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Abstract: Chinese herbal medicine utilizes clinically effective adjuvants that can potentiate the effects of hepatec-
tomy and molecule-targeted drugs for the treatment of hepatocellular carcinoma (HCC). The aim of this study was 
to investigate the possible molecular mechanisms underlying the antitumor effect of fufang yiliu yin (FYY) on HCC 
cells. We investigated the effects of FYY on the proliferation, migration, invasion, and apoptosis of SMMC-7721 cells 
in vitro and in mouse subcutaneous xenograft models in vivo. FYY significantly inhibited the proliferation of SMMC-
7721 cells compared to that of normal hepatocytes; cell proliferation was blocked at the G2/M phase in accordance 
with reduced expression of proliferating cell nuclear antigen. FYY treatment resulted in the activation of caspase-8, 
caspase-3 and poly (ADP-ribose) polymerase, with reduced protein levels of tumor necrosis factor receptor-associat-
ed factor 2, indicating an induction of cell apoptosis. In addition, we observed decreases in the protein expression 
of matrix metalloproteinase-2 and -9 along with an inhibition of cell migration and invasion after FYY treatment. 
Furthermore, FYY treatment significantly inhibited the growth of tumors in vivo. These data demonstrate the strong 
inhibitory effects of FYY on SMMC-7721 cells, and we propose FYY as a novel potential anticancer adjuvant.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth 
most common cancer worldwide [1], with a 
majority (55%) of the cases found in China [2]. 
Moreover, HCC is the third leading cause of 
cancer death, with 600,000 deaths per year 
and morbidity increasing on a yearly basis [1]. 
Although the best treatment for HCC is hepa-
tectomy, the resection rate is low and the mor-
tality and recurrence rates are high [3]. HCC 
has poor sensitivities to chemotherapy and 
radiotherapy, and molecular-targeted therapies 
are associated with high levels of drug intoler-
ance. Therefore, new and effective cytotoxic 
drugs are urgently needed for the treatment of 
patients with HCC.

As an adjuvant to HCC treatments, Chinese 
herbal medicine (CHM) has been effective for 
relieving clinical symptoms, improving the qual-

ity of life and immune function, and increasing 
the long-term survival of patients [4]. CHM 
incorporates many different chemical compo-
nents, which act synergistically to increase the 
therapeutic efficacy [5], and frequently com-
bines current scientific methodologies with 
other holistic approaches. Research on the 
antitumor activities of CHM has intensified in 
recent years, especially in China where it has 
been studied for the prevention and treatment 
of liver cancer [6, 7]. Although CHM is generally 
well accepted in Asian countries, the lack of 
understanding on the underlying molecular 
mechanisms limits its use elsewhere.

Here, we focused on the anticancer properties 
and underlying mechanisms of fufang yiliu yin 
(FYY), which is used in CHM. FYY comprises the 
herbs and herb products Radix Astragali [8], 
Ganoderma lucidum [9], Semen Armeniacae 
amarum [10], Hedyotis diffusa Willd [11], Aco- 
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niti Lateralis Radix Praeparata [12], Glycyrrhiza 
Glabra Linne [13], Radix Panacis Quinquefolii 
[14], and Platycodi Radix [15], which reportedly 
possess anti-inflammatory and detoxifying 
activities. This study investigated the antitumor 
effects of FYY on HCC cells in vitro and in vivo. 
The individual contributions of each compo-
nent in FYY were not investigated.

Materials and methods

Preparation of FYY

The primary composition of FYY was 2 g Radix 
Astragali, 1 g Ganoderma lucidum, 1 g Semen 
Armeniacae amarum, 3 g Hedyotis diffusa 
Willd, 2 g Aconiti Lateralis Radix Praeparata, 2 
g Glycyrrhiza Glabra Linne, 1 g Radix Panacis 
Quinquefolii, and 1 g Platycodi Radix. These 
CHM products were purchased from Bai Cao- 
tang Pharmaceutical Co. Ltd. (Fujian, China), 
conforming with the provisions stated by the 
Chinese Pharmacopoeia, and prepared at the 
Weifang Hospital of Traditional Chinese Medi- 
cine. The components were boiled together in 
100 ml of distilled water under reflux for 30 
min, and the solution was filtered and freeze 
dried. The powder was then dissolved in 100 ml 
phosphate-buffered saline (PBS) for a final 
stock concentration of 120 mg/ml and stored 
at -20°C. This stock solution was diluted in cell 
culture medium in subsequent in vivo experi- 
ments.

