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Matrine-induced apoptosis in Hep3B cells
via the inhibition of MDM?2
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Abstract. Matrine, an alkaloid component derived from the
Sophora root, can inhibit cancer cell proliferation and induce
autophagy via p53 associated pathways. However, numerous
tumor cells lack functional p53 and little is known about
the effect of matrine on the p53-deficient/mutant cancer
cells. The present study aimed to assess anticancer effects
of matrine in p53-deficient human Hep3B hepatoma cells.
The present results demonstrated that matrine caused Hep3B
cell apoptosis by suppressing gene expression of minute
double-mutant (MDM)2. Notably, it was revealed that matrine
inhibited MDM?2 at the transcriptional level in a time- and
dose-dependent manner. This MDM?2 inhibition resulted in
induction of the p53 family member, p73; however, the func-
tions of p73 were not induced since matrine-induced p73 failed
to activate its target genes, p21 and p53 upregulated modu-
lator of apoptosis. The matrine-induced downregulation of
MDM?2 led to an inhibition of inhibitor of apoptosis protein 3,
which might serve a critical role in matrine-induced apoptosis
in MDM2-overexpressing Hep3B cells. Finally, combina-
tion therapy of matrine with 100 #M epotoside successfully
killed more Hep3B cells, suggesting that matrine can sensitize
p53-deficient Hep3B cells to epotoside-induced apoptosis.
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Introduction

Matrine is a component of the traditional Chinese medical
herb Sophora flavescens ait. It performs a variety of medical
effects as a k-opioid receptor and p-receptor agonist (1).
Since Matrine has a wide range of clinical effects, including
anti-inflammatory, antiviral, immunoinhibitory, antifibrotic
and antidiarrhea effects (2,3), it has been widely used
in treatment of viral hepatitis, hepatic fibrosis, cardiac
arrhythmia and skin diseases, including atopic dermatitis
and eczema in China (4-7). Therefore, matrine can serve as
a potential anticancer drug to treat various types of human
cancer. A previous study reported that matrine can suppress
the proliferation of hepatoma G2 (HepG?2) cells, possibly
by inducing apoptosis through the activation of B-cell
lymphoma-2-activated X protein (8). However, its antitumor
mechanism in p53 deficient hepatoma Hep3B cells remains
to be elucdated.

In response to various cellular stresses, the tumor
suppressor gene, p53, acts as an important safeguard mecha-
nism by preventing cells from undergoing uncontrolled
proliferation in response to DNA damage (9,10). The down-
stream DNA damage response (DDR) involves a series of
events that lead to either cell-cycle arrest induced by p21 or
apoptosis induced by p53 upregulated modulator of apoptosis
(PUMA) (11). Mouse double-minuted (MDM)2, a target gene
of p53 that can form a negative feedback loop with p53, it
is also considered as an antiapoptotic factor that can inhibit
apoptosis of tumor cells (12). MDM2 has attracted great
attention following its identification as a negative modulator
of p53. MDM2 can bind to p53 through its N-terminus to
repress pS3 anticancer functions, while its C-terminus serves
as an E3 ubiquitin ligase to mediate p53 degradation, which
maintains p53 at a low protein level during normal homeo-
stasis without stress signals (12-14). In addition to interacting
with and modulating p53, MDM2 may compete with effectors
that are capable of binding with p73 (15-17). With the excep-
tion of interacting with and regulating p53 family members,
growing evidence suggests that MDM?2 has numerous
p53-independent functions. For example, MDM?2 was shown
to bind to and ubiquitinate Rb, resulting in Rb degradation
and release of E2F1, which promotes cell cycle progres-
sion (18,19). Since MDM2 is able to bind RNA and shuttle
between the nucleus and the cytoplasm, properties of most
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internal ribosome entry site (IRES) trans-acting factors
(ITAFs)/ribonucleoproteins (RNPs), this suggests that
the dephosphorylated cytoplasmic MDM?2 may act as an
ITAF/RNP to regulate translation through binding of its
C-terminus to specific RNAs (20). Additionally, previous
studies also demonstrated that MDM2 can physically interact
with the IRES of the 5'-untranslated region of inhibitor of
apoptosis protein (IAP)3, and in turn induce translation of
the latter, which allows for development of resistance to anti-
cancer treatment (21,22).

