
Am J Transl Res 2019;11(2):793-805
www.ajtr.org /ISSN:1943-8141/AJTR0083776

Original Article
Long non-coding RNA FLVCR1-AS1 sponges  
miR-155 to promote the tumorigenesis  
of gastric cancer by targeting c-Myc

Yan Liu1*, Guangzhou Guo3*, Zhijuan Zhong1, Lijie Sun1, Liya Liao1, Xiaojin Wang1, Qingdong Cao2,  
Hongtao Chen1

Departments of 1Clinical Laboratory, 2Cardiothoracic Surgery, The Fifth Subsidiary Sun Yat-sen University Hospital, 
Zhuhai 519000, Guangdong, P. R. China; 3Department of Clinical Laboratory, Longhua District People’s Hospital, 
Shenzhen 518109, Guangdong, P. R. China. *Equal contributors and co-first authors.

Received August 9, 2018; Accepted December 18, 2018; Epub February 15, 2019; Published February 28, 2019

Abstract: Background: Gastric cancer (GC) is one of the most common digestive tract tumors, and a serious threat 
to human health. Long non-coding RNA (lncRNA) are involved in many cancers. However, the biological functions 
of most lncRNAs are unclear. In this study, we investigated the mechanisms by which FLVCR1-AS1 regulated GC 
progression. Methods: FLVCR1-AS1 expression in GC tissues and 3 GC cell lines were measured by quantitative 
real-time PCR (qRT-PCR). Invasion, proliferation, and apoptosis profiles were analyzed by commercial assays to 
determine the biological functions of FLVCR1-AS1 in GC cells. The binding sites of micro RNA-155 (miR-155) on 
FLVCR1-AS1 were predicted using the miRDB program. Luciferase reporter assay was used to validate direct tar-
geting of FLVCR1-AS1 by miR-155. The effects of FLVCR1-AS1 on expressions of c-Myc and p21 were assessed by 
western blotting. In vivo experiments were performed to analyze the effects of FLVCR1-AS1 on GC tumor growth. 
Results: High expression of FLVCR1-AS1 correlated with poor clinical outcomes and prognosis in patients with GC. 
FLVCR1-AS1 promoted proliferation and invasion of GC cells by acting as a ceRNA to sponge miR-155. Conclusion: 
FLVCR1-AS1 acted as an oncogene in GC via FLVCR1-AS1-miR-155-c-Myc signaling and may serve as a novel thera-
peutic target for treatment of patients with GC.
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Introduction 

Gastric cancer (GC) is one of the most common 
digestive tract tumors, and is a serious threat 
to human health. In recent decades, with 
improvements in human living conditions, es- 
tablishment of good eating habits, and era- 
dication of Helicobacter pylori (Hp), the inci-
dence of gastric cancer has generally declined. 
However, global incidence of GC is fourth-high-
est among male cancers, mortality rate ranks 
third, and the male incidence rate is twice that 
of females [1, 2]. Although recent studies have 
evaluated the molecular mechanisms regulat-
ing GC, the underlying mechanisms have not 
been fully elucidated and existing therapies are 
not sufficient. Therefore, it is necessary to char-
acterize the molecular mechanisms of GC to 
identify new therapeutic targets. 

Long non-coding RNAs (LncRNAs) are a class  
of RNAs that are > 200 nucleotides in length 
but do not encode proteins and have been con-
sidered the “dark matter” of gene transcription 
[3]. Recent studies have shown that abnorm- 
al expression of lncRNA is associated with 
human diseases and participates in tumor 
growth, invasion, metastasis, recurrence, and 
drug resistance [4]. Therefore, lncRNA may 
become a new target for tumor gene therapy. 
With continuous development of high-through-
put transcriptome sequencing technology, 
increasing numbers of dysregulated lncRNAs in 
gastric cancer species have been discovered 
[5]. For example, gastric cancer high expression 
transcript 1 (GHET1) and colorectal cancer-
related transcript 1 (CCAT1) can interact with 
c-Myc to promote gastric cancer progression [6, 
7], while maternally expressed gene 3 (MEG3) 
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can inhibit the occurrence of gastric cancer [8]. 
However, the exact biological functions of most 
lncRNAs remain unclear.

Previous reports showed that the lncRNA 
FLVCR1-AS1 was aberrantly expressed in some 
tumor types, such as lung cancer and hepato-
ma [9, 10]. However, the role of FLVCR1-AS1 in 
tumorigenesis of GC is unclear. Thus, we inves-
tigated the mechanisms by which FLVCR1-AS1 
regulates GC progression. 

Materials and methods

Patient samples

Thirty patients with a clear histological diagno-
sis of gastric cancer underwent surgery in our 
department from January 2015 to October 
2017. None of the patients had received pre- 
operative radiotherapy, chemotherapy, or any 
other cancer treatment. Gastric cancer tissu- 
es and paired adjacent normal tissues (with > 2 
cm distance from the edge of the tumor) were 
collected and snap-frozen in liquid nitrogen 
immediately after surgical resection. Clinical 

Medium (DMEM) (Invitrogen, USA) supplement-
ed with 10% fetal bovine serum (FBS) 
(Invitrogen, USA) in 5% CO2 atmosphere at 
37°C.

