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Abstract

AIM: To study the expression level and localization of
insulin-like growth factor -I receptor (IGF-IR) in HepG2
cells and Chang liver cells, and to observe the effect of
anti-IGF-IR monoclonal antibody («IR3) on the growth
of HepG2 cells.

METHODS: The expression of IGF-IR in HepG2 cells and
Chang liver cells was detected by immunohistochemistry.
The influences of aIR3 on proliferation and apoptosis
were examined by the 3- (4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) assay and electron
microscopy, respectively. Flow cytometry (FCM) was
applied for the analysis of cell cycle and apoptosis was
observed under electron microscope.

RESULTS: IGF-IR was located in the membranes of both
HepG2 and Chang liver cell lines, and the expression level
of IGF-IR was higher in HepG2 cells than in Chang liver
cells. Treated with 0.1 ug/mL «IR3 for 48 h /in vitro, the
cell growth index (GI) of HepG2 cells was significantly
higher than that of control (103.41% vs 100%, P < 0.01).
However, the oIR3 for 24 h at final concentration of 4.0
ug/mL made the GI of HepG2 cells lower than that of
control (93.37% vs 100%, P < 0.01). Compared with
control, treated with oIR3 for 48 h at final concentrations
ranging from 1.0 pg/mL to 4.0 ng/mL markedly reduced
the GIs of HepG2 cells (97.63%, 97.16%, 95.13%,
92.53% vs 100%, P < 0.05 or P < 0.01), treated with
olIR3 for 72 h at final concentrations ranging from 0.2
ug/mL to 4.0 ug/mL decreased the GIs of HepG2 cells
obviously (95%, 91.63%, 90.77%, 89.84%, 88.51% vs
100%, P < 0.01), and treated with oIR3 for 96 h at final
concentrations ranging from 0.5 pg/mL to 4.0 pg/mL
made GIs of HepG2 cells lower significantly (88.86%,
83.97%, 79.81%, 77.24%, 70.51% vs 100%, P < 0.05

or P < 0.01). Moreover, treated with oIR3 from 24 h to
96 h at final concentrations ranging from 0.2 ug/mL to
4.0 pg/mL reduced the GI of HepG2 cells from 97.63%
to 70.51% in a dose- and time-dependent manner. Also,
olR3 treatment for 72 h at final concentration from 0.5
ug/mL to 2.0 ug/mL increased the proportion of Go/G:
phase cells(61.73%, 67.1%, 83.7%,76.87% vs 44.47%,
P < 0.01) and significantly decreased that of S phase
cells(28.63%, 25.13%, 15.63%, 23.13% vs 53.17%, P <
0.01), in contrast to the proportion of G2/M phase cells.
The apoptotic rates of HepG2 cells were increased more
than that of control (7.83%, 16.13%, 21.1%, 37.73% vs
4.13%, P < 0.01).