As a negative modulator of p53, it may be suggested that
MDM2 is an indirect oncogene, when overexpressed would
be oncogenic by preventing the release of activated p53. This
hypothesis is supported by numerous previous studies (23,24).
For example, in MDM2 overexpression mice, the incidence
rate of tumor formation is significantly increased. In particular.
MDM2 overexpression is even observed in cancer types that
lack MDM?2 gene amplification, including acute lymphoblast
leukemia cells (23,24). Regardless of any molecular mecha-
nism involved, MDM2 overexpression is associated with the
development of tumors and poor prognosis.

A previous study reported that matrine at concentra-
tions of 0.25, 0.5, 1.0 and 2.0 mg/ml inhibits the growth of
HepG2 cells in a dose- and time-dependent manner (8). The
present study used identical concentrations of matrine with
minimal modification to investigate the influence of matrine on
MDM2 expression and induction of Hep3B cell death. It was
revealed that matrine markedly suppressed MDM2 transcrip-
tion and caused significant apoptosis of MDM2-overexpressing
Hep3B cells. In addition, the present study examined the
expression of the p53 family member, p73, as well as its down-
stream effectors, p21 and PUMA. Investigating these effects
may assist with elucidating the molecular mechanism by
which matrine induces MDM?2 downregulation and apoptosis
of the p53-deficient Hep3B cells.

Materials and methods

Reagents. Matrine was supplied by Xi'an Tianyuan Biologics
Plant (Xi'an, China), with a purity of >99%. Matrine was
dissolved in sterile double distilled water at a stock concen-
tration of 40 mg/ml, was stored at -20°C in the dark and
was subsequently diluted in Dulbecco's modified Eagle's
medium (DMEM) to obtain the desired concentration.
Actinomycin D, benzo(a)pyrene and etoposide were purchased
from Sigma-Aldrich (St. Louis, MO, USA). DMEM and fetal
bovine serum (FBS) were products from Gibco (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). The protein
isolation kit was obtained from KeyGen Biotech. Co., Ltd.
(Nanjing, China). MDM2 CRISPR activation plasmid,
and MDM2 (cat. no. BS1223), PUMA (cat. no. AB10418),
p73a (cat. no. 4662), p73a (Try99) (cat. no. 4665S) and
(-actin (cat. no. 4967) antibodies were all obtained from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).
IAP3 (2F1) antibody (cat. no. ab5746) was purchased
from Abcam (Cambridge, MA, USA). An mRNA extrac-
tion kit and SYBR green I mix for quantitative polymerase
chain reaction (QPCR) were supplied by Qiagen (Hilden,
Germany) and Invitrogen (Thermo Fisher Scientific, Inc.),
respectively. Activated caspase-9 (cat. no. BS7070), activated

443

caspase-3 (cat. no. BS4301) and activated poly ADP-ribose
polymerase (PARP; cat. no. BS7047) antibodies, as well as
IRDye-conjugated secondary antibodies (cat. no. BA29880)
were all purchased from Bioworld Technology, Inc. (St.
Louis Park, MN, USA). The dilution ratio of all primary and
secondary antibodies were 1:500 and 1:5,000, respectively.
The annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) apoptosis detection kit was purchased from
Multi-Sciences Biotechnology (Hangzhou, China).

Cell culture and treatment. Both Hep3B and LO-2 cells were
obtained from the Cell Bank of Type Culture Collection of
the Chinese Academy of Science (Shanghai, China). The two
cell lines were grown in DMEM containing 10% (v/v) FBS
and were cultured at 37°C in a humidified 5% CO, atmo-
sphere.

Western blotting. Hep3B and LO-2 cells were collected
and lyzed in a traditional radioimmunoprecipitation buffer
(1 M Tris-HCl, 5 M NaCl, 1% Nonidet P-40, 1% sodium deoxy-
cholate, 0.05% SDS and 1 mM phenylmethylsulfonyl fluoride)
for 15 min. The proteins were denatured at 96°C for 5 min
following mixing with 5 ul SDS-loading buffer. The proteins
were subsequently separated on 12% SDS-PAGE gels and
were transferred onto polyvinylidene difluoride membranes
(EMD Millipore, Billerica, MA, USA). The immunoblotting
assay was performed as described previously (25). The protein
band densities were measured using Quantity One software
(Bio-Rad, Hercules, CA, USA). The data was expressed as the
density normalized against that of [3-actin.

