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SUMMARY 

Specific binding of [‘HI-estradiol to isolated cytosol and to nuclei in tissue slices was determined 
in hamster kidney before and during estrogen-induced renal tumorigenesis and in the kidney of normal 
rats, a species which does not develop the tumor. At 10m9 M [‘HI-estradiol, cytosol from normal 
hamster kidney bound 6.48 + 0.3 x IO- ‘5mol/mg protein, which was significantly less than the 

15.8 + I.1 x 10-15mol/mg bound by the rat. The apparent dissociation constant for estradiol was 
not significantly different (0.50 k 0.08 nM in hamster and 0.66 f 0.14 nM in rat). Cytosol binding in- 
creased after hamsters were implanted with estrogen pellets for 6 months (9.23 k 0.2 x lo-” mol/mg) 
or had developed tumors (13.7 + 3.5 x IO- ‘5mol/mg). In tissue slices, the amount of [3H]-estradiol 

translocated to nuclei was greater in the rat (21.8 f 0.8 x IO- I4 mol/mg nuclear protein) than in 

the normal hamster (3.28 + 0.96 x IO-l4 mol/mg) and was greater in tumor-bearing hamsters 

(6.70 k 0.86 x lo-l5 mol/mg DNA) than in normal hamsters (3.19 f 0.63 x lo-” mol/mg DNA). We 
conclude: (1) the kidney of the tumor prone hamster does not contain an estrogen receptor of excessive 
auantitv or unusual affinitv and (2) the estrogen-receptor complex in estrogen-induced tumors can 
de tranilocated to cellular nuclei. 

INTRODUCTION 

The characteristics and morphology of the estrogen- 
induced and estrogen-dependent renal carcinoma of 

the male Golden Syrian hamster have been described 
in considerable detail by Kirkman[l] and by others 
[2]. In this experimental renal tumor, tumor growth 
can be induced by a variety of estrogens, while con- 
current treatment with progesterone, deoxycortico- 

sterone Cl], 2x-bromoergocryptine [3], or the anti- 
esterogen nafoxidine [S] inhibits tumor formation. 
Although the induction of the renal tumor with 
estrogens and responsiveness of the tumor to steroid 

hormone manipulation suggest a direct action of 
estradiol in promoting the tumorigenesis, this postu- 
late remains speculative [3]. At present, the best evi- 

dence for such a direct action of estrogen in hamster 
renal tumorigenesis has been from studies which have 
related estrogen binding in renal cytosol with devel- 

opment of renal tumors [S-S]. However, the rat is 
another species whose kidneys also contain estrogen- 
binding macromolecules [9], but it does not develop 
the estrogen-induced renal tumor. 

In early studies of the hamster renal tumor and 
estrogen binding, Steggles and King[6] were unable 
to demonstrate significant cytoplasmic or nuclear 
[3H]-estradiol binding either in vitro or in duo. How- 

ever, recently Li et a/.[71 have demonstrated C3H]- 
estradiol binding in normal hamster kidney and 
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reported a small but significant increase in renal cyto- 
plasmic binding of [3H]-estradiol when hamsters 

were treated with estradiol or diethylstilbesterol for 
610 months. Additionally, Li et ~I.[73 related the 
increase in cytoplasmic binding of [3H]-estradiol to 
the length of E, or DES treatment. 

Our studies were initiated to investigate further the 

cytoplasmic binding of estradiol in kidney during the 

period of tumorigenesis [IO] and to relate this with 
nuclear binding during the same time period. Our 
purpose was two-fold: first, to determine if the ham- 
ster kidney is able to bind an unusual quantity of 

estrogen, suggesting that this species has a propensity 
for estrogen-mediated actions on the kidney; and, 
second, to determine if the receptors for estrogen 
binding in normal hamster kidney and kidney tumor 
have the ability to translocate estrogen into the nu- 

cleus, a necessary step if the estrogen acts directly 
on the kidney or tumor via the established mode of 
action of steroid hormones in normal tissues. 