Reagents and facilities

The cell cycle and apoptosis analysis kit and 
Hoechst 33258 staining kit were purchas- 
ed from Beyotime Biotechnology (Shanghai, 
China). The Alexa Fluor 488 annexin V/dead cell 
apoptosis kit was purchased from Molecular 
Probes (Oregon, USA). Antibodies against ma- 
trix metalloproteinase-2 ([MMP-2] #87809), 
matrix metalloproteinase-9 ([MMP-9] #2270), 
tumor necrosis factor receptor-associated fac-
tor 2 ([TRAF2] #4712), caspase-8 (#9746), cas-
pase-3 (#9662), poly (ADP-ribose) polymerase 
([PARP] #9532), and glyceraldehyde-3-phos-
phate dehydrogenase ([GAPDH] #5174) were 
obtained from Cell Signaling Technology Inc. 
(Danvers, MA, USA). Antibodies against prolifer-
ating cell nuclear antigen ([PCNA] ab92552) as 
well as goat anti-rabbit and goat anti-mouse 
horseradish peroxidases ([HRPs] IgG H&L; ab- 
6721 and ab6789, respectively) were obtained 
from Abcam (Cambridge, MA, USA).

All experiments were conducted at the De- 
partment of Medical Research center and the 
medical animal laboratory of the Affiliated 
Hospital of Qingdao University, Qingdao, Shan- 
dong, P. R. China.

Cell lines and cell culture

The HCC cell line SMMC-7721 and normal 
hepatocyte cell line HL-7702 were purchased 
from the cell resource center of the Shanghai 
Institutes for Biological Sciences, Chinese 
Academy of Sciences (Shanghai, China). Cells 
were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM) supplemented with 10% fetal 
bovine serum (FBS) at 37°C with a 5% CO2 
atmosphere in a humidified incubator (Thermo 
Fisher Scientific, Waltham, MA, USA).

Cell viability assay

The cells (5 × 103/well) were seeded in 96-well 
plates and incubated for 24 h. When the cell 
density reached 60-70%, SMMC-7721 cells 
were treated with different concentrations of 
FYY (1, 2, 4, 8, 12, and 16 mg/ml) for 24, 48, 
and 72 h. HL-7702 cells and PBS were used as 
the controls. Cell viability was assayed via an 
MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide] assay.

Colony formation assay

SMMC-7721 cells were treated with different 
concentrations of FYY (2, 4, 8, and 12 mg/ml) 
or PBS (as a control) for 24 h. The cells were 
then cultured in 6-well plates (3 × 103 cells/
well), and the medium was changed every 2 d 
for 12-14 days. The colony-forming efficiency of 
single cells was calculated as the number of 
colonies/number of inoculated cells × 100 and 
is reported as a percentage.

Cell cycle and cell apoptosis analyses

A flow cytometry assay of propidium iodide-
stained DNA fragments was used to determine 
cell-cycle progression. The Alexa Fluor 488 
annexin V/dead cell apoptosis kit was used to 
identify apoptotic FYY-treated and untreated 
(PBS control) SMMC-7721 cells. The data were 
analyzed using FlowJo software (version 7.6). 
Cellular apoptosis was also detected with an 
apoptosis-Hoechst 33258 staining kit, and 
cells were visualized under a fluorescence 
microscope (Olympus IX50; Olympus Corp., 
Tokyo, Japan) at × 400 magnification.
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Wound healing assays

SMMC-7721 cells were treated with different 
concentrations of FYY (2, 4, and 8 mg/ml) or 
PBS for 24 h. Cell monolayers cultured in DMEM 
with 1% FBS were wounded by scraping with a 
200-μl pipette tip and incubated at 37°C for an 
additional 24 h. The areas of the wounds were 
measured and the wound healing rates were 
calculated using Image J software.