CONCLUSION: The malignant cell phenotype of human
hepatocarcinoma cell is related to overexpression of IGF-
IR. The blockage of IGF-IR with aIR3 may contribute to
the inhibition of proliferation and induction of apoptosis
in HepG2 cells.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most
common malignancy in the world and is estimated to
cause half a million deaths annually. The incidence of
HCC is dramatically increasing in the USA, Europe and
Asia, most probably due to the increasing prevalence
of chronic hepatitis C, liver cirrhosis and obesity!"?.
Unfortunately, the majority of patients suffer from
advanced disease at presentation. Curative ablation or
resection of HCC, or liver transplantation can be achieved
only in a minority of patients. Local tumor destruction,
chemoembolization, or systemic chemotherapy are the
remaining treatment options in advanced HCC. However,
overall survival is poor . Apart from chemoembolization,
which improves survival in well-selected patients with
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unresectable HCC, treatment options do not appear to
greatly improve overall survival'l. Therefore, innovative
treatment approaches are urgently needed. Evidence has
been accumulated that the insulin-like growth factor-1
receptor (IGF-IR) is a promising target for cancer therapy.
A great variety of tumors show abnormal, enhanced
and/or constitutive expression of IGF-IR. Several
reports indicate that IGF-IRs are expressed frequently
in HCCY, most likely contributing to the aggressive
growth characteristics of tumors. Hence, the IGFRs
are promising targets for innovative treatment strategies
in HCC. IGF-IR is a transmembrane heterotetrameric
protein, which has two extracellular o-chains and two
membrane-spanning B-chains in a disulfide-linked B-a.-
a-B configuration'®. The binding of its ligands (IGF-1,
IGF-1I) to the extracellular domains of IGF-IR activates
its intracellular tyrosine kinase domain resulting in
autophosphotylation of the receptor. Activated IGF-IR
phosphorylates its substrates and initiates proliferative
and antiapoptotic signal transduction pathways that
involve phosphatidylinositol-3-kinase and mitogen-
activated protein kinase™". The high degree of homology
to insulin receptor presents a considerable challenge for
the development of specific small molecule inhibitors of
IGF-IR tyrosine kinase activity. IGFs are known to display
mitogenic, transforming, and antiapoptotic properties in
various human tumors, including HCC, by stimulating
distinct intracellular signaling pathways"’. In addition
to its role in proliferation of cancer cells, the IGF-IR
protects cells from apoptosis caused by growth factor
deprivation, anchorage independence, or cytotoxic drug
treatment!”, Down-regulation of IGF-IR function by
antisense and dominant negative techniques reduces the
growth and tumorigenicity of several cancer cell lines i
vivo and 7n vitro, including colon cancer, melanoma, lung
carcinoma, ovarian cancer, glioblastoma, neuroblastoma,
and rhabdomyosarcoma"". IGF-IR is thus an attractive
therapeutic target based on the hypothesis that inhibition
of IGF-IR function would result in selective apoptosis and
growth inhibition of tumor cells'"”. An effective strategy to
inhibit the function of IGF-IR in cancer cells is to use anti-
IGF-IR antibodies that bind to the extracellular domains
of IGF-IR and inhibit receptor activation. Suppression
of the growth of various tumors has been evaluated,
but IGF-IR inhibition for the treatment of human HCC
remains unexplored. The expression and activity of 1GF-
IR was shown to be upregulated in HCC cells, which
contributes to the process of malignant transformation
and growth of liver tumors. Increased expression of IGF
may further potentiate the mitogenic effects of IGF in the
development of hepatocellular carcinoma'”. Hence, in the
present study we examined the antineoplastic potency of
the IGF-IR inhibitor aIR3 in human HCC cell lines. Our
study provides evidence that monoclonal antibody (aIR3)
inhibits growth and induces apoptosis and cell cycle arrest
in human HCC cells.

MATERIALS AND METHODS

Cells and reagents
HepG2 human hepatocellular carcinoma cells and Chang

www.wjgnet.com

liver human normal hepatocytes were from Shanghai
Institute of Cell Biology, and grown in RPMI 1640 with
10% heat-inactivated FCS (GIBCO BRL, Carlsbad,
California, USA). IGF- IR Ab-1(24-31) was purchased
from NeoMarkers, and aIR3 was from Oncogene Science.
SABC and DAB kits were purchased from Boster.

Cell culture

HepG2 human hepatocarcinoma cells, normal human
hepatocytes were from Shanghai Institute of Cell Biology,
Chinese Academy of Sciences. The cells were maintained
in RPMI 1640 (Life Technologies Inc.), supplemented
with 10% heat-inactivated fetal calf serum (FCS), 0.3%
L-glutamine, 1% penicillin/streptomycin solution, which
contained 10000 U/mL penicillin G and 10 mg/mL
streptomycin sulfate. Cells were grown as adherent cells in
a humidified atmosphere at 37°C in 50 mL/mL COx.

Immunohistochemistry

HepG2 and Chang liver cells were passaged onto 22 mm
square glass coverslips in a 6-well plate (Nalge Nunc
International, Rochester, NY). After 72 h, cells were
washed twice with phosphate-buffered saline (PBS) and
fixed in methanol (95%) at room temperature for 30
min. After two washes with PBS, cells were incubated in
0.3% H20:2 for 30 min to block endogenous peroxidase,
then washed three times with PBS. Nonspecific antibody
staining was blocked by preincubation with 5% bovine
serum albumin (BSA) in PBS for 30 min, then incubated
with the primary antibody IGF-IR Ab-1(24-31) at a 1:100
dilution overnight at 4°C. Cells were washed three times
for 5 min in PBS. Then they were incubated with the
biotinylated goat anti-mouse IgG. After incubation with
the secondary antibody, cells were washed three times for
5 min with PBS again and incubated with streptavidin-
biotin complex (SABC). After incubation for 30 min at
room temperature, cells were then washed four times for
5 min in PBS and detected by using DAB as the substrate.
All incubations were carried out in humidified chambers
to prevent evaporation. All stainings were compared
with negative controls. For each cell line PBS was used
in representative negative control instead of primary
antibody.