EXPERIMENTAL 

Tritium labelled estradiol, [2,4,6,7-3H]-estradiol 

(91 Ci/mmol), and [2,4,6,7,16-3H(N)]-estradiol (152 
Ci/mmol) were obtained from New England Nuclear, 

Boston, Massachusetts. All nonradioactive steroids 
and reagents used in the study w&e obtained from 

the Sigma Chemical Company, St Louis, Missouri. 
Pellets of 17/3-estradiol (25 mg) were prepared by the 
UCLA School of Pharmacy, Los Angeles, California. 

Animals. Eight-week old male Golden Syrian ham- 
sters (LSH SS/LAK Lakeview Hamster Colony, New-. 
field, New Jersey) and 20&225 g Sprague-Dawley 
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rats (Charles River Breeding Laboratories, Wilming- centrifuged at 750g at 0~ 4 C to obtain a crude 
ton. Massachusetts) were housed under controlled nuclear pellet. The crude nuclear pellet was resus- 
conditions and given tap water and lab chow ad iibi- pended in 5.0mi of 2.4 M sucrose 0.001 M M&i, and 
turn during the course of the experiments. centrifuged at O-4 C in a Beckman SW50.1 rotor at 

The hamsters were divided equally and randomly 56,OOOg for 1 h. Purified nuclei, pelleted with this pro- 

into two separate groups; the animals in one group cedure. were then extracted with 0.1 M Tris and 0.3 M 

were implanted with a pellet containing 25 mg of KC1 to obtain both “Tris soluble” and chromatin 

17/Gestradioi (E,) and the hamsters in the other group bound [3H]-estradiol [ 121. The “Tris soluble” [3H]- 

served as age-matched controls. The estrogen pellets estradiol was then partially purified by precipitation 

were inserted subpannicuiarly through a small inci- of the complex in saturated ammonium sulfate [12]. 

sion at the base of the tail and implanted between Protein DNA and rtrdioucti~ity ~~~~t~r~~j~~~7t;~~~. Ail 

the scapulae. Reimplantation of this group with an proteins were determined by the method of Lowry 

estrogen pellet was performed after 5-6 months to et ~1/.[13]. The DNA content of the nuclear pellet was 

insure constant treatment with E,. In ail experiments, assessed by the method of Burton[l4] with calf 

E, pellets were removed from the treated animals at thymus DNA as the standard. Aiiquots of cytosol or 

least 68 h prior to sacrifice. The age-control hamsters nuclear extracts containing radioactivity from each 

and Sprague-Dawley rats received no treatment. experiment were counted in a mixture of POP, 

All animals were sacrificed under sodium pentobar- POPOP and Triton-X and the counts were corrected 

bitai anesthesia and were perfused via the heart with for quenching with the use of an external standard 

phosphate buffer (NaCi 135 mM. KH2P0, 5mM. ratio. The data are presented as moles of C3H]-estra- 

Tris base 5 mM, M&i, 0.5 mM, CaCI, 1.0 mM, glu- dioi specifically bound per mg of protein or DNA. 

case 5mM. pH 7.4 at 2‘C) after which the kidneys 
were removed, decapsulated and rinsed in the same REX’LTS 

buffer at 0 C. 
C~~tosol hiding .studies. Kidneys were homogenized Cytosol hiding of’ [3H]-c3trc~diol 

with a Teflon-glass homogenizer in a volume of The time course of the specific binding of C3H]- 

0.01 Tris. 0.001 M EDTA pH 7.4 (Tris EDTA) buffer estradiol in cytosoi from normal hamster kidney at 

equal to 5 times the weight of the tissue in grams O’C, as shown in Fig. I. is characterized by an initial 

(5 vol.) and the resulting homogenate was centrifuged rapid increase in specific C3H]-EZ binding in the first 

at 105,OOOg for 1 h at @-4’C. Fractions of the 1530min of incubation. followed by a gradual ievei- 

iO5,~g supernatant fraction (cytosoi) were then in- ing of binding to equilibrium after 2-4 h of incuba- 

cubated at 0 C in the presence of various concen- t ion. 

