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Abstract

The Tumour Suppressor P53 and Apoptotic Regulatory Proteins in Breast 

Cancer Survival and Response to Therapy 

Adel Hinnis
Many breast cancer patients receive chemotherapy as part of their treatment, but unlike 
hormonal therapy there are no specific markers for predicting response. Almost all 
cancer therapies induce cell death by apoptosis. Therefore, factors that control 
apoptosis such as the tumour suppressor p53 and other regulatory proteins could 
provide important clues.

Initially breast cell lines (MCF-7, T47-D, ZR-75, MDA-MB-231, MDA-MB-468, 
HBL-100 and MBA-MB-436) were characterized with regard to proliferation, 
apoptosis, p53 and phosphorylated p53, p21waf‘1, ChK2, bcl-2, bax, bcl-x, survivin and 
XIAP, using immunocytochemistry and western blotting. The cells apart from HBL- 
100 and MDA-MB-436, were then treated with different doses and durations of 
doxorubicin and paclitaxel. Proliferation was suppressed and apoptosis induced mainly 
in cells with wild type p53. P53 was induced after treatment in both ZR-75 and MCF-7 
cells. Strong staining for bcl-2 was found in ZR-75 cells and was down regulated with 
treatment. Bcl-x was strongly expressed in MCF-7, T47-D and MDA-MB-468. p21wafl 
was higher in MCF-7 and ZR-75 cells, and was markedly induced after treatment, and 
to a lesser extent in the other cells. Bax, Survivin and XIAP were detected in all cell 
lines with some variation. Bax expression increased after treatment, Survivin decreased 
except in ZR-75 and XIAP decreased in MCF-7.

Breast cancers from patients who had all died from the disease and who had received 
either neo-adjuvant therapy or adjuvant chemotherapy and / or hormone therapy were 
examined for the same markers using immunohistochemistry, and related to 
clinicopathological factors. High proliferation index, the presence of phosphorylated 
p53, low expression of bcl-2 and over-expression of Survivin were associated with
shorter duration of survival, with Survivin expression being independent of other
factors. The presence of Survivin and being grade III significantly correlated with
shorter survival in patients who received combined adjuvant chemotherapy and
hormonal therapy.
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Breast Cancer
Breast cancer has been documented for many centuries, as far as the early Egyptians for 

whom the popular treatment was cautery of the diseased tissue. There have been many 

developments in management since then, but until more recently these related to 

surgery (Baum, 1988). However, it is metastatic disease that determines outcome and 

treatment now takes this into account. There is still though a need to know more about 

treatment selection and response.

1.1 Epidemiology
Breast cancer comprises 18% of all female cancers and is the most common malignant 

disease in women (Bray et al., 2004). Each year, one million new cases of breast 

cancer are diagnosed worldwide. Rates of breast cancer are significantly higher in the 

developed world than in developing countries (Pecorelli et al., 2003).

In the United Kingdom, breast cancer is the most common cancer for women with more 

than 40,000 new cases in the year 2000. It is the second highest cause of female 

mortality after lung cancer. The lifetime risk for breast cancer in women is one in nine. 

Breast cancer can develop at any age in adulthood. But it is less common under the age 

of 35 although breast cancers occurring in women under 35 years are usually more 

aggressive (Walker et al., 1996). Eighty percent of all breast cancers occur in women 

over the age of 50 years. The 5-year age standardized survival rate has increased 

significantly over the last three decades, from 52% in the early 1970s to 77% for the 

period 1996-1999. This relates to early detection and changes in treatment.

1.2 Pathology

1.2.1 Type
In spite of the different classification systems for breast cancer, they all depend on the 

morphological features described by the World Health Organization (WHO, 1981). 

Epithelial breast tumours are basically divided into in situ and invasive carcinoma. 

Lobular carcinoma in situ is thought to be a risk factor for invasive carcinoma.
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Ductal carcinoma in situ
Characterized by growth of tumour cells within the ducts without penetration of the 

basement membrane. It accounts for 15-20% of breast cancer cases. In the UK, it is 

classified into high, intermediate and low grades according to the nuclear morphology 

(NHSBSP, 1995).

Invasive carcinoma-  usual types
It denotes tumour penetration of the basement membrane and extension of tumour cell 

aggregates into the stroma of the mammary gland. In this introduction, only the 

commonest types of invasive breast carcinoma will be described (table 1.1) (Elston and 

Ellis, 1998).

Invasive ductal carcinoma-NST
This type is usually diagnosed by exclusion, since the tumour morphological features 

do not apply for any of the other special types. It is the most common type, comprises 

41-75% of breast tumours. The morphological features vary according to the degree of 

cellularity of the tumour. Cells may be arranged in cords or solid sheets, with or 

without gland formation. The nuclei may be regular or pleomorphic with multiple 

nucleoli. In a population-based study, it was associated with lower 5-year relative 

survival (66.0%) in comparison to breast cancer special types (95 %) (Allemani et al., 

2004).

Infiltrating lobular carcinoma
Accounts for 8-14 % of all breast cancers (Borst and Ingold, 1993). Tumour cells are 

usually regular with round or oval dark nuclei and characteristically they are diffusely 

infiltrative. According to the histological appearances, they were further sub-classified 

into classical, alveolar, solid, mixed and tubulo-alveolar subtypes. In spite of the 

general concept that infiltrating lobular carcinomas are usually associated with 

favorable prognosis, recent studies showed that they had no survival advantage
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comparing with infiltrating ductal carcinomas (Arpino et al., 2004; Molland et al., 

2004) Also, it has been shown that infiltrating lobular carcinomas have poorer 

responsiveness to preoperative chemotherapy than infiltrating ductal carcinomas 

(Mathieu et al., 2004).

Medullary carcinoma
Usually present as well circumscribed masses soft in consistency composed 

histologically of large cells with abundant cytoplasm and pleomorphic nuclei. 

Characteristically the stroma around sheets of tumour cells is infiltrated with many 

lymphocytes and the tumour border is pushing rather than infiltrative. Although it is 

apparently associated with favorable prognosis, this is not well established because 

some studies failed to show any survival advantage over carcinomas of no special type 

(Ellis et al., 1992, Fisher et al., 1990).

Tubular carcinoma
A tumour is classified as tubular carcinoma if more than 90 % comprises tubular 

structures and the rest of the tumour has well differentiated morphology. The frequency 

of symptomatic tubular carcinoma ranges from 1-7% while the frequency of cases 

detected by mammography is 9-19 % of tumours. Patients with pure tubular carcinoma 

. have a very good prognosis. A study by (Cooper et al., 1978) showed 100 % survival 

for 15 years and another study showed more than 90 % survival for 10 years (Carstens 

et al., 1985).

1.2.2 Histological grading
Within the last decade, histologic grading has become one of the powerful indicators of 

prognosis in breast cancer. Most of grading systems now use nuclear grade (degree of 

. pleomorphism), degree of tubule formation and mitotic rate. Of these methods, (Bloom 

and Richardson, 1957) was the most common grading system in the United States until 

recently and in this method, each of the three elements is given a score of 1 to 3 (1 is 

the best and 3 is the worst); the sum of the three scores gives the grade.
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Types Subtypes

Ductal carcinoma in Situ High grade 
Intermediate grade 
Low grade 
Mixed types

Microinvasive carcinoma

Invasive carcinoma- usual types Ductal NST
Lobular
Medulary
Invasive Cribriform 
Tubular mixed 
Mucinous 
Invasive papillary 
Metaplastic 
Mixed types

Invasive carcinoma- rare types Squamous cell
Mucoepidermoid
Low-grade adenosquamous
Adenocystic
Adenomyoepithelioma
Malignant myoepithelioma
Apocrine
Primary oat cell
Clear cell
Secretory

Table 1.1: Histological classification of epithelial breast tumours. Adapted from 
Elston and Ellis (1998).

However, the major drawback of this grading system was subjectivity. Therefore, this 

system has been modified (Elston and Ellis, 1991) (the Nottingham grading system) 

and is now the preferred system in Europe (table 1.2). It is becoming increasingly 

popular in US as well (Simpson et al., 2000). This system gave the best results when 

compared with other methods to investigate the importance of histological grade in 

breast cancer prognosis (Latinovic et al., 2001).
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Tubule
formation Score

Mitotic
count Score

Nuclear
grade Score

>75% of tumour 1 

10-75% of tumour 2 

<10% of tumour 3

Histologic
Grade Score

Grade I 3-5
Grade II 6-7
Grade III 8-9

Depending on microscope field area:

Leitz Nikon Leitz
Ortholux Labophot Diaplan

Objective x25 x40 x40
Field diameter 0.59 0.44 0.63
Fields area 0.274 0.152 0.312

Mitotic count 
/10 fields

0-9 0-5
10-19 6-10 
>20 >11

0-11 1 
12-22 2 
>23 3

Uniform cells, small 
and regular

Moderate increase in 
size and variability

Marked variation

Table 1.2: Nottingham grading system. Adapted from Elston and Ellis (1991).

1.2.3 Staging
Staging of breast cancer is important in relation to the size of the tumour and the extent 

of the disease. Breast cancer stage is of paramount importance regarding the selection 

of patient management as well as prognosis. A recent study showed tumour stage to be 

an independent prognostic factor in breast cancer (Korkolis et al., 2004).

The main system for staging of invasive breast cancer is the tumour node metastasis 

(TNM) system designated by the American Joint Committee on Cancer (AJCC) and 

modified by Singletary et al.(2002). This system depends on the tumour size (T), 

axillary lymph node metastasis (N) and distant metastasis (M) as follows:

TX: Primary tumour cannot be assessed 

TO: No evidence of primary tumour.

Tis: In situ carcinoma or Paget’s disease of the nipple. 

T l: Tumours < 2cm in size, with no skin involvement.
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T2: Tumours >2 cm but <5 cm in size.

T3: Tumours > 5 cm.

T4: Tumours with of any size with skin or chest wall involvement or peau d’orange.

NX: Lymph nodes cannot be assessed.

NO: No palpable ipsilateral axillary lymph nodes.

Nl: Metastasis to movable ipsilateral axillary lymph nodes.

N2: Ipsilateral axillary lymph node metastasis with nodes fused together or fixed to 

surrounding tissues.

N3: Ipsilateral internal mammary, infraclavicular or supraclavicular node involvement.

MX: Distant metastasis cannot be assessed.

MO: No evidence of distant metastasis.

M l: distant metastasis.

According to the above system, there are 4 stages:

Stage I: Ti, No, Mo.
Stage II:

HA: TO, N l, MO 
Tl, N l, MO 
T2, NO, MO

Stage III:
IHA: TO, N2, MO

T1,N2, MO

T2, N2, MO

T3, N l, MO 
T3, N2, MO

Stage IV: Any T, Any N, M l.

In the recent years, many studies have analyzed the importance of 

immunohistochemical and genetic markers in breast cancer prognosis. It is expected

IIB: T2, N l, MO 
T3, NO, MO

IIIB: TO, NO, MO 

T4, N l, MO 

T4, N2, MO 

IIIC: Any T, N3, MO
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that some of these markers will add more information to the current breast cancer 

staging systems (Singletary et al., 2002).

1.2.4 Nottingham prognostic index
This is a clinicopathological classification system for breast cancer prognostication, 

categorizes patients into good and poor outcomes according to their combined score of 

lymph node stage, histological grade and tumour size.

In this index, lymph node stage and histological grade are given a score of 1-3, both 

scores combined and added to 0.2 X tumour size (cm). Cut off points of 3.4 and 5.4 are 

used to categorize breast cancer patients into three prognostic groups (good, moderate 

and poor) (Galea et al., 1992). The ‘Nottingham Prognostic Index’ (NPI) is used in the 

selection of the proper management for those patients with operable primary breast 

carcinoma (Harris et al., 2003). Other prognostic indices include the Cummings 

Prognostic Index (CMI) and the Mitotic Prognostic Index (MPI) 

(www.DalDath.com/maimpi.htm). and also St. Gallen criteria (Colomer et al., 2004).

13 Current methods of breast cancer management
Breast cancer management takes a variety of forms depending on presentation and 

stage of the cancer as well as the general health of the patient. It includes surgery- wide 

local excision or mastectomy, with sentinel node, axillary node sampling or axillary 

dissection; radiotherapy; chemotherapy (adjuvant/neo-adjuvant); and hormone therapy.

Chemotherapy in breast cancer
Cytotoxic chemotherapy for the treatment of breast cancer started in the 1950s. During 

the 1950s and 1960s, single-agent chemotherapy was used. In early 1970s combination 

chemotherapy was introduced and subsequently different agents have been employed 

(Buzdar, 1998). Chemotherapy is used as primary treatment before surgery 

(neoadjuvant), adjuvant following surgery and for treatment of metastatic disease.
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Neoadjuvant chemotherapy
Neo-adjuvant chemotherapy is also called primary or induction chemotherapy and is 

mainly used for large tumours/ locally advanced cancers, apart from in the elderly. The 

aim is to reduce tumour size to permit successful surgical removal (Schick et al., 1983) 

or breast conserving surgery (Bonadonna et al., 1990). Furthermore, the response to the 

primary treatment may be used as a prognostic indicator (Fisher et al., 1998). Recent 

studies have shown that neoadjuvant chemotherapy is more effective in patients with 

breast cancer not expressing steroid hormone receptors (Colleoni et al., 2004).

Adjuvant chemotherapy
Adjuvant chemotherapy is used for those patients with operable breast cancer to 

increase the cure rate after the primary local therapy (Snyder, 2004). It has been 

demonstrated that adjuvant chemotherapy reduces relapse and improves survival in all 

subgroups of women with early breast cancer, but the effect varies between women 

according to lymph node status, tumour size and other prognostic factors (Lu et al., 

2004). Studies have shown that for pre-menopausal women with ER and/or PgR 

positive breast cancer, adjuvant ovarian ablation (surgical oophorectomy or ovarian 

irradiation) or ovarian suppression by luteinizing hormone releasing hormone (LHRH) 

with or without tamoxifen produces equivalent effects to those of combination 

chemotherapy CMF (Pritchard, 2002, 2003). Accordingly, adjuvant chemotherapy has 

become common practice worldwide (Gluck, 2001).

Hormonal therapy
Hormonal therapy is important in breast cancer and the main target is estrogen. The role 

of estrogen in breast cancer is now well established (Jones and Buzdar, 2004). 

Therefore, adjuvant hormonal therapy is recommended for women with tumours 

expressing hormone receptors (Gelber et al., 2003) and tamoxifen is the most common 

adjuvant hormonal therapy. However, the combined hormonal therapy with 

chemotherapy is more effective than monotherapy in ER-positive cases (Snyder, 2004). 

Endocrine therapy can also be given as a neoadjuvant treatment especially in
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postmenopausal ER-rich cases (The ATAC Trialists Group, 2002). Recently, studies 

have indicated that anastrozole (aromatase inhibitor) is superior to tamoxifen as 

adjuvant treatment for ER positive postmenopausal women (Miyoshi et al., 2003).

Commonly used chemotherapeutic drugs

There are several kinds of chemotherapeutic drugs: alkylating agents

(cyclophosphamide, thiotepa, l- phenylalanine mustard); antimetabolites (5-fluorouracil 

and methotrexate); vinca alkaloids (vincristine and vinblastine) and anthracyclines 

(doxorubicin) and other agents. Treatment with combinations of drugs is more effective 

than single agents since the maximum dose of a single drug may be insufficient to kill 

all malignant cells, but in combination, the efficacy may increase to a 100% of cell 

death. Also, it is known that tumours consist of heterogeneous populations of cells that 

vary in their resistance and sensitivity to chemotherapy, so that a combination will give 

a broad effect (Cleator et al., 2002).

The most frequently used combination was cyclophosphamide, methotrexate, 5- 

ftuorouracil (CMF). Subsequently, doxorubicin was incorporated into combinations of 

cyclophosphamide and 5-fluorouracil (CAF). These combinations were found to be 

effective for the treatment of both locally advanced and metastatic breast cancers. For 

women with operable breast cancer, the use of systemic adjuvant therapy has improved 

the outcome (Garrett et al., 1997).

Since the early 1990s, new agents have been used such as the two taxanes drugs 

(paclitaxel and docetaxil), the taxanes have been also incorporated into combinations 

included the anthracyclines (doxorubicin and epirubicin) and drugs from other groups 

(Hortobagyi, 2000) especially for use with neo-adjuvant treatment (Colleoni et al., 

2004). Current evidence suggests that sequential administration of taxane- and 

anthracycline-based therapy is superior to concomitant administration as a neoadjuvant 

treatment (Estevez and Gradishar, 2004).
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Anthracyclines
This group includes two essential drugs, Doxorubicin and Epirubicin. Doxorubicin is a 

natural product produced by the Streptomyces species and it is the most commonly 

used anthracycline. Anthracyclines act by several mechanisms such as interaction with 

nuclear enzyme topoisomerase II (Smith and Soues, 1994). In the normal resting state 

of the cell, DNA is tightly coiled into a compact structure. Topoisomerases reduce 

DNA coiling facilitating engagement of DNA in transcription, replication or repair 

processes. Anthracyclines also work as DNA intercalators, causing single-stranded or 

double-stranded DNA breaks (Smith and Soues, 1994).

Taxanes
This group includes Paclitaxel (the first taxane to be identified), which was isolated 

from the bark of the Pacific Yew {Taxus Brevifolia) in 1971. Taxanes act by binding to 

polymerised microtubules resulting in bundling of microtubules preventing them from 

performing their role in mitosis (Rowinsky et al., 1988). They became the most active 

chemotherapeutic agents for the treatment of advanced breast cancer (Piccart et al., 
2001).

1.4 Predicting the behavior of breast cancer
Breast cancer is a heterogeneous disease; every single tumour is different in growth 

rate, pattern of metastasis and other biological features. Accordingly, patients are 

different in their benefit from breast cancer therapy. With the availability of more 

treatment modalities, it is important to identify factors that are associated with survival 

regardless of treatment (prognostic factors) and those identify patients who respond to 

therapy (predictive factors) (Henderson and Patek, 1998).

1.4.1 Pathologicalfactors
Tumour grade
The role of histopathological features, such as tumour grade in breast cancer prognosis 

was established some time ago (Bloom and Richardson, 1957) and there is good
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evidence that well-differentiated tumours have a good prognosis (Elston and Ellis, 

1991). Pinder et al. (1998) showed a significant association between histologic grade 

and overall survival for both lymph node positive and negative groups. In a recent study 

by Schneeweiss et al. (2004), it was shown that tumour grade was an independent 

factor determining survival after treatment with neoadjuvant chemotherapy.

Tumour type
It has been shown that histological classification of breast cancer by type can provide 

prognostic information (Ellis et al., 1992). Certain types correlated survival but the 

correlation was not as strong as that with tumour grade (Pereira et al., 1995). A recent 

study has supported the prognostic power of tumour histology in breast cancer 

(Korkolis et al., 2004).

Tumour size
Although the clinical evaluation of tumour size is not very accurate with low clinico- 

pathological agreement (only 54%), pathological size of the primary tumour is 

considered as a factor for prognosis. Tumour sizes of small tumours should be assessed 

microscopically and larger tumours macroscopically. Smaller tumours have been 

shown to have increased survival (Carter et al., 1989; Galea et al., 1992).

Lymph node status
It is now well established that a negative lymph node status is one of the most 

important favorable prognostic factors for breast cancer survival. Increased mortality is 

associated with increased number of axillary lymph nodes involved by metastasis; 

tumours with three or less lymph nodes have a better prognosis than those with four or 

more lymph nodes (Axelsson et al., 1992; Carter et al., 1989).

More recent studies showed that the ratio of positive to negative nodes is important 

(Vinh-Hung et al., 2003; Voordeckers et al., 2004), especially for those treated with 

adjuvant chemotherapy (Megale Costa et al., 2004).
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1.4.2 Hormone receptors
Estrogen receptors (ER) and progesterone receptors (PgR) are nuclear steroid hormone 

receptors. The ER status has been shown to correlate with the patient response to 

antioestrogen hormonal treatments such as tamoxifen (Robertson et al., 1992; 

Robertson et al., 1994). The combination of assessment of both ER and PgR increases 

the prediction of patient response to endocrine therapy. About 50% of ER-positive 

breast cancers respond to endocrine therapy and this percentage increases to 75% when 

tumours contain both ER and PgR receptors (Anderson, 2003).

1.4.3 Other biological factors
A range of other factors have been studied, some of which will be discussed in more 

detail in section 1.9 since they are ones selected for investigation in this thesis.

Proliferation
There has been conflicting data about the relevance of proliferation in breast cancer 

with some showing that high proliferation is associated with worse prognosis (Veronese 

et al., 1993) and others showing no difference (MacGrogan et al., 1996). A recent study 

by van Diest et al. (2004) using different methods for assessment such as mitotic 

counts, Ki-67/MIB-l labeling and Cyclin A index, concluded that high proliferation 

correlates with poor prognosis regardless of method of assessment.

Epidermal growth factor receptor (EGFR)

The epidermal growth factor receptor (EGFR) tyrosine kinase family consists of four 

members: EGFR, c-erbB-2, c-erbB-3 and c-erbB-4 (Gullick and Srinivasan, 1998). 

EGFR is a transmembrane protein important for growth of normal breast. High levels 

of the protein can be detected in about a third of breast cancer cases (Walker et al.,

1997) Other studies have shown that over-expression of the receptor is associated with 

poor prognosis (Abd El-Rehim et al., 2004; Klijn et al., 1992; Tsutsui et al., 2003).
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HER-2
HER-2 (c-erbB2) is a proto-oncogene, which encodes for a tyrosine kinase membrane 

protein. Over-expression of HER2 occurs through gene amplification and mRNA over­

expression in approximately 20-30 % of breast cancers (Rampaul et al., 2002). An early 

study showed that HER2 gene amplification was an independent survival prognostic 

factor in node-positive breast cancer (Slamon et al., 1987) and this is now well 

established. Recent studies have shown that coexistence of both HER2 over-expression 

and p53 protein accumulation are strong prognostic markers associated with short 

survival in breast cancer (Yamashita et al., 2004) and the over-expression of HER2 can 

also predict the response to doxorubicin (Campiglio et al., 2003).

P53
There have been many studies investigating the role of the tumour suppressor gene p53 

in breast cancer. Some have used immunohistochemistry to detect the stabilized 

protein, most of these have shown that increased p53 protein expression is associated 

with poor prognosis (Barnes et al., 1993; Levesque et al., 1998; Stenmark-Askmalm et 

al., 1994) but others have found no effect (Bianchi et al., 1997) and Gohring et al. 

(1995) reported an improved survival.

Those studies analyzing mutation status have given more consistent results, with p53 

mutations relating to poor prognosis and disease free survival (Hartmann et al., 1997; 

Pharoah et al., 1999). The location of the mutation can have an impact; mutations 

confined to the zinc-binding domains are associated with worst overall survival 

(Borresen et al., 1995) and those affecting DNA binding domains relate to poor 

prognosis (Bems et al., 1998b). More recently, Lai et al. (2004) reported that mutations 

in exon 7, silent and missense mixed mutations, mutations in which frame was changed 

and transcriptional mutations were all associated with poor prognosis.

Bcl-2 family of proteins
The anti-apoptotic protein bcl-2 has been shown to relate to the presence of ER 

(Teixeira et al., 1995). Loss of bcl-2 is associated with markers of poor prognosis

14



Chapter 1 Introduction

(Russell et al. 1994) and low expression was found to relate to shorter overall survival 

(Sjostrom et al., 2002), while overexpression of bcl-2 was associated with a favorable 

outcome (Berardo et al., 1998; Daidone et al., 1999). There have been conflicting 

findings for the pro-apoptotic protein bax, with no relationship to prognosis (Veronese 

et al., 1998) or loss relating to shorter survival (Krajewski et al., 1995; Wu et al., 2000). 

Bcl-x, which is also anti-apoptotic, was found to relate to longer disease free survival 

when present in high levels (Krajewski et al., 1995).

1.5 Apoptosis

Apoptosis, also called programmed cell death, represents a physiologic form of cell 

death involved in every homeostatic and pathologic process in the body (Gastman, 

2001). The term apoptosis, involving two Greek words, apo = off from, and ptosis = 

falling, was described by (Kerr et al., 1972) to denote this form of cell death. Apoptosis 

involves cleavage of nuclear chromatin between the nucleosomes by specific 

endonucleases, producing chromatin fragments composed of approximately 200 base 

pairs (Buja et al., 1993). The inability of damaged cells to undergo apoptosis can 

contribute to the development of cancer as it allows the persistence of DNA damage 

(Mooney et al., 2002). The duration of the process of apoptotic cell death depends on 

the stimulus and the type of cell, but it usually takes from 12-24 hours and changes in 

cell morphology last for 2-3 hours (Leist and Nicotera, 1997).

1.5.1 Morphology
The process of apoptosis is defined by a series of morphological changes, which can be 

divided into three phases (figure 1.1).

■ Condensation of the nuclear chromatin mainly at the edge of the nucleus, 

followed by reduction in the nuclear size, reduction of cell volume, but the 

mitochondria remain morphologically normal.
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Normal coll

Condensation/
Blobbing

Fragmentation 
(apoptotic bodies)

Figure 1.1: Morphological changes of apoptosis, including cell condensation with 
cytoplasmic blebbing and then fragmentation of the nucleus into small structures named 
apoptotic bodies.

Cytoplasmic blebs appear on the cell surface, the cell detaches from the 

neighbouring cells with fragmentation of both the nucleus and cytoplasm to give 

multiple small membrane-bound apoptotic bodies.

Engulfinent of apoptotic fragments by macrophages and other malignant cells in 

addition to degeneration of residual nuclear and cytoplasmic structures, with 

secondary changes which resemble those of necrosis (Arends et al., 1990; Kerr 

et al., 1994; Kerr et al., 1972).
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1.5.2 Apoptosis regulation
Apoptosis can be activated by exposure of cells to a wide variety of stimuli including 

developmental signals, cellular stresses, DNA damage and disruption of cell cycle 

(Dragovich et al., 1998; Yu and Zhang, 2004). More than 200 genes, constituting 

approximately 0.6 % of genes in the human genome, are involved in the regulation of 

apoptosis (Reed et al., 2003). Two main apoptotic pathways have been identified, the 

intrinsic and the extrinsic (Green, 2000) (figure 1.2).

Extrinsic Intrinsic

Ligand

Death
Receptor

Adaptor

Activator
Caspase

CDffL

COM

Effector
Caspase

cxowm
FACTO*
KBCHTO&

)---------------------------------7 ^ --------------)-------------------------------------- ' X V-...
DNA

P13KFADD

BB3 AIM
M i

BED
CUB

IAP

Bcl-2 H

- -« nj|«m

APOPTOSIS

Figure 1.2 the two major pathways of apoptosis in mammalian cells, mitochondrial 
(intrinsic cell death) pathway and the receptor-mediated (extrinsic) pathway (adapted 

* from (Johnstone et al., 2002)

The extrinsic pathway is critical for immune selection and inflammation whilst various 

intracellular and environmental stimuli converge on the intrinsic pathway. However,
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the two pathways exhibit functional crosstalk. Different apoptotic stimuli signal 

through different members of the bcl-2 family (see 1.6) (figure 1.3) e.g. bad regulates 

growth factor induced apoptosis (Motoyama and Hynes, 2003); when activated it 

inhibits anti-apoptotic bcl-2/bcl-x thus, allowing pro-apoptotic bax to become active.

Intrinsic cell death signaling
The intrinsic cell death pathway is also called the mitochondrial cell death pathway. It 

is characterized by mitochondrial leakness and collapse of mitochondrial function 

(Reed and Kroemer, 2000). Upon stimulation by Bax and Bak, changes occur in the 

mitochondria such as opening of the permeability transition bores, resulting in loss of 

the membrane potential and influx of water into the mitochondria. This causes rupture 

of the outer mitochondrial membrane and release of the apoptotic proteins. These 

include cytochrome-C, SMAC/Diablo, Omi/HtrA2, AIF and endonuclease G into the 

cytoplasm. Cytochrome-C localizes to the intermembrane space of the mitochondria 

and when released interacts with Apaf-1 (apoptotic protease-activating factor-1), 

ATP/dATP, and caspase 9 to form the apoptosome (figure 1.2). This leads to activation 

of caspase 9 which consequently activates caspases 3 and 7 resulting in cell death by 

apoptosis (Wang, 2001).

Smac/DIABLO (second mitochondrial activator of caspases/direct LAP-binding protein 

of low isoelectric point) and Omi/HtrA2 bind to the BIR domains of the inhibitor of 

apoptosis proteins (IAPs) to inhibit their effect on caspase activity. AIF (apoptosis 

inducing factor) is the third protein to be released from the mitochondria; it induces 

partial DNA fragmentation and chromatin condensation independently of caspases 

(Joza et al., 2001; Wang et al., 2002).The intrinsic cell death pathway is partly 

regulated by p53 and Ataxia-telangiectasia mutated gene (ATM) (Dragovich et al., 

1998).
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in mammalian cells inhibited apoptosis, demonstrating that the cell death program is 

conserved among different species (Deveraux and Reed, 1999).

In humans, seven members of the IAP family have been identified. The first member to 

be identified was the neuronal apoptosis inhibitory protein (NAIP), followed by the 

cellular IAP1 (c-IAPl/HIAP-2), cellular IAP2 (cIAP2/HIAP-l), X-chromosome-linked 

IAP (XIAP/HILP), Survivin, BRUCE, and Livin/ML-IAP. These are located at 5q 13.1, 

Ilq22-q23, llq22-23, Xq24-25, 17q25, 2p21-p22 and 20ql3.3 respectively (Liston et 

al., 2003; Verhagen et al., 2001) (table 1.3).

IAP
Chromosomal

Location
Number of 
Amino acids

Protein
Size/KDa Reference

XIAP Xq24-25 497 55 (Liston et al., 2003)

Survivin 17q25 142 16.5 (Ambrosini et al., 1998)

cIAP-1 llq22-23 618 70 (Liston et al., 2003)

cIAP-2 llq22-23 604 68 (Duckett et al., 1996)

NAIP 5ql3.1 1403 156 (Roy et al., 1995)

LIVIN/ML-IAP 20ql3.3 298 31 (Kasof and Gomes, 2001)

Bruce 2p21-p22 2845 528 (Hauser et al., 1998)

Table 13: Chromosomal location and molecular characterization of human IAPs. 

Structure ofIAP family ofproteins
The LAP family of proteins is structurally characterized by the presence of 70-80 amino 

acid domains named Baculoviral IAP Repeat (BIR). Each member of the family 

contains at least one BIR domain (range 1-3 copies of BIR motifs) (figure 1.5). BIR 

domains are characterized by an invariant number of amino acids, including three 

conserved cysteines and one conserved histidine. They are approximately 70 amino 

acids long, but some of them may contain more than 100 amino acids (Hinds et al., 

1999).

25



Chapter 1 Introduction

w

604

HAIP

397

The U P mamallian family members

n z u
RING CARD UBC

Figure 1.5: Structure of different IAP family members. NAIP contains three BIR 
domains with a large C-terminus containing a nucleotide-binding olygomerization 
domain (NOD). C-IAP1, cIAP2 and XIAP contain three BIR domains and a C-terminus 
RING finger. While Survivin contains single BIR domain and Livin contains single 
BIR domain in addition to a C-terminus RING finger.

The second motif found in the baculoviral IAPs is the C- terminus RING (Really 

Interesting New Gene) Zn finger that is present in most IAPs. It is of paramount 

importance for the baculoviral IAP anti-apoptotic function (Yang et al., 2000). In insect 

cells, the IAPs require both the amino-terminal BIR domains as well as the carboxyl- 

terminal RING domains for suppression of apoptosis (Clem and Miller, 1994), while in 

human IAP family of proteins (c-IAPl, C-IAP2 and XIAP) the anti-apoptotic function 

can be achieved in the absence of the carboxyl-terminal RING domain (Takahashi et 

al., 1998). Human c-IAPl and C-IAP2 proteins contain a caspase recruitment domain 

(CARD) located between the BIR and the RING domain. This domain is not necessary 

for apoptosis. The IAP BRUCE contains another domain named Ubiquitin-Conjugated 

Domain (UBC).
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protein of 142 amino acids with a molecular weight of 16.5 kDa. It has four exons and 

three introns (Ambrosini et al., 1997). Survivin is the smallest IAP member because it 

contains only one BIR domain at the amino terminal region with a long alpha-helical 

region at the carboxyl terminus (Chiou et al., 2003).

Survivin gene gives rise to three splice variants: the wild-type Survivin, Survivin-2B 

and Survivin A-Ex-3. The first two arise from the insertion of an alternative exon -2 

while the third one arises from removal of exon-3. The C-terminus region in Survivin 

A-Ex-3 contains a nuclear localization signal that targets this Survivin to the 

mitochondria and the nucleus, while Survivin and Survivin-2B localize to the 

cytoplasm. Both Survivin and A-Ex-3 are anti-apoptotic proteins, while Survivin-2B 

antagonizes the other anti-apoptotic variants because it has lost its anti-apoptotic power 

(Altieri, 2001).

Survivin expression is cell cycle-regulated with major expression in G2/M phase. At 

mitosis it localizes to different components of the mitotic apparatus, kinetechores, 

centrosomes, spindle microtubules, central spindle midzone and midbodies. 80% of the 

total cellular Survivin content in mitotic cells is bound to centrosomes and microtubules 

of the metaphase and anaphase spindle. In cancer cells, Survivin is located abnormally 

through the cytoplasm and the nucleus (Reed, 2001) and negatively regulated by wild- 

type p53 (Mirza et al., 2002).

Survivin function
The exact molecular aspects of Survivin function are not fully known and probably still 

controversial. In general, Survivin is an anti-apoptotic protein that can interfere with 

cell cycle progression and microtubule stability. Survivin inhibits apoptosis by either 

direct or indirect mechanisms. It inhibits the activity of caspase -9 via the BIR domain. 

Survivin may function to inhibit the caspase activity indirectly through binding to and 

sequestering smac/DIABLO and consequently preventing smac/DIABLO from binding 

to other IAPs (Chiou et al., 2003).
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Survivin expression in normal and neoplastic tissues
Survivin is strongly expressed in embryonic and fetal organs, but it is undetectable in 

most normal differentiated adult tissues (Ambrosini et al., 1997). Adult cell types that 

express Survivin include thymocytes, CD34+ bone-marrow-derived stem cells, 

endothelial cells, basal epithelial cells of colonic mucosa and epithelial cells of normal 

uterine cervix. Survivin is also weakly expressed in the placenta, proliferative and 

secretory endometrium (Frost et al., 2002; Takai et al., 2002b). It has been identified in 

tumours of the lung, breast, colon, stomach, esophagus, pancreas, bladder, uterus, 

ovaries, large cell non-Hodgkin’s lymphoma, melanoma and non-melanoma skin 

cancer. Survivin is typically observed in nearly all tumor cells and not just in 

proliferating cells which suggests Survivin gene deregulation in cancer (Altieri, 2001).