Reverse transcription (RT)-gPCR. The total RNA was
extracted from cells using the RNeasy Mini kit (cat. no. 75144;
Qiagen), according to the manufacturer's protocol. cDNA
synthesis was performed using 1 ug total RNA sample mixed
with dNTP, reverse transcriptase, random monomers, oligo-dT
as primers, 10X reaction buffer and DNAse I. The samples
were run in a PCR system (T100; Bio-Rad) at the following
temperatures: 42°C for 55 min, 70°C for 10 min and 4°C until
collected. The samples were stored at 4°C. The amplification
was performed using a 7900 Real-Time PCR system (Applied
Biosystems; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol for the Quanti-Fast SYBR Green
RT-PCR kit (Qiagen). All specific primers for amplification of
specific genes, as well as the housekeeper gene -actin, were
designed and synthesized by Qiagen. All samples were run in
triplicate.

Pulse-chase and cycloheximide (CHX) assays. The
degradation rate of mRNA was assessed using a standard
actinomycin D analysis. Following the addition of 5 pg/ml
actinomycin D, Hep3B cells were treated with or without
matrine. Subsequently, at different time points, the cells were
harvested for isolation of the total RNA. The mRNA expres-
sion of MDM?2 was detected by RT-qPCR.

Protein translation level was evaluated using a standard
protein-synthesis inhibitor CHX assay. Briefly, the cells were
pretreated with 100 yg/ml CHX for 15 min at 4°C to arrest
polyribosome migration. The cells were subsequently treated
with or without matrine, and the cells were harvested and lyzed
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Figure 1. Matrine inhibits the expression of MDM?2 in Hep3B and L0-2 cells. Western blotting was performed to determine (A) the protein expression levels of
MDM? following treatment with 4.0 mg/ml matrine for 24 h, (B) the dose-response of MDM2 inhibition following treatment with the indicated concentrations
of matrine for 24 h, (C) the time-response of MDM?2 inhibition following treatment with 0.5 mg/ml matrine for the indicated durations and (D) the protein
expression of MDM?2 following treatment with 5 Gy IR for the indicated durations. Western blotting was performed for both in Hep3B and LO-2 cells, and
p-actin was used as a loading control. Con, control; MDM, mouse double-minute; IR, irradiation.

in a buffer containing 20 mM Tris-HCI (pH 8.0), 100 mM
NaCl, 5 mM MgCl,, 0.5% Triton X-100 and 500 U/ml RNAsin,
as well as a cocktail of protease inhibitors. Fractionation was
performed on a 15-45% (w/v) sucrose gradient, centrifuged
at 24,000 x g for 1 h at 4°C. The fractions were collected from
each gradient tube by upward replacement and absorption
monitored at an optical density of 254 nm, using a fractionator
(Brandel, Gaithersburg, MD, USA). Lastly, immunoblotting
was performed to observe concurrent turnover of MDM2.

MDM?2 plasmid transfection. For transfection, Hep3B cells
were seeded into 6-well plates at density of 2x10° cells/well.
Following culturing to 70-80% confluence, the cells were
harvested to make a cell suspension using cell medium. Both
Lipofectamine 2000 transfection reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) and MDM?2 overexpression plasmid
were diluted with the Opti-MEM I medium (Thermo Fisher
Scientific, Inc.) at a final concentration of 5% and 50 nM,
respectively. The two mixtures were mixed and incubated at
room temperature for an additional 20 min. Following incuba-
tion, the above transfection mixture was added to new 6-well
plates. The Hep3B cell suspensions (final concentration for
MDM2 plasmid, 5 nM) were overlaid onto the transfection
mixture. Following incubation at 37°C for 4 h, the media was
removed and the cells were cultured with fresh cell medium.

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium

bromide (MTT) assay. Hep3B and MDM2-overexpressing
Hep3B cells were seeded at a density of 3x10° cells/well
in 96-well plates for 24 h. Different concentrations of matrine
were added to the cells for times indicated. Following treatment,

the supernatant in each well was replaced with 90 u1 DMEM
(without FBS) and 10 ¢l MTT solution (final concentration,
5 mg/ml), and incubated at 37°C for an additional 4 h. The
liquid in each well was carefully aspirated and 150 pl dimeth-
ylsulfoxide was added to dissolve the formazan product.
The optical density was quantified using Multi-Detection
Microplate Readers (Synergy 2; Bio-Tek Instruments, Inc.,
Winooski, VT, USA) at a wavelength of 570 nm. The control
and treated group data are expressed as mean + standard
deviation of three independent experiments.

