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Abstract-Hepatic hyperplastic nodules (HHNs) induced by the ‘resistant 
hepatocyte method’of Salt and Farberwerestudied asanexperimentalprototypeof 
oral contraceptive-related tumors. Cytoplasmic estrogen receptors were present in 
all HHNs haruested and their concentration was always less than that in normal 
lzuer. No specific cytoplasmic progestin receptors could be measured in the above 
tumor 07 liuer specimens. The long-term administration of estradiol-17fi 
(4.8-24.0 pg/day) resulted in the death of all but one of 20 animals prior to 
termination at 10 months. Tamoxifen (0.25-2.5 mg biweekly) which did not lead to 
excess mortality, decreased HHN grade (proportion of liver slice occupied by 
HHN)and inhihited malignant transformation. Combination therapy with single- 
dose estradiol-17/3 (4.8 pg/day) and various doses of tamoxifen (0.25-2.5 mg 
biweekly) in most cases reduced mortality, HHN grade and malignant 
transformation. Cytoplasmic progestin receptors were absent and estrogen 
receptors were either undetectable or present in low concentratzon in hepatzc 
tumors harvested at the time of termination. Our results indicate that HHNs are 
hormone-dependent and that malignant transformation can be inhibited by 
tamoxifen alone 07 in combination with estradiol-170. 

INTRODUCTION 
WITH A view to developing medical therapies for 
oral contraceptive related hepatic tumors we have 
studied two experimental models of HHNs which 
resemble these tumors histologically [l]: AAF- 
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itThe term ‘resistant hepatocyte’ derives from observations 
that cells present in hyperplastic nodules are more resistant to 
various cytotoxic insults than are normal hepatocytes. 

induced HHNs (4 cycles of 0.02% AAF in the diet) 
[2], and the ‘resistant hepatocyte model’ of Solt et 
al. [3]. Thus far we have documented the presence 
of cytoplasmic estrogen receptors in both HHN 
models [4] and have observed that the prolifera- 
tion and malignant transformation (by histo- 
logical criteria) of AAF-induced HHNs is 
inhibited by long-term treatment with single 
empirically chosen doses of estradiol-17p and/or 
tamoxifen [5]. This communication describes the 
results of analogous experiments carried out in 
male Fischer rats harboring ‘resistant hepatocyte 
model’ HHNs [3].tt In this study variousdosesof 
estradiol-17fl and tamoxifen were administered to 
4-month-old rats, in contrast to the previous 
experiment in which single dosages were used. In 
addition to the measurement of estrogen receptors, 
assays for cytoplasmic progesterone receptors 
were carried out for the first time in experimental 
HHNs and hepatoma tissue. 
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MATERIALS AND METHODS 
For hepatic hyperplastic nodules induced by 

the ‘resistant hepatocyte model’ [3], male Fischer 
rats weighing -125 g (~3 months of age) were 
administered diethylnitrosamine (DEN) in a 100 
mg/kg dose orally, followed by AAF (0.02%) and 
partial hepatectomy. The presence of grossly 
visible hyperplastic nodules was confirmed in all 
livers by laparotomy soon after ‘release’. 

Long-term treatment with estrogen and/or 
tamoxifenl 

Six weeks* after release from AAF, rats were 
randomized into the following groups: (i) 
controls (i.e. no additional treatment); (ii) 
estrogen treatment (4.8, 12.0 and 24.0 pg/day, 
delivered by subcutaneously implanted silastic 
implants containing estradiol-17/?, Sigma 
Chemical Co., St. Louis, MO). The rate of release 
of estradiol-17fl from silastic implants has been 
documented to be 2.4 pg/cm/day [6]; (iii) 
tamoxifen treatment (0.25, 1.0 and 2.5 mg in 
peanut oil S.C. biweekly; generously provided by 
ICI Pharmaceuticals, Wilmington, DE); (iv) 
combined treatment with estrogen and tamoxi- 
fen; animals receiving 4.8 pg/day of estradiol-17fi 
also received biweekly injections of either0.25,1 .O 
or 2.5 mg tamoxifen. The number of animals 
initially present in each of these groups are 
depicted in Fig. 2 and the numbers remaining at 
the time of termination 10 months laterare shown 
in Fig. 3. Animals were housed in pairs in wire 
bottom cages and were fed water and Purina rat 
chow ad lib. 