Survivin is also expressed in the pre-neoplastic lesions of the skin, pancreas, uterine 

cervix and in colonic adenoma. This means that Survivin up-regulation occurs early 

during tumorigenesis. The expression of Survivin is rare in some tumours such as low- 

grade non-Hodgkin’s lymphoma and even within the same tumor it is sometimes 

heterogeneous. High-level expression of Survivin has been associated with worse 

clinical outcome in neuroblastoma, colon and gastric cancers (Ambrosini et al., 1997; 

Ambrosini et al., 1998).

1.6.2.2 XIAP
XIAP (X-linked IAP), also called MIHA/hILP/BIRC4, is a prototype member of the 

. IAP family. It contains three BIR domains and a RING zinc finger domain near the C 

terminal (Liston et al., 1996). XIAP is considered to be the most potent member of the 

IAPs family regarding anti-apoptotic function. It directly inhibits caspases 3, 7, and 9, 

but does not affect caspases 1, 6, 8, or 10 (Deveraux et al., 1998).

BIR2 of the XIAP protein is responsible for caspase 3 and 7 inhibition activity in 

addition to some other residues in the linker region that precedes BIR2, while caspase 9
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is inhibited by BIR3 alone. The XIAP is cleaved into two fragments, one of which 

contains BIR1 and BIR2 domains, sufficient to protect cells against fas-induced 

apoptosis, while the second fragment contains BIR3 and the RING finger domains and 

protects cells against bax-induced apoptosis (Holcik et al., 2000).

Negative regulation of XIAP
There are two negative regulators of XIAP: the XAF1 (XIAP Associated Factor 1) and 

Smac/DIABLO. XAF1 is localized in the nucleus; it can bind XIAP and antagonize 

function by suppressing the caspase activity (Figure 1.6). Upon release of 

Smac/DIABLO from the mitochondria, it becomes activated, binds XIAP and inhibits 

its caspase-binding activity (Verhagen et al., 2000).

XIAP expression in cancer
Although, the expression of XIAP has not widely assessed in solid tumours including 

breast cancer, studies have shown its up-regulation in cell lines and some tumours. 

High levels were detected in all prostate cell lines at the level of both RNA and protein 

(McEleny et al., 2002) and in all breast, pancreatic and colon cancer cell lines examined 

(Yang et al., 2003a). It has been shown to be up-regulated in non small-cell lung cancer 

cells (Ferreira et al., 2001) and is expressed by immunohistochemistry in 95 % of clear­

cell renal cell carcinomas (Ramp et al., 2004).

1.7 Tumour suppressor gene p53

P53 (TP53) was first identified in the late 1970’s as an oncogene binding to the large T- 

antigen in SV40-transformed cells (Lane and Crawford, 1979). Later, it was recognized 

to be a tumour suppressor gene. Today, p53 has become the most studied tumour 

suppressor gene in cancer research, probably because abnormalities of the gene are 

among the most prevalent molecular abnormalities in human cancer (Hainaut et al.,

1998). In breast cancer, it is crucial in the development and progression of the disease 

and alterations to p53 can provide information about many aspects of breast cancer
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(Walker et al., 1997). Mechanisms that exert strict control over p53 are tremendously 

important (Ashcroft and Vousden, 1999).

L 7.1 Structure and function
P53 protein is a member in a small family of proteins that includes two other members, 

p63 and p73. Although they all have similar structure, p63 and p73 are functionally 

active in normal development (Irwin and Kaelin, 2001) while p53 is mainly concerned 

in the prevention of tumour development.

P53 gene is located at chromosome 17pl3.1 (McBride et al., 1986; Miller et al., 1986). 

It encodes a 53-kDa nuclear phosphoprotein that consists of 393 amino acids (Lamb 

and Crawford, 1986) which can be divided into five functional domains (Figure 1.6): 

conserved N-terminal trans-activation domain (amino acids 1-95); proline-rich domain; 

sequence-specific DNA-binding domain (amino acids 102-292); tetramerization 

domain; and a basic C-terminal tail (amino acids 300-393). These five domains have 

distinct but inter-dependent functions.

1 42 100 300 350 393
I II III IV V

"Cp  1 111 *-------^
TA Proliae-rick DNI-blidiag Tetnuneri z atiom CTD

Him m U  d f lB U i l

Figure 1.6: the structure of mammalian p53 protein. It contains five highly 
conserved boxes including five functional regions (I-V) with interdependent functions. 
TA: transactivation domain, CTD: C-terminal domain.

The central DNA-binding domain of p53 confers its ability to act as a transcription 

factor. More than 90% of p53 mutations are found in this domain (Hollstein et al., 

1994). The tetramerization domain flanks the DNA-binding domain and is important in 

modulating p53 tumour suppressor function. The N-terminal regulatory region contains
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the transactivation domain through which p53 interacts with components of the 

transcriptional machineiy; phosphorylation at the N-terminus of the protein may affect 

stability of p53. The C-terminus of p53 has other important regulatory functions; it 

maintains p53 protein in a latent state for specific DNA-binding, acetylation and /or 

serine phosphorylation (el-Deiry, 1998). The proline-rich region is located between the 

trans-activation domain and the sequence-specific DNA binding domain and it is 

required for p53 to suppress cell growth (Walker and Levine, 1996).

1,7.2 Activation
Under normal cellular conditions, p53 is in standby mode, and its activation occurs in 

response to many cellular stresses such as DNA damage induced by chemotherapeutic 

drugs, UV irradiation or ionizing irradiation. Other factors that might trigger p53 

activation are hypoxia, heat shock, metabolic changes, pH changes, unusual genome 

instability and over-expression of oncogene products (Levine, 1997).

Several independent pathways act to activate p53; they all depend on specific upstream 

regulatory kinases (Figure 1.7), which have been shown to phosphorylate residues 

within the N-terminus of p53. These include members of the PI 3-kinase family such as 

DNA protein kinase (DNA-PK), Ataxia-Telangiectasia Mutated (ATM), and ATM- 

related polypeptide (ATR), in addition to other proteins like JNK and CK1.

The DNA protein kinase (DNA-PK) has been shown to phosphorylate p53 on serine 15 

and serine 37 in response to DNA strand breaks and disrupts the interaction of p53 with 

Mdm2 (Woo et al., 1998). The ATM/ChK2 -  dependent pathway also becomes 

activated by DNA double-strand breaks in response to ionizing radiation (Vogelstein et 

al., 2000). ATM is the gene mutated in ataxia telangiectasia (AT) patients; it 

phosphorylates p53 at serine 15.
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Figure 1.7: the components of p53 signalling, activation occurs in response to a 
variety of cellular stresses leading to phosphorylation of p53 protein at different sites 
and consequently activates a group of downstream effector genes that mediate the 
tumour suppressor activity of p53. Adapted from (Gasco et al., 2002).
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1.7.3 P53 and MDM2
Upon activation, p53 protein level increases within 1-12 h after exposure to stress, the 

increase being due to both increase in translation rate (Fu et al., 1996) and decrease in 

degradation rale (Mahzman and Czyzyk, 1984).

Murine Double Minute Clone 2 (MDM2) is the product of a proto-oncogene, which is 

amplified or overexpressed, in a significant number of human tumours. It functions to 

modulate p53 tumour suppressor activity through controlling the protein degradation 

rate (Midgley and Lane, 1997). Activated p53 induces Mdm-2 expression which 

consequently binds to the N-terminal region of p53 and inhibits the transcriptional 

activity by blocking interactions with other proteins necessary for p53-dependent 

regulation of gene expression (Midgley and Lane, 1997). Studies have shown that 

Mdm2 can function as an E3 ubiquitin-ligase and allow ubiquitination of p53 with 

subsequent degradation. This function of Mdm2 depends on its ability to move from the 

cytoplasm to the nucleus.

Induction of p53 response requires protein stabilization and this mainly involves 

mechanisms that protect p53 from Mdm2.0ne such mechanism prevents the interaction 

between these two proteins, through phosphorylation (Oren, 2003). P53 is also 

regulated by HOXA5 in breast cancer cells (Ioannis et al., 2005).

1.7.4 P53 post-translational modification by phosphorylation
In response to stress or DNA-damage, p53 protein has been shown to be 

phosphorylated at several residues within the N-and C-terminal regions by several 

cellular kinases. Seven serines (6 ,9 ,15 ,20 ,34 ,37 , and 46) and two threonines (55 and 

81) in the amino terminal domain of p53 have been shown to be phosphorylated 

(Buschmann et al., 2001) and five serines (315, 372, 376, 378, and 392) in the 

carboxyl-terminal domain (Liu et al., 1999).

Phosphorylation of p53 on serine 392 by purified casein kinase II (CKII) enhances p53 

sequence-specific DNA binding which is crucial for transcriptional activation of p53
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/.Hi Cell cycle checkpoints
Cells are constantly exposed to both endogenous and exogenous stresses that may 

damage the DNA. To maintain the genomic integrity and protect cells against these 

insults, there is a network of DNA repair pathways named as cell cycle checkpoints 

(Wood et al., 2001). Cell cycle checkpoints are biochemical-signaling pathways that 

sense any damage in genomic DNA or in chromosome function. The checkpoint 

proteins work throughout the cell cycle and lead to delay in cell cycle progression in 

order to facilitate DNA repair. They maintain arrest of cell cycle until repair is 

complete, or eliminate hazardous damaged cells through induction of apoptosis (Zhou 

and Elledge, 2000).

Defects in this checkpoint system may lead to accumulation of damaged and altered 

genetic information and ultimately to cancer formation (Thompson and Schild, 2002) 

and can also affect the response of tumours to radiotherapy and chemotherapy (Bartek 

and Lukas, 2003).

Checkpoints monitor die progress of the cell cycle at three stages, G1 to S, G2 to M, 

and from metaphase to anaphase (Murray, 1994). P53 plays an important role in cell 

cycle arrest and is considered as checkpoint regulator. Cells with wild type p53 arrest 

the cycle at G1 phase, while those with mutant p53 arrest them at S and G2 phases 

(Eastman, 2004). P53 induces this action through the induction of cyclin-dependent 

kinase inhibitor p21 (el-Deiry et al., 1993).

1.8.2 P21”* '

P21 is a 21 KDa nuclear protein encoded by a gene located on chromosome 6p and it is 

a prototype o f a small family of proteins that negatively regulate the cell cycle (el-Deiry 

et al., 1995). Is also known as Waf-1 (wild-type p53 activated fragment 1), CIP1 

(cyclin-dependent kinase interacting protein 1) (Wakasugi et al., 1997), SDI1 

(senescent cell-derived inhibitor 1) (Noda et al., 1994) and CAP20 (Lukas et al., 1997).
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Induction o f p21wâ 1
i m f  1P21 is mainly induced by wild-type p53 in response to DNA damaging agents. It is 

also induced during terminal differentiation both in vivo and in vitro (Steinman et al., 

1994) and has also been linked with cell senescence (Roninson, 2002). P21waf'1can also 

be induced by other factors independent of p53, such as serum stimulation, treatment 

with PDGF and FGF, okadaic acid, butyric acid, retinoic acid, cytokines G-CSF and IL- 

6, in addition to transforming growth factor-beta (Michieli et al., 1994).

Function
P21 has tumour suppressive properties; it inhibits a broad range of cyclin-CDK 

complexes and therefore plays a pivotal role in cell cycle regulation, cellular 

senescence and in neoplasia (Noda et al., 1994). It blocks the progression of the cell 

cycle at the Gl/S transition phase. It is also involved in G2/M phase arrest by inhibition 

of c-myc so keeping cells at the G2 phase after DNA damage (Dulic et al., 1998). It has 

been suggested that p21waf‘1 can also localize to the cytoplasm of cancer cells where it 

plays a different role. It inhibits apoptosis by binding to and consequently inhibiting the 

apoptosis signal-regulating kinase 1 (Asada et al., 1999).

1.8.3 ChK2

ChK2 (also known as Cdsl or CHEK2) is one of the essential members of genome 

integrity checkpoints (Bartek and Lukas, 2003). They are serine/threonine kinases 

activated in response to different genotoxic stresses and function mainly to transduce 

the checkpoint signals (with help of ChKl) from the upstream kinases such as ATM 

(ataxia-telangiectasia mutated) and ATR (ataxia-telangiectasia and Rad3-related 

kinase). ATM and ATR are considered to be sensors of the DNA damage while Chkl 

and Chk2 are signal transducers.
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ChK2 protein structure
It consists o f three functional domains, an SQ/TQ cluster domain (SCD, residues 19- 

69), a forkhead associated domain (FHA, residues 112-175) and a Ser/Thr kinase 

domain (residues 220-486) (Ahn et al., 2004) (figure 1.8).

Regulation and activation of ChK2
ChK2 becomes activated after stimulation by any factor that directly or indirectly 

induces damage to the DNA such as ionizing radiation and chemotherapeutic drugs.

N SCD (1»-W )-----1 FHA (118-178)

TS8
/ “ N

ATR ATM

-| KINASE (226-486)) C (543)
T383-T387 S516

(Auto-inhibitory loop)

Figure 1.8: ChK2 protein structure.

ChKl is mainly phosphorylated and activated by the ATR while ChK2 is activated by 

ATM; this is in addition to the cross talk between the two pathways (Eastman, 2004). 

Upon activation, ChK2 undergoes dimerization in which the phosphorylated Thr68 in 

one molecule binds to the FHA domain of the second molecule. Autophosphorylation at 

Ser516 in the kinase domain is also important for optimal activation of the kinase (Wu 

and Chen, 2003). After activation, ChK2 starts the downstream activation of other 

proteins of which two are members of the cell division cycle 25 dual specificity 

phosphatase family, Cdc25A and Cdc25C. Members of this family are important for the 

induction of cell cycle progression through activation of cyclin-dependent kinases cdk2 

and cdkl (Brown et al., 1999) (figure 1.9).
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Figure 1.9: ChKl and ChK2 activation pathways.

Cyclin-dependent kinases (Cdk) are the essential regulators of cell cycle progression. 

They are maintained in the cell in an inactive phosphorylated form associated with 

cyclins. Upon activation, Cdc25A dephosphorylates the Cyclin/Cdk complex and the 

Cdk become activated. Cdc25A acts on cyclin E/cdk2 and stimulates the S phase 

progression, while Cdc25C acts on cyclin B/cdkl and stimulates the G2/M progression 

(figure 1.10).

ChKl and ChK2 function by phosphorylating and inhibiting Cdc25 proteins. Cdc25A 

degrades after phosphorylation, while Cdc25C remains inactive in the cytoplasm of the 

cell (Peng et al., 1997).

41



Chapter 1 Introduction

DNA Damage

PML< ChK2

BRCA

\
Apoptosis*^P53) (Cdc25A

%
Cdk2/CycE

\G1

Cdk1/CycB

\
DNA damage 

repair

Figure 1.10: ChK2 activation pathway. Adapted from Ahn et al. (2004).

ChK2 also activates E2F-1; its over-expression can induce cell death. Through this 

mechanism, ChK2 regulates DNA damage-induced apoptosis (DeGregori et al., 1997). 

After DNA damage, ChK2 also phosphorylates BRCA1 and the Promyelocytic 

Leukemia (PML). ChK2 is capable of phosphorylating the tumour suppressor gene p53 

at N-terminal sites such as serl5, Thrl8, ser37 and sei20 with subsequent stabilization 

o f p53 and disruption of the pre-complexed p53 with Mdm-2 (Ahn et al., 2003; Chehab 

et al., 2000).

IS  Proliferation/apoptosis and regulatory proteins in breast cancer 

and relationship to treatment

Proliferation
Each cell is under constant checking mechanisms to maintain genomic integrity. Upon 

occurrence of any genomic abnormalities, such mechanisms suppress cell proliferation 

or induce cell death by apoptosis (Evan and Littlewood, 1998). Therefore, cell kinetics
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(proliferation and apoptosis) have been shown to be important in breast cancer 

progression (Bai et al., 2001). The proliferative activity of a tumour is considered to be 

an important prognostic factor in primary breast cancer. Highly proliferative tumours 

are generally associated with shorter disease-free survival and overall survival 

(Ravaioli et al., 1998).

Studies have correlated changes in proliferation with treatment (Makris et al., 1997; 

Parton et al., 2002) reported that tumours with high Ki-67 levels responded better to 

chemotherapy, and those with low levels responded better to endocrine therapy. Also, 

(Archer et al., 2003) showed that pretreatment assessment of proliferation is predictive 

of response to neo-adjuvant chemotherapy in breast cancer.

Apoptosis
Induction of apoptosis by chemotherapeutics was found to be the key factor in cancer 

therapy and studies have shown an increase in apoptosis in breast tumours within 24 

hours of starting chemotherapy (Ellis et al., 1997). The number of apoptotic cells has 

shown a significant correlation with prognosis, being increased with poor prognosis (de 

Jong et al., 2000; Lipponen et al., 1994) and as a predictive marker of drug response 

(Buchholz et al., 2003). A pilot prospective trial showed that high rates of apoptosis and 

proliferation at baseline were associated with improved pathological response to 

doxorubicin or paclitaxil treatment and also increased rate of apoptosis 24-48 h after 

treatment was associated with improved clinical response (Steams et al., 2003).

Bcl-2 family
Bcl-2 was the first gene found to block apoptosis. It has been detected, using 

immunohistochemistry, in about 80% of both node negative and node positive primary 

breast cancers (Krajewski et al., 1995). Altered expression of bcl-2 proteins was 

reported to alter drug response in experimental systems in vitro and other experiments 

have shown an inverse correlation between chemosensitivity and bcl-2 levels 

(Kamesaki et al., 1993; Yang et al., 2003b) showed that bcl-2 negative tumours were 

more susceptible to anticancer drugs than bcl-2 positive tumours. High bcl-2 expression
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may predict a good response to tamoxifen, independent of ER positivity (Elledge et al., 

1997). Low bcl-2 levels were found to be associated with shorter overall survival 

(Sjostrom et al., 2002).

(Krajewski et al., 1995) studied the expression of Bax gene in a group of women with 

metastatic breast cancer; they showed expression of bax in normal mammary 

epithelium and most carcinomas in situ but in only one third of breast cancer cases. 

Reduced expression of bax was associated with a poor response to chemotherapy and 

poor prognosis in metastatic breast adenocarcinoma. Studies also showed that bax is a 

determinant of p53-dependent chemo-sensitivity (McCurrach et al., 1997).

Bcl-x is a member of the bcl-2 family. Through alternate splicing, bcl-x can encode 

several proteins including bcl-XL (long) protein, which is antiapoptotic, and bcl-xs 

(short) protein, which promotes apoptosis by inhibiting bcl-2 and bcl-xL. Bcl-x 

expression has been described in a variety of normal and malignant breast tissues. 

Weak expression of bcl-x was observed in normal epithelial cells while strong staining 

was observed in about 75% of malignant tissue (Krajewski et al., 1999). Expression of 

bcl-x was found to be associated with histological grade III tumours (Sierra et al., 

2000). and promote resistance to chemotherapy in tumours in vivo (Fujita and Tsuruo, 

2000).

Survivin
It has been shown that Survivin, as a member of the IAPs, blocks apoptosis induced by 

different stimuli through the inhibition of caspase -3 and -7. Although it has an elevated 

expression in cancers, few studies have assessed die expression of Survivin in breast 

t cancer. (Span et al., 2004; Tanaka et al., 2000; Zhang et al., 2004)) assessed expression 

of Survivin by immunohistochemistry and have shown that its presence is a significant 

. predictor of worse outcome in breast carcinoma. However, (Kennedy et al., 2003) 

reported that expression of Survivin protein was favorably associated with both relapse 

r free survival and overall survival in a study of 293 breast cancers. (ODriscoll et al.,
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2003) extended this study and found that the expression of Survivin, Survivin-2B and 

Survivin A-Ex-3 mRNAs were not prognostic indicators of disease outcome.

Survivin protein is involved in tumour cell resistance to some anticancer agents and 

ionizing radiation (Zaffaroni and Daidone, 2002). Some studies have demonstrated the 

resistance o f Survivin-transfected cells to anticancer drug-induced apoptosis (Tamm et 

al., 1998). Survivin expression has been shown to resist apoptosis induced by 

chemotherapeutic drugs in cholangiocarcinoma (Chang et al., 2004).

XLAP
Because of the important role of XIAP in inhibiting apoptosis, it could have a major 

role in cancer formation, progression and resistance to therapy (LaCasse et al., 1998). 

There is little published work on the relation of XIAP with either prognosis or response 

to therapy in breast cancer. Parton et al. (2002) reported that XIAP was not a predictive 

marker of response to chemotherapy in breast cancer, but that could have been due to 

the small sample size of the study.

However, in other tumours studies have shown a strong correlation between XIAP 

levels and patient survival. In acute myeloid leukemia patients with lower levels of 

XIAP had significant longer survival times than those with increased XIAP levels 

(Tamm et al., 2000). To study the role of XIAP in the resistance of cancer cells to y- 

irradiation, Holcik et al. (2000) used an anti-sense approach. This showed that low dose 

of y-irradiation induced an up-regulation of XIAP in non-small cell lung cancer cells 

and this correlated with enhanced resistance to radiation-induced apoptosis. XIAP anti­

sense treatment resulted in the induction of apoptosis in cells with wild-type p53, but 

not in cells that lacked or had mutant p53.

High levels of XIAP confer the resistance to chemotherapeutic drugs in human lung 

cancer (Ferreira et al., 2001). Also, reducing the XIAP protein expression increased 

breast cancer MDA-MB-231 cells susceptibility to chemotherapeutic agents (McManus 

et al., 2004) and the use of XIAP antagonists has been described as a potential therapy
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for cancers over-expressing XIAP (Oost et al., 2004). Down-regulation of XIAP 

induced apoptosis in chemoresistant ovarian cancer cells (Sasaki et al., 2000).

P53
Several studies have suggested that p53 status could be important in tumour 

responsiveness to anti-neoplastic agents (Clahsen et al., 1998). Since TP53 is involved 

in apoptosis, cell cycle control, and repair of DNA damage, loss of p53 function may 

result in foe relative resistance of breast cancers to chemotherapy (Lowe et al., 1993).

Most of foe studies performed on foe effect of p53 abnormalities on chemosensitivity of 

human tumours have produced conflicting results, with some studies indicated 

enhanced sensitivity and others indicated increased resistance to foe same compounds 

(Blandino et al., 1999).

One study revealed that specific mutations correlated with primary resistance to 

doxorubicin and could be predictive of early relapse (Aas et al., 1996).The response 

rate to anthracycline-based chemotherapy was low in p53 positive cases (Rahko et al., 

2003). In another study, breast cancers with p53 mutations were more likely to respond 

to paclitaxil (Kandioler-Eckersberger et al., 2000) but conversely, Schmidt et al. (2003) 

showed that none of foe tumours with p53 expression responded to paclitaxil. Geisler et 

al. (2003) found a significant association between lack of response to 5-fluorouracil and 

mitomycin and p53 mutations. However, Brown and Wouters (1999); Sjostrom et 

al.(2000) concluded that neither p53 status nor foe ability of the cell to undergo 

apoptosis appears to play a significant role in foe sensitivity of breast cancer tumours to 

DNA-damaging agents.

P53 status has a role in response of breast cancers to hormonal therapy. The presence of 

p53 protein predicted poor response to tamoxifen in patients with recurrent breast 

cancer (Bems et al., 2000; Bems et al., 1998a) and in those with advanced disease.
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There is still some controversy regarding the role of p21 in breast cancer prognosis 

and response to therapy. Wakasugi et al. (1997) reported die associated p21 expression 

with favorable prognosis, while Diab et al. (1997) reported the expression of p21waf~1 as 

a nuclear staining in 43% of the studied group of breast cancer tumors, but it was not 

significantly associated with other prognostic factors or with clinical outcome.

The expression of p21waf'1 in breast cancer has been assessed in relation to the response 

to endocrine therapy; it did not correlate with estrogen receptor (ER) status or with 

response to endocrine therapy but cases of high p21 expression showed an improved 

overall survival (McClelland et al., 1999). In the group of patients who were treated 

with adjuvant systemic therapy, p21+/p53+ tumors were associated with long DFS 

(disease-free survival) and OS (overall survival), while those with p21-/p53+ had the 

worst prognosis (Caffo et al., 1996). Sjostrom et al. (2000) concluded that the 

expression of p21waf'1 was not associated with response to chemotherapy in breast 

cancer.

CHK2
It has also been shown that p53 activation is controlled by some upstream regulatory 

proteins including the ChK2 protein. Some patients with Li-Fraumeni syndrome were 

found to have wild type p53 but mutant ChK2, which implies that ChK2 inactivation 

might be functionally equivalent to p53 mutation (Bell et al., 1999).

Screening of cancer cell lines showed missense mutations in ChK2 in different tumours 

and somatic mutations o f ChK2 have been also found in diverse types of sporadic 

human malignancies including breast cancer (Sullivan et al., 2002). P53 mutations co­

exist in the majority o f cases with ChK2 mutation (Sullivan et al., 2002). ChK2 

llOOdelC is a truncating mutation of ChK2 and has a frequency of 1.1% in healthy 

individuals but present in 5.1% of individuals with breast cancer. People with this type 

of mutation have a twofold increase of breast cancer risk in women and tenfold increase 

in men. Thus, ChK2 llOOdelC is considered a low-penetrance susceptibility gene
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(Meijers-Heijboer et al., 2002). ChK2 *A cells have been shown to be radioresistant with 

defects in y-irradiation-induced apoptosis (Takai et al., 2002a). The strong relationship 

between p53 and ChK2 may support an important role of the latter in breast cancer 

prognosis and response to therapy, but currently, there are little data on this.

To conclude, proliferation/apoptosis and their regulatory proteins play an essential role 

in breast cancer, especially in relation to treatment. Although high proliferation is 

associated with poor prognosis, highly proliferating tumours respond better to 

treatment. High rates of apoptosis are associated with increased pathological response 

to therapy. The high expression of bcl-2 is associated with better outcome; tumours 

expressing bcl-2, bcl-x or reduced expression of bax show variable responses to 

different types of treatments. Expression of Survivin protein is usually associated with 

poor outcome in breast cancer, and with resistance to chemotherapeutic agents. 

Although there is little published work on XIAP in breast cancer, its expression in other 

tumours was associated with chemoresistance. The role of p53 and p21waf l is still 

conflicting, ChK2 may have a role but currently there are no certain data.
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1.10 Rational, hypothesis and aims of the work

Chemotherapy is an essential part of treatment in breast cancer. However, 

chemoresistance is the main obstacle to successful therapy; up to 50% of patients who 

are given pre- or post-operative cytotoxic therapy do not respond to this treatment. By 

identifying die biologic predictive factors of response to chemotherapy, clinicians may 

be better able to accurately identify patients who will be likely to benefit from the 

treatment and to avoid unnecessary toxicity for patients who may not benefit.

Most cytotoxic agents ultimately kill cancer cells by causing irreparable cellular 

damage that triggers apoptosis. One of the most important advances in cancer research 

is the recognition that apoptosis plays a major role in both tumour formation and 

treatment response (Johnstone, 2002) and the variability in apoptosis regulatory genes 

found in tumours may contribute in the variability in drug response (Innocenti, 2002). ‘ 

Consequently, the efficacy of cancer treatments depends not only on the cellular 

damage they cause but also on the cells ability to respond to the damage by activating 

the apoptotic machinery.

Thus, monitoring expression profiles of apoptosis regulatory genes in tumours in 

response to specific pharmacological agents may serve to identify predictive markers of 

drug response (Innocenti, 2002).

The genes most commonly related to apoptosis are:

■ P53: the first tumour suppressor gene linked to apoptosis (Voglestein, 

2000), p53 mutations occur in the majority of human cancers. The tumour 

suppressor activity of wild-type p53 is mainly due to its ability to act as a 

transcription factor and regulates the expression of number of proteins to 

induce growth arrest (p21waf'1) or to regulate apoptosis (bax and bcl-2). The 

biological functions of p53, as a ‘guardian of the genome’, in growth arrest, 

apoptosis and genomic repair make it a potential predictive marker. Studies 

have found that defects in p53 predict for chemoresistance in some
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malignancies, but in breast cancer the predictive value of p53 is still 

uncertain (Blandino et al., 1999).

■ Bcl-2 family proteins: they comprise both anti-apoptotic members (bcl-2 

and bcl-x) as well as pro-apoptotic molecules such as bax. Altered 

expression of bcl-2 family proteins have been reported in various human 

cancers (Reed, 1999) and may alter the response to treatment and patient 

survival.

■ Inhibitor of Apoptosis Proteins (IAPs): family of endogenous caspase 

inhibitors that regulate apoptosis. Survivin and XIAP are essential members 

of this family, expressed at high levels in the majority of human cancers and 

they may provide important predictive and prognostic clues in breast cancer.

Consequently, my hypothesis is that alterations in the regulation of the apoptotic 

machinery of breast cancers affect the response to chemotherapy and the duration 

of patient survival and that one of the main determining factors for this is p53 

status of the cancers.

Aims of this study are:

1- Characterization of a group of breast cancer cell lines, with and without p53 

mutations, by immunocytochemistry and western blotting regarding the 

proliferation and apoptosis indices, the expression of p53, ChK2 and p21wafl, 

the expression of the apoptosis regulatory genes (bcl-2, bcl-x and bax) and also 

the apoptosis inhibitor proteins Survivin and XIAP.

2- Use the previously characterised cell lines as models to study the response of 

these cells to treatment with two different chemotherapeutic drugs commonly 

used in breast cancer (Doxorubicin and Paclitaxil) at different concentrations 

and for different time periods; study the effect of treatment on the expression of 

the previously characterised biological factors to determine how these factors 

could affect the response of breast cancer cells to chemotherapy in vitro.
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3- Evaluate die expression of selected biological factors found to play a role in the 

response of breast cancer cells to chemotherapy as revealed in die previous 

section of the study, on tissues obtained from a group of breast cancer patients 

who received chemotherapy and/or hormonal therapy as part of their treatment. 

Thai evaluation of the currently used clinico-pathological parameters such as 

tumour size, grade and lymph node status in relation to different treatment 

regimes and in relation to the duration of patient survival. Evaluation of the 

expression of different biological factors in relation to different treatment 

regimes as well as in relation to the duration of patient survival in attempt to 

find new factors of prognostic significance in breast cancer.
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CHAPTER 2: 

MATERIALS AND METHODS
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2 .1  M A T E R IA L S

2.1.1 Cell lines
Cell lines were obtained from the American Type of Culture Collection (ATCC, 

Rockville, Maryland). They were selected on the basis of their p53 mutation status and 

estrogen receptor (ER) status (table 2.1).

Cell Line ER Status P53 Status

MCF-7 +ve Wild type

T47-D +ve Mutation at codon 194 

(Between III and IV)

ZR-75 +ve Wild type

MDA-MB-231 -ve Mutation at codon 280 

(Region V, exon 8)

MDA-MB-436 -ve No mutation

HBL-100 -ve Stabilized p53 by SV-40 T-large 

antigen

MDA-MB-468 -ve Mutation at codon 273 (Region V, 

exon 8)

Table 2.1: Breast cell lines with their p53 mutation and ER states.

2.1.2 Tissue culture reagents
Complete M edium : 500mls Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma), 

5mls L-Glutamine (2mM) (Sigma) and 50 mis (10%) Fetal Bovine Serum (FBS) 

(Labtech International), to feed cell lines MCF-7, T47-D, HBL-100, and MDA-MB- 

468.

M edium fo r  436 cell line: 500mls RPMI-1640 (Sigma) and 50mls FBS (10%).
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Medimm fo r  ZR-75 cell line: 500mls RPMI, 5mls L-Glutamine (2mM) and 50mls 

(10%) FBS.

Other materials and reagents
Trypsin-EDTA (Gibco BRL Life Technologies).

Poly-D-Lysine (Sigma).

BrdU (5-Bromo-2-Deoxyuridine) (Sigma).

Doxorubicin hydrodiloride (Adriamycin), 10 mg, molecular weight 580.0 (Sigma). 

Paclitaxil (Sigma).

Trypan blue (Sigma).

Dimethylsulfoxide (DMSO) (Sigma).

12-well tissue culture plates (Becton Dickinson).

Glass coverslips.

2A3 Primary antibodies
P53 protein fDQ-71: mouse monoclonal antibody, clone DO-7, IgG2b, raised in mice by 

immunizing them with recombinant human wild type p53 protein, specific for human 

p53 protein wild type and mutant forms (Novocastra).

P53 (Phosphospecificl (NCL-p53-PHOS): monoclonal antibody clone FP3-2, IgGl, 

raised in mice. It detects human p53 protein phosphorylated at serine 392 (Novocastra).

P53 protein (CM11 (NCL-p53-CMl): polyclonal antibody raised in rabbits by 

immunizing them with a recombinant human p53 protein. It is specific for human p53 

protein wild type and mutant forms (amino acids 1 -393) (Novocastra).

Polyclonal Rabbit Anti-Human BAX: raised in rabbits by immunizing them with 

synthetic peptide corresponding to amino acids 43-61 of the human bax protein 

(DAKO).
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Bax (Ab-11: rabbit polyclonal IgG antibody generated by immunizing New Zealand 

White rabbits with a peptide corresponding to residues 150-165 of the human bax 

protein (Oncogene).

Bcl-2 Oncoprotein (NCL-bcl-2): clone bcl-2/100/D5, IgGl, raised against human bcl-2 

oncoprotein by immunizing mice with synthetic peptide sequence, (Novocastra).

Bcl-2 (Ab-11: monoclonal antibody, clone 100, IgG Ik, derived by immunization of 

BALB/c mice with a synthetic peptide corresponding to amino acids 41-54 of the bcl-2 

protein, it reacts with human bcl-2 but not with murine bcl-2 (Oncogene).

Bcl-x (NCL-bcl-x): mouse monoclonal antibody, clone NCI, IgG2b, raised by 

immunizing mice with a peptide sequence corresponding to amino acids 46-66 of the 

human bcl-x protein (Novocastra).

