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Immunocytochemistry and in situ Hybridisation of
Epidermal Growth Factor Receptor and Relation
to Prognostic Factors in Breast Cancer

Michael Bilous, Jane Milliken and Jean-Marie Mathijs

The breast tumour distribution of epidermal growth factor receptor (EGFR) was studied in 193 patients with
primary breast cancer by immunocytochemistry on frozen sections. EGFR was correlated (P = 0.0009) with
growth fraction assessed by Ki-67, and negatively correlated with oestrogen receptor (ER, P = 0.0001) and
progesterone receptor (PR, P = 0.0001) status. In 47 patients, in-situ hybridisation for EGFR mRNA showed
good agreement with the immunocytochemically assessed EGFR protein. There were, however, several tumours
in which EGFR mRNA could be detected in the absence of EGFR protein and there were differences between
the ER and PR status of those tumours in which translation of EGFR mRNA was not seen. The cause of these
differences is unclear, but these findings may represent a clue as to the differential control of breast cancer cell

receptors.
Eur¥ Cancer, Vol. 28A, No. 6/7, pp. 1033-1037, 1992.

INTRODUCTION
THERE 1S 2 need to distinguish between patients with breast
cancer whose disease is localised to the breast and who will be
cured by tumour removal and axillary lymph node clearance,
and those whose tumour has spread further and who need
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additional systemic therapy. At present, axillary lymph node
status, tumour grade and oestrogen receptor (ER) status are
three of the selection criteria used. Relapse, however, is seen in
20-30% of axillary lymph node negative patients, and response
to endocrine therapy is not strictly linked to ER status [1]. This
has led to the search for alternative new prognostic indicators
such as growth factors and their receptors, and to the measure-
ment of tumour proliferation rates using techniques such as
monoclonal antibodies and flow cytometry.

Epidermal growth factor (EGF) is a 6045 molecular weight
polypeptide which is known to mediate cell proliferation in a
range of tissues including human breast epithelium in vivo and
in vitro {2]. The action of EGF is mediated via the EGF receptor
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(EGFR). The presence of EGFR has been described in a number
of breast cancer cell lines and in biopsies of benign and malignant
breast lesions, as well as in other cell types [3-5]. EGFR is a
transmembrane growth regulating glycoprotein with an extra-
cellular ligand-binding domain and an intracellular tyrosine
kinase domain and is a member of the c-erbB oncogene family
[6]. It has been shown that the presence of EGFR is an important
predictor of survival in patients with breast cancer [7, 8].

In this study we have examined by immunocytochemistry,
the distribution of EGFR in 193 breast cancers. The results
have been correlated with a variety of clinical and pathological
variables in the patients. In addition, 47 of the tumours have been
assessed for EGFR mRNA expression by in situ hybridisation, to
further our knowledge concerning the expression of this receptor
gene in relation to the presence of ER and progesterone receptor
(PR).

MATERIALS AND METHODS

Patients and histopathological assessment

Frozen specimens of 193 primary breast cancers were received
in the laboratory for assessment. The age range of the patients
from which they were derived was 24 to 90 years. 81 were
premenopausal and 112 were postmenopausal. The frozen speci-
mens were stored at —70°C prior to cutting 6 um frozen sections
for immunocytochemical staining. In addition, 6 pm paraffin
sections of the tumours were also prepared from separately
received formalin-fixed specimens of the tumours. These were
assessed for mitotic rate, expressed as the number per 10
fields (400X ), and for histopathological grade using the method
employed by Contesso et al. [9], which is a modification of the
Bloom and Richardson grading system [10]. Tumour size and
lymph node status where known, were subsequently derived
from the macroscopic description on the completed histopathol-
ogy reports of the patients.

Immunocytochemistry
4-6 um frozen sections were cut and stained by standard
immunoperoxidase techniques using the following antisera:

(a) Ki-67 (DAKO-PC).

(b) EGFR (Amersham). This antibody recognises an antigen
on the extracellular domain of the receptor and has been
prepared from A431 cells.

(¢) Oestrogen receptor immunocytochemical assay (ERICA,
Abbott Diagnostics). This antibody was prepared from
MCF-7 human breast cancer cells.