LncRNA in situ hybridization

Biotin-labeled specific FLVCR1-AS1 probes 
were used to analyze expression of FLVCR1-
AS1. Samples were fixed with 4% formaldehy- 
de and embedded in paraffin at a melting point 
of 57°C. After dewaxing, biotin-labeled probes 
were incubated overnight with the sections at 
55°C and then DAB substrate was used for 
colorimetric detection of FLVCR1-AS1. Finally, 
the sections were co-stained with hematoxylin. 
FLVCR1-AS1 probe sequences were as follows: 
#1: 5’-CAGGAAAATGTCAGCCAGCG-3’; #2: 5’- 
GCCTCTAAGTAGTGACACTA-3’; #3: 5’-GATTAAT- 
CACAGCTCCTCAC-3’.

Quantitative real-time PCR (qRT-PCR) analysis

Total RNA was extracted using TRIzol reagent 
(Thermo Fisher Scientific, Invitrogen, USA). The 
standards for RNA purity and concentration 

Table 1. The expression of FLVCR1-AS1 in gastric cancer pa-
tients’ tissues
Factors No. FLVCR1-AS1 P value
Gender 0.331
    Male 18 2.255±1.193
    Female 12 2.651±0.995
Age (years) 0.728
    < 50 9 2.365±1.262
    ≥ 50 21 2.512±1.009
Histological grade 0.118
    Well-intermediately differentiation 17 2.178±1.142
    Poor differentiation 13 2.813±0.964
Invasion depth 0.123
    T1-T2 18 2.200±1.111
    T3-T4 12 2.833±1.004
Lymph node metastasis 0.18
    N0-N1 18 2.261±1.070
    N2-N3 12 2.837±1.106
Distant metastasis 0.034*

    M0 22 2.043±0.831
    M1 8 3.075±1.231
TNM stage 0.032*

    I, II 17 1.921±1.113
    III, IV 13 2.987±1.068
*P < 0.05, Student’s t-test. 

data is summarized in Table 1, 
including gender, age, histologi-
cal grade, invasion depth, lym- 
ph node metastasis, distant 
metastasis and TNM stage. 
Histological grade was assign- 
ed according to American Joint 
Committee on Cancer (AJCC) 
standards. Informed written con-
sent was obtained for all pa- 
tients and the study was ap- 
proved by The Fifth Subsidiary 
Sun Yat-sen University Hospit- 
al Animal Experimental Ethics 
Committee. Experiments involv-
ing human subjects were in 
accordance with the Helsinki 
Declaration.

Cell lines

The human gastric epithelial cell 
line GES-1 and three human gas-
tric cancer cell lines (AGS, MNK-
45, and MGC-803) were obtain- 
ed from American Type Culture 
Collection (ATCC, Rockville, MD, 
USA). All cell lines were cultured 
in Dulbecco’s Modified Eagle’s 
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were RIN ≥ 7.0 and 28S/18S > 0.7, respec- 
tively. cNDA was synthesized using PrimeScript 
RT reagent Kit with gDNA Eraser (Takara, 
Dalian, China). Quantitative analysis of RNA 
expression by qRT-PCR using SYBR green. The 
housekeeping gene RNU6-2 was used as an 
internal standard for miRNA. GADPH was used 
as an internal standard for FLVCR1-AS1 and 
c-Myc. qRT-PCR amplification conditions were 
as follows: 95°C for 14 min, followed by 40 
cycles each at 95°C for 10 s, 60°C for 30 s, 
72°C for 30 s. The 2-ΔΔCT formula was used to 
calculate relative expression levels. 

Gene knockdown and overexpression

For FLVCR1-AS1 knockdown, FLVCR1-AS1 
siRNA (siFLVCR1-AS1 5’-GGTAAGCAGTGGCTCC- 
TCTAA-3’) were purchased from Genepharma 
(Shanghai, China). MGC803 cells were seed- 
ed onto 6-well plates and transfected with 
siFLVCR1-AS1. For FLVCR1-AS1 overexpres-
sion, lentiviral expressing vector pITA was used 
to construct a pITA-FLVCR1-AS1 lentiviral plas-
mid. After sequencing to verify the correctness 
of the sequence, pITA-FLVCR1-AS1 was trans-
fected into MKN45 cells. 

For miR-155 knockdown and overexpression, 
miR-155 inhibitor and miR-155 mimics were 
purchased from Genepharma (Shanghai, Chi- 
na). MGC803 and MKN45 cells were transfect-
ed with the above constructs using Lipo- 
fectamine 2000 (Invitrogen; USA) according to 
standard protocols. MiR-155 mimic sequences 
were as follows: sense: 5’-UUAAUGCUAAUU- 
GUGAUA GGGGU-3; antisense: 5’-CCCUAUCA- 
CAAUUAGCAUUAAUU-3’. MiR-155 inhibitor se- 
quence was as follows: 5’-ACCCCUAUCAC- 
AAUUAGCAUUAA-3’.

Cell proliferation and apoptosis assay

Cell proliferation assays were performed using 
the Cell Counting Kit-8 (CCK-8, Dojindo, Japan) 
according to the manufacturer’s instructions. 
Cells were seeded onto 96-well plates (density: 
8 × 103 cells/well, volume: 100 μL) and cul-
tured at 37°C for 24 h. Ten microliters of CCK-8 
reagent was added to each well, the plate was 
incubated at 37°C. Absorbance at 450 nm 
(A450) was measured at 0, 24, 48 and 72 h. All 
experiments were performed in triplicate.

