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LncRNA TTN-AS1 contributes to gastric cancer progression by acting as a 
competing endogenous RNA of miR-376b-3p 
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Long noncoding RNAs (lncRNAs) were reported to participate in the progression of gastric cancer (GC). However, little 
is known about the biological functions of TTN antisense RNA 1 (TTN-AS1) in GC. Using qRT-PCR examination, we 
found that TTN-AS1 was expressed at a higher level in GC tissues and cell lines compared to the normal controls. Kaplan-
Meier analysis of GC patients revealed the negative correlation between TTN-AS1 expression and the overall survival. To 
detect the biological function of TTN-AS1 in GC, we silenced TTN-AS1 to perform loss-of-function assays. The experi-
mental results revealed that knockdown of TTN-AS1 obviously inhibited GC cell proliferation, induced cell apoptosis and 
impaired cell migration and invasion. In mechanism, TTN-AS1 was located in the cytoplasm of GC cells, indicating the 
post-transcriptional regulation of TTN-AS1 on gene expression. Bioinformatics analysis revealed the potential binding 
relation between TTN-AS1 and miR-376b-3p as well as between miR-376b-3p and KLF12. Mechanism experiments such as 
luciferase reporter assay and RNA pull-down assay demonstrated the interaction between TTN-AS1 and miR-376b-3p as 
well as between miR-376b-3p and KLF12 in GC cells. At last, rescue assays certified that miR-376b-3p and KLF12 involved 
in TTN-AS1-mediated GC progression. Similarly, the role of TTN-AS1-miR-376b-3p-KLF12 axis in GC progression was 
analyzed and validated. Taken together, we concluded that TTN-AS1 might function as a novel potential therapeutic target 
in the treatment of gastric cancer. 
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Gastric cancer (GC) ranks as the fifth most common 
cancer [1, 2]. In recent year, about 679 100 new cases were 
diagnosed and the mortalities reached 498  000 [3]. Metas-
tasis and local recurrence are fatal causes for the poor overall 
5-years survival [4, 5]. Therefore, exploring the effective 
diagnostic biomarkers is quite significant for the treatment 
of gastric cancer.

Long noncoding RNAs (lncRNAs) are defined as a 
subgroup of noncoding RNAs (ncRNAs) with more than 200 
nucleotides [6]. In recent years, increasing number of reports 
suggested that lncRNAs were closely associated with tumor 
initiation and progression [7, 8]. There are some lncRNAs 
that have been reported in gastric cancer. For instance, 
lncRNA NNT-AS1 promoted gastric cancer growth and 
differentiation via modulating miR-424/E2F1 axis [9]; long 
non-coding RNA RP11-789C1.1 inhibited gastric cancer; 
metastasis via regulating miR-5003/E-Cadherin axis [10]. 
LncRNA ZFPM2-AS1 accelerated gastric carcinogenesis 

by stabilizing MIF [11]. LncRNA TTN antisense RNA 1 
(TTN-AS1) has been reported in cervical cancer [12] and 
esophageal squamous cell carcinoma [13]. Nevertheless, 
to our knowledge, the biological functions of TTN-AS1 in 
gastric cancer are still unknown.

MicroRNAs (miRNAs) were suggested to modulate the 
expression of their downstream targets post-transcription-
ally [14]. Moreover, miRNAs can modulate various biological 
processes in human cancers, such as proliferation, migration 
and invasion [15, 16]. Mechanistically, lncRNAs can act as 
competing endogenous RNAs (ceRNAs) to release mRNAs 
expression by sponging miRNAs [17, 18]. The lncRNA-
miRNA-mRNA network was documented to modulate 
tumor initiation and development [19, 20]. Therefore, we 
investigated whether TTN-AS1 can interact with a certain 
miRNA in GC cells. Bioinformatics analysis and mechanism 
investigation revealed the interaction between TTN-AS1 
and miR-376b-3p. Similarly, the target of miR-376b-3p was 
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predicted and searched out. Rescue assays were applied to 
demonstrate TTN-AS1-miR-376b-3p-KLF12 axis in GC. 
Since previous report has revealed the interaction between 
TTN-AS1 and miR-133b, we also performed experiments 
to demonstrate the role of TTN-AS1-miR-133b-FSCN1 
pathway in GC. Collectively, this study demonstrated the 
ceRNA role of TTN-AS1 in gastric cancer.

