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ABSTRACT 

 

This project was designed to assess clinical and biological parameters of prognosis 

in high grade breast cancer (BC). The first approach aimed to define Clinico-

epidemiological parameters associated with poor survival in a retrospective BC 

cohort of 1339 non-metastatic patients presenting at Singleton Hospital, South 

Wales, UK. Median follow-up was 5.4 years (range 0.09-10.14 years). Results of this 

analysis supported the role of histological grade (HG) as a prognostic factor and a 

tumour classifier. HG stood as one of the main variables associated with OS, DDFS 

and DFS with only N3 disease conferring worse prognosis. This analysis contributed 

with clinical information and survival data required for sample selection for 

subsequent comparative genomic hybridisation (CGH) studies.  

 

Array Comparative genomic hybridisation (aCGH) was performed in 78 cases (67 

HG3 and 11 HG2) cases aiming to identify copy number alterations (CNA) 

associated with poor survival. aCGH protocol optimisation was required to obtain 

reproducible results and a new simplified aCGH protocol was described. A region of 

chromosomal gain in Chromosome 5 (5q35.1 to 5q35.2) was significantly associated 

with Cancer-specific survival (CSS; FDR<0.2). DUSP-1 and MSX2 genes were 

among those candidate genes validated In-silico for poorer prognosis in BC. 

 

FINALLY, THE ISSUE OF TAMOXIFEN RESISTANCE  WAS ADDRESSED BY 

ATTEMPTING TO IDENTIFY CNA IN OESTROGEN RECEPTOR (ER) 

POSITIVE/TAMOXIFEN TREATED PATIENTS ASSOCIATED WITH EARLY 

RELAPSE/DEATH ≤5 YEARS (TAMRG) COMPARED WITH A SUB-GROUP OF 

PATIENTS ALIVE AND WELL AFTER 5 YEARS ON FOLLOW-UP (TAMCG). A 

REGION OF GAIN ON CHROMOSOME 7 (188219-6234052) WAS ASSOCIATED 

WITH TMACG (P:0.05) WHICH WAS ALSO ASSOCIATED WITH SIGNIFICANT 

OVER-EXPRESSION OF SNX8 USING IN-SILICO VALIDATION IN LOI ET AL 

DATASET. RESULTS FROM THIS STUDY CONTRIBUTE TOWARDS THE 

IDENTIFICATION OF CANDIDATE PROGNOSTIC GENES IN BC. BIOLOGICAL 

VALIDATION OF THESE RESULTS IS RECOMMENDED. FURTHER RESEARCH 
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CHAPTER 1 – INTRODUCTION  

1.1- Breast Cancer Background 

 

Breast cancer (BC) is the most common female cancer in the UK accounting for just 

over 39600 new cases per year in 2008. The incidence rates of BC has doubled over 

the last three decades, a trend that was apparent even before the introduction of the 

National Screening program in 1988 and has continued to rise until recent years 

estimating an increase of 4% between 2007 and 2008 (Office-for-National-Statistics, 

2010).  

 

By contrast, BC mortality is declining.  Five year relative survival increased by 0.9% 

for patients diagnosed between 2001 and 2006 and followed up to 2007 in 

comparison to those diagnosed during 2000- 2005 and followed up to 2005 (Walters 

S, 2009). This significant achievement is likely to be related to the success of early 

detection programme and to improvements in treatment particularly adjuvant 

systemic therapies such as tamoxifen. Clinical factors associated with an increased 

risk of developing BC include age, family history, obesity, exposure to exogenous 

female hormones, previous history of breast irradiation, alcohol intake and contra-

lateral BC.  

 

BC is a heterogeneous disease and several factors determine the prognosis and 

therapeutic options used in specific cases. Initial diagnosis is based on clinical, 

radiological and histological evaluation of the primary tumour in order to confirm 

diagnosis and assess extent of the disease.  Ideally all cases should be discussed in 

a multidisciplinary meeting that would agree with diagnosis and propose, 

accordingly, the clinical management. Current routine clinical management relies on 

an accurate staging of the anatomical and pathological extent of the disease which 

will often, but not always, requires further investigations such as blood tests and 

imaging studies like ultrasound (US), Computer Tomography (CT) and bone scan. 
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1.2- Prognostic Classification 

 

The most widely used method for classifying the extent of anatomical cancer spread 

for solid tumours is the TNM classification that looks into local tumour volume (T), 

loco-regional nodal spread (N) and distant metastasis (M). This method was initially 

developed by Dr Pierre Denoix at the Institute Gustave-Roussy over several years 

(Denoix and Baclesse, 1955, Baclesse and Denoix, 1957). However, it was not until 

1958 that the first TNM recommendations for the staging of BC and Larynx were 

published as recognition for staging standardization by a special Committee from the 

Research Commission of the International Union Against Cancer (UICC, 1958). 

Since then, there have been several revised versions of the TNM classification 

published which have helped clinicians in assessment of prognosis, planning of 

treatment, evaluation of treatment response and standardising information record 

and exchange between centres (Gospodarowicz et al., 1998).  

 

However useful and standardized, the TNM staging is not a perfect system as it does 

not include non-anatomical prognostic factors that influence prognosis or even 

influence treatment decisions. Specifically in BC, factors such as age, histological 

grade (HG), Oestrogen receptor (ER), progesterone receptor (PR) or Human 

Epidermal Growth factor receptor (HER-2) status are well known to influence 

outcome and are not currently included in the TNM classification. As more non-

anatomical factors become available in different solid tumours, there are good 

practical arguments to add these to TNM. HG has been incorporated in the TNM 

staging of tumours like prostate, soft tissue and bone. Similarly, age was included in 

the TNM staging of thyroid cancer and serum markers in the staging of testicular 

cancer. The list of non-anatomical prognostic factors for BC has increased 

considerably. On one hand, it is appealing to incorporate all prognostic factors in the 

initial clinical assessment of patients. However, this carries the risk of overloading 

the TNM with variables that although might increase its prognostic accuracy, can 

convert the TNM in a very complex tool to be applicable in clinical practice, losing in 

this way the reason for which it was conceived. On these basis some believe that the 

TNM should remain as it is (Sobin, 2001), a simple classification system to be use 
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upfront to help clinicians with the treatment decision process and a system upon 

which other prognostic systems are built.  

Another useful treatment guideline used in clinical practice is St Gallen International 

Expert Consensus (Goldhirsch et al., 2001). This guideline has been developed by a 

group of expert who have met at St Gallen, Switzerland, since 1978 in order to reach 

a consensus about the clinical management of early BC based on updated evidence. 

At their most recent meeting, the panel of experts highlighted the relative indications 

for chemo-endocrine or endocrine therapy alone based not only on tumour size, 

nodal status and ER/PR status but also on HG, proliferation (either assessed by Ki-

67 labelling index or pathological description of frequency of mitosis), peri-tumoural 

vascular invasion and patient preference. HG was considered, by the majority of the 

panel, to be “sufficient indication for adjuvant chemotherapy, although genomic 

grade could be considered as an adjunct”, if available. More importantly, the panel 

supported for the first time the use of validated multigene tests to assist clinical 

decisions in cases where the use of a particular therapy is still uncertain after 

consideration of conventional clinico-pathological markers (Goldhirsch et al., 2009).  

 

The Nottingham prognostic Index (NPI) is another clinically useful prognostic index. 

It was developed from a retrospective analysis of 387 BC patients with operable 

disease. Only 3 variables remain statistically significant in the multivariate analysis 

(MVA), namely tumour size, nodal status and tumour grade, which were 

subsequently used for the development of an index to classify patients into three 

categories according to the chance of dying from BC at 15 years. Patients in the 

good prognostic group (29%) had 80%, moderate group (54%) 42% and poor 

prognostic patients (17%) had 13% 15-year survival (Galea et al., 1992). The index 

emphasises the importance of HG in the prognosis of BC patients.  

 

One of the most accurate tools for assessing prognosis in patients with BC is 

Adjuvant! Online (Ravdin et al., 2001). This is an evidence-based computerised 

online program developed on 10-year-observed overall survival (OS) of Stage I and 

II women age between 36 to 69 years diagnosed between 1988 and 1992 and 

recorded in the Surveillance, Epidemiology and End Results (SEER) registry in the 

United States. The programme also estimates Breast cancer–specific survival 
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(BCSS) for untreated patients which was projected from observed BCSS in the same 

population but adjusted for the frequency and efficacy of the systemic therapy. The 

other endpoint estimated is Event Free Survival (EFS) which was indirectly derived 

from SEER mortality data. Adjuvant Online also provides the user with an estimate of 

efficacy of adjuvant therapies such as tamoxifen and different chemotherapy 

regimens. This information  is particularly important at the time of discussing 

therapeutic options in clinic and is known to influence the patients willingness to 

accept such therapies (Ravdin et al., 1998).  

 

 Adjuvant! Online includes several clinico-pathological characteristics such as age, 

co-morbidities, HG, tumour size and nodal status and treatment-related factors 

including different options for adjuvant hormone therapy and chemotherapy. It is 

widely available, free access for online users and results can be printed out to 

illustrate the discussion of therapeutic options in clinical practice. 

 

Adjuvant Online has also been validated in different populations. A validation study 

performed at the British Columbia Breast Cancer Outcomes Unit (BCOU) confirm 

that 10-year predicted and observed outcomes were within 1% for OS, breast cancer 

specific survival (BCSS) and  EFS (all p >0.05). Adjuvant! overestimated OS, BCSS, 

and EFS in women younger than age 35 years (predicted-observed = 8.6%, 9.6%, 

and 13.6%, respectively; all p<0.001) or with lymphatic or vascular invasion (Olivotto 

et al., 2005). More recently a large European retrospective validation study also 

confirm that Adjuvant! performed reliably with a difference between predicted and 

observed outcomes (OS and BCSS)  within 2% for most relevant clinico-pathological 

subgroups and similarly to Olivotto et al the study outcomes were overestimated by 

approximately 4% in young patient (less than 40 years) (Mook et al., 2009). 

However, a recent study from Oxford shows that the UK outcomes may be 

significantly inferior for OS, BCSS and EFS by 5.54, 4.53 and 3.51 % respectively 

across the majority of the analysed categories (Campbell et al., 2009). Discrepancies 

are likely to be due to a higher mortality rate in the UK in comparison to the US. 

However, confirmation of these results including a representative number of centres 

across the UK is required. 
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Among all prognostic factors in BC, nodal status has traditionally been regarded as 

the most important. It is estimated that approximately 30% and 40% of the clinically 

node-negative patients have occult positive axillary nodes (Fisher et al., 1985). 

Therefore, it is routine clinical practice to perform axillary surgery at the time of the 

surgical treatment of the primary tumour as it will allow pathological staging and, in 

those cases with lymph node (LN) involvement, axillary dissection also provides 

effective local control in early and advanced BC (Bembenek and Schlag, 2000). 

There is also consensus on the prognostic significance of the number of positive 

nodes; the higher the number of lymph nodes involved, the worse the prognosis 

(Fisher et al., 1983).  

 

Although universally accepted and validated, the use of the current guidelines for the 

prognosis of BC might be challenged as a consequence of a change in the spectrum 

of BC due to the implementation of screening and increase awareness of BC in the 

population (Cady, 1997). The tumours in screened women are smaller and more 

likely to require Breast Conserving Surgery (BCS)  than they would have been in 

symptomatic patients (Advisory-Committee-on-Breast-Cancer-Screening, 2006). 

Screened cancers also have fewer LN metastases. This may affect the relative 

statistical weighting of features applied to pathology indicators of survival in the 

current guidelines as the NPI, formulated 20 years ago on the basis of symptomatic 

practice and might not be optimal for a population in the context of screening  

(Anderson et al., 2000). 

 

Tumour size is also considered a prognostic factor. It is widely accepted that the 

bigger the tumour the higher the chance of relapse. However, it has also become 

obvious that BC is a heterogeneous disease with variable prognosis even in cases of 

similar tumour size. As an example, the reported relapse free survival (RFS) at 8 

years for a tumour less than 1 cm node-negative without systemic therapy ranges 

from 81% (Fisher et al., 2001) to 100% (Tinnemans et al., 1989). Therefore, 

predicting prognosis in BC is complex and even very early tumours can metastasise 

despite systemic therapy. Discrepancies in outcome in a population of patients with 

the same TNM staging are likely to be related to the biology of the tumour, which 

dictates its aggressiveness (Bonnefoi, 2007). 
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1.3- Pathology  

1.3.1- Grade as a prognostic marker 

 

Histological grade of the tumour is the most commonly used pathological prognostic 

variable that reflects tumour biology.  The system to assess the degree of tumour 

differentiation was initially described by Scarff, Bloom & Richardson (Bloom and 

Richardson, 1957) and subsequently modified in order to make it more objective and 

reproducible (Elston and Ellis, 1991). The system currently in used in the UK, 

endorsed by the Royal College of Pathologist (NHSBSP, 2005), involves a semi-

quantitative evaluation of three morphological features tubule/acinar/glandular 

formation (t), nuclear pleomorphism (n) and frequency of mitoses (m). The resulting 

scores for each feature are added together and assigned to grade 1, 2 and 3. HG1 

includes tnm scores 3-5, HG2 tnm scores of 6 and 7, and HG3 tnm scores of 8 and 9 

(NHSBSP, 2005). 

 

Despite previous efforts to standardise reporting systems for HG, there is still 

significant inter-observer discrepancies in reproducibility among pathology 

departments. Boiesen reported only 31% complete agreement on HG with a 

moderate reproducibility among different departments (overall mean Kappa 0.54) 

(Boiesen et al., 2000). These results were comparable to those reported by Frierson 

(Frierson et al., 1995). Further analysis revealed that the concordance on the 

analysis on tubular formation was better than for nuclear pleomorphism and mitotic 

count which are usually affected by fixation artefacts, necrosis, severe inflammation 

or fibrosis  (Boiesen et al., 2000). Although other authors have found the 

reproducibility to be acceptable when specified guidelines are in use with complete 

agreement ranging from 83.3% to 87 % (Robbins et al., 1995, Dalton et al., 1994). 

However, the poor reproducibility of HG assessment found in some studies is being 

given as the reason for not including the HG into the new TNM classification despite 

of its recognised prognostic significance (Singletary and Greene, 2003). 
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Unfortunately, HG is not always useful as prognostic information due to the fact that 

30-60% of tumours are classified as HG2, even when it is assessed by a single 

pathologist. In a publication from the Bordet group, Sotiriou et al found that HG1 and 

HG3 BC had distinct gene expression profiles. This group identified a Genomic 

grade signature which was the base to develop a Genomic Grade Index (GGI). GGI 

was later used to separate HG2 patients into two groups with similar expression 

profile and risk of recurrence to HG1 or HG3 (Sotiriou et al., 2006). It seems that 

some of the discrepancies issues in the HG assessment might be overcome with the 

use of GGI when available and it has even stronger prognostic significance in the 

MVA than LN status or tumour size (Sotiriou et al., 2006).  

 

As discussed previously, as more BC are diagnosed at an early stage the prognostic 

factors used to classify patients at diagnosis will migrate from the assessment of 

disease burden only, as in the TNM staging,  to those tools that allow assessment of 

tumour biology. There is evidence to suggest HG3 disease is not the result of 

dedifferentiation from HG1 disease but they represented a separate entity with 

different molecular origins (Roylance et al., 1999). HG3 tumours are also more 

aggressive and common in symptomatic BC patients accounting for about half of all 

cases with  published ratios for grades 1, 2 and 3 being approximately 2:3:5 (Elston 

and Ellis, 1991). In addition, the proportion of cases with HG3 is significantly higher 

in patients ≤ 35 years of age compared to older patients, a fact that contributes to the 

poorer prognosis in young patients (Kroman et al., 2000). 

 

1.3.2- Molecular and Clinical heterogeneity within Grade 3 tumours 

 

Heterogeneity is not only limited to tumours of different histological grades. 

Significant differences have been found within poorly differentiated tumours in terms 

of clinical behaviour and survival. Different methods can be applied to sub-classify 

HG3 cases into subgroups such as Immuno-histochemistry (IHC) profile, gene 

expression profile (GEP) and more recently Array Comparative Genomic 

Hybridisation (aCGH). Recent publications used both GEP and CNA (Copy Number 

alterations) to predict BC outcome (Chin et al., 2006, Bergamaschi et al., 2006, 
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Haverty et al., 2008). Some of these have successfully identified subgroups of worse 

prognosis within HG3 tumours. 

 

The majority of grade 3 cases are ER negative. So starting from ER, a group of 

ER+/HG3 tumours have a worse prognosis than ER+ with other histological grading 

but better prognosis than the rest, ER-/HG3 tumours.  

 

It is recognised that ER+ tumours, regardless of the grading, express genes 

commonly found in “luminal” epithelial cells (Perou et al., 2000). These luminal 

tumours were sub-classified further using GEP into Luminal A, usually well 

differentiated tumours with low proliferation rate and a group with high proliferation 

rate called Luminal B (Sorlie et al., 2001). Patients with Luminal B tumours have 

consistently worse prognosis than Luminal A though slightly better (Sorlie et al., 

2001),  outcome to basal-like or HER-2 tumours (Rakha et al., 2008).  

 

Three sub-groups were found within ER negative tumours: “basal-like”, “HER-2” and 

another, even more heterogeneous group, “normal- breast-like” tumours (Perou et 

al., 1999).  This “breast tumour intrinsic” classification has been validated in other 

studies (Sorlie et al., 2003, Hu et al., 2006). However, GEP for BC remains a 

research tool. Complementary deoxyribonucleic acid (cDNA) arrays are expensive, 

requires both good quality Ribonucleic acid (RNA) that could only be obtained from 

frozen samples and the expertise of a research group for the analysis and 

interpretation of results (Rakha et al., 2008).  

 

The knowledge that some BC express markers found in myoepithelial/basal cells 

preceded the identification of the “basal-like” group by Perou et al, although its 

clinical significance was not clear. Using pathological criteria, current definition of 

basal-like tumours include those tumours that express cytokeratins 5/6 , 17, 14 

(Gusterson et al., 1982, Wetzels et al., 1991), vimentin (Gould et al., 1990), lack 

expression of ER/PR and HER-2 [triple negative breast cancer, TNBC] (Perou et al., 

1999, Sorlie et al., 2001, Hu et al., 2006), EGFR expression (Reis-Filho et al., 

2005a), high HG, central scar, significant necrosis and pushing borders (Fulford et 

al., 2006).  
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Although a comprehensive definition of “basal-like” tumours using IHC is still 

awaited, multiple attempts have been made to correlate “basal-like” tumours defined 

by GEP with that defined by pathological criteria. Niesel found that using a battery of 

IHC including Cyt 5/6 and EGFR, in addition to the commonly requested ER, PR and 

HER-2, it will provide a specificity for the detection of basal- like tumours (defined by 

GEP) of 100% with a sensitivity of 75% (Nielsen et al., 2004). It is interesting that 

using unsupervised clustering analysis of TMA results from a panel of IHC staining 

also classify BC into groups closely comparable to those obtained from cDNA (Abd 

El-Rehim et al., 2005, Makretsov et al., 2004, Jacquemier et al., 2005, Zhang et al., 

2003).  

 

It is been reported that “basal-like” tumours have the worse prognosis among all the 

groups even below HER-2 positive tumours, whose prognosis had dramatically 

improved after the advent of trastuzumab therapy. This poor prognosis is extended 

to TNBC, greatly represented by “basal-like” tumours, in view of the lack of 

efficacious therapeutic options, probably a similar picture to those HER-2 positive 

patients 20 years ago. Patients within the “normal-breast-like” also have TNBC 

disease. However, they lack expression of basal cytokeratins, do experience a lower 

response to neo-adjuvant chemotherapy (Rouzier et al., 2005) and have a clinical 

outcome more similar to the no–TNBC group than they have to the basal-like group 

(Foulkes et al., 2009).  

 

HG3 BC have also been characterised according to their aCGH profile (Natrajan, 

2009) following classification into 3 groups (luminal, basal-like and HER-2) using IHC 

definitions by Nielsen et al (Nielsen et al., 2004). Patterns of aCGH profile using 

oligonucleotide arrays had been previously described (Hicks et al., 2006) but 

Natrajan et at found that Basal-like tumours are more likely to have an aCGH profile 

called “sawtooth” (segments of gain alternating with deletions involving all the 

chromosomes) whereas HER-2 tumours more commonly have a “firestorm” profile 

characterised for a group of narrow peaks of amplifications confined to a single 

chromosome arm. Luminal tumours had a more heterogeneous profile being the 
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Luminal B tumours characterised by high level gene amplification (Natrajan, 2009, 

Bergamaschi et al., 2006).  

 

It is important to emphasise that all the previously defined groups, either by GEP 

and/or IHC, are more commonly classified as poorly differentiated tumours, except 

for the Luminal A group. High grade tumours are not only a heterogeneous group 

pathologically, biologically and genetically but also clinically and further research is 

required to identify potentially therapeutic options to improve its poor prognosis. 

 

1.3.3- Oestrogen receptor and tamoxifen resistance 

 

Oestrogens induce both differentiation and proliferation of normal breast tissue. 

Specifically, oestradiol triggers a chain of intracellular events in breast cells after 

binding ER that ultimately stimulates the transcription of oestrogen-dependent 

genes.  

 

ER is recognised as a prognostic and predictive factor in BC. The presence and 

density of ER expression is also the best predictor of response to endocrine therapy 

together with PR and HER-2 (Rastelli and Crispino, 2008). For ER positive disease, 

adjuvant tamoxifen reduces the risk of BC recurrence by 11.8% and BC mortality by 

9.2% at 15 years and is the standard of care in premenopausal women (Wa et al., 

2005, EBCTCG, 2005) and some postmenopausal patients. Unfortunately, even in 

ER positive patients, there will be at least 30 % of therapeutic failure to tamoxifen (de 

novo resistance) with the majority of patients eventually developing resistance over 

time (acquired resistance) (Riggins et al., 2007). 

 

At least three different mechanism of action have been described for tamoxifen 

including both genomic and non-genomic pathways of controlling replication of 

oestrogen-dependent genes. Similarly, tamoxifen resistance has been extensively 

investigated and several mechanisms have been postulated to explain the 

development of resistance including changes in ER, tamoxifen metabolism, 

alteration of regulatory proteins and through the interaction with growth factor 

signalling pathways (Bender and Nahta, 2008).  There is significant evidence both in 
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vivo and in vitro to confirm that the majority of tamoxifen resistant cells continue to 

express ER (Johnston et al., 1995) and approximately 20% of tamoxifen resistant 

cells will respond to an aromatase inhibitor or fulvestrant indicating that the 

oestrogen pathway still has effect in cell proliferation (Osborne et al., 2002, Howell et 

al., 2002).  

 

In addition, it has been proven in vivo that inappropriate activation of intracellular 

growth factor signalling pathway including Epidermal Growth Factor (EGF) and its 

receptor (EGFR) (Nicholson et al., 2002) , Insulin Growth Factor (IGF) (Guvakova 

and Surmacz, 1997), Insulin-Growth Factor receptor (IGFR) (Stephen et al., 2001) 

and HER family receptors can also occur in tamoxifen resistant tumours. It is of 

particular interest the “cross-talk” between HER-2 and ER intracellular pathway. 

HER-2 amplification occurs in tamoxifen resistant cells even in those originally HER- 

2 negative (Nicholson et al., 2004, Gutierrez et al., 2005). Despite the extensive 

scientific work directed to understand mechanism of tamoxifen resistance there is 

still no useful therapeutic intervention applicable in clinical practice that would 

reverse such resistance once developed. 

 

Studies in the ER pathway have been facilitated due to the availability of endocrine-

sensitive wild type MCF-7 breast cancer cell.  A number of different sub-lines of the 

MCF-7 are available including tamoxifen resistant (TAMR) (Knowlden et al., 2003). 

However, it has been described that MCF-7 cells develop rapid genetic changes in 

culture  producing MCF-7 sub-lines that differ both at the genomic and phenotypic 

levels (Nugoli et al., 2003). Some of the tumour properties are best studied in cell 

culture such as anchorage–independence which reflects the tumour cells metastatic 

potential in vivo (Mori et al., 2009). However, findings from cell cultures are also 

difficult to translate to an in vivo tumour setting despite of some evidence that 

support that both cell lines and BC tumours have similar genomic profile (Naylor et 

al., 2005). 

 

As adjuvant tamoxifen therapy is usually recommended for 5 years, it would be ideal 

to predict what patients will benefit from it and are at low risk of relapse. Han et al 

found that there are significant differences in the deoxyribonucleic acid (DNA) CVA 
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between patients who relapse within 5 years of diagnosis compared with patients in 

the non-recurrence group (Han et al., 2006). Further studies using DNA array 

technology are required to elucidate further genetic alterations involved in hormone 

resistant process as a step prior predicting for tamoxifen response. 

1.4- Genetic Variables 

1.4.1- Characterisation using aCGH 

 

Comparative genomic hybridisation has emerged as a very powerful molecular 

cytogenetic method for the detection of copy number alteration. CGH allows wide 

genome analysis DNA for the detection and mapping of unbalanced genomic 

alterations such as amplification, deletion, chromosomal loss/duplication and 

unbalanced chromosomal translocations. As the normal chromosomal content is 

diploid, BAC (Bacterial Artificial Chromosomes) array results might reveal a 

homozygous loss (loss of 2 copies), heterozygous loss (loss of 1 copy or loss of  

heterozygosity or LOH), gain (more than 2 copies) or amplification (usually defined 

as >5 copies) (van Beers and Nederlof, 2006). However, this is not the appropriate 

technique for the detection of balanced translocations or inversions. 

 

In a hallmark publication, CGH was first described as a technique in which tumour 

DNA and normal genomic reference DNA were differentially labelled with two 

different fluorophores and simultaneously hybridised to normal metaphase 

chromosomes in the presence of Cot-1 DNA. The amount of DNA bound is 

proportional to the relative quantity of DNA present and can be quantified by the 

measurement of green-to-red fluorescence ratios along the length of chromosomes. 

A software computer then calculates the foreground and background signal 

intensities and generates a copy number karyotype for each tumour sample 

(Kallioniemi et al., 1992). Although  conventional CGH became a very powerful 

technique, this method required of high quality metaphase chromosomes usually 

difficult to obtain in solid tumours, is time consuming and has a low detection 

resolution ranging from <20 Mb (Pinkel et al., 1998) down to 3Mb as its best 

(Kirchhoff et al., 1999). In addition, only a limited number of cells can be analysed by 

conventional aCGH which might not represent the main tumour cell type or even the 
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overall tumour cell population as BC might contain many different cell types (Cingoz 

et al., 2003). 

 

Conventional arrays have been replaced by aCGH in which DNA sequences serving 

as hybridisation targets are attached to a hydrophilic polymer-coated glass slide 

(Pinkel et al., 1998, Solinas-Toldo et al., 1997). This target DNA sequences consist 

on large-insert clones with known chromosomal location called BAC and P1 artificial 

chromosomes (PAC). BAC clones have an average size of 100-150 Kb, sufficient to 

provide high binding specificity (Pinkel et al., 1998).  

 

As approximately 3500 BAC clones are required for the construction of an array of 1 

Mb resolution, it would be expensive and laborious to rely solely on large-scale 

bacterial cultures. Instead, BAC clones are currently produced using techniques 

such as degenerate oligonucleotide polymerase chain reaction (DOP-PCR) among 

others (Fiegler et al., 2003). The resolution of aCGH is dictated by the density of 

mapped sequences (distance of DNA sequences on the chromosome) and the size 

of the cloned DNA target (Fiegler et al., 2007). In other words, the smaller the size of 

the DNA target sequences and the closer they are on the chromosome the higher 

the array resolution (Bejjani and Shaffer, 2006). Tiling pathways arrays offer a much 

higher resolution than aCGH in view of overlapping sequences in the BAC or PAC 

clones (Redon et al., 2005, Ichimura et al., 2006, Ishkanian et al., 2004). It is 

estimated that 30,000 clones are required for the construction of tiling arrays (Fiegler 

et al., 2007) which will provide a resolution of approximately 100 Kb. Further spatial 

resolution is achieved only by oligonucleotide arrays with a maximum resolution of > 

10Kb. However, the appropriate platform used depend on several factors including 

tissue and platform related issues which are dictated by reproducibility, availability, 

costs, expertise and type of aberration for detection  (Tan and Reis-Filho, 2008). An 

interesting approach is to screen the whole-genome with a low resolution platform 

(1Mb) with subsequent fine mapping of a region of interest (Garcia et al., 2005).  

 

Array CGH results will depend to great extent on the genetic input material. Most of 

the research in BAC array has been performed in fresh frozen tissue (FFT) that will 

provide with the best quality DNA. However, Formalin Fixed Paraffin Embedded 
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(FFPE) tissue samples historically represent the method of choice for tissue 

preservation and a vast amount of human tumour material is kept in paraffin blocks. 

Furthermore, invaluable clinical information might be available for correlation with 

biological findings in FFPE tumours, increasing the opportunity for successful 

translational research. Optimisation of DNA isolation protocols has provided us with 

the required technology for the extraction of DNA from FFPE with excellent results 

but the DNA quality is still dependent on the hypoxic period of the tissue before 

fixation, time of fixation, the use of buffered formalin (Legrand et al., 2002) and the 

duration of storage among others. Improvements in sampling handling have been 

universally standardised recently in an attempt to achieve better genetic material 

preservation. Nevertheless, a proportion of archival DNA samples will be unsuitable 

for aCGH as it may have been stored in inappropriate conditions. 

 

 Array CGH results also depend on the purity of the input DNA. As a general rule, 

aCGH should be performed on samples containing ≥ 70% of tumour cells in order to 

minimise normal cell contamination and increase detection sensitivity (Garnis et al., 

2005, van Beers and Nederlof, 2006). In another words, normal cell contamination 

will increase the proportion of normal DNA input in aCGH experiments which, after 

hybridization with normal reference DNA, bring the green-to-red ratio closer to 1 and 

by doing so reducing the probability of copy number variation (CNV) detection 

(Weiss et al., 1999). In those samples with low tumours cell content (<75%) laser 

capture microdissection (LCM) should be considered in order to overcome tissue 

heterogeneity (Devries et al., 2005, Garnis et al., 2005). However, the main 

disadvantage of LCM is the low amount of DNA retrieved after dissection, particularly 

for small sections. If the DNA yield drops below the minimal requirements for aCGH 

then whole genomic amplification (WGA) is required prior aCGH experiments. 

