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Abstract. Paeonia lactiflora and Astragalus membranaceus 
are two traditional Chinese medicines, which are commonly 
used in Chinese herb prescription to treat liver diseases. 
The protective effects of the extract prepared from the roots 
of Paeonia lactiflora and Astragalus membranaceus (PAE) 
on liver fibrosis have been demonstrated in previous studies. 
However, its effect on hepatocellular carcinoma (HCC) has 
not been investigated to date. In this study, the effects of 
PAE on the apoptosis, proliferation, migration and invasion 
of the human hepatoma cell lines HepG2 and SMMC-7721 
were investigated. Our data demonstrated that treatment with 
PAE (50-200 mg/l) caused an inhibitory effect on the prolif-
eration of the hepatoma cell lines HepG2 and SMMC-7721. 
Furthermore, PAE induced apoptosis of HepG2 cells and 
SMMC-7721 cells, which was demonstrated by PI staining. In 
addition, immunocytochemistry and western blotting showed 
that PAE significantly decreased the expression of Bcl-2, 
while the expression of Bax and cleaved caspase-3 in HepG2 
cells and SMMC-7721 cells was significantly increased after 
treatment with PAE. These results clearly demonstrated that 
PAE induced hepatoma cell apoptosis through increasing the 
Bax-to-Bcl-2 ratio and upregulating the activation of caspase-3. 
In addition, the results of wound healing assay and Matrigel 
invasion assay showed that PAE displayed inhibitory activity 
on the migration and invasion of HCC cells. Taken together, 
the present data provides evidence that PAE is a potent anti-
neoplastic drug candidate for the treatment of HCC.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
cancer and the third most common cause of cancer-related 
mortality worldwide, which is often associated with long-
standing chronic liver inflammation and cirrhosis (1-3). 
Conventional chemotherapy is one of the common strategies 
in HCC treatment (4). However, chemotherapeutic drugs are 
often accompanied by multiple side effects. In the tradition 
of eastern medicine, natural drugs have made a significant 
contribution to the treatment of liver diseases. Chinese herbal 
medicines are serving as a rich source for discovering new 
therapeutic agents in tumor because of their effectiveness and 
low side effects (5,6). Therefore, the search for new effective 
agents possibly from natural herbs with the ability of directly 
inhibit HCC cell proliferation or to induce HCC cells apop-
tosis is urgent.

Paeonia lactiflora pall root, a traditional Chinese herb, 
was recognized as a component of effective prescriptions for 
treatment of liver disease (7). Total glucosides of peony (TGP) 
which consists of paeoniflorin, albiflorin, benzoylpaeoni-
florin, oxypaeoniflorin, paeonin, etc., extracted from Paeonia 
lactiflora pall root, has been recognized as the effective 
herbs which have been used in the treatment of hepatitis and 
other chronic liver disease (8). The anti-inflammatory, anti-
oxidative, anti-hepatic injury and immunoregulatory activities 
of TGP have been extensively proved by our laboratory for 
several years (8,9). Our previous studies have demonstrated 
that TGP could significantly inhibit proliferation of human 
hepatoma cells (10,11). In addition, the main bioactive 
components of TGP, paeoniflorin, has been reported to exert 
antitumor activity against a number of malignancies including 
non-small cell lung cancer, gastric cancer, leukemia, and 
cervical cancer (12-14). Astragalus membranaceus, another 
popular traditional Chinese herb, exhibited significant growth-
inhibitory, proapoptotic and angiogenesis-suppression effects 
in human cancer cells in pharmacological experiments and 
relevant clinical reports (15,16). In vitro studies of our labora-
tory demonstrated that Radix Astragali, its extracts, as well 
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as its active ingredients such as astragalosides, significantly 
induced apoptosis and inhibited invasion of tumor cells (17,18). 
In traditional oriental medicine, in order to achieve a variety 
of treatments simultaneously, or to enhance a single effect 
without causing severe side effects, a combination of herbs 
is conventionally used (19). In order to obtain a more effec-
tive remedy for the treatment of HCC other than exclusively 
using Paeonia lactiflora or Astragalus membranaceus, we 
combined these two herbs based on both traditional literature  
and the results of our previous study mentioned above. The 
standardized extract from Paeonia lactiflora and Astragalus 
membranaceus (PAE), with a standard ratio of 4:1 of these two 
plants, was mainly composed of TGP and the total astragalo-
sides (20). Our previous animal studies have confirmed that 
PAE exhibited the most significant hepato-protective activity 
compared to exclusively using Paeonia lactiflora or Astragalus 
membranaceus (21). Our previous studies have shown that 
PAE had obvious protective effects on acute liver injury and 
chronic liver fibrosis induced by carbon tetrachloride (CCl4) 
(20,22). These above studies have clearly demonstrated that 
PAE is an effective and therapeutic agent for chronic liver 
disease.