Flow cytometry. The matrine-induced cell cycle arrest and
cell death were assessed by flow cytometry. For the cell-cycle
sample preparation, the harvested cells were washed twice with
phosphate-buffered saline (PBS) and fixed overnight with 70%
ethanol at 4°C. After washing three times with PBS, the cells
were resuspended with 0.5 ml PBS containing 20 xg/ml PI
and 1 pg/ml RNase A. Following incubation at 4°C for an
additional 30 min, the cells were analyzed using a FACScan
(Becton-Dickinson, San Jose, CA, USA) with WinList
software (Verity Software House, Topsham, ME, USA). For
analysis of cell death type, the matrine-treated cells were
harvest and washed twice with PBS. The cells were subse-
quently suspended in 400 pl binding buffer containing 10 p1 PI
and 5 ul Annexin V-FITC, and were incubated for 20 min at
room temperature in the dark, followed by flow cytometric
analysis.

Statistic analysis. The differences between the groups were
examined for statistical significance using the one-way analysis
of variance followed by Dunnett's post-hoc test using SPSS
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Figure 2. Examination of the molecular mechanism by which matrine
reduces MDM2. (A) The mRNA expression of MDM2 in Hep3B cells was
determined by RT-qPCR following treatment with 0.5 mg/ml matrine for
the indicated durations. The data is shown as the fold change. (B) Hep3B
cells were pre-treated with or without 10 xM CHX for 10 min, followed by
incubation with or without 0.5 mg/ml matrine for 4 h, then 5 mg/ml actino-
mycin D was added. Cells were then harvested and the mRNA expression
levels of MDM2 were determined by RT-qPCR. The data are presented as
the mean + standard deviation ("P<0.05 and “"P<0.01 compared with the
untreated 0 h samples). (C) A CHX pulse-chase assay was performed to
detect MDM2 turnover in Hep3B cells treated with or without 0.5 mg/ml
matrine for 4 h. The numerical labels under each protein band represents
the expression levels after normalization against $-actin, compared with
untreated samples (defined as 1 unit). MDM, mouse double-minute; CHX,
cycloheximide; RT-qPCR, reverse transcription-quantitative polymerase
chain reaction.

version 19.0 software (SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

MDM?2 expression in matrine-treated Hep3B and L0-2 cells.
To assess whether MDM2 expression levels were influenced
by matrine, western blotting analysis was performed. It was
revealed that matrine notably downregulated MDM?2 in
the two studied cell lines (Fig. 1A). Matrine suppressed the
protein expression of MDM?2 in a dose-dependent manner,
even at low concentrations (Fig. 1B). The matrine-induced
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MDM?2 inhibition occurred at ~4 h post-treatment and was
followed by a steady-state downregulation (Fig. 1C), with a
style distinct from irradiation-treament that instead induced
a rapid and transient (1-2 h) decrease of MDM?2 expression,
followed by a clear upregulation (Fig. 1D).

Matrine-induced decrease of the mRNA synthesis of MDM?2.
The present study next investigated the mechanism by which
matrine suppress the expression of MDM?2. As shown in
Fig. 2A, the mRNA expression of MDM?2 was clearly inhib-
ited by matrine. To investigate whether the matrine-induced
MDM?2 mRNA decrease is associated with mRNA stability,
pulse-chase and RT-qPCR reactions were performed. As shown
in Fig. 2B, matrine caused no affect on the mRNA stability
of MDM2. MDM?2 protein stabilization was further assessed
using a standard CHX pulse-chase assay. As shown in Fig. 2C,
compared with the control groups, the half-life of MDM2 was
not affected by matrine, suggesting that matrine decreases
MDM?2 via the inhibition of mRNA synthesis. Enhanced
expression of p73 by matrine is a result of matrine-mediated
inhibition of MDM2, since MDM?2 can compete with p73 for
binding to its upstream effectors (17).

