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Abstract: Hepatocellular carcinoma (HCC) is a leading cause of cancer-related mortality worldwide and novel thera-
peutic approaches are urgently required. Anemoside B4 (AB4) is a compound extracted from Pulsatilla chinensis (P.
chinensis). Previous studies have indicated that P. chinensis extract P. chinensis saponins has anti-cancer activity.
However, the pharmacological effect of AB4 in cancer is largely unknown. In this study, we investigated the anti-
cancer efficacy of AB4 in HCC. We used CCK-8 assay and colony formation assay to evaluate the cytotoxicity of AB4
and found that this agent markedly inhibited SMMC7721 cell proliferation. By using a panel of morphological and
molecular experiments, we reported that AB4 induced HCC SMMC7721 cell apoptosis and autophagy. Notably, AB4
treatment acts on the Bcl-2-caspase-3 pathway and Beclin-1-LC3-p62 pathway, thereby regulates both apoptosis
and autophagy. Finally, we showed that AB4-induced apoptosis and autophagy converges at the PISK/Akt/mTOR
signaling. AB4 treatment inhibits this signaling transduction pathway and leads to HCC cell death. Collectively, our
study highlighted the anti-cancer efficacy of AB4 and suggested that AB4 might be a novel way to treat HCC.
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Introduction

Liver cancer is one of the common malignant
tumors with high incidence and mortality ac-
cording to the latest statistics from Global
Cancer 2018 [1]. The types of liver cancer in-
cludes hepatocellular carcinoma (HCC), intra-
hepatic cholangiocarcinoma (ICC) and combi-
ned hepatocellular-cholangiocarcinoma (CHC),
in which HCC accounts for 70%-90% of cases
[2, 3]. A number of risk factors for HCC have
been identified, such as hepatitis virus infec-
tion, smoking, ethanol abuse, and several
drugs. Unfortunately, the prognosis of HCC is
very poor because most patients are not suit-
able for surgical resection and chemotherapy
remains to be an important approach to treat
advanced HCC [4, 5]. Although several novel

multi-target small molecule inhibitors have
been recently approved for treating advanced
HCC, the overall response for these drugs are
not promising and the patients’ survival are not
markedly improved [6]. Thus, there is urgent
need for exploring new treatment strategy and
therapeutic targets for advanced HCC.

Pulsatilla chinensis (P. chinensis) is a tradition-
al Chinese medicine (TCM) herb that belongs to
the buttercup family. It is well known for its
“blood-cooling”, detoxification and anti-infec-
tious efficacy and has been used for treating
intestinal amebiasis bacterial infections, malar-
ia, vaginal trichomoniasis and cancer in ancient
China [7-9]. P. chinensis saponins, a nature trit-
erpenoid glycosides, is the main active compo-
nent isolated from P. chinensis. Previous stud-
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ies have reported that P. chinensis saponins
has a wide range of pharmacological effects,
including anti-inflammatory, anti-oxidant, im-
munomodulatory and cognitive enhancement
[10]. Furthermore, P. chinensis saponins has
been used as an anti-tumor drug and for treat-
ing hepatitis B in Yichang, Hubei, China [11,
12]. However, the pharmacological effect of
AB4, a monomeric compound of P. chinensis
saponins, is largely unknown.

Autophagy is an evolutionarily-conserved lyso-
somal pathway, it means that cellular organ-
elles, unfolded proteins and intracellular patho-
gens were degraded under starvation, oxida-
tive, infection and other stress to meet energy
requirements for cell survival [13]. Autophagy
includes multiple steps, including initiation,
elongation and formation and maturation of
double-membrane vesicle termed as autopha-
gosome. Autophagosomes fuse with lysosomes
to form autolysosomes for degradation. Au-
tophagy also known as type Il programmed cell
death and is tightly regulated by autophagy
related genes, including ATG, Beclin-1 and p62
[14]. Extensive studies have showed that au-
tophagy plays an important role in HCC tumori-
genesis and progression. For example, a num-
ber of studies has shown the involvement of
autophagy in the pathology of HCC etiologic
factors, mainly HBV/HCV infection and alcohol
consumption [15]. Autophagy is frequently
deregulated in HCC and targeting autophagy
would be a novel strategy for advanced HCC.
Interestingly, autophagy shows a “double face”
in determining cell fate, in which it can either
collaborate with apoptosis to promote cell
death or sometimes confront with apoptosis
[16]. This has led a feasible way to manipulate
autophagy to enhance apoptosis or suppress
cell death. Both autophagy and apoptosis are
regulated by distinct signal transduction path-
ways, while they shared “common regulatory
signalings”, one of these is the PI3K/Akt/mTOR
signaling [17]. Previous studies have shown
that P. chinensis saponins extracts exert anti-
cancer efficacy and induce apoptosis and
autophagy by manipulating the PI3K/Akt/mTOR
signaling [18]. However, the molecular mecha-
nism that underlies the pharmacological prop-
erty of AB4 (Figure 1A) remains unclear.

