
THE RELATIONSHIP BETWEEN OESTROGEN AND EPIDERMAL 

GROWTH FACTOR RECEPTORS IN HUMAN BREAST CANCER

A thesis submitted in accordance with the conditions

governing candidates for the degree of:

MASTER OF SURGERY

by

ANUP KUMAR SHARMA



ProQuest Number: 10106015

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10106015

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



ABSTRACT

A consistent observation in human breast cancer is the finding of an inverse 

relationship between ER and EGER. The mechanisms responsible for this are not fully 

understood. To investigate this further the techniques of immunocytochemistry and 

molecular biology have been employed to study human breast cancer.

Immunocytochemical assays confirmed the inverse relationship between ER 

and EGFR. ER was associated with favourable and EGFR with adverse prognostic 

features. Further analysis suggested that loss of ER is more important than gaining 

EGFR in determining these associations.

The development of a dual immunocytochemical assay for ER and EGFR 

revealed that these receptors were mutually exclusive within individual cancer cells in 

vivo in tumours categorised to be positive for both. This suggests the existence of 

separate clonal populations in some breast cancers either derived fi'om different cell 

lines or arising by epigenetic mechanisms given appropriate growth conditions.

DNA investigations implicate epigenetic mechanisms as amplification or 

rearrangement was not observed for either receptor. Hence, genomic alterations are 

unlikely to contribute to the inverse relationship or to the finding of separate clonal 

populations.

RNA investigations revealed a correlation between ER protein and transcript 

levels suggesting that ER expression is determined either by transcriptional modulation 

or by increased transcript stability. EGFR protein and transcript levels were also 

correlated. However, EGFR protein was not detected in 44.4% of the cases containing 

EGFR transcripts. This was more marked in ER positive cases suggesting that EGFR 

expression is modulated at various molecular biological sites with the ER system 

possibly negatively influencing this at the translational or posttranslational level.

In conclusion, the inverse relationship is likely to result fi'om ER either 

negatively modulating EGFR at translation or by decreasing EGFR protein stability. 

Autocrine or paracrine mechanisms are implicated as separate groups of ER positive 

and EGFR positive cells can co-exist.
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CHAPTER 1

AIMS AND OUTLINE OF THE THESIS
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1.1 AIMS OF THE THESIS

Many studies have now consistently demonstrated the presence of an inverse 

relationship between oestrogen (ER) and epidermal growth factor (EGFR) receptors in 

human breast cancer. However, the precise mechanisms responsible for this 

relationship are still not fully understood. In addition, it is not known whether an 

individual breast cancer cell is able to co-express the two receptors and, thus, whether 

or not this inverse relationship is also to be found in individual breast cancer cells.

These unresolved issues have been the major reasons for undertaking the 

research involved in this thesis. The aims of this thesis have therefore been firstly, to 

determine whether individual breast cancer cells are able to co-express ER and EGFR 

and, secondly, to investigate which molecular biological level the inverse relationship 

may be primarily determined at.

The investigation was approached in two original ways. Firstly, we developed a 

dual immunocytochemical assay which is able to stain for both ER and EGFR on a 

single 5 pm frozen section sample of breast cancer. This assay was used to investigate a 

variety of tumour cell lines, including two retrovirally transfected breast cancer cell 

lines, as well as specimens of human breast cancer. Secondly, we have systematically 

and quantitatively assessed the DNA, mRNA and protein levels of both receptors in a 

series of primary breast cancers using the techniques of DNA slot blotting, RNA slot 

blotting and immunocytochemistry. This has enabled us to investigate the molecular 

biological level that this inverse relationship may be primarily determined at.

The end result of these mechanisms in terms of receptor expression has 

profound implications for the breast cancer patient. Whereas ER positivity is generally 

associated with favourable prognostic features, EGFR positivity has been shown to be 

associated with a number of adverse features such as high tumour grade, high 

proliferative indices and reduced disease-free and overall survival. If novel therapeutic 

approaches are to be developed then it is imperative that we gain further insight into 

these mechanisms.
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1.2 OUTLINE

The logistics involved in undertaking the research for this thesis are outlined

below.

1.2.1 Patients

Breast cancer specimens were prospectively obtained between September 1991 

and June 1992 from patients under the care of three consultant surgeons, Messrs I 

Monypenny and D T Webster of Llandough Hospital, Penarth and Mr K Horgan of the 

University Hospital of Wales, Cardiff. Immediately after surgery or biopsy, the 

specimens were transported to the local Pathology departments where a sample of 

each individual breast cancer was excised, snap jfrozen and stored at — 70®C. These 

samples were collected for research analysis only when a full histopathological report 

was obtained. They were transported on dry ice to the Tenovus Building in Cardiff and 

stored at — 70°C.

Clinical details were collected by myself or house surgeons prior to surgery or 

biopsy on data collection forms (Figure 3.1). The histopathological analyses were 

performed or reviewed by two consultant pathologists with a special interest in breast 

disease. Dr N Dallimore at Llandough Hospital and Dr A G Douglas-Jones at the 

University Hospital of Wales, Cardiff. This information was also recorded on the data 

collection forms.

In addition, samples collected between July 1990 and August 1991 were used 

in our dual immunocytochemical investigations.

1.2.2 Tumour cell lines

The tumour cell lines A431 and MCF-7 were kindly cultured and supplied by 

Dr C L Eaton of the Tissue Culture Laboratory, Tenovus Building, Cardiff. The cell 

lines 2TI-75-1 and MDA-MB-231 and their retrovirally transfected counterparts
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ZR/HERc and MDA/HEGO were kindly cultured and supplied as frozen pellets by Dr 

L C J Dorssers of the Dr Daniel den Hoed Cancer Center, Rotterdam.

1.2.3 Immunocytochemistry

Immunocytochemical assays for ER, EGFR, PgR and the Ki-67 antigen were 

performed and assessed in the Breast Cancer Laboratory at the Tenovus Building, 

Cardiff. The reagents were kindly supplied by Dr R I Nicholson. Semiquantitative 

assessment of the results enabled us to compare the relationships of these proteins 

between themselves and with a variety of clinico-pathological features. In addition, 

they provided data on the levels of ER and EGFR which could then be directly 

compared to the nucleic acid levels of these receptors.

The dual immunocytochemical assay was also developed in this laboratory 

using the cell lines described above. It was then used to examine a series of human 

breast cancer specimens to enable us to answer the question "Can an individual breast 

cancer cell co-express ER and EGFR in vivoT

1.2.4 Molecular biology

The growth, harvesting and purification of the ERcDNA probe (HEO) and the 

harvesting and purification of the EGFRcDNA probe (HER-A64-1) were performed in 

the Molecular Biology Laboratory, The Tenovus Building, Cardiff and the Department 

of Surgery, University of Wales College of Medicine, Cardiff respectively.

The extraction, purification and analysis of the DNA and RNA fi'om primary 

breast cancer specimens and tumour cell lines was conducted in the Department of 

Surgery at the University of Wales College of Medicine, Cardiff. Computer aided 

quantification of both the nucleic acids enabled us to directly compare their levels to 

their respective proteins. This enabled us to examine the molecular biological levels 

that may be primarily responsible for determining the expression of both these 

receptors.
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1.2.5 Statistical analysis

All statistical tests were performed using the Minitab Statistical Software 

Package (Minitab Inc., USA). The tests employed were the chi-square test, the Mann- 

Whitney test, the Kruskal-Wallis test, Spearman's rank correlation coefficient and the 

probability plot correlation coefficient test for normality. A description of these tests is 

contained in Appendix D.
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CHAPTER 2

REVIEW OF THE LITERATURE
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2.1 INTRODUCTION

Breast cancer has afflicted mankind since ancient times. The earliest written 

description is contained within the Edwin Smith surgical papyrus (Brested 1930) and 

dates back to between 3000 and 2500 BC at about the time of the 11^  ̂ Egyptian 

dynasty. Even now breast cancer remains a common disease causing considerable 

morbidity and mortality in the female population. In England and Wales alone breast 

cancer accounted for 13,869 deaths in 1991 (C.S.O. Statistics 1993).

This high incidence has generated much research and debate into aetiological 

factors, treatment and, more recently, earlier detection and prevention. One of the 

major breakthroughs came as early as the end of the last century when the endocrine- 

dependent nature of breast cancer was first observed (Beatson 1896). Since then a 

substantial body of epidemiological evidence has built up implicating oestrogens in the 

development of breast cancer (Henderson et al 1988). The discovery of oestrogen 

receptors (ER) (Jensen et al 1968) gave fi’esh impetus to investigating the role of 

oestrogen in mammary cell growth and carcinogenesis.

Approximately 70% of primary breast cancers contain ER (Kvinnsland 1986) 

and 50-60% of these will stabilise or regress with a variety of therapies designed to 

reduce the level of circulating oestrogen or interfere with its function (Osborne et al 

1980). In contrast, only 10% of ER negative tumours respond to endocrine therapy 

(Williams et al 1987).

The finding that only 50-60% of ER positive breast cancers respond to 

endocrine manipulation coupled with the fact that there is an almost invariable 

progression fi'om endocrine sensitivity to insensitivity in breast cancer (Lippman 1983) 

implied the existence of other growth control processes. This prompted further study 

on locally acting, dififiisible growth regulatory substances known as growth factors and 

their receptors. Recently, evidence has emerged suggesting that oestrogenic efifects are 

mediated to some degree by these peptide growth factors and their receptors (Lippman 

and Dickson 1989). Of these the epidermal growth factor receptor (EGFR) is of 

particular interest in human breast cancer.
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The EGFR is widely distributed and is found in a variety of tissues (O'Keefe et 

al 1974). It is detectable in approximately 48% of breast cancers (Klijn et al 1992) 

with highly variable levels when measured by radioligand binding assays (Koenders et 

al 1991). Comparable levels of EGFR are present in normal breast tissue (Barker et al 

1989) so it is of greater interest to compare the relationship between EGFR expression 

and other prognostic markers in breast cancer.

The most consistent finding is that of an inverse relationship between ER and 

EGFR in primary breast cancer (Sainsbury et al 1985a). As well as the scientific 

interest that this relationship generates it has profound implications for the individual 

patient as detailed later. The precise mechanisms accounting for this inverse 

relationship and the molecular biological level that it may be determined at are, as yet, 

poorly understood. Nor is it known whether an individual cancer cell can progress 

from expression of one receptor type to the other by epigenetic mechanisms, possibly 

involving a phase of co-expression or whether the 2 receptors are expressed by 

separate clonal populations. These may be derived either from different cell types or by 

genetic alterations in the unstable cancer phenotype followed by clonal selection under 

appropriate conditions. These unresolved questions have been the major stimulus for 

the work involved in this thesis.
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2.2 THE OESTROGEN RECEPTOR IN BREAST CANCER

2.2.1 The role of oestrogen

Sir George Thomas Beatson MD Edin., Surgeon to the Glasgow Cancer 

Hospital (Figure 2.1), was the first to demonstrate the oestrogen-dependent nature of 

human breast cancer. During a course of studies for an MD thesis on lactation in 1876 

he discovered that it was the custom in certain countries to perform oophorectomies in 

cows after calving in order to maintain lactation indefinitely. This suggested that a 

close relationship existed between the ovary and the breast. Thus when referred a 33 

year old patient with extensive locoregional recurrence following a mastectomy he 

performed a bilateral salpingo-ooporectomy reasoning that the only other alternative 

was symptomatic relief (Beatson 1896). The results were dramatic with complete 

regression of the locoregional disease within 8 months. The patient eventually died 4 

years later (Boyd 1900) but the case suggested the existence of a relationship between 

the ovary and breast cancer. This prompted other surgeons to perform similar surgery 

for both locally extensive primary and recurrent disease. In 1900 Stanley Boyd 

published a review of the cases to that date. Of the 54 cases reviewed 19 (35%) were 

"more or less markedly benefited", 34 (63%) were "not benefited" and one died of 

"exhaustion". He concluded that the observed improvement in 35% was not due to 

chance, the abdominal section or the thyroid extract commonly used for breast cancer 

at that time (Boyd 1900).

Since this early pioneering work a substantial body of epidemiological evidence 

has built up implicating oestrogens in the development and progression of breast 

cancer (Henderson et al 1988). Data suggest that the early phases of breast cancer 

development have a stringent requirement for functional ovarian activity with the 

incidence of breast cancer being reduced by over 75% in women who have had their 

ovaries removed prior to the age of 30 years (Elwood et al 1977). Among the non

sociodemographic factors, the most consistently documented risk factors for breast 

cancer are related to the degree of lifetime oestrogen exposure experienced by the
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FIGURE 2.1

SIR GEORGE THOMAS BEATSON

immi
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individual. Thus early menarche (MacMahon et al 1973) and late menopause 

(Trichcpoulos et al 1972) increase the risk of subsequent breast cancer. Furthermore 

prolonged lactation following childbirth decreases breast cancer risk by delaying the re

establishment of regular ovulatory cycles thereby reducing oestrogen exposure (Yuan 

et al 1988). In addition, a strong age-dependent relationship between weight and 

breast cancer risk has been demonstrated. For women aged 50 years or below there is 

no association but by the age of 60 years a 10 kg increment increase in weight results 

in an 80% increase in breast cancer risk (de Waard et al 1977). The physiological basis 

for this is thought to be due to increased aromatisation of circulating androgens to 

oestrogens in overweight women (Lippman and Dickson 1989). The age-specific 

incidence curve for breast cancer emphasises the importance of menstruation in 

determining risk. The initial cases occur in early adulthood, thereafter, the rate of 

increase in incidence rises sharply with age to the time of the menopause, when it 

slows dramatically. The rate of increase in the postmenopausal period is only one-sixth 

that seen in the premenopausal period (Henderson et al 1988). The effects of ovarian 

activity thus seem to be major determinants in shaping this age specific incidence.

The role of exogenous oestrogens in the subsequent development of breast 

cancer is receiving a great deal of attention at the present time. With regard to the oral 

contraceptive pill (OCP) it has been found that in most women, their use does not 

affect breast cancer risk, regardless of the dose, brand, type of oestrogen or progestin 

used or the length of time since last use (Prentice and Thomas 1987). However, 

individual studies have found associations between long-term OCP use at an early age 

and breast cancer in women up to 45 years of age (Olsson et al 1989). Although firm 

conclusions are difficult to draw at present there is concern that as these cohorts age, 

risk among long-term oral contraceptive users will rise in women at older ages. 

Similarly, no firm conclusions can be drawn about the risk for breast cancer associated 

with the use of oestrogen replacement therapy (HRT). Study results are inconsistent 

although it has been suggested that use for 15-20 years or more may carry a relative 

risk of 1.5 to 2.0 (Brinton et al 1986; Wingo et al 1987). Thus current evidence
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suggests either no effect on breast cancer risk from HRT or an elevation of risk of less 

than 2-fold with long-term use of relatively high doses (Brinton et al 1981).

Although the epidemiological evidence suggests that oestrogens are intimately 

related to the development of breast cancer experimental evidence was lacking until 

the description of a human breast cancer derived cell line, MCF-7 (Brooks et al 1973) 

which is stimulated reproducibly by 1713-oestradiol (E2) (Lippman and Bolan 1975). 

This provided, for the first time, a model experimental system which allowed 

investigation of the role of oestrogens in breast cancer. MCF-7 cells possess high 

affinity ERs and are stimulated to grow by physiological concentrations of E2. Growth 

is, however, inhibited by pharmacological concentrations of E2 and anti-oestrogens 

such as Tamoxifen, an effect which is reversible by E2 (Lippman et al 1976).

Oestrogens thus appear to have a permissive and promotional role in human 

breast cancer. They are also directly carcinogenic in mice producing breast cancer 

(Bittner 1948), but this is not thought to be an important mechanism in human breast 

cancer (Lippman and Dickson 1989).

2.2.2 Structure and function of the ER

The ER is a member of a family of nuclear receptors which includes the 

receptors for other steroids, thyroid hormone, vitamin D3 and retinoic acid (Petkovich 

eta l\9Z l).

In 1958 cell localisation studies utilising radiolabelled oestrogen demonstrated 

long-term retention of oestrogen by the rodent uterus (Jensen 1960). This first focused 

attention on high-afBnity oestrogen-binding components in oestrogen target tissues, 

the principal one being the ER. These receptors were present in the cytosol fraction 

with a sedimentation coefiScient of 9.55'. Another nuclear oestradiol-receptor complex 

sedimenting at 55 was subsequently detected (Jensen et al 1968). Further studies of 

homogenised tissue have shown that the majority of ER is found in a SOOkDa form in 

the cytosol fragment with a sedimentation coefficient of 8-95 (Redeuilh et al 1987, 

Figure 2.2). Each of these is able to bind, simultaneously, more than one molecule of
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FIGURE 2.2 
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the anti-ER monoclonal antibody JS 34/32, suggesting that this molecular form is 

composed of 2 hormone-binding units probably associated with 2 molecules of heat 

shock protein (hsp90). After steroid treatment, an activated 5S nuclear form 

predominates (Sabbah et al 1989), formed by the dissociation of both molecules of 

hsp90. Fluorographic analysis of the SS form following SDS-gel electrophoresis 

reveals that this is also a homodimer consisting of 2 hormone-binding subunits each 

with a relative molecular weight of approximately 66 kDa and a sedimentation 

coefficient of 4S (Sabbah et aï 1989). Limited proteolysis of the 5S form with trypsin 

yields 2 carboxyl terminal fragments of relative molecular weight 30 kDa each which 

remain in the form of a dimer (Sabbah et al 1989). This product of proteolysis retains 

the same hormone binding affinity as the intact receptor, but loses the DNA-binding 

region suggesting that trypsin cleavage occurs between the hormone-binding and 

DNA-binding domains and that the dimérisation of the receptor occurs through 

hydrophobic interactions between the hormone-binding domain or other parts of the 

receptor situated towards the carboxyl terminus (Sabbah et al 1989).

Cloning studies have now allowed the structure of ER to be examined (Green 

et al 1986). The X0R8 cDNA probe consisting of 2.1 kb was sequenced and found to 

contain a large open reading frame of 1,785 nucleotides sufficient to encode the entire 

ER (Green et al 1986). This allowed the amino-acid sequence of MCF-7 ER to be 

deduced. It consists of 595 amino-acids with a relative molecular weight o f66,182.

Development of chicken oviduct cDNA clones allowed a comparison of human 

and chicken predicted ER sequences (Krust et al 1986). Eighty percent of their amino 

acids are identical, with three areas which are highly conserved allowing the ER to be 

divided into six regions denoted A-F (Figure 2.3). Comparison with other steroid 

receptors such as the human glucocorticoid (GR, Krust et al 1986, Figure 2.3) and 

progesterone (PgR, Jeltsch et al 1986) receptors also reveals homology in these 

regions especially regions C and E, suggesting that they are functionally important.

The highly conserved hydrophilic C region has remarkable consistency in the 

siting of the cysteine residues between chicken ER, human ER and human GR.
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FIGURE 2.3 

Sequence homology between human 
ER, chicken ER and human GR

B C D E F

1 37 179
Human ER

262 301 552 595

87 56 ICO 38 94 41

Chicken ER 589

Human ER 595

25

89

13 61.5 4.5

Human GR

30 0

111

Schematic alignment of oestrogen and glucocorticoid receptors using 
computer introduced gaps. The bold figures represent percentage 
homology whilst normal script figures represent the amino acid sequence. 
Regions A, C and E share extensive sequence homology (Krust et al 1986).
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Steroid-hormone receptor complexes exert their transcriptional regulatory function by 

binding to specific promoter elements in target cell DNA (Yamomoto 1985). Thus, it 

was proposed that the C region corresponded to a DNA-binding domain in which the 

conserved cysteine residues constitute the common structural scaflfolding and/or act to 

facilitate signal transmission after the receptor binds its ligand, with the specificity of 

DNA binding residing in the less conserved amino acids (Krust et al 1986).

Confirmation of the DNA-binding properties of the C region came from studies 

employing site directed mutagenesis to prepare a series of human ER deletion mutants 

(Kumar et al 1986). Deletions in region C abolish the ability of the hormone-receptor 

complex to bind tightly to DNA. Further studies have revealed that a highly conserved 

core region of 66 amino acids in region C is responsible for defining target gene 

activation (Green and Chambon 1987).

Analysis of the ER gene showed that one intronic area occurred in the middle 

of this core C region (Ponglikitmongkol et al 1988) suggesting the existence of sub- 

domains. Furthermore, this core region contains a repeated motif similar to that found 

in the zinc-stabilised DNA binding "fingers" of the SS rRNA transcription factor 

TFULA and studies of the homologous region of the rat GR revealed that it did indeed 

bind 2 zinc ions (Freedman et al 1988). This led to the construction of a hypothetical 

structure for the C region (Figure 2.4 and Appendix A). Studies utilising chimaeric 

receptors where either the N-terminal Cl or CII of the ER is replaced with the 

corresponding region of the GR reveals that the Cl zinc finger determines target DNA 

specificity, whilst the CII finger is responsible for stabilisation by non-specific DNA- 

binding (Green et al 1988). Replacing the ER Cl by the GR Cl thus activates 

transcription from a glucocorticoid-response element instead of an oestrogen response 

element. In addition, single amino-acid substitution experiments reveal that the amino 

acids Glu-203, Gly-204 and Ala-207 on the carboxyl side of Cl (Figure 2.4) are of key 

importance in determining target gene specificity (Mader et al 1989).

Region E is also well conserved between the various steroid receptors and 

forms a hydrophobic pocket for the oestradiol ligand (Krust et al 1986). The
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FIGURE 2.4 

The C region of the oestrogen receptor
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Schematic representation of the DNA binding region C of the oestrogen 
receptor (amino acids 180 - 262). The highly conserved core region of 
66 amino acids is shown as two sub-regions or "zinc fingers" C I (amino 
acids 185-215) and C n  (amino acids 216 - 250).
(Appendix A; Green et al 1988; Ponglikitmongkol et al 1988)
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oestrogen-binding property of region E was convincingly demonstrated by the 

deletional studies described earlier (Kumar et al 1986). It was found that it is essential 

to maintain the integrity of all of the region located between amino acids 301 and 552 

(Figure 2.2) for the receptor to be able to bind oestradiol. Region E has also been 

shown to contain some transcription activator function (Schwabe and Rhodes 1991).

The A/B region is also important for stimulating transcription from certain 

oestrogen-response elements as mutants lacking the E and part of the D regions 

constitutively stimulate transcription at 5% of the normal rate (Kumar et al 1987). The 

poorly conserved C-terminal F region can be deleted without affecting hormone 

binding or transactivation, and region D, which is thought to act as a hinge region, can 

be substantially altered without affecting ER function (Kumar et al 1987).

Thus, oestrogen binding to ER initially displaces hsp90. The hormone binding 

induces a conformational change in the receptor that allows the dimeric hormone- 

receptor complex to interact with a c/5-acting enhancer element in the chromatin of 

target cell DNA (Yamomoto 1985), thereby initiating the transcription of specific 

mRNAs, the proteins of which produce growth effects on the cell (Figure 2.5). Among 

the products upregulated in this fashion are the PgR (Toft and O'Malley 1972) and 

TGF-a. Several other oestrogen-regulated genes have been identified; pNR-1, pNR-2 

(also known as pS2), pNR-7, pNR-8, pNR-13, pNR-17, pNRs 20 to 25, pNR-100 and 

pNR-101 (May and Westley 1988). The fiinction of the proteins encoded for by these 

genes remains to be elucidated in many cases, however, in some they have been 

deduced. The sequence of pNR-2 suggests that it codes for a cysteine-rich protein with 

features reminiscent of Insulin-like growth factor 1 prompting the speculation that it 

may exert an autocrine growth factor activity (Prud'homme 1985). The pNR-100 

mRNA sequence encodes the aspartyl lysosomal protease cathepsin D (Westley and 

May 1987).

2.2.3 The ER gene and its transcript

The ER gene has been localised to the human chromosome 6q24-27 and
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FIGURE 2.5

Ligand/receptor interaction for oestrogen

+  Oestrogen #

Ligand-induced activating function 

/
Constitutive activating function

Oestrogen Response Element

Addition of oestrogen promotes dimerization through strong interactions 
between the hormone binding domains (E) and weak interactions between 
the DNA binding domains (C). The receptor dimer binds tightly to the 
oestrogen response element and activates transcription via constitutive and 
ligand-induced mechanisms.

(HSP, heat-shock protein)
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appears to be present as a single copy (Walter et al 1985). Restriction endonuclease 

digestion studies have shown that the ER gene is very large with a minimum length of 

140 kb (Ponglikitmongkol et al 1988, Figure 2.6) and consists of eight exons with 

sizes of 684, 191, 117, 336, 139, 134, 184 and 4,537 base pairs respectively (6,322 

base pairs in total) separated by long intronic sequences.

The transcription-activating A/B region is encoded largely in a single exon 

(exon 1, Figure 2.6). This is also the case in the rat GR gene (Miesfeld et al 1987). 

The A/B region differs in both length and sequence between the receptor types 

suggesting either that the A/B region has been added to the receptor gene after 

duplication of a common ancestral gene or that the A/B region diverged considerably 

during evolution (Ponglikitmongkol et al 1988).

Exons 2 and 3 are separated by an intron of >16 kb and encode for the DNA- 

binding Cl and C2 zinc finger domains respectively. Interestingly the intron is found at 

Ala-207 (as opposed to Gly-215 for steroid hormone receptors. Figure 2.4) in retinoic 

acid and thyroid hormone receptors (Zahraoui and Cuny 1987; Brand et al 1988) 

suggesting that steroid hormone receptors diverged from these at an early stage during 

evolution.

Exon 4 codes for part of region C (Gly-254 to Gly-262), all of region D (Arg- 

263 to Ser-301) and part of region E (Lys-303 to Pro-365). The mosaic nature of exon 

4 encoding for separate domains of the ER has been suggested to be as a result of the 

loss of an intron in the steroid receptor sub-family which can still be found in the 

chicken thyroid hormone receptor gene just 5' to region E (Zahraoui and Cuny 1987).

The hormone-binding E region is encoded in 5 exons (exons 4 to 8). There is 

significant homology between the ER and other members of the nuclear receptor 

family beginning within exon 4 to the start of exon 8 (Petkovich et al 1987). 

Thereafter exon 8 in the ER diverges fi’om the other nuclear receptors suggesting that 

this part is functionally important and plays a key role in the specificity of ligand 

binding (Weiler et al 1987). The remainder of exon 8 encodes region F and the large 

untranslated 3' region of ERmRNA (Ponglikitmongkol et al 1988).
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FIGURE 2.6

Organisation of the human ER gene
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The 8 exons of the human oestrogen receptor gene are shown as solid lines 
(genomic DNA) with the minimum size of each intron indicated between the 
exons. The corresponding positions of each exon (1-8) in the ER cDNA is 
shown above with the numbers referring to nucleotides and the positions of 
the start (ATG) and stop (TGA) codons. The 6 divisions of the ER are 
shown at the top of the diagram (Ponglikitmongkol et al 1988).
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The ER gene appears to be remarkably conserved in both cell culture lines and 

clinical breast cancer specimens. In a study of 9 breast cancer cell lines, comprising 

both ER-positive and ER negative lines, no amplification of the ER gene was observed 

(Watts et al 1992). Nor were any ER gene restriction fragment length polymorphisms 

(RFLPs) with EcoRl, /fzndlU or Pstl endonuclease digestion or variations in the 

patterns of ER gene méthylation identified. DNA méthylation is known to reduce the 

transcriptional activity of several genes (Bird 1984).

Studies of the ER gene in clinical breast specimens are limited. Koh found no 

evidence of ER gene amplification or rearrangement in 34 breast cancer patients (Koh 

et al 1989). Watts found a 2 to 3-fold amplification in 1 of 29 ER positive patients 

(Watts et al 1992) whereas Nembrot found 1.6- to 3-fold amplification in 6 of 14 ER 

positive patients (Nembrot et al 1990). No RFLPs were detected by Ec6R\, HindJR 

or Pstl endonuclease digestion in 37 patients by Watts (Watts et al 1992), however, 

Castagnoli found a PvuH RFLP in the ER gene in 14 of 20 males (Castagnoli et al

1987). The PvuR RFLP was shown to correlate with ER expression in one study of 

188 breast cancer patients (Hill et al 1989). A subsequent study found that it 

correlated with age but not ER expression (Pari et al 1989) whilst a later study found 

no correlations with age or ER expression in 260 breast cancer patients (Yaich et al

1991). The latter study did, however, locate the RFLP within intron 1. Other variations 

in the ER gene have been reported such as a Pssl RFLP (Coleman et al 1988) and a 

//zwdni RFLP which correlates with PgR expression (Wanless et al 1991). Watts 

found no correlation between ER gene méthylation and ER expression in 37 patients, 

although 4 of 6 genes with hypomethylation were found in ER positive patients (Watts 

et al 1992). Palette found three méthylation patterns in 50 breast cancer specimens but 

found no association with the ER status (Palette et al 1990). These studies suggest 

that alterations in ER function in breast cancer are not due to gross abnormalities in the 

ER gene.

The normal ER gene is transcribed into ERmRNA which consists of 6,322 base 

pairs (Green et al 1986, Figure 2.6). Studies of MCF-7 cDNA have shown that 2 open
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reading frames are present. The most 5' ATG (AUG in mRNA) codon is commonly 

used to initiate translation in most eukaryotes (Kozak 1984). Such a codon is found 

119 nucleotides from the 5' end but is followed by a stop TGA codon 20 codons 

downstream (Green et al 1986). It is not known whether this region is expressed or 

has any physiological role. A second ATG codon is found at nucleotide 233. This 

codon represents the start of an open reading frame of 1,785 nucleotides coding for a 

595 amino acid protein of a relative molecular weight of 66,182 (Green et al 1986). 

This is followed by a long 3' untranslated region (4,305 nucleotides), a situation 

common in other receptor mRNAs such as the human GR (Govindan et al 1985).

One of the most interesting findings during the molecular biological 

investigations of ER has been the striking sequence homology between ERcDNA and 

the erb-A gene (v-erb-A) of the oncogenic avian erythroblastosis virus (AEV, Green et 

al 1986). The genome of this virus contains 2 cell-derived genes termed v-erb-A and 

v-erb-B (Frykberg et al 1983). AEV causes erythroleukaemia in chickens and 

transforms certain haemopoietic cells in culture (Graf and Beug 1983). The primary 

oncogene appears to be v-erb-B as it is capable of transforming erythroblasts itself, 

with v-erb-A potentiating its effects (Kahn et al 1986). The cellular homologue of v- 

erb-A is c-erb-A and the avian c-erb-A product appears to be functionally equivalent to 

the human thyroid hormone receptor (Weinberger et al 1986).

Comparison of human leucocyte derived and MCF-7 cDNAs have revealed the 

presence of 2 silent mutations Ser-10 [TTC -> TCT] and Thr-594 [ACG -> AC A] and 

one point mutation (Gly-400 [GGG] -> Val-400 [GTG]) in the oestrogen responsive 

cell line (Ponglikitmongkol et al 1988). Although this occurs within the hormone- 

binding domain it does not appear to alter its binding properties (Green et al 1986).

In vitro studies of breast cancer cell lines have shown that ER positive cell lines 

contain higher levels of ERmRNA than ER negative cell lines, most of which contain 

no detectable ERmRNA (Lee et al 1990). Similarly, studies using clinical breast cancer 

specimens have found a good correlation between ERmRNA and ER levels (Barrett- 

Lee et al 1987; Henry et al 1988; May et al 1989). It has also been found that ER and
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ERmRNA levels both decrease when breast cancer cell lines are treated with progestin 

(Alexander et al 1990). The results of these studies suggest that ER expression is 

determined primarily by transcriptional modulation. However, the inherent problems of 

extrapolating the results of in vitro work are evidenced by 2 studies. Though both 

groups used MCF-7 cells, one reported that E2 caused a time dependent increase in 

cytoplasmic ERmRNA (Piva et al 1988), whilst the other reported, conversely, that E2 

decreased both nuclear and cytoplasmic ERmRNA and ER protein (Saceda et al 

1989). This may simply be a result of MCF-7 cells from different laboratories 

possessing different properties. However, decreasing mRNA levels on addition of 

ligand have been reported in other members of the steroid superfamily of receptors 

(Piva et al 1988; Saceda et al 1989). Saceda's study found that, although ERmRNA 

levels decreased, ER gene transcription increased 2-fold after oestradiol treatment. 

This would suggest that the predominant mechanism regulating ER expression is 

posttranscriptional suppression of ERmRNA via a receptor-mediated process 

independent of protein synthesis (Saceda et al 1989).

2.2.4 Variant ERs

The realisation that some ER positive tumours behave as if they were ER 

negative by failing to respond to antioestrogen therapy and that some ER negative 

tumours behave as if they are ER positive by synthesising the PgR led to the search for 

variant ERs (Fuqua et al 1991). The first RNA variant was described in 1988, when 

RNAase protection analysis revealed a nucleotide mismatch in the B coding region 

which correlated with low ligand binding in 8 of 66 ER positive tumours (Garcia et al

1988). Subsequently it was found that the mismatch corresponded to a C to T 

transition at nucleotide 257, resulting in an alanine to valine substitution (Garcia et al

1989). However, this variant form was subsequently shown to be unrelated to ER 

status or, indeed, to the presence of breast cancer (Schmutzler et al 1991).

The techniques of polymerase chain reaction, chemical mismatch cleavage, 

single stranded conformational polymorphism analyses and gel retardation assays have
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allowed the discovery of several ERmRNA variants in human breast cancer specimens. 

These include precise deletions of exon 5 (Fuqua et al 1991), exon 7 and exon 3 

(McGuire et al 1992). In addition an asparagine+arginine insertion in region C and 

several single amino acid substitutions in regions D and E were discovered (McGuire 

et al 1992). Yeast transactivation assays were utilised to ascertain possible altered 

function of these variants (Fuqua et a l\9 9 \\  McGuire et al 1992). The exon 5 deletion 

discovered in ER negative/PgR positive tumours was found, as expected, to be 

transcriptionally active even in the absence of oestrogen thus representing a dominant- 

positive variant (Fuqua et al 1991). The exon 7 deletion and the exon 3 deletion 

variants were found to be dominant-negative as they were transcriptionally inactive, 

showed no response to oestrogen and prevented the function of normal ERs when 

added together with them in experiments (McGuire et al 1992).

The precise clinical significance of these variant receptors has not yet been 

ascertained. Certainly there is scope for further research in this field to determine 

whether the dominant-positive variants can stimulate tumour growth and, if so, 

whether they can be switched off In addition, it needs to be determined whether 

dominant-negative variants can inhibit tumour growth and, if so, whether they can be 

turned on.

2.2.5 Measurement of ER

There are a number of methods by which ERs can be measured in tissue 

specimens, three of which are in common use. The first and most widely used method 

of analysis involves the use of radioligand-binding assays. However, the development 

of monoclonal antibodies directed against ER (King and Greene 1984) has allowed the 

development of both immunocytochemical assays (ICA) and enzyme immunoassays 

(EIA).

The dextran-coated charcoal absorption (DCCA) steroid-binding assay has 

been the most commonly used radioligand-binding method of quantifying ER. The 

principle of the assay involves incubating six paired tissue cytosol aliquots of the
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tumour with six known concentrations of tritium-labelled E2 in the presence or 

absence of high concentrations of diethylstilboestrol, which acts as an unlabelled 

competitor for the receptor (McGuire and de la Garza 1973). Unbound steroid is 

removed by charcoal and the difference in radiolabel concentrations as measured by 

scintillation counting between competed and non-competed tubes represents 

specifically bound radiolabel. Scatchard analysis of this multipoint assay allows the 

calculation of specific receptor content expressed in terms of femtomoles of receptor 

per milligram of cytosol protein (finol/mg). The major disadvantages of this method 

are that it requires large amounts of tumour tissue (0.5g), that it requires the use of 

radioactive materials and that it involves homogenisation of the tissue which does not 

allow it to address the issue of tumour heterogeneity and may lead to misleading 

results due to the inclusion of non-tumour tissue. In addition the cut-off points used to 

define tumours as either ER positive or negative vary in different laboratories with 

levels ranging from 5 finol/mg (AUdred et al 1990) to 50 finol/mg (Fitzpatrick et al 

1984) though most laboratories use 5-10 finol/mg.

These disadvantages were addressed to a large degree by the development of 

ICAs utilising anti-ER monoclonal antibodies (King and Greene 1984). These allow 

direct visualisation of tumour cells in small samples in a variety of histological 

preparations including fi-ozen and paraffin sections and even fine needle aspirates 

(Horsfall et al 1989). The most commonly employed immunocytochemical assay used 

to investigate ER levels is a 3-step indirect assay using the H222 monoclonal antibody 

(King and Greene 1984) which is directed against the ligand binding domain of the ER 

and a peroxidase-antiperoxidase technique (Press and Greene 1984, Figure 2.7). After 

the sequential addition of the antibodies the chromogen diaminobenzidine (DAB) along 

with hydrogen peroxide is added and detects specific binding. The results can be 

expressed either in terms of the percentage of positive cells (Walker et al 1988) or by 

calculating a staining intensity index which takes into account both the intensity of ER 

staining and the percentage of cells stained (McClelland et al 1986). 

