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Abstract Multidrug resistance (MDR) remains a major
clinical obstacle in the treatment of gastric cancer (GC)
since it causes tumor recurrence and metastasis. The tran-
scription factor activator protein-2a (AP-2a) has been
implicated in drug-resistance in breast cancer; however, its
effects on MDR of gastric cancer are far from understood.
In this study, we aimed to explore the effects of AP-2a on
the MDR in gastric cancer cells selected by vincristine
(VCR). Decreased AP-2a levels were markedly detected
by RT-PCR and Western blot in gastric cancer cell lines
(BGC-823, SGC-7901, AGS, MKN-45) compared with
that in the gastric epithelial cell line (GES-1). Furthermore,
we found that the expression of AP-2a in SGC7901/VCR
or SGC7901/adriamycin (ADR) cells was lower than in
SGC7901 cells. Thus, a vector overexpressing AP-2a was
constructed and used to perform AP-2a gain-of-function
studies in SGC7901/VCR cells. The decreased IC50 val-
ues of the anti-cancer drugs in sensitive and resistant cells
after transfect with pcDNA3.1/AP-2a were determined in
SGC7901/VCR cells by MTT assay. Moreover, flow cytom-
etry analysis indicated that overexpressed AP-2a induced
cell cycle arrest in the GO/G1 phase and promoted cell
apoptosis of VCR-selected SGC7901/VCR cells. RT-PCR
and Western blot demonstrated that overexpressed AP-2a
can significantly induce the down-regulation of Notchl,
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Hes-1, P-gp and MRP1 in SGC7901/VCR cells. Similar
effects can be observed when Numb (Notch inhibitor) was
introduced. In addition, the intracellular ADR accumula-
tion was markedly detected in AP-2a overexpressed or
Numb cells. In conclusion, our results indicate that AP-2a
can reverse the MDR of gastric cancer cells, which may be
realized by inhibiting the Notch signaling pathway.
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cancer - Notch

Introduction

Cancers are the second leading causes of death worldwide,
with gastric cancer (GC) remaining one of the most com-
mon malignancies [1]. Although the treatment methods for
gastric carcinoma have made great progress over the past
2 decades, a large number of patients still fail to achieve
complete remission or suffer relapse due to the phenom-
enon of multidrug resistance (MDR). The complicated
mechanisms of MDR in cancer cells include increased drug
efflux, redistribution of intracellular drug accumulation,
alterations in the drug’s target molecules, increased DNA
damage repair, and suppression of drug-induced cell apop-
tosis [2—4]. Studies suggest that mechanisms of MDR in
gastric cancer are likely to be multifaceted and associated
with the overexpression of ATP-binding cassette transport-
ers P-gp and MRP1, as well as the activation of growth pro-
moter pathways [5-7].

Transcription factors that have been implicated in the
pathogenesis of malignancy can serve as novel thera-
peutic targets [8]. The transcription factor activator pro-
teins-2 (AP-2) family is comprised of five highly con-
served DNA-binding transcription factors, which are
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referred to as AP-2a, AP-2p, AP-2y, AP-208 and AP-2¢
[9]. AP-2 proteins are involved in diversified cellu-
lar functions such as proliferation, differentiation and
apoptosis, and play key roles in embryonic development
and carcinogenesis [10]. A previous study has demon-
strated that high nuclear AP-2a expression suppresses
the tumor progression in breast cancer [11]. Interference
with AP-2a leads to the induction of apoptosis and an
increase in chemo- and radiation-sensitivity in breast
cancer cells. In studies of gastric cancer, reduced AP-2a
expression independently predicted an unfavorable prog-
nosis for gastric adenocarcinoma patients, thus function-
ing as a tumor suppressor [12]. However, whether can
AP-2a work in gastric cancer cells is still unknown and
poorly investigated.

