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Abstract 
 

Breast cancer presenting in women aged ≤ 35 years has a more aggressive behaviour, and 
thus poorer prognosis, which is thought to be due to differences in the tumour biology of 
these tumours compared to those from older women. 
  
The aim of this study was to examine the expression of 9 novel gene targets (A-kinase anchor 
protein-1 (AKAP1), Acidic protein rich in leucines (APRIL), CCAAT enhancer binding 
protein alpha (C/EBPα), Damage-specific DNA binding protein 2 (DDB2), Granulin, 
Nuclear Receptor Coactivator 3 (NCOA3), Retinoic acid receptor Responder 3 (RARRES3), 
Retinoblastoma binding protein 4 (RBBP4), and Transforming Growth Factor beta Induced 
(TGFβI) identified previously by a cDNA microarray in breast cancers and female controls 
by RT-qPCR, western blotting, and immunohistochemistry.   
 
Six breast cell lines, 9 samples of organoids from reduction mammoplasty tissues, and 35 
tumour tissues (20 cases >35 years, 15 cases ≤35 years in age) were analysed for the 
expression of the nine target genes using real time quantitative RT-PCR.  Of the nine target 
genes investigated, five showed differences between normal and cancers ≤35, or between 
breast cancers ≤35 and those >35 years.  NCOA3 and RARRES3 showed elevated levels of 
mRNA in breast cancers ≤35 years compared to those >35 years (p= 0.001 and p=0.002 
respectively).  Compared to the normal breast, TGFβI showed a reduced level of mRNA 
expression in both younger and older cases (p= 0.026 and p=0.001 respectively), while 
DDB2 and C-EBPα showed a reduced level of mRNA expression in younger group only (p= 
0.002 and p=0.001 respectively).   
 
NCOA3 protein expression examination using western blotting found high levels in the 
ER+ve cell lines MCF-7, ZR-75-1 and T47-D with a weak expression in ER−ve cell lines 
HBL-100 and MDA-MB-468.  RARRES3 protein expression was found in 4 breast cell lines 
(HBL-100, MDA-MB-468, MCF-7, and ZR-75-1).  IHC found expression of NCOA3 in 
younger and older tumours including ER+ve and ER−ve cases. 
 
This study identifies NCAO3 and RARRES3 as potential markers for breast cancers in 
younger women, but the data need confirmation in a larger series of cases. 
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1.1 Introduction to Breast Cancer 
 

Breast cancer is the most common cancer in women worldwide (Parkin, 2001).  In the UK 

and Ireland, breast cancer accounted for almost 1 in 3 of all female malignant cancers in the 

1990s, when the number of new cases averaged 44,000 each year (National Statistics, 2007).  

The surge in the numbers of breast cancers diagnosed is probably due to improved detection 

by breast mammography screening programmes as well as the fact that women are living 

longer.  

Incidence and mortality both vary around the world (Parkin & Muir, 1992), with a high 

incidence in the West and lower incidence in the Far East.  Incidence is increasing in many 

parts of the world, including the USA, Canada, and Europe as well as the Far East.  Breast 

cancer has also been the most common cause of cancer death in women, responsible for 

almost 1 in 5 of all cancer deaths, and 5 per cent of all deaths in women in the 1990s 

(National Statistics, 2007).  Risk for breast cancer is higher for post menopausal women, with 

80% off all cases diagnosed in those over 50 years old.  Survival rates for breast cancer have 

improved over the past 20 years.  In 1989, 15,625 women died from the disease compared to 

12,417 in 2005.  The estimated five-year survival rate for women diagnosed in England and 

Wales in the 1970s was around 50%, whereas now it’s closer to 80% (National Statistics, 

2007).  This fall in the number of deaths can be attributed to earlier detection due to an 

increased awareness among women, widespread screening programmes, and improved 

treatment. 

 

1.2 Risk factors 
The aetiology of breast cancer is still poorly understood with known risk factors explaining 

only a minority of cases.  The identification of these risk factors, both environmental and 

genetic, has been critical in the search for improvements in diagnosis and prevention, even if 

they do not explain the underlying mechanisms. General risk factors for breast cancer include 

all of the following: increasing age, geographic location, socioeconomic status, reproductive 

factors i.e. late age of menopause, early age of menarche, nulliparity, and older age at first 

birth, exogenous hormones, lifestyle risk factors (diet, obesity, alcohol, physical activity), as 
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well as genetic factors (family history and high- and low- penetrance breast cancer 

susceptibility genes).   

 

1.2.1 Age, ethnicity, location 

Cancer is considered a disease of aging, as evidenced by the rising incidence with increasing 

age.  Incidence of breast cancer is less than 2 cases per 100,000 in women aged less than 25, 

over 100 cases per 100,000 in women at age 40, and over 400 cases per 100,000 in women 

aged 80 and over (Ries et al. 2004).  In the USA, incidences are 20-40% higher in white 

women than in African-American (Garfinkel et al., 1994), except in younger age groups 

where rates are higher in African-Americans (Bernstein et al., 2003).  There is a definite 

trend for breast cancer to be more common in areas such as North America, and Northern 

Europe, while areas in the Far East such as Japan have much lower rates of the disease 

(Parkin et al., 1999). 

1.2.2 Family history 

Having a family history can increase a woman’s chance of developing breast cancer.  

Epidemiological studies have shown that ~12% of breast cancer patients have one or more 

first-degree relatives affected with the disease.  A large study found that women with a first-

degree relative with the disease have a 2-fold increase in risk of breast cancer (CGHFBC, 

2002).  The risk of breast cancer increases with the number of affected relatives and is greater 

for women with a relative affected at a younger age, bilateral disease or a history of benign 

disease (McPherson et al., 2000).   

1.2.3 Breast density, benign breast disease, and radiation 

Women with more than 75% increased breast density on mammography have around 5-fold 

increase in the occurrence of breast cancer over a woman with 5% increased breast density 

(Byrne et al., 2001).  Pre- and postmenopausal nulliparous women tend to be thinner, and in 

general, have an increased breast density (Biglia et al., 2004), and therefore have an increase 

risk for developing breast cancer. 

A history of benign breast disease is known to increase the risk of developing breast cancer.  

Those with severe atypical epithelial hyperplasia have around 4-fold increased risk of 
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developing breast cancer, while those who also have a family history of breast cancer have a 

nine-fold increase in risk (McPherson et al., 2000). 

Exposure to ionising radiation is known to increase the risk of developing breast cancer.  

This theory has been supported by the high incidence among women exposed to Hiroshima 

and Nagasaki nuclear explosions (Tokunaga et al., 1987). 

1.2.4 Hormones 

Lifetime exposure to endogenous sex hormones is determined by many factors, such as age at 

menarche, age at first pregnancy, number of births, and age at menopause, all of which have 

been examined for their influence on breast cancer risk.  An early age at menarche appears to 

increase breast cancer risk by 10-20% (Berkey et al., 1999), while a later onset of menopause 

increases the risk by ~3% (Collaborative Group on Hormonal Factors in Breast Cancer, 

2001).  Pregnancy at a younger age in particular, as well as breastfeeding is believed to lower 

the risk of breast cancer.  Obesity has been found to result in a higher risk for breast cancer 

(Huang et al., 1997) (since oestrogen is found at high levels in adipose tissue), whereas 

physical activity during youth decreases breast cancer risk by 20% (Lagerros et al., 2004).  

The decrease in risk found with increased physical activity is thought to be due its effect on 

delaying onset of menarche and modifying the bioavailable hormone levels.  In 

postmenopausal women, the higher risk of developing breast cancer associated with high 

bone density is attributed to the fact that oestrogens are known to assist in bone mass 

maintenance (Kuller et al., 1997). 

Exposure to exogenous hormones such as oral contraceptives and hormone replacement 

therapy result in a small increased risk of developing breast cancer (Collaborative Group on 

Hormonal Factors in Breast Cancer, 2001). 

1.2.5 Diet and lifestyle 

Alcohol consumption has been associated with an increased risk for breast cancer 

development (Smith-Warner et al., 1998).  Breast cancer incidence is higher among women 

from urban areas than in those from rural regions (Wronkowski et al., 1993), while those 

from a lower socio-economic backgrounds had a decreased risk of developing breast cancer 

(Lawson, 1999).  
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1.3 Development of breast cancer 
Historically breast cancer development has been seen to be a multi-step process including a 

progression from normal, to hyperplasia, carcinoma in situ, invasive carcinoma, and 

metastasis.  While the basic concepts of the morphology of these breast cancer precursor 

lesions remains legitimate, advances in immunohistochemistry and molecular genetics have 

changed the way the multi-step process is interpreted.  It is now clear that the process of 

breast cancer development comprises two different arms with their own pathways (Simpson 

et al., 2005).   

The first refers to the progression of atypical ductal/lobular hyperplasia to well-differentiated 

ductal/lobular carcinoma in situ (DCIS/LCIS), which in turn progresses to grade I invasive 

ductal/lobular carcinoma (IDC/ILC) (‘low-grade arm’) (see Figure 1.1).  The second involves 

the development of grade III IDC from poorly differentiated DCIS (‘high-grade arm’).   

‘Low-grade arm’ cancers tend to be ER and PgR positive, of low nuclear grade, negative for 

HER-2 and basal markers, and have low genetic instability with 16q loss.  ‘High-grade arm’ 

cancers tend to show more nuclear atypia, are normally ER and PgR negative, may be 

positive for HER2, and have numerous genomic alterations, such as loss of 8p, 11q, 13q, 14q, 

gain of 1q, 5p, 8q, 17q, and amplifications on 6q22, 8q22, 11q13, 17q12, 17q22-24, and 

20q13 (Buerger et al., 1999; Reis-Filho & Lakhani, 2003; Roylance et al., 1999).   

Lobular carcinoma in situ (LCIS) and invasive lobular carcinoma (ILC) belong to the ‘low-

grade arm’ (Lu et al., 1998).  However, they are dissimilar to the well-differentiated DCIS 

and grade I IDC as they do not express E-cadherin (Cleton-Jansen, 2002).  Pleomorphic 

variant of lobular carcinoma (PLC) shares morphological features with both classic ILC and 

grade III IDC, with loss of 16q and no E-cadherin expression, although, it can show HER-2 

overexpression.  Therefore, the boundaries between the ‘low-grade arm’ and the high-grade 

arm’ are slightly distorted, demonstrating that the molecular pathways in breast cancer 

carcinogenesis are extremely complex. 
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Figure 1.1  Model for breast cancer progression 

 
 

 

ADH: atypical ductal hyperplasia; ALH: atypical lobular hyperplasia; Well-diff: well 
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1.4 Breast cancer susceptibility genes 
Breast carcinogenesis is a multi-step process, with each step thought to involve one or more 

distinct genetic mutations (see section 1.3).  Hereditary breast cancer is characterised by an 

inherited susceptibility to breast cancer due to germline mutations in high-risk breast cancer 

susceptibility genes such as BRCA1, BRCA2, p53, E-cadherin, LKB1, and PTEN, or low-

risk genes such as ATM, and CHEK2, whereas sporadic breast cancer arises from a series of 

somatic mutations these and other cancers (Wooster & Weber, 2003). 

1.4.1 BRCA1 and BRCA2 

Breast cancer susceptibility gene 1 (BRCA1), and breast cancer susceptibility gene 2 

(BRCA2), are tumour suppressor genes located on chromosome 17q21 and 13q12-13 

respectively (Hall et al., 1990; Wooster et al., 1994).  Both genes code for proteins whose 

primary function is to maintain genomic integrity.  BRCA1 and BRCA2 mutations account 

for 5-10% of all breast cancer cases and approximately 80% of all hereditary breast cancer 

cases (Rebbeck et al., 1996).  The cumulative risk of breast cancer at age 70 years with a 

mutation in BRCA1 or BRCA2 is 85% and 84% respectively and 63% and 27% respectively 

for ovarian cancer (Ford et al., 1998).  Loss of heterozygosity (LOH) in the BRCA1 gene is 

often seen in hereditary breast cancers, and is the most common cause of gene inactivation 

(Osorio et al., 2002).   

Germline mutations of BRCA2 are associated with approximately 76% of breast cancer 

families in which both females and males are affected, compared to 32% in families where 

women only are affected (Ford et al., 1998).  The prevalence of carriers of mutations in 

BRCA1 and BRCA2 is approximately one in 1,000 and one in 750 respectively (Antoniou et 

al., 2002). 

 

1.4.2 p53 

The tumour suppressor gene p53 is located on chromosome 17p13.1 and encodes a protein 

involved in important cellular processes including cell cycle, apoptosis, and DNA-repair.  

Germline mutations in p53 are responsible for Li-Fraumeni syndrome, a disease associated 

with breast cancer (1% of all breast cancers) (Srivastava et al., 1990).  Other hereditary 

breast cancers may be due to mutations in genes coding for p53 modulator proteins. A 

significant proportion of these cancers have been associated with mutations of BRCA1. 
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BRCA1 may interact with p53 and has been viewed as a ‘scaffold’ for p53 response 

(Hohenstein & Giles, 2003).  BRCA1 tumours often harbour p53 mutations, but it is not yet 

known if this infers the need for p53 inactivation for the development of BRCA1 tumours to 

occur, or if the loss of BRCA1-associated DNA repair properties may explain, in some way, 

the high frequency of p53 mutations (Lacroix & Leclercq, 2005).   

 

1.4.3 PTEN 

The phosphatase and tensin homolog gene (PTEN) tumour suppressor located on 

chromosome 10q23 is mutated in Cowden syndrome, a disorder characterised by multiple 

benign tumours.  PTEN mutations found in Cowden syndrome have been linked with cancer 

(Marsh et al., 1999), and are associated with a 25-50% lifetime breast cancer risk.  It 

accounts for a small proportion (<1%) of hereditary breast cancers. 

1.4.4 LKB1 

The LKB1 gene is located on chromosome 19p13.3 and encodes a tumour suppressor protein.  

Mutations result in Peutz-Jegher syndrome, a rare syndrome characterised by gastrointestinal 

polyps and freckles on the skin.  Patients with Peutz-Jeghers syndrome have a 29-54% 

chance of developing breast cancer by age 65 (Lim et al., 2003). 

1.4.5 ATM 

The ATM gene located on chromosome 11q22-23 encodes a protein which plays an 

important role in detecting the presence of DNA double-strand breaks.  Carriers of ATM 

mutations suffer from Ataxia telangiectasia (AT), a disease that incurs an increased 

susceptibility to cancers.   Studies of individuals with AT have suggested that female 

relatives heterozygous for an ATM mutation have a 2-5 fold increase in risk of breast cancer 

(Swift et al., 1987). The risk for developing breast cancer in ATM carriers is about 11% at 

age 50, and 30% by age 70 (Easton, 1994). 

 

1.4.6 CHEK2 

CHEK2 is a G2 checkpoint kinase that plays a central role in DNA repair.  Mutations in 

CHEK2 were first identified in a family with Li-Fraumeni syndrome, and later found in 

several breast cancer samples (Vahteristo et al., 2001).  It was later found that the 
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CHEK2*1100delC mutation occurs in over 5% of breast cancers from women with a family 

history of the disease but with no BRCA1 or BRCA2 mutations (Meijers-Heijboer et al., 

2002). 

1.4.7 E-cadherin 

The E-cadherin gene is located on chromosome 16q22.1, and encodes a cell-cell adhesion 

protein, that plays a central role in the maintenance of cell differentiation and architecture of 

epithelial tissues.  Mutations in this gene are associated with hereditary diffuse gastric cancer 

syndrome.  Patients with this syndrome, have a 20-40% risk of developing breast cancer 

(Pharoah et al., 2001).   

1.4.8 Polymorphisms 

Although low-penetrance susceptibility genes may only result in a low to moderate increase 

in breast cancer risk, their presence along with endogenous and exogenous exposures, may 

have a greater role to play in breast carcinogenesis compared to that of high-penetrance genes 

such as BRCA1 and BRCA2. 

Enzymes involved in metabolic pathways that either activate or inactivate carcinogens are of 

relevance to breast cancer risk (Okobia & Bunker, 2003).  The cytochrome P450 (CYP) 

family controls the metabolism of most drugs as well as all carcinogens.  Polymorphisms in 

CYP450 genes can affect breast cancer risk.  CYP2D6, when mutated, has also been shown 

to play a role in breast cancer susceptibility (Pontin et al., 1990; Topic et al., 2000).  

Mutations in members of the Glutathione S-transferase (GST) superfamily can lead to the 

absence of isoenzymes which can lead to the impairment of the body’s responses to chemical 

challenges, and thus influence cancer susceptibility.  Some studies have found a correlation 

between GST gene mutations and a moderate increase in breast cancer risk (Gudmundsdottir 

et al., 2001). In addition to this, mutations in the MTHFR (5-10-methylenetetrahydrofolate 

reductase) enzyme (responsible for DNA synthesis and maintenance), and the XRCC1 gene 

(involved in DNA repair) have been associated with an increase in breast cancer risk 

(Campbell et al., 2002; Ergul et al., 2003; Smith et al., 2003).   

Alcohol dehydrogenase (ADH), a rate-limiting enzyme in alcohol oxidation may affect breast 

cancer risk, since alcohol is a well known risk factor.  One study found that premenopausal 

women homozygous for the ADH1C*1 allele were at a 1.8 times higher risk for breast cancer 

compared to women with the other two genotypes (Freudenheim et al., 1999).   
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1.5 Genetics of sporadic breast cancer 
Approximately, 5% of all breast cancers occur due to inherited germline mutations.  The 

remaining 95% are due to acquired genetic changes.  The genes which undergo sporadic 

mutation are mostly the tumour suppressor genes and oncogenes but also of importance are 

changes in genes that are involved in cell-cycle inhibition, cell-cell adhesion, angiogenesis, 

DNA repair and apoptosis (for a review see (Kenemans, 2004). 

While BRCA1 mutations account for a high proportion of hereditary breast cancers, BRCA1 

mutations are rare in sporadic breast cancers.  However, in sporadic cases BRCA1 is 

underexpressed in about 30% of cases (Yoshikawa et al., 1999).  Functional impairment is 

common, often the result of hypermethylation of the BRCA1 promoter (Dobrovic & 

Simpfendorfer, 1997; Esteller et al., 2000).  Loss of heterozygosity (LOH) of the region on 

chromosome 17, which includes BRCA1, has been found in many sporadic breast cancers 

(Beckmann et al., 1996; Hanby et al., 2000; Johnson et al., 2002).  Likewise, mutations in 

the BRCA2 gene are rare in sporadic breast cancer (Lancaster et al., 1996), but LOH in 

chromosome 13q12 region has been found in 20-54% of sporadic cases (Cleton-Jansen et al., 

1995; Hanby et al., 2000; Johnson et al., 2002). 

Mutations in p53 are found in approximately 50% of all human cancers (Malkin, 1994) and 

around 90% of carriers of the mutation develop cancer by the age of 70.  P53 mutations 

appear in 20-60% of sporadic breast cancers (Deng et al., 1994; Osborne et al., 1991).  

Aberrations of p53 have been associated with a poorer prognosis in breast cancer patients 

(Thor et al., 1992).  Like the BRCA genes, p53 shows a high frequency of LOH in breast 

cancer (Hanby et al., 2000; Johnson et al., 2002). 

The human epidermal growth factor receptor 2 gene (HER-2, ErbB2/neu) is localised to 

chromosome 17q and encodes a transmembrane tyrosine kinase receptor protein that 

regulates cell proliferation, differentiation, and survival.  Amplification and overexpression 

of HER-2 has been reported in up to 25% of invasive breast cancers (Slamon et al., 1987) 

and DCIS, where it acts as an oncogene to promote progression of the cancer, and is 

associated with high grade cancers and those with positive lymph node status (Burstein, 

2005).   

The c-myc oncogene has been localised to chromosome 8q24 and encodes a nuclear 

phosphoprotein that acts as a transcriptional regulator involved in cellular proliferation, 
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differentiation, and apoptosis (Dang, 1999; Liao & Dickson, 2000).  C-myc is amplified and 

overexpressed in 15-25% of breast tumours (Deming et al., 2000) and, has been associated 

with worse prognosis (Mizukami et al., 1995). 

Cyclin D1 belongs to the family of cyclin proteins which function as the regulatory subunits 

of cyclin/cyclin dependent kinases (Cdks) that regulate entry into and progression through 

the cell cycle.  Cyclin D1 overexpression has been reported in between 40 and 90% of cases 

of invasive breast cancer, while gene amplification is seen in about 5–20% of tumours 

(Gillett et al., 1994; Weinstat-Saslow et al., 1995; Zukerberg et al., 1995).  Evidence to 

support that overexpression of cyclin D1 is a good prognostic factor varies greatly.  Some 

studies have shown that overexpression of cyclin D in invasive breast cancer is associated 

with better disease-free intervals and overall survival, particularly for ER-positive patients 

(Bilalovic et al., 2005; Gillett et al., 1996), while others has found that gene amplification 

relates to a poorer prognosis in ER positive patients (Michalides et al., 1996; Seshadri et al., 

1996).  

The gene encoding cyclin E is located on chromosome 19q12.  Cyclin E is rarely amplified in 

breast cancer, however the protein product is overexpressed in ~40% of breast cancers 

(Keyomarsi et al., 1994; Loden et al., 2002).  In their study, Keyomarsi et al. found the 

expression of cyclin E to correlate with decreased disease-specific survival.  Cyclin D1 

appears to be overexpressed predominantly in ER+ cancer, whereas Cyclin E is 

predominantly overexpression is confined to ER- breast cancers (Buckley et al., 1993; Loden 

et al., 2002).   

Somatic E-cadherin mutations are normally found in infiltrating lobular carcinomas or in situ 

lobular carcinoma types than in other histological types (Mastracci et al., 2005).  A number 

of studies have found a correlation between loss of E-cadherin expression and adverse 

outcome in breast cancer (Charpin et al., 1998; Parker et al., 2001; Yoshida et al., 2001), 

while others have found E-cadherin expression to be a marker for disease progression (Gillett 

et al., 2001; Jones et al., 1996; Oka et al., 1993).  
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1.6 Tumour characteristics 

1.6.1 Pathology 

In situ cancer confine themselves to the ducts or lobules and do not spread to the surrounding 

tissues in the breast or other parts of the body.  These cancers include ductal carcinoma in 

situ (DCIS), and lobular carcinoma in situ (LCIS).  DCIS is thought to account for only a 

very small proportion of breast cancers (5%).  It is characterised by proliferation of malignant 

epithelial cells within the mammary duct, with no evidence of invasion into the surrounding 

stroma.  LCIS lesions can be localised or extensive, and can also be bilateral in some cases.  

Both DCIS and LCIS can only be identified histologically and are considered to be risk 

lesions, although both may also be precursor lesions (WHO, 2003). 

Invasive (or infiltrating) cancers have the potential to metastasise and can therefore be life 

threatening.  Invasive ductal and lobular breast carcinomas are the most common breast 

malignancies, representing ~80% and ~15% of invasive breast carcinomas respectively 

(Joensuu & Toikkanen, 1995).  Other less common types include mucoid or colloid (2.4%, 

tubular (1.2%), adenoid cystic (0.4%), cribriform (0.3%), and carcinosarcoma (0.1%). 

1.6.2 Prognosis 

Prognostic factors that are used clinically for patients with breast cacner are those that 

forecast the most likely clinical outcome.  Factors used include tumour type, (e.g. infiltrating 

ductal carcinoma, infiltrating lobular carcinoma), tumour grade, tumour size, lymph node 

status, and presence of distant metastasis.  The TNM staging system developed by the 

American Joint Committee on Cancer Staging (Singletary, 2002) is an important tool because 

its assesses the extent to which the tumour has spread, and is therefore a powerful predictor 

of survival.  The system utilises the size of a primary tumour (T), whether axillary lymph 

nodes do or don’t contain metastases (N) and whether the cancer has spread to a different 

part of the body (M).  The system uses numbers to describe the cancer. ‘T’ can be 1-4, with 

'1' being a small tumour (tumour 20 mm or less) and '4' a large one (tumour greater than 100 

mm in diameter), 'N' can be 0-3 with '0' meaning no positive lymph nodes and '3' many 

positive nodes, and 'M' is either 0 or 1 with '0' meaning no spread and '1' meaning that there 

is spread.   
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Table 1.1 The TNM system to stage cancer progression 

Stage Description 

T1 Tumour 20mm or less. 

T2 Tumour 20-50mm or less than 20mm but with tethering. 

T3 Tumour greater than 50mm but less than 100mm. 

T4 A tumour of any size with ulceration or infiltration wide of it, 

or chest wall fixation, or greater than 100mm in diameter.  

N0 Node negative 

N1 Axillary nodes mobile 

N2 Axillary nodes fixed 

M0 No distant metastases 

M1 Distant metastases 

 

Grading refers to the histological differentiation of the tumour.  Tumours are graded 1-3 

depending on how differentiated the tumour cells appear.  A 'low' grade cancer is one where 

the cancer cells have a well-differentiated appearance with low mitotic activity, whereas 

‘high’ grade cancer has cells that have poor differentiation (Elston & Ellis, 1991). 

The Nottingham Prognostic Index (NPI) incorporates tumour size, stage, and grade and today 

it is the most widely used tool to predict survival and the clinical course of the disease (Galea 

et al., 1992).   

The formula is: 

NPI = (0.2 x tumour diameter in cms) + lymph node stage + tumour grade 

 

The scores for tumours fall into 4 categories: 

%: 5 year survival rate 

Scores ≤ 2.4       95% 

Scores between 2.4 and 3.4    85% 

Scores between 3.4 and 5.4    70% 

Scores between 4.4 and 5.4    50% 

Scores >5.4    20% 
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1.6.3 Predictive Markers 

1.6.3.1 Hormone Receptors 

Immunohistochemistry tests for the oestrogen receptor (ER) and progesterone receptor (PgR) 

receptor are used in the clinical setting, since it provides an indication of the responsiveness 

to hormonal intervention, such as Tamoxifen.  At present, the oestrogen receptor (ER) is 

probably the most powerful individual predictive factor examined in breast cancers.  Almost 

66% of women aged <50 years will have ER positive breast cancer, whereas approximately 

80% of tumours in women >50 years old are ER positive (Anderson et al., 2002).  Patients 

with ER-positive breast cancers respond well to endocrine therapy, although response rates 

are lower in those with metastastic disease (Osborne, 1998).  Patients with ER negative 

cancers have shorter disease-free intervals, earlier recurrence rates, and shorter survival when 

compared with ER positive cancers (Crowe et al., 1991; Maynard et al., 1978).   

PgR is an oestrogen-regulated gene, and is thought to be a sign of a functioning ER pathway.  

Patients with PgR negative cancers also have shorter disease-free interval, and shorter 

survival compared to those with PgR positive cancers (Chevallier et al., 1988; Fisher et al., 

1988).  

1.6.3.2 Oncogenes 

In breast cancer HER-2 is related to earlier recurrence and mortality rates, and thus a poorer 

prognosis (Yamauchi et al., 2001).  HER-2 status predicts response to various forms of 

systemic chemotherapy and treatment with trastuzumab (more commonly known under the 

trade name Herceptin™).  Recently, several clinical trials have revealed that trastuzumab in 

the adjuvant setting significantly reduces the risk of recurrence and mortality in patients with 

early-stage breast cancer (Joensuu et al., 2006; Romond et al., 2005; Smith et al., 2007).  In 

the UK, trastuzumab has been recommended for early-stage and metastatic breast cancer, but 

only for HER-2 positive cancers.  At present, HER-2 status is determined by 

immunohistochemistry at the protein level and fluorescence in situ hybridization (FISH) at 

the genetic level. 

 

 

http://en.wikipedia.org/wiki/Trade_name
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1.7 Microarray technology and breast cancer 
With the completion of the Human Genome Project, around 30-40,000 genes have been 

identified (IHGSC, 2004).  This new information along with the development of DNA 

microarray technology is facilitating the study of gene expression and the roles played by 

these genes in many diseases including cancers.  Micro array technology is a relatively new 

method that allows the simultaneous measurement of expression levels of thousands of 

genes.  A microarray is a systematic arrangement of thousands of DNA probes (representing 

individual genes) attached onto a solid support.  It is then probed with labelled DNA or RNA 

samples and the intensity of hybridisation is quantitated using computer software (for 

overview, see Figure 1.2) as a measure of DNA copy number and gene expression 

respectively. 
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Figure 1.2  (a) Schematic overview of the principle of cDNA microarray  

 
Coloured microarray chips in this illustration were taken from the University of 
Newfoundland Department of Biology webpage: 
(http://www.mun.ca/biology/scarr/cDNA_microarray_assay_of_gene_expression.html)
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(B)  Overview of Affymetrix GeneChips™ 
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One of the most commonly used microarrays is the GeneChip® array produced by 

Affymetrix Inc.  GeneChip® arrays are made via in situ synthesis of oligonucleotide probes 

on a silica support using photolithographic techniques.  The photolithographic masks act to 

block or transmit light onto specific locations on the chip.  This chip is then flooded with a 

given nucleotide (A, C, G or T) and coupling occurs only to the illuminated areas.  This step 

is repeated until the required number of oligonucleotides are synthesised.   

Identifying novel and known genes that are differentially expressed in breast cancer has 

important implications in understanding the biology of breast tumourigenesis and developing 

new diagnostic and therapeutic agents.  Since DNA microarray technology provides a way of 

measuring the expression of thousands of genes at any one time, it may revolutionise our 

approach to breast cancer diagnosis, prognosis and treatment.   

One of the first studies that characterised the variation in gene expression between sporadic 

breast tumour samples was published by Perou et al. (1999).  This landmark study was the 

first to establish that tumours could be phenotypically categorised into subtypes distinguished 

by differences in their expression profiles.  In the first study, 40 breast cancers, and 20 

matched pairs of cancers before and after doxorubicin treatment were examined.  An 

‘intrinsic genes set’ of 476 cDNAs were selected that were more variably expression between 

the 40 sporadic tumours than between the paired samples (Perou et al., 1999).  This intrinsic 

set was then used to cluster and segregate the tumours into four major subgroups: (1) a 

‘luminal cell-like’ group expressing ER, (2) a ‘basal cell-like’ group expressing keratins 5 

and 17, integrin β4, and laminin, but lacking ER expression, (3) a HER-2-positive subgroup, 

and (4)a ‘normal’ epithelial group (Perou et al., 2000).   Subsequent studies by this group 

have since extended the molecular profiling of breast cancers by applying their intrinsic gene 

set to cluster 78 cancers, 3 fibroadenomas, and 4 normal breast tissue samples (Sorlie et al., 

2001).  The same subgroups were found as before (Perou et al., 1999; Perou et al., 2000), 

except the luminal, ER-positive group was sub divided into two groups, luminal A, and 

luminal B.  To explore whether the five different tumour subgroups identified may represent 

clinical distinct and relevant groups of patients, univariate survival analyses with respect to 

overall survival and relapse-free survival was performed.  A significant difference in overall 

survival belonging to the different subgroups was found.  In particular, the basal-like, and 

HER-2-positive, subgroups were associated with the shortest survival time. 

Since then, many other groups have investigated the prognostic value of different gene 

signatures (Ahr et al., 2002; Bertucci et al., 2000; Sotiriou et al., 2003; van 't Veer et al., 
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2002; Wang et al., 2005); (Bertucci et al., 2002; Martin et al., 2001; West et al., 2001).  One 

of the largest and most important of those studies was published by van’t Veer et al.  (2002). 

This group wanted to identify a poor prognosis Gene Expression Profile (GEP) for node 

negative breast cancers.  They undertook cDNA microarray analysis of 117 patients (<55 

years) and related expression profiles to short disease free interval.  The resulting poor 

prognosis GEP included 70 genes (see Table 1.2), many of which were involved with cell 

cycle control, invasion, metastasis and angiogenesis.  Evaluation of this prognostic profile 

was conducted in a follow-up study, applied to 234 primary breast carcinomas.  Among the 

234 patients, 180 had poor prognosis GEP and 115 had a good-prognosis GEP (van de Vijver 

et al., 2002).  It outperformed current clinical parameters in predicting disease outcome and 

confirmed the predictive power of the profile.  

Other investigators have used gene expression profiling to: identify novel target genes in 

breast cancer (Bertucci et al., 2000; Jiang et al., 2002); predict response to therapies (Sotiriou 

et al., 2002); compare ductal carcinoma in situ (DCIS) (Adeyinka et al., 2002; Seth et al., 

2003)and medullary carcinoma (Vincent-Salomon et al., 2007) to standard invasive 

carcinomas; compare the differences between lobular and ductal carcinomas (Korkola et al., 

2003); predict metastasis (Smid et al., 2006; Thomassen et al., 2007); identify genes 

associated with metastasis (Schwirzke et al., 2001); correlate genomic alterations such as 

LOH and DNA copy number with gene expression profiles (Pollack et al., 2002; Wang et al., 

2004); identify genes associated with HER-2 (Mackay et al., 2003) and hormone receptor 

status (Nagai et al., 2004); identify genes associated with BRCA1/2 tumours; and separate 

familial non-BRCA breast cancers into subgroups based on their gene expression profiles 

(Hedenfalk et al., 2003).  These are summarised in Table 1.3 
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Table 1.2  ‘Poor prognosis’ signature of 70 genes taken from (van 't Veer et al., 2002) 

Gene Name Gene Name 
aldehyde dehydrogenase 4  
 

peroxisomal D3,D2-enoyl-CoA isomerase 
 

fibroblast growth factor 18 
 

gene for serine/threonine protein kinase 
 

ESTs 
 

Homo sapiens hepatocellular carcinoma-associated antigen 64 (HCA64) mRNA 

Bcl-2 binding component 3 
 

high affinity immunoglobulin epsilon receptor beta subunit 
 

KIAA1442 protein 
 

adaptor-related protein complex 2, beta 1 subunit 
 

CEGP1 protein 
 

hypothetical protein FLJ11354 
 

hypothetical protein FLJ10474 
 

peroxisomal biogenesis factor 12 
 

WNT1 inducible signaling pathway protein 1 GCN1 (general control of amino-acid synthesis 1, yeast)-like 1 
 

glutathione S-transferase M3 (brain) 
 

quinoid dihydropteridine reductase 
 

ESTs, Weakly similar to T17248 hypothetical protein DKFZp586G1122.1  
 

KIAA1181 protein 
 

hypothetical protein MGC2827 
 

Homo sapiens mRNA full length insert cDNA clone EUROIMAGE 44260 
 

transforming growth factor, beta 3 
 

acyl-Coenzyme A dehydrogenase, C-2 to C-3 short chain 
 

methylmalonate-semialdehyde dehydrogenase 
 

Homo sapiens mRNA; cDNA DKFZp564L0678  
 

hypothetical protein FLJ12150 
 

protein disulfide isomerase related protein  
 

cold inducible RNA-binding protein 
 

keratin 18 
 

matrilin 3 
 

myosin regulatory light chain interacting protein 
 

phosphatidylinositol (4,5) bisphosphate 5-phosphatase, A 
 

ESTs, Weakly similar to Homolog of rat Zymogen granule membrane protein  
 

Homo sapiens cDNA: FLJ23228 fis, clone CAE06654 RAB27B, member RAS oncogene family 
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ESTs, Moderately similar to hypothetical protein [H.sapiens] 
 

KIAA0882 protein 
 

ESTs, Weakly similar to DWHUT L-serine dehydratase  
 

DKFZP586A011 protein 
 

cholinephosphotransferase 1 
 

paired basic amino acid cleaving system 4 

ESTs, Weakly similar to unnamed protein product  
 

SEC14 (S. cerevisiae)-like 2 
 

Homo sapiens mRNA; cDNA DKFZp434E2321 (from clone DKFZp434E2321) 
 

hypothetical protein DKFZp761L0424 
 

fructose-1,6-bisphosphatase 1 
 

retinol-binding protein 3, interstitial 
 

TBX3-iso protein 
 

kinesin family member 3B 
 

KIAA1324 protein DKFZP586F1018 protein 
 

ribosomal protein S4, X-linked 
 
DKFZP434I114 protein 
 

BTG family, member 2 
 

retinoic acid induced 2 
 

15 of the 70 genes were ESTs (Expressed sequence tags).  No information exists for these genes 
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Table 1.3  Summary of cDNA microarray studies and their findings 

Findings Reference 

Tumour Sub grouping 

 

Segregated tumours into 4 major subgroup: (1) a ‘luminal cell-like’ expressing ER, (2) a ‘basal cell-like’ 

expressing keratins 5 and 17, integrinβ4, and laminin, but no ER, (3) a HER-2-positive subgroup, and (4) a 

‘normal’ epithelial group. 

 

Successfully clustered 78 cancers, 3 fibroadenomas, and 4 normal samples using their intrinsic gene set.  

Also found that the ‘luminal’ ER-positive subgroup was itself divided into a luminal A and a luminal B. 

 

 

(Perou et al., 1999; Perou et al., 2000) 

 

 

 

 

(Sorlie et al., 2001) 

Disease Outcome/survival 

 

Found that the ‘basal’ and ‘HER-2’ type breast cancers had a poor prognosis 

 

 

 

Found gene expression signatures that correlated survival  

 

 

 

(Sorlie et al., 2001) 

 

(Ahr et al., 2002), (Bertucci et al., 2000; 

Bertucci et al., 2002), (Sotiriou et al., 

2003), (van 't Veer et al., 2002), (Wang et 

al., 2005), (West et al., 2001), (Martin et 

al., 2001) 

Novel Targets 

Identified new ways to group tumours according to outcome and new potential targets of carcinogenesis 

 

Identified novel candidate genes in sporadic breast cancer  

 

(Bertucci et al., 2000) 

 

(Jiang et al., 2002) 
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 Response to therapies 

Identified candidate gene expression profiles that might distinguish tumors with complete response to 

chemotherapy from tumors that do not respond 

 

(Sotiriou et al., 2002) 

Analysis of tumour types 

DCIS  

Medullary breast carcinoma - found it to be part of the ‘basal’ like group 

Lobular v ductal carcinomas 

Found specific changes in gene expression that distinguish lobular from ductal breast carcinomas 

 

(Adeyinka et al., 2002) 

(Vincent-Salomon et al., 2007) 

 

(Korkola et al., 2003) 

 Other analyses 

Gene expression profiles of ER-pos/neg and PgR-pos/neg breast cancers 

 

Discovered distinct expression profiles in breast tumours from BRCA1 and BRCA2 mutation carriers.  

Also discovered novel classes among non-BRCA tumours, and differentiate them from BRCA1 and 

BRCA2 tumouurs 

 

Used gene expression profiling to predict metastasis, and metastasis-associated genes. 

 

 

Using gene expression profiling this group found that at least 12% of all the variation in gene expression 

among the breast tumours is directly attributable to underlying variation in gene copy number. 

 

Identified genes associated with HER-2 

 

 

(Nagai et al., 2004) 

 

(Hedenfalk et al., 2003) 

 

 

 

(Smid et al., 2006; Thomassen et al., 2007), 

(Schwirzke et al., 2001) 

 

 

(Pollack et al., 2002) 

 

(Mackay et al., 2003) 
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Comparative genomic hybridisation (CGH) has been used to study genomic imbalances in 

breast cancer in younger women.  After using CGH to look at 88 cancers in women ≤ 35 

years, Weber-Mangal et al. (2003) found genomic gains at chromosome arms 1q (64.8%), 8q 

(61.4%), 17q (50%), 20q (33%), 3q (20.5%), 1p (17%), 5p (17%), an 15q (17%).  There were 

genomic losses at chromosomes 8p (19.3%), 11q (11.4%), 16q (11.4%), 17p (11.4%) and 

18q (10.2%).   When the data were compared to data from breast cancers from older women 

(see Table 1.4 for a summary), they found that genomic losses were more common than gains 

in younger women.  Losses on 8p22-p23 were more prevalent in patients with positive lymph 

node metastasis, and Grade III tumours were associated with gains on the long arm of 

chromosome 8. 
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Table 1.4 Summary of CGH studies in breast cancer 

N/A: data not shown in publication

Gains Losses Tissue studied References 

1q , 8q, 17q, 20q, 3q, 1p , 5p and 

15q 

8p , 11q, 16q, 17p and 18q Tumours in women ≤35 years (Weber-Mangal et al., 2003) 

1q, 8q24, 11q13, 17q21-q23, and 

20q13 

N/A Analysis of breast tumour 

progression 

(Yao et al., 2006) 

1q , 8q, 16p – Grade I, and 1q, 

8q, 17q, 10q, 16p – Grade II  

16q – Grade I  Primary tumours, correlated by 

grade 

(Roylance et al., 1999) 

8q-,1q31, 20q12, 8q13, 3q26, 

17q21, 5p14, 6p22, and 22p 

13q21, 8p12, 4p13-p14, 6q15-

q22, and 18q11 

Primary tumours and their cell 

lines 

(Larramendy et al., 2000) 

1q, 17q, 19q, 20p and 20q 13q, 14q, 17p, 16q and 22q DCIS and IDC (James et al., 1997) 

1q, 7q, 3q,1p, 2q, 5p, 8q, and 13q 17p DNA ploidy breast tumours (Pinto et al., 2006) 

1p, 1q, 6p, 7p, 8q, 9q, 11q, 12q, 

17p, 17q, 20q, and 22q 

6q, 9p, 11q, and 17p Primary tumours (Nessling et al., 2005) 

1q, 8q, 16p, 5p12-14, 19q, 

11q13-14, 17q12, 17q22-24, 19p, 

and 20q13 

8p, 16q, 13q, 17p, 9p, Xq, 6q, 

11q, and 18q 

Primary tumours (Tirkkonen et al., 1998) 

1p, 4q, 5q, 6q and 13q N/A Tumour histological subtypes  (Loveday et al., 2000) 

17q , 1q, 8q, 20q, 6p 13q, 11q, 5q, 6q, 9p, 18q, 8p, and 

16q 

Prognostic relevance (Seute et al., 2001) 
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1.8 Breast cancer in younger women 
The incidence of breast cancer is very low before age 35 with only 2.5% occurring in women 

less than 35 years, and 0.6% in women less than 30 years (Ries et al. 2004).  The incidence 

increases up to 100-fold by age 45 (Hulka & Moorman, 2001).  Breast cancers in young 

women are normally infiltrating ductal carcinomas with invasive lobular types less common 

(Kollias et al., 1997).  The mortality rates among women ≤ 35 years are much higher 

compared with women >35 years, with the 10-year survival rates at 35% and 47% 

respectively (Feldman & Welch, 1998; Winchester et al., 1996).  The 30-year survival rate 

falls to 19% in women under 30 years (Feldman & Welch, 1998).  

1.8.1 Comparison of biomarkers among younger and older women 

This poorer prognosis in women ≤ 35 years with breast cancer is thought to be due to 

differences in tumour biology.  Several studies have carried out direct comparisons of the 

pathology and biomarkers in cancers from younger women with cancers from older women, 

and have found that those from the younger women tend to have more biologically 

aggressive features.  Breast cancers in younger women have high incidence of BRCA1/2 

mutations (15-30% of cases) (Tilanus-Linthorst et al., 2007), but many are also sporadic. 

Younger women present with much higher grade tumours (Colleoni et al., 2002; El Saghir et 

al., 2006; Fernandopulle et al., 2006; Figueiredo et al., 2006; Gonzalez-Angulo et al., 2005; 

Kollias et al., 1997; Walker et al., 1996) (For a summary please refer to Table 1.5).  There is 

considerable evidence that tumours from women ≤ 35 years tend to be negative for the 

oestrogen receptors (ER) and progesterone receptors (PgR) (Ahn et al., 2007; Colleoni et al., 

2002; Figueiredo et al., 2006; Gonzalez-Angulo et al., 2005; Hartley et al., 2006; Walker et 

al., 1996).  In contrast, a few studies have found higher proportions of ER positive and PgR 

positive tumours in younger women (El Saghir et al., 2006; Fernandopulle et al., 2006).  

Tumours from women ≤ 35 years were also found to have high levels of Ki-67 (a 

proliferation marker) (Colleoni et al., 2002; Hartley et al., 2006), positive nodal status (Ahn 

et al., 2007; Fernandopulle et al., 2006), and lymphatic or vascular invasion (Colleoni et al., 

2002; Kollias et al., 1997) (Fernandopulle et al., 2006; Figueiredo et al., 2006; Jmor et al., 

2002).   HER-2 is overexpressed in 25-30% of all invasive breast cancers (Slamon, 1990).  

Tumours in patients ≤ 35 years and those >35 years appear to have similar levels of HER-2 
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expression (Bertheau et al., 1999; Choi et al., 2005; Colleoni et al., 2002), although two 

studies have found high HER-2 expression in tumours from women ≤ 35 years (Hartley et 

al., 2006; Maru et al., 2005).  Maru et al. also found a correlation between HER-2 expression 

and the incidence of lymph node metastasis.   

With regard to p53 status, a number of groups have found an abnormal accumulation of the 

protein in tumours from women ≤ 35 years (Albain et al., 1994; Barnes et al., 1993; Walker 

et al., 1996).  (Bertheau et al., 1998) found no correlation between p53 expression and age, 

but did find an association between p53 and shorter overall survival in patients ≤ 35 years. 

The theory that age itself is a prognostic indicator for breast cancer has been examined.   

A large study found a higher frequency of large tumours, a significantly higher incidence of 

grade III tumours and microscopic lymph node involvement, and lack of ER and PgR in 

tumours from women ≤ 35 years (Bonnier et al., 1995).  Multivariate analysis of overall 

survival showed that age ≤ 35 years was an independent risk factor.  These findings were 

supported by other studies (Adami et al., 1986; El Saghir et al., 2006).  In contrast, a more 

recent study found that the actual adverse tumour characteristics found in tumours from 

women ≤ 35 years, was the poor prognostic indicator and not age as previously reported 

(Figueiredo et al., 2006). 

 

Younger women diagnosed with ductal carcinoma in situ (DCIS) appear to have a different 

natural history and biology, including a higher local relapse, compared to older women.  A 

study looking into this disparity found that lesions in women < 42 years had a higher HER-2 

expression compared to women >60 years (Rodrigues et al., 2003).  In both age groups, 

HER-2 expression was correlated with high nuclear grade, and negative hormone receptors. 

 

Very few studies have looked at breast cancers in pregnant women.  One study did however 

look at the pathology and expression of standard predictive biomarkers in 39 pregnant 

women from age 24 to 44 (Middleton et al., 2003).  The results found cancers in this 

category to be more advanced at initial diagnosis, and have higher grades, lymphovascular 

invasion, high Ki-67 staining, and largely lack of hormone receptors.  A different study found 

that women ≤ 35 years with three or more childbirths were more likely to have a more 

advanced tumour at presentation and poorer survival rates compared to nulliparous women 

(Largent et al., 2005).  Those who lactated tended to have ER and PgR receptor negative 

tumours.
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Table 1.5  Biological marker studies in breast cancer in young women 

Author Age  N  ER-negative PgR-negative Ki-67 Grade III HER-2-positive 

(Walker et al., 1996) 25-29 

30-34 

35-49 

40-44 

50-67 

18 

30 

40 

75 

70 

66% 

43% 

30% 

25% 

30% 

67% 

63% 

40% 

56% 

51.5% 

75% 

67% 

40% 

50% 

40% 

67% 

70% 

44% 

58% 

37% 

22% 

20% 

22.5% 

17% 

17% 

(Kollias et al., 1997) < 35 

35-50  

51-70 

111 

941 

1623 

N/A N/A N/A 

76% 

47% 

41% 

N/A 

(Bertheau et al., 1999) <35 

36-50 

50 

62 
N/A N/A N/A N/A 

26% 

34% 

(Colleoni et al., 2002) <35 

35-50 

185 

1242 

39% 

21% 

N/A 62% 

53% 

62% 

37% 

40% 

37% 

(Jmor et al., 2002) <35 133 80% N/A N/A 73% N/A 

(Maru et al., 2005) 23-30 44 55% 64% N/A 68% 44% 

(Gonzalez-Angulo et al., 2005) ≤35  48% 52% N/A 69% 34% 

(Choi et al., 2005) 25-45 103 58% 51% 39% N/A 28% 

(Fernandopulle et al., 2006) ≤35 112 39% 48% N/A 59% 29% 

(El Saghir et al., 2006) <35 

35-50  

107 

526 

ER and/or PgR  29% 

 63% 
N/A 

49% 

42% 

N/A 
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51-70 687 22% 35% 

(Figueiredo et al., 2006) ≤35 

>35 

105 

862 

40% 

24% 

36% 

28% 
N/A 

68% 

36% 

N/A 

(Hartley et al., 2006) ≤40 

>40 

78 

228 

34% 

22% 

50% 

35% 

62% 

29% 
N/A 

44% 

23% 

(Ahn et al., 2007) <35 

35-50 

1444 

8441 

30% 

27% 

32% 

27% 
N/A N/A N/A 
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1.8.2 Racial/Ethnic variation in biological features in younger women 

The age specific breast cancer incidence rate for African-American women ≤ 35 years is 

more than double the rate for white women of similar age, and the mortality rate is more than 

three times higher (Elledge et al., 1994; Elmore et al., 1998).  In one study a US based group 

sought to examine this racial/ethnic variation.  To do this, they studied the clinical 

presentation and survival among a large number of African-American, Hispanic, and white 

women ≤ 35 years with breast cancer.  The study found that in the Hispanic and African-

American populations the tumours were more aggressive.  Compared with white women, 

African-American and Hispanic women presented with tumours that were poorly 

differentiated, aneuploid, and had higher S-phase fractions, (Shavers et al., 2003). 

A different study looked at the biological differences between white women ≤ 45 years in the 

USA, and age matched native Korean women (Choi et al., 2003).  After examining ER, PgR, 

p53, HER-2, and cyclin D, they found a significant difference in the expression of HER-2 

between the ethnic groups.  HER-2 was positive in 47.5% of tumours from Korean women, 

compared to only 15.8% in tumours from white women. 

1.8.3 BRAC1 and BRCA2 

Mutations in the BRCA1 and BRCA2 genes are more common in younger women with 

breast cancer (Bonadona et al., 2005).  A study looking comparing BRCA-related and 

sporadic young breast cancers, found higher local recurrences as well as contra-lateral breast 

in the BRCA-related cases (Verhoog et al., 1998).   

Studies within my research group have found loss of heterozygosity (LOH) of BRCA1, 

BRCA2, and p53 to be higher in tumours from patients ≤ 35 years compared with those from 

patients >55 years (Johnson et al., 2002). 

 

1.8.4 Other biological features 

A study examining the frequency of basal breast cancers (cancers lacking hormone receptors 

and HER-2 expression) in African-American and non-African-American found that the triple 

negative basal breast cancers were noticeably more common among African-Americans, 

particularly pre-menopausal African-American women (Carey et al., 2006).  A similar study 

also found the basal breast cancer subgroup to be more prevalent among younger African-
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American women, which may also explain the poorer prognosis associated with this ethnic 

age-group (Ihemelandu et al., 2007). 

Another investigation that was prompted by the microarray data attempted to measure the 

expression of 16 breast cancer-related and 5 reference genes in order to generate a 

Recurrence Score.  This recurrence score was clinically validated to quantify the risk of 

distant recurrence.  Among a cohort of 447 patients, the percentage of women with a high RS 

score was higher for women ≤ 40 years, than for those aged 40-50, 50-60, and >60 years.  In 

a multivariate Cox model, the RS proved to be a significant predictor independent of age and 

tumour size (Paik et al., 2004).
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1.9 Background to project 
Interest in breast cancer in younger women was started by a study by (Walker et al., 1996) 

where a group of 163 invasive breast carcinomas from women ages 44 years and less were 

compared to symptomatic tumours from women ages 50-67 years.  Ten per cent of women in 

this study aged 35 years and less were recorded to have a member of the family with breast 

cancer, compared to 18% of women aged between 35 and 44 years who often had more than 

one relative affected.  In this lower age group, 70% of the cases were grade III with no 

specialised carcinomas, and had a low incidence of hormone receptor positivity.  In addition, 

67% of cases less than 30 years were found to be positive for p53 immunohistochemistry.  

This observation was significantly different to carcinomas from women ages 40-44 years 

(40%) and 50-67 years (37%).  Subsequently, the research group, seeking to gain a better 

understanding of the molecular alterations in breast cancers in women ≤35 years, examined 

LOH at three chromosomal intervals containing BRCA1, BRCA2 and p53.  In doing so, a 

high incidence of LOH was observed at BRCA1 and BRCA2 (Johnson et al., 2002).  

Following from this, a cDNA microarray experiment was carried out to offer a global 

overview of gene expression changes in breast cancers in younger women.  An Affymetrix 

Human Genome UI33A GeneChip® microarray was used to compare cDNA from two 

tumour samples from women ≤35 years to normal breast tissue from reduction 

mammoplasties and the non-tumourigenic HBL-100 breast cancer cell line.  The results for 

the two tumours were combined, and compared to the HBL-100 cell line, and the normal 

breast sample.  Sixty-nine genes were found to be up regulated and 372 were down regulated 

in the two tumour samples by significance analysis of microarrays (SAM).   
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1.10 Hypothesis and aims 
The hypothesis to be tested is that breast cancers in women aged ≤35 years are biologically 

different to those in women >35 years and this can be investigated through study of candidate 

genes expression.  The cDNA microarray study sought to identify novel gene targets in breast 

cancers in women aged ≤35.   

 

The specific aims of this project were: 

 

1. To select a number of genes, found to be ranked highly by SAM analysis, and 

develop real-time quantitative PCR to investigate their mRNA expression in breast 

cell lines, normal breast tissue, as well in a larger cohort of breast tumour samples 

(≤35 v >35) years, and to determine whether these genes are of significance in breast 

cancers in women ≤35 years. 

 

2. To assess protein expression from targets validated in (1) and to compare the data in 

relation to clinical pathological and biological markers. 
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2.1  Materials 

2.1.1  Cells 

2.1.1.1 Established Cell Lines 

All cell lines were originally obtained from the American Type Culture collection (ATCC 

Rockville, MD, USA) and taken from batches held at the University of Leicester.  HBL-100 

was used as a non-tumourigenic breast cell line compared with five breast cancer cell lines 

MDA-MB-231, MCF-7, ZR-75-1, T47-D, MDA-MB-468, which differ in phenotype (see 

Table 2.1). 