Collection of blood and tissues 
Following 10 months of treatment, animals 

were anesthetized using a COz:Oz mixture (1:l) 
and blood was collected by aortic puncture. The 
liver was excised, rapidly weighed and samples 
taken for histological sections. HHNs, after 
separation from normal liver by careful dissec- 
tion, were pooled for preparation of cytosol for 
receptor measurement. Estradiol-containing 
silastic implants were removed and weighed at the 
time of termination. 

Cytoplasmic glucocorticoid, estrogen and 
progestin binding assay 

[6, 7-SHlDexamethasone (50-60 Ci/mmol) was 
used for the measurement of cytoplasmic gluco- 
corticoid receptor concentration. The apparent 
dissociation constant and the binding capacity of 

*This time interval was chosen such that we would be dealing 
with a greater proportion of persistent nodules in view of the 
fact that many HHNs, grossly visible after release, will 
disappear by the process of remodeling [3]. 

the cytosol receptor protein was determined as 
described by Giannopoulos [7]. The tissue was 
homogenized in 4 vol of buffer (to be defined 
below) and the homogenate was centrifuged at 
105,000 g for 45 min. Samples of cytosol were 
incubated with increasing concentrations of the 
labeled hormone in the presence or absence of a 
lOO-fold excess of unlabeled steroid for 3 hrat 4X. 
The bound hormone was separated by dextran- 
coated charcoal and the data was analyzed by the 
method of Scatchard [8]. The relative affinities of 
various steroids were determined by incubating 
samples of cytosol with 25 nM labeled steroid in 
the presence of a lo- or a lOO-foldexcess of various 
unlabeled steroids. The cytoplasmic steroid 
receptor complex was characterized by sucrose 
density gradient centrifugation [9]. 

In these studies estrogen binding to cytosol was 
determined using a synthetic estrogen, [6,7- 
SH]ethinyl estradiol (40-45 Ci/mmol, New 
England, Nuclear Corp., Boston, MA), instead of 
estradiol-17& which is readily metabolized by 
liver cytosol as this metabolic activity interferes 
with the measurement of estrogen receptors in the 
liver [lo]. Ethinyl estradiol has the added 
advantage of not binding to either serum 
estrogen-binding proteins [ll] or the high- 
capacity low-affinity estrogen binder present in 
adult male rat liver [12]. 

The dissociation constant and binding capacity 
of progesterone receptors was determined using a 
synthetic progestin, promegestone (R-5020), 
because it does not bind to corticosteroid-binding 
globulin or other plasma proteins [ 131. For both 
estrogen and progestin receptor assays, tissue was 
homogenized in 4 vol of 5 mM phosphate, 1 mM 
monothioglycerol buffer, pH 7.4, then centrifuged 
at 105,000 g for 45 min. Aliquots of the 
supernatant were incubated for 3 hr at 4°C with 
increasing concentrations of either labeled 
ethinyl estradiol or labeled promegestone in the 
presence or absence of 200-fold of the unlabeled 
steroid. A 5000-fold excess of cortisol wasadded to 
all tubes used for progestin receptor assay to 
prevent binding of labeled promegestone to 
glucocorticoid receptor proteins present in the 
cytosol [ 141. 

Histology 
Sections (l-2 mm thick) were cut through each 

of the three major lobes of the liver and were fixed 
in 4% formalin. Hyperplastic nodules in H & E- 
stained sections were graded on a scale of l-4 
according to the subjective assessment of the 
proportion of liver tissue which they occupied as 
follows: 1 i- = d-24% involvement; 2f = 25-49%; 
3-l- = 50-74%; and 4-t = 75-100%. The diagnosis 
of hepatocellular carcinoma (HCC) was made on 
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accepted histological criteria [15] (see Fig. 5c), 
namely that the hepatocytes were arranged in a 
trabecular pattern rather than single-cell plates 
and showed considerable variation in size, shape 
and staining characteristics. The nuclei also 
showed considerable variation and anisocytosis. 
Coded histological sections were examined 
independently and blindly by two pathologists 
(E.F. and R.H.). 

