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Protective effects of hepatic stellate cells against
cisplatin-induced apoptosis in human hepatoma G2 cells
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Abstract. The effects of hepatic stellate cells (HSCs) on
tumorigenicity of HCC have been previously reported.
However, the detailed mechanisms responsible for these
effects remain unclear. In this study, we investigated the
effects of HSCs on cisplatin-induced apoptosis in human
hepatoma HepG2 cell lines. HepG2 cells were treated with
cisplatin alone or co-cultured with LX-2 cells 3 days before
incubation with cisplatin. Cisplatin causes apoptosis in HepG2
cells and LX-2 cells protect HepG2 cells from death. The
protection of LX-2 cells against cisplatin-induced cytotoxicity
in HepG2 cells appeared to be related to the inhibition of
apoptosis, as determined by cytotoxicity assay and nuclear
staining analysis. p53 and Bax mRNA levels were elevated,
and cell cycle arrest was produced after cisplatin treatment.
LX-2 cells suppressed this elevation of p53 and Bax as well as
the cell cycle arrest induced by cisplatin, when compared with
those of the treated cells with cisplatin alone. The LX-2 cells
pretreatment inhibited the cisplatin-induced apoptosis, which
was related with the incomplete blockage in p53 activation.
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In summary, the results of our present study demonstrate that
HSCs protect HepG2 cells against cisplatin-induced apoptosis
and its protective effects occur via inhibiting the activation
of p53, which is of critical importance for enhanced under-
standing of fundamental cancer biology.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most frequently
diagnosed cancer and the third most common leading cause of
cancer-related death worldwide, and the burden of this devas-
tating cancer is expected to increase in coming years (1,2).
The majority of patients are diagnosed at advanced stage and
thus not in a position for curative treatments (3), which have
very limited options, and the only systemic therapy currently
approved is sorafenib, an oral tyrosine kinase inhibitor drug
targeting multiple signalling pathways. The objective response
rate (ORR), however, was poor (4). Cisplatin is a widely used
anticancer agent and has a broad range of antitumor activity,
which is likely a result of inhibition of replication by cisplatin-
DNA adducts and induction of apoptosis (5). HCC is considered
a poor responder to chemotherapy and a standard systemic
treatment does not exist for patients for whom sorafenib is
unsuitable or unavailable. The reason could be the frequently
observed development of multidrug tumor resistance, which
is related to the high expression of the multidrug-resistance
gene (6-9). The progression of cancer is no longer recognized
as an independent event which only relates to the genetic muta-
tion and uncontrollable growth of cancer cells. New therapeutic
strategies are urgently needed, and these will most likely result
from a better understanding of the cell biology of HCC.

The interaction between tumor cells and their micro-
environment has been recognized to fundamentally affect
tumor progression (10-12). Physiologically, the surrounding
microenvironment constitutes an important barrier to cell
transformation and notably modulate cell growth (13). Under
cancer conditions, the tumor microenvironment experiences
drastic changes including the recruitment and the activation
of stromal cells and the remodeling of extracellular matrix
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(ECM), may influence the phenotype of tumor cells and
provide a selective pressure for tumor initiation, progression
and metastasis (14,15).

The remodeling of tumor microenvironment is one of the
hallmarks of HCC pathogenesis (16). The majority of HCC
patients have an established background of chronic liver
disease (17), and the presence of liver cirrhosis is the main risk
factor for the development of HCC (18,19). In addition, HCC is
the leading cause of death among patients with cirrhosis (20).
Hepatic stellate cells (HSCs), the versatile mesenchymal cells
in the liver parenchyma, are vital to the liver's response to
inflammation. Activation of HSCs is recognized as a central
event in the development of hepatic fibrosis and subsequent,
cirrhosis (21). In response to liver injury, quiescent HSCs
become activated and convert into highly proliferative myofi-
broblast-like cells, which express inflammatory and fibrogenic
mediators responsible for ECM accumulation within the
microenvironment, and may affect proliferation, invasiveness
and metastasis of tumor cells, and facilitates hepatic tumori-
genesis (21-24). However, the detailed mechanisms responsible
for these effects remain unclear.

