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Changes in Alpha-1 and Beta-2 Adrenoceptor
Density in Human Hepatocellular Carcinoma

Maurizio Bevilacqua, MD,* Guido Norbiato, MD,*

Enrica Chebat, MD,* Gabriella Baldi, PhD,* Pierluigi Bertora, MD,*
Enrico Regalia, MD,t Giovanni Colella, MD,} LLeandro Gennari, MD,}

and Tarcisio Vago, PhD*

Catecholamines are involved critically in the mechanisms of liver cell proliferation
by acting on hepatic alpha-1 and beta-2 adrenoceptors. To identify the role of these
receptors in human hepatocellular carcinoma (HCC), the density was examined of
alpha-1 and beta-2 adrenoceptors with their affinity and coupling of beta-2
adrenoceptors to adenylate cyclase in HCC tissue and in nonadjacent/nontumor
tissue from the same livers. Studies were also done on healthy livers from age-
matched and sex-matched patients undergoing abdominal surgery for nonhepatic
diseases. Twenty-two HCC had a decrease of about 72% in alpha-1 adrenoceptor
density compared with their nonadjacent/nontumor tissue and a decrease of about
40% compared with healthy controls. Nonadjacent/nontumor tissue from HCC
patients had a 125% increase in alpha-1 adrenoceptor density compared with
healthy livers. Twenty-three of 24 HCC had an increase of about 180% in beta
adrenoceptor density compared with their nonadjacent/nontumor tissue and
healthy controls. Beta adrenoceptors were coupled to adenylate cyclase, as
evidenced by a guanosine triphosphate-mediated right shift in (—)-isoproterenol
competition isotherms and by cyclic adenasine monophosphate (cAMP) production
after stimulation with (—)-isoproterenol. The HCC tissue yielded a larger increase in
cAMP than nonadjacent/nontumor tissue and healthy controls. The authors
conclude that a higher density of alpha-1 adrenoceptors in nonadjacent/nontumor
tissue from HCC characterizes the “healthy” part of the liver in HCC patients and
that an increase in beta-2 and a decrease in alpha-1 adrenoceptor densities
characterize the tumor part of the liver in human HCC. Cancer 67:2543-2551, 1991.

N ADULT HUMANS and animals, hepatocytes have long

life spans, ranging from 200 to 400 days or more, but
it is a common observation that the proliferation rate of
hepatocytes increases after hepatic cell death or loss of
liver tissue.! Hepatocyte proliferation occurs in viral hep-
atitis, cirrhosis, hepatotoxic reactions, and massive liver
necrosis.” In turn, viral hepatitis and cirrhosis are strongly
associated with hepatocellular carcinoma (HCC), a usually
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fatal disease which affects approximately 250 million
people in the world.>

The mechanism which controls cellular proliferation
in HCC is not known. An extensive series of studies on
rat liver regeneration after partial resection has disclosed
many important findings in this field that might give some
insight also into human carcinogenesis, bearing in mind,
however, the many differences between nonneoplastic and
neoplastic liver cell proliferation.? Parenchymal hepato-
cytes from adult rats exist in a quiescent state, yet undergo
coordinate proliferation after partial liver resection. He-
patic growth is a compensatory response to decreased liver
mass or cell loss.* In these cells an increasing role of
oncogenes*’ that encode growth factors or their receptors
has been identified.
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A major recent advance in this field was the finding
that catecholamines directly affect hepatic cell prolifera-
tion in rats. In particular, norepinephrine is involved crit-
ically in the initiation of DNA synthesis after liver resec-
tion.'%!! The effect is mediated by alpha- 1 adrenoceptors,
since it is abolished by prazosin. Furthermore alpha-1 ad-
renoceptors seem to modulate the receptors of epidermal
growth factor and transforming growth factor-beta in
proliferating hepatocytes.'>'? Beta-2 adrenoceptors also
seem to be involved. In fact, propranolol, a beta-adrenergic
blocker, increases liver cell proliferation, which suggests
that beta-adrenergic agonists may actually inhibit hepa-
tocyte growth.'* Regarding beta adrenoceptors, there are
data on liver cells from rats treated with carcinogens. In
these cells increased cyclic adenosine monophosphate
(cAMP) production by stimulation of beta-adrenergic re-
ceptors was found.'® The relevance of these basic findings
to in vivo liver proliferation is strengthened by the finding
that surgical hepatic denervation or pharmacologic alpha-
adrenergic blockade results in a reduced incorporation of
3H-thymidine after partial hepatectomy, pointing to a
pivotal role for alpha-1 adrenergic receptors not only in
in vitro experiments but also in iz vivo conditions.'? Since
the most important determinants of the effects of cate-
cholamines are adrenoceptors'® and since studies on these
structures may afford some clue to a better understanding
of the role of catecholamines on hepatic regeneration, we
evaluated the status of liver adrenergic receptors in hu-
man HCC.

