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ABSTRACT

A monoclonal antibody (D5) raised against affinity-purified

cytosol estradici receptor (REG) from human myometrium has
been used to stain human tissues by means of an indirect
immunoperoxidase method. Good staining was obtained with
ethanol-, glutaraldehyde-, or Carnoy's-fixed material but not with
formalin or Bouin's fixation. Cytoplasmic staining of human

breast tumors exhibited a highly significant correlation (P <
0.001) with REC assayed by conventional estradiol-binding as

say provided that allowance was made for both staining intensity
and cellularity of the tumor; no correlation existed with soluble
progesterone receptor content. Both patient age and tumor
differentiation influenced staining patterns in the same way as
did REC content. Cultured REC-positive human breast tumor
cell lines (MCF-7, ZR-75-1, and CA-2) showed positive staining

as did cultured epithelium from human milk. Epithelia in normal
breast and fibroadenoma exhibited variable staining that rarely
reached the intensity seen in REC-positive tumor cells.

The staining patterns of human normal endometrium, myo
metrium, fallopian tube, ectocervix, endocervix, and ovary and
neoplastic endometrium and ovary are described. In every situ
ation thus far examined only cytoplasmic staining has been
observed.

INTRODUCTION

The majority of investigations of estrogen receptor structure
and function have relied on the binding of radiolabeled com
pounds to the protein(s) as the method of detecting the receptor.
A consequence of this is that histochemical studies have largely
relied on autoradiography, a difficult technique that necessitates
long exposure times (3, 44). More recent reports claim that
fluorescein-labeled steroids or antibodies to estradici labeled with

fluorescein or peroxidase (34, 36, 37, 45) can be used for the
histochemical detection of estradiol receptor but the specificity
of these methods rightly has been questioned (30, 43).

With the advent of antibodies to the estradiol (5, 13, 16, 17,
31-33) and other steroid receptor proteins (10, 12, 14, 26, 27,

38, 39), immunohistochemical methods can be developed.
Polyclonal antibodies have been used in this respect for estrogen
(38,38), progesterone (4), and glucocorticoid (15) receptors, but
to date only two groups have utilized monoclonal antibodies (4,
13, 24). This report describes our experiences using purified
monoclonal antibodies raised against partially purified human
myometrial cytosol receptor (6) to stain wax-embedded tissue

sections.

1To whom requests for reprints should be addressed.
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MATERIALS AND METHODS

Unless stated otherwise all operations were carried out at room
temperature.

Fixatives. The following fixatives were used: neutral buffered formalin
[10% (v/v) formalin in 75 mw sodium phosphate buffer, pH 7.4]; glutar
aldehyde [0.2% glutaraldehyde in 0.07 M potassium phosphate buffer,
pH 7.4]; Bouin's [saturated picric acid:formalin:acetic acid (75:25:5)];
Carnoy's [ethanol:chloroform:acetic acid (60:30:10)]; and methacarn

[methanol:chloroform:acetic acid (60:30:10)].
Tissues and Staining. Samples were tested with the appropriate

fixative, dehydrated, embedded in wax, and sectioned (6 Mm). The
sections were immersed for 5 min each in xylene (twice), absolute ethanol
(twice), and 80% ethanol (once). Endogenous peroxidase was blocked
with a 15-min immersion in PBS2:methanol:100 volume % hydrogen

peroxide (20:100:06). The sections were then passed consecutively
through 60% ethanol, distilled water, and PBS. Depending on the per-
oxidase-conjugated second antibody to be used (see below), the sections
were treated for 10 min with heat-inactivated, inert rabbit or sheep serum

diluted 1:4 with PBS. The serum was removed with a paper tissue and
the appropriate first antibody was applied. The sections were left at
room temperature (20Â°C)for 1 h or at 4Â°Covernight and then washed

in 3 changes of PBS over a 40-60-min period. Similar results were
obtained with both methods. In most cases peroxidase-conjugated rabbit
anti-mouse IgG (Dakopatts, Copenhagen, Denmark) was diluted 1:50

with PBS plus 2 parts human serum and incubated with the sections for
45 min. The same results were obtained with a 1:10 dilution of peroxi
dase-conjugated sheep anti-mouse IgG (Amersham International, United

Kingdom). The sections were again washed in 3 changes of PBS over a
30-min period and then incubated for 10 min with diaminobenzidine-

hydrogen peroxide solution (0.2 mg diaminobenzidine hydrochloride/ml
PBS containing 1 p\ 100 volume % hydrogen peroxide). The sections
were washed with PBS, lightly counterstained with hematoxylin, dehy
drated, and mounted.

