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Abstract. Emodin, an anthraquinone derivative from the 
root and rhizome of Rheum palmatum L., was found to have 
antitumor effects in different types of cancer by regulating 
multi-molecular targets. The aim of the present study was to 
explore the effect of emodin on the migration and invasion 
of MHCC-97H human hepatocellular carcinoma cells and 
the underlying molecular mechanisms. Firstly, it was demon-
strated that emodin can inhibit cell proliferation and induce 
apoptosis of cells in a time- and dose-dependent manner, using 
a MTT assay and flow cytometry, respectively. However, when 
emodin concentration was <50 µmol/l, it had little effect on 
the inhibition of proliferation or the induction of apoptosis. 
Then, it was observed that emodin can significantly suppress 
cell migration and invasion with a treatment dose <50 µmol/l 
compared with the control (P<0.05), which was not attributed 
to a decrease in cell number. Further study demonstrated 
that emodin significantly suppressed the expression levels of 
matrix metalloproteinase (MMP)-2 and MMP-9 compared 
with the control, which may be mediated by the activation of 
the p38 mitogen-activated protein kinases (MAPK) signaling 
pathway and suppression of extracellular signal regulated 
kinase (ERK)/MAPK and phosphatidylinositol 3-kinase/Akt 
signaling pathways. Therefore, the present study, for the first 
time, used MHCC-97H cells, which have the high potential of 
malignant invasion, to demonstrate that emodin may inhibit 
cell migration and invasion.

Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent 
malignancies worldwide, representing the fifth most common 
cause of cancer in men and the seventh in women, and the 
third most frequent cause of cancer-related mortality (1-3). 
Globally, there are ~750,000 new cases of liver cancer reported 
per year (4). Although surgical resection provides better results 
in patients with HCC in early stages, the long-term prognosis 
remains unsatisfactory because many patients are diagnosed at 
the advanced stage, and tumors have an inherent capacity for 
invasiveness and metastasis (5,6). At present, chemotherapy is 
commonly used in the treatment of metastatic HCC. However, 
this treatment remains ineffective due to its toxicity to normal 
cells and the rapid development of resistance. Therefore, to 
further explore the biology of metastasis and develop novel 
therapeutics that specifically target metastasis and metastatic 
progression are required (7,8).

Increasing attention has been paid to drugs among tradi-
tional Chinese medicines, since these materials typically share 
high safety profiles and can effectively prevent and control 
metastasis (9,10). Rheum palmatum L. is a plant that has been 
widely used in Chinese medicine as a laxative for thousands 
of years. Emodin is an anthraquinone derivative from its root 
and rhizome (11). It has been reported that emodin possesses 
a number of biological properties such as anti‑inflammatory, 
antiviral and anti-proliferative effects (12). In the context 
of cancer, several studies have indicated that emodin exerts 
anticancer effects on various cell lines derived from the 
pancreas (13), colorectum (14) and breast (15). However, so far 
there is little evidence revealing the possible effect of emodin 
on tumor metastasis in HCC.

Herein, in the present study, the inhibitory effect of migra-
tion and invasion by emodin are investigated using the HCC 
cell line MHCC-97H, and the molecular mechanisms under-
lying these actions are explored.

Materials and methods

Cell culture and reagents. The MHCC-97H cell line was 
purchased from the American Type Culture Collection 
(Manassas, VA, USA), and was cultured in high-glucose 
Dulbeccos modified Eagles medium with 10% fetal bovine 
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serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) in a humidified atmosphere with 5% CO2 at 37˚C. Emodin 
(1,3,8-trihydroxy-6-methyl-anthraquinine) was purchased 
from Sigma-Aldrich (Merck Millipore, Darmstadt, Germany). 
Its molecular formula is C15H10O5 and its molecular weight is 
270.24 g/mol. It was dissolved at a concentration of 100 mmol/l 
in 100% dimethylsulfoxide (DMSO; Sigma-Aldrich; Merck 
Millipore) as a stock solution, stored at ‑20˚C, and the 
following concentrations were prepared: 2.5, 5, 12.5, 25, 50 
and 100 mmol/l. DMSO (0.2%) was used as vehicle control for 
all the experiments. MTT was purchased from Sigma-Aldrich 
(Merck Millipore). The Annexin V-FITC apoptosis detection 
kit (cat. no. KGA108) was purchased from KeyGen Bio-Tech 
Co., Ltd., Nanjing, China. Rabbit phosphorylated (p)-Akt 
(cat. no. 4060S) and total (t)-Akt (cat. no. 4691S) polyclonal 
antibody, rabbit p-extracellular-signal-regulated kinase 
(ERK)1/2 (cat. no. 4370S) and t-ERK1/2 (cat. no. 4695S) 
monoclonal antibody, rabbit p-p38 (cat. no. 4511S) and t-p38 
(cat. no. 9212S) monoclonal antibody and mouse β-actin 
(cat. no. 3700) monoclonal antibody were all purchased from 
Cell Signaling Technology, Inc. (Boston, MA, USA). Rabbit 
matrix metalloproteinase (MMP)-2 (cat. no. BS1236) and 
MMP-9 (cat. no. BS1241) polyclonal antibody were purchased 
from Bioworld Technology, Inc. (St. Louis Park, MN, USA).

