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Abstract

Annexin A2 has been involved in cancer cell adhesion, invasion and metastasis. However, the exact
function and mechanism of Annexin A2 in tumor progression of NSCLCs have not been elucidated.
In this study, we showed that Annexin A2 was evidently overexpressed in human NSCLCs cell lines
and NSCLGCs tissues. Clinicopathologic analysis showed that Annexin A2 expression was
significantly correlated with clinical stage, and lymph node metastasis. Kaplan-Meier analysis
revealed that patients with high Annexin A2 expression had poorer overall survival rates than those
with low Annexin A2 expression. Moreover, we found that knockdown of Annexin A2 significantly
suppressed cell proliferation and invasion of NSCLCs cells. Mechanistically, our studies showed that
knockdown of Annexin A2 increased the expression of p53, which in turn, induced cell cycle G2
arrest and inhibited epithelial-to-mesenchymal transition (EMT). Taken together, these data suggest
that Annexin A2 plays an important role in NSCLCs progression, which could serve as a potential

prognosis marker and a novel therapeutic target for NSCLCs.
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Introduction

Lung cancer is the most common cancer
worldwide with high incidence and mortality [1]. It
could be divided into two categories, small cell lung
cancers (SCLCs) and non-small cell lung cancers
(NSCLCs). NSCLCs including adenocarcinoma,
squamous cell carcinoma and large cell carcinoma,
constitute 80% of all lung cancers [2]. Although great
achievements have been made in NSCLCs treatment
recent years, 5-year survival rate after surgery is less
than 18%. Unfortunately, the majority of NSCLCs
patients have been diagnosed with a late stage of
cancer and lose the best chance for operative
treatment [3]. Therefore, it is necessary to find more
effective diagnostic and therapeutic targets for

NSCLCs.

Annexin A2 (also called ANXA2) is mainly
expressed in endothelial cells. It exists not only as a
soluble monomer in cytoplasm, but also as a complex
associated with cellular membranes [4, 5]. It always
combines with S100A10 to form a tetramer which
promotes plasmin generation [6, 7]. As a result,
Annexin A2 normally contributes to clearance of
fibrin formation on the blood vessel surface in the case
of minor vascular injury [8]. Intriguingly, high
expression of Annexin A2 has been found in various
types of cancer including ovarian cancer [9],
hepatocellular carcinoma [10], laryngeal cancer [11]
and so on, and is correlated with poor tumor
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prognosis. Extensive researches demonstrate that
Annexin A2 plays important roles in tumor
proliferation, invasion and metastasis [12-14].
However, the exact function and mechanism of
Annexin A2 in tumor progression of NSCLCs need to
be further determined.

In the present study, we found that Annexin A2
was overexpressed in human NSCLCs cell lines and
NSCLCs tissues. Knockdown of Annexin A2
significantly ~suppressed cell proliferation and
invasion of NSCLCs cells, and the biological effect of
Annexin A2 on proliferation and invasion was
mediated by the inhibition of p53, which in turn,
promoted cell cycle progression and EMT.

Materials and Methods

Cell lines and cell culture

Lung cancer cell line A549 (CCL-185), H460
(HTB-177), H1299 (CRL-5803), H1975 (CRL-5908) and
normal lung epithelial cell line Beas-2B (CRL-9609)
were all obtained from ATCC. Cells were cultured in
RPMI 1640 medium (Gibco, Thermo Fisher Scientific,
USA) supplemented with 10% fetal bovin serum
(Gibco, Thermo Fisher Scientific, USA), 100U/ml
penicillin, and 10pg/ml streptomycin at 37°C in a 5%
CO; atmosphere.

Antibodies

Antibodies for Annexin A2, f-actin, p53,
Vimentin, E-cadherin, N-cadherin, Zebl, Snail and
Slug were all from Cell Signaling Technology (USA).
Antibodies for p21, p27, Cyclin B1, CDK1 and CDK2
were all from Santa Cruz Biotechnology (USA).

