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Blockade of IGF-IR exerts anticancer effects
in hepatocellular carcinoma
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Abstract. Hepatocellular carcinoma (HCC) is one of the
most common cancers worldwide, and is characterized by
a high degree of malignancy and a low survival rate. Most
HCCs express insulin-like growth factors and their receptors
(IGF-IR), which mediate signaling, promote survival and
invasion, and prevent apoptosis. Thus, they may be potential
targets for the treatment of HCCs. In the present study, the
potential therapeutic effect of Tyrphostin AG1024 in HCC
was examined. After treatment with various concentrations
of AG1024 (one selective inhibitor of IGF-IR), AG1024 not
only dose-dependently inhibited the proliferation of HCC
cells and induced apoptosis, but also markedly inhibited inva-
sion ability. Expression of proteins detected by Western blot
analysis revealed that AG1024 dose-dependently increased
the expression of cytochrome C, while procaspase-3 and
phospho-ERK were down-regulated. Thus, IGF-IR inhibition
may be a promising novel approach to the treatment of HCC.

Introduction

The imbalance between proliferation and apoptosis may result
from the loss of coordinated response to growth factors and
cytokines (1). Dysregulation of cell apoptosis and proliferation
may result in malignancy. To prevent programmed cell death,
tumor cells frequently evolve to express growth factors that
promote survival signaling pathways, thereby inhibiting apop-
tosis. Among these, the insulin-like growth factors (IGF-I and
IGF-II) are suitable candidates.

The interaction of IGF-I and IGF-II with type-I IGF
receptor (IGF-IR) plays an important role in the proliferation
of tumor cells of many types (2,3) and in the prevention of
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apoptosis (4,5). Recent studies on hepatocellular carcinoma
(HCC) cell lines and a transgenic mouse model revealed that
IGFs as survival factors were capable of inhibiting the apop-
tosis of tumor cells.

Studies in vitro and in vivo have revealed that interfering
with signaling via IGF-IR has an antitumor effect, including
the applications of the IGF-IR blocking antibody (6), IGF-IR
antisense oligonucleotide (7) or IGF-IR siRNA application
(8). In the past decade, a family of low-molecular-weight
compounds, the Tyrphostins, have been synthesized and
identified as potent inhibitors of protein tyrosine kinases
(PTKs). Various members of the Tyrphostin family have been
observed to recognize the PTKs of various growth factor
receptors, such as epidermal growth factor receptor (EGFR)
and insulin-like growth factor receptor (IGF-IR), in a selec-
tive manner. Recently, IGF-IR tyrosine kinase inhibitors have
been revealed to have antitumor effects, and these effects have
already been demonstrated in HCC (9), colorectal cancer (10)
and neuroendocrine gastrointestinal tumors (11).

In recent years, several studies have revealed that
Tyrphostin AG1024, one tyrosine kinase inhibitor specifically
targeting the IGF-I receptor, has antiproliferative effects in
several breast cancer and leukemia cell lines, and exerted an
antiproliferative effect, inducing apoptosis (12,13). However,
data regarding HCCs are scarce. The aim of this study was
to examine the potential therapeutic effect of Tyrphostin AG
1024 in HCC. The results demonstrated that AG1024 potently
inhibited the growth and induced apoptosis in human HCC
cells.

Materials and methods

Cell Culture and drugs. The human HCC cell lines HepG2 and
SMMC-7721 were cultured in DMEM medium containing
10% fetal bovine serum (FBS). The cells were maintained in
a humidified atmosphere (50 ml/l CO,) at 37°C, and incubated
in culture medium containing AG1024 (Sigma, USA). Stock
solutions (in DMSO, stored at -20°C) were diluted to the final
concentration in fresh media before each experiment. In all
experiments, the final DMSO concentration did not exceed
0.2 ml/l.

