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Autophagy is involved in anticancer effects of matrine
on SGC-7901 human gastric cancer cells
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Abstract. Matrine has a wide range of pharmacological effects
including antitumor activity in vitro and in vivo. Autophagy is
closely associated with tumors and plays an important role
in human tumor suppression, so inducing autophagy is a
potential therapeutic strategy in adjuvant chemotherapy. The
aim of this study was to investigate whether or not autophagy
is involved in antitumor effects of matrine on human gastric
cancer SGC-7901 cells, and to further elucidate the under-
lying molecular mechanisms. Sulphorhodamine B (SRB)
assay was used to examine matrine's cytotoxicity against
SGC-7901 gastric cancer cells. The effects of matrine on the
cell cycle and apoptosis were measured by flow cytometry,
and cellular morphology was observed under an inverted
phase contrast microscope and transmission electron micro-
scope. Monodansylcadaverine (MDC) staining was used to
detect autophagy. The expression levels of Bax and Beclin 1
in SGC-7901 cells were monitored by real-time quantitative
reverse transcription-polymerase chain reaction (RT-PCR).
The results showed that matrine significantly inhibited the
proliferation of SGC-7901 gastric cancer cells and induced
Gl-phase cell cycle arrest. Furthermore, both autophagy and
apoptosis were activated during the matrine-induced death
of SGC-7901 cells. Beclin 1 is involved in matrine-induced
autophagy and the pro-apoptotic mechanisms of matrine
may be associated with its up-regulation of Bax expression.
These findings indicate that matrine is a potent antitumor
agent for treating gastric cancer. The ability of matrine to
induce autophagy underlines its potential utility as a new
gastric cancer treatment modality.
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Introduction

Gastric cancer is a major public health burden. Although
its incidence and mortality have fallen dramatically in most
countries over the past 70 years, gastric cancer remains the
fourth most common cancer and the second leading cause of
cancer-related death in the world. There were an estimated
934,000 new diagnoses and 700,000 deaths from gastric
cancer worldwide per year in 2002 (1). Almost two-thirds of
the cases occur in developing countries and 42% in China
alone (1). The age-standardized incidence rates were 22.0 and
10.3 per 100,000 per annum in males and females, respec-
tively, with corresponding mortality rates being 14.3 and 8.3
per 100,000 (2,3). The geographical distribution of gastric
cancer is characterized by wide international variations.
Generally, incidence rates are highest in Eastern Asia (China,
and Japan), Eastern Europe and South America and lowest
in Southern Asia, North and East Africa, North America,
Australia and New Zealand (1). Prognosis of gastric cancer
is generally rather poor, with 5-year relative survival below
30% in most countries (4). Current major treatment modali-
ties for gastric cancer comprise surgery and chemotherapy.
Surgical resection is the mainstay of treatment and can
cure patients with early-stage cancer. Unfortunately, gastric
cancer at an early stage may be clinically silent and, in most
countries, patients are diagnosed at an advanced stage when
the tumor is irresectable or metastatic. For these patients, as
well as in cases with disease recurrence after initial surgical
treatment, systemic chemotherapy is the main treatment
option because it prolongs survival without quality of life
compromise (5). The existing chemotherapeutic drugs,
however, do not have ideal curative effects and mean-
while have many undesirable side effects. Consequently,
development of pharmacologically effective agents with
little toxicity or few side effects from natural products has
become a new urgent research goal.

Matrine is a quinolizidine alkaloid extracted from Sophora
flavescens Ait, Sophora subprostrata or Sophora alope-
curoides in traditional Chinese medicine, with a molecular
formula of C,sH,,N,O (Fig. 1). Matrine has been widely
used in treatment of viral hepatitis, hepatic fibrosis, cardiac
arrhythmia and skin diseases, such as atopic dermatitis and
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Figure 1. Chemical structure of matrine with a molecular formula of
C,sH,,N,0 and a molecular weight of 248.37 Da.