HCC is one of the main complications of chronic liver 
diseases. HCC mainly developed in the background of 
advanced liver fibrosis and cirrhosis through the malignant 
transformation of cirrhotic nodules and premalignant lesions 
(23). The usual multistep process of fibrosis-cirrhosis-HCC, 
has been recognized as the significant progresses of HCC 
(24). Previous research in our laboratory has evidenced that 
PAE possessed a distinct inhibitory effect on hepatic fibrosis. 
The data obtained from our previous studies created consider-
able interest in PAE as a therapeutic agent in HCC.

In the present study, to determine the effect of PAE on 
HCC cell proliferation, apoptosis, migration and invasion, 
in cultured human HCC cell line HepG2 and SMMC-7721 
as a model system and we analysed the changes after treat-
ment with PAE. The results of this study show that PAE 
revealed obviously pro-apoptosis and inhibitory effect on 
proliferation, migration and invasion of HCC cells. These 
data suggested that PAE may be a novel, efficient candidate 
agent for treatment of HCC.

Materials and methods

Preparation of PAE. Radix Paeonia lactiflora and Radix 
Astragali were purchased from Hefei Heyitang Pharmacy, 
China. Voucher specimens (Pan 2009002 and Pan 2009013) 
were identified and deposited in relevant departments of 
Anhui College of Traditional Chinese Medicine. The sliced 
dried roots of Radix Paeonia lactiflora and Radix Astragali 
were mixed in the ratio of 4:1. The mixed roots (25 kg) were 
extracted two times with 70% aqueous ethanol, six times 1.5 h 
each time. Then, the extracts were combined and evaporated 
to dry powder under reduced pressure. The residue obtained 
from the combined extracts was dissolved in 8 l of water. After 
filtration, the aqueous solution was extracted three times with 
8 l water-saturated n-butanol successively each time, which 
yielded dry powder after being combined and evaporated to 
dryness under reduced pressure. Then, ~1 kg of the n-butanol 
extract was chromatographed on polystryrene resin (D101, 

0.3–1.25 mm, Nankai Chemical Factory, Tianjin, China) with 
water, 10% ethanol and 70% ethanol, respectively. Portions 
of 70% ethanol were collected and evaporated to dryness 
under reduced pressure, which yielded 310 g of yellow dry 
powder. The result of chromatometry showed that the dry 
powder contained 74.7% total glycoside of paeony (TGP) 
and 20.6% astragalosides (ASTs). TGP consist mainly of 
paeoniflorin, oxypaeoniflorin, benzoyl paeoniflorin, albiflorin 
and lactiflorin (25). ASTs consist of astragaloside I–IV and 
aoyasapogenoside  (20). Before treatment on HCC cells, PAE 
was suspended in phosphate-buffered saline (PBS).

Chemicals and reagent. MTT was purchased from Sigma 
Chemical Co. (St. Louis, MO, USA). Cell Apoptosis PI 
Detection Kit was provided by Nanjing KeyGen Biotech Co. 
Ltd. (Nanjing, China). Bcl-2, Bax and cleaved caspase-3 primary 
antibody were purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA). Dulbecco's modified Eagle's medium 
(DMEM) and fetal bovine serum (FBS) were obtained from 
Gibco Co. (CA, USA). BD Matrigel™ Basement Membrane 
Matirx was purchased from BD Biosciences (Bedford, MA, 
USA). Other chemicals used in the experiment were analytical 
grade from commercial sources.

