
J Clin Pathol 1982;35:401-406

Biochemical assessment of histochemical methods for
oestrogen receptor localisation
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SUMMARY The biochemical validity of published labelled-ligand and ligand-antibody methods for
the histological localisation of oestrogen receptors (ER) in breast carcinomas was assessed by
measuring specific and non-specific binding of 3H-oestradiol to pretreated MCF-7 monolayers; the
monolayers had been either frozen and thawed, then air-dried or acetone-fixed, or fixed in formal-
dehyde to reproduce the conditions in published methods. The results indicate that most of the ER
in a frozen section is likely to be lost by diffusion into the supernatant incubation medium. Fixation
substantially restricts diffusion but reduces specific oestradiol binding and may increase non-specific
binding; acetone fixation is particularly deleterious. Preincubation in oestradiol fails to protect the
receptor during fixation. We conclude that the published histochemical methods for ER localisation
have doubtful validity and should not yet be used in preference to conventional biochemical assays.

Several methods have been proposed for the
histological localisation of oestrogen receptors (ER)
in breast cancer;1'-" such methods have the potential
advantages over conventional biochemical ER assays
of allowing morphological assessment of tumour cell
heterogeneity with respect to ER content, elimin-
ation of problems due to contamination of tumour
homogenates by stromal elements, and enabling
subcellular localisation of hormone binding and
translocation. It is claimed that ER can be histo-
logically demonstrated either by tracing bound
oestradiol with a specific antibody by immuno-
fluorescence or immunohistochemistryl-3 5 8 10-11 or
by using oestradiol prelabelled with a fluorescent or
enzyme marker.46-7 911
The development and evaluation of these histo-

chemical techniques has been conducted at a purely
morphological level and, while appropriate controls
are sometimes included, the end result has to be
subjectively interpreted. "Specific" binding of
hormone to high affinity, low capacity receptors and
"non-specific" binding to low affinity, high capacity
hormone-binding substances may be impossible to
distinguish in the one histological preparation. The
use of unfixed frozen sections risks possible loss of
receptor by diffusion and exposure of sections to
histological fixatives5 11 raises further doubts about
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these techniques because of the known lability of the
receptor in biochemical systems.
We have investigated the biochemical validity of

these histochemical methods by quantitative analysis
of the binding of tritium-labelled oestradiol to
MCF-7 cells, an oestrogen-responsive human breast
carcinoma cell line.12 MCF-7 cell cultures were pre-
treated to mimic the procedures described in
published histological methods, after which specific
and non-specific oestradiol binding was measured.

Material and methods

MCF-7 CELLS
MCF-7 cells were grown in HEPES-buffered RPMI
1640 medium containing 10% fetal calf serum. Sub-
cultures were done by incubating at 37°C for 2 min
with 0-0125% trypsin in 0-02% EDTA-saline
followed by the addition of serum and washing in
phosphate-buffered saline (PBS) (Oxoid). For the
hormone-binding experiments detailed below the
cells were subcultured into either plastic multiwell
trays (well diameter 3-5 cm) or glass Petri dishes
(diameter 4-0 cm) at a density of approximately
2 x 106 cells per well or dish; the latter were used
for experiments in which cells were to be exposed to
plastic solvents such as acetone or xylene. Hormone-
binding experiments were done with the cell mono-
layers at confluence and after 24 h prior incubation
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in medium containing fetal calf serum extracted with
dextran-coated charcoal to remove steroid
hormones.'3