Immunocytochemical assays do have disadvantages, the main one being the
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FIGURE 2.7

ER Immunocytochemical Assay

DAB + H2O2
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immunoglobulins
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Rat anti-peroxidase 
immunoglobulins

 ̂ Goat anti-Rat 
immunoglobulins

Rat anti-human ER 
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Tissue section

Schematic representation o f the three step indirect ER-ICA using the PAP 
complex (Abbott Laboratories, N orth Chicago, Dl.). The antibodies are 
added sequentially to the frozen tissue section. Immunoreactivity is revealed 
by the addition of DAB and H2 O2 .

(DAB, diaminobenzidine; HRP, horseradish peroxidase;
PAP, peroxidase-antiperoxidase; H^ 2  » hydrogen peroxide)
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semiquantitative subjective evaluation of staining which one study has shown can be 

remarkably inconsistent from centre to centre (McClelland et al 1991). This can be 

overcome by using automated video image analysis (Horsfall et al 1989) but this is 

tedious and time-consuming.

Monoclonal antibody technology has also allowed the development of ER 

enzyme immunoassays (ER-EIA). This utilises a sandwich technique (Figure 2.8) and 

(9-phenylenediamine-2HCl and hydrogen peroxide are subsequently added producing a 

colour reaction directly proportional to the amount of ER present. This is readily 

measured on a spectrophotometer and the receptor level is determined by comparison 

with a standard of human ER with the cytosols (Jordan et al 1986). ER-EIAs require 

less tissue than ligand-binding assays, are quick and easy to perform and do not involve 

the use of radioactive materials. They do, however, require homogenisation of tissue 

with its inherent problems. Nevertheless they are likely to become the standard 

technique of ER quantification in breast cancer.

In a review of 44 studies AUdred found good concordance ranging from 77% 

to 96% between the DCCA and the ER-ICA in breast cancer (AUdred et al 1990). 

Further studies have found excellent correlations between the ER-EIA and DCCA and 

the ER-EIA and the ER-ICA (Jordan et al 1986; Walker et al 1988). Thus to gain 

information regarding the quantity of ER ER-EIAs are now becoming the standard 

investigation. However, to gain additional information of the heterogeneity of ER 

within individual tumours the ER-ICA can be used.

2.2.6 ER levels in normal and benign breast tissue

Although once thought to be absent from normal breast tissues ERs have now 

been demonstrated. Using the DCCA Barker found that 33% of normal breast 

specimens contained ERs ranging in level from 5 to 134 frnol/mg protein (Barker et al 

1989). Investigations using the ER-ICA demonstrated that ERs were present in luminal 

epitheUal ceUs but not stromal or myoepithelial components (Peterson et al 1987). The 

ER staining is more apparent in lobular rather than ductal components (Walker et al
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FIGURE 2.8

ER enzyme-immuno assay

Antîbody-coated bead

Enzyme linked 
to HRP

^phenylenediamine-2HCl + H2 O2

The ER-EIA is based on a "sandwich" technique. Tumour cytosol samples 
are incubated with beads coated with an anti-ER monoclonal antibody (Ab j), 
followed by addition of a second ER-specific monoclonal antibody conjugated 
to HRP (Ab 2). Addition of o-phenylenediamine-2HCl and H2O2 reveals 
immunoreactivity (Jordan et al 1986).

(HRP, horseradish peroxidase; 1 ^ 2  » hydrogen peroxide)
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1991; Walker et al 1992) especially in post menopausal women (Walker et al 1991). In 

addition ER levels are found to be mostly confined to days 28 to 14 of the menstrual 

cycle (Markopolous et al 1988). Thus, ER levels in normal breast tissue are low and 

are influenced by menopausal status and menstrual cycle.

There is little work looking at ER levels in benign breast disease. One study has 

found that benign breast tumours, especially phylloides tumours and fibroadenomas, 

contain more ERs than normal breast tissue, but less than that found in malignant 

tumours (Giani et al 1986).

2.2.7 ER levels in human breast cancer

ER levels in human breast cancer have been exhaustively studied. In the 

interests of brevity and keeping the bibliography at reasonable levels I have reviewed 

predominantly published articles from different centres which concern both ER and 

EGFR.

Overall 70% of human breast cancers are stated to be ER positive (Kvinnsland 

1986), but positivity ranges from 34% (Bolufer et al 1990) to 82% (Fekete et al 1989) 

between different studies. Analysis of 25 studies (Table 2.1) reveals overall ER 

positivity of 64% in 4,089 primaiy breast cancer patients. These large variations can be 

explained to some extent by the variation in cut-off* levels between studies although 

there are exceptions. For instance, one study using the lowest cut-off value of 5 

finol/mg had amongst the lowest ER positive rates (Nicholson et al 1988). However, 

of particular note is the study with the lowest ER positivity rate of 34%. This used 

stringent requirements for ER positivity which probably gave artificially low rates. To 

be considered ER positive a tumour had to display ER in both the cytosolic and 

nuclear fi*actions with 30% or less non-specific binding (Bolufer et al 1990).

Immunocytochemical studies have now provided information about the inter- 

and intracellular distribution of ER. It has been shown that ER expression is highly 

heterogeneous between cells within an individual tumour, both in terms of the 

percentage of cells stained and in the intensity of staining (Walker et al 1988; Walker
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TABLE 2.1 

ER levels in breast cancer

Study Number Method Cut off value 
fmol/mg

ER positivity
%

Perez et al 1984 95 RBA 10 51

Skoogetal 1986 36 RBA 0.4 & 42

Macias et al 1987 72 RBA 0.1 -0.3 a 68

Rios et al 1988 225 RBA 10 45

Sainsbury et al 1985(a) 104 RBA 5 51

Nicholson et al 1988 246 RBA 5 46

Wyss et al 1987 238 RBA 10 76

Delarue et al 1988 100 RBA 10 76

Spyratos et al 1990 109 RBA 10 61

Battaglia et al 1988 89 RBA 10 40

Cappelletti et al 1988 136 RBA 10 70

Foekens et al 1989 214 RBA 10 78

Fekete et al 1989 335 RBA 10 82

Toi et al 1990 91 RBA 5 60

Costa et al 1989 68 RBA 20 54

Barker et al 1989 44 RBA 5 52

Bolla et al 1992 303 RBA 10 74

Koenders et al 1991 531 RBA 10 72

Bolufer et al 1990 220 RBA b 34

Wrba et al 1988 88 ICA >  1+ 65

Be\ilacqua et al 1990 134 ICA >5% 73

Lewis et al 1990 90 RBA 10 64

Umekita et al 1992 83 RBA 14 43

Grimaux et al 1990 215 RBA 10 80

Bilous et al 1992 193 ICA c 66

 ̂ Atomoles/^g DNA 

^ Presence of both nuclear and cytosolic ER and < 30% non-specific binding 

 ̂ Staining index of >  2 

(RBA, radioligand binding assay; ICA, immunocytochemical assay)
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et al \99\\ Walker et al 1992). Indeed the ER negative phenotype is frequently seen in 

malignant breast tissue (as in normal breast tissue) which has been categorised as being 

ER positive (Walker et al 1991). In vitro studies also demonstrate this heterogeneity of 

ER expression. The staining intensity and proportion of cells displaying ER positivity 

increases in culture of MCF-7 cells as they approach confluence (Bouzubar 1991). 

This has led to the suggestion that these ER negative cells may represent a resting cell 

population (Nicholson 1992).

2.2.8 Relationship between ER and clinical features

ER positivity has been shown to increase with age (Sainsbury et al 1987; 

Foekens et al 1989; Elwood and Godolphin 1980). Thus, while 80% of patients over 

the age of 60 years have ER-positive tumours, less than 60% of patients under 40 

years of age have ER-positive tumours (Elwood and Godolphin 1980). ER-positive 

tumours are also found more frequently in postmenopausal patients but this association 

appears to be age dependent (Helin et al 1988) and is not significant in its ovm right 

(Elwood and Godolphin 1980).

2.2.9 Relationship between ER and histological features of breast 

cancer

Whilst some studies have shown that ER negativity is associated with larger 

tumours (Clarke et al 1983), most find no association between ER status and tumour 

size (Elwood and Godolphin 1980; Sainsbury et al 1987; Umekita et al 1992).

The relationship between ER positivity and histological grade has also been 

exhaustively studied with almost all published series finding that ER positivity is 

associated with better differentiated tumours (Fisher et al 1987; Elwood and 

Godolphin 1980; Lesser a/ 1981; Helin et al 1989; Grimaux et al 1990; Umekita et 

al 1992). Each of the individual components of the histopathological grade, namely the 

degree of tubule formation, nuclear atypia and rate of mitoses, have also been found to 

be significantly more favourable in ER positive tumours (Helin et al 1989).
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The relationship between ER status and the incidence of lymph node 

métastasés has yielded studies with conflicting results. Some workers have shown that 

ER negativity is significantly associated with positive axillary lymph nodes (Battaglia et 

al 1988; Spyratos et al 1989) but most studies have found no relationship (Clark et al 

1984; Elwood and Godolphin 1980; Sainsbury et al 1987; Helin et al 1989; Grimaux et 

al 1990; Umekita et al 1992). The National Surgical Adjuvant Breast Project #9 

recruited node positive patients only and found no correlation between ER status and 

the degree of lymph node involvement (Fisher et al 1987).

Certain tumour types are more fi*equently associated with ER positivity such as 

lobular (Lesser et al 1981; Fisher et al 1987; Helin et al 1989), tubular (Fisher et al 

1987; Helin et al 1989) and mucinous (Helin et al 1989). ER negativity, on the other 

hand, is associated with more aggressive tumour types such as medullary (Lesser et al 

1981; Fisher et al 1987; Helin et al 1989) and comedo (Helin et al 1989) although the 

analysis on the latter type was only performed in 7 patients, 5 of whom were ER 

negative.

A variety of methods are now available to examine the cell proliferation rate of 

tumours. These include assessment of DNA ploidy, flow cytometric assessment of 

proliferative activity and immunocytochemical analysis of Ki-67 activity. The latter is a 

cell cycle related nuclear protein expressed throughout the cell cycle except Gq 

(Bouzubar et al 1989). High proliferative activity measured by flow cytometry has 

been shown to be inversely correlated to ER expression (Helin et al 1989; Grimaux et 

al 1990). The results concerning DNA aneuploidy are conflicting with some workers 

finding aneuploidy to be inversely related to ER expression (Grimaux et al 1990) 

whilst others have found no association (Helin et al 1989). Similarly, the results 

concerning Ki-67 are conflicting with some workers showing that this is significantly 

inversely related to ER (Bilous et al 1992) whilst others have found no association 

(Bouzubar et al 1989).

Analysis of the patterns of breast cancer métastasés has shown that ER positive 

tumours are more likely to metastasise to bone while ER negative tumours more
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commonly metastasise to viscera (Nicholson et al 1989).

Many of the factors discussed above are interrelated. For example, poorly 

differentiated and medullary carcinomas are associated with high proliferative rates. 

Nevertheless, ER expression does appear to be significantly related to more favourable 

histological and proliferative markers.

2.2.10 ER expression and prognosis

The analysis of the effect of ER expression on both overall and disease-fi*ee 

survival has been complicated in many cases by different adjuvant therapies. There are 

studies, however, which have examined this issue in patients receiving either similar or 

no adjuvant therapy. They show that ER expression is associated with improved 

overall and disease-fi'ee interval when no adjuvant therapy is given (Harris et al 1989) 

or whether ER positive and negative patients both receive radiotherapy alone or 

radiotherapy and Tamoxifen (Desombre et al 1986). The numbers in the latter study 

were small, not allowing adequate statistical analysis, but a further study of 547 

patients confirmed this finding regardless of coadjuvant treatment (VoUenweider- 

Zerargui 1986). Some workers have shown that this beneficial effect of ER expression 

diminishes with time with survival curves coming together at 36 months (Sainsbury et 

al 1987). This is surprising as the previous studies had longer follow up data, but the 

concept is supported by other studies which have shown the same effect at 7 to 8 years 

(Aamdal et al 1984).

The limitations of univariate analysis to assess the effect of ER on prognosis 

has been demonstrated by Spyratos. ER was found to have a significant prognostic 

value for disease-free, metastasis-free and overall survival but using multivariate 

analysis it was found to be important only for metastasis free survival at 5 and 10 years 

in patients who had not received prolonged adjuvant chemotherapy (Spyratos et al

1989). The results of other multivariate analyses are conflicting. Whilst some show 

that ER expression is not an important independent variable for disease-free and 

overall survival (Harris et al 1989) others have shown it to be so especially for overall
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survival (Marques et al 1990).

In summary, ER expression does appear to impart a survival advantage both in 

terms of disease-free and overall survival. However, lymph node status, tumour grade 

and tumour size are more important prognostic variables (Spyratos et al 1989; Harris 

et al 1989) and some studies have shown that ER expression fails to identify patients at 

risk of relapse in node-negative disease (Spyratos et al 1989; Vollenweider-Zerargui et 

al 1986; Williams et al 1987).

2.2.11 ER expression and endocrine manipulation

There is now considerable evidence that ER status is useful in predicting the 

response of breast cancer to a variety of therapies designed to lower the circulating 

levels of oestrogen or interfere with its function. About 50-60% of ER positive breast 

cancers will respond to such measures (Osborne et al 1980) whilst only 10% of ER 

negative breast cancers show response (Williams et al 1987). Furthermore, response to 

endocrine manipulation has been shown to be directly related to ER levels. While only 

19% of patients with ER concentrations below 40 frnol/mg cytosolic protein show 

response, 61% do so with concentrations above 200 fmol/mg (Williams et al 1987). 

This has been confirmed in another study examining the effects of oophorectomy in 

patients with advanced or recurrent disease (Oriana et al 1989). This showed that only 

17.4% of patients with ER concentrations below 10 finol/mg respond whereas 79.4% 

respond with concentrations above 25 finol/mg. So, while the cut-off levels differ 

considerably reflecting interlaboratory variations, the overall trend is identical.

The use of adjuvant Tamoxifen for early breast cancer has recently been 

studied. The Nolvadex^ (ICI Pharmaceuticals, Macclesfield, UK) Adjuvant Trial 

Organisation (NATO) was the first to demonstrate an improval in disease-free and 

overall survival in patients taking Tamoxifen for 2 years (Anonymous 1985). This 

effect was independent of ER status. These results were unexpected and contradicted 

the results of the use of the drug in advanced cancer. The findings, however, were 

heavily criticised on the grounds that only 46% of the NATO trial patients had ER
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assays performed on their primary tumour specimens and that these were performed in 

7 different laboratories. Subsequently the Scottish trial using Tamoxifen for 5 years or 

Tamoxifen on relapse in postmenopausal and node-negative premenopausal women 

found the survival advantage was greatest in patients with greater than 100 fmol/mg of 

ER (Anonymous 1987). One study has specifically looked at the effects of adjuvant 

endocrine therapy on the basis of ER status (Fisher et al 1989). This employed 

Tamoxifen as adjuvant therapy in node-negative, ER positive patients and found no 

overall survival advantage over placebo after 4 years. However, there was a significant 

improvement in disease-fi'ee survival for patients receiving Tamoxifen.

Thus ER status is good at predicting the response to endocrine manipulation 

and it seems likely that, although most patients with early breast cancer will benefit 

from adjuvant Tamoxifen, they are more likely to do so if ER positive.

One of the major problems with endocrine sensitive breast cancer is that it 

invariably proceeds to an endocrine-insensitive state (Lippman and Dickson 1989). The 

precise mechanisms responsible for this are not fully understood but are currently the 

subject of intense research. It is tempting to conclude that loss of ER is the key event 

in the development of this state, but in vitro studies have provided evidence that this 

may be too simplistic. Long-term culture of steroid-sensitive mammary tumour cell 

lines in the absence of steroids generates cells that are insensitive as far as proliferation 

is concerned but retain functional receptors (King 1990). These studies suggest that 

loss of response is due to alterations in alternative proliferative pathways, and that loss 

of steroid receptor may be a consequence and not a cause of insensitivity (King and 

Dabre 1989). In addition, the discovery of variant receptors provided another 

theoretical cause for the loss of sensitivity. Sorting out these points will not be easy, 

but understanding the development of endocrine resistance holds the key to further 

insights into the development and progression of breast cancer.

2.2.12 Relationship between ER and PgR

The PgR is the product of an oestrogen-regulated gene (Toff and O'Malley
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1972) and is responsible for the development and differentiation of the breast (Horwitz 

et al 1985). Overwhelmingly published series report a strong correlation between the 

presence of ER and PgR in breast cancer (Battaglia et al 1988; Grimaux et al 1990; 

Koenders et al 1991; Bolla et al 1992; Bilous et al 1992). Only occasionally has this 

failed to reach significance (Barker et al 1989). Breast cancers coexpressing ER and 

PgR have better response rates to endocrine therapies (70%) than cancers expressing 

ER alone (Kvinnsland 1986).
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2.3 THE EPIDERMAL GROWTH FACTOR RECEPTOR 

IN BREAST CANCER

2.3.1 Structure and function of EGFR

During a course of studies on the nerve growth-promoting protein of the 

submaxillary gland of the mouse it was noted that daily injections of partially purified 

extracts of the gland into new bom mice resulted in precocious opening of the eyes and 

precocious incisor teeth emption (Cohen 1959). Subsequent purification revealed this 

factor to be a 53 amino acid protein (Savage et al 1972). This factor was named the 

epidermal growth factor (EGF) and the human equivalent was soon isolated from 

human urine, hence its alternative name of urogastone (Gregory 1975). The detection 

of EGF in human breast milk (Starkey and Orth 1977) suggested that it may play an 

important role in the breast. Further analysis revealed that EGF is a single chain 

polypeptide with a relative molecular weight of 6,045, and that it directly stimulates 

epidermal growth and kératinisation (Carpenter and Cohen 1979). Isolation of this 

ligand made possible the purification of its receptor (EGFR) from the squamous 

carcinoma cell line A431 (Wrann and Fox 1979).

The techniques of molecular biology have allowed the stmcture of EGFR to be 

determined. It has been found to be the product of a proto-oncogene (Downward et al 

1984a). Several genes and their protein products may play a role in the development 

and progression of breast cancer. These genes, termed oncogenes, have often been 

initially identified by their presence in transforming retrovimses which cause cancer in 

animals. The viral oncogenes are derived from recombination with normal genes in the 

host organism's nuclear DNA (GuUick 1990). These normal genes, termed cellular 

oncogenes (c-o/zc) or proto-oncogenes, can give rise to oncogenes when they are 

damaged or when their expression is modified (Bishop 1987). The finding that the 

gene encoding for EGFR (c-erb-Bl or ERBBl) shared close homology to the 

transforming AEV gene v-erb-B (Downward et al 1984a) suggested that EGFR may 

play an important role in carcinogenesis.
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The EGFR is a member of the family of transmembrane proteins possessing 

intrinsic tyrosine kinase activity (Schlessinger 1988). It is produced as a precursor 

molecule consisting of 1,210 amino acids with a relative molecular weight of 134 kDa 

(Ullrich et al 1984). The mature receptor is synthesised after cleavage of a 24 amino 

acid signal peptide at its N-terminus. This results in a protein consisting of 1,186 amino 

acids (131 kDa) which is then N-glycosylated on asparagine residues to form a 170 

kDa glycoprotein (Velu 1990).

The mature EGFR consists of 3 major regions (Figure 2.9). The N-terminus 

extracellular region consists of 621 amino acids containing 10 or 11 N-linked 

oligosaccharides (Velu 1990) forming an a-hehx/B-sheet (Buick et al 1991). This 

region contains 51 cysteine residues which are preferentially localised in 2 regions; 

amino acids 134 to 313 and 446 to 612 (Ullrich et al 1984). The ligand binding domain 

(amino acids 294 to 543) is located between the 2 cysteine rich sequences which 

probably contribute to form the appropriate tertiary structure (Lax et al 1988).

The second region comprises a hydrophobic transmembrane region of 23 amino 

acids (amino acids 622 to 644) (Ullrich et al 1984).

The C-terminal intracellular region consists of 542 amino acids (Ullrich et al 

1984). This region contains a highly conserved tyrosine kinase domain of 

approximately 250 amino acids (amino acids 690 to 940). Lys-721 binds to ATP 

generating ADP and the phosphate for subsequent tyrosine phosphorylation (Velu

1990). Towards the C-terminus there are 3 important tyrosine residues which act as 

sites for autophosphorylation, Y-1068, Y-1148, Y-1173 (Downward et al 1984b). 

Two other tyrosine residues have also been suggested to be important sites for 

autophosphorylation Y-992 (Walton eta l 1990) and Y-1086 (Hsuan et al 1989). Point 

mutational analysis reveals that single mutations of the 3 important tyrosine residues to 

phenylalanine does not significantly alter biological activity, but in double and triple 

mutations kinase activity is reduced though not abolished (Helin et al 1991). 

Furthermore, C-terminal deletional mutants display reducing biological activity as each 

tyrosine residue is removed until it is almost biologically inactive when the last 123

51



FIGURE 2.9 

The human epidermal growth factor receptor

Extracellular ligand binding domain Intracellular domain
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M embrane

Schematic representation o f the full length EGFR. The 24 amino acid 
signal peptide at the N-terminus is cleaved to form the mature receptor.
The numbers represent the positions o f the amino acids from the N-terminus. 
The tyrosine residues at the major sites o f autophosphorylation are shown. 
Lys-721 generates phosphate for autophosphorylation and autophosphorylation 
o f Thr-654 inhibits tyrosine-kinase activity.

(See Appendix A)
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amino acids (including Y-1068) are removed (Helin et al 1991). Thus, it appears that 

autophosphorylation of these tyrosine residues is important for maximum biological 

activity, and may be a necessary prerequisite to permit access of substrates to the 

catalytic site of the EGFR. A further residue of interest in this region is Thr-654. 

Autophosphoiylation of this residue has been shown to inhibit EGFR tyrosine kinase 

activity (Countaway et al 1990). Finally, a further domain (amino acids 957 to 1022) 

has been reported to be required for ligand-induced receptor internalisation and 

calcium regulation (Chen et al 1989).

Gel electrophoresis under non-denaturing conditions has shown that ligand 

binding causes rapid, temperature-sensitive and reversible dimérisation of the EGFR 

(Yarden and Schlessinger 1987). The dimeric form possesses increased tyrosine kinase 

activity. The activated ligand-receptor complex then undergoes autophosphorylation 

leading to a change in its configuration thereby allowing the phosphorylation of 

tyrosine residues on exogenous cellular substrates which then produce growth effects 

on the cell (Velu 1990). Ligand binding also promotes receptor internalisation by 

endocytosis of the activated receptor-ligand complex. The endosomes fuse with 

lysosomes and both the EGFR and its ligand are rapidly degraded (Carpenter and 

Cohen 1976). This process of internalisation may be important to terminate or 

attenuate the mitogenic signal since truncated EGFR mutants with normal kinase 

activity but defective internalisation confer EGF-dependent cell transformation (Chen 

et al 1989). In addition, ligand binding upregulates the production of new EGFRs by a 

posttranscriptional mechanism (Buick et al 1991).

The exact mechanisms responsible for EGFR mediated mitogenesis are, as yet, 

not fully understood. Certainly, phosphorylation of substrates is important in signal 

transduction as evidenced by the finding that mutant EGFRs devoid of kinase activity 

are unable to transduce EGF signals (Buick et a l\9 9 \). Several proteins are known to 

be phosphorylated by the EGFR kinase such as phospholipase C gamma, ras GTPase- 

activating protein-GAP, p42 and p81 (Velu 1990) which, certainly in the case of 

phospholipase C gamma, increases catalytic activity by inducing phosphatidylinositol
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turnover. The hydrolysis of phosphatidylinositol 4,5-biphosphate releases two second 

messengers inositol 1, 4, 5-triphosphate and diacylglycerol which release Ca^"  ̂ from 

intracellular stores and activate protein kinase C respectively (Velu 1990). In addition, 

there may be some negative feedback control as protein kinase C mediates 

autophosphorylation of the submembranous Thr-654 residue thereby reducing EGFR 

kinase activity (Dickson et al 1992). Other EGFR-mediated intracellular events 

include, autophosphorylation, stimulation of Na+/H+ antiport activity, stimulation of 

amino acid and glucose transport mechanisms and induction of specific mRNAs such 

as C-fos, C-myc and c-jim proto-oncogenes but these appear to be dependent on cell 

type rather than general events (Dickson et al 1992; Velu 1990). One potentially 

important mechanism of EGFR signal transduction may involve receptor cross-talk. 

This has been demonstrated in the SK-BR-3 human breast cancer cell line where 

EGFR activation leads to tyrosine phosphorylation of c-erbB-2 gene product (King et 

al 1988).

In addition to EGFR the techniques of molecular biology have allowed the 

identification of two related putative receptors, c-erbB-2 (HER2) and c-erbB-3 

(HER3) (Prigent and Lemoine 1992). Overexpression of c-erbB-2 in breast cancer has 

been shown to be associated with poor prognosis (Guerin et al 1989), making the 

possibihty of receptor cross-talk with EGFR more significant. The significance of c- 

erbB-3 has yet to be established.

Several ligands for EGFR have now been identified. The first to be described 

was EGF. This is a potent stimulator of cell multiplication and modulates cell 

differentiation and function by binding exclusively to EGFR (Prigent and Lemoine 

1992). The second major ligand for EGFR is TGF-a, initially described as a product of 

oncogene-transformed rodent fibroblasts (Delarco and Todaro 1978). TGF-a 

structurally and functionally resembles EGF (Prigent and Lemoine 1992). It is of 

particular interest that TGF-a is upregulated by the ER system (Lippman and Dickson 

1989). A third ligand, amphiregulin, has been identified in the conditioned medium of 

MCF-7 cells treated with phorbol ester (Shoyab et al 1988). In addition, schwannoma-
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derived growth factor, heparin-binding EGF-like growth factor and various viral 

growth factors are also known to be able to bind with EGFR (Prigent and Lemoine 

1992). The role of a new EGF-like protein, cripto, has yet to be determined (Prigent 

and Lemoine 1992).

2.3.2 The role of EGFR in malignant transformation

Several findings have implicated EGFR in the progression from mitogenesis to 

malignant transformation.

Firstly, as previously described, the avian viral homologue v-erb-B is able to 

transform erythroblasts in culture (Kahn et al 1986). The product of v-erb-B lacks the 

extracellular N-terminus and contains several amino acid substitutions in the tyrosine 

kinase domain. It also lacks one or two C-terminus autophosphorylation sites 

depending on the strain (Prigent and Lemoine 1992). This suggests that truncated 

EGFRs may possess dominant-positive receptor activity leading to a continuous 

mitogenic signal as in the case of v-erb-B product which does not contain a ligand 

binding domain and is not internalised (Prigent and Lemoine 1992). Although, 

truncated EGFRs have been found in A431 cells (Ullrich et al 1984) they have not yet 

been demonstrated in human breast cancer. However, in vitro studies using EGFR 

mutants truncated by 213 amino acids from the C-terminus, thereby removing the 

internalisation domain, have been shown to exhibit mitogenic responses at significantly 

lower ligand concentrations whilst, at the same time, conferring a transformed 

phenotype and anchorage-independent growth (Wells et al 1990).

Secondly, the finding of EGFR overexpression in numerous malignancies, 

including squamous cell carcinoma, bladder cancer, pancreatic cancer and lung cancer, 

in addition to breast cancer suggests that it plays an important role in malignant 

transformation (Prigent and Lemoine 1992).

Thirdly, both endogenous EGF and TGF-a have been shown to be able to 

induce malignant transformation in rat fibroblasts (Stem et al 1987). In addition, breast 

cancer cells have been found to overexpress TGF-a (Velu 1990). This suggests that
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increased EGFR signal transduction in the presence of normal numbers of EGFR may 

play a role in malignant transformation.

Fourthly, EGFR interactions with the proto-oncogenes c-jun, c-fos, c-myc and 

C-erbB-2 may result in tumourigenesis. The c-myc proto-oncogene has been shown to 

confer immortality to fibroblasts (Kelehar and Cole 1987), whilst the EGFR induced 

phosphorylation of c-erbB-2 protein may lead to an autonomous mitogenic signal 

(King et al 1988). Certainly, in breast cancer, co-expression of c-erbB-2 protein and 

EGFR has been shown to have an additive adverse effect on growth (Harris et al

1989) and endocrine sensitivity (Nicholson et al 1993).

Finally, it has been shown that EGFR can be activated by viral proteins such as 

the bovine papillomavirus E5 transforming protein (Velu 1990). Papillomavirus are 

known to be aetiological agents of both benign and malignant epithelial malignancies in 

humans and bovine papillomavirus has been shown to have the ability to transform 

certain cultured cells (Velu 1990). Thus, these interactions may represent another 

mechanism by which EGFR may be involved in tumourigenesis.

Whilst several mechanisms appear to be present implicating EGFR in malignant 

transformation, their role in human breast cancer has yet to be conclusively 

demonstrated.

2.3.3 The EGFR gene and its transcript

The EGFR gene (c-erbB-1) has been localised to the human chromosome 

7pl2-14 (Merlino et al 1985). It spans 110 kb of DNA and is divided into 26 exons 

(Haley et al 1987). The gene is of interest in that it lacks both TATA and CAAT 

transcription promoter elements (Haley et al 1987). Instead, the 5' region of exon 1 is 

GC rich, containing multiple transcription start sites (Haley et al 1987). A 36 base pair 

element in this region 77 to 112 base pairs upstream relative to the AUG translation 

initiation codon has been shown to have particularly important functions as a promoter 

(Hudson et al 1990).

The most thoroughly studied source of the EGFR gene is from A431
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epidermoid carcinoma cell line which displays 15- to 20-fold amplification (Ullrich et 

al 1984). The EGFR gene in A431 cells has, however, undergone considerable 

alteration. In addition to containing 2 normal copies of chromosome 7, it also contains 

2 marker chromosomes (M4 and M l4) which are formed by translocations of part of 

chromosome 7 (Ullrich et al 1984). This results in increased levels of EGFRmRNA 

and protein (Gill 1987). However, the amino acid sequence of the A431 EGFR protein 

is no different to that found in normal (placental) tissue (Ullrich et al 1984). The 

findings in A431 cells, coupled with the discovery of EGFR gene amplification in other 

tumours which overexpress EGFR such as glioblastoma (Libermann et al 1985), 

suggested that gene amplification may be an important mechanism for EGFR 

overexpression in breast cancer. However, studies using human breast cancer 

specimens have found amplification to be a rare event occurring in only 4% of breast 

cancers (Lacroix et al 1989). Furthermore, EGFR overexpression can occur in the 

absence of gene amplification (Lacroix et al 1989). Further studies have confirmed that 

EGFR gene amplification or rearrangement is an infrequent event in human breast 

cancer (Lee et al 1988).

Multiple RFLPs of the EGFR gene following HindiUl, Pst\ and EcoRl 

endonuclease digestion in a variety of tumours, including 24 breast cancers, was 

demonstrated by one group (Lee et al 1988). This was following a study only 6 

months previously using the same probes and endonucleases in a series of 21 breast 

cancers in which they failed to describe any RFLPs (Ro et al 1988). The existence of 3 

RFLP patterns following TT/wdlU digestion was confirmed by a later study which also 

found no EGFR gene amplification in 89 breast cancers (Guerin et al 1989). Further 

analysis revealed these to be germ-line RFLPs which displayed no relationship to 

lymph-node involvement, ER or PgR status or histological grade (Guerin et al 1989).

Thus, amplification or gross alterations in the EGFR gene do not appear to 

play a significant role in vivo in EGFR overexpression in human breast cancer. In vitro 

studies, on the other hand, show that amplification of the EGFR gene results in high 

level overexpression of both EGFRmRNA and EGFR in a variety of human breast
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cancer cell lines (King et al 1985).

In A431 cells transcription of the EGFR gene results in mRNAs of 10.5 kb, 5.8 

kb and 2.8 kb (Ullrich et al 1984). The 5.8 kb species appears to be the main variant 

with a start ATG codon 186 base pairs from the 5' end of its cDNA. The open reading 

frame is sufficient to encode for the 1,210 amino acid sequence of the EGFR precursor 

molecule (Ullrich et al 1984). The 10.5 kb species appears to be a transcriptional 

variant of the same gene and may occur either as a result of complex splicing events or 

by the presence of a long, perhaps polyadenylated, untranslated 3' end analogous to 

other genes (Ullrich et al 1984). The 2.8 kb species encodes for a peptide with a 

relative molecular weight of 70,000 representing the entire extracellular EGF binding 

domain (Ullrich et al 1984). This peptide is secreted and its physiological role remains 

uncertain. Only the 10.5 kb and 5.8 kb species are found in normal human placental 

tissue (Ullrich et al 1984).

There is little published in vivo work regarding EGFRmRNA levels in human 

breast cancer. Travers detected EGFRmRNA in 19 of 45 (42%) breast cancers 

(Travers et al 1988). In 15 of these EGFR protein was demonstrated by 

immunocytochemistry whilst no protein was detected in 10 EGFRmRNA negative 

tumours. Barrett-Lee detected EGFRmRNA in 35 of 64 (55%) breast cancers 

(Barrett-Lee et al 1990). In 85% of these the levels were low. They did not find any 

relationship between EGFRmRNA and tumour grade or nodal status. The presence of 

EGFRmRNA correlated well with EGFR protein measured by immunocytochemistry 

in 24 cases (Barrett-Lee et al 1990). Guerin examined 156 breast cancers and found 

EGFRmRNA in 71 (46%) (Guerin et al 1989). Of these, 37% exhibited low levels 

while 63% exhibited high levels in contrast to the study by Barrett-Lee. It was also 

found that EGFRmRNA was significantly associated with the aggressive inflammatory 

breast cancer. Radioligand binding assays on 16 tumours revealed a correlation 

between EGFR protein and mRNA, although 2 cases were EGFRmRNA 

negative/EGFR positive. More recently Bilous, using immunocytochemistry and in situ 

hybridisation, found EGFRmRNA to be present in 34 o f47 (72%) breast cancers. Only
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17 of these 34 (50%) expressed the EGFR protein (Bilous et al 1992). This raises 

some interesting possibilities. Either in situ hybridisation is a more sensitive technique 

or, in a subset of tumours, EGFRmRNA fails to be translated. The results of these in 

vivo studies are inconclusive, not least because of the small numbers of specimens 

involved. Furthermore, with the exception of Bilous' study, comparison to protein 

levels was only carried out in a selection of the small samples. Whilst there appears to 

be some evidence of transcriptional modulation of EGFR from these studies, 

posttranscriptional events may also be important (Bilous et al 1992).

In contrast to in vivo studies, there is greater information from in vitro models. 

Lee demonstrated high EGFRmRNA levels in 4 ER negative breast cancer cell lines 

with low levels in 6 ER positive cell lines (Lee et al 1990). Treatment of ER positive 

T-47D breast cancer cells with medroxyprogesterone acetate results in an increase in 

both EGFR protein (Murphy et al 1986) and mRNA (Murphy et al 1988). Similarly, 

treatment of ER positive MCF-7 breast cancer cell lines by the tumour promoter 12-0- 

tetradecanoylphorbol-13-acetate results in a time dependent increase in EGFRmRNA 

maximal at 12 hours followed by an increase in EGFR protein maximal at 

approximately 48 hours (Lee et al 1989). Furthermore, treatment by the 

antiproliferative agent sodium butyrate results in a time and concentration dependent 

decrease in EGFRmRNA in two ER negative cell lines (MDA-MB-231 and HBL-100) 

whilst increasing EGFRmRNA in two ER positive cell lines (MCF-7 and T-47D), 

suggesting that regulation of EGFR may depend on expression of ER (de Fazio et al

1992). This study, however, did not measure EGFR protein so the issues of 

posttranscriptional events were not addressed. The results of these in vitro studies 

suggest that EGFR protein expression is dependent on transcriptional modulation and 

may be modified by ER expression. As discussed earlier, the relevance of in vitro 

models to the in vivo situation is not entirely clear. Certainly the in vivo work on 

EGFRmRNA has failed to delineate the relative contributions of transcriptional and 

posttranscriptional mechanisms to overall EGFR protein expression. Both mechanisms 

may play a major role as evidenced by the cell culture work described above and by the
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finding that EGF binding to EGFR upregulates EGFR protein production by a 

posttranscriptional mechanism (Buick et al 1991).

2.3.4 Measurement of EGFR

As with ER determination EGFR levels have been predominantly measured by 

radioligand binding assays, immunocytochemical assays and enzyme immunoassays.