To measure apoptosis, cells were centrifuged 
at 1000 rpm for 5 min and then stained using 

Annexin V-FITC and propidium iodide (PI) kits 
(KeyGen Biotech, Nanjing, China) according to 
the manufacturer’s protocol. Cell apoptosis 
was quantified by flow cytometry on a Beckman 
Coulter flow cytometer (Becton Dickinson; 
USA).

Cell Ki67 immunofluorescence staining

Cells were fixed with 4% formaldehyde solution 
at room temperature for 1 h and then washed 
twice with PBS buffer. Cells were lysed with 
0.5% Triton-X for 0.5 h and incubated with 5% 
BSA at room temperature for 5 min to block 
non-specific background staining. Cells were 
then incubated with the primary antibody anti-
Ki67 (Thermo Fisher Scientific, Invitrogen, USA, 
1:100) at 37°C for 2 h. After incubation of the 
secondary antibody for 1 h, the cells were treat-
ed with DAPI (5 μg/mL) at room temperature for 
10 min. Visualization was performed using a 
fluorescence microscope.

Cell invasion assay

Transwell assay was used to evaluate cell inva-
sion ability. Two hundred microliters of serum-
free medium and 500 μL of medium containing 
10% FBS were added to the upper chamber 
and the lower chamber, respectively. Cells were 
seeded into the upper chamber at a final den-
sity of 1 × 105 cells/mL and incubated at 37°C 
for 24 h. The upper chamber was removed and 
the cells were wiped on the chamber filter with 
a cotton swab. After washing with PBS, the 
chamber was fixed in 95% ethanol for 10 min 
and then stained with 1% crystal violet for 30 
min. Cells that invaded to the lower chamber 
were counted using a Nikon TE2000 micro-
scope (Nikon, Tokyo, Japan). 

Flow cytometric analysis of the cell cycle

To analyze cell cycle, cells were centrifuged at 
1000 rpm for 5 min then stained using a cell 
cycle kit (Thermo Fisher Scientific) according to 
the manufacturer’s protocol. Cell cycle was 
analyzed by flow cytometry on a Beckman 
Coulter flow cytometer (Becton Dickinson; 
USA).

Luciferase assay

Bioinformatics analysis was performed to  
predict FLVCR1-AS1-targeted miRNAs using 
miRDB (http://mirdb.org/miRDB/). miR-155 
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binding sites on FLVCR1-AS1 were predicted  
by RNAhybrid 2.2 (http://bibiserv. techfak. uni-
bielefeld.de/rnahybrid/). Wild-type binding si- 
tes (5’-UUUUCAGACCUUUAGCAUUAACCUUAU- 
AGG-3’; position: 882-890) and mutant binding 
sites (5’-UUUUCAGACCUUAAUCAGGAACCUUA- 
UAGG-3’; position: 882-890) were synthesized 
and cloned into psiCHECK2 vectors to produce 
FLVCR1-AS1-WT and FLVCR1-AS1-MT vectors, 
respectively. 

Cells were seeded onto 96-well plates at a fin- 
al density of 1 × 105 cells/well. The recombi-
nant vectors were co-transfected into MGC803 
and MKN45 cells with miR-155 mimic or miR-
ctrl. Dual-luciferase reporter assay system 
(E1910, Promega) was used to measure lucifer-
ase activity according to the manufacturer’s 
protocol.

Western blotting

Total protein was extracted using RIPA buffer 
(Beyotime, China) and separated on a 10% 
SDS-PAGE gel. The separated proteins were 
transferred onto PVDF membranes (Bio-Rad, 

USA). Membranes were blocked with TBST buf-
fer containing 5% non-fat milk for 1 h at room 
temperature. Membranes were then incubated 
with primary antibodies (1:1000) at 4°C for 12 
h. After washing with TBST buffer, membranes 
were incubated with secondary antibodies 
(1:10000) at room temperature for 1 h. Protein 
expression levels were measured using an 
enhanced chemiluminescence detection kit 
(Thermal Scientific, USA). All experiments were 
repeated in triplicate.

RNA pull-down

FLVCR1-AS1 were biotinylated by GenePharma 
Company (Shanghai, China) and processed 
using a Pierce Magnetic RNA Pull-Down Kit 
(Thermo Fisher Scientific, Waltham, MA, USA) 
according to the manufacturer’s instructions. 
MiR-155 expression levels were measured by 
qRT-PCR.

