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Assessment of oestrogen receptor content of
breast carcinoma by immunohistochemical
techniques on fixed and frozen tissue and by
biochemical ligand binding assay

D A Paterson, C P Reid, T J Anderson, R A Hawkins

Abstract
The oestrogen receptor content of 61
breast carcinomas was assessed by bio-
chemical ligand binding assay and three
immunohistochemical techniques-a
frozen section method (Abbott ER-ICA)
and on paraffin wax sections after fixa-
tion by two methods. The two fixatives
used were Carson's buffered formalin
and methacarn, and a DNAse pretreat-
ment of sections was used. Overall
agreement for the immunohistochemical
methods with the ligand binding tech-
nique were 95%, 85%, and 86% for the
frozen, formalin, and methacarn meth-
ods, respectively. A semiquantitative
staining score was performed and all
three methods gave significant correla-
tions of staining scores with biochemical
ligand binding values. The frozen section
method was best (r = 0-88) with the fixed
tissue methods yielding poorer correla-
tion coefficients. Several factors affected
staining, including the nature of the fixa-
tive and variable activity ofDNAse.

It is concluded that immunohisto-
chemical assessment of oestrogen recep-
tor content on fixed tissue provides
acceptable qualitative information but
that standardisation of protocols for tis-
sue processing will be necessary for
optimal utility and especially for quan-
titative assessments.
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The presence of oestrogen receptors in breast
carcinomas is an independent prognostic fac-
torl and a predictor of likely response to
hormonal treatment.2 Biochemical ligand bind-
ing techniques are the standard methods for
assessment of oestrogen receptor and yield a
numerical value for clinical use. The tech-
niques, however, have disadvantages as they
require fresh tissue and can take no direct
account of either the proportion of carcinoma
in the sample or the heterogeneity ofoestrogen
receptor expression within the tissue submitted
for analysis.

Immunohistochemical techniques using
monoclonal antibodies allow the proportion of
carcinoma in the tissue to be assessed directly
and the heterogeneity of oestrogen receptor
occurrence. Studies using both frozen sec-

tions"'l and fixed tissues'2"18 have reported
good correlations of immunohistochemical

assessments with the results of ligand binding
assays. Immunohistochemical methods, which
can be applied to fixed tissues, are the most
convenient for use within a routine diagnostic
service. To date, however, the fixation,
enzymatic pretreatments, detection systems,
and methods of quantitation for these methods
have not been standardised and the ideal choice
of a method for routine use is uncertain.

In the search for an optimal method for
routine use we compared the results of two
immunohistochemical methods for fixed tis-
sues both with each other and with the Abbott
ER-ICA frozen section technique.'9 All three
immunohistochemical methods were also com-
pared with ligand binding assay results for the
same tumours.

Methods
Tissue specimens from 70 patients submitted
to the department as "carcinomas" were
studied. The specimens were received fresh
and included diagnostic biopsy specimens,
wide local excisions, and mastectomies. They
were transported to the laboratory on ice,
examined macroscopically, and representative
blocks were taken from adjacent areas for
histological diagnosis, ligand binding assay,
and the three immunohistochemical methods.

Histological diagnosis was performed on 4
gum sections stained with haemotoxylin and
eosin cut from representative tumour blocks
after formalin fixation, routine processing, and
paraffin wax embedding. At microscopy the
presence or absence of carcinoma was confir-
med.

BIOCHEMICAL LIGAND BINDING ASSAY
Biochemical oestrogen receptor assay was
carried out by saturation analysis on tumour
extracts with separation of free and bound
hormone by dextran coated charcoal adsorp-
tion.'o The dissociation constant ofbinding and
receptor concentration were calculated by
Scatchard analysis and the results expressed as
fmol/mg of cytosol protein. Tumours with
oestrogen receptor values of equal to or > 5
fmol/mg cytosol protein were considered to be
biochemically positive.

IMMUNOHISTOCHEMICAL STAINING
The three immunohistochemical staining
methods used are summarised in table 1. For
each method the same primary antibody,
monoclonal rat IgG to human oestrogen recep-
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Table I Summary of three immunohistochemical oestrogen receptor methods

Method I Method 2 Method 3

Fresh tumour blocks frozen in liquid nitrogen Fresh tumour blocks fixed in Carson's buffered Fresh tumour blocks fixed in freshly prepared meth-
formalin at 4'C for 24-48 hours acarn (methnol: chloroform: acetic acid 6:3:1) at 4°C

for 4-24 hours
4pm cryostat sections cut and mounted on adhesive Routine processing, paraffin wax embedding, 4 pm Routine processing, paraffin wax embedding, 4 pm

pretreated slides sections cut and dewaxed in xylene sections cut, and dewaxed in xylene
Fixation on slides in 37% formaldehyde: phosphate PretreatmentwithDNAse (Sigma Pharmaceuticals) Pretreatment with DNAse (Sigma Pharmaceuticals)

buffered saline (PBS), methanol at -10-C and at 5 pg/ml in TRIS buffer for one hour at 3 mg/ml in TRIS buffer for 7 minutes
acetone at - I0'C

