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Depression of MAD2 inhibits apoptosis and increases
proliferation and multidrug resistance in gastric cancer cells
by regulating the activation of phosphorylated survivin
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Abstract Mitotic arrest-deficient 2 (MAD2) is one of the
essential mitotic spindle checkpoint regulators, and it can
protect cells from aberrant chromosome segregation. The
Mad2 gene is very rarely mutated in many kinds of human
cancer, but aberrantly reduced expression of MAD2 has
been correlated with defective mitotic checkpoints in
several human cancers. We have previously found that the
MAD2 expression level is also shown to be associated with
the multidrug resistance of tumour cells. In this study, we
constructed a small interfering RNA (siRNA) eukaryotic
expression vector of MAD2 and downregulated MAD2
expression in the gastric cancer cell line SGC7901 by
transfection of MAD2-siRNA. SGC7901 cells stably trans-
fected with the MAD2-siRNA exhibited significantly
increased expression of phosphorylated survivin protein
and enhanced drug resistance. Furthermore, MAD2-siRNA
suppressed the proliferation of SGC7901 cells and inhibited
tumour formation in athymic nude mice. This study clearly
reveals that downregulation of MAD2 could regulate the
cell cycle, increase proliferation, and improve the drug
resistance of gastric cancer cells by regulating the activation
of phosphorylated survivin. It also suggests both that
MAD2 might play an important role in the development
of human gastric cancer and that silencing the MAD2 gene

may help to deal with the multidrug resistance of gastric
cancer cells.
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Abbreviations
MAD2 mitotic arrest-deficient 2
VCR vincristine
ADR Adriamycin
5-FU 5-fluorouracil
CDDP cisplatin
MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide
PBS phosphate-buffered saline
MDR multi-drug resistance
P-gp P-glycoprotein
MRP multi-drug resistance-associated protein
PI propidium iodide
siRNA small interfering RNA

Introduction

Mitotic arrest-deficient 2 (MAD2) is an important compo-
nent of the spindle assembly checkpoint, and by counter-
acting the effect of CDC20, MAD2 acts as an inhibitor of
APC. When the spindle-assembly checkpoint is activated,
MAD2 forms a ternary complex with CDC20 and APC to
prevent the activation of APC and thereby arrests cells at
prometaphase [1]. Chromosomal instability and the forma-
tion of tetraploid or aneuploid cells will occur if there are
any errors in MAD2, which results in chromosomal
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missegregation and mitotic catastrophes [2–5]. The muta-
tion of the Mad2 gene is very rare in many kinds of human
cancer [6–9], but deletion or downregulation of MAD2 has
also been reported in several human cancers such as lung
cancer [10], breast cancer [11], nasopharyngeal cancer [12],
soft-tissue sarcoma [13, 14], and ovarian carcinoma [15].

Previously in our laboratory, we indicated that the status
of MAD2 is very important for determining the resistance
of gastric cancer cells to anticancer drugs [16], and we
found an alternative splicing variant of MAD2 named
Mad2β, which is only expressed in the drug-resistant
gastric cancer cell lines of SGC7901/VCR and SGC7901/
ADR [17]. Mad2β could suppress the expression levels of
MAD2 and eventually result in a drug-resistant phonotype
of the gastric cancer cells SGC7901 by inhibiting apoptosis
[18]. We also used small interfering RNA (siRNA)
techniques to downregulate the expression of MAD2 in
gastric cancer cells and found that the defect of the spindle
checkpoint could promote the drug resistance of gastric
cancer cells and reverse anticancer drug-induced apoptosis
by upregulating Bcl-2 and interfering with the mitochon-
drial apoptosis pathway [19]. The aim of the present study
was to find out (1) whether the downregulation of MAD2 is
related to the development and malignant phenotypes of
gastric cancer and (2) whether there is another role of
MAD2 in the multidrug resistance of gastric cancer.