Animal study

BALB/c nude mice (6 weeks old) were obtained 
from the Experimental Animal Center of 

Figure 1. FLVCR1-AS1 was upregulated in GC and was correlated with clinical and prognosis in GC patients. A. qRT-
PCR analysis was used to detect the relative expression levels of FLVCR1-AS1 in normal tissues (adjacent tissues 
of GC patients) and tumor tissues of GC patients (n=30). B. GC patients with higher expression of FLVCR1-AS1 
showed lower overall survival rate and the correlation between FLVCR1-AS1 and overall survival of osteosarcoma 
patients was analyzed by Kaplan Meier method analysis (log rank test). C. Histologic examinations were performed 
after H&E staining to observe the morphology of GC tissues in normal tissues and tumor tissues. FLVCR1-AS1 had 
higher expression levels in GC tissues compared with the normal tissues. Data were presented as mean ± standard 
deviation (SD). Each experiment was repeated three times. *P < 0.05.
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Southern Medical University. 5 × 106 MKN45 
cells with stable expression of pITA-FLVCR1-
AS1 lentiviral plasmid and control cells were 
injected into the nude mice. Tumor volumes 
were measured and calculated weekly using 
the formula (length × width2)/2 for four weeks. 
Mice were euthanized by inhalation of diethyl 
ether, and tumor volume and weight were mea-
sured. Tumor section slides were analyzed by 
immunohistochemistry assay with Ki67.

Statistical analysis

SPSS software (SPSS standard version 19.0; 
SPSS Inc.) was used for all statistical analyses. 
Survival curves were calculated using the 
Kaplan-Meier method and were analyzed using 
the log-rank test. Values were expressed as 
mean ± SD. Two groups of experiments were 
conducted using Student’s t-test. Statistical 
significance was determined by one-way analy-
sis of variance (ANOVA) followed by Dunnett’s 
test among multiple groups. P < 0.05 was con-
sidered significant.

Results

Up-regulation of FLVCR1-AS1 correlated with 
clinical indices and prognosis in patients with 
gastric cancer 

To investigate regulation of FLVCR1-AS1 expres-
sion in gastric cancer, thirty patients with gas-
tric cancer were evaluated in this study. qRT-
PCR was performed to measure mRNA ex- 
pression levels in gastric cancer tissues and 
corresponding normal tissues. As shown in 
Figure 1A, mRNA expression levels of FLVCR1-
AS1 in gastric cancer tissues were significantly 
higher than those in normal tissues (P < 0.01). 
Patients were divided into two groups accord-
ing to expression levels of FLVCR1-AS1. Kaplan-
Meier survival analysis was used to compare 
overall survival rates of gastric cancer patients 
with different levels of FLVCR1-AS1. The results 
showed that overall survival rates of patients 
with high FLVCR1-AS1 expression were signifi-
cantly lower than those of patients with low 
FLVCR1-AS1 expression level (Figure 1B). 
Subsequently, we analyzed expression levels  
of FLVCR1-AS1 in both normal and tumor tis-
sues by in situ hybridization. As shown in Figure 
1C, FLVCR1-AS1 had higher expression levels  
in tumor tissues compared with normal tissu- 
es. This result was consistent with the results 
of qRT-PCR analyses. In summary, FLVCR1- 

AS1 was abnormally enriched in gastric cancer 
tissues and was associated with poor GC 
prognosis.

FLVCR1-AS1 knockdown inhibited proliferation 
and invasion, and enhanced cell apoptosis in 
gastric cancer cells

To characterize the role of FLVCR1-AS1 in  
gastric cancer, we measured mRNA expression 
levels GES-1 cells and three human gastric  
cancer cell lines (AGS, MGC-803, and MNK-
45). As shown in Figure 2A, expression levels of 
FLVCR1-AS1 in AGS and MGC-803 cells were 
significantly higher than those in GES-1 cells. 
However, there was no significant difference in 
FLVCR1-AS1 expression between MNK-45 and 
GES-1 cells. 

Expression of FLVCR1-AS1 was knocked down 
in MGC-803 cells following transfection with 
siFLVCR1-AS1 (P < 0.01) (Figure 2B). The effect 
of FLVCR1-AS1 expression on cell proliferation 
was evaluated using a CCK-8 kit. The results 
indicated that knockdown of FLVCR1-AS1 sig-
nificantly reduced cell proliferation ability after 
transfection with siFLVCR1-AS1 within 72 h 
(59% decrease, P < 0.01) (Figure 2C). FACS 
analysis and AnnexinV/PI staining were used  
to measure cell apoptosis. As shown in Figure 
2D and 2E, FLVCR1-AS1 knockdown signifi- 
cantly enhanced apoptosis (5.0-fold increa- 
se, P < 0.01). Ki67 immunofluorescence stain-
ing was also performed to measure the ef- 
fects of FLVCR1-AS1 expression on cell prolif-
eration. After transfection with siFLVCR1-AS1, 
proliferation ability of MGC-803 cells decreas- 
ed significantly (55% decrease, P < 0.01) 
(Figure 2F and 2G). This result was consistent 
with that of CCK-8 assay, which indicated that 
knockdown of FLVCR1-AS1 inhibited cell 
proliferation.