Cell culture. Human HCC cell line HepG2 and SMMC-7721 
was purchased from Shanghai Cell Bank, Chinese Academy of 
Sciences (Shanghai, China), cultured in DMEM supplemented 
with 10% (v/v) FBS and 100 U/ml of penicillin and 100 µg/
ml of streptomycin. HepG2 and SMMC-7721 cells were main-
tained at 37˚C in a 5% CO2 atmosphere.

Cell proliferation assay. MTT assay was performed to deter-
mine the number of viable cells. The cells were cultured in 
96-well plates at a density of 1x104 cells per well with fresh 
medium containing PAE at the various concentrations (12.5, 
25, 50, 100 and 200 mg/l). After treatment for 24, 48 or 72 h, 
MTT solution was added (20.0 µl/well) and then the plates 
were incubated at 37˚C in 5% CO2 for another 4  h. The 
MTT-formazan product were dissolved in 150 µl dimethyl 
sulfoxide (DMSO) per well. After 10 min, the plates were read 
on BioTek Elxx808 microplate reader (Winooski, VT, USA) 
at 490 nm.

Flow cytometry analysis. HepG2 and SMMC-7721 cells 
(1x106 cells per well) were plated in 6-well plates and treated 
with PAE (12.5, 25, 50, 100 and 200 mg/l) for 48 h. After being 
harvested by trypsinization, the cells were washed twice with 
cold PBS and centrifuged. The cell pellet was resuspended 
in 1 ml cold PBS and fixed in 9 ml of 70% ethanol at -20˚C 
for ≥12 h. RNase was added and the cells incubated at 37˚C 
for 30 min then centrifuged and resuspended in 500 µl PBS. 
Next, propidium iodide (PI) staining buffer was added, and 
left in the dark at room temperature for 30 min. The cells were 
collected and apoptosis was examined by FC 500 (Beckman 
Coulter, Brea, CA, USA).

Immunocytochemistry analysis. Cells were seeded onto glass 
coverslips overnight. After incubation with various concen-
trations of PAE for 48 h, the coverslips were washed twice 
with PBS and 4% paraformaldehyde solution was added for 
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30 min at room temperature. Immunocytochemistry staining 
for Bcl-2 and Bax was performed according to the manufac-
turer's instructions (Zhongshan Jinqiao, Beijing, China). PBS 
was used as a negative control instead of the primary antibody. 
The results were quantitatively analyzed by Olympus BX53F 
video microscope (Olympus, Tokyo, Japan) and the Image-Pro 
Plus software (Media Cybernetics, Rockville, MD, USA) in 
five random fields per slide. The relative intensity of Bcl-2 and 
Bax were reflected by optical density value.

Western blot analysis. HepG2 and SMMC-7721 cells 
were treated with PAE at various gradient concentrations. 
Then protein was extracted from cells in RIPA lysis buffer 
[50 mmol/l Tris-HCl, pH 7.4, 150 mmol/l NaCl, 10 mmol/l 
phenylmethylsulfonyl fluoride (PMSF), 1 mmol/l ethylene 
diamine tetraacetic acid (EDTA), 0.1% sodium dodecyl sulfate 
(SDS), 1% Triton X-100, 1% sodium deoxycholate]. The 
protein concentration was determined with the Bradford assay. 
A protein sample was mixed with the 5X sample buffer (4:1) 
(Bio-Rad, Hercules, CA, USA) and heated in boiling water for 
10 min. The proteins were resolved by SDS-PAGE, transferred 
to a polyvinylidene fluoride (PVDF) membrane (Millipore, 
Bedford, MA, USA). After blocking with 5% non-fat milk 
(blocking solution) at room temperature, the membrane was 
incubated with primary antibodies diluted in blocking solution 
overnight at 4˚C. After washing the blot in TBST three times, 
the horseradish peroxidase (HRP)-conjugated secondary 
antibodies were applied for 2 h at room temperature. After 
extensive washing in TBST, immunodetection was visual-
ized by enhanced chemiluminescence (Pierce, Rockford, IL, 
USA) using hydrogen peroxide and luminol as substrates. 
Autoradiographs were scanned using Image Quant LAS 4000 
mini (GE Healthcare Bio-Sciences AB, Uppsala, Sweden). 
The density of the specific bands was quantified using ImageJ 
software (National Institutes of Health, Bethesda, MD, USA).

