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Annexin A2 is implicated in multi-drug-resistance in gastric cancer through 
p38MAPK and AKT pathway
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Studies have shown that Annexin A2 (ANXA2) is related with tumor proliferation, apoptosis, differentiation, invasion,
migration, and drug resistance. The purpose of this study was to investigate the role and its mechanisms of ANXA2 in multi-
drug-resistance (MDR) in gastric cancer. ANXA2 expression in both gastric cancer tissues and cell lines were detected by 
quantitative real-time PCR (RT-qPCR) and Western blotting. The cell proliferation was measured by SRB assay. The pool of
siRNA against ANXA2 was designed and synthesized and then transfected into resistant gastric cancer SGC7901/DDP cells. 
ANXA2 expression was detected by RT-qPCR and Western blotting. Drug sensitivities of SGC7901/DDP cells to P-gp-related 
drug (doxorubicin) and P-gp-non-related drugs (5-FU and cisplatin) were measured by SRB assay. 

Expression of MDR-related genes and phosphorylation of AKT and MAPKs were also detected by RT-qPCR and Western 
blotting. Results showed that ANXA2 expression was significantly higher in gastric specimens than that in normal tissues,
and negatively correlated with the differentiation level of gastric cancer. In addition, ANXA2 expression level was higher in
SGC7901/DDP cells than that in parent SGC7901 cells. After knock-down ANXA2 expression using ANXA2 small interfer-
ing RNA, the drug sensitivity of SGC7901/DDP cells to doxorubicin, 5-FU and DDP increased. Delivery of ANXA2 siRNA 
significantly downregulated the expression of P-gp, MRP1 and Bcl-2, while markedly upregulated Bax in SGC7901/DDP
cells. However, several other MDR factors such as GST-π, TOPO-I and TOPO-II had no obvious changes. Additionally, 
phosphorylation of P38MAPK and AKT, but not ERK1/2 or JNKs was specifically decreased in SGC7901/DDP cells after
ANXA2 siRNA delivery. Importantly, P38MAPK and AKT inhibitor increased the drug sensitivity of SGC701/DDP cells in 
a similar way as ANXA2 siRNAs does. ANXA2 is involved in gastric cancer MDR through regulating p38MAPK and AKT 
pathways as well as certain MDR factors.
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Globally, gastric cancer(GC) is the second mostly fre-
quent cause of cancer-related mortality and the incidence 
is much higher in Asia than other geographic areas [1, 2]. 
In China, GC is the second leading cause of cancer-related 
mortality and has the third highest incidence [3]. Because 
GC is usually diagnosed in the advanced or metastatic stage, 
the prognosis of gastric cancer is generally rather poor, with 
a 5-year survival rate of less than 30% [1, 4]. Surgical treat-
ment remains the standard therapy strategy at present, but 
recurrence appears in approximately 50-70% of patients with 
advanced disease [5]. Therefore, chemotherapy has been
widely accepted as palliative treatment for both resectable 
and advanced GC, leading to improvements in quality of 
life for patients and prolonged survival [6]. Although GC 
is considered as relatively insensitive to chemotherapeutics,  

several important chemotherapeutic agents such as cisplatin 
(DDP) and 5-fluorouracil (5-FU) are effective. To date, the
survival time is still unsatisfactory so far [7]. Multiple lines 
of evidence suggest that long-term chemotherapy often
fails to eliminate all cancer cells due to the development of 
multidrug resistance (MDR), which can further caused the 
cancer recurrence [8].