eczema in China, because it has a wide range of pharmaco-
logical effects in vitro and in vivo, such as anti-inflammatory
(6-9), antiviral (10-12), antifibrotic (13,14), analgesic (15),
antiarrhythmic (16,17), positive inotropic effect (18) and
hepatoprotective effect (19). Recent evidence indicated that
matrine may also play an important role in the treatment
of tumors. Both in vivo and in vitro studies showed that
matrine inhibits the proliferation of tumor cells (20-28).
Matrine could induce apoptosis in leukemia U937 and K562
cells (29,30), gastric cancer MKN45 and SGC-7901 cells
(23,25), C6 glioma cells (26), multiple myeloma cells (27),
and hepatocellular carcinoma H22 cells (28). Matrine can
also inhibit invasiveness and metastasis of human malignant
melanoma cell line A375 and cervical cancer HeLa cells
(31,32), and induce differentiation of leukemia K562 cells
(20). Furthermore, matrine attenuated cancer cachexia-related
symptoms in colon26 tumor-bearing mice probably through
inhibiting the production of pro-inflammatory cytokines
(33). In addition, it has been reported that matrine activated
autophagy in rat C6 glioma cells (26). Accumulating studies
have demonstrated that autophagy is closely associated with
tumors and plays an important role in human tumor suppres-
sion (34-36). Autophagy has also been observed in tumor
cell lines treated with diverse chemotherapeutic drugs. Many
of the agents can directly lead the cancer cell to autophagic
cell death, called type II programmed cell death (PCD). For
example, 5-fluorouracil induces autophagic cell death of Bax
or PUMA deficient human colon cancer cells (37). The above
results suggest that autophagy is a potential therapeutic
target in adjuvant chemotherapy, especially induction of
autophagic cell death may provide leverage to treat cancer
that is chemoresistant on the basis of ineffective apoptosis.
Therefore, we designed this study to investigate whether or
not autophagy is involved in antitumor effects of matrine
on human gastric cancer SGC-7901 cells, and to further
elucidate the molecular mechanisms underlying autophagy
and apoptosis induced by matrine.

Materials and methods

Reagents. Fetal bovine serum was purchased from Sijiqing
Biological Engineering Company Limited (Hangzhou,
China). Sulphorhodamine B (SRB), propidium iodide (PI),
L-glutamine, Annexin V-FITC apoptosis detection kit,
and monodansylcadaverine (MDC) were obtained from
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Sigma-Aldrich (St. Louis, MO, USA). RPMI medium 1640
and TRIzol reagent were bought from Invitrogen (Carlsbad,
CA, USA). Primescript™ reverse transcription (RT) reagent
kit and SYBR® Premix Ex Taq™ II were purchased from
Takara (Dalian, China). Matrine was purchased from Xi'an
Tianyuan Biologics Plant (Xi'an, China), with a purity of over
99% as proved by high-performance liquid chromatography.
Matrine was dissolved in sterile double distilled water at a
stock concentration of 40 mg/ml, stored at -20°C in the dark,
and then diluted in RPMI-1640 medium to obtain the desired
concentration.

Cell culture. Gastric cancer SGC-7901 cell line was obtained
from Shanghai Institute of Cell Biology, Chinese Academy
of Sciences (Shanghai, China). The cells were maintained in
RPMI-1640 medium supplemented with 10% fetal bovine
serum, 100 U/ml of penicillin and 100 pg/ml of streptomycin
at 37°C in a 5% CO, incubator. The cells in mid-log phase
were used in experiments.

Sulphorhodamine B colorimetric assay for cell proliferation.
The sulphorhodamine B (SRB) colorimetric assay was used
for determining the inhibition of matrine against SGC-7901
cells, which estimates cell number indirectly by staining
total cellular protein with the dye SRB (38). The cells were
seeded in 96-well flat bottom microtiter plates (Costar 3599,
Corning Inc., Corning, NY) at a density of 5x10° cells per
well, allowed to adhere in 5% CO, incubator at 37°C. After
24 h incubation, matrine at various concentrations (0, 0.25,
0.5, 1.0, 2.0 mg/ml) was added to each well and then the cells
were further incubated for 24 and 72 h, respectively. Each
concentration of matrine was repeated in six wells in the same
plate. At the end of each exposure time, the cells were fixed
with 10% (w/v) trichloroacetic acid (TCA) at 4°C for 1 h, and
then stained at room temperature for 20 min with 0.4% (w/v)
SRB solution. Cells were subsequently washed with 1% acetic
acid five times and dissolved in 150 pl of 10 mmol/I Tris base
solution (pH 10.5). The absorbance value per well at 510 nm
was read using an automatic multiwell spectrophotometer
(PowerWave X, Bio-Tek Instruments Inc., USA). All SRB
assays were repeated three times. The inhibitory rate of
cellular proliferation was calculated according to the formula:
(1 - experimental OD value/control OD value) x 100%.

