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Abstract

The effects of somatostatin (SRIF), insulin, and triiodothyronine
(T3) on the growth of human hepatoma cells were investigated
on the well-differentiated human hepatoma cell line Hep3B. Re-
sults showed that both insulin and T3 can stimulate cell growth
of serum starved Hep3B cells at physiological concentrations.
SRIF alone showed little growth-promoting activity. Whenadded
concurrently with insulin, however, SRIF suppressed the insulin-
induced cell proliferation in a dose-dependent manner. On the
other hand, SRIF had no inhibitory effect on T3-induced cell
proliferation.

SRIF is labile in the medium, with a half-life of about 2 h
during culture incubation. SRIF did not disturb the insulin binding
to its surface receptors nor inhibit the insulin-dependent receptor
kinase activity of Hep3B cells in vitro. These results suggest
that postreceptor regulation may be involved. The selective
suppression by SRIF of insulin-induced cell growth provides an
unique approach to the study of insulin actions on proliferation
of human hepatoma cells.

Introduction

Liver is a good model for the study of growth control of mam-
malian cells since it has a strong ability to regenerate and responds
to many hormones. In vitro studies indicate that hormones and
growth factors such as glucagon, insulin, epidermal growth factor,
etc., can stimulate the DNAsynthesis of rat hepatocytes (re-
viewed in ref. 1). However, normal adult rat liver cells do not
divide frequently in vivo. The estimated spontaneous prolifer-
ation rate of adult rat hepatocytes lies only in the range of 0.05%
to 0.005% (2). The proliferation of normal hepatocytes may be
regulated by the interactions of the cell with both growth factors
and growth inhibitors. The growth inhibitor of normal human
hepatocytes has not yet been identified.

Somatostatin (SRIF),' a cyclic 14-amino acid peptide, was
originally discovered as a hypothalamic inhibitor of pituitary
growth hormone secretion (3). Recently, SRIF was also found
in the pancreatic islets and throughout the gastrointestinal tract.
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SRIF has been postulated to regulate the nutrient homeostasis
by affecting gastrointestinal function and nutrient absorption (4,
5). In the present study, a well-differentiated human hepatoma
cell line-Hep3B (6) is used to investigate the effect of SRIF on
insulin and T3-induced cell proliferation of human hepatoma
cells.

Methods

Materials. Fetal calf serum (FCS) and Dulbecco's modified Eagle's me-
dium (DME) were from Flow Laboratories (Aryshire, Scotland). The
cell culture plates were from Costar (Cambridge, MA). Somatostatin was
from Calbiochem Corp. (La Jolla, CA). Insulin was from Novo Co. (Co-
penhagen, Denmark). Iodine-125 and [gamma-"P]adenosine 5'-tri-
phosphate were from ICN Radiochemicals, Inc. (Irvine, CA). Wheat
germ agglutinin agarose was from Vector Co. (Burlingame, CA). Other
chemicals were from Sigma Chemical Co. (St. Louis, MO).

Cell culture. Humanhepatoma Hep3B cells were kindly given to us
by Dr. B. Knowles (Wistar Institute, PA), then cultured in DMEwith
10% FCS. All cells were incubated in 7% CO2 moist CO2 incubator
at 370C.

Serum starvation of human hepatoma cells. Cells from confluent
stock plates were trypsinized and plated into 24-well cell culture plates
at a density of 1 X 10' cells per well in DMEwith 10% FCS and were
allowed to attach overnight. Cells were then washed three times with
Hanks' balanced salt solution with Ca2, Mg2+, pH 7.0 and the medium
was changed to DMEwithout serum every 2 d for a total of 6 d. Cells
stopped dividing at the end of serum starvation.