In addition, we performed transwell assay to 
analyze the effect of FLVCR1-AS1 expression 
on cell invasion ability. The results showed that 
knockdown of FLVCR1-AS1 expression signifi-
cantly reduced the invasive ability of MGC-803 
cells (45% decrease, P < 0.01) (Figure 2H and 
2I). Moreover, the results of cell cycle assays 
indicated that knockdown of FLVCR1-AS1 
expression significantly elevated the proportion 
of cells in G0/G1 phase, and reduced the pro-
portion of cells in S phase (Figure 2J and 2K). 
Collectively, FLVCR1-AS1 knockdown inhibited 
proliferation and invasion ability of gastric can-
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Figure 2. FLVCR1-AS1 knockdown inhibited cell proliferation and invasion, and enhanced cell apoptosis. (A) qRT-PCR analysis was used to detect the relative expres-
sion levels of FLVCR1-AS1 in GES-1, AGS, MGC-803 or MKN45 cell lines. (B) qRT-PCR analysis was used to detect the relative expression levels of FLVCR1-AS1 in 
MGC-803 cells following transfected with FLVCR1-AS1 siRNA (siFLVCR1-AS1) or a non-target siRNA control (siRNA-ctrl). (C) Cell viability was determined using CCK-8 
assay in MGC-803 cells following transfected with siFLVCR1-AS1 or siRNA-ctrl for 0, 24, 48 and 72 h. (D) Cell apoptosis of MGC-803 cells after transfecting with 
siFLVCR1-AS1 or siRNA-ctrl was detected with flow cytometry. (E) Apoptosis rate of MGC-803 cells after transfecting with siFLVCR1-AS1 or siRNA-ctrl. (F) MGC-803 
cells proliferation after transfecting with siFLVCR1-AS1 or siRNA-ctrl was observed with Ki67 and DAPI staining. (G) Ki67 positive cell rate of MGC-803 cells after 
transfected with siFLVCR1-AS1 or siRNA-ctrl. (H) The transwell invasion assay and (I) the invasion rate of MGC-803 cells following siFLVCR1-AS1 or siRNA-ctrl were 
measured. (J) The cell cycle assay and (K) the cell cycle distribution rate of MGC-803 cells following siFLVCR1-AS1 or siRNA-ctrl were measured. Data were presented 
as mean ± standard deviation (SD). Each experiment was repeated three times. **P < 0.01.
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cer cells, enhanced cell apoptosis, and induced 
cell cycle arrest.

FLVCR1-AS1 overexpression enhanced cell 
proliferation and invasion

To further explore the role of FLVCR1-AS1 in 
gastric cancer cells, FLVCR1-AS1 was overex-

pressed in MNK-45 cells (P < 0.01) (Figure 3A). 
CCK-8 and Ki67 immunofluorescence stain- 
ing experiments were performed to evaluate 
the effects of FLVCR1-AS1 expression on cell 
proliferation. As shown in Figure 3B, prolifera-
tion of FLVCR1-AS1-overexpressing cells was 
significantly increased compared with cells 
transfected with control vectors at 72 h (1.6-

Figure 3. FLVCR1-AS1 overexpression enhanced cell proliferation and invasion. A. qRT-PCR analysis of the relative 
expression levels of FLVCR1-AS1 in MKN45 cells that transfected with FLVCR1-AS1 overexpression plasmid or an 
empty vector. B. The effect of FLVCR1-AS1 overexpression on proliferation of MKN45 cells was detected with CCK8. 
C. Ki67 immunofluorescence staining were performed to evaluate the effect of FLVCR1-AS1 overexpression on 
proliferative activity of MKN45 cells. D. Ki67 positive MKN45 cells were quantified. E. The effect of FLVCR1-AS1 
overexpression on invasion ability of MKN45 cells was detected with transwell assay. F. The invasion rate of MKN45 
cells following FLVCR1-AS1 were measured. Data were presented as mean ± standard deviation (SD). Each experi-
ment was repeated three times. **P < 0.01.
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fold increase, P < 0.01). In contrast, the Ki67 
positive cell rate of FLVCR1-AS1-overexpress- 
ing cells was significantly higher than that of 
the control group (2.1-fold increase, P < 0.01) 
(Figure 3C and 3D). Transwell assay was also 
used to analyze the effect of FLVCR1-AS1 
expression on invasion ability of MNK-45 cells. 
Overexpression of FLVCR1-AS1 significantly in- 
creased cell invasion ability (1.5-fold increase, 
P < 0.01) (Figure 3E and 3F). In summary, 
FLVCR1-AS1 overexpression enhanced cell pro-
liferation and invasion. These results were con-
sistent with those of FLVCR1-AS1 knockdown in 
MGC-803 cells.

FLVCR1-AS1 sponges miR-155 in gastric can-
cer cells

Bioinformatics analysis was performed to pre-
dict target miRNAs for FLVCR1-AS1. MiR-155, 
miR-513c, miR-514b, and miR-670 were the 
top four predicted targets. Subsequently, le- 
vels of these four miRNAs in MGC-803 and 
MNK-45 cells were measured by qRT-PCR. 
Knockdown of FLVCR1-AS1 expression in MGC-

803 cells resulted in significantly increased 
miR-155 (3.9-fold increase, P < 0.01), while 
there were no significant differences in miR-
513c, miR-514b, and miR-670 levels (Figure 
4A). Consistent with the above results, overex-
pression of FLVCR1-AS1 in MNK-45 cells result-
ed in significantly decreased miR-155 levels 
(64% decrease, P < 0.01), while there were no 
significant differences in miR-513c, miR-514b, 
and miR-670 levels (Figure 4B). According to 
the above results, miR-155 may directly target 
FLVCR1-AS1. 