Western blot assay

Western blot assay was mainly performed as the
method in reference [15]. Cells were harvested and
proteins were extracted using RIPA buffer (50 mM
Tris-Cl, pH 8.0, 150 mM NaCl, 5 mM EDTA, 0.1% SDS,
1% NP-40) supplemented with protease inhibitor
cocktail. Cell lysates were centrifuged at 12000 rpm
for 30 min at 4 °C, supernatants were saved, and
protein concentrations were determined by BCA
protein assay (Thermo Fisher Scientific, USA). 50pg of
protein samples were loaded per well and separated
on  SDS-polyacrylamide gels, and then
electrophoretically transferred onto PVDF
membranes. Following blocking with 5% non-fat milk
at room temperature for 2h, membranes were
incubated with primary antibodies overnight at 4 °C
and further incubated with secondary horseradish
peroxidase-conjugated antibodies. Finally, protein
bands were detected with the enhanced
chemiluminescence western blot detection kit
(Engreen Biosystem, China).

Immunohistochemistry

71 tumor tissues and 20 adjacent normal tissues
were obtained from NSCLCs patients who underwent
complete resection in the Affiliated Hospital of
Guangdong Medical University between 2011 and
2013. Follow-up information was obtained from
review of the patients’ medical record. This study was
approved by the Ethics Committee of Guangdong
Medical University.

Paraffin-embedded sections were dewaxed in
xylene, rehydrated through graded alcohol and
placed in an endogenous peroxide block for 15 min.
Antigen retrieval was done using a microwave in
0.01M (pH 6.0) citrate buffer. Nonspecific staining
was blocked by goat serum for 20 min. Annexin A2
rabbit polyclonal antibody (1:100 dilutions) was
applied. Subsequent operations were conducted using
IHC kit (UNLV, China).

The intensity of Annexin A2 staining was scored
as 0 (no signal), 1 (weak), 2 (moderate), and 3
(marked). Percentage scores were assigned as 1,
1-25%; 2, 26-50%; 3, 51-75%; and 4, 76-100%. The
scores of each tumor sample were multiplied to give a
final score of 0-12, and the tumors were finally
determined as negative (—), score 0; lower expression
(+), score <4; moderate expression (++), score 5-8; and
high expression (+++), score =9. An optimal cutoff
value was identified: a staining index of five or
greater was used to define tumors of high expression,
and four or lower for low expression.

RNA interference and plasmid transfection

Annexin A2 shRNA-lentivirus vectors and a
non-targeting control shRNA were obtained from
GeneCopeia (Guang zhou, China). HEK293FT cells
were co-transfected with lentivirus and packaging
vectors using Lipofectamine 2000. After 48 hours,
media containing lentiviruses were harvested and
filtered through 0.45 pm syringe filters. Lentiviruses
were transduced in 50% confluent A549 or H460 cells.
Annexin A2 stable knockdown A549 or H460 cells
were selected by puromycin (1 pg/mL).

The small-interfering RNA (siRNA) targeting
p53 (SignalSilence® p53 siRNA 1 #6231) were from
Cell Signaling Technology (USA). A549 cells were
plated into 6-well plate at a density of 1.5%105 cells per
well. After 24 hours of incubation, negative control
siRNA, siRNAs targeting p53 were transiently
transfected to A549 cells with Lipofectamine 2000
Transfection Reagent (Invitrogen, USA) and
incubated for 48 h.

BrdU incorporation assay

Ab49 or H460 cells were transfected with
Annexin A2 shRNA or control shRNA for 24h, then
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treated with 0.03 mg/ml BrdU (Thermo Fisher
Scientific, USA) for 12 h, at 37 °C, fixed with 4%
paraformaldehyde, washed in 01 M PBS
(phosphate-buffered saline, pH 7.4) with 1% Triton
X-100, and incubated with 1 M Hcl (hydrochloric acid)
and 2 M Hcl. A borate buffer (0.1 M) was added and
cells were blocked with 5% normal goat serum in 0.1
M PBS in the presence of 1% Triton X-100, 1.0 M
glycine. The cells were sequentially incubated with
anti-BrdU and secondary antibodies.

