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ABSTRACT

The estrogen-induced hamster renal carcinoma contains ap
preciable amounts of all cytosolic steroid receptor classes
sedimenting as 7 to 85 moieties following sucrose gradient
centnifugation. Their relative concentrations, expressed in
fmol/mg protein Â±S.E. are progesterone (1496 Â±23) >
estradiob (218 Â±3) > 5a-dihydrotestosterone (154 Â±7) >
dexamethasone (138 Â±3) > abdosterone (40 Â±2). No cross
competition is apparent for either estrogen on progesterone
receptors, but progesterone competes for both androgen and
adrenocorticoid binding . These hormone-receptor complexes
undergo nuclear transbocation using purified tumor nuclei and
in tissue minces at elevated temperatures. Salt-extractable
nuclear receptors for estrogen (5S), androgen (3.2S), proges
tenone (2.7S), and corticostenoid (3.5S) have been identified.
The existence of five specific steroid receptors within a single
tissue is unique and provides a novel model for studying the
interrelated actions of all steroid hormones and their therapeu
tic responses in a hormone-dependent neoplasm.

INTRODUCTION

There is now general agreement that the prime action of
steroid hormones, as they affect transcription and related cell
growth in target tissues, is through an association of the
hormone with specific cytoplasmic receptors and the subse
quent transbocation of these hormone-receptor complexes into
the cell nucleus (5, 12). The estrogen-induced and -dependent
hamster renal carcinoma, initially reported by Kinkman and
Bacon (14), represents a remarkable endocrine-dependent and
-responsive neoplasm. In a series of papers, we have chanac
tenized the estrogen, androgen, and progesterone4 receptors
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in the cytosol of the estrogen-dependent renal tumor (15, 17,
19, 20). We have now identified the presence of appreciable
bevelsof both glucocorticoid and minenabocorticoid receptors
in this carcinoma following in vitro incubations with either
tnitiated dexamethasone-tniamcinolone acetonide or aldoster
one. Comparison of these adnenocorticoid receptors with the
3 previously reported steroid receptors in the renal adenocar
cinoma, as well as the nuclear receptor characteristics of all 5
steroid hormone receptors, are now reported.

MATERIALS AND METHODS

Chemicals and Reagents. 17$-[2,4,6,7-3H]Estnadiol (105
Ci/mmob), [1 ,2,6,7-3H]pnogesterone (103 Ci/mmob), [17a-
methy!-3H]R5020 (86 Ci/mmol), 5a-[1 ,2,4,5,6,7-3HJDHT (80
Ci/mmol), [17a-methy!-3H]R1881 (87 Ci/mmol), [6,7-3H]tniam
cinoboneacetonide (34 Ci/mmol), [6,7-3H)dexamethasone (38
Ci/mmol), and [1 ,2,6,7-3H]aldostenone (85 Ci/mmol) were
products of New England Nuclear, Boston, Mass. Unlabeled
estradiol and progesterone, chromatognaphic grade, were ob
tamed from Calbiochem, San Diego, Calif., and all other radio
inert steroids were purchased from Sigma Chemical Co., St.
Louis, Mo. Nonlabeled R5020 and Ri 881 were provided by
New England Nuclear. Tnizmabase, Nonit A, dextran 80, dithi
othneitol, catalase, bovine serum albumin, ovalbumin, and my
oglobin were supplied by Sigma. Ultrapure sucrose (RNase
free) was obtained from Schwarz/Mann, Orangebung, N. V.
Dubbecco's modified Eagle's medium was obtained from Grand
Island Biological Co., Grand Island, N. V.

The following buffers, prepared at room temperature, were
used: TED buffer, TEDG buffer, TKMC Buffer 1, TKMC Buffer
2, TKMC Buffer 3, and TKMC Buffer 4. All buffers were
prepared in glass-distilled water and dithiothneitol was added
to the appropriate buffers just prior to use.

