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Abstract

The proliferation of hepatocellular carcinoma (HCC) cells is one of the leading causes of
liver cancer mortality in humans. The inhibiting effects of matrine on HCC cell proliferation
have been studied, but the mechanism of that inhibition has not been fully elucidated. Since,
apoptosis plays an important role in HCC cell proliferation. We examined the apoptosis-
inducing effect of matrine on tumor cells. Western blot analysis of p53,Bax, cleaved caspase-3
and myosin light chain kinase (MLCK) revealed that matrine induced tumor cell apoptosis by
controlling anoikis. It activated p53, Bax-dependent caspase-3 and blocked the ECM-integrin
mediated cell survival pathway through down-regulating MLCK over-expression in the liver
of rats with diethylnitrosamine (DENA)-induced HCC. Our results suggest that matrine can
inhibit the proliferation of HCC cells through inducing tumor cell apoptosis via activation
of the p53 pathway and inhibition of MLCK overexpression. Matrine may thus be used as
a potentially promising reagent to inhibit HCC cell proliferation and MLCK may be a novel
target for the treatment of HCC.
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Introduction

Hepatocellular carcinoma (HCC), the most
common type of liver cancer, is the fifth most
common malignant tumor type worldwide and
the second leading cause of cancer-related
deaths (1). The incidence and mortality of
HCC are increasing rapidly every year (2).
The proliferation of HCC cells is the primary
cause of death. However, the mechanism of this
proliferation is complex and poorly understood.
Tumor cells continuously integrate external
stress signals and determine if the cell should
die or survive. These determinations are made
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by a wide range of signaling events that are
controlled by kinases. Myosin II activation
is essential for stress fiber and focal adhesion
formation, and is implicated in integrin-
mediated signaling events. Integrin ligation by
the extracellular matrix (ECM) plays a crucial
role in organizing the cytoskeleton (3), and the
loss of substrate attachment is known to induce a
type of apoptosis called anoikis (apoptosis upon
loss of anchorage detachment from ECM) (4).
Therefore, interactions between cells and the
ECM play an important role in cell survival
(5).The actin-myosin II interaction in smooth
muscle and nonmuscle cells is regulated by
the phosphorylation of serine 19 of the 20-kDa
light chain of myosin II (MLC II )(6). This
reaction is catalyzed by myosin light chain
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Table 1. The effects of matrine on the body weights, liver weights and liver weight to body weight ratios in rats (mean+S.D.)

Group n Body weight(g) Liver weight(g) Liver(g)/Body(g) weightx100)
control 12 393.41 +£24.63 12.36 £ 1.26 3.21+0.30
model 12 272.50+14.26 21.19+2.37 7.78+0.81
group-L 12 302.75+18.87* 18.11£2.07* 6.01+0.80*
group-M 12 319.174+29.49%* 16.30+1.73* 5.16+0.83%*
group-H 12 324.67+33.96* 15.25+1.52%* 4.75+0.73*

*p <0.01 compared with group model.

kinase (MLCK). MLCK, also known as calcium
(Ca2+)/calmodulin-dependent protein kinase,
plays a major role in the formation and stability
of a cell’s cytoskeleton. This phosphorylation
activates myosin, causing it to interact with
actin(7). The disintegration and reformation
of the cytoskeleton is very important for many
cell reactions. The proliferation of tumor cells
is partially influenced by the cytoskeleton (8).
MLCK, when activated or overexpressed, has
been found to contribute to the proliferation of
tumor cells (9,10). Hyperphosphorylated MLC
II induces stress fiber formation and integrin
clustering that link cell surface cytoskeletal
proteins such as focal adhesion kinase (FAK)
to actin (11,12). FAK is a member of a focal
adhesion family that mediates integrin-mediated
signal transduction associated with a variety of
cellular functions, including cellular adhesion,
proliferation and migration (13). Integrins
contribute to signal transduction from the
extracellular environment to the intracellular
network mediated by integrin-activated signaling
molecules, such as FAK. The tumor suppressor
p53 is a downstream signaling pathways to
FAK, which regulates cell death pathway (14).
There is some evidence suggesting that Bax, a
proapoptotic member of the Bcl-2 family of
cell death-regulating genes, is involved in p53-
induced apoptosis. One set of molecules that
appear to be modulated by the presence of Bax are
the caspases (15). Caspase-3, one of a family of
caspase proteases implicated in the commitment
and execution of apoptotic cell death, exists as
a proenzymes(35kDa)until cleaved in response
to active apoptotic stimuli (19kDa and 17kDa)
(16).