The first, and most widely used, method described for determining EGFR 

expression involves the use of radioligand binding assays. The principle of this assay is 

the same as described earher for ER determination. ^^^I-EGF is used as the ligand and 

EGF as the competitor (Battaglia et al 1988). These assays have suffered, as those for 

ER, from a lack of consensus regarding cut-off values for positivity which range from 

1 fmol/mg (Perez et al 1984) to 30 finol/mg (Cappelletti et al 1988), although most 

studies employ 10 fmol/mg. A standardised assay such as the DCCA for ER, needs to 

be developed to reduce inter-laboratory variations.

The development of a monoclonal antibody against EGFR in A431 cells 

(EGFRl) has allowed EGFR immunolocalisation on histological sections of breast 

cancer (Waterfield et al 1982). The most widely employed immunocytochemical assay 

is a 2-step indirect assay using the EGFRl monoclonal antibody followed by anti

mouse peroxidase-conjugated rabbit immuno-globulins and DAB (Lewis et al 1990; 

Figure 2.10). The EGFRl monoclonal antibody has also been used in enzyme 

immunoassays (Grimaux et al 1990).

Overall there is good concordance between radioligand binding assays, 

immunocytochemical assays (Klijn et al 1992) and enzyme immunoassays (Grimaux et 

al 1990) in determining EGFR content.

2.3.5 EGFR levels in normal and benign breast tissue

There have been remarkably few published data concerning EGFR levels in 

normal and benign breast tissue. Barker examined 51 samples of non-malignant tissue 

fi"om 4 mastectomy samples using a radioligand binding assay and found 84%
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FIGURE 2.10

EGFR Immunocytochemical Assay

DAB + e p 2

Rabbit anti-mouse peroxidase 
conjugated immunoglobulins

Mouse anti-human EGFR 
monoclonal antibody

Tissue section

Schematic representation of the two step indirect EGFR-ICA using the EGFRl 
monoclonal antibody (Amersham International, UK). The antibodies are added 
sequentially to the frozen tissue section. Immunoreactivity is revealed by the 
addition o f DAB and H 2 O2

(DAB, diaminobenzidine; hydrogen peroxide)
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contained EGFR ranging from 3 to 39 frnol/mg (Barker et al 1989). Travers examined 

the EGFRmRNA levels in 11 fibroadenomas, 4 cases of fibrocystic disease and 4 

normal breasts and found detectable, although low, levels in all cases (Travers et al 

1988). This was in contrast to the findings in breast cancer where only 42% were 

found to have EGFR transcripts. Moller used immunocytochemistry to study EGFR 

expression in normal breast tissue and benign and malignant breast tumours (Moller et 

al 1989). Examining 5 normal breast specimens and 26 samples of normal breast tissue 

obtained after excision of breast cancer they found a heterogeneous distribution of 

EGFR staining. Whilst most lobules were found to be EGFR negative, some single 

EGFR positive lobules were also detected. The EGFR staining of the ductal epithelium 

was entirely faintly positive in some cases and a mixture of negative and faintly positive 

in other cases. In 18 cases of normal ductal epithelium adjacent to a carcinoma strong 

staining was observed in 11 cases and faint staining in 7 cases (Moller et al 1989). In 

this study only 21.3% of breast cancers were found to express EGFR which is a lower 

figure than generally accepted iyide infra). This suggests that the immunocytochemical 

assay used by these workers may be less sensitive than that used in other studies. In 

contrast. Walker demonstrated strong EGFR staining, most evident towards the 

basement membrane, in both ducts and lobules (Walker et al 1991). Occasionally, 

luminal epithelial cells were found to be negative. This study did not state the number 

of specimens examined although they did mention that they were obtained from the 

perimeter of benign biopsies and from cancer associated "normal" tissue from 

mastectomy specimens. In addition, they were unable to quantify EGFR measurements 

due to the high proportion and distribution of EGFR positive cells (Walker et al 1991). 

These studies do, however, suggest that EGFR levels in normal breast tissue are high 

and comparable to levels found in breast cancer (Barker et al 1989; Pekonen et al 

1988).

EGFR expression has been examined in 12 fibroadenomas (Moller et al 1989). 

Weakly stained duct cells were found in 4 cases and a weakly stained myoepithelial 

component in 10 cases, 2 of which contained both negative and positive cells. In
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addition EGFR positivity was observed in stromal cells in 2 cases. Moller further found 

strong EGFR staining in the myoepithelial population of 2 cases of cystosarcoma 

phylloides examined and in the one case of oxyphilic adenoma (Moller et al 1989).

2.3.6 EGFR levels in human breast cancer

As with ER, EGFR levels in human breast cancer have been exhaustively 

studied. Reviewing 25 studies involving 4,065 patients reveals that EGFR is detected 

overall in 46% of breast cancers (Table 2.2). There is enormous variation between 

studies with EGFR positivity ranging from 14% (Lewis et al 1990) to 91% (Foekens 

et al 1989). This is due to a lack of uniformity in the method of EGFR estimation and 

the criteria for positivity. The study by Lewis probably underestimated EGFR 

positivity which they defined as existing only if there was distinct cytoplasmic 

reactivity or membrane reactivity (Lewis et al 1990) in contrast to other studies (Wrba 

et al 1988; Bevilacqua et al 1990; Umekita et al 1992) thereby excluding tumours 

displaying faint cytoplasmic reactivity. However, inclusion of tumours with faint 

cytoplasmic staining still only gave an EGFR positivity rate of 17.7% (Lewis et al 

1990). The selection of patients only with primary operable breast cancer may have 

accounted for this low figure. In direct contrast, the study by Foekens probably 

overestimated EGFR positivity (Foekens et al 1989). Only 28% of their samples 

produced evaluable Scatchard plots for specific ^^^I-EGF binding. In the remaining 

tumours EGFR values were obtained from single-dose assay with any specific binding 

being considered positive, giving the figure of 91%. Further analysis of their results 

reveals that if cut-ofif levels of 0.5 fmol/mg or 2 fmol/mg are used EGFR positivity 

rates would fall into line with other studies at 66% and 34% respectively.

Whilst radioligand binding assays have provided information regarding the 

quantity of EGFR present in a tumour the advent of immunocytochemical assays has 

allowed, in addition, qualitative examination of its distribution within a tumour. As 

with ER, EGFR staining has been shown to be heterogeneous both between groups of 

cells and between individual cells in tumours classified as EGFR positive (Toi et al
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TABLE 2.2 

EGFR levels in breast cancer

Study Number Method Cut off value 
fmol/mg

ER positivity 
%

Perez et al 1984 95 RBA 1 42

Skoog et al 1986 37 RBA 10 27

Macias et al 1987 72 RBA 10 27

Rios et al 1988 225 RBA 1 43

Sainsbury et al 1985(a) 104 RBA 4 32

Nicholson et al 1988 246 RBA 10 32

Wyss et al 1987 238 RBA 1.4 54

Delarue et al 1988 100 RBA 5-10 22

Spyratos et al 1990 109 RBA 10 34

Battaglia et al 1988 89 RBA 1.5 57

Cappelletti et al 1988 136 RBA 30 46

Foekens et al 1989 214 RBA a 91

Fekete et al 1989 335 RBA 1 67

Toi et al 1990 91 RBA 1 43

Costa et al 1989 68 RBA 10 16

Barker et al 1989 44 RBA 3 34

Bolla et al 1992 303 RBA 3 51

Koenders et al 1991 531 RBA 3 57

Bolufer et al 1990 220 RBA 0.5 b 42

Wrba et al 1988 88 ICA >  1+ 60

Bevilacqua et al 1990 134 ICA >  1+ 51

Lewis et al 1990 90 ICA >  2+ 14

Umekita et al 1992 83 ICA c 25

Grimaux et al 1990 220 lEMA 20 31

Bilous et al 1992 193 ICA >  1+ 31

 ̂ Significant specific binding  ̂ Atomoles/pg DNA  ̂ Cytoplasmic staining 

(RBA, radioligand binding assay; ICA, immunocytochemical 

assay; lEMA, immuno-enzy metric assay)
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1989; Bilous et al 1992). In addition, EGFR negative cancer cells are seen frequently 

in EGFR positive tumours (Toi et al 1989).

In spite of the problems in achieving uniformity in the measurement of EGFR 

levels, the overall consensus suggests that EGFR is found less frequently than ER in 

breast cancer. Furthermore, EGFR levels in normal breast tissue are comparable to 

those found in breast cancer in contrast to ER (Barker et al 1989; Pekonen et al

1988). Thus, it is of more interest to compare the levels of EGFR to other prognostic 

markers in breast cancer.

2.3.7 Relationship between EGFR and clinical features

Several studies have investigated the relationship between patient age and 

tumour EGFR levels. Whilst two studies have reported a negative relationship (Wyss 

et al 1987; Costa et al 1989) most have found no relationship (Sainsbury et al 1987; 

Spyratos et al 1990; Grimaux et al 1989; Foekens et al 1989; Toi et al 1990; Bolufer 

et al 1990; Grimaux et al 1990). With regard to the menopausal status of the patients, 

most published series have found no association with EGFR (Macias et al 1987; 

Spyratos et al 1990; Foekens et al 1990; Bevilacqua et al 1990). Thus, EGFR 

expression seems to bear no relationship to patient age or menopausal status.

2.3.8 Relationship between EGFR and histological features of 

breast cancers

A few studies have demonstrated that there is a significant trend for EGFR 

positive breast cancer patients to have larger tumours (Sainsbury et al 1985b; 

Sainsbury et al 1987), whilst others report the complete opposite (Cappelletti et al

1988). However, the majority of published work favours no association between 

EGFR and tumour size (Macias et al 1987; Rios et al 1988; Toi et al 1990; Costa et al 

1989; Bolufer et al 1990; Wrba et al 1988; Bevilacqua et al 1990; Lewis et al 1990; 

Bilous et al 1992; Umekita et al 1992).

The relationship between EGFR and the histological grade of the breast cancer
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has been extensively studied. Whilst some studies have found no significant association 

between EGFR expression and tumour grade (Spyratos et al 1990; Foekens et al 

1989; Wrba et al 1988; Bevilacqua et al 1990; Lewis et al 1990; Umekita et al 1992), 

the majority have shown that EGFR expression is significantly associated with high 

grade tumours (Sainsbury et al 1985b; Sainsbury et al 1987; Harris and Nicholson 

1988; Delarue et al 1988; Grimaux et al 1989; Toi et al 1990; Bolufer et al 1990; 

Grimaux et al 1990; Bolla et al 1992).

The association between EGFR and node positivity has also been extensively 

studied, resulting in conflicting reports. A few studies have demonstrated a significant 

positive association between EGFR positivity and the incidence of nodal involvement 

(Sainsbury et al 1987; Battaglia et al 1988). Furthermore, Bolufer demonstrated that 

EGFR level correlated with lymph node involvement in ER positive tumours only 

(Bolufer et al 1990), whilst Guerin showed that EGFRmRNA increased linearly with 

the number of positive lymph nodes (Guerin et al 1989). However, the weight of 

evidence again suggests that there is no association between EGFR and nodal 

involvement (Rios et al 1988; Spyratos et al 1990; Grimaux et al 1989; Foekens et al 

1989; Toi et al 1990; Costa et al 1989; Bolufer 1990; Wrba et al 1988; Bevilacqua et 

al 1990; Lewis et al 1990; Bolla et al 1992; Bilous et al 1992; Umekita et al 1992). 

Interestingly, one group who failed to find an association between EGFR and nodal 

involvement did find a positive correlation with the incidence of lymphatic vessel 

invasion (Toi et al 1989; Toi et al 1990). Some groups have also reported increased 

EGFR positivity in involved lymph nodes compared to the primary breast cancer 

(Macias et al 1987; Sainsbury et al 1985a).

EGFR expression has been demonstrated in most histological subtypes of 

breast cancer. Whilst some workers have found higher levels of EGFR in ductal as 

compared to lobular cancers (Skoog et al 1986; Costa et al 1989) others have shown 

that there is no difference (Wrba et al 1988; Toi et al 1990; Grimaux et al 1990). The 

numbers of special type cancers examined such as tubular and medullary carcinomas 

are very small making any reasonable assessment of their association impossible.
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Overall, it appears that there is no clear association between EGFR and histological 

subtypes of breast cancer (Klijn et al 1992).

Studies examining the relationship between DNA ploidy and EGFR have 

generally found no clear association. However, they have been hampered by small 

sample size. Klijn summated the results of 7 studies and found that EGFR is 

significantly associated with tumour aneuploidy (Klijn et al 1992). The results of 

studies comparing high proliferative activity to EGFR are conflicting. Some have 

shown EGFR to be associated with high proliferative rates whether measured by flow 

cytometry (Walker and Camplejohn 1986) or Ki-67 (Toi et al 1990; Bilous et al 1992; 

Nicholson et al 1993), whereas others have shown no such association using either 

flow cytometry (Grimaux et al 1990; Costa et al 1989) or Ki-67 (Wrba et al 1988; 

Bevilacqua et al 1990).

In direct contrast to ER, EGFR tumours tend to metastasise to visceral sites 

while EGFR negative tumours metastasise to bone (Sainsbury et al 1987; Nicholson et 

al 1989; Toi et al 1990; Bolufer et al 1990).

To summarise, the associations that EGFR appears to have with histological 

and proliferative features are related to the more aggressive breast cancer features such 

as high tumour grade, tumour aneuploidy and Ki-67 positivity.

2.3.9 EGFR expression and prognosis

The effect of EGFR expression on overall and disease-free survival has, as with 

ER, been complicated by varying adjuvant therapies. In addition, analysis has been 

performed using relatively short follow up periods. However, there have been studies 

in which both of these problems have been addressed.

The first report of the significance of EGFR in determining disease-free and 

overall survival came in 1987 from Newcastle (Sainsbury et al 1987). In this study of 

135 patients follow up ranged from 24 to 42 months. Locoregional treatment consisted 

of simple mastectomy and axillary node sampling if the nodes were palpable at the time 

of surgery or lumpectomy and axillary node sampling followed by radiotherapy to the

67



breast and axilla and iridium wire implant. No systemic adjuvant therapy was given. It 

was reported that EGFR positivity was significantly associated with reduced disease- 

free and overall survival. Furthermore, multivariate analysis revealed EGFR to be the 

only significant variable in node-negative disease and second only to nodal status in 

node-positive disease. No other variables such as ER status or grade of tumour 

achieved significance (Sainsbury et al 1987). As more patients accrued, first to 221 

with a median follow up of 24 months (Harris et al 1989) then to 231 with a median 

follow up of 45 months (Nicholson et al 1990), the findings of the original study were 

broadly confirmed. In addition, once relapse had occurred it was shown that EGFR 

was significantly associated with a shorter time to disease progression using Tamoxifen 

as first-line endocrine therapy in post menopausal women and ovarian ablation 

followed by Tamoxifen in pre-menopausal women (Nicholson et al 1989; Harris et al

1989). These findings received further support from a study of 90 patients to whom no 

systemic adjuvant therapy was given (Lewis et al 1990). No overall survival 

information was given in this study as the maximum duration of follow up was only 36 

months. Even with this short follow up EGFR expression was significantly associated 

with reduced disease-free survival and in multivariate analysis was a significant 

independent variable (Lewis et al 1990).

Only one further study has used multivariate analysis (Foekens et al 1989). As 

discussed earlier, the methodology used for EGFR estimation gave a positivity rate for 

EGFR of 91%, which is much higher than that found in the majority of studies. In 

addition systemic adjuvant therapy varied to the extent that while women under 56 

years of age with node-positive disease "generally" received CMF, a total of 11 of 214 

patients who were not substratified received Tamoxifen (Foekens et al 1989). This 

study concluded that there was no relationship between EGFR expression and disease- 

free survival in either univariate or multivariate analysis. In fact, if the cut-off value for 

EGFR positivity was set at 0.5 fmol/mg, then EGFR expression was found to show a 

benefit in terms of disease-free survival. This is in direct contrast to the studies 

mentioned previously and may arise from the variations in adjuvant therapy and the
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low threshold requirement for EGFR positivity.

Several other studies have employed univariate analysis. Spyratos found no 

relationship between EGFR and disease-free survival in 75 node-negative patients who 

had not received systemic adjuvant therapy (Spyratos et al 1990). Grimaux also found 

no relationship in 55 node-positive patients after median follow up of 66 months 

(Grimaux et al 1989), neither did Macias (Macias et al 1987). Rios observed a 

significant association between EGFR and reduced disease-free survival in 179 patients 

with a median follow up of only 15 months (Rios et al 1988), whilst Toi confirmed 

this, but gave no statistical data and did not mention the use of adjuvant therapy (Toi 

eta l 1990).

Overall, EGFR positivity would appear to be associated with reduced disease- 

free and overall survival. It may be of particular importance in node-negative patients 

who generally have a more favourable outlook; EGFR positivity may be able to define 

a subgroup who may fare less well (Sainsbury et al 1987; Harris et al 1989; Nicholson 

eta l 1990).

2.3.10 EGFR expression and endocrine manipulation

In contrast to the work on ER, there are very few published data looking 

specifically at the effect of EGFR positivity on responses to endocrine manipulation in 

human breast cancer.

A study from the Newcastle/Oxford group analysed expression of EGFR to the 

response rates to endocrine manipulation in patients who had recurrent breast cancer 

and had received no prior adjuvant systemic therapy (Nicholson et al 1989; Harris et al 

1989; Nicholson et al 1990). Tamoxifen was employed as first line endocrine therapy 

and aminoglutethamide and hydrocortisone as second line treatments. Premenopausal 

women underwent ovarian ablation prior to Tamoxifen therapy. These studies 

demonstrated that EGFR positivity is significantly associated with a lack of response to 

endocrine therapy in recurrent breast cancer. Only 3 of 35 (8.5%) EGFR positive 

tumours showed objective response whereas 11 of 37 (30%) of EGFR negative
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tumours responded (Nicholson et al 1989; Harris et al 1989). Interestingly, 2 of the 3 

EGFR positive tumours that did respond co-expressed ER (Harris et al 1989). 

Although not specifically examined, the aforementioned results and the finding that 

EGFR is associated with reduced disease-fi'ee survival (Rios et al 1988; Toi et al

1990), would suggest that adjuvant endocrine therapy may not impart any survival 

advantage in EGFR positive breast cancer.

2.3.11 The relationship between EGFR and PgR

Fourteen of the 25 studies reviewed also measured PgR levels. Only 3 reported 

no association between EGFR and PgR (Barker et al 1989; Bevilacqua et al 1990; 

Lewis et al 1990). The remainder revealed a significant inverse relationship between 

EGFR and PgR.
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2.4 THE RELATIONSHIP BETWEEN ER AND EGFR IN 

HUMAN BREAST CANCER

2.4.1 Protein levels of ER and EGFR

Inspite of the wide variations between the method of receptor measurement 

and the cut-off levels used, one of the most consistent observations in the investigation 

of human breast cancer has been the finding of a significant inverse relationship 

between ER and EGFR. Only 1 of the 25 studies reviewed (Tables 2.1 and 2.2) has 

failed to demonstrate this (Bevilacqua et al 1990).

Most breast cancers are either ER+/EGFR— or ER—/EGFR+. Three studies 

failed to give a further breakdown in terms of the 4 possible phenotypes with respect 

to ER and EGFR (Skoog et al 1986; Wyss et al 1987; Fekete et al 1989), and one 

only gave this analysis in 47 of 193 patients (Bilous et al 1992). ER+/EGFR+ tumours 

occur in 2% (Lewis et al 1990) to 50% (Foekens et al 1989) of all breast cancers with 

a mean of 20% in 3,282 patients analysed (Table 2.3). The highest incidence of the 

double-positive phenotype was found in the study using cut-off values for EGFR of 0.5 

finol/mg (Foekens et al 1989). If the cut-ofif value of 2 finol/mg had been used the 

proportion would have been reduced to 44/195 (22.5%) which is more in line with 

other studies. ER—/EGFR— tumours are found in 2% (Bilous et al 1992) to 35% 

(Bolufer et al 1990; Umekita et al 1992) with a mean of 15% (Table 2.3).

Studies of normal breast tissue adjacent to carcinomas reveals no inverse 

relationship between ER and EGFR (Barker et al 1989). This suggests that the inverse 

relationship found in breast cancers may reflect an abnormal regulatory state within the 

cancers themselves.

To try to investigate this inverse relationship further one group examined serial 

cross-section samples of frozen breast cancer (Toi et al 1989). These were stained 

alternately for ER and EGFR by single immunocytochemical assays. They reported 

that EGFR staining occurred in ER negative cells and cell groups in 9 tumours 

categorised to be positive for both. In 5 of the 9 tumours EGFR stained and ER
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TABLE 2.3

Incidence of double-positive and double-negative 
ER/EGFR phenotypes in breast cancer

Study Number +  +  
% %

Perez et al 1984 95 17 14

Macias et al 1987 72 14 18

Rios et al 1988 225 13 25

Sainsbui*}' et al 1985(a) 104 4 20
Nicholson et al 1988 246 3 25

Delarue et al 1988 100 10 12
Spyratos et al 1990 109 14 18

Battaglia et al 1988 89 17 19

Cappelletti et al 1988 136 24 8
Foekens et al 1989 195 50 5

Toi et al 1990 91 14 11
Costa et al 1989 68 3 32

Barker et al 1989 44 7 20
Bolla et al 1992 303 32 8
Koenders et al 1991 531 33 4

Bolufer et al 1990 220 10 35

Wrba et al 1988 88 33 8
Bevilacqua et al 1990 134 37 13

Lewis et al 1990 87 2 24

Umekita et al 1992 83 4 35

Grimaux et al 1990 215 21 9

Bilous et al 1992 47 4 2
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stained cells were distributed inversely in a mosaic fashion. In the remaining 4 cases 

staining was random (Toi et al 1989). Despite the small number of cases examined this 

is the only study to specifically compare ER and EGFR expression at the individual 

cellular level i?i vivo. The results suggest that the inverse relationship extends down to 

individual cells. However, the technique of serial cross-section examination is open to 

the criticism that the same cell or cell groups are not being examined in different 

sections.

2.4.2 Transcript levels of ER and EGFR

hi vitro studies of human breast cancer cell lines have revealed the existence of 

an inverse relationship between the mRNAs of ER and EGFR (Lee et al 1990). 

Analysing 10 cell lines it was found that 3 of 4 ER negative (determined by radio

ligand assays) cell lines contained no ERmRNA whilst all 4 contained EGFRmRNA. 

Five of 6 ER positive cell lines contained low levels of EGFRmRNA and high levels of 

ERmRNA. The ER positive cell line with the lowest level of ERmRNA also contained 

high levels of EGFRmRNA (Lee et al 1990). EGFRmRNA levels are found to increase 

with a concomitant decrease in ERmRNA levels when ER positive T-47D cells are 

treated with progestins (Murphy et al 1988; Alexander et al 1990), or when ER 

positive MCF-7 cells are treated with 12-0-tetradecanoylphorbol 13-acetate (Lee et al

1989). Furthermore, when both these cell types are treated with the antiproliferative 

agent sodium butyrate, EGFRmRNA increases whilst ERmRNA declines (de Fazio et 

al 1992). However, when two ER negative cell lines (MDA-MB231 and HBL-100) 

are treated with sodium butyrate EGFRmRNA declines (de Fazio et al 1992). Nuclear 

run-on experiments demonstrated that the variation of mRNA levels is determined by 

the rate of transcription (de Fazio et al 1992). These in vitro studies demonstrate that 

an inverse relationship exists between ERmRNA and EGFRmRNA and their respective 

proteins in breast cancer cell lines. Treatment of these cell lines have opposite effects 

on the two mRNAs in ER positive lines suggesting regulation of one receptor gene by 

the product of the other and/or reciprocal control by a common regulator which has
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opposite effects on ER and EGFR at the transcriptional or posttranscriptional level 

(Lee et al 1990). A possible theoretical model has been suggested to account for the 

different findings after treatment of ER negative cell lines. EGFR expression may 

normally be suppressed by ER expression. Butyrate treatment may allow EGFR 

expression by decreasing ER expression but is overlaid by a butyrate-induced down- 

modulation of EGFRmRNA seen in ER negative cell lines (de Fazio et al 1992). The 

finding that EGF treatment of MCF-7 cells causes a rise in ER levels with a reciprocal 

decrease in EGFR levels would support the above studies (Berthois et al 1989). 

However, other workers have shown that EGF treatment of MCF-7 cells has no effect 

on ERmRNA levels suggesting that the increase in ER levels may not result from 

transcriptional modulation (Read et al 1989)

To date, no study has specifically looked at the relationship between ERmRNA 

and EGFRmRNA in vivo in breast cancer. Analysis of ERmRNA shows excellent 

correlation with ER levels (Barrett-Lee et al 1987; Henry et al 1988; May et al 1989), 

suggesting that ER expression is primarily determined by transcriptional modulation. 

Studies have compared EGFRmRNA levels to ER levels and found them to be 

significantly inversely related (Travers et al 1988; Guerin et al 1989; Barrett-Lee et al

1990). No relationship between ER and EGFRmRNA could be demonstrated in 

inflammatory breast cancer (Guerin et al 1990) and, in addition, Bilous found 

EGFRmRNA in 18 of 31 ER positive tumours using in situ hybridisation (Bilous et al 

1992). This provides evidence against simple co-regulation of ER and EGFR at the 

transcriptional level. Thus, studies will need specifically to compare transcript levels of 

ER and EGFR in vivo to allow comparison between them.

2.4.3 Transfection studies

Transfection studies have allowed a closer examination of the effects of the two 

receptors on cell behaviour. Retroviral transfection of ERcDNA into ER—/EGFR+ 

MDA-MB-231 cells reduces their ability to invade Matrigel and to metastasise in nude 

mice, in the presence of E2 (Garcia et al 1992). Normally ER positive cell lines are
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stimulated by E2  ̂ suggesting that factors other than ER are involved in the progression 

to endocrine independence (Garcia et al 1992).

Retroviral introduction of the EGFRcDNA into ER positive ZR-75-1 cells 

(ZR/HERc cells) results in the bypassing of oestrogen dependence (van Agthoven et al 

1992). The ZR/HERc cells rapidly progress to a stable ER negative phenotype in the 

presence of the antioestrogen hydroxy-tamoxifen and progress to a more mature state 

after EGF stimulation (van Agthoven et al 1992). These results implicate EGFR in the 

progression of breast cancer to endocrine-independence.

These transfection studies certainly suggest an interaction between ER and 

EGFR, the precise nature of which is yet to be determined. However, as with the 

studies on human breast cancer, EGFR expression appears to be associated with less 

favourable features.

2.4.4 Effect of the inverse relationship on prognosis

Sainsbury was the first to substratify patients into 4 groups based on their ER 

and EGFR expression (Sainsbury et al 1987). Only 4 of the 135 patients were double 

positive and they all died within 2 years, thus preventing adequate analysis of this 

subgroup. However, it was demonstrated that the outlook for the double-negative 

subgroup was similar to the ER+/EGFR— subgroup. These findings were confirmed 

by a separate group examining 90 patients (Lewis et al 1990). The double-positive 

group, again, was not amenable to analysis as it contained only 2 patients. The follow 

up studies (Harris et al 1989; Nicholson et al 1990) broadly confirmed the findings of 

Sainsbury's original study, although the presence of EGFR expression in ER negative 

tumours lost its significance in terms of overall survival (Harris et al 1989). EGFR 

expression in ER positive patients was also found to worsen significantly both disease- 

free and overall survival (Nicholson et al 1990).

Thus EGFR expression seems to worsen outlook both in ER positive and ER 

negative patients. The finding that double-negative patients fare almost as well as 

ER+/EGFR— patients (Harris et al 1989) is to be expected if these represent a resting
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ER positive cell population (Nicholson 1992).

2.4.5 Theoretical mechanisms accounting for the inverse relationship

Several findings strongly implicate an interaction between ER and EGFR in 

human breast cancer. These include the fact that they share strong sequence homology 

to the two genes found in the AEV (Green et al 1986; Downward et al 1984a); that 

ER upregulates TGF-o:, a major ligand for EGFR (Lippman and Dickson 1989); that 

they are significantly inversely related (e.g. Lewis et al 1990); and the results of the 

transfection studies (van Agthoven et al 1992; Garcia et al 1992).

The available evidence suggests that amplification or rearrangement of the 

genes is not involved in determining this relationship (Koh et al 1989; Lee et al 1988).

The possibility that the product of one gene may regulate the other, or that they 

may be regulated by a common reciprocal regulator that has opposite effects on the 

two systems has received most support. Theoretically, this regulation may occur at any 

molecular biological level from transcription to posttranslational modification. In vitro 

studies implicate transcriptional modulation (Lee et al 1989; Murphy et al 1988; de 

Fazio et al 1992) with the ER system possibly exerting an inhibitory influence on 

EGFR (de Fazio et al 1992). Posttranslational modifications may also be able to 

account for this inverse relationship. It is known that ER upregulates TGF-a which 

binds to EGFR (Lippman and Dickson 1989) thereby saturating and internalising it 

(Carpenter and Cohen 1976; Barker et al 1989). This may conceal EGFR from the 

currently available detection systems (Barker et al 1989).

Another theoretical possibility accounting for the inverse relationship is a 

defective ER system. ER upregulates PgR (Toft and O'Malley 1972) which produces 

differentiation of breast tissue (Horwitz et al 1985). A defect in the ER system may 

remove the differentiating effects of PgR, resulting in breast tissue with more 

proliferative potential.

Thus far it has been impossible to construct a robust and coherent hypothesis 

to explain this inverse relationship between ER and EGFR in human breast cancer.
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This situation has arisen because of the conflicting results in the literature and may well 

be due to the complex nature of the problem. In trying to evaluate the results of the 

studies reviewed it seems highly improbable that the relationship is simply determined 

by modulation at one molecular biological level. In vitro models have their limitations, 

but in vivo analysis is currently deficient as the mRNA levels have not been directly 

compared. It is imperative that we gain further insight into the interactions between ER 

and EGFR in human breast cancer not only because of the scientific interest that it has 

generated, but also because it may lead to the development of new therapeutic regimes 

in poor prognosis or endocrine independent disease.
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CHAPTER 3

IMMUNOCYTOCHEMICAL STUDIES 
IN HUMAN BREAST CANCER
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3.1 INTRODUCTION

The inverse relationship between ER and EGFR is now well established. 

However, investigations into the relationships between these two receptors and 

clinical, histological and proliferative features have yielded some conflicting reports. In 

order to confirm or refute previous observations we have investigated a series of 

primary breast cancers using immunocytochemical techniques on frozen sections. 

These procedures have the benefit of allowing direct visual assessment of antigen 

expression in the malignant component of the tissue section without any dilution by 

adjacent normal breast tissue. Equally, they facilitate investigation of the intratumoural 

heterogeneity of antigens (Walker et al 1992; Bilous et al 1992). Furthermore, the 

immunocytochemical assays provided semiquantitative data on the level of ER and 

EGFR protein which could then be compared directly to their respective mRNA levels 

in those samples where sufficient tissue was available for molecular biological analysis.

The common abbreviations and formulae for the solutions used are listed in 

Appendices B and C respectively.
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3.2 MATERIALS AND METHODS

3.2.1 Patients

Breast cancer specimens were obtained from 137 patients under the care of Mr 

K Horgan at the University Hospital of Wales, Cardiff and Messrs I Monypenny and D 

T Webster at Llandough Hospital, Penarth between September 1991 and June 1992. 

126 patients underwent Patey mastectomy, wide local excision and axillary node 

clearance or initial diagnostic localisation biopsy for primary breast cancer and 11 

patients underwent trucut biopsy, 9 prior to the commencement of primary tamoxifen 

therapy and, in 2 cases, to establish the diagnosis. Individual patient details were 

collected on a data collection form (Figure 3.1) by personal interview by either myself 

or house surgeons prior to surgery or biopsy.

Following surgery or biopsy the specimens were immediately transported to the 

local Pathology departments where a sample of the breast cancer was snap frozen and 

stored in liquid nitrogen. These were forwarded for immunocytochemical and 

molecular biological analysis only after the pathologist had made a full histological 

diagnosis.

The amount of tissue available for study was variable and dictated the analyses 

to be performed. Small specimens were processed in their entirety for ICA procedures. 

In large specimens, approximately 200 mg of tissue was excised for ICA procedures, 

the remaining tissue was maintained at — 70®C for molecular biological analysis.

The frozen samples for ICA were placed in individual flexible plastic moulds 

that contained a semiviscous freezing compound (OCT, Miles Laboratories, Kikhart 

IN46515, USA) and snap frozen to —70°C in dry ice. Following mounting in OCT, 5 

pm cryostat sections were cut using a microtome (5030 microtome. Bright Instrument 

Company Ltd, Huntingdon, England) and thaw mounted onto poly-L-lysine tissue 

adhesive coated glass slides (Subbing, Appendix C). The frozen sections then 

immediately underwent the fixation procedures for the subsequent assays.
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3.2.2 Haematoxylin and eosin staining

In order to screen the samples for histological assessability and to confirm the 

presence of breast cancer all the samples initially underwent haematoxylin-eosin 

staining.

The cryostat sections were fixed in 3.7% formaldehyde at room temperature 

(RTP) for 5 minutes. Following two 5 minute washes in phosphate-buffered saline 

(PBS) Ehrlich's Haematoxylin (BDH Chemicals Ltd, Gurr, Poole) was added for 10 

minutes. The sections were then rinsed under tap water for 10 minutes. 1% Aqueous 

Eosin (BDH Chemicals Ltd, Gurr, Poole) was then added to the sections for 1 minute 

after which the excess was washed off under tap water. The sections were then 

dehydrated in graded ethanols (50%, 70%, 90%, 100%), air dried for 1 hour, cleared 

in xylene and coverslipped using a xylene soluble mountant (DPX, Raymond A Lamb, 

London).

The sections were assessed, using an Olympus BH2 light microscope 

(Olympus, London) with a dual-viewing attachment, by 2 independent observers. Only 

histologically assessable sections containing breast cancer underwent the subsequent 

assay procedures.

3.2.3 ER ICA

The reagents used for staining were obtained in kit form (ER-ICA monoclonal, 

Abbott Laboratories, North Chicago, 111.) utilising the H222 monoclonal antibody 

which is directed against the steroid binding domain of the ER (King and Greene 

1984). The kit consists of a 3 step indirect immunocytochemical assay using the PAP 

procedure (Figure 2.7).

Fixation

In order to fix the ERs the sections underwent the following steps 

sequentially :-
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1. 15 minutes in 3.7% formaldehyde in PBS at RTP

2. 2 x 5  minute PBS washes

3. 6 minutes in 100% methanol at — 20®C

4. 3 minutes in 100% acetone at — 20®C

5. 2 x 5  minute PBS washes

The sections were then stored at — 20®C in glycerol-sucrose storage medium 

for up to 7 days prior to staining.

Staining Procedure

All steps in the staining procedure were performed at RTP. The glycerol- 

sucrose storage medium was first removed by two 5 minute washes in PBS. After 

removal of excess PBS the sections were incubated with normal goat serum (NGS) in 

a phosphate buffer for 15 minutes to block non-specific binding. Excess NGS was 

removed and the staining procedure involved sequential incubations with intervening 

PBS washes ( 2x5  minutes) with the following antisera and solutions:-

1. Primary rat anti-human ER monoclonal antibody (H222) at 0.1 pg/ml for 30

minutes.

2. Bridging goat anti-rat immunoglobulins at 1 jig/ml for 30 minutes.

3. Rat PAP complex at 0.1 pg/ml for 30 minutes.

4. DAB/H2O2 chromogen substrate solution for 6 minutes.

The slides were then washed in distilled water ( 2 x 5  minutes), counterstained 

with 1% methyl green (aq) for 5 minutes and briefly washed again in distilled water (30 

seconds) prior to dehydration in graded ethanols (50% for 30 seconds, 70% for 30 

seconds, 90% for 2 minutes and 100% for 5 minutes). Finally the sections were air 

dried for 1 hour, cleared in xylene and coverslipped using DPX.

In all cases parallel control sections substituting normal rat immunoglobulins
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for the H222 monoclonal antibody were run to check for non-specific staining. In 

addition, inclusion of control slides of MCF-7 cells enabled inter-assay variations to be 

monitored.

Assessment and Scoring

The sections were examined using the Olympus BH2 light microscope with an 

ocular magnification of x40, by 2 independent observers and scored by consensus 

according to the intensity and proportion of cells stained in 30 fields. Scores 0 to 3 

were allocated by 0 = no staining, 1 = weak nuclear staining, 2 = moderate nuclear 

staining and 3 = strong nuclear staining. ER positivity was expressed either as the 

percentage of cells displaying any positivity (1+2+3) or as an Index value (/e r ) 

derived by the formula;-

/gR = (% of 1x1)  + (% of 2 X 21 + (% of 3 X 3)

100 (Walker et al 1992)

Tumours with less than 5% ER staining or TpR 05 were considered ER 

negative.