Radioimmunoassay of SRIF. SRIF in the culture medium was de-
termined by radioimmunoassay essentially as described previously (7).
In brief, "'I-Tyr-SRIF was used as the tracer, together with a highly
specific rabbit anti-SRIF serum (final dilution 1:100,000). Samples were
incubated with the antisera, 1251I-Tyr-SRIF (8,000 cpmr) and the assay
buffer (50 mMammonium acetate, 150 mMNaCl, 50 mMEDTAand
0.5% bovine serum albumin) at 4VC for 48 h. Separation of the free and
bound form of SRIF was done by using 0.3% dextran-coated charcoal.
The limit of detection using these assay conditions was 50 pg ml-'. The
recovery of SRIF in culture media at zero time was -98±5%.

Insulin binding assay. The I "'-labeled insulin was iodinated by the
chloroamine-T method with a specific activity of 150 ;zCi/lg (8). For
insulin binding assays, cells were plated in 24-well cell culture plates and
were serum starved as described above. Cells were then washed with
binding buffer [DME containing 20 mM4-(2-hydroxyethyl)-l-pipera-
zinethanesulfonic acid, 1% bovine serum albumin pH 7.9] three times.
The "'I-labeled insulin (0.1 ng, 20,000 cpm) was added with various
amount of unlabeled insulin (0 to 125 ng) with or without SRIF (0.5 ,ug)
in a final volume of 0.25 ml. Cells were incubated at 250C for 90 min
when the insulin binding reached equilibrium, then washed with ice-
cold binding buffer, solubilized with 0.1% sodium dodecyl sulfate (SDS)
and counted on a -y-counter.

Phosphorylation of the insulin receptors of Hep3B cells in vitro. The
insulin receptors of Hep3B cells were solubilized and partially purified
through wheat germ agglutinin agarose, as described previously (9). Par-
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tially purified Hep3B insulin receptors (70 ,g of protein) were incubated
with 10' Mof insulin in the absence or presence of different concen-
trations of SRIF for 45 min at room temperature in 50 mMHepes buffer
pH 7.6 containing 5 mMMn2". The phosphorylation reaction was ini-
tiated by adding r-[32PJATP (final concentration 50 AM, 10 ,Ci/nmol).
The reaction was continued for I min at 370C and stopped by adding
SDS sample buffer to make a final concentration of 1% SDS, 0.2 M
mercaptoethanol, 10%glycerol. Samples were boiled at 100IC for 3 min
and subjected to SDS-polyacrylamide gel electrophoresis.

Gel electrophoresis and autoradiography. Samples were run on 10%
polyacrylamide slab gel in the presence of 0.1% SDS, using the procedure
of Laemmli (10). After staining with Coomassie Brilliant Blue, and de-
staining, the gels were dried and subjected to autoradiography at -70'C
using Fuji x-ray film.

Results

After the cell growth was arrested by 6 d serum starvation, human
hepatoma Hep3B cells were continuously cultured in DME
alone or with various amounts of porcine insulin, T3 and SRIF
added. As shown in Fig. 1, the insulin and T3 induced a dose-
dependent stimulation of cell proliferation of Hep3B cells. SRIF
exerted only a little, but significant, growth-promoting activity.
For both insulin and T3, the minimal effective concentration
to stimulate the growth of serum-starved Hep3B cells was about
10-10 M. When SRIF was added simultaneously with insulin
and T3, only the growth-promoting activity of insulin was in-
hibited (Fig. 2). The inhibitory effect of SRIF towards insulin-
induced cell growth was dose dependent. Similar observation
was made on FCS; that is the proliferation of serum-starved
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Figure 1. Effect of T3, insulin, and SRIF on cell growth of serum-
starved human hepatoma cells Hep3B. Cells were plated into 24-well
cell culture plates at a density of 1 X 10 cells per well and serum
starved as described in Methods. After a 64 serum starvation, the me-
dium was changed to DMEalone or various amounts of porcine insu-
lin, T3, and SRIF were added. Cells were incubated with or without
hormones for another 2 d, and the cell number in each well was deter-
mined by hemocytometer. Each point represents the average of tripli-
cate wells with standard deviation < 10%. The experiment presented
here was performed four times with similar results. (solid circle, insu-
lin; solid triangle, T3; solid square, SRIF)
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Figure 2. Inhibitory effect of SRIF on hormone stimulated cell growth
of Hep3B. The cells were plated in 24-well cell culture plates and were
serum starved as described in the legend of Fig. 1. The cells were then
incubated in the freshly changed DMEfor 48 h in the absence or pres-
ence of various concentrations of SRIF simultaneously with 0.1 MuMof
porcine insulin (solid triangle), 10% FCS (solid circle) or 0.1 MMof T3
(solid square), respectively. After a 2-d incubation, the cell number in
each well was determined by hemocytometer. Percentage of maximal
stimulation of Hep3B in the presence of SRIF was calculated by the
following formula:

