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LINC00052 Promotes Gastric Cancer Cell Proliferation and Metastasis 
via Activating the Wnt/β-Catenin Signaling Pathway

Yuqiang Shan,1 Rongchao Ying,1 Zhong Jia, Wencheng Kong, Yi Wu, Sixin Zheng, and Huicheng Jin
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Gastric cancer (GC) is one of the most common malignant tumors of the digestive system. The etiology of 
GC is complex, and much more attention should be paid to genetic factors. In this study, we explored the 
role and function of LINC00052 in GC. We applied qRT-PCR and Northern blot to detect the expression of 
LINC00052 and found it was highly expressed during GC. We also investigated the effects of LINC00052 on 
tumor prognosis and progression and found that LINC00052 indicated poor prognosis and tumor progression. 
By performing MTT, colony formation, and Transwell assays, we found that LINC00052 promoted MGC-
803 cell proliferation and metastasis. Pull-down and RIP assays showed that LINC00052 could interact with 
b-catenin and methyltransferase SMYD2, and immunoprecipitation detection showed that LINC00052 pro-
moted b-catenin methylation to maintain its stability, so as to activate the Wnt/b-catenin pathway. Furthermore, 
XAV939 (inhibitor of b-catenin) was used to treat MGC-803 cells, and we found that LINC00052 promoted 
proliferation and metastasis, possibly by activation of the Wnt/b-catenin pathway. In conclusion, our research 
demonstrated a carcinogenic role for LINC000052 in GC, which may represent a new approach for the preven-
tion and therapy of this cancer.
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INTRODUCTION

Gastric cancer (GC) is one of the most common malig-
nant tumors of the digestive system worldwide. It has 
also been confirmed as the third leading cause of cancer- 
related mortality1–3. The occurrence of GC has definite 
connections with chronic gastritis, gastric polyps, and 
ulcers as well as dietary, environmental, and genetic fac-
tors4–7. Despite a number of chemotherapeutic compounds 
that have been used against this disease, the molecular 
mechanisms for occurrence and progression of GC remain 
unclear8,9. Therefore, more effort is still needed to reveal 
the mechanism of GC, which may be helpful for the devel-
opment of GC treatment.

Long noncoding RNAs (lncRNAs) are segments of 
noncoding RNA that are more than 200 nucleotides in 
length10. They have been discovered in recent years, and 
genome-wide transcriptomic studies have shown that at 
least 80% of mammalian genome transcription is exclu-
sively associated with lncRNAs11. Moreover, the dys-
regulation of lncRNAs appears to be a primary feature in 

many complex human diseases, including GC10,12. Long 
intergenic non-protein-coding RNA 52 (LINC00052) 
is a kind of lncRNA that is highly involved in cancer 
cell invasion and migration13. A study by Salameh et al. 
reported that overexpression of LINC00052 promoted 
breast cancer cell growth in vitro and in vivo14. How-
ever, the role and function of LINC00052 in GC have 
not been reported.

In this study, we found that LINC00052 was highly 
expressed in GC tissue and LINC00052 was associated 
with poor prognosis and tumor progression. MTT, colony 
formation, and Transwell assays were performed to detect 
the effects of LINC00052 on the regulation of GC cell pro-
liferation and metastasis. Next, the interactions between 
LINC00052, SMYD2, and b-catenin were explored by 
RIP assay and Northern blotting to reveal the underlying 
mechanism(s) by which LINC00052 impacts GC cells. 
These results, for the first time, indicate the functional role 
of LINC00052 in GC. This study provides a new perspec-
tive for the diagnosis and treatment of this cancer.
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MATERIALS AND METHODS
Cell Culture

Human GC cell lines MGC-803, BGC-823, MKN-45, 
AGS, and SGC-7901, and the human gastric mucosal epi-
thelial cell line GES-1 were all purchased from the Cell 
Bank of Shanghai Institute of Cell Biology (Shanghai, P.R. 
China). They were cultured in Roswell Park Memorial 
Institute (RPMI-1640) culture medium (HyClone, Irvine, 
CA, USA) with 10% fetal bovine serum (FBS; HyClone) 
and maintained at 37°C in 5% CO2 and passaged at 80%– 
90% confluency every 3 or 4 days15.

