 and MCM5 

assays (Figure 3.2, B) using the HBL-100 cDNA. Both TGFBI and MCM5 assays 

showed similar efficiencies (Table 3.1). The DDB2 assay gave high Ct values (>35 

cycles) at the various dilutions used, which might have influenced the efficiency 

L       +      +       +      -     W 

Figure 3.1 Generation of cDNA from HBL-100 

HBL-100 cDNA was tested using manual GAPDH PCR 

(~350bp). (+) = +RT, (-) = -RT and (W) = Water Blank.  

~350bp 



Expression of TGFBI, DDB2 and MCM5 

 

89 
 

calculated from the standard curve (77%). Therefore, a different dilution range should 

have been used for this assay. All standard curves of the target genes showed R2¢��
��

(Table 3.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.1  
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Figure 3.2 Examination of Assay Efficiency by Generation of a Standard Curve 

The standard curves of the housekeeping genes (GAPDH, HPRT1 and TFRC) (A) and the target genes (TGFBI, 
DDB2 and MCM5) (B) using the q-RT-PCR were generated. The efficiency of the various assays was calculated from 
the slope of the linear curve. Standard deviation across the triplicate for each one of the dilutions was <1.05 
(Appendix II).  

A. 

B. 
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Table 3.1 PCR Efficiency for Each Gene Assay 

Assay Standard Curve 

Equation 

R2 Efficiency 
(%) 

GAPDH y = -0.9591x + 31.387 0.9977 110 

HPRT1 y = -1.0642x + 36.656 0.9973 87 

TR y = -1.0574x + 38.646 0.9839 88 

TGFBI y = -1.0855x + 35.97 0.9843 83 

DDB2 y = -1.1251x + 41.067 0.9826 77 

MCM5 y = -1.0537x + 37.876 0.9768 89 

  

 

3.1.2 Comparison of RNA Isolation  

Two different methods (column based method (RNeasy) (Method 2.2.5.1, 1) and Tri-

Reagent (Method 2.2.5.1, 2)) were used to extract total RNA from 6 frozen breast 

tissue samples. This was performed to check whether there were differences in the �Ct 

value of the target genes investigated using RNA extracted by the different methods. 

The means of the triplicate Ct values for each of the housekeeping and target genes, 

�Ct (mean of target genes – mean of housekeeping genes) and ��Ct (�Ct of Tri-

Reagent - �Ct of the RNeasy kit) are presented in Table 3.2. To compare the 2 

methods, each gene of interest was normalized relative to the mean of the 3 

housekeeping genes for each sample (�Ct) and then ��Ct values were obtained by 

subtracting �Ct of Tri-Reagent method from the �Ct of the RNeasy kit for each breast 

cancer tissue investigated. 

Variations in the ��Ct values for TGFBI were observed among the different breast 

cancers investigated (Figure 3.3). Two samples showed ��Ct higher than 0 (Figure 

3.3, C and E), while the other four showed ��Ct lower than 0 (Figure 3.3, A, B, D and 

F). This variation confirmed that there is no significant difference in the two RNA 

extraction methods when using TGFBI assay (One Sample t-test, p>0.05). The ��Ct of 

DDB2 expression was higher than 0  in all the breast cancers when total RNA was 

extracted using the Tri-Reagent method compared to the RNeasy kit (Figure 3.3, A-F) 

(One Sample t-test, p=0.004). The MCM5 ��Ct values for all the samples (Figure 3.3, 

A-F) were higher than 0, indicating that Tri-Reagent method for RNA extraction is 

better than RNeasy kit for frozen breast tissues (One Sample t-test, p=0.03).  

Figure 3.2 A 

Figure 3.2 B 
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All –RT samples were analysed using the GAPDH assay, and all were negative 

indicating the absence of DNA contamination. These results shows differences 

between the two methods; however, RNeasy kit was selected for extracting total RNA 

from breast cancers as it was an easier method, quicker and safer, since no phenol is 

used.   

Table 3.2 The Means of Triplicate Ct values, �Ct and ��Ct for each Gene in each Sample for the Two RNA Extraction 

Methods   

Number 
of Case 

Method GAPDH HPRT1 TFRC TGFBI DDB2 MCM5 

A Tri-Reagent 24.132 29.401 32.412 28.325 31.104 28.598 

 RNeasy Kit 22.063 26.456 30.06 26.693 26.823 25.3833 

 �Ct(Tri-
Reagent) 

   -0.32 2.45 -0.05 

 �Ct (RNeasy)    0.5 0.62 -0.81 

 ���Ct 
(Tri-RNeasy) 

   -0.82 1.82 0.75 

        

B Tri-Reagent 24.449 28.256 31.851 28.354 30.139 29.567 

 RNeasy Kit 26.651 29.380 35.628 30.917 30.614 31.616 

 �Ct(Tri-
Reagent) 

   0.16 1.95 1.38 

 �Ct (RNeasy)    0.36 0.06 1.06 

 ���Ct 
(Tri-RNeasy) 

   -0.19 1.89 0.31 

        

C Tri-Reagent 25.437 28.711 30.437 30.815 33.532 31.652 

 RNeasy Kit 25.812 28.41 31.828 29.766 30.925 30.717 

 �Ct(Tri-
Reagent) 

   2.62 5.33 3.45 

 �Ct (RNeasy)    1.08 2.24 2.03 

 ���Ct 
(Tri-RNeasy) 

   1.53 3.09 1.42 

        

D Tri-Reagent 25.918 28.694 30.906 29.433 30.473 31.827 

 RNeasy Kit 23.603 28.62 30.543 28.66 27.996 28.98 

 �Ct(Tri-
Reagent) 

   0.92 1.96 3.32 

 �Ct (RNeasy)    1.07 0.40 1.39 

 ���Ct 
(Tri-RNeasy) 

   -0.14 1.55 1.92 

        

E Tri-Reagent 26.647 29.520 35.105 30.729 31.380 31.663 

 RNeasy Kit 25.781 27.885 33.443 28.763 29.593 30.004 

 �Ct(Tri-
Reagent) 

   0.30 0.95 1.23 

 �Ct (RNeasy)    -0.27 0.55 0.96 

 ���Ct 
(Tri-RNeasy) 

   0.57 0.39 0.27 

        

F Tri-Reagent 28.211 30.8771 34.988 31.251 33.276 33.792 

 RNeasy Kit 23.9 27.856 30.066 27.503 27.52 29.326 

 �Ct(Tri-
Reagent) 

   -0.11 1.91 2.43 

 �Ct (RNeasy)    0.22 0.24 2.05 

 ���Ct 
(Tri-RNeasy) 

   -0.33 1.67 0.38 
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Figure 3.3 Comparing RNA Extraction Methods for Three Target Genes   

Both Tri-Reagent and RNeasy kit method were used for extracting total RNA from 6 frozen breast cancer tissues (A, B, 
C, D, E and F). The ��Ct was obtained for each sample by first normalizing each one of the target genes (TGFBI, DDB2 
and MCM5) to the mean of the housekeeping genes (GAPDH, HPRT1 and TFRC) and secondly by subtracting the �Ct 
of Tri-Reagent method from �Ct of RNeasy kit for each target gene. These results were checked for normality using 
Shapiro-Wilk test (p>0.05) and then one sample t-test was performed to confirm whether there is a significant difference 
between the two extraction methods (* p<0.05, **p<0.01).  
 
 

3.1.3 Loading Control for Western Blotting  

+��������&� ��� &�����`� _�������`� ������&� >�–+#����� �-����`���� �–Tubulin and Vinculin) 

were used to check the most suitable control for assessment of protein loading 

accuracy for each sample. A fixed amount of protein (20μg) was loaded for 6 breast 

cell lines and 3 normal breast organoids, and the signal intensity was compared for 

each of the protein loading controls (Figure 3.4).   

All samples showed similar band intensities of the appropriate molecular weight 

(42kDa��*�����–Actin (Figure 3.4) apart from HBL-100 (Figure 3.4, Lane 3), which could 

be due to unequal loading. Both cell lines and organoids showed bands at the 

expected size (55kDa�� *��� �-Tubulin but extensive smearing was found and also 2 

bands were observed for the organoids (Figure 3.4, Lane 7-9). There were three bands 

for �-Tubulin (~50kDa) for the breast cell lines but multiple strong bands for the 

organoid samples (Figure 3.4, Lane 7-9). Vinculin (116kDa) was also examined under 

the same conditions, and there were bands of the correct molecular weight for both cell 
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lines and organoids but there was considerably higher signal for organoids after short 

exposure (Figure 3.4). 

The loading control of choice was therefore �-Actin due to similar intensity signals for 

both breast cell lines and organoids (Figure 3.4), while the other three proteins had 

multiple bands, with stronger and differential expression for the organoids.  

 

 

 

 

 

 

 

 

 3.1.4 Optimization of Western Blotting  

 

 

3.1.4 Optimization of Western Blotting Conditions  

The Western Blotting method was optimized for each of the antibodies using different 

secondary antibody dilutions and timings. Additionally, various gel percentages and 

washing procedures were assessed. The optimization conditions examined are 

summarized in table 3.3. 

 

 

 

 

 

              

 

 

         

 

42kDa 

~50kDa 

55kDa 

116kDa 

1    2     3    4    5    6     7    8    9 1    2     3    4    5    6     7    8    9 

1    2     3    4    5    6     7    8    9 1    2     3    4    5    6     7    8    9 

Figure 3.4 Comparisons of 4 Targets as Loading Controls 

Lysates were obtained from 6 breast cancer cell lines (1: MCF-7, 2: MDA-MB-231, 3: HBL-100, 4: MDA-MB-468, 5: T-
47D and 6: ZR-75-1) and 3 normal breast organoids (7-9), which were analyzed on a 12% SDS-PAGE gel. Various 
monoclonal antibodies against �–Actin ����-Tubulin���-Tubulin and Vinculin were examined.  

�-Actin  �-Tubulin  

�-Tubulin  Vinculin  
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Table 3.3 Optimization Conditions that Tested for Western Blotting 

Variables TGFBI DDB2 MCM5 

Gel Percentage 6%, 10% 10%,12% 10% 

Primary Antibody Dilution 1:200 1:200 1:200 

Washing Procedure  1% TBS-T Method 2.2.2.8 1% TBS-T 

Washing Time  3 times for 5 min 2 times for 5 min 3 times for 5 min 

Secondary Antibody Anti-Rabbit HRP Anti-Goat HRP Anti-Mouse HRP 

Secondary Antibody Dilution 1:2000 (5%) Milk 1:2000 (5%) Milk 
1:2000 (1%)  
1:3000 (1%)     
1:3000 (3%) 

TBS-T  

1:2000 (5%) Milk 

Secondary Antibody 
Incubation Time 

30 min 
45 min 

30 min 
45 min 

45 min 

 

Various percentages of SDS-PAGE gels were tested for TGFBI (6% and 10%) and 

DDB2 (10% and 12%). A 10% gel gave better protein separation and clearer band 

intensities. Longer secondary incubation time (45 minutes) was chosen for the TGFBI, 

due to clearer bands being obtained after detection. However, a shorter secondary 

incubation time (30 minutes) and lower secondary dilution (1:3000 in 3% TBS-T) was 

selected for DDB2 to minimize background problem. In addition, various washing 

procedures with different percentages of Tween-20 were investigated in order to 

decrease non-specific binding and thus reduce the background. The washing 

procedure that was selected for DDB2 is summarized in Table 2.9. The optimal 

conditions for western blotting for the three antibodies are summarized in Table 3.4.  

 

Table 3.4 The Optimal Conditions Selected for Western Blotting 

Variables TGFBI DDB2 MCM5 

Gel Percentage 10% 10% 10% 

Primary Antibody Polyclonal Rabbit Polyclonal Goat Monoclonal 
Mouse 

Primary Antibody Dilution 1:200 1:200 1:200 

Washing Procedure  1% TBS-T See Figure 3.4 1% TBS-T 

Washing Time  3 times for 5 min 2 times for 5 min 3 times for 5 min 

Secondary Antibody Anti-Rabbit HRP Anti-Goat HRP Anti-Rabbit HRP 

Secondary Antibody 
Dilution 

1:2000 (5%) Milk 1:3000 (3%) 
TBS-T 

1:2000 (5%) Milk 

Secondary Antibody 
Incubation Time 

45 min 30 min 
 

45 min 
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3.1.5 Optimization of Immunohistochemistry   

Normal breast tissues were used for optimization of TGFBI and DDB2, while normal 

tonsil tissue was used for MCM5. Different dilutions of the primary antibody were 

selected on the basis of the manufactures data sheet. Antigen retrieval was achieved 

using pressure cooking with various temperatures, time and buffering conditions (pH). 

In order to increase the staining intensity, different secondary/tertiary kits were also 

tested (Table 3.5).  

 

Table 3.5 Parameters Tested for Three Antibodies in Immunohistochemistry 

 

Antibody 

Antigen 

Retrieval 

Temp/Time 

 

Buffer 

Dilution of 

Primary 

Antibody 

 

Detection 

 

TGFBI 
 
120, 122, 124O 

 
30sec 

 
Citrate* 

 
TBE** 

 

 
1:25 
1:50 
1:75 
1:100 

 

 
ABC/HRP 

 
Duet 

 

 

 

DDB2 

 
 

 
120, 123, 125O 

 
30, 45, 60 sec 

 
 

Citrate 
 

TBE 
 

High pH*** 

 
1:20 
1:30 
1:40 
1:50 
1:60 
1:70 
1:75 
1:80 

 

 
 
 
 

ABC 

 

 

 

MCM5 

 
 
120, 123, 125O 

 
30, 45, 60sec 

 
Citrate 

 
TBE 

 
High pH 

 
TE**** 

 

 
1:25 
1:30 
1:40 
1:50 
1:75 
1:100 

 
 

ABC 
 

Duet 

           * Citrate (pH=6)    **TBE (pH=8.3)    *** High pH (pH=9)     **** TE (pH=7) 
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1- Transforming Growth Factor-Beta-Induced (TGFBI) 

Various TGFBI antibody dilutions were tested on normal breast tissue to establish 

optimal staining. Strong nuclear staining was observed in the epithelial cells of both 

ducts and lobules of normal breast tissue at dilutions of 1:20 (A), 1:25 (B) and 1:50 (C), 

moderate staining was seen at 1:75 (D), and very weak staining was observed at 1:100 

dilution (E) (Figure 3.5). Negative control showed no staining (Figure 3.5, F). 
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Figure 3.5 Example of TGFBI Optimization in Immunohistochemistry  

Citrate buffer was used for antigen retrieval of normal breast tissue at pressure cooker at 120oC for 30sec. Tissues were 
incubated overnight with polyclonal rabbit TGFBI antibody at 1:20 (A), 1:25 (B), 1:50 (C), 1:75 (D), and 1:100 
(E).Negative control, which is normal breast tissue was incubated with normal goat serum overnight (F). Images were 
captured using microscope at X40. (      ) represents nuclear staining, (*) represents ECM staining. 

 

 

 

X 40           X 40 

A. B. 

X 40  X 40  

X 40  X 40  

C. D. 

E. F. 

*
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2- DNA Damaged Binding-2 (DDB2) 

Various antigen retrieval buffers citrate, TBE and high pH were used to optimize the 

DDB2 antibody. Strong nuclear staining of the normal epithelial cells was observed 

particularly when the tissue was treated with high pH buffer (Figure 3.6, C) compared 

to faint nuclear staining obtained when citrate (Figure 3.6, A) and TBE buffers (Figure 

3.6, B) were used. 

 

          

 

 

Figure 3.6 Example of DDB2 Optimization in Immunohistochemistry  

Normal tissues were retrieved using citrate (A), TBE (B) and high pH (C) buffers with pressure cooker at 123oC for 
30sec. Images were captured using microscope at X40. (     ) represents nuclear staining.  

 

 

 

 

X 40 

 

X 40  
   

A. B. 

C. 

X 40 
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3- Minichromosomal Maintenance-5 (MCM5) 

Two different detection systems were used to optimize the MCM5 antibody on normal 

breast tissue sections. Faint nuclear staining was observed with both 

StreptABComplex/HRP Duet (Figure 3.7, A) and the StreptABComplex/HRP (Figure 

3.7, B) kits. Tonsil tissue showed stronger nuclear staining particularly in the 

lymphocytes with pressure cooking at 125oC/45sec (Figure 3.7, C) compared to 

125oC/60sec (Figure 3.7, D).  

 

      

             

Figure 3.7 Example of MCM5 Optimization in Immunohistochemistry  

Normal breast tissue (A and B) and tonsil tissue  (C and D) using citrate buffer at pressure cooker of 125oC for 45sec 
(A, B, C) was examined, and tonsil tissue was tested at pressure cooker of 125oC for 60sec (D). Tissues were incubated 
overnight with polyclonal rabbit MCM5 antibody at 1:30 dilution. Images were captured using microscope at X40. (     ) 
represents nuclear staining.       

 

 

X 40           X 40  

A. B. 

X 40    X 40  

C. D. 
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The final optimization conditions selected for the three antibodies are summarized in 

Table 3.6.  

 

Table 3.6 Final Parameters Selected for Immunohistochemistry Using the 3 Antibodies  

 

Variable 

 

TGFBI 

 

DDB2 

 

MCM5 

 

Pressure Cooker Temperature (oC) 

 

120 

 

125 

 

125 

 

Pressure Cooker Pressure (Psi) 

 

12 

 

15 

 

18.5 

 

Pressure Cooker Length of Time (Sec) 

 

30 

 

30 

 

45 

 

Antigen Retrieval Buffer 

 

Citrate* 

 

High pH** 

 

Citrate* 

 

Dilution of Primary Antibody 

 

1:75 

 

1:30 

 

1:30 

 * Citrate Buffer (pH= 6)    **High pH (pH= 9) 
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3.2 Analysis of TGFBI, DDB2 and MCM5 Expression in Cell Lines  

mRNA and protein expression of the three target genes (TGFBI, DDB2 and MCM5) 

were investigated in 6 breast cell lines (MCF-7, MDA-MB-231, HBL-100, MDA-MB-468, 

T-47D and ZR-75-1) using q-RT-PCR (Method 2.2.6) and Western Blotting (Method 

2.2.2) respectively.  

 

3.2.1 mRNA Analysis 

GAPDH (~350bp) manual PCR was performed for 30 cycles in order to confirm RNA 

integrity in cell lines and also to ensure a lack of genomic DNA contamination (Figure 

3.8). Similar intensity bands in the +RT reactions at 350bp (Figure 3.8, 1-6 (+)) 

confirmed that cDNA could be generated from 1μg of template. The –RT reactions 

were clear, indicating the absence of genomic DNA contamination (Figure 3.8, 1-6 (-)), 

and clear water blanks confirmed the lack of contamination in the PCR reaction (Figure 

3.8 W).  

 

 

 

 

 

Using q-RT-PCR, Ct triplicate repeats for the three targets and housekeeping genes 

were obtained for 6 breast cell lines. The values, means and standard deviations are 

shown in Table 3.7. For each individual cell line there was little variation in the values 

between the triplicates for each gene, confirmed by the low standard deviations 

obtained. Similar results were obtained for each housekeeping gene for each cell line 

for the three repeats, again with low standard deviations.  

 

 

 

L      1         2          3         4           5          6         W 
+ + + + + + - - - - - - 

~350bp 

Figure 3.8 Confirmation of cDNA 
Generation for 6 Cell Lines 
Using GAPDH 

cDNA for the 6 breast cell lines 
were tested using GAPDH 
manual PCR (1:MCF-7, 2: MDA-
MB-231, 3:HBL-100, 4:MDA-
MB-468, 5:T47-D and 6:ZR-75-
1). (+) = +RT, (-) = -RT, (L) 
=100bp ladder and (W) = water 
blank. 
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Table 3.7 Q-RT-PCR Data for the Six Breast Cell Lines  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GAPDH       

Ct1 18.74 19.91 19.04 19.98 22.15 19.51 

Ct2 18.8 19.85 19.50 19.89 22.11 19.60 

Ct3 18.65 20.02 19.56 20.02 22.18 19.52 

Mean 18.73 19.92 19.36 19.96 22.14 19.54 

Std 0.075 0.086 0.284 0.066 0.035 0.049 

       

HPRT1       

Ct1 23.17 22.88 22.03 23.42 25.43 23.34 
Ct2 23.26 23.00 22.17 23.43 25.38 23.31 

Ct3 23.18 22.99 22.10 23.64 25.35 23.33 

Mean 23.20 22.95 22.1 23.49 25.38 23.32 

Std 0.049 0.066 0.070 0.124 0.040 0.015 

       

TFRC       

Ct1 25.38 23.54 23.55 23.17 20.71 22.08 

Ct2 25.47 23.59 23.97 23.44 21.25 22.17 

Ct3 25.33 23.57 23.91 23.69 21.10 22.14 

Mean 25.39 23.56 23.81 23.43 21.02 22.13 

Std 0.070 0.025 0.227 0.260 0.278 0.045 

       

TGFBI       

Ct1 26.36 24.38 21.63 29.59 30.70 31.15 

Ct2 27.05 24.32 21.56 30.35 30.68 30.32 

Ct3 26.70 24.33 21.66 30.10 30.43 30.43 

Mean 26.70 24.34 21.61 30.01 30.60 30.63 

Std 0.345 0.032 0.051 0.387 0.105 0.450 

       

DDB2       

Ct1 22.75 24.70 24.24 24.9 23.89 21.75 

Ct2 22.67 24.73 24.24 24.97 23.50 21.36 

Ct3 22.69 24.66 24.23 24.85 23.47 21.40 

Mean 22.70 24.69 24.23 24.90 23.62 21.50 

Std 0.041 0.035 0.005 0.060 0.234 0.214 

       

MCM5       

Ct1 21.83 22.74 22.67 23.83 25.25 22.40 

Ct2 22.30 22.77 22.77 24.40 25.20 23.16 

Ct3 22.17 22.78 22.80 24.67 25.28 22.76 

Mean 22.10 22.76 22.74 24.30 25.24 22.77 

Std 0.242 0.020 0.068 0.428 0.040 0.380 

 
MCF-7      MDA-    HBL-100    MDA-       T47-D    ZR-75-1 
               MB-231                   MB-468 



Expression of TGFBI, DDB2 and MCM5 

 

103 
 

The q-RT-PCR results for the breast cell lines were then analysed relative to the 

expression by the immortalised normal cell line, HBL-100 (Figure 3.9).  

All the breast cancer cell lines showed that expression of TGFBI mRNA was lower than 

that of the HBL-100 cell line. The lowest TGFBI mRNA levels were observed in MDA-

MB-468, T-47D and ZR-75-1 cell lines. There was a wide variation between the three 

results for MCF-7 (SD = 0.345) (Figure 3.9, A).  

For DDB2, MCF-7, T47-D and ZR-75-1 cell lines showed higher mRNA levels relative 

to HBL-100, while MDA-MB-231 and MDA-MB-468 cells had similar levels to HBL-100 

(Figure 3.9, B). The levels of DDB2 mRNA levels were higher in all of ER/PR positive 

cell lines.  

MCF-7 cells had higher levels of MCM5 mRNA relative to HBL-100. MDA-MB-231 

levels were slightly higher; MDA-MB-468 and T47-D levels lower than HBL-100. ZR-75-

1 showed variation between triplicates, making determination of expression level 

difficult (Figure 3.9, C).  
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A.

B.

C.