cell number in the well with hormone plus SRIF
-cell number in the control well

X 100
cell number in the well with hormone alone

- cell number in the control well

Each point represents the average of triplicate wells and the experi-
ment has been repeated three times with similar findings.

Hep3B cells induced by 10% fetal calf serum was also inhibited
by SRIF (Fig. 2). On the other hand, the growth-promoting ac-
tivity of T3 was not inhibited by SRIF at all.

Since the inhibitory effect of SRIF was observed after 2 d
incubation, the disappearance rate of SRIF under our culture
condition was thus determined. Radioimmunoassay using a
specific antiserum against SRIF was performed to determine the
amount of SRIF remaining in the cultured media. Fig. 3 shows
the degradation of SRIF during incubation with cultured cells.
The disappearance rates of SRIF were very similar among spec-
imens incubated with T3-treated Hep3B cells, insulin-treated
Hep3B cells and Hep3B cells alone. The half-life of SRIF in the
culture medium was estimated to be 2-3 h.

The current model of insulin action implies that an inter-
action with the insulin receptor at the cell surface initiates all
the subsequent effects of the hormone including growth pro-
moting activity (1 1). Selective suppression of insulin induced-
cell growth by SRIF may result from the interference of insulin
binding with the cell surface receptors, or from impairment of
the insulin receptor kinase activities directly by SRIF. To test
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Figure 3. Time course of SRIF remaining in the culture medium of
Hep3B cells. Hep3B cells were plated in a 24-well plate and serum
starved as described in the legend of Fig. 1. After a 6-d serum starva-
tion, medium was changed with DMEplus SRIF (I jig ml-') (solid
circle), and with I0-' Minsulin (solid triangle), with 10-' MT3 (solid
square), then incubated at 370C. Medium was taken from each well at
different time intervals. Aprotinin and EDTAwere added to the me-
dium immediately to final concentration of 500 IU ml-' and 5 mM,
respectively, and then stored at -70'C before assay. Radioimmunoas-
say of SRIF in the culture medium was performed as described in
Methods.

this hypothesis, insulin binding on Hep3B cells was determined
in the presence of SRIF. Specific binding of labeled insulin on
monolayered Hep3B cells was observed (Fig. 4). The apparent
dissociation constant (Kd) of the insulin receptors and the total
receptor number on Hep3B cells were estimated by Scatchard
analysis of the binding data as 5 X 10-10 Mand 85,000 receptors
per cell, respectively, in both the presence and absence of SRIF.
Therefore, neither the affinity nor the total number of insulin
receptors on Hep3B cells was affected by SRIF at concentrations
as high as 2 jig ml-'.

The protein kinase activity of the partially purified insulin
receptors was also examined. Insulin stimulates the autophos-
phorylation of the (3-subunit of the insulin receptor of Hep3B
in vitro with half-maximal concentration of 5 mM. SRIF, at a
concentration of 2 gg ml-', shows no significant effect on the
insulin-dependent autophosphorylation of ,8-subunits of the in-
sulin receptor (Fig. 4, inset).