Wound healing assay. HepG2 and SMMC-7721 cells were 
seeded into 24-well plates, at 80-90% confluency, the cell 
monolayer was wounded with a 200 µl-pipette. After washing 
with PBS three times to remove cell debris, the remaining 
cells were treated with 12.5, 25, 50, 100 or 200 mg/l PAE 
and then images were captured by microscope at 0 and 24 h 

after treatment. Cell motility was evaluated according to the 
following formula: Cell motility = (distance 24 h - distance 
0 h)/distance 0 h.

Matrigel Transwell assay. The invasion assay was performed 
using Transwell co-culture chambers (24 wells, 8-µm pore size, 
Costar, Corning Inc., NY, USA). In brief, upper inserts were 
coated with 30 µl Matrigel (1:4 in dilution; BD Biosciences) 
and then to set for 0.5 h at 37˚C. SMMC-7721 cells (5x105) 
were resuspended in 100  µl serum-free DMEM medium 
containing 0.1% BSA and were added into the upper insert, 
while in the lower chamber containing DMEM (600 µl) with 
10% FBS as a chemoattractant. Then DMEM medium free 
of FBS added 12.5, 25, 50, 100 or 200 mg/l PAE in the upper 
chamber. After 36-h incubation at 37˚C, the SMMC‑7721 cells 
in the upper chambers were scraped off carefully with swabs; 
the invaded cells were fixed and stained with 0.1% crystal 
violet. Following air-drying, the invaded SMMC-7721 cells 
were counted in 5 random visual fields (x400) for each insert.

Statistical analysis. Data are expressed as the means ± SD and 
statistical analysis was performed using one-way ANOVA. All 
statistical analyses were performed with the statistical package 
SPSS 13.0 (SPSS Inc, Chicago, IL, USA). A level of P<0.05 
was considered statistically significant.

Results

Inhibitory activity of PAE on hepatoma cell proliferation. To 
determine the role of PAE in the proliferation of HepG2 and 
SMMC-7721 cells, cells were incubated with various concen-
trations of PAE for 24, 48 or 72 h. As shown in Table I, the 
inhibitory rate of PAE (12.5, 25, 50, 100 and 200 mg/l) on 
HepG2 cells was 6.39, 10.66, 24.53, 41.69 and 63.21% and the 
inhibitory rate of PAE on SMMC-7721 cells was 2.81, 13.61, 
33.66, 41.73 and 68.33% (Table II) after treatment for 48 h. 
The MTT experiment confirmed that hepatoma cells were 
sensitive to PAE and PAE displayed an inhibitory effect on the 
proliferation of human hepatoma cells.

PAE induces apoptosis of HepG2 and SMMC-7721 cells. 
To determine whether PAE induced apoptosis of HepG2 and 

Table I. Effect of PAE on the proliferation of HepG2 cells ( --x±s, n=8).

