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Abstract. Hepatocellular carcinoma (HCC) is one of the most 
common cancers types. Niu‑Huang‑Shen (NHS), a Chinese 
medicine, has been reported to exert antipyretic, anti‑inflam-
matory and vasodilatation effects. However, whether NHS 
has inhibitory effects on HCC cell phenotypes has remained 
elusive. In the present study, Cell Counting Kit‑8, colony 
formation, fluorescence‑activated cell sorting and Transwell 
assays were used to evaluate the effect of NHS on cell prolif-
eration, migration and invasion. The results indicated that 
NHS suppressed cell proliferation and invasion, inhibited 
cell apoptosis, and induced cell cycle arrest. In addition, NHS 
significantly suppressed the mRNA and protein expression 
of Yes‑associated protein (YAP). It was concluded that NHS 
downregulated YAP expression and inhibited the Hippo 
signaling pathway as well as HCC cell growth and invasion. 
NHS may be a novel potential therapeutic for HCC patients.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common 
cancers types, which is the third leading cause of cancer‑asso-
ciated death worldwide (1). Surgery is the primary therapy 
for early‑stage HCC, but metastasis and recurrence rates 
remain high at five years post‑surgery. In spite of the progress 
regarding the therapeutic options for advanced HCC, the prog-
nosis of HCC patients remains poor (2). Research on drugs 
with antitumor activity may lead to the development of novel 
chemotherapeutic agents.

Niu‑Huang‑Shen (NHS), a modern Chinese medicine, is 
prepared from cholic acid, hyodeoxycholic acid, baicalin and 
five other medicinal materials (3,4). A previous study revealed 
that NHS has a wide pharmacological spectrum, exerting 

antipyretic, anti‑inflammatory and vasodilation effects (5). 
However, whether NHS has any inhibitory effect on HCC cell 
phenotypes has remained elusive.

As indicated by several studies, dysregulation of the Hippo 
signaling pathway may lead to the formation of HCC (6,7). The 
Hippo signaling cascade regulates the expression of genes asso-
ciated with cell cycle progression, proliferation, differentiation 
and survival. Yes‑associated protein (YAP) is the effect or of 
the Hippo pathway, which is markedly elevated in samples of 
hepatitis B virus‑induced HCC (8). Overexpression of YAP was 
significantly associated with a higher tumor grade and higher 
serum α‑fetoprotein levels (P=0.021) (9). YAP coordinates 
interactions with these signaling pathways by the induction 
of the expression of various genes, including those involved 
in the transforming growth factor‑β/SMAD, WNT/β‑catenin, 
phosphoinositide‑3 kinase/AKT, c‑Jun N‑terminal kinase, 
Hedgehog, Janus kinase/signal transducer and activator of 
transcription, Notch and apoptotic pathways (10). The present 
study assessed the effect of NHS on malignant phenotypes of 
HCC. It was revealed that NHS modulated cell phenotypes 
by regulating YAP expression. It was concluded that NHS 
downregulated YAP expression, inhibited the Hippo signaling 
pathway, and suppressed HCC cell growth and invasion. NHS 
may potentially be a novel therapeutic for HCC.

Materials and methods

Cell lines. The SMMC‑7721 and MHCC‑97H HCC cell 
lines were obtained from the Cell Bank of the Type Culture 
Collection of the Chinese Academy of Sciences (Shanghai, 
China). Cells were maintained at 37˚C in a humidified incu-
bator containing 5% CO2 in Dulbecco's modified Eagle's 
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) supplemented with 10% fetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.).

Preparation and treatment of NHS solution. To produce 
stock solutions, NHS (supplied by Hubei Chinese Medical 
University, Wuhan, China) was dissolved in different volumes 
of 50% dimethylsulfoxide (DMSO) solution (10%, 1 g NHS in 
10 ml; 20%, 1 g NHS in 5 ml; 40%, 1 g NHS in 2.5 ml 50% 
DMSO). After mixing, the NHS solution was filtered (0.45 pm 
pore filter). A total of 2 µl of NHS solution at different concen-
trations of (0, 10, 20 and 40%) was incubated with DMEM 
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with different concentration for 48 h at 37˚C and used for 
following experiments.

