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Abstract. Gastric cancer (GC) is the second-leading cause 
of cancer-associated mortality worldwide. AFAP1-antisense 
RNA 1 (AFAP1-AS1), a long non-coding RNA (lncRNA), 
is believed to promote the aggressive progression of cancer; 
however, its role in GC remains largely unknown. In the present 
study, the expression of AFAP1-AS1 in GC tissues and cell 
lines was measured using reverse transcription-quantitative 
polymerase chain reaction (RT-qPCR). Knockdown of 
AFAP1-AS1 was performed using a lentiviral vector 
containing a short hairpin RNA. The proliferation of GC cells 
was measured using Cell Counting kit-8. The migration and 
invasion of GC cells were analyzed using a QCM Laminin 
Migration Assay kit and a Cell Invasion Assay kit. The levels 
of epithelial-mesenchymal transition (EMT)-associated 
proteins were detected by western blot analysis. The cut-off 
value of the expression of AFAP1-AS1 was evaluated using 
receiver operating characteristic (ROC) curves and patient 
survival rate was analyzed using Kaplan-Meier. The expres-
sion of AFAP1‑AS1 was significantly increased in the primary 
tumor tissues of GC patients with lymph node metastasis or 
tumor node metastasis stage (stage III or IV; P<0.01). ROC 
curve analysis revealed that the expression of AFAP-AS1, at a 
cut-off value of 0.5040, could distinguish GC tissues from the 
matched normal tissues, with an AUC of 0.8802, sensitivity 
of 81.25% and specificity of 83.75%. The overexpression of 

AFAP1-AS1 was positively associated with the poor survival 
rates of GC patients. Furthermore, the downregulation of 
AFAP1‑AS1 significantly inhibited the proliferation, migra-
tion and invasion of GC cells in vitro (P<0.01). The decrease 
in AFAP1‑AS1 expression significantly suppressed the expres-
sion level of N-cadherin protein in GC cells and increased 
that of E-cadherin. The present study demonstrated that the 
expression signature of AFAP1-AS1 may serve as a biomarker 
for the diagnosis and prognosis of GC, and its downregula-
tion may repress the aggressive progression of GC, partially 
through inhibiting the EMT progress.

Introduction

Gastric cancer (GC) is the second most commonly diagnosed 
cancer in men and fourth most commonly diagnosed cancer in 
women, and is the second-leading cause of cancer-associated 
mortality in China (1). Although the incidence and mortality 
rates of GC have significantly decreased, a large number of 
newly diagnosed cases have occurred as a result of population 
growth and the ageing population (1). Tumor cell metastasis 
is a major cause of GC-associated mortality and markedly 
decreases the efficacy of treatment (2). An increasing number 
of oncogenes and tumor suppressors were observed to be 
involved in the progression of GC (2); however, the mechanism 
underlying GC metastasis remains largely unclear.

Long non-coding RNAs (lncRNAs), a class of non-coding 
RNAs that do not code for proteins, are >200 nucleotides in 
length (3). The aberrant expression of lncRNAs is believed to 
be associated with the aggressive development of cancer (4-6). 
It is well known that lncRNAs participate in cancer-associated 
pathways (7). Although an increasing number of lncRNAs 
have been reported to functionally regulate the metastatic 
behavior of GC cells, a large number of lncRNAs require 
identification, as 70‑90% of the human genome transcribes 
RNA products, whereas protein-coding genes account for 
only 2% (8). Therefore, the present study focused on an 
lncRNA, AFAP1-antisense RNA 1 (AFAP1-AS1), which was 
first observed in esophageal cancer and acted as an onco-
gene, mediating effects in cell proliferation, migration and 
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invasion (9). AFAP1-AS1 was also revealed to serve a crucial 
role in various types of cancer, including colorectal (10), 
breast (11), hepatocellular (12) and lung cancer (13). However, 
the expression and function of AFAP1-AS1 in the development 
of GC remains largely unknown.