The present study investigated whether the matrine-induced
MDM2 decrease can affect the expression of p73a. Firstly, a
possible direct influence of matrine on p73 mRNA level was
investigated by comparing it with the known effect of benzo(a)
pyrene on the mRNA expression of p73 (26). As shown in
Fig. 3A, benzo(a)pyrene increased p73 transcription in the
cells. By contrast, matrine failed to either increase or decrease
the mRNA expression of p73. Whether matrine can affect
p73 translation was next determined. As shown in Fig. 3B, no
difference in the expression of p73 was detected in the pres-
ence or absence of the protein synthesis, as assessed by CHX
treatment. Lastly, the turnover of p73 protein was measured in
matrine-treated cells, as shown in Fig. 3C. Compared with the
control groups, matrine notably increased the half-life of p73.
These results suggested that the observed matrine-upregulated
expression of p73 in Hep3B cells occurs only at the post-trans-
lational level. Additionally, the expression of p73 after
matrine treatment in Hep3B cells was assessed, as shown in
Fig. 3D. Matrine increased the expression of p73 following the
downregulation of MDM2.

p73 cell-cycle arrest function is not activated in
matrine-treated Hep3B cells. p21 and PUMA are two down-
stream targets of p73. Therefore, the present study examined
the expression levels of p21 and PUMA in matrine-treated
Hep3B cells. As shown in Fig. 4A, benzo(a)pyrene clearly
increased the expression levels of p21 and PUMA, as well as
the mRNA expression of MDM?2. By contrast, matrine failed
to increase or decrease the expression levels of the above
genes. Additionally, as shown in Fig. 4B, the matrine-induced
p73 protein increase was not to the same level as that of
epotoside-induced. The data in Fig. 4B also demonstrated
that epotoside increased the protein expression levels of
p21 and PUMA, whereas matrine decreased the expression
levels. In addition, matrine failed to induce accumulation
of the p73 activated form (p73a-Try99), compared with
epotoside, which increased p73a-Try99 levels. The cell-cycle
analysis also confirmed that p21 was not functional in the
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Figure 3. Matrine-induced downregulation of MDM2 results in an increase in the expression of p73a. (A) Hep3B cells were treated with different concentra-
tions of either benzo(a)pyrene (16, 32 or 64 yuM) or matrine (1.0, 2.0 or 4.0 mg/ml) for 12 h. The mRNA expression levels of p53 were assessed by reverse
transcription-quantitative polymerase chain reaction. The data are presented as the mean + standard deviation (“P<0.01 compared with the untreated 0 h
group) samples. (B) Hep3B cells were pre-treated with or without 10 xM CHX for 10 min, followed by an incubation with 0.5 mg/ml matrine. The cell extracts
from O or 2 or 4 h treatment groups were assessed by western blotting to determine the expression of p73a. (C) A pulse-chase assay for p73a turnover was
performed in Hep3B cells treated with 0.5 mg/ml matrine. (D) Hep3B cells treated with 4.0 mg/ml matrine for the indicated durations were assessed for the
expression levels of MDM?2 and p73a by western blotting. $-actin was used as a loading control. CHX, cycloheximide; MDM, mouse double-minute.

matrine-treated cells. As shown in Fig. 4C, matrine failed to
induce G1 arrest. By contrast, epotoside clearly induced cell
accumulation in G1 phase, whereas matrine decreased cell
numbers in G1, S and G2/M.

Matrine inhibited the expression of IAP3 in
MDM?2-overexpressing Hep3B cells. IAP3 is a translational
target of MDM2, which exhibits reduced expression level
following MDM2 silencing (21). The present study assessed
the expression levels of IAP3. As shown in Fig. 5A, matrine
markedly decreased the expression levels of MDM?2 and
IAP3, whereas both genes were increased in the epoto-
side-treated cells. To investigate whether MDM2 inhibition
affected the expression of IAP3 in matrine-treated Hep3B
cells, an MDM2-overexpressing Hep3B cells cell line was
treated with matrine. As shown in Fig. 5B, a more marked
decrease of IAP3 was induced in the matrine-treated
MDM2-overexpressing Hep3B cells compared with in the
matrine-treated negative plasmid-transfected Hep3B cells.
Additionally, the IAP3 protein stability was also evaluated
in the matrine-treated Hep3B cells. As shown in Fig. 5C,
compared with the control group, matrine caused no effect

on TAP3 protein stability. These results suggested that
matrine can strongly suppress the expression of IAP3 in
MDM2-overexpressing Hep3B cells at both the mRNA and
protein expression levels.

