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ABSTRACT

Objective: This study examines the mechanism of an LX2-conditioned medium (LX2-CM) in promoting the proliferation, invasion
and migration of liver cancer cells.

Methods: Human liver cancer cells HepG2 and hepatic stellate cells LX2 were cultured to obtain LX2-CM. The experiment was
divided into a control group (DMEM-CM), control and medicated group (DMEM-CM with ERK1/2 pathway blocker U0126), research
group (LX2-CM), and research and medicated group (LX2-CM with U0126), in which dimethyl sulfoxide was added to both the control
and research groups, U0126 was added to the control and medicated group, and the research and medicated group was protected from
light for 1.5 h. The transwell experiment was used to detect the changes in cell invasion ability and migration ability. The expression
levels of vimentin, p-ERK1/2 and c-Myc of each group were measured using western blotting.

Results: With the increase of U0126 concentration, the cell proliferation ability of both medicated groups showed a downward
trend. Compared with the LX2-CM group, the cell proliferation ability of the DMEM group was significantly reduced at U0126
concentrations of 0 umol/L, 5 umol/L and 15 umol/L (P<0.01). When the U0126 concentration was 25 umol/L, the cells proliferative
capacity in the DMEM group was significantly reduced compared with the LX2-CM group, but the difference between the two groups
was not statistically significant (P>0.05). Compared with the control group, the cell invasion and metastasis ability of the control
and medicated group were significantly reduced but were significantly improved in the research group (P<0.05). Compared with the
research group, the cell invasion and metastasis ability of the research and medicated group were significantly reduced (P<0.05). The
results of the western blotting showed that compared with the control group, the expression levels of vimentin, p-ERK1/2 and c-Myc
in the control and medicated group were significantly reduced, and the levels in the research group significantly increased (P<0.05).
Finally, compared with the research group, the expression levels of vimentin, p-ERK1/2 and c-Myc in the research and medicated group
were significantly reduced (P<0.05).

Conclusion: LX2-CM can activate c-Myc and can significantly promote the proliferation, invasion and migration of hepatocellular
carcinoma cells, which may be closely related to the ERK1/2 signalling pathway.
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Introduction

Hepatocellular carcinoma is one of the most
common lethal malignant tumours, and its morbidity
and mortality rates are rapidly increasing. Accord-
ing to statistics, in China, the incidence and mor-
tality rates of liver cancer are second only to lung
cancer in men. Among women, the morbidity rate
ranks fifth and the death rate ranks third®. With the
development of the social economy, the treatment
of liver cancer has continuously improved, and the

early diagnosis and treatment effects of liver cancer
have made significant progress. However, the mor-
tality rate of patients with liver cancer is still high,
which seriously affects the quality of life of patients
and worsens their families’ economic burden.
Studies have shown that the occurrence and de-
velopment of liver cancer has an important relation-
ship with the tumour microenvironment®. In the liv-
er, the hepatic stellate cell is a kind of multifunctional
special liver interstitial cell that plays a major role in
the process of liver inflammation and fibrosis, which
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is involved in the formation of the chronic inflamma-
tion microenvironment of the liver®. According to
reports, there are reciprocal signalling pathways be-
tween hepatic stellate cells and precancerous hepat-
ocytes or liver cancer cells, such as extracellular sig-
nal-regulated kinase 1/2 (ERK1/2), which promotes
tumour proliferation, invasion and migration and the
formation of metastases (4). This study explores the
mechanism by which an LX2 conditioned medium
(LX2-CM) promotes the proliferation, invasion and
migration of liver cancer cells.

Materials and methods

Experimental cells

Human liver cancer cell lines HepG2 (Shang-
hai Hengfei Biotechnology Co., Ltd.) and hepatic
stellate cells LX2 (Guangzhou Focusbio Biotechnol-
ogy Co., Ltd.) were obtained.

Main instruments and reagents

The following were used in the experiment:
low-temperature high-speed centrifuge (Changsha
Xiangrui Centrifuge Co., Ltd., model: TG16-WS);
inverted biological microscope (Shanghai Putan
Optical Instrument Co., Ltd., model: MM-XH500);
ultra-low temperature refrigerator (Shandong Boke
Biological Industry Co., model: BDF-40H100);
DMEM medium (Shanghai Thermo Fisher Scien-
tific Technology Co., Ltd.); trypsin (Shanghai Ruji
Biotechnology Development Co., Ltd.); B-actin pol-
yclonal antibody (Shanghai Yuduo Biotechnology
Co., Ltd.); rabbit anti-ERK1/2 monoclonal antibody
(Beijing Luyuan Bird Biotechnology Co., Ltd.);
MTT solution (Shanghai Xinyu Biotechnology Co.,
Ltd.); c-Myc monoclonal antibody (Beijing Huaxia
Ocean Technology Co., Ltd.); and foetal cattle se-
rum (Shanghai Jianglin Biotechnology Co., Ltd.).