However, WGA will usually introduce amplification errors and until better 

amplification techniques are developed to overcome this difficulty, unamplified DNA 

remains the gold standard for aCGH experiments (Arriola et al., 2007).  However, 

new bio-informatic corrections can be made to minimise the impact of tissue 

heterogeneity on the genomic profile in tiling array being able to detect CNV with 

only 30% of tumour cell content (Garnis et al., 2005).  
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As aCGH is expensive and time consuming, it is of paramount importance to perform 

DNA quality control on FFPE samples in order to predict aCGH success. Multiplex 

Polymerase Chain Reaction (PCR) is a quick and reliable method of assessing DNA 

quality and its suitability for aCGH where PCR is performed using four primer sets 

that produce 100, 200, 300 and 400 bp fragments in the housekeeping 

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene. The higher the content 

of cross-linked DNA the less abundant PCR amplification products using multiplex 

PCR which might even disappear in decreasing order. This means that 400 bp 

amplification products will decrease or disappear  first, followed by the 300 bp, 200 

bp and finally 100 bp as the content of DNA cross links increases (van Beers et al., 

2006).  According to the authors, samples of ≥200 bp multiplex PCR fragment are 

likely to give good aCGH profiles with highly reproducible hybridisation. 

 

Biological validation of aCGH findings is usually performed by Fluorescent in-situ 

hybridisation (FISH) in which a previously known or suspected regions of alteration is 

interrogated using a specific probe.  The underlying mechanism is similar to aCGH in 

the sense that it is a FISH experiment performed on thousands of loci simultaneously 

on interphase or metaphase chromosomes (Bejjani and Shaffer, 2006). Other 

techniques are also available for aCGH validation including quantitative real time 

polymerase chain reaction (qRT-PCR). 

 

As mentioned before, aCGH is a powerful method for the genome-wide detection of 

CNV, particularly in solid tumours that usually exhibit complex genetic abnormalities 

previously impossible to decode. This has facilitated the identification of possible 

therapeutic targets as it is able to pinpoint the location of cancer related genes and 

might translate into clinical practice as is the case of HER-2Neu and c-Myc among 

others (Reis-Filho et al., 2005b, King et al., 1985, Slamon et al., 1987) . 

 

Other types of arrays using cDNAs have been used to obtain gene expression 

profiles. Pollack described the first study using array based genome wide profile 

using cDNA microarrays (Pollack et al., 1999).  cDNA microarrays have 

revolutionised the molecular classification of BC (Perou et al., 2000). Perou at al 

demonstrated that each BC tumour has a distinctive expression pattern and that in 
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general BC tumours can be allocated into at least 4 groups according to certain 

phenotypic characteristics namely ER+/luminal-like, basal-like, Erb-B2+ and normal 

breast (Perou et al., 2000). Further sub-classification of the luminal type into A and B 

was later developed according to the level of expression of ER receptor, which also 

correlates with HG (Sorlie et al., 2001). 

Other investigators have concentrated on the development of prognostic signatures 

in order to improve risk stratification over standard predictors. Three gene 

expression-based prognostic breast cancer tests have been licensed for use namely 

Oncotype DX® (Genomic Health, California), H/I (Avaria DX®, California) and 

Mammaprint (Agendia®, Huntington Beach, California, USA).  

Oncotype DX® was developed from 250 candidate gene set measured in 447 

patients, within the NSABP-B20 trial. Using 21 selected genes, Paik et al classified 

ER+, LN negative patients into 3 different groups according to their 10 year risk of 

distant recurrence. Patients within the high risk group experienced a large benefit 

from chemotherapy (relative risk, 0.26; 95% CI, 0.13 - 0.53; absolute decrease in 10-

year distant recurrence rate: mean, 27.6%). It is also a useful tool to identify low risk 

patients (Recurrence score <18) that had minimal, if any, benefit from adjuvant 

chemotherapy avoiding unnecessary treatment in patients with low probability of 

recurrence even when standard prognostic factors initially classified those patients 

as high risk (relative risk, 1.31; 95% CI, 0.46 - 3.78; absolute decrease in distant 

recurrence rate at 10 years: mean, -1.1%) (Paik et al., 2006). Although Oncotype 

DX®  is a useful tool in the decision making process and has the advantage of being 

performed in FFPE tissue, it has significant cost implications. The test itself costs 

thousands of dollars, although this could be set against the significant costs of 

unnecessary chemotherapy treatments or even with the medical cost of those 

untreated patients that will develop metastatic disease in the future (Sims et al., 

2006). A validation clinical Study is ongoing (Trial Assigning Individualized Options 

for Treatment Rx, TAILORx Study). 

Mammaprint® is another prognostic signature initially developed in N–ve patients 

using FFT. However, validation study included a mixed population of LN+ and ER-ve 

patients. This signature classified patients using a 70-gene signature into good and 

poor group according to their risk of 5 and 10 year response rate [RR] (van 't Veer et 
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al., 2002).  MINDACT (Microarray in Node Negative Disease May Avoid 

Chemotherapy), a clinical trial to validate Mammaprint® is currently ongoing. 

 

Homeobox 13 (HOXB13) and interleukin 17B receptor (IL17BR), the two gene ratio, 

has been developed in ER+ patients. High levels of HOXB13 predict recurrence in 

patients treated with adjuvant tamoxifen (Ma et al., 2004). This ratio has been 

validated in more than 850 patients Stage I and II, N- ER+ BC (Ma et al., 2006). 

 

In an interesting publication, Fan et al applied the prediction derived from 5 different 

gene-expression models to a dataset of 295 BC patients (Fan et al., 2006). The 

different signatures or predictors used were the intrinsic subtype classification  

(Perou et al., 1999), 70-gene profile  (van 't Veer et al., 2002, van de Vijver et al., 

2002) , wound response (Chang et al), recurrence score (Paik et al., 2004) and the 

two-gene ratio (Ma et al., 2004). Even though there was little overlapping in terms of 

the genes involved, 4 out of the 5 predictors used show high agreement with clinical 

outcome, possibly because they all were focusing on the same biological pathways. 

Only the H/I ratio failed to identify significant differences in outcome in this study but 

questions remains as to whether its performance was assessed in the right 

population. More relevant for our research, all 4 models, to varying degrees, showed 

significant correlation with HG (p<0,001). However, the signatures seem to provide 

prognostic information beyond that offered by the HG alone (Fan et al., 2006). 

 

It is important to remember that cDNA arrays measure specific mRNA whereas CGH 

measures DNA relative CNV and they do not necessarily have a close relationship, 

as occurs in gene silencing due to post-translational changes  (van Beers and 

Nederlof, 2006). However, in practice, several published studies have demonstrated 

a good correlation (Pollack et al., 2002, Hyman et al., 2002) and their prognostic 

significance improve when Gene expression signature (GES) and copy number 

signature (CNS) are used together (Bergamaschi et al., 2006, Chin et al., 2006, 

Haverty et al., 2008). 

 

However, cDNA arrays might have several disadvantages in comparison with aCGH: 

it represents only the expressed genes, lack of intron sequences, low signal-to-noise 
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ratio, variable signal intensities due to different length of the cDNA targets and less 

achievable resolution (Davies et al., 2005).  

 

Although the available data for aCGH in BC is not as mature as the expression array 

data, significant advances have been made.  In relation to hereditary cancer, 

Wessels studied patients with BRCA-1 mutation against a group of patients with 

unknown BRCA status. He found that BRCA-1 mutation carriers exhibit specific 

somatic mutations including 3p, 3q and 5q. (Wessels et al., 2002).  Similarly, another 

publication confirmed distinct genomic profiles in both BRCA-1 and BRCA-2 

mutation when compared to sporadic BC cases (Jonsson et al., 2005). It has also 

been possible to establish a profile pattern among synchronous tumours (Nyante et 

al., 2004) and help to differentiate new primary lesions from recurrences (Wa et al., 

2005).  

 

There seems to be consistency among several publications that have described the 

most common genetic alterations in BC even though some of these papers used low 

resolution technologies (including conventional aCGH). The frequently reported 

regions of gain include 1q, 8q, 11q, 17q and 20q being the most frequently lost 

regions 6q, 8p, 9p, 13q, 16q, 17p and 18 q (Kallioniemi et al., 1994, Tirkkonen et al., 

1998, Rennstam et al., 2003) . 

 

Some researchers have found significant correlation between a high level gain at 8q 

and 20q13 with early recurrence from BC defined as occurred in less than 5 years 

and association with nodal involvement with loss of 13q (Cingoz et al., 2003).  Other 

authors also described common amplicons in BC such as 1q32.1, 8q24.3, and 

16p13.3 (Naylor et al., 2005).   

 

As more molecular classifications using expression analysis in BC are being 

developed and clinical trials validated further research is needed into the 

classification of BC using DNA arrays in order to elucidate molecular signature for 

prognosis with possible therapeutic implications. 
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1.5- Overview of the Project  

 

Two main studies were designed based in the use of aCGH in BC patients in this 

project. Patients selection for both studies were based on the results of a descriptive 

analysis of clinico-pathological parameters of a BC cohort with long term follow-up 

treated in a single centre in the UK. Therefore, in order to increase the clinical 

relevance of the results, MVA for OS, Distant disease free survival (DDFS) and 

Disease-Free survival (DFS) was performed and is presented in Chapter 2. 

Relevance of receptor status in grade 3 cases is also discussed along with the 

Kaplan-Meier (KM) survival analysis among subgroups classified using IHC and HG.  

 

For the first study, it was decided to include BC patients with poorly differentiated 

tumours, mainly HG3, as HG was one of the main prognostic factors in the MVA and 

probably the only one that reflects tumour biology rather than disease burden. The 

aim of this study was the identification of CNA significantly associated with poor 

survival in a sub-group of patients with poorly differentiated tumours. Design and 

results are presented in Chapter 4. 

 

The second study aimed to research the relevant clinical problem of tamoxifen 

resistance. For this, aCGH profiles were obtained from both tamoxifen resistant cell 

lines and FFPE tissue obtained from patients clinically defined as tamoxifen 

resistant. Comparison of those CNA obtained among tamoxifen resistance cell lines 

and tumours were also performed. Results of this study are presented in Chapter 5. 

Description of Materials and Methods used for both studies are presented in Chapter 

3.   

 

Finally, Chapter 6 includes a short discussion on the conclusion, limitations and 

recommendations for future research. 
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CHAPTER 2 – Retrospective cohort analysis. 

2.1- Cohort Overview – Statistical analysis 

2.1.1- Patients characteristics. 

 

A breast cancer database was built retrospectively in order to obtain epidemiological, 

clinical and histo-pathological data from patients seen at the BC services in the 

Oncology Department at Singleton Hospital, Swansea, South Wales, UK. Data was 

collected using a database designed by a statistician in “Access®” computer 

software. Data was collected by a medically qualified single observer over two-year-

period (2004-2006) and included patient’s records from 1996 to 2002. Information 

collected from clinical records consisted in 5 different sections as in table 2.1. 

 

 

 

Data from a total of 1489 non-metastatic patients with invasive BC from the database 

were obtained. Patients with Ductal carcinoma-in-situ (DCIS) only or metastatic 

patients at diagnosis were excluded. As the main histo-pathological variable in 

consideration in the present study was HG, it was agreed to include only 1339 

patients for whom HG was available. Database was exported into Excel, revised and 

corrected for inconsistencies when possible. Dichotomous variables were 

Table 2.1.- Epidemiological, clinical and pathological parameters collected from clinical files.

Patient Hospital number, date of birth, sex, menopausal status, hormone replacement

therapy, family history, date of surgery, side of surgery, type of breast surgery, type of

axillary surgery, current status*, cancer related death and date of death.

Pathology Pathology specimen number, histological type, presence of ductal carcinoma in-situ,

tumour size, multifocality, number of positive nodes, total number of nodes removed,

histological grade , ER, PR, HER-2 status and NPI score.

Adjuvant radiotherapy: irradiated sites, fractionation and start/completion date.

Adjuvant chemotherapy regimen, number of cycles, start/completion date.

Adjuvant hormones: drug used, duration, start/completion date.

Neoadjuvant 

Therapy

Neoadjuvant treatment given, neoadjuvant chemotherapy start/completion date,

neoadjuvant hormone therapy start/completion date, neoadjuvant radiotherapy

start/completion date.

Metastatic 

Disease

Metastatic location, first, second and third line treatment administered including dates, 

modality, start/completion date and response.

* Defined as status at last available observation.

Adjuvant therapy
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numerically coded according to a coding system (appendix 1).  Continuous variables 

were transformed into categorical using widely accepted classifications when 

possible as in the case of TNM staging system (Singletary and Greene, 2003) or NPI 

(Galea et al., 1992). 

 

ER results were reported using the quick (Allred) score as  recommended in the UK 

(NHSBSP, 2005). An ER negative result was considered so if Quick (Allred) score 

was reported ≤2 being therefore positive if scored ≥3 to 8. Patients were divided into 

4 categories according to ER, PR and HER-2 receptor status: ER positive (ER+) 

patients were classified as ER+/HG1 (broadly representative of the “Luminal A” 

group classified on molecular profiling) or ER+/HG3 and/or HER-2+ tumours (broadly 

representative of the “Luminal B” group). ER negative (ER-) patients were allocated 

into the HER-2 group if HER-2 positive (HER-2+) and triple negative (TN) if ER, PR 

and HER-2 were negative. 

 

Statistical variables were generated as followed: 

- Age: was categorized into 3 groups (≤50, 50-70 and ≥70 years) as an 

approximation of the ages considered as thresholds between premenopausal 

and postmenopausal women (Kroman et al., 2000) and elderly population. 

- Follow-up period: Time (in years) between date of diagnosis (DODx) and date 

last seen either on follow-up clinic or as in-patient and (Date last seen-DODx / 

365.25). 

- DFS: Time from DODx to date of relapse of BC. This definition includes local, 

regional or distant relapse as well as patients with a second primary BC and 

death from any cause. This definition has been used in previous clinical trials 

(Coombes et al., 2004). 

- DDFS: Time from DODx to date of distant BC relapse as well as patients with 

a second primary BC and death from any cause. 

- OS: Time from DODx to DOD from any cause (BC, non-BC and unknown). 

- Tamoxifen-resistant group (TAMRG): defined as ER+ cases treated after 

surgery/RT with tamoxifen only and who died from BC within the first 5 years 

of follow-up; patients who received neo-adjuvant or adjuvant chemotherapy 

were excluded. These patients also had an evaluable aCGH profile.  
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- Tamoxifen-control group (TAMCG): defined as ER+ cases treated with 

tamoxifen only who were alive and well after 5 years of follow-up; patients 

who received neo-adjuvant or adjuvant chemotherapy were excluded. These 

patients also had an evaluable aCGH profile. 

 

Data was then transferred using commercially available software (Stat/Transfer©, 

Circle System, version 8; http://www.stattransfer.com) into the appropriate format 

and subsequently analysed using Stata (Data Analysis and Statistical Software©, 

StataCorp LP, version 10 SE; http://www.stata.com).  Categorical variables were 

analysed using Chi-square test. Normally distributed numerical variables were 

analysed using t-tests whereas non-parametric methods including Mann-Whitney 

test were used for non-normally distributed data. Cox regression models were built 

using a step forward approach to identify factors associated with OS, DDFS and 

DFS. Only factors found significantly associated with the outcomes in the Univariate 

analysis (UVA) were included in the MVA. KM plots and Log-rank test were used to 

compare survival between groups. The level of significance for p-value was set 0.05. 

Two-sided p-values were used. 

 

2.1.2- Results 

 

General patient’s characteristics are summarised in Table 2.2. In our cohort, the 

median age was 59.69 years (range 18.5-91.43). Over half of patients were between 

50-70 years old and in this subgroup the distribution of HG is 24.7%, 44% and 31% 

for HG 1, 2 and 3 respectively. By contrast, 134 (51.3%) of cancers in <50 y old 

patients had HG3 disease with only 34 (13%) patients in the young group having 

HG1 tumours.  Adenocarcinoma was the most common histological type (1209, 

90%), of which 86.5% were Invasive Ductal Carcinoma (IDC), 9.18% invasive lobular 

and 2.68% had mixed histology. Special histological types were rare (only 5 cases).  
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Taking into account 1290 patients where HG, tumour size and nodal staging was 

available, 738 (57.2%) of patients had T1/T2 node negative BC.  As expected, there 

was a significant association (p<0.001) between tumour size and nodal staging. A 

higher proportion of patients with T2/T3 tumours have node-positive disease when 

comparing to T1 tumours (Table 2.3). 

 

Table 2.2-  Demographics and description breast cancer patients by HG

Variable HG1 HG2 HG3

No (%) No (%) No (%)

Total Number of patients 284 (21.1%) 589 (43.9%) 466 (34.8%)

Age - Median (range) 59.20 (33.9-91.4) 61.00 (28.8-88.3) 57.25 (18.5-86.9)

≤50 34 (13.0) 93 (35.6) 134 (51.3)

50-70 179 (24.7) 319 (44) 228 (31.3)

≥70 71 (20.4) 177 (50.7) 101 (28.9)

Unknown 0 0 3 (100)

Histological type

Invasive Ductal Carcinoma 225 (21.4) 431(41.1) 394 (37.5)

Invasive Lobular carcinoma 27 (22) 87 (70.7) 9 (7.3)

Mixed 4 (11.1) 22 (61.1) 10 (27.8)

Other 2 (40) 0 3 (60)

Unknown 26 (20.8) 49 (39.2) 50 (40)

TNM-T staging*

T1 (≤ 2 cm) 219 (29.6) 325 (44) 196 (26.4)

T2 (>2 - ≤5 cm) 48 (10.2) 206 (43.8) 216 (46)

T3 (>5 cm) 2 (10) 9 (45) 9 (45)

T4 8 (13.3) 25 (41.7) 27 (45)

Unknown 7 (14.3) 24 (49) 18 (36.7)

TNM N staging**

No 217 (27.4) 336 (42.5) 238 (30.1)

N1 (1-3 nodes) 53 (15.8) 154 (45.8) 129 (38.4)

N2 (4-9 nodes) 10 (8) 58 (46.4) 57 (45.6)

N3 (≥10 nodes) 3 (3.5) 41 (48.2) 41 (48.2)

Unknown  1 (50) 0 1 (50)

Surgery -Breast

Mastectomy 72 (12.1) 264 (44.4) 258 (43.4)

Wide Local Excision 205 (29.3) 303 (43.3) 192 (27.4)

Biopsy only 0 0 1 (100)

Unknown 7 (15.9) 22 (50) 15 (34.1)

Surgery -Axilla

Axillary Clearance 181 (19.2) 447 (44.3) 382 (37.8)

Axillary Sampling 81 (35.5) 92 (40.1) 56 (24.4)

Unknown 22 (22) 50 (50) 28 (28)

* TNM Tumour staging by Singletary et al al 2003.

** TNM Nodal Staging by Singletary et al 2003.
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There was also a highly significant association between tumour size and HG 

(p<0.001). Only 26.5% of patients with tumours ≤2 cm had HG3 as opposed to T4 

disease were 45% of tumours were poorly differentiated. In another words, 79.1% of 

those well differentiated tumours were lesions <2 cm with an increment in tumour 

size/staging in HG2 and 3 cases (Figure 2.1).  

 

 

 

 

A similar scenario was seen when we looked at the relationship between nodal 

status and HG (p<0.0001) as patients had a 3.1 fold increased risk of node positivity 

in HG3 disease (Odds ratio 3.12; p<0.0001; CI: 2.2-4.3). 76.68% of the HG1 patients 

had node negative disease. By contrast, 48.82 % of all HG3 cases had node positive 

disease; a similar picture was seen for HG2 cases (Figure 2.2).  

Table 2.3 - Distribution according to tumour and nodal staging*

                               Nodal Staging

No N1 N2 N3 Total

Tumour Staging No (%) No (%) No (%) No (%) No (%)

T1 (≤ 2cm) 521 (70.4%) 156 (21.1%) 44 (5.9%) 19 (2.6%) 740 (56.9%)

T2 (>2 - ≤ 5 cm) 217 (46.2%) 142 (30.2%) 59 (12.6%) 52 (11.1%) 470 (36%)

T3 (>5 cm) 6 (30.0%) 7 (35.0%) 3 (15%) 4 (20%) 20 (1.7%)

T4 19 (31.7%) 19 (31.7%) 15 (25%) 7 (11.7%) 60 (5.4%)

Total 763 324 121 82 1290

* TNM classification system according to Singletary et al 2003.
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Figure 2.1 Distribution of HG into tumour staging 
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Wide local excision (WLE) was the main surgical procedure in our cohort, although 

closely followed by mastectomy (54% and 45% respectively). A significant 

association (p<0.001) was found between the surgery method and tumour size with 

70% of T1 patients having BCS as opposed to T2 or even T3 patients were BCS rate 

was 35 and 10% respectively. Axillary clearance was performed in 75% of cases.  

 

2.1.2- Receptor Status 

 

Information regarding hormone receptor status was available on 835 (62.3%) 

patients, 217 (16.2%) and 227 (16.95%) for ER, PR and HER-2 respectively. Of 

those for which data on ER status were available, 624/835 (74.7%) were positive. 

The proportion of HG1 and HG3 among ER+ cases was similar (HG1:145/624; 

23.2% and HG3:164/624; 26.3%). By contrast, the vast majority of ER- patients had 

HG3 disease (184/211; 87.2%). The positivity rate for HER-2 in the study was 17.2% 

(39/227). HER-2 testing was either requested by clinicians in view of high risk 

disease when considering Trastuzumab therapy or subsequently performed for 

research purposes in the current study. Hence the majority of HER-2 tests were 

performed in HG3 cases (176/227) with only 49/227 and 2/227 tested cases in HG2 
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Figure 2.2- Distribution of HG into nodal staging categories.



41 

 

and HG1 respectively. Distribution of ER, PR and HER-2 results according to HG is 

shown in table 2.4.  

 

 

 

There was a significant proportion of HG3 cases with ER- disease in comparison 

with the ER+ rate in well differentiated tumours (Figure 2.3). 

 

 

 

Table 2.4 .- ER, PR and HER-2 status according to HG

Grade 1 Grade 2 Grade 3

No (%) No (%) No (%)

ER 

Negative - No (%) 4 (1.9) 23 (10.9) 184 (87.2)

Positive - No (%) 145 (23.2) 315 (50.5) 164 (26.3)

Unknown - No 135 (26.8) 251(49.8) 118 (23.4)

PR 

Negative - No (%) 0 9 (6.0) 140 (93.9)

Positive - No (%) 5 (7.4) 27 (39.7) 36 (52.9)

Unknown - No 279 (24.9) 553 (49.3) 290 (25.8)

HER-2 

Negative - No (%) 2 (1.2) 41 (25.5) 128 (79.5)

Indetermined - No (%) 0 3 (23.1) 10 (76.9)

Positive - No (%) 0 5 (12.8) 38 (97.4)

Unknown - No 282 (25.4) 540 (4.9) 290 (26.1)
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Figure  2.3- Distribution of ER status according to HG
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2.1.3- Adjuvant Treatment  

A summary of the adjuvant treatment according to HG is shown in Table 2.5.  

 

2.1.3.1- Chemotherapy (CT) 

 

64.15% (859/1339) of patients did not receive adjuvant CT. The majority of those 

who did not receive CT had N- disease (71.83%). A high proportion of patients 

treated with CT were HG3 (249/427; 58.3%), N+ disease (67.2%) or NPI >3.5 (90%). 

Amongst the 427 patients who received CT, 303 patients (71%) received a non-

anthracycline containing regimen such as CMF and 90 (21%) anthracycline-

containing regimen. 

 

 

 

2.1.3.2- Radiotherapy (RT) 

1062 (79.31%) patients received adjuvant radiotherapy (RT). Amongst those, 

791/1062 (74.4%) received RT to the breast/chest wall (CW) only. 

Table 2.5.- Adjuvant treatment received by HG

Variable Grade 1 Grade 2 Grade 3

No (%) No (%) No (%)

Adjuvant Chemotherapy

No chemotherapy 242 (28.2) 425 (49.5) 192 (22.4)

First generation 29 (9.6) 106 (34.9) 168 (55.4)

Second generation 2 (2.2) 30 (33.3) 58 (64.4)

Third generation 0 11 (32.3) 23 (67.6)

Unknown 11 (20.7) 17 (32.1) 25 (47.2)

Adjuvant Radiotherapy

No radiotherapy 50 (22.9) 96 (44.0) 72 (33.03)

Breast/Chest wall 190 (24.0) 370 (46.7) 231 (29.2)

Breast/Chest wall+SCF 15 (10.0) 49 (32.9) 85 (57.1)

Breast/Chest wall+SCF+Axilla 18 (15) 56 (46.7) 46 (38.3)

Not specified 0 0 2 (100)

Unknown 11 (23.9) 18 (39.1) 30 (36.9)

Adjuvant Hormones

No adjuvant hormones 6 (6.3) 20 (21.1) 69 (72.6)

Tamoxifen 259 (22.7) 528 (46.3) 354 (31.0)

AI 5 (15.1) 17 (51.5) 11 (33.3)

Other 3 (25) 6 (50) 3 (25)

unknown 11 (19.0) 18 (31.0) 29 (50.0)
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2.1.3.3- Hormones 

88.9% (1186/1281) of patients were prescribed anti-hormonal treatment, mainly 

Tamoxifen. Only 2.5% of patients received adjuvant Aromatase Inhibitor (AI) as initial 

adjuvant treatment. 

 

2.1.4- Follow up 

 

Median follow-up time in our cohort was 5.42 years (Interquartile range, IQR 3.96-

6.77). A total of 284 cases developed recurrent disease during the follow-up period. 

A higher proportion of HG3 cases developed early BC relapse after diagnosis 

compared to HG1 patients.  In addition, the time between relapse and death is 

shorter in HG3 cases (table 2.6). Analysis of the relapse pattern showed that HG3 

cases had more both local and distant relapses than HG1; from 60 patients who 

developed local relapse only 3 had HG1 versus 41 patients with HG3. Similarly, 

among 187 patients with distant recurrence, only 9 were HG1 tumours. KM survival 

estimates for OS, and DFS in HG cases are shown in Figure 2.4. 

 

 

 

A total of 1,216 patients had information regarding current status and follow up at the 

time of completion of the data collection. From those, 277 patients (22.78 %) died 

during follow-up. 59.20% of those who died were HG3 as opposed to HG1 (20 

patients, 7.2%). The proportion of fatal cases among those with HG3 tumours was 

significantly higher than in any other HG (p<0.0001). Analysis of cancer-related 

death revealed that almost 40% (38.46%) of fatal cases among grade 1 died from 

Table 2.6.- Distribution of number of cases with recurrence BC and death according to HG

Variable Grade 1 Grade 2 Grade 3

No (%) No (%) No (%)

Recurrence
No (%) 12 (4.2) 90 (31.7) 148 (52.1)

Median TTR* years (IQR) 3.61 (2.40-5.0) 2.1 (1.4-4.6) 1.61 (1.1-2.9)

Death
Cancer-related death 8 (4.3) 57 (30.8) 120 (64.9)

Non-cancer related death 5 (19.2) 8 (30.8) 13 (50)

Median TTD** 5.64 (3.6-7.02) 3.3 (2.21-5.3) 2.26 (1.57-3.27)
* TTR - time-to-recurrence

** TTD - time-to-death
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causes other than cancer. By contrast, about 90% of deaths among HG2 and HG3 

cases were due to cancer (p<0.011).  

 

 

 

2.2- Identification of Clinico-pathological variables associated with OS, DDFS 

and DFS in BC: Cox regression analysis. 

2.2.1- Univariate analysis. 

Table 2.7 shows a summary of the UVA.  In HG3 tumours the risk of dying from any 

cause was 6.6 times higher than patients with HG1 disease (HR:6.64, 95%CI 4.07-

10.82). Nodal status analysed as nodal status positive and negative or as in the TNM 

nodal staging showed significant association with OS (p<0.001). The risk of dying 

almost doubled from N- to N1 disease (HR:1.76; 95%CI 1.29-2.43) and from N1 to 

N2 disease (HR:4.23; 95%CI:3.01-5.94). Although there was still an increment in the 

risk of dying from N2 to N3 disease, the magnitude of this was smaller with partial 

overlapping in the CI (HR:5.89; 95%CI:4.09-8.49).  

 

When compared with tumour staging and nodal staging, HG showed the strongest 

association with OS, even more so than N3 disease. However, the factor most 

strongly associated with OS in the UVA was the NPI which is not surprising as it 

takes into consideration three of the most significantly associated variables with OS, 

namely HG, nodal status and albeit with a lesser contribution to the equation, tumour 

size.  

Figure 2.4- KM survival estimates for OS (A) and DFS (B) according to HG.
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Positive ER status reduced the risk of dying in about 70% (HR: 0.34; 95%CI: 0.24-

0.47; p<0.001). Similarly, both tamoxifen (HR:0.29; 95%CI:0.20-0,42; p<0.001) and 

AI (HR:0.11; 95%CI:0.03-0.46) were associated with better DDFS. Age was not 

associated with DDFS and DFS in the UVA.  

