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Huaier Extract Induces Apoptosis in Hepatoblastoma
Cells Via the MEK/ERK Signaling Pathway
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Abstract. Background/Aim: Huaier extract, whose main
active constituent is the proteoglycan, has anti-tumor activity
in several types of malignancies. In this study, we aimed to
elucidate the effect of Huaier extract in hepatoblastoma
cells. Materials and Methods: The effect of Huaier extract
on the proliferation of human hepatoblastoma cell lines
HepG?2 and HuH-6, was examined. Results: Incubation with
Huaier extract resulted in a marked, dose-dependent
decrease in hepatoblastoma cell viability. Huaier extract
induced S phase arrest in hepatoblastoma cells and
upregulated the expression of the cell cycle related proteins
cyclin DI and cyclin D3. It also induced apoptosis in
hepatoblastoma  cells. Additionally, it significantly
suppressed the activity of p-ERK and p-MEK. Conclusion:
Huaier extract inhibits proliferation, and induces cell
apoptosis and cell cycle arrest via the MEK-ERK pathway
in hepatoblastoma cells. Huaier extract may act as a
complementary agent for treating hepatoblastoma.

Hepatoblastoma is the most common childhood malignant
liver tumor. The incidence peaks in the first two years of life,
with the majority of cases presenting by the 5th year of age
(1). Complete surgical resection is the mainstay of therapy
for hepatoblastoma. Unfortunately, a large number of cases
are unresectable at presentation either because they are too
large, or multifocal, or due to the close proximity to major
vascular structures. This led to a universally gloomy
prognosis before neoadjuvant chemotherapy became the
standard of care in the treatment of hepatoblastoma (2).
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Therefore, identification of novel antitumor agents from
natural products is an alternative choice for the management
of hepatoblastoma.

In recent years, many Chinese herbs have been gradually
discovered to be potential sources of antitumor drugs killing
tumor cells less intensely and more naturally (3). Trametes
robiniophila Murr. (Huaier) has been applied in traditional
Chinese medicine for approximately 1600 years (4);
however, its antitumor potency has been discovered only in
recent decades and is used as a complementary therapy. The
major effective ingredient of this officinal fungi has been
identified as proteoglycan, which contains 41.53%
polysaccharides, 12.93% amino acids, and 8.72% water (5).
A number of studies have shown that Huaier extract exerts
potential antitumor effects in many tumor types through
proliferation inhibition and apoptosis induction (6-11). In
addition, a multicenter, randomized clinical trial has
indicated that Huaier extract prolonged significantly
recurrence-free survival and reduced extrahepatic recurrence
rates in HCC patients after curative resection (12). These
studies demonstrated that Huaier extract may be a promising
treatment of cancers alone or in combination with other
drugs. However, the underlying anti-tumor activity and
molecular mechanisms of Huaier extract in hepatoblastoma
cells are not yet fully understood.

Cell cycle disturbance, leading to uncontrolled cell
proliferation, is one of the most common alterations that
occur during tumor generation. Therefore, cell cycle arrest
is considered to be an effective approach for eliminating
tumor cells (13). Two major checkpoints, one at the G{/S
transition and the other at the G,/M transition, regulate cell
cycle and, therefore, the expression of molecules that
regulate transition through these phases of the cell cycle have
been investigated in numerous cell types (14). A general
process associated with DNA damage is the activation of cell
cycle checkpoints and promotion of cell cycle. Cyclic-
dependent kinases (cdks) are evolutionarily conserved
proteins that are essential for cell cycle control. Distinct pairs
of cyclins regulate the progression through the various stages
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of the cell cycle. Among these cyclins, cyclin D1 is regarded
as an oncogene and is a vital driver of multiple types of
human tumors including breast and squamous cell cancers,
B-cell lymphoma, myeloma, and parathyroid adenoma (15).
In addition to cyclin D1, mitogen-activated protein kinase
(MAPK) superfamily members are also associated with
increased proliferation, survival, and apoptosis, serving
different roles in cellular responses (16). ERK1/2, p38
MAPK, and JNK/SAPK have also been reported to play
central roles in the regulation of cyclin D1 expression (17).

Little is known about the molecular mechanisms
responsible for the anti-proliferative properties of Huaier
extract, and no studies have investigated the potential role of
Huaier in human hepatoblastoma cells. Understanding the
role and mechanism of Huaier extract will provide useful
information for their possible application in cancer therapy.
Therefore, in this study, we aimed to explore the anti-
proliferative effect and mechanisms of Huaier extract in
hepatoblastoma cells.