Tumor Induction. Primary renal carcinoma was obtained
from castrated male Syrian golden hamsters (LVG:LAK,
outbred strain; Charles Riven Lakeview Hamster Colony, New
field, N. J.) that had been treated with DES pellets for 8 to 10
months, as described previously in detail (16, 19). All pellets
were removed 48 to 68 hr prior to sacrifice to cleanendogenous
hormone. A group of these tumor-beaning animals were adne
nalectomized and maintained on 0.85% NaCI solution for at
beast4 days prior to use. All animals were exsanguinated under
ether anesthesia, and the tumor tissue was immediately excised
and washed twice in 0.1 5 M NaCI in TED buffer.

Cytosol Receptor Preparation. The renal carcinomas, freed
of necrotic on hemorrhagic areas, were homogenized in 2
volumes of either TED buffer (for estrogen and androgen re
ceptors) or TEDG buffer (for progesterone and adrenocorticoid
receptors), using cold conical ground-glass homogenizers. Tu
mon homogenates were centrifuged in a Spinco L2-65B ultra
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centrifuge for 1 hr at 4Â°at 100,000 x g. The resultant cytosols
were then filtered through a Millipone filter (0.45 @m;Miblex;
Milbipore Corp., Bedford, Mass.) to remove residual lipid and
particulate matter.

Protein concentration of the cytosobswas determined by the
method of Lowry et a!. (21), using bovine serum albumin as a
standard.

Treatment of the Cytosols. Tumor cytosolfractions(0.5 to
1.0 ml) were appropriately diluted with either TED or TEDG
buffer and incubated in vitro with 5 nM tnitiated steroid for 90
to 120 mm on ice with gentle agitation. Following the incubation
period, appropriate amounts of each sample were assayed for
radioactivity and treated with DC for either 10 mm (for proges
terone and abdosterone binding), or 60 mm (for estrogen,
androgen, and glucocorticoid binding), by a procedure de
scnibed earlier (18, 19). Preliminary studies indicated that
during the 10- to 60-mm interval of DC treatment, removal of
free hormone occurred during the initial 10 mm, there was a
small gradual decline in the binding of radioactive estradiol,
5a-DHT, and synthetic glucocorticoids, indicating that some
bower-affinity binding components were being removed by the
DC. The binding of these hormones, however, remained con
stant throughout 1 to 4 hr of DC treatment and was maintained
at this level after 24 hr of DC treatment. Therefore, receptor
studies for these 3 hormones were carried out after 1 hr of DC
treatment. In contrast, a gradual decrease in the amount of
labeled progesterone-R5020 and aldosterone binding was ob
served following increasing periods of DC treatment for at least
2 hr in tumor cytosobs containing 10% glycerol, compared to
a very rapid decline in the binding of these hormones in the
absence of glycerol. These data indicate that the progesterone
and aldostenone receptor-hormone complexes are not stable;
this conclusion is consistent with previous reports of these
receptors in other systems (24, 27). Competition studies were
performed by adding unlabeled compounds, diluted as previ
ously indicated (19), in 100-fold excess concentration imme
diatebyprior to the addition of labeled hormone.

Scatchand analyses (30) for estrogen, progesterone, andno
gen, and glucocorticoid receptors were carried out at tumor
cytosol protein concentrations of 0.6 to 1.5 mg/mI and for
abdostenonereceptor a tumor cytosob protein concentration of
6 mg/mb. Aliquots of these appropriately diluted cytosols were
incubated with varying concentrations (1 to 10 nM) of labeled
hormones for 22 hr on ice with constant shaking to attain
equilibrium, according to the method of Ellis and Ringold (6).
Nonspecific binding was subtracted from these data, using
corresponding radioinert hormones at 100-fold excess at each
concentration. Background (cytosol without added nadioactiv
ity) was subtracted from these data.