Notch is one of the most important pathways in sev-
eral tumor microenvironments [13]. The binding of
Notch receptor to its ligand leads to proteolytic cleav-
age and release of the activated intracellular domain of
Notchl, which commonly translocates into the nucleus
and drives the expression of multiple target proteins
such as Hes/Hey families and c-Myc [14]. In human
cancers, a previous study showed that Notch signaling
exhibits both tumor promoting [15] and inhibiting func-
tions [16], depending on the cell type [17]. Importantly,
Notch signaling has also been reported to be involved in
the resistance of different cancer cells to chemothera-
peutic reagents [18—20]. Meanwhile, a regulatory effect
of AP-2a on Notch signaling has been demonstrated in
other cell types such as neurons [21]. However, the role
of Notch signaling in gastric cancer cell chemoresistance
has not been thoroughly reported. Besides, whether there
is any relationships between AP-2a and Notch signaling
during MDR of gastric cancer cells needs to be explored
and revealed.

In the present study, we first detected abnormally
decreased AP-2a expression in gastric cancer cell lines
(BGC-823, SGC-7901, AGS, MKN-45), which is more
obvious in SGC7901 cells. Then, SGC7901 was cho-
sen for the following research. To explore the effects of
AP-2a on the MDR of gastric cells, we established the
vincristine (VCR)-resistant human gastric cancer cell
line SGC7901/VCR. The SGC7901/VCR cells could
resist several anti-cancer drugs such as adriamycin
(ADR) and 5-Fu except for VCR. After the selection of
SGC7901 cells by VCR, the effects of exogenous AP-2a
on MDR, cell apoptosis and intracellular ADR accu-
mulation and its possible mechanism in SGC7901/VCR
cells were further explored. AP-2a reverses the multi-
drug resistance of gastric cancer cells by inhibiting the
Notch pathway.
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Materials and methods
Cell culture

The human non-malignant gastric epithelial cell line
GES-1 and gastric cancer cell lines (BGC-823, SGC-7901,
AGS, MKN-45) were cultured in RPMI1640 medium (Inv-
itrogen, Gaithersburg, MD) containing 10% fetal bovine
serum (FBS, Invitrogen), 100 U/ml penicillin and 100 pg/
ml streptomycin (Gibco, Rockville, MD, USA). The vin-
cristine-resistant human gastric cancer cell line SGC7901/
VCR was developed by treating the parental SGC7901 cells
to VCR (Wanle, Shenzhen, China), as previously described
[22]. The SGC7901 cells were cultured in the presence of
1 pg/ml VCR to maintain the SGC7901/VCR drug-resist-
ance phenotype, and then SGC7901/VCR were grown in
drug-free medium 2 weeks before the experiments. Then
the logarithmic phase cells of SGC7901/VCR were used in
experiments.

Western blot

Cells were harvested, lysed, and centrifuged routinely [23].
Protein concentration was determined using the Bradford
assay (Bio-Rad, Hercules, CA, USA). Samples contain-
ing 50 pg of proteins were subjected to 10% SDS-PAGE
and electro-transferred to nitrocellulose membranes. After
blocking with 5% skim milk, membranes were incubated
with primary antibodies including anti-AP-2a (sc-70361,
1:2000 dilution), anti-P-gp (sc-71557, 1:1000 dilution),
anti-MRP1 (sc-136447, 1:2000 dilution), anti-p53 (sc-
47698, 1:1000 dilution), anti-Bcl-2 (sc-56015, 1:1000 dilu-
tion), anti-Bax (sc-20067, 1:1000 dilution), anti-cleaved
Notchl (sc-376403, 1:500 dilution), anti-Numb (sc-136554,
1:1000) and anti-Hes-1 (sc-166378, 1:500 dilution) as well
as fB-actin (sc-130300, 1:2000 dilution, Santa Cruz Biotech-
nology, Santa Cruz, CA, USA) for 1 h at room temperature
followed by horseradish-peroxidase-conjugated secondary
antibody. Protein bands were visualized with ECL (Santa
Cruz Biotechnology).