	 24 h	 48 h	 72 h
	 -----------------------------------------------------	 -----------------------------------------------------	 -----------------------------------------------------
Group	 Concentration	 A490nm	 Inhibitory 	 A490nm	 Inhibitory 	 A490nm	 Inhibitory
	 (mg/l)		  rate (%)		  rate (%)		  rate (%)

Control	 -	 0.451±0.025	 -	 0.530±0.019	 -	 0.937±0.012	 -
PAE	 12.5	 0.430±0.017	   4.66	 0.496±0.035	   6.39	 0.824±0.050	 11.96
	   25	 0.413±0.042	   8.39	 0.473±0.021	 10.66	 0.738±0.033a 	 21.19
	   50	 0.372±0.040a	 17.52	 0.399±0.051b	 24.53	 0.724±0.029a	 22.73
	 100	 0.282±0.026b	 37.49	 0.309±0.023b	 41.69	 0.559±0.015b	 40.32
	 200	 0.203±0.022b	 55.03	 0.195±0.048b	 63.21	 0.445±0.043b	 52.56

aP<0.05; bP<0.01 compared with control group.
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SMMC-7721 cells, a Cell Apoptosis PI Detection kit was 
applied by flow cytometry. As shown in Fig. 1, the percentage 
of apoptotic cells increased from 2.7% in control treated cells 
to 36.0% in PAE 200 mg/l treatment group of HepG2 cells 
(Fig. 1C). Similar results were observed in SMMC-7721 cells. 
PAE 200 mg/l treatment increased the percentage of apoptotic 
cells by 34.2% in SMMC-7721 cells (Fig. 1G). These results 
showed that PAE significantly induced apoptosis of hepatoma 
cells.

PAE modulates the expression of Bcl-2 and Bax in HepG2 
and SMMC-7721 cells. To identify a possible mechanism by 
which PAE induced apoptosis in hepatoma cells, immuno-
cytochemistry was performed. Our data demonstrated that 
morphological changes occurred during PAE exposure in 
HepG2 and SMMC-7721 cells (Figs. 2 and 3). PAE exposure- 
induced apoptosis in the hepatoma cells was identified by cell 

shrinkage and pyknosis. Cell shrinkage leads to smaller cells 
and the cytoplasm was dense and the organelles were more 
tightly packed. In addition, Bax staining was observed with 
PAE treatment at 12.5, 25, 50, 100 and 200 mg/l. Bax expres-
sion was the most prominent after treatment with 200 mg/l 
PAE. The expression of Bax in the control group presented 
weak staining in the cytoplasm (Figs. 2A and 3A). However, 
the expression of Bcl-2 presented strong dark brown staining 
in the control group (Figs. 2B and 3B). With concentrations of 
50, 100 and 200 mg/l PAE the expression of Bcl-2 presented 
weak brown staining or lack of staining.

Consistent with immunocytochemistry results, western 
blot analysis showed decreased expression of Bcl-2 in 
PAE-treated hepatoma cells compared to control group. 
PAE at concentrations of 50, 100 and 200 mg/l markedly 
inhibited Bcl-2 expression. However, the expression of Bax 
was elevated in various concentrations of PAE (50, 100 and 

Table II. Effect of PAE on the proliferation of SMMC-7721 cells ( --x±s, n=8).

	 24 h	 48 h	 72 h
	 -----------------------------------------------------	 -----------------------------------------------------	 -----------------------------------------------------
Group	 Concentration	 A490nm	 Inhibitory 	 A490nm	 Inhibitory 	 A490nm	 Inhibitory
	 (mg/l)		  rate (%)		  rate (%)		  rate (%)

Control	 -	 0.467±0.022	 -	 0.498±0.021	 -	 0.992±0.052	 -
PAE	 12.5	 0.437±0.027	   6.28	 0.484±0.047	   2.81	 0.975±0.050	   1.65
	   25	 0.419±0.035	 10.27	 0.430±0.042a	 13.61	 0.843±0.048a 	 14.96
	   50	 0.389±0.027a	 16.64	 0.330±0.030b	 33.66	 0.672±0.015b	 32.23
	 100	 0.248±0.032b	 46.94	 0.290±0.036b	 41.73	 0.612±0.041b	 38.26
	 200	 0.170±0.022b	 63.68	 0.158±0.025b	 68.33	 0.492±0.033b	 50.41

aP<0.05; bP<0.01 compared with control group.

