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ABSTRACT

Mouse hybridomas secreting monoclonal antibodies against rabbit
uterine progesterone receptor (PR) have been prepared. Several of these
immunoglobulins exhibited high affinity towards human progesterone
receptor and two (LET 126 and LET 64) were selected as giving the best
immunoperoxidase staining of human progesterone target organs.

Using the indirect peroxidase-antiperoxidase method of Sternberger,
optimal conditions for demonstrating PR involved brief fixation of frozen
sections with formaldehyde-containing fixatives, among them picric acid-
paraformaldehyde. This method allowed us to detect the receptor in
breast carcinoma epithelial cells, T47D cell line, and uterine endometrium
and myometrium. No staining was observed in intestine and muscle.
Specific staining for PR was confined to the nucleus, irrespective of the
concentration of progesterone in the blood of the patient.

In a preliminary study of 27 human breast cancers by the immunocy-
tochemical method, the presence or absence of nuclear staining for PR
correlated well with the concentration of cytosolic progesterone receptor
determined by a steroid-binding assay on tumor extracts. Differences in
the intensity and distribution of staining within a section were observed,
suggesting heterogeneity of the PR content of breast cancer cells. In 19
tumors, the immunocytochemical method for PR localization was also
used in combination with a slightly modifed Abbott ER-ICA staining for
estrogen receptor to compare the distribution of both receptors within
the same biopsy on adjacent frozen sections. Various combinations of
estrogen receptor and PR contents that have been determined by steroid-
binding assay have also been detected by the double immunocytochemical
assay.

INTRODUCTION

Estrogen and progesterone regulate the growth of several
hormone-dependent cancers. Receptors for these hormones
have been detected in tumors from breast (1,2), endometrium
(3), ovary (4), kidney (5), brain (6, 7), and several other tissues.
Extensive studies have been performed on breast cancers show
ing that the presence of estrogen and progesterone receptors
was correlated with (a) high probability of response to endo
crine therapy (8, 9); and (b) a more favorable prognosis (10-

16).
Determination of steroid hormone receptors has thus become

widely used in the management of this disease. The methods
which are used most often involve incubation of the cytosol
with radioactive hormones (17) or more recently, in the case of
estrogen receptor, with monoclonal antibodies (18, 19). These
biochemical or immunological methods do not measure, how
ever, receptors tightly bound to nuclei and not solubili/ed, and
do not take into account cellular heterogeneity in receptor

Received 8/25/86; revised 1/13/87; accepted 2/12/87.
The costs of publication of this article were defrayed in part by the payment

of page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

' This work was supported by the Institut National de la SantÃ©et de la

Recherche MÃ©dicale,thÃ©Centre National de la Recherche Scientifique, thÃ©UnitÃ©
d'Enseignement et de Recherches Kremlin-BicÃ©tre,thÃ©Association pour la Re

cherche sur le Cancer, and thÃ©Fondation pour la Recherche MÃ©dicale.Presented
at the Fourth International Congress on Senology, September 3, 1986, Paris,
France.

2To whom requests for reprints should be addressed.

content. It thus appeared important to develop immunohisto-
chemical methods for receptor detection.

Using monoclonal antibodies, King and Greene (20) and King
et al. (21) followed by McClellan et al. (22), Shimada et al. (23),
and Skovgaard Poulsen et al. (24) have devised immunocyto
chemical methods for studying ERs3 in normal and neoplastic
tissues (20-26). We have prepared a number of monoclonal
antibodies against rabbit PR (27), and we have studied the
localization of PR at the cellular (28) and subcellular (29) level
in rabbit and guinea pig using immunohistochemical methods.
We have now selected monoclonal antibodies which strongly
cross-react with human progesterone receptor. We describe here
an immunocytochemical method that is suitable for detecting
progesterone receptor in human tissues, with special emphasis
in breast cancers. We also report on (a) the preliminary corre
lation between PR immunostaining and the concentration of
cytosolic PR determined by a steroid-binding assay and (b) the
possibility of detecting both PR and ER immunostaining on
adjacent sections of the same tumor sample.

