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ESTROGEN RECEPTORS IN HEPATOCELLULAR CARCINOMA:
IS ENDOCRINE THERAPY FOR HEPATOCELLULAR
CARCINOMA LIKELY TO BE EFFECTIVE?
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Second Department of Internal Medicine, Faculty of Medicine, Kyoto University,
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Summary

Specimens of human liver obtained at the time of operation were assayed for cytosolic estrogen receptors
by the binding assay and enzyme immunoassay (EIA). Mean estrogen receptor contents determined by the
binding assay were 17.8 fmol/mg protein in non-cirrhotic liver, 7.1 in cirrhotic liver, and 0.7 in
hepatocellular carcinoma, by EIA the contents were 12.1, 5.9, and 0.8 fmol/mg protein, respectively. There
were significant differences among the three groups. In particular, hepatocellular carcinoma specimens
contained very little or no detectable amounts of estrogen receptors in either assay. The correlation
between the estrogen receptor content determined by the binding assay and that determined by EIA was
significant (r=0.822, p<<0.001). It is suggested that the estrogen receptor content decreases with the
development of liver cirrhosis and hepatocellular carcinoma and that antiestrogen endocrine therapy for

hepatocellular carcinoma may be ineffective.
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Introduction

Hepatocellular carcinoma develops from
liver cirrhosis in most cases in Japan. There-
fore, persistent viral infection, in particular,
hepatitis B (HB) virus infection has been
considered to play an important role in the
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development of carcinoma. It is now known,
however, that the HB virus does not contain
an oncogene in itself, nor is it directly related
to endogenous oncogenes. The exact mecha-
nism of hepatocarcinogenesis is still unclear.
On the other hand, liver cirrhosis is asso-
ciated with active regeneration processes and,
under such conditions, either exogenous or
endogenous factors may promote hepatocar-
cinogenesis. Among the endogenous factors,
endocrine abnormalities, particularly abnor-
mal estrogen metabolism”, have Deen sug-
gested to play some role. This is consistent
with case reports on hepatic benign®*™* and
malignant® tumors occurring in patients tak-
ing oral contraceptives. It has also been
shown that exogenous estrogen promotes
hepatocarcinogenesis in animals®®. Assum-
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ing that estrogen has a promoter action, it may
exert its effect through a mechanism by which
estrogen acts in other target tissues such as
uterus and pituitary gland. In other words, the
hepatocyte must have estrogen receptors.

Rat®!® and human'-'? liver have estrogen
receptors as in reproductive tissues. In par-
ticular, Friedman et al.*® showed that human
hepatoma contains estrogen receptors and
suggested the potential usefulness of endo-
crine therapy for hepatoma as for breast
cancer.

In this study, we assayed liver specimens
obtained from liver cirrhosis, hepatocellular
carcinoma and other diseases for estrogen
receptors to explore whether abnormal estro-
gen metabolism takes part in hepatic onco-
genesis and whether endocrine therapy would
be useful for the treatment of hepatocellular
carcinoma.

Materials and Methods

1) Tissues

Liver tissues were obtained at operation in
the First and Second Departments of Surgery,
Kyoto University, from 32 patients. These
specimens were from resected livers or
biopsies taken for histological examination
with the permission of the patients. Twenty
patients had hepatocellular carcinoma associ-
ated with liver cirrhosis (19 cases) and chronic
hepatitis (one case). There were 12 males with
a mean age of 53.7 £ 6.9 (Mean * SD) years,
and 8 females with a mean age of 58.0 = 11.6
years. The other patients consisted of a male
with liver cirrhosis associated with esophageal
varices (age 57), a male with cholangiocar-
cinoma (age 59), a male with gastric cancer
(age 43), a female with primary biliary cirrho-
sis (age 49) and 7 patients (2 males; age 54.0 =
16.9 and 5 females; age 62.0 + 14.4) with
gallstones. The hepatitis B-surface (HBs) anti-
gen was positive in 6 out of 20 hepatocellular
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carcinoma patients and negative in other
diseases. a-Fetoprotein was above 500 ng/ml
in 6 of the 20 hepatocellular carcinoma pa-
tients. None of the patients had a daily alcohol
intake of more than 50 g.

