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Abstract. Nasopharyngeal carcinoma (NPC) has a highly 
increased incidence rate (20/100,000) in Southern regions 
of China, while being rare in the rest of the world. NPC is 
a malignant type of cancer due to its high occurrence rate of 
metastasis; however, biomarkers for effective diagnosis and 
treatment are yet to be identified. Annexin A1 is a glucocorti-
coid-regulated member of a large superfamily of calcium and 
phospholipid-binding proteins and has been shown to have 
important roles in tumor development and progression, and 
was demonstrated to be a prognostic biomarker for head and 
neck cancer types. A previous study by our group showed that 
Annexin A1 was decreased in NPC tissue as compared with 
normal adjacent tissue. To investigate whether Annexin A1 
is a potential biomarker for NPC, the present study assessed 
the effect of the Annexin A1 on the biological behavior (i.e., 
invasion and metastasis) of the highly metastatic NPC cell line 
5‑8F and the non‑metastatic NPC cell line 6‑10B. The expres-
sion levels of Annexin A1 in the above two cell lines were 
determined by western blot analysis. Next, the recombinant 
plasmid pEGFP‑C1‑Annexin A1 and the small interfering (si)
RNA plasmid pRNAT‑U6.1‑Annexin A1 were used and stably 
transfected into 5-8F and 6-10B cells, respectively. These 
established recombinant cell lines were then used to study 
the up- and downregulation of Annexin A1, respectively. The 
correlation of Annexin A1 expression levels with the biological 
behavior of NPC cell lines was analyzed using a cell prolifera-
tion assay, flow cytometry, soft agar colony formation assay, as 
well as Transwell invasion and migration assays. The results 

demonstrated that upregulation of Annexin A1 suppressed 
the proliferation, invasion and migration of NPC cells, while 
downregulation of Annexin A1 promoted the proliferation, 
invasion and migration of NPC cells. These findings suggested 
that Annexin A1 may be a potential biomarker for the develop-
ment and prognosis of NPC, and its dysregulation may have an 
important role in its underlying pathogenesis.

Introduction

Nasopharyngeal carcinoma (NPC) is a rare malignancy in the 
majority of the world, while is has an increased prevalence in 
China, particularly in the Southern regions of the country (1,2). 
The average incidence of NPC worldwide is <1/100,000 popu-
lation (3). However, in endemic areas of China, the incidence 
has reached 20/100,000 (2,4,5). Approximately 70‑80% 
of patients with NPC present with lymph node metastases 
in the neck (6), and ~4.2% of these patients present with 
distant metastasis to the bone, lung, liver and central nervous 
system (7). However, the molecular mechanism of NPC patho-
genesis remains elusive and reliable biomarkers of the disease 
have yet to be discovered. Therefore, it is critical to investigate 
and identify effective biomarkers that may be used for diag-
nosis and as potential therapeutic targets of NPC.

Annexin A1, a glucocorticoid‑regulated member of a large 
superfamily of calcium and phospholipid-binding proteins, 
is widely expressed in numerous different cell types (8,9). 
Accumulating evidence revealed that Annexin A1 has impor-
tant roles in tumor development and progression (10-13). For 
example, in head and neck cancer types, the expression levels 
of Annexin A1 have been associated with advanced stages of 
the disease, differentiation status and metastasis (10). It may 
therefore be an effective differentiation marker for the detec-
tion of head and neck squamous cell carcinomas. A previous 
study by our group demonstrated that the expression levels of 
Annexin A1 are decreased in NPC as compared with those in 
normal nasopharyngeal epithelial tissues, using laser capture 
microdissection and proteomic analysis (14). However, the 
specific function of Annexin A1 in NPC has remained elusive. 
Therefore, the present study sought to investigate the role of 
Annexin A1 in the development and progression of NPC.
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To examine the role of Annexin A1 in NPC, the highly 
metastatic cell line 5-8F and the non-metastatic cell line 6-10B 
were selected. Annexin A1 expression in 5‑8F and in 6‑10B 
cells was stably up- or downregulated by using plasmids or 
RNA interference, respectively. Then, the biological behavior 
of the cells was examined using proliferation assay, soft agar 
colony formation assay, flow cytometry, as well as Transwell 
invasion and migration assays, to assess whether Annexin A1 
may be a potential molecular biomarker of NPC that may be 
used in diagnosis and treatment.

