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Summary—-Estrogen metabolism was evaluated in freshly isolated kidney and liver micro-
somes and in primary kidney cell cultures from Syrian hamsters, a potential experimental
model for examining the possible role(s) of estrogens in tumor initiation and development.
Initial velocity studies of the conversion of estradiol to 2-hydroxyestradiol, as determined by
the *H,O release assay with the substrate [2-*H]estradiol, resulted in similar apparent K5 of
estrogen 2-hydroxylase of 2.85 and 6.25 uM for liver and renal microsomes, respectively. The
apparent V,,, for freshly prepared liver microsomes was 0.13 nmol-mg~!-min~', while that
for renal microsomes was 0.040 nmol-mg~!-min~!. Evaluation of estrogen metabolism was
also performed in primary cell cultures of hamster kidney cells, consisting of 75% epithelial
cells. [6,7-°H]Estradiol (10 uM) was incubated for 0, 24 and 48 h in primary kidney cell
cultures, and the organic soluble metabolites analyzed by reverse-phase HPLC. The cultures
from untreated, castrated hamsters metabolize [*H]estradiol to yield small quantities of estrone
and significant amounts of polar metabolites, while no catechol estrogens were isolated.
Estrogen metabolism by diethylstilbestrol-treated (DES-treated) hamster kidney cell cultures
also provided small quantities of estrone and no evidence of catechol estrogens. Additionally,
larger amounts of additional polar metabolites were isolated in the cultures from DES-treated
hamsters. Finally, levels of estrogen 2-hydroxylase were detected in these cultures using the
3H,0 release assay. Thus, the short-term primary kidney cell cultures from the Syrian hamster
are capable of metabolizing estrogens. Furthermore, the enzymatic processes appear to be
available for the conversion of any catechol estrogens formed into more polar metabolites.
These investigations in intact cells, capable of performing all biochemical processes, comple-
ment both in vive and subcellular biochemical studies and may aid in elucidating the roles of
estrogens and estrogen metabolism in the initiation and development of estrogen-induced,
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estrogen-dependent kidney tumors in the Syrian hamster.

INTRODUCTION

Cancer is the leading cause of death among women
between the ages of 30 and 54, with breast and uterine
cancers being common diseases. Numerous epidermio-
logical studies suggest that steroid hormones may
be involved in the formation and development of
both mammary carcinoma and uterine cancer. The
possible biochemical role(s) of estrogens -and/or
their metabolites in the development of estrogen-
dependent cancers remains to be elucidated. Changes
in the amount of estrogen or the metabolism of
estrogen appear to be associated with the induction
and growth of a variety of neoplasms{1-4], but the
molecular mechanisms by which hormones such as
estrogens may be involved in tumorigenesis are still
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unknown. Diethylstilbestrol (DES) and other syn-
thetic estrogens appear to play a role in human
vaginal cancer [4, 5] and in dysplasia of the cervix [6].

One potential experimental model for examining
the possible role(s) of estrogens in tumor develop-
ment is the Syrian hamster. The finding that
prolonged estrogen treatment of the hamster results
in renal adenocarcinoma was made by Matthews
et alf7]. The kidney tumors are malignant and
estrogen-dependent, and appear in essentially all
male hamsters that have been treated continuously
with DES for more than 250 days [8]). The tumors can
be induced in females by estrogen treatment only if
the concentration of progesterone circulating in the
blood is reduced by ovariectomy. Males can be
protected against induction of the tumor by estrogens
if they are treated simuitaneously with progesterone.
The tumors are not only estrogen-induced, but are
estrogen-dependent and can be transplanted into
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other hamsters only if the host has been estrogen-
treated. The kidney tumors are metastatic and new
foci of tumor growth appear as metastases trans-
ported into the abdominal cavity or through the
lymphatic and circulatory systems.

Evidence that estrogen plays a direct carcinogenic
role in the initiation of the renal tumor has been
accumulating. Recent reports demonstrate the
importance of the oxidative metabolism of estrogens
to the catechol estrogens to the development of
cancer [9-11]. Cytochrome P-450 levels and estrogen
2-/4-hydroxylase activities are found primarily in
hamster kidney cortex, the location of tumor for-
mation [12, 13]. The metabolism of estradiol and
other estrogens by estrogen 2-hydroxylase appears to
be a critical step in the initiation of the hamster renal
carcinoma. The question of whether it is the for-
mation of the catechol estrogen themselves, their own
action, or further metabolism of the 2-/4-hydroxy-
estrogens via oxidative or peroxidative path-
ways [14, 15] also remains unanswered.