Cell proliferation assay

A549 or H460 cells were seeded into 6-well
plates and then transfected with Annexin A2 shRNA
or control shRNA, cell numbers were counted after 0,
24, 48, 72 and 96 h of incubation using a Coulter
Counter (Beckman Coulter, Fullerton, CA, USA) in
triplicate.

Colony formation assays

A549 or H460 cells were transfected with
Annexin A2 shRNA or control shRNA for 24 h. About
500 cells were seeded per well in six-well-plates. After
14 days, the cells were fixed in methanol and stained
with 0.2% crystal violet. Number of colonies was

counted using Quantity One software (Bio-Rad,
Hercules, CA, USA).

Cell Cycle Analysis

A549 or H460 cells were transfected with
Annexin A2 shRNA or control shRNA for 3 days. The
cell cycle was detected using nuclear propidium
iodide (Sigma-Aldrich, USA) staining, then analyzed
using flow cytometry (BD Biosciences, USA) with
excitation set at 488 nm and emission detected at the
FL-2 channel (565-610 nm). Distribution of cells in
different phases of the cell cycle was calculated using
Flow]Jo software (TreeStar, Ashland, OR, USA).

Cell invasion assay

The polycarbonate filters (Thermo Fisher
Scientific, USA) were pre-coated with Matrigel Matrix
(BD Biosciences, USA). A549 or H460 cells (1x10°)
transfected with control shRNA or Annexin A2
shRNA for 24 h were suspended in 150pl serum free
RPMI 1640 and then added into the upper chamber,
while 600pul of complete media was added to the
lower chamber. After 24h of incubation, the cells
migrated through the matrigel and adhered onto the
lower chamber were fixed in 4% paraformaldehyde
for 20min, stained with Mayer’s hematoxylin
(Sigma-Aldrich, USA) and counted under microscope
(five fields per chamber). Each invasion assay was
carried out in triplicate and repeated in three
independent experiments.

Wound healing scratch assay

A549 or H460 cells transfected with control
shRNA or Annexin A2 shRNA for 24 h were grown as
monolayers in triplicates in 12-well plates
(2x105/well). Cells were then serum-starved
overnight and an artificial scratch wound was created.
Cell debris was removed by washing with PBS. Cell
migration at indicated time was photographed.

Statistical analysis

Statistical analyses were performed using
GraphPad Prism6 software (GraphPad Software Inc.,
CA). Unpaired ¢ tests were used to determine
statistical significance. Values shown are the Means +
SD. Kaplan-Meier method was used to analyze the
survival curves for patients. Statistical significance
was defined as p < 0.05.

Results

Annexin A2 is overexpressed and associated
with poor prognosis in human NSCLCs

We first examined Annexin A2 expression in a
panel of 4 human NSCLCs lines and 1 normal human
lung epithelial cell line BEAS-2B. Western blot results
showed that there was almost no Annexin A2
expression in normal lung epithelial cells Beas-2B, but
abundant expression of Annexin A2 in NSCLCs cells
(Figure 1A). We further detected the expression of
Annexin A2 in NSCLCs tissues by IHC in 72 NSCLCs
specimens and 20 adjacent normal tissues, the results
showed that Annexin A2 was high expressed in lung
cancer tissues compared with adjacent normal tissues
(Figure 1B-C). Next, we analyzed the relationship
between Annexin A2 expression levels and clinic
pathological characteristics. As shown in Table 1, no
statistically significant correlations were observed
between the expression of Annexin A2 and age, or
gender. However, statistically significant correlations
were found between high levels of Annexin A2
expression and clinical stage, as well as lymph node
metastasis (p<0.01). Kaplan-Meier survival analysis
demonstrated that NSCLCs patients with high
Annexin A2 expression had poorer overall survival
than those with low Annexin A2 expression
(p=0.0455) (Figure 1D). Altogether, our present data
suggest that Annexin A2 is overexpressed in NSCLCs
and high level of Annexin A2 expression is a predictor
of progression and poor prognosis of NSCLCs.