 

Table 2.7- Cox regression UVA for OS, DDFS and DFS
Variable                     OS                   DDFIDDFS                   DFIDFS

HR 95% CI P HR 95% CI P HR 95% CI P

Age 

≤50 1 < 0.001 1 0.024 1 0.020

50-70 0.95 0.67 - 1.34 0.88 0.61 - 1.28 0.91 0.66 - 1.27

≥70 1.99 1.40 - 2.84 1.35 0.90 - 2.05 1.40 0.97 - 2.00

Histological Grade

1 1 < 0.001 1 < 0.001 1 < 0.001

2 2.45 1.47 - 4.07 4.4 2.20 - 8.80 3.4 2.17 - 7.26

3 6.64 4.07 - 10.82 10.21 5.16 - 20.18 10.00 5.54 - 18.01

TNM-T Staging*

T1 1 < 0.001 1 < 0.001 1 < 0.001

T2 2.52 1.91 - 3.33 3.50 2.50 - 4.89 3.58 2.66 - 4.81

T3 4.99 2.31 - 10.81 8.94 3.83 - 20.86 7.31 3.36 - 15.96

T4 5.03 3.28 - 7.71 7.50 4.52 - 12.56 6.78 4.24 - 10.51

Nodal status

Negative 1 < 0.001 1 < 0.001 1 < 0.001

Positive 2.8 2.16 - 3.61 3.77 2.76 - 5.14 3.52 2.69 - 4.60

TNM-N Staging**

Negative 1 < 0.001 1 <0.001 1 < 0.001

N1 1.76 1.29 - 2.43 2.31 1.59 - 3.36 2.23 1.62 - 3.08

N2 4.23 3.01 - 5.94 5.98 4.02 - 8.90 5.47 3.88 - 7.70

N3 5.89 4.09 - 8.49 8.27 5.39 - 12.69 7.09 4.86 - 10.40

NPI***

≤3.4 1 < 0.001 1 < 0.001 1 < 0.001

3.4 - ≤5.4 5.78 3.56 - 9.40 5.80 3.28 - 10.25 5.47 3.35 - 8.94

> 5.4 16.64 10.15 - 27.28 21.28 12.01 -37.70 18.82 11.50 - 30.79

ER

Negative 1 < 0.001 1 0.011 1 < 0.001

Positive 0.34 0.24 - 0.47 0.58 0.39 - 0.87 0.51 0.36 - 0.72

HER-2

Negative 1 0.415 1 0.296 1 0.40

Indetermined 1.59 0.63 - 4.00 2.00 0.78 - 5.10 1.64 0.70 - 3.84

Positive 1.37 0.78 - 2.40 1.41 0.73 - 2.70 1.32 0.75 - 2.31

Chemotherapy

No 1 0.002 1 < 0.001 1 < 0.001

Non-anthracycline 1.61 1.22 - 2.12 2.01 1.47 - 2.75 1.80 1.37 - 2.37

Anthracycline 1.72 1.06 - 2.79 1.71 0.97 - 2.99 1.78 1.10 - 2.85

Other 1.86 0.98 - 3.54 2.21 1.07 - 4.52 1.98 1.04 - 3.77

Adjuvant Hormones

No 1 < 0.001 1 < 0.001 1 < 0.001

Tamoxifen 0.29 0.20 - 0.42 0.36 0.23 - 0.56 0.39 0.27 - 0.60

AI 0.11 0.03 - 0.46 0.24 0.07 - 0.81 0.27 0.94 - 0.77

Other (Tam+Zoladex) 0.15 0.02 - 1.10 0.21 0.03 - 1.57 0.18 0.24 - 1.33

* TNM Tumour staging by Singletary et al al 2003.

** TNM Nodal Staging by Singletary et al 2003.

*** NPI Notthingham Prognostic Index. Galea et al 1992.
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Patients who received adjuvant non-anthracycline based regimen had twice the risk 

for developing DDFS than had patients who did not received chemotherapy (HR: 

2.01; 95%CI:1.47-2.75; p<0.001). Although at a lower magnitude, the same is 

observed for OS and DFS. No association was found in this cohort between OS, 

DDFS and DFS and HER-2 status possibly because of insufficient number of 

patients having HER-2 testing. 

 

2.2.2- Identification of Clinico-pathological variables associated with OS, 

DDFS and DFS in BC. Multivariate analysis. 

 

Variables significantly associated with the endpoints were included in the MVA as 

shown in table 2.8. Age remained significantly associated with OS with patients > 70 

years old having an increased risk of dying from any cause when compared to 

patients younger 50 years (which is expected in view of higher incidence of co-

morbidities in elderly population). In the MVA analysis, HG stood as one of the main 

variables associated with OS, DDFS and DFS with only N3 disease conferring a 

higher risk of developing the endpoints. By contrast, HG2 lost its significance when 

adjusted for other variables in the MVA for OS, retaining its significance for DDFS 

and DFS. 

 

Tumour stage remained significantly associated with all the endpoints, except for T3 

disease in the OS analysis, probably due to the low number of observations in the T3 

category (only 7 cases). For nodal staging, the risk of relapse/death from BC was 

higher as the number the positive LN increased. However, the magnitude of 

increased risk was lower between N2 to N3 disease than for patients with <3 positive 

nodes.  

 

Adjuvant tamoxifen was a protective factor for all the endpoints. Use of 

chemotherapy, when adjusted for other variables, was associated with better 

outcome in DDFS and DFS particularly for anthracycline and “other” category mainly 

represented by taxane-containing regimen. As NPI is a complex variable, it was 

decided not to include it in the MVA, avoiding over-weighting some of the variables 

included in the NPI that were also individually included in the Cox regression models.  
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2.3- Relevance of ER Status in HG3 tumours 

 

ER lost its association with DDFS and DFS when adjusted for other variables, 

although remained significant in the OS analysis (ER+ HR: 0.54; 95%CI: 0.36-0.83). 

As the main prognostic factor evaluated in the present study was HG, UVA was 

repeated separately among HG1 and HG3 patients in order to assess the effect of 

HG on the prognostic information provided by ER status.  

 

Table 2.8- Cox regression MVA OS, DDFS and DFS 
Variable                     OS                   DDFIDDFS                   DFIDFS

HR 95% CI HR 95% CI HR 95% CI

Age 

≤50 1

50-70 1.17 0.73 - 1.85

≥70 2.16 1.25 - 3.75

Histological Grade

1 1 1 1

2 1.45 0.67 - 3.16 2.72 1.34 - 5.49 2.55 1.37 - 4.7

3 3.26 1.48 - 7.15 6 2.98 - 12.08 6.06 3.30 - 11.11

TNM-T Staging *

T1 1 1 1

T2 1.49 1.02 - 2.19 2.41 1.70 - 3.43 2.37 1.74-3.23

T3 0.77 0.10 - 5.70 3.73 1.54 - 9.05 3.55 1.58-7.95

T4 3.4 1.80 - 6.44 4.00 2.34 - 6.86 3.64 2.25-5.86

TNM-N Staging **

Negative 1 1 1

N1 1.43 0.92 - 2.24 1.78 1.19 - 2.66 1.68 1.192-2.39

N2 3.27 2.00 - 5.34 5.37 3.45 - 8.35 4.60 3.14-6.75

N3 3.79 2.09 - 6.87 7.13 4.39 - 11.57 5.7 3.72-8.76

ER

Negative 1

Positive 0.54 0.36 - 0.83

Chemotherapy

No 1 1 1

Non-anthracycline 0.8 0.51-1.27 0.74 0.53 - 1.06 0.69 0.51-0.94

Anthracycline 0.71 0.36-1.40 0.38 0.21 - 0.70 0.45 0.27-0.76

Other 0.34 0.11-1.04 0.33 0.15 - 0.71 0.31 0.16-0.65

Adjuvant Hormones

No 1 1 1

Tamoxifen 0.46 0.27 - 0.79 0.35 0.21 - 0.57 0.4 0.26-0.63

AI 0.84 0.01 - 0.64 0.17 0.05 - 0.60 0.21 0.72-0.62

Other (Tam+Zoladex) 0.87 0.10 - 7.03 0.26 0.30 - 1.95 0.24 0.33-1.82

* TNM Tumour staging by Singletary et al al 2003.

** TNM Nodal Staging by Singletary et al 2003.
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ER status was not associated with DDFS and DFS in HG3 cases but it was 

significantly associated with DDFS and of borderline significance for DFS in HG1 

disease (HG3: DDFS HR:1.16; 95%CI:0.72-1.87, p:0.54 and DFS HR:1.07; 

95%CI:0.72-1.60; p:0.73 and HG1: DDFS HR:0.09; 95%CI:0.01-0.87, p<0.037; DFS 

HR:0.58; 95%CI: 0.01-1.11; p:0.06).  

 

For HG1, due to the good prognosis in this population of ER+/HG1 cases, the 

number of deaths or relapses was too low to provide significant results (number of 

ER+/HG1 dead cases contributing to the analysis were 9 as opposed to 105 in 

ER+/HG3). By contrast, any protective effect of ER was not apparent in patients with 

HG3 disease in respect of DDFS and DFS.  

 

2.4- Tumour classification using IHC as a surrogate for GEP molecular sub-

types. 

 

Table 2.9 shows results of Cox regression MVA among different tumour groups with 

the survival endpoints adjusting for the effect of adjuvant hormones and 

chemotherapy. In the OS analysis, ER+/HG3 had 6.27 fold higher risk of dying 

(95%CI 2.74-14.38) in comparison to ER+/HG1 patients despite of adjusting for 

adjuvant hormones and chemotherapy. The risk was even higher when assessed for 

DDFS and DFS.  

 

 

 

 

Table 2.9-  Cox regression MVA according to tumour groups adjusting for adjuvant

 therapy for the survival endpoints OS, DDFS and DFS

Variable OS         DDFS DFS

HR 95% CI HR 95% CI HR 95% CI

Tumour Group

            ER+/HG1 1 1 1

            ER+/HG3 6.27 2.74-14.38 13.41 4.00-44.92 8.78 3.36-22.93

            HER-2 +/ER - 19.52 6.86-55.58 26.88 6.20-116.56 21.79 6.72-70.63

           TN 8.37 3.42-20.51 8.81 2.28-33.99 8.13 2.81-23.49

Adjuvant Hormones 0.49 0.25-0.98 0.36 0.15-0.87 0.46 0.22-0.98

Adjuvant Chemotherapy 0.45 0.27-0.74 0.56 0.31-1.00 0.57 0.34-0.96
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TN patients had worse OS than ER+/HG3 tumours. Interestingly, the risk of relapse 

was higher in patients with ER+/HG3 disease compared to TN patients. 13/66 

(19.69%) patients within the ER+/HG3 group were HER-2 positive. A sensitivity 

analysis excluding these cases did not alter the results. Cox regression analysis was 

repeated for N- patients with the same results. For OS in N- patients, ER+/HG3 

imposed a risk of 3.4 fold (95%CI:1.01-10.84, p:0.03) with respect to the risk of death 

compared with ER+/HG1 patients.  

 

Kaplan Meier survival estimates according to tumour groups are shown in Figure 2.5. 

This graph confirmed the excellent prognosis for patients in the ER+/HG1 group, with 

a survival at 5 years over 95%; relapses in this group occurred after a follow-up of 

more than 6 years. For ER+/HG3 patients, the curve overlapped that from ER+/HG1 

during the first 18 months with increasing divergence from that point. The survival for  

TN patients was poorer than for ER+ patients, with deaths occurring from diagnosis. 

However, the curve for TN tumours closely followed that for ER+/HG3 disease.  

 

 

 

 

Figure 2.5 - KM for OS estimates according to tumour groups
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2.5- Discussion 

 

The demographic data are consistent with our belief that this was a representative 

cohort of BC routinely presenting to hospital practice in the UK. In our cohort, young 

women (≤50 years) represented 19.4% of the population. This is entirely consistent 

with age specific incidence of BC in the UK where 81% of BC cases occurred in 

women aged 50 years and over (Office-for-National-Statistics, 2008). The peak of 

BC in both our cohort and data published in the UK showed that over half of the 

cases are diagnosed in the 50-70 age group. Similar statistics are described in the 

Danish Breast Cancer Cooperative Group (DBCG 04) with approximately 70% of 

women being diagnosed with BC having over 55 years of age (Moller et al., 2008).  

 

Histological types are also consistent with the literature with around 85% of 

adenocarcinoma (ADC) of the breast having ductal, as opposed to lobular, histology 

(Moller et al., 2008, 2009). In some series, however, the proportion of special 

histological types among all the invasive carcinomas accounts for up to 25% (Reis-

Filho and Lakhani, 2008). Histological tumour type has also prognostic significance 

as ductal carcinoma has been reported to have worse survival than other histological 

types (Li et al., 2003). However, histological type is not useful as a prognostic 

discriminator as the vast majority of cases, between 70-90%, are classified as ductal 

ADC depending on the series or even geographical regions (Enjoji et al., 1992).  

 

If compared to recent data (Morrow et al., 2009), it seems that the proportion of BCS 

in our cohort is low, only 52.27%. However, data from 2004 showed comparable 

figures for BCS to ours (Moller et al., 2008).  Undoubtedly, early tumour detection, 

since introduction of screening program, has contributed to the declining of 

mastectomy rates during the last decade. It is estimated that 1 in 8 women would be 

spared mastectomy as a results of earlier mammographic detection (Advisory-

Committee-on-Breast-Cancer-Screening, 2006). The current reported mastectomy 

rates in most the BC departments in the UK are around 20-35% depending on the 

literature (Tataru et al., 2006).  
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The proportion of axillary clearance in this cohort is higher than the current rate 

which again contrasts with what is currently recommended (Harnett et al., 2009). 

However, by the time of completion of data collection sentinel lymph node biopsy 

(SLNB) was still considered experimental as the randomised trial favouring the use 

of SLNB in early-stage breast cancer with clinically negative nodes were published in 

later (Mansel et al., 2006).  

 

We found that HG, tumour size and nodal staging were variables that associated 

with each other and with OS and CSS. Just over 55% of our patients had breast 

tumours measuring ≤2 cm at diagnosis, similar to the figures previously reported in 

the DBCG (Moller et al., 2008). Stage I disease -T1N0- according to the AJCC 

(Singletary and Greene, 2003) was diagnosed in over 40% of patients. Our data is 

comparable to a recent published review from the Surveillance and Epidemiology 

and End Results (SEER) where 60% of cases had disease localized in the breast at 

diagnosis (Horner 2008).  Although it is undeniable that variables like nodal status 

and tumour size still remain as dominant pathological prognostic variables in BC, it is 

also becoming evident that the relative weight of these variables in the BC prognosis 

will diminish as more tumours are diagnosed earlier. In addition, it is also recognised 

that tumour and nodal staging do not define biologically distinct entities (Sotiriou et 

al., 2003). 

 

HG, however, is probably the best surrogate for tumour biology compared with any 

other variables analysed in this cohort and it is a very useful tool for assessing the 

patient’s risk in an affordable and accessible manner when compared with new 

prognostic genetic tools such as Oncotype DX©. This is particularly true as some of 

the recently described gene expression signatures have a high content of 

proliferation-related genes (Paik et al., 2004, Sorlie et al., 2001, van 't Veer et al., 

2002). Cell proliferation, however, can also be assessed in a way by the mitotic 

activity, a component of the HG, or assessed directly in a more quantifiable way by 

Ki-67. There is also evidence that it is the mitotic activity within the HG assessment, 

as opposed to pleomorphism or tubule formation, that is the strongest predictor of 

survival (Parl and Dupont, 1982, Frkovic-Grazio and Bracko, 2002). 
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With very few exceptions, HG is commonly mentioned as one of the main prognostic 

factors associated with survival in BC (Soerjomataram et al., 2008). Some 

publications confirm the importance of HG as part of the Nottingham grading system 

(Frkovic-Grazio and Bracko, 2002, D'Eredita et al., 2001), NPI (D'Eredita et al., 

2001) or its association with chemotherapy response (Pinder et al., 1998). In our and 

other cohorts, HG had a stronger association with the set endpoints than tumours 

size and nodal status. In addition, patients with HG3 tumours tended to be younger, 

had larger tumours, N+ disease, relapse quicker and have a higher overall and 

cancer-specific mortality than patients with HG1.  

 

Gene-expression profile (GEP) remains as the gold standard for the classification of 

the intrinsic sub-type since the original publication by Perou et al (Perou et al., 2000). 

However, its practical application to both clinical and research settings remains 

limited. “Luminal A” tumours, as defined by GEP, include tumours with high 

expression of ER-related genes and low expression of proliferative genes such as 

CCNB1, MKI67, MYBL2 and HER-2 associated genes (Cheang et al., 2009). 

Although no accurate surrogate markers are available for the definition of BC sub-

types, attempts for the clinical characterisation of cases and IHC combinations in 

every sub-groups are worthwhile.  As only approximately 18-30% of “Luminal B” 

tumours are identified by HER-2 positivity (Prat and Perou, 2010a, Cheang et al., 

2009), the major distinction with “Luminal A” tumours is a high proliferation rate. Cell 

proliferation, which seems the most determinant factor to affect prognosis among 

ER+ tumours, is what is also measured by the recurrent score (Paik et al., 2004) or 

Ki-67 (Cheang et al., 2009). Others have sub-classified Luminal tumours according 

to GGI (genomic grade Index) using high GGI levels to identify “Luminal B” tumours 

(Durbecq et al., 2008). It also is becoming more apparent that HG “mirrors” the 

proliferation differences between Luminal A and B tumours (Prat and Perou, 2010a) 

and that HG significantly correlates with gene-expression signatures (Fan et al., 

2006). In the present study, we have demonstrated that significant differences in 

prognosis are found among ER+ tumours depending on HG and perhaps HG3 might 

be used as a surrogate for the definition of “Luminal B” tumours, similar to previous 

publications using GGI or Ki-67. Approximately  25% of both false negative and 

positive cases are found when Ki-67 is used as surrogate for the identification of 
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“Luminal B” tumours (Cheang et al., 2009) and it is likely that this figure increases 

when HG is used for the same purpose. Despite this limitation, it seems that defining 

“Luminal B” tumours as ER+/HG3 will identify a higher proportion of “Luminal B” 

cases than ER+/HER-2+ which has been used in recent publications (Blows et al., 

Wiechmann et al., 2009). Furthermore, the main consequence of the use of a 

definition with poor sensitivity would be having ER+/HG3 cases wrongly added to the 

comparison group (ER+/HG1). This would underestimate the magnitude of any 

association found between case status (i.e. ER+/HG3) and mortality. However, even 

under these circumstances, we are still showing a clear association between 

ER+/HG3 status and OS, with a significant HR even after controlling for other 

variables also associated independently to death. If our definition was more 

sensitive, the only possible effect on the analysis done would have been an even 

stronger association on the Cox regression model as it might be the case when Ki-67 

or GGI are used.  

 

 Although they express ER, “Luminal B” tumours tend to have poor response to 

therapy with either tamoxifen (Cheang et al., 2009), aromatase inhibitors (Dowsett et 

al.) or even chemotherapy (Brenton et al., 2005, Cheang et al., 2009) in comparison 

with “Luminal A” tumours. In this study, the risk of dying from BC among ER+/HG3 

tumours was 6.27 times higher than ER+/HG1 for OS even after adjusting for 

adjuvant treatment.  Although, we cannot quantify the effect of adjuvant therapies on 

OS, it is obvious that any benefits from therapy do not compensate for the worse 

prognosis conferring by the higher HG.   

 

However, although clear prognostic differences can be established between HG1 

and HG3, there is still considerable heterogeneity within the group of tumours 

classified as HG2. There have recently been a number of attempts to separate this 

intermediate group into “good” and “poor” prognosis subgroups which behave 

clinically more like HG1 and HG3 respectively.  These approaches have included the 

GGI based on RNA expression analysed by microarray (Sotiriou et al., 2006, Loi et 

al., 2007b, Ivshina et al., 2006), analysis of 8 genes by RT-PCR (Toussaint et al., 

2009), by immunocytochemisty or Ki-67 (Klintman et al., 2009). In our study, clinical 
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correlation of HG2 for some variables was more similar to that obtained for HG3 than 

for HG1.  

 

We have also shown that in HG3 disease, ER lost its correlation with DDFS and 

DFS. The fact that ER is no longer a protective factor in HG3 disease for some of the 

endpoints is an important issue to consider when assessing adjuvant CT for early 

stage BC. It is widely accepted that ER+ tumours have a better prognosis and 

predicts response for adjuvant hormonal treatment. However, our study suggests 

that ER+/HG3 disease should not necessarily be considered as being associated 

with a good prognosis, and that the treatment offered should be considered in the 

light of both the ER status and HG as ER+/HG3 tumours arguably identify the 

majority of “Luminal B” tumours (Prat and Perou, 2010a).  

 

There are some limitations in the present study. Firstly, the retrospective design 

increased the proportion of missing data in the cohort, particularly for receptor status. 

The lack of HER-2 data is partially explained by the fact that at the time of data 

collection IHC for HER-2 was not routinely performed. This is the most likely 

explanation for the lack of association of HER-2 status with clinical endpoints in the 

MVA for the whole cohort.  However, as seen figure 2.5, HER-2+ patients appear to 

have the worst survival among the four studied subgroups. It is important to 

emphasise that patients in this cohort did not receive adjuvant trastuzumab as 

treatment of the study population preceded the adoption of trastuzumab as standard 

adjuvant therapy for early stage BC (Piccart-Gebhart et al., 2005, Romond et al., 

2005).  Fortunately, trastuzumab therapy has currently changed the overall 

prognosis of this group of patients for the better (Jackisch, 2006). 

 

Secondly, administered treatment in this cohort may differ from current practice. As 

an example, the majority of N- patients (81.5%) did not receive adjuvant 

chemotherapy. However, as many as 45% of N+ patients did not receive adjuvant 

CT either. Age certainly contributed to this as just over half of those were aged ≥70 

years and even today there are no data to support routine use of chemotherapy in 

this age group. In contrast, adjuvant tamoxifen was prescribed to 1141 patients 

(85.21%) in our cohort; the majority of tamoxifen treated patients were ER+ 
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(81.29%). However, this was consistent with standard UK practice at that time where 

ER-unknown disease was assumed to be hormone-responsive.  

 

In summary, our findings support the importance of HG in BC prognosis.  The 

relative weight of HG in any prognostic equation will only increase as the numbers of 

Stage 1 BC increases as results of mammographic screening. It seems clearer that 

HG1 and HG3 tumours are different biological entities and that the majority of 

ER+/HG3 cases are a group with poorer prognosis compared with ER+/HG1 disease 

despite the increased use of adjuvant therapy in HG3 disease even at early stages. 

This is also supported by the finding that ER positivity loses its prognostic 

association in HG3 tumours suggesting that HG3 tumours may already be driven by 

other biological pathways. The challenge is to identify what biological properties 

confer the different prognoses to each of the sub-groups within HG3 tumours. As for 

HG2 tumours, this is a heterogeneous group with extremely variable prognosis that 

arguably is rendering the current pathological grading system as clinically 

inadequate.  Additional markers such as Ki-67 (Cheang et al., 2009) or genomic 

grade  (Ivshina et al., 2006, Loi et al., 2007a) should be explored further as a tool in 

helping to select the appropriate therapeutic options for these patients.  
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 CHAPTER 3 – MATERIALS AND METHODS.  

 3.1 – Project overview. 

 

Patients were selected from a retrospective BC database containing clinical and 

histo-pathological data from 1339 non-metastatic patients presenting from 1996-

2002 at the Oncology Department at Singleton Hospital, Swansea, South Wales, UK 

(chapter 2). Ethics approval for the study was obtained from the Local Research 

Ethics committee for Bridgend, Neath, Port Talbot and Swansea (Approval number 

05/WMW02/129). An extension of this application was granted from February 2009 

until 2012.  An overview of the project is presented in Figure 3.1. 

 

 

 

Fig 3.1- Overview of the project- Flow chart
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3.1- Patients selection for Tissue Microarray (TMA). 

 

A total of 122 HG3 cases were randomly selected from the database and TMAs were 

constructed in the Histopathology Department, Singleton Hospital. Additional 17 

cases were selected for the Tamoxifen study based on survival data (chapter 5). 

Patients who received neo-adjuvant treatment were excluded from the study. DNA 

was extracted from 70 consecutive cases out of 99 samples available due to limited 

resources (Figure 3.2). 

 

 

 

Only those blocks with sufficient tissue in order to take 4 x 4 um slices (2 of which 

were used for DNA extraction in the present study) and leave remaining tissue in the 

block were used. This limitation was set on ethical grounds as further studies might 

11 neoadjuvant cases-
Excluded

99 cases available for DNA extraction

29 cases further tissue not 
available for aCGH

70 cases selected for
DNA extraction *

11 cases excluded due to poor 
quality DNA 

59 cases DNA labelled

52 cases with succsessful aCGH profile

26 HG3 BC
aCGH profile from 

Germany **

78 aCGH profiles 
(67 HG3+11 HG2)

Figure 3.2.- Patients selection for aCGH

139 HG2/HG3 BC tumours 
Centrally reviewed

122 cases rabdomly selected 
from BC cohort for TMA

17 cases selected on survival 
data from BC cohort for 

Tamoxifen study

* Limiting factor for the number of samples processed was availability of resources. Samples were analysed on consecutive  

order.

** Patients selected from same BC cohort as described in chapter 2. Samples arrayed abroad as part of previous collaborative 

study.
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be required in the patient’s original tumours. TMA were constructed using (TMA-1, 

Manual tissue arrayer 1, Beecher Instruments Ltd; manufactured by K7 BioSystems 

Inc, Illinois, USA) where tissue cylinders of 0.6 mm2 from BC FFPE blocks were 

transferred to the TMA paraffin-block. This work was performed in the Pathology 

Department of Singleton Hospital under the supervision of Professor Thomas. 

 

Haematoxylin & Eosin (H&E) sections from the TMA were obtained in order to 

assess the cores and additional H&E full sections from the FFPE blocks were also 

obtained when possible for central review of HG and evaluation of percentage of 

invasive tumour present in relation to the whole section.  

 

TMA map for these cases is available in appendix 2. Serial sections of the TMA were 

stained with antibodies to ER, PR, HER-2, Cyt 5/6 and EGFR at the diagnostic 

Laboratory of Charing Cross Hospital, Imperial College Healthcare NHS Trust, 

London, UK.  

 

For ER, PR and HER-2 sections were stained using a BenchMark XT automated 

machine (Ventana Medical Systems, Tucson, AZ, USA).  Bound antibodies were 

detected using an ultraviewTM Universal DAB detection kit (Ventana Medical 

systems). Clone names for the antibodies used were SP1, DI2 and 4BS for the ER, 

PR and HER-2 respectively. They were provided in a ready to use solution. EGFR 

and Cyt 5/6 immunostaining were performed using a Bond-X automated 

immunostaining machine (Vision Biosystems, Newcastle, UK).  Zymed EGFR 

antibody clone 31G7 (dilution of 1: 50) and Dako clone D5/16B4 (dilution 1:200) for 

Cyt 5/6 detection were used.   

 

This IHC panel was chosen in order to classify HG3 tumours into the groups of 

different prognosis including sub-classification of TN tumours into basal-like and non-

basal like subtypes (Nielsen et al., 2004). 17 additional samples were later provided 

for the Tamoxifen resistance project, including 4 additional cases of HG3 and 13 

cases of HG2. In total 139 cases were centrally reviewed by Dr Mihir Gudi, a breast 

cancer pathologist who assessed all the cases following National guidelines for 

Pathology reporting of Breast tumours (NHSBSP, 2005).  
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H&E sections were obtained for each tumour sample and HG assessed. Published 

recommendations have tried to standardise the assessment of the HG (Page et al., 

1995). Three components are evaluated namely tubule/glandular formation (1= 

>75%, 2= 10-75% and 3= <10%), nuclear atypia/pleomorphism (1 score for cells with 

small nuclei, uniform nuclear chromatin and regular outlines; 2= larger cells than 

normal, visible nucleoli and moderate variability in shape/size and 3= vesicular nuclei 

with marked variation in size/shape and vesicular nuclei) and the mitotic count per 10 

high power filed (HPF) measured at the periphery of the tumour where cells are 

actively replicating. Field diameter should be measured and scoring category from 1-

3 will depend on the number of mitotic figures seen (NHSBSP, 2005). HG is finally 

obtained by the sum of the independent scores as follow: grade1 for those tumours 

with scores 3-5; grade 2 for scores 6 or 7 and Grade 3 for 8 or 9.  

 

TMA score sheets were generated by the pathologist, results marked in the 

appropriate box, crossing the box if core was missing, and marking as “IE” those 

samples with insufficient epithelium for assessment. 3 TMAs were constructed and 

results per core averaged to give a final result per tumour sample. Figure 3.3- shows 

a microscopic image of the TMA-1, as an example. Orientation of the TMA starts 

from the left-inferior corner with numbers along and letter by the side as shown in the 

TMA map (appendix 2).  

 

 

When there were discrepancies among results between the two histopathology 

laboratories, the most recent, centrally repeated and reviewed results were accepted 

Only one case had discrepancy in ER result (Case ID 415 previously ER+, changed 

to ER-). However, when no diagnosis could be made as IE or missing core, the 

PR

HER-2

EGFR 

Figure  3.3- TMA 1 with IHC staining for ER, PR, HER-2 and EGFR.

ER
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previous result was accepted when available. Results were added in the database 

and participated in the analysis of results in chapter 2.  

 

ER IHC reporting only considers nuclear staining. The quick (Allred) score is 

recommended (NHSBSP, 2005). This is based on the score of the proportion of 

nuclei staining and score for intensity of staining. The score for the proportion is as 

follows: 0= no staining, 1= < 1% staining, 2= 1-10 % staining, 3=11-33% staining, 4= 

34-66 % staining and 5= 67-100% staining. Score for intensity is measured 

according to the following scale 0= no staining, 1=weak, 2=moderate and 3=strong 

staining. The scores are summed up to a maximum of 8. PR is measured following 

the same guidelines as ER receptor. Figure 3.4 show representative examples of 

positive and negative IHC staining for ER (Panel A) and PR (Panel B) at an objective 

magnification of 40X. 

 

Figure 3.4- A  IHC stating for ER positive (left- ID  1195) and negative (right ID 1653)

B- IHC staining for PR positive (left , ID 716) and negative  (right, ID 1653)
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By contrast, HER-2 receptor is a membrane structure as could be seen in a 3+ IHC 

results in figure 3.5, left panel. Well standardised interpretation of IHC for HER-2 is 

available with borderline 2+ cases by IHC (weak to moderate staining in >10 % of 

tumour cells) been characterised further by Fluorescent In-situ Hybridization (FISH). 

Those cases with a FISH ratio>2 have amplification of the HER-2 receptor and are 

classified as positive. These are the cases, as well as those with IHC 3+, that will 

benefit from trastuzumab therapy. Negative HER-2 IHC showed no staining as in 

Figure 3.5, right. 

 

 

 

 

In the case of IHC for EGFR and Cyt 5/6, they were considered positive in the 

presence of any (weak or strong) membrane or cytoplasmic staining, as it has been 

previously defined (Nielsen et al., 2004).  

  

A summary of the IHC in all centrally repeated cases is shown in table 3.1.  In 

comparison with results from the database presented in chapter 2, the positivity rate 

for ER decreases from 74.7% to 39.56% as expected for a group of mainly HG3 

cases. All the ER negative patients were exclusively HG3. PR results behave 

similarly to ER.  92.30% of the HG2 patients were ER and PR positive. By contrast, 

HER-2 positivity was similar to that obtained when the full database analysed (18.9 

and 17.26 % respectively). It was not possible to performed FISH on HER-2: 2+ 

cases by IHC due to the lack of recent tissue sections. Only 126 patients had 

reported ER, PR and HER-2 status (excluding HER-2 2+ and cases with unknown 

results) and were sub-classified further using the IHC definition of basal cases (TN 

Figure 3.5- IHC for HER-2 showing a  Positive results (Left, ID 906), Indetermined (2+, middle, ID  1543) and 
Negative (right, ID 1653)
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plus EGFR and/or Cyt 5/6 positive) and non-basal cases (5 negative staining). 57 out 

of 126 patients were TN (45.23%) with 31 patients with EGFR and/or Cyt5/6 

expression positive and 26 patients showed no positivity for any of the 5 tested IHC 

staining. When looking at the immunostaining separately, all the patients that 

express EGFR were ER negative (28/28) and mainly HER-2 negative (21/27). This is 

also observed for Cyt 5/6 (26/33 for ER negative and 25/29 HER-2 negative).   