MGC-803 cells were pretreated with 5 µmol/L of LLY-
507 (inhibitor of SMYD; Sigma-Aldrich, St. Louis, MO, 
USA) or 10 µmol/L of XAV939 (inhibitor of b-catenin; 
Sigma-Aldrich) for 1 h and then cultured as before for 
detection of inhibitor effects.

Transfection and Stable Cell Line Construction

The LINC00052 overexpression construct was gener-
ated by subcloning the polymerase chain reaction (PCR)- 
amplified full-length human LINC00052 coding sequence 
into pcDNA3.1 (Sangon Biotech, Shanghai, P.R. China). 
The empty vector was transfected into cells as its nega-
tive control. The specific LINC00052-targeted siRNA 
(RiboBio, Guangzhou, P.R. China) was employed for 
LINC00052 downregulation. The scrambled siRNA was 
used as its negative control. For alteration of SMYD2 
expression, PCR-amplified full-length SMYD2 was sub-
cloned into pcDNA3.1 (Sangon Biotech) and used as 
SMYD2-expressing vector. SMYD2-targeted siRNA was 
purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA) was used for all transfections according to 
the manufacturer’s protocol. Stable cell lines express-
ing LINC00052 or siLINC00052 were selected after 3– 
4 weeks by treating 200 mg/ml G418 (Sigma-Aldrich).

Clinical Tissue Samples

A total of 50 GC patients (25 males and 25 females, 
between 39 and 63 years old, mean age: 47.2 ± 8.3 years) 
who received surgical resection in Hangzhou First Peo-
ple’s Hospital were enrolled in this study from April 
2009 to October 2016. Fifty fresh GC samples were 
collected from these volunteers during surgical resec-
tion. Meanwhile, 50 normal gastric tissue samples from 
gastric ulcer surgery were collected. Tissue samples 
were immediately frozen in liquid nitrogen and kept at 
−80°C until total RNA was extracted. All patients were 
primarily diagnosed without any chemo-, radio-, or bio-
logical treatment before surgery. After surgery, follow-up 
by reexamination or phone call was performed on each 
patient after 80 months, and the survival of patients was 
recorded. This study was approved by the ethical com-
mittee of Hangzhou First People’s Hospital, and written 

informed consent was obtained from each volunteer for 
the use of their gastric tissue samples.

MTT Assay

Cell viability was measured using a 3-(4,5-dimethyl-
thiazol-2-yl)-2 5-diphenyl-2H-tetrazolium bromide (MTT)  
colorimetric assay according to standard methods de scribed 
previously. In brief, the transfected cells were planted into 
96-well plates at a density of 2 ́  103 cells/well for adher-
ence. After 48 h of incubation at 37°C, 20 µl of MTT 
solution (0.5 mg/ml; Sigma-Aldrich) was added and incu-
bated for 4 h at 37°C. Dimethyl sulfoxide (DMSO; 150 µl; 
Sigma-Aldrich) was added, and the absorbance at 570 nm 
was measured by a microplate reader (Bio-Rad Labo-
ratories, Hercules, CA, USA).

qRT-PCR

Total RNA was isolated from GC cell lines and GC  
tissue samples using TRIzol reagent (Invitrogen) and 
treated with DNaseI (Promega, Madison, WI, USA). 
Reverse tran scription was performed using the Multiscribe 
RT Kit (Applied Biosystems, Foster City, CA, USA) and 
random hexamers or oligo(dT). qRT-PCR was performed 
by 10 ng of cDNA, 5 µl of SYBR Green PCR Master Mix 
(Applied Biosystems), and 200 nM of each gene-specific 
primer. ABI Prism 7000 Sequence Detection System (PE 
Applied Biosystems) was employed for qRT-PCR.

