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ABSTRACT

Immunocytochemical demonstration of estrogen receptors in 115 hu
man breast cancer specimens was performed using mouse monoclonal
antibodies against estrogen receptor and avidin-biotin as the displaying
system. The antibody indicated a highly heterogeneous endowment of
neoplastic cells with estrogen receptor at both nuclear and cytoplasmic
levels. The percentage of labeled cells within each tumor specimen was
recorded to compare this immunocytochemical assay with the biochemical
assay of estrogen receptors by the dextran-coated charcoal method. A
significant correlation was observed between these two assays. The
present results show that estrogen receptors can be confidently demon
strated at the single cell level, thus providing additional information to
quantitative biochemical assays. Their prognostic and therapeutic predic
tive powers may be usefully integrated, particularly in view of the
heterogeneous distribution of receptors among cancer cells.

INTRODUCTION

Since the ER4 was first recognized as the mediator of estrogen

action in target tissues, ER assays have been performed to
predict hormone dependence of human breast cancer (1). Until
quite recently, receptor measurement has been carried out by
exploiting the hormone binding capacity of the receptor mole
cule.

The estrogen receptor's physiology and pathophysiology have

already been meaningfully investigated on morphological
grounds (2) using anti-hormone antibodies and affinity cyto
chemistry. Many issues have thus been highlighted that are
relevant to the hormone responsiveness of human breast cancer
that would not be fully appreciated using biochemical assays in
a cell-free system.

A major advance in receptor measurement and in the study
of estrogen cell interaction was recently made by the production
of monoclonal antibodies to ER (3). Their use in an immuno
cytochemical technique to assay ER has already shown several
advantages (4, 5). The visualization of estrogen receptors,
whether occupied or not by the hormone at the single cell level
in an intact tumor tissue, provides information not obtainable
by biochemical methods exploiting the hormone binding prop
erty of the receptor in a cell-free system.

In the present study, immunocytochemical detection of ER
was performed by a specific monoclonal antibody in human
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breast cancer specimens and was compared with the biochemi
cal assay of ER to evaluate the possibility of a more accurate
prediction of the hormone responsiveness of these tumors by
combination of the two methods.

MATERIALS AND METHODS

One hundred fifteen human breast cancer specimens sent to this
department immediately after surgical removal were included in this
study. One or, when possible, more samples from each specimen were
fixed in an aqueous solution containing 0.12% picric acid, 3.7% form
aldehyde, and 5% acetic acid (Fl fixative). Samples were then dehy
drated through graded ethanols, processed according to standard pro
cedures, and embedded in paraplast. Fixation and embedding proce
dures were set on a preliminary series of 20 breast cancers, not included
in the present study, with known ER content by DCC. The following
fixatives were tried: 10% formalin; B5; Carnoy; and Fl. All of them
gave overlapping staining patterns. Fl was chosen because it gave the
best results with the lowest background staining. Both paraplast and
paraffin were used to embed; as no significant differences were appre
ciable, paraplast was chosen. Fixed, cryostatic sections were tried, but
with negative results with all the fixatives tested (acetone, glutaralde-
hyde, Zamboni). All samples were assessed for final histolÃ³gica! diag
nosis. All tumors were infiltrating primary carcinomas of the following
type (number of specimens in parentheses): ductal (86); lobular (15);
comedocarcinomas (9); papillary (1): tubular (2); mucoid (1); and med
ullary (1). At times, in situ intraductal and intralobular components
and/or normal and hyperplastic ducts and lobules were present in the
tissue sections. This series included 88 postmenopausal and 27 pre-
menopausal patients.

The monoclonal anti-estrogen receptor antibody, JS34/32, is derived
from a mouse immunized with a purified preparation of ER from calf
uterus. Its preparation, specificity, and the antigenic domain it recog
nizes have been extensively reported elsewhere (6-8). This antibody, of
the IgG2a class, has been shown to interact also with ER from human
tissues. The Ka of the interaction of JS34/32 with ER from MCF-7 cell
line is about 0.1 nM.5 The antibodies used in this study were purified

from mouse ascitic fluid by ammonium sulfate precipitation and DEAE-
cellulose chromatography as discussed elsewhere (6).