Materials and methods

Tissues sample and culture. A total of 82 pairs of 
gastric cancer tissues and paired adjacent normal tissues 
were obtained from gastric patients at Central Hospital 
of Huangshi (Hebei, China). No patients were previously 
admitted for the treatment of chemotherapy or radiotherapy. 
An informed consent was received from all patients. This 
study was supported by The Ethics Committee of Central 
Hospital of Huangshi. All gastric cancer tissues were frozen 
in liquid nitrogen and stored at –80 °C.

Cell lines and transfection. Four gastric cancer cell 
lines (MGC-803, MKN-45, BGC-823, SGC-7901) and one 
normal gastric mucosa cell line GES-1 were obtained from 
American Type Culture Collection (ATCC, Rockville, MD, 
USA). The cells were maintained in Dulbecco’s Modified 
Eagle’s medium (DMEM, Invitrogen, Carlsbad, CA, USA) 
containing 10% fetal bovine serum (FBS; Gibco, Carlsbad, 
CA, USA) and 100 μg/ml streptomycin as well as 100 U/ml 
penicillin at 37 °C with 5% CO2.

Lipofectamine2000 (Invitrogen, USA) was utilized for 
transfection according to the manufacturer’s protocol. 
Specific short hairpin RNA (shRNA) was used to target 
TTN-AS1 and then attenuated the expression of TTN-AS1 
(sh-TTN-AS1) (GenePharma, Shanghai, China). Moreover, 
the miR-376b-3p mimics, miR-376b-3p inhibitor and 
their negative controls were purchased from GenePharma 
(Shanghai, China).

RNA extraction and qRT-PCR analysis. All RNAs were 
isolated from gastric cancer tissues and cell lines by TRIzol® 
reagent (Takara, Dalian, China) following the manufacturer’s 
protocol. And cDNA was synthesized via a PrimeSxript RT 
reagent kit (Takara, Kusatsu, Shiga, Japan). The qRT-PCR 
was accomplished with a Bio-Rad CFX96 system (Bio-Rad, 
Foster City, CA, USA) in which a SYBR Premix ExTaq II 
kit (Takara) and mirVanaTM qRT-PCR miRNA Detec-
tion Kit (Ambion, Austin, TX, USA) were utilized to detect 
gene expression. The results were analyzed using the 2–ΔΔCT 
method. GAPDH and U6 functioned as the internal refer-
ences.

Cell proliferation assays. In MTT assay, 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT, 
Sigma, St. Louis, USA) was used here for the measurement 
of cell viability. Briefly, cells were seeded into 96-well plates 
(1×103 cells/well) for 1–3 days. And then, 20 μl 0.5 mg/ml 
MTT (Sigma, St. Louis, USA) was added to each well. After 
incubation, 200 μl DMSO (Sigma, St. Louis, USA) was added 

to each well. Then, the absorbance of different cell lines at 
560 nm was recorded with a microplate reader (Thermo, 
Rockford, USA).

In colony formation assay, cell lines were plated into 6-well 
plates (500 cells/well). After incubation for 12 days, cells 
were washed twice with cold PBS and fixed in methanol and 
thereby stained with 0.5% crystal violet. The number of cell 
colonies was visualized using a light microscope (Olympus, 
Tokyo, Japan).

Flow cytometry assay. Cell apoptosis was measured 
by Annexin V-Alexa Fluor 647/PI apoptosis detection kit 
(Fcmacs, Jiangsu, China). After digesting with collagenase, 
cell lines were collected and re-suspended within binding 
buffer. Then, cells were stained with Annexin V-Alexa Fluor 
647 and Propidium Iodide and further cultured for 15 min. 
The results were calculated by using a flow cytometer (BD 
FACS Aria; BD Biosciences, USA).

