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Knockdown of ANXA1 suppresses the biological
behavior of human NSCLC cells in vitro
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Abstract. Annexin A1 (ANXAI) is a member of the annexin
superfamily. Previous studies have reported that ANXAI1
is highly expressed in various types of malignant tumor;
however, its role in the progression of non-small cell lung
cancer (NSCLC) remains to be fully clarified. The present
study aimed to investigate the oncogenic role of ANXALI in
NSCLC cells in vitro. RNA interference was used to down-
regulate ANXAI expression in A549 and H1299 cells using
a small interfering RNA lentiviral vector. Subsequently, cell
proliferation and migration were detected using Cell Counting
kit-8, clone formation, wound healing and Transwell chamber
assays. Successful transfection was confirmed using fluo-
rescence microscopy, which demonstrated that ANXAI1 had
been efficiently inhibited. ANXA1 knockdown suppressed
the proliferation, migration and invasion of NSCLC cells. In
conclusion, the present study provided evidence suggesting
that ANXA1 may contribute to the growth and invasion of
NSCLC cell lines, and ANXA1 may be exploited as an in vitro
therapeutic target for the treatment of NSCLC.

Introduction

Lung cancer is the leading cause of cancer-associated
mortality worldwide. Non-small cell lung cancer (NSCLC)
accounts for 80% of lung cancer cases, and the reported overall
5-year survival rate is <5% (1). The main factors associated
with NSCLC are tumor invasion and metastasis; therefore,
a better understanding regarding the cellular and molecular
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mechanisms underlying metastatic dissemination of NSCLC
cells is required.

Annexin Al (ANXAI1) is a member of the annexin
superfamily of calcium and phospholipid-binding proteins,
which has been detected in various organisms, including
vertebrates, invertebrates and plants (2). ANXAI is an
endogenous mediator of the anti-inflammatory effects of
glucocorticoids, which acts via the inhibition of phospholi-
pase A2 (3). Functionally, ANXAT1 has been reported to be
involved in intracellular signaling, cell growth and cell differ-
entiation (4). Growing evidence has suggested that ANXAI
contributes to the pathological consequence and sequelae
of a number of severe human diseases, including cancer (5).
As a potential marker for malignant progression, ANXA1
expression levels have been demonstrated to be upregulated
in breast cancer (6), and knockdown of ANXAI1 by specific
small interfering (si)RNA resulted in a significant reduction in
the invasiveness of breast cancer cells (7). The expression of
ANXAL protein is also upregulated in human hepatocellular
carcinoma (5). Furthermore, a previous study demonstrated
that ANXA1 was overexpressed in melanoma, and may
promote metastasis via formyl peptide receptor stimulation
and matrix metalloproteinase 2 expression (8,9). ANXAI
expression is also dysregulated in esophageal squamous cell
carcinoma (10). As a novel mechanism of post-transcriptional
regulation, microRNA (miR)-196a targets ANXA1 expres-
sion, and miR-196a has been identified as a marker of
esophageal cancer (11). Upregulation of ANXAI1 expression
is correlated with increased recurrence rate and decreased
overall survival in esophageal cancer (12). Furthermore, the
expression of ANXAI has been reported to be dysregulated in
prostate carcinogenesis, resulting in enhanced tumor aggres-
siveness via the upregulation of interleukin-6 expression and
activity (13). These previous studies have reported diverse
roles of ANXAL in various types of human cancer; however,
the relevant biological function of ANXA1 in NSCLC remains
to be elucidated.

The present study aimed to investigate the effects of
ANXAT1 on NSCLC, and determine the effects of ANXAI1
knockdown on cell proliferation and metastatic ability.
The aim of this study was to evaluate the relationship
between ANXAI1 expression and the biological function
of NSCLC.
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Materials and methods

Ethics statement. The present study was approved by the
institutional review board (CWO) of Guangzhou Medical
University (Guangzhou, China). All patients provided written
informed consent.

Tissue collection. Lung tumor tissue samples were
harvested from 10 patients (aged, 64.9+6.8 years; male, n=8;
female, n=2) at the Cancer Center of Guangzhou Medical
University on July 15,2014 during surgery. Matched healthy
paracarcinoma tissue samples were also harvested from
normal lung tissue.