Matrine sensitized Hep3B cells to epotoside-induced apop-
tosis. The present study assessed the effect of matrine on Hep3B
and MDM2-overexpressing Hep3B cell viabilities using an
MTT assay. As shown in Fig. 6A, matrine exhibited cytotoxic
activity in each of the cell lines. Matrine exhibited a more
marked cytotoxic effect on MDM?2-overexpressing Hep3B
cells that express very high level of MDM?2. To investigate the
mechanism by which matrine induces MDM2-overexpressing
Hep3B cell death, the activation of several apoptotic effectors
was assessed. As shownin Fig. 6B, cleavage of caspases-3 and -9,
and PARP in MDM2-overexpressing Hep3B cells was observed
4 h post-treatment. Whether matrine has synergistic effects
on epotoside-induced apoptosis was determined by treating
the Hep3B cells with both. When administered alone, a 24-h
treatment induced 27.4and 34.2% apoptosis for etoposide and
matrine treatment, respectively. When the same doses were
administered to cells in combination, as shown in Fig. 6C,
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Figure 4. Matrine-increased expression of p73a causes no induction of its targets, p21 and PUMA, as compared with treatment with Benzo(a)pyrene or epoto-
side. (A) Hep3B cells were treated with 32 xM Benzo(a)pyrene or 0.5 mg/ml matrine for 12 h and subsequently, the mRNA expression levels of p73a, MDM2,
p21 and PUMA were assessed by reverse transcription-quantitative polymerase chain reaction. The data are presented as the fold change compared with the
control group. (B) Hep3B cells were treated with either 100 #M epotoside or 0.5 mg/ml matrine for various durations. The protein expression levels of p73a,
MDM?2, p21 and PUMA were assessed by western blotting. $-actin was used as a loading control. (C) Cell-cycle analysis in Hep3B cells was performed 4 h
post-treatment with 100 zM epotoside or 0.5 mg/ml matrine. MDM, mouse double-minute; PUMA, p53 upregulated modulator of apoptosis.

compared with the control and either alone treated groups, the  Discussion

apoptosis ratio was significantly increased in the combination

group (>70%; P<0.01). These results suggested that matrine  The p53 tumor suppressor gene serves a crucial roles in
sensitized Hep3B cells to epotoside-induced apoptosis. maintaining the integrity of the genome and the defense
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MDM2-overexpressing Hep3B cells were evaluated by western blotting.
(C) The protein stability of IAP3 was detected using a pulse-chase assay
following treatment with 0.5 mg/ml matrine. 3-actin was used as a loading
control. MDM, mouse double-minute; IAP, inhibitor of apoptosis protein;
CHX, cycloheximide.

against tumor metastasis and is mutated or deleted in ~50%
of human cancer types (12). However, numerous tumors retain
wild-type p53, suggesting that the above tumor cells contain
abnormalities of other genes, including overexpression of
the p53 negative regulator, MDM?2. MDM?2 overexpression
has been reported in ~1/3 human cancer cells that contain
wild-type p53 gene (27). Therefore, MDM?2 can be considered
as a proto-oncogene. The present study used a p53-deficient
cell model, Hep3B cells, to investigate the anticancer activity
of a known Chinese herbal medicine, matrine. It was found that
matrine notably decreased the mRNA expression of MDM2,
which resulted in an increase of p73. However, the primary
function of p73 was not activated, which was reflected by the
failure to induce p21 and PUMA. Notably, the matrine-induced
downregulation also resulted in decreased expression of the
apoptotic inhibitor, TAP3.

IAPs form a family of caspase inhibitors that inhibit the
downstream portion of the apoptosis pathway and inhibit cell
death in response to multiple stimuli (28). There are currently
eight known human IAP family members, with IAP3 being
the best characterized member (29). The antiapoptotic roles of
IAP3 have been attributed to its ability to directly bind to and
inhibit the activated forms of caspase-3, -7 and -9, which are
important executors of the intrinsic apoptosis pathway (30).
Additionally, overexpression of IAP3 has been observed in a
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variety of human cancer types (31,32). In the present study,
it was revealed that IAP3 was notably inhibited by matrine
at both the transcriptional and translational levels. Since the
mRNA expression of IAP3 can be regulated by MDM2 (33),
the present study further examined whether matrine-induced
IAP3 inhibition was associated with a decrease in
MDM?2 using an MDM?2-overexpression Hep3B cell model.
It was revealed that more inhibition of IAP3 was observed
in the MDM2-overexpressing Hep3B cells compared with in
the wild-type Hep3B cells. Consistent with previous studies
which reported that knockdown of endogenous MDM?2 with
siRNA resulted in decreased IAP3 activity (22). The present
study also demonstrated that downregulation of MDM?2 in
the MDM2-overexpressing Hep3B cells resulted in potent cell
apoptosis.