Figure 3.9 Relative Expression of TGFBI, DDB2 and MCM5 mRNA in 5 Breast Cell Lines  

The TGFBI (A), DDB2 (B) and MCM5 (C) mRNA was calculated for 5 breast cell lines as a relative expression of 
HBL-100. The bars represent the standard deviation across the triplicate repeats. TGFBI bars could not be 
presented in the graph as negative or zero values cannot be plotted correctly on log charts; therefore, their standard 
deviation is shown in Table 3.7. 
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3.2.2 Western Blot Analysis of Cell Lines  

Blots show representative examples of 3 repeats for each protein. TGFBI protein 

expression was investigated in 6 breast cell lines and 3 normal breast organoids, which 

demonstrated the presence of various TGFBI isoforms.  Each Western Blot showed a 

lack of TGFBI of higher molecular weight (68kDa) form in both breast cancer cell lines 

and organoids. Three bands of different molecular weights (55.7kDa, 51.8kDa and 

45.5kDa) were observed in the organoids only, particularly for lanes 8 and 9 (Figure 

3.10, A). These isoform sizes match with the human splice variants published (Thierry-

Mieg, 2006). No bands were detected for the breast cancer cell lines. 

DDB2 protein (48kDa) was only expressed in organoids and was absent in breast cell 

lines (Figure 3.10, B). However, a weaker band was seen in all breast cell lines at 

~51kDa which was not expressed by organoids.  

MCM5 (82kDa) was expressed in all breast cell lines at varying levels. Minimal 

expression of MCM5 was seen in one of the organoids (Figure 10, C, Lane: 7), but was 

absent in the other two (Figure 10, C, Lane: 8 and 9). However, these two samples 

showed a band of a lower molecular weight (~70kDa).  
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A. 

B. 

C. 

Figure 3.10 Western Blotting Analysis of TGFBI, DDB2 and MCM5 Protein Expression 

The protein level of the three genes, TGFBI (A), DDB2 (B) and MCM5 (C) was investigated in the 6 breast cell lines (1: 
MCF-7, 2: MDA-MB-231, 3: HBL-100, 4: MDA-MB-468, 5: T-47D and 6: ZR-75-1) and 3 normal breast organoids (Lane 
7-9). Lower panel (42kDa) is the �-Actin loading control, which was assessed for all proteins. (M)= 10μl BioRad 
Precision Plus Dual (molecular weight marker). 
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3.2.3 Summary of Cell Lines mRNA and Protein Results 

The q-RT-PCR results showed that TGFBI mRNA is down-regulated in all cell lines 

examined relative to HBL-100, which was also confirmed by western blotting where 

TGFBI protein (68kDa) was absent from all the breast cell lines. HBL-100 expressed 

mRNA but showed no band at the 68kDa. The various molecular weights forms 

expressed by the organoids could be the result of alternative splicing of the TGFBI 

gene (Table 1.10).  

Higher DDB2 mRNA expression was observed in ER/PR positive cell lines (MCF-7, 

T47-D and ZR-75-1), while lower expression was found in ER/PR negative cell lines 

(HBL-100, MDA-MB-231 and MDA-MB-468). However, western blotting showed the 

same band intensity at molecular weight of ~51kDa for all the cell lines examined. This 

molecular weight is different to the reported size (48kDa), which was present in the 

normal organoids. This size differences might relate to alternative splicing of the DDB2 

gene, which was been shown to produce four DDB2 protein isoforms (Table 1.14).  

MCF-7 and MDA-MB-231 cell lines showed the highest MCM5 mRNA expression, 

while T47-D and MDA-MB-468 showed lower levels relative to HBL-100. The ZR-75-1 

cell line had almost similar MCM5 mRNA expression to HBL-100 but wide variation 

between triplicates made determination of expression level difficult. Western blotting 

results were consistent with the mRNA data for ZR-75-1, T47-D and MDA-MB-468 but 

small differences were seen in the expression of the protein in MCF-7 and MDA-MB-

231, which were expected to show stronger bands than HBL-100, but showed similar 

band intensity.  
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3.3 Analysis of TGFBI, DDB2 and MCM5 Expression in Breast Tissues 

Expression of TGFBI, DDB2 and MCM5 was investigated in 8 normal breast organoids, 

11 normal/benign breast tissues (only 9 analysed) and 43 breast cancers (only 36 

analysed) using q-RT-PCR. In addition, TGFBI protein was assessed in 4 normal 

breast samples and 6 breast cancers using western blotting. These cases were 

selected from the q-RT-PCR analysed samples.  

The frozen normal/benign tissues (Table 3.8) were stained with Haematoxylin (H&E) 

and Eosin before RNA analysis to check the nature and cellularity of the tissue 

(Examples shown in Figure 3.11).  

 

Table 3.8 Assessment of Normal/Benign Breast Tissues 

Number of 
Tissue 

Histopathological 
Features  

A1 Normal breast 

B1 Benign changes and 
normal breast  

C1 Normal breast  

D1 Normal breast  

E1 Benign changes  

F1 Benign changes  

G1 Benign changes and 
normal breast  

H1 Normal breast  

I1 Benign changes and 
normal breast  

J1 Normal breast  

K1 Normal breast  

Gray samples not included in the q-RT-PCR analysis 

 

 

 

 

 

Figure 3.11 H&E Staining for Normal/Benign 
Tissues 

Mild cystic change (A), and normal breast tissue (B). 
Images were taken at X20.

A. 

B. 

X20 

X20 
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All frozen samples of breast cancers were also assessed prior to RNA extraction. For 

each sample the extent of the sample containing invasive cancer was determined 

(Table 3.9). Only those with 50% or more of the tissue containing invasive cancer were 

analysed by q-RT-PCR; 4 of these had a predominance of In-Situ carcinomas (Figure 

3.12).    

Table 3.9 Percentage of Invasive Areas in Breast Cancer Tissues  

Number 
of Case 

Invasive 
(%) 

  1 * 60 
      2 70 
      3 80 
      4 90 

  5 * 70 
6 70 

  7 * 50 
8 70 
10 80 
 12 75 
 13 60 
 14 75 
 15 40 
 17 75 
 18 80 
 19 50 

    21 ** 5 
 23 80 
 24 90 
 25 80 
 27 70 
 28 70 

   31 * 40 
 32 70 
 33 70 
 34 80 
 36 60 
 37 70 

   39 * 70 
 41 60 
 44 60 
 46 25 
 47 50 
 49 80 
 50 60 
 57 Little 
 58 30 
 59 70 
 60 60 
 62 80 
 63 80 
 65 30 
 67 70 

      Gray case not included in the q-RT-PCR analysis  
       *In-Situ area is present  
 

 

 

Figure 3.12 H&E Staining for Breast Cancers  

Invasive breast cancer tissue (A) and invasive breast 
cancer with an In-Situ area (B) stained with H&E. The 
images were captured at X20.  

A. 

B. 

X20 

X20 
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3.3.1 mRNA Analysis 

RNA was successfully isolated from all tissues and organoids as confirmed by manual 

GAPDH PCR. Strong bands were observed in organoids (100bp) (Figure 3.13, A1) and 

breast cancers (~350bp) apart from case number 7, 13 and 47 (Figure 3.13, B), 

confirming good cDNA quality. Eleven normal/benign tissues were investigated; the 

majority showed fainter bands (~350bp) particularly H1 and J1 (Figure 3.13, A2) due to 

low cellularity. Although the Tri-Reagent method was used for extracting RNA from 

benign and normal samples to increase the amounts of mRNA yield, less efficient 

cDNA was obtained compared to breast cancers and organoids. Therefore, these H1 

and J1 were excluded from the further analysis. Absence of DNA contamination in –RT 

reactions and water blanks were confirmed (PCR=30 Cycles).  
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Table 7 Means of the q-RT-PCR for Cancers, Normal/Benign and Organoids 
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L   A  B  C   D   E   F  G  H 

L    A B  C  D   E   F   G  H  W 

L       A1      B1      C1      D1 L  E1   F1  G1  H1   I1  J1   K1 

A. 

1. 

2. 

100bp 

~350bp ~350bp 

B. 

Figure 3.13 Generation of cDNA from Organoids, Normal/Benign 
and Cancers 

Manual GAPDH-PCR was performed for organoids (A1) at 100bp, 
and was also performed for benign/normal (A2) and breast cancer 
cases (B) at ~350bp. (*) represents the –RT reactions.  

~350bp 

~350bp 

*

* * * * * * * * * * *

* * * * * * * * * * * * *

* * * * * * * * * *

* * * *

* *

* * * * * * **

*

L     24       8       1       23       37       2       

L        36           3             7            13     

L    67     63    33     60     41     50    28 

L      59         62 

L    19     39     27     34      5        6       4    

L     17       14       18      44      32     10  

L        49          12           47          25 

~350bp 

~350bp 
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The mean of q-RT-PCR triplicate readings for each of the breast cancers, 

normal/benign and organoids for three targets (TGFBI, DDB2 and MCM5) and 

housekeeping (GAPDH, HPRT1 and TFRC) genes are shown in Table 3.10.  

For several samples Ct values were high for the endogenous controls, particularly 

TFRC assay, which might indicates either low concentration of RNA or poorer quality. 

However, no Ct values went beyond 35 cycles (limit for most q-RT-PCR analysis) 

except for few samples that showed high Ct value for TFRC assay only which were 3 

breast cancers (5*, 7*, 10), 5 organoids (A, C, E, F and H) and 2 normal/benign tissues 

(B1 and D1). Only one breast cancer sample (44) showed Ct values higher than 35 for 

the three housekeeping genes. Thus, the q-RT-PCR results for all the samples were 

still included in the data analysis.  

 

Table 3.10 Mean of Ct values for 6 Genes Analyzed in Cancers, Normal/Benign and Organoids 

 GAPDH HPRT1 TFRC TGFBI DDB2 MCM5 

Breast 
Cancers 

      

1* 22.25 28.73 33.98 31.36 32.04 30.17 
2 20.92 26.90 29.14 28.23 29.72 28.26 

3 21.01 28.86 32.32 28.88 30.36 30.96 

4 24.66 28.20 32.09 29.51 29.50 29.50 
5* 26.20 31.67 35.83 31.33 33.77 31.30 

6 20.42 26.08 29.87 25.54 29.95 27.40 

7* 26.65 29.38 35.62 30.91 30.61 31.61 
8 24.97 27.98 31.58 28.64 29.02 29.93 

10 28.65 31.61 35.04 31.95 34.48 33.33 

12 24.97 29.11 32.02 29.14 29.90 29.86 
13 22.74 27.91 29.74 27.75 29.62 27.94 

14 24.45 30.12 32.11 26.92 29.90 29.71 

17 25.73 28.63 30.85 29.58 30.46 29.82 

18 22.06 26.45 30.06 26.69 26.82 25.38 

19 23.90 27.85 30.06 27.50 27.52 29.32 
23 22.22 29.00 33.02 30.99 32.42 30.91 

24 25.81 28.41 31.82 29.76 30.92 30.71 

25 23.44 27.90 29.31 29.10 28.93 28.97 
27 24.72 29.93 32.54 29.19 30.31 30.92 

28 25.33 29.38 33.89 31.51 30.67 30.98 

32 25.16 31.24 32.19 31.05 31.40 31.01 
33 21.05 27.06 28.32 25.18 29.13 28.65 

34 20.96 26.49 28.50 25.12 25.81 26.50 

36 26.16 31.03 36.07 29.61 34.74 33.09 
37 24.48 30.64 29.81 28.20 32.32 29.78 

39* 22.40 27.52 29.64 27.50 27.69 27.12 

41 21.71 27.01 28.76 26.34 28.87 29.00 
44 30.52 35.18 38.79 35.95 35.09 36.69 
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47 27.98 31.73 34.83 27.67 33.07 32.55 

49 20.94 26.43 28.17 27.41 28.09 27.16 
50 24.68 30.30 34.15 29.08 30.65 30.90 

59 28.39 32.75 35.40 32.29 34.49 33.98 

60 24.52 28.86 32.08 29.18 29.32 30.92 
62 26.84 28.60 33.30 28.89 30.61 30.93 

63 25.14 28.88 32.85 29.67 30.17 30.62 

67 25.33 29.38 33.89 31.51 30.67 30.98 

       

Organoids       

A 28.72 32.30 36.12 30.68 32.06 31.54 

B 28.22 27.54 33.63 30.64 30.25 30.69 

C 32.97 34.96 35.24 34.92 36.07 36.05 

D 26.78 27.08 28.86 29.28 29.65 30.39 

E 29.34 30.44 36.73 34.55 34.71 32.32 

F 28.95 31.33 35.80 34.02 33.11 31.74 

G 26.78 27.22 31.65 30.75 32.41 30.60 

H 31.31 33.78 39.02 36.88 35.73 35.54 

       

Normal/Benign       

A1 29.86 32.16 33.21 32.60 33.45 33.87 

B1 31.79 34.72 35.39 34.24 35.30 34.19 

C1 28.75 30.23 34.22 32.24 32.29 33.26 

D1 31.48 35.56 36.29 33.82 35.73 35.17 

E1 25.04 30.25 31.88 27.59 31.21 30.64 

F1 23.52 27.54 30.83 25.78 28.98 29.34 

G1 25.29 30.29 32.03 27.68 30.91 30.73 

I1 24.16 29.03 31.84 27.75 30.36 29.99 

K1 23.55 26.90 30.31 26.16 28.68 28.77 

(*) = In-Situ area is present 

 

The majority of the breast cancers showed lower levels of TGFBI mRNA relative to the 

mean �Ct of normal/benign tissues apart from 6 tumours, which 4 of them showed 

TGFBI over-expression (47, 14, 36 and 39*) while the other two (62 and 50) showed 

the same relative expression to the mean �Ct of normal/benign tissues. The organoids 

revealed down-regulation expression of TGFBI mRNA relative to the normal/benign 

tissues except for organoid “A”, which showed over-expression of TGFBI (Figure 3.14, 

A).  

Approximately equal number of breast cancers showed over (17 cases) and under (18 

cases) expression of DDB2 mRNA relative to the mean �Ct of normal/benign samples 

investigated. Only one breast tumour showed similar DDB2 mRNA expression with 

normal/benign tissues. Four of the organoids showed over-expression, 3 detected 
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under-expression and only one case revealed similar expression to normal/benign 

tissues (Figure 3.14, B).  

Thirteen out of the 36 investigated breast cancers showed higher MCM5 mRNA 

relative to the mean �Ct of normal/benign samples. Eighteen tumours showed low and 

five detected similar MCM5 mRNA levels relative to normal/benign tissues. Five of the 

organoids showed over and 3 under expression of MCM5 mRNA levels relative to 

normal/benign tissues (Figure 3.14, C).  
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Q-RT-PCR -�Ct data for TGFBI, DDB2 and MCM5 are presented as box and whisker 

plots for the three groups: 9 normal/benign tissues, 36 breast cancers (invasive area ¢�

50%) and 8 organoids. A kruskal-Wallis test was selected for analysis because -�Ct 

values for the three groups showed no normal distributed (Shapiro Wilk test, p<0.05).  

A kruskal-Wallis test (One-Way ANOVA, analysis of variance) showed a statistical 

significant difference for TGFBI between the three different groups (Figure 3.15, A). 

The median of TGFBI -�Ct of the normal/benign tissues was significantly higher 

compared to both breast cancers and organoids samples using Bonferroni and post-

hoc correction (kruskal-Wallis test, p<0.05) (Table 3.11). Although higher median -�Ct 

was observed for breast cancers compared to organoids no significant difference was 

found between the two groups (kruskal-Wallis test, p>0.05)  (Figure 3.15, A). 

Both DDB2 and MCM5 showed no significant difference in the three median -�Ct 

values (Table 3.11) between the three different groups (Figure 3.15, B and C).  

 

Table 3.11 Data of -�Ct of Whisker Plots for the Three Target Genes  

 TGFBI DDB2 MCM5 

Tissue N/B C O N/B C O N/B C O 
Median 0.62 -0.48 -1.85 -1.70 -1.86 -1.38 -1.64 -1.70 -0.86 

Minimum  -1.17 -3.04 -2.38 -2.15 -4.33 -3.86 -2.19 -3.56 -2.81 

Maximum 1.53 3.84 1.69 -1.22 -0.061 0.33 -0.22 0.81 0.83 

Range 2.70 6.88 4.08 0.93 4.27 4.19 1.96 4.37 3.65 
            NB= Normal/Benign Tissues       C= Breast Cancers         O= Orangoids Samples  
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*

Figure 3.15 Box and Whisker Plots for the Three Target Genes  

The -�Ct of TGFBI (A), DDB2 (B) and MCM5 (C) for the three groups including benign tissue, cancer cancers 
and organoids are presented in box and whisker plots. (*) = p<0.05 of the Kruskal Wallis test with Bonferroni 
and post-Hoc tests. (�) = Outlier samples that present outside the range of the Whisker Plot.  

*

*A. 

B. 

C. 
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The -�Cts for all breast cancers were correlated with the clinicopathological variables 

including tumour size, tumour grade, lymph node metastasis, ER and PR status and 

HER-2 for the three target genes (Table 3.12).  

The -�Ct results for three genes were correlated with tumour size and grade (Table 

3.12). TGFBI, DDB2 and MCM5 showed no differences in the -�Ct between the two 

different sizes of the tumour (����������§����).  

Both TGFBI and MCM5 showed no differences in the -�Ct between grade III and grade 

II; however, there was a significant correlation between the -�Ct of DDB2 and the 

grade of the tumour (Mann Whitney, p<0.05) (Table 3.12). Higher DDB2 mRNA levels 

were found in grade II tumours compared to grade III tumours (Figure 3.16, A).  

Q-RT-PCR results for the three target genes for breast cancers were correlated to the 

lymph node status, ER, PR status and HER-2 (Table 3.12). TGFBI, DDB2 and MCM5 

results showed no significant correlation between -�Ct values and lymph node status. 

However, there was a significant correlation between the -�Ct for DDB2 of the breast 

cancers and their ER status (Table 3.12), with higher levels of DDB2 in the ER-positive 

cancers compared to the ER-negative tumours using Mann-Whitney test (p=0.04) 

(Figure 3.16, B). 

The three genes showed no relationship between their mRNA levels and both PR and 

HER-2 status (Mann-Whitney test, p>0.05).  
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Table 3.12 Correlation of Clinicopathological Features and -�Cts of Breast Cancers for the 3 Genes   

Clinicopathological 

Features 

Number 

of 

Cases 

TGFBI DDB2 MCM5 

M IR p M IR p M IR p 

 

 

Size 

 

 

�20mm 

 

12 

 

-0.13 

 

1.46 

 

 

0.25 

 

-2.09 

 
2.83 

 

 

0.34 

 

-1.85 

 
0.79 
 

 
 

0.11 

 
 

 

>20mm 

 

24 

 

-0.84 

 

1.25 

 

-1.39 

 

1.62 

 

-1.45 

 

0.87 

 

 

Grade 

 

 

II 

 

13 

 

-0.51 

 
1.31 
 

 

 

0.52 

 

-1.14 

 
1.22 
 

 
 

* 
0.02 

 

 

-1.66 

 
0.76 
 

 
 
 
0.87  

III 

 

23 

 

-0.50 

 

1.44 

 

-2.05 

 

1.77 

 

-1.57 

 

0.87 

 

 

Lymph 

Node 

Metastasis 

 

 

POS 

 

19 

 

-0.47 

 

 
1.29 

 
 

 

0.59 

 

-1.87 

 

 
1.65 
 
 

 
 

 

0.40 

 

-1.48 

 

 
0.70 
 
 

 
 

 

0.52 

 
 

NEG 

 

17 

 

-0.51 

 

1.88 

 

-1.18 

 

2.25 

 

-1.85 

 

0.86 

 

 

ER 

 

 

POS 

 

25 

 

-0.69 

 
1.38 

 
 

0.40 

 

-1.20 

 
1.68 
 

 

* 
0.04 

 

-1.66 

 
0.81 
 

 
 

0.81 
 

NEG 

 

10 

 

-0.14 

 

1.61 

 

-2.63 

 

2.37 

 

-1.76 

 

2.04 

 

 

PR 

 

 

POS 

 

26 

 

-0.60 

 
1.38 
 

 
 

0.57 

 

-1.21 

 
1.69 
 

 
 

0.05 

 

-1.57 

 
0.81 
 

 
 

0.40 
 

NEG 

 

9 

 

-0.18 

 

2.03 

 

-2.72 

 

2.60 

 

-1.95 

 

1.58 

 

 

HER-2 

 

 

POS 

 

3 

 

-1.19 

 

 
------ 

 

 

 

0.07 

 

-1.18 

 
 ------ 
 

 
 

 

0.51 

 

-1.18 

 

 
 ----- 
 

 
 

 

0.52  

NEG 

 

15 

 

-0.23 

 

0.88 

 

-1.56 

 

1.28 

 

-1.66 

 

0.88 
M = Median  IR = Interquartile Range  p = Mann-Whitney test p value (*p<0.05) 
ER=Oestrogen Receptor PR=Progesterone Receptor     HER-2= Epidermal Growth Factor Receptor-2  
NEG= Negative  POS=Positive 
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The -�Ct values for TGFBI, DDB2 and MCM5 were correlated with patient age (Figure 

3.17). The Pearson correlation test was selected for analysis because the age variable 

was shown to be normally distributed (Shapiro-Wilk test, p>0.05).  

There was significant correlation between both TGFBI and DDB2 mRNA expression 

levels and patient age (Pearson correlation test, one tailed p=0.04 (TGFBI) and 

p=0.025 (DDB2)), with higher mRNA levels of the two genes being associated with 

older patients (Figure 3.17). However, MCM5 mRNA levels were not associated with 

patient age (Pearson correlation test, one tailed p=0.18).  

 

 

Figure 3.16 Summary of DDB2 -�Ct Data Correlated with Tumour Grade and ER status  

Summary of the DDB2 -�Ct for all the breast cancers in relation to tumour grade (A) and ER status (B). (*) = 
Significant difference (p<0.05) using Mann Whitney test. (·��¬����`��������&��#��#���#�&�������������&�������^�&����
plot range.  

A. 

B. 

*

*
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Figure 3.17 Summary of -�Ct Data Correlated to Age for the Three Genes 

The -�Ct of all breast cancers for TGFBI (A), DDB2 (B) and MCM5 (C) were correlated with patient age using 
Pearson correlation test. *p<0.05 confirms that there was correlation between the patient age and the mRNA 
expression 

A. 

B. 

C. 

*p<0.05 

*p<0.05 

p>0.05 
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3.3.2 Western Blotting for Breast Tissues  

TGFBI protein expression was investigated in 6 frozen breast cancers and 4 frozen 

normal breast tissues. TGFBI protein was detected in all 6 breast cancers with different 

band intensities at molecular weight of 68kDa (Figure 3.18, A), while this isoform was 

absent in the organoid (Org) and ZR-75-1 cell line (ZR) controls.  Two strong bands 

(55.7kDa and 45.5kDa) and one much fainter band (51.8kDa) were observed in the 

organoid sample.  

TGFBI protein was detected in the 4 normal breast tissues (A1, B1, C1 and D1), with 

similar band intensity compared to the two tumours (25 and 47) apart from A1, which 

showed a fainter band intensity (Figure 3.18, B).  

The �-Actin (42kDa) was assessed to ensure equal loading but no bands were seen in 

the normal tissues (Figure 3.18, B). 

 

3.3.3 Correlation between TGFBI mRNA and Protein Expression by Western 
Blotting 

The TGFBI -�Ct for the breast cancers 5, 10 and 60 was -0.1, -0.2 and -0.7 

respectively, indicating approximately similar -�Ct. The cases numbers 5 and 10 

showed moderate band intensities; however, case number 60 showed slightly stronger 

band compared to the rest (Figure 3.18, A).  

Both breast cancers number 25 and 49 had the same -�Ct; however, case number 49 

showed a stronger band compared to case number 25. The case number 47 showed 

the highest -�Ct compared to the rest of the tumours but western blotting detected 

fainter band compared to the rest of tumours apart from case number 25.  

The normal tissues that were analyzed using western blotting showed similar band 

intensity compared to the two tumours apart from A1 and C1 in spite of obtaining 

different -�Ct values (Figure 3.18, B). 