Western Blot

The protein used for Western blotting was extracted 
using RIA lysis buffer (Beyotime Biotechnology, Shanghai, 
P.R. China) supplemented with protease inhibitors (Roche, 
Basel, Switzerland). The proteins were quantified using 
the BCA™ Protein Assay Kit (Pierce, Appleton, WI, USA). 
The Western blot system was established using a Bio- 
Rad Bis-Tris Gel system according to the manufacturer’s 
instructions. Primary antibodies were prepared in 5% block-
ing buffer at a dilution of 1:1,000. The primary antibody 
was incubated with the membrane at 4°C overnight, fol-
lowed by washing and incubation with the secondary anti-
body marked by horseradish peroxidase for 1 h at room 
temperature. After rinsing, the polyvinylidene difluoride 
(PVDF) membrane carried blots, and antibodies were trans-
ferred into the Bio-Rad ChemiDoc™ XRS system, and 
then 200 µl of Immobilon Western Chemiluminescent HRP 
Substrate (Millipore, Boston, MA, USA) was added to 
cover the membrane surface. The signals were captured, 
and the intensity of the bands was quantified using Image 
Lab™ Software (Bio-Rad, Shanghai, P.R. China).

Colony Formation Assays

All cell lines used in this research were seeded into 
six-well plates with 100 cells and a final volume of 2 ml 
culture medium per well. The cells were maintained at 
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37°C in 5% CO2, and the culture medium was changed 
every 4 days for the following 3 weeks. The colony for-
mation cells of each group were stained with hematoxylin 
and eosin (H&E) in the end15.

Migration and Invasion Assays

The cell migration assay was done in 24-well Transwell 
plates. The stable cells and the corresponding negative 
control cells were seeded into the upper chamber of the 
Transwell system (8.0-mm pore size; Millipore, Boston, 
MA, USA) with 1 ́  104 cells/well in 100 µl of serum-free 
RPMI-1640 medium, and the lower chamber was filled with 
600 µl of RPMI-1640 culture medium containing 30% FBS. 
After 48 h of incubation, cells remaining on the top layers  
of the inserts were removed by cotton swab scrubbing, 
and cells on the lower surface of the membrane were fixed 
and stained with H&E staining. The cell numbers in five 
random fields (200´) were counted for each chamber, and 
the average value was calculated15. The invasion assay was 
performed in the same way as described for the migration 
assay, except that the inserts were precoated with Matrigel 
(Becton-Dickinson Labware, Bedford, MA, USA).

Northern Blot

Total RNA was extracted by TRIzol reagent (Invi-
trogen) for Northern blot. The lncRNA and GAPDH 
fragments were cloned into PCDNA4 plasmid (Sangon 
Biotech), and Northern probes were produced using Bio-
tin RNA Labeling Mix (Roche). T7 RNA polymerase 
(Roche) was used for in vitro transcription. The samples 
were separated by electrophoresis using formaldehyde 
gel, followed by membrane transfer. The membranes were 
then incubated with hydration buffer supplemented with 
the proper number of probes, and the nucleic acid signal 
was tested by Chemiluminescent Nucleic Acid Detection 
Module (Thermo Scientific, Waltham, MA, USA)16.

Immunoprecipitation (IP)

Cells were lysed in HEPES lysate buffer (20 mM 
HEPES, pH 7.4, 10 mM sodium fluoride, 0.5 mM sodium 
orthovanadate, 60 nM Okadaic acid, 100 mM sodium 
chloride, 1% Triton X-100, 0.5 µg/ml aprotinin, 0.5 µg/ml 
leupeptin, 0.83 mM benzamidine, and 0.23 mM phenyl-
methylsulfonyl fluoride) for 10 min at 4°C for collection 
cellular lysates. Thereafter, cellular lysates were centri-
fuged at 16,100 ́  g at 4°C for 30 min, and the superna-
tant was collected and incubated with antibodies coupled 
to protein A or G Sepharose (Sigma-Aldrich) for 4 h at 
4°C. Beads were subsequently washed three times with 
HEPES lysates buffer and analyzed by Western blotting.

