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Objective: This study aimed to investigate the regulatory effect of lncRNA fetal-lethal non- 
coding developmental regulatory RNA (FENDRR) on gastric cancer (GC) progression.
Methods: The expression levels of FENDRR in GC tissues and paracancerous tissues, as 
well as in gastric normal epithelial cell line and GC cell lines were detected. The Ad- 
FENDRR or si-FENDRR was transfected into AGS and SGC-7901 cells, and cell prolifera-
tion, invasion and apoptosis were determined. Online bioinformatics database predicted and 
screened miR-421 as a potential target of FENDRR, and SIRT3 was predicted as a target 
gene of miR-421. The pcDNA-SIRT3 or si-SIRT3 was transfected into AGS cells, and cell 
proliferation, invasion, apoptosis and Notch-1 protein expression were determined. Ad- 
FENDRR was transfected into AGS and SGC-7901 cells alone or together with miR-421 
mimic to explore the effect of miR-421 on cells. The AGS cells transfected with Ad- 
FENDRR were injected into the armpits of nude mice to establish subcutaneous xenograft 
tumor model, and tumor growth was observed.
Results: FENDRR expression was downregulated in GC tissues and cell lines. 
Overexpression of FENDRR or SIRT3 inhibited tumor proliferation and invasion, and 
promoted apoptosis. The overexpression of Notch-1 reversed the inhibitory effect of 
SIRT3 on AGS cell. MiR-421 mimic reversed the inhibitory effect of FENDRR on the 
growth of AGS and SGC-7901 cells. Nude mice injected with FENDRR overexpressing 
AGS cells had smaller tumor volume and weight and weaker tumor cell proliferation ability.
Conclusion: FENDRR inhibits Notch-1 pathway to inhibit GC cell proliferation and 
invasion by upregulating SIRT3 expression via targeting miR-421.
Keywords: gastric cancer, lncRNA FENDRR, miR-421, SIRT3, Notch-1 pathway

Introduction
Gastric cancer accounts for more than 95% of gastric malignant tumors and is 
a common malignant tumor of the digestive tract worldwide. The incidence of 
gastric cancer is second only to the number one lung cancer, and the mortality 
rate is located after liver cancer and lung cancer.1 Despite the deepening of 
clinical diagnosis and treatment techniques and basic tumor research, the early 
detection and treatment rate of gastric cancer has increased, but the status of 
high mortality still exists. Therefore, it is urgent to study the molecular 
mechanism of the occurrence and development of gastric cancer, and to find 
more effective early diagnosis, prognostic markers and molecular therapeutic 
targets.
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LncRNA is a class of nucleotide transcripts that lack 
protein-encoding functions and is approximately 200– 
100,000 nucleotides.2 LncRNA is involved in the regula-
tion of gene expression at different levels, including tran-
scriptional, post-transcriptional, translational, and post- 
translational.3 In the past decade, gastric cancer-related 
lncRNA studies have yielded significant results. LncRNA 
FENDRR was reported to be significantly downregulated 
in tumor tissues compared with normal tissues, and 
reduced FENDRR was associated with aggressive features 
of tumors.4 Xu et al showed that low FENDRR expression 
was associated with deeper tumor invasion, higher tumor 
stage, and lymph node metastasis, and mechanistic studies 
revealed that FENDRR overexpression inhibited gastric 
cancer cell invasion and migration by downregulating the 
expression of fibronectin 1 and matrix metalloproteinase 2/ 
matrix metalloproteinase 9.5 Another study reported that 
downregulation of FENDRR expression reduced the drug 
resistance capacity of multi drug resistant gastric cancer 
cells, whereas upregulation of FENDRR expression had 
the opposite effect, and this was mediated through the 
miR-4700-3p and FOXC2 axis.6

MicroRNAs (miRNAs) are small non-coding nucleo-
tides and are specifically expressed in various types of 
cells and tissues. As important post-transcriptional regula-
tory molecules, microRNAs can regulate the expression of 
target genes by binding to multiple target mRNAs. 
Dysregulation of miRNAs has been identified as 
a crucial factor in carcinogenesis. There is a study suggest-
ing that miR-421, which is highly expressed in the plasma 
of gastric cancer patients, may serve as a potential diag-
nostic biomarker for precancerous lesions and early gastric 
cancer.7 Ge et al indicated that the overexpression of miR- 
421 promoted gastric cancer cell invasion, inhibited apop-
tosis, and induced cisplatin resistance, and E-cadherin and 
caspase-3 were identified as targets of miR-421.8 Claudin 
11 was identified as a direct target of miR-421, and down-
regulation of miR-421 expression inhibited gastric cancer 
cell proliferation and metastasis and induced G1/S phase 
cell cycle arrest, and similar results were observed after 
Claudin 11 protein overexpression.9

