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Abstract. Alisol B  23-acetate (AB23A) is a  natural triterpenoid isolated from Chinese herbal 
medicine and has a variety of biological functions, especially anti-cancer e�ects. However, the 
e�ects and mechanisms of AB23A in hepatocellular carcinoma (HCC) remain unclear. Cell viability, 
invasion and migration were measured by MTT, Transwell and wound healing assays, respectively. 
To detect cell cycle and apoptosis, a �ow cytometry assay was used. Tumor xenogra� experiment 
was performed to measure tumor growth. �e enzymatic assay was used to determine the activity 
of matrix metalloproteinase (MMP)-2 and -9. Furthermore, the mRNA and protein levels of Bcl-2, 
Bax, Caspase-3/-9, MMP-2/-9 and phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) 
were detected by RT-PCR and Western blotting assays. AB23A suppressed cell viability in 
a concentration-dependent manner, blocked cell cycle, and induced apoptosis via up-regulating 
Bax, Caspase-3 and Caspase-9, and down-regulating Bcl-2 in HCC cells both in vitro and in vivo. 
In addition, AB23A inhibited cell invasion and migration through down-regulating MMP-2/-9 
activities. �e e�ects of AB23A might be associated with the PI3K/Akt signaling pathway in HCC 
cells. Taken together, the present data demonstrated that AB23A might play a role in suppressing 
the progression of HCC, revealing the value of AB23A for hepatocellular carcinoma treatment 
in clinic. 
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Introduction

Hepatocellular carcinoma (HCC) is a  general malignant 
tumor around the world and one of the major tumor types 
that causes cancer-related death worldwide (Jemal et al. 2011; 
Torre et al. 2015). At present, the clinical methods for treating 

HCC are mainly surgical resection and chemotherapy liver 
transplantation (Best et al. 2017), which are used for the 
early-stage of HCC. Since the prognosis remains poor in 
HCC (Wang 2013), it is necessary to develop more novel 
and e�ective compounds for potential clinical treatment in 
patients with HCC.

With accumulating researches in plants, anti-cancer 
compounds extracted from herbal plants have received 
more and more attention. Owing to its multi-level, multi-
target, and synergistic anti-hepatoma e�ects, traditional 
Chinese medicine has become an important choice for HCC 
treatment (Hu et al. 2013). Alisol B 23-acetate (AB23A) is 
used in a traditional Chinese herbal medicine as a proto-
stane-type triterpenoid isolated from Alismatis Rhizoma 
(Jin et al. 2012; Wu et al. 2018), with a molecular formula 
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of C32H50O5 (Fig. 1A) and molecular weight of 514.74 
g/mol. It is commonly used to treat di�erent diseases, 
including cancer and induced autophagy-dependent cell 
death through the accumulation of intracellular ROS and 
subsequent activation of JNK signaling pathway in human 
colon cancer (Zhao et al. 2017). In human renal proximal 
tubular cells, AB23A-induced cell apoptosis is mediated 
by autophagy and nephrotoxicity via PI3K/AKT/mTOR 
signaling pathway (Wang et al. 2017). �erefore, more 
and more attention has been paid to AB23A because of its 
potential anti-cancer e�ect and the research value in the 
treatment of human cancer.

In the current study, we examined the anti-cancer ef-
fects of AB23A in HCC cell (SK-HEP-1) and discussed the 

molecular mechanism underlying it. First, AB23A inhibited 
the proliferation of SK-HEP-1 cells in a  concentration-
dependent manner. Secondly, AB23A up-regulated the 
expression of Bax, Caspase-3 and Caspase-9 and down-
regulated the protein expression of Bcl-2 in HCC cells to 
induce cell cycle G1 arrest and cell apoptosis. In addition, 
AB23A suppressed the invasion and migration of HCC 
cells by MMP-2 and MMP-9 proteins. Furthermore, AB23A 
downregulated the PI3K/Akt signaling pathway in HCC 
to inhibit cell proliferation, invasion and migration and 
induced cell apoptosis.