Real-time PCR

Total cell RNA was isolated using TRIzol reagent (Invitro-
gen). The cDNA was synthesized with PrimeScript reverse
transcriptase (Biostar, Shanghai, China) according to the
manufacturer’s instructions. RT-PCR was performed using
a SYBR-Green supermix (Invitrogen) on the ABI PRISM
7700 Sequence Detection system (PE Applied Biosystems,
Waltham, MA, USA). The primers for RT-PCR are listed in
Table 1. p-actin was used as an internal control. The rela-
tive mRNA levels of the target genes were calculated using
the 2722€T method [24].
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Table 1 Primer sequences of target genes

Gene Primer sequences
AP-2a F: 5'-AGGGCGAAGTCTAAAAATGGAG-3'
R: 5" TAGTGATGTGAGCAGGGTAACG-3'
Hes-1 F: 5" TGATTTTGGATGCTCTGAAGAAAGATA-3'
R: 5'-GCTGCAGGTTCCGGAGGT-3'
Notchl F: 5" TCAGCGGGATCCACTGTGAG-3'
R: 5'-ACACAGGCAGGTGAAGTTG-3'
Numb F: 5'-AGCGAATTCATGAATAAGCTG-3’
R: 5'"TCCCTCGAGTTATAGTTCAATCTCAAA-3'
P-gP F: 5'-GAATGTTCAGTGGCTCCGAG-3'
R: 5-ACAATCTCTTCCTGTGACACC-3'
MRP1 F: 5'-CATCAGCAGGCACCACAAC-3'
R: 5" TTCCAGGTCTCCTCCTTCTTG-3'
p53 F: 5'-CTGCCCACCACAGCGACAGG-3'
R: 5'- ATGGCCATGGCACGGACACG-3'
Bcl-2 F: 5~ ATGGCGCAAGCCGGGAGAAC-3’
R: 5'-GACGTCCTGGCAGCCGTGTC-3'
Bax F: 5“-TGGGTGGATGGGTCAGGTCC-3'
R: 5'-GCTCAGGCATCTCCCCAAAGT-3'
f-actin F: 5~ AGGCCAACCGTGAAAAGATG-3’

R: 5" TGGCGTGAGGGAGAGCATAG-3'

F forward sense, R reverse sense

Construction of plasmids

To prepare the plasmid constructs of AP-2a and Numb,
the cDNA was synthesized by reverse-transcription of
total RNA, using a PrimeScript RT reagent kit (Takara,
Dalian, China) with oligo-dT primers, according to the
manufacturer’s protocol. AP-2a or Numb ¢cDNA ampli-
fied by reverse-transcription (RT)-PCR was cloned into a
pcDNA3.1 Directional TOPO Expression kit (Invitrogen)
to produce pcDNA3.1/AP-2a and pcDNA3.1/Numb.

SGC7901 and SGC7901/VCR cells were plated into
12-well plates and allowed to adhere for 24 h. Then, all
plasmids were transfected into these cells according to
the manufacturer’s instructions.

Small interfering RNA

An AccuTargetTM siRNA Set targeting AP-2a was pur-
chased from Bioneer Corporation. The coding sequence
of plant chlorophyll a/b-binding protein mRNA of siRNA
duplex was synthesized as a negative control by Bioneer
Corporation. The cells were transfected using Oligo-
fect AMINE (Invitrogen, Inc.) at 100 nmol/I concentration
of siRNA.

Detection of drug sensitivity

SGC7901/VCR or SGC7901 cells were inoculated into
6-well culture plates, and co-cultured with adriamycin
(ADR, 20 pg/ml), vincristine (VCR, 20 pg/ml), etoposide
(VP-16, 100 pg/ml), 5-Fluorouracil (5-FU, 50 pg/ml), and
cisplatin (CDDP, 100 pg/ml) for 72 h. Then, drug sensitiv-
ity of these cells was determined using MTT assay as previ-
ously described [25]. The degree of resistance was detected
by dividing the IC50 for the MDR cells by that of the
parental sensitive cells; and the reverse effect of MDR was
evaluated by dividing the IC50 of the anticancer drug in the
existence of AP-2a by that transfected with the pcDNA3.1/
AP-2a. Results were represented as the mean of three sepa-
rate experiments each performed in quadruplicate.