 
Table 2.1  Summary of cell lines and their characteristics 

Cell line Tissue origin ER* PgR* P53† Inv‡ Reference

HBL-100 Milk of a 27 yr old 

Caucasian ♀nursing 

mother 

 

+ 

 

+ 

 

Wt 

 

22.7% 

(Gaffney, 

1982) 

MDA-

MB-231 

PE from 51 year old 

Caucasian ♀with 

adenocarcinoma 

 

- 

 

- 

 

M 

 

42.1% 

(Cailleau 

et al., 

1978) 

MCF-7 Malignant PE of a 69 ♀ yr 

old with IDC 

 

+ 

 

+ 

 

Wt 

 

0.9% 

(Brooks et 

al., 1973) 

ZR-75-1 Ascitic fluid from 63 yr 

old ♀with IDC 

 

+ 

 

+ 

 

Wt 

 

No 

data 

(Engel et 

al., 1978) 

T47-D PE secondary to IDC in a 

54 yr old ♀ 

 

+ 

 

+ 

 

M 

 

2.2% 

(Keydar et 

al., 1979) 

MDA-

MB-468 

PE from 51 yr old Black 

♀with adenocarcinoma 

 

- 

 

- 

 

M 

 

16.2% 

(Cailleau 

et al. 

1978) 

IDC, infiltrating ductal carcinoma. PE, pleural infusion. 
*ER, oestrogen receptor. PgR, progesterone receptor.  Receptor status data from above 
references and (Horwitz et al., 1978). 
† Wt, wild-type allele. M, mutant allele. p53 mutation data from (Nigro et al., 1989). 
‡ Inv, mean invasion index (MII) data from and described in (Gordon et al., 2003). 
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2.1.1.2 Normal Cells  

Normal breast epithelial cells were obtained from reduction mammoplasty specimens, from 

women aged 21 to 42 with a median age of 31.5 years old.  All samples were anonymised 

and each patient gave informed patient consent. 

 

2.1.2 Tumour Tissue 

All specimens were obtained fresh within 30-60 minutes after surgery for breast cancer 

(either wide local excision or mastectomy), and sliced to ensure optimal fixation.  For 24 

cases, 10 X 5 X 3mm were frozen in liquid nitrogen and stored in the vapour phase of a 

liquid nitrogen fridge.  For all cases 3mm thick tissue blocks were selected by a pathologist 

after 18-24 hours of fixation in 4% formaldehyde saline, processed through graded alcohols 

and xylene, followed by embedding in paraffin wax.  

A total of 66 breast cancer cases were studies, 36 for gene expression analysis and 56 for 

immunohistochemistry, the limiting factors being availability of appropriate tissue.  All 

pathological data was available from reports and checked by Prof. Walker, and NHS BSP 

Breast Screening Pathology Guidelines were followed.  Data was available for oestrogen 

receptor (ER) and progesterone receptor (PgR).  There was ethical approval for the use of 

anonymised tissues.  

 

2.1.3 Cell Culture 

2.1.3.1 Complete Growth Media 

 

• Dulbecco’s modified Eagle’s medium (DMEM) –  (DMEM- Sigma-Aldrich) 

without phenol red, 2mM L-glutamine (Sigma-Aldrich), 10% v/v foetal calf 

serum (Labtech®). 

• RPMI-1640 medium – RPMI-1640 medium (Sigma-Aldrich), 2 mM L-glutamine 

(Sigma-Aldrich), 10% v/v foetal calf serum (Labtech®). 

2.1.3.2 Washing Solutions and Reagents 

• Phosphate buffered saline pH 7.4 (PBS – Sigma-Aldrich) 

• Trypsin EDTA (Invitrogen™ Life Technologies) 
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• Dimethyl sulphoxide (DMSO – Sigma-Aldrich) 

2.1.3.3 Enzymes and Antibiotics 

• Collagenase  Type IV 433U/mg (Gibco®) 

• Hyaluronidase Type IV 5mg/mL (Sigma®) 

• Penicillin Streptomycin (Sigma ®) 

• Fungizone Amphotericin B 250µg/mL (Gibco®) 

 

2.1.4 RNA Preparation 

2.1.4.1 Total RNA isolation 

 

• TRI Reagent® (Sigma-Aldrich), for single-step total RNA isolation 

(Chomczynski and Sacchi, 1987) 

• Chloroform (Fisher Scientific®) 

• Ultra-pure glycogen (Invitrogen™ Life Technologies) 

• Isopropanol and 70% ethanol (Fisher Scientific®) 

• Xylene  

• 99% EtOH 

• 95%EtOH 

• Proteinase K solution (10mg/mL) 

• 0.01M Tris pH 8 

• 0.1mM EDTA 

• 2% Sodium dodecyl sulfate 

• 10 × TURBO DNase buffer (Ambion ®) 

• TURBO DNAse (Ambion ®) 

• Inactivation reagent (Ambion ®) 
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2.1.5 RT-PCR 

2.1.5.1 Reverse Transcription 

 

All reagents from Promega®: 

• Avian Myeloblastosis Virus Reverse Transcriptase (AMV-RT), 20 U/µL. 

• Recombinant Rnasin® Ribonuclease Inhibitor, 40U/ µL. 

• Random Primers, 0.5µg/ µL. 

• DNTP Mix, 10mM – equal concentrations of dATP, dCTP, dGTP and dTTP. 

• Reverse Transcription 10x Buffer 100 mM Tris-HCL (pH 9.0 at 25°C), 500mM 

KCl and 1% Triton® X-100. 

• Magnesium Chloride (MgCl2), 25 mM 

• Nuclease-free water 

 

2.1.5.2 Polymerase Chain Reaction 

 

• 10 × Alex Jeffrey’s buffer (in house) – 450 mM tris-HCl(pH 8.8 - Fisons®), 

110mM (NH4)2SO4 (Fisons®), 45 mM MgCl2 (Fisons®), 2mM dNTPs (dATP, 

dCTP, dGTP and dTTP - Roche® Applied Science), 67mM β-Mercaptoethanol 

(βME – Boehringer Mannheim), 5nM EDTA pH 8.0 (Fisher Scientific), 1.1 

µg/mL Bovine Serum Albumin (BSA – Advanced Protein Products Ltd.) made up 

in DEPC H2O. 

• Sterile molecular biology water (Sigma-Aldrich®). 

• Taq DNA polymerase (Promega®), 5U/µL. 

• Primers were designed as described in section 2.2.4 and supplied by Genoysys® 

Biotechnologies, Europe.  Primers were used at a working concentration of 10 

pmol/µL.  A summary of primers is provided in Table 2.3.  
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2.1.5.3 Horizontal gel electrophoresis 

 

• Seakem® LE agarose powder (Cambrex®). 

• 1X Tris-Acetate-EDTA – 2M Tris, 1M glacial acetic acid, 0.5 EDTA pH 8.0 all 

from Fisher Scientific®. 

• Gel loading buffer – xylene cyanol 0.2%, bromophenol blue 0.2%, glycerol 

(Gibco-BRL®). 

• 100bp DNA ladder (Invitrogen® - 1 µg/µL in 10mM Tris-HCL (pH 7.5), 1 mM 

EDTA. 

• Ethidium bromide (Sigma-Aldrich®) 10 mg/mL. 

 

2.1.6 Real time quantitative RT-PCR 

2.1.6.1 SYBR Green RTqPCR 

 

All reagents from Invitrogen®: 

• SYBR ® Green I, 60 U/mL Platinum® Taq DNA polymerase, 40 mM Tris-HCl 

(pH 8.4), 100 mM KCl, 6 mM MgCl2, 400 µM dGTP, 400 µM dATP, 400 µM 

dCTP, 400 µM dUTP, 40 U/mL UDG, and stabilizers. 

• Internal Reference Dye 50 X 

• Magnesium Chloride (MgCl2), 25mM. 

 

2.1.6.2 Taqman Probes 

 

All reagents from Applied Biosystems®: 

• TaqMan® Fast Universal PCR Master Mix 

• 18S probe 
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2.1.7 Antibodies  

2.1.7.1 Primary Antibodies 

 

• NCOA3 (Abcam®).  A mouse monoclonal antibody raised against a fusion 

protein corresponding to amino acids 605-1294 of human NCOA3.  Suitable for 

detection of NCOA3 of human origin by western blotting, immunoprecipitation 

and immunohistochemistry. 

• RARRES3 (Abnova®).  A mouse polyclonal antibody raised against a partial 

recombinant RARRES3 protein.  Suitable for detection of RARRES3 of human 

origin by western blotting. 

• Beta-Actin (Sigma ®).  A mouse monoclonal anti-beta-Actin antibody.  

 

2.1.7.2 Secondary Antibodies 

• Anti-mouse Ig, horseradish peroxidise linked with whole antibody (Amersham®). 

• Rabbit anti-mouse biotinylated (RαmBt) (DAKO Ltd) 

2.1.7.3 Tertiary Reagents 

• Streptavidin-biotin complexes (Strept ABC) labelled with horseradish peroxidise 

(DAKO Ltd) 

 

2.1.8 Western Blotting 

2.1.8.1 Reagents 

 

• Gold Lysis buffer – 1% v/v Triton X-100, 20mM Tris pH 8.0, 137 mM NaCl, 

15% v/v glycerol, 5mM EDTA. 

• 100 × Protease inhibitor cocktail (Sigma-Aldrich®). 

• Enhanced chemiluminescence (ECL) detection kit (Amersham Biosciences®). 

•  Protein Standard (Bio-rad Laboratories®) – bovine serum albumin. 
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• Protein Assay Dye Reagent (Bio-rad Laboratories®) – based on Bradford dye-

binding procedure (Bradford, 1976), contains Coomassie Brilliant Blue G-250 

dye. 

• Precision Plus Dual Colour Protein Size Marker (Bio-rad Laboratories®). 

• 10% w/v ammonium persulphate (APS) (Sigma-aldrich®) 

• TEMED (Sigma-aldrich®). 

• Phosphate buffered saline pH 7.4 (PBS – Sigma-Aldrich) 

• 30% H2O2    (Sigma-Aldrich) 

 

2.1.8.2 Buffers and Stock Solutions 

 

• Transfer buffer – 0.25 M Tris, 1.92 M Glycine, 0.01% w/v SDS, at pH 8.3. 

• Washing buffer – TBS plus 0.1% w/v TWEEN 20 

• Loading buffer – 1mL 0.5 M Tris-HCL, pH 6.8, 0.8mL glycerol, 1.6mL 10%SDS, 

0.4 mL 2-mercaptoethanol, 0.2mL 0.05% bromophenol blue, 4 mL distilled H2O. 

• Blocking Solution – Washing buffer with 5% Marvel milk powder. 

 

2.1.8.3 Membranes 

 

• Nitrocellulose membrane (Amersham Hybond™ ECL™) 
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2.1.9 Immunohistochemistry  

1.1.1.1 Reagents  

 

• 10 × DAKO antigen retrieval solution pH8.8 diluted 1:10 in distilled water 

(DAKO Ltd) 

• 2% hydrogen peroxide (H2O2) in distilled water 

• Normal rabbit Serum (NRS) diluted 1:5 in TBS (Invitrogen Life Technologies) 

• 3’3-diaminobenzidine (DAB) (Sigma-Aldrich) – A 500 µL DAB aliquot was 

diluted in 9.5mL distilled water and 100 µL 3% H2O2 was added just before use 

• DPX mountant (VWR International) 

2.1.9.1  Buffers and Washing Solutions 

 

• Xylene and graded (95% and 99%) industrial methylated spirits (IMS) (Genta 

Medical) 

• 1 × TBS, pH 7.65 

• 1 × TE , pH 9.00 

• Mayer’s Haematoxylin solution – 0.1% Haematoxylin, 0.02% sodium iodide, 5% 

ammonium/potassium alum, 5% chloral hydrate and 0.1% citric acid 

• Vectabond solution 
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2.2  Methods 

2.2.1 Cell Culture 

 

All cell cultures were grown and sub cultured as a monolayer in 75 cm2 culture flasks at 37°C 

in 5% CO2.  The ZR-75 cell line was grown in RPMI complete medium.  All other cell 

cultures were grown in DMEM complete medium.  Subculturing cells was necessary once a 

flask was confluent.  To do this, the medium was removed; cells were washed with 5mL of 

PBS after which 4-5mL of Trypsin was added.  The flask was incubated at 37°C in 5% CO2  

until cells detached from the flask (normally 5 minutes).  To inactivate the enzymatic activity 

5 mL of growth medium was added to the cell suspension using a pipette.  The cells were 

then centrifuged at 1,000 rpm for 5 minutes, supernatant was removed and cells were 

resuspended in fresh medium.  At this point a fifth of this suspension was transferred to a 

fresh flask and incubated at 37°C in 5% CO2 as normal.  

For the purposes of gene expression analysis and protein expression, all cells were grown to 

~40% confluency.  In addition to this, cell lines were not passaged any greater than 20 times 

from time of purchase to avoid substantial phenotypic changes.   

 

2.2.2 Isolation of breast epithelial cells from Reduction Mammoplasties 

 

Samples from reduction mammoplasties were selected by a pathologist and were placed in 

complete medium containing 0.5mL Penicillin Streptomycin (10,000U/mL of Penicillin and 

10mg/mL of Streptomycin), and 0.5mL Fungizone (250 UG/mL).   

All fat was removed and the fibrous tissue was finely chopped avoiding crushing using a 

sterile scalpel.  Approximately 1400mm2 was chopped, which was divided equally between 

four 50mL plastic tubes each containing 20mL complete medium, 0.5mL Penicillin 

streptomycin solution (containing 10,000U/mL of Penicillin and 10mg/mL of Streptomycin), 

0.5mL Fungizone (250 UG/mL), 2mL collagenase (433U/mg), and 0.5mL hyaluronidase 

(5mg/mL) and incubated overnight at 37°C on a rocker.  Following digestion organoids were 

isolated (for overview, see Figure 2.2).  Organoids are individual breast glands and comprise 

an epithelial and myoepithelial bilayer (see Figure 2.1). 
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Figure 2.1  Diagram of breast epithelial cell  
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Figure 2.2   Overview of organoids extraction 
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4. At this point the two 
organoids tubes are pooled, 
30mL PBS added and left to 
sediment for around 10 
minutes. 

 

Organoids 

5. Carefully remove the organoids using a 
Pasteur pipette and transfer to fresh tube.  
For RNA extraction, add 5mL TRI-
reagent, vortex and leave to stand at room 
temperature for 5 minutes.  Samples can 
then be stored at -20°C for RNA extraction 
step. 

Organoids + TRI-reagent 
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2.2.3 RNA Extraction 

2.2.3.1 Cell lines, organoids and frozen tissues 

 

RNA was extracted from cell line pellets/organoids/frozen tissues using a double TRI-reagent 

extraction.  For frozen tissue, 10 × 4µM thick sections were cut from the tumour blocks.  The 

cell line pellets/organoids/frozen sections were first lysed and digested in 1mL of TRI-

reagent and allowed to stand at room temperature for 5 minutes.  200µL chloroform was 

added to each sample, mixed thoroughly, stood at room temperature for 3 minutes, and 

centrifuged @ 16,467g for 15 minutes at 4°C.  The aqueous layer was transferred to a fresh 

eppendorf, with subsequent addition of 500µL TRI-reagent and 100µL chloroform.  Samples 

were mixed, stood at room temperature for 5 minutes, and centrifuged at 16,467g for 15 

minutes at 4°C.  The aqueous layer was again transferred to a fresh eppendorf, and 1µL 

1mg/µL glycogen and 500µL isopropanol added.  Samples were stood at room temperature 

for 10 minutes and centrifuged @16,467g for 10 minutes at 4°C.  The supernatant was 

carefully discarded and the cell pellet washed with 1mL 70% ethanol, and centrifuged at 

16,467g for 15 minutes at 4°C.  The supernatant was removed and the pellet air-dried for 5 

minutes before resuspending in 100µl of sterile molecular biology grade H2O.  To remove 

any contaminating genomic DNA, samples were treated with 0.1 volume 10 × TURBO 

DNase buffer and 1µL DNase for 20 minutes at 37 °C.  To inactivate the reaction, 0.1 × 

volume DNase inactivation reagent was added, incubated for 2 minutes at room temperature, 

centrifuged @ 9,744 rpm, after which the supernatant was transferred to a fresh tube.  

Samples were quantitated using a NanoDrop® ND-1000 UV-Vis Spectrophotometer. 

 

2.2.3.2 Formalin Fixed Paraffin Embedded tissue 

 

Ten × 4µM thick sections were cut from the tumour blocks and put in sterile eppendorfs.  To 

dewax the sections, 1mL of xylene was added, vortexed, incubated for 5 minutes at room 

temperature and centrifuged for 5 minutes at 10,000 rpm.  The supernatant was discarded.  

This dewaxing step was repeated.  The tissue was twice rehydrated in 2mL 99% EtOH, 
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vortexed, incubated at room temperature for 2 minutes, and centrifuged at 10,000 rpm for 5 

minutes.  The supernatant was discarded taking care not to dislodge the tissue.  A further 

rehydration step was performed, this time using 95% EtOH.  After the supernatant was 

removed, the tissue was air-dried for 5-10 minutes.  Tissue was resuspended in 200µL 

extraction buffer (0.01M Tris pH 8, 0.1M EDTA, 2% SDS), and 10µL, 100µL or 200µL of 

10mg/mL Proteinase K solution (final concentration of PK was 0.5, 5, 10mg/mL).  Samples 

were incubated at either 37ºC or 50 ºC for 24, 48 and 120 hours.  Incubation temperatures, 

durations, and Proteinase K concentrations were varied to determine the conditions for 

optimal RNA extraction (see Table 2.2).  For optimisation purposes all reactions were carried 

out in triplicate.  After incubation with PK, RNA extraction proceeded with the 

phenol:chloroform steps outlined above. 

 
Table 2.2 Summary of Proteinase K incubation conditions 

PK concentration mg/mL Temperature (ºC) Incubation time (hours) 

0.5 37/50 24/48/120 

5 37/50  24/48/120 

10 37/50  24/48/120 
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2.2.4 Primer design, validation and optimisation 

Complete cDNA sequences for candidate genes were retrieved from NCBI Nucleotide 

database (http://www.ncbi.nlm.nih.gov/entrez/query.fcgi). 

2.2.4.1 Primer design 

Oligonucleotide primer pairs were designed for the nine candidate genes and three 

housekeeping genes for use in real time qPCR (see Table 2.3).  Nucleotide sequences 

obtained from the NCBI Nucleotide database were then used to design primers using the 

Primer 3 software (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi).  Primers 22-

25 base pairs long were designed to give a product of between 90-105 bps.  They were 

selected from regions close to the polyadenylation site to minimise limitation in RT 

efficiency.  Primer Tm criteria were set between 64-67°C with a GC% of 40-55%.  Primers 

were selected for minimum self-complementarities.  The maximum poly-X nucleotide run 

was also kept to 2 if possible.  All primers were designed for use at 65mM sodium 

concentration. 

2.2.4.2 Primer validation 

To test for specificity NCBI Blast (http://www.ncbi.nlm.nih.gov/BLAST/) was used to look 

for short, nearly exact matches.  Both forward and reverse primer sequences were tested.  

Where results for unknown genes or genomic clones were found, checks were made to ensure 

that these referred to the gene of interest.   

The amplification products of the primers were then tested for secondary structures using 

DNA mfold (http://www.bioinfo.rpi.edu/applications/mfold/old/dna/) with a folding 

temperature of 55°C and the ionic conditions set as 65 mM Na+ and 3 mM Mg2+.  The dG of 

the structures was used to determine the likelihood of these secondary structures forming.  

Those with a positive dG will never form while those with small negative dG are unlikely to  

form.  Only secondary structures with a negative dG of greater than –2 were considered 

significant, requiring redesign of the primers. 

Finally primer sequences were checked using the Vector NTI 7 (Informax, Inc.).  This tested 

for hairpin loops, primer dimers and duplex formation.  Again the dG value determined the 

likelihood of formation of these structures.  Reaction conditions were set as before. 

http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi
http://www.ncbi.nlm.nih.gov/BLAST/
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Table 2.3 Summary of primer sequences and respective annealing temperatures 

HPRT1 - hypoxanthine phosphoribosyltransferase 1, TFRC - Transferrin receptor, PBGD - 
Porphobilinogen deaminase, selected as housekeeping genes. 
 

 

 

 

 

2.2.5 RT-PCR  

2.2.5.1 Reverse Transcription 

3 µg total RNA was reverse transcribed using Avian Myeloblastosis Virus Reverse 

Transcriptase (AMV-RT).  The reaction consisted of 29.15µL of master mix (see Table 2.4) 

and made up to 50µL with sterile molecular biology grade water.  The reaction was incubated 

at 42°C for 15 minutes, followed by 99°C for 5 minutes.  Negative reactions were undertaken 

to ensure no genomic DNA contamination. 

 

 

Gene 

Name 

 

Forward Primer 

5’-3’ 

 

Reverse Primer  

5’-3’ 

 

Tm 

(°C) 

 

Amplic-on 

size 

AKAP1 AACATTGTCCTCTCCAGAAAGTCCT TGCGAAGAGAACCCATAGTTCCAT 60 105 

DDB2 CAAGCAGAGGTGGTGATTTG AAAAGTGTCCCAGTCCCACA 64 104 

APRIL ATGAAGAGGAGGAAGAAGGTGGGAAA GCAGGTCATCTGGGGTCTTAATCATC 64 94 

NCOA3 CAACTCCAAGGCACACTGT TTCCTGAGAATTTAAATAT 63 108 

C/EBPα CCTTGTGCCTTGGAAATGCAA GAAGGAGGCAGGAAACCTCCAA 67 103 

Rarres3 AAAAGCAACAGCCTGAAGCA GCTGGAGGCATGGGGAGGCTCAT 60 100 

RBBP4 CTCGAAAATCTTGACACCTGACTTT GGAAAGAGGAACGTGTTGTTTTGA 62 104 

Granulin CTAGCACCTCCCCCTAACCA CTGACAGGGAAGGCCTTAGA 60 99 

TGF-βI TGGACAGACCCTGGAAACTC TGAACAGGGTCCCGTACCT 65 102 

PBGD AGATGAGAGTGATTCGCGTGGGTA AGGGTACGAGGCTTTCAATGTTGC 60 92 

TFRC TTGTAATGGGAACTGCCTCTTTCC ACCTTCAGCAGAGACCAGCCCTTA 57 104 

HPRT1 GCAGACTTTGCTTTCCTTGGTCAG GTCTGGCTTATATCCAACACTTCGTG 57 103 
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Table 2.4 Reverse transcription master mix 

Reagent Volume (µL) 

Magnesium Chloride (MgCl2), 25mM 12 

Reverse Transcription 10 × Buffer 6 

dNTP Mix, 10mM 6 

Recombinant RNasin® Ribonuclease inhibitor, 40 U/µL 1.5 

Random primers 1.5 

AMV-RT, 24U/ µL 2.15 

Total 10.75 

 

2.2.5.2 Polymerase chain reaction (PCR) 

1 µL of cDNA was added to aliquots of PCR master mix (see Table 2.5) to make a final 

reaction volume of 50 µL.  Reactions were performed in the Perkins Elmer GeneAmp® 

2200.  The conditions were: an initial incubation at 94 °C for five minutes, followed by 30 

cycles at 94 °C (30 seconds), annealing temperature specific for the primer pair (see Table 

3.1) (30 seconds), 72 °C (30 seconds), and 10 min final extension at 72 °C.  PCR products 

were run on 3% agarose gels and visualised using ethidium bromide staining. 

 
Table 2.5  Polymerase chain reaction master mix 

Reagent Volume (µL) 

Sterile molecular biology grade water 40 

10 X Alex Jeffrey’s buffer 5 

Forward primer 10 pM/ µl) 1 

Reverse primer (10 pM/ µl) 1 

Taq DNA polymerase (diluted 1:10 with H2O) 2 

Total 49 
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2.2.6 Real time quantitative RT-PCR 

2.2.6.1 SYBR Green 

Real time qPCR reactions were carried out using the Platinum® SYBR® Green qPCR 

SuperMix UDG kit and the Mx4000® Multiplex Quantitative PCR System. 1 µL of cDNA 

was added to the SYBR green master mix (see Table 2.6) for a final reaction volume of 25 

µL.  Each primer pair was tested with a logarithmic dilution of a cDNA mix to generate a 

linear standard curve, which was used to calculate the primer pair efficiency (E = 10(− 1/slope)).  

The relevant abundance of each transcript was calculated based on PCR efficiency and cycle 

number at which the fluorescence crossed a cycle threshold (Ct).  The generation of specific 

PCR products was confirmed by melting curve analysis.   

To normalise the target gene expression, three housekeeping genes were tested (HPRT1, 

TFRC and PBGD).   

The expression of nine target genes and three housekeeping genes were tested in all cell 

lines, organoids from nine reduction mammoplasties, and 36 tumour samples.  All 

experiments were carried out in triplicate.  Target gene expression was represented as a ratio 

of target gene transcripts/house-keeping gene transcripts (taken as the average of HPRT1, 

PGBD, and TFRC genes).   
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Table 2.6 SYBR green master mix 

Reagent   Volume (µL) 

Platinum® SYBR® Green  12.5 

Internal Reference Dye, 1:10 0.5 

Forward primer 10 pM/ µl) 0.5 

Reverse primer 10 pM/ µl) 0.5 

Sterile molecular biology grade water 10 

Total 24 

 

2.2.6.2 Taqman gene expression assay 

GeneAmp® Fast PCR Master Mix (2x) and QuantumRNA™ 18S Internal Standards were 

used to carry out 18S expression in cell lines, organoids, and all tumour cases.  4µL of cDNA 

was added to the Taqman Fast Universal Master Mix (see Table 2.6), for a final reaction 

volume of 10µL.  Each run included a 7-fold dilution of a cDNA standard from which a 

linear standard curve was generated.  The relative abundance of 18S in each sample was then 

calculated from the PCR efficiency and the cycle number at which the fluorescence crossed 

the cycle threshold (Ct).  All experiments were carried out in triplicate. 

 
Table 2.7  Taqman gene expression master mix 

Reagent Volume (µL) 

Taqman Fast Universal Master Mix 5.0 

18S probes 0.5 

H2O 0.5 

Total 6.0 
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2.2.7 Western Blotting 

 

Monoclonal antibody NCOA3 and polyclonal antibody RARRES3 were used in semi-

quantitative analysis of protein expression in the breast cell lines HBL-100, MDA-MB-231, 

MDA-MB-468, MCF-7, ZR-75-1, and T47-D, and three organoid specimens. 

2.2.7.1 Sample Preparation  

Cells were harvested when 40% confluent using trypsin-EDTA.  After inhibition of trypsin 

activity with complete medium, cells were spun at 1,000 rpm for 5 minutes.  Supernatant was 

discarded and cell pellet was washed in cold sterile PBS.  The cell pellet was then 

resuspended in 300 µL of lysis buffer and 3µL protease inhibitor, mixed thoroughly, and 

stood on ice for 10 minutes.  To ensure lysis, cells were passed through a 23 gauge 

hypodermic needle 15 times.  The lysed cells were then centrifuged at 13,000 rpm for 1 

minute to remove cell debris and the resulting supernatant transferred to a fresh sterile 

eppendorf.  Samples were stored at -20ºC until subsequent analyses.  

2.2.7.2 Protein quantification  

Protein concentration in each sample was determined using Bio-Rad protein assay reagent.  

Each sample was prepared as follows: 5 µL of protein lysate, 795 µL H2O and 200 µL of 

protein assay reagent.  Samples were mixed thoroughly and developed in dark for 5 minutes.  

Absorbance at 595 nm was measured on a spectrophotometer.  Absolute protein 

concentration in samples was then calculated from a standard curve, constructed from 

absorbance against protein concentration for a series of bovine serum albumin protein 

standards. 

2.2.7.3 Gel preparation  

 

Stacking and resolving SDS-page monomer solutions were prepared, the concentrations 

depending on the size of the protein being analysed: 8% SDS-PAGE gels for NCOA3 (160 

kDa), and 12% SDS-PAGE gels for RARRES3 (37 kDa) and beta-Actin (43kDa). (see Table 

2.8). 
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Table 2.8 Summary of gel preparation 
 8% 12% 

Reagent Volume 

H2O 4.6 mL 3.3 mL 

30% Acrylamide/Bis 2.7 mL 4.0 mL 

Gel buffer* 2.5 mL 2.5 mL 

10% w/v SDS 0.1 mL 0.1 mL 

*Resolving gel buffer – 1.5 mM Tris-HCL pH 8.8, stacking gel – 0.5 mM Tris-HCL pH 6.8 

 

Immediately prior to pouring the gel, 50 µL 10% APS and 5 µL TEMED were added to the 

resolving gel monomer solution to initiate polymerisation.  After the resolving gel had set, 50 

µL 10% APS and 5 µL TEMED were added to the stacking gel and this was put on top of the 

resolving gel.  This again was allowed to set.  Twenty-five µg of each protein lysate was 

mixed with 3 µL of loading buffer, denatured at 99ºC for 5 minutes, cooled on ice and then 

loaded into each well.  10µL BioRad Precision Plus Dual Color protein weight marker was 

also loaded into a separate well.  The gel was then run at 80 V until the samples reached the 

resolving gel, then at 140 V until the coloured marker had almost run off the gel.  BioRad® 

mini-gel apparatus was used for the running of the gel.  

 

2.2.7.4 Protein transfer and blocking 

 

The gel was removed and washed in transfer buffer for 5 minutes.  One piece of pre-wet 

nitrocellulose membrane and two pieces of Whatman 3 mm filter paper equal in size to the 

gel were soaked in transfer buffer with methanol.  The nitrocellulose membrane was placed 

on top of the gel and size markers clearly marked on the membrane using a ball point Biro 

pen.  The gel and membrane were then sandwiched between the pieces of filter paper as 

shown in Figure 2.3.  Air bubbles were removed.  The gel and papers were transferred into a 

cassette and protein electrophoresed onto the nitrocellulose membrane for 1.5 hours at 100V.  

Again, BioRad® mini-transfer equipment was used. 

 



 

Figure 2.3  Schematic overview of protein transfer setup 

 

 

 

 

 

 

2.2.7.5 Western analysis 

 

After transfer, the nitrocellulose was removed from the transfer 

washing buffer to remove residual SDS, and soaked for 1 hour i
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2.2.8 Immunohistochemistry 

2.2.8.1 Microtomy 

FFPE tissue blocks were placed on ice for at least 15 minutes.  S

were cut using a microtome, floated out on a water bath at 45ºC

coated slides.  Slides were dried overnight at 37 ºC before starti
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2.2.8.2 Antigen Retrieval Optimisation 

All antibodies were optimised to ascertain the optimal antigen retrieval conditions using a 

microwave or pressure cooker using various incubation temperatures, and duration.   

To expose an antigen using the pressure cooker, 250mL of 1 x DAKO antigen retrieval 

buffer was placed in the removable containers of the Stainless Steel pressure cooker model 

Pascal.  The containers were then placed inside the pressure cooker, brought to 80ºC 

followed by the insertion of slides within metal slide racks.  The lid was locked into position 

and the pressure was allowed to rise.  When the optimum temperature was attained, the slides 

were treated for different period (see Table 2.9) for a summary of pressure cooker variables 

used in optimisation).  The slides were then cooled to 90ºC, then placed under running water 

and rinsed in distilled water. 

For antigen retrieval using a microwave, slides were placed in a polystyrene container with 

500mL 1 x TE buffer pH 9 and heated on full power for 20 minutes.  After heating the slides 

were left to cool in the buffer for 45 minutes. 

 
Table 2.9  Summary of Pressure Cooker Optimisation Variables 

 

Temperature ºC Time 

120 30 45 60 

123 30 45 60 

124 30 45 60 

125 30 45 60 

 

2.2.8.3 Immunohistochemical Protocol 

The immunohistochemical technique was optimised for various parameters including, 

antigen retrieval method, primary antibody concentrations, and incubation temperature and 

duration.  These variables are summarised in Table 2.10.  Visualisation methods were 

confirmed with information from the antibody data sheets and their cited references.   
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Table 2.10 Summary of antigen retrieval methods and primary antibody dilutions attempted 
during NCOA3 optimisation 

Primary Antibody Optimisation Process 

NCOA3 

Antigen Retrieval: Pressure cooker 

120, 123, 125 ºC  for 30,45 or 60 seconds 

Antigen Retrieval: Microwaving 

20 minutes at full power 

Primary Antibody dilutions 

1:20, 1:40, 1:100, 1:200 

 

The results were reviewed by 2 individuals (Prof. R.A. Walker and I), and the conditions 

yielding the optimum staining pattern and least background staining were chosen. The final 

antigen retrieval methods and dilutions for NCOA3 are shown in Table 2.11.  The 

immunohistochemical procedure is outlined in Figure 2.4.  In each IHC experiment, a 

positive control, and negative controls were included. 

2.2.8.4 Grading of Staining Intensity 

Specimens were assessed and each staining extent was graded as the percentage of positively 

stained cells, and categorised as negative (<1% staining), low (1-5% staining), moderate (5-

50% staining), and high (>50% staining) in comparison to the positive control. 

 
Table 2.11 Summary of final Immunohistochemical methods and dilutions 

Antibody 
Antigen retrieval 

method 

Primary 

antibody 

Secondary 

Antibody 

Tertiary 

Reagent 

Visualisation 

method 

NCOA3 
Pressure cooker 

125ºC for 45 seconds 
1:40 

1:400 

RαmBt 

SteptABC/HRP 

9:1000 
DAB 
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Figure 2.4  Flow diagram showing the immunohistochemical protocol 

Wash twice in TBS (5 mins) 

Counterstain in haematoxylin.  Dehydrate in graded IMS 
and xylene 

Wash twice in TBS (5 mins) 

Wash twice in TBS (5 mins) 

Block in 2% H2O2  (10 mins) followed by Normal serum blocking (10 mins) 

Dewax in xylene and rehydrate in graded IMS to water 

Microtomy of paraffin sections 

Pressure cooker (125ºC for 45s) 

Primary antibody (o/n at 4ºC) 

Secondary antibody (30 mins at r/t) 

SteptABC/HRP (9:1000 for 30 mins at r/t) 

DAB (5 mins at r/t) 

Mount sections using DPX 
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2.2.9 Statistics 

Real-time quantitative PCR data was first tested to check if it had a normal distribution.  All 

datasets which followed a normal distribution were then tested for significance using a 1-

tailed-independent t-test in the case of the FFPE gene expression data, and analysis of 

variance (ANOVA) with the Bonferroni post-hoc test for the snap frozen gene expression 

data.  Results for immunohistochemistry were correlated with age and clinical prognostic 

markers using the Pearson’s χ-squared exact test.  All analyses were performed using SPSS 

Version 14.   
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Chapter 3. Results 
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3.1 Selection of target genes 
Microarray analysis was used to compare cDNA isolated from two breast cancers from 

women ≤35 years old with the non-tumourigenic HBL-100 cell line and normal organoids 

isolated from reduction mammoplasty.  SAM (Significance Analysis of Microarrays) was 

used to compare gene expression profiles between the 2 tumours and HBL-100, where it 

identified 470 up-regulated and 285 down regulated genes in common between the 2 

tumours.  When SAM analysis was carried out to compare the 2 tumours to the normal 

organoids, 69 genes were found to be up regulated and 372 were down regulated.  There was 

significant overlap between these datasets. 

HBL-100, although non-tumourigenic, shows a high level of invasion (Gordon et al., 2003) 

therefore it was felt that comparison between cancer and organoid RNA was more likely to 

reveal true tumour-specific changes.  It was therefore decided to focus on the validation of 

candidate gene targets identified from comparison to the organoid sample.  The most 

significant fold changes were ranked in order and bioinformatic analysis was used to select 

suitable candidate genes for further study.  This involved investigating the function of each 

gene, and/or its known relevance to cancer using a literature search (Pubmed).  Following a 

literature search of the dataset containing genes that were up regulated, nine genes were 

selected for further study (see Table 3.1).  None of the nine genes had been identified in 

previous published microarray investigations (see Table 1.2).  All of these genes were up 

regulated in tumours compared to the organoid, and 7 were also up regulated relative to 

HBL-100. The functions of each of these genes will be discussed in the form of a literature 

review, with particular emphasis on their potential role in cancers.  
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Table 3.1  Target genes from microarray data that were selected for further study 

 
Microarray fold change Gene Name 

Tumour vs. 

organoids 

Tumour vs. 

HBL-100 

Gene location Presumed function 

A kinase anchor protein 1 

(AKAP1) 

3.11 3.83 17q21-q23 Intracellular loclisation of 

PKa and PP1 

Acidic protein rich in leucines 

(APRIL) 

2.23 

 

2.52 

 

9q22.32 Regulating ribosomal 

RNA biosynthesis 

CCAAT enhancer binding 

protein alpha (C/EBPα) 

2.96 

 

6.55 

 

19q13.1 Transcription factor 

Damage specific DNA binding 

protein 2 (DDB2) 

2.30 = 11p12-p11 DNA repair via NER 

Granulin 4.09 2.70 17q21.32 Autocrine growth factor 

Nuclear receptor coactivator 3 

(NCOA3) 

5.33 

 

3.01 

 

20q12 Enhances transcriptional 

activator functions of 

nuclear receptors 

Retinoic acid receptor 

responder 3 (RARRES3) 

3.49 5.85 11q23 Cell differentiation and 

growth suppression 

Retinolastoma binding protein 4 

(RBBP4) 

2.04 

 

= 1p35.1 Involved in histone 

acetylation and chromatin 

assembly 

Transforming growth factor 

beta induced (TGFβI) 

3.53 

 

2.17 

 

5q31 Adhesion protein 

= gene expression equal to that of HBL-100 
 

3.1.1 A-kinase Anchoring Protein 1 

A-kinase anchoring protein 1 (AKAP1), located at 17q21-q23, is also known as AKAP149, 

and is a member of a family of anchoring proteins (AKAPs) that act as scaffolding proteins 

to bring enzymes important for cell signalling such as cyclic-AMP-dependent protein kinase 

(PKA) and calcium- and phospholipid-dependent kinase (PKC) within reach of their targets 

(Feliciello et al., 2001).   It was first identified in the mitochondrion (Chen et al., 1997b; 

Ginsberg et al., 2003) and endoplasmic reticulum-nuclear envelope (Steen & Collas, 2001), 

where it appears to have roles in RNA processing (Trendelenburg et al., 1996), and binding 

of protein phosphatase 1 (PP1) to the nuclear envelope during its reassembly after mitosis 
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(Steen et al., 2003; Steen et al., 2000).  So far no reports have suggested that AKAP1 is 

associated with carcinogenesis.  

3.1.2 Acidic Protein Rich in Leucines 

Mapped at 9q22.32, acidic protein rich in leucines (APRIL) is a member of the acidic nuclear 

phosphoprotein family, which help to modulate cellular signalling and gene expression to 

regulate the morphology and dynamics of the cytoskeleton, cell adhesion, neuronal 

development, or cerebellar morphogenesis (Matilla & Radrizzani, 2005).  APRIL is believed 

to participate in the progression of G1 to the S phase of the cell cycle, as well as in 

transduction that directs nucleoli activities by regulating ribosomal RNA biosynthesis (Sun et 

al., 2001).  High expression of APRIL has been found in chronic myeloid leukaemic and 

Burkitt lymphoma cell lines (Mencinger et al., 1998), but not in any epithelial cancers to 

date. 

3.1.3 CCAAT enhancer binding protein alpha 

CCAAT/enhancer binding proteins (C/EBPs) are structurally related transcription factors that 

play a role in normal tissue development, cellular proliferation and differentiation (Lekstrom-

Himes & Xanthopoulos, 1998; Robinson et al., 1998; Seagroves et al., 1998).  C/EBPα, 

mapped to 19q13.1, the earliest member of the C/EBP family to be identified, encodes a 

protein that has an important role in the regulation of mitotic growth arrest and differentiation 

in numerous cell types, including preadipocytes (Cao et al., 1991) myelomonocytic cells 

(Scott et al., 1992), hepatocytes and pneumocytes (Flodby et al., 1996), and keratinocytes 

(Oh & Smart, 1998). To date, C/EBPα down-regulation has only been observed in breast 

(Gery et al., 2005) and lung tumours (Halmos et al., 2004) as well as in leukaemias (Pabst et 

al., 2006), where it appears to function as a tumour suppressor.  In their study, Gery et al. 

saw a down-regulation of the C/EBPα protein in 83% of 24 primary breast cancers which 

was independent of their ER status (Gery et al., 2005).  Several mechanisms have been put 

forward to explain the putative tumour suppressor function of C/EBPα. 

These include: the ability of C/EBPα  to regulate p21 and retinoblastoma (Rb) family or 

proteins (Chen et al., 1996; Timchenko et al., 1996); form complexes with cdk2 and cdk 4 

thereby inhibiting their interactions with cyclin E and cyclin D respectively (Wang et al., 

2001); associate itself directly with E2F in so doing blocking transcriptional activation of its 
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target genes e.g. c-myc (Slomiany et al., 2000); and to interact with the SWI/SNF chromatin 

remodelling complex (Muller et al., 2004). 

3.1.4 Damage Specific DNA Binding Protein 2 

Mapped to 11p12-p11, damage-specific DNA binding protein 2 (DDB2) encodes a 48kDa 

protein which is a component of the damage-specific DNA-binding protein (DDB) complex 

that also includes damage-specific binding protein 1 (DDB1) ((Dualan et al., 1995) (Takao et 

al., 1993).  The DDB complex plays an important role in nucleotide excision repair (NER)  

where DDB2 plays a specific role in detection of cyclobutane pyrimidine dimers (CPDs) and 

binding of the complex to DNA (Li et al., 2006; Tang et al., 2000).  Mutations in DDB2 

cause Xeroderma pigmentosum group E (Itoh et al., 1999; Nichols et al., 2000), a disease 

characterised by defective nucleotide excision repair (NER).  DDB2 has not been strongly 

linked to human cancers to date.  However, inactivation of DDB2 expression has been found 

to result in the formation of tumours in mice (Yoon et al., 2005), while overexpression of 

DDB2 appears to protect mice from the carcinogenic effects of UV irradiation (Alekseev et 

al., 2005).   

Hwang et al. (1999) showed that DDB2 expression may depend on basal TP53 expression.  

This is increased further after DNA damage in a TP53-dependent manner.  In addition, a 

subsequent study showed that DDB2 can down-regulate TP53, while a reduction in DDB2 

led to a rapid fall in TP53-dependent apoptosis (Itoh et al., 2003).  Using mouse knock-out 

models, the same group showed that DDB2 enhanced lung and mammary adenocarcinoma, 

and regulated apoptosis (Itoh et al., 2007).  BRCA1 can also induce DDB2 mRNA 

expression in a TP53-independent manner (Hartman & Ford, 2002).  More recently, DDB2 

has been shown to influence cell cycle by interacting with cell cycle regulated genes such as 

E2F (Kaufmann et al., 2007).  A more relevant study to breast cancer found that the c-myc 

oncogene down regulated TP53 target genes such as DDB2 (Ceballos et al., 2005). 

3.1.5 Granulin 

Granulin, also known as progranulin or PC-cell derived growth factor, is an 88 kDa growth 

factor that is the precursor of a novel family of growth modulating polypeptides characterized 

by a unique and highly conserved cysteine-rich motif (12 cysteines).  The biological 

functions of granulin are varied, but appear to be connected to processes that require fast cell 

turnover, such as wound healing and repair (He & Bateman, 2003), embryonic development 
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(Daniel et al., 2003), as well as cellular processes vital to cancer progression such as 

proliferation, invasion, and metastasis (Cheung et al., 2004; Tangkeangsirisin & Serrero, 

2004).  Over-expression of granulin has been found in several tumour cell lines and/or 

tumour tissues  at the mRNA level in breast (Lu & Serrero, 2000), ovarian cancers (Davidson 

et al., 2004), gliomas (Markert et al., 2001), and acute myeloid leukaemia (Virtaneva et al., 

2001), and at the protein level in ovarian (Jones et al., 2003), renal (Donald et al., 2001), 

breast (Tangkeangsirisin & Serrero, 2004), endometrial (Jones et al., 2006) cancers, and at 

both mRNA and protein levels in hepatocellular cancer (Cheung et al., 2004).  Transfection 

of breast cancer cells with granulin was reported to mediate the mitogenic effect of oestradiol 

(Lu & Serrero, 2001), stimulate anchorage-independent growth, angiogenesis, and metastasis 

via stimulation of MMP, and VEGF expression (Tangkeangsirisin & Serrero, 2004), and 

render cells resistant to tamoxifen (Tangkeangsirisin et al., 2004) thereby promoting tumour 

growth and survivability.  Protein analysis in a cohort of paraffin embedded breast biopsies 

found a correlation between granulin expression and clinicopathological parameters such as 

high grade, high proliferation index, and high p53 expression (Serrero & Ioffe, 2003,) 

providing further evidence for an important role for granulin in cancers.  Similarly, granulin 

has been associated with proliferation, invasion and metastasis in hepatocellular (Cheung et 

al., 2004), bladder (Monami et al., 2006), and ovarian (Pizarro et al., 2007) cancers, as well 

as with p53 expression in hepatocellular carcinomas (Cheung et al., 2006).  Oestrogen has 

been found to regulate granulin in endometrial (Jones et al., 2006) and breast (Lu & Serrero, 

2000) cancer cells. 

3.1.6 Nuclear Receptor Coactivator 3 

Nuclear Receptor Coactivator 3 (NCOA3), localised to chromosomal region 20q12 (Anzick 

et al., 1997) is a member of the p160/steroid receptor coactivator family which includes 

NCOA1 and NCOA2.  NCOA3 was first identified as Amplified in Breast Cancer 1 (AIB1) 

and is also known as ACTR (Chen et al., 1997a), TRAM1 (Takeshita 1997), RAC3 (Li et al., 

1997) and SRC3 (Suen et al., 1998).  Like other family members NCOA3 associates with 

nuclear receptors, such as the ER and PgR (Han et al., 2006), and thyroid receptor (Takeshita 

et al., 1997) as well as with several transcription factors, including E2F1 (Louie et al., 2004), 

signal transducer and activator of transcription (STAT) (Arimura et al., 2004), nuclear factor-

kappa B (NFκB) (Werbajh et al., 2000), and activator protein-1 (AP-1) (Lee et al., 1998; Yan 

et al., 2006).  Binding of NCOA3 to these transcription factors recruits chromatin 
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modification factors such as acetyltransferases (CBP and p300) and methyltransferases 

(CARM1 and PRMT1), leading to a modification of the chromatin structure and activation of 

transcription of their target genes (Chen et al., 1999; McKenna & O'Malley, 2002).   

 

NCOA3 overexpression has been observed in several different cancers, including breast 

(Anzick et al., 1997), gastric (Ghadimi et al., 1999), prostate (Gnanapragasam et al., 2001), 

pancreatic (Henke et al., 2004), melanoma (Rangel et al., 2006), endometrial (Kershah et al., 

2004), endocervical (Hirai et al., 2004) and colorectal (Xie et al., 2005) carcinomas.  

Overexpression of NCOA3 was observed in 60% of primary human breast tumours as a 

result of transcriptional up-regulation or gene amplification (Anzick et al., 2003), (List et al., 

2001), (Reiter et al., 2001).  A small number of studies have explored the relationship 

between NCOA3 expression and diagnostic and prognostic markers for breast cancer, such as 

oestrogen receptor, progesterone receptor, p53, and human epidermal growth factor receptor 

2 (HER-2/neu).  One such study pointed towards a correlation between NCOA3 expression 

and the presence of ER receptor (Iwase et al., 2003), while others indicated a relationship 

between NCOA3 expression and ER/PgR negative and p53/HER-2/neu positive breast 

cancers (Bouras et al., 2001; Kirkegaard et al., 2007; Osborne et al., 2003).  The study 

carried out by Iwase et al. also showed that patients with NCOA3 nuclear expression tended 

to respond better to hormonal therapy.  In contrast, two other studies found an association 

between NCOA3 expression and tamoxifen resistance (Dihge et al., 2007; Osborne et al., 

2003).  In addition, a recent study found a relationship between the presence of NCOA3 in 

HER-2 positive cancers and early relapse and death in tamoxifen-treated breast cancers 

(Kirkegaard et al., 2007).   

 

The precise way by which NCOA3 exerts its cancer promoting actions is not clear.  In 

hormone sensitive breast cancers, NCOA3 appears to enhance oestrogen-dependent induction 

of cyclin D1 (Kirkegaard et al., 2007; Planas-Silva et al., 2001), as well as oestrogen-

mediated cell survival (Weldon et al., 2004).  A NCOA3 splice variant found to be 

overexpressed was significantly more effective as a coactivator of oestrogen and 

progesterone compared to wild-type NCOA3 (Reiter et al., 2001).  Another study suggests 

that NCOA3 has a greater impact on ER activity than other coactivators, with suppression of 

the NCAO3 protein damaging ERα target gene regulation more than inhibition of NCOA1 

(Shao et al., 2004).   

http://clincancerres.aacrjournals.org/cgi/content/full/11/6/2169#B11#B11
http://clincancerres.aacrjournals.org/cgi/content/full/11/6/2169#B12#B12
http://clincancerres.aacrjournals.org/cgi/content/full/11/6/2169#B13#B13
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While NCOA3 appears to play an important role in hormone sensitive breast cancers, 

evidence is accumulating to support its role in hormone-insensitive breast cancers through its 

involvement in several signalling pathways.  NCOA3 has been found to interact with E2F1, 

resulting in the transactivation of cyclin E, Cdk2, cyclin A, cdc25A as well as E2F1 itself 

(Louie et al., 2006; Louie et al., 2004), all of which are genes that are involved in cell 

proliferation.  E2F1 and cyclin E have also been associated with a poor prognosis in breast 

cancer (Keyomarsi et al., 1994; Loden et al., 2002).  The later study by Louie et al., 

uncovered evidence that NCOA3 directly controls the expression of genes responsible for 

DNA replication, is important for successful G1-S progression of both normal and malignant 

human cells, and has the ability to transform normal human breast epithelial cells through its 

relationship with E2Fs (Louie et al., 2006).  Another study focussing on hormonal-insensitive 

breast cancers, found that NCOA3 mediates insulin-like growth factor cell proliferation, 

signalling, and cell survival (Oh et al., 2004; Yan et al., 2006).  Interestingly, Yan et al. 

found that NCOA3 requires activator protein-1 (AP-1) when recruited to the promoter of 

IGF-I (Yan et al., 2006).  Recently, NCOA3 has also been implicated in pre-neoplastic 

changes in the mammary epithelium (Avivar et al., 2006).  In this study, transgenic mice 

overexpressing NCOA3 were found to develop mammary hyperplasia at the onset of puberty. 

3.1.7 Retinoic Acid Receptor Responder 3 

Mapped to chromosome 11q23, Retinoic Acid Receptor Responder 3 (RARRES3), also 

known as Retinoid-inducible gene (RIG1) and tazarotene-induced gene 3 (TIG3), can be 

induced by a synthetic retinoid tazarotene used clinically for the treatment of psoriasis (Duvic 

et al., 2003).  RARRES3 has 52% homology with the tumour suppressor H-rev107, a gene 

whose over-expression leads to resistance to transformation by activated H-ras oncogenes 

(DiSepio et al., 1998).  Similarly, RARRES3 promotes cell growth suppression and 

differentiation (DiSepio et al., 1998; Sturniolo et al., 2003).  The expression of RARRES3 is 

reduced in many cancers such as Wilm’s tumours (Zirn et al., 2006), skin cancers (Duvic et 

al., 2000) and ovarian cancers (Lotz et al., 2005), and this low expression appears to 

correlate with well-differentiated tissues (Duvic et al., 2003; Jiang et al., 2005b; Shyu et al., 

2003).  Recently however, overexpression of RARRES3 mRNA has been found in 44 out of 

47 breast cancers (Shyu et al., 2005) and in 5 nasopharyngeal tumourigenic cell lines 

(Kwong et al., 2005).  In the case of breast cancer, a correlation between RARRES3 

expression and breast cancers lacking ER/PgR was found, and cell lines treated with 
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oestrogen reduced RARRES3 mRNA expression (Shyu et al., 2005).  Another study found 

amplification at11q12-q13 in breast tumours, the region that RARRES3 is mapped to 

(Nessling et al., 2005).  It has been reported that RARRES3 exerts its tumour suppressor 

effects by suppressing Ras activation, thereby inhibiting the MAP-kinase pathway (Tsai et 

al., 2006).  The same group also confirmed that RARRES3 possesses pro-apoptotic 

properties, which are executed via the activation of caspases-2 and -3 (Tsai et al., 2006). 

3.1.8 Retinoblastoma Binding Protein 4 

Retinoblastoma Binding Protein 4 (RBBP4), mapped to chromosome 1p35.1, encodes for the 

retinoblastoma binding protein (Qian et al., 1993), which is a component of several distinct 

nucleosome modifying complexes including: the nuclear histone deactylases (HDACs) 

(Hassig et al., 1997), chromatin assembly factor 1 (CAF-1)(Kaufman et al., 1997), and Hat1, 

a type B histone acetylase (Zhang et al., 1997).  Increased expression of RBBP4 has been 

found in thyroid (Pacifico et al., 2007), hepatocellular (Song et al., 2004), and non-small cell 

lung cancers (Fukuoka et al., 2004), whereas, down-regulation was observed in 

mucoepidermoid carcinoma (Leivo et al., 2005).  The function of RBBP4 in carcinomas has 

not been fully elucidated, however, it seems that at least in thyroid cancers, RBBP4 is 

regulated by NF–kB and it supports proliferation (Pacifico et al., 2007).  In cervical cancer, 

RBBP4 is a key mediator in controlling the transforming activity of the human 

papillomavirus (HPV) (Kong et al., 2007).  