From these patients, 45 liver specimens
were obtained; 13 of hepatocellular carci-
noma, 20 of cirrhotic and 12 of non-cirrhotic
liver tissues. Twelve hepatocellular carcinoma
tissues were Edmondson grade II and one was
grade III. Necrotic tissue was not used. The
liver tissue obtained was immediately frozen
and stored in liquid nitrogen until use.

2) Chemicals

[Monoethyl-*H] diethylstilbestrol (DES), 104
Ci/mmol, was obtained from Amersham,
Buckinghamshire. Tris, ethylenediaminetetra-
acetate (EDTA) disodium salts, dextran and
sodium molybdate were purchased from
Nakarai Chemicals Co., Kyoto, and Norit A
and bovine serum albumin (BSA) from Sigma
Chemical Co., 8t Louis, Mo. All other reagents
used were of analytic grade.

3) Preparation of cytosol

Approximately 0.5-1 g of tissue was used for
each assay. All procedures were performed at
0°C. The liver was minced and homogenized
with a glass homogenizer in 6 volumes of TE
buffer [0.01 M Tris-HCI, 1.5 mM EDTA, 20 mM
sodium molybdate, pH 7.4]. The resultant
homogenate was centrifuged for 60 min at
105,000Xg. The supernatant (cytosol) was re-
moved to avoid lipid contamination. The
protein concentration in the cytosol was 10-20
mg/ml, as determined by the method of
Lowry et al'¥ using BSA as the standard.
Before the binding assay, the cytosol was
diluted with a TE buffer to a final protein
concentration of 5 mg/ml.

4) Binding assay

Aliquots of hepatic cytosol (200 ul) were
incubated with several concentrations of
[PH]DES over a range of 0.1-2 nM in the
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Specific binding of [PH]DES to liver cytosol from a female patient with gallstones (left) and

Scatchard analysis (right). Duplicate 200 ul aliquots of cytosol were incubated with various
concentrations of [*H]DES (0.1-2 nM) for 18 hr at 0°C in the presence or absence of 200 fold
unlabeled DES. Specific binding was calculated by subtracting the non-specific binding level

from the total binding level.

presence (non-specific binding) and absence
(total binding) of a 200-fold excess of un-
labeled DES for 18 hr. The unbound [*H]DES
was removed by using dextran-coated char-
coal. The radioactivity in the supernatant was
measured by a liquid scintillation counter.
Specific binding was obtained by subtracting
the non-specific binding level from the total
binding level. To determine the estrogen
receptor content and dissociation constant
(Kd), Scatchard analysis'® was performed
using the specific binding values.

5) Enzyme immunoassay (EIA)

Aliquots of cytosol were assayed for estro-
gen receptors by an Abbott ER-EIA mono-
clonal kit (Abbott Laboratories) using mono-
clonal antibodies to human estrogen recep-
tors.

Both the binding assay and EIA were done
in duplicate.

6) Statistical analysis

Results were expressed as means * SD.
Statistical analysis was performed using Stu-
dent’s t-test.

Results

Figure 1 shows a representative saturation
curve and Scatchard plot using normal liver
cytosol obtained from a female patient who
had gallstones. Specific binding of [*PH]DES
was saturable. The Kd calculated from the
Scatchard plot was (.11 nM, and the binding
capacity 18.1 fmol/mg protein. The binding
was competed with estradiol and DES but not
with cortisol, progesterone or testosterone,
demonstrating specificity for estrogen (data
not shown). Thus the estrogen binding site in
the liver cytosol has receptor-like character-
istics.