Grouping

Cell culture: Human hepatocellular carcino-
ma cells HepG2 and hepatic stellate cells LX2 were
cultured in DMEM with 10% foetal bovine serum
and 5% carbon dioxide at 37 °C. The culture medi-
um was changed daily. When the cell growth density
reached 85% and grew to the logarithmic phase, it
was seeded in a 96-well plate, 6-well plate, or 30
cm?2 medium for subsequent experiments. After the
LX2 cells in the culture medium reached about 70%,
the dead cells and impurities of the supernatant of
the cultured cells were removed, and the LX2-CM
was obtained by filtering. The DMEM medium with-

out the foetal bovine serum was incubated for 12 h,
and the culture solution was collected as a control
group.

Experimental grouping: The experimental
group was divided into a control group (DMEM-
CM), control and mediated group (DMEM-CM
with ERK1/2 pathway blocker U0126), research
group (LX2-CM), and research and mediated group
(U0126 was added to LX2-CM), in which dimethyl
sulfoxide was added to both the control and research
groups, U0126 was added to the control and mediat-
ed group, and the research and mediated group was
protected from light for 1.5 h.

Observation indicators

MTT method to detect cell proliferation:
HepG2 cells were made into a cell suspension and
were seeded in a 96-well plate at 40,000 cells/mL.
After 24 h of being cultured, they were divided into
the DMEM group and the LX2-CM group. There
were four compound holes in each group, 100 pL per
well. Various concentrations of U0126 (0 umol/L, 5
pmol/L, 15 pmol/L and 25 pmol/L) were added to
each well. After 12 h of incubation, 100 pL of MTT
solution was added to each well and cultured at room
temperature for 1 h. The absorbance at 470 nm was
measured. Multiple experiments were performed to
reduce errors.

Transwell cell migration experiment: The cells
used in each group were collected and a cell sus-
pension was prepared. Next, 200 pL of the cell sus-
pension was inoculated into the upper chamber of
the transwell chamber, and 300 pL of each group of
the mixed solution was added to the lower chamber.
The transwell chamber was placed into 24 wells and
routinely incubated for 24 h. The chamber was tak-
en out, washed and fixed, the adherent cells in the
chamber were wiped with a cotton swab, and crystal
violet was used for staining. Four fields were ran-
domly selected, and the number of cell migrations in
each group was observed with a microscope. Mul-
tiple experiments were performed to reduce errors.

Transwell cell invasion experiment: The matrix
gel was diluted with a concentration of 50 mg/L at
a ratio of 1:8, and the upper chamber surface of the
bottom membrane of the transwell chamber was coat-
ed with the matrix gel diluent and air-dried at room
temperature to aspirate excess liquid. The procedure
was the same as the transwell cell migration experi-
ment. Multiple experiments were performed to reduce
errors. The expression levels of vimentin, p-ERK1/2
and c-Myc were measured via western blotting.
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Statistical methods

In this study, the measurement data were com-
pared using an independent sample t-test between
the control and research groups, and a single factor
multi-sample mean comparison was used for multi-
ple groups. The MTT method was used to detect the
cell proliferation ability of each group. The transwell
experiment was used to detect the changes in cell
invasion ability and migration ability. The expres-
sion levels of vimentin, p-ERK1/2 and c-Myc within
the groups were determined by western blotting. If
the result was P<0.05, it was regarded as statistical-
ly significant. The SPSS20.0 software package was
used for the statistical data analysis.

Results

Changes of cell proliferation ability in LX2-
CM group and DMEM group

As shown in Table 1, the results indicated that
with the increase of U0126 concentration, the cell
proliferation ability of the LX2-CM and DMEM
groups followed a downward trend.

Compared with the LX2-CM group, the
cell proliferation ability of the DMEM group was
significantly reduced at U0126 concentrations of O
pmol/L,5 umol/L and 15 umol/L (P<0.01). When the
U0126 concentration was 25 umol/L, the cells in the
DMEM group were significantly reduced compared
with the LX2-CM group, but the difference between
the two groups was not statistically significant
(P>0.05).

Groups Cases 0 umol/L 5 umol/L 15 pmol/L 25 umol/L
P o) 00126 00126 U0126 U0126
LX2-CM 4 175¢0.16 | 133:0.16 | 0.93+0.18 0.4420.10
group
DMEM 4 1.1420.11 | 0874009 | 0.51+007 0.39+0.06
group
¢ 6.283 5012 4349 0.858
P 0.001 0.002 0.005 0.424

Table 1: Changes in cell proliferation capacity between
the control and research groups (x +s).

Changes of cell invasion ability in each
group

As shown in Table 2, compared with the con-
trol group, the cell invasion ability of the control
and mediated group was significantly reduced, and
the cell invasion ability of the research group was
significantly enhanced (P<0.05). Compared with
the research group, the cell invasion ability of the
research and mediated group was significantly re-
duced (P<0.05).

Groups Changes of cell invasion ability (cases)
Control group 51.26+6.33
Control and mediated group 21.53+7.49*
Research group 81.74x18.66
Research and mediated group 37.84+10.37°

Table 2: Changes of cell invasion ability in each group
(x=s).

Note: “P<0.05 compared with the control group; *"P<0.05 com-
pared with the research group.