MTT assay for cell viability. Cell viability was determined by 
MTT assay. Briefly, Cells were seeded into a 96‑well plate at a 
density of 1x104 cells/well and cultured for 24 h. Emodin was 
then added to the wells with final concentrations of 0, 5, 10, 
25, 50, 100 and 200 µmol/l and incubated for 12, 24, 48 and 
72 h at 37˚C. DMSO (0.2%) was used as a negative control. 
Then, 20 µl MTT solution (5 mg/ml) was added to each well 
and incubated for an additional 4 h at 37˚C. The medium was 
carefully removed and 150 µl DMSO was added to each well 
to dissolve the formazan crystals and the absorbance was 
detected at 570 nm using a multiskan spectrum microplate 
reader (Thermo Fisher Scientific, Inc.).

Flow cytometricanalysis of apoptosis. Cell apoptosis was 
detected using the Annexin V-FITC apoptosis detection kit 
according to the manufacturers instructions. In brief, a total 
of 3x105 MHCC-97H cells were seeded into each well of the 
6-well plates and various concentrations (10, 25, 50,100 µmol/l) 
of emodin were added to the wells after 24 h of incubation at 
37˚C. The control group was treated with the equivalent quan-
tity of DMSO (0.2%). Cells of each sample were harvested after 
an additional 12 or 24 h and suspended in 500 µl of Annexin 
V binding buffer (1X). Annexin V-FiTC (5 µl) and 5 µl of 
propidium iodide (PI) were added and incubated for 15 min in 
dark. The stained cells were analyzed by flow cytometry using 
a FACS Calibur (BD Biosciences, San Jose, CA, USA).

Migration and invasion assay. Cell migration was analyzed 
with the aid of a Transwell chamber (Corning Incorporated, 
Corning, NY, USA) with 8-µm pores and a cell invasion 
assay was performed using a Corning® Matrigel® invasion 
chamber (Corning Incorporated). Cells suspended in 200 µl 
serum-free medium were seeded onto the upper chambers 
(1x105 cells/chamber for migration and 2x105 cells/chamber 
for invasion) and incubated with different concentrations of 

emodin (10, 25 and 50 µmol/l), and the chambers were placed 
into 24-well plates with medium containing 10% serum. 
DMSO (0.2%) was used as a negative control. After 24 h, 
the cells remaining in the upper chamber were removed and 
migrated or invaded cells on the lower membrane surface 
were fixed with 4% formaldehyde polymerisatum followed by 
staining with 0.1% crystal violet for 20 min. The migrated or 
invaded cells in six visual fields (magnification, x200) selected 
randomly were counted in each Transwell chamber under a 
phase-contrast microscope.

Western blot analysis. After treatment with 50 µM emodin and 
DMSO (0.2%) as a negative control, the cells were washed twice 
using ice-cold phosphate-buffered saline (pH 7.4) and lysed in 
radioimmunoprecipitation assay protein lysis buffer containing 
1 mM PMSF on ice. Total proteins were extracted by centri-
fuging the cell lysates at 12,000 x g for 15 min at 4˚C and the 
protein concentration was determined using a BCA assay kit 
(cat. no. P0010) Beyotime Institute of Biotechnology, Shanghai, 
China). A total of 30 µg protein from every sample was separated 
using a 10% SDS-PAGE gel and transferred to a polyvinylidene 
fluoride (PVDF) membrane. After blocking with Tris-buffered 
saline and Tween 20 (TBST) buffer containing 5% skimmed 
milk for 1 h at room temperature, the PVDF membrane was 
incubated with appropriate concentrations of primary anti-
bodies (dilution, 1:1,000) at 4˚C overnight. After washing the 
membrane with TBST three times for 15 min, the membrane was 
incubated with corresponding secondary antibody labeled with 
horseradish peroxidase-conjugated (goat anti-mouse, 1:5,000; 
goat anti-rabbit, 1:2,000) secondary antibody for 2 h at room 
temperature. Following three washes with TBST for 15 min, the 
immunoreactive bands were detected using an enhanced chemi-
luminescence detection kit (Sigma-Aldrich; Merck Millipore). 
β-actin was used as the internal control and the relative values of 
target protein were corrected in accordance with the absorbency 
of the internal control.