SIRT3 is a key NAD+-dependent protein deacetylase in 
the mitochondria of mammalian cells, functioning to pre-
vent cell aging and transformation via regulation of mito-
chondrial metabolic homeostasis. At present, studies have 
shown that SIRT3 plays an important role in gastric carci-
nogenesis and progression. Huang et al found that gastric 
cancer patients with more SIRT3 expression had a better 

prognosis, suggesting that SIRT3 could be an independent 
prognostic marker for overall survival and a tumor sup-
pressor in the progression of gastric cancer.10 Another 
study showed that overexpression of SIRT3 inhibited the 
proliferation ability and colony formation number of gas-
tric cancer cells, inhibited Notch-1 expression, and inter-
ference with SIRT3 expression abolished these changes, 
suggesting that SIRT3 inhibits gastric cancer cell growth 
by downregulating Notch-1.11

In this study, we explore the specific mechanism of 
FENDRR in the occurrence and development of gastric 
cancer by investigating its effect on gastric cancer cell 
proliferation and migration, aiming to provide new refer-
ence ideas for the diagnosis and treatment of gastric 
cancer.

Materials and Methods
Cell Culture and Reagents
The human GC cell lines AGS, MKN-45 and SGC-7901 
were purchased from American Type Culture Collection 
(ATCC, Manassas, VA, USA). The cells were cultured in 
RPMI 1640 medium (Gibco, Rockville, MD) containing 
10% fetal bovine serum and 100 U/mL penicillin and 100 
μg/mL streptomycin (Sigma, St. Louis, MO, USA) with 
5% CO2 at 37°C. MiR-421 mimic, negative control oligo-
nucleotides (NC mimic), FENDRR adenovirus vector (Ad- 
FENDRR) and empty vector (vector) were purchased from 
RiboBio Co., Ltd (Guangzhou, China) and transfected 
using RiboBio Transfection Kit (RiboBio Co., Ltd). 
Small interfering RNA against FENDRR (siFENDRR) 
and scramble siRNA against FENDRR (NC siRNA) 
were purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA). All transfection reagent transfected into 
cells using Lipofectamine 3000 Transfection Reagent 
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer’s instructions.

Xenograft Experiments
BALB/c nude mice (aged 4 weeks, weight 20–22 g, 
Beijing Vital River laboratory animal technology com-
pany, China) were housed in a specific pathogen-free 
environment under the condition of 12-h light/12-h dark 
cycle, free access to food and water, and acclimatized to 
their surroundings for three days. These nude mice were 
randomly divided into three groups (n = 8 per group) 
including control group (AGS cells), vector group (A549 
cells transfected with vector) and Ad-FENDRR group 
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(A549 cells transfected with Ad-FENDRR). AGS cells (2 
× 106) transfected with vector or Ad-FENDRR were 
injected subcutaneously into the armpits of nude mice. 
The tumor volume was closely observed and measured 
on weeks 1, 2, 3 and 4 after injection. On weeks 4 (28 
d), nude mice were euthanized, and tumor tissues were 
collected and weighed. All experiments were conducted in 
accordance with the Animal Ethics Committee of Shaanxi 
Provincial People’s Hospital.

RT-qPCR
Total RNA was extracted from cells using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) as the instruction for 
manufacture. Reverse transcription was performed by 
using a PrimeScript RT reagent kit (Takara 
Biotechnology, Dalian, China). Real-time PCR analysis 
was conducted with the SYBR Premix Ex Taq II 
(Takara, Dalian, China) on an ABI 7500 Real-Time PCR 
System (Applied Biosystems, Foster City, CA) under the 
following conditions: 95°C for 1 min, and then 95°C for 
20 s, 56°C for 10 s and 72°C for 15 s for 35 cycles. The 
primers used in this study were synthesized from Sangon 
Biotech (Shanghai, China). The relative expression levels 
were normalized by using the 2−ΔΔCt method.