Materials and methods

Materials. The plasmid p enhanced green fluorescent protein 
(EGFP)‑C1 and Annexin A1 small interfering (si)RNA 
were purchased from RiboBio Co. Ltd. (Guangzhou, China). 
The plasmid pRNAT-U6.1 was purchased from Biomics 
Biotechnologies Co. Ltd. (Jiangsu, China). Anti‑Annexin A1 
monoclonal antibodies were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). Horseradish peroxidase (HRP)‑labeled 
secondary antibodies [goat anti-rabbit immunoglobulin 
(Ig)G] and polyvinylidene difluoride (PVDF) membranes 
were purchased from EMD Millipore (Billerica, MA, 
USA). Radioimmunoprecipitation assay (RIPA) buffer was 
purchased from Pierce Biotechnology, Inc. (Rockford, IL, 
USA). The Transwell chamber and Matrigel were purchased 
from BD Biosciences (Franklin Lakes, NJ, USA). The 
Cell Counting kit-8 (CCK-8) was purchased from Dojindo 
Laboratories (Kumamoto, Japan). LE Agarose was obtained 
from HydraGene (Xiamen, China). All of the cell culture 
flasks and plates were purchased from Corning Inc. (Corning, 
NY, USA).

Cell culture. Human NPC cell lines 5-8F (highly metastatic) 
and 6-10B (non-metastatic) were kindly donated by the Key 
Laboratory of Cancer Proteomics of Chinese Ministry of 
Health of Xiangya Hospital (Changsha, Hunan, China), 
following purchase from the American Type Culture 
Collection (Manassas, VA, USA), and grown in RPMI-1640 
medium (Invitrogen Life Technologies, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum (FBS; Invitrogen 
Life Technologies). The cells were maintained at 37˚C in a 
humidified 5% CO2 atmosphere, and were shown to be free 
from mycoplasmic contamination.

Western blot. The cells were pelleted by centrifugation at 
2,500 x g for 5 min and then washed twice with ice‑cold 
phosphate-buffered saline (PBS), lysed on ice for 15 min 
in 100 µl of RIPA buffer and centrifuged at 14,000 x g for 
15 min. The supernatants were collected and the protein 
concentrations were determined using a Bradford protein 
assay. Aliquots of cell lysates (80 µg proteins) were boiled for 
5 min in SDS-containing sample buffer and were separated 
using SDS‑PAGE on a 12% polyacrylamide gel. The proteins 
were transferred to a PVDF membrane and western blot anal-
yses were performed with the indicated antibody according 
to the manufacturer's instructions. The proteins were detected 
using an enhanced chemiluminescence western blot system 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA) and the 
band intensity was measured using densitometry analyzed 

with ImageJ software (National Institutes of Health, Bethesda, 
MD, USA).

Transient transfection with siRNAs. Three 21-nucleotide 
siRNA duplexes targeting different coding regions of 
Annexin A1 (GenBank accession no. NM_000700) were 
designed and chemically synthesized by RiboBio Co. Ltd. 
(Guangzhou, China). The secondary structures of target 
mRNA was predicted using RNAstructure 3.7 software. The 
siRNA nucleotide sequences were as follows: siRNA1,  sense 
5'-GGAUGAAACACUUAAGAAAdTdT-3' and antisense 
3'-dTdTCCUACUUUGUGAAUUCUUU-5'; siRNA2, sense 
5'-GCAGCAUAUCUCCAGGAAAdTdT-3' and antisense 
3'-dTdT CGUCGUAUAGAGGUCCUUU-5'; siRNA3, sense 
5'-GUUCUGAAAUUGACAUGAA dTdT-3' and antisense 
3'-dTdT CAAGACUUUAACUGUACUU-5'. The siRNAs were 
transfected into 6-10B cells using Lipofectamine 2000 
(Invitrogen Life Technologies) according to the manufacturer's 
instructions and cultured for an additional 48 h. The samples 
were then prepared for western blot analysis in accordance 
with the aforementioned methods.