Figure 1. Effect of PAE on apoptosis of HepG2 cells and SMMC-7721 cells. AR, apoptosis rate. HepG2 (A) and SMMC-7721 cells (E) without any PAE treat-
ment were used as the control group. HepG2 (B and C) and SMMC-7721 (F and G) cells treated with PAE (50 and 200 mg/l). (D and H) The semi-quantitative 
analysis showed the changes in the apoptosis rate of HepG2 cells and SMMC-7721 cells. The data are expressed as the mean ± SD in the three independent 
experiments. *P<0.05, **P<0.01 compared with the control group.
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200 mg/l) treated cells compared to the untreated control cells. 
As shown in Fig. 4C, the Bax to Bcl-2 ratio was significantly 
increased in the PAE treated cells compared to the control 

group. The results indicate that PAE induces apoptosis in 
HepG2 and SMMC-7721 cells mainly through regulating the 
Bcl-2 family.

Figure 2. The expression of Bax and Bcl-2 in immunohistochemistry-stained 
HepG2 cells. Effects of PAE on the expression of Bax (A) and Bcl-2 (B) in 
HepG2 cells. Cells without any PAE treatment were used as the baseline 
control. (C) The semi-quantitative analysis of Bax and Bcl-2 expression in 
HepG2 cells. The data are expressed as the mean ± SD in the three indepen-
dent experiments. *P<0.05, **P<0.01 compared with the control group.

Figure 3. The expression of Bax and Bcl-2 in immunohistochemistry-stained 
SMMC-7721 cells. Effect of PAE on the expression of Bax (A) and Bcl-2 (B) 
in SMMC-7721 cells. Cells without any PAE treatment were used as the base-
line control. (C) The semi-quantitative analysis of Bax and Bcl-2 expression 
SMMC-7721 cells. The data are expressed as the mean ± SD in the three 
independent experiments. *P<0.05, **P<0.01 compared with the control group.
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PAE increases caspase-3 activation in HepG2 and SMMC-
7721 cells. To determine whether PAE effects the activation 
of caspase-3 in HepG2 and SMMC-7721 cells, the activation 

of caspase-3 was quantified through western blotting. As 
shown in Fig. 5, low levels of cleaved caspase-3 were observed 
in control treated cells. Treatment with various concentrations 

Figure 4. Effects of PAE on Bax and Bcl-2 expression in HepG2 and SMMC-7721 cells. Western blot images of HepG2 (A) and SMMC-7721 (B) cells. (C) The 
ratio of Bax to Bcl-2 in HepG2 and SMMC-7721 cells increased in PAE-treated cells compared with the cells without any treatment. The data from three 
independent experiments are shown as the mean ± SD. *P<0.05, **P<0.01 compared with the control group.

Figure 5. Effects of PAE on cleaved caspase-3 expression in HepG2 and SMMC-7721 cells. Western blot images of HepG2 (A) and SMMC-7721 (B) cells. 
(C) The semi-quantitative analysis of cleaved caspase-3. The data from three independent experiments are shown as the mean ± SD. *P<0.05, **P<0.01 
compared with the control group.
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of PAE (50, 100 and 200 mg/l) markedly increased the levels 
of cleaved caspase-3 in HepG2 and SMMC-7721 cells.

PAE inhibits migration and invasion of HCC cells. As HCC 
cell migration and invasion were associated with metastatic 
potential, a cell scratch migration and a Matrigel invasion 
assays were performed to corroborate the PAE effects. 
Wound healing assay was performed after treatment with 
PAE at concentrations of 12.5, 25, 50, 100 and 200 mg/l 
at 0 and 24 h. The results showed that PAE (50, 100 and 
200  mg/l) significantly suppressed the migration ability 
of HepG2 cells and SMMC-7721 cells (Fig. 6). As shown 
in Fig. 7A, transwell invasion assay revealed a significant 
reduction in invasion of SMMC-7721 cells treated with PAE 
200 mg/l in comparison to control cells. These two obser-
vations emphasized the inhibitive role of PAE in HCC cell 
migration and invasion.