Cell cycle analysis by flow cytometry. Flow cytometry was
used to assess DNA content as a surrogate measure for cell
cycle phases. SGC-7901 cells were treated with matrine at
final concentration of 0, 0.25, 0.5 and 1.0 mg/ml, respectively,
for 24 h. At the end of the treatment period, both floating and
attached cells were collected and centrifuged before washed
with cold phosphate-buffered saline (PBS), and then fixed in
70% cold ethanol overnight at 4°C. Fixed cells were washed
twice with PBS to remove trace ethanol, resuspended in
fluorochrome solution containing 50 pg/ml PI, 3.4 mmol/l
sodium citration, 20 yg/ml RNase A and 1% Triton X-100
and then incubated in the dark at room temperature for
30 min. Cell cycle analysis was performed using an EPICS
XL flow cytometer (Beckman Coulter, CA, USA). All
experiments were performed in triplicate. Results are
presented as % of cells in a particular phase.
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Evaluation of cell apoptosis. The transversion of phosphati-
dylserine from the inner to outer plasma membrane leaflet,
an initial event in the apoptotic pathway, was assessed by
dual dye staining using Annexin V-FITC/PI (39). SGC-7901
cells were exposed to matrine at the concentration of 0, 0.5,
1.0 and 2.0 mg/ml, respectively. After 24 h of treatment, cells
were harvested, washed with cold PBS, and resuspended in
Annexin-V binding buffer. Annexin V-FITC (5 pl) and 10 pl
of PI were added and incubated with the cells for 10 min at
room temperature in the dark, followed by cytometric analysis
(EPICS XL, Beckman Coulter) to distinguish between viable,
early apoptotic, late apoptotic or necrotic cells. The apoptotic
rate was calculated as the percentage of early apoptotic cells
plus the percentage of late apoptotic cells. All experiments
were performed in triplicate.

Observation of morphological changes. SGC-7901 cells were
equally seeded in 24-well plates (Costar 3524, Corning Inc.)
and then treated with matrine at the concentration of 0, 0.25,
0.5, 1.0 and 2.0 mg/ml, respectively. After 24 h of treatment,
the morphology of SGC-7901 cells was observed under
an inverted phase contrast microscope (Olympus, Tokyo,
Japan).

Transmission electron microscopic examination. After 24 h of
treatment, SGC-7901 cells were harvested by trypsinization,
washed twice with PBS and fixed with 2.5% glutaraldehyde in
0.1 mol/l PBS (pH 7.4) for 90 min at room temperature, and
post-fixed in 1% osmium tetraoxide for 30 min. After washing
with PBS, the cells were progressively dehydrated in a 10%
graded series of 50-100% ethanol and propylene oxide, and
embedded in Epon 812 resin. The blocks were cut into ultra-
thin sections with a microtome, which were then stained with
saturated uranyl acetate and lead citrate. The ultrastructure
of the cells was then observed under a transmission electron
microscope (JEM-1230, JEOL, Japan).

Visualization of MDC-labeled autophagic vacuoles. MDC
staining of autophagic vacuoles was performed for auto-
phagy analysis as previously described (40). SGC-7901 cells
growing on coverslips were treated with matrine for 48 h.
After treatments, the cells were stained with 0.05 mM MDC
in PBS at 37°C for 10 min, and then washed three times
with PBS to remove excess MDC and immediately analyzed
under a fluorescence microscope (IX-81; Olympus, Japan).
Fluorescence of MDC was measured at the excitation wave-
length 380 nm with an emission filter at 530 nm.

Real-time quantitative RT-polymerase chain reaction.
SGC-7901 cells were cultured in 35-mm dishes and then
collected after treatment with matrine for 24 h. Total RNA
was isolated from cells using TRIzol reagent according
to the manufacturer's protocol. RNA concentration and
purity were measured with a spectrophotometer at A260
and A260/280, respectively. RNA was reverse-transcribed
into cDNA using a Primescript™ RT reagent kit according
to the manufacturer's instructions. Real-time quantitative
polymerase chain reaction (PCR) was carried out with the
SYBR-Green I fluorescent dye method and a Rotor Gene
3000 real-time PCR apparatus (Corbett Research Company,
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Figure 2. Growth inhibiting effects of matrine on SGC-7901 cells was deter-
mined by Sulphorhodamine B (SRB) assay. SGC-7901 cells were treated
with matrine at the concentration of 0.25, 0.5, 1.0 and 2.0 mg/ml for 24
and 72 h, respectively. Matrine inhibited the growth of SGC-7901 cells in a
dose- and time-dependent manner. n=3; Mean + SD.