Flow cytometric analysis of cell apoptosis

VCR (2 pg/ml) was added to SGC7901/VCR, SGC7901/
VCR+pcDNA3.1, SGC7901/VCR+AP-2a, SGC7901/
VCR+si-Ctrl or SGC7901/VCR+si-AP-2a cells. Then,
48 h later, cells were harvested and re-suspended in 2.5 ml
phosphate buffered solution (PBS). After incubation with a
mixture containing Annexin V-FITC and propidium iodide
(Roche Diagnostics, PI, USA) in binding buffer for 15 min
in the dark, the stained cells were counted using flow
cytometry (Mountain View, BD, USA). Annexin V-FITC
binds to cells that express phosphatidylserine on the outer
layer of the cell membrane, and (PI) stains the cellular
DNA of cells with a compromised cell membrane.

Flow cytometry analysis of accumulation of ADR

Fluorescence intensity of intracellular ADR was deter-
mined by flow cytometry as described previously [26].
Briefly, SGC7901/VCR, SGC7901/VCR+pcDNA3.1,
SGC7901/VCR+AP-2a or SGC7901/VCR+AP-2a+Numb
cells were seeded into 6-well plates (1 X 10° cells/well) and
cultured overnight at 37°C. After adding ADR at a final
concentration of 5 pg/ml for 1 h, cells were then either
harvested to detect ADR accumulation or continued being
cultured in a drug-free medium for another 2 h to detect
ADR retention. After washing with cold PBS three times,
the mean fluorescence intensity of intracellular ADR was
detected using flow cytometry under an excitation wave-
length of 488 nm and an emission wavelength of 575 nm.

Statistical analyses

Each experiment was repeated three times. The data are
expressed as means+SD. The difference between means
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was analyzed by Student’s ¢ test. All statistical analyses
were performed using SPSS 19.0 software. A value of
p <0.05 was considered to be statistically significant.

Results

AP-2a expression is markedly decreased
in the drug-resistant human GC SGC7901/VCR cells

To determine whether AP-2a is involved in the develop-
ment of MDR in GC cells, AP-2a0 mRNA and protein
expression levels were detected by RT-PCR and Western
blot, respectively, in the non-malignant gastric epithelial
cell line GES-1, gastric cancer cell lines (BGC-823, SGC-
7901, AGS, MKN-45) and their MDR variants (SGC7901/
VCR and SGC7901/ADR). Compared with that in GES-1
cells, the levels of AP-2a were markedly decreased in gas-
tric cancer cell lines (Fig. 1a), most significantly in SGC-
7901 cells. Furthermore, we found that the level of AP-2a
in SGC7901/VCR and SGC7901/ADR cells was lower than
that in SGC7901 cells (Fig. 1b). As predicted, the level
of AP-2a in SGC7901/VCR cells was increased after the
transfection of pcDNA3.1/AP-2a, while that was decreased
after siRNA-AP-2a transfection (Fig. 1c). Moreover, the
level of AP-2a in SGC7901 cells was also increased after
the transfection of pcDNA3.1/AP-2a (Fig. 1d). Thus,
the abnormal expressed AP-2a in SGC7901/VCR cells
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Fig. 1 Down-regulated levels of AP-2a in gastric cancer cells. a
Relative levels of AP-2a in the gastric cells (BGC-823, SGC-7901,
AGS, MKN-45) and non-malignant gastric epithelial cells (GES-
1) were detected by RT-PCR and Western blot. b Relative levels of
AP-2a in the SGC7901, SGC7901/VCR, and SGC7901/ADR cells
were detected by RT-PCR and Western blot. ¢ RT-PCR and Western
blot analysis of AP-2a levels in SGC7901/VCR cells transfected with
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indicates that AP-2o0 may be involved in the MDR of gas-
tric cancer cells.

