
Journul of Steroid Biochmrsrr? Vol. 9. pp. 569-517 
c Pergamon Press Ltd 1978. Printed in Great Brilain 

0022.473lj78/0601-0569102.00/O 

CHARACTERIZATION OF PROGESTERONE RECEPTORS 
AND METABOLISM OF PROGESTERONE IN THE 

NORMAL AND CANCEROUS HUMAN MAMMARY GLAND 

URMILA VERMA, MAN MOHAN KAPUR and KESHO R. LAUMA~ 
Departments of Reproductive Biology and Surgery, All India Knstitute of Medical Sciences, 

New Delhi-11~16, India 

(Received 7 June 1977) 

SUMMARY 

The molecular interaction of progesterone was investigated in 18 cancerous and 12 normal human 
mammary gland tissues. The time course analysis of progesterone localization showed that it was 
initially concentrated in the cytosol and subsequently transferred to the nucleus. In the cancerous 
tissue the nuclear fraction had signifi~ntly higher amount of the steroid than in the eytosol fraction 
while in the normal mammary gland tissue localization of progesterone in the nuclear fraction was 
only slightly higher compared with the cytosoiic fraction. Both in the normal and cancerous mammary 
tissue. progesterone was bound to a 4.3s receptor but a characteristic 6.7s binding component was 
noted in the normal mammary tissue. The number of specific binding sites in the normal and cancerous 
cytosol was of the order of 2.1 and l.Spmol/mg protein and the dissociation constant was 
0.42 x 10-9M-’ and 0.98 x 10-9M-’ respectively. The binding component was a thermolabile protein 
but different than plasma proteins. Ligand specificity studies revealed that along with progesterone, 
other progestins compete for the binding sites. In the mammary gland, progesterone was metabolised 
mainly to 20-hydroxy&pregnen-3-one, 5a-pregnane-3,20_dione and polar compounds. The breast car- 
cinoma tissue showed higher metabolism than the normal breast tissue. In the breast carcinoma 
20~-hydroxy-~pregn~n-3-one was the major metabolite whereas in the normal mammary gland 
20x-hydroxy-4-pregnen-3-one was the major metabolite. 

INTRODUCTION 

Growth and development of mammary gland are 
hormone dependent phenomena. The binding of hor- 
mone to receptor proteins has been suggested to be 
one of the initial steps in the mechanism of action 
of a hormone in the target tissue for its physiological 
response [14]. Initial studies on the binding of oes- 
tradiol in rat uterus [S-6] paved the way for the 
extrapolation of such studies on rat and human mam- 
mary tumours[7-131. The value of the binding of 
oestradiol to specific receptors in the cancerous cyto- 
stol for differentiating hormone dependent and inde- 
pendent tumours and the clinical usefulness of the 
observations is being explored [lo, 14-191. The bind- 
ing of progesterone to the uterine receptors and its 
physico-chemical nature has been shown [2@-253. 
However, only limited biochemical studies have 
been done on the progesterone interact@ with nor- 
mal mammary gland and breast carcinoma tis- 
sue [Z&32]. The present study is a detailed investiga- 
tion on the metabolic fate of progesterone and its 
interaction with the receptor ‘proteins in the human 
normal and cancerous breast tissue. 

EXPERIMENTAL 

Reagents. [1,2-3H]-progesterone (S.A. 47.8 Ci/mmol) 
and El,2,6.7-3H]-progesterone (S.A. 98 Ci/mmol) were 
obtained from New England Nuclear Corp. Boston 

MA, U.S.A. The purity was checked every two 
months by t.1.c. using chloroform-acetone (9:1, v/v). 

Tissue preparation and cell fractionation. Normal 
and cancerous mammary tissue specimens obtained 
at mastectomy operations were transported from the 
hospital to the laboratory under ice c&d conditions 
within a few minutes of operation. The normal and 
cancerous tissues For the experiments were identified 
histopathologically. The age of the patients ranged 
between 25-54 years. The tissues were teased off fat, 
minced and washed thoroughly 4-5 times with cold 
buffer. The minces were homogenized in Tris-HCl 
buffer pH 7.4 containing 10% glycerol using a Poly- 
tron-PT 10 homogenizer and fractionated into differ- 
ent subcellular preparation by differential ultracentri- 
fugation as described earlier [22]. Protein was esti- 
mated by the method of Lowry rt al. [33]. 

C~ar~cter~zutioiz qf progesterone receptors in the nor- 
mal and cancerous mammury glund cytosol 

Sephadex G-200 column chrom~ography. Sephadex 
G-200 columns (2.5 cm x 50 cm) were prepared and 
equilibrated with 0.01 M Tris-HCl buffer pH 7.4. 
Normal cytosol(15 mg protein) and cancerous cytosol 
(25 mg protein) were incubated with [ 1,2-3H]-proges- 
terone (20.9 pmol) for 90 min at 0°C and the steroid- 
cytosol complex was layered on the top of the 
Sephadex G-200 column and eluted with Tris-HCI 

569 



570 URMILA VERMA, MAN MOHAN KAPUR and KESHO R. LAUMAS 

buffer. Fractions of 4ml were collected and the pro- 
tein was measured at 280nm. Aliquots were taken 
for [3H]-radioactivity counting. 

Sucrose density gradient. Linear gradients of 5520% 
sucrose in 0.01 M Tris-HCl 10% glycerol buffer were 
prepared using a Beckman density gradient former 

and kept at 4°C. Samples (0.2 ml) incubated with 
[3H]-progesterone were layered on the cold gradients 

and centrifuged at 48000 rev/min for 15 h using 

SW-50 rotor. Fractions (2 drops/fraction) were col- 
lected by piercing the bottom of the tube and tritium 

in each fraction was determined. Human serum albu- 
min (HSA) was run along with the samples. The sedi- 
mentation coefficient and the molecular weight of the 
steroid binding components were determined accord- 
ing to the method of Martin and Ames [34]. 