The epithelial-mesenchymal transition (EMT) serves 
essential roles in carcinogenesis and tumor progression (14). 
The determinant step in EMT is local invasion through the 
epithelial basement membrane that modifies cell-cell and 
cell-matrix interactions (15). A previous study demonstrated 
that lncRNA also regulates the progress of EMT in GC (16); 
AFAP1-AS1 was revealed to participate in the progression 
of EMT and to facilitate metastasis in colorectal cancer (17). 
However, it is unclear whether AFAP1-AS1 is associated with 
the progression of EMT in GC.

Materials and methods

Patients and samples. All samples used in the present 
study were collected from the General Hospital of Chinese 
People's Liberation Army (Beijing, China) according to the 
protocols approved by the Ethics Review Board and written 
informed consent was obtained from all patients. A total of 
80 pairs of tumor and matched normal tissues were included 
and these samples were registered between April 2011 and 
September 2013. The characterization of the samples is 
presented in Table I. The 36‑month follow‑ups of the 80 GC 
patients (48 male, 32 female; median age, 58 years; age range, 
32‑76 years) was performed.

Cell culture. GC GES‑1, AGS, BGC‑823, MKN‑45 and 
SGC‑7901 cell lines, which were purchased from the American 
Type Culture Collection (Manassas, VA, USA), were used in 
the present study. AGS cells were cultured in F-12 medium 
(Hyclone; GE Healthcare, Chicago, IL, USA) supplemented 
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), and GES‑1, BGC‑823, 
MKN‑45 and SGC‑7901 cells were cultured in High‑Glucose 
Dulbecco's modified Eagle's medium (DMEM), supplemented 
with 10% FBS at 37˚C in 5% CO2.

Lentivirus infection. Two short hairpin RNAs (shRNAs), 
shRNA1 and shRNA2, which are vectors of AFAP1-AS1, 
were constructed and further packaged into lentiviruses by 
Shanghai GenePharma Co., Ltd., (Shanghai, China). A total 
of 108 titer lentiviruses were obtained. Next, MKN-45 and 
SGC‑7901 cells were infected with the lentiviruses at a multi-
plicity of infection at a ratio of 1 cell: 20 lentiviruses. The 
lentiviruses were added into the cell culture and softly shaken. 
A total of 48 h after infection, the decreased expression of 
AFAP1‑AS1 regulated by the shRNAs were confirmed using 
reverse transcription-quantitative polymerase chain reaction 
(RT-qPCR), compared with a negative control.

RNA isolation. TRIzol reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) was used to extract the total RNA from frozen 
tissues and GC cells, according to the manufacturer's protocol. 
In brief, 1 mg tissue or 1x106 cells were mixed with 1 ml 
TRIzol reagent and 60 µl nuclease-free H2O was added to 
re-suspend the RNA precipitation.

RT‑qPCR. RT-qPCR was performed in two steps using 
two reaction kits, the PrimeScript RT reagent kit (Takara 
Biotechnology Co., Ltd., Dalian, China) and the Premix Ex Taq 
kit (Takara Biotechnology Co., Ltd.), according to the manu-
facturer's protocols. In the first step, cDNA was synthesized 
in 20 µl volumes containing 10 µl total RNA with genomic 
DNA removed, 4 µl 5X reverse transcription buffer, 1 µl Prime 
RT Enzyme, 1 µl RT Primer mix and 4 µl nuclease-free H2O. 
In the second step, qPCR reactions were performed in 20 µl 
volumes and run on a Bio-Rad IQ5 thermocycler (Bio-Rad 
Laboratories, Inc., Hercules, CA, USA). Thermocycling condi-
tions were as follows: 94˚C for 2 min, followed by 40 cycles 
of 95˚C for 15 sec and 60˚C for 30 sec. The primer sequences 
were as follows: AFAP1-AS1 forward, 5'-TCG CTC AAT GGA 
GTG ACG GCA‑3' and reverse, 5'‑CGG CTG AGA CCG CTG 
AGA ACT T‑3'; GAPDH forward, 5'‑GGT GGT CTC CTC TGA 
CTT CAA CA‑3' and reverse, 5'‑TCT CTT CCT CTT GTG CTC 
TTG CT‑3'. GAPDH mRNA was used as an internal reference. 
The expression of AFAP1-AS1 was analyzed using the 2‑∆∆Cq 
method (18).