3.2.4 EGFR-ICA

The assay used to detect EGFR consists of a 2 step indirect immunoperoxidase 

system (Figure 2.10).

Fixation

The cryostat sections were air dried for 1 hour prior to storage in a sealed box 

at — 70°C for up to 7 days prior to assay. On the day of assay the sections were 

rehydrated in PBS at RTP for 10 minutes followed by fixation in 50:50 chloroform- 

acetone at 4®C for 10 minutes. The sections were then washed again in PBS ( 2 x 5  

minutes) at RTP prior to the staining procedure.
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Staining Procedure

All the steps in the staining procedure were performed at RTP. After removal 

of excess PBS, 10% NGS in PBS was added for 10 minutes to block non-specific 

antibody binding. Excess 10% NGS was removed and the sections sequentially 

incubated, with intervening PBS washes ( 3 x 5  minutes), with the following antisera 

and solutions:-

1. Primary mouse anti-human EGFR monoclonal antibody (EGFRl, Amersham 

International, UK) at 1 pg/ml in PBS and containing 10% NGS and 5% normal 

human serum (NHS) for 60 minutes. This antibody detects the native folded 

external domain of EGFR and does not compete with EGF for binding 

(Waterfield et al 1982).

2. Secondary rabbit anti-mouse peroxidase-conjugated antiserum (Dakopatts, 

Denmark) for 30 minutes at 1/50 dilution in PBS and containing 10% NGS and 

5% NHS.

3. DAB/H2O2 chromogen substrate solution (Abbott Laboratories, North 

Chicago, HI.) for 6 minutes.

The remaining steps were as per the ER-ICA.

Parallel control sections substituting mouse anti-sheep erythrocyte antibodies 

(Sera-Lab, UK) at 1 pg/ml for EGFRl were run in all cases to check for non-specific 

staining. Inclusion of control slides of a breast cancer known to be EGFR positive by 

both ICA and radioligand binding assay enabled inter-assay variations to be monitored.

Assessment and Scoring

The sections were examined as described for the ER-ICA. Scores 0 to 3 were 

allocated by 0 = no staining, 1 = faint cytoplasmic reactivity, 2 = distinct cytoplasmic 

or weak membrane reactivity and 3 = strong membrane reactivity. EGFR positivity 

was expressed either as the total percentage of cells displaying any positivity (1+2+3)
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or as an Index value (/e GFR) derived by the same formula described for ER. Tumours 

containing less than 5% EGFR stained cells or an /e g FR of less than 0.05 were 

considered EGFR negative.

3.2.5 PgR-ICA

The reagents used for this assay were obtained in kit form (PgR-ICA, Abbott 

Laboratories, North Chicago, HI). The reagents and assay procedures are identical to 

the ER-ICA with the exception that the primary antibody used was a rat anti-human 

PgR monoclonal antibody.

PgR positivity was expressed as a percentage of cells displaying any nuclear 

staining and, as with the ER-ICA, a cut-off level of 5% was set for positivity.

3.2.6 Ki-67 staining

The Ki-67 monoclonal antibody detects a cell cycle related protein. Cell cycle 

analysis has shown that Ki-67 immunostaining occurs throughout the cell cycle (Gj, S, 

G2 + M) but not in Gq and thus enables an estimate of the tissue growth fraction 

(Bouzubar 1991; Walker et al 1991). In breast cancers a significant correlation has 

been recorded between Ki-67 immunostaining and the mitotic activity of breast cancer 

(Bouzubar et al 1989). The assay used utilises the indirect PAP procedure.

Fixation

The cryostat sections were fixed in 100% acetone at —20 to —25°C for 10 

minutes and then allowed to air dry for 30 minutes prior to storage in a sealed box at 

—70°C for up to 7 days prior to assay.

Staining Procedure

All the staining steps were performed at RTP. The sections were initially 

rehydrated in PBS for 5 minutes and then non-specific staining was blocked by 

incubation with 10% NGS in PBS for 15 minutes. Following removal of excess 10%
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NGS the following antisera and solutions were added sequentially with intervening 

PBS washes ( 2x5  minutes)

1. Primary mouse monoclonal Ki-67 antibody (Dakopatts, Denmark) at 1.5 pg/ml 

for 45 minutes.

2. Bridging goat anti-mouse immunoglobulins (Sigma, Poole, UK) at 4.7 pg/ml in 

PBS and containing 2% NHS for 30 minutes.

3. Mouse PAP complex (Dakopatts, Denmark) at 1/250 dilution in PBS for 30 

minutes.

Following incubation with the mouse PAP complex the sections are washed in 

PBS ( 2x5 minutes). The remaining steps are as described previously for the ER-ICA.

Non-specific staining was checked for by running parallel control slides 

incubated with mouse immunoglobulins (Sigma, Poole, UK) at 1.45 pg/ml instead of 

the Ki-67 antibody.

Assessment and Scoring

The sections were examined as described for the ER-ICA. However, unlike the 

ER-ICA, the nuclear Ki-67 immunostaining patterns are not uniform within individual 

nuclei and show substantial granulation in some tumours (Bouzubar et al 1989). Since 

this does not allow an accurate semiquantitative analysis to be performed, an index was 

not calculated for Ki-67 immunostaining. Positivity was expressed as the percentage of 

tumour cells displaying any immunoreactivity.

3.2.7 Histological analysis

Histological assessments were performed on paraffin embedded material. These 

were either performed or reviewed by two Consultant pathologists with a special 

interest in breast histopathology (Dr A G Douglas-Jones at the University Hospital of 

Wales, Cardiff and Dr N Dallimore at Llandough Hospital, Penarth).
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Tumour size was determined by the maximum diameter (mm) measured on 

glass slides in serial cross-sections in cases where the tumour had been fully excised.

Tumour grade was scored 1 to 3 using Elston's modification (Elston 1987) of 

Bloom and Richardson's original criteria (Bloom and Richardson 1957). This is based 

on tubule formation, nuclear size and shape and the number of mitoses seen and is 

scored as follows:-

Tubule Formation

Little or no formation (<10%) = 3

Moderate (10-75%) = 2

Majority forming tubules (>75%) = 1

Nuclear size and shape

Marked pleomorphism = 3

Moderate pleomorphism = 2

Uniform nuclei = 1

Mitotic frequency

The number of mitoses in a 0.59 mm field diameter are counted and scored as foUows:- 

>20 =3

10-19 =2

0 - 9  =1

Summation of the three scores allows the breast cancer to be categorised as 

grade 1 (score 3 to 5), grade 2 (score 6 or 7) or grade 3 (score 8 or 9). Grade 3 

represents the least differentiated form.

The nodal stage was assessed in all patients undergoing Patey mastectomy or 

wide local excision and axillary node clearance. Patients in whom a diagnostic 

localisation biopsy had confirmed the presence of breast cancer underwent additional
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definitive locoregional surgery providing nodal information. Patients were divided into 

3 nodal stages as follows:-

Stage A All lymph nodes clear of tumour

Stage B 1 -4  lymph nodes contain tumour

Stage C >4 lymph nodes or apical node involved

In addition, information was provided on the histological subtype of the 

tumours and the presence or absence of lymphovascular invasion.
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3.3. RESULTS

Following the results of the haematoxylin-eosin staining (Plate 3.1) 11 patients 

were excluded from further study as either no tumour component could be 

demonstrated in their frozen samples or the sections were not histologically assessable. 

Histologically assessable samples of breast cancer were obtained in 127 cases from 126 

patients (Table 3.1). 117 patients underwent excisional locoregional surgery and 9 

patients underwent trucut biopsy either prior to primary tamoxifen therapy (7 cases) or 

to establish the diagnosis (2 cases). In one case (HM) bilateral cancers were present. 

The histological and biochemical features of the 2 cancers were sufficiently different to 

be able to include them in the analysis as 2 separate primary breast cancers (Tables 3.1 

and 3.2).

The patients ranged in age from 32 to 83 years with a mean age of 61.75 years. 

110 were postmenopausal and 16 were premenopausal (Table 3.1).

The histological attributes of the samples are detailed in Table 3.1. Size and 

nodal status were not determined in the 9 patients undergoing trucut biopsy. The 

presence or absence of lymphovascular invasion was not determined in 43 cases. 

Tumour size ranged from 5 mm to 80 mm in the 118 cases examined. 52.5% (62/118) 

of the cases were found to be node-negative (Stage A), whilst 47.5% (56/118) were 

node-positive. Subdivision of the node-positive cases revealed that 34.8% (41/118) 

had 1 to 4 axillary nodes involved (Stage B) and 12.7% (15/118) had either greater 

than 4 axillary nodes involved or, in 5 cases, apical node involvement (Stage C).

Microscopic examination revealed 96 infiltrating ductal cancers of no special 

type, 18 infiltrating lobular cancers, 5 mucinous cancers, 4 tubular cancers, 2 

cribriform cancers and 1 spindle cancer. There was one unusual malignant phylloides 

type of cancer.

The presence or absence of lymphovascular invasion was reported in 84 cases. 

It was found to be present in 33.3% (28/84) and absent in 66.7% (56/84).
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3.3.1 ER-ICA

The immunocytochemical localisation of ER in breast tumours using the H222 

monoclonal revealed specific binding in the nuclei of 89 of 127 samples (70%, Table

3.2). The proportion of cells displaying positivity ranged fi'om 5% to 85% between 

different cases. /^R  varied from 0.05 to 1.9. Intratumoural heterogeneity was marked 

with large variations in the intensity of staining between individual cancer cells (Plate

3.2).

No binding was observed in the cytoplasm of tumour cells, in stromal 

components or in blood vessels and infiltrating macrophages. Antibody binding was 

occasionally observed in the nuclei of luminal epithelial cells of normal or benign 

components of the breast tumour but was not included in the analysis.

The presence of ER negative cells was an invariable finding in all cases deemed 

to be ER positive by the ER-ICA, with the proportions varying from 15% to 95% 

between cases.

3.3.2 EGFR-ICA

Membrane-associated and cytoplasmic EGFR staining was immunolocalised in 

36 of 127 cases (28.4%) using the EGFRl monoclonal antibody (Table 3.2). No such 

staining was observed in the parallel control slides. There was marked variation in 

EGFR staining between different cases with the proportion of EGFR positive cells 

ranging from 5% to 100%. /r g FR ranged from 0.1 to 3.00. Although the intensity of 

staining did vary between individual cancer cells within a tumour this was not as 

marked as that observed with ER staining (Plate 3.3).

No specific binding was observed in the nuclei of cancer cells, in stromal 

components or in blood vessels or infiltrating macrophages. However, strong specific 

staining was invariably observed in the myoepithelial cells of normal and benign 

components of the breast tumour. Weak specific staining was also sometimes observed 

in the luminal epithelial cells of normal components but, along with the myoepithelial 

staining, was not included in the analysis.

90



The incidence of EGFR negative cells in tumours deemed to be EGFR positive 

by immunocytochemical analysis varied from 0% (8 cases) to 95% in the individual 

cases examined.

3.3.3 PgR-ICA

Specific PgR staining using anti-human PgR rat monoclonal antibody was 

immunolocalised in 79 of 127 cases (62.2% Table 3.2). Both the proportion of tumour 

nuclei expressing the antigen and the intensity of staining were, as with ER, highly 

variable (Plate 3.4).

No specific binding was observed in the cytoplasm of the tumour cells, stromal 

components or in blood vessels or infiltrating macrophages.

3.3.4 Ki-67 staining

Tumour cell nuclear staining was observed in 100 of 127 cases (78.7%, Table 

3.2, Plate 3.5). The number of tumour cells expressing the antigen was, again, highly 

variable with 63% (80 cases), 19.7% (25 cases) and 17.3% (22 cases) of the tumours 

showing 0 — 10%, 11 — 29% and >30% Ki-67 positive cells respectively. These cut

off points were chosen as they have been shown to be associated with decreasing 

response rates to endocrine measures (Nicholson et al 1993).

3.3.5 Association of ER-ICA with various clinical, histological 

and biochemical features

Relationship to age and menopausal status

A significant correlation was observed between ER-ICA status and age at 

surgery or biopsy (x^ = 7.8, p<0.01. Table 3.3) with 68.5% (61/89) of ER positive 

tumours being observed in women presenting with their disease at 60 years of age or 

over. Conversely, only 42% (16/38) of women with ER negative disease presented in 

this age group.

No significant association was demonstrated between ER-ICA status and
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menopausal status at the time of obtaining tissue (Table 3.3). However, ER-ICA 

positive tumours were observed in 72% (80/111) of postmenopausal women whilst 

the corresponding figure was 56% (9/16) in premenopausal women.

Relationship to histological features

No significant association was demonstrated between ER-ICA status and size 

of the tumour at the time of surgery in the 118 cases assessed (Figure 3.3). Neither 

could any association be demonstrated between ER-ICA status and nodal stage or the 

incidence of lymphovascular invasion (Table 3.3).

A strong association was, however, demonstrated between ER-ICA positive 

status and better differentiated tumours (x^ =16.93, p<0.001. Table 3.3). 27% (24/89) 

of ER-ICA positive tumours were grade 1, whilst only 15.7% (14/89) were grade 3. 

Alternatively, only 10.5% (4/38) of ER-ICA negative tumours were grade 1 whereas 

50% (19/38) were grade 3.

No significant differences in ER-ICA status could be observed between 

infiltrating ductal tumours of no special type and lobular cancers (Figure 3.2). 69.8% 

(67/96) of infiltrating ductal and 72.2% (13/18) of lobular cancers were found to be 

ER-ICA positive. 4 of 5 mucinous cancers, 3 of 4 tubular cancers and 2 of 2 cribriform 

cancers were found to be ER-ICA positive. No ER-ICA staining was observed in the 

spindle cell or the malignant phylloides tumours (Figure 3.2).

Relationship to biochemical and proliferative features

A significant correlation was found between ER-ICA and PgR-ICA status (x^ 

= 44.21, p<0.001. Table 3.3). 103 of 127 cases (81%) were found to have concordant 

positivity or negativity for the two receptors. Discordant results were found in 24 

cases (19%).

ER-ICA positivity was found to be strongly associated with less proliferative 

tumours as measured by Ki-67 immunostaining (x^ = 28.71, p<0.001. Table 3.3). 

Using cut-off levels for Ki-67 staining which have been shown to be associated to
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likely response to endocrine therapy (Nicholson et al 1993) reveals that 71% (63/89) 

of ER-ICA positive tumours have a low proliferative rate (0-10% Ki-67 

immunostaining), while only 5.6% (5/89) have high proliferative activity (>30%  Ki-67 

immunostaining). In contrast, low and high proliferative activity is found in equal 

proportions (44.7%, 17 of 38 cases) in ER-ICA negative tumours.

3.3.6 Association of EGFR-ICA with various clinical, histological 

and biochemical features 

Relationship to age and menopausal status

No significant associations were found between EGFR-ICA status and either 

the age of the patient or menopausal status at the time of obtaining tissue (Table 3.4). 

52.8% (19/36) of EGFR-ICA positive tumours and 63.7% (58/91) of EGFR-ICA 

negative tumours were detected in patients aged 60 years or over. Similarly, the 

EGFR-ICA positive rates were 29.7% (33/111) and 23% (3/16) for postmenopausal 

and premenopausal women respectively.

Relationship to histological features

No associations could be demonstrated between EGFR-ICA status and tumour 

size, nodal stage or the incidence of lymphovascular invasion (Table 3.4).

A significant association was, however, demonstrated between EGFR-ICA 

positive status and poorly differentiated tumours (x^ = 12.23, p<0.01. Table 3.4). 

47.2% (17/36) of EGFR-ICA positive tumours were grade 3 while only 19.4% (7/36) 

were grade 1. In contrast, only 17.6% (16/91) of EGFR-ICA negative tumours were 

grade 3 whereas 23% (21/91) were grade 1. Alternatively 25% (7/28) of grade 1 and 

51.5% (17/33) of grade 3 tumours were EGFR-ICA positive.

As in the case following ER staining, no significant differences in EGFR-ICA 

status were observed between infiltrating ductal and lobular cancers (Figure 3.3). 27% 

(26/96) of infiltrating ductal and 33.3% (6/18) of lobular cancers were found to be 

EGFR-ICA positive. No mucinous cancers were found to be EGFR-ICA positive. 1 of
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4 tubular cancers, 1 of 2 cribriform cancers, the spindle cancer and malignant 

phylloides tumour were EGFR-ICA positive (Figure 3.3).

Relationship to biochemical and proliferative features

In contrast to the findings observed with ER, EGFR was found to be 

significantly inversely related to PgR (x^ = 21.41, p<0.001. Table 3.4). Only 26.8% 

(34/127) of tumours displayed concordant positivity or negativity. 73.2% (93/127) 

were positive for only one or other of the two receptors.

EGFR-ICA positive tumours were found to be significantly associated with 

high proliferative activity as measured by Ki-67 immunoreactivity (%̂  = 12.44, p<0.01. 

Table 3.4). Of tumours with low proliferative activity 22.5% (18/80) were found to be 

EGFR-ICA positive whereas 59% (13/22) of tumours with high proliferative activity 

were EGFR-ICA positive.

3.3.7 Relationship between ER and EGFR

In this series of primary breast cancers a significant inverse relationship was 

demonstrated between ER and EGFR (x^ = 37.43, p<0.001. Figure 3.4). Concordant 

positivity or negativity was found in only 11 (8.7%) and 13 (10.2%) of 127 cases 

respectively. 78 (61.4%) tumours were found to be ER+/EGFR— whilst 25 (19.7%) 

were found to be ER—/EGFR+.

Division of tumours into the 4 phenotypes with respect to ER and EGFR 

enabled further analysis of relationships to clinico-pathological, biochemical and 

proliferative features to be made. The 4 phenotypes were defined using 5% positivity 

cut-off values as +/— (ER positive/EGFR negative), +/+ (ER positive/EGFR positive), 

—I— (ER negative/EGFR negative) and —/+ (ER negative/EGFR positive).

Relationship to age and menopausal status

Comparison of the menopausal status to the 4 phenotypes revealed no 

associations (Table 3.5). However, comparison of age to the phenotypes revealed a
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significant trend with +/— phenotype being found in older patients (x^ = 8.99, p<0.05. 

Table 3.5). Further analysis was performed using the Kruskal-Wallis test. This test is 

designed to determine whether independent groups of samples are taken from 

populations which have the same mean (Chao 1974). It is a non-parametric test so 

does not make any assumptions of the normality of the population distribution or 

homogeneity of variance and ranks the actual values for each individual patient rather 

than placing them in cells with various cut-off points. The Z value represents deviation 

fi'om the mean and a value of 1 represents 1 standard deviation. The Kruskal-Wallis 

test confirms the findings of the x^ test (H = 8.67, p<0.05. Table 3.5) and ranks the 

phenotypes —/ —, —/+, +/+, +/— in ascending order of age. The —I — phenotype 

comprised 13 patients with a mean age of 53 years and a median age of 50 years.

Relationship to histological features

No statistically significant relationship between the phenotype and size of 

tumour could be demonstrated using the Kruskal-Wallis test. (H = 3.88, p = NS, Table 

3.6). The small number of +/+ and —/ — phenotypes rendered x^ analysis invalid. This 

is in concordance with the results obtained by analysis with either ER or EGFR status 

alone.

Analysis of phenotype with respect to the grade of the tumour shows that there 

is a significant association of the —/+ phenotype with more poorly differentiated 

tumours (x^ = 27.00, p<0.001. Table 3.6).

Analysis of nodal stage reveals no relationship to the 4 phenotypes (Table 3.6). 

This is, again, in concordance with the results comparing either ER or EGFR status 

alone with nodal stage.

As observed in the analysis of single receptors no clear association could be 

demonstrated between the phenotype and histological subtype of the tumour (Figure 

3.5). 60 of 78 (77%) +/— tumours were found to be infiltrating ductal. The 

corresponding figures for the +/+, —I— and —/+ phenotypes were 63.6% (7 of 11), 

76.9% (10 of 13) and 76% (19 of 25) respectively. The incidences of lobular cancers

95



within each phenotype were also comparable with the proportions being 12.2% (10 of 

82), 27.3% (3 of 11), 15.4% (2 of 13) and 12% (3 of 25) for the + / - ,  +/+, - / -  and 

—/+ phenotypes respectively. The higher proportion of lobular cancers in +/+ 

phenotype does not reach statistical significance. Of the 5 mucinous cancers, 4 were +/ 

— and 1 — ; 3 of 4 tubular cancers were +/— and 1 —/+ and the 2 cribriform 

cancers were +/— and +/+. The spindle and malignant phylloides tumours were both — 

/+.

No clear association was demonstrated between ER/EGFR phenotype and the 

presence of lymphovascular invasion by the tumour (Table 3.7).

Relationship to biochemical and proliferative features

Analysis of the relationship between the ER/EGFR phenotype and PgR-ICA 

status reveals a highly significant trend for + /— tumours to be associated with PgR- 

ICA positivity. (x^ = 47.59, p<0.001. Table 3.7). Kruskal-Wallis analysis reveals the 

+/— phenotype to be most closely correlated to PgR-ICA positivity (H = 40.33, 

p<0.001. Table 3.7) followed by the +/+ phenotype. The —/+ and, to a lesser degree 

the —I— phenotypes are inversely related to PgR-ICA status.

analysis of the relationship of Ki-67 immunoreactivity to the ER/EGFR 

phenotypes shows that the +/— phenotype is significantly associated with low 

proliferative activity, whilst the —/+ phenotype is significantly associated with high 

proliferative activity (x^ = 38.64, p<0.001. Table 3.7). Kruskal-Wallis analysis of the 

levels of Ki-67 immunoreactivity allows the phenotypes to be ranked +/—, +/+, —/ —, 

—/+ in ascending order of proliferative activity (H = 12.70, p<0.01. Table 3.7)
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3.4 DISCUSSION

Several reports have now established concordance between radioligand binding 

and immunocytochemical assays in determining levels of both ER (Alldred et al 1990) 

and EGFR (Klijn et al 1992) in human breast cancer specimens. However, 

immunocytochemical assays have the advantages that they may be performed on small 

specimen samples and that they provide information on the heterogeneity of receptor 

expression, not only between the tumour and its normal and benign components but 

also within the tumour cell population (Walker et al 1992; Toi et al 1989).

In this study of 127 cases of primary breast cancer it has been demonstrated 

that both ER and EGFR are significantly associated with several clinico-pathological, 

biochemical and proliferative features.

In agreement with previous studies, ER has been shown to be significantly 

associated with increasing age (Sainsbury et al 1987, Foekens et al 1989; Elwood and 

Godolphin 1980) but not to the menopausal status at the time of surgery (Elwood and 

Godolphin 1980). No associations could be shown between ER status and size of the 

tumour, nodal stage, and the presence of lymphovascular invasion. These findings are 

in concordance with the majority of published literature (Sainsbury et al 1987; 

Umekita et al 1992; Elwood and Godolphin 1980), although some studies have 

demonstrated that ER negativity is associated with lymph node métastasés (Battaglia et 

al 1988). No significant associations were demonstrated between ER status and 

histological subtype of the tumour in contrast to previous studies which have shown 

ER to be present more fi*equently in lobular, tubular and mucinous cancers (Helin et al 

1989). However, the poorly differentiated spindle and malignant phylloides tumours 

were both found to be ER negative. The observation that ER is significantly associated 

with better differentiated tumours is also in keeping with previous reports (Elwood and 

Godolphin 1980; Helin et al 1989; Umekita et al 1992) as are the findings of a positive 

association with PgR (Battaglia et al 1988) and an association with low Ki-67 

immunoreactivity (Bilous et al 1992).
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These data suggest that, where significant associations could be demonstrated, 

ER positivity is related to more favourable prognostic parameters. These associations 

would explain the better survival outlook for patients with ER positive breast cancer in 

univariate analyses (Harris et al 1989).

Similarly, the relationship between EGFR positivity and other prognostic 

parameters presented in this thesis are consistent with published literature. No 

associations could be demonstrated between EGFR status and either age or 

menopausal status at the time of biopsy which is in agreement with the majority of 

previous reports (Sainsbury et al 1987; Spyratos et al 1990; Toi et al 1990). Neither 

could any associations be demonstrated between EGFR status and the size of tumour, 

nodal stage, histological subtype or the presence of lymphovascular invasion. These 

data are consistent with previous literature in the case of size, nodal stage and 

histological subtype (Spyratos et al 1990; Toi et al 1990; Klijn et al 1992) but conflict 

with the studies by Toi which found EGFR positivity to be significantly associated with 

the presence of lymphatic vessel invasion (Toi et al 1989; Toi et al 1990). EGFR 

positivity was, however, significantly associated with poorly differentiated tumours and 

with high proliferative activity as measured by Ki-67 immunoreactivity and significant 

inversely related to PgR-ICA status. These associations are also in agreement with 

other published series (Spyratos et al 1990; Toi et al 1990; Nicholson et al 1993).

These data suggest that the significant associations that EGFR positivity has 

are related to markers of poor prognostic outlook. Surprisingly, no relationship to size 

or nodal stage, two of the most important prognostic markers, was found either in this 

group of 127 primary breast cancer cases or by the majority of previously published 

series. Given these findings it is to be expected that EGFR positivity is associated with 

poor outlook in univariate analysis (Rios et al 1988; Toi et al 1990), however, 

multivariate analysis has revealed that EGFR status is also a significant independent 

variable (Lewis et al 1990).

In agreement with previous studies (eg Sainsbury et al 1985a), we have 

demonstrated the presence of a significant inverse relationship between ER and EGFR
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in human breast cancer. Subdivision of the tumours into the 4 ER/EGFR phenotypes 

reveals that they can be ranked —/+, — , +/+, +/— in ascending order of better 

correlation with PgR and lower proliferative activity. This suggests that loss of ER is 

more important than gaining EGFR in determining associations with markers of poor 

outlook such as PgR negativity and high proliferative activity. Although the —/+ 

phenotype was significantly associated with higher grade tumours, the small numbers 

in the +/+ and —I— phenotypes did not allow adequate ranking analysis to be 

performed. The ranking order obtained fi’om analysis with the PgR and Ki-67 

immunoreactivity would not be expected from the work by the Oxford/Newcastle 

(Sainsbury ei al 1987; Harris et al 1989; Nicholson et al 1990) and Nottingham (Lewis 

et al 1990) groups who demonstrated that the outlook for the —I— group is as good 

as that for the + /— group. In addition, they found that response to endocrine therapy 

on relapse was better in the —/ — phenotype than in the +/+ phenotype (33% versus 

29%, Harris et al 1989). Taken together these studies suggest that co-expression of 

EGFR overrides the benefits of ER expression. These studies however have 

investigated the survival data in these phenotypes with endocrine therapy on relapse 

whereas in this thesis the relationship to prognostic markers has been studied. With 

time survival data will accrue on this cohort of 126 patients which will enable more 

direct comparisons to be made. There is no doubt, however, that the —/+ group have a 

poor outlook both in terms of associations with prognostic features and survival 

(Harris et al 1989).

Both the data presented in this thesis and the Oxford/Newcastle and 

Nottingham results are compatible with models of mechanisms of oestrogen-regulated 

growth. On the one hand, oestrogen is known to induce TGF-a (Lippman and Dickson 

1989) which is a major ligand for EGFR (Piigent and Lemoine 1992). Thus co

expression of ER and EGFR in the +/+ phenotype may lead to increased EGFR 

activity. This would predict a worse outlook in the +/+ phenotype than in the —/ — 

phenotype. On the other hand, oestrogen is also known to induce PgR (Toft and 

O'Malley 1972) which is responsible for the development and differentiation of the
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breast (Horwitz ei al 1985). Loss of ER would thus remove this protective influence of 

PgR. This mechanism would predict a worse outlook in the —I— phenotype than in 

the +/+ phenotype.

The concept of false-negativity may provide an alternative explanation for the 

observations in the —I— group. It is possible that patients in this group possess levels 

of receptor protein below the threshold detection limits of the ICAs employed in this 

thesis. From the associations observed in the —I— group, it would seem more likely 

that false-negative results arise following the EGFR-ICA rather than the ER ICA. 

Hence, these patients may actually belong to the —/+ group.

A further point of interest is the common finding of ER negative cancer cells in 

the +/— phenotype. It has been suggested that these cells represent a resting ER 

positive cell population (Nicholson 1992). This theory is not borne out by the 

associations found in the —I— phenotype presented in this thesis. This may arise as a 

consequence of two theoretical mechanisms. Firstly, ER negative cells in +/— tumours 

may be different from those found in —I— tumours. Secondly, ER may be present 

below the detection limits of the ER-ICA in the —/ — group. The age of the patients in 

this group was found to be significantly younger than in the other groups and, whereas 

the issue of patient age and prognosis is controversial with many conflicting studies, 

some have demonstrated a poorer outlook for women under 49 years of age (Devitt 

1982). This may account for the observations in this group of patients. However, as 

discussed above, if false-negative results have occurred then they are more likely to 

have done so following the EGFR-ICA.

In conclusion, therefore, whilst many of the features discussed are interrelated, 

the significant relationships found demonstrate that ER positivity is associated with 

good and EGFR positivity with adverse prognostic features. It is not, therefore, 

surprising that they exhibit a significant inverse relationship. Whilst the numbers in the 

+/+ and —I— subgroups were small, it seems that loss of ER is more important than 

gaining EGFR in determining these associations.
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PLATE 3.1

Haematoxylin and eosin staining

«W
‘.''À - i w.

An example of haematoxylin and eosin staining in a specimen of human 
breast cancer. Alongside is the result following ER-ICA staining which 
was negative in this case.

(140x original magnification)
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PLATE 3.2 

ER-ICA staining

rmV- >.
ii

An example of ER-ICA staining in a lobular breast cancer demonstrating ER 
positive cells near a normal duct cut longitudinally. There is heterogeneity 
of nuclear ER expression in the cancer cells which display typical 'Indian file' 
formation.

(350x original magnification)
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PLATE 3.3

EGFR-ICA staining

*

%.

An example of EGFR-ICA staining demonstrating typical cytoplasmic 
and membrane-associated staining giving a "pavement-like” effect. 

(140x original magnification).
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PLATE 3.4

PgR-ICA staining

- hA *

* , # #

An example of PgR-lCA staining demonstrating immiinolocalization in 
the nuclei of tumour cells similar to that seen following the ER-ICA.

(350x original magnification).
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PLATE 3.5

Ki67 immunostaining

« •

An example of Ki67 immunostaining revealing the granular nature of 
staining within the nuclei of tumour cells.

(560x original magnification).
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FIGURE 3.1

Data collection form

XXMZ. 

XDDRZSS. 
TELE. NO. 
DoB.
AGE.
B08P.

PRE-OPERATIVB DETAILS

KEHOPADSAL STATUS. PRE/PERI/POST. Ag» if post.
MENARCHE.
7AMILT HISTORY OF BREAST DISEASE.
PARITY. Ages at dalivarlas.
BREAST FEEDING. YES/NO. Spacify which children.
USB OF OOP. PRESENT/PAST/NONE. Spacify with datas.
USE OF HRT. YES/NO. Spacify with datas.
OTHER MEDICATION. YES/NO. Spacify.

DATE OF PRESENTATION.
ORIGIN. SELF/G.P/A.E/HOSP/SCREENING.
DURATION AND TYPE OF SYMPTOMS.

CLINICAL EXAMINATION AT PRESENTATION.

0  /  \  S

MAKMOGRAPKIC FINDINGS.(Copy report).
Entar maasuramants.

F.N.A. RESULT.(Copy report)

TRUCUT BIOPSY RESULT.(Copy report),

OPERATIVE DETAILS

DATE OF SURGERY.
L.M.P.
CYCLE REG/IRREG/OTHER.
TYPE OF OPERATION.
RESIDUAL TUMOUR LEFT. YES/NO. Specify.

POST-OPERATIVE.
HISTOLOGY.(Copy report).
ADJUVANT TREATMENT. NONE / DXR / TAMOXIFEN / CHEMO / OTHER. 