A short-term kidney primary tumor cell culture
system has been developed and used to characterize
the regulation of progesterone receptors in cultured
tumor cells from a kidney tumor induced by
long-term DES implanted in hamsters [16]. This
manuscript describes the evaluation of estrogen
metabolism in primary kidney cell cultures from
untreated hamsters and from hamsters treated for 12
months with estrogen.

EXPERIMENTAL

Materials

Commercial steroids were obtained from Searle
Laboratories, Skokie, Ill. and Steraloids, Wilton,
N.H. and purified by recrystallizations. Chemical
reagents were purchased from Aldrich Chemical Co.,
Milwaukee, Wis. and the purity determined by
melting point and/or thin-layer chromatography.
Biochemicals were obtained from Sigma Chemical
Co., St Louis, Mo. [6,7-*H]Estradiol (sp. act.
56 Ci/mmol) and [2-*HJestradiol (sp. act. 22,7 C¥/
mmol) were obtained from New England Nuclear,
Boston, Mass. Radioactive samples were dissolved in
NEN Formula 963 and counted by liquid scintillation
in a Beckman LS 6800 scintillation counter. Reverse-
phase high-pressure liquid chromatography was
performed using an Altex Ultrasphere ODS column
(4.5 x 250 mm) on a Beckman 421 gradient HPLC
system,

Culture media RPMI 1640 was obtained in
powdered form from GIBCO (Long Island, N.Y.).
The sterilized liquid media was prepared by the Ohio
State University Comprehensive Cancer Center by
dissolving the powder in water containing sodium
chloride (0.487 g/1), pyruvic acid (0.11 g/1), sodium
bicarbonate (1.5 g/1) and Phenol Red (0.01%) and the
pH adjusted to 6.8. Sterilized Hank’s balanced salt
solution and phosphate buffered saline were also
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prepared the Ohio State University Comprehensive
Cancer Center. Fetal calf serum was obtained from
KC Biological (Lenexa, Kans). Steroids were re-
moved from the fetal calf serum by two treatments
with dextran-coated charcoal [17]. Tissue culture
flasks and supplies were obtained from Corning Glass
Works {Corning, N.Y.).

Preparation of microsomal fractions

Young mature male Syrian hamsters {90-120 g.)
were purchased from Harlan Industries Inc,
Cumberland, Ind. Hamster liver and kidney micro-
somes were prepared by differential centrifugation
procedures on homogenized tissue in the same
manner as described for rat liver microsomes [18].
The microsomal pellet was stored at —70°C and
remained stable for over 6 months.

Enzyme kinetic studies for estrogen 2-hydroxylase

The enzyme kinetics of estrogen 2-hydroxylase
were examined under the initial velocity conditions,
as previously described for rat liver microsomes
[18, 19]. Briefly, varying concentrations of radio-
labeled estradiol (2.0-10.0 uM/flask), 160,000 dpm
([2-*Hlestradiol/flask) were incubated with NADP
(0.8 mM/flask), glucose-6-phosphate (2.0 mM/flask),
glucose-6-phosphate dehydrogenase (2.5 units/flask),
and the microsomal fraction (0.1-0.2 mg protein/
flask) in 0.05M Tris-HCl, pH 74 (2.6ml total
volume) containing 0.1 mM ascorbic acid at
37°C for 15min. The assays were performed in
triplicate, and blank samples were incubated with
boiled microsomes. The incubations were stopped by
the addition of 2N HCl (5.0ml) and the released
*H,0 was separated from the steroids by elution
through XAD-2 columns and counted by liquid
scintillation.