Australia). The sequences of primers used are as follows:
i) for Bax, forward, 5"TGCTTCAGGGTTTCATCCAG-3'
and reverse, 5'-GGCGGCAATCATCCTCTG-3'"; ii) for
Beclin 1, forward, 5'-GAGGGATGGAAGGGTCTAAG-3"' and
reverse, 5'-GCCTGGGCTGTGGTAAGT-3; iii) for p-actin,
forward, 5'"TGGCACCCAGCACAATGAA-3' and reverse,
5'-CTAAGTCATAGTCCGCCTAGAAGCA-3'. -actin was
used as an internal control to evaluate the relative expressions
of Bax and Beclin 1. The PCR conditions were as follows: a
pre-denaturing at 95°C for 2 min, followed by 45 cycles of
denaturation at 95°C for 10 sec, annealing/extension at 60°C
for 20 sec. The amplification specificity was checked by
melting curve analysis. The PCR products were visualized by
gel electrophoresis to confirm the presence of a single product
with a correct size. The 2-2*“T method was used to calculate
the relative abundance of target gene expression generated
by Rotor-Gene Real-Time Analysis Software 6.1.81. For each
cDNA, the target gene mRNA level was normalized to [3-actin
mRNA level. Results were expressed as the ratio of normal-
ized target gene mRNA level in cells treated with matrine to
that in cells not treated with matrine. The experiments were
performed in triplicate.

Statistical analysis. The data are expressed as the mean + SD.
Statistical analysis was performed using the SPSS 16.0 for
Window. One-way analysis of variance (ANOVA) was used to
analyze statistical differences between groups under different
conditions. P<0.05 was considered statistically significant.

Results

Effects of matrine on growth inhibition of SGC-7901 cells.
The cytotoxicity of matrine on the proliferation of SGC-7901
cells was examined by SRB assay. As shown in Fig. 2,
matrine inhibited the proliferation of SGC-7901 cells in a
dose- and time-dependent manner. After 24 h of treatment
with 1.0 mg/ml matrine, the inhibitory rate on growth of
SGC-7901 cells was 26.04+1.55%, and when the incubation
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time was prolonged to 72 h, the inhibitory rate increased to
53.88+2.49%. At the concentration of 2.0 mg/ml matrine, the
inhibitory ratio reached 79.25+3.64% after 72 h of treatment.

Matrine arrests SGC-7901 cells in GI1-phase of cell cycle. One
common mechanism for the antiproliferative effect of anti-
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Figure 3. Effect of matrine on cell cycle distribution in SGC-7901 cells. (A)
Matrine treatment induced a dose-dependent increase in the proportion of
cells in GO/G1 phase while causing a decrease in the percentage of cells
in the S phase compared to control. Results are expressed as mean + SD
(n=3). "P<0.05, “"P<0.01, ""P<0.001 compared with control group. (B-D)
Representative histograms are from SGC-7901 cells incubated with different
concentrations (0, 0.25, 0.5, 1.0 mg/ml) of matrine.

cancer drugs is through retardation of cell cycle progression.
To explore the possible mechanism underlying the inhibitory
effect of matrine on growth of SGC-7901 cells, cell cycle
distribution was analyzed by flow cytometry. As shown in
Fig. 3, treatment with matrine induced a dose-dependent
increase in the number of SGC-7901 cells in the G0/G1
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phase while causing marked decrease in the proportion of
cells in the S phase, indicating that the GO/G1 phase cell cycle
arrest may be associated with matrine-mediated SGC-7901
cell growth inhibition in a dose-dependent manner.

Matrine induces apoptosis in SGC-7901 cells. As shown in
Fig. 4A, after treatment with matrine at the concentration
of 0, 0.5, 1.0 and 2.0 mg/ml for 24 h, the apoptosis rate of
SGC-7901 cells was 0.20+0.13%, 72.92+3.41%, 77.75+2.19%,
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Figure 4. Apoptosis of SGC-7901 cells induced by matrine. (A) Cells were
exposed to matrine at the concentration of 0, 0.5, 1.0 and 2.0 mg/ml for 24 h.
Matrine induces apoptosis of SGC-7901 cells in a dose-dependent manner.
The data are expressed as mean + SD (n=3). "P<0.001 compared with control
group. (B-E) Representative histograms of SGC-7901 cells incubated with
different concentrations of matrine. The apoptosis rate in 0.5 mg/ml and
1.0 mg/ml matrine groups are mainly composed of early apoptotic cells,
however, the late apoptosis/necrosis rate in 2.0 mg/ml matrine group
increased greatly.