Proliferation assays. As MKN‑45 and SGC‑7901 cells had 
a high expression of AFAP1-AS1, these cells were used to 
analyze the loss-of-function of AFAP1-AS1. Then, these cells 
were seeded into 96‑well pates at a density of 2,000 cells/well, 
respectively. The cell proliferation was analyzed using a Cell 
Counting kit-8 (CCK8; Beyotime Institute of Biotechnology, 
Haimen, China) at 0, 24, 48, 72 and 96 h, according to the 
manufacturer's protocols. The results were collected using an 

Table I. The clinical characterization of patients with GC.

Variable Patients, n (%)

Sex 
  Male 48 (60)
  Female 32 (40)
Age, years 
  ≥60 42 (52.5)
  ≤60 38 (47.5)
Tumor location 
  Body 22 (27.5)
  Antrum 31 (38.8)
  Cardia 27 (33.7)
  Other 0
Histology 
  Adenocarcinoma 52 (65)
  Mucinous adenocarcinoma 28 (35)
  Signet cell cancer 0
TNM stage 
  I 18 (22.5)
  II 23 (28.7)
  III 26 (32.5)
  IV 13 (16.3)

n=80. GC, gastric cancer; TNM, Tumor-Node-Metastasis.
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ultraviolet spectrophotometer (Thermo Fisher Scientific, Inc.) 
at 450 nm.

Migration and invasion assays. AFAP1-AS1-silenced MKN-45 
and SGC‑7901 cells at density of 5x104, and the same number 
of the parallel control cells, were used to perform migration or 
invasion assays. The migration and invasion of the cells were 
analyzed using a QCM Laminin Migration Assay kit (cat. 
no. ECM220; Merck KGaA, Darmstadt, Germany) and a Cell 
Invasion Assay kit (cat. no. ECM550; Merck KGaA), according 
to the manufacturer's protocols. FBS-free DMEM was used in 
the upper chamber and DMEM with 10% FBS was used in the 
lower chamber. The number of cells transferred to the lower 
chamber were calculated using a light microscope (Olympus 
Corporation, Tokyo, Japan). The magnification was x10.

Western blot analysis. SGC‑7901 cells with lentivirus 
containing negative control or shRNA-1 of lncRNA 
AFAP1-AS1, were seeded into 6-well plates prior to being 
collected for western blot analysis. The total proteins were 
extracted using RIPA buffer reagent (Thermo Fisher Scientific, 
Inc.), and the concentration of the lysate was determined using 
a BCA kit (Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. A total of 20 µg of total proteins were 
separated using 12% SDS-PAGE gels and then transferred onto 
polyvinylidene fluoride (PVDF) membranes. Bovine serum 
albumin (3%) solution (Beyotime Institute of Biotechnology) 
was used to block the PVDF membranes for 1 h at room 
temperature. Primary antibodies, E-cadherin (1:200; cat. 
no. 14472), N‑cadherin (1:200; cat. no. 14215), GAPDH 
(1:1,000; cat. no. 5174) and vimentin (1:500; cat. no. 5741) were 
purchased from Cell Signaling Technology, Inc. (Danvers, MA, 
USA) and were diluted using the Primary Antibody Dilution 
Buffer (Beyotime Institute of Biotechnology) according to 
the manufacturer's protocols. The PVDF membranes were 
incubated with the antibodies overnight at 4˚C. The secondary 
antibodies, HRP goat anti‑mouse (cat. no. TA130003; 1:10,000) 
and HRP goat anti‑rabbit (cat. no. TA140003; 1:10,000) 
(OriGene Technologies, Inc., Rockville, MD, USA) were 
diluted with the blocking solution (above mentioned) and then 
incubated with the PVDF membranes at room temperature for 
1 h. Finally, bound proteins were visualized using a SuperSignal 

West Dura Extended Duration Substrate kit (Thermo Fisher 
Scientific, Inc.) and quantified using the ChemiDoc™ and 
ChemiDoc MP Imaging Systems with Image Lab™ Touch 
Software (Version 2.0) (Bio-Rad, California, USA).