 

 

 

 

 

 

Table 3.1 Results of TMA and centrally reviewed IHC cases according to HG.

Variable   Total                    HG2                   HG3

No No % No %

ER 139

ER positive 55 13 23.6 42 76.36

ER negative 83 0 0 83 100

ER unknown 1 0 0 1 100

PR 139

PR Positive 43 12 27.9 31 72.09

PR Negative 94 1 1.06 93 66.9

PR unknown 2 0 0 2 100

ER positive and PR 53

ER / PR positive 41 12 29.27 29 70.73

ER positive/PR negative 12 1 8.33 11 91.67

ER positive/PR unknown 2 0 0 2 100

Her-2 139

Positive (3+) 24 1 4.17 23 95.83

Indetermined (2+) 9 0 0 9 100

Negative (1+) 103 12 11.65 91 88.35

Unknown 3 0 0 3 100

Her-2 positive and ER 24

Her-2/ ER positive 6 1 16.67 5 83.33

Her-2 positive /ER negative 18 0 0 18 100

Triple Negative 57

Basal 31 0 0 31 100

Non-basal 26 0 0 26 100
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 3.2 DNA Isolation  

3.2.1- DNA from Cell lines 

 

DNA extracted from MCF-7 and Tamoxifen resistant (TAMR) cell line was provided 

by Prof Nicholson’s team from Cardiff University. Wild type MCF-7 cells were grown 

at Cardiff University under the following conditions:   in 500 ml RPMI 1640 without L-

glutamine (Gibco 31870), 5% Fetal Calf Serum (FCS; Gibco 10108-157), 5 ml 1% 

Pen/Strep/Glutamine (Gibco 10378016) and 5 ml Fungizone (Gibco 15290018). 

Resistance to tamoxifen was induced by exposing MCF-7 wild type cell lines to 0.1 

mM tamoxifen (Sigma H7904) for at least 6 months. TMAR cells were grown on 500 

ml Phenol red free RPMI (32404), charcoal stripped FCS (Gibco 12676-011), 5 ml 

1% Pen/Strep/Glutamine (Gibco 10378016), 5 ml Fungizone (Gibco 15290018) and 

4 mM of Glutamine (Gibco 25030024). 

 

 3.2.2- DNA isolation from FFPE tissues 

 

DNA was extracted from FFPE samples over 3 days using QIAmp DNA mini-Kit, 

(Qiagen,Germany)  as per protocol adopted from VU Medical Centre in Amsterdam, 

Holland (See Appendix 3). Deparaffinization on Xylene was performed at 50°C for 3 

minutes in a heat block or water bath to facilitate paraffin melting process as 

suggested by RecoverAllTM Ambion Protocol (Ambion, Cat #1975). Deparaffinised 

sections were centrifuged at 16.100 g to pellet the tissue and the supernatant was 

discarded. Sections were washed with 100% Ethanol followed by an overnight 

incubation in 1 M Sodium thiocyanate (NaSCN) at 38 °C in order to remove formalin-

induced protein-protein cross-links. Samples were centrifuged, supernatant 

discarded and washed in PBS prior to the addition of ATL Buffer and Proteinase K 

for overnight digestion at 55°C. DNA was denatured by heating at 98°C for 10 

minutes. Buffer ATL, AL and ethanol were added and lysate was transferred to the 

QIAmp MinElute Collumns. Columns were washed with AW1 and AW2 buffers. 

Samples were eluted with AE buffer (QIAmp micro-kit) and DNA stored at 4 °C. DNA 

quantity and 230/260 and 260/280 indexes were obtained using NanoDrop Nd-1000 

UV/Vis 1µl Spectrophotometer (NanoDrop Technologies).  
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 3.2.3 – FFPE cell pellets as positive control 

 

Good quality DNA extracted from FFPE tissue was necessary to be used as positive 

controls of FFPE tissue extractions. Good quality DNA for this purpose was defined 

as the presence of 3 or 4 bands in 2% agarose gel after multiplex PCR as will be 

described in section 3.3. DNA was obtained from cell pellets made from MCF-7 cell 

line following a protocol attached to appendix 4. Briefly, MCF-7 cells were grown on 

serum calf media (SCM) until 80% confluence was reached. Cell were then 

dissociated with trypsine and transferred to 50 ml tube and centrifuge to form a 

pellet. Cell pellet was re-suspended, washed with PBS and transferred to a 2 ml 

eppendorf tube for further centrifugation until the pellet was again formed. 

Supernatant was discarded and cell pellet was re-suspended on 200 µl of Human 

plasma. Thrombin was added to form a soft clot that was transferred into the biopsy 

capsule, fixed for 12-24 hours on buffered formalin and embedded in a paraffin 

block. 2 sections of 4 µm thickness, the same as the FFPE cases, were obtained 

and placed in a 1.5 ml eppendorf tube.  

 

DNA extracted from the FFPE cell pellet was of excellent quality (4 bands on 

Multiplex PCR). They were used as a positive control for all the DNA extractions 

from FFPE tissues in this study.  

 

 3.3- Multiplex PCR 

As discussed in Chapter 1, aCGH success greatly depends on the quality of the 

input DNA. It is well known that DNA from FFPE tissues, although extremely 

valuable, might be fragmented and of poor quality to serve as a template for 

hybridization in aCGH. Multiplex PCR has been previously described as a technique 

used to assess the DNA quality and to classify samples according to their probability 

of success for aCGH avoiding waste of time and resources. In principle, PCR is 

performed using a set of 4 primers pairs resulting in four non-overlapping amplimers 

(100bp, 200bp, 300bp and 400bp) of the housekeeping GAPDH gene. The poorer 

the DNA integrity and the higher the cross-links content in the sample DNA the less 
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specific the hybridization would be causing the disappearance of the DNA products 

in descending order. In other words, as the DNA quality decreases the 400 bp 

amplification products will disappear first followed by the 300, 200 and 100 bp 

fragment in that order (van Beers et al., 2006). The probability of aCGH success in 

samples ≥2-4 bands inclusive approaches 100%. However, for samples with ≤1 

band the probability drops to approximately 30% (van Beers et al., 2006). Figure 3.6- 

shows that none of the cases with less than two bands resulted in a successful 

aCGH profile. 

 

 

 

 

 

 

                                                                          

 

 

Multiplex PCR was performed according to a protocol modified from van Beers (van 

Beers et al., 2006) shown in appendix 5. Briefly, the PCR primers (Metabion 

International GmbH) were mixed with 10x reaction buffer, MgCl2, dNTP and Taq 

DNA-Polymerase (FastStart High Fidelity PCR system, Roche).  100 ng of genomic 

DNA were added to 8.8 ul of the master-mix solution (table 3.2) to a total reaction 

volume of 30 µl. Pooled genomic DNA (Promega) was used as a positive control. 

Samples were placed in a thermocycler (GeneAmp 9700, Applied Biosystems) for  

initial denaturation at 96°C for 9 minutes, followed by 35 cycles of 1 minute 

denaturation at 94°C, annealing at 56°C for 1 minute and elongation at 72°C for 3 

minutes, followed by 7 minutes final elongation at 72°C. Samples were stored at 4°C 

until analysed by gel electrophoresis.  

Number of Bands 3 3 1 3 0 2 1 3 1 2 3 0

Sucessful aCGH profile Yes Yes No Yes No Yes No Yes No Yes Yes No

Figure 3.6- Agarose gel image after multiplex PCR showing PCR products of different 

lengths, the number of bands and correlation with aCGH results. 

Modified from van Beers et al, 2006 
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Gel electrophoresis was performed in order to separate and visualise the PCR 

products. A 2% agarose gel (Sigma-Aldrich) was stained with SYBR® Safe DNA 

10000x concentrate (Invitrogen; MP 33100) and a 100 bp DNA ladder (Invitrogen) 

was used as a length standard in order to estimate fragment sizes. The gel image 

was taken using the SynGeneTM gel documentation system (SynGene-

Synoptics,Cambridge, UK). 

 

A summary of the DNA concentration of the analysed 70 cases along with 260/280 

and 260/230 ratios and the number of DNA bands after multiplex PCR are shown in 

Appendix 6.  Of note, DNA extraction was repeated in 3 cases (J10, K4 and K5) in 

view of very low initial DNA concentration. Only one of these samples, J10-2, 

showed good quality DNA in order to be included for aCGH. The drop-out rate 

following DNA extraction was 15.7%. Gel image for each case is shown in appendix 

7.  

 3.4 - BAC Array 

3.4.1- Random Prime labelling (RPL) 

 

Array CGH uses differentially labelled test DNA (tumour sample) and reference DNA 

(genomic DNA from healthy individuals) that are co-hybridised onto a DNA array. 

Many approaches are available for labelling of DNA for aCGH. In RPL, the genomic 

DNA is denatured and random primers (8-10 mers) are subsequently annealed to 

the single stranded DNA. The primers binding sites are randomly distributed along 

Table 3.2- Pippeting scheme multiplex PCR

Multiplex PCR Concentration per reaction 1X  Master Mix Solution(µl)

10X Buffer (pH 8.8) 10 mM 3

Primer-Mix 1.25µM each 3.2

MgCl2 (25 mM) 1.5 mM 1.8

dNTPs (10mM) 0.2 mM 0.6

Tag (5 UI/µl) 1 U 0.2

Total 8.8
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the genomic DNA and subsequently elongated (5’ to 3’) by the Klenow enzyme, a 

polymerase that retains its 5’-3’ polymerase activity and the 3’-5’ exo-nuclease 

activity (useful for proof-reading). The reaction mix containing unlabelled nucleotides 

and fluorescence labelled nucleotides are subsequently incorporated into the newly 

synthesised strands. RPL typically results in 10-40 fold amplification of the input 

DNA. 

 

DNA labelling is, as many other steps in aCGH, a critical step as only high quality 

differentially labelled DNA will be able to produce good signal-to-noise ratio. In order 

to use the protocol giving the best possible fluorescence labelling in our laboratory, 

we compared three different commercially available labelling kits (BioPrime® DNA 

Labelling System (Invitroge), Bioprime® Total Genomic labelling System 

(Invitrogene) and Amersham CyScribe Array CGH genomic DNA labelling kit (GE 

Healthcare). Labelling efficiency was assessed by spectro-photometric measurement 

of the incorporation rate of labelled nucleotides using the NanoDrop 

Spectrophotometer (NanoDrop Technologies) in the microarray modus which allows 

measuring the absorbance of Cy3 at 550 nm and Cy5 at 649 nm, respectively 

(Figure 3.7).  

 

 3.4.1.1- BioPrime® DNA Labelling System - Invitrogen  

 

The first labelling experiments in the present study were performed using Bioprime 

labelling (Invitrogen 18094-011). Briefly, 150 ng of genomic DNA were mixed with 20 

µl of 2.5X Random primer solution (RPS) in the presence of 1 µl of 1 M NaCl and 

distilled water to a total reaction volume of 49 µl. Mixture was incubated for 5  min at 

100°C in order to denature the DNA followed by immediately cooling on ice. 5 µl of 

10X dNTP mixture, either 0.7 µl of 1 mM Cy3 dCTP (Amersham) or 1 mM Cy5 dCTP 

(Amersham) and 1µl of Klenow (40U/µl) were added and sample was incubated 

overnight at 37°C. Unincorporated nucleotides and primers were removed using a 

IllustraTMMicroSpin G-50 columns (GE Healthcare, catalog 27-5330-02) according to 

the supplier’s protocol.  
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Samples were stored in the dark until determination of DNA yield (measuring 

absorbance at 260-320 nm) and labelling efficiency using NanoDrop Nd-1000 UV/Vis 

1µl Spectrophotometer. It was decided to start with a 3X reaction using a modify 

version of the Manufacturer’s protocol 

(http://tools.invitrogen.com/content/sfs/manuals/18094011.pdf). Female tumour 

samples were sex-mismatched using male reference DNA (Male Human genomic 

DNA Promega Catalog G1471; 238ng/ml) as an internal control. Manufacturer 

specifications web-link for Cy3 (Amersham PA53021) and Cy5 (Amersham; PA 

55021) are shown appendix 8. Fluorescent dye excitation and spectral emission 

characteristics for Cy3 and Cy5 are shown in Figure 3.7. 

 

 

 

 3.4.1.2- Bioprime ® Total Genomic labelling System- Invitrogen 

 

In comparison with the previous kit, this labelling system (Cat. No. 18097-011) 

offered a higher signal-to-noise ratio and simplified the workflow by reducing the 

pipetting steps and efficiently label a wider range of input DNA (50 ng to 3 µg). It 

used Alexa Fluor® 3 and 5 dyes with already labelled dNTPs and random primers in 

a 2X reaction mix. It also used a mutant form of the DNA Polimerase, Exo-Klenow 

fragment, which retain 5' → 3' polymerase activity, but lack any exonuclease activity. 

Cy3-dCTP characteristics Cy5-dCTP characteristics

Absorbance max 550 nm Absorbance max 649 nm

Extinction max 150 000 M-1cm-1 Extinction max 250 000 

M-1cm-1 Emission max 570 nm Emission max 670 nm 

Quantum yield >0.15 Quantum yield >0.28

Figure 3.7- Cy3 (left) and Cy5 (right) Amersham fluorescent dye excitation and emission spectral characteristics.
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Briefly, 25 µl of Alexa Fluor® 3 2X Reaction Mix was added to the 22 µl of test DNA 

(4.4 µl of EDTA -5mM and distilled water) and 25 µl of Alexa Fluor® 5 2X reaction 

mix was added to the 22 µl of reference DNA. Mixtures were incubated at 95 ºC for 5 

minutes followed by ice-cooling. 3 µl of Exo-Klenow was added and incubated 

overnight at 37ºC in protected from light. Labelled DNA was centrifuged and stored 

at 4ºC. 

 

3.4.1.3 Amersham CyScribe Array CGH genomic DNA labelling kit (GE 

Healthcare 28909726) 

 

This Kit allowed genomic DNA to be labelled to high specific activity with CyTM3 and 

CyTM5 labelled dCTP using a mutant fragment of DNA polymerase I (Klenow–Exo 

free), random nanomers (primers) and dCTP labelling mix. Labelling was performed 

according to manufacturer protocol attached to appendix 9.  

 

In summary, 150 ng of genomic DNA was mixed with 10 µl of random Nonamers, 10 

µl of reaction buffer and nuclease-free-water (all components supply with the kit) in a 

final reaction volume of 38 µl.  Samples were incubated at 95 ºC for 5 minutes to 

denature DNA and allowed annealing to the primers and placed on ice for 5 min. 8 µl 

dCTP-labelling mix and either 3 µl of Cy3 (test DNA reaction) or Cy5 (reference DNA 

reaction) and 1 µl of Klenow Exo-free were added to the reaction mix and incubated 

at 37ºC overnight. Labelled DNA was purified using filter columns (Microcon YM-30, 

Milipore). Samples were stored at -20ºC protected from light. Probe quantification 

was performed by measuring the absorbance using the Nanodrop device. 

 

 3.4.1.4- Comparison of different genomic DNA labelling systems for 

aCGH  

 

In order to establish reproducibility of the aCGH profiles using different kits, a cell 

line with a known CNV was arrayed. For this purpose we used RPEX, a 

retinoblastoma cell line with high level of amplification involving a specific region on 
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Chromosome 10. DNA extracted from this cell line was provided by the Institute of 

Molecular Radiobiology Molecular Cytogenetics, GSF-National Research Centre, 

Neuherberg, Germany. 

 

Table 3.3 shows DNA yield and incorporation of labelled nucleotide using the three 

different kits for RPEX cell line. The rationale behind testing different labelling kits 

was to assess its success and reproducibility in our laboratory rather than formally 

compare their labelling efficiency. Therefore, no conclusions can be drawn from the 

results apart that the three labelling system worked satisfactory both in reference, 

cell line and tumour DNA and gave reproducible results as shown in Figure 3.8. For 

financial reasons, it was decided to proceed with the GE kit. Initial experiments were 

performed with 5X reactions. However, as purification of labelled samples and 

washing protocol were also optimised it was possible to reduce the number of 

reaction to 3.5X in a final protocol already described in section 3.4.1.3. This protocol 

gave us more than 95% of surviving clones using a foreground/background ratio of 3 

for all cell line cases and the majority of FFPE samples. 

 

 

 

 

Similarly, aCGH profile showed high level of amplification of a region on 

Chromosome 10 and deletion of a region on Chromosome 13. Results were 

consistent and reproducible using the three labelling kits. Sex mismatch was 

detected in these experiments (as RPEX was derived from a female patients, male 

reference DNA was used).  

Table 3.3  Incorporation of labelled nucleotide in RPEX cell line using different labelling kits. 

Sample ID Dye 1 name Dye1 pmol/ul Dye 2 nameDye2 pmol/ul ng/ul 260/280

BioPrime Invitrogen (3X)

TE  Cy3 0  Cy5 0 0     NaN 

RPEX_Cy3  Cy3 50.38  Cy5 -0.17 349.29 1.73

Male Cy5  Cy3 10.25  Cy5 52.72 471.34 1.76

Bioprime Total Invitrogen (3X)

TE  Cy3 0  Cy5 0 0     NaN 

RPEX_Alexa3  Cy3 34.65  Cy5 -0.06 665.07 1.6

Male_Alexa5  Cy3 4.03  Cy5 33.37 718.55 1.69

Amersham CyScribe GE (3X)

TE  Cy3 0  Cy5 0 0     NaN 

RPEX_Cy3  Cy3 31.93  Cy5 -0.06 364.87 1.67

Male_Cy5  Cy3 3.91  Cy5 30.09 321.68 1.8
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Figure 3-8. Comparative aCGH prof ile in RPEX cell line using dif ferent labelling 
kits. Y axis shows Log-2 ratio along chromosome number (x axis). Gained regions 
(red dots) or lost region (green dots) are represented along the reference line 0. 
There is evidence of  high level of  amplif ication of  Chromosome 10  (blue tick on 
the top). Sex mismatch is shown as amplif ication of  Chromosome X and deletion 
of  chromosome Y.  Upper image using BioPrime® DNA Labeling System 
,Invitrogen, 5X reaction; middle image Bioprime ® Total Genomic System 
,Invitrogen, 5X reaction and Amersham CyScribe Array CGH,GE, 5 X reaction at 
the bottom.
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 3.4.2- Summary of labelling results in BC tumour samples. 

BC tumour samples were labelled using GE Healthcare (3.5X reaction). On average, 

the incorporation rate of labelled nucleotide for tumour samples (Cy3) was 41.48 

pmol/µl, DNA yield 439.9 ng/µl and 260/280 index 1.75. A summary of the labelling 

reaction for all the tumour samples is presented in appendix 10. 

 

 3.4.3 Initial aCGH experiments in FFPE tissues.  

 

Initial aCGH arrays were performed following a protocol described by Fiegler et al 

(Fiegler et al., 2007).  From this protocol, the automatic array hybridization buffer 

was used but combined with manual washing as an automatic washing station was 

not available.  Manual hybridization buffer was initially used but found to be more 

viscous, as contained double the concentration of Dextran Sulphate, causing uneven 

spatial array hybridization. Therefore, the automatic hybridization buffer was used as 

published by Fiegler et al (Fiegler et al., 2007). Samples were stored at –20°C.  

 

Samples were centrifuged at maximum speed for 30 minutes at 4°C. Pellet was 

washed with 500 µl of 80% EtOH, and dried by centrifuging, re-suspended in 490 µl 

(1 array/slide) of automatic hybridization buffer and denatured by heating at 70°C for 

10 minutes. Sample was incubated at 37°C for 60 minutes in the presence of Cot-1 

DNA. Samples were then placed into the gasket slide (G2539-60006; 2 microarrays) 

loaded into the hybridization chamber and incubated at 37°C for 40 h. 

 

The slides were subsequently washed in three steps: Step 1: 500 ml of PBS/0.05% 

Tween 20 for 10 minutes at room temperature with shaking at maximum speed. Step 

2: 50% formamide/2X SCC solution for 30 minutes at 42 °C with shaking and Step 3: 

500 ml PBS/0.05% Tween 20 for 10 minutes at room temperature with shaking. Dry 

by spinning (150g for 1 min) and stored in a light-proof box until scanned.  

 

Several reactions were performed using the protocol described above. Unfortunately, 

arrays had a very low signal-to-noise ratio due to a high background signal with a 

very low proportion of surviving clones. Optimisation of the protocol was attempted 
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for several months until successful array obtained. Several modifications were 

applied to the protocol including initial increment in the oven temperature from 42°C 

to 65 °C in order to increase the stringency of the hybridization (reduce non-specific 

hybridization). This was later reduced to 60°C. Other changes included increments in 

the temperature of the washing step 2 between 40 to 45°C (to increase stringency 

and reduce background signal), adding a final washing step with distilled water with 

a soaking time ranging from 30 seconds to 2 minutes, controlling pH of the 

formamide washing solution at 7 by adding HCL, repeating all washing steps twice, 

introducing a first step washing with SCC only in order to prevent phosphate 

precipitation, repeating the final centrifugation step twice to ensure complete dryness 

of the array and using new (not re-used) gasket slides. Finally, it was decided to 

change protocol to use the hybridization buffer and washing procedures to the 

Agilent oligonucleotide protocol and move to another laboratory with higher standard 

conditions for molecular biology work.  

 

3.4.4- Agilent Oligonucleotide Array-based CGH for Genomic DNA 

protocol. 

 3.4.4.1- Preparation of Labelled Genomic DNA prior hybridization.  

 

 

Experiments were started using 2-active array per slide using the Agilent 

Oligonucleotide protocol Array-based CGH for Genomic DNA analysis as per 105K 

array with a final hybridisation volume of 260 µl. 

 (version 4 June 2006; 

http://www.opengenomics.com/pdf/protocol_cgh_genomic_DNA.pdf) . 

In our adapted protocol (table 3.4) labelled DNA was co-precipitated with 50 µg of 

Human Cot-1 DNA (Roche – cat.11581074001), mixed with 26 µl of 10X Blocking 

agent (Agilent; cat. 5188-5281) and 130 µl of 2X hybridization buffer 

(Agilent;cat.5190-0403). Co-precipitation with Cot-1 DNA was important to block the 

repetitive sequences and prevent non-specific hybridization so we decided to 

increase the amount of Cot-1 DNA reducing the labelled DNA volume so the same 

final reaction volume was achieved. Detailed protocol is shown in appendix 11.  
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Samples were mixed by pipetting and incubated at 95 °C for 3 minutes followed by 

incubation at 37°C for 30 minutes. Hybridization gasket slides (G2539-60006; 2 

microarray) were loaded onto the hybridization chamber (SureHyb enabled G2534A; 

see figure 3.9) and sample applied to the gasket slide dwell. Active array slide was 

placed on the top of the gasket slide being careful to prevent bubble formation. 

Hybridization chamber was assembled and vertically rotated to ensure no immobile 

air bubbles were present. Samples were hybridised in an Agilent Hybridization oven 

(G2545A) at 60°C for 67 hours at 22 rpm. Temperature was reduced from 65°C in 

the original protocol to 60°C in order to reduce the hybridization stringency. For 

aCGH 1 Mb BAC arrays (Fiegler et al., 2003) printed by the Centre for Microarray 

Resources in Cambridge were used (two arrays per slide, approx. 3400 clones 

printed in triplicate). 

 

 

 

Table 3.4. Preparation of Labelled gDNA prior hybridisation

Component Agilent Oligonucleotide Protocol Our adapted protocol*

                                  Volume (µl) per hybridisation 

Cy3 and Cy5 –labeled gDNA

mixture

79 54

Cot1 DNA (1.0 mg/µl) 25 50

Agilent 10X Blocking agent 26 26

Agilent 2X Hybridisation buffer 130 130

Final hybridisation volume 260 260
*Adapted from Agilent Oligonucleotide Array-based CGH for Genomic DNA analysis. Version 4.0, June 2006. 

Figure 3.9- Hybridisation chamber dimensions (SureHyb enabled).
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3.4.4.2- Washing 

 

The washing steps were performed according to the Wash Procedure A – Agilent 

Oligonucleotide protocol Array-based CGH. Briefly, disassembly of the array slide 

was performed at room temperature while completely submerged in the Oligo aCGH 

Wash Buffer 1 (Agilent 5188 5221). Slides were placed in a slide rack and washed 

for 5 minutes using the Oligo aCGH Wash Buffer 1 on a magnetic stir plate at room 

temperature. Final washing step was performed in a pre-heated glass dish 

containing Oligo aCGH wash Buffer 2 (Agilent 5188-5222) at 37°C for 1 minute on a 

magnetic stir plate. Arrays were let air dry and kept in the dark until scanned.  

 

 3.4.4.3- Scanning 

 

Full slide area (61x21.6 mm) was scanned using an Agilent Microarray Scanner 

(Agilent; p/n G2565BA) using 5 µm scan resolution in a single pass. Photomultiplier 

tubes (PMT) was set to 100%. Image was cropped and rotated (upper-left to lower-

right).  Image splitting for green and red channels were performed using Tiff-page-

Splitter Deluxe programme prior downloading images into an image processor 

programme.  

 

 3.6- Bioinformatic Analysis of CGH 

 

 3.6.1 Extraction of Fluorescence intensities. 

Spot fluorescence intensities were extracted and written into text files using the 

software MAIA which is distributed under free license by the developer (http://bioinfo-

out.curie.fr/projects/maia/ -  MAIA (Microarray Image Analysis; Version 2.75 version; 

Institute Curie, Paris, France).  

 

 



76 

 

 3.6.2- Primary data analysis  

 

 3.6.2.1- Primary data analysis in cell lines 

 

This process includes normalisation, segmentation and copy number calling. It was 

performed using CAPweb-CGH array Analysis Platform on the Web (Hupe et al., 

2004). CAPWeb converts the fluorescent intensities in the array to a green-to-red 

log2 ratio profiles. CAPWeb uses the R package MANOR for data “normalization”, an 

important step in which biases introduced by experimental artefacts are discarded 

with preservation of the true biological signal in the array (Neuvial et al., 2006). 

Normalization also makes profiles comparable. In addition, bias correction for local 

spatial effect is performed by estimating the spatial trend on the array, segmenting 

the array into those regions with similar trend and identification and exclusion of 

those areas affected by local spatial bias; eg: those spots with very low signal-to-

noise ratio, unique spots or clones with poor replication consistency (Liva et al., 

2006, Neuvial et al., 2006).  

 

Data is then segmented into chromosomal regions with identical copy number using 

the GLAD algorithm. This process called “segmentation” will identify the point 

(breakpoint) at which a variation in the copy number is identified. The breakpoint 

identification process was performed in this study using default GLAD parameters 

recommended by the providers. Finally, GLAD assigned a status to the regions 

between the breakpoints (normal, gain, loss or amplified) and provides a summary 

report of the results.  

 

VAMP software (Visualization and Analysis of array-CGH, transcriptome and other 

Molecular Profiles; http://bioinfo.curie.fr/vamp) was used for visualization of the 

aCGH data in a simplified and meaningful way (La Rosa et al., 2006) 

(http://bioinfo.curie.fr/vamp). Using this graphic interface connected to CAPWeb, the 

results can be retrieved by the whole genome, by chromosome, allow clone 

identification and comparison between arrays. Analysis for the cell lines was 

repeated using a CGHcall for calling of the log2 ratios (van de Wiel et al., 2007).  
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As will be presented in chapter 5, MCF-7 and TAMR cell lines aCGH profiles were 

compared using both the CAPWeb and CGHcall within the R-platform. Same results 

were obtained using CAPWeb and CGHcall regarding regions involved in the CNV 

as it will be explained in section 5.4.1.1 

 

A representative example of an aCGH image using the MAIA programme is shown in 

Figure 3.10. 

 

 

 

 

 

Figure 3.10- Array image taken using MAIA program
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 3.6.2.2- Primary data analysis in BC tissue 

 

The fluorescence intensities were imported into the R statistical platform (R 

Development Core Team, 2009) transformed into log2 ratios and normalised by 

spatial normalisation using an algorithm implemented in the R package MANOR 

(Neuvial et al., 2006). Only data points were included that showed a foreground to 

background ratio of greater than 2.   Datasets were excluded from the study if more 

than 20% of clones did not pass this quality assurance step or the standard error of 

replicates was greater than 10%. The normalised log2-ratios were segmented using 

the circular binary algorithm from the DNA copy R package (Olshen et al., 2004) 

whereas copy number calling was performed using the CGHcall package (van de 

Wiel et al., 2007).  Moreover, the CGHcall method permitted correction for 

contamination with non-tumour cells  or cellularity correction (van de Wiel et al., 

2007). 

 

CGHcall makes the assumption that breakpoints divide segments into different 

states of CNA. In this study, 4 copy number states are defined (-1=loss, 0= normal, 

+1= gain and +2= amplification). The assumptions is made that clones in the same 

segment belong to the same state and are classified together rather than having 

different states per clone. Segments are in the normal state (null hypothesis) and 

CNV differing from the normal states is measured as a p-value or False discovery 

rate (FDR).  

 

Representative examples from our study of plots for a individual aCGH profile (A) 

and a summary plot (B) according to nodal status are shown in table 3.11. In 

individual profiles plots, the normalized log2-ratio is shown on the right Y axis, 

probability scales on the left, segments are plotted in the X inferior where the 

chromosome number is shown and vertical bars indicate gain or loss probability. 

This probability is a “call” when is >0.5 (van de Wiel et al., 2007). In the summary 

plot, the left Y axis shows the mean probability for a CNV of node-negative cases 

(top) and positive cases (bottom). The blue rectangles point out copy number 

regions which are significantly associated with copy number gains (see section 4.3). 
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 3.6.3 Secondary Analysis 

3.6.3.1- Clustering of aCGH data 

Hierarchical clustering analysis is a method to identify natural similarities between a 

number of observations and grouping them together according to common 

characteristics. Several methods have been used for clustering analysis. In this 

study unsupervised hierarchical clustering of array CGH profiles was performed 

using the WECCA (Weighted clustering of called aCGH data) method (Van 

Wieringen et al., 2008). Kaplan Meier plots were used to analyse survival. For every 

BAC clone KM curves (BCSS) were generated for the groups no gain/gain and no 

loss/loss and were tested for differences by log-rank Chi-square statistics 

(Harrington 1982). P-values were corrected for multiple testing error using false 

discovery rate (FDR) (Benjamini 1995) whereas FDR values < 0.2 were accepted as 

significant. Results were analysed only when at least 10 patients were in each of the 

groups. Multivariate testing was performed using Cox-proportional hazard regression 

analysis. P-values were considered significant when <0.05. Supervised univariate 

testing was performed by testing the counts of gain or loss for each BAC clone using 

Fisher's exact test.  

