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[57] ABSTRACT 

Methods and procedures are described for the isolation 
of human progestin receptors and for the use of human 
progestin receptors as immunogens in producing both 
monoclonal and polyclonal antibodies. These antibodies 
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the progesterone receptor both normal and cancerous 
tissues. 
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ANTIBODY TO HUMAN PROGESTERONE 
RECEPTOR AND DIAGNOSTIC MATERIALS AND 

METHODS 

hormone and the genome, resulting in the activation of 
specific sets of responsive genes (1). 

A result of the interaction between a hormone recep
tor and a steroid hormone is a change in DNA synthe-

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 sis, RNA synthesis and production of proteins involved 
in the regulation of cell proliferation, differentiation and 
physiological function in diverse tissues. The hormone 
estrogen induces the progesterone receptor protein, Methods for the isolation of human progesterone or 

progestin receptor (hPR) from cells and the use of this 
hPR for antibody production are described. This anti- 10 

body production includes both polyclonal and mono
clonal antibody specific for the human progestin recep
tor and methods for the detection and measurement of 
human progestin receptor using the antibodies pro-
duced. 15 

2. Background of the Invention 

whose synthesis appears to be transcriptionally regu
lated by the binding of estrogen receptor to chromatin. 
In addition, such steroid hormones and their receptors 
appear to be involved in the regulation of abnormal 
growth in various tumors and tumor cell lines (2). Data 
from several laboratories (3) suggest that steroid hor
mone action may involve the binding of the hormone 
directly to an intracellular receptor molecule, which is 
weakly associated with nuclear components in the ab
sence of the ligand (steroid). Binding of the hormone 
ligand to its receptor results in the conversion of the 
steroid-receptor complex to a form which now associ
ates with high affinity to one or more nuclear compo-
nents. What is known about steroid receptors has come 
from the use ofradiolabeled hormones (4) and hormone 

The present invention relates generally to the isola
tion of the human progesterone or progestin receptor 
and the use of this receptor protein in the production of 
antibody molecules. More specifically, this invention 20 
provides novel antibody preparations which have spe
cific reactivity with the hPR and provide improved test 
methods and reagents for the detection and quantifica
tion of hPR proteins by means of immunological reac
tions. 

It has been determined that certain tissues, notably 
certain human breast cancer tissues, are steroid hor
mone "dependent" in the sense that systemic depriva
tion of supportive hormones will result in regression of 
tissue growth and cell proliferation. As one example of 30 
this dependence, bilateral adrenalectomny can effect 
striking remission of advanced breast cancer in post
menopausal women and similar remissions are observed 
after hypophysectomy. Estrogen deprivation by surgi
cal ablation of tissue responsible for estrogen produc- 35 
tion and/or endocrine additive therapy afford the most 
effective treatments presently available for advanced 
breast cancer. Unfortunately, less than one-half of the 
premenopausal patients and even a smaller fraction of 
postmenopausal patients respond to this type of thera- 40 
py-indicating that breast cancer tissue is not always of 
the cellular type which is estrogenic hormone depen
dent. Consequently, it is significant to the prognosis and 
treatment of human breast cancer to be able to ascertain 
whether excised tumor tissue of a breast cancer patient 45 
is comprised predominantly of estrogen dependent cell 
types. On the basis of such information, a reasonable 
ablation response prediction may be made. Surgical 
removal of estrogen producing glands for the purpose 

25 
analogs to detect, quantify and characterize those inter
cellular steroid binding receptor proteins principally 
found in reproductive tissues. Although distinct steroid 
and DNA-binding domains have been postulated to 
exist for all steroid receptor proteins, including the 

of estrogen deprivation may be restricted to those pa- 50 
tients most likely to be helped by the procedure. Correl
atively, other breast cancer patients can be spared the 
trauma of essentially useless surgery and may be placed 
immediately into alternative therapeutic programs such 
as radiation or chemotherapy. 55 

Progesterone receptors are specific progesterone 
binding proteins that are specific for binding progester
one or other progestins and are involved in the stimula
tion of progesterone specific biological responses in 
certain tissues. These responsive target tissues are acti- 60 
vated by the binding of the progesterone to the proges
terone receptor resulting in the progesterone receptor 
complex becoming tightly bound to the chromatin of 
the cell, thereby resulting in the ability of the cell to 
synthesize certain types of RNA. This regulation of 65 
gene expression in eukaryotic cells by progestins and 
other steroid hormones involves interaction of the spe
cific intercellular receptor proteins with both steroid 

progesterone receptor, little data is available on the 
detailed structure, composition and chemical properties 
of the subunits which bind both steroid hormones and 
DNA, and virtually nothing is known about the in
volvement of other non-steroid-binding components 
involved in the tissue response to steroid hormones. 

Heretofore, the presence of steroid hormone depen
dent tissue in mammary tumor samples has principally 
been determined by quantitative detection of steroid 
hormone receptors in the sample through radiochemi
cal assay. According to one such procedure, radioactive 
(e.g., tritiated) progesterone is added to the cytosol-or 
supernatant fraction-of a homogenized tissue sample, 
and the tritiated progesterone reversibly combines with 
any hPR protein present in the cytosol. The specimen is 
then subjected to low-salt, sucrose density gradient 
ultracentrifugation, and the receptor-progesterone 
complex, being a large molecule, sediments with a char
acteristic velocity. A radioactive count can be used to 
quantify the complex. This procedure is carried out in 
the presence and in the absence of an inhibitor of the 
desired specific binding in order to identify and exclude 
any binding that is non-specific. The above analytical 
technique requires use of rather sophisticated, costly 
and uncommon ultracentrifugation apparatus, the oper
ation of which requires a high degree of skill on the part 
of the laboratory worker. Other methods employed for 
receptor assays have similar limitations. [See, e.g., Kor
enman et al., J. Clin. Endocrinol. & Metab. 30, 699-645 
(1970)]. As a result, despite the exceptional usefulness of 
quantitative detection of the hPR in prediction of re
sponse to endocrine therapy, the utilization of prior 
radiochemical assays is limited by scientific, geo
graphic, and economic considerations. 