Transwell migration and invasion assays

Cell migration and invasion were assessed 
using Transwell polycarbonate membranes 
(8.0-μm pores; Corning Inc., Corning, NY, USA) 
placed in each well of a 24-well plate contain-
ing 600μl DMEM with 10% FBS. For migration, 
SMMC-7721 cells were treated with different 
concentrations of FYY (2, 4, and 8 mg/ml) or 
PBS for 24 h and then seeded (1.5 × 105 cells) 
on the membranes using serum-free DMEM for 
48 h at 37°C. To assess invasion, the Transwell 
membranes were precoated with Matrigel (BD, 
Franklin Lakes, NJ, USA). After the 48-h incuba-
tion, the cells were fixed with methanol for 15 
min and stained with 0.5% crystal violet for 15 
min. The percentage of cells that had penetrat-
ed through the membrane was quantified under 
a microscope at × 200 magnification.

Western blotting

Total proteins were extracted from cells using 
RIPA lysis buffer (CWBIO, Beijing, China) and 
the concentrations were determined with a BCA 
(bicinchoninic acid) protein quantitation kit 
(Thermo Fisher Scientific). Equal amounts of 
protein from samples were separated by sodi-
um dodecyl sulfate-polyacrylamide gel electro-
phoresis and then transferred onto 0.45-μm 
polyvinylidene difluoride membranes (Bio-Rad 
Laboratories, Hercules, CA, USA). Subsequently, 
the membranes were blocked with 5% milk in 
PBS plus 0.1% Tween 20 (PBST) for 60 min. The 
membranes were incubated with primary anti-
bodies (at the recommended dilutions) over-
night at 4°C. The next day, the membranes 
were incubated for 60 min with the correspond-
ing secondary antibodies. The bands were 
detected using an enhanced chemilumines-
cence reagent and visualized with a Fusion FX7 
System (Vilber Lourmat, France). ImageJ soft-
ware was used to calculate the intensity (gray 
value) of each protein band, which was normal-
ized to that for GAPDH.

In vivo tumorigenicity assays

SMMC-7721 cells (5 × 106) were injected sub-
cutaneously into the posterior flanks of male 
BALB/c nude mice (4-5 weeks old) purchased 
from the Beijing Vital River Laboratory Animal 
Technology Co. Ltd. (Beijing, China). The mice 
were divided into two groups: an FYY drug 
group and a control group (n = 6 mice/group). 
FYY (0.2 ml/10 g of body weight) or an equiva-
lent volume of saline was intragastrically ad- 
ministered daily to the mice. Tumor sizes were 
measured every 3 d using calipers, and tumor 
volume (mm3) was calculated as the length × 
width2/2. The mice were killed by cervical dislo-
cation on day 33, and the tumors were excised, 
weighed, and photographed. All animal studies 
were approved by the Animal Ethics Committee 
of Qingdao University.

Statistical analysis

Statistical analysis was performed in GraphPad 
Prism 6.0 software (San Diego, CA, USA). All ex- 
periments were performed in triplicates. Data 
were analyzed by one-way analyses of variance 
(ANOVAs) and are presented as means ± SDs. A 
P value of < 0.05 was considered as statisti-
cally significant.

Results

FYY inhibits the proliferation of HCC cells

To study the effect of FYY on the viability of 
hepatocytes, SMMC-7721 and HL-7702 cells 
were treated with different concentrations of 
FYY for 24, 48, and 72 h. FYY inhibited the pro-
liferation of SMMC-7721 cells in a dose- and 
time-dependent manner without significantly 
altering the viability of normal hepatocytes 
(Figure 1A). We next investigated the antican-
cer effect of FYY on SMMC-7721 cells. The 
cloning formation assay showed that the num-
ber of cell colonies in the FYY-treated SMMC-
7721 group was lower than that of the PBS con-
trol (Figure 1B). We found that FYY was the 
most effective at inhibiting cell colony forma-
tion at a concentration of 12 mg/ml. We also 
measured the expression of PCNA by Western 
blotting and found that protein levels were 
decreased in the FYY-treated SMMC-7721 cells 
(Figure 1C). Finally, we performed flow cytome-
try to assess cell-cycle progression. Compared 
with that in the PBS controls, the percentage of 
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Figure 1. FYY inhibits the proliferation of SMMC-7721 cells. A. FYY inhibited the proliferation of SMMC-7721 cells, 
but not normal HL-7702 hepatocyte cells, treated for 24, 48, and 72 h in a dose- and time- dependent manner. Cell 
density and morphology changes are shown (× 100 magnification). B. The colony formation ability was decreased 
after treatment with FYY (× 100 magnification). C. Representative Western blot and quantitation of PCNA expression 
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showing a dose-dependent decrease with FYY treatment. D. Cell-cycle progression was arrested at the G2/M phase 
by FYY. Data are expressed as the means ± SDs from three separate experiments. *P < 0.05, **P < 0.01, and ***P 
< 0.001 vs. PBS.

