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agnostic rate of early-stage GC is relatively low, 
which is a major reason for the high mortality 
of GC2,3. Great strides on surgical procedures, 
chemotherapy, targeted drugs, and biological 
treatments of GC have been made. However, the 
5-year survival of advanced GC is still low4. In re-
cent years, relevant studies have been extensively 
conducted to explore the molecular mechanisms 
of the etiology and pathogenesis of GC. It is of 
great significance to develop sensitive diagnostic 
hallmarks and therapeutic targets of GC.

Non-coding RNAs are hot topics in tumor 
biology. They are divided into lncRNAs and 
short non-coding RNAs (microRNA, siRNA, 
and piRNA) based on the length5-7. LncRNA is 
200-1000 Kb long, which lacks the open read-
ing frame and protein-encoding functions. The 
production of lncRNAs is similar to that of 
mRNAs8-11. LncRNAs have been identified as 
regulators participating in cellular behaviors. 
They are also involved in regulating pathologi-
cal progress through various mechanisms9,10,12-14. 
It is reported that lncRNA is widely involved in 
tumor progression. For example, lncRNA PC-
GEM1 locates on 2q32 and is upregulated in 
prostate cancer. It is capable of stimulating the 
proliferative rate and colony formation ability 
in prostate cancer cells. LncRNA HOTAIR en-
hances the migratory ability of glioma cells via 
silencing the WNT inhibitor WIF11,4,15. LncRNA 
is crucial in the occurrence and progression of 
tumors16. 

LncRNA FOXP4-AS1 was firstly reported in 
2016. It is upregulated in colorectal cancer (CRC) 
and closely related to cell cycle progression. 
FOXP4-AS1 remarkably influences the occur-
rence and progression of CRC16-18. The regulatory 
effect of FOXP4-AS1 is also reported in osteosar-
coma10,11,19. It is believed that FOXP4-AS1 exerts a 
crucial role in tumor biology. 

Abstract. – OBJECTIVE: To clarify the role of 
lncRNA FOX4-AS1 in the progression of gastric 
cancer (GC) via interacting with EZH2/LSD1. 

PATIENTS AND METHODS: Relative level 
of FOXP4-AS1 in GC tissues and adjacent nor-
mal tissues was determined by quantitative Real 
Time-Polymerase Chain Reaction (qRT-PCR). The 
potential influences of FOXP4-AS1 on cellular be-
haviors of GC cells were evaluated via a series 
of functional experiments. Bioinformatics predic-
tion, RNA immunoprecipitation (RIP) assay, and 
Western blot were conducted to verify the poten-
tial of EZH2/LSD1 as a target of FOXP4-AS1. 

RESULTS: FOXP4-AS1 was upregulated in GC 
tissues relative to controls. Its level was high-
er in GC patients with stage III-IV than those 
with stage I-II. The survival rate was lower in 
GC patients presenting the high expression of 
FOXP4-AS1 compared with those presenting 
low expression. Transfection of sh-FOXP4-AS1 
1# or sh-FOXP4-AS1 2# attenuated prolifera-
tive, migratory, and invasive abilities of AGS and 
BGC7901 cells. FOXP4-AS1 could bind to LSD1 
and EZH2, and positively regulated their expres-
sion levels. Transfection of sh-LSD1 or sh-EZH2 
reduced the proliferative ability of GC cells. 

CONCLUSIONS: FOXP4-AS1 binds to EZH2/
LSD1 to form a carcinogenic complex, thus ac-
celerating GC cells to proliferate, migrate and in-
vade. 
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Introduction 

Gastric cancer (GC) is one of the most prevalent 
malignancies, ranking second in the tumor-relat-
ed death globally. The incidence of GC is on the 
rise. Early-stage symptoms of GC are not evident, 
and effective examinations lack. The pathogene-
sis of GC is diverse, including H.pylori infection, 
eating habits, environmental factors, etc.1. The di-
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This work mainly investigated the role of FOXP4-
AS1 in the progression of GC and the underlying 
mechanism. Our study aims to provide novel direc-
tions for improving the prognosis of GC patients. 

Patients and Methods 

Baseline Characteristics
24 paired GC and adjacent normal tissues were 

surgically harvested from GC patients in Qingd-
ao Central Hospital from March 2016 to October 
2018. Tissue samples were immediately preserved 
in liquid nitrogen after removal. None of the en-
rolled patients had the preoperative treatment and 
family history. This investigation was approved 
by the Medical Ethics Committee of Qingdao 
Central Hospital and informed consent from each 
subject was obtained.