Materials and Methods

Chemical reagents

AB23A was obtained from National Institutes for Food 
with a purity of ≥ 98%. AB23A were dissolved in dimethyl 
sulfoxide (DMSO), and diluted to appropriate concentrations 
(10, 20, 30, 50 and 70 μmol/l) with culture medium. �e 
�nal concentration of DMSO in the culture medium did not 
exceed 0.1%.

Cell culture

�e human hepatoma cells (SK-HEP-1 cells) were purchased 
from the Cell Bank of the Chinese Academy of Sciences 
Committee Type Culture Collection (Shanghai, China). 
�e cells were cultured in DMEM supplemented with 10% 
fetal bovine serum (FBS; HyClone), 100 U/ml penicillin and 
100 U/ml streptomycin. All cells were maintained in the 
humidi�ed incubator with 5% CO2 at 37°C.

MTT assay

SK-Hep-1 cells were seeded in 96-well plates. �e cells were 
treated with various concentrations of AB23A (10, 20, 30, 
50 and 70 μmol/l) for 24, 48 and 72 h. Control cell cultures 
were treated with DMSO. �en, MTT solution (Sigma) was 
added to each well for 4 h to form purple crystal formazan. 
Next, 100 μl of DMSO was added and incubated for 10 min 
for micro vibration a�er removing the medium. Absorb-
ance (A) values were measured at 570 nm in a microplate 
reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). 
�e cell viability = (A of study group/A of control group) 
× 100%.

Observation of cell morphology

SK-HEP-1 cells were seeded into culture bottles. �e cells 
were treated with 30 μmol/l AB23A for di�erent times 
(12, 24, 48 and 72 h). �en the cell morphology was ob-

Figure 1. E�ects of AB23A on cell growth in SK-HEP-1 cells. 
A. Chemical structure of AB23A. B. �e cell viability of SK-HEP-1 
cells treated with various concentrations of AB23A (10, 20, 30, 50 
and 70 μmol/l) for 24, 48 and 72 h was determined by MTT assay. 
C. Quanti�cation of cell viability a�er 24-h treatment with various 
concentrations of AB23A. �e cell viability reached about 50% 
when SK-HEP-1 cells were exposed to 30 μmol/l AB23A for 24 h. 
Data are mean ± SD of three experiments. ** p < 0.01 and *** p < 
0.001 versus Control.
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served with an inverted microscope at 12, 24, 48 and 72 h, 
respectively.

Cell cycle analysis

SK-HEP-1 cells were treated with AB23A (30 μmol/l) for 
di�erent times (12, 24, 48 and 72 h), �xed with 75% cold 
ethanol and stored at 4°C overnight. �e cells were then 
washed three times with ice-cold PBS and incubated with 
propidium iodide (PI, 50 μg/ml) (Sigma-Aldrich) containing 
100 μg/ml RNAse-A solution (Invitrogen) and 0.1% Triton 
X-100 (Sigma-Aldrich) for 30 min in the dark at 37°C. �e 
cell cycle distributions of SK-HEP-1 cells were measured by 
a FACSCAN �ow cytometry (BD Biosciences). 

Cell apoptosis assay

Quanti�cation of apoptotic cells was conducted using a �ow 
cytometry. In short, SK-HEP-1 cells were treated with AB23A 
(30 μmol/l) for di�erent times (12, 24, 48 and 72 h), then 
washed with PBS and re-suspended in the binding bu�er. 
Subsequently, the cells were incubated with the Annexin-
V-FITC and PI mixture for 15 min at room temperature in 
the dark, and then binding bu�er was added to each tube. 
�e data were analyzed by a �ow cytometer with CellQuest 
so�ware (BD Biosciences).