Effects of AP-2a on the MDR in SGC7901/VCR cells

The effect of AP-2a on the resistant phenotype of gastric
cancer cells was investigated using the MTT assay. The
IC50 values of the anti-cancer drugs in sensitive and resist-
ant cells after transfection with pcDNA3.1/AP-2a were
determined and analyzed. It could be seen that the over-
expression of AP-2a decreased the IC50 values of 5-FU,
VCR, ADR and CDDP in SGC7901/VCR cells, while the
silence of AP-2a enhanced the IC50 values of these drugs
in SGC7901/VCR cells. However, AP-2a had no signifi-
cant effect on the cytotoxicity of the anti-cancer drugs in
SGC7901 cells (Table 2).

Effects of AP-2a on the cell cycle and apoptosis
of VCR-induced SGC7901/VCR

The development of drug resistance in various can-
cer cells has been linked to a reduced susceptibility for
drug-induced apoptosis, at least in some cases [27, 28].
We therefore investigated the capacity of SGC7901/
VCR cells to undergo VCR-induced cell cycle profile and
apoptosis by flow cytometry. The population of cells in
GO0/G1 phase in pcDNA3.1/AP-2a transfected cells was
statistically increased when compared to cells in the VCR
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Table 2 IC50 values for antitumor drugs in SGC7901 cells

Drugs  IC50 (pg/ml, Mean + SD) Fold-reversal Fold-reversal
to SGC7901/ to SGC7901/
VCR+pcDNA3.1  VCR +s5i-Ctrl
SGC7901 SGC7901+AP-2a  SGC7901/VCR SGC7901/ SGC7901/ SGC7901/ SGC7901/ SGC7901/ SGC7901/
VCR+pcDNA3.1  VCR+AP-2a  VCR+si-Ctrl  VCR+si-AP-2a  VCR+AP-2a VCR+si-
AP-2a
5-FU 3244021  3.19+0.18 10.87+1.31°  11.37+1.24" 425+1.02% 10.52+123" 1832+127" 267 1.74
VCR 574+1.04  521+1.21 2568225  23.42+2.13" 6.38+2.56" 23.14+231°  3425+243" 367 1.48
ADR 1.02+0.28 1.16+0.34 3.22+0.23" 3.41+0.117 0.97+0.08% 3.51+0.30 7.32+0.16"  3.57 2.08
CDDP  231+1.15  249+1.10 8.76+1.03 9.24+1.35" 3.16+1.12% 892+1.02°  1539+121" 292 1.72

Fold-reversal was normalized to the SGC7901/VCR + pcDNA3.1 group or the SGC7901/VCR +si-Ctrl group

n=3/group

*P<0.05 versus SGC7901 group; P <0.05 versus SGC7901/VCR+pcDNA3.1 group; "P <0.05 versus SGC7901/VCR+si-Ctrl group

group, While there was no obvious change in the cell
cycle of siRNA-AP-2a transfected cells compared with
siRNA-Ctrl cells (Fig. 2a, b). Moreover, the flow cytom-
etry showed that the percentage of apoptosis cells was
increased in pcDNA3.1/AP-2a transfected and reduced
in siRNA-AP-2a transfected SGC7901/VCR cells when
compared with that in solely VCR-induced SGC7901/
VCR cells (Fig. 3a). The increased expression of p53,
Bax and the decreased expression of Bcl-2 were detected

in pcDNA3.1/AP-2a transfected SGC7901/VCR cells
after treatment with VCR, indicating that AP-2a pro-
moted VCR-induced apoptosis of SGC7901/VCR cells.
On the contrary, siRNA-AP-2a transfection reduced the
expression of p53, Bax and increased the expression of
Bcl-2 in SGC7901/VCR cells (Fig. 3b). These results
demonstrated that AP-2a could reverse the MDR pheno-
type to GC cells by blocking the cell cycle and inhibiting
cell apoptosis.
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Fig. 2 Overexpressed AP-2a induces cell cycle arrests in G0/G1
phases in VCR-induced SGC7901/VCR cells. SGC7901/VCR cells
were transfected with pcDNA3.1/AP-2a or AP-2a siRNA after

treatment with VCR. a Cell circle distributions were detected by
flow cytometry analysis. b Quantification of the cell cycle phase in
SGC7901/VCR cells. (P <0.05 vs. VCR+pcDNA3.1 group)
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cell apoptosis. SGC7901/VCR cells were transfected with pcDNA3.1/
AP-2a or AP-2a siRNA after treatment with VCR. a Cell apopto-
sis was measured by flow cytometry. b The levels of p53, Bax and