To confirm this prediction, luciferase reporter 
assay was used in this study to further confirm 
whether miR-155 directly targets FLVCR1-AS1 
in MGC-803 and MNK-45 cells. The targeted 
sequence and mutant sequence of FLVCR1-
AS1 are shown in Figure 4C. We constructed 
FLVCR1-AS1-WT and FLVCR1-AS1-MT luciferase 
reporter plasmids by cloning the wild-type and 
mutant sequences downstream of the lucifer-
ase gene. Then, FLVCR1-AS1-WT and FLVCR1-
AS1-MT were transfected into MGC-803 and 
MNK-45 cells with miR-155 mimics or miR-ctrl. 

Figure 4. FLVCR1-AS1 functioned as a sponge for miR-155 in GC. A. qRT-PCR analysis of top four predicted miR-
NAs in MGC803 cells transfected with siFLVCR1-AS1 or si-NC. B. qRT-PCR analysis of top four predicted miRNAs in 
MKN45 cells transfected with FLVCR1-AS1 overexpression plasmid or an empty vector. C. Schematic description of 
miR-155 binding sites in the FLVCR1-AS1. D. FLVCR1-AS1-mut as well as a FLVCR1-AS1-wt luciferase reporter plas-
mid was cloned by mutating the predicted miR-155 binding site in FLVCR1-AS. FLVCR1-AS1-wt or FLVCR1-AS1-mut 
was co-transfected into MGC803 cells with si-NC or miR-155 mimics. E. FLVCR1-AS1-mut as well as a FLVCR1-AS1-
wt luciferase reporter plasmid was cloned by mutating the predicted miR-155 binding site in FLVCR1-AS. FLVCR1-
AS1-wt or FLVCR1-AS1-mut was co-transfected into MKN45 cells with si-NC or miR-155 mimics. F. The binding 
relation between FLVCR1-AS1 and miR-155 was verified by RNA pull-down assay. Data were presented as mean ± 
standard deviation (SD). Each experiment was repeated three times. **P < 0.01.
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Co-transfection with FLVCR1-AS1-WT and miR-
155 mimics resulted in significantly decreas- 
ed luciferase activity in both MGC-803 (58%, P 
< 0.01) and MNK-45 (53%, P < 0.01) cells 
(Figure 4D and 4E). The interaction between 
FLVCR1-AS1 and miR-155 was further exam-
ined by RNA pull-down. We found significant 
enrichment of miR-155 by using biotin-labeled 
FLVCR1-AS1 (Figure 4F). 

FLVCR1-AS1 promoted c-Myc expression by 
sponging miR-155

Previous studies showed that c-Myc is an 
important miR-155 target gene [11]. However, 
interactions between c-Myc and FLVCR1-AS1 

are not well-understood. To investigate wheth- 
er FLVCR1-AS1 regulated c-Myc expression 
through the sponge mechanism, we examined 
the relationship between miR-155 land c-Myc 
expression levels. As shown in Figure 5A, over-
expression of miR-155 resulted in a significant 
decrease in the relative mRNA expression of 
c-Myc (55% decrease, P < 0.01). Furthermore, 
transfection with a miR-155 inhibitor signifi-
cantly increased the relative mRNA expres- 
sion of c-Myc (2.9-fold, P < 0.01) (Figure 5B). 
Western blot was used to measure protein lev-
els of c-Myc and p21. c-Myc protein was de- 
creased and p21 was increased in MGC-803 
cells transfected with miR-155 mimic, while 
miR-155 inhibitors reduced c-Myc and p21 

Figure 5. C-Myc was a target gene of miR-155 and was suppressed by siFLVCR1-AS1. A. qRT-PCR analysis was used 
to detect the relative expression of c-Myc in MGC803 cells following transfected with miR-155 mimics or NC. B. 
qRT-PCR analysis was used to detect the relative level of c-Myc in MKN45 cells following transfected with miR-155 
inhibitors or NC. C. Relative protein levels of c-Myc and p21 in MGC803 or MKN45 cells following transfected with 
miR-155 mimics, miR-155 inhibitors or corresponding ncRNA were detected with Western blot. D. Relative protein 
levels of c-Myc and p21 in MGC803 or MKN45 cells were quantified. GAPDH was used as the internal standard. E. 
qRT-PCR analysis was used to detect the relative gene levels of c-Myc and p21 in MGC803 cells following transfect-
ed with si-NC or siFLVCR1-AS1. F. qRT-PCR analysis was used to detect the relative gene levels of c-Myc and p21 in 
MKN45 cells following transfected with FLVCR1-AS1 overexpression plasmid or an empty vector. G. Relative protein 
levels of c-Myc in MGC803 or MKN45 cells following transfected with siFLVCR1-AS1, FLVCR1-AS1 overexpression 
plasmid or corresponding NC were deteced. H. Relative protein levels of c-Myc in MGC803 or MKN45 cells were 
quantified. I. qRT-PCR analysis was used to detect the relative gene level of c-Myc in GC tissues. J. Pearson’s correla-
tion scatter plot of the fold change of c-Myc and FLVCR1-AS1 in GC tissues. K. IHC staining was used to detect the 
expressions of c-Myc in peri-tumor and tumor tissues. C-Myc had higher expression levels in GC tissues compared 
with the adjacent tissues. Data were presented as mean ± standard deviation (SD). Each experiment was repeated 
three times. **P < 0.01.
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expression (P < 0.01) (Figures 5C, 5D and S1). 
In addition, FLVCR1-AS1 knockdown in MGC-
803 cells resulted in a significant decrease in 
c-Myc mRNA levels (52% decrease, P < 0.01) 
(Figure 5E). Overexpression of FLVCR1-AS1 in 
MKN-45 cells resulted in a significant increase 
in c-Myc mRNA levels (52% increase, P < 0.01) 
(Figure 5F). Consistent with the above results, 
c-Myc protein levels were decreased and p21 
protein levels were increased by siFLVCR1-AS1 
in MGC-803 cells, while overexpression of 
FLVCR1-AS1 resulted in the opposite effect (P < 
0.01) (Figure 5G and 5H). 