Transwell assay

A 24-well Transwell assay was performed to assess cell 
invasion potential of SK-HEP-1 cells. A�er being treated 
with AB23A (30 μmol/l) or control medium for 24  h, 
cells in serum-free medium were seeded onto the upper 
chamber with a  Matrigel-coated Transwell, and DMEM 
containing 10% FBS was deposited into the lower chamber 
as a  chemoattractant. A�er 24  h  of incubation, the cells 
remaining on the upper surface of the membrane were 
scraped o�, and the cells on the lower chamber were stained 
with 0.5% crystal violet (Sigma). �e invasion activity was 
assessed by counting the number of cells under a microscope 
(magni�cation ×200).

Wound healing assay

�e migration ability was assessed using a wound healing 
assay. A�er treating SK-HEP-1 cells with AB23A (30 μmol/l) 
or control medium for 24 h, the cells were seeded in 6-well 
plates and cultured when they reached 70–80% con�uence. 
Subsequently, a wound was scraped with a 100 ml pipette tip 
and cells were incubated for 24 h. �ree randomly images 
(magni�cation ×200) were then photographed to calculate 
the related width (%) of wound healing compared with that 
at 0 h.

Enzyme assay

A�er treating SK-HEP-1 cells with AB23A (30 μmol/l) or 
control medium for 24 h, the cells were then washed with ice-
cold PBS. �e activities of MMP2 and MMP9 were measured 
using the corresponding enzyme assay kit according to the 
manufacturer’s instructions.

Quantitative real-time PCR assay

Total RNA was isolated from the cells using TRIzol 
Reagent according to the manufacturer’s instructions. �e 
relative mRNA expression levels of Bax, Bcl-2, Caspase-3, 
Caspase-9, MMP9, MMP2, PI3K and AKT in SK-HEP-1 
cells were detected using a real-time PCR assay. �e gene 
expressions of the detected genes were normalized to the 
endogenous reference GAPDH. Further, the relative gene 
expression level was calculated using the formula 2-ΔΔCt 

methods.

Tumor xenogra� experiment

A�er treating SK-HEP-1 cells with AB23A (30 μmol/l) 
or control medium for 24 h, cells were washed with 100 
µl PBS and diluted in 200 ml of Matrigel. BALB/c nude 
mice (4–6 weeks of age, weight: 18–22  g) purchased 
from the Shanghai Laboratory Animal Research Centre 
(Shanghai, China) were inoculated with tumor cell 
suspension subcutaneously (2 × 106 cells/mouse). �en, 
tumor volume and weight were measured and analyzed by 
a Vernier caliper a�er 1, 5, 10, 15 and 20 days. Mice were 
sacri�ced 20 days a�er tumour xenogra�ing. Subsequently, 
the expression of protein factors in the tumor tissue was 
detected by Western blot.

Western blot assay

A�er treating SK-HEP-1 cells with AB23A (30 μmol/l) 
or control medium for 24 h, cells and tumor tissues were 
collected with ice-cold PBS and then lysed using radio 
immune precipitation assay (RIPA) lysis bu�er (Beyotime 
Institute of Biotechnology). �e protein concentration was 
quanti�ed using a BCA protein assay (Beyotime Institute 
of Biotechnology). A�erwards, the protein samples were 
separated by 12% SDS-PAGE and then transferred onto 
polyvinylidene difluoride (PVDF) membranes (Beyotime 
Institute of Biotechnology). A�er being blocked with 5% 
non-fat milk in TPBS at room temperature for 2  h, the 
membranes were incubated overnight at 4°C with speci�c 
primary antibodies, rabbit anti-Bax (1:2000), rabbit anti-
Bcl-2 (1:1000), rabbit anit-Caspase-3 (1:1500), rabbit anti-
Caspase-9 (1:1500), rabbit anti-MMP9 (1:2000), rabbit anti-
MMP2 (1:1000), rabbit anti-AKT (1:500), rabbit anti-PI3K 
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(1:1000), and rabbit anti-GAPDH antibodies (1:3000), which 
were all purchased from Abcam company. Subsequently, 
membranes were incubated with the corresponding 
secondary antibody (Santa Cruz Biotechnology) for 1 h at 
room temperature. Moreover, the signals were detected with 
an enhanced chemiluminescence (ECL) method (Beyotime 
Institute of Biotechnology). �e data were quanti�ed using 
Image J so�ware (National Institutes of Health, Bethesda, 
MD, USA).