PRETREATMENT OF CULTURES
The medium was aspirated from the multiwell trays
or glass dishes. The attached cell monolayers were
frozen by gently placing the multiwell trays or glass
dishes on a bath of dry ice in ethanol and then
thawed at room temperature to simulate the freeze/
thaw sequence in the preparation of frozen section.
Frozen/thawed monolayers were either air-dried at
4°C for one hour or fixed in acetone1' for 4 min
followed by washing in PBS. Unfrozen monolayers
were fixed in neutral buffered 10% formalin for 15
min followed by washing in PBS. The alleged
improved stability ofER produced by preincubating
the fresh tissue with oestradiol before formalin
fixation5 was assessed by incubating live MCF-7 cell
monolayers in 7 x 106 M 17 ,B-oestradiol in RPMI
1640 containing 0 05% bovine serum albunmin (BSA)
for 30 min at room temperature. After fixation in
formalin for 15 min the monolayers were washed in
three changes of PBS, dehydrated in ethanol,
"cleared" in xylene, then rehydrated through ethanol
to PBS. Control cultures in which the oestradiol
preincubation was omitted were handled similarly.

HORMONE BINDING
MCF-7 monolayers, either live or pretreated as
above, were incubated with 10-9 M [2, 4, 6, 7, 16,
17-3H]-oestradiol (154 Ci/mmol) (Radiochemical
Centre, Amersham) in 0 05% BSA in PBS for one
hour at room temperature. In some experiments
Trasylol (Bayer) at 1000 u/ml, 25% polyethylene
glycol 6000 (PEG) or 25% polyvinyl pyrrolidone
(PVP) were included. The supernatant incubation
mixture was then aspirated and treated as detailed
below. The monolayers were gently washed in three
changes of 0-2% BSA in PBS to remove free
hormone, cells were dislodged with 1 M sodium
hydroxide, neutralised with 1 M hydrochloric acid,
and added to 7 ml of Handifluor (Scintillar) or
Instagel (Packard) scintillant. Non-specific binding
was determined in replicate monolayers incubated
with 10-9 M tritiated oestradiol in the presence of
10-6 M diethylstilboestrol. All determinations were
done in triplicate.

Handifluor or Instagel scintillant.
Specific oestradiol binding to cell monolayers and

in supernatants was calculated by subtraction of the
non-specific 3H-oestradiol binding (in the presence
of 10-6M DES) from the total maximum binding (in
the absence of 10-6 M DES).

Results

OESTRADIOL UPTAKE BY MCF-7 MONOLAYERS
The uptake of tritiated oestradiol by living MCF-7
monolayers was studied over a two-hour period.
Specific oestradiol binding reaches its peak value
after approximately one hour, though non-specific
binding (in the presence of DES) continues to rise
after this time (Fig. 1).
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Fig. I Uptake of 3H-oestradiol (10-9 M) by MCF-7
cells in culture. Non-specific uptake is in the presence of
diethylstilboestrol (10-6 M). The curve for specific
binding, attributable to a high affinity oestrogen receptor,
is derived by subtraction of the non-specific binding from
the maximum binding at each time point.

TREATMENT OF SUPERNATANTS
Possible diffusion of hormone-binding substances
during incubation was investigated by mixing 1 ml

supernatant with 200 ,Al of dextran-coated charcoal
(0 1 % dextran T-70 and 1 % charcoal) to remove free
hormone. After centrifugation at 2500 rpm for 10
min at 4°C the supernatant was added to 10 ml of

FROZEN AND THAWED MCF-7 MONOLAYERS
In typical experiments the amount of specific
oestradiol binding to air-dried frozen/thawed MCF-7
monolayers was approximately 10% of the specific
binding attainable in replicate cultures of live cells
(Fig. 2). Analysis of the supernatant medium from
the hormone incubations, by the dextran-coated
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charcoal method, demonstrated that a considerable
amount of the specific oestradiol binding activity had
diffused out of the monolayers (Table). Inclusion of
polymeric stabilisers, either PVP or PEG, in the
incubation medium improved the final morpho-
logical appearance of the monolayers but did not
result in any detectable reduction in receptor
diffusion. Diffusion of binding activity was also un-
affected by inclusion of Trasylol (1000 u/ml) in the
incubation medium.

