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Absitract

AIM: To address the possibility that insulin-like growth
factor (IGF)-1II is a growth factor and its signaling
pathway so as to develop a molecular therapy for
hepatoblastoma.

METHODS: Huh-6 and HepG2, human hepatoblastoma
cell lines, were used. IGF-1II was added to the
medium deprived of serum. Western blot analysis was
performed to clarify the expression of IGF-I receptor
(IGF-IR). Inhibitors of IGF-IR (picropodophyllin, PPP),
phosphatidyl-inositol (PI) 3-kinase (LY294002 and
Wortmannin), or mitogen-activated protein (MAP) kinase
(PD98059) were added to unveil the signaling pathway
of IGF-II. Cells were analyzed morphologically with
hematoxylin-eosin staining to reveal the mechanism of
suppression of cell proliferation.

RESULTS: IGF-1TI stimulated cells proliferated to 2.7
(269% £ 76%) (mean = SD) (Huh-6) and 2.1 (211%
+ 85%) times (HepG2). IGF-IR was expressed in Huh-6
and HepG2. PPP suppressed the cell number to 44% =+
11% (Huh-6) and 39% + 5% (HepG2). LY294002 and
Wortmannin suppressed the cell number to 30% * 5%
(Huh-6), 44% % 0.4% (HepG2), 49% % 1.0% (Huh-6)
and 46% = 1.1% (HepG2), respectively. PD98059
suppressed the cell number to 33% + 11% for HepG2
but not for Huh-6. When cell proliferation was prohibited,
many Huh-6 and HepG2 cells were dead with pyknotic or
fragmented nuclei, suggesting apoptosis.

CONCLUSION: IGF-1I was shown to be a growth factor
of hepatoblastoma via IGF-I receptor and PI3 kinase
which were good candidates for target of molecular
therapy.
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INTRODUCTION

Hepatoblastoma (HBL) arises in the liver of infants
younger than 3 years of age!. The growth factor and its
signaling pathway could be revealed so as to develop a
novel molecular therapy for HBL.

Insulin-like growth factor IGF)-1I is a hormone that
plays an important role in fetal growth and development.
IGF-TI is abundantly expressed in fetus, with its
concentration decreasing after birth”, Interestingly, IGF-1I
is detected at high levels in the serum of HBL patientsm.
Moreover, the expression levels of IGF-1I in tumor tissues
are higher than those of surrounding non-tumor tissues
in surgical specimens from HBL patients due to biallelic
expression of the gene by loss of the methylated status of
the promoter'”. These facts indicate that IGF-1I is deeply
involved in the carcinogenesis and progression of HBL.

IGF-TI binds to insulin receptor (IR), IGF-I receptor
(IGF-TR), and IGF-1I receptor”. With the binding of
IGF-1, IR mediates glucose metabolism, such as insulin.
IGF-IIR mediates the degradation of IGF-II, acting
as a tumotr-suppressor gene. It was expected that IGF-
IR mediated the stimulation of proliferation by IGF-
II. Indeed, antibody to IGF-IR successfully suppressed
the proliferation of HepG2'”. Once IGF-T binds to
IGF-IR, the receptor autophosphorylates and activates
phosphatidyl-inositol (PI) 3-kinase or mitogen-activated
protein (MAP) kinase. Further down-stream pathways
modulate the gene expression to perform the role of
IGF-1I.

However, it is not clear whether IGF-II promotes the
cell proliferation of HBL, or the signaling pathway of
IGF-1I to mediate the stimulation of cell proliferation.
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Here, we tried to address the possibility of IGF-
I in HBL as a growth factor. We also tried to clarify its
signaling pathway with inhibitors to signaling pathways,
pursuing a potential application for a molecular therapy.

MATERIALS AND METHODS

Cell culture

Huh-6 and HepG2 hepatoblastoma cell lines, were
purchased from RIKEN Cell Bank (Tsukuba, Japan) and
cultured in Dulbecco’s Minimum Essential Medium (Sigma,
St. Louis, MO) supplemented with 100 g/L fetal bovine
serum (FBS) (Trace Scientific, Melbourne, Australia) in 50
mL/L at 37°C in a humidified chamber. Both cell lines are
IGF-IR positive”. For hematoxylin-cosin (H&E) staining,
cells were spread onto chamber slides.