WAF-1 protein (NCL-WAF-1): mouse monoclonal antibody, clone 4D10, IgGl, raised 

against human WAF-1 protein by immunizing mice with a prokaryotic recombinant 

fusion protein corresponding to die dill length WAF-1 (p21/Cip-l) (Novocastra).

Checkpoint Kinase 2 (NCL-Chk2): mouse monoclonal antibody, clone DCS 270-1, 

IgG2aic, raised against human checkpoint kinase 2 by immunizing mice with 

prokaryotic GST-Chk2 fusion protein (Novocastra).

M30 CvtoDEATH: mouse monoclonal antibody, clone M30, IgG2b, raised by 

immunizing Balb-c-mice with a purified CK18 fragment. It binds to a caspase cleaved 

formalin-resistant epitope of the human cytokeratin 18 (CK18) cytoskeletal proteins 

(Roche).

Bromodeoxvuridine fBrdUl: mouse monoclonal anti-bromodeoxyuridine, clone Bu20a, 

IgGl (DakoCytomation).
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Ki67 Antigen (MIB-D mouse monoclonal IgGl antibody, clone MM1, raised against 

recombinant parts of the Ki67 antigen, recognizes native Ki67antigen. It is expressed in 

all proliferating cells during late Gl, S, M, and G2 phases of the cell cycle 

(Novocastra).

Anti-Survivin. Ab469: Rabbit polyclonal IgG antibody, against the full length of human 

Survivin protein (Abeam Limited).

XIAP. Affinity-purified goat anti-human XIAP goat IgG antibody, raised against 

purified E.coli-derived human XIAP, recognizes amino acids 1-497 of human XIAP 

protein (R&D systems).

Anti-Vinculin monoclonal IgGl antibody, clone hVIN-1, derived from the hVIN-1 

hybridoma produced by the fusion of mouse myeloma cells and splenocytes from 

immunized BALB/c mice (Sigma).

2.1.4 Secondary antibodies
Rabbit anti-mouse immunoglobulins, biotinylated secondary antibody (Dako).

Swine anti-rabbit immunoglobulins, biotinylated secondary antibody (Dako).

Rabbit anti-goat immunoglobulins, biotinylated secondary antibody (Dako).

Anti-rabbit immunoglobulins, with horseradish peroxidase linked whole antibody, 

raised from Donkey (Amersham Pharmacia Biotech).

Anti-mouse immunoglobulins, with horseradish peroxidase linked whole antibody, 

raised from sheep, from Amersham Pharmacia Biotech.

Rabbit anti-goat HRP-conjugated (Calbochem).

ABC kit: Streptavidin ABC complex (Dako).

2.1.5 Other reagents and chemicals

Normal rabbit serum (NRS, Gibco BRL Life Technologies).

Normal swine serum (NSS, Gibco BRL Life Technologies).
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Diaminobenzidine (DAB) (Vector laboratories), diluted in lxTBS and 1% hydrogen 

peroxide.

Mayer’s Haematoxylin (BDH Chemicals Ltd).

Aquamount, mounting medium (BDH Chemicals Ltd. Poole).

SeeBlue Pre-Stained Standard and Mark 12 MW standard Protein markers (Invitrogen 

Life Technologies).

Membranes: nitrocellulose membrane (0.2pm) (Bio-Rad Laboratories).

Marvel, low fat dry milk.

Enhanced Chemiluminescence (ECL) detection reagent (Amersham Pharmacia 

Biotech).

Hyperfilm-ECL, X-ray films (Amersham Pharmacia Biotech).

Methanol (Fisher Chemicals).

Triton x-100 (Fischer Scientific International).

Tris (Roche).

NaCl (Fischer Scientific).

Glycerol (Sigma).

EDTA (Fischer Scientific).

HEPES (Sigma).

Tween 20 (polyoxyethylene sorbitan monolaurate) (Sigma).

Sodium Orthovandate (Sigma Aldrich).

Leupeptin (Sigma).

PMSF (phenylmethylsulfonylflouride) (Sigma).

Betamercaptoethanol (VWR).

SDS (Sodium dodecyel Sulfate) (Sigma).

BPB (bromophenol blue) (BDH Chemicals Ltd., Poole).

Glycine (Sigma).

BSA (Albumin Bovine Fraction) (ICN Biomedicals).

Dye Reagent Concentrate (BIO-RAD-Protein Assay) (Bio-Rad Laboratories).

Protogel (Polyacrylamide gel) (National Diagnostics).

APS (Ammonium persulfate) (Sigma).

TEMED (Sigma).
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Ponceau’s solution (Sigma).

Vectabond (Vector Laboratories).

Xylene (Genta Medical).

IMS (Industrial Methylated Spirit, 99%) (Genta Medical).

H2Q2 (Hydrogen Peroxide 12%) (Fisher Chemicals).

Citric Acid Monohydrate (FISONS Scientific Equipment).

DPX (mountant for microscopy) (BDH).

2.1.6 Tissues

The study involved 165 cases of breast cancer patients who were diagnosed at the 

University Hospitals of Leicester NHS Trust from die period 1991 to 2002. They had all 

died from the disease. The cases were identified by the data manager from the breast 

cancer patient database held in the Department of Surgery under the supervision of Miss 

A. Stotter. Specimens had been received fresh following surgery and sliced. After 

fixation in 4% formaldehyde in saline for 18-48 h, blocks were selected, processed 

through graded alcohols and xyelene, and embedded in paraffin-wax.

The study was approved by the Local Research Ethical Committee (approval number 

711?). Information on tumour type, size, lymph node status, grade, estrogen receptor 

alpha and duration of survival (follow-up period) was available for all cases. Data on 

progesterone receptors were available for 101 cases and on HER2 were available for 46 

cases.

Patients were grouped into two groups according to the method of treatment they 

received. 18 cases (10.9%) constituted the first group, patients in this group were 

clinically having an inoperable disease and they received either neo-adjuvant 

chemotherapy alone or neo-adjuvant chemotherapy followed by adjuvant hormonal 

therapy. Core biopsies were available from 4 cases; these were taken before the start of 

treatment. The second group included 147 cases (89.1%); all were clinically having an 

operable disease. 18 cases (10.9%) received adjuvant chemotherapy alone, 70 cases
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(42.4%) received adjuvant chemotherapy followed by adjuvant hormonal therapy by 

Tamoxifen, and 59 (35.8%) received adjuvant Tamoxifen alone. The NHSBSP 

Pathology Reporting Guidelines Criteria were used for classification and grading of 

tumours (NHSBSP, 1995).

2.2 Buffers and washing solutions

TBS (tris-buffered saline): contains 50 mM Tris, 150 mM Sodium Chloride, the pH was 

adjusted to 7.65 with concentrated HC1.

TBST (lxTBS with 1 % Tween 20).

PBS (phosphate-buffered saline) : contains 2.6 M Sodium Chloride, 60 mM Di-Sodium 

Hydrogen Orthophosphate Unhydrous, 140 mM Sodium Di-Hydrogen Orthophosphate, 

and pH was adjusted to 7.4 with concentrated HC1.

dPBS (Dulbecco’s Phosphate Buffered Saline) (Gibco BRL Life Technologies).

Citrate Buffer: 0.2 M citrate buffer solution was prepared by dissolving Citric Acid 

Monohydrate in Sodium Hydroxide pellets.

Lysis buffers: two different lysis buffers were used:

Lysis buffer one (gold) Lysis buffer two (for bax)

- l% v/v Triton x-100 - 50 mM HEPES, pH 7.4
- 30 mM Tris pH 8.0 - 50 mM NaCl
- 137 mM NaCl - 10% Glycerol
- 15% Glycerol - 0.1% Tween 20
- 5mM EDTA

Loading buffer, for protein loading samples, made up from

-1M  Tris pH 6.8
- Betamercaptoethanol
- 10% SDS
- BPB (Bromophenol blue)

Running buffer: 25mM Tris, 250 mM Glycine and 0.1% SDS.
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Transfer buffers: 25 mM Tris, 192 mM Glycine and +/- 40% methanol.

Blotting buffer for Survivin

100 mM Tris/Hcl, pH 7.5 

150 mM NaCl 

0.2 % Tween 20

Blotting buffer for XIAP

25 mM Tris Hcl, pH 7.4 

0.15 M NaCl 

0.1 % Tween 20

Protein stripping buffer (500ml) was prepared as follows:

3.78 g Tris base 

20% SDS (50ml)

H20  (450ml)

23  METHODS

2.3.1 Cell culture
Cells were grown in 75ml tissue culture flasks in the appropriate culture medium 

according to the cell type; ZR-75 cells were grown in RPMI-1640 medium containing 

L-Glutamine and FBS, while MDA-MB-436 were grown in the same medium but 

without L-Glutamine. All other cell lines were grown in Dulbecco’s Modified Eagle’s 

Medium (DMEM) containing both L-Glutamine and FBS. Cells were maintained in an 

incubator at 37°C under a humidified atmosphere (5% CC>2/95% air). The medium was 

changed twice a week and cells were passaged when they become nearly (80%) 

confluent.
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23.2 Storing and passaging of ceils
Stored cell lines were maintained in a frozen state in liquid nitrogen. An aliquot from 

each cell line was thawed by warming in water at 37°C for 2 minutes. Cells were 

washed by centrifugation at ISO g in PBS and plated in lOmls tissue culture flasks 

containing 7mls of the appropriate medium. The medium was changed the next day and 

cells left to grow until nearly confluent.

Medium was then removed and cells washed with 5ml Dulbecco’s Phosphate Buffered 

Saline (dPBS). They were trypsinised by incubation with 3ml of trypsin concentrate for 

2 minutes. 7mls of medium was then added, they were centrifuged for 2min at 180 g 

and medium removed. Cells were re-suspended in fresh medium and plated in 1/ 4 or 1/ 

5 ratio into new flasks.

For re-freezing, confluent cells were washed once with PBS after removal of the culture 

medium, trypsinized for 2 minutes in 3 mis of trypsin EDTA, washed in PBS, 

centrifuged for 5 minutes at 300g and then re-suspended in freezing medium containing 

10% FCS, 10% dimethylsulfoxide (DMSO) and 80% culture medium. Cells were first 

frozen at -80°C overnight and then moved to liquid nitrogen freezer for storage.

2.3.3 Counting of cells
15pl of resuspended cells was mixed with 5pi of trypan blue dye and added to the 

Haematocytometer. The trypan blue dye differentiates dead from alive cells, dead cells 

take the dye and appear dark while live cells does not accept the dye and appear shinny. 

Only alive cells were counted in 4x16 squares of the haemocytometer and the mean 

value for the cell number in the 16 squares was estimated, multiplied in 104 to give the 

total number of cells in every ml of resuspended cells.

2.3.4 Doubling time
Since the rate of growth for each cell line is different, it was necessary to calculate the 

doubling time to ensure that a comparable number of cells was used for each cell line in 

experiments. Cells were plated in 12-well plates at a concentration of 2xl05 in 2mls of
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medium, in triplicate. Non-adherent cells were removed after 3-4 hours of plating, 

centrifuged and resuspended in 100 pi of medium of which 15pl was used for cell 

counting. The number of non-adherent cells was subtracted from the plated number of 

cells.

New medium was added and cells were cultured for different time periods (24, 48 and 

72 hours). After each time period the nonadherent cells were also counted and adherent 

cells were removed by trypsinization in 500pl of trypsin EDTA, 500pl of fresh medium 

was added to neutralize trypsin. Then 15pl of which were used for counting. The mean 

and standard deviation were calculated for each cell line from triplicate assessments. 

The whole procedure was repeated twice and values used to calculate the doubling time 

for each cell line

2.3.5 Preparation of cells for immunocytochemistry and western blotting
For immunocytochemistry, cells were plated on coverslips in 12-well plates. Coverslips 

were coated with poly-D-lysine for 30 minutes, then excess poly-D-lysine was removed 

and coverslips left to dry for 1 hour. The number of cells plated was adjusted dependent 

on doubling time scores to give an equivalent number of cells after 48hours. For 

western blotting, cells were cultured in 10 cm tissue culture dishes and left to grow for 

48 hours before treatment.

2.3.6 Drug treatment protocol
Treatment was started 48 hours after cells were put onto coverslips or tissue culture 

dishes. Old media were removed and cells incubated with a freshly prepared media 

containing the drug. For negative controls, cells were incubated with fresh media 

containing the drug vehicle only (methanol for paclitaxil and water for doxorubicin). 

Drugs were used at different concentrations: Doxorubicin (0.5, land 2pM/ml) and 

Paclitaxil (10, 50, and 100 nM/ml). Cells were incubated with the drug for different 

time periods (12, 24 and 48 hours) (figure 2.1). For protein extraction and western 

blotting, media containing the drug were removed and cells harvested after washing
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once with PBS. For immunocytochemistry, cells were fixed immediately after removal 

of the drug.

CELL LINES

PLATE ON COVERSLIPS
(Different densities to give double 
the number of plated cells after 

48h)

PLATE ON 10CM 
CULTURE PLATES

(5xl06 cells/plate)

TREATMENT
Paclitaxil (10, 50, and lOOmM) 

Doxorubicin (1& 2 pM/ml)
For (12, 24 & 48h)

IMMUNOCYTOCHEMISTRY
For p53 (DO-7, PHOS) Bax,
WAF-1, BrdU, M30 and ChK2

WESTERN BLOTTING
For p53 (DO-7, PHOS) 
Bcl-2, Bax, Survivin and 

XIAP

Figure 2.1: summary of cell lines methods: plating, treating cells, different 
techniques and antibodies used.
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2.4 Immunocytochemistry

2.4.1 Optimization of the immunocytochemical technique
Optimization of fixation: five different fixation methods were used to find one that gave 

the best staining intensity with the least background (table 2.2).

Fixative Duration of Temperature at
incubation incubation

50% acetone in methanol 7 mins 4°C

Acetone alone 7 mins 4°C

4% freshly prepared 10 mins 4°C
paraformaldhyde,
followed by:
50% Acetone in Methanol 7 mins -20°C

4% paraformaldhyde, 10 mins 4°C
followed by:
Methanol 7 mins -20°C

Methanol alone 10 mins -20°C

Table 2.2: summary of different fixatives tested.

Fixation of cells with Methanol alone at -20°C for 10 mins gave the best staining quality 

and the least background. Consequently, this fixation method was used in the all 

subsequent experiments.

Optimization of primary antibodies: different dilutions were used according to 

manufacturer’s data sheets to give the best staining intensity as well as the least extent 

of non-specific background staining (Table 2.3).
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Primary
antibody

Company Optimized
concentration

DO-7 (P53) Novocastra 1 100
P53 PHOS Novocastra 1 50
CM1 (P53) Novocastra 1 1000
BCL-2 Novocastra 1 80
BAX Dako 1 25
BCL-XL Novocastra 1 40
ChK2 Novocastra 1 25
WAF-1
(P21)

Novocastra 1 20

M30 (apoptosis) Roche 1:100
BrdU
(proliferation)

Dako 1:200

Table 2.3: Different primary antibodies used for immunocytochemistry and their 
working dilutions

Optimization of secondary antibodies: different concentrations were used; rabbit anti­

mouse biotinylated secondary antibody was used with monoclonal primary antibodies 

and swine anti-rabbit biotinylated secondary antibody with polyclonal primary 

antibodies. 1:400 concentration (for anti-mouse secondary), and 1:600 (for anti-rabbit) 

gave the best staining quality.

Optimization of other staining steps: washings for different periods (2x5min, 3x5 mins 

and 2x10 mins) were tested as well as the duration of incubation of DAB solution and 

haematoxylin counterstaining.

2.4.2 Immunocytochemical methods
Cells were fixed in 2mls of methanol for lOmins at -20 C, and then washed twice in 

PBS. Non-specific staining was blocked with normal serum diluted 20% in PBS, 

species depending on nature of the primary antibody. Cells were incubated for 10 

minutes. Primary antibodies were diluted in 20% normal serum to the appropriate 

. concentration (table 4.2) and cells incubated overnight at 4°C. For negative control
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staining, the primary antibody was omitted and coverslips were incubated with the 

normal serum only.

Excess primary antibody was removed and coverslips washed in PBS containing 0.1% 

BSA, 2x 5 minutes before incubation with the secondary antibody. Cells were incubated 

with the appropriately diluted secondary antibody for 30 mins at room temperature with 

agitation on a rocking platform.

The ABC solution was prepared and left for 30 minutes to form the ABC complex. 

After removal of the secondary antibody, cells were washed 2x5 minutes with 

PBS/0.1% BSA and then incubated with the ABC solution for 30 minutes at room 

temperature.

Excess ABC was removed and cells washed with lxTBS, 2x5 minutes. Cells were 

incubated with the DAB solution for 10 mins, rinsed in lxTBS, counterstained with 

Mayer’s hematoxylin, rinsed in tap water and then coverslips were mounted in one drop 

of Aquamount on a glass slide and left to dry.

2.4.3 Bromodeoxy uridine (BrdU)-labeling method for staining of 
proliferating cells
Cells were incubated with 1ml of fresh medium containing 1.53 mg/ml of BrdU for 

three hours at 37 °C prior to termination of culture. After fixation, cells were incubated 

in 2N HC1 solution (prepared by diluting concentrated HC1 with RO water 1:4 v/v) for 

30 mins at room temperature with agitation. HC1 solution was removed and cells were 

washed in 0.1 M sodium tetraborate, pH 8.5, for 2x5 minutes. Sodium tetraborate 

solution was removed and cells were washed with TBS containing 0.1% BSA. 

Immunostaining as described above was then undertaken.
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2.4.4 Immunostaining of apoptotic cells by M30
For immunostaining of apoptotic cells by M30 antibody, the standard protocol was used 

apart from the addition of 0.1% Tween 20 to washing buffer solution (PBS containing 

0.1% Tween 20) for all washing steps and the use of an incubation buffer solution (PBS 

containing 1% BSA and 0.1% Tween 20) for all dilutions of primary and secondary 

antibodies and for blocking the non-specific staining.

2.4.5 Assessment of the immunostaining

Positive cells showed either nuclear staining as for p53 or cytoplasmic staining as for 

bax and bcl-2. For the assessments of nuclear staining, 1000 cells were counted for each 

coverslip and the percentage of positive cells (any degree of staining intensity) were 

calculated. Assessment of cytoplasmic staining depended on the staining intensity only, 

regardless of the extent; four different categories were used (no staining, faint, 

moderate, or strong staining). For evaluation of bax following treatment of cells the H- 

Score was used ( I  % of cells strong x3; % cells moderate x2; % cells faint xl).

2.5 W estern blotting m ethods

2.5.1 Protein extraction
Cells were cultured in 100mm cell culture dishes. Media either with or without drug 

were removed and cells washed with PBS. After removal of PBS, 200 pi of lysis buffer 

with protease inhibitors was added and cells were scraped thoroughly. Lysis buffer 

containing cells was removed into an eppendorf and cells were disrupted by needling to 

obtain the total protein extract. Cells and lysates were kept on ice to avoid protein 

degradation. Cytoplasmic extracts were obtained by centrifugation of lysates at 13000 

rpm for 5 mins at 4°C. Supernatants were aliquoted, snap frozen in liquid nitrogen and 

stored at -80°C.
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2.5.2 Measurement of protein (Bradford method)
In order to obtain equal loading of protein for electrophoresis, the amount of protein in 

each sample was determined. A standard curve was constructed using two solutions of 

BSA (2pg/ml and 6pg/ml) (table 2.4) and (figure 2.2).

BSA
solution

Volume of 
BSA

Volume of 
water

BSA
concentration

2pg/ml 0 pi 1ml O(blank)

100 pi 900 pi 0.2 pg/ml

200 pi 800 pi 0.4 pg/ml

400 pi 600 pi 0.8 pg/ml

600 pi 400 pi 1.2 pg/ml

800 pi 200 pi 1.6 pg/ml

1000 pi 0 pi 2.0 pg/ml

6pg/ml 500 pi 500pl 3 pg/ml

600 pi 400pl 3.6 pg/ml

700 pi 300pl 4.2 pg/ml

800 pi 200pl 4.8 pg/ml

1000 pi Opl 6.0 pg/ml

Table 2.4: BSA solutions for preparation of protein standards.

One part of Dye Reagent Concentrate was diluted with 4 parts distilled, deionized water 

and filtered through 0.2 pm Acrodisc Syringe Filter to remove particles. Ten pi of each 

BSA standard solution was added to 1 ml of the dye reagent, mixed and left at room 

temperature for 15 mins. For each test, 10 pi of the protein lysate was added to 1 ml of 

the dye reagent and the absorbance was measured at 595 nm using GENYSIS 

Spectrophotometer.
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protein standard curve

2.5
y = 0.3107x + 0.303:

♦ Seriesl 
^L inear (Seriesl)

0.5

Figure 2.2: protein standard curve constructed by the absorbance values of BSA 
protein concentrations.

The absorbance values of protein lysates were used to determine the amount of protein 

in each lysate. Equal amounts of proteins were used after working out the total amount 

(including protein, loading buffer and the inhibitors) to be loaded in each lane.

2.5.3 Gel electrophoresis
Ten % or 12% separation gels were set up, they were made from:

10% 12%

6.0ml 5.0 ml H20
3.75 3.75 ml 1.5 M Tris-HCl (pH 8.8)
5.0 6.0 ml 30%AA, 0.8% BisAA
150 pi 150pl 10% SDS
1 5 0 jlU 150pl 10% APS
15 pi 15pl TEMED

Stacking gel was set up on top of separation gel, was made from:

1.4ml H20
30% (0.33ml) Polyacrylamide gel (protogel)
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10% (20 pi) APS 
2 (0.1 TEMED

Protein samples were prepared from: 50pg of protein lysates of known concentrations 

were mixed with 4x loading buffer (1 M tris pH6.8, Glycerol, Betamercaptoethanol, 

10% SDS, and Bromophenol blue) and heated at 100°C for 10 mins.

Protein samples were loaded in the stacking gel; also 5-10 pi of a protein marker was 

loaded in one lane to indicate the size of the protein bands. Proteins were separated by 

gel electrophoresis at 100 volts in lx running buffer at room temperature.

2.5.4 Protein transfer
Separated proteins were transferred, using a semi-dry method, from the gel onto 

nitrocellulose membrane in the following order:

• Filter paper soaked in transfer buffer with no methanol

• Membrane

• Gel

• Filter paper again soaked in transfer buffer with methanol

Air bubbles were removed, the machine was adjusted to 10-15 volts and the mA 

estimated according to the gel surface area to not exceed 5 mA /cm2. Proteins were 

transferred for 45mins-lhour. After completing the transfer, membranes were stained 

with Ponceau’s solution to confirm protein transfer.

2.5.5 Membrane staining
Non-specific staining was blocked with 5% Marvel skimmed milk solution in TBST for 

30 minutes. Primary antibodies were diluted in TBST; membranes were incubated with 

the primary antibody solution overnight at 4°C, and then washed in TBST, 3x10 mins 

over the rocking platform (table 2.5).
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the primary antibody solution overnight at 4°C, and then washed in TBST, 3x10 mins 

over the rocking platform (table 2.5).

For XIAP, non-specific staining was blocked by incubating the membrane in a blocking 

solution containing 2% nonfat dry milk in blotting buffer (25 mM Tris HC1 pH 7.4, 0.15 

M NaCl, and 0.1 % Tween 20) for one hour. The Goat anti-XIAP antibody was diluted 

in 1 % nonfat dry milk in the XIAP blotting buffer/ pH 7.4 and membranes were 

incubated overnight at 4°C.

For Survivin, membranes were blocked for non-specific staining by incubation 

overnight in blotting buffer containing 100 mM Tris HC1 pH 7.4, 0.15 M NaCl, and 0.2 

% Tween 20. The anti-Survivin antibody was diluted in 3 % nonfat dry milk in 1 % 

BSA and applied for one hour at room temperature.

Primary antibody Working dilution Source

P53 (DO-7) 0.035 pg/ml Novocastra

P53 Phosphospecific 0.03 pg/ml Novocastra

Bax 2-5pg/ml Oncogene

Bcl-2 2-5 pg/ml Oncogene

Survivin 2 pg/ml Abeam

XIAP 1 pg/ml R&D

Table 2.5: summary of primary antibodies used for western blotting with the 
working concentration.

Secondary antibodies were diluted in TBST, the anti-rabbit peroxidase linked secondary 

antibody (1:2,000) was used for polyclonal antibodies and the anti-mouse, peroxidase 

linked secondary antibody (1:5000) for the monoclonal antibodies. Membranes were 

incubated with secondary antibody for 1 hour over the rocking platform at room 

temperature. For XIAP, the anti-goat Ig with HRP-conjugated antibody was used in a 

concentration of 1:2000 and diluted in the blotting buffer (25 mM Tris HC1, pH 7.4, 

0.15 M NaCl And 0.1 % Tween 20).
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Membranes were washed in TBST, 3x10 minutes over the rocking platform. For XIAP, 

membranes were washed in blotting buffer for one hour with frequent change of buffers 

and containers. For Survivin, membranes were also washed for one hour in blocking 

buffer with five or more changes of the washing solution. The ECL (Enhanced 

Chemiluminescence) was used for one minute as a detection solution: membranes were 

wrapped in a Saran film, exposed to x-ray film for 2-5 minutes and then developed.

2.5.6 Optimisation of the western blotting technique
For p53 protein expression by western blotting, two primary antibodies were used (DO- 

7 and p53 PHOS) at different concentrations; the optimized dilution for DO-7 was 

1:3000 after testing a range of dilutions 1:1000 to 1:5000, and for p53 PHOS was 

1:1000 after testing a range of 1:500 to 1: 3000.

The optimized secondary antibody dilution was 1:5000 for monoclonal antibodies and 

1:2,000 for polyclonal antibodies, followed testing ranges from 1: 2000 to 1:10,000.

For detection of bax protein, the following were evaluated:

1-Different lysis buffer containing:

- 50 mM HEPES, pH 7.4
- 50 mM NaCl 
-10% Glycerol 
-0.1% Tween 20

2-Different time periods for the protein transfer (30 mins-75 mins).

3-Different concentrations of the primary antibody (1, 2 and 5pg/ml).

Bax peptide (Oncogene) and MCF-7 breast cancer cells treated with doxorubicin were 

used as positive controls.

2.5.7 Reprobing for vinculin
This was undertaken to check protein loading. 50ml of stripping buffer was mixed with 

400 pi of Betamercaptoethanol (BME) and preheated to 60° C in the incubator. The 

blots were incubated for 45 minutes at 60° C in the incubator; then washed in TBST

72



Chapter 2 Materials and Methods

three times / 5 minutes each. Membranes were re-blocked for non-specific staining in 

10% non-fat dry milk (Marvel) in TBST overnight at 4° C and then washed in TBST 

five times/ 5mins each.

The primary antibody (mouse anti-alpha vinculin) from Oncogene was applied in a 

dilution of 1: 1000 for 2 hours at room temperature in 5% non-fat dry milk, followed by 

washing in TBST five times/ 5mins each. Secondary antibody (Goat anti-mouse) was 

applied in 1:2000 concentration in 5% non-fat dry milk after washing in TBST five 

times/ 5mins each. Protein was detected by using ECL.

2.6 Immunohlstochemistry

Each case was anonymised. A representative formalin-fixed and paraffin-embedded 

tissue block from each case was selected by the Pathology Directorate R&D technician 

K.K. who checked that there were sufficient materials within the blocks, cut sections (4 

pm thick) from each block and labeled them with the code. Sections were put on a 

previously vectabond-coated glass slides and left to dry overnight at 37°C before use.

Sections were dewaxed in xylene with periodic agitation for 5 minutes, rehydrated 

through graded alcohols with draining in-between each solvent as follows: Xylene/2 

minutes, 99% IMS/2x2 minutes, 95% IMS/2 minutes. Sections were washed in running 

tap water for 5 minutes and then rinsed in distilled water.

2.6.1 Blocking endogenous peroxidase
All sections were immersed in 2% Hydrogen Peroxide (H2O2) in water for 10 minutes 

apart from those sections to be stained with antibodies against Survivin and XIAP. 

These were blocked directly from alcohol by immersion in 2% Hydrogen Peroxide in 

Methanol for 10 minutes. Sections were washed in tap water for 2 minutes and then 

rinsed in distilled water.
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2.6.2 Antigen retrieval method
Antigen retrieval was achieved using pressure cooker Prestige, model number 6189. 

Sections were placed in the pressure cooker containing 1.5 L of 0.2 M citrate buffer 

solution pH 6.0 and brought to the boil with the lid unlocked. Slides were put in metal 

slide racks in the boiling buffer and the lid locked, when the large pressure indicator 

rose. Slides were then gently cooled by filling the pressure cooker with tap water, 

washed in running tap water for 5 mins, rinsed in distilled water and then equilibrated in 

TBS for 5 mins.

2.6.3 Optimization of antigen retrieval

Initially, sections were immunostained with and without antigen retrieval by pressure 

cooking. None of the antigens studied was detected without pressure cooking. Slides 

were cooked for different time periods 2, 4 and 6 minutes, almost all of monoclonal 

antigens were detected after 2 minutes of pressure cooking. XIAP antigen was optimally 

detected after continuous cooking for 4 minutes, while Survivin antigen was detected 

after 2 subsequent pressure cookings for 2 minutes each (table 2.6).

Antibody Duration of pressure cooking

Survivin

XIAP

All other antibodies

2mins followed by 2mins 

4 mins continuous 

2 mins

Table 2.6: The optimized duration of pressure cooking for different antigens. 

2.6.4 Immunostaining method
Sections were placed in a humid chamber on a rocker platform; non-specific staining 

was blocked by normal serum diluted 1:5 in TBS; normal swine serum for blocking 

sections to be stained with polyclonal antibodies and normal rabbit serum for 

monoclonal antibodies, 100 pi was applied for each section for 20 minutes. Normal
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serum was taken off and 100 pi of the appropriately diluted primary antibody was 

applied to each section and incubated overnight at 4°C (in cold room) (table 2.7).

Antibody Optimized
Concentration

P53 D07 1:50

P53 PHOS 1:25

WAF-1 1:20

ChK2 1:40

Bcl-2 1:80

Bax 1:50

MIB-1 1:100

M30 1:200

Survivin 1:400

XIAP 1:800

Table 2.7: Primary antibodies for immunohistochemistry

Primary antibody was rinsed off with TBS and then sections were washed in fresh 

buffer for 5 minutes. Slides were replaced into the humid chamber. 100 pi of the 

appropriately diluted biotinylated secondary antibody was applied to each section for 30 

minutes at room temperature (table 2.8).

The ABC solution was prepared immediately after applying the secondary antibody: 

TBS, 1000 pi,

Streptavidin, lpl,

Biotinylated Horseradish Peroxidase, 1 pi.
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Secondary Antibody Working

Dilution

Biotinylated Rabbit anti-mouse 1:400

Biotinylated Swine anti-rabbit 1:600

Biotinylated Rabbit anti-goat 1:600

Table 2.8: the optimized working dilution of different secondary antibodies.

After rinsing and washing in fresh buffer for 5 minutes, 100 pi of the ABC solution was 

applied on each section for 30 minutes followed by further washing. The DAB 

(diaminobenzidine) solution composed:

TBS, 9.4 mis

An aliquot of Dab (500 pi) 

lOOpl of 3% H 20  2,

100 pi of the DAB solution was applied for 5 minutes at room temperature. Sections 

were rinsed off in TBS and then washed in running tap water for 5 minutes, 

counterstained with Mayer’s Haematoxylin for 15 seconds followed by washing in 

running tap water for 5 minutes to remove excess dye.

Sections were rehydrated with periodic agitation through graded alcohols to xylene as 

follows: 95%/ 2mins, 99% /2x2mins, and xylene/ 2mins then transferred to fresh 

xylene and mounted in DPX using the appropriate size coverslips.

2.6.5 Controls
o

Negative Controls: Sections were incubated with the normal serum overnight at 4 C 

instead of the primary antibody.
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Positive Controls: Sections from breast tumours previously determined to express the 

antigen were used as positive control with each batch of staining. For bax and bcl-2, 

sections of normal breast tissue were used as positive controls. Lymphocyte infiltrate 

and the remains of normal breast epithelium around the tumor were served as internal 

positive controls.

2.6.6 Immunohistochemical staining for apoptosis by M30

For M30 immunostaining, the same method as mentioned above was used apart from 

using an incubation buffer (lxPBS containing 1% BSA and 0.1% Tween 20) for 

blocking the non-specific staining and for dilution of both primary and secondary 

antibodies. Washing buffer (lxPBS containing 0.1% Tween 20) was also used for all 

washes.

2.6.7 Analysis of immunohistochemical staining

Antibody Evaluation method Reference

Survivin
Semi quantitative according to the percentage 
of cells expressing distinct nuclear and/or 
cytoplasmic staining. At least five high power 
fields x40 were assessed in each slide. For 
nuclear staining 0 =< 5%, 1= 5-<10%, 2=10 
%-< 20%, 3=>20%. For cytoplasmic staining, 
0=faint or negative, Immoderate and 
2=strong. Both scores were added together to 
get the final Survivin score.

Kennedy et al. 
(2003).

MIB-1 The number of positive cells was counted in 
1000 cells in at least 5 high power fields and 
the percentage was considered as a 
proliferation index.
<20 % positive = low proliferation index 
20% or more= high proliferation index

Faneyte et al. (2003).
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M30 The number of apoptotic cells was counted in 
1000 cells in 5 high power fields and the 
percentage was estimated and considered as 
the apoptotic index. The number of apoptotic 
cells was also counted in 10 high power fields 
for further assessment of apoptosis.

Koomstra et 
al.(2004). 
Kataoka et al. 
(2004).

Bax The bax staining was homogenous in all
sections, consequently, the intensity of
staining was assessed as:
l=negative or faint
2=moderate
3=strong
Moderately and strongly stained tumours 
were classed as positive.

Rochaix e al. (1999).

Bcl-2 Semi-quantitative assessment, each tumour 
was assigned to one of the following groups: 
0(0-4%), 1(5-25%), 2(26-50%), 3(51-75%), 
4(76-100). The intensity of staining was 
determined as 0(negative), 1+ (faint), 2+ 
(moderate), and 3+ (strong). The intensity 
was judged relative to lymphocytes or normal 
breast tissue within tumour which was 
designated 2+. The overall score was 
calculated by combining both scores together.

Krajewska et al. 
(1996).

Waf-1 The number of positive cells was counted in 
1000 cells in at least 5 high power fields and 
the percentage was estimated. Cases were 
classified as positive (>5% positive cells) or 
negative (<5% positive cells).