Cell Counting Kit‑8 (CCK‑8) assay. HCC cells were seeded in 
96‑well plates at 1x103 cells with 100 µl NHS solution per well. 
Cells were treated with different concentration of NHS (0, 10, 
20 and 40%) as described above. The viability of the cells was 
assessed from three replicates in three independent experi-
ments by the CCK‑8 assay (Dojindo Molecular Technologies, 
Inc., Kumamoto, Japan).

Colony formation assay. Cells were seeded at a density of 
1,000 cells per well in 6‑well plates and cultured with different 
concentrations of NHS (0, 10, 20 and 40%) for 2 weeks at 
37˚C; the colonies were stained with 1% crystal violet (Beijing 
Solarbio Science & Technology Co., Ltd., Beijing, China) and 
counted.

Western blot analysis. HCC cells were lysed with radio 
immune precipitation assay buffer (Beyotime Institute 
of Biotechnology, Haimen, China) supplemented with 
protease inhibitors (Roche Diagnostics, Basel, Switzerland). 
Concentration of protein samples was determined by 
Bicinchoninic acid (BCA) method (Invitrogen; Thermo Fisher 
Scientific, Inc.). Protein samples (30  µg) were separated 
by 10% SDS‑PAGE and transfer redonto polyvinylidene 
difluoride membranes (EMD Millipore, Billerica, MA, USA), 
blocked with 5% bovine serum albumin (Beijing Solarbio 
Science & Technology Co., Ltd.) for 1 h at room temperature 
and immunoblotted with rabbit anti‑YAP (sc‑15407; 1:500) 
and mouse anti‑GAPDH (sc‑47724; 1:1,000; both Santa Cruz 
Biotechnology, Inc., Dallas, TX, USA) overnight at 4˚C. After 
the incubation with the corresponding secondary antibodies 
conjugated to horseradish peroxidase (HRP‑conjugated 
Affinipure Goat Anti‑Mouse or rabbit IgG (H+L); cat. 
no. SA00001‑1/2; Proteintech, Wuhan, China; 1:5,000) for 
1 h at room temperature, the signals of the membranes were 
detected by an Immobilon Western Chemiluminescent HRP 
Substrate (EMD Millipore). Bands were visualized using 
the ECL detection system (GE Amersham ECL Prime; GE 
Healthcare Life Sciences, Little Chalfont, UK).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) following the 
standard procedure. cDNA was synthesized using a Prime 
Script 1st Strand cDNA Synthesis kit (Takara Bio Inc., Otsu, 
Japan). The thermo cycling conditions were as follows: 42˚C 
for 10 min followed by 37˚C for 30 min. qPCR was performed 
using SYBR Premix Ex Taq (Takara Bio Inc.). The thermo 
cycling conditions were as follows: initial denaturation at 95˚C 
for 10 min followed by 40 cycles of 95˚C for 10 sec and 60˚C 
for 30 sec. The following primers were used: YAP forward, 
5'‑CAG​AAC​CGT​TTC​CCA​GAC​TAC‑3' and reverse, 5'‑ATC​
AGC​TCC​TCT​CCT​TCT​ATG​T‑3'; GAPDH forward, 5'‑GGT​
GTG​AAC​CAT​GAG​AAG​TAT​GA‑3' and reverse, 5'‑GAG​TCC​
TTC​CAC​GAT​ACC​AAA​G‑3'; CTGF forward, 5'‑GCT​GAC​
CTG​GAA​GAG​AAC​ATT​A‑3' and reverse, 5'‑TGC​AGC​CAG​
AAA​GCT​CAA‑3'; cyclin E forward, 5'‑GTA​TCA​GTG​GTG​
CGA​CAT​AGA​G‑3' and reverse, 5'‑GTA​TGT​TGT​GTG​CAT​

CTT​CAT​CAG‑3'; c‑myc forward, 5'‑CAT​ACA​TCC​TGT​CCG​
TCC​AAG‑3' and reverse, 5'‑GAG​TTC​CGT​AGC​TGT​TCA​
AGT‑3'. Values were normalized to the control using the 2‑∆∆Cq 
method (11).