CCK-8 Assay
The Cell Counting Kit-8 (Beyotime Biotechnology, 
Shanghai, China) was used to assess the cell proliferation. 
Cells were grown to sub-confluence and harvested into 
Dulbecco’s modified Eagle medium (DMEM) containing 
10% fetal bovine serum (FBS). The cells were then seeded 
at a concentration of 1 × 104 cells/well on commercial 96- 
well plates and allowed to adhere overnight at 37°C. 10 μL of 
thawed CCK-8 solution was added to each well. After the 
plates were incubated for 2 h at the same incubator condi-
tions, the absorbance at 450 nm was detected with a micro- 
plate analyzer (Molecular Devices, Sunnyvale, CA, USA).

Transwell Invasion Assay
Transwell invasion assay was performed by using 
Transwell chamber (8 µm pore size; Millipore 
Corporation, USA) coated with Matrigel (BD 
Biosciences, USA). A total of 1 × 105 AGS or SGC- 
7901 cells with serum-free culture medium were seeded 
into the upper chamber, while culture medium containing 
20% FBS was added to the lower chamber. After incuba-
tion for 24 h at 37°C, the cells that stayed in the top 
chamber were carefully removed by using a cotton swab, 

and the cells in the lower chamber were fixed with 70% 
ethanol for 10 min and stained with 0.1% crystal violet for 
15 min. The number of invasive cells was counted under 
a microscope light microscope (Olympus, Tokyo, Japan).

Luciferase Reporter Gene Assay
StarBase (http://starbase.sysu.edu.cn/) was used to predict 
the potential target genes of FENDRR, and miR-421 is 
screened as a research object. The wild type and mutant 
sequences of KCNQ1OT1 were cloned into the PGL3 luci-
ferase reporter vector (Promega, USA), respectively. Cells 
were seeded in 24-well plates, when growing to approxi-
mately 70% confluence, and co-transfected with luciferase 
plasmids and miR-421 mimic or NC-mimic by using 
Lipofectamine 2000. After 48 h transfection, the luciferase 
activity was determined by Multiskan FC Microplate 
Reader (Thermo Fisher Scientific, Waltham, MA, USA).

Flow Cytometry
Cell apoptosis assay was performed by using an Annexin 
V-FITC-PI Apoptosis Detection kit (BD Biosciences, San 
Jose, CA) according to the manufacturer’s instructions. 
Briefly, cells (2 × 105) were resuspended in 200 μL of 
binding buffer. Then, 10 μL of Annexin V-FITC and 10 μL 
of PI were added, and the cells were incubated in the dark 
at 4°C for 15 min. Cell apoptosis was detected using 
a Flow Cytometry (BD Biosciences, Franklin Lakes, NJ, 
USA) according to the manufacturer’s instruction.

Western Blotting
Proteins were extracted from GC cells and tumor tissues by 
using RIPA lysis buffer (Beyotime, Shanghai, China). Total 
protein concentration was measured by BCA Protein Assay 
Kit (Beyotime, Shanghai, China). The proteins were then 
separated in SDS-PAGE under the following conditions: 70 
V for 30 min, followed by 120 V for 90 min. And then the 
protein bands were transferred onto polyvinylidene fluoride 
(PVDF) membranes (Millipore, Bedford, MA, USA) at 300 
mA for 2 h. After being blocked with 5% nonfat milk for 2 h at 
room temperature, the membranes were incubated overnight 
at 4°C with the following primary antibodies: GAPDH anti-
body (1:2500, Abcam, ab9485), SIRT3 antibody (1:1000, 
Abcam, ab217319), Notch-1 antibody (1:1500, Abcam, 
ab52627). Then, the membranes were incubated with horse-
radish peroxidase (HRP)-conjugated goat anti-rabbit IgG 
(1:2000, Abcam, ab6721) for 1 h. The protein bands were 
visualized with ECL detection reagents and analyzed with 
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ImageJ software (National Institutes of Health, Bethesda, 
MD, USA).

Statistical Analysis
All statistical analyses were performed using the SPSS 
software (ver. 21.0; SPSS, Chicago, IL). The quantitative 
data derived from three independent experiments are 
expressed as mean ± SEM. Significance was determined 
by one-way ANOVA or t-test. Values of P<0.05 were 
considered statistically significant.