Materials and Methods

Liver samples (0.5 to 5 g of the core of tumor tissue
whose necrotic parts were carefully discarded and 1 to S
g of the nonadjacent/nontumor tissue, taken 6 to 8 cm
away from the periphery of the tumor, usually in a dif-
ferent lobe) were obtained from 24 patients with HCC
who were operated on for tumor resection. Clinical data,
hepatitis B markers (hepatitis B surface antigen [HBsAg],
Auszyme Monoclonal Diagnostic Kit, and hepatitis B core
antibody, Corzyme Diagnostic Kit, Abbott, North Chi-
cago, IL) for each patient and histologic diagnosis of both
tumor and nonadjacent/nontumor liver tissue are re-
ported in Table 1. Twenty-four liver samples (1 to 5 g)
were obtained from sex-matched and age-matched pa-
tients undergoing major abdominal surgery for extrahe-
patic diseases (gastrectomy for nonmalignant peptic ulcer,
15 and partial colectomy, nine). Histologic examination
revealed mild steatosis in 12 cases, whereas the remaining
samples showed no alterations, as previously reported.!’
These patients were HBsAg negative; in previous studies'’
we have not identified an effect of HBsAg infection on
human liver alpha-1 and beta adrenoceptors. Medications
included antibiotics, fluids, and vitamin and electrolyte
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supplements. In the 14 days before surgery, no patient in
the HCC group or control group received catecholamines
or drugs known to interact with adrenergic receptors. In-
formed written consent was obtained from all the patients
before hepatic sample excision.

Plasma Membrane Preparation

Immediately after excision, the liver samples were
placed on ice in Falcon tubes {(Corning, Milano, Italy)
and quickly transferred to our laboratory. The time lapse
between tissue excision and the beginning of homogeni-
zation procedures never exceeded 40 minutes. The
method of membrane preparation was a slight modifi-
cation of the method of Neville.'® Liver samples were
placed in ten volumes of ice-cold homogenization bufter
(0.25 mol/! sucrose, 1 mmol/l1 MgCl,, 5 mmol/1 tris HCI
and | mmol/l EGTA with 1 mg/mi of bacitracin, pH 7.4).
The EGTA was added to prevent the loss of the high-
affinity subtype binding sites due to activation of hepatic
proteases.’® The samples were minced with scissors and
homogenized with a Polytron homogenizer (Kinematica
AG, Luzern, Switzerland) by means of three consecutive
5-second bursts at the setting of 11. The homogenate was
centrifuged at 250 X g for 30 minutes, and the pellet was
discarded. The supernatant was then spun at 50,000 X g
for 35 minutes and resuspended with ice-cold incubation
buffer (50 mmol/I tris HCl and 10 mmol/l MgCl,, pH
7.5). The procedure was repeated twice. The final sus-
pension (2 to 6 mg protein/ml) was immediately used for
receptor-binding assays and adenylate-cyclase studies.

Binding Studies

Beta adrenoceptor density on liver plasma membranes
was assessed by binding of *’I-pindolol (specific activity,
2200 Ci/mmol; New England Nuclear, Boston, MA), and
alpha-1 adrenoceptor density was measured by *H-pra-
zosin (80 or 82 Ci/mmol; New England Nuclear).