 

In addition, analysis was performed to identify CNA in tamoxifen-treated patients with 

poorly differentiated tumours who died/relapse of BC within 5 years of diagnosis and 

compared to those patients alive with no distant relapse after 5 years. This was 

Figure 3.11- Exemplary plots for aCGH results in our study

(A) Individual aCGH profile (B) Summary plot - association of copy number 
gain with nodal status.
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performed using Permutation t-testing method. Common minimal region of alteration 

were also defined. 

 

Candidate genes affected by CNA were then identified using the e!Ensembl 

GRCh37, in the section Homosapiens which is publicly available 

(http://www.ensembl.org/index.html). 

 

 3.6.4- In silico validation of candidates genes 

 

In order to validate the candidate genes of the gained region on chromosome 5 

which correlated with nodal status, at the mRNA expression level, a publicly 

available data set was used  (Loi et al., 2007). The dataset GSE6532 (Loi et al., 

2007b) was downloaded from the GEO database (http://www.ncbi.nlm.nih.gov/geo/) 

and imported into R. The Affymetrix expression dataset (Human U133A/B U133 Plus 

2.0) was normalised using the GeneChip robust multi-array average (GCRMA) 

method (Bioconductor). Only profiles were selected from patients who received 

adjuvant tamoxifen treatment and had tumours with an histopathology grade 2 or 3. 

For each gene from the region on chromosome 5 the corresponding Affymetrix probe 

was extracted querying the Ensembl database using the biomaRt package in R 

(Durinck, 2003, Durinck et al., 2005). Gene expressions were tested for differential 

expression in the node-positive and the node-negative group using Mann-Whitney 

test. Due to the low number of tests (n=49) no correction of p-values for MTE was 

performed. 
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CHAPTER 4 – MOLECULAR DIVERSITY IN HIGH GRADE BREAST CANCER. 

ASSOCIATION OF 5q GAIN WITH SURVIVAL 

 

HG is one the main prognostic factors used in clinical practice, along with nodal 

status and tumour size, for the classification of patients into different prognostic 

groups that support the clinical decision making process and to tailor adjuvant 

treatment according to specific risk of relapse or death. HG is consistently included 

in the most clinically relevant BC prognostic tools such as Nottingham prognostic 

Index (NPI), St Gallen and Adjuvant Online (Galea et al., 1992, Goldhirsch et al., 

2001, Ravdin et al., 2001, Ravdin et al., 1998).  With very few exceptions, HG is 

commonly mentioned as one of the main prognostic factors associated with survival 

in BC (Soerjomataram et al., 2008).  An increase in HG is also accompanied by an 

increase in the frequency of DNA CNA , with HG3 tumours showing a higher number 

of alterations relative to HG1 (Roylance et al., 1999). In addition, CNA profiles 

generated from aCGH studies have shown association with specific BC subtypes 

(Natrajan, 2009) and have been used to classify new groups within ER- BC (Chin et 

al., 2007). 

 

Clinically, BC is a heterogeneous disease and there is considerable variability in the 

response to treatment even when patients are stratified on grade.  A number of 

initiatives have been instigated to improve treatment tailoring with respect to 

selecting breast cancer patients for adjuvant chemotherapy on prognostic factors 

such as molecular profile (Paik et al., 2006). In this study we set out to identify 

heterogeneity at the DNA copy number level specifically in high grade BC using BAC 

aCGH, and to identify specific CNAs that associate with poorer prognosis in this high 

risk group of patients.   

 

4.1- Patients cohort 

 

Patients were selected from a retrospective BC database containing clinical and 

histopathological data from 1339 non-metastatic patients as described in chapter 2. 

A total of 78 cases (67 HG3 and 11 HG2) of high grade primary invasive ductal 

breast carcinoma of no special type (IDC NST) were selected from the database 
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(chapter 3).  The median age of the patients was 67.78 (range 30.03 to 82.98).  53 

cases were node negative.  ER, PR and HER-2 status were assessed for the 67 

HG3 tumours by immunocytochemistry on tissue microarrays (TMAs) produced by a 

manual tissue arrayer (Beecher Instruments), and on full face sections for the 11 

HG2 cases, according to standard procedures. (chapter 3). Additional 26 HG3 IDC-

NST node negative BC cases obtained from the same clinical cohort but previously 

arrayed in Institute of Molecular Radiobiology Molecular Cytogenetics, GSF-National 

Research Centre, Neuherberg, Germany were included for combined analysis of the 

aCGH data.  

 

4.2 – Results 

 

4.2.1 – Patients characteristics 

 

In comparison with results from the database presented in chapter 2, the positivity 

rate for ER decreases from 74.7% to 44.9% (35/78) as expected for a group of 

mainly HG3 cases. Patients characteristics are shown in table 4.1. 53 cases were 

node negative. 36/78 cases were negative for ER, PgR and HER-2, 6 were ER-

ve/HER-2 3+ positive, 6 were positive for both ER and HER-2. All ER negative 

patients were exclusively HG3. PR results behaved similarly to ER with the majority 

of PR negative cases being HG3. By contrast, HER-2 positivity was similar to that 

obtained when the full database was analysed (18.9 and 17.9 % respectively). It was 

not possible to performed FISH on those HER-2 2+ cases by IHC due to the lack of 

recent tissue sections.   
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4.2.2 – Association of Copy Number Changes with survival   

 

Testing of the association of copy number changes with cancer-specific survival 

(CSS) revealed association of a gained region on chromosome 5q35.1-2 which is 

defined by four BAC clones (RP11-20O22, CTB-54I21, RP11-489P1 and CTB-

73D21) with CSS (p-value < 0.005, FDR < 0.2) as shown in table 4.2. Patients with 

tumours harbouring the gain on chromosome 5q35.1-2 showed poorer CSS (median 

survival time: 5 years) compared to patients with tumours which did not harbour the 

gain (Fig 4.1).   

 

Table 4.1-  Demographics of BC patients with aCGH profile

Variable HG2 HG3

No (%) No (%)

Total Number of patients 11 (14.1%) 67 (85.9%)

Age - Median (range) 71.17 (53.12-81.04) 67.51 (30.02-82.97)

≤50 0 16 (23.9%)

50-70 5 (45.5%) 20 (29.9%)

≥70 6 (54.5%) 31 (46.2%)

TNM T staging*

T1 (≤ 2 cm) 7 (63.6%) 32 (47.7)%)

T2 (>2 - ≤5 cm) 4 (36.4%) 33 (49.3%)

T3 (>5 cm) 0 1 (1.5%)

T4 0 0

Unknown 0 1 (1.5%)

TNM N staging**

No 7 (63.6%) 46 (68.7%)

N1 (1-3 nodes) 2 (18.2%) 11 (16.4%)

N2 (4-9 nodes) 0 5 (7.5%)

N3 (≥10 nodes) 2 (18.2%) 4 (6.0%)

Unknown - No 0 1 (1.5%)

ER 

Negative - No (%) 0 (0%) 43 (64.2%)

Positive - No (%) 11 (100%) 24 (35.8%)

PR 

Negative - No (%) 1 (9.1%) 50 (74.6%)

Positive - No (%) 10 (90.9%) 17 (25.4%)

HER-2 

Negative - No (%) 10 (90.1%) 49 (73.1%)

Indetermined - No (%) 0 5 (7.5%)

Positive - No (%) 1 (9.09%) 13 (19.4%)

* TNM Tumour staging by Singletary et al al 2003.

** TNM Nodal Staging by Singletary et al 2003.



84 

 

 

 

In UVA for CSS the p-value for gain 5q35.1-2 status was 0.001 and that of nodal 

status was 0.049 whereas in the MVA (nodal status, gain status 5q35.1-2) the 

hazard ratios were 1.3 (0.73-3.6 95% CI; p:0.23) for nodal status and 3.2 (1.4-7.7 

95%CI; p:0.0076) for gain 5q35.1-2 status.  

 

 

 

 

 

Table 4.2- Chromosomal region alteration associated with worse OS and CSS. P-values (uncorrected and 

corrected for Multiple Testing error are presented). 

Clone No Cr Gene CAN                              OS                    CSS

No HGNC Call  p (uncorrected)  FDR  p (uncorrected)  FDR

1121 5 RP11-20O22 Gain 0.033 0.908 0.004 0.16

1122 5 CTB-54I1 Gain 0.033 0.908 0.004 0.16

1123 5 RP11-489P1 Gain 0.0147 0.436 0.001 0.055

1124 5 CTB-73D21 Gain 0.0147 0.436 0.001 0.055

Figure 4. 1: Kaplan-Meier survival plots of patients with tumours harbouring copy 

number gain of the regions defined by BAC clones RP11-20O22, CTB-54I1, RP11-

489P1 and CTB-73D21 (5q35.1-2, red) and those not harbouring the gain (green). 

Patients with gain of 5q35.1-2 show significantly reduced cancer specific survival (p-

value < 0.004, FDR < 0.2) compared to patients not showing the gain. 
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Moreover in UVA analysis (log-rank testing of KM curves) gain of a portion of this 

region defined by the BAC clones RP11-489P1 and CTB-73D21 also separated 

node-negative (n=53) and node-positive (n=24) patients into two groups with a 

significantly different prognosis (p-values < 0.04 and < 0.05 in the node-negative and 

node-positive group, respectively, Fig. 4.2).  

 

 

 

 

 

 

Sub-analysis studies performed among different molecular tumour sub-groups 

showed significant association of 5q gain with worse OS (p:0.012) and CSS 

(p:0.005) in ER+ patients when compared with no-gain in the UVA in the same 

Figure 4.2: Kaplan Meier plots of survival in node-negative and 
node-positive patients with 5q gain-negative and 5q gain-positive 
tumours 

Node negative (N0: gain versus no-gain): p: < 0.04. 

Node positive (N+: gain versus no-gain) p <0.05 
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population.  MVA confirmed worse outcome for cases harbouring the gain in terms of 

OS (HR:2.2; C: 1.1-4.6, p:0.029) and CSS (HR:3.2; CI: 1.4-7.2, p:0.005). Significant 

association was also observed among HER-2 negative patients both for OS and 

CSS as shown in Figure 4.3.  In the TN sub-group, no association was observed 

between 5q gain and OS or CSS (p:0.484 and p:0.052 respectively). Further analysis 

into basal and non-basal phenotype was not possible in view of low number of 

observations.  

 

 

 

 

 

Figure 4.3- Kapplan Meier survival curves for ER+ subgroup for OS (A) and CSS 
(B) and for Her-2 negative patients for OS (C) and CSS (D). 

A - KM for OS in ER positive B - KM for CSS in ER positive patients

Breast cancer specific survival (years)Overall  survival (years)

C- KM for OS in Her-2 negative D- KM for CSS in Her-2 negative 

Overall  survival (years) Breast cancer specific survival (years)
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4.2.3 Association of copy number changes with Nodal Status 

 

In order to identify copy number changes associated with nodal status of patients 

supervised association analysis was performed. A summary of the copy number 

changes associated with nodal status are given in table 4.4. Interestingly, the gain of 

the region on chromosome 5q35.1-2 that had already been found to be associated 

with patient survival overlaps the region on chromosome 5 that is associated with 

node-positive tumours. Consequently gain of 5q35.1-2 and nodal status are not 

independent and do not appear as independent markers in MVA. 

 

Candidate genes 

The consensus of the region on chromosome 5 (chr5:171064773-174541830) that 

was associated with positive nodal status and with unfavourable breast cancer 

specific survival was subsequently used for the definition of candidate genes (Table 

4.3) by querying the Biomart Ensembl database (GrCH37). 

Table 4.3- Genes encoded by gained region associated with CSS (chromosome 5_171064773_174710119)

HGNC Symbol Start position End position Gene description

MSX2 174151536 174157902 Homeobox protein MSX-2 (Hox-8) 

C5orf47 173416162 173433142 Uncharacterized protein C5orf47 

CPEB4 173315331 173388979 Cytoplasmic polyadenylation element-binding protein 4 

BOD1 173034517 173043663 Protein FAM44B  

STC2 172741716 172756506 Stanniocalcin-2 Precursor (STC-2)

NKX2-5 172659112 172662262 Homeobox protein Nkx-2.5.Cardiac-specific homeobox

BNIP1 172571445 172591390 BCL2/adenovirus E1B 19 kDa protein-interacting protein 1

C5orf41 172483370 172563961 UPF0474 protein C5orf41  

ATP6V0E1 172410760 172461900 V-type proton ATPase subunit e 1 (V-ATPase subunit e 1)(V0 subunit e1

RPL26L1 172386427 172396774 60S ribosomal protein L26-like 1  

ERGIC1 172261278 172379688 Endoplasmic reticulum-Golgi intermediate compartment protein 1

DUSP1 172195093 172198198 Dual specificity protein phosphatase 1. (MAP kinase phosphatase 1)(MKP-1)

NEURL1B 172068276 172118531 E3 ubiquitin-protein ligase NEURL3 (EC 6.3.2.-)(Neuralized-like protein 3)

SH3PXD2B 171760505 171881527 SH3 and PX domain-containing protein 2B (Adapter protein HOFI)

UBTD2 171636644 171711075 Ubiquitin domain-containing protein 2 (Dendritic cell-derived ubiquitin-like protein)

EFCAB9 171621177 171630349 EF-hand calcium-binding domain-containing protein 9  

STK10 171469074 171615346 Serine/threonine-protein kinase 10 (EC 2.7.11.1)(Lymphocyte-oriented kinase) 

FBXW11 171288556 171433877 F-box/WD repeat-containing protein 11 (F-box/WD repeat-containing protein 1B)

C5orf50 171212876 171221602 Uncharacterized protein C5orf50 

SNORA74B 172447731 172447931 Small nucleolar RNA SNORA74 
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4.2.4 – In-silico validation of candidate genes. 

 

In order to ascertain whether the gain in copy number of candidate genes obtained 

from the chromosomal region associated with a positive nodal status in this study is 

Table 4.4 - Copy number alterations significantly associated with nodal status.

Chromosome Copy number                          Region (bp)                              p-value

 number  alteration Start  End Corrected FDR*

Node positive

1 Gain 928301 11843141 0.021 0.064

1 Gain 12428632 28962129 0.021 0.064

4 Gain 1625433 8102624 0.0064 0.039

5 Gain 2517762 10872654 0.0002 0.005

5 Gain 148662044 149998339 0.022 0.064

5 Gain 151339486 166617450 0.008 0.039

5 Gain 167659919 174541830 0.0038 0.036

7 Gain 148594274 158803231 0.0298 0.082

11 Gain 67661700 70629079 0.0116 0.048

11 Gain 70918961 76396807 0.0062 0.039

11 Gain 116088651 134478818 0.008 0.039

12 Gain 48284343 57831732 0.0286 0.082

16 Gain 3531439 31047088 0.0198 0.0645

Node negative

1 Loss 928301 11843141 0.0042 0.0196

1 Loss 12428632 28962129 0.0186 0.057

1 Loss 109735370 119699888 0.0254 0.057

1 Loss 144007818 145057046 0.007 0.024

1 Loss 145438616 155948960 0.0232 0.0571

1 Loss 157789502 182629019 0.0232 0.0571

1 Loss 202152138 206584659 0.0052 0.0215

1 Loss 207021349 223286340 0.0008 0.0176

1 Loss 223823291 249063112 0.0024 0.0188

6 Loss 145997 29213068 0.0134 0.044

6 Loss 31923988 43857965 0.021 0.057

10 Loss 269607 5637110 0.0022 0.0189

10 Loss 69771091 88064908 0.0022 0.057

10 Loss 89607026 131107320 0.0334 0.066

10 Loss 131926164 133779590 0.0032 0.0189

10 Gain 135221600 135221940 0.019 0.064

21 Gain 14540608 31752113 0.0036 0.0363

* FDR: false discovery rate
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also associated with an increase in mRNA gene expression, a publicly available BC 

gene expression set (Loi et al., 2007b) was analysed. In total, 49 probes of the 

microarray matching the 20 candidate genes from the region on 5q35.1-35.2, the 

region specifically gained in node-positive carcinomas in our study were tested for 

differential expression in lymph node-positive and node-negative IDC. A total of 36 

probes matching 14 of the 20 different genes showed significantly increased 

expression in the node-positive cases relative to node-negative cases. Table 4.5 

summarises test results of significantly differentially expressed genes in node-

negative and node-positive patients from the study by Loi et al. The five genes with 

the lowest p-values were ATP6VOE1, NEURL1B, DUSP1, MSX2 and C5ORF41.  It 

is known that whilst there is, on the whole, good association with datasets that 

analyse BAC array data and mRNA expression data derived from the same cases, 

absolute association would not be expected (Jarvinen et al., 2008). This may be as a 

result of gene silencing by hypermethylation or other changes in gene regulation, for 

example at the miRNA level.  

 

 

 

 

 

Table 4.5- In-silico validation of genes encoded  

 by gained region Cr 5  according to its association 

with CSS and ascending p-value

Affy Probe p - value

ATP6V0E1 201172_x_at 0.0000

DUSP1 201044_x_at 0.0001

NEURL1B 225355_at 0.0001

MSX2 205555_s_at 0.0003

C5orf41 238476_at 0.0006

CPEB4 224829_at 0.0006

UBTD2 224834_at 0.0009

STK10 237875_at 0.0012

RPL26L1 218830_at 0.0019

BNIP1 37226_at 0.0074

SH3PXD2B 231823_s_at 0.0201

BOD1 225030_at 0.0355

FBXW11 209455_at 0.0410

STC2 203439_s_at 0.0413
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4.2.5- Hierarchical Unsupervised Clustering Analysis 

 

Unsupervised hierarchical clustering of cases based on CNA revealed no 

association of clusters with outcome and nodal status nor any of the classical BC 

markers such as HER-2, ER, and PR.  Figure 4.3 shows the clusterogram. 

 

 

Figure 4.4: Unsupervised and supervised analysis of copy number alterations in relation to 
BC clinical parameters. Heatmap was generated with options total, agree, all.equal and 
False. Red indicates a loss,black a normal, and green a gain in DNA copy number. The 
regions are ordered according to their location on the genome, starting from the top with the 
first region on chromosome 1. The numbers at the bottom side represent chromosome 
numbers.  The blue/yellow bar on the top indicates the p and q arms of the chromosomes. 
The labels on the left-hand side are the names of the samples.



91 

 

 

 

 

4.3- Discussion 

 

There have been a number of papers that have reported an association between 

CNA and survival in BC (Hicks et al., 2006). However, these papers have included a 

spectrum of histological grades.  The aim of our study was to investigate whether we 

could identify a CNA that could be used as an adjunct to conventional prognostic 

markers in high grade BC as an aid to treatment tailoring in this group of patients.   

This study of 78 high grade (HG2 and HG3) breast cancers shows significant 

statistical association between a region of copy number gain on Chromosome 5 

(171064773-174710119) and BCSS and of a portion of this region (Chromosome 

5:173869298-174710119) with BCSS in the node-negative and the node-positive 

groups of the same cohort. Patients with tumours harbouring the gain on 

chromosome 5q35.1-2 showed poorer CSS compared to patients with tumours 

which did not harbour the gain (Fig 4.1).  A comprehensive search of the literature in 

all articles published in PubMed was performed using “5q”, “5q gain” and “Breast 

cancer”. Thirteen articles were identified some of which contained relevant 

information to our work. Loveday et al demonstrated that the occurrence of CVA 

varied across the genome with some chromosomes such as 1p/q, 5q, 8p/q 

frequently showing alterations (Loveday et al., 2000). They also found that CNA in 

5q occurred at comparable frequency  both in Invasive ductal and invasive lobular 

carcinoma (Loveday et al., 2000).  

 

In a recent publication Johnson et al identified four regions of gain (5q, 16p, 19q and 

20) that were commonly affected in Invasive ductal carcinoma but not in DCIS. 

Specifically, 5q gain included the region between 170.12- 170.21 and 170.69 172.75, 

similar to the region gained in our study (Johnson et al., 2011). Although DCIS cases 

shared the same molecular subtypes as invasive ductal carcinomas these 

differentially expressed genes might identify genetic markers of progression. A 

region in 5q was also found to be gained in invasive ductal carcinoma  when 

compared with DCIS in another publication (Yao et al., 2006). 
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In our study, distribution of the 5q gain according to tumour subgroups showed that 

5q gained was present in 15 patients among those ER+ (15/35, 42,9%), 6 cases 

among those HER-2+ (6/12, 50%) and 12 cases among triple negative patients 

(12/36, 33,3%). Survival analysis showed significant association between OS and 

CSS in ER + and Her-2 negative cases for those with 5q gain versus no-gain (Figure 

4.3).  

 

Several authors have described a relative deletion of 5q in ER- cases (Fang et al., 

2011, Wang et al., 2004, Loo et al., 2004, Pierga et al., 2007) in comparison to ER+. 

Loo et al found a >40% more frequent losses in 5q31-q35 among other regions 

when compared with ER+ tumours. Other authors also found that 5q deletion in ER- 

tumours was among the significant CNAs found relative to ER+ tumours  (Fang et 

al., 2010), also supporting our findings. 

 

A previous publication found three regions (-3p.13,+5q35.2 and +8p12) were 

associated with OS in the combined HER-2 negative reference data set (log rank 

P:0.004, 0.002 and 0.003, respectively) adding either independent or near 

independent prognostic information in the MVA (P:0.08, 0.007 and 0.06, 

respectively). The association with outcome for the 5q35.2 region was stronger for 

HER-2-/ER- tumours compared to HER2-/ ER+ tumours (log-rank P:0.006 and 0.07 

respectively (Staaf et al., 2010) Another author also found losses of 5q33.3–q4 

among others was associated with HER-2 amplification (Pierga et al., 2007).  

 

Although previously publications have found 5q gain associated with invasive breast 

cancer and worse prognosis as discussed above the body of literature is very limited 

to a small number of publications. In our study 5q gain was the only gene 

significantly associated with OS and CSS particularly in ER+ and HER-2 negative 

subgroup and node positive disease. Therefore, It was decided to concentrate in the 

analysis of those candidate genes that are encoded by this altered region, including 

genes previously reported to show an association with carcinogenesis.  

 

Association of candidate genes with in silico validation in the Loi dataset (Loi et al., 

2007b) confirmed significant gene expression of some genes.  The most interesting 
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of these are DUSP1 which is encoded by both gained regions, a dual specificity 

protein phosphatase and MSX-2, a homeobox gene which is in the centre of the 

smaller region that correlates with BCSS in the node-negative and node-positive 

groups. 

 

4.3.1- DUSP-1 gene  

 

Mitogen-activated protein kinases (MAPKs) constitute a family of related kinases that 

include c-Jun NH2-terminal kinase (JNK 1,2 and 3), p38 protein kinase (α, β, δ and 

γ) and the extracellular signal-regulated kinases (ERK1 and 2). These kinases play 

an important role transferring information from the extracellular signals to intracellular 

pathways that control diverse cellular processes such as proliferation, differentiation, 

migration, apoptosis and stress response (Keyse, 2008). The balance between 

activated (phosphorilated) and inactivated (de-phosporilated) state of MAPKs 

depends on the activity of the dual specificity MAP kinases (MEK) and dual 

specificity MAPK phosphatases (MKPs). The MKPs are the main endogenous 

mechanism to negatively regulate MAPKs. 

 

An emerging family of MKPs have now being described with at least 10 different 

phosphatases grouped into 3 categories (Table 4.6) according to their sequences 

similarities, gene structure, cellular location and substrate specificity (Theodosiou 

and Ashworth, 2002). These phosphatases share a common anatomical structure 

with a C-terminal (catalytic domain) and an N-terminal which contains the interaction 

motif (Keyse, 2008). 
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DUSP-1 is the prototype of the MKPs with higher activity for p38 than for JNKs and 

ERK1 and 2 (Boutros et al., 2008) although the substrate specificity is variable and 

depends on cell type and biological conditions (Wu et al., 2005). DUSP-1 gene is 

considered an immediate early response gene under the influence of many stimuli 

such as cellular stress and growth factors (Keyse, 1995). 

 

Although cancer mutation usually involves Ras/Raf pathway within the MAPK 

pathway, stress-activated proteins such as JNKs and p38 are playing a more 

protagonist role in cancer development (Dhillon et al., 2007). Interestingly, JNKs 

biological function widely vary between different cell type with an anti-proliferative 

and pro-apoptotic activity in some tissues and proliferation and anti-apoptotic 

function in others (Dhillon et al., 2007). DUSP1 has been found to be over-expressed 

in a variety of solid tumours including lung, ovarian, bladder, osteosarcoma and 

breast cancer (Loda et al., 1996, Rojo et al., 2009). Many human cancers exhibit 

increased expression of DUSP1, but the level of expression varies with the type of 

cancer, and in some tissues, the stage of tumour progression. For example, in the 

prostate carcinoma, over-expression of DUSP1 is found only in the early stages of 

disease and is lower in hormone refractory prostate carcinoma (Rauhala et al., 

2005). Higher levels of DUSP1 are observed in gastric adenocarcinomas (Bang et 

al., 1998) and, interestingly, are associated with a shorter progression-free survival 

in ovarian cancer (Denkert et al., 2002). 

Table 4.6- Classification of DUSP family according to Keyse et al* 

Group DUSP member Substrate Cellular location

1 DUSP1/MKP1 ERK, p38 and JNK Nuclear

DUSP2/PAC1 ERK, p38 Nuclear

DUSP4/MKP-2 ERK, p38 and JNK Nuclear

DUSP5/hvH-3 ERK Nuclear

2 DUSP 6/MKP-3 ERK Cytoplasm

DUSP7/MKP-X ERK Cytoplasm

DUSP9/MKP-4 ERK>p38 Cytoplasm

3 DUSP8//hVH-5 p38 and JNK Cytoplasmic and nuclear

DUSP10/MKP-5 p38 and JNK Cytoplasmic and nuclear

DUSP16/MKP-7 p38 and JNK Cytoplasmic and nuclear

*Modified from Keyse et al. Cancer Metastasis Rev, 27 , 253-61. 2008
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DUSP1/MKP1 has been implicated in the development of anti-cancer drug 

resistance (Montagut et al., 2010). High levels of DUSP1 expression are also 

associated with chemoresistance in a number of cancer cell lines, including non 

small cell lung cancer [NSCLC] (Chattopadhyay et al., 2006) and BC (Small et al., 

2007).  A further study (Moncho-Amor et al.) suggests that DUSP1 over-expression 

may also be involved in angiogenesis and metastasis.  Other members of the DUSP 

family, including DUSP4 have also been shown to be up-regulated in BC (Wang et 

al., 2003). DUSP1 is also reported as one of the genes in the bone metastatic 

signature both in BC cell lines (Kang et al., 2003) and human BC tumours (Lu et al., 

2010). DUSP1 is commonly repressed in BC patients after exposure to doxorubicin, 

a finding that co-exists with induction of the apoptotic protein JNKs enhancing its 

anti-tumour effect. However, a sub-group of BC patients seems to have high-

expression of DUSP1 that is not repressed after anthracycline therapy and is 

associated with worse DFS in univariate and multivariate analysis (Rojo et al., 2009). 

MKP-1 has also been associated with cisplatin resistance in other solid tumours 

(Wang et al., 2006) and in a publication reduction in levels of DUSP1 expression was 

accompanied by reduction of cell growth and cisplatin-induced cell death 

(Chattopadhyay et al., 2006). More importantly, there is evidence that loss of MKP-1 

restored or improved cisplatin sensitivity in ovarian cancer patients (Wang et al., 

2007). Similarly, DUSP1 over-expression has also been associated with anti-EGFR 

drugs resistance in K-ras wild type colon cancer patients (Montagut et al., 2010). 

 

Other authors have also found DUSP1 over-expression in BC (Wang et al., 2003) 

even in poorly differentiated and advanced tumours which contrast with data 

reported in other tumour such us colon, prostate and bladder where MKP-1 

expression was inversely related to histological grade (Loda et al., 1996). 

Hypothetically, advanced or poorly differentiated BC tumours remain dependent on 

MAPK pathway until late stages in the natural history of the disease (Loda et al., 

1996) playing an important anti-apoptotic role (Small et al., 2004). A strong 

association was also found between MKP1 over-expression and elevated levels of 

HER-2 and EGFR (Loda et al., 1996). Recently DUSP1 over-expression in non-small 

cell lung cancer was found associated with tumour growth, invasion and 
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angiogenesis. Angiogenesis is believed to be mediated by an increased expression 

of vascular endothelial growth factor C [VEGFC] (Moncho-Amor et al.).  

 

Our study therefore supports the evidence in the literature that up-regulation of 

DUSP1, in this case via a mechanism of gain of DNA copy number, is significant in 

both invasion and worse prognosis in high grade BC.  Whilst gain of DUSP1 is more 

frequently found in node-positive cases, it is also present in some node-negative 

cases. Further studies will be needed to ascertain whether gain of copy number or 

expression of this gene in node negative high grade BC could be used to stratify 

patients for adjuvant treatment. 

 

 

4.3.2- MSX2 

 

MSX2 is a member of the superfamily of Homeobox genes (Hox genes).  Homeobox 

protein MSX2 is a transcription factor involves in embryogenesis of different organs, 

including mammary tissues (Satoh et al., 2004). Members of this superfamily play 

roles in both cell fate and differentiation during development but have also been 

found to be commonly deregulated in cancer.  Deregulation of the Homebox-gene 

family might lead to enhanced proliferation and  inhibits cell differentiation facilitating 

tumour formation (Satoh et al., 2004). One of the mechanisms through which MSX2 

induces breast cell proliferation is Cyclin D1 up-regulation, a finding present in 

approximately 40% of BC. In BC, over-expression HoxB13 has been associated with 

tamoxifen resistance in ER positive breast cancer, especially when associated with 

down-regulation of expression of choline dehydrogenase (CHDH) and Il17β receptor, 

Il17RB (Ma et al., 2004).  

 

Over-expression of HoxB7 has also been implicated in epithelial/mesencymal 

transition (EMT) and associated with bone metastasis in vivo (Wu et al., 2006).    