Charcoal-Dextran treatment. 0.5 ml charcoal sus- 
pension (0.5% Norit A and 0.05% Dextran T70 in 

buffer tris-HCl 10% glycerol, pH 7.4) was added to 

each assay tube, vortexed for 5 s, allowed to stand 

for 15 min and centrifuged at 2500 rev/mm for 15 min. 
Supernatant (bound fraction) was taken into vials and 

counted for radioactivity. 

Equilibrium dialysis. The normal and cancerous 
cytosols (1 ml each) in dialysis tubings were dialysed 
against 10ml of Tris-HCl-10% glycerol buffer con- 
taining [3H]-progesterone (10.000 c.p.m.) at 4°C for 
20 h with gentle shaking. At the end of dialysis, ali- 
quots in duplicate were taken from inside and outside 

the dialysis bag for counting. The per cent binding 
of progesterone to the cytosol protein was calcu- 
lated [20]. 

Immunoabsorption of the plasma protein. Anti-nor- 

mal human serum was polymerized using gluteralde- 

hyde according to Avrameas and Ternyneck [35]. The 
cytosols were mixed with polymerized anti-normal 

human serum at 4°C for 1Omin and centrifuged at 
1500 g for 10 min. This step was repeated thrice to 
remove possible plasma proteins. Protein content of 

the supernatant was measured. The binding capacity 
of the immunoabsorbed cytosol was then studied by 
equilibrium dialysis. 

Polyacrylamide gel electrophoresis. Polyacrylamide 

gel electrophoresis of the cytosol was performed 
essentially as described earlier [22]. Progesterone- 
mammary gland cytosol protein binding was achieved 

by incubating the normal or cancerous cytosol with 

[3H]-progesterone at 0°C for 1 h by which time the 
equilibrium was attained. The cytosol was layered on 
the 7.5% polymerized acrylamide gel (pH 9) and elec- 
trophoresed at 4°C with a constant current of 2.5 mA/ 
gel. Cytosol alone and human serum albumin were 
also electrophoresed simultaneously along with 
samples. After electrophoresis the gels were cut trans- 
versely into 2mm slices, dissolved in 30% hydrogen 
peroxide and counted for radioactivity. Gel columns 
containing cytosol and HSA were stained with amido 
black. The electrophoretic mobility of the binding 
protein was calculated in relation to bromophenol 
blue. 

Ligand specificity. The competition of various 

steroids for progesterone receptors was investigated 

with the cancerous cytosol prepared in Tris-HCl-gly- 
cerol buffer (pH 7.4) containing 1 x 10e6M cortisol 
to eliminate the interference of plasma cortico-steroid 
binding globulin (CBG) and 0.1:~ monothioglycerol, 

20% glycerol, 5 mM diisopropylfluro-phosphate and 
5 mM mercaptoethanol for receptor stabilization. 

Cytosol (1.5 mg protein/l00 ~1) was added to tubes 

containing 3.2 x lo- l4 mol of [l,2,6,73H]-progester- 

one and different concentrations of progesterone’and 

other competing steroids. Steroid protein complex 

was incubated at 4°C for 12-l 6 h and [ 3H]-progester- 
one binding was measured by dextran-charcoal 
adsorption method. The concentrations of unlabelled 
progesterone and of steroid competitors that reduced 
[3H]-progesterone binding by 50% were determined 

from the semilog plot drawn as per cent bound vs 
steroid concentrations. The effectiveness of a competi- 

tor was established using the ratio of unlabelled pro- 
gesterone concentration for 50% competition to com- 

petitor concentration for SO’/, competiton. For the 

relative binding affinity. the ratio was multiplied by 

100. The binding affinity of progesterone was taken 
as 100 [37]. 

Metabolism of progesterone in the mammary gland 
tissue: Normal and cancerous mammary gland tissue 
(500 mg) were minced and incubated at 37°C for 2 h 

with [l.2-3H]-progesterone (41.8 pmol) in Krebs- 
Ringer phosphate buffer [38]. pH 7.4 containing I mg 
of glucose/ml. The reaction was terminated by adding 
acetone to the incubation flasks. The steroid was 
extracted thrice with acetone and once with methanol. 

The extract was pooled and the organic solvent was 
evaporated till the buffer remained. The aqueous por- 
tion was re-extracted with diethyl ether. The ether 
extract was dried and redissolved in 70”; aqueous 
methanol and delipidized at -20°C [38]. The meth- 
anolic extract was dried and analysed by thin layer 

chromatography (t.1.c.) using following solvent sys- 
tems [40] : I, hexane: ethyl acetate (5: 2, v/v); II. chlor- 
oform-acetone (9: 1, v/v); III. chloroform-methanol 
(9: 1, v/v); IV, hexane-diethyl ether (4: 1, v/v); V. cyc- 
lohexene-cyclohexanone (9: 1. v/v), identification of 
the metabolites was carried out as described 

earlier [41]. 
Radioactivity counting. Radioactivity was measured 

in a liquid scintillation spectrometer (Packard Tricarb 
Model 3314) as described earlier [22]. 