Other determinations and statistics 
Cytosol protein was measured by the method of 

Lowry et al. [16]. Differences between means were 
tested by Student’s t test and a probability of less 
than 0.05 was considered to be significantly 
different. 

RESULTS 

Characterization of cytoplasmic estrogen, pro- 

gesterone and glucocorticoid receptors 
Isolated hepatic hyperplastic nodules possessed 

cytoplasmic estrogen and glucocorticoid receptors 
in concentrations significantly reduced relative to 
adjacent normal liver (Fig. 1). In all cases the 
dissociation constants of the receptors in HHNs 
were not significantly different from those of 
normal liver tissue. Assays for the presence of 
progestin receptors did not demonstrate the 
presence of specific receptors in liver or HHNs. 

The mean capacity of estrogen receptors in 
normal liver 342 days after release from AAF was 
28.4 fmolmg cytosol protein (n ~8, range of 

CONCENTRATION OF GLUCOCORTICOID AND 
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Fz,g. 1. Comparmn of the glucocorticozd (panel A) and 
estrogen (panel B) receptor concentration in the cyfo.sols from 
normal lruer tissues (n = 12), early (< 6 months after release 
from AAF: n = 7) and late (> 6 months after release from AAF 
and wzthout hzsfologzcal evzdence of malignant transforma- 
tton: n = 5) hyprrplastzc nodules and hepatomas (n ~6) from 
carrtnogen-treated rats according to the method of Salt et al. 
[3]. .A11 raa1ue.c shown represent the mean kS.E.M. ??zndzcates 
the dzfferrntr (P <0.05) between normal liver and hepatzc 
hvperplastic nodules. II = No. of assays performed on tissue 

harurrted and pooled from single 1irJers. 

0- 119), representing a decreased concentration of 
88.4% compared to liver not exposed to car- 
cinogens. The capacity of estrogen receptors in 
livers harvested after 10 months from animals 
treated with tamoxifen alone (n = 7) and with 
tamoxifen and estradiol-17p (n = 8) was reduced 
by 98.6 and 96.7% respectively relative to normal 
liver. No estrogen receptors were detectable in 
HHNs (n = 10) and hepatomas (n = 5) harvested 
from these groups. The capacity of estrogen 
receptors in the liver and tumor harvested from 
the single surviving estradiol-treated rat were37.0 
and 0.0 fmob’mg cytosol protein respectively. It is 
likely that the absence of, or low, cytoplasmic 
binding of estrogen in the tissue of animals 
treated with tamoxifen and/or estradiol-17/3 was 
due to the occupation of receptor sites by 
exogenous ligands. Assays for cytoplasmic 
progestin receptors in all the above-mentioned 
samples did not detect specific binding in any 
samples. 
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Fig. 2. Mortality observed In uarzou groups of rats bearing 
‘resistant hepatocyte’ hepatic hyperplastzc nodules [3] prior to 
termination (342daysafter releasefrom tumorznductaon). The 
control group contained rats with HHNs who drd not receive 
additional treatment. The other groups recezued treatment 
wtth estrogen (estradiol-17/3 szlastic pellets tmplanted SC.) 
and!or tamoxifen (s.c. infection bzweehly) durznga lo-month 
(300-day) period. Mean suruzual 9~ S.E.M. for groups treated 
wzth 4.8. 12.0and 24.0 ag/dayestradiol-17f3were 184.41t22.6, 
182.6 zt 8.5 and 116.0 * 9.9 days respectzuely. The numbers 
shown rn each bar represent the number of anrmals in each 
group u’hen hormonal treatment was tnztrated. * indrcates a 
stgnzfztnnt drfference (P < 0.05) from the ualtte for animals zn 

t/w control group. 