In this study, we aimed to investigate potential

anti-cancer effect of AB4 in HCC. We showed
that both autophagy and apoptosis are involved
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in the cytotoxicity of AB4 and suggested that
inhibition of the PI3K/Akt/mTOR signaling
might underlie the molecular machinery of AB4
in cancer treatment.

Material and methods
Reagents

AB4 was purchased from Absin Biotechnology
(Shanghai, China). Fetal bovine serum (FBS),
Dulbecoo’s Modified Eagle’'s Medium (DMEM),
Phosphate-Buffered Solution (PBS), trypsin
and penicillin-streptomycin solution were pur-
chased from HyClone (Beijing, China). Primary
antibodies for Bcl-2, Bax, Cleaved Caspase-3,
Cleaved PARP, LC3, Beclin-1, p62, p-Akt,
p-mTOR, B-actin were ordered from Cell Si-
gnaling Technology (Danvers, MA, USA). The
Cell Counting Kit-8 and the Annexin V-FITC
Apoptosis Detection Kit were obtained from
Beyotime Biotechnology (Beijing, China). Mo-
nodansylcadaverine (MDC), Acridine Orange
(AO), chloroquine (CQ), and dimethyl sulfoxide
(DMSO) were obtained from Sigma (St. Louis,
MO, USA).

Cell culture

The SMMC7721 cells were purchased from the
Shanghai Institutes of Biological Sciences.
Cells were cultured in DMEM supplement with
10% FBS and penicillin-streptomycin (100 U/
mL). Cells were incubated in a humidified incu-
bator with 5% CO,, at 37°C.

CCK-8 assay

Cells were seeded into 96 well-plate at a den-
sity of 5 x 10® per well, then treated with
ascending concentrations of AB4 (5, 10, 20,
40, 80, 160, 320 uM) for different time periods
(24, 48 and 72 h). Cells were subsequently
incubated with 10 uL CCK-8 for additional 1 h.
The optical density (OD) at 470 nm was deter-
mined by microplate reader (Bio-Tek, VT, USA).

Colony formation assay

Cells were seeded into 6 well-plate at a density
of 1 x 102 per well, and treated with AB4 (20,
40, 80 uM) for about 14 days. The medium was
discarded and the cells were washed with PBS
three times. After being fixed with 4% parafor-
maldehyde for 20 min at room temperature, the
cell colonies were stained with 1% crystal violet
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Figure 1. AB4 inhibits SMMC7721 cell proliferation. A. The chemical structures of AB4. B. SMMC7721 cells were
treated with ascending concentrations of AB4 (5, 10, 20, 40, 80, 160, 320 uM) for different time periods (24, 48
and 72 h) and cell viability was determined by CCK-8. C and D. Representative images of cell colonies after AB4
treatment. Cells were treated with AB4 (20, 40, 80 uM) for about 14 days, and cell colonies were stained crystal
violet and analyzed. **P < 0.01 versus the control group.

for 15 min. Finally, the dye was washed with
PBS, the colonies in each well were quantified
and photographed.

MDC and AO staining

Cells were seeded in 6-well plates and incubat-
ed with 80 uM AB4. After 24 h of treatment,
cells were stained with 50 yM MDC or AO solu-
tion for 30 min. The MDC and AO fluorescence
was observed under a confocal laser scanning
microscope (Olympus, Tokyo, Japan) and fluo-
rescent microscope (Olympus, Tokyo, Japan),
respectively.

Western blot
Protein were extracted from AB4-treated and

vehicle-treated cells. Protein samples were
extracted with RIPA buffer containing protease
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inhibitor cocktail. Protein quantified was per-
formed using a BCA protein assay kit. Protein
samples were separated using 10% SDS-PAGE
and then transferred to PVDF membranes.
Then membranes were blocked with 5% BSA in
TBST for 1 h and incubated with corresponding
primary antibodies overnight at 4°C. The mem-
branes were incubated with an secondary anti-
body for 1 h at room temperature. The protein
bands were detected by enhanced chemilumi-
nescence kit (Millipore, MA, USA).