Both ZR-75-1 and normal organoid showed absent of TGFBI protein at molecular 

weight of 68kDa, which was supported by the mRNA data, as -�Ct was very low. 
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Figure 3.18 Western Blot Analysis of TGFBI Expression in Normal Tissues and Breast Cancers 

The protein level of TGFBI was examined in 6 breast cancers (A) and in 4 normal tissues (B). The number of breast 
cancers and normal tissues presented according to table 3.9 and 3.8 respectively. (ZR) = ZR-75-1 cell line and (Org) = 
�����`������������-Actin, loading control, was assessed to ensure equal loading (42kDa). In addition, -�Ct for each of 
the samples is also included to allow easier comparison between the two methods.     

 

 

 

 

 

 

     M     5      10      47      60      25      49       ZR    Org 

A. 

B. 

   M    A1     B1     C1     D1     25      47    ZR  Org 

68kDa 
55.7kDa 
51.8kDa 
45.5kDa 

42kDa 

42kDa 

68kDa 
55.7kDa
51.8kDa 
45.5kDa 

100kDa 
75kDa 

50kDa 

37kDa 

50kDa 

37kDa 

100kDa 
75kDa 

50kDa 

37kDa 

50kDa 

37kDa 

 -�Ct    -0.1   -0.2    3.8    -0.7  -2.2     -2.2      -9.1  -2.4 

 -�Ct   -0.9   -0.3    1.17   0.6   -2.2    3.8   -9.1   -2.4 
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3.4 Immunohistochemistry Results  

3.4.1 Assessment of Antibody Staining  

Assessment of TGFBI and DDB2 was undertaken by myself initially, and then they 

were assessed jointly with Professor RA Walker. A re-assessment of my ability to 

assess the staining was undertaken. Staining for both proteins was scored by myself 

several months after the joint assessment, without knowledge of the first score. Kappa 

statistical test was performed according to Landis and Koch (1977) to compare the 

repeatability of my values. The agreement for TGFBI and DDB2 staining was 

moderate; kappa was found to be 0.45 and 0.57 respectively with p<0.05. Therefore, 

the values agreed with Professor Walker were used in the analyses. Assessment of 

MCM5 was undertaken by Professor Walker, since there was prominent staining of 

stromal cells between the tumour cells which made interpretation difficult.    

 

1- Transforming Growth Factor Beta Induced (TGFBI)  

 

Normal Breast Tissues  

TGFBI expression was examined in 8 normal breast tissues. All of them showed 

variable nuclear staining in the epithelial cells of both ducts and lobules (Figure 3.19). 

In addition, weak ECM staining was observed in some samples. The strongest nuclear 

staining was observed in the normal breast tissue present in Figure 3.16; therefore, this 

tissue was chosen to be used as positive control in all the TGFBI IHC tests.  

 

           

Figure 3.19 Normal Breast Tissues Tested for TGFBI Staining  

Normal breast tissue was retrieved using citrate buffer at pressure cooker at 120oC for 30sec. Tissues were incubated 
overnight with polyclonal rabbit TGFBI antibody at 1:75. Image was captured at X20.  (       ) = nuclear staining.  

X20 
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Breast Cancer Tissues  

All 67 breast cancer tissues were assessed together with Professor Rosemary Walker 

to determine both the intensity and extent of the nuclear staining in the normal, in-situ 

and invasive areas compared to the positive control; ECM staining was assessed in the 

cancers (Appendix III). 

Normal tissue was present in 38 of the breast cancers were assessed. Twenty eight of 

the 38 cancers (73.7%) had no or weaker nuclear staining of normal cells compared to 

the positive control. In 10 cases (26.3%) the nuclear staining intensity was the same as 

in the positive control.  

In-situ carcinoma was present in 30 of the breast cancers. Eighteen (60%) were 

completely negative or had <1% of the nuclei stained. Ten of the 30 cases (33.3%) had 

5%, 10% or 11-50% nuclear staining in the in-situ carcinoma, whereas, only two cases 

(6.7%) showed nuclear staining in more than 50% of the in situ area (Figure 3.20, A).  

Invasive cancer was present in all 67 cases. Forty six of the 67 (68.7%) had 0% or 

<1% nuclear staining. Sixteen (23.9%) of the cases had 5-50% nuclear staining in the 

invasive area, whilst 5 cases (7.4%) showed nuclear staining in >50% of the invasive 

cancer (Figure 3.20, B).  

ECM staining was present in 48 out of the 67 cases (71.6%), with 19 (28.4%) of the 

cases lacking it (Figure 3.20, C and D). 

Thirty breast cases had both in-situ and invasive areas. Seventeen of these cases 

(56.7%) had the same nuclear staining in both in-situ and invasive areas. Thirteen of 

the cases had 0% or had <1% nuclear staining; 3 had 5%, 10% or 11-50%, and only 

one case had >75% of the nuclear staining in both areas. Additionally, 8 of the 30 

cases (26.7%) had less nuclear staining in the invasive compared to the in-situ 

carcinoma, and 5 (16.6%) had more nuclear staining.  

TGFBI staining results for each of the breast cancer cases are shown in Appendix III. 

The findings for normal, in-situ, invasive and ECM staining in relation to patient age 

and pathological features are shown in Tables 3.13-3.16.  
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Figure 3.20 Examples of TGFBI Staining in Breast Cancers  

Breast cancer cases were retrieved using citrate buffer at pressure cooker at 120oC for 30sec. Tissues were incubated 
overnight with polyclonal rabbit TGFBI antibody at 1:75 dilution. A= 10% nuclear staining of ductal carcinoma in-situ, B= 
50-75% nuclear staining of invasive breast cancer, C and D= 75% and 5% Stromal Staining. Images were captured A-D 
using microscope at X40. Negative controls are also presented (A*-D*). 

B. 

C. 

B*. 

C*. 

D. D*. 

X40 X40 

X40 X40 

X40 X40 

A. A*. 

X40 X40 
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Table 3.13 Summary of the TGFBI Immunohistochemistry Results for the Normal Tissue Associated with Breast 
Cancers  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
      

Nuclear Staining of Normal Area   

Negative/Weaker 
than Control 

Similar to 
Control 

Total 

 
 
 
Age 

 
�	
 

 
10 

 
2 

 
12 

 
36-49 

 
10 

 
4 

 
14 

 
�
� 

 
8 

 
4 

 
12 

 
 
 
Size 
 

 
���� 

 
14 

 
4 

 
18 

 
>2mm 

 
14 

 
6 

 
20 

 
 
 
Grade 
 

 
I and II 

 
14 

 
7 

 
21 

 
III 

 
14 

 
3 

 
17 

 
 
Lymph 
Node 
Metastasis 

 
POS 

 
17 

 
4 

 
21 

 
NEG 

 

 
11 

 
6 

 
17 

 
 
 
ER 
 

 
NEG 

 
3 

 
1 

 
4 

 
POS 

 
25 

 
9 

 
34 

 
 
 
PR 
 

 
NEG 

 
3 

 
2 

 
5 

 
POS 

 
25 

 
8 

 
33 

 
 
HER-2 
 

 
NEG 

 

 
10 

 
3 

 
13 

 
POS 

 
1 

 
1 

 
2 
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Table 3.14 Summary of the TGFBI Immunohistochemistry Results for the In-Situ Tissue Associated with Breast Cancers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
      

In Situ Staining   

Negative 
<1% 

 

 
5-50% 

 
>50% 

 
Total 

 
 
 
Age 

 
�	
 

 
6 

 
3 

 
0 

 
9 

 
36-49 

 
9 

 
5 

 
0 

 
14 

 
�
� 

 
3 

 
2 

 
2 

 
7 

 
 
 
Size 
 

 
���� 

 
6 

 
5 

 
0 

 
11 

 
>2mm 

 
12 

 
5 

 
2 

 
19 

 
 
 
Grade 
 

 
I and II 

 
7 

 
4 

 
2 

 
13 

 
III 

 
11 

 
6 

 
0 

 
17 

 
 
Lymph 
Node 
Metastasis 
 

 
NEG 

 
8 

 
6 

 
1 

 
15 

 
POS 

 

 
10 

 
4 

 
1 

 
15 

 
 
 
ER 
 

 
NEG 

 
2 

 
3 

 
0 

 
5 

 
POS 

 
16 

 
7 

 
2 

 
23 

 
 
 
PR 
 

 
NEG 

 
3 

 
3 

 
0 

 
6 

 
POS 

 
15 

 
7 

 
2 

 
24 

 
 
HER-2 
 

 
NEG 

 

 
5 

 
2 

 
1 

 
8 

 
POS 

 
4 

 
1 

 
0 

 
5 
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Table 3.15 Summary of the TGFBI Immunohistochemistry Results for the Invasive Tissue Associated with Breast 
Cancers 

 

 

 

      Invasive Staining   

Negative 
<1% 

 

 
5-50% 

 
>50% 

 
Total 

 
 
 
Age 

 
�	
 

 
12 

 
4 

 
2 

 
18 

 
36-49 

 
19 

 
4 

 
1 

 
24 

 
�
� 

 
15 

 
8 

 
2 

 
25 

 
 
 
Size 
 

 
���� 

 
15 

 
7 

 
2 

 
24 

 
>2mm 

 
31 

 
9 

 
3 

 
43 

 
 
 
Grade 
 

 
I and II 

 
19 

 
9 

 
3 

 
31 

 
III 

 
27 

 
7 

 
2 

 
36 

 
 
Lymph 
Node 
Metastasis 
 

 
NEG 

 
26 

 
8 

 
2 

 
36 

 
POS 

 

 
20 

 
8 

 
3 

 
31 

 
 
 
ER 
 

 
NEG 

 
12 

 
2 

 
1 

 
15 

 
POS 

 
34 

 
13 

 
4 

 
51 

 
 
 
PR 
 

 
NEG 

 
13 

 
2 

 
1 

 
16 

 
POS 

 
33 

 
13 

 
4 

 
50 

 
 
HER-2 
 

 
NEG 

 

 
20 

 
3 

 
0 

 
23 

 
POS 

 
4 

 
1 

 
1 

 
6 
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Table 3.16 Summary of the TGFBI Immunohistochemistry Results for the Stromal Staining  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Stromal Staining   

Negative 
 

1-20% 20-50% >50% 
 

 
Total 

 
 
 
Age 

 
�	
 

 
3 

 
10 

 
3 

 
2 

 
18 

 
36-49 

 
7 

 
12 

 
3 

 
2 

 
24 

 
�
� 

 
8 

 
7 

 
5 

 
5 

 
25 

 
 
 
Size 
 

 
���� 

 
5 

 
11 

 
5 

 
3 

 
24 

 
>2mm 

 
13 

 
18 

 
7 

 
6 

 
43 

 
 
 
Grade 
 

 
I and II 

 
7 

 
14 

 
6 

 
4 

 
31 

 
III 

 
11 

 
15 

 
5 

 
5 

 
36 

 
 
Lymph 
Node 
Metastasis 
 

 
NEG 

 
11 

 
16 

 
3 

 
6 

 
35 

 
POS 

 

 
7 

 
13 

 
8 

 
3 

 
32 

 
 
 
ER 
 

 
NEG 

 
3 

 
5 

 
3 

 
4 

 
15 

 
POS 

 
14 

 
24 

 
8 

 
5 

 
51 

 
 
 
PR 
 

 
NEG 

 
2 

 
7 

 
3 

 
4 

 
16 

 
POS 

 
15 

 
22 

 
8 

 
5 

 
50 

 
 
HER-2 
 

 
NEG 

 

 
6 

 
10 

 
5 

 
2 

 
23 

 
POS 

 
2 

 
4 

 
0 
 

 
0 

 
6 
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Statistical Analysis of TGFBI IHC Results  

Chi-squared (X2) test was performed to investigate whether there was a significant 

correlation between the clinic-pathological features of the breast carcinoma cases and 

the extent of the nuclear staining in normal, in-situ and invasive areas; the ECM 

staining was also tested.  

Two different ways of grouping the extent of staining was conducted for in-situ, invasive 

and ECM areas to perform the chi-squared test. Statistical analysis was carried out 

using 3 groups (negative and <1%, 5-50% and >50%) of staining for the in-situ and 

invasive areas, while 4 groups (negative, 1-20%, 20-50% and >50%) of staining was 

categorized for the ECM (Table 3.17). Because of the small number of cases in the 

>50% staining category the statistical analysis was also performed for 2 categories; 

negative versus any staining (Table 3.18).  

Both statistical analyses confirmed that there was no significant correlation (p<0.05) 

between the clinic-pathological features and the extent of nuclear staining of the 

normal, in-situ and invasive areas. ECM staining also had no association with the 

clinic-pathological feature of the tumours.  

Another statistical method, where patient age was considered as continuous variable 

was performed rather than using age groupings. The Pearson correlation test showed 

that the TGFBI protein results were not associated with patient age for the two 

categorization methods performed (Pearson correlation, one tailed, p<0.05).  
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Table 3.17 Statistical Analysis Results for TGFBI Using Individual Staining Categories  

 
 

Variable 

 
Staining in 
the Normal 

Tissue 
(df), p-Value 

 

 
Staining in 
the In Situ 

Tissue 
(df), p-Value 

 
Staining in 

the Invasive 
Tissue 

(df), p-Value 

 
ECM 

Staining 
(df), p-Value 

Age 
 

(2), 0.632 
 

(4), 0.131 (4), 0.630 (6), 0.547 

Size 
 

(1), 0.587 (2), 0.366 (2), 0.711 (3), 0.794 

Grade 
 

(1), 0.275 (2), 0.246 (2), 0.478 (3), 0.860 

Lymph Node 
 

(1), 0.258 (2), 0.733 (2), 0.736 (3), 0.249 

ER 
 

(1), 0.950 (2), 0.353 (2), 0.586 (3), 0.349 

PR 
 

(1), 0.456 (2), 0.535 (2), 0.490 (3), 0.321 

HER-2  
 

(1), 0.423 (2), 0.672 (2), 0.128 (3), 0.485 

    (df)= Degree of Freedom 

 

 

Table 3.18 Statistical Analysis Results for TGFBI Using Negative and Positive Staining Categories   

 
Variable 

 

 
Staining in 
the In-Situ 

Tissue 
(dt), p-value 

 
Staining in 

the Invasive 
Tissue 

(dt), p-Value 

 
ECM  

Staining 
(dt), p-Value 

Age 
 

 
(2), 0.568 

 
(2), 0.344 

 
(2), 0.508 

Size 
 

 
(1), 0.643 

 
(1), 0.417 

 
(1), 0.405 

Grade 
 

 
(1), 0.547 

 
(1), 0.228 

 
(1), 0.463 

Lymph Node 
 

 
(1), 0.456 

 
(1), 0.498 

 
(1), 0.463 

ER  
(1), 0.317 

 
(1), 0.323 

 
(1), 0.562 

PR  
(1), 0.576 

 
(1), 0.248 

 
(1), 0.164 

HER-2  
(1), 0.506 

 
(1), 0.241 

 
(1), 0.724 

                     (df)= Degree of Freedom 
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2- DNA Damaged Binding-2 (DDB2) 
 

Normal Breast Tissues  

Four normal breast tissues were tested for DDB2 staining. All the cases showed 

moderate nuclear staining in the epithelial cells of both ducts and lobules when using 

the optimized conditions (Table 3.6). The strongest nuclear staining was observed in 

the tissue shown in Figure 3.21; therefore, it was chosen to be used as positive control 

in all the DDB2 IHC tests.  

 

 

Figure 3.21 Normal Breast Tissue Tested for DDB2 Staining  

Normal breast tissues was retrieved using high pH at pressure cooker at 125oC for 30sec. Tissues were incubated 
overnight with polyclonal goat DDB2 antibody at 1:30 dilution. Images were captured using microscope at X20.            
Strong nuclear staining in the positive control (     ) 

 

Breast Cancer Tissues 

The results presented for the 67 breast cancers (Appendix IV) are from the assessment 

undertaken by myself and Professor Rosemary Walker, in which the intensity and 

distribution of nuclear staining in the normal, in-situ and invasive tissues was 

determined.  

Normal breast was present in 39 cases of the 67 cancers. For 27 (69.2%) there was no 

or weaker nuclear staining in comparison to the positive control, while 12 (30.8%) 

cases had similar nuclear staining intensity as the positive control.  

Twenty three of the 67 breast cases had in-situ carcinoma present. For 10 (43.5%), 

there was no or <1% nuclear staining. In 9 (39.1%) there was nuclear staining of 5-

10% of cells, with only 3 (13%) cases and 1 (4.3%) case having nuclear staining 

between 11-50% and 51-74% respectively.  

A. 

X40 
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Thirty four (50.7%) of the 67 cases showed no or <1% cells with nuclear staining of the 

invasive component (Figure 3.22, A). Seventeen (25.4%) had 5% of cells with nuclear 

staining, 7 (10.4%) with 10% (Figure 3.22, B), 8 (12%) with between 20% and 50% of 

invasive area staining and only one (1.5%) with more than 50% of cell positive 

 For the 23 cases with both in-situ and invasive areas 12 (52.2%) showed similar 

staining for both components; 7 (30.4%) had greater staining of in-situ and 4 (17.4%) 

greater staining of the invasive component.  

DDB2 staining of normal, in-situ and invasive cancer was also correlated to age and 

pathological features (Table 3.19-3.21).  

 

   

   

Figure 3.22 Examples of DDB2 Staining in Breast Cancers 
Breast carcinoma cases were retrieved with high pH buffer at pressure cooker at 125oC for 30sec. Tissues were 
incubated overnight with polyclonal goat DDB2 antibody at 1:30 dilution. A= <1% nuclear staining in the invasive area of 
breast cancer, B= 10% nuclear staining in the invasive area of breast cancer. Images were captured for cases (A and B) 
using microscope at X40. Negative controls are also included (A* and B*).   
 

 

 

 

 

A. 

B. 

A*. 

B*. 

X40 X40 

X40 X40 
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Table 3.19 Summary of the DDB2 Immunohistochemistry Results in the Normal Tissue Associated with Breast Cancers  

 

      Normal Nuclear Staining   

Negative/Weaker 
than Control 

Similar to 
Control 

Total 

 
 
 
Age 

 
�	
 

 
9 

 
5 

 
14 

 
 

36-49 
 
8 

 
3 

 
11 

 
�
� 

 
10 

 
4 

 
14 

 
 
 
 
Size 
 

 
���� 

 
11 

 
8 

 
19 

 
>2mm 

 
16 

 
4 

 
20 

 
 
 
Grade 
 

 
I and II 

 
15 

 
6 

 
21 

 
III 

 
12 

 
6 

 
18 

 
 
Lymph 
Node 
Metastasis 

 
NEG 

 
18 

 
5 

 
23 

 
POS 

 

 
9 

 
7 

 
16 

 
 
 
ER 
 

 
NEG 

 
2 

 
2 

 
4 

 
POS 

 
25 

 
10 

 
35 

 
 
 
PR 
 

 
NEG 

 
3 

 
1 

 
4 

 
POS 

 
24 

 
11 

 
35 

 
 
HER-2 
 

 
NEG 

 

 
10 

 
3 

 
13 

 
POS 

 
2 

 
0 

 
2 
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Table 3.20 Summary of the DDB2 Immunohistochemistry Results in the In-Situ Tissue Associated with Breast Cancers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      In Situ Carcinoma Staining   

Negative 
<1% 

 

 
5-50% 

 
>50% 

 
Total 

 
 
 
Age 

 
�	
 

 
2 

 
4 

 
0 

 
6 

 
36-49 

 
7 

 
4 

 
0 

 
11 

 
�
� 

 
1 

 
4 

 
1 

 
6 

 
 
 
Size 
 

 
���� 

 
5 

 
1 

 
1 

 
7 

 
>2mm 

 
5 

 
11 

 
0 

 
16 

 
 
 
Grade 
 

 
I and II 

 
2 

 
6 

 
1 

 
9 

 
III 

 
8 

 
6 

 
0 

 
14 

 
 
Lymph 
Node 
Metastasis 
 

 
NEG 

 
4 

 
6 

 
1 

 
11 

 
POS 

 

 
6 

 
6 

 
0 

 
12 

 
 
 
ER 
 

 
NEG 

 
2 

 
2 

 
0 

 
4 

 
POS 

 
8 

 
10 

 
1 

 
19 

 
 
 
PR 
 

 
NEG 

 
2 

 
2 

 
0 

 
4 

 
POS 

 
8 

 
10 

 
1 

 
19 

 
 
HER-2 
 

 
NEG 

 

 
3 

 
3 

 
0 

 
6 

 
POS 

 
2 

 
3 

 
0 

 
5 
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Table 3.21 Summary of the DDB2 Immunohistochemistry Results in the Invasive Tissue Associated with Breast 
Cancers 

 

 

      Invasive Staining   

Negative 
<1% 

 

 
5-50% 

 
>50% 

 
Total 

 
 
 
Age 

 
�	
 

 
8 

 
10 

 
0 

 
18 

 
36-49 

 
11 

 
13 

 
0 

 
24 

 
�
� 

 
15 

 
9 

 
1 

 
25 

 
 
 
Size 
 

 
���� 

 
13 

 
10 

 
1 

 
24 

 
>2mm 

 
21 

 
22 

 
0 

 
43 

 
 
 
Grade 
 

 
I and II 

 
13 

 
17 

 
1 

 
31 

 
III 

 
21 

 
15 

 
0 

 
36 

 
 
Lymph 
Node 
Metastasis 

 
NEG 

 
18 

 
17 

 
1 

 
36 

 
POS 

 

 
16 

 
15 

 
0 

 
31 

 
 
 
ER 
 

 
NEG 

 
13 

 
2 

 
0 

 
15 

 
POS 

 
20 

 
30 

 
1 

 
51 

 
 
 
PR 
 

 
NEG 

 
13 

 
3 

 
0 

 
16 

 
POS 

 
20 

 
29 

 
1 

 
50 

 
 
HER-2 
 

 
NEG 

 

 
13 

 
10 

 
0 

 
23 

 
POS 

 
3 

 
3 

 
0 

 
6 
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Statistical Analysis of DDB2 IHC Results  

Chi-squared (X2) test was conducted to test whether there was any relationship 

between the clinicopathological features and the staining of normal, in-situ and invasive 

for the 67 cancers.  

Two different ways of grouping the extent of staining was conducted for in-situ and 

invasive areas to perform the chi-squared test. Statistical analysis was carried out 

using 3 groups (negative and <1%, 5-50% and >50%) of staining for the in-situ and 

invasive areas (Table 3.22). Because of the small number of cases in the >50% 

staining category the statistical analysis was also performed for 2 categories; negative 

versus any staining (Table 3.23).  

Both methods confirmed that there was a significant correlation between DDB2 nuclear 

staining of the invasive carcinoma and the hormonal receptor status (Table 3.22 and 

3.23). Positive ER and PR status was significantly associated with the presence of 

DDB2 nuclear staining, and the correlation with ER status was more powerful than for 

PR status. In addition, there was a significant association between larger size of the 

tumour and the extent of DDB2 in the in-situ carcinoma (Table 3.22) but this was not 

confirmed using the two category staining grouping (Table 3.23).   