Flow cytometry. Cells were plated in a 6-well plate (2 ml/
well) at a density of 5x10° cells/ml and incubated overnight.
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Figure 1: Expression of IGF-I, IGF-II, IGF-IR in Human HCC cell lines.
mRNA expression of IGF-IR was detectable in both cell lines while expres-

sions of IGF-I, IGF-II was not detectable.
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Figure 2: AG1024 induced apoptosis in HepG2 and SMMC-7721 cells. Cells
treated with 10 uM AG1024 in HepG2 and SMMC-7721 for 24 h as well as
the negative control group were double-stained with Annexin V and PI and
analyzed by flow cytometry. Gate setting distinguish between viable (bottom
left), necrotic (top left), early apoptotic (bottom right) and late apoptotic (top
right) cells.

AG1024 at the indicated concentrations was then added to
each well, followed by incubation for 24 h. The cells were
harvested, washed twice with pre-chilled PBS, and resuspended
in 1X binding buffer at a concentration of 1x10° cells/ml. The
resulting solution (100 1 containing 1x10° cells) was mixed
with 5 ml of Annexin V-FITC and 5 ml of propidium iodide
(BD Biosciences, San Jose, CA, USA) according to the manu-
facturer's instructions. The mixture was gently vortexed and
incubated in the dark at room temperature (25°C) for 15 min.
Subsequently, a 1X dilution buffer (400 x1) was added to each
tube, and an analysis of cell apoptosis was performed within
1 h using the Beckman Coulter FC500 Flow Cytometry System
with CXP Software (Beckman Coulter, Fullerton, CA, USA).

Cell invasion assay. The cell invasion assay was performed
essentially as previously described (14,15). This experi-
ment employed two HCC cell lines. Briefly, a Transwell
cell culture chamber (Millipore, Bedford, MA, USA) with a
6.5-mm-diameter polycarbonate filter (8-ym pore size) was
coated with Matrigel, dried, and reconstituted at 37°C with
culture medium before use. The cells were divided into three
groups: the control group, the AG1024 low concentration
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Figure 4: Effect of Tyrphostin AG1024 on the expression of phosphor-ERK
and ERK. Cells were treated with various concentrations of Tyrphostin AG
1024. Cells were exposed to Tyrphostin AG 1024, lysed and immunoblotted
for the phosphotyrosine-containing protein of 44 kD. As shown in Fig. 5
Phosphor-ERK was dose-dependently down-regulated by Tyrphostin AG
1024, but the amount of ERK remained the same.

group, and the AG1024 high concentration group. The cells
were added to the upper chamber at a density of 1x10° cells
per chamber in culture medium containing 10% FBS. After
a 24 h incubation at 37°C, the medium in the lower chamber
was removed, fixed and stained. The number of cells that had
migrated through the pores of the filter into the lower chamber
was counted in five fields per chamber under a phase-contrast
microscope (Leica DMLB2, Leica Microsystems AG, Wetzlar,
Germany). Each invasion experiment was carried out in dupli-
cate and repeated at least twice.

RT-PCR. Total RNA was isolated from the HCC HepG2 and
SMMC-7721 cell lines grown under basal conditions using an
RNA isolator kit (Tri Reagent, Sigma Chemical), and reverse-
transcribed. The samples were amplified for 3 cycles using
specific primers for IGF-1, IGF-II, IGF-IR and GAPDH (as the
housekeeping positive control gene). Briefly, an initial dena-
turing step at 95°C for 4 min was followed by a set number of
cycles at 94°C for 10 sec, 58°C for 10 sec, and 72°C for 15 sec.
PCR products were separated on a 2% wt/vol agarose gel
containing ethidium bromide, visualized by UV illumination,
and scanned. Densitometry values were corrected to GAPDH.