Matrine, a natural alkaloid component derived
from a species of Leguminosae plant (Sophora
flavescens Ait.), has been found to significantly
inhibit the proliferation and migration of various
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types of tumor cells (17-22). In-vitro studies
have demonstrated that matrine can promote
the apoptosis of liver tumor cells and inhibit
their proliferation (23-26). In-vivo, matrine has
been found to prevent and treat the occurrence
of diethylnitrosamine (DENA)-induced HCC
as well as the proliferation of liver tumor cells
(27, 28). However, the mechanism by which
matrine inhibits the proliferation of primary
HCC cells and promotes the apoptosis of HCC
cells, both in-vivo and in-vitro, remains unclear.
In this study, we used a rat model of HCC to
investigate the inhibitory effects of matrine on
the proliferation of HCC cells. We also examined
if matrine induced apoptosis in HCC cells via the
down-regulation of MLCK overexpression and
the activation of the P53 pathway and if matrine
can inhibit the proliferation of HCC cells in-vivo.

Experimental

Animals and chemicals

Seventy Sprague-Dawley rats, weighing
70.3 £ 6.2 g, were purchased from the Animal
Center of Changlinhe Pharmaceutic Co., Ltd.
(Anhui, China). All of the rats were housed in
cages under a 12-hour light-dark cycle and
fed a standard laboratory rat diet with water
ad libitum. All procedures were conducted in
accordance with the P. R. China legislation under
No. 8910M047 on the use and care of laboratory
animals and with the guidelines established by
the Institute for Experimental Animals of Anhui
Science and Technology University and were
approved by the university committee for animal
experiments. Matrine (concentration > 99%) was
obtained from the National Institutes for Food
and Drug Control of Beijing, China. DENA was
purchased from Sigma Chemical Co. (Beijing,
China). A quantitative determination kit for
a-fetoprotein (AFP) was purchased from Y-Y
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Table 2. The effects of matrine on the numbers of hepatocyte nodules and the serum AFP concentrations in rats (mean+S.D.)

Average number of nodules

the values of

Group n per nodule-bearing liver AFP concentration (ug.L™")
Control 12 0 15.32 +3.59

model 12 36.5+5.3 602.64+85.02
group-L 12 6.8+4.6* 300.28 + 52.46*
group-M 12 21.9+4.2% 258.62 + 58.49*
group-H 12 17.8+3.8* 166.95 + 54.81*

*p <0.01 compared with group model.

Chemical Reagents Co., Ltd. (Shanghai, China).
Apoptosis detection and immunohistochemistry
kits were purchased from Wuhan Boster
Biological Technology, Ltd. (Hubei, China).
A bicinchoninic acid (BCA) protein assay kit
was purchased from Sangon Biotech Co., Ltd
(Shanghai, China). Anti-procaspase-3 and
anti-cleaved-caspase-3 were purchased from
Biosynthesis Biotechnology Co., Ltd (Beijing,
China). Rabbit anti-rat monoclonal MLCK
antibody IgG and horseradish peroxidase-labeled
antibody IgG were purchased from Hangzhou
Hua’an Biotechnology Co., Ltd. (Zhejiang,
China). Beta-actin rabbit polyclonal antibody
IgG was purchased from Shanghai Kexing
Biotechnology Co., Ltd. (Shanghai, China).
Chemiluminescent substrates were purchased
from Cell Signaling Technology (Beverly, MA,
USA).

Experimental design

The rats were acclimatized for one week and
then randomly assigned to either a control (n=12)
or HCC group (n=58). The rats in the control
group were given access to tap water for the
duration of the experiment, while the rats in the
HCC group were given access to a 0.01% DENA
solution for the first 10 weeks of the experiment
and then tap water for the remainder (29). After
20 weeks, blood samples were collected, and the
AFP concentration in the serum was determined.
Rats with an AFP concentration of more than 200
ng/L were used for the HCC model. The rats in
the control group all had an AFP concentration
of less than 20 pg/L. Forty-eight HCC model
rats were further randomized into four groups:
one model group (n=12) and three matrine-
treated groups (n=12 for each group). The rats
in the matrine-treated groups—Ilabeled as group-
low (L), group-medium (M) and group-high
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(H) according to the dosage administered—
were treated by intraperitoneal injections of
matrine. The dosage of matrine for each group
was as follows: group-L received 12.5 mg/kg
body weight, group-M received 25 mg/kg body
weight and group-H received 50 mg/kg body
weight. The rats of the three matrine-treated
groups were treated by intraperitoneal injections
of matrine for six consecutive weeks from the
twentieth week. For the 12 hours before they
were sacrificed, the rats were restricted from
food but not water.