For the immunocytochemical staining, an indirect immunoperoxi-
dase method was applied, using an avidin-biotin system. Sections were
deparaffinized; after the first step in 100% ethanol, slides were im
mersed in methanol containing 0.03% H2Oj for 30 min at 4Â°Cto obtain

inactivation of endogenous peroxidase. Sections were rehydrated in
PBS and flooded with normal horse serum for 20 min at room temper
ature. Slides were then reacted with JS34/32 antibody (20 to 30 jig/ml
in PBS) for 60 min at room temperature. After several washes in PBS,
biotinylated horse immunoglobulins against mouse IgG were applied
for 30 min at room temperature. Slides were then washed and reacted
with an avidin-biotinylated horseradish peroxidase complex for 30 to
60 min at room temperature. Normal horse serum, biotinylated anti
body, and avidin-biotinylated peroxidase were all included in a com
mercial kit and diluted according to manufacturer's instructions (Vec

tor, Burlingame, CA).
To visualize the antibody binding, slides were immersed in a 3,3'-

* B. Moncharmont. unpublished observations.
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diaminobenzidine tetrahydrochloride solution in Tris-HCl buffer (0.05
g/100 ml, pH 7.6) containing 0.03% H2O2 for 4 to 5 min. After the
final wash in distilled water, slides were dehydrated, cleared, and
mounted without counterstain.

As controls, three adjacent tissue sections from each specimen were
run with each batch and treated as follows: (a) JS34/32 antibody was
omitted in the first slide; (ft) purified immunoglobulins from a hybrid-
oma obtained with lymphocytes from a nonimmunized mouse (6) were
substituted for the JS34/32 antibody in the second slide; and (c) in the
third slide JS34/32 antibody was applied after absorption with purified
receptor protein from calf uterus in approximately 25-fold molar excess
(final concentration, 21.6 Â¿ig/mlof antibody and 238 Â¿Â¿g/mlof ER).
The ER had been purified (9) and kindly provided by Dr. G. A. Puca,
University of Naples, Italy. Additional negative controls included sec
tions of human colon and muscle tissues. They were run with each
batch and treated with JS34/32 antibody as above. In further controls,
ER immunostaining was performed on several serial sections from ten
cancer specimens.

The cytosol estrogen receptor assay of each specimen was performed
by the DCC method ( 10) independently in another laboratory' (Professor

A. Piffanelli, University of Ferrara). The experimental data were re
corded and statistically evaluated by specifically developed programs
on an Apple Ile 128K system.

RESULTS

The case scattergram according to menopausal status, the
level of ER by DCC, and the percentage of positive cells by
immunocytochemistry are presented in Fig. 1.

The receptor status of this series as tested with the DCC
assay was similar to other reported series (1): 11.3% of cases
were negative; 19.1% were borderline; and 69.6% were ER
positive (Table 1).

Specifically immunostained cells were always identified in all
the cancer specimens included in this study. None of the tumors
appeared completely negative or completely positive, each spec
imen containing stained and unstained cells in a variable pro
portion. However, intra- and intercellular distribution of the
staining on serial sections from the same tumor was highly
reproducible. The intensity of specific staining was also highly

Table 1 Dislribution afeases according to biochemical ER assay
A portion of each tumor specimen stained with the monoclonal anti-ER

antibody, as described in "Materials and Methods," was assayed for cytosolic ER

content by the DCC method.

1000-n.2^S

o100E?"X"5Ecc

1008-Â§,o0AA

AA*JA*

A0AA A**AAâ€¢A

9*A..Aâ€¢A

*AÂ»
AAA
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Fig. 1. Comparison of DCC and immunocytochemical assay of ER. Cytosolic
ER content of each tumor specimen is plotted against the percentage of positive
cells by immunocytochemistry. Class A, <IO%: Class A, 11 to 25%; Class C, 26
to 50%; Class D, >50% positive cells. â€¢,premenopausal; A. postmenopausal
patients.

variable, both within a single tumor and among different tu
mors. This highly heterogeneous staining pattern was a con
stant feature of the infiltrating portions of each tumor (Figs. 2
to 5), whereas in situ portions quite constantly displayed a
homogeneously positive staining pattern involving the entire
cellular population.