Recovery of oestrogen receptor from frozen and thawed
andfixed MCF-7 monolayers after incubation for one
hour with JO-9 M 3H-oestradiol

Monolayer status Recovery

Monolayer Supernatant Unrecovered

Live 100 0 0
Frozen/thawed 12 70 18
Frozen/thawed/

acetone-fixed 1.1 0 98-9
Formalin-fixed 29 1 1 69-9

ACETONE FIXATION
Acetone fixation of frozen/thawed MCF-7 mono-
layers totally eliminated detectable diffusion of
receptors into the incubation medium (Table);
specific oestradiol binding to the monolayers was,
however, reduced to negligible proportions, ap-
proximately 1% of that attainable in replicate live
cells (Fig. 2). Non-specific binding was unaffected.

FORMALIN FIXATION
As with acetone fixation. formalin substantially
reduced the tendency of receptor to diffuse into the
supernatant (Table). This was accompanied by
significant reduction in specific oestradiol binding to
the monolayers and doubling of non-specific binding
(Fig. 2).

FORMALIN FIXATION OF OESTRADIOL-
PRETREATED MONOLAYERS
Exposure of formalin-fixed cells prelabelled with
tritiated oestradiol to ethanol reduced the oestradiol
content, both specifically and non-specifically
bound, to negligible proportions (Fig. 3). However,
reincubation of such cells with tritiated oestradiol,
with and without an excess of DES, failed to demon-
strate any detectable protection of the receptor
during formalin fixation; the degree of specific and
non-specific binding was similar to that seen in
replicate cultures fixed in formalin and exposed to
ethanol but without preincubation in oestradiol
(Fig. 3).
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Fig. 2 Binding of 3H-oestradiol (10-9 M) to live MCF-7
monolayers, frozen and thawed monolayers, formalin-fixed
monolayers and acetone-fixed monolayers. Difference
between total maximum binding and non-specific binding
(stippled) indicates specific binding attributable to
receptor (bars denote SEM).
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Fig. 3 (Left) Elution of specifically and non-specifically
bound (stippled) 3H-oestradiol from prelabelledformalin-
fixed MCF-7 monolayers on exposure to ethanol.
(Right) Failure of oestradiol preincubation to protect
receptor during formalin fixation; 3H-oestradiol (10-9 M)
binding is not significantly different from that attained in
replicate monolayers not preincubated in oestradiol priol
to formalin fixation and ethanol treatment.
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Discussion

The assay of specific steroid hormone receptors, as
characterised by biochemical criteria, in breast
cancers can have therapeutic implications for
individual patients. Conventional assays are done
on tissue homogenates; there the information
derived is quantitative but conveys no information
about the possible heterogeneity of the tumour cell
population; a "receptor-positive" tumour may
contain numerous receptor-negative tumour cells.
Tumour homogenates may also be contaminated by
stromal constituents, resulting in either dilution of
the receptor derived from the neoplastic cells or
enrichment of the homogenate with receptor from
connectivc tissue cells. These inherent disadvantages
of the biochemical assays have motivated the
development of morphological methods based on

histochemistry from which the receptor content of
individual cells may be deduced.
From this study employing biochemical criteria it

is clear that none of the published histochemical
methods for oestrogen receptor localisation is
satisfactory. Our results demonstrate that the use of
unfixed frozen sections for such methods2-4 6-10 is
unsatisfactory because of the facility with which the
receptor diffuses into the supernatant during in-

cubation with hormone. Our attempts to minimise
receptor diffusion by including a limited range of
polymeric tissue stabilisers'4 in the incubation
medium have met with little success other than to
improve substantially the final morphological result
and to improve agreement between replicates.
Trasylol, a protease inhibitor, also failed to increase
the amount of receptor recoverable from frozen and
thawed monolayers.