Transwell assay. The invasive or migratory ability was 
assessed using 24-well Transwells coated with or without 
1 mg/ml Matrigel (Corning Co, USA). Transfected cell 
lines were seeded into the upper chamber with serum-free 
RPMI 1640. Moreover, 500 μl 20% FBS medium was added 
to the lower chambers. Forty-eight hours later, cell lines that 
infiltrated to the bottom were fixed with 4% paraformalde-
hyde and stained with crystal violet for 24 h. The number 
of invasive cells was counted in 5 randomly selected fields 
under a microscope (Thermo, Waltham, MA, USA).

Western blot analysis. Total protein was isolated from 
gastric cancer tissues and cell lines by RIPA lysis buffer 
(Beyotime, China). The concentration of proteins was 
analyzed by a BCA Protein assay kit (Beyotime). Then, 
protein extracts were subjected to 10% SDS-PAGE and then 
transferred into PVDF membranes (Thermo Fisher Scien-
tific, USA). Subsequently, the membranes were blocked in 
5% non-fat milk solution for 2 h and then incubated with 
antibodies including anti-E-cadherin (ab76055, Abcam, 
Cambridge, UK), anti-N-cadherin (ab76057, Abcam), 
anti-KLF12 (ab229828, Abcam), anti-active Caspase-3 
(ab32042, Abcam), anti-Caspase-3 (ab4051, Abcam), anti-
active Caspase-9 (ab2324, Abcam), Caspase-9 (ab52298, 
Abcam) and GAPDH (ab125247, Abcam) at 4°C overnight. 
Then the membranes were washed with PBST, followed by 
incubating with the appropriate secondary antibodies for 
2 h. GAPDH was regarded as an internal control. Proteins 
were visualized with an enhanced chemiluminescence (ECL) 
detection system (Millipore, MA, USA) and quantified using 
Image J software (NIH, Bethesda, MD, USA).

Subcellular fractionation. To conduct subcellular 
fractionation assay, PARIS™ Kit was obtained commer-
cially from Invitrogen (Carlsbad, CA, USA). MGC-803 and 
MKN-45 cells were cultured in cell fractionation buffer, 
followed by centrifugation. The nuclear and cytoplasmic 
fractions were isolated. After transferring cell supernatant 
to a fresh RNase-free tube, the lysates were rinsed with cell 
fractionation buffer, followed by centrifugation. Nuclei were 
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acquired using cell disruption buffer. The aforementioned 
cell supernatant and lysates were incubated with 2× lysis/
binding solution and equal volume of ethanol. Finally, all 
samples were rinsed in PBS. The expression of TTN-AS1, 
GAPDH (cytoplasm control) and U6 (nucleus control) was 
analyzed by qRT-PCR.

Dual luciferase reporter assay. The fragment of 
TTN-AS1 containing putative binding sites for miR-376b-3p 
was predicted. Gastric cancer cells were co-transfected with 
pmirGLO-TTN-AS1-WT or pmirGLO-TTN-AS1-MUT 
reporter plasmids as well as miR-376b-3p mimics or miR-NC. 
After 24 h transfection, luciferase activity was detected by the 
dual luciferase assay kit (Promega, Madison, WI, USA) and 
the results were normalized to Renilla activity.

RNA immunoprecipitation (RIP) assay. RIP assay was 
carried out using EZ-Magna RIP kit (Millipore, Billerica, 
MA) following the instruction of manufacturers. MGC-803 
and MKN-45 cells were lysed with complete RIP lysis buffer 
and then incubated with the RIP buffer, which containing 
magnetic beads with anti-Ago2 or anti-IgG antibodies (Milli-
pore, USA). IgG (Millipore, USA) was utilized as a negative 
control. After incubation for 2 h at 4 °C, the enrichment of 
TTN-AS1 in the immunoprecipitated RNA was analyzed by 
qRT-PCR.

RNA pull-down assay. RNA pull-down assays were 
carried out by Magnetic RNA-Protein Pull-Down Kit 
(Pierce, USA) following the manufacturer’s instructions. In 
brief, miR-376b-3p-WT, miR-376b-3p-MUT and miR-NC 

were respectively biotinylated to be bio-miR-376b-3p-WT, 
bio-miR-376b-3p-MUT and bio-miR-NC via GenePharma 
Company (Shanghai, China). Then, these miRNAs were 
transfected into MGC-803 and MKN-45 cells. After transfec-
tion for 48 h, two cell lines were harvested. The enrichment 
of KLF12 was detected by RT-PCR.