Modified from Rey 
et al. (1998).

ChK-2 The number of positive cells was counted in 
1000 cells in at least 5 high power fields and 
the percentage was estimated.
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P53 (DO-7) 
P53 PHOS

Positive cells were counted in 1000 cells in at 
least 5 high power fields and the percentage 
was estimated. Cases considered as 
Negative= <20% positive cells 
Positive =20% or more

Walker et al. (1996).

XIAP The XIAP was assessed according to the 
intensity of staining as 
1: Negative or faint staining 
2 : Moderate 
3: Strong

Table 2.9: Methods of assessing the immunocytochemical staining with their 
corresponding references.

2.7 Statistical analysis
The SPSS version 12.0 for Windows program was used for statistical analysis, data 

variables were entered either as continuous variables such as (patient age, duration of 

survival or tumour size) or as grouping variables (high/low or -ve/+ve). The frequency, 

mean, median, and the range values were calculated for each variable. For grouping of 

continuous variables, the cutoff points were estimated according to the normal 

parametric distribution (33.0 and the 66.0 percentiles) or according to the standard 

classifications (non-parametric).

Chi2-test was used to compare two or more grouping variables. The Independent 

Samples T-Test was used to compare grouping variable with two groups against a 

continuous dependent variable. When the grouping variables contained three or more 

groups, the One-Way ANOVA test was used to compare this variable against a 

continuous variable. Alternative to One-Way ANOVA, grouping variables, which does 

not follow the normal distribution, were analyzed with the non-parametric Kruskall- 

Wallis Test. The Log Rank Kaplan-Meier Test was used to assess the relation of 

grouping variable against the duration of survival
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Cox regression analysis was used to determine the strongest factor that predicts patient 

survival or response to treatment.
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CHAPTER 3:

CHARACTERIZATION OF BREAST CELL 
LINES FOR P53 AND APOPTOTIC 

REGULATORY PROTEINS.
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Introduction

A large amount of information about breast cancer is based on in vitro studies using 

breast cancer cell lines. One reason is that cell lines can be easily cultured in simple 

defined media and can provide unlimited, homogenous and self-replicating material for 

analysis. The breast cancer cell lines used in this thesis were all originally from 

metastasis to pleura (MCF-7, MDA-MB 231, T47-D, MDA-MB-436 and MDA-MB- 

468), peritoneum (ZR-75) and had been isolated from pleural and ascetic fluids. HBL- 

100 cells were established from a breast milk sample obtained from an early lactating 

healthy woman (Gaffney, 1982). However they were found to carry SV40 genetic 

information (Caron de Fromentel et al., 1985) and in culture they show features of 

transformation.

Although there are benefits in using cell lines in cancer biology, there are also 

drawbacks. One question is the representativeness to primary tumours. In addition long­

term culture and culture of cells under different conditions in different laboratories may 

induce genotype or phenotype alterations (Lacroix and Leclercq, 2004).

Estrogen receptor (ER) status is a prominent criterion for classification of breast cancer 

cell lines since it plays a crucial role in breast cancer biology and treatment. Cell lines 

also vary with relation to tumour suppressor gene p53 mutation status. The aim of this 

part of the study was to characterize a group of breast cancer cell lines with regard to 

apoptosis, proliferation and the expression of p53 and other apoptotic regulatory 

proteins prior to using them in in vitro model systems.

Methods
This part of the study involved 7 different breast cell lines, classified according to their 

estrogen receptor (ER) status and p53 mutation status. These were MCF-7 (ER+ve, p53 

w.t), ZR-75 (ER+ve, p53 w.t), T47-D (ER +ve, p53 mutant), MDA-MB-468 (ER -ve, 

P53 mutant), MDA-MB-231 (ER -ve, p53 mutant), MDA-MB-436 (ER -ve, p53 status 

unknown), HBL-100 (ER -ve, p53 stabilized). All cells were grown on coverslips and
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in flasks and cell numbers were adjusted in relation to growth rate (see section 2.1 and

2.8). All were analyzed by immunocytochemistry for proliferation (BrdU), apoptosis 

(M30), p53 (DO-7, CM-1 and phosphospecfic p53), p21waf'1, ChK-2, bcl-XL, bax, bcl-2. 

They were also analyzed by western blotting for p53 (DO-7 and phosphospecific p53), 

bcl-2 and the inhibitor of apoptosis proteins Survivin and XIAP (for western blotting 

methods see section 2.10).

Results 

3.1 Growth regulation

3.1.1 Growth curve
Before using the cell lines in experiments, it was necessary to assess their growth 

behavior. Experiments were performed in triplicate and cell numbers were counted at 

24h, 48h and 72h. Growth curves were constructed to calculate the doubling time for 

each cell line, so that in subsequent experiments comparable numbers of cells were 

used for each cell line (see section 2.8.3). Table 3.1 shows the mean number of cells for 

the three experiments at different time periods. ZR-75 cells showed the maximum 

number of cells at 48h and 72h, while HBL-100 cells were the slowest growing cell line 

at the different time points (figure 3.1).

3.1.2 Proliferation-BrdU-labeling
Incorporation of BrdU gives more precise information about the percentage of cells in S 

phase. All cells were cultured in triplicate and percentages of cells in S phase were 

assessed at 48 hours. Clear nuclear staining was seen (figure 3.2). The results were 

obtained by counting a minimum of 1000 cells. HBL-100 cell line showed the highest 

level of proliferation (48 %) and T47-D the lowest (26.39) with the remainder being 

between 35 and 42 %.
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Cell Line
24 h 48 h 72 h

Mean ± SD Mean ± SD Mean ± SD

MCF-7 24 ± 1.52 50 ± 5.19 69 ±4.4

T47-D 54 ±3.78 83 ± 3.02 143 ± 4.72

MDA-MB-
231

34 ± 3.90 62 ± 6.37 115 ± 6.8

MDA-MB-
468

39 ± 4.64 71 ±8.18 108 ±8.61

ZR-75 45 ± 2.70 91 ±4.78 173 ± 16.75

MDA-MB-
436

38 ± 0.75 52 ±5.57 83 ±5.10

HBL-100 15 ± 3.51 30±3.51 53 ±3.78

Table 3.1: mean number of cells at different time points.
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Figure 3.1: growth chart for different cell lines at different time points.

84



Chapter 3 Cell Line Characterization

Cell line 

Marketv
MCF-7 T47-D 231 468 ZR-75 436 HBL-

100

Proliferation
(BrdU)
%±SD

42.3
±1.13

26.39
±4.65

42.88
±2.51

35
±0.70

41.6
±5.65

38.1
±2.96

48
±1.41

Table 3.2: Proliferation by BrdU for different cell lines.

T47-D

HBL-100

< * .

Figure 3.2: proliferation by BrdU in breast cell lines. Nuclear labeling of cells that 
have incorporated BrdU.
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3.1.3 Apoptosis- M30
M30 detects cytokeratin 18 that is cleaved in early apoptosis. All cells were cultured in 

triplicate for 48 hours prior to immunostaining. Apoptotic cells stained with M30 were 

usually smaller in size and the nuclei were condensed and dark. The staining was 

cytoplasmic (figure 3.3). Results were obtained by counting a minimum of 1000 cells 

and determining the percentage. Generally the number of apoptotic cells was low in all 

cell lines (range 0.7- 2.0 %) being maximum in T47-D cells and least in MDA-MB-231 

cell line (table 3.3).

X r y /  Line 

M arker\.
MCF-7 T47-D 231 468 ZR-75 436 HBL-

100

Apoptosis 
(M30) %±SD

0.9
±0.25

2.0
±0.05

0.8
±0.30

0.9
±0.28

0.7
±0.1

1.0
±0.15

0.8
±0.14

Table 3.3: Apoptosis as assessed by M30 for all cell lines.

3.2 Biological m arkers

3.2.1 P53
Three different anti-p53 antibodies, two monoclonal (DO-7 and phosphorylated p53) 

and one polyclonal (CM-1) were used to assess the seven human breast cell lines. All 

cells were cultured in triplicate for 48 hours prior to immunostaining and protein 

extraction for western blotting.

3.2.1.1 P53 (DO-7)

Immunocytochemisry
P53 (DO-7) was demonstrated as nuclear (figure 3.4). Cell lines which are known to 

have wild-type p53 (MCF-7& ZR-75) had less than 10% of cells showing strong 

nuclear staining and were therefore considered as negative for p53.
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T47-D ZR-75
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Figure 3.3: Apoptosis by M30 in different cell lines, apoptotic cells showed 
cytoplasmic staining and dark nuclei.
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Those known to have p53 mutations (MDA-MB-231, MDA-MB-468, and T47-D) 

showed strong staining in a high percentage of cells. The percentage of positive 

staining was also very high in the HBL-100 cell line, which has a stabilized p53 protein 

(99.4%). MDA-MB-436, for which p53 mutation status was unknown failed to show 

any staining with this antibody (table 3.4).

\ C e l l  Line

MarkeF\
MCF-7 T47-D 231 468 ZR-75 436 HBL-

100

P53 (DO-7) 6.0 97.7 96.1 97.0 9.0 0.0 99.4
%±SD ±0.7 ±0.98 ±1.48 ±4.24 ±1.67 ±0 ±0.58

Table 3.4: P53 by DO-7 in different cell lines.

Western Blotting
Western blot analysis was performed to confirm p53 protein expression detected by 

immunocytochemistry. Equal amounts of protein (50 pg) were loaded in each lane, 

separated by gel electrophoresis and then transferred onto a nitrocellulose membrane. 

Using the p53 DO-7 antibody, which reacts with both wild-type and mutant p53 

proteins, the presence of immunodetectable p53 was shown in 4 cell lines (MDA-MB- 

231, MDA-MB-468, T47-D and HBL-100). In those with wild-type p53 (MCF-7 and 

ZR-75) protein bands were either very faint or absent. MDA-MB-436 cells did not 

express p53 (figure 3.5 A &B).

88



Chapter 3 Cell Line Characterization

ZR-75 MDA-MB-468
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Figure 3.4:P53 (DO-7) immunocytochemistry in different cell lines. Number of 
positive cells was very low in ZR-75, very high in, MDA-MB-468, and T47-D. No 
immunoreactivity in MDA-MB-436.
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T47-D 231 ZR-75 T47-D 231 ZR-75

53 KDa

1:3000 1:5000

53 KDa

B
1:3000

Figure 3.5: W estern blotting for p53 by DO -7. 50 pg of protein was loaded in each 
lane. A, two concentrations of primary antibody, 1:3000 was better than 1:5000. B, 
shows protein expression in all cell lines. Lane 1: MCF-7, lane 2:T47-D, lane 3: ZR-75, 
lane 4: MDA-MB-231, lane5: MDA-MB-436, lane 6 : HBL-100 and lane7: MDA-MB- 
468.

3.2.1.2 P53 (Phosphospecific p53)

Immunocytochemistry
The antibody to phosphospecific p53 detects the protein phosphorylated at serine 392. 

Cells with wild-type p53 had very low levels of reactivity while those with mutant form 

of p53 had high levels. The extent of reactivity was similar to that with DO-7 for T47- 

D, MDA-MB-468 and HBL-100, but was less for MDA-MB-231 (48.1 %) (table 3.5) 

and (figure 3.6). MDA-MB-436 again showed no reactivity.
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^ \C e U  Line 

M aitcr N v
MCF-7 T47-D 231 468 ZR-75 436 HBL-

100

P53 3.93 95.5 45.6 96.9 3.9 0.0 99.6
phosphospecific
%±SD

±1.68 ±6.05 ±2.92 ±4.31 ±0.54 ±0 ±0.45

Table 3.5: phosphospecific p53 in different cell lines. MCF-7 and ZR-75 showed 
very low percentage of positive cells in comparison to other cell lines. No staining was 
detected in MDA-MB-436 cells.

Western blotting
The presence of immunodetectable phosphorylated p53 was shown in 4 cell lines 

(MDA-MB-231, 468, T47-D and HBL-100), the level in MDA-MB-231 cells being 

lower than the others. In those with wild-type p53 (MCF-7 and ZR-75) no 

immunoreactivity was detected, and the same for MDA-MB-436 cells (figure 3.7).
ZR-75 T47-D 231

53 KDa

Figure 3.7: western blotting for phosphorylated p53 in some cell lines. 50 pg of
protein was loaded in each lane; the primary antibody concentration was 1:1000. 231 
showed lower level.

3.2.1.3 P53 (CM-1)

Immunocytochemistry
CM-1 is a polyclonal antibody that detects both wild-type and mutant protein. The 

results obtained were similar to those with DO-7, in that those cells with mutant or 

stabilized forms of p53 had higher levels of reactivity while those with wild-type p53 

had a very low percentage (table 3.6) and (figure 3.8).
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Line

Marker
MCF-7 T47-D 231 468 ZR-75 436 HBL-

100

P53 (CM-1)
%±

5.9
±0.0

98.9
±1.55

98.7
±0.35

99.5
±0.70

7.4
±0.83

0.0
±0.0

99.9
±0.14

Table 3.6: P53 (CM -1) in different cell lines.

iurr.7 ZR-75

HBL-100 ft.

Figure 3.6: N uclear staining for phosphospecific p53 with high levels in T47-D  and  
H BL-100 cells.
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HBL-100ZR-75

MDA-MB-231 T47-D

Figure 3.8:P53 (C M -1) im m unocytochem istry in different cell lines. Number of 
positive cells was very low in MCF-7 and ZR-75, very high in MDA-MB-231 and T47- 
D.
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3.2.2 P53 effector proteins

3.2.2.1 P21wqf-'

Immunocytochemistry
P21, also called (waf-l/CIP-1) is a cyclin-dependant kinase inhibitor working 

downstream to p53. It blocks the progression of the cell cycle at the Gl/S transition 

phase and also involved in G2/M phase. The percentage of cells showing reactivity for 
p2 jwaf-i after 4 g ^0 ^ 3  0f  culture was generally low but was greater in those that were 

wild-type for p53 (MCF-7 and ZR-75) (table 3.7) (figure 3.9). As for p53, MDA-MB- 

436 did not show any staining.

^ x .C ell Line

M a r k e r \ .
MCF-7 T47-D 231 468 ZR-75 436 HBL-

100

p2jwaf-l 7.8 2.8 2.1 1.0 6.6 0.0 3.9
%±SD ±2.17 ±0.75 ±0.45 ±0.07 ±2.1 ±0 ±2.07

T able 3.7: P21waf_1 in different cell lines.

3.2.2.2 ChK-2 

Immunocytochemistry
ChK-2 is an essential upstream regulatory protein of p53. Upon exposure to genotoxic 

stress, ChK-2 becomes activated and then propagates the signal to the DNA-damage 

checkpoint cascades of which p53 is the main factor. Consequently, alterations in ChK- 

2 may disable the action of p53. Immunocytochemical analysis of ChK-2 in breast cell 

lines cultured for 48 hours revealed nuclear staining, which was homogenous in extent 

and ranged from moderate to faint. Therefore, assessment of staining was based on 

intensity rather than on the percentage of positive cells. MCF-7, T47-D and MDA-MB- 

436 showed moderate staining while in the other cell lines it was faint (table 3.8) 

(figure 3.10). Similar results were obtained from three experiments.
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ZR-75MCF-7

* % •  *

HBL-100T47-D

Figure 3.9: p21waflnuclear reactivity in d ifferent cell lines.
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\  Cell 
Lines' ^

Marker

MCF-7 T47-D 231 468 ZR-75 436 HBL-
100

ChK-2 Mod. Mod. Faint Faint Faint Mod. Mod.

Table 3.8: ChK2 im m unocytochem istry in d ifferent cell lines.

3.2.3 Bcl-2 fam ily proteins

3.2.3.1 Bcl-2
The expression of bcl-2 was assessed by both immunocytochemistry and western 

blotting.

Immunocytochemistry
Cells were cultured for 48 hours in triplicate. Bcl-2 was detected in 6  out of the seven 

cell lines with MDA-MB-436 being negative. The staining was homogenous among 

cells from the same cell line and the intensity ranged from faint to strong; ZR-75 

showed the strongest staining in comparison to other cell lines (figure 3.11).

Bcl-2 western blotting
Two different concentrations of bcl-2 primary antibody were used for western blotting 

(1 and 5 pg/ml). The first concentration revealed a strong band at the level of 26 KDa 

corresponding to the bcl-2 protein in one cell line only (ZR-75) (figure 3.12A). When 

more concentrated antibody was used, the same cell line (ZR-75) had the strongest 

band but bcl-2 was detectable in all but not in T47-D cells (figure 3.12B).
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MCF-7 T47-D

MDA-MB-231 HBL-100

Figure 3.10: ChK2 im m unocytochem istry in cell lines.
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ZR-75 HBL-100

MCF-7 MDA-MB-436

%

Figure 3.11: Bcl-2 im m unocytochem istry, the staining ranged from strong (ZR- 
75), moderate (HBL-100), faint (MCF-7) and totally negative in MDA-MB-436.
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26 KDa

Figure 3.12A: Bcl-2 by western blotting, equal amounts of protein lysates (50pg) 
were loaded in each lane on 1 2 % polyacrylamide gel, then the membranes were blotted 
for bcl-2, lpg/ml antibody, lanes 1-7: MCF-7, ZR-75, HBL-100, MDA-MB-231, 
MDA-MB-436, MDA-MB-468 and T47-D.

26 KDa

Figure 3.12B: Bcl-2 by western blotting, equal amounts of protein lysates (50pg) 
were loaded in each lane on 1 2 % polyacrylamide gel, then the membranes were blotted 
for bcl-2, 5pg/ml antibody, lanes 1-7: MCF-7, T47-D, ZR-75, MDA-MB-231, MDA- 
MB-436, HBL-100 and MDA-MB-468.

3.23.2 Bax
Cells were cultured for 48 hours in triplicate and bax protein expression was assessed 

by immunocytochemistry. Several experiments were undertaken in relation to western 

blotting.

Immunocytochemistry
Bax protein was expressed as cytoplasmic staining in all cell lines studied. The staining 

was homogenously expressed by almost all cells but the intensity of staining varied. 

MDA-MB-468 showed the strongest staining while it was moderate in the others (table

3.9) (figure 3.13).
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Cell
L in e\^

Marker

MCF-7 T47-D 231 468 ZR-75 436 HBL-
100

Bax Mod. Mod. Mod. Strong Mod. Mod. Mod.

Table 3.9: bax immunocytochemistry in different cell lines.

MDA-MB-468

Figure 3.13: Bax expression by immunocytochemistry in breast cell lines.

100



Chapter 3 Cell Line Characterization

Bax by western blotting
For bax protein expression by western blotting, several experiments were performed. In 

the first experiment, the same western blotting technique used for the detection of other 

antigens such as p53 and bcl-2 was applied and the primary antibody used was the same 

used as for bax immunocytochemistry (Polyclonal Rabbit Anti-Human BAX from 

DAKO), but no signal could be detected with different concentrations of the primary 

antibody. A different primary antibody was used in the second experiment (Bax-Ab-1 

from Oncogene) at a range of concentrations including higher and lower than that 

recommended in the data sheet, but again no signal could be detected. Then a different 

lysis buffer for protein extraction (see materials and methods 2 .2 ) was used with both 

primary antibodies. Bax was only detected when the new lysis buffer was used and the 

membranes were blotted with the bax antibody from Oncogene at a concentration of 1 

pg/ml (figure 3.14). The level of signal detected in this experiment was comparable to 

the intensity of staining detected by immunocytochemistry. However this result was 

only obtained on one occasion and was not reproducible.

Figure 3.14: Bax by western blotting in different cell lines. 50 pg of protein lysates 
in each lane, on 1 2  % polyacrylamide gel), membranes were blocked for non-specific 
staining in TPST containing 0.3% Tween 20, primary antibody Bax (Oncogene), lanes 
1-7 correspond to: MCF-7, ZR-75, T47-D, HBL-100, MDA-MB-231, MDA-MB-436, 
and MDA-MB-468.

3.2.3.3 Bcl-Xi
Bcl-x is another protein of bcl-2 family members. There are two splice variants of this 

protein (bcl-XL and bcl-xs). The first one has anti-apoptotic functions while the second 

has pro-apoptotic effect. The antibody used in this experiment detected the bcl-xL 

variant, which has an anti-apoptotic function. Bcl-x was assessed by
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immunocytochemistry and there was homogenous cytoplasmic staining in 6 out of the 7 

cell lines studied. MCF-7, T47-D and MDA-MB-468 cell lines showed strong 

cytoplasmic staining while in 436 it was moderate and both ZR-75 and HBL-100 

showed hunt staining (figure 3.15). The only cell line that did not express any bcl-x 

staining was MDA-MB-231. The antibody was not suitable for immunoblotting.

3.2.4 Inhibitor of apoptosisproteins
Two members o f this family are Survivin and XIAP, which are commonly expressed in 

cancers. Cells w oe cultured for 48 hours. There were several attempts at trying to 

detect these proteins by immunocytochemistry, but no definite signal could be detected. 

Therefore, protein lysates were assessed by western blotting. MDA-MB-436 cells were 

not assessed.

3.2.4.1 XIAP
All cell lines had an immunodetectable protein band at the level of 55 KDa, which 

corresponded to the XIAP protein molecular size. These bands were slightly stronger in 

MDA-MB-468, ZR-75 and HBL-100 (figure 3.16A). Staining for vinculin protein 

showed that there was equal loading of proteins for different cell lines (figure 3.16C).

3.2.4.2 Survivin
All cell lines revealed immunodetectable protein bands at the level of 16 KDa, which 

corresponded to Survivin protein. There were stronger bands for MDA-MB-468, T47-D 

and HBL-100 cells (figure 3.16B), with ZR-75 being low.
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MCF-7

MDA-MB-436

T47-D

V
MDA-MB-231 

'  US *-%r.

Figure 3.15: Bcl-x immunocytochemisry in different cell lines. Strong staining 
detected in MCF-7and T47-D, moderate in MDA-MB-436, and no staining in MDA- 
MB-231 cells.
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1

55 KDa— ►

16 KDa ^

Vinculin

Figure 3.16: Western blotting expression of IAPs. A, XIAP in different cell lines,50 
pg of protein in each lane in 10% polyacrylamide gel, the primary antibody 
concentration lpg/ml. B, Survivin in the same cell lines, 50 pg/ml protein lysates in 
each lane in 10% gel, and primary antibody 2pg/ml. vinculin, Lanes 1-6 correspond to 
MCF-7, ZR-75, MDA-MB-468, T47-D, MDA-MB-231 and HBL-100.

Discussion

The experiments performed in this part of the study were to characterize a group of 

breast cell lines regarding the expression of biological markers that are involved in the 

regulation of cell proliferation and apoptosis, prior to undertaking experiments 

considering the effects of chemotherapeutic agents (chapter 4).

Each of the breast cell lines investigated has different characteristics including the rate 

at which they grow. Initially the doubling rate for each cell line was determined so that 

cells could be seeded at appropriate numbers to ensure that they achieved the same 

degree of confluency at the same time point. Whilst there is information about certain 

features of the cells studied (e.g. ER, EGFR, and p53 status), less is known about some 

of the other proteins investigated. Also, there can be phenotypic variability between

2 3 4 5 6

XIAP (A)

Survivin (B)
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cells In different laboratories, particularly since some have been maintained in culture 

for long time periods (e.g. MCF-7) (Lacroix and Leclercq, 2004).

Immunocytochemistry and western blotting techniques were used to check the 

expression o f proteins. Growth regulation and progression of tumours are mainly 

affected by the balance between cell proliferation and programmed cell death 

(apoptosis). Therefore, proliferation and apoptosis were first analyzed. Both of these 

parameters are under the control of estrogenic hormone in breast tissues, amongst other 

factors (Gompel et al., 2000; Tong et al., 2002). In this study, 3 of the breast cell lines 

used were estrogen-dependent (MCF-7, ZR-75, and T47-D) and the others were 

estrogen-independent (MDA-MB-231, MDA-MB-468, MDA-MB-436, and HBL-100).

The proliferation rate in the group of breast cell lines studied ranged from 26.39 % in 

estrogen responsive T47-D to 48.0 % in the estrogen un-responsive HBL-100. However 

other cells, which are estrogen responsive (e.g. MCF-7) showed higher proliferation in 

comparison to T47-D. This may indicate that other regulatory factors for proliferation 

are important for these breast cancer cells.

Apoptosis was detected by M30, the anti-Cytokeratin 18 antibody which detects cells in 

early apoptosis (Leers et al., 1999). The rate of apoptosis was generally low (range 0.7 

% in ZR-75 to 2.0 % in T47-D). There is lack of literature concerning detection of 

apoptosis in breast cancer cells by M30, most previous work using other methods such 

flow cytometry, foe TUNEL method and detection of active caspases. (Wang et al., 

2004) showed a low level of apoptosis in MCF-7 cells.

I did make some attempt to detect apoptotic cells by flow cytometry after labeling with 

Annexin-V and propidium iodide (PI), but foe results were not consistent. The problem 

was mainly in the method of harvesting cells. I used trypsin, phenol red-free trypsin and 

EDTA to detach foe monolayer cells in culture prior to labeling them with annexin-V 

and PI. After several attempts with using different cell lines, it was evident that foe 

apoptotic process is very sensitive to such harvesting procedures and that flipping of foe
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membrane protein phosphatedylserine can happen as a result, so causing false positive 

and inconsistent results.

Previous in vitro studies found that 1-3 % of cells had strong nuclear staining with three 

different antibodies in wild-type p53 cell lines (MCF-7 and ZR-75) (Bartek et al., 1990; 

Vojtesek and Lane, 1993). In this study, MCF-7 and ZR-75 cells showed strong nuclear 

staining in 2-9 % with three different antibodies, which is close to previous studies. In 

contrast to wild-type p53 cells, those with mutated or stabilized forms of p53 (MDA- 

MB-231, MDA-MB-468, and HBL-100) showed very high level of p53 protein 

expression. Wild-type p53 is unstable and has a short half-life, therefore, cannot be 

detected by immunochemistry. Mutant p53 proteins are stable and consequently, easily 

detected (Finlay et al., 1988). Detection of p53 by immunohistochemistry can reflect 

the presence of p53 mutations in breast cancer (Schmitt et al., 1998; Vojtesek and Lane, 

1993) however some factors may cause discrepancies. These include fixation methods, 

different epitope specificities of antibodies and the presence of silent mutations 

(Visscher et al., 1996; Vojtesek and Lane, 1993).

In one cell line (MDA-MB-231) there was a difference in the percentage of positivity 

of phosphorylated protein on Serine 392 in comparison to the total p53 detected with 

DO-7 antibody. This shows that some breast cancer cell lines with mutant p53 express 

less phosphorylated Serine 392 p53, which is supported by a previous study (Yap et al., 

2004) who found some tumours with mutant p53 to have unphosphorylated Serine 392 

p53 in vivo. Western blotting results confirmed the protein expression by 

immunocytochemistry. Immunodetectable p53 was revealed in 4 cell lines, 3 with 

mutant p53 (MDA-MB-231, MDA-MB-468, and T47-D) and 1 with stabilized protein 

(HBL-100). The level of phosphorylated p53 detected by immunoblotting was 

comparable to that detected by immunocytochemistry, being high in MDA-MB-468, 

T47-D and HBL-100; lower in MDA-MB-231 and not detected in wild-type p53 cells 

(MCF-7 and ZR-75).
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P53 induces cell cycle arrest, an essential mechanism for regulation of homeostasis, 

through the transcription of downstream effector proteins such as p21wafl. A way to 

investigate the functional status of p53 is to evaluate these effector proteins. Higher 

levels of p21waf l might indicate less aggressive breast cancer. In this study, cells with 

functioning (wild-type) p53 showed more staining for p21waf l than those with mutant 

p53; 7.8 % and 6.6 % in MCF-7 and ZR-75 respectively, in comparison to other cell 

lines (usually less than 3.9 %) which is consistent with previous work (Jiang et al., 

1998).

ChK-2 is an upstream regulatory protein, regulating the function of p53. It is considered 

as an essential checkpoint of the cell cycle upon exposure to any DNA damaging agent. 

Alterations or mutations of ChK2 markedly affect the function of p53. Most of breast 

cancer ceil lines in this study showed either moderate or faint staining with ChK-2.

As mentioned above, cell survival depends on the balance between factors that promote 

or inhibit apoptosis and one of the critical regulators of apoptosis is the protein encoded 

by the Bcl-2 gene, which is a member in a family that includes other inhibitors of 

apoptosis such as Bcl-x and promoters of apoptosis such as Bax. ZR-75 was the single 

cell line to clearly express bcl-2 by both immunocytochemistry and western blotting, 

while other cells were either moderate (HBL-100) or faint (other cells). This differs 

from the findings of (Zapata et al., 1998) who showed the absence of bcl-2 in ZR-75 

cells. This may due to the phenotype differences of cell lines between laboratories as 

discussed before. Bcl-2 was not detected in T47-D cell by western blotting, which is in 

agreement with a previous report (Mooney et al., 2002).

Bcl-x was expressed in 6 out of the seven cell lines, the staining was strong in MCF-7 

and T47-D and faint in other cell lines. (Zapata et al., 1998) detected bcl-x in almost all 

of breast cancer cell lines studied. Bax protein was detected by immunocytochemistry, 

but western blotting proved more difficult. On one occasion a band could be detected in 

most of breast cancer cells being strongest in MDA-MB-468, but this could not be 

repeated. This could be due to the nature of the antibodies used or the lysis method used
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for extraction of foe protein. Also, different transfer methods such as wet transfer need 

to be assessed. Other studies have detected bax with western blotting in almost all 

breast cancer cells studied (Zapata et al., 1998).

Several proteins that inhibit apoptosis have been identified, of which the inhibitor of 

apoptosis family (IAPs). Survivin is one member of this newly identified family; it 

inhibits apoptosis by inhibiting foe function of caspase 3 and caspase 7. Previous 

studies revealed elevated expression of Survivin in fetal tissues as well as various 

human cancers including breast In this study, immunodetectable levels of Survivin 

were shown in all cell lines studied. XIAP, another member of the IAPs family, was 

also detected by western blotting in all cell lines. Expression was strong in almost all 

cell lines, being less strong in MCF-7 cells. The immortalized normal breast cell line 

HBL-100, also expressed strong band of XIAP. This result is in concordance with other 

studies on breast cell lines (Yang et al., 2003). XIAP has also been found to be highly 

expressed in almost all of cancer cell lines derived from different human cancers 

including breast cell lines (Tamm et al., 2000) and also in prostate cancer cell lines (Liu 

et al., 2004).

MDA-MB-436 cells lacked many of the proteins and so it was decided not to include 

this in subsequent studies. HBL-100 was used since it was known to have stabilized 

p53 and was a useful control. However, it was originally derived from normal breast 

(even if now immortal) (Caron de Fromentel et al., 1985), and so was not used in the 

subsequent experiments assessing the effects of chemotherapeutic agents on breast 

cancer cells.

To conclude, p53 protein was detected in T47-D, MDA-MB-231 and MDA-MB-468 

breast cancer cells, and HBL-100 cells (known to be stabilized). Strong staining for bcl- 

2 was found in ZR-75 cells with little reactivity in other cells. Bax was detected in all, 

and bcl-x was strongly expressed in MCF-7, T47-D, and MDA-MB-468 cells. P21waf l 

was higher in MCF-7 and ZR-75 cells. Survivin and XIAP were detected in all cell 

lines with little variation.

108



Chapter 4 Results

CHAPTER 4;

EFFECT OF CHEMOTHERAPEUTIC 

AGENTS ON PROLIFERATION, APOPTOSIS 

AND RELATED PROTEINS IN BREAST 

CANCER CELL LINES
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Many genes have been identified that affect the response of cells after exposure to 

patholoiogica] stresses. Because p53 is a key gene involved in tumour response to 

therapy, tumours with functioning wild-type p53 are thought to respond better to 

chemotherapeutic drags than those with mutated gene (Kirsch and Kastan, 1998). 

Depending on the assumption that apoptosis is the major way of killing cells after 

treatment with chemotherapeutic drag tumours with mutations in p53, high level of bcl- 

2 expression or high ratios of bcl-2-bax should be resistant to cancer treatment (Lowe et 

a l, 1993; Reed et al., 19%).

Paclitaxel is used in the treatment of many common human cancers including breast 

cancer, it inhibits microtubule depolarization in the G2-M phase of the cell cycle 

(Rowinsky et al., 1992). Doxorubicin is one of the commonly used chemotherapeutic 

drugs in the treatment of various cancers including breast cancer (Kroger et al., 1999). 

It intercalates among DNA resulting in conformational changes in DNA structure and 

also changes in the activity of topoisomerases.

Methods
In this part of the study, 5 different breast cancer cell lines (MCF-7, ZR-75, T47-D, 

MDA-MB-231 and MDA-MB-468) were used as models to assess the effect of 

treatment with chemotherapeutic drugs on the expression o f biological factors (see 

2.3.6). Two drugs (doxorubicin and paclitaxel) were used for treatment experiments on 

the basis that those drugs were commonly used in the clinic for treatment of breast 

cancer patients, and also each of them has different mechanism of action. Doxorubicin 

induces DNA damage while paclitaxel stabilizes the microtubules but ultimately both 

drags kill cancer cells through the induction of apoptosis.

The effect of treatment on the expression of p53 was assessed by two different 

antibodies (p53 DO-7 and p53 phosphospecific) in the two breast cancer cell lines 

which harbor a wild-type functioning p53 gene (MCF-7 and ZR-75) while the other cell
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lines which have a mutant p53 gene (MDA-MB-231, MDA-MB-468 and T47-D) were 

not inchided in these experiments. The effect of treatment on cell proliferation and on 

die induction of apoptosis was also assessed in the five breast cancer cell lines. 

Experiments also included the expression of the p53 downstream effector protein 
p2 i«rfi {UKj pio^poptotic protein bax. The effect of treatment on the newly 

investigated members of inhibitor of apoptosis proteins (IAPs) Survivin and XIAP were 

also investigated.

The aim of this part of the study was to investigate the effect of treatment by two 

chemotherapeutic drugs (doxorubicin and paclitaxel) on the expression of different 

biological factors in breast cancer cell lines (as models) in order to understand the 

essential biological factors that may affect treatment response or resistance.

Results

4.1 Effect on proliferation
Proliferation was assessed immunocytochemically using BrdU incorporation after 

treatment of cells with three different concentrations of each drug and for three 

different time periods (14h, 24h, and 48h) (see 2.3.6).