Cell proliferation/Survival assays

The effect of qIR3 treatment on the growth and sur-
vival of human cancer cell lines was measured using the
3- (4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay or by cell counting. In brief, when
the cultured HepG2 cells reached 70%-80% confluence,
the medium was replaced by FCS-free RPMI 1640 and
the cells were cultured for 24 h, and then trypsinized with
0.25% trypsin, adjusted to a density of about 1500-3000
cells/well with complete medium. Two hundred microli-
ters of the cells containing the different alR3 (seven dif-
ferent concentrations ranging from 0.1-4.0 pg/ ml) were
plated in 96-well plates and maintained for 24, 48, 72, 96
h separately. At the indicated periods of time, a solution
of MTT (20 uL of a 5 mg/mL solution in PBS) was then
added, and the cells were incubated for another 3-4 h. The
medium was removed and replaced by 200 pL. of Me2SO,
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and the units of absorption (UA) were measured at 490
nm. Triplicate values were obtained for each well, and
each experiment was repeated three times. Growth index
(GI, %) = (UAe/UAc) X 100% (UAE: average UA value
of experimental group; UAc: Average UA value of control
group). The proliferation of HepG2 cells was inhibited at
GI < 100%; the proliferation of HepG2 cells was stimu-
lated at GI > 100%.

Flow cytometry

After the cultured cells have reached 70%-80% confluency,
the medium was replaced by FCS-free RPMI 1640 and
the cells were cultured for 24 h, and then trypsinized
with 0.25% trypsin. Five X 10" cells were plated in 25
mL culture-flasks in 2 mL of RPMI 1640 medium
supplemented with 10% FBS, and simultaneously, alR3
was separately added to cells at final concentrations
ranging from 0.5-2.0 ug/mL. After being treated for 72
h, the five groups of cells were digested and collected by
centrifugation. Cells were washed once with 0.01 mol/L
PBS (pH 7.2), and fixed in 70% ecthanol at 4°C for 18
h. Next, cells were washed once with PBS, digested by
Rnase (50 pg/mL) and stained with propidium iodide
(PI, 100 pg/mL) for 30 min. The cell cycle phases and
DNA content were detected and apoptosis was quantified
by determining the percentage of Pl-stained nuclei in the
subdiploid peak in cell samples analyzed by FCM (Coulter,
EpicsXL).

Electron microscopy

When the cultured HepG2 cells reached 70%-80%
confluence, the medium was replaced by FCS-free RPMI
1640 and the cells were cultured for 24 h, and then
trypsinized with 0.25% trypsin, 2.5 X 10° cells were plated
in 50 mL culture-flasks in 10 mL of complete medium,
and olR3 was added to cells at final concentration of
1.0 ug/mlL as reported previously™. Being treated for 72
h, the harvested cells were fixed with 2.5% glutaraldehyde
in 01 mol/L PBS (pH 7.2) for 4 h. After washed in PBS, the
cells were treated with 1% osmium tetroxide in 0.1 mol/L
PBS overnight at 4°C, washed three times with PBS,
dehydrated with a graded series of acetone and embedded
in Epon812, which were polymerized at 60°C for 48 h.
Ultrathin sections 50-80 nm thick were counterstained with
uranylacetate and lead citrate and then observed under
transmission electron microscope (EM) (H-600, Japan) at
100 kV.

Statistical analysis

The data were analyzed using one-way analysis of variance
followed by least significant difference test (SPSS11.0 sta-
tistical software). The results were expressed as the mean
T standard deviation (SD). A statistically significant differ-
ence was considered to be present at P < 0.05.