Statistical analysis. All results were expressed as the 
mean ± standard deviation of at least three independent experi-
ments and were analyzed using SPSS version 13.0 software 
(SPSS, Inc., Chicago, IL, USA). The statistical analysis was 
performed using a one-way analysis of variance and Dunnetts 
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Effect of emodin on cell viability. In order to investigate the 
antiproliferative effect of emodin on MHCC-97H cells, MTT 
assay was used to quantify the effect following treatment with 
emodin at different concentrations (5, 10, 25, 50, 100 and 
200 µmol/l) for 12, 24, 48 and 72 h. As shown in Fig. 1, when 
the treatment concentration was <100 µmol/l and the treatment 
time was <24 h, the viability of the cells changed very little. 
With increases in the emodin concentration and treatment 
time, cell viability decrease evidently in a concentration- and 
time-dependent manner.

Effect of low dose emodin on mild cells apoptosis. To determine 
the effect of emodin on apoptosis induction in MHCC-97H 
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cells, flow cytometry was used to assess the cell apoptosis 
rate. After treatment with various concentrations of emodin 
(0 µmol/l for the control, 10, 25, 50 and 100 µmol/l for the 
experimental groups) for 24 h, MHCC-97H cells were stained 
with FITC-Annexin V/PI. As shown in Fig. 2, the apoptosis 
rate of MHCC-97H cells was shown to gradually increase 
as the emodin concentration increased (1.73±1.53, 6.31±0.59, 
10.16±2.21, 12.99±3.77 and 53.68±8.32%, respectively). These 
results suggest that emodin was able to induce apoptosis in 
MHCC-97H cells, but the change was mild when the emodin 
concentration was <50 µmol/l.

Effect of emodin on cell migration and invasion. To determine 
the effect of emodin on cell migration and invasion, MHCC-97H 
cells treated with 0, 10, 25 and 50 µmol/l emodin were induced 
to migrate through the Transwell membranes and invade in 
Matrigel-coated Transwells for 24 h. The number of cells that 
migrated was reduced by emodin in a dose-dependent manner 
(Fig. 3). In the same manner, following treatment with emodin 
at concentration of 0, 10, 25 and 50 µmol/l, the numberof 
invasive cells was 26.67±3.51, 18.34±4.16, 13.33±1.53 and 
7.33±1.53, respectively. These data clearly demonstrate that 
emodin treatment significantly inhibits the migration and 
invasion of MHCC-97H cells in a dose-dependent manner.

Effect of emodin on the expression of proteins associated with 
tumor invasion. In order to investigate the probable mecha-
nism of the inhibition of migration and invasion induced by 
emodin, the activation of metastasis-related signal pathways, 
such as mitogen-activated protein kinase (MAPK) and phos-
phatidylinositol 3-kinase (PI3K)/Akt signaling pathways, were 
detected by western blotting. The results demonstrated that 
following treatment with 50 µM emodin, the phosphorylated 
(p)-extracellular signal regulated kinase (ERK1)/2 expres-
sion levels were significantly decreased in a time‑dependent 
manner until 60 min, at which point the levels began to increase 
again. In addition, p-Akt expression levels were decreased 
in a time-dependent manner, whereas the tendency of p-p38 
expression levels were inverse. However, the ERK1/2, p38 and 
Akt expression levels remained essentially unchanged, except 
for a mild decrease at 60 min in ERK1/2 expression. In addi-
tion, MHCC-97H cells were treated with 50 µmol/l emodin 
for 0, 3, 6, 9 and 12 h, and it was observed that the MMP-2 
and MMP-9 expression levels decreased in a time-dependent 
manner (Fig. 4).