Statistical analysis. All data were presented as mean ± standard 
deviation. A two-tailed Student's t-test was used to compare 
the differences between two groups. One-way analysis of 
variance, followed by the Student-Newman-Keuls test, was 
used to analyze differences between more than two groups. 
Receiver operating characteristic (ROC) curve analysis was 
used for evaluating the effect of AFAP1-AS1 on differing 
GC from the adjacent normal tissues. The Youden index was 
used to analyze the optimal cut-off value. Survival analysis 
was used to evaluate the role of the expression of lncRNA 
AFAP1-AS1 in the survival time of patients with GC. P<0.05 
was considered to indicate a statistically significant difference. 
SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad 
Prism 6.0 (GraphPad Software, Inc., La Jolla, CA, USA) 
software were used to perform all statistical analyses and to 
generate the graphs.

Results

AFAP1‑AS1 expression is increased in the primary tumor tissue 
of GC patients. The expression of AFAP1-AS1 was increased 
in various types of cancer (10,12,17); however, its expression in 
GC was unclear. The expression of AFAP1-AS1 in 80 pairs of 
primary GC tissues and matched normal tissues was detected. 
The results revealed that the expression of AFAP1-AS1 was 
significantly higher in GC tissues than in the matched normal 
tissues (P<0.01; Fig. 1A). Furthermore, the expression of 
AFAP1‑AS1 was significantly increased in the tumor tissues of 
GC patients with Tumor-Node-Metastasis (TNM) stages (19) 
III and IV (P<0.01; Fig. 1B), indicating that the overexpression 
of AFAP1-AS1 may be associated with the aggressive progres-
sion of GC.

High expression of AFAP1‑AS1 is associated with shorter 
survival times of patients with GC. To determine whether 
AFAP1-AS1 expression signature could serve as a biomarker 
for GC detection, ROC curve analysis was performed. The 

Figure 1. AFAP1-AS1 is overexpressed in GC tissues compared with matched NC tissues. (A) Expression of AFAP1-AS1 in 80 pairs of GC tissues and matched 
NC tissues. (B) Expression of AFAP1‑AS1 in GC tissues at different TNM stages (stage I, n=18; stage II, n=23; stage III, n=26; and stage IV, n=13). GAPDH 
served as the internal reference. AFAP1-AS1, AFAP1-antisense RNA 1; GC, gastric cancer; NC, negative control; TNM, Tumor-Node-Metastasis.
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results revealed that the expression signature of AFAP1-AS1 
had potential as a diagnostic marker of GC when an optimal 
cut-off value of 0.5040 was selected (area under the curve, 
0.8802; sensitivity, 81.25%; specificity, 83.75%; Fig. 2A). 
The association between the expression of AFAP1-AS1 and 
the survival time of patients with GC was also analyzed. 
As depicted in Fig. 2B, patients with GC that expressed 
high levels of AFAP1-AS1 exhibited a shorter survival time 
compared with those expressing low levels of AFAP1-AS1. 
These results indicated that the expression signature of 
AFAP1-AS1 might be a potential biomarker for the diagnosis 
and prognosis of GC.