Cell culture. The human NSCLC cell lines (BEAS-2B,
A549, H460, H1299, 95D, H520 and PAa) and 293T cells
were purchased from American Type Culture Collection
(Manassas, VA, USA). All cells were cultured as monolayers
in RPMI-1640 (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) supplemented with 10% heat-inactivated
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.), 100 U/ml penicillin and 100 mg/ml streptomycin
(Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) in
a humidified atmosphere containing 5% CO, at 37°C.

Preparation of ANXAI siRNA lentiviral vectors. The siRNA
duplexes targeting ANXAI (accession number, NM_000700)
were designed online (http://rnaidesigner.invitrogen.
com/rnaiexpress/rnaiexpress.jsp). The sequences are shown
in Table I. Hairpin DNA oligomers were synthesized and
annealed. According to the manufacturers protocol (Takara
LA Tagq; Takara Bio, Inc., Otsu, Japan), each PCR reaction
mixture (10 ul) contained the following reagents: 5 ul 10X
LA PCR Buffer II, 1.6 ul ANTP mixture, 0.2 uM of each
primer (forward: 5'-AGC GTC AAC AGA TCA AAG CAG
CAT-3' and reverse: 5-AGA CCC TGT TAA TGT CTC TGA
TTT-3"), 1.0 ul LA Taq and 171 ng genomic DNA. The PCR
cycling conditions were as follows: Initial denaturation at
94°C for 5 min followed by 30 cycles with denaturation at
98°C for 10 sec, annealing at 55°C for 30 sec, extension at
72°C for 60 sec; then a final extension at 72°C for 10 min.
All PCR products were purified and sequenced by Sangon
Biotech Co., Ltd. (Shanghai, China) using the ABI 3730XL
DNA Sequencer (Applied Biosystems, Foster City, CA, USA).
The annealed double-stranded siRNA oligonucleotides were
then cloned into a GVI115 (Shanghai Genechem Co., Ltd.,
Shanghai, China) lentiviral vector that was driven by the
U6 promoter and carried the transgene for green fluorescent
protein. A control siRNA unrelated to human gene sequences
was used as a negative control (5-TTCTCCGAACGT
GTCACGT-3") (NC). The accuracy of the inserted vector
sequences was verified by sequencing. The most efficient
recombinant vector was selected following transfection of
A549 cells with LV-ANXA1-RNAi-A, LV-ANXA1-RNAi-B
and LV-ANXA1-RNAi-C. After around 24 h, single
cells were transfected using an established protocol
(Lipofectamine® 2000 Reagent kit; Invitrogen; Thermo Fisher
Scientific, Inc.), Briefly, cells were exposed to 30 nM concen-
tration of either scrambled siRNAs (Shanghai Genechem
Co., Ltd.) and diluted in Opti-MEM (Life Technologies;
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Thermo Fisher Scientific, Inc.) along with DharmaFECT (GE
Dharmacon, Lafayette, CO, USA) in transfection medium
(complete RPMI medium without antibiotics and BSA). Cells
were incubated with these transfection complexes for 24 h
and then the medium was changed back to complete RPMI.
After 4 days, the protein was harvested and extracted using
lysis buffer and inhibition levels were detected using western
blotting. The selected vector was subsequently denoted as
ANXAT siRNA. The 293T cells were infected with ANXAL1
siRNA and NC Ilentiviral vectors using virion-packaging
elements (pHelper 1.0 and pHelper 2.0; Shanghai Genechem
Co.,Ltd.) (14). ANXAI1 siRNA and the NC vector were sepa-
rately cotransfected into 293T cells with packing plasmids
by calcium phosphate precipitation. Following a 24 h culture,
the viral supernatant of each clone was collected and the
viral titer was measured according to standard protocols.

Selection of cells in which lentiviral vectors exhibit stable
expression. The 293T cells were washed and resuspended in
complete medium following transfection. Stable cell lines
containing ANXAT1 siRNA and NC lentiviral vectors were
selected and 25 pg/ml puromycin was added to the medium.
Following 6 weeks of culturing in the presence of puromycin,
the remaining cells were isolated and transferred into 24-well
dishes. An aliquot of the selected clones was removed for
subsequent experimentation, and the remaining clones were
frozen for future use.