In some cases sections were treated with trypsin (O.i g/100 ml 0.1%
calcium chloride, pH 7.6) for 5,10, or 20 min at 37Â°Cprior to incubation

with the inert rabbit serum.
Antibodies. D5 was generated from partially purified, soluble human

myometrial estradiol receptor (7) and was purified from culture medium
by ammonium sulfate precipitation, DEAE chromatography, and protein
A chromatography (6). It was stored at 4Â°Cat 127 ng protein/ml and

diluted accordingly just before use. Under these conditions no deterio
ration has been noted over a 1-year period.

Monoclonal IgGs against progesterone and HLA-DR were gifts from
Vera Fanti and Helga Durbin, respectively. Polyclonal mouse anti-human

IgG was purchased from Miles, Slough, United Kingdom.
Quantitation of Staining in Breast Tumor Sections. The proportion

of tumor cells per section was assessed by eye and allocated a score
as summarized in Table 1A. The staining intensity was estimated on a
five-point scale (0 to 3+) and a score was allocated according to that
intensity (Table 1B). Where homogeneous staining of the section oc-

2The abbreviations used are: PBS, phosphate-buffered saline, pH 7.4; REC,

cytosol estradiol receptor; RP, cytosol progesterone receptor; RE, estradiol recep
tor.
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LOCALIZATION OF ESTRADIOL RECEPTOR-RELATED PROTEIN

Table 1
Scoring system used to quantitate staining of breast tumors

A. TumorcellularifyProportion

ofcellsSparse

LowLow/moderate

Moderate
Moderate/high
HighScore1

2
3
4
5

6B.

StainingintensityHomogeneous

pattern
Intensity 0
Score 0

HeterogeneouspatternMinority

intensity0

Â±
1+
2+
3+Â±

1+ 2+
1 24Score3+6Predominant

intensity0

Â±0.8

0.3
0.8 1.3
1 1.7
1.5 21

+1.5

1.82.3

32+2.5

3
3.54.53+4

4.3
5

5.5C.

Stain index

Cellularity score x stain score

curred this score was used. In many tumors a heterogeneous pattern
was obtained, in which case a visual estimate was made of both the
predominant intensity and the minority value (Table 1B). Thus if a section
showed predominantly 1+ staining but with areas of no stain, it was
allocated a score of 1.5. The staining index was a simple multiple of the
cellularity and staining scores.

Two sections were stained and values were calculated as mean of
the two individual results.

Receptor Assays. These were performed as described previously
(20, 22). A cutoff value of 10 fmol/mg protein for both REC and RP was
used to distinguish between positive and negative tumors. Histological
grade of ductal tumors was assessed according to the method of Bloom
and Richardson (1).

Cell Cultures. These were gifts from Dr. Darbre (ZR-75, MCF-7), Dr.
Taylor-Papadimitriou (human milk), and Dr. Hallowes (CA-2).

RESULTS

Reproductive Tract. All the initial experiments were carried
out on an endometrial sample obtained at hysterectomy from a
premenopausal woman during the proliferative phase of the
menstrual cycle. The receptor content was: REC, 266 fmol/mg
protein; and RP, 413 fmol/mg protein. Fig. ^A shows the staining
pattern obtained with an antibody protein concentration of 4 u.g
D5/ml. Good cytoplasmic staining of glandular epithelium was
obtained whereas no peroxidase reaction product was seen
within the nucleus or associated with the cell membrane; luminal
epithelium was positive. In many of the epithelial cells cytoplasmic
staining was concentrated in areas adjacent to the nuclear
membrane. The stromal cells in this sample were negative, but
in other endometria specific staining of stromal cytoplasm was
obtained; this was always less intense than with epithelium.

No staining occurred in the absence of the first antibody while
the concentration of D5 influenced both intensity and distribution
of reaction product. At 120 u.g protein/ml D5 stained all endo
metrial structures, although the luminal and glandular cytoplasm
were always the most distinct. At 1 //g protein/ml D5 still gave

good epithelial staining albeit less intense than that seen at the
4-^g/ml level shown in Fig. 1,4.After further study of first antibody

levels it was decided to use 4 ug protein/ml as the routine
concentration of D5. Substitution of D5 with mouse immuno-

globulin gave a weak general staining at 150 ^9 protein/ml but
was inactive at 50 and 15 ^g/ml. Monoclonal IgGs against
progesterone (4 ^g protein/ml) and HLA-DR (18 U.Qprotein/ml)

were inactive.
The results just described were obtained with ethanol-fixed

material. The same endometrium fixed with glutaraldehyde or
Carney's fixative also gave a good reaction but Bouin's fixative

destroyed activity. With this sample of endometrium activity was
lost when neutral buffered formalin fixation was used, although
in some other endometria weak staining was observed. How
ever, formalin fixation always resulted in much poorer reaction
than with ethanol-fixed material. Good staining was obtained

with samples that had been stored in liquid nitrogen and then
transferred to ethanol.