Overexpressed AP-2a modulates the expression of P-gp
by inhibiting the Notch pathway

In order to explore the underlying molecular mecha-
nism of the MDR reversion mediated by AP-2a, we ana-
lyzed the endogenous expression of marker proteins of
the Notch pathway (Cleaved Notchl and Hes-1) and mul-
tidrug resistance associated proteins (P-gp and MRPI).
Cells stably expressing AP-2a (SGC7901/AP-2a)) showed
a clear decrease in Cleaved Notchl, Hes-1, P-gp and MRP1
mRNA and protein expression levels, while the stable
expression of Numb (Notch inhibitor) in SGC7901/VCR
cells caused a similar attenuation in the mRNA and protein
expression levels of those molecules (Fig. 4a). Moreover,
since MDR in cancer cells is mainly due to alterations in
drug influx and efflux, we explored the intracellular accu-
mulation of ADR. The fluorescence intensity of ADR
was markedly increased in pcDNA3.1/AP-2a transfected
SGC7901/VCR cells when compared to cells in the control
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Bcl-2 were measured by western blot and RT-PCR. (n=3/group,
“P <0.05 vs. control group, #P <0.05 versus VCR +pcDNA3.1 group,
AP <0.05 versus VCR +si-Ctrl group)

or VCR group (Fig. 4b). Similar results can be observed in
Numb-transfected SGC7901/VCR cells (Fig. 4b). In addi-
tion, flow cytometry analysis showed that the effects of
Numb on cell cycle and apoptosis were similar with that
of AP-2a (Fig. 4c, d). These results indicate that AP-2a
can reverse the MDR of gastric cancer cells (SGC7901)
through inhibiting the Notch pathway.

Discussion

At present, chemotherapy still remains an important treat-
ment option in the multi-disciplinary treatment strategy
against carcinoma. Multidrug resistance (MDR) is a cross-
resistance developed by tumor cells to a series of structur-
ally and functionally uncorrelated drugs, which has been
reported to be a major cause of chemotherapy failure in
carcinoma [29]. Thus, a therapeutic strategy that can con-
quer MDR will be a great progress of clinical treatment
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Fig. 4 Overexpressed AP-2a modulates the expression of P-gp by
inhibiting the Notch pathway. SGC7901/VCR cells were transfected
with pcDNA3.1, pcDNA3.1/AP-2a or pcDNA3.1/Numb after treat-
ment with VCR. a Relative levels of AP-2a, Numb, Cleaved Notchl,
Hes-1, P-gp and MRP1 were measured by western blot and RT-

of gastric carcinoma. A previous study reported that Suni-
tinib reversed MDR in gastric cancer cell lines though
modulating STAT3 and inhibiting P-gp function [29]. In
addition, in transgenic mouse studies, overexpression of
AP-2a0 in the mammary epithelium led to impaired mam-
mary gland growth caused by a reduction in proliferation
and a simultaneous increase in apoptosis [30]. This fits the
data where silencing AP-2a resulted in a decrease in apop-
tosis and an increased resistance towards chemotherapeu-
tic drugs in vitro [31]. Furthermore, AP-2a is involved in
chemo-resistance in colorectal cancer [32]. Although single
AP-2a has been implicated in chemo-sensitivity in various
types of cancers, its affect in MDR of gastric cancer is far
from being understood. Wei Wang et al. [12] found that
AP-2a level was down-regulated in gastric adenocarcinoma
patients compared with the corresponding normal tissues.
In this study, we focused on investigating the role of AP-2a