Tissue collection and ELISA analysis

After 26 weeks, the rats were weighed,
sacrificed under anesthesia induced by 3%
pentobarbital sodium, and blood samples
were collected. The blood samples were
centrifuged, and the serum was separated. The
AFP concentration in the serum was quantitated
using enzyme-linked immunosorbent assay
(ELISA) methods and a rat AFP assay kit (Y-Y
Chemical Reagents Co., Ltd. Shanghai, China)
according to the manufacturer’s instructions. The
experiment was repeated in triplicate. According
to the method previously published by Bishayee
et al (30), the rats’ livers were excised and
weighed, and the number of visible hepatocyte
nodules was recorded. A portion of the liver
tissue was fixed, dehydrated in graded ethanol
and embedded in paraffin. Some liver tissue was
then sectioned into thicknesses of 5 pm, and used
for cell apoptosis and immunohistochemical
analyses. The remaining liver tissue was either
used for Western blot analysis or stored at -80 °C
for further use.

TUNEL staining
The TUNEL (terminal transferase dUTP nick
end labeling) staining was performed in order to
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determine the effect of matrine on apoptosis by
using an in situ cell death detection kit (Boster,
Wuhan, China) according to the manufacturer’s
instructions. The detection was performed using
peroxidase (POD) and diaminobenzidine (DAB)
substrate (Boster, Wuhan, China). Positive
control slides were included in the kit. Sections
were then counterstained with hematoxylin
for 3 min and rinsed under running water. The
number of apoptotic cells in the tissues of
control and matrine-treated rats was determined
by counting the stained cells in 12 fields, each of
which contained at least 50 cells under the light
microscope with 400xmagnification for each
section. The cell count was performed by an
investigator who was blinded to the experimental
protocol. The apoptotic index (Al) was calculated
as follows: Al = (number of apoptotic cells/total
number of cells) x 100%.

Western blot analysis

The rat liver tissues without nodule were
homogenized in cold RIPA lysis buffer (Sangon,
Shanghai, China) and the protein concentrations
were determined by BCA assay kits (Sangon,
Shanghai, China). Equal amounts of protein
were separated using SDS-PAGE gels for p53,
Bax, and cleaved-caspase-3, respectively.
Then the protein was transferred onto a
polyvinylidene fluoride (PVDF) membrane. The
PVDF membranes were then incubated with
rabbit monoclonal antibodies. The membranes
were blocked with 5% fat-free milk in PBS
with 0.1% Tween 20 (PBST) for one hour at
room temperature and then incubated with
different primary antibodies including anti-
B-actin(1:1000),anti-p53,anti-Bax and  anti-
cleaved-caspase-3 (1:1000) overnight at 4°C.
After washing the membrane 3 times with PBST,
secondary antibody HRP-labeled goat-anti-
rabbit IgG was added to the membrane according
to the vendor’s recommendation (1:2000) and
incubated for 1h at room temperature. The
membrane was then washed again as described
previously. The bound antibodies were detected
by using an ECL western blotting kit (Sangon,
Shanghai, China). The relative protein level of
p53, Bax, and cleaved-caspase-3 was calculated
relative to that of B-actin.

Protein levels of MLCK were analyzed by
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western blot as described above. SDS-PAGE
gels and PVDF membrane were used for MLCK.
The primary antibodies used were anti-MLCK
(1:1000) and anti-B-actin(1:1000). The relative
protein level of MLCK was calculated relative
to that of B-actin.

Immunohistochemistry

Liver tissue sections were deparaffinized
and hydrated according to the methods
detailed in the immunohistochemistry Kit.
The sections were incubated with the rabbit
anti-rat monoclonal MLCK antibody IgG
(primary antibody, 1:600 dilution) and then
with the immunohistochemistry kit (secondary
antibody). Phosphate buffered saline (PBS) was
used as a negative control, replacing the primary
antibody. The sections were then treated with
3,3’-diaminobenzidine (DAB) and examined
under a microscope for positive signals. In
our analysis, positive signals were yellowish
brown. For each rat, three different images (at
a magnification of 400x) were taken using an
image analysis system. The integral absorbance
of immunostaining for MLCK-positive foci
signals was measured.

Data analysis

All of the data are presented as the mean
+ the standard deviation (mean + S.D.) and
was analyzed statistically using SPSS 17.0
software. The average of each sample was
then compared using variance analysis and a
multiple comparison method. The enhanced
chemiluminescence (ECL) Western blot images
were semi-quantitatively analyzed using Image-
Pro Plus 6.0 software.