3.1.9 Transforming Growth Factor β Induced 

The Transforming Growth Factor-β Induced (TGFβI) gene is located on chromosome 5q31 

and encodes an extracellular matrix protein that can be induced by transforming growth 

factor β1 in many cell types, including mammary epithelial cells, human melanoma cells, 

keratinocytes, and lung fibroblasts (Skonier et al., 1994).  TGFβI appears to be involved in 

cell growth and differentiation (Skonier et al., 1994) and has been found to bind in vitro to 

many matrix components including fibronectin, laminin, and several collagen types (Kim et 

al., 2002).  Mutations in TGFβI have been linked to numerous autosomal corneal dystrophies 

(Munier et al., 1997), a disease caused by the build up of TGFβI-containing protein deposits 

in the corneal matrix (Clout & Hohenester, 2003). Functional analysis of TGFβI has shown 

that it is secreted into the extracellular matrix (ECM) and that it may act as an extracellular 

attachment protein, thereby controlling cell attachment and migration (LeBaron et al., 1995).  
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More recently, TGFβI has been found to support adhesion, migration and proliferation of 

renal tubular epithelia cells and vascular smooth muscle cells through interaction with α3β1 

integrin (Park et al., 2004).  The increased expression of TGFβI has been found in several 

cancers including, squamous cell carcinoma (Hu et al., 2001), oesophageal (Hourihan et al., 

2003), pancreatic (Schneider et al., 2002), colorectal (Buckhaults et al., 2001), as well as in 

ovarian endometriosis (Arimoto et al., 2003).  Conversely, one study found a decreased 

TGFβI expression in an ER-positive ovarian cancer cell line (Walker et al., 2007).  The 

precise role of TGFβI in human cancers is not yet known.  Since TGFβI is believed to be 

involved in cell attachment to the ECM, it is possible that any elevated levels of TGFβI may 

control cell adhesion or invasion of cancer cells in cancer progression. 

 

3.1.10 Target gene summary 

On the basis of the differential expression identified in the microarray study, and the reported 

function of the proteins encoded by the 9 genes (including cell cycle, differentiation, DNA 

repair, and cell adhesion) the expression of the nine selected genes was examined in breast 

cell lines, normal organoids from reductions mammoplasties, and a cohort of sporadic breast 

cancers from women stratified by age. 

 

The results are presented as: 

Gene expression 

i. Optimisation 

ii. Data from in vitro cell lines 

iii. Data from in vivo tissues 

 

Protein expression 

i. Western blotting in cell lines and tissues 

ii. Immunohistochemistry in tissues 

iii. Comparison between mRNA and protein expression for NCOA3 
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3.2 Gene expression optimisation 

3.2.1 RNA extraction from FFPE tissue 

The preparation of DNA from formalin fixed, paraffin-embedded (FFPE) tissue is a relatively 

straight forward technique.  However, the preparation of RNA from FFPE is less simple, as 

formalin degrades RNA, crosslinks proteins that shear RNA, and covalently modifies RNA 

by addition of monomethylol groups (Masuda et al., 1999).   

To ensure that mRNA could be effectively isolated from FFPE samples it was necessary to 

first optimise the conditions for tissue digestion using Proteinase K (PK).  To do this, one 

normal breast sample and one tumour sample, both with ample tissue available, were used.  

Ten 4 µm tissue sections were dewaxed, rehydrated and incubated at different concentrations 

of PK (0.5mg/ml, 5mg/ml, and 10mg/ml), at varying temperatures (37ºC and 50ºC) and 

different incubation periods (12 hours, 48 hours, and 60 hours).  Following incubation, RNA 

was isolated using the Phenol:chloroform method outlined in section 2.2.3.   

RNA has its absorption maximum at 260 nm and the ratio of the absorbance at 260 and 280 

nm was used to assess the RNA purity, with a ratio between 1.8 and 2.0 being desireable.  A 

PK concentration of 0.5mg/ml was most successful at digesting the tissue to produce higher 

yields of RNA than the more concentrated solutions (see Figure 3.1A).  While incubating the 

samples for 48 hours at 37ºC was the optimal incubation period for higher RNA yields (see 

Figure 3.1 B), the RNA was less pure than RNA that was from 120 hours incubation (see 

Figure 3.1C).  However, this difference in purity was small and the purity of 1.81 (0.5mg/ml 

at 37 ºC for 48 hours) was well within the ideal range of 1.8 to 2.0 for RNA.  Therefore for 

all subsequent RNA preparations from FFPE tissue, the PK digestions were carried out at 

0.5mg/ml PK at 37 ºC for 48 hours, followed by the Phenol:chloroform step. 
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Figure 3.1 Optimisation of RNA extraction from FFPE tissue using PK 
 

A.   

 

 

 

 

 

 

 

 
 B. 

 

 

 

 

 

 

 

 

 
 

C. 
 
 
 
 
 
 
 
 
 

 
A: RNA yield based on Proteinase K concentration during incubation; B: RNA yield based 
on the temperature and duration of incubation (normal breast tissue was used); C: RNA 
purity (normal breast tissue was used)
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3.2.2 Primer Optimisation 

Primer pairs were optimised for all nine target genes for the most appropriate annealing 

temperature using manual RT-PCR.  Briefly, the optimum annealing temperature was 

selected based on the highest yield of PCR product at the expected size with no evidence of 

accompanying primer dimer formation or non-specific products.  For example, for NCOA3, 

63º gave good amplification with no primer dimers or non-specific products (see Figure 3.2).  

Lower yields were observed at 62ºC and 64ºC.  Results for optimisation of all nine target 

gene primers are displayed in Figure 3.2 and summarised in Table 3.2.  

 
Figure 3.2 Optimisation of target gene primer pairs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Agarose gel analysis of RT-PCR products from breast cell lines that were positive for amplification of 
each target gene  
Cell Lines used: 1, HBL-100; 2; MDA-MB-231; 3, MCF-7; 4, ZR-75-1; 5, T47-D; 6, MDA-MB-468.  
* optimised annealing temperature chosen for subsequent PCR reactions. 
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Primer pairs were also optimised for the number of PCR cycles to allow comparison of 

relative levels of expression.  Primer pairs were initially run for 30 cycles.  If the yield of 

PCR products was too low to allow comparison, the cycles were increased to 35 cycles.  

However, if differences in PCR product yields were indistinguishable, cycles were reduced to 

25 cycles.  In practice, all primer pairs for the 9 target genes worked well at 30 cycles, except 

for granulin which appeared to be saturated when run at 30 cycles (see Figure 3.3).  

Optimised cycle numbers for each target gene are summarised in Table 3.2. 

 
Figure 3.3 Granulin RT-PCR comparing 25 and 30 cycles  

 

 
 
 
 
 
 
Lanes: 1, 100bp DNA ladder ; 2, HBL-100;  3, MDA-MB-231; 4, MCF-7;  5, ZR-75-1;  6, T-47-D; 7, 
MDA-MB-468;  8 , Water Blank 
 

 

 

1 2 3 4 5 6 7 8

30 cycles 

25 cycles 
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Table 3.2 Optimisation of annealing temperature and number of cycles for PCR 

 

Primer Pair Annealing Temperature (C°) No. of cycles  

NCOA3 63 30 

AKAP1 60 30 

DDB2 64 30 

APRIL 64 30 

C/EBPα 67 30 

TGFβI 65 30 

RARRES3 60 30 

Granulin 60 25 

RBBP4 62 30 

HPRT1 57 30 

PBGD 60 30 

TFRC 57 30 
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3.2.3 Housekeeping gene analysis 

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH), a widely used housekeeping gene, 

was used to ensure comparability between yields of template cDNA for RT-PCR (see Figure 

3.4).  First strand cDNA was synthesised from 1 µg of RNA template for all cell lines, to 

yield approximately equivalent amounts of cDNA.  Each PCR reaction was run for 30 cycles.  

However, small variations were seen due to experimental differences in RT efficiency and 

slight pipetting errors.  To control for the RT step and also examine the possibility of 

genomic DNA carry over during RNA extraction, negative reverse transcription (-RT) 

reactions were carried out.  These contained RNA and all reverse transcription reagents 

except AMV-RT.  They were analysed for GAPDH; the absence of GAPDH PCR product 

indicated no genomic DNA contamination (see Figure 3.4).  

  
Figure 3.4 Housekeeping gene (GAPDH) analysis in 6 cell lines 

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

 
 

L 100bp DNA ladder; 1, HBL-100; 2, HBL-100 –RT; 3, MDA-MB-231; 4, MDA-MB-231–
RT; 5, MCF-7; 6, MCF-7–RT;  7,  ZR-75-1;  8, ZR-75-1 RT; 9, T47-D; 10, T47-D-RT; 11, 
MDA-MB-468;  12, MDA-MB-468-RT. NTC No template control. 
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3.2.4 Real time quantitative RT-PCR 

3.2.4.1 Primer optimisation 

All primer pairs were tested to determine the optimum concentration of MgCl2 that gave the 

lowest cycle threshold.  The PCR master mix (Invitrogen ™) had a MgCl2 concentration of 3 

mM.  To verify whether each primer pair required greater than 3 mM of MgCl2, final 

concentrations of 3mM, 4 mM and 5 mM MgCl2 were first used in the optimisation 

experiments.  All optimisation experiments for each target primer set were carried out on a 

selected cell lines that expressed the gene (see Table 3.3), and all experiments were carried 

out in duplicate.  The results showed that a MgCl2 concentration of 3mM was optimal for 

each primer pair.  For example, the optimum MgCl2 for AKAP1 was 3mM giving the lowest 

cycle threshold (Ct = 23.90) compared to concentrations of 4mM (Ct = 24.33) and 5 mM (Ct 

= 24.59) (see Figure 3.5).  Raw Ct values for each optimisation experiment are shown in 

Table 3.4, and a summary of MgCl2 concentrations used in all subsequent experiments is 

shown in Table 3.5 

 
Table 3.3 Cell lines used for optimisation of real-time qRT-PCR experiments 

Target gene Positive cell line 

AKAP1 T47-D 

APRIL MDA-MB-231 

C/EBP alpha HBL-100 

DDB2 T47-D 

Granulin MDA-MB-231 

NCOA3 ZR-75-1 

RARRES3 MDA-MB-468 

RBBP4 ZR-75-1 

TGFβI HBL-100 

HPRT HBL-100 

PBGD HBL-100 

TFRC HBL-100 

 



 

Figure 3.5 Optimisation of the AKAP1 primer pair for MgCl2 concentration 

 

 RT-PCR of AKAP1 using the T47-D cell li
3mM 

4mM 

5mM 
77

 
ne.  All reactions were carried out in duplicate. 
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Table 3.4  Raw Ct values for primer pair optimisation of MgCl2 

 

Primers Concentration 1 2 Mean 
3mM 22.10 22.04 22.07 
4mM 23.06 23.12 23.09 NCOA3 
5mM 24.08 23.98 24.03 
3mM 23.91 23.89 23.90 
4mM 24.33 24.33 24.33 AKAP1 
5mM 24.53 24.66 24.60 
3mM 25.00 29.64 27.32 
4mM 25.09 24.99 25.04 DDB2 
5mM 28.15 25.19 26.67 
3mM 20.25 20.11 20.18 
4mM 20.37 20.42 20.40 APRIL 
5mM 20.62 20.61 20.62 
3mM 29.30 29.19 29.25 
4mM 29.77 29.87 29.82 C/EBPα 
5mM 30.29 30.37 30.33 

3mM 32.63 32.13 32.38 

4mM 33.19 33.01 33.10 TGFβI 
5mM 32.91 32.90 32.91 

3mM 23.03 23.07 23.05 

4mM 25.85 25.94 25.90 RARRES3 
5mM 26.03 26.10 26.07 

3mM 20.21 20.15 20.18 
4mM 20.04 20.17 20.11 Granulin 
5mM 20.36 20.34 20.35 
3mM 22.51 22.61 22.56 
4mM 23.15 23.23 23.19 RBBP4 
5mM 23.01 23.51 23.26 
3mM 25.02 25.10 25.06 
4mM 25.48 25.77 25.63 HPRT 
5mM 25.80 26.07 25.94 
3mM 24.58 25.67 24.63 
4mM 25.04 25.12 25.08 TFRC 
5mM 25.11 25.09 25.10 
3mM 19.74 19.87 19.80 
4mM 20.05 20.11 20.08 PGBD 
5mM 20.08 20.09 20.09 

All reactions were run in duplicate (1 and 2). 
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3.2.4.2 Standard Curve 

For each primer pair, standard curves were constructed to calculate the PCR efficiency.  To 

do this, cDNA from selected cell lines expressing the target gene (see Table 3.3) was serial 

diluted and amplified, to produce standard curves expressing a linear relationship between 

template quantity and target gene expression.  PCR efficiency was calculated from the 

gradient of the standard curve according to Equation 2.2.8.3.1.  For example, RBBP4 had a 

PCR efficiency of 96.0% calculated from the standard curve (see Figure 3.6).  The PCR 

efficiency for each primer pair are summarised in Table 3.5. 
 
Figure 3.6  Generation of standard curve for RBBP4 RT–qPCR 

 

 
RBBP4 amplification in ZR-75-1 (2µL, 1 µL, 0.1 µL, and 0.01 µL).  Each reaction was 
carried out in triplicate. 
 

FAM Standards, RSq: 0.997 

FAM, Y = -3.422*LOG(x) + 22.18, EFF = 96.0%
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Table 3.5  Summary of optimum MgCl2 concentrations and PCR efficiency for primer pairs  

Primer Pair Optimum MgCl2 

concentration (mM) 

PCR Efficiency (%) 

AKAP1 3 82.7 

APRIL 3 96.0 

C/EBPα  3 98.4 

DDB2 3 87.2 

Granulin 3 109.0 

NCOA3 3 104.8 

RARRES3 3 101.1 

RBBP4 3 96.0 

TGFβI 3 100.2 

PBGD 3 100.7 

TFRC 3 105.8 

HPRT 3 99.2 

 

Despite extensive attempts at refining the optimisation the efficiency values for DDB2 and 

AKAP1 were below the recommended 90% (87.2% and 82.7% respectively).  However, it 

was agreed that RT-qPCR experiments should proceed since the relative expression level of 

both targets was calculated using the efficiency of both the target gene and reference gene.  

The results should therefore give a reasonable representation of target gene expression in 

each sample. 

3.2.4.3 Dissociation curves 

In order to ensure that any increase in fluorescence was due to cDNA amplification for the 

gene of interest and not attributable to non-specific products or primer dimer artefacts, 

dissociation curves were plotted for all PCR products.  Dissociation curves for all genes 

analysed were shown to be specific with only a single peak at the melting temperature of the 

PCR product.  Figure 3.7 shows an example of the dissociation curve for APRIL. 
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Figure 3.7  Dissociation curve for APRIL 

 
 

 

The careful optimisation for annealing temperatures and MgCl2 concentrations, as well as the 

verification of a single PCR product for each primer set, ensured that all subsequent RT-

qPCR experiments in this project were performed at the optimal conditions that allowed 

accurate detection of the expression of each target gene in all cell lines and tissues.  In each 

assay a standard curve was carried out to control for inter assay variability. 

The full data for standard curves and dissociation curves are given in Appendix II.  

3.2.4.4 Housekeeping gene selection 

Real-time qPCR is a sensitive and accurate technique for measuring target mRNA 

expression.  A key step of this technique is normalisation of the results to compensate for 

differences in the purity and concentration of the samples.  The most commonly used 

normalisers in real-time PCR are endogenous reference genes or housekeeping genes.  

Ideally, housekeeping genes should be ubiquitously expressed at similar levels in all samples 

and experimental conditions.  Unfortunately, many commonly used housekeeping genes such 

as GAPDH (Barber et al., 2005; Tricarico et al., 2002), and beta-actin (Tricarico et al., 2002; 

Vandesompele et al., 2002) vary across tissue types and under experimental conditions 

makes choosing an appropriate housekeeping gene challenging.  Following a review of other 
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published studies, 3 housekeeping genes were selected for validation (see Table 3.6): 

hypoxanthine phosphoribosyltransferase (HPRT1), Transferrin receptor (TFRC), and 

porphobilogen deaminase (PBGD).   

 
Table 3.6 Performance of HPRT, TFRC and PGBD as housekeeping genes in previous studies 

Findings Reference 

In breast, HPRT, PGBD, and TFRC were the highest ranked genes 

following analysis of the expression patterns of 13 frequently used 

housekeeping genes in 80 normal and tumor samples from 

colorectal, breast, prostate, skin, and bladder tissues with real-time 

quantitative RT-PCR.   

(de Kok et al., 2005) 

Abundance of HPRT and PGBD found to be relatively similar 

across 13 different human tissues 

(Vandesompele et al., 

2002) 

PGBD showed a relatively constant expression over a variety of 

cell lines and tumours  

(Janssens et al., 2004) 

 

In order to select one of these housekeeping genes for all subsequent target gene analyses, it 

was impotant to ensure the housekeeping gene was expressed at constant levels in all 

samples.  Therefore the expression of all 3 genes was first measured in cell lines, organoids, 

and all tumour tissues (59 samples in total).  1µg of RNA was used for cDNA synthesis and 

RT-qPCR (see section 2.2.4 for conditions).  All reactions were carried out in triplicate.  

Variation in the expression levels was observed in all 3 housekeeping genes across 59 

samples (see Figure 3.8).  PGBD had the greatest variation, followed by HPRT1.  TFRC had 

the least variation.  However, an F-test showed no significant difference between the 

variability in HPRT1, TFRC, and PGBD (F=0.75, 0.59, and 0.79).  Overall, the level of 

housekeeping gene detected was higher in the fresh cell lines, organoids, and snap frozen 

tissue compared to the FFPE tissue (see Figure 3.9). 

 

Towards the end of the project the housekeeping gene selection was reevaluated.  18S 

ribosomal RNA - a stable internal control with low expression variance was tested as a 

potential final control, since it has been reported to be effective in other studies (Schmittgen 

& Zakrajsek, 2000; Tsuji et al., 2002; Zhang et al., 2007).  Due to limited sample quantities, 

18S could only be tested in 36 out of 59 samples.  As expected, 18S was expressed at higher 
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levels than HPRT1, TFRC, and PGBD (see Figure 3.8 and Figure 3.9).  However as for the 3 

housekeeping genes, 18S also showed variation in its expression among all samples (see 

Figure 3.8).  When the expression of 18S was reduced by a factor of 1012, it displayed 

expression levels more similar to those of the 3 housekeeping genes (see Figure 3.10).  

However, despite this, the wide variability in expression across all samples remained. 

 

Currently, the best option in normalisation is to measure the expression of multiple 

housekeeping genes and normalise using their mean expression.   Since HPRT1, TFRC, and 

PGBD displayed similar levels of expression with least variation, all subsequent target gene 

expression analyses were normalised using the average of the expression of HPRT, TFRC, 

and PGBD, since this would provide a more accurate normaliser than using a single 

housekeeping gene. 
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Figure 3.8   Variation in housekeeping gene expression among 59 cDNA samples 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1µg amount of RNA was used for cDNA synthesis and RT-qPCR. 59 samples were examined in total.  
Box plots represent the relative expression of each housekeeping gene in all 59 samples.  Error bars 
represent the standard deviation. 
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               Cell Lines    Organoids      Frozen tumours   FFPE tumours 

PGBD      HPRT 

TFRC        18S 

Figure 3.9  Relative expression of 3 housekeeping genes and 18S in 59 cDNA samples 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
1µg amount of RNA was used for cDNA synthesis and RT-qPCR. 59 samples were examined in total.  Box plots represent the relative expression of each 
housekeeping gene in all 59 samples across all sample types.  Error bars represent the standard deviation. 
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Figure 3.10 Effect of reduction of 18S by a factor of 1012    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1µg amount of RNA was used for cDNA synthesis and RT-qPCR. 59 samples were examined in total.  
Box plots represent the relative expression of each housekeeping gene in all 59 samples.  18S 
expression is reduced by a factor of 12.  Error bars represent the standard deviation. 
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3.3 Target gene expression in breast cell lines 
Six different breast cell lines (HBL-100, MDA-MB-231, MDA-MB-468, MCF-7, ZR-75-1, 

and T47-D) were chosen for analysis as the first line of investigation into the validation of 

the nine selected target genes.  One microgram of total RNA was extracted from the six 

breast cell lines and converted to cDNA using reverse transcriptase as outlined in sections 

2.2.3.1 and 2.2.7.1.  The cDNA was then examined for the expression of the nine target genes 

using manual PCR, followed by a real-time quantitative PCR (see section 2.2.7-8). 

For real-time quantitative PCR, the relative amount of each transcript was determined using 

the PCR efficiency and cycle number at which the fluorescence crossed a cycle threshold 

(Ct) (Pfaffl, 2001):   

 

Transcript quantity = 1/(Efficiency of PCR)Ct value   

 

The final results were expressed as target gene expression relative to the average of the 3 

housekeeping genes (relative expression), whereas in the microarray, expression data was 

represented as a fold change generated after normalising each target gene against either the 

organoids or HBL-100 cell line.  All raw Ct values can be found in Appendix III. 

 

3.3.1 AKAP1 expression 

Manual RT-PCR showed a single product of the expected size (105 base pairs) in 5 of 6 cell 

lines (see Figure 3.11A).  No expression was seen in the MDA-MB-468 cell line.  The 

intensity was stronger in the tumourigenic cell lines, MDA-MB-231, MCF-7, ZR-75-1, and 

T47-D compared to the non-tumourigenic HBL-100. 

Analysis of AKAP1 expression using real-time qPCR supported the pattern in expression 

observed by manual PCR (see Figure 3.11 B).  MDA-MB-231, ZR-75-1, and T47-D each 

had relative expression greater then 2, with that of T47-D reaching 14.26.   
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Figure 3.11 AKAP1 expression in 6 cell lines 
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A:  AKAP1 expression in 6 cell lines.  The bottom gel picture shows GAPDH expression in 
the same cell lines.  Lanes: 1, 100bp DNA ladder ; 2, HBL-100;  3, MDA-MB-231; 4, MDA-
MB-468; 5, MCF-7; 6, ZR-75-1;  7, T-47-D; 8 , Water Blank.  B:  Relative AKAP1 
expression in 6 cell lines using RT-qPCR.  RT-qPCR experiments were carried out in 
triplicate (n=18).  Error bars reflect standard error of the mean (SEM). 
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3.3.2 APRIL expression 

Manual PCR and real-time qPCR both showed APRIL expression was higher in MDA-MB-

231, and MDA-MB-468 compared to the non-tumourigenic HBL-100 line (see Figure 3.12 A 

and B).  The ER-positive breast cancer cell lines (MCF-7, ZR-75-1, and T47-D) all showed 

very low expression, similar to that of HBL-100. 

 
Figure 3.12  APRIL expression in 6 cell lines 

A. 
 

 

 

 

 

B. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A:  APRIL expression in 6 cell lines.  The bottom gel picture shows GAPDH expression in 
the same cell lines.  Lanes: 1, 100bp DNA ladder ; 2, HBL-100;  3, MDA-MB-231; 4, MDA-
MB-468; 5, MCF-7; 6, ZR-75-1;  7, T-47-D; 8 , Water Blank.  B:   Relative APRIL 
expression in 6 cell lines using RT-qPCR.  Rt-qPCR experiments were carried out in 
triplicate (n=18).  Error bars reflect standard error of the mean (SEM). 
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3.3.3  C/EBP alpha Expression 

Manual RT-PCR showed a single product of the expected size, 103 base pairs in HBL-100 

and MDA-MB-231 only (see Figure 3.13 A).  However, expression was weaker in MDA-

MB-231 compared to HBL-100.  C/EBPα appeared absent in all other cell lines.  The qPCR 

analysis supported these results, with expression patterns among the cell lines mirroring those 

observed in the manual PCR (see Figure 3.13 B).  These results differ to those from the 

microarray, where C/EBPα was found to be up-regulated in the two tumours. 

 
Figure 3.13 C/EBP alpha expression in cell lines 
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A:  C/EBPα expression in 6 cell lines.  The bottom gel picture shows GAPDH expression in 
the same cell lines.  Lanes: 1, 100bp DNA ladder ; 2, HBL-100;  3, MDA-MB-231; 4, MDA-MB-
468; 5, MCF-7; 6, ZR-75-1;  7, T-47-D; 8 , Water Blank. B: Relative C/EBPα expression in 6 cell 
lines using RT-qPCR.  RT-qPCR experiments were carried out in triplicate (n=18).  Error 
bars reflect standard error of the mean (SEM). 
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3.3.4 DDB2 expression 

DDB2 expression was higher in ER-positive cell lines MCF-7, ZR-75-1, and T47-D 

compared to the non-tumourigenic HBL-100 cell line (see Figure 3.14 A).  MDA-MB-231 

and MDA-MB-468 had expression levels similar to HBL-100. 

The qPCR supported the manual PCR analysis (see Figure 3.14 B).  However, the relative 

expression of DDB2 in MCF-7 was higher than that of ZR-75-1, while in the manual PCR, 

ZR-75-1 appeared to have a slightly higher expression level.  Since qPCR was carried out in 

triplicate and was highly reproducible, this is likely to show the most accurate data. 

 
Figure 3.14  DDB2 Expression in cell lines 
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A:  DDB2 expression in 6 cell lines.  The bottom gel picture shows GAPDH expression in 
the same cell lines.  Lanes: 1, 100bp DNA ladder ; 2, HBL-100;  3, MDA-MB-231; 4, MDA-
MB-468; 5, MCF-7; 6, ZR-75-1;  7, T-47-D; 8 , Water Blank.  B: Relative DDB2 expression 
in 6 cell lines using RT-qPCR.  RT-qPCR experiments were carried out in triplicate (n=18).  
Error bars reflect standard error of the mean (SEM). 
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3.3.5 Granulin Expression 

Manual RT-PCR showed a single product of the expected size, 99 base pairs, in all 6 cell 

lines (see Figure 3.15 A).  MDA-MB-231, MCF-7, ZR-75-1, and T47-D showed higher 

granulin expression than MDA-MB-468 and HBL-100, which was in agreement with the data 

from the real-time qPCR (see Figure 3.15 B). 

 
Figure 3.15  Granulin expression 6 cell lines 
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A:  Granulin expression in 6 cell lines.  The bottom gel picture shows GAPDH expression in 
the same cell lines.  Lanes: 1, 100bp DNA ladder ; 2, HBL-100;  3, MDA-MB-231; 4, MDA-
MB-468; 5, MCF-7; 6, ZR-75-1;  7, T-47-D; 8 , Water Blank.  B: Relative DDB2 expression 
in 6 cell lines using RT-qPCR.  RT-qPCR experiments were carried out in triplicate (n=18).  
Error bars reflect standard error of the mean (SEM). 
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3.3.6 NCOA3 Expression 

Both the manual PCR and real-time qPCR showed expression of NCOA3 to be higher in the 

ER-positive cell lines MCF-7, ZR-75-1, and T47-D, compared to all other cell lines (see 

Figure 3.16 A and B).  While the expression of NCOA3 appeared strong in T47-D in the 

manual PCR, it appeared less intense in the qPCR.  Expression was slightly lower in MDA-

MB-231, and MDA-MB-468 compared to the non-tumourigenic HBL-100.  This difference 

was more noticeable in the qPCR data. 

 
Figure 3.16 NCOA3 Expression in cell lines 
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A. NCOA3 expression in 6 cell lines.  The bottom gel picture shows GAPDH expression in 
the same cell lines.  Lanes: 1, 100bp DNA ladder ; 2, HBL-100;  3, MDA-MB-231; 4, MDA-
MB-468; 5, MCF-7; 6, ZR-75-1;  7, T-47-D; 8 , Water Blank.  B: Relative NCOA3 
expression in 6 cell lines using RT-qPCR.  RT-qPCR experiments were carried out in 
triplicate (n=18).  Error bars reflect standard error of the mean (SEM). 
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RBBP4 Expression
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3.3.7 RBBP4 Expression 

RBBP4 expression was higher in MDA-MB-231, MDA-MB-468, ZR-75-1, and T47-D 

compared to the non-tumourigenic HBL-100 line (Figure 3.17A and B).  MCF-7 showed no 

RBBP4 expression.  In the manual PCR, RBBP4 expression appeared to be the same in 

MDA-MB-231 and MDA-MB-468, whereas in the qPCR there was double the amount of 

RBBP4 in MDA-MB-468. 

 
Figure 3.17  RBBP4 Expression in cell lines 
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A.  

RBBP4 expression in 6 cell lines.  The bottom gel picture shows GAPDH expression in the 
same cell lines.  Lanes: 1, 100bp DNA ladder ; 2, HBL-100;  3, MDA-MB-231; 4, MDA-
MB-468; 5, MCF-7; 6, ZR-75-1;  7, T-47-D; 8 , Water Blank.  B:  Relative RBBP4 
expression in 6 cell lines using RT-qPCR.  RT-qPCR experiments were carried out in 
triplicate (n=18).  Error bars reflect standard error of the mean (SEM). 
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3.3.8 RARRES3 Expression 

Manual PCR found weak RARRES3 expression in T47-D, moderate expression in MDA-

MB-231, and a high expression in MDA-MB-468 (see Figure 3.18 A).  Although the RT-

qPCR found high expression of RARRES3 in MDA-MB-468, and low expression in T47-D, 

expression in MDA-MB-231 was much lower than observed by manual PCR.  No RARRES3 

expression was found in MCF-7 and ZR-75-1. 

 
Figure 3.18 RARRES3 Expression in cell lines 
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3.3.9 TGFβI Expression 

Both manual PCR and real-time qPCR found strong TGFβI expression in HBL-100, and 

lower levels in MDA-MB-231, and MCF-7 cells (see Figure 3.19 A and B) only.  Again 

these results were different to the array, where TGFβI was up-regulated in the 2 tumours. 

 
Figure 3.19  TGFβI Expression in cell lines 
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A:  

TGFβI expression in 6 cell lines.  The bottom gel picture shows GAPDH expression in the 
same cell lines.  Lanes: 1, 100bp DNA ladder ; 2, HBL-100;  3, MDA-MB-231; 4, MDA-
MB-468; 5, MCF-7; 6, ZR-75-1;  7, T-47-D; 8 , Water Blank.  B: Relative TGFβI expression 
in 6 cell lines using RT-qPCR.  RT-qPCR experiments were carried out in triplicate (n=18).  
Error bars reflect standard error of the mean. 
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3.3.10 Summary  

The microarray found all 9 target genes to be overexpressed in the 2 breast tumours from 

women ≤ 35 years in comparison to normal organoids and the HBL-100 breast cell line.  

Although immortalised cell lines represent only a 2-D model of breast cancer and are each 

very different in behaviour, the analysis of target gene expression in 6 breast cell lines using 

RT-qPCR in this study appeared to support the microarray with high levels of expression of 7 

out of 9 target genes in the breast cancer cells and lower levels in the non-tumourigenic 

HBL-100 (for a summary see Table 3.7).  In contrast however, C/EBPα and TGFβI were both 

found to have higher levels of expression in the non-tumourigenic HBL-100 compared to the 

breast cancer cell lines. 
 
Table 3.7 Summary of target gene expression in 6 breast cell lines 

Cell Lines 

Target 

Gene 
Array 

HBL-

100 

 

231 468 MCF-7 ZR-75-

1 

T47-

D 

Difference 

between 

ER-pos/neg 

cells 

AKAP1 + – + – + + + NO 

APRIL + – + + – – – YES 

C/EBPα + + – – – – – NO 

DDB2 + – – – + + + YES 

GRANULIN + – + + + + + NO 

NCOA3 + – – – + + + YES 

RARRES3 + – – + – – – NO 

RBBP4 + – + + – + + NO 

TGFβI + + + – – – – NO 

Relative expression shown with an arbitary cut off of 1.5.  Cells with relative expression 
values < 1.5: −, those with relative expression values > 1.5: + 
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3.4 Target gene expression in reduction mammoplasty tissue 
Normal breast organoids, isolated following digestion of breast reduction tissue consist of 

myoepithelial and luminal cell populations that are present in the mammary gland.  

Organoids were isolated by digestion of tissue from a total of 9 reduction mammoplasty 

specimens (see section 2.2.2 and Table 3.8).  These served as an important relative control 

for the subsequent target gene expression analysis in tumours since they reflect the behaviour 

of normal breast epithelial cells in vivo.  In addition, most specimens were from young 

women (age range was 20-41, with mean age of 34.2 years) ideal for comparison with 

tumours from young women (≤35 yrs).  Menstrual cycle data was not available. 

RNA was isolated from the organoids (see section 2.2.3), and cDNA was prepared as before.  

Real-time qPCR was then performed on all 9 samples using primer sets for each of the nine 

target genes.  All data is represented as relative expression levels: target gene expression 

relative to the average of the 3 housekeeping genes (Target/Housekeeping gene). 

 
Table 3.8 Summary of reduction mammoplasty specimen details 

 

Sample number Age  

1985 20 

1978 27 

1973 32 

1974b 31 

1965c 40 

1964 41 

1966 39 

1965 40 

1967b 38 

Mean 34.2 

Range 20-41 
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3.4.1 AKAP1 expression 

Real-time qPCR found variation in AKAP1 expression between the different donors (see 

Figure 3.20).  However all 9 samples had AKAP1 levels greater than that of the average of 

the 3 housekeeping genes.  Relative expression ranged from 2.38 to 25.15 (mean= 13.15, 

median =12.24).   

 
Figure 3.20  AKAP1 expression in 9 normal breast organoids 

Error bars reflect standard error of the mean (SEM). RT-qPCR experiments were carried out 
in triplicate (n=27). 
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3.4.2 APRIL expression 

APRIL showed variation in expression between the organoid samples (see Figure 3.21), with 

most samples displaying high levels of expression.  Seven out of the nine samples tested had 

relative expression levels above 7, with the highest approaching 22.  Two samples had 

relative expression levels less than 1.42.  The mean and median expression levels were 10.74, 

and 10.88 respectively. 

 
Figure 3.21  APRIL Expression in 9 normal breast organoids 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=27).
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3.4.3 C/EBP alpha expression 

Almost all organoids samples showed strong C/EBP alpha expression, with fold changes 

averaging 4.05 (Figure 3.22).  Two samples showed C/EBP alpha expression similar to the 

housekeeping genes (#1965, and 1965c).  The mean and median expression levels were 4.05, 

and 4.38 respectively. 

 

 
Figure 3.22 C/EBP alpha expression in 9 normal breast organoids  

Error bars reflect standard error of the mean (SEM). RT-qPCR experiments were carried out 
in triplicate (n=27).
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3.4.4 DDB2 expression 

DDB2 expression was high for 8 of 9 organoids samples (see Figure 3.23).  Relative 

expression levels ranged from 1.71 to 41.6 (mean = 20.78, and median = 22.51). 

 
Figure 3.23  DDB2 Expression in 9 normal breast organoids  
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Error bars reflect standard error of the mean (SEM). RT-qPCR experiments were carried out 
in triplicate (n=27). 
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3.4.5 Granulin expression 

Granulin expression varied widely in the organoid samples (see Figure 3.24); samples 1965, 

1974b, 1965c and 1973 had relative expression levels less than 2, while the 5 others ranged 

from 2 to 10 (mean = 3.01, and median = 2.11).  

 
Figure 3.24  Granulin expression in 9 normal breast organoids  

 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=27). 
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3.4.6 NCOA3 expression 

NCOA3 expression varied greatly in the organoids (see Figure 3.25).  In general the 

expression was low compared to the expression of housekeeping genes with 7/9 samples 

showing relative expression ratios below 1.  Mean and median expression levels were 0.58, 

and 0.32 respectively. 

 
Figure 3.25 NCOA3 expression in 9 normal breast organoids  

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=27). 
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3.4.7 RARRES3 expression 

RARRES3 expression was more than double that of the housekeeping genes in six out of the 

nine organoids samples (see Figure 3.26).  The remaining 3 samples had relative expression 

values below 1.34.  The mean RARRES3 expression level was 3.37, and median 3.54.  

 
Figure 3.26 RARRES3 expression in 9 normal breast organoids  

 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=27). 
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3.4.8 RBBP4 expression 

RBBP4 showed very high expression across all organoids samples with the exception of one 

(#1965 fold change of 0.15) (see Figure 3.27).  In the positive samples, relative expression 

figures ranged from 5.5 for a 38 year old to 53.2 for a 27 year old (# 1967b and 1978).  The 

average relative expression was 21.58, and median was 12.31. 

 
Figure 3.27 RBBP4 expression in 9 normal breast organoids 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=27).
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3.4.9 TGFβI expression 

TGFβI expression was high among all organoids samples (see Figure 3.28).  The relative 

expression of TGFβI ranged from 2.35 to 10 (mean = 5.76, and median = 5.23). 

 
Figure 3.28 TGF beta I expression in 9 normal breast organoids  

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=27). 
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3.4.10 Summary of expression data for 9 normal organoid samples 

Overall, there was considerable variation in the expression of the 9 target genes in the 9 

organoids samples.  The expression of 8/9 targets was higher in the organoids samples than 

the mean of the 3 housekeeping genes (see Table 3.9).  Only NCOA3 showed low levels of 

expression in the organoids.  Incidentally, individual organoids samples showed variations in 

expression between genes eg. 1985 and 1965c.  This shows that there were no significant 

problems with RNA quality.  The expression levels of 7/9 target genes were much higher in 

the organoids samples than in the non-tumouriogenic HBL-100, with the exception of 

NCOA3 and TGFβI where levels appeared higher in the HBL-100 cell line.  In the 

microarray, the expression of all nine target genes was high in tumours when either the 

organoids or HBL-100 samples were used as the normaliser.   

 
Table 3.9 Summary of mean target gene expression in HBL-100 and organoids samples 

Relative expression Gene 

Organoids HBL-100 

AKAP1 13.15 0.81 

APRIL 10.74 0.16 

C/EBPα 4.05 1.94 

DDB2 20.78 1.03 

Granulin 3.01 0.54 

NCOA3 0.58 0.74 

RARRES3 3.37 0.02 

RBBP4 21.58 0.15 

TGFβI 5.76 6.11 

Organoids: mean relative expression of all 9 samples.  The expression of 8/9 targets was 
higher in the organoids samples than the mean of the 3 housekeeping genes.
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3.5 Target gene expression in tumour samples 
A total of 21 snap frozen tumours (11 cases >35 years, and 10 case <35 years) were available 

for qPCR analysis (see Table 3.10).   One 4 µM section of each tumour tissue was first 

stained with hematoxylin and eosin (H&E) to verify that adequate numbers of invasive tumor 

cells were present.  All tumour cases were estimated to contain >80% tumour cells (verified 

by Prof. R.A. Walker).  Subsequently, ten 4µM thick sections were cut from each block and 

RNA was extracted (see section 2.3.3.1). Three micrograms of total RNA was converted to 

cDNA using reverse transcriptase as outlined in sections 2.2.3.1 and 2.2.7.1.  The cDNA was 

then examined for the expression of the nine target genes using SYBR Green real-time 

quantitative PCR (see section 2.2.8).  Each experiment was run in triplicate and all results 

were represented as relative expression (target gene expression relative to the average of the 

3 housekeeping genes (Target/Housekeeping gene).  Statistical analysis was performed to 

determine whether or not there were any significant differences in the level of expression of 

each target gene in each the age group.   
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Table 3.10 Patient details for snap frozen tissues 

RW No Age Size Type Grade Node ER PgR 

2157 19 1 IDC III Neg Pos Pos 

2195 22 2 IDC III Pos Neg Neg 

2215 25 2 IDC III Pos Pos Pos 

2151 28 2 IDC  III Neg Neg Neg 

2144 30 2 IDC III Neg Neg Neg 

2019 31 1 IDC III Pos Pos Pos 

2204 29 1 IDC III Neg Pos Pos 

2200 34 2 IDC III Pos Neg Pos 

2209 35 1 IDC III Neg Neg Neg 

2216 35 2 IDC II Pos Pos Pos 

2140 38 2 IDC II Neg Pos Pos 

2142 50 1 IDC III Pos Pos Pos 

2197 50 2 IDC II Neg Pos Pos 

2185 51 2 IDC III Pos Neg Neg 

2179 51 2 IDC II Pos Pos Pos 

2097 54 2 IDC III Pos Pos Pos 

2021 54 2 IDC III Pos Pos Pos 

2092 59 1 IDC III Neg Neg Neg 

2093 62 2 IDC III Neg Pos Pos 

2182 64 2 IDC III Neg Neg Neg 

2022 64 2 ILC III Pos Pos Pos 

Size - 1: tumour 20 mm or less; 2: tumour 20-50mm in size 
IDC: Infiltrating ductal carcinoma;  ILC: infiltrating lobular carcinoma 
Neg: Negative Pos: Positive;  
ER and PgR information was obtained from NHS patient records. 
Blank, are where patient information was not available
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3.5.1 AKAP1 expression 

AKAP1 was up regulated in the two tumour cases examined by microarray (fold change 

=3.98).  Using qPCR analysis of snap frozen tumour tissue AKAP1 was shown to have a 

higher expression compared to that of the 3 housekeeping genes, with the exception of  4 

samples in the >35 years old group (see Figure 3.29).  Relative expression of AKAP1 ranged 

from 0.21 to 32.4.  There were more grade III than grade II cases but there were no 

differences in expression between them.  Although tumours from women ≤35 years appeared 

to have a higher relative expression compared to those >35 years (median relative expression 

levels for the ≤35 years and >35 years were 9.68 and 3.08 respectively), AKAP1 expression 

did not differ significantly between the two age groups (p=0.557).  AKAP1 expression also 

did not appear to follow a pattern with respect to grade or node status. 

 
Figure 3.29  AKAP1 expression in 21 snap frozen tumour cases 

 

 

 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=63). 
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>35 

≤35 

3.5.2 APRIL expression 

APRIL expression was high in the snap frozen tumour samples; with the exception of 6 

tumour cases >35 years (see Figure 3.30).  Tumours from women ≤35 years generally had 

higher levels of AKAP1 expression which is in support of the findings of the microarray 

(fold change 2.23.  The relative expression levels ranged from 0.4 to 17.7, and the mean and 

median were 4.98 and 1.98 for tumours from women >35 years and 6.07 and 5.26 for those 

from women ≤35 years.  In the >35 years group, 7 samples were found to have relative 

expression levels above the median value, while 4 samples showed expression levels that 

were above the mean value.  Despite tumours from women ≤35 years appearing to have 

generally higher levels of AKAP1 in comparison to the older age group, when the data is 

analysed using ANOVA, there was no significant difference between the expression profiles 

of the two age groups (p=0.823).  Analysis of APRIL expression in breast tumour cell lines 

saw a higher level of expression in ER-negative cell lines.  The same trend was not observed 

in tumour samples.  Although only 2 (both >35 years) out of a total of 8 samples that were 

ER-negative had relative expression levels less than 1.00, in the remaining 13 ER-positive 

samples, 11 had relative expression levels above 1.00.  No relationship was seen with grade 

or node status. 
Figure 3.30  APRIL expression in 21 snap frozen tumour cases 

 

 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out in 
triplicate (n=63). 
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3.5.3 C/EBP alpha expression 

The results of C/EBP qPCR analysis of snap frozen tumours found almost all tumour cases to 

have fold changes below 2 (see Figure 3.31).  These findings are in contrast to the microarray 

analysis (fold change was 2.96).  The overall range of relative expression was 0.04 to 3.75.  

In tumours from women >35 years, 7 cases had relative expression levels below the mean 

value (0.87) while 5 cases had relative expression levels below the median values (0.60).  In 

tumours from women ≤35 years, the mean and median values were 0.80 and 0.19 

respectively.  As for the samples >35 years, the majority of tumour cases from women ≤35 

years had relative expression levels below the mean and median levels.   No difference 

between the expression profiles of the age groups was seen (p=0.941).  No relationship was 

seen with grade or node status. 

 
Figure 3.31 C/EBP alpha expression in 21 snap frozen tumour cases 

 

 

 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=63). 
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3.5.4 DDB2 Expression 

There was great variation in DDB2 expression among snap frozen tumour samples from 

tumours from women >35 years, while little variation was seen in tumour samples from 

women <35 years (see Figure 3.32).  The relative expression levels for samples in the >35 

years old group ranged from 0.26 to 46.30, with mean and median levels at 10.89 and 3.93 

respectively.  Four of these samples had relative expression levels greater than the mean 

while 6 samples showed relative expression levels greater than the median.  Tumour samples 

in the <35 years old group had relative expression levels ranging from 0.22 to 5.10 and the 

mean and median levels were 1.87 and 1.55 respectively.  The majority of samples in this 

group had relative expression levels below that of the mean or median.  There was no 

statistical difference between the amount of DDB2 expression in both age groups (p=0.355).  

Despite a higher DDB2 expression in ER-positive breast tumour cell lines, no clear 

difference in its expression in tumour samples with respect to ER status was seen.  Although 

10 out of 13 ER-positive tumour cases had relative expression levels above 1.00, in the 

remaining 8 ER-negative samples, 3 had relative expression levels above 1.00.  There was no 

apparent relationship between DDB2 expression and either grade or node status. 
 
Figure 3.32  DDB2 expression in 21 snap frozen tumour cases 

 

 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=63). 
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3.5.5 Granulin expression 

Real time qPCR analysis of granulin showed expression levels across the majority of snap 

frozen tumour specimens to be higher than those of the 3 housekeeping genes (see  

Figure 3.33).  Relative expression levels for samples in the ≤35 years group ranged from 2.8 

to 22, while the mean and median were 8.56 and 3.59 respectively.  In the >35 years old 

group relative expression levels ranged from 0.1 to 17, and the mean and median were 9.86 

and 6.89 respectively.  The results here support the microarray (fold change of 4.11).   No 

differences were seen between different grades, or node status.  Again, there was no 

difference in the expression of granulin between both age groups (p=0.42). 
 
Figure 3.33  Granulin expression in 21 snap frozen tumour cases 

 

 

 

Error bars reflect standard error of the mean (SEM). RT-qPCR experiments were carried out 
in triplicate (n=63). 
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3.5.6 NCOA3 expression 

SYBR Green qPCR analysis of NCOA3 expression of snap frozen tumour specimens found a 

higher expression among tumours from women ≤35 years old (relative expression levels 

ranged from 0.44 to 7.00), compared to those >35 years old (relative expression levels ranged 

from 0.001 to 3.20) (p=0.001) (see Figure 3.34).  Only one case from the older age group 

(#2185) showed NCOA3 expression greater than those of the 3 housekeeping genes.  The 

mean and median relative expression levels for tumours from women >35 years were 0.60 

and 0.20 respectively, whereas those for tumours from women ≤35 years were 3.53 and 3.64 

respectively.  These results support the findings of the microarray (fold change of 5.33).  

Analysis of NCOA3 expression in breast tumour cell lines saw a higher level of expression in 

ER-positive cell lines.  The same trend was not observed in tumour samples.  In tumours 

from women ≤35 years, 5 samples with a relative expression greater than 1 were ER-positive, 

3 with relative expression above 1 were ER-negative, and 2 samples with relative expression 

below 1 were ER-negative.  In tumours from women >35 years, 1 sample with a relative 

expression above 1 was ER-negative, 8 with a relative expression below 1 were ER-positive, 

while 2 samples with a relative expression below 1 were ER-negative.  The difference in 

NCOA3 expression between the two age groups was statistically significant.  
Figure 3.34  NCOA3 expression in 21 snap frozen tumour cases 

 

 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=63). 
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3.5.7 RARRES3 expression 

Real time qPCR analysis of RARRES3 expression of snap frozen tumours specimens 

revealed expression levels to be greater then those of the 3 housekeeping genes in tumours 

from women ≤35 years (relative expression ranged from 1.2 to 32.6; mean = 13.70, 

median=13.25) (see Figure 3.35).  Expression levels in tumours from women >35 years were 

lower (relative expression ranged from 0.12 to 10; mean=2.62, median=2.78).  The results 

here support the findings of the microarray (fold change of 3.42).  No relationship was found 

between RARRES3 expression and grade or ER/PgR status.  However there was a difference 

in RARRES3 expression between the two age groups (p=0.002). 

 
Figure 3.35  RARRES3 expression in 21 snap frozen tumour cases 

 

 

 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=63). 
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3.5.8 RBBP4 expression 

In snap frozen tumour tissues the expression of RBBP4 was higher than those of the 3 

housekeeping genes across most samples, with fold changes ranging from 0.03 to 23.60 for 

cases >35 years (mean= 8.51, and median= 4.94) and 0.70 to 48.53 for those ≤35 years 

(mean= 17.74, and median=12.51) (see Figure 3.36).  No difference in the expression 

between the two age categories was observed (p=0.446).  Similarly, no difference was seen 

between RBBP4 expression and grade or ER/PgR status.  

 
Figure 3.36  RBBP4 expression in 21 snap frozen tumour cases 

 

 

 

 

Error bars reflect standard error of the mean (SEM).  RT-qPCR experiments were carried out 
in triplicate (n=63). 
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3.5.9 TGFβI expression 

TGFβI relative expression was below 2 in the majority of snap frozen tumour tissues (see 

Figure 3.37), with the exception of a 4 cases >35 years.  In the>35 years group, relative 

expression ranged from 0.003 to 6.70 (mean= 1.48, median= 0.86), and in the ≤35 years 

group relative expression ranged from 0.22 to 1.73 (mean= 0.86, median=0.67).  These 

results are in contrast to the microarray study which found a fold change of 3.53 in breast 

tumours ≤35 years.  There was no significant difference between the expression levels in 

both age groups (p=0.566).  TGFβI expression in the tumour samples in general did not differ 

between tumours of differing grades or node status. 

 

 
Figure 3.37  TGFβI expression in snap frozen tumour cases 

 

 

 

 

Error bars reflect standard error of the mean.  RT-qPCR experiments were carried out in 
triplicate (n=63). 
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3.5.10 Summary of gene expression changes in 21 breast tumours 

Target gene expression analysis in snap frozen tumour tissues showed considerable 

variability in the expression levels of each target gene in all tumour samples (≤35 and >35) 

(see Table 3.11).  Seven out of nine target genes showed high expression levels in breast 

cancers from younger women lending support to the microarray data.  Of the seven, two of 

these target genes (NCOA3 and RARRES3) had significant different levels of expression 

between the two age groups.  In contrast to the microarray, C/EBPα, and TGFβI showed 

predominantly low levels of expression in all tumour samples.   

In breast cancer cell lines, NCOA3, APRIL, and DDB2 were found to have expression levels 

differing between ER-positive an ER-negative cells.  In the case of the tumour specimens, 

this pattern was not observed.  High levels of NCOA3, APRIL, and DDB2 were seen in both 

ER-positive and ER-negative samples.  Similarly target gene expression did not follow a 

trend based on the node status of the patient. 

 
Table 3.11  Summary of target gene expression in snap frozen tumour tissues 

Target gene >35 years ≤35 years 

AKAP1 ↑ ↑ 

APRIL ↑ ↑ 

C/EBPα ↓ ↓ 

DDB2 ↑ ↑ 

GRANULIN ↑ ↑ 

NCOA3 ↓ ↑ 

RARRES3 ↑ ↑ 

RBBP4 ↑ ↑ 

TGFβI ↓ ↓ 

↑: mean expression was greater then 1.5 
↓: mean expression was less than 1.5
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3.6 Target gene expression in FFPE tumour samples 
Analysis of target genes using RNA from snap frozen tumour tissue was restricted by the 

limited availability of tissue, particularly when considering cancers from ≤35 years, which 

are rarer.  The ability to analyse RNA from FFPE tumours would enable many more cases to 

be considered.  Initially 9 FFPE cases were examined for which data were available for the 

target genes from snap frozen tissue (see Table 3.12).  A further 14 FFPE (≤35 years, and 

<35 years) were also examined. 

For each case, ten 4 µM thick sections were cut and RNA was extracted (see section 3.2.1.1).   

As with the snap frozen tissues, three micrograms of total RNA was converted to cDNA 

using reverse transcriptase as outlined in sections 2.2.3.1 and 2.2.7.1.  The cDNA was then 

examined for the expression of the nine target genes using SYBR Green real-time 

quantitative PCR (see section 2.2.8).  Each experiment was run in triplicate and all results 

were represented as relative expression (target gene expression relative to the average of the 

3 housekeeping genes (Target/Housekeeping gene).  Statistical analysis using a 2-tailed 

independent t-test was performed to determine whether or not there were any significant 

differences in the amount of target gene in each the group.   

The housekeeping genes (HPRT1, TFRC, PGBD) expression profiles of the FFPE tissues had 

a weaker correlation with the profile generated from matched snap frozen specimens (R2 = 

0.635) (see Figure 3.38).    The differences in the raw Ct values between the specimen types 

ranged from 1.39 to 4.15.  Although the RT-qPCR detected all nine target genes, and 

housekeeping genes in all FFPE tumour samples, there appeared to be great variation in the 

amount of each gene in matched snap frozen and FFPE samples. 
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Figure 3.38  Correlation between the Housekeeping gene profiles in matched snap frozen and 
FFPE tissues. 
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Table 3.12 Patient details of FFPE tissues 

 
RW No Snap Frozen 

2195 Y 

2215 Y 

2200 Y 

2019 Y 

2201  

2204 Y 

2196  

2137  

2105  

2220  

2140 Y 

2185 Y 

2093 Y 

2182 Y 

2070  

2149  

2183  

2047  

2139  

2095  

2096  

2074  

2076  

 

Y: data from snap frozen specimens also available.  
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3.6.1 Comparison of frozen and FFPE  

When relative expression levels of each target gene were compared for frozen and FFPE 

tissue there were striking differences.  Overall, there was a higher level of expression for 

RNA from frozen samples than FFPE samples (see Table 3.13).  For RARRES3, all snap 

frozen specimens had higher relative expression levels compared to the FFPE tissues.  For 

granulin, all but one snap frozen specimen showed higher relative expression levels 

compared to the matched FFPE tissues.  For example, for AKAP1, the FFPE tissue sample of 

case number 2140 had a relative expression level of 8.7 whereas the same case saw a relative 

expression value of 24.04 in the snap frozen specimen.  Similarly, case number 2182 was 

found to have contrasting relative expression levels in the FFPE and snap frozen specimens 

with values of 3.29 and 0.63 respectively.   There were some discrepancies that are difficult 

to explain eg. case # 2019 for AKAP1.  Also, for RBBP4, four of the FFPE samples had 

higher levels of expression.  Since overall CT values were higher for FFPE than frozen tissue 

for the same cases, it was concluded that snap frozen tissue was more likely to reflect 

accurate results.  
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Table 3.13  Summary of relative expression in matched snap frozen and FFPE tumour tissue 

Relative expression levels of all 9 targets genes in matched fixed and snap frozen tumour 
specimens.  Values in bold represent the higher relative expression in matched samples.