Recombinant plasmid construction. Recombinant plasmids 
were constructed in several steps as follows: i) Overexpression 
plasmid: Primers of Annexin A1 were designed according 
to gene sequence information of the coding region. The 
Annexin A1 cDNA isolated from HEK‑293 cells was used 
as the template for polymerase chain reaction (PCR). The 
product was then cloned into the eukaryotic expression vector 
pEGFP-C1, between the XhoI and BanHI restriction sites. The 
positive clones were identified using restriction endonuclease 
digestion and subsequently sequenced by Sangon Biotech Co., 
Ltd. (Shanghai, China); ii) Interference plasmids: The siRNA3 
fragment was regarded as the effective sequence based on 
the siRNA-screening assay as described above. Appropriate 
oligos were designed and used to generate the PCR fragment 
that was ligated into the BamHI and HindIII restriction sites of 
the siRNA vector, pRNAT-U6.1. Positive clones were identi-
fied by restriction endonuclease digestion, and subsequently 
sent for sequencing to Sangon Biotech Co., Ltd.

Stable transfection. Highly metastatic 5-8F NPC cells 
were transfected with pEGFP-C1 or pEGFP-C1-An-
nexin A1 and non‑metastatic 6‑10B NPC cells were 
t ransfected with pRNAT-U6.1-siRNA-negat ive or 
pRNAT‑U6.1‑siRNA‑Annexin A1 using Lipofectamine 2000 
Reagent (Invitrogen Life Technologies), according to the 
manufacturer's instructions. Following 14 days of selection 
in RPMI-1640 medium containing 500 or 400 µg/ml G418 
(Invitrogen Life Technologies), individual G418-resistant 
colonies were isolated and expanded. The expression of 
Annexin A1 in these clones was determined using western blot 
analysis as described in accordance with the aforementioned 
methods.

CCK‑8 proliferation assay. Growth curves of 5-8F, 
5-8F/pEGFP-C1, 5-8F/pEGFP‑C1‑Annexin A1, 6‑10B, 
6-10B/siRNA-negative and 6-10B/siRNA‑Annexin A1 cells 
were analyzed using the CCK-8 proliferation kit (Dojindo 
Laboratories). Briefly, the cells were plated in 96‑well culture 
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plates at a density of 1x103 cells/well. Following 1, 2, 3, 4 and 
5 days, a 10 µl CCK-8 reaction solution was added, respec-
tively. The optical density was then read at a wavelength of 
452 nm in an ELISA plate reader (Labsystem Multiskan MK3; 
Thermo Fisher Scientific, Inc.) 3 h later.

Cell cycle analysis. For DNA content analysis, 5-8F, 
5-8F/pEGFP-C1, 5-8F/pEGFP‑C1‑Annexin A1, 6‑10B, 
6-10B/siRNA-negative and 6-10B/siRNA‑Annexin A1 were 
harvested and washed in ice-cold PBS and centrifuged 
(1,000 x g for 5 min), then fixed in ice‑cold 70% ethanol at 
‑20˚C. Then the samples were analyzed using a FACScan flow 
cytometer (Beckman Coulter, Miami, FL, USA). The results 
obtained were analyzed using ModFit (Verity Software House, 
Topsham, ME, USA).

Soft agar colony formation assay. The effect of Annexin A1 
protein levels on the anchorage-independent growth of 5-8F, 
5-8F/pEGFP-C1, 5-8F/pEGFP‑C1‑Annexin A1, 6‑10B, 
6-10B/siRNA-negative and 6-10B/siRNA‑Annexin A1 was 
examined using a soft agar colony formation assay. Briefly, 
the culture compartments of six‑well plates (Corning Inc.) 
were filled with 1.5 ml 0.5% agar solution in RPMI‑1640 
medium containing 10% FBS as the basal agar layer, and 
1 ml 0.3% agar solution with 1x104 NPC cells in RPMI-1640 
medium containing 10% FBS were transferred onto the basal 
agar layer as the cell agar layer. Cells were then continuously 
cultured until visible colonies were formed (10 days). The 
colonies containing >50 cells were counted. The rate of 
colony formation was indicated by the ratio of the number 
of colonies over the number of seeded cells. The experiments 

were repeated for three times and a mean value was calcu-
lated.