Interestingly, MSX2 is also associated with EMT and also significantly induces Twist-

1 expression.  Recent reports show that in BC this is strongly correlated with high 

tumour grade, chromosome instability, vascularisation in addition to EMT (Mironchik 

et al., 2005). Evidence is also emerging to support the role of Twist in EMT and its 
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relationship with Basal-like BC phenotype, which is known to indicate a worse clinical 

prognosis (DiMeo et al., 2009) and with CD24(-/lo)CD44(+) cells (Tomaskovic-Crook 

et al., 2009). MSX2 is also a relevant target for RAS/Raf pathway which is involved 

in many different epithelial solid tumours. In particular, around 90% of pancreatic 

cancers contain K-ras mutation. Satoh et al showed that cell proliferation, migration 

and vascular invasion are increased in MSX2 expressing pancreatic cancer cell lines 

and that MSX2 expression was significantly correlated with high histological tumour 

grade (Satoh et al., 2008). Recently, it has been suggested that MSX2 expression 

could be used as a diagnostic tool to differentiate chronic pancreatitis from 

pancreatic carcinoma, another tumour type that displays marked EMT (Satoh et al., 

2010).    

 

However, a recent publication showed that MSX2 protein expression, mainly its 

cytoplasmic component, was associated with prolonged OS in MVA in BC patient. 

Further assessment of the role of MSX2 in BC cell lines showed that its effect is 

likely to be related to an increment of apoptotic tumour cell death (Lanigan et al., 

2010). Another study showed no induction of apoptosis in MSX2 over-expression (di 

Bari et al., 2009) in mouse mammary epithelial cells.  

 

It is clear that MSX2 expression varies among BC tumour sub-types as they also 

found that MSX2 mRNA expression was high in the Luminal B and HER-2 but low in 

the basal subtype (Lanigan et al., 2010). Furthermore, MSX2 function depends on its 

intra-cellular location and it is also possible that the downstream intracellular 

pathways depends on the genetic background of the cell line used to assess its 

functionality (Lanigan et al., 2010). 

 

In conclusion, this study, using BAC array CGH on a series of high grade breast 

cancers, has demonstrated that gain of 5q35.1-35.2 is associated with decreased 

BCSS and node positivity.  We have validated that there is increased expression of 

genes encoded in this region using a publicly available dataset (Loi et al., 2007b). 

Two of the genes coded for in this region (DUSP1 and MSX2) have documented 

roles in angiogenesis, invasion and EMT.  Further validation studies are needed to 

ascertain whether either evaluation of gain of this region by FISH, or gene 
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expression studies using qRT-PCR would prove to be a useful tool in treatment 

tailoring for high grade BC. 
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CHAPTER 5 – BAC ARRAY ANALYSIS AND RESISTANCE TO TAMOXIFEN 

5.1- Aims of the study 

The present study intended to identify differences in aCGH profile between breast 

cancer cell lines sensitive (MCF-7) and resistant to Tamoxifen (TAMR) in an attempt 

to define genomic alterations involved in the development of hormone resistance in 

vitro. However, it is well recognised that genetic or expression profile in cell lines 

might change over time as is highly dependent of cell passage (Wenger et al., 2004) 

and do not always represent changes in tumours (Olsavsky et al., 2007). Therefore, 

aCGH profile from BC tumours were obtained from ER+ patients who relapse and 

died within 5 years from diagnosis despite of tamoxifen therapy and compared with 

those obtained from recurrence-free patients for at least 5 years from diagnosis. 

Finally, a comparison is made among the genomic alterations obtained from the 

aCGH profiles in cell lines and tissue specimens that might help to elucidate specific 

pathway involved in the development of a resistant and more aggressive phenotype.  

Figure 5.1 shows a general overview of the study. 

 

 

Figure 5.1- General design for Tamoxifen resistant study 
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5.2- Sample selection 

 

DNA extracted from MCF-7 and TAMR cell lines was provided by Prof Nicholson’s 

team from Cardiff University (section 3.3.1). Tissue specimens for this study were 

selected from demographic and survival data from the BC cohort described in 

Chapter 2. Patients included ER+ status who received tamoxifen only as adjuvant 

therapy and had good quality DNA/aCGH profile (patients who received neo/ 

adjuvant chemotherapy were excluded). Patients were classified as Tamoxifen-

resistant-group (TAMRG) if had died from BC within 5 years of diagnosis as opposed 

as Tamoxifen-controls-group (TAMCG) who were recurrence-free for at least 5 years 

from diagnosis. Patients characteristics are summarised in table 5.1. 

 

 

 

Table 5.1- Patients characteristics of Tamoxifen-resistant cases and controls.

Characteristics TAMRG TAMCG p-value

No (%) No (%)

Total Number of patients 11 13

Age - Median (range) 76.25 (59.19-81.04) 67.57 (60.24-73.66)

≤50 0 0 0.02

50-70 1 (12.5) 7 (87.5)

≥70 10 (62.5) 6 (37.5)

Histological grade

1 0 (0) 0 (0) 0.093

2 3 (27.3) 8 (72.7)

3 8 (61.5) 5 (38.5)

TNM-T staging*

T1 (≤ 2 cm) 1 (10.0) 9 (90.0) 0.003

T2 (>2 - ≤5 cm) 10 (71.4) 4 (28.6)

TNM-N staging**

No 3 (27.3) 8 (72.7) 0.132

N1 (1-3 nodes) 3 (42.9) 4 (57.1)

N2 (4-9 nodes) 3 (100.0) 0 (0)

N3 (≥10 nodes) 2 (66.7) 1 (33.3)

PR 

Negative - No (%) 2 (66.7) 1 (33.3) 0.439

Positive - No (%) 9 (42.9) 12 (57.1)
HER-2 

Negative - No (%) 8 (44.4) 10 (55.6) 0.695

Indetermined No (%) 2 (66.7) 1 (33.3)

Positive - No (%) 1 (33.3) 2 (66.7)

* TNM Tumour staging by Singletary et al al 2003.

** TNM Nodal Staging by Singletary et al 2003.
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5.3- Materials and method 

 

DNA extracted from MCF-7 and Tamoxifen resistant (TAMR) cell line was provided 

by Prof Nicholson’s team from Cardiff University, Wales. Cell line DNA and male 

reference DNA was labelled using Amersham CyScribe Array CGH genomic DNA 

labelling kit as described in section 3.4.1.3. The BAC DNA used 1.0 Mb platform 

provided by the Sanger Institute, Cambridge, UK. This contains 3038 BAC clones in 

triplicate spaced 1 Mb interval across the whole genome. Sample preparation, 

washing and scanning was performed as described in section 3.4.4. Primary data 

analysis for cell lines was obtained using CAPWeb (MANOR/GLAD) and with 

CGHcall (MANOR/GLAD) within the R-platform section (3.6.2.1). GLAD is a pure 

single-case approach that works with single fixed thresholds. GLAD performs very 

sensitive and the output seems to be more sensible for cell lines compared with 

CGHcall. 

 

The CGHcall is a multi-array approach which makes use of all CGH profiles included 

in a study for calculating the calling probabilities of a particular CGH profile. Analysis 

was performed using both platforms as CGHcall performs sub-optimally with regard 

to sensitivity of calling CNA when very low case number is analysed (<20). The basis 

for calculating calling probabilities is very narrow when the number of cases is very 

low hence the calling probabilities of very small copy number alterations are often 

underestimated. Therefore for the biostatistical analysis of the cell lines CAPWeb 

was used. However, CGHcall was highly suitable for multi-case studies with a 

greater number of cases and therefore it was used for the analysis of tumour 

samples. Comparative analysis of CNA between both platforms is performed.  

 

Primary endpoint was BC relapse using a threshold for significant p-value of <0.05. 

Biostatistical analysis of tumour specimens was performed as described in section 

3.6.2.2. 
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5.4- Results 

5.4.1- Comparative aCGH profile between MCF-7 and TAMR cell lines. 

 

Three regions were found to be differentially amplified between MCF-7 and TAMR 

profiles as shown in Figure 5.2. Two of those regions were found amplified in 

Chromosome 2 namely 2p25.1: 8595937-104702995 and 2q11.2: 95674761-

96161127. A third region of amplification in the TAMR cell lines was found involving 

17q21.32-q21.33: 46603673-48556752 (clones RP11361K8 and RP1194C24).  

 

 

 

A summary of genes encoded by amplified regions is shown in table 5.2. 

 

 

Figure 5.X- Summary plot of CNA in Chromosome 2 (left) and 17 (right) for MCF-7 and TAMR . Log2ratios of BAC clones are ordered 
according to their genomic position from left to right. Yellow dots represent normal regions, red dots copy number gain, green dots 
copy number losses and blue dots  amplications.  The black line gives the median Log 2 ratio of copy number segments.

Figure 5.2 Summary plot of  CNA in Chromosome 2 (lef t) and 17 (right) for MCF-7 (top) and TAMR (bottom). 
Lo2ratios of  BAC clones are ordered according to their genomic position f rom lef t to right. Yellow dots represent 
normal regions, red dots copy number gain, green dots copy number losses and blue dots represents 
amplif ications. The black line gives the median Log2ratio of  copy number segments.

Chromosome 2 Chromosome 17

MCF-7

TMAR TMAR

Chromosome 17

Table 5.2- Regions differentiatlly amplified in TAMR in comparison with MCF-7 cell lines showing  

regions of alterations and HGNC symbols. 

Region HGNC symbol

Chr 2- p25.1 ID2, MBOAT2, DDEF2, ITGB1BP1, CPSF3,IAH1,ADAM17,YWHAQ,TAF1B,GRHL1,KLF11, 

CYS1,RRM2, C2orf48, HPCAL1

Chr 2- q11.2 ASTL

Chr 17- q21.32-q21.33 HOXB1, HOXB2, HOXB3, HOXB4, HOXB5, HOXB6, HOXB7, HOXB8, HOXB9, HOXB13, TTLL6,CALCOCO2,

ATP5G1, UBE2Z, SNF8, GIP, IGF2BP1, B4GALNT2, GNGT2, ABI3, PHOSPHO1, ZNF652, PHB, NGFR,

NXPH3, SPOP, SLC35B1, FAM117A , MYST2, TAC4, DLX4, DLX3, ITGA3, PDK2, SAMD14, PPP1R9B,

SGCA, HILS1, COL1A1, TMEM92, XYLT2, MRPL27, EME1, LRRC59,CHAD, RSAD1, MYCBPAP,  EPN3,
, SPATA20, CACNA1G, ABCC3, ANKRD40,C17orf73,WFIKKN2,TOB1
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5.4.1.1 Comparison of the performance of GLAD and CGHcall and cell lines 

 

In the following a "head-to-head" comparison of the performance of CGHcall and 

GLAD, another segmentation and calling algorithm was performed. Comparison of 

genomic alterations found using both platforms was relevant as the R package 

CGHcall (van de Wiel et al.) was used for analysing the array CGH data generated 

from the tissue samples. In the figure 5.3 shows that the log2-ratio of alterations 

detected by the GLAD and aCGH algorithm is comparable using the chromosome 1 

profile as example.  

 

 

 

 

 

 

Figure 5.3- Exemplary comparisonof  aCGH prof ile in MCF-7 
cell lines analysed using dif ferent "calling" platforms: 

CAPweb (top) and CGHcall (bottom).
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5.3.2 – Array CGH profile in Tamoxifen resistant tumours 

 

A total of 11 and 13 aCGH profiles were included in the TAMRG and TAMCG 

respectively. Summary plot is shown in Figure 5.4. 

 

Permutation t-testing of copy number regions for association with BC relapse 

showed a region in Chromosome 7 significantly gained (p: 0.046) in the TAMCG (not 

corrected for MTE in view of low number of observations). This region was gained in 

10 cases in the TMACG as opposed to only 3 patients in the TAMRG. Extract genes 

from this region showed a start BAC clone CTB-164D18 (94136- 161450) and end 

BAC RP11-425P5 (6267527- 6268062). Manual retrieval of up-to-date (GRCh37) 

annotation information using MySQL Query Browser showed the region of interest 

Figure 5.4: Summary Plots of  TAMCG patients who did not relapse/die within 5 
years (top) and those of  TMARG who died/relapsed within 5 years (bottom). The 
summary plot gives the mean probability of  a copy number region being gained 
(green bars coming f rom the top) or lost (red bars coming f rom the bottom) with 
respect to the whole group. E.g. the f irst copy number region (gain/green) on 
chromosome 1 shows a mean probability of  about 0.5 in the TAMCG and about 
0.4 in the TAMRG. Mean probabilities indirectly ref lect the proportion of  cases 
showing an alteration. Amplications are indicated by blue ticks on top of  the box.

TAMCG

TAMRG
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located 94136- 6268062 bp (Chromosome 7p22.3-p22.1).  Genelist extraction from 

Ensembl Biomart database is shown in table 5.3.  

 

 

 

Table 5.3- Genelist extracted from Ensembl Biomart database from region 

Chr7: 94136- 6268062 showing  HGNC and gene description. 
   Description

ACTB Actin, cytoplasmic 1 

ADAP1 Arf-GAP with dual PH domain-containing protein 1 

AIMP2 Aminoacyl tRNA synthetase complex-interacting multifunctional protein 2 

AMZ1 Archaemetzincin-1 

ANKRD61 Ankyrin repeat domain-containing protein

C7orf20 UPF0363 protein C7orf20

C7orf27 HEAT repeat-containing protein C7orf27 Precursor  

C7orf28A UPF0550 protein C7orf28  

C7orf50 Uncharacterized protein C7orf50  

CARD11 Caspase recruitment domain-containing protein 11 

CHST12 Carbohydrate sulfotransferase 12 

COX19 Cytochrome c oxidase assembly protein COX19 

CYP2W1 Cytochrome P450 2W1 

CYTH3 Cytohesin-3 

EIF2AK1 Eukaryotic translation initiation factor 2-alpha kinase 1 

EIF3B Eukaryotic translation initiation factor 3 subunit B 

FAM20C Dentin matrix protein 4 Precursor 

FBXL18 F-box/LRR-repeat protein 18 

FOXK1 Forkhead box protein K1 

FSCN1 Fascin 

FTSJ2 Putative ribosomal RNA methyltransferase 2 

GNA12 Guanine nucleotide-binding protein subunit alpha-12 

GPER G-protein coupled estrogen receptor 1 

GPR146 Probable G-protein coupled receptor 146 

HEATR2 HEAT repeat-containing protein 2  

INTS1 Integrator complex subunit 1 (Int1) 

IQCE IQ domain-containing protein E  

KIAA0415 Uncharacterized protein KIAA0415 

LFNG Beta-1,3-N-acetylglucosaminyltransferase lunatic fringe 

MAD1L1 Mitotic spindle assembly checkpoint protein MAD1 

MAFK Transcription factor MafK 

MICALL2 MICAL-like protein 2 

MMD2 Monocyte to macrophage differentiation factor 2 

NUDT1 7,8-dihydro-8-oxoguanine triphosphatase

OCM oncomodulin 

PAPOLB Poly(A) polymerase beta

PDGFA Platelet-derived growth factor subunit A Precursor 

PMS2 Mismatch repair endonuclease PMS2 

PRKAR1B cAMP-dependent protein kinase type I-beta regulatory subunit 

PSMG3 Proteasome assembly chaperone 3

RADIL Ras-associating and dilute domain-containing protein  

RBAK RB-associated KRAB zinc finger protein 

RNF216 E3 ubiquitin-protein ligase RNF216

RNF216L Putative protein RNF216-like 

RSPH10B Radial spoke head 10 homolog B  

SDK1 Protein sidekick-1 Precursor 

SLC29A4 Equilibrative nucleoside transporter 4 

SNX8 Sorting nexin-8  

TFAMP1 transcription factor A, mitochondrial pseudogene 1 

TMEM184A Transmembrane protein 184A 

TNRC18 Trinucleotide repeat-containing gene 18 protein 

TTYH3 Protein tweety homolog 3 (hTTY3) 

UNCX Homeobox protein unc-4 homolog 

USP42 Ubiquitin carboxyl-terminal hydrolase 42 

WIPI2 WD repeat domain phosphoinositide-interacting protein 2 

ZFAND2A AN1-type zinc finger protein 2A 

ZNF815 zinc finger protein 815 (ZNF815),
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5.3.3 – Association of gene expression located in Chromosome 7 region 

with early and late relapse in Tamoxifen-treated patients 

 

Association of aCGH finding was performed using a publically available dataset at 

gene Expression Omnibus (GEO) GSE6532 at 

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi (Loi et al., 2007a). Clinical criteria 

used for data selection included tamoxifen-treated patients with HG2 and HG3 who 

relapse within 5 years of diagnosis (TAMRG) compared with those relapse-free  for 

at least 5 years (TMACG). In this cohort, 131 cases were identified in the TAMCG as 

opposed to 62 cases in the TAMRG. The list of Affymetrix probes matching region on 

Chromosome 7 was extracted and log2-ratios collected for each Affymetrix-probe 

within the region (Table 5.4). Mann-Withney test was performed to assess differential 

expression between the TMACG and TAMRG. Each probe gives one box-plot along 

with the according test p-value. The box-plots are ordered according to the position 

of the corresponding Affymetrix probe from p to q.  

Two Affymetrix probes giving a significant p-values <0.05 were found for gene Wipi2 

and SNX8.  The SNX8 boxplot is shown in Figure 5.5 as an example. 

 

 

 

 

Figure 5.5 shows the boxplot 
for the expression of SNX-8 
gene .

Non-relapse Relapse

p: 0.025

223241_at_SNX8
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Table 5.4. Probelist extracted GEO  for region Chr7: 94136- 6268062

HGNC symbol Affymetrix probe 

ACTB 200801_x_at,213867_x_at , 224594_x_at

AIMP2 202138_x_at, 209971_x_at

C7orf27 225437_s_at

C7orf28A 201974_s_at, 201973_s_at, 215024_at, 208310_s_at

C7orf50 240900_at, 224478_s_at, 240147_at

CARD11 223514_at

CHST12 218927_s_at, 222786_at

COX19 219150_s_at, 90265_at, 235533_at, 231831_at

CYP2W1 220562_at

CYTH3 206523_at, 240400_at, 236136_at, 243752_s_at, 225147_at

EIF2AK1 217736_s_at, 217735_s_at

EIF3B 211501_s_at,208688_x_at,203462_x_at,236274_at,242550_at

FAM20C 226722_at

FBXL18 215068_s_at,220896_at,227500_at

FOXK1 230342_at

FSCN1 210933_s_at,201564_s_at

FTSJ2 218356_at,222130_s_at

GNA12 221737_at,224681_at,242514_at

GPER 210640_s_at,211829_s_at

GPR146 228770_at

HEATR2 218460_at

INTS1 212210_at,212212_s_at

IQCE 217124_at,204202_at

KIAA0415 209912_s_at,209913_x_at

LFNG 215270_at,228762_at

MAD1L1 204857_at,239756_at,233921_s_at,240092_at

MAFK 206750_at,226206_at

MICALL2 219332_at,241478_at

MMD2 230826_at

NUDT1 204766_s_at

OCM 207944_at

PAPOLB 208271_at,242158_at

PDGFA 216867_s_at,205463_s_at

PMS2 209805_at

PRKAR1B 212555_at,212559_at,238183_at

PSMG3 223363_at

RADIL 223693_s_at

RBAK 230439_at,228571_at,241366_at

RNF216 218425_at,218426_s_at,227065_at,244810_at

SDK1 229407_at,229912_at

SLC29A4 227281_at

SNX8 223241_at

TMEM184A 235817_at

TNRC18 214964_at,242187_s_at,229257_at,232658_at,226691_at

TTYH3 224674_at

UNC84A 212074_at,206487_at,214169_at,230210_at,223811_s_at,224808_s_at

USP42 226176_s_at, 226174_at,226669_at

WIPI2 204710_s_at, 202031_s_at, 214699_x_at, 226986_at

ZFAND2A 226650_at

ZNF815 232863_at
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Two Affymetrix probes were significantly expressed in the region of interest between 

the TAMRG and TAMCG namely probe 204710_s_at (0.0098) for gene Wipi2 and 

probe 223241_at for gene SNX8 (p: 0.0246). The fact that the Wipi2 gene has a 

probe set consisting in four different probes being statistically significant only one of 

them make the probe set less specific and unlikely to be biologically relevant. By 

contrast, the probe selection for the SNX8 gene is unique to a single transcript with 

regard to binding to a particular transcript of genes and therefore more likely to be 

specific for the studied event. Over-expression of Snx8 in the TAMCG group is in line 

with the fact that the region is gained in the non-relapsed group. 

 

 

5.5- Discussion 

5.5.1- Cell lines results 

 

Elucidating the mechanisms involved in the development of hormone resistance in 

BC continue to be relevant as the majority of BC tumours express ER receptors and 

therefore benefit from adjuvant tamoxifen therapy. Research on tamoxifen resistance 

mechanisms has been facilitated by the development of TAMR cell lines.  Using a 

wide-genome aCGH analysis we have found that several genes were differentially 

amplified in the TAMR cell lines previously found to be related to hormone resistance 

in BC including HOXB13 (Homeobox protein B13) and TOB1 (Protein Tob1; traducer 

of ErB-2).  

 

5.5.1.1- Homeobox protein HOX-B13 

 

Genes of this family has been found to be highly conserved among species (Zeltser 

et al., 1996). It belongs to a group of genes, Homeobox gene family, which encodes 

for transcriptional regulators of cell growth, differentiation and embryogenesis. It has 

previously been described to be up-regulated in BC cell lines when compared with 

normal epithelium (Cantile et al., 2003, Ma et al., 2004) and might directly contribute 

to tumour progression (Ma et al., 2004). Emerging literature has also linked 
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expression of HOX-B13 with hormone-related malignancies such as BC (Jerevall et 

al., 2008, Ma et al., 2004), prostate cancer (Miller et al., 2003, Kim et al.) and ovarian 

cancer (Miao et al., 2007). In cell lines, HOX-B13 potentiates other biological 

pathways that stimulate cancer cell progression such us EGFR (Nicholson et al., 

1994). Furthermore, HOX-B13 has proven to inhibit the histone acetyltransferase 

(HAT) activity of CBP/p300, a co-activator mediating ER-dependent nuclear-

receptor-activated gene transcription (Hanstein et al., 1996, Chakravarti et al., 1996). 

In another words, HOX-B13 blocks the CBP/p300 effect of augment the oestrogen-

dependent ER activation and therefore modulates the ER signalling pathway. 

 

Several authors have demonstrated that HOX-B13 expression predicts for clinical 

response to tamoxifen treatment suggesting that it might be involved in tamoxifen 

resistance. In a series of studies published by Ma et al, it was demonstrated that 

HOX-B13 was over-expressed in tamoxifen-recurrence cases as opposed to 

interleukin-17 receptor B (IL17BR), which was over-expressed in non-recurrence 

cases. The two gene expression ratio HOX-B13/IL17BR was found to be a highly 

significant (p: 0.0003) predictor of outcome in ER+ patients treated with adjuvant 

tamoxifen monotherapy (Ma et al., 2004). This results has been clinically validated in 

a larger independent patient cohort not only at gene expression levels using RT-PCR 

(Ma et al., 2004, Ma et al., 2006) but also at a protein level analysis using 

immunohistochenmistry (Jerevall et al., 2010). It has also proven predictive of 

tamoxifen response in the metastatic settings (Jansen et al., 2007). Taken together, 

there is evidence that HOX-B13 acts as both prognostic for BC recurrence and 

predictive for tamoxifen response in ER+ patient with node negative disease treated 

with adjuvant tamoxifen. This is of clinical relevance as it is estimated that 25% of 

ER+/PR+ patients and 66% of ER+/PR- patients will fail to respond to tamoxifen 

even in this good prognostic sub-group of BC. Interestingly, the prognostic 

significance of the HOX-B13/IL17BR was enhanced when combined with Molecular 

grade Index (MGI), a five-gene tumour grade signature (Ma et al., 2008).  
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5.5.1.2- TOB-1: Protein TOB-1 (Transducer of erbB-2 1) 

 

TOB1 is thought to be a tumour suppression gene as TOB expression is lost in lung  

(Iwanaga et al., 2003) and thyroid cancer (Ito et al., 2005). However, not only little is 

known about the role of TOB1 in BC but also the very limited body of evidence is 

contradictory. A study reported TOB1 expression levels in MCF-7 BC cell lines to be 

inversely correlated with tumour formation and metastatic potential and therefore a 

tumour suppression role for TOB1 was proposed (O'Malley et al., 2009). TOB1 has 

an anti-proliferative activity mediated by suppression of Cyclin D, a protein that 

drives the G1/S phase transition, inducing G1-S arrest. 

 

By contrast, a study performed in a cohort of 160 node negative Stage I-II BC 

patients, high mRNA TOB1 expression levels was significantly associated with 

shorter 5-year metastasis-free survival (P = 0.0143) (Helms et al., 2009). The same 

result was found in the UVA and in silico validation analysis by the same authors 

using a publically available data using the NCBI dataset GSE2034 (Wang et al., 

2005). However, TOB1 phosphorilation status is positively correlated with Ki-67 

suggesting TOB1 phosphorilation eliminates its anti-proliferative effect in BC (Helms 

et al., 2009). Helms et al also found high HER-2 and EGF protein levels were 

significantly correlated with TOB1 expression which may support a new regulatory 

role of TOB1 in BC.   

 

Matsuda et al reported that the proliferative function of TOB1 is inhibited by 

p185ERBB2 as it negatively regulates TOB1 anti-proliferative function resulting in 

cell growth (Matsuda et al., 1996). Interestingly, authors found no association 

between TOB mRNA and c-erbB2 expression postulating that TOB1 is also under 

the regulation of other receptor-type-protein tyrosine kinase.  

 

Our data in cell lines supports more the proposal of TOB1 might play a role in 

tamoxifen resistance. However, there have been no reports on the role of TOB1 in 

tamoxifen resistant BC and further research is needed to elucidate this possible 

mechanism. 
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5.5.1.3- 17q21.3~q23 gain/amplification is a common event in Tamoxifen 

resistant development in BC cell lines. 

 

Previous publications have studied the genomic alterations between MCF-7, a 

tamoxifen sensitive BC cell lines and tamoxifen resistant cell lines such as CL-9. 

Similar to our finding, both cell lines also demonstrated very similar aCGH profiles 

but consistent differences were developed during the acquisition of a resistant clone 

(Achuthan et al., 2001, Forozan et al., 2000). Among other regions, 17q21.3~q23 

gain/amplification has been found consistently gained in previous publications 

(Kytola et al., 2000, Achuthan et al., 2001, Davidson et al., 2000). Interestingly, the 

genomic regions encoding for ER receptors, namely ERα (chromosome 6q25.1) and 

ERβ (chromosome 14q) were not found differentially altered among these cell lines 

suggesting ER-independent mechanism of tamoxifen resistance, supporting the fact 

that only around 10% of BC harbour ER mutations.  

 

5.5.2- Sorting-Nexin 8 (SNX-8) over-expression might have a protective 

effect for ER+ patients treated with tamoxifen  

 

Sorting-Nexin 8 gene was found to be amplified in TMACG implying this gene might 

have a protective role among the ER+ patients treated with tamoxifen. SNX8 belongs 

to a sorting nexins (SNXs) protein family which function is related to endosomal 

sorting and transporting of endosomal vesicles to their correct final destination (Dyve 

et al., 2009). At least 25 human SNXs have been described (Worby and Dixon, 

2002) although precise biological function is established for only some of them.  The 

SNXs are formed by three classes of proteins including SNX-BAR, SNX-PX and 

SNX-other (Attar and Cullen, 2010) depending on the presence of a common 

domain.  

 

The SNX-PX domain family proteins are both located in the cytoplasm and 

membrane and share a common sequence of 100-130 aminoacids called PX domain 

that binds Phosphatidylinositol-3- phosphates (PI3P). SNX1 has been the most 

widely studied SNX-PX protein. SNX1 has been found to have homology with Mvp1, 
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involved in the regulation of membrane trafficking of some important membrane 

receptors such as EGFR (Worby and Dixon, 2002). Along other proteins, SXN1 

made up the retromer complex, a pentamer unit that has been involved in cancer 

biology. Previous reports have found that SNX1 silencing results in increase 

proliferation and reduced apoptosis (Attar and Cullen, 2010), an effect likely to be 

mediated by its relation with EGFR. Under this proposal, an inverse functional 

connection has been established between the retromer and the EGFR so over-

expression of SNX1 results in increase degradation of EGFR signal pathway and 

viceversa (Chin et al., 2001, Cozier et al., 2002). SNX2 has also been found to be 

involved regulating endosomal sorting of EGFR and is also a member of the 

retromer complex (Gullapalli et al., 2004). Clinically, SNX1 has been found to be 

down-regulated in a high number of colon cancers (Nguyen et al., 2006). However, 

even though Gullapani et al demonstrated that both SNX1 and SNX2 are involved in 

EGFR regulation, neither of these proteins are essential for this process. Conversely 

to the SNX1 and SNX2 function, over-expression of SNX5 has been reported to 

inhibit EGFR degradation and therefore has an antagonistic role with SNX1 function 

(Liu et al., 2006). 

 

Interestingly, mammary gland gene expression of SNX5 has been described to be 

negatively regulated by alpha-oestrogen receptor (Aboghe et al., 2009). This finding 

might lead to an interesting hypothesis that downregulated of SNX5 might be related 

to BC (Attar and Cullen, 2010), a theory that remains unproven. 

 

SNX8 contains both SNX-PX and BAR domain. It is localised in early endosomes 

and retromer complex  (Dyve et al., 2009). Very limited body of literature is available 

regarding the SNX8 function. It was not until relatively recently that it was proven that 

knockdown of SNX8 results in an increment in the transport to Golgi, an opposite 

effect to that described for SNX1 and 2. Therefore, SNX8 seems to act as a “brake” 

downregulating the endosomal transport to Golgi with special affinity for highly 

tubular membranes containing PI(3)P (Dyve et al., 2009). 

 

There has been no previous report of SNX8 in association with cancer to date. 

However, we have found evidence of SNX8 amplification in the TAMCG and 
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therefore in patients with hormone-sensitive disease. To the best of our knowledge, it 

is the first report of SNX8 having a “protective effect” in BC recurrence. Similarly, 

there has been no previous reports of SNX8 being involved in the ER pathway or 

even tamoxifen response and therefore validation of these results and further 

research is needed to confirm the role of SNX8 in BC. 

 

5.5.3- Findings differ between CNA between Tamoxifen resistant cell 

lines and tumours. 