Cell Transfection
AGS and BGC7901 cells were provided by the 

American Type Culture Collection (ATCC; Manas-
sas, VA, USA). They were cultured in Roswell Park 
Memorial Institute-1640 (RPMI-1640) containing 
10% fetal bovine serum (FBS; Gibco, Rockville, 
MD, USA) in a 5% CO2 incubator at 37°C.

Cell Transfection
Cells were subjected to transfection at 70-80% 

of confluence. 1.5 mL of serum-free medium 
and 500 μL of LipofectamineTM 2000 transfec-
tion solution (Invitrogen, Carlsbad, CA, USA) 
containing transfection vectors were applied in 
each well. A complete medium was replaced 6 
h later. Sequences of transfection vectors were 
as follows: sh-FOXP4-AS1 1 #: 5’-CCUGUAG-
CUGCGGGAAGGUCUG-3’; sh-FOXP4-AS1 
2#: 5’-ACACACAGCUUGAGGGGCAAUU-3’; 
sh-FOXP4-AS1 3#: 5’-AAGAACUAAAUUA-
CAGAGUGGC-3’; sh-LDS1: 5’-GCCACCCA-
GAGAUAUUACU-3’; sh-EZH2: 5’-GAGGUU-
CAGACGAGCUGAUU-3’.

RNA Extraction and Quantitative 
Real Time-Polymerase Chain Reaction 
(qRT-PCR)

5×106 cells were lysed in 1 mL of TRIzol (In-
vitrogen, Carlsbad, CA, USA) and incubated in 
0.2 mL of chloroform. After maintenance at room 
temperature for 5 min, the mixture was centri-
fuged at 4°C, 12,000 rpm for 10 min. The super-
natant was transferred to a new EP tube (Eppen-
dorf, Hamburg, Germany) and incubated with 

isodose isopropanol. The mixture was subjected 
to centrifugation under the same condition. The 
precipitant was washed with ethanol, air dried, 
and dissolved in Diethyl pyrocarbonate (DEPC) 
water (Beyotime, Shanghai, China). The RNA 
sample was quantified using the NanoDrop 1000 
and preserved at –80°C. The extracted RNA was 
quantified and reversely transcribed into cDNA, 
followed by PCR using the SYBR Green method. 
The relative level was calculated using the 2-∆∆Ct 

method. Primer sequences were as follows: U6 
F: 5’-CTCGCTTCGGCAGCAGCACATATA-3’, 
R: 5’-AATATGGAACGCTTCACGA-3’; FOXP4-
AS1 F: 5’-CCTGGTTTTCTGTGGAAAGT-3’, R: 
5’-GCACTTTGATAACAATAAAC-3’. 

5-Ethynyl-2’-Deoxyuridine (EdU) Assay
Cells were seeded in the 24-well plate with 

4×104 cells per well. Cells were labeled with 50 
μmol/L EdU at 37°C for 2 h and subjected to 
30-min fixation in 4% paraformaldehyde and 
20 min incubation in phosphate-buffered saline 
(PBS) containing 0.5% Triton-100. After washing 
with PBS containing 3% bovine serum albumin 
(BSA), 100 μl of the dying solution was applied 
per well for 1 h incubation in the dark and cells 
were counter-stained with 100 μL of 1×Hoechst 
33342 for 30 min. The ratio of EdU-positive cells 
was calculated.

Transwell Assay 
Cell density was adjusted to 2×104/mL. 400 μL 

of suspension was applied in the upper side of the 
transwell chamber (Millipore, Billerica, MA, USA) 
pre-coated with Matrigel (BD Bioscience, Franklin 
Lakes, NJ, USA). In the bottom side, 700 μL of me-
dium containing 10% FBS was applied. After 48 h 
of incubation, invasive cells were fixed in methanol 
for 30 min, dyed with 0.1% crystal violet for 10 min 
and counted using a microscope. Penetrating cells 
were counted in 6 randomly selected fields per 
sample. Transwell migration assay was similarly 
conducted without Matrigel pre-coating. 

Cell Counting Kit (CCK-8) Assay
Cells were seeded in the 96-well plate with 

1×104 cells per well. Absorbance (A) at 450 nm 
was recorded at the established time points using 
the CCK-8 kit (Dojindo Laboratories, Kumamoto, 
Japan) for depicting the viability curve.

Colony Formation Assay 
Cells were seeded in the 6-well plate with 

2.5×103 cells per well and cultured for 2 weeks. 
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Subsequently, cells were subjected to 15-min fixa-
tion in 4% paraformaldehyde and 10 min staining 
in Giemsa solution. After removing the staining 
solution, colonies were washed, air dried, and ob-
served under a microscope.