MATERIALS AND METHODS

Antibodies. Details about PR purification, immunization of mice,
cell fusion, hybridoma cloning, and screening procedures have been
described elsewhere (27, 30, 31). Briefly, rabbit uteri were used to
prepare cytosol from which receptor was purified by immunoaffmity
chromatography (31). This material was used to immunize BALB/c
mice whose spleen cells were fused with Sp2-OAg myeloma cells to
obtain hybridoma lines making antibody to the receptor protein ac
cording to a procedure previously described (27). In two such experi
ments 14 hybridomas were found to react in both immunoenzymatic
and double immunoprecipitation tests with the human progesterone
receptor. Two monoclonal antibodies (LET 64 and LET 126, IgGl
class) obtained from ascitic fluids were selected after specificity tests
with human receptor (see "Results"). Immunoglobulins were prepared
by precipitation with ammonium sulfate; they were stored at â€”20Â°Cat

5 mg protein/ml and diluted just before use. In some cases immuno
globulins were purified with the Bio-Rad Affi-Gel protein A kit (Bio-
Rad Laboratories, Richmond, CA).

Rabbit (or goat) antisera against mouse IgG were obtained from
Dakopatts (Copenhagen, Denmark) and Nordic (Tilburg, The Nether
lands). Mouse monoclonal PAP was obtained from Sternberger-Meyer
Immunocytochemicals (Jarretsville, MD).

Mouse monoclonal antibodies (IDA, a gift from Dr. P. Legrain,
Institut Pasteur, Paris, France), unrelated to the receptor under study,
served as controls. They were antiidiotypic antibodies raised against
mouse myeloma antilevan antibodies (32).

A polyclonal antiserum against the A/, 110,000 form of rabbit PR
was also produced in goat. PR was purified by chromatography on
immunoaffinity column (31), electrophoresis, and electroelution of the
M, 110,000 band.4 The specificity of this antibody was tested by density

gradient experiments and immunoblotting analysis of crude human
breast cancer and uterine cytosols.5

3The abbreviations used are: ER, estrogen receptor; PR, progesterone receptor;
PBS, phosphate-buffered saline, pi 1 7.4; PAP, peroxidase-antiperoxidase; DAB,
3-3'-diaminobenzidine tetrahydrochloride.

4 F. LogeÃ¢tet al., unpublished observations.
5S. Brailly et al., unpublished observations.
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Fixatives. The following fixatives were used: picric acid-paraformal-
dehyde, pH 7.4 (33); 4% paraformaldehyde in 0.1 M sodium phosphate
buffer, pH 7.4; 1% glutaraldehyde in Sorensen buffer, pH 7.4; Bouin's

[saturated picric acid-formalin-acetic acid (75:25:5)]; periodate-lysine-
paraformaldehyde, pH 7.4 (34); ethanol; and acetone.

Tumors. Twenty-seven surgical samples from primary breast carci
nomas were obtained at the Centre RenÃ©Huguenin (Saint-Cloud,
France). In each case, one fragment was used for routine histological
examination. It was graded according to the classification of Bloom
and Richardson (35). Two other fragments were trimmed of adhering
fat and necrotic tissue, quickly frozen in liquid nitrogen, and stored
until analyzed. Both biochemical analysis and immunocytochemical
staining for PR were performed on these tumor samples.

Among the 27 biopsy samples examined, 21 were diagnosed as being
predominantly infiltrating ductal carcinoma (with or without accom
panying intraductal carcinoma), 3 were infiltrating lobular carcinoma,
one was medullary carcinoma, and one mucinous carcinoma.

Immunocytochemical Staining for PR. Tumor samples were sectioned
at 4-fÂ¿mthickness at -20Â°C, and the sections were thaw-mounted onto

gelatin-coated glass slides. Sections were then fixed immediately with
out drying in picric acid-paraformaldehyde for 15 min at -10 to -20Â°C.
Slides were transferred to PBS for 30-45 min at 4Â°Cbefore proceeding.

Sections were first treated with a 0.5% solution of hydrogen peroxide
in PBS for 15 min at room temperature in order to inactivate the
endogenous peroxidase activity of erythrocytes, rinsed with PBS, and
incubated for 10 min with a l:40-diluted rabbit serum to reduce the
nonspecific binding of subsequent reagents. After gentle rinsing in PBS,
the sections were incubated successively with monoclonal mouse anti-
PR antibodies overnight at 4Â°Cin a moist incubation chamber, rabbit

anti-mouse IgG (1:80 dilution) for 45 min at room temperature, and
mouse horseradish peroxidase: antiperoxidase (PAP) complexes (1:100
dilution) for 45 min at room temperature. Each incubation was followed
by three 10-min washings in PBS containing 0.05% Tween. After the
final wash, sections were incubated in the dark for 10 min with the
DAB solution (0.05 M Tris-HCl buffer, pH 7.6, containing 0.5 mg
DAB/ml and 0.01% H2U2) for to min at room temperature (36).
Duplicate sections were counterstained lightly with hematoxylin to
facilitate the identification of cellular elements within the tumor. Sec
tions were then dehydrated and mounted for examination by light
microscopy.