The long-term experiment was designed to 
document histological changes resulting from 10 
months (300 days) of hormonal manipulation 
initiated 6 weeks after the induction of HHNs. 
These results were complicated by the very high 
mortality of animals treated with estradiol-17/3 
alone; mean survival (& S.E.M.) for groups 
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treated with 4.8, 12.0 and 24.0 pg/day were 184.4 
f 22.6, 182.6 f 8.5 and 116.0 f 9.9 days 
respectively (Fig. 2). Animals treated with 
tamoxifen alone or in combination with estradiol- 
17p did not die earlier than controls. Body weights 
of estrogen-treated rats were significantly less 
than those of controls and rats receiving 
tamoxifen alone or in combination with estradiol- 
17p. These weight differences were similar to 
those previously noted in animals bearing AAF- 
induced HHNs [5]. The grade of hyperplastic 
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Fig. 3. The effect of 10 months of treatment with estradiol- 
17fl and/or tamoxifen on the extent of liver replaced by 
hyperplastic nodules (grade). The proportion of a liver slice 
involved by hyperplastic nodules was graded on a scale of 1-4 
as follows: lf=O-24%; 2+=25-493; 3-l-=50-74%; 4-I-y 
75-100% involvement.* indicaies a significant difference (P 

< 0.05) from the value for the control group. 

nodules (Figs3 and5) was significantly reduced in 
each group receiving tamoxifen alone and in 
those groups receiving estradiol-17P (4.8 pug/day) 
in combination with tamoxifen (1.0 or 2.5 mg 
biweekly). The incidence of malignancy (Fig. 4) 
was significantly reduced in animals receiving 
tamoxifen 0.25 mg biweekly, alone or in doses of 
0.25,l .O and2.5 mg biweekly in combination with 
4.8 pg/day of estradiol-17j?. In rats treated with 
combined therapy there appeared to be a 
progressive decrease in nodule grade (Fig. 3) and 
incidence of malignant transformation of HHNs 
(Fig. 4) with increasing dosages of tamoxifen. 
Overall, if we examine the actual values as well as 
the significant statistical differences shown in 
Figs 2-4, it is clear that combined treatment with 
tamoxifen and estradiol-17P was superior to 
tamoxifen alone, especially with regard to 
mortality and incidence of malignancy. No data 
are available on the effects of different doses of 
estradiol-17P on nodule grade or malignant 
transformation in view of the high mortality in 
these groups. Autopsies of these animals ruled out 
malignant hepatoma, sepsis or other specific 
pathology as the cause of death (brain and 
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Fig. 4. The effect of treatment with estradiol-17g and/or 
tamoxifen on the incidence of malignant hepatoma. The 
criteria for malignancy are described in Materials and 
Methods. * indicates a significant difference (P < 0.05) from 

the value obtained for the control group. 

pituitary were not examined). Clearly, combina- 
tion therapy with single-dose estradiol-17/3 (4.8 
pg/day) and various doses of tamoxifen (0.25-2.5 
mg) yielded optimal results with regard to 
reduction of mortality, nodule grade and 
incidence of malignant transformation (Figs2-4). 

DISCUSSION 
The key observation of this study is that long- 

term treatment with various doses of tamoxifen 
(0.25-2.5 mg biweekly) alone or in combination 
with constant-dose estradiol-17fl (4.8 pg/day) 
inhibited the proliferation and malignant trans- 
formation of HHNs of the ‘resistant hepatocyte 
model’ [3]. These results confirm and extend 
results obtained with AAF-induced HHNs [5]. 
Thus far we have identified cytoplasmic estrogen 
receptors in early HHNs harvested from three 
experimental models [4]. In each case the 
concentration of estrogen receptors in tumor 
tissue was less than that of normal liver. In this 
experiment cytoplasmic estrogen receptors were 
assayed for the first time 10 months after 
randomization into treatment or control groups 
and were found to be either absent or present in 
very low concentration in HHNs and hepatoma 
tissue relative to normal liver. The apparent 
absence of measurable sex steroid receptors in 
liver and tumor tissue harvested from animals 
who had been treated with long-term estradiol- 
17/3 and/or tamoxifen was probably due to 
competitive binding by these exogenous com- 
pounds rather than to the absence of receptors. We 
were unable to document the presence of specific 
cytoplasmic receptors for progestin in all tissues 
assayed. Friedman et al. [ 171 reported similar 
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Fig. 5 
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Fig. 5. Hematoxylin and eosin (H & E)-stained sections obtained 342 days after induction of hepatic 
hyperplastic nodules according to the method of Salt et al. [S]. (a) Normal liver, X40; (b) hepatic hyperplastic 
nodules; (c) focus of hepatocellular carcinoma in another area of tissue shown in I(b), Xl00 (criteria for 
malignant transformation as described in MateriaLs and Methods); (d) normalization of histological features 
following 10 months (300 days) of treatment with estradiol-17g (4.8 /~g daily) and tamoxifen (1 .O mg biweekly) 

after release from AAF, X40. 