We did '**I-pindolol saturation binding experiments
by incubating 20 to 50 ug of membrane preparation with
seven to eight increasing concentrations of ‘#’I-pindolol
(0.01 to 10 nmol/l in most cases) in the presence or ab-
sence of 1 umol/l (—)-propranolol, in a total volume of
200 ul. In competition experiments we incubated 20 to
S0 ug of the membrane preparation with a fixed concen-
tration of '*’I-pindolol (approaching the dissociation con-
stant [Kp)]) and vaniable concentrations of displacing
drugs. In (—)-isoproterenol competition experiments, in-
cubation was done in the presence or the absence of 0.1
mmol/l guanosine triphosphate (GTP).

We did *H-prazosin saturation binding experiments by
incubating 20 to 50 ug of the membrane preparation with
seven concentrations of *H-prazosin (0.05 to 5 nmol/l in
most cases) in the presence or the absence of 2.5 mmol/
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1 (—)-norepinephrine. In competition experiments we in-
cubated 20 to 50 ug of the membrane preparation with a
fixed concentration of *H-prazosin (approaching the Kp)
and variable concentrations of (—)-norepinephrine, in the
presence or absence of 0.1 mmol/l GTP. The incubation
volume was 200 ul. Superoxide dismutase and catalase
were added to the incubation to prevent oxidation of the
catecholamines,?' and they were added also in saturation
experiments.

After overnight incubation at 4°C, the assay suspension
was diluted with 5 ml of washing buffer (50 mmol/l tris
HCl and 10 mmol/l1 MgCl,, pH 7.5) and vacuum-filtered
through Whatman GF/C glass-fiber filters (Whatman,
Maidstone, England). Each filter was then washed with
20 ml of washing buffer. The filters were allowed to dry,
and bound radioactivity was counted in a gamma-counter
(Packard Instruments, Downers Grove, IL) or placed in
Filter-Count (Packard Instruments) and counted in a 1500
Tri-Carb liquid scintillation spectrometer (Packard In-
struments).

The assay methods described consistently gave a coef-
ficient of variation of less than 5% for !*’I-pindolol binding
and less than 7% for *H-prazosin binding.

Adenylate Cyclase Assay

Adenylate cyclase activity in liver plasma membranes
was assessed as ?P-cAMP generation from radiolabeled
substrate. Briefly, liver plasma membranes (50 ug) were
incubated in assay buffer containing 40 mmol/I tris HCI
(pH 7.4), 15 mmol/l MgCl,, 0.1 mmol/i EGTA, 1 mmol/
1 isobutylmethylxanthine, 50 umol/l GTP, 0.5 mmol/l
alpha-**P-adenosine triphosphate (ATP, New England
Nuclear) (~10° cpm/tube), 20 U/ml of creatine phos-
phokinase, 20 mmol/l phosphocreatine, | mmol/l cAMP,
and the various drugs at concentrations indicated in the
text, in a final reaction volume of 200 ul. After 10 minutes
at 37°C, the reaction was stopped with 150 gl of a solution
containing 6% sodium dodecyl sulfate, 90 mmol/l1 ATP,
3 mmol/l cAMP, and 10,000 cpm *H-cAMP to monitor
the recovery of CAMP from the subsequent separation,
and the tubes were boiled for 5 minutes. The amount of
32p.cAMP generated was evaluated by liquid scintillation
counting after separation by column chromatography.?!
Assay blanks yielded about 10% of basal activity in all
cases, and column recovery of *H-cAMP that was added
after incubation ranged from 60% to 80%. All assay points
were the means of quadruplicate values.