The production of monoclonal antibodies to steroid 
hormone receptors has recently been reviewed by E. 
Milgrom in Pharmac Ther., Volume 28,389 (1985). The 
production of sensitive immunoassays for human ste
roid receptor proteins has been described by Nolan et 
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al. in Current Controversies In Breast Cancer, Univer
sity of Texas Press, 1984. The application of immuno
chemical techniques to the analysis of estrogen receptor 
structure and function has been described by G. L. 
Greene in Biochemical Actions Of Hormones, Volume 5 
XI, Chapter 8 (1984). The importance of receptors in 
the management of breast cancer has been shown by 
Hawkins in the British Journal Of Hospital Medicine, p. 
160, September 1985. 

The clinical utility of determining whether a cancer is 10 
hormone responsive, has been shown by correlations of 
patient responses to endocrine therapies with the human 
estrogen receptor (hER) and the human progesterone 
receptor (hPR) content of breast cancers. These studies 
have clearly established the importance and utility of 15 
the biochemical hER and hPR assays. While only 
25-30% of unselected breast cancer patients obtained 
objective remission of metastatic disease following vari
ous endocrine therapies, more than 75% of the patients 
whose cancers contained both hER and hPR benefit (5), 20 
whereas there is only a 33% response rate if only one of 
the two steroid receptors is present (6). Moreover, those 
patients whose primary cancers are hER/hPR-rich are 
more likely to have a longer disease-free interval than 
those cancers that lack either receptor (7, 8). Data from 25 
several clinical studies (9-11) indicate that the hPR (as 
an end-product of estrogen action) is an even better 
marker than the estrogen receptor for favorable prog
nosis and endocrine responsiveness in breast cancer. 
Previously the receptor-binding assays in which hER 30 
and hPR were measured was by saturational binding of 
radio-labeled steroid hormones, or their analogs to the 
appropriate receptor protein. This assay method re
quires considerable laboratory skill and effort and the 
availability of immuno-diagnostic procedures would 35 
greatly facilitate the determination of the presence of 
steroid receptors. 

It has been recognized that immunochemical tech
niques for hPR detection would, if available, provide a 
simpler and less costly analytical procedure and be 40 
susceptible to more widespread clinical use. However, 
the art has heretofore not been provided with any defin
itive demonstration that antibodies to hPR could be 
generated and effectively employed in the detection of 
hPR in human tissue and cells. Indeed, the difficulty in 45 
isolating hPR has created doubt that it would ever be 
successfully developed. 

Other steroid receptor antibody-dependent assays 
have been developed. The generation of well-defined 
hER antibodies was first reported by Greene et al. (12). 50 
Polyclonal antibodies have been raised against partially 
purified preparations of glucocortoid receptors (13-15), 
calf and human estrogen receptor (16, 17), and proges
terone receptors isolated from rabbit and guinea pig 
uterus (18, 19), and chick oviduct (20). In addition, 55 
autoimmune antibodies to androgen receptor have been 
found in human serum (21). In some cases antibodies 
will bind to corresponding receptors from other species. 
However, all antibodies directed against steroid binding 
subunits appear to be hormone specific. Monoclonal 60 
antibodies have been prepared against estrogen recep
tors (22-24), the glucocortoid receptor (25-27, 28), and 
rabbit progesterone receptor (28). The rabbit progester
one receptor antibody was reported to cross-react the 
hPR but only with a much lower affinity. Monoclonal 65 
antibodies have been prepared against pututative non
hormone binding forms of the B-subunit (30) and A
subunit (31) of chicken oviduct PR, although the rela-

tionship between these B and A "antigens" and the 
steroid binding subunits have not been established. Both 
polyclonal (32) and monoclonal (33) antibodies have 
been prepared against proteins that appear to be closely 
associated with steroid receptors, but which themselves 
will not bind hormones. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided 
for the first time the isolation of human progestin recep
tors and the use of these isolated progestin receptors to 
produce immunoglobulins specific for the human pro
gestin receptor. More specifically, immunoglobulins 
were obtained either from the serum of animals immu
nized with a purified preparation of the progestin recep
tor ·or from monoclonal antibodies produced using the 
progestin receptor as an immunogen. The immunoglob
ulins produced in this invention have among their prop
erties the following: 

(a) ability to cause the immunoprecipitation of pro
gestin receptor from a fluid; 

(b) ability to form immunoglobulin progestin recep
tor complexes which sediment at a increased velocity; 