RNA Immunoprecipitation (RIP)
Cells were treated according to the procedures 

of Millipore Magna RIPTM RNA-Binding Pro-
tein Immunoprecipitation Kit (Millipore, Billeri-
ca, MA, USA). The cell lysate was incubated with 
anti-EZH2, anti-LSD1 or IgG antibody at 4°C 
for 6 h. A protein-RNA complex was captured 
and digested with 0.5 mg/mL proteinase K con-
taining 0.1% sodium dodecyl sulphate (SDS) to 
extract RNA. The magnetic beads were repeat-
edly washed with RIP washing buffer to remove 
non-specific adsorption as much as possible. Fi-
nally, the extracted RNA was subjected to mRNA 
level determination using qRT-PCR.

Western Blot
Total protein was extracted from cells or tis-

sues using the radioimmunoprecipitation assay 
(RIPA) (Beyotime, Shanghai, China) and loaded 
for electrophoresis. After transferring on a poly-
vinylidene difluoride (PVDF) membranes (Milli-
pore, Billerica, MA, USA), it was blocked in 5% 
skim milk for 2 h, incubated with primary anti-
bodies at 4°C overnight and secondary antibodies 
for 2 h. Bands were exposed by enhanced chemi-
luminescence (ECL; Pierce, Rockford, IL, USA) 
and analyzed by Image Software.

Statistical Analysis
Statistical Product and Service Solutions (SPSS) 

13.0 (SPSS Inc., Chicago, IL, USA) software was 
used for data analyses. Data were expressed as 

mean ± standard deviation. Intergroup differences 
were analyzed by the t-test. Spearman correlation 
analysis was conducted to evaluate the expression 
relation between the two genes. Kaplan-Meier was 
introduced to analyze the survival rate. p<0.05 was 
considered statistically significant.

Results 

Upregulated FOXP4-AS1 in GC
Compared with adjacent normal tissues, 

FOXP4-AS1 was upregulated in GC tissues (Fig-
ure 1A). Based on the tumor stage, it is found that 
FOXP4-AS1 level remained higher in GC patients 
with stage III-IV than those with stage I-II (Figure 
1B). Kaplan-Meier curves revealed lower 5-year 
survival in GC patients presenting a high expres-
sion of FOXP4-AS1 compared with those present-
ing low expression (Figure 1C). It is speculated that 
FOXP4-AS1 may influence the progression of GC. 

FOXP4-AS1 Influenced the Viability, 
Migration, and Invasion of GC Cells

To explore the biological function of FOXP4-AS1 
in GC, we first constructed sh-FOXP4-AS1 vectors. 
Among the three vectors, transfection of sh-FOXP4-
AS1 1# or sh-FOXP4-AS1 2# greatly downregulat-
ed FOXP4-AS1 level in AGS and BGC7901 cells, 
showing a pronounced transfection efficacy (Figure 
2A). The CCK-8 assay showed that transfection of 
sh-FOXP4-AS1 1# or sh-FOXP4-AS1 2# inhibited 
the viability of GC cells at 48, 72, and 96 h (Figures 
2B, 2C). Moreover, transwell assay demonstrat-
ed the attenuated invasive and migratory abilities 
in GC cells transfected with sh-FOXP4-AS1 1# or 
sh-FOXP4-AS1 2# (Figures 2D, 2E). Collectively, 
knockdown of FOXP4-AS1 suppressed the viability, 
migratory, and invasive abilities of GC. 

Figure 1. Upregulated FOXP4-AS1 in GC. A, Relative level of FOXP4-AS1 in GC tissues and adjacent normal tissues. B, 
Relative level of FOXP4-AS1 in GC patients with stage III-IV and stage I-II. C, Kaplan-Meier curves introduced for analyzing 
the 5-year survival of GC patients with high expression and low expression of FOXP4-AS1. 
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FOXP4-AS1 Influenced the Proliferative 
Ability of GC Cells

EdU assay was further conducted to assess the 
influence of FXOP4-AS1 on the proliferative abil-
ity of GC cells. Transfection of sh-FOXP4-AS1 
1# or sh-FOXP4-AS1 2# markedly decreased the 
number of EdU-labeled cells, suggesting the in-
hibited proliferative ability (Figure 3).