Statistical analysis. All data are shown as the mean ± 
standard deviation (SD). SPSS software deviation 17.0 (IBM 
Corporation, Armonk, NY, USA) was used for statistical 
analysis. Survival curves were generated and analyzed using 
the Kaplan-Meier method and log-rank test. The compari-
sons between groups were detected by the Student’s t-test and 
one-way analysis of variance (ANOVA). Expression correla-
tions between TTN-AS1 and miR-376b-3p or KLF12 were 
evaluated by Spearman’s correlation analysis. p value less 
than 0.05 was considered statistically significant.

Results

TTN-AS1 was significantly upregulated in gastric cancer 
tissues and cell lines. To assess the specific role of TTN-AS1 
in gastric cancer, we examined the expression of TTN-AS1 
in gastric cancer tissues by qRT-PCR. As displayed in Figure 
1A, TTN-AS1 was significantly upregulated in gastric cancer 
tissues compared with adjacent normal tissues. Moreover, we 
also found that the expression of TTN-AS1 was obviously 
increased in four gastric cancer cell lines (MGC-803, 
MKN-45, BGC-823, SGC-7901), especially in MGC-803 and 
MKN-45 cell lines (Figure 1B). In order to verify the associa-
tion between TTN-AS1 expression and clinico-patholog-
ical characteristics, 82 GC samples were stratified into two 
groups according to the mean value of TTN-AS1 expression. 
As shown in Table 1, TTN-AS1 expression was closely related 
to T Stage, lymphatic metastasis and TNM Stage. The overall 
survival (OS) curve was generated to further investigate the 
potential prognostic value of TTN-AS1 for GC patients. The 
results demonstrated that high expression of TTN-AS1 was 
closely associated with the poor overall survival of patients 
with GC (Figure 1C). Taken together, our findings indicated 
that TTN-AS1 might be a potential factor contributed to the 
poor prognosis of GC patients.

Silencing of TTN-AS1 inhibited cell proliferation 
and facilitated cell apoptosis in gastric cancer. Consid-
ering that TTN-AS1 was expressed highest in MGC-803 
and MKN-45 cell lines, we then silenced TTN-AS1 
expression in MGC-803 and MKN-45 cell lines via trans-
fecting sh-TTN-AS1 (Figure  2A). Then MTT assay and 
colony formation assay showed that TTN-AS1 knock-
down remarkably suppressed cell viability and prolifera-
tion in MGC-803 and MKN-45 cells (Figure 2B, 2C). Flow 
cytometry assay demonstrated that inhibition of TTN-AS1 
obviously increased the rate of apoptosis in MGC-803 and 
MKN-45 cells (Figure 2D). More importantly, western blot 
assay demonstrated that silencing of TTN-AS1 increased 
the protein level of cleaved caspase 3 and cleaved caspase 

Table 1. Correlation between the expression of TTN-AS1 and clinico-
pathological features of gastric cancer patients (n=82).

Variable
TTN-AS1 expression

p-value
Low High

Age
<60 12 14

0.636
≥60 30 26

Gender
Male 10 11

0.802
Female 32 29

Histological Grade
Well/Moderate 19 17

0.827
Poor/Other 23 23

T Stage
T1–T2 27 10

0.0004***
T3–T4 15 30

Lymphatic Metastasis
Present 28 13

0.003*
Absent 14 27

TNM Stage
I–II 25 13

0.016*
III–IV 17 27

Low/high decided by the sample mean. Pearson χ2 test. *p<0.05, **p<0.01, 
***p<0.001 was considered statistically significant.
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Figure 1. TTN-AS1 was significantly upregulated in gastric cancer tissues and cell lines. A) The expression of TTN-AS1 in gastric cancer tissues and 
adjacent normal tissues was observed by qRT-PCR. B) qRT-PCR measured the TTN-AS1 expression in four gastric cancer cell lines (MGC-803, MKN-
45, BGC-823, SGC-7901) and normal gastric mucosa cell line GES-1. C) Kaplan-Meier method and log-rank test showed the overall survival rate of 
gastric cancer patients with high or low TTN-AS1 expression. *p<0.05, **p<0.01.