 

Previous studies have found similar patterns of CNV in cell lines and BC tumours 

increasing the relevance of results obtained from cell line research (Naylor et al., 

2005). This is particularly the case when aCGH profiles are performed in cell lines 

derived from their parental BC tumours. However, we have found different set of 

genes differentially expressed in TAMR cell lines and tumours when each of them 

was hybridised against normal reference DNA. Cell lines growth conditions, 

mechanism to induce tamoxifen resistance, parental tumour origin and genomic 

stability are among those factors responsible for discrepancies of experimental 

results when using cell lines. Similarly, BC tumours are subjected to several in-vivo 

conditions difficult to reproduce in the laboratory. One of the main difficulties in the 

study of tamoxifen resistance is the lack of standardisation of the definition of cases 

and tissue availability. The higher the numbers of criteria applied for case selection, 

the lower the number of cases available for analysis. In our study, after selecting for 

all the clinical criteria and tissue availability, aCGH profile was obtained from only 11 

BC tamoxifen-resistant tumours, although small it does seems comparable to 

previous published studies (Han et al., 2006, Vendrell et al., 2008). As only HG2 and 

HG3 cases were included, the case number was equally low for the controls, 

expected to be alive and well after 5 years, a criteria usually met by HG1 cases. 

Despite this limitation, we have found that SNX8 gene was amplified in the TAMCG 

and over-expressed in similar population using gene expression publically available 

dataset.  

 

Previous studies have also looked at prognostic genomic alterations involved in 

tamoxifen resistance. A study of Tamoxifen-treated ER+ BC was also performed by 
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Han et al. They performed aCGH 9 patients in the recurrence group and 19 patients 

in the control (non-relapse) group. Different from our study, they included patients 

with all histological grades and most patients received adjuvant chemotherapy. They 

found that loss of 11p15.5-p15.4, 11q13.1, 11p11.2 and 1p36.33 and gain 8q21 were 

significantly associated with BC distant recurrence within 5 years (Han et al., 2006). 

Several studies have also addressed the question of tamoxifen resistant using GEP 

(Vendrell et al., 2008, Jansen et al., 2005, Chanrion et al., 2008). In a publication 

from Vendrell et al GEP was performed in 10 cases considered unfit for primary 

surgery and had progressed on neo-adjuvant tamoxifen and  age-matched to 8 

cases free from BC-recurrence for 5 years after primary surgical resection treated 

with adjuvant tamoxifen alone. Authors identified a 47 gene signature of tamoxifen 

resistance mainly low expression mRNA levels of immune response genes and high 

proliferation genes. Further analysis demonstrated a strong prognostic value of the 

BCL2/FOS signature among the initial 47 genes. When compared the chromosomal 

distribution of all the genes in the 47 gene-signature there was over-representation 

of genes in chromosomes 6p21, 11q13, 11q23, 17q11-q21,19p13, and 19q13 

(Vendrell et al., 2008).  

 

In another publication, BC patients with advanced disease treated with primary 

tamoxifen were divided between responders and resistant tumours clinically and 

using GEP 81 genes were found to be differentially expressed. From those genes a 

predictive signature of 44 genes was validated to predict for tamoxifen response 

(Jansen et al., 2005). In another series of 132 primary tumours from patients who 

received adjuvant tamoxifen, a 36-gene signature was developed with 79% accuracy 

to correctly classified patients with and without relapse BC (Chanrion et al., 2008). 

 

Interestingly, although comparisons among different signatures have shown high 

levels of concordance in outcome prediction, there is very little overlap in the 

involved genes. As a representative example there was only one gene (FLT1) 

identified in the 47-gene signature from Vendrell et al and the 70-gene signature by 

van't Veer and colleagues (van 't Veer et al., 2002). Despite this low gene-

concordance, signatures were likely to be tracking similar biological pathways (Fan 

et al., 2006). SNX8 gene was not found over-expressed in the above cited studies 
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suggesting it is a novel candidate gene involved in the development of tamoxifen 

resistance and therefore further research is need to confirmed this results and 

elucidate the possible mechanism through which SNX8 seems to reduce the 

appearance of tamoxifen resistant clones. 
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CHAPTER 6 – CONCLUSION 

 

Improving BC prognostic classification continues to be a challenge and a key factor 

for treatment tailoring according to specific clinical and biological factors. The 

present research work was based on a retrospective analysis of a BC cohort of 1339 

patients that provided not only the clinico-pathological parameters for sample 

selection but also survival data for subsequent molecular biology studies including 

CNA analysis to enrich our understanding of BC biological pathways and prognosis.  

 

Genome wide analysis has become a very powerful technique for the identification of 

potential genes involved in cancer development and metastasis. As presented in 

chapter 2, histological grading was the most important prognostic factor that defined 

tumour biology among all the routinely assessed clinico-pathological parameters. 

Therefore, we decided to concentrate on molecular studies within a defined grade. 

We therefore further characterised a group of HG3 tumours by performing wide-

genome analysis aiming to identify CNAs associated with poorer prognosis that 

might be novel and potentially targetable. Similarly, aCGH was used to identify CNA 

both in cell lines and tumours considered to be sensitive and resistant to tamoxifen.  

 

6.1- Research contributions 

6.1.1- Histological grade appears to be the most important biological 

prognostic parameter routinely assessed in breast cancer tumours in clinical 

practice. 

 

Statistical analysis of the BC cohort has revealed very interesting findings. Stage I 

disease was diagnosed in over 40% of patients and this number is expected to 

increased as more BC patients are diagnosed earlier due to national screening 

programme and improvements in adjuvant therapy. HG stood as one of the main 

variables associated with OS, DDFS and DFS with only N3 disease conferring a 

higher risk of developing the endpoints. In addition, patients with HG3 tumours 

tended to be younger, had larger tumours, N+ disease, relapse quicker and have a 

higher overall and cancer-specific mortality than patients with HG1. We have also 
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shown that in HG3 disease ER lost its association with DDFS and DFS. The fact that 

ER was no longer a protective factor in HG3 disease for some of the endpoints is an 

important issue to consider when assessing adjuvant treatment for early stage BC.  

 

In addition, our study suggests that ER+/HG3 disease should not necessarily be 

considered as being associated with a good prognosis, and that the treatment 

offered should be considered in the light of both the ER status and HG as ER+/HG3 

tumours that arguably identify the majority of “Luminal B” tumours, which according 

to our findings and supported by previous publications, have a significantly worse 

prognosis that ER+/HG1 tumours (Prat and Perou, 2010b, Sotiriou et al., 2003) and 

be less responsive to therapy with either tamoxifen (Cheang et al., 2009), aromatase 

inhibitors (Dowsett et al.) or even chemotherapy (Brenton et al., 2005, Cheang et al., 

2009). In this study, the risk of dying from BC among ER+/HG3 tumours was about 6 

times higher than ER+/HG1 for OS even after adjusting for adjuvant treatment.   

 

Taken together, and even acknowledging the limitations of this study (see section 

6.2), we believe it provides additional supporting evidence for the prognostic role of 

histological grade combined with receptors status in identifying markers of poor 

prognosis in BC. It also yields further insight into the sub-classification of BC sub-

types using pathological parameters used in clinical practice. Furthermore, it 

provided the study with the demographic and survival data needed for sample 

selection of molecular biology studies. 

 

6.1.2- Molecular heterogeneity of high grade breast cancer – association of 

gain of a chromosomal region on 5q with survival.  

 

Beyond clinico-pathological parameters that do not define different biological entities 

(Sotiriou et al., 2003), genomic analysis has started to establish tumour 

classifications that correlate with clinical outcome, mainly using GEP (van 't Veer et 

al., 2002, Paik et al., 2004). Some of these signatures are approved for their 

application in clinical setting in those cases where a clinical decision based on 

standard parameters is unclear. Although Oncotype DX® (Paik et al., 2004) is a 

useful tool in the decision making process, it has significant cost implications, which 
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is also the case for Mammaprint® (van 't Veer et al., 2002). There is evidence that 

although the concordance rate among genes in these signatures is low, they have 

very good outcome prediction and probably track common biological pathways (Fan 

et al., 2006). Proliferation related genes are recognised as a common factor among 

these signatures with histological grade reflecting this proliferation differences (Prat 

and Perou, 2010b). 

 

Having previously established the importance of HG in BC, the present study aimed 

to use aCGH as a technique to define genomic CNA among poorly differentiated BC 

patients. aCGH was not, however, established in our laboratory prior to this research 

and significant time and efforts were dedicated for the successful application of this 

technique.  Array CGH optimisation resulted in successful application of aCGH on 

FFPE tissue and the development of an original and simplified aCGH washing 

protocol (section 3.4.4.2). A combined biostatistical analysis of 78 aCGH profiles was 

carried out. Results showed a gained region on chromosome 5q35.1-2 defined by 

four BAC clones (RP11-20O22, CTB-54I21, RP11-489P1 and CTB-73D21) which 

was associated with poorer CSS (p-value < 0.005, FDR < 0.2) even after adjustment 

by other factors significantly associated with the outcome (HR 3.2; 1.4-7.7 95%CI; 

p:0.0076). Sub-analysis studies performed among different molecular tumour sub-

groups showed significant association of 5q gain with worse OS (p:0.012) and CSS 

(p:0.005) in ER+ patients when compared with no-gain in the UVA in the same 

population. Significant association was also observed among HER-2 negative 

patients both for OS and CSS as shown section 4.2.2. 

 

6.1.3- DUSP-1 and MSX2 were up-regulated in poorly differentiated 

breast cancers using In-silico validation. 

 

DUSP-1 and MSX2 were among those genes encoded by 5q35.1-2 and validated 

using a public database. DUSP-1 is the prototype of the MAPK phosphatases 

(MKPs) involved in diverse cellular processes such as proliferation, differentiation, 

migration, apoptosis and stress response that has previously been reported 

associated with BC. Our study therefore supports the evidence in the literature that 
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up-regulation of DUSP1, in this case via a mechanism of gain of DNA copy number, 

is significant in both invasion and prognosis in high grade breast cancer.   

 

MSX2 is a transcription factor involves in embryogenesis of different organs, 

including mammary tissues (Satoh et al., 2004). One of the mechanisms through 

which MSX2 induces breast cell proliferation is Cyclin D1 up-regulation, a finding 

present in approximately 40% of BC. Interestingly, MSX2 is also associated with 

EMT and also significantly induces Twist-1 expression.  Recent reports show that in 

BC this is strongly correlated with high tumour grade, chromosome instability and 

vascularisation in addition to EMT (Mironchik et al., 2005).  

 

As discussed in section 6.2, our results need to be validated and the real 

implications of this gain should be explored. Other alterations may be identified in 

larger and therefore better powered studies. However, this study added to the 

scientific evidence of the role of DUSP-1 and MSX2 genes in an aggressive 

phenotype in poorly differentiated BC. 

 

 

6.1.4-  HOXB13 and TOB1 genes are gained in TAMR cell lines.  

 

aCGH was also used to identify differences in aCGH profile between breast cancer 

cell lines sensitive (MCF-7) and resistant to Tamoxifen (TAMR) in an attempt to 

define genomic alterations involved in the development of hormone resistance in 

vitro. A region of amplification in the TAMR cell lines was found involving 17q21.32-

q21.33: 46603673-48556752 (clones RP11361K8 and RP1194C24). Several genes 

were differentially amplified in the TAMR cell lines in this region previously found to 

be related to hormone resistance in BC including HOXB13 (Homeobox protein B13) 

and TOB1 (Protein Tob1; traducer of ErB-2) as described in chapter 5.  

 

In particular, HOXB13 has been found to predict for clinical response to tamoxifen 

treatment suggesting that it might be involved in tamoxifen resistance and it is part of 

the two gene expression ratio HOX-B13/IL17BR which was found to be a highly 

significant (p: 0.0003) predictor of outcome in ER+ patients treated with adjuvant 
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tamoxifen monotherapy (Ma et al., 2004), results that has been validated in a larger 

independent patient cohort not only at gene expression levels using RT-PCR (Ma et 

al., 2004, Ma et al., 2006) but also at a protein level analysis using 

Immunohistochemistry (Jerevall et al., 2010). Taken together, there is evidence that 

HOX-B13 acts as both prognostic for BC recurrence and predictive for tamoxifen 

response in ER+ patient with node negative disease treated with adjuvant tamoxifen. 

 

The role of TOB1 in BC is however not well established and the very limited body of 

evidence is contradictory. A study reported TOB1 expression levels in MCF-7 BC cell 

lines to be inversely correlated with tumour formation and metastatic potential and 

therefore a tumour suppression role for TOB1 was proposed (O'Malley et al., 2009). 

By contrast, a study performed in a cohort of 160 node negative Stage I-II BC 

patients, high mRNA TOB1 expression levels was significantly associated with 

shorter 5-year metastasis-free survival (Helms et al., 2009). Helms et al also found 

high HER-2 and EGF protein levels were significantly correlated with TOB1 

expression which may support a new regulatory role of TOB1 in BC. Our data in cell 

lines supports the proposal that TOB1 might play a role in tamoxifen resistance. 

However, there have been no reports on the role of TOB1 in tamoxifen resistant BC 

and further research is needed to elucidate this possible mechanism. 

 

Comparable to our findings, other authors have demonstrated very similar aCGH 

profiles but consistent differences were developed during with the acquisition of a 

resistant clone (Achuthan et al., 2001, Forozan et al., 2000). Our findings are in the 

line of previous  published literature where 17q21.3~q23 gain/amplification has been 

found consistently gained in BC cell lines (Kytola et al., 2000, Achuthan et al., 2001, 

Davidson et al., 2000).  

 

6.1.5- SNX8 gained – allowing Tamoxifen sensitivity? 

 

The main difficulty encountered by our and other research groups (Han et al., 2006) 

for the study of Tamoxifen-resistant tumours was sample availability particularly 

when a stringent case definition was applied. Small sample size will inevitably limit 

the statistical power and the biological significance of the results. In this study a total 
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of 11 and 13 aCGH profiles were included in the TAMRG and TAMCG respectively. 

We found no concordance among TAMR cell lines and Tamoxifen resistant tumours 

aCGH profile, which in this study mainly consisted in HG2/HG3 cases. A possible 

explanation is that there are different mechanisms involved in the development of 

hormone resistant phenotype among poorly differentiated tumours that have 

certainly added to the complexity of the endocrine resistant issue. Despite of starting 

sample selection from a relatively large cohort we found a relatively small number of 

samples from patients considered tamoxifen resistant by our definition. Histological 

grade again had a significant impact on sample selection, eg:  it was difficult to find 

HG3 samples alive and well after 5 years of diagnosis or HG1 samples from patient 

who relapsed and died within 5 years who also met other criteria. Therefore, we 

decided to include HG2 and HG3 patients and both groups were found balanced in 

all clinico-pathological characteristics other than age and TNM-T staging.  

 

Despite these limitations, a region in Chromosome-7 p22.3-p22.1 was found 

significantly gained in the TAMCG (p: 0.046). Correlation with gene expression found 

SNX8 gene amplified in the Tamoxifen sensitive group implying this gene might have 

a protective role among the ER+ patients treated with Tamoxifen. SNX8 seems to 

act as a “brake” downregulating the endosomal transport to Golgi with special affinity 

for highly tubular membranes containing PI(3)P (Dyve et al., 2009). There has been 

no previous report of SNX8 in association with cancer to date and to the best of our 

knowledge it is the first report of SNX8 having a “protective effect” in BC recurrence. 

Similarly, there have been no previous reports of SNX8 being involved in the ER 

pathway or Tamoxifen response and therefore validation of these results and further 

research is needed to confirm the role of SNX8 in BC. 

 

6.2- Research limitations. 

 

There are some limitations in the present study. Firstly, the retrospective design of 

the BC cohort increased the proportion of missing data, particularly for receptor 

status. The lack of HER-2 data is partially explained by the fact that at the time of 

data collection IHC for HER-2 was not routinely performed at that time and although 
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we did repeat HER-2 status centrally, it was only performed for cases within our 

study in a mainly grade 3 population.  

 

Secondly, administered treatment in this cohort may differ from current practice. As 

an example as many as 45% of N+ patients did not receive adjuvant CT. Age 

certainly contributed to this as just over half of those patients were aged ≥70 years 

and even today there are no data to support routine use of chemotherapy in this age 

group. In contrast, adjuvant tamoxifen was prescribed to 1141 patients (85.21%) in 

our cohort; the majority of tamoxifen treated patients were ER+ (81.29%). However, 

this was consistent with standard UK practice at that time where ER-unknown 

disease was assumed to be hormone-responsive. 

 

Several technical difficulties had to be overcome for the successful culmination of 

this research project. Suboptimal laboratory conditions for the development of 

molecular biology techniques caused significant delays in the establishment of 

aCGH. It was not until the appropriate laboratory conditions were available that we 

started obtaining good results. 

 

Several publications have demonstrated the role of laser microdissection prior aCGH 

experiments in order to minimise normal cell contamination and increase detection 

sensitivity (Garnis et al., 2005, van Beers and Nederlof, 2006). Following several 

discussion within the group this step was not considered essential as the 

Biostatistical package used would apply corrections to minimise the impact of tissue 

heterogeneity on the genomic profile being able to detect CNV even with only 30% of 

tumour cell content (Garnis et al., 2005).  

 

Finally, we were only able to performed In-silico validation of our aCGH findings due 

to the lack of funding and time.  In-silico validation is however becoming more widely 

accepted as a validation state for aCGH experiments. This possibly reflects the 

successfully evolution of microarray technology to a more advanced state of 

reproducible and reliable results. It has the main advantage of being cost-effective, 

quick and reliable particularly when the dataset used for validation is from a 

recognised research group. We have also demonstrated reproducible aCGH results 
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using different commercially available kits as described in chapter 3. Despite this, it 

is recognised that biological validation by FISH, or gene expression studies using 

qRT-PCR are needed to confirm our finding and be ascertain whether either 

evaluation of gain of these regions would prove to be a useful tool in treatment 

tailoring for high grade breast cancer. 

6.3- Recommendations for future research 

 

One of the future challenges is to identify what biological pathways confer the 

different prognoses to each of the sub-groups within HG3 tumours as it is a 

heterogeneous entity in terms of survival, receptors status and genomic profiles. 

Further research finding adequate surrogates for the intrinsic sub-type classification 

of Luminal A and B tumours is also of paramount importance that will determine their 

applicability into clinical practice and future incorporation into prognostic algorithms.  

Further characterisation of HG2 cases is also required to ultimately separate them 

into high and low grade tumours that will probably dictate selection of appropriate 

therapy. Few techniques are already available such as genomic signatures (Sotiriou 

et al., 2006, Loi et al., 2007b, Ivshina et al., 2006), analysis of 8 genes by RT-PCR 

(Toussaint et al., 2009) or Ki-67 (Klintman et al., 2009) but their clinical prospective 

validation in large RCT is essential. 

 

Research in microarray technology is rapidly evolving with platforms of high 

resolution oligonucleotide arrays being available along with well established tissue 

banks of fresh frozen tissues linked with prospective collection of clinical data. Under 

these circumstances, continuous development of further BC classification using high 

technology promise unstoppable or perhaps just limited by affordability. Established 

research groups with the appropriate expertise are more likely to be successful in 

applying aCGH, expression arrays and proteomics in the same clinical samples that 

will more rapidly identify targetable genes. 

 

Further biological validation of this research finding is currently being considered 

within this research team. Functional studies to assess the biological relevance of 

DUSP-1 and MSX2 genes driving an aggressive phenotype and the role SNX8 gene 

in tamoxifen sensitivity would be the next scientific step. 
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APPENDICES 

APPENDIX 1 Coding System used for the Statistical Analysis of the Breast 

cancer Database 

 

Variable  Code Number - meaning 
Patient Sex 0 : Female 

1 : Male 
9: Default 

Menopausal Status 0: Post- menopausal 
1: Pre-menopasual 
2: Peri-menopausal 
3: N/A (male) 
9: Default 

HRT 0: yes 
1: No 
7: N/A (male/premenopausal) 
9: default 

Surgery Side 0: Right 
1: Left 
7:N/A 
9: Default 

Surgery Method 0: Mastectomy 
1: WLE 
2: Bx only 
9: Default 

Axillary Dissection 0: Axillary Clearance 
1: Axillary Sampling 
2: N/A or not had 
9: Default 

Current Status 0: Dead 
1: Alive 
2: Alive with Recurrence 
9: Missing value /Default 

Cancer Related Death 0: No 
1: Yes 
2: Unknown 
7: Not applicable (patient alive) 

Pathology 0: IDC 
1: ILC 
2: Mixed 
3: Other  
9: Default 

DCIS 0: Present 
1: Absent 

Tumor size  In mm 
Nodal Status 0: Negative 
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1: Positive 
9: Unknown 

No of positive Nodes number 
No of total nodes number 
ER Status 0: Negative 

1: Positive 
9: Unknown 

PR 0: Negative 
1: Positive 
9: Unknown 

HER-2 0: Negative (1+) 
1: Indetermined (2+) 
2: Positive  (3+) 
9: Unknown 

Tumour Grade 0: grade 1 
1: grade 2 
2: grade 3  
9: Unknown 

T TNM 0: T1 (<2 cms) 
1: T2 (2-5 cms) 
2: T3 (5.1 cms) 
3: T4  
7: N/A 
9: Unknown 

N TNM 0: Negative nodes 
1: N1 (1-3 nodes) 
2:  N2 (4-9 nodes) 
3:  N3(>10 nodes) 
9: Unknown 

M TNM 0 : No 
1: Yes 

Tissue Array  0 : No 
1: Yes 

RT 0 : Breast/ Chest wall 
1: Breast/Chest wall +SCF 
2: Breast/ Chest wall + SCF + axilla 
3: Not specified 
4: No RT 
7: N/A 
9: Missing 

Chemotherapy 0 : No 
1: CMF 
2: Anthracycline 
3: Other 
7: N/A 
9: Missing 

Adjuvant Hormones 0 : No 
1: Tamoxifen 
2: AI 
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3: Other (Tam+Zoladex) 
7: N/A 
9: Missing 

First Relapse 0 : No 
1: Loco-regional 
2: Bone 
3: Visceral/ Brain 
4: Other  (pelvic, pleural, skin, peritoneal, 
mediastinum, stomach, orbit) 
9: Missing 

NPI 0:  ≤3.4 
1:  3.5 - ≤5.4 
2:  > 5.4 

IHC3 1: ER+ or PR + ; HER-2 negative 
2: HER-2 + (regardless ER or PR) 
3: Triple negative (ER - ; PR -; HER-2 -) 

IHC5 (Triple negative)  0 : (five-negative): ER - ; PR -; HER-2 -; 
EGFR -; Cyt 5/6 - 
1: (basal): triple negative plus either 
EGFR + or Cyt 5/6 + 

 

 

 



147 

 

 

APPENDIX 2 – Tissue Microarray Map 
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APPENDIX 3 Genomic DNA isolation from FFPE tissue blocks 

 

HUMAN CANCER STUDIES GROUP 

 

SOP reference  MB06 

 

Standard Operating Procedure for 

 

 

 

 

Version number  …………1…………………………………………………… 

 

Date created  ………24/07/2008 

 

Author: 

Name  Dr Kristian Unger / Dr Sileida Oliveros 

 

Authorised by: 

 Name  Professor GA Thomas 

 

 

 

Genomic DNA isolation from FFPE tissue blocks 
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Summary 

This protocol explains the procedure for the isolation of genomic DNA from FFPE 

tissue blocks either with or without prior microdissection 

  

 Safety Considerations 

 Protective clothing and gloves should be worn throughout. 

 

Materials 

 

- xylene 

- methanol 

- ethanol (absolute, 96%, 70%) 

- NaSCN (Sigma, S-7757) 

- Haematoxyline (only for DNA isolation from microdissected samples) 

- QIAmp DNA mini kit 

- Proteinase K (Qiagen) or from another supplier (20 mg/ml) 

- Nuclease-free water 

- 0.22 µm syringe filters 

 

Preparation of reagents 

 

NaSCN (Sodium thiocyanate, 1M) 

Dissolve 8.1 g NaSCN in 100 ml nuclease-free water. Sterilize the solution by 

filtering through a 0.22 µm syringe filter. 

Proteinase K (if used from other supplier than Quiagen) 

Dissolve 100 mg proteinase K in 5 ml nuclease-free water and sterilize the 

solution by filtering trhough a 0.22 µm syringe filter. 

 

DNA isolation (adopted from VUMC, Microarray Facility, Amsterdam) 
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Day 1 – Deparaffinization (RecoverAll Ambion protocol) 

 

- Add Xylene 1 ml, vortex briefly to mix and incubate the tube for 10 min at 

50°C in heat-block or water bath to melt the paraffin.  

- Centrifuge the sample for 2 min at room temp and maximum speed to pellet 

the tissue. 

- (Optional) If the sample does not form a tight pellet, recentrifuge for an 

additional 2 min. If a tight pellet still does not form, then proceed with caution 

to the next step. 

- Remove the xylene without disturbing the pellet. Discard the xylene. If the 

pellet is loose, you may need to leave some xylene in the tube to avoid 

removing any tissue pieces. 

- Add 1 ml Ethanol 100% and vortex to mix. Centrifuge for 2 min at maximum 

speed to pellet the tissue and remove the supernatant. 

- Add 1 ml Ethanol 100% and vortex to mix. Centrifuge for 2 min at maximum 

speed to pellet the tissue and remove the supernatant. 

- Briefly centrifuge again to collect any remaining drops of ethanol in the bottom 

of the tube. Remove as much residual ethanol as possible without disturbing 

the pellet. 

- Air dry the pellet for 10- 15 min. 

- Add 1ml 1 M NaSCN to each micro centrifuge tube and shake by vortexing. 

Incubate the tube at 38°C overnight. (MW: 81.06 gr/l; 4.9 gr in 60 mls 

dH20=60 samples) 

Day 2-  Protease digestion. 

- Spin the tube for 5 min at maximum speed (the tissue will not form a pellet). 

Remove the supernatant. 

- Wash 2x with 1 mL PBS and spin down for 5 min. at full speed, discard the 

PBS by pipetting 

- Add 60 ul ATL buffer (QIAmp DNA micro-kit, Qiagen) 

- Add 40 ul prot K (20 mg/mL) and vortex for 15 sec! Make sure all tissue is in 

the liquid 

- Incubate o/n at 55°C in heat-block or waterbath and vortex regularly! 

When the isolation procedure is started in the morning, add another volume of 20 ul 

prot K. at the end of the day. When started in the afternoon, add another volume of 
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20 ul prot K in the morning of day 3 and continue in the afternoon. Check if all tissue 

is digested! 

 

Day 3- DNA isolation 

- Incubate at 98°C for 10 min 

- Add 100 ul ATL buffer (QIAmp DNA micro-kit, Qiagen) 

- Add 200 ul AL buffer (QIAmp DNA micro-kit, Qiagen) and mix very well by 

vortexing! 

- Add 200 ul Ethanol 100% and mix very well by vortexing! 

- Incubate 5 min. at RT 

- Spin down the eppendorf cups ( maximum speed for 3 min). 

- Transfer the lysate to the QIAamp MinElute Column * 

- The column can contain max. 600 ul of sample. Apply 300 ul of sample per 

time. Repeat step marked with * until all of the sample is loaded on the 

column 

- Spin down for 1 min at 8.000 rpm and place the column in a new tube * 

- Place the QI Column in a clean 2 ml collection tube, discard the flow-through 

* 

- Add 500 ul AW1 buffer (QIAmp micro-kit) to the column 

- Spin down for 1 min at 8.000 rpm and place the column in a new tube 

- Add 500 ul AW2 buffer (QIAmp micro-kit) to the column 

- Spin down for 1 min at 8.000 rpm and place the column in a new tube 

- Spin down for 3 min at full speed to dry the membrane 

- Place the QI column in a properly marked eppendorf cup and discard 

collection tube 

- Add 20  ul (depending on sample size) of AE buffer (QIAmp micro-kit) to the 

column and incubate 5 min. at RT 

- Spin down for 3 min at 8.000 rpm 

- Dispose the column, close the eppendorf cup and add a parafilm and store 

the DNA at 4°C 
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APPENDIX 4- Protocol for the preparation of FFPE Cell Pellets.  

 

Dr Sileida Oliveros/ Dr Bill Mathison. 

 

 

Reagents 

-Human plasma (Sigma P 9523) ; reconstitute by adding 1 ml dH20) 

-Bovine Thrombin (Sigma T 4648-1) ; 500 U/ml- 1000 U per vial; contains 236 NIH    

unit/mg protein ; reconstitute by adding 2 mls dH20. 

-Trypsin 0.05% in 0.53 mM EDTA (Gibco 25300) 

-PBS (Dulbecco`s phosphate buffered saline w/o Sodium Bicarbonate) 

-Biopsy capsule 

-10% buffered formalin solution 

 

Sterile area 

- Proceed with the protocol when a 500 cm2 Triple Flask (Nunc) is 80% confluent.   

-Remove the culture medium. 

-Wash the cell in warm PBS. 

- Add 10 ml Trypsin and place flask in the incubator for approximately 3- 5 minutes, 

until cells are detached from the flask (assessed under a light microscope). 

- Transfer the cell suspension into a 50 ml centrifuge tube, fill with culture medium 

and centrifuge at 1000 rpm for 5 minutes. 

- A visible cell pellet is formed at the bottom of the tube. Discard the supernatant and 

resuspend the cell pellet with PBS and centrifuge again.Discard the supernatant. 

- Resuspend pellet in 2 ml of PBS and transfer to 2 ml Eppendorf tube and centrifuge  

at  2000 rpm for 15 seconds. 

-Remove supernatant carefully. 

 

Non-sterile area 

-Resuspend each pellet in. 200 µl plasma   

-Quickly add 350 µl of thrombin, mix and let it agglomerate for 5-10 min. 

-Gently dislodge the cell pellet into the biopsy capsule, labelled it with pencil and 

close the capsule carefully. 

-Soak the capsule in 10% buffered formalin 12-24 hours. 
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-Dehydrate the pellet (ascending Ethanol (70, 96, 100 %) series and Xylol and 

embed in Paraffin (ore use the embedding machine VIP, some machines do the 

ethanol step automatically). 
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APPENDIX 5.- Multiplex-PCR check of genomic DNA isolated from FFPE tissue 

for its usability in array CGH analysis 
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Summary 

This protocol explains the procedure for the isolation of genomic DNA from FFPE 

tissue blocks either with or without prior microdissection 

  

 Safety Considerations 

 Protective clothing and gloves should be worn throughout. 

 

Materials 

 

- xylene 

- methanol 

- ethanol (absolute, 96%, 70%) 

- NaSCN (Sigma, S-7757) 

- Haematoxyline (only for DNA isolation from microdissected samples) 

- QIAmp DNA mini kit 

- Proteinase K (Qiagen) or from another supplier (20 mg/ml) 

- Nuclease-free water 

- 0.22 µm syringe filters 

 

Preparation of reagents 

 

NaSCN (Sodium thiocyanate, 1M) 

Dissolve 8.1 g NaSCN in 100 ml nuclease-free water. Sterilize the solution by 

filtering through a 0.22 µm syringe filter. 