  FFPE Frozen FFPE Frozen FFPE Frozen FFPE Frozen 

Case 

number 

AKAP1 Relative 

expression 

C/EBP α Relative 

expression  

Granulin Relative 

expression  

RARRES3 Relative 

expression 

2140 8.70 24.04 3.45 0.08 1.66 7.69 0.24 1.81 

2185 16.76 3.08 0.36 0.81 1.68 8.25 0.15 3.02 

2182 3.29 0.63 0.44 0.09 3.47 1.25 0.23 2.30 

2093 3.64 28.20 0.32 1.99 0.58 15.20 0.13 10.05 

2215 4.31 9.28 1.04 3.75 1.66 8.97 0.84 14.37 

2204 5.66 20.73 1.78 0.16 2.47 7.06 0.10 24.29 

2200 5.32 5.94 0.29 1.27 1.42 5.82 0.22 17.94 

2195 0.61 10.09 0.46 0.05 0.30 2.84 0.23 14.62 

2019 49.10 1.79 1.97 0.05 4.16 11.38 0.27 3.52 

  FFPE Frozen   FFPE Frozen   FFPE Frozen 

Case 

number 

APRIL Relative 

expression 

DDB2 Relative 

expression 

NCOA3 Relative 

expression 

RBBP4 Relative 

expression 

2140 0.15 12.03 1.21 46.37 1.22 0.76 5.07 3.41 

2185 0.40 3.09 0.47 30.25 0.16 3.20 5.04 4.93 

2182 0.88 0.57 0.05 0.77 0.26 0.13 6.85 3.88 

2093 0.13 9.74 0.38 17.83 0.29 0.19 1.84 9.36 

2215 2.19 2.91 4.79 1.77 5.21 6.54 6.37 18.02 

2204 2.34 0.42 1.98 3.90 0.16 3.27 5.82 48.53 

2200 0.40 5.43 0.46 0.66 0.22 0.44 1.19 14.52 

2195 0.11 8.16 0.20 1.48 0.07 4.23 0.77 7.96 

2019 0.99 4.75 4.11 0.22 0.34 1.79 2.81 0.70 

Case 

number 

TGFβI Relative 

expression 

2140 0.09 6.748 

2185 0.15 3.156 

2182 0.06 0.286 

2093 0.28 2.495 

2215 0.75 0.461 

2204 0.20 1.086 

2200 0.10 0.218 

2195 0.08 0.633 

2019 1.10 0.429 
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3.6.2 Gene expression in FFPE tissues 

RT-qPCR in FFPE breast tumours showed a predominantly high relative expression of 

AKAP1 (see Figure 3.39), which supports the microarray and the RT-qPCR analysis of snap 

frozen tissues; but like the snap frozen analyses, great variation in the relative expression 

levels was found.  Relative expression levels were above 2.00 with the exception of sample # 

2195, a younger breast tumour sample.  There was no difference in the amount of AKAP1 

expression between the two groups (p=0.07).  

Analysis of APRIL expression found relative expression levels to be lower than 2.00 in all 

FFPE tumour samples, with the exception of two younger cases (#2215, and 2204), and two 

older cases (#2139, and 2095) (see Figure 3.39).  Although APRIL relative expression was 

lower in FFPE tissues compared to frozen samples, as for the frozen samples, no difference 

in the expression between each age groups was observed (p=0.982).   

C/EBP alpha expression was predominantly low across all FFPE tumour samples cases with 

the exception of 5 cases in the >35 years old group (see Figure 3.39), which is in agreement 

with the data from frozen tumours.  Although the C/EBP alpha expression appeared higher in 

the >35 years age group compared to the <35 years old age group, this difference was not 

statistical significant (p=0.068).   
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Figure 3.39  AKAP1, APRIL, and C/EBP alpha mRNA expression in FFPE tissues  

 
Error bars reflect standard error of the mean (SEM). 
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As with the frozen tumours, RT-qPCR analysis of DDB2 saw varied expression among all 

FFPE tumour samples cases (relative expression ranged from 0.05 in an older tumour case 

(#2182) to 4.71 for a younger tumour case (#2215) (see Figure 3.40).  Relative expression 

was below 2.00 in 8/13 tumour from women >35 years, and in 8/10 tumours from women 

≤35 years.  No difference was observed in the expression of DDB2 between the two age 

groups (p= 0.246).   

The amount of granulin expressed in FFPE tumour tissues varied greatly (see Figure 3.40).  

Relative expression levels on the whole remained below 2.00, which differ from the results 

from frozen samples.  No difference in expression between the two age groups was observed 

(p=0.968). 

In the case of NCOA3, (a gene that had shown differential expression between age groups in 

snap frozen tumours), the results from the FFPE tissues analyses saw no obvious differences 

in the relative expression levels between the two age groups in the 2 genes (p=0.194) (see 

Figure 3.40).  Relative expression levels were below 2.00 in all FFPE with the exception of 3 

cases >35 years old, and one case ≤35 years old.  
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Figure 3.40  DDB2, Granulin, and NCOA3 mRNA expression in FFPE tissues 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Error bars reflect standard error of the mean (SEM). 
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RARRES3, another gene found to have differential expression among tumours from women 

>35 years and those ≤35 years following qPCR analysis of snap frozen tumour samples, 

showed no difference in its expression between age groups in FFPE tissues (p=0.217) (see 

Figure 3.41).  With the exception of one case (>35 years), all samples had relative expression 

levels below 2.00.  

The results of the qPCR analysis of RBBP4 in FFPE tissues saw predominantly high 

expression (relative expression > 2.00) in both tumour age groups, which is in agreement 

with the results from frozen tissues (see Figure 3.41).  While the cases >35 years appeared to 

have a higher expression compared to those ≤35 years, this difference was not significant 

(p=0.524).   

In all but one FFPE tumour samples the relative expression of TGFβI was below 1.00 (see 

Figure 3.41).  The expression in ≤35 group was in general higher than that of the >35 year 

old cases (p=0.006).  This is in contrast to the snap frozen samples, where tumours from 

women >35 years appeared to have higher levels of expression. 
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Figure 3.41 RARRES3, RBBP4, and TGFβI mRNA expression in FFPE tissues 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Error bars reflect standard error of the mean (SEM). 
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3.7 Expression in tumour versus normal: data comparisons 
For the freshly frozen tumours analysis of variance (ANOVA) was used to determine 

whether the relative expression of a target gene was statistically different between the 2 age 

groups, and in comparison to the organoids.  These comparisons are presented in Figure 3.42.  

One-way analysis of variance (ANOVA) followed by the Bonferroni post-hoc test was used 

since the organoids were incorporated in the analysis to determine whether the expression 

nine genes was altered in normal and cancerous breast for either age group.  

 

Only NCOA3 and RARRES3 were found to have a significantly higher expression in breast 

cancers in younger women compared to older women, and to the normal organoids (for 

NCOA3 the P values were 0.001, 0.024, and for RARRES the P values were 0.002 and 0.043 

respectively).   

The analysis of AKAP1, RBBP4 or APRIL expression in organoids and tumour specimens 

saw no significant difference between any of the groupings. 

   

C/EBP alpha expression was very low in all tumour specimens, whereas the organoids 

showed higher levels of mRNA expression.  The expression levels in the two tumour groups 

did not differ from each other, however they were significantly different to the organoids (P= 

0.001, and P=0.009), suggesting an overall down regulation in breast cancers. 

   

DDB2 expression profiles were comparable in the two age groups in the snap frozen cases.  

Organoids from reduction mammoplasty samples had a higher expression compared to 

tumour in women ≤35 years old and >35 years old, although this difference was only 

statistically significant in ≤35 years age group (P= 0.001).  The level in cancers from women 

≤35 years was low with tight standard deviation, whereas the standard deviation for cancers 

from women >35 years was wide, and hence there was no statistical difference between the 

two groups, despite the latter being higher. 

 

Analysis of granulin expression saw a significantly higher level of expression in tumours 

from women ≤ 35 years compared to the normal organoids (P=0.018).  No difference was 

found between tumours in younger and older women. 
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TGFβI expression was found to be significantly lower in both tumour age groups compared 

to the organoids samples (P= 0.001 and 0.026). 
Figure 3.42  Summary data comparisons 
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Figure 3.42 continued. 

 

Each graph shows the mean relative expression of each target gene in tumour samples stratified by 
age, as well as in organoids samples.  Error bars represent standard deviation from the mean.  ** 
Statistically significant.   
 

Of the nine target genes investigated by qPCR, five showed differences between normal and 

cancers ≤35, or between breast cancer ≤35 and those >35.  NCOA3 and RARRES3 showed 

differential expression between younger and older cases, with NCOA3 and RARRES3 

displaying elevated levels of mRNA in breast cancers ≤35 years.  DDB2 and C-EBPα 

showed a reduced level of mRNA expression in both younger and older cases compared to 

the normal breast tissue but for DDB2 this difference was statistically significant only in the 

younger group.   TGFβI expression was significantly lower in both tumour age groups 

compared to the normal organoids.  Granulin showed elevated mRNA expression in younger 

breast tumours compared to the normal organoids. See Table 3.14 for a summary of P-values.  
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Table 3.14  Summary of P-values for target gene expression in snap frozen tissues 

Target Gene ≤35 years v >35 years ≤35 years v Organoids 

AKAP1 0.557 1.00 

APRIL 0.823 1.00 

C/EBP alpha 0.941 0.001 

DDB2 0.355 0.002 

Granulin 0.420 0.018 

NCOA3 0.001 0.024 

RARRES3 0.002 0.043 

RBBP4 0.446 1.00 

TGFβI 0.566 0.026 

ANOVA was carried out to verify whether target gene expression levels were statistically 
significantly different between tumours (≤35 years v >35 years), and between tumours from 
women in these age groups and normal organoids.  Values in bold represent those that were 
significantly different. 
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3.8 Protein analysis of NCOA3 and RARRES3 
The hypothesis tested in this thesis is that breast cancers occurring in younger women (≤35 

years) differ from those from older women.  Of the nine candidate genes assessed by qPCR 

analysis, NCOA3 and RARRES3 showed significant difference in their mRNA expression 

between tumours from women ≤35 years old and >35 years old as well as to normal breast 

tissue.  To investigate the mRNA expression reflected changes in protein levels, protein 

expression analysis was carried out.  A product search for antibodies was carried out; a 

monoclonal NCOA3 antibody which had applications for both western blotting and IHC was 

identified, but for RARRES3, only a polyclonal antiserum for use in western blotting was 

found.  Therefore, analysis of NCOA3 was undertaken by (1) western blotting in breast cell 

lines and organoids and, (2) immunohistochemistry (IHC) on a larger panel of breast tumours 

from both age groups, as well as on a panel of normal breast specimens taken from reduction 

mammoplasties.  RARRES3 was analysed by western blotting of breast cell lines and 

organoids.  

3.8.1 Western blotting analysis of NCOA3 and RARRES3 

 

Western blotting for NCOA3 (160kDa) and RARRES3 (37kDa) proteins was carried out on 

the same 6 breast cell lines used for RT-qPCR (HBL-100, MDA-MB-231, MDA-MB-468, 

MCF-7, ZR-75-1, and T47-D), and on three normal breast organoids samples (1978, 1960, 

and 1967).  Sample 1978 had been previously used in the mRNA analysis.  None of the other 

8 organoids samples could be used for protein studies due to limited availability of material.   

Twenty-five micrograms of cell lysate were separated on an 8% SDS-PAGE gel (NCOA3), 

and a 12% SDS-PAGE gel (RARRES3), transferred to nitrocellulose membranes, and 

immunoblotted with anti-NCOA3, and anti-RARRES3 antibodies (see section 2.2.9).  β-

Actin was used as a loading control.   

Strong NCOA3 protein expression was found in the oestrogen positive cell lines MCF-7, ZR-

75-1, and T47-D, with moderate expression in HBL-100.  A weak band was seen for MDA-

MB-468, but there was no detectable protein in the organoids and MDA-MB-231 cells (see 

Figure 3.43).  The RARRES3 protein was detected in 2 out of 3 organoids samples (1978 and 

1967) and 4 breast cell lines (HBL-100, MDA-MB-468, MCF-7, and ZR-75-1).  
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Figure 3.43   Protein expression in cell lines and organoids 

 

 

 

 

 

 

 

 

 

Lanes: 1, RM 1978 ; 2, RM 1960; 3, RM 1967 ; 4, HBL-100;  5, MDA-MB-231; 6, MDA-MB-468; 7, 
MCF-7; 8, ZR-75-1;  9, T-47-D. 
 

Densitometric analyses of NCOA3 protein expression in relation to the β-Actin provided a 

semi-quantitative representation of the expression levels across all samples (see Figure 3.44).  

This confirmed that there were higher levels in the ER-positive breast cell cancer lines, which 

supports the expression seen at the mRNA level. 
 
Figure 3.44 Densitometric analysis of NCOA3 protein expression in breast cell lines and 
organoids 
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Normalisation of RARRES3 to beta-Actin using densitometry showed high relative amounts 

of RARRES3 in the organoids samples, HBL-100, MDA-MB-468, ZR-75-1, with lower 

levels in MCF-7, T47-D, and MDA-MB-231 cells (see Figure 3.45).  

 
Figure 3.45 Densitometric analysis of RARRES3 protein expression in breast cell lines and 
organoids 

Normalisation of RARRES3 to β-Actin 
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RARRES3, high levels of mRNA and protein were found in organoids sample 1978 and the 

breast cancer cell line MDA-MB-468.  However, in contrast to mRNA findings relatively 
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3.8.2 Immunohistochemical analysis of NCOA3 

3.8.2.1 Optimisation 

The optimisation of the NCOA3 antibody was achieved by a variety of modifications: 1) 

adjusting the dilution factor used for the primary antibody, 2) varying the temperature and 

duration of antigen retrieval pressure cooker method, and 3) testing an alternative antigen 

retrieval method (micro-waving).  For a summary of the optimisation methods see section 

2.2.10.  To optimise the antibody, a tumour case (#2101) that showed strong HER-2 

expression was chosen, as previous studies have found a correlation between the expression 

of NCO3 and HER-2 (Bouras et al., 2001; Kirkegaard et al., 2007; Osborne et al., 2003).  

The optimal conditions for the IHC were deemed those which yielded the most intense 

staining with least background staining, with no staining in the negative control.  Example 

results from the optimisation process can be seen in Figure 3.46 with a summary of the 

pressure cooking parameters in Table 3.15.  Antigen retrieval using the pressure cooker 

methods produced better results than the microwave (more intense staining with less 

background staining) (photo A, versus B and C).  In photo A, none of the cells are stained, 

whereas in photo B there is weak reactivity, and in photo C there is substantial nuclear 

staining with weaker cytoplasmic staining.  Therefore, pressure cooker at 125 degrees for 45 

seconds, with a primary antibody dilution 1:40 was selected as the optimal conditions for the 

assessment of NCAO3 in tumour tissues (see photo C).   
 

 
Table 3.15  Summary of antigen retrieval parameters 

 

Pressure Cooker 

Temperature Time Duration 
Antibody dilutions 

120º 30/45/60 seconds 1:20/40/100/200 

123º 30/45/60 seconds 1:20/40/100/200 

124º 30/45/60 seconds 1:20/40/100/200 

125º 30/45/60 seconds 1:20/40/100/200 
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 Figure 3.46  Summary of optimisation process for NCOA3 IHC 

 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A: Ab diluted 1:40 and antigen retrieval carried out using a microwave at full power for 20 
minutes is represented;  B: antigen retrieval carried out in a pressure cooker at 123° for 60 
seconds, Ab diluted 1:40; C: antigen retrieval carried out in a pressure cooker at 125° for 45 
seconds, Ab  1:40.   
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3.8.2.2 Normal breast 

In total 12 samples of normal breast tissue were examined for NCOA3 protein expression.  

Each tissue was run alongside a negative control of the same specimen where primary 

antibody was replaced with normal rabbit serum at the same dilution.  In addition, one case 

2101 was included in every experimental run as a positive control for inter-assay 

reproducibility.  Staining extent was graded as the percentage of positively stained nuclei, 

and categorised as negative (<1% staining), low (1-5% staining), moderate (5-50% staining), 

and high (>50% staining).  Nuclear staining was observed in luminal and myoepithelial cells 

of four of twelve normal breast samples (see Figure 3.47, Table 3.16).  In one case NCOA3 

was detected in >50% of the cells.  Three other samples had evidence of staining but only in 

a small percentage of cells.  The rest were negative.  There was no correlation of protein 

expression with age.   

 
Table 3.16 Summary of NCOA3 IHC for 12 normal breast tissues 

Samples Number Age Staining 

0706 18 1-5% 

0907 20 Neg 

6405 20 >50% 

1206 21 Neg 

0606 21 Neg 

0806 28 Neg 

6305 29 1-5% 

1006 32 Neg 

0607 37 Neg 

0807 43 Neg 

0407 47 5-50% 

0506 54 Neg 

Mean age 30.8  

Age: age of donor at time of reduction mammoplasty 
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Figure 3.47  NCOA3 IHC for normal breast tissues.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A: Case 6405, strong staining; B: Case 2101 (positive control).  Arrows point to cells that 
show strong nuclear staining. 
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3.8.2.3 Breast cancers 

In total, 56 breast tumour samples (20 ≤35 years, 15 36-49 years, and 21 ≥50 years) (see 

Table 3.17) were examined for NCOA3 protein expression.  Each case was run alongside a 

negative control of the same specimen where primary antibody was replaced with normal 

rabbit serum at the same dilution.  Case 2102 was included in every experimental run to 

control for inter-assay reproducibility.  As for normal breast tissue, staining extent was 

graded as the percentage of positively stained nuclei, and categorised as negative (<1% 

staining), low (1-5% staining), moderate (5-50% staining), and high (>50% staining).  

Cytoplasmic staining was recorded as being present or not.   

 
Table 3.17  Summary of clinicopatholigical data from all age groups for 56 breast carcinomas 

IDC: Infiltrating ductal carcinoma; ILC: infiltrating lobular carcinoma; Pos: positive; Neg: negative. 

Age Range ≤35 36-49 ≥50 

N 

Mean Age 

20 

31.7 

15 

44.5 

21 

58.4 

Type 

IDC 

ILC 

 

20 

0 

 

15 

0 

 

20 

1 

Grade 

I 

II 

III 

 

0 

5 

15 

 

0 

3 

12 

 

2 

8 

11 

Node status 

Pos 

Neg 

 

9 

11 

 

8 

7 

 

11 

10 

ER status 

Pos 

Neg 

 

12 

7 

 

10 

5 

 

16 

4 

PgR status 

Pos 

Neg 

 

13 

 6 

 

9 

6 

 

15 

5 
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In the 20 breast cancers from younger women, 6/20 (30%) showed NCOA3 staining.  One 

case had low nuclear staining, one showed moderate staining, and four showed high staining 

(see Figure 3.48).  One case with high staining showed both nuclear and cytoplasmic staining 

(see Figure 3.48 B).   

For the 15 breast cancer samples from women 36-49 years, 3 showed high staining, 2 had 

moderate staining, 3 low staining, and 7 were negative, making 8/15 positive (53.3%).  One 

of the tumours with high staining had both nuclear and cytoplasmic staining. 

In the 21 tumour samples from women ≥50 years, 4 had high staining, 5 had moderate 

staining, 3 had low staining, and 9 were negative, making 12/21 positive (57.1%).  Again, 

one of the tumours in this age group with high staining had both nuclear and cytoplasmic 

staining present.  
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Figure 3.48 NCOA3 IHC on breast tumour samples   

Panels A shows high cytoplasmic staining (Case #2111); panels B shows high nuclear and 
cytoplasmic staining in a cancer case ≤ 35 years #2204 (C: negative control); panels D&E 
show high nuclear staining in a breast cancer case ≤ 35 years #1857.  Arrows point to areas 
of strong staining. 
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Table 3.18 shows a summary of NCOA3 immunohistochemistry results and a comparison 

with clinical prognostic factors such grade, and hormone status.  A Pearson Chi-squared test 

was performed to determine whether NCOA3 expression was correlated with age, grade, and 

hormone status.  Unfortunately, there was insufficient information regarding the HER-2 

status of the samples to explore whether there was a correlation between its expression and 

that of NCOA3.  No significant correlation was found between NCOA3 expression and age 

(≤35 years, 36-49 years, and ≥50 years), grade, and ER/PgR status.  When the cases were 

stratified into (≤35 years and >35 years), a higher number of breast tumours from women 

>35 years had positive NCOA3 staining (19 versus 9), however this relationship was only 

approaching significance (p=0.066).   

 
Table 3.18  Relationship of NCAO3 staining to age, grade, and hormone status  

NCOA3 staining   

Negative Positive P-value 

Age 

≤35 years 

36-49 years 

≥50 

>35* 

 

11 

7 

10 

17 

 

9 

8 

11 

19 

0.855 

 

 

 

0.066 

Normal 8 4   

 

1 

 

1 

0.934 

 

8 8  

Grade     

 I 

 II 

 III 20 18  

  0.127 

18 21  

ER status 

Pos 

Neg 11 5  

  0.234 

17 20  

PgR status 

Pos 

Neg 11 6  

 P value: Pearson’s chi-squared statistical test 
*tumour cases stratified into those ≤35 years and >35 years. 
Normal: normal breast tissue taken from reduction mammoplasties 
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3.8.3 Correlation of IHC with RT-qPCR results 

It was possible to compare NCOA3 immunohistochemistry results with RT-qPCR data for 23 

cases (see Table 3.19).  Eight cases showed moderate or high NCOA3 expression at the 

protein level, but only 3 out of these showed levels of NCOA3 mRNA expression greater 

than that of the mean of 3 housekeeping genes.  For example, case number 2204 had high 

NCOA3 protein staining, and had a relative level of mRNA expression of 3.27.  The 

remaining 5 cases that showed moderate or high NCOA3 staining in IHC all had lower 

mRNA levels compared to the housekeeping genes.  Incidentally, the information for mRNA 

expression for cases #2137 and 2105 was taken from RT-qPCR carried out on FFPE tissues. 

Of the 2 cases that had low NCOA3 protein expression (2140 and 2022), the matching 

relative mRNA levels were lower than those of the housekeeping genes.  For example, 2022 

had a relative mRNA level of 0.14.  However, the FFPE specimen had a relative expression 

of 1.22.  Two cases that had high mRNA relative expression lacked NCOA3 protein by IHC 

(2157 and 2209). 
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Table 3.19 Summary of NCOA3 expression at the mRNA and protein levels 

NCOA3 mRNA relative expression 

Case No. Age Grade ER NCOA3 protein Frozens           FFPE 

2157 19 III Pos Neg 4.00 NA 

2144 30 III Neg Neg 0.90 NA 

2019 31 III Pos >50% 1.79 0.336 

2201 32 III Pos Neg NA 0.55 

2200 34 III Neg Neg 0.44 0.218 

2209 35 III Neg Neg 2.77 NA 

2204 29 III Pos >50% 3.27 0.158 

2196 30 III Pos Neg NA 0.39 

2137 34 III Neg >50% NA 0.04 

2105 30 III Neg >50% NA 0.25 

2140 38 II Pos 1-5% 0.76 1.22 

2142 50 III Pos 5-50% 0.08 NA 

2197 50 II Pos Neg 0.77 NA 

2185 51 III Neg 5-50% 3.20 0.156 

2179 51 II Pos Neg 0.05 NA 

2097 54 III Pos >50% 0.82 NA 

2021 54 III Pos Neg 0.43 NA 

2092 59 III Neg Neg 0.001 NA 

2093 62 III Pos >50% 0.19 0.293 

2182 64 III Neg Neg 0.13 0.265 

2022 64 III  1-5% 0.14 NA 

2070 49 III Neg Neg NA 0.70 

2149 46 III Pos Neg NA 0.83 

 All values for mRNA expression were taken from RT-qPCR carried out on snap frozen 
specimens and FFPE tissues. NA: not available. 
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Although breast cancers in young women (≤35 years) are rare (accounting for about 2.5% of 

all breast cancers), prognosis is much poorer for young women with the disease (Albain et 

al., 1994; Kollias et al., 1997).  They exhibit differences in their pathological features with 

breast cancers in older women, which may account for the reported poorer prognosis.  These 

include a higher frequency of grade III cases, a frequent lack of ER and PgR receptors (Ahn 

et al., 2007; Colleoni et al., 2002), stabilised p53 (Albain et al., 1994; Walker et al., 1996) 

and higher levels of proliferation (Hartley et al., 2006). 

Previous research in our group examined LOH at three chromosomal intervals, containing 

BRCA1, BRCA2 and TP53.  A high incidence of LOH was observed at both BRCA1 and 

BRCA2 (Johnson et al., 2002).  Subsequently, a cDNA microarray study was carried out to 

gain a global overview of gene expression changes in breast cancers in young women.  

cDNA from two sporadic tumours from women ≤35 years was compared to normal breast 

tissue from a reduction mammoplasty and the non-tumourigenic HBL-100 breast cancer cell 

line. A number of genes that showed increased expression in the breast cancers compared to 

the controls were identified by SAM analysis as described in the Results (Section 3). 

The aim of this project was to investigate the differential expression of 9 candidate genes, 

first identified in the microarray, in a cohort of breast tumour samples from women of 

different ages using RT-qPCR, and subsequently for two of these targets, examine protein 

expression using western blotting and IHC.  Although most of the target genes showed some 

potential, there were some inconsistencies between the gene expression data generated in this 

project and the primary microarray, and the gene expression profiles found in fixed and snap 

frozen samples. 

 

4.1 Method development and validation 

4.1.1 RT-PCR 

The manual RT-PCR study was informative for the nine target genes investigated.  In the 

validation experiments GAPDH showed approximately equal expression across all cell lines 

enabling the comparison of target gene expression between the cell line samples.  Although 

occasionally the manual RT-PCR and real-time quantitative PCR did not correspond, this 

most likely arose from the practical limitations of the manual RT-PCR method.  For example, 

there is a relatively narrow dynamic range over which expression can be detected using 

ethidium bromide staining, which leads to low amplification products being undetectable.  
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Conversely, reactions risk going beyond the exponential phase of the PCR in achieving 

detectable amounts of product.  It is important that the PCR is ended in the exponential phase 

if comparisons of relative expression are to be made with any accuracy.  This problem is 

worsened where differences in gene expression are relatively small.  For example, the results 

from DDB2, NCOA3, RARRES3, and RBBP4 all showed slight variations in expression 

between manual RT-PCR and RT-qPCR.  These discrepancies were probably a result of the 

manual RT-PCR having reached the plateau phase for certain cDNA samples so that 

differences in expression were no longer easily comparable.  Since the RT-qPCR was carried 

out in triplicate and showed low variation, this is likely to be the most reliable and accurate 

data. 

4.1.2 Housekeeping gene selection 

A major issue when studying differential gene expression is how to compare differences 

between heterogeneous tissue samples.  Ideally, mRNA expression is normalised relative to 

the total number of cells analysed.  This approach was not taken in this study as it was not 

possible to calculate cell numbers from solid epithelial tissues.  Another option is to use total 

RNA quantity as a normaliser (Tricarico et al., 2002), however cellular RNA content can also 

vary, for example increasing with tumour aneuploidy (Enker et al., 1991).  In addition, total 

RNA quantification does not correct for differences in RNA quality, or reverse transcription 

efficiency between samples, both of which may have varied between different samples used 

in this study, particularly for the FFPE tissues.   

It is generally accepted that gene expression levels should be normalised to an internal 

reference gene that shows minimal variation in expression between all samples.  In this 

study, 3 housekeeping genes  HPRT1, TFRC, and PGBD were selected following a review of 

the literature, as they were found to have low variation across samples (de Kok et al., 2005; 

Janssens et al., 2004; Vandesompele et al., 2002)) and compared to 18S rRNA (a control 

increasingly used for normalising in RT-qPCR due to its stability (Morse et al., 2005; Pierga 

et al., 2005; Zhang et al., 2007)), in order to select a suitable reference for subsequent target 

gene expression analyses.  The comparison showed that HPRT1, TFRC, and PGBD 

displayed similar levels of expression in all samples.  By contrast, 18S was expressed at 

higher levels, and there was markedly more variation in its expression between samples, 

particularly in the normal organoid samples.  Since the expression of HPRT1, TFRC, and 

PGBD were comparable, and relatively low, they were selected as optimum to control for 
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RNA quality, and reverse transcription efficiency.  For this reason the average of the 3 

housekeeping genes was calculated, and used for normalisation in this study.  Moreover, this 

approach of averaging of housekeeping gene expression is increasingly recommended for 

normalisation in RT-qPCR experiments (Akilesh et al., 2003; Bremer et al., 2007; Meller et 

al., 2005; Vandesompele et al., 2002). 

4.1.3 Differences between microarray and RT-qPCR data 

The results of the microarray study showed that the 9 target genes selected for further 

investigation in this project were up-regulated in the breast tumours in younger women, when 

compared to normal breast organoids and the HBL-100 breast cell line.  These results held 

true for 6 of the 9 targets by RT-qPCR, however 3 of the nine target genes were shown to be 

down-regulated in breast tumours from women ≤35 years.  There are a number of possible 

reasons that may explain these differences.  One important difference between the microarray 

and expression experiments is that the target gene expression in the latter was represented as 

target gene expression normalised against 3 housekeeping genes (relative expression) 

whereas, in the microarray, target gene expression in the tumour samples was relative to 

target gene expression in the organoids and the HBL-100 cell line for a fixed amount of 

starting RNA (5µg), without any internal reference gene normalisation.  In addition, since the 

microarray analysis was only carried out on two tumour samples and the qPCR study 

examined  a total of 15 cases from women ≤35 years, the results from qPCR are arguably 

more reliable than the results obtained from the microarray, and therefore most likely to 

provide a more accurate overview of the expression trends of all 9 target genes in breast 

cancers in young women (≤35 years). 

4.1.4 Comparison between FFPE and snap frozen gene expression data 

The quantitative analysis of RNA extracted from archival tissues is a relatively new 

application of RT-PCR technology.  While some groups have used this approach with 

varying success (Cronin et al., 2004; Godfrey et al., 2000; Paik et al., 2004; Specht et al., 

2001) there remain several limitations, which may explain why the method is still not widely 

used.  In their study, Paik et al. (2004) successfully quantified mRNA expression in 668 of 

675 FFPE tissues to detect distant metastasis in breast cancers.  Similarly, Specht et al. 

(2001) found comparable results between matched frozen and FFPE tissues following mRNA 
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quantitation.  On the other hand, a different study found that mRNA expression in FFPE 

tissues was less accurate in comparison to freshly  frozen tissues (Godfrey et al., 2000). 

In this study, the mRNA expression of 9 target genes was measured in 36 breast tumours (23 

FFPE and 21 snap frozen).  For all 9 target genes, the expression profiles in both age groups 

showed reasonable correlation between tumours that were persevered by fixation with 

formalin, versus those that were snap frozen.  However, unlike the snap frozen specimens, 

for the FFPE specimens there was no difference in the expression levels between the two age 

groups.  Of the total   36 breast tumour cases, 9 cases had both FFPE and snap frozen 

specimens examined, however, the expression profiles of the 9 target genes varied widely in 

these matched tumour specimens.  There are a number of possible explanations for this 

variation in the expression profiles between matched specimens. 

   

Firstly, the heterogeneous nature of breast cancer results in variation between different parts 

of the same tumour, therefore a certain degree of variation between different frozen and fixed 

tissue taken from different areas of the same tumour could be expected.  It is known that 

RNA extraction from FFPE tissues is difficult, as RNA may be degraded prior to, during, and 

after the fixation process (Mizuno et al., 1998).  Fixation causes cross-linking of proteins 

which hinders RNA isolation from tissues, and mono-methylol addition on all four nuclei 

acid bases, which can compromise the reverse transcription process (Masuda et al., 1999).  

There were several factors that determined the RNA quality of the tissues used in this study.  

These included: the length of fixation and degradation of the RNA during fixing, archive 

storage time, the freeze-thaw cycles of frozen tissues, and efficiency of RNA recovery.  Since 

this work was done retrospectively, it was impossible to control for archive storage time or 

duration of fixation (which ranged from 18-36 hours), both of which are known to affect 

RNA integrity (Cronin et al., 2004).  Moreover, some of the frozen cases were used in the 

past by other members of the group, so a small amount of RNA degradation following 

repeated freeze-thawing in these cases was also to be expected. 

   

Taking into consideration that only ~3% or less of RNA isolated from paraffin samples is 

accessible to cDNA synthesis when compared to snap frozen samples (Lewis et al., 2001), 

that RNA from FFPE tissues is frequently degraded, and that small amplicon sizes have been 

recommended in RT-qPCR using formalin fixed tissues (Antonov et al., 2005), specific steps 

were taken in this study to maximise RNA yield, facilitate cDNA synthesis and subsequent 
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target amplifications in the qPCR reactions.  These included the optimisation of PK digestion 

of tissue, and DNase treatment of RNA.  PK digestion works to release RNA from the 

meshwork of crosslinked molecules, potentially down to the level of tetrapeptides (Kraus et 

al., 1976).  Nevertheless, it does not attack the actual methylene bridge that forms the 

crosslink (Kraus et al., 1976).  While the main aim of using PK was to digest the tissue and 

release the RNA, the heat applied during the PK digestion incubation can be harmful to 

RNA.  To avoid distortion of target gene amplifications due to residual genomic DNA, all 

RNA samples were treated with DNAse following isolation. 

   

The efficiency of the cDNA synthesis reaction is crucial when measuring mRNA expression, 

however cDNA synthesis efficiency from total RNA is rarely at 100% (Newton et al. 1997).  

As it was not possible to carry out all cDNA synthesis reactions simultaneously, there may 

have been some variation with the efficiencies of the reactions between different batches of 

samples, particularly in the case the FFPE specimens.  Additionally, taking into consideration 

the fragmented nature of RNA isolated from FFPE tissue, and to maximise qPCR efficiency, 

all target amplicons in this study were purposely designed to be less than 110 bases pairs in 

length.  Furthermore, previous reports have found that the recovery and reverse transcription 

of various mRNA targets vary from fragment to fragment, possibly as a result of regulatory 

proteins bound to, or crosslinked to different parts of the mRNA (Bernstein et al., 1992; 

Godfrey et al., 2000).  In this study, for one case the Ct value of the FFPE specimen was ~4 

cycles higher than in the matched snap frozen specimen.  This indicates that there was 16 

times more RNA accessible to cDNA synthesis in the snap frozen specimen (Godfrey et al., 

2000).  Presumably the remaining RNA was chemically altered by formalin-fixation and 

paraffin-embedding and could not be reverse transcribed.   

 

To further boost the efficiency of the cDNA synthesis and maintain consistency across all 

samples, random hexamers were chosen as the primer for reverse transcription.  These were 

chosen because they allow cDNA synthesis along the entire length of the transcripts, 

regardless of RNA fragmentation and avoid possible secondary structures such as loops or 

stems.  This should result in a more even representation of the whole RNA sequence 

(Resuehr & Spiess, 2003).  Oligo (dT) primers are more specific and more sensitive than 

random priming, however there is a 3’ bias, and as many RNA samples utilised in this study 

were fragmented oligo (dT) primers were not suitable.  Similarly gene-specific priming is 



 155

known to be highly specific; however, this was not possible since the use of separate priming 

reactions would exhaust the limiting RNA.  Recently, a study has shown that use of 15-

nucleotide-long primers (pentadecamers) can yield twice as much cDNA as random 

hexamers (Stangegaard et al., 2006).  The increased efficiency resulted in reverse 

transcription of >80% of the template RNA, whereas random hexamers had a yield of ~40%.  

The same group found that use of pentadecamers in comparison to random hexamers resulted 

in 55-72% more genes being detected in a microarray experiments.  Hence, for future 

experiments pentadecamers would be the most appropriate primer for cDNA synthesis 

reactions. 

Despite the various measures taken, discrepancies were observed between qPCR data from 

FFPE and snap frozen specimens.  It is reasonable to suggest that the variations in target gene 

expression between fixed and fresh tumour samples is a direct result of 1) the poor quality of 

RNA found in FFPE tissues, which is vital to successful RT-qPCR analysis, and 2) sample 

heterogeneity between snap frozen and FFPE tissue areas.  Therefore, the results from RT-

qPCR carried out on snap frozen tissues are more reliable than those from FFPE tissues.  

    

4.2   Results comparisons – Realisation of aims 

4.2.1 Cell lines, normal organoids, and frozen tumour tissues 

4.2.1.1 AKAP1 

The primary microarray analysis indicated that AKAP1 might be up-regulated in younger 

breast cancers compared to normal breast tissue.  In this study, both manual RT-PCR and 

RT-qPCR showed that expression of AKAP1 was predominantly increased in the breast 

cancer cell lines when compared to HBL-100.  When tumour cases and organoids samples 

were examined, no significant differences were found, either between age groups, or between 

tumour and normal tissues for AKAP1.  In fact, considerable variation in expression across 

all specimens was observed.  Although breast cell lines act as a model for breast biology, 

they do not give an accurate impression of the behaviour of normal or cancerous breast 

tissues.  Therefore, the gene expression analysis carried out on tissues provides a more 

reliable indication of AKAP1 expression in breast cancers.  Since there was no difference in 

the expression of AKAP1 between age groups, it appears it does not have a relationship with 
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breast cancers in young women, and is more likely to have a function in breast tumours from 

women of all ages. 

With a known role in RNA processing (Trendelenburg et al., 1996), maintaining nuclear 

integrity signal transduction via the anchoring of PKAs and other enzymes (Steen et al., 

2000), it is possible that expression of AKAP1 in normal or tumour cells helps maintain 

nuclear integrity and cell survival.  

  

4.2.1.2 APRIL 

To date, only myeloid leukaemic and Burkitt lymphoma cell lines have been found to display 

overexpression  of APRIL (Mencinger et al., 1998).  The microarray analysis showed over-

expression of APRIL in breast cancers from young women.  RT-qPCR found APRIL over-

expression in two tumourigenic breast cell lines (MDA-MB-231, and MDA-MB-468) 

compared to the non-tumourigenic HBL-100.  Conversely, a high expression was also 

observed in most organoids samples, as well as in most snap frozen tumours with no apparent 

differences in the expression levels between age groups.  This implies that APRIL does not 

have a specific role in breast cancers in young women, but may have a role in breast tumours 

in women of all ages.  So far, no other studies have examined APRIL expression in the 

breast.  Since APRIL has been implicated in cell cycle, and RNA biosynthesis (Sun et al., 

2001), it is possible that the increased expression found in breast tumours and organoid 

specimens is directly linked to cell maintenance.  

 

4.2.1.3 C/EBP alpha 

Despite overexpression of C/EBPα in younger breast cancers being found in the microarray, 

the results of this study show that C/EBPα was down regulated in breast cancer cell lines and 

all breast tumours regardless of age, compared to normal breast tissue.  These results are in 

accordance with another report examining the expression of C/EBPα in breast cancer.  Gery 

et al. (2005) found a down regulation of C/EBPα mRNA and protein in primary breast 

tumours and showed that restoration of C/EBPα expression in a breast cell line resulted in 

inhibition of growth associated with a G0-G1 cell cycle arrest.  Additional studies have also 

implicated C/EBPα as a tumour suppressor in acute leukaemia (Pabst et al., 2001), head and 

neck cancer (Bennett et al., 2007), and lung cancer (Halmos et al., 2004).  Several studies 
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investigating the anti-proliferative effects of C/EBPα, have confirmed its interaction with 

several cell cycle components such as p21 (Timchenko et al., 1996), Rb (Chen et al., 1996), 

cdk2/4 (Wang et al., 2001), E2F (Slomiany et al., 2000), and SWI/SNF (Muller et al., 2004).  

There is no published data to explain how C/EBPα expression may be suppressed in breast 

cancers.  However, while studying the tumour suppressor effects of C/EBPα in head and neck 

tumours, Bennett et al. found that C/EBPα is down-regulated by gene promoter methylation 

(Bennett et al., 2007).  It is therefore possible that C/EBPα is also down regulated in breast 

cancers by gene promoter methylation. 

 

4.2.1.4 DDB2 

DDB2 is involved in global genomic repair and nucleotide excision repair, especially 

involving repair of UV-induced DNA damage (Hwang et al., 1999).  DDB2 is expressed in a 

TP53-dependent manner (Hwang et al., 1999), but can also be expressed independently of 

TP53 via wild-type BRCA1 (Hartman & Ford, 2002).  The primary microarray analysis 

showed over-expression of DDB2 in breast cancer from young women.  In this study, RT-

qPCR analysis found DDB2 to be over-expressed in the three ER-positive breast cancer cell 

lines (MCF-7, ZR-75-1, and T47-D) with much lower expression in the remaining 

tumourigenic cell lines (MDA-MB-231, and MDA-MB-468).  Both MDA-MB-231, and 

MDA-MB-468 are known to harbour TP53 mutations, hence these results are consistent with 

the study that has shown DDB2 expression is TP53-dependent (Hwang et al., 1999).  MCF-7, 

T47-D and ZR-75-1 showed increased expression of DDB2.  However, DDB2 was increased 

in T47-D which also has a TP53 mutation; the common link between these 3 cell lines is that 

they are ER-positive, suggesting other mechanisms are involved. 

In the tumour cases, DDB2 was generally expressed at low levels in comparison to the 

organoid samples.  However there was some variability as some tumour from women >35 

years showed high DDB2 expression.  Loss of DDB2 has obvious tumourigenic potential, 

with impaired global genomic repair leading to the accumulation of other mutations, 

promoting the progression to cancer.  A recent study found that c-myc has the ability to down 

regulate p53 target genes such as DDB2 (Ceballos et al., 2005).  Since, c-myc is amplified 

and overexpressed in 15-25% of breast tumours (Deming et al., 2000), it is therefore possible 

that the down regulation of DDB2 in breast tumour samples observed in this study is a result 

of deregulated c-myc expression.  In the future it might be interesting to examine the 
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expression of c-myc in the tumour tissues used in this study to determine whether there is a 

correlation between DDB2 and c-myc. 

    

4.2.1.5 Granulin 

The results of this study show that granulin was expressed at high levels in all 5 tumourigenic 

breast cell lines, particularly in MDA-MB-231, MCF-7, and T47-D.  Compared to the 

organoids samples, granulin was expressed at significantly higher levels in breast tumours 

from women ≤ 35 years old.  There was some variation in the expression levels in tumours 

from women >35 years old, although the relative expression levels were predominantly high.  

The results from the RT-qPCR experiments therefore suggest an important role for granulin 

in breast cancer.  Since granulin and its precursors function as autocrine growth factors 

promoting proliferation (He & Bateman, 2003), as well as cellular processes crucial to cancer 

progression such as invasion, and metastasis (Cheung et al., 2004), it is not surprising to see 

high levels of granulin expression in these breast tumour specimens.  These results support 

the findings of  (Lu & Serrero, 2000) who found high levels of granulin mRNA expression in 

MCF-7, and T47-D.  The same group also found that granulin is important for proliferation, 

tumourigenicity, and that oestrogen stimulates granulin expression which in turn stimulates 

cyclin D (Lu & Serrero, 2001).  A pathology study has identified a correlation between 

granulin protein expression and Ki-67 proliferation index, p53 positive cells, and high grade 

breast cancers (Serrero & Ioffe, 2003).  No correlation between granulin expression and 

grade was found in my study.  In the future it would be worth validating this target using a 

larger series of cases, given the evidence that exists that indicates a correlation between 

granulin and high proliferation index, p53 positive cells, and high grade breast tumours 

(Serrero & Ioffe, 2003), all of which are apparent in breast cancers in younger women. 

Further work in the area of breast cancer has confirmed that granulin stimulates the 

expression of MMP9 and VEGF, thereby promoting angiogenesis and metastasis 

(Tangkeangsirisin & Serrero, 2004).   

 

4.2.1.6 NCOA3 

Interest in NCOA3 and its role in breast cancer has grown since it was first shown to be 

overexpressed in ~60% of breast cancers (Anzick et al., 1997).  Several studies have reported 
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its expression in breast as well as other cancers (Ghadimi et al., 1999; Henke et al., 2004; 

Rangel et al., 2006), where increased expression is a result of transcriptional up-regulation or 

amplification (Anzick et al., 2003; List et al., 2001; Reiter et al., 2001).   Since NCOA3 is 

known to interact with steroid receptors as a coactivator, as well as with several transcription 

factors, thereby promoting cell proliferation (Louie et al., 2006; Oh et al., 2004; Yan et al., 

2006), it is not surprising that NCOA3 has now been classed as an oncogene.  One study has 

associated NCOA3 expression with ER presence (Iwase et al., 2003), while others have 

found it to be associated with breast tumours negative for steroid receptors but positive for 

HER-2 (Bouras et al., 2001; Kirkegaard et al., 2007; Osborne et al., 2003).  Iwase et al. saw 

better responses to hormonal therapy in patients with NCOA3 positive tumours.  On the other 

hand, others have found NCOA3 to be associated with Tamoxifen resistance (Dihge et al., 

2007; Osborne et al., 2003).  Given the variability in the reports regarding the different 

association with NCOA3, it is likely  to have pleiotropic effects in breast cancers. 

   

In this study, NCOA3 mRNA expression was high in the ER-positive breast cancer cell lines 

compared to the ER-negative MDA-MB-231, and MDA-MB-468 and the non-tumourigenic 

HBL-100.  There was increased expression in the MCF-7 breast cancer cell line, in 

agreement with previous studies that found an overexpression of NCOA3 in MCF-7 (Labhart 

et al., 2005; Tikkanen et al., 2000).  Other studies have found overexpression in MCF-7 as 

well as ZR-75-1 and T47-D (ER-positive cell lines), again lending support to my findings 

(Anzick et al., 1997; Magklara et al., 2002).  In their study Anzick et al. (1997) also 

examined the frequency and levels of NCOA-3 amplification and overexpression.  Among 

105 unselected breast tumours, they found NCOA-3 amplification in 9.5% and 

overexpression in 64% of these tumours.  Subsequently, Bautista et al. tested a population of 

1157 breast and 122 ovarian tumours and observed amplification of NCOA-3 in 

approximately 4.8% of breast tumours and 7.4% of ovarian tumours (Bautista et al., 1998).  

Other studies also confirmed that NCOA-3 mRNA was expressed at considerably higher 

levels in tumour tissues than in normal breast tissues (Bouras et al., 2001; List et al., 2001; 

Murphy et al., 2000).   

One main finding of this study was that NCOA3 mRNA levels were significantly higher in 

breast cancers in women ≤ 35 years old compared to those from women >35 years.  The 

levels were also significantly higher in younger women compared to the normal breast 

organoids.   
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Subsequent protein analysis using western blotting supported the RT-qPCR, with the trends 

observed for protein expression in the breast cell lines following that of the mRNA 

expression.   

However, IHC examination of 56 breast tumours found significant variation in staining with 

no significant difference in NCOA3 protein expression between tumours from younger and 

older women.  Only 6 out of 20 tumours from women ≤35 years showed NCOA3 expression, 

compared to 8 out of 15 in tumours from women aged 36-49, and 12 out of 21 in the older 

age group (≥50 years).  Moreover, there was no correlation between the mRNA and protein 

expression in these cases.  There was also no relationship with ER status.   

Given the evidence that NCOA3 acts as an ER coactivator, it is perhaps not surprising to find 

overexpression in the ER-positive cell lines and tumours. However, it is also not surprising to 

see expression in ER-negative tumours since 3 studies have found NCOA3 to be associated 

with breast cancers lacking steroid receptors (Bouras et al., 2001; Kirkegaard et al., 2007; 

Osborne et al., 2003).  Since NCOA-3 may act as a coactivator for nuclear receptors such as 

ER, and NCOA-3 amplification correlates with a positive ER status in breast cancers, 

NCOA-3 may be an important contributor to estrogen-mediated tumour growth.  However, 

accumulating evidence now indicates additional roles for NCOA-3  in breast tumourigenesis 

independent of ER, since overexpression has not always correlated with ER- and PR-positive 

tumours. For example, Bouras et al. observed NCOA-3 overexpression in 26 of 85 (31%) 

invasive breast tumours, which included overexpression in 15 of 26 (58%) ER-negative 

tumours and in 11 of 55 (20%) ER-positive tumours (Bouras et al. 2001).  Likewise for PR, 

NCOA-3 overexpression occurred more frequently in PR-negative tumours than in PR-

positive tumours used in this study.  Furthermore, the same study found that NCOA-3 

overexpression in these invasive breast tumours was correlated with high levels of HER2/neu 

and p53 proteins (the latter a common feature of breast cancers in young women).  Another 

study confirmed not only a role for NCOA-3 in ER-dependent and ER-independent breast 

cancer proliferation, but also that NCOA-3 overexpression may leave ER positive cells 

resistant to anti-oestrogens (Louie et al., 2004).  The same study also found a role for NCOA-

3 in cell cycle control.   

 

The fact that NCOA3 was found to be expressed at the mRNA level but not at the protein 

level in some tumours in this study is perhaps unexpected.  This may be due to an insertion of 

a stop codon in the sequence, or the presence of specific micro-RNAs that may block protein 
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translation (O'Donnell et al., 2005; Petersen et al., 2006; Zeng et al., 2003).  Recently the 

Mir-17-5p micro-RNA was found to down-regulate NCOA3  primarily through translational 

inhibition (Hossain et al., 2006).  Therefore, it would be interesting to check for a role for 

Mir-17-5p in the breast tumours that showed reduced or absent NCOA3 protein and compare 

young and older cases.   

The inconsistencies between mRNA and protein expression in the same cases could also be a 

result of differences in sensitivity of the assays as there was only a weak reactivity of the 

NCOA3 antibody used despite careful method optimisation. 

 

4.2.1.7 RARRES3 

RARRES3 may promote cell differentiation and growth suppression (DiSepio et al., 1998).  

Not surprisingly, decreased expression is seen in many cancers including colorectal 

adenocarcinoma (Shyu et al. 2003), basal cell carcinoma (Duvic et al., 2003), B-cell 

lymphocytic leukaemia (Casanova et al., 2001), hepatocellular carcinoma and 

cholangiocarcinoma (Jiang et al., 2005a).  In contrast, RARRES3 mRNA has recently been 

found to be overexpressed in breast cancer (Shyu et al., 2005).  In their study, Shyu et al. 

found a significant correlation between low RARRES3 mRNA expression and ER-positive 

breast cancers.  The study also showed that RARRES3 is down-regulated by oestrogen in 

ER-positive breast cell lines.   

In my study, analysis of breast cancer cell lines found high RARRES3 expression in the ER-

negative MDA-MD-468, low levels in MDA-MB-231, and RARRES3 was absent in all other 

cell lines, in keeping with the report by Shyu et al. (2005).  RARRES3 expression was also 

found to be significantly higher in breast tumours from ≤ 35 years compared to older women 

and organoid samples.  Unfortunately, there were too few cases available to enable 

correlation with ER status.  However, there was an equal spread of ER-positive and ER-

negative cases with high RARRES3 expression.  Given its growth suppressive activity 

(DiSepio et al., 1998; Tsai et al., 2006), it is perhaps surprising to see an over-expression in 

breast cancer.  In addition, although it is expressed at the mRNA level, there are as yet no 

reports in the literature to suggest a functional role in breast cancer or other cancer types.  

Unfortunately, there was no commercially available RARRES3 antibody applicable for IHC 

at the time of investigation.  In the future, it would be interesting to examine protein 
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expression and the interaction with the ER, if any, to gain insight into the role of RARRES3 

in breast carcinogenesis, and in particular in tumours from young women (≤35 years).   

 

4.2.1.8 RBBP4 

The primary microarray analysis showed over-expression of RBBP4 in breast cancers from 

young women.  RT-qPCR showed expression of RBBP4 in MDA-MB -231, MDA-MB-468, 

ZR-75-1 and T47-D, but no expression in MCF-7 and HBL-100.  RBBP4 was expressed at 

high levels in the majority of tumour specimens and organoids samples, with no apparent 

difference in expression levels between the age groups.  To date, increased RBBP4 

expression has not been found in breast cancers.  Increased expression has been found in 

thyroid (Pacifico et al., 2007), hepatocellular (Song et al., 2004), and non-small cell lung 

(Fukuoka et al., 2004) cancers, and a down-regulation seen in mucoepidermoid carcinoma 

(Leivo et al., 2005).  Since RBBP4 was first identified as a retinoblastoma binding protein, it 

is likely that its function in tumourigenesis is cell cycle related.  However, no evidence has 

been put forward to support this.  However, in thyroid cancer there is an indication that 

RBBP4 supports proliferation through nuclear factor-kappa B (Pacifico et al., 2007).  It is 

therefore possible that the increased expression of RBBP4 seen in breast tumours in this 

study may have a similar tumourigenic effect. 

 

4.2.1.9 TGFβI 

The microarray study identified TGFβI as a potential novel target up-regulated in breast 

cancers in young women.  However, the results of the qPCR do not support those findings, as 

RT-qPCR found a higher expression of TGFβI in the organoids samples compared to all 

tumours regardless of age.  The non-tumourigenic HBL-100 breast cell line also had higher 

levels of expression compared to the tumourigenic cell lines, although MDA-MD-231 and 

MCF-7 did show low levels of expression.   