trations of [3H]-estradioi both in the absence and Accordingly. cytosols derived from the kidneys of 

in the presence of a lOOO-fold molar excess of non- normal hamsters (NH). hamsters with renal tumors 

radioactive estradioi in order to calculate the C3H]- (TH) and normal rats (NR) were examined for the 
estradiol which was specificafty bound (i.e., dispiace- presence of bound [3H]-estradioi after 2.5 h of incu- 

able by the nonradioactive steroid)[il]. After incuba- bation with tom9 M C3H]-E, + 10eh M nonradioac- 

tion of the cytosols with [3H]-estradioi for the appro- tive E,. The binding data obtained from individual 

priate time period, a lOO/rl aliquot of IO”,, charcoal. animals in these experimental groups are shown in 

l”, dextran suspended in Tris-EDTA buffer was Fig. 2. The specific binding of r3H]-E, in NH cytosot. 

added to 500~11 of cytosoi previously incubated with 
[3H]-steroid. The resultant mixture was mixed vigor- 
ously for 30 s and allowed to stand at 0°C for 20 min 
before centrifugation at O-4’C at 12.OCOg for 15 min. 
The supernatant was removed with a Pasteur pipette 
and radioactivity was quantitated. 

Ntccfeclr hinrfimf sttrdies. Nuclear accumulation of 
[3H]~estradioi was studied in a tissue slice system 

modified from that described by Marver c’t ol.[12]. 
Slices of kidney tissue were prepared with a Sadie.- 
Riggs microtome and were maintained at WC in I ! I 
phosphate buffer, pH 7.4. Slices from two kidneys 0 1 2 3 4 

were added to 2Omi of phosphate buffer containing TIME IN HOURS 

toe9 M [“HI-estradioi with or without 10e6 M non- 
radioactive estradiot. The slices were incubated at 

Fig. I. Time course of the specific binding at 0 C of 
[3H]-EZ in cytosoi from kidneys of normal hamsters. After 

25’C for 1.5 h and the incubation was then terminated homogenization and ~entrifugation. cytosol was incubated 

by three successive washes in 20ml of cold (Ctrl’f) from 15 min to 4 h with I.0 x 10m9 M EZH]-E, I: tomb M 

phosphate buffer. The washed slices were then hom- 
of nonradioactive EZ in 0.01 M Tris, 0.015 M EDTA, pH 
7.4. Unbound steroid was removed with dextran-coated 

ogenized in a Teflon-glass homogenizer in 0.32 M charcoal. Each point represents the mean of four 
sucrose 0.003 M MgCi, and the resulting homogenate experiments. 
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Fig 2. Cytosol binding of [3H]-estradiol in normal ham- 
ster kidney, estrogen-induced renal tumor and normal rat 
kidney. Each bar represents specific binding in an indivi- 
dual animal analyzed after incubation of cytosol with 

1.0 x tom9 M C3H]-E2 f IO-’ M nonradioactive El. 

although low. was relatively constant from animal to 

animal. The specific binding of C3H]-Ez in cytosols 
prepared from NR was also relatively constant but 
was significantly higher than in kidneys from normal 
hamsters. In cytosols prepared from the tumor ani- 
mals, the C3H]-E, ranged from 3.82 to 32.26 x IO-l5 
mol/mg protein. Despite the high degree of variability 

of the tumor group, the mean group difference in 
renal cytosol binding of C3H]-E2 between NH and 
TH animals was statistically significant (Table I). 

Table 1 also contains the kidney cytosol binding of 
Ez determined in a fourth group of hamsters, which 
had been treated with estrogen pellets for 6 months 
but which did not have identifiable tumor nodules. 
The binding in the kidney cytosol from these animals 
was significantly greater than in NH, significantly less 
than in NR and not significantly different from that 
in TH. In contrast to the variability in the amount 
of binding found in cytosol from TH, the cytosol from 
the 6-month treated hamsters had a small variance. 