Binding Data Analysis

Receptor density (B,.,) and dissociation constants (Kp)
were determined by Scatchard analysis.> The '*I-pindolol
binding was saturable, linear with respect to the protein
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concentration in a range of 0.5 to 5 mg/ml, and stereo-
specific for {(—)-isoproterenol and (+)-isoproterenol (data
not shown). The specific '*’I-pindolol binding, defined as
that displaceable by 1 umol/]l (—)-propranolol at a con-
centration of '*’I-pindolol near its Kp and at a protein
concentration of 200 to 500 ug/ml, was 85 + 3% of total
binding in tumor tissue, 84 * 4% in nonadjacent/non-
tumor tissue, and 83 + 5% in healthy livers. By analysis
of '*’I-pindolol displacement by ICI 118,551 (ICI Pharma,
Milano, Italy), a beta-2 selective adrenergic antagonist, it
was possible to delineate a homogeneous single class of
beta-adrenergic binding sites identifiable as beta-2 subtype
in four healthy livers, in four tumor tissues, and in four
nonadjacent/nontumor tissues.!”?* The analysis of com-
petition isotherms on !*’I-pindolol by different adrenergic
agonists confirmed a beta-2 subtype specificity, since the
order of potency was (—)-isoproterenol more than (—)-
epinephrine much more than (—)-norepinephrine in six
healthy livers, in six tumor tissues, and in six nonadjacent/
nontumor tissues.'”?* The *H-prazosin binding was sat-
urable, linear with respect to the protein concentration
between 0.1 and 6 mg/ml, and stereospecific for (—)-nor-
epinephrine and (+)-norepinephrine (data not shown).
The specific *H-prazosin binding, defined as displaceable
by 1 mmol/l (—)-norepinephrine at a *H-prazosin con-
centration near its K and at a protein concentration of
200 to 500 ug/ml, was 68 + 5% of total binding in tumor
tissue, 69 + 5% in nonadjacent/nontumor tissue, and 67
+ 4% in healthy livers.

Competition isotherms were evaluated.?* Akaike’s> test
was used to evaluate the best fit to a one-site or two-sites
binding model, as previously reported.?® All assay points
were the means of duplicate values.

Protein Determination

Protein content of the plasma membrane suspensions
was evaluated by Bradford’s assay.?’

Statistical Analysis

For comparison of a single measurement in the same
group, Student’s ¢ test was used. For comparison among
more than two groups, one-way analysis of variance (AN-
OVA) and Bonferroni’s multiple-comparison test** were
used.

Results
Beta-Adrenoceptor Changes

The HCC yielded consistently higher beta-adrenoceptor
density than nonadjacent/nontumor tissue (Table 1; P
< 0.01, by paired 7 test) and healthy tissue (P < 0.01, by
ANOVA). The mean increase was approximately 100%;
some patients (9, 13, 18, 19, 22, and 24) showed increases
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FIG. 1._ Scatchgrd plots of *H-prazosin (left) and '**I-pindolol (right) binding to plasma membranes from tumor or nonadjacent/nontumor tissue
from Patient 9 with hepatocellular carcinoma. Bmax: the number of binding sites; B/F: the bound:free ratio. Data obtained in 24 patients and 24
controls are reported in Table 1.

of about 200%. In three patients (12, 17, and 21), we did
not detect an increase in beta adrenoceptors in their tumor
tissue; the liver specimen from Patient 21 was character-
ized by a pseudoglandular appearance and multi-focality
of the tumor, a histologic pattern unusual in our series.

FiG. 2. Competition isotherms for
ZI.pindolol binding sites by (—)-
isoproterenol in plasma membranes
from tumor tissue (left panel) and
nonadjacent/nontumor tissue (right
panel) from Patient 18 with hepa-
tocellular carcinoma. Competition
isotherms were done in the absence
(®) or in the presence (O) of 0.1
mmol/l GTP. Left panel (tumor tis-
sue): curve (@) is better explained by
a two-site binding model, one with
high affinity (beta-H) (pK; 8.05, 27%
of total number of receptors) and the
other with lower affinity (beta-L)
(pK; 6.23, 73% of total number of
receptors). Addition of GTP causes
an evident right shift; curve (O) is
explained by a one-site binding
model (pK; 6.61, 100% receptors in
low affinity). Right panel (nonadja-
cent/nontumor tissue). curve (@) is
better explained by a two-site bind-
ing model, one with high affinity
(beta-H) (pK; 7.99, 25% of total
number of receptors). Addition of
GTP causes an evident right shift;
curve (O) is explained by a one-site
binding model (pK; 6.05, 100% re-
ceptors in low affinity). Data ob-
tained in seven patients and in 12
controls are reported in Table 2.