Knockdown of Annexin A2 inhibits NSCLCs
cell proliferation
To investigate the biological effect of Annexin A2

deregulation on NSCLCs cells, lentivirus-based
shRNA was used to silence Annexin A2 in NSCLCs
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cells A549 and H460 (Figure 2A). Using BrdU
incorporation assays and direct cell counting, we
found that Annexin A2 silencing significantly
inhibited cell proliferation in A549 and H460 cells
(Figure 2B-C). Moreover, colony formation assay also
revealed that Annexin A2 knockdown remarkably
decreased the colony number of the A549 and H460
cells (Figure 2D-E). To further explore the mechanism
by which Annexin A2 promoted the cell proliferation,
we investigated the cell cycle by PI staining and flow
cytometric analysis. Results showed that Annexin A2
knockdown significantly decreased the cell number in
G1 phase and increased the cell number in G2 phase
in A549 and H460 cells (Figure 3A-B). Moreover,
western blot results indicated that Annexin A2
deficiency upregulated the expression of CKI p21 and
p27, and downregulated the expression of CDK1,
CDK2 and Cyclin Bl (Figure 3C-D). Together, these
results suggest that knockdown of Annexin A2

AR
A RGN

Annexin A2

Adjacent normal

inhibits cell proliferation by inducing cell cycle G2
arrest in NSCLCs cells.

Table 1. Correlation between the clinical pathologic features of
NSCLCs patients and expression of Annexin A2

Characteristics Number of Annexin A2 expression P-value=
patients (n=71) Low (n=21) High (n=50)

Age

<50 38 1 27 0.436

>50 33 10 23

Gender

Male 52 16 36 0.579

Female 19 5 14

Clinical stage

I 16 8 8 <0.010

Il 35 10 25

TI+1v 20 3 17

Lymph node metastasis

NO 32 14 18 <0.01¢

N1-3 39 7 32

aX2 test.

bComparing clinical stages I versus II, ITI-IV.
eComparing Lymph node metastasis NO versus N1-3.
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Figure 1. Annexin A2 is overexpressed and associated with poor prognosis in human NSCLCs. (A) Annexin A2 expression in Beas-2B, A549, H460, H1299 and
HI1975 cells was analyzed by Western blot. -actin was employed as an inner control. (B) Representative immunohistochemical staining examples of Annexin A2 protein
expression in adjacent normal tissues and NSCLCs tissues (100%, 400x). The NSCLCs tissue sections were quantitatively scored according to the percentage of positive cells and
staining intensity as described in Materials and Methods. The percentage and intensity scores were multiplied to obtain a total score (range, 0—12), and the tumors were finally
determined as negative (—), score 0; lower expression (+), score <4; moderate expression (++), score 5-8; and high expression (+++), score 29. (C) Annexin A2 protein scores
in NSCLC:s tissues and adjacent normal tissues. **p<0.01. (D) Kaplan—Meier OS curves of 71 NSCLCs patients relative to different expression levels of Annexin A2, p=0.0455.
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Figure 2. Knockdown of Annexin A2 inhibits proliferation of NSCLCs cells. (A) A549 or H460 cells were transfected with Annexin A2 shRNA or control shRNA,
Annexin A2 expression was analyzed by Western blot. 3-actin was employed as an inner control. (B) A549 or H460 cells were transfected with Annexin A2 shRNA or control
shRNA, cell proliferation was detected by BrdU incorporation assay. *p<0.05. (C) A549 or H460 cells were transfected with Annexin A2 shRNA or control shRNA, cell numbers
were counted at indicated time by Coulter Counter. ¥p<0.05. (D-E) A549 or H460 cells were transfected with Annexin A2 shRNA or control shRNA. After 14 days, the cells
were fixed in methanol and stained with crystal violet. Colonies were photographed and counted. *p<0.05.