4*1.1 MCF-7 cells
Proliferation of MCF-7 cells was markedly suppressed by doxorubicin treatment in a 

time dependent manner, with lowest proliferation at 48h. At 14h and 24h proliferation 

suppression was slightly greater at lower doses (p=0.050), but by 48h the effect was 

equal with the three different doses (figure 4.1 A, 4.2 A & B).

Treatment of MCF-7 cells with paclitaxel also induced suppression of proliferation in a 

dose-dependent pattern (p=0.027 at 48h). Higher doses of treatment were associated 

with lower percentages of proliferation (figure 4.IB, 4.2 C&D), but not to the same 

extent as doxorubicin.
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(A) Proliferation of MCF-7 cells after Doxorubicin 
treatment
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Figure 4.1: BrdU after treatment in MCF-7 cells. A, MCF-7 after doxorubicin
treatment. B, MCF-7 after paclitaxel treatment.
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t

Figure 4.2: B rdU  im m unocytochem istry o f M C F-7 at 48h o f  treatm ent. A,
doxorubicin control. B, treatment with 1 pM doxorubicin. C, paclitaxel control. D, 
treatment with 50 nM paclitaxel.
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4.1.2 ZR-75 cells
ZR-75 proliferation was markedly suppressed after treatment with both drugs. 

Doxorubicin induced suppression in a time-dependent manner; the maximum effect 

was after 48h of treatment. Lower doses of doxorubicin induced greater suppression of 

proliferation (p=0.05 at 48h) (figure 4.3A, 4.4 A&B). Treatment with paclitaxel also 

suppressed proliferation markedly and the suppression was dependent on both the dose 

of the drug and the duration of treatment (figure 4.3B, 4.4 C&D).

(A) Proliferation o f ZR-75 after  
Doxorubicin treatment
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(B) Proliferation o f ZR-75 after Paclitaxel 
treatment
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Figure 4.3: B rdU  after treatm ent in Z R -75 cells. A, ZR-75 after doxorubicin 
treatment. B, ZR-75 after paclitaxel treatment.
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Figure 4.4: B rdU  im m unocytochem istry o f  Z R -75 at 48h o f treatm ent. A,
doxorubicin control. B, treatment with 0.5 pM doxorubicin. C, paclitaxel control. D, 
treatment with 10 nM paclitaxel.
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4.1.3 T47-D cells
T47-D cells showed growth stimulation with all doses of doxorubicin at 14h and at 24h, 

greater with 0.5pM and lpM  (p=0.037 at 24h). There was greater stimulation with the 

lower doses at 48h, but 2.0 pM did show some suppression (figure 4.5A, 4.6 A&B). 

Paclitaxel had little effect at 14h, some stimulation at 24h and growth suppression at 

48h (p=0.046 at 48h) (figure 4.5B, 4.6 C&D). These experiments were repeated several 

times and each time there was growth stimulation.

(A) Proliferation of T47-D after Doxorubicin treatment
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Figure 4.5: BrdU after treatm ent in T47-D cells. A, cells after doxorubicin treatment.
B, cells after paclitaxel treatment.
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Figure 4.6: BrdU immunocytochemistry of T47-D at 14h of treatment. A,
doxorubicin control. B, treatment with 0.5 pM doxorubicin. C, paclitaxel control. D, 
treatment with 10 nM paclitaxel.
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4.1.4 MDA-MB-231 cells
Treatment of MDA-MB-231 cells with doxorubicin at 0.5 and 1.0 pM for 14h and 24h 

resulted in slight growth stimulation, while treatment with 2.0 pM of the drug had no 

effect on proliferation. By 48h doxorubicin had a growth suppressing effect in a dose- 

dependent manner (p=0.021) (figure 4.7A, 4.8 A&B). Treatment with paclitaxel was 

associated with proliferation suppression; the effect was maximal after 24h of treatment 

(p=0.046) (figure 4.7 B, 4.8 C&D).

(A) Proliferation of MDA-MB-231 after Doxorubicin 
treatment
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Figure 4.7: BrdU after treatment in 231 cells. A, 231 after doxorubicin treatment. B,
231 after paclitaxel treatment.
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Figure 4.8: BrdU immunocytochemistry of 231 at 48h of treatment. A, doxorubicin 
control. B, treatment with 0.5 pM doxorubicin. C, paclitaxel control. D, treatment with 
10 nM paclitaxel.
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4.1.5 MDA-MB-468 cells
Proliferation of MDA-MB-468 cells was not affected by doxorubicin treatment at low 

doses (0.5 and 1.0 pM) and it was only slightly suppressed by doxorubicin 2.0 pM 

(figure 4.9 A, 4.10 A&B). Different doses of paclitaxel did not affect proliferation of 

MDA-MB-468 cells at 14h and 24h of treatment (p=0.199 at 14h), but there was 

moderate suppression after 48h of treatment with all doses (p=0.046) (figure 4.9 B, 4.10 

C&D).
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Figure 4.9: BrdU after treatment in 468 cells. A, cells after doxorubicin treatment. B,
cells after paclitaxel treatment.
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*

Figure 4.10: BrdU immunocytochemistry of 468 at 48h of treatment. A,
doxorubicin control. B, treatment with 1.0 pM doxorubicin. C, paclitaxel control. D, 
treatment with 10 nM paclitaxel.
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42  Effect on Apoptosis
Apoptosis was detected by immunocytochemistry using M30 mouse monoclonal 

antibody.

4.Z1MCF-7 cells
Apoptosis was markedly induced by doxorubicin treatment at 14h and 24h when cells 

were treated with higher doses (1.0 and 2.0 pM). Treatment with doxorubicin 0.5 pM at 

the different time periods had a minimal effect on apoptosis. By 48h of doxorubicin 

treatment, the percentage of cells in apoptosis had decreased by approximately two- 

thirds (figure 4.11 A, 4.12A& B).

The percentage of apoptotic cells was doubled at 14h of paclitaxel treatment and 

reached a maximal increase at 24h. At 48h of paclitaxel treatment the percentage of 

apoptotic cells had decreased back to the level of induction at 14h, apart from with the 

higher dose (2.0 pM) which remained high (figure 4.11 B, 4.12 C&D).

4.2.2 ZR-75 cells
Apoptosis was induced in ZR-75 cells after doxorubicin treatment. There was a time 

dependent increase in the induction of apoptosis with about two fold increase at 14h, 

three fold at 24h and a nine fold increase at 48h of treatment. At 48h, the difference in 

percentage of apoptosis for different doses of doxorubicin was minimal (figure 4.13 A, 

4.14 A&B).

There was more evidence of apoptosis at 14h and 24h with paclitaxel treatment, but 

there was a massive induction of apoptosis at 48h of treatment (figure 4.13 B, 4.14 

C&D).
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(A) Apoptosis(M 30) a fte r Doxorubicin 
treatm ent in M CF-7 cell line
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(B) Apoptosis(M30) after Paclitaxel treatment 
in MCF-7 cell line
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Figure 4.11: Apoptosis (M30) after treatment in MCF-7 cells. A, MCF-7 after 
doxorubicin treatment. B, MCF-7 after paclitaxel treatment.
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Figure 4.12: Apoptosis (M30) immunocytochemistry of MCF-7 cells at 24h of 
treatm ent A, doxorubicin control. B, treatment with 2.0 pM doxorubicin. C, paclitaxel 
control. D, treatment with 100 nM paclitaxel.
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(A) Apoptosis (M30) after Doxorubicin treatment in 
ZR-75 cell line
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(B) Apoptosis (M30) after Paclitaxel treatment in ZR- 
75 cell line
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Figure 4.13: Apoptosis (M30) after treatment in ZR-75 cells. A, ZR-75 cells after 
doxorubicin treatment. B, MCF-7 cells after paclitaxel treatment.
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Figure 4.14: Apoptosis (M30) immunocytochemistry of ZR-75 cells at 48h of 
treatment A, doxorubicin control. B, treatment with 2.0 pM doxorubicin. C, paclitaxel 
control. D, treatment with 100 nM paclitaxel.
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4.2.3 T47-D cells
Both drugs had a similar effect on apoptosis. The percentage of apoptotic cells was 

approximately doubled at 14h and 24h of treatment. At 48h, both drugs markedly 

induced apoptosis between 10 and 20 fold, with the effect being greater with lower 

doses (p=0.026) (figure 4.15 A&B and 4.16 A-D).

(A) Apoptosis (M30) a fter Doxorubicin treatm ent 
in T47-D cell line
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Figure 4.15: Apoptosis (M30) after treatm ent in T47-D cells. A, cells after
doxorubicin treatment. B, cells after paclitaxel treatment.
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Figure 4.16: Apoptosis (M30) immunocytochemistry of T47-D cells at 48h of 
treatment A, doxorubicin control. B, treatment with 0.5 pM doxorubicin. C, paclitaxel 
control. D, treatment with 10 nM paclitaxel.
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4.3.4 MDA-MB-231 cells
There was a time and dose-dependent increase in apoptosis with doxorubicin treatment 

in MDA-MB-321, apart from a slightly lower level with doxorubicin 1.0 pM at 48h. 

Treatment with 2.0 pM doxorubicin resulted in two fold increase at 14h, 5 fold increase 

at 24h and 7 fold increase at 48h (figure 4.17 A, 4.18 A&B). Treatment with different 

doses of paclitaxel resulted in a slight increase in apoptosis at 14h and 24h, but the 

increase was approximately 3-4 folds at 48h with no difference between doses 

(p=0.249) (figure 4.17 B, 4.18 C&D).
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MDA-MB-231 ceU line
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Figure 4.17: Apoptosis (M30) after treatm ent in 231 cells. A, cells after doxorubicin
treatment. B, cells after paclitaxel treatment.
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Figure 4.18: Apoptosis (M30) im mu nocytochemistry of 231cells at 48h of 
treatment A, doxorubicin control. B, treatment with 2.0 pM doxorubicin. C, paclitaxel 
control. D, treatment with 10 nM paclitaxel.
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4.2.5 MDA-MB-468
Treatment with both doxorubicin and paclitaxel in MDA-MB-468 resulted in a time 

and dose-dependent increase in the apoptosis percentage at all time points, with greater 

numbers at higher doses and longer durations. Generally doxorubicin treatment induced 

more apoptosis (2-5 fold) (figure 4.19A, 4.20 A&B) than paclitaxel (2-2.5 fold) (figure 

4.19 B, 4.20 C&D).
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Figure 4.19: Apoptosis (M30) after treatment in 468 cells. A, cells after doxorubicin 
treatment. B, cells after paclitaxel treatment.
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Figure 4.20: Apoptosis (M30) immunocytochemistry of 468 cells at 48h of 
treatment A, doxorubicin control. B, treatment with 2.0 pM doxorubicin. C, paclitaxel 
control. D, treatment with 100 nM paclitaxel.
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The findings for all cell lines for different doses and time points are summarized in 

figure 4.21.
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Figure 4.21: Summary of apoptosis in all cell lines.
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4 3  Effect on P53
P53 expression by immunocytochemistry appeared as nuclear staining after 

doxorabicin treatment, while after paclitaxel treatment both nuclear and cytoplasmic 

staining were evident Some cells showed morphological changes after paclitaxel 

treatment in the form of multiple condensed nuclei which is similar to abnormal 

mitosis. Expression of p53 in such cells was considered as cytoplasmic staining. 

Nuclear and cytoplasmic p53 were assessed both separately and combined.

4.3.1 MCF-7 cells
P53 (DO-7) immunocytochemistry
P53 was markedly induced in nearly a 100% of cells after treatment with different 

doses of doxorubicin and for different time periods (figure 4.22A, 4.23A&B). After 

paclitaxel treatment, total p53 (nuclear and cytoplasmic) was induced in approximately 

50% of cells at 14h but decreased after that (figure 4.22B, 4.23 C, D&E). Nuclear p53 

protein was slightly increased after paclitaxel treatment for 24h.

Phosphospecific p53 immunocytochemistry
The phosphoiylated form of p53 was also induced in approximately 100% of cells after 

doxorubicin treatment at different doses at 14h and 24h and with higher doses at 48h 

(figure 4.24A, 4.25A&B). The total p53 protein (nuclear and cytoplasmic) after 

paclitaxel treatment was in 30-40% of cells at 14h and 24h while the nuclear expression 

only was slightly increased above normal (4.24B, 4.25C&D). Marked morphological 

changes after paclitaxel treatment for 48h interfered with the proper counting of cells at 

this time point.
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(A) P53 (DO-7) in MCF-7 cells after Doxorubicin 
treatment
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Figure 4.22: P53 (DO-7) in MCF-7 cells. A, cells after doxorubicin treatment. B, cells 
after paclitaxel treatment.
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p

♦
Figure 4.23: P53 (DO-7) immunocytochemistry of MCF-7 cells at 14h of treatment
A, doxorubicin control. B, treatment with 0.5 pM doxorubicin. C, paclitaxel control. D, 
treatment with 10 nM paclitaxel.E, high power view of D showing cytoplasmic staining 
in the abnormally mitotic cells (short arrow) and nuclear staining in other cells (long 
arrow).
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(A) Phosphospecific p53 in MCF-7 cells after doxorubicin
treatment
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Figure 4.24: Phosphospecific p53 after treatment in MCF-7 cells. A, cells after
doxorubicin treatment. B, cells after paclitaxel treatment.
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Figure 4.25: Phosphospecific p53 immunocytochemistry of MCF-7 cells at 14h of
treatment A, doxorubicin control. B, treatment with 1.0 pM doxorubicin. C, paclitaxel
control. D, treatment with 50 nM paclitaxel.
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MCF-7 (Western blotting)
Cells were pre-treated with doxorubicin and paclitaxel for 24h and 48h at different 

doses, and blots assessed for p53 (DO-7) and phosphospecific p53. There was increased 

expression of p53 protein with both antibodies in MCF-7 at 24h and 48 hours of 

treatment with doxorubicin (figure 4.26 and 4.32), but it was slightly induced with 

paclitaxel treatment (as detected with DO-7) but not with phosphospecific p53.

MCF-7/24h

0.5

50 KDa

50 KDa

DO-7

Phosphospecific

Figure 4.26: P53 by western blotting in MCF-7 cells. 50 pg of proteins in each lane 
of a 10% polyacrylamide gel, cells treated with 0.5, 1.0 and 2.0 pM doxorubicin for 
24h. Do-7 primary antibody 1:3000 and phosphospecific primary antibody 1:1000. C, 
control protein (no treatment).

4.3.2 ZR-75 cells

P53 (DO-7) immunocytochemistry
P53 was markedly induced in approximately 100% of cells after doxorubicin treatment 

for 14h and 24h with strong nuclear staining. At 48h with 2.0 pM doxorubicin, the 

expression decreased to approximately 30 % of cells (figure 4.27A, 4.28A&B). After 

paclitaxel treatment, the total p53 protein expression increased to 30-40% of cells at 

14h and 24h, but the nuclear protein staining was only minimally increased (figure
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4.27B, 4.28 C&D). Marked morphological changes after paclitaxel treatment for 48h 

interfered with the proper counting of celts at this time point.

(A) P53 (DO-7) in ZR-75 after doxorubicin treatment
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Figure 4.27: P53 (DO-7) after treatment in ZR-75 cells. A, cells after doxorubicin
treatment. B, cells after paclitaxel treatment.

140



Chapter 4 Results

M m * •  V i S  “ M

? / •  . i » r y
, t  « • %  .  . > 7  * 1 #
. - . f »

, v

Figure 4.28: P53 (DO-7) immunocytochemistry in ZR-75 cells at 24h of treatment.
A, doxorubicin control. B, doxorubicin 1.0 |iM treatment. C, paclitaxel control. D,
paclitaxel 50nM treatment.
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Phosphospecific p53 immunocytochemistry
Phosphorylated p53 was markedly induced after doxorubicin treatment in ZR-75 cells 

(in about 100% of cells) with all doses at 48h and with higher doses (1.0 and 2.0 pM) at 

14h and 24h (figure 4.29A, 4.30 A&B). The total staining was also increased by 4-5 

fold with paclitaxel treatment at 14h and 24h. The nuclear staining was slightly 

increased at 24h of treatment (figure 4.29B, 4.30 C&D).
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Figure 4.29: Phosphospecific p53 after treatment in ZR-75 cells. A, cells after
doxorubicin treatment. B, cells after paclitaxel treatment.
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Figure 4.30: Phosphospecific p53 immunocytochemistry in ZR-75 cells at 24b o£i
treatment. A, doxorubicin control. B, doxorubicin 1.0 pM treatment. C, paclitaxel
control. D, paclitaxel 50nM treatment.
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ZR-75 cells (Western blotting)
P53 with western blotting was assessed by two different antibodies, DO-7 and 

phosphospecific p53 and cells were pre-treated with doxorubicin and paclitaxel for 24h 

and 48h in different doses. Experiments revealed increased expression of p53 protein 

with DO-7 and to a lesser extent with phosphospecific antibody after 24h and 48 hours 

of treatment with doxorubicin (figure 4.31 and 4.32). Paclitaxel treatment had no 

immunodetectable effect on phosphospecific p53, but slightly induced p53 as detected 

with DO-7 antibody.

ZR-75/24h

50 KDa

Phosphospecific

Figure 4.31: P53 by western blotting in ZR-75 cells. 50 pg of proteins in each lane of 
a 10% polyacrylamide gel, cells treated with 0.5, 1.0 and 2.0 pM doxorubicin for 24h. 
Do-7 primary antibody 1:3000 and phosphospecific p53 primary antibody 1:1000. C, 
control protein (no treatment).
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Overall comparison
P53 by DO-7 and phosphospecific p53 antibodies was detectable in MCF-7 and ZR-75 

after treatment with doxorubicin for 24h and 48h (figure 4.32). With phosphospecific 

p53, an additional band was seen at a level lower than 53 KDa at 48h of treatment. P53 

was also induced after paclitaxel treatment in both cell lines but to a lesser extent as 

detected by immunocytochemistry and not by western blotting.
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Figure 4.32: Comparison of p53 by western blotting in MCF-7 and ZR-75 cells. 50
pg of proteins in each lane of a 10% polyacrylamide gel, cells treated with 2.0 pM 
doxorubicin for 24h and 48h. Do-7 primary antibody 1:3000 and phosphospecific p53 
primary antibody 1:1000.
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4.4 p21wafl

4.4.1 MCF-7 cells
P21waf'1 was markedly induced in MCF-7 cells after treatment with doxorubicin at 

different concentration and for different durations (figure 4.33A, 4.34 A&B). Staining 

was in approximately 100% of cells. There was no increase in the level of p21waf' 1 at 

14h of paclitaxel treatment, but there was slight increase at 24h especially with the 

moderate dose 50nM (p=0.027) and marked increase at 48h with all doses (figure 

4.33B, 4.34 C&D).

(A) p21/waf-l in MCF-7 cells after doxorubicin treatment
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Figure 4.33: p21wafl in MCF-7 cells. A, after doxorubicin treatment. B, after
paclitaxel treatment.
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t -

Figure 4.34: p21waf'1 immunocytochemistry in MCF-7 cells at 24h of treatment. A,
doxorubicin control. B, doxorubicin 1.0 pM treatment. C, paclitaxel control. D, 
paclitaxel 50nM treatment.

147



Chapter 4 Results

4.4.2 ZR-75 cells
Doxorubicin treatment markedly induced p21waf l in ZR-75 cells. At 14h different doses 

of the drug induced the maximum expression, while at 24h and 48h only lower doses 

(0.5 and 1.0 pM) induced the maximum expression (p=0.027 at 48h) (figure 4.35A, 

4.36 A&B). Treatment with paclitaxel had no noticeable increase in p21waf'1 expression 

above control at 14h and 24h (p=0.298 at 24h), but it was markedly increased at 48h 

(4.25B, 4.36 C&D).
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Figure 4.35: p21w*f'1 in ZR-75 cells. A, after doxorubicin treatment. B, after paclitaxel
treatment.
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Figure 4.36: p21waf_1 immunocytochemistry in ZR-75 cells at 14h of treatment. A,
doxorubicin control. B, doxorubicin 1.0 pM treatment. C, paclitaxel control. D, 
paclitaxel 50nM treatment.
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4.4.3 T47-D cells
P2 jwaf-i was jncjUCed after doxorubicin treatment in T47-D cells in a time and dose 

dependent pattern. Lower doses of doxorubicin were associated with greater expression 

o f  p 2 ] w a f - i  ( p = 0  038 at 24h) (figure 4.37A, 4.38 A&B). The expression of p2]waf-' was 

slightly increased at 24h of paclitaxel treatment (p=0.046) and to about 2-3 fold at 48h 

(figure 4.37B, 4.38 C&D).
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Figure 4.37: p21w8f_1 in T47-D cells. A, after doxorubicin treatment. B, after paclitaxel
treatment.
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Figure 4.38: p21waf l immunocytochemistry in T47-D cells at 14h of treatment. A,
doxorubicin control. B, doxorubicin 0.5 pM treatment. C, paclitaxel control. D, 
paclitaxel 50nM treatment.
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4.4.4 MDA-MB-231 cells
Treatment with doxorubicin induced the expression of p21waf'1 in MDA-MB-231 cells 

as early as 14h and 24h and reached the maximal expression at 48h (figure 4.39A, 4.40 

A&B). At this time point lower doses of doxorubicin (0.5 and 1.0 pM) gave the highest 

level while treatment with 2.0 pM gave much lower level. p21Nvaf'1 was also induced 

after paclitaxel treatment at 14h and 48h with little effect at 24h (figure 4.39B, 4.40 

C&D).

(A) p21/waf-l in MDA-MB-231 cells after doxorubicin 
treatment
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(B) p21/waf-l in MDA-MB-231 after paclitaxil treatment
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Figure 4.39: p21waf'1 in 231cells. A, cells after doxorubicin treatment. B, cells after
paclitaxel treatment.
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Figure 4.40: p21waf l immunocytochemistry in 231 cells at 14h of treatment. A,
doxorubicin control. B, doxorubicin 0.5 pM treatment. C, paclitaxel control. D, 
paclitaxel 50nM treatment.
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4.4.5 MDA-MB-468 cells
Lower doses of doxorubicin (0.5 and 1.0 pM) induced p21waf‘1 in MDA-MB-468 at all 

time points (figure 4.41 A). Treatment with paclitaxel failed to induce p21waf11 with 

different doses and for different time periods (figure 4.41 B).

(A) p21/waf-l in MDA-MB-468 after doxorubicin 
treatment
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(B) p21Avaf-l in 468 cells after paclitaxel treatment
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Figure 4.41: p21waf*] after treatment in 468 cells. A, cells after doxorubicin treatment.
B, cells after paclitaxel treatment.
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4.5 Effect on Bcl-2

Bcl-2 was previously shown in chapter 3 to be strongly expressed in ZR-75 cells with 

minimal expression in other cells. Treatment with doxorubicin for 24h and 48h resulted 

in down regulation of bcl-2 protein in a time and dose dependent manner (figure 4.42A, 

4.43). With paclitaxel treatment for 24h, down regulation of bcl-2 was associated with 

band migration, reflecting phosphorylation of the protein (figure 4.42B).

MCF-7 ZR-75

24h 48h 24h 48h

26 KDa

T47-D 231 468

26 KDa
24h 48h 24h 48h C 24h 48h

Figure 4.42A: Bcl-2 by western blotting in different cell lines. 50 pg of proteins in 
each lane of a 12 % polyacrylamide gel, cells treated with 2.0 pM doxorubicin for 24h 
and 48h. Bcl-2 primary antibody 3 pg/ml. C, control protein (no treatment).
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MCF-7 ZR-75

C 100 50 10 C 100 50 10

26 KDa

T47-D 231 468

C 100 50 10 C 100 50 10 C 100 50 10

26 KDa—i

Figure 4.42B: Bcl-2 by western blotting in different cell lines. 50 pg of proteins in 
each lane of a 12 % polyacrylamide gel, cells treated with 100, 50 and 10 nM paclitaxel 
for 24h. Bcl-2 primary antibody 3 pg/ml, C, control protein (no treatment).

156



Chapter 4 Results

ZR-75
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C # ■

—  —

Paclit/48h

Dox/24h

Dox / 48h

Figure 4.43: Bcl-2 by western blotting in ZR-75 cells. 50 pg of proteins in each lane 
of a 12 % polyacrylamide gel, cells treated with A, paclitaxel 10, 50 and lOOnM for 
48h. B, doxorubicin 0.5, 1.0 and 2.0 pM for 24h and C, doxorubicin/48h. Bcl-2 primary 
antibody 3 pg/ml. C, control protein (no treatment).
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4.6 Effect on XIAP

XIAP protein expression was assessed by western blotting. It was down regulated in 

MCF-7 cells with doxorubicin and paclitaxel treatment in a dose and time dependent 

manner. There was no effect on ZR-75 cells (figure 4.44A). Treatment of other cell 

lines with both drugs had minimal effect on expression of XIAP protein (figure 4.44 B).

MCF-7 /paclit/24h MCF-7 /dox./24h

10 50 100

55KDa

Vinculin

ZR-75/pacIit./24h

0.5 1.0 2.0

ZR-75/Dox/24h

C 10 50 100 C 0.5 1.0 2.0

55KDa I *
Vinculin

Figure 4.44(A): XIAP by western blotting in MCF-7 and ZR-75 cells. 50 pg of
proteins in each lane of a 10 % polyacrylamide gel, cells treated with paclitaxel 10, 50 
and lOOnM for 24h and doxorubicin 0.5, 1.0 and 2.0 pM for 24h. XIAP primary 
antibody 1 pg/ml. C, control protein (no treatment).
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T47-D/Paclit./24h T47-D/Dox./24h

Vinculin

MDA-MB-468/Paclit./24h MDA-MB-468 Dox./24h

Vinculin

Figure 4.44(B): XIAP by western blotting in T47-D and 468 cells. 50 pg of proteins 
in each lane of a 10 % polyacrylamide gel, cells treated with paclitaxel 10, 50 and 
lOOnM for 24h and doxorubicin 0.5, 1.0 and 2.0 pM for 24h. XIAP primary antibody 1 
pg/ml. C, control protein (no treatment).
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4.7 Effect on Survivin

Survivin protein expression was also assessed by western blotting. In MCF-7, it was 

markedly down regulated with doxorubicin at lower doses (0.5 and 1.0) more than the 

high dose (2.0 pM) at 24h. Paclitaxel treatment slightly down regulated the expression 

of Survivin in MCF-7 cells. In ZR-75 cells, it was up-regulated by both drugs in a dose 

dependent manner at 24h of treatment (figure 4.45 A).

MCF-7Paclit. / 24h MCF-7 / Dox. / 24h

C 10 50 100 C 0.5 1.0 2.0

16KDa

Vinculin

ZR-75/7Paclit. / 24h ZR-75/ Dox. / 24h

C 0.5 1.0 2.0 C 0.5 1.0 2.0

16KDa

Vinculin

Figure 4.45 (A): Survivin by western blotting in MCF-7 and ZR-75 cells. 50 pg of
proteins in each lane of a 12 % polyacrylamide gel, cells treated with paclitaxel 10, 50 
and lOOnM for 24h and doxorubicin 0.5, 1.0 and 2.0 pM for 24h. Survivin primary 
antibody 2 pg/ml. C, control protein (no treatment).
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In T47-D cells, Survivin was markedly down regulated after doxorubicin treatment for 

24h with all doses, while there was no effect with paclitaxel. In 231 cells, Survivin was 

also down regulated after doxorubicin, but it was only down regulated with smaller 

dose of paclitaxel (lOnM). In 468 cells, it was markedly down regulated after 

doxorubicin treatment and to a lesser extent with paclitaxel at greater doses (50 and 

lOOnM) (figure 4.45 B).

Doxorubicin/24h Paclitaxel/24h

C 0.5 1.0 2.0 10 50 100

T47-D

231

468

Figure 4.45 (B): Survivin by western blotting in T47-D, 231 and 468 cells. 50 pg of
proteins in each lane o f a 12 % polyacrylamide gel, cells treated with paclitaxel 10, 50 
and lOOnM for 24h and doxorubicin 0.5, 1.0 and 2.0 pM for 24h. Survivin primary 
antibody 2 pg/ml. C, control protein (no treatment).
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The effect of treatment on Survivin and XIAP is summarized in table 4.1.

Antigen Survivin XIAP
Doxorubicin Paclitaxel Doxorubicin Paclitaxel

MCF-7 Down
regulated

Down
regulated

Down
regulated

Down
regulated

ZR-75 Up-
regulated

Up-
Regulated

No change No change

T47-D Down
regulated

No change Down
regulated with 
lower doses

Minor
decrease

468 Down
regulated

Down
regulated

Minor
decrease

Minor
decrease

231 Down
Regulated

Down
regulated with 
lower doses

Not tested Not tested

Table 4.1: Summary, effect of treatment on Survivin and XIAP protein expression 
by western blotting.
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4.8 Effect on Bax

The semi-quantitative H-Score was used to assess staining.

4.8.1 MCF-7 cells
Bax was expressed in MCF-7 control non-treated cells. With doxorubicin treatment, the 

level of expression has increased at all time points especially with larger doses (figure 

4.46 A and 4.47A&B). With paclitaxel treatment, the expression was also increased 

being the largest at 48h with all doses (figure 4.46 B).

(A) bax in MCF-7 after doxorubicin treatment

B Control 

B 0.5uM
□ 1.0uM

□ 2.0uM

14h 24h 48h

Time/h

(B) Bax in MCF-7 after paclitaxel treatment

200

B Control 
3  10nM
□ 50nM
□ 100nM

14h 24h 48h

Time/h

Figure 4.46: Bax in MCF-7 cells. A, after doxorubicin treatment. B, after paclitaxel
treatment.
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Figure 4.47: Rax im mu nocytochemistry in MCF-7 cells. A. doxorubicin control 14h.
B, doxorubicin 2.0 pM/ 14h.
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4.8.2 ZR-75
ZR-75 cells showed high level of bax in control non-treated cells. After doxorubicin 

treatment, bax expression was markedly increased being highest at 24 and 48h (Figure 

4. 48 A). It was also increased after paclitaxel treatment at all time points (Figure 4.48 

B).

(A) Bax in ZR-75 after doxorubicin treatment

o Control 

■ 0.5uM

□  1.0uM
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14h 24h 48h

Time/h

(B) Bax in ZR-75 after paclitaxel treatment

n Control 
■ 10nM

□ 50nM
□ 10OnM

14h 24h 48h

Time/h

Figure 4.48: Bax in ZR-75 cells. A, after doxorubicin treatment. B, after paclitaxel
treatment.
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4.8.3T47-D
High level of bax was observed in T47-D control cells. The level of expression was 

increased with all doses of doxorubicin and paclitaxel treatment and at all time points 

(Figure 4.49 A and B).

(A) Bax in T47-D cells after doxorubicin treatment
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(2) Bax in T47-D after paclitaxel treatment
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Figure 4.49: Bax in T47-D cells. A, after doxorubicin treatment. B, after paclitaxel
treatment.
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4.8.4 MDA-MB-231
The expression of bax in control cells was low. It started to increase at 24h and in a 

dose-dependent manner at 48 h (Figure 4.50 A). Paclitaxel treatment induced bax in 

MDA-MB-231 with increasing dose at all time points (Figure 4.50 B).

(A) Bax in MDA-MB-231 after doxorubicin 
treatment
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(B) Bax in MDA-MB-231 after paclitaxel treatment
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Figure 4.50: Bax in MDA-MB-231 cells. A, after doxorubicin treatment. B, after
paclitaxel treatment.
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4.8.4 MDA-MB-468
Bax was expressed in MDA-MB-468 cells at high levels in control cells. The 

expression was increased after doxorubicin treatment, with the highest level being at 48 

hours with larger doses (1.0 and 2.0 pM) (Figure 4.51 A). The level o f expression was 

also increased after paclitaxel treatment, being highest with 100 nM at 24h (Figure 4.51 

B).

(A) Bax in MDA-MB-468 after doxorubicin 
treatment
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(B) Bax in MDA-MB-468 after paclitaxel treatment
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Figure 4.51: Bax in ZR-75 cells. A, after doxorubicin treatment. B, after paclitaxel
treatment.
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Discussion
Different chemotherapeutic drugs have different mechanisms o f action, but all finally 

induce cell death by the induction o f apoptosis. Therefore, mechanisms that regulate 

this biological event may determine the response or resistance of cancer cells to 

chemotherapeutic agents. The tumour suppressor gene p53 as ‘a guardian of the 

genome* plays a central role in the regulation o f apoptosis. There is an assumption that 

p53 mutant tumour cells are more susceptible to apoptosis than wild-type cells (Bunz et 

a l ,  1999). Studies also revealed that apoptosis and proliferation are linked together and 

the balance between them is reflected on the overall growth and progression of 

tumours.

The initial experiments in this study were performed to assess the effect of 

chemotherapeutic drugs on tumour cell proliferation by detecting the percentage of 

cells labeled with Bromodeoxyuridine (BrdU). Differences were observed in the effect 

o f paclitaxel and doxorubicin on proliferation between cell lines. In ZR-75 cells, there 

was marked suppression by paclitaxel and a lesser effect by doxorubicin. In MCF-7, 

there was marked suppression with doxorubicin and lesser effect with paclitaxel. MDA- 

MB-468, MDA-MB-231 and T47-D cells showed growth suppression by Paclitaxel at 

48h o f treatment, but Doxorubicin only affected MDA-MB-231 at this time point. This 

means that cell lines with wild-type p53 responded more prominently to the growth 

suppressing effect of chemotherapeutic drugs than those with mutant p53, which is 

consistent with the results of other studies that revealed that mutations in p53 are 

frequently associated with reduced chemosensitivity (Fan et al., 1994). It is also in 

agreement with those reported by Blajeski et al. (2002) who showed growth arrest o f 

MCF-7 cells with paclitaxel and other microtubule depolymerizing agents more 

extensively than in MDA-MB-468 cells after 24h o f treatment. They also showed 

growth arrest o f MDA-MB-231 and ZR-75 cells after treatment.

Paclitaxel as a microtubule disrupting agent has been shown to arrest breast cancer cells 

in mitosis by initiating the mitotic checkpoint (Blajeski et al., 2002), a mechanism that 

involves differential activation o f MAP kinases (Shtil et al., 1999). After exposure to
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this chug, cells exit mitosis and enter an abnormal tetraploid Gl-like phase. This results 

hi induction of die p21waf'1 (Vidal and Koff, 2000). p21 is a potent inhibitor of 

cdk2 and cdk4 and responsible for Gl/S arrest induced by p53 in response to DNA 

d a n ^ e  (el-Deiry et al., 1993). It also inhibits the cell cycle progression through direct 

binding to the proliferating cell nuclear antigen (Waga et al., 1994).