15 minute incubation with blocking reagent (normal 15 minute incubation with blocking reagent 15 minute incubation with blocking reagent
goat serum in phosphate buffer)

30 minute incubation with primary antibody Overnight incubation with the primary antibody Ovemight incubation with the primary antibody
30 minute incubation with bridging antibody (Goat Further processing with bridging antibody, PAP 5 minute incubation with normal goat serum 1:10 in

anti-rat at 10 pg/ml in phosphate buffer) complex, and counterstaining as for method 1 PBS
30 minute incubation with PAP complex 30 minute incubation with biotinylated goat anti-rat

Ig (Sigma Pharmaceuticals) at 1:50 in goat serum to
PBS 1:10

Incubation with: chromagen substrate solution 15 minute incubation with streptavidin-biotin com-
(diaminobenzidine (DAB): HC1 in citrate phos- plex (Amersham International) at 1:200 in PBS
phate buffer containing hydrogen peroxide)

Methyl green counterstain DAB detection and methyl green counterstain as
method 1

tor (Abbott Laboratories)'9 was used. Where
sufficient tumour tissue was available, tissue
was processed by more than one or all three of
the methods to allow comparisons to be made.

Method 1
Immunohistochemical staining was performed
on frozen sections as recommended in the
Abbott ER-ICA Kit.'9 This entailed a strict
fixation schedule on slides coated with gel and
uses a peroxidase-antiperoxidase (PAP) detec-
tion system.

Method 2
The first fixed tissue method entailed fixation
of tumour blocks in monobasic sodium phos-
phate buffered formalin (Carson's2') at 4°C for
between 24-48 hours before standard process-
ing for paraffin wax sections. A DNAse
pretreatment, as suggested by Shintaku and
Said,'5 was used before overnight incubation
with the primary antibody and a PAP detection
system.

Method 3
The second fixed tissue method entailed fixa-
tion in freshly prepared methacarn (methanol:
chloroform: acetic acid 6:3:1) at 4°C for four to
24 hours. A DNAse pretreatment was again
used,'5 but a streptavidin-biotin detection sys-
tem (Amersham International) was used this
time.

Negative controls consisted of using normal
rat immunoglobulin in place of the primary
antibody to human oestrogen receptor. Two
positive controls were also included, the first
was the control slides supplied by Abbott, the

Table 2 Scoring system based on intensity of staining and estimated percentage of
staining cells

Staining intensity
Percentage ofcarcinomaS
showing each staining intensity Negative Weak Moderate Strong

0 0 0 0 0
<10 0 0 0 2
10-25 0 1 2 4
26-75 0 2 4 8
76-90 0 3 6 12
>90 0 4 8 16

second was a breast carcinoma known to be
both biochemcially and immunohistochem-
cially oestrogen receptor rich (biochemical
value 419 fmol/mg cytosol protein).

SCORING OF IMMUNOHISTOCHEMICAL STAINING
Immunohistochemical oestrogen receptor
staining was seen as a brown staining of varia-
ble intensity confined to the nucleus. For
quantitation of immunohistochemical results a
semiquantitative scoring system was devised.
This was broadly similar to other published
scoring systems3 1012 1618 taking account of the
intensity of staining and the visually estimated
percentage of malignant nuclei showing each
staining intensity. Four intensities were recog-
nised-namely, negative, weak, moderate and
strong, and the percentages observed divided
into the six groups of 0, < 10%, 10-25%, 26-
75% _, 76-90% and > 90%. The stronger stain-
ing intensities were given more heavily weigh-
ted scores (table 2). The final score was
obtained by adding up the proportional scores
giving a possible maximum of 16. All the
immunohistochemically stained slides were
scored independently by two observers (CR
and DP), who were unaware of each others'
results and the results of the ligand binding
assays. The final score used for subsequent
correlations was a mean of the two scores so
produced. A case with a score of greater than
zero was considered to show clinically impor-
tant immunohistochemical oestrogen receptor
positivity.