Transfection of A549 and HI1299 cells with ANXAI siRNA.
A549 and H1299 cells were subcultured into 6-well plates,
at a density of 8x10*cm? in a volume of 1 ml. Subsequently,
3.2x10° TU/ml lentiviral vector and NC-infected cells,
together with 10 ul polybrene. The cells were allowed to
adhere overnight in serum-containing antimicrobial-free
RPMI-1640 medium in an atmosphere containing 5% CO, at
37°C. After 24 h, the transduction medium was replaced with
serum-containing medium.

RNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was extracted
from the cells using TRIzol® (Invitrogen; Thermo Fisher
Scientific, Inc.), according to the manufacturer's protocol.
Approximately 1 pg total RNA was used to generate
cDNA using the Primescript RT-PCR kit (Takara Bio, Inc.).
According to the manufacturers protocol, each RT reaction
mixture (10 pl) contained the following reagents: 2 ul 5X
primescript buffer, 0.5 ul primescript RT enzyme mix I,
0.5 ul oligo-dT primer (50 uM), 0.5 ul random 6 mers
(100 gkM) and 500 ng genomic DNA. The conditions were as
follows: 37°C for 15 min, 85°C for 5 sec and 4°C for 10 min.
All PCR products were synthesized by Biometra (Gottingen,
Germany). The following primers (Takara Bio, Inc.) were
used in the present study: ANXAL, upstream 5-AGCGTC
AACAGATCAAAGCAGCAT-3', downstream 5'-AGACCC
TGTTAATGTCTCTGATTT-3"; and glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH), upstream 5'-CCATCACCA
TCTTCCAGGAG-3' and downstream 5'-CCTGCTTCACCA
CGTTCTTG-3". According to the manufacturers protocol
(SYBR® Premix Ex Tag™ 1I; Tli RNaseH Plus; Takara Bio
Inc., Japan), each PCR reaction mixture (25 ul) contained
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Table I. Sequences of ANXA1 siRNA.

siRNA Accession no. Target sequence CDS GC %
LV-ANXA1-RNAi-A NM_000700 ATTCTATCAGAAGATGTAT 75..1115 26.32
LV-ANXA1-RNAi-B NM_000700 CTTGTATGAAGCAGGAGAA 75..1115 42.11

LV-ANXA1-RNAi-C NM_000700 AGCGCAATTTGATGCTGAT 75..1115 42.11

LV-ANXA1-RNAi-NC TTCTCCGAACGTGTCACGT

siRNA, small interfering RNA; ANXA1, annexin Al; CDS, coding region.
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Figure 1. Relative expression levels of annexin A1 (ANXA1) in non-small cell lung cancer (NSCLC) tissues and cell lines. (A) Western blotting indicated that
ANXAL expression was markedly increased in NSCLC tissues. ‘P<0.05, “P<0.01 vs. normal lung tissues. (B) Quantitative polymerase chain reaction analysis
indicated that the mRNA expression levels of ANXA1 were upregulated in NSCLC tissues. (C) ANXALI protein expression levels were increased in NSCLC cell
lines. (D) ANXA1 mRNA expression levels were downregulated in the normal cell line. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and p-tubulin
were used as endogenous controls. Data are presented as the mean + standard deviation for triplicate determinations. “P<0.05, “P<0.01 vs. 16HBE cells.

the following reagents: 12.5 ul 2X SYBR Premix Ex Taq
II, 1.0 pl PCR forward primer (10 M), 1.0 ul PCR reverse
primer (10 M), 0.5 u1 50X Reference Dye Il and 2 ul genomic
DNA. PCR was performed using the Applied Biosystems
7500 Fast Real-Time PCR System (Applied Biosystems,
Foster City, CA, USA). PCR was performed using Platinum
Taq polymerase (Invitrogen; Thermo Fisher Scientific, Inc.)