Asmentioned above, proliferation is linked with apoptosis and they work together to 

maintain cell homeostasis. Therefore, experiments were performed to evaluate the 

process of apoptosis after exposure to chemotherapeutic drugs. Treatment with both 

doxorubicin and paclitaxel induced apoptosis in breast cancer cell lines. Doxorubicin 

markedly induced apoptosis in MCF-7 cells as early as 14h and decreased after that, 

while in other cell lines there was a minimal increase of apoptosis at 14h and 24h, but 

reached the highest level at 48h. Induction of apoptosis in MCF-7 and ZR-75 was more 

prominent than that in other cell lines.

Paclitaxel also markedly induced apoptosis in MCF-7 cells as early as 14h and this 

decreased with prolonged treatment (24h and 48h). As with doxorubicin, paclitaxel 

induced apoptosis at 14h and 24h but with the highest level at 48h in other cell lines. In 

ZR-75, apoptosis was markedly induced at 48h. The delay in the induction of apoptosis 

in ZR-75 to 48h could be attributed the high level of bcl-2  expression found in this cell 

line, which could be protecting cells from apoptosis. This means that cells with wild- 

type p53 were more susceptible to apoptosis than those with mutant protein. The effect 

of paclitaxel on apoptosis was concentration dependent in most of cell lines which is in 

accordance with previous reports (Woods et al., 1995).

The level o f bcl-2 expression and its phosphoiylation state modulate the apoptotic 

response to paclitaxel, and over-expression of bcl-2  is associated with an increased 

resistance to chemotherapeutic drugs (Teixeira et al., 1995). Studies also showed that 

the DNA damaging drug doxorubicin induces apoptosis through the activation of the 

mitochondrial pathway and this was inhibited in bcl-2 over-expressing cells (Ruiz de 

Almodovar et al., 2001). This may explain why the induction of apoptosis in ZR-75
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cells occurred as tele as 48h, which is the time required to chemotherapeutic drugs to 

induce bcl-2 phosphorylation and consequent inactivation, since ZR-75 cells have high 

level o f the anti-apoptotic protein bcl-2. MCF-7 cells were shown to have low levels of 

apoptosis (chapter 3) (Ruiz de Almodovar et al., 2001) showed the highest level of 

apoptosis after treatment.

The expression o f p53 protein was assessed in two breast cancer cell lines (MCF-7 and 

ZR-75) known to have wild-type functioning p53 gene, in order to investigate the effect 

o f treatment with chemotherapeutic drugs (as stressful stimuli) on activation and 

function o f p53. Cells were treated in different concentrations and for different time 

periods and p53 was detected by two antibodies (DO-7 and p53 phosphospecific). Two 

methods were used, immunocytochemistry and western blotting.

Induction o f p53 was seen for MCF-7 and ZR-75 with Doxorubicin treatment with all 

doses and as early as 14h, but to a lesser extent with paclitaxel treatment. These results 

are in agreement with those o f el-Deiry et al. (1994) who showed the induction o f p53 

in the nucleus o f cells containing wild-type p53 after exposure to DNA-damaging 

agents including adriamycin (doxorubicin).

Characteristically, cells treated with paclitaxel showed morphological changes in the 

form o f nuclear chromatin fragmentation and condensation similar to the state o f 

abnormal mitosis. In response to DNA damage, there is an increase in phosphorylation 

o f wild-type p53 on serine 392 (Kapoor and Lozano, 1998). A recent study reported 

that serine 392 phosphorylation is important in regulating the oncogenic function of 

mutant p53 (Yap et al., 2004). In this study, phosphoiylated p53 at this site was induced 

in wild-type p53 cells (MCF-7 and ZR-75) after treatment with the DNA damaging 

drug doxorubicin and to a lesser extent after paclitaxel treatment, which is in 

accordance with previous studies (Yap et al., 2004).

P21wrf’1 is a downstream effector protein o f p53. p21wafl is a cyclin-dependent kinase 

inhibitor which functions to suppress proliferation. In this part o f the study, p21wafl
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expression was assessed In five different breast cancer cell lines after treatment with 

both drugs (doxorubicin and paclitaxel) with immunocytochemistry.

p21WBfL1 was markedly induced in cells with wild-type p53 (MCF-7 and ZR-75) after 

doxorubicin treatment, but slightly induced after paclitaxel treatment at 14h and 24h 

with greater increase at 48h. In cells with mutant p53, p21 was markedly induced at 24h 

and 48h o f doxorubicin treatment at lesser doses (T47-D) and slightly induced in MDA- 

MB-231 and MDA-MB-468 cells. There was either slight increase or no effect after 

paclitaxel treatment. These results are in agreement with those o f el-Deiiy et al. (1994) 

who showed the induction o f p21waf l in the nucleus o f cells containing wild-type p53 

after exposure to DNA-damaging agents including adriamycin (doxorubicin) whereas 

cell lines with mutant p53 expressed either low or undetectable levels of p21waf'1 The 

reason is that p53 transcriptionally activates p21wafll+ expression by directly interacting 

with its regulatory elements. The induction o f p21 in mutated p53 cells (though not 

extensive) is attributed to the p53-independent mechanism (Sato et al., 2002).

The cytotoxic effect o f paclitaxel is mainly through stabilization o f microtubules and 

promoting the microtubule assembly (Schiff and Horwitz, 1980). Studies have shown 

that paclitaxel induces accumulation o f p21 in both p53 wild-type and p53-null cancer 

cells (Blagosklonny et al., 1995). Barboule et al. (1997) also reported increased 

expression o f p21wafL1 in MCF-7 cells from 36h and onwards after treatment with 

paclitaxel. They observed that about 30% of cells treated with paclitaxel were blocked 

in an abnormal mitotic stage and other cells have shown condensed chromatin and 

micronuclei. My results are in agreement with these observations, since I found the 

appearance o f similar abnormally mitotic cells in all breast cancer cell lines assessed, in 

addition to the induction o f p21waf l after treatment especially at 48h. There was no 

induction o f p21waf’1 in MDA-MB-468 cell line. Doxorubicin also induced p21 in wild- 

type p53 cells (MCF-7 and ZR-75) (Troester et al., 2004).

Bcl-2 expression was assessed by western blotting. In ZR-75 cells, treatment with 

paclitaxel for 24 hours resulted in phosphorylation of the protein with the appearance of
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a band at 26 KDa corresponding to the phosphorylated bcl-2 protein. There was also 

down-regulation o f die protein with doxorubicin treatment for 24h. Both drugs also 

down regulated the protein at 48 hours. In other cell lines, there was no noticeable 

effect This result is supported with those o f previous studies (Haidar et al., 1995) who 

showed that treatment o f tumour cell lines with paclitaxel resulted in the increased 

phosphorylation o f bcl-2 with consequent inactivation (most probably through a G2-M 

phase-dependent activation o f a microtubule associated kinase). Doxorubicin induced 

apoptosis in bcl-2 negative cells but not in bcl-2 positive cells and has been shown to 

prolong the cell cycle (Knowlton et al., 1998).

Bax is a member o f the bcl-2 family o f apoptosis regulating proteins. Its expression is 

regulated by p53 and induced in some types o f cells by all forms o f genotoxic stress 

including chemotherapeutic drugs (Zhan et al., 1994). Bax expression was markedly 

induced in MCF-7 cells as well as ZR-75 cells, both wild-type p53. It was also induced 

in T47-D and MDA-MB-468 cells and to a lesser extent in MDA-MB-231.

The expression o f inhibitor o f apoptosis proteins, Survivin and XIAP, was assessed by 

western blotting in this study. Results showed that Survivin was down regulated with 

doxorubicin treatment in all cell lines except ZR-75 cells, in which the protein was up 

regulated at 24h o f treatment. It was also down regulated in MCF-7, MDA-MB-468, 

MDA-MB-231 and to a lesser extent in T47-D, while it was up-regulated in ZR-75 cells 

after paclitaxel treatment. ZR-75 cells could be protected against the effect of 

chemotherapeutic drugs on Survivin because o f over-expressing the anti-apoptotic 

protein bcl-2. Previous studies (Hoffman et al., 2002) reported a marked decrease in 

Survivin level in MCF-7 cells following treatment with doxorubicin 0.5 pg/ml, as early 

as 12 hours and stated that this effect is restricted to cells with wild-type p53.

Doxorubicin treatment down-regulated XIAP in MCF-7 cells and to a lesser extent 

T47-D and MDA-MB-468, while ZR-75 cells were not affected. It was also down 

regulated in MCF-7 cells after paclitaxel treatment, and to a lesser extent T47-D, but 

there was no effect on ZR-75 or MDA-MB-468. The similarity o f the effect of
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chemotherapeutic drugs on both Survivin and XIAP may suggest a common regulatory 

mechanism. Further studies are required to cover the lack o f literature on XIAP 

expression after treatment in breast cancer and other tumours.

To conclude, p53 was induced in MCF-7 and ZR-75 after doxorubicin treatment and to 

a lesser extent after paclitaxel treatment. Proliferation was markedly suppressed in 

MCF-7 and ZR-75 cells after treatment with both drugs, while other cell lines with 

mutant p53 were suppressed after paclitaxel treatment. Cells with wild-type p53 were 

more susceptible to apoptosis than those with mutant protein. In MCF-7, it was as early 

as 14h while in ZR-75 it was delayed to 48 hours after treatment. Bcl-2 was 

phosphorylated in ZR-75 cells at 24h o f paclitaxel treatment and down-regulated at 24h 

with doxorubicin treatment. Both drugs also down regulated bcl-2 protein in ZR-75 at 

48h, but there was no effect on other cell lines. Bax was induced in wild-type p53 cells 

after treatment. Survivin was down regulated after paclitaxel and doxorubicin treatment 

but in ZR-75 cells, it was up regulated. The effect of treatment on XIAP was similar to 

that o f Survivin.
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CHAPTER 5:

ANALYSIS OF CLINICO-PATHOLOGICAL 

PARAMETERS AND BIOLOGICAL 

MARKERS IN BREAST 

CARCINOMA
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Introduction
This part o f the study involved immunohistochemical analysis o f breast cancers in 

order to assess whether the expression of various biological factors are related to 

behavior and duration o f survival. These included the tumour suppressor gene p53, its 

upstream regulatory protein ChK2 and downstream regulatory protein Waf-1. It is well 

known that the progression of cancer is dependent on the balance between cell 

proliferation and cell death by apoptosis. All chemotherapeutic drugs ultimately 

perform their action through the induction o f apoptosis. Therefore, proliferation and 

apoptotic indices were assessed along with the expression of apoptotic regulatory 

proteins Bcl-2, Bax, Survivin and XIAP (see chapter 1).

Currently, the selection o f treatments that a patient will receive following surgery 

depends on standard clinico-pathologic criteria including patient age, tumour size, 

tumour grade and lymph node status, in addition to the well established relationship 

between estrogen receptor status and patient response to hormonal therapy. However, 

there are no specific markers that can predict response to chemotherapy although 

several have been investigated as discussed in chapter 1. The aim o f this part of the 

study was to compare the standard clinico-pathological factors with 

immunohistochemical expression of a panel of biological factors to identify those 

factors that predict duration o f survival in relation to therapy and also to stratify 

patients into high or low risk groups on the basis o f these factors.

Methods
Carcinomas from 165 patients were studied. They comprised 18 patients (10.9 %) who 

received neo-adjuvant chemotherapy before surgery, o f which 9 patients had adjuvant 

hormonal therapy, and 147 patients (89.1 %) who had adjuvant treatment after surgery 

(wide local excision or mastectomy with axillary dissection). 10.9 % had adjuvant 

chemotherapy only, 42.4 % had adjuvant chemotherapy followed by hormonal therapy 

(tamoxifen) and 35.8 % had tamoxifen alone. The chemotherapy regimes were CMF
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(Cyclophosphamide, Methotrexate and Fluorouracil), CAF (Cyclophosphamide, 

Adriamycin and Fluorouracil), AC (Adriamycin and Cyclophosphamide), and 

AC/Dox/Tax (Adriamycin and Cyclophosphamide/ Doxorubicin/Taxol). Tissues from 

all cases were analyzed for p53, phosphorylated p53, bcl-2, bax, p21waf*1, ChK2, 

proliferation (MIB-1), apoptosis (M30), Survivin and XIAP using 

immunohistochemistry (see section 2.11).

Results

5.1 Patients

5.1.1 Age
The 165 patients included in this study were divided into two groups according to the 

method of treatment they received (a neoadjuvant group and an adjuvant group). 

Patient’s ages at the time of diagnosis ranged from 22-71 years with a median value of 

53 years and were grouped into three age groups (22-48, 49-56, and 57-71) to represent 

pre-menopausal, peri-menopausal and post-menopausal age groups. Table 5.1 shows 

the distribution of different treatment regimes among the different age groups.

Patient age 
groups/years Neo­

adjuvant

T reatm ent Regimes

A djuvant Chem o. Adjuv.Chem o.
+HormonaI

Horm onal Total

22-48 11(61.1%) 15(83.3%) 25(35.7%) 2(3.4%) 53(32.1%)

49-56 3(16.7%) 2(11.1%) 27(38.6%) 19(32.2%) 51(30.9%)

57-71 4(22.2%) 1(5.6%) 18(25.7%) 38(64.4%) 61(37.0%)

Total 18(100%) 18(100%) 70(100%) 59(100%) 165(100%)

Table 5.1: Distribution of treatment regimes among patient’s age groups.

5.1.2 Survival

All patients included in the study had died from the disease. Follow-up of patients after 

diagnosis of breast cancer showed different durations of survival. The median duration
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of survival for the whole group of patients included in the study was 38 months (range 

was 12-127 months). Survival durations were grouped into three: 12-30 months 

(35.2%); 31-47 months (33.9%), and 47+ months (30.9%) of the total number of 

patients. The correlation between age groups and the duration of survival was not 

statistically significant. Statistical analysis showed a significant difference in relation to 

treatment regime with the duration of survival. Patients in the neo-adjuvant group had 

shorter survival than those in the adjuvant group (t-test, p=0.002) (figure 5.1). Within 

the adjuvant group, there was a significant difference in survival between patients who 

received adjuvant chemotherapy and hormonal therapy and those who received 

hormonal therapy alone (p=0.012) (figure 5.2). 8 patients out of 18 (44.4%) of the neo­

adjuvant group lived for 12-30months, and another 8 (44.4) lived for 31-47months 

while only 2(11.1) lived for >47months. In comparison, survival in the adjuvant group 

was nearly equally distributed among the different survival groups, 12-30 months 

(34.0%), 31-47 months (32.7%), and >47 months (33.3%).

140 -

120-

100-

E 80 -

5 0 -

40 -

2 0 -

0-

1 0 5

Neoadjuvant or Neoadjuvant&Hormonal Adjuvant or Adjuv.&hormonal or
Hormonal

Treatm ent R ece ived

Figure 5.1: Boxplot comparing neo-adjuvant and adjuvant treatment. The second 
group (adjuvant treatment) was associated with longer duration of survival than the first 
group (neo-adjuvant treatment) (p=0.002). Numbers refer to case number of outliers.
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Treatment group
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Figure 5.2: B oxplot show ing correlation between different treatm ent regim es and 
survival. The difference between hormonal treatment and neo-adjuvant treatment 
(marked with *) was statistically significant (One Way ANOVA, p=0.012). Numbers 
refer to case number of outliers.

5.2 C linico-pathological param eters

5.2.1 Tumour Type, Size, Grade and Lymph Node status
The vast majority o f tumours in this study were infiltrating duct carcinomas (IDC) 

(92.2%); only 7 tumours were infiltrating lobular carcinomas (ILC) and one other type. 

Tumour sizes ranged from 3mm to 90mm with a median size of 25.0mm and were 

grouped into 3 according to the TNM system. 24.2% were <20mm, 67.8 % were 20- 

50mm, and the remaining 5.4% were >50mm in size. The study included 3 tumours 

classified as grade I and 38 tumours classified as grade II; these were combined 

together and analyzed as one group (25.0%). The other group contained 123 tumours 

that were grade III (75.0%).
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26.0% of tumours had no evidence of lymph node metastasis, while 74.0 % were lymph 

node metastasis positive, of which 34.7 % had <3 lymph nodes and 39.1 % had >3 

nodes. The median value for lymph node metastasis was 2.0 (range 0-30). The total 

number of lymph nodes removed was classified into two groups, < 15 (70.2%) and > 15 

nodes (29.8%). Table 5.2 summarizes the tumour pathological criteria including tumour 

type, size, histological grade, and lymph node status in relation to the different 

treatment regimes.

Clinico-pathological
parameters

Neo­
adjuvant

No. (%)

Adjuvant
chemotherapy

No. (%)

Adjuv. Chem. 
+Hormonal

No. (%)

Hormonal

No. (%) Total (%)

Tumour Type 
IDC 
ILC 
Others

18 (100) 
0 (0.0) 
0 (0.0)

18(100)
0(0)
0(0)

63(90.0)
7.0(10)
0(0)

58(98.3)
0(0)
1(1.7)

157(92.2)
7(4.2)
1(0.6)

Tumour Size 
<20 mm 
20-50 mm 
>50 mm

4 (23.5) 
12 (70.6) 
1 (5.9)

4(22.2)
13(72.2)
1(5.6)

12(17.9)
51(76.1)
4(6.0)

20(33.9)
36(61.0)
3(5.1)

40(24.2)
112(67.8)
9(5.4)

Tumour Grade 
I+D
in

2 (11.1) 
16 (88.9)

1(5.6)
17(94.4)

14(20.3)
55(79.7)

24(40.7)
35(59.3)

41(25.0)
123(75.0)

Lymph nodes 
-ve 
1-3
>3

4 (23.5)
6 (35.3)
7 (41.2)

5(27.8)
7(38.9)

6(33.3)

7(10.3)
24(35.3)
37(54.4)

26(44.8)
19(32.8)
13(22.4)

42(26.0)
56(34.7)
63(39.1)

Table 5.2: Pathological criteria in relation to different treatm ent regimes.

5.2.2 Standard tumour pathological criteria and survival
In the neo-adjuvant group, none of the standard clinico-pathological criteria showed 

any significant correlation with patient duration of survival. In the adjuvant group, 

tumour type and grade showed highly significant correlation with survival (p=0.004
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and <0.0001) respectively, grade III tumours being associated with shorter duration of 

survival. Tumour size also showed a significant correlation with survival (p=0.005) in 

the adjuvant group treated with hormonal therapy but not other groups. There was no 

correlation with lymph node metastasis status (table 5.3) or with lymph node ratio. 

However, the total number of lymph nodes removed showed a significant correlation 

with survival (p=0.017). When all cases were considered, both tumour type and grade 

also correlated with survival, while tumour size failed to show significant correlation.

Pathological
Criteria

Neo­
adjuvant

Adjuv.
Chento.

Adjuv.
+Hormon.

Hormo.

Statistical
Test P P P P

Total 
P value

Tumour type One-Way ANOVA _ 0.049* 0.020* 0.004 **

Tumour size One-Way ANOVA 0.562 0.614 0.902 0.005** 0.580

Tumour grade T-Test 0.068 0.001** 0.001** <0.0001** <0.0001**

L.N status Kruskall-Wallis

Test 0.739 0.581 0.110 0.695 0.657

Nodes Removed Kruskall-Wallis

Test 0.777 0.825 0.253 0.014* 0.017*

Table 5.3: The relation between pathological criteria and survival. * refers to 
significance at 0.05 level, ** refers to significance at 0.005 level.

5.3 E strogen and Progesterone R eceptors (ER  and PgR)

Not all cases had information on progesterone receptor. 51.2 % of cases showed the 

presence of estrogen receptors while progesterone receptors were present in 36.5% of 

cases. Table 5.4 shows the distribution of both receptors among the different treatment 

regimes and table 5.5 shows the relation between ER and PgR and the different clinico-
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pathological parameters. ER and PgR were correlated significantly with tumour grade. 

Tumours grade III commonly lacked receptors.

Receptors

Neo­
adjuvant

Adjuvant
chemotherapy

Adjuv. Chem. 
+Hormonal Hormonal

No. (%) No. (%) No. (%) No. (%) Total (%)

ER -ve 9(50.0) 8(44.4) 33(47.8) 30(50.8) 80(48.7)
+ve 9(50.0) 10(55.6) 36(52.2) 29(49.2) 84(51.2)

PgR -ve 7(70.0) 6(60.0) 30(65.2) 16(59.3) 59(63.4)
+ve 3(30.0) 4(40.0) 16(34.8) 11(40.7) 34(36.5)

Table 5.4: ER and PgR receptors in relation to treatm ent regimes.

Clinico- ER PgR
pathological
Parameters -ve

No. (%)
+ve
No. (%)

P -ve
No. (%)

+ve
No. (%)

P

Type IDC 
ILC 

Others

79 (98.8) 
1 (1.3)
0 (0.0)

77(91.7)
6(7.1)
1 (1.2)

0.105 55 (43.2) 
4(6.8)
0 (0.0)

30 (88.2) 
3 (8.8)
1 (2.9)

0.729

Size/mm
<20
20-50
>50

21 (27.3) 
51 (66.2) 
5 (6.5)

19 (22.9) 
60 (72.3) 
4(4.8)

0.699 16 (28.1) 
38 (66.7) 
3(5.3)

6(18.8) 
24 (75.0) 
2(6.3)

0.619

Grade I+II 
HI

4(5.0)
76 (95.0)

37 (44.6) 
46 (55.4)

<0.0001** 11 (18.6) 
48 (81.4)

16 (48.5) 
17(51.5)

0.003**

L.N -ve 
1-3
>3

24 (30.8) 
24 (30.8) 
30 (38.5)

18(22.0) 
31 (37.8) 
33 (40.2)

0.408 12 (20.7) 
21 (36.2) 

25 (43.1)

7(21.9) 
9(28.1) 
16 (50.0)

0.729

Table 5.5: ER and PgR receptors in relation to clinico-pathological parameters.
Analyzed by Chi-square test, ** refers to significance at 0.005.
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Receptors and survival
The presence of both estrogen and progesterone receptor correlated significantly with 

the duration of patient survival (figure 5.3a and 5.3.b). Table 5.6 shows the relation 

between ER and PgR and duration of patient survival for the different treatment 

regimes. There was a significant correlation between the presence of the receptor and 

the duration o f survival only in the group of patients that received hormonal treatment 

(p<0.0001 and p=0.014 ER and PgR respectively).

positivenegative

Eostrogen Receptor

Figure 5.3a: Boxplot- estrogen receptor expression and patient survival. Positive 
expression of estrogen receptors was associated with longer duration of survival
(p<0.0001).
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Figure 5.3b: Boxplot- progesterone receptor expression and patient survival.
Positive expression of estrogen receptors was associated with longer duration of 
survival (p<0.0001).

Pathological
Criteria

Adjuv.
Chemo.

Adjuv.
+Hormoru

Hormo.

Statistical
Test P P P

Total 
P value

ER T-test 0.183 0.064 <0.0001** <0.0001**

PgR T-test 0.882 0.326 0.014* 0.010**

Table 5.6: ER and PgR and survival in relation to treatment regimes. * refers to 
significance at 0.05 level, ** refers to significance at 0.005 level.
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5.4 G row th R egulation

5,4.1 Proliferation Index
Immunostaining for proliferation by Ki-67 antigen (MIB-1) appeared as nuclear 

staining; nuclei were considered to be positive for Ki-67 antigen if they had moderate 

or strong staining. They were divided into low proliferation index (<20% of cells 

staining) and high proliferation index (> 20% of cells staining). There were 58.2 % 
having a high proliferation index (figure 5.4).

Proliferation and clinico-pathological parameters
There was a significant correlation between high proliferation index and grade III 

tumours (p<0.0001) (table 5.7). Infiltrating lobular carcinomas had a significantly lower 

proliferation index than other types but there was no correlation between proliferation 

index and tumour size or lymph node status.

Clinico-pathological Proliferation
Parameters.

Low 
No (%)

High
No (%)

P

Type IDC 
ILC 
Others

62 (89.9) 
6(8.7)
1 (1.4)

95 (99.0) 
1(1.0)
0 (0.0)

0.026*

Size/mm
<20
20-50
>50

12(17.6) 
50 (73.5) 
6 (8.8)

28 (30.1) 
62 (66.7) 
3(3.2)

0.085

Grade I+II
m

29 (42.0) 
40 (58.0)

12 (12.6) 
83 (87.4)

<0.0001**

L.N -ve 
1-3
>3

17(24.6) 
22 (31.9) 
30 (43.5)

25 (27.2) 
34 (37.0) 
33 (35.9)

0.615

Table 5.7: Proliferation in relation to clinico-pathological parameters. Analyzed by 
Chi-square test, p values <0.05 are statistically significant and referred to *, while ** 
refers to significance at the 0.005 level.
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Figure 5.4: Proliferation by MIB-1 immunohistochemistry. A, high proliferation 
(41.8% of cells positive) B, very low proliferation (0.9 % of cells positive).

186



Chapter 5 Results

Proliferation and other biological factors
High proliferating tumours showed an inverse correlation with the presence of anti- 

apoptotic protein bcl-2 and ER (p=0.001 both markers). High proliferation index 

correlated positively with both ChK2 and Survivin (p=0.005 and p<0.0001 

respectively) (table 5.9). There was no significant correlation with other biological 

markers.

Proliferation and Survival
Proliferation index showed significant correlation with survival. High proliferation was 

associated with shorter duration of survival (p=0.001) (figure 5.5). When analyzed in 

relation to treatment groups, patients who received adjuvant chemotherapy in addition 

to adjuvant hormonal therapy showed a significant correlation with proliferation 

(p=0.026) (table 5.8).

Biological
marker

Statistical
Test

Neo-
Adjuv.

Adjuv.
Chemo.

Adjuv.
+Hormon.

Hormon.

Total 
P valueP P P P

Proliferation by 
MIB-1

T-test 0.20 0.059 0.026* 0.083 0.001**

Table 5.8: proliferation and survival in relation to treatm ent group. * refers to 
significance at 0.05, ** refers to significance at 0.005 level.
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Biological
Markers

Proliferation
Low 

No. (%)

High

No. (%)

P

Apoptosis % <1 37 (54.4) 54 (56.3) 0.939
1-2 16(23.5) 23 (24.0)
>2 15 (22.1) 19(19.8)

Apoptosis/IOHPF <10 29 (35.3) 36 (37.5) 0.664
10-20 25 (36.8) 29 (30.2)
>20 19 (27.9) 31 (32.3)

P53 (DO-7) -ve 53 (76.8) 50 (52.1) 0.001**
+ve 16(23.2) 46 (47.9)

P53 phosphospecific -ve 62 (89.9) 66 (68.7) 0.001**
+ve 7(10.1) 30 (31.3)

Waf-1 -ve 51 (73.9) 69 (71.9) 0.772
+ve 18(26.1) 27 (28.1)

ChK-2 -ve 29 (42.0) 21 (21.9) 0.005**
+ve 40 (58.0) 75 (78.1)

Bcl-2 -ve 24 (34.8) 59 (61.5) 0.001**
+ve 45 (65.2) 37 (38.5)

Bax -ve 7(10.3) 6(6.3) 0.355
+ve 61 (89.7) 89 (93.7)

Survivin -ve 47 (68.1) 26 (27.4) <0.0001**
+ve 22 (31.9) 69 (72.6)

XIAP -ve 9(13.0) 8 (8.3) 0.326
+ve 60 (87.0) 88(91.7)

ER -ve 23 (33.3) 57 (60.0) 0.001**
+ve 46 (66.7) 38 (40.0)

PgR -ve 23 (54.8) 36 (70.6) 0.115
+ve 19 (45.2) 15 (29.4)

Table 5.9: Relationship between extent of proliferation and biological markers.
Analyzed by Chi-square test, ** refers to significance at 0.005.
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Figure 5.5: Boxplot shows proliferation index and survival. Low proliferation 
correlated with better survival (p=0.001).

5.4.2 Apoptotic Index
The apoptotic cells were detected by the anti-cytokeratin 18 antibody (M30) which 

stains cells at different stages of the apoptotic process. Cells in early apoptosis were 

characterized by cytoplasmic staining and dark condensed nuclei, or clumped 

chromatin at the inner aspect of the nucleus. Cells in advanced stage were seen as small 

shrunken cells with darkly stained cytoplasm or as small rounded membrane-bound 

structures (apoptotic bodies) (figure 5.6). As described in 2.6.7, the apoptotic index was 

determined by counting the number of apoptotic stained cells in 10 HPF or calculating 

the percentage of positive cells in a total of 1000 tumour cells.
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Apoptosis and clinico-pathological parameters
Assessment of apoptosis by the two different methods of assessment failed to show any 

significant correlation with any of the clinico-pathological parameters (table 5.10).

Clinicopathol Apoptosis % Apoptosis /10HPF
ogical
Parameters. <1 1-2 >2 P <10 10-20 >20 P

Type
IDC
ILC
Others

85 (93.6) 
5(5.5) 
1 (1.1)

38 (97.4) 
1 (2.6)
0 (0.0)

33 (97.1) 
1 (2.9)
0 (0.0)

0.810 55 (91.7) 
4(6.7)
1 (1.7)

52 (96.3) 
2(3.7)
0 (0.0)

49 (98.0) 
1 (2.0)
0 (0.0)

0.507

Size/mm
<20
20-50
>50

26 (29.2) 
59 (66.3) 
4(4.5)

8 (20.5) 
30 (76.9) 
1 (2.6)

6(18.8) 
23(71.9) 
3 (9.4)

0.457 15 (25.9) 
39 (67.2) 
4(6.9)

15 (27.8) 
38 (70.4) 
1 (1.9)

10 (20.8) 
35 (72.9) 
3 (6.3)

0.685

Grade
I+II
in

26 (28.9) 
64(71.1)

8 (20.5) 
31 (79.5)

6(17.6) 
28 (82.4)

0.344 15 (25.4) 
44 (74.6)

17(31.5) 
37 (68.5)

8 (16.0) 
42 (84.0)

0.183

L.N
-ve
1-3
>3

28 (31.8) 
30 (34.1) 

30 (34.1)

7 (17.9) 
17 (43.6) 
15 (38.5)

7(21.2)
9 (27.3) 
17(51.5)

0.225 18(31.0) 
17(29.3) 
23 (39.7)

14 (26.4) 
23 (43.4) 
16 (30.2)

10 (20.4) 
16 (32.7) 
23 (46.9)

0.321

Table 5.10: Apoptosis in relation to clinicopathological parameters, analyzed by 
Chi-square test.
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Figure 5.6: Apoptosis detected by M30. A, example for early apoptotic cell with 
condensed dark nucleus and stained cytoplasm (arrow). B, another early apoptotic cell 
with condensed chromatin at the inner aspect of the nucleus and stained cytoplasm 
(arrow). C+D, tumour tissues with high apoptotic index (2.2 % of cells) showing 
apoptotic cells at different stages of apoptosis. E, example of apoptotic cell showing 
nuclear fragmentation. F, late apoptosis with frequent apoptotic bodies.
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Apoptosis and biological markers
Apoptosis assessed in 10/HPF showed a significant correlation with the inhibitor of 

apoptosis protein Survivin (p=0.031) while the apoptotic index assessed as a percentage 

failed to show any correlation. There was no correlation between apoptosis assessed by 

both methods and any of the other biological markers (table 5.12).

Apoptosis and survival
Overall apoptosis as assessed by the both counting methods showed no correlation with 

survival (table 5.11). The only significant correlation found was with survival in the 

neoadjuvant group where tumours with apoptosis 1-2 % had longer survival than other 

groups (figure 5.7), although numbers were small.

Apoptosis Statistical
Test

Neo- 
Ad juv.

Adjuv.
Chemo.

Adjuv.
+Hormon.

Hormon.

Total 
P value

P P P P

Apoptosis % ANOVA 0.005** 0.274 0.292 0.419 0.383

Apoptosis/ 10HPF ANOVA 0.119 0.167 0.888 0.767 0.519

Table 5.11: Apoptosis and survival in relation to treatm ent group. ** refers to 
significance at the 0.005 level.
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Biological
marker

Apoptosis % Apoptosis /10 HPF

<1
No (%)

1-2 >2 P <10 
No (%)

10-20 >20 P

Proliferation
Low
High

37 (54.4) 
54 (56.3)

61 (23.5) 
23 (24.0)

15(22.1) 
19 (19.7)

0.939 29 (35.3) 
36 (37.5)

25 (30.8) 
29 (30.2)

19(27.9) 
31 (32.3)

0.664

P53 (DO-7)
-ve
+ve

59 (57.3) 
32 (52.5)

26 (25.2) 
13 (21.3)

18(17.5) 
16 (26.2)

0.401 39 (65.0) 
21 (35.0)

36 (66.7) 
18(33.3)

28 (56.0) 
22 (44.0)

0.482

P53
phosphospecific

-ve
+ve

74 (58.3) 
17 (45.9)

29 (22.8) 
10 (27.0)

24(18.9)
10(27.0)

0.385 48 (80.0) 
12(20.0)

45 (83.3) 
9(16.7)

34 (68.0) 
16 (32.0)

0.146

Waf-1
-ve
+ve

65 (71.4) 
26 (28.6)

31 (79.5) 
8 (20.5)

23 (67.6) 
11 (32.4)

0.494 42 (70.0) 
18(30.0)

41 (75.4) 
13 (24.1)

36 (72.0) 
14 (28.0)

0.774

ChK-2
-ve
+ve

29 (31.9) 
62 (68.1)

12 (30.8) 
27 (69.2)

8 (23.5) 
26 (76.5)

0.657 22 (36.7) 
38 (63.3)

16 (29.6) 
38 (70.4)

11 (22.0) 
39 (78.0)

0.246

Bcl-2 -ve
+ve

46 (50.5) 
45 (49.5)

16(41.0) 
23 (59.0)

20 (58.8) 
14(41.2)

0.313 29 (48.3) 
31 (51.7)

27 (50.0) 
27 (50.0)

26 (52.0) 
24 (48.0)

0.929

Bax -ve
+ve

6 (6.6)
85 (93.4)

4 (10.3) 
35 (89.7)

3 (9.4)
29 (90.6)

0.743 3(5.0)
57 (95.0)

7(13.0) 
47 (87.0)

3 (6.3)
45 (93.8)

0.255

Survivin -ve
+ve

42 (46.2) 
49 (53.8)

19 (50.0) 
19 (50.0)

11 (32.4) 
23 (67.6)

0.273 24 (40.0) 
36 (60.0)

31 (58.5) 
22(41.5)

17 (34.0) 
33 (66.0)

0.031*

XIAP -ve
+ve

11 (12.1) 
80 (87.9)

1 (2.6)
38 (97.4)

5 (14.7) 
29 (85.3)

0.171 8(13.3) 
52 (86.7)

4(7.4)
50 (92.6)

5 (10.0) 
45 (90)

0.581

ER -ve
+ve

44 (48.4) 
47 (51.6)

15(39.5) 
23 (60.5)

21 (61.8) 
13 (38.2)

0.164 30 (50.0) 
30 (50.0)

22(41.5) 
31 (58.5)

28 (56.0) 
22 (44.0)

0.334

PgR -ve
+ve

31 (62.0) 
19 (38.0)

13 (52.0) 
12 (48.0)

15 (83.3) 
3 (16.7)

0.104 20 (60.6) 
13 (39.4)

18(56.3) 
14 (43.8)

21 (75.0) 
7 (25.0)

0.295

Table 5.12: Apoptosis as determined by the counting methods and relationship to 
biological markers, analyzed by Chi-square test, * refers to significance at 0.05 levels.
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Figure 5.7: Boxplot showing apoptosis index in relation to survival in the neo­
adjuvant chemotherapy groups (No. corresponds to the number of cases in each 
group).