Patient age was also analyzed as being a continuous variable using Pearson 

correlation test. This test showed no significant correlation between DDB2 protein 

results and age of women with breast cancer using two different methods of 

categorization (Pearson correlation test, one tailed, p>0.05). Of note, there was a slight 

correlation between nuclear staining of DDB2 in the invasive tissue and patient age 

(p=0.05) using the 2 category staining grouping.  
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Table 3.22 Statistical Analysis Results of DDB2 Using Individual Staining Categories  

 
Variables 

 

 
Staining in the 
Normal Tissue 

(df), p-Value 

 
Staining in the 
In Situ Tissue 
(df), p-Value 

 
Staining in the 
Invasive Tissue 

(df), p-Value 
Age 

 
 

(2), 0.880 
 

(4), 0.199 
 

(4), 0.475 
Size 

 
 

(1), 0.135 
 

(2), 0.032* 
 

(2), 0.338 
Grade 

 
 

(1), 0.748 
 

(2), 0.158 
 

(2), 0.266 
Lymph Node 

 
 

(1), 0.143 
 

(2), 0.507 
 

(2), 0.646 
ER 

 
 

(1), 0.379 
 

(2), 0.877 
 

(2), 0.005* 
PR  

(1), 0.792 
 

(2), 0.877 
 

(2), 0.016* 
HER-2   

(1), 0.448 
 

(2), 0.740 
 

(2), 0.775 
                  *significant correlation between the two variables              (df)= Degree of Freedom 

 

 

Table 3.23 Statistical Analysis Results of DDB2 Using Two Categories  

 
Variables 

 

 
Staining in the 
In Situ Tissue 
(df), p-Value 

 
Staining in the 
Invasive Tissue 

(df), p-Value 
Age 

 
 

(2), 0.148 
 

(2), 0.503 
Size 

 
 

(1), 0.074 
 

(1), 0.676 
Grade 

 
 

(1), 0.099 
 

(1), 0.181 
Lymph Node 

 
 

(1), 0.510 
 

(1), 0.895 
ER  

(1), 0.772 
 

(1), 0.001* 
PR  

(1), 0.772 
 

(1), 0.004* 
HER-2  

(1), 0.740 
 

(1), 0.775 
                   *significant correlation between the two variables              (df)= Degree of Freedom 
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3- Minichromosomal Maintenance-5 (MCM5) 

 

Normal Tissue 

Eight normal breast tissues were tested for MCM5 using the optimized conditions. All 

the breast tissues showed only faint nuclear staining in the epithelial cells of the ducts 

and lobules, even with sensitive StreptABComplex/HPR Duet. Therefore, tonsil was 

chosen as the positive control since there was the strong nuclear staining of 

lymphocytes compared the normal breast tissues.  

 

Breast Cancer Tissues  

The 67 breast cancers that were stained for MCM5 were assessed by Professor 

Rosemary Walker to determine the extent of nuclear staining in the invasive tissues 

(Appendix V). The extent of MCM5 staining of the 67 breast cancers evaluated is 

summarized in Table 3.24. Forty one of the cancers showed nuclear staining between 

1-10%, while 19 had nuclear staining between 11-50% and only three cancers had 

>50% staining. Examples of extent of staining in the cancers are shown in Figure 3.23. 

The In-situ carcinoma was assessed in 5 cases and was higher in 3 and the same in 2 

as the invasive carcinoma. 

 

Table 3.24 Summary of the MCM5 IHC Results for Invasive Carcinoma  

Extent  Number of Cases 

Negative  4 

2-5% 24 

6-10% 17 

11-20% 9 

21-50% 10 

>50% 3 
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Figure 3.23 Examples of MCM5 Staining in Breast Cancers 
Breast carcinoma were retrieved using citrate buffer at pressure cooker at 125oC for 45sec. Tissues were incubated 
overnight with polyclonal rabbit MCM5 antibody at 1:30 dilution. A= 50% unclear staining in the invasive area, B= 40% 
nuclear staining in the invasive area, C= 75% nuclear staining in the invasive area and D= 20% nuclear staining in the 
invasive area. Images were captured using microscope at X40. Negative Controls were also included (A*-D*).  

A. 

B. 

C. 

D. 

A*. 

B*. 

C*. 

D*. 

X40 X40 

X40 X40 

X40 X40 

X40 X40 
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 Table 3.25 Summary of the MCM5 Immunohistochemistry Results for the Invasive Tissue Associated with Breast 
Cancers 

 

 

      Invasive Staining   

Negative 
<1% 

 

 
5-50% 

 
>50% 

 
Total 

 
 
 
Age 

 
�	
 

 
3 

 
14 

 
1 

 
18 

 
36-49 

 
6 

 
17 

 
1 

 
24 

 
�
� 

 
6 

 
18 

 
1 

 
25 

 
 
 
Size 
 

 
���� 

 
4 

 
19 

 
1 

 
24 

 
>2mm 

 
11 

 
30 

 
2 

 
43 

 
 
 
Grade 
 

 
I and II 

 
3 

 
25 

 
3 

 
31 

 
III 

 
12 

 
24 

 
0 

 
36 

 
 
Lymph 
Node 
Metastasis 
 

 
NEG 

 
8 

 
26 

 
2 

 
36 

 
POS 

 

 
7 

 
23 

 
1 

 
31 

 
 
 
ER 
 

 
NEG 

 
6 

 
9 

 
0 

 
15 

 
POS 

 
8 

 
40 

 
3 

 
51 

 
 
 
PR 
 

 
NEG 

 
7 

 
9 

 
0 

 
16 

 
POS 

 
7 

 
40 

 
3 

 
50 

 
 
HER-2 
 

 
NEG 

 

 
4 

 
18 

 
1 

 
23 

 
POS 

 
3 

 
3 

 
0 

 
6 
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Statistical Analysis of MCM5 IHC Results  

Chi-squared (X2) analysis was conducted to test whether there was any relationship 

between the clinicopathological features and the staining of invasive carcinoma for the 

67 cancers. 

Two different ways of grouping the extent of staining was conducted in order to perform 

the chi-squared test. Statistical analysis was carried out using 3 groups (negative and 

<1%, 5-50% and >50%) of staining for invasive areas (Table 3.25). Because of the 

small number of cases particularly the >50% staining category the statistical analysis 

was also performed on 2 categories; negative versus any staining (Table 3.25).  

Both ways confirmed that there was a significant correlation between the MCM5 

nuclear staining and the grade of the tumour (Table 3.26 and 3.26). Grade I and II 

tumours were significantly associated with higher MCM5 nuclear staining. In addition, 

there was a significant difference between the progesterone receptor status of the 

tumour and the extent of staining for MCM5 (Table 3.26), which was confirmed using 

the two different ways of grouping data (Table 3.26). When statistical analysis was 

conducted using two groups (negative versus any staining) a significant correlation was 

also found between ER and MCM5. Positive ER or PR status was significantly 

associated with high nuclear staining.    

Pearson correlation test showed no correlation between MCM5 IHC results and patient 

age when considering age as continuous variable rather than being grouped  for both 

staining categories (Pearson correlation test, one tailed, p>0.05).  
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Table 3.26 Statistical Analysis Results of MCM5 Using the Two Methods 

 
Variables 

 

 
Staining in the 
Invasive Tissue 

Using three 
Groups 

(df), p-Value 

 
Staining in the 
Invasive Tissue 

Using Two 
Groups  

(df), p-Value 
Age 

 
 

(4), 0.973 
 

(2), 0.790 
Size 

 
 

(2), 0.690 
 

(1), 0.401 
Grade 

 
 

 (2), 0.017* 
 

(1), 0.021* 
Lymph Node 

 
 

     (2), 0.9 
 

(1), 0.972 
ER 

 
 

(2), 0.098 
 

(1),0.043* 
PR 

 
 

(2), 0.031* 
 

(1), 0.011* 
HER-2 

 
 

(2), 0.237 
 

(1), 0.096 
                   *significant correlation between the two variables   

 

3.4.2 Correlation between mRNA and Protein Expression in the Breast Cancers  

For TGFBI, 22 out of 36 breast cancers showed similar findings for mRNA and protein 

expression (Table 3.27). However, the overall analysis showed that there was no 

correlation between TGFBI mRNA and protein expression (Spearman’s rho correlation, 

1-tailed test p=0.16).  

For DDB2, 23 out of 36 breast cancers showed similar results for mRNA expression 

and immunohistochemistry (Table 3.27). There was a statistical correlation between 

the protein and mRNA levels (Spearman’s rho correlation, 1-tailed, p=0.01).  

For MCM5 the majority of carcinomas had low mRNA expression, and 45 of the 

cancers had no or 10% and less of cells staining. Statistical analysis showed that there 

was no correlation between mRNA and protein for MCM5 (Spearman’s rho correlation, 

1-tailed, p=0.37).  
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Table 3.27 Summary of mRNA and Protein Levels of each Breast Cancer for 3 Target Genes 

Case 

Number 

Protein IHC Results 

(Nuclear Staining %) 

mRNA Expressions 

(-�Ct) 
 TGFBI DDB2 MCM5 TGFBI DDB2 MCM5 

1 50-75 5 1 -3.04 -3.73 -1.85 

2 <1 0 2 -2.58 -4.07 -2.61 

3 5 0 40 -1.49 -2.97 -3.57 

4 0 5 2 -1.19 -1.18 -1.18 

5 <1 10 2 -0.10 -2.54 -0.06 

6 0 <1 10 -0.08 -1.87 -1.95 

7 0 5 15 -0.36 -0.06 -1.06 

8 0 5 5 -0.47 -0.84 -1.75 

10 0 0 2 -0.18 -2.72 -1.57 

12 5 5 20 -0.44 -1.20 -1.16 

13 0 <1 40 -0.96 -2.82 -1.15 

14 <1 <1 1 1.98 -1.01 -0.81 

17 5 0 1 -1.81 -2.05 -1.41 

18 0 0 1 -0.50 -0.63 0.81 

19 10 5 40 -0.23 -0.25 -2.05 

23 5 0 10 -2.91 -4.34 -2.83 

24 0 0 2 -1.08 -2.24 -2.03 

25 0 <1 5 -2.22 -2.04 -2.08 

27 0 5 0 -0.13 -1.25 -1.86 

28 0 5 20 -1.98 -1.14 -1.45 

32 0 0 1 -1.52 -1.87 -1.48 

33 0 0 0 0.29 -3.65 -3.18 

34 25 20 5 0.19 -0.49 -1.19 

36 <1 25 2 1.47 -3.65 -2.01 

37 25-50 <1 0 -0.11 -4.01 -1.47 

39 0 <1 5 0.98 -1.17 -0.60 

41 25 0 0 -0.51 -3.05 -3.18 

44 >75 5 40 -1.12 -0.26 -1.86 

47 <1 0 50 3.84 -1.56 -1.04 

49 <1 10 5 -2.23 -2.91 -1.98 

50 >75 0 75 0.63 -0.94 -1.19 

59 0 0 2 -0.21 -2.31 -1.80 

60 0 10 5 -0.69 -0.83 -2.43 

62 <1 0 15 0.69 -1.03 -1.35 

63 20 20 30 -0.71 -1.22 -1.66 

67 0 5 10 -1.98 -1.14 -1.45 
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3.4.3 Comparison between the Findings for mRNA and Protein with all the  

Clinic-pathological Features 

Both TGFBI and DDB2 mRNA expressions were significantly correlated with patient 

age; lower level of mRNA was confirmed to be in younger women with breast cancer. 

However, MCM5 mRNA levels had no association with patient age, indicating that 

MCM5 might be of less importance in sporadic breast cancer in younger women.  The 

TGFBI and MCM5 mRNA data were not confirmed with the protein expression, while 

DDB2 mRNA and protein showed the similar results. 

Neither mRNA nor protein expressions of TGFBI showed a correlation with clinic-

pathological features of the tumours.  

The most important finding was the significant correlation of mRNA and protein levels 

of DDB2 with ER positivity in breast cancers; higher levels of DDB2 were found in ER 

positive tumours. In addition, mRNA levels of DDB2 were also associated with grade of 

the tumour but protein expression did not support this data. IHC results also showed 

relationship between DDB2 and PR status, which was not demonstrated by mRNA 

data.  

MCM5 mRNA levels were not correlated with any of the clinic-pathological features; 

however, the protein expression confirmed its association with grade, ER and PR 

status confirming that higher levels present in grade II, ER and PR positive.    
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Discussion 

This chapter considered the RNA and protein expression of three genes previously 

been found to be differentially expressed by a cDNA microarray, when comparing 

mRNA from two breast cancers from women aged 35-years with that from normal 

breast. My hypothesis is that the differential gene expression identified for these genes, 

TGFBI, DDB2 and MCM5, could contribute to the more aggressive features of sporadic 

breast cancer in younger women. By evaluating normal breast, cell lines and breast 

cancers from women of different age groups it was anticipated that I could prove or 

disprove this theory.  

 

Optimizations and Limitations 

Q-RT-PCR  

Q-RT-PCR is a highly sensitive technique that is commonly used for quantifying RNA 

levels in cells and tissues (Bustin, 2000 and Bustin, 2002). It provides accurate and 

reliable gene expression results, which can be influenced by the RNA quality of the 

investigated samples. Therefore, obtaining good RNA quality is important for achieving 

successful analysis (Valasek et al., 2005). In this study the synthesized cDNA was 

analyzed by 3% agarose gel electrophoresis to check its quality. All the breast cell lines 

and organoid samples studied showed high cDNA quality; however, it was variable for 

both normal/benign and cancer samples. There are several reasons for this variation. 

The cell lines and organoids are pure cell populations, whereas the tissue samples 

from which RNA was extracted consist of a mixture of stroma and cells. Within the 

cancers there can be normal tissue and stromal cells as well as tumour cells. Because 

of this variation in cellularity, haematoxylin and eosin stained sections, were evaluated 

for all tissues used, and those samples with low cellularity excluded. RNA integrity is 

particularly important and could be the major factor for the differences between the 

cells and the tissues. The tissue samples were frozen for some time and, although care 

was taken in the initial freezing, they were used for other studies, so they could have 

been subject to freeze/thaw changes. This would have resulted in damage to RNA.   

The gene expression assays (3 target genes and 3 housekeeping genes) used in this 

study demonstrated high efficiency, apart from the DDB2 assay. This gene was 

expressed at lower levels compared to the other 2 target genes (TGFBI and MCM5) 

using the same serial dilutions and HBL-100 cDNA to generate the standard curves. 

High Ct values (>35 cycles) were obtained; therefore, it would have been worth using 



Expression of TGFBI, DDB2 and MCM5 
 

148 
 

different range of dilutions to improve the standard curve and subsequently the 

efficiency obtained.  

Minus RT reactions were generated for all the samples that were investigated in this 

study. Negative RTs confirmed the specificity of the reaction and also the absence of 

DNA contamination. All samples used were normalized to the mean of 3 housekeeping 

genes (GAPDH, HPRT1 and TFRC) that showed minimal variation in expression in 

various samples. This approach of averaging endogenous controls genes expression is 

recommended for normalization in q-RT-PCR experiments (Meller et al., 2005).  

All breast cancers and organoid samples were included in the statistical analysis 

because relative expression (�Ct), the way data were calculated and presented in this 

thesis, strongly suggests that the extent of degradation of the sample can increase the 

Ct value but it has no effect on the �Ct expression (Antonov et al., 2005). Only two of 

the normal/benign tissues were excluded from the analysis because of the low 

cellularity and poor cDNA generated, which could not be detected on the 3% agarose 

gel using manual GAPDH PCR. In addition, the Ct value of housekeeping genes were 

less than 35 except for one tumour and a small number of other samples, which 

showed a high Ct value for the TFRC assay.  

The q-RT-PCR was performed in triplicate, which showed relatively low variation for 

each sample. However, the cDNA used was from one synthesis for all the specimens 

and cell lines. Ideally cDNA synthesized on two to three separate occasions should 

have been compared. This is one of the limitations of the q-RT-PCR results in this 

study but is due in part to the small amounts of RNA that were obtained from the frozen 

tissues.  

The cell lines data presented in this thesis are representative examples as these 

experiments were repeated several times using freshly isolated mRNA. However, this 

work was carried out at the start of the study and unfortunately due to software 

upgrades to the q-RT-PCR equipment it was not possible to retrospectively retrieves 

these data files. Therefore, it was not possible to statistically analyze the cell line data. 

However, it would have been worth repeating the cDNA synthesis for some of the 

tissue samples, where higher mRNA yields were obtained and then repeating the q-

RT-PCR to check for any inter assay variation as well as intra assay variation by 

replicates.   
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Western Blotting 

Western blotting was performed for 6 breast cell lines and 3 normal organoid samples 

for each one of the target genes (TGFBI, DDB2 and MCM5), and also 4 protein loading 

controls were examined >�-+#����� �-����`���� �-Tubulin and Vinculin). The western 

blotting data was repeated three times with the cell lines and organoids for each target 

gene, which confirmed the reliability and reproducibility of the data. 

Differences were found in the loading controls examined except for �-Actin, which 

showed the least variation between the breast cell lines and organoids. Thus, it was 

selected to be the protein loading control in this study. Variation between cell lines and 

organoids, which are isolated aggregates of epithelial and myoepithelial cells, might be 

due to the isolation method used for the latter, which includes proteases. These could 

result in protein cleavage and be the reason that multiple bands were detected in the 

organoid samples for TGFBI protein. Thus, organoid samples were not suitable as 

controls for investigating TGFBI protein. It would have been beneficial to select a cell 

line as a positive control, which had high levels of TGFBI protein at the appropriate 

molecular weight (68kDa). This could have been cell lines treated with TGF-�1 (Table 

1.11). 

Only a small number of breast cancers and normal tissues were investigated twice for 

TGFBI protein expression. Absence of the �-Actin loading control was observed in the 

frozen normal/benign tissues compared to frozen breast cancers. This was because of 

the low cell density present in these samples. To overcome this problem it would have 

been worthwhile loading a higher protein concentration for these samples or leaving 

the x-ray film for a longer period of time (Figure 3.18, 5 minutes exposure). In order to 

compare western blot results of cancers and normals it would be necessary to analyse 

different cell components, for example fibroblasts, myoepithelial cells, lymphocytes and 

tumour cells.   

 

Immunohistochemistry 

Several optimizations were carried out to give the best nuclear staining for the positive 

control that was used in each run to ensure consistency of staining of the breast cancer 

cases. Various primary antibody dilutions for TGFBI, DDB2 and MCM5 were examined. 

Antigen retrieval was achieved using a pressure cooker with various temperatures, 

time and buffering conditions. The optimal conditions selected for the three antibodies 
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are summarized in Table 3.6. In addition, the Duet Kit of secondary/tertiary was used to 

increase the staining intensity.  

Heat antigen retrieval using a pressure cooker, was the technique of choice for 

examining the breast cancer cases, with retrieval buffers of different pHs being 

assessed (Shi et al., 2001). A pressure cooker was selected because it has been 

confirmed to result in more consistent staining compared to microwave antigen retrieval 

(Rhodes et al., 2001; Walker, 2006). The domestic microwave that was available within 

the laboratory can give variable results due to inconsistent heating (hot and cold spots), 

and has been found to give variable results of nuclear antigens such as oestrogen 

receptor (Rhodes et al., 2001).  

The assessment of TGFBI and DDB2 was undertaken by myself initially, and then all 

sections were assessed jointly with Professor RA Walker, using a double-headed 

microscope. Any differences were discussed and the agreed result recorded. An 

assessment of my ability to assess staining was undertaken, in which I re-assessed 

sections several months later. Intra-observer agreement was performed using the 

generalized kappa-type statistics (Landis and Koch, 1977), which showed only a 

moderate agreement for TGFBI and DDB2 IHC categorical data (0.41-0.60). Hence the 

results agreed with Professor Walker were used in all statistical analyses. Assessment 

of MCM5 was undertaken entirely by Professor RA Walker, since there was prominent 

staining of stromal cells within and between the tumour cells which made interpretation 

difficult. Between 500 and 1000 tumour cells were assessed and the percentage of 

nuclear reactivity of in-situ carcinoma, if present, and invasive carcinoma determined, 

as undertaken previously for cell cycle proteins (Walker et al., 1996; Walker, 2006). 

Intra-observer variability on MCM5 was not performed. The percentage categorization 

used for TGFBI and DDB2 has been used previously for TGF-�1 and stromal proteins 

(Walker et al., 1994). There are several scoring systems which are used to categorise 

immunohistochemical staining, which are based on either extent of staining, intensity of 

staining or a combination of the two. The latter includes the quick or Allred score 

(Harvey et al., 1999) and the H- (Histo-) score. The H-score involves counting the 

percentage of cells with different intensities of the staining (weak, moderate and strong) 

and summating to give a score from 0 to 300 (McCarty et al., 1985; Walker et al., 2006; 

Tang et al., 2009). Given sufficient time it would have been worth re-assessing the IHC 

results by this method but there was little variation in nuclear staining intensity, and I 

had problems with reproducibility using a simpler method. Researchers have 

suggested that experience in histopathology is required for determining the H-score 

(Barnes et al., 1996; Fisher et al., 2005).  
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Sixty seven breast cancer tissues were examined for the three target proteins TGFBI, 

DDB2 and MCM5 using a standard positive control for each run to overcome any 

problems in batch variation and allow comparisons. A limitation of the study was the 

number of cancer cases studied. The cases studied previously by Lambe (2008) were 

included; additional cases of formalin fixed paraffin embedded tissue were also 

investigated. The aim was to have relatively equal numbers of cases in the three age 

categories (�� ��� $���&�� �| -49 years and ¢��� $���&�� in order to avoid bias when 

analyzing the results. One problem is that the number of cancers occurring in the 

younger age group is much lower. Studying larger number of cases could have been 

beneficial. Tissue microarrays are an approach that allows many more cancers to be 

studied (Fergenbaum et al., 2004) but since only 2-3 small samples from each cancer 

were assessed, evaluation of markers that show low level heterogeneous staining may 

not be accurate.    

 

Gene and Protein Expression 

TGFBI 

My overall results were similar to those of Lambe (2008) and did not support those of 

the microarray study of Whyman (2005). In the latter TGFBI was found to be expressed 

at a higher level in the two breast cancers of young women (35- Years Old) in 

comparison to normal breast samples (organoids). Whilst there was a trend for higher 

mRNA levels in breast cancers compared to organoids, this was not significant and 

expression was highest in normal/benign tissues. Analysis of TGFBI mRNA expression 

in relation to patient age showed that lower TGFBI mRNA levels were associated with 

younger patients (Pearson correlation test, p<0.05) (Figure 3.17), similar to the findings 

of Lambe (2008) but in contrast to Whyman’s results (2005). Therefore TGFBI is 

unlikely to play a role in breast cancers in younger women. 

Analysis of breast cell lines showed that HBL-100, an immortalised normal line, had the 

highest mRNA expression, but with low or undetectable expression in the cancer cell 

lines. Similar findings were obtained by a previous PhD student (Lambe, 2008). 

Western blotting confirmed the mRNA data, with only HBL-100 having a faint band at 

molecular weight of 55kDa, which is not the expected size but is one of the splice 

variant that were established (Thierry mieg, 2006). These results support a number of 

studies, which have found down-regulation of TGFBI in tumour cell lines such as 

prostate, kidney (293T), lung (H522, H810, and H1417), mammary, leukemia (K562, 

Jurkat) and stomach cancer (SNU16) (Shao et al., 2006). Transformed Human 
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Fibroblasts (SV-40) also exhibit down-regulation of TGFBI compared to the normal 

fibroblasts (Schenker et al., 1998). Down-regulation of TGFBI in MCF-7 and MDA-MB-

231 breast cell lines has been suggested to be due to TGF-�� &����``���� _��^�$�

blockage rather than being associated with DNA methylation (gene silencing) (Shao et 

al., 2006), although it is the most common epigenetic modification that is found to play 

a major role in the development and progression of cancer (Mani and Herceg, 2010). 

Within the organoid samples several TGFBI protein isoforms (55.7kDa, 51.8kDa and 

45.5kDa) were observed, although no band was detected at the molecular weight of 

68kDa. The q-RT-PCR data showed low levels of TGFBI mRNA in the organoids 

because the TGFBI assay used could detect the 68kDa molecular weight (Materials 

2.1.6). The isoforms present in the organoids match with the human splice variants 

published (Thierry- Mieg, 2006) (Table 1.10).  