Preparation of Purified Nuclei. Renal tumor nuclei were
purified by a method modified from Blobel and Potter (3).
Tumor tissue was minced and then homogenized in 2 volumes
of TKMC Buffer 1 in a Dounce all-glass apparatus fitted with a
B-pestle. The homogenate was filtered through one layer of
nylon (Nitex monofilament screen, 110 mesh). Following cen
tnifugation at 850 x g for 15 mm, the supernatant fraction
containing appreciable amounts of lipid was removed. The
crude nuclear pellet was resuspended in TKMC Buffer 3 and
made 2.1 M sucrose with TKMC Buffer 2. The tumor nuclei
were allowed to sediment through a layer of TKMC Buffer 2 for
90 mm in a Spinco ultracentnifuge at 25,000 rpm (SW 27.1

rotor). The nuclear pellet was resuspended in TKMC Buffer 1
and centrifuged in a Sorvall RC-2B centrifuge at 850 x g for
15 mm. The nuclear pellet was then resuspended in 10 ml of
TKMC Buffer 1 containing 0.1 % Triton X-100, centrifuged, and
washed in TKMC Buffer 1. Renal tumor nuclei purified in this
manner were found to be essentially devoid of cytoplasmic
contaminants by electron microscopy (17). Crude nuclei (800
x g) were washed twice in TKMC Buffer 1 after brief treatment

in 0.3% Triton X-100. DNA was assayed by the method of
Burton (4) with calf thymus DNA as standard.

Receptor TransbocationStudies. All incubationswere can
ned out with freshly prepared cytosoband purified nuclei. The
DC-treated hormone-labeled cytosobs in the presence or ab
sence of 100-fold excess nonlabeled steroid were mixed with
equal volumes of either purified on crude tumor nuclei sus
pended in TKMC Buffer 4, thus maintaining a final sucrose
concentration of 0.25 M. The cytosol-nuclei mixtures were
incubated at 28Â°for 12 to 15 mm and then washed twice in
TKMC Buffer 1. The washed nuclear pellet was suspended in
1.0 ml of 0.5 M KCI in TED buffer, pH 8.4, and extracted for 1
hr at 0â€”3Â°.The nuclear extract was separated from the pellet
by centnifugation at 100,000 x g for 30 mm. The clear extract
was then treated briefly with DC for 1 to 5 mm. To determine
total tnitiated steroid in the nuclei, the nuclear sediment after
KCI extraction was suspended in 1.0 ml of ethanol and shaken
overnight, and an aliquot was assayed for radioactivity. About
70 to 85% of the total labeled hormone in the nuclei was
solubilized by the KCI treatment. No radioactivity was found in
the nuclei when prelabeled buffer was used in similar incuba
tions.

Receptor translocation studies were also carried out, using
finely minced renal carcinoma (0.7 to 1.0 g/incubation) in
Dulbecco's modified Eagle's medium and incubated with 5 nM
tnitiated steroid alone, on in combination with 100-fold excess
unlabeled hormone for 60 to 90 mm at 28â€”32Â°under an
atmosphere of 95% 02 and 5% CO2. Incubations were pen
formed in a New Brunswick environmental G-24 Gyrotory
shaken at 80 to 100 rpm. Following the incubations, the tumor
minces were rinsed twice with fresh cold medium, and crude
nuclei were prepared. The nuclei were then processed to
obtain nuclear extracts, as previously indicated for purified
nuclei.

Sucrose Density Gradient Analyses. Cytosols(0.4 ml)from
renal carcinoma were layered on 4.6-mb linear 5 to 20% su
crose gradients prepared in TED buffer, pH 7.4, using a Buch
bengradient former. The samples applied were centrifuged for
17 hr at 39,000 rpm in a Spinco 50.1 rotor at 4Â°.Cytosobs
prepared for abdosterone receptor were layered on sucrose
gradients containing TED buffer plus 5% glycerol and centni
fuged for 22 hr. Gradient tubes were pierced with a 20-gauge
needle, and 9-drop fractions were collected in scintillation
vials. Details of radioactivity sampling and measurements have
been reported (15). Samples were counted at 5Â°in a Packard
Tni-Carb Model 3375 liquid scintillation spectrometer with a
counting efficiency of about 43% for tnitium.