Cell migrat ion and invasion assays. The migra-
tion and invasion activity of 5-8F, 5-8F/pEGFP-C1, 
5-8F/pEGFP‑C1‑Annexin A1, 6‑10B, 6‑10B/siRNA-negative 
and 6-10B/siRNA‑Annexin A1 cells were assayed using a 
transwell cell culture chamber. The cells were added to the 
transwell chamber (pore size, 12 µm; BD Biosciences). The 
number of cells that migrated through the membrane was 
determined 24 h later. For the invasion assays, Matrigel 
(BD Biosciences) was added to the Transwell chambers and 
incubated overnight prior to seeding of the cells. The number 
of membrane-penetrating cells was counted 24 h later. The 
migration and the invasion assays were performed in quadru-
plicate for each cell line tested.

Statistical analysis. Values are presented as the mean ± stan-
dard deviation of the results of at least three experiments. 
One-way analysis of variance and Student's t-test were used 
to assess differences in cell growth rate, colony formation, 
cell cycle distribution, cell migration and invasion. P<0.05 
was considered to indicate a statistically significant differ-
ence.

Results

Detection of Annexin A1 levels in 5‑8F and 6‑10B cells. 
Western blot analysis was performed to detect the expression 
levels of Annexin A1 in the two NPC cell lines with different 
metastatic potentials. As demonstrated in Fig. 1, when 

Figure 1. Expression of Annexin A1 in nasopharyngeal carcinoma cell lines. (A) Western blot analysis demonstrates the expression levels of Annexin A1 in 
the 5‑8F and 6‑10B cell lines. (B) Bar chart demonstrating the relative protein expression levels in the 5‑8F and 6‑10B cell lines. (C) Western blot analysis 
demonstrating the expression levels of Annexin A1 in 6‑10B cells transiently transfected with siRNAs. (D) Bar chart demonstrating the relative protein expres-
sion levels in 6-10B cells transiently transfected with siRNAs as determined by densitometric analysis. siRNA, small interfering RNA.
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compared with the 5-8F cells with high metastatic potential, 
there was significantly higher expression of Annexin A1 in 
the 6-10B cells with low metastatic potential (P<0.01). This 
result indicated that the protein Annexin A1 may be inversely 
correlated with the metastatic potential of NPC cell lines.

siRNA‑mediated inhibition of the expression of Annexin A1 in 
6‑10B cells. The above data demonstrated a high expression of 
Annexin A1 in 6‑10B cells and a low expression in 5‑8F cells. 
In order to identify an effective RNA interference sequence of 
Annexin A1, three different siRNAs were selected and tested 
for silencing the expression of Annexin A1 in the 6‑10B cell 
line. Three siRNA duplexes targeting different coding regions 
of human Annexin A1 mRNA, named siRNA1, siRNA2 and 
siRNA3, were designed, synthesized and transfected into the 
NPC cell line 6‑10B. The expression levels of Annexin A1 in 
6-10B silenced and non-silenced cell lines were assessed at 
the protein level using western blot analysis. As revealed in 
Fig. 1, higher Annexin A1 protein levels were detected in the 
6-10B cells, with siRNA3 (100 nmol/l) being the most effec-
tive in suppressing Annexin A1 expression, while siRNA2 
(100 nmol/l) inhibited Annexin A1 expression to a lesser 
extent. However, transfection of siRNA1 (100 nmol/l) only 
marginally affected Annexin A1 expression in the 6‑10B cells. 
Therefore, siRNA3 was selected for the subsequent experi-
ments, since it was the most effective inhibitor of Annexin A1 
expression.