RESULTS 

Localization of progesterone in the human mammary 
gland 

Table 1 shows the distribution of [3H]-progester- 
one in cancerous and normal breast tissue cell frac- 
tions, 90 min after in vitro incubations. On an average 
1.9 pmol and 4.7 pmol of the incubated C3H]-proges- 
terone (41.8 pmol/500 mg tissue) was concentrated by 
the normal and cancerous mammary gland tissue re- 
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Table 1. Distribution of progesterone and its metabolites in the normal and cancerous breast tissue 

Patients NUCkU 

Normal breast 

Mitochondrial Microsomal Cytosol NUCkar 
Carcmoma breast 

Mitochondrial Microsomal Cytosol 

S.F. (25) 67.0 17.9 8.4 51 
S.W. (271 49.1 18.0 11.7 21.1 70.4 9.0 10.2 10.2 
S.R. (301 41.6 4.7 2.4 45.1 69.0 8.1 6.9 16.4 

P.K (321 5 I .I, II.3 3.9 33.6 71.1 90 17 18.0 
U D. 1351 60.4 3.4 2.8 30.7 

SK (35) 81.0 I I.0 I.8 6.1 
L.W 1421 44. I 8.2 48 42.8 50.8 12.8 7.5 29.1 
SD. (42) 470 5.7 Il.4 33.7 

R.C. (451 61.2 9.5 2.7 26.1 

C.M. I481 23.1 10.4 3.5 57.6 
G.D. (501 43.9 8.2 2.6 45.1 69.9 6.6 IX 215 

K.K. (501 47.3 22.1 16.4 24.0 66.2 10.7 I59 7.0 

Mean f SE 44.1 * 3.1 II.1 * 2.1 7.1 + 1.9 38.1 i 4.2 66 7 * 2.5 9.8 * 1.2 6.0 k 1.5 17.0 * 3.1 

The normal and cancerous mammary gland tissues (SOOmg) were minced and incubated with [1,2-3H]-progesterone 
(41.8 pmol) in Krebs-Ringer phosphate buffer (pH 7.4) at 37°C for 90 min. At the end of incubation, the tissues were 
washed with cold buffer thrice to remove the adhering radioactive steroid. The tissues were homogenized, fractionated 
and the radioactive steroid from each preparation was estimated as previously described [40]. The results are expressed 
as per cent of the radioactivity in each unit of tissue (radioactivity in nuclear, mitochondrial, microsomal and cytosol 
preparation). The figures in parentheses represent the age of the patients. 

spectively. Subcellular fractionation of the tissue into 

nuclear, mitochondrial, microsomal and cytosol prep- 
arations revealed that the cancerous breast tissue 

800 g nuclear preparation localized considerably 

higher amounts of progesterone than the 105,OOOg 
cytosol preparation. The mitochondrial and micro- 
somal preparations contained relatively low amounts 
of progesterone. In the normal tissue the localization 
of progesterone in the 8OOg nuclear preparation was 
in general only slightly higher than cytosol prep- 

aration. The mitochondrial and microsomal prep- 

arations contained considerably smaller amount of 
progesterone. The age of the women did not make 
any significant difference in the subcellular distribu- 

tion pattern of progesterone in these tissues. 

Time course study of progesterone localization in the 
nuclear and cytosol preparations 

Figure 1 shows the per cent distribution of 
[3H]-progesterone in the nuclear and cytosol prep- 
arations at different times of incubation. In the nor- 
mal mammary gland at 1 and 5 min of incubation 

more of progesterone was concentrated in the cytosol 
fraction. At 15 min of incubation the amount of pro- 

gesterone in the cytosol and nuclear preparations was 
almost equal. At 30 min and 60min the nuclear 

uptake was higher than in the cytosol fraction. The 
uptake in the nuclear preparation was maximum at 

30 min and it showed a plateau thereafter. In the case 
of cancerous mammary gland, progesterone localiza- 
tion even as early as 1 min was slightly higher in the 
nuclear fraction than in the cytosol fraction. The 
amount of progesterone in the nuclear preparation 
increased gradually up to 30min and it remained 
almost constant upto 60min whereas in the cytosol 
progesterone decreased gradually with time up to 
30 min. 
Binding of [3H]-progesterone to breast tissue cytosol 

Sephadex gel jiltration chromatography. On gel 
chromatography the mammary gland cytosol pro- 
gesterone binding macromolecules resolved into three 

major 280nm absorbing peaks (Fig. 2A and B). The 

first two peaks were proteinous in nature as deter- 

mined by 280/260 nm absorption ratio. C3H]-Proges- 

terone was bound to both the protein peaks of the 
Sephadex column chromatography. The elution pat- 
tern of the binding protein of both the cancerous and 
normal cytosols were comparable. 

Sucrose gradient sedimentation analysis. Progester- 

one was bound to two macromolecules in the normal 

cytosol fraction (Fig. 3A). The heavier macromolecu- 
lar receptor had a sedimentation value of about 6.7s 

with an approximate molecular weight of 132,000. 
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Fig. 1. Distribution of [1,2-3H] progesterone in the nuclear 
and cytosolic preparation of normal and cancerous breast 
tissues: Normal (A) and cancerous (B) breast tissue 500mg 
each were incubated with [1,2-‘HI-progesterone 
(20.9 pmol) at 0°C for Smin to allow diffusion of the 
steroid into the cell and then at 37°C for 1,5,15,30 and 
60min. The tissues were homogenized and fractionated 
into nuclei (8009) and (lO5,OOOg) cytosolic fractions by 
uhracentrifugation. The results are expressed as per cent 
progesterone and its metabolites in the nuclear and cytosol 
fractions when the steroid concentrated in these two frac- 
tions was taken as 100 per cent. The results represent the 
mean f SE. values from three individual cases (T.B., RP 

and SL). 
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Fig. 2. Sephadex G-200 column chromatographic pattern 
of the human normal (A) and cancerous (B) mammary 

gland cytosol progesterone binding protein. 