TGFβI has been found to be overexpressed in several cancers including squamous cell 

carcinomas (Hu et al., 2001; Tomioka et al., 2006), oesophageal (Hourihan et al., 2003), 

pancreatic (Schneider et al., 2002), colorectal (Buckhaults et al., 2001), as well as in ovarian 

endometriosis (Arimoto et al., 2003).  However, reduced expression has been observed in 

ovarian cancer cell lines (Walker et al., 2007), and lung carcinoma (Zhao et al., 2006).  
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Functional analysis has shown that TGFβI is secreted into the ECM (LeBaron et al., 1995) 

where it has the ability to interact with matrix components such as fibronectin, laminin, as 

well as several collagen types (Kim et al., 2002).  One study showed that TGFβI supports 

adhesion, migration and proliferation of renal tubular epithelial cells (Lee et al., 2003).  

However, it has also been found to act as an attachment protein (LeBaron et al., 1995).  

Although there is conflicting evidence regarding TGFβI’s function with regard to the 

tumourigenesis (either as a pro-tumourigenic or anti-tumourigenic agent), it is possible that 

the down-regulation observed in this study is a result of defective signalling processes in 

breast cancer that usually work to maintain normal cell architecture.  

In view of its ability to interact with integrins, and other ECM molecules, and to support 

invasion and migration of cells, TGBI could be involved in various aspects of 

tumourigenesis, including tumour progression, angiogenesis and metastasis.  Further 

investigations of TGFβI and its ability to interact with growth factors such as VEGF and their 

receptors which are closely associated with breast tumourigenesis is an obvious area for 

further study. 

 

4.3 The possible relevance of the 9 gene targets to breast cancers in young 

women 
Breast cancers in young women (≤35 years) have a much poorer prognosis compared to 

tumours from women aged >35 years, and this is believed to be due to differences in the 

tumour biology.  The assessment of 9 target genes in this study, has led to the identification 

of 2 targets (NCOA3 and RARRES3) that may have a particular importance in breast cancers 

in young women (≤35 years), since both genes showed higher levels of mRNA expression in 

tumours from young women compared to those from older women.  This is a novel finding 

which has not been demonstrated previously.  Given the pleiotropic functions of NCOA3, it 

is possible that it plays a role in the evolution of the characteristic pathological features of 

breast cancers in young women (high grade, p53/ER/PgR/HER-2 status, and high 

proliferation index).  Although RARRES has proposed tumour suppressor functions, it is not 

yet clear whether it maintains this tumour suppressor function in breast tissue and functional 

studies are needed to investigate this. 

The remaining 7 target genes do not appear to relate specifically to breast cancers in young 

women, as all 7 targets displayed similar levels of mRNA expression between tumours from 
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younger and older women.  AKAP1 showed similar levels of expression in both normal and 

breast tumour tissues of all ages.  APRIL, RBBP4, and granulin showed increased expression 

in tumour from women of all ages, whereas three genes (C/EBPα, DDB2, and TGFβI) 

showed a down-regulation in tumour samples regardless of age. 

 

4.4 Conclusions and future studies 
This study has highlighted a number of novel gene targets that show differences in mRNA 

expression between breast cancer cell lines and tumour tissues stratified by age.  These data 

have confirmed and extended primary microarray data by showing predominantly increased 

expression of AKAP1, APRIL, Granulin, NCOA3, RARRES3, and RBBP4.  NCOA3 and 

RARRES3 showed differential expression in breast cancers from young women (≤35 years) 

compared to older cases 

 

For AKAP1, APRIL, Granulin, and RBBP4 the increased expression was present in tumours 

from women of all ages hence these can not be considered as markers for breast cancer in 

young women.  However, beyond this study it might be interesting to explore whether or not 

they have any functional significance in breast cancers by examining the expression of their 

proteins using western blotting and IHC, and in cell lines using gene knock-out with specific 

antibodies or siRNA technology.  In the case of granulin, however, it would be interesting to 

validate mRNA or protein expression in a larger cohort of breast tumour as there is published 

evidence that associates granulin with high proliferation index, positive p53, and high grade 

tumours (Serrero & Ioffe, 2003), all of which are common features of sporadic breast 

tumours in young women. 

 

In the case of NCOA3, there was differential expression at the mRNA level between tumours 

from women ≤35 years and those >35 years.  Although the difference was significant at the 

mRNA level, the frequency of NCOA3 protein expression did not differ between the age 

groups.  In addition, there was poor correlation between mRNA and protein expression in 

individual samples.  In the future it might be interesting to examine the reasons for this, 

including analysis of the potential roles for microRNAs and/or DNA methylation in silencing 

of the NCOA3 gene.  Another approach would be to use a different antibody for IHC to 

verify the protein expression in the series of 56 breast tissues used for IHC.   
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The difference in RARRES3 mRNA expression between tumours from women ≤35 and 

those >35 is very interesting given the proposed function of RARRES3 as a growth 

suppressor.  To verify whether or not RARRES3 has an important functional role in sporadic 

breast cancers in young women, it would be necessary to first examine the levels of the 

protein in a series of tumour cases using IHC before any definite conclusion is made 

regarding its importance in breast cancers. 

 

In contrast to the microarray, C/EBPα, DDB2, and TGFβI were, on the whole, found to be 

down regulated in breast tumours of all ages.  Given their proposed functions as tumour 

suppressor, DNA repair, and cell adhesion proteins, it is perhaps not surprising to see these 

genes were found to be expressed at low levels.  As for the other novel target genes 

investigated in this project, to verify a role in breast cancer it would be necessary first to 

examine protein expression.  Analysis of the C/EBPα  promoter would also be another 

interesting avenue to explore since the promoter has been found to be hypermethylated in 

head and neck tumours (Bennett et al., 2007).  Recently, another PhD student in the group 

has examined the expression of DDB2 and TGFβI proteins in the same series of breast 

cancers using IHC, with a decreased expression of both proteins found compared to normal 

breast tissues.  In the future, analysis of the interaction of DDB2 with the c-myc oncogene 

may identify an important association for some breast cancers.  For both DDB2 and TGFβI, 

functional assays using gene knock-in by transfection to look at proliferation, apoptosis, and 

invasion would give an insight into the potential role of these targets in breast cancers. 

 

In conclusion, this study has extended previous findings by the research group and has 

generated novel data to support the hypothesis that sporadic breast cancers in younger 

women may arise due to specific genetic alterations.  NCOA3 and RARRES3 have been 

identified as two new targets of potential relevance to breast cancer in young women, while 

the 7 other target genes selected appear to be de-regulated in breast cancers as a whole.   
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Appendices 
 

Appendix I  Summary of the clinical information for all tumour cases. 

 

RW No Age Size Type Grade Node ER PgR 

2157 19 1 IDC III Neg Pos Pos 

2195 22 2 IDC III Pos Neg Neg 

2215 25 2 IDC III Pos Pos Pos 

2151 28 2 IDC  III Neg Neg Neg 

2144 30 2 IDC III Neg Neg Neg 

2019 31 1 IDC III Pos Pos Pos 

2201 32 2 IDC III Neg Pos Pos 

2204 34 2 IDC III Pos Neg Pos 

2209 35 1 IDC III Neg Neg Neg 

2216 35 2 IDC II Pos Pos  

2204 29 1 IDC III Neg Pos Pos 

2196 30 1 IDC III Pos Pos  Pos 

2137 34 1 IDC III Neg Neg Neg 

2134 32 1 IDC II Neg Pos Pos 

2105 30 1 IDC III Pos Neg Neg 

1962 35 1 IDC II Neg Pos Pos 

1932 30 1 IDC III Neg Pos Pos 

1889 31 2 IDC III Pos Pos Pos 

1857 34 2 IDC II Pos Pos Pos 

2190 35 2 IDC III Pos Neg Neg 

2191 34 1 IDC III Neg Pos Pos 

2192 31 1 IDC II Neg Pos Pos 

2193 35 2 IDC III Pos Neg Neg 

2194 33 2 IDC II Pos Pos Pos 

2220 34 1 IDC II Pos Pos Pos 

2140 38 2 IDC II Neg Pos Pos 



 167

2142 50 1 IDC III Pos Pos Pos 

2197 50 2 IDC II Neg Pos Pos 

2185 51 2 IDC III Pos Neg Neg 

2179 51 2 IDC II Pos Pos Pos 

2097 54 2 IDC III Pos Pos Pos 

2021 54 2 IDC III Pos Pos Pos 

2092 59 1 IDC III Neg Neg Neg 

2093 62 2 IDC III Neg Pos Pos 

2182 64 2 IDC III Neg Neg Neg 

2022 64 2 ILC III Pos   

2070 49 2 IDC III Neg Neg Neg 

2080 47 2 IDC II Neg Pos Pos 

2082 45 1 IDC III Neg Neg Neg 

2087 49 1 IDC II Neg Pos Pos 

2098 46 1 IDC III Neg Pos Pos 

2112 43 1 IDC III Pos Neg Neg 

2111 46 2 IDC III Neg Neg Neg 

2168 46 2 IDC III Pos Pos Pos 

2194 43 2 IDC III Pos Pos Pos 

2161 47 1 IDC III Pos Pos Pos 

2210 38 2 IDC III Pos Pos Neg 

2208 43 2 IDC II Pos Pos Pos 

2198 45 2 IDC II Neg Pos Pos 

2141 56 1 IDC II Neg Pos Pos 

2209 45 1 IDC III Neg Neg Neg 

2175 41 2 IDC III Pos Pos Pos 

2149 46 2 IDC III Pos Pos Pos 

2116 46 2 IDC III Pos Neg Neg 

2060 54 2 IDC II Neg Pos Pos 

2064 52 2 IDC II Neg Pos Pos 

2125 69 2 IDC III pos Neg Neg 

2113 62 2 IDC III Pos Pos Pos 
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2161 42 2 IDC III Pos Pos Pos 

2159 63 2 IDC I Pos Pos Pos 

2153 54 2 IDC II Neg Pos Pos 

2178 60 2 IDC II Pos Pos Pos 

2180 59 3 IDC III Pos Pos Pos 

2183 64 2 IDC I Neg Pos Pos 

2172 59 2 IDC III Neg Pos Pos 

2170 78 2 IDC II Pos Pos Pos 

2101 40 2 IDC III Neg Pos Pos 

2047 52 2 IDC III Pos Neg Neg 

2139 48 2 IDC II Neg Pos Pos 

2095 51 2 IDC III Pos Neg Neg 

2096 53 2 IDC III Neg Pos Pos 

2074 49 1 IDC II Neg Pos Pos 

2076 54 2 IDC III Pos Pos Pos 
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Appendix II  Standard curves, dissociation curves, and MgCl2 for RT-qPCR 

 
Optimisation of AKAP1 primer pair for MgCl2 

 
 
Optimisation of APRIL primer pair for MgCl2 
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Optimisation of C/EBPalpha primer pairs for MgC l2 

 
 
Optimisation of DDB2 primer pairs for MgCl2 
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Optimisation of Granulin primer pairs for MgCl2 

 
 
Optimisation of NCOA3 primer pairs for MgC l2 
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Optimisation of RARRES3 primer pairs for MgCl l2 

 
 
 Optimisation of RBBP4 primer pairs for MgCl l2 
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Optimisation of TGFbI primer pairs for MgCl2 

 
 

Optimisation of HPRT primer pairs for MgC l2 
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Optimisation of TFRC primer pairs for MgC l2 

 
 
Optimisation of PBGD primer pairs for MgC l2 
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Standard curve for AKAP1 

 
 
Standard curve for APRIL 

 
 
 
 
 

FAM Standards, RSq: 0.996 

FAM, Y = -3.188*LOG(x) + 24.88, EFF = 82.7%

FAM Standards, RSq: 0.997 

FAM, Y = -3.422*LOG(x) + 22.15, EFF = 96.0%
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Standard curve for C/EBP alpha 

 
 
Standard curve for DDB2 

 
 

 
 

FAM Standards, RSq: 0.963 

FAM, Y = -3.673*LOG(x) + 26.95, EFF = 87.2% 

FAM Standards, RSq: 0.995 

FAM, Y = -3.362*LOG(x) + 21.97, EFF = 98.4%
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Standard curve for Granulin 

 
 
Standard curve for NCOA3 

 
 

 

 

FAM Standards, RSq: 0.984 

FAM, Y = -3.124*LOG(x) + 27.24, EFF = 109.0%

FAM Standards, RSq: 0.993 

FAM, Y = -3.211*LOG(x) + 28.05, EFF = 104.8% 
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Standard curve for RARRES3 

 
 
Standard curve for RBBP4 

 
 

FAM Standards, RSq:0.997 

FAM, Y = -3.422*LOG(x) + 22.13, EFF = 96.0%

FAM Standards, RSq: 0.999 

FAM, Y = -3.295*LOG(x) + 23.75, EFF = 101.1%



 179

  
 
Standard curve for TGFβI 

 
 

  Standard curve for HPRT 

 
 
 

FAM Standards, RSq: 0.996 

FAM, Y = -3.316*LOG(x) + 23.08, EFF = 100.2%

FAM Standards, RSq: 0.999 

FAM, Y = -3.341*LOG(x) + 18.06, EFF = 99.2% 
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 Standard curve for TFRC 

 
 
Standard curve for PBGD 

 

FAM Standards, RSq: 0.980 

FAM, Y = -3.191*LOG(x) + 24.09, EFF = 105.8%

FAM Standards, RSq: 0.980 

FAM, Y = -3.191*LOG(x) + 24.09, EFF = 100.7% 
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Dissociation curve for AKAP1 PCR products 

 

 
 
Dissociation curve for APRIL PCR products 
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   Dissociation curve for C/EBPα PCR products 

 

 
  
Dissociation curve for DDB2 PCR products 
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 Dissociation curve for Granulin PCR products 

 

 
 
Dissociation curve for NCOA3 PCR products 
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Dissociation curve for RARRES3 PCR products 

 

 
 
Dissociation curve for RBBP4 PCR products 
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Dissociation curve for TGFβI PCR products 

 

 
 

 
Dissociation curve for HPRT PCR products 
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Dissociation curve for TFRC PCR products 

 

 
 
Dissociation curve for PBGD PCR products 
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Appendix III Raw Ct values for all RT-qPCR experiments        

             

    Relative Transcript Amount =     1/(Efficiency Gene) Ct Gene     
    Combined Deviation = 1/√n X √(Standard deviation of target gene)2 + (Standard deviation of HK genes)2 
    Standard Error : Standard error of the mean (Combined deviation/√n    
HPRT              

  
Efficiency 

Value: 99.2         
             

  CT Mean Ct 

Mean Relative 
Transcript 
Quantity        

Samples 1 2 3            
HBL-100 24.98 24.19 24.15 24.44 24.44        
MDA-MB-231 26.08 26.74 26.71 26.51 26.51        
MDA-MB-468 25.31 25.11 25.29 25.24 25.24        
MCF-7 24.76 24.84 25.06 24.89 24.89        
ZR-75-1 25.01 24.84 24.92 24.92 24.92        
T-47D 27.26 27.13 27.23 27.21 27.21        
             

TFRC  
Efficiency 

Value: 105.8         
             

  CT Mean Ct 

Mean Relative 
Transcript 
Quantity        

Samples 1 2 3           
HBL-100 24.98 24.19 24.15 24.44 24.44        
MDA-MB-231 26.08 26.87 26.74 26.56 26.56        
MDA-MB-468 25.31 25.11 25.29 25.24 25.24        
MCF-7 24.76 24.84 25.06 24.89 24.89        
ZR-75-1 25.01 24.84 24.92 24.92 24.92        
T-47D 27.26 27.13 27.23 27.21 27.21        
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PBGD             

  
Efficiency 

Value: 100.7        
            

  CT 
Mean 

Ct 

Mean 
Relative 

Transcript 
Quantity       

Samples 1 2 3          
HBL-100 25.98 26.17 25.54 25.90 25.90       
MDA-MB-231 26.12 25.68 26.31 26.04 26.04       
MDA-MB-468 26.91 26.51 26.34 26.59 26.59       
MCF-7 26.01 26.54 26.28 26.28 26.28       
ZR-75-1 25.73 25.48 26.06 25.76 25.76       
T-47D 25.1 25.29 25.11 25.17 25.17       
            
            
            
NCOA3 expression relative to HKs          

  
Efficiency 

Value: 104.8        
            

  CT 
Mean 

Ct 

Mean 
NCOA3 
Relative 

Transcript 
Quantity 

Mean HK 
Relative 

Transcript 
Quantity 

Mean 
NCOA3/HK 

Ratio 

NCOA3 
Standard 
Deviation 

HK 
Standard 
Deviation 

Combined 
Deviation 

Standard 
Error 

Samples 1 2 3                 
HBL-100 23.02 23.22 23.18 23.14 6.26135E-08 7.00497E-08 7.71 0.11 0.43 0.25 0.15 
MDA-MB-231 28.04 28.25 28.02 28.10 1.78557E-09 1.92633E-08 9.37 0.13 0.38 0.23 0.13 
MDA-MB-468 25.28 25.55 25.19 25.34 1.29854E-08 4.05595E-08 8.45 0.19 0.19 0.15 0.09 
MCF-7 21.89 22 22.11 22.00 1.41788E-07 5.10465E-08 7.33 0.11 0.20 0.13 0.08 
ZR-75-1 21.99 22.01 21.98 21.99 1.42178E-07 5.05151E-08 7.33 0.02 0.18 0.11 0.06 
T-47D 24.57 24.44 24.49 24.50 2.35904E-08 1.44448E-08 8.17 0.07 0.08 0.06 0.04 
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RARRES3 expression relative to 
HKs          

  
Efficiency 

Value: 101.1        
            

  CT 
Mean 

Ct 

Mean 
RARRES3 

Relative 
Transcript 
Quantity 

Mean HK 
Relative 

Transcript 
Quantity 

Mean 
RARRES3/HK 

Ratio 

RARRES3 
Standard 
Deviation 

HK 
Standard 
Deviation 

Combined 
Deviation 

Standard 
Error 

Samples 1 2 3                 
HBL-100 29.66 29.3 28.9 29.29 1.35078E-09 7.00497E-08 9.76 0.38 0.43 0.33 0.19 
MDA-MB-231 27.59 27.49 27.03 27.37 5.10521E-09 1.92633E-08 9.12 0.30 0.38 0.28 0.16 
MDA-MB-468 22.87 22.64 22.73 22.75 1.27128E-07 4.05595E-08 7.58 0.12 0.19 0.13 0.07 
MCF-7 35.01 35.01 35.32 35.11 2.26975E-11 5.10465E-08 11.70 0.18 0.20 0.15 0.09 
ZR-75-1 34.11 33.93 34.1 34.05 4.76339E-11 5.05151E-08 11.35 0.10 0.18 0.12 0.07 
T-47D 28.6 28.28 28.89 28.59 2.17867E-09 1.44448E-08 9.53 0.31 0.08 0.18 0.11 
            
            
AKAP1 expression relative to HKs          

  
Efficiency 

Value: 82.7        
            

  CT 
Mean 

Ct 

Mean 
AKAP1 
Relative 

Transcript 
Quantity 

Mean HK 
Relative 

Transcript 
Quantity 

Mean 
AKAP1/HK 

Ratio 

AKAP1 
Standard 
Deviation 

HK 
Standard 
Deviation 

Combined 
Deviation 

Standard 
Error 

Samples 1 2 3                 
HBL-100 28 27.67 27.75 27.81 5.45353E-08 7.00497E-08 9.27 0.17 0.43 0.26 0.15 
MDA-MB-231 28 28.35 27.88 28.08 4.65226E-08 1.92633E-08 9.36 0.24 0.38 0.26 0.15 
MDA-MB-468 33 32.76 32.65 32.80 2.7E-09 4.05595E-08 10.93 0.18 0.19 0.15 0.09 
MCF-7 26.98 26.76 26.85 26.86 9.59946E-08 5.10465E-08 8.95 0.11 0.20 0.13 0.08 
ZR-75-1 25.89 25.66 25.71 25.75 1.87227E-07 5.05151E-08 8.58 0.12 0.18 0.13 0.07 
T-47D 25.76 25.34 25.7 25.60 2.06269E-07 1.44448E-08 8.53 0.23 0.08 0.14 0.08 
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APRIL expression relative to HKs          

  
Efficiency 

Value: 96        
            

  CT 
Mean 

Ct 

Mean APRIL 
Relative 

Transcript 
Quantity 

Mean HK 
Relative 

Transcript 
Quantity 

Mean 
APRIL/HK 

Ratio 

APRIL 
Standard 
Deviation 

HK 
Standard 
Deviation 

Combined 
Deviation 

Standard 
Error 

Samples 1 2 3                 
HBL-100 27.04 27.33 27.65 27.34 1.037E-08 7.00497E-08 9.11 0.31 0.43 0.30 0.17 
MDA-MB-231 24.19 24.01 24.44 24.21 8.44373E-08 1.92633E-08 8.07 0.22 0.38 0.25 0.14 
MDA-MB-468 23.12 23.45 23.12 23.23 1.63384E-07 4.05595E-08 7.74 0.19 0.19 0.16 0.09 
MCF-7 33.65 32.78 32.54 32.99 2.39456E-10 5.10465E-08 11.00 0.58 0.20 0.36 0.21 
ZR-75-1 28.58 28.87 28.43 28.63 4.33419E-09 5.05151E-08 9.54 0.22 0.18 0.17 0.10 
T-47D 32.38 32.43 32.66 32.49 3.20654E-10 1.44448E-08 10.83 0.15 0.08 0.10 0.06 
            
            
            
DDB2 expression relative to HKs          

  
Efficiency 

Value: 87.2        
            

  CT 
Mean 

Ct 

Mean DDB2 
Relative 

Transcript 
Quantity 

Mean HK 
Relative 

Transcript 
Quantity 

Mean DDB2/HK 
Ratio 

DDB2 
Standard 
Deviation 

HK 
Standard 
Deviation 

Combined 
Deviation 

Standard 
Error 

Samples 1 2 3                 
HBL-100 26.16 26.82 26.16 26.38 6.67455E-08 7.00497E-08 8.79 0.38 0.43 0.33 0.19 
MDA-MB-231 28.22 28.3 28.5 28.34 1.92319E-08 1.92633E-08 9.45 0.14 0.38 0.23 0.13 
MDA-MB-468 27.19 27.05 27.03 27.09 4.204E-08 4.05595E-08 9.03 0.09 0.19 0.12 0.07 
MCF-7 23.07 23.02 23.17 23.09 5.17245E-07 5.10465E-08 7.70 0.08 0.20 0.12 0.07 
ZR-75-1 23.88 23.55 23.34 23.59 3.80593E-07 5.05151E-08 7.86 0.27 0.18 0.19 0.11 
T-47D 26.57 26.38 26.51 26.49 6.13856E-08 1.44448E-08 8.83 0.10 0.08 0.07 0.04 
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CEBP expression relative to HKs          

  
Efficiency 

Value: 98.4        
            

  CT 
Mean 

Ct 

Mean CEBP 
Relative 

Transcript 
Quantity 

Mean HK 
Relative 

Transcript 
Quantity 

Mean CEBP/HK 
Ratio 

CEBP 
Standard 
Deviation 

HK 
Standard 
Deviation 

Combined 
Deviation 

Standard 
Error 

Samples 1 2 3         
HBL-100 23.02 23.47 23.15 23.21 1.24919E-07 7.00497E-08 7.74 0.23 0.43 0.28 0.16 
MDA-MB-231 26.89 26.42 26.03 26.45 1.39127E-08 1.92633E-08 8.82 0.43 0.38 0.33 0.19 
MDA-MB-468 29.12 29.73 29.43 29.43 1.78093E-09 4.05595E-08 9.81 0.31 0.19 0.21 0.12 
MCF-7 27.73 27.71 28.35 27.93 4.991E-09 5.10465E-08 9.31 0.36 0.20 0.24 0.14 
ZR-75-1 29.17 29.34 29.01 29.17 2.09683E-09 5.05151E-08 9.72 0.17 0.18 0.14 0.08 
T-47D 27.88 27.49 27.24 27.54 6.51067E-09 1.44448E-08 9.18 0.32 0.08 0.19 0.11 
            
            
            
TGFBI expression relative to HKs          

  
Efficiency 

Value: 100.2        
            

  CT 
Mean 

Ct 

Mean TGFBI 
Relative 

Transcript 
Quantity 

Mean HK 
Relative 

Transcript 
Quantity 

Mean 
TGFBI/HK 

Ratio 

TGFbI 
Standard 
Deviation 

HK 
Standard 
Deviation 

Combined 
Deviation 

Standard 
Error 

Samples 1 2 3         
HBL-100 21.04 21.21 21.71 21.32 3.89181E-07 7.00497E-08 7.11 0.35 0.43 0.32 0.18 
MDA-MB-231 24.49 24.35 24.55 24.46 4.33053E-08 1.92633E-08 8.15 0.10 0.38 0.22 0.13 
MDA-MB-468 30.22 30.08 30.93 30.41 7.23166E-10 4.05595E-08 10.14 0.46 0.19 0.29 0.16 
MCF-7 24.65 24.09 24.29 24.34 4.75785E-08 5.10465E-08 8.11 0.28 0.20 0.20 0.12 
ZR-75-1 30.58 30.94 30.68 30.73 5.63252E-10 5.05151E-08 10.24 0.19 0.18 0.15 0.09 
T-47D 28.38 28.45 28.97 28.60 2.49717E-09 1.44448E-08 9.53 0.32 0.08 0.19 0.11 
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GRANULIN expression relative to HKs         

  
Efficiency 

Value: 109        
            

  CT 
Mean 

Ct 

Mean 
Granulin 
Relative 

Transcript 
Quantity 

Mean HK 
Relative 

Transcript 
Quantity 

Mean 
GRANULIN/HK 

Ratio 

Granulin 
Standard 
Deviation 

HK 
Standard 
Deviation 

Combined 
Deviation 

Standard 
Error 

Samples 1 2 3                 
HBL-100 23.04 23.31 23.73 23.36 3.3937E-08 7.00497E-08 7.79 0.35 0.43 0.32 0.18 
MDA-MB-231 21.19 21.4 21.88 21.49 1.34754E-07 1.92633E-08 7.16 0.35 0.38 0.30 0.17 
MDA-MB-468 22.55 22.08 22.93 22.52 6.37684E-08 4.05595E-08 7.51 0.43 0.19 0.27 0.16 
MCF-7 19.3 19.94 19.68 19.64 5.25479E-07 5.10465E-08 6.55 0.32 0.20 0.22 0.13 
ZR-75-1 21.76 21.12 21.17 21.35 1.49384E-07 5.05151E-08 7.12 0.36 0.18 0.23 0.13 
T-47D 20.36 20.45 20.97 20.59 2.60165E-07 1.44448E-08 6.86 0.33 0.08 0.20 0.11 

 
RBBP4 expression relative to HKs           

  
Efficiency 

Value: 96         
             

  CT 
Mean 

Ct 

Mean RBBP4 
Relative 

Transcript 
Quantity 

Mean HK 
Relative 

Transcript 
Quantity 

Mean 
RBBP4/HK 

Ratio 

RBBP4 
Standard 
Deviation 

HK 
Standard 
Deviation 

Combined 
Deviation 

Standard 
Error  

Samples 1 2 3                  
HBL-100 27.04 27.21 27.73 27.33 9.67278E-09 7.00497E-08 9.11 0.36 0.43 0.32 0.19  
MDA-MB-231 25.19 25.35 25.88 25.47 3.38628E-08 1.92633E-08 8.49 0.36 0.38 0.30 0.17  
MDA-MB-468 23.11 23.08 23.93 23.37 1.42001E-07 4.05595E-08 7.79 0.48 0.19 0.30 0.17  
MCF-7 28.65 28.09 29.17 28.64 4.09185E-09 5.10465E-08 9.55 0.54 0.20 0.33 0.19  
ZR-75-1 23.58 23.94 23.68 23.73 1.08275E-07 5.05151E-08 7.91 0.19 0.18 0.15 0.09  
T-47D 24.38 24.45 24.97 24.60 6.08726E-08 1.44448E-08 8.20 0.32 0.08 0.19 0.11  
             
Formalin Fixed paraffin embedded tissues        
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FFPE Tissues           

 HPRT 
Efficiency 

Value: 99.2 1.992       
            

  CT Mean Ct 

HPRT 
Relative 
Quantity 

Standard 
Deviation      

Samples 1 2 3         
2047 34.01 34.20 34.35 34.19 1.92463E-11 0.17      
2139 32.95 32.88 33.13 32.99 4.57596E-11 0.129      
2140 33.05 33.88 34 33.64 2.84874E-11 0.517      
2149 33 33.36 32.86 33.07 4.2985E-11 0.258      
2185 31.41 30.99 31.88 31.43 1.41077E-10 0.445      
2182 30.47 29.93 30.3 30.23 3.33812E-10 0.276      
2183 30.2 31.41 31.12 30.91 2.04835E-10 0.632      
2093 32.41 32.58 32.6 32.53 6.36242E-11 0.104      
2095 34.45 33.69 33.97 34.04 2.14469E-11 0.384      
2096 34.11 33.69 34.22 34.01 2.19163E-11 0.280      
2070 31.28 31.56 30.97 31.27 1.57966E-10 0.295      
2074 32.56 33.44 33.02 33.01 4.51038E-11 0.440      
2076 31.12 31.11 31.66 31.30 1.54955E-10 0.315      
2215 34.3 34.33 34.1 34.24 1.84751E-11 0.125      
2205 26.55 26.21 26.47 26.41 5.27118E-09 0.178      
2204 29.99 29.25 30.63 29.96 4.07588E-10 0.691      
2201 32.43 32.4 32.81 32.55 6.28634E-11 0.229      
2200 28.47 28.19 28.75 28.47 1.19182E-09 0.280      
2196 32.49 32.54 32.88 32.64 5.89099E-11 0.212      
2195 31.41 31.5 31.68 31.53 1.30939E-10 0.137      
2137 33.12 32.55 32.41 32.69 5.65491E-11 0.376      
2105 33.14 33.02 33.29 33.15 4.06711E-11 0.135      
2019 33.18 33.61 33.67 33.49 3.18977E-11 0.267      
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 TFRC 
Efficiency 

Value: 105.8 2.058       
            

  CT Mean Ct 

TFRC 
Relative 
Quantity 

Standard 
Deviation      

Samples 1 2 3            
2047 30.32 30.60 30.32 30.41 2.93144E-10 0.16      
2139 32.00 32.08 32.86 32.31 7.43935E-11 0.48      
2140 32.15 31.84 32.06 32.02 9.21561E-11 0.16      
2149 31.91 32.08 32.19 32.06 8.93185E-11 0.14      
2185 31.57 31.08 31.41 31.35 1.48745E-10 0.25      
2182 27.37 26.88 26.77 27.01 3.42677E-09 0.32      
2183 28.28 28.01 27.74 28.01 1.6611E-09 0.27      
2093 34.58 34.61 34.02 34.40 1.64602E-11 0.33      
2095 34.42 34.44 34.41 34.42 1.62243E-11 0.02      
2096 32.13 32.66 32.81 32.53 6.34713E-11 0.36      
2070 30.00 30.06 30.13 30.06 3.77387E-10 0.07      
2074 33.33 33.17 33.01 33.17 4.00882E-11 0.16      
2076 33.63 33.04 33.00 33.22 3.85745E-11 0.35      
2215 29.86 29.74 29.96 29.85 4.39148E-10 0.11      
2205 27.88 28.79 28.68 28.45 1.20915E-09 0.50      
2204 27.80 27.71 27.70 27.74 2.02335E-09 0.06      
2201 30.71 30.87 30.12 30.57 2.62434E-10 0.40      
2200 30.29 30.01 30.87 30.39 2.98123E-10 0.44      
2196 30.94 31.56 31.71 31.40 1.43473E-10 0.41      
2195 29.92 28.85 28.56 29.11 7.5094E-10 0.72      
2137 29.85 29.88 29.43 29.72 4.83508E-10 0.25      
2105 29.99 29.48 30.02 29.83 4.46606E-10 0.30      
2019 32.33 32.01 32.51 32.28 7.60219E-11 0.25      
2105 29.99 29.48 30.02 29.83 4.46606E-10 0.30      
2019 32.33 32.01 32.51 32.28 7.60219E-11 0.25      
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 PBGD 
Efficiency 

Value: 100.7 2    
         

  CT Mean Ct 

PGBD 
Relative 
Quantity 

Standard 
Deviation   

Samples 1 2 3         
2047 31.57 31.45 31.66 31.56 1.28134E-10 0.105356538   
2139 31.22 31.58 31.71 31.50 1.33483E-10 0.25   
2140 31.24 31.25 31.83 31.44 1.39726E-10 0.34   
2149 32.47 32.13 32.19 32.26 7.71272E-11 0.18   
2185 31.82 31.81 31.36 31.66 1.18925E-10 0.26   
2182 27.22 27.45 27.67 27.45 2.49442E-09 0.23   
2183 31.00 31.23 31.00 31.08 1.8162E-10 0.13   
2093 31.16 31.89 31.12 31.39 1.4486E-10 0.43   
2095 31.56 31.87 31.60 31.68 1.17786E-10 0.17   
2096 30.63 30.28 30.26 30.39 2.98123E-10 0.21   
2070 30.75 30.74 30.02 30.50 2.74708E-10 0.42   
2074 30.57 30.84 30.94 30.78 2.24443E-10 0.19   
2076 31.77 30.07 30.79 30.88 2.09822E-10 0.85   
2215 31.16 31.53 31.19 31.29 1.55328E-10 0.21   
2205 30.49 30.74 30.13 30.45 2.84802E-10 0.31   
2204 30.19 30.16 30.42 30.26 3.28237E-10 0.14   
2201 29.64 29.09 29.65 29.46 5.8331E-10 0.32   
2200 28.60 28.41 28.45 28.49 1.17757E-09 0.10   
2196 30.40 29.56 29.97 29.98 4.01747E-10 0.42   
2195 26.43 26.05 27.41 26.63 4.49728E-09 0.70   
2137 28.08 28.79 28.98 28.62 1.07211E-09 0.47   
2105 30.04 30.74 30.29 30.36 3.05382E-10 0.35   
2019 32.09 31.38 31.75 31.74 1.12524E-10 0.36   
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AKAP1 expression relative to HKs        

  
Efficiency 

Value: 82.7 1.827      
           

  CT Mean Ct 

AKAP1 
Relative 

Transcript 
Quantity  

AKAP1 
Standard 
Deviation 

Mean HK 
Quantity 

Ratio 
AKAP1/HK 

Standard 
Deviation  
of Ratios 

Standard 
Error 

Samples 1.00 2.00 3.00               
2047 33.39 33.50 33.07 33.29 2.0131E-09 0.30 1.46842E-10 13.71 0.18 0.10 
2139 32.05 31.79 32.26 32.03 4.29592E-09 0.33 8.45454E-11 50.81 0.19 0.11 
2140 33.87 33.70 36.13 34.92 7.55104E-10 1.72 8.67899E-11 8.70 0.99 0.57 
2149 33.07 32.46 32.94 32.70 2.86223E-09 0.34 6.98102E-11 41.00 0.20 0.11 
2185 32.45 32.33 33.82 33.08 2.28418E-09 1.05 1.36249E-10 16.76 0.61 0.35 
2182 30.37 31.60 30.89 31.25 6.86818E-09 0.50 2.085E-09 3.29 0.29 0.17 
2183 31.64 32.04 31.79 31.92 4.58982E-09 0.18 6.82517E-10 6.72 0.10 0.06 
2093 37.67 36.71 36.50 36.61 2.73195E-10 0.15 7.49816E-11 3.64 0.09 0.05 
2095 33.34 33.18 33.78 33.48 1.79027E-09 0.42 5.18192E-11 34.55 0.24 0.14 
2096 33.46 33.38 33.96 33.67 1.59691E-09 0.41 1.27837E-10 12.49 0.24 0.14 
2070 32.03 32.46 32.81 32.64 2.97637E-09 0.25 2.7002E-10 11.02 0.14 0.08 
2074 33.63 34.83 33.49 34.16 1.18922E-09 0.95 1.03212E-10 11.52 0.55 0.32 
2076 32.90 32.09 32.03 32.06 4.20642E-09 0.04 1.34451E-10 31.29 0.02 0.01 
2215 34.59 34.99 34.33 34.66 8.80296E-10 0.47 2.04317E-10 4.31 0.27 0.16 
2205 32.29 32.06 32.57 32.32 3.6082E-09 0.36 2.25504E-09 1.60 0.21 0.12 
2204 32.10 31.62 31.79 31.71 5.20788E-09 0.12 9.19724E-10 5.66 0.07 0.04 
2201 32.40 32.59 33.71 33.15 2.18341E-09 0.79 3.02869E-10 7.21 0.46 0.26 
2200 32.29 31.57 32.16 31.87 4.72997E-09 0.42 8.8917E-10 5.32 0.24 0.14 
2196 32.65 31.63 32.55 32.09 4.13118E-09 0.65 2.01377E-10 20.51 0.38 0.22 
2195 34.01 34.30 34.29 34.30 1.09645E-09 0.01 1.79305E-09 0.61 0.00 0.00 
2137 31.42 34.28 34.08 34.18 1.17499E-09 0.14 5.37388E-10 2.19 0.08 0.05 
2105 32.70 31.59 32.64 32.12 4.06952E-09 0.74 2.6422E-10 15.40 0.43 0.25 
2019 32.63 32.06 32.57 32.32 3.6082E-09 0.36 7.34811E-11 49.10 0.21 0.12 
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APRIL expression relative to HKs        

  
Efficiency 

Value: 96 1.96      
           

  CT Mean Ct 

APRIL 
Transcript 

Relative 
Quantity  

APRIL 
Standard 
Deviation 

Mean HK 
Quantity 

Ratio 
APRIL/HK 

Standard 
Deviation  
of Ratios 

Standard 
Error 

Samples 1 2 3               
2047 33.24 33.26 33.49 33.33 1.77966E-10 0.12 1.46842E-10 1.21 0.07 0.04 
2139 33.67 33.74 33.00 33.47 1.72851E-10 0.37 8.45454E-11 2.04 0.22 0.12 
2140 35.98 37.80 37.04 36.94 1.28985E-11 0.47 8.67899E-11 0.15 0.27 0.16 
2149 35.06 36.20 36.11 35.79 2.94469E-11 0.22 6.98102E-11 0.42 0.12 0.07 
2185 35.35 34.84 35.33 35.17 5.465E-11 0.25 1.36249E-10 0.40 0.14 0.08 
2182 30.05 29.64 30.09 29.93 1.84402E-09 0.23 2.085E-09 0.88 0.13 0.08 
2183 30.55 30.61 30.73 30.63 1.0975E-09 0.06 6.82517E-10 1.61 0.04 0.02 
2093 37.92 37.51 37.84 37.76 9.57848E-12 0.17 7.49816E-11 0.13 0.10 0.06 
2095 33.46 33.09 32.94 33.16 2.17128E-10 0.11 5.18192E-11 4.19 0.07 0.04 
2096 35.49 34.96 36.06 35.50 4.19408E-11 0.55 1.27837E-10 0.33 0.32 0.18 
2070 31.34 32.05 31.77 31.72 4.92741E-10 0.18 2.7002E-10 1.82 0.10 0.06 
2074 34.51 34.86 35.09 34.82 6.21504E-11 0.15 1.03212E-10 0.60 0.08 0.05 
2076 33.42 33.73 33.51 33.55 1.51651E-10 0.12 1.34451E-10 1.13 0.07 0.04 
2215 32.32 32.02 31.87 32.07 4.48438E-10 0.10 2.04317E-10 2.19 0.06 0.03 
2205 32.06 31.78 31.55 31.80 5.40611E-10 0.14 2.25504E-09 0.24 0.08 0.05 
2204 29.96 29.57 29.66 29.73 2.15592E-09 0.08 9.19724E-10 2.34 0.05 0.03 
2201 32.37 32.48 32.35 32.40 3.37272E-10 0.07 3.02869E-10 1.11 0.04 0.02 
2200 32.35 32.37 32.27 32.33 3.57528E-10 0.05 8.8917E-10 0.40 0.03 0.02 
2196 32.62 33.29 33.99 33.30 1.59085E-10 0.40 2.01377E-10 0.79 0.23 0.13 
2195 32.68 33.30 33.11 33.03 2.0544E-10 0.14 1.79305E-09 0.11 0.08 0.05 
2137 33.35 34.48 34.33 34.05 9.5321E-11 0.22 5.37388E-10 0.18 0.12 0.07 
2105 34.79 33.66 34.79 34.41 9.5321E-11 0.58 2.6422E-10 0.36 0.33 0.19 
2019 34.94 34.36 34.94 34.75 7.30988E-11 0.30 7.34811E-11 0.99 0.17 0.10 
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CEBP alpha expression relative to 
HKs        

  
Efficiency 

Value: 98.4 1.985      
           

  CT Mean Ct 

C/EBPalpha 
Transcript 

Relative 
Quantity  

C/EBP 
alpha 

Standard 
Deviation 

Mean HK 
Quantity 

Ratio 
C/EBPalpha/HK 

Standard 
Deviation  
of Ratios 

Standard 
Error  

Samples 1 2 3               
2047 33.23 33.37 33.75 33.45 1.0425E-10 0.20 1.46842E-10 0.71 0.12 0.07 
2139 36.10 36.76 36.86 36.57 1.15591E-11 0.15 8.45454E-11 0.14 0.08 0.05 
2140 30.29 33.18 31.21 31.56 2.99658E-10 1.05 8.67899E-11 3.45 0.61 0.35 
2149 31.56 31.40 31.76 31.57 3.95717E-10 0.18 6.98102E-11 5.67 0.10 0.06 
2185 34.20 34.89 34.48 34.52 4.87779E-11 0.23 1.36249E-10 0.36 0.13 0.08 
2182 29.08 30.20 30.79 30.02 9.25993E-10 0.40 2.085E-09 0.44 0.23 0.13 
2183 29.18 30.27 28.95 29.47 1.57593E-09 0.67 6.82517E-10 2.31 0.38 0.22 
2093 35.68 35.97 35.33 35.66 2.42017E-11 0.32 7.49816E-11 0.32 0.18 0.11 
2095 33.21 33.35 33.92 33.49 9.97438E-11 0.30 5.18192E-11 1.92 0.17 0.10 
2096 35.21 35.85 36.40 35.82 1.87791E-11 0.33 1.27837E-10 0.15 0.19 0.11 
2070 30.57 30.49 31.59 30.88 5.93012E-10 0.56 2.7002E-10 2.20 0.32 0.19 
2074 32.76 32.02 32.24 32.34 2.58292E-10 0.16 1.03212E-10 2.50 0.09 0.05 
2076 32.11 32.13 32.25 32.16 2.61659E-10 0.06 1.34451E-10 1.95 0.04 0.02 
2215 32.11 32.19 32.86 32.39 2.13339E-10 0.34 2.04317E-10 1.04 0.20 0.11 
2205 33.34 33.18 33.65 33.39 1.12931E-10 0.24 2.25504E-09 0.05 0.14 0.08 
2204 30.38 29.21 29.59 29.73 1.63463E-09 0.27 9.19724E-10 1.78 0.15 0.09 
2201 32.17 32.25 32.86 32.43 2.08518E-10 0.31 3.02869E-10 0.69 0.18 0.10 
2200 33.03 33.04 31.17 32.41 2.56919E-10 0.95 8.8917E-10 0.29 0.55 0.32 
2196 34.21 34.85 34.33 34.46 5.16459E-11 0.27 2.01377E-10 0.26 0.16 0.09 
2195 30.41 30.67 30.38 30.49 8.21609E-10 0.15 1.79305E-09 0.46 0.08 0.05 
2137 34.10 34.94 34.02 34.35 5.56916E-11 0.47 5.37388E-10 0.10 0.27 0.16 
2105 34.97 34.53 34.23 34.58 5.53954E-11 0.19 2.6422E-10 0.21 0.11 0.06 
2019 32.93 33.02 33.10 33.02 1.44657E-10 0.05 7.34811E-11 1.97 0.03 0.02 
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DBB2 expression relative to HKs        

  
Efficiency 

Value: 87.2 1.872      
           

  CT Mean Ct 

DDB2 
Transcript 

Relative 
Quantity  

DDB2 
Standard 
Deviation 

Mean HK 
Quantity 

Ratio 
DDB2/HK 

Standard 
Deviation  
of Ratios 

Standard 
Error  

Samples 1 2 3               
2047 35.26 32.07 37.07 34.80 3.81588E-10 2.50 1.46842E-10 2.60 1.45 0.83 
2139 37.47 37.09 36.00 36.85 1.09046E-10 0.57 8.45454E-11 1.29 0.33 0.19 
2140 36.84 36.03 37.35 36.74 1.051E-10 0.66 8.67899E-11 1.21 0.38 0.22 
2149 37.49 35.99 38.90 37.46 6.59982E-11 1.46 6.98102E-11 0.95 0.84 0.49 
2185 38.67 37.05 37.65 37.79 6.40982E-11 0.39 1.36249E-10 0.47 0.23 0.13 
2182 37.08 36.75 36.54 36.79 1.0598E-10 0.13 2.085E-09 0.05 0.08 0.04 
2183 32.97 33.77 34.12 33.62 6.33558E-10 0.26 6.82517E-10 0.93 0.15 0.09 
2093 38.94 38.52 38.99 38.82 2.87866E-11 0.24 7.49816E-11 0.38 0.14 0.08 
2095 35.14 35.80 35.76 35.57 1.96263E-10 0.12 5.18192E-11 3.79 0.07 0.04 
2096 34.56 34.66 34.78 34.67 3.68546E-10 0.07 1.27837E-10 2.88 0.04 0.02 
2070 33.51 33.82 33.73 33.69 6.7074E-10 0.07 2.7002E-10 2.48 0.04 0.02 
2074 34.44 34.75 34.98 34.72 3.4283E-10 0.14 1.03212E-10 3.32 0.08 0.05 
2076 36.54 36.06 36.32 36.31 1.41736E-10 0.15 1.34451E-10 1.05 0.08 0.05 
2215 33.12 33.45 32.84 33.14 9.7851E-10 0.31 2.04317E-10 4.79 0.18 0.10 
2205 33.31 34.23 34.68 34.07 4.65888E-10 0.31 2.25504E-09 0.21 0.18 0.10 
2204 31.93 31.01 33.35 32.10 1.8184E-09 1.17 9.19724E-10 1.98 0.68 0.39 
2201 34.04 34.40 34.55 34.33 4.37925E-10 0.11 3.02869E-10 1.45 0.06 0.04 
2200 33.63 33.97 35.29 34.30 4.13361E-10 0.69 8.8917E-10 0.46 0.40 0.23 
2196 34.39 34.94 35.63 34.99 2.72334E-10 0.39 2.01377E-10 1.35 0.22 0.13 
2195 35.33 35.03 34.32 34.89 3.58186E-10 0.38 1.79305E-09 0.20 0.22 0.13 
2137 38.33 38.30 38.39 38.34 3.773E-11 0.05 5.37388E-10 0.07 0.03 0.02 
2105 36.04 35.55 36.15 35.91 1.77313E-10 0.30 2.6422E-10 0.67 0.17 0.10 
2019 34.20 34.80 35.45 34.82 3.0165E-10 0.37 7.34811E-11 4.11 0.21 0.12 
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GRANULIN expression relative to 
HKs        

  
Efficiency 

Value: 109 2.019      
           

  CT Mean Ct 

Granulin 
Transcript 

Relative 
Quantity  

Granulin 
Standard 
Deviation 

Mean HK 
Quantity 

Ratio 
Granulin/HK 

Standard 
Deviation  
of Ratios 

Standard 
Error  

Samples 1 2 3               
2047 30.60 30.17 30.63 30.47 5.29201E-10 0.23 1.46842E-10 3.60 0.13 0.08 
2139 31.55 30.78 31.11 31.15 3.49717E-10 0.20 8.45454E-11 4.14 0.12 0.07 
2140 31.48 32.67 32.08 32.08 1.44046E-10 0.34 8.67899E-11 1.66 0.20 0.11 
2149 32.67 32.08 32.77 32.51 1.27242E-10 0.35 6.98102E-11 1.82 0.20 0.12 
2185 31.73 32.43 30.78 31.65 2.28419E-10 0.83 1.36249E-10 1.68 0.48 0.28 
2182 26.76 27.03 26.35 26.71 7.2324E-09 0.34 2.085E-09 3.47 0.20 0.11 
2183 29.52 29.90 29.39 29.60 9.22247E-10 0.26 6.82517E-10 1.35 0.15 0.09 
2093 33.51 35.20 32.88 33.86 4.34951E-11 1.16 7.49816E-11 0.58 0.67 0.39 
2095 31.86 32.37 33.03 32.42 1.14166E-10 0.37 5.18192E-11 2.20 0.21 0.12 
2096 33.20 33.79 32.98 33.32 6.70617E-11 0.41 1.27837E-10 0.52 0.23 0.14 
2070 30.08 29.98 30.50 30.19 6.08983E-10 0.26 2.7002E-10 2.26 0.15 0.09 
2074 34.41 33.39 33.01 33.60 6.84893E-11 0.30 1.03212E-10 0.66 0.17 0.10 
2076 32.72 32.46 32.70 32.63 1.1506E-10 0.12 1.34451E-10 0.86 0.07 0.04 
2215 31.00 31.05 31.07 31.04 3.39767E-10 0.02 2.04317E-10 1.66 0.01 0.01 
2205 29.38 28.61 28.63 28.87 1.7677E-09 0.15 2.25504E-09 0.78 0.08 0.05 
2204 28.41 28.53 28.15 28.36 2.27072E-09 0.19 9.19724E-10 2.47 0.11 0.06 
2201 30.36 30.09 29.78 30.08 7.20752E-10 0.18 3.02869E-10 2.38 0.10 0.06 
2200 29.08 29.38 29.01 29.16 1.26393E-09 0.19 8.8917E-10 1.42 0.11 0.06 
2196 31.15 31.88 30.72 31.25 2.89101E-10 0.58 2.01377E-10 1.44 0.34 0.19 
2195 30.56 30.57 30.17 30.43 5.40888E-10 0.20 1.79305E-09 0.30 0.12 0.07 
2137 32.39 31.91 31.94 32.08 1.7768E-10 0.09 5.37388E-10 0.33 0.05 0.03 
2105 31.34 31.61 31.37 31.44 2.52997E-10 0.12 2.6422E-10 0.96 0.07 0.04 
2019 30.95 31.33 31.14 31.14 3.05804E-10 0.11 7.34811E-11 4.16 0.06 0.04 
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NCOA3 expression relative to HKs        

  
Efficiency 

Value: 104.8 2.048      
           

  CT Mean Ct 

NCOA3 
Transcript 

Relative 
Quantity  

NCOA3 
Standard 
Deviation 

Mean HK 
Quantity 

Ratio 
NCOA3/HK 

Standard 
Deviation  
of Ratios 

Standard 
Error  

Samples 1 2 3               
2047 30.21 30.16 31.16 30.51 3.17193E-10 0.56 1.46842E-10 2.16 0.34 0.19 
2139 34.94 34.09 34.02 34.35 2.02216E-11 0.51 8.45454E-11 0.24 0.35 0.20 
2140 31.40 32.05 32.67 32.04 1.05923E-10 0.64 8.67899E-11 1.22 0.42 0.24 
2149 32.34 32.78 33.51 32.88 5.81445E-11 0.59 6.98102E-11 0.83 0.36 0.21 
2185 34.45 34.38 34.01 34.28 2.12623E-11 0.24 1.36249E-10 0.16 0.24 0.14 
2182 29.77 29.71 29.73 29.74 5.52185E-10 0.03 2.085E-09 0.26 0.16 0.01 
2183 30.36 30.80 31.74 30.97 2.28638E-10 0.70 6.82517E-10 0.33 0.47 0.27 
2093 34.61 34.05 34.05 34.24 2.19331E-11 0.32 7.49816E-11 0.29 0.26 0.15 
2095 31.05 31.39 31.52 31.32 1.77479E-10 0.24 5.18192E-11 3.42 0.20 0.11 
2096 35.68 34.07 34.74 34.83 1.43343E-11 0.81 1.27837E-10 0.11 0.50 0.03 
2070 31.66 31.58 30.40 31.21 1.91582E-10 0.71 2.7002E-10 0.71 0.44 0.26 
2074 33.74 34.62 33.54 33.97 2.6617E-11 0.57 1.03212E-10 0.26 0.37 0.21 
2076 30.24 30.46 30.33 30.34 3.57447E-10 0.11 1.34451E-10 2.66 0.33 0.19 
2215 28.76 28.79 28.91 28.82 1.0653E-09 0.08 2.04317E-10 5.21 0.10 0.06 
2205 29.21 29.05 29.20 29.15 8.38869E-10 0.09 2.25504E-09 0.37 0.21 0.12 
2204 31.90 31.18 31.72 31.60 1.45202E-10 0.37 9.19724E-10 0.16 0.32 0.02 
2201 31.11 31.78 31.30 31.40 1.67988E-10 0.35 3.02869E-10 0.55 0.27 0.16 
2200 31.73 30.59 31.27 31.20 1.93885E-10 0.57 8.8917E-10 0.22 0.38 0.02 
2196 32.51 32.85 31.95 32.44 7.97066E-11 0.45 2.01377E-10 0.40 0.33 0.19 
2195 31.08 32.31 32.02 31.80 1.25508E-10 0.64 1.79305E-09 0.07 0.50 0.03 
2137 35.15 33.37 34.00 34.17 2.29519E-11 0.90 5.37388E-10 0.04 0.57 0.03 
2105 32.23 32.85 33.00 32.69 6.63111E-11 0.41 2.6422E-10 0.25 0.29 0.17 
2019 34.33 33.89 34.00 34.07 2.46576E-11 0.23 7.34811E-11 0.34 0.22 0.12 
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RARRES3 expression relative to 
HKs        