Next, we measured relative mRNA expression 
levels of c-Myc in the thirty patients with gastric 
cancer by qRT-PCR. The results showed that 

mRNA levels of c-Myc in gastric cancer tissues 
were significantly higher than those in normal 
tissues (Figure 5I) (P < 0.01). In addition, c-Myc 
expression levels positively correlated with 
those of FLVCR1-AS1 (R2=0.4402, P < 0.01) 
(Figure 5J). In addition, as shown in Figure 5K, 
c-Myc expression levels were higher in tumor 
tissues compared with those in normal tissues. 
These findings indicated that FLVCR1-AS1 pro-
moted c-Myc expression by sponging miR-155.

Overexpression of FLVCR1-AS1 promoted GC 
growth in vivo

To further characterize the influence of FLVCR1-
AS1 on growth of GC xenografts in mice, 
MKN45 cells transfected with a FLVCR1-AS1 

Figure 6. FLVCR1-AS1 promoted GC growth in vivo. A. FLVCR1-AS1-overexpression cells were injected into nude 
mice. Then tumor volumes were measured at different time points. B. Representative image of the excised tumors 
on day 28. C. Tumor weights were weighted and quantified, n=4. D. qRT-PCR analysis was used to detect the ex-
pression level of FLVCR1-AS1 in excised tumors. E. qRT-PCR analysis was used to detect the expression level of 
miR-155 in excised tumors. F. qRT-PCR analysis was used to detect the expression level of c-Myc in excised tumors. 
G. Relative protein level of c-Myc in excised tumors was detected with western blot. H. Relative protein level of c-
Myc in tumors were quantified in each group. GAPDH was used as the internal standard in the western blot assay. 
I. Representative of immunohistochemical staining for Ki-67 in excised tumors. J. Quantification of Ki-67 positive 
cells in tumor tissues. Data were presented as mean ± standard deviation (SD). Each experiment was repeated 
three times. **P < 0.01.
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overexpression lentivirus were subcutaneously 
implanted into nude mice. As shown in Figure 
6A and 6B, tumors derived from FLVCR1-AS1 
overexpression cells grew more quickly than 
those derived from the vector control, and sub-
sequent tumor weight was also significantly 
higher than that of the vector control (Figure 
6C). Furthermore, qRT-PCR analysis showed 
that FLVCR1-AS1 overexpression significant- 
ly increased FLVCR1-AS1 and c-Myc mRNA 
expression and downregulated miR-155 expres-
sion (Figure 6D-F). Western blot analysis 
showed that FLVCR1-AS1 overexpression pro-
moted expression of c-Myc protein (Figure 6G 
and 6H). Finally, proliferative activity of tumor 
cells was assessed via Ki-67 immunohisto-
chemical staining. Ki-67 staining was increased 
in the group that was implanted with FLVCR1-
AS1 overexpression cells (Figure 6I and 6J). 
These results suggested that FLVCR1-AS1  
overexpression promoted expression of c-Myc 
through competitive binding with miR-155, 
resulting in tumorigenesis.

Discussion

Increased study of lncRNA in gastric cancer has 
resulted in an important new direction in molec-
ular biology and clinical medical research. 
LncRNA can regulate expression of coding 
genes through different molecular biological 
mechanisms, and play an important role in 
occurrence, development, and treatment of 
diseases. LncRNAs have the potential to serve 
as a new class of molecular markers with broad 
clinical application prospects. Abnormal ex- 
pression of lncRNAs has been found in plas-
ma, serum, gastric juice, and urine of patients 
with gastric cancer [12, 13]. Up-regulation of 
lncRNAs such as HOTAIR, H19, HIF1A-AS2, 
GAPLINC, UCA1, LSINCT5, and PVT1 [14-16], 
and down-regulation of lncRNAs such as MEG3, 
AC1381281, AA174084, and FER1L4 [8, 17, 
18] are thought to be associated with tumor 
size, tumor invasion, lymph node metastasis, 
and TNM staging of GC. GC patients with high 
or low levels of lncRNAs generally have shorter 
overall survival, shorter disease-free survival, 
worse prognosis, and poorer outcomes. These 
lncRNAs have the potential to become biomark-
er molecules for diagnosis, prognosis, and out-
come of gastric cancer. In this study, we showed 
that FLVCR1-AS1 was upregulated in GC cells 
and tissues and correlated with clinical out-

come and prognosis in GC patients. Therefore, 
FLVCR1-AS1 may serve as a novel GC diagnos-
tic and prognostic marker.