RESULTS

Expression of IGF-IR in HepG2 cells and Chang liver cells

IGF-IR expression was detected in both HepG2 cells and
Chang liver cells, and appeared to be localized (Figure 1A
and 1B). The positive reaction for IGF-IR was distinctly
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Figure 1 A: Immunohistochemical findings of IGF-IR in Chang liver cells. Chang
liver cells showing positive-staining of IGF-IR in the cell membranes of the cells
(SABC, original magnification x 100); B: Immunohistochemical findings of IGF-
IR in HepG2 cells. HepG2 cells showing stronger positive-staining of IGF-IR in
the cell membranes of the cells than that of Chang liver cells (SABC, original
magnificationx 100).

different between HepG2 cells and Chang liver cells.
Compared with Chang liver cell (Figure 1A), a stronger
positive reaction for IGF-IR was detected in HepG2 cells
(Figure 1B).

Cell growth index (Gl) of HepG2 cells

MTT assay was used to investigate the proliferation rates
of the cells treated with various concentrations of IR3
for different periods of time. Unexpectedly, having being
treated with aIR3 at final concentration of 0.1 pg/mL for
48 h, GI of the cells was 104.13%, higher than that of the
control group (P < 0.01). The result suggests that oIR3
of 0.1 ug/ ml could stimulate HepG2 cells to proliferate.
However, after treatment with oIR3 at final concentration
of 4.0 ug/mL for 24 h, GI of the cells was 93.37%,
lower than that of the control group (P < 0.01). Treated
with oIR3 at final concentrations ranging from 1.0-4.0
ug/mL for 48 h, GI of the different concentration groups
was 97.63%, 97.16%, 95.13% and 92.53%, respectively,
lower than that of the control group (1.0 pg/mL group,
P < 0.05; for the others, P < 0.01). After treatment with
olR3 at final concentrations ranging from 0.2-4.0 pg/mL
for 72 h, GI of the different concentrations groups was
inhibited by 95%, 91.63%, 90.77%, 89.84%, 88.51%
and 86%, respectively, significantly lower than that of
the control group (P < 0.01). Treated with alR3 at final
concentrations ranging from 0.5-4.0 pg/mL for 96 h,
GI of the different concentration groups decreased by
88.86%, 83.97%, 79.81%, 77.24% and 70.51%, respectively,
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Figure 2 Effects of aIR3 on in vitro growth of HepG2 cells treated with various
concentrations of aIR3 for different periods of time. aIR3 of 0.1 pug/mL could
stimulate HepG2 cells to proliferate, while aIR3 inhibited HepG2 cell proliferation
in a dose- and time-dependent manner at a concentration ranging from 0.2 pg/mL
to 4.0 pug/mL.

Table 1 Effect of aIR3 on growth and proliferation of HepG2

cells treated with various concentrations of oIR3 for 24, 48,
72 and 96 h

Cell growth index (GI)

Group 24 h 48 h 72h 96 h
Control 100 100 100 100

0.1 ug/mL 100.640 103.4133" 97.654 95.032
0.2 ug/mL 104.716 98.952 94.9961" 103.125
0.5 ug/mL 99.840 98.175 91.6341" 88.8622°
1.0 ug/mL 99.041 97.6343° 90.774° 83.9744°
1.5 ug/mL 97.042 97.1612° 89.8358° 79.8077°
2.0 pg/mL 96.883 95.1335° 88.5066° 77.2436°
4.0 ug/mL 93.3653" 92.5313" 86.0047" 70.5128°

“P < 0.05, "P < 0.01 vs control.

dramatically lower than that of the control group (0.5 pg/
mL group, P < 0.05; the others, P < 0.01). These results
indicate that with the increase of concentration of @IR3
and prolongation of treatment time, the effect of aIR3
inhibiting HepG2 cells proliferation was enhanced also in
a dose- and time-dependent manner (Figure 2 and Table 1).