The majority of the breast cancers showed lower levels of TGFBI mRNA relative to the 

mean �Ct of normal/benign tissues. However, higher or similar mRNA expression was 

obtained for a small number of the cancers compared to normal/benign samples. The 6 

breast cancers selected for western blotting analysis showed bands at molecular 

weight of 68kDa of variable intensities; however, only 3 of the 6 investigated tumours 

were matched to their mRNA expression. The 4 normal/benign samples investigated 

using western blotting showed faint to moderate band intensity at molecular weight of 

68kDa. According to these results, it seems that the molecular weight 68kDa is the 

predominant isoform of TGFBI protein in breast tissues, whilst it is absent from 

organoids, which are isolated aggregates of epithelial and myoepithelial cells. This 

difference might be due to the isolation method used for the latter, which includes 

proteases. These could result in protein cleavage and be the reason that multiple 

bands were detected in the organoid samples for TGFBI protein. 

The TGFBI mRNA expression was lower in cancers from younger women (Pearson 

correlation test, p<0.05) (Figure 3.17). No other clinic-pathological relationships were 

identified. The finding of higher expression of TGFBI in normal breast compared to 

cancers differs from that found for cancers in other tissues such as renal, pancreatic, 

lung, colon, rectal and small intestine cancers (Ivanov et al., 2008). This suggests that 

its role in normal breast and breast cancer differs from that of other cell and tissue 

types.  

The immunohistochemistry results showed that 46/67 of breast cancers had no or <1% 

nuclear staining, and 49/67 had ECM staining to varying degrees. Forty six of 67 of the 

breast cancers showed no or <1% nuclear staining, suggesting down-regulation of 
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TGFBI protein in the intracellular compartment. However, 48/67 of the same breast 

cancers showed variable of ECM staining. Twenty two of the cases had both nuclear 

and stromal staining, while 26 cases had only ECM staining. This 

immunohistochemistry finding is supported by other studies, which found the deposition 

of TGFBI protein in the ECM, cytoplasm and nucleus of various types of cells such as 

primary Human Bronchial Smooth Muscle (HBSM) cells (Billing et al., 2000a), bladder 

fibroblasts, and bladder Smooth Muscle cells (SMC) (Billing et al., 2000b). Both Billing 

et al., (2000a) and Billing et al., (2000b) confirmed that TGFBI is a component of the 

pulmonary ECM by using lung tissue from a 2-yr-old child, and also a component of 

bladder tissue ECM. These two studies found that TGFBI is localized to the nuclei, 

cytoplasm and ECM of some HBSM cells and bladder SMC depending on the 

antibodies used, which one generated against N-terminal while the other for the C-

terminal peptide sequence of the TGFBI protein. In addition, TGFBI was shown to be 

localized in the three compartments of mesothelium of parietal peritoneum (Park et al., 

2008). The presence of TGFBI protein in both intracellular and extracellular 

compartments can be as a result of multiple isoforms arising from alternative splicing or 

by post-translational proteolytic processing (Billings et al., 2000a). The 

immunohistochemistry results of this study were also supported by other studies, one 

of which revealed the absence or reduction (>2-fold) of TGFBI protein in 45 of 130 lung 

carcinoma compared to normal lung tissue using immunohistochemistry (Zhao et al., 

2006). In addition, a decrease in the TGFBI protein expression was observed in the 

colloid carcinoma compared to benign breast tissue (Calaf et al., 2008). No correlation 

was found between the TGFBI protein levels and the clinic-pathological feature of the 

tumours in this study, this was similar to the findings obtained with the TGFBI mRNA 

data. Although lower levels of TGFBI mRNA were associated with breast cancer in 

younger women the IHC data showed no correlation with age.  

No correlation was found between the IHC data and mRNA results for TGFBI. The 

difference between the mRNA and protein levels might be due to post translational 

modifications, another explanation might be intra-tumoural heterogeneity with different 

areas of the tumour being analyzed by q-RT-PCR and IHC.  
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DDB2: 

In the cDNA microarray study (2005) DDB2 was found to be expressed at a higher 

level in the two breast cancers from young women compared to the organoid sample. 

However, I have not found DDB2 expression to be associated with younger age but the 

converse with higher DDB2 mRNA expression in breast cancers from older women 

(Pearson correlation test, p<0.05) (Figure 3.17).  

Analysis of breast cell lines showed that HBL-100, MDA-MB-468 and MDA-MB-231, 

which are known to lack ER and PR, had lower DDB2 mRNA expression compared to 

MCF-7, T47-D and ZR-75-1, which are ER and PR positive. These findings are the 

same as Kattan et al., 2008 who identified over-expression of DDB2 in ER-positive 

MCF-7 and T47-D cell lines compared to low or undetectable levels in ER-negative 

breast cancer cells (MDA-MB-231, SKBR3). However, western blotting only identified a 

faint band at a molecular weight of 51kDa (not the expected molecular weight) in all the 

breast cell lines with no differences between the ER/PR positive and ER/PR negative 

cell lines. This result might be due to the alternative splicing of DDB2 gene, which was 

found to produce 4 different DDB2 protein isoforms (Table 1.14, Inoki et al., 2004). 

Although the DDB2 antibody used in this study was suitable for western blotting 

analysis according to the data sheet and other studies, detecting the appropriate 

molecular weight 48kDa, these different molecular weight bands observed might be 

due to non-specific binding of the antibody rather than alternative splicing. It would 

have been worth using different DDB2 antibody from another company for validation.  

Q-RT-PCR results showed variation in the DDB2 mRNA levels of organoids relative to 

normal/benign tissues; 4 samples had higher DDB2 mRNA levels while 3 showed 

under-expression and only 1 showed the same mRNA level as mean �Ct of 

normal/benign tissues. However, the western blotting detected a strong band of 

molecular weight of 48kDa in 2 out of 3 investigated organoids. Presence of different 

isoforms in the cell lines (51kDa) compared to organoids (48kDa) could be a result of 

alternative splicing (Inoki et al., 2004) (Table 1.14). There is a core promoter located 

within 220bp upstream of the putative transcription initiation sites of DDB2 gene, which 

contains sp1, NF-1 and E2F sites that are important determinants of the promoter 

activity (Nichols et al., 2003).  

I found there to be no statistically significant difference between the DDB2 mRNA 

expression of normal/benign tissue, breast cancers and organoid samples (Kruskal-

Wallis, p<0.05), in contrast to the microarray data that showed significant increase in 

the DDB2 mRNA levels compared to the organoid samples. Differences in the results 
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might be due to the transcriptional heterogeneity of breast cancers, and could also 

refer to the small number of samples (only 2 breast cancers) used in the microarray 

study. As with TGFBI it may be that using organoid sample as a comparator in the 

microarray study was not appropriate (Whyman, 2005). 

Immunohistochemistry showed that 34 out of 67 of breast cancers had no or <1% 

nuclear staining and 17 of them had only 5% of cells with nuclear staining, confirming 

the down-regulation of DDB2 in breast cancers. Besides, a fainter staining was 

observed in breast cancers compared to normal breast tissue. The IHC results 

significantly correlated with mRNA levels in the breast cancers (Spearman’s rho 

correlations, 1-tailed, p<0.05).  

There were interesting correlations with clinico-pathological features of the cancers for 

both q-RT-PCR and IHC. As with the breast cancer cell lines there was a significant 

correlation between DDB2 expression and the ER/PR status of the breast cancers. 

There was a significant correlation between the mRNA of DDB2 of the breast cancers 

and their ER status, with higher levels of DDB2 mRNA in the ER-positive cancers 

compared to the ER-negative tumours (Mann Whitney test, p<0.05). Furthermore, an 

association between the DDB2 and the grade of the tumour was found; higher DDB2 

mRNA level was found in grade II tumours compared to grade III tumours. 

Immunohistochemistry findings also confirmed that positive ER and PR status was 

significantly associated with strong DDB2 nuclear staining in the invasive component. 

My study showed that DDB2 mRNA significantly correlated with patient age; higher 

levels were associated with the older age group. This is in keeping with the relationship 

between mRNA/protein levels and both ER and grade of the tumours, since cancers 

occurring in older age groups are more likely to be ER positive, and better 

differentiated cancers are ER positive.  

Breast cancers occurring in younger women are more likely to be ER and PR negative 

(6 of 18 cases) but the original microarray found higher expression of DDB2 in the 

breast cancers from younger women in relation to the organoids. A microarray 

comparing cancers from younger and older patients may have given similar results to 

my findings. DDB2 expression would be worth exploring in relation to responsiveness 

of cancers to endocrine therapy, particularly if it could improve understanding of 

acquired resistance. 
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MCM5 

In the microarray study (2005) MCM5 was expressed at a higher level in the two breast 

cancers than in the organoid samples. However, the findings of this study do differ from 

this.  

Analysis of breast cell lines showed that MCF-7 and MDA-MB-231 had greater MCM5 

mRNA levels relative to HBL-100, while lower expression was found in MDA-MB-468 

and T47-D. The ZR-75-1 cell line showed variation between triplicates making 

determination of expression level difficult. Western blotting confirmed the mRNA data 

with detection of a faint band at molecular weight of 82kDa for both MDA-MB-468 and 

T47-D, while ZR-75-1 showed a similar level of expression to HBL-100. MCM5 protein 

expression for MCF-7 and MDA-MB-231 supported the mRNA data but band intensity 

was fainter when compared to HBL-100, which had relatively less MCM5 mRNA 

compared to the two cancer cell lines.    

Low MCM5 mRNA levels were obtained for the three groups (normal/benign tissues, 

breast cancers and organoids samples), with no significant difference in the mRNA 

expression. Western blotting showed a strong band at different molecular weight 

(~70kDa) for the organoids compared to cell lines, suggesting the presence of various 

isoforms; therefore, more investigations on this aspect are needed as no information 

has been established yet.   

Immunohistochemistry results showed that all breast cancers had a variable extent of 

nuclear staining, with only four cases being negative. A significant correlation was 

found between MCM5 nuclear staining and low tumour grade and ER/PR positivity. 

There was no significant correlation between MCM5 immunohistochemistry results and 

the mRNA data. A number of studies have demonstrated over-expression of MCM5 in 

cancers compared to normal tissues (Introduction, Table 1.8). My findings indicate that 

MCM5 could be a potential marker in less aggressive cancers (Grade II and ER/PR 

positive). It would have been worthwhile correlating MCM5 levels with proliferation as 

determined by Ki-67. Although a correlation was found with grade and ER status as 

was found for DDB2, there was no relationship between MCM5 mRNA and protein 

expression and age of the patient. There have been no previous published studies of 

MCM5 in breast cancer.  
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Summary 

My results fail to support the hypothesis of the study, namely that expression of TGFBI, 

DDB2 and MCM5 could contribute to the more aggressive features of sporadic breast 

cancers in younger women.  

TGFBI mRNA expression was down-regulated in breast cancer cell lines and also 

reduced in breast cancers compared to normal/benign tissues. Expression was lower in 

breast cancers in younger women than cancers from women of other ages. The 

majority of the breast cancer cases had no detectable nuclear staining. No correlation 

was found between TGFBI mRNA and protein expression and clinico-pathological 

features of the tumours (size, grade, ER/PR, and HER-2). 

DDB2 mRNA levels were higher in ER/PR positive compared to ER/PR negative breast 

cell lines. These data are supported by one other published study (Kattan et al., 2008). 

A significant correlation was found between higher mRNA expression and older patient 

age. A significant correlation was also found between higher DDB2 expression (both 

mRNA and protein) and both ER positivity and lower grade of the tumour. Therefore, 

DDB2 expression does not relate to the more aggressive features found in breast 

cancer in younger women.  

The cell line studied of MCM5 did not show any significant findings. There was no 

relationship between MCM5 expression and patient age. The main finding was that 

higher protein levels were found in better differentiated, ER positive cancers, which are 

more frequent in an older age group.  
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Introduction 

The induction of TGFBI protein by the treatment of cells with TGF-�1 has been 

demonstrated in a number of studies (Introduction, Table 1.4). Shao et al., 2006 

proposed that the Smad pathway might play an important role in regulating the 

transcription of TGFBI gene in breast cancer cell lines. The MCF-7 cells have intact 

Smad pathway; however, lack of TbetaR-II protein and Smad 4 dysfunction was 

observed in ZR-75-1 and MDA-MB-468 respectively (Lynch et al., 2001). Therefore, 

MCF-7 cells were used for the induction studies.      

TGFBI is an extracellular matrix protein that interacts with various ECM molecules 

(Thapa et al., 2007). It has also been identified in the cytoplasm and nucleus of cells 

such as human bronchial smooth muscle cells (Billings et al., 2000a) and the H522 

lung cell line (Zhao et al., 2006). TGFBI protein plays an important role in cell adhesion, 

migration and invasion through attachment with various integrins (Thapa et al., 2007 

and Table 1.5). TGFBI was also shown to significantly reduce proliferation and invasion 

of neuroblastoma cells in vitro and in vivo, which may be due to elevated Tissue Factor 

Pathway Inhibitor-2 (TFPI-2) (Backer et al., 2006). It was also shown that transfection 

of TGFBI protein into the H522 lung cancer cell line resulted in significant apoptotic 

induction compared to parental tumour cells (Zhao et al., 2006). In corneal dystrophy, 

human corneal epithelial (HCE) cells showed TGFBI mutations that are associated to 

high level of apoptosis (Morand et al., 2003).    

 

Hypothesis and Aims  

TGFBI is a tumour suppressor gene, which is reduced in breast cancers compared to 

normal/benign breast tissues. The aim of this chapter is to test the role of TGFBI by re-

introduction of TGFBI plasmid into breast cancer cell lines. Up-regulation of TGFBI 

expression by transient transfection was performed to investigate whether it has an 

influence on the viability, apoptosis and invasion of ZR-75-1 and MDA-MB-468 breast 

cancer cell lines. These two cell lines were used because both of them showed low 

TGFBI RNA levels and absent TGFBI protein expression in the investigations in 

chapter 3. The three functional assays were compared between cells transfected with 

pRc/CMV2- TGFBI and a control pRc/CMV2 empty vector, which were kindly provided 

by Dr. Yongliang Zhao (University of Columbia, NY), and untreated cells. In addition, 

the effect of TGF-�1 on the MCF-7 breast cancer cell line was investigated. 
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Results  

 

4.1 TGF-!1 Induces TGFBI Protein in MCF-7 Cells 

Human TGF-�1 at concentrations of 0.5, 1, 5, 25 and 100ng/ml was added to the MCF-

7 breast cell line and cultured for 24 and 72 hours. Microscopic images (X20 and X40) 

were taken at different time points and cell lysates and culture media collected for 

TGFBI protein examination using western blotting. 

 

4.1.1 MCF-7 Microscopic Images  

A more extended and elongated shape of MCF-7 cells was observed when they were 

treated with TGF-�1 compared to the control cells (Figure 4.1, A and B). Essentially, 

high TGF-�1 concentrations (25ng/ml and 100ng/ml) for 72 hours resulted in MCF-7 

having irregular shaped structures and less adhesion between cells (Figure 4.1, B8 and 

B9) compared to control MCF-7 cells, which had no TGF-�1 in the media (Figure 4.1, 

A6 and B10). More investigations are warranted to prove this that might be by staining 

with rhodamin phalloidin to detect F-actin bundles. 
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4.1.2 MCF-7 Western Blotting Post TGF-!1 Culturing   

Western blotting showed that TGFBI protein (68kDa) increased in the cell media after 

culturing MCF-7 cells with high concentration of TGF-�1 (5, 25 and 100ng/ml) for 72 

hours (Figure 4.2, C5, C25 and C100). No bands were observed in the cell lysate after 

treatment in both time points suggesting that TGFBI is secreted from the cells 

immediately and not retained in the nucleus (Figure 4.2, Lysate 24 hr and Lysate 72 

hr). Conditioned media at 24 hours was not investigated as the yield of protein was too 

low.  

 

 

 

 

       

       

B. 

7. 8. 

9. 10. 

X20 X20 

X20 X20 

Figure 4.1 Morphological Changes of MCF-7 Cells exposed to Varying Concentrations of TGF-�1 

MCF-7 cells were incubated with serum free medium containing various concentrations of TGF-�1 (0.5ng/ml (1), 1ng/ml 
(2), 5ng/ml (3), 25ng/ml (4), 100ng/ml (5) and TGF-�1 free media (6)) for 24 hours (A). In addition, MCF-7 cells were 
incubated with various concentrations of TGF-�1 (5ng/ml (7), 25ng/ml (8), 100ng/ml (9) and TGF-�1 free media (10)) for 
72 hours (B).  
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4.2 Preparation of TGFBI Plasmid DNA for Transfection  

All TGFBI plasmids which were purified using the Mini-Prep kit showed predominantly 

supercoiled DNA (Figure 4.3, A, Lanes: P1-P4 and P6). Faint bands of a higher size 

(Figure 4.3, A, Lane: P1-Pc) were observed, suggesting the presence of a small amount 

of open circular plasmid DNA (Figure 4.3, A).  

The Maxi-Prep kit was used to prepare a higher concentration of plasmid DNA (Figure 

4.3, B). Both TGFBI plasmid and the empty vector DNAs showed strong DNA bands, 

which were predominantly super-coiled (Figure 4.3, B, Lane: MP1-MV2). Again, weak 

bands indicative of open circular DNA were also observed in both TGFBI plasmid (MP1-

MP2) and empty vector (MV1-MV2). Although there was a small amount of open circular 

DNA these samples were used for transfections as super-coiled DNA was 

predominant.  

 

 

                 

Figure 4.3 Super-coiled TGFBI Plasmid and Empty Vector for Transfection Studies  

A) The Hyperladder I (L1), transformed TGFBI plasmids (P1-P6) that were purified using the Mini-Prep kit and positive 
control (PC) were loaded into separate wells of 0.8% agarose gel. B) The plasmids (MP1 and MP2) and empty vectors 
(MV1 and MV2) DNA that were obtained using Maxi-Prep kit were also analysed using the same conditions.  

L1    MP1  MP2       MV1  MV2 

  L1    P1      P2      P3     P4      P5     P6     Pc 

A. 

B. 

 L0.5     L1     L5   L25  L100   Lf    L5   L25  L100   Lf    C5    C25   C100   

Lysate 24 hr Lysate 72 hr C-Media 72 hr 
Figure 4.2 Western blotting Analysis of 
MCF-7 Cell Treated with TGF-�1 

Both lysate (L) and conditioned media 
(C) were collected after treating MCF-7 
with different concentrations of TGF-�1 
(0.5, 1, 5, 25 and 100ng/ml for 24 hours 
time point, while 5, 25 and 100ng/ml for 
72 hours time point). Lf represents the 
untreated control lysate.. No protein was 
detected in the conditioned media for 
the untreated control.   

68kDa

42kDa
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PCR reactions were performed using two different pair of primers (Table 2.4), one of 

which was designed to detect the presence of the TGFBI gene in the transformed DNA 

plasmid, while the other confirmed the absence of the gene in the empty vector.  

All the Mini-Prep TGFBI plasmids that were shown previously to be super-coiled had 

consistent bands (Figure 4.4, A, Lane: P1-P6) at 103bp, similar to the original TGFBI 

plasmids (Figure 4.4, A, Lane: PC). This confirmed the presence of TGFBI gene in the 

purified DNA plasmid (Figure 4.4, A). Stronger bands of 103bp were observed for the 

Maxi-Prep TGFBI plasmids (Figure 4.4, B, Lane: MP1 and MP2), and intense bands at 

214bp were seen for the Maxi-Prep empty vector DNAs (Figure 4.4, C, MV1 and MV2) 

(Figure 4.4, C). Clear water blanks demonstrated the lack of any contamination.  

 

 

                   

 

                 

 

                 

 

4.3 Optimization of Transient Transfection 

Two μg of DNA was used at a 1:1 ratio for each TGFBI plasmid to a GFP plasmid. 

Various transient transfection ratios were tested (3:2, 4:2, 5:2, 6:2, 7:2 and 8:2) to 

determine the suitable ratio for both cell lines (Figure 4.5, 1 and 2). 7μl of transfection 

reagent to 2μg of plasmid DNA was the ratio of choice for both ZR-75-1 (Figure 4.5, 1, 

A) and MDA-MB-468 (Figure 4.5, 2, A), due to the higher transfection efficiencies 

observed.  

 A. 

 B. 

 C. 

Figure 4.4 Presence/Absence of TGFBI 
Gene from Plasmid/Vector DNAs Using 
PCR 

A 20μl of 100bp ladder (L) and PCR 
products of Mini-Prep TGFBI plasmids (A, 
P1-PC), Maxi-Prep TGFBI plasmids (B, MP1 
and MP2) and Maxi-Prep empty vector (C, 
MV1 and MV2) were loaded into separate 
wells of 3% agarose gel. Water blanks were 
also included (W). 

 L     P1    P2    P3    P4    P5    P6     PC   W   

M P1      MP2        W 

 MV1      M V2        W 

  
103bp 

  
103bp 

  
214bp 
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The transfection efficiency of the ZR-75-1 cell line ranged between 45-60% for all the 

transfection ratios. Higher efficiency was observed by increasing the transfection ratios; 

3:2, 4:2, 5:2, 6:2, 7:2 and 8:2 showed efficiencies of 45%, 48%, 51%, 55%, 57% and 

60% respectively. However, MDA-MB-468 generally showed low transfection 

efficiencies compared to ZR-75-1 cells, and ranged between 27-40%. The ratios 3:2, 

4:2 and 5:2 gave 27%, 30% and 33% respectively, while with the 6:2 (37%), 7:2 (38%) 

and 8:2 (40%) ratios, slightly higher efficiencies were seen. 

  

         

   

      

Figure 4.5 Optimization of the Transfection Ratios for Two Breast Cell Lines 

7:2 transfection ratio was performed for testing the transfection efficiency of TGFBI plasmid for ZR-75-1 (1, A) and MD-
AMB-468 (2, A) using 1μg of GFP and 1μg of plasmid DNA. Microscopic images (X20) were captured after overnight 
incubation (12-16 hours), and percentage of transfection efficiency is calculated.  

 

 

ZR-75-1 and MDA-MB-468 cells were also transfected with 1μg of empty vector DNA 

and 1μg of GFP (1:1) using the same procedure that was used to optimize transfection 

with the TGFBI plasmid DNA. This was carried out to minimize differences between the 

cells transfected with TGFBI or empty vector. A ratio of 7:2 was selected as being 

optimal as it showed similar transfection efficeincy as obtained for the TGFBI plasmid 

DNA. 

 

4.4 Transient Transfection of Breast Cell Lines: Confirmation of TGFBI 
Expression   

Both ZR-75-1 and MDA-MB-468 cell lines were co-transfected separately with TGFBI 

plasmid and the empty vector plus GFP, at a 7:2 transfection ratio, and untreated cells 

B. A. D. C. 

A. A. 

X 20 

E. F. 

X 20 X 20 

1. 

57% 38% 

38% 40% 

2. 

X 20 
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were included in each experiment. Cells were incubated overnight in complete medium 

to allow recovery from transfection, then cultured for 6,12, 24, 48 and 72 hours in 

serum free medium. Cells were harvested at each time point to investigate TGFBI RNA 

and protein levels using q-RT-PCR (Method 2.2.6) and western blotting (Method 2.2.2) 

respectively. Additionally, TGFBI protein levels were examined in the collected cell 

conditioned media.  

 

4.4.1 TGFBI mRNA Levels in Transfected Cell Lines  

A range of between 54-57% and 32-37% transfection efficiencies were obtained for 

ZR-75-1 and MDA-MB-468 respectively at each time point. The generated cDNAs from 

both ZR-75-1 (Figure 4.6, A) and MDA-MB-468 (Figure 4.6, B) were tested using 

manual PCR for GAPDH (350bp). Strong and consistent bands were observed for all 

the time points for TGFBI plasmid transfection (Figure 4.6, A and B Lane: P6-P72)(+)), 

empty vector transfection (Figure 4.6, A and B Lane: V) and untreated cells (Figure 4.6, 

A and B Lane: U). No bands were seen in the –RT controls (Figure 4.6, A and B Lane: 

P6-U(-)), additionally; clear water blanks were observed,  indicating lack of 

contamination (Figure 4.6, A and B Lane: W).   