Establishment of primary kidney cell cultures

The procedures of Lin et al[16] were utilized to
establish the primary cultures of kidney cells. Briefly,
kidney tissue was removed from hamsters aseptically
under ether anesthesia, placed on ice and dissected
free of non-kidney tissues. Kidney tissue was then
minced finely, washed in Hanks balanced salt solu-
tion and trypsinized for 30-45min under a gentle
stirring movement by a magnetic stirring bar at 37°C
in RPMI media (0.5-1 g kidney tumor tissue/50 ml)
containing 0.25% trypsin. After the trypsinization,
the cell suspension in Hanks solution was filtered
through a 100 x4 pore size nylon mesh. Cells were
collected by centrifugation at 200g for 10 min, at
room temperature, washed, resuspended in RPMI
1640 medium containing 10% fetal calf serum and
antibiotics (Streptomycin, 100 ug/ml of medium),
and inoculated at 10%cells/ml in T-75 (75cm?)
flasks. The viability of the kidney cells prepared by
this method was about 80-90% using trypan blue
exclusion stain method [20}.
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Characterization of primary kidney cell cultures

The primary kidney cell cultures were characterized
by standard histochemical methods for y-glutamyl
transpeptidase (GGT) and alkaline phosphatase
(AP) [21-24]. Cells were isolated as described above
and plated on glass cover slips in 9.2 cm? wells; after
6 days, cells reached approximately 80% confluency.

For GGT activity [21,22,24], cover slips were
washed in PBS, dried, and incubated for 45 min with
a solution of L-y-glutamy! p-nitroanilide (0.08 g/1),
glycylglycine (0.26g/l), and Fast Garnet GBC
(0.4 g/l) in 25 mM Tris-HCl buffer, pH 7.3. Cover
slips were then washed twice with distilled water,
incubated in 0.1 M CuSO, for 2 min, washed twice
with distilled water, and viewed under phase contrast
and bright field light microscopy. Cells containing
GGT activity show bright red precipitates in the
cytoplasm, while cells negative for GGT activity
appear light brown.

For AP activity [23, 24], cover slips were washed
in PBS, dried, and incubated for 3h in 25mM
Tris—HCI buffer, pH 9.5, containing NaCl (100 mM),
MgCl, (5mM), 5-bromo-4-chloro-3-indoyl phos-
phate (0.17 g/1), and nitroblue tetrazolium (0.33 g/i).
Cover slips were then washed in 10 mM EDTA,
followed by distilled water, and viewed under phase
contrast and bright field light microscopy. Cells
containing AP activity show blue-black precipitates
in the cytoplasm, while cells negative for AP activity
appear light grey.

HPLC assay for estrogen metabolites in cell culture

Estrogen metabolism was monitored by measuring
the conversion of [6,7-*H]estradiol to various
[6,7->H]estrogen metabolites separated on reverse-
phase HPLC [25, 26]. Estrogen 2-hydroxylase activity
was determined by measuring the conversion of [6,7-
*Hlestradiol to  [6,7-’H]2-hydroxyestradiol and
[6,7-*H]2-hydroxyestrone. [6,7-*H]Estradiol (10.0 uM,
2.5 uCi in 10 ul ethanol) was added to cultures that
were approximately 90% confluent (approximately
3 x 10°cells) and incubated at 37°C. Blank samples
contained [*H]estradiol in media only (no cells). At
varying periods from 0 to 48 h, flasks were removed
from the incubator. The media was removed from the
cells. An aqueous solution (2ml) containing 5%
ascorbic acid was added to the media, followed by the
addition of 2-hydroxyestradiol and 2-hydroxyestrone
(5 ngin 5 ul of methanol) to the media. The ascorbic
acid was added to minimize catechol estrogen degra-
dation, and the catechol estrogens were added as
carriers during the isolation procedures. Ammonium
sulfate (10 g/10 ml) was added to the media solution
to precipitate proteins. After centrifugation at 4°C
for 10 min, the supernatant was removed. The pellet
was washed with ethyl acetate three times and the
washings added to the supernatant fraction. The
supernatant layer was then extracted three times with
equal volumes of ethyl acetate. The ethyl acetate
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layers were dried (Na,S0O,), evaporated under nitro-
gen, and the residue dissolved in 60% methanol in
water (1.0 ml). The isolation of [*H]estrogen metabo-
lites from an aliquot (S0 ul) of each sampie was
accomplished by reverse-phase HPLC on an Ultra-
sphere ODS column, eluting with a linear gradient of
50% methanol in water to 75% methanol in water at
1.0 mi/min over 50 min (25, 26]. Fractions (0.5 mi)
were collected and counted by LSC. The amount of
[*Hl]estrogen metabolites isolated were determined by
liquid scintillation counting and the total produced in
the cultures calculated.