Figure 2. Silencing of TTN-AS1 inhibited cell proliferation and facilitated apoptosis in gastric cancer. A) qRT-PCR assay was utilized to investigate 
the expression level of TTN-AS1 in MGC-803 and MKN-45 cells transfected with sh-TTN-AS1 or sh-NC. B–C) The effect of TTN-AS1 knockdown on 
MGC-803 and MKN-45 cells proliferation was detected by MTT assay and colony formation assay. D) Flow cytometry assay revealed the cell apoptosis 
in MGC-803 and MKN-45 cells transfected with sh-TTN-AS1. E) Western blot analysis showed the protein levels of total caspase 3, cleaved caspase 3, 
total caspase 9 and cleaved caspase 9 in MGC-803 and MKN-45 cell lines. *p<0.05, **p<0.01.
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9, but did not obviously change total caspase 3 and total 
caspase  9 (Figure 2E), indicating the positive effect of 
TTN-AS1 knockdown on GC cell apoptosis.

Knockdown of TTN-AS1 repressed cell migration 
and invasion in gastric cancer. In addition, the effect of 
TTN-AS1 knockdown on cell migration and invasion 
was analyzed by transwell assay. We found that knock-
down of TTN-AS1 dramatically reduced the cell migra-
tion and invasion in both MGC-803 and MKN-45 cell 
lines (Figures  3A, 3B). Furthermore, western blot assay 
confirmed that TTN-AS1 knockdown increased the protein 
level of N-cadherin, while decreased E-cadherin protein 
level in MGC-803 and MKN-45 cells (Figure 3C). These 
results elucidated that TTN-AS1 played an oncogenic 
function in gastric cancer.

TTN-AS1 acted as a molecular sponge of miR-376b-3p 
in gastric cancer. Increasing evidences have revealed that 
lncRNAs can exert its biological functions in human cancers 
through sponging miRNAs [21, 22]. In the present study, we 

determined the cytoplasmic localization of TTN-AS1 in GC 
cells (Figure 4A), indicating the post-transcriptional regula-
tory role of TTN-AS1. Searching from starBase database 
(http://starbase.sysu.edu.cn/index.php), miR-376b-3p 
harbored the binding sites with TTN-AS1. In contrast to 
TTN-AS1, miR-376b-3p was expressed at a low level in GC 
tissues or cell lines (Figures 4B, 4C). According to Spearman’s 
correlation analysis, the expression level of miR-376b-3p 
in GC tissues was negatively related with that of TTN-AS1 
(Figure 4D). As presented in Figure 4E, the putative binding 
sequence of miR-376b-3p and TTN-AS1 was predicted. 
Luciferase reporter assay demonstrated that miR-376b-3p 
mimics obviously decreased the luciferase activity of wild 
type TTN-AS1 (TTN-AS1-WT). However, no significant 
change was observed in mutant TTN-AS1 (TTN-AS1-MUT) 
in both MGC-803 and MKN-45 cells (Figure 4F). RIP assay 
further confirmed that TTN-AS1 and miR-376b-3p were 
abundant in Ago2 pellet, indicating that they were involved 
in the same RISC complex (Figure 4G). In addition, we also 

Figure 3. Knockdown of TTN-AS1 repressed cell migration and invasion in gastric cancer. A–B) The migratory and invasive abilities of MGC-803 and 
MKN-45 cells were detected by transwell assay after transfection with sh-TTN-AS1 or sh-NC. C) The protein levels of EMT-related markers in MGC-
803 and MKN-45 cells after transfection of sh-TTN-AS1 or sh-NC were investigated by western blot assay. GAPDH was utilized as internal control. 
*p<0.05, **p<0.01.
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found that TTN-AS1 knockdown remarkably elevated the 
expression of miR-376b-3p in MGC-803 and MKN-45 cells 
(Figure 4H).