It could be argued that cultured cell monolayers
are not strictly analagous to tissue sections. We
would regard the monolayer, however, as represent-
ing the more favourable situation in which to retain
diffusible substances in frozen and thawed cells; in
conventional frozen sections many cells are tran-
sected thus permitting unrestricted diffusion into the
supernatant, whereas the cells in a frozen and thawed
monolayer are still bounded by a membrane (albeit
one that has sustained the damage associated with
freezing).
Kurzon and Sternberger claim that oestrogen

receptor will withstand the potential rigours of
formalin fixation if the fresh tissue or cells are first
incubated in unlabelled oestradiol.5 Their contention
that passage of the tissue through ethanol during
processing will remove oestradiol previously bound
to the receptors is supported by the results in this
paper. There is, however, evidence from the results
presented here that this preliminary hormone in-

Underwood, Sher, Reed, Eisman, Martin

cubation before fixation does not afford any measure
of protection. Formalin does restrict the tendency of
the receptor to diffuse and does preserve a measur-
able degree of specific binding within the cells,
though at cost of a significant increase in non-
specific binding.
Acetone fixation almost totally abolishes specific

binding and would appear to be the least effective
method for fixing tissue sections or cells for receptor
localisation." Presumably the receptor is denatured
and its conformation altered in such a way that it
can no longer bind hormone. Unlike formalin,
however, acetone fixation does not lead to any
enhancement of non-specific binding activity in the
cells.

In summary, our findings indicate that most of the
oestradiol bound to air-dried or fixed cells or sections
is likely to be associated with low affinity non-
specific binding substances rather than a high affinity
oestrogen receptor. It is difficult, therefore, to accept
the conclusion that such methods are valid for the
histochemical demonstration of ER.

Further doubts about the published histochemical
methods for ER localisation have been raised. There
are theoretical objections to the ligand-antibody
method ;1-3 5 8 10-ll oestradiol bound to ER appears
to be inaccessible to oestradiol antibodies, because
the receptor-hormone interaction is of clathrate type
(see legend, Fig. 4),15-17 and consequently any
oestradiol traced by immunofluorescence or im-
munohistochemistry is more likely to be non-
specifically bound (Fig. 4). There are also objections
to the validity of the labelled-ligand method;
fluorescein-conjugated oestradiols4 6 9 have low
relative binding affinities for ER18 (the same may be
truc of peroxidase-conjugated hormone) and com-
petition studies for 3H-oestradiol binding may be
invalidated by contamination of the fluorescein
conjugated preparation with free oestradiol.19 20 In
both methods the oestradiol concentration employed
is invariably in excess of that necessary to achieve
saturation of the classical high affinity type I
oestrogen receptor and probably results in oestradiol
binding to low affinity oestrogen binding sites,
designated types II and III.19 The clinical and
therapeutic significance of these binding sites in
breast carcinomas awaits elucidation.
More work is clearly necessary to devise a method

compatible with mophological and biochemical
considerations. Theoretical objections to both the
antioestradiol antibody method and the labelled
oestradiol method may, however, serve to motivate
the development and use of specific antibodies (for
example, monoclonal) to oestrogen and other
hormone receptors.21
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not be detecting the same high affinity receptor that
is measured by conventional cytosol-based assays.

1 .i

2

4A
Fig. 4 Hypothetical mode of interaction between
oestradiol and its high affinity receptor (left) or a non-

specific binding site (right) and subsequent tracing by
antioestradiol antibody: 1 oestradiol (solid circles) added
to tissue section; 2 high affinity receptor binds and
encloses oestradiol, an interaction described as clathrate
(from the Latin word "clathrare" meaning to furnish with
a lattice or bars); 3 oestradiol sequestered within receptor
is relatively inaccessible to added antioestradiol antibody
unless receptor opens; 4 after washing, only the antibody
associated with non-specifically bound oestradiol remains
adherent to the section.
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Addendum

After this paper was submitted for publication
Taylor et a122 reported putative oestrogen receptor
detection by the immunoperoxidase technique using
polyoestradiol phosphate ligand with paraffin
sections of formalin-fixed breast and endometrial
carcinomas. This method is subject to the general
criticism of the ligand-antibody techniques and the
specific problems consequent upon formalin fixation.
Indeed the authors concede that their technique may
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