Figure 2. FYY induces apoptosis of SMMC-7721 cells. Hoechst staining (A) and flow cytometric analysis (B) indicate 
that FYY induced cellular apoptosis in a dose-dependent manner. (C) Expression levels of apoptosis-related proteins 
(TRAF2, caspase-8, caspase-3, and PARP) were altered by FYY treatment as determined by Western blotting. *P < 
0.05, **P < 0.01, and ***P < 0.001 vs. PBS.

cells in the G2/M phase was significantly 
increased in FYY-treated SMMC-7721 cells 

(Figure 1D). However, there was no significant 
difference in the percentage of cells in S phase. 
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These data suggest that FYY has an inhibitory 
effect on the proliferation of HCC cells by induc-
ing cell-cycle arrest at the G2/M phase.

FYY promotes apoptosis of HCC cells

FYY significantly induced cell apoptosis after 
24 h of treatment as determined by Hoechst 
staining and flow cytometry (Figure 2A and 2B). 
We also investigated the expression of apopto-
sis-related proteins by Western blotting and 

observed increases in caspase-8, caspase-3, 
and PARP, with a decrease in TRAF2 by FYY 
treatment (Figure 2C). The results suggest that 
FYY promotes both early and late stage apopto-
sis in FYY-treated SMMC-7721 cells.

FYY inhibits the migration and invasion of HCC 
cells

After treating SMMC-7721 cells with different 
concentrations of FYY for 24 h, the wound heal-

Figure 3. FYY inhibits SMMC-7721 cell migration and invasion. Wound healing (A) and Transwell invasion (B) assays 
indicate that FYY inhibited SMMC-7721 cell migration. (C) FYY also inhibited the invasion of SMMC-7721 cells into 
Matrigel. (D) Expression levels of extracellular matrix degradation-related proteins MMP-2 and MMP-9 were dose-
dependently decreased with FYY treatment as determined by Western blotting. *P < 0.05, **P < 0.01, and ***P 
< 0.001 vs. PBS.
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ing rate was lower than that of the PBS controls 
(Figure 3A). Moreover, cell migration (Figure 
3B) and cell invasion (Figure 3C) were decre- 
ased in FYY-treated SMMC-7721 cells com-
pared with that in PBS controls. These decreas-
es corresponded with reduced expression of 
the migration- and invasion-related proteins 
MMP-2 and MMP-9 (Figure 3D). Thus, FYY 
dose-dependently inhibits HCC invasion and 
migration.

FYY inhibits growth of tumors in vivo

Subcutaneous xenograft tumors in twelve mice 
were examined to investigate the antitumor 
effect of FYY in vivo (Figure 4A). Palpable 
tumors were present after 6 d in all mice and 
we started FYY or saline treatment. The tumors 
size in the saline-treated control mice was larg-
er than those in the FYY-treated mice after 18 
days of treatment. The tumor volumes in the 
control group and FYY-treated group were 
314.948 ± 60.569 mm3 and 188.549 ± 
54.342 mm3, respectively, after 27 days of 
treatment (P < 0.05) (Figure 4B). The weights of 
the tumors from the control and FYY-treated 
groups were 255.0 ± 78.7 mg and 125 ± 50.0 
mg, respectively (P < 0.05) (Figure 4C).

Discussion

CHM provides clinically effective anticancer 
treatments with few side effects [16, 17]. Here, 

