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Original Article 
Proliferation and migration of hepatoblastoma cells are 
mediated by IRS-4 via PI3K/Akt pathways
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Abstract: Levels of IRS-4 (insulin receptor substrate-4) in hepatoblastoma cells from the patients, HepG2 and HuH-6 
cell lines were measured by Western Blot analysis, and they were all found significantly higher than those of normal 
hepatic cells. When the HepG2 and HuH-6 cells cultivated in vitro were treated with IRS-4 and infected with recom-
binant adenovirus containing IRS-4 gene, the proliferation and migration of the cells were significantly improved. 
Meanwhile, the expressions of PI3K (phosphatidylinositol 3’-kinase), pS473 Akt (Protein Kinase B) and pThr308 Akt 
were positively regulated by IRS-4 overexpression. These results indicated that IRS-4 was very likely to be involved 
in PI3K/Akt path way, which was further confirmed by the fact that the PI3K/Akt blocker LY294002 attenuated the 
proliferation and migration of the hepatoblastoma cells. In conclusion, IRS-4 enhanced the proliferation and migra-
tion of the hepatoblastoma cells via PI3K/Akt pathways. 
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Introduction

Hepatoblastoma (HBL), the most common pri-
mary pediatric liver tumor, is usually diagnosed 
during the first three years of life [1]. It origi-
nates in liver primordium embryonic cells, and 
it’s a type of malignant tumor of epithelial ori-
gin. HBL was firstly reported by Walter in 1896 
[2], which also named as liver embryonic carci-
noma or pediatric hepatocellular carcinoma [3]. 
It is usually solitary and varied in size. The dis-
ease has rapid development, high grade malig-
nancy and multiple differentiation paths [4, 5]. 
What’s worse, after its widespread metastasis 
through lymph and blood circulation, many 
metastatic sites will be suffering, such as 
lymph gland, lung, enterocoelia and brain. At 
present, the main therapy for HBL is exairesis 
of diseased tissue along with chemotherapy 
[6]. Recent pediatric cancer epidemiological 
studies report that the average annual percent 
have been increasing in incidence of HB during 
the last 30 years [1].

Insulin receptor substrates (IRSs), which refer 
to those substrates that react to insulin recep-

tor tyrosine kinase, have a dozen of phosphory-
latable tyrosine sites. The phosphorylated IRSs 
are able to bond to and activate their down-
stream effectors. Presently, IRSs family is found 
to have 4 members, IRS-1, -2, -3 and -4 [7], but 
their functions in tissue distribution, subcellular 
localization, integration with insulin and interac-
tion with proteins containing SH2 domain vary 
from one another. They are the key intermediary 
molecules in insulin signaling transduction sys-
tem, participating in a variety of hormones- or 
cytokines-mediated signal transductions as 
well as their core effects on maintenance of the 
basic function of cells like growth, survive and 
substance metabolism [8, 9].

In hepatoblastoma cell lines, the expression 
level of IRS-4 was significantly increased, show-
ing intimate relationship with tumor growth 
[10]. It has been well known that PI3K (phos-
phatidylinositol 3’-kinase)/Akt (Protein Kinase 
B) pathway plays a very important role in the 
proliferation of lots of the tumor cells. As for 
hepatoblastoma cells, this role is not an excep-
tion [11]. However, the relation between IRS-4 
and cell proliferation and migration in hepato-
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blastoma cells is still not clear. So, we proposed 
and authenticated the following assumptions 
that IRS-4 improves the proliferation and migra-
tion of hepatoblastoma cells by targeting PI3K/
Akt signaling.

Materials and methods

Tissue and cell samples

Fresh hepatoblastoma and corresponding nor-
mal liver tissues that 5 cm away from the edge 
of the hepatoblastoma tissue were taken from 
the patients with hepatoblastoma who had not 
received any chemotherapy or radiotherapy 

prior to surgery, and then snap-frozen in liquid 
nitrogen immediately after resection and kept 
at -80°C. Hepatoblastoma cell lines HepG2 
and HuH-6, purchased from Tongpai Biological 
Technology Co., Ltd. (Shanghai, China), were 
respectively cultured in DMEM and RPMI-1640 
media with 10% FBS (fetal bovine serum), 100 
IU/ml penicillin and 100 μg/ml streptomycin at 
37°C in a 5% CO2 humidified incubator. The 
cells were subcultured every 2 or 3 days.

Western blot

Tissue and cell were lysed in accordance with 
the method described by Cuevas et al. [12]. 