(d) A monoclonal antibody to human PR. This antibody was
prepared from a human endometrial carcinoma cell line
grown in nude mice, in which two progesterone hormone
binding proteins were present. The antibody recognises
both receptor proteins and has been shown to be suitable
for study by both biochemical and immunocytochemical
methods. Details of antibody preparation and evaluation
are published elsewhere [11].

Ki-67 staining was assessed by counting 500 tumour cell
nuclei and expressing the result as the percentage of nuclei that
were stained.

EGFR staining was assessed as grade 0-3 staining of tumour
cell membranes and peripheral cytoplasm. Grade 0 represents
no staining; 1, feint focal tumour cell staining; 2, moderate
staining of clusters of tumour cells and 3, heavy staining of
sheets of tumour cells.

ER and PR antibody staining results were expressed as a
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staining index 0-6, being the sum of the intensity of nuclear
staining (0-3), and the percentage of tumour cell nuclei stained
(0-3), thus 5-30% = 1, 31-70% = 2, 71-100% = 3. A tumour
with a staining index of 2 or more was considered to be ER/PR
positive after counting 500 tumour cells [12]. Negative control
sections for immunocytochemistry were those in which the
primary antibody was omitted from the procedure. Positive
control sections were derived from those cases of breast cancer
that were known to be positive for ER and PR, as assessed
by enzyme immunoassay technique on cytosol preparations.
Positive control sections for Ki-67 and EGFR immunocytochem-
ical staining were derived from those tumours which had consist-
ently given strong positive results on their tumour cells.

In situ hybridisation

The oligonucleotides used for in situ hybridisation (ISH),
were synthesised on a DNA synthesiser (model 380B; Applied
Biosystems). The sequences for EGFR were complimentary to
sequences at position 3118-31 and were ATGGCGGGCGTGGA-
CGCCGACGAG and CTCCTCATGGACTAGGGGGTCGTC-
CCGAAG [13]. Specificity of the oligonucleotide probes was
checked by reference to Genebank and EMBL sequence datab-
ank. The oligonucleotides were linked at the 5’ end with
aminolink (ABI) dissolved in coupling buffer, incubated for 6 h
with a 50 molar excess of alkaline phosphatase (enzyme grade,
Boehringer), and purified on a G-50 column in phosphate
buffered saline (PBS) containing 0.1% bovine serum albumin.

6 wm paraffin sections of the tumours were dewaxed and
rehydrated before being fixed in 4% paraformaldehyde for
10 min. The sections were stored in 70% ethanol at 4°C until
used, and then rehydrated in 5 mmol/l MgCl, in PBS for 10 min
and prehybridised in 70% formamide/0.2 X sodium saline cit-
rate (S8C) (20 x SSC: sodium citrate 0.3 mol/l, sodium chloride
3 moll, pH 7), at 70°C for 10 min. They were washed in
S x §SC at 55°C and hybridised for 45 to 60 min at 55°C. The
sections were washed in 1 X SSCand incubated with Vector Red
or Vector Blue (Vector Laboratories, Burlingane, California).
Sections were counterstained with either haematoxylin or fast
red before being mounted in depex. Negative controls involved
the omission of the hybridisation step of the procedure. In
addition, RNase pretreatment of the slides eliminated the signal.
As a positive control, a tumour known to be strongly positive
for EGFR by immunocytochemistry was employed.

Tumours were arbitrarily assessed as positive for EGFR with
this technique when at least one positively staining nucleus was
seen in each of five high power (X 400) microscope fields.

Statistics
Kendall’s rank correlation test was used to analyse the continu-
ous variables. PP values of < 0.05 were considered significant.