Figure 2 shows the estrogen receptor con-
tent in various liver tissues assayed by the
binding assay. In non-cirrhotic liver tissue, the
estrogen receptor content was 17.8 + 6.3
fmol/mg protein, and in cirrhotic liver and
hepatocellular carcinoma tissue, it was 7.1 =
6.9 and 0.7 £ 2.3 fmol/mg protein, respec-
tively. There were significant differences in
the contents among these the three groups.
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Fig. 2. Estrogen receptor content in the liver cytosol measured by the binding assay. Closed circles show
the values for the males and open circles those for the females. **: p<0.01, ***; p<0.001

The estrogen receptor contents tended to
decrease as the disease progressed to liver
cirrhosis and hepatocellular carcinoma. The
Kd values were less than 1 nM in all speci-
mens. Figure 3 shows the estrogen receptor
content assayed by EIA. In non-cirrhotic liver
tissue, it was 12.1 & 5.7 fmol/mg protein, and
in cirrhotic liver and in hepatocellular car-
cinoma tissue, it was 5.9 * 3.6 and 0.8 * 1.3,
respectively. As in the results of the binding
assay, significant differences were shown
among the three groups.

In non-cirrhotic liver tissue, the contents
determined by EIA were significantly higher

in the females than in the males (15.2 versus
7.9 fmol/mg protein, p<0.05). In cirrhotic
liver and hepatocellular carcinoma tissues,
however, no difference according to sex was
evident. Values determined by EIA showed a
good correlation with those obtained by the
binding assay, as shown in Figure 4 (r=0.822,
p<0.001).

Figure 5 shows the estrogen receptor con-
tent of specimens of hepatocellular carcinoma
and adjacent non-tumorous liver tissue in the
same patient determined by EIA. Contents of
adjacent liver tissue (all cirrhotic liver but one
chronic hepatitis) were 5.7 £ 3.0 fmol/mg
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Fig. 3. Estrogen receptor content in the liver cytosol measured by EIA. Closed circles show the values
for the males and open circles those for the females. **: p<<0.01, ***: p<0.001

protein and those of hepatocellular carci-
noma were 0.8 & 1.3. In all patients, hepato-
cellular carcinoma tissue contained fewer
estrogen receptors than the adjacent tissue,
there being a significant difference between
the two groups (p<0.001).

There was no relationship between the
estrogen receptor content and presence of
either HB; antigen or a-fetoprotein,

Discussion
There have been many reports that oral

contraceptive steroids might cause not only
hepatic adenoma or focal nodular hyper-

plasia?™* but also hepatocellular carcinoma®.
Some investigators®™® showed that synthetic
estrogen could act as a promoter in hepato-
carcinogenesis in experimental animals.
Moreover, synthetic estrogens have been sug-
gested to be a complete carcinogen'®.

It is generally accepted that estrogens exert
their effect through binding with estrogen
receptors in target tissues. Chamness et al.®
and Aten et al'” demonstrated estrogen re-
ceptors in male and female rat liver. We
showed a promotive action of estrogen in
hepatocarcinogenesis in the rat and a higher
estrogen receptor content in the estrogen-
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induced liver tumor than in the control liver
tissue'”. On the other hand, Duffy et al."" and
Porter et al.'? demonstrated the presence of
estrogen receptors in human liver tissue.
Friedman et al.'® assayed the estrogen recep-
tors in tumorous and adjacent liver tissues.
Based on the presence of estrogen receptors
in both tissues, they treated patients with
hepatoma with progestin and observed a sig-
nificant regression of the tumor in some
patients. The present study demonstrated that
cytosol specimens obtained from non-cirrho-
tic, cirrhotic and carcinomatous liver tissue
contain estrogen receptors as measured by the
binding assay and EIA. Both procedures gave
values with a good correlation. These results
suggest that the estrogen binding site in liver
tissue has the biologic and immunologic char-
acteristics of estrogen receptors.

The contents of estrogen receptors in the
present study were comparable to those re-
ported previously’~'318-2) In these reports
specimens of normal liver!21318.2228)  focal
nodular hyperplasia!®?22)  liver cirrho-
sis'21524%3)  adenoma?®, hepatoblastoma® or
hepatocellular carcinoma'®'%#-%) were as-

—

30 fmol/mg protein

Correlation between estrogen receptor content determined by binding assay and that deter-

sayed for estrogen receptors by the binding
assay. But except for two reports?*?® the num-
ber of liver specimens was very small in these
reports. With respect to hepatocellular car-
cinoma only one'* or five' specimens were
assayed. On the other hand, we assayed more
liver specimens, namely 13 hepatocellular car-
cinoma, 20 cirrhotic and 12 non-cirrhotic liver
specimens using both the binding assay and
EIA.