Changes in cell migration capacity in each
group

As shown in Table 3, compared with the con-
trol group, the cell migration ability of the control
and mediated group was significantly decreased,
and the cell migration ability of the research group
was significantly enhanced (P<0.05). Compared
with the research group, the cell migration ability of
the research and mediated group was significantly
reduced (P<0.05).

Groups Changes of cell invasion ability (cases)
Control group 96.47+11.15
Control and mediated group 47.23+14.71*
Research group 205.67+36.28°
Research and mediated group 62.25+19.87°

Table 3: Changes in cell migration capacity of each group
(X" =s).

Note: “P<0.05 compared with the control group; *P<0.05 com-
pared with the research group.

Changes in expression levels of vimentin,
p-ERK1/2 and c-Myc in each group

As shown in Figure 1, the results of the western
blotting indicated that compared with the control
group, the expression levels of vimentin, p-ERK1/2
and c-Myc in the control and mediated group were
significantly reduced, whereas the levels in the
research group significantly increased (P<0.05).

vimeniim

P-ERK1/2

Figure 1: Changes in expression levels of vimentin,
p-ERK1/2 and c-Myc in each group.
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Compared with the research group, the expression
levels of vimentin, p-ERK1 / 2 and c-Myc in the
research and mediated group were significantly re-
duced (P<0.05).

Discussion

Liver cancer is a malignant tumour with high
lethality. Although treatment methods for liver can-
cer have increased, it is prone to metastasis inside
and outside the liver, and, therefore, the overall
prognosis of patients with liver cancer is still poor®.
According to reports, the most important processes
in liver cancer metastasis include the proliferation,
invasion and migration of cancer cells®. There-
fore, inhibiting the growth of liver cancer cells and
blocking their invasion and migration has become
a key focus in the treatment of this disease. With
the continuous improvement of isolation methods
and deepening knowledge, an increasing amount of
studies have shown that hepatic stellate cells are not
only involved in liver development, regeneration,
immunoregulation and the proliferation and differ-
entiation of liver progenitor cells but also related to
hepatitis, cirrhosis and the occurrence and develop-
ment of liver cancer”®. In this study, LX2-CM was
used as an experimental reagent to observe its effect
on liver cancer cells.

The MTT method is commonly used to detect
changes in cell proliferation®. In this study, MTT
experiments were used to detect changes in cell pro-
liferation, and it was found that the cell prolifera-
tion of the LX2-CM group was significantly higher
than that of the DMEM group. As the concentration
increased, the cell's proliferation ability was signif-
icantly weakened. It is thus suggested that LX2-CM
can significantly promote the proliferation of liver
cancer cells.

The migration of tumour cells is a nonnegligi-
ble part of tumour cell metastasis. Hepatoma cells
can pass through the basement membrane and ex-
tracellular matrix into the vasculature during metas-
tasis. This enhances the ability of liver cancer cells
to migrate'?. Jin et al.'" found that hepatic stel-
late cells can promote the invasion and migration
of liver cancer cells with over-secreted laminin 5.
In this study, compared with the control group, the
cell invasion and metastasis ability of the control
and mediated group were significantly reduced but
were significantly enhanced in the research group
(P<0.05). Compared with the research group, the
cell invasion of the research and mediated group

was significantly reduced (P<0.05). This indicates
that LX2-CM has an important role in promoting
the invasion and migration ability of liver cancer
cells.

Numerous studies point out that the close in-
teraction between tumour cells and their adjacent
tumour stroma is an important regulator in the oc-
currence and development of liver cancer. Many
factors and complex signal pathways in the tumour
microenvironment participate in tumour cells. An
epithelial-mesenchymal transition occurs, and the
tumour microenvironment is closely related to the
maintenance of tumour stem cells"*'.

C-Myc is a member of the Myc family that
consists of 439 amino acid residues, and it plays an
important role in cell proliferation and differentia-
tion. Studies have found that the activation of c-Myc
is closely related to the occurrence and develop-
ment of various tumours. It not only promotes the
malignant proliferation and transformation of cells
but also inhibits cell differentiation¥. Vimentin is
a characteristic phenotypic protein of mesenchy-
mal cells that can maintain the normal morphology
of cells and promote cell adhesion and migration.
Some scholars have found that overexpression of
vimentin is an important marker of epithelial-mes-
enchymal transition and has a central relationship
with the malignant development of tumour cells"”.
An ERK1/2 signalling pathway is an effective way
to regulate cell growth and cell cycle progression
and can also regulate the transcription of multiple
proteins'®.

In this study, compared with the control group,
the expression levels of vimentin, p-ERK1/2 and
c-Myc in the control and mediated group were sig-
nificantly reduced, but their levels in the research
group significantly increased (P<0.05). Compared
with the research group, the expression levels of vi-
mentin, p-ERK1/2 and c-Myc in the research medi-
cation group were significantly reduced (P<0.05). It
is suggested that LX2-CM can activate the expres-
sion of c-Myc and ERK1/2 and induce the occur-
rence of epithelial mesenchyme.

In summary, LX2-CM can activate c-Myc,
which has a significant promotion effect on the pro-
liferation, invasion and migration of liver cancer
cells and may be closely related to the ERK1/2 sig-
nalling pathway.
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