5.5 Biological M arkers.

5 .5 .7  Tumour suppressor gene p53
Sections were stained for the expression of p53 protein by two different antibodies 

(DO-7 and phosphorylated p53). P53 was detected in 62 of the 165 breast tumours 

(37.6 %). Phosphospecific p53, which reflects p53 that is phosphorylated at serine 392, 

was detected in 22.4 % of tumours (figure 5.8). P53 expression as detected by both 

antibodies showed positive correlation with each other (p<0.0001); all tumours positive 

for phosphospecific p53 were positive with the DO-7 antibody (figure 5.9). The 

distribution of p53 status in relation to treatment group is shown in table 5.13.
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TSrf&f

a

Figure 5.8: P53 immunohistochemistry. A, strong staining for p53 (DO-7) in most 
tumour cells. B, strong staining for phosphospecific p53 in section from tumour (A). C 
& D, another tumour stained with DO-7 and phosphorylated p53 respectively. E, 23% 
of cells staining with DO-7. F, another tumour negative for p53.
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phosphospecific
p53

■  negative

■  positive

negative positive

P53 by DO-7

Figure 5.9: P53 DO-7 in relation to phosphospecific p53. All phosphospecific p53 
+ve cases were also Do-7 +ve, but none was DO-7 negative.

Table 5.13: Distribution of p53 in relation to treatment group.

P53 antigen
N eo­
adjuvant

A djuvant
chem otherapy

Adjuv. Chem. 
+H orm onal

Horm onal

No. (% ) No. (% ) No. (% ) No. (% ) Total (% )

DO-7 -ve
+ve

11 (61.1) 
7 (38.9)

14 (77.8) 
4 (22.2)

40 (57.1) 
30 (42.9)

38 (64.4) 
21 (35.6)

103 (62.4) 
62 (37.6)

PHOS -ve
+ve

14 (77.8) 
4 (22.2)

16 (88.9) 
2(11.1)

49 (70.0) 
21 (30.0)

49 (87.1) 
10(16.9)

128 (77.6) 
37 (22.4)

P53 and clinico-pathological parameters

The expression of p53 by DO-7 antibody failed to show any significant correlation with 

tumour type, size, grade, or lymph nodes status. The expression of phosphorylated p53 

at serine 392 showed a correlation with tumour grade, in that positive cases were
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predominantly grade III tumours (p=0.002). No association between phosphospecific 

p53 and the other clinico-pathological parameters was found (table 5.14).

Clinico-pathological
Parameters

DO-7
P53

Phosphospecific
-ve
No. (%)

+ve P -ve
No. (%)

+v P

Type IDC 95 (92.2) 62(100.0) 0.080 120 (93.8) 37(100.0) 0.297
ILC 7(6.8) 0 (0.0) 7(5.5) 0 (0.0)

Others 1 (1.0) 0(0.0) 1 (0.8) 0 (0.0)

Size/mm <20 25 (24.5) 15 (25.4) 0.652 32 (25.6) 8 (22.2) 0.612
20-50 70 (68.6) 42 (71.2) 85 (68.0) 27 (75.0)
>50 7(6.9) 2(3.4) 8(6.4) 1 (22.4)

Grade i+n 30 (29.1) 11 (18.0) 0.113 39 (30.7) 2(5.4) 0.002**
HI 73 (70.9) 50 (82.0) 88 (69.3) 35 (94.6)

L.N -ve 29 (28.7) 13(21.7) 0.338 34 (27.4) 8(21.6) 0.655
1-3 31 (30.7) 25 (41.7) 41 (33.1) 15 (40.5)
>3 41 (40.6) 22 ( 36.7) 49 (39.5) 14 (37.8)

T able 5.14: P53 and clin ico-pathological param eters. Analyzed by Chi-square test, p 
values <0.05 are statistically significant, ** refers to significance at the 0.005 level.

P53 and other biological markers
P53 expression by both antibodies (DO-7 and phosphospecific p53) positively 

correlated with proliferation by MIB-1 (p=0.001) and Survivin expression (p<0.0001). 

P53 positive tumours were associated with high proliferation (figure 5.10) and with the 

presence of Survivin. P53 (DO-7) was also positively correlated with the inhibitor of 

apoptosis protein XLAP (p=0.02). P53 detected by both antibodies was inversely 

correlated with Bcl-2 expression (p=0.005 and p=0.004) respectively. The presence of 

p2 jwaf-i an(j jkc presence of ER showed an inverse relation with the phosphorylated 

form of p53 (table 5.16).
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Proliferation by 
MIB-1

■  low■ high

Figure 5.10: P53 DO-7 and proliferation MIB-1. Most of p53 positive cases were 
highly proliferating.

P53 and survival
Overall there was no relationship between the presence of p53 (DO-7) and the duration 

of survival. Those cases expressing phosphospecific p53 showed a significant 

correlation with shorter duration of survival (independent samples t-test, p<0.0001) 

(figure 5.11). When compared with treatment, those patients with phosphospecific p53 

positivity who received either hormonal treatment or adjuvant chemotherapy and 

hormonal showed significant shorter survival than other groups (table 5.15).

PS3 antibody Statistical
Test

Neo-
Adjuv.

Adjuv.
Chemo.

Adjuv.
+Hormon.

Hormon.
Total 
P value

P P P P

DO-7 T-test 0.904 0.520 0.405 0.746 0.276

Phosphospecific T-test 0.873 0.170 0.026* 0.003** <0.0001**

Table 5.15: Relation between p53 and survival in relation to treatment group.
* refers to significance at 0.05, ** refers to significance at 0.005.

negative
P53 by DO-7
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Biological DO-7
P53

Phosphospecific
Markers -ve

No. (%)
+ve P -ve

No. (%)
+v P

Proliferation (MIB1) 
Low 

High
53 (51.5) 
50 (48.5)

16 (25.8) 
46 (74.2)

0.001** 62 (48.4) 
66 (51.6)

7(18.9) 
30 (81.1)

0.001**

Apoptosis %
<1
1-2
>2

59 (57.3) 
26 (25.2) 
18(17.5)

32 (52.5) 
13(21.3) 
16 (26.2)

0.401 74 (58.3) 
29 (22.8) 
24(18.9)

17(45.9) 
10(27.0) 
10 (27.0)

0.385

Waf-1 -ve
+ve

71 (68.9) 
32 (31.1)

49 (79.0) 
13(21.0)

0.158 88 (68.8) 
40 (31.3)

32 (86.5) 
5(13.5)

0.033*

ChK-2 -ve
+ve

31 (30.1) 
72 (69.9)

19 (30.6) 
43 (69.4)

0.941 43 (33.6) 
85 (66.4)

7(18.9) 
30 (81.1)

0.087

Bcl-2 -ve
+ve

43 (41.7) 
60 (58.3)

40 (64.5) 
22 (35.5)

0.005** 59 (46.1) 
69 (53.9)

24 (64.9) 
13 (35.1)

0.004**

Bax -ve
+ve

8 (7.8)
94 (92.2)

5 (8.2)
56 (91.8)

0.936 10 (7.9) 
117(92.1)

3 (8.3)
33 (91.7)

0.928

Survivin -ve
+ve

57 (55.3) 
46 (44.7)

16 (26.2) 
45 (73.8)

<0.0001** 67 (52.3) 
61 (47.7)

6(16.7) <0.0001** 
30 (83.3)

XIAP -ve
+ve

15(14.6) 
88 (85.4)

2(3.2)
60 (96.8)

0.020** 16(12.5)
112(87.5)

1 (2.7)
36 (97.3)

0.084

ER -ve
+ve

45 (43.7) 
58 (56.3)

35 (57.4) 
26 (42.6)

0.090 53 (41.4) 
75 (58.6)

27(75.0) <0.0001** 
9 (25.0)

PgR -ve
+ve

38 (65.5) 
20 (34.5)

21 (60.0) 
14 (40.0)

0.592 43 (61.4) 
27 (38.6)

16(69.6) 
7 (30.4)

0.082

T able 5.16: P53 and biological m arkers. Analyzed by Chi-square test, * refers to 
significance at 0.05, ** refers to significance at 0.005.
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Figure 5.11: Boxplot showing phosphospecific p53 staining and survival.
Phosphospecific p53 negative cases lived longer than positive cases (pO.OOOl).

5.5.2 p21wafI

Staining for p21waf'1 was predominantly nuclear with occasional faint cytoplasmic 

staining. Only nuclear staining was assessed, positive expression was considered when 

> 5% of cells were stained (moderate/strong or strong) and negative when <5% of cells 

were stained. Using that cut-off, 27.3 % of tumours were positive for p21waf_1 (figure 

5.12).

P21waf'1 and clinico-pathological parameters
P21waf'1 expression showed significant correlation with tumour grade. Grade III 

tumours were predominantly p21waf'1 negative. There was no correlation with other 

clinico-pathological parameters (table 5.17).
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i A 't e s

Figure 5.12: p21waflimmunohistochemistry. A, tumour with high percentage of 
stained cells (31.6 %). B, high power of A. C, tumour with low number of stained cells 
(2.2 % for the whole tumour).
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Clinico-pathological P21wafl
Parameters. -ve

No (%)
+ve P

Type I DC 
ILC 

Others

113(94.2)
6(5.0)
1 (0.8)

44 (97.8) 
1 (2.2)
0 (0.0)

0.602

Size/mm
<20
20-50
>50

24 (20.3) 
86 (72.8) 
8 (6.8)

16 (37.2) 
26 (60.5) 
1 (2.3)

0.066

Grade I+H 
III

24 (20.0) 
96 (80.0)

17(38.0) 
27 (61.4)

0.015*

L.N -ve 
1-3
>3

33 (28.0) 
37(31.4) 
48 (40.7)

9 (2.9) 
19(44.2) 
15 (34.9)

0.307

Table 5.17: p21waf_1 and relationship to clinico-pathological parameters. Analyzed 
by Chi-square test, * refers to significance at 0.05 level.

P2i M,af-1 anci biological markers

There was a significant correlation between p21waf l and the presence of ER. P21waf_1 

positive tumours were predominantly ER positive (p=0.015) (table 5.18). As mentioned 

in 5.5.1, p21waf‘1 negative tumours were more likely to express phosphospecific p53. 

There was no correlation with other biological markers.
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Biological Markers P21wafl
-ve
No (%)

+ve
No (%)

P

Proliferation Low 51 (73.9) 69 (71.9) 0.772
High 18(26.1) 27 (28.1)

Apoptosis % <1 65 (71.4) 26 (28.6) 0.494
1-2 31 (79.5) 8 (20.5)
>2 23 (67.6) 11 (32.4)

Apoptosis/ 10HPF <10 42 (70.0) 18(30.0 0.774
10-20 41 (75.4) 13 (24.1)
>20 36 (72.0) 14 (28.0)

P53 (DO-7) -ve 71 (68.9) 49 (79.0) 0.158
+ve 32 (31.1) 13 (21.0)

Phosphospecific p53 -ve 88 (68.8) 32 (86.5) 0.033*
+ve 40 (31.3) 5 (13.5)

ChK-2 -ve 37 (30.8) 13 (28.9) 0.809
+ve 83 (69.2) 32 (71.1)

Bcl-2 -ve 61 (49.2) 22 (48.9) 0.824
+ve 59 (49.2) 23 (51.1)

Bax -ve 12(10.0) 1 (2.3) 0.111
+ve 108 (90.0) 42 (97.7)

Survivin -ve 52 (43.7) 21 (46.7) 0.733
+ve 67 (56.3) 24 (53.3)

XLAP -ve 13 (10.8) 4(8.9) 0.714
+ve 107 (89.2) 41 (91.1)

ER -ve 65 (54.6) 15 (33.3) 0.015*
+ve 54 (45.4) 30 (66.7)

PgR -ve 39 (60.9) 20 (69.0) 0.456
+ve 25 (39.1) 9(31.0)

Table 5.18: p21wafl and relationship to biological markers. Analyzed by Chi- 
square test, * refers to significance at 0.05.
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p2jwaf-} an(j  survjva l

The overall relationship between p21wafl and duration of patient survival was o f 

borderline significance (T-Test, p=0.055). When survival was assessed in relation to 

treatment group, a significant correlation was found between the presence of p21waf:i 

and longer survival in those patients who received hormonal treatment only (p=0.014) 

(table 5.19).

Biological
marker

Statistical
Test

Neo-
Adjuv.

Adjuv.
Chemo.

Adjuv.
+Hormon.

Hormo.

Total 
P value

P P P P

P21waf'1 T-Test 0.252 0.190 0.355 0.014* 0.055

Table 5.19: p21waf*1and survival. * refers to significance at 0.05.

5.5.3 ChK-2

ChK2 protein was immunohistochemically expressed as dense nuclear staining. 

Tumours were considered positive if >20 % of tumour cells were stained and negative 

if <20 % of cells reacted. Accordingly, 69.7 % of tumours showed positive expression 

of ChK2. Staining was also seen in normal breast tissue adjacent to carcinomas in some 

cases (figure 5.13).
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Figure 5.13: ChK2 staining. A: normal breast tissue close to a tumour, B: breast
carcinoma.
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ChK2 and clinicopathological parameters
ChK2 positive tumours showed a significant correlation with grade III tumours 

(p=0.003). There was no correlation with other clinicopathological parameters (table 

5.20).

Clinicopathological
Parameters

ChK2

-ve
No. (%)

+ve P

Type I DC 
ILC 

Others

46 (92.0) 
4(8.0)
0 (0.0)

111 (96.5) 
3 (2.6)
1 (0.9)

0.235

Size/mm 3-20 
21-30
31+

8 (16.0) 
39 (78.0) 
3 (6.0)

32 (28.8) 
73 (65.8) 
6(5.4)

0.218

Grade I+H
m

20 (40.0) 
30 (60.0)

21 (18.4) 
93 (81.6)

0.003**

L.N -ve 
1-3
>3

12 (24.0) 
19(38.0) 
19(38.0)

30 (27.0) 
37 (33.3) 
44 (39.6)

0.835

Table 5.20: ChK2 and relationship to clinicopathological parameters. Analyzed 
by Chi-square test, ** refers to significance at 0.005.

ChK2 and biological markers
ChK2 showed a significant correlation with Survivin, ChK2 positive cases were 

predominantly Survivin positive (p=0.003). Also, the presence of ER was significantly 

correlated with lack of ChK2 (p=0.012) (table 5.21). Furthermore, as mentioned in 

5.4.1 there was a correlation between high proliferation and ChK2 positivity.
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Biological Markers ChK2
-ve
No. (%)

+ve P

Proliferation Low
High

29 (42.0) 
40 (58.0)

21 (21.9) 
75 (78.1)

0.005**

Apoptosis % <1
1-2
>2

29 (31.9) 
12(30.8) 
8 (23.5)

62 (68.1) 
27 (69.2 
26 (76.5)

0.657

Apoptosis/ 10HPF <10
10-20

>20

22 (36.7) 
16(29.6) 
11 (22.0)

38 (63.3)
38 (70.4)
39 (78.0)

0.246

P53 (DO-7) -ve
+ve

31 (30.1) 
72 (69.9)

19 (30.6) 
43 (69.4

0.941

P53 phosphospecific -ve 
+ve

43 (33.6) 
85 (66.4)

7(18.9) 
30 (81.1)

0.087

p21 waf-l -ve
+ve

37 (30.8) 
83 (69.2)

13 (28.9) 
32 (71.1)

0.809

Bcl-2 -ve
+ve

23 (46.0) 
27 (54.0)

60 (52.2) 
55 (47.8)

0.466

Bax -ve
+ve

6 (12.0) 
44 (88.0)

7(6.2)
106 (93.8)

0.207

Survivin -ve
+ve

31 (62.0) 
19(38.0)

42 (36.8) 
72 (63.2)

0.003**

XIA P -ve
+ve

6 (12.0) 
44 (88.0)

11 (9.6) 
104 (90.4)

0.636

ER -ve
+ve

17(34.0) 
33 (66.0)

63 (55.3) 
51 (44.7)

0.012*

PgR -ve
+ve

16 (59.3) 
11 (40.7)

43 (65.2) 
23 (34.8)

0.592

Table 5.21: Relationship of ChK2 to biological factors. Analyzed by Chi-square 
test, * refers to significance at 0.05 level. ** refers to significance at 0.005 level.
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ChK2 and survival

There was no relationship between ChK2 expression and duration of patient survival 

nor was there a correlation with treatment group (table 5.22).

Biological
marker

Statistical
Test

Neo-
Adjuv.

Adjuv.
Chemo.

Adjuv.
+Hormon.

Hormo.

Total 
P value

P P P P

ChK2 T-Test 0.869 0.534 0.259 0.482 0.309

Table 5.22: ChK2 and survival in relation to treatm ent group.

5.5.4 Bcl-2

The anti-apoptotic protein bcl-2 was expressed as cytoplasmic staining with different 

degrees of intensity. It was heterogeneous among tumour cells (figure 5.14). A scoring 

system was used to assess staining and to classify cases into positive and negative (see 

2.6.7). Lymphocytic infiltrate and remains of normal breast tissue around carcinoma 

always stained positive with bcl-2 and served as internal positive controls. Nearly half 

of cases (49.7%) were bcl-2 positive.

Bcl-2 and clinico-pathological parameters
There was a significant correlation between bcl-2 and tumour grade. Grade III tumours 

were predominantly bcl-2 negative (p<0.0001) (table 5.23). There was no correlation 

with other clinico-pathological parameters.
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Figure 5.14: Bcl-2 in breast cancer. A, lack of bcl-2 but the lymphocytic infiltrate is 
positive (arrow). B, faint staining. C, very strong cytoplasmic staining. D, strong 
staining cells in between moderate staining.
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Bcl-2
Clinico-pathological
Parameters -ve 

No. (%)
+ve P

Type IDC 
ILC 

Others

80 (96.4) 
3 (3.6)
0 (0.0)

77 (93.9) 
4 (4.9)
1 (1.2)

0.550

Size/mm 3-20 
21-30 
31+

22 (27.2) 
54 (66.7) 
5 (6.2)

18(22.5) 
58 (72.5) 
4(5.0)

0.723

Grade I+II
in

11 (13.3) 
72 (86.7)

30 (37.0) 
51 (63.0)

<0.0001**

L.N -ve 
1-3
>3

20 (24.7) 
28 (34.6) 
33 (40.7)

22 (27.5) 
28 (35.0) 
30 (37.5)

0.891

Table 5.23: Relationship of bcl-2 reactivity to clinico-pathological parameters.
Analyzed by Chi-square test, ** refers to significance at 0.005 level.

Bcl-2 and biological markers
There was an inverse correlation between bcl-2 positivity and the expression of 

Survivin (p=0.001). The presence of bcl-2 correlated with the presence of both ER and 

PgR (p<0.0001 for both) (table 5.24). There was an inverse correlation between bcl-2 

positivity and high proliferation and p53 (DO-7 and phosphospecific p53) (see tables 

12 and 5.9).
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Biological Markers Bcl-2
-ve 

No. (%)
+ve P

Proliferation Low
High

24 (34.8) 
45 (65.2)

59 (61.5) 
37 (38.5)

0.001**

Apoptosis % <1
1-2
>2

46 (50.5) 
16(41.0) 
20 (58.8)

45 (49.5) 
23 (59.0) 
14(41.2)

0.313

Apoptosis/ 10HPF <10
10-20
>20

29 (48.3) 
27 (50.0) 
26 (52.0)

31 (51.7) 
27 (50.0) 
24 (48.0)

0.929

P53 (DO-7) -ve
+ve

43 (41.7) 
60 (58.3)

40 (64.5) 
22 (35.5)

0.005**

Phosphospecific p53 -ve 
+ve

59 (46.1) 
69 (53.9)

24 (64.9) 
13(35.1)

0.044*

ChK-2 -ve
+ve

23 (46.0) 
27 (54.0)

60 (52.2) 
55 (47.8)

0.466

Bax -ve
+ve

5 (6.1)
77 (93.9)

8 (9.9)
73 (90.1)

0.373

Survivin -ve
+ve

26 (31.3) 
57 (68.7)

47 (58.0) 
34 (42.0)

0.001**

XIAP -ve
+ve

10(12.0) 
73 (88.0)

7(8.5)
75 (91.5)

0.458

ER -ve
+ve

60 (72.3) 
23 (27.7)

20 (24.7) 
61 (75.3)

<0.0001**

PgR -ve
+ve

38 (88.4) 
5(11.6)

21 (42.0) 
29 (58.0)

<0.0001**

Table 5.24: Relationship of bcl-2 to other biological markers.

Bcl-2 and survival
The presence of bcl-2 significantly correlated with longer duration of survival (T-Test 

p=0.010) (figure 5.15) and there was a trend towards increasing duration of survival 

relating to higher bcl-2 score (figure 5.16). When individual treatment groups were 

compared, survival in patients who received hormonal treatment was significantly 

longer than other treatment groups (table 5.25).
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Biological
marker

Statistical
Test

Neo-
Adjuv.

Adjuv.
Chemo.

Adjuv.
+Hormon.

Hormo.
Total 
P valueP P P P

Bcl-2 T-Test 0.533 0.758 0.146 0.039* 0.010*

Table 5.25: Bcl-2 and survival in relation to treatment group.
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Figure 5.15: Boxplot showing bcl-2 positivity and survival. Positivity is associated 
with longer duration of survival.
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Figure 5.16: Boxplot showing the relationship between bcl-2 scores and survival.
Bcl-2 scores showing a difference between scores 7 and less and greater than 7 (t-test,
p<0.0001).

5 .5 .5  Bax
Bax is one of the pro-apoptotic family members, commonly expressed in cancer. It was 

detected as homogenous cytoplasmic staining but the intensity of staining varied 

between tumours from faint, moderate to strong. The protein was also detected in 

normal breast tissue adjacent to tumour (figure 5.17). Bax was considered as positive 

when moderate or strong staining was detected, as compared with the intensity of 

staining in normal breast tissue (positive control); staining greater than control was 

considered as strong; the same as normal considered moderate. When less than control, 

it was classed as negative. 91.0 % of tumours were considered as positive.
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Figure 5.17: Bax immunohistochemical staining. A, strong bax staining in tumour 
cells with moderate staining in adjacent normal breast. B& C, breast cancer showing 
strong cytoplasmic staining for bax.
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Bax and clinico-pathological parameters
There was a significant correlation between bax expression and tumour type. 

Infiltrating duct carcinomas were predominantly bax positive (p=0.002) (table 5.26). 

There was no significant correlation between bax expression and any of the other 

clinico-pathological parameters.

Clinico-pathological
Parameters

Bax

-ve
No. (%)

+ve P

Type I DC 
ILC 

Others

10 (76.9) 
3 (23.1)
0 (0.0)

145 (96.7) 
4(2.7)
1 (0.7)

0.002**

Size/mm 3-20 
21-30 
31+

1 (7.7) 
10(76.9) 
21 (15.4)

38 (26.0) 
101 (69.2) 
7(4.8)

0.128

Grade I+n
in

4 (30.8) 
9 (69.2)

36 (24.2) 
113(75.8)

0.596

L.N -ve 
1-3
>3

3 (23.1)
4 (30.8) 
6 (46.2)

39 (26.7) 
52 (35.6) 
55 (37.7)

0.834

Table 5.26: Bax and clinico-pathological parameters.

Bax and biological factors

There was no significant correlation between bax expression and any of the biological 

factors (table 5.27) or duration of survival (table 5.28).
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Biological M arkers Bax
-ve 

No. (%)
+ve P

Proliferation Low
High

7(10.3) 
61 (89.7)

6(6.3)
89 (93.7)

0.355

Apoptosis % <1
1-2
>2

6 (6.6) 
4(10.3) 
3 (9.4)

85 (93.4) 
35 (89.7) 
29 (90.6)

0.743

Apoptosis/IOHPF <10
10-20

>20

3 (5.0)
7 (13.0) 
3 (6.3)

57 (95.0) 
47 (87.0) 
45 (93.8)

0.255

P53 (DO-7) -ve
+ve

8 (7.8)
94 (92.2)

5 (8.2)
56 (91.8)

0.936

P53 phosphospecific; -ve 
+ve

10(7.9)
117(92.1)

3 (8.3)
33 (91.7)

0.928

P21waf'1 -ve
+ve

12(10.0) 
108 (90.0)

1 (2.3)
42 (97.7)

0.111

ChK-2 -ve
+ve

6 (12.0) 
44 (88.0)

7(6.2)
106 (93.8)

0.207

Bcl-2 -ve
+ve

5 (6.1)
77 (93.9)

8 (9.9)
73 (90.1)

0.373

Survivin -ve
+ve

6 (50.0) 
6 (50.0)

67 (44.7) 
83 (55.3)

0.721

XIAP -ve
+ve

1(7.7)
12(92.3)

16(10.7) 
134 (89.3)

0.736

ER -ve
+ve

4 (30.8) 
9 (69.2)

75 (50.3) 
74 (49.7)

0.176

PgR -ve
+ve

3 (37.5) 
5 (62.5)

54 (65.1) 
29 (34.9)

0.124

HER2 -ve
+ve

2 (60.0) 
2 (40.0)

16 (42.1 
22 (57.9)

0.449

Table 5.27: Relationship of bax to other biological factors.

216



Chapter 5 Results

Statistical Neo- Adjuv. Adjuv. Hormo.
Biological
factor

Test Adjuv. Chemo. +Hormon. Total 
P valueP P P P

B a x T-Test 0.757 0.254 0.524 0.789 0.662

Table 5.28: bax and survival in relation to treatment group.

5.5.6 Inh ib ito r of apoptosis proteins (IAPs)
5.5. 6.1 Survivin
Survivin staining was either nuclear, nuclear and/cytoplasmic or cytoplasmic (figure 

5.19). The majority of tumours showed combined nuclear and cytoplasmic staining; 

there was no intratumoural variation in staining pattern. In some tumours, Survivin 

staining was mainly confined to cells in mitosis (mitotic pattern). A scoring method 

was used to classify tumours into positive and negative and to give a score for positive 

cases. Nuclear staining was scored 0-3 according to the percentage of positive nuclei (0 

<5%, 1=5-20, 2=21-50, 3 >50%) and cytoplasmic staining scores 0-2 (0=weak or 

negative, l=moderate, 2=strong). The overall score was the combination of these. 

Tumours with score < 1 were considered negative for Survivin and those >1 considered 

positive. 55.2 % of tumours showed positive expression of Survivin.

Survivin and clinico-pathological parameters
There was a significant correlation between the presence of Survivin and grade III 

tumours (p<0.0001) (table 5.29). There was no correlation with other clinico- 

pathological parameters.
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Figure 5.18: Survivin staining in breast cancer. A, both nuclear and cytoplasmic 
staining is evident in this section. B, high power view of A (40x). C, staining in mitotic 
cells (mitotic pattern). D, nuclear staining with faint cytoplasmic staining.
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Survivin and biological factors
There was an inverse correlation between the presence of Survivin and lack of ER 

(p<0.0001), and PgR (p=0.023) (table 5.30). As stated previously, there was a 

significant correlation between Survivin and bcl-2, ChK-2, p53, apoptosis and 

proliferation. The presence of Survivin was associated with high proliferation 

(p<0.0001), number of apoptosis >20/10HPF (p=0.031), the presence of p53 (p<0.0001 

with both antibodies DO-7 and phosphospeciflc p53) and ChK2 (p=0.003) and the 

absence of bcl-2 (p=0.001).

Clinico-pathological
Survivin

Parameters -ve 
No. (%)

+ve P

Type IDC 
ILC 

Others

67(91.8) 
5 (6.8)
1 (1.4)

89 (97.8) 
2 (2.2)
0 (0.0)

0.178

Size/mm <20 
20-50 
>50

17(23.6) 
49 (68.1) 
6(8.3)

23 (26.1) 
62 (70.5) 
3 (3.4)

0.398

Grade I+II
in

33 (45.2) 
40 (54.8)

8 (8.9)
82 (91.1)

<0.0001**

L.N -ve 
1-3
>3

19(26.4) 
25 (34.7) 
28 (38.9)

23 (26.1) 
30 (34.1) 
35 (39.8)

0.993

Table 5.29: Survivin and clinico-pathological parameters.
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Biological Markers Survivin
-ve 

No. (%)
+ve P

Proliferation Low 47(68.1) 26 (27.4) <0.0001**
High 22 (31.9) 69 (72.6)

Apoptosis % <1 42 (46.2) 49 (53.8) 0.273
1-2 19(50.0) 19(50.0)
>2 11 (32.4) 23 (67)

Apoptosis/1OHPF <10 24 (40.0) 36 (60.0) 0.031*
10-20 31 (58.5) 22 (41.5)

>20 17 (34.0) 33 (66.0)

P53 (DO-7) -ve 57 (55.3) 16(26.2) <0.0001**
+ve 46 (44.7) 45 (73.8)

P53 phosphospecific -ve 67 (52.3) 6(16.7) <0.0001**
+ve 61 (47.7) 30 (83.3)

P21waf'1 -ve 52 (43.7) 21 (46.7) 0.733
+ve 67 (56.3) 24 (53.3)

ChK-2 -ve 31 (62.0) 42 (36.8) 0.003**
+ve 19(38.0) 72(63.2)

Bcl-2 -ve 26 (31.3) 47 (58.0) 0.001**
+ve 57 (68.7) 34 (42.0)

XIAP -ve 9 (12.3) 8 (8.8) 0.460
+ve 64 (87.7) 83(91.2)

ER -ve 22 (30.1) 58 (64.4) <0.0001**
+ve 51 (69.9) 32 (35.6)

PgR -ve 18(50.0) 41 (73.2) 0.023*
+ve 18 (50.0) 15 (26.8)

HER2 -ve 6 (28.6) 12(57.1) 0.061
+ve 15(71.4) 9 (42.9)

Table 5.30: Relationship of Survivin to other biological markers.
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Survivin and survival

Patients with Survivin positive tumours had a shorter duration of survival than those 

that lacked it and this was statistically significant (t-test, p<0.0001) (figure 5.19A) 

(table 5.31). There was also a trend towards shorter survival and increased Survivin 

score (figure 5.19B). When compared with treatment, the presence of Survivin 

correlated with shorter survival in patients who received neo-adjuvant therapy and 

those received both adjuvant chemotherapy and hormonal therapy (p<0.0001) in both 

groups (table 5.31).

Treatment
group

Survivin No Mean
survival

S.E.

Of Mean P

Neoadjuvant -ve 6 47.83 3.47 <0.0001**
+ve 12 23.83 2.72

Adjuvant chemo. -ve 5 58.20 12.63 0.090
+ve 13 38.54 4.85

Adjuvant Chemo. + -ve 23 54.96 5.19 <0.0001**
Hormonal +ve 46 32.33 2.84

Adjuvant Hormonal -ve 39 56.08 4.44 0.288
+ve 20 47.20 7.17

Total (all groups)
-ve
+ve

73
91

55.19
35.36

3.07
2.36

<0.0001**

Table 5.31: Survivin and survival in relation to treatm ent group.
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Figure 5.19: Survivin expression and survival. Boxplot showing A, the correlation 
between both surviving positivity and shorter survival. B. Lower score of Survivin 
associated with longer duration of survival.
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S.5,6.2 XIAP
XLAP was detected as homogenous cytoplasmic staining with variation in staining 

intensity, ranging from faint to moderate to strong. Faint staining was considered 

negative (10.3 % of cases) while both moderate and strong were considered positive 

(89.7%) (figures 5.20 A, B and D). Some staining was also detected in normal 

epithelial breast adjacent to carcinoma (figure 5.20C).

XIAP and clinico-pathological parameters
The expression of XIAP in breast cancer failed to show any significant correlation with 

tumour clinico-pathological parameters (table 5.32).

Clinico-pathological
Parameters

XIAP

-ve 
No. (%)

+ve P

Type IDC 
ILC 

Others

17(100.0) 
0 (0.0)
0 (0.0)

140 (94.6) 
7(4.7)
1 (0.7)

0.617

Size/mm <20 
20-50 
>50

3 (17.6) 
13 (76.5) 
1 (5.9)

37 (25.7) 
99 (68.8) 
8(5.6)

0.767

Grade I+II 
ID

5 (29.4) 
12 (70.6)

36 (24.5)
111 (75.5)

0.657

L.N -ve 
1-3
>3

7(41.2) 
4 (23.5) 
6 (35.3)

35 (24.3) 
52 (36.1) 
37 (39.60

0.298

Table 5.32: XIAP and clinico-pathological parameters.

XIAP and biological markers
There was no correlation between XIAP expression and any of the biological markers 

(table 5.33), apart from the significant correlation between XIAP and p53 (DO-7)

(p=0.020).
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5.5.6,2 XIAP
XIAP was detected as homogenous cytoplasmic staining with variation in staining 

intensity, ranging from faint to moderate to strong. Faint staining was considered 

negative (10.3 % of cases) while both moderate and strong were considered positive 

(89.7%) (figures 5.20 A, C and D). Some staining was also detected in normal 

epithelial breast adjacent to carcinoma (figure 5.20B).

XIAP and clinico-pathological parameters
The expression of XIAP in breast cancer failed to show any significant correlation with 

tumour clinico-pathological parameters (table 5.32).