(c) ability to adsorb progestin receptors from biologi
cal extracts; and 

(d) ability to bind progestin receptor in permeabilized 
tissue, tumor sections or individual cells. 
The immunoglobulins of this invention may be IgA, 
lgG, lgM, IgD, or lgE, and they may be produced by 
either monoclonal or polyclonal methods. Another 
aspect of this invention is the purification of the human 
progestin receptor to more than 2% of the protein. 
More preferably, the purified progestin receptor is more 
than 20% pure, and most preferably is more than 60% 
pure. Yet another aspect of the present invention com
prises the combining of the anti-human progestin recep
tor with a detectable marker. Yet another example of 
the present invention is the combination of the human 
progestin receptor with a carrier such as detectable 
particles or to a substrate suitable for chromatography. 
Another example of the present invention is the use of 
the anti-human progestin receptor immunoglobulin in a 
diagnostic assay for detecting the presence of human 
progestin receptor in a biological sample such as human 
cancer tissue. Still another aspect of the present inven
tion is a method obtaining immunoglobulins specific for 
human progestin receptor wherein the receptor is used 
as an immunogen in an animal system or as an immuno
gen in sensitizing lymphocytes, either invivo or invitro 
( 42). Still another method of the present invention is the 
production of monoclonal antibodies by the formation 
of hybridoma cell lines using sensitized lymphocytes. 
Another aspect of the present invention is a histological 
method of determining the progesterone receptor in a 
tissue, cell, or biological fluid wherein human proges
terone receptor specific antibody bearing a detectable 
marker contacts and identifies the progesterone recep
tor. A final object of the present invention is the prepa
ration of diagnostic kits useful for the detection of 
human progesterone receptor, the kits containing anti
body to the human progesterone receptor in combina
tion with detectable markers and optionally with suit
able carrier solutions. Further aspects and advantages 
of the invention will become apparent to those skilled in 
the art upon consideration of the following description 
of the specific embodiments of the invention. 
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DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

Despite the value of current hER and hPR assays, 
there is a need to improve the accuracy of response and 5 
prognosis predictions for breast cancer and other gyne
cologic cancers. The favorable correlations observed 
between biochemical hER assays and quantitative and 
cytochemical immunoassays for hER in more than 500 
breast cancers (34-36) indicate the potential value of 10 
immunochemical approaches to steroid receptor analy-
sis in endocrine-responsive cancers. Because hPR is also 
an important prognostic and diagnostic tumor marker, 
it is clear that a means for locating measuring and puri
fying hPR that does not depend on the binding of radio- 15 

labeled-hormone would extend our knowledge of recep
tor-mediated events and hormone responsiveness in 
certain cancers. The use of monoclonal antibodies to 
hPR is an excellent method for determining the location 
specificity and affinity of hPR proteins both in the pres- 20 

ence and in the absence of progestin hormones. In addi
tion, specific antibodies are readily immobilized to aid 
in the purification and quantitation of receptor protein. 
They are tagged with indicator enzymes, electron 

25 opaque substances or, radioisotopes, to localize and/or 
quantify their receptor in tissues, cultured cells or cell
free extracts. The immunochemical assays for hPR are 
comparatively simple, rapid, sensitive and specific, eas-
ily standardized, less affected by receptor alteration 30 
during manipulations, and they are capable of measur
ing total steroid occupied and unoccupied receptor 
present in the sample. In addition, an immunocyto
chemical assay provides information about the dispro
portional distribution of hPR-containing cells in a 35 
tumor as well as in the surrounding normal tissue. Such 
information is important in determining the presence of 
a subpopulation of hormone insensitive tumor cells in a 
population of responsive tumor cells. Simultaneous 
evaluation of hER and hPR in tumors by similar meth- 40 
odologies permits an assessment of both parameters as 
complementary indicators of the tumor status and re
sponsiveness to various therapy procedures. Such dual 
testing saves time, effort and the maintenance of two 
types of receptor assay procedures in the diagnostic 45 
laboratory. 

Other uses for the progesterone receptor antibodies 
include the detection and quantification of the location 
of progesterone receptor in intracellular locations, in 
solutions and in specific tissues. Such antibodies are also 50 
useful for distinguishing nonprogesterone receptor con
taining tissue from human progesterone receptor con
taining tissue. Human progesterone receptor specific 
antibody may be used to determine the presence ofhPR 
in blood or other bodily fluids. Such determinations are 55 
useful in evaluating whether hPR containing cells have 
been damaged or are dying. Progesterone receptor 
antibody may be also used to quantitate the amount of 
hPR in uterine tissue during surgery or during a diala
tion and cuitage (D & C). An additional use of hPR 60 
antibody is in the area of drug design. The hPR anti
body and progesterone receptor isolated through the 
use of such specific antibody are useful in the design of 
progestin agonist or antagonist by evaluating binding 
affinities. 65 

The production of specific hPR polyclonal and 
monoclonal antibodies required the isolation and purifi
cation of the hPR. Once purified, or partially purified, 

the hPR was used in the production of polyclonal or 
monoclonal antibodies. 

These antibodies may be produced in any animal with 
a competent immune system capable of responding to 
the hPR or hPR complex containing bound progester
one. Among the preferred species of animals are mam
mals such as rabbit, rat, mouse, goat, sheep, horse, cow, 
or pig. Among the antibody classes are all immunoglob
ulin types including but not limited to IgG, IgA, IgM, 
IgD, and IgE. The entire anitbody need not be used, but 
rather only fragments, such as Fab, (Fab1)z, Fv or the 
like. The critical factor is the affinity of the antibody 
fragment for the hPR. 

The progesterone receptor itself has a sedimentation 
of 4S in hypernic solution and 8-10S in hypotonic solu
tion. When used as an immunogen, the progesterone 
receptor may be in either a native state or a denatured 
state. Denaturation may be due to heat, pH, or chemical 
denaturation using organic solvents. The progesterone 
receptor may be complexed with progesterone or pro
gesterone analogs when used as an immunogen. In addi
tion, the progesterone receptor may be phosphorylated 
or unphosphorylated. 