We observed a tendency towards higher
contents in females than in males in non-
cirrhotic liver patients. This is in agreement
with the observation that female rat liver
contains almost 3 times more estrogen recep-
tors than male rat liver®®. The estrogen recep-
tor content in cirrhotic liver varied, ranging
from a level undetectable by the binding assay
to a level comparable to that in the non-
cirrhotic liver. The reason for this variability is
unknown, but the grade of cirrhosis, namely
the volume of hepatocytes in a given tissue,
might have influenced the contents. Histo-
chemical studies of the estrogen receptors in
liver tissue would provide an answer to this
question.
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Fig. 5. Estrogen receptors of hepatocellular carcinoma and adjacent liver tissue in the same patients.
Estrogen receptor content was determined by EIA. ***: p<0.001

Ohnishi et al.?®® recently reported that
estrogen receptors could not be detected in
seven of the eight hepatocellular carcinomas
and five of the seven surrounding cirrhotic
tissues and that no hepatocellular carcinoma
contained more estrogen receptors than sur-
rounding cirrhotic tissue. These observations
are in agreement with our results. But Naga-
sue et al.® reported that estrogen receptors
measured by the binding assay could be
detected in 12 of the 30 hepatocellular car-
cinomas and 13 of the 28 surrounding cir-

rhotic tissues and that in about one third of
the hepatocellular carcinoma patients, the
estrogen receptor content was higher than
that in the cirrhotic liver. These observations
are in contrast with our studies, which demon-
strated a lower content with the progression of
the liver disease. The reason for such a
discrepancy is unknown. One possible ex-
planation is that the proteolytic activity in
tumor tissue might degrade the estrogen re-
ceptors as in the case of human breast can-
cer®”. We therefore used a protease inhibitor
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such as antipain, leupeptin, chymostatin and
phosphoramidon but failed to find any sig-
nificant effect (unpublished observation). An
alternative explanation is the difference of the
method used. Nagasue et al.* used only the
binding assay, using [*H]estradiol as a ligand
which is known to bind the sex hormone
binding protein and a-fetoprotein. On the
other hand, we used both the binding assay
using [°H]DES and EIA, and obtained similar
results by the two procedures. Francavilla et
al.® reported that the estrogen receptor con-
tent in Morris hepatoma was very low com-
pared with that of normal rat liver. We also
failed to detect any significant amount of
estrogen receptors in Alexander cells (PLC/
PRF/5) which originated from human hepa-
toma cells (unpublished observation). In such
a cell line, the effect of proteolytic enzymes
seems minimal.

The results of the present experiment sug-
gest that estrogen has little, if any, role in
promoting liver cirrhosis in the developmen-
tal process of hepatocellular carcinoma. Al-
though the HB, antigen was positive in a
limited number of cases, liver cirrhosis in our
cases seem to develop from viral hepatitis.
However, the role of estrogen may be differ-
ent in hepatocellular carcinoma developing
from a different background. MacDonald et
al.*® reported that the estrogen receptor con-
tent of focal nodular hyperplasia of the liver
developing after the treatment of estrogen was
comparable to normal values reported by
other investigators. In the cases of Friedman
et al.’® the effect of oral contraceptives could
not be completely ruled out. Another type of
liver cirrhosis or hepatocellular carcinoma
possibly accompanying the high estrogen re-
ceptor levels may be the alcoholic type, as
chronic alcohol feeding has been reported to
raise the hepatic estrogen receptors level in
rats®®. However, in Japan there are a few cases
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of hepatocellular carcinoma caused by ha-
bitual alcohol drinking® in contrast to the
cases seen in Europe and America.

In either case, we could not demonstrate a
high estrogen receptor level in hepatocellular
carcinoma cases. The estrogen dependency of
hepatocellular carcinoma is suggested to be
low and antiestrogen endocrine therapy in-
effective.
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