Specify dose/regime.
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FIGURE 3.2

ER staining in histological subtypes of breast cancer

Histological subtype ER-ICA status 

+ -

% ER positive

Invasive ductal 67 29 69.8

Lobular 13 5 72.2

Mucinous 4 1 -

Tubular 3 1 -

Cribriform 2 0 -

Spindle 0 1 -

Malignant phylloides 0 1 -

No significant difference was observed in ER positivity between invasive 
ductal and lobular cancers (x^ = 0.04, p = Not significant).
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FIGURE 3.3

EGFR staining in histological subtypes of breast cancer

Histological subtype EGFR-ICA status 

+

% EGFR positive

Invasive ductal 26 70 27.0

Lobular 6 12 33.3

Mucinous 0 5 -

Tubular 1 3 -

Cribriform 1 1 -

Spindle 1 0 -

Malignant phylloides 1 0 -

No significant difference was observed in EGFR positivity between 
invasive ductal and lobular cancers (x^ = 0.42, p = Not significant).
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FIGURE 3.4

Relationship between ER and EGFR in primary breast cancer

ER

+  -

+ 11 (8.7) 25(19.7)

EGFR

78 (61.4) 13 (10.2)

(Figures in parentheses are percentages of each phenotype)

A significant inverse relationship was observed between 
ER and EGFR in the 127 cases of primary breast cancers 
examined ( \2  = 37.43, p < 0.001).
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FIGURE 3.5

Relationship of ER/EGFR phenotypes to histological subtypes

ER/EGFR phenotypes

Histological subtype + /- +/+ “ /+

Invasive ductal 60 7 10 19

Lobular 10 3 2 3

Mucinous 4 - 1 -

Tubular 3 - - 1

Cribriform 1 1 - -

Spindle - - - 1

Malignant phylloides - - - 1

No significant associations were observed between the ER/EGFR 

phenotypes and the incidence of invasive ductal and lobular cancers, 

(x^ = 1.72, p = Not significant).
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TABLE 3.1 

Clinico-pathological features of the patients

Patient Age

(Yrs)

Menopausal

Status

Size

(mm)

Grade Nodal

Stage

Histological

Subtype

Lymphovascular

Invasion

SD 32 PRE 20 2 C Ductal nd

KJ 35 PRE 70 3 C Ductal +

BR 39 PRE 17 1 A Ductal +

MI 43 PRE 20 2 C Ductal nd

GP 43 PRE 14 2 B Ductal +

LS 44 PRE 14 2 A Ductal -

LB 44 POST 15 2 A Lobular -

MH 45 PRE 20.5 3 A Ductal +

EK 45 PRE 18 3 A Ductal -

MH 45 PRE 20.5 3 A Ductal +

CH 46 PRE 20 3 B Ductal +

EK 46 PRE 20 2 A Ductal -

CF 46 PRE 26 3 B Ductal +

SP 46 PRE 29 3 A Ductal +

MC 47 PRE 19 3 B Ductal +

CE 47 POST 18 1 A Tubular -

PB 49 POST 20 2 A Lobular -

EJ 49 POST * 3 * Ductal nd

HH 50 POST 20 2 B Ductal -

MP 50 POST 15 3 B Ductal -

RB 51 POST 21 3 C Ductal nd

JP 52 PRE 80 3 B Ductal -

RG 52 POST 18 2 B Ductal +

KJ 53 PRE 7 2 A Ductal nd

JW 53 POST 20 3 C Ductal nd

PB 53 POST 14.6 2 B Ductal -

MR 53 POST 11 1 A Ductal -

PR 54 POST 33 2 A Ductal nd

GH 54 POST 17 1 A Ductal -
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TABLE 3.1 continued

Patient Age

(Yrs)

Menopausal

Status

Size

(mm)

Grade Nodal

Stage

Histological

Subtype

Lymphovascular

Invasion

VW 55 POST 12 1 A Ductal nd

EG 55 POST 8 2 A Lobular -
CP 56 POST 11.5 3 C Mucinous -

ER 56 POST 7 1 A Ductal -
MB 56 POST 17 2 A Lobular nd

AE 56 POST * 2 * Lobular nd

GR 57 POST 25 2 A Ductal +
U 57 POST 14 3 C Ductal nd

MW 57 POST 8.5 1 A Tubular -
PN 58 POST 20 3 C Ductal nd

DL 58 POST 40 2 B Lobular nd

MH 59 POST 40 2 B Ductal nd

MR 59 POST 10.5 1 B Ductal -
JB 59 POST 23 2 C Ductal -
CW 59 POST 20 3 A Ductal -
CA 59 POST 21 2 C Lobular -
RM 59 POST 19 2 B Lobular -
RG 59 POST 19 2 B Lobular -
TP 59 POST 7 2 A Ductal -
DM 59 POST 10 2 C Ductal nd

VB 59 POST 20 1 A Ductal nd

BP 60 POST 24 2 B Ductal +
MH 60 POST 23.5 1 B Ductal -
JD 60 POST 24 2 B Ductal +
MR 60 POST 23 2 A Lobular -
JE 60 POST 5 1 B Mucinous nd

MO 60 POST 10.5 1 A Tubular -
AD 61 POST 12 2 A Ductal nd

GJ 61 POST 19 2 B Ductal +
JW 61 POST 7 2 A Lobular -
NR 61 POST 43 2 B Lobular nd

EK 61 POST 16.5 2 A Ductal -
VB 61 POST 11 3 A Ductal -
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TABLE 3.1 continued

Patient Age

(Yrs)

Menopausal

Status

Size

(nun)

Grade Nodal

Stage

Histological

Subtype

Lymphovascular

Invasion

MB 61 POST 20 3 A Ductal nd

JB 62 POST 11 1 B Ductal +

WT 62 POST 27 3 A Ductal +

EJ 62 POST 10 1 A Ductal -

SH 62 POST 5 1 A Ductal -

VA 62 POST 5 2 C Lobular nd

BJ 62 POST 14 2 B Ductal -

ST 63 POST 13 3 B Ductal +

n> 63 POST 24 2 A Ductal nd

DE 63 POST 30 3 A Spindle -

EA 63 POST 11 1 A Ductal nd

JR 63 POST 9 2 A Ductal +

RH 64 POST 14 2 B Lobular -

DF 64 POST 15 2 A Ductal -

BC 64 POST 13 2 A Ductal -

MC 64 POST 19 2 B Ductal +

EK 64 POST 17 2 A Ductal nd

FF 64 POST 19 1 B Ductal -

EC 64 POST 20 1 B Ductal -

HH 65 POST 30 2 A Mucinous nd

AB 65 POST 9.5 1 A Tubular

MP 66 POST 26.5 1 B Cribriform -

JB 67 POST 35 2 B Ductal -

MC 67 POST 24 3 C Ductal +

WM 67 POST 16 2 A Lobular nd

OC 67 POST 14.5 2 A Mucinous -

MA 67 POST 18 2 A Ductal nd

AS 67 POST 20 3 B Ductal +

AT 68 POST 17.5 1 A Cribriform -

PJ 69 POST 11 2 A Ductal -

MD 69 POST 18 2 A Ductal -

AP 69 POST 20 2 A Ductal +

MX 70 POST 15 1 A Ductal -
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TABLE 3.1 continued

Patient Age

(Yrs)
Menopausal

Status

Size

(mm)

Grade Nodal

Stage

Histological

Subtype

Lymphovascular

Invasion

m 70 POST 16 1 A Ductal nd

MG 71 POST 23 2 B Ductal +

MD 71 POST 15 2 A Ductal nd

KM 71 POST 15 2 A Ductal nd

JJ 71 POST 60 3 A Phylloides -
BR 71 POST 18 3 B Ductal +

FF 71 POST 10 2 A Ductal -

GM 71 POST 50 2 A Ductal nd

HD 72 POST 15 3 C Ductal -

m 72 POST 34 3 B Ductal +

MB 73 POST 20 1 A Ductal -

m 73 POST 40 2 A Ductal -

MS 73 POST * 3 * Ductal nd

PG 74 POST 34 2 B Ductal +

MW 74 POST 12.5 2 A Lobular -

EA 77 POST 15 2 B Ductal nd

AK 77 POST 60 2 B Mucinous nd

MH 77 POST 25 2 B Ductal nd

AW 77 POST 26 1 B Ductal nd

EP 77 POST 18 2 C Ductal nd

BC 78 POST 24 1 A Ductal +
RP 78 POST 42 3 B Ductal -

BF 78 POST * 2 * Lobular nd

EW 78 POST * 2 * Ductal -

HM 79 POST 25 2 B Ductal +
HM 79 POST 17 3 A Ductal nd

ER 79 POST * 2 * Lobular nd

MT 79 POST * 1 * Ductal nd

HC 80 POST 26 3 B Ductal • -
EJ 81 POST * 2 * Ductal nd

FS 81 POST 12 1 A Ductal -
EJ 83 POST * 3 * Ductal nd

(Presence (+) or absence (-) of lymphovascular invasion; 
*, Tnicut biopsy performed; nd, not reported)
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TABLE 3.2 

Results of single immunocytochemical assays

Patient Age

(Yrs)

Menopausal

Status

ER

(%)

^ER EGFR

(%)
^EGFR PgR

(%)

KÎ67

(%)

SD 32 PRE - - - - - 2

KJ 35 PRE 70 1.20 - - 50 15

BR 39 PRE - - - - - -

MI 43 PRE - - - - - 12

GP 43 PRE 5 0.05 - - 5 1

LS 44 PRE 80 1.65 - - 90 20

LB 44 POST 5 0.05 80 1.60 20 -

MH 45 PRE 20 0.32 - - 35 20

EK 45 PRE - - 80 0.80 - 70

MH 45 PRE 20 0.32 - - 35 20

CH 46 PRE 20 0.25 - - 90 25

EK 46 PRE - - - - 80 5

CF 46 PRE 30 0.40 - - 80 50

SP 46 PRE - - 100 1.50 - 35

MC 47 PRE 70 1.50 - - 70 7

CE 47 POST 50 0.70 - - 80 -

PB 49 POST - - - - 30 -

EJ 49 POST - - - - - 30

HH 50 POST - - - - - 35

MP 50 POST - - 100 2.5 - 50

RB 51 POST - - 90 2.35 - 40

JP 52 PRE - - 100 1.00 - 40

RG 52 POST 60 1.10 - - 60 3

KJ 53 PRE 50 0.65 - - - 10

JW 53 POST - - 100 1.50 - 12

PB 53 POST - - 35 0.40 - -

MR 53 POST - - - - 40 -

PR 54 POST - - 100 3.00 - 70

GH 54 POST 70 0.90 - - 5 7
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TABLE 3.2 continued

Patient Age

(Yrs)

Menopausal

Status

ER

(%)

^ER EGFR

(%)
%GFR PgR

(%)

K167

(%)

VW 55 POST 10 0.10 - - 60 -

EG 55 POST - - 40 0.60 20 1

CP 56 POST 80 1.80 - - 15 15

ER 56 POST - - 10 0.20 - -

MB 56 POST 5 0.07 50 1.00 10 -

AE 56 POST - - 20 0.20 - 40

GR 57 POST 30 0.40 - - 70 5

IJ 57 POST 25 0.65 - - - 5

MW 57 POST 10 0.15 - - 5 -

PN 58 POST - - 50 1.00 - 50

DL 58 POST 50 0.75 10 0.20 50 5

MH 59 POST 50 0.85 - - - 15

MR 59 POST 50 0.70 20 0.40 - 7

JB 59 POST 40 0.70 - - 60 2

CW 59 POST - - 10 0.15 - 40

CA 59 POST 30 0.60 - - 50 15

RM 59 POST - - - - - 7

RG 59 POST 50 0.70 - - - 5

TP 59 POST 30 0.60 - - 20 2

DM 59 POST 50 0.60 - - 50 -

VB 59 POST 5 0.05 - - 5 -

BP 60 POST 60 1.10 - - - 12

MH 60 POST 60 0.90 - - 90 15

JD 60 POST 50 0.80 - - 60 -

MR 60 POST 20 0.20 - - - 5

JE 60 POST 70 1.40 - - 10 5

MO 60 POST - - 20 0.20 - 5

AD 61 POST 70 1.50 - - 80 -

GJ 61 POST 25 0.40 - - - 12

JW 61 POST 20 0.20 - - 40 -

NR 61 POST - - 70 1.40 - 7

EK 61 POST 60 0.80 - - 90 -

VB 61 POST 20 0.40 - - - 20

MB 61 POST - - - - 10 25
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TABLE 3.2 continued

Patient Age

(Yrs)

Menopausal

Status

ER

(%)

^ER EGFR

(%)
^EGFR PgR

(%)

KI67

(%)

JB 62 POST 50 1.00 50 1.00 100 12

WT 62 POST 80 1.30 - - 50 40

EJ 62 POST 85 1.65 - - 95 5

SH 62 POST 40 0.85 - - 20 8

VA 62 POST 60 1.70 - - 30 15

BJ 62 POST 20 0.20 - - 45 5

ST 63 POST 50 1.30 - - 40 20

H) 63 POST 50 0.85 50 0.50 10 1

DE 63 POST - - 100 2.50 - -

EA 63 POST 60 1.35 - - 70 7

JR 63 POST 80 1.30 - - 100 2

RH 64 POST 25 0.30 - - 90 2

DF 64 POST 80 1.80 - - 20 2

BC 64 POST 60 1.50 - - - 35

MC 64 POST 80 1.50 - - 80 15

EK 64 POST - - - - - 30

FF 64 POST 50 1.15 - - 20 2

EC 64 POST 10 0.10 - - 5 -

HH 65 POST - - - - - 5

AB 65 POST 40 0.50 - - 60 -

MP 66 POST 80 0.80 - - 80 -

JB 67 POST 60 1.05 - - 70 3

MC 67 POST 50 0.75 20 0.40 - 20

WM 67 POST 20 0.20 - - 60 -

OC 67 POST 60 0.70 - - 80 2

MA 67 POST - - 70 0.70 - 40

AS 68 POST 75 1.35 - - 85 7

AT 68 POST 70 0.70 30 0.75 80 1

PJ 69 POST 70 1.10 - - - 5

MD 69 POST 60 0.95 - - 20 10

AP 69 POST 40 0.45 - - 60 20

MT 70 POST 50 0.90 - - - 2

m 70 POST 65 1.25 5 0.10 10 -

MG 71 POST - - 10 0.10 40 8
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TABLE 3.2 continued

Patient Age

(Yrs)

Menopausal

Status

ER

(%)
^ER EGFR

(%)
%GFR PgR

(%)

Ki67

(%)

MD 71 POST 80 1.75 - - 80 2

KM 71 POST 60 1.20 - - 90 25

JJ 71 POST - - 100 2.00 - 7

BR 71 POST - - 10 0.15 - 30

FT 71 POST 10 0.17 - - 50 -

GM 71 POST 50 1.00 - - 60 -

HD 72 POST - - 100 1.00 - 35

m 72 POST 60 0.90 - - - 10

MB 73 POST 50 1.00 - - 60 5

m 73 POST 25 0.38 - - 80 40

MS 73 POST - - 80 0.80 - 40

PG 74 POST 50 0.90 40 0.80 25 25

MW 74 POST 10 0.10 - - 80 -

EA 77 POST 60 1.35 - - - 7

AK 77 POST 60 1.20 - - 60 5

MH 77 POST 40 0.60 - - 40 1

AW 77 POST 50 1.00 - - 60 7

EP 77 POST 10 0.15 - - 40 5

BC 78 POST 60 1.00 - - - 2

RP 78 POST - - 90 2.25 - -

BF 78 POST 40 0.60 - - 70 -

EW 78 POST 10 0.10 - - 10 25

HM 79 POST 30 0.50 - - 20 1

HM 79 POST - - - - 20 40

ER 79 POST 20 0.35 - - - -

MT 79 POST 60 1.05 - - 60 5

HC 80 POST - - 80 1.20 - 20

EJ 81 POST 30 0.45 - - 10 40

FS 81 POST 60 1.20 10 0.10 90 2

EJ 83 POST - - 80 1.60 - 7

(-, negative immunocytochemically)
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TABLE 3.3

Relationship between ER and various prognostic features

ER-ICA Positive ER-ICA Negative P

PATIENT AGE (YEARS)

^59 28 22 f  =  7.8

^60 61 16 p <  0.01

MENOPAUSAL STATUS

Premenopausal 9 7 X ^  =  1.67

Postmenopausal 80 31 p = NS

TUMOUR SIZE (mm)

<20 51 14

2 0 - <50 30 18 X ^  = 3.75

>50 3 2 p = NS

NODAL STAGE

A 44 18

B 31 10 = 1.31

C 9 6 p = NS

HISTOLOGICAL GRADE

1 24 4

2 51 15 X ^  = 16.93

3 14 19 p <  0.001

LYMPHOVASCULAR INVASION 

+ 24 4 X ^  = 3.08

- 38 18 p = NS

PgR-ICA

+ 72 7 X̂  =  44.21

- 17 31 p <  0.001

Ki67 IMMUNOREACnVTTY

0 -1 0 63 17

1 1 -2 9 21 4 X ^  = 28.71

>30 5 17 p <  0.001

(NS = Not significant)
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TABLE 3.4

Relationship between EGFR and various prognostic features

EGFR-ICA Positive EGFR-ICA Negative P

PATIENT AGE (YEARS)

<59 17 33 = 1.30

^60 19 58 p = NS

MENOPAUSAL STATUS

Premenopausal 3 13 X ^  = 0.83

Postmenopausal 33 78 p = NS

TUMOUR SIZE (mm)

< 20 16 49

2 0 - <50 15 33 X ^  = 2.97

>50 2 3 p = NS

NODAL STAGE

A 16 46

B 12 29 = 0.39

C 5 10 p = NS

HISTOLOGICAL GRADE

1 7 21

2 12 54 X ^  = 12.23

3 17 16 p <  0.01

LYMPHOVASCULAR INVASION

+ 6 22 X ^  = 0.75

- 17 39 p = NS

PgR-ICA

+ 11 68 X ^  = 21.41

- 25 23 p <  0.001

Ki67 IMMUNOREACTIVITY

0 -1 0 18 62

1 1 -2 9 5 20 X ^  = 12.44

> 30 13 9 p <  0.01

(NS = Not significant)
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TABLE 3.5

Relationship of ER/EGFR phenotypes to clinical features

MENOPAUSAL STATUS

ER/EGFR phenotypes Premenopausal Postmenopausal

+ / - 9 69
+/+ 0 11

4 9 f  = 5.57
- / + 3 22 p = NS

AGE (YEARS)

ER/EGFR phenotypes ^59 > 60 Kruskal-Wallis
z value

+ / - 24 54 1.87 H = 8.67
+/+ 4 7 0,58 p <  0.05
- / - 9 4 -2 .7 3 X2 = 8.99
- / + 13 12 -0 .6 1 p <  0.05

(NS = Not significant)
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TABLE 3.6

Relationship of ER/EGFR phenotypes to histological features

HISTOLOGICAL GRADE

ER/EGFR phenotypes 1 2 3

+ / - 19 46 13
+/+ 5 5 1

2 8 3 = 27.00
- / + 2 7 16 p <  0.001

NODALSTAGE

ER/EGFR phenotypes A B C

+ / - 38 27 8
+/+ 6 4 1
- / - 8 2 2 X ^  = 2.89
- / + 10 8 4 p = NS

TUMOUR SIZE (mm)

ER/EGFR phenotypes <20 2 0 -< 5 0 ^ 50 Kruskal-Wallis 
z value

+ / - 44 26 3 -1 .6 7 H = 3.88
+/+ 7 4 0 -0 .1 2 p = NS
- / - 5 7 0 0.50
- / + 9 11 2 1.78 Invalid

(NS = Not significant)
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TABLE 3.7

Relationship of ER/EGFR phenotypes to the 
incidence of lymphovascular invasion and 

to PgR and Ki-67 immunoreactivity

PRESENCE (+) OR ABSENCE ( - )  OF LYMPHOVASCULAR INVASION

ER/EGFR phenotypes + —

+ / - 21 34

+/+ 3 4
1 5 = 3.15

- / + 3 13 p = NS

PROGESTERONE RECEPTOR

ER/EGFR phenotypes + — Kruskal-Wallis 
z value

+ / - 63 15 5.18 H = 40.33
+/+ 9 2 0.83 p <  0.001
—/ — 5 8 -2 .0 0 = 47.59
- / + 2 23 -5 .4 1 p <  0.001

Ki-67 IMMUNOREACTIVITY

ER/EGFR phenotypes 0 - 1 0 1 1 - 2 9  ^ 30  Kruskal-Wallis
z value

+ / - 57 16 5 -2 .2 8 H = 12.70
+/+ 8 3 0 -1 .2 7 p <  0.01
—/ — 5 4 4 0.50 X2 =  33.64
- / + 10 2 13 3.31 p <  0.001

(NS -  Not significant)
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CHAPTER 4

DUAL IMMUNOCYTOCHEMICAL ANALYSIS OF 

ER AND EGFR IN TUMOUR CELL LINES AND 

HUMAN BREAST CANCER
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4.1 INTRODUCTION

Whilst it is now established that most breast cancers are either overtly 

ER+/EGFR— or ER—/EGFR+ some express both receptors. Overall, 20% of breast 

cancers fall into this double positive category (literature review). Attempts have been 

made to examine the relationship between ER and EGFR in this group of double 

positive cancers at the individual cellular level by examining serial cross-sections of 

frozen breast cancer alternately stained for ER and EGFR using immunocytochemical 

assays (Toi et al 1989). The results suggested that EGFR was selectively stained on 

ER negative cells and cell groups. However, the technique of taking serial cross- 

section samples is open to the criticism that the same cell or cell groups are not being 

examined in different sections.

To address this issue a dual immunocytochemical assay (D-ICA) which is able 

to stain for both ER and EGFR on a single 5 pm frozen section sample has been 

developed using tumour cell lines. The aims of the cell line studies were twofold. 

Firstly, to develop a dual immunocytochemical assay comparable to single assays of 

proven prognostic significance (McClelland et al 1986; Lewis et al 1990) capable of 

detecting both ER and EGFR on a single 5 pm frozen section sample. Secondly, to 

ascertain if individual cancer cells could co-express, or be constructed to co-express, 

both ER and EGFR.

After refinement, the assay was used to examine human breast cancer samples 

deemed to be positive for both receptors by single immunocytochemical assays to 

examine if co-expression occurred in vivo.

The common abbreviations and formulae for the solutions used are listed in 

Appendices B and C respectively.
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4.2 MATERIALS AND METHODS

4.2.1 Tumour ceU lines

Six tumour cell lines were examined. The human breast cancer cell line MCF-7 

and the epidermoid cancer cell line A431 were kindly supplied by Dr C L Eaton of the 

Tenovus Institute, Cardiff. The human breast cancer cell lines ZR-75-1 and MDA-MB- 

231 and their retrovirally transfected counterparts ZR/HERc and MDA/HEGO were 

kindly supplied as frozen pellets by Dr L C J Dorssers of the Dr Daniel den Hoed 

Cancer Center, Rotterdam.

Three flasks of the human breast cancer cell line MCF-7 were cultured 

simultaneously in RPMI 1640 medium (Gibco BRL, Life Technologies Ltd, Paisley, 

United Kingdom) and 10% foetal calf serum (FCS) in a humidified incubator with 5% 

CO2 at 37®C for two weeks. They were harvested prior to confluence. Three flasks of 

the epidermoid cancer cell line A431 were also cultured simultaneously in DMEM 

(Dulbeccos modified Eagle's medium, Gibco) and 10% FCS in a humidified incubator 

with 5% CO2 at 37®C for one week. ZR-75-1, ZR/HERc, MDA-MB-231 and 

MDA/HEGO cells were maintained in RPMI 1640 medium supplemented with 10% 

heat-inactivated bovine calf serum (HyClone Laboratories Inc. Logan, Ut, USA). The 

culture medium of ZR-75-1 and ZR/HERc cells was supplemented with 1 nM 17/3 

oestradiol (Merck, Darmstadt, Germany). ZR/HERc cells were derived from ZR-75-1 

cells following introduction of human EGFR cDNA (Ullrich et al 1984) utilising a 

retroviral vector (Von Ruden & Wagner, 1988) as previously described (van Agthoven 

et al 1992). MDA/HEGO cells were derived from MDA-MB-231 cells as follows. Half 

confluent cultures of MDA-MB-231 cells were co-transfected with 10 pg of the 

expression vector HEGO containing human ER cDNA (Tora et al 1989) and 1 pg of 

pLN (Miller & Rosman 1989), expression vector for the neomycin resistance gene by 

cationic liposomes (Lipofectin™ Reagent, Gibco BRL). Colonies surviving 1 mg/ml of 

the antibiotic G 418 sulphate (Sigma St Louis, MO, USA) and carrying the intact 

human ER cDNA were expanded to stable cell lines. The cells were harvested using
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0.04% ethylenediamine tetra-acetic acid (EDTA). Aliquots were made immediately 

after harvesting, one consisting of a 50:50 mixture of the MCF-7 and A431 cells. 

These were then immediately centrifuged at 1000 rpm for 4 minutes. The samples were 

resuspended in 1 ml of 0.01 M phosphate buffered saline (PBS) and centrifuged on a 

Jouan Microfuge (Hema-C) for 1 minute. Immediately after removal of the supernatant 

the samples were snap frozen to — 70°C in dry ice. The frozen pellets were placed in 

individual flexible plastic moulds containing OCT and snap frozen to — 70°C in dry 

ice. 5 pm cryostat sections were cut the following day and thaw mounted on to poly- 

L-lysine tissue adhesive coated glass slides and immediately underwent the fixation 

procedures for the subsequent assays. All the samples underwent single ER-ICA, 

single EGFR-ICA and the dual immunocytochemical assay (D-ICA).

4.2.2 Human breast cancer specimens

The tissues used for analysis were obtained from 22 patients who had 

previously been categorised to be positive for ER and EGFR by immunocytochemical 

assay. Of the 22 patients (age range 35-81 years), 9 were pre-menopausal and 13 were 

post-menopausal (Table 4.1). All the samples were obtained from primary breast 

cancer patients undergoing mastectomy or wide local excision or from excision of 

loco-regional recurrences in patients who had not received any form of adjuvant 

therapy and were collected between July 1990 and March 1992.

The samples were snap-frozen within 30 minutes of excision in liquid nitrogen 

or dry ice. They were then placed in individual flexible plastic moulds containing OCT, 

snap frozen to and stored at — 70°C. 5 pm cryostat sections were cut and thaw 

mounted onto poly-L-lysine tissue adhesive coated glass slides and immediately 

underwent either the fixation procedure for the ER-ICA, EGFR-ICA and D-ICA or 

were stained with haematoxylin-eosin for histological examination. All 22 samples 

were deemed histologically assessable on the haematoxylin-eosin preparation. Repeat 

ER-ICA and EGFR-ICA and the D-ICA were performed on all 22 samples.
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4.2.3 ER-ICA

The ER-ICA performed was exactly as described in Chapter 3 using parallel 

control slides of MCF-7 cells supplied with the kit. Using this assay brown nuclear 

staining is observed in ER positive cells.

4.2.4 EGFR-ICA

The EGFR-ICA was identical to that described in Chapter 3 until the addition 

of the chromogen substrate solution. In place of DAB/H2O2 immunoreactivity was 

revealed by incubation with 3-amino, 9-ethylcarbazole (AEC) with H2O2 obtained in 

kit form (Immustain, DPC, Oxfordshire) for 10 minutes. The sections were then 

washed in tap water ( 2 x 5  minutes), counterstained with 1% methyl green (aq) (5 

minutes), washed again in deionised water (1 minute) and immediately coverslipped 

using Aquamount (Gurr, Poole, England).

Inclusion of control slides of breast cancer known to be EGFR positive by both 

ICA and radioligand binding assay enabled inter-assay variations to be monitored. 

Using this assay red membrane-associated and cytoplasmic staining is observed in 

EGFR positive cells.

4.2.5 D-ICA

The D-ICA was developed using the cell lines described. Various fixation 

procedures were attempted to establish which would retain good staining 

characteristics for both ER and EGFR. These included:-

(1) Acetone at RTP (20 minutes).

(2) 5% formaldehyde in PBS at RTP (10 minutes)

(3) 100% ethanol at RTP (10 minutes)

(4) 50:50 chloroform:acetone at 4°C (10 minutes)

(5) The ER-ICA fixation procedure

Of these the ER-ICA fixation procedure was the only method which retained 

the histological structure of the tissue and good staining characteristics of both the ER-
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ICA (brown nuclear staining without cytoplasmic leaking) and the EGFR-ICA (red 

membrane staining often accompanied by cytoplasmic staining). Consequently this 

procedure was adopted for the study. The slides then underwent the sequential steps as 

per the ER-ICA until the incubation with the DAB/H2O2 chromogen substrate 

solution which was applied for 10 minutes. This extended incubation period achieved 

maximal colour production and was followed by washing in deionised water ( 2 x 5  

minutes) and then incubating with 0.5% CUSO4 (2 minutes). Following washing in 

deionised water (5 minutes) and PBS (5 minutes) the sections were blocked using 20% 

NGS and 10% NHS in PBS (30 minutes).

Significant changes were made to the original EGFR-ICA which ensured 

minimal cross reactivity of antisera and maximal specificity of reaction. After removal 

of excess serum, EGFRl at Ipg/ml with 10% NGS and 5% NHS in PBS was added to 

the test slides and mouse anti-sheep erythrocyte antibody (MASE), at a similar 

concentration, was added to the control slides (30 minutes). The EGFRI had been pre

incubated with 3 volumes of NHS and the MASE with 2 volumes of NHS for 30 

minutes prior to final dilutions. The sections were then washed in PBS ( 3 x 5  minutes) 

prior to adding the rabbit anti-mouse peroxidase-conjugated antiserum at 1/100 

dilution in PBS with 10% NGS and 5% NHS (30 minutes). The rabbit anti-mouse 

peroxidase-conjugated antiserum had also been pre-incubated with 3 volumes of NHS 

for 30 minutes prior to final dilution. The remaining steps were as per the EGFR-ICA.

Application of the D-lCA to frozen section samples of human breast cancer 

required minor refinements to that used for the cell line samples which contained no 

stromal components. The EGFRl monoclonal antibody was added at 2 pg/ml with 

10% NGS and 5% NHS in PBS for 60 minutes after pre-incubation with 2.5 volumes 

of NHS for 30 minutes. The rabbit anti-mouse peroxidase conjugated antiserum was 

added at 1/50 dilution with 10% NGS and 5% NHS in PBS for 30 minutes after pre

incubation with 2.5 volumes of NHS for 30 minutes. Finally, the incubation with the 

chromogen AEC was extended to 30 minutes and incubation with CUSO4 during ER 

staining was omitted.
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Parallel control sections using the two control antibodies were run in all D- 

ICAs to check for non-specific staining. Inclusion of control slides of MCF-7 cells 

obtained in the Abbott Kit and the known EGFR positive breast cancer enabled inter

assay variations to be monitored.

4.2.6 Assessment and scoring

The sections were examined using the Olympus BH2 light microscope and 

scored according to the intensity of staining and the proportion of cells stained as 

described in Chapter 3.

Photographs were taken at high magnification to demonstrate the qualitative 

nature of the staining and statistical analyses were performed using Spearman's rank 

correlation.
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4.3 RESULTS

4.3.1 Tumour cell lines

MCF-7 cells

Brown nuclear ER staining was immunolocalised in 30% of MCF-7 cells by the 

ER-ICA. There was marked heterogeneity within this group with 15%, 10% and 5% 

of cells showing staining intensity 1 to 3 respectively. The results were consistent 

between flasks as well as in serial cross section examination. No EGFR staining was 

seen following the EGFR-ICA. The D-ICA also revealed 30% ER staining with no 

EGFR staining. Again the ER staining was heterogeneous with the relative proportions 

being 1 = 5%, 2 = 10% and 3 = 15%. The increased ER staining intensity is 

attributable to the increased DAB incubation period and the addition of 0.05% CUSO4. 

There was no staining in the control slides.

A431 cells

Red cellular membrane EGFR staining was seen in 100% of A431 cells. There 

was little heterogeneity of staining intensity with all cells displaying strong membrane 

reactivity. As with the MCF-7 cells, the results were reproducible between flasks and 

in serial cross section examination. No ER staining was seen following the ER-ICA. 

The D-ICA gave identical results to the single assays in all the cells. There was no 

staining in the control slides.

Mixture o f MCF-7 and A431 cells

10% of tumour cells in the mixture were immunostained by the ER-ICA and 

displayed heterogeneity in staining intensity (1 = 5%, 2 = 3%, 3 = 2%). 70% of the 

mixed cells displayed strong EGFR staining following the EGFR-ICA. The discrepancy 

between the amount of cells mixed and the relative proportions found in the frozen 

sections was attributed to differential centrifugation rates of the two cell types as serial 

cross section examination revealed increasing numbers of MCF-7 cells with a
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concomitant decrease in the A431 cell population. 3 staining patterns were seen in the 

mixture following the D-ICA. 10% of the cells displayed brown nuclear staining alone 

without any leaking into the cytoplasm (ER+/EGFR— MCF-7 cells) comparable to the 

ER-ICA Heterogeneity was again apparent with the relative proportions being 1 = 

2%, 2 = 3% and 3 = 5%. 70% of the cells displayed strong red membrane-associated 

staining alone (ER—/EGFR+ A431 cells) comparable to the EGFR-ICA. 20% of the 

cells did not stain (ER—/EGFR— MCF-7 cells). The 3 groups were readily identified 

due to the colour difference and sites of staining (Plate 4.1). Control slides revealed no 

staining.

ZR-75-1 cells

ER staining was immunolocalised in 60% of ZR-75-1 cells by the ER-ICA. 

Again marked heterogeneity was present with the relative proportions being 1 = 15%, 

2 = 30% and 3 = 15%. No EGFR staining was observed following the EGFR-ICA. 

The D-ICA gave similar results to the single assays with no EGFR staining and 60% 

ER staining. The heterogeneous ER staining pattern was identical to the ER-ICA. 

There was no staining in the control slides.

ZR/HERc cells

60% of ZR/HERc cells displayed brown nuclear staining following the ER-ICA 

in a heterogeneous pattern similar to the ZR-75-1 cells. In addition, 80% of the cells 

displayed red membrane-associated and cytoplasmic staining following the EGFR-ICA. 

This was uniform being weak to moderate in intensity. The D-ICA in the ZR/HERc 

cells gave 3 staining patterns. 20% of the cells displayed brown nuclear staining alone 

(ER+/EGFR—), 40% displayed weak to moderate red membrane-associated and 

cytoplasmic staining alone (ER—/EGFR+) and 40% displayed both weak to moderate 

EGFR staining and variable ER staining (Plate 4.2). The intensity of ER staining was 

not related to the intensity of EGFR staining which was uniform in these ER+/EGFR+ 

cells. There was no staining in the control slides.
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MDA-MB-231 cells

100% of the MDA-MB-231 cells displayed strong uniform EGFR reactivity 

following the EGFR-ICA. No ER staining was immunolocalised by the ER-ICA. The 

D-ICA again gave similar results to the single assays and there was no staining in the 

control slides.

MDAÆIEGO

10% of the MDA-HEGO cells displayed ER staining in a heterogeneous 

manner following the ER-ICA (1 = 3%, 2 = 4%, 3 = 3%). 100% displayed strong 

EGFR reactivity uniformly during the EGFR-ICA. The D-ICA revealed two staining 

patterns. 90% displayed strong EGFR staining alone and 10% displayed strong EGFR 

staining and variable ER staining (1 = 2%, 2 = 3% and 3 = 5%, Plate 4.3). Again no 

relationship between the intensity of ER and EGFR staining was apparent. There was 

no staining in the control slides.

4.3.2 Human breast cancer samples 

ER-ICA and EGFR-ICA

In agreement with the previous ER-ICA results brown nuclear ER staining was 

immunolocalised in all 22 cases. The proportion of ER-ICA positive cells was highly 

variable between patients with positivity ranging from 10% to 90% (mean = 49%, 

Figure 4.1 and Table 4.1). There was marked heterogeneity in ER staining intensity 

between individual cancer cells within a given tumour.

Similarly, red membrane-associated and cytoplasmic EGFR staining was also 

immunolocalised in all 22 cases. Positivity ranged from 2% to 70% (mean = 21%, 

Figure 4.1 and Table 4.1). Heterogeneity between individual cancer cells was less 

apparent than with ER staining. No staining was observed on the control slides in 

either assay.
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D-ICA

Using the dual ER and EGFR assay, the patterns of immunostaining were 

essentially similar to those previously described using the single assay procedures. 

Thus brown nuclear ER staining was immunolocalised in all 22 cases and displayed a 

similar heterogeneous pattern to that seen following the ER-ICA (Plate 4.4) with 

positivity ranging from 10% to 90% (mean 46.5%, Figure 4.1 and Table 4.1). Red 

membrane-associated and cytoplasmic EGFR staining was immunolocalised in 20/22 

(90.9%) cases (Plate 4.5) with positivity ranging from 0% (2 cases) to 80% (mean = 

19.5%, Figure 4.1 and Table 4.1). There was a significant correlation between the 

single and dual assays in determining both the ER content (r§ = 0.801, p < 0.001) and 

the EGFR content (r§ = 0.831, p < 0.001). There was no staining on the control slides. 

Three staining patterns were seen in our samples in the D-ICA.

(1) Brown nuclear staining with no membrane/cytoplasmic staining (ER+/EGFR— 

cells)

(2) Red membrane/cytoplasmic staining with no nuclear staining (ER—/EGFR+ 

cells).

(3) No nuclear or membrane/cytoplasmic staining (ER—/EGFR— cells).

No cells displaying both nuclear and membrane/cytoplasmic staining were 

identified (Plate 4.6). Summation of the proportion of cells expressing either ER or 

EGFR never exceeded 100% in either the single or dual assays for any individual 

patient (Table 4.1).

In this small select group of double positive patients we found no significant 

inverse linear relationship between ER and EGFR in either the single assays (Figure 

4.2, rg = —0.163) or the dual assay (Figure 4.2, r§ = —0.249). With the exception of 

two patients EGFR positivity did not exceed 40%.
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4.4 DISCUSSION

The results presented in this thesis have shown that it is possible to perform a 

dual immunocytochemical assay for ER and EGFR using 2 sequential indirect 

immunoperoxidase systems on a single 5 pm frozen section sample of breast cancer. 

The D-ICA is capable of demonstrating all 4 phenotypes with respect to ER and EGFR 

(ER+/EGFR—, ER—/EGFR—, ER—/EGFR+ and ER+/EGFR+) with levels of 

staining comparable to the single assays in cell lines analysed.

Results derived from MCF-7 and ZR-75-1 cells show these cell lines to be ER 

positive and fail to demonstrate any EGFR reactivity using either the single or dual 

assay systems. Scatchard analysis also failed to identify EGFR on these ZR-75-1 cells 

(van Agthoven et al 1992). Interestingly the percentage of cells which are ER positive 

and their staining intensity is variable with approximately 70% of MCF-7 cells and 

40% of ZR-75-1 cells being detected as ER-ICA negative. The observation that only 

30% of MCF-7 cells display ER positivity in a heterogeneous manner is in 

concordance with previous immunocytochemical studies which have demonstrated that 

the staining intensity and proportion of cells displaying ER positivity increases in 

culture as the cells approach confluence (Bouzubar 1991). The MCF-7 cells used in 

the present study were harvested prior to confluence explaining the low positivity 

value. Indeed the presence of the ER—/EGFR— phenotype is frequently seen in both 

benign and malignant breast tissues which have been categorised as being ER positive 

(Walker et al 1991). It has been suggested that these double negative cells represent a 

resting cell population (Nicholson 1992). Our finding of strong EGFR positivity in 

A431 and MDA-MB-231 cells using both the EGFR-ICA and D-ICA are in agreement 

with previous studies (Wynford-Thomas et al 1986; Lee et al 1990).

The stable transfection of ER positive ZR-75-1 cells with human EGFR cDNA 

and EGFR positive MDA-MB-231 cells with human ER cDNA has produced 

phenotypes which have been shown to express both ER and EGFR using enzyme 

immunoassays (van Agthoven et al 1992). Such cells are now shown by the D-ICA to

135



co-express the two receptor proteins. Even with the transfected cell populations 

neither ER nor EGFR is expressed uniformly. This is possibly explained by cell cycle 

regulation of the ectopically expressed genes or instability of the transfected cell lines. 

Alternatively or in combination, expression of these genes may be at a threshold level 

of detection by ICAs and thus give false negative results.

The introduction of the EGFR cDNA into ER positive ZR-75-1 cells results in 

an altered differentiation state and the development of endocrine independence (van 

Agthoven et al 1992), whilst introducing the ER cDNA into EGFR positive MDA- 

MB-231 cells reduces cell proliferation rates and invasiveness in the presence of 

oestradiol but not in the presence of anti-oestrogens (Garcia et al 1992). These results 

would suggest that factors other than ER are involved in the progression to endocrine 

insensitivity and suggest a possible role for EGFR.

The results of staining for ER and EGFR following the D-ICA in the human 

breast cancer specimens are comparable to those achieved in the two single assays of 

proven prognostic significance (Lewis et al 1990; McClelland et al 1986) with only 

small variations in the proportion of tumour cells being detected as positive. Such 

relatively minor variations may result fi*om observer errors, which are inherent in 

immunocytochemical procedures (McClelland et al 1991) or may be due to tumour 

heterogeneity which is well documented (Walker et al 1988).