Pull-Down Assay

Cell lysates were prepared in the same way as 
described above and were incubated with GST or GST 

fusion proteins coupled to glutathione Sepharose for 4 h 
at 4°C. The samples were subsequently washed and pre-
pared for Western blot as described for IP.

RIP Assay

The cells were treated for 30 min with 1% formalde-
hyde and the crashed with RIPA buffer (150 mM NaCl, 
0.5% sodium deoxycholate, 0.1% SDS, 1% NP-40, 1 mM 
EDTA, and 50 mM Tris, pH 8.0) supplemented with 
RNase inhibitors and proteinase inhibitors (Roche). The 
supernatants obtained by centrifugation were incubated 
with the indicated antibodies for 4 h, and then protein 
A/G beads were added. The precipitates were washed 
with RIPA buffer followed by de-cross-linking. Finally, 
RNA was extracted, and LINC00052 enrichment was 
examined using RT-PCR16.

Statistical Analysis

The results of multiple experiments are presented as 
the mean ± SD. Statistical analyses were performed using 
SPSS 19.0 statistical software. Overall survival was esti-
mated using Kaplan–Meier and log-rank test method. 
Significant differences of all other experiments were cal-
culated using a one-way analysis of variance (ANOVA). 
A value of p < 0.05 was considered to indicate a statisti-
cally significant result.

RESULTS

LINC00052 Was Highly Expressed During GC

In this study, qRT-PCR was performed to detect the 
expression of LINC00052 in GC cell lines, including 
MGC-803, BGC-823, MKN-45, AGS, and SGC-7901, 
as well as in the normal gastric mucosa epithelial GES-1 
cells. LINC00052 was highly expressed in GC cells 
when compared with GES-1 cells ( p < 0.01 or p < 0.001) 
(Fig. 1A). Next, Northern blot assay was applied to test 
LINC00052 expression of four pairs of normal and GC 
tissues. LINC00052 was highly expressed in GC tissues 
when compared with normal tissues (Fig. 1B). To further 
investigate and compare the expression of LINC00052 in 
GC tissues and normal tissues, qRT-PCR was performed 
to detect the LINC00052 expression of 50 pairs of GC 
and normal tissues. We found that LINC00052 was also 
highly expressed in tumor tissues when compared to the 
normal group ( p < 0.001) (Fig. 1C). We then calculated 
the qRT-PCR detection value of tumor/normal ratio to 
intuitionistic showing the relative LINC00052 expres-
sion level (Fig. 1D). The graph clearly illustrates that 
LINC00052 was highly expressed during GC.

LINC00052 Expression Was Associated With Poor 
Survival Rate of Patients With GC

We next tested the expression level of LINC00052 
in different TNM stages (stages I, II, III, and IV). The 
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level of LINC00052 increased stage by stage ( p < 0.01 or 
p < 0.001) (Fig. 2A). The overall and disease-free survival 
rates in both the low LINC00052 and high LINC00052 
expression groups were, respectively, tested by Kaplan–
Meier survival analysis, and the log-rank was highly sig-
nificant ( p = 0.026 and p = 0.025) (Fig. 2B and C). High 
expression of LINC00052 presented a low survival rate 
compared with the low LINC00052 expression group. 
Finally, we isolated GC tissue samples from low and high 
LINC00052 expression groups, and the proliferation- 
and metastasis-associated protein expressions were then 
detected. The Western blot results showed that E-cadherin 
and p21 were expressed in low amounts, while MMP2, 
MMP9, and cyclin D1 were all expressed in high amounts 
in the high-LINC00052 expression group when compared 
to the low-expression group (Fig. 2D).