Statistical analysis

Statistical analyses were performed using GraphPad Prism 
6.0 (GraphPad So�ware, Inc., La Jolla, CA, USA). All data are 
presented as the mean ± standard deviation (SD). Statistical 
di�erences were determined by a Student’s t-test or one-way 
ANOVA with Dunnett’s multiple comparison post hoc test. 
A p value < 0.05 was considered to indicate a statistically 
signi�cant di�erence.

Results

AB23A suppressed the proliferation of HCC cells

To assess the cell cytotoxicity of AB23A on SK-HEP-1 
cells treated with various concentrations (10, 20, 30, 50 
and 70  μmol/l) for 24, 48 and 72  h, an MTT assay was 
performed to determine cell viability of SK-HEP-1 cells. 
As shown in Figure 1B, AB23A signi�cantly inhibited cell 

viability in a dose manner, and particularly AB23A treatment 
(30 μmol/l) for 24 h had showed obvious cytotoxicity on 
SK-HEP-1 cells (Fig. 1C). �ese �ndings suggested that the 
most appropriate concentration of AB23A for subsequent 
studies in SK-HEP-1 cells was 30 μmol/l. 

To further investigate the mechanism by which AB23A 
suppressed cell viability, the cell morphology was observed 
under an inverted microscope a�er being treated with 
30 μmol/l AB23A at 12, 24, 48 and 72 h, respectively. As 
shown in Figure 2, SK-HEP-1 cells in the control group 
were oval with intact cell nuclear membrane. When 
treated with 30  μmol/l AB23A, there was no signi�cant 
di�erence in cell morphology between 12 h and 24 h. At 
the same time, the cell heterochromatin coagulated in the 
cell nucleus and it was half-moon shaped near the nuclear 
membrane at 48 h. As the treatment time of AB23A was 
prolonged, the cell nuclear membrane gradually dissolved 
a�er 72 h in SK-HEP-1 cells. Additionally, cells presented 
that the heterochromatin in the nucleus was broken into 
mass in the cytoplasm, and the membrane was covered, 
with the apoptotic body formed. �erefore, AB23A inhibits 
the growth of HCC cells.

AB23A blocked cell cycle and induced cell apoptosis of  
SK-HEP-1 cells

Apoptosis is a  key anti-proliferative mechanism underly-
ing the anti-tumor drugs commonly used in many tumors. 
First, we assessed the e�ect of AB23A on cell apoptosis 
of SK-HEP-1 cells by a �ow cytometry assay. �e present 

Figure 2. �e cell morphology observed by 
inverted microscope. Representative images of 
the morphology of SK-HEP-1 cells at di�erent 
time points (12, 24, 48 and 72 h) a�er AB23A 
(30 μmol/l) treatment.
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results showed that an increased apoptosis was observed in 
SK-HEP-1 cells a�er being treated with 30 μmol/l AB23A 
with time dependence (12, 24, 48 and 72 h) (Fig. 3, at 12 and 
24 h, p < 0.01; at 48 and 72 h, p < 0.001).

Interfering with cell cycle progression is also a feature 
of many anticancer drugs. Results from �ow cytometry 
assay showed that when the treatment with AB23A was 
conducted for di�erent times (12, 24, 48 and 72  h), the 
number of apoptotic cells increased in the S phase and the 
cell cycle was blocked at G0/G1 phase in a time-dependent 
manner (Fig. 4, at 12 h, p < 0.05; at 24 h, p < 0.01; at 48 and 
72 h, p < 0.001). 

AB23A inhibited the invasion and migration of SK-HEP-1 
cells

Cell migration and invasion play critical roles in the mul-
tistep process of cancer cell metastasis. �erefore, we ex-
amined the e�ect of AB23A on cell invasion and migration 
using Transwell assay and scratch wound healing assays. 
A�er treatment with 30 μmol/l for 24 h, AB23A inhibited 
the invasion and migration rate of SK-HEP-1 cells (Fig. 5A 
and B, both p < 0.01).