KLF12 is a target gene of miR-376b-3p in gastric cancer. 
We then explored the potential targets of miR-376b-3p using 
four bioinformatics tools (PITA, PicTar, TargetScan and 
microT). 38 putative targets of miR-376b-3p were searched 
out (Figure 5A). The expression levels of all these 38 mRNAs 
were measured in response to the knockdown of TTN-AS1 
or the upregulation of miR-376b-3p. As shown in Figure 5B, 
KLF12 was significantly downregulated in cells transfected 
with sh-TTN-AS1 and miR-376b-3p. Moreover, KLF12 has 
been reported to be a positive regulator in gastric cancer 
progression [23]. Therefore, we chose KLF12 for further 

analysis. We obtained the binding sites between miR-376b-3p 
and KLF12 from TargetScan (http://www.targetscan.org/
vert_72/) (Figure 5C). Based on the luciferase activity 
analysis, miR-376b-3p mimics dramatically reduced the 
luciferase activity in wild type KLF12 (KLF12-WT) but not 
changed that of mutant KLF12 (KLF12-MUT) (Figure 5D). 
RNA pull-down assay further confirmed the interaction of 
miR-376b-3p and KLF12 (Figure 5E). Then qRT-PCR assay 
uncovered that KLF12 was highly expressed in gastric cancer 
tissues and cell line (Figures 5F, 5G). Furthermore, Spear-
man’s correlation analysis revealed the negative associa-
tion between KLF12 and miR-376b-3p (Figure 5H) as well 
as the positive association between KLF12 and TTN-AS1 
(Figure 5I).

Figure 4. TTN-AS1 acted as a molecular sponge of miR-376b-3p in gastric cancer. A) The cellular localization of TTN-AS1 was determined by subcel-
lular fractionation assay. GAPDH: cytoplasmic control, U6: nuclear control. B–C) miR-376b-3p expression was explored in GC tissues and cell lines 
using qRT-PCR assay. D) Spearman’s correlation analysis showed the correlation between TTN-AS1 expression and miR-376b-3p expression. E) The 
binding sites between TTN-AS1 and miR-376b-3p were obtained. F) Luciferase reporter assay revealed the binding relation between TTN-AS1 and 
miR-376b-3p. G) RIP assay confirmed the interaction between TTN-AS1 and miR-376b-3p. H) mRNA level of miR-376b-3p after TTN-AS1 knock-
down was observed by qRT-PCR assay. *p<0.05, **p<0.01.
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TTN-AS1/miR-376b-3p/KLF12 axis facilitated cell 
proliferation and migration in gastric cancer. The results 
of qRT-PCR and western blot assay demonstrated that 
miR-376b-3p mimics significantly reduced the mRNA level 
and protein levels of KLF12, but the effects were reversed by 
co-transfection with pcDNA-TTN-AS1 (Figures 6A, 6B). 
To explore the effect of TTN-AS1/miR-376b-3p/KLF12 axis 
on cell proliferation and invasion in gastric cancer, rescue 
assays were conducted in MGC-803 cell line. As for cell 
proliferation, the inhibitory effect of sh-TTN-AS1 on the 
GC cell proliferation was attenuated by co-transfection with 
miR-376b-3p inhibitor or pcDNA-KLF12 (Figures 6C, 6D). 
Additionally, co-transfection with miR-376b-3p inhibitor or 

pcDNA-KLF12 remarkably restored the cell migration and 
invasion caused by sh-TTN-AS1 (Figures 6E, 6F). Taken 
together, these results suggested that TTN-AS1 contributed 
to GC progression via modulating miR-376b-3p/KLF12 axis.