Sedimentation coefficients were determined by the method
of Martin and Ames (23), using catalase (11.3S), â€˜y-gbobulin
(7.05), bovine serum albumin (4.6S), ovalbumin (3.7S), and
myogbobin(2.OS). 14C-Methylatedbovine serum albumin, used
as an internal standard, was prepared with [14C]formabdehyde
(New England Nuclear) by reductive alkybation (28).
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Renaltumorcytosols(1.2 to 9.0 mg/mI protein)were incubatedinvitro
with 5 nM tritiated steroids alone or in combination withradioinerthormones

at 5 x 1O@M(100-fold)at 0â€”3Â°for 90 mm.Labeledboundhormone
was determinedby DC adsorption. Radioactivehormoneconcentration

in these cytosols, without competitor, correspondedto0%
inhibition.Valuesare basedon the meanof 5 determinationsinseparate

experiments.Adrenocorticoidbindingwas assayedinrenalcarcinomas
derivedfromadrenalectomizedhamsters.[â€˜H]Pro-

[â€˜HJDex- [3H]Al
[3H]Es- gester- [â€˜H]Sa- ametha- doster

Competitors tradiol one DHT soneone1

7$-Estradiol 96 10 79 1416Diethylstilbestrol
94 7 7 8 11Progesterone

0 92 65 6876Dihydrotestosterone
0 4 91 1227Dexamethasone
0 1 9 9554Aldosterone
0 4 0 56 86

IS

I

4

Hamster Rena! Carcinoma Steroid Hormone Receptors

the other hand, both progesterone and 17$-estradiol markedly
suppressed tnitiated 5a-DHT binding at 100-fold excess con
centrations. The binding characteristics of tritiated Al 881 , a
synthetic androgen, to the renal tumor androgen receptor was
similar in terms of its sedimentation and competition, compared
to 5a-DHT. The best competitors for gluco- and minenabocorti
coid binding resided with their respective synthetic glucocon
ticoids and aldosterone. However, these receptors exhibited
appreciable overlapping specificities at 100-fold excess radio
inert hormone concentrations. Progesterone also competed
markedly for both adrenal steroid receptors. In addition to the
marked stability differences, the aldosterone receptor being
considerably less stable, the glucocorticoid receptor in the
renal carcinoma has a lower affinity for spironolactone and a
higher affinity for corticosterone than did the abdosterone
binder. The glucocorticoid receptor sedimented as 7S binder
following sucrose gradient centnifugation in a low-salt medium,
whereas the aldosterone receptor sedimented as an 8S moiety
(Chart 1).

Steroid Receptor Levels and Scatchard Analyses. The
concentration of steroid receptors in the renal carcinoma was
calculated from plots (n = 4) varying protein concentration
(0.2 to 12 mg/mI) versus specific hormone receptor binding.
The results of these studies, summarized in Table 2, indicate
that the relative concentration of these receptors in the renal
tumor are progesterone > estrogen > androgen > glucocorti
coid > minenabocorticoid. The level of the various hormone
receptors was remarkably uniform from different primary renal
tumor specimens as well as in the metastases, except for the
androgen receptor, which was more variable. On rare occa
sions, the androgen receptor was found in very low concentra

BSA

I

BSA

I

4 S 12 15 20 24

FRACTIONNUMBER

32

@ 2$

0

*
B 24
0.
U

z

;: 20
C-)

U.

z 12
C-,

.@

4@

3

2

1

0

0

B
0.

z

C-)

U.

Ui
z

Ui

â€˜I)

12 15 20 24

FRACTIONNUMBER

2$ 32
TOP

2$ 32
TOP

Chart 1. Sucrose gradient profiles of cytosolic adrenocorticoid receptors in the primary renal carcinoma derived from 10-month DES-treated castrated male
hamsters incubated in vitro with either 5 np@itritiated triamcinolone acetonide @R)or aldosterone (Lb at 0â€”3Â°and then subjected to DC treatment. Aliquots of 0.4 ml
were layered on 5 to 20% sucrose gradients. Gradient for aidosterone binding also contained 5% glycerol. Renal tumor cytosol protein concentration was 14 mg/mI.
â€˜4C-Bovineserum albumin (BSA) served as an internal standard.
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RESULTS

Cross-Competition. To demonstrate 5 distinct steroid hor
mone receptors residing in renal carcinoma cytosobs, cross
competition experiments were carried out with each of the
steroid hormones (Table 1). Both 17/3-estnadioland DES are
effective competitors for the binding of labeled estradiol, but
not progesterone, androgen, or corticosteroids, indicating the
presence of an estrogen receptor. Similarly, the progesterone
receptor in the renal tumor exhibited no appreciable cross-over
activity with any of the other steroid hormones, including tes
tosterone as well as cortisol and corticostenone, using either
radioactive progesterone on R5020, a synthetic progestin. On