Antibodies to hPR are specific for binding to the 
intercellular progestin-binding receptor proteins from 
human tissues, cancers and cultured tumor or non
tumor cell lines. These hPR specific antibodies are 
found in the serum of animals immunized with hPR or 
obtained from hybrid cells resulting from the fusion of 
splenic lymphocytes from animals and fused with 
myelomal cells or of from invitro transformed lympho
cytes. Monoclonal antibodies may be obtained from 
mammalian lyphocytes which have been transformed 
by viral particles, mutagens or other transforming 
agents. Any myeloma cell may be used in the produc
tion of hybrid cells producing hPR antibody, but most 
preferably the SP2/0-Ag14 or X63-Ag8 (ATCC Num
bers CRL-1581 and CRL-1580 respectfully) myelomas 
cell lines. 

Both polyclonal and monoclonal antibodies have the 
following properties: The ability to specifically bind to 
epitopes present on specific progestin receptors in 
human tissues, tumors and their extracts, as determined 
by (a) immunoprecipitation of progesterone receptor in 
a fluid upon addition of antibodies and one or more 
reagents such as heterologous antibodies directed 
against the first immunoglobulin, capable of salting out 
the antibody receptor complex;. (b) the ability to form a 
complex with hPR which has an altered sedimentation 
rate when analyzed by ultracentrifugation, and altered 
elution characteristics when analyzed by gel filtration 
or steric exclusion chromatography; (c) the ability to 
adsorb hPR from cell extracts or other fluids when 
bound to an insoluble support or surface, or when anti
body receptor complex is adsorbed to an insoluble sup- . 
port which is combined with antibody such as S. Aureus 
protein A linked to a matrix or surface; (d) the ability to 
bind to hPR in permeabilized tissue, tumor sections or 
individual cells. 

Any of the antibodies described above may be com
bined with a detectable marker substance such as a 
radioisotope or a colorimetric reagent (chromogen), 
and electron-opaque material (colloidal gold), or other 
immunochemically active or inert substance which 
provides a means of detecting or measuring the pres
ence or amount of antibody receptor complex formed. 
The hPR itself may be labeled with a marker substance, 
including synthetic or natural progestins such as proges-
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terone (4-pregnen-3, 20-dione), promegesterone 17, 
21-dimethyl-19-norpregn-4, 9-diene-3, 20-dione, 
(R5020); 16 alpha-ethyl-21-hydroxy-19-norpregn-4-ene-
3, 20-dione; ORG2058; other progestins such as etister
one, medroxyprogesterone acetate, hydroxyprogester- 5 
one caproate, norethindrone, nurethynodrel, 
ethynodiol diacetate, dydrogesterone, dimethisterone, 
ethinylestrenol, megestrol acetate or norgestrel or pro-
gesterone antagonists. 

10 According to the invention, novel immunological 
reagents are provided when the immunoglobulin frac
tion of serum of an animal immunized with purified 
hPR-progestin complex or from similiar hybridoma cell 
lines are employed, with or without prior treatment to 15 
remove non-specific antibodies or other proteins in the 
immunoglobulin. These immunoglobulins are used to 
sensitize immunologically inert particulate materials 
such as stabilized immunologically inert particulate 
materials such as stabilized erythrocytes (e.g., prepared 20 
according to the procedures of U.S. Pat. Nos. 3,714,345; 
3,715,427; and/or 3,924,541), bentonite, collodium, 
crystalline cholesterol, quartz, synthetic resins, various 
kinds of synthetic latex (see, e.g., U.S. Pat. No. 
3,551,555) polystyrene beads, or liposomes prepared 25 
from phospholipids and sterols including radioactive 
material-containing or free radical-containing lipo
somes. Such sensitized particles are useful when em
ployed in direct agglutination assays wherein hPR in a 
tissue sample will be bound to and effect agglutination 30 

of the particles, allowing quantification of the complex 
by standard immunoassay techniques. Alternatively, 
when antibody materials are employed to sensitize radi
oactive material or free radical-containing particles, 35 
hPR content of a tissue sample homogenizate may be 
determined by adding such particles to the sample, 
withdrawing particles as aggregated. Further, tech
niques using radiochemically-labelled, or enzyme
linked, or otherwise detectable anti-hPR immunoglobu- 40 
lins may provide the basis for hPR assays that detect the 
hPR. Substantial advantages are expected to accom
pany procedures which are independent of the revers
ible binding of progestins in the sample to hPR. In par
ticular, such procedures should be able to detect the 45 
amount of free hPR as well as hPR already associated 
with non-radioactive, endogeneous progestins. 

In one further application, anti-hPR provides the 
basis for a specific immunohistochemical procedure for 
the detection and quantification of hPR in pathologic 50 

sections of cancer tissue. Such sections are incubated 
with solutions of the antibody and, after washing with 
buffer, incubated either with a flurorescent-labelled 
second antibody (to the immunoglobulin) or with 

55 peroxidase-antiperoxidase-complexed second antibody. 
After further washing, the sections are examined for the 
presence of hPR by fluorescent microscopy, or after 
peroxidase staining, by light microscopy. This tech
nique allows the detection of hPR in tissue sections 60 
carried out in the same surgical pathological laboratory 
where the cancer diagnosis is made. 

Furthermore, since tumor components or their partial 
degredation components are often released into the 
blood, an assay for immunoreactive fragments or hPR 65 
in the sera of patients with ( or suspected of having) an 
hPR containing cancer could provide a means for early 
diagnosis of metastatic disease. 