TTN-AS1 led to the upregulation of FSCN1 by sponging 
miR-133b. LncRNA TTN-AS1 has been previously shown 
to sponge miR-133b in esophageal cancer [13]. Consid-
ering some degree of similarity between the two organs of 
gastrointestinal system, we further ascertained TTN-AS1/
miR-133b/FSCN1 pathway in gastric cancer. At first, we 
measured the relative expression of miR-133b and FSCN1 in 
GC tissues. Unsurprisingly, miR-133b was expressed lower 
in GC tissues (Figure 7A), which was opposite with that of 

Figure 5. KLF12 is a target gene of miR-376b-3p in gastric cancer. A) The putative targets of miR-376b-3p were predicted using four bioinformatics 
tools (PITA, PicTar, TargetScan and microT). B) KLF12 was significantly downregulated in response to the knockdown of TTN-AS1 or the upregula-
tion of miR-376b-3p. C) The putative binding sites of miR-376b-3p in KLF12 3’UTR were shown. D) The interaction between miR-376b-3p and KLF12 
in MGC-803 and MKN-45 cells was certified by luciferase reporter assay. E) MGC-803 and MKN-45 cells were transfected with biotinylated wild type 
miR-376b-3p (bio-miR-376b-3p-WT) or mutant type miR-376b-3p (bio-miR-376b-3p-MUT) to confirm the interaction between miR-376b-3p and 
KLF12 by RNA pull-down assay. F–G) The expression level of KLF12 in gastric cancer tissues and cell lines was examined by qRT-PCR assay. H–I) 
Spearman’s correlation analysis revealed the correlation between KLF12 expression and miR-376b-3p expression or TTN-AS1 expression in GC tissues. 
*p<0.05, **p<0.01.
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FSCN1 (Figure 7B). The association between TTN-AS1 
and FSCN1 was found to be positive in GC tissues. Bioin-
formatics analysis revealed that miR-133b harbored the 
binding sites in TTN-AS1 and FSCN1 sequence (Figure 7C). 
Similarly, luciferase activity analysis indicated the decreased 

luciferase activity of TTN-AS1-WT in GC cells transfected 
with miR-133b mimics (Figure 7D). However, this inhibi-
tion was partially reversed by the co-transfection of pcDNA-
TTN-AS1. At last, the mRNA and protein levels of FSCN1 
were detected in cells transfected with miR-133b mimics or 

Figure 6. TTN-AS1/miR-376b-3p/KLF12 axis facilitated cell proliferation and migration in gastric cancer. A–B) qRT-PCR and western blot assay 
were performed to examine the mRNA level and protein level of KLF12 in MGC-803 and MKN-45 cells after transfection of miR-376b-3p mimics 
or co-transfection of miR-376b-3p mimics and pcDNA-TTN-AS1. C–D) Cell proliferation in TTN-AS1-downreguated MGC-803 cell was examined 
after co-transfection with miR-376b-3p inhibitor or sh-TTN-AS1 or pcDNA-KLF12. E–F) Transwell assay was performed to examine the migratory 
and invasive ability of TTN-AS1-downregulated MGC-803 cell after co-transfection with miR-376b-3p inhibitor or sh-TTN-AS1 and pcDNA-KLF12. 
*p<0.05, **p<0.01.
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co-transfection with miR-133b-3p and pcDNA-TTN-AS1. 
The results demonstrated that the inhibitory effect of miR-133b 
mimics on the FSCN1 expression was partly recovered by 
the co-transfection of pcDNA-TTN-AS1 (Figures 7E, 7F).

TTN-AS1/miR-133b/FSCN1 axis regulated GC cell 
proliferation and migration. We applied rescue assays 
to reveal the role of TTN-AS1/miR-133b/FSCN1 axis in 
regulating GC cell proliferation and migration. As illustrated 
in Figure 8A and Figure 8B, cell viability and cell prolifera-
tion suppressed by the transfection of sh-TTN-AS1 were 
partly reversed by the introduction of pcDNA-FSCN1 or 
miR-133b inhibitor. Additionally, the inhibitory influences of 
silenced TTN-AS1 on GC cell migration and invasion were 
attenuated by the overexpression of FSCN1 or the inhibition 

of miR-133b (Figures 8C, 8D). These data suggested that 
TTN-AS1 regulated miR-133b/FSCN1 axis to modulate GC 
progression.