Possible causes for the variability in C3H]-E2 bind- 

ing by renal cytosols prepared from tumor animals 
was investigated by analyzing the binding of C3H]-EZ 
over a lOO-fold concentration range (3 x lo-” M, 
6 x lO-‘o M .3 x 10e8 M) by the method of Scat- 

chard (Fig. 3). The binding of C3H]-E, in the normal 
hamster and normal rat were characterized by having 
at least two components of C3H]-E2 binding. The 
measured K, of the high affinity component averaged 
5.05 x lo- lo M in the normal hamster (Table 2) and 
6.65 x lo-” M in the rat (Table 2). The KD of the 
second, low affinity component was difficult to 
characterize accurately but in each group was of the 
same order of magnitude. 

Binding of c3H]-E2 in renal cytosols prepared from 
tumor bearing hamsters was also characterized by the 
method of Scatchard. As pictured in Fig. 3B, the 

Scatchard analysis revealed only a single set of sites 
to which [3H]-estradiol binds after the develop- 
ment of a renal tumor having an average KI, of 

7.44 x IO-i0 M (Table 2). The significance of this 

apparent shift from two distinct sites in normal and 

6-month treated hamsters to a single affinity site 

in the tumour-bearing hamsters remains unclear. 
Although it is possible that a different type of receptor 

molecule binds C3H]-E2 in the renal tumor, the 
affinity of this site for [3H]-estradiol in cytosols pre- 
pared from tumor animals was not significantly differ- 
ent from the affinity of the higher affinity site in the 

normal hamster (Table 3). 

Competition studies 

The specificity of the binding for steroids with 
estrogenic activity was studied in a series of experi- 

ments. C3H]-E2 (10e9 M) together with IO-’ M of 

several nonradioactive steroids was incubated with 
cytosols prepared from normal or tumor bearing 
hamster kidneys. The data pictured in Fig. 4 illus- 
trates the relative ability of these steroids to decrease 

the amount of bound C3H]-EZ. 17/&Estradiol, estrone 
and estriol were each effective in decreasing the 

amount of C3H]-E2 bound in cytosols from normal 
or tumor hamsters, while the other steroids tested 
(testosterone, progesterone and deoxycorticosterone) 
were without demonstrable effect. Of further interest 
in Fig. 4 is the finding that the steroid specificity of 

the proteins which bind C3H]-E2 in normal or tumor 
renal cytosols is similar. Despite the similar specificity 

for estrogenic vs. non-estrogenic compounds, the 
quantitative extent to which estradiol and estrone de- 
crease the C3H]-E2 bound is dissimilar in each group 

of animals. In cytosols prepared from the kidneys of 
normal hamsters, IO-’ estradiol, estrone and estriol 
each decreased [3H]-estradiol binding by approx. 
40%. After treatment of the hamsters with Ez and 
development of renal tumors, estradiol, estriol and 
estrone decreased C3H]-E2 binding by over 7OfJ,. This 

finding is also supported by the Scatchard analysis 
of C3H]-E2 binding in tumor and normal cytosols for 
the absolute number of sites available for C3H]-E2 
binding would be expected to much larger in NH 

cytosols due to the presence of the large capacity, 
low affinity component. 

Table I. Specific binding of [sH]-estradiol in renal 
cytosols 

Source of cytosol 
lo- ‘s mol estradiol 

N bound per mg protein 

Normal hamster 6 6.48 _+ O.3* 
Hamster treated 

6 months with estrogen 4 9.23 f 0.2 
Tumor hamster 8 13.70 rf: 3.5 
Normal rat 4 15.80 f I.1 

Cytosols were prepared as described in Experimental 
and incubated with 10m9 M r3Hl-estradiol for 2.5 h. 
Bound steroid was determined &th bextran-coated char- 
coal, as described. Specific binding was taken as the 
amount of [3H]-estradiol displaced by a lOOO-fold molar 
excess of non-radioactive estradiol. 