Definitions 

Biological Sample: Any organ, tissue, tumor, cell or 
extract of any organ, tissue, tumor or cell or any body 
fluid or portion of any body fluid. 

Cancer: Any malignant, hyperplastic, neoplastic, 
pre-cancerous or histologically abnormal cell or tissue. 

Chromatography: Either affinity, size exclusion, hy
drophobic or ion exchange chromatography. 

Detectible Markers: Any radioistopes such as 3H, 
12s1, 1311; any fluorescers such as fluorescein, phycobili
proteins, rare earth chelates, dansyl, rhodamine; en
zyme substrates and inhibitors, enzymes such as horse
radish peroxidase, glucose oxidase, glucose-6-phosphate 
dehydrogenase, acetylcholinesterase etc.; particle such 
as dextran, sepharose beads, polystyrene beads, agarose, 
metal particles, a magnetic particles and the like. 

Monoclonal: A system employing immunoglobulin 
producing cells derived from a single cloned cell and 
producing antibody of a single type, often the result·of 
cell fusion such as hybridoma cell lines. 

Polyclonal: A system producing immunoglobulins 
derived from many cell types generally with multiple 
affinities for the immunogen, generally referring to the 
immunoglobulins produced invivo in an animal follow
ing immunization. 

Progestin Receptor: The receptor normally bound by 
progesterone but which is capable of binding any pro
gestin. Receptor may be composed·of the A polypep
tide, the B polypeptide or a mixture of the A and B 
polypeptide forms. 

Releasate: Any medium containing proteins released 
by a cell or tissue. 

Transforming Agent: Any chemical mutagen, any 
form of radiation causing mutation, any virus or any 
procedure of culturing cells that results in the produc
tion of immortal cell lines. 

The following Examples are offered by way of illus
tration and not by way of limitation. 

Example !.-Purification of the antigen 

The cytosol and nuclear forms of hPR from T47D 
human breast cancer cells (ATCC deposit no. HTB, 
133) were partially purified by selective adsorption to 
Sterogel (37), a commercial preparation of deoxycorti
costerone coupled to Sepharose 2B, and by adsorption 
to a monclonal antibody (JU601) coupled to Sepharose 
4B. The hPR complex consists of two dissimilar sub
units that can be photoaffinity labeled specifically with 
the synthetic progestin 3H-R5020 and visualized on 
autoadiograms of reducing SDS gels at Mr 95,000 (A 
subunit) and at Mr 120,000 (B subunit) (38). These two 
proteins may represent different gene products or A 
may be derived from B. Cytosol was prepared by ho
mogenization of cells in four volumes of 50 mM potas
sium phosphate buffer, pH 7, containing IO mM sodium 
molybdate and IO mM thioglycerol (buffer A), and 
nuclear extract by extraction of the nuclear pellet with 
buffer A containing 0.4 M potassium chloride. Human 
progesterone receptor content was routinely analyzed 
by specific adsorption of receptor labeled with 3H
ORG 2058 (ORG*), or 3H-R5020, to Controlled Pore 
glass beads (39,40), analagous to estrogen receptor as
says. The validity of the method was verified by com
parison with standard sucrose density gradient and dex
tran-coated charcoal analyses for hPR. In a typical 
purification (Table I), 176 ml of cytosol containing 9700 
pmol of hPR was passed through a IO-ml column over-
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night at 4° C.; under these conditions, 90% of the avail
able receptor bound to the adsorbent. After washing 
with loading buffer, bound receptor was eluted batch
wise with buffer A containing 10% glycerol (buffer B), 
10% dimethylformamide and 1 X 10-5 M ORG* (4.5 5 

CVmmol). In some cases, unlabeled progesterone was 
used to elute hPR. Eluted steroid-receptor complex was 
then chromatographed on DEAE-Biogel and eluted 
stepwise with buffer B containing 0.2 M NaCl. Bound 10 
progesterone can be readily exchanged by incubation of 
steroid-receptor complex with ORG* or 3H-R5020 in 
buffer B for 5 hr. at 4° C. Unoccupied nuclear hPR was 
purified in the same manner, except that the loading 
buffer contained 0.4 M KCl. The yield of receptor (both 15 
subunits) after the two-step purification was in the 
range of 30-70% and the purity was 2-15% of the spe
cific radioactivity expected for an average molecular 
weight of 100,000 daltons. Like the crude hPR, purified 
hPR photoaffinity-labeled with 3H-R5020 migrated as 20 

two bands at 120 kDa (B) and 95 kDa (A). 

TABLE I 
PURIFICATION OF T47D CYTOSOL 

ent region of the receptor molecule. The virtually com
plete reaction of antibody (s) with receptor indicated 
that these antibodies recognized both progestin-binding 
species (B and A). 

Example III-Preparation of monoclonal antibodies 

Fourteen monclonal antibodies, including 10 derived 
from two Lewis rats and 4 from a Balb/C mouse, were 
prepared against the A or B steroid-binding compo
nents of the human (T47D) progesterone receptor. The 
known characteristics of these antibodies are summa
rized in Table 2. Splenic lymphocytes were fused with 
the X63-Ag8.653 mouse myeloma (41), a nonsecreting 
variant of the P3-X63-Ag8 cell line. Antibody-produc
ing hybridomas were detected by specific precipitation 
of labeled hPR in the presence of hybridoma medium, 
normal rat serum carrier and goat antibody to rat immu
noglobulins. Assays were carried out in 96-well micro
titer plates. All hybridomas have been cloned by limit
ing dilution and expanded in roller bottles or as ascites 
tumors in athymic mice. Antibodies are purified by 
immunoadsorption to a column of goat antibody to rat 

HUMAN PROGESTERONE RECEPTOR 

Pro- Total Specific Puri-
tein hPR* activity Yield ty' 

Fraction (mg) (nmol) (pmol/mg) (%) (%) 

I. Cytosol 405 9.68 24 0.2 

Purif. 
factor 

25 IgG, conjugated to Sepharose 4B, followed by gel fil
tration through Biogel A-1.5 m for IgMs. On reducing 
SDS gels, the purified antibodies migrate as two bands: 
70 kDa (mu chain) and 23 kDa (kappa chain) for IgMs, 
and 50 kDa (gamma chain) and 23 kDa (kappa) for 

2. Sterogel 6.18 64 
elute 

3o IgGs. 