AB23A regulated the expression of MMP-2, MMP-9, 
Caspase-3, Caspase-9, Bax, Bcl-2, PI3K/Akt signaling  
pathway in SK-HEP-1 cells

To further investigate the mechanism by which 30 μmol/l 
AB23A inhibited cell invasion and migration, the levels of 
related proteins MMP-2 and MMP-9 were examined. As 
shown in Figure 5C and 5D, the results showed that AB23A 
inhibited the activity of MMP-2 (p < 0.05) and MMP-9 (p < 
0.01) compared with the control group using an enzyme 
assay. Next, AB23A inhibited the mRNA levels of MMP-2 
and MMP-9 (Fig. 6A, p < 0.05) compared with the control 
group using RT-PCR, and the result of Western blotting 
assay indicated that AB23A inhibited the protein levels of 
MMP-2 and MMP-9 (Fig. 6B, p < 0.01). �erefore, AB23A 
probably inhibits the invasion and migration of SK-HEP-1 
cells by MMP-2 and MMP-9 proteins. Bcl-2 is an apoptosis 
inhibitor and Bax is a  pro-apoptotic factor (Llambi and 
Green 2011). 

To further investigate the mechanism by which 30 μmol/l 
AB23A induces cell apoptosis, RT-PCR and Western blotting 
were used to detect the expression of Bcl-2, Bax, Caspase-9 
and Caspase-3. As shown in Figures 6A and 6B, our results 

Figure 3. AB23A induces apoptosis in SK-HEP-1 cells. A. SK-HEP-1 cells were treated with AB23A (30 μmol/l) for di�erent times (12, 
24, 48 and 72 h), stained with Annexin V-FITC/PI and analyzed by �ow cytometry. B. Quanti�cation of apoptosis at di�erent times 
a�er cells were exposed with AB23A (30 μmol/l). Data are mean ± SD of three experiments. ** p < 0.01 and *** p < 0.001 versus Control.
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showed that AB23A induced cell cycle G1 arrest and cell 
apoptosis by up-regulating the mRNA and protein levels 
of Bax, Caspase-3 and Caspase-9, and down-regulating 
the mRNA and protein levels of Bcl-2 in SK-HEP-1 cells. 
�erefore, AB23A induces the apoptosis of SK-HEP-1 cells 
through Bcl-2, Bax and Caspase-3/9 proteins.

�e PI3k-AKT signaling pathway plays an important 
role in the development of cancer (Polivka and Janku 2014).  
In addition, we found that AB23A inhibited the mRNA 
and protein levels of p-PI3K/AKT compared with the con-
trol group by RT-PCR and Western blot assay (Fig. 6C). 
�erefore, these results suggested that AB23A suppressed 
cell proliferation, invasion and migration, and induced cell 
apoptosis by regulating the expression of PI3K/Akt signaling 
pathway in HCC.

AB23A suppresses tumour growth and mice body weight, 
and regulates related proteins expression in the SK-HEP-1 
xenogra� model

�e tumour volume was recorded every 5 days, and the result 
shown in Figure 7A demonstrated that there was a dramatic 
decrease a�er AB23A treatment (Day15, p < 0.01; Day20, 
p  < 0.001), and the body weight of BALB/c mice in the 
drug group was lower than that in the control group (Fig. 
7B, p < 0.01). Finally, we gathered the tumour tissues and 
determined the expression of MMP-2 and MMP-9 related 
to migration, and Caspase-3, Caspase-9, Bax and Bcl-2 

related to cell apoptosis and cycle, using Western blotting 
analysis. �e expression of MMP-2, MMP-9 and Bcl-2 were 
all reduced, whereas Caspase-3, Caspase-9 and Bax were 
increased in tumor tissues in the drug group (Fig. 7C). Taken 
together, AB23A was demonstrated to regulate SK-HEP-1 
tumorigenesis both in vitro and in vivo via regulating cell 
proliferation, migration and apoptosis.