Various dilutions of each monoclonal mouse anti-PR (6-100 pg/m\)
were tested in preliminary experiments. Dilutions which gave maximum
specific staining intensity with LET 64 and LET 126 (12.5-25 ng/m\
under the incubation conditions used) were determined.

Immunocytochemical Controls and Evaluation of Immunocytochemical
Staining. Negative and positive controls were run along with every
tumor sample. Negative controls consisted of adjacent sections treated
with a monoclonal mouse receptor-unrelated antibody (IDA), used at
the same concentration, or with nonimmune mouse IgG. Positive
controls consisted of sections of biochemically confirmed PR-rich
breast tumors. Additional methodological controls included the use of
monoclonal anti-PR antibody which has been presaturated (60 pmol
receptor/^g IgG, 2 h at room temperature and 24 h at 4Â°C)with highly

purified PR (31) before the immunostaining procedure (28). In all
cases, the PR immunostaining was performed and the slides were
examined without knowledge of the results of the steroid-binding assay.
Two or three different parts of the tumor sample were analyzed.

Staining was considered as specific only when it was present in the
tissue section that had been incubated with monoclonal anti-PR anti
body and absent in the adjacent section incubated with monoclonal PR-
unrelated antibody. Using this criterion, specific labeling for PR was
seen as a brown nuclear staining of varying intensity.

Tumors were classified as PR immunocytochemical positive if they
contained malignant cells showing nuclear staining regardless of the
staining intensity and the proportion of epithelial cells showing such
staining. The average intensity of specific staining was graded as absent
(â€”),weak but definitely detectable (+), moderate (++), and strong
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Fig. 1. Immunoblotting analysis of cytosol from T47D breast cancer cells
using monoclonal antibody against PR. Lanes I and 2, cytosol from T47D cells
containing human PR (4 pmol/mg protein) was analyzed by the immunoblotting
technique using either monoclonal anti-PR antibody (LET 64, 28 >igprotein/ml)
(lane 2) or control monoclonal antibody unrelated to PR (IDA, 28 fig protein/
ml) (lane I). Lanes 3 and 4, cytosol from rabbit uterus (3 pmol PR/mg protein)
was also analyzed for comparison using the same monoclonal anti-PR (LET 64)
(lane 4) or monoclonal antibody unrelated to PR (IDA) (lane 3), used at the same
concentrations.

3H labeled Org 2058 (16a-ethyl-21-hydroxy-19-nor[6,7-3H]pregn-4-
ene-3,20-dione), according to the standard procedure defined by the
European Organization for Research on Treatment of Cancer Breast
Cooperative Group (37). Under these conditions, tumors with PR
content a 10 fmol/mg cytosol protein were considered to be receptor
negative, those between 10 and 30 fmol/mg were classified as border
line, and those with PR content greater than 30 fmol/mg were regarded
as receptor positive.

ER was also measured in the same human breast tumor cytosols by
the dextran-coated charcoal assay using [3H]estradiol (37).

Immunocytochemical Detection of both PR and ER in Same Human
Breast Tumors. Ninteen breast tumors were immunostained on adjacent
sections with antibodies against both progesterone and estrogen recep
tors. These tumors contained a wide range of ER (0-882 fmol/mg
protein) and PR (0-533 fmol/mg protein) concentrations. Immunocy
tochemical staining was performed on PAF-fixed frozen sections using
the method previously exposed for PR staining and the kit from Abbott
Laboratories (North Chicago, IL) for ER staining. The only changes
from the instruction on the use of the Abbott kit were the time of
incubation with monoclonal antibodies which was identical to that for
PR staining (overnight at 4Â°C)and the use of a fresh solution of DAB

(0.5 mg/ml).
Other Tissues and Cell Lines. The uteri from immature rabbits treated

with diethylstylbestrol (30) were used as control for the immunocyto
chemical method. Human small intestine, liver, and muscle were also
tested. In addition, the human breast cancer cell line T47D (38) was
used. Clone 11 subline of these T47D cells was donated by Dr. H.
Rochefort, (Montpellier, INSERM U. 148, France). Cells were rou
tinely maintained in RPMI 1640 medium plus 10% fetal calf serum
and insulin, as previously described (39). They were further grown for
4 days in medium containing 5 n\r estradici (39).