No staining was observed with ethanol-fixed normal or neo-

plastic rectal epithelium, normal or neoplastic kidney, parathy
roid, ureter, rectus muscle, or adenocarcinoma of the colon; rat
and mouse uterus were also negative.

The staining patterns observed with various components of
the reproductive tract are summarized in Table 2. Smooth mus
cle, wherever present, was always positive (1+); in myometrium
some samples gave 2+ staining. No positive cells were seen in
either of two postmenopausal ovaries while one premenopausal
sample exhibited 1+ staining of primary follicle cells. One poorly
differentiated ovarian cystadenocarcinoma was completely neg
ative while a moderately differentiated tumor of the same histo-

logical type contained equal numbers of negative and weakly
staining (Â±)tumor cells; receptor values were not obtained for
these samples.

Ciliated epithelium from the fallopian tube gave a stronger
reaction than did secretory epithelium; stroma was unreactive
(Fig. 1B). The REC content of this sample was 83 fmol/mg
protein. Endocervix gave negligible reaction in the glandular
epithelium but good staining was seen in the subepithelial reserve
cells. Stroma was negative in both regions of the cervix.

Breast. Formalin-fixed breast tumors (14 samples with REC
ranging from <5-753 fmol/mg protein) were uniformly negative

Table 2
HumanreproductivetractTissueOvaryFallopian

tubeEndometriumMyometrium

EndocervixEctocervixBlood

vessels
(all tissues)Cell

typePrimary

follicle
CystadenocarcinomaCiliated

epithelium
SecretoryepitheliumGlandular

epithelium
Luminalepithelium
StromaSmooth

muscle
Glandularepithelium
ReservecellsSquamous

epitheliumSmooth

muscleIntensity*1

+
0-Â±1-3+Â±-1

+Â±-3+

2-3+
0-1+1-2+0-Â±

1+2+1

+

* Range of values. At least six different samples of each type were analyzed

except ovary (three samples).Unlessstated above all other cells were negative.
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LOCALIZATION OF ESTRADIOL RECEPTOR-RELATED PROTEIN

but specific epithelial staining was obtained in ethanol-fixed

samples (Fig. 1C). The REC content of this sample was 40 fmol/
mg protein. No brown immunoreactive material is seen in the
REC-negative tumor (Fig. 1D). The nuclear intensity, particularly
in the lymphocytes, is due to the purple hematoxylin counter-

stain, and nuclear immunoreactivity has not been seen in any
cells.

Glutaraldehyde, Carnoy's, or methacarn fixation also gave

good results. Trypsin treatment (5,10, or 20 min) of the formalin-

fixed tumors had no effect. No staining occurred when D5 was
omitted or replaced with monoclonal IgGs against HLA-DR (18

U.Qprotein/ml), progesterone (4 ^g protein/ml), or polyclonal
mouse IgG (150 /Â¿gprotein/ml). Lymphocytes, fat, and stromal
cells were negative. The most striking feature was the hetero
geneity of staining both within any one tumor and from tumor to
tumor. Nevertheless the pattern of staining in multiple sections
from the same tumor was reproducible. A scoring system was
devised to assess both the proportion of tumor cells in a section
and the average staining intensity of the tumor cells ("Materials
and Methods"). The product of these two measurements (stain

ing index) was compared with the REC content measured by
routine tritiated estradiol binding assay on another sample from
the same tumor (Chart 1). Because of the great demand for
tumor material the two assays were not performed on adjacent
pieces of tissue. There is clearly a relationship between the
biochemical and histochemical assays for all tumors except those
with very high REC (>200 fmol/mg protein) content. The tumors
with high REC but low staining index were all from old patients

Staining

Index

14

12

10

(9)

I

(13) (6)

1

(13)

11-20 21-100 101-200 >200

REC (fmol/mg protein'

Chart 1 Breast tumors. Comparison of staining index and REC content. Results
are given as the mean (columns) Â±SE (oars) with the number of observations in
parentheses. Comparisons of each of the different groups with the <10-fmol/mg
protein category by Student's i test: ', P < 0.01 ; ". P < 0.001.