The 6.1s binding component was observed in four 
of the seven cases studied (Table 2). Progesterone was 

bound to another lighter macromolecular receptor 
which had a sedimentation value of about 4.3S, with 
an approximate molecular weight of 56,000. This peak 

was relatively more constant being present in all the 
cases studied. The concentration of the 6.7s binding 
component varied in different cases. In some cases 

total [3H]-progesterone in the 6.7s peak was more 

than in the 4.3s peak while in others the 4.3s peak 
contained more ragioactivity than the 6.7s peak. The 

cancerous mammary gland cytosol sucrose gradient 
sedimentation pattern (Fig. 3B) showed only 4.3s 
peak in all the six cases studied with an approximate 
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Fig. 3. Sucrose density gradient sedimentation analysis of 
cytosols: Normal (A) and cancerous (B) cytosols (0.3 ml 
each) were incubated with [1.2-3H]-progesterone 
(10.5pmol) at 0°C for 90min.0.2ml of the cytosol was 
layered on 4.8 ml of 5-20% sucrose-10% glycerol gradient 
and centrifuged at 48,000 rev/min for 15 h. HSA was used 
as the molecular marker protein. At the end of centrifuga- 
tion equal number of drops were collected in vials and 

counted for radioactivity. 

molecular weight of 60.000 daltons. The binding of 
[3H]-progesterone to 6.7s in the normal and 4.3s in 
the cancerous as well as normal cytosol was greatly 

affected when studied in the presence of 100 fold 

Table 2. Sucrose gradient sedimentation analysis of the normal and cancerous mam- 
mary gland cytosol progesterone binding proteins 

Patients 

Normal c)tosol Cancerous cyt0sol 
s Yal”e of: 5 \alue of: 

Peak I Peak II Peak I Perth II 

R.C. 4.4 * * 

SF. - 4.2 44 
K.K. 6.9 4.8 I * 

T.B. 6.7 3.8 4.2 
A.D _~ 4.2 4s 
P.D. 6.3 4.3 44 
R.K. * * 42 
H.F. t * 42 
VS. 7.0 4.4 * * 

Mean i S.E. 6.1 f 0.16 4.3 * 0.11 4.32 * 0.06 

* Tissues not studied. 



Progesterone binding and metabolism by human normal and cancerous mammary gland 573 

excess of non labelled progesterone thereby showing 

the specificity of the progesterone binding peaks for 

progesterone (Figs not shown). 

Polyacrylamide gel electrophoresis of the normal and 
cancerous mammary gland cytosol 

The polyacrylamide gel electrophoretic pattern of 

the normal and cancerous cytosol progesterone bind- 
ing proteins and the effect of cortisol and progester- 

one on the binding are shown in Fig. 4. No character- 

istic progesterone binding was observed up to one 
third of the gel length from the top. In all the gels, 

scanned for C3H]-progesterone binding, five definite 

peaks were observed with R, values of 0.52, 0.59, 0.7, 
0.83 and 0.9. The peaks having R, 0.52 and 0.59 

appeared to be specific progesterone binding proteins 

of the mammary gland tissue. These peaks were 
affected by cold progesterone and not by cortisol. The 
protein peak having RF 0.52 showed more binding 

to the cancerous mammary gland cytosol and the 
other having R, 0.59 appeared more specific to nor- 
mal cytosol progesterone binding protein. The peak 

having R, 0.7 was affected by cortisol and not by 

progesterone. The protein peaks having R, 0.83 and 
0.9 were affected neither by cortisol nor by progester- 

one indicating their high capacity nature. The later 
peak RF 0.9 had identical mobility with human serum 
albumin. 

0 0.17 0.34 0.52 0.52 0.20 0.22 0.90 I.00 

s IO I5 20 25 so 

Fraction number Bottom 

Fig. 4. Polyacrylamide gel electrophoretic pattern of nor- 
mal and cancerous mammary gland cytosol progesterone 
binding protein: The normal and cancerous cytosols 
(200 ~1) were incubated with 1. [1,2-‘HI-progesterone 
(0.5 &i); 2. [1,2-3H]-progesterone (0.5 PCi) and unlabelled 
progesterone (1 pg) and 3. [1,2-3H]-progesterone (0.5 PCi) 
and unlabelled cortlsol (1 pg) at 0°C for 1 h and 20~1 
samples were electrophoresed on polyacrylamide (7.59/,) 
gels. The radioactivity in each gel fraction (-2mm) was 
determined and plotted. 04 normal cytosol, x ~ x 
cancerous cytosol, A---A effect of cortisol on cancerous 
cytosol progesterone binding protein. o----O effect of pro- 
gesterone on cancerous cytosol progesterone binding pro- 
tein. Similar effects (not shown in the Fig.) were observed 

with normal cytosol. 

Nature of progesterone receptors 

Progesterone binding to normal and cancerous 

cytosol was not affected by RNase but trypsin abol- 

ished this binding, thereby showing the protein nature 
of the receptor. Progesterone receptors were thermo- 
labile as heat treatment of the cytosol at 60°C for 
20 min completely denatured progesterone receptor. 

As an effect of 2-mercaptoethanol, a sulphydryl group 
protecting agent, progesterone binding to cytosol was 
facilitated. The ratio of progesterone binding in the 

2-mercaptoethanol treated to untreated cytosol was 

1.4 in the normal and 1.25 in the cancerous cytosol. 

The effect of high salt concentrations (0.4 M KCl) on 

the progesterone receptor in the normal cytosol 
showed that the binding in the 6.7s region was dis- 

sociated and a single binding peak was observed in 

the 4.3s region (Figs not shown). 

Effect of immunoabsorbant on progesterone binding 

The binding of progesterone to the immunoab- 
sorbed cytosol and plasma was studied by equilib- 

rium dialysis. The binding in the immunoabsorbed 
normal and cancerous cytosols decreased only a little 
when compared with unabsorbed cytosols, while it 

decreased considerably in the immunoabsorbed 
plasma. When 0.5 mg protein/dialysis was used, the 

binding of progesterone to the unabsorbed normal 
cytosol was 74% and in immunoabsorbed. it was 68%. 
Similarly in the unabsorbed cancerous cytosol, the 
binding of progesterone was 78% and in the im- 
munoabsorbed 71% while in plasma, the binding de- 
creased from 87% in the unabsorbed to 47% after 

immunoabsorption. The binding of progesterone to 

the immunoabsorbed cytosols was further confirmed 
by sucrose gradient sedimentation analysis. 