Immunofluorescent staning and Flow cytom-
etry assay

Cells were seeded into 6 well-plate at a density
of 2 x 10° per well, treated with 80 uM AB4 or
DMSO for 24 h and diluted to indicated concen-
tration. Cells were suspended in 195 uL of
Annexin V-FITC binding buffer, incubated with
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with 5 pyL Annexin-V-FITC and 10 pL PI for 25
min at 4°C. The cell fluorescence and apopto-
sis were detected by confocal laser scanning
microscope and flow cytometer, respectively.

Transmission electron microscopy

After indicated treatment, cells were fixed over-
night at 4°C in 2% paraformaldehyde, 2.5% glu-
taraldehyde in 0.1 M sodium cacodylate buffer
overnight at 4°C, before being post-fixed with
1% 0,0, for 1 h. Cells were then dehydrated in
a graded ethanol series and embedded in agar
100 epoxy resin. Ultrathin sections were mo-
unted on Cu grids and stained first with uranyl
acetate followed by lead citrate. The sections
were observed and photographed under tran-
smission election microscope (Joel, JEM-
2000EX, Tokyo, Japan).

Statistical analysis

All experiments were repeated independently
at least 3 times. Data were presented as mean
+ SD. Statistical analysis were carried out using
SPSS 20.0 software (Chicago, IL, USA). Paired t
test and one-way analysis of variance (ANOVA)
were employed to determine the statistical sig-
nificance between different groups. Significant
difference was set at *P < 0.05 and **P <
0.01.

Results

AB4 inhibits the proliferation of SMMC7721
cells

We investigate the effect of AB4 on SMMC7721
cell growth by evaluating cell viability using
CCK-8 analysis. SMMC7721 cells were treated
with 5, 10, 20, 40, 80, 160, 320 uM for 24, 48
and 72 h, respectively. AB4 inhibition was
observed in 24 h phase, and it continued to
increase over the next 72 h. As shown in Figure
1B, AB4 inhibited SMMC7721 cell proliferation
in dose- and time-dependent manner.

The cytotoxicity of AB4 on SMMC7721 cells at
a relatively long period has been confirmed by
colony formation assay (Figure 1C and 1D).
AB4 at all the tested concentration markedly
prohibited SMMC7721 colony number on the
cell culture plate, and this inhibitory effect was
significant compared to the vehicle control
group. These results suggested that AB4 is a
candidate for treating advanced HCC.
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AB4 induces apoptosis in SMMC7721 cells

To underlie the molecular mechanism of the
cytotoxicity of AB4, we therefore investigated
whether this agent induces apoptosis. We used
immunofluorescent staining to evaluate apop-
tosis because the expression and distribution
of Annexin V and Pl various in normal and apop-
totic cells. As shown in Figure 2A, treatment
with AB4 readily triggered SMMC7721 cell
apoptosis, as judged by Annexin V and PI stain-
ing. In contrast, cells treated with vehicle con-
trol did not exhibited apoptotic immunofluores-
cent patterns.

We also used flow cytometry to determine cell
apoptosis. Cells showed four different cell pop-
ulations marked as: dead cells (B1), late apop-
tosis (B2), live cell population (B3) and early
apoptosis (B4). Consistent with our previous
findings, AB4 treatment readily induced SM-
MC7721 cell apoptosis (Figure 2B). In further
support of this notion, Western blot analysis of
apoptosis-related proteins showed that AB4
treatment inhibited the expression of anti-
apoptotic protein Bcl-2, whereas increased pro-
apoptotic Bax protein level, Moreover, AB4
treatment induced cleaved caspase-3 and
PARP expression (Figure 2C and 2D). These
findings strongly indicated that apoptosis is
involved in the anti-cancer efficacy of AB4 in
HCC, treatment with this agent promotes pro-
apoptotic protein expression and thereby trig-
gers apoptosis.