  
Efficiency 

Value: 101 2.01      
           

  CT Mean Ct 

RARRES3 
Transcript 

Relative 
Quantity  

RARRES3 
Standard 
Deviation 

Mean HK 
Quantity 

Ratio 
RARRES3/HK 

Standard 
Deviation  
of Ratios 

Standard 
Error  

Samples 1 2 3               
2047 32.16 32.45 31.97 32.19 2.0363E-10 0.24 1.46842E-10 1.39 0.16 0.09 
2139 35.21 35.27 35.90 35.46 2.11581E-11 0.38 8.45454E-11 0.25 0.29 0.17 
2140 35.63 35.75 35.04 35.47 2.09634E-11 0.38 8.67899E-11 0.24 0.31 0.18 
2149 36.52 36.26 36.71 36.50 1.03136E-11 0.23 6.98102E-11 0.15 0.17 0.10 
2185 35.62 35.10 35.79 35.50 2.0532E-11 0.36 1.36249E-10 0.15 0.28 0.16 
2182 30.99 30.96 30.90 30.95 4.82083E-10 0.05 2.085E-09 0.23 0.16 0.09 
2183 31.73 31.78 31.78 31.76 2.74337E-10 0.03 6.82517E-10 0.40 0.23 0.14 
2093 36.72 36.74 36.12 36.53 1.01013E-11 0.35 7.49816E-11 0.13 0.28 0.16 
2095 32.50 32.39 31.84 32.24 1.96693E-10 0.35 5.18192E-11 3.80 0.25 0.14 
2096 34.08 34.08 33.99 34.05 5.62249E-11 0.05 1.27837E-10 0.44 0.17 0.10 
2070 31.78 31.55 32.09 31.81 2.66219E-10 0.27 2.7002E-10 0.99 0.23 0.13 
2074 36.59 36.41 36.08 36.36 1.13383E-11 0.26 1.03212E-10 0.11 0.23 0.13 
2076 32.11 32.37 32.98 32.49 1.66165E-10 0.45 1.34451E-10 1.24 0.41 0.24 
2215 32.50 32.10 32.71 32.44 1.72025E-10 0.31 2.04317E-10 0.84 0.20 0.12 
2205 31.10 31.04 31.50 31.21 4.01652E-10 0.25 2.25504E-09 0.18 0.25 0.14 
2204 33.57 33.09 33.33 33.33 9.26126E-11 0.24 9.19724E-10 0.10 0.27 0.16 
2201 34.15 34.10 34.41 34.22 4.99751E-11 0.17 3.02869E-10 0.17 0.21 0.12 
2200 32.00 32.17 32.59 32.25 1.95335E-10 0.30 8.8917E-10 0.22 0.25 0.14 
2196 32.21 32.27 32.10 32.19 2.0363E-10 0.09 2.01377E-10 1.01 0.21 0.12 
2195 31.08 31.02 31.40 31.17 4.14857E-10 0.20 1.79305E-09 0.23 0.36 0.21 
2137 33.64 33.35 33.33 33.44 8.58138E-11 0.17 5.37388E-10 0.16 0.24 0.14 
2105 35.02 35.09 34.99 35.03 2.84391E-11 0.05 2.6422E-10 0.11 0.16 0.10 
2019 35.48 36.23 35.01 35.57 1.95596E-11 0.62 7.34811E-11 0.27 0.39 0.23 
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RBBP4 expression relative to HKs        

  
Efficiency 

Value: 96 1.96      
           

  CT Mean Ct 

RBBP4 
Transcript 

Relative 
Quantity  

RRBP4 
Standard 
Deviation 

Mean HK 
Quantity 

Ratio 
RRBP4/HK 

Standard 
Deviation  
of Ratios 

Standard 
Error  

Samples 1 2 3        
2047 30.1 29.67 30.13 29.97 1.54496E-09 0.23 1.46842E-10 10.52 0.13 0.08 
2139 31.05 30.28 30.61 30.65 1.03557E-09 0.20 8.45454E-11 12.25 0.12 0.07 
2140 30.98 32.17 31.58 31.58 4.39716E-10 0.34 8.67899E-11 5.07 0.20 0.11 
2149 32.17 31.58 32.27 32.01 3.90076E-10 0.35 6.98102E-11 5.59 0.20 0.12 
2185 31.23 31.93 30.28 31.15 6.86338E-10 0.83 1.36249E-10 5.04 0.48 0.28 
2182 26.26 26.53 26.85 26.55 1.42812E-08 0.18 2.085E-09 6.85 0.10 0.06 
2183 29.02 29.40 28.89 29.10 2.64163E-09 0.26 6.82517E-10 3.87 0.15 0.09 
2093 33.01 34.70 32.38 33.36 1.38339E-10 1.16 7.49816E-11 1.84 0.67 0.39 
2095 31.36 31.87 32.53 31.92 3.51294E-10 0.37 5.18192E-11 6.78 0.21 0.12 
2096 32.70 33.29 32.48 32.82 2.10151E-10 0.41 1.27837E-10 1.64 0.23 0.14 
2070 29.58 29.48 30.00 29.69 1.76933E-09 0.26 2.7002E-10 6.55 0.15 0.09 
2074 33.91 32.89 32.51 33.10 2.14469E-10 0.30 1.03212E-10 2.08 0.17 0.10 
2076 32.22 31.96 32.20 32.13 3.53951E-10 0.12 1.34451E-10 2.63 0.07 0.04 
2215 30.81 30.07 30.12 30.33 1.3021E-09 0.14 2.04317E-10 6.37 0.08 0.05 
2205 28.67 28.57 28.57 28.60 3.83555E-09 0.02 2.25504E-09 1.70 0.01 0.01 
2204 28.04 28.11 28.08 28.08 5.35514E-09 0.02 9.19724E-10 5.82 0.01 0.01 
2201 31.25 31.04 30.95 31.08 7.32278E-10 0.07 3.02869E-10 2.42 0.04 0.02 
2200 30.32 30.56 30.45 30.44 1.05526E-09 0.07 8.8917E-10 1.19 0.04 0.02 
2196 32.30 32.27 32.52 32.36 2.90988E-10 0.13 2.01377E-10 1.44 0.07 0.04 
2195 29.92 30.07 30.14 30.04 1.38404E-09 0.05 1.79305E-09 0.77 0.03 0.02 
2137 30.47 30.90 30.73 30.70 8.65588E-10 0.11 5.37388E-10 1.61 0.06 0.04 
2105 32.45 32.29 32.06 32.27 3.28512E-10 0.13 2.6422E-10 1.24 0.07 0.04 
2019 32.74 32.33 33.49 32.85 2.06385E-10 0.58 7.34811E-11 2.81 0.34 0.19 
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TGFBI expression relative to HKs        

  
Efficiency 

Value: 96 1.96      
           

  CT Mean Ct 

TGFBI 
Transcript 

Relative 
Quantity  

TGFBI 
Standard 
Deviation 

Mean HK 
Quantity 

Ratio 
TGFBI/HK 

Standard 
Deviation  
of Ratios 

Standard 
Error  

Samples 1 2 3        
2047 39.94 39.84 39.77 39.85 1.03035E-12 0.04 1.46842E-10 0.01 0.03 0.01
2139 36.34 36.29 36.33 36.32 1.17111E-11 0.02 8.45454E-11 0.14 0.01 0.01
2140 36.87 36.81 36.99 36.89 7.81622E-12 0.09 8.67899E-11 0.09 0.05 0.03
2149 36.26 36.29 36.23 36.26 1.21521E-11 0.03 6.98102E-11 0.17 0.02 0.01
2185 35.94 35.76 35.16 35.62 2.03902E-11 0.31 1.36249E-10 0.15 0.18 0.10
2182 32.95 32.94 32.87 32.92 1.23909E-10 0.04 2.085E-09 0.06 0.02 0.01
2183 35.36 35.05 35.36 35.26 2.49491E-11 0.16 6.82517E-10 0.04 0.09 0.05
2093 35.78 35.02 35.82 35.54 2.11581E-11 0.41 7.49816E-11 0.28 0.23 0.14
2095 38.42 38.16 38.66 38.41 2.73592E-12 0.25 5.18192E-11 0.05 0.14 0.08
2096 37.56 37.52 37.24 37.44 5.51414E-12 0.14 1.27837E-10 0.04 0.08 0.05
2070 35.39 35.55 35.39 35.44 2.11418E-11 0.08 2.7002E-10 0.08 0.05 0.03
2074 37.23 36.81 37.14 37.06 7.25917E-12 0.17 1.03212E-10 0.07 0.10 0.06
2076 35.43 35.69 36.00 35.71 1.67286E-11 0.17 1.34451E-10 0.12 0.10 0.06
2215 32.25 32.36 32.95 32.52 1.5255E-10 0.31 2.04317E-10 0.75 0.18 0.10
2205 31.42 31.02 31.25 31.23 4.14857E-10 0.13 2.25504E-09 0.18 0.07 0.04
2204 32.15 32.51 32.24 32.30 1.82675E-10 0.14 9.19724E-10 0.20 0.08 0.05
2201 32.29 32.21 32.55 32.35 1.8016E-10 0.17 3.02869E-10 0.59 0.10 0.06
2200 33.97 33.27 33.32 33.52 9.00801E-11 0.13 8.8917E-10 0.10 0.08 0.04
2196 34.67 34.70 34.21 34.53 4.17657E-11 0.25 2.01377E-10 0.21 0.14 0.08
2195 32.96 32.80 32.58 32.78 1.41351E-10 0.12 1.79305E-09 0.08 0.07 0.04
2137 32.06 32.56 32.66 32.43 1.59151E-10 0.12 5.37388E-10 0.30 0.07 0.04
2105 34.86 34.79 34.48 34.71 3.68384E-11 0.16 2.6422E-10 0.14 0.09 0.05
2019 33.03 33.94 33.25 33.41 8.04999E-11 0.36 7.34811E-11 1.10 0.21 0.12
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Snap Frozen tissues       

    HPRT Efficiency Value: 99.2 1.992  

  CT Mean Ct 

HPRT 
Relative 
Quantity 

Standard 
Deviation    

Samples 1 2 3       
1985 27.36 27.15 27.25 27.25 2.86793E-09 0.11    
1978 27.15 27.57 26.87 27.20 2.98766E-09 0.35    
1973 31.02 31.57 32.05 31.55 1.29373E-10 0.52   

1974b 30.76 31.36 31.95 31.36 1.48388E-10 0.60    
1965c 29.26 29.06 29.18 29.17 7.20847E-10 0.10    
1964 28.03 28.55 28.49 28.36 1.2934E-09 0.28    
1966 32.13 32.14 32.20 32.16 8.32994E-11 0.04    
1965 28.60 28.95 28.86 28.80 9.36976E-10 0.18    

1967b 32.00 31.71 32.39 32.03 9.10542E-11 0.34    
2140 28.75 29.04 29.18 28.99 8.18877E-10 0.22    
2092 22.06 22.19 21.85 22.03 1.24095E-07 0.17    
2185 29.06 29.18 29.05 29.10 7.58201E-10 0.07    
2182 29.04 29.96 29.38 29.46 5.8331E-10 0.47    
2179 24.98 24.44 25.16 24.86 1.61342E-08 0.37    
2142 31.00 32.14 32.54 31.89 1.00735E-10 0.80    
2097 29.00 28.17 29.18 28.78 9.50599E-10 0.54    
2093 30.64 30.72 30.24 30.53 2.68824E-10 0.26    
2197 31.15 31.17 30.66 30.99 1.92878E-10 0.29    
2022 24.22 23.90 24.06 24.06 2.87412E-08 0.16    
2021 30.89 30.70 31.61 31.07 1.82935E-10 0.48    
2215 35.84 36.30 34.77 35.64 6.75852E-12 0.79    
2204 28.44 28.50 28.32 28.42 1.23561E-09 0.09    
2200 26.38 26.24 26.11 26.24 5.94496E-09 0.14    
2195 28.00 28.08 28.06 28.05 1.61772E-09 0.04    
2151 30.50 30.77 30.14 30.47 2.81397E-10 0.32    
2019 25.31 25.22 25.18 25.24 1.22937E-08 0.07    
2209 26.32 26.25 26.39 26.32 5.62494E-09 0.07    
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2157 28.77 28.73 28.72 28.74 9.80799E-10 0.03    
2144 25.37 26.90 27.06 26.44 5.14588E-09 0.93    
2216 25.39 25.26 25.24 25.30 1.17727E-08 0.08    

          
 TFRC Efficiency Value: 105.8 2.058     

  CT Mean Ct 

TFRC 
Relative 
Quantity 

Standard 
Deviation    

Samples 1 2 3       
1985 33.91 33.92 33.81 33.88 6.32563E-11 0.06    
1978 28.27 28.97 29.06 28.77 2.18963E-09 0.43    
1973 33.15 33.57 33.05 33.26 9.74419E-11 0.28    

1974b 29.74 29.85 30.10 29.90 1.00048E-09 0.18    
1965c 31.26 31.05 31.28 31.20 4.06319E-10 0.13    
1964 31.19 31.67 31.44 31.43 3.44845E-10 0.24    
1966 33.13 33.47 33.21 33.27 9.65455E-11 0.18    
1965 27.46 27.86 28.00 27.77 4.35907E-09 0.28    

1967b 33.84 33.72 33.33 33.63 7.52248E-11 0.27    
2140 27.03 27.11 27.28 27.14 6.76154E-09 0.13    
2092 23.03 23.03 23.22 23.09 1.11741E-07 0.11    
2185 28.04 28.18 27.97 28.06 3.56529E-09 0.11    
2182 26.97 27.69 26.94 27.20 6.48611E-09 0.42    
2179 28.21 28.14 28.33 28.23 3.18366E-09 0.10    
2142 24.32 24.02 24.03 24.12 5.47209E-08 0.17    
2097 29.55 29.69 29.99 29.74 1.11267E-09 0.22    
2093 34.15 34.71 34.66 34.51 4.09693E-11 0.31    
2197 30.24 30.03 30.01 30.09 8.72979E-10 0.13    
2022 29.14 30.70 30.20 30.01 9.22755E-10 0.80    
2021 30.38 30.38 30.26 30.34 7.35783E-10 0.07    
2215 29.45 29.50 29.60 29.52 1.30196E-09 0.08    
2204 28.36 28.02 28.19 28.19 3.26561E-09 0.17    
2200 29.58 29.42 29.49 29.50 1.32014E-09 0.08    
2195 31.79 31.78 31.51 31.69 2.87976E-10 0.16    
2151 26.46 26.52 26.05 26.34 1.17454E-08 0.26    
2019 24.97 25.33 25.01 25.10 2.77424E-08 0.20    
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2209 25.73 25.70 25.43 25.62 1.93915E-08 0.17    
2157 27.96 27.70 27.52 27.73 4.50237E-09 0.22    
2144 25.60 25.29 25.42 25.44 2.20191E-08 0.16    

          
          

 
 PGBD Efficiency 

Value: 
100.7 2 

 CT   Mean 
Ct 

PGBD Relative Quantity Standard Deviation 

Samples 1 2 3   
1985 34.71 34.43 34.81 34.65 1.07111E-11 0.20 
1978 34.80 34.45 34.01 34.42 1.26664E-11 0.40 
1973 36.11 37.67 36.05 36.61 2.56625E-12 0.92 

1974b 36.41 37.05 37.05 36.84 2.17539E-12 0.37 
1965c 35.09 35.48 35.18 35.25 6.91631E-12 0.20 
1964 32.53 33.82 33.55 33.30 2.86578E-11 0.68 
1966 35.75 37.08 36.20 36.34 3.11692E-12 0.68 
1965 34.62 35.16 35.85 35.21 7.12096E-12 0.62 

1967b 34.62 34.11 34.36 34.36 1.32006E-11 0.26 
2140 28.75 28.53 28.25 28.51 9.41356E-10 0.25 
2092 30.20 29.70 30.15 30.02 3.13866E-10 0.28 
2185 29.01 29.12 29.07 29.07 6.27355E-10 0.06 
2182 31.85 31.50 32.02 31.79 8.61605E-11 0.27 
2179 30.55 31.40 30.77 30.91 1.64048E-10 0.44 
2142 32.37 32.18 32.01 32.19 6.45244E-11 0.18 
2097 29.07 29.13 29.07 29.09 6.16774E-10 0.03 
2093 32.59 32.55 31.14 32.09 6.90674E-11 0.83 
2197 34.00 34.66 34.59 34.42 1.26972E-11 0.36 
2022 33.09 32.84 33.28 33.07 3.38892E-11 0.22 
2021 35.07 34.88 34.76 34.90 8.9049E-12 0.16 
2215 34.88 34.53 34.33 34.58 1.12719E-11 0.28 
2204 32.43 33.28 32.84 32.85 3.97844E-11 0.43 
2200 34.47 35.35 33.39 34.40 1.28212E-11 0.98 
2195 34.80 34.15 33.37 34.11 1.59167E-11 0.72 
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2151 34.63 34.24 34.25 34.37 1.31047E-11 0.22 
2019 33.39 33.16 33.07 33.21 3.06756E-11 0.17 
2209 30.21 30.99 30.87 30.69 1.92118E-10 0.42 
2157 33.78 34.06 33.22 33.69 2.16185E-11 0.43 
2144 31.70 31.68 31.59 31.66 9.49558E-11 0.06 
2216 31.20 31.06 31.15 31.14 1.38724E-10 0.07 

     
AKAP1  Efficiency 

Value: 
82.7 1.827 

 CT   Mean 
Ct 

AKAP1 Relative 
Transcript Quantity  

AKAP1 Standard 
Deviation 

Mean HK 
Quantity 

Ratio AKAP1/HK Standard 
Deviation  of 

Ratios 

Standard 
Error 

Samples 1 2 3  
1985 30.19 30.48 30.28 30.32 1.20055E-08 0.15 9.80633E-10 12.24 0.12 0.07 
1978 32.35 32.77 32.91 32.68 2.90269E-09 0.29 1.72998E-09 1.68 0.28 0.16 
1973 34.16 33.25 34.21 33.87 1.41304E-09 0.54 7.64604E-11 18.48 0.48 0.28 

1974b 34.76 31.13 31.36 32.42 3.39413E-09 2.03 3.8368E-10 8.85 1.20 0.69 
1965c 32.67 32.39 33.01 32.69 2.8795E-09 0.31 3.78028E-10 7.62 0.20 0.12 
1964 32.28 33.50 31.44 32.41 3.41461E-09 1.04 5.55635E-10 6.15 0.65 0.38 
1966 33.78 33.68 33.75 33.74 1.53413E-09 0.05 6.09873E-11 25.15 0.24 0.14 
1965 28.50 28.66 29.45 28.87 2.86643E-08 0.51 1.76772E-09 16.22 0.38 0.22 

1967b 33.30 34.33 34.35 33.99 1.31463E-09 0.60 5.98265E-11 21.97 0.39 0.22 
2140 27.43 27.52 27.33 27.43 6.83015E-08 0.10 2.84059E-09 24.04 0.13 0.08 
2092 29.60 29.38 30.28 29.75 1.68484E-08 0.47 7.87167E-08 0.21 0.29 0.17 
2185 31.73 31.87 31.64 31.75 5.07896E-09 0.12 1.65028E-09 3.08 0.08 0.05 
2182 32.67 31.31 37.37 33.78 1.49166E-09 3.18 2.38519E-09 0.63 1.85 1.07 
2179 31.63 31.39 31.88 31.63 5.43732E-09 0.25 6.49398E-09 0.84 0.24 0.14 
2142 28.16 28.23 28.13 28.17 4.35867E-08 0.05 1.82954E-08 2.38 0.28 0.16 
2097 28.98 28.95 28.62 28.85 2.90112E-08 0.20 8.93346E-10 32.47 0.23 0.13 
2093 32.62 32.25 32.14 32.34 3.56147E-09 0.25 1.26287E-10 28.20 0.34 0.20 
2197 30.53 30.88 30.46 30.62 9.98298E-09 0.23 3.59518E-10 27.77 0.21 0.12 
2022 31.17 31.06 29.85 30.69 9.57132E-09 0.73 9.89927E-09 0.97 0.51 0.29 
2021 32.22 32.33 32.02 32.19 3.88999E-09 0.16 3.09208E-10 12.58 0.19 0.11 
2215 32.10 32.19 32.04 32.11 4.08178E-09 0.08 4.39997E-10 9.28 0.28 0.16 
2204 28.81 28.88 28.47 28.72 3.13711E-08 0.22 1.51367E-09 20.73 0.20 0.12 



 209

2200 30.09 29.89 30.06 30.01 1.44089E-08 0.11 2.42597E-09 5.94 0.34 0.19 
2195 31.43 31.01 31.60 31.35 6.46071E-09 0.30 6.40536E-10 10.09 0.30 0.17 
2151 30.17 30.82 30.91 30.63 9.9231E-09 0.40 4.01329E-09 2.47 0.28 0.16 
2019 29.13 29.15 29.24 29.17 2.38831E-08 0.06 1.33556E-08 1.79 0.09 0.05 
2209 26.18 25.89 26.19 26.09 1.52941E-07 0.17 8.40285E-09 18.20 0.18 0.10 
2157 28.09 28.14 28.10 28.11 4.52794E-08 0.03 1.83493E-09 24.68 0.16 0.09 
2144 25.54 25.45 25.41 25.47 2.22078E-07 0.07 9.08666E-09 24.44 0.32 0.18 
2216 28.10 28.01 28.28 28.13 4.47379E-08 0.14 6.77754E-09 6.60 0.11 0.07 

     
APRIL  Efficiency 

Value: 
96 1.96 

 CT   Mean 
Ct 

APRIL Relative 
Transcript Quantity  

APRIL Standard 
Deviation 

Mean HK 
Quantity 

Ratio APRIL/HK Standard 
Deviation  of 

Ratios 

Standard 
Error 

Samples 1 2 3  
1985 34.41 31.59 32.08 32.69 2.78724E-10 1.51 9.80633E-10 0.28 0.87 0.50 
1978 26.17 26.98 26.15 26.43 1.88234E-08 0.47 1.72998E-09 10.88 0.36 0.21 
1973 30.27 29.93 30.08 30.09 1.6034E-09 0.17 7.64604E-11 20.97 0.38 0.22 

1974b 28.63 28.38 28.48 28.50 4.69544E-09 0.13 3.8368E-10 12.24 0.25 0.15 
1965c 28.12 28.48 28.62 28.41 4.98861E-09 0.26 3.78028E-10 13.20 0.17 0.10 
1964 31.25 31.21 30.98 31.15 7.89219E-10 0.15 5.55635E-10 1.42 0.27 0.16 
1966 31.66 31.97 31.59 31.74 5.2941E-10 0.20 6.09873E-11 8.68 0.26 0.15 
1965 25.65 25.75 25.52 25.64 3.21036E-08 0.12 1.76772E-09 18.16 0.24 0.14 

1967b 31.24 31.99 31.08 31.44 6.49297E-10 0.49 5.98265E-11 10.85 0.33 0.19 
2140 25.98 25.09 25.57 25.55 3.41847E-08 0.45 2.84059E-09 12.03 0.28 0.16 
2092 25.69 25.59 25.71 25.66 3.16035E-08 0.06 7.87167E-08 0.40 0.12 0.07 
2185 28.61 28.18 28.33 28.37 5.10177E-09 0.22 1.65028E-09 3.09 0.13 0.08 
2182 30.32 30.04 30.66 30.34 1.35816E-09 0.31 2.38519E-09 0.57 0.29 0.17 
2179 27.02 26.90 27.07 27.00 1.28843E-08 0.09 6.49398E-09 1.98 0.20 0.12 
2142 25.54 25.09 25.86 25.50 3.53545E-08 0.39 1.82954E-08 1.93 0.36 0.21 
2097 26.82 26.77 26.47 26.69 1.5873E-08 0.19 8.93346E-10 17.77 0.22 0.13 
2093 30.68 30.72 30.06 30.49 1.23051E-09 0.37 1.26287E-10 9.74 0.37 0.22 
2197 32.73 33.19 33.24 33.05 2.18757E-10 0.28 3.59518E-10 0.61 0.23 0.13 
2022 27.06 27.09 27.20 27.12 1.18847E-08 0.07 9.89927E-09 1.20 0.28 0.16 
2021 30.29 29.89 29.86 30.01 1.69208E-09 0.24 3.09208E-10 5.47 0.22 0.13 
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2215 30.32 30.51 30.45 30.43 1.28121E-09 0.10 4.39997E-10 2.91 0.28 0.16 
2204 28.01 28.14 38.30 31.48 6.29223E-10 5.90 1.51367E-09 0.42 3.41 1.97 
2200 26.96 26.90 27.03 26.96 1.31766E-08 0.07 2.42597E-09 5.43 0.33 0.19 
2195 28.35 28.30 28.36 28.34 5.22922E-09 0.03 6.40536E-10 8.16 0.25 0.14 
2151 26.49 26.17 26.21 26.29 2.07295E-08 0.17 4.01329E-09 5.17 0.18 0.11 
2019 24.53 24.41 24.94 24.63 6.34903E-08 0.28 1.33556E-08 4.75 0.18 0.11 
2209 25.10 25.20 25.12 25.14 4.49451E-08 0.05 8.40285E-09 5.35 0.16 0.09 
2157 26.02 25.92 25.98 25.97 2.56529E-08 0.05 1.83493E-09 13.98 0.16 0.09 
2144 25.99 25.30 25.40 25.56 3.38034E-08 0.37 9.08666E-09 3.72 0.38 0.22 
2216 24.30 24.62 24.34 24.42 7.29637E-08 0.17 6.77754E-09 10.77 0.13 0.08 

    
CEBPα  Efficiency 

Value: 
98.4 1.985

 CT   Mean 
Ct 

C/EBPalpha Relative 
Transcript Quantity  

C/EBPalpha 
Standard Deviation 

Mean HK 
Quantity 

Ratio 
C/EBPalpha/HK 

Standard 
Deviation  of 

Ratios 

Standard 
Error 

Samples 1 2 3  
1985 29.30 29.01 29.35 29.22 1.99268E-09 0.18 9.80633E-10 2.03 0.13 0.08 
1978 27.01 27.13 27.06 27.07 8.72199E-09 0.06 1.72998E-09 5.04 0.23 0.13 
1973 31.76 31.74 31.30 31.60 3.89734E-10 0.26 7.64604E-11 5.10 0.39 0.23 

1974b 29.44 29.65 29.31 29.47 1.68264E-09 0.17 3.8368E-10 4.39 0.26 0.15 
1965c 31.87 31.22 32.09 31.73 3.57315E-10 0.45 3.78028E-10 0.95 0.28 0.16 
1964 28.45 28.67 28.23 28.45 3.37842E-09 0.22 5.55635E-10 6.08 0.29 0.17 
1966 31.11 31.54 31.05 31.23 5.01126E-10 0.27 6.09873E-11 8.22 0.28 0.16 
1965 28.75 29.60 29.40 29.25 1.95211E-09 0.44 1.76772E-09 1.10 0.35 0.20 

1967b 32.41 32.29 32.75 32.48 2.1269E-10 0.24 5.98265E-11 3.56 0.22 0.13 
2140 32.17 32.52 32.63 32.44 2.19103E-10 0.24 2.84059E-09 0.08 0.18 0.11 
2092 26.97 26.58 26.48 26.68 1.13957E-08 0.26 7.87167E-08 0.14 0.19 0.11 
2185 29.50 30.02 29.87 29.80 1.34193E-09 0.27 1.65028E-09 0.81 0.16 0.09 
2182 32.48 32.40 32.31 32.40 2.25711E-10 0.09 2.38519E-09 0.09 0.23 0.13 
2179 28.41 28.21 28.09 28.24 3.91053E-09 0.16 6.49398E-09 0.60 0.22 0.13 
2142 27.62 28.03 27.80 27.82 5.21549E-09 0.21 1.82954E-08 0.29 0.30 0.17 
2097 29.30 29.68 29.56 29.51 1.62965E-09 0.19 8.93346E-10 1.82 0.22 0.13 
2093 32.20 32.09 32.44 32.24 2.50731E-10 0.18 1.26287E-10 1.99 0.32 0.19 
2197 30.29 30.73 30.88 30.63 7.56141E-10 0.31 3.59518E-10 2.10 0.24 0.14 
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2022 26.04 26.26 26.65 26.32 1.4586E-08 0.31 9.89927E-09 1.47 0.33 0.19 
2021 34.62 34.73 34.78 34.71 4.62096E-11 0.08 3.09208E-10 0.15 0.18 0.10 
2215 29.02 29.76 29.70 29.49 1.65215E-09 0.41 4.39997E-10 3.75 0.37 0.21 
2204 32.67 31.95 32.16 32.26 2.47883E-10 0.37 1.51367E-09 0.16 0.26 0.15 
2200 28.76 28.53 28.46 28.58 3.08327E-09 0.16 2.42597E-09 1.27 0.34 0.20 
2195 35.07 35.51 34.95 35.18 3.35566E-11 0.29 6.40536E-10 0.05 0.30 0.17 
2151 32.22 32.38 33.61 32.74 1.78778E-10 0.76 4.01329E-09 0.04 0.47 0.27 
2019 31.01 30.72 30.35 30.69 7.25667E-10 0.33 1.33556E-08 0.05 0.21 0.12 
2209 29.38 29.27 29.34 29.33 1.84792E-09 0.06 8.40285E-09 0.22 0.16 0.09 
2157 29.04 29.26 28.65 28.98 2.34373E-09 0.31 1.83493E-09 1.28 0.24 0.14 
2144 31.34 31.98 31.01 31.44 4.33927E-10 0.49 9.08666E-09 0.05 0.43 0.25 
2216 27.04 27.26 27.65 27.32 7.34811E-09 0.31 6.77754E-09 1.08 0.20 0.11 

     
DDB2  Efficiency 

Value: 
87.2 1.872 

 CT   Mean 
Ct 

DDB2 Relative Transcript 
Quantity  

DDB2 Standard 
Deviation 

Mean HK 
Quantity 

Ratio DDB2/HK Standard 
Deviation  of 

Ratios 

Standard 
Error 

Samples 1 2 3  
1985 29.05 28.98 28.86 28.96 1.33832E-08 0.10 9.80633E-10 13.65 0.10 0.05
1978 27.56 27.13 27.08 27.26 3.89497E-08 0.26 1.72998E-09 22.51 0.27 0.16
1973 32.65 32.84 32.98 32.82 1.19468E-09 0.17 7.64604E-11 15.62 0.38 0.22

1974b 29.30 29.43 29.32 29.35 1.05063E-08 0.07 3.8368E-10 27.38 0.24 0.14
1965c 33.64 33.87 33.88 33.80 6.49621E-10 0.14 3.78028E-10 1.72 0.12 0.07
1964 28.12 28.18 28.61 28.30 2.02291E-08 0.27 5.55635E-10 36.41 0.30 0.17
1966 31.63 31.48 31.74 31.62 2.54258E-09 0.13 6.09873E-11 41.69 0.25 0.14
1965 29.36 29.54 29.82 29.57 9.13561E-09 0.23 1.76772E-09 5.17 0.27 0.16

1967b 32.67 32.54 32.61 32.61 1.36821E-09 0.07 5.98265E-11 22.87 0.17 0.10
2140 25.23 25.30 25.40 25.31 1.31731E-07 0.09 2.84059E-09 46.37 0.13 0.07
2092 26.31 29.25 29.22 28.26 2.07853E-08 1.69 7.87167E-08 0.26 0.98 0.57
2185 27.01 26.99 26.58 26.86 4.99269E-08 0.24 1.65028E-09 30.25 0.15 0.09
2182 31.88 32.40 32.08 32.12 1.85544E-09 0.26 2.38519E-09 0.78 0.27 0.16
2179 29.66 30.60 29.52 29.93 7.32296E-09 0.59 6.49398E-09 1.13 0.39 0.23
2142 29.52 29.53 29.36 29.47 9.74603E-09 0.10 1.82954E-08 0.53 0.28 0.16
2097 29.01 29.22 29.45 29.23 1.13495E-08 0.22 8.93346E-10 12.70 0.23 0.13
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2093 31.85 31.87 31.71 31.81 2.25278E-09 0.09 1.26287E-10 17.84 0.31 0.18
2197 32.70 32.77 32.20 32.56 1.4117E-09 0.31 3.59518E-10 3.93 0.24 0.14
2022 31.48 31.10 31.04 31.21 3.28647E-09 0.24 9.89927E-09 0.33 0.31 0.18
2021 32.49 31.69 32.39 32.19 1.7759E-09 0.44 3.09208E-10 5.74 0.30 0.18
2215 33.79 34.15 32.58 33.51 7.78922E-10 0.82 4.39997E-10 1.77 0.55 0.32
2204 30.19 30.33 30.29 30.27 5.90683E-09 0.07 1.51367E-09 3.90 0.16 0.09
2200 32.07 32.88 32.05 32.33 1.62351E-09 0.47 2.42597E-09 0.67 0.43 0.25
2195 33.41 33.11 33.05 33.19 9.4968E-10 0.19 6.40536E-10 1.48 0.27 0.16
2151 33.25 33.33 33.31 33.30 8.88343E-10 0.04 4.01329E-09 0.22 0.16 0.09
2019 31.99 31.09 31.02 31.37 2.97327E-09 0.54 1.33556E-08 0.22 0.32 0.19
2209 29.06 28.74 29.02 28.94 1.35801E-08 0.17 8.40285E-09 1.62 0.18 0.11
2157 29.30 29.35 29.89 29.51 9.48523E-09 0.33 1.83493E-09 5.17 0.25 0.14
2144 31.21 31.33 30.40 30.98 3.78745E-09 0.51 9.08666E-09 0.42 0.43 0.25
2216 28.29 28.06 28.12 28.16 2.21741E-08 0.12 6.77754E-09 3.27 0.11 0.06

     
Granulin  Efficiency 

Value: 
109 2.018 

 CT   Mean 
Ct 

Granulin Relative 
Transcript Quantity  

Granulin Standard 
Deviation 

Mean HK 
Quantity 

Ratio Granulin/HK Standard 
Deviation  of 

Ratios 

Standard 
Error 

Samples 1 2 3  
1985 27.07 27.88 27.89 27.61 3.80286E-09 0.47 9.80633E-10 3.88 0.28 0.16 
1978 26.20 26.23 26.38 26.27 9.7661E-09 0.10 1.72998E-09 5.65 0.23 0.14 
1973 33.30 33.20 32.91 33.14 7.86917E-11 0.20 7.64604E-11 1.03 0.38 0.22 

1974b 32.02 31.19 31.27 31.49 2.49469E-10 0.46 3.8368E-10 0.65 0.36 0.21 
1965c 34.05 33.88 36.28 34.74 2.55891E-11 1.34 3.78028E-10 0.07 0.78 0.45 
1964 29.54 29.03 29.28 29.28 1.17731E-09 0.26 5.55635E-10 2.12 0.30 0.17 
1966 30.31 30.15 30.24 30.23 6.0425E-10 0.08 6.09873E-11 9.91 0.24 0.14 
1965 29.96 29.24 28.74 29.31 1.15277E-09 0.61 1.76772E-09 0.65 0.42 0.24 

1967b 31.62 31.66 32.41 31.90 1.87945E-10 0.45 5.98265E-11 3.14 0.31 0.18 
2140 25.17 25.18 25.02 25.12 2.18456E-08 0.09 2.84059E-09 7.69 0.13 0.07 
2092 22.79 22.76 22.58 22.71 1.18916E-07 0.11 7.87167E-08 1.51 0.13 0.08 
2185 25.69 25.86 25.84 25.80 1.3616E-08 0.09 1.65028E-09 8.25 0.07 0.04 
2182 27.63 27.74 28.51 27.96 2.98129E-09 0.48 2.38519E-09 1.25 0.36 0.21 
2179 25.36 24.97 25.12 25.15 2.14404E-08 0.20 6.49398E-09 3.30 0.23 0.13 
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2142 23.72 23.41 23.54 23.56 6.56257E-08 0.16 1.82954E-08 3.59 0.29 0.17 
2097 25.97 25.32 25.57 25.62 1.54142E-08 0.33 8.93346E-10 17.25 0.27 0.16 
2093 28.58 28.55 28.63 28.59 1.92008E-09 0.04 1.26287E-10 15.20 0.31 0.18 
2197 36.23 32.50 33.68 34.14 3.89949E-11 1.91 3.59518E-10 0.11 1.11 0.64 
2022 24.93 24.61 24.53 24.69 2.9614E-08 0.21 9.89927E-09 2.99 0.31 0.18 
2021 27.28 27.35 27.47 27.37 4.52193E-09 0.10 3.09208E-10 14.62 0.18 0.10 
2215 27.71 27.65 27.32 27.56 3.94796E-09 0.21 4.39997E-10 8.97 0.30 0.18 
2204 26.17 26.18 26.07 26.14 1.06994E-08 0.06 1.51367E-09 7.07 0.16 0.09 
2200 25.76 25.88 25.59 25.74 1.41356E-08 0.15 2.42597E-09 5.83 0.34 0.20 
2195 28.72 28.52 28.75 28.66 1.81946E-09 0.13 6.40536E-10 2.84 0.26 0.15 
2151 23.51 23.62 23.56 23.56 6.53192E-08 0.06 4.01329E-09 16.28 0.16 0.09 
2019 22.30 22.45 22.33 22.36 1.52042E-07 0.08 1.33556E-08 11.38 0.10 0.06 
2209 22.14 22.01 21.99 22.05 1.89454E-07 0.08 8.40285E-09 22.55 0.16 0.09 
2157 25.46 25.47 25.58 25.50 1.67299E-08 0.07 1.83493E-09 9.12 0.17 0.10 
2144 23.49 23.26 23.41 23.39 7.39453E-08 0.12 9.08666E-09 8.14 0.32 0.19 
2216 24.07 24.33 24.05 24.15 4.32667E-08 0.16 6.77754E-09 6.38 0.12 0.07 

     
NCOA3  Efficiency 

Value: 
104.8 2.048 

 CT   Mean 
Ct 

NCOA3 Transcript 
Relative Quantity  

NCOA3 Standard 
Deviation 

Mean HK 
Quantity 

Ratio NCOA3/HK Standard 
Deviation  of 

Ratios 

Standard 
Error 

Samples 1 2 3  
1985 31.89 31.00 30.59 31.16 1.99048E-10 0.66 9.80633E-10 0.20 0.39 0.23 
1978 28.19 28.35 27.88 28.14 1.7345E-09 0.24 1.72998E-09 1.00 0.27 0.15 
1973 33.38 33.45 33.97 33.60 3.46189E-11 0.32 7.64604E-11 0.45 0.41 0.24 

1974b 29.65 29.09 29.17 29.30 7.53346E-10 0.30 3.8368E-10 1.96 0.30 0.17 
1965c 32.58 32.94 32.68 32.73 6.44366E-11 0.19 3.78028E-10 0.17 0.14 0.08 
1964 31.04 31.21 31.73 31.33 1.76632E-10 0.36 5.55635E-10 0.32 0.33 0.19 
1966 33.62 33.04 33.69 33.45 3.8549E-11 0.36 6.09873E-11 0.63 0.31 0.18 
1965 30.22 30.80 30.93 30.65 2.86904E-10 0.38 1.76772E-09 0.16 0.32 0.18 

1967b 35.03 35.53 32.93 34.50 1.82035E-11 1.38 5.98265E-11 0.30 0.81 0.47 
2140 28.02 27.76 27.70 27.83 2.17133E-09 0.17 2.84059E-09 0.76 0.15 0.09 
2092 32.67 31.95 32.16 32.26 9.04682E-11 0.37 7.87167E-08 0.00 0.24 0.14 
2185 26.76 26.53 26.46 26.58 5.29434E-09 0.16 1.65028E-09 3.21 0.10 0.06 
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2182 30.07 30.51 30.95 30.51 3.17193E-10 0.44 2.38519E-09 0.13 0.34 0.20 
2179 30.20 30.38 30.61 30.40 3.44039E-10 0.21 6.49398E-09 0.05 0.23 0.13 
2142 28.01 28.72 28.35 28.36 1.48143E-09 0.36 1.82954E-08 0.08 0.35 0.20 
2097 29.38 29.27 29.34 29.33 7.39082E-10 0.06 8.93346E-10 0.83 0.20 0.11 
2093 34.71 33.84 33.63 34.06 2.48944E-11 0.57 1.26287E-10 0.20 0.45 0.26 
2197 30.50 30.88 30.70 30.69 2.78129E-10 0.19 3.59518E-10 0.77 0.19 0.11 
2022 28.40 28.26 28.53 28.40 1.443E-09 0.14 9.89927E-09 0.15 0.29 0.17 
2021 31.62 31.73 31.78 31.71 1.34192E-10 0.08 3.09208E-10 0.43 0.18 0.10 
2215 27.15 27.52 27.63 27.43 2.8786E-09 0.25 4.39997E-10 6.54 0.31 0.18 
2204 26.97 26.58 26.48 26.68 4.9517E-09 0.26 1.51367E-09 3.27 0.22 0.12 
2200 28.50 29.02 28.87 28.80 1.08327E-09 0.27 2.42597E-09 0.45 0.37 0.21 
2195 27.82 27.41 27.32 27.52 2.71167E-09 0.27 6.40536E-10 4.23 0.29 0.17 
2151 24.41 24.21 24.09 24.24 2.84708E-08 0.16 4.01329E-09 7.09 0.18 0.10 
2019 24.61 24.03 24.80 24.48 2.39135E-08 0.40 1.33556E-08 1.79 0.25 0.14 
2209 24.30 24.68 24.56 24.51 2.33488E-08 0.19 8.40285E-09 2.78 0.19 0.11 
2157 26.20 26.09 26.09 26.13 7.3449E-09 0.06 1.83493E-09 4.00 0.16 0.10 
2144 26.29 25.73 25.88 25.97 8.23757E-09 0.29 9.08666E-09 0.91 0.36 0.21 
2216 24.04 24.02 24.65 24.24 2.84708E-08 0.36 6.77754E-09 4.20 0.22 0.13 

     
RARRES3  Efficiency 

Value: 
101.1 2.01 

 CT   Mean 
Ct 

RARRES3 Transcript 
Relative Quantity  

RARRES3 Standard 
Deviation 

Mean HK 
Quantity 

Ratio 
RARRES3/HK 

Standard 
Deviation  of 

Ratios 

Standard 
Error 

Samples 1 2 3  
1985 28.12 28.34 28.19 28.22 3.2058E-09 0.11 9.80633E-10 3.27 0.10 0.06 
1978 27.37 27.28 27.19 27.28 6.13623E-09 0.09 1.72998E-09 3.55 0.23 0.14 
1973 31.82 31.21 31.31 31.45 3.41673E-10 0.33 7.64604E-11 4.47 0.41 0.24 

1974b 30.95 30.95 30.67 30.86 5.14301E-10 0.16 3.8368E-10 1.34 0.26 0.15 
1965c 34.33 32.36 32.42 33.04 1.13494E-10 1.12 3.78028E-10 0.30 0.65 0.38 
1964 28.45 28.17 28.46 28.36 2.90261E-09 0.16 5.55635E-10 5.22 0.28 0.16 
1966 32.04 31.72 32.46 32.07 2.21291E-10 0.37 6.09873E-11 3.63 0.32 0.18 
1965 29.37 28.74 28.78 28.96 1.91059E-09 0.35 1.76772E-09 1.08 0.31 0.18 

1967b 31.49 30.56 31.10 31.05 4.49799E-10 0.47 5.98265E-11 7.52 0.32 0.18 

2140 27.41 27.64 27.54 27.53 5.15993E-09 0.12 2.84059E-09 1.82 0.14 0.08 
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2092 26.40 26.20 26.40 26.33 1.18271E-08 0.12 7.87167E-08 0.15 0.13 0.08 
2185 27.45 27.60 27.69 27.58 4.98417E-09 0.12 1.65028E-09 3.02 0.08 0.05 
2182 27.16 27.20 27.95 27.44 5.50478E-09 0.45 2.38519E-09 2.31 0.34 0.20 
2179 26.74 26.67 26.59 26.67 9.38714E-09 0.08 6.49398E-09 1.45 0.20 0.12 
2142 26.52 26.01 26.59 26.37 1.15036E-08 0.32 1.82954E-08 0.63 0.33 0.19 
2097 27.40 27.27 27.59 27.42 5.56875E-09 0.16 8.93346E-10 6.23 0.22 0.12 
2093 29.04 29.80 29.82 29.55 1.26929E-09 0.44 1.26287E-10 10.05 0.40 0.23 
2197 30.50 30.45 30.67 30.54 6.40537E-10 0.12 3.59518E-10 1.78 0.17 0.10 
2022 29.87 29.74 29.18 29.60 1.23173E-09 0.37 9.89927E-09 0.12 0.35 0.20 
2021 31.26 31.27 31.13 31.22 3.99801E-10 0.08 3.09208E-10 1.29 0.18 0.10 
2215 26.49 27.79 27.43 27.24 6.32334E-09 0.67 4.39997E-10 14.37 0.48 0.28 
2204 24.62 24.65 24.82 24.70 3.67758E-08 0.11 1.51367E-09 24.30 0.17 0.10 
2200 24.15 24.66 24.55 24.45 4.35325E-08 0.27 2.42597E-09 17.94 0.37 0.21 
2195 26.28 26.98 26.75 26.67 9.36548E-09 0.36 6.40536E-10 14.62 0.32 0.18 
2151 24.25 24.33 24.41 24.33 4.74177E-08 0.08 4.01329E-09 11.82 0.16 0.09 
2019 25.66 25.19 22.17 24.34 4.70901E-08 1.89 1.33556E-08 3.53 1.10 0.63 
2209 23.16 23.19 23.33 23.23 1.01877E-07 0.09 8.40285E-09 12.12 0.16 0.09 
2157 23.87 23.98 24.10 23.98 6.02972E-08 0.12 1.83493E-09 32.86 0.17 0.10 
2144 26.99 26.07 26.14 26.40 1.1293E-08 0.51 9.08666E-09 1.24 0.43 0.25 
2216 25.09 24.93 25.15 25.06 2.86544E-08 0.11 6.77754E-09 4.23 0.11 0.06 

     
RBBP4  Efficiency 

Value: 
96 1.96 

 CT   Mean 
Ct 

RBBP4 Relative 
Transcript Quantity  

RBBP4 Standard 
Deviation 

Mean HK 
Quantity 

Ratio RBBP4/HK Standard 
Deviation  of 

Ratios 

Standard 
Error 

Samples 1 2 3       
1985 26.27 26.98 27.42 26.89 1.20727E-08 0.58 9.80633E-10 12.31 0.34 0.20 
1978 24.05 23.90 23.73 23.89 9.20917E-08 0.16 1.72998E-09 53.23 0.25 0.14 
1973 31.20 31.25 31.03 31.16 6.67471E-10 0.12 7.64604E-11 8.73 0.37 0.21 

1974b 28.67 28.99 28.54 28.73 3.45942E-09 0.23 3.8368E-10 9.02 0.28 0.16 
1965c 26.87 26.05 26.01 26.31 1.78812E-08 0.48 3.78028E-10 47.30 0.29 0.17 
1964 27.08 27.14 27.01 27.08 1.06374E-08 0.07 5.55635E-10 19.14 0.26 0.15 
1966 29.25 29.38 29.25 29.29 2.36648E-09 0.08 6.09873E-11 38.80 0.24 0.14 
1965 32.01 32.65 32.87 32.51 2.67241E-10 0.45 1.76772E-09 0.15 0.35 0.20 

1967b 32.30 32.27 32.01 32.19 3.31246E-10 0.16 5.98265E-11 5.54 0.19 0.11 
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2140 27.22 27.28 27.14 27.21 9.696E-09 0.07 2.84059E-09 3.41 0.13 0.07 
2092 28.99 29.45 29.34 29.26 2.42057E-09 0.24 7.87167E-08 0.03 0.18 0.10 
2185 27.49 27.49 27.43 27.47 8.14728E-09 0.03 1.65028E-09 4.94 0.05 0.03 
2182 27.34 27.50 27.00 27.28 9.26747E-09 0.26 2.38519E-09 3.89 0.27 0.16 
2179 23.03 23.23 23.15 23.14 1.53827E-07 0.10 6.49398E-09 23.69 0.20 0.12 
2142 29.41 29.32 29.31 29.35 2.28243E-09 0.06 1.82954E-08 0.12 0.28 0.16 
2097 25.72 25.42 25.84 25.66 2.77969E-08 0.22 8.93346E-10 31.12 0.23 0.13 
2093 30.18 30.35 30.42 30.32 1.1824E-09 0.12 1.26287E-10 9.36 0.31 0.18 
2197 29.41 29.78 29.42 29.54 2.00655E-09 0.21 3.59518E-10 5.58 0.20 0.12 
2022 25.89 25.98 26.12 26.00 2.21238E-08 0.12 9.89927E-09 2.23 0.29 0.17 
2021 29.50 28.60 28.91 29.00 2.8807E-09 0.46 3.09208E-10 9.32 0.31 0.18 
2215 27.08 27.70 27.75 27.51 7.92929E-09 0.37 4.39997E-10 18.02 0.35 0.20 
2204 24.27 24.18 24.23 24.23 7.34624E-08 0.05 1.51367E-09 48.53 0.16 0.09 
2200 25.15 25.40 25.38 25.31 3.52419E-08 0.14 2.42597E-09 14.53 0.34 0.20 
2195 28.28 28.21 27.99 28.16 5.10306E-09 0.15 6.40536E-10 7.97 0.26 0.15 
2151 34.13 24.08 24.13 27.45 8.2772E-09 5.79 4.01329E-09 2.06 3.35 1.93 
2019 29.07 29.69 23.03 27.26 9.3728E-09 3.68 1.33556E-08 0.70 2.13 1.23 
2209 24.04 24.05 23.78 23.96 8.82208E-08 0.15 8.40285E-09 10.50 0.18 0.10 
2157 24.04 24.12 23.99 24.05 8.28109E-08 0.07 1.83493E-09 45.13 0.17 0.10 
2144 25.25 25.69 24.78 25.24 3.69549E-08 0.46 9.08666E-09 4.07 0.41 0.24 
2216 22.83 22.90 23.10 22.94 1.75373E-07 0.14 6.77754E-09 25.88 0.12 0.07 

     
TGFBI  Efficiency 

Value: 
100.2 2 

 CT   Mean 
Ct 

TGFBI Relative 
Transcript Quantity  

TGFBI Standard 
Deviation 

Mean HK 
Quantity 

Ratio TGFBI/HK Standard 
Deviation  of 

Ratios 

Standard 
Error 

Samples 1 2 3  
1985 27.33 27.78 27.50 27.54 5.13615E-09 0.23 9.80633E-10 5.24 0.15 0.09 
1978 27.35 27.12 27.21 27.23 6.36732E-09 0.12 1.72998E-09 3.68 0.24 0.14 
1973 30.49 30.16 30.20 30.28 7.65259E-10 0.18 7.64604E-11 10.01 0.38 0.22 

1974b 27.99 28.12 28.11 28.07 3.54066E-09 0.07 3.8368E-10 9.23 0.25 0.14 
1965c 28.10 28.30 28.28 28.23 3.18366E-09 0.11 3.78028E-10 8.42 0.11 0.06 
1964 28.74 28.89 28.52 28.72 2.26685E-09 0.19 5.55635E-10 4.08 0.28 0.16 
1966 32.55 32.65 32.91 32.70 1.42993E-10 0.19 6.09873E-11 2.34 0.26 0.15 
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1965 26.45 26.12 26.69 26.42 1.11375E-08 0.29 1.76772E-09 6.30 0.29 0.17 
1967b 32.27 32.88 32.58 32.58 1.56116E-10 0.31 5.98265E-11 2.61 0.24 0.14 
2140 25.71 25.59 25.61 25.64 1.91688E-08 0.06 2.84059E-09 6.75 0.12 0.07 
2092 31.39 32.39 32.41 32.06 2.22831E-10 0.58 7.87167E-08 0.00 0.36 0.21 
2185 27.76 27.03 27.76 27.52 5.20784E-09 0.42 1.65028E-09 3.16 0.25 0.14 
2182 30.48 30.48 30.39 30.45 6.81768E-10 0.05 2.38519E-09 0.29 0.23 0.13 
2179 29.85 29.23 29.82 29.63 1.20082E-09 0.35 6.49398E-09 0.18 0.28 0.16 
2142 29.18 29.36 29.31 29.28 1.53052E-09 0.09 1.82954E-08 0.08 0.28 0.16 
2097 28.52 28.30 28.51 28.44 2.7397E-09 0.12 8.93346E-10 3.07 0.21 0.12 
2093 32.04 32.11 30.54 31.56 3.1513E-10 0.89 1.26287E-10 2.50 0.60 0.34 
2197 34.46 35.11 33.43 34.33 4.61995E-11 0.85 3.59518E-10 0.13 0.51 0.30 
2022 32.57 32.05 31.57 32.06 2.22831E-10 0.50 9.89927E-09 0.02 0.40 0.23 
2021 35.06 35.21 33.05 34.44 4.29069E-11 1.21 3.09208E-10 0.14 0.72 0.41 
2215 32.10 32.54 31.96 32.20 2.02691E-10 0.30 4.39997E-10 0.46 0.33 0.19 
2204 29.24 29.01 29.29 29.18 1.64416E-09 0.15 1.51367E-09 1.09 0.18 0.10 
2200 30.58 31.06 30.81 30.82 5.2876E-10 0.24 2.42597E-09 0.22 0.36 0.21 
2195 31.37 31.26 30.97 31.20 4.05382E-10 0.21 6.40536E-10 0.63 0.27 0.16 
2151 29.72 29.54 29.71 29.66 1.18155E-09 0.10 4.01329E-09 0.29 0.17 0.10 
2019 27.45 27.57 27.12 27.38 5.72531E-09 0.23 1.33556E-08 0.43 0.16 0.09 
2209 26.00 26.29 26.48 26.26 1.24726E-08 0.24 8.40285E-09 1.48 0.21 0.12 
2157 28.41 28.11 28.17 28.23 3.17631E-09 0.16 1.83493E-09 1.73 0.19 0.11 
2144 27.20 27.14 27.26 27.20 6.48611E-09 0.06 9.08666E-09 0.71 0.32 0.18 
2216 26.82 25.88 26.75 26.48 1.06591E-08 0.52 6.77754E-09 1.57 0.31 0.18 

 



 218

 

 

 

 

 

 

 
 

References 



 219

 
. 