Discussion

Alismatis Rhizoma was commonly used to treat many dis-
eases, including diabetes, pyelonephtitis, in�ammation and 
cancer (Zhang et al. 2017b). AB23A had been proved to be 
a natural triterpenoid with the pharmacological activity of 
anti-cancer (Xu et al. 2017), and it inhibited the proliferation 
of MDA-MB-231 cells through the induction of apoptosis 
(Zhang et al. 2017a). 

AB23A protects against non-alcoholic steatohepatitis in 
mice by farnesoid X receptor activation (Meng et al. 2015). 
In ovarian cancer cells, AB23A induced cell apoptosis and 
accumulation of the sub-G1 phase, and inhibited cell migra-
tion and invasion (Zhang et al. 2016). In present study, we 
examined the anti-cancer e�ects of AB23A on SK-HEP-1 
cells and explored its underlying molecule mechanism using 
molecular levels techniques.

Recent study has showed that AB23A induced cell apopto-
sis and accumulation of the G1 phase in ovarian cancer cells 

Figure 4. AB23A induces cell cycle 
G1 phase arrest in SK-HEP-1 cells. A. 
AB23A (30 μmol/l) was applied to SK-
Hep-1 cells at di�erent times (12, 24, 48 
and 72 h), and the cell cycle was detected 
by �ow cytometer. B. Quanti�cation of 
apoptosis at di�erent times a�er cells 
were exposed with AB23A (30 μmol/l). 
Data are mean ± SD of three experiments. 
* p < 0.05, ** p < 0.01 and *** p < 0.001 
versus Control.
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(Zhang et al. 2016). In the present study, it was discovered 
that AB23A arrested SK-HEP-1 cells at G1 phase and sub-
sequently suppressed cell growth in HCC. Apoptosis is also 
generally believed to be the key anti-proliferative mechanism 
of anticancer drugs in many tumor cells types. Accumulat-
ing studies showed that many anticancer drugs induced cell 
apoptosis of tumor cells. We found that AB23A induced cell 
apoptosis of SK-HEP-1 cells. �e factors of Caspase enzyme 
system act pivotal parts in cell apoptosis process with Cas-
pase-3 being one of the genes most closely associated with 
apoptosis (Tormanen-Napankangas et al. 2001; �oms et 
al. 2007). In addition, AB23A induced cell cycle G1 arrest 
and cell apoptosis by up-regulating the expression of Bax, 
Caspase-3 and Caspase-9, and down-regulating the protein 
expression of Bcl-2 in HCC cells.

Furthermore, we found that AB23A inhibited the 
migration and invasion of SK-HEP-1 cells. Matrix metal-
loproteinases (MMPs) are proteolytic enzymes that play 
an important role in the invasion and metastasis (Serra et 
al. 2014; Banday et al. 2016). AB23A suppressed the levels 
and activity of MMP-2 and MMP-9 compared to the control 
group. �erefore, AB23A inhibits the invasion and migra-
tion of HCC cells by MMP-2 and MMP-9 proteins. It was 
obtained that SK-HEP-1 cells were obviously inhibited by 
the in�uence of AB23A both in vitro and in vivo.

Phosphatidylinositol 3-kinase/protein kinase B  (PI3K/
AKT) is involved in di�erent cellular processes from cell 
survival or proliferation to cell apoptosis or death (Morgan et 
al. 2009). Evidence showed that the inhibition of PI3K/AKT 
signaling pathway leads to cell apoptosis (Heras-Sandoval 

Figure 5. AB23A inhibits the invasion 
and migration by suppressing MMP-2 
and MMP-9 protein expression in SK-
HEP-1 cells. A. �e e�ect of AB23A on 
cell invasion by Transwell assays; the 
column graph displays audio-visually the 
results of the analysis of Transwell assays. 
B. �e e�ect of AB23A (30 μmol/l) on cell 
migration at 0 and 24 h by scratch wound 
healing assays; the column graph displays 
audio-visually the results of the analysis of 
wound healing assays. C, D. �e activity 
of MMP-2 and MMP-9 were determined 
using an enzyme assay. Data are mean 
± SD of three experiments. * p < 0.05 and 
** p < 0.01 versus Control. 