RESULTS

Steroid-binding Assay of PR and ER. PR was measured in human Specificity of Monoclonal Antibodies against PR. The speci-
breast tumor cytosols using the dextran-coated charcoal analysis with ficity of the two monoclonal antibodies (LET 126 and LET 64)
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Fig. 2. Immunocytochemical detection of PR in human breast cancer. Adjacent 4-^m frozen sections of a PR-rich breast tumor were fixed in picric acid-

paraformaldehyde and stained, using the immunoperoxidase technique, with the monoclonal anti-PR antibody LET 126 (a) (10 Â»tgprotein/ml) or with a control PR-
unrelated monoclonal antibody (A) (10 ÃŸgprotein/ml). This tumor was taken from a 55-year-old woman and found to contain 388 fmol of cytosolic PR/mg protein
by the steroid-binding assay. Sections from two other tumors were also incubated with another monoclonal antibody to PR (c) (LET 64, 10 fig protein/ml) or with a
specific polyclonal antibody directed against PR (d) (20 >igprotein/ml). Note that the specific staining for PR is located exclusively in the nuclei of cancer cells. A
high magnification of this specific localization is shown in the m.vciof Fig. 2c (original magnification, x 1000). The connective tissue is not stained. There is no
counterstain. /;'. epithelial cells; C, connective tissue. Original magnification, x 250.

used in the present work was tested extensively with human
receptor from uterus and breast cancer using precipitation of
['HJprogestin-PR complexes with a second antibody, displace
ment of complexes after centrifugation on density gradients,6

and immunoblotting analysis (Fig. 1). Cytosol from breast
cancer T47-D cells containing PR was submitted to polyacryl-
amide gel electrophoresis in presence of sodium dodecyl sulfate
and analyzed by immunoblotting using monoclonal antibody
LET 64 (Fig. 1, lane 2). A single immunogenic protein with a
molecular weight of 110,000, identical to the rabbit PR (Fig. 1,
lane 4), was found. No immunoactivity was observed when
cytosol from T47-D cells was incubated with monoclonal recep
tor-unrelated antibody (Fig. 1, lane 1). Similar results were
obtained with LET 126 antibody or when preparations from
human uterus were analyzed by immunoblotting (not shown).

Experimental Conditions for Immunocytochemical Detection

* F. Lorenzo, A. Jolivet, M. T. Vu Hai, and E. Milgrom, manuscript in

preparation.

of PR in Breast Cancer Tissues. All the initial experiments were
carried out on human breast tumor samples known from ste
roid-binding determinations to contain high levels of cytosolic
progesterone receptors. Four monoclonal mouse anti-PR anti
bodies were tested in picric acid-formaldehyde-fixed frozen
sections. These antibodies were selected for their apparent high
affinity towards the human progesterone receptor, as observed
by an enzyme-linked immunosorbent test and the double im-
munoprecipitation test of [3H]steroid-receptor complexes.
Picric acid-paraformaldehyde fixative was chosen, since im-
munoreactivity of PR in rabbit tissues was previously shown to
be well preserved in this fixative (28). Two monoclonal anti-
PR antibodies (LET 126 and LET 64) gave a strong nuclear
staining with the immunoperoxidase technique (Fig. 2). The
same nuclear localization was also observed when a polyclonal
monospecific antibody against PR was used on sections from
these breast tumors (Fig. Id).

We then optimized the immunocytochemical PR detection
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Table 1 Comparison of fixatives
Frozen sections obtained from an unfixed receptor rich tumor (388 fmol of

PR/mg protein) were thaw-mounted onto glass slides, then immediately immersed
in fixative for the indicated time. After rinsing for 15-30 min in PBS, inumino-
cytochemical staining was performed as described in "Materials and Methods"

using antibody LET! 26 to localize receptor. An adjacent section was stained
using a control monoclonal IgG (see text).