Binding aJfinity of progesterone to normal and can- 
cerous cytosols 

Scatchard analysis of the progesterone binding pro- 

tein showed two classes of binding both in the normal 

and cancerous cytosols (Figs 5A and 5B). Progester- 
one at lower concentrations was bound to a high 
affinity low capacity protein with a high specificity. 
At higher concentrations of the steroid another class 
of binding was observed which was not easily satur- 

able. The number of specific binding sites in the nor- 
mal cytosol was of the order of 2.1 x 10-‘2mol/mg 
protein and in the cancerous cytosol it was 
1.5 x 10-‘Zmol/mg protein. The dissociation con- 

stant of progesterone binding protein in the normal 
cytosol was 0.42 x 10m9M-’ and in the cancerous 

cytosol 0.98 x 1O-9 M-‘. 

Ligand specijcity of the progesterone binding proteins 

Progesterone binding peaks in the normal and can- 
cerous cytosois were abolished by 100 fold excess of 
cold progesterone. The ligand specificity of the pro- 
gesterone binding protein in the cancerous cytosol to 
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Fig. 5. Scatchard plot of the normal and the cancerous 
mammary gland cytosol progesterone binding proteins: 
Human normal (A) and cancerous (B) mammary gland 
cytosols (1 mg protein/dialysis) were dialysed against differ- 
ent con~ntrations of unlabelled progesterone (0.330 nM) 
and [ 1,2-3H]-progesterone (lO,WO c.p.m.) in Tris-HCl 
(0.01 M) glycerol (10%) buffer @H 7.4) for 20 h at 4°C. 
Scatchard plot was drawn from the concentration of the 
bound steroid (B) on X axis against bound/unbound ratio 
(B/U) on Y axis. The straight lines I and II were obtained 
from the experimental curve according to Rosenthal [36]. 

other natural and synthetic steroids is shown in Fig. 
6. Synthetic progestins competed efficiently for the 
progesterone receptor. The relative binding affinities 
were 77, 65, 41, 29 and 11 for norgestrel, norethister- 
one, chlormadinone acetate, dihydroprogesterone and 
norethisterone acetate respectively, when the affinity 
for pro~sterone was considered 100. Of the natural 
steroids tested 5x-pregnane-3, 20-dione showed maxi- 
mum competition for progesterone binding sites, 
while cortisol, testosterone and oestradiol showed 
little or no competition. 

Table 3 shows the metabolism of progesterone by 
the normal and cancerous mammary gland tissues. 
The mean values of the different experiments showed 
that the metabolism of progesterone in the cancerous 
mammary tissue was more than that in the normal 
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Fig. 6. Ligand specificity of the progesterone binding 
receptor: Competition of progesterone, progestins and 
other steroids for the progesterone receptor in the can- 
cerous cytosol was carried out by the dextran coated char- 
coal method using l-100 ng of the test compounds, Results 
are expressed as the per cent inhibition of the binding abi- 
lity by different steroids of 50% competition level as de- 

scribed under Experimental. 

mammary tissue. Formation of 5a-pregnane-3,20- 
dione in the cancerous tissue was 2.6 times more than 
in the normal. The amount of pregnanolone isomer, 
20a-hydroxy-5x-pregnan-3-one was formed little. 
20-Hydroxy-4-pregnen-3-one region of the chromato- 
gram had considerable radioactivity in the normal 
and cancerous tissues. In three cases (SIC., L.W., R.C.) 
2~hydrox~~pre~en-3-one region when analysed for 
20a and 20@-hydroxy-4-pregnen-3-one showed that 
the hydroxylation of progesterone was facilitated in 
the 20a-position in the normal tissues and 2O&posi- 
tion in the cancerous mammary tissue. Polar com- 
pounds like 5x-pregnane-3,20-diol and those which 
did not move from the origin were formed more in 
the cancerous than in the normal tissue. 

DISCUSSION 

The uptake, binding and biotransformation of pro- 
gesterone with the cancerous and normal mammary 
gland revealed a specific interaction of progesterone 
with the target organ. Significantly higher amounts of 
progesterone localization in the nuclei of cancerous 
tissue differed from normal tissue. Further, the time 
course studies suggested that the uptake pattern of 
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Table 3. Metabolism of [1.2-3H]progesterone in the normal and cancerous mammary tissue 

Steroldr 
Normal breast tissue Cancerous breast tissue 

S.W. S.R. L.W. R.C. Mean k SE SK. S.W. S.R. L.W. R.C. K.K. Mean + S.E. 

1.6 1.2 1.5 1.0 1.3 * 0.14 4.4 19 3.6 4.9 2.2 3.8 3.5 + 0.49 
10.6 1.9 I ?.2 10.9 10.3 + 0.9 20.0 23.9 21.8 18.9 21.9 25.9 22 1 * 1.04 

0.2 03 0.2 0.4 0.3 f 0.05 1.0 1.1 1.2 I.2 14 1.0 1.2 * 0.06 
2.8 1.6 3.5 2.6 k 0.55 _ 1.6 0.7 1.8 _ 1.4 * 0.33 

3 9* 0.4 1.0 04 0.6 + 0.2t 5.0’ 10.6. 5.0 I.2 5.4’ 8.8 3.9 * 1.32t 
_~ 0.3 1.2 0.2 0.5 * 0.3 2.5 3.2 1.4 _ 2.4 * 0.53 