83.28+2.75%, respectively. That is to say, matrine induced
apoptosis of SGC-7901 cells in a dose-dependent manner.
The representative histograms of flow cytometry displayed
that the early apoptosis rate was 0.01% in SGC-7901 cells
not treated with matrine, and was 74.10, 75.10, and 35.50%,
respectively, in SGC-7901 cells treated with matrine at the
concentration of 0.5, 1.0 and 2.0 mg/ml (Fig. 4B-E). Although
early apoptosis rate in 2.0 mg/ml matrine group decreased
compared with 1.0 mg/ml matrine group, the late apoptosis/



Figure 5. Matrine-induced morphologic changes of SGC-7901 by inverted
phase contrast microscopy. The untreated control cells adhere well,
displaying normal morphology of SGC-7901 cells. In contrast, abundant
cytoplasmic vacuoles were observed in cells treated with matrine. Moreover,
vacuolization in cytoplasm progressively became larger and denser with
increasing concentration of matrine. The majority of cells in 1.0 mg/ml
matrine group became round and shrunken, especially in 2.0 mg/ml matrine
group, and could not be affixed to the wall or suspended in culture medium.
(A, C, E, G and I) x100 magnification, (B, D, F, H and J) x200 magnifica-
tion. (A and B), 0 mg/ml matrine; (C and D), 0.25 mg/ml matrine; (E and
F), 0.5 mg/ml matrine; (G and H), 1.0 mg/ml matrine; (I and J), 2.0 mg/ml
matrine.

necrosis rate in 2.0 mg/ml matrine group sharply increased
from 4.36 to 48.80%, which may be due to the direct cytotoxic
effect of 2.0 mg/ml matrine on SGC-7901 cells. Furthermore,
the number of the late apoptotic/necrotic cells increased
with the increase of concentration of matrine.

Observation of vacuolization in cytoplasm by inverted
phase contrast microscopy. Inverted phase contrast
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microscopy was conducted to observe the morphological
characteristics of SGC-7901 cells. As shown in Fig. 5,
control cells not treated with matrine were well adhered,
showing normal morphology of SGC-7901 cells, while
the cells treated with matrine for 24 h displayed abundant
cytoplasmic vacuoles of varying sizes. Vacuolization in
cytoplasm progressively became larger and denser when
the concentration of matrine was increased. Moreover, the
majority of cells treated with matrine at the concentration
of 1.0 mg/ml became round and shrunken, especially in
2.0 mg/ml matrine group, and could not be affixed to the
wall or suspended in culture medium.

Autophagy detected by transmission electron microscopy.
To further clarify whether the cell vacuolization induced
by matrine is involved in autophagy, transmission electron
microscopy (TEM) was performed to detect the cells treated
with 1 mg/ml of matrine. As shown in Fig. 6, the SGC-7901
cells not treated with matrine exhibited normal ultrastructural
morphology of cytoplasm, organelles and nuclei. Matrine
treatment resulted in the formation of abundant autophagic
vacuoles sequestrating cytoplasm and organelles, such as
mitochondria and endoplasmic reticulum. Giant autophagic
vacuoles filled with degraded organelles and autophagosomes
were frequently observed. TEM, the standard method to
detect autophagy (41), demonstrated that matrine could
induce SGC-7901 cells to generate autophagy, which was
consistent with the vacuolization obtained by inverted phase
contrast microscopy.

MDC accumulation increases in SGC-7901 cells after
matrine treatment. It has been reported that MDC is a specific
marker for autophagic vacuoles (42). When the cells were
viewed under a fluorescence microscope, MDC-labeled
autophagic vacuoles appeared as distinct dot-like structures
distributing in cytoplasm or in perinuclear regions. The
matrine-treated group showed higher fluorescent density and
more MDC-labeled particles in SGC-7901 cells compared
with the control group (Fig. 7), indicating that matrine
induced the formation of the MDC-labeled vacuoles.