RESULTS

Table 1 summarises some of the data obtained from the 193
cases studied. Immunocytochemical staining for EGFR was
predominantly localised to the cell membrane, but feint cytoplas-
mic staining was also seen in some tumour cells and this was
frequently accentuated at the periphery of the cytoplasm. The
distribution of staining was heterogeneous but among groups of
tumour cells rather than between individual cells. Some tumours
showed heavy staining of most of the malignant cells, but in
other cases only small groups of tumour cells stained feintly.
Fig. 1a and b shows a tumour stained by haemotoxylin and
eosin and with EGFR antibody, respectively. EGFR staining
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Table 1. Pathological data Table 2. Statistical analysis
EGFR IC staining 59/193 (30.5%) Gradel 29 Kendall correlation coefficient P value
Grade2 18
Grade3 12 EGFRIC vs.
Ki-67 staining Range 1-57% 91 cases assessed Ki-67 3.325 0.0009
Average 14.9% ER -6.934 0.0001
PR —4.883 0.0001
ER and PR staining ER+ PR+ 94 ER- PR- 58 Lymph node status N.S. N.S.
ER+ PR~ 33 ER—PR+ 8 Tumour size N.S. N.S.
Lymph node status 148 cases where lymph Ki-67 vs.
node dissection performed Mitotic rate 5.801 0.0001
83 lymph node + ER —4.686 0.0001
65 lymph node — PR -4.392 0.0001

was seen in some benign duct epithelial and myoepithelial cells,
but in general, there was negligible staining of the stromal
connective tissue cells. A tumour was considered to be ‘EGFR
positive’ if it showed = grade 1 cytoplasmic staining. Table 2
summarises the statistical correlations found with EGFR.

AT
i
k)
-

P

N.S. = not significant.

Ki-67 staining was confined to cell nuclei. In addition to
tumour cells, the nuclei of occasional duct epithelial cells,
lymphocytes, and some stromal cells were also stained. Although
the intensity of staining was variable among tumour cell nuclei,
there was usually most intense staining of the nucleoli (Fig. 1c).

Fig. 1. (a) Infiltrating duct carcinoma. Group of carcinoma cells with surrounding fibrovascular stroma (haemotoxylin and eosin X 350).
(b) Infiltrating duct carcinoma. Same case as (a), inmunocytochemically stained for EGFR. Note: heavy positive staining of carcinoma cell
membranes and peripheral cytoplasm (anti EGFR x 350). (c) Infiltrating duct carcinoma. Ki-67 stained nuclei appear black in a group of
carcinoma cells (anti Ki-67 x 350). (d) Infiltrating duct carcinoma. Nuclei stained in paraffin section using in situ hybridisation for EGFR
oligonucleotide. Note: numerous positive carcinoma cell nuclei and negative (counter stained) nuclei (EGFR in situ hybridisation X 275).
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Table 3. EGFR measured by immuno-
cytochemistry and in situ hybridisation

EGFR (ISH)
+ p—
+ 17 0
EGFR
Ic - 17 13

IC = Immunocytochemical method.
ISH = In situ hybridisation method.

ER and PR staining was confined to the nuclei of tumour cells
and occasional benign duct epithelial cells. Heterogeneity of
tumour cell staining was present but less pronounced than that
seen with EGFR and tended to be seen among individual cells
rather than cell groups.

The 47 tumours stained for EGFR using in situ hybridisation
showed specific staining of tumour cell nuclei with no cytoplas-
mic staining. There was very little variation in intensity of
staining of the nuclei of individual tumours and, where present,
the variation tended to be among individual tumour cells rather
than groups of cells (Fig. 1d). In addition, there were only two
tumours which were considered borderline in that they had very
few positive nuclei. The remainder were either unstained or
strongly positive. In some cases there was staining of benign
duct epithelial cell nuclei and in one or two cases only, occasional
stromal fibroblast nuclei were stained. Table 3 summarises the
results of ISH and IC staining for EGFR. EGFR mRNA was
detected by ISH in 34 of the 47 cases assessed (72%), while IC
showed the receptor protein in only 50% of these. Table 4
shows the relationship between EGFR results measured by both
techniques, and the different combinations of ER and PR. Of
the 17 cases that were ISH and IC positive for EGFR, 15 were
ER negative and 16 were PR negative. Of the 17 cases that were
ISH positive but IC negative, 16 were ER positive and 11 were
PR positive.

DISCUSSION
In this study, we have attempted to further categorise EGFR
regarding its relationship to other prognostic factors in breast
cancer. EGFR was demonstrated by immunocytochemistry in
59 (30%) of the 193 cases of primary breast cancer that were
assessed. This result is in keeping with a number of other studies
which have used either immunocytochemistry or radioligand
binding techniques to give EGFR-positive rates ranging from

14 to 64% with a mean of 34% [14-21].