Besides the presence or absence of specific staining, a varia
tion in the intracellular distribution of staining was also noted.
Both nuclear and cytoplasmic labeling was the predominant
pattern, but staining confined only to the nucleus or to the
cytoplasm was also seen. No clear-cut association was found
between the pattern of staining and other parameters such as
tumor histotype or menopausal status. Areas with highly dif
ferentiated tubular structures more often were stained with
either a nuclear and cytoplasmic or only nuclear pattern. Spe
cific staining was also observed in nonneoplastic cells of normal
lobules and ducts, which were occasionally present in the stud
ied specimens. In these cells, the most prevalent staining pattern
was only nuclear. Moreover, some degree of staining heteroge
neity was always present, with a variable number of negative
cells also seen among normal cells (Fig. 6). No staining was
ever observed in myoepithelial cells and nonepithelial cells,
except for hormone-responsive fibrocytes of the specialized
lobular strema (11) which occasionally showed specific nuclear
staining. Moreover, no nuclear or cytoplasmic staining was ever
apparent in human colon (Fig. 7) and muscle tissues treated in
the same way as breast cancer specimens nor in any of the three
adjacent slides run as negative controls (Figs. 8 and 9).

The degree of correlation was measured between the histo-
chemical assay of receptors and the cytosol receptor concentra
tion of each specimen determined by DCC. For this preliminary
evaluation a simple histochemical scoring system was chosen
which took into account only the proportion of stained neo-
plastic cells. Any staining intensity above the background inten
sity was considered positive. However, intensity and intracel
lular distribution of staining and tumor cellularity were not
included in this scoring system. Four classes of histochemical
positivity were defined so that each tumor could be assigned to
one of these, on the basis of the estimated proportion of the
entire tumor cell population showing specific staining. Classes
of histochemical positivity were named A, B, C, and D and
contained, respectively: A, <10%; B, 11 to 25%; C, 26 to 50%;
and D, >50% positive cells. All slides were evaluated independ
ently by four reviewers (E. M., P. Q., A. B., A. M.). Evaluation
of all the cases has been done by each reviewer 1 mo apart,
without knowing the results of the DCC assay. Intraobserver
variation was low and ranged between 3 and 7%. Interobserver
variation was present in 35% of cases. The disagreement, how
ever, concerned the assignment to contiguous classes of histo
chemical positivity. For all cases in which a different evaluation
had been given, a consensus was reached by a joint evaluation
with a fifth reviewer (G. F.).

The classes contained 8,11, 36, and 60 cases, respectively.
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Figs. 2 to 5. Heterogeneous immunocytochemical staining of ER in four infiltrating ductal carcinomas. These tumors were assigned to Classes D (Figs. 2 and 3)
and C (Figs. 4 and 5) and contained 136.4, 243.5, 80.1, and 71.5 fmol of ER/mg of protein, respectively, by the DCC method. Original magnification, x 160 (Fig.
2), x 250 (Figs. 3 and 4), and x 160 (Fig. 5). No counterstain.

. >

Fig. 6. Immunocytochemical staining of ER of a normal mammary lobule.
Staining is nuclear and heterogeneous. Original magnification, x 160. No coun
terstain.

Fig. 7. Lack of immunocytochemical staining of ER in human colon mucosa
reacted with JS34/32 antibody. Original magnification, x 250. No counterstain.

When grouped according to menopausa! status, the distribution
of cases belonging to Classes A+B and Classes C+D was 25%
and 75% in the premenopausal group and 14% and 86% in the
postmenopausal group, respectively. The degree of correlation
(Pearson's r = 0.371) between the biochemical and immuno-

histochemical assay methods was highly significant (P =

0.0002).
The amount of ER measured by DCC assay of all cases of

Class A was <10 fmol/mg of protein. In Classes B, C, and D
the proportion of cases with ER concentration lower than 10
fmol/mg of protein progressively decreased, while the propor-

tion of cases with higher receptor concentration increased. The
mean receptor concentration by the DCC assay of the four
classes was 4.49, 13.46, 66.33, and 131.78 fmol of ER/mg of
protein, respectively.

