


IMMUNOCYTOCHEMICAL LOCALIZATION OF ER IN HUMAN BREAST TISSUE

Fig. 1. Immunocytochemical localization of ER in breast tumors using an anti-human ER rat monoclonal antibody (H222). Tumors exhibiting decreasing intensity

of stain and increasing proportions of ER-ICA negative cells are illustrated.

(BH-2) using ocular magnifications of X40. Control slides were checked
for nonspecific binding before assessing the percentage of tumor cells
stained by the primary antibody. Quantitative assessments of the num-
ber of positively stained cells in 60 tumors were made by using a 25-
point graticule. For each tumor a total of 30 fields were counted and a
mean percentage staining figure was calculated. The same tumors were
then evaluated by two personnel (K. J. W. and R. 1. N.) using a dual-
viewing attachment to the Olympus microscope. Comparison of the
results obtained using both methods of assessment demonstrated ex-
cellent agreement (r = 0.82, P < 0.01). The latter method was used
throughout the study. Tumors were classified as ER-ICA positive where
greater than 2% of tumor cells were stained positively. The intensity of
staining in target cells was assessed semiquantitatively using a scoring
index of 0 to 3 corresponding to negative, weak, intermediate, and
strong staining intensity. Using this system tumors were classified into
3 groups: those which did not contain any positive cells (0); those which
contained cells expressing weak and intermediate levels of receptor
expression (1+, 2+); and those containing cells expressing all 3 cate-
gories of receptor expression (1+, 2+, 3+). Areas of normal or benign
breast tissue were excluded from the final assessment.

Estrogen Receptor Enzyme Immunoassay. The enzyme immunoassay
for the detection of ER was carried out using an assay kit developed by
Abbott Diagnostics (Abbott Laboratories). The assay is a solid phase
immunoassay based on the “sandwich” principle (18) as described
previously (12).

Statistical Analysis
Data were analyzed using a x’ statistic for contingency table analysis

and x? for trend according to the work of Armitage (19). Recurrence
free interval was assessed by life table analysis (19).

RESULTS
Localization of Estrogen Receptors in Breast Cancer Specimens

The immunocytochemical localization of ER in breast tumors
using an anti-human ER rat monoclonal antibody (H222) re-
vealed specific binding in the nuclei of 111 of 163 (68%) tumors.
Both the proportion of tumor nuclei expressing the antigen and
intensity of stain were, however, highly variable (Fig. 1). No
binding was observed in the cytoplasm of the tumor cells, in
either stromal or muscle components of the breast tumors, or
in blood vessels or infiltrating macrophages. Antibody binding
was sometimes observed in the nuclei of normal and benign
components of the breast tumor but was not included in the
analysis.

Association of ER-ICA with Various Clinical, Pathological, and
Biochemical Features of Breast Cancer

ER-EIA. An excellent correlation was observed between the
ER immunocytochemical and enzyme immunoassays in the
163 breast tumors (Fig. 2). Thus, while 108 of 111 ER-ICA
positive tumors were also positive by the ER-EIA, with a mean
receptor value of 213 + 172 fmol/mg protein, only 15 of 52
ER-ICA negative tumors contained ER-EIA values above 10
fmol/mg protein. Indeed, the mean ER-EIA value in this group
was considerably lower (19 fmol/mg protein) than that observed
in double positive samples.

Menopausal Status and Age at Mastectomy. A significant
correlation also exists between ER-ICA status and age at mas-
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Fig. 2. Relationship between ER values measured by the ER-ICA and ER-
EIA in 163 breast tumors from patients in the Tenovus/Nottingham breast cancer
series.
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Fig. 3. Relationship between (a) ER-ICA status, () staining intensity, (c)
percentage of ER-ICA negative cells and patient age at mastectomy. Wi, &, B, O,
patients age 25-40, 41-50, 51-60, and >60 years, respectively. Number of tumors
in each category on right of each column.

tectomy with 50% of ER-ICA positive breast tumors being
observed in women presenting with their disease at over 60
years of age (Fig. 3). Conversely, while only 8% of women with
ER-ICA positive breast cancers presented with their disease
between the ages of 25 and 40 years, the corresponding value
for this age group in women with ER-ICA negative tumors was
23%.

A semiquantitative examination of ER levels in primary
breast cancers revealed that tumors expressing elevated concen-
trations of ER (3+) were drawn predominantly (60%) from
elderly patients (>60 years), with only 4 and 10% of women
presenting with their disease between 25 and 40 years and 41

and 50 years, respectively. Patients whose tumors were classi-
fied as containing cells expressing the receptor in the 1+ and
2+ categories showed an age distribution intermediary between
patients with ER-ICA negative disease and the ER-ICA
14-2+3+ group. In addition to varying amounts of the receptor
protein expressed in ER-ICA positive tumors, they also contain
varying numbers of ER-ICA negative cells. Subdivision of the
tumors into groups containing <50% negative cells (n = 76),
=50-98% (n = 35) and 100% negative cells (n = 52) showed a
significant trend for the acquisition of ER-ICA negative cells
with decreasing age at mastectomy.