Results
HISTOPATHOLOGY
From a total of 70 biopsy specimens, 61
carcinomas were confirmed on histological
examination, eight of these cases contained
non-invasive carcinoma only. The remaining
nine specimens were composed of one case of
fat necrosis, five of complex sclerosing lesions,
a Phyllodes tumour and two primary breast
sarcomas. These non-carcinomatous lesions
were excluded from further study.
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Table 3 Immunohistochemical results for methods 1-3

Method I Method 2 Method 3
Immunohistochemical oestrogen receptor status Number (%) Number (%) Number (%)

Oestrogen receptor positive 25 (60) 27 (59) 25 (53)
Oestrogen receptor negative 17 (40) 20 (43) 22 (47)
Total 42 (100) 46 (100) 47 (100)

BIOCHEMICAL RESULTS
Ligand binding oestrogen receptor values were
available for 53 of the total 61 carcinomas. Of
the non-assayed eight cases, four patients with
invasive carcinoma had received tamoxifen
treatment before biopsy and in the other four
cases no cancerous tissue was submitted for
analysis. Thirty six of the 53 cases (68%) were
oestrogen receptor positive ( > 5 fmol/mg
protein); 17 (32%) were negative (< 5 fmol/mg
protein).

IMMUNOHISTOCHEMICAL RESULTS
The results of histochemical staining for each
method are shown in table 3. Of the total 61
carcinomas, histochemical assessment of oes-
trogen receptor was performed on 42 cases by
method 1, on 46 cases by method 2, and on 47
cases by method 3. For each method, respec-
tively, 25 of42(60%), 27 of46 (59%), and 25 of
47 (53%) were immunohistochemically oes-
trogen receptor positive. Examples of staining
are shown in figs 1 and 2.

IMMUNOHISTOCHEMICAL AND BIOCHEMICAL

CORRELATIONS
Biochemical values from adjacent areas were

available for 37, 40, and 43 cases, respectively,

Figure 1 Invasive
carcinoma showing
strong,
immunohistochemical
oestrogen receptor
staining; method 2
(Carson'sfixed.)
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Figure 2 In situ carcinoma with central comedo necrosis
showing strong oestrogen receptor staining. The non-
specific cytoplasmic endothelial staining present was also
seen on negative control slides and was due to endogenous
peroxidase that was not blocked; method 3 (Methacarn
fixed.)

from the cases processed by immunohisto-
chemical methods 1-3. Results of concordance
of immunohistochemical receptor positivity
with biochemical oestrogen receptor positivity
are shown in table 4, with percentage overall
concordance of 95%, 850o, and 86o% for meth-
ods 1-3, respectively. If it is assumed that the
biochemical results are the true "standard"
then the percentage of false negative results
totalled 500, 100%, and 1 1% for the frozen,
formalin, and methacarn treated methods, res-
pectively. These false negative results came
from eight cases. The two frozen section false
negative cases both had low biochemical recep-
tor values of 12 and 17 fmol/mg protein, and
fixed tissue immunohistochemical staining for
both cases was also negative. Two further
negative cases assessed by fixed tissue methods
alone also had relatively low biochemical values
of 21 and 22 fmol/mg protein. The remaining
four fixed tissue, false negative cases showed
frozen section immunohistochemical positivity
and had biochemical values of between 22 and
247 fmol/mg protein, suggesting some failure
of the fixed tissue immunohistochemical
method.

Conversely, the false positive rates were 0%,
4%., and 2% for the three methods, respec-
tively. These arose from two cases. Review of
control histological slides from the tissue sub-
mitted for biochemical analysis in these cases
showed that one contained only non-invasive
carcinoma, while the other was poorly cellular
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Table 4 Concordance of biochemical oestrogen receptor positivity with
immunohistochemical oestrogen receptor positivity for methods 1-3

Immunohistochemical oestrogen receptor status

Method I Method 2 Method 3

+ - + _ + _

Biochemical oestrogen receptor values
positive 22 2 23 4 24 5
negative 0 13 2 11 1 13

Total number 37 40 43
Percentage concordance 950% 8500 860o

with less than 20% of the tissue submitted
comprising carcinoma. This suggested some
failure of the biochemical method.

Correlations of biochemical results with the
semiquantitative staining scores for each
method are shown in figs 3-5. Analysis of these
results by Spearman correlation coefficients
yielded significant correlations for method 1,
r = 0-87, p < 0-0001; for method 2, r = 0-61,
p < 0-0001; for method 3, r = 0 68, p <
0-0001. The frozen section method yielded the
most significant correlation, with the results of
the two fixed tissue methods lower than other
published ranges.3 51011 18

CORRELATION OF FROZEN SECTION
IMMUNOHISTOCHEMICAL RESULTS WITH FIXED

TISSUE METHODS
For larger lesions, tissue was processed by
more than one immunohistochemical method.
This yielded 32 cases for each fixed tissue
method for direct comparison with the frozen
section method. As the frozen section method
is the best characterised and gave the best
correlation with biochemical values the results
by this method were considered to be "correct"
values. The concordances of positive results on
fixed tissue methods with frozen section were
78% and 810% for Carson's and methacarn
fixed tissues, respectively (table 5).