(>70 years; see below). Individual tumors with REC <200 fmol/
mg protein showed a highly significant correlation between the
two assay results (r = 0.6202; P < 0.001 ; n = 43; staining index,

0.065 REC + 2.95) (data not shown). The staining was related
to REC and not RP as RE-positive RP-negative tumors were not
significantly. different from RE-positive RP-positive samples
(Chart 2); insufficient RE-negative RP-positive tumors have been

analyzed to describe their behavior.
Ductal grade 2 tumors had a higher staining index [7.9 Â±1.3

(SE); n = 15] than did the less differentiated grade 3 tumors [4.5
Â±1.1; n = 18] although this only approached statistical signifi
cance [Student's t test: 0.1 > P > 0.05]. The index for lobular

tumors was 6.0 Â±0.9 (n = 5). The grade 2 ductal tumors had
fewer low value (<3) samples (2 of 15) as compared to the grade
3 tumors (10 of 18; x2 test: P = 0.05).

Age also influenced the staining pattern (Table 3). Tumors
from the youngest group of women exhibited lower staining than
did any of the older groups. The oldest group of patients had a
lower mean value than either of the two intermediate age groups
although this did not attain statistical significance. There were

Staining
Index

10r

(25)

1

(16) (11)

RE + RP- RE-RP-

PHENOTYPE
+ > 10 fmol/mg protein

Chart 2. Breast tumors. Relationship of receptor phenotype to staining index.
Results are given as the mean (columns) Â±SE (bars) with the number of observa
tions in parentheses. ". the RE-negative RP-negative group had a significantly
lower index than did either of the two RE-positive categories (Student's t test: P <

0.001).

Table 3

Effect of age on staining index of breast tumors

Age
(yr)<50

50-59

60-69

s 70Staining

index2.7

+ 1.4
(10)

6.7 Â±0.9
(22)

7.1 Â±1.7
(11)

5.0 Â±1.2
(12)P"<0.05

0.1 > P > 0.05

0.1 >P>0.05No.

of low
staining0/

total(%)7/10(70)

5/22 (23)

2/11(18)

5/22 (42)P"50.05

0.05

NS"

3 Mean Â±SE (no. of observations).
" Student's ( test.
c<3.

Vtest.
8 NS. not significant (P > 0.1).
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LOCALIZATION OF ESTRADIOL RECEPTOR-RELATED PROTEIN

Table 4

Human mammary tissue

TypeNormalCellDuctal

epithelium
Alveolarepithelium
Milk culturesIntensity30-1

+
0-1 +
1-2+

FibroadenomaCarcinomaEpitheliumEpithelium

Cell cultures
(MCF-7; ZR-75; CA-2)0-1

+0-3+

1-3+

a Range of values. At least six different samples of each type were analyzed.

Unless stated above all other cells were negative.

insufficient data to judge whether or not the age effect simply
reflected menopausal status.

The staining patterns obtained with the other types of breast
tissue are summarized in Table 4. Within any section heteroge
neity of staining of normal epithelial cells was seen. Cells within
any one alveolus or duct were either all positive or all negative
in a manner that was reproducible from section to section from
any one sample. The cells were more frequently negative than
positive. Myoepithelial cells were never positive. Both the cuboi-

dal and elongated colonies of epithelial cells cultured from milk
were positive. The epithelial cells of fibroadenoma were more
frequently positive than their normal counterparts but showed
the same heterogeneity as did normal epithelium and no staining
of myoepithelial cells. Receptor values were not obtained for the
fibroadenomas. The cell lines were all positive and their REC
values were 138 (MCF-7), 32 (ZR-75), and 14 (CA-2) fmol/mg

protein, respectively. All the cells were positive although cell to
cell variation was noteworthy and dividing cells exhibited partic
ularly strong staining.