The Hep3B cell apoptosis was predominantly attributed
to matrine-induced IAP3 inhibition, which was further
confirmed by the finding of no induction of p73 function in
the cells. In the present study, although the matrine-induced
MDM2 inhibition resulted in an increased expression of
p73, the expression of p21, a p27 downstream target, was
inhibited rather than activated in the matrine-treated Hep3B
cells. Another important p73 transcriptional target for execu-
tion of mitochondria-dependent apoptosis, PUMA, was also
not increased and rather decreased in the matrine-treated
Hep3B cells. Although the present study did not investigate
the reason why biological functions of p21 and PUMA were
not activated by the matrine-increased p73, it was hypoth-
esized that, similar to MDM?2, the mRNA synthesis of
p21 and PUMA may be inhibited by matrine, even though
the increased p73 can bind to its promoters. However, the
molecular mechanism underlying the above remains to be
elucidated. The most important observations of the present
study were that matrine notably increased the sensitivity of
the p53-deficient Hep3B cells to epotoside-induced apop-
tosis. It is well known that epotoside and numerous other
anticancer alkylating drugs kill cancer cells through induc-
tion of DNA damage, the latter in turn increases immediate
accumulation and activation of p53 family members through
ATM-Chk2 and ATR-Chk]1 pathways, which are activated by
DNA double-strand breaks and single-stranded DNA, respec-
tively (11,34). The activated p73, similar to p53, can bind
to the promoters of p21 and PUMA, which in turn execute
cell cycle arrest and mintochondria-dependent cell apop-
tosis (35). The activated p73 also triggers mRNA expression
of its negative effector, MDM2. This p73-induced increase of
MDM2 expression begins to compete with p73 for binding to
the p300/CBP N-terminus and suppresses its biological func-
tions (17). In addition to interacting with and inactivating
p53, there is evidence to suggest that MDM?2 can also interact
with other molecules, including specific protein and RNA,
which may serve a p53-independent role in oncogenesis
(e.g. induction of IAP3) (33). Aside from regulating its down-
stream effectors, MDM?2 itself can be modulated by various
upstream signals. For example, cell growth factor-induced
activation of phosphatidylinositol 3-kinase-Akt can phos-
phorylate MDM2-serine 166 and 186 in the cytoplasm, which
in turn triggers translocation of MDM2 from the cytoplasm
into the nucleus (36). For anther case, cellular stress and
DNA damage can induce dephosphorylation of the central
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Figure 6. Apoptotic effect of matrine on Hep3B and MDM2-overexpressing Hep3B cells. (A) Hep3B and MDM2-overexpressing Hep3B cells were treated
with 0.25-4.0 mg/ml matrine for 24 h. The cell viability was assessed using a 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide assay. The
data are presented as the mean + standard deviation (n=3; "P<0.05 and “P<0.01 compared with the corresponding control group; *P<0.05 and *P<0.01 com-
pared with the untransfected Hep3B cells). (B) Hep3B cells were treated with 100 uM epotoside or 4.0 mg/ml matrine, alone or in combination, for 24 h. Cell
apoptosis was analyzed by dual-parameter flow cytometry utilizing annexin V-FITC and propidium iodide, and the results of three independent experiments
were pooled and average values are presented. Group a, control; group b, 100 #M epotoside; group ¢, 4.0 mg/ml matrine; group d, 100 M epotoside + 4.0 mg/ml
matrine. The data are presented as the mean + standard deviation (n=3; “P<0.01 compared with the control group; 2*P<0.01 compared with the epotoside
group). (C) Hep3B cells were treated with 100 #M epotoside or 4.0 mg/ml matrine. The protein expression levels of cleaved and total Caspase-3, -9 and PARP
were assessed by western blotting. FITC, fluorescein isothiocyanate; PARP, poly ADP ribose polymerase.



acidic domain of MDM2, which may result in inhibition of
the nuclear translocation for MDM?2, or accumulation in the
cytoplasm (37). The present results suggested a functional
role for MDM2 in tumor development, which extends thef
current understanding of resistance to chemical-therapy in
cancer.

In conclusion, the present study indicated that matrine

causes cytotoxicity and induces apoptosis in p53-deficient
Hep3B cells. The major underlying mechanism is the
inhibition of the MDM2-TAP3 pathway. Therefore, it is
hypothesized that matrine may be an interesting candidate
drug in the development of therapies against p53-defective
cancer cells.
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