Identification of recombinant Annexin A1 constructs using 
restriction endonuclease digestion. To verify that the recom-
binant plasmids were successfully constructed, restriction 
digestion with XhoI, BamI and HindIII was utilized and 
agarose gel electrophoresis was conducted to analyze the target 
fragment. As demonstrated in Fig. 2, the Annexin A1 target 
fragment was in the expected position (Fig. 2A). However, the 
inhibitor fragment was not apparent, as the fragment was only 
64 bp in length (Fig. 2B). All of the constructs were subse-
quently verified using sequencing.

Establishment of the stably transfected NPC cell lines. To 
study the association between the levels of Annexin A1 
expression in the NPC cell lines and their biological 
behavior (i.e., metastatic ability, invasiveness, etc.), the 
blank plasmids of pEGFP-C1 and recombinant plasmid 
of pEGFP‑C1‑Annexin A1 were transfected into the 
5-8F cells. Meanwhile, the 6-10B cells were transfected 
with the plasmids pRNAT-U6.1-siRNA-negative and 
pRNAT‑U6.1‑siRNA‑Annexin A1. Stable G418‑resistant 
clonal cell lines were obtained. These were then subjected 
to western blot analysis. As demonstrated in Fig. 3, 
Annexin A1 expression in 5‑8F/pEGFP-C1-Annexin A1 
cells was greater than that in 5-8F or 5-8F/pEGFP-C1 cells. 
By contrast, there was a lower expression of Annexin A1 
in 6-10B/siRNA‑Annexin A1 than in the 6‑10B or 
6-10B/siRNA-negative cell lines. These data demonstrated 
that the NPC cell lines in which Annexin A1 expression 
was stably up- or downregulated had been successfully 
established, and various stable cell lines were selected for 
subsequent use.

Annexin A1 regulates NPC cell growth in vitro. To assess 
the effect of Annexin A1 on NPC cells, proliferation, 
colony-forming and cell cycle assays were performed with 
the two different NPC cell lines and their derivatives. First, 
the effect of Annexin A1 upregulation or downregulation on 
NPC cell growth was examined. As revealed in Fig. 4A and B, 
with increased expression of Annexin A1 in 5‑8F cells, the 
proliferation rate was more significantly decreased than that 
in the non-transfected and mock-transfected cells (P<0.01). 
By contrast, when the expression of Annexin A1 in 6‑10B 
cells was decreased, the proliferation rate was significantly 
increased compared with that of the non-transfected and 
control‑transfected cells (P<0.05). The effect of Annexin A1 
on cell colony formation was further investigated (Fig. 4C 
and D). Similarly, as described above, 5-8F cells with a higher 
expression of Annenxin A1 demonstrated a significantly lower 
colony-forming ability compared with the negative controls. 

Figure 2. Identification of recombinant Annexin A1 constructs restrict endonuclease digestion. (A) Annexin A1 overexpression recombinant; lane M, DL10000 
marker; lane 1, pEGFP-C1; lane 2, pEGFP-C1 digested with BamHI; lane 3, pEGFP‑C1‑Annexin A1 digested with BamHI; lane 4, pEGFP‑C1‑Annexin A1 
with BamHI and XhoI. (B) Annexin A1 interference recombinant; lane M, DL10000 marker; lane 1, pRNAT‑U6.1; lane 2, pRNAT‑U6.1‑siRNA‑negative 
digested with BamHI; lane 3, pRNAT‑U6.1‑siRNA‑Annexin A1 digested with BamHI; lane 4, pRNAT‑U6.1‑Annexin A1 digested with HindⅢ and BamHI. 
siRNA, small interfering RNA; EGFP, enhanced green fluorescent protein.
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With increased expression of Annexin A1 in 5‑8F cells, the 
number of colonies was lower than that in the control groups. 
Decreased expression of Annexin A1 in 6‑10B cells resulted in 
enhanced colony-forming activity compared with the two other 
control cell lines. It is plausible that Annexin A1 suppressed the 
viability of NPC cells. Then, the cell cycle of those cells was 
analyzed by flow cytometry (Table I). The results demonstrated 

that in the 5‑8F cells transfected with pEGFP‑C1‑Annexin A1, 
the percentage of cells arrested in S phase was significantly 
decreased, while the percentage of cells in G1 phase was 
significantly increased. The opposite was observed in the 
6-10B cells, such that silencing Annexin A1 led to an increase 
in the percentage of cells in S phase. However, the percentage 
of cells in G1 phase was significantly decreased.