FixativesPicric
acid-paraformaldehyde(Zamboni's)*4%

paraformaldehydePeriodic

acid-lysine-paraformaldehydec1

%glutaraldehydeBouin'sEthanolAcetone

(-20'C)Duration

of fixation
(min)1560120156015156012015515Nuclearstaining"+++â€¢f+++++++++++â€”â€”+-H-+

Â°Grading by intensity; see "Materials and Methods."
* As in Ref. 33.
' As in Ref. 34.

on frozen sections of human breast tumors by use of LET 126
at two different concentrations (10 and 25 Â¡igprotein/ml) and
by varying several experimental conditions (fixation procedure,
nature and concentration of bridging antibody, concentration
of peroxidase-antiperoxidase complexes). The influence of the
nature and duration of fixation is shown in Table 1. We found
that a 15-min treatment with formaldehyde-containing fixatives
such as 4% paraformaldehyde, picric acid-paraformaldehyde,
and periodate-lysine-paraformaldehyde were most effective.
Ethanol and acetone caused weaker staining intensity while
glutaraldehyde fixation left only a slight specific staining or
inhibited it completely. PR detection was obtained when fixa
tion was performed either prior to freezing or immediately after
cutting cryostat sections. This latter condition was chosen to
study frozen breast cancer biopsies. Treatment of fixed frozen
sections with 0.5% H2O2 in order to inactivate endogenous
peroxidase activity does not inhibit PR staining. In addition,
with picric acid-paraformaldehyde-fixed frozen sections, the
best staining using the immunoperoxidase method of Sternber-

ger (36) was obtained by incubating slides with primary anti
bodies overnight at 4Â°Cand by using bridging antibodies at a

concentration of 250 fig/ml and a mouse PAP at a 1:100
dilution.

Specificity of Staining and Nuclear Localization. In breast
cancers, specific staining with anti-PR antibodies was restricted
to the nucleus of tumor epithelial cells (Fig. 2, a and c). In
contrast, no nuclear staining occurred in the negative controls,
i.e. when nonimmunized mouse IgG or control monoclonal
mouse IgG was substituted for the monoclonal anti-PR (Fig.
2b). In addition, the inhibition of immunostaining was observed
when a control section was incubated with monoclonal anti-PR
preincubated with highly purified receptor (see "Materials and
Methods").

No specific reaction was seen in the surrounding connective
tissue, blood vessels, fat tissue, and muscle cells. Occasionally,
we observed a faint brown background staining in the connective
tissue, necrotic tissue, or in the cytoplasm of carcinoma cells.
This was regarded as nonspecific because it was also observed
in sections treated with nonimmune mouse IgG or PR-unre
lated monoclonal antibodies (control sections). In a few cases,
and independently of the presence of PR, nonspecific staining
also occurred in the cytoplasm of some connective tissue cells
(among which were mast cells but not fibroblasts). This non
specific staining was specially observed in breast tumor samples
the stroma of which was infiltrated with inflammatory cells.

In addition to being exclusively nuclear, the specific PR
immunoperoxidase staining was usually heterogeneous in dis
tribution and intensity (Fig. 3). Some carcinoma cell nuclei
were intensely stained whereas others showed a weak staining
or even no reaction at all (Fig. 3a). Frequently, the distribution
of positive nuclear staining varied considerably, depending on
the area within a section (Fig. 3b). The heterogeneity of the
nuclear staining in distribution and intensity did not seem to
correspond to differences in tumor histology.

The presence of nuclear immunostaining was also observed
in nonmalignant hyperplastic mammary epithelium present at
the periphery of tumor areas (Fig. 4b). As for carcinoma cells,
PR immunostaining in the noncarcinomatous ductal cells was
more or less intense, varying according to individual cells.

* -

\
' â€¢

i
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^>v

Fig. 3. Heterogeneous immunocytochemical staining in PR-positive breast tumors. Two tumors were taken from 55- and 60-year-old women and were found to
contain 388 and 394 fmol of cytosolic PR/mg protein, respectively. Immunocytochemical staining was carried out without counterstain. a, marked heterogeneity
present and evidenced by nuclei varying in staining from zero (small arrows) to intense (large arrows). Original magnification, x 400. b, PR-positive (large arrows)
and -negative (small arrows) epithelial areas present within the same section. Original magnification, x 250.
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Fig. 4. Immunocytochemical staining for PR in various progesterone target and non-target cells, a, human myometrium; b, hyperplastic nonmalignant mammary
epithelium; c, human breast cancer cell line T47D; a, human small intestine. Frozen sections from human tissues or tumor cells were treated with monoclonal anti-
PR antibodies (LET 126, 10 fig protein/ml). No conterstain (a, b, d) or light counterstain (c) were used, a, positive nuclear immunostaining present in smooth muscle
cells (/*) of the myometrium (A/). Note in b the presence of nuclear immunostaining in the noncarcinomatous ductal cells, present at the periphery of the carcinoma.
On T47D cells (c). strong immunostaining appears in black (brown), while light counterstain with hematoxylin appears in grey (blue). In d. specific staining wasabsent: the sparse nonspecific staining present in connective tissue cells was also observed with PR-unrelated immunoglobulins (not shown). /;'. intestine epithelium;

C, connective tissue. Original magnification, a, b, and d, X 250; c, X 400.