Tumor mass is a balance between cell proliferation and
death, and factors affecting this balance have a profound effect
on tumor growth. Regulation of apoptosis in tumor cells remains
poorly understood. Furthermore, few studies demonstrate the
effects of HSCs on HCC from the chemotherapy-resistance
perspective.

The aim of our study here was to examine if HSCs could
provide a survival signal, or block a death signal, thereby
protecting HCC cells from chemotherapy-induced apoptosis.

Materials and methods

Reagents. Cisplatin was purchased from Sigma-Aldrich
(Shanghai) Trading Co., Ltd. (Shanghai, China). RNAiso Plus
reagent, Primescript™ reverse transcription (RT) reagent kit
and SYBR® Premix Ex Taq™ II were obtained from Takara
Biotechnology Co. (Dalian, China). WST-8 Cell Counting
Kit-8 (CCK-8), Hoechst 33258 staining kit, RIPA lysis buffer
and bicinchoninic acid (BCA) were purchased from Beyotime
Biotechnology (Haimen, China). Monoclonal antibody raised
in rabbit against Bax (ab32503), Bcl-2 (ab136285) and mono-
clonal antibody raised in mouse against p53 (ab28), f-actin
(ab8224) were obtained from Abcam Inc. (Cambridge, UK).
Horseradish peroxidase (HRP)-conjugated goat anti-rabbit
or anti-mouse IgG was purchased from Zhongshan Golden
Bridge Biotech (Beijing, China).

Cell lines and cell culture. HepG2 human hepatoma cells
(Cell Collection of the Chinese Academy of Sciences,
Shanghai, China) and HSCs, LX-2 (kindly provided by
Professor Hong Chen, Lanzhou University First Hospital,
Lanzhou University, Lanzhou, China) were maintained by
Dulbecco's modified Eagle's medium (DMEM) (HyClone
Laboratories Inc., Logan, UT, USA) supplemented with
heat-inactivated 10% fetal bovine serum (FBS) (HyClone
Laboratories Inc.), 100 U/ml penicillin and 100 pg/ml strep-
tomycin (North China Pharmaceutical Co., Inc., Shijiazhuang,
China) in a humidified atmosphere containing 5% CO, at 37°C.
The cells in mid-log phase were used in the experiments.

633

LX-2 cells HepG2 cells

| |

Plate on the insert Plate on the bottom

senen (1% 10°%cells) 2ml - guene —| (5 x 10°¢cells) 2 ml |—
\3 days/

Insert LX-2 cells

Bottom —»

HepG2 cells

Figure 1. Scheme of the co-culture model. LX-2 cells were seeded on
the insert plate at a density of 1x10° cells in 2 ml of culture medium, and
5x10°> HepG?2 cells were plated on the bottom in 2 ml of culture medium.
After 3 days incubation, HepG2 cells in the bottom were collected for all
experiments.

The model used in the experiments described below
is based on the co-culture of HepG2 cells with LX-2 cells.
Details for the co-culture model are shown in Fig. 1. Cells
were co-incubated using cell culture inserts of 1.0-mm pore
size (Merck Chemicals Co., Ltd, Shanghai, China) to separate
both cell populations; this allows study of the effect of media-
tors from LX-2 cells on HepG2 cells, which resembles the
physiological situation in the liver. The ratio of HepG2 cells to
LX-2 cells was 5:1, similar to that of parenchymal: nonparen-
chymal cells in liver (25). HepG2 cells, after co-culturing for
3 days, were carefully removed from the 6-well plates. They
were washed twice with PBS, and the cells were removed using
0.25% trypsin and collected by centrifugation at 1000 rpm
for 5 min. At this time all additions were made. In addition,
the designation HepG?2 refers to data found in HepG2 cells
incubated with an empty insert; HepG2/1X-2 refers to results
obtained in HepG2 cells after co-culture with the LX-2 cells.