Annexin A2 (ANXA2), a calcium dependent phospholi-
pid binding protein, can bind to collagen I, cathepsin B and 
tenascin-C [9], and is involved in maintaining the plasticity 
and rearrangement of the actin cytoskeleton [10] . There is
overwhelming evidence confirming that ANXA2 is a multi-
functional protein which is involved in cell surface fibrinolysis
[11], signaling transduction [12], inflammation [13], prolifera-
tion [9], apoptosis [14], and tumor progression [15]. 

http://dict.baidu.com/s?wd=inflammation%20
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Increased ANXA2 levels have been observed in malignant 
tissues of the liver, rectum, colon, breast, ovarian, and stomach 
[16-20]. Multiple lines of evidence suggest that the expression 
of ANXA2 is related with differentiation, proliferation, inva-
sion, migration, and apoptosis of cancer cells. More recently, 
increasing studies of ANXA2 on the resistance of cancer are 
forthcoming. Therefore, ANXA2 -targeted interference by Small
interfering RNA (siRNA) may be an effective therapeutic strat-
egy to mediate the biological behaviors of gastric cancer cells. 

In this study, the expression of ANXA2 in gastric cancer 
and its relationship with cell differentiation were first detected.
Then, a DDP resistant gastric cancer cell line SGC7901/DDP
was established by using DDP treatment of SGC7901 and the 
siRNA-targeted ANXA2 were transfected into SGC7901/DDP 
cells. After transfection, the drug sensitivity of SGC7901/DDP
to P-gp-related drug (doxorubicin) and two P-gp-non-related 
drugs (5-FU and cisplatin) were investigated. In addition, the 
effects of ANXA2 siRNA transfection on the expression of
MDR-related genes and activation of some molecular signaling 
pathway were also observed.

Patients and methods 

Patients and tissue specimens. All 18 patients with pri-
mary GC (I–III stage) were histologically diagnosed in the 
The Fourth Affiliated Hospital, Hebei Medical University of 
China in 2012. Tumor stage was defined according to the 7th
edition of the AJCC cancer staging manual 2010. None of the 
patients enrolled in the study had received chemotherapy or 
radiotherapy before surgery, and there was no evidence of any 
other malignancies. Patients underwent radical resection, the 
tumor specimens and distant normal gastric mucous tissues 
(>5 cm from the margin of the tumor) were collected and 
stored at -80°C for quantitative real-time PCR and Western-
blot analysis. Five non-tumor control gastric tissue samples 
were obtained from patients after radical gastrectomy. The
experimental protocols were approved by the Ethics Com-
mittee of the The Fourth Affiliated Hospital, Hebei Medical
University of China.

Cell culture and treatment. Gastric cancer cell line 
MKN28, SGC7901 and BGC823, human gastric mucosa 

epithelial cell line GES-1 as well as cisplatin (DDP)-resistant 
cell line SGC7901/DDP were purchased from Cell Resource 
Center of Life Sciences (Shanghai, China). All cell lines were 
cultured in RPMI 1640 medium (Gibco, Grand Island, U.S.) 
supplemented with 10% FBS, 100 units/ml penicillin and 
100 mg/ml streptomycin. Cells were maintained in a humidi-
fied atmosphere of 5% CO2 at 37°C and dissociated with 0.25% 
trypsin containing 0.02% EDTA and then passaged. cisplatin 
(DDP)-resistant SGC7901/DDP cells were cultured in the 
medium containing 0.5μg/ml DDP and grown in DDP-free 
medium at least 2 weeks before any procedure.

RNA extraction and Real-time quantitative PCR (RT-
QPCR). Total cellular RNA in the tissue specimens and in cells 
with different treatments was extracted using the Trizol (Inv-
itrogen) according to the manufacturer’s protocol. cDNA was 
synthesized using random primers and MMLV reverse tran-
scriptase. RT-QPCR were performed according to established 
protocols on an ABI 7500 PCR system (Applied Biosystems, 
USA) using the SYBR Green RT-PCR Kit (Applied Biosystems, 
Foster City, CA). Primer sequences used in PCR are listed in 
Table 1. PCR were done by running 40 cycles (94°C for 30s, 
60°C for 30s, and 72°C for 30s). Fluorescence was detected 
at the end of each cycle. The specificity of the products was
confirmed by melting curve analysis. The relative expression
levels of target genes were carried out using the 2−ΔΔCt method. 
All qRT-PCR reactions were conducted in triplicate. 