Western blotting. Protein was extracted from cultured cells
and subjected to Western blot analysis using specific anti-
bodies against phospho-ERK protein, ERK protein (Cell
Signaling Technology, CA, USA), and pro-caspase-3 (Santa
Cruz Biotechnology, CA, USA). The cells were harvested and
rinsed twice with PBS. Cell extracts were prepared with pre-
chilled lysis buffer (50 nM Tris-HCI, 150 mM NaCl, 1% Triton
X-100, 0.5% deoxycholate, | mM EDTA, 1 mM Na,;VO,,
1 mM NaF, 2% cocktail) and cleared by centrifugation at
12,000 g for 15 min at 4°C. The supernatant was collected and
the total protein concentration was measured using the BCA
assay kit (Sigma) according to the manufacturer's instruc-
tions. Cellular extract containing 30 ug of total protein was
separated by 12% SDS-polyacrylamide gel electrophoresis
(SDS-PAGE), and the proteins were transferred electropho-
retically onto a nitrocellulose membrane (Millipore). The
membrane was then blocked with Tris-Buffered Saline and
Tween-20 (TBST) (10 mM Tris-Cl, pH 7.4, 150 mM NaCl,
0.1% Tween-20) containing 5% w/v non-fat dry milk, and
incubated with primary antibody in TBST at 4°C overnight.
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Figure 3: Effect of AG1024 on cell invasion. Transwell invasion assay was performed in two HCC cell lines with AG1024 and negative control. Cells were
fixed, stained and counted at 24 h. The cell numbers of the AG1024-treated groups were significantly lower than those of the control group (P<0.05), which

demonstrated that AG1024 decreased cell invasion dose-dependently.

The membrane was washed three times and hybridized with
horseradish peroxidase (HRP)-conjugated secondary antibody
(dilution, 1:2000) for 2 h at room temperature. After washing
three times for 10 min each with 15 ml TBST, protein bands
specific to the antibody were visualized by enhanced chemi-
luminescence (Amersham Pharmacia Biotech, Piscataway,
NJ, USA) associated fluorography.

Statistical analysis. Results are expressed as the means + SD.
The data were compared using the Student's t-test for paired
samples. P<0.05 was considered statistically significant.

Results

Changes in IGF mRNA expression in human HCC cell lines.
Expression of IGF-IR was investigated in human HCC cells.
Messenger ribonucleic acid (mRNA) expression of IGF-IR
was detectable in both cell lines, while expression of IGF-I
and IGF-II was not detectable (Fig. 1).

Apoptosis induced by Tyrphostin AG 1024. To explore the
apoptotic response induced by Tyrphostin AG1024, HepG2
and SMMC-7721 cells were exposed to Tyrphostin AG1024 at
a concentration of 10 nM. As shown in Fig. 2, the percentages
of apoptotic cells were 18.2 and 29.9%, respectively, in cells
exposed to Tyrphostin AG1024. This was statistically signifi-
cant compared to the control group, in which the percentages
of apoptotic cells were 4.9 and 7.1% (P<0.05).

Effect of AG1024 on HCC cell invasion. The effects of
AG1024 on the invasion ability of HepG2 and SMMC-7721
cells in vitro were examined using an invasion assay system
with reconstituted Matrigel membrane. Experiments were
repeated three times. The number of cells that had migrated
through the filter and into the lower chamber was counted
and compared between groups. HepG2 cell numbers in the
groups treated with 1 gm and 10 M AG1024 were 65.6+14.6
and 15.0+6, respectively, which was significantly lower than
the cell numbers in the control group (112.0+9.20, P<0.05)
(Fig. 4). SMMC-7721 cell numbers in the groups treated

with 1 gm and 10 uM AG1024 were 82.0+6.6 and 18.0+4.6,
respectively, which was significantly lower than in the control
group (107.7£10.0, P<0.05) (Fig. 3). These data indicated
that AG1024 treatment significantly inhibited the cell inva-
sion of the two HCC cell lines through the Matrigel basement
membrane.

Dose-dependent decrease in phosphor-ERK expression after
Tyrphostin AG 1024 treatment. To measure the amount of
phosphor-ERK, cells were exposed to Tyrphostin AG 1024,
lysed and immunoblotted for phosphotyrosine-containing
protein of 44 kD. As shown in Fig. 4, phosphor-ERK was
dose-dependently down-regulated by Tyrphostin AG 1024,
while the amount of ERK remained the same.