% Inhibition ['**11-PINDOLOL binding
[$)]
S

100

However the histology of the samples from Patients 12
and 17 was not dissimilar from other cases. No difference
of beta-adrenoceptor density was found between cirrhotic
and noncirrhotic tissue from HCC, nor between nontu-
mor tissue and healthy livers. The K, did not differ among

@ CONTROL
OGTP (0.1 mM)

1 1 1 1 1 1 1

®CONTROL
OGTP (0.1 mM)

6 5 4 9 8 7 6
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TABLE 2. High and Low Affinity Beta-2 Adrenoceptors in Human Hepatocellular Carcinoma
Without GTP With GTP

Patient no. Tissue Beta-H (%) Beta-L (%) pKi-H pKi-L pK; Beta-L (%)

5 T 17 83 8.51 6.25 6.28 100

NT 23 77 7.92 6.20 6.00 98

10 T 29 71 7.83 6.40 6.32 100

NT 30 70 8.06 6.09 6.05 100

13 T 17 83 8.50 6.41 6.34 100

NT 20 80 8.09 6.35 6.15 100

14 T 21 79 7.97 6.08 6.32 100

NT 18 82 8.04 6.12 6.41 100

18 T 27 73 8.05 6.23 6.61 100

NT 25 75 7.99 6.02 6.05 100

22 T 16 84 8.58 6.12 6.57 100

NT 18 82 8.20 6.05 6.08 100

23 T 21 79 7.98 6.51 6.10 100

NT 23 77 8.01 6.80 6.43

Mean + SD T 21.14 £ 5.11 78.86 £ 5.11 8.20 £ 0.31 6.29 £ 0.16 6.36 £0.18 100 = 0.00
Mean + SD NT 2243 +4.28 77.57 + 4.28 8.04 £ 0.09 6.23 £0.27 6.17 £ 0.18 99 + 1.91
Mean + SD C 25.08 = 2.12 74.51 £ 4.13 8.47 + 0.84 6.35 £0.71 6.30 + 0.52 100 = 2.05

GTP: guanosine triphosphate; T: tumor tissue; NT: nonadjacent/non-

the groups. Figure 1 illustrates representative Scatchard
plots derived from the tumor tissue of Patient 9 and from
the nonadjacent/nontumor tissue.

Competition isotherms for (—)-isoproterenol were
characterized by a shallow shape (Fig. 2 and Table 2). By
a computer-assisted modeling technique, they were best

TABLE 3. Adenylate Cyclase Stimulation in Human
Hepatocellular Carcinoma
Cyclic AMP
production with
(—)-1soproterenol,
ECs 0.1 mmol/1
Patient no. Tissue —log[M] (pmol/min/mg protein)
5 T 7.00 105
NT 6.88 52
6 T 6.60 62
NT 6.69 34
10 T 7.09 63
NT 6.82 29
13 T 7.00 119
NT 7.07 48
14 T 7.00 48
NT 6.85 29
17 T 6.88 18
NT 7.10 20
18 T 6.80 51
NT 6.70 15
Mean + SD T 6.91 £0.17 66.57 + 34.65*
Mean + SD NT 6.87 £0.16 32.43 + 13.60
Mean + SD C 7.05 £0.09 29.6 + 7.03

AMP: adenosine monophosphate; T: tumor tissue; NT: nonadjacent/
nontumor tissue; C: healthy livers from ten controls; SD: standard de-
viation.

* Significantly different by Bonferroni’s multiple comparison compared
with NT and C (P < 0.01).

tumor tissue; C: control tissue from 12 healthy livers; pK;: -log of equi-
librium dissociation constant.

explained by a two-site binding model, with about 25%
receptors in the high-affinity and 75% receptors in the
low-affinity state. Competition isotherms in the presence
of 0.1 mmol/1 GTP were right shifted, with the loss of the
high-affinity subtype; these were best explained by a one-
site binding model. A shallow competition isotherm was
obtained in all samples tested, i.e., in seven samples of
tumor tissue from HCC and in the corresponding non-
adjacent/nontumor tissue {Fig. 2). A right shift after GTP
addition was also evident in 12 healthy livers (Table 2).