Table 2 Relationship of the nuclear staining of PR in frozen sections and the PR
content as determined by the steroid-binding assay in 27 human breast cancers

PR concentration
(fmol/mgprotein)<10

(negative)
10-30 (borderline)
>30 (positive)
TotalNo.

of
tumors14

2
1127PR

immunostaining,
no. ofcasesPositive0

1
10
11Negative14

1
1

16

The specificity of the immunostaining was also shown by the
study of several other progesterone target or non-target cells.
Nuclear staining identical to that found in human breast cancer
was observed in sections of human uterus (Fig. 4a) and in the
human breast cancer cell line T47D (Fig. 4c). In the uterus,
staining was seen in the epithelial and stromal cells of the
endometrium and in smooth muscle cells of the myometrium.
In contrast, non-target tissues such as human intestine (epithe
lium and muscle) (Fig. 4d) and pectoral muscle (not shown)
were immunocytochemically negative.

Immunocytochemical Staining of PR in Breast Cancer and
Comparison with Steroid-binding Assay. Twenty-seven biopsy

samples were examined with the PR immunoperoxidase stain
ing using LET 126 at two final concentrations, 10 and 25 Mg
protein/ml. Eleven of the 27 biopsies (40%) examined were
evaluated as PR positive and 16 (60%) as PR negative using
the criteria described in "Materials and Methods."

The immunocytochemical detection of PR in these 27 human
breast tumors was compared with the steroid-binding assay. As
shown in Table 2,10 of the 11 (90%) tumor biopsies containing
PR >30 fmol/mg of cytosol protein in the biochemical assay
displayed a positive immunocytochemical reaction (see Fig. 5,
a and b). In the two cases whose concentration of PR was
borderline (between 10 and 30 fmol/mg cytosol protein), spe
cific nuclear staining was not detected in one case, or limited
to a few cells in another case (focal and strong staining) (see
Fig. 5c). Also, all of the 14 tumor samples negative for PR in
the biochemical assay showed no immunostaining (see Fig. 5<7).
Thus, the overall agreement with the biochemical assay was
92% (25 of 27). In addition, and as a preliminary result, PR-
rich tumors (>200 fmol PR/mg protein) showed a high degree
of staining positivity and usually a great number of positive
cells (Table 3 and see Fig. 5, a and b). By contrast, tumors
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Fig. 5. DifTerent patterns of Â¡mmunocytochemical staining in PR-rich, -poor, and -negative human breast tumors, a and h. tumors taken from 48- and 55-year-old
women, containing 408 and 388 fmol of cytosolic PR/mg of protein, respectively; c, receptor-poor breast tumor containing 26 fmol PR/mg protein taken from a 34-
year-old woman; d, PR-negative breast tumor (taken from a 44-year-old woman). All four tumors were infiltrating ductal mammary carcinomas. Note that in a and
b, tumors containing high PR content displayed strong nuclear staining. In c, lower magnification was used to visualize focal staining area iX). Light counterstain,
except in d. Original magnification, a, b, and il. x 250; c, x 140.

containing 30-200 fmol PR/mg protein showed a weak to
moderate number of stained cells with a usually (but not always)
weaker intensity (see Table 3, cases 12, 20, 27, 31, 32, 35).

Although the number of cases was limited, the presence or
absence of nuclear staining did not seem to correlate with
pathological classification (among the 21 invasive ductal carci
nomas, 10 were positive and 11 were negative; 2 invasive lobular
carcinomas were negative and one was positive). Among the 11
positively stained tumors, one was classified as grade I (10%),
6 as grade II (60%), and 2 as grade III (20%). Among the 16
negative tumors, none was classified as grade I, 9 as grade II
(56%) and 6 as grade III (37%).