Using the dual assay three phenotypes have been observed in this series of 22 

ER positive/EGFR positive samples: ER+/EGFR— cells, ER—/EGFR+ cells and ER— 

/EGFR— cells. Importantly, no ER+/EGFR+ cells were identified, despite the proven 

ability of this assay to detect such cells when they have been artificially constructed by 

transfection procedures. These data suggest that expression of ER or EGFR is 

mutually exclusive within an individual cancer cell in vivo, a conclusion which is 

supported by studies examining the expression of these receptors in serial cross-section 

analysis (Toi et al 1989). An alternative explanation is that ER+/EGFR+ cells were not 

detected because of the relatively small number of cases examined. However, it is 

difficult to collect large numbers of double positive tumours as these represent
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between only 4% (Bilous et al 1992) to 37% (Bevilacqua et al 1990) of primary breast 

cancers using immunocytochemical analysis.

Significantly, it is now well established that oestrogen binding to ER initiates 

the transcription of various mRNAs, including transforming growth factor-alpha 

(TGF-a), a ligand for EGFR (Lipmann & Dickson 1989). Since TGF-oVEGFR binding 

causes downregulation of EGFR by means of receptor internalisation (DeLarco & 

Todaro 1980), the induction of TGF-a in ER positive tumours would tend to suppress 

EGFR levels. Certainly, EGFR content is higher in the ER negative tumours (Bolufer 

et al 1990) and the present study has shown that in 20/22 cases (90.9%) EGFR 

expression was 40% or less in these double positive tumours.

In addition to the ER+/EGFR— and ER—/EGFR+ phenotypes the current 

study has also identified the presence of ER—/EGFR— cells in human breast cancer. 

Such cells were also observed our in vitro studies and may be a consequence of ER 

being a cell cycle related product (Bouzubar 1991). Previous cell culture studies have 

shown that MCF-7 cells in Gq are frequently ER negative and are only induced to 

express ER as they progress through the cell cycle (Bouzubar 1991). Thus, although 

these cells are immunocytochemically ER negative, they are capable of expressing ER 

given appropriate growth conditions. The results presented in this thesis would suggest 

that ER+/EGFR— and ER—/EGFR+ cells form two distinct populations within an 

overtly ER positive/EGFR positive tumour. These may be derived from different cell 

types representing separate clonal populations. Alternatively, given appropriate growth 

conditions one phenotype may progress to the other by epigenetic mechanisms as 

previous studies on clinical specimens have shown gene amplification with or without 

rearrangement to be a relatively rare event in determining ER or EGFR expression (Ro 

et al 1988; Watts et al 1992). The results suggest that this would be an "all or none" 

phenomenon rather than a gradual transition with a phase of co-expression of the two 

receptors as no double positive cdls were identified in the breast cancer samples.

Although, as yet, no single robust theory has evolved to fully explain the 

inverse relationship found between ER and EGFR the D-ICA has contributed to our
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understanding of how these receptors behave at the individual cellular level. If, as the 

data presented in this thesis suggests, separate populations of ER+/EGFR— and ER— 

/EGFR+ cells co-exist in ER positive/EGFR positive breast cancers then one 

population may evolve at the expense of the other given appropriate growth 

conditions. Certainly it is evident that the emergence of wholly ER—/EGFR+ tumours 

heralds a poor outlook for the breast cancer patient with poor response to endocrine 

measures (Nicholson et al 1990).
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PLATE 4.1

Result of the D-ICA in the mixture of A431 and MCF-7 cells

Three different phenotypes were observed following the D-ICA on the mixture 
of A431 and MCF-7 cells. ER+/EGFR- cells (a, MCF-7 cells), ER /EGFR 
cells (b, MCF-7 cells) and ER-/EGFR+ cells (c, A431 cells).

(1400x original magnification).
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PLATE 4.2

Result of the D-ICA in the ZR/HERc cells

The transfected ZR/HERc cells reveal the fourth phenotype (ER+/EGFR+).
(1400% original magnification).
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PLATE 4.3

Result of the D-ICA in the MDA/HEGO cells

The transfected MDA/HEGO ceils also demonstrate the ER+/EGFR+ phenotype. 
(1400x original magnification).
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PLATE 4.4

An example of ER+/EGFR- cells following the D-ICA in a
human breast cancer specimen

-r-; *

(1400% original magnification).
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PLATE 4.5

An example of ER-/EGFR+ cells following the D-ICA in a
human breast cancer specimen

(1400x original magnification).
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PLATE 4.6

An example of ER+/EGFR- cells and ER-/EGFR+ cells
following the D-ICA in a human breast cancer specimen

Separate groups of ER+/EGFR- (a) and ER-/EGFR+ (b) cells are observed 
in a frozen section sample of human breast cancer.

(1400% original magnification).
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FIGURE 4.1 

ER and EGFR levels in the dual and single ICAs
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FIGURE 4.2

The relationship between ER and EGFR expession in both 
the dual and single ICAs

100 

90 

80 

70  

60 

50 

40  

30 

20 

10 

0

> -

>

W
O
CL

o
HI 3 •

0 10 20 30 40  50 60 70 80 90 100

ER POSITIVITY (%)

Relationship between ER and EGFR in the single assays

is
>-

#-
CO
O
CL

o
LU

100

90

80

70

60

50

40

30

20

10

0
•  2

0 10 20 30 40  50 60 70  80 90 100

ER POSITIVITY (%) 

Relationship between ER and EGFR in the D-ICA

146



TABLE 4.1

Patient details and results of ICAs in the breast cancer specimens

Case Age

(Years)

Menopausal

status

ER

(%)

EGFR

(%)

Dual Assay 

ER

(%)

EGFR

1 35 PRE 50 30 50 20

2 36 PRE 65 30 60 30

3 40 PRE 30 10 30 5

4 43 PRE 50 30 30 20

5 43 PRE 40 10 70 10

6 43 PRE 40 10 30 10

7 45 PRE 60 5 70 5

8 45 PRE 20 5 30 10

9 48 PRE 10 10 20 0

10 52 POST 30 60 20 30

11 58 POST 50 10 50 5

12 59 POST 90 5 90 5

13 59 POST 50 10 50 40

14 61 POST 50 10 50 10

15 61 POST 30 70 20 80

16 62 POST 60 5 60 5

17 63 POST 60 40 40 50

18 65 POST 50 20 50 20

19 67 POST 50 30 50 20

20 72 POST 80 20 80 20

21 74 POST 50 40 50 30

22 81 POST 60 2 60 0
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CHAPTER 5

MEASUREMENT OF mRNA LEVELS OF ER AND EGFR 

IN HUMAN BREAST CANCER
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5.1 INTRODUCTION

In vitro studies of the mRNA levels of ER and EGFR have revealed an inverse 

relationship between the two gene transcripts (Lee et al 1990). Furthermore, 

reciprocal transcriptional modulation of ER and EGFR has been demonstrated when 

T-47D and MCF-7 breast cancer cell lines are treated with either progestins, 12-0- 

tetradecanoylphorbol-13-acetate or sodium butyrate (Murphy et al 1988; Alexander et 

al 1990; Lee et al 1989; de Fazio et al 1992). These studies would suggest that the 

inverse relationship between ER and EGFR is determined by regulation of one 

receptor gene by the product of the other and/or reciprocal control by a common 

regulator which has opposite effects on the two receptors at the transcriptional or 

posttranscriptional level (Lee et al 1990).

In contrast to in vitro studies there is less information available examining the 

mRNA levels of these two receptors in breast cancer in vivo. This may be explained, to 

a large degree, by the difficulties in preserving mRNA from solid cancers. Analysis of 

ERmRNA has revealed a significant correlation with protein levels suggesting that ER 

expression is determined by transcriptional modulation (Barrett-Lee et al 1987; Henry 

et al 1988; May et al 1989). Analysis of EGFRmRNA in breast cancer has revealed 

this gene transcript to be present in 42% (Travers et al 1988), 46% (Guerin et al 1989) 

and 55% (Barrett-Lee et al 1990) of breast cancers using Northern blotting and 

slotting techniques and in 72% (Bilous et al 1992) using in situ hybridisation. In 

selected patients EGFRmRNA was found to correlate with EGFR expression as 

measured by radioligand binding assays (Guerin et al 1989) and immunocytochemistry 

(Travers et al 1988; Barrett-Lee et al 1990). However in a complete study, in which 

all 47 patients were assessed using in situ hybridisation and immunocytochemistry, 

EGFRmRNA was found to be present in as many EGFR negative tumours as in EGFR 

positive tumours (36%, Bilous et al 1992). The conclusions to be derived from these 

studies are that in situ hybridisation is a more sensitive technique than either 

immunocytochemistry or Northern analysis and that EGFR expression is determined 

primarily by transcriptional modulation. Alternatively, if in situ hybridisation is not a
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more sensitive technique then translational events or posttranslational protein stability 

may be important in determining EGFR expression in some breast cancers.

To date, no groups have specifically examined the relationship between the 

mRNAs of these two receptors in clinical specimens. This issue has been addressed in 

the work presented in this thesis.

A full list of the abbreviations and formulae for the solutions used is given in 

Appendices B and C respectively.
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5.2 MATERIALS AND METHODS

RNA is very susceptible to degradation not only by endogenous RNAases 

within the tissue sample but also by plasticizers possessing RNAase activity in the 

consumables used. The former can be limited by snap feezing the samples as soon as 

possible after excision and storing at —70°Ç prior to nucleic acid extraction. In order 

to minimise the latter, all consumables were treated in 0.1% DEPC treated water at 37 

°C for 16 hours prior to being autoclaved at 10 psi at 110°C for 30 minutes. This 

inactivates most, though not all, RNAase activity (Sambrook et al 1989). In addition 

all the solutions used contained sterilised 0.1% DEPC treated water.

5.2.1 Patients

In 67 cases of the original 127 described in Chapter 3, samples of sufiQcient size 

were obtained to allow tissue to be saved for molecular biological analysis. The 

specimens were stored at — 70°C until the extraction of the nucleic acids.

5.2.2 Tumour cell lines

The cell lines MCF-7 and A431 were grown to confluence in the media 

described in Chapter 4 prior to extraction of nucleic acids.

5.2.3 Extraction and purification of total RNA

Extraction o f total RNA

The guanidinium isothiocyanate (GIT) method of nucleic acid extraction was 

employed as it isolates both the total RNA and the DNA (Sambrook et al 1989).

The frozen samples of breast cancer are individually placed in 4 ml of GIT 

homogenisation buffer in sterile Universal containers at room temperature. The cells 

are lysed in GIT using a tissue homogeniser at 1000 rpm (Polytron, Northern Media 

Supply Ltd, North Humberside). After each use, the Polytron blade was washed in 

sterilised DEPC treated water ( 3 x 5  minutes), then flame sterilised using absolute
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ethanol. In the case of the cell lines, the culture medium was poured off the confluent 

cells and 4 ml of GIT added directly to the tissue culture flasks. The cell lysis in GIT 

was aided by gentle agitation and the lysates were then transferred to Universal 

containers. The Polytron has the added advantage of shearing the DNA. 10% sodium 

lauryl sarcosinate is then added to the lysate to a final concentration of 0.5% (200 pi) 

and mixed by gentle shaking. The sodium lauryl sarcosinate is used as a detergent in 

preference to 0.1% SDS as the latter is insoluble in concentrated salt solutions 

(Sambrook et al 1989). The samples are left to stand at 4°C for 10 minutes then 

centrifuged with swing out buckets at 5000 g  for 10 minutes at RTF (Mistral 2000, 

MSE, UK). The supernatant is removed fi-om the cell membrane debris and carefully 

layered onto a 4 ml cushion of 5.7 M caesium chloride in 0.01 m EDTA (pH 7.5, 

CsCl) in polyaUomer ultracentrifuge tubes (Kontron Instruments, Milan, Italy). The 

samples are balanced to within 5 mg using paraffin oil and centrifuged at 100,000 g  for 

16 hours using the Sorvall TH641 swing out bucket head (DuPont (UK) Ltd, Herts) in 

the OTD65B Sorvall^ ultracentrifuge (DuPont (UK) Ltd, Herts) at 18 - 22°C.

Following ultracentrifugation the RNA forms a pellet in the bottom of the tube, 

the DNA forms a band in the CsCl whilst the proteins remain in the aqueous GIT 

portion (Figure 5.1). The GIT solution is carefully removed and discarded. The DNA 

is removed with a large bore pipette, its presence being apparent by the increased 

viscosity, and undergoes the purification steps described in Chapter 6. This leaves a 

pellet of total RNA in a small amount of CsCl at the bottom of the tube.

Purification

Following removal of the DNA the ultracentiiftige tubes are cut 1 cm from the 

bottom using a red hot razor. Excess CsCl is carefully removed with a fine bore pipette 

and the ultracentrifuge tube remnant overturned for 30 seconds to allow further CsCl 

to drain off. The RNA pellets are then washed twice with 70% ethanol in DEPC 

treated water ( 2 x 1  minute) and allowed to air dry for 1 minute. The pellets are 

resuspended in 200 pi of 1 x TE with 0.1% SDS and transferred to eppendorf tubes

152



kept on ice. A further 50 pi of 1 x TE with 0.1% SDS is used to resuspend any 

remaining RNA in the bottom of the ultracentrifuge tube and also transferred to the 

eppendorf tube. The RNA is reprecipitated by adding 1/10 volume of 3 M sodium 

acetate (pH 5.2, 25 pi) and 3 volumes of ice cold absolute ethanol. The eppendorf 

tubes are left to stand in ice for 30 minutes followed by centrifugation at 12,000 g  for 

10 minutes at 4°C (Biofuge 13, Heraeus, Germany). The RNA again forms a pellet 

and, after removal of the supernatant, is washed in 70% ethanol in DEPC treated water 

for 1 minute and briefly centrifuged. After removal of the 70% ethanol the pellet is 

allowed to air dry for 10 minutes followed by resuspension of RNA in 100 pi of DEPC 

treated water. The eppendorf tubes are kept on ice and 10 pi aliquots removed for 

assessment of purity and yield. 1/10 volume of 3 M sodium acetate and 3 volumes of 

ice-cold absolute ethanol are added to the remaining 90 pi and they are then stored at 

—70°C until required for analysis.

The 10 pi aliquots are made up to 1 ml with DEPC treated water and analysed 

on a spectrophotometer at wavelengths of 260 nm and 280 nm (M330 UV-Visible 

Spectrophotometer, Cam Spec, Cambridge). The purity of the RNA is given by the 

ratio of the 260 nm reading over the 280 nm reading. A ratio of 2 indicates pure RNA, 

ratios below this indicate protein contamination, whilst higher ratios indicate the 

presence of salts (Sambrook et al 1989). The concentration of RNA in the original 100 

pi of DEPC water is derived by the formula:-

Concentration (pg/ml) = OD (260nm) x 100 x 40 (Sambrook et al 1989).

The remaining RNA (in 90 pi DEPC water) is therefore given by the formula:-

RNA (pg) = Concentration Tpg/mll x 90

1000

Prior to use in Northern blotting and slotting the RNA is pelleted by
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centrifugation at 12,000 g  for 10 minutes at 4°C and resuspended in DEPC treated 

water at 1 pg/pl. After removal of the required quantity the remaining RNA is 

reprecipitated using 1/10 volume of 3 M sodium acetate and 3 volumes of ice-cold 

absolute ethanol prior to storage at —70°C.

5.2.4 ERcDNA probe (HEO)

The 1.8 kb HEO cDNA probe consists of the entire open reading frame of the 

human ER and includes 12 nucleotides upstream of the ATG codon and 11 nucleotides 

downstream of the TGA stop codon (Kumar et al 1986). It was kindly supplied 

inserted in pSGl plasmid vector with EcoK\ cut sites in transformed E coli by Dr S 

Green of the ICI Laboratories (Alderley Edge, UK).

Growth o f transformed E coli

Transformed E coli are grown on TY agar in sterile petri dishes at 4°C for 28 

days. A large bacterial colony is then removed using a sterile pipette tip and transferred 

to a sterile glass bottle containing 2 ml of L-broth and incubated for 1 day at 37°C in 

an orbital shaker (Cooled orbital incubator, Gallenkamp, UK).

Plasmid Preparation

Following growth in L-broth a 1.5 ml aliquot is removed and placed in an 

eppendorf tube which is centrifuged at 3000 rpm for 10 minutes at RTF (Biofuge 13, 

Heraeus, Germany). Following centrifugation the supernatant is removed leaving the 

bacterial pellet as dry as possible. The bacteria are lysed using the alkali method as 

described by Sambrook (Sambrook et al 1989). The bacterial pellet is resuspended in 

200 pi of ice-cold Solution I and vigorously vortexed to ensure complete dispersion. 

Then 400 pi of freshly prepared ice-cold Solution II is added and the contents mixed 

by inverting the tube rapidly five times. Solution II disrupts the bacterial cell 

membrane, degrades RNA and denatures proteins, and the SDS it contains coats large 

molecules sparing the small plasmid DNA. The tube is stored on ice and 300 pi of ice-
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cold Solution HI is added. Solution III makes the contents acidic leading to irreversible 

dénaturation and the potassium it contains causes precipitation of the large SDS coated 

molecules. The tube is gently vortexed in an inverted position for 10 seconds to 

disperse Solution III through the viscous bacterial lysate and then stored on ice for 3 to 

5 minutes. The tubes are then centrifuged at 12,000 g  for 5 minutes at 4°C (MR1812 

Microfuge, Jouan, France) and the supernatant transferred to a fresh tube. The double

stranded DNA is precipitated by adding 2 volumes of absolute ethanol at room 

temperature and the tube is then allowed to stand for 2 minutes at room temperature 

after which it is centrifuged at 12,000 g  for 5 minutes at 4°C (MR1812 Microfuge, 

Jouan, France). The supernatant is discarded and the plasmid DNA pellet resuspended 

in 500 |il of distilled water. An equal volume of 1:1 phenol:chloroform is added and 

the tube contents mixed by vigorous vortexing for 3 to 5 minutes. The tube is 

centrifuged at 12,000 g  for 5 minutes at 4"̂ C (MR1812 Microfuge, Jouan, France) 

following which the upper colourless aqueous phase containing the plasmid DNA is 

carefully removed and transferred to a fresh tube. The DNA is precipitated by the 

addition of 1/10 volume of 3 M sodium acetate (pH 6) and 2 volumes of ice-cold 

absolute ethanol and stored overnight at —20°C. The plasmid DNA is then pelleted by 

centrifugation at 12,000 g  for 10 minutes at 4°C (MR1812 Microfuge, Jouan, France) 

and the supernatant discarded. The pellet is vacuum dried for 20 minutes (SpeedVac 

Concentrator, Stratech Scientific, London) and then resuspended in 400 pi of distilled 

water. A 10 pi aliquot is removed and made up to 1 ml with water for 

spectrophotometer analysis of purity and concentration (M330, UV-visible 

Spectrophotometer, Cam-Spec, Cambridge). Optical density readings are taken at 260 

nm and 280 nm, a ratio of 1.8 (260nm/280nm) indicates pure DNA (Sambrook et al 

1989). The concentration in the original 400 pi is given by the formula:-

Concentration pg/ml = OD (260 nm) x 50 x 100 (Sambrook et al 1989)

The remaining 390 pi of plasmid DNA in distilled water is then stored at — 20°C.
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Testing the restriction digestion and excising the insert

In order to check that adequate restriction enzyme digestion occurs 3 aliquots 

of plasmid solution are examined (Plate 5.1). The solutions added were obtained from 

Northumbria Biologicals, Cramlington, UK.

A 2 pi of plasmid solution is made up to 20 pi with water

B To 10 pi of plasmid solution is added:-

2 pi of 10 X Buffer 6

1 pi of RNAase 1 

7 pi of water

C To 10 pi of plasmid solution is added:-

2 pi of 10 X Buffer 6

1 pi of Ec6R\ restriction enzyme 

1 pi of RNAase 1 

6 pi of water

The samples are incubated at 37°C for 2 hours during which a 1% agarose gel 

is made up as follows. 0.6 g of agarose (SeaKem^ LE Agarose, Flowgen Instruments 

Ltd, Kent) is added to 60 ml of 1 x TBE and dissolved by microwaving. When this has 

cooled to 60 °C 6 pi of ethidium bromide (5 pg/ml) is added and the gel poured. 

Ethidium bromide is a powerful mutagen and is moderately toxic (Sambrook et al 

1989), therefore gloves must be worn when working with solutions containing this dye 

and, after use, these solutions must be decontaminated as described in Appendix C.

Following incubation, 2 pi of bromophenol blue are added to each sample 

which is then loaded into the gel along with a lane containing 4 pi of reference DNA 

markers (1 kb DNA ladder, BRL, Life Technologies Inc, Middlesex) in 4 pi of water 

and 2 pi of bromophenol blue. The DNA is size fractionated by running the gel with
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0.5 X TBE running buffer at 25V for 3 hours. Following electrophoresis the gel is 

checked by UV transillumination (UV transilluminator, Genetic Research 

Instrumentation, Essex). Once adequate restriction digestion has been confirmed (C, 

Plate 5.1), further aliquots are treated in the same manner and electrophoresed in a 1% 

low melting point agarose gel (Sea Plaque^ GTC Agarose, FMC BioProducts, 

Rockland USA) containing ethidium bromide at 15V for 6 hours on ice. The inserts are 

then cut out of the gel and are stored at — 20°C in eppendorf tubes.

Purification o f the insert

The gel containing the insert is freeze fractured in liquid nitrogen prior to 

adding 200 pi of 1 x TE. This is transferred to a milhpore centrifugal filter unit 

chamber containing 0.45 pm pores and centrifuged in an eppendorf tube at 13,000 rpm 

for 10 minutes (Biofuge 13, Heraeus, Germany). A further 100 pi of 1 x TE is added 

to the millipore chamber and the tube centrifuged again at 13,000 rpm for 10 minutes. 

The millipore chamber is discarded and an equal volume of 1:1 phenol: chloroform 

added. Following vortexing and brief centrifugation for 20 seconds the upper aqueous 

phase is carefully removed and 2 pl/ml of dextran, 1/10 volume of 3 M sodium acetate 

(pH 5.6) and 2 volumes of ice-cold absolute ethanol added prior to overnight storage 

at — 20°C. The DNA is then pelleted by centrifugation at 13,000 rpm for 15 minutes at 

4°C and washed with 70% ethanol for 1 minute after removal of the supernatant. The 

tube is then recentrifliged at 13,000 rpm for 5 minutes, the supernatant discarded and 

the pellet allowed to air dry for 30 minutes prior to resuspension in 25 pi of distilled 

water. The contents of several tubes are then pooled, mixed, and a 10 pi aliquot 

removed for spectrophotometric analysis of purity and yield. Once the yield has been 

calculated the DNA is reprecipitated using 1/10 3 M sodium acetate and 2 volumes of 

ice-cold absolute ethanol, pelleted and made up to a concentration of 25 ng/pl ready 

for use in the subsequent labelling reactions. In order to confirm the correct size of 1.8 

kb, 100 ng of the insert is electrophoresed along with DNA reference markers in a 

0.8% agarose gel at 90V for 90 minutes in 1 x TBE running buffer (Minigel box, BRL,
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Life Technologies, Inc, UK) and viewed after ethidium bromide staining with a UV 

transilluminator. The probe is stored at — 20°C.

5.2.5 EGFRcDNA probe (HER-A64-1)

The 1.838 kb HER-A64-1 cDNA probe is an Ec6R\ subclone of the HER-A64 

cDNA originally described (Ullrich et al 1984). It encodes for most of the external 

domain, the transmembrane domain and a small part of the cytoplasmic domain (Lee et 

al 1988) and was kindly supplied ligated in pUC13 plasmid vector with EcoKl cut 

sites by Dr C L Eaton (Tenovus Institute, Cardiff).

The testing of restriction enzyme digestion and excision and purification of the 

insert was carried out exactly as described for the HEO probe.

5.2.6 jS-Actin genomic DNA probe (pHA4.1)

The 4.1 kb genomic DNA pHA4.1 probe (Khalili et al 1983) was kindly 

provided at 25 ng/pl by Dr R A Padua (Leukaemia Research Fund, Department of 

Haematology, University of Wales College of Medicine, Cardiff).

5.2.7 Probe labelling reaction

Labelling of all 3 probes was achieved by the use of reagents obtainable in kit 

form (Prime-a-Gene^ System, Promega Corporation, Madison, USA) employing the 

random primer method (Feinberg and Vogelstein 1983). The probe is denatured by 

heating at 95-100°C for 2 minutes and then rapidly chilled in ice. The following 

reagents are then added sequentially into an eppendorf tube on ice with final 

concentrations in parentheses. 29 pi sterile water, 10 pi 5 x labelling buffer, 2 pi of a 

mixture of dATP, dGTP and dTTP (20 pM each), 1 pi of denatured probe template 

(500 ng/ml), 2 pi nuclease-fi’ee BSA, 5 pi dCTP (333 nM, Amersham

International pic, UK) and 5 units of Klenow DNA polymerase. After gentle mixing 

the reaction tube is incubated at room temperature for 1 hour. The reaction is then 

terminated by heating to 95-100°C for 2 minutes and subsequently chilling in ice. 2 pi
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of 0.5 M EDTA (pH 8.0) is added and the reaction volume made up to 100 pi with 1 x 

TE. After gentle mixing, a 3 pi aliquot sample is removed for scintillation counting. 

Unincorporated label is then removed by centrifugation of the remainder through a 

Sephadex G50 column at 1600 rpm for 4 minutes (Mistral 200, MSE, UK). A 3 pi 

aliquot of the eluted sample is also removed for Cerenkov counting in the channel 

on the 1215 Rackbeta II, hquid scintillation counter (Wallac Oy, Finland) which 

measures counts with 30% efficiency. The percentage incorporation is derived by the 

formula:-

% Incorporation = Counts after elution x volume of elute
Counts pre-elution

The total number of incorporated counts or disintegrations per minute (dpm) 

available for hybridisation is derived by the formula:-

dpm = 100 X counts after elution x (volume of elute -3) pi

30 X 3 pi

Only reactions with greater than 30% (a-^^p) dCTP incorporation were used 

immediately in the subsequent hybridisation reactions.

5.2.8 Northern blotting

Size fractionation of total RNA by electrophoresis though formaldehyde gels 

enabled the specificity of our probes to be assessed. mRNA represents only 1-5% of 

total RNA in mammahan cells (Sambrook et al 1989) and Northern hybridisation can 

detect abundant mRNAs (0.1% or more of the mRNA population) using 10-20 pg of 

total RNA (Sambrook et al 1989). For detection of rare mRNAs either poly(A)"""RNA 

should be examined or more sensitive techniques such as RNA slot or dot blotting 

should be employed. Northern blotting enabled us to determine the exact treatments 

required for the filters to maintain specific signal but lose non-specific probe binding.
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Gel electrophoresis

A formaldehyde containing 1% agarose gel is prepared by melting 0.775 g of 

agarose (Ultrapure, BRL, Life Technologies Inc, USA) in 73.3 ml of 1 x MOPS in a 

microwave oven. After allowing cooling to 60°C, 4.17 ml of 37% formaldehyde is 

added and gently mixed. The gel is then poured into a midigel box (Sa-PHOR 

horizontal gel electrophoresis system, Scotlab, Scotland) in a chemical hood and 

allowed to set for 30 minutes before being submerged in 1 x MOPS gel running buffer. 

20 pg ahquots of RNA at 1 pg/pl in DEPC-treated water are removed and dried on a 

rotary evaporator (SpeedVac Concentrator, Stratech Scientific, London) for 30 

minutes. The dried samples are resuspended in 25 pi of Northern gel loading buffer 

and incubated at 55 °C for 15 minutes in a water bath. After chilling on ice and 

centrifugation for 5 seconds to deposit all of the fluid in the bottom of the microfuge 

tubes 5 pi of Northern gel loading dye is added and the samples loaded into the gel 

lanes. The samples are run into the gel at 60V followed by electrophoresis at 25V until 

the bromophenol blue has migrated 10 cm (approximately 16 hours). During the run 

the gel running buffer is constantly recirculated using a pump. The gel is then stained 

with ethidium bromide (5 pg/ml in distilled water) for 5 minutes, destained by washing 

twice in distilled water for 10 minutes and photographed under UV illumination using 

a Polaroid DS34 camera with a DS H-13 hood (Genetic Research Instrumentation Ltd, 

Essex; Plate 5.2). The distances travelled by the 28S and 18S ribosomal RNA bands 

which represent 80-85% of total RNA (Sambrook et al 1989) are measured and used 

as reference molecular weight markers. The gel is then finally washed in 10 x SSC for 

10 minutes at RTP prior to transfer to a nylon membrane.

Transfer o f RNA to nylon membranes

The RNA is transferred to a nylon membrane using capillary elution (Sambrook 

et al 1989). A standard blot apparatus is set up as shown in Figure 5.2.

A glass dish is partially filled with 10 x SSC and a glass plate is placed across 

the top of 4 rubber supports. 2 large pieces of 3 mm Whatman's chromatography paper
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(Whatman, Maidstone) soaked in 10 x SSC are placed on the glass plate with the ends 

entering the reservoir of SSC to act as wicks. The gel is placed face down on the paper 

with the portion containing the wells removed.

A nylon filter (Hybond-N, Amersham, UK) soaked in 10 x SSC followed by 

three 3 mm Whatman's chromatography paper all cut exactly to the size of the gel are 

then placed on the gel. At each stage any air bubbles are removed using a glass rod. A 

stack of paper towels approximately 10 cm thick is then applied and weighted down 

with a glass plate and a 500 g weight. Saran Wrap is appHed to the large pieces of 

Whatman's paper around the gel to prevent bypassing of the SSC solution into the 

papers above.

The transfer is left overnight (or for a minimum of 12 hours) after which the 

nylon filter is removed and fixed.

Fixation o f RNA to nylon filters

The RNA is fixed by baking the nylon filter at 80°C for 10 minutes followed by 

exposure to UV light at 302 nm for 5 minutes. The filter can be used immediately in 

hybridisation reactions or can be stored at 4°C wrapped in Saran Wrap.

Hybridisation and autoradiography

In order to minimise non-specific and background staining the filters are 

prehybridised for 2 hours at 45°C using 10 ml of Northern hybridisation solution in a 

hybridisation oven (Techne Hybridiser HB-ID, Scotlab, UK). Following removal of 

hybridisation solution, 10 ml of fresh hybridisation solution containing radioactive 

labelled probe at 5 x 10^ dpm/ml is added and then incubated at 45 °C overnight (or 

for a minimum of 16 hours).

After hybridisation the filters were washed at low stringency using 2 x SSC 

with 0.1% SDS twice for 30 minutes at 45°C. The filters were then washed at high 

stringency using either 0.2 x SSC/0.1% SDS or 0.1 x SSC/0.1% SDS for varying times 

at between 45 °C and 65 °C to assess the optimal requirement for each probe which
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retained specific signal but lost non-specific and background signal.

Following the stringency washes autoradiographs were established by exposing 

the filter to X-ray film (Fuji Medical X-ray Film, Fuji Photo Film Company Ltd., 

Japan) at — 70°C with an intensifying screen for varying lengths of time. The 

autoradiographs were developed on an autoradiograph developer (Gevamatic 60, 

Agfa-Gevaert, Germany).

Filter wash and reprobing

Probed filters were washed by pouring 0.1% SDS solution at 100°C onto the 

filter and allowing to cool to room temperature on an orbital shaker (The Belly 

Dancer, Scotlab, UK). The filters were exposed to X-ray film at — 70®C to ensure 

complete probe removal prior to storage at 4°C or reprobing.

5.2.9 RNA slot blotting

RNA slot blotting is a more sensitive method of detection of mRNAs than 

Northern blotting. It is possible to detect mRNAs that are present at approximately 5 

copies/cell if 20 pg of total RNA is applied to a single slot (Sambrook et al 1989). 

Furthermore commercial slotting manifolds have been designed to accept a large 

number of samples and to deposit the nucleic acids onto nylon membranes in a fixed 

pattern that allows the results to be quantified by scanning densitometry (Sambrook et 

al 1989).

Slot blotting o f filter

Two series of filters were prepared. In 61 cases serial dilutions containing 4 pg, 

2 pg and 1 pg of RNA were slotted. In 39 of these cases the RNA yield was sufficient 

to allow a second series of filters to be prepared loading 20 pg, 10 pg and 5 pg of 

RNA.

The stored RNA samples were reprecipitated by centrifugation at 12,000 g  for 

10 minutes at 4°C, washed with 70% ethanol in DEPC treated water for 1 minute,
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briefly centrifuged and allowed to air dry for 10 minutes. The samples were 

resuspended in DEPC treated water at a concentration of 1 pg/pl for the first series of 

filters loading 1 to 4 pg of RNA and 2 pg/pl for the second series using 5 to 20 pg of 

RNA.

Appropriate aliquots are removed and vacuum dried. 12.5 pi of DEPC treated 

water is added to the RNA pellets followed by the addition of 37.5 pi of RNA slotting 

buffer (Amersham, UK). The samples are then incubated at 65 °C for 5 minutes in a 

water bath and chilled on ice prior to brief centrifugation to deposit the solution in the 

bottom of the tube and addition of 50 pi of ice-cold 20 x SSC.

The slot blot apparatus was prepared by fitting 3 precut pieces of 3 mm 

Whatman's chromatography paper and precut Hybond-N all soaked in 20 x SSC on the 

lower suction block (Manifold II, Schleicher and Schuell, Germany). The upper Lucite 

block containing the slots is then clamped into position on top of the Hybond-N and 

the RNA loaded. A gentle vacuum is applied until the solutions containing RNA 

disappear fi-om the slots.

All the filters prepared contained slots with the appropriate quantities of MCF- 

7 and A431 cell RNA to allow inter-filter variations to be monitored.

The filters were fixed immediately as described for Northern blotting and 

stored wrapped in Saran Wrap at 4°C.

Hybridisation and autoradiography

The hybridisation reactions performed for each probe were as described for 

Northern blotting. Following the results of Northern blotting the optimal stringency 

conditions used were two 30 minute low stringency washes in 2 x SSC/0.1% SDS at 

45 °C and one high stringency wash in 0.2 x SSC/0.1% SDS at 45 °C for 20 minutes 

for all 3 probes. Importantly, during hybridisation, all the filters in each series were 

placed in one reaction tube in the hybridisation oven to ensure identical hybridisation 

conditions.

The filters were probed sequentially, with intervening autoradiograph

163



development and probe washing, with the HEO and HER-A64-1 cDNA and the 

pHA4.1 genomic DNA probes. Following each hybridisation reaction all the filters 

from each series were placed together in a single X-ray cassette with intensifying 

screens for exposure to Fuji Medical X-ray film at — 70°C to ensure identical 

conditions.

Quantification o f KNA

The autoradiographic signals were quantified using a scanning densitometer 

(Model 620, Videodensitometer with Bio-Rad 1-D Analyst (1987) Software, Bio-Rad, 

UK). This instrument was first calibrated using freshly prepared random prime 

labelled HER-A64-1 probe which was dot blotted (20 pl/dot) onto a sheet of Hybond- 

N membrane pre-wetted with 1 x TE and supported on, similarly pre-wetted, 3 mm 

Whatman's chromatography paper. The radiolabelled probe was prepared as a series of 

doubling dilutions in 1 x TE buffer so that 20 pi contained between 70-18,000 dpm as 

measured by Cerenkov counting using the Rack beta II scintillation counter. The 

membrane was air dried, wrapped in Saran Wrap and exposed to Fuji Medical film at 

—70°C for 30 and 60 minutes. Following development the X-ray films were scanned 

on the densitometer and peak height ODs recorded. Plots of OD values against known 

amounts of radioactivity revealed that only ODs of 0.1 to 1.5 were linearly related to 

the amount of radioactivity present (Figure 5.3). Consequently the experimental filters 

were exposed to Fuji Medical X-ray film to produce densitometric values within this 

range (Figure 5.4).

Division of the ER or EGFR OD by the actin OD enabled variations due to 

loading differing amounts to be excluded as the actin gene is equally expressed in all 

cells (Guerin et al 1989). The final ER or EGFR mRNA level was obtained by taking 

the mean of the 3 serial dilution ratios and expressed as arbitrary units (AU).
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5.3 RESULTS

RNA was successfully extracted from 61 of the 67 cases attempted and in both 

MCF-7 and A431 cells (Table 5.1).

5.3.1 Northern blotting

The optimum stringency conditions required to maintain specific signal with 

minimal non-specific and background staining were identical for all 3 probes as 

described earlier. Consequently these procedures were adopted for slot blot analysis.

The specificity of the HEO probe was confirmed by the finding of a 6.2 kb 

band in both MCF-7 cells and in tumour samples (Plate 5.3). Similarly, the specificity 

of the pHA4.1 probe was confirmed by detecting a 1.9 kb transcript band in tumour 

samples (Plate 5.4). However, whilst the specificity of the HER-A64-1 probe was 

confirmed by detecting transcripts of 10.5 kb, 5.8 kb and 2.8 kb in A431 cells (Plate 

5.5), we were unable to demonstrate these in our tumour samples. Presumably the 

level of EGFRmRNA was below the detection limits of our Northern blotting.