Discussion

HCC remains a pressing medical concern. Recently, the inci-
dence of HCC has increased dramatically in the US, Asia and
Europe. Nearly 55% of new cases of HCC occur in China (16).
Recent studies have revealed that PTK inhibitors exert an
anticancer effect in several human malignant tumors, such
as human breast cancer (12) and leukemia (13). Tyrphostin
AG 1024 is a suitable candidate for PTK inhibition. Previous
studies have revealed that IGF-IR-specific mRNA is detectable
in the human HCC cell lines PLC73 and HepG2 (17). This is
in agreement with the results of the present study (Fig. 1).

Here, we investigated the ability of tyrphostin AG 1024,
an IGF-IR inhibitor, to prohibit proliferation, induce apoptosis
and decrease invasion. The results indicate that the inactivation
of IGF-I function may be essential for the induction of apop-
tosis. First, IGF-I and IGF-II were revealed to play an essential
role in tumorigenesis, protecting tumor cells from apoptosis
(18,19,20). Both are capable of activating the downstream
signaling cascade by binding type I insulin-like growth factor
receptor. Second, proliferation and apoptosis were inhibited by
blockage of the IGF-IR signaling pathway. Tyrphostin AG1024
was observed to significantly promote apoptosis in the HCC
cells in a dose-dependent manner (Fig. 2), and to inhibit the
invasion ability of cancer cells (Fig. 3).
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To date, the effect of IGF-IR inhibitor on HCC cell lines
has yet to be examined. IGF-IR includes at least three survival
signaling pathways that are responsible for protecting cancer
cells from apoptosis. These are the PI-3K/AKT, MAPK/ERK
and 14-3-3 signaling pathways. The 14-3-3 signaling pathway
results in the mitochondrial translocation of Raf-1 (21).
Blocking two of these pathways is essential to diminish the
capacity of IGF-IR to protect cells from apoptosis (22). Thus,
we hypothesized that blockade of these two survival pathways
by AG1024 would successfully inhibit the growth of the HCC
cell line. The results indicated that exposure to the IGF-IR
inhibitor Tyrphostin AG1024 induced a marked decrease
in the expression of phosphor-ERK (Fig. 4). Similar results
were reported by Michael et al, who found that apoptosis
was induced in cancer cells by inhibition of the MAPK-ERK
pathway (11,22).

Apoptosis is a process of programmed cell death that
involves a great deal of interaction between anti- and pro-
apoptotic cytokines. The present study aimed to explore
the mechanisms of AG1024-induced apoptosis in HCC cell
lines and the expression of certain apoptosis-related factors.
It is widely accepted that mitochondria play a crucial role in
apoptosis, and that the caspase cascade plays a crucial role
in the process of apoptosis (23). Once activated, caspase-9
disassociates from the complex and becomes available to
cleave and activate downstream caspases, such as caspase-3.
Caspases involved in the execution of apoptosis are present in
living cells as inactive zymogens, which are activated through
intracellular caspase cascades. There are two relatively well-
characterized caspase cascades: one initiated by the activation
of cell-surface death receptors, such as Fas and tissue necrosis
factor, leading to caspase-8 activation, which is in turn
responsible for cleaving and activating downstream caspases
such as caspase-3; the other is triggered by cytochrome c
released from the mitochondria, which promotes the activa-
tion of caspase-9 (24).

In conclusion, the data suggest that the AG1024-mediated
apoptosis of HCC cells is caspase-3-dependent. The IGFR-TK
inhibitor AG1024 potently inhibited the growth of human
HCC cells and induced apoptosis. Thus, inhibition of IGFR-
signaling by AG1024 may be a promising targeted anticancer
strategy for HCC. Further studies in vivo are warranted.
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