Adenylate Cyclase Activity

Basal adenylate cyclase activity was not different be-
tween tumor tissue and nonadjacent/nontumor tissue or
healthy livers (Table 3). Isoproterenol significantly in-
creased cAMP production in tumor tissue compared with
nonadjacent/nontumor tissue (P < 0.01, by paired 7 test)
and healthy livers (P < 0.01, by ANOVA). Figure 3 shows
a representative dose-response curve of (—)-isoproterenol
on adenylate cyclase from the tumor tissue of Patient 5
and nonadjacent/nontumor liver from the same patient.

Alpha-1 Adrenoceptor Changes

The HCC tissue yielded consistently decreased alpha-
1 adrenoceptor density with respect to nonadjacent/non-
tumor tissue (P < 0.01, by paired ¢ test) and healthy livers
(P < 0.01, by ANOVA, Table 1). The mean decrease in
alpha-1 adrenoceptor density was about 72%: some pa-
tients (3, 5, 9, 16, and 21) displayed changes as high as
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F1G. 3. (—)-Isoproterenol-stimulated adenylate cyclase activity in tumor
tissue (O) and in nonadjacent/nontumor liver tissue (@) from Patient 5
with hepatocellular carcinoma. B: cyclic AMP (cAMP) production in
the absence of (—)-isoproterenol. In the presence of 0.1 mmol/l (-)-
isoproterenol tumor tissue produced 105 pmol/min/mg protein of cAMP
and nonadjacent/nontumor tissue 52 pmol/min/mg protein. ECs,, ex-
pressed as —log [M] (M is the concentration that causes the half-maximal
increase in cAMP), is 7.00 in tumor tissue and 6.88 in nonadjacent/
nontumor tissue. Data obtained in seven patients and ten controls are
reported in Table 3.

90%. A difference was also found between nonadjacent/
nontumor tissue from HCC and healthy livers: the non-
tumor tissue from HCC patients displayed consistently
higher alpha-1 adrenoceptor densities than healthy livers,
with a mean increase of about 125%. Dissociation con-
stants did not significantly differ among the groups. The
decrease in alpha-1 adrenoceptor density in tumor versus
nonadjacent/nontumor tissue was present in all livers ex-
amined (n = 22), and no difference was found between
cirrhotic and noncirrhotic livers. Figure 1 illustrates rep-
resentative Scatchard plots derived from the tumor and
nonadjacent/nontumor liver tissue from Patient 9.
Competition isotherms for (—)-norepinephrine were
best explained by a one-site binding model in tumor tissue,
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as evaluated in Patients 2, 3, 6, 10, 11, 17, 18, 21, and 23
(pK; = 5.1 £ 0.02), in their nonadjacent/nontumor sam-
ples (pK; = 5.0 £ 0.02), and in healthy livers (pK; = 5.1
+ 0.02; n = 10). In these samples the addition of GTP
was not followed by a right shift in any case, suggesting
that alpha-1 adrenoceptors exist in a low-affinity state. In
the presence of 0.1 mmol/l GTP, pK; was 5.05 £ 0.2 in
tumor tissue, 4.98 + 0.04 in nonadjacent/nontumor tis-
sue, and 5.01 + 0.1 in healthy livers.

Discussion

Our principal findings were: (1) membrane preparations
from nontumor tissue of HCC livers yielded increased
alpha-1 adrenoceptor density compared with healthy livers
and (2) membrane preparations derived from the tumor
tissue of HCC patients had decreased alpha-1 and in-
creased beta-2 adrenoceptor density compared with non-
adjacent/nontumor liver and healthy livers. In the course
of these studies we did not find a systematic effect of co-
existing liver cirrhosis (12 of 24 patients had micronodular
or macronodular cirrhosis). Furthermore, we confirmed
previous studies'”?* which did not find in humans a gender
dependence of beta adrenoceptors that is present in ro-
dents.?