Small interfering RNA (siRNA) treatment. siRNA target-
ing ANXA2 and non-targeted siRNA were synthetized by Ribo 
Bio (Guangzhou, China). The sequences of pool of against
ANXA2 and non-targeted control were listed in Table 2; Cells 
were transfected by using Lipofectamine 2000 (Invitrogen) 
according to the manufacturer’s protocol. The transfected cells
were treated with DDP (0.5 μg/ml) for 24 h to determine the 
drug resistance.

Sulforhodamine B (SRB) assay. SGC7901 cells and 
SGC7901/DDP cells were seeded in 96-well culture plates at 
densities of 1×104 cells/well and were allowed to adhere for 24h 
before treatment. Cells were transfected with ANXA2-siRNA 
or non-targeting siRNA for 24h, then cellular growth was as-
sessed by SRB assay. after 24h incubation period, 10-fold diluted
in five concentrations of DDP, doxorubicin, or 5-FU (original

Table 1. Primer sequences for quantitative PCR.

Gene Forward primer (5’ to 3’) Reverse primer (5’ to 3’)

ANXA2 TAACTTTGATGCTGAGCGGG TAATTTCCTGCAGCTCCTGG
P-gp GAATGTTCAGTGGCTCCGAG ACAATCTCTTCCTGTGACACC
MRP1 CATCAGCAGGCACCACAAC TTCCAGGTCTCCTCCTTCTTG
GST-π ATACCATCCTGCGTCACCTG TCCTTGCCCGCCTCATAGTT
TOPO-I AGGAGGAAGGAGAAACAGCG TCTGGGTGTAGATTGATGTGCT
TOPO-II GGGTTTACGATGAAGATGTTGG CTTTGTTTGTTGTCCGCAGC
Bcl2 TGTGTGGAGAGCGTCAACC TGGATCCAGGTGTGCAGGT
Bax TTTCTGACGGCAACTTCAAC AGTCCAATGTCCAGCCCAT
GAPDH GACCCCTTCATTGACCTCAAC CGCTCCTGGAAGATGGTGAT

http://www.iciba.com/colon
http://www.iciba.com/stomach
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concentrations were DDP 0.05 μg/ml, doxorubicin 0.001 
μg/ml, and 5-FU 0.025 μg/ml, respectively) and were added 
to the cells. The Lipofectamine 2000 group served as control,
and blank group was used. The cells were plated in sextupli-
cate (6 replicate wells per cell density) and experiments were 
performed three times. For SRB assay, the culture medium was 
aspirated and RPMI 1640 medium with 10% (final concentra-
tion) trichloroacetic acid (TCA) and was added to each well 
for 30h at 4°C to precipitate the proteins. Then, precipitated
proteins were stained for 30min at room temperature with 0.4% 
(w/v) SRB in acetic acid solution 1% v/v. After washed with
deionized water for 5 times, the bound SRB was solubilized in 
10mmol/l Tris buffer. Finally, absorbance (optical density, OD)
was read at a wavelength of 540nm on an ELISA plate reader. 
Half maximal inhibitory concentration (IC50) was determined 
by SPSS software version 11.5.

Western blotting analysis. Cells were harvested and lysed 
on ice in RIPA buffer containing protease inhibitor. Protein
concentration was determined using a Bradford method 
(Bio-Rad, Hercules, USA), and 60μg of protein for each 
sample was separated by 10% SDS-PAGE, and transferred 
to PVDF membranes (Roche). Membranes were incubated 
overnight at 4°C with primary antibodies against ANXA2, 
P-gp (P-glycoprotein), MRP1 (Multiple Drug Resistant 
Protein 1), Bcl-2 (B-cell lymphoma 2), Bax, GST-π (glutath-
ione-S-transferase π ), TOPO-I (Topoisomerase I), TOPO-II 
(Topoisomerase II), ERK1/2 (Extracellular signal-regulated 
kinases), phospho-ERK1/2, JNK1/2/3 (c-Jun N-terminal 
kinase), phospho-JNK1/2/3, p38MAPK (p38 Mitogen-acti-
vated protein kinases), phospho-p38MAPK, AKT (RAC-alpha 
serine/threonine-protein kinase), phospho-AKT, or GAPDH 
(Glyceraldehyde 3-phosphate dehydrogenase ), all primary 
antibodies were from Santa Cruz, USA. GAPDH was utilized 
for an endogenous reference to standardize protein expres-
sion levels. Bands were detected with chemiluminescence 
(Pierce). The density of bands was determined by the Gelpro
4.0 software.