These data are broadly paralleled by the relationship of the
above parameters with the menopausal status of women at the
time of presentation of their disease (not illustrated). In general,
tumors from postmenopausal women were more likely to be
ER-ICA positive, to possess cells expressing high concentra-
tions of ER, and to contain fewer ER-ICA negative cells than
their premenopausal counterparts.

Histological Grade of Malignancy. The data presented in Fig.
4 clearly demonstrate that a relationship exists between the
histological grade of malignancy of breast tumors and their ER-
ICA status. Thus while over 75% of ER-ICA negative primary
breast tumors were poorly differentiated Grade III carcinomas,
the corresponding value for ER-ICA positive samples was 31%.
The relationship between ER-ICA status and grade of malig-
nancy was independent of the menopausal status of the patient
(Fig. 4, b and c). Examination of the individual components of
tumor grade and ER-ICA status showed an association between
these parameters, with ER-ICA negativity being more often
observed in tumors with high rates of mitotic activity (Fig. 4d),
increased nuclear pleomorphism (Fig. 4¢), and lack of tubular
differentiation (Fig. 4f). These associations were independent
of menopausal status of the patients (not illustrated).

Although the subdivision of the ER-ICA positive tumors
according to the semiquantitative level of ER expression
(1+2+3+ or 1+2+) did not reveal any additional association
with either the histological grade of malignancy of breast tu-
mors or its individual components (Fig. 5), a relationship was
observed with the percentage of ER-ICA negative cells in ER-
ICA positive tumors and histological grade of malignancy (Fig.
6a). Indeed, while well differentiated Grade I tumors comprised
approximately one-third of ER-ICA positive tumors containing
<50% negative cells, the value fell to <20% in tumors contain-
ing 250-98% ER-ICA negative tumor cells and to <10% in
ER-ICA negative samples. These parameters were again inde-
pendent of the menopausal status of the patient. A similar
relationship was observed with mitotic activity, with over 50%
of ER-ICA positive tumors containing <50% negative cells
showing low numbers of mitotic figures (Fig. 6d). No associa-
tion was determined between the percentage of ER-ICA nega-
tive cells in positive tumors and nuclear pleomorphism (Fig.
6e) or tubular differentiation (Fig. 6f).

Tumor Size and Lymph Node Status. No significant associa-
tion was observed between either tumor size or lymph node
status and any of the above parameters, although ER-ICA
negative tumors may contain a higher proportion of >3 cm
tumors (Fig. 7).

Recurrence Free Interval. Examination of the recurrence free
interval of patients following mastectomy showed that women
with ER-ICA positive tumors had a more favorable early prog-
nosis than those with ER-ICA negative disease (Fig. 8a). Fur-
ther statification of the data according to the proportion of
negative cells within ER-ICA positive breast tumors, however,
identifies a high rate of recurrence in patients whose tumors
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Fig. 4. Relationship between ER-ICA status and histological grade of malig-
nancy in (a) all patients, (5) premenopausal patients, and (c) postmenopausal
patients. The individual components of tumor grade (d), mitotic activity (e),
nuclear pleomorphism, and (f) tubular differentiation are also presented in
relation to ER-ICA status. 8, 0, (J, increasing loss of differentiation (a, b, ¢, f),
increasing nuclear pleomorphism (e), and increasing numbers of mitotic figures
(d) in breast tumors. Number of tumors in each category on right of each column.
For b, e, and £, there were insufficient numbers of tumors to perform a statistical
analysis.
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Fig. 5. Relationship between intensity of ER-ICA staining and (a) histological
grade of malignancy, (b) mitotic activity, (c) nuclear pleomorphism, and (d)
tubular differentiation. B, O, and 0, increasing loss of differentiation (a, d),
increasing nuclear pleomorphism (c), and increasing numbers of mitotic figures
(b) in breast tumors. Number of tumors in each category on right of each column.
For a, b, c, and d, x* analysis was not significant.

contained =50-98% negative cells (Fig. 85). Indeed, the rate of
recurrence in this group approached that seen in patients with
wholly ER-ICA negative tumors. To date, only 7 relapses have
been observed in 46 women whose tumors contained <50%
ER-ICA negative cells. No statistical relationship was observed
between the intensity of ER expression in ER-ICA positive
breast tumor cells and the rate of recurrence of the disease (Fig.
8¢).