Results

The effect of matrine on the body weights,
liver weights and liver weight to body weight
ratios of rats

Table 1 shows that the rats in the model group
has significantly lower body weights (P < 0.01)
and higher liver weight-to-body weight ratios (P
< 0.01) than the control group, indicating that
substantial HCC cell proliferation occurs in the
model group. The rats of groups-L, -M and -H
had significantly higher body weights (P <0.01),
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Figur 1. A TUNEL analysis of cell apoptosis (400x) was performed in the liver tissues of control, model, and matrine-treated rats, and
their apoptotic indexes were calculated. A. Positive control (slice obtained from the apoptosis kit, set to 100%); B. Normal control group;
C. Model control group; D. Matrine-treated group-L; E. Matrine-treated group-M; and F. Matrine-treated group-H. *P < 0.05 vs the

control group; AP <0.05 and A AP <0.01 vs the model group.

lower liver weights (P < 0.01) and lower liver
weight-to-body weight ratios (P < 0.01) than
the model group, potentially indicating matrine
inhibits the proliferation of HCC cells.

The effect of matrine on the number of
hepatocyte nodules and the serum concentration
of AFP in rats

No natural occurrence of HCC was found in
the rats of the control group, as indicated by the
lack of visible hepatocyte nodules in their livers
(Table 2). The liver size of the rats in the model
group was increased dramatically, all of the
hepatic lobes were greyish white in color due to
the presence of hepatocyte nodules. Some of the
lobes had a spherical structure. From the tissue
sections, we found that the hepatocyte nodules
were HCC and cholangiocarcinoma of different
grades. Compared with the rats in the model
group, the rats in groups-L, -M and -H had
relatively smooth liver surfaces and significantly
fewer hepatocyte nodules (P < 0.01). This result
corroborated the suggested inhibition effect
of matrine on HCC cell proliferation in rats.
Additionally, the AFP concentrations in the rats
of the matrine-treated and model groups were
significantly increased when compared with the
control group, but the AFP concentrations in all
three matrine-treated groups were significantly
lower (P < 0.01) than in the model group.

The effect of matrine on HCC cell apoptosis
The cells of the positive control (a slice
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given in the apoptosis kit) were almost entirely
apoptotic (Figure 1A). HCC cell apoptosis in the
liver of the model rats (Figure 1C) was greatly
inhibited compared to the normal control group
(Figure 1B), though the other liver tissue cells
continued to undergo programmed cell death.
A larger number of apoptotic HCC cells were
found in the liver of the matrine-treated rats
(Figure 1D; 1E; 1F) than in those of the model
group (Figure 1C). The plot in Figure 1 shows
the calculated apoptotic indexes (Als). The Al
of the model liver tumor cells (14.3 + 5.2) was
significantly smaller (P < 0.05) than that of the
normal tissue cells (31.7 &= 7.6). The Als of the
tumor cells in the livers of the matrine-treated
rats (group-L: 36.7 + 12.5) (P < 0.05) (group-M:
68.2 + 18.6; group-H: 78.9 + 15.6) (P < 0.01)
were significantly greater than those of the
model group.

Matrine effected on activation of cleaved
caspase-3 via modulation of p53 and Bax
expression. We then investigated if the
mechanism of matrine-induced liver tumor cell
apoptosis through activation of cleaved capase-3
expression depends on modulation of the p53
and Bax pathway. Western blot analysis was
used to test the effect of matrine on p53 and Bax
proteins expression. Figure 2 indicated shows
that matrine can significantly up-regulate p53
and Bax expression. At the same time, protein
levels of B-actin, and cleaved caspase-3 were
detected in the livers of HCC model and matrine-
treated rats (Figure 3). As can be seen in Figure
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Figure 2. Activation of cleaved capase-3 expression depends on the p53 and Bax pathway. The dose-dependent effect of matrine on
p53 and Bax expression. The cell lysates were analyzed by western blotting with antibodies for p53, Bax and B-actin. The p53 and Bax
protein expression level was quantified densitometrically. A. Normal control group; B. Model control group; C. Matrine-treated group-L;

D. Matrine-treated group-M; and E. Matrine-treated group-H.

3, treatment with matrine increased the level of
cleaved caspase-3 relative to B-actin in the HCC
rats. Quantitative analysis by densitometry scan
showed that levels of cleaved caspase-3 relative
to B-actin were increased in dose-dependent
manner.