Figure 3. The levels of Annexin A1 expression in groups of 5‑8F and 6‑10B cell lines. (A) Western blot analysis demonstrates the expression levels of 
Annexin A1 in pEGFP‑C1‑Annexin A1‑transfected and control pEGFP‑C1‑transfected 5‑8F cells. (B) Bar chart reveals the relative changes in the protein 
expression levels in the different plasmid‑transfected NPC cell lines as determined by densitometric analysis. (C) Western blot analysis of the expression 
levels of Annexin A1 in pRNAT‑U6.1‑siRNA‑Annexin A1‑transfected and control pRNAT‑U6.1‑siRNA‑negative‑transfected 6‑10B cells. (D) Bar graph 
demonstrates the relative changes in the protein expression levels in the different siRNAs NPC cell lines as determined by densitometric analysis. Data are 
presented as the mean ± standard deviation. #P<0.01 vs. the 5-8F and 5-8F/pEGFP-C1 cells; *P<0.05 vs. the 6-10B and 6-10B/siRNA-negative cell lines. NPC, 
nasopharyngeal carcinoma; siRNA, small interfering RNA; EGFP, enhanced green fluorescent protein.

Table I. Effect of Annexin A1 expression on the cell cycle of nasopharyngeal carcinoma cells.

 Percentage of periods (± SD)
 --------------------------------------------------------------------------------------------------------------------------------------------------
Groups G1 G2 S

5-8F 66.22±1.21 5.24±0.89 28.54±1.13
5-8F/pEGFP-C1 66.12±1.65 5.92±1.24 27.96±1.67
5‑8F/pEGFP‑C1‑Annexin A1 77.93±2.14a 13.20±1.46 8.88±2.01b

6-10B 65.16±1.36 14.83±0.64 20.00±0.99
6-10B/siRNA-negative 65.39±1.52 15.17±0.85 19.44±1.56
6‑10B/siRNA‑Annexin A1 59.11±1.91 14.33±1.24 26.56±1.87c

aP<0.05, bP<0.01, 5-8F/pEGFP‑C1‑Annexin A1 vs. 5‑8F or 5‑8F/pEGFP-C1; cP<0.05, 6-10B/siRNA‑Annexin A1 vs. 6‑10B or 
6-10B/siRNA‑negative. siRNA, small interfering RNA; SD, standard deviation; EGFP, enhanced green fluorescent protein.
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Effects of Annexin A1 on NPC cell motility in vitro. 
To examine the potential role of Annexin A1 in NPC, 
Annexin A1 expression in NPC cells was modulated using 

stable transfection of 5-8F cells with pEGFP-C1-An-
nexin A1 (or empty expression vector as the control) and 
6‑10B cells with pRNAT‑U6.1‑siRNA‑Annexin A1 (or 
pRNAT-U6.1-siRNA-negative as a the control), and then 
measured the migratory and invasive ability of the parental 
(i.e. untransfected) 5-8F and 6-10B cells and their stable 
transfectants using in vitro migration and invasion assays. 
As demonstrated in Fig. 5 and Table II, the migration 
of 5‑8F cells transfected with pEGFP‑C1‑Annexin A1 
was decreased by ~2.5-fold compared with the migration 
of 5-8F cells transfected with the control vector (P<0.01). 
Conversely, the migration of 6-10B cells transfected with 
pRNAT‑U6.1‑siRNA‑Annexin A1 was ~4‑fold higher than the 
migration of 6-10B cells transfected with the control vector 
(P<0.01). Similar results were obtained by the invasion assay. 
The 5‑8F cells transfected with pEGFP‑C1‑Annexin A1 cells 
were ~9-fold less invasive than 5-8F cells transfected with the 
control vector (P<0.01). Conversely, the 6-10B cells transfected 
with pRNAT-U6.1-siRNA-Annexin A1 cells were ~4‑fold 
more invasive than 6-10B cells transfected with the control 
vector (P<0.01). These results suggested that Annexin A1 
expression levels were inversely associated with the invasive-
ness of NPC cells in vitro.