We found that MAD2 could regulate the cell cycle of
cancer cells in the present study. In gastric cancer, the
induction of cell-cycle arrest was partly responsible for the
antitumour function of MAD2. Our study indicated that
MAD2 may be used as a therapeutic target of gastric cancer
and that it was a potential tumour regulator. Furthermore, it
was also indicated that MAD2 might be a novel negative
modifier in multidrug resistance and that it may provide a
pivotal mechanism for exerting the efficiency of chemo-
therapy drugs in gastric cancer treatment.

Materials and methods

Cell culture

The human gastric cancer cell line SGC7901 was cultivated
in Dulbecco’s modified Eagle’s medium (Gibco) supple-
mented with 10% heat-inactivated foetal calf serum, in a
37°C humidified incubator with a mixture of 95% air and
5% CO2 (Forma Scientific).

Small interfering RNA construction and transfection

Two different MAD2-specific siRNA duplexes were
designed homologous to the MAD2 mRNA consensus
sequence. The first siRNA molecule was MAD2-1 (S: 5′-

tttgcagtcttgtcacactcaaacattgagtgtgacaagactgctttt-3′, AS: 5′-
ctagaaaaagcagtcttgtccacactcaatgtttgagtgtgacaagactg-3′),
whose target sequence was homologous to nt 311–329 of
the MAD2 mRNA sequence; the second siRNA molecule,
MAD2-2 (S: 5′-tttgcagtcttgtcacactcaaacatcagacagatcacagc
tagtttt-3′, AS: 5′-ctagaaaaagcagtcttgtccacactcaatgttcagaca
gatcacagcta-3′), was homologous to nt 401–423 of the
MAD2-psilencer3.1 (Ambion, Austin, TX); these were
used for the construction of the human MAD2-siRNA
vectors (MAD2-siRNA1 and MAD2siRNA2), according to
the manufacturer’s protocol.

According to the manufacturer’s instruction, the siRNA
plasmids were transfected into SGC7901 cells using Lip-
ofectamine2000 reagent (Invitrogen, Carlsbad, USA). The
gastric cancer cells transfected with MAD2siRNA1 and
MAD2siRNA2 were named as SGC7901/MAD2-siRNA1
and SGC7901/MAD2-siRNA2, respectively.

Briefly, SGC7901 cells were seeded in six-well plates
and cultured in drug-free medium until reaching 70% to
90% confluence, and these cells were not transfected with
1-mg plasmids. Using Lipofectamine2000 reagent, 2 μg of
psilencer3.1-MAD2siRNA plasmids was transfected into
SGC7901 cells. To stabilise the transfection, G418
(400 mg/ml) was added into cells after 24 hours of
transfection. Mixed clones were screened by Western blot
analysis and expanded for an additional 6 weeks. The cells
transfected with psilencer3.1 vector alone served as the
negative control.

RNA extraction and semiquantitative RT-PCR

The RNA of each cell line was extracted using Trizol
(Life Technologies, USA) according to the manufac-
turer’s protocol. DNase was used to decrease the
contamination of genomic DNA. The quantity and purity
of the RNA prepared from each sample were determined
by UV absorbance spectroscopy. The reverse transcrip-
tion reaction was performed using the First-Strand cDNA
Synthesis Kit (Fermentas, USA) in a final volume of
20 μm. After incubation at 42°C for 60 minutes, the
reverse transcription reaction was terminated by heating
at 70°C for 10 minutes. The newly synthesised cDNA
was amplified by PCR. The MAD2 primer was S: 5-AA
GGTGAAGGTCGGAGTCAA-3, AS: 5-TGTGGTCAT
GAGTCCTTCCA-3. Amplification cycles were: 95°C
for 2 minutes; then 36 cycles at 94°C for 30 seconds,
51°C for 45 seconds, and 72°C for 50 seconds; followed
by 72°C for 10 minutes. β-Actin primer (S: 5-AGCGG
GAAATCGTGCGTG-3; AS: 5-CAGGGTACATGG
TGGTGCC-3) was used as an internal control. Aliquots
of PCR product were electrophoresed on 1% agarose
gels, and PCR fragments were visualised by ethidium
bromide staining.
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Western blot analysis