Figure 1. Expression of IRS-4 in tumor tissue and hepatoblastoma cell lines HepG2 and HuH-6 analyzed by Western 
Blot; control: normal hepatocytes; tissue: tumor tissue of patients with hepatoblastoma; compared with the control, 
**p < 0.01.

Figure 2. Effects of IRS-4 on the proliferation and migration of hepatoblastoma cells HepG2 and HuH-6 evaluated by 
cell proliferation and cell migration assays; compared with the hepatoblastoma cells treated with PBS, *p < 0.05, 
**p < 0.01.
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Referring to the report by Tsuruzoe et al. [13], 
proteins were separated by SDS-PAGE and 
transferred to polyvinylidene difluoride mem-
branes. The blots were blocked with 3% BSA 
(Bull Serum Albumin) in TBS (triethanolamine-
buffered saline) buffer, incubated with primary 
antibodies (anti-β-actin, anti-IRS-4, anti-Akt, 
anti-pS473 Akt and anti-pThr308 Akt antibod-
ies) in TBS with 2% BSA in it, and then incubat-
ed with secondary antibodies conjugated with 
horseradish peroxidase. The immunoreactive 
bands were visualized by ECL (enhanced chemi-
luminescence) detection kit (Pierce Chemical 
Co., Rockford, USA) and captured on X-ray film.

Cell proliferation assay

The proliferation of HepG2 and HuH-6 cells was 
assessed using a cell proliferation ELISA, 
BrdUrd colorimetric assay kit (Roche Applied 
Science, USA) according to the manufacturer’s 
protocol. The cells at a concentration of 1.5 × 
105/ml were initially inoculated in a 35 mm cul-
ture dish. After the cells were incubated 37°C 
for 40 min, they were counted under a hemocy-
tometer (Shanghai Medical Optical Instrument 
Plant, Shanghai, China) under an optical micro-
scope (Shanghai Optical Instruments Factory, 
China).

Figure 3. Effect of IRS-4 overexpression on expressions of PI3K, pS473 Akt and pThr 308 Akt evaluated by Western 
Blot analysis; compared with the non-infected hepatoblastoma cells, **p < 0.01. 
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Cell migration assay

Migration assay described in the report by Wu 
et al. [14] was adopted. Twenty four-well tran-
swell chambers with 8.0-μm-pore polycarbon-
ate filter inserts (Nalge Nunc International, 
Rochester, NY) were used. HepG2 and HuH-6 
cells were seeded at a concentration of 1 × 105 
individuals per well in complete medium. After 
the incubation for 48 h, cells migrated to the 
other side of the membrane were stained with 
0.3% crystal violet. The cells in the upper side 
of the insert membrane were rubbed with a cot-
ton swab. Cell migration was determined by 
counting whole cell numbers at single filter with 
optical microscopy at × 100 magnification.

Infection of hepatoblastoma cells by recombi-
nant adenovirus encoding IRS-4 

HumanIRS4 adenovirus (Vector Biolabs, Phila- 
delphia, USA) were maintained in packaging 
cell line 293. According to the literature [15], 
the recombinant adenovirus was amplified to 

produce high titer virus stocks of about 0.5 to 1 
× 109 pfu/ml. Amplified viruses titration were 
determined by the limit dilution assay and then 
used for infection at a MOI (multiplicity of infec-
tion) of 50 pfu/cell. 

Statistical analysis

Data were expressed as mean ± SE (standard 
error). Comparisons between two groups were 
analyzed by Student’s paired t-test. P < 0.05 
was considered statistically significant. 

Results

Expression of IRS-4 in hepatoblastoma cells 
was upregulated

Compared with control (normal hepatocytes), 
IRS-4 in hepatoblastoma cells were all signifi-
cantly at promoted levels from extremely low 
ones, not only in tumor tissue of patients with 
hepatoblastoma, but also in the cell lines 
HepG2 and HuH-6 (Figure 1).

Figure 4. Effects of PI3K/Akt blocker LY294002 on PI3K/Akt pathways (A), the proliferation (B) and migration (C) of 
HepG2 and HuH-6 cells; compared with the hepatoblastoma cells treated with PBS, **p < 0.01.
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The proliferation and migration of HepG2 and 
HuH-6 cells were improved by IRS-4.

Compared with the cells treated with PBS, the 
proliferation of HepG2 and HuH-6 cells were 
both significantly improved to different extents 
after the cells were treated with IRS-4 (Figure 
2A). Their migration behaved in the similar way 
as well (Figure 2B). 