Colocalization of PR and ER in Same Breast Tumors. In 19
cases, the immunocytochemical method for localizing PR was
used in combination with a slightly modified Abbott ER-ICA
staining to compare the distribution of both receptors within
the same breast tumor biopsy on adjacent frozen sections. As
shown in Fig. 6, this methodology allows the comparison of
PR and ER immunostaining in the same fields of the tumor
sample. Moreover, in the 11 ER and PR-positive tumors ana
lyzed by this double ER and PR staining, preliminary observa

tions showed that PR positive areas were also ER positive areas
(see an example in Fig. 6, a and h). In addition, the ability to
colocalize PR and ER by the same immunocytochemical tech
nique allowed the detection of the various combinations of ER
and PR content previously described using the steroid-binding
assay (see Table 3).

DISCUSSION

We have prepared a panel of monoclonal antibodies against
the rabbit uterine progesterone receptor. Several of these anti
bodies exhibited high affinity towards the human progesterone
receptor; two (LET 126 and LET 64) were selected for the
study of PR by an indirect immunoperoxidase technique in
several human tissues including breast tumors and uterus.

The spÃ©cifiÃ¢ty of these anti-human PR antibodies was tested
extensively by several methods including precipitation (with a
second antibody) of [3H]progestin-receptor complexes from

human uterus, displacement of these complexes on sucrose
density gradients, Western blot analysis of cytosols from pro
gesterone target (uterus, breast cancer, T47D cell line) and non-
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Fig. 6. Colocalization of PR and ER immunostaining in the same breast tumor sample. Adjacent frozen sections of each tumor were treated with either monoclonal
anti-PR antibodies (LET 126. 10 i/c protein/ml) or monoclonal anti-ER antibodies (kit from Abbott laboratories, 10 fig immunoglobulin/ml), according to the
procedure described in "Materials and Methods." PR immunostaining (a, <â€¢.e) and ER immunostaining (b, </,/) are shown on two adjacent sections taken from three
breast tumors. Tumor 1 (a. b) contained 469 fmol PR/mg protein and 310 fmol ER/mg protein; tumor 2 (c, Â¡I),no PR and 165 I'nml ER/mg protein; tumor 3 (e,f),

no PR and ER. All sections were counterstained very lightly with hematoxylin. Original magnification. X 400.
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Table 3 Comparison of immunocytochemical staining and steroid-binding assay
far PR and ER in breast carcinomas
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" Ten fmol/mg protein is considered as the limit of sensitivity of the assay.
* Intensity of PR specific staining was graded as described in "Materials and

Methods."
' Number of tumor epithelial cells which was specifically stained was estimated

by eye as: -, no cells; -/(+), very rare focal cells; +, few labeled cells; ++, great
number of cells (>50%).

d Expressed only as positive (+) or negative (â€”).
' This patient had bilateral breast cancer, different in nature, histolÃ³gica!grade,

and PR content.

target organs.7 Immunocytochemical studies also gave evidence

of the specificity of these antibodies, since when highly punned
rabbit PR was added to the antibodies the immunostaining of
human tissue sections was blocked. Moreover, staining was
observed in cells or tissues known to contain PR, such as breast
cancer, T47D cell line, endometrium, and myometrium, but
not in PR-negative tissues, such as muscle and intestine.

The present study shows only nuclear localization of the PR,
regardless of the hormonal status of the patient (pre- or post-
menopausal). This was observed under a variety of experimental
conditions including different fixatives and tissue processing
methods: frozen sections, either fixed prior to freezing or im
mediately following sectioning, and sections from paraffin-
embedded tissues (data not shown). This pattern of nuclear
localization of the human PR agrees with the results obtained
for the rabbit and guinea pig PR using nine monoclonal anti
bodies by light immunocytochemistry (28). The same nuclear
localization was also observed in fixed-frozen sections from
human breast carcinoma using a goat polyclonal monospecific
antibody prepared against the purified PR.4 However, poly

clonal antibodies gave higher nonspecific staining. In addition,
similar nuclear staining was also obtained for ER by light
immunocytochemistry using monoclonal antibodies, in human
breast (21, 23, 24, 40), ovarian (26) and endometrial (41)
carcinomas, and in the primate reproductive tract (22, 25). A

7 F. Lorenzo, A. Jolivet, M. T. Vu Hai, F. LogeÃ¢t,and E. Milgrom, manuscript

in preparation.

recent immunoelectron microscopy study (29) of rabbit uterus
has shown that only a small concentration of PR molecules is
present in the cytoplasm, i.e., a concentration which is probably
under the limit of detectability of the light immunohistological
technique.