Clinico-pathological
Parameters

XIAP

-ve 
No. (%)

+ve P

Type IDC 
ILC 
Others

17(100.0) 
0 (0.0)
0 (0.0)

140 (94.6) 
7(4.7)
1 (0.7)

0.617

Size/mm <20 
20-50
>50

3 (17.6) 
13 (76.5) 
1 (5.9)

37 (25.7) 
99 (68.8) 
8 (5.6)

0.767

Grade I+II
in

5 (29.4) 
12 (70.6)

36 (24.5) 
111 (75.5)

0.657

L.N -ve 
1-3
>3

7(41.2) 
4 (23.5) 
6(35.3)

35 (24.3) 
52 (36.1) 
37 (39.60

0.298

Table 5.32: XIAP and clinico-pathological parameters.

XIAP and biological markers
There was no correlation between XIAP expression and any of the biological markers 

(table 5.33), apart from the significant correlation between XIAP and p53 (DO-7)

(p=0.020).
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Figure 5.20: XIAP immunohistochemistry in breast cancer. A and C, strong 
cytoplasmic staining. B, faint staining in normal breast tissue near strong tumour 
staining. D, moderate cytoplasmic staining.
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Biological Markers XIAP
-ve 

No. (%)
+ve P

Proliferation Low
High

9 (13.0) 
60 (87.0)

8 (8.3) 
88(91.7)

0.326

Apoptosis % <1
1-2
>2

11(12.1) 
1 (2.6)
5 (14.7)

80 (87.9) 
38 (97.4) 
29 (85.3)

0.171

Apoptosis/ 10HPF <10
10-20

>20

8 (13.3) 
4(7.4)
5 (10.0)

52 (86.7) 
50 (92.6) 
45 (90)

0.581

P53 (DO-7) -ve
+ve

15(14.6) 
88 (85.4)

2(3.2)
60 (96.8)

0.020**

P53 phosphospecific -ve
+ve

16(12.5)
112(87.5)

1 (2.7)
36 (97.3)

0.084

p2 J waf-l -ve
+ve

13(10.8) 
107 (89.2)

4(8.9)
41 (91.1)

0.714

ChK-2 -ve
+ve

6 (12.0) 
44 (88.0)

11(9.6) 
104 (90.4)

0.636

Bcl-2 -ve
+ve

10(12.0) 
73 (88.0)

7(8.5)
75 (91.5)

0.458

Bax -ve
+ve

1 (7.7)
12 (92.3)

16(10.7) 
134 (89.3)

0.736

Survivin -ve
+ve

9 (12.3) 
64 (87.7)

8 (8.8)
83 (91.2)

0.460

ER -ve
+ve

10(58.8)
7(41.2)

70 (47.6) 
77 (52.4)

0.382

PgR -ve
+ve

5(100.0) 
0 (0.0)

54(61.4) 
34 (38.6)

0.081

HER2 -ve
+ve

1 (33.3)
2 (66.7)

18 (45.0) 
22 (55.0)

0.695

Table 5.33: Relationship of XIAP to other biological markers.
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XIAP and survival
There was no correlation between XIAP and duration of survival either in total or in 

relation to treatment group (table 5.34).

Biological
factor

Statistical
Test

Neo-
Adjuv.

Adjuv.
Chemo.

Adjuv.
+Hormon.

Hormo.
Total 
P valueP P P P

XIAP T-Test 0.678 0.342 0.930 0.085 0.267

Table 5.34: XIAP and survival in relation to treatment group.

5.6 Predictors o f survival in relation to therapy

Assessment of clinico-pathological parameters revealed that tumour grade significantly 

correlated with survival irrespective of treatment received; therefore tumour grade was 

considered the most important clinico-pathological parameter for breast cancer 

outcome. Analysis of the other biological factors, previously shown to play important 

roles in breast cancer biology, showed that proliferation index, phosphorylated p53, 

bcl-2, ER and Survivin were significantly related to duration of survival and their risk 

values were used to stratify patients into high and low risk groups. Analysis of all these 

factors through Cox regression model showed that both tumour grade and Survivin 

were the most significant factors in duration of breast cancer survival and could be 

considered as independent prognostic factors (table 5.35).

When all clinico-pathological and biological factors were assessed by Cox regression 

analysis in relation to treatment received, Survivin correlated significantly with shorter 

duration of survival in the neo-adjuvant group (received chemotherapy and/or hormonal 

therapy) and in the combined adjuvant chemotherapy and hormonal therapy group. In 

those who received hormonal treatment only in the form of Tamoxifen, tumour size and
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ER were correlated with longer duration o f survival, but none of the factors correlated 

with survival for the adjuvant chemotherapy group.

B SE Wald df Sia. Exp(B)
p53phos .018 .309 .003 1 .953 1.018
MIB1 .134 .294 .207 1 .649 1.143
Bd2posit .338 .296 1.305 1 .253 1.402
SurvPosit .693 .248 7.827 1 .005 2.000
Type -.041 .337 .015 1 .903 .960
Grade 1.477 .397 13.845 1 .000 4.379
NodeSoore .134 .171 .616 1 .433 1.143
NewSizeG .228 .160 2.037 1 .153 1.257
ER .014 .408 .001 1 .974 1.014
PgR -.196 .360 .297 1 .586 .822
Treatment -.901 .381 5.598 1 .018 .406

Table 535: Cox regression analysis. ‘SurvPosit’ denotes Survivin positivity.

Discussion

There are many factors that determine outcome from breast cancer that relate to the 

patient, the nature o f the disease and the overall management. This study was 

undertaken to determine whether factors relating to proliferation and apoptosis could 

provide additional information about outcome for patients receiving neo-adjuvant 

therapy and different forms o f adjuvant therapy. All patients had died from the disease 

so duration o f survival was the key endpoint. This criterion for selection could affect 

some o f the findings but was chosen because o f consent and ethical considerations.

Methodology
Tumour sections from all cases were stained immunohistochemically using the standard 

ABC method with antigen retrieval by pressure cooking for 2 minutes in citrate buffer. 

The staining procedure was straight forward with no difficulties in optimization for 

most o f antibodies used. For XIAP and Survivin, optimization of staining proved more 

difficult and the protocol was modified in certain steps to overcome this. For example,
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antigen retrieval period was prolonged for 4 minutes for XIAP staining, and for two 

subsequent pressure cookings o f 2 minutes each for Survivin. For these two antigens, 

endogenous peroxidase was blocked in hydrogen peroxide in methanol rather than in 

water.

For detection o f apoptosis, M30 antibody was used. This antibody detects cleaved 

cytokeratin 18, which occurs in epithelial cells early in apoptosis. Studies have shown 

the usefulness o f M30 in the detection o f apoptosis in some human cancers, but in 

breast cancer there was little published work using this antibody. In this work, I found 

M30 staining an easy and reliable method for the detection of apoptotic cells both in 

cell lines and in paraffin sections.

Clinico-pathologicalfeatures

The relationship between patient age and outcome is still an issue of debate. Previous 

studies have shown that women aged 40-49 years at diagnosis had the best prognosis 

(Sant et al., 2003; Sant et al., 1998) and that breast cancer patients under the age of 35 

had the worst prognosis (Kuru et al., 2003). In this study, there was no significant 

difference between patient age and survival, which is in concordance with other studies 

(Ezzat et al., 1998). The lack o f correlation between patient age and outcome could be 

attributed to underlying pathological factors as suggested by (Kollias et al., 1997).

The current clinico-pathological parameters include tumour type, size, grade and lymph 

node metastasis. Histological tumour type has been shown to relate to breast cancer 

prognosis (Allemani et al., 2004; Ellis et al., 1992). Most tumour types in this study 

were infiltrating ductal carcinomas and the number in other types was small, which is 

probably due to the selection criterion. In this study, tumours classified as infiltrating 

ductal carcinomas were associated with poor survival in comparison to other types 

(infiltrating lobular carcinomas) (Mersin et al., 2003). Arpino et al. (2004) showed that 

there are no survival advantages between these two types. The differences could be 

attributed to the smaller number o f cases in the group o f infiltrating lobular carcinomas 

and other types in comparison to the number o f infiltrating ductal carcinomas included
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in this study, although infiltrating lobular carcinomas in this study were associated with 

the presence o f good prognosis markers (e.g. low proliferation).

Tumour size constitutes an important criterion for staging o f breast cancers (TNM) 

classification. Tumour sizes were classified into three groups according to the TNM 

Systran; these were <20mm, 20-50mm and > 50mm. They were also classified into 

three groups according to the normal distribution o f sizes among tumours, these were 3- 

20mm, 21-30mm and >30mm. Previous studies have shown that larger tumours are 

associated with poorer outcome (Fitzgibbons et al., 2000) and this may attributed to the 

increase in the number o f lymph node metastasis with increased tumour sizes 

(Michaelson et al., 2003). In this study there was a correlation between duration of 

survival and size only for the group receiving hormonal therapy; smaller size tumours 

were associated with longer duration of survival.

Tumour histological grade reflects the degree of differentiation. It has been shown in 

several studies that histological grade predicts overall survival and disease-free survival 

(Elston and Ellis, 1991; Lundin et al., 2001; Simpson et al., 2000; Zaffaroni and 

Daidone, 2002) with worse survival in patients with poorly differentiated tumours. The 

findings in my study are in concordance with the previous reports as there was a highly 

significant correlation between tumour grade and duration of survival. The relationship 

was significant for all groups o f patients who received adjuvant treatment (adjuvant 

chemotherapy, adjuvant chemotherapy plus hormonal therapy or hormonal therapy 

alone), but not for the neo-adjuvant treatment group. There were differences in 

relationship for the three groups; grade III tumours were associated with shorter 

survival for all groups; grade I/II were associated with longer duration o f survival for 

hormonal therapy group. (Lundin et al., 2001) found tumour grade to be o f value in the 

selection o f patients for adjuvant treatment and (Faneyte et al., 2004) showed that high 

tumour grade is one o f the factors that predict early failure after adjuvant treatment in 

high risk breast cancer patients.
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Lymph node metastasis has been considered the most important factor among the 

clinico-pathological parameters for breast cancer prognosis; it has shown to predict 

both overall survival and disease-free survival in many studies (Axelsson et al., 1992; 

Carter et al., 1989). Not only the presence or absence o f lymph node metastasis is 

important in prognosis but also die number o f positive nodes as well; patients with four 

or more positive axillary nodes have worse prognosis and shorter survival than those 

with three or less positive nodes (Axelsson et al., 1992) and the relative mortality 

' hazard increase by at least 1.3% with each additional involved node (Vinh-Hung et al.,

2003). Recently, studies reported that this cutoff point is not enough and recommended 

the use o f lymph node ratio as a prognostic factor (Voordeckers et al., 2004). I did not 

find either the lymph node status or the ratio o f lymph node positivity to be significant 

in relation to duration of survival but the total number of lymph nodes removed showed 

a significant correlation with survival. Tumours with 15 or less lymph nodes were 

associated with longer survival than those with more than 15 lymph nodes. This is 

consistent with the results o f previous studies (Krag and Single, 2003; van der Wal et 

al., 2002). However in my group of patients, different axillary surgical procedures were 

applied by different surgeons over a long time, making the significance o f the number 

of lymph nodes removed more difficult to interpret.

Biologicalfactors
The presence o f steroid receptors (ER and PgR) correlated with longer survival. This 

could be attributed partly to the presence o f receptors in tumours o f lower grade (I+II) 

and the lack o f receptors in grade III tumours, since I have found better tumour grade to 

be associated with longer survival. The correlation between the presence of receptors 

and longer survival was especially in the group o f patients who received hormonal 

treatment. This is in concordance with the well-established role of steroid receptors in 

the selection o f hormonal treatment for breast cancer patients and in the prediction of 

response to this treatment (Barnes et al., 2004). The probability o f death from breast 

cancer is greater for patients with ER negative than ER positive tumours (Schairer et 

al., 2004). The role o f steroid receptors in predicting the response to chemotherapy is 

less evident (MacGrogan et al., 1996). Miles et al. (1999) concluded that the greatest
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benefit o f adjuvant CMF was seen in women with ER negative tumours. Recent studies 

found that negative ER status is predictive of pathological complete response and 

consequent overall survival in operable breast cancer patients who received neo­

adjuvant chemotherapy (Colleoni et al., 2004; Ring et al., 2004).

Assessment o f proliferation-associated antigens such as Ki-67 by 

immunohistochemistry is an easy way to determine the growth fraction of tumours. In 

this study, highly proliferating tumours were associated with shorter survival, a finding 

that is in concordance with previous studies (Thor et al., 1999; van Diest et al., 2004). 

This could be related to the association of high proliferation with other poor prognostic 

factors such as high tumour grade and lack of ER.

It has also been shown that proliferation is useful in predicting which tumours would be 

more likely to respond to therapy. Aas et al. (2003) showed that a high cell proliferation 

rate was associated with resistance to doxorubicin, especially in tumours with wild-type 

p53. In my study, high proliferation correlated significantly with shorter survival in the 

overall group o f patients and in those who received adjuvant hormonal and 

chemotherapy. This could be explained by the theory that tumour growth is regulated 

by the balance between cell proliferation and cell death; chemotherapeutic drugs 

perform their action through the induction of apoptosis and tamoxifen has been 

reported to induce apoptosis (Hickman, 1992) and also to reduce proliferation 

(Sutherland et al., 1983).

In breast cancer, proliferation and apoptosis are strongly correlated (Cameron et al., 

1997). Previous studies have shown that patients with a high apoptotic index have 

shorter overall survival than those with low apoptotic index (de Jong et al., 2000; 

Zhang et al., 1998) but others have not shown this (Schondorf et al., 2004). The 

controversy between studies could be attributed to differences in the method of 

apoptosis detection. In this study, I assessed apoptotic index by two methods: the 

percentage of stained apoptotic cells in a total of 1000 tumour cells and the number of 

apoptotic cells in 10 high power fields (HPF), both methods correlated to each other.
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Percentage o f apoptosis showed a significant correlation with duration of survival in the 

group of patients who received neo-adjuvant chemotherapy. This result is supported by 

those o f Takada et al. (2004) who showed the usefulness o f the number of apoptotic 

cells as detected by M30 immunohistochemistry in the response to neo-adjuvant 

chemotherapy.

Tumour suppressor gene p53 plays a pivotal role in genomic integrity and regulation of 

tumour growth and progression. Its expression has been shown to play a role in the 

development of breast cancer, being absent in normal breast epithelium and gradually 

increase during the development of the disease (Zhang et al., 1997). In this study, all 

phosphospecific p53 positive tumours were total p53 positive (detected by DO-7). 

There was a significant correlation between p53 detected by phosphospecific antibody 

with the duration o f survival. The phosphospecific p53 detects p53 protein that is 

phosphorylated at serine 392; all tumours that over-expressed the phosphorylated form 

of p53 were associated with shorter survival. Yap et al. (2004) have shown that 

phosphorylation o f p53 at Serine 392 has a biological importance in regulating the 

oncogenic function of mutant p53 and concluded that the phosphorylation status of 

mutant p53 at that site plays an important role in determining tumour response to 

various cancer treatments. This could indicate that phosphorylation of p53 on serine 

392 may have other biological functions independent of the DNA binding activity of 

p53. It has been shown that Serine 392 phosphorylation might activate tetramer 

formation to promote the dominant-negative effects of mutant form of p53 (Furihata et 

al., 2002). There was no correlation between total p53 detected by DO-7 antibody, the 

antibody that detects both wild-type and mutant forms of p53, and duration of survival. 

This may indicate that the expression of phosphorylated p53 protein reflects the 

functional status o f p53 much better than the total p53 protein (wild-type and mutant). 

Also in other tumours, over-expression of Serine 392 phosphorylation has been shown 

to be an independent prognostic factor and associated with poorer prognosis 

(Matsumoto et al., 2004).
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Lack of p53 function in tumours theoretically results in their resistance to 

chemotherapeutic drugs because of loss of the apoptotic functions of p53. The literature 

regarding the predictive role of p53 is conflicting. Geisler et al. (2001) showed that p53 

mutations predict for resistance to doxorubicin in breast cancer patients. Other reports 

failed to show any significant relation (Colleoni et al., 1999). In this study, the presence 

of phosphorylated p53 correlated with shorter survival in those patients who received 

either hormonal therapy alone or combination of hormonal therapy and chemotherapy.

Another way to investigate the functional status of p53 in tumours is to evaluate its 

downstream effectors such as p21waf l (el-Deiry et al., 1994). p21waf l inhibits cyclin- 

dependant kinases and arrests the cell at the G1 and G2 phases o f the cell cycle and 

therefore it considered to have tumour suppressor functions (Chen et al., 1995). In this 

study, the presence of p21waf'1 was associated with some factors of good prognosis such 

as the presence o f ER, lower histologic grade, and lack of phosphorylated p53, but there 

was no correlation with survival in general. There was a correlation with longer 

survival only in those patients who received hormonal treatment. This could be 

attributed to the association of p21waf’1 with the presence of ER. Previous data on the 

role o f p21waf'1 in breast cancer survival is controversial. p21waf'1 over-expression has 

been shown to be associated with shorter disease-free survival (Caffo et al., 1996) while 

Gohring et al. (2001) and Diab et al. (1997) reported that p21waf l expression has no 

prognostic or predictive value in breast cancer. This controversy among studies may be 

attributed to the use of different cut-off points. Several reports considered the 

expression o f p21waf‘1 in relation to p53 and recommended evaluating p21waf_1 in 

relation to p53 (positive or negative) (Caffo et al., 1996; McClelland et al., 1999), the 

combined evaluation providing more accurate p53-dependent functions.

ChK-2 is also related to p53 function, but this works upstream of p53. Upon exposure 

to DNA-damaging agents, ChK-2 becomes activated and transmits signals to activate 

p53. It is therefore considered an essential checkpoint control of the cell cycle. There is 

also increasing evidence of the tumour suppressor functions o f ChK-2 (Ahn et al., 

2004). I found ChK-2 expression to be associated with higher tumor grade and with
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expression of Survivin, but there was no association with the duration of survival, either 

in general or in relation to certain treatment groups.

P53 also regulates apoptosis through transcription of members of the bcl-2 family such 

as bcl-2 and bax. Although bcl-2 is an anti-apoptotic protein, most studies have found 

its expression to be associated with more favorable prognosis (Berardo et al., 1998; 

Daidone et al., 1999). In my study, the presence of bcl-2 correlated with presence of ER 

and low proliferation and lack of bcl-2 was associated with lack of Survivin and the 

presence of p53. There was also a significant correlation between the presence of bcl-2 

and longer duration of survival, which is consistent with previous reports (Sjostrom et 

al., 2002; Yang et al., 2003). This could be attributed to the common association 

between bcl-2 expression and other factors of good prognosis such as low proliferation 

and the presence o f ER. There was also a significant correlation with survival in 

patients who were received hormonal therapy; this could relate to the role of estrogen in 

regulating bcl-2 gene expression (Teixeira et al., 1995). Bax, another member of bcl-2 

family, is induced by wild-type p53 and has pro-apoptotic functions. The role o f bax as 

a prognostic factor in breast cancer is conflicting. In this study, bax protein expression 

by immunohistochemistry failed to show a significant correlation with the duration of 

overall survival or within treatment groups.

The group o f inhibitor o f apoptosis proteins (IAPs) is newly discovered and has been 

shown to play important role in both inhibition of apoptosis and regulation of mitosis 

(Altieri, 2003). Survivin is a member of this family that is commonly expressed in 

tumours more than in normal tissues. The presence of Survivin was associated with 

high proliferation, the presence of p53, ChK2, absence o f bcl-2, and high tumour grade. 

Survivin expression showed a significant correlation with shorter duration of survival 

which may be attributed to its association with the unfavorable prognostic factors. Cox 

regression analysis showed that expression of Survivin is significant in survival 

(p=0.005) independent to the other biological markers, thesis suggesting that Survivin 

expression is an independent factor in breast cancer prognosis. The results of this study 

support those o f previous studies (Span et al., 2004; Tanaka et al., 2000; Zhang et al.,
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2004). Furthermore, Span et al. (2004) proposed that Survivin could be useful as a new 

marker to stratify breast cancer patients for different treatment modalities. Those 

patients who received either neo-adjuvant treatment or adjuvant chemotherapy and 

hormonal therapy had shorter duration of survival when their tumours expressed 

Survivin. Another member of the IAPs family is XIAP which is considered the most 

potent member in inhibiting apoptosis. In this study, the presence of XIAP was 

associated with the presence of p53 (DO-7), but failed to show any correlation with 

other clinico-pathological, other biological factors or treatment groups.

Conclusions
To conclude, results of this part of the study support the view that evaluation of clinico- 

pathological factors such as tumour size, grade and lymph node status in breast cancer, 

is not enough to select patients for certain treatment regimes or to predict overall 

survival and strongly suggests that biological factors should be used. Univariate 

analysis showed that the expression of certain biological factors were significant in 

relation to both treatment regimes and overall survival. High proliferation index, the 

presence of phosphorylated p53, low expression of bcl-2 and over-expression of 

Survivin were associated with shorter durations of survival and could be considered as 

poor prognosis factors, selecting for short term survival from breast cancer. This study 

also supports the role of the previously well-established factors such as high tumour 

grade as poor prognosis factor in breast cancer, and presence of steroid receptors as a 

better prognosis factor. With multivariate Cox regression analysis, both tumour grade 

and Survivin expression showed independent prognostic value (p<0.0001 and p=0.005) 

respectively. This provides strong evidence for the importance of Survivin expression 

as a new prognostic marker in breast cancer. Expression of the phosphorylated form of 

p53 showed prognostic significance rather than the total p53 detected by DO-7 

antibody.

The relevance of these biological factors differed in relation to different treatment 

groups. Survivin expression showed significant prognostic value in the group of breast 

cancer patients who received neo-adjuvant treatment (chemotherapy and or hormonal
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therapy). Both Survivin positivity and high tumour grade were associated with poor 

survival for those who received combined adjuvant chemotherapy and hormonal 

therapy, this means that grade III tumours with positive Survivin expression may not 

benefit from this form of treatment. For those who received hormonal treatment only, 

both smaller tumour size and presence of ER showed significantly related to longer 

survival. Total p53 detected with DO-7 antibody showed no relation to treatment, but 

the presence o f phosphorylated form of p53 is significantly related to shorter survival 

for those patients who received either adjuvant chemotherapy and hormonal therapy or 

hormonal therapy alone. This indicates that tumours expressing phosphorylated p53 

may not benefit from this treatment. Within the group of patients studied there were no 

factors could subdivide those who received adjuvant chemotherapy alone into who 

would have greater or lesser benefit.

In summary, tumour grade, ER, proliferation, phosphorylated p53 and Survivin 

appeared to be the most important factors, with Survivin a marker worthy of further 

evaluation.
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Breast cancer is the most common malignancy among women especially in the western 

world. Many breast cancer patients receive chemotherapy as part of their treatment. The 

selection o f patients for certain treatments currently rely upon clinico-pathological 

parameters such as tumour size, lymph node status, grade o f malignancy and steroid 

hormone receptor status. Unfortunately this is not enough since there are no specific 

markers o f response to chemotherapy and patients suffer from the hazardous side 

effects. The role o f the pathologist has now expanded to provide other factors that could 

predict outcome and in particular response to different treatments.

Most chemotherapeutic drugs induce their action through the induction of apoptosis and 

the tumour suppressor gene p53 as a ‘guardian of genomic integrity’ plays a central role 

in cell cycle checkpoints and regulation o f the apoptotic process after DNA damage. 

Therefore, evaluating the expression o f p53 as well as other biological factors involved 

in the control o f apoptosis may provide useful information and add new predictive and 

prognostic factors for breast cancer patients. Previous studies on the role of p53 and 

apoptotic proteins have been inconclusive.

The aims o f this study were to assess proliferation index, apoptosis and the expression 

of p53, p21waf'1, ChK2, apoptotic regulatory proteins (bcl-2, bax, bcl-x), and the newly 

recognized inhibitor o f apoptosis proteins (IAPs) Survivin and XIAP in breast cancer 

cell lines; assess how these biological factors related to the ability o f the 

chemotherapeutic drugs to suppress proliferation and induce apoptosis in these cells; 

and study the expression o f these factors in breast tumours in order to clarify their role 

in prognosis and response to different treatment regimes.

In vitro studies
Proliferation index in breast cancer cells studied ranged from 26.39 % in T47-D cells to 

48 % HBL-100 cells. Experiments showed that cell proliferation was markedly 

suppressed with treatment in those with wild-type p53 and to a lesser extent in other 

cell lines. Cells treated with paclitaxil showed morphological change in the form of 

condensed clumped nuclear chromatin, a state resembles abnormal mitosis. This feature 

was not evident after doxorubicin treatment. The marked suppression of proliferation in
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wild type p53 cells suggested the importance o f p53 and proliferation in breast cancer 

response and resistance to treatment.

Although the cell lines studied were different in their p53 mutation status, all showed 

low levels o f apoptosis, but this was markedly induced after treatment. The induction of 

apoptosis was marked early after treatment for MCF-7, at 48 hours for ZR-75 cells and 

at different times for the other cell lines. Since both MCF-7 and ZR-75 cells have wild 

type p53 this suggests that there are both p53-dependent and p53-independent pathways 

for inducing apoptosis (Lu et al., 2005). There are several methods for detecting 

apoptosis in cells and tissues, but detection o f cleaved cytokeratin 18 with the 

monoclonal antibody M30 proved to be a reliable method.

P53 was detected in breast cell lines with mutated p53 (T47-D, MDA-MB-231, MDA- 

MB-468) and in the immortalized normal cell line that has stabilized p53 (HBL-100). It 

was not detected in cell lines with wild type p53 (MCF-7 and ZR-75). This supports 

reports that have correlated the detection of p53 by immunohistochemistry with the 

presence o f p53 mutations. After treatment with chemotherapeutic drugs, p53 was 

induced in cell lines with wild-type p53, more prominently after treatment with the 

DNA damaging drug doxorubicin. This is in agreement with previous reports (el-Deiry 

et al., 1994). The phosphorylated form o f p53 was also induced after treatment with the 

DNA-damaging drug doxorubicin but to a lesser extent after paclitaxil treatment.

The down stream effector protein, p21waf_1 was expressed in wild type p53 cell lines 

more than in other cell lines and upon treatment, it was markedly induced in p53 wild- 

type cells. It was also induced to a lesser extent in other cell lines. This indicates the 

presence o f p53-independent pathway for p21waf_1 induction. P21waf'1 induces cell cycle 

arrest and performs a tumour suppressor function.

The anti-apoptotic protein bcl-2 was strongly expressed in one cell line (ZR-75) and its 

expression was down regulated after treatment. The down regulation o f bcl-2 was 

accompanied by increased induction o f apoptosis in this cell line. This was in 

agreement with those o f (Lima et al., 2004) who found that down-regulation of bcl-2 

sensitize breast cancer cells MCF-7 to the effect o f chemotherapeutic drugs etopozide
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and doxorubicin. Bax was expressed in most o f breast cancer cell lines in varying 

degrees. It was induced after treatment mainly in those with wild-type p53.

The inhibitor o f apoptosis proteins, Survivin and XIAP were detected in all cell lines 

with little variation. XIAP was down regulated markedly by treatment in MCF-7 cells, 

to a slight degree in other cells, but there was no effect on ZR-75 cells. Survivin was 

down regulated also in MCF-7 and other cells, but it was slightly up regulated in ZR-75 

cells. This may indicate a role for p53 and bcl-2 in the regulation o f LAPs.

Tissue studies 

Clinico-pathological parameters
Evaluation o f the current clinico-pathological factors showed significant correlation of 

tumour grade in relation to prognosis (p<0.0001) and response to all forms of adjuvant 

therapy. Multivariate analysis showed tumour grade as an independent prognostic 

factor (p<0.0001). This is supported by most o f studies and now it became clear that 

tumour grade is important in predicting breast cancer prognosis. Most recent studies 

showed that grade III tumours are associated with frequent and complex genetic 

aberrations than those in grade I and tubular breast carcinomas (Simpson et al., 2005). 

No correlation was found with either tumour size or lymph node metastasis.

Biological markers
Data on the role o f proliferation in breast cancer prognosis are conflicting, but the 

majority o f studies concluded that high proliferation is associated with worse prognosis 

(vanDiest et al., 2004; Veronese et al., 1993). In this study, tumours with high 

proliferation index were associated with shorter duration o f survival (p=0.001) and 

especially in those patients who received combined adjuvant and hormonal therapy 

(p=0.26). This in concordance with most o f the previous studies which revealed that 

high proliferating tumours are more aggressive and more resistant to therapy especially 

the combined adjuvant chemotherapy and hormonal therapy (tamoxifen).

The role o f apoptosis (detected with M30) in breast cancer has rarely been evaluated in 

relation to outcome or response to therapy. In one study, apoptosis index was correlated 

with outcome in patients who received neo-adjuvant chemotherapy (Takada et al.,

240



2004). In my study, two different methods were used to quantitate the apoptotic index 

in breast tumours and there was no correlation with the duration o f survival, but 

apoptotic index expressed as a percentage o f apoptosis significantly correlated with the 

response to neo-adjuvant chemotherapy (p=0.005), which is in concordance with the 

result o f the previously mentioned study.

Total p53 (by DO-7) was not predictive to either duration o f patient survival or 

response to treatment, while the expression o f the phosphorylated form o f the protein at 

serine 392 correlated with survival (p<0.0001), response to combined adjuvant and 

hormonal treatment (p=0.026) and also the response to hormonal therapy (p=0.003). 

This indicates the importance o f the phosphorylated protein rather than the total p53, 

and detection o f the phosphorylated protein by immunohistochemistry may reflects the 

p53 functional status much better than the total protein.

Expression o f the down stream effector protein p21 was associated with better survival 

(although not to a significant level, p=0.055) and with good prognostic factors. It was 

also correlated with survival in patients who received hormonal treatment (p=0.014). 

The presence o f p21waf_1 negatively correlated with the presence o f phosphorylated p53; 

there was no relation with total p53. This is further evidence that the phosphorylated 

form o f p53 reflects the functional activity of p53. The positive correlation of p21waf_1 

with ER may explain the correlation with hormonal treatment and better survival.

Expression o f the p53 up-stream regulatory protein, ChK2 was associated with higher 

tumour grade, high proliferation and the presence o f Survivin, but there was no 

correlation with either duration o f survival or response to therapy.

Although bcl-2 is an anti-apoptotic protein, it is usually associated with better prognosis 

(Yang et al., 2003). In this study, bcl-2 negatively correlated with p53, phosphorylated 

p53, proliferation and Survivin. It also positively correlated with ER and PgR. High 

bcl-2 expression was associated with longer duration o f survival (p=0.01) and 

correlated with response to hormonal therapy (p=0.03). This could be explained by the 

association o f bcl-2 with factors o f good prognosis and the presence of hormonal
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receptors. The pro-apoptotic protein bax showed no correlation with survival or 

response to therapy. This is in concordance with other studies (Sirvent et al., 2004).

Members o f the inhibitor o f apoptosis proteins are showing promising roles in breast 

cancer prognosis and response to therapy. They are more prominently expressed in 

tumours and cancer cell lines than in normal tissues. High expression o f Survivin was 

associated with shorter duration o f survival (p<0.0001) and correlated also with 

response to treatment with neo-adjuvant chemotherapy and combined adjuvant therapy 

and hormonal therapy. Multivariate analysis showed the expression of Survivin as an 

independent predictive factor (p=0.005). XLAP showed no significant correlations.

Correlation between in vitro and tissue studies

Suppression o f cell proliferation after treatment indicated that assessment o f 

proliferation index in tumours could provide information for response or resistance. In 

this study, high proliferation was an indication of poor prognosis. Studies have shown 

that high proliferation is correlated with p53 mutations and resistance to chemotherapy 

(Aas et al., 2003).

Apoptosis was induced in both wild type and mutant cell lines, but it was marked in 

p53 wild type cells. This indicates the essential role o f p53 in regulating apoptosis. 

However, the percentage o f apoptotic cells detected with M30 failed to show a 

significant correlation with survival. This may indicate that tumour progression and 

aggressiveness is attributed not to the number o f apoptotic cells alone, but to the 

balance between apoptosis and proliferation. Therefore, assessment o f biological 

factors controlling both processes is important.

Upon treatment with DNA-damaging agents, p53 was activated and the protein 

stabilized. Regulation o f the oncogenic functions o f p53 is mainly through 

phosphorylation. In this study and in other studies, the presence o f the phosphorylated 

protein reflected the functional status o f p53 and associated with poorer prognosis.

The induction o f p21waf'1 was marked in wild-type p53 cells and negatively correlated 

with p53 in cells and tissues. This means that the expression o f p21waf_1 reflects the
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functional status o f p53, although p53-independent pathways for induction o f p21waf‘ 

1 exist.

Bcl-2 as an anti-apoptotic member o f bcl-2 family resists apoptosis. In ZR-75 cells 

(bcl-2 highly expressing cells), induction o f apoptosis with chemotherapeutic drugs 

delayed to 48h after treatment; this was accompanied by down regulation of bcl-2.

In tumour tissues, the presence o f bcl-2 was associated with factors of better prognosis.

Survivin and XIAP were down regulated in MCF-7 possibly through a p53-dependent 

mechanism. However, the high expression of bcl-2 in ZR-75 cells (wild type p53) 

inhibited the effect o f bcl-2 on LAPs. This may indicate the important role of bcl-2 in 

the regulation o f LAPs. In tissues, the association of Survivin expression with factors o f 

poor prognosis rendered Survivin as an independent prognostic factors in breast cancer. 

XIAP was only down regulated in MCF-7 cells and in tissues showed no significant 

correlations.

Conclusion
My study has shown that phosphorylated p53 rather than total p53 could provide 

important information about outcome and response to therapy. The more recently 

described inhibitor o f apoptosis protein Survivin, has proved to be a protein of interest 

for both duration o f survival and treatment.

Future work
There are certain areas o f this study which merit further investigation to clarify their 

significance in breast cancer and their applicability.

♦> Assessment o f p53 mutational status o f breast cancers and how phosphorylation 

status related to this, since it is recognized that immunohistochemistry is only a 

surrogate marker o f mutation status.
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♦♦♦ Further assessment o f the relationship o f Survivin and XIAP to bcl-2 and its role 

in their regulation.

♦♦♦ Application o f the prognostic markers to different groups of patients receiving 

defined treatments (e.g. within clinical trials). The study group used did have 

limitations.
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