Cytotoxicity assay. The viability of the cultured cells was
analyzed using a CCK-8 colorimetric assay as described previ-
ously (26). In pilot experiments we tested cisplatin with varying
concentrations to obtain an optimal concentration of cisplatin
and chose a similar OD value to ensure the effect of cisplatin
were comparable. The cells were seeded in 96-well flat bottom
microtiter plates at a density of 5x10° cells per well, allowed to
adhere in 5% CO, incubator at 37°C, and appropriate concentra-
tions of cisplatin ranging from 0.5 to 32.0 ug/ml (5) were then
added. Control group and zero adjustment wells were also set.
After incubation for 24-72 h, CCK-8 solution (10 pl) was added
to each well, the cells were incubated at 37°C for 1 h and then
the absorbance at a test wavelength of 450 nm was measured
using an automatic multiwell spectrophotometer (PowerWave
X, Bio-Tek Instruments Inc., Winooski, VT, USA). At least
three independent experiments were performed.

Flow cytometry for cell cycle analysis. Cell cycle distribution
was analyzed by flow cytometry. HepG2 cells were treated
with cisplatin alone or pretreated with LX-2 cells for 3 days
before incubation with cisplatin for 24 h. Cells were harvested
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Figure 2. LX-2 cells suppress cisplatin-induced apoptosis in HepG2 cells.
HepG?2 cells were treated with cisplatin alone or pretreated with LX-2 cells
for 3 days before incubation with cisplatin for 24 (A), 48 (B) and 72 h (C). The
levels of cell survival were determined via CCK-8 assays and are expressed
as percentages of cell growth relative to untreated controls. The values were
expressed as means = SD of three independent experiments. “P<0.05.

by trypsinization and washed with cold PBS, followed by
centrifugation at 2000 rpm for 10 min. The pellet of cells was
resuspended in 70% cold ethanol and stored at 4°C overnight.
Cells were washed twice with PBS. The pellet was resus-
pended in PBS containing 20 xg/ml RNase A, 3.4 mmol/l
sodium citration and 1% Triton X-100 in the dark, incubated at
room temperature for 30 min, stained with PI (50 p#g/ml), and
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Table I. Primer sequences used to detect Bax, Bcl-2 and p53
for qPCR.

Gene Primer sequence Product size
(bp)
Bax F: 5'-ATCCAAGACCAGGGTGGTT-3' 125
R: 5-ATCTGGAAGAAGATGGGCTG-3'
Bcl-2 F: 5-GGCCTCTGTTTGATTTCTCC-3' 116
R: 5-AGTGAAGTCAACATGCCTGC-3'
p53 F: 5'-TACATCTGGCCTTGAAACCA-3' 119
R: 5-TTTCTACAGTTGGGCAGCTG-3'
GAPDH F:5-ATCATCCCTGCCTCTACTGG-3' 122

R: 5'-GTGTCAGTGGTGGACCTGAC-3'

F, forward; R, reverse.

analyzed by EPICS XL flow cytometry (Beckman Coulter,
Brea, CA, USA). Each assay was performed in triplicate.

Morphologic observation. HepG2 cells were equally seeded in
24-well plate (Costar 3524, Corning Inc., Corning, NY, USA)
and then treated with cisplatin alone or pretreated with LX-2
cells for 3 days before incubation with cisplatin for 24 h. The cells
were washed gently three times with PBS. The morphology of
HepG2 and HepG2/1X-2 cells was observed under an inverted
phase contrast microscope (Olympus, Tokyo, Japan).

Nuclear staining analysis by Hoechst 33258. Nuclear
morphology of apoptotic cells was also examined after nuclear
staining using Hoechst 33258 staining kit. Briefly, after the
drug treatment, the cells were fixed with 4% paraformalde-
hyde for 30 min and washed three times with PBS. Then cells
were stained with 10 mg/l Hoechst 33258 in the dark at room
temperature for 10 min. Morphologic changes in apoptotic
nuclei were observed under fluorescence microscope. The cells
with condensed chromatin and shrunken nuclei were classified
as apoptotic cells. Apoptosis was assessed by counting the
number of apoptotic cells in five random fields per slide. At
least three slides were counted.