Results
FENDRR Was Downregulated in GC 
Tissues and Cell Lines
In this research, we evaluated the expression of FENDRR in 
35 paired GC tissues and adjacent tissues and found that the 
FENDRR was markedly downregulated in GC tissues 
(Figure 1A). Meanwhile, RT-qPCR results showed that com-
pared with the normal gastric epithelial cell line GES, 
FENDRR was significantly downregulated in GC cell lines 
(Figure 1B). Furthermore, transfection of a FENDRR over-
expression vector (Ad-FENDRR) in GC cells promoted 
FENDRR expression (Figure 1C), and transfection of small 

interfering RNA against FENDRR inhibited FENDRR 
expression (Figure 1D). Analyzing the association between 
FENDRR expression levels and overall survival, we found 
that patients with high FENDRR expression had a better 
overall survival than those with low FENDRR expression 
(Figure 1E). The above results indicated that FENDRR 
expression was upregulated in GC tissues and cell lines, 
and its upregulation may be associated with GC progression.

FENDRR Inhibited GC Cell Proliferation 
and Invasion and Promoted Apoptosis
To further explore the biological effect of FENDRR on 
gastric cancer development, we bidirectionally regulated 
FENDRR expression in AGS and SGC-7901 cells. CCK-8 
assay results showed that overexpression of FENDRR inhib-
ited AGS and SGC-7901 cell proliferation, and transfection 
of siFENDRR enhanced AGS (Figure 2A) and SGC-7901 
cell proliferation (Figure 2B). Moreover, the overexpression 
of FENDRR inhibited AGS and SGC-7901 cell invasion, 
and the transfection of siFENDRR promoted AGS 
(Figure 2C and E) and SGC-7901 cell invasion (Figure 2D 
and F). Flow cytometry results indicated that overexpression 
of FENDRR promoted apoptosis in AGS and SGC-7901 

Figure 1 FENDRR was downregulated in GC tissues and cell lines. (A) Relative expression of FENDRR in GC tissues and adjacent tissues was analyzed by RT-qPCR (n=35). 
(B) Relative expression of FENDRR in GC cell lines (AGS, MKN-45 and SGC-7901) was analyzed by RT-qPCR, and GES-1 is normal gastric epithelial cell lines. (C and D) 
Cells were transfected with Ad-FENDRR or siFENDRR, and the expression of FENDRR was detected by RT-qPCR. (E) Analysis of FENDRR expression levels and overall 
survival. N=6, **P<0.01.
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Figure 2 FENDRR inhibited GC cell proliferation and invasion. (A and B) Cell proliferation was analyzed by CCK-8 assay. (C–F) The invasion of AGS and SGC-7901 cells 
was evaluated by the Transwell invasion assay. (G–J) The apoptosis of AGS and SGC-7901 cells was assessed by the flow cytometry. N=6, **P<0.01.
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cells, and transfection of siFENDRR inhibited apoptosis in 
AGS (Figure 2G and I) and SGC-7901 cells (Figure 2H and 
J). The above results indicated that overexpression of 
FENDRR inhibited GC cell proliferation and invasion and 
promoted apoptosis, and knockdown of FENDRR promoted 
GC cell proliferation and invasion and inhibited apoptosis.

MiR-421 Targeted FENDRR and SIRT3
We predicted the potential binding region between 
FENDRR and miR-421 through the online bioinformatics 
database (http://starbase.sysu.edu.cn/). The wild and mutant 
sequences of FENDRR are shown in Figure 3A. Next, 
luciferase reporter gene analysis verified the targeting rela-
tionship between miR-421 and FENDRR (Figure 3B). RNA 
pull-down assay results showed that miR-421 probe was 
significantly enriched in FENDRR (Figure 3C). 
Furthermore, transfection of FENDRR inhibited miR-421 
expression in AGS and SGC-7901 cells, and knockdown 
of FENDRR promoted miR-421 expression (Figure 3D).