The Western blotting was done as described [19]. In
brief, total proteins were prepared and then quantified by
the Bradford method. A measure of 80 μg of lysates was
electrophoresed in 12% SDS-PAGE and blotted on a
nitrocellulose membrane (Immoblin-P, Millipore, Bedford,
MA). Membranes were blocked with 5% fat-free milk
powder at room temperature for 2 hours and incubated
overnight with polyclonal antibody specific for rabbit anti-
MAD2 (diluted 1:200, Santa Cruz Biotech, Santa Cruz,
CA, USA) and monoclonal antibody specific for mouse
anti-survivin (diluted 1:300, Santa Cruz Biotech) or anti-
β-actin antibody (diluted 1:2000, Sigma Chemical Co.
CA, USA) at 4°C. After three washes for 15 minutes in
PBS-T, the membrane was incubated with the HRP-
conjugated goat antimouse IgG antibody (Wuhan, Hubei,
China) for 1 hour at room temperature. The membrane
was washed again in PBS-T; enhanced chemilumines-
cence (Amersham Life Science, Piscataway, NJ) was
added, and the colour development was monitored for
the development of colour. Each experiment was per-
formed in triplicate. All examined gene expression levels
were quantitatively analysed and expressed as ratios to
β-actin.

Immunofluorescent staining

Cells were plated onto 24-well plates (2×104 cell/well)
containing 12-mm coverslips (IWAKI, Tokyo, Japan) and
subsequently treated with cisplatin (0.5 µg/ml) for 10
minutes. At 24 hours after treatment, cells were fixed in
4% paraformaldehyde in PBS and then washed thrice in
PBS and permeabilised in 0.1% Triton X-100 for 5 minutes.
After blocking in 1% BSA for 20 minutes, cells were
incubated with rabbit anti-MAD2 polyclonal antibody
(1:200; Santa Cruz Biotech) for 2 hours, followed by
fluorescein-conjugated goat antimouse IgG secondary anti-
body (1:50) for 45 minutes. The fluorescent signal was
visualised with a Zeiss Axiophot microscope (Carl Zeiss,
Inc., Thornwood, NY) and photographed using a Spot RT
digital camera and associated software (Diagnostic Instru-
ment, Sterling heights, MI). At least 500 cells were counted
from three random fields under 400 magnification for each
experiment, and the percentage of cells containing >10
fluorescent foci was calculated. Each experiment was
repeated at least thrice.

DAPI counterstaining

To observe the different apoptosis morphologies in the cell
lines 4 hour after treatment, the cellular DNA was counter-
stained with 4V,6-diamidino-2-phenylindole (DAPI). DAPI

counterstaining allows for determination of a nuclear
morphology indicator based on nuclear size and round-
ness. It is found that the nuclear area factor is an early
indicator of cell death (significant after 4 hours post
treatment). DAPI is a blue fluorescent probe that
fluoresces brightly when it is selectively bound to the
minor groove of double-stranded DNA, where its
fluorescence is approximately 20-fold greater than in
the nonbound state. This selectivity for DNA, along with
the cell permeability, allows the staining of nuclei with
little background from the cytoplasm, making DAPI the
classic nuclear counterstain for assessing apoptosis under
immunofluorescence microscopy.

Flow cytometry analysis of cell apoptosis

The apoptosis of cells was evaluated by measuring the
exposure of phosphatidylserine on the cell membranes
using Apoptosis Detection Kits (BD Pharmingen). Cell
pellets were resuspended in a staining solution containing
propidium iodide (PI, 50 Ag/ml) and Annexin V-FITC
(25 Ag/ml) for 15 minutes at room temperature in the dark.
The cells were assessed by FACS equipped with the Cell
Quest software (BD Pharmingen).