Discussion

The growth promoting activity of insulin and T3 has been dem-
onstrated in cultured rat hepatocytes (12, 13), but not reported
for human liver cells (12, 13). The present study showed that
insulin and T3 also stimulate serum starved human hepatoma
cells Hep3B to proliferate in a chemically defined media. The
dose response of insulin-stimulated cell growth in Hep3B cells
occurs over a wide range of concentration (from 0.1 nM to 1
,MM). At low concentration (1 nM), insulin is likely to act through
the high affinity insulin receptor with Kd of 0.5 nM. On the other
hand, the mitogenic activity of insulin at high concentration
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Figure 4. Displacement of '25I-labeled insulin binding to the insulin
receptors of Hep3B by unlabeled insulin in the absence (solid circle)
or in the presence of SRIF (open circle). Binding of '251-labeled por-
cine insulin (100 jiCi Ag-') to Hep3B cells was performed as described
in Methods. Bo is the total binding of '251-labeled insulin to Hep3B
cells in the absence of unlabeled insulin and represents -40% of total
1251-labeled insulin added in each well. (Inset) the effect of SRIF on the
phosphorylation of the insulin receptor of Hep3B cells in vitro. Lanes
A-F: 70 fig of partially purified insulin receptors were incubated alone
(lane F), with lo-' Mof insulin (lane E), and with lo-' Minsulin
plus 2 ng/ml SRIF (lane D), 20 ng/ml SRIF (lane C), 200 ng/ml SRIF
(lane B) and 2 Ag/ml (lane A) SRIF, and assayed for insulin receptor
phosphorylation as described in Methods. (Arrow) indicates the
94,000-mol wt phosphorylated (3-subunit of insulin receptor.

may mediate through both the insulin and the insulinlike growth
factor I receptor as suggested by several laboratories (14-16).

For the first time, we showed that SRIF selectively inhibits
insulin-induced, but not T3-induced, cell growth of human hep-
atoma cells. Such a suppressive effect of SRIF was also observed
in insulin stimulated [3H]thymidine incorporation in Hep3B
cells (data not shown). Our finding indicates that the inhibitory
effect of SRIF is not directly caused by the cytotoxic effects of
SRIF against tumor cells, since SRIF alone slightly stimulated
Hep3B cells to grow and it also does not inhibit T3-induced cell
growth. The inhibition of growth-promoting activity of FCSfur-
ther supports the hypothesis that this suppressive effect of SRIF
may be significant in vivo.

The concentration of SRIF needed to inhibit the growth-
promoting activity of insulin on Hep3B cells was about 10 ng
ml-', which is 10 to 100 times higher than the concentration
of SRIF in the circulation (17, 18). Such a discrepancy may be
attributed to the labile nature of SRIF during these particular
experimental conditions. Recently, it was estimated that the half-
life of infused SRIF in the plasma of normal human subjects is
only -2 min (7). However, SRIF has also been identified in
pancreas (18) and gastric mucosa (19), and functions as para-
crine. It is possible that SRIF appears in relatively high local
concentration and functions regionally (i.e., paracrine) (20, 21)
to regulate hepatocyte proliferation in vivo.

The biological activities of T3 have been shown to be me-
diated through the interaction of thyroid hormone with nuclear
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T3 receptors in the target cells (22). The effective concentration
of T3 to stimulate the growth of Hep3B cells was 10-'0 M, which
is close to the Kd of high affinity T3 receptors in the nucleus.
Since both insulin and SRIF act through their own specific re-
ceptors on the cell surface (23), the selective inhibition of insulin
but not T3-induced cell proliferation by SRIF may result from
the interference of the membrane-bound signal transduction
systems of hormones (24). It has been reported that SRIF inhibits
multi receptor-mediated adenylate cyclase activity through the
inhibitory guanine nucleotide binding protein (25). However,
no change of intracellular cAMP level of Hep3B cells was ob-
served during SRIF treatment, indicating that some cAMP-in-
dependent events may be involved in SRIF actions (unpublished
observations). The finding that SRIF did not prevent insulin
from binding to its surface receptors nor inhibit the kinase ac-
tivity of purified insulin receptors raises an interesting question
about the mechanism of SRIF actions. Whether SRIF acts
through its own receptor to interfere with insulin receptor kinase
activity in vivo or to prevent insulin induced Ca2' flux is not
clear at present but is currently under investigation.
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