Discussion

Despite many years of intensive research, HCC remains a 
devastating malignancy (26). Conventional chemotherapy 
is one of the common strategies for HCC treatment (27,28). 
Although chemotherapeutic drugs have been administered to 
patients with HCC, the curative effect was often accompanied 
by various side effects (6). Therefore, the development of new 
drugs with the ability to directly inhibit cancer cell prolif-
eration and induce cell apoptosis for the treatment of HCC is 

Figure 6. Effects of PAE on the migration of HepG2 cells and SMMC-7721 cells. Wound-healing analysis of HepG2 and SMMC-7721 cell migration for 
0 and 24 h, cells were treated with 0-200 mg/l PAE. (A) Images of HepG2 cells after treatment of PAE 200 mg/l at 0 and 24 h compared with control group. 
(B) Images of SMMC-7721 cells after treatment of PAE 200 mg/l at 0 and 24 h compared with control group. (C) Quantitative analysis of various concentra-
tions of PAE treated HepG2 cells. (D) Quantitative analysis of PAE treated SMMC-7721 cells. The data from three independent experiments are shown as the 
mean ± SD. *P<0.05, **P<0.01 compared with the control group.

Figure 7. Effects of PAE on the invasion of SMMC-7721 cells. SMMC-7721 
cells were treated with PAE (12.5-200 mg/l) and detected by transwell inva-
sion assays. Assays were performed in Matrigel-coated invasion chambers 
for 24 h. (A) Images of SMMC-7721 cells after treatment with PAE 200 mg/l 
compared with control group. (B) Quantitative analysis of the inhibitory 
effects of PAE at different concentration on the invasion of SMMC-7721 
cells. The data from three independent experiments are shown as the mean 
± SD. *P<0.05, **P<0.01 compared with the control group.
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urgent needed. Recently, chemotherapy and other intervention 
strategies using extracts of Chinese herbal medicines have 
emerged as a promising alternative option to improve the 
quality of life for HCC patients (5,29-31). For example, swain-
sonine (an extract from Sphaerophysa salsula or Astragalus 
membranaceus) and paeoniflorin (extracted from the root of 
Paeonia lactiflora), have been confirmed to inhibit cell growth, 
induce apoptosis and potentiate the cytotoxic effect on HCC 
cells and cervical cancer cells (12,32,33). PAE was designed 
according to the principles of Chinese traditional treatment 
on liver disease, as well as applying with the contemporary 
extraction and purification technology (20). PAE in vivo was 
confirmed to exhibit obvious hepatoprotective effects on the 
acute liver injury and chronic liver fibrosis (20,22). Moreover, in 
vitro studies indicated the primary mechanisms of its anti-liver 
injury effects may be associated with inhibiting proliferation 
of hepatic stellate cells and MAPK activation (34). In addition, 
these previous results have proved that PAE exerted conspicu-
ously higher efficiency than the use of the extracts TGP and 
total astragalosides exclusively.

It has been well accepted that the development process of 
HCC mostly connected with the chronic liver disease, such as 
liver fibrosis (24), and the usual pattern of fibrosis-cirrhosis-
HCC, has been revealed for many  years. Combined with 
the previous studies, we hypothesized that PAE could also 
affect the follow-up development of fibrosis, the liver cancer. 
Therefore, the present study was designed to firstly investigate 
whether PAE inhibits proliferation or induces apoptosis. Our 
proliferation and flow cytometry assays revealed that PAE 
significantly inhibits proliferation and induces apoptosis of 
HepG2 and SMMC-7721 cells. Then, to further determine the 
possible mechanisms of pro-proliferation and anti-apoptosis 
which were induced by PAE, the expression of the Bcl-2 
family proteins and caspase-3 which are acknowledged 
apoptosis-related regulators, was examined. The immuno-
cytochemistry analysis and western blotting results showed 
decreased expression of Bcl-2 and elevated levels of Bax and 
caspase-3 in HepG2 and SMMC-7721 cells treated with PAE 
compared with the control groups. These results suggest that 
PAE may mediate apoptosis by modulating the expression of 
Bcl-2 and caspase family proteins.