Tamoxifen and Estradiol-17/3 in Hepatic Hyperplastic Nodules 3-39 

results in malignant hepatic tumors harvested 
from humans, while MacDonald et al. claim to 
have documented progestin receptors in tissue 
harvested from a patient bearing a benign hepatic 
tumor [18]. It should be noted that while 
cytoplasmic estrogen receptors have been 
measured in rat liver and malignant hepatoma [9, 
191, we are not aware of published data for 
progestin receptors. The possibility that the 
concentrations of endogenous estrogens and 
progestins were elevated abnormally in animals 
not receiving exogenous steroids was not 
investigated. Nuclear receptors for sex steroids as 
well as specific anti-estrogen binding sites were 
not assayed in these experiments. 

The pharmacologic dosages of estrogen and 
tamoxifen used in the long-term experiment were 
chosen empirically. Analysis of liver histology 
indicated that treatment with tamoxifen at three 
dose levels administered alone or in combination 
with a fixed dose of estradiol-17fl reduced nodule 
grade and the incidence of malignant trans- 
formation (Figs 3 and 4). Similar results were 
obtained using AAf-induced HHNs as described 
elsewhere [5]. The major difference between the 
results obtained with these two experimental 
models for HHNs was the very high mortality 
observed in the estrogen-treated rats bearing the 
‘resistant hepatocyte model’ of Solt et al. [3]. As 
male Fischer 344 rats were used in both models, 
the high mortality may be due to the different 
methods used to induce HHNs. The 75% partial 
hepatectomy used in the ‘resistant hepatocyte 
model’ may lead to a relative paucity in the ability 
of normal hepatic parenchyma to ‘detoxify’ 
estrogen. Taper observed excessive mortality after 
long-term treatment (300 days) of tumor-bearing 
rats with estradiol-17-phenylpropionate and 
estradiol benzoate, and attributed this to the 
frequent occurrence of hypophyseal hemorrhages 
[20]. While a dose-related reduction in food 
consumption, body weight gain and increased 
mortality have been well documented following 
the chronic administration of estrogen to rats [21], 
the mechanisms of these effects are poorly 
understood. It has been postulated that estradiol 
itself possesses ‘anorectic activity’ [22]. 

The ability of estrogen and tamoxifen to reverse 
the growth and malignant transformation of 
carcinogen-induced hyperplastic nodules may be 
mediated by specific intracellular receptors, as it is 
generally accepted that in the absence of hormone 
receptors it is unlikely that a given hormone or its 
antagonist will affect a target tissue [23]. 
Tamoxifen, a non-steroidal estrogen antagonist 
which binds to the estrogen receptor and 
translocates to the nucleus [24], can display a 
spectrum of activity, varying from pure antagonist 
to partial antagonist to full agonist, depending 
upon animal species, target tissue and particular 
response parameter monitored. In the rat, 
tamoxifen causes regression of hormone- 
dependent mammary tumors [25] and is a partial 
antagonist of estradiol-stimulated uterine growth 
[26]. In rat liver, however, tamoxifen appears to be 
a potent estrogen agonist as monitored by 
elevations of plasma renin substrate levels [27]. In 
addition, tamoxifen administered to rats 
significantly decreased the activity of hepatic 
microsomal aryl hydrocarbon hydroxylase and 
other mixed-function oxidases [28]. Similar 
effects in rat liver have been documented after 
estrogen administration [29]. It is possible, 
therefore, that estradiol-17fl and tamoxifen in our 
experiment were acting as ‘estrogen agonists’. 
Clearly tamoxifen did not possess the ‘toxic’ 
effects of the pharmacological doses of estradiol- 
17@. In fact, the high mortality observed in 
estrogen-treated rats was prevented by simul- 
taneous administration of tamoxifen. These 
observations remain unexplained. 

Our results suggest that the mechanisms which 
control the growth and malignant transformation 
of HHNs may be influenced by the hormonal 
milieu. Identification of specific hormonally 
controlled steps in this process may have 
significant implications in preventing the 
malignant transformation of hepatic and other 
tumor types. 
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