MTT assay

Cells were seeded on a 96-well plate (Corning) at 3×104

cells/well in DMEM containing 10% FCS. Each sample
had four replicates. The medium was replaced every other
day. Viable cells were counted by the MTT assay after 2, 4,
6, and 8 days. Briefly, cells were incubated with 50 μl of
0.2% MTT for 4 hours at 37°C in the 5% CO2 incubator
and then lysed in 150 μl of DMSO. The absorbance at 490
nm was determined using the 96-well plate reader (Dynex
Technologies).

Tumour growth in nude mice

The logarithmically growing cells were trypsinised and
resuspended in D'Hanks solution, and 5×106 cells (0.2 ml)
were injected subcutaneously into the left flank of 4-week-
old female BALB/c nude mice (at least three mice per
group). The chemotherapy drugs were injected into the
caudal vein after xenografts became palpable. The tumour
volume was calculated as (length×width2)×0.5.

Intracellular adriamycin concentration analysis

The amount of intracellular adriamycin was determined by
flow cytometry. Briefly, the cells were seeded into six-well
plates (1×106 cells/well) and treated with adriamycin at the
final concentration of 5 μg/ml. For the detection of
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adriamycin accumulation, the cells were harvested 1 hour
after drug treatment, whereas for the detection of adriamy-
cin retention, cells were cultured in drug-free DMEM for
another 1 hour before harvest. Then, cells were washed
with PBS, and the mean fluorescence intensity was detected
using flow cytometry (FACScan, BD Biosciences) with an
excitation wavelength of 488 nm and emission wavelength
of 575 nm. The experiment was independently done thrice.
Finally, the adriamycin-releasing index of the gastric cancer
cells was calculated using the following formula: releasing
index = (accumulation value-retention value)/accumulation
value.

Immunoprecipitation

Cell lysates for immunoprecipitation were prepared using
a mild lysis method [20, 21]. The concentrations of cell
lysates were determined using the Bradford method
(BioRad), and equal amounts of aliquots were incubated
with the indicated antibodies at 4°C for 15 hours [22]. For
further Western blot analysis, the immunoprecipitates
were washed four times with lysis buffer and subjected
to typical gel electrophoresis and immunoblotting procedures
[23]. The protein bands were finally detected by en-
hanced chemiluminescence (ECL, Amersham, Amersham
Life Science).

Statistical analysis

Each data point represented here was the mean ± SE of
at least three independent experiments, and each of them
was performed in triplicate unless otherwise indicated.
The statistical significance of the flow cytometric assay
results was analysed by the two-sided Student’s t-test and
the chi-squared test. Differences were considered to be
statistically significant when P<0.05 (indicated by the
asterisk in the table and figures). All statistical analyses
were performed using SPSS 13.0 software.

Results

Downregulation of MAD2 expression in cancer cells
induced by siRNA

MAD2 was found to be highly downregulated in SGC7901
cells by a streptavidin magnetic beads-mediated sub-
traction cloning method in our previous research [18].
The psilencer3.1-MAD2-siRNA plasmid was designed to
decrease the expression of MAD2 in the human gastric
carcinoma cell line SGC7901. Two subclones of the
MAD2-siRNA transfectants SGC7901/MAD2-siRNA
and SGC7901/MAD2-siRNA2 were generated. The

efficacy of siRNA transfection was evaluated by reverse
transcriptase-polymerase chain reaction (RT-PCR), West-
ern blotting, and immunofluorescent staining (Figs. 1, 2,
and 3).

As shown in Fig. 1a, the siRNA reduced the levels of
the endogenous MAD2 mRNA in siRNA-transfected cells
as compared with control cells, whereas it showed no
effect on β-actin. A Western blot showed that both
MAD2-siRNA1 and MAD2-siRNA2 decreased the
MAD2 protein expression level almost equally in
SGC7901 cells (Fig. 1b). SGC7901/MAD2-siRNA2 cells
were selected for subsequent studies. Immunofluorescent
staining showed that the MAD2 protein expression was
inhibited significantly in MAD2-siRNA-transfected cells
(Fig. 3).