The immunocytochemical staining specific for PR in human
breast tumors was also found to be heterogeneous: it was often
noticed that PR-positive tumors showed variations in intensity
and distribution of staining among cells as well as in different
areas of the same section. Those variations were also noted
among hyperplastic cells of breast ducts and in T47D cells. It
was observed in all conditions tested (changing the nature of
fixative, using a large range of concentration of antibodies). As
already discussed in a previous study on rabbit and guinea pig
progesterone target organs (28), this heterogeneity may be
attributed either to receptor content changes according to the
cell cycle or to variations due to the presence of both proges
terone-responsive and nonresponsive cells. Similar variations
have been reported for ER by other investigators using immu-
nohistochemical techniques (21-24, 26, 41). The study of PR
heterogeneity may provide additional information about the
clinical unresponsiveness seen in about 20% of patients with
PR-positive breast cancer (9, 14).

The PR immunocytochemical staining in frozen sections
from breast carcinoma correlated well (92%) with the PR
positivity determined by the steroid-binding assay, except for
two tumors (see Table 3): (a) one of these tumors (T19) had a
high concentration of PR; in this case we have no satisfactory
explanation for the lack of immunostaining. It is possible that
PR concentration was different in the fragment taken for the
steroid-binding assay from that present in the three fragments
taken for the immunocytochemical detection. Another reason
for this discrepancy might reside in a loss of PR antigenicity
due to fixation or due to an unexplained in vivo "modification"

of receptor. Such hypotheses were also suggested by others for
ER (24). Finally, the steroid-binding assay may have detected
a non-receptor binding protein; (b) in the other case (T17)
where a discrepancy was observed, PR concentration was low
(28 fmol/mg protein) and specific nuclear staining was absent.
A likely explanation may reside in the fact that tumors contain
ing low amounts of receptor often contain few cells that are
receptor positive: such cells present in the large tumor fragment
used for the steroid-binding assay would be taken into account
for the measurement of the PR content, whereas they might
not be detected by immunohistological examination. This ex
planation is supported by the examination of tumor T20 con
taining a similar concentration of PR (26 fmol/mg protein) and
where only a small number of cells were immunostained. Two
other tumors in which PR concentration was under the limit of
sensitivity of the steroid-binding assay (T18 and T28) also
showed extremely rare labeled cells.

In addition, we have shown that it is possible to compare ER
and PR content and distribution on adjacent sections of the
same tumors. Various combinations of ER and PR content that
were determined by steroid-binding assay were also detected by
the double immunocytochemical assay. Only one tumor bio
chemically classified as ER negative/PR positive was studied
(case 35). It was found to be immunocytochemically ER posi
tive. The biopsy was taken from a woman who had received
tamoxifen. This observation shows how immunocytochemistry
may detect false negative results.

In conclusion, the studies reported here show that the im
munocytochemical detection of human PR may be performed
with monoclonal antibodies. This method displays several ad-
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vantages over the steroid-binding method: it does not depend
on the association of radiolabeled steroid hormone with the
receptor. PR can be detected, even at low concentration, in
tumors taken from patients in which endogenous progesterone
is elevated; in this situation, endogenous progesterone may
compete with [3H]progestin in the steroid-binding assay giving

an underestimated value for the PR content, and the part of the
receptor strongly bound to the nucleus will not be detected in
the cytosol. The immunohistochemical technique also offers a
tool for the study of tumor heterogeneity.

However, a number of problems remain to be evaluated in
future studies. Quantification of receptors will have to be im
proved, using automated image analysis as recently published
(42). In addition, although we have shown that it is possible to
compare ER and PR content and distribution on adjacent
sections of the same tumor, it will be necessary to devise a
method allowing such a study on the same tissue section. This
is necessary to examine the colocalization of both receptors in
the same cells. Finally, a great number of patients will have to
be studied and the clinical outcome observed to assess the
clinical usefulness of immunohistological analysis. This method
may avoid false positive (non-receptor bindings) or false nega
tive (receptor measured by steroid-binding assay in a fragment
not containing cancer cells) (43, 44) results. It may also detect
mutated nonsteroid-binding receptors. In the case of tumors
containing both malignant and hyperplastic elements, it will
allow the investigator to distinguish whether the source of
receptor measured by the steroid-binding assay is derived from
cancer or hyperplastic cells alone or from both elements. It is
also possible that immunohistological analysis will allow the
definition of subgroups of patients who will respond differen
tially to hormonal therapy. Finally, this method may be of
interest in the delineation of the prognosis of primary tumors.
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