DISCUSSION

Several reports have now established in breast cancer speci-
mens a relationship between ER expression as determined by
the steroid binding and immunocytochemical assays (12-14,
20, 21). Although in general a good correlation has been
achieved between these assays, the immunocytochemical pro-
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Fig. 6. Relationship between percentage of ER-ICA negative cells and histo-
logical grade of malignancy. (a) All patients, (b)) premenopausal patients, (c)
postmenopausal patients. The individual components of tumor grade (d), mitotic
activity (e), nuclear pleomorphism, and (f) tubular differentiation are also pre-
sented in relation to ER-ICA status. B, B, 0, increasing loss of differentiation (a,
b, ¢, f), increasing nuclear pleomorphism (e), and increasing numbers of mitotic
figures (d) in breast tumors. Number of tumors in each category on right of each
column. For b, c, e, and f, there were insufficient numbers of tumors to perform
a statistical analysis.

(a)

% Tumors
g

o[ SOOI

ER-ICA status % ER-ICA negative cells

Fig. 7. Relationship between ER-ICA status, staining intensity, and percentage
of ER-ICA negative cells and (a-c) tumor size (&, <2 cm; 00, 2.1-3 cm; 0, >3
cm) and (d-f) patient lymph node status at mastectomy (2, node positive; O,
node negative). Number of tumors in each category is on right of each column. x?
analysis revealed no significant associations between these parameters.

Staining intensity

cedure has several distinct advantages in that it may be per-
formed on small biopsy samples (13, 14) or breast tumor
aspirates (22, 23). Moreover, it also provides information on
the heterogeneity of ER expression, not only between the tumor
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Fig. 8. Relationship between estrogen receptors, recurrence free interval, and pi

breast cancer. Tumors were divided into (a) ER-ICA positive (®) and ER-

rimary
ICA negative (A); (b) ER-ICA positive containing <50% negative cells (@), ER-ICA positive containing >50-98% negative cells (O) and 100% ER-ICA negative cells
(A), and (c) ER-ICA positive 1+2+ (O), ER-ICA positive 1+2+3+ (®), ER-ICA negative (A) cells. Numbers in parentheses, number of patients entered into the study.

Data were analyzed by life table analysis. For (c), x* analysis was not significant.

and its normal and benign components but also within the
tumor cell population (13, 14, 21). The current paper extends
these observations to demonstrate that the ER-ICA status of
breast cancer also relates to the breast tumor ER-EIA status
and level (Fig. 2), patient age at mastectomy (Fig. 3), the
histological grade of malignancy of breast cancers (Fig. 4, a-c),
and the individual components of grade (Fig. 4, d-f), with ER-
ICA negative tumors tending to arise in younger women with
more poorly differentiated ER-EIA negative tumors. No strong
association was, however, observed between ER-ICA status and
either tumor size or lymph node status, two important prog-
nostic variables in breast cancer. These data parallel previous
observations from this laboratory regarding the relationship
between the above parameters and ER status as determined by
either an enzyme immunoassay (12) or a steroid binding assay
(24, 25).

In the future it is likely, however, that the most important
feature of immunocytochemistry lies in its ability to provide
information on the distribution of hormone receptors within
cell populations. Clearly, Fig. 1 demonstrates that ER expres-
sion is a highly variable parameter with the intensity of stain
and the distribution of positive and negative cells differing
extensively between tumors. Although there are many meth-
odological variables that may influence these parameters (stor-
age and processing of tissues, etc.) the results obtained in the
present study suggest an underlying physiological basis. For
example high levels of ER expression, as determined by the
ER-ICA (i.e., presence of 3+ cells), were most often observed
in elderly patients, a result in keeping with the known influence
of age on receptor levels (3, 25). Furthermore, it can also now
be seen that the tumors from these patients are more likely to
contain a greater proportion of cells expressing detectable
amounts of ER. Conversely, the known association of ER status
and histological grade of malignancy can now be extended to
include the observation that ER positive tumors that contain
<50% apparently negative cells are more likely to be well
differentiated than ER-ICA positive tumors which contain a
high proportion of negative cells. Significantly, a decreased
number of negative cells in positive tumors also appears to be
associated with a more favorable prognosis with this group of
patients showing fewer earlier relapses after mastectomy (Fig.
8b).

It is difficult to currently envisage the extent to which these
data may influence the future management of breast cancer
patients. However, it seems likely that a knowledge of the
porportion of negative cells within an ER-ICA positive tumor
may be of both prognostic and therapeutic importance. Indeed,

the relationship observed between high numbers of ER-ICA
negative cells and the poor prognostic features of high numbers
of mitotic figures and poorly differentiated tumor types suggests
that these patients might derive benefit from combined endo-
crine and cytotoxic therapies. Caution, however, should be used
in interpreting the authenticity of negative cells within a tumor
population. Two possible explanations exist. Firstly, the cells
may be truly autonomous, a suggestion that is supported by the
data relating to the pathological features of the tumor. Alter-
natively, the detection of ER-ICA negative cells may result
from an inability of the assay to detect low levels of ER. Indeed,
ER-ICA negative cells are often observed in normal breast tissue
and are also present in increased numbers in breast tumors
removed from premenopausal women.* These data are sugges-
tive that tissues may remain hormone sensitive and yet have
insufficient receptor to be detected by the ER-ICA. Studies to
resolve these differences are currently in progress.
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