 

 

 

 

 

 

 

 

L + - + - + - + - + - + - + - W

A. 

B. 

Figure 4.6 Isolated mRNA from Transfected Cells 

PCR samples of the TGFBI plasmid transfection at different time points (P6-P72), 24-hours empty vector transfection 
(V), and the untreated cells (U) of ZR-75-1 (A) and MDA-MB-468 (B). The time points represent the duration of cell 
culture in serum free media post incubation in complete media overnight to allow recovery from the transfection 
procedure (Method 2.2.11). Twenty μl of 100bp ladder (L) were loaded into separate wells of 3% agarose gel 
examining GAPDH. Both (+) and (-) indicates the presence and absence of cDNA respectively from the PCR 
reactions. (W)= Water Blank.   

~350bp 

~350bp 

P6       P12    P24       P48     P72       V         U 

ZR-75-1 

MBA-MB-468 
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Once successful mRNA isolation and generation of cDNA had been confirmed, the 

level of TGFBI mRNA was examined by q-RT-PCR. For ZR-75-1 (Figure 4.7, A), the 

lowest fluorescent cycle threshold (Ct~18.5) was observed in cells after 24 hours of 

culture in serum free media (Figure 4.7, A1), while a Ct of 19 was demonstrated for 

both 6 and 12 hours time points (Figure 4.7, A2). Following normalization to the mean 

of the 3-housekeeping genes (GAPDH, HPRT1 and TFRC), the highest TGFBI mRNA 

levels (-�Ct=3.8) were observed at 12 hours compared to 6, 24, 48 and 72 hours after 

culture in serum free media (Figure 4.8, (P-12H)). MDA-MB-468 showed the lowest 

cycle threshold (Ct~19.5) for both 6 and 12 hours time points (Figure 4.7, B1); after 

normalization to the housekeeping genes. The highest level of TGFBI mRNA (-

�Ct=5.4) was at 12 hours compared to the rest of the time points (Figure 4.8, (P-12H)). 

MDA-MB-468 cells that were harvested after 24 hours of culture in serum free media 

showed a later Ct value (Ct~22) compared to ZR-75-1 cells. Post normalization, a 

slight decrease in the TGFBI mRNA (-�Ct=4.1) was observed compared to the 6 and 

12 hours time points (Figure 4.8, (P-24H)). 

After 48 and 72 hours of culture with serum free media, ZR-75-1 showed Ct values that 

fell mostly between 23 and 24 cycles (Figure 4.7, A3). After normalization, higher 

TGFBI mRNA was shown for 48 hours compared to the 72 hours (Figure 4.8, (P-48H)). 

The same was seen with MDA-MB-468 cells, which showed Ct values between 24 and 

26 for 48 and 72 hours respectively (Figure 4.7, B3 and B4), with TGFBI mRNA levels 

lowest at 72 hours after normalization (Figure 4.8, (P-72H)). 

The vector transfection and the untreated cells for both cell lines (Figure 4.7, A4 and 

B5) showed very late cycle threshold 34-38 Ct for ZR-75-1 and 32-33 Ct for MDA-MB-

468), confirming very low TGFBI mRNA expression (Figure 4.8, (V-24H and U-24H)). 

No amplification was observed in the water blank controls.   

In summary, both transfected ZR-75-1 and MDA-MB-468 cell lines showed highest 

TGFBI mRNA levels at 12 hours after culture in serum free media (Method 2.2.11), with 

a marked decrease at 72 hours (Figure 4.8, (P-12H) and (P-72H)). Additionally, the 

vector and untreated controls showed very low levels of TGFBI mRNA at all time 

points.  
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4.4.2 TGFBI Protein Levels in Transfected Cell Lines  

Western blotting was performed to investigate the TGFBI protein levels in both cells 

and conditioned media collected from the transfected (TGFBI plasmid and empty 

vector) and untreated cells (Methods 2.2.11).  

In ZR-75-1 cells, TGFBI protein (68kDa) was highly expressed after 12 hours of 

incubation with serum free media compared to the 6 and 24 hours time points (Figure 

4.9, A1), similar to the mRNA results. For MDA-MB-468 cells, similar bands were 

observed at both 6 and 12 hours (Figure 4.9, B1). At 48 and 72 hours there were 

fainter bands for cell lysate analysis of both cell lines compared to stronger bands 

observed for the conditioned media for the same time periods (Figure 4.9, A1, A2, A3 
and B1). No bands were detected in both empty vector and untreated cells and related 

conditioned media (Figure 4.9, A and B, Lane: V - U and MV-MU), supporting q-RT-

PCR data (Methods 2.2.11). 

Both positive (Figure 4.9, A1, Lane: Org and B1, Lane: ZR1) and negative (Figure 4.9, 

A1, Lane: ZR and B1, Lane: 468) controls were used to check the western blotting 

��&�`�&���-Actin (42kDa) (Figure 4.9, A4, A5 and B2) was used to ensure equal loading 

(Figure 4.9, A4 and B2). In addition, high levels of TGFBI were detected in apoptotic 

MDA-MB-468 cells, which were collected from the cell culture media after 48 and 72 

hours (Figure 4.9, A1).  
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2. 

Figure 4.9 Western Analysis of TGFBI Protein in Two Transfected Cell Lines  
 
The presence of TGFBI protein in the ZR-75-1 (A1, A2 and A3) and MDA-MB-468 (B1) was examined for the various 
transfection time points (P6-P72), empty vector (V) and untreated cells (U). The concentrated conditioned media was also tested 
(M6-M72, MV and MU). The time points presented are the time interval for culturing cells in serum free media after overnight 
recovery from transfection using complete media. Both positive (A1, Org: organoid and B1, ZR1: 12 hours transfection) and 
negative controls (A1, ZR: un-transfected ZR-75-1 and B1, 468: un-transfected MDA-MB-]|��� ^���� �&���� � �-Actin was also 
tested for both ZR-75-1 (A4 and A5) and MDA-MB-468 (B2). �: Represents two samples of cell pellet combined with floating 
cells in the cultured media after 48 and 72 hours time points.  
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4.5 Functional Studies 

Three functional assays (viability, apoptosis (Caspase 3/7 activity) and invasion (TGFBI 

culture media) ) were performed following transient transfection of TGFBI DNA plasmid 

into the two breast cell lines (ZR-75-1 and MDA-MB-468). The results of TGFBI 

plasmid was compared to the readings obtained for cells transfected with empty vector 

and also untreated cells.  

The viability and apoptosis assays were performed three times for each cell line; for 

each experiment fresh transfection was undertaken. The two assays were conducted at 

the same time, using the same transfected or control cells to reduce variation. 

Readings were taken at 6, 12 and 24 hours for the viability assay, and at 6 and 12 

hours for apoptosis assays. These time points are from the time of replating the cells in 

the appropriate plates, which was after overnight culture with complete media to allow 

transfection recovery. All results in both assays were normalized to the 6 hour time 

point to allow the data for repeat experiments to be combined. The statistical test Two 

Way ANOVA (Analysis of Variance) was used to check whether there was statistical 

difference between the transfections (TGFBI plasmid/empty vector) and time points. 

This test was selected because data showed normal distribution using the Shapiro-Wilk 

test (p>0.05).  

Invasion assays were performed three times for ZR-75-1 and twice for MDA-MB-468, 

each in duplicate, using previously generated cell culture media from TGFBI plasmid 

and empty vector transfected cells (Figure 4.9). The results were normalized to the 48 

hour time point and Two Way ANOVA (Analysis of Variance) statistical analysis was 

performed.   

     

4.5.1 Viability Assay 

Cell viability assays were performed for both ZR-75-1 and MDA-MB-468 breast cell 

lines (Method 2.2.9.2). In this assay resazurin is converted to the fluorescent product 

resorufin by viable cells. Therefore, resorufin levels are proportional to the number of 

metabolically active and viable cells in the population.  
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4.5.1.1 Optimization of Cell Density and Culture Conditions 

For MDA-MB-468 there was no variation between culture in 10% FCS and serum free 

media, apart from at 2x(104) cell density where higher fluorescent values were 

observed in the  serum free media (0% FCS) (Figure 4.10, B). In contrast, ZR-75-1 

demonstrated a noticeable reduction in the fluorescent values of the cells in serum free 

media compared to 10% FCS media (Figure 4.10, A). Therefore, 10% FCS media was 

used to perform the viability experiments for both cell lines to minimize stress related 

reduction in cell viability.  

Various cell densities (5x103, 1x104 and 2x104) were tested for both ZR-75-1 (Figure 

4.10, A) and MDA-MB-468 (Figure 4.10, B). Both 5x103 and 1x104 cell densities 

showed similar fluorescent values across the triplicates for both cell lines compared to 

the higher density (2x104) after 48 hours incubation. The 2x104 cell density showed 

very high fluorescent values with wide variation for both cell lines. For MDA-MB-468 

cells the variation between triplicates for both 5x103 and 1x104 cell densities were low 

(Figure 4.10, B). ZR-5-1 cells had a lower variation between triplicates at 5x103 cell 

density but also low fluorescent values, so despite the variation seen at 1x104 (Figure 

4.10, A) this was selected since fluorescent values were higher.  
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Cell viability assays were performed three times, with each experiment in triplicate. ZR-

75-1 and MDA-MB-468 cells were transfected with TGFBI plasmid or empty vector, and 

untreated cells were included in each repeat. Readings were obtained at 6, 12 and 24 

hours post replating the cells, following overnight culture with complete media to 

reduce changes due to the transfection (Method 2.2.9.2). The fluorescent product 

resorufin was measured at fluorescence 560Ex/590Em nm.  

 

4.5.1.2 ZR-75-1 Cell Viability Assays 

The transfection efficiencies of the TGFBI plasmid DNA in the three separate 

experiments were 54%, 56% and 59% respectively. The three individual experiments 

(Figure 4.11, 1-3) showed that transfecting ZR-75-1 cells with TGFBI plasmid had no 

significant effect on the cell viability compared to cells transfected with the empty vector 

or untreated cells at the three time points investigated (6, 12 and 24 hours). The same 

was found for the mean of the three experiments (Figure 4.11, 4).  

All three experiments and their mean showed an increase in the ZR-75-1 cell viability 

with time, irrespective of their treatment, particularly between 6 hour and 24 hour time 

points (Two Way ANOVA, p<0.05). Only the first experiment and the overall mean 

demonstrated a significant increase in cell viability between 12 and 24 hours time 

points (Figure 4.11, 1 and 4).  
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4.5.1.3 MDA-MB-468 Cell Viability Assays 

Thirty percent, 40% and 32% transfection efficiency was obtained for the first, second 

and third experiment respectively. The three experiments showed no difference in the 

cell viability between cells transfected with TGFBI plasmid and transfected with empty 

vector, and also no difference to untreated cells (Figure 4.12, 1-3).    

Only the third experiment showed a significant increase in the viability of MDA-MB-468 

cells between 6 and 24 hours time points (Figure 4.12, 3).  

The overall mean of the three experiments confirmed that there was no difference in 

cell viability between MDA-MB-468 cell transfected with TGFBI plasmid compared to 

cells transfected with empty vector and untreated cells at any time point. However, 

significant increase in the cell viability between 6 and 24 hour time points was 

confirmed (Figure 4.12, 4).  
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4.5.1.4 DAPI Staining of Transfected Cell Lines  

Because of the variability in the readings obtained across the triplicates in each 

experiment using the plate reader method, particularly for MDA-MB-468 cells, an 

alternative method (DAPI staining) was investigated as this method was established in 

our collaborators group (Dr E. Tulchinsky). DAPI staining showed no significant 

difference in the number of viable cells between cells transfected with TGFBI plasmid 

and empty vector, and also with untreated cells at all time points (6, 24 and 48 hours) 

(p>0.05, Two Way ANOVA) for both ZR-75-1 (Figure 4.13, A) and MDA-MB-468 

(Figure 4.13, B). A significant elevation in cell viability with time was observed in both 

cell lines, particularly between 6 and 24 hours and also between 24 and 48 hours. This 

method includes several steps with the potential to introduce error. Different time points 

were also performed compared to the previous method and it was only carried out 

once; therefore, these results are only preliminary data.  
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Figure 4.13 DAPI Staining for 
Two Cell Lines  

ZR-75-1 (A) and MDA-MB-468 
(B) cells were stained with DAPI 
at 6, 24 and 48 hours after 
replating cells in the appropriate 
plates. The cells replating was 
performed post overnight 
incubation in complete media 
after transfection. Stained cells 
were counted in three different 
fields, and then each value was 
normalized to the mean of 6-
hour time point. The error bars 
represent the 95% confidence 
interval. 

Results were normally 
distributed according to the 
results obtained by Shapiro-Wilk 
test. Thus Two Way ANOVA 
(Analysis of Variance) with 
Tukey Post Hoc and Bonferroni

***
***

***
***
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4.5.1.5 Summary of Cell Viability Results  

In summary, transfection with TGFBI appeared to have no significant influence on the 

viability of ZR-75-1 and MDA-MB-468 cells. Both cell lines, mainly ZR-75-1, showed 

significant increase of viability with time. These results were found with both the 

resorufin cell viability assay and DAPI staining. 

 

4.5.2 Apoptosis Assay 

The effect of transient transfection with TGFBI on apoptosis was performed, as in a 

previous study transfection with TGFBI in the H522 lung cell line had significantly 

increased apoptosis compared to un-transfected cells (Zhao et al., 2006). The 

Caspase-Glo® 3/7 (Promega) assay was used to investigate whether transient 

transfection with TGFBI plasmid altered levels of apoptosis in the breast cell lines (ZR-

75-1 and MDA-MB-468) compared to transfected empty vector and untreated cells. 

 

4.5.2.1 Optimization of Cell Densities and Culture Conditions  

Various cell densities (5x103, 1x104 and 2x104) were examined for both ZR-75-1 

(Figure 4.14, A) and MDA-MB-468 (Figure 4.14, B) cell lines. Low luminescent signals 

(Caspase-Glo® 3/7) were observed at 1x104 compared to 2x104, whereas values were 

slightly higher for the 5x103 cell density for both ZR-75-1 and MDA-MB-468. The 1x104 

cell density was used for the rest of the experiments, as it showed consistency across 

the triplicates with low standard deviations for both cell lines.  

The presence or absence of FCS in the media had no significant effect on the 

luminescent values for ZR-75-1 cells (Figure 4.14, A); however, a slight increase was 

found in apoptosis in the MDA-MB-468 cells in the absence of FCS (Figure 4.14, B). 

Media with 10% FCS was selected to carry out the rest of the apoptosis assays, to 

reduce additional stress of transfected cells induced by withdrawal of FCS.   
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Apoptosis assays were performed using the same transfected ZR-5-1 (Figure 4.11, 1-

3) and MDA-MB-468 (Figure 4.12, 1-3) cells that were used in the viability assays. Two 

time points were compared in this assay (6 and 12 hours).  

 

4.5.2.2 ZR-75-1 Apoptosis Assays 

For the three experiments performed (Figure 4.15, 1 and 2), there was no significant 

influence on apoptosis of ZR-75-1 cells transfected with TGFBI plasmid compared to 

cells transfected with the empty vector and untreated cells (Two Way ANOVA, p>0.05). 

No statistically significant difference was found in the luminescent signal between the 

three groups of ZR-75-1 cells when the mean of the three experiments was analysed 

(Figure 4.15, 4).  

The Staurosporine positive control included in the three experiments showed no 

increase in apoptosis of ZR-75-1 cells with time (Figure 4.15, 1-3). There was wide 

variability in the effect of Staurosporine between the triplicates in the second 

experiment at the 12 hour time point (Figure 4.15, 2).  

 

 

 

 

 



R
ol

e 
of

 T
G

FB
I i

n 
B

re
as

t C
an

ce
r 

 

18
3  

               

 
 

0

0.
2

0.
4

0.
6

0.
81

1.
2

1.
4

1.
6

Luminescent Signal (Normalized 
Values)

TG
FB

I P
la

sm
id

V
ec

to
r

U
nt

re
at

ed
D

ru
g

0
0.

2
0.

4
0.

6
0.

81
1.

2
1.

4
1.

6
1.

82
2.

2
2.

4

0

0.
2

0.
4

0.
6

0.
81

1.
2

1.
4

Luminescent Signal (Normalized 
Values)

0

0.
2

0.
4

0.
6

0.
81

1.
2

1.
4

1.
 

2.
  

3.
 

Fi
gu

re
 4

.1
5 

In
ve

st
ig

at
in

g 
A

po
pt

os
is

 
in

 T
G

FB
I T

ra
ns

fe
ct

ed
 Z

R
-7

5-
1  

Th
e 

ap
op

to
si

s 
as

sa
ys

 
w

er
e 

in
de

pe
nd

en
tly

 
pe

rfo
rm

ed
 

th
re

e 
tim

es
 

(1
, 

2 
an

d 
3)

 
to

 
m

ea
su

re
 

ca
sp

as
e 

3/
7 

ac
tiv

ity
. 

C
el

ls
 u

se
d 

in
 

ea
ch

 
ex

pe
rim

en
t 

w
er

e 
th

e 
sa

m
e 

tra
ns

fe
ct

ed
 a

nd
 c

on
tro

l c
el

ls
 u

se
d 

in
 

th
e 

vi
ab

ili
ty

 
as

sa
ys

 
(n

ew
 

tra
ns

fe
ct

io
n 

fo
r 

ea
ch

 r
ep

ea
t).

 T
im

e 
po

in
ts

 
re

pr
es

en
ts

 
th

e 
tim

es
 

po
st

 
re

pl
at

in
g 

ce
lls

 i
n 

th
ei

r 
ap

pr
op

ria
te

 
pl

at
es

. 
Th

e 
ce

lls
 

re
pl

at
in

g 
w

as
 

pe
rfo

rm
ed

 a
fte

r 
ov

er
ni

gh
t 

re
co

ve
ry

 
of

 
ce

lls
 

fro
m

 
tra

ns
fe

ct
io

n 
(a

pp
ro

xi
m

at
el

y 
12

 h
ou

rs
). 

 

P
os

iti
ve

 
co

nt
ro

l 
w

as
 

in
cl

ud
ed

 
in

 
ea

ch
 e

xp
er

im
en

t 
an

d 
at

 e
ac

h 
tim

e 
po

in
t. 

Th
is

 w
as

 u
n-

tra
ns

fe
ct

ed
 c

el
ls

 
tre

at
ed

 
w

ith
 

S
ta

ur
os

po
rin

e 
dr

ug
 

(1
μg

/1
00

μl
). 

A
ll 

da
ta

 p
re

se
nt

ed
 a

s 
no

rm
al

iz
ed

 v
al

ue
s 

to
 th

e 
m

ea
n 

of
 6

-
ho

ur
s 

tim
e 

po
in

t. 
Th

e 
er

ro
r 

ba
rs

 i
n 

th
re

e 
ex

pe
rim

en
ts

 (
1-

3)
 a

nd
 i

n 
th

e 
m

ea
n 

of
 

th
e 

ex
pe

rim
en

ts
 

(4
) 

re
pr

es
en

t 
th

e 
95

%
 

co
nf

id
en

ce
 

in
te

rv
al

.  

R
es

ul
ts

 
w

er
e 

no
rm

al
ly

 
di

st
rib

ut
ed

 
ac

co
rd

in
g 

to
 th

e 
re

su
lts

 o
bt

ai
ne

d 
by

 
S

ha
pi

ro
-W

ilk
 t

es
t. 

Th
us

 T
w

o 
W

ay
 

A
N

O
VA

 (
A

na
ly

si
s 

of
 V

ar
ia

nc
e)

 w
ith

 
Tu

ke
y 

P
os

t 
H

oc
 

an
d 

B
on

fe
rro

ni
 

te
st

s 
w

er
e 

co
nd

uc
te

d.
 *

 p
<0

.0
5,

 *
* 

p<
0.

01
 a

nd
 *

**
p<

0.
00

1.
  

4.
 



Role of TGFBI in Breast Cancer 
 

184 
 

4.5.2.3 MDA-MB-468 Apoptosis Assays 

The three experiments (Figure 4.16, 1-3) showed no significant influence on caspase 

3/7 activity in the MDA-MB-468 transfected with TGFBI plasmid in comparison to cells 

transfected with the empty vector and untreated cells (Two-Way ANOVA/Analysis of 

Variance, p>0.05). However, there was a significant increase in the luminescent signal 

between 6 and 12 hour time points in the three experiments but different levels of 

significance were found. The second experiment had the lowest significance (Two-Way 

ANOVA, p<0.05), whilst the first and third experiments showed strong correlation 

(p<0.001) between apoptosis and time (Figure 4.16, 1 and 3) for transfected and 

untreated cells. 

The positive control cells treated with Staurosporine drug showed significant increase 

in apoptosis with time apart from experiment 1, where high 95% confidence interval 

was observed between the triplicates (Figure 4.16, 1). 

The mean of the three experiments showed there to be a significant relationship 

between the increased number of apoptotic MDA-MB-468 cells and time, but with no 

effect of TGFBI on apoptosis (Figure 4.16, 4).  

 

4.5.2.4 Summary of Apoptosis Results 

Transfection with TGFBI had no influence in apoptosis of ZR-75-1 and MDA-MB-468 

cells in the three replicate experiments. Apoptosis significantly increased with time for 

MDA-MB-468 cell line irrespective of TGFBI transfection.  
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4.5.3 Invasion Assays  

Invasion assays were carried out to examine whether culture with TGFBI conditioned 

media has an influence on the invasion of the two breast cell lines (ZR-75-1 and MDA-

MB-468), as demonstrated previously for colon cancer cells in-vivo (Ma et al., 2008). 

For optimization, three cell densities (1x104, 2x104 and 1x105) were assessed for 

invasion of both cell lines, each in triplicate, to determine the most appropriate density 

for subsequent experiments  

 

4.5.3.1 Optimization of Cell Density  

Three cell densities were compared (5x103, 2x104 and 1x105) for untreated ZR-75-1 

(Figure 4.17, A) and MDA-MB-468 (Figure 4.17, B) cells. 

The 2x104 cell density was used for the rest of the invasion assays for both cell lines. 

This choice was based on the reliable and similar fluorescent values obtained for both 

cell lines, with in the best consistency across the triplicates, and low standard deviation 

for both cell lines (Figure 4.17, A and B).  
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The effect of TGFBI conditioned media on invasion was monitored over 48 hours using 

the modified Boyden chamber assay, which is applicable to a plate reader. The 

invasion assay was performed three times for ZR-75-1 and twice for MDA-MB-468, 

each in duplicate using the TGFBI conditioned media collected 72 hours after 

transfection. This was used because TGFBI protein was shown to be at a high level in 
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Figure 4.17 Optimization of Cell Density for Invasion Assays  

Three different densities (1x104, 2x104 and 1x105) were tested for both ZR-75-1 (A) and MDA-MB-468 (B) to 
measure the invasion of cells through the matrigel. The invasion assay was performed for 48 hours, were 
readings taken every 2 hours. (*) the optimum density used in the rest of the invasion assays. 
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the conditioned media at this time point (Figure 4.9). No TGFBI protein was found in 

the conditioned media of cells transfected with empty vector; therefore, it was used as 

a negative control in order to normalize the invasion results of TGFBI induced 

conditioned media in each repeat. 

As, the conditioned media alone induced very low invasion; 1% FCS was added to 

enhance the invasion of both cell lines, as has been shown previously in the group 

(Guttery et al.  2010). 