LINC00052 Silencing Inhibited GC Cell Proliferation 
and Metastasis

In the following work, MGC-803 cells were used 
for investigating the functional role of LINC00052 in 
GC cells in vitro. The expression of LINC00052 was 
silenced by transfection with its specific siRNA, and 

LINC00052 was successfully knocked down ( p < 0.001) 
(Fig. 3A). The MTT assay was then performed to inves-
tigate the viability of MGC-803 cells after LINC00052 
was silenced. LINC00052 silencing significantly sup-
pressed MGC-803 cell viability ( p < 0.05 or p < 0.01) 
(Fig. 3B). Moreover, results from the clone formation 
assay showed that LINC00052 silencing inhibited MGC-
803 cell clone formation ( p < 0.001) (Fig. 3C). Results 
from the Transwell assay showed that LINC00052 
silencing inhibited MGC-803 cell migration and inva-
sion ( p < 0.001) (Fig. 3D and E). Western blot detection 
indicated that E-cadherin and p21 were upregulated, 
while MMP2, MMP9, and cyclin D1 were downregu-
lated after the expression of LINC00052 was knocked 
down (Fig. 3F).

Overexpression of LINC00052 Promoted GC Cell 
Proliferation and Metastasis

The expression of LINC00052 in MGC-803 cells was 
overexpressed, and the functional effects of LINC00052 
overexpression were then detected. Expression of LINC 
00052 was significantly overexpressed after transfection 
with LINC00052-expressing vector ( p < 0.01) (Fig. 4A).  

Figure 1. Expression of long intergenic non-protein-coding RNA 52 (LINC00052) during gastric cancer (GC). (A) The expression of 
LINC00052 in GC and normal cell lines was detected by qRT-PCR. (B) The expression of LINC00052 in four pairs of GC and normal tis-
sues was detected by Northern blot assay. (C) The expression of LINC00052 in gastric tissue samples from 50 GC patients and 50 gastric 
ulcer patients was monitored by qRT-PCR. (D) Relative LINC00052 expression level by Tumor/Normal ratio. **p < 0.01; ***p < 0.001.
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Overexpression of LINC00052 significantly improved 
cell viability and colony formation ( p < 0.05, p < 0.01, or 
p < 0.001) (Fig. 4B and C). In addition, LINC00052 over-
expression significantly increased the number of cells  
that migrated and invaded ( p < 0.01 or p < 0.001) (Fig. 4D 
and E). Western blot analysis results showed that E-cadherin 
and p21 were downregulated, and MMP2, MMP9, and 
cyclin D1 were upregulated after LINC00052 was over-
expressed (Fig. 4F). These data revealed that LINC00052 
overexpression resulted in completely contrary results to 
LINC00052 silencing, which further confirmed the anti-
proliferative and antimetastasizing role for LINC00052 
silencing in GC cells.

LINC00052 Promoted β-Catenin Methylation 
to Maintain its Stability, so as to Activate the  
Wnt/β-Catenin Pathway

The Wnt/b-catenin pathway is well known for regu-
lating cell proliferation and migration, and its aberrant  

activation is involved in gastric carcinogenesis and pro-
gression17. We detected the relationship between LINC 
00052 expression and the Wnt/b-catenin pathway in 
order to reveal the underling mechanism(s) by which 
LINC 00052 impacts GC cells. Results from pull-down 
and RIP assays showed that LINC00052 could interact 
with b-catenin and methyltransferase SMYD2 (p < 0.001) 
(Fig. 5A and B). Results from IP detection showed that 
LINC00052 silencing blocked the interaction between 
SMYD2 and b-catenin, while overexpression of LINC 
00052 promoted this interaction (Fig. 5C). The inhibitor 
of SMYD2 (LLY-507) then inhibited b-catenin methyla-
tion, indicating SMYD2 methylated b-catenin (Fig. 5D). 
Recombinant protein methylation reaction in vitro further 
confirmed that LINC00052 promoted b-catenin methyla-
tion by SMYD2 (Fig. 5E). Overexpression of SMYD2 
promoted b-catenin methylation and maintained protein 
stability, while SMYD2 silencing inhibited b-catenin 
methylation and promoted protein degradation (per Western 

Figure 2. Connection of LINC00052 expression with the progression and survival of GC patients. (A) LINC00052 expression was 
detected by qRT-PCR in GC patients with different TNM stages (stages I, II, III, and IV). (B) Overall survival and (C) disease-free survival 
were recorded after surgery by performing follow-up 80 months after surgery with reexamination or phone calls, and these two survival 
rates were estimated using the Kaplan–Meier and log-rank test methods. (D) The expression of proliferation- and migration-associated 
protein expressions was monitored in the tissues of high- or low-LINC00052 expression patients. **p < 0.01; ***p < 0.001.