Analysis of cell cycle and apoptosis

To further study the anti-proliferation effect of alR3
on HepG2 cells, FCM was used. After being treated
with aIR3 at final concentration ranging from 0.5-2.0
ng/mL for 72 h, cell growth was obviously inhibited. The
proportion of HepG2 cells in the Go/G1 phase increased
significantly from 44.47% (of control group) to 83.7%,
and in the S phase decreased dramatically from 53.17%
(of control group ) to 15.63%, but there was no significant
change in the proportion of cells in G2/M phase (Table 1).
These results suggest that qIR3 has an anti-proliferation
effect on HepG2 cells. To determine whether cell death
induced by aIR3 occurred through an apoptotic pathway,
genomic DNA fragmentation was assayed as a hallmark
of apoptotic cell death. Flow-cytometric analysis was
performed to detect the subdiploid (apoptotic) cell
population. The apoptotic index (Al) increased in HepG2
cells from 4.13% (of control group) to 37.73%. After
treatment with oR3 at final concentration ranging from
0.5-2.0 ug/ mL for 72 h, the cells exhibited an increase of
subdiploid cell population in a dose-dependent manner
(Table 2).
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Table 2 Effect of «IR3 on cell cycle and apoptosis of HepG2

cells induced at various concentrations

L ® .

@SS Distribution of cell cycle (%) li\:::;z::/‘ls
Go/Giphase S phase Gz2/M phase

Control 4447 £0.4163 53.17 £1.955 2367 +£2122 4.133+0.3215

0.5 pg/mL 61.73 +0.3786° 28.63 +0.5686° 9.633 £0.3512 7.833 £ 0.4726"
1.0 pg/mL 67.10 +0.8185° 25.13 +0.7506° 7.800 £ 0.2000 16.13 £ 0.3512"
1.5 pg/mL 83.70 +0.4000° 15.63 £ 0.3055" 0.6667 + 0.5774 21.10 + 0.5292"
2.0 pg/mL 76.87 +1.401° 23.13+1.401° 040 37.73 +0.1528"

'P < 0.01 vs control group.

Figure 3 A: Transmission electron micrographs of HepG2 cells from the control
group( EM, original magnification x 6200); B: Transmission electron micrographs
of HepG2 cells from the IR3 group (EM, original magnification x 6200).

Morphological changes of apoptosis

In HepG2 cells treated with aIR3 at final concentration
of 1.0 pg/mL for 72 h, many charactetistic morphological
changes of apoptosis were observed under EM.
Histological evidence for apoptosis included shrinkage
of cells, condensation of cytoplasm, expansion of
rough endoplasmic reticulum (RER) and formation of
small bubbles, destruction of mitochondria cristae and
balloon-shaped mitochondria formation, disappearance
or shrinkage of the nuclear membrane, condensation of
karyoplasms or chromatin adherence to edge of nuclear
membrane with different forms and sizes, formation
of apoptotic bodies (Figure 3A and 3B). In the control
group, HepG2 cells showed regular nuclei and uniform
chromatin distribution within the nuclei, and there were
no morphological changes in the mitochondria and other
intracellular structures (Figure 3A). These results indicated
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that apoptosis could be triggered in HepG2 cells treated
with aIR3.

DISCUSSION

IGF-IR is expressed widely in the cell membranes of
many cell types, and is essential for normal growth,
development, and differentiation and mediates signals
for the suppression of apoptosis, enhancement of
mitogenesis, and anchorage-independent growth, Several
studies indicate that the number of IGF-IRs on cells is
critical in affecting the cell phenotype™; overexpression
of IGF-IR may induce transformation from the normal
cell phenotype into the malignant cell phenotype. High
levels of expression of IGF-IR have been reported in a
broad range of human malignancies. Studies of treating
IGF-IR as therapeutic target have often been reported.
Our immunohistochemical results showed that IGF-IR is
expressed in normal human hepatocytes Chang liver cells,
suggesting that expression of IGF-IR in the normal tissue
and cell plays a pivotal role in cell biological behaviors.
Compared with Chang liver cell, the expression level of
IGF-IR, which was located in the cell membranes of
both cells, was higher in the cell membranes of HepG2
cells, suggesting that overexpression of IGF-IR induces
transformation from the normal cell into the malignant
cell. In another word, overexpression of IGF-IR is related
to the biological behaviors of human malignancies.
Chemotherapy of advanced HCC is still unsatisfactory.
Moreover, patients ate frequently in poor clinical condition
precluding aggressive chemotherapy. Thus, there is a
strong need for new, effective and well-tolerated treatment
strategies. Some people have focused attention on IGF-
IR monoclonal antibody, and the experimental studies
of treating some malignancies with the antibody alone
or synergistically enhancing the efficacy of cytokines and
chemotherapeutic agents have being reported, but its
single effect on HCC remains unexplored. In the present
study, we investigated the antineoplastic effects of alR3, a
specific IGF-IR inhibitor, on human HCC cells. According
to MTT, and FCM assay results, alR3 inhibited the growth
of HCC cells by inducing cell cycle arrest and apoptosis.
Surprisingly, alR3 also stimulated ir vitro growth of cells
in 48 h cultures. This was contrary to our expectation as
we undertook these studies to explore the mechanism by
which oIR3 inhibits i vitro growth of HepG2 cells. To
characterize the undetlying mechanisms of alR3’s anti-
proliferative action on HCC cells, we performed cell cycle
analyses. Upon ollR3-treatment the proportion of cells
in the Go/Gi-phase significantly increased, and S-phase
significantly decreased in HepG2, suggesting that aIR3
acts at the G1/S checkpoint. G1/S cell cycle arrest induced
by alR3 has already been described in hepatocellular
carcinoma””. A second mechanism by which IR3 could
inhibit tumor growth is by its down-regulation effect on
IGF-IR levels™. oIR3 causes increased endocytosis but
may not allow for receptor recycling, causing a net decrease
in cell surface receptor levels over time, Hailey e# a/”
suggest that IGF-IR is also internalized and degraded by a
combination of both lysosome-dependent and lysosome-