Quantitative real-time reverse transcription-polymerase
chain reaction (qRT-PCR) assay. Total RNA was isolated
from the cultured cells using RNAiso Plus reagent following
the recommendation of the manufacturer, then reverse tran-
scribed into cDNA using the Primescript reverse transcription
(RT) Master Mix according to manufacturer's instructions.
Reverse transcription reaction was performed at 37°C for
15 min followed by 85°C for 5 sec. qRT-PCR amplifications
were performed using a standard protocol and undertaken
with Applied Biosystems 7500/7500 Fast Real-time PCR
Software (Applied Biosystems, Foster, CA, USA) using the
SYBR Premix Ex Taq II. Reactions were carried out in a
20-p1 reaction volume. The thermal cycle conditions were as
follows: 95°C for 30 sec, followed by 40 cycles of 95°C for
5 sec and 60°C for 34 sec. The primers used in the PCR reac-
tions are described in Table I. The level of gene expression
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Figure 3. Morphology of HepG2 and HepG2/1X-2 cells treated with cisplatin. Morphology was visualized and photographed under a light microscope. White
arrowheads in the pictures indicate the nuclei of apoptotic cells. (magnification, x400).

was normalized with GAPDH. All primers were synthesized
by Takara Biotechnology Co. Amplification was performed
at least thrice in three independent experiments. Data were
analyzed according to the comparative Ct method.

Western blotting. Western blots were performed and analyzed
as previously described (27). Treated cells were washed with
ice-cold PBS and then lysed using RIPA lysis buffer supple-
mented with | mM PMSF. After centrifugation at 12,000 rpm
for 15 min at 4°C, the supernatant was collected and the
protein concentration was measured by the BCA protein
assay. Forty micrograms of protein per sample were loaded
on SDS-polyacrylamide gel (10%) and transferred to polyvi-
nylidene fluoride (PVDF) membranes. The blots were blocked
with 5% skimmed milk in Tris-buffered saline containing
0.1% Tween-20 (TBST) for 1 h at room temperature and then
incubated at 4°C overnight with primary antibodies against
Bax (1:1000), Bcl-2 (1:800) and p53 (1:1000). B-actin (1:4000)
was used as a loading control. After being washed in TBST
three times, the membranes were incubated with horseradish
peroxidase-conjugated secondary antibody (1:10,000) for 1 h
at room temperature. The bands were visualized with the
SuperSignal West Pico Chemiluminescent Substrate (Thermo
Fisher Scientific, Inc., Rockford, IL, USA) and imaged using
a VersaDoc Imaging System (Bio-Rad Laboratories Co., Ltd.
Hercules, CA, USA). Densitometric analysis was performed
using Quantity One Software v4.62 (Bio-Rad Laboratories
Co.) and the results were presented as the mean of three inde-
pendent experiments.

Statistical analysis. Values are shown as mean + standard
deviation (SD) of at least three independently performed
experiments to avoid possible variation. All statistical analysis
were carried out using SPSS 19.0 (IBM, Armonk, NY, USA).
Statistical significance was determined with Student's t-test
and one-way ANOVA followed by the Bonferroni correction.
A P-value of <0.05 was considered statistically significant.

Results

LX-2 cells protect cisplatin-induced cytotoxicity in HepG?2
cells. In order to evaluate the effects of LX-2 cells on cispl-
atin-induced cytotoxicity in HepG2 cells, HepG2 cells were
pretreated with LX-2 cells for 3 days and subsequently treated
with increasing concentrations cisplatin. As shown in Fig. 2,
the results showed that cisplatin inhibited the proliferation of
HepG2 and HepG2/1X-2 cells in a time- and concentration-
dependent manner. However, LX-2 cells protected HepG2
cells from cell death induced by cisplatin, significantly in the
presence of 8.0-32.0 ug/ml cisplatin for 24 h. IC;, defined as
the drug concentrations resulting in 50% loss of cell viability
relative to the untreated cells was determined for HepG2 and
HepG2/1X-2 cells from Fig. 2 (Table II). The IC, doses for
cisplatin in HepG2 and HepG2/1X-2 cells were determined
to be 16.09+1.52 pg/ml and 38.23+3.65 pug/ml, respectively.
Thus, cisplatin was more than 2.4 times more potent in
HepG2 cells than in HepG2/1X-2 cells. Therefore, based on
above results, 16.0 yg/ml (low concentration) and 32.0 yg/ml
(high concentration) of cisplatin at 24 h were used to stand
for appropriate and high doses, respectively, in the following
experiments.