* Normal hamster value is significantly different from 
all other values. P I 0.01 
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Fig. 3. Scatchard analysis of specific [3H]-estradiol binding in renal cytosols from (A) a normal hamster. 
(B) a renal tumor bearing hamster and (C) a normal rat. Cytosols were incubated with E3H]-EZ over 
a 100-fold concentration (3 x lo- lo M to 3 x IO-’ M) for 2 h. Parallel incubations with a 1000-fold 
excess of nonradioactive estradiol were performed to determine nonspecific binding. The dissociation 

constant(s) for each group are presented in Table 2. 

Nucleur accumulation of [3H]-esrrcldiol 

The amount of specifically bound [3H]-E2 retained 
in the nuclear fraction after incubation of slices of 

tissues is presented in Table 3. As documented in this 
table, the highest amount of extractable C3H]-Ez was 
found in the nuclei prepared from slices of kidney 

from the normal Sprague-Dawley rat. Moreover, 
there was a minimum amount of variation (15.83 & 
1.1 x lOWI5 mol/mg protein). The amount of bound 
C3H]-E2 per mg protein in the normal hamster was 
not significantly different from that in tumor, as puri- 
fied nuclei from normal hamster contained 3.28 f 
0.96 x 10-O mol/mg protein (N = 13) and from TH 
animals contained 2.87 k 0.56 x IO- I4 mol/mg pro- 

tein. However, when the DNA content of the purified 
nuclear pellet was quantitated and the specifically 
bound [3H]-E2 was expressed in terms of DNA 
rather than protein there was a significant difference 
between the normal and tumor animals. Nuclei de- 

rived from the normal hamster bound 3.19 + 0.63 

x IO- I 5 mol estradiol/mg DNA while nuclei from 
tumor hamster bound significantly more estradioi 

(6.70 + 0.86 x lo- ” mol/mg DNA). 

DISCUSSION 

In our studies we have demonstrated that (1) the 
cytosol and nuclear binding of [3H]-estradiol in ham- 

Table 2. Quantitation of higher affinity cytosol binding of C3HJ-estradiol 

Source of cytosol N K;(WLo M) Nz,, (IO- I4 mol/mg protein) 

Normal hamster 7 5.05 + 0.82 2.89 + 0.26 
Tumor hamster 6 7.44 rf: I.20 8.59 2 1.59t 
Normal rat 4 6.65 1: 1.38 8.37 4 0.95t 

* The apparent dissociation constant (K,) and maximal number of binding 
sites (N,,,) for the higher affinity component (in the case of normal animals) 
and of the only component in tumor hamsters were derived From the slope 
and intercept of Scatchard plots. 

t Significantly different from normal hamster. P = 0.001. 
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Table 3. Specific nuclear binding of [3H]-estradiol in renal slices 

Nuclear binding* 

Source of tissue lo- ‘4 moljmg protein 1% ” moi/mg DNA 

Normal hamster 

Tumor hamster 

Normal rat 

3.28 + 0.96 
(13) 

2.87 + 0.56 
(15) 

21.80 + 0.8t 
(6) 

3.19 0.63 
(4) 

6.70 & 0.86t 
(7) 

Not done 

* Specific nuclear binding of [3H]-estradiol was determined in slices 
of tissue, as described in Experimental. 

t Significantly diKerent from other values in same column, P < 0.025. 

ster kidney increases with duration of treatment with 
Ez (Table 1); (2) renal cytosols derived from normal 
hamsters and normal rats each have at least two 
classes of proteins which bind E3H]-E,, as character- 
ized by differing affinities; (3) specific binding of 
C3H]-Ez in both NH and TH renal cytosols is dis- 
placeable by compounds with estrogenic activity and 
is not displaced by testosterone, corticosterone or 
progesterone; and (4) the kidney of the rat, a species 
which does not develop an estrogen-induced renal 
tumor, contains at least as much estrogen binder with 
comparably high affinity as does the kidney of normal 
hamster. These findings confirm and extend those of 
Li et aQ7]. 