Table1
Percentage of inhibition of tritiated steroid binding in unlabeled

competitors of hamster renal carcinoma cytosols
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Associationconstants,sedimentationvalues,andconcentrationsof
steroid receptors in the hamster renalcarcinomaS

values
Receptor levels

K1(1o@ Cytosol Nuclear (fmol/mg cytosol
Receptor M_1)a receptor1' receptorCprotein)Estradiol

2.7 8 4.9 218 Â± 3
Progesterone 1.5 7 2.7 1496 Â±23
Sa-DHT 1.1 8 3.2 154 Â± 7
Dexamethasone 1.8 7 3.5 138 Â± 3
Aldosterone 0.8 8 3.5 40 Â± 2

J. J. Li et a!.

Table2

a Calculated from Scatchard plots at 0â€”3Â°.Protein concentration range was
0.5 to 6 mg/mI. Data represent the average of 3 determinations.

b Sedimented in low salt medium. Sedimentation values were determined
according to the method of Martin and Ames (23).

C Sedimented in high salt medium (0.4 M KCI).

d Mean Â±SE.

tions (data not shown). Results of the Scatchard analyses for
each cytosolic steroid receptor in the renal carcinoma are also
shown in Table 2. The association constants (K8)were derived
from linear plots containing at least 7 data points.

Receptor Translocation Studies. The 5 cytosolic steroid
receptors in the hamster renal carcinoma sedimented as either
75 on 85 binding components following sucrose gradient cen
tnifugation in a bow-salt medium (Table 2). No appreciable 4S
binding was observed in any of these gradients, and any
binding in this region of the gradient was eliminated when
corrections were made for nonspecific binding at 100-fold
corresponding nonbabeled hormones. Both tnitiated tniamcino
lone acetonide and dexamethasone binding to the glucocorti
coid receptor revealed identical sedimentation characteristics,
but the binding of the latter synthetic corticoid appeared to be
slightly less stable following a 17-hr centnifugation. In addition
to the DC studies previously cited, further evidence of the
instability of the aldostenone receptor in the renal tumor is
indicated by the continual dissociation of the hormone from the
receptor, despite the presence of either 5 on 10% glycerol in
the gradient (Chart 1).

Sucrose gradient centrifugation of nuclear extracts obtained
from cytosob-punified nuclei and minced renal tumor incuba
tions carried out at 28â€”32Â°yielded similar results following
sedimentation in 0.4 M KCI, i.e. , specific nuclear 5S estrogen,
3.2S androgen, 3.55 adnenocorticoids, and 2.75 progesterone
receptor (Chart 2). At 0Â°,there was only limited uptake (<20%)
of the cytosol receptors into the nuclear compartment, com
pared to incubations carried out at 28â€”32Â°.When incubations
contained 100-fold excess corresponding nonlabeled hor
mones, the amount of radioactive steroid recoverable in the
nuclear extracts was negligible (<1 %). Similarly, incubations
containing tritiated hormones in TED buffer did not result in the
formation of any nuclear receptors. The progesterone and
aldosterone nuclear receptor complexes appear to be consid
erably more unstable than are the other steroid hormone nu
clean receptors, as indicated by the appreciable losses in
radioactivity in these extracts following brief DC treatment.

DISCUSSION

The present studies extend earlier observations on steroid
receptors in the hamster renal carcinoma (15, 17, 19, 20), as
well as identify the presence of adnenocorticoid binders in this
tumor. Cross-oven competition data presented herein indicate