A

B

C D



226 Li et al.

et al. 2014). Activation of PI3K can up-regulate the phos-
phorylation of Akt, which thereby regulates the PI3K/Akt 
signal pathway, leading to phosphorylate and inhibiting cell 
apoptosis. In present study, AB23A inhibited the protein 
expression of p-PI3K/AKT compared to the control group. 
What’s more, AB23A suppressed the cell growth, invasion 
and migration, and induced cell apoptosis by regulating 
PI3K/Akt signaling pathway in HCC.

Conclusion

In conclusion, our results indicated that AB23A, a pro-
tostane-type triterpenoid isolated from the Chinese herb 
Alismatis Rhizoma, possessed potent anticancer function 
in HCC by inhibiting cell growth, invasion and migration, 
and inducing cell cycle arrest and cell apoptosis. In addi-
tion, the up-regulation of Bax, Caspase-3 and Caspase-9, 

Figure 6. AB23A regulated 
the expression of MMP-2, 
MMP-9, Caspase-3, Cas-
pase-9, Bax, Bcl-2, PI3K/
Akt signal pathway in SK-
HEP-1 cells treated with or 
without 30 μmol/l AB23A 
for 24  h. A. The mRNA 
levels of Caspase-9, Cas-

pase-3, Bax, Bcl-2, MMP-2, MMP-9 and PI3K/Akt were determined by RT-PCR assay (also seen the values of relative mRNA expression 
in Table S1 of the Supplementary Material). B, C. �e protein expression of Caspase-9, Caspase-3, Bax, Bcl-2, MMP-2, MMP-9 and 
p/t-PI3K/Akt were assessed using Western blotting assay. Data are mean ± SD of three experiments. * p < 0.05, ** p < 0.01 and *** p < 
0.001 versus Control.
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down-regulation of Bcl-2, MMP-2, MMP-9 both in vitro 
and in vivo, and inhibition of PI3K/Akt may account for 
the molecular mechanism for pharmacological effects of 
AB23A. AB23A may be a promising monomer molecule 
of traditional Chinese medicine, with high clinical ap-
plication value in the treatment of human hepatocellular 
carcinoma.
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Table S1. The values of relative mRNA expression of Caspase-3, Caspase-9, Bax, Bcl-2, MMP-2, MMP-9, PI3K and AKT in SK-HEP-1 
cells (mean ± standard deviation)

Group Caspase-3 Caspase-9 Bax Bcl-2 MMP-2 MMP-9 PI3K AKT
Control 0.46 ± 0.05 0.41 ± 0.04 0.47 ± 0.05 0.94 ± 0.07 0.89 ± 0.08 0.94 ± 0.08 0.94 ± 0.09 0.96 ± 0.13
Drug 0.94 ± 0.06 0.95 ± 0.09 0.93 ± 0.11 0.47 ± 0.09 0.47 ± 0.06 0.49 ± 0.05 0.57 ± 0.07 0.49 ± 0.07

Table S2. The values of relative protein expression of Caspase-3, Caspase-9, Bax, Bcl-2, MMP-2 and MMP9 in tumour tissues (mean 
± standard deviation)

Group Caspase-3 Caspase-9 Bax Bcl-2 MMP-2 MMP-9
Control 0.96 ± 0.06 0.98 ± 0.05 0.96 ± 0.06 0.98 ± 0.05 0.99 ± 0.03 1.00 ± 0.05
Drug 1.42 ± 0.07 1.43 ± 0.07 1.47 ± 0.11 0.45 ± 0.12 0.30 ± 0.03 0.29 ± 0.05