under the following conditions: 37°C for 15 min, 85°C for
5 sec followed by 40 cycles at 95°C for 30 sec, 95°C for 5 sec,
60°C for 34 sec, 95°C for 15 sec, 60°C for 1 min and 95°C
for 15 sec. GAPDH was amplified as an internal control.
Data were analyzed using the comparative quantification
cycle method (2-24€9) (15). Three separate experiments were
performed.
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Figure 2. Establishment and functional analyses of annexin Al (ANXA1) knockdown cells. (A and B) Total cellular proteins were extracted following trans-
duction with three small interfering (si) RNA vectors. The most efficient recombinant vector was selected for further experimentation: LV-ANXAI-RNAi-A.
(C) After stable transduction the cells were observed under a fluorescence microscope (magnification, 100x). (D) ANXA1 protein expression was markedly
inhibited in the A549 ANXAI1 siRNA group, as determined by western blotting. (E) Quantification of ANXAI protein expression in A549 cells. (F) Western
blotting indicated that ANXAT1 expression was markedly decreased in the HI299 ANXA1 siRNA group. (G) Quantification of ANXAI protein expression in
H1299 cells. B-actin was used as an endogenous control. Data are presented as the mean + standard deviation for triplicate determinations. "‘P<0.05, compared

with the control siRNA and untreated groups.

Western blot analysis. Cells from each group were harvested
and proteins were extracted using lysis buffer [1 ml 1 mol/l
Tris-HCI, 4 ml 10% sodium dodecyl sulphate (SDS), 40 ul
0.5 mol/l EDTA, 10 ul protease inhibitor and 14.96 ml
ddH,0]. The protein content was quantified using a Pierce
BCA Protein Assay kit (Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. Briefly, a working
reagent was prepared by mixing 50 parts of BCA Reagent
A and 1 part BCA Reagent B. The PRP pellet was resus-
pended into 25 ul of mammalian protein extraction reagent,
and 200 ul of working reagent was added to the solution.
After 30 min of incubation, the absorbance was measured at
562 nm on a BioTek Synergy 2 96-well plate reader (BioTek,
Winooski, VT, USA) and converted to a concentration using

a calibration curve. Cell extracts were boiled for 5 min in
loading buffer, and an equal amount of protein (40 pg) was
separated by 10% SDS-polyacrylamide gel electrophoresis
(PAGE). Separated protein bands were transferred onto
nitrocellulose membranes (8-pm pores; Millipore, Billerica,
MA, USA) and the membranes were blocked in 5% skimmed
milk powder. Standard western blotting was performed using
a rabbit polyclonal anti-ANXAT1 antibody (cat. no. ab137745;
1:1,000 dilution; 4°C for 16 h; Abcam, Cambridge, UK) and
a horseradish peroxidase-conjugated rabbit anti-rat [gG H&L
polyclonal antibody (cat. no. ab6734; 1:5,000 dilution; at room
temperature for 1 h; Abcam). Equal protein sample loading
was monitored by probing the same membrane filter with
mouse monoclonal anti-B-actin antibody (cat. no. ab6276;
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Figure 3. Annexin Al (ANXAI) small interfering (si)RNA inhibits cell proliferation and clone formation in A549 and H1299 cells. (A) Clone formation assay
of each group. Quantification of clone forming ability of (B) A549 cells and (C) H1299 cells. Proliferation of (D) A549 cells and (E) H1299 cells, as detected
by Cell Counting kit-8 assay. Data are presented as the mean + standard deviation for triplicate determinations. "P<0.05, compared with the control siRNA and

untreated groups. OD, optical density.

1:5,000 dilution; at 4°C for 16 h; Abcam), rabbit polyclonal
anti-GAPDH antibody (cat. no. ab70699; 1:2,000 dilution;
4°C for 16 h; Abcam) and rabbit polyclonal anti-tubulin
antibody (cat. no. ab150729; 1:1,000 dilution; 4°C for 16 h;
Abcam), which was used as an internal control. Blots were
visualized using enhanced chemiluminescence (Millipore)
and were exposed to chemiluminescent film (Pierce; Thermo
Fisher Scientific, Inc.). Data were measured using ImageJ
1.48u software (National Institutes of Health, Bethesda, MD,
USA).