AB4 triggers autophagy in SMMC7721 cells

Similar to apoptosis, autophagy is also an
important form of programmed cell death.
Apoptosis and autophagy could occur simulta-
neously and sometimes cooperate with each
other to promote cell death. To determine
whether AB4 induces autophagy, we first
detected morphological changes of SMMC7721
cells after AB4 treatment under TEM. As we
have mentioned earlier, the formation of double
membrane autophagic vacuoles is a hallmark
of autophagy, these autophagic vacuoles could
be readily detected in cells treated with AB4,
but not in cells treated with vehicle control
(Figure 3A). Autophagic cells also exhibited
other morphological features, including accu-
mulation of MDC-labeled vesicles (Figure 3B
and 3C) and acidic autophagosomes in AB4-
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Figure 2. AB4 induces SMMC7721 cell apoptosis. A. Representative images of DAPI, Annexin V-FITC and PI fluo-
rescence staining. Scale bar = 10 um. B. Flow cytometry analysis of apoptosis after treatment with 80 uM AB4 or
vehicle control. C. SMMC7721 cells were treated with 20, 40 and 80 uM AB4 for 24 h. Western blot analysis was
performed to evaluate the expression of apoptosis-related proteins. D. Grayscale analysis of Bcl-2, Bax, Cleaved
Caspase-3 and Cleaved PARP after indicated treatment. *P < 0.05, **P < 0.01 versus vehicle control group.
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Figure 3. AB4 treatment induces cell autophagy. A. Representative images of autophagosome in SMMC7721 cells
after 80 uM AB4 treatment. Scale bar = 500 nm. B and C. Representative images and quantitative analysis of MDC
fluorescent staining showing SMMC7721 cells undergoing auophagy. Scale bar = 30 ym. D and E. Representative
images and quantitative analysis of AO fluorescent staining showing SMMC7721 cells undergoing auophagy. Scale
bar =30 pm.
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Figure 4. Western blot analysis of autophagy-related proteins after AB4 treatment. A and B. SMMC7721 cells were
treated with 20, 40 and 80 uM AB4 for 24 h. Western blot analysis was performed to analysis the expression of
autophagy-related proteins, including LC3, Beclin-1 and p62. B-actin was used for equal loading. *P < 0.05, **P <
0.01 versus vehicle control group. C and D. SMMC7721 cells were pre-treated with 20 uM CQ for 1 h, followed by
24 h of AB4 treatment. Autophagy-related proteins were detected by Western blot and quantitatively analyzed. *P <
0.05, **P < 0.01 versus vehicle control group.
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Figure 5. AB4 inhibits the PI3K/Akt/mTOR pathway signaling. A. SMMC7721 To explore the mechanism by
cells were treated with 20, 40 and 80 uM AB4 for 24 h. Phosphorylation of which AB4 induces apoptosis
Akt and mTOR was determined by Western blot analysis. B. Grayscale analy- and autophagy, we examined
sis of Akt and mTOR phosphorylation after AB4 treatment. *P < 0.05, **P < signaling upstream of these
0.01 versus vehicle control group.
two programmed cell death
pathways. As shown in Figure

treated cells compared to vehicle-treated con- 5, AB4 treatment inhibited the phosphorylation

trol cells (Figure 3D and 3E). level of Akt, while had no effect on total Akt pro-
tein level. Similarly, the phosphorylation of

In the analysis of autophagy-related proteins, mTOR could be reduced by AB4 treatment, sug-

AB4 treatment dose-dependently resulted in gesting that AB4 inhibited the PI3K/Akt/mTOR

autophagy flux, such as LC3-1l/LC3-I ratio and pathway.

p62 protein degradation. Furthermore, expres-

sion of autophagy biomarker Beclin-1 also Discussion

reflected the induction of autophagy after AB4

treatment (Figure 4A and 4B). These autopha- Currently, increasing natural occurring drugs

gy-inducing effect of AB4 could be blocked by are used for adjuvant treatment of HCC

an autophagy inhibitor, CQ, as co-treatment because of their safety and minimal adverse

with CQ readily prohibited autophagy flux and effect. These natural occurring drugs or their
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chemical modified derivates have been shown
to inhibit HCC cell proliferation and induce can-
cer cell apoptosis [19]. More importantly, they
have sensitizing efficacy when used in combi-
nation with chemotherapeutic agents [20]. In
the present study, we reported the anti-cancer
effect of P. chinensis extract, AB4, in HCC. We
showed that AB4 leads to HCC programmed
cell death and inhibits the PI3K/Akt/mTOR sig-
naling, suggesting that AB4 might be a novel
therapeutic strategy for advanced HCC.