In addition, we found that miR-421 directly targeted the 
3ʹUTR of SIRT3. Since miR-421 has three binding sites with 
STAT3, we compared the mRNA sequence of SIRT3 and 
performed double mutations (Figure 4A). Luciferase repor-
ter gene analysis revealed that wild-type SIRT3 significantly 

reduced luciferase activity (Figure 4B). Western blotting 
showed that miR-421 mimic inhibited SIRT3 expression in 
AGS and SGC-7901 cells, and miR-421 antagomir pro-
moted SIRT3 expression in AGS (Figure 4C and D) and 
SGC-7901 cells (Figure 4C and E). In addition to SIRT3, we 
also examined the expression levels of several other down-
stream targets of miR-421, including KLF6, TIMP2 and 
BTG2, in tumor tissues and paracancerous tissues, as well 
as in gastric cancer cell lines and normal gastric epithelial 
cells, and showed that the above four genes were down-
regulated in both tumor tissues and human gastric cancer 
cell lines, but SIRT3 was the most significantly downregu-
lated (Supplementary Figure 1). The above results indicate 
that miR-421 is a target gene of FENDRR and that miR-421 
targets the 3ʹUTR of SIRT3.

SIRT3 Inhibited GC Cell Proliferation and 
Invasion by Inhibiting Notch-1 Pathway
The pcDNA-SIRT3 and si-SIRT3 were transfected into AGS 
cells, respectively. Western blotting showed that transfected 
pcDNA-SIRT3 upregulated SIRT3 expression (Figure 5A 
and B) and inhibited Notch-1 expression (Figure 5A and 
C). Next, AGS cells were transfected with pcDNA-SIRT3 

Figure 3 MiR-421 was a target of FENDRR. (A) StarBase 3.0 was used to predict the targeting site of FENDRR and miR-421 and the wild-type and mutant sequences of 
FENDRR were shown in (A). (B) Luciferase reporter gene analysis was used to validate the target relationship between FENDRR and miR-421. (C) RNA pull down assay 
was used to verify the targeting relationship between miR-421 and FENDRR. (D) Relative expression of miR-421 in AGS and SGC-7901 cells after transfected with Ad- 
FENDRR or siFENDRR were detected by RT-qPCR. N=6, **P<0.01.
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alone or together with pcDNA-Notch-1. We found that trans-
fection of pcDNA-SIRT3 inhibited Notch-1 protein expres-
sion, and transfection of pcDNA-Notch-1 reversed this effect 
(Figure 5D). Next, CCK-8 assay results showed that pcDNA- 
Notch-1 reversed the inhibitory effect of SIRT3 on cell pro-
liferation (Figure 5E). Transwell invasion assay results 
indicated that pcDNA-Notch-1 reversed the inhibitory effect 
of SIRT3 on cell invasion (Figure 5E). Flow cytometry 
results showed that pcDNA-Notch-1 reversed the promotion 
effect of SIRT3 on cell apoptosis (Figure 5G). The above 
results indicated that overexpression of SIRT3 inhibited GC 
cell proliferation and invasion and promoted apoptosis, and 
transfection of pcDNA-Notch-1 reversed the inhibitory 
effect of pcDNA-SIRT3 on GC cell growth.

FENDRR Inhibited GC Cell Proliferation 
and Invasion by Targeting miR-421
To further explore the regulatory role of miR-421, the Ad- 
FENDRR was transfected into AGS and SGC-7901 cells 
alone or together with miR-421 mimic. Western blotting 
results showed that miR-421 mimic reversed the promoting 
effect of FENDRR on SIRT3 expression (Figure 6A and B) 
as well as the inhibitory effect on Notch-1 expression 

(Figure 6A and C). The results of CCK-8 assay showed 
that miR-421 mimic reversed the inhibitory effect of 
FENDRR on cell proliferation (Figure 6D and E). 
Furthermore, FENDRR inhibited cell invasion, whereas 
miR-421 mimic reversed the inhibitory effect of FENDRR 
on cell invasion (Figure 6F–I). Flow cytometry analysis 
showed that AGS (Figure 6J) and SGC-7901 (Figure 6K) 
cell apoptosis increased after transfection with Ad-FENDRR, 
while significantly decreased after co-transfection with miR- 
421 mimic and Ad-FENDRR. The above results indicated 
that overexpression of FENDRR inhibited GC cell prolifera-
tion and invasion and promoted apoptosis, and transfection of 
miR-421 mimic reversed the inhibitory effect of Ad- 
FENDRR on GC cell growth, suggesting that FENDRR 
may regulate GC cell growth through miR-421.