FRACTION NUMBER Top
Chart 2. Translocation of steroid hormone receptors in the hamster renal

carcinoma. Renal tumor cytosols charged with 3 to 5 n@tritiated hormone and
treated with DC were incubated with purified tumor nuclei at 28Â°for 15 mm.
Final buffer concentration of all incubations was 250 mt@isucrose-30 m@iTris
HCI-i 2 mM KCI-O.5 mM MgCI,-O.5 m@CaCl2, pH 7.5. Each 5 to 20% sucrose
plus 0.4 M KCI gradient contained 0.4 ml of nuclear extract containing either
tritiated estradiol (â€¢),Sa-DHT (s), dexamethasone W, aldosterone (ED, or
progesterone (0). Each incubation contained 6 to 12 mg/mi of cytosol protein
and nuclear DNA concentration of 300 @tg/ml.Nuclear extracts from minced
tumor incubations containing tritiated steroid hormones yielded similar results.
Bovine serum albumin (BSA), ovalbumin (OA), and myoglobin (M) served as
sedimentation standards. â€˜4C-Bovineserum albumin, the Internal standard, sed
imented in a position identical to nonlabeled bovine serum albumin.

that both 17$-estradiol and progesterone appreciably sup
pressed tnitiated 5a-DHT binding in the renal carcinoma. This
competition for the androgen receptor, previously shown in
other systems (31 , 35), could play a role in modulating andro
gen action. As in the renal tumor, the ability of progesterone to
bind also to both glucocorticoid and minerabocorticoid recep
tons in target tissues is well documented (8, 32, 37). On the
other hand, adrenal steroids, both natural and synthetic, ap
parently have little affinity for the progesterone receptor (25,
36). The cross-over activity of corticosteroids for the alternate
receptor in the renal carcinoma has been reported for other
adrenocorticoid receptors and is in accordance with the over
lapping actions of corticostenoid hormones (7, 8, 32). Our
observation of generally high levels of androgen receptor in the
hamster renal tumor is consistent with the finding that the
growth rate of transplanted primary renal tumors is stimulated
by testosterone propionate to at beastthe same extent as that
following estrogen treatment (13). Furthermore, our data dem
onstrate that the concentration of these receptor proteins,
particularly estrogen, androgen, and progesterone, is dramat
icalbyincreased in the renal carcinoma, compared to that found
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in normal untreated hamster kidneys (15, 18), suggesting that
the synthesis of these steroid hormone receptors may be under
some common on related control point which is affected by the
tumonigenic process. Earlier studies (13) indicate that both
estrogen and androgen promote the growth of the hamster
renal carcinoma, whereas progesterone has an inhibitory ef
fect. The robeof adrenal hormones as they affect renal tumor
growth is unclear.

The presence of appreciable levels of 5 specific steroid
hormone receptors within a single tissue is unique, and it
provides a novel model for studying the interrelated actions of
all steroid hormones and their respective receptors, as well as
their therapeutic responses in a hormone-dependent neo
plasm. The MCF-7 cell line, an essentially in vitro model,
contains 4 of the 5 steroid hormone receptors found in the
hamster renal carcinoma but at considerably lower concentra
tions, with one exception (10, 11). It has been suggested that
the high level and ubiquitous presence of the glucocorticoid
receptor in the MCF-7 cell line as well as other cell lines (11),
compared to solid human breast tumors, may be due to adap
tation or selection of cells in culture. Interestingly, all of the
steroid receptors in the hamster renal carcinoma sedimented
as 7 to 8S moieties in low-salt sucrose gradient centnifugation,
in contrast to the MCF-7 cell line in which both progesterone
and glucocorticoid binders exhibited appreciable binding in the
45 region of the gradient. Ou1 previous observation (19) of
substantial amounts of specific 4S binding for estrogen in the
renal tumor may reflect the differential induction by 17$-estra
diol, compared to the sole use of DES in these studies.

Except perhaps for the nuclear progesterone binder, the
sedimentation characteristics of the renal tumor steroid hor
mone nuclear receptors sedimenting in 0.4 M KCI is similar to
respective steroid nuclear binding components previously de
scnibed in more conventional target tissues (1 , 2, 12, 29, 33).
Based on the present data, the hamster renal carcinoma can
serve as a suitable experimental model to facilitate an under
standing of the mechanisms by which steroids and their ne
spective antihormonal agents support or inhibit the growth of
such human hormone-dependent neoplasms as cancer of the
breast and endometnium, in which multiple specific steroid
hormone receptors are well-established entities (9, 22, 26, 34).
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