Table II. The numbers of nasopharyngeal carcinoma cells and 
their transfectants through the transwell chamber.

 Number (±SD)
 ---------------------------------------------------------
Groups Migratory cells Invasive cells

5-8F 515±10 233±13
5-8F/pEGFP-C1 520±15 225±15
5‑8F/pEGFP‑C1‑Annexin A1 203±25a 28±6a

6-10B 55±9 52±6
6-10B/siRNA-negative 48±8 49±9
6‑10B/siRNA‑Annexin A1 202±28b 210±16b

aP<0.01, 5-8F/pEGFP‑C1‑Annexin A1 vs. 5‑8F or 5‑8F/pEGFP-C1; 
bP<0.01, 6-10B/siRNA‑Annexin A1 vs. 6‑10B or 6‑10B/siRNA-neg-
ative. siRNA, small interfering RNA; SD, standard deviation; EGFP, 
enhanced green fluorescent protein.

Figure 4. Effect of Annexin A1 expression in NPC cells. (A) Growth curve of 5‑8F cells and their transfectants; (B) growth curve of 6‑10B cells and their 
transfectants; (C) in vitro colony formation of 5‑8F cells and their transfectants (magnification, x100); (D) in vitro colony formation of 6-10B cells and their 
transfectants (magnification, x100); (E) bar chart demonstrating the average number of colonies of 5‑8F cells and their transfectants per field; (F) bar chart 
demonstrating the average number of colonies of 6‑10B cells and their transfectants per field. Bars represent the mean values, error bars represent the upper 
95% confidence intervals. *P<0.05, #P<0.01 compared with the empty/negative vector-transfected or untransfected cells. NPC, nasopharyngeal carcinoma; 
siRNA, small interfering RNA; OD, optical density; EGFP, enhanced green fluorescent protein.
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Discussion

Annexin A1 is established as a multifunctional protein 
that is involved in inflammatory responses, cell differen-
tiation and proliferation, regulation of cell death signals, 
phagocytic clearance of apoptotic cells and other biological 
activities in cells (15,16). Previous studies have also demon-
strated that Annexin A1 has significant inhibitory effects on 
cell growth and proliferation in lung (8) and larynx cancer (17). 
Annexin A1 has antiproliferative activity in macrophages due 
to the constitutive activation of the mitogen-activated protein 
kinase (MAPK)/extracellular signal‑regulated kinase (ERK) 
pathway, which was linked to its phosphorylation by epidermal 
growth factor (EGF) (8). In squamous epithelial tumor types, 
Annexin A1 binds to calcium-dependent phospholipase A2 
(cPLA2) by interacting with S100A11, inhibiting its activity, 

thus inhibiting the epidermal growth factor receptor (EGFR) 
signaling pathway (18). In addition, Annexin A1 also inhibits 
cell proliferation by another signal transduction pathway. 
Annexin A1 Ser residue (Section 27) is known to be the phos-
phorylation target for protein kinase C (PKC) and participates 
in PKC‑mediated intracellular signal transduction. Annexin A1 
is considered to have a src-homology 2 (SH2) domain and 
binds to the Grb-2 adaptor protein, which lies upstream of the 
MAPK pathway (8). Annexin A1 is considered to exert its anti-
proliferative activity via ERK-mediated disruption of the actin 
cytoskeleton and inhibition of cyclin D1, but not by induction 
of p21cip1/waf1 (19,20). In one study, Annexin A1 expression was 
upregulated following transfection of an Annexin A1 viral 
expression vector into prostate cancer cells, which express low 
levels of Annexin A1. The results revealed that re‑expression 
of Annexin A1 reduced the cell viability and cell colony 

Figure 5. In vitro migration and invasion assays. The in vitro migration of (A) the 5-8F cells and (B) the 6-10B cells and their transfectants was measured 
using Transwell chambers. The in vitro invasion of (C) the 5-8F cells and (D) the 6-10B cells and their transfectants was measured using Transwell chambers. 
Original magnification, x100. siRNA, small interfering RNA; EGFP, enhanced green fluorescent protein.
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formation and inhibited their proliferation (21). These data 
suggest Annexin A1 may inhibit the proliferation of tumor 
cells in various different manners.