FENDRR Inhibited GC Cell Proliferation 
and Invasion by Upregulating SIRT3 
Expression
The Ad-FENDRR was transfected into AGS cells alone or 
together with siSIRT3, and the results indicated that over-
expression of FENDRR promoted SIRT3 protein expres-
sion (Figure 7A), inhibited cell proliferation (Figure 7B) 

Figure 4 MiR-421 targeted the 3ʹUTR of SIRT3. (A) StarBase 3.0 was used to predict the targeting site of miR-421 and SIRT3. Single and double mutations were performed 
for SIRT3, and the mutation sites are shown in (A). (B) The relative luciferase activity was tested after single mutation and double-mutated. (C–E) The protein expression of 
SIRT3 in AGS and SGC-7901 cells was detected after transfected with miR-421 mimic or miR-421 antagomir. GAPDH was used as an internal reference. N=6, **P<0.01, 
#P<0.01 compared with single MUT.
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and invasion (Figure 7C), and promoted cell apoptosis 
(Figure 7D), and transfection of siSIRT3 reversed the 
inhibitory effect of Ad-FENDRR on tumor cell growth. 
The above results indicated that FENDRR inhibited GC 
cell proliferation and invasion by upregulating SIRT3 
expression.

Overexpression of FENDRR Inhibited 
Tumor Progression in vivo
AGS cells transfected with vector or overexpressing 
FENDRR were injected subcutaneously into the armpits 
of nude mice to construct a subcutaneous xenograft tumor 
model to explore the ability of FENDRR to induce tumor 

Figure 5 SIRT3 inhibited GC cell proliferation and invasion by inhibiting Notch-1 pathway. (A–C) AGS cells were transfected with pcDNA-SIRT3 or siSIRT3, respectively. 
The protein expression of SIRT3 and Notch-1 was detected by Western blotting. (D) AGS cells were transfected with pcDNA-SIRT3 alone or together with pcDNA-Notch 
-1. Western blotting was used to detected the Notch-1 protein expression. (E) Cell proliferation was measured by the CCK-8 assay. (F) Cell invasion was evaluated by the 
Transwell invasion assay. (G) Cell apoptosis was detected by flow cytometry. GAPDH was used as an internal reference. N=6, **P<0.01.
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Figure 6 FENDRR inhibited GC cell proliferation and invasion by targeting miR-421. The Ad-FENDRR was transfected into AGS and SGC-7901 cells alone or together with 
miR-421 mimic. (A–C) SIRT3 and Notch-1 protein expression was detected by Western blotting. (D and E) Cell proliferation was measured by the CCK-8 assay. (F–I) The 
cell invasion was determined by Transwell invasion assay. (J and K) Cell apoptosis was measured by flow cytometry. GAPDH was used as an internal reference. N=6, 
**P<0.01.
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formation in vivo. The representative tumor images are 
shown in Figure 8A. Furthermore, the tumors formed in 
nude mice injected with FENDRR overexpressing AGS 
cells were smaller in volume (Figure 8B) and weight 
(Figure 8C). Besides, we detected the expression of 
Ki67, a marker of cell proliferation, in tumor tissues by 
immunohistochemistry and found that the number of Ki67 
positive cells was reduced in tumors formed induced by 
FENDRR overexpressing AGS cells compared to those 
formed by injection of AGS cells (Figure 8D). RT-qPCR 
results showed that overexpression of FENDRR inhibited 
miR-421 expression in tumor tissues (Figure 8E). Western 
blotting showed that SIRT3 protein expression was 
increased and Notch-1 protein expression was decreased 
in tumor tissues after overexpression of FENDRR 
(Figure 8F and G). The above results indicated that over-
expression of FENDRR was able to inhibit tumor growth 

in nude mice, which was mediated by increasing SIRT3 
expression via targeted inhibition of miR-421.

Discussion
Gastric cancer is one of the major public health problems 
worldwide. Despite the great improvement in the clinical 
treatments, including chemotherapy, radiotherapy and tar-
geted therapies, GC is still the main cause of cancer- 
related deaths globally, and its overall prognosis is still 
poor. Recently, new evidence has shown that lncRNA and 
miRNA are involved in tumorigenesis and metastasis. For 
example, FENDRR expression is down-regulated in breast 
cancer tissues, and low levels of FENDRR are associated 
with shorter overall survival in breast cancer patients.12 In 
addition, FENDRR low expression was associated with 
a poor overall survival in patients with NSCLC and related 
to advanced stages and lymphatic metastasis.13