Classes of histochemical positivity showed significantly dif
ferent mean ER values by DCC assay (Student's t test). The

difference between the means of Classes A and B was not
significant, and these classes were therefore grouped together
for this particular test (Fig. 10). The highest difference was
observed between the means of Classes A+B and D.
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Fig. 8. Immunocytochemical staining of two adjacent sections from an infil

trating ductal carcinoma with JS34/32 antibody (a) and JS34/32 antibody ab- F'8- 9- Immunocytochemical staining of two adjacent sections from an infil-
sorbed with purified receptor (A). The specific positivily observed in a is lacking lraling duclal carcinoma with JS34/32 antibody (a) and with mouse immuno-
in b. Original magnification, X 400. No counterslain. globulins (b). Specific positivity present in a is absent in b. Original magnification.

x 400. No counterstain.

DISCUSSION

The reported results demonstrate that the monoclonal anti
body raised against calf uterus ER is suited to the immunocy-
tochemical demonstration of ER in human breast cancer.

The JS34/32 antibody used in this study has already been
shown to interact with receptor from human breast cancer in a
cell-free system and to recognize both native and nuclear forms
from rat uterus by immunocytochemistry. The ability to interact
with both nuclear and cytosolic receptor correlates well with
the nuclear and cytoplasmic staining observed in the immuno-
cytochemical preparations.

The specificity of staining was assured by control experiments
in which JS34/32 antibody was omitted, or purified immuno-
globulins from a control hybridoma were substituted for the
receptor antibody. Moreover, the lack of staining observed when
JS34/32 antibody had been applied after absorption with puri
fied receptor assures the specificity of the immunostaining.
Additional evidence for specific receptor recognition comes
from the lack of staining of nonepithelial cells and of nontarget
tissues.

A scoring system of the immunocytochemical positivity was
adopted to match staining results with the cytosolic ER concen
tration determined by the DCC method. Although the immu
nocytochemical evaluation included only the percentage of pos
itive cells, disregarding other parameters such as staining inten
sity which could significantly contribute to a better assessment,
the degree of correlation of the two methods was nonetheless
statistically significant (P = 0.0002).

It is worth noting that by immunocytochemistry a few posi
tive cells were always identified in all specimens, including
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Fig. 10. Significance of the difference between the mean cytosolic ER value
by the DCC method in the classes of immunocytochemical labeling, using the
Student / test analysis. No significant difference was observed between the mean
ER contents of Classes A and B. Classes A+B. s25%; Class C, 26 to 50%; Class
D. >50% positive cells. Numbers in parentheses, mean cytosolic ER value by the
DCC method (fmol/mg of protein).
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Fig. 11. Immunocytochemical staining of ER of an infiltrating ductal carci
noma with abundant stremai component, belonging to Class D. containing 8.3
fmol of ER/mg of protein by the DCC method. Original magnification, x 63. No
counterstain.

those that were negative by the DCC method. This can be taken
to mean that cells endowed with receptors are always present,
although in a variable proportion, in every human breast cancer.

When grouped according to menopausa! status, the percent
age of cases with low histochemical assay score (Classes A+B)
was higher in premenopausal than in postmenopausal women,
in agreement with the lower ER concentration in premenopau
sal breast cancer.

The discrepancy observed in some instances between the two
methods (low ER DCC values displayed by some specimens
with >50% positively stained cells) can be ascribed to a variety
of reasons. First, for obvious methodological reasons, the two
assays were performed on different portions of the same speci
men. Immunocytochemistry has the intrinsic possibility not
only of defining the actual presence of neoplastic cells in a
given specimen, but also of identifying the degree of cellularity
(the ratio of cells to stroma). This intrinsic control is not
possible in biochemical assays. Moreover, the ability of the
antibody to recognize receptors independently from the binding
capacity allows the identification of the total intracellular
amount of receptor. Lastly, it should be considered that, under
these experimental conditions, the DCC method evaluated only
the cytosolic receptor, whereas the antibody recognizes both
the nuclear and cytoplasmic receptor in tissue sections. Unfor
tunately, comparison with the nuclear ER content by DCC,
which could shed some light on these discrepancies, was not
possible, as this assay had not been performed in the cases
included in this series. The 8 cases belonging to Class D which
had less than 10 fmol of ER/mg of protein by the DCC method
were further examined to explain this large discrepancy. In 3
cases ER was not detectable, while PgR was present ( 1.53,4.31,
and 15.75 fmol of PgR/mg of protein, respectively). Although
a well-recognized possibility (12), an ER-negative and PgR-
positive tumor is a rare event and seems to point to a false
negative ER assay by DCC in these cases. This is further
supported by the demonstration of an ER-positive (5.96 fmol
of ER/mg of protein) metastatic axillary lymph node in one of
these cases. In 3 further cases nuclear staining was prevalent,
involving almost 100% of stained cells. In 5 cases the stremai
component was highly abundant, with a low degree of cellularity
(Fig. 11). Under these conditions a low DCC value could result
from the paucity of cells, while ER-positive cells are detected
by immunocytochemistry. Wide necrotic fields together with
heavy inflammation were observed in two cases. Lastly, it must
be emphasized that, when several samples from a specimen