Semi-quantitative  analysis  of MLCK
expression levels by Western blot

The ratio of MLCK to B-actin in the rats of
the normal group was set to 100 and used as the
basis for comparison with the other groups. The
ratio of MLCK to B-actin in the model rats (242
+ 45) was significantly higher (P < 0.01) than
that of the rats in the normal control group. The
MLCK/B-actin ratios of the rats in the matrine-
treated groups (group-L: 205 £+ 23, P < 0.05;
group-M: 171 + 16; group-H: 153 + 18, P <
0.01)were significantly lower than that of the
rats in the model group. This result suggests
that matrine inhibits the MLCK overexpression
caused by HCC (Figure 4).

The effect of matrine MLCK
immunochemistry in HCC tissues

Figure 5 shows the MLCK expression levels
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in the livers of the control, model, and matrine-
treated rats. MLCK expression in the livers of the
model rats was higher than the control group’s
levels and expression in matrine-treated rats.
Matrine-treated rats was lower than that of the
model group. The MLCK integral absorbance
in the livers of the model rats (285 £+ 75) was
significantly higher (P < 0.01) than that of the
control group (81 £ 12). The MLCK integral
absorbances of the treated rats (group-L: 243 +
47, P <0.05; group-M: 192 + 38; group-H: 163
+29, P<0.01) were all significantly lower than
that of the model group. This result demonstrates
the normalizing effect of matrine on MLCK
overexpression in HCC tissues.

Discussion

Apoptosis plays an important role in the
matrine-induced inhibition of tumor cell
proliferation. In this study, we found that
this apoptosis is mediated by the action of
caspases, a group of cysteine proteases that
can be activated through the p53 pathway.
The results verified that pS3 is a major player
in the apoptosis process that is activated when
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Figure 3. The dose-dependent effect of matrine on cleaved capase-3 expression. The cleaved capase-3 protein expression level was
quantified densitometrically. A. Normal control group; B. Model control group; C. Matrine-treated group-L; D. Matrine-treated group-M;

and E. Matrine-treated group-H.
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Figure 4. Matrine decreases MLCK expression. Immunohistochemical analyses of immuno- staining for MLCK-positive foci (400x)
were performed on liver tissues from control, model and matrine-treated rats. A. Normal control group; B. Model control group; C.
Matrine-treated group-L; D. Matrine-treated group-M; and E. Matrine-treated group-H. **P < 0.01 vs the control group; AP <0.05 and

A AP <0.01 vs the model group

HCC cells are exposed to matrine (31). Our
results demonstrated the ability of matrine to
significantly induce p53 expression, which
is essential for the therapeutic effect of some
clinical cancer drugs (32-34). The main function
of the tumor suppressor p53 is to limit cellular
proliferation by inducing apoptosis in response
to matrine. Our results also demonstated that
p53 mediates the apoptosis induced by matrine
through a linear pathway involving Bax
transactivation and the activation of caspase-3.
MLCK hyperphosphorylated MLC II induces
stress fiber formation and integrin clustering
that link cell surface cytoskeletal proteins such
as focal adhesion kinase (FAK) to actin (11, 12).
Our immunohistochemistry results showed that
MLCK expression increased dramatically at the
tumor site in the rats of the model group, while
MLCK expression in the matrine-treated rats
was much lower. Western blot analysis further
showed that in the rats of the model group, the
MLCK expression level increased significantly.
We confirmed that matrine could induce
apoptosis in HCC cells and ultimately inhibit the
proliferation of HCC cells by reversing MLCK
overexpression. Matrine’s ability to inhibit the
proliferation of HCC cells by regulating MLCK
expression has not been reported previously,
either in China or elsewhere. These results may
indicate that matrine can be used as a component
of tumor treatment and that MLCK can be a
novel target for treating HCC. MLCK is closely
associated with tumors and plays an important
role in tumor cell proliferation, its specific
inhibitor ML-7 has been reported to directly
block tumor cell proliferation (9, 10). This study
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revealed that the inhibitory effect of matrine on
HCC cell proliferation is associated with down-
regulation of MLCK overexpression via the p53
apoptosis pathway. Matrine may thus be used as
a potentially promising reagent to inhibit HCC
cell proliferation and MLCK may be a novel
target for the treatment of HCC.

Conclusion

In conclusion, we revealed that the MLCK
expression was higher in the livers of HCC
rats than in normal and matrine-treated rats.
High level of MLCK expression was associated
with inducing liver tumor cell proliferation
and anti-apoptotic effects. Matrine inhibits
HCC cell proliferation in rats through inducing
apoptosis via p53, Bax-dependent caspase-3
activation pathway and down-regulating MLCK
overexpression.
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