 

4.5.3.2 ZR-75-1 Invasion Assays 

The three experiments were performed by using the conditioned media that was 

collected from TGFBI/empty vector transfected cells after incubating in serum free 

media for 72 hours (Figure 4.9). The TGFBI conditioned media resulted in a slight 

increase in cell invasion with time compared to the empty vector (Figure 4.18, A), 

however, this was not statistically significant (Two Way ANOVA, p=0.16).  

 

4.5.3.3 MDA-MB-468 Invasion Assays 

The mean of the two experiments, each performed in duplicate for the invasion assay 

of MDA-MB-468 cells are shown in Figure 4.18, B. TGFBI protein had no significant 

effect on the invasion of MDA-MB-468 cells (Two Way ANOVA, p=0.20). Both 

experiments showed variation across the duplicate readings, which resulted in wide 

SEM at all time points.  

 

4.5.3.4 Summary of the Invasion Results 

Culture of both ZR-75-1 and MDA-MB-468 cells with TGFBI cell conditioned media 

showed no statistically significant affect on invasion. 
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Figure 4.18 Invasion Assay Results Using TGFBI Conditioned Media  

Three experiments of invasion for ZR-75-1 (A) and two experiments for MDA-MB-468 (B) cell lines were performed. 
Fluorescent value readings obtained from the presence of TGFBI in conditioned media were normalized to the mean 
value (mean of the duplicate readings) of the empty vector for each experiment (Exp 1, Exp2 and Exp3) at 48 hour 
time point. These graphs represent the mean of the experiments. The error bars represent the SEM across the 
experiments. Results were normally distributed; therefore, Two Way ANOVA was performed for statistical analysis.  
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Discussion 

Optimizations and Limitations 

Transfection  

Both breast cancer cell lines MDA-MB-468 and ZR-75-1 were transfected with 7:2 ratio 

of Fugene and plasmid DNA using co-transfection with TGFBI plasmid plus GFP to 

check transfection efficiencies. In general, the MDA-MB-468 cell line showed a low and 

variable transfection efficiency (30-40%) compared to ZR-75-1 cells (50-60%), which 

might be a sign of cytotoxicity that occurs due to the high levels of transfected complex 

formation (Jacobsen et al., 2004). This variability might also be associated with the 

differences in characteristics and nature of cell lines, with ZR-75-1 cells being ER and 

PR positive and HER-2 negative but MDA-MB-468 cells being ER, PR and HER-2 

negative (Table 2.1).  

 

Functional Assays 

Three functional assays were performed to determine the role of TGFBI in breast 

cancer cells. Both viability and apoptosis assays were carried out in triplicate in each 

experiment and 3 wells containing only media (background wells/negative controls) 

were also included to check for possible interference of media with assay chemistry. 

The invasion assay was conducted for ZR-75-1 and MDA-MB-468 twice each in 

duplicate.  

Three groups of cells were used in the viability and apoptosis assays: transfected 

TGFBI plasmid cells, transfected empty vector cells and untreated cells. In the invasion 

assays un-transfected cells were used, with conditioned media that included or did not 

include TGFBI protein with 1% FCS. Equal cell density for all samples was confirmed 

by plating equal number of cells in each well post counting using the Hemocytometer 

(Method 2.2.1.2).  

Staurosporine is a potent inhibitor of cell growth of several human tumour cell lines, 

including breast cancer, by inducing cell cycle arrest at G1 phase (Pollack et al., 1996). 

This occurs as a result of an accumulation of dephosphorylated retinoblastoma protein, 

which has significant effect on increasing the apoptosis levels of cancer cells (Gescher, 

1998; Abe et al., 2001). Staurosporine was used as a positive control in the apoptosis 

assays to ensure that the assays were working correctly and also to determine the 

ability to induce apoptosis in the two cell lines. ZR-75-1 cells showed resistance to the 

X10 X10 X10 X10 X10 X10 
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drug at the 12 hour time point in the three experiments in contrast to MDA-MB-468 

cells. This difference in response to Staurosporine might depend on the pRb function in 

ZR-75-1 and MDA-MB-468 cells; it has been suggested that cell lines with intact pRb 

are more likely to be resistant to Starosporine (Zhou et al., 2002). It has been 

demonstrated that MDA-MB-468 cells lack pRb, which make them more sensitive to 

UV radiation compared to cells with wild-type pRb such as ZR-75-1 (Carlson and 

Ethier, 2000; Billecke et al., 2002). Thus this might explain the reason behind the high 

levels of apoptosis observed in MDA-MB-468 compared to ZR-75-1 post treatment with 

Staurosporine. No positive control was used in the viability assays because un-

transfected cells were grown in media with 10% FCS for both cell lines and so they 

were used as controls.  

The results obtained for both viability and apoptosis at different time points were 

expressed relative to the 6 hour time point for the transfected and un-transfected cells 

to allow the data of the three experiments to be combined. The background (negative 

control) well result was subtracted from the test well results that were present in the 

same column. This was undertaken because it had been noticed that there was an 

increase in the readings across the columns, which might relate to a technical 

problems with the plate reader readings.   

In some of the experiments conducted using the plate reader and DAPI, wide variations 

in the triplicates were observed. This could have been as a result of technical variations 

such as culture conditions, counting and seeding.   

The invasion assays were performed based on a modified Boyden chamber assay to 

investigate whether TGFBI protein has a critical impact on the invasion of breast 

cancer cells. Both cell lines showed low levels of invasion. This result was also 

observed by Hancox et al., (2009), which showed very low Mean Invasion Index (MII 

6%) for MDA-MB-468 using complete media. The lower levels of invasion than 

expected in this thesis might be due to the use of conditioned media with 1% FCS 

rather than complete media. Conditioned media with different percentages of FCS have 

a significant influence on invasion levels of breast cancer cell lines (Guttery et al. 

2010). 
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TGFBI and Breast Cancer 

Induction of TGFBI   

Although the main focus of this chapter was the assessment of TGFBI function in 

breast cancer cells the induction of TGFBI by TGF-�1 was considered in MCF-7 cells. It 

was found that a high concentration of TGF-�1 induced TGFBI protein in MCF-7 cells 

after 72 hours of incubation in serum free media (See Method 2.2.11), which was 

subsequently secreted into the culture medium, as detected by western blotting. 

The induction of TGFBI protein by the treatment of cells with TGF-�1 has been 

demonstrated in a number of studies (Introduction, Table 1.4). Shao et al., 2006 

proposed that the Smad pathway might play an important role in regulating the 

transcription of TGFBI gene in breast cancer cell lines. Therefore, MCF-7 cells were 

selected for induction studies since their Smad pathway is intact (Pouliot and Labrie, 

1999). It was observed that high TGF-�1 concentrations resulted in an alteration in the 

morphology of the MCF-7 cells, changing from cohesive groups to cells with an 

extended, elongated shape and less adhesiveness to each other. This alteration in 

shape suggests that TGF-�1 could have an effect on the cytoskeleton, either directly or 

indirectly. In order to analyse this rhodamin phalloidin F-actin bundles staining should 

have been performed. Phalloidin binds to actin particularly F-actin filaments, which are 

considered to be one of the important components of cytoskeleton (Low and Wieland, 

1974; Steinmetz et al., 1998). The polymerization and depolymerisation of these 

filaments determine the generated forces that enable changes in the cell shape; highly 

branched filaments support changes in the cell shape while packed filaments cause no 

changes (Fletcher and Mullins, 2010). It would have been worth performing this test to 

confirm the changes that were observed in the shape of MCF-7 cells treated with TGF-

�1.  

TGFBI was shown to be secreted by MCF-7 cells after 72 hours of treatment with TGF-

�1. As demonstrated in the immunohistochemistry studies, TGFBI is present in the 

stroma of breast cancers, and the secreted form could represent the stromal form. It is 

well recognised that the stroma is important in controlling cell behaviour in both normal 

tissues and cancer (Walpita and Hay, 2002). In order to determine whether 

secreted/stromal TGFBI could modify cell morphology and adhesion further 

experiments would be needed in which MCF-7 cells are cultured either on purified 

TGFBI or in culture medium that has a high level of TGFBI.  
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Role of TGFBI  

The precise function of TGFBI protein in tumourigenesis remains unknown but a 

number of studies have demonstrated it to be an important molecule that plays a role in 

tumour progression, angiogenesis and metastasis (Zhao et al., 2006; Becker et al., 

2006; Zhang et al., 2009; Zamilpa et al., 2009). In order to investigate the potential role 

of TGFBI in breast cancer two cell lines were used, ZR-75-1 and MDA-MB-468. These 

had shown very low TGFBI mRNA levels by q-RT-PCR (Figure 4.8), and also absence 

of TGFBI protein was confirmed by western blotting (Figure 4.9) hence it was possible 

to up-regulate TGFBI levels by transient transfection. They also differ in relation to their 

ER status, growth characteristics and invasion capability (Gordon et al., 2003). 

Transient transfection of both cell lines with TGFBI showed that mRNA expression was 

highest after 12 hours of exchanging the complete media, left overnight post 

transfection, to serum free media (Figure 4.8) with a parallel high level of protein within 

the cells at the same time point (Figure 4.9, A and B). Secretion of TGFBI into the 

culture medium was detected at 12 hours but this increased with time and was maximal 

at 72 hours, whereas the cellular protein decreased from 12 hours. The differences in 

the protein levels with time and location probably mirror those detected by 

immunohistochemistry with the cell (nuclear) location and the secreted form in the 

extracellular matrix. Previous studies have identified TGFBI in both intracellular and 

extracellular components (Billing et al., 2000a; Billings et al., 2000b; Zhao et al., 2006; 

Park et al., 2008). It has also been suggested that the presence of TGFBI in various 

locations maybe due to multiple isoforms arising from alternative splicing in the 5’ 

region of the mRNA, or by post-translational proteolytic processing (Billings et al., 

2000a). My experiments suggest that the extracellular form is the secreted 68kDa 

TGFBI form; and lower molecular weight forms were also detected but only in the 

normal organoids. 

The viability assays of ZR-5-1 cells transfected with TGFBI showed no significant 

difference in the number of metabolically active and viable cells compared to the ZR-

75-1 cells transfected with the empty vector and to ZR-75-1 untreated cells (Two Way 

ANOVA, Analysis of Variance, p>0.05). MDA-MB-468 cell line gave the same finding; 

no difference in cell viability was demonstrated between the three groups of cells. 

However, a significant increase in cell viability with time was confirmed in ZR-75-1 for 

transfected TGFBI, transfected empty vector and untreated cells particularly between 6 

and 24 hours time points. This finding indicates fast growth of this cell line in contrast to 

MDA-MB-468, which showed no significant increase in growth over this time period. 

DAPI staining also suggested that TGFBI had no significant effect on the proliferation 
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of ZR-75-1 and MDA-MB-468 cell at 6, 24 and 48 hours time points (Method 2.2.10). 

The DAPI staining are preliminary data, as this experiment was only performed once 

due to the fact that the protocol had many steps, each with the potential to introduce 

error and also technical difficulties in accurately counting the DAPI stained cells. It 

would have been of interest to examine the effect of TGFBI on proliferation and on S-

phase of the breast cells by analyzing Ki67 and BrDU incorporation, respectively. A 

recent study concluded that TGFBI is a tumour suppressor gene since mice lacking 

TGFBI had retarded growth and were prone to spontaneous tumour formation (Zhang 

et al., 2009). Furthermore, TGFBI reconstitution in TGFBI -/- mouse embryonic 

fibroblasts (MEFs) cells led to the suppression of proliferation by suppression of Cyclin 

AMP-Responsive Element Binding protein (CREB) and Cyclin D1 expression (Zhang et 

al., 2009). TGFBI expression was also demonstrated to significantly reduce 

proliferation of neuroblastoma cells in vitro and in vivo (Becker et  al., 2006). Apart from 

examining proliferation, investigation of CREB and Cyclin D1 expression in the TGFBI 

transfected breast cell lines and controls would have been worth doing.  

The apoptosis assay in this study showed that TGFBI has no significant influence on 

apoptosis of both cell lines compared to cells transfected with the empty vector and 

untreated controls. Both ZR-75-1 and MDA-MB-468 do not seem to be particularly 

sensitive to apoptosis via the TGFBI pathway, confirming that not every cell type 

appears to be sensitive to apoptosis mediated by TGF-������������~\�_��^�$�>[���

et al., 2005). A study by Zamilpa et al., 2009 suggested that absence of apoptosis in 

cells transfected with TGFBI might be due to the blockage of C-terminal fragmentation 

(RGD peptide release) of TGFBI. This mechanism might prevent the soluble RGD 

peptide from directly activating caspase-3 in the cell cytoplasm (Buckley et al., 1999). It 

was suggested that both cell lines have similar apoptotic index under normal culture 

conditions (% apoptosis approximately 15%), which was shown to be very low (Yang et 

al., 2007). This low apoptosis rate could be the reason behind detecting low changes, 

which might have been due to the sensitivity of the assay  used in this study.    

This study showed no influence of TGFBI on apoptosis of ZR-75-1 and MDA-MB-468 

cell lines when measuring caspase 3/7 activity. Despite this TGFBI protein was over-

expressed in the MDA-MB-468 floating cells collected from the conditioned media after 

48 and 72 hours of incubation with serum free media, post overnight culture with 

complete media to recover from the transfection process. These floating cells were 

combined with cell pellets obtained at the same time point, and then analyzed using 

western blotting (Figure 4.9). Over-expression of TGFBI protein in these cells confirms 

that TGFBI protein might have a role in apoptosis at a later time point post transfection.  
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The apoptosis findings obtained using the plate reader do not correlate with previous 

studies, which showed that over-expression of TGFBI protein significantly increased 

apoptotic induction in HeLa, Human Corneal Epithelial (HCE) cells, H522 (lung cell 

line) and MG-63 (osteosarcoma cells) (Morand et al., 2003; Zhao et al., 2006; Zamilpa 

et al., 2009). This might relate to the differences between the cells of different origins.  

In my study, it was found that TGFBI protein had no influence on the invasion of ZR-75-

1 and MDA-MB-468 cells. These results are not supported by a previous study, which 

showed that expression of TGFBI protein enhanced the aggressiveness and changed 

the metastatic features of colon cancer cells in vivo (Ma et al., 2008). However, as this 

study was performed in-vivo instead this could explain the difference in the results 

obtained as my study was carried out in vitro using breast cell lines.  

In conclusion, transient transfection with TGFBI had no effect on cell viability and 

apoptosis of both cell lines (ZR-75-1 and MDA-MB-468). No statistically significant 

effects were observed on invasion in response to culture with TGFBI conditioned 

media. Therefore, the role of TGFBI down-regulation in breast cancers (as identified in 

chapter 3) on enhancing breast cancer development and progression could be due to 

other mechanisms, or be of no significance. The data obtained could be due to the 

simple culture systems used in this study, which do not reflect the complexity of 

tissues. Cell culture is a very important method; however, the cells are not provided 

with the same normal physiological environment. Multiple micro-environmental 

parameters are involved in affecting cell growth and function such as ECM composition 

and cell-cell contact (Lelievre and Bissell, 1998).  Disruption of tissue architecture 

which is considered to be an essential regulator of epithelial function can lead to loss of 

biochemical information between the cells and their environment (Hagios et al., 1998). 

The use of 3 dimensional culture systems, with growth of cancer cells in different 

matrices, would have been of value in my study (Holliday et al., 2009).   
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Conclusion and Future Studies   
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The aim of my thesis was to examine three genes (TGFBI, DDB2 and MCM5) which had 

previously been found in a cDNA microarray to be up-regulated in two breast cancers 

from women aged 35 years in comparison to normal breast; to determine whether the 

up-regulation was still present when more cancers were studied; whether the changes 

were specific to cancers in the younger age (���� $�&�� ����_�� ���� ^����� ��&� #��`��

contribute to the more aggressive nature of sporadic breast cancer in this age group. In 

order to do this breast cell lines, normal/benign tissues, organoid (epithelium and 

myoepithelium) samples and breast cancers, stratified by age, were investigated for 

these target genes using q-RT-PCR, western blotting and immunohistochemistry. In 

order to clarify the role of TGFBI in breast cancer in-vitro functional studies of its effects 

on cell viability, apoptosis and invasion were undertaken in two breast cancer cell lines 

(ZR-75-1 and MDA-MB-468).   

 

Conclusions 

TGFBI 

This gene was considered worthy of further investigation for several reasons. It has been 

found to be up-regulated in several different cancer types (Ivanov et al., 2008). TGF-�1, 

which induces the synthesis of TGFBI, has an important role in breast cancer, in both 

development and progression of the disease (Akhurst and Derynck, 2001; Derynck et 

al., 2001). However, my findings do no support an obvious role for TGFBI in breast 

cancer, and certainly not  for cancers in the younger age group.  

In line with the findings of a previous PhD student (Lambe, 2008) TGFBI mRNA levels 

were found to be lower in breast cancer cell lines relative to the non-tumourigenic HBL-

100, and there was no evidence of protein expression at expected molecular weight of 

68kDa. TGFBI mRNA levels were also lower in breast cancers compared to 

normal/benign tissues. However, there was a trend of higher mRNA expression in the 

cancers when compared to normal organoids (epithelial/myoepithelial aggregates), 

which would correlate with the findings of the microarray. This suggests that the 

conclusions drawn from the microarray do not support findings in normal breast tissues. 

The use of dissociated normal breast as the comparator for the array, rather than intact 

normal breast tissue appears to be the cause of this. Western blotting data supported 

the mRNA results for 3 of the 6 tumours investigated but similar band intensities at a 

molecular weight of 68kDa were observed in normal/benign tissues and cancers in spite 

of the differences in their mRNA levels. Immunohistochemistry results showed that the 

majority of the breast cancers (46/67) had lacked nuclear staining in the invasive tissues 
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but ECM staining was observed to varying degrees in 48 of the 67 tumours. Neither 

TGFBI mRNA and protein expression correlated with the clinicopathological features of 

the tumours; however, a significant correlation between mRNA levels and the patient 

age was confirmed (Pearson correlation, one tailed, p=0.04), with lower mRNA levels 

correlating with breast cancer in younger women.   

Functional assays were performed to determine the role of TGFBI in breast cancer using 

in-vitro cell culture systems. The two cell lines (ZR-75-1 and MDA-MB-468) that were 

transiently transfected with TGFBI showed that TGFBI had no obvious role in regulating 

viability and apoptosis in these cell lines compared to cells transfected with the empty 

vector and untreated cells. In addition invasion assays, which utilised conditioned 

medium from cells transfected with TGFBI and vector alone showed that in this system 

TGFBI had no effect on the invasion of ZR-75-1 and MDA-MB-468 cells. Although the 

main focus of the functional studies was the assessment of the role of TGFBI in breast 

cancer cell lines the induction of TGFBI by TGF-�1 was also considered in MCF-7 cells. It 

was found that a high concentration of TGF-�1 induced TGFBI protein in MCF-7 cells 

after 72 hours of incubation in serum free media, which was subsequently secreted into 

the culture medium as detected by western blotting. 

 

DDB2 

This gene was considered worthy of further investigation for several reasons. It has been 

suggested that loss of DDB2 function in normal cells is related to susceptibility to tumour 

development (Alekseev et al., 2005). This might be due to its important role in DNA 

repair mechanism after binding to DNA lesions, to help in recruiting repair complexes to 

the region (Datta et al., 2001). DDB2 expression was linked with ER status in breast cell 

lines as was found by Lambe (2008) and Kattan et al., (2008); therefore, it was of 

interest investigating its relationship to ER status in a larger number of breast cancers. 

DDB2 mRNA expression was lower in negative ER/PR (HBL-100, MDA-MB-468 and 

MDA-MB-231) when compared to ER/PR positive cell lines (MCF-7, T47-D and ZR-75-

1). Western blotting detected similar band intensities at ~51kDa for all cell lines 

examined; however, different molecular weight form was observed in the organoid 

samples (48kDa). No significant difference was found between the mRNA expressions 

of the three groups examined: normal/benign tissues, breast cancers and organoid 

samples. In contrast to the microarray data, no significant difference was found between 

the mRNA levels of breast cancers and normal organoid samples, which could relate to 
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the larger number of cases used in the analysis in this study compared to the 2 breast 

cancers used in the microarray.  

Immunohistochemistry results showed approximately equal number of tumours that had 

negative and positive staining, therefore, no critical conclusion could be drawn from 

these results but they were significantly correlated with the mRNA data. Both mRNA and 

protein expression of DDB2 were shown to be significantly correlated with ER and PR 

status of the tumour, indicating that high mRNA and protein levels were associated with 

positive ER and PR status. Besides, a significant correlation was also found between 

high mRNA expression of DDB2 and grade II rather than grade III tumours. Of note, a 

significant correlation (Pearson correlation, one tailed, p=0.025) between mRNA levels 

and patient age was found, showing lower levels in younger women.  

 

MCM5 

MCM5 has been found to be up-regulated in a number of cancers (Introduction, Table 

1.15), and it was also shown to be highly expressed with a 9.59 fold change in the breast 

cancers in young women (����¤���&��`���#��_�������������`�#�����`���������#������$�

that was performed by Whyman (2005). This target had not been analysed previously by 

Whyman (2005) or Lambe (2008) but it was considered worthy of investigation on re-

review of the microarray data.  

MCF-7 and MDA-MB-231 showed the highest mRNA expression of MCM5 relative to 

HBL-100, while the rest of the cell lines showed lower mRNA levels. Western blotting 

results were consistent with the mRNA data for ZR-75-1, T47-D and MDA-MB-468 but 

small differences were seen in the expression of the protein in MCF-7 and MDA-MB-231. 

No significant difference in the mRNA levels of MCM5 was found between the three 

groups investigated: normal/benign tissues, breast cancers and organoid samples, 

whereas the immunohistochemistry results showed that 63 of the 67 breast cancers had 

a variable extent of nuclear staining.  

Only MCM5 protein expression was found to correlate with grade and ER/PR status of 

the tumour; with high protein levels being associated with grade II and ER/PR positive 

tumours. Unfortunately, both mRNA and protein levels of MCM5 showed no significant 

correlation with patient age. 
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Limitations and Suggested Improvements of this Study 

The major limitation in the q-RT-PCR results was generating cDNA only once from all 

the specimens and cell lines investigated. This was essentially due to the small amounts 

of RNA that were obtained from the frozen tissues, and also due to the software 

upgrades to the q-RT-PCR equipment which prevented retrospective retrieval of the cell 

lines data, which had been replicated early on in the study. Q-RT-PCR was performed in 

triplicate for each cDNA synthesized, which checks intra-assay variation but ideally 

cDNA synthesised on two to three separate occasions should have been compared. A 

small number of tissue samples used showed high Ct values but they were included in 

the analysis because it was suggested that even though the sample can increase the Ct 

value, it has no effect on the �Ct expression (Antonov et al., 2005). These high values 

can be due to poor RNA integrity, which can arise as a result of freeze/thaw changes. 

This would result in damage to RNA.  

Organoid samples may not have been the best positive control to be used for analysing 

western blotting results. This is because of the differences in molecular weight size 

observed between the cell lines and organoid samples. The multiple bands that were 

detected in the organoids particularly when assessing TGFBI protein could be due to the 

proteases used in isolation the organoid samples. These different forms made the 

interpretation of the results more difficult. It would have been beneficial to select different 

cell lines with the target protein to be examined. For example a positive control for 

TGFBI would be cell lines, which had been treated with TGF-�1 (Table 1.11).  

The H-score, which is a commonly used method for assessing immunohistochemistry 

results, was not used in this study. Instead we selected a system using the extent of 

staining as used in previous studies of TGF-�1 (Walker et al., 1994) as being more 

appropriate since there was little variation in the staining intensity. Also, the system used 

was simpler and intra-observer assessment showed that I would need more experience 

in order to be able to interpret staining as required for the H-score. However, given 

sufficient time it would have been worth re-assessing the immunohistochemistry results 

by this method. 

