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Impact of Annexin A3 expression in gastric cancer cells
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Annexin A3 participates in various biological processes, including tumorigenesis, drug resistance, and metastasis. The aim
of this study was to investigate the expression of Annexin A3 in gastric cancer and its relationship with cell differentiation,
migration, and invasion of gastric cancer cells. Annexin A3 expression in gastric cancer tissues was detected by quantitative
real-time PCR and Western blotting. The proliferation of gastric cancer cells was measured by the MTT assay. Cell migration
and invasion were determined via wound healing and transwell assays, respectively. Knock down of endogenous Annexin
A3 in gastric cancer BGC823 cells was performed using siRNA technology. The expression of Annexin A3 was significantly
upregulated in gastric cancer tissues, and negatively correlated with the differentiation degree. Silencing of endogenous An-
nexin A3 suppressed the proliferation, migration, and invasion of BGC823 cells. Additionally, the expression of p21, p27,
TIMP-1, and TIMP-2 was upregulated, and the expression of PCNA, cyclin D1, MMP-1, and MMP-2 decreased in cells
treated with Annexin A3-siRNA. Annexin A3 was upregulated in gastric cancer cells. Deletion of endogenous Annexin A3
significantly inhibited gastric cancer cell proliferation, migration, and invasion.
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Gastric cancer is one of the most common malignancies
worldwide; it is the fourth most common incidence and the
second leading cause of cancer-related death [1, 2]. Gastric
cancer remains the deadliest cancer in Asian countries despite
its declining incidence worldwide [3, 4, 5]. Currently, surgical
resection is the most common treatment strategy; however,
even surgery is limited because upon diagnosis, most cases
are already in the advanced stages [6]. Patients receiving im-
proved therapies [7, 8] for stomach cancer still have a poor
prognosis, with a 5-year survival rate of less than 30% [9].
Recent studies have found that several key molecules, such as
NEF-kB and PI3K, play important roles in the development of
gastric cancer [10-11]. Annexin A3 is a member of Ca**-regu-
lated phospholipid-and membrane-binding proteins. Several
studies have indicated that Annexin A3 is implicated in tumor
development, metastasis, and drug resistance [12]. Annexin A3
may act as a tumor suppressor or tumor promoter depending
upon the type of tumor cell and tissue. Annexin A3 has been
shown to be upregulated [13] in prostate cancer, and down-
regulated in kidney and thyroid cancers [14, 15]. Increased
expression of Annexin A3 enhanced the drug resistance of
ovarian and liver cancers [16, 19], promoted the progression of
pancreatic, rectal, and glandular cancers [17], and accelerated

the metastasis of lung cancer [18]. Therefore, Annexin A3 may
serve as an reliable target for cancer therapy and a biomarker
for studying tumor development, infiltration, metastasis, and
patient prognosis. In the present study, we investigated the
expression of AnnexinA3 in gastric cancer and its relationship
to the differentiation of cancer cells.

Patients and methods

Cell lines and cultures. Cancer cell lines MKN28,
SGC7901, and BGC823, were purchased from Cell Resource
Center of Life Sciences (Shanghai, China). All cell lines were
cultured in RPMI 1640 medium (Gibco, Grand Island, NY,
USA) supplemented with 10% FBS, 100 units/ml penicillin,
and 10 mg/100 ml streptomycin. Cells were maintained at
37°C in an incubator containing 5% CO,. Cells were dissoci-
ated with 0.25% trypsin containing 0.02% EDTA, and were
then passaged.

Patients and tissue specimens. Surgical tissue specimens
were obtained from 25 patients with gastric cancer who
underwent surgical resection of their tumors in the Fourth
Clinical Medical College of the Hebei Medical University
(China). This group consisted of 42 males and 33 females
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whose ages ranged from 54 to 68 years. None of the patients
received radio/chemotherapy prior to surgery. Tumor tissues
and adjacent normal mucosa (at least 3 cm away from the
edge of tumor mass) were collected at a size of 1.0 cm x 0.5
cm x 0.5 cm. The tissue specimens were immediately frozen
in liquid nitrogen and stored at —80°C.

Quantitative RT-PCR. Total RNA was isolated using
TRIZOL reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s protocol. A total of 2 ug total RNA
was subjected to cDNA synthesis using Superscript II reverse
transcriptase (Invitrogen). Two microliters of the reverse
transcription product was used to detect the expression
level of mRNA using f-actin gene as an internal reference
control. Quantitative real-time PCR was performed using
the SYBR Green RT-PCR Kit (Applied Biosystems, Foster
City, CA, USA) in a total volume of 20 ul containing 2 pl
of reverse transcription product, 5 pmol of each primer, 10
ul of 2x SYBR Green mix (Applied Biosystems), and 0.4 ul
of a 1,000x diluted reference dye (Applied Biosystems). The
primers [20] used to detect Annexin A3 expression were
5-CAAATTCACCGAGATCCTGT-3’ (forward) and 5’-
TGCTGGAGTGCTGTACGAAA-3 (reverse), to detect the
B-actin expression were 5’-ACCACAGTCCATGCCATCAC-3’
(forward) and 5’-TCCACCACCCTGTTGCTGTA-3’ (reverse).
The reactions were performed in an Applied Biosystems Prism
model 7900HT Sequence Detection System with the following
settings: Prior to amplification, an initial denaturation step
was performed (95°C for 5 min) ensuring complete denatura-
tion of the DNA and activation of the Taq polymerase. This
was followed by 45 cycles of denaturation for 30 s at 95°C,
annealing for 30 s at 60°C, and elongation for 30 s at 72°C.
Fluorescence was detected after each cycle. All reactions were
done in triplicate. Relative expression levels were normalized
using the f-actin gene as an internal reference control. Data
analysis was carried out using the 2744“T method to calculate
the expression levels.

Western blotting. Cellular protein was extracted with
lysis buffer and protease inhibitors (Beyotime, China). Sixty
micrograms of protein from each sample were separated on
12% SDS-PAGE gels, and electroblotted to PVDF membranes
(Roche, Basel Switzerland). Membranes were blocked in
Tris-buffered saline with 0.1% Tween-20 (TBS-T) containing
5% non-fat milk for 1 h at room temperature, followed by an
incubation with primary antibodies, Annexin A3, PCNA, p21,
p27, cyclin D1, TIMP-1, TIMP-2, MMP-1 and MMP-2 (All
of these antibodies were purchased from Santa Cruz, USA)
at 4°C overnight. After several washes with TBS-T, blots were
incubated with horseradish peroxidase-conjugated secondary
antibody for 1 h at room temperature. B-actin protein level was
used as a control for equal protein loading.

Annexin A3-siRNA transfections. Small interfering RNAs
(siRNAs) targeting Annexin A3 were designed according to
the guidelines of the “Dharmacon siDESIGN Center” (www.
dharmacon.com). The sequences of each siRNA pairs were as
follows: siRNA#1 5-GAGACGAAAGCCUGAAAGUdTAT-

3’ and 5-ACUUUCAGGCUUUCGUCUcdTdT-3, siRNA
#2, 5-GGAGAAUUAUCUGGGCAUUATAT -3’ and 5’-
AAUGCCCAGAUAAUUCUCcdTdT-3}and non-target siRNA
(NSsiRNA) #3, 5- ACUCUAUCUGCACGCUGACUU-3"and
5-PGUCAGCGUGCAGAUAGAGUUU-3’ These siRNAs
were dissolved in an RNase-free solution at a concentration of
20 umol/l. Cells were cultured in six-well plates for 24 h, and
washed with RPMI 1640 prior to transfection. Cells were di-
vided into control, NS-siRNA and Annexin A3 siRNA groups.
The control group was treated with Lipofectamine 2000 only.
The NS-siRNA group was transfected with non-target siRNA,
and the Annexin A3 siRNA group was transfected with target
Annexin A3 siRNA. Transient transfection of Annexin A3
siRNA was performed using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s instructions. After transfec-
tion for 24 h, the transfection efficiency was evaluated.

MTT cell proliferation assay. BGC823 cells were incu-
bated in 96-well plates at a density of 6 x10* cells/ml. When
the cell density reached 70% confluence, Annexin A3 siRNA
and control siRNA were transfected. At the end of the experi-
ment, 20 pl of methyl thiazolyl tetrazolium (MTT, 5 mg/ml)
was added to each well and incubated for another 4 h. The
medium was then discarded followed by addition of 150 pl
dimethyl sulfoxide (DMSO) and shaking at room tempera-
ture for 15 min. Absorbance was recorded at 490 nm using
a microplate reader.

Scratch test. Cells were seeded in a 6-well plate at a density
of 1x10°cells/well. Annexin A3 and control siRNAs were trans-
fected under the aforementioned conditions. When cultured
cells reached 100% confluence, media were discarded and the
cells were washed with PBS. A thin-line scratch between the
cells was created with a sterile pipette tip. Cell wound healing
was observed by microscopy. The number of cells that crossed
the scratch was counted in five arbitrary visual fields. The
experiment was repeated three times.

Cell invasion assay. For invasion assays, transwell cham-
bers (8 um pore size, polycarbonate filters, 6.5 mm diameter;
Corning Costar, Corning, NY, USA) were coated with 100 pl
growth-factor-reduced Matrigel. BGC823 cells were suspended
in a six-well plate at a density of 1x10° cells per ml or per
well. Annexin A3 siRNA and control siRNA were transfected
under the aforementioned conditions. After 24 h, cells were
dissociated with 0.25% trypsin containing 0.02% EDTA, after
which 200 pl of (1x10° cells/ml) were incubated in the up-
per chamber, which was placed in a 24-well plate. The lower
chamber was added with RPMI 1640 medium containing
10% fetal calf serum. After a 24-h incubation, non-invading
cells on the top of the membrane were removed by scraping.
The transwell membranes were fixed in methanol for 10 min
and stained with crystal violet. Cells on the underside of the
membranes that had invaded the Matrigel were counted under
a microscope. Five arbitrary visual fields were counted for
each membrane.

Statistical analysis. The results were expressed as the mean
+ standard deviation. Statistical analysis was performed with
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SPSS software version 13.0. P values less than 0.05 were con-
sidered statistically significant.

Results

Expression of Annexin A3 in gastric cancer tissues and
adjacent normal mucosa. In order to illustrate the role of An-
nexin A3 in gastric cancer, RT-PCR and Western blotting were
applied to detect Annexin A3 expression in clinical samples of
gastric cancer and adjacent normal mucosa. As shown in Fig-
ure 1A, the 28S to 18S rRNA ratio was 2:1. Annexin A3 mRNA
expression was significantly higher in cancer tissues compared
to normal tissues (p < 0.05, Fig. 1B), and the protein level of
Annexin A3 was consistent with mRNA expression (Fig. 1C).
These results showed that Annexin A3 is upregulated in gastric
cancer tissues, indicating that it may play an important role in
the development of gastric cancer.

Correlation of Annexin A3 expression with gastric cancer
differentiation. To understand the relationship between An-
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Figure 1. Expression of Annexin A3 in gastric cancer and normal tissues.
Clinical samples of gastric carcinomas as well as adjacent control normal
tissues were obtained and subjected to semi-quantitative RT-PCR (A)
and Western blot analysis (B) to determine the expression of Annexin
A3. (A) and (B), 1-5: Adjacent control tissues; 6-10: gastric carcinoma
tumor tissues. Relative mRNA and protein expression levels are shown in
(C). Values are shown as mean * SD, n=5 in each group. *P < 0.01 versus
control group. Data shown are representative images from at least three
independent experiments.

nexin A3 and gastric cancer, we investigated the correlation
between Annexin A3 expression and the different stages of
gastric cancer using real-time quantitative PCR and Western
blot analyses. Annexin A3 mRNA and protein levels signifi-
cantly differed according to the different stages and grades of
gastric cancer tissues and cell lines (Fig. 2A, 2C). The higher
the degree of differentiation, the lower the expression of both
Annexin A3 mRNA and protein (Fig. 2B), indicating that
Annexin A3 expression negatively correlates with the higher
degrees of gastric cancer differentiation. These results further
demonstrated the important function of Annexin A3 in the
pathological process of gastric cancer.

Effect of siRNA on Annexin A3 expression in BGC823
cells. To further investigate the impact of Annexin A3 on
gastric carcinogenesis, we employed siRNA techniques. Three
pairs of siRNAs targeting Annexin A3 were designed and
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Figure 2. Annexin A3 expression is different in differentiated gastric
cancer cell lines. Three gastric cancer cell lines with different levels of dif-
ferentiation levels were cultured: MKN28 (well differentiated), SGC7901
(moderately differentiated), and BGC823 (poorly differentiated). The
three cell lines were subjected to quantitative RT-PCR (A) and Western
blot analysis (B) to determine Annexin A3 expression. Relative protein
expression levels are shown in (C). Values are shown as mean + SD, n=3 in
each group. *P < 0.01 versus MKN28 cells. Data shown are representative
images from at least three independent experiments.
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transfected into BGC823 gastric cancer cells. Cells transfected
with NS-siRNA were used as non-target siRNA controls. As
shown in Fig 3, the expression of Annexin A3 was reduced
by Annexin A3 siRNAs transfection in both mRNA and
protein levels, while NS- siRNA did not change Annexin
A3 expression (Fig.3 A, B), suggesting that that Annexin A3
siRNAs efficiently inhibited the transcription and translation
of endogenous Annexin A3. The most reduced expression
of Annexin A3 was found in siRNA-2-transfected BGC823
cells, with an inhibition of approximately 90% compared to
the NS-siRNA group. In order to determine if there were any
off-target effects from transfection of Annexin A3-siRNA, the
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Figure 3. Annexin A3 siRNA downregulated Annexin A3 expression in
BGC823 cells. Cells were transfected with different sequences of Annexin
A3 siRNA (S1, S2, S3) or NS-siRNA (A), and cells were transfected with
different concentrations of Annexin A3 siRNA-2 sequences for 24 hours
(C). Expression of Annexin A3 was identified by Western blotting. Expres-
sion levels are represented as columns in (B) and (D). Data shown are

representative images from at least three independent experiments.

expression levels of several other Annexin family members,
including Annexin A2, Annexin A5, and Annexin A7, were
examined. The results confirmed that Annexin A3-siRNA-
2 did not affect the expression levels of the other Annexin
family members. Further studies using Annexin A3 siRNA-2
showed that this inhibition is dependent on the concentration
of siRNA used, the inhibition demonstrated at 80nM, more
than 95% of Annexin A3 expression was inhibited compared
to the NS-siRNA (Fig. 3A, B).

Effect of Annexin A3 siRNA on the proliferation of
BGC823 cells. BGC823 cells were transfected with 80 nM
Annexin A3 siRNA-2 for different periods of times or different
concentrations (20 nM, 40 nM, 80 nM), followed by the MTT
assay. As shown in Figure 4A and 4B, cell proliferation was
time- and dose-dependently inhibited by siRNA treatments,
while NS-siRNA had no significant effect on cell proliferation
compared to cells treated with Lipofectamine alone (p>0.05). In
addition, real-time quantitative PCR and Western blot analysis
showed that the expression of p21 and p27 was significantly
upregulated, while expression of PCNA and Cyclin D1 was
significantly downregulated in BGC823 cells transfected with
80 nM of siRNA, compared to cells treated with NS-siRNA
(Fig. 4, C, D and E). These results indicated that suppression
of endogenous Annexin A3 reduced cell proliferation.

Effect of siRNA on the invasion and migration of
BGC823 cells. Next, we performed invasion and migration
assays in cells treated with different concentrations of 80 nM
Annexin A3-siRNA-2 using the scratch test and transwell
migration assay, respectively. As shown in Figure 5A, B and
C, the migration and invasion of cells treated with Annexin
A3-siRNA-2 decreased compared to cells treated with NS-
siRNA (p < 0.05), while NS-siRNA had no significant effect
on either cell invasion and migration compared to cells treated
with Lipofectamine alone (p > 0.05). Since tissue inhibitors of
metalloproteinases (TIMP-1 and TIMP-2) play key roles in
tumor progression and metastases, we further investigated the
expression of TIMP-1 and TIMP-2 in cells treated with siRNA
by real-time quantitative PCR and Western blotting analysis.
We found that TIMP-1 and TIMP-2 expression was signifi-
cantly upregulated, while MMP-1 and MMP-2 expression was
significantly downregulated in BGC823 cells transfected with
80 nM Annexin A3-siRNA-2 compared to cells treated with NS
siRNA (Fig. 5D, E and F). These results indicated that Annexin
A3 promoted gastric cancer invasion and migration, and its
suppression inhibited cell invasion and migration.

Discussion

In the present study, we found that Annexin A3 is upregu-
lated in gastric cancer and its expression negatively correlates
with the pathological differentiation of gastric carcinoma.
Interestingly, the proliferation activity and invasion/migration
abilities of gastric cancer cells were significantly reduced by
deletion of endogenous Annexin A3, suggesting that upregula-
tion of Annexin A3 expression promotes cell proliferation and
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Figure 4. Effects of Annexin A3 siRNA-2 on the migration and invasion of BGC823 gastric cancer cells. Cells were transfected with 80 nM Annexin A3
siRNA-2 for different times (A) or different concentrations for 24 h (B) and then subjected to MTT assays to detect cell proliferation activity. Cells were
transfected with 80 nM Annexin A3 for 24 h, quantitative RT-PCR (C) and Western blot analysis (D) to detect mRNA or protein levels of proliferation-
related genes, respectively. Protein expression levels are represented as columns in (E). *P<0.01 and #P<0.05 versus the values of the NS-siRNA group.
Data shown are representative images from at least three independent experiments.

invasion/migration in gastric cancer. This study provides an
important scientific basis for further clarifying gastric cancer
pathogenesis and target gene therapy.

Annexin, one of the calcium-dependent phospholipid-
binding proteins, is mainly located in the cytoplasm, and
represents up to 1-2% of total protein. Annexins exists in both
a soluble form and a form combined with components of the
cytoskeleton or proteins that mediate interactions between
the cell and the extracellular matrix [22]. Annexins are classi-
fied into subgroups A (in mammalians), B (in invertebrates),
C (in fungi and some groups of unicellular eukaryotes), D (in
plants), and E (in protists) [23]. It has been shown that disor-
ders of Annexin expression are indirectly linked to different
human diseases, such as rheumatoid arthritis, lung cancer,

and diabetes [24-25]. The expression level of Annexin is
closely related to the proliferation, differentiation, and inva-
sion/migration of tumors as well as the clinical stages of tumors
[12, 20], and therefore has recently become a hot spot in the
tumor research field. Human Annexin A3 genes are dispersed
throughout the genome on chromosomes 4 q13-q22, including
the two main isoforms of 33 kD and 36 kD [20]. Many studies
have shown that changes in Annexin A3 expression have an
important impact on the onset, development, drug resistance,
and metastasis of tumors [12-18, 26]. The expression of An-
nexin A3 in carcinoma tissues is also closely associated with
cancer type. For example, Annexin A3 expression is upregu-
lated in ovarian cancer, and presents a positive relationship
with drug resistance. However, this marker was downregu-
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Figure 5. The effects of Annexin A3 over-expression on the migration and invasion of gastric cancer cell BGC823. Cells were transfected with Annexin
A3-siRNA or control NS-siRNA, then were subjected to (A) wound healing assays to detect cell migrating activity, (B) transwell assays to detect cell
invasion activity, (D) quantitative RT-PCR and (E and F) Western-blot assays to detect protein or mRNA expression levels of migration and invasion
related genes. Representative results of transwell assay for cell invasion were shown in C. The protein expression levels were represented as columns in

E. *P<0.01 versus control group.

lated in prostate cancer, which promotes the occurrence and
development of tumors. In the present study, we found that
Annexin A3 expression was overexpressed in gastric cancers.
A close association was observed between Annexin A5 and the
histological differentiation of uterine cervical squamous cell
carcinoma [27]. In addition, Annexin A3 has been reported
as a negative regulator of adipocyte differentiation [28]. This
study further demonstrated a negative correlation between
Annexin A3 expression and the dedifferentiation of gastric
cancer cells, indicating that Annexin A3 is likely to be a hopeful
candidate as a noninvasive biomarker of tumor therapy.
Small interfering RNA (siRNA) introduces specific
double-stranded RNA (dsRNA) into cells and results in
sequence-specific gene silencing. With the advantages of spe-
cificity and high efficiency, the siRNA technique has become
a common reverse genetics method of gene function research

both in vivo and in vitro [29]. Suppression of endogenous
Annexin A3 in BGC823 cells using siRNA, inhibited gastric
cancer cell proliferation, promoted the expression of cell
cycle negative regulators, p21 and p27, and suppressed the
expression of cyclin D1, which enhances cell proliferation by
promoting cell cycle progression from G1-S [32, 34]. We also
found that expression of the cellular proliferation marker,
PCNA, decreased after Annexin A3-siRNA treatment. These
results indicate that Annexin A3 is involved in the prolifera-
tion of gastric cells. Similar results were found also in ovarian
cancer [15].

Enhancement of invasion/migration abilities provides the
basis for tumor metastasis, which is the result of malignant
tumor progression [34]. Previous studies have reported that
Annexin 1-deficient neutrophils exhibit enhanced transmi-
gration in vivo [35]. Annexin A6 can modulate chick cranial
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neural crest cell emigration [36] and Annexin A2 can promote
glioma cell invasion and tumor progression [37]. The present
study showed that deletion of endogenous Annexin A3 re-
duced the invasion/migration of gastric cancer cells, indicating
the positive role of Annexin A3 in gastric cancer cell invasion.
Further studies on its molecular mechanisms demonstrated
that the upregulation of TIMP-1 and TIMP-2, as well as the
downregulation of TIMP-1 and TIMP-2, contribute to the
impact of Annexin A3 on invasion and migration.

In conclusion, Annexin A3 expression increased and
negatively correlated with cancer cell differentiation in gastric
carcinoma. Silencing of endogenous Annexin A3 significantly
inhibited cell proliferation, invasion, and migration by increas-
ing the expression of p21, p27, TIMP-1, and TIMP-2, as well
as decreasing the expression of PCNA, cyclin D1, MMP-1,
and MMP-2. Although the detailed mechanisms underlying
the effects of Annexin A3 on gastric cancer cells need to be
elucidated in future studies, our present study suggests that
Annexin A3 may play an important role in the development of
gastric cancer as an oncogene, and the Annexin A3-siRNA ap-
proach may lead to new treatment options for gastric cancer.
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