The expressions of PI3K and Akt were upregu-
lated by overexpression of IRS-4

Compared with the non-infected hepatoblasto-
ma cells, expressions of PI3K, pThr 308 Akt 
and pS473 Akt were all very evidently upregu-
lated both in HepG2 and HuH-6 cells infected 
with recombinant adenovirus containing IRS-4 
gene (Figure 3). The results indicated the 
expressions of PI3K and Akt were all upregu-
lated by overexpression of IRS-4, which meant 
that PI3K/Akt signaling was enhanced by over-
expressed IRS-4.

PI3K/Akt blocker LY294002 attenuated the 
proliferation and migration of HepG2 and HuH-
6 cells

When HepG2 and HuH-6 cells were treated 
with LY294002 (10 μM), PI3K/Akt pathway in 
them was very markedly blocked (Figure 4A), 
their proliferations in vitro were therefore sig-
nificantly interfered and dropped down (Figure 
4B), and the numbers of migrated cells in 
HepG2 and HuH-6 cells were significantly 
reduced (Figure 4C). However, the proliferation 
and migration of the tumor cells was not totally 
stopped but still performed.

Discussion

IRS-4 is a member in the family of cytoplasmic 
adaptors, which has been reported to couple 
activation of the insulin receptor to downstream 
PI3K/Akt and Ras signaling pathways [16, 17]. 
Although IRS-4 is found at a relatively low level 
in normal human liver tissue, it is highly 
expressed in the tumors of patients who are 
suffering from hepatocellular carcinoma [18], 
including hepatoblastoma (Figure 1). It has 
been reported that highly expressed IRS-4 had 
proliferative effects on human tumor cells, 
such as hepatoblastoma cells HepG2 [19, 20]. 
The similar effect was also observed in HepG2 
and HuH-6 cells by our investigation (Figure 2).

It is well known that PI3K/Akt signaling path-
way plays a critical role in the proliferation and 
migration of hepatocellular carcinoma cells 
[21], and its activation is essential in hepato-
blastoma survival [11], which may potentiate 
tumors’ life process [22]. Interacting with SH2-
containing proteins such as PI3K [23], IRS-4 
has been proved to be involved in PI3K/Akt 
pathway, and knockdown of IRS-4 gene will 
inhibit cell proliferation [19, 24]. In our present 
study, we found PI3K and phosphorylated Akt 
(pS473 Akt and pThr308 Akt) were upregulated 
in hepatoblastoma cell lines that were infected 
with recombinant adenovirus encoding IRS-4 
(Figure 3), suggesting that IRS-4 might some-
how trigger a further activation of PI3K/Akt 
pathway [24]. So we supposed the overexpres-
sion of IRS-4 triggered and resulted in the 
enhancement of PI3K/Akt signal transduction, 
thus led to the improvement of proliferation 
and migration of hepatoblastoma cells. If the 
above viewpoint was valid, cell proliferation and 
migration would be inhibited in hepatoblasto-
ma cells overexpressing IRS-4, when PI3K/Akt 
was blocked by the blocker LY294002. As a 
result, the proliferation and migration of hepa-
toblastoma cells in vitro were attenuated even 
if in the presence of overexpressed IRS-4 
(Figure 4). 

Based on the above, it could be concluded that 
PI3K/Akt signaling was very impotant in IRS-4 
mediated cell proliferation and migration, which 
was consistent with the results reported by 
Hoxhaj et al. [24]. Taking more into account, it 
probably was not the unique pathway partici-
pated in the proliferation and migration. Some 
other signal transductions, which could provide 
alternative options for the proliferation and 
migration of the tumor cells when PI3K/Akt sig-
naling was blocked, were also activated or 
enhanced by IRS-4 [12]. So, this may account 
for why proliferation and migration still went on 
when PI3K/Akt pathway was blocked.

As for the exact mechanism about PI3K/Akt 
signaling in IRS-4 mediated cell proliferation 
and migration, although still unclear, we point-
ed out two directions, which will be confirmed 
in our future study. Primarily, it was inferred 
that IGF-1 was probably taking part in the begin-
ning of the whole transduction system as well 
as some crucial down-stream signaling mole-
cules, such as ERK and p70S6K [12, 23, 25]. 
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Secondarily, complicated correlations in tumor 
cells between IRS-4 and other members of IRS 
family are controversially reported [13, 25, 26]. 
But whatever the correlations really will be, the 
related signaling pathways mutually interact 
each other, and these interactions may show 
us what the exact mechanism is. 

To sum up, IRS-4 could mediate PI3K/Akt sig-
naling transduction in hepatoblastoma cells, 
therefore it enhanced the cell proliferation and 
migration. 
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