Radiometric assay for estrogen 2-hydroxylase in cell
culture

Estrogen 2-hydroxylase was monitored by
measuring the conversion of [2-’Hlestradiol to
SH,0 [27). [2-*H]Estradiol (10.0 uM, 2.5 uCi in 10 ul
ethanol) was added to cultures that were approxi-
mately 90% confluent (approximately 3 x 10° cells)
and incubated at 37°C. Blank samples contained
[*Hlestradiol in media only (no cells). At varying
periods from 0 to 48 hours, flasks were removed from
the incubator. A solution of cold 30% TCA (10 mi)
was added to the media to precipitate proteins and
the media extracted three times with chloroform
(30 mi each time) containing 1% ascorbic acid. An
aliquot of the aqueous solution was counted by liquid
scintillation.

RESULTS

Initial velocity studies of the conversion of estra-
diol to 2-hydroxyestradiol, as determined by the *H,0
release assay with the substrate [2-*H]estradiol, have
been performed on freshly prepared, washed micro-
somes from both hamster liver and renal tissues.
Both tissues demonstrate similar apparent K, s of
estrogen 2-hydroxylase of 2.85uM (SE 14 uM)
and 6.25 uM (SE 3.2 uM) for liver and renal micro-
somes, respectively. The apparent V,, for freshly
prepared liver microsomes is 0.13 nmol-mg~'-min~!
(SE 0.015), while that for renal microsomes was
0.040 nmol-mg~"'-min~' (SE 0.016).

Evaluations of estrogen metabolism in primary
kidney cell cultures were also initiated. Primary cul-
tures of kidney cells from castrated Syrian hamsters
or from castrated Syrian hamsters treated with DES
were established following the procedures of Lin et
al[16)]. y-Glutamyl transpeptidase (GGT) and alka-
line phosphatase (AP) are two enzymes particularly
active in the proximal tubule epithelial cells of the
kidney [21-24]. Histochemical analysis of the primary
kidney cell cultures from Syrian hamsters were
performed for GGT and AP. Upon establishment
of the primary cell cultures, 74% of the cells
stained positively for GGT and 76% stained posi-
tively for AP activity. Thus, approximately 75% of
the cells in the primary cultures consist of epithelial
cells.
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[6,7-*H]Estradiol was incubated for 0-48 h with
3 x 10° kidney cells in primary culture. Since the
values for apparent K,s for microsomal estrogen
2-/4-hydroxylase in this study are in the micro-
molar range and are consistent with literature
values [18, 28], an estradiol concentration of 10 uM
was utilized in the cell cultures. After incubation, the
media was removed, proteins precipitated with am-
monium sulfate, and the aqueous solution extracted
with ethyl acetate. Approximately 75-80% of the
total amount of radioactivity was extracted into the
ethyl acetate layer. The remaining activity was distri-
buted between the aqueous layer (10%) and the
protein pellet (10-15%). The organic soluble radioac-
tivity was analyzed by reverse-phase HPLC in order
to determine the nature and extent of the primary
estrogen metabolites formed. This HPLC analysis is
identical to procedures developed by Brueggemeier et
al [25, 26] for the analysis of estrogen metabolism in
isolated hepatocytes. The retentions times for estra-
diol and the primary metabolites under these HPLC
conditions are listed in Table 1. The primary metabo-
lites were identified by both elution with authentic
standards and by mass spectrometry on isolated
fractions [25, 26]. The steroids eluting very early from
the reverse-phase HPLC column (0.5-2.5 min) are a
mixture of more polar metabolites and the structures
have not been confirmed by mass spectrometry.

Radiochromatograms were constructed from the
data (Figs 1 and 2) and data tabulated (Table 2).
After 48 h of incubation of estradiol with cells from
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Table 1. HPLC retention times of authentic estrogen metabolites

Estrogen Retention time (min) Peak
2-Hydroxyestriol 7.8-8.2 a
Estriol 11.5+12.2 b
4-Hydroxyestrone 20.6 + 22.0 ¢
2-Hydroxyestrone 22.8 +24.2 d
4-Hydroxyestradiol® 23.8 +25.8 e
2-Hydroxyestradiol 248+ 264 ¥l
Estrone 29.5 +31.0 g
Estradiol 30.5+325 h
2-Methoxyestrone 32.8-33.8 i
2-Methoxyestradiol 33.6-35.6 J