Fig. 1 Inhibition of MAD2 expression in gastric cancer cells. Four
cell lines were evaluated: SGC7901/MAD2-siRNA1 (transfected with
MAD2-siRNA1; lane 1), SGC7901/MAD2-siRNA2 (transfected with
MAD2-siRNA2; lane 2), human gastric cancer cells SGC7901 (lane
3), and SGC7901/psilencer (transfected with psilencer3.1; lane 4). a
The RT-PCR assay showed that the mRNA of MAD2 in MAD2-
siRNA transfectants was decreased compared with that in control
cells. b Western blotting showed that the MAD2 protein expression
was inhibited significantly upon MAD2-siRNA-transfected cells

Fig. 2 Immunofluorescent staining of MAD2 (green) in SGC7901
cells, SGC7901/psilencer cells, and siMAD2-1,2-transfected cells
before treatment. Immunofluorescent staining showed that the
MAD2 protein expression was inhibited significantly upon MAD2-
siRNA-transfected cells
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Downregulation of MAD2 decreased the apoptosis induced
by cisplatin

We examined the apoptosis rate in cells with normal (before
siRNA treatment) or low expression levels of MAD2 (after
siRNA treatment) at 24 hours after exposure to 0.5 µg/ml
cisplatin. As shown in Fig. 4 and supplemental Fig. 1, a
low percentage of MAD2 protein-expressing cells showed a
combination of a punctuate staining pattern after exposure
to cisplatin by DAPI staining as compared to controls. Flow

cytometry analysis showed the apoptosis ratio in MAD2-
siRNA transfectants to be 3.4%. In contrast, an increased
number of apoptotic cells were observed in control cells. The
apoptosis ratios of SGC7901 and SGC7901/psilencer3.1
induced by cisplatin were 23.4% and 19%, respectively.
These results indicate that the downregulation of MAD2
decreased the apoptosis induced by cisplatin; however, the
mechanism is not yet clear.

Suppression of endogenous MAD2 enhances tumour drug
resistance

To examine the effect of the downregulation of MAD2 on
chemotherapeutic sensitivities, IC50 values of vincristine,
paclitaxel, adriamycin, VP-16, and cisplatin in SGC7901/
MAD2-siRNA cells were determined by MTT assay. As
shown in supplemental Fig. 2, compared with SGC7901
and SGC7901/psilencer3.1 cells, SGC7901/MAD2-siRNA
cells exhibited significantly increased IC50 values for
vincristine, paclitaxel, adriamycin, and cisplatin (P<0.05).

Furthermore, an in vivo subcutaneous tumour forma-
tion assay was adopted to examine the chemotherapeutic
sensitivities of MAD2-siRNA cells. Compared with
control cells transfected with empty vector, the injection
of SGC7901/MAD2-siRNA cells led to a significantly
increased tumour size (P<0.05; supplemental Fig. 3). We
also determined MAD2 protein expression in the MAD2-
siRNA transfected tissues of nude mice analysed using
Western blot (supplemental Fig. 4). Both in vitro and in

Fig. 3 Relative protein (a) and mRNA (b) expression levels of
MAD2 to their respective β-actin were analysed by one-way analysis
of variance. The expression levels of MAD2 in SGC7901/MAD2-
siRNA1 or SGC7901/MAD2-siRNA2 cells were lower compared with
the controls. *P<0.05 vs. SGC7901 and SGC7901/psilencer. There
were no differences in the expression levels of MAD2 between
SGC7901/MAD2-siRNA1 and SGC7901/MAD2-siRNA2 cells. #P>
0.05 vs. SGC7901/MAD2-siRNA1

Fig. 4 Elevation of apoptosis in
cells by DAPI staining. Nuclei
were stained with DAPI (blue).
Images were photographed at
the same exposure time under a
×20 objective with a SPOT
camera. Note that a high
percentage of MAD2-siRNA-
expressing cells showed a com-
bination of a punctate staining
pattern after exposure to
cisplatin (0.5 µg/ml). a
SGC7901/MAD2-siRNA1
(transfected with MAD2-
siRNA1), b SGC7901/MAD2-
siRNA2 (transfected with
MAD2-siRNA2), c human
gastric cancer cells SGC7901,
and d SGC7901/psilencer
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vivo assays suggested that the downregulation of MAD2
expression significantly decreased the sensitivity of gastric
cancer cells to microtubule inhibitors and DNA damaging
agents. This evidence is in agreement with Sudo T’s study
[24].