Downregulation of AFAP1‑AS1 is induced by specific 
shRNAs. To determine the biological role of AFAP1-AS1 in 
GC cells, the expression of AFAP1‑AS1 was measured in five 
GC cells lines. As demonstrated in Fig. 3A, the expression 
of AFAP1‑AS1 was significantly increased in SGC‑7901 and 
MKN-45 cells compared with the other GC cells. Therefore, 
AFAP1‑AS1 downregulation was induced in SGC‑7901 and 
MKN‑45 cells using lentiviruses containing specific shRNA‑1 
and shRNA-2 which would target AFAP1-AS1. The results 

revealed that shRNA‑1 and shRNA‑2 significantly decreased 
the expression of AFAP1-AS1 in the two cell lines, compared 
with negative control (NC) (Fig. 3B and C).

Downregulation of AFAP1‑AS1 represses the proliferation, 
migration and invasion of GC cells in vitro. Using the 
aforementioned constructed cells, the effect of AFAP1-AS1 
on GC cell proliferation was analyzed. The results revealed 
that shRNA-1 and shRNA-2 significantly decreased the 
proliferation of SGC‑7901 and MKN‑45 cells at on days 1, 
2, 3 and 4 when compared with the negative control (NC) 
(Fig. 4A and B). Furthermore, the effect of AFAP1-AS1 on 
the migration and invasion of GC cells was also analyzed. As 
demonstrated in Fig. 5A and B, knockdown of AFAP1-AS1 
expression significantly inhibited the migration of SGC‑7901 
and MKN-45 cells. These data indicated that AFAP1-AS1 
might promote the proliferation and metastasis of cells in 
GC.

Downregulation of AFAP1‑AS1 modulates the expression 
of EMT‑associated genes. A previous study demonstrated 
that AFAP1-AS1 functions as an oncogene and promotes 

Figure 3. Specific short hairpin RNAs inhibit the expression of AFAP1‑AS1. (A) The expression of AFAP1‑AS1 in different GC cell lines. (B) The lentiviral 
vector containing shRNA‑1 or shRNA‑2 represses the expression of AFAP1‑AS1 in SGC‑7901 and MKN‑45 cells. **P<0.01 and *P<0.05. These experiments 
were repeated three times. AFAP1-AS1, AFAP1-antisense RNA 1; GC, gastric cancer; shRNA, short hairpin RNA.

Figure 2. Expression of AFAP1-AS1 is associated with shorter survival times in patients with GC. (A) Receiver operating characteristic curve revealed that the 
expression signature of AFAP1‑AS1 has an AUC of 0.8802 in distinguishing the GC tissues from the matched normal tissues (sensitivity, 81.25%; specificity, 
83.75%). (B) Survival rate analysis revealed that the GC patients with high AFAP1‑AS1 expression have lower survival rates. The high or low AFAP1‑AS1 
expression in GC tissues is determined using the cut-off value of 0.5040. AFAP1-AS1, AFAP1-antisense RNA 1; GC, gastric cancer; AUC, area under the 
curve.
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GC cell metastasis (20). Therefore, the present study aimed 
to determine whether AFAP1-AS1 is involved in regulating 
EMT-associated genes, including E-cadherin, N-cadherin 
and vimentin. Western blot assays revealed that AFAP1-AS1 
knockdown significantly increased the protein expression of 
E-cadherin, whereas the protein expression of N-cadherin and 
vimentin was significantly decreased (Fig. 6A and B). These 
results indicated that the AFAP1-AS1 induced the metastasis 
of GC cells through regulating EMT.

Discussion

The present study revealed that the expression of AFAP1-AS1 
was increased in the GC tissues when compared to the 

matched normal tissues, and increased levels were associated 
with a shorter survival time in patients with GC. Furthermore, 
the expression signature of AFAP-AS1 was revealed to have 
the ability to distinguish GC tissues from matched normal 
tissues. The biological role of AFAP1-AS1 in GC cells was 
also determined and these data revealed that the downregula-
tion of AFAP1-AS1 inhibited the proliferation and migration 
of GC cells.