“4-Hydroxyestradiol appears as a broad peak and overlaps with
2-hydroxyestradiol.

untreated hamsters, the majority of the radioactivity
present was estradiol. Three smaller radioactive
peaks were observed, with one of these peaks (6% of
total; 6 nmol) being estrone (peak g). The 2-hydroxy-
estrogens (peaks d and f'), 4-hydroxyestrogens (peaks
¢ and ¢), and the methoxyestrogens (peaks i and j)
were not detected within the limits of sensitivity of the
HPLC assay. Varying the ascorbic acid concentration
added to the media from 1 to 10% did not affect the
results on the catechol estrogens. The majority of
the remaining radioactivity (9% of total; 9 nmol)
eluted in two peaks as mixtures of more popular
metabolites. These studies in the primary cultures of
kidney cells from untreated hamsters demonstrate
that primary metabolism of estradiol occurs to a
minor degree and that the cells biosynthesize signifi-
cant amounts of very polar metabolites.

Kidney cells from castrated hamsters treated
with DES pellets for 12 months were isolated in the
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Fig. 1. Reverse-phase HPLC radiochromatograms of estradiol and metabolites at 24 and 48 h by primary

kidney cell cultures from untreated hamsters. Organic-soluble radioactivity was separated by HPLC and

fractions counted by liquid scintillation as described in the Materials and Methods. Histograms of the

data are presented in full scale (A) and in expanded scale (B). The peaks are the heterogenous mixture

(peak x), 2-hydroxyestriol (peak a), estriol (peak b), 4-hydroxyestrone (peak c), 2-hydroxyestrone

(peak d), 4-hydroxyestradiol (peak e), 2-hydroxyestradiol (peak f'), estrone (peak g), estradiol (peak k),
2-methoxyestrone (peak /), and 2-methoxyestradiol (peak ;).
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Fig. 2. Reverse-phase HPLC radiochromatograms of estradiol and metabolites at 24 and 48 h by primary

kidney cell cultures from DES-treated hamsters. Organic-soluble radioactivity was separated by HPLC

and fractions counted by liquid scintillation as described in the Materials and Methods. Histograms of

the data are presented in full scale (A) and in expanded scale (B). The peaks are the heterogenous mixtures

(peaks x, y, z), 2-hydroxyestriol (peak a), estriol (peak b), 4-hydroxyestrone (peak c), 2-hydroxyestrone

(peak d), 4-hydroxyestradiol (peak e), 2-hydroxyestradiol (peak /'), estrone (peak g), estradiol (peak h),
2-methoxyestrone (peak i), and 2-methoxyestradiol (peak j).

same fashion. Estradiol metabolism studies in these
primary cultures demonstrated that the majority of
the radioactivity was again present as estradiol and
that estrone levels were approximately the same as
observed in cells from untreated hamsters. However,
three distinct radioactive peaks were observed in
the region of the more polar metabolite mixtures.
Additionally, the amount of radioactivity present in
these HPLC peaks of more polar metabolites is
greater (approximately 20%; 20 nmol).
Furthermore, the activity of estrogen 2-hydroxy-
lase in these cultures was determined using the *H,0
release assay with the substrate [2-*Hlestradiol. [2-
3H]Estradiol (1 M, 1 pCi) was added to 70% conflu-
ent, T-25 flasks of hamster kidney cells, incubated at
37°C, and media removed 24 or 48 h later. The
steroids were extracted from the media and the

amount of radioactivity remaining in the media was
determined by LSC. After 24 h, 1.6 nmol (SD + 0.25)
of product was detected; 4.7nmol (SD +0.4) of
product was detected after 48 h of incubation.

CONCLUSIONS

The biochemical roles of estrogens in the initiation
and development of hormone-dependent cancers re-
mains to be fully elucidated. The estrogen-induced,
estrogen-dependent kidney tumor in the Syrian ham-
ster provides a unique in vivo model for examining
these questions. The importance of oxidative metabol-
ism of estrogens to catechol estrogens in the develop-
ment of this cancer has been suggested by several
researchers from in vivo studies and correlations with
in vitro microsomal oxidation studies [9-11].