Adami, H.O., Malker, B., Holmberg, L., Persson, I. & Stone, B. (1986). The relation between 
survival and age at diagnosis in breast cancer. N Engl J Med, 315, 559-63. 

Adeyinka, A., Emberley, E., Niu, Y., Snell, L., Murphy, L.C., Sowter, H., Wykoff, C.C., 
Harris, A.L. & Watson, P.H. (2002). Analysis of gene expression in ductal carcinoma 
in situ of the breast. Clin Cancer Res, 8, 3788-95. 

Ahn, S.H., Son, B.H., Kim, S.W., Kim, S.I., Jeong, J., Ko, S.S. & Han, W. (2007). Poor 
outcome of hormone receptor-positive breast cancer at very young age is due to 
tamoxifen resistance: nationwide survival data in Korea--a report from the Korean 
Breast Cancer Society. J Clin Oncol, 25, 2360-8. 

Ahr, A., Karn, T., Solbach, C., Seiter, T., Strebhardt, K., Holtrich, U. & Kaufmann, M. 
(2002). Identification of high risk breast-cancer patients by gene expression profiling. 
Lancet, 359, 131-2. 

Akilesh, S., Shaffer, D.J. & Roopenian, D. (2003). Customized molecular phenotyping by 
quantitative gene expression and pattern recognition analysis. Genome Res, 13, 1719-
27. 

Albain, K.S., Allred, D.C. & Clark, G.M. (1994). Breast cancer outcome and predictors of 
outcome: are there age differentials? J Natl Cancer Inst Monogr, 35-42. 

Alekseev, S., Kool, H., Rebel, H., Fousteri, M., Moser, J., Backendorf, C., de Gruijl, F.R., 
Vrieling, H. & Mullenders, L.H. (2005). Enhanced DDB2 expression protects mice 
from carcinogenic effects of chronic UV-B irradiation. Cancer Res, 65, 10298-306. 

Anderson, W.F., Chatterjee, N., Ershler, W.B. & Brawley, O.W. (2002). Estrogen receptor 
breast cancer phenotypes in the Surveillance, Epidemiology, and End Results 
database. Breast Cancer Res Treat, 76, 27-36. 

Antoniou, A.C., Pharoah, P.D., McMullan, G., Day, N.E., Stratton, M.R., Peto, J., Ponder, 
B.J. & Easton, D.F. (2002). A comprehensive model for familial breast cancer 
incorporating BRCA1, BRCA2 and other genes. Br J Cancer, 86, 76-83. 

Antonov, J., Goldstein, D.R., Oberli, A., Baltzer, A., Pirotta, M., Fleischmann, A., Altermatt, 
H.J. & Jaggi, R. (2005). Reliable gene expression measurements from degraded RNA 
by quantitative real-time PCR depend on short amplicons and a proper normalization. 
Lab Invest, 85, 1040-50. 



 220

Anzick, S.L., Azorsa, D.O., Simons, S.S., Jr. & Meltzer, P.S. (2003). Phenotypic alterations 
in breast cancer cells overexpressing the nuclear receptor co-activator AIB1. BMC 
Cancer, 3, 22. 

Anzick, S.L., Kononen, J., Walker, R.L., Azorsa, D.O., Tanner, M.M., Guan, X.Y., Sauter, 
G., Kallioniemi, O.P., Trent, J.M. & Meltzer, P.S. (1997). AIB1, a steroid receptor 
coactivator amplified in breast and ovarian cancer. Science, 277, 965-8. 

Arimoto, T., Katagiri, T., Oda, K., Tsunoda, T., Yasugi, T., Osuga, Y., Yoshikawa, H., 
Nishii, O., Yano, T., Taketani, Y. & Nakamura, Y. (2003). Genome-wide cDNA 
microarray analysis of gene-expression profiles involved in ovarian endometriosis. Int 
J Oncol, 22, 551-60. 

Arimura, A., vn Peer, M., Schroder, A.J. & Rothman, P.B. (2004). The transcriptional co-
activator p/CIP (NCoA-3) is up-regulated by STAT6 and serves as a positive 
regulator of transcriptional activation by STAT6. J Biol Chem, 279, 31105-12. 

Avivar, A., Garcia-Macias, M.C., Ascaso, E., Herrera, G., O'Connor, J.E. & de Mora, J.F. 
(2006). Moderate overexpression of AIB1 triggers pre-neoplastic changes in 
mammary epithelium. FEBS Lett, 580, 5222-6. 

Barber, R.D., Harmer, D.W., Coleman, R.A. & Clark, B.J. (2005). GAPDH as a 
housekeeping gene: analysis of GAPDH mRNA expression in a panel of 72 human 
tissues. Physiol Genomics, 21, 389-95. 

Barnes, D.M., Dublin, E.A., Fisher, C.J., Levison, D.A. & Millis, R.R. (1993). 
Immunohistochemical detection of p53 protein in mammary carcinoma: an important 
new independent indicator of prognosis? Hum Pathol, 24, 469-76. 

Bautista, S., Valles, H., Walker, R.L., Anzick, S., Zeillinger, R., Meltzer, P. & Theillet, C. 
(1998). In breast cancer, amplification of the steroid receptor coactivator gene AIB1 
is correlated with estrogen and progesterone receptor positivity. Clin Cancer Res, 4, 
2925-9. 

Beckmann, M.W., Picard, F., An, H.X., van Roeyen, C.R., Dominik, S.I., Mosny, D.S., 
Schnurch, H.G., Bender, H.G. & Niederacher, D. (1996). Clinical impact of detection 
of loss of heterozygosity of BRCA1 and BRCA2 markers in sporadic breast cancer. 
Br J Cancer, 73, 1220-6. 

Bennett, K.L., Hackanson, B., Smith, L.T., Morrison, C.D., Lang, J.C., Schuller, D.E., 
Weber, F., Eng, C. & Plass, C. (2007). Tumor suppressor activity of 
CCAAT/enhancer binding protein alpha is epigenetically down-regulated in head and 
neck squamous cell carcinoma. Cancer Res, 67, 4657-64. 

Berkey, C.S., Frazier, A.L., Gardner, J.D. & Colditz, G.A. (1999). Adolescence and breast 
carcinoma risk. Cancer, 85, 2400-9. 



 221

Bernstein, L., Teal, C.R., Joslyn, S. & Wilson, J. (2003). Ethnicity-related variation in breast 
cancer risk factors. Cancer, 97, 222-9. 

Bernstein, P.L., Herrick, D.J., Prokipcak, R.D. & Ross, J. (1992). Control of c-myc mRNA 
half-life in vitro by a protein capable of binding to a coding region stability 
determinant. Genes Dev, 6, 642-54. 

Bertheau, P., Steinberg, S.M., Cowan, K. & Merino, M.J. (1999). Breast cancer in young 
women: clinicopathologic correlation. Semin Diagn Pathol, 16, 248-56. 

Bertheau, P., Steinberg, S.M. & Merino, M.J. (1998). C-erbB-2, p53, and nm23 gene product 
expression in breast cancer in young women: immunohistochemical analysis and 
clinicopathologic correlation. Hum Pathol, 29, 323-9. 

Bertucci, F., Houlgatte, R., Benziane, A., Granjeaud, S., Adelaide, J., Tagett, R., Loriod, B., 
Jacquemier, J., Viens, P., Jordan, B., Birnbaum, D. & Nguyen, C. (2000). Gene 
expression profiling of primary breast carcinomas using arrays of candidate genes. 
Hum Mol Genet, 9, 2981-91. 

Bertucci, F., Houlgatte, R., Granjeaud, S., Nasser, V., Loriod, B., Beaudoing, E., Hingamp, 
P., Jacquemier, J., Viens, P., Birnbaum, D. & Nguyen, C. (2002). Prognosis of breast 
cancer and gene expression profiling using DNA arrays. Ann N Y Acad Sci, 975, 217-
31. 

Biglia, N., Defabiani, E., Ponzone, R., Mariani, L., Marenco, D. & Sismondi, P. (2004). 
Management of risk of breast carcinoma in postmenopausal women. Endocr Relat 
Cancer, 11, 69-83. 

Bilalovic, N., Vranic, S., Basic, H., Tatarevic, A. & Selak, I. (2005). Immunohistochemical 
evaluation of cyclin D1 in breast cancer. Croat Med J, 46, 382-8. 

Bonadona, V., Sinilnikova, O.M., Chopin, S., Antoniou, A.C., Mignotte, H., Mathevet, P., 
Bremond, A., Martin, A., Bobin, J.Y., Romestaing, P., Raudrant, D., Rudigoz, R.C., 
Leone, M., Chauvin, F., Easton, D.F., Lenoir, G.M. & Lasset, C. (2005). Contribution 
of BRCA1 and BRCA2 germ-line mutations to the incidence of breast cancer in 
young women: Results from a prospective population-based study in France. Genes 
Chromosomes Cancer, 43, 404-13. 

Bonnier, P., Romain, S., Charpin, C., Lejeune, C., Tubiana, N., Martin, P.M. & Piana, L. 
(1995). Age as a prognostic factor in breast cancer: relationship to pathologic and 
biologic features. Int J Cancer, 62, 138-44. 

Bouras, T., Southey, M.C. & Venter, D.J. (2001). Overexpression of the steroid receptor 
coactivator AIB1 in breast cancer correlates with the absence of estrogen and 
progesterone receptors and positivity for p53 and HER2/neu. Cancer Res, 61, 903-7. 



 222

Bremer, S., Rootwelt, H. & Bergan, S. (2007). Real-time PCR determination of IMPDH1 and 
IMPDH2 expression in blood cells. Clin Chem, 53, 1023-9. 

Brooks, S.C., Locke, E.R. & Soule, H.D. (1973). Estrogen receptor in a human cell line 
(MCF-7) from breast carcinoma. J Biol Chem, 248, 6251-3. 

Buckhaults, P., Rago, C., St Croix, B., Romans, K.E., Saha, S., Zhang, L., Vogelstein, B. & 
Kinzler, K.W. (2001). Secreted and cell surface genes expressed in benign and 
malignant colorectal tumors. Cancer Res, 61, 6996-7001. 

Buckley, M.F., Sweeney, K.J., Hamilton, J.A., Sini, R.L., Manning, D.L., Nicholson, R.I., 
deFazio, A., Watts, C.K., Musgrove, E.A. & Sutherland, R.L. (1993). Expression and 
amplification of cyclin genes in human breast cancer. Oncogene, 8, 2127-33. 

Buerger, H., Otterbach, F., Simon, R., Schafer, K.L., Poremba, C., Diallo, R., Brinkschmidt, 
C., Dockhorn-Dworniczak, B. & Boecker, W. (1999). Different genetic pathways in 
the evolution of invasive breast cancer are associated with distinct morphological 
subtypes. J Pathol, 189, 521-6. 

Burstein, H.J. (2005). The distinctive nature of HER2-positive breast cancers. N Engl J Med, 
353, 1652-4. 

Byrne, C., Schairer, C., Brinton, L.A., Wolfe, J., Parekh, N., Salane, M., Carter, C. & 
Hoover, R. (2001). Effects of mammographic density and benign breast disease on 
breast cancer risk (United States). Cancer Causes Control, 12, 103-10. 

Cailleau, R., Olive, M. & Cruciger, Q.V. (1978). Long-term human breast carcinoma cell 
lines of metastatic origin: preliminary characterization. In Vitro, 14, 911-5. 

Campbell, I.G., Baxter, S.W., Eccles, D.M. & Choong, D.Y. (2002). 
Methylenetetrahydrofolate reductase polymorphism and susceptibility to breast 
cancer. Breast Cancer Res, 4, R14. 

Cao, Z., Umek, R.M. & McKnight, S.L. (1991). Regulated expression of three C/EBP 
isoforms during adipose conversion of 3T3-L1 cells. Genes Dev, 5, 1538-52. 

Carey, L.A., Perou, C.M., Livasy, C.A., Dressler, L.G., Cowan, D., Conway, K., Karaca, G., 
Troester, M.A., Tse, C.K., Edmiston, S., Deming, S.L., Geradts, J., Cheang, M.C., 
Nielsen, T.O., Moorman, P.G., Earp, H.S. & Millikan, R.C. (2006). Race, breast 
cancer subtypes, and survival in the Carolina Breast Cancer Study. Jama, 295, 2492-
502. 

Casanova, B., de la Fuente, M.T., Garcia-Gila, M., Sanz, L., Silva, A., Garcia-Marco, J.A. & 
Garcia-Pardo, A. (2001). The class II tumor-suppressor gene RARRES3 is expressed 



 223

in B cell lymphocytic leukemias and down-regulated with disease progression. 
Leukemia, 15, 1521-6. 

Ceballos, E., Munoz-Alonso, M.J., Berwanger, B., Acosta, J.C., Hernandez, R., Krause, M., 
Hartmann, O., Eilers, M. & Leon, J. (2005). Inhibitory effect of c-Myc on p53-
induced apoptosis in leukemia cells. Microarray analysis reveals defective induction 
of p53 target genes and upregulation of chaperone genes. Oncogene, 24, 4559-71. 

CGHFBC. (2002). Collaborative Group on Hormonal Factors in Breast Cancer.  Breast 
cancer and breastfeeding: collaborative reanalysis of individual data from 47 
epidemiological studies in 30 countries, including 50302 women with breast cancer 
and 96973 women without the disease. . Lancet, 360, 187-95. 

Charpin, C., Garcia, S., Bonnier, P., Martini, F., Andrac, L., Choux, R., Lavaut, M.N. & 
Allasia, C. (1998). Reduced E-cadherin immunohistochemical expression in node-
negative breast carcinomas correlates with 10-year survival. Am J Clin Pathol, 109, 
431-8. 

Chen, D., Ma, H., Hong, H., Koh, S.S., Huang, S.M., Schurter, B.T., Aswad, D.W. & 
Stallcup, M.R. (1999). Regulation of transcription by a protein methyltransferase. 
Science, 284, 2174-7. 

Chen, H., Lin, R.J., Schiltz, R.L., Chakravarti, D., Nash, A., Nagy, L., Privalsky, M.L., 
Nakatani, Y. & Evans, R.M. (1997a). Nuclear receptor coactivator ACTR is a novel 
histone acetyltransferase and forms a multimeric activation complex with P/CAF and 
CBP/p300. Cell, 90, 569-80. 

Chen, P.L., Riley, D.J., Chen, Y. & Lee, W.H. (1996). Retinoblastoma protein positively 
regulates terminal adipocyte differentiation through direct interaction with C/EBPs. 
Genes Dev, 10, 2794-804. 

Chen, Q., Lin, R.Y. & Rubin, C.S. (1997b). Organelle-specific targeting of protein kinase AII 
(PKAII). Molecular and in situ characterization of murine A kinase anchor proteins 
that recruit regulatory subunits of PKAII to the cytoplasmic surface of mitochondria. 
J Biol Chem, 272, 15247-57. 

Cheung, S.T., Wong, S.Y., Lee, Y.T. & Fan, S.T. (2006). GEP associates with wild-type p53 
in hepatocellular carcinoma. Oncol Rep, 15, 1507-11. 

Cheung, S.T., Wong, S.Y., Leung, K.L., Chen, X., So, S., Ng, I.O. & Fan, S.T. (2004). 
Granulin-epithelin precursor overexpression promotes growth and invasion of 
hepatocellular carcinoma. Clin Cancer Res, 10, 7629-36. 

Chevallier, B., Heintzmann, F., Mosseri, V., Dauce, J.P., Bastit, P., Graic, Y., Brunelle, P., 
Basuyau, J.P., Comoz, M. & Asselain, B. (1988). Prognostic value of estrogen and 



 224

progesterone receptors in operable breast cancer. Results of a univariate and 
multivariate analysis. Cancer, 62, 2517-24. 

Choi, D.H., Kim, S., Rimm, D.L., Carter, D. & Haffty, B.G. (2005). Immunohistochemical 
biomarkers in patients with early-onset breast carcinoma by tissue microarray. Cancer 
J, 11, 404-11. 

Choi, D.H., Shin, D.B., Lee, M.H., Lee, D.W., Dhandapani, D., Carter, D., King, B.L. & 
Haffty, B.G. (2003). A comparison of five immunohistochemical biomarkers and 
HER-2/neu gene amplification by fluorescence in situ hybridization in white and 
Korean patients with early-onset breast carcinoma. Cancer, 98, 1587-95. 

Cleton-Jansen, A.M. (2002). E-cadherin and loss of heterozygosity at chromosome 16 in 
breast carcinogenesis: different genetic pathways in ductal and lobular breast cancer? 
Breast Cancer Res, 4, 5-8. 

Cleton-Jansen, A.M., Collins, N., Lakhani, S.R., Weissenbach, J., Devilee, P., Cornelisse, 
C.J. & Stratton, M.R. (1995). Loss of heterozygosity in sporadic breast tumours at the 
BRCA2 locus on chromosome 13q12-q13. Br J Cancer, 72, 1241-4. 

Clout, N.J. & Hohenester, E. (2003). A model of FAS1 domain 4 of the corneal protein 
beta(ig)-h3 gives a clearer view on corneal dystrophies. Mol Vis, 9, 440-8. 

Colleoni, M., Rotmensz, N., Robertson, C., Orlando, L., Viale, G., Renne, G., Luini, A., 
Veronesi, P., Intra, M., Orecchia, R., Catalano, G., Galimberti, V., Nole, F., 
Martinelli, G. & Goldhirsch, A. (2002). Very young women (<35 years) with 
operable breast cancer: features of disease at presentation. Ann Oncol, 13, 273-9. 

Cronin, M., Pho, M., Dutta, D., Stephans, J.C., Shak, S., Kiefer, M.C., Esteban, J.M. & 
Baker, J.B. (2004). Measurement of gene expression in archival paraffin-embedded 
tissues: development and performance of a 92-gene reverse transcriptase-polymerase 
chain reaction assay. Am J Pathol, 164, 35-42. 

Crowe, J.P., Jr., Gordon, N.H., Hubay, C.A., Shenk, R.R., Zollinger, R.M., Brumberg, D.J., 
McGuire, W.L. & Shuck, J.M. (1991). Estrogen receptor determination and long term 
survival of patients with carcinoma of the breast. Surg Gynecol Obstet, 173, 273-8. 

Dang, C.V. (1999). c-Myc target genes involved in cell growth, apoptosis, and metabolism. 
Mol Cell Biol, 19, 1-11. 

Daniel, R., Daniels, E., He, Z. & Bateman, A. (2003). Progranulin (acrogranin/PC cell-
derived growth factor/granulin-epithelin precursor) is expressed in the placenta, 
epidermis, microvasculature, and brain during murine development. Dev Dyn, 227, 
593-9. 



 225

Davidson, B., Alejandro, E., Florenes, V.A., Goderstad, J.M., Risberg, B., Kristensen, G.B., 
Trope, C.G. & Kohn, E.C. (2004). Granulin-epithelin precursor is a novel prognostic 
marker in epithelial ovarian carcinoma. Cancer, 100, 2139-47. 

de Kok, J.B., Roelofs, R.W., Giesendorf, B.A., Pennings, J.L., Waas, E.T., Feuth, T., 
Swinkels, D.W. & Span, P.N. (2005). Normalization of gene expression 
measurements in tumor tissues: comparison of 13 endogenous control genes. Lab 
Invest, 85, 154-9. 

Deming, S.L., Nass, S.J., Dickson, R.B. & Trock, B.J. (2000). C-myc amplification in breast 
cancer: a meta-analysis of its occurrence and prognostic relevance. Br J Cancer, 83, 
1688-95. 

Deng, G., Chen, L.C., Schott, D.R., Thor, A., Bhargava, V., Ljung, B.M., Chew, K. & Smith, 
H.S. (1994). Loss of heterozygosity and p53 gene mutations in breast cancer. Cancer 
Res, 54, 499-505. 

Dihge, L., Bendahl, P.O., Grabau, D., Isola, J., Lovgren, K., Ryden, L. & Ferno, M. (2007). 
Epidermal growth factor receptor (EGFR) and the estrogen receptor modulator 
amplified in breast cancer (AIB1) for predicting clinical outcome after adjuvant 
tamoxifen in breast cancer. Breast Cancer Res Treat. 

DiSepio, D., Ghosn, C., Eckert, R.L., Deucher, A., Robinson, N., Duvic, M., Chandraratna, 
R.A. & Nagpal, S. (1998). Identification and characterization of a retinoid-induced 
class II tumor suppressor/growth regulatory gene. Proc Natl Acad Sci U S A, 95, 
14811-5. 

Dobrovic, A. & Simpfendorfer, D. (1997). Methylation of the BRCA1 gene in sporadic 
breast cancer. Cancer Res, 57, 3347-50. 

Donald, C.D., Laddu, A., Chandham, P., Lim, S.D., Cohen, C., Amin, M., Gerton, G.L., 
Marshall, F.F. & Petros, J.A. (2001). Expression of progranulin and the 
epithelin/granulin precursor acrogranin correlates with neoplastic state in renal 
epithelium. Anticancer Res, 21, 3739-42. 

Dualan, R., Brody, T., Keeney, S., Nichols, A.F., Admon, A. & Linn, S. (1995). 
Chromosomal localization and cDNA cloning of the genes (DDB1 and DDB2) for the 
p127 and p48 subunits of a human damage-specific DNA binding protein. Genomics, 
29, 62-9. 

Duvic, M., Helekar, B., Schulz, C., Cho, M., DiSepio, D., Hager, C., DiMao, D., Hazarika, 
P., Jackson, B., Breuer-McHam, J., Young, J., Clayman, G., Lippman, S.M., 
Chandraratna, R.A., Robinson, N.A., Deucher, A., Eckert, R.L. & Nagpal, S. (2000). 
Expression of a retinoid-inducible tumor suppressor, Tazarotene-inducible gene-3, is 
decreased in psoriasis and skin cancer. Clin Cancer Res, 6, 3249-59. 



 226

Duvic, M., Ni, X., Talpur, R., Herne, K., Schulz, C., Sui, D., Ward, S., Joseph, A. & 
Hazarika, P. (2003). Tazarotene-induced gene 3 is suppressed in basal cell 
carcinomas and reversed in vivo by tazarotene application. J Invest Dermatol, 121, 
902-9. 

Easton, D.F. (1994). The inherited component of cancer. Br Med Bull, 50, 527-35. 

El Saghir, N.S., Seoud, M., Khalil, M.K., Charafeddine, M., Salem, Z.K., Geara, F.B. & 
Shamseddine, A.I. (2006). Effects of young age at presentation on survival in breast 
cancer. BMC Cancer, 6, 194. 

Elledge, R.M., Clark, G.M., Chamness, G.C. & Osborne, C.K. (1994). Tumor biologic 
factors and breast cancer prognosis among white, Hispanic, and black women in the 
United States. J Natl Cancer Inst, 86, 705-12. 

Elmore, J.G., Moceri, V.M., Carter, D. & Larson, E.B. (1998). Breast carcinoma tumor 
characteristics in black and white women. Cancer, 83, 2509-15. 

Elston, C.W. & Ellis, I.O. (1991). Pathological prognostic factors in breast cancer. I. The 
value of histological grade in breast cancer: experience from a large study with long-
term follow-up. Histopathology, 19, 403-10. 

Engel, L.W., Young, N.A., Tralka, T.S., Lippman, M.E., O'Brien, S.J. & Joyce, M.J. (1978). 
Establishment and characterization of three new continuous cell lines derived from 
human breast carcinomas. Cancer Res, 38, 3352-64. 

Enker, W.E., Kimmel, M., Cibas, E.S., Cranor, M.L. & Melamed, M.R. (1991). DNA/RNA 
content and proliferative fractions of colorectal carcinomas: a five-year prospective 
study relating flow cytometry to survival. J Natl Cancer Inst, 83, 701-7. 

Ergul, E., Sazci, A., Utkan, Z. & Canturk, N.Z. (2003). Polymorphisms in the MTHFR gene 
are associated with breast cancer. Tumour Biol, 24, 286-90. 

Esteller, M., Silva, J.M., Dominguez, G., Bonilla, F., Matias-Guiu, X., Lerma, E., Bussaglia, 
E., Prat, J., Harkes, I.C., Repasky, E.A., Gabrielson, E., Schutte, M., Baylin, S.B. & 
Herman, J.G. (2000). Promoter hypermethylation and BRCA1 inactivation in 
sporadic breast and ovarian tumors. J Natl Cancer Inst, 92, 564-9. 

Feldman, A.L. & Welch, J.P. (1998). Long-term outcome in women less than 30 years of age 
with breast cancer. J Surg Oncol, 68, 193-8. 

Feliciello, A., Gottesman, M.E. & Avvedimento, E.V. (2001). The biological functions of A-
kinase anchor proteins. J Mol Biol, 308, 99-114. 



 227

Fernandopulle, S.M., Cher-Siangang, P. & Tan, P.H. (2006). Breast carcinoma in women 35 
years and younger: a pathological study. Pathology, 38, 219-22. 

Figueiredo, J.C., Ennis, M., Knight, J.A., McLaughlin, J.R., Hood, N., O'Malley, F., 
Andrulis, I.L. & Goodwin, P.J. (2006). Influence of young age at diagnosis and 
family history of breast or ovarian cancer on breast cancer outcomes in a population-
based cohort study. Breast Cancer Res Treat, 105, 69-80. 

Fisher, B., Redmond, C., Fisher, E.R. & Caplan, R. (1988). Relative worth of estrogen or 
progesterone receptor and pathologic characteristics of differentiation as indicators of 
prognosis in node negative breast cancer patients: findings from National Surgical 
Adjuvant Breast and Bowel Project Protocol B-06. J Clin Oncol, 6, 1076-87. 

Flodby, P., Barlow, C., Kylefjord, H., Ahrlund-Richter, L. & Xanthopoulos, K.G. (1996). 
Increased hepatic cell proliferation and lung abnormalities in mice deficient in 
CCAAT/enhancer binding protein alpha. J Biol Chem, 271, 24753-60. 

Ford, D., Easton, D.F., Stratton, M., Narod, S., Goldgar, D., Devilee, P., Bishop, D.T., 
Weber, B., Lenoir, G., Chang-Claude, J., Sobol, H., Teare, M.D., Struewing, J., 
Arason, A., Scherneck, S., Peto, J., Rebbeck, T.R., Tonin, P., Neuhausen, S., 
Barkardottir, R., Eyfjord, J., Lynch, H., Ponder, B.A., Gayther, S.A., Zelada-Hedman, 
M. & et al. (1998). Genetic heterogeneity and penetrance analysis of the BRCA1 and 
BRCA2 genes in breast cancer families. The Breast Cancer Linkage Consortium. Am 
J Hum Genet, 62, 676-89. 

Freudenheim, J.L., Ambrosone, C.B., Moysich, K.B., Vena, J.E., Graham, S., Marshall, J.R., 
Muti, P., Laughlin, R., Nemoto, T., Harty, L.C., Crits, G.A., Chan, A.W. & Shields, 
P.G. (1999). Alcohol dehydrogenase 3 genotype modification of the association of 
alcohol consumption with breast cancer risk. Cancer Causes Control, 10, 369-77. 

Fukuoka, J., Fujii, T., Shih, J.H., Dracheva, T., Meerzaman, D., Player, A., Hong, K., 
Settnek, S., Gupta, A., Buetow, K., Hewitt, S., Travis, W.D. & Jen, J. (2004). 
Chromatin remodeling factors and BRM/BRG1 expression as prognostic indicators in 
non-small cell lung cancer. Clin Cancer Res, 10, 4314-24. 

Gaffney, E.V. (1982). A cell line (HBL-100) established from human breast milk. Cell Tissue 
Res, 227, 563-8. 

Galea, M.H., Blamey, R.W., Elston, C.E. & Ellis, I.O. (1992). The Nottingham Prognostic 
Index in primary breast cancer. Breast Cancer Res Treat, 22, 207-19. 

Garfinkel, L., Boring, C.C. & Heath, C.W., Jr. (1994). Changing trends. An overview of 
breast cancer incidence and mortality. Cancer, 74, 222-7. 



 228

Gery, S., Tanosaki, S., Bose, S., Bose, N., Vadgama, J. & Koeffler, H.P. (2005). Down-
regulation and growth inhibitory role of C/EBPalpha in breast cancer. Clin Cancer 
Res, 11, 3184-90. 

Ghadimi, B.M., Schrock, E., Walker, R.L., Wangsa, D., Jauho, A., Meltzer, P.S. & Ried, T. 
(1999). Specific chromosomal aberrations and amplification of the AIB1 nuclear 
receptor coactivator gene in pancreatic carcinomas. Am J Pathol, 154, 525-36. 

Gillett, C., Fantl, V., Smith, R., Fisher, C., Bartek, J., Dickson, C., Barnes, D. & Peters, G. 
(1994). Amplification and overexpression of cyclin D1 in breast cancer detected by 
immunohistochemical staining. Cancer Res, 54, 1812-7. 

Gillett, C., Smith, P., Gregory, W., Richards, M., Millis, R., Peters, G. & Barnes, D. (1996). 
Cyclin D1 and prognosis in human breast cancer. Int J Cancer, 69, 92-9. 

Gillett, C.E., Miles, D.W., Ryder, K., Skilton, D., Liebman, R.D., Springall, R.J., Barnes, 
D.M. & Hanby, A.M. (2001). Retention of the expression of E-cadherin and catenins 
is associated with shorter survival in grade III ductal carcinoma of the breast. J 
Pathol, 193, 433-41. 

Ginsberg, M.D., Feliciello, A., Jones, J.K., Avvedimento, E.V. & Gottesman, M.E. (2003). 
PKA-dependent binding of mRNA to the mitochondrial AKAP121 protein. J Mol 
Biol, 327, 885-97. 

Gnanapragasam, V.J., Leung, H.Y., Pulimood, A.S., Neal, D.E. & Robson, C.N. (2001). 
Expression of RAC 3, a steroid hormone receptor co-activator in prostate cancer. Br J 
Cancer, 85, 1928-36. 

Godfrey, T.E., Kim, S.H., Chavira, M., Ruff, D.W., Warren, R.S., Gray, J.W. & Jensen, R.H. 
(2000). Quantitative mRNA expression analysis from formalin-fixed, paraffin-
embedded tissues using 5' nuclease quantitative reverse transcription-polymerase 
chain reaction. J Mol Diagn, 2, 84-91. 

Gonzalez-Angulo, A.M., Broglio, K., Kau, S.W., Eralp, Y., Erlichman, J., Valero, V., 
Theriault, R., Booser, D., Buzdar, A.U., Hortobagyi, G.N. & Arun, B. (2005). 
Women age < or = 35 years with primary breast carcinoma: disease features at 
presentation. Cancer, 103, 2466-72. 

Gordon, L.A., Mulligan, K.T., Maxwell-Jones, H., Adams, M., Walker, R.A. & Jones, J.L. 
(2003). Breast cell invasive potential relates to the myoepithelial phenotype. Int J 
Cancer, 106, 8-16. 

Gudmundsdottir, K., Tryggvadottir, L. & Eyfjord, J.E. (2001). GSTM1, GSTT1, and GSTP1 
genotypes in relation to breast cancer risk and frequency of mutations in the p53 gene. 
Cancer Epidemiol Biomarkers Prev, 10, 1169-73. 



 229

Hall, J.M., Lee, M.K., Newman, B., Morrow, J.E., Anderson, L.A., Huey, B. & King, M.C. 
(1990). Linkage of early-onset familial breast cancer to chromosome 17q21. Science, 
250, 1684-9. 

Halmos, B., Basseres, D.S., Monti, S., D'Alo, F., Dayaram, T., Ferenczi, K., Wouters, B.J., 
Huettner, C.S., Golub, T.R. & Tenen, D.G. (2004). A transcriptional profiling study 
of CCAAT/enhancer binding protein targets identifies hepatocyte nuclear factor 3 
beta as a novel tumor suppressor in lung cancer. Cancer Res, 64, 4137-47. 

Han, S.J., DeMayo, F.J., Xu, J., Tsai, S.Y., Tsai, M.J. & O'Malley, B.W. (2006). Steroid 
receptor coactivator (SRC)-1 and SRC-3 differentially modulate tissue-specific 
activation functions of the progesterone receptor. Mol Endocrinol, 20, 45-55. 

Hanby, A.M., Kelsell, D.P., Potts, H.W., Gillett, C.E., Bishop, D.T., Spurr, N.K. & Barnes, 
D.M. (2000). Association between loss of heterozygosity of BRCA1 and BRCA2 and 
morphological attributes of sporadic breast cancer. Int J Cancer, 88, 204-8. 

Hartley, M.C., McKinley, B.P., Rogers, E.A., Kalbaugh, C.A., Messich, H.S., Blackhurst, 
D.W., Lokey, J.S. & Trocha, S.D. (2006). Differential expression of prognostic 
factors and effect on survival in young (< or =40) breast cancer patients: a case-
control study. Am Surg, 72, 1189-94; discussion 1194-5. 

Hartman, A.R. & Ford, J.M. (2002). BRCA1 induces DNA damage recognition factors and 
enhances nucleotide excision repair. Nat Genet, 32, 180-4. 

Hassig, C.A., Fleischer, T.C., Billin, A.N., Schreiber, S.L. & Ayer, D.E. (1997). Histone 
deacetylase activity is required for full transcriptional repression by mSin3A. Cell, 
89, 341-7. 

He, Z. & Bateman, A. (2003). Progranulin (granulin-epithelin precursor, PC-cell-derived 
growth factor, acrogranin) mediates tissue repair and tumorigenesis. J Mol Med, 81, 
600-12. 

Hedenfalk, I., Ringner, M., Ben-Dor, A., Yakhini, Z., Chen, Y., Chebil, G., Ach, R., Loman, 
N., Olsson, H., Meltzer, P., Borg, A. & Trent, J. (2003). Molecular classification of 
familial non-BRCA1/BRCA2 breast cancer. Proc Natl Acad Sci U S A, 100, 2532-7. 

Henke, R.T., Haddad, B.R., Kim, S.E., Rone, J.D., Mani, A., Jessup, J.M., Wellstein, A., 
Maitra, A. & Riegel, A.T. (2004). Overexpression of the nuclear receptor coactivator 
AIB1 (SRC-3) during progression of pancreatic adenocarcinoma. Clin Cancer Res, 
10, 6134-42. 

Hirai, Y., Utsugi, K., Takeshima, N., Kawamata, Y., Furuta, R., Kitagawa, T., Kawaguchi, 
T., Hasumi, K. & Noda, S.T. (2004). Putative gene loci associated with 
carcinogenesis and metastasis of endocervical adenocarcinomas of uterus determined 
by conventional and array-based CGH. Am J Obstet Gynecol, 191, 1173-82. 



 230

Hohenstein, P. & Giles, R.H. (2003). BRCA1: a scaffold for p53 response? Trends Genet, 19, 
489-94. 

Horwitz, K.B., Zava, D.T., Thilagar, A.K., Jensen, E.M. & McGuire, W.L. (1978). Steroid 
receptor analyses of nine human breast cancer cell lines. Cancer Res, 38, 2434-7. 

Hossain, A., Kuo, M.T. & Saunders, G.F. (2006). Mir-17-5p regulates breast cancer cell 
proliferation by inhibiting translation of AIB1 mRNA. Mol Cell Biol, 26, 8191-201. 

Hourihan, R.N., O'Sullivan, G.C. & Morgan, J.G. (2003). Transcriptional gene expression 
profiles of oesophageal adenocarcinoma and normal oesophageal tissues. Anticancer 
Res, 23, 161-5. 

http://www.bioinfo.rpi.edu/applications/mfold/old/dna/.. 

http://www.mun.ca/biology/scarr/cDNA_microarray_assay_of_gene_expression.html 

Hu, Y.C., Lam, K.Y., Law, S., Wong, J. & Srivastava, G. (2001). Profiling of differentially 
expressed cancer-related genes in esophageal squamous cell carcinoma (ESCC) using 
human cancer cDNA arrays: overexpression of oncogene MET correlates with tumor 
differentiation in ESCC. Clin Cancer Res, 7, 3519-25. 

Huang, Z., Hankinson, S.E., Colditz, G.A., Stampfer, M.J., Hunter, D.J., Manson, J.E., 
Hennekens, C.H., Rosner, B., Speizer, F.E. & Willett, W.C. (1997). Dual effects of 
weight and weight gain on breast cancer risk. Jama, 278, 1407-11. 

Hulka, B.S. & Moorman, P.G. (2001). Breast cancer: hormones and other risk factors. 
Maturitas, 38, 103-13; discussion 113-6. 

Hwang, B.J., Ford, J.M., Hanawalt, P.C. & Chu, G. (1999). Expression of the p48 xeroderma 
pigmentosum gene is p53-dependent and is involved in global genomic repair. Proc 
Natl Acad Sci U S A, 96, 424-8. 

Ihemelandu, C.U., Leffall, L.D., Jr., Dewitty, R.L., Naab, T.J., Mezghebe, H.M., Makambi, 
K.H., Adams-Campbell, L. & Frederick, W.A. (2007). Molecular breast cancer 
subtypes in premenopausal and postmenopausal African-American women: age-
specific prevalence and survival. J Surg Res, 143, 109-18. 

IHGSC. (2004). International Human Genome Sequencing Consortium :Finishing the 
euchromatic sequence of the human genome. Nature, 431, 931-45. 

Itoh, T., Iwashita, S., Cohen, M.B., Meyerholz, D.K. & Linn, S. (2007). Ddb2 is a 
haploinsufficient tumor suppressor and controls spontaneous germ cell apoptosis. 
Hum Mol Genet, 16, 1578-86. 

http://www.bioinfo.rpi.edu/applications/mfold/old/dna/


 231

Itoh, T., Mori, T., Ohkubo, H. & Yamaizumi, M. (1999). A newly identified patient with 
clinical xeroderma pigmentosum phenotype has a non-sense mutation in the DDB2 
gene and incomplete repair in (6-4) photoproducts. J Invest Dermatol, 113, 251-7. 

Itoh, T., O'Shea, C. & Linn, S. (2003). Impaired regulation of tumor suppressor p53 caused 
by mutations in the xeroderma pigmentosum DDB2 gene: mutual regulatory 
interactions between p48(DDB2) and p53. Mol Cell Biol, 23, 7540-53. 

Iwase, H., Omoto, Y., Toyama, T., Yamashita, H., Hara, Y., Sugiura, H. & Zhang, Z. (2003). 
Clinical significance of AIB1 expression in human breast cancer. Breast Cancer Res 
Treat, 80, 339-45. 

James, L.A., Mitchell, E.L., Menasce, L. & Varley, J.M. (1997). Comparative genomic 
hybridisation of ductal carcinoma in situ of the breast: identification of regions of 
DNA amplification and deletion in common with invasive breast carcinoma. 
Oncogene, 14, 1059-65. 

Janssens, N., Janicot, M., Perera, T. & Bakker, A. (2004). Housekeeping genes as internal 
standards in cancer research. Mol Diagn, 8, 107-13. 

Jiang, S.Y., Chou, J.M., Leu, F.J., Hsu, Y.Y., Shih, Y.L., Yu, J.C., Lee, M.S. & Shyu, R.Y. 
(2005a). Decreased expression of type II tumor suppressor gene RARRES3 in tissues 
of hepatocellular carcinoma and cholangiocarcinoma. World J Gastroenterol, 11, 
948-53. 

Jiang, S.Y., Wu, M.S., Chen, L.M., Hung, M.W., Lin, H.E., Chang, G.G. & Chang, T.C. 
(2005b). Identification and characterization of the retinoic acid response elements in 
the human RIG1 gene promoter. Biochem Biophys Res Commun, 331, 630-9. 

Jiang, Y., Harlocker, S.L., Molesh, D.A., Dillon, D.C., Stolk, J.A., Houghton, R.L., Repasky, 
E.A., Badaro, R., Reed, S.G. & Xu, J. (2002). Discovery of differentially expressed 
genes in human breast cancer using subtracted cDNA libraries and cDNA 
microarrays. Oncogene, 21, 2270-82. 

Jmor, S., Al-Sayer, H., Heys, S.D., Payne, S., Miller, I., Ah-See, A., Hutcheon, A. & Eremin, 
O. (2002). Breast cancer in women aged 35 and under: prognosis and survival. J R 
Coll Surg Edinb, 47, 693-9. 

Joensuu, H., Kellokumpu-Lehtinen, P.L., Bono, P., Alanko, T., Kataja, V., Asola, R., 
Utriainen, T., Kokko, R., Hemminki, A., Tarkkanen, M., Turpeenniemi-Hujanen, T., 
Jyrkkio, S., Flander, M., Helle, L., Ingalsuo, S., Johansson, K., Jaaskelainen, A.S., 
Pajunen, M., Rauhala, M., Kaleva-Kerola, J., Salminen, T., Leinonen, M., Elomaa, I. 
& Isola, J. (2006). Adjuvant docetaxel or vinorelbine with or without trastuzumab for 
breast cancer. N Engl J Med, 354, 809-20. 

Joensuu, H. & Toikkanen, S. (1995). Cured of breast cancer? J Clin Oncol, 13, 62-9. 



 232

Johnson, S.M., Shaw, J.A. & Walker, R.A. (2002). Sporadic breast cancer in young women: 
prevalence of loss of heterozygosity at p53, BRCA1 and BRCA2. Int J Cancer, 98, 
205-9. 

Jones, J.L., Royall, J.E. & Walker, R.A. (1996). E-cadherin relates to EGFR expression and 
lymph node metastasis in primary breast carcinoma. Br J Cancer, 74, 1237-41. 

Jones, M.B., Houwink, A.P., Freeman, B.K., Greenwood, T.M., Lafky, J.M., Lingle, W.L., 
Berchuck, A., Maxwell, G.L., Podratz, K.C. & Maihle, N.J. (2006). The granulin-
epithelin precursor is a steroid-regulated growth factor in endometrial cancer. J Soc 
Gynecol Investig, 13, 304-11. 

Jones, M.B., Spooner, M. & Kohn, E.C. (2003). The granulin-epithelin precursor: a putative 
new growth factor for ovarian cancer. Gynecol Oncol, 88, S136-9. 

Kaufman, P.D., Kobayashi, R. & Stillman, B. (1997). Ultraviolet radiation sensitivity and 
reduction of telomeric silencing in Saccharomyces cerevisiae cells lacking chromatin 
assembly factor-I. Genes Dev, 11, 345-57. 

Kaufmann, W.K., Nevis, K.R., Qu, P., Ibrahim, J.G., Zhou, T., Zhou, Y., Simpson, D.A., 
Helms-Deaton, J., Cordeiro-Stone, M., Moore, D.T., Thomas, N.E., Hao, H., Liu, Z., 
Shields, J.M., Scott, G.A. & Sharpless, N.E. (2007). Defective Cell Cycle Checkpoint 
Functions in Melanoma Are Associated with Altered Patterns of Gene Expression. J 
Invest Dermatol. 

Kenemans, P. (2004). Oncogenic pathways in hereditary and sporadic breast cancer. 
Maturitas, 49, 34-43. 

Kershah, S.M., Desouki, M.M., Koterba, K.L. & Rowan, B.G. (2004). Expression of estrogen 
receptor coregulators in normal and malignant human endometrium. Gynecol Oncol, 
92, 304-13. 

Keydar, I., Chen, L., Karby, S., Weiss, F.R., Delarea, J., Radu, M., Chaitcik, S. & Brenner, 
H.J. (1979). Establishment and characterization of a cell line of human breast 
carcinoma origin. Eur J Cancer, 15, 659-70. 

Keyomarsi, K., O'Leary, N., Molnar, G., Lees, E., Fingert, H.J. & Pardee, A.B. (1994). 
Cyclin E, a potential prognostic marker for breast cancer. Cancer Res, 54, 380-5. 

Kim, J.E., Jeong, H.W., Nam, J.O., Lee, B.H., Choi, J.Y., Park, R.W., Park, J.Y. & Kim, I.S. 
(2002). Identification of motifs in the fasciclin domains of the transforming growth 
factor-beta-induced matrix protein betaig-h3 that interact with the alphavbeta5 
integrin. J Biol Chem, 277, 46159-65. 



 233

Kirkegaard, T., McGlynn, L.M., Campbell, F.M., Muller, S., Tovey, S.M., Dunne, B., 
Nielsen, K.V., Cooke, T.G. & Bartlett, J.M. (2007). Amplified in breast cancer 1 in 
human epidermal growth factor receptor - positive tumors of tamoxifen-treated breast 
cancer patients. Clin Cancer Res, 13, 1405-11. 

Kollias, J., Elston, C.W., Ellis, I.O., Robertson, J.F. & Blamey, R.W. (1997). Early-onset 
breast cancer--histopathological and prognostic considerations. Br J Cancer, 75, 
1318-23. 

Kong, L., Yu, X.P., Bai, X.H., Zhang, W.F., Zhang, Y., Zhao, W.M., Jia, J.H., Tang, W., 
Zhou, Y.B. & Liu, C.J. (2007). RbAp48 is a critical mediator controlling the 
transforming activity of human papillomavirus type 16 in cervical cancer. J Biol 
Chem, 282, 26381-91. 

Korkola, J.E., DeVries, S., Fridlyand, J., Hwang, E.S., Estep, A.L., Chen, Y.Y., Chew, K.L., 
Dairkee, S.H., Jensen, R.M. & Waldman, F.M. (2003). Differentiation of lobular 
versus ductal breast carcinomas by expression microarray analysis. Cancer Res, 63, 
7167-75. 

Kraus, E., Kiltz, H.H. & Femfert, U.F. (1976). The specificity of proteinase K against 
oxidized insulin B chain. Hoppe Seylers Z Physiol Chem, 357, 233-7. 

Kuller, L.H., Cauley, J.A., Lucas, L., Cummings, S. & Browner, W.S. (1997). Sex steroid 
hormones, bone mineral density, and risk of breast cancer. Environ Health Perspect, 
105 Suppl 3, 593-9. 

Kwong, J., Lo, K.W., Chow, L.S., Chan, F.L., To, K.F. & Huang, D.P. (2005). Silencing of 
the retinoid response gene TIG1 by promoter hypermethylation in nasopharyngeal 
carcinoma. Int J Cancer, 113, 386-92. 

Labhart, P., Karmakar, S., Salicru, E.M., Egan, B.S., Alexiadis, V., O'Malley B, W. & Smith, 
C.L. (2005). Identification of target genes in breast cancer cells directly regulated by 
the SRC-3/AIB1 coactivator. Proc Natl Acad Sci U S A, 102, 1339-44. 

Lacroix, M. & Leclercq, G. (2005). The "portrait" of hereditary breast cancer. Breast Cancer 
Res Treat, 89, 297-304. 

Lagerros, Y.T., Hsieh, S.F. & Hsieh, C.C. (2004). Physical activity in adolescence and young 
adulthood and breast cancer risk: a quantitative review. Eur J Cancer Prev, 13, 5-12. 

Lancaster, J.M., Wooster, R., Mangion, J., Phelan, C.M., Cochran, C., Gumbs, C., Seal, S., 
Barfoot, R., Collins, N., Bignell, G., Patel, S., Hamoudi, R., Larsson, C., Wiseman, 
R.W., Berchuck, A., Iglehart, J.D., Marks, J.R., Ashworth, A., Stratton, M.R. & 
Futreal, P.A. (1996). BRCA2 mutations in primary breast and ovarian cancers. Nat 
Genet, 13, 238-40. 



 234

Largent, J.A., Ziogas, A. & Anton-Culver, H. (2005). Effect of reproductive factors on stage, 
grade and hormone receptor status in early-onset breast cancer. Breast Cancer Res, 7, 
R541-54. 

Larramendy, M.L., Lushnikova, T., Bjorkqvist, A.M., Wistuba, II, Virmani, A.K., 
Shivapurkar, N., Gazdar, A.F. & Knuutila, S. (2000). Comparative genomic 
hybridization reveals complex genetic changes in primary breast cancer tumors and 
their cell lines. Cancer Genet Cytogenet, 119, 132-8. 

Lawson, J.S. (1999). The link between socioeconomic status and breast cancer--a possible 
explanation. Scand J Public Health, 27, 203-5. 

LeBaron, R.G., Bezverkov, K.I., Zimber, M.P., Pavelec, R., Skonier, J. & Purchio, A.F. 
(1995). Beta IG-H3, a novel secretory protein inducible by transforming growth 
factor-beta, is present in normal skin and promotes the adhesion and spreading of 
dermal fibroblasts in vitro. J Invest Dermatol, 104, 844-9. 

Lee, S.H., Bae, J.S., Park, S.H., Lee, B.H., Park, R.W., Choi, J.Y., Park, J.Y., Ha, S.W., Kim, 
Y.L., Kwon, T.H. & Kim, I.S. (2003). Expression of TGF-beta-induced matrix 
protein betaig-h3 is up-regulated in the diabetic rat kidney and human proximal 
tubular epithelial cells treated with high glucose. Kidney Int, 64, 1012-21. 

Lee, S.K., Kim, H.J., Na, S.Y., Kim, T.S., Choi, H.S., Im, S.Y. & Lee, J.W. (1998). Steroid 
receptor coactivator-1 coactivates activating protein-1-mediated transactivations 
through interaction with the c-Jun and c-Fos subunits. J Biol Chem, 273, 16651-4. 

Leivo, I., Jee, K.J., Heikinheimo, K., Laine, M., Ollila, J., Nagy, B. & Knuutila, S. (2005). 
Characterization of gene expression in major types of salivary gland carcinomas with 
epithelial differentiation. Cancer Genet Cytogenet, 156, 104-13. 

Lekstrom-Himes, J. & Xanthopoulos, K.G. (1998). Biological role of the CCAAT/enhancer-
binding protein family of transcription factors. J Biol Chem, 273, 28545-8. 

Lewis, F., Maughan, N.J., Smith, V., Hillan, K. & Quirke, P. (2001). Unlocking the archive--
gene expression in paraffin-embedded tissue. J Pathol, 195, 66-71. 

Li, H., Gomes, P.J. & Chen, J.D. (1997). RAC3, a steroid/nuclear receptor-associated 
coactivator that is related to SRC-1 and TIF2. Proc Natl Acad Sci U S A, 94, 8479-84. 

Li, J., Wang, Q.E., Zhu, Q., El-Mahdy, M.A., Wani, G., Praetorius-Ibba, M. & Wani, A.A. 
(2006). DNA damage binding protein component DDB1 participates in nucleotide 
excision repair through DDB2 DNA-binding and cullin 4A ubiquitin ligase activity. 
Cancer Res, 66, 8590-7. 

Liao, D.J. & Dickson, R.B. (2000). c-Myc in breast cancer. Endocr Relat Cancer, 7, 143-64. 



 235

Lim, W., Hearle, N., Shah, B., Murday, V., Hodgson, S.V., Lucassen, A., Eccles, D., Talbot, 
I., Neale, K., Lim, A.G., O'Donohue, J., Donaldson, A., Macdonald, R.C., Young, 
I.D., Robinson, M.H., Lee, P.W., Stoodley, B.J., Tomlinson, I., Alderson, D., 
Holbrook, A.G., Vyas, S., Swarbrick, E.T., Lewis, A.A., Phillips, R.K. & Houlston, 
R.S. (2003). Further observations on LKB1/STK11 status and cancer risk in Peutz-
Jeghers syndrome. Br J Cancer, 89, 308-13. 

List, H.J., Lauritsen, K.J., Reiter, R., Powers, C., Wellstein, A. & Riegel, A.T. (2001). 
Ribozyme targeting demonstrates that the nuclear receptor coactivator AIB1 is a rate-
limiting factor for estrogen-dependent growth of human MCF-7 breast cancer cells. J 
Biol Chem, 276, 23763-8. 

Loden, M., Stighall, M., Nielsen, N.H., Roos, G., Emdin, S.O., Ostlund, H. & Landberg, G. 
(2002). The cyclin D1 high and cyclin E high subgroups of breast cancer: separate 
pathways in tumorogenesis based on pattern of genetic aberrations and inactivation of 
the pRb node. Oncogene, 21, 4680-90. 

Lotz, K., Kellner, T., Heitmann, M., Nazarenko, I., Noske, A., Malek, A., Gontarewicz, A., 
Schafer, R. & Sers, C. (2005). Suppression of the TIG3 tumor suppressor gene in 
human ovarian carcinomas is mediated via mitogen-activated kinase-dependent and -
independent mechanisms. Int J Cancer. 

Louie, M.C., Revenko, A.S., Zou, J.X., Yao, J. & Chen, H.W. (2006). Direct control of cell 
cycle gene expression by proto-oncogene product ACTR, and its autoregulation 
underlies its transforming activity. Mol Cell Biol, 26, 3810-23. 

Louie, M.C., Zou, J.X., Rabinovich, A. & Chen, H.W. (2004). ACTR/AIB1 functions as an 
E2F1 coactivator to promote breast cancer cell proliferation and antiestrogen 
resistance. Mol Cell Biol, 24, 5157-71. 

Loveday, R.L., Greenman, J., Simcox, D.L., Speirs, V., Drew, P.J., Monson, J.R. & Kerin, 
M.J. (2000). Genetic changes in breast cancer detected by comparative genomic 
hybridisation. Int J Cancer, 86, 494-500. 

Lu, R. & Serrero, G. (2000). Inhibition of PC cell-derived growth factor (PCDGF, 
epithelin/granulin precursor) expression by antisense PCDGF cDNA transfection 
inhibits tumorigenicity of the human breast carcinoma cell line MDA-MB-468. Proc 
Natl Acad Sci U S A, 97, 3993-8. 

Lu, R. & Serrero, G. (2001). Mediation of estrogen mitogenic effect in human breast cancer 
MCF-7 cells by PC-cell-derived growth factor (PCDGF/granulin precursor). Proc 
Natl Acad Sci U S A, 98, 142-7. 