Data statistics. Data were represented as Mean ± Standard 
Deviation. Statistical Package for the Social Sciences (SPSS) 
for Windows (version 13.0; SPSS, Chicago, IL, USA) was used 
for statistical analysis, p<0.05 was considered as statistically 
significant.

A

B

C

Figure 1. Expression of ANXA2 were up-regulated in gastric cancer tissues.
Clinical gastric tumor specimens as well as control normal tissues were 
obtained and subjected to RT-QPCR (A) and Western blotting (B and 
C) to determine the expression of ANXA2. For RT-QPCR and Western 
blotting assays, GAPDH was used for an endogenous reference to stand-
ardize the mRNA and protein expression levels. Values are mean ± S.D. 
(n=3). *, p<0.05 compared with cancer-adjacent normal tissues group. 
The images showed representative images from at least three independ-
ent experiments.

Table 2. siRNA sequences for quantitative PCR.

Gene Sense strand (5’ to 3’) Antisense strand (5’ to 3’)

Annexin A 2 GUUACAGCCCUUAUGACAU
GAAAGUACGGCAAGUCCCU
GAACUUGCAUCAGCACUGA
GAAGAAGGCUUCCUUCAAA

AUGUCAUAAGGGCUGUAAC
AGGGACUUGCCGUACUUUC
UCAGUGCUGAUGCAAGUUC
UUUGAAGGAAGCCUUCUUC

non-targeted siRNA UGGUUUACAUGUCGACUAA
UGGUUUACAUGUUGUGUGA
UGGUUUACAUGUUUUCUGA 
UGGUUUACAUGUUUUCCUA
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Results

Annexin A 2 is high-expressed in gastric cancer tissue. 
Firstly, the normal and gastric specimens were detected for 
ANXA2 mRNA and protein expression using RT-QPCR and 
Western-blotting analysis, respectively. All of the assays gave 
rise to similar results in most cases. ANXA2 mRNA and pro-
tein levels were significantly higher in gastric specimens than
that in normal tissues (p< 0.05, Fig. 1). These results indicated

that ANXA2 may play an important role in the development 
of gastric cancer. 

Expression of ANXA2 is negative when correlated with 
gastric cancer differentiation. To assess whether ANXA2 were 
related with GC differentiation, the expression of ANXA2 in
GC tissues with different stage of differentiation were further
detected by RT-QPCR and Western blotting analysis. And the 
results showed that the higher differentiation stage, the lower
expression level of ANXA2. Results were shown in Fig 2 A, 

Figure 2. Expression of ANXA2 is associated with differentiation levels of GC tissue or cells.
Clinical gastric tumor specimens with differentiation stage of well, middle or poor differentiation as well as cancer-adjacent normal tissues were taken
from GC patients and subjected to RT-QPCR (A) and western blotting (B and C) to determine the expression levels of ANXA2 mRNA or protein re-
spectively in vivo. Normal control human gastric mucosa epithelial cell line GES-1 as well as three gastric cancer cell lines MKN28 (well differentiation),
SGC7901 (middle differentiation) and BGC823 (poor differentiation) were subjected to RT-QPCR (D) and Western blotting (E and F) to determine the
expression of ANXA2 in vitro. For RT-QPCR and Western blotting assays, GAPDH was used as an endogenous reference to standardize the mRNA and 
protein expression levels. Values are mean ± S.D. (n=3). *, p<0.05 compared with cancer-adjacent normal tissues or GES-1 cells. The images shown are
representative images from at least three independent experiments.
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B and C, indicating that the expression level of ANXA2. was 
negative when correlated with the differentiation stage of gastric
tumor. 

To further verify the correlation of ANXA2 expression 
with GC differentiation and the feasibility of following study
for mechanism, ANXA2 expression in GC cell lines (MKN28, 
SGC7901 and BGC823) with various differentiation stages
were also detected by RT-QPCR and Western blotting analy-
sis. The results were consistent with ANXA2 expression in
differentiation stage of GC (Fig 2 D, E and F). Taken together,
ANXA2 expression was negative when correlated with the 
differentiation level of gastric tumor in vivo and in vitro, sug-
gesting the important function of ANXA2 in the pathological 
process of GC.

Expression of ANXA2 is upregulated in MDR gastric 
cancer cells. Multidrug resistance (MDR) to chemotherapeu-
tic drugs is most common reason for clinical chemotherapy 
failure. Moreover, it is reported that drug sensitivity is related 
to the degrees of differentiation in cancer cells. To address
the role of ANXA2 in the multidrug resistance of GC, 
the IC50 values of DDP in the SGC7901/DDP and parent 
SGC7901 cells were determined to establish the multidrug 
resistance cell line firstly. The results of SRB showed that
the IC50 values of DDP is (5.36 ± 0.73 ) μg/ml and (0.26 
± 0.03) μg/ml in the SGC7901/DDP and SGC7901 cells, 
respectively, which indicated that the SGC7901/DDP cells 
were 23.4 times more resistant to DDP than SGC7901 cells 
(Fig. 3A). Further, we compared the expression of ANXA2 
in DDP-resistant SGC7901/DDP cells and parent SGC7901 
cells. RT-QPCR and western blotting analysis results revealed 
that the expression of ANXA2 was higher in SGC7901/DDP 
cells than that in its parent SGC7901 cells for both mRNA 
and protein levels (Fig. 3B, C and D). These data suggested
that ANXA2 is associated with the development of MDR in 
gastric cancer cells.

ANXA2 siRNA reversed MDR of drug resistant cells. 
To further investigate the effects of ANXA2 in the multidrug
resistance of GC, were employed. We first investigated the
ability of ANXA2 to inhibit the expression of ANXA2 in 
SGC7901/DDP cells. Cells were transfected with different
concentration of for different periods, and the results of RT-
QPCR and western blotting showed that ANXA2 knockdown 
the endogenous ANXA2 mRNA and protein expression ef-
fectively in concentration- (Fig. 4A, B and C) and time- (Fig. 
4D, E and F) dependent manners. The optimal concentra-
tion is 80μM, and the optimal period is 48h, suggesting that 
ANXA2 efficiently inhibited the transcription and translation
of ANXA2 in SGC7901/DDP cells. Although SGC7901/DDP 
cells were selected with the chemotherapeutic drug cisplatin, 
they also displayed multiple resistances to other chemothera-
peutic drugs. Therefore, we futher investigate the effects of
ANXA2 on the drug sensitivity of SGC7901/DDP to one P-
gp-related drug (doxorubicin) and on P-gp-non-related drugs 
(5-FU and cisplatin). As showed in Table 3, the IC50 values 
for doxorubicin, 5-fluorouracil, and cisplatin were all higher

Figure 3. Expression of ANXA2 in MDR gastric cancer cells. 
After treatment with different concentrations of DDP, drug sensitivity of
SGC7901/DDP and parent SGC7901 cells were assessed by SRB assay (A). 
The expression of ANXA2 was detected by RT-QPCR (B) and Western blot-
ting (C and D). For RT-QPCR and Western blotting assays, GAPDH was 
used as an endogenous reference to standardize the mRNA and protein 
expression levels. Values are mean ± S.D. (n=3). *, p<0.05 compared with 
SGC7901 cells group. The images showed representative images from at
least three independent experiments.
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Figure 4. Effects of ANXA2 siRNA on MDR of drug resistant cells SGC7901/DDP.
SGC7901/DDP cells were transfected with 20, 40 or 80 nM of ANXA2- or non-targeted siRNA for 48 h (A, B and C), alternatively, 80 nM siRNA for 24, 
48 or 72 h (D, E and F), and then were collected for RT-QPCR and Western blot assays to confirm the ANXA2 knockdown efficiency of ANXA2-siRNA.
SGC7901/DDP cells were transfected with or without 80nM ANXA2-siRNA or non-targeted siRNA or treated only with Lipofectamine 2000 control for 
48 h, then SRB assays were performed to determine the IC50 values for chemotherapeutic drugs (Doxorubicin, 5-fluorouracil or Cisplatin) in SGC7901/
DDP cells and its control SGC7901 cells (G). Values are mean ± S.D. (n=6). *, p<0.05 compared with non-targeted siRNA group. 
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in SGC7901/DDP cells than that in its parent SGC7901 cells. 
The results showed that drug resistant drug resistant SGC7901
cells displayed cross resistance to these chemotherapeutic 
drugs. In addition, after transfection of 80nM ANXA2 , the
IC50 values for doxorubicin, 5-fluorouracil and cisplatin was
decreased significantly compared with non-targeted siRNA
and Lipofectamine 2000 control group (p < 0.05), indicating 

that ANXA2 siRNA could partially reverse resistance to DDP 
in multi-drug resistant SGC7901 cells.

ANXA2 siRNA influenced the expression of MDR-re-
lated genes. To further explore the potential mechanism of 
ANXA2 on development of MDR, the MDR-related genes 
including P-gp, MRP1, Bcl-2, and Bax were detected by 
RT-QPCR and western blotting. As were shown in Figure 5, 
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Table 3. IC50 values for chemotherapeutic drugs in SGC7901/DDP cells. (means ± SD, n=6).

Doxorubicin (μg/ml) 5-fluorouracil (μg/ml) Cisplatin (μg/ml)

SGC7901 0.10+0.02 0.32± 0.06 0.22± 0.02
SGC7901/DDP 0.46± 0.07* 4.12 ± 0.63* 5.96± 0.21*
SGC7901/DDP+Lipo 0.48 ± 0.07 4.01 ± 0.58 6.08 ± 0.91
SGC7901/DDP+non-targeted-siRNA 0.43 ± 0.06 3.98 ± 0.33 5.81 ± 0.50
SGC7901/DDP+ANXA2-siRNA 0.13 ± 0.02# 0.47 ± 0.08# 0.26 ± 0.02#

*P<0.05 for SGC7901/DDP cells vs SGC7901 cells; #P<0.05 for SGC7901/DDP+ANXA2-siRNA cells vs SGC7901/DDP+non-targeted-siRNA cells and 
SGC7901/DDP+Lipo cells. Experiment was conducted in triplicate.

that the expression of P-gp, MRP1, Bcl-2 were significantly
downregulated, while the expression of Bax was markedly 
upregulated by 80nM ANXA2 in SGC7901/DDP cells. How-
ever, several other MDR factors such as GST-π, TOPO-I and 
TOPO-II have no obvious changes. These suggested that the
MDR reversal effect of ANXA2 in SGC7901/DDP cells may
be caused by regulating the expression of P-gp, MRP1, Bcl-2 
and Bax.

ANXA2 siRNA affected the phosphorylation of AKT
and ERK in SGC7901/DDP cells. To determine whether 

the expression of ANXA2 was also involved in activation of 
some molecular in signaling pathway in SGC7901/DDP cells, 
Western blotting analysis of MAP kinases and AKT were per-
formed. As were shown in Figure 6, the results revealed that 
phosphorylation of p38-MAPK and AKT, but not ERK1/2 
or JNKs were specifically decreased in SGC7901/DDP after
transfection of 80nM ANXA2 , suggesting that the MDR 
reversal effect of ANXA2 in SGC7901/DDP cells may be
related with inhibiting the activation of p-p38-MAPK and 
p-AKT.

Figure 5. Effect of ANXA2 knockdown on the expression of MDR-related genes.
SGC7901/DDP cells were transfected with 80 nM of ANXA2- or non-targeted or only treated with Lipofectamine 2000 for 48 h, then were subjected to 
(A) RT-QPCR and Western blotting (B,C) to detect mRNA and protein expression levels of MDR-related genes. GAPDH was used for an endogenous 
reference to standardize the mRNA and protein expression levels. Values are mean ± S.D. (n=3). *, p<0.05 compared with non-targeted group. The im-
ages shown are representative images from at least three independent experiments.
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A B

Figure 7. Effects of p38MAPK or AKT inhibitor on drug sensitivities in SGC7901/DDP cells
SGC7901/DDP cells were treated with p38MAPK inhibitor SB203580 (A) or AKT inhibitor triciribine (B), then protein expression and phosphorylation 
of p38MAPK and AKT were detected by western bloting, and IC50 were determined by SRB assays. GAPDH was used for an endogenous reference to 
standardize the protein expression levels. Values are mean ± S.D. (n=3). *, p<0.05 compared with non-targeted siRNA group. The images shown are
representative images from at least three independent experiments.

Figure 6. Effect of ANXA2 on the phosphorylation of of signaling pathway.
SGC7901/DDP cells were transfected with 80 nM of ANXA2- or non-targeted siRNA or treated only with Lipofectamine 2000 for 48 h, then were sub-
jected to Western blotting(A,B) to detect the protein expression levels of AKT, ERK, p38MAPK and JNKs as well as their phosphorylation levels. GAPDH 
was used as an endogenous reference to standardize the protein expression levels. Values are mean ± S.D. (n=3). *, p<0.05 compared with non-targeted 
siRNAs group. The images shown are representative images from at least three independent experiments.

A B

P38MAPK and AKT inhibitor increased the drug sen-
sitivity of SGC7901/DDP cells. In order to show whether 
P38MAPK or AKT phosphorylation functionally contribute 
to the drug resistance of SGC701/DDP cell line, drug sensitiv-
ity experiments using P38MAPK inhibitor SB203580 or AKT 
inhibitor triciribine were performed. The results showed that
the two inhibitors could decrease the IC50 and increase the 
drug sensitivity of SGC701/DDP cells to doxorubicin, 5-fluor-

ouracil and cisplatin in a similar way as ANXA2 siRNAs does, 
as were shown in Fig.7

Discussion

Several investigators have reported that up-regulation 
of ANXA2 is a characteristic feature of human hepatocel-
lular carcinoma, colorectal cancer, breast cancer and ovarian 
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cancer[16-19] . Conversely, others have shown that down-
regulation of ANXA2 has been reported in prostate carcinoma, 
esophageal carcinoma, and laryngeal squamous cell carcinoma 
[22-24]. Therefore, the role and mechanism of ANXA2 may
be different in different types of tumors. Previous studies have
reported that the expression of ANXA2 gene was significantly
up-regulated in human GC. Because the expression of ANXA2 
in GC was significantly associated with depth of invasion,
lymphnode metastasis and distant metastasis, TNM stage, it 
could be considered as a useful prognostic marker to predict 
tumor progression and prognosis in gastric cancer [25, 26]. 
In the present study, ANXA2 was found to be up-regulated 
in gastric cancer tissues.

The development of MDR is a major obstacle to the effective
chemotherapy of gastric cancer. In addition, the MDR char-
acteristic is related with the degree of cancer differentiation.
Usually, poorly differentiated carcinoma is more resistant to
the chemotherapeutic agents [27]. Therefore, new treatment
strategies are in urgent. We found that ANXA2 was negative 
correlated with the differentiation degree of gastric cancer
both in clinical specimens of gastric carcinoma and GC cell 
lines (MKN28, SGC7901 and BGC823) with various differ-
entiation stage. 

Previous data suggest that ANXA2 may take part in 
mechanism of MDR in bladder and breast cancer [28, 29]. 
To explore the effect and mechanism of ANXA2 on MDR
in GC, we successfully established a DDP resistant cell line 
SGC7901/DDP after continual exposure of SGC7901 to
cisplatin, a major chemotherapy drug in gastric carcinoma 
treatment [30].The results showed that the resistance index
was 23.4. The establishment of SGC7901/DDP cells has
provided a powerful tool for further study of the effect and
mechanism of ANXA2 on MDR. The recent report showed
that the expression of ANXA2 was increaed in resistant MCF-
7/ADR cells, but not in MCF-7 cells [28]. In the present study, 
we found that the expression of ANXA2 was significantly
higher in SGC7901/ DDP cells than in SGC7901 cells, indi-
cating that ANXA2 played a key role in the development of 
MDR of gastric cancer.

Due to the advantages of high specificity and efficiency,
small interfering RNA (siRNA) technique has become a pop-
ular reverse genetic method for gene function research [31]. 
To further investigate the effect of ANXA2 on the development
of MDR of GC, ANXA2 siRNA was employed to inhibit the 
endogenous expression of ANXA2. The results showed that
inhibition of endogenous ANXA2 in SGC7901/DDP cells 
enhanced sensitivity to doxorubicin (P-gp-related drug) and 
cisplatin, 5-fluorouracil (P-gp-nonrelated drug). These find-
ings suggest that ANXA2 siRNA reversed MDR of human 
GC cells.

High expression of MDR proteins in cancer cells is a major 
reason of recurrence after treatment. Previous stud has de-
scribed a relationship between the expression of adenosine 
5’-triphosphate (ATP)-binding cassette (ABC) proteins and the 
poor prognosis of cancer patients treated with chemotherapy 

[32]. MDR proteins such as P-glycoprotein (P-gp)/ABCB1 
and Multiple Drug Resistant Protein 1 (MRP1) are recognized 
for its role in removing a variety of chemotherapeutic agents 
from the cancer cells, thereby preventing cell death [33]. In 
GC, drug resistance has also been associated with altered ex-
pression of anti-apoptotic members of the Bcl-2 [34]. ANXA2 
siRNA increased the expression of Bax, as well as decreased 
the expression of P-gp, MRP1, and Bcl-2. These data suggested
that ANXA2 siRNA allowed more chemotherapeutic agents 
into cells and induced apoptosis.

Several signaling pathways including: PI3K/Akt, ERK1/2, 
p38-MAPK and JNK signaling pathway were involved in the 
development of MDR [35-38]. Abnormal activation of these 
pathways might be responsible for the modulation of P-glyco-
protein-mediated and P-glycoprotein-unmediated multidrug 
resistance in many different human cancer cells. Therefore, all
of them were concerned as promising targets for therapeutic 
intervention. For example, Liang J et al reported that inhibi-
tion of PI3K/Akt led to the inhibition of PrP(C)-induced drug 
resistance in GC cell [35]. In our study, we found that activa-
tion of p38-MAPK and AKT signaling pathway was inhibited 
by the ANXA2 siRNA transfection in resistant GC cells. Our 
results suggested that drug resistance in SGC7901/DDP cells is 
attributed at least partially to the activation of p38-MAPK and 
AKT signal pathway and inhibition of these pathways could 
increase the sensitivity of SGC7901/DDP to P-gp-unrelated 
drugs as well as P-gp-related drug.

Conclusion

In summary, in this report, we show that ANXA2 is up-
regulated in gastric cancer and resistance of GC cell to DDP 
could be reversed by silencing ANXA2. Its possible mechanism 
may be related with the changes in the expressions of P-gp, 
MRP1, Bcl-2, and Bax, as well as activation of the p38-MAPK 
and AKT. These results may provide new strategies for reversal
of multidrug resistance in human gastric cancer cells.
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