Our finding of two classes of estrogen-binding sites 
in normal kidney (of both hamster and rat, Fig. 3), 
which contrasts with the single affinity binding of E2 
in the tumours, carries implications for the quanti- 
tation of estrogen binding. For example, if E, binding 
in normal hamster and tumor were conducted at an 
[‘HI-I$ concentration of lo-* M, one might find as 
much or more E2 binding in the normal tissue, 
because of binding of the [‘HI-I$ to the large capa- 
city, low affinity component. Thus the importance of 

p 100 s 
m 80 
d 
E 
;zi 60 

t;; 
y 40 

studying E, binding at several concentrations of hor- 
mone is emphasized. We are unable to state the bio- 
logical or possible carcinogenic significance of this 
shift from two classes of binding sites in normal to 
a single affinity class in the tumor. 

Our study of the estrogen binding abilities of the 
two species, only one of which develops the renal 
tumor, failed to demonstrate an unusually large quan- 
tity, or a unique affinity in the kidney of the species 
which develops the tumor. Indeed, the rat kidney 
binds at least as much E2 (Tables 1 to 3, Fig. 1). 
In addition, the affinities of both the higher and lower 
affinity binding sites were comparable in the two 
species. 

New data have been presented on the renal nuclear 
accumulation of t3H]-Ez both in the normal and 
tumor animals. The amount of extractable E3H]-E2 
per mg DNA from purified nuclei of tumor animals 
was significantly higher than that seen in the normal 
hamster. This increase in nuclear accumulation of 
C3H]-E2 in the tumor animals corresponds with the 
evidence of increased cytosol binding of [3H]-E2 dur- 
ing development of the renal tumor. If one envisages 
the E, mediating its effect on renal tumorigenesis 

NONE ESTRAOIOL ESTRIOL ESTRONE PROGE- CORTICO- TESTO- 
000 (I lo-71 f I IO“) ( x 10-71 STERONE STERONE STERONE 

(I W7) t x 10-71 fxiO-7) 

COMPETING STEROID (MO~ARITY) 

Fig. 4. The binding of [‘HI-estradiol in normal and renal tumor cytosols in rirro; competition by 
IO-’ M estradiol, estriol, estronc, progesterone. corticosterone and testosterone. Cytosols were incu- 
bated with 1.0 x 10T9 M E, + nonradioactive steroid for 2 h and unbound steroid removed by dextran- 
coated charcoal. 100“; binding represents the binding of C3H]-E2 in the absence of any nonradioactive 

steroid. 
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through a specific steroid receptor interaction. the 

relative amount of C3H]-E, bound in the nucleus 

should be the most sensitive assay currently available 

for predicting a receptor mediated response. Of inter- 

est in this regard were the data which revealed no 

significant difference in nuclear binding of C3H]-E, 

between the normal and tumor animals when binding 

was expressed in terms of extractable protein. How- 

ever, as receptor bound C3HJ-E, in the nucleus is 

believed to interact directly with the genome, we 

believe that expressing bound [“HI-E, per mg 

nuclear DNA more accurately reflects processes 

which may occur following translocation of the ster- 

oid-receptor complex to the nucleus. 

The presence of specific [3H]-E, binding proteins 

in the cytosol and nuclei of normal and tumor ani- 

mals together with an increase in each of these par- 

ameters during tumorigenesis lends support to the 

concept of a receptor mediated response in renal 

tumorigenesis. However. as has been well documented 

in other tissues, notably the breast and prostate, tis- 

sues of many hormone-dependent malignancies are 

characterized by having the content of bound 

[jH]-steroid increased by an order of magnitude or 

more[lh, l7]. Thus. while our study is consistent with 

the concept of a receptor mediated response to E2 

during tumorigenesis. there is not a dramatic increase 

in steroid uptake by the tumor nuclei nor a receptor 

of unusual quantity or affinity in the species which 

develops the tumor. Therefore. other indirect actions 

of estradiol may be of equal or greater importance 

in the genesis of this renal tumor. 

~~~llrro~,/r,~/~/c~r~r~~~~ts- Research supported by NIH grant No. 

CA-15796 Fellowship support for Dr. Norman S. Andcr- 

son 111 by NIH grant No. CA-02837. 
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