Investigating only 67 breast cancer cases for immunohistochemistry and 36 frozen 

tumours for mRNA was a major limitation of the study. The frozen tissues were only 

available from a small number of cases since it had been used for many other studies in 

the group. The aim of this study was to have relatively equal numbers of cases in the 

three age categories (�� ��� $���&�� �| -49 years and ¢��� $���&�� ��� ������ � o avoid bias 

when analyzing the immunohistochemistry results, where grouping was used. In addition 
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breast cancers are less frequent in the younger age group so finding larger numbers is 

difficult, as shown by a previous study of Walker et al., 1996, which included 48 cases 

from women 35 years and less. Also, only cancers from women who did not receive 

treatment prior to surgery were used, which excluded those younger women who had 

received neo-adjuvant therapy.  

The main limitation of the functional assays is the wide variations in the readings across 

the triplicate in viability and apoptosis assays in both cell lines (ZR-75-1 and MDA-MB-

468), which influenced the overall results. To overcome this problem additional 

replicates should have been included or more than 3 repeats for each experiment should 

have been performed. It would have been also beneficial to investigate the role of TGFBI 

using different methods instead of relying on the plate reader for example investigating 

the role of TGFBI on proliferation instead of viability by using proliferation markers (Ki67) 

before and after transient TGFBI transfection. It would also have been worth examining 

apoptosis by using immunocytochemistry with M30 antibodies for the three groups of 

cells: transfected TGFBI plasmid, transfected empty vector and untreated cells. Using 

staurosporine to induce ZR-75-1 apoptotic cells was not an appropriate positive control 

for the apoptosis assays performed because ZR-75-1 cells showed resistance to it at the 

12 hour time point. Therefore, using a different drug or a higher staurosporine 

concentration might improve and confirm the apoptosis data. 

The invasion assays were performed only twice in duplicate, which affected the overall 

results. Conditioned media with 1% FCS was used instead of complete media. This 

minimized the invasion rate of both cell lines; therefore, it would have been worth 

repeating this experiment with 5% FCS instead of 1% in the conditioned media, which 

might increase the invasion that was observed.  

 

Future Studies  

Some interesting data from this thesis was observed; however, more cancer cases 

should be used for validation of the changes seen in expression of the three genes for 

example by using tissue microarray (TMAs) and correlating with other markers. More 

IHC and q-RT-PCR would be worthwhile for looking at in larger numbers of breast 

cancer cases, if possible matching between the frozen and FFPE tissues.  
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TGFBI 

It would be of interest to examine the mechanisms behind the TGFBI down-regulation by 

investigating DNA methylation (gene silencing) or TGF-�� _��^�$� &����``��� in tissues 

and cell lines (Shao et al., 2006). I demonstrated that MCF-7 cells induced TGFBI 

protein after being treated with TGF-�1, confirming a relationship between active TGF-��

signalling pathway and induction of TGFBI. It would be worthwhile examining other 

breast cancer cell lines after ensuring that the signaling pathway is intact (Introduction 

1.11.3).  

This thesis showed no role for TGFBI in viability, apoptosis and invasion of breast cell 

lines (ZR-75-1 and MDA-MB-468); therefore it would be worth looking at proliferation in 

greater details than just viability. For example, investigating Cyclin D1 before and after 

transfection would be interesting to determine whether TGFBI has a direct effect on the 

cell cycle in breast cancer as suggested by Zhang et al., (2009).  

 

DDB2 

It might be interesting to explore further the different molecular form that was observed 

for DDB2 in cells lines compared to organoids by using RNA studies, for example, 

selecting a combination of primer for RT-PCR to discriminate between splice variant or 

by cDNA sequencing. This approach might help to determine the difference between the 

two molecular weights detected in cell lines and organoids samples, as evidence of 

presence of various splicing variants in DDB2 has been published by Inoki et al., (2004). 

Analyzing the DDB2 protein level in frozen breast cancer tissues using western blotting 

is warranted to determine the size in cancers compared to normal breast tissue. It might 

also be worth investigating whether DDB2 is associated with response to endocrine 

therapies and overall patient survival as this was expressed at highest levels in ER+ cell 

lines and tissues. In addition, it would be of interest to examine the role of DDB2 in the 

development and progression of breast cancer using functional studies. 

 

MCM5 

MCM5 is considered to be a worthy potential marker in all age groups of breast cancers. 

Therefore, it might be of interest to investigate MCM5 further by using a larger number of 

breast cancer cases. In addition, knock-out MCM5 from breast cell lines, which are 
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confirmed in this study to express it will be worth investigating to determine the 

functional role of this gene in breast cancer.  

 

In conclusion, two of the three investigated genes (TGFBI and DDB2) were significantly 

down-regulated in sporadic breast cancer in younger women. Both DDB2 and MCM5 

were identified as potential markers for ER+ and grade II breast cancers. This might 

explain why DDB2 mRNA expression is lower in cancers from younger women, since 

they are more frequent ER and PR negative. Functional studies with TGFBI transient 

transfection showed that there was no influence of TGFBI on viability, apoptosis and 

invasion of ZR-75-1 and MDA-MB-468 cells. Further studies in other cells are warranted 

in order to confirm these preliminary findings.  
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Appendix I Summary of the Clinicopathological Features of Fixed Breast Carcinomas Used in this Study 

Number 
of Case 

Age Size Grade Lymph 
Node 

ER PR HER-2 

   × 1  19 1 3 Neg High Low ----- 
   × 2 30 2 3 Neg Neg Neg ----- 
   × 3 31 1 3 Pos High High ----- 
   × 4 32 2 3 Neg High High Pos 
   × 5  34 2 3 Pos Neg Low ----- 
   × 6 35 1 3 Neg Neg Neg Neg 
   × 7  38 2 2 Neg High High ----- 
   × 8 50 1 3 Pos High High ----- 

9 50 2 2 Neg High High ----- 
  × 10 51 2 3 Pos Neg Neg Neg 
     11 51 2 2 Pos High High ----- 
  × 12 54 2 3 Pos High High ----- 
  × 13 54 2 3 Pos High Low Neg 
  × 14 59 1 3 Neg Neg Neg ----- 
  × 15 62 2 3 Neg High High ----- 
     16 64 2 3 Neg Neg Neg ----- 
  × 17 64 2 3 Pos ----- ----- ----- 
  × 18 49 2 3 Neg Neg Neg Pos 
  × 19 47 2 2 Neg Low High Neg 
     20 49 1 2 Neg High High ----- 
  × 21 46 1 3 Neg High High ----- 
     22 40 2 3 Neg Low Low Pos 
  × 23 43 1 3 Pos Neg Neg ----- 
  × 24 46 2 3 Neg Neg Neg Neg 
  × 25 46 2 3 Pos High High Pos 
     26 47 1 3 Pos High High Neg 
  × 27 38 2 3 Pos Low Neg Pos 
  × 28 45 2 2 Neg High High ----- 
     29  56 1 2 Neg High High ----- 
     30 45 1 3 Neg Neg Neg ----- 
  × 31  41 2 3 Pos High High Neg 
  × 32 46 2 3 Pos High High Neg 
  × 33 46 2 3 Pos Neg Neg Neg 
  × 34 29 1 3 Neg High Low ----- 
     35 30 1 3 Pos High High ----- 
  × 36 32 1 2 Neg High High ----- 
  × 37 30 1 3 Pos Neg Neg ----- 
     38 35 1 2 Neg High High ----- 
  × 39  34 2 2 Pos High Low Neg 
     40  54 2 2 Neg High High Neg 
  × 41 52 2 2 Neg High High ----- 
     42 69 2 3 Pos Neg Neg ----- 
     43  42 2 3 Pos High High Neg 
  × 44 63 2 1 Pos High High ----- 
     45 54 2 2 Neg High High ----- 
  × 46 60 2 2 Pos High Low ----- 
  × 47 59 3 3 Pos High High Neg 
     48 64 2 1 Neg High High ----- 
  × 49 59 2 3 Neg High High ----- 
  × 50 78 2 2 Pos High High ----- 

51 35 2 3 Pos Neg Neg Pos 
52 34 1 3 Neg High Low Neg 
53 31 1 2 Neg High Low Neg 
54 35 2 3 Pos Neg Neg Neg 
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Number 
of Case 

Age Size Grade Lymph 
Node 

ER PR HER-2 

     55 33 2 2 Pos High High Neg 
     56 49 2 2 Neg High High Neg 
  × 57 46 1 2 Neg High High ----- 
  × 58 43 2 2 Pos High Neg Neg 
  × 59 45 1 2 Neg High Low Neg 
  × 60 39 1 2 Neg High Low Neg 
     61 33 1 2 Neg High High ----- 
  × 62 66 2 2 Pos High High Neg 
  × 63 41 2 2 Pos High Low Neg 
     64 58 1 2 Pos High High ----- 
  × 65 64 2 1 Neg High High ----- 
     66 59 1 2 Neg High High ----- 
  × 67 45 2 2 Neg High High ----- 

   
   All the cases are Infiltrating Ductal Carcinoma (IDC).                  × Frozen carcinoma tissues that used for q-RT-PCR  
 
Tumour Size:                 1: < 20mm diameter  

                  2: ¢�������������� 
 
 

Tumour Grade:                      1: Well differentiation 
                                                      2: Moderate differentiation 

                 3: Poor differentiation 
 
 
Lymph node Involvement:  Neg: no lymph node metastasis  

Pos: there is lymph node metastasis 
 
 

Oestrogen (ER) and   
Progesterone (PR) status:  Neg: receptors not present  

Pos: there is presence for the receptor, which was divided into two categories 
Low and High  

 
 
HER-2 Receptors:   Neg: No HER-2 Receptors   
    Pos: there is HER-2 Receptors 
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Appendix II Q-RT-PCR Raw Reading Data for the Standard Curves  
 

 Readings  
Dilution 15625 3125 625 125 25 5 1 

Log2 
Dilution 

13.93 11.61 9.29 6.97 4.64 2.32 0.00 

        
GAPDH 18.17 20.32 22.57 24.51 26.25 29.12 31.64 

 18.21 20.34 22.39 24.58 26.74 29.16 31.48 

 18.14 20.26 22.41 24.52 26.89 29.36 31.77 

Std 0.035 0.041 0.098 0.037 0.334 0.128 0.145 

        

HPRT1 21.76 24.33 26.78 28.99 30.99 34.29 36.62 
 21.91 24.26 26.89 29.17 31.60 33.87 37.06 

 21.94 24.44 26.67 29.45 31.83 34.78 36.48 

Std 0.095 0.091 0.106 0.232 0.434 0.454 0.300 

        

TFRC 24.12 26.19 28.23 31.57 33.70 36.43 36.96 

 24.20 26.02 28.17 31.56 34.20 36.47 35.07 

 24.12 26.26 28.19 31.69 34.42 37.10 35.28 

Std 0.047 0.123 0.033 0.074 0.367 0.374 1.037 

        

TGFBI 21.44 23.25 25.43 27.91 31.02 35.30 36.01 

 21.30 23.19 25.58 27.71 31.21 33.64 35.08 

 21.44 22.99 25.30 28.07 31.26   

Std 0.080 0.133 0.139 0.179 0.124   

        

DDB2 25.57 27.76 30.46 33.63 34.83   

 25.37 27.74 30.69 32.77 36.96   

 25.58 27.98 30.85     

Std 0.118 0.129 0.196     

        

MCM5 22.98 25.56 27.72 30.63 33.55 37.03 36.70 

 23.31 25.53 27.74 30.71 34.57 35.37 36.32 

 23.13 25.22 27.93 30.62 33.32   

Std 0.163 0.188 0.113 0.047 0.664   
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Appendix III Immunohistochemistry Results of the 67 Cases for TGFBI  
 
 

 
Number 
of Case 

 
Nuclei 

Staining in 
Normal Areas 

 
Nuclei 

Staining in 
the In Situ 

Areas 
(%) 

 
Nuclei 

Staining in 
the Invasive 

Areas 
(%) 

 
ECM 

Staining in 
the Tissue 

(%) 

1 Weaker ------- 50-75 5 
2 ------- ------- <1 75 
3 Weaker ------- 5 50 
4 ------- 0       0   * 0 
5 Weaker <1      <1   * 0 
6 Negative ------- 0 20 
7 ------- ------- 0 10 
8 Negative 0       0    * 5 
9 Weaker -------  20 5 
10 ------- ------- 0 50 
11 Weaker ------- 0 0 
12 Weaker ------- 5 75 
13 ------- ------- 0 0 
14 ------- ------- <1 0 
15 Negative 0       0     * 0 
16 ------- ------- 0 75 
17 ------- ------- 5 0 
18 ------- ------- 0 0 
19 Same 10      10    * 0 
20 Weaker ------- >75 0 
21 ------- 10     <1   ** 0 
22 Weaker 0       10    *** 20 
23 ------- 10       5     ** 75 
24 ------- ------- 0 10 
25 ------- 0       0     * 5 
26 Weaker 0        0     * 0 
27 Same 0 c     * 20 
28 Weaker 5        0    ** 0 
29 ------- 50        25   ** 75 
30 Weaker ------- 0 5 
31 ------- 0        0     * 5 
32 ------- -------  0 0 
33 ------- 0        0     * 50 
34 Weaker 25       25    * 5 
35 Weaker 0        0     * 5 
36 Weaker 0      <1  *** 50 
37 Same 20   25-50 *** 10 
38 Weaker 0        0     * 0 
39 ------- 0        0     * 5 
40 Weaker 75       50   ** 0 
41 ------- 25       25   * 0 
42 ------- -------   0 50 
43 Same <5           0   ** 5 
44 ------- >75      >75   * 20 
45 Weaker  <1           0   ** 20 



Appendices 
 

209 
 

46 Same -------  50 50 
47 Weaker  ------- <1 0 
48 ------- ------- 0 20 
49 ------- ------- <1 5 
50 Same ------- >75 50 
51 ------- 50   50-75  *** 5 
52 Weaker  ------- <1 50 
53 ------- ------- 0 10 
54 ------- ------- 0 75 
55 Weaker ------- 0 10 
56 Same ------- 0 100 
57 ------- 0 0 5 
58 Weaker 0 <1 10 
59 Weaker ------- 0 5 
60 Weaker ------- 0 50 
61 Same ------- 50 5 
62 ------- ------- <1 0 
63 Weaker ------- 20 25 
64 Same ------- 5 25 
65 ------- ------- <1 75 
66 Same ------- 0 100 
67 Weaker 0 0 10 

 
*   Distribution of nuclei staining is the SAME in both in situ and invasive areas 
**  Distribution of nuclei staining is LOWER in the invasive compared to the in situ area  
*** Distribution of nuclei staining is HIGER in the invasive compared to the in situ area 
----- No normal tissue present 

 
NEGATIVE: No nuclei staining present  
WEAKER: Nuclei staining is weaker compared to the positive control 
SAME: Nuclei staining appear the same as the positive control 
 
0%: No nuclei staining in the area 
<1%: There are few nuclei stained in the area 
5%-10%: There is nuclei staining in less than quarter of the area  
11-50%: There is nuclei staining in one quarter to half of the area 
51-74%: There is nuclei staining in half to three quarter of the area  
	
��: There is nuclei staining mostly in all the area 
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Appendix IV Summary of the DDB2 Immunohistochemistry Results 
 

 
Number of 

Case  

 
Nuclei Staining in 

Normal Areas  

 
Nuclei Staining 

in the In Situ 
Areas  

 
Nuclei Staining 
in the Invasive 

Areas  
1 Weaker ------- 5% 
2 ------- ------- 0% 
3 Weaker ------- 0% 
4 Weaker  20%          5%     ** 
5 Same 10%         10%     * 
6 Weaker ------- <1% 
7 ------- ------- 5% 
8 Weaker <1%          5%    *** 
9 Weaker ------- <1% 
10 ------- ------- 0% 
11 ------- ------- 5% 
12 Same ------- 5% 
13 ------- ------- <1% 
14 ------- ------- <1% 
15 Weaker 5%          5%      * 

  16~ ------- ------- 0% 
17 ------- ------- 0% 
18 ------- ------- 0% 
19 Weaker ------- 5% 
20 Weaker 5%         5%       * 
21 Weaker <1%        <1%      * 
22 Weaker 0%         0%       * 
23 ------- ------- 0% 
24 ------- ------- 0% 
25 ------- <1%        <1%      * 
26 Same ------- 5% 
27 ------- 5-10%          5%     ** 
28 ------- 20%          5%     ** 
29 Same 51-74%       51-74%  * 
30 Weaker ------- <1% 
31 ------- 10%         10%     * 
32 ------- ------- 0% 
33 ------- 0%         0%       * 
34 Weaker ------- 20% 
35 Same 0%     20-25%  *** 
36 Weaker ------- 25% 
37 Same 0%        <1%     ** 
38 Weaker ------- <1% 
39 Weaker 5          1      ** 
40 Negative 5%           0      ** 
41 Weaker ------- 0 
42 ------- ------- 0 
43 Weaker 0           5     *** 
44 ------- 5           5      * 
45 Weaker 20          10     ** 
46 Same -------  20 

      47 Weaker ------- 0 
48 ------- ------- 0 
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49 ------- ------- 10 
50 Weaker ------ 0 
51 ------- 10         10      * 
52 Same ------- 5 
53 ------ ------ 0 
54 ------ ------ 0 
55 Negative ------ 10 
56 Weaker ------- 20-50 
57 -------- ------- 0 
58 Weaker ------- 5 
59 Same 0          0       * 
60 ------- ------- 10 
61 Similar ------ 40 
62 Weaker ------- 0 
63 ------- ------- 20 
64 Same ------- 0 
65 ------- ------- 20-50 
66 Weaker ------- 0 
67 Same 0           5     *** 

 
*   Distribution of nuclei staining is the SAME in both in situ and invasive areas 
**  Distribution of nuclei staining is LOWER in the invasive compared to the in situ area  
*** Distribution of nuclei staining is HIGER in the invasive compared to the in situ area 
----- No normal tissues present 

 
NEGATIVE: No nuclei staining present  
WEAKER: Nuclei staining is weaker compared to the positive control 
SAME: Nuclei staining appear the same as the positive control 

 
0%: No nuclei staining in the area 
<1%: There are few nuclei stained in the area 
5%-10%: There is nuclei staining in less than quarter of the area  
11-50%: There is nuclei staining in one quarter to half of the area 
51-74%: There is nuclei staining in half to three quarter of the area  
	
��: There is nuclei staining mostly in all the area 
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Appendix V Summary of the MCM5 Immunohistochemistry Results 
 

 
Number of 

Case  

 
Nuclei Staining 
in the Invasive 

Areas  
1 1 
2 2 
3 40 
4 2 
5 2 
6 10 
7 15 
8 5 
9 1 
10 2 
11 10 
12 20 
13 40 
14 1 
15 2 

  16~ 1 
17 1 
18 1 
19 40 
20 20 
21 5 
22 1 
23 10 
24 2 
25 5 
26 1 
27 0 
28 20 
29 50 
30 40 
31 2 
32 1 
33 0 
34 5 
35 5 
36 2 
37 0 
38 20 
39 5 
40 40 
41 0 
42 5 
43 2 
44 40 
45 1 
46 5 

      47 50 
48 15 
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49 5 
50 75 
51 50 
52 10 
53 4 
54 1 
55 2 
56 70 
57 15 
58 20 
59 2 
60 5 
61 80 
62 15 
63 30 
64 10 
65 10 
66 2 
67 10 

 
0%: No nuclei staining in the area 
<1%: There are few nuclei stained in the area 
5%-10%: There is nuclei staining in less than quarter of the area  
11-50%: There is nuclei staining in one quarter to half of the area 
51-74%: There is nuclei staining in half to three quarter of the area  
	
��: There is nuclei staining mostly in all the area 
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Appendix VI Recipes of Reagents 

- 1 X Gold Protein Lysis Buffer (1L) 
10mL of 1% Triton X-100 
30mL of 30mM Tris (PH=8) 
8g of 137mM Sodium Chloride  
150mL of 15% Glycerol 
1mL of 5mM EDTA  
 
- Gel Buffer 
Tris, SDS and HCL  
A. 1.5mM Tris-HCL pH=8.8 (Resolving) 
B. 0.5mM Tris-HCL pH=6.8 (Stacking) 
 
- 10% Sodium Dodecylsalphate Buffer  
100g Sodium Dodecyl Sulphate in 1L of 
distilled water  
 
- Western Gel Loading Buffer (4X) (pH=6.8) 
(10mL) 
2.608mL of 1M Tris HCL (pH=8.6) 
�����-Mercaptoethanol  
4mL Glycerol  
0.80g SDS 
0.01g Bromophenol Blue  
1.397mL Pure Water  
 
- 10X Western Running Buffer (pH=8.3) 
(500mL) 
54g Tris Base 
72g Glycine 
5g SDS 
 
- 10X Western Transfer Buffer (pH=8.3) 
(1L) 
30.2g of 25mM Tris  
144.4g of 192mM Glycine 
10mL of 10% SDS (0.01%) 
Methanol 
 
- Western Washing Buffer (1%TBS-T) (1L) 
100mL of 20 x TBS 
10mL Tween 20  
890mL Distilled Water  
 
- Western Washing Buffer (3%TBS-T) (1L) 
100mL of 20 x TBS 
30mL Tween 20  
870mL Distilled Water  
 
- 5% Western Blocking Solution (1L) 
5g of Marvel Dried Skimmed Milk 
100mL of distilled water  
 
- Mayer’s Haematoxylin (2L) 
1800mL Distilled Water 
100g Aluminium Potassium Sulphate  
2g Haematoxylin dissolve in 10mL 99% 
IMS  
400mg Sodium Iodate  
400mg Citric Acid  

100g Chloral Hydrate   
 
 
- Eosin (2L volume at 1%) 
20g Eosin dissolve in 1800mL of ordinary 
tap water  
1mL of 1% Calcium Chloride  
2mL of 38-40% Formaldehyde  
 
- 20 X Citrate Buffer (pH=6) (1L) 
42g Citric Acid in 500mL ultrapure water 
Sodium Peroxide to adjust pH 
5M Sodium Peroxide for final adjustment  
 
- 100 X Tris/EDTA (TE) Buffer (pH=7) (2L)  
242.3g Tris  
74.4g EDTA  
 
- 10 X TBE Buffer (pH=8.3) (1L) 
108g Tris 
55g Boric Acid  
40mL of 0.5M EDTA 
 
- 20 X Tris Buffered Saline (TBS) (pH=7.65) 
(2L) 
242.3g of 0.05M Tris (Hydroxymethyl 
Mehtylamine) 
350.6g of 0.15M Sodium Chloride  
 
-10X AJ Buffer (PCR Buffer) (100mL) 
3.73g KCL 
10mL of 1M Tris-HCL (pH=9.0) 
0.143g MgCl2 
1mL Triton-X 100 
89mL Pure Water 
 
- 50X TAE Buffer (pH=8.5) (1L) 
242g of Tris 
57.1mL of Glacial Acid 
100mL of EDTA (pH=8.0) 
843mL Pure Water  
 
- 6X PCR Gel Loading Buffer (200mL) 
30mL Glycerol  
0.5g Bromophenol Blue 
0.5g Xylene Cyanol 
170mL Pure Water 
 
-NZY+ broth (pH=7.5) (1L) 
5g NaCl 
2g MgSO4*7H2O 
5g Bacto-Yeast Extract 
10g NZ amine 
1L of Pure Water 
 
- Luria-Bertani (LB) Medium 
1% w/v bactro-tryptone 
0.5% w/v bactro-yeast extract 
0.5% w/v NaCl 
Adjusted to pH=7.2 with NaOH 
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