Alpha-1 Adrenoceptors

The increased density of alpha-1 adrenoceptors in the
nontumor part of HCC might be clinically relevant. In
rat liver parenchymal cells and in in vivo studies, norepi-
nephrine stimulates liver cell proliferation through stim-
ulation of alpha-1 adrenoceptors,'®!! and alpha-1 adre-
noceptors are involved in the regulation of epidermal
growth factor and transforming growth factor-beta in he-
patocytes.'>!? It appears, therefore, that, in the healthy
part of HCC livers, the increased alpha-1 adrenoceptor
density might play a role in the control of hepatocyte
proliferation. In tumor tissue from HCC, we found a
striking decrease in alpha-1 adrenoceptors. It seems that
neoplastic degeneration strongly affects alpha-1 adreno-
ceptors. A decrease in alpha-1 adrenoceptors also has been
found in rat hepatocytes after hepatic resection®**' or in
primary culture,*>* suggesting that the loss of alpha-1
adrenoceptors is a characteristic of rapidly proliferating
cells.

Beta Adrenoceptors

In tumor tissues we found an increased density of beta
adrenoceptors, normal coupling to G-protein (as evi-
denced by a normal right shift caused by GTP in isopro-
terenol competition isotherms),'® and increased cAMP
production by (—)-isoproterenol. The increase in beta-2
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adrenoceptors and cAMP production in tumor tissue from
HCC is important pathologically. Beta adrenoceptor-re-
lated cAMP production is highly involved in liver cell
proliferation in normal conditions.** A lower level of he-
patocyte differentiation is associated with an increased
expression of beta-2 adrenoceptors.’>** Beta adrenocep-
tors and increases in adenylate cyclase activity may affect
cellular proliferation.® In fact, cAMP mediates the mi-
togenic and protooncogene-inducing effects of epidermal
growth factor in hepatoma cell lines.*

On the basis of our experimental data and literature
reports, an increased density of beta adrenoceptors and
an increased activity of adenylate cyclase in HCC might
play a role in hepatic carcinogenesis. Regarding beta ad-
renoceptors, there are data on liver cells from rats treated
with carcinogens. In these cells increased cAMP produc-
tion by stimulation of beta adrenoceptors was found.’®

The mechanism that accounts for the decreased density
of alpha-1 adrenoceptors and the increased density of beta
adrenoceptors in tumor tissue from HCC is not clear, but
it might be related in some way to different exposure to
catecholamines. Since elevated plasma norepinephrine
levels have been previously documented in partial hepa-
tectomized rats'? and in patients with decompensated liver
cirrhosis,*® chronic exposure to high levels of circulating
catecholamines and/or an increase in liver sympathetic
outflow may provide one plausible explanation for de-
creased alpha-1 adrenoceptor density. However, this ex-
planation is unlikely since none of the cirrhotic patients
evaluated by us was decompensated, as evidenced by the
absence of ascites, and it does not explain the downre-
gulation of hepatic alpha-1 adrenergic receptors in tumor
tissue from noncirrhotic patients. Moreover, as stated
above, we found no differences in hepatic adrenoceptors
between cirrhotic and noncirrhotic patients. Therefore an
increase in catecholamine levels does not explain the in-
creased density of beta adrenoceptors in HCC. Elevated
catecholamines cannot therefore adequately explain our
results.

Local factors may also be important in receptor regu-
lation. It is possible that different catecholamine turnover
in tumor compared with nontumor tissue may be involved
in alpha-1 and beta adrenoceptor regulation in human
HCC. Alternatively, since alpha-! and beta-2 adrenocep-
tors are distributed heterogeneously on the hepatocyte
surface,” a loss of polarity of the hepatocyte during neo-
plastic differentiation might account for our results.

In summary, we found quantitative changes in adren-
ergic receptors in livers from HCC patients. An increased
density of alpha-1 adrenergic receptors in the nontumor
part of the HCC liver might predispose the cells to pro-
liferation. The decreased density of alpha 1 adrenoceptors
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and increased density of beta-2 adrenoceptors in tumor
tissue might play a role in the process of hepatic carci-
nogenesis.
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