Fluorescence‑activated cell sorting (FACS) assay. Cells 
(5x105) were trypsinized and re‑suspended to generate 
single‑cell suspensions. For cell cycle analysis, cells were fixed 
in 70% ethanol, stained with propidium iodideand analyzed 
with a FACS can flow cytometer (BD Biosciences, Franklin 
Lakes, NJ, USA). For apoptosis analysis, cells were stained 
with fluorescein isothiocyanate‑conjugated Annexin V and 
7‑aminoactinomycin D (Keygen Biotech, Nanjing, China) 
according to the manufacturer's protocol. Cells were then 
analyzed with a FACS can flow cytometer. All data were 
analyzed by FlowJo software (FlowJo LLC, Ashland, OR, 
USA).

Invasion assay. Cells (1x105/well) were seeded in serum‑free 
DMEM in the upper chambers of a 24‑well Transwell inva-
sion insert (BD Biosciences) whose membranes were coated 
with Matrigel. The lower chamber was filled with DMEM 
containing 10% FBS. After 24 h, cells on the upper side of the 
membrane were removed and the cells that had transgressed 
to the membrane were fixed in 4% paraformaldehyde and then 
stained with crystal violet for 1 h at room temperature.

Statistical analysis. All statistical analyses were performed 
using SPSS software 18.0 (SPSS, Inc., Chicago, IL, USA). 
Data were analyzed using Student's t‑test or one‑way analysis 
of variance with Dunnett's post hoc test. Values are expressed 
as the mean ± standard deviation. P<0.05 was considered to 
indicate a statistically significant difference between groups.

Results

NHS suppresses the growth of HCC cells. To examine the 
biological effect of NHS, SMMC‑7721 and MHCC‑97h 
cells were treated with different concentration of NHS 
for 48  h, and the cell viability was assessed by a CCK‑8 
assay. NHS decreased the proliferation of SMMC‑7721 and 
MHCC‑97h cells in a dose‑dependent manner (Fig. 1A). In 
addition, high‑dose NHS decreased the number of colonies. 
Colony formation was robustly suppressed by NHS at 0.4% 
(Fig. 1B). These results demonstrated that NHS exhibits potent 
anti‑proliferative effects in HCC cells.

NHS induces S‑phase arrest and apoptosis in HCC cells. To 
gain insight into the mechanism by which NHS inhibited the 
growth of HCC cells, the cell cycle distribution of SMMC‑7721 
and MHCC‑97h cells following NHS treatment was deter-
mined by FACS. In comparison with the control group, NHS 
induced a significant decrease in the S‑phase population and 
increased the percentage of G1‑phase cells in a dose‑dependent 
manner (Fig. 2A).

Next, a FACS assay was used to assess whether NHS 
induced cell apoptosis. Increased amounts of apoptotic cells 
were detected among the SMMC‑7721 and MHCC‑97h cells 
treated with NHS. Of note, NHS potently induced SMMC‑7721 
cell apoptosis in a dose‑dependent manner (Fig. 2B).
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NHS suppresses HCC cell invasion. The present study also 
investigated alterations in the invasive capacity of HCC cells 
treated with NHS using a Matrigel Transwell assay. Compared 
with the control and low‑dose (0 and 0.01%) groups, cells 
treated with NHS at high doses (0.02 and 0.040%) exhibited a 
significantly decreased invasive capacity (Fig. 3).

NHS regulates YAP expression. Finally, the present study 
explored the potential molecular mechanisms by which NHS 
suppressed the proliferation and invasion of HCC cells. YAP 
is the effect or of the Hippo pathway, which is involved in the 
growth and metastasis of HCC cells (7). As YAP was likely to 
be involved in NHS‑induced inhibitory effect, its expression 
was assessed. Of note, the mRNA and protein levels of YAP 
were significantly downregulated by NHS in a dose‑dependent 
manner (Fig. 4A and B). In addition, certain target genes of 
YAP, including connective tissue growth factor, c‑myc and 
cyclin E were assessed. The results indicated that all of 
these genes were suppressed by NHS treatment in HCC cells 
(Fig. 4C). It was therefore suggested that NHS inhibits HCC 
cells through suppression of YAP expression.

Discussion

To the best of our knowledge, the effect of NHS in cancer 
therapy has not previously been investigated. The present study 
demonstrated that NHS is capable of inhibiting the prolifera-
tion and invasion of HCC cells, and to induce cell cycle arrest 
and apoptosis. Furthermore, the anti‑cancer effects of NHS in 
HCC cells were assessed. The possible underlying mechanisms 
via which NHS inhibits HCC cells were also investigated. To 
the best of our knowledge, the present study was the first to 
assess the effect and mechanism of action of NHS in HCC 
cells.

The antitumor activity of NHS on HCC cells was assessed 
using CCK‑8 and colony forming assays. The results demon-
strated that NHS inhibited cell growth in a dose‑dependent 
manner. FACS analysis revealed that NHS induced cell cycle 
arrest at the G1 phase in a dose‑dependent manner. FACS 
analysis also demonstrated that NHS produced a dose‑depen-
dent increase in the apoptotic cell population, suggesting that 
apoptosis may be a sequential event of cell cycle arrest induced 
by NHS.

Figure 2. NHS induces G0/G1‑phase arrest and apoptosis in hepatocellular carcinoma cells. The cell cycle distribution in SMMC‑7721 and MHCC97‑H cells 
treated with different concentrations of NHS was detected by FACS analysis. (A) Cell cycle distribution of SMMC‑7721 and MHCC97‑H cells treated with 
different concentrations of NHS by FACS analysis. (B) Cells positive for Annexin V staining were counted as apoptotic cells and the percentage of apoptotic 
cells is presented. Values are expressed as the mean ± standard deviation. *P<0.05 vs. untreated. NHS, Niu‑Huang‑Shen; FACS, fluorescence‑assisted cell 
sorting.

Figure 1. NHS suppresses the growth of hepatocellular carcinoma cells. (A) SMMC‑7721 and MHCC97‑H cells were treated with different concentrations of 
NHS for 48 h. The cell survival was detected by a Cell Counting Kit‑8 assay. (B) Colony formation of SMMC‑7721 and MHCC97‑H cells treated with different 
concentrations of NHS for 7 days. Values are expressed as the mean ± standard deviation. *P<0.05 vs. untreated. NHS, Niu‑Huang‑Shen; OD, optical density.
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YAP acts as an oncogene in several tissue types if its activity 
is aberrantly increased. Increased YAP activity has a potent 
pro‑metastatic effect in cancer cells. YAP is able to interact 
with the TEA domain family/transcriptional enhancer factor 
transcription factors, which is essential for YAP‑mediated 
tumor growth and metastasis. YAP enhances multiple 
processes known to be important for tumor progression and 
metastasis, including cellular proliferation, transformation, 
migration and invasion (12‑14). The present study revealed a 
dose‑dependent suppression of YAP expression by NHS. A 

decrease of YAP was accompanied with suppression of cell 
growth and invasion. Therefore, identifying the exact compo-
nent of NHS that selectively suppresses YAP1 will be helpful 
for treating HCC more effectively.

In conclusion, the present study found that NHS inhibited 
HCC cell growth and invasion in vitro. NHS was also identified 
to decrease the expression of YAP and several of its down-
stream signaling molecules. NHS led to G1 phase arrest of the 
HCC cells as well as apoptosis. This dual effect of NHS may 
have led to its marked inhibitory effect on HCC cells in vitro. 

Figure 4. NHS regulates YAP expression. (A) Protein levels of YAP in SMMC‑7721 and MHCC97‑H cells treated with different concentrations of NHS 
were detected by western blot analysis. (B) mRNA levels of YAP and (C) target genes of YAP in SMMC‑7721 and MHCC97‑H cells treated with different 
concentration of NHS were detected by semi‑quantitative polymerase chain reaction analysis. Values are expressed as the mean ± standard deviation. *P<0.05 
vs. untreated. NHS, Niu‑Huang‑Shen; YAP, Yes‑associated protein; ACTB, β-actin; CTGF, connective tissue growth factor. 

Figure 3. NHS suppresses hepatocellular carcinoma cell invasion. Invasion assay for SMMC‑7721 and MHCC97‑H cells treated with different concentrations 
of NHS. Magnification, x100. Values are expressed as the mean ± standard deviation. *P<0.05 vs. untreated. NHS, Niu‑Huang‑Shen.
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The present study revealed the ability of NHS to inhibit HCC 
in vitro. These results suggested that NHS may represent an 
effective drug for use in HCC cancer therapy.
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