Lu, Y.J., Osin, P., Lakhani, S.R., Di Palma, S., Gusterson, B.A. & Shipley, J.M. (1998). 
Comparative genomic hybridization analysis of lobular carcinoma in situ and atypical 



 236

lobular hyperplasia and potential roles for gains and losses of genetic material in 
breast neoplasia. Cancer Res, 58, 4721-7. 

Mackay, A., Jones, C., Dexter, T., Silva, R.L., Bulmer, K., Jones, A., Simpson, P., Harris, 
R.A., Jat, P.S., Neville, A.M., Reis, L.F., Lakhani, S.R. & O'Hare, M.J. (2003). 
cDNA microarray analysis of genes associated with ERBB2 (HER2/neu) 
overexpression in human mammary luminal epithelial cells. Oncogene, 22, 2680-8. 

Magklara, A., Brown, T.J. & Diamandis, E.P. (2002). Characterization of androgen receptor 
and nuclear receptor co-regulator expression in human breast cancer cell lines 
exhibiting differential regulation of kallikreins 2 and 3. Int J Cancer, 100, 507-14. 

Malkin, D. (1994). Germline p53 mutations and heritable cancer. Annu Rev Genet, 28, 443-
65. 

Markert, J.M., Fuller, C.M., Gillespie, G.Y., Bubien, J.K., McLean, L.A., Hong, R.L., Lee, 
K., Gullans, S.R., Mapstone, T.B. & Benos, D.J. (2001). Differential gene expression 
profiling in human brain tumors. Physiol Genomics, 5, 21-33. 

Marsh, D.J., Kum, J.B., Lunetta, K.L., Bennett, M.J., Gorlin, R.J., Ahmed, S.F., Bodurtha, J., 
Crowe, C., Curtis, M.A., Dasouki, M., Dunn, T., Feit, H., Geraghty, M.T., Graham, 
J.M., Jr., Hodgson, S.V., Hunter, A., Korf, B.R., Manchester, D., Miesfeldt, S., 
Murday, V.A., Nathanson, K.L., Parisi, M., Pober, B., Romano, C., Eng, C. & et al. 
(1999). PTEN mutation spectrum and genotype-phenotype correlations in Bannayan-
Riley-Ruvalcaba syndrome suggest a single entity with Cowden syndrome. Hum Mol 
Genet, 8, 1461-72. 

Martin, K.J., Graner, E., Li, Y., Price, L.M., Kritzman, B.M., Fournier, M.V., Rhei, E. & 
Pardee, A.B. (2001). High-sensitivity array analysis of gene expression for the early 
detection of disseminated breast tumor cells in peripheral blood. Proc Natl Acad Sci 
U S A, 98, 2646-51. 

Maru, D., Middleton, L.P., Wang, S., Valero, V. & Sahin, A. (2005). HER-2/neu and p53 
overexpression as biomarkers of breast carcinoma in women age 30 years and 
younger. Cancer, 103, 900-5. 

Mastracci, T.L., Tjan, S., Bane, A.L., O'Malley, F.P. & Andrulis, I.L. (2005). E-cadherin 
alterations in atypical lobular hyperplasia and lobular carcinoma in situ of the breast. 
Mod Pathol, 18, 741-51. 

Masuda, N., Ohnishi, T., Kawamoto, S., Monden, M. & Okubo, K. (1999). Analysis of 
chemical modification of RNA from formalin-fixed samples and optimization of 
molecular biology applications for such samples. Nucleic Acids Res, 27, 4436-43. 

Matilla, A. & Radrizzani, M. (2005). The Anp32 family of proteins containing leucine-rich 
repeats. Cerebellum, 4, 7-18. 



 237

Maynard, P.V., Blamey, R.W., Elston, C.W., Haybittle, J.L. & Griffiths, K. (1978). Estrogen 
receptor assay in primary breast cancer and early recurrence of the disease. Cancer 
Res, 38, 4292-5. 

McKenna, N.J. & O'Malley, B.W. (2002). Combinatorial control of gene expression by 
nuclear receptors and coregulators. Cell, 108, 465-74. 

McPherson, K., Steel, C.M. & Dixon, J.M. (2000). ABC of breast diseases. Breast cancer-
epidemiology, risk factors, and genetics. Bmj, 321, 624-8. 

Meijers-Heijboer, H., van den Ouweland, A., Klijn, J., Wasielewski, M., de Snoo, A., 
Oldenburg, R., Hollestelle, A., Houben, M., Crepin, E., van Veghel-Plandsoen, M., 
Elstrodt, F., van Duijn, C., Bartels, C., Meijers, C., Schutte, M., McGuffog, L., 
Thompson, D., Easton, D., Sodha, N., Seal, S., Barfoot, R., Mangion, J., Chang-
Claude, J., Eccles, D., Eeles, R., Evans, D.G., Houlston, R., Murday, V., Narod, S., 
Peretz, T., Peto, J., Phelan, C., Zhang, H.X., Szabo, C., Devilee, P., Goldgar, D., 
Futreal, P.A., Nathanson, K.L., Weber, B., Rahman, N. & Stratton, M.R. (2002). 
Low-penetrance susceptibility to breast cancer due to CHEK2(*)1100delC in 
noncarriers of BRCA1 or BRCA2 mutations. Nat Genet, 31, 55-9. 

Meller, M., Vadachkoria, S., Luthy, D.A. & Williams, M.A. (2005). Evaluation of 
housekeeping genes in placental comparative expression studies. Placenta, 26, 601-7. 

Mencinger, M., Panagopoulos, I., Contreras, J.A., Mitelman, F. & Aman, P. (1998). 
Expression analysis and chromosomal mapping of a novel human gene, APRIL, 
encoding an acidic protein rich in leucines. Biochim Biophys Acta, 1395, 176-80. 

Michalides, R., Hageman, P., van Tinteren, H., Houben, L., Wientjens, E., Klompmaker, R. 
& Peterse, J. (1996). A clinicopathological study on overexpression of cyclin D1 and 
of p53 in a series of 248 patients with operable breast cancer. Br J Cancer, 73, 728-
34. 

Middleton, L.P., Amin, M., Gwyn, K., Theriault, R. & Sahin, A. (2003). Breast carcinoma in 
pregnant women: assessment of clinicopathologic and immunohistochemical features. 
Cancer, 98, 1055-60. 

Mizukami, Y., Nonomura, A., Takizawa, T., Noguchi, M., Michigishi, T., Nakamura, S. & 
Ishizaki, T. (1995). N-myc protein expression in human breast carcinoma: prognostic 
implications. Anticancer Res, 15, 2899-905. 

Mizuno, T., Nagamura, H., Iwamoto, K.S., Ito, T., Fukuhara, T., Tokunaga, M., Tokuoka, S., 
Mabuchi, K. & Seyama, T. (1998). RNA from decades-old archival tissue blocks for 
retrospective studies. Diagn Mol Pathol, 7, 202-8. 

Monami, G., Gonzalez, E.M., Hellman, M., Gomella, L.G., Baffa, R., Iozzo, R.V. & 
Morrione, A. (2006). Proepithelin promotes migration and invasion of 5637 bladder 



 238

cancer cells through the activation of ERK1/2 and the formation of a 
paxillin/FAK/ERK complex. Cancer Res, 66, 7103-10. 

Morse, D.L., Carroll, D., Weberg, L., Borgstrom, M.C., Ranger-Moore, J. & Gillies, R.J. 
(2005). Determining suitable internal standards for mRNA quantification of 
increasing cancer progression in human breast cells by real-time reverse transcriptase 
polymerase chain reaction. Anal Biochem, 342, 69-77. 

Muller, C., Calkhoven, C.F., Sha, X. & Leutz, A. (2004). The CCAAT enhancer-binding 
protein alpha (C/EBPalpha) requires a SWI/SNF complex for proliferation arrest. J 
Biol Chem, 279, 7353-8. 

Munier, F.L., Korvatska, E., Djemai, A., Le Paslier, D., Zografos, L., Pescia, G. & 
Schorderet, D.F. (1997). Kerato-epithelin mutations in four 5q31-linked corneal 
dystrophies. Nat Genet, 15, 247-51. 

Murphy, L.C., Simon, S.L., Parkes, A., Leygue, E., Dotzlaw, H., Snell, L., Troup, S., 
Adeyinka, A. & Watson, P.H. (2000). Altered expression of estrogen receptor 
coregulators during human breast tumorigenesis. Cancer Res, 60, 6266-71. 

Nagai, M.A., Da Ros, N., Neto, M.M., de Faria Junior, S.R., Brentani, M.M., Hirata, R., Jr. & 
Neves, E.J. (2004). Gene expression profiles in breast tumors regarding the presence 
or absence of estrogen and progesterone receptors. Int J Cancer, 111, 892-9. 

National Statistics, O.f. (2007). Cancer Statistics registrations: Registrations of cancer 
diagnosed in 2004, England.  , Vol. Series MB1 no.35. 2007, . National Statistics: 
London. 

Nessling, M., Richter, K., Schwaenen, C., Roerig, P., Wrobel, G., Wessendorf, S., Fritz, B., 
Bentz, M., Sinn, H.P., Radlwimmer, B. & Lichter, P. (2005). Candidate genes in 
breast cancer revealed by microarray-based comparative genomic hybridization of 
archived tissue. Cancer Res, 65, 439-47. 

Newton, C., Graham, A., (1997). PCR , 2nd edn. BIOS Scientific Publishers, Oxford.  

Nichols, A.F., Itoh, T., Graham, J.A., Liu, W., Yamaizumi, M. & Linn, S. (2000). Human 
damage-specific DNA-binding protein p48. Characterization of XPE mutations and 
regulation following UV irradiation. J Biol Chem, 275, 21422-8. 

Nigro, J.M., Baker, S.J., Preisinger, A.C., Jessup, J.M., Hostetter, R., Cleary, K., Bigner, 
S.H., Davidson, N., Baylin, S., Devilee, P. & et al. (1989). Mutations in the p53 gene 
occur in diverse human tumour types. Nature, 342, 705-8. 

O'Donnell, K.A., Wentzel, E.A., Zeller, K.I., Dang, C.V. & Mendell, J.T. (2005). c-Myc-
regulated microRNAs modulate E2F1 expression. Nature, 435, 839-43. 



 239

Oh, A., List, H.J., Reiter, R., Mani, A., Zhang, Y., Gehan, E., Wellstein, A. & Riegel, A.T. 
(2004). The nuclear receptor coactivator AIB1 mediates insulin-like growth factor I-
induced phenotypic changes in human breast cancer cells. Cancer Res, 64, 8299-308. 

Oh, H.S. & Smart, R.C. (1998). Expression of CCAAT/enhancer binding proteins (C/EBP) is 
associated with squamous differentiation in epidermis and isolated primary 
keratinocytes and is altered in skin neoplasms. J Invest Dermatol, 110, 939-45. 

Oka, H., Shiozaki, H., Kobayashi, K., Inoue, M., Tahara, H., Kobayashi, T., Takatsuka, Y., 
Matsuyoshi, N., Hirano, S., Takeichi, M. & et al. (1993). Expression of E-cadherin 
cell adhesion molecules in human breast cancer tissues and its relationship to 
metastasis. Cancer Res, 53, 1696-701. 

Okobia, M.N. & Bunker, C.H. (2003). Molecular epidemiology of breast cancer: a review. 
Afr J Reprod Health, 7, 17-28. 

Osborne, C.K. (1998). Steroid hormone receptors in breast cancer management. Breast 
Cancer Res Treat, 51, 227-38. 

Osborne, C.K., Bardou, V., Hopp, T.A., Chamness, G.C., Hilsenbeck, S.G., Fuqua, S.A., 
Wong, J., Allred, D.C., Clark, G.M. & Schiff, R. (2003). Role of the estrogen receptor 
coactivator AIB1 (SRC-3) and HER-2/neu in tamoxifen resistance in breast cancer. J 
Natl Cancer Inst, 95, 353-61. 

Osborne, R.J., Merlo, G.R., Mitsudomi, T., Venesio, T., Liscia, D.S., Cappa, A.P., Chiba, I., 
Takahashi, T., Nau, M.M., Callahan, R. & et al. (1991). Mutations in the p53 gene in 
primary human breast cancers. Cancer Res, 51, 6194-8. 

Osorio, A., de la Hoya, M., Rodriguez-Lopez, R., Martinez-Ramirez, A., Cazorla, A., 
Granizo, J.J., Esteller, M., Rivas, C., Caldes, T. & Benitez, J. (2002). Loss of 
heterozygosity analysis at the BRCA loci in tumor samples from patients with 
familial breast cancer. Int J Cancer, 99, 305-9. 

Pabst, T., Mueller, B.U., Zhang, P., Radomska, H.S., Narravula, S., Schnittger, S., Behre, G., 
Hiddemann, W. & Tenen, D.G. (2001). Dominant-negative mutations of CEBPA, 
encoding CCAAT/enhancer binding protein-alpha (C/EBPalpha), in acute myeloid 
leukemia. Nat Genet, 27, 263-70. 

Pabst, T., Stillner, E., Neuberg, D., Nimer, S., Willman, C.L., List, A.F., Melo, J.V., Tenen, 
D.G. & Mueller, B.U. (2006). Mutations of the myeloid transcription factor CEBPA 
are not associated with the blast crisis of chronic myeloid leukaemia. Br J Haematol, 
133, 400-2. 

Pacifico, F., Paolillo, M., Chiappetta, G., Crescenzi, E., Arena, S., Scaloni, A., Monaco, M., 
Vascotto, C., Tell, G., Formisano, S. & Leonardi, A. (2007). RbAp48 is a target of 



 240

nuclear factor-kappaB activity in thyroid cancer. J Clin Endocrinol Metab, 92, 1458-
66. 

Paik, S., Shak, S., Tang, G., Kim, C., Baker, J., Cronin, M., Baehner, F.L., Walker, M.G., 
Watson, D., Park, T., Hiller, W., Fisher, E.R., Wickerham, D.L., Bryant, J. & 
Wolmark, N. (2004). A multigene assay to predict recurrence of tamoxifen-treated, 
node-negative breast cancer. N Engl J Med, 351, 2817-26. 

Park, S.W., Bae, J.S., Kim, K.S., Park, S.H., Lee, B.H., Choi, J.Y., Park, J.Y., Ha, S.W., 
Kim, Y.L., Kwon, T.H., Kim, I.S. & Park, R.W. (2004). Beta ig-h3 promotes renal 
proximal tubular epithelial cell adhesion, migration and proliferation through the 
interaction with alpha3beta1 integrin. Exp Mol Med, 36, 211-9. 

Parker, C., Rampaul, R.S., Pinder, S.E., Bell, J.A., Wencyk, P.M., Blamey, R.W., Nicholson, 
R.I. & Robertson, J.F. (2001). E-cadherin as a prognostic indicator in primary breast 
cancer. Br J Cancer, 85, 1958-63. 

Parkin, D.M. (2001). Global cancer statistics in the year 2000. Lancet Oncol, 2, 533-43. 

Parkin, D.M. & Muir, C.S. (1992). Cancer Incidence in Five Continents. Comparability and 
quality of data. IARC Sci Publ, 45-173. 

Parkin, D.M., Pisani, P. & Ferlay, J. (1999). Global cancer statistics. CA Cancer J Clin, 49, 
33-64, 1. 

Perou, C.M., Jeffrey, S.S., van de Rijn, M., Rees, C.A., Eisen, M.B., Ross, D.T., 
Pergamenschikov, A., Williams, C.F., Zhu, S.X., Lee, J.C., Lashkari, D., Shalon, D., 
Brown, P.O. & Botstein, D. (1999). Distinctive gene expression patterns in human 
mammary epithelial cells and breast cancers. Proc Natl Acad Sci U S A, 96, 9212-7. 

Perou, C.M., Sorlie, T., Eisen, M.B., van de Rijn, M., Jeffrey, S.S., Rees, C.A., Pollack, J.R., 
Ross, D.T., Johnsen, H., Akslen, L.A., Fluge, O., Pergamenschikov, A., Williams, C., 
Zhu, S.X., Lonning, P.E., Borresen-Dale, A.L., Brown, P.O. & Botstein, D. (2000). 
Molecular portraits of human breast tumours. Nature, 406, 747-52. 

Petersen, C.P., Bordeleau, M.E., Pelletier, J. & Sharp, P.A. (2006). Short RNAs repress 
translation after initiation in mammalian cells. Mol Cell, 21, 533-42. 

Pfaffl, M.W. (2001). A new mathematical model for relative quantification in real-time RT-
PCR. Nucleic Acids Res, 29, e45. 

Pharoah, P.D., Guilford, P. & Caldas, C. (2001). Incidence of gastric cancer and breast 
cancer in CDH1 (E-cadherin) mutation carriers from hereditary diffuse gastric cancer 
families. Gastroenterology, 121, 1348-53. 



 241

Pierga, J.Y., Bonneton, C., Magdelenat, H., Vincent-Salomon, A., Nos, C., Boudou, E., 
Pouillart, P., Thiery, J.P. & de Cremoux, P. (2005). Real-time quantitative PCR 
determination of urokinase-type plasminogen activator receptor (uPAR) expression of 
isolated micrometastatic cells from bone marrow of breast cancer patients. Int J 
Cancer, 114, 291-8. 

Pinto, A.E., Roque, L., Rodrigues, R., Andre, S. & Soares, J. (2006). Frequent 7q gains in 
flow cytometric multiploid/hypertetraploid breast carcinomas: a study of chromosome 
imbalances by comparative genomic hybridisation. J Clin Pathol, 59, 367-72. 

Pizarro, G.O., Zhou, X.C., Koch, A., Gharib, M., Raval, S., Bible, K. & Jones, M.B. (2007). 
Prosurvival function of the granulin-epithelin precursor is important in tumor 
progression and chemoresponse. Int J Cancer, 120, 2339-43. 

Planas-Silva, M.D., Shang, Y., Donaher, J.L., Brown, M. & Weinberg, R.A. (2001). AIB1 
enhances estrogen-dependent induction of cyclin D1 expression. Cancer Res, 61, 
3858-62. 

Pollack, J.R., Sorlie, T., Perou, C.M., Rees, C.A., Jeffrey, S.S., Lonning, P.E., Tibshirani, R., 
Botstein, D., Borresen-Dale, A.L. & Brown, P.O. (2002). Microarray analysis reveals 
a major direct role of DNA copy number alteration in the transcriptional program of 
human breast tumors. Proc Natl Acad Sci U S A, 99, 12963-8. 

Pontin, J.E., Hamed, H., Fentiman, I.S. & Idle, J.R. (1990). Cytochrome P450dbl phenotypes 
in malignant and benign breast disease. Eur J Cancer, 26, 790-2. 

Qian, Y.W., Wang, Y.C., Hollingsworth, R.E., Jr., Jones, D., Ling, N. & Lee, E.Y. (1993). A 
retinoblastoma-binding protein related to a negative regulator of Ras in yeast. Nature, 
364, 648-52. 

Rangel, J., Torabian, S., Shaikh, L., Nosrati, M., Baehner, F.L., Haqq, C., Leong, S.P., 
Miller, J.R., 3rd, Sagebiel, R.W. & Kashani-Sabet, M. (2006). Prognostic significance 
of nuclear receptor coactivator-3 overexpression in primary cutaneous melanoma. J 
Clin Oncol, 24, 4565-9. 

Rebbeck, T.R., Couch, F.J., Kant, J., Calzone, K., DeShano, M., Peng, Y., Chen, K., Garber, 
J.E. & Weber, B.L. (1996). Genetic heterogeneity in hereditary breast cancer: role of 
BRCA1 and BRCA2. Am J Hum Genet, 59, 547-53. 

Reis-Filho, J.S. & Lakhani, S.R. (2003). The diagnosis and management of pre-invasive 
breast disease: genetic alterations in pre-invasive lesions. Breast Cancer Res, 5, 313-
9. 

Reiter, R., Wellstein, A. & Riegel, A.T. (2001). An isoform of the coactivator AIB1 that 
increases hormone and growth factor sensitivity is overexpressed in breast cancer. J 
Biol Chem, 276, 39736-41. 



 242

Resuehr, D. & Spiess, A.N. (2003). A real-time polymerase chain reaction-based evaluation 
of cDNA synthesis priming methods. Anal Biochem, 322, 287-91. 

Ries LAG, Melbert D, Krapcho M, Mariotto A, Miller BA, Feuer EJ, Clegg L, Horner MJ,  
Howlader N, Eisner MP, Reichman M, Edwards BK (eds). (2004).  SEER Cancer 
Statistics Review, 1975-2004, National Cancer Institute. Bethesda, MD.  

 
Robinson, G.W., Johnson, P.F., Hennighausen, L. & Sterneck, E. (1998). The C/EBPbeta 

transcription factor regulates epithelial cell proliferation and differentiation in the 
mammary gland. Genes Dev, 12, 1907-16. 

Rodrigues, N.A., Dillon, D., Carter, D., Parisot, N. & Haffty, B.G. (2003). Differences in the 
pathologic and molecular features of intraductal breast carcinoma between younger 
and older women. Cancer, 97, 1393-403. 

Romond, E.H., Perez, E.A., Bryant, J., Suman, V.J., Geyer, C.E., Jr., Davidson, N.E., Tan-
Chiu, E., Martino, S., Paik, S., Kaufman, P.A., Swain, S.M., Pisansky, T.M., 
Fehrenbacher, L., Kutteh, L.A., Vogel, V.G., Visscher, D.W., Yothers, G., Jenkins, 
R.B., Brown, A.M., Dakhil, S.R., Mamounas, E.P., Lingle, W.L., Klein, P.M., Ingle, 
J.N. & Wolmark, N. (2005). Trastuzumab plus adjuvant chemotherapy for operable 
HER2-positive breast cancer. N Engl J Med, 353, 1673-84. 

Roylance, R., Gorman, P., Harris, W., Liebmann, R., Barnes, D., Hanby, A. & Sheer, D. 
(1999). Comparative genomic hybridization of breast tumors stratified by histological 
grade reveals new insights into the biological progression of breast cancer. Cancer 
Res, 59, 1433-6. 

Schmittgen, T.D. & Zakrajsek, B.A. (2000). Effect of experimental treatment on 
housekeeping gene expression: validation by real-time, quantitative RT-PCR. J 
Biochem Biophys Methods, 46, 69-81. 

Schneider, D., Kleeff, J., Berberat, P.O., Zhu, Z., Korc, M., Friess, H. & Buchler, M.W. 
(2002). Induction and expression of betaig-h3 in pancreatic cancer cells. Biochim 
Biophys Acta, 1588, 1-6. 

Schwirzke, M., Evtimova, V., Burtscher, H., Jarsch, M., Tarin, D. & Weidle, U.H. (2001). 
Identification of metastasis-associated genes by transcriptional profiling of a pair of 
metastatic versus non-metastatic human mammary carcinoma cell lines. Anticancer 
Res, 21, 1771-6. 

Scott, L.M., Civin, C.I., Rorth, P. & Friedman, A.D. (1992). A novel temporal expression 
pattern of three C/EBP family members in differentiating myelomonocytic cells. 
Blood, 80, 1725-35. 

Seagroves, T.N., Krnacik, S., Raught, B., Gay, J., Burgess-Beusse, B., Darlington, G.J. & 
Rosen, J.M. (1998). C/EBPbeta, but not C/EBPalpha, is essential for ductal 



 243

morphogenesis, lobuloalveolar proliferation, and functional differentiation in the 
mouse mammary gland. Genes Dev, 12, 1917-28. 

Serrero, G. & Ioffe, O.B. (2003). Expression of PC-cell-derived growth factor in benign and 
malignant human breast epithelium. Hum Pathol, 34, 1148-54. 

Seshadri, R., Lee, C.S., Hui, R., McCaul, K., Horsfall, D.J. & Sutherland, R.L. (1996). 
Cyclin DI amplification is not associated with reduced overall survival in primary 
breast cancer but may predict early relapse in patients with features of good 
prognosis. Clin Cancer Res, 2, 1177-84. 

Seth, A., Kitching, R., Landberg, G., Xu, J., Zubovits, J. & Burger, A.M. (2003). Gene 
expression profiling of ductal carcinomas in situ and invasive breast tumors. 
Anticancer Res, 23, 2043-51. 

Seute, A., Sinn, H.P., Schlenk, R.F., Emig, R., Wallwiener, D., Grischke, E.M., Hohaus, S., 
Dohner, H., Haas, R. & Bentz, M. (2001). Clinical relevance of genomic aberrations 
in homogeneously treated high-risk stage II/III breast cancer patients. Int J Cancer, 
93, 80-4. 

Shao, W., Keeton, E.K., McDonnell, D.P. & Brown, M. (2004). Coactivator AIB1 links 
estrogen receptor transcriptional activity and stability. Proc Natl Acad Sci U S A, 101, 
11599-604. 

Shavers, V.L., Harlan, L.C. & Stevens, J.L. (2003). Racial/ethnic variation in clinical 
presentation, treatment, and survival among breast cancer patients under age 35. 
Cancer, 97, 134-47. 

Shyu, R.Y., Chang, S.C., Yu, J.C., Hsu, S.J., Chou, J.M., Lee, M.S. & Jiang, S.Y. (2005). 
Expression and regulation of retinoid-inducible gene 1 (RIG1) in breast cancer. 
Anticancer Res, 25, 2453-60. 

Shyu, R.Y., Jiang, S.Y., Chou, J.M., Shih, Y.L., Lee, M.S., Yu, J.C., Chao, P.C., Hsu, Y.J. & 
Jao, S.W. (2003). RARRES3 expression positively correlated to tumour 
differentiation in tissues of colorectal adenocarcinoma. Br J Cancer, 89, 146-51. 

Simpson, P.T., Reis-Filho, J.S., Gale, T. & Lakhani, S.R. (2005). Molecular evolution of 
breast cancer. J Pathol, 205, 248-54. 

Singletary, S.E. (2002). Revision of the American Joint Committee on Cancer Staging 
System for Breast Cancer. J Clin Oncol 20, 3628–3636. 

Skonier, J., Bennett, K., Rothwell, V., Kosowski, S., Plowman, G., Wallace, P., Edelhoff, S., 
Disteche, C., Neubauer, M., Marquardt, H. & et al. (1994). beta ig-h3: a transforming 
growth factor-beta-responsive gene encoding a secreted protein that inhibits cell 



 244

attachment in vitro and suppresses the growth of CHO cells in nude mice. DNA Cell 
Biol, 13, 571-84. 

Slamon, D.J. (1990). Studies of the HER-2/neu proto-oncogene in human breast cancer. 
Cancer Invest, 8, 253. 

Slamon, D.J., Clark, G.M., Wong, S.G., Levin, W.J., Ullrich, A. & McGuire, W.L. (1987). 
Human breast cancer: correlation of relapse and survival with amplification of the 
HER-2/neu oncogene. Science, 235, 177-82. 

Slomiany, B.A., D'Arigo, K.L., Kelly, M.M. & Kurtz, D.T. (2000). C/EBPalpha inhibits cell 
growth via direct repression of E2F-DP-mediated transcription. Mol Cell Biol, 20, 
5986-97. 

Smid, M., Wang, Y., Klijn, J.G., Sieuwerts, A.M., Zhang, Y., Atkins, D., Martens, J.W. & 
Foekens, J.A. (2006). Genes associated with breast cancer metastatic to bone. J Clin 
Oncol, 24, 2261-7. 

Smith-Warner, S.A., Spiegelman, D., Yaun, S.S., van den Brandt, P.A., Folsom, A.R., 
Goldbohm, R.A., Graham, S., Holmberg, L., Howe, G.R., Marshall, J.R., Miller, 
A.B., Potter, J.D., Speizer, F.E., Willett, W.C., Wolk, A. & Hunter, D.J. (1998). 
Alcohol and breast cancer in women: a pooled analysis of cohort studies. Jama, 279, 
535-40. 

Smith, I., Procter, M., Gelber, R.D., Guillaume, S., Feyereislova, A., Dowsett, M., 
Goldhirsch, A., Untch, M., Mariani, G., Baselga, J., Kaufmann, M., Cameron, D., 
Bell, R., Bergh, J., Coleman, R., Wardley, A., Harbeck, N., Lopez, R.I., Mallmann, 
P., Gelmon, K., Wilcken, N., Wist, E., Sanchez Rovira, P. & Piccart-Gebhart, M.J. 
(2007). 2-year follow-up of trastuzumab after adjuvant chemotherapy in HER2-
positive breast cancer: a randomised controlled trial. Lancet, 369, 29-36. 

Smith, T.R., Miller, M.S., Lohman, K., Lange, E.M., Case, L.D., Mohrenweiser, H.W. & Hu, 
J.J. (2003). Polymorphisms of XRCC1 and XRCC3 genes and susceptibility to breast 
cancer. Cancer Lett, 190, 183-90. 

Song, H., Xia, S.L., Liao, C., Li, Y.L., Wang, Y.F., Li, T.P. & Zhao, M.J. (2004). Genes 
encoding Pir51, Beclin 1, RbAp48 and aldolase b are up or down-regulated in human 
primary hepatocellular carcinoma. World J Gastroenterol, 10, 509-13. 

Sorlie, T., Perou, C.M., Tibshirani, R., Aas, T., Geisler, S., Johnsen, H., Hastie, T., Eisen, 
M.B., van de Rijn, M., Jeffrey, S.S., Thorsen, T., Quist, H., Matese, J.C., Brown, 
P.O., Botstein, D., Eystein Lonning, P. & Borresen-Dale, A.L. (2001). Gene 
expression patterns of breast carcinomas distinguish tumor subclasses with clinical 
implications. Proc Natl Acad Sci U S A, 98, 10869-74. 



 245

Sotiriou, C., Neo, S.Y., McShane, L.M., Korn, E.L., Long, P.M., Jazaeri, A., Martiat, P., Fox, 
S.B., Harris, A.L. & Liu, E.T. (2003). Breast cancer classification and prognosis 
based on gene expression profiles from a population-based study. Proc Natl Acad Sci 
U S A, 100, 10393-8. 

Sotiriou, C., Powles, T.J., Dowsett, M., Jazaeri, A.A., Feldman, A.L., Assersohn, L., 
Gadisetti, C., Libutti, S.K. & Liu, E.T. (2002). Gene expression profiles derived from 
fine needle aspiration correlate with response to systemic chemotherapy in breast 
cancer. Breast Cancer Res, 4, R3. 

Specht, K., Richter, T., Muller, U., Walch, A., Werner, M. & Hofler, H. (2001). Quantitative 
gene expression analysis in microdissected archival formalin-fixed and paraffin-
embedded tumor tissue. Am J Pathol, 158, 419-29. 

Srivastava, S., Zou, Z.Q., Pirollo, K., Blattner, W. & Chang, E.H. (1990). Germ-line 
transmission of a mutated p53 gene in a cancer-prone family with Li-Fraumeni 
syndrome. Nature, 348, 747-9. 

Stangegaard, M., Dufva, I.H. & Dufva, M. (2006). Reverse transcription using random 
pentadecamer primers increases yield and quality of resulting cDNA. Biotechniques, 
40, 649-57. 

Steen, R.L., Beullens, M., Landsverk, H.B., Bollen, M. & Collas, P. (2003). AKAP149 is a 
novel PP1 specifier required to maintain nuclear envelope integrity in G1 phase. J 
Cell Sci, 116, 2237-46. 

Steen, R.L. & Collas, P. (2001). Mistargeting of B-type lamins at the end of mitosis: 
implications on cell survival and regulation of lamins A/C expression. J Cell Biol, 
153, 621-6. 

Steen, R.L., Martins, S.B., Tasken, K. & Collas, P. (2000). Recruitment of protein 
phosphatase 1 to the nuclear envelope by A-kinase anchoring protein AKAP149 is a 
prerequisite for nuclear lamina assembly. J Cell Biol, 150, 1251-62. 

Sturniolo, M.T., Dashti, S.R., Deucher, A., Rorke, E.A., Broome, A.M., Chandraratna, R.A., 
Keepers, T. & Eckert, R.L. (2003). A novel tumor suppressor protein promotes 
keratinocyte terminal differentiation via activation of type I transglutaminase. J Biol 
Chem, 278, 48066-73. 

Suen, C.S., Berrodin, T.J., Mastroeni, R., Cheskis, B.J., Lyttle, C.R. & Frail, D.E. (1998). A 
transcriptional coactivator, steroid receptor coactivator-3, selectively augments 
steroid receptor transcriptional activity. J Biol Chem, 273, 27645-53. 

Sun, W., Hattori, N., Mutai, H., Toyoshima, Y., Kimura, H., Tanaka, S. & Shiota, K. (2001). 
PAL31, a nuclear protein required for progression to the S phase. Biochem Biophys 
Res Commun, 280, 1048-54. 



 246

Swift, M., Reitnauer, P.J., Morrell, D. & Chase, C.L. (1987). Breast and other cancers in 
families with ataxia-telangiectasia. N Engl J Med, 316, 1289-94. 

Takao, M., Abramic, M., Moos, M., Jr., Otrin, V.R., Wootton, J.C., McLenigan, M., Levine, 
A.S. & Protic, M. (1993). A 127 kDa component of a UV-damaged DNA-binding 
complex, which is defective in some xeroderma pigmentosum group E patients, is 
homologous to a slime mold protein. Nucleic Acids Res, 21, 4111-8. 

Takeshita, A., Cardona, G.R., Koibuchi, N., Suen, C.S. & Chin, W.W. (1997). TRAM-1, A 
novel 160-kDa thyroid hormone receptor activator molecule, exhibits distinct 
properties from steroid receptor coactivator-1. J Biol Chem, 272, 27629-34. 

Tang, J.Y., Hwang, B.J., Ford, J.M., Hanawalt, P.C. & Chu, G. (2000). Xeroderma 
pigmentosum p48 gene enhances global genomic repair and suppresses UV-induced 
mutagenesis. Mol Cell, 5, 737-44. 

Tangkeangsirisin, W., Hayashi, J. & Serrero, G. (2004). PC cell-derived growth factor 
mediates tamoxifen resistance and promotes tumor growth of human breast cancer 
cells. Cancer Res, 64, 1737-43. 

Tangkeangsirisin, W. & Serrero, G. (2004). PC cell-derived growth factor (PCDGF/GP88, 
progranulin) stimulates migration, invasiveness and VEGF expression in breast 
cancer cells. Carcinogenesis, 25, 1587-92. 

Thomassen, M., Tan, Q., Eiriksdottir, F., Bak, M., Cold, S. & Kruse, T.A. (2007). Prediction 
of metastasis from low-malignant breast cancer by gene expression profiling. Int J 
Cancer, 120, 1070-5. 

Thor, A.D., Moore, D.H., II, Edgerton, S.M., Kawasaki, E.S., Reihsaus, E., Lynch, H.T., 
Marcus, J.N., Schwartz, L., Chen, L.C., Mayall, B.H. & et al. (1992). Accumulation 
of p53 tumor suppressor gene protein: an independent marker of prognosis in breast 
cancers. J Natl Cancer Inst, 84, 845-55. 

Tikkanen, M.K., Carter, D.J., Harris, A.M., Le, H.M., Azorsa, D.O., Meltzer, P.S. & 
Murdoch, F.E. (2000). Endogenously expressed estrogen receptor and coactivator 
AIB1 interact in MCF-7 human breast cancer cells. Proc Natl Acad Sci U S A, 97, 
12536-40. 

Tilanus-Linthorst, M.M., Obdeijn, I.M., Hop, W.C., Causer, P.A., Leach, M.O., Warner, E., 
Pointon, L., Hill, K., Klijn, J.G., Warren, R.M. & Gilbert, F.J. (2007). BRCA1 
mutation and young age predict fast breast cancer growth in the Dutch, United 
Kingdom, and Canadian magnetic resonance imaging screening trials. Clin Cancer 
Res, 13, 7357-62. 



 247

Timchenko, N.A., Wilde, M., Nakanishi, M., Smith, J.R. & Darlington, G.J. (1996). 
CCAAT/enhancer-binding protein alpha (C/EBP alpha) inhibits cell proliferation 
through the p21 (WAF-1/CIP-1/SDI-1) protein. Genes Dev, 10, 804-15. 

Tirkkonen, M., Tanner, M., Karhu, R., Kallioniemi, A., Isola, J. & Kallioniemi, O.P. (1998). 
Molecular cytogenetics of primary breast cancer by CGH. Genes Chromosomes 
Cancer, 21, 177-84. 

Tokunaga, M., Land, C.E., Yamamoto, T., Asano, M., Tokuoka, S., Ezaki, H. & Nishimori, I. 
(1987). Incidence of female breast cancer among atomic bomb survivors, Hiroshima 
and Nagasaki, 1950-1980. Radiat Res, 112, 243-72. 

Tomioka, H., Morita, K., Hasegawa, S. & Omura, K. (2006). Gene expression analysis by 
cDNA microarray in oral squamous cell carcinoma. J Oral Pathol Med, 35, 206-11. 

Topic, E., Stefanovic, M., Ivanisevic, A.M., Petrinovic, R. & Curcic, I. (2000). The 
cytochrome P450 2D6 (CYP2D6) gene polymorphism among breast and head and 
neck cancer patients. Clin Chim Acta, 296, 101-9. 

Trendelenburg, G., Hummel, M., Riecken, E.O. & Hanski, C. (1996). Molecular 
characterization of AKAP149, a novel A kinase anchor protein with a KH domain. 
Biochem Biophys Res Commun, 225, 313-9. 

Tricarico, C., Pinzani, P., Bianchi, S., Paglierani, M., Distante, V., Pazzagli, M., Bustin, S.A. 
& Orlando, C. (2002). Quantitative real-time reverse transcription polymerase chain 
reaction: normalization to rRNA or single housekeeping genes is inappropriate for 
human tissue biopsies. Anal Biochem, 309, 293-300. 

Tsai, F.M., Shyu, R.Y. & Jiang, S.Y. (2006). RIG1 inhibits the Ras/mitogen-activated protein 
kinase pathway by suppressing the activation of Ras. Cell Signal, 18, 349-58. 

Tsuji, N., Kamagata, C., Furuya, M., Kobayashi, D., Yagihashi, A., Morita, T., Horita, S. & 
Watanabe, N. (2002). Selection of an internal control gene for quantitation of mRNA 
in colonic tissues. Anticancer Res, 22, 4173-8. 

Vahteristo, P., Tamminen, A., Karvinen, P., Eerola, H., Eklund, C., Aaltonen, L.A., 
Blomqvist, C., Aittomaki, K. & Nevanlinna, H. (2001). p53, CHK2, and CHK1 genes 
in Finnish families with Li-Fraumeni syndrome: further evidence of CHK2 in 
inherited cancer predisposition. Cancer Res, 61, 5718-22. 

van 't Veer, L.J., Dai, H., van de Vijver, M.J., He, Y.D., Hart, A.A., Mao, M., Peterse, H.L., 
van der Kooy, K., Marton, M.J., Witteveen, A.T., Schreiber, G.J., Kerkhoven, R.M., 
Roberts, C., Linsley, P.S., Bernards, R. & Friend, S.H. (2002). Gene expression 
profiling predicts clinical outcome of breast cancer. Nature, 415, 530-6. 



 248

van de Vijver, M.J., He, Y.D., van't Veer, L.J., Dai, H., Hart, A.A., Voskuil, D.W., Schreiber, 
G.J., Peterse, J.L., Roberts, C., Marton, M.J., Parrish, M., Atsma, D., Witteveen, A., 
Glas, A., Delahaye, L., van der Velde, T., Bartelink, H., Rodenhuis, S., Rutgers, E.T., 
Friend, S.H. & Bernards, R. (2002). A gene-expression signature as a predictor of 
survival in breast cancer. N Engl J Med, 347, 1999-2009. 

Vandesompele, J., De Preter, K., Pattyn, F., Poppe, B., Van Roy, N., De Paepe, A. & 
Speleman, F. (2002). Accurate normalization of real-time quantitative RT-PCR data 
by geometric averaging of multiple internal control genes. Genome Biol, 3, 
RESEARCH0034. 

Verhoog, L.C., Brekelmans, C.T., Seynaeve, C., van den Bosch, L.M., Dahmen, G., van 
Geel, A.N., Tilanus-Linthorst, M.M., Bartels, C.C., Wagner, A., van den Ouweland, 
A., Devilee, P., Meijers-Heijboer, E.J. & Klijn, J.G. (1998). Survival and tumour 
characteristics of breast-cancer patients with germline mutations of BRCA1. Lancet, 
351, 316-21. 

Vincent-Salomon, A., Gruel, N., Lucchesi, C., MacGrogan, G., Dendale, R., Sigal-Zafrani, 
B., Longy, M., Raynal, V., Pierron, G., de Mascarel, I., Taris, C., Stoppa-Lyonnet, D., 
Pierga, J.Y., Salmon, R., Sastre-Garau, X., Fourquet, A., Delattre, O., de Cremoux, P. 
& Aurias, A. (2007). Identification of typical medullary breast carcinoma as a 
genomic sub-group of basal-like carcinomas, a heterogeneous new molecular entity. 
Breast Cancer Res, 9, R24. 

Virtaneva, K., Wright, F.A., Tanner, S.M., Yuan, B., Lemon, W.J., Caligiuri, M.A., 
Bloomfield, C.D., de La Chapelle, A. & Krahe, R. (2001). Expression profiling 
reveals fundamental biological differences in acute myeloid leukemia with isolated 
trisomy 8 and normal cytogenetics. Proc Natl Acad Sci U S A, 98, 1124-9. 

Walker, G., MacLeod, K., Williams, A.R., Cameron, D.A., Smyth, J.F. & Langdon, S.P. 
(2007). Estrogen-regulated gene expression predicts response to endocrine therapy in 
patients with ovarian cancer. Gynecol Oncol, 106, 461-8. 

Walker, R.A., Lees, E., Webb, M.B. & Dearing, S.J. (1996). Breast carcinomas occurring in 
young women (< 35 years) are different. Br J Cancer, 74, 1796-800. 

Wang, H., Iakova, P., Wilde, M., Welm, A., Goode, T., Roesler, W.J. & Timchenko, N.A. 
(2001). C/EBPalpha arrests cell proliferation through direct inhibition of Cdk2 and 
Cdk4. Mol Cell, 8, 817-28. 

Wang, Y., Klijn, J.G., Zhang, Y., Sieuwerts, A.M., Look, M.P., Yang, F., Talantov, D., 
Timmermans, M., Meijer-van Gelder, M.E., Yu, J., Jatkoe, T., Berns, E.M., Atkins, 
D. & Foekens, J.A. (2005). Gene-expression profiles to predict distant metastasis of 
lymph-node-negative primary breast cancer. Lancet, 365, 671-9. 



 249

Wang, Z.C., Lin, M., Wei, L.J., Li, C., Miron, A., Lodeiro, G., Harris, L., Ramaswamy, S., 
Tanenbaum, D.M., Meyerson, M., Iglehart, J.D. & Richardson, A. (2004). Loss of 
heterozygosity and its correlation with expression profiles in subclasses of invasive 
breast cancers. Cancer Res, 64, 64-71. 

Weber-Mangal, S., Sinn, H.P., Popp, S., Klaes, R., Emig, R., Bentz, M., Mansmann, U., 
Bastert, G., Bartram, C.R. & Jauch, A. (2003). Breast cancer in young women (< or = 
35 years): Genomic aberrations detected by comparative genomic hybridization. Int J 
Cancer, 107, 583-92. 

Weinstat-Saslow, D., Merino, M.J., Manrow, R.E., Lawrence, J.A., Bluth, R.F., Wittenbel, 
K.D., Simpson, J.F., Page, D.L. & Steeg, P.S. (1995). Overexpression of cyclin D 
mRNA distinguishes invasive and in situ breast carcinomas from non-malignant 
lesions. Nat Med, 1, 1257-60. 

Weldon, C.B., Elliott, S., Zhu, Y., Clayton, J.L., Curiel, T.J., Jaffe, B.M. & Burow, M.E. 
(2004). Regulation of estrogen-mediated cell survival and proliferation by p160 
coactivators. Surgery, 136, 346-54. 

Werbajh, S., Nojek, I., Lanz, R. & Costas, M.A. (2000). RAC-3 is a NF-kappa B coactivator. 
FEBS Lett, 485, 195-9. 

West, M., Blanchette, C., Dressman, H., Huang, E., Ishida, S., Spang, R., Zuzan, H., Olson, 
J.A., Jr., Marks, J.R. & Nevins, J.R. (2001). Predicting the clinical status of human 
breast cancer by using gene expression profiles. Proc Natl Acad Sci U S A, 98, 11462-
7. 

WHO. (2003). Pathology and Genetics of Tumours of the breast and female genital organs. 

Winchester, D.P., Osteen, R.T. & Menck, H.R. (1996). The National Cancer Data Base 
report on breast carcinoma characteristics and outcome in relation to age. Cancer, 78, 
1838-43. 

Wooster, R., Neuhausen, S.L., Mangion, J., Quirk, Y., Ford, D., Collins, N., Nguyen, K., 
Seal, S., Tran, T., Averill, D. & et al. (1994). Localization of a breast cancer 
susceptibility gene, BRCA2, to chromosome 13q12-13. Science, 265, 2088-90. 

Wooster, R. & Weber, B.L. (2003). Breast and ovarian cancer. N Engl J Med, 348, 2339-47. 

Wronkowski, Z., Bielska-Lasota, M., Zielinski, J. & Romejko, M. (1993). Striking 
differences in the epidemiological picture of breast cancer in urban and rural areas in 
Poland. Eur J Gynaecol Oncol, 14 Suppl, 179-93. 



 250

Xie, D., Sham, J.S., Zeng, W.F., Lin, H.L., Bi, J., Che, L.H., Hu, L., Zeng, Y.X. & Guan, 
X.Y. (2005). Correlation of AIB1 overexpression with advanced clinical stage of 
human colorectal carcinoma. Hum Pathol, 36, 777-83. 

Yamauchi, H., Stearns, V. & Hayes, D.F. (2001). When is a tumor marker ready for prime 
time? A case study of c-erbB-2 as a predictive factor in breast cancer. J Clin Oncol, 
19, 2334-56. 

Yan, J., Yu, C.T., Ozen, M., Ittmann, M., Tsai, S.Y. & Tsai, M.J. (2006). Steroid receptor 
coactivator-3 and activator protein-1 coordinately regulate the transcription of 
components of the insulin-like growth factor/AKT signaling pathway. Cancer Res, 
66, 11039-46. 

Yao, J., Weremowicz, S., Feng, B., Gentleman, R.C., Marks, J.R., Gelman, R., Brennan, C. 
& Polyak, K. (2006). Combined cDNA array comparative genomic hybridization and 
serial analysis of gene expression analysis of breast tumor progression. Cancer Res, 
66, 4065-78. 

Yoon, T., Chakrabortty, A., Franks, R., Valli, T., Kiyokawa, H. & Raychaudhuri, P. (2005). 
Tumor-prone phenotype of the DDB2-deficient mice. Oncogene, 24, 469-78. 

Yoshida, R., Kimura, N., Harada, Y. & Ohuchi, N. (2001). The loss of E-cadherin, alpha- and 
beta-catenin expression is associated with metastasis and poor prognosis in invasive 
breast cancer. Int J Oncol, 18, 513-20. 

Yoshikawa, K., Honda, K., Inamoto, T., Shinohara, H., Yamauchi, A., Suga, K., Okuyama, 
T., Shimada, T., Kodama, H., Noguchi, S., Gazdar, A.F., Yamaoka, Y. & Takahashi, 
R. (1999). Reduction of BRCA1 protein expression in Japanese sporadic breast 
carcinomas and its frequent loss in BRCA1-associated cases. Clin Cancer Res, 5, 
1249-61. 

Zeng, Y., Yi, R. & Cullen, B.R. (2003). MicroRNAs and small interfering RNAs can inhibit 
mRNA expression by similar mechanisms. Proc Natl Acad Sci U S A, 100, 9779-84. 

Zhang, X., Zhu, S., Luo, G., Zheng, L., Wei, J., Zhu, J., Mu, Q. & Xu, N. (2007). Expression 
of MMP-10 in lung cancer. Anticancer Res, 27, 2791-5. 

Zhang, Y., Iratni, R., Erdjument-Bromage, H., Tempst, P. & Reinberg, D. (1997). Histone 
deacetylases and SAP18, a novel polypeptide, are components of a human Sin3 
complex. Cell, 89, 357-64. 

Zhao, Y., El-Gabry, M. & Hei, T.K. (2006). Loss of Betaig-h3 protein is frequent in primary 
lung carcinoma and related to tumorigenic phenotype in lung cancer cells. Mol 
Carcinog, 45, 84-92. 



 251

Zirn, B., Hartmann, O., Samans, B., Krause, M., Wittmann, S., Mertens, F., Graf, N., Eilers, 
M. & Gessler, M. (2006). Expression profiling of Wilms tumors reveals new 
candidate genes for different clinical parameters. Int J Cancer, 118, 1954-62. 

Zukerberg, L.R., Yang, W.I., Gadd, M., Thor, A.D., Koerner, F.C., Schmidt, E.V. & Arnold, 
A. (1995). Cyclin D1 (PRAD1) protein expression in breast cancer: approximately 
one-third of infiltrating mammary carcinomas show overexpression of the cyclin D1 
oncogene. Mod Pathol, 8, 560-7. 

 
 


	Introduction
	Introduction to Breast Cancer
	Risk factors
	Age, ethnicity, location
	Family history
	Breast density, benign breast disease, and radiation
	Hormones
	Diet and lifestyle

	Development of breast cancer
	Breast cancer susceptibility genes
	BRCA1 and BRCA2
	p53
	PTEN
	LKB1
	ATM
	CHEK2
	E-cadherin
	Polymorphisms

	Genetics of sporadic breast cancer
	Tumour characteristics
	Pathology
	Prognosis
	Predictive Markers
	Hormone Receptors
	Oncogenes


	Microarray technology and breast cancer
	Breast cancer in younger women
	Comparison of biomarkers among younger and older women
	Racial/Ethnic variation in biological features in younger wo
	BRAC1 and BRCA2
	Other biological features

	Background to project
	Hypothesis and aims

	Materials and Methods
	Materials
	Cells
	Established Cell Lines
	Normal Cells

	Tumour Tissue
	Cell Culture
	Complete Growth Media
	Washing Solutions and Reagents
	Enzymes and Antibiotics

	RNA Preparation
	Total RNA isolation

	RT-PCR
	Reverse Transcription
	Polymerase Chain Reaction
	Horizontal gel electrophoresis

	Real time quantitative RT-PCR
	SYBR Green RTqPCR
	Taqman Probes

	Antibodies
	Primary Antibodies
	Secondary Antibodies
	Tertiary Reagents

	Western Blotting
	Reagents
	Buffers and Stock Solutions
	Membranes

	Immunohistochemistry
	Reagents
	Buffers and Washing Solutions


	Methods
	Cell Culture
	Isolation of breast epithelial cells from Reduction Mammopla
	RNA Extraction
	Cell lines, organoids and frozen tissues
	Formalin Fixed Paraffin Embedded tissue

	Primer design, validation and optimisation
	Primer design
	Primer validation

	RT-PCR
	Reverse Transcription
	Polymerase chain reaction (PCR)

	Real time quantitative RT-PCR
	SYBR Green
	Taqman gene expression assay

	Western Blotting
	Sample Preparation
	Protein quantification
	Gel preparation
	Protein transfer and blocking
	Western analysis

	Immunohistochemistry
	Microtomy
	Antigen Retrieval Optimisation
	Immunohistochemical Protocol
	Grading of Staining Intensity

	Statistics


	Results
	Selection of target genes
	A-kinase Anchoring Protein 1
	Acidic Protein Rich in Leucines
	CCAAT enhancer binding protein alpha
	Damage Specific DNA Binding Protein 2
	Granulin
	Nuclear Receptor Coactivator 3
	Retinoic Acid Receptor Responder 3
	Retinoblastoma Binding Protein 4
	Transforming Growth Factor β Induced
	Target gene summary

	Gene expression optimisation
	RNA extraction from FFPE tissue
	Primer Optimisation
	Housekeeping gene analysis
	Real time quantitative RT-PCR
	Primer optimisation
	Standard Curve
	Dissociation curves
	Housekeeping gene selection


	Target gene expression in breast cell lines
	AKAP1 expression
	APRIL expression
	C/EBP alpha Expression
	DDB2 expression
	Granulin Expression
	NCOA3 Expression
	RBBP4 Expression
	RARRES3 Expression
	TGFβI Expression
	Summary

	Target gene expression in reduction mammoplasty tissue
	AKAP1 expression
	APRIL expression
	C/EBP alpha expression
	DDB2 expression
	Granulin expression
	NCOA3 expression
	RARRES3 expression
	RBBP4 expression
	TGFβI expression
	Summary of expression data for 9 normal organoid samples

	Target gene expression in tumour samples
	AKAP1 expression
	APRIL expression
	C/EBP alpha expression
	DDB2 Expression
	Granulin expression
	NCOA3 expression
	RARRES3 expression
	RBBP4 expression
	TGFβI expression
	Summary of gene expression changes in 21 breast tumours

	Target gene expression in FFPE tumour samples
	Comparison of frozen and FFPE
	Gene expression in FFPE tissues

	Expression in tumour versus normal: data comparisons
	Protein analysis of NCOA3 and RARRES3
	Western blotting analysis of NCOA3 and RARRES3
	Immunohistochemical analysis of NCOA3
	Optimisation
	Normal breast
	Breast cancers

	Correlation of IHC with RT-qPCR results


	Discussion and Conclusions
	Method development and validation
	RT-PCR
	Housekeeping gene selection
	Differences between microarray and RT-qPCR data
	Comparison between FFPE and snap frozen gene expression data

	Results comparisons – Realisation of aims
	Cell lines, normal organoids, and frozen tumour tissues
	AKAP1
	APRIL
	C/EBP alpha
	DDB2
	Granulin
	NCOA3
	RARRES3
	RBBP4
	TGFβI


	The possible relevance of the 9 gene targets to breast cance
	Conclusions and future studies