were available for immunocytochemical assay, the degree of
cellularity, the quantity of the connective tissue component
including fat, and the staining pattern often showed a great
variability. It seems conceivable, therefore, that the opportunity
to identify ER at the single cell level can provide additional
information to quantitative assays, for both therapeutic and
prognostic purposes. Such an opportunity appears particularly
useful in view of the heterogeneous receptor distribution dem
onstrated by this visual approach.

Some issues deriving from the visual tracing of receptors
deserve further investigation. The heterogeneous presence of
receptors seen also in normal tissue may mean that the mech
anism inherent to cell heterogeneity in neoplastic populations
is highly related to a process "physiologically" occurring in

normal cells. On the other hand, the presence of receptors in
the entire cell population of in situ tumors suggests that receptor
expression may be a key event in tumor progression.

The intracellular receptor localization demonstrated by this
antibody also deserves some comments. The nuclear localiza
tion traced by the JS34/32 antibody in both normal and neo
plastic cells is in accord with the unique nuclear localization of
receptors recently reported by others with either this antibody
(13, 14) or different monoclonal antibodies (15-17) and enu-
cleation experiments (18, 19). The cytoplasmic localization of
receptors often traced in neoplastic cells in this study may
appear to be at odds with reports of other investigators (15,
17). With respect to these other monoclonal antibodies to
estrogen receptor, the different reactivity could be ascribed to a
variety of reasons such as different sources of the antibody and
of the immunogen, and minor variations in purification proce
dures of the immunogen (20). Moreover, cytoplasmic positivity
has also been occasionally reported with these antibodies (21,
22). With respect to enucleation experiments (18, 19) it must
be recalled that a low, but still significant amount of receptor
protein was found in the cytoplast. Moreover, in such experi
ments, receptors were measured as hormone binding activity
and not by antibody recognition. Lastly, although it has been
demonstrated that a major amount of previously considered
cytosol receptor is actually an artifactual effect of homogeni-
zation at low temperature, it is nonetheless worth noting that,
after homogenization at 25Â°C,40% of the estradici binding

activity is found in the cytosol fraction (23). In this respect,
although the reproducibility of the staining of serial sections of
the same tumor would rule it out. the possibility cannot be
dismissed that the fixation procedure adopted in this study
could induce an artifactual redistribution of receptors, possibly
caused by the free water content of the intracellular compart
ments (24). In other words, the cytoplasmic positivity observed
in neoplastic cells could result from a diffusion into the cyto
plasm of some receptors not bound to the hormone and thus
weakly associated to nuclear structures. The higher estrogen
receptor concentration in neoplastic cells could be responsible
for this selective visualization. A cytoplasmic redistribution of
other nuclear antigens induced by fixation has, in fact, been
recently reported (25). The intracellular distribution of recep
tors and the meaning of the two-step mechanism hypothesis
have recently been a matter of debate (26-28).

In light of the results obtained with the JS34/32 antibody, it
can be suggested that a different receptor status and turnover
occur in the normal and in the neoplastic cell. It has long been
recognized that cancer cells contain a greater amount of recep
tor than their normal counterparts. On the other hand, it is at
least conceivable that the receptor protein is located in the
cytoplasm during its synthetic phase. Deregulation and un-
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scheduled synthesis of cellular components are a well-known
characteristic of neoplastic cells. In this respect, the cytoplasmic
localization visible only in the neoplastic cell could simply
reflect a different receptor turnover. The identification of im-
munoreactive receptors at the cytoplasmic level must not be
taken to mean that they are necessarily fully functional recep
tors and does not dismiss the possibility that they must associate
with nuclear structures in order to acquire the hormone binding
capacity.
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