Depression of MAD2 decreases the intracellular
accumulation of adriamycin in gastric cancer

To further elucidate whether the downregulation of MAD2
is involved in the multidrug resistance of gastric cancer
cells, the intracellular accumulation and releasing of
adriamycin were explored by flow cytometry. As shown
in supplemental Fig. 5, the accumulation of adriamycin in
SGC7901/MAD2-siRNA cells was markedly decreased
compared with that in SGC7901/psilencer cells and
SGC7901 cells (P<0.05). Consistent with this, the
adriamycin-releasing index of SGC7901/MAD2-siRNA
cells was significantly higher than that of control cells
(P<0.05). These data further confirmed that the down-
regulation of MAD2 expression played an important role in
the drug resistance of gastric cancer.

Downregulation of endogenous MAD2 enhances
the expression of P-gp, Raf-1 and p-cdc2

Because MAD2 gene silencing could rapidly extrude the
ADR from the cytoplasm into the external medium, we
found that the expressions of P-gp, Raf-1, and p-cdc2
were increased in the SGC7901/MAD2siRNA cell line
compared with that in control cell lines. However, no
differences of cyclinB or MRP expression levels were
detected among the SGC7901/MAD2-siRNA, SGC7901/
psilencer, and SGC7901 cells (Fig. 6).

Survivin protein expression in gastric cancer cell lines

To further study the mechanism of MAD2 effects on
apoptosis, the expression of survivin was evaluated in the
SGC7901/MAD2-siRNA, SGC7901/psilencer, and

SGC7901 cells. No differences in general survivin expres-
sion were found among the above cell lines, but the level of
phosphorylated survivin was increased in MAD2-defective
cells compared with that in control cells (Fig. 5), indicating
that MAD2 may affect apoptosis by regulating the activity
of survivin. Furthermore, as shown in Fig. 6, MAD2 protein
could bind to survivin protein in an immunoprecipitation
assay.

Discussion

Mitotic catastrophe is an important mechanism capable of
inducing the death of cancer cells by antineoplastic agents
that damage DNA and activate the apoptosis pathway.
Defects in the G1 and G2 checkpoints of the cell cycle are
apparent in most cancer cells and allow the cells to enter
mitosis with DNA damage [25, 26]. However, several
studies showed that DNA damage-induced mitotic arrest
can also occur without DNA damage checkpoints by
spindle checkpoints [27–29]. Although more of these
mechanisms of DNA damage have not been elucidated, it
has been suggested that extensive DNA damage could
activate the spindle checkpoint and may lead to the
impairment of kinetochores [27, 28, 30].

MAD2 is one of the essential players in the spindle
checkpoint’s regulation of anaphase [31, 32], and it local-
ises selectively to unattached kinetochores in mitosis
metaphase, blocks the activity of the anaphase-promoting
complex, and then disappears until all chromosomes of
cells are accurately attached to the spindle [33]. The
downregulation of MAD2 is responsible for mitotic
checkpoint abrogation and chromosomal instability in
human cancers [11–15]. Wang et al. [34] reported that
MAD2-induced sensitisation to VCR is associated with
Raf/Bcl-2 phosphorylation and mitotic arrest in nasopha-
ryngeal carcinoma. Recently, it has been suggested that the
overexpression of MAD2 confers sensitivity to DNA-
damaging anticancer drug-induced apoptosis and that
MAD2-induced mitotic arrest mediates the DNA damage
response [35, 36].