0.8 05 0.8 0.7 0.7 f 0.07 I.1 07 I.1 1.6 15 1.8 1.3 i 0.16 
1.0 0.8 2.5 1.9 1.6 k 0.4 3.7 4.5 2.9 3.2 3.4 4.7 3.7 * 0.31 

1.5 1.2 3.1 2.5 2.1 * 0.4 4.5 4.3 3.1 2.6 4.1 5.4 4.0 f 0.41 

500 mg of tissue was incubated with [1,2-3H]-progesterone (41.8 pmol) at 37°C for 2 h as described under ‘Experimen- 
tal’. The results are expressed as per cent metabolite formed of the subtrate and as percent progesterone converted. 
*Radioactive steroid which move in 20-hydroxy-4-pregnen-3-one region in hexane:ethyl acetate (5:2, v/v) and not 
resolved further. tMean value of ZOB-hydroxy-4-pregnen-3-one of patients S.R., L.W., R.C. 

progesterone in the normal mammary gland nuclei 

and cytosol was different from cancerous tissue. The 

faster transport of progesterone to the cancerous cell 

nuclei suggested that the transport mechanism of pro- 
gesterone in this tissue was altered. However, the 

transport of progesterone into the nuclei from the 

cytosol was similar to the two-step hypothesis sug- 
gested by Jensen it al. [42] for oestradiol in the rat 

uterus. 
Binding of progesterone to the immunoabsorbed 

cytosol suggested the presence of specific progester- 
one receptors in the mammary gland and was differ- 
ent than that of plasma progesterone binding pro- 
teins. The electrophoretic pattern of progesterone 

binding components in the cytosols studied did not 

vary qualitatively. Two progesterone specific binding 
peaks were observed in the normal and the breast 
carcinoma tissues. However, the quantity of these two 
binding components varied under normal and can- 

cerous conditions. The presence of a complex mixture 
of proteins of widely different electrophoretic mobility 

was earlier reported in breast cyst fluid [43] and in 
the human endometrial carcinoma [44]. On the other 
hand, the progesterone binding components on 
sucrose gradient sedimentation showed qualitative 

difference such as easily detectable two peaks in the 
normal cytosol while one in the cancerous cytosol. 

The ligand specificity of the specific proteins was 
proved by the addition of excess of progesterone and 

cortisol and other natural and synthetic steroids. The 
compounds with progestational properties competed 
for the progesterone binding sites, while cortisol, oes- 

tradiol and testosterone showed little or no competi- 
tion for progesterone binding sites. The binding of 
progestogens to uterine progesterone receptor has 
partially been correlated with their biological potency 
for the endometrial growth [37]. Such a biological 
correlation may also hold true for progesterone 
action on the mammary gland. 

The differences in the biotransformation of pro- 
gesterone in the normal and cancerous mammary 
gland suggested a subtle change in the biochemical 
constitution of the cancerous tissue. Metabolism of 
progesterone by the cancerous tissue was about two 
times more than by the normal tissue. Significantly 

higher amounts of 20/3-hydroxy-4-pregnen-3-one was 

formed with the cancerous mammary gland which is 
not normally observed with the normal mammary 

gland of human [45], rat [46] and rabbit [47]. This 

suggested that in the cancerous mammary gland 

20j-hydroxy steroid dehydrogenase is activated more 
than in the normal. 20B-hydroxy-4-pregnen-3-one by 
Hooker-Forbes and Clauberg assays was reported to 
be two times more potent than progesterone and 

20a-hydroxy-4-pregenen-3-one was only 215 times as 
potent as progesterone [48]. Since these assays are 

based on growth of the endometrium and mitosis of 
cells, it may be suggested that the hyperplastic activity 

of the mammary tissue may be due to the increased 
formation of 20/?-hydroxy-4-pregnen-3-one. The for- 

mation of Sa-pregnane-3.20-dione in higher quantity 

in the cancerous tissue as compared with the normal, 
suggested the enhanced See-reductase activity in this 
tissue. The presence of this enzyme has been indirectly 

shown by the conversion of testosterone to dihydro- 
testosterone in the mammary carcinoma [49,50]. 

In conclusion, a few significant observations made 

from this study were: 1. the nuclear transport of pro- 
gesterone from the cytosol in the cancerous tissue was 
faster and more than in the normal tissue, 2. the pro- 

gesterone binding component is a progestogen 

specific, thermolabile, macromolecular protein, 3. the 
nature of the progesterone binding protein was 

altered due to tumourigenesis, 4. progesterone meta- 
bolism in the cancerous tissue was two times more 
than in the normal tissue, 5. significantly higher 

amounts of 20P-hydroxy-4-pregnen.3-one was formed 
in the cancerous tissue, while 20cr-hydroxy Cpreg- 
nen-3-one was formed more in the normal tissue. It 
is suggested that during the process of tumourigenesis 
these changes in the breast tissue might have taken 
place or these biochemical alterations may be some 
of the factors adding to the development of mammary 
gland tumour. 

REFERENCES 

1. Jensen E. V. and Jacobson H. J.: Basic guides to the 
mechanism of estrogen action. Recent Prog. Horm. Res. 
18 (1962) 387-414. 