Analysis of ethidium bromide stained gels (Plate 5.2) and the tightness of the 

transcript bands (Plates 5.3 and 5.4) reveals that the RNA obtained from our tumour 

samples was not degraded to any significant degree.

5.3.2 RNA slotting of filters containing 1 to 4 ^g of RNA

ERmRNA

Assessable results were obtained in all cases in the four filters containing serial 

dilutions from the 61 cases where RNA was successfully extracted (Table 5.1). The 

A431 samples on all 4 filters were negative and the MCF-7 signals were relatively 

constant (0.410 AU, 0.441 AU, 0.394 AU and 0.420 AU) after 2 weeks exposure to 

X-ray film at —70°C (Plate 5.6). The exposure following probing for actin was only 

required for 12 hours at RTP (Plate 5.6).

ERmRNA was detected in 75.4% of cases (46 of 61 cases). In 40 cases
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(65.6%) both ERmRNA and ER protein were detected, in 6 cases (9.8%) ERmRNA 

but not ER protein was detected and in 15 cases (24.6%) neither were detected. No 

cases were found to contain ER protein without ERmRNA revealing a strong 

correlation between the mRNA and protein for ER (Table 5.1, = 37.89, p<0.001).

Using Spearman's rank correlation ERmRNA is found to be significantly 

correlated with ER protein whether it is expressed as a percentage (rg = 0.692, 

p<0.001. Figure 5.5) or as an index (r§ = 0.753, p<0.001. Figure 5.5).

EGFRmRNA

No signals were obtained in any tumour samples fi"om patients using the HER- 

A64-1 probe, even after 2 weeks exposure to X-ray film at — 70®C, thereby not 

enabling any valid analysis. The levels of EGFRmRNA were beyond the detection 

limits of slot blots using only 1 to 4 pg of RNA.

5.3.3 RNA slotting of filters containing 5 to 20 ^g of RNA

Sufficient quantities of RNA were obtained in 39 cases to allow slotting of 20, 

10 and 5 pg of RNA. The two filters were exposed to X-ray film for 7 days at — 70®C 

following HEO probing, for 14 days at — 70°C following HER-A64-1 probing, and for 

3 hours at room temperature following pHA4.1 probing.

ERmRNA

No signal was observed in the A431 samples whilst the MCF-7 signal was 

comparable between the two filters at 0.586 AU and 0.560 AU.

ERmRNA was detected in 59% (23 of 39 cases). In 21 cases (53.8%) both 

ERmRNA and ER protein were detected, in 2 cases (5.1%) ERmRNA alone was 

detected and in 16 cases (41%) neither was detected (Table 5.2, = 35.65, p<0.001).

The results obtained with these filters showed high concordance with the results 

obtained from the same cases in the 1 to 4 pg filters (rg = 0.915, p<0.001. Figure 5.6). 

Again the ERmRNA is shown to be highly significantly correlated with ER protein
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whether it is expressed as a percentage (r^ = 0.732, p<0.001. Figure 5.6) or as an 

index (rg = 0.784, p<0.001. Figure 5.6).

EGFRmRNA

High levels of EGFRmRNA were detected in both filters in the A431 

population (13.08 AU and 12.825 AU). In addition EGFRmRNA was also detected, 

albeit at low levels, in MCF-7 cells (0.082 AU and 0.091 AU, Plate 5.7).

The EGFR gene transcript was detected in 69.2% (27 of 39 cases) of the breast 

cancer samples. In 15 cases (38.4%) both EGFRmRNA and EGFR protein were 

detected, in 12 cases (30.8%) only EGFRmRNA was detected, in 1 case (2.6%) EGFR 

protein alone was detected and in 11 cases (28.2%) neither were detected (Table 5.2, 

= 7.66, p<0.01).

EGFRmRNA was found to be significantly correlated with EGFR protein 

whether measured as a percentage (rg = 0.404, p<0.05. Figure 5.7) or as an index (rg = 

0.396, p<0.05. Figure 5.7). Overall EGFRmRNA levels were found to be significantly 

higher in EGFR positive tumours than in EGFR negative tumours (Mann-Whitney test, 

p<0.05). However, examination of the 27 cases containing EGFRmRNA reveals that 

the transcript levels were comparable between the 15 cases where EGFR protein was 

detected and the 12 cases where it was not (Mann-Whitney, p = 0.86).

Relationship between ERmRNA and EGFRmRNA

In 13 cases (33.3%) both transcripts were found to be present whilst neither 

could be detected in 2 cases (5.1%), EGFRmRNA alone was detected in 14 cases 

(35.9%) and ERmRNA alone in 10 cases (25.7%) (%̂  = 4.25, p<0.05. Figure 5.8). 

However, using Spearman's rank correlation no statistically significant linear inverse 

relationship was observed (rg = — 0.214, p = NS, Figure 5.8).

Further analysis of the 27 cases with detectable EGFRmRNA reveals a 

significant association between ER positivity and failure to detect EGFR protein (%̂  = 

6.01, p<0.05. Figure 5.8). Thus, in tumours containing EGFRmRNA, EGFR was
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detected in only 27.3% (3 of 11 cases) in the presence of ER and in 75% (12 of 16 

cases) in the absence of ER

Examination of the haematoxylin and eosin sections in this group of 39 cases 

revealed no normal or benign breast tissue in 29 cases (74.4%). Normal or benign 

components accounted for between 0-5% of the tissue in the frozen section sample in 

3 cases and between 5-10% in 7 cases.
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5.4 DISCUSSION

The technique of RNA slot blotting provides a sensitive method for the 

detection and quantification of mRNA (Sambrook et al 1989). The work presented in 

this section has, for the first time, examined the mRNA and protein levels of ER and 

EGFR in a series of primary human breast cancers.

The highly significant correlation between mRNA and protein levels of ER is in 

concordance with previous literature (Barrett-Lee et al 1987; Henry et al 1988; May et 

al 1989) and suggests that ER expression is predominantly determined by either 

transcriptional modulation or by increased stability of ERmRNA.

Similarly, the finding that the mRNA and protein levels of EGFR are 

significantly correlated, albeit to a lesser extent than ER, is also in keeping with 

previous studies (Travers et al 1988; Guerin et al 1989; Barrett-Lee et al 1990). 

Whilst this provides evidence for transcriptional modulation or increased transcript 

stability for EGFR it has also been shown that in EGFRmRNA positive tumours EGFR 

protein could not be detected in almost half the cases using the EGFR-ICA (44.4%, 12 

of 27 cases). This finding is in keeping with Bilous' in situ hybridisation study 

previously discussed (Bilous et al 1992). There are three possible explanations for 

these findings.

Firstly, normal and benign breast tissues are known to contain EGFRmRNA 

(Travers et al 1988) so any normal or benign tissue included within the samples could 

give rise to false-positive EGFRmRNA results. This problem does not arise during 

immunocytochemical analysis of the protein content as normal and benign components 

can be visualised and excluded. However, examination of the haematoxylin and eosin 

sections reveals little or no normal or benign components in the samples examined in 

this study. Whilst there can be no guarantee that the remaining homogenised tissue 

contained only cancer cells, this does provide some evidence against dilutional effects 

of these components in the cases examined.

Secondly, RNA slot blotting may be a more sensitive method of detection than
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the EGFR-ICA. This may certainly provide some explanation for the discrepancy as 

MCF-7 cells which are known to respond to EOF (Berthois et al 1989) are found to 

contain EGFRmRNA by slot blotting but no protein by ICA. The EGFR-ICA 

employed in this thesis is unable to detect EGFR when present at less than 20,000 

receptors per cell (R I Nicholson, personal communication). However, it does not 

provide the full explanation as in the cases where EGFRmRNA was detected its levels 

were as high in the group where no EGFR protein was detected as in the group where 

this protein was detected by ICA.

Thirdly, there may be EGFR protein instability or failure of EGFRmRNA 

translation in a subset of tumours. In this respect it is interesting to observe that in 

EGFRmRNA positive tumours ER expression is significantly associated with failure of 

EGFR-ICA detection. This raises the interesting possibility that the ER system may 

exert an inhibitory influence on EGFR at the translational or posttranslational level. In 

vitro evidence lends support to this hypothesis as EGF binding to EGFR upregulates 

the production of EGFR by posttranscriptional mechanisms (Buick et al 1991). 

Translational modulation would not be unique to EGFR as numerous bacterial and 

mammalian proteins are regulated at this level (Lewin 1990). In addition, there is 

further in vitro evidence that the ER system may negatively regulate EGFR as butyrate 

treatment causes a rise in EGFRmRNA in ER positive cell lines whilst causing a 

decrease in ER negative cell lines (de Fazio et al 1992). However, this implies that the 

regulation occurs at transcription. Negative regulation by oestrogen would not be 

unique to EGFR as a recently isolated gene, pMGTl, has been shown to be repressed 

by oestrogen and increased by antioestrogens (Manning and Nicholson 1993). During 

the course of studies developing the dual immunocytochemical assay EGFR protein 

was found to be remarkably robust when compared to ER. This provides some 

evidence against decreased EGFR protein stability being responsible for our 

observations.

Given the aforementioned discussion it is not unexpected that there is a weaker 

inverse relationship between the transcripts of ER and EGFR than between their
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proteins in primary human breast cancer. This has never previously been described in 

vivo. In vitro studies have also revealed an inverse relationship between these gene 

transcripts in 10 cell lines (Lee et al 1990). Their results are not incompatible with our 

findings as 5 of 6 ER positive cell lines examined also contained EGFRmRNA.

In summary, the results of the investigation of the mRNA levels of ER and 

EGFR presented in this thesis strongly suggest that ER expression is predominantly 

determined by transcriptional modulation or increased transcript stability. Evidence has 

also been provided for transcriptional modulation or altered transcript stability for 

EGFR but final expression may be further modified by other mechanisms especially in 

ER positive cases. This raises the possibility that the ER system may exert an inhibitory 

influence on EGFR. In vitro evidence suggests that this regulation may occur by the 

ER system negatively modulating transcription of EGFRmRNA or by decreasing its 

stability. However, the in vivo evidence provided in this thesis suggests that, in 

addition to the above mechanisms, the ER system may negatively modulate EGFR 

translation or decrease EGFR protein stability. This hypothesis receives support from 

previous studies examining clinical human breast cancer specimens (Bilous et al 1992). 

This negative regulation of EGFR by ER or the products of its upregulated genes may 

provide the basis for the inverse relationship found between these two receptors.
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PLATE 5.1

Testing the restriction digestion and insert

A: 2^1 of plasmid solution made upto 20pl with water 

B: lOpl of plasmid solution without EcoRl endonuclease 

C: lOpl of plasmid solution with EcoRX endonuclease

Lanes A and B reveal that the plasmid exists in 4 forms which travel further 
in the order of concatomers, circular, supercoiled and nicked fragments. The 
bacterial RNA ’̂ flare” seen in A is abolished by the addition of RNAase 1 in 
B. The 1.8Kb insert is seen clearly in C where EcoRl has been added.
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PLATE 5.2

Ethidium bromide staining of electrophoresed total RNA

28 S

18 S

The distance travelled by the 28S and 18S ribosomal RNA bands is 
measured and used as reference molecular weight markers.
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PLATE 5.3

Northern blotting using the HEO cDNA probe

6.2 Kb 
28s

MP NR JP RB IR AW

6.2Kb
28s

18s
MCF-7

A specific 6.2kb band is seen in both the MCF-7 cells and 
in two of the six primary breast cancers shown.
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PLATE 5.4

Northern blotting using the pHA4.1 probe

1.9Kb

A specific 1.9kb band is seen in the primary breast cancers shown.
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PLATE 5.5

Northern blotting using the HER-A64-1 probe

10.5Kb

5.8Kb

28s

2.8Kb

18s

Specific 10.5kb, 5.8kb and 2.8kb bands are seen in A431 cells. EGFRmRNA was 
beyond the detection limits of Northern blotting in the breast cancer samples.
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PLATE 5.6

Northern slotting of filters containing 1 to 4^g of total RNA

MP

MP lymph node 

PG

CP lymph node

4 | i g  2 \ ig  1 | i g

ERmRNA

MP lymph node 

mmm CP lymph node

4ng 2 ng lu g

Actin mRNA

Representative example of slot blotting examining ERmRNA using the 
HEO cDNA probe(top) with the results of probing with the pHA 4.1 
for actin to allow for variations in the quantity loaded shown below.
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PLATE 5.7

Northern slotting of filters containing 5 to 20pg of total 
RNA using the HER-A64-1 and pHA4.1 probes

20|jg 10ng 5ng

R P

IR

E K

A W

20gg l O g g 5gg

4gg 2gg ig g

A  4 3 1
c e l l s

4gg 2ug lug

Representative example of slot blotting examining EGFRmRNA using the 
BDER-A64-1 cDNA probe with the results of probing with pHA 4.1 for 
actin shown alongside.
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FIGURE 5.1

The guanidinium isothiocyanate method of extraction 
of both the DNA and the total RNA

Supernatant
and

protein

Residue

DNA

RNA pellet

Following ultracentrifugation the total RNA pellets at the bottom of 
the tube while the DNA is held up in the CsCl gradient The proteins 
remain in the aqueous guanidinium isothiocyanate phase.
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FIGURE 5.2

Northern blot apparatus 
(Diagrammatic representation)

500g weight
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FIGURE 5.3 

Calibration of the Bio-Rad 620 videodensitometer
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The calibration curves demonstrate that the OD is linearly related 
to the amount of radioactivity only up to a value of 1.5. Beyond 
this value the curve becomes increasingly non-linear.
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FIGURE 5.4

An example of the Bio-Rad 620 videodensitometer output
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FIGURE 5.5 

ERmRNA in the slots using 1 to 4}ig of total RNA
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ERmRNA is significantly correlated to ER protein levels whether 
expressed as a percentage or as an index of staining.
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FIGURE 5.6

ERmRNA in the slots using 5 to 20p.g of total RNA
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ERmRNA is significantly correlated to ER protein levels whether 
expressed as a percentage or as an index of staining. In addition 
there is a significant correlation between the filters containing 1 to 
4pg of RNA and those containing 5 to 20pg.
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FIGURE 5.7

EGFRmRNA in the slots using 5 to 20\ig  of total RNA
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EGFRmRNA is significantly correlated to EGFR protein levels 
whether expressed as a percentage or as an index of staining.
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FIGURE 5.8

Relationship between ERmRNA and EGFRmRNA
in primary breast cancer
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TABLE 5.1

Details and results of the patients examined using 
I to 4 pg of total RNA

Patient Age

(Yrs)

Yield of RNA

W

260nm/280nm

Ratio

ER

(%)

ER

% R )

ERmRNA

(AU)

KJ 35 167 1.81 70 1.20 0.283

GP 43 158 1.71 - - 0.019

MI 43 49 1.95 - - -

LB 44 17 2.10 5 0.05 0.001

EK 45 167 2.12 - - -

MH 45 188 1.68 20 0.32 0.125

CH 46 78 1.90 20 0.25 0.196

EK 46 129 2.31 - - 0.067

CE 47 69 2.05 50 0.70 0.049

MP 50 83 1.87 - - -

RB 51 150 2.00 - - -

JP 52 319 1.72 - - -

PB 53 204 1.99 - - -

GH 54 22 2.50 70 0.90 0.212

VW 55 16 1.38 10 0.10 0.028

CP 56 78 2.33 80 1.80 0.207

ER 56 68 1.47 - - 0.073

IJ 57 240 1.79 25 0.65 0.301

GR 57 55 1.73 30 0.40 0.296

DL 58 48 2.00 SO 0.75 0.078

RM 59 130 1.81 - - 0.022

JB 59 22 1.59 60 0.70 0.129

CA 59 255 1.86 30 0.60 0.080

RG 59 64 2.33 50 0.70 0.213

CW 59 121 2.21 - - 0.383

VB 59 16 2.05 5 0.05 0.095

JD 60 140 1.86 50 0.80 0.262

MR 60 23 2.07 20 0.20 0.033

MO 60 88 1.71 - - -

NR 61 182 2.26 - - -
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TABLE 5.1 continued

Patient Age

(Yrs)

Yield of RNA 

(Mg)

260nm/280nm

Ratio

ER

(%)

ER

(̂ e r )

ERmRNA

(AU)

EK 61 110 1.94 60 0.80 0.154

EJ 62 25 1.44 85 1.65 0.449

WT 62 67 1.85 80 1.10 0.332

VA 62 422 1.85 60 1.60 0.343

BJ 62 179 1.72 20 0.20 0.172

EA 63 26 1.81 60 1.10 0.246

DE 63 88 1.95 - - -

FF 64 35 1.67 50 1.15 0.167

EK 64 86 2.01 - - -

MP 66 165 1.61 80 0.80 0.054

OC 67 32 1.92 60 0.70 0.061

WM 67 38 2.47 20 0.20 0.149

MA 67 69 2.39 - - -

AT 68 262 2.22 70 0.70 0.139

PJ 69 28 1.43 70 1.10 0.054

MX 70 10 1.79 50 0.90 0.184

IR 70 156 2.04 65 1.25 0.737

GM 71 18 1.91 50 1.00 0.215

BR 71 324 1.90 - - -

JJ 71 154 2.40 - - -

MH 72 93 1.44 40 0.60 0.018

IH 72 292 2.31 60 0.90 0.356

m 73 792 1.86 25 0.38 0.625

PG 74 127 1.68 50 0.90 0.119

MW 74 52 1.99 10 0.10 0.195

AW 77 134 2.37 50 1.30 0.585

BC 78 121 1.73 60 1.00 0.531

RP 78 340 2.09 - - -

HM 79 70 1.80 30 0.50 0.139

HM 79 148 1.98 - - 0.109

IK 80 298 1.94 - - -

(AU, Arbitary Units: -, Negative)
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TABLE 5.2

Details and results of the patients examined using
5 to 20 pg of total RNA

Patient Age

(Yrs)

ER

(%)

ER

(%R)

ERmRNA 

(5 -  20pg)

ERmRNA 

(1 -  4pg)

EGFR

(%)

EGFR

(%GFI^

EGFRmRNA

(AU)

KJ 35 70 1.20 0.237 0.283 - - -

GP 43 - - - 0.019 - - -

EK 45 - - - - 80 0.80 0.520

MH 45 20 0.32 0.186 0.125 - - -

EK 46 - - - 0.067 - - 0.132

MP 50 - - - - 100 2.50 0.416

RB 51 - - - - 90 2.25 0.116

JP 52 - - - - 100 1.00 0.177

PB 53 - - - - 35 0.40 0.267

CP 56 80 1.80 0.166 0.207 - - 0.145

ER 56 - - - 0.073 10 0.20 1.052

GR 57 30 0.40 0.259 0.296 - - 0.185

IJ 57 25 0.65 0.470 0.301 - - 0.836

CA 59 30 0.60 0.120 0.080 - - -

RM 59 - - 0.089 0.022 - - 0.458

JD 60 50 0.80 0.326 0.262 - - -

MO 60 - - - - 20 0.20 0.552

EK 61 60 0.80 0.174 0.154 - - -

NR 61 - - - - 70 1.40 0.749

BJ 62 20 0.20 0.668 0.172 - - -

VA 62 60 1.60 0.729 0.343 - - -

WT 62 80 1.10 0.730 0.332 - - 0.519

DE 63 - - - - 100 2.25 0.624

EK 64 - - - - - - 0.180

MP 66 80 0.80 0.164 0.054 - - -

AT 68 70 0.70 0.105 0.139 30 0.45 0.127

IR 70 65 1.25 0.606 0.737 5 0.10 0.097

BR 71 - - - - 10 0.15 -
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TABLE 5.2 continued

Patient Age

(Yrs)

ER

(%)

ER

(̂ e r )

ERmRNA 

(5 -  20pg)

ERmRNA 

(1 -  4fig)

EGFR

(%)

EGFR

(^e g f r )

EGFRmRNA

(AU)

JJ 71 - - - - 100 2.00 0.715

m 72 60 0.90 0.177 0.356 - - -

MH 72 40 0.60 0.142 0.018 - - -

m 73 25 0.38 1.020 0.625 - - 0.409

PG 74 50 0.90 0.182 0.119 40 0.80 0.211
AW 77 50 1.30 0.463 0.585 - - 0.107

BC 78 60 1.00 0.621 0.531 - - 0.443

RP 78 - - - - 90 2.25 0.310

HM 79 30 0.50 0.231 0.139 - - 0.225

HM 79 - 0.250 0.109 - - 0.450

HC 80 - - - - 70 2.10 0.064

(AU, Arbitary Units; -, Negative)
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CHAPTER 6

STUDIES OF THE ER AND EGFR GENES
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6.1 INTRODUCTION

The ER gene appears to be remarkably well conserved with no evidence of 

amplification or RFLPs with £coRI, HinàlSl or Pstl endonuclease digestion both in 

vitro (Watts et al 1992) and in vivo (Koh et al 1989). Individual studies have however 

revealed some evidence for ER gene amplification in ER positive patients. Watts found 

a 2- to 3-fold amplification in 1 of 29 patients (Watts et al 1992) and Nembrot found 

at 1.6- to 3-fold amplification in 6 of 14 patients (Nembrot et al 1990). Similarly, 

individual studies have revealed RFLPs with PvuH (Castagnoli et al 1987), Pssl 

(Coleman et al 1988) and /fzwdin (Wanless et al 1987) endonuclease digestion. Whilst 

the HinWL RFLP correlates with PgR expression (Wanless et al 1991), the others do 

not correlate with any other features of breast cancer (Yaich et al 1991).

In contrast, the EGFR gene is very variable. Gene amplification with high levels 

of mRNA and protein has been demonstrated in a variety of breast cancer cell lines 

(King et al 1985). In vivo studies have, on the other hand, found EGFR gene 

amplification to be a rare event (Lacroix et al 1989; Lee et al 1988). Furthermore 

EGFR overexpression can occur in the absence of gene amplification (Lacroix et al 

1989). However, the EGFR gene does display multiple RFLPs following i/zwdlll, Pstl 

and EcoRl endonuclease digestion in vivo (Lee et al 1988). The HindiSl and EcdRX 

RFLPs correlate with each other (Lee et al 1988) but are of no clinico-pathological 

relevance (Guerin et al 1989).

Thus, it appears that alterations in the ER or EGFR gene make little or no 

contribution to final receptor expression z/z vivo. In this light we studied our series of 

primary breast cancers using the techniques of DNA slot blotting and Southern blotting 

using EcoKl endonuclease digestion. This enabled us, firstly to accurately interpret the 

results fi’om our RNA and immunocytochemical studies and secondly to confirm or 

refute the findings of the previous studies.

The common abbreviations and formulae for the solutions used are listed in 

Appendices B and C respectively.
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6.2 MATERIALS AND METHODS 

6.2.1 Patients

Samples of sufficient size were obtained in 67 cases as described in Chapter 5. 

DNA was supplied from blood specimen samples of 6 normal healthy volunteers by Dr 

R A Padua (Leukaemia Research Fund, Department of Haematology, University of 

Wales College of Medicine, Cardifr). In addition, DNA was also extracted from a 

further 5 breast cancer specimens that were not histologically assessable for 

immunocytochemical analysis (EP^, MW^, PH^, AO^, KT^, Table 6.1) and from 

involved lymph nodes obtained from 8 of the primary breast cancer patients (KJ [35 

yrs], MP [50 yrs], RB [51 yrs], CP [56 yrs], CA [59 yrs], MP [66 yrs], IH [72 yrs] and 

DC [80 yrs]).

6.2.2 Tumour cell lines

The cell lines MCF-7 and A431 were grown to confluence in the media as 

described in Chapter 4 prior to extraction of nucleic acids.

6.2.3 Extraction and purification of DNA

Extraction o f DNA

The DNA was extracted by the GIT method as described in Chapter 5.

Purification

Following ultracentrifugation the DNA was removed from the CsCl using a 

large bore pipette (Figure 5.1) and stored for up to one day at 4°C.

In order to remove the CsCl and other salts the DNA containing solutions were 

dialysed overnight at 4°C. The dialysis tubing was prepared by autoclaving in 0.001 M 

EDTA at 15 psi for 20 minutes. Following this it was allowed to cool and washed 

twice in sterile water prior to storage at 4°C in sterile water. Dialysis was performed
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by placing 10 separate pieces of prepared dialysis tubing containing the DNA solutions 

in 5L of 1 X TE (pH 8.0).

Following dialysis the samples were placed in Universal containers and made 

up to 5 ml with 1 x TE (pH 8.0). An equal volume (5 ml) of equilibrated phenol 

(Appendix C) was then added and the samples placed on a rotating blood wheel for 10 

minutes at RTF. The samples were then centrifuged at 2,000 rpm for 10 minutes at 

RTF (Mistral 2000, MSE, UK) and the aqueous phase carefully removed. The process 

was repeated using an equal volume of equilibrated phenol, following which the 

samples were transferred to a glass bottle where an equal volume of 24:1 

chloroform: isoamylalcohol was added. The samples were then again placed on a 

rotating blood wheel for 10 minutes at RTF followed by centrifugation at 2,000 rpm 

for 10 minutes at RTF (Mistral 2,000, MSE, UK). This process removed any 

contaminating proteins and salts (Sambrook et al 1989). The aqueous phase was 

carefully removed and 1/10 volume of 3 M sodium acetate (pH 5.2) and 2 volumes of 

ice cold absolute ethanol added prior to storage at —20°C overnight.

The following day the samples were centrifuged at 12,000 g for 15 minutes at 4 

°C (Biofuge 13, Heraeus, Germany) and the supernatant discarded. The DNA pellets 

were washed in 70% ethanol for 1 minute, briefly centrifuged and allowed to air dry 

for 30 minutes after discarding the supernatant. The pellets were then resuspended in 

between 60 to 1,000 pi of sterile water depending on their size. 10 pi aliquots were 

removed and made up to 1 ml with sterile water for spectrophotometric analysis at 

wavelengths of 260 nm and 280 nm (M330 UV-visible Spectrophotometer, Cam Spec, 

Cambridge). The ratio of the 260 nm to 280 nm readings indicates the purity of DNA 

with a value of 1.8 being considered pure. Lower ratios indicate protein contamination 

(Sambrook et al 1989). The concentration of the individual DNA samples is given by 

the formula:-

Concentration pg/ml = OD (260 nm) x 50 x 100 (Sambrook et al 1989)
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The remaining amount of DNA for the individual samples is derived from the 

formula:-

Amount of DNA (pg) = Concentration ( pg/ml) x (Volume - 10 pi)

1,000

Samples with concentrations below 400 pg/ml were dried on a rotary 

evaporator (SpeedVac Concentrator, Stratech Scientific, London) and made up to this 

concentration with sterile water.

Following purification the samples were stored in eppendorf tubes at — 20°C 

until required for Southern blot or slot analysis.

6.2.4 cDNA and genomic DNA probes

The three probes used (HEO, HER-A64-1 and pHA4.1) were prepared and 

labelled exactly as described in Chapter 5.

6.2.5 Southern blotting

The techniques of localisation of particular sequences within genomic DNA 

were first described by Southern (1975), hence the use of the term Northern for RNA 

analysis. The technique we employed was to digest the genomic DNA using the EcdRX 

restriction endonuclease. The resultant fragments were then size fractionated by gel 

electrophoresis and denatured in situ prior to transfer to nylon membranes where they 

were fixed and hybridised to radiolabelled probes. Autoradiography was then used to 

locate the position of the bands complementaiy to the probe.

Gel electrophoresis

Prior to performing gel electrophoresis the DNA was digested using the EcdR\ 

restriction endonuclease as follows. 10 pg of genomic DNA was made up to 50 pi 

using the following solutions supplied by Northumbria Biologicals:-
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2.5 jil 40mM spermidene 

5 pi 10xbufifer6 

2 pi EcoKX (24u)

Make up to 50 pi with sterile water

The samples were then incubated at 37°C overnight. Following incubation a 5 

pi aliquot was removed in order to check the completeness of digestion. 2 pi of 

bromophenol blue was added to the aliquot which was then electrophoresed through a 

0.8% agarose minigel (0.8 g agarose [Ultrapure, BRL, Life Technologies Inc, USA] in 

100 ml 1 X TBE) in 1 x TBE running buffer at 90V. The electrophoresis was stopped 

when the bromophenol blue had migrated 10 cm. The gel was subsequently stained 

using 5 pi of ethidium bromide (5 pg/ml) and viewed under UV illumination. If 

digestion was incomplete a further 2 pi of EcdR\ was added to the remaining samples 

which were incubated for a further 6 hours at 37°C. A repeat check gel was run as 

described above to ensure complete digestion prior to size fractionation.

Once digestion was complete 5 pi of bromophenol blue were added to each 

sample which were then loaded into a 0.7% Agarose midigel (0.7 g Agarose 

[Ultrapure] in 100 1 x TBE). The samples were electrophoresed together with a lane 

containing reference DNA markers (1 kb DNA ladder, BRL, Life Technologies Inc, 

Middlesex) using 1 x TBE gel running buffer at 25V until the bromophenol blue had 

migrated 10 cm (approximately 16 hours).

Following electrophoresis the gel was stained by adding 80 pi of ethidium 

bromide to the gel running buffer, followed by gentle shaking for 10 minutes. The gel 

was then photographed (Polaroid DS34 camera) under UV illumination along with a 

ruler. Following this, the gel was briefly washed in distilled water and the portion 

containing the wells removed.

The DNA was then denatured in situ by immersing the gel in DNA alkaline 

denaturing solution for 30 minutes with gently shaking. Subsequently the gel was 

washed in distilled water and immersed in DNA neutralising solution for 15 minutes
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with gentle shaking. Finally the gel was briefly washed again in distilled water prior to 

transfer to a nylon membrane.

Transfer o f DNA to nylon membranes

The DNA is transferred by capillary elution (Sambrook et aï 1989). The 

procedure is described in Chapter 5 (Figure 5.2) with the exception that a positively 

charged nylon membrane, Hybond-N+ (Amersham, UK), was used in place of 

Hybond-N.

Fixation o f DNA to nylon filters

Following transfer, the DNA was fixed to the Hybond-N+ by placing it (DNA 

side up) on a piece of 3 mm Whatman's chromatography paper soaked in 0.04 M 

NaOH for 20 minutes. The filter was then washed in 5 x SSPE for 30 seconds. This 

prepared filter may be used immediately in hybridisation reactions or can be stored at 4 

°C wrapped in Saran Wrap.

Hybridisation and autoradiography

In order to minimise non-specific and background staining the filters were 

prehybridised for 1 hour at 65 ®C using 10 ml of Southern hybridisation solution in an 

hybridisation oven (Techne Hybridiser HB-ID, Scotlab, UK). Following removal of 

hybridisation solution, 10 ml of fresh hybridisation solution containing radioactive 

labelled probe (HEO or HER-A64-1) at 2 x 10^ dpm/ml was added and incubated at 

65 °C overnight (or for a minimum of 16 hours).

After hybridisation the filters were washed at RTF in 2 x SSPE (2 x 10 

minutes), followed by a low stringency wash in 1 x SSPE/0.1% SDS at 65°C for 15 

minutes. The filters then underwent high stringency washing at 65®C for 10 minutes in 

0.1 X SSPE/0.1% SDS.

Autoradiographs were established by exposing the filters to slow (Fuji Medial 

X-ray Film, Fuji Photo Film Company Ltd, Japan) or fast (X-OMAT™ AR, Eastman
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Kodak Company, Rochester, USA) X-ray film at — 70°C with intensifying screens for 

between 2 to 7 days. They were developed on an autoradiograph developer 

(Gevamatic 60, Agfa-Gevaert, Germany).

Filter wash and reprobing

The filters were washed following autoradiograph development as described in 

Chapter 5 (5.2.8). Completeness of probe removal was checked by establishing 

autoradiographs at — 70°C with intensifying screens for a minimum of 7 days.

6.2.6 DNA slot blotting

The genomic DNA was quantified using DNA slot blotting to investigate if 

increases in either ER or EGFR gene copy number made any contribution to final 

protein expression.

Slot blotting o f filter

A series of filters were prepared using serial dilutions of genomic DNA fi'om 

the primary breast cancer samples and cell lines (4 pg, 2 pg and 1 pg).

Appropriate aliquots of the samples were removed and made up to 50 pi with 

sterile water. The DNA was denatured by heating to 95 °C for 5 minutes followed by 

chilling on ice. After addition of 50 pi of ice cold 20 x SSC the samples were loaded 

into the slot blot apparatus (Manifold II, Schleicher and Schuell, Germany). This had 

been prepared by fitting 3 precut pieces of 3 mm Whatman's chromatography paper 

and precut Hybond-N+, all pre-soaked in 20 x SSC, between two Lucite blocks. A 

gentle vacuum was then applied until the solutions containing DNA disappeared from 

the slots. Four filters were prepared, each containing DNA from MCF-7 and A431 

cells to allow inter-filter variations to be monitored.

The DNA was then denatured by placing the filters (DNA side up) on a piece 

of 3 mm Whatman's chromatography paper soaked in DNA alkaline denaturing 

solution for 5 minutes. The filters were then placed on 3 mm Whatman's
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chromatography paper soaked in DNA neutralising solution for 1 minute, prior to 

fixation as described for Southern blotting.

Hybridisation and autoradiography

Hybridisation reactions using radioactive labelled HEO, HER-A64-1 and 

pHA4.1 probes were performed as described for Southern blotting. The filters were 

sequentially probed with HEO, HER-A64-1 and pHA4.1 with intervening 

autoradiograph development and probe washing. The filters were placed in a single 

reaction tube for each hybridisation reaction in order to ensure identical hybridisation 

conditions.

Following hybridisation and stringency washing the filters were placed in a 

single cassette with intensifying screens for exposure to X-ray films. Exposure at —70° 

C for 4 days was required for the HEO and HER-A64-1 probes and at RTF for 3 hours 

for the pHA4.1 probe.

Quantification o f DNA

The autoradiographic signals were quantified using a scanning densitometer 

(Model 620, Videodensitometer with Bio-Rad 1-D Analyst [1987] Software, Bio-Rad, 

UK), as described in Chapter 5 (5.2.9).

Division of the ER or EGFR OD by the actin OD enabled variations due to 

loading to be excluded. The final ER or EGFR DNA level was obtained by taking the 

mean of the 3 serial dilution ratios and expressed as arbitrary units (AU).
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6.3 RESULTS

DNA was successfully extracted from 53 of the 67 primary breast cancer 

samples, from all 8 lymph nodes and from the 5 cases where no immunocytochemical 

information was available (Table 6.1). It was also successfully extracted from the 

MCF-7 and A431 cells.

6.3.1 Southern blotting

Sufficient DNA was obtained in 47 of the 53 primary breast cancer samples to 

enable Southern blot analysis. 39 of these produced assessable results. In addition. 

Southern blots were successfully performed on the 8 lymph node and 6 normal DNA 

samples and in the 5 cases where immunocytochemical information was unavailable.

ERDNA

The ER gene was demonstrated to be well conserved using EcoRX 

endonuclease digestion and the HEOcDNA probe. Eight constant bands of sizes 8.5, 

7.6, 6.9, 5.0, 3.6, 3.1, 2.7 and 1.7 kb were observed in aU the primary breast cancer 

samples and the additional 19 samples described above as well as in the MCF-7 cells 

(Plates 6.1 and 6.2).

Thus no RLFPs or gross alterations in the ER gene were observed in malignant 

breast tissue or in normal tissue.

EGFRDNA

Southern blot analysis of the EGFR gene using EcdK\ endonuclease digestion 

and the HER-A64-1 cDNA probe revealed the presence of RFLPs. Three distinct 

polymorphic bands were identified with fragment lengths of 8.2 kb, 7.6 kb and 7.0 kb 

in addition to 7 constant bands (1.6, 2.0, 2.3, 2.4, 2.8, 6.2 and 7.3 kb, Plate 6.3).

The predominant pattern was the finding of a strong 8.2 kb band suggesting the 

presence of a homozygous state in these individuals. This was observed in 35 of 39
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assessable primary breast cancer specimens and in 3 of 5 primary breast cancers where 

immunocytochemical data were unavailable (Plate 6.4). Thus this pattern is found in 

86.4% (38 of 44) of primary breast cancers. This pattern was also observed in the 

lymph node métastasés as well as the primary tumour in 6 cases (KJ, RB, CP, CA, MP 

[66 yrs] and IH) and in all 6 cases where DNA was obtained from normal healthy 

volunteers.

In 2 cases a strong 7.0 kb band alone was observed (MP [50 yrs] and KT^, 

Plate 6.4). Thus this homozygous pattern is observed in 4.6% (2 of 44) of primary 

breast cancers. Examination of the lymph node metastasis from MP (50 yrs) revealed 

the same polymorphic pattern as the primary. This patient was 100% positive for 

EGFR by IC A.