Wound healing assay. Transduced cells were incubated
until they had reached 90-100% confluence. The cells were
scratched using a P-10 pipette tip, and were then incubated
for various durations. Phase contrast images were captured
at 0 and 24 h using a Nikon microscopy system (Nikon
Eclipse Ti-s; Nikon Corporation, Tokyo, Japan). The wound
healing distance was measured using ImageJ software (1.48u;
National Institutes of Health). All assays were conducted in
triplicate, and the mean values were calculated.

Migration and invasion assays. The migratory ability of
human A549 and H1299 NSCLC cells transduced with
ANXAI siRNA and NC siRNA vectors was determined using
Corning Transwell insert chambers (Corning, Inc., Corning,
NY, USA). Briefly, during the logarithmic growth phase, cells
were trypsinized with 1X trypsin, and were resuspended in
200 ul (2x10° cell/ml) serum-free RPMI-1640 medium. The
cells were placed in the upper chamber of the insert without
Matrigel. Medium containing 5% FBS was added to the lower
chamber as a chemoattractant. Following a 24 h incubation,
the cells on the upper membrane were carefully removed, and
cells that had migrated through the membrane were manually
counted at 200x magnification from 10 fields per filter using a
Nikon microscope (Nikon Eclipse Ti-s; Nikon Corporation).
All experiments were independently repeated at least three
times.

The invasive ability of human A549 and H1299 NSCLC
cells transduced with ANXAT1 siRNA and NC siRNA vectors
was determined using Matrigel-coated cell culture chambers
(8 um pore size; EMD Millipore, Billerica, MA, USA). Briefly,
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Figure 4. Annexin Al (ANXAI1) small interfering (si)RNA inhibits wound healing in A549 and H1299 cells. (A) Cell migration was determined using a wound
healing assay (magnification, x4). Quantification of wound area changes 0 and 24 h after scratch damage in (B) A549 and (C) H1299 cells. Data are presented
as the mean + standard deviation for triplicate determinations. “P<0.05, compared with the control siRNA and untreated groups.

the cells were transduced and cultured to ~90% confluence
in 24-well dishes. Subsequently, the cells were resuspended
in 200 ul (1x10° cell/ml) serum-free RPMI-1640 medium
and were placed in the upper chamber of the insert with
Matrigel. Medium containing 5% FBS was added to the lower
chamber as a chemoattractant. Following a 24 h incubation,
the cells that remained on the upper membrane were carefully
removed. Cells that had invaded through the membrane were
manually counted at 200x magnification from 10 fields per
filter using a Nikon microscope (Nikon Eclipse Ti-s; Nikon
Corporation). All experiments were independently repeated
at least three times.

Cell proliferation assay. Cells were seeded into 96-well plates
at a density of 2x10° cells/well. Cell viability was assessed
using the Cell Counting kit (CCK)-8 assay (Beyotime
Institute of Biotechnology, Shanghai, China). Briefly, cells
were seeded into 96-well plates (2.0x10° cells per well) and
incubated in a-MEM supplemented with 10% FBS for 4 days.
CCK-8 reagent (10 u1, 1 mg/ml) was added and incubated for
3 hat37°C. The absorbance of each well was measured using a

spectrophotometer (51119200; Thermo Fisher Scientific, Inc.)
at 450 nm. Three independent experiments were performed.

Clone formation assay. For the clone formation assay,
125 cells/4 ml were plated onto 6-well plates and were
incubated at 37°C. Once the cells grew to visible colonies,
the colonies were washed once with phosphate-buffered
saline and were fixed with 4% paraformaldehyde for 20 min.
Subsequently, the cells were stained with crystal violet
(Beijing Solarbio Science & Technology Co., Ltd., Beijing,
China), and the number of clones per well was counted. All
assays were conducted in triplicate, and the mean values were
calculated.