PCR. b The fluorescence intensity of intracellular ADR was meas-
ured with flow cytometry. ¢ Cell cycle and d cell apoptosis were
detected by flow cytometry analysis. (n=3/group, "P<0.05 versus
VCR +pcDNA3.1 group)

in drug resistance and the potential molecular mechanisms
at play in GC. We found that AP-2a0 mRNA and protein
expression was significantly reduced in gastric cancer cell
lines (BGC-823, SGC-7901, AGS, MKN-45) compared to
that in the gastric epithelia cell line GES-1. Interestingly,
the levels of AP-2a in SGC7901/VCR and SGC7901/ADR
cells were decreased compared with their parental cells.
These results suggest a vital role for AP-2a in the MDR of
GC cells in culture. Then the vector overexpressing AP-2a
(pcDNA3.1/AP-20) and silencing AP-2a (siRNA AP-2a)
were used to perform AP-2a gain-of-function studies in
SGC7901/VCR cells.

Having shown that AP-2a level was down-regulated
in SGC7901/VCR cells, its effect on the resistant phe-
notype of gastric cancer cells was investigated using the
MTT assay. Overexpression of AP-2a induced a resensi-
tization of SGC7901/VCR cells to VCR, ADR, 5-FU, and
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CDDP compared with control cells, while silence of AP-2a
reduced the sensitization of SGC7901/VCR cells to those
drugs, as indicated by an in vitro drug sensitivity assay.

To explain our observation, we investigated the effects
of AP-2a on the cell cycle and apoptosis. We found that
AP-2a prevented cell progression from G, into G, phase
and blocked cell proliferation, which is consistent with pre-
vious studies conducted in several human cancer cell lines
[33]. Moreover, our results showed an increased percent-
age of apoptosis cells and levels of p53 and Bax/Bcl-2 ratio
after AP-2a0 was transfected in VCR-induced SGC7901/
VCR cells, while the percentage of apoptosis, levels of p53
and Bax/Bcl-2 ratio were decreased after siRNA-AP-2a
transfection, indicating that AP-2a promoted VCR-induced
apoptosis of SGC7901/VCR cells.

In the past, ATP-binding cassette (ABC) transporters
have been associated with the MDR of various cancer cells.
These transporters can pump cytotoxic drugs out of cells
in an ATP-dependent manner [34]. At present, many ABC
transporters have been identified [35], including P-glyco-
protein (P-gp, ABCB1) and the multidrug resistance-asso-
ciated protein 1 (MRP1, ABCC1) [36]. Elevated expression
of P-gp and MRP1 has been involved in the MDR of breast,
prostate and bladder cancers, resulting in low survival
rates and poor patient prognoses [37, 38]. The expression
of MRPI1 might be correlated with the MDR reversion of
Tetramethylpyrazine in human bladder cancer [39].

A previous study indicated that the MRP1 protein was
down-regulated in osteosarcoma cells by Notch protein
repression [13]. The Notch signaling pathway is closely
related and participate in drug resistance of tumors. Inter-
estingly, it has showed that AP-2a could affect cellular
function by mediating Notch signaling [21]. Therefore, to
explore the underlying molecular mechanism of the MDR
reversion mediated by AP-2a, we analyzed the endogenous
expression of P-gp and MRP1 and marker proteins of the
Notch pathway. We found that AP-2a decreased the expres-
sion of P-gp, MRP1, Hes-1 and Notchl mRNA and pro-
tein expression, while exogenous Numb (Notch inhibitor)
caused an attenuation in those protein mRNA and protein
expression. Then we used ADR as a probe to evaluate drug
accumulation in GC cells in order to investigate the mecha-
nisms of MDR mediated by AP-2a. Besides, the fluores-
cence intensity of ADR markedly increased in SGC7901/
VCR cells transfected with AP-2a compared to cells in the
control group. Thus, our results indicate that AP-2a may
reverse the MDR of gastric cancer cells through inhibiting
the Notch pathway.

In conclusion, our results suggest that AP-2a0 might
reverse MDR in gastric cancer cells by directly inhibiting
the Notch pathway, leading to an increased intracellular
level of anti-cancer drugs and multidrug resistance proteins
(P-gp and MRP1). The recent advantages in AP-2 research

@ Springer

suggest that expanded knowledge of different AP-2 proteins
may offer new strategies for cancer treatment and prognosis
in the future.
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