Matrine up-regulated mRNA expression of Beclin 1 and
Bax in SGC-7901 cells. Based on the results above, matrine
could induce SGC-7901 cell death through both apoptotic and
autophagic pathways simultaneously. To obtain better insight
into the molecular mechanism underlying the autophagy and
apoptosis induced by matrine, the mRNA expression level of
Beclin I gene which plays a key role in autophagy and Bax
gene, an apoptosis-related molecule, in SGC-7901 cells treated
with matrine were measured by real-time quantitative RT-PCR.
As shown in Fig. 8A, matrine up-regulated the Beclin 1
mRNA expression in a dose-dependent manner. Compared
to control cells untreated with matrine, the Beclin 1 mRNA
expression level increased to 11.46+0.91 and 18.31+1.08,
respectively, when the cells were treated with matrine at
the concentration of 1.0 and 2.0 mg/ml. In parallel, matrine
up-regulated the Bax mRNA expression in SGC-7901 cells in
a dose-dependent manner (Fig. 8B). In other words, the Bax
mRNA expression level steadily increased with the increasing
drug concentration.
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Figure 6. Ultrastructural observations in SGC-7901 cells by transmission electron microscope. (A) Untreated SGC-7901 cells exhibited normal morphology
of cytoplasm, cell organelles, and nuclei. Matrine-treated SGC-7901 cells showed the characteristic ultrastructural morphology of autophagy: (B, C and
D) a large number of autophagic vacuoles, (E) a giant autophagic vacuole filled with abundant degraded organelles, (F) an autophagosome sequestrating
a mitochondrion and portions of cytoplasm. (A and B, x4000; C, x8000; D, x25000; E, x15000; F, x50000). Thin arrows represent autophagic vacuoles;
thick arrows represent autophagosomes; arrowheads represent mitochondria. Nu, nucleus.

Figure 7. Visualization of MDC-labeled vacuoles in SGC-7901 cells. Autophagic vacuoles were labeled with 0.05 mM MDC in PBS at 37°C for 10 min.
Compared with the control group, the matrine-treated group showed higher fluorescent density and more MDC-labeled particles in SGC-7901 cells (x400

magnifications). (A) 0 mg/ml matrine; (B) 1.0 mg/ml matrine.

Discussion

In this study, we observed abundant cytoplasmic vacuoles
in matrine-treated SGC-7901 cells under an inverted phase
contrast microscope (Fig. 5). TEM revealed the morphological
changes that are typical of autophagy such as autophago-
somes (Fig. 6). MDC staining obtained independent evidence

supporting the conclusion that matrine triggers autophagy
(Fig. 7). All these results demonstrated that autophagy is
involved in antitumor effects of matrine on human gastric
cancer SGC-7901 cells. In line with our data, matrine-induced
autophagy in rat C6 glioma cells has been reported (26).
Autophagy is an intracellular lysosomal degradation process
ubiquitous in eukaryotes from yeast to mammals. Basal levels
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Figure 8. Matrine up-regulates mRNA levels of Beclin 1 (A) and Bax (B) in SGC-7901 cells by real-time quantitative RT-PCR. Data are shown as the mean
+ SD of three independent experiments. "P<0.01, “P<0.001 compared with control group.

of autophagy are likely important in maintaining cellular
homeostasis through the turnover and elimination of defective
or superfluous proteins and damaged or aged organelles such
as mitochondria (43). However, extensive autophagy or inap-
propriate activation of autophagy results in autophagic cell
death (type II PCD), which is an important cell death process
besides apoptosis. Autophagy is closely associated with
tumors and may function as a tumor suppressor mechanism,
particularly during the early stages of tumor initiation (34,44).
Recently, accumulating evidence has demonstrated that
various anticancer therapies induce autophagy in different
cancer cells, such as tamoxifen (45,46), arsenic trioxide (47),
resveratrol (48), vitamin D analogue (49), rapamycin (50),
Eupalinin A (51). Furthermore, autophagic cell death can
be activated in cancer cell lines in response to these agents.
During clinical cancer therapy, some tumor cells are resistant
to drugs due to the failure of the cells to undergo apoptosis.
Autophagic cell death compensates for apoptosis in some cell
types where crucial apoptosis regulators are either lacking
or inhibited. Therefore, inducing autophagy are possible
strategies that can be applied to cancer therapy. In the present
study, the extent of autophagy increases in a dose-dependent
manner (Fig. 5), which is consistent with the dose-response
antitumor effects of matrine (Fig. 2). The ability of matrine
to induce autophagy underlines its potential utility as a new
cancer treatment modality, especially it may provide leverage
to treat cancer that is chemoresistant on the basis of inef-
fective apoptosis. Moreover, in order to kill gastric cancer
cells very efficiently, we could use matrine in combination
with inhibitors of the class I phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (Akt/PKB)/target of rapamycin
(TOR) pathway (which are inhibitory signals of autophagy)
or another anticancer drug known to induce autophagy to
increase autophagic cell death.