Table 2. Distribution of estrogen metabolites from hamster kidney cell cultures

% Radioactivity (+SD)

Estrogen Oh 24h 48h
Untreated hamsters
Polar peak x 1.66 (+0.04) 5.95(+0.32) 9.04 (+0.59)
Catechol estrogens 0.86 (+0.14) 1.03 (£0.05) 1.52(+0.38)
Estradiol 90.88 (+1.47) 83.48 (40.32) 76.54 (+4.45)
DES-treated hamsters
Polar peak x 1.76 (+0.07) 10.78 (+0.29) 17.60 (+0.42)
Polar peak z 0.60 (+0.01) 4.41 (£0.29) 5.61 (+£0.34)
Catechol estrogens 0.93 (+£0.05) 1.38 (+0.08) 1.87(+£0.2))
Estradiol 88,54 (+£0.37) 72.15(10.42) 61.22(10.45)

Catechol estrogens =total % radioactivity
4-hydroxyestrone and 4-hydroxyestradiol.

of 2-hydroxyestrone, 2-hydroxyestradiol,
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In the studies described here, freshly isolated
hamster liver and kidney microsomes exhibit
estrogen 2-hydroxylase activity, as determined by
the ‘H,O assay. The K,s for this enzymatic
activity were similar in both microsomal prep-
arations. On the other hand, the V,,, expressed as
nmol formed per mg protein per min, for liver
microsomes was higher than the ¥, of the kidney
enzyme. Thus, this enzymatic activity is observed
in microsomal preparations and confirms previous
reports.

A short-term primary kidney cell culture system
was utilized in order to investigate if the formation of
the catechol estrogens themselves, their own action,
or further metabolism of the 2-/4-hydroxyestrogens
via oxidative or peroxidative pathways occurs in
intact cells. Primary hamster kidney cell cultures from
untreated, castrated hamsters and from DES-treated,
castrated hamsters were established. The cultures
from untreated, castrated hamsters metabolize
[*Hjestradiol to yield small quantities of estrone and
significant amounts of polar metabolites. No catechol
estrogens were isolated, even though ascorbic acid
and unlabeled carrier catechol estrogens were
added prior to extractions and isolation. The
major difference between estrogen metabolism by
DES-treated hamster kidney cell cultures and
untreated hamster kidney cell cultures is the
appearance of additional polar metabolites (peaks y
and z) in the cultures from DES-treated hamsters.
The structures of these polar metabolites remain to
be determined. Again, no catechol estrogens
were isolated from the primary cultures from the
DES-treated hamsters.

Finally, investigations were initiated to determine
if estrogen 2-hydroxylase activity was present in the
primary cultures. The radiometric assay measuring
the release of *H,0 from [2-*HJestradiol was utilized.
Primary hamster kidney cell cultures exhibited
estrogen 2-hydroxylase activity, producing 1.6 nmol
(SD +0.25) of product in 24h and 4.7 nmol
(SD + 0.4) of product after 48 h.

An explanation for this difference between the
HPLC isolation assay and the radiometric assay is
that one or more of the compounds present in the
polar metabolite mixture (peaks x, y, z) are derived
from further metabolism of the catechol estrogens by
the cells. Catechol estrogens can be converted to
the semiquinone and quinone derivatives via further
oxidative/peroxidative pathways [29]. Such pathways
can provide more polar primary metabolites of estro-
gens as well as secondary. conjugated metabolites.
The results of estrogen metabolism in these primary
kidney cell cultures suggests that these pathways are
operational. Furthermore, the increased amounts
of more polar metabolites in the cells from the
DES-treated hamsters suggest that this pathway is
enhanced in these cells. The mechanism of kidney
tumorigenesis in the estrogen-treated Syrian hamster
remains unknown, but the increases in oxidative
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metabolism of estrogens observed in this study
with primary kidney cells suggests that such transfor-
mations may be relevant in either a direct or indirect
manner in tumorigenesis.

Thus, the short-term primary kidney cell cultures
from the Syrian hamster are capable of metabolizing
estrogens. Furthermore, the enzymatic processes
appear to be available for the conversion of any
catechol estrogens formed into more polar metabo-
lites. Validation will require complete structural eluci-
dation of the various steroidal components of the
mixture of polar metabolites. Investigations in intact
cells, capable of performing all biochemical pro-
cesses, will complement both in vivre and subcellular
biochemical studies. Such studies are necessary in
understanding the roles of estrogens and estrogen
metabolism in the initiation and development of the
estrogen-induced, estrogen-dependent kidney tumors
in the Syrian hamster.
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