Cell viability assay

Freshly thawed cells were seeded onto 10 cm dishes (Asahi
Techno Glass, Funabashi, Japan). When they reached
sub-confluence, they were trypsinized, harvested, and
spread onto 96-well flat-bottom plates with (Asahi Techno
Glass) at a density of 1000 cells per well. Following 24
h of culture under DMEM with 100 g/L FBS, medium
was changed to DMEM without FBS to quench the FBS
effects. After 24 h of culture under DMEM without
FBS, IGF-II (Wako Pure Chemicals, Osaka, Japan) was
added to the medium. Seventy-two hours later, 3- (4,
5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium inner salt (MTS) assay was
performed according to the manufacturer’s instructions
(Promega Corporation, Tokyo, Japan). MTS is bioreduced
by cells into a colored formazan product that reduces ab-
sorbance at 490 nm. The absorbance was analyzed with
a multiple plate reader at a wavelength of 490 nm with
a BIO-RAD Model 550 microplate reader (Bio-RAD,
Hercules, CA). When LY290042 (Wako Pure Chemicals),
PD98059 (Wako Pure Chemicals), Wortmannin (Wako
Pure Chemicals), and picropodophyllin (PPP) (Wako Pure
Chemicals) were used, each was added to the medium 30
min prior to the addition of IGF-1I.

Western blot analysis

Twenty microgram of protein isolated from cultured cells
was subjected to sodium dodecyl sulphate polyacrylamide
gel electrophoresis, and transferred to a nylon filter.
Primary antibodies were polyclonal rabbit anti-IGF-IR
antibody (Cell Signaling Technology, Danvers, MA) and
mouse monoclonal anti-Tubulin-a antibody (Lab Vision,
Fremont, CA). Second antibodies were horseradish
peroxidase (HRP)-linked anti-rabbit antibody (Amersham
Bioscience, Tokyo, Japan) and HRP-linked anti-mouse
antibody (Amersham Bioscience). Dilutions were 1:500
for primary antibodies, and 1:1000 for second antibodies.
The filter was reprobed with anti-Tubulin-a antibody.
The specific antigen-antibody complexes were visualized
by enhanced chemiluminescence (GE Healthcare Bio-
Sciences Corp, Piscataway, NJ).

Statistical analysis
Cell proliferation, demonstrated by MTS assay, was
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Figure 1 IGF-1I stimulated proliferation of hepatoblastoma cells. IGF-1I was
added to the medium without serum, followed by MTS assay, a modified method
of MTT assay (°P < 0.05).
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Figure 2 Western blot analysis clearly shows specific bands to IGF-IR. Protein
was isolated 72 h after stimulation with IGF-II (200 pg/L). The same membrane
was reprobed with anti-Tubulin-o antibody to confirm an equal amount of protein
loadings.

analyzed statistically by one-factor analysis of variance.
Statistical analysis was performed with JMP5.0] (SAS
Institute Japan, Tokyo, Japan). P < 0.05 was accepted as
statistically significant.

RESULTS

IGF-11 stimulated proliferation

Huh-6 and HepG2 proliferated as the concentration of
IGF-1II increased (Figure 1). When IGF-1I was 200 pg/L,
cell proliferation of Huh-6 and HepG2 were 2.7 times
(269% £ 76%) (mean £ SD) and 2.1 times (211% % 85%)
higher than those at 0 pg/L of IGF-1I, respectively (P <
0.05, n = 3).

IGF-IR expressed in Huh-6 and HepG2

Western blot analysis was performed to analyze expression
of IGF-IR in Huh-6 and HepG2 since IGF-IR mediates
proliferation activity of IGF-1II. Protein was isolated from
Huh-6 and HepG2 72 h after stimulation with IGF-1I (200
ug/L). IGF-IR was exptessed in Huh-6 and HepG2 (Figure
2). Tubulin-a, was expressed to confirm that equal amount
of protein was loaded (Figure 2).

PPP suppressed the stimulation of IGF- 11
PPP, a selective inhibitor of IGF-IR, was used to show
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Figure 3 PPP was added to the medium 30 min prior to the stimulation with IGF-II
(200 pg/L) and suppressed proliferation of Huh-6 and HepG2 (*P < 0.05).

that IGF-IR mediated the signal of IGF-1I (Figure 3).
PPP at 60 pmol/L suppressed the cell number of Huh-6
and HepG2 stimulated with 200 pg/ L of IGF-1I to 44%
* 10% and 39% £ 5%, respectively (P < 0.05, # = 3).

Stimulation of IGF-11 was suppressed by LY294002 and
Wortmannin

LY294002 and Wortannin, specific inhibitors of PI3
kinase, were used to reveal that PI3 kinase mediated the
signal of IGF-1I (Figure 4). LY294002 at 50 umol/L and
Wortmannin at 200 umol/L suppressed the cell numbers
of Huh-6 and HepG2 stimulated with 200 pg/L of IGF-
I to 30% £ 5% and 44% % 0.4% (Figure 4A) (P < 0.05,
n = 3), and 49% * 1.0% and 46% =* 1.1% (Figure 4B) (P
< 0.05, # = 3), respectively. PD98059, a specific inhibitor
of MAP kinase, was used to clarify whether MAP kinase
mediated the signal of IGF-1I. PD98059 did not suppress
the proliferation of Huh-6 even at 20 pmol/L, while it
suppressed that of HepG2 to 33% % 11%, which was
statistically significant (P < 0.05, » = 3) (Figure 4C).