To investigate the association of Annexin A1 expression 
with NPC proliferation and metastasis, the expression levels of 
Annexin A1 in NPC cell lines 5‑8F and 6‑10B with different 
metastatic potentials were detected by western blot analysis. 
The 5-8F and 6-10B cell lines originated from the NPC cell 
line SUNE-1 and have the same genetic background but 
different metastatic potentials, which are ideal for investigating 
the changes involved in tumor metastasis (22). The result of 
western blot analysis demonstrated that the expression levels 
of Annexin A1 were significantly lower in highly metastatic 
5-8F cells than those in non-metastatic 6-10B cells, suggesting 
that Annexin A1 downregulation may be associated with the 
increased metastatic potential of NPC cells. This is consistent 
with the results of our previous study (10,14), indicating that 
the loss of Annexin A1 expression is associated with clinical 
NPC metastasis.

Then, an Annexin A1 overexpression vector and interfer-
ence vector, and stably transfected 5-8F and 6-10B cells were 
constructed, respectively. By observing the cell behavior, it 
was identified that the upregulation of Annexin A1 in NPC 
cells significantly reduced cell proliferation and the number 
and volume of colony-forming cells, while the percentage of 
cells in G1 phase increased. Conversely, downregulation of 
Annexin A1 in NPC cells significantly accelerated cell prolif-
eration, increased the number and volume of colony-forming 
cells and increased the percentage of cells in S phase. The 
results suggested that Annexin A1 expression may inhibit the 
tumorigenic processes of NPC.

Invasion is one of the key components of the metastatic 
cascade, so whether Annexin A1 expression levels are associ-
ated with the cell migration and invasion of NPC was examined 
in vitro. The results demonstrated that overexpression of 
Annexin A1 in 5‑8F cells was able to decrease their in vitro 
migration and invasion ability, whereas downregulation of 
Annexin A1 expression in 6‑10B cells increased their in vitro 
cell migration and invasion ability, which demonstrated that 
the expression levels of Annexin A1 were inversely associated 
with the in vitro migratory and invasive capability of NPC 
cells. Taken together, these data suggested that a decrease in 
Annexin A1 expression was associated with enhanced metas-
tasis in NPC.

Other cancer studies have also demonstrated a correlation 
between the levels of Annexin A1 and tumor cell prolifera-
tion and metastasis. Paweletz et al (23) found that the loss of 
Annexin A1 was closely associated with the tumorigenesis 
of esophageal tissue and tumor differentiation. This study 
demonstrated that Annexin A1 was highly positive in normal 
esophageal epithelium mucosa by immunohistochemical 
staining, while in the malignant transformation of epithelial 
tissues, staining was significantly decreased, and in the highly 
invasive tumor tissue, Annexin A1 was absent. In several 
studies on breast cancer (24-26), it was revealed that the levels 
of Annexin A1 in normal breast epithelial, hyperplastic and 
breast cancer tissues decreased gradually, and that the degree 
of Annexin A1 expression deficiency was connected with 
tumor size and clinical staging. For example, if the clinical 
stage of NPC was higher and its differentiation was lower, the 

levels of Annexin A1 expression were lower. Babbin et al (27) 
also identified that in colorectal cancer, Annexin A1 has an 
important role in the process of metastasis of tumor cells. 
Another study (28) demonstrated that Annexin A1 was able 
to regulate the invasion and metastasis of gastric cancer cells, 
and affected the patient's prognosis directly both in vivo and 
in vitro.

In conclusion, the present study demonstrated that 
Annexin A1 may be a suppressor gene of NPC. However, few 
metastasis suppressors have been identified in NPC, and the 
mechanism through which they suppress metastasis remains 
elusive. Therefore, the identification of Annexin A1, whose 
expression was associated with the suppression of the growth 
and invasive ability of NPC cell lines, may contribute to the 
understanding of the development and progression of NPC, 
and provide an experimental basis for NPC targeted therapy.
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