Knockdown of Annexin A2 suppresses invasion
and migration of NSCLCs cells

We further evaluated the effect of Annexin A2
silencing on invasion and migration of NSCLCs cells.
Transwell assay showed that knockdown of Annexin
A2 drastically reduced the invasive ability of A549
and H460 cells compared with that of the control
(Figure 4A-B). Wound healing scratch assay also
demonstrated that knockdown of Annexin A2
significantly decreased the migratory speed of H460
cells (Figure 4C). Furthermore, we evaluated the
effects of Annexin A2 on the expression of several
EMT-related markers. Western blot results showed
that Annexin A2 silencing downregulated the
expression of Vimentin and N-cadherin, but
upregulated the expression of E-cadherin.
Correspondingly,  expression of EMT-related
transcription factor Snail was significantly decreased
in Annexin A2-knockdown cells, while expression of
Zebl and Slug had no marked change (Fig. 4D-E).
These results suggest that Annexin A2 silencing

suppresses invasion and migration of NSCLCs cells
via inhibition of EMT.

Knockdown of Annexin A2 induces cell cycle
G2 arrest and suppresses EMT via inhibition of
p53

Previous studies indicate that Annexin A2
inhibits p53 expression [16]. Indeed, we found that
Annexin A2 silencing remarkably increased p53
protein expression (Figure 5A-B). To evaluate
whether knockdown of Annexin A2 induced cell cycle
G2 arrest and EMT suppression were due to inhibition
of p53, Annexin A2-knockdown cells were transfected
with p53-specific small interfering RNA (p53 siRNA).
The results showed that knockdown of p53
significantly decreased the expression of p27 in
Annexin A2-knockdown cells (Figure 5C-D). More
importantly, Annexin A2 shRNA-induced cell cycle
G2 arrest was abolished by knockdown of p53 (Figure
5E-F). Moreover, co-transfection with p53 siRNA and
Annexin A2 shRNA upregulated the expression of
N-cadherin, but downregulated the expression of
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E-cadherin compared with transfection with Annexin
A2 shRNA alone in A549 cells (Figure 5C-D).
Meanwhile, knockdown of p53 significantly increased
the amount of invasive cells in Annexin
A2-knockdown cells (Figure 5G-H). These results
indicate that knockdown of Annexin A2 induces cell
cycle G2 arrest and suppresses EMT via inhibition of
p53 in NSCLCs.

Discussion

In this study, our data provided the evidences
that Annexin A2 was overexpressed in NSCLCs and
deregulation of Annexin A2 played an oncogenic role
in promoting cancer progression. We found that high
expression of Annexin A2 was correlated with
advanced clinical stage and lymph node metastasis, as

well as adverse clinical outcomes. Furthermore, our
results demonstrated that knockdown of Annexin A2
induced cell cycle G2 arrest and inhibited EMT via
p53-dependent manner.

Annexin A2 overexpression in patients with
various solid tumors, including lung cancer [16],
colorectal cancer [17], pancreatic cancer [18, 19], breast
cancer [20] and hepatocellular cancer [21], shows
promising therapeutic implications and determines
poor clinical outcome. Our present study confirmed
that Annexin A2 was high expressed in NSCLCs.
Notably, we found that high Annexin A2 expression
was strongly correlated with the clinical stages and
lymph node metastasis in NSCLCs, which suggested
that Annexin A2 was closely associated with NSCLCs
progression.
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Figure 3. Knockdown of Annexin A2 induces G2 arrest in NSCLCs cells. (A) A549 or H460 cells were transfected with Annexin A2 shRNA or control shRNA, the cell
cycle stages were determined using Pl staining followed by flow cytometry 3 days post-transfection. One representative data set is shown. (B) Distribution of cells in different
phases of the cell cycle is shown from three individual experiments. ¥p<0.05. (C) A549 or H460 cells were transfected with Annexin A2 shRNA or control shRNA, expression
of p21, p27, Cyclin Bl, CDK1 and CDK?2 was analyzed by Western blot. 3-actin was employed as an inner control. (D) Bands of Western blot were analyzed by Image] software.