Figure 7 FENDRR inhibited GC cell proliferation and invasion by upregulating SIRT3 expression. The Ad-FENDRR was transfected into AGS cells alone or together with 
siSIRT3. (A) SIRT3 protein expression was detected by Western blotting. (B) Cell proliferation was measured by the CCK-8 assay. (C) The cell invasion was determined by 
Transwell invasion assay. (D) Cell apoptosis was measured by flow cytometry. GAPDH was used as an internal reference. N=6, **P<0.01.
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MiR-421 is a currently discovered miRNA associated 
with tumor progression, its expression is up-regulated in 
various tumor tissues, such as gastric cancer, glioma and 
osteosarcoma, and it can regulate the proliferation and 
migration process of tumor cells. Studies have shown 
that miR-421 is highly expressed in liver cancer and may 
be involved in the progression and metastasis of liver 
cancer.14 In this study, the expression level of miR-421 
in gastric cancer cell lines was higher than that of normal 
gastric epithelial cells, and down-regulation of miR-421 
could inhibit the proliferation of gastric cancer cells, sug-
gesting that miR-421 may play a promoting role in the 
malignant progression of gastric cancer.

The biological role of miRNA is related to the expres-
sion of target proteins. This study shows that SIRT3 is 
negatively regulated by miR-421, and the action mechan-
ism of miR-421 may be related to SIRT3. SIRT3 belongs 
to class III histone deacetylase, which can stimulate ribo-
syltransferase activity and deacetylase activity after being 
stimulated by relevant signals, affecting the expression of 
the target protein. Previous studies have shown that SIRT3 
may play a bidirectional role for oncogenes and tumor 
suppressor gene.15 Li et al believed that abnormal expres-
sion of SIRT3 could reverse p53-mediated cell cycle arrest 
and promote tumor cell proliferation.16 In a functional 
study of SIRT3 as a tumor suppressor gene, Kim et al 

Figure 8 FENDRR inhibited tumor progression in vivo. Nude mice were randomly divided into three groups (n=8 per group) including control group (AGS cells), vector 
group (A549 cells transfected with vector) and Ad-FENDRR group (A549 cells transfected with Ad-FENDRR). AGS cells (2×106) transfected with vector or Ad-FENDRR 
were subcutaneously injected into the armpits of nude mice. (A) Representative tumor images at 4 weeks post injection. (B). Tumor volume. (C). Tumor weight. (D). The 
expression of cell proliferation marker Ki67 in tumor tissues was detected immunohistochemically. (E) The expression of miR-421 was detected by RT-qPCR in tumor 
tissues. (F and G) The protein expression of SIRT3 and Notch-1 was detected by Western blotting. GAPDH was used as an internal reference. **P<0.01.
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reported that SIRT3 gene knockout mice were prone to 
ER-positive breast cancer.17 Xiao et al observed down- 
regulated SIRT3 expression in lung adenocarcinoma cells, 
and overexpression of SIRT3 could induce apoptosis.18

The Notch gene was first discovered in Drosophila in 
1917; then, it has shown that the Notch signaling pathway 
is an evolutionarily conserved signaling pathway, that is 
ubiquitous in mammalian cells and maintains cell 
proliferation.19 The activation of abnormal Notch signal-
ing pathway is associated with the development of 
tumors. Among them, Notch-1 is the most studied recep-
tor. Han et al showed that the cell invasion and migration 
ability was significantly inhibited by silencing the expres-
sion of Notch-1 gene by siRNA in HepG2 and 
SMMC7721.20 Feng et al reported that Notch-1 was 
highly expressed in gastric cancer, and the expression 
level of Notch-1 was correlated with tumor invasion 
depth, lymph node metastasis and long-term survival, 
suggesting that tumor progression and poor prognosis.21 

These reported studies have further supported our experi-
mental results.

In conclusion, FENDRR may be an inhibitor of gastric 
cancer progression and metastasis, and targeting FENDRR 
may be a pathway for the treatment of gastric cancer. Up- 
regulation of FENDRR may affect the proliferation, 
migration, invasion and apoptosis of gastric cancer cells 
by inhibiting miR-421 targeted regulation of SIRT3 
expression and activation of the Notch-1 pathway, which 
provides a reference for studying the regulation mechan-
ism of FENDRR in gastric cancer.
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