proliferation. Radix Astragali, the dried root of 
Astragalus membranaceus Bge var. mongholi-
cus, has been reported to act as an immuno-
modulatory adjunctive cancer therapeutic [20] 
and shows antiproliferative effects [21]. This 
ingredient primarily comprises polysaccha-
rides, saponins, and flavonoids, for which all 
have demonstrated anticancer effects in pre-
clinical studies [22]. The anticancer effects of 
Ganoderma lucidum, an extract from Reishi 
mushrooms, are largely attributed to its bioac-
tive polysaccharides, which are immunomodu-
latory via the activation of certain cytokines 
[23, 24], and triterpenoids, which can induce G2 
phase cell-cycle arrest in HCC cells [25]. 
Platycodi Radix, from the root of Platycodon 
grandiflorus, contains platycodin D, which has 
been shown to induce apoptosis in several can-
cer cell types [26, 27] and inhibit the prolifera-
tion and cell-cycle progression (at the G2/M 
phase) of HepG2 cells [28]. Hedyotis diffusa 
Willd belongs to the family Rubiaceae and  
contains quercetin, kaempferol, and rutin, 
which also exhibit antiproliferative and apop-
totic effects in ovarian cells [29] and in colorec-
tal cancer cells by inhibiting STAT3 signaling 
and regulating PI3K/AKT signaling, respectively 
[30, 31].

We found the FYY treatment also increased the 
percentages of early and late apoptotic HCC 
cells. The induction of tumor cell apoptosis is a 

Figure 4. FYY inhibits the growth of SMMC-7721 cells in vivo. (A) Subcutane-
ous xenograft tumors after 33 d. Animals treated with FYY had tumors with 
significantly smaller volumes (B) and lower weights (C). *P < 0.05 and **P 
< 0.01 vs. control (saline-treated animals).

we demonstrate the antitumor 
effects of FYY on apoptosis, 
proliferation, migration, and 
invasion of HCC cells in vitro, 
consistent with results from 
previous studies [18, 19]. Mo- 
reover, we demonstrate that 
FYY can significantly inhibit 
xenograft HCC tumor growth 
in vivo.

Our results show that FYY in- 
duces cell-cycle arrest in HCC 
cells at the G2/M phase and 
reduced their proliferation, 
corresponding to a loss of PC- 
NA protein expression. Four of 
the eight components compr- 
ising FYY, namely, Radix Astr- 
agali, Ganoderma lucidum, Pl- 
atycodi Radix, and Hedyotis 
diffusa Willd, were previously 
shown to inhibit cancer cell 
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documented attribute of CHM [32] and has 
been documented for three components of 
FYY, namely, Semen Armeniacae amarum, Pla- 
tycodi Radix, and Hedyotis diffusa Willd. Semen 
Armeniacae amarum contains hydrogen cya-
nide and amygdalin, which induces cell apopto-
sis via the upregulation of Bax and downregula-
tion Bcl-2, resulting in caspase-3 activation 
[33]. FYY treatment in our study was associat-
ed with a dose-dependent activation of cas-
pase-3 as well as a reduction in the expression 
of TRAF2, a member of the TRAF family of pro-
teins associated with cell proliferation, apopto-
sis, and inflammatory reactions [34] and which 
plays a crucial role in internal and external 
apoptotic pathways [35]. TRAF2-induced cas-
pase-8 activation triggers the proteolytic cas-
cade leading to the activation of caspase-3 
[36], of which PARP is a substrate [37] that is 
commonly used as biological marker of apopto-
sis. Another component of FYY, Glycyrrhiza 
Glabra Linne, has been shown to enhance cas-
pase-3 activity and PARP cleavage, leading to 
cell apoptosis via extrinsic and intrinsic path-
ways [38]. Consistent with these observations, 
we found increases in caspase-3, caspase-8, 
and PARP cleavage in SMMC-7721 cells treated 
with FYY.

An important effect of anticancer therapeutics 
is their ability to prevent metastasis. The migra-
tion and invasion of cancer cells are influenced 
by the extracellular matrix. Ganoderma lucidum 
was previously shown to inhibit HCC metastasis 
by downregulating the expression of MMP-2 
and MMP-9 [39], which are proteolytic enzymes 
involved in extracellular matrix modification, 
cell migration and invasion, and the cleavage of 
cytokines [40]. Consistent with this, we found 
that FYY treatment reduced the expression of 
both MMP-2 and MMP-9 and suppressed the 
migratory and invasive properties of SMMC-
7721 cells in vitro.

Taken together, we show that FYY is an effec-
tive anticancer agent that inhibits the prolifera-
tion, migration, and invasion while promoting 
apoptosis of HCC cells. These effects were vali-
dated in the observed reduction in tumor size in 
a xenograft model following the administration 
of FYY. Therefore, FYY represents a potential 
adjuvant therapy for HCC.
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