3. DEAE 5.48 4.82 880 50 8.8 37 
elute 

•Determined by specific binding to Controlled-Pore glass beads. 
• Assuming one ORG• bound to a protein of M, 100,000 (approximate average of 35 120K and 95K [3H]R5020-hPR bands on SOS gels). 

Characterization of monoclonal antibodies to hPR 

Of the 14 antibodies listed in Table 2, 13 recognized 
epitopes shared by the A and B components, as judged 
by immunoblot analysis of T47D and MCF-7 cytosol 
and nuclear extracts after SOS gel electrophoresis, and 

Example II-Preparation and characterization of by sucrose gradient analysis of their interaction with 
polycolonal hPR antibodies 3H-ORG 2058-hPR. One antibody, KC 146, was spe-

Animal · · d b b t • . t' 40 cific for the B component. Like the hER monoclonal s were unmuntze y su cu aneous mJec ton . . . . . . 
of T47D steroid-receptor complex, eluted from DEAF antib?dies, th_e hPR antibodies had _high affimty for 
Biogel (2-15% pure) or from the JU60l immunoadsorb- ster01d:occupied as well as unoccupied receptor and 
ent (20-60% pure), emulsified in Freunds complete or recogn~ed _both nuclear and ~ytosol forms. Three of 
incomplete adjuvant. Three male Lewis rats (K, W) and 

45 
the antibodie~ cross-reacted with the A and B compo-

one Balb/C mouse responded, producing detectable nents of rabbit p~ogesterone receptor, _and one of these 
antibody to hPR at serum dilutions of > 1:800 after (JZ B39) recogmzed rat and calf utenne progesteron~ 
primary injections of30-0-500 pmol of steroid-receptor receptor ~s ~ell. H?wever, the mouse monoclonal anti-
complex in complete adjuvant followed by 2-4 booster bod~ which 1s specific for human~ (KC 146) also rec-
injections of 150-500 pmol of receptor in incomplete 50 ogmzed the B compone_nt of P~ m cytosols from rat 
adjuvant. The animals differed in that one (rat K) was an~ cal! uterus and ~h1cken oviduct. No?e of these 
injected with receptor which was denatured by heating ant1bodie~ reacted wi!h. MCF-7_ 3H-estradiol-receptor 
with I% SOS prior to emulsification in adjuvant. The complex m salt-contammg gradients. Although 12 of 
formation of immune complexes between hPR and po- the 14 antibodies appeared to be specific for hPR A 
lyclonal antibodies partially purified by ammonium 55 and/or B components on immunoblots of T47D and 
sulfate fractionation of rat serum was demonstrated by MCF-7 extracts after SDS gel electrophoresis, two 
(1) an increase in the sedimentation rate of ORG*-, (JU145 and JU601) recognized at least one other pro-
3H-R5020-, or 3H-progesterone-receptor complex in tein on these blots. When T47D progesterone receptor 
sucrose gradients, (2) by specific precipitation of the present in either cytosol or nuclear extracts was pho-
same complexes when goat antibody to rat IgG was 60 toaffinity-labeled with 3H-R5020 and immunopurified 
added to a mixture of rat antiserum and labeled hPR, on an adsorbent consisting of JU601 IgM conjugated to 
and (3) by the appearance of antibody-receptor com- CNBr-activated Sepharose 4B, the SOS-eluted proteins 
plexes in the void volume ofa TSK4000 steric exclusion migrated as two radioactive bands on reducing SOS 
column eluate after high pressure liquid chromatogra- 65 gels, at 120 kDA and 95 kDa; the 95 kDa band was 
phy. The broadness of the immune complex peak ob- dominant. The same bands were present in silver-
served on sucrose gradients indicated the presence of stained gels, along with three or four minor bands (non-
multiple antibody idiotypes, each recognizing a differ- radioactive) of lower molecular weight. 
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TABLE2 
CROSS REACTIVITY OF MONOCLONAL ANTIBODIES 

TO HUMAN PROGESTERONE RECEPTOR 
SOURCE OF PROGESTERONE RECEPTOR 

BREAST CANCER UTERUS 

ANTIBODY ISOTYPE T47D CALF RABBIT 

JU 601 IgM + 
JU 145 IgM + 
JZB39 IgM/IgGza + + 
JZB63 IgM + 
KC34 IgG1 + 
KC75 IgG1 + 
KC 102 IgG1 + 
KC 146 IgG1 + + 
KD38 IgG1/IgG2a + 
KD42 IgG2a + 
KD67 IgG2a + 
KD68 IgGza + 
KD81 IgG2a + 
KD 83 IgGza + 