Table 4. A comparison between EGF R and ER and PR results

ER+PR+ ER+PR- ER-PR- ER-PR+
EGFR
ISH+ 1 1 15 0
IC+
ISH+ 11 5 1 0
IC~
ISH- 11 2 0 0
IC-

IC = Immunocytochemical method.
ISH = In situ hybridisation method.
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The heterogeneity of tumour cell staining was a striking
feature in most tumours. As nearly all our EGFR positive
tumours were ER negative (15 out of 17, Table 4), we were
unable to demonstrate convincingly the reciprocal staining of
individual tumour cells that has been reported by others [16]. A
similar degree of heterogeneity, however, was seen with both
ER and PR staining, which supports the belief that subsets of
tumour cells may exist and be responsible for more aggressive
behaviour [22].

The use of immunocytochemistry for the determination of
ER and PR status is now well established and good correlations
have been shown between the results using this technique and
those involving cytosol preparation [23]. We have demonstrated
a strong negative correlation between EGFR and both ER and
PR in our patients. A similar relationship between ER and
EGFR has been shown in other published studies [14, 16-18,
20, 21]. However, no statistically significant relationship was
demonstrated by Bevilacqua et al. [15] or by Kommos et al.
[25]. In addition, we have shown that those tumours having
EGFR have a higher proliferation rate than those lacking EGFR,
as measured using Ki-67 monoclonal antibody. This antibody
reacts with cells in all phases of the growth cycle except Go
[24], and our results therefore suggest that EGFR positivity is
associated with more active cellular proliferation. In addition, a
significant inverse relationship is present between Ki-67 staining
and both ER and PR status. We have been unable to show a
significant correlation between EGFR and tumour size or lymph
node status. Variable results have been found with other patho-
logical correlation studies. While some have found significant
correlation with nuclear size [14], tumour grade [26], lymphatic
invasion [26] and axillary lymph node metastasis [21], others
have shown no correlation between EGFR and these features
[15-17].

Clinical studies by Nicholson et al. in Newcastle [20], have
demonstrated the value of EGFR assessment as a prognostic
factor. In 231 patients with operable breast cancer, EGFR
measurement proved to be second only to axillary node status as
a prognostic marker for relapse-free and overall survival over a
median follow-up period of 45 months. Furthermore, for axillary
lymph node negative patients, EGFR was better than ER, size
and tumour grade in predicting relapse and survival. EGFR also
proved to be a better predictor of response to tamoxifen in 72
patients with recurrent disease [27]. More importantly, EGFR
status divided the ER negative patients into responders and non-
responders to this therapy.

In addition to acting as a prognostic factor, EGFR status
may offer a mechanism to control breast cancer cell growth.
Monoclonal antibodies to EGFR have been shown to inhibit the
proliferation of human cancer cells in vitro, as well as the growth
of human breast cancer xenografts in nude mice [28]. Also, in a
study of the effect of antineoplastic agents on the binding of
EGF to MCF-7 human breast cancer cells, Hanauske et al. [29]
showed that cisplatin and vinblastine were able to inhibit the
binding of EGF to these cells, which could explain their anti-
proliferative effect.

Our finding of a marked discrepancy between in-situ hybridis-
ation and immunocytochemically-assessed EGFR mRNA and
receptor protein when compared with ER and PR status, raises
some important questions. Approximately twice as many
tumours were EGFR positive by ISH as by IC, suggesting that
although EGFR mRNA was expressed in these cells, in a high
proportion no receptor protein was detectable. The reasons for
this are unclear but could be due to differences in the sensitivities
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of the two methods. Given the different pattern of variation of
staining intensity seen with the two methods however, this
would seem unlikely. Other possibilities include EGFR protein
instability in a subset of tumours and failure of EGFR mRNA
to be translated. It is, of course, also possible that the probes
used have cross-hybridised with an unrelated mRNA not listed
in the Genebank or EMBL sequence databank. These possibili-
ties are being investigated using larger numbers of tumours.
Furthermore, the clinical course of all these patients will need
to be assessed in order to determine the prognostic significance
of the results.
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