LX-2 cells suppress cisplatin-induced apoptosis in HepG2
cells. To further evaluate the effects of LX-2 cells on cisplatin-
induced apoptosis in HepG2 cells, HepG2 cells were pretreated
with LX-2 cells for 3 days, and then incubated them with cispl-
atin high (32 pg/ml) and low (16 pg/ml) concentrations. As
shown in Fig. 3, after exposure to cisplatin for 24 h, many of
the cells exhibited cytoplasmic shrinkage and either detached
from each other or floated in the medium. At high dose, there
was a significant increase in the percentage of rounded cells
with progressive nuclear shrinkage. The cells eventually
became detached from the culture dish, and cytoplasmic
vacuolation and cellular fragmentation were clearly seen.
However, LX-2 cell pretreatment before cisplatin exposure to
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Figure 4. LX-2 cells suppress cisplatin-induced apoptosis in HepG2 cells. (A) Morphological changes associated with apoptosis were examined by
Hoechst 33258 staining. (B) The apoptotic index was determined by (number of positively stained cells/total number of cells) x100%. White arrowheads in the

images indicate the nuclei of apoptotic cells. (magnification, x200). “P<0.05.

Table II. Cisplatin cytotoxicity in HepG2 and HepG2/1X-2 cells.

Cisplatin HepG2 HepG2/1X-2

24h ICy, 16.09+1.52 38.23+£3.65°

The values are expressed as means + SD of three independent
experiments. “P<0.01, significant compared between the HepG2 and
HepG2/1X-2 cells.

HepG2 cells suppressed the morphological characteristics of
apoptosis induced by cisplatin, and increased the number of
surviving cells.

These results were further confirmed by a morphological
analysis using nuclear staining analysis by Hoechst 33258.
The Hoechst fluorochrome was able to diffuse through intact
membranes of cells and stain DNA. As shown in Fig. 4A,
nuclei morphological change was observed by Hoechst 33258
staining, which illustrated that the control cells exhibited

uniformly dispersed chromatin, normal organelle and intact
cell membrane; exposed to cisplatin for 24 h, cells featured
typical characteristics of apoptosis, including the condensation
of chromatin, the shrinkage of nuclei and the appearance of a
few apoptotic bodies and ~30.4% underwent apoptosis with
cisplatin at the concentration 16.0 pg/ml, 63.7% with cisplatin
at the concentration 32.0 yg/ml; however, LX-2 cells protected
HepG?2 cells from cell death induced by cisplatin, when
compared with those of the treated cells with cisplatin alone
(~24.2% underwent apoptosis with cisplatin at the concentra-
tion 16.0 pug/ml, 46.9% with cisplatin at the concentration
32.0 ug/ml) (Fig. 4B).

LX-2 cells reduce the Bax:Bcl-2 ratio in cisplatin-treated
HepG?2 cells. It is thought that the ratio of the pro-apoptotic
protein Bax and the anti-apoptotic protein Bcl-2 plays a crucial
role in the control of the intrinsic pathway of apoptosis. We
therefore reasoned that the cell death inhibited by LX-2 cells
in HepG?2 cells treated with cisplatin might be due to changes
in this ratio. The expression of Bcl-2 and Bax was probed by
gRT-PCR and western blot analysis. As shown in Fig. 5A,
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Figure 5. LX-2 cells suppress the expression of Bax and Bcl-2 in cisplatin-treated HepG2 cells. The expression of Bax (A), and Bcl-2 (B) mRNA were detected
by qRT-PCR. (C) Ratio of Bax/Bcl-2 protein level. (D) The expression level of Bax and Bcl-2 were detected by western blot analysis, and (E and F) the results

were quantitatively analyzed by densitometry. ‘P<0.05, “P<0.01.