Apoptosis is a physiological cell death program that is a 
vital pathway in maintaining tissue homeostasis (35). Several 
factors contribute to apoptosis, but the pivotal ones are clas-
sified into two main families of proteins including Bcl-2 
family and caspase enzymes (36). The Bcl-2 gene (B-cell 
lymphoma/leukemia-2) is one of members of Bcl-2 family, 
which is closely related to apoptosis (37). Certain Bcl-2 
family proteins have been recognized as a critical check-
point within apoptotic pathways (38). The Bcl-2 family is 
composed of a number of genes, incuding the anti-apoptotic 
and pro-apoptotic members, such as Bcl-2 and Bax, which 
play critical roles in the control of mitochondrial integrity, 
have been considered to the crucial switch of the apoptotic 
process (39,40). A large body of research indicates that 
elevated expression of Bcl-2 inhibits apoptosis in various 
cell types, inducing cancer cells (12). The excessive expres-
sion of Bcl-2 leads to the resistance of cells against cellular 
toxins, which may connect a mutual pathway or crosstalk 
in the signal transduction pathway regulated by Bcl-2 (41). 

The results of our present studies showed by immunocyto-
chemistry analysis and western blotting indicated that PAE 
reduced the expression of Bcl-2 and enhanced the expression 
of Bax, comparing to the non-treated groups, along with an 
increased expression of caspase-3.

Caspases are known for playing an important role in 
the execution of apoptosis, which frequently activates death 
protease, catalyzing the specific cleavage of many pivotal 
cellular proteins (42). During apoptosis, active caspase-3 leads 
to a self-amplifying cascade of proteolysis and cleavage of 
many effect or proteins. Caspase-3 is essential for cellular DNA 
damage and apoptosis (43). Certain studies have shown that 
overexpression of Bcl-2 prevents the mitochondrial release of 
cyt c, thereby inhibiting the activation of caspases cascade and 
apoptosis (44). The increase in caspase-3 activation is synchro-
nized with an increased expression of pro-apoptotic protein 
Bax and a decreased expression of anti-apoptotic protein Bcl-2 
(45). The western blot analysis in this study demonstrated 
that PAE enhanced the expression of cleaved caspase-3 both 
in HepG2 and SMMC-7721 cell lines. In agreement with the 
data of the Bcl-2 family, our study indicated PAE may induce 
apoptosis through the mechanisms of modulating the Bcl-2 
family protein and the caspase-3 activity.

Due to invasion and intrahepatic metastasis, the prognosis 
for patients with HCC is poor. Invasive growth and metastatic 
potential is the basic reason which leads to stubborn and 
refractory liver cancer (46). The essential steps for metastases, 
invasion and migration require the action of tumor-associated 
proteases that dissolve the surrounding tumor matrix and 
basement membrane (47). Therefore, wound healing and 
Matrigel transwell assays were designed to detect the migra-
tory and invasive abilities of HepG2 and SMMC‑7721 cells 
after treatment with PAE. The results showed that PAE signifi-
cantly inhibited the migration and invasion of HCC cells and 
provided new insights into the potential use of PAE in control-
ling HCC invasion and metastasis.

In conclusion, our study demonstrated that PAE caused 
significant inhibition of cell proliferation, migration and 
invasion and pro-apoptotic effect in HCC cells. Our data 
also indicated the antitumor effect of PAE is due to the 
upregulation of the Bax-to-Bcl-2 ratio, as well as activation 
of the caspase-dependent signaling pathway. As far as we 
know, the study on association between PAE and HCC cell 
proliferation, migration, invasion and apoptosis has not been 
investigated before. However, further studies are required to 
elucidate the detailed mechanisms of PAE effect on apoptosis 
and metastases. In view of the present results, PAE may be 
considered as a potential therapeutic candidate in treatment 
of HCC.
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