EZH2/LSD1 Were the Target Genes 
of FOXP4-AS1

LncRNA-RNA binding protein complex has 
been reported to mediate biological process-
es. Through RV and SVm classifier analyses, 
EZH2 and LSD1 were predicted to interact with 
FOXP4-AS1 (Figure 4A). Furthermore, RIP as-

say verified that FOXP4-AS1 was abundantly 
enriched in anti-EZH2 and anti-LSD1 relative 
to control (Figure 4B). Hence, we believed that 
FOXP4-AS1 could bind to EZH2 and LSD1. 
Subsequently, sh-EZH2 and sh-LSD1 were con-
structed. Their transfection efficacy in AGS 
and BGC7901 cells was verified by Western 
blot (Figure 4C). The potential effects of EZH2 
and LSD1 on the proliferative ability of GC 
cells were evaluated through the colony for-
mation assay. Transfection of sh-FOXP4-AS1 
1#, sh-EZH2 or sh-LSD1 in GC cells all could 
decrease the number of colonies (Figure 4D). 
Finally, FOXP4-AS1 level was identified to be 
positively correlated to LSD1and EZH2 levels 
in GC (Figures 4E, 4F). 

Figure 2. Knockdown of FOXP4-AS1 inhibited the viability, migration and invasion of GC cells. A, Transfection efficacy 
of sh-FOXP4-AS1 1#, sh-FOXP4-AS1 2# and sh-FOXP4-AS1 3# in AGS, and BGC7901 cells. B, CCK-8 assay showed the 
viability in AGS cells transfected with sh-NC, sh-FOXP4-AS1 1# or sh-FOXP4-AS1 2# at 6, 24, 48, 72, and 96 h, respectively. 
C, CCK-8 assay showed the viability in BGC7901 cells transfected with sh-NC, sh-FOXP4-AS1 1# or sh-FOXP4-AS1 2# at 6, 
24, 48, 72, and 96 h, respectively. D, Transwell assay showed the invasion in AGS and BGC7901 cells transfected with sh-NC, 
sh-FOXP4-AS1 1# or sh-FOXP4-AS1 2# (magnification: 40×). E, Transwell assay showed the migration in AGS and BGC7901 
cells transfected with sh-NC, sh-FOXP4-AS1 1# or sh-FOXP4-AS1 2# (magnification: 40×).
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Figure 4. EZH2/LSD1 were the target genes of FOXP4-AS1. A, RF and SVM classifier showed the interaction probabilities 
of EZH2/LSD1 with FOXP4-AS1. B, RIP assay showed the enrichment of FOXP4-AS1 in the anti-EZH2, anti-LSD1, and an-
ti-IgG. C, Transfection efficacy of sh-EZH2 and sh-LSD1 in AGS and BGC7901 cells. D, Colony formation assay showed the 
colonies in AGS and BGC7901 cells transfected with sh-NC, sh-FOXP4-AS1 1#, sh-EZH2 or sh-LSD1 (magnification: 10×). E, 
Correlation between LSD1 and FOXP4-AS1. F, Correlation between EZH2 and FOXP4-AS1. 

Figure 3. Knockdown of FOXP4-AS1 inhibited the proliferation of GC cells. EdU assay showed DAPI-labeled (blue), EdU-la-
beled (red), and merged images in AGS and BGC7901 cells transfected with sh-NC, sh-FOXP4-AS1 1# or sh-FOXP4-AS1 2# 
(magnification: 40×).
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Discussion 

Here, we first examined the expression pat-
tern of FOXP4-AS1 in GC by qRT-PCR. It was 
found that FOXP4-AS1 was upregulated in 
GC tissues relative to adjacent normal ones. In 
particular, FOXP4-AS1 level remained higher 
in stage III-IV GC than that of stage I-II. Sur-
vival analysis demonstrated a worse prognosis 
in GC patients presenting a high expression of 
FOXP4-AS1. In vitro experiments illustrated 
that knockdown of FOXP4-AS1 attenuated the 
proliferative, migratory, and invasive abilities 
of AGS and BGC7901 cells. Therefore, it is 
suggested that FOXP4-AS1 accelerated the pro-
gression of GC. 

Recently, the ceRNA hypothesis proposed 
that lncRNA could sponge target genes to fur-
ther mediate biological processes. Through 
bioinformatics methods, LSD1 and EZH2 were 
predicted to be the target genes of FOXP4-AS1. 
RIP assay further indicated the interaction be-
tween FOXP4-AS1 and EZH2/LSD1. Knock-
down of EZH2/LSD1 was capable of inhibiting 
the proliferative ability of GC cells. Finally, 
correlation analyses revealed positive relations 
between FOXP4-AS1 and EZH2/LSD1. To sum 
up, our results indicated that FOXP4-AS1/
EZH2/LSD1 was a carcinogenic complex to 
promote the progression of GC.

 Conclusions

We demonstrated that FOXP4-AS1 binds to 
EZH2/LSD1 to form a carcinogenic complex, 
thus accelerating GC cells to proliferate, migrate, 
and invade. FOXP4-AS1 may be a promising gene 
for the clinical treatment of GC.
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