Proteinase K (if used from other supplier than Quiagen) 

Dissolve 100 mg proteinase K in 5 ml nuclease-free water and sterilize the 

solution by filtering trhough a 0.22 µm syringe filter. 

 

DNA isolation (adopted from VUMC, Microarray Facility, Amsterdam) 
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Day 1 – Deparaffinization (RecoverAll Ambion protocol) 

 

- Add Xylene 1 ml, vortex briefly to mix and incubate the tube for 10 min at 

50°C in heat-block or water bath to melt the paraffin.  

- Centrifuge the sample for 2 min at room temp and maximum speed to pellet 

the tissue. 

- (Optional) If the sample does not form a tight pellet, recentrifuge for an 

additional 2 min. If a tight pellet still does not form, then proceed with caution 

to the next step. 

- Remove the xylene without disturbing the pellet. Discard the xylene. If the 

pellet is loose, you may need to leave some xylene in the tube to avoid 

removing any tissue pieces. 

- Add 1 ml Ethanol 100% and vortex to mix. Centrifuge for 2 min at maximum 

speed to pellet the tissue and remove the supernatant. 

- Add 1 ml Ethanol 100% and vortex to mix. Centrifuge for 2 min at maximum 

speed to pellet the tissue and remove the supernatant. 

- Briefly centrifuge again to collect any remaining drops of ethanol in the bottom 

of the tube. Remove as much residual ethanol as possible without disturbing 

the pellet. 

- Air dry the pellet for 10- 15 min. 

- Add 1ml 1 M NaSCN to each micro centrifuge tube and shake by vortexing. 

Incubate the tube at 38°C overnight. (MW: 81.06 gr/l; 4.9 gr in 60 mls 

dH20=60 samples) 

Day 2-  Protease digestion. 

- Spin the tube for 5 min at maximum speed (the tissue will not form a pellet). 

Remove the supernatant. 

- Wash 2x with 1 mL PBS and spin down for 5 min. at full speed, discard the 

PBS by pipetting 

- Add 60 ul ATL buffer (QIAmp DNA micro-kit, Qiagen) 

- Add 40 ul prot K (20 mg/mL) and vortex for 15 sec! Make sure all tissue is in 

the liquid 

- Incubate o/n at 55°C in heat-block or waterbath and vortex regularly! 

When the isolation procedure is started in the morning, add another volume of 20 ul 

prot K. at the end of the day. When started in the afternoon, add another volume of 
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20 ul prot K in the morning of day 3 and continue in the afternoon. Check if all tissue 

is digested! 

 

Day 3- DNA isolation 

- Incubate at 98°C for 10 min 

- Add 100 ul ATL buffer (QIAmp DNA micro-kit, Qiagen) 

- Add 200 ul AL buffer (QIAmp DNA micro-kit, Qiagen) and mix very well by 

vortexing! 

- Add 200 ul Ethanol 100% and mix very well by vortexing! 

- Incubate 5 min. at RT 

- Spin down the eppendorf cups ( maximum speed for 3 min). 

- Transfer the lysate to the QIAamp MinElute Column * 

- The column can contain max. 600 ul of sample. Apply 300 ul of sample per 

time. Repeat step marked with * until all of the sample is loaded on the 

column 

- Spin down for 1 min at 8.000 rpm and place the column in a new tube * 

- Place the QI Column in a clean 2 ml collection tube, discard the flow-through 

* 

- Add 500 ul AW1 buffer (QIAmp micro-kit) to the column 

- Spin down for 1 min at 8.000 rpm and place the column in a new tube 

- Add 500 ul AW2 buffer (QIAmp micro-kit) to the column 

- Spin down for 1 min at 8.000 rpm and place the column in a new tube 

- Spin down for 3 min at full speed to dry the membrane 

- Place the QI column in a properly marked eppendorf cup and discard 

collection tube 

- Add 20  ul (depending on sample size) of AE buffer (QIAmp micro-kit) to the 

column and incubate 5 min. at RT 

- Spin down for 3 min at 8.000 rpm 

- Dispose the column, close the eppendorf cup and add a parafilm and store 

the DNA at 4°C 
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APPENDIX 4- Protocol for the preparation of FFPE Cell Pellets.  

 

Dr Sileida Oliveros/ Dr Bill Mathison. 

 

 

Reagents 

-Human plasma (Sigma P 9523) ; reconstitute by adding 1 ml dH20) 

-Bovine Thrombin (Sigma T 4648-1) ; 500 U/ml- 1000 U per vial; contains 236 NIH    

unit/mg protein ; reconstitute by adding 2 mls dH20. 

-Trypsin 0.05% in 0.53 mM EDTA (Gibco 25300) 

-PBS (Dulbecco`s phosphate buffered saline w/o Sodium Bicarbonate) 

-Biopsy capsule 

-10% buffered formalin solution 

 

Sterile area 

- Proceed with the protocol when a 500 cm2 Triple Flask (Nunc) is 80% confluent.   

-Remove the culture medium. 

-Wash the cell in warm PBS. 

- Add 10 ml Trypsin and place flask in the incubator for approximately 3- 5 minutes, 

until cells are detached from the flask (assessed under a light microscope). 

- Transfer the cell suspension into a 50 ml centrifuge tube, fill with culture medium 

and centrifuge at 1000 rpm for 5 minutes. 

- A visible cell pellet is formed at the bottom of the tube. Discard the supernatant and 

resuspend the cell pellet with PBS and centrifuge again.Discard the supernatant. 

- Resuspend pellet in 2 ml of PBS and transfer to 2 ml Eppendorf tube and centrifuge  

at  2000 rpm for 15 seconds. 

-Remove supernatant carefully. 

 

Non-sterile area 

-Resuspend each pellet in. 200 µl plasma   

-Quickly add 350 µl of thrombin, mix and let it agglomerate for 5-10 min. 

-Gently dislodge the cell pellet into the biopsy capsule, labelled it with pencil and 

close the capsule carefully. 

-Soak the capsule in 10% buffered formalin 12-24 hours. 
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-Dehydrate the pellet (ascending Ethanol (70, 96, 100 %) series and Xylol and 

embed in Paraffin (ore use the embedding machine VIP, some machines do the 

ethanol step automatically). 
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Summary 

This protocol explains the procedure for testing the usability of genomic DNA in array CGH 

experiments, following use of SOP number MB01. 

  

 Safety Considerations 

 Protective clothing and gloves should be worn throughout. 

 

A Preparing of PCR Primers 

 

PCR Primers  (Table 1) are purchase ordered at Metabion International GmbH in a 0,02 

µmol scale, HPLC purified and lyophilized. The oligos are dissolved in nuclease-free water 

(Sigma-Aldrich) to 100 µM (stock solution) according to suppliers datasheet.  

 

Table 1.: PCR Primers used for Multiplex PCR 

  Name   Sequence   

Number of 

bases 

100bp-fragment*   

  100F 5'- gttccaatatgattccaccc -3' 20 

  100R 5'- ctcctggaagatggtgatgg -3' 20 

200bp-fragment*   

  200F 5'- aggtggagcgaggctagc -3' 18 

  200R 5'- ttttgcggtggaaatgtcct -3' 20 

300bp-fragment*   

  300F 5'- aggtgagacattcttgctgg   -3' 20 

  300R 5'- tccactaaccagtcagcgtc   -3' 20 

400bp-fragment*   

  400F 5'- acagtccatgccatcactgc   -3' 20 

  400R 5'- gcttgacaaagtggtcgttg   -3' 20 

       

* amplification products of non-overlapping fragments within human GDP-gene 

(chromosome 12), van Beers et al, BrJCanc. 2006, 30;94(2):333-7 

 

For the preparation of a ready-to-use equimolar primer-solution, mix 10 µl of each of the 100 

µmol primer stock-solutions and add 720 µl nuclease-free water (800 µl in total; 1,25 µM).  

 

B Preparation of the PCR-Reaction 
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Although a hotstart Taq-polymerase is used, please prepare the reaction on ice! 

 

Used Materials: 

 

FastStart High Fidelity Enzyme (5U/ µl)* 

GeneAmp 10X PCR Buffer* 

25 mM MgCl2 Solution* 

100 mM dNTP Mix (Applied Biosystems, Cat#: N8080007) 

Nuclease-free water (Sigma, Cat#: W4502) 

Human genomic DNA (Promega, male, Cat#: G1471 or female, Cat#: G1521) 

* part of FastStart High Fidelity PCR System, Roche. Catalog No 03 553 426 001) 

100 bp Ladder (Invitrogen) 

 

Pipetting scheme: 1x Reaction 

 

 

GeneAmp 10X PCR Buffer 3.0 µl 

MgCl2 (25 mM) 1.8 µl 

dNTP-mix (10 mM each) 0.6 µl 

Primer-Mix (1.25 µM each) 3.2 µl 

Taq (5 U/ul) 0.2 µl 

total 8.8 µl 

 

 

 

100ng genomic DNA to be tested is diluted with nuclease-free water to a volume of 21.2µl 

and mixed with 8.8µl master-mix. 

 

For a positive control use male or female genomic DNA and for negative control use 

nuclease-free water. 

 

Place PCR reaction tubes in the thermocycler and run the following PCR program: 

 

Step 1: 96°C   9’ 

Step 2: 94°C  1’ 

Step 3: 56°C  1’ 
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Step 4: 72°C  3’ 

Step 5:  Goto step 2 for additional 34 cycles 

Step 6: 72°C  7’ 

Step 7:  4°C for ever 

 

 

C Electrophoretic seperation of PCR amplification products 

 

Used Materials: 

 

10X Bluejuice gel loading buffer (Invitrogen, Cat#: 10816015) 

GeneRuler 100 bp DNA length standard (Fermentas, Cat#: SM1143) 

Agarose for molecular biology (Sigma-Aldrich, Cat#: A9539)  

SYBR Safe DNA gel stain 10000x concentrate (Invitrogen, Cat#: S33102) 

TAE buffer X50 (National Diagnostics, Cat#: EC-872) 

 

Make X1 TAE buffer with SYBR Safe for gel and to fill tank: 

 

X50 TAE buffer 20 ml 

dH2O 1000 ml 

 

Use 500 mls 1XTAE buffer and add 50 µl SYBR Safe DNA gel stain to fill the tank. Place 2 g 

of Agarose into a small conical flask and add 100ml of X1 TAE buffer containing 10 µl SYBR 

Safe. Heat in the microwave until the agarose has fully dissolved (take care not to let the 

agarose boil over). Run cold water over the conical flask whilst swirling the gel to cool the gel 

down. The agarose should be approximately 50° C before pouring (check this by placing the 

flask on the palm of your hand, if it is uncomfortable then it needs to be cooled more). Pour 

the cooled agarose into the gel tank apparatus and allow to set. 

 

Once set, remove the combs and add enough TAE buffer to cover the gel. 

 

Mix 9 ul of DNA with 1 ul of 10X loading buffer and load the samples into the gel.  Load 10 ul 

of 100 bp ladder into the gel. 

 

Run the gel at 150V for 30 minutes. 

 



 

D Interpretation of Results

 

Place gel in a gel documentation system and make a picture. The number of visible bands 

represents integrity of the genomic DNA tested. The lane with the positive control should 

show 4 distinct bands (100 bp, 200 bp, 300 bp and 400 bp in length). No bands should be 

visible in the lane with the negative control.

 

DNA samples showing (Fig.1) at least 3 ba

array CGH analysis. Samples showing bands smaller than 300 bp are not used for array 

CGH analysis. 

 

Fig. 1: Example for gel electrophoresis of multiplex PCR products

Lane1: 100 bp DNA standard; lane 2:neg

positive; lane 4: 3 bands, positive; lane 5: 1 band, negative; lane 6: 3 bands, positive; lane 7: 

3 bands, positive; lane 8: 4 bands, positive; lane 9: no bands, negative; lane 10: 1 band, 

negative; lane 11:positive control 

 

 

Interpretation of Results 

Place gel in a gel documentation system and make a picture. The number of visible bands 

integrity of the genomic DNA tested. The lane with the positive control should 

show 4 distinct bands (100 bp, 200 bp, 300 bp and 400 bp in length). No bands should be 

visible in the lane with the negative control. 

DNA samples showing (Fig.1) at least 3 bands (100 bp, 200 bp and 300 bp) can be used for 

array CGH analysis. Samples showing bands smaller than 300 bp are not used for array 

Fig. 1: Example for gel electrophoresis of multiplex PCR products 

 

 

 

Lane1: 100 bp DNA standard; lane 2:negative control - no bands, negative ; lane 3: 4 bands, 

positive; lane 4: 3 bands, positive; lane 5: 1 band, negative; lane 6: 3 bands, positive; lane 7: 

3 bands, positive; lane 8: 4 bands, positive; lane 9: no bands, negative; lane 10: 1 band, 

e 11:positive control - 4 bands, positive; 
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Place gel in a gel documentation system and make a picture. The number of visible bands 

integrity of the genomic DNA tested. The lane with the positive control should 

show 4 distinct bands (100 bp, 200 bp, 300 bp and 400 bp in length). No bands should be 

nds (100 bp, 200 bp and 300 bp) can be used for 

array CGH analysis. Samples showing bands smaller than 300 bp are not used for array 

 

no bands, negative ; lane 3: 4 bands, 

positive; lane 4: 3 bands, positive; lane 5: 1 band, negative; lane 6: 3 bands, positive; lane 7: 

3 bands, positive; lane 8: 4 bands, positive; lane 9: no bands, negative; lane 10: 1 band, 
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APPENDIX 6.- Summary of the DNA concentration 

 

 

  

                                                Appendix 6- Summary of DNA extraction from FFPE tissue

Sample Concent (ng/ul) 260/280 260/230 Mult_ PCR Gel Sample Concent (ng/ul) 260/280 260/230 Mult_ PCR Gel 

A2 191.27 1.94 1.31 2 bands H6 69.53 1.69 1.61 2 bands

B1 30.01 1.13 1.26 No bands H7 48.32 1.96 1.24 1 band

B2 195.98 1.93 1.36 2 bands H8 88.37 2.01 0.55 3 bands

B3 183.88 1.97 1.73 2 bands H9 4.81 2.05 0.21 No bands

B5 315.9 1.95 2.05 2 bands H10 119.46 1.93 1.5 2 bands

B6 226.34 1.94 1.95 4 bands I3 83.82 1.95 1.17 2 bands

B7 324.29 1.9 1.95 2 bands I4 160.86 1.98 1.8 2 bands

B8 454.55 1.91 2.01 4 bands I5 30.03 2.01 0.48 1 band

B9 433.2 1.93 2.1 4 bands I6 324.19 1.96 2.1 4 bands

C1 213.34 1.96 2.04 4 bands I8 42.7 2.03 1.29 3 bands

C3 557.3 1.93 2.17 2 bands I9 84.25 1.95 1.61 3 bands

C4 659.28 1.92 0.35 4 bands J1 14.46 1.94 0.46 1 band

C5 139.8 1.91 1.86 2 bands J2 20.44 2.01 0.44 1 band

C6 443.72 1.89 1.94 3 bands J4 32.46 1.94 1.39 2 bands

C8 1191.56 1.99 2.01 3 bands J5 83.95 2.03 1.42 1 band

C9 250.49 1.96 1.98 2 bands J6 26.53 1.79 1.5 2 bands

C10 173.76 1.96 1.27 2 bands J7 93.35 1.96 1.07 4 bands

D1 465.13 1.9 1.64 3 bands J8 32.24 1.96 0.75 4 bands

D2 170.69 1.91 1.47 2 bands J9 148.02 1.99 1.88 4 bands

D3 101.34 1.93 1.51 2 bands J10 7.17 1.47 0.42 No bands

D4 162.4 1.97 1.61 2 bands K1 41.51 1.96 1.61 2 bands

D5 384.84 1.9 2.06 2 bands K2 40.29 1.79 1.55 3 bands

D6 143.3 1.92 1.65 2 bands K3 27.25 1.77 1.07 3 bands

D7 36.35 1.85 1.11 2 bands K4 13.6 1.63 0.74 1 band

D8 490.73 1.93 2.11 4 bands K5 13.01 1.71 0.67 No bands

D9 179.74 1.9 1.98 4 bands K6 129.06 1.84 1.91 3 bands

E1 128.09 1.92 1.74 2 bands K7 22.16 1.64 1.09 3 bands

E2 84.1 1.89 1.85 2 bands K8 34.78 1.89 1.5 2 bands

E3 63.76 1.94 1.45 2 bands K9 194.53 1.94 1.9 2 bands

E4 200.33 1.95 1.82 2 bands J10-2 50.87 1.85 1.31 3 bands

E8 15.65 1.69 0.83 1 band K4-2 30.76 1.94 1.09 No bands

F1 94.94 2 1.89 4 bands K5-2 39.35 1.97 1.05 1 band

F5 68.55 1.93 1.35 3 bands K10 121.56 1.98 1.44 3 bands

F6 161.02 1.96 1.68 4 bands L1 62.53 1.88 1.44 2 bands

G1 91.08 1.96 1.6 4 bands L2 2.81 3.55 0.22 No band

G3 42.86 2.1 1.56 4 bands L3 13.4 2.07 0.53 No band

H4 310.57 1.96 2.05 2 bands
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APPENDIX 7.- Agarose gel image after Multiplex PCR of tumour samples. 
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APPENDIX 8.- GE Healthcare. Amersham. 

 

CyTM3PA 53021:  

 

http://www1.gelifesciences.com/aptrix/upp00919.nsf/Content/24D727B03B42E720C125762

8001CDC58/$file/PA53021PL_Rev_B_2007_web.pdf. 

 

CyTM5 PA 55021 

http://www1.gelifesciences.com/aptrix/upp00919.nsf/Content/B3D24C67751DA666C125762

8001CDC65/$file/PA55021PL_Rev_B_2006_WEB.pdf 
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APPENDIX 9.- Random Primer Labelling 

GE healthcare protocol  

http://www5.gelifesciences.com/aptrix/upp00919.nsf/content/9FF6770A0EF6C9C0C125762

8001D372A?OpenDocument&Path=Catalog&Hometitle=Catalog&entry=1&newrel&LinkPare

nt=C1256FC4003AED40-BCB6D35E387DB352C1257322003C98A5_RelatedLinksNew-

C821BEC677D8448BC1256EAE002E3030&newrel&hidesearchbox=yes&moduleid=167211 

 

HUMAN CANCER STUDIES GROUP 

 

SOP reference  MB08 

 

Standard Operating Procedure for 

 

 

 

 

 

Version number  …………1 

 

Date created  ………11.08.08 

 

 

Date of review  ……11.08.08 

 

Author: 

Name  Dr Kristian Unger 

 

Authorised by: 

 Name  Professor GA Thomas 

 

 

Summary 

This protocol decribes labelling of genomic DNA in order to use it in BAC array CGH 

hybridization (1Mb BAC array/Agilent SureHyb 2 array chamber/240 ul reaction volume). 

  

 Safety Considerations 

Labelling of genomic DNA using Random Priming with Cy3 and Cy5 

labelled dCTP’s 



169 

 

 Protective clothing and gloves should be worn throughout. 

 

A Equipment and reagents 

 

Amersham CyScribe Array CGH Genomic DNA Labelling Kit (GE Healthcare 28909726)  

Randon Nonamers (part of kit) 

Reaction buffer (part of kit) 

Nuclease Free water (part of kit) 

Cy3/Cy5-dCTP (part of kit) 

dCTP labelling mix (part of kit) 

Klenow (part of kit) 

Microcon Columns, YM-30 (Milipore) 

Low-EDTA TE buffer (TEKnova) 

 

B     Method for Labelling gDNA 

 

1.- Add the following reaction components sequentially to a 1.5 ml tube on ice: 

 

Components reference tumour 

Genomic DNA 525 ng 525 ng 

Random Nonamers 35 ul 35 ul 

Reaction Buffer 35 ul 35 ul 

Nuclease free water X ul X ul 

Total Volume 133 133 

 

 

2.- Mix the reaction components by pipeting gently 

 

3.- Incubate the reaction mixture at 95 °C for 5 minutes in a heat block followed by ice 

cooling for 5 minutes. 

 

4.- Centrifuge the tubes briefly to collect all reactions components at the bottom of the tube 

and place on ice. Add the following components: 
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Components reference tumour 

dCTP-labelling Mix 28 ul 28 ul 

Labelled-dCTP Cy5: 10.5 ul Cy3: 10.5 ul 

Klenow (ExoFree) 3.5 ul 3.5 ul 

Total Volume 175 ul 175 ul 

 

5.- Mix reactions by pipetting gently and spin briefly to collect the components at the bottom 

of the tube. 

 

6.- Incubate the reaction at 37°C overnight in a water bath. 

 

7.- For purification of the labelled genomic DNA add 175 ul TE buffer to each tube (total 

volume 480ul). 

 

8.- Place the Microcon YM-30 filter into 1.5 ml microcentrifuge tube and load each labelled 

gDNA into the filter. Spin 10 minutes at 8000 x g in a microcentrifuge at room temperature. 

Discard the flow-through. 

 

9.- Add 480 ul of TE to each filter. Spin for 10 min at 8000 x g in a microcentrifuge at room 

temperature. Discard the flow-through. Repeat this step twice. 

 

10. Invert the filter into a fresh 1.5 ml microcentrifuge tube. Spin for 1 minute at 8000 x g in a 

microcentrifuge at room temperature to collect the purified sample.  

 

11.- Measure and record volume (ul) for each eluate. If sample volume exceeds 27 ul, return 

sample to its filter and spin 1 minute 1 minute at 8000 x g in a microcentrifuge at room 

temperature. Discard the flow-through. 

 

12.- Repeat steps 10 and 11 until sample volume ≤ 27 ul. Bring total volume up to 27 ul by 

adding 1 X TE if required.  

 

13.- Determine the yield and specific activity by using Nanodrop Spectrophotometer (use TE 

for reference measurement).  

 

 14.- Combine the appropriate Cy3 and Cy5 samples for a total mixture volume of 54 ul in a 

new 1.5 ul microfuge tube.  Labelled gDNA can be stored for weeks at -20 °C. 
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APPENDIX 10- Summary of labelling results in BC tumour samples 

 

 

 

 

 

 

 

 

 

  

Summary of Labeling for tumour samples using GE (3.5X reaction) Cy3

Sample ID Dye1 pmol/ul ng/ul 260/280 Sample ID Dye1 pmol/ul ng/ul 260/280

A2 716 32.7 376.42 1.75 G1 906 38.14 259.38 1.71

B2 131 30.39 375.65 1.74 G3 1202 38.9 336.23 1.76

B3 119 41.88 392.71 1.75 H4 1254 41.92 355.16 1.77

B5 1120 30.49 328.27 1.78 H6 408 31.26 365.73 1.8

B6 604 67.43 455.25 1.74 H8 415 42.87 328.77 1.76

B8 128 62.35 467.82 1.74 H10 323 20.17 186.68 1.77

B9 594 41.96 429.9 1.79 I3 266 71.89 608.15 1.7

C1 144 45.68 401.54 1.78 I4 577 35.17 343.55 1.77

C3 179 33.24 324.72 1.82 I5 552 39.52 347.72 1.79

C4 178 33.33 256.67 1.75 I6 550 45.06 558.8 1.78

C5 122 64.2 557.42 1.71 I8 105 22.98 328.54 1.82

C6 184 48.66 446.2 1.76 I9 219 25.66 432.11 1.82

C8 82 40.75 410.09 1.75 J4 255 23.96 319.63 1.77

C9 1522 20.79 277.69 1.8 J5 1638 31.94 544.3 1.8

C10 81 35.67 386.84 1.81 J6 524 45.28 625.75 1.72

D1 1280 41.27 347.87 1.75 J7 850 70.17 861.27 1.71

D2 1376 23.76 250.41 1.77 J8 625 50.65 653.32 1.75

D3 1416 31.35 358.58 1.8 J9 866 52.07 732.91 1.75

D4 90 29.59 323.97 1.65 J10-2 1721 55.1 557.27 1.73

D5 1512 52.99 483.26 1.77 K1 1267 12.91 377.89 1.82

D6 1553 65.83 472.66 1.65 K2 413 52.67 680.41 1.73

D7 1689 25.37 244.92 1.77 K3 419 43.43 562.63 1.75

D8 59 48.49 425.41 1.76 K5-2 1016 48.36 690.48 1.74

D9 1543 41.8 428.94 1.61 K6-2 1372 63.51 714.48 1.72

E1 1452 54.3 513.9 1.73 K7 1423 50.42 601.34 1.74

E2 1566 26.19 283.03 1.82 K8 1431 33.21 524.89 1.77

E3 254 31.56 280.35 1.76 K9 1479 11.91 331.48 1.81

E4 1653 44.43 381.22 1.7 K10 1177 63.84 752.34 1.73

F1 736 51.85 308.04 1.68 L1 439 58.46 730.7 1.72

F5 793 27.87 253.09 1.76
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APPENDIX 11.- Preparation of Labelled Genomic DNA for Array 

 

 (Adapted from Agilent Oligonucleotide Array-Based CGH for Genomic DNA Analysis 

Protocol Version 4.0, June 2006) 

 

Preparation of 10X Blocking Agent: 

-Add 1350 µL of nuclease-free water to the vial containing lyophilized 10X 

Blocking Agent (supplied with Agilent Oligo aCGH Hybridization Kit). 

-Leave at room temperature for 60 minutes and mix on a vortex mixer to 

reconstitute sample before use or storage. The 10X Blocking Agent can be stored at -20°C.  

 

Preparation of the samples prior hybridization: 

-Equilibrate water baths or heat blocks to 95°C and 37°C. 

-Add the components in Table 3.5 in the order indicated in a 

nuclease-free tube. 

-Mix the sample by pipetting up and down, then quickly spin in a 

microcentrifuge to drive contents to the bottom of the reaction tube. 

-Transfer sample tubes to a circulating water bath or heat block at 95°C. 

Incubate at 95°C for 3 minutes. 

 

 

 

-Immediately transfer sample tubes to a circulating water bath or heat 

block at 37°C. Incubate at 37°C for 30 minutes. 

-Remove sample tubes from the water bath or heat block. Spin 1 minute at 

17,900 × g in a microcentrifuge to collect the sample at the bottom of the 

tube. 

-The hybridization sample mixture is applied directly onto the gasket well in a “drag and 

dispense” manner.  

Preparation of Labelled gDNA prior hybridisation

Component Agilent Oligonucleotide Protocol Our adapted protocol*

                                  Volume (µl) per hybridisation 

Cy3 and Cy5 –labeled gDNA

mixture

79 54

Cot1 DNA (1.0 mg/µl) 25 50

Agilent 10X Blocking agent 26 26

Agilent 2X Hybridisation buffer 130 130

Final hybridisation volume 260 260
*Adapted from Agilent Oligonucleotide Array-based CGH for Genomic DNA analysis. Version 4.0, June 2006. 
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-Then the active side of the microarray slide is placed on top of the gasket slide to form a 

“sandwich slide pair”. 

Washing Procedure 

-Always use fresh Oligo aCGH Wash Buffer 1 and Oligo aCGH Wash Buffer 2 for each wash 

group (up to five slides). 

 

Table 1- Wash conditions from the Wash Procedure A. 

 Dish Wash buffer Temperature Time 

Disassembly #1 Oligo aCGH 

wash. Buffer 1 

Room 

temperature 

 

1st wash #2 Oligo aCGH 

wash. Buffer 1 

Room 

temperature 

5 minutes 

2nd wash #3 Oligo aCGH 

wash. Buffer 2 

37 ° C 1 minute 

 

-Completely fill slide-staining dish #1 with Oligo aCGH Wash Buffer 1 at 

room temperature. 

-Place a slide rack into slide-staining dish #2. Add a magnetic stir bar. Fill 

slide-staining dish #2 with enough Oligo aCGH Wash Buffer 1 at room 

temperature to cover the slide rack. Place this dish on a magnetic stir plate. 

-Put the prewarmed 500 ml glass dish filled with water and containing 

slide-staining dish #3 on a magnetic stir plate with heating element. Fill the 

slide-staining dish #3 approximately three-fourths full with Oligo aCGH 

Wash Buffer 2 (warmed to 37°C). Add a magnetic stir bar. Turn on the 

heating element and maintain temperature of Oligo aCGH Wash Buffer 2 at 

37°C; monitor using a digital thermometer. 

-Remove one hybridization chamber from incubator and record time. Record 

whether bubbles formed during hybridization and if all bubbles are rotating 

freely: place the hybridization chamber assembly on a flat surface and loosen the 

thumbscrew, turning counter-clockwise, slide off the clamp assembly and remove the 

chamber cover, with gloved fingers, remove the array-gasket sandwich from the chamber 

base by grabbing the slides from their ends and quickly transfer the sandwich slide to dish 

#1, Without letting go of the slides, submerge the array-gasket sandwich into slide-staining 

dish #1 containing Oligo aCGH Wash Buffer 1. 

-With the sandwich completely submerged in Oligo aCGH Wash Buffer 1, pry 
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the sandwich open from the barcode end only. Do this by slipping one of the 

blunt ends of the forceps between the slides and then gently turn the 

forceps upwards or downwards to separate the slides. Let the gasket slide 

drop to the bottom of the staining dish. Remove the microarray slide and 

place into slide rack in the slide-staining dish #2 containing Oligo aCGH 

Wash Buffer 1 at room temperature. Minimize exposure of the slide to air. 

Touch only the barcode portion of the microarray slide or its edges! 

-Repeat step 4 through step 6 for up to four additional slides in the group. A 

maximum of five disassembly procedures yielding five microarray slides is 

advised at one time in order to facilitate uniform washing. 

-When all slides in the group are placed into the slide rack in slide-staining 

dish #2, stir using setting 4 for 5 minutes. Adjust the setting to get good but 

not vigorous mixing. 

-Transfer slide rack to slide-staining dish #3 containing Oligo aCGH Wash 

Buffer 2 at 37°C, and stir using setting 4 for 1 minute. 

-Slowly remove the slide rack trying to minimize droplets on the slides. It 

should take 5 to 10 seconds to remove the slide rack. 

-Discard used Oligo aCGH Wash Buffer 1 and Oligo aCGH Wash Buffer 2. 

-Repeat step 1 through step 11 for the next group of five slides using fresh 

Oligo aCGH Wash Buffer 1 and Oligo aCGH Wash Buffer 2 pre-warmed to 

37°C. 

 

 

 

 

 

 

 

 

 

 