Statistical analysis. All assays were conducted in triplicate,
and the mean values were calculated. Data are presented as
the mean + standard deviation. All statistical analyses were
performed using SPSS 17.0 (SPSS, Inc., Chicago, IL, USA).
Unpaired sets of data were compared using unpaired Student's
t-test (two-tailed). P<0.05 was considered to indicate a statis-
tically significant difference.
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Figure 5. (A) Annexin Al (ANXAI) small interfering (si)RNA suppressed the migration and invasion of A549 cells (original magnification, x200).
Quantification of the (B) migration and (C) invasion of A549 cells. Data are presented as the mean + standard deviation for triplicate determinations. "P<0.05,
compared with the control siRNA and untreated groups.
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Figure 6. (A) Annexin Al (ANXAI) small interfering (si)RNA suppressed the migration and invasion of H1299 cells (original magnification, x200).
Quantification of the (B) migration and (C) invasion of H1299 cells. Data are presented as the mean + standard deviation for triplicate determinations. "P<0.05,
compared with the control siRNA and untreated groups.
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Results

ANXAI expression is upregulated in NSCLC tissues and
cell lines. The expression levels of ANXAI were detected in
10 matched clinical tissue samples and seven NSCLC cell lines
by western blotting and qPCR. The protein expression levels
of ANXAT1 were increased in the 8 matched cancer tissues, as
compared with in the normal tissues (Fig. 1A). In addition, the
mRNA expression levels of ANXA1 were markedly upregu-
lated in the eight matched cancer tissues, as compared with in
the normal tissues (Fig. 1B). The protein expression levels of
ANXAI1 were also upregulated in the five NSCLC cell lines
(Fig. 1C). Similarly, ANXA1 mRNA expression was increased
in the five NSCLC cell lines (Fig. 1D) as compared with in the
normal cell line. The cancer and normal tissues were obtained
from the same patients. These results indicate that ANXAI1
expression may be upregulated at both the mRNA and protein
level in NSCLC.

Construction and selection of the most effective ANXAI
SiRNA expression vector. The expression levels of ANXAI1
were detected by western blotting 72 h post-transfection
of A549 cells with the three siRNAs. The ANXAT siRNA
sequences are presented in Table I. The transfection of
LV-ANXAI1-RNAi-A inhibited the expression of ANXAI1
in A549 cells (Fig. 2A). In particular, the most obvious
gene-silencing effect was observed following transfection with
LV-ANXAI1-RNAi-A, which reduced ANXAT1 expression by
90.1% (Fig. 2B). Therefore, LV-ANXA1-RNAi-A was selected
for further experimentation; its viral titer was 3.2x10° TU/ml.

Knockdown of ANXAI expression with ANXAI siRNA. The
stably transduced cells were selected and observed under
a fluorescence microscope, in order to detect green fluores-
cence. No alterations in cellular morphology were detected
post-transduction (Fig. 2C). The A549 and H1299 cells were
shown to exhibit a higher ANXAT1 gene expression in prelimi-
nary experiments (Fig. 1C and D). The present study aimed to
examine the effects of ANXAI siRNA on A549 and H1299
cells. Western blot analysis demonstrated that the protein
expression levels of ANXA1 in A549 cells of the ANXAI1
siRNA group were significantly decreased, as compared with
in the cells of the siRNA NC and untreated groups (Fig. 2D
and E). Similar results were obtained from the H1299 cells
(Fig. 2F and G). Statistical analysis revealed that the protein
expression levels of ANXAI were markedly downregulated
by ANXAI siRNA, as compared with in the NC siRNA group
(P<0.05). In addition, no significant difference was detected
between the NC siRNA and untreated A549 cell groups
(Fig. 2E). Similar results were obtained from the H1299 cells
(Fig. 2G). These results indicate that ANXA1 siRNA was
successfully constructed.

ANXAI siRNA inhibits clone formation and cell proliferation.
To determine whether knockdown of ANXAI1 expression
affected biological function of NSCLC cells, cellular activi-
ties were analyzed using clone formation and CCK-8 assays.
ANXAT1 knockdown inhibited the clone forming ability of
A549 and H1299 cells (Fig. 3A). Statistical analysis demon-
strated that clone formation was inhibited by ANXAT1 siRNA,
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as compared with in the NC siRNA group (P<0.05). In addition,
there was no significant difference between the NC siRNA and
untreated cell groups (Fig. 3B and C). Cells from the ANXAI1
siRNA, NC siRNA and untreated groups were cultured for
5 days. The CCK-8 assay indicated that A549 cell growth
in the ANXA1 siRNA group was significantly decreased
(P<0.05). Statistical analysis revealed that the proliferation
rate was significantly decreased, and no significant differences
were detected between the NC siRNA and untreated groups
(Fig. 3D). Similarly, ANXA1 knockdown inhibited H1299
cell proliferation (Fig. 3E; P<0.05). These data suggest that
ANXA1 knockdown inhibits NSCLC cell proliferation, and
may have a critical role in NSCLC.