Materials and Methods

Preparation of Huaier extract. The electuary Huaier ointment was
provided by Qidong Gaitianli Medicine Co., Ltd. (Qidong, Jiangsu,
PR China). In total, 2 g of the electuary ointment were dissolved in
20 ml complete medium and sterilized through a 0.22 um filter to
obtain a 100 mg/ml stock solution, which was subsequently stored
at —20°C.

Cell lines and cell culture. The HepG2 and HuH-6 human
hepatoblastoma cell lines were used in this study. They were
purchased from the cell bank of RIKEN BRC (Tsukuba, Ibaraki,
Japan). The human hepatoblastoma cell line, HuH-6, was cultured
in DMEM (#11885-084, GIBCO, Tsu, Mie, Japan) medium
supplemented with 10% fetal bovine serum (FBS) (#10100147,
GIBCO). The other human hepatoblastoma cell line, HepG2, was
cultured in DMEM (#11995-065, GIBCO) medium supplemented
with 10% FBS (#10100147, GIBCO). Cells were incubated in a
humidified atmosphere at 37°C with 5% CO,.

Antibodies and reagents. The following antibodies and reagents
were used in this study: anti-MEK (#9122, Cell Signaling, Tokyo,
Chiyodaku, Japan), anti-ERK1/2 (#9102, Cell Signaling), phospho-
MEK (#9121, Cell Signaling), phospho-ERK1/2 (#9106, Cell
Signaling), anti-cleaved PARP (#5625, Cell Signaling), anti-PARP
(#9532, Cell Signaling), cell cycle regulation kit (#9932, Cell
Signaling).

Cell morphology. The hepatoblastoma cells were incubated with 2 or
5 mg/ml Huaier extract for 48 h. In order to identify the morphological
changes of the hepatoblastoma cells, the cells were observed under an
Olympus light microscope (CX31-72C02; Olympus Corporation,
Tokyo, Japan), and photomicrographs were captured using an
Olympus digital camera (DP72; Olympus Corporation).

MTT assay. MTT reagent was obtained from Sigma Aldrich (Tsu,
Mie, Japan). Cells (5x103) were seeded in 100 pl medium in 96
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wells plates and pre-incubated for 6 h before the addition of the
inhibitors. MTT (20 ul, 5 mg/ml) was added into each well. After
3.5 h incubation in a humidified atmosphere at 37°C with 5% CO,,
the culture media was removed, and DMSO (150 pl) was added.
The plates were shaken vigorously for 15 min and the absorbance
at 590 nm was measured using multi-spectrophotometer (Viento,
Dainippon, Japan). The optical density was used to determine cell
viability. The results are expressed as mean+SD from 3 independent
experiments.

Western blotting. Cellular extracts were obtained as previously
reported (18). The proteins (20 pg/lane) were analyzed on 7.5, 10
or 15% sodium dodecyl sulfate—polyacrylamide gel electrophoresis
followed by semi-dry transfer to PVDF membrane (Invitrogen,
Carlsbad, CA, USA). PVDF membranes were pretreated with 5%
non-fat dry milk in TBST containing 0.1% Tween-20 and incubated
with primary antibody (1:1000-3000) at 4°C overnight. The
membrane was then washed 3 times with TBST and incubated with
horseradish peroxidase-conjugated secondary antibody (1:1000-
3000) for 1 h at room temperature(28-35°C). To detect
phosphorylated proteins, transferred PVDF blots were pretreated
with PVDF Blocking Reagent (TOYOBO, Osaka, Japan) for 1 h,
and incubated with primary and then with secondary antibody (1:
3000-6000) which were diluted with Can Get Signal®
Immunoreaction Enhancer Solution (TOYOBO) at room
temperature for 1 h. After washing three times again, bound
antibodies were detected by using Western Lightening
Chemiluminescence Reagent Plus (Perkin Elmer Life Science,
Boston, MA, USA), and visualized on LAS-3000 mini (FUJIFILM).

Cell cycle analysis. Cell cycle analysis was performed after
treatment with/without Huaier extract for 24 h. Cells (2x10°) were
harvested and fixed in 99.5% ethanol over night at —20°C, followed
by incubation with 500 pl propidium iodide (PI) Triton X-100
solution containing RNase A at room temperature (28-35°C) for 30
min in the dark. Then the DNA content was analyzed immediately
with FACS, analyzed by using the ModFitLT software.