DISCUSSION

Our biochemical evidence indicated that D5 recognizes an
REC-associated antigen in human RE-positive cells; the nature

of that antigen is not clear. The antibody was raised against M,
36,000 REC partially purified by estradiol affinity purification and
the antibody was detected by its ability to precipitate receptor-
bound 125l-estradiol; the antibody was specific for human RE and

would not react with other steroid-binding proteins when tested

in immunoprecipitation assays. This evidence in support of RE
recognition was counteracted by the inability of D5 to react either
with nuclear RE in precipitation assays or with soluble RE on
sucrose gradients. Furthermore D5 recognizes an epitope on a
M, 29,000 protein (6) whereas the estradiol-binding unit of RE

has a molecular weight in the region of 68,000 (18, 40). The
antigen has been detected only in REC-positive tissues. Quan-

titation of the M, 29,000 antigen by means of a solid phase
immunoradiometric assay indicates a highly significant correla
tion between it and REC in human breast tumors (8). Taken
together these biochemical data indicate that D5 recognizes a
receptor-related antigen that is different from the classical con

cept of the estradiol receptor. The nistochemical results pre
sented in this paper support that conclusion. With epithelial cells
staining has been seen only in REC-positive tissues, and in

breast tumors there is a highly significant correlation between
the staining index and REC content. The lower mean staining
index seen in samples containing >200 fmol REC/mg protein as

compared with the 101-200-fmol/mg protein samples requires

further study but may be due to the small number of samples in
the latter group. However, the antigen recognized by D5 is,
under all fixation methods, cytoplasmic in contrast to that seen
with monoclonal antibodies raised against the estradiol-binding

unit which recognizes an epitope resulting in nuclear staining
(13, 24). We feel that comparison with pictures obtained with
antibodies against estradiol or with fluorescent estrogens would
not be productive at this stage because of the very different
staining reagents used. Likewise comparison with polyclonal
antibody against REC is not possible because of the more
complex nature of those antibodies and their ability to detect a
nuclear antigen (38) in contrast to our own reagent.

Although we must further define the physiological relevance
of the M, 29,000 antigen, our data indicate that D5 may be a
useful histochemical tool for predicting the REC content of
human breast tumors. The present results should be considered
as a pilot study in that the biochemical and histochemical assays
were not performed on adjacent pieces of tumor. Given the
heterogeneous cellularity of most tumors, this could be a source
of considerable error. Even so 12 of 14 (86%) receptor-poor

tumors (<10 fmol/mg protein) exhibited very low staining in
contrast to 7 of 41 (17%) low staining specimens noted in the
RE-rich (>10 fmol/mg protein) samples. The low staining seen

both in poorly differentiated, grade 3 tumors and in tumors from
young women also parallels the experiences with REC (2, 19,
29) and further support the view that the D5 antigen is related
to REC. The lack of correlation between staining and RP sug
gests that the M, 29,000 antigen is not a product of estrogen
action.

None of the benign or normal breast epithelia assayed direct
from the patient stained as intensely as did many of the tumors.
The absence of stain in the myoepithelial cells and the hetero
geneous staining of the epithelial cells agrees with the autoradi-
ographic data obtained after labeling with tritiated estradiol (3).
The good staining of cultured epithelium from normal breast (42)
was in contrast to that seen in the solid tissue. We do not know
if this reflects differences in patient age, culture conditions, or
fixation procedures.

Many structures in the reproductive tract were positive. More
ovarian samples are required before comment can be made but
the strong staining of ciliated as compared to secretory epithe
lium of fallopian tube has been observed repeatedly. Fallopian
tube contains REC (21) but no data exist as to its distribution in
the two main epithelial cell types. The stromal cells of the
endometrium stain less strongly than do the epithelial cells and
yet are known to be estrogen responsive and to contain estradiol
receptor in amounts similar to that of epithelium (23). This
anomaly is the only example thus far encountered where staining
was less than anticipated from their REC content; no example
of the converse phenomenon, an REC-negative cell that stains,

has yet been encountered. The influence of the menstrual cycle
on staining patterns of the reproductive tract is being investi
gated.

The positive squamous epithelium of the ecotocervix and the
glandular epithelium of the endocervix is compatible with pub
lished data (9, 11, 41). The staining of smooth muscle in the
blood vessels is in agreement with their known estrogen sensi
tivity (28, 35) and receptor content (25)
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Fig. 1. Indirect immunoperoxidase staining of ethanol-fixed. human tissues after labeling with monoclonal antibody D5. A. proliferative phase endometrium; REC, 266
fmol/mg protein, x 300. B, fallopian tube; proliferative phase. REC 83 fmol/mg protein, x 500. C, primary breast cancer; REC 40 fmol/mg protein, x 300. Cytoplasm of
tumor cells (T) but not stromal cells (S) is positive. D. REC-negative, primary breast cancer, x 300. Cytoplasm of all cell types is negative. The dark nuclei, particularly of
the lymphocytes (L), is due to the hematoxylin countersign. No nuclear immunoreactivity has been seen.
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