Discussion

Increasing evidences have revealed the vital role of 
lncRNAs in cancer progression, including initiation and 
differentiation [24–26]. Recently, the role of lncRNAs in 
gastric cancer has been studied [27, 28]. LncRNA TTN-AS1 
was previously suggested to be highly expressed in cervical 
cancer and esophageal squamous cell carcinoma and 
promoted tumor progression [12, 13]. Nevertheless, the 
role of TTN-AS1 in gastric cancer is almost unknown. This 

Figure 7. TTN-AS1 led to the upregulation of FSCN1 by sponging miR-133b. A). The expression of miR-133b and FSCN1 in GC tissues was examined. 
B) Correlation analysis of the TTN-AS1 expression and miR-133b expression or FSCN1 expression. C) miR-133b harbored the binding sites in TTN-
AS1 and FSCN1 sequence. D) Luciferase activity analysis of TTN-AS1-WT vector or TTN-AS1-MUT vector in GC cells transfected with miR-133b 
mimics or miR-NC. E–F) mRNA and protein levels of FSCN1 in GC cells transfected with miR-133b mimics or co-transfected with miR-133b mimics 
and pcDNA-TTN-AS1. *p<0.05, **p<0.01.
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study focused on the function and potential mechanism of 
TTN-AS1 in GC progression. After qRT-PCR analysis, we 
identified the upregulation of TTN-AS1 in GC samples. 
Based on the clinical analysis, the association between 
TTN-AS1 expression and T Stage, lymphatic metastasis or 
TNM Stage was determined. Previous reports have focused 
on the prognostic value of lncRNAs in cancer patients [29, 
30]. It is unknown that whether TTN-AS1 can affect the 
prognosis of GC patients. Our current study revealed the 
negative association between TTN-AS1 expression and the 
overall survival rate of GC patients. Therefore, we confirmed 
the research value of TTN-AS1 in gastric cancer. It is neces-
sary to detect the role of TTN-AS1 in biological processes of 
GC. In this regard, loss-of-function assays were carried out. 
Interestingly, knockdown of TTN-AS1 efficiently suppressed 
cell proliferation, accelerated cell apoptosis and inhibited 
cell migration and EMT progress. Thus, we identified the 
oncogenic role of TTN-AS1 in GC progression.

Various reports have indicated the predominant role of 
lncRNAs in a ceRNA network [31–33]. According to the 
previous studies, TTN-AS1 regulates the progression of 
cervical cancer and esophageal squamous cell carcinoma via 
modulation of miRNA-mRNA axis. In the present study, we 
also detected whether the previous network was functional 
in gastric cancer. Mechanism investigation revealed that 
TTN-AS1 was predominantly located in the cytoplasm of GC 
cells and post-transcriptionally regulated miR-133b-FSCN1 
axis in GC. Similarly, the novel molecular mechanism of 
TTN-AS1 was analyzed and demonstrated. It was found 
that TTN-AS1 acted as the miR-376b-3p sponge in GC to 
upregulate KLF12. Finally, the function of TTN-AS1-miR-
376b-3p-KLF12 axis or TTN-AS1-miR-133b-FSCN1 axis in 
GC progression was demonstrated by rescue assays. Interest-
ingly, miR-376b-3p and KLF12 reversed TTN-AS1-mediated 
function. Also miR-133b and KLF12 partly reversed the 
function of TTN-AS1 in GC. Therefore, we confirmed that 

Figure 8. TTN-AS1/miR-133b/FSCN1 axis regulated GC cell proliferation and migration. A–B) Cell viability and cell proliferation suppressed by the 
transfection of sh-TTN-AS1 were partly reversed by the introduction of pcDNA-FSCN1 or miR-133b inhibitor. C–D) The migratory and invasive abil-
ity of TTN-AS1-downregulated GC cell was examined after co-transfection of miR-133b inhibitor or pcDNA-FSCN1. *p<0.05, **p<0.01.
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TTN-AS1 exerted oncogenic function in GC via modulation 
of miR-376b-3p-KLF12 axis or miR-133b-FSCN1 axis. In 
conclusion, TTN-AS1 was upregulated in GC and possibly 
associated with the poor prognosis of GC patients. Mecha-
nistically, TTN-AS1 post-transcriptionally regulated FSCN1 
and KLF12 by sponging miR-133b and miR-376b-3p. All our 
findings might contribute to exploring the novel diagnostic 
or therapeutic targets for GC patients.
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