576 URMILA VERMA. MAN MOHAN KAPUR and KESHO R. LAUMAS 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Gorski J.. Toft D., Shyamala G.. Smith D. and Notides 
A: Hormone receptors: studies on the interaction of 
estrogen with the uterus. Recent Pray. Harm. Res. 24 
(1968) 45-80. 
O’Malley B. W.. McGuire W. L.. Kohler P. 0. and 
Korenman S. G.: Studies on the mechanism of steroid 
hormone regulation of synthesis of specific proteins. 
Recent Prog. Hormone Res. 25 (1969) 105-160. 
Baulieu E. E.. Alberga A., Jung I.. Lebeau M. C., Mer- 
tier-Bodard C.. Milgrom E., Raynaud J. P.. Raynaud- 
Jammet C., Rochefort H., Troung H. and Robe1 P.: 
Metabolism and protein binding of sex-steroids in 
target organ: An approach to the mechanism of hor- 
mone action. Recent Prog. Horn]. Res. 27 (1971) 
351-419. 
Talwar G. P.. Segal S. J.. Evans A. and Davidson 0. 
W.: The Binding of estradiol in the uterus: A mechan- 
ism for depression of RNA synthesis. Proc. natn. Acad. 
Sci. U.S.A. 52 (1964) 1059-1066. 
Toft D. and Gorski J.: A receptor molecule for 
estrogens: isolation from the rat uterus and prelimi- 
nary characterization. Proc. notn. Acad. Sci. U.S.A. 55 
(1966) 1574-1581. 
King R. J. B.. Gordon J., Cowan D. M. and Imman 
D. R.: The intranuclear localization of [6,7-3H]-oestra- 
dial- 178 in dimethylbenzanthracene induced rat mam- 
mary adenocarcinoma and other tissues. J. Endow. 36 
(1966) 139-150. 
King R. J. B.. Beard V., Gordon J.. Polley A. S., Smith 
J. A.. Steggles A. W. and Vertes M.: Studies on estra- 
diol-binding in mammalian tissues. Advances in Bio- 
sciences. Schering Workshop an Steroid Hormone 
Receptors (Edited by G. Raspe) 7 (1971) 21-44. 
Jensen E. V.. DeSombre E. R. and Jungblut P. W.: 
Estrogen receptors in hormone-responsive tissue and 
tumors. In Endogenous Factors injuencing Host-Tumor 
Balance (Edited by R. W. Wissler. T. L. Rao and S. 
Jr Wood). University of Chicago Press. Chicago (1967) 
15-30. 
Jensen E. V., Block G. E., Smith S. and DeSombre 
E. R. Hormonal dependency of breast cancer. Recent 
Results in Cancer Research 42 (1973) 55-62. 
Jensen E. V.. Smith S., Moran E. M. and DeSombre 
E. R.: Estrogen receptors and hormone dependency 
in human breast cancers. In Hormones and Breast 
Cancer (Edited by M. Namer and C. M. Lalanne). IN- 
SERM, Colloque. 55 (1976) 29-38. 
McGuire W. L. and De La Garza M.: Similarity of 
the estrogen receptor in human and rat Mammary car- 
cinoma. J. c/in. Endocr. Metub. 36 (1973) 548-552. 
McGuire W. L. and Horwitz K. D.: Hormone recep- 
tors and endocrine therapy in human breast cancer. 
In Hormones and Breast Cancer (Edited by M. Namer 
and C. M. Lalanne) INSERM. Colloque. 55 (1976) 
39-44. 
Johansson H., Terenius L. and Thoren L.: The binding 
of estradiol-17B to human breast cancers and other 
tissues in vitro. Cancer Res. 30 (1970) 692-698. 
Hahnel R. and Twaddle E.: Estimation of the associ- 
ation constant of the estrogen-receptor complex in 
human breast cancer. Cancer Res. 33 (1973) 559-566. 
DeSombre E. R., Smith S.. Block G. E., Ferguson D. 
J. and Jensen E. V.: Prediction of breast cancer re- 
sponse to endocrine therapy. Cancer Chemother. Rrp. 
58 (1974) 513-519. 
McGuire W. L., Pearson 0. H. and Segaloff A.: Pre- 
dicting hormone responsiveness in human breast 
cancer. In Estrogen Receptors in Human Brrast Cuncrr 
(Edited bv W. L. McGuire, P. P. Carbone and E. P. 
Vollmer): (1975) pp. 17-30. Raven Press. New York. 
Heuson J. C., Matheien W. H.. Longeval E.. Deboel 
M. C. and Leclerq G.: Clinical significance of the 
quantitative assessment of estrogen receptors in breast 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