In addition, signaling pathways mediated by 
lncRNAs in regulation of GC may provide new 
targets for drug-targeted therapy of GC. For 
example, Zhang et al. showed that the lncRNA 
ANRIL is highly expressed in GC tissues and cell 
lines. Correlation analysis between ANRIL and 
clinicopathological factors in GC patients sh- 
owed that ANRIL expression level was closely 
related to tumor size, TNM stage, and survival 
prognosis of GC patients. In addition, the study 
found that ANRIL, miR-99a/miR-449a, and 
EZH2 have a mutual regulation relationship, 
which indirectly regulates proliferation of GC 
cells [19]. Many studies have shown that regu-
lation of lncRNA expression by siRNA can sig-
nificantly change the progression of GC. Yang et 
al. confirmed by qRT-PCR that tumor-associat-
ed lncRNA H19 is highly expressed in GC and 
found that it can promote proliferation of GC 
cells. Transfection of GC cells with H19 siRNA 
induced apoptosis of GC cells [20]. Metastasis-
associated lung adenocarcinoma transcript1 
(MALAT1) and HOX antisense intergenic RNA 
(HOTAIR) play important roles in GC metastasis. 
Okugawa et al. examined 300 specimens of GC 
and found that MALAT1 and HOTAIR were sig-
nificantly increased in gastric cancer and close-
ly related to peritoneal metastasis. Down-
regulation of HOTAIR inhibits migration and 
invasion of GC cells. In vivo experiments dem-
onstrated that HOTAIR siRNA significantly inhib-
ited tumor growth and peritoneal metastasis 
[21]. Our findings demonstrated that FLVCR1-
AS1 knockdown inhibited proliferation and 
invasion ability of GC cells, and enhanced cell 
apoptosis. FLVCR1-AS1 may also act as a tar-
get for GC treatment.

The ‘sponge’ theory of competing endogenous 
RNAs (ceRNA) regulatory networks suggests 
that lncRNA can directly participate in expres-
sion of target regulatory genes and also may 
contain some core seed sequences of miRNAs. 
In view of the long length of the IncRNA, these 
core sequences can affect the abundance of 
the target gene mRNA by adsorbing to the cor-
responding miRNA, thereby further affecting 
gene expression. The ceRNA network formed 
by lncRNA and miRNA is one of the foundations 
for lncRNA to play a role in tumors [22]. For 
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example, Hu et al. found that the IncRNA 
GAPLINC is highly expressed in gastric cancer, 
which attenuates inhibition of CD44 by miR-
311-3p by competitively binding to miR-311-3p. 
As such, the lncRNA GAPLINC can be used as a 
ceRNA to indirectly regulate migration and pro-
liferation of gastric cancer cells [23]. A similar 
study indicated that ZEB1 acts as a target gene 
for miR-141 regulation and plays an important 
role in epithelial-mesenchymal transition. H19 
specifically binds to miR-141, and expression of 
H19 and miR-141 are negatively correlated in 
GC tissues and cells. Knockdown of H19 signifi-
cantly reduced ZEB1 expression, while overex-
pression of H19 significantly up-regulated ZEB1 
expression. H19 can also act as a ceRNA to 
indirectly regulate expression of ZEB1 by inhib-
iting the degradation of target gene ZEB1 by 
miR-141 [24]. To demonstrate the mechanism 
of FLVCR1-AS1 function in GC, we predicted the 
target microRNA of FLVCR1-AS1 using an online 
database (http://www.mirdb.org). We identifi- 
ed miR-155 as a potential target of FLVCR1-
AS1. Through luciferase activity reporter as- 
say, we confirmed that FLVCR1-AS1 directly 
sponged miR-155. Therefore, FLVCR1-AS1 reg-
ulated GC progression via sponging miR-155. 
Our research expanded understanding of the 
regulatory mechanisms of GC progression.

MiRNAs regulate gene expression at the post-
transcriptional level. They play important roles 
in tumor development, organogenesis, viral 
defense, epigenetic regulation, and metabo-
lism [25]. Previous studies showed that c-Myc 
is an important miR-155 target gene [11]. 
C-Myc is a proto-oncogene that can be over-
amplified and highly expressed in tumor tis-
sues by regulating physiological processes 
such as cell proliferation, differentiation, and 
apoptosis, and is closely related to the degree 
of malignancy of tumors [26]. Studies have 
shown that about 40% of patients with gastric 
cancer exhibit abnormally high expression of 
the c-Myc gene, which often leads to an 
increase in the recurrence rate of GC and poor-
er prognosis [27]. However, the regulatory 
mechanism of c-Myc expression remains un- 
clear. Our findings indicated that overexpres-
sion of miR-155 decreased levels of c-Myc and 
FLVCR1-AS1 promoted c-Myc expression by 
sponging miR-155. 

Taken together, up-regulation of FLVCR1-AS1 
correlated with worse clinical outcomes and 

prognosis in GC patients. FLVCR1-AS1 promot-
ed proliferation and invasion ability of GC cells 
by acting as a ceRNA to sponge miR-155. Thus, 
we identified a novel FLVCR1-AS1-miR-155-c-
Myc signaling axis that promotes GC progres-
sion and provides a new therapeutic possibility 
for GC.
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Figure S1. Original Western blot pictures.