cisplatin upregulated the Bax mRNA expression in HepG2
cells in a dose-dependent manner. Following 24 h of treatment
with 16.0 and 32.0 pg/ml cisplatin, the Bax mRNA expression
level increased nearly 10- and 20-fold, respectively, however,
pretreatment with LX-2 for 3 days induced a marked reduction
in Bax mRNA expression. The results showed a reverse trend
to that in Bcl-2 mRNA expression (Fig. 5B). These results
were consistent with those obtained from western blot analysis
by use of anti-Bax and anti-Bcl-2 antibodies (Fig. 5D-F).
Treatment with 32.0 ug/ml cisplatin enhanced the ratio of
Bax to Bcl-2 approximately 4.1-fold, as compared with that
for the untreated cells. However, when the cells were cultured

with 32.0 ug/ml cisplatin together with LX-2 cells, this ratio
was decreased to ~55% of that for the cisplatin-treated cells
(Fig. 5C). These results further demonstrated that LX-2 cells
had the potential to suppress cisplatin-induced apoptosis in
HepG2 cells.

LX-2 cells suppress the expression of p53 and cell cycle arrest
in cisplatin-treated HepG2 cells. Cisplatin induces p53 activa-
tion in HepG2 cells. p53 level was elevated at 24 h after treated
with cisplatin compared with control cells (Fig. 6C). LX-2
cells abolished this elevation of p53 induced by cisplatin. This
suggests that LX-2 cells may play a critical role in cell-induced
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Figure 6. LX-2 cells suppress the expression of p53 and cell cycle arrest in cisplatin-treated HepG2 cells. (A) Flow cytometry DNA histographs of cells.
(B) Percentage of cells in different stages of cell cycle were quantified. (C) The expression of p53 mRNA were detected by qRT-PCR. (D) The expression level
of p53 was detected by western blot analysis, and the results (E) was quantitatively analyzed by densitometry. The values were expressed as means + SD of

three independent experiments. ‘P<0.05, “P<0.01.

resistance to the effects of anticancer drugs which upregulate
p53. The same trend was seen in the protein expression levels
of p53 (Fig. 6D-E). Cell cycle analysis showed that cisplatin
caused GO/GI1-S cell cycle arrest. The cell population in the

S phase increased in cells exposed to 32.0 yg/ml cisplatin for
24 h (37.69%) compared to cells without cisplatin treatment
(27.22%). LX-2 cells slightly suppress this increase induced by
cisplatin (Fig. 6A and B).
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Discussion

The results of our present study demonstrate that LX-2 cells
protect HepG2 cells against cisplatin-induced cytotoxicity and
its protective effects occur via the anti-apoptosis pathway in
HepG?2 cells. Flow cytometry showed that cisplatin arrested
HepG?2 cells in GO/G1-S phase of cell cycle, whereas LX-2
cells retarded the progression of cell cycle (Fig. 3), which may
be one of the mechanisms underlying the protective effect of
LX-2 cells on HepG?2 cells.

The role of the microenvironment during the initiation and
progression of carcinogenesis is now realized to be of critical
importance, both for enhanced understanding of fundamental
cancer biology, as well as exploiting this source of relatively
new knowledge for improved molecular diagnostics and
therapeutics (28,29). The tumor microenvironment, developed
from Paget's ‘seed and soil’ theory (30), which is a changing
concept that defines the behavior of cancer not only by the
tumor cells alone, but also by the surrounding microenviron-
ment that the tumor cells need for survival (29). It has long
been established that patients with chronic liver disease,
and particularly those with cirrhosis, have an increased risk
of developing hepatocellular carcinoma (19). Although the
importance of the association of HCC with cirrhosis is still
obscure, such an association provides a means to identify
patients at high risk for HCC. The cross-talk between HCC
cells and the surrounding tumor microenvironment is believed
to play a pivotal role in modulating the biological behaviour
of the tumor, likely affecting a different clinical outcome.
Cisplatin is a widely used anticancer agent and has a broad
range of antitumor activity (31). However, its curative effect
is limited due to chemoresistance of HCC, which remains a
major clinical obstacle (32,33). Thus, it is urgent to advance
our understanding of mechanisms of chemoresistance and
improve the efficacy of the current treatment strategies.