Apoptosis is caused by pro-apoptotic signals
such as DNA damage and loss of growth fac-
tors. Caspase-3 is a major executor of apopto-
sis, which can specifically cleave substrates
such as PARP, that eventually leads to DNA
fragmentation and cell apoptosis. The Bcl-2
family is tightly involved in caspase-3-mediated
apoptosis [21, 22]. Bax acts as a pro-apoptotic
protein that promotes the release of
Cytochrome C into mitochondria and activates
caspase-3 [23]. In contrast, Bcl-2 protein
antagonizes Bax and inhibits the initiation of
apoptosis [24, 25]. In our study, we found that
AB4 readily inhibited HCC SMMC7721 cell pro-
liferation, colony formation and induced apop-
tosis, as judged by flow cytometry and Western
blot. These results indicated that AB4 has anti-
cancer activity in HCC, in which AB4 induces
apoptosis through manipulating the Bcl-2
family.

Interestingly, autophagy as another important
form of programmed cell death is frequently
deregulated in cancer. While autophagy has
both cell death promoting and cell death inhib-
iting activity, which largely depends on cell
types and the magnitude of autophagy [19, 26].
Platinum and other chemotherapeutic drugs
have been shown to induce HCC autophagy and
the significance of autophagy in this setting is
still controversial [27]. We showed that AB4 is
also capable of inducing autophagy at all the
tested concentration. We confirmed autophagy
by TEM and other morphological experiment.
When autophagy occurs, Beclin-1 binds to the
VPS34 complex that participates in the vesicle
nucleation process. The proLC3 is processed
into LC3-1 and LC3-1 reversibly binds to the
hydroxyl end of phosphatidylethanolamine,
forming LC3-ll on the surface of autophago-
some. During this process, p62 is a key autoph-
agic substrate that integrates LC3 into autopha-
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gosomes. The fusion of autophagosomes and
lysosomes leads to substrate degradation by
lysosomal enzymes. In our study, we also found
the Belin-1-LC3-p62 cascade, in which AB4
treatment resulted in Bclin-1 accumulation,
LC3 flux and p62 degradation. Moreover, we
found that the autophagy inhibitor CQ could
reverse AB4-induced cell autophagy. These
molecular changes might highlight the mecha-
nism of AB4-induced autophagy in HCC. Given
that AB4 induces both apoptosis and autopha-
gy, an interesting question has raised: What is
the significance of the two types of programmed
cell death? As autophagy is a two-side sword, it
can either promote cell survival against nutri-
tion deprivation or lead to autophagic cell
death. Our ongoing study suggested that inhibi-
tion of autophagy by CQ impaired SMMC7721
cell apoptosis regardless of AB4 concentration
(unpublished data). Therefore, we hypothesized
that AB4-induced autophagy is a pro-apoptotic
molecular event.

Finally, we investigated the signaling pathway
upstream of apoptosis and autophagy that
would be responsible for AB4’s anti-cancer effi-
cacy. We demonstrated that apoptosis and
autophagy converges at the PI3K/Akt/mTOR
signaling. Phosphorylation of PI3K and Akt is
two important mediators of apoptosis, and
mTOR is the major negative regulator of autoph-
agy and is located downstream of the pathway.
Thus, targeting PI3K/Akt/mTOR not only trig-
gers apoptosis, but also induces autophagy
[28]. And inhibiting is PI3K/Akt/mTOR signaling
a promising way to treat cancer [29]. Indeed,
numerous anti-cancer drugs have been proved
to inhibit this pathway and mutations in PIK3CA
and mTOR are associated with carcinogenesis
and chemotherapy resistance [30]. We found
that AB4 inhibited Akt and mTOR phosphoryla-
tion, thereby inducing both apoptosis and
autophagy. We also noted that AB4 could not
totally block Akt and mTOR phosphorylation,
thus, we anticipated that AB4 in combination
with chemotherapy agents may totally abolish
the PI3K/Akt/mTOR signaling and kill cancer
cells more efficiently.

Taken together, this study demonstrates that
AB4 can inhibit the proliferation of HCC SMMC-
7721 and induce apoptosis and autophagy.
Inactivation of the PI3K/Akt/mTOR signaling
might be the molecular basis for AB4’s anti-

Am J Transl Res 2019;11(4):2580-2589
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cancer efficacy. Further studies evaluating
potential chemosensitizing effect and its safety
in HCC patients are urgently needed.
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