Example IV-Development and application of hPR 
immunoassays 

+ 

+ 

+ 

+ 

For quantitative measurement of hPR in cell extracts 
and fluids, an enzyme immunoassay similar to the one 25 
developed for hER enzyme immunoassay (hER-EIA) 
was developed for analysis of extracts of hormone
responsive cancers. Several combinations of the anti
bodies listed in Table 1 were tested on polystyrene 
beads and at least one combination (KD 68/JBZ 39) 30 
appeared to have the necessary sensitivity and specific-
ity for accurate hPR measurement. A prototype assay, 
in which polystyrene beads were coated with KD 68 
and JZ B39 was conjugated to horse radish peroxidase, 
was used to evaluate the hPR content in cytosols (0.2 35 
ml) from 28 human breast tumors. The same cytosols 
were analyzed by the NEN Progesterone Receptor 
Assay kit, which relies on Scatchard analysis of steroid 
binding to hPR. A comparison of the results obtained 
by the two methods yielded a correlation coefficient of 40 
0.96. The sensitivity of the hPR-EIA was 2-3 fmol 
hPR/ml. Thus, the hPR-EIA analysis correlated well 
with conventional steroid binding results for hPR in 
breast tumor extracts. In addition, the sensitivity of the 
hPR-EIA was comparable to hER-EIA and to conven- 45 
tional hPR assay methods. 

To assess the feasibility of establishing an indirect 
immunoperoxidase method for localizing hPR in hor
mone-responsive tissues and cancers, analagous to the 
human estrogen receptor immunocytochemical assay 50 
(hER-ICA), the JZB39 antibody was used to localize 
immunoreactive hPR in frozen sections of various 
human tissues and tumors, as well as in fixed MCF-7, 
T47D and MDA-MB-231 cells. Tissue sections (8/m) or 
cells were fixed in picric acid-paraformaldehyde, 55 
blocked with 10% normal goat serum and incubated 
with JZB 39 IgG (10 g/ml) in PBS containing 10% goat 

OVIDUCT 
RAT CHICKEN 

+ 

+ + 

serum for 30 min at room temperature. All other steps 
were the same as those established for ER (8,9). Each 
specimen was analyzed for immunoreactive ER with 
monoclonal H222 lgG. As observed for estrogen recep
tor, specific staining for hPR was confined to the nuclei 
of all stained cells, regardless of hormone status, and the 
proportion of stained tumor cells varied considerably 
from specimen to specimen. Staining was absent in non
target tissues, such as colon epithelium, hPR-poor 
breast cancers and non-estrogen treated MCF-7 cells; in 
addition, specific staining was abolished by the addition 
of partially purified hPR to primary antibody. Little or 
no cytoplasmic staining for hPR or hER has been ob
served in any of the tissues or tumor cells examined thus 
far. Although the JZB 39 lgG has proved most useful 
thus far for hPR localization, the KD 67 and KD 68 
antibodies could work as well or better. A summary of 
specificity and staining characteristics for all 14 avail
able antibodies is shown in Table 3. Only the JU 145 and 
JU 601 IgMs lack the necessary specificity for hPR. 
The mouse antibodies and JZB63 lack the sensitivity 
needed, but are specific for hPR. In a preliminary evalu
ation of 50 breast tumors by hPR-ICA, a statistically 
significant relationship was observed between the cyto
sol hPR content, as determined by a steroid-binding 
assay, and the presence or absence of specific staining 
for hPR in tumor cells. In all cases where there was 
disagreement, immunoreactive receptor was detected 
when biochemical values were low. While the exact 
sensitivity of the immunocytochemical assay for hPR 
has not been determined, these results indicate that hPR 
localization with specific monoclonal antibodies is feasi
ble. 

The JZB 39 antibody also has use as a probe for hPR 
in breast tumors, especially in comparison to biochemi
cally determined nPR in cytosols and to hER measure
ment and localization with the hER-ICA method. 

TABLE 3 
IMMUNOCYTOCHEMICAL STAINING WITH MONOCLONAL 

HUMAN PROGESTERONE RECEPTOR ANTIBODIES 
Intensitl,'. of Staining in Selected Tissues 

Monclonal Species, hPR-rich1 hPR-poor2 Human Human 
Antibody Isotype Breast Ca Breast Ca Endometrium3 Colon 

JU601 rat, IgM +++ +++ ++++ +++ 
JUl45 rat, IgM ++ +++ +++ ++ 
JZB63 rat, lgM ++ ++ 
JZB39 rat, IgGza ++++ ++++ 
KD38 rat, IgG!a +++ +++ 
KD42 rat, IgGza +++ ++ 
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TABLE 3-continued 
IMMUNOCYTOCHEMICAL STAINING WITH MONOCLONAL 

HUMAN PROGESTERONE RECEPTOR ANTIBODIES 

Monclonal Species, 
Antibody Isotype 

KD67 
KD68 
KD81 
KD83 
KC34 
KC75 
KCI02 
KC146 

rat, IgG2a 
rat, IgG2a 
rat, IgG2a 
rat, IgG2a 
mouse, IgG1 
mouse, IgG1 
mouse, lgG1 
mouse, IgG1 

Intensity of Staining in Selected Tissues 

hPR-rich1 hPR-poor2 Human Human 
Breast Ca Breast Ca Endometrium3 Colon 

++++ 
++++ 
+++ 
+++ 
+ 
++ 
+ 
+ 

++++ 
++++ 
++ 
+++ 
+ 
++ 
+ 
+ 

1Human progesteron receptor content greater than 1000 fmol/mg cytosol protein by DCC analysis. 
2Human progesterone receptor content less than 5 fmol/mg cytosol protein by DCC assay. 
3Proliferative phase endometrium. 