Suppression of cell proliferation was due to apoptosis

Cultured cells were HE stained to analyze the
morphological change 72 h after addition of inhibitors,
Huh-6 with PPP, .Y294002, and Wortmannin but not with
PD98059 while HepG2 with PPP, 1Y294002, Wortmannin,
and PD98059 (Figure 5). Most of the dead cells had

pyknotic or fragmented nuclei, indicating apoptosis.

DISCUSSION

The existence of a growth factor in HBL has not been
confirmed. It is reported that the expression of IGF-II
is elevated in tumor tissues and serum of HBL patients,
but its exact role is not clear in terms of carcinogenesislsj.
In this study, we demonstrated that IGF-1I stimulated
the proliferation of HBL cell lines. A previous report
showed that IGF-II does not stimulate the proliferation
of HepGZM. They added IGF-II at a concentration of
200 pg/L as well as fetal bovine serum. We added 200

pg/L of IGF-TI to the medium deprived of serum. Serum
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Figure 4 LY294002 or Wortmannin, selective inhibitors of PI3 kinase, or PD98059,
a selective inhibitor of MAP kinase, was added to the medium 30 min prior to the
stimulation with IGF-Il (200 pg/L). LY294002 (A) and Wortmannin (B) suppressed
the proliferation of Huh-6 and HepG while PD98059 suppressed HepG2 (C)
(°P < 0.05).

stimulates the proliferation of HepG2 to obscure the
effect of IGF-1II. Moreover, we analyzed Huh-6, another
human hepatoblastoma cell line, and revealed that IGF-II
stimulated the proliferation of Huh-6". Our data clearly
demonstrated that IGF-1I stimulated the proliferation of
hepatoblastoma cell lines. Interestingly, HepG2 produces
IGF-1 and antisense oligonucleotides of IGF-1I suppress
the proliferation. It may be safe to conclude that IGF-II
acts as a growth factor for HBL by autocrine action'™'"”.
The previous report suggested that IGF-1I stimulates
proliferation #a IGF-IR". Our data clearly showed that
IGF-IR was expressed in Huh-6 and HepG2. Since IGF-IR
mediates proliferation activity of IGF-1I, it was expected
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Figure 5 Huh-6 and HepG2 dead due to apoptosis. HE staining was performed to analyze morphological changes after addition of inhibitors. Many Huh-6 cells were dead
treated with PPP (60 umol/L), LY294002 (50 pmol/L), or Wortmannin (200 pumol/L) while HepG2 with PPP, LY294002, Wortmannin, or PD98059 (20 umol/L). Most of the
dead cells had pyknotic or fragmented nuclei (arrows), suggesting apoptosis. Areas indicated by arrows were magnified (x 400).

that an inhibitor of IGF-IR suppressed proliferation®,

NVP-AEW541, a tyrosine kinase inhibitor, suppresses
the proliferation of HepG2". We used the commercially
available PPP, another tyrosine kinase inhibitor, and it
successfully suppressed the proliferation of Huh-6 and
HepG2". Our data on HepG2 was consistent with that
of the previous report, and thus was strong evidence that
IGF-TI mediated the signaling pathway of IGF-1II. Since
IGF-IR is not involved in glucose metabolism, an inhibitor
of IGF-TI would be a good candidate for molecular
therapy for hepatoblastoma.

PI3 kinase and MAP kinase are the main downstream
molecules of IGF-TR". It was reported that the
proliferation of HepG2 cells is suppressed by LY294002
and PD98059"% and our results confirmed this. Our
results also showed that LY294002 suppressed the
proliferation of Huh-6, but PD98059 did not. One may
speculate that the stimulation of IGF-1I was transmitted
via P13 kinase and MAP kinase in HepG2, but only via
PI3 kinase in Huh-6. Wortmannin, another inhibitor of
PI3 kinase, suppressed the proliferation of Huh-6 and
HepG2 stimulated by IGF-1I, confirming the results of
LY294002.

MTS assay measured cell viability, representing cell
proliferation. The mechanism of suppression of cell
proliferation, however, was not known. To unveil the
mechanism, morphological analysis was performed with
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HE staining. Many of Huh-6 cells were dead with PPP,
LY294002, and Wortmannin while HepG2 with PPP,
1.Y294002, Wortmannin, and PD98059. Nuclei of dead
cells were pyknotic or fragmented, indicating apoptosis.
It is reported that DNA ladder formation is observed
when HepG2 is treated with LY294002, Wortmannin, or
PDY8059". Tt was suggested that Huh-6 and HepG2 were
dead due to apoptosis when IGF-I signaling pathway was
inhibited. It may be concluded that PI3 kinase would be a
better target than MAP kinase for the molecular therapy
of hepatoblastoma.
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