We further investigated the mRNA expression level of
Beclin 1 in SGC-7901 cells. Beclin 1, a mammalian ortho-
logue of the yeast Arg6/Vps30 gene, is the first identified
mammalian gene to induce autophagy (34). Beclin 1 functions
in autophagy as part of class III phosphatidylinositol 3-kinase

(PI3K) complex, which is essential for the initiation of the
early stages of autophagy. Beclin I is monoallelically deleted
in up to 75% of ovarian cancers, 50% of breast cancers, and
40% of prostate cancers (52). Beclin 1 expression is frequently
decreased or absent in various cancer cells, such as human
breast carcinoma, ovarian cancer, brain tumors, cervical cell
carcinoma, and gastric cancer (34,52-55). Targeted mutant
mice with heterozygous disruption of Beclin I increase the
frequency of spontaneous tumors including lymphomas, lung
carcinomas, hepatocellular carcinomas (35,56). Beclin 17"
homozygous embryonic stem cells exhibit a decreased
number of autophagic vesicles (56). Ectopic expression
of Beclin 1 restores full autophagy potential in Beclin 1
deficient MCF-7 cells (34). These findings demonstrate that
Beclin 1 is a critical component of mammalian autophagy
and a haplo-insufficient tumor suppressor. In our study,
matrine treatment increased the expression of Beclin 1
in SGC-7901 cells in a dose-dependent manner (Fig. 8A),
indicating that Beclin 1 is involved in matrine-induced
autophagy and plays an important role in matrine-mediated
anti-cancer activities.

In this research, matrine obviously inhibited the growth
of SGC-7901 cells in a dose- and time-dependent manner
(Fig. 2), which is consistent with reported findings (57-59).
Previous studies demonstrated that Beclin I gene transfer
decreased the rates of cell proliferation in human breast
carcinoma cells and colon cancer cells (34,60), and Beclin 1
heterozygous disruption results in increased cellular prolifera-
tion (35). Accordingly, antiproliferation effect of matrine was
associated with an increase in the expression of Beclin 1
induced by matrine. In addition, flow cytometry showed that
matrine blocked SGC-7901 cells in GO/G1 phase of cell cycle
(Fig. 3), suggesting that retardation of cell cycle progression
may be one of the mechanisms underlying the antiprolifera-
tive effect of matrine.

Both apoptosis and autophagy are vital biological processes
in cells. Evidence indicates that Bax, a pro-apoptotic protein,
promotes apoptosis by influencing the permeability of the
mitochondrial outer membrane and facilitating the release of
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cytochrome c (61). In this study, matrine induced apoptosis
of SGC-7901 cells in a dose-dependent manner (Fig. 4),
concomitant with the up-regulation of the mRNA expression
of Bax in a dose-dependent manner (Fig. 8B), indicating that
the pro-apoptotic mechanisms of matrine may be related to
its effects on increasing the pro-apoptotic Bax expression.
Similar results were observed in previous study that matrine
induced MKN45 cell apoptosis via up-regulating the pro-
apoptotic molecules Bax, Bak and Bim (23).

In conclusion, matrine has potent antitumor activities
in gastric cancer SGC-7901 cells. Apart from its effect of
antiproliferation, both autophagy and apoptosis were activated
when death of SGC-7901 cells occurred after matrine treat-
ment. Autophagy induced by matrine may have important
therapeutic implications, especially it may provide leverage
to treat gastric cancer that is chemoresistant on the basis
of ineffective apoptosis. The increased Bax expression
may trigger matrine-induced apoptosis of SGC-7901 cells
and Beclin 1 is involved in matrine-induced autophagy.
However, the relationship between autophagy and apoptosis
is quite complicated, and has not been well elucidated, espe-
cially in cancer cells. The molecular mechanism underlying
autophagy and apoptosis induced by matrine should be
further explored.
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