cancer. In Hormones and Breast Cancer (Edited by M. 
Namer and C. M. Lalanne). INSERM, Colloque. 55 
(1976) 57-70. 
Saez S., Chouvet C.. Sakai F.. Mayer M.. Colon J., 
Pommatau E.. Cheix F.. Clavel M.: Les Recepteurs 
D’oestradiol Dans Le Cancer Mammaire Chez La 
Femme. In Hormones and Breast Cancer (Edited by 
M. Namer and C. M. Lalanne). INSERM, Colloque. 
55 (1976) 45-55. 
Milgrom E. and Baulieu E. E.: Progesterone in uterus 
and plasma. I. Binding in rat uterus 105,000 g superna- 
tant. Endocrinology 87 (1970) 276287. 
Feil P. D., Glasser S. R., Toft D. 0. and O’Malley 
B. W.: Progesterone binding in the mouse and rat 
uterus. Elldocrinology 91 (1972) 738-746. 
Verma U. and Laumas K. R. In vitro binding of pro- 
gesterone to receptors in the human endometrium and 
the myometrium. Biochim. hiophys. Acru. 317 (1973) 
403-419. 
King R. J. B. and Mainwaring W. I. P.: Relationship 
of binding to biological activity. In Steroid--Cell infer- 
aclioru (Edited by R. J. B. King and W. I. P. Mainwar- 
ing). Butterworths, London (1974) 288-378. 
Rao B. R.. Wiest W. G. and Allen M.: Progesterone 
“Receptor” in human endometrium. Endocrinology 95 
(1974) 1275-1281. 
Kontula K., Janne O., Luukainen T. and Vihko R.: 
Oestrogen-induced progresterone receptor in human 
uterus. J. steroid Biochenl. 6 (1975) 501-509. 
Laumas K. R. and Farooq A.: The uptake in vice of 
[1,2-3H]-progesterone by ihe brain and genital tract 
of the rat. J. Endocr. 36 (1966) 95-96. 
Deshpande N., Bulbrook’ R. D. and Belzer F. 0.: An 
apparent selective accumulation of progesterone by the 
human breast. Proc. 2nd I,ltern. Hormonal Sreroids. 
Milan, Excerpta Medica series (1966) pp. 750-753. 
Ellis F. T. G.. Berne T. V., Deshpande N.. Belzer F. 
0. and Bulbrook R. D.: The uptake of tritiated 
steroids by human breast carcinoma. Surq. Gynaec. 
Ohstet. 128 (1969) 975-984. 
Terenius L. Estrogen and progestogen binders in 
human and rat mammary carcinoma. Eur. J. Cancrr 
9 (1973) 292-294. 
Verma U., Kapur M. M. and Laumas K. R.: Studies 
on the mechanism of action of progesterone in human 
normal and cancerous mammary gland. 1: Asia & 
Oceania Cony. of Endow. (Edited by G. K. Rastogi). 
Chadigarh, (1974) pp. 193-194. 
Horwitz K. B. and McGuire W. L.: Specific progester- 
one receptors in human breast cancer. Steroids 25 
(1975) 497-505. 
Raynaud J. P., Bouton M. M. and Philibert D.: Les 
recepteurs estrogene et progestogene dans le cancer du 
sein. In Hormones and Breast Cancer (Edited by M. 
Namer and C. M. Lalanne). INSERM. Colloque 55 
(1976) 71-82. 
Lowry 0. H., Rosebrough N. J.. Farr A. L. and Ran- 
dall R. J.: Protein measurement with Folin phenol re- 
agent. J. hid. Chern. 193 (1951) 265-275. 
Martin R. G. and Ames B. N.: A method for determin- 
ing the sedimentation behaviour of enzymes. Appli- 
cation to protein mixtures. J. hiol. Chem 236 (1961) 
1372-1379. 
Avrames S. and Ternyneck T.: The cross-linking of 
proteins with gluteraldehyde and its use for the prep- 
arations of immunoadsorbents. Immunochrmistry 6 
(1969) 53-66. 
Rosenthal H. E.: A graphic method for the determina- 
tion and oresentation of binding oarameters in a 
complex &tern. Analyt. Biochem.-20 (1967) 525~532. 
Smith H. E.. Smith R. G.. Toft D. 0.. Neergaard J. 
R., Burrows E. P. and O’Malley B. W.: Binding of 
steroids to progesterone receptor proteins in chick ovi- 



Progesterone binding and metabolism by human normal and cancerous mammary gland 51-l 

duct and human uterus, J. biol. Chem. 249 (1974) 
5924-5932. 

38. Cohen P. P.: Methods for preparation and study of 
tissues. In Manometric Techniques (Edited by W. W. 
Umbreit. R. H. Burris and J. F. Stauffer) Burgess Pub- 
lishing, Minneapolis (1959) pp. 149. 

39. Wiest W. G. : Extrahepatic metabolism of progesterone 
in pseudo-pregnant rats. J. hio[. Chem. 238 (1963) 
94-99. 

40. Verma U. and Laumas K. R.: Effect of oestradiol-17g 
and progesterone on the metabolism of [1.2-3H]-pro- 
gesterone by the rabbit endometrium and myome- 
trium. Biochrm. J. 156 (1976a) 55-62. 

41. Verma U. and Laumas K. R.: Cellular and subcellular 
metabolism of progesterone by the human proliferative 
and secretory phase endometrium and myometrium. 
J. steroid Biochem 7 (1976b) 275-282. 

42. Jensen E. V., Suzuki T.. Kawashima T., Stumpf W. 
E., Jungblut P. W. and DeSombre E. R.: A two-step 
mechanism for the interaction of estradiol with rat 
uterus. Proc. rlatrl Acad. Sci. U.S.A. 59 (1968) 632-638. 

43. Pearlman W. H.. Gueriguian J. L. and Sawyer M. E.: 
A specific progesterone binding component of human 
breast cyst fluid. J. hiol. Ckrm. 248 (1973) 57365741. 

44. Pollow K.. Luhbert H.. Boquoi E.. Kreuzer G. and 

Pollow B.: Characterization and comparison of recep- 
tors for 17p-estradiol and progesterone in human pro- 
liferative endometrium and endometrial carcinoma. 
Endocrinology 96 (1975) 319-328. 

45. Laumas K. R. and Verma Il.: Binding and metabolism 
of [1,2-3H]-progesterone in human breast cancerous 
tissue. V. International Cong. of Endocr., Harnherg. 

(1976) Abs. 134 p. 54. 
46. Lawson D. E. W. and Pearlman W. H. The metabolism 

in viro of progesterone-[7-3H]; its localization in the 
mammary gland, uterus and other tissues of the preg- 
nant rat. J. hiol. Chenr. 239 (1964) 3226-3232. 

47. Chatterton Jr R. T.. Chatterton A. J. and Heilman L.: 
Metabolism of progesterone by the rabbit mammary 
gland. Endocrinology 85 (1969) 1624. 

48. Chatterton Jr R. T. and Forbes T. R.: Apparent rela- 
tion of metabolites of progesterone to progesterone ac- 
tivity. 16a-hydroxyprogesterone antagonism in the 
uterine steroid nuclei of the mouse. Endocrinology 92 

(1973) 1451-1457. 

49. Jenkins J. S. and Ash S. Metabolism of testosterone 
by human breast tumours. Larlcet 2 (1972) 513-514. 

50. Miller W. R.. McDonald D.. Forrest A. P. M. and 
Shivas A. A.: Metabolism of androgens by human 
breast tissue. Larlcet 1 (1973) 912-913. 