Statistical analysis. Statistical analysis was performed using SPSS
(IBM Corporation, Tsu, Mie, Japan). Statistical significance of
differences between groups was evaluated using Student’s -test and
two-way ANOVA. A p-value <0.05 was considered to be
statistically significant.

Results

Huaier extract inhibited proliferation and caused
morphological changes of HepG2 and HuH-6 cells. To
evaluate the effect of Huaier extract on HepG2 and HuH-6
hepatoblastoma cells, we measured cell viability using the
MTT assay after the cells were treated with various
concentrations of Huaier for 24, 48 and 72 h. As shown in
Figure 1A and B, Huaier significantly inhibited viability of
both HepG2 (Figure 1A) and HuH-6 (Figure 1B) in a dose-
dependent manner. HepG2 cells were more sensitive than
HuH-6. Treatment with 8 mg/ml of Huaier for 72 h
decreased the viability of HepG2 and HuH-6 cells by almost

97% and 72%, respectively. The morphological changes of
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Figure 1. Huaier extract suppressed cell viability of HepG2 and HuH-6 cells. The effect of Huaier extract on cell viability was measured by the
MTT assay. (A) HepG2 and (B) HuH-6 cells were treated with Huaier extract for 24, 48 and 72 h. Huaier extract significantly inhibited cell viability
of both cell lines in a dose-dependent manner. The experiments were performed in triplicate and data is presented as the mean+SD of three separate

experiments. (B) Phase-contrast images revealing the morphologies of HepG2 and HuH-6 cells prior and after treatment with 4 mg/ml Huaier for
48 h. Magnification 200x .
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Figure 2. Huaier extract induced S phase accumulation in HepG2 and HuH-6 cells. A. Treatment of HepG2 and HuH-6 cells treated with/without
Huaier extract (0, 2, 5 mg/ml) for 24 h was followed by analysis of cell cycle phase distribution, as described in Materials and Methods. Cells were
stained with PI for 30 min followed by FACScan flow cytometer analysis. B. HepG2 and HuH-6 cells were incubated in RPMI11640+10% FBS
with/without Huaier extract (0, 2, 5 mg/ml) for 24 h. Cyclin D1, Cyclin D3 and actin were detected by western blot. The intensity of Cyclin Dland
Cyclin D3 was quantified by ImageJ. After normalization to actin, the fold increase of Cyclin Dland Cyclin D3 versus the control was compared.
Data represent mean+SD. *Represents p<0.05.
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Figure 3. Effect of Huaier extract on MEK/ERK signaling in HepG2 and HuH-6 cells. A. HepG2 and HuH-6 cells were incubated in RPM11640+10%
FBS with/without Huaier extract (0, 2, 5 mg/ml) for 24 h. p-MEK, p-ERK and actin were detected by western blot as described in Materials and
Methods. B. The intensity of p-MEK and p-ERK was quantified by ImageJ. After normalization to actin, the fold decrease of p-MEK and p-ERK
versus the control was compared. Data represent mean+SD. *Represents p<0.05.

HepG?2 and HuH-6 cells after treatment with Huaier for 48
h are shown in Figure 1C. Compared with the untreated
cells, the majority of the Huaier-treated HuH-6 cells became
enlarged, irregular, spinous and had a vacuolized cytoplasm,
while numerous HepG2 cells became extremely elongated
and showed the special “wiredrawing” morphology. These
morphological changes demonstrated cell damage after
Huaier treatment.

Huaier treatment induced S-phase accumulation in HepG?2
and HuH-6 cells. To explore the mechanisms responsible for
the inhibitory effect, we investigated the impact of Huaier
extract on the distribution of cells in the various phases of
the cell cycle. As shown in Figure 2A, Huaier extract
induced S phase accumulation in HepG2 and HuH-6 cells.
The progression from G1 to S phase in mammalian cells is
thought to be regulated by D-type cyclins (13, 15). Thus, we
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Figure 4. Effect of Huaier extract on apoptosis in HepG2 and HuH-6 cells. A. HepG2 and HuH-6 cells were incubated in RPM11640+10% FBS
with/without Huaier extract (0, 2, 5 mg/ml) for 48 h. Expression of PARP, cleaved PARP and actin were detected by western blot as described in
methods and material. B. The intensity of PARP and cleaved PARP was quantified by ImageJ. After normalization to actin, the fold increase of
cleaved PARP versus the control was compared. Data represent mean+SD. *Represents p<0.05.

examined expression of the proteins related to cell cycle
regulation by western blot. In HepG2 and HuH-6 cells,
cyclin DI and cyclin D3 were upregulated following
treatment with Huaier extract (Figure 2B), consistent with
the accumulation of cells in S phase.