1594 SHAN ET AL.

blot) (Fig. 5F). LINC00052 silencing inhibited b-catenin 
methylation, and overexpression of LINC00052 pro-
moted b-catenin methylation (Fig. 5G). LINC00052 
silencing resulted in b-catenin instability, while over-
expression of LINC00052 stabilized b-catenin, indicating 
that LINC00052 maintained the stability of b-catenin by 
promoting b-catenin methylation (Fig. 5H). In addition, 
we found that LINC00052 silencing inhibited b-catenin 

nuclear import, while overexpression of LINC00052 pro-
moted b-catenin nuclear import (Fig. 5I). The detection 
of target gene expression of the Wnt pathway in LINC 
00052 silencing and overexpressing cells showed that 
LINC00052 activated Wnt and thus promoted the tar-
get gene expression (Fig. 5J). Finally, the expression of 
SMYD2 and b-catenin methylation in GC and normal 
tissues were detected and compared. We found that they 

Figure 3. Effect of LINC00052 silencing on MGC-803 cell proliferation and metastasis. MGC-803 cells were transfected with 
LINC00052-targeted siRNA or its negative control. Thereafter, (A) the expression of LINC00052 in transfected cells was detected by 
qRT-PCR. (B) Cell viability was measured by MTT assay. (C) Cell clone formation was detected by clone formation assay. The num-
bers of (D) migrated cells (E) and invasive cells were measured by Transwell assay. (F) The expression of proliferation- and migration-
associated protein expressions was monitored by Western blotting. *p < 0.05; **p < 0.01; ***p < 0.001.
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were both expressed at higher levels in tumor samples 
than in normal tissues (Fig. 5K).

Overexpression of LINC00052 Promoted GC Cell 
Proliferation and Metastasis via the  
Wnt/β-Catenin Pathway

To further confirm the importance of the Wnt/b-catenin 
pathway in LINC00052-mediated GC cells, an inhibitor of 
b-catenin (XAV939) was used to treat MGC-803 cells. We 
found that XAV939 strengthened the antiproliferative and  

antimetastasizing effects of LINC00052 silencing on GC 
cells, as evidenced by the decrease in the number of cells that 
migrated and invaded ( p < 0.05), as well as upregulations 
of E-cadherin and p21, and downregulations of MMP2, 
MMP9, and cyclin D1 (Fig. 6A–C). As expected, XAV939 
significantly abolished LINC00052-induced increases in 
cell migration ( p < 0.001) and invasion ( p < 0.01), as well 
as LINC00052-induced abnormal expressions of prolifera-
tion- and metastasis-associated proteins (E-cadherin, p21, 
MMP2, MMP9, and cyclin D1) (Fig. 6D–F).

Figure 4. Effect of LINC00052 overexpression on MGC-803 cell proliferation and metastasis. MGC-803 cells were transfected 
with LINC00052-expressing vector or its negative control. Thereafter, (A) the expression of LINC00052 in the transfected cells was 
assessed by qRT-PCR. (B) Cell viability was detected by MTT. (C) Cell clone formation was detected by colony formation assay. 
The numbers of (D) migrated cells and (E) invasive cells were measured by Transwell assay. (F) The expression of proliferation- and 
migration-associated protein was monitored by Western blot assay. *p < 0.05; **p < 0.01; ***p < 0.001.
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DISCUSSION