ANXAI knockdown suppresses the migration and invasion of
NSCLC cells. The role of ANXAL in the migration of NSCLC
cells was evaluated by wound healing and Transwell chamber
assays. A scratch was made in the cell layer, and wound closure
was monitored over the course of 24 h. A gradual decrease
in wound closure was recorded in both the ANXAI siRNA
groups (Fig. 4A). Statistical analysis revealed that ANXA1
knockdown significantly suppressed migration of the cells, as
compared with in the NC siRNA group (P<0.05), and there
was no significant difference between the NC siRNA and
untreated groups (Fig. 4B and C).

The migration and invasion of A549 cells in the ANXAI
siRNA group was decreased, as compared with that of the
NC siRNA and untreated groups (Fig. 5A). Statistical analysis
revealed that ANXA1 siRNA significantly suppressed the
metastasis and invasion of A549 cells (P<0.05), and there was
no significant difference between the NC siRNA and untreated
groups (Fig. 5B and C). In addition, the migration and invasion
of H1299 cells in the ANXA1 siRNA group was decreased,
as compared with in the NC siRNA and untreated groups
(Fig. 6A). Statistical analysis revealed that ANXAI1 siRNA
significantly inhibited the metastasis and invasion of H1299
cells (Fig. 6B and C; P<0.05). Cell migration is a critical step
in metastasis, and these results suggest that ANXA1 may have
a critical role in the metastatic behavior of cancer cells.

Discussion

Human lung cancer is a major cause of cancer-associated
mortality worldwide, and is associated with a low 5-year
survival rate. Lung cancer-associated mortality is often caused
by extensive metastasis (16,17). Tumor metastasis is a complex
multi-step and multistage process (18,19); therefore, the identi-
fication of novel diagnostic methods and treatment biomarkers
is required. A previous study demonstrated that ANXA1
expression was significantly higher in patients with NSCLC,
as compared with in control subjects (20). Increased ANXAI1
expression has also been detected in lung squamous carcinoma
cell (21). Previous 2D-PAGE results indicated that ANXA1
protein is upregulated in lung cancer and lung cancer/chronic
obstructive pulmonary disorder groups, as compared with
in the control group (22). In addition, ANXAI1 expression is
significantly upregulated in tumor tissues, as compared with
in the normal tissues of patients with lung cancer (23,24). The
present study demonstrated that ANXAI was upregulated in
10 matched cancer tissues, thus indicating that ANXAI may
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exhibit increased expression in NSCLC. However, the possible
biological function of ANXAI in NSCLC remains to be eluci-
dated.

The present study revealed that ANXAI was functionally
involved in NSCLC progression and metastatic formation,
and ANXAT1 was shown to be upregulated in NSCLC tissues
and cell lines. In addition, knockdown of ANXAI1 suppressed
the proliferation of NSCLC cell lines, and inhibited invasion
and migration. These results indicated that silencing ANXA1
expression in A549 and H1299 cells may inhibit metastasis
in vitro.

The present study was designed to estimate the effects of
ANXATI on the migration of cancer cells, and to investigate
the underlying mechanism. It has previously been suggested
that ANXA1 may regulate miR-26b and miR-562 via down-
regulation of nuclear factor (NF)-xB activity, which may lead
to higher endothelial cell tube formation and inhibit wound
healing capacity (25). Furthermore, ANXAI1 has been shown
to regulate tumor necrosis factor-f-induced proliferation and
inflammation in lung fibroblasts, via effects on the extracellular
signal-regulated kinases and NF-kB pathways (26). ANXA1
has also been reported to promote metastasis via activation of
the transforming growth factor-f/Smad signaling pathway (27).

In conclusion, the present study aimed to investigate the
role of ANXAT in NSCLC, and to evaluate the potential of
using ANXAL1 as a marker for NSCLC diagnosis and treat-
ment. However, further investigations are required regarding
the mechanism by which ANXALI is associated with NSCLC
metastasis.
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