Results were obtained from the ratio of target band to B-actin. ¥p<0.05.
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Several studies show that aberrant Annexin A2
expression has oncogenic effects, including promoting
cancer cell proliferation[16], inhibiting cell apoptosis
[22] and increasing drug resistance [15, 23]. In this
study, our results showed that Annexin A2
knockdown significantly reduced cell proliferation
properties and colony formation in NSCLCs cells.
More importantly, we found that Annexin A2
knockdown significantly increased the expression of
p21 and p27, but decreased the expression of CDK1,
CDK2 and Cyclin B1, which in turn induced cell cycle
arrest at G2-phase. These results were consistent with
previous studies, showing that Annexin A2
knockdown induced cell cycle arrest in A549 cells
[16].

Annexin A2 has also been shown to play an
important role in cancer cell invasion and metastasis,
thus playing a crucial role in cancer development [24,
25]. We found that downregulation of Annexin A2
significantly inhibited NSCLCs cell invasion. The
effect of Annexin A2 on promoting the invasiveness of
NSCLCs cells was verified by the IHC results, which
showed a significant correlation between Annexin A2

expression and lymph node metastasis in NSCLCs.
EMT, characterized by the loss of epithelial
characteristics and the acquisition of mesenchymal
phenotypes, plays an important role in cancer
invasion and metastasis [26]. Indeed, we found that
knockdown of Annexin A2 significantly suppressed
EMT of NSCLCs cells, with the evidence of increasing
the expression of epithelial marker E-cadherin, and
decreasing the expression of mesenchymal marker
(N-cadherin), thereby decreasing cell motility and
invasion.

Previous studies show that Annexin A2
knockdown could inactivate JNK which negatively
regulates p53 through c-Jun stabilization, thereby
causing p53 upregulation [27-29]. p53 is a well-known
tumor suppressor in regulating cell cycle progression
[30]. Moreover, wild-type p53 could reduce the
expression of snail [31-34], while p53 mutation
enhances snail expression by inhibiting its
degradation [35]. Thus, the study was further
investigated to determine whether p53 played a role
in Annexin A2 shRNA-mediated cell cycle arrest and
EMT inhibition in NSCLCs cells. Strikingly, our
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results indicated that silencing of Annexin A2
induced cell cycle G2 arrest and inhibited EMT
through a p53-dependent pathway, with the evidence
that knockdown of p53 in Annexin A2-silencing
NSCLCs cells reversed the effects of Annexin A2
shRNA on cell cycle arrest and EMT inhibition. Of

insights into several potential candidates, such as
NF-kB and p-catenin, involving in Annexin
A2-mediated cancer progression [36-38], whether
these candidates play a role in Annexin A2-induced
cell proliferation and invasion should be further
investigated.

course, recent studies have provided important
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Figure 5. Knockdown of Annexin A2 induces cell cycle G2 arrest and suppresses EMT via inhibition of p53. (A) A549 or H460 cells were transfected with Annexin
A2 shRNA or control shRNA, p53 expression was analyzed by Western blot. 3-actin was employed as an inner control. (B) Bands of Western blot were analyzed by Image)
software. Results were obtained from the ratio of target band to B-actin. *p<0.05. (C) A549 cells were transfected with control shRNA, Annexin A2 shRNA or Annexin A2
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Conclusions

In summary, the results of this study show that
Annexin A2 overexpression is an important molecular
event that plays an oncogenic role in NSCLCs.
Inhibition of Annexin A2 suppresses NSCLCs cell
proliferation and invasion through activating p53
pathway, which in turn induces cell cycle arrest and
inhibits EMT. Therefore, Annexin A2 could serve as a
potential prognosis marker and a novel therapeutic
target for NSCLCs.
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epithelial-to-mesenchymal transition; CKIL: cyclin-
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