Discussion

Distant metastasis is a common occurrence in patients with 
HCC and is the primary hindrance in improving overall 
survival of HCC. Therefore, novel innovative therapeutic 
drugs are required to improve HCC prognosis. Emodin, 
an anthraquinone derivative from the root and rhizome of 
Rheum palmatum L., was found to have antitumor effects in 
several types of cancer by regulating multi-molecular targets 
involved in tumor growth, apoptosis and angiogenesis (16). 
Recent research demonstrated that emodin may inhibit 
growth and induce apoptosis in an orthotopic hepatocellular 
carcinoma model by blocking activation of signal transducer 
and activator of transcription 3 (17). It was also reported that 

emodin may suppresses migration and invasion through the 
modulation of C-X-C chemokine receptor type 4 expression 
in an orthotopic model of HCC (18). In the present study, the 
inhibitory effects of emodin on the migration and invasion 
of HCC in vitro are investigated, using MHCC-97H cell line 
as a model due to its high potential of malignant invasion. 
Furthermore, the molecular mechanisms underlying these 
effects are investigated.

Initially, we used a MTT assay to investigate the antip-
roliferative effect of emodin in MHCC-97H cells and found 
that emodin could suppress cell proliferation in a dose-and 
time-dependent manner, particularly when the treatment 
concentration was >100 µmol/l and the treatment time was 
>24 h. Then, we used flow cytometry to identify the effects 
of emodin on the induction of apoptosis with <100 µmol/l 
emodin for 24 h and found that its induction effect on apop-
tosis was mild when emodin was <50 µmol/l. Therefore, in 
order to eliminate the effect of antiproliferation and apop-
tosis, 0, 10, 25 and 50 µmol/l emodin was chosen to treat 
MHCC-97H cells for 24 h and investigate the cell migration 
and invasion ability with the aid of a Transwell chamber. The 
result indicated that emodin treatment inhibited the migra-
tion and invasion of MHCC-97H cells in a dose-dependent 
manner.

The establishment and progression of metastases is a 
complex, multi-step process involving the modulation of the 
cell phenotype, detachment from the primary tumor, inva-
sion through the extracellular matrix and transportation to 
other normal organs (9,19). MMPs are a class of proteolytic 
enzymes which serve important roles in extracellular matrix 
degradation and their abnormal expression may promote 
tumor invasion and metastasis (20). MMP-2 and MMP-9 are 
two members of the MMP family and they are the primary 
enzymes that degrade diffusely basal membrane type IV 
collagen (21). Early studies have demonstrated that MMP-2 
and MMP-9 exhibited increased expression in patients with 
HCC, which may be a prediction of tumor recurrence and 
survival in patients with HCC following surgical resec-
tion (22,23). In the current study, the effects of emodin on 
MMP-2 and MMP-9 expression in cells were investigated and 
the results suggest that emodin significantly downregulated 

Figure 1. Effect of emodin on the cell viability of MHCC-97H cells. Cell 
proliferation and viability were determined by an MTT assay. Cells were 
treated with 5, 10, 25, 50, 100 and 200 µmol/l emodin for 12, 24, 48 and 72 h. 
Data are expressed as mean ± standard deviation and all experiments were 
repeated three times. *P<0.05 vs. the control group (0 µmol/l emodin). 
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Figure 3. Effect of emodin on MHCC-97H cell migration and invasion. Cells treated with 0, 10, 25 and 50 µmol/l emodin were induced to migrate through 
the Transwell membranes or invade through the matrigel-coated Transwell membranes. (A) Microscopic observation of MHCC-97H cells that migrated 
through the Transwell chamber (magnification, x200). (B) Quantification of MHCC‑97H cells passing through the membranes. (C) Microscopic observation 
of MHCC‑97H cells that invaded through the matrigel‑coated Transwell membranes (magnification, x200). (D) Quantification of MHCC‑97H cells invading 
through the membranes. Data are presented as the mean ± standard deviation (n=3). *P<0.05 vs. the control group (0 µmol/l emodin). 

  A   B

  C   D

Figure 2. Low dose emodin induced mild cells apoptosis. MHCC-97H cells treated with various concentrations of emodin for 24 h were stained with 
FITC-Annexin V/PI and analyzed by flow cytometry. The gate setting distinguished between living (lower left), necrotic (upper left), early apoptotic (lower 
right) and late apoptotic (upper right) cells. (A) Control group (0 µmol/l emodin); (B) 10 µmol/l emodin; (C) 25 µmol/l emodin; (D) 50 µmol/l emodin; 
(E) 100 µmol/l emodin; (F) The statistical analysis of the apoptosis rate, including the combination of early apoptotic and late apoptotic MHCC-97H cells. Data 
are presented as mean ± standard deviation (n=3). *P<0.05 vs. the control group (0 µmol/l emodin).  FITC, fluorescein isothiocyanate; PI< propidium iodide.