It has been demonstrated that various stroma cell types are
recruited to neoplasms, where they substantially promote the
proliferation, invasiveness and metastatic potential of cancer
cells. HSCs belong to one of the most important stroma cell
types in the liver tumor environment. Previous study demon-
strated that activated HSCs promoted tumorigenicity of HCC,
stimulating proliferation and migration of three different
human HCC cell lines in vitro and promote growth and inva-
siveness of human HCC cells in nude mice (22). However, the
detailed molecular mechanisms underlying the chemopreven-
tive effects of HSCs remained unclear. In this study, a novel
activity of HSCs was identified in HepG2 cells, namely the
protective effects from chemotherapy-induced apoptosis. In
line with our data, we demonstrate the effects of HSCs on
HCC from the chemotherapy-resistance perspective, which
shows potential as a new cancer treatment modality.

In this study, cisplatin induced apoptosis of HepG2 cells in a
time- and dose-dependent manner (Fig. 2). Consistent with the
ability of cisplatin to kill HepG2 cells via apoptotic processes,
cisplatin upregulated expression of the proapoptosis gene Bax,
in a dose-dependent manner, whereas LX-2 cells inhibited
this process (Fig. 5A), indicating that LX-2 cells were likely to
protect HepG2 cells from death via restraining the apoptosis
pathway. Apoptosis is the process of cell death characterized
by cell shrinkage, nuclear condensation, DNA fragmentation,
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expression of apoptosis-related genes, and activation of the
caspase cascade. The pro-apoptotic factor Bax resides in the
cytosol, in contrast, the anti-apoptotic Bcl-2 is localized in
the outer mitochondrial membrane, and this protein inhibits
the release of cytochrome c. Translocation of Bax to the
mitochondrial membrane might lead to a loss of mitochondrial
membrane potential and an increase in mitochondrial permea-
bility. Cisplatin downregulated expression of the anti-apoptosis
gene Bcl-2, in a dose-dependent manner, whereas LX-2 cells
inhibited this change (Fig. 5B). In this study, abundant cyto-
plasmic vacuoles were observed in cisplatin-treated HepG2
cells under an inverted phase contrast microscope (Fig. 3).
When LX-2 cells were applied, the number of apoptotic cells
decreased. Hoechst 33258 staining demonstrated independent
evidence supporting the conclusion that LX-2 cells has an anti-
apoptotic effect on HepG2 cells induced by cisplatin (Fig. 4).
The above-mentioned apoptotic features indicated that LX-2
cells have anti-apoptotic effects on HepG2 cells.

LX-2 cells also suppress the G1/GO-S cell cycle arrest
induced by cisplatin, most probably due to the decrease in
p53. p53 is implicated in DNA repair, apoptosis and cell cycle
control (34). Hepatoblastoma derived HepG2 cells, which have
wild-type p53 (35), were more sensitive to cisplatin, suggesting
that wild-type p53 might be one of the factors that modulates
the sensitivity to cisplatin (35). In the current study, we found
that cisplatin induces activation of p53. LX-2 cells decrease
p53 levels and suppress cell death.

In summary, the present study further supports the impact
of stromal activated HSCs on HCC progression in vitro. These
results demonstrate that HSCs partially protect HepG2 cells
against cisplatin-induced apoptosis and its protective effects
occur via decreasing the level of p53. LX-2 cells may therefore
play an important role in cell-induced resistance to the effects
of anticancer drugs by modulating the cellular levels of p53. In
further study, the precise molecular mechanism of the protec-
tive effect by LX-2 cells against cisplatin-induced apoptosis
should be elucidated.
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