Huaier extract suppressed MEK/ERK signaling in HepG2
and HuH-6 cells. Since the anti-tumor effect is usually
closely correlated with down-regulation of cell survival
signaling pathways, we hypothesized that Huaier extract
treatment may result in the inhibition of the signaling
pathways involved in cell survival. MAPK has been shown
to be involved in the induction of cell cycle related cyclin
Ds in many types of cancer (17). Given that treatment with
Huaier extract upregulated the expression of cyclin D1 and
cyclin D3, we examined the expression of MAPK related
proteins after treatment of hepatoblastoma cells with Huaier
extract. Treatment of HepG2 and HuH-6 cells with different
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concentrations of Huaier extract resulted in a significant
dose-dependent decrease in the phosphorylation of MEK and
ERK in hepatoblastoma cells (Figure 3). This finding
indicates that Huaier extract may promote the expression of
cyclin DI and cyclin D3 by inactivating the MEK-ERK
signaling pathway.

Huaier extract induced apoptosis in HepG2 and HuH-6
cells. It is well known that the induction of apoptosis is a
promising target in cancer therapy. To demonstrate the
apoptosis effect of Huaier extract, we analyzed the
expression of apoptosis related proteins using western blot.
After treatment of HepG2 and HuH-6 cells with different
concentrations of Huaier extract for 48 h, as shown in
Figure 4, expression of cleaved-PARP was significantly
upregulated compared to untreated control cells,
demonstrating that Huaier extract induced apoptosis in
HepG2 and HuH-6 cells.
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Discussion

TCM has gained significant attention following findings on
its role in cancer prevention and treatment (19, 20). Huaier
extract has been used in China for approximately 1600 years
(21). Compared to the conventional chemotherapy and
radiotherapy which are not only cytotoxic to tumor cells, but
are also harmful to normal cells, Huaier extract, as a
complementary antitumor agent, has acquired increasing
attention because of its antitumor effects and low toxicity
(19, 22). Huaier extract has been investigated in patients and
found to provide clinical benefits. Zhang et al. have found
that Huaier granule could prolong the DFS, reduce serum
tumor markers and improve the quality of life of breast
cancer patients (23). In the present study, the antitumor effect
and underlying mechanisms of Huaier extract in
hepatoblastoma cells were investigated.

We obtained data indicating that treatment of
hepatoblastoma cells with 0, 2, 4, 8, 16 mg/ml of Huaier
extract inhibited their proliferation and induced apoptosis. It
was also demonstrated that Huaier extract inhibited cell
viability and induced morphological changes to cells. The
MTT assay also revealed that the Huaier extract reduced the
viability of hepatoblastoma cells in a dose-dependent
manner. In addition, certain apoptotic morphological
alterations were observed following treatment with Huaier
extract, which indicated cell damage.

Previous studies have indicated that Huaier extract induces
cell cycle arrest and apoptosis in a number of cell types, such
as hepatocarcinoma, melanoma, ovarian cancer and breast
cancer cells (24-27). The results from the present study
revealed that the proportion of S phase hepatoblastoma cells
gradually increased, consistent with the upregulation of the
cell-cycle proteins cyclin D1 and cyclin D3. These results
suggest that Huaier extract suppresses the proliferation of
hepatoblastoma cells through the upregulation of cell cycle
proteins to induce cell cycle arrest at the S phase. It is well
known that the induction of apoptosis is a promising cancer
treatment strategy. Furthermore, we found that treatment of
cells with Huaier extract increased apoptosis compared to
untreated control cells. It has been shown that many human
tumors and cell lines derived from tumor cells display
constitutive activation of the MEK/ERK signaling pathway,
which regulates apoptosis and cell cycle progression (28). As
shown in present study, the phosphorylation of MEK and
ERK in hepatoblastoma cells was reduced by Huaier extract.
This finding indicates that Huaier extract may induce cell-
cycle arrest and apoptosis through inactivation of the MEK-
ERK signaling pathway.

In summary, our results showed that Huaier extract could
inhibit cell proliferation by inhibiting the MEK-ERK
signaling pathway to induce apoptosis and cell-cycle arrest
in hepatoblastoma cells. These results contribute to the

understanding of the anticancer activity of Huaier extract.
Therefore, Huaier extract may be used as a novel
complementary medicine in hepatoblastoma treatment.
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