Fig. 6 Western blot analysis of the MAD2 levels in the survivin
immunoprecipitates from gastric cancer cells; β-actin was used as the
loading control (lane 1, SGC7901/siMad2; lane 2, SGC7901/ADR;
lane 3, SGC7901; lane 4, SGC7901/psilencer). The results of
immunoprecipitation showed that the MAD2 protein was bound to
survivin

Fig. 5 Western blot analysis of the parental cells. β-actin was used as
the loading control (p-survivin: phosphorylated-survivin) (lane 1,
SGC7901/siMAD2; lane 2, SGC7901/ADR; lane 3, SGC7901; lane
4, SGC7901/psilencer). It showed that the level of phosphorylated-
survivin is lower in the MAD2-downregulated gastric cancer cell line
(SGC7901/siMAD2) and in the drug-resistant (SGC7901/ADR)
cancer cell line compared to the parent cell line (SGC7901) and the
control cell line (SGC7901/psilencer)
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Our previous study indicated that the decrease of MAD2
or increase of Mad2β expression could inhibit anticancer
drug-induced apoptosis by upregulating Bcl-2 and interfer-
ing with the mitochondrial apoptosis pathway. Furthermore,
our present results of the cell cycle suggest that in gastric
cancer cells with G2 phase checkpoint and spindle
checkpoint defects, chemotherapeutic drugs could still
cause cells to arrest at the G2/M phase; the spindle
checkpoint could not only identify abnormities caused by
spindle microtubule inhibitors’ VCR but also detect G2
phase defects during the DNA damage, which might
ultimately cause cell-cycle arrest [37].

DNA damage and spindle microtubules' disturbance are
able to activate the spindle checkpoint process to block
further damages to gastric cancer cells. The spindle
checkpoint is able to determine not only the ultimate fate
of spindle microtubule injury in gastric cancer cells but also
the fate of DNA damage in gastric cancer cells. In this
study, through in vitro and in vivo sensitivity tests, it was
confirmed that inhibiting the expression of MAD2 might
cause SGC7901 spindle checkpoint defects, leading to the
multidrug resistance of gastric cancer cells.

Our study suggested that MAD2, as the cell-cycle
checkpoint in the final phase of the mitotic spindle
checkpoint, played a very important role in drug resistance.
It controlled the ability of gastric cancer cells to enter the
next cell cycle of the final clearance. For the role of
chemotherapy drugs in gastric cancer cells, the spindle
checkpoint of the “state” (defected or normal) to determine
their ultimate fate is the key, proceeding either “into death”
or “into the next cell cycle to continue to survive.”

It has been demonstrated that P-gp, encoded by the
human MDR1 gene, plays a key role in tumour drug
resistance [38]. Given the capacity for enhancing apoptosis
and downregulating P-gp expression, the upregulation of
MAD2 protein is expected to reverse gastric cancer drug
resistance. The data presented by the drug sensitivity assay
in this study strongly support the opinion that down-
regulating MAD2 could enhance the resistant phenotype of
gastric cancer cells not only through reducing apoptosis but
also through upregulating the expression of P-gp, Raf-1,
and p-cdc2 [39]. It was supposed that MAD2 inhibited the
activity of cdc2 while subsequently upregulating the
expressions of Raf-1 and P-gp.

The results of immunoprecipitation showed that theMAD2
protein was bound to survivin in mitosis prior to the formation
of the medium-term combination of the complex. It was
suggested that MAD2might inhibit the activity of survivin by
binding with the phosphorylated site of survivin.

Therefore, the key spindle checkpoint element MAD2,
together with survivin, may be involved in the spindle
checkpoint-mediated apoptosis. However, whether MAD2
binds to the survivin phosphorylation site to inhibit the

activity of survivin is still not clear. The specific molecular
mechanism of the MAD2-mediated anti-apoptotic effect
during the mitosis period is also not clear. What is the
relationship between survivin and MAD2? The answer to
these questions may be found in further studies.

In summary, our study suggested that two pathways
were involved in MAD2-mediated regulation of drug
resistance in gastric cancer: the promotion of P-gp
expression and the inactivation of the apoptosis protein
survivin.
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