independent pathways. Induction of apoptosis by alR3
has been reported previously. In order to confirm this,
we used two methods to detect the apoptosis induced
by alR3. Morphological changes of apoptosis in the
oIR3 treated cells were seen under an EM, and apoptotic
index was measured by FCM, which increased in a dose-
dependent manner. Hailey ¢# a/”” reported that oIR3
inhibited the phosphorylation of AKT, a downstream anti-
apoptotic signaling component of the IGF-IR pathway.
The activation of both mitochondria-dependent and
-independent apoptosis pathways have been reported™”,
Regulation of cell growth and apoptosis of HCC cells
was already shown to be tightly associated with IGFR-
signaling”™. Tt can be speculated that IGF-IR inhibition
by aIR3 diminishes mitogenic inputs of the IGF receptor
system in HCC cells. Sachdev e a/*" reported that 250
nmol/L chimeric humanized single-chain antibody (scFv-
Fc) activated IGF-IR and downstream signaling pathways,
and stimulated the 77 vitro monolayer and anchorage-
independent growth of MCF-7 cells, but when treated
with 500 nmol/L scFv-Fc, the activity of IGF-IR and
vitro proliferation of MCF-7 cells were inhibited. It has
been reported that the inhibitory or stimulatory behavior
of some antibodies may be dependent on cell surface
receptor number”’. Surprisingly, in our experiments, lower
dose of alR3 stimulated 7 vitro proliferation of HepG2
cells in 48 h cultures instead of inhibiting HepG2 cells.
The mechanism by which lower dose of aIR3 stimulated
in vitro proliferation of cells needs to be explored further.
The mechanisms by which aIR3 inhibited iz vitro growth
of HepG2 cells were through inhibition of the IGF-IR
and downstream signaling pathways, inducing cell cycle
arrest and apoptosis, IGF-IR level down-regulation, and
IGF-IRs degradation; but how the lower dose of alR3
stimulated 7z vitro proliferation of HepG2 cells is unclear.

Although efficacious in our 7z vitro models of HCC,
alR3 as monotherapy may not be effective in cancers
displaying mitogen dependent proliferation. Nevertheless,
oIR3 has been shown to synergistically enhance the
efficacy of chemotherapeutic agents””. The underlying
mechanisms include interference with damage repair
mechanisms, maintenance of chemotherapy-induced
apoptosis””, and the overcoming of growth factor-
mediated resistance to chemotherapy”. Thus, oIR3 may
well be of clinical benefit for HCC patients, either as
single agent or when added to conventional chemotherapy.
To conclude, our study provides evidence that the
IGF-IR inhibitor aIR3 inhibits the growth of human
hepatocellular cancer cells by inducing cell cycle arrest
and apoptosis, or stimulates proliferation of the cells.
Monoclonal antibody may qualify for the development of
targeted therapies for HCC. Further studies are needed to
investigate the antitumor effects of monoclonal antibody
combined with conventional chemotherapy on HepG2
cells.
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