14 
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I claim: 
1. An immunoglobulin specific for human progestin 

receptor comprising an immunoglobulin produced in 20 
any animal system in response to an immunogen con
taining human progestin receptor. 

2. An immunoglobulin of claim 1 having the follow
ing properties: 

(a) ability to cause the immunoprecipitation of said 25 
progestin receptor in a fluid upon addition of said 
immunoglobulin; 

(b) ability to form an immunoglobulin progestin re
ceptor complex which has a higher sedimentation 
rate and altered gel filtration chromatography pro- 30 
file compared to the said progestin receptor com
plex alone; 

(c) ability to adsorb said progestin receptor from cell 
extracts or other fluids when said immunoglobulin 
is bound to an insoluble support; 35 

(d) ability to bind to said progestin receptor in per
meabilized tissue, tumor sections or individual 
cells. 

3. The immunoglobulin of claim 1 wherein said im
munoglobulin is selected from the following immuno- 40 
globulin types: lgA, lgG, IgM, lgD or lgE. 

4. The immunoglobulin of claim 1 wherein said ani
mal system is polyclonal. 

5. The immunoglobulin of claim 1 wherein said ani-
mal system is monoclonal. 45 

6. The immunoglobulin of claim 1 wherein said im
munogen is human progestin receptor more than 2% 
pure. 

7. The immunoglobulin of claim 6 wherein said im
munogen is human progestin receptor more than 20% 50 
pure. 

8. The immunoglobulin of claim 8 wherein said im
munogen is human progestin receptor more than 60% 
pure. 

9. An immunological reagent comprising the human 55 
progestin receptor immunoglobulin of claim 1 cova
lently or noncovalently attached to a detectible marker. 

10. The reagent of claim 9 wherein said detectible 
marker is a radioisotope. 

11. The reagent of claim 9 wherein said detectible 60 
marker is an enzyme. 

12. The reagent of claim 9 wherein said detectible 
marker is a fluorescer. 

13. The reagent of claim 9 wherein said detectible 
marker is an electron opaque substance. 65 

14. The reagent of claim 10 wherein said noncava
lently attached radioisotope is convalently attached to a 
progestin or progestin antagonist. 

20. An immunological assay for human progestin 
receptor in a biological sample said assay comprising 
contacting said sample with the reagent of claim 9 and 
detecting said detactable marker. 

21. An immunological assay according to claim 20 
wherein said biological sample is human cancer tissue. 

22. A method for isolating human tissue progestin 
receptors comprising the steps of: 

(a) preparing a soluble medium containing human cell 
lysate or releasate; 

(b) contacting said soluble medium with the immuno
globulin of claim -1 to form an immunoglobulin
progestin receptor complex; and 

(c) separating said complex from said soluble me
dium. 

23. A method for obtaining immunoglobulins specific 
for human progestin recept~r, said method comprising 
the steps of: 

(a) preparing a purified progestin/receptor complex 
of radiolabelled progestin and human progestin 
receptor by contacting human progestin receptor 
with radiolabelled progestin and isolating said 
complex by precipitation, gel filtration, electropho
resis or chromatography; 

(b) inoculating an immunologically competent animal 
with said progestin/receptor complex and, detect
ing serum immunoglobulin specific for human pro-
gestin receptor from said animal. 

24. The method of claim 23 wherein the said immuno
globulins specific for human progestin receptor are 
produced by the formation of hybridoma cells, said 
method further comprising the steps of 

(c) isolating sensitized lymphocytes removed from 
the immune system of said incoulated animal; 

(d) fusing said lymphocytes with myeloma cells; 
(e) selecting hybridoma cells capable of producing 

immunoglobulins specific for human progestin re
ceptors; and 

(f) isolating said immunoglobulins from said hy
bridoma cells and hybridoma cell growth media. 

25. The method of claim 23 further comprising in 
place of inoculating said competent animal the steps of: 

contacting said isolated complex with lymphocytes to 
produce sensitized lymphocytes; and 
(a) fusing said sensitized lymphocytes with my

eloma cells to produce hybridoma cells or; 
(b) transforming said sensitized lymphocytes to 

produce immunoglobulins without fusion; 
isolating immunoglobulins from said hybridoma cells 

or said transformed cells or from said hybridoma 
cells or transformed cells growth medium. 
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26. The method of claim 23 wherein said complex 

containing progesterone receptor is denatured prior to 
inoculating said immunologically competent animal. 

27. The method of claim 22 wherein said immuno
globulin is bound to a water-permeable substance suit- 5 
able for chromatography. 

28. A method for determining the presence of proges
terone receptor in a tissue or cell or body fluids com
prising the steps of: 

contacting the antibody of claim 9 with said tissue, 10 
cell, or body fluid and, 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

detecting said marker. 
29. The method of claim 28 wherein said tissue or cell 

is cancerous. 
30. Diagnostic kits for the immunocytochemical de

tection of human progesterone receptor comprising 
immunoglobulin specific for human progesterone re
ceptor having a detactable marker attached thereto and 
a carrier solution suitable for contacting said immun
globulin with human tissue containing human proges
terone receptor. 

* * * * * 
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
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-- adrenalectomy --; 

Column 5, lines 59-60, delete "dialation and cuitage" and insert 
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Column 6, line 31, delete "myelomal" and insert -- myeloma --; 
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Column 7, line 6, delete "nurethynodrel" and insert 
norethynodrel --; line 64, delete "degredation" and insert 

-- degradation--; 

Column 8, line 10, delete "Detectible" and insert 
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