AFAP1‑AS1 was first identified in Barrett's esophagus and 
esophageal adenocarcinoma; its overexpression promoted cell 
proliferation and colony-forming ability, inhibit apoptosis, and 
enhance cellular migration and invasion in esophageal adeno-
carcinoma (9). The overexpression of AFAP1-AS1 has also 
been observed in various types of cancer, and is involved in the 

Figure 5. Downregulation of AFAP1-AS1 represses the migration and invasion of GC cells in vitro. SGC‑7901 cells infected with lentivirus containing 
shRNA‑1 have lower (A) migratory and (B) invasive abilities than those containing NC. These experiments were repeated three times. The magnification 
was x10. AFAP1-AS1, AFAP1-antisense RNA 1; GC, gastric cancer; shRNA, short hairpin RNA; NC, negative control.

Figure 4. Downregulation of AFAP1-AS1 represses the proliferation of GC cells in vitro. (A) CCK8 assays revealed that AFAP1‑AS1 silencing significantly 
inhibits the proliferation of (A) SGC‑7901 (B) and MKN‑45 cells compared with negative control (NC). **P<0.01 vs. NC. AFAP1-AS1, AFAP1-antisense 
RNA 1; GC, gastric cancer; shRNA, short hairpin RNA; NC, negative control; OD, optical density.
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aggressive progression of cancer (12,21-23). However, in GC, the 
expression and function of AFAP1-AS1 remains largely unclear. 
The present study detected the expression of AFAP1-AS1 in 
GC tissues and matched normal tissues, and observed that the 
expression of AFAP1-AS1 was also increased the GC tissues, a 
process that is associated with the aggressive progression of GC. 
Furthermore, the results of the present study demonstrated that 
the overexpression of AFAP1-AS1 was associated with shorter 
survival times in patients with GC. These observations indicated 
that the expression signature of AFAP1-AS1 may be a potential 
biomarker for the prognosis of patients with GC. Evidence has 
demonstrated that AFAP1-AS1 serves an oncogenic function 
in tumor development (17,24,25). The results of the present 
study also indicated that a decrease in AFAP1-AS1 expression 
suppressed the proliferation, migration and invasion of GC cells, 
indicating that AFAP1-AS1 has a strong oncogenic function.

E-cadherin, a transmembrane glycoprotein of the 
type I cadherin superfamily, is the primary molecule in the 
adherent junctions in epithelial cells (14). The extracellular 
domain of E-cadherin forms dimers and interacts with the 
dimers of E-cadherin on the membrane of a neighboring 
cell; its intracellular domain is linked to a protein complex 
and is involved in intracellular actin filaments network (14). 
In contrast to epithelial cells, mesenchymal cells primarily 
express N-cadherin, which has a dominant effect in cell-cell 
interactions. N-cadherin enhances the motility of tumor cells 
via the destabilization of the cell-cell adhesion complex (26). 
The present study revealed that the inhibition of AFAP1-AS1 
expression significantly increased the level of E-cadherin 
protein expression and decreased that of N-cadherin in GC 
cells, indicating that AFAP1-AS1 participates in the regulation 
of the EMT progress in GC cells.

In the present study, the number of available clinical 
specimens was relatively small. Although the biological 
function of AFAP1‑AS1 in GC cells was identified and its 
mechanism was investigated, the exact target of AFAP1-AS1 
remains largely unclear. Additionally, the role of AFAP1-AS1 
in the progress of GC requires further clarification in vivo. 
Additionally, more clinical samples are required to evaluate 
the differential ability of AFAP1-AS1 in the diagnosis of GC, 
and the exact mechanism of AFAP1-AS1 in GC cells requires 
identification.

In conclusion, the present study revealed that the over-
expression of AFAP1-AS1 was associated with the shorter 
survival times of patients with GC, and that it promotes the 
proliferation, migration and invasion of GC cells, partially 
through regulating the EMT process, indicating that 
AFAP1-AS1 may serve as a novel biomarker and therapeutic 
target for the diagnosis and treatment of GC.
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