A heterozygous state with two bands of 8.2 kb and 7.0 kb was observed in 3 

cases (IK, CH and AT) representing 6.8% (3 of 44) of primary breast cancers (Plate 

6.4). Again, examination of the lymph node metastasis in IK revealed an identical 

pattern to that observed in the primary breast cancer sample. Immunocytochemical 

analysis revealed DC to be 80% positive for EGFR while CH was EGFR-IC A negative.

Finally a heterozygous state producing bands of 8.2 kb and 7.6 kb was 

observed in one case (AO^, Plate 6.4).

6.3.2 DNA slot blotting

Only DNA from the 53 samples of primary breast cancer where 

immunocytochemical data was available underwent the analysis in the DNA slot blots.

ERDNA

Little inter-filter variation was observed as evidenced by the results from the 

MCF-7 and A431 cells in the four filters (Table 6.1).

The ER DNA level in the 53 breast cancer cases ranged from 0.542 AU to 

1.010 AU with a mean of 0.742. The probability plot correlation test for normality 

(Minitab Reference Manual, Minitab Inc, USA) reveals that these data form a normal
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distribution (Correlation = 0.981). Only 1 sample lies outside 2 standard deviations 

(MA, 1.010 AU). The immunocytochemical analysis on this patient reveals her to be 

ER negative/EGFR positive.

Comparison of the 53 breast cancer sample results with the results derived from 

the 6 normal samples revealed no significant difference in the ER DNA levels (Mann- 

Whitney, p = 0.28).

EGFRDNA

Results derived from the cell lines again revealed little inter-filter variation 

(Table 6.1). The A431 EGFR DNA was observed to be grossly amplified. The exact 

degree of amplification could not be quantified as the signal strength was well beyond 

the calibrated linear scale of the videodensitometer.

The EGFR DNA level in the 53 breast cancer samples ranged from 0.293 AU 

to 0.741 AU with a mean of 0.500. The probability plot correlation test reveals that 

these data form a normal distribution (Correlation = 0.991). Only 2 samples lay outside 

2 standard deviations (PJ, 0.741 AU and VA 0.738 AU). Both these patients were 

observed to be ER positive/EGFR negative by immunocytochemical analysis.

Comparison with the results derived from the 6 normal samples reveals no 

significant difference between the breast cancer samples and the normal samples in the 

level of EGFR DNA (Mann-Whitney, p = 0.24).
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6.4 DISCUSSION

The ER and EGFR genes have been extensively studied using both tumour cell 

lines and human breast cancer specimens. Both have been localised and their structure 

has been analysed. To determine whether gene rearrangement or amplification make 

any contribution to the inverse relationship between ER and ER we have investigated 

the genes of these two receptors using the techniques of Southern blotting and DNA 

slot blotting.

The ER gene has been localised to the human chromosome 6q24-27 and 

appears to be present as a single copy (Walter et al 1985). The gene is veiy long with a 

minimum length of 140 kb and consists of eight exons separated by long intronic 

sequences (Ponglikitmongkol et al 1988). The results presented in this thesis reveal 

that the ER gene is remarkably well conserved in vivo with no evidence of 

rearrangements using EcoRX restriction endonuclease digestion nor of amplification 

using DNA slot blots.

The recognition sequence of Ec6R\ is G i AATTC (Northumbria Biologicals 

Ltd, UK). Analysis of the sequence of the ERcDNA reveals no such sequence (Green 

et al 1986) thus 8 restriction fi*agments would be expected if all the long intronic 

sequences between the exons contained Ec6R\ cut sites. This was consistently 

observed both in the breast cancer specimens and in the DNA from normal healthy 

volunteers. These results are identical with those obtained in both MCF-7 cells (Walter 

et al 1985) and human breast cancer specimens (Watts et al 1992) using E’coRl 

restriction endonuclease digestion and the X0R8 cDNA probe. The HEO probe used 

in our investigations is simply a subclone of the X0R8 probe consisting of the entire 

open reading fî ame of the human ER and 12 nucleotides upstream of the ATG codon 

and 11 nucleotides downstream of the TGA stop codon (Kumar et al 1986) and 

would, therefore, be expected to give identical results.

Whilst a few RFLPs of the ER gene have been reported using PvuH 

(Castagnoli et al 1987), Pss\ (Coleman et al 1988) and HinéYQ. (Wanless et al 1991)
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restriction endonucleases none have been described using EcoRl (Watts et al 1992). 

This is compatible with the data presented in this thesis. These RFLPs, however, 

appear not to be related to ER expression (Yaich et al 1991) and would thus not be 

expected to make a contribution to the inverse relationship observed between ER and 

EGFR.

Similarly our investigations revealed no clear evidence for ER gene 

amplification. In fact the patient with the highest value was observed to be ER-ICA 

negative. This finding also receives support from previous studies (Koh et al 1989). 

However some have demonstrated amplification in small series of patients. Watts 

found a 2 to 3-fold amplification in 1 of 29 (Watts et al 1992) and Nembrot a 1.6 to 3- 

fold amplification in 6 of 14 (Nembrot et al 1990) ER positive patients.

The EGFR gene has been localised to the human chromosome 7pl2-14 

(Merlino et al 1985). It spans 110 kb and is divided into 26 exons (Haley et al 1987). 

In contrast to the marked conservation of the ER gene, the EGFR gene has been 

shown to be considerably altered in some tumour cell lines such as A431 (Ullrich et al 

1984). In addition multiple RFLPs of the EGFR gene following HirvSll, Pstl and 

EcoRl endonuclease digestion have been described in a variety of tumours including 

breast cancer (Lee et al 1988). RFLPs arise when DNA sequence mutations or 

rearrangements create or abolish restriction endonuclease recognition sites (Lee et al 

1988). Further analysis has suggested that these are germ-line RFLPs which have no 

clear association to clinico-pathological features (Guerin et al 1989). The data 

presented in this thesis confirms the existence of these RFLPs in human breast cancer 

with three distinct polymorphic bands of fragment sizes 8.2, 7.6 and 7.0 kb in addition 

to seven constant bands. The frequency of the various polymorphic band patterns is 

similar to that observed in previous studies (Lee et al 1988). As these are germ-line 

RFLPs they are unlikely to contribute to EGFR expression within an individual breast 

cancer. This hypothesis receives support from our findings that the majority 

polymorphic pattern of two 8.2 kb bands contained both EGFR positive and EGFR 

negative breast cancers. This was also observed in the heterozygous individuals with
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restriction fragment lengths of 8.2 and 7.0 kb. Taking these RFLPs into consideration 

we did not observe any EGFR gene rearrangements in human breast cancer. This is in 

agreement with previous studies (Lee et al 1988).

The finding of gross amplification of the EGFR gene in A431 cells confirms the 

findings of several previous studies which reveal a 15- to 20-fold amplification (Ullrich 

et al 1984; Lee et al 1988). These studies have demonstrated that the EGFR gene has 

undergone considerable alteration in this cell line. In addition to containing two normal 

copies of chromosome 7 it also contains two marker chromosomes (M4 and M l4) 

which are formed by translocations of part of chromosome 7 (Ullrich et al 1984). This 

finding coupled with the discovery of EGFR gene amplification in other tumours which 

overexpress EGFR such as glioblastoma (Libermann et al 1985) suggested that gene 

amplification may make an important contribution to EGFR overexpression. However, 

the results presented in this thesis suggest that this mechanism is not important in 

breast cancer in vivo. In fact the two patients with the highest EGFR gene levels were 

observed as being EGFR-ICA negative. Again our conclusions receive support from 

previous studies which have demonstrated EGFR gene amplification to be a rare event 

occurring in only approximately 4% of breast cancers (Lacroix et al 1989).

From the results presented in Chapter 4 artificial manipulation of the ER and 

EGFR genes in cell lines can alter receptor expression; however, the results of our 

studies investigating these genes in vivo suggest that rearrangement or amplification 

make little, if any, contribution to overall receptor expression. It follows that 

alterations in these two genes are unlikely to make a significant contribution to the 

observed inverse relationship between ER and EGFR in human breast cancer.

205



PLATE 6.1

Southern blotting using the HEO cDNA probe in
human breast cancer samples

Kb

^ 8.5
—  7.6

6.9

^ 5.0

—  3.6

—  3.1

—  2.7

—  1.7

EK VA IH MP MP RB RB EK

A representative example of the results obtained following Southern blotting 
using EcoRl endonuclease digestion and the HEOcDNA probe. Eight constant 
bands of sizes 8.5, 7.6,6.9,5.0, 3.6, 3.1, 2.7 and 1.7 kb were observed in all the 
primary breast cancer samples ( •  = lymph node).

206



PLATE 6.2

Southern blotting using the HEO cDNA probe in 
MCF-7 cells

Kb

« #

m

8.5
7.6 
6.9

—  5.0

—  3.6

—  3.1

—  2.7

-  1.7

Eight constant bands of sizes 8.5, 7.6, 6.9, 5.0, 3.6, 3.1, 2.7 and 1.7 kb were 
observed in the MCF-7 ceils following EcoRl endonuclease digestion and 
HEOcDNA probe localisation.
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PLATE 6.3

Southern blotting using the HER-A64-1 cDNA probe in
human breast cancer samples

I g Kb

-  7.3 
- 6.2

#
^  - 2.8

»  #  - 2.4
®  -  2.3

•  ♦

- 2.0  

•  — 1.6

Seven constant bands of sizes 7.3, 6.2, 2.8, 2.4, 2.3, 2.0 and 1.6 kb were 
observed in the primary breast cancer samples following EcoRl endonuclease 
digestion and HER A64 1 cDNA probe localisation.
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PLATE 6.4

Southern blotting using the HER-A64-1 cDNA probe 
following EcoKX endonuclease digestion in human 

breast cancer samples

1 2 3 4  5 6 7 8  9 10

Three distinct polymorphic bands are observed with fragment lengths of 8.2, 7.6 and 
7.0 kb in addition to the seven constant bands of sizes 7.3, 6.2, 2.8, 2.4, 2.3, 2.0 and 
1.6 kb in primary human breast cancer samples following EcoRl endonuclease 
digestion and HER-A64 1 cDNA probe localisation. Lanes 3, 4 and 10 demonstrate 
the major finding of a homozygous state with an 8.2 kb band alone. Lanes 8 and 9 
reveal a homozygous state with a 7.0 kb band. Lanes 2, 5, 6 and 7 reveal the presence 
of 8.2 kb and 7.0 kb bands. Lanes 6 and 7 represent the primary breast cancer and 
involved lymph node samples of IK respectively. Lane 1 represents the heterozygous 
state comprising bands of 8.2 kb and 7.6 kb (AO^).

(0.6% agarose gel electrophoresed for 36 hours at 25V).
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TABLE 6.1

Patient details and results of DNA slot blotting

Patient Age

(Yrs)

Yield of DNA 260nm/280nm

Ratio

ERDNA

(AU)

EGFRDNA

(AU)

KJ 35 456,0 2.15 0.780 0.472

GP 43 308.0 2.08 0.568 0.347

MI 43 75.9 2.12 0.811 0.678

LB 44 95.4 2.02 0.860 0.603

EK 45 418.2 2.12 0.792 0.539

MH 45 77.5 2.14 0.742 0.389

CH 46 210.0 2.16 0.853 0.507

EK 46 255.0 1.95 0.816 0.662

CE 47 117.9 2.06 0.678 0.482

MP 50 36.1 2.07 0.738 0.425

RB 51 970.0 2.00 0.767 0.632

JP 52 61.8 1.97 0.589 0.353

PB 53 333.2 2.33 0.603 0.437

GH 54 61.8 1.98 0.853 0.563

VW 55 22.5 2.27 0.739 0.443

CP 56 14.4 1.50 0.855 0.572

ER 56 105.9 2.20 0.570 0.398

GR 57 32.2 2.09 0.553 0.310

DL 58 10.8 2.00 0.725 0.533

JB 59 31.2 1.97 0.627 0.365

CA 59 93.8 1.95 0.775 0.464

RG 59 43.2 1.89 0.854 0.637

CW 59 460.0 2.05 0.812 0.535

VB 59 10.5 1.75 0.814 0.500

JD 60 381.0 2.32 0.551 0.365

MR 60 58.2 2.11 0.642 0.440

MO 60 78.6 2.08 0.899 0.495

NR 61 23.1 1.43 0.666 0.462

EK 61 122.5 1.88 0.781 0.532

BJ 62 454.5 2.16 0.542 0.406

VA 62 458.1 2.00 0.849 0.738
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TABLE 6,1 Continued

Patient Age

(Yrs)

Yield of DNA 

Pg

260nm/280nm

Ratio

ERDNA

(AU)

EGFR DNA 

(AU)

FF 64 1185.0 1.20 0.855 0.580

EK 64 225.9 2.01 0.656 0.538

MP 66 303.0 2.06 0.703 0.463

OC 67 83.1 1.94 0.766 0.492

WM 67 159.0 1.94 0.853 0.473

MA 67 190.0 2.16 1.010 0.547

AT 68 46.3 2.06 0.721 0.455

PJ 69 167.5 2.00 0.914 0.741

MT 70 23.4 1.70 0.672 0.409

m 70 333.8 2.15 0.875 0.713

BR 71 655.0 1.88 0.557 0.378

JJ 71 150.0 2.07 0.833 0.655

r a 72 63.8 1.96 0.751 0.482

m 73 353.9 2.00 0.689 0.432

PG 74 31.5 2.05 0.566 0.334

MW 74 124.6 1.55 0.876 0.670

MH 77 30.8 2.00 0.570 0.293

AW 77 105.0 1.88 0.856 0.569

BC 78 10.2 1.33 0.713 0.487

RP 78 60.0 1.78 0.712 0.457

HM 79 117.5 1.74 0.802 0.550

IK 80 952.8 2.12 0.690 0.510

Kjl 35 80.0 2.00

Mpl 50 58.5 2.17 - -

Rpl 51 401.5 2.00 - -

cpi 56 25.8 1.87 - -

caI 59 53.8 2.15 - -

MPI 66 419.0 2.14 - -

ffll 72 200.0 1.90 - -

irI 80 300.0 2.03 - -
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TABLE 6.1 Continued

Patient Age

(Yrs)

Yield of DNA 

Mg

260nm/280nm

Ratio

ERDNA

(AU)

EGFRDNA

(AU)

a q 2 42 90.0 2.08 _ _

p h 2 50 168.0 2.33 - -

KT2 51 58.1 1.93 - -

MW2 55 68.4 2.23 - -

EP2 62 67.0 2.27 - -

Normal 1 0.804 0.503

Normal 2 0.678 0.489

Normal 3 0.825 0.570

Normal 4 0.893 0.513

Normal 5 0.830 0.547

Normal 6 0.757 0.560

MCF-7 0.742 0.502

0.750 0.478

0.741 0.496

0.801 0.513

A431 0.710 13.38

0.736 13.23

0.785 12.89

0.712 13.12

(^Lymph Node; ^No immunocytochemical data obtained)
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CHAPTER 7

FINAL DISCUSSION
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The basic understanding of the aetiology, pathology and both surgical and 

pharmacological management of breast cancer has evolved considerably since the 

pioneering work of Sir George Beatson. The development of new scientific methods 

including immunocytochemistry and molecular biology have enabled us to gain an 

insight into the development and growth of breast cancer. This knowledge has been 

used successfully to develop treatments to benefit the breast cancer patient as in the 

case of tamoxifen and, hopefully, with the new generation of pure anti-oestrogen 

drugs. However, we have to accept that our knowledge of breast cancer represents 

only the tip of the iceberg. This is evidenced by our inability to explain why only 50 to 

60% of ER positive breast cancers respond to endocrine manipulation (Osborne et al 

1980) and by our inability to define the processes which lead to endocrine insensitivity. 

More importantly, this vacuum in our understanding may provide some of the reasons 

why mortality from breast cancer has remained relatively static over the last decade in 

England and Wales (CSC Statistics 1993). In this light, a course of studies were 

performed in preparing this thesis that would shed some further light on the role of two 

receptors, ER and EGFR, known to be of importance in breast cancer.

The single immunocytochemical studies performed in this thesis have confirmed 

the findings of previous studies. Most importantly they confirmed the existence of a 

significant inverse relationship between ER and EGFR in human breast cancer. Thus, 

most tumours are either ER positive/EGFR negative or ER negative/EGFR positive. A 

smaller number were found to be double positive (8.7%) or double negative (10.2%). 

In addition, where significant associations could be made ER positivity was found to 

be associated with good biochemical and proliferative markers of outlook such as PgR 

positivity, low tumour grade and low Ki-67 immunoreactivity. In direct contrast, 

EGFR positivity was found to be associated with adverse markers such as low PgR 

levels, high tumour grade and high Ki-67 immunoreactivity. These findings are 

consistent with previous series examining the biochemical and proliferative index 

associations of ER and EGFR in breast cancer and suggest that breast cancer patients 

possessing ER have a relatively good outlook whereas those possessing EGFR have a
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poor outlook.

Examination of the four phenotypes with respect to ER and EGFR revealed 

that loss of ER expression is more important than gaining EGFR in determining 

associations with prognostic markers. These results conflict with those obtained from 

studies examining survival in the phenotypes (Sainsbury et al 1987; Harris et al 1989; 

Nicholson et al 1990; Lewis et al 1990). However, survival data and patient numbers 

will need to accrue on the cohort examined in this thesis before more direct 

comparisons with the studies cited can be made.

The original development of a dual immunocytochemical assay able to detect 

both ER and EGFR on a single frozen section sample of breast cancer described in 

Chapter 4 has yielded further important information on the relationship between these 

two receptors. The staining observed following the dual assay was demonstrated to be 

comparable to that achieved in single assays of proven prognostic significance (Lewis 

et al 1990; McClelland et al 1986). In addition, the dual assay was demonstrated to be 

capable of detecting all four phenotypes with respect to ER and EGFR in a variety of 

specially prepared cell lines. Application of the dual assay to 22 specially selected ER 

positive/EGFR positive breast cancers revealed that the receptors were mutually 

exclusive within individual cancer cells. Thus the inverse relationship between ER and 

EGFR also extends down to the individual cellular level within the detection limits of 

the dual assay. It is feasible that the receptors may co-exist in individual cancer cells 

with the level of one or other being below the detection limits of the assay. However, 

the relevance of this can be questioned as the assay detects the receptors at levels 

which possess prognostic significance. Levels below this may not contribute to the 

biological behaviour of the breast cancer cell.

The finding of separate populations of ER+/EGFR—, ER—/EGFR+ and ER— 

/EGFR— is important and may explain one mechanism responsible for the development 

of endocrine insensitivity. Antioestrogen therapy in these tumours may only selectively 

arrest the growth of ER+/EGFR— and possibly ER—/EGFR— cells. Confirmation of 

this hypothesis will only come when patients with breast cancer that can easily be
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biopsied are examined before, during and at the time of relapse from endocrine 

therapy.

Whilst the immunocytochemical studies presented in this thesis have confirmed 

previous findings and, in addition, provided important new observations they were 

unable to provide information on the underlying biological mechanisms that may be 

responsible for the inverse relationship between ER and EGFR. In order to investigate 

this it was necessary to systematically examine the gene and transcript levels of the two 

receptors as well as their proteins. This systematic examination had never been 

previously attempted in clinical breast cancer specimens.

Examination of the genes of ER and EGFR revealed that they were well 

conserved in clinical samples of human breast cancer. The results of the DNA slot blots 

and Southern blotting revealed no evidence of gene amplification or rearrangement for 

either ER or EGFR. These findings are consistent with previous observations in clinical 

breast cancer specimens (Koh et al 1989; Lacroix et al 1989; Lee et al 1988) and 

suggest that genomic alterations are unlikely to be responsible for the inverse 

relationship between ER and EGFR.

Results derived from the RNA slot blots revealed a strong correlation between 

ERmRNA and ER protein. This suggests that ER expression is predominantly 

determined by transcriptional modulation or increased transcript stability. This 

conclusion is supported by previous studies which solely examined ERmRNA and its 

protein (Barrett-Lee et al 1987; Hemy et al 1988; May et al 1989).

Examination of EGFRmRNA in the same cases yielded some interesting 

results. Whilst a significant relationship was observed between EGFRmRNA and its 

protein, thereby providing some evidence for transcriptional modulation or increased 

transcript stability, closer scrutiny provided evidence for other control mechanisms. 

Examination of the cases containing EGFRmRNA revealed failure to detect EGFR 

protein in 44.4%. This was more marked in ER positive tumours raising the interesting 

possibility that the ER system may either negatively modulate EGFR at translation or 

that it may reduce EGFR protein stability. This would provide a mechanism for the
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inverse relationship between ER and EGFR. Translational modulation would not be 

unique to EGFR as numerous bacterial and mammalian proteins are regulated at this 

level (Lewin 1990). Nor would negative regulation by oestrogen be unique to EGFR as 

a recently isolated gene, pMGTl, has been shown to be repressed by oestrogen and 

increased by antioestrogens (Manning and Nicholson 1993).

Thus it appears that ER expression in primary breast cancer is regulated by 

transcription or increased transcript stability. EGFR expression, however, appears to 

be regulated at multiple levels. Whilst some evidence has been provided for 

transcriptional modulation or increased transcript stability determining EGFR 

expression, translational or posttranslational mechanisms, perhaps being negatively 

modulated by the ER system, may also be important.

In summary, the results of the studies performed in this thesis suggest that the 

inverse relationship between ER and EGFR in primary breast cancer is determined by 

negative regulation of EGFR by the ER system either at the translational or 

posttranslational level. This is likely to be autocrine or paracrine regulation as separate 

populations of ER+/EGFR— and ER—/EGFR+ cells may co-exist within individual 

breast cancers. Confirmation of these conclusions will need to be sought by examining 

serial biopsies from patients before, during and at the time of relapse from endocrine 

therapy. Examination of the mRNA and protein levels of ER and EGFR using RNA 

slot blots and the dual immunocytochemical assay in these patients may provide further 

information into the mechanisms responsible for the inverse relationship once the 

internal milieu is altered. In addition, it may provide some insight into the processes 

responsible for the development of endocrine insensitivity.

Certainly these mechanisms warrant further study as the emergence of wholly 

ER negative/EGFR positive or endocrine insensitive tumours heralds a poor outlook 

for the breast cancer patient (Nicholson et al 1990). It is only by collecting further 

information that we will be better able to devise new therapeutic regimes to benefit 

breast cancer patients.
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APPENDIX A

Symbols for amino acids

A Ala Alanine

B Asx Asparagine or aspartic acid

C Cys Cysteine

D Asp Aspartic acid

E Glu Glutamic acid

F Phe Phenylalanine

G Gly Glycine

H His Histidine

I Ile Isoleucine

K Lys Lysine

L Leu Leucine

M Met Methionine

N Asn Asparagine

P Pro Proline

Q Gin Glutamine

R Arg Arginine

S Ser Serine

T Thr Threonine

V Val Valine

W Trp Tryptophan

Y Tyr Tyrosine

Z G k Glutamine or glutamic acid
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APPENDIX B

List of commonly used abbreviations

BSA Bovine serum albumin

cDNA Complementary deoxyribonucleic acid

CsCl Caesium chloride

dATP Deoxyadenine triphosphate

dCTP Deoxycytidine triphosphate

dGTP Deoxyguanine triphosphate

dTTP Deoxythymidine triphosphate

DEPC Diethyl pyrocarbonate

DNA Deoxyribonucleic acid

DPX DePex (Raymond A Lamb, London)

E coli Escherichia coli

EDTA Ethylenediaminetetra-acetic acid

EGF Epidermal growth factor

EGFR Epidermal growth factor receptor

ER Oestrogen receptor

GIT Guanidinium isothiocyanate

H2O2 Hydrogen peroxide

ICA Immunocytochemical assay

Kb Kilobase

MASE Mouse anti-sheep erythrocyte antibody

mRNA Messenger ribonucleic acid

NGS Normal goat serum

NHS Normal human serum

OD Optical density
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PAP Peroxidase anti-peroxidase complex

PBS Phosphate-buffered saline

PgR Progesterone receptor

psi Pounds per square inch

RNA Ribonucleic acid

rpm Revolutions per minute

RTP Room temperature and pressure

SDS Sodium dodecyl sulphate

THE Tris—borate—EDI A

TE Tris-EDTA

TGF—a Transforming growth factor alpha
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APPENDIX C

List of solutions and procedures

CsCl

Caesium chloride solution for use as a gradient is stored at RTP. 100 ml aliquots are 

prepared as follows. Dissolve 96 g CsCl (5.7 M final concentration) in 90 ml 0.01 M 

EDTA (pH 7.5). Add DEPC to a final concentration of 0.1% to remove RNAase 

activity. Stand for 30 minutes at RTP. Autoclave for 20 minutes at 15 psi. When 

cooled, adjust to 100 ml using DEPC treated water.

Denhardts solution

Stored as a xlOO stock solution at — 20°C.

2% BSA (w/v)

2% ficoll-400 (w/v)

2% polyvinyl pyrollidone (w/v)

DEPC treated water

All solutions used in RNA experiments were made up using water treated with DEPC. 

In addition, all consumables used in RNA experiments were also treated with DEPC. 

This is a strong though not complete inhibitor of RNAases (Sambrook et al 1989). 1 

ml of DEPC is added to IL double distilled water (0.01%). Consumables were 

incubated in this solution overnight at 37°C prior to autoclaving. Alternatively, the 

solution was autoclaved at 10 psi and 110°C for 30 minutes to inactivate the 

mutagenic DEPC prior to use in making up other solutions.
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DNA alkaline denaturing solution

This is stored as a stock solution at RTP. 

l.SMNaCl 

O.SMNaOH

DNA neutralising solution

This is stored as a stock solution at RTP. 

l.SMNaCl 

0.5 M TrisCl (pH 7.2)

0.001 MEDTA

EDTA

Stored as a 0.5 M stock solution (pH 7.5). 186.1 g EDTA is dissolved in 900 ml of 

double distilled water. The pH is adjusted using 10 M NaOH. The volume is then made 

up to IL with double distilled water.

Ethidium bromide

Ethidium bromide is highly toxic and carcinogenic so its disposal is regulated. 100 mg 

of activated charcoal is added to 100 ml aliquots of used 5pg/ml ethidium bromide 

solution. This is stored for 60 minutes at RTP with intermittent shaking followed by 

filtration through Whatman's number 1 filter paper (Whatman Int. Ltd., Maidstone, 

UK). The filtrate is discarded but the filter and charcoal are sealed in a plastic bag and 

disposed in hazardous waste containers.

Formamide

Formamide is prepared by mixing it with an equal volume of Dowex beads (Sigma, 

Poole, UK) and allowing to stand for 2 hours. It is then filtered and stored at — 20°C.

249



GIT

Guanidinium isothiocyanate homogenisation buffer comprising of 4 M GIT, 0.1 M 

TrisCl (pH 7.5) and 1% j8—mercaptoethanol is made up as follows. Dissolve 50 g 

GIT in 10 ml 1 M TrisCl. Make up to 100 ml with DEPC treated water. Filter through 

Whatman's number 1 filter (Whatman Int. Ltd., Maidstone, UK) and store at RTF. 

Immediately prior to use add mercaptoethanol to a final concentration of 1% (0.14 

M). The pH of TrisCl is altered by adding 10 M HCl to a solution slightly greater than 

1 M. Once a pH of 7.5 is achieved the solution is diluted to 1 M using DEPC-treated 

water.

Glycerol—sucrose storage medium

42.8 g sucrose

0.33 g MgCl2(anhydrous)

200 ml glycerol

Make up to 500 ml with PBS

Stored at — 20°C

L-broth

Colonies of E coli containing the pSGl plasmid vector were grown in L-broth for one 

day prior to plasmid preparation. The broth is prepared as follows.

5 g/L yeast extract (Oxoid, Basingstoke, UK)

10 g/L tryptone (Oxoid, Basingstoke, UK)

5g/LNaCl

The pH is then adjusted to 7.4 using NaOH. Finally, ampicillin at 100 pg/lOOml is 

added prior to autoclaving.
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MOPS

3-(N-morpholino)propanesulfonic acid is prepared without autoclaving as a xlO stock 

solution.

200 mM MOPS (Sodium salt)

0.05 M sodium acetate 

0.01 M EDIA

Northern gel loading buffer

This is stored at 4°C and 1 ml is made up as follows.

500 pi formamide (50%)

166.4 pi formaldehyde (2.2M)

100 pi 10 X MOPS 

233.6 pi DEPC treated water

Northern gel loading dye

0.25% Bromophenol blue 

0.25% xylene 

40% sucrose 

Stored at 4°C

Northern hybridisation solution

This is prepared immediately prior to use.

6.25 ml 20 X SSPE

1.25 ml 100 X Denhardts solution 

0.625 ml 20 X SDS

100 pi denatured sonicated herring sperm DNA

12.5 ml formamide

Make up to 25 ml with double distilled water
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PBS

Made up as a 0.01 M solution (pH 7.2 — 7.4) and stored at RTP.

42.5gNaCl

1.25 g potassium dihydrogen orthophosphate 

7.15 g di-potassium hydrogen orthophosphate 

Make up to 5L with distilled water

Phenol

Prior to use in DNA extraction phenol requires to be equilibrated. The phenol is heated 

to 68°C and hydroxyquinolone is added to a concentration of 0.1%. An equal volume 

of 0.5 M TrisCl (pH 8.0) is then added and the mixture stirred for 15 minutes. The two 

phases are then allowed to separate and the aqueous phase discarded. An equal volume 

of 0.1 M TrisCl (pH 8.0) is then added and the mixture stirred for 15 minutes followed 

by removal of the aqueous phase. The pH of the phenolic phase is checked with pH 

paper. If less than 7.8 then the process of mixing with 0.1 M TrisCl is repeated. The 

phenolic phase has to be alkaline otherwise the DNA partitions into it.

RNA slotting buffer

This is prepared immediately prior to use.

500 pi formamide 

162 pi formaldehyde 

100 pi 100 X MOPS

SDS

Stored as a 10% (w/v) stock solution (pH 7.2) at RTP. 200 g electrophoresis grade 

SDS (BDH, Poole) is dissolved in 900 ml DEPC treated water. The solution is heated 

to 68 °C to aid dissolution. The pH is adjusted to 7.2 using 10 M HCl followed by 

making up the solution to IL with DEPC treated water.
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Sephadex G50 column

The sephadex G50 is used to remove unincorporated radioactive label following the 

probe labelling reaction used during the molecular biological investigations. Distilled 

water is added to 10 g of sephadex G50 powder (Sigma, Poole, UK) to produce 

approximately 160 ml of swollen resin. This is then washed several times with distilled 

water to remove soluble dextran which can create problems during ethanol 

precipitation. Following washing the resin is equilibrated with 1 x TE (pH 7.6) then 

autoclaved and stored at RTP.

Sodium acetate

Stored as 3 M stock solution. Made up with DEPC treated water with pH adjusted to

5.2 using glacial acetic acid (BDH, Poole, UK) for use in RNA experiments. Made up 

with double distilled water and pH 6.0 for use in DNA experiments.

Sodium lauryl sarcosinate

10 g made up to 100 ml with DEPC treated water to form a 10% (w/v) stock solution. 

Solution I

Stored at 4°C and used during plasmid preparation.

50 mM glucose

25 mM TrisCl (pH 8.0)

lOmMEDTA(pHS.O)

Solution n

Used during plasmid preparation and comprising 0.2 N NaOH and 1% SDS. 1 ml is 

made up as follows.

20 pi 10 M NaOH

100 pi 10% SDS

880 pi double distilled water
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Solution m

Used during plasmid preparation and comprising 3 M potassium and 5 M acetate. 100 

ml is made up as follows.

60 ml 5 M potassium acetate

11.5 ml glacial acetic acid

28.5 ml double distilled water

Southern hybridisation solution

This is prepared immediately prior to use.

6.25 ml 20 X SSPE

1.25 ml 100 X Denhardts solution 

0.625 ml 20 X SDS

100 pi denatured sonicated herring sperm DNA 

Make up to 25 ml with double distilled water

ssc
Sodium chloride and sodium citrate solution stored as a x20 stock solution.

3MNaCl

0.3 M Tri-sodium citrate

SSPE

Sodium chloride, sodium phosphate and sodium EDTA is kept as a x20 stock solution 

(pH 7.4).

3.6MNaCl 

0.2MNaH2?O4 

0.01 MEDTA
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Subbing

This is the process of applying tissue adhesive to glass slides. Slides are bathed in a 

solution of 3 ml poly-L-lysine in 300 ml distilled water for 5 minutes. Following two 1 

minute washes in distilled water the slides are allowed to air dry at RTP.

TBE

Tris borate EDTA electrophoresis buffer (pH 8.3), stored as a x5 stock solution. IL is 

made up as follows.

54 g Tris base

27.5 g boric acid

20 ml 0.5M EDTA (pH 8.0)

TE

Stored as a xlO stock solution (pH 8.0) using DEPC treated water.

121.1 g/L Tris 

3.72 g/L EDTA

TY agar

Used for growth oïE coli containing the pSGl plasmid vector. 2x TY medium is made 

up as follows.

16 g/L bactotryptone (Oxoid, Basingstoke, UK)

10 g/L yeast extract (Oxoid, Basingstoke, UK)

5g/LNaCl

Then 15 g/L nutrient agar (Oxoid, Basingstoke, UK) is added prior to autoclaving.
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APPENDIX D 

Statistical analysis

All the statistical tests used in the preparation of this thesis were performed using the 

Minitab software package (Minitab Inc., USA).

Chi-squared test for contingency tables

Contingency tables provide a convenient way to present discrete data. The categories 

for one variable define the rows and the categories for another variable define the 

columns. The chi-squared (x^) test is used to test whether there is an association 

between the row variable and the column variable. The test works by calculating 

expected fi'equencies. The null hypothesis is that there is no association between the 

variables, the alternative being an association of some kind. For each cell the frequency 

we would expect if the null hypothesis were true is calculated.

Variable 1

A1 A2 A3

Variable 2 B1 B2 B3

Cl C2 C3

The expected frequencies for any cell = row total x column total
grand total

Thus the expected frequency for observation C2 = fCl+C2+C3) x (A2+B2-fC2)
(A1+A2+A3+B1+B2+B3+C1+C2+C3)

= E (observed frequency - expected frequency)  ̂
expected frequency
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The p value is obtained by looking up the value under the appropriate degrees of 

freedom in the distribution table. The degrees of freedom (df) is derived by the 

formula:

df = (number of rows — l)x  (number of columns — 1) 

Mann-Whitney test

This is the non-parametric equivalent of the two sample t test and so makes no 

assumptions of the distributions of the two populations being analysed. The test is 

carried out as follows. First the observations from the two populations are ranked 

together with the smallest observation given rank 1. The sum of the ranks of the first 

population is calculated. If this is small it indicates that the observations from the first 

population are smaller than those from the second. The attained significance value of 

the test is calculated using a normal approximation with a continuity correction factor 

(Minitab Reference Manual, Minitab Inc., USA).

Kniskal-Wallis test

The Kruskal-Wallis test is similar to the Mann-Whitney test but examines more than 

two populations. It offers a non-parametric alternative to the usual one-way analysis of 

variance and is designed to determine whether independent groups of samples are 

taken from populations which have the same mean (Chao 1974). The observations 

from all the populations are first ranked. When observations are tied the mean rank is 

assigned to each. The Minitab software package assigns a Z value for each population 

which represents the deviation from the mean rank of the combined populations. A 

value of 1 represents 1 standard deviation.

Spearman's rank correlation

This is a non-parametric measure of the degree of association between two numerical 

variables for a given individual subject or population. First the values of each variable 

are independently ranked. The difference between the ranks of the two variables (d) is
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calculated for each subject. Spearman's rank correlation (rg) is then calculated by the 

formula;
rg = 1 — 6Ed^ / n(n^—1) 

rg will have a value of between 1 representing perfect agreement to — 1 representing 

perfect inverse agreement. The significance of the association can be obtained by 

comparing rg with the critical values obtained in Spearman's rank correlation 

coefficient tables.

Probability plot correlation coefficient test for normality

This test allows us to determine whether a set of observations from a population form

a normal distribution (Minitab Reference Manual, Minitab Inc., USA). The test is

carried out as follows. First normal scores are calculated for each observation. These

are centred around 0 and are determined by the figures that would be obtained if the

population formed a normal distribution. For example, a population of 5 with a set of

observations has the following normal scores:
Observation Normal scores

1.1 0.0 
0.1 -1.18
2.3 1.18
1.8 0.50
0.9 -0.50

(Minitab Reference Manual, Minitab Inc., USA)

— 1.18 is the smallest value one would expect to obtain from a normal distribution with 

a sample size of 5. —0.50 is the second smallest value expected. The actual 

observations are then plotted against the normal scores. If the samples are from a 

normally distributed population then the plot will form a straight line. The 'straightness' 

of the line can be measured as the correlation coefficient of the points in the plot. A 

very high correlation is consistent with normality. The significance can be ascertained 

by looking up the correlation in the appropriate table (Minitab Reference Manual, 

Minitab Inc., USA).
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