Discussion
This study has shown that oestrogen receptor
content can be assessed by immunohisto-
chemistry using tissues fixed in either Carson's
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Figure 4 Correlation of histochemical staining score for
method 2 with biochemical oestrogen receptor value.

buffered formalin or methacam, as well as by
the frozen section method. Qualitative assess-
ment of the presence of oestrogen receptor for
each immunohistochemical method gave
overall concordance with biochemical values
comparable with other published values in the
range 65-93%o 5913 15 17 with the frozen section
method giving the best results (95 0%).

Quantitative assessment of immunohisto-
chemical oestrogen receptor values was
performed using a semiquantitative staining
score. This system, as have others,3 4 6 7 9 12 14-16 18
takes account of staining intensity and grouped
proportions of cells stained, but is not designed
as an absolute method of quantitation. Other
more detailed methods have been published,510
some including image analysis,"I and these are
likely to be more accurate. Despite this, sig-
nificant correlations of staining scores with
biochemical values were achieved for each of
the three methods. The frozen section method
again gave the best result with a high correla-
tion coefficient of 088 comparable with other
published coefficients in the range of 065 to
0.91. 5 10 1118 The results for the two fixed tissue
methods, though significant, were lower,
however, than other published coefficients,
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Figure 3 Correlation of histochemical staining score for
method I with biochemical oestrogen receptor value.

Figure 5 Correlation of histochemical staining score for
method 3 with biochemical oestrogen receptor value.
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Table 5 Concordance offrozen section
immunohistochemical oestrogen receptor positivity with
both tissue methods

Method 2 Method 3

+ - + _

Method 1
positive 16 5 16 2
negative 2 9 4 10

Total 32 32
Percentage correct 25/32 (78) 26/32 (81)

indicating that these methods are less useful for
quantitation. This reduced correlation by the
two fixed tissue methods seems due partly to
staining inconsistencies that resulted in
increased numbers of false negative results, but
also due to cases with moderate biochemical
values being assigned higher staining scores.
The possible reasons for staining inconsis-

tencies with immunohistochemical methods
that may lead to poor correlations with bio-
chemical values have been highlighted by Parl
and Posey.8 Possible causes for false negative
results include changes in oestrogen receptor
by fixation, natural degradation of the oestro-
gen receptor with delay in fixation, hetero-
geneity in the oestrogen receptor population,
heterogeneity of oestrogen receptor expression
in the carcinoma, poor sensitivity of immuno-

histochemical methods at low receptor values
and suboptimal exposure of oestrogen receptor
due to variable activity of any enzymatic pre-
treatment. Many of these factors will clearly be
influenced by variables that have not been
standardised among the published fixed tissue
immunohistochemical methods, summarised
in table 6. These include the composition of the
fixative, the duration of fixation, fixation tem-
perature, enzymatic pretreatments and the
detection systems. Unless and until agreement
to standardise these variables is reached, then
fixed tissue immunohistochemical oestrogen
receptor assessment will not be as useful, either
qualitatively or quantitatively, as the bio-
chemical ligand binding assay. This, by com-

parison, is a standardised method, subjected to
quality control, and has achieved a good degree
of interlaboratory agreement.22
The choice ofthe most appropriate immuno-

histochemical protocol for standard use on

fixed tissues is still not clear, but several aspects
of the method can be highlighted. Firstly, in
our study fixation in methacarn gave better
results than formalin fixation. The improved

staining with methacarn was probably because
it penetrates tissues more rapidly than formalin
and this results in better preservation of oes-
trogen receptors. Secondly, to slow natural
degradation of oestrogen receptors fixation was
performed at low temperature for both meth-
ods. Thirdly, in certain instances staining
inconsistency was due to variable activity of
DNAse. This problem has also been identified
and modification suggested by the authors of
this method.23
Though the fixed tissue immunohisto-

chemical methods have not yet achieved the
level of standardisation to permit accurate and
consistent quantitation, they are already of
confirmed clinical value for qualitative assess-
ment4 and have advantages over frozen section
methods. They yield sections of better mor-

phological quality, reduce the health risk
intrinsic in the use of fresh tissue, enable
greater areas of the lesion to be evaluated and
thus allow the importance of heterogeneity of
receptor expression to be more fully assessed.
Furthermore, fixed tissue immunohisto-
chemical oestrogen receptor assessment can be
particularly applied to small or occult lesions
where routine processing of all the limited
tissue available has been necessary for diag-
nosis. With the planned establishment ofmore
widespread breast cancer screening by mam-

mography,25 such specimens are likely to
become more numerous.
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