In this study, we demonstrated that LINC00052 was 
highly expressed in GC cell lines, including MGC-803, 
BGC-823, MKN-45, AGS, and SGC-7901, and in tumor 
tissues when compared with their normal controls. High 
expression of LINC000052 had a positive correlation 
with TNM stages and a negative correlation with overall 
survival. Overexpression of LINC00052 promoted MGC-
803 cell proliferation and metastasis, while LINC00052 
silencing affected proliferation and metastasis, resulting 
in a completely opposite impact. Further investigation 
revealed that LINC00052 could interact with b-catenin 
and methyltransferase SMYD2, and LINC00052 pro-
moted b-catenin methylation to maintain its stability, so 
as to activate the Wnt/b-catenin pathway. LINC00052 
promoted proliferation and metastasis possibly via acti-
vation of the Wnt/b-catenin pathway.

Recently, lncRNAs have emerged as important regula-
tors of a variety of human diseases, including cancer18–20. 

In addition, several GC-associated lncRNAs have been 
characterized, such as ZFAS121, HOTAIR22, and MEG323. 
Specifically, ZFAS1 and HOTAIR were highly expressed 
in GC, and increased levels were associated with a poor 
prognosis and a shorter survival21,22. In contrast, the MEG3 
level was markedly decreased in GC tissues compared with 
their adjacent normal tissues, while a low level of MEG3 
expression had a relatively poor prognosis23. In the cur-
rent study, for the first time, we revealed that LINC00052 
was also a GC-associated lncRNA. We discovered that 
LINC00052 was highly expressed in GC cell lines and tis-
sue samples, and its high expression was closely associated 
with TNM stages and survival in GC patients.

In addition, lncRNAs have been reported to play an 
important role in the tumorigenesis of GC by control-
ling cell growth and metastasis24. In the study of Qi et 
al., AGAP2-AS1 promoted GC cell proliferation and 
invasion, implying its carcinogenic role in GC25. The 
research of Huang et al. proved that LINC00673 exerted 

Figure 6. Effect of the Wnt/b-catenin pathway blocking on LINC00052-mediated MGC-803 cells. MGC-803 cells were transfected 
with LINC00052-targeted siRNA and treated with or without XAV939 (inhibitor of b-catenin). Thereafter, the numbers of (A) migrated 
cells (B) and invasive cells as well as (C) the expressions of proliferation- and migration-associated proteins were, respectively, 
assessed by Transwell and Western blotting analyses. MGC-803 cells were transfected with LINC00052-expressing vector and treated 
with or without XAV939. (D) Migrated cells, (E) invasive cells, and (F) proliferation- and migration-associated protein expression 
were assessed again. *p < 0.05; **p < 0.01; ***p < 0.001.
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an oncogenic function that promoted GC development 
and progression26. Our findings demonstrated that over-
expression of LINC00052 resulted in the promotion 
of GC cell proliferation and metastasis, implying that 
LINC00052 acted as an oncogene in GC. Actually, lim-
ited studies have focused on the role of LINC00052 in 
cancers. A recent study reported that the expression of 
LINC00052 was correlated with the occurrence of triple 
negative breast cancer10. In addition, gene silencing of 
LINC00052 diminished HER3 expression and reduced 
breast cancer cell growth in vitro and in vivo14. In another 
report, LINC00052 showed the ability to inhibit prolifer-
ation, invasion, and migration of hepatocarcinoma cells13. 
However, to our knowledge, our study provides the first 
evidence that LINC00052 might be a potential target for 
GC therapy.

It is well documented that the Wnt/b-catenin pathway 
participates in a wide variety of cellular process, such as 
cell growth, cell cycle, differentiation, and tumorigenesis27. 
Recent evidence indicates that the Wnt/b-catenin pathway 
serves as a good biomolecular target for GC treatment28. 
b-Catenin protein is activated by Wnt signaling and pre-
vails in different types of signal transduction29. b-Catenin 
normally forms a stable complex with the cell adhesion 
molecules of the cadherin family, which are involved in 
the formation of adherens junