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Abstract. Annexin A2 is a member of the Annexin family that 
acts as a Ca2+-dependent phospholipid and membrane binding 
protein, which is associated with the survival and spread of 
multiple neoplasms. However, the function of Annexin A2 
in ovarian cancer progression remains unclear. In this study, 
we aimed to investigate the role and underlying molecular 
mechanism of Annexin A2 in cell proliferation and invasion 
in ovarian cancer. We found that the mRNA expression of 
Annexin A2 was upregulated in ovarian cancer tissues and cell 
lines. In the loss-of-function of Annexin A2, β-catenin was 
indicated to be significantly suppressed and EMT constrained. 
Moreover, cell proliferation and invasion were both markedly 
inhibited by the downregulation of Annexin A2. Additionally, 
the overexpression of β-catenin obviously reversed the effect of 
Annexin A2 on EMT, and cell proliferation and invasion, indi-
cating that Annexin A2 suppression regulated EMT through 
controlling β-catenin. Taken together, this study showed that 
Annexin A2 inhibition suppresses proliferation and invasion 
in ovarian cancer via β-catenin/EMT, proposing the potential 
role of Annexin A2 in the prevention and treatment of ovarian 
cancer.

Introduction

Ovarian cancer ranks among the most lethal of gynecological 
malignancies (1-3). Symptoms of early ovarian cancer are 

not obvious, and 70-80% patients with ovarian cancer are 
diagnosed at the advanced or terminal stage (4). In addition, 
ovarian cancer has a low 5-year survival rate (1,5). Invasion 
and proliferation are the significant attributes of malignant 
cancer that result in high mortality in ovarian cancer. Thus 
far, the underlying molecular mechanism of ovarian cancer 
remains unclear. A better understanding of the underlying 
mechanism of the invasion and proliferation in ovarian cancer 
could provide novel insights for the treatment of ovarian 
cancer.

Annexin A2, which is also known as Annexin II, p36, p39 
and lipocortin II, is a member of the Annexin family (6-8). 
The Annexin family is a Ca2+-dependent phospholipid and 
membrane binding protein family (9). Annexin A2 is present 
in human endothelial cells, monocytes, macrophages, neuron, 
and some tumor cells (8,10-12). The transformed cells express 
high levels of Annexin A2, and the terminally differentiated 
cells have low expression of Annexin A2 (13). In the cells 
of tumors such as breast, liver, prostate and gastric cancers, 
Annexin A2 has been reported to be upregulated (14-16). It 
is indicated that Annexin A2 is closely related to cell migra-
tion, invasion and adhesion in cancers (8,17,18). Studies have 
demonstrated that Annexin A2 promoted invasion of tumor 
cells containing glioma cells, and human hepatocellular carci-
noma cells (8,19). Additionally, it is reported that Annexin A2 
accelerated proliferation and invasion of human breast cancer 
SK-BR-3 cells (18). Annexin A2 is indicated to be a predictor 
of serous ovarian cancer outcome and accelerates ovarian 
cancer metastasis (20). However, the underlying mechanism 
of Annexin A2 in cell invasion and proliferation in ovarian 
cancer is yet to be elucidated.

β-catenin is a key regulatory factor of the Wnt signaling 
pathway, and it is claimed that β-catenin could be regulated 
by Annexin A2 in hepatoma cells (21). The abnormal function 
and regulation of β-catenin could lead to aberrant activation 
of the Wnt signaling pathway, resulting in abnormalities of 
gene expression, cell adhesion, and cancer progression (22). 
Additionally, studies have reported that β-catenin is closely 
related to tumorigenesis (23,24). In normal cells, there is only 
a small amount of free intracellular β-catenin and it cannot 
enter the cell nucleus to regulate gene expression. Many studies 
have shown that β-catenin is upregulated in many cancers and 
is associated with poor prognosis (25). The upregulation of 
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β-catenin induces cell proliferation and invasion in cancers 
such as ovarian cancer, breast cancer, colorectal cancer, and 
gastric carcinoma (26-30). It has been shown that β-catenin 
has an effect on the regulation of EMT (31).

Epithelial-mesenchymal transition (EMT) is demonstrated 
to be a process whereby epithelial cells change to mesenchymal 
cells with decreased E-cadherin and increased N-cadherin 
(32). E-cadherin is the adhesion molecule of epithelial cell 
surface, and plays an important role in the adhesion between 
cells (33). The downregulation of E-cadherin is an important 
feature of EMT (34). Additionally, EMT is a significant cause 
of tumor invasion and metastasis. Studies have demonstrated 
that EMT induced cell invasion and proliferation in various 
cancers such as prostate cancer, breast cancer, colon cancer, 
and lung cancer (35,36). Moreover, EMT has been claimed to 
be induced and promote the cell invasion and proliferation in 
ovarian cancer (37,38).

In this study, we focused on identifying the molecular 
mechanism of Annexin A2 in cell invasion and proliferation in 
ovarian cancer. We investigated the expression of Annexin A2 
in ovarian cancer tissues and cell lines and revealed the effect 
of Annexin A2 inhibition on cell invasion and proliferation 
in ovarian cancer. Additionally, we found that the function of 
Annexin A2 was realized by regulating EMT via β-catenin. 
Annexin A2 may thus be a promising molecular target for the 
treatment of ovarian cancer.

Materials and methods

Cell lines and tissues. Human ovarian cancer cell lines SKOV3 
and uAcc-1598 were purchased from American Type culture 
collection (ATcc, Manassas, vA, usA), and were cultured in 
RPMI-1640 (gibco, carlsbad, cA, usA) with 10% fetal bovine 
serum (FBS; PAA Laboraties GmbH, Pasching, Austria) 
in an atmosphere of 5% CO2 at 37˚c. The early passages 
of normal human ovarian epithelial cell line (HOSEpiC) 
was obtained from ScienCell Research Laboratories (San 
Diego, CA, uSA). HOSEpiC was incubated in the Ovarian 
Epithelial cell Medium (OEpicM) obtained from sciencell 
Research Laboratories in the conditions of 5% CO2 at 37˚c. 
Additionally, ovarian cancer tissues (n=10) and the matched 
adjacent normal tissues (n=10) from ovarian cancer patients 
(aged 30-45 years) with an average age of 39 years in stage II 
and III were obtained following cryopreservation from the 
Third Affiliated Hospital of Zhengzhou university along 
with written informed consent of the patients. This research 
was approved by the ethics committee at the Third Affiliated 
Hospital of Zhengzhou university.

Real-time quantitative polymerase chain reaction (RT-qPCR). 
The total RnA was extracted by using TRIzol (Takara 
Biotechnology, Dalian, China), and the extraction of RNA 
from tissues was performed as previously described (39). 
Then, the cDNA was synthesized as per the instructions 
of the reverse transcription kit (Invitrogen, carlsbad, cA, 
uSA), and the RT-qPCR was subsequently performed. The 
25-µl reactive volume contains 10-µl ssoFast TMEvagreen 
Supermix (Bio-Rad, Hercules, CA, uSA), and the qRT-PCR 
protocol was: 94˚c for 30 sec; 35 cycles of 95˚c for 30 sec, 
57˚c (Annexin A2 and β-catenin) or 59˚c (E-cadherin and 

n-cadherin) for 30 sec and 72˚c for 30 sec; and a final step 
at 72˚c for 10 min. gAPDH was the internal reference gene. 
The primers were: Annexin A2 forward, 5'-TAA CTT TGA 
TGC TGA GCG GG-3' and reverse, 5'-TAA TTT CCT GCA 
GCT CCT GG-3'; β-catenin forward, 5'-AAG ACA TCA CTG 
AGC CTG CCA T-3' and reverse, 5'-CGA TTT GCG GGA 
CAA AGG GCA A-3'; and GAPDH forward, 5'-GAG TCA 
ACG GAT TTG GTC GT-3' and reverse, 5'-GAC AAG CTT 
CCC GTT CTC AG-3'. The relative levels of gene expression 
were estimated by the 2-ΔΔCt method.

Western blotting. Proteins were extracted from the cells by 
using the lysate and then quantified by using the BcA kit 
(Pierce, Rockford, IL, usA). The nuclear protein extracts 
were separated from the homogenates using the nXTRAcT 
celLytic nucLEAR Extraction kit (sigma, st. Louis, MO, 
uSA) according to the standard instructions. A total of 
20 µg protein was added and isolated in the sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (12%). The 
isolated proteins were transferred to polyvinylidene fluoride 
membrane (PVDF; Bio-Rad) following electrophoresis. Next, 
the membrane with proteins was blocked in 5% non-fat dry 
milk in Tris-buffered saline for 1.5 h. The blocked membrane 
was then incubated with the primary antibodies (Cell 
signaling Technology, Danvers, MA, usA) at 4˚c overnight. 
The membrane was washed with TBS before incubating with 
horseradish peroxidase conjugated secondary antibody (Cell 
Signaling Technology). Finally, blots were analyzed in the 
Bio-Rad ChemiDoc apparatus. The relative protein expression 
was detected using Image-Pro Plus 6.0.

Construction of recombinant plasmids. Reverse transcription 
PCR (RT-PCR) was used to amplify the full-length β-catenin 
(genBank accession no. Z19054), and treated with the restric-
tion enzymes EcoRI and BamHI. The β-catenin fragment 
was then inserted into the plasmid pcDNA.3.1 (Invitrogen) 
after which pcDNA.3.1 was treated with EcoRI and BamHI 
enzymes. Next, the recombinant plasmids were transfected 
into E. coli DH5α (Takara Biotechnology) and amplified 
overnight. Then, the amplified recombinant plasmids were 
extracted followed by sequencing, and the correct plasmids 
were designated pcDNA.3.1-β-catenin.

Transfection of plasmids and siRNA. sKOv3 and uAcc-1598 
cell lines that were in good condition were respectively plated 
in the 6-well plate followed by culturing in the atmosphere of 
5% CO2 at 37˚c for 12 h. The transfection was then conducted 
when the cell fusion reached 70%-80%. pcDNA.3.1-β-catenin, 
Annexin A2 siRNA (5'-GGT CTG AAT TCA AGA GAA 
A-3'), non-specific siRnA or pcDnA.3.1 was diluted in the 
150-µl FBs-free RPMI-1640 medium with 5 µl TurboFect 
(Thermo Fisher scientific, Waltham, MA, usA) per well. 
Subsequently, the transfected cells were cultured in 5% CO2 
at 37˚c for 48 h. The transfection efficiency was detected via 
RT-qPCR and western blot assays.

Cell growth. For the detection of cell growth, cells were 
seeded into a 96-well plate (1x105 cells/well) and subjected to 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay. In brief, the transfected cells were cultured 
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in humid atmosphere of 5% CO2 at 37˚c for 48 h, then the 
culture medium was replaced by MTT (5 g/l) diluted in phos-
phate-buffered saline (PBS) per well (23 µl) and incubated at 
37˚c for 5 h. A total of 200 µl dimethyl sulfoxide was added 
per well to dissolve the formazan, and the absorbance (OD) 
values were read using an SpectroFluor Plus multiwell plate 
reader (Tecan, Research Triangle Park, nc, cA, usA) at a 
wavelength of 490 nm.

Bromodeoxyuridine (BrdU). Cell proliferation was assessed 
by a Brdu cell proliferation assay kit (Millipore, Billerica, 
MA, usA) according to the instructions provided. Briefly, the 
cells were plated in the 96-well plate followed by reaction (1 h) 
with 10 µl of Brdu solution per well. Thereafter, a total of 
100 µl denaturing solution was added per well and reacted for 
25 min. Cells were then stained with anti-Brdu antibody for 
1.5 h at room temperature followed by staining with secondary 
antibody solution. Finally, the results were detected at 450 nm 
using a SpectroFluor Plus multiwell plate reader (Tecan).

Cell invasion assay. The cell invasion ability was measured 
by Matrigel invasion assay. Transwell chambers (corning 
Incorporated, Toledo, nY, usA) were coated with Matrigel 
(BD Bioscience, San Jose, CA, uSA). The transfected cells 
were cultured in an incubator (Thermo Fisher scientific) with 
5% CO2 at 37˚c for 48 h. Then, the transfected cells were 
suspended using 300 µl serum-free medium (1x105 cells) and 
added to the top chamber. Moreover, 500 µl of culture medium 
containing 10% FBS was added to the bottom chamber and 
cultured under the conditions of 5% CO2 at 37˚c for 48 h. 
Non-invasive cells in the top chamber were removed and 
the invaded cells in the bottom chamber were fixed with 
95% ethanol and stained with trypan blue. Finally, six random 
fields per membrane were chosen and the cells in the fields 
were counted under a microscope, and then averaged.

Statistical analysis. Data are expressed as the mean ± standard 
deviation (SD). Statistical analyses were processed with SPSS 
version 24.0 software (SPSS Inc., Chicago, IL, uSA) with 
one-way analysis of variance followed by LSD and Bonferroni 
test. A P-value of <0.05 was considered statistically significant.

Results

Annexin A2 is upregulated in ovarian cancer tissues. We 
measured the relative expression of mRNA and protein of 
Annexin A2 in tumor tissues and cell lines, respectively, to 
investigate the expression of Annexin A2. Data showed that 
the expression of mRNA (Fig. 1A) and protein (Fig. 1B) of 
Annexin A2 was significantly increased in tumor tissues and 
cells.

Suppression of Annexin A2 inhibits β-catenin. To investigate 
the effect of Annexin A2 on the expression of β-catenin, we 
transfected Annexin A2 siRnA into sKOv3 and uAcc-1598 
cells to target Annexin A2. The results indicated that expres-
sion of mRNA (Fig. 2A and B) and protein (Fig. 2C and D) of 
Annexin A2 was significantly decreased by the siRnA, and 
manifested that the transfection was performed successfully. 
Additionally, the data demonstrated that the relative expres-
sion of mRNA (Fig. 2A and B) and protein (Fig. 2C and D) 
of β-catenin was markedly suppressed by Annexin A2 inhibi-
tion, and the β-catenin protein contents in nucleus were also 
decreased after Annexin A2 suppression (Fig. 2E) in SKOV3 
and uAcc-1598 cells.

Annexin A2 inhibition restrains the proliferation of ovarian 
cancer cell lines. To explore the influence of Annexin A2 on 
ovarian cancer cell lines, we conducted the Brdu and MTT 
assays to measure sKOv3 and uAcc-1598 cell proliferation 
with Annexin A2 inhibition. The data showed that the prolif-
eration of sKOv3 and uAcc-1598 cells in the Brdu assay was 
obviously constrained by Annexin A2 suppression (Fig. 3A). 
In addition, cell proliferation was also significantly decreased 
in the MTT assay (Fig. 3B).

Annexin A2 inhibition decreases the invasion ability of 
ovarian cancer cell lines. To gain insight into the potential 
role of Annexin A2 in ovarian cancer cell line invasion ability, 
we detected the invasion by EMT measurement and invasion 
assay in sKOv3 and uAcc-1598 cells with Annexin A2 inhi-
bition. In EMT measurement by using western blotting, we 
found that the protein expression of E-cadherin was obviously 

Figure 1. Expression of Annexin A2 in ovarian cancer tissues and cell lines. Relative mRNA (A) and protein (B) expressions of Annexin A2 were measured 
using RT-qPCR and western blotting, respectively. N, matched adjacent normal tissues; T, tumor tissues. HOSEpiC, HOSEpiC cell line. SKOV3, SKOV3 cell 
line. uAcc-1598, uAcc-1598 cell line. gAPDH was used as the internal control. n=10, **P<0.01 vs. the N group. n=3, ##P<0.01 vs. the HOSEpiC group.
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increased while n-cadherin was significantly decreased by 
Annexin A2 inhibition (Fig. 4A and B). In the invasion assay, 
cell invasion ability was markedly constrained by the suppres-
sion of Annexin A2 (Fig. 4C).

Annexin A2 inhibition suppresses EMT through controlling 
β-catenin expression. To further explore the molecular mecha-
nism of Annexin A2 in the regulation of EMT in ovarian 
cancer cell lines, we transfected pcDNA.3.1-β-catenin into 

the sKOv3 and uAcc-1598 cells with Annexin A2 inhibi-
tion. The data showed that β-catenin protein expression was 
markedly increased, whereas Annexin A2 was decreased 
in the treated sKOv3 (Fig. 5A) and uAcc-1598 (Fig. 5B), 
indicating that the transfection of pcDNA.3.1-β-catenin was 
successful. Additionally, we found that the suppressive effect 
of Annexin A2 inhibition on EMT was apparently reversed 
by pcDNA.3.1-β-catenin transfection (Fig. 6A and B). 
Moreover, β-catenin overexpression obviously abolished the 

Figure 2. Expression of β-catenin in ovarian cancer cell lines with Annexin A2 inhibition. The relative mRnA levels in sKOv3 (A) and uAcc-1598 (B) of 
Annexin A2 and β-catenin were measured by qRT-PcR. The relative protein levels in sKOv3 (c) and uAcc-1598 (D) of Annexin A2 and β-catenin were 
measured by western blot analyses. (E) β-catenin protein content in nucleus of sKOv3 and uAcc-1598 cell lines were measured by western blot analyses. control, 
sKOv3 or uAcc-1598 cells without transfection. Annexin A2 siRnA, sKOv3 or uAcc-1598 cells transfected with Annexin A2 siRnA. non-specific siRnA, 
sKOv3 or uAcc-1598 cells transfected with non-specific siRnA. gAPDH was used as the control. n=3, *P<0.05 and **P<0.01 vs. non-specific siRnA group.
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Figure 3. The proliferation of ovarian cancer cells with Annexin A2 inhibition. The cell proliferation was detected by Brdu (A) and MTT (B) assays in sKOv3 
and uAcc-1598 with Annexin A2 inhibition. n=3, *P<0.05 and **P<0.01 vs. the non-specific siRnA group.

Figure 4. The invasion of the ovarian cancer cells with Annexin A2 inhibition. The cell invasion was detected by EMT measurement (A and B) and invasion (c) 
assay in sKOv3 and uAcc-1598 with Annexin A2 inhibition. The gAPDH was used as the internal control. n=3, *P<0.05 and **P<0.01 vs. the non-specific 
siRNA group.

Figure 5. Protein expression in the ovarian cancer cell lines with Annexin A2 inhibition and β-catenin overexpression. Protein expression of Annexin A2 
and β-catenin in sKOv3 (A) and uAcc-1598 (B) with Annexin A2 inhibition and β-catenin overexpression were detected by western blotting. Annexin A2 
siRNA-β-catenin, the sKOv3 or uAcc-1598 with Annexin A2 inhibition transfected with pcDnA.3.1-β-catenin. Annexin A2 siRNA-pcDNA.3.1, the SKOV3 
or uAcc-1598 with Annexin A2 inhibition transfected with pcDnA.3.1. gAPDH was used as the internal control. n=3, *P<0.05 and **P<0.01 vs. the non-
specific siRnA group. ##P<0.01 vs. Annexin A2 siRNA-pcDNA.3.1 group.
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inhibitory influence of Annexin A2 inhibition to the inva-
sion (Fig. 6C) and proliferation (Fig. 6D) of SKOV3 and 
uAcc-1598 cells.

Discussion

Because of the dietary structure, environmental pollution 
and other factors, ovarian cancer morbidity is increasing 
year by year (40,41). Annexins are widely involved in regu-
lating cell membrane construction and material transport (9). 
Additionally, Annexins have been indicated to be involved 
in the development of tumors (42). It has been demonstrated 
that Annexin A2 is a potential prognostic factor, and has a 
stimulatory effect on ovarian cancer. Moreover, Annexin A2 
is reported to promote cell proliferation and invasion in breast 
cancer (43). Currently, the role and underlying mechanism 
of Annexin A2 in cell proliferation and invasion in ovarian 
cancer is unclear. In our study, Annexin A2 was significantly 
increased in ovarian cancer tissues and cells in accordance 
with the above reports. Besides, we found that cell prolif-
eration and invasion in ovarian cancer were both obviously 
constrained in the loss-of-function experiment of Annexin A2. 

Annexin A2 has been indicated to regulate the expression of 
β-catenin.

β-catenin, which is located on human chromosome 
3p21, and plays a pivotal role in the classic Wnt signaling 
pathway (44). The major β-catenin in the cytoplasm forms the 
adhesion complex with E-cadherin inside the cell membrane, 
and the level of dissociative β-catenin content in normal cells is 
low (45). It is reported that β-catenin is increased in malignant 
tumors such as breast cancer, colon cancer, and gastrointestinal 
cancer (46-48). Additionally, β-catenin could regulate EMT in 
cancers, and is demonstrated to promote EMT in gastric cancer 
(29,31,49,50). In our study, we observed that the expression in 
cell and the nucleus content of β-catenin was significantly 
decreased by Annexin A2 downregulation. In addition, 
the results showed that β-catenin overexpression markedly 
reversed the inhibitory effect of Annexin A2 suppression on 
EMT. Thus, the data indicated that Annexin A2 could regulate 
EMT via controlling β-catenin in ovarian cancer. Conacci-
Sorrell et al indicated that the strong β-catenin/TCF signaling 
promoted the expression of Slug causing the suppression of 
E-cadherin expression in sparse SW480 cells, accelerating the 
process of EMT (51). In our study, β-catenin inhibition realizes 

Figure 6. The effect of Annexin A2 inhibition and β-catenin overexpression in the ovarian cancer cell lines on EMT, invasion and proliferation. EMT measure-
ments in sKOv3 (A) and uAcc-1598 (B) with Annexin A2 inhibition and β-catenin overexpression were performed using western blotting. The invasion (C) 
and proliferation (D) in sKOv3 and uAcc-1598 with Annexin A2 inhibition and β-catenin overexpression were detected by invasion and MTT assays, 
respectively. GAPDH was used as the internal control. n=3, *P<0.05 and **P<0.01 vs. the Annexin A2 siRNA-pcDNA.3.1 group.
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the promoted function on E-cadherin, resulting in the suppres-
sion of EMT, consisting with that found in sparse sW480 
cells. Thus, we considered that β-catenin inhibition possibly 
decreases Slug expression and then increases E-cadherin, 
resulting in the suppression of EMT.

EMT is the morphological process where epithelial cells 
transform into mesenchymal cells, and the imbalance of EMT 
plays an important role in invasion and metastatic processes in 
cancer (36). In the EMT process, cancer cells access migration 
and invasion and obtain the characteristics of stem cells through 
a loss of cell-cell adhesion and cell polarity, transforming 
into the mesenchymal-like cell morphology(51). studies have 
reported that EMT acts as the driver of invasion and metas-
tasis in cancers (52). Furthermore, EMT has been revealed to 
modulate the invasion and proliferation of cells in colorectal 
cancer (53,54). In our study, EMT was inhibited while the 
loss-of-function experiment of Annexin A2 was performed, 
and the invasion and proliferation were both constrained in 
ovarian cancer cells. In addition, overexpression of β-catenin 
abolished the suppressive function of Annexin A2 on EMT, 
while the cell invasion and proliferation were promoted. 
Based on the above, Annexin A2 inhibition could constrain 
cell invasion and proliferation via regulating β-catenin/EMT 
in ovarian cancer.

In conclusion, this study found that Annexin A2 expres-
sion is accelerated in ovarian cancer tissues and cell lines. 
Annexin A2 suppression has an inhibitory effect on EMT and 
cell invasion and proliferation. Additionally, Annexin A2 regu-
lation of EMT could been realized by controlling β-catenin. 
Therefore, the potential role of Annexin A2 in ovarian cancer 
is revealed and provides novel insight into the treatment of 
ovarian cancer.
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