  A   B   C

  D   E   F
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the expression of MMP-2 and MMP-9, indicating that MMP-2 
and MMP-9 were involved in the inhibitory impact of emodin.

MAPKs are serine-threonine protein kinases that mediate 
a wide variety of cellular behaviors, including proliferation, 
differentiation, apoptosis, migration and invasion (24). In 
mammals, MAPKs include ERK, p38 MAPK and c-Jun 
NH2-terminal kinase. Typically, ERK is present in its 
non-activated forms in the cytoplasm. When exposed to 
inflammatory cytokines and other factors, the ERK MAPK 
pathway may be activated and mediates the cancer processes. 
Lin et al (25) found that mammalian sterile-20-like kinase 4 
(MST4) promotes HCC metastasis via the activation of the 
p-ERK pathway, and the combination of MST4 and p-ERK 
has better power to predict the outcomes of HCC. Thus, 
the effects of emodin on the expression of total and phos-
phorylated ERK1/2 was investigated and the results indicated 
that following exposure to 50 µmol/l emodin, the level of 
p-ERK1/2 was downregulated in a time-dependent manner 
while t-ERK1/2 remained unchanged. Thus, emodin may 
inhibit MHCC-97H cell metastasis through the regulation 
of the ERK1/2 MAPK signaling pathway. p38 MAPK is an 
additional important signaling pathway that regulates the 
proliferation of malignant tumor cells (26). The p38 MAPK 
signaling pathway can be activated in response to various 
environmental and cellular stresses, and a number of studies 
have shown that activation of p38-MAPK signaling pathways 
may produce anti-apoptotic and proliferative effects (27). 

However, previous studies have suggested an opposite role of 
p38 MAPK in mediating cell apoptosis and growth inhibi-
tion, which indicated that p38 MAPK serves a dual role as a 
regulator of cell behavior (28,29). In the present study, it was 
observed that emodin could promote the phosphorylation of 
p38, indicating that the p38 MAPK signaling pathway may 
exert a function in response to the type of stimulus and in a 
cell type specific manner. Further investigation regarding the 
specific molecular mechanism involved is required.

Akt is a serine-threonine kinase that is a primary effector 
of PI3K (30). Increased PI3K/Akt activation is suggested to 
change the migration and invasion characteristics of HCC 
cells, and is an independent prognostic index for patients with 
HCC (31,32). MMP-2 and MMP-9 expression in HCC cells 
could be enhanced through the activation of the PI3K/Akt 
signaling pathway, and as a result further regulate HCC cell 
invasion and metastasis (33). The observations in the present 
study indicated that emodin treatment inhibited the expression 
levels of p-Akt in the MHCC-97H cell line in a time-dependent 
manner, while no significant change existed in t‑Akt expression 
levels. Since Akt is a downstream target of the PI3K signaling 
pathway, the inhibition of Akt phosphorylation revealed that 
emodin treatment inhibited the PI3K/Akt signaling pathway. 
This phenomenon may associated with the inhibition of 
MMP-2 and MMP-9 expression.

In conclusion, the current study is the first to use 
MHCC-97H cells, which have a high malignant and invasion 

Figure 4. Effect of emodin on the expression of proteins associated with tumor invasion. MHCC-97H cells were treated with 50 µmol/l emodin for the indicated 
times and the whole protein extracts were then analyzed by western blotting. (A) Representative western blot showing the protein expression of p-ERK, ERK, 
p‑p38, p38, p‑AKT and AKT. (B) Quantification of the relative protein expression levels were normalized against the value of β-actin protein expression. 
(C) Representative western blot showing the protein expression of MMP‑2 and MMP‑9. (D) Quantification of the relative protein expression levels normal-
ized against β-actin protein expression. Data are presented as the mean ± standard deviation (n=3). *P<0.05 vs. the control group (0 min). p, phosphorylated; 
ERK1/2, extracellular signal regulated kinase; MMP, matrix metalloproteinase.

  A   B

  C   D
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potential, to demonstrate that emodin can suppress the migra-
tion and invasion at concentrations that have little effects on 
proliferation inhibition or apoptosis induction. Furthermore, 
emodin suppressed the MMP-2 and MMP-9 expression, which 
are closely associated with the metastasic characteristics 
of malignant tumors. It can be speculated that these effects 
were mediated by the activation of the p38 MAPK signaling 
pathway and the suppression of the ERK/MAPK and PI3K/Akt 
signaling pathways. However, further studies are required to 
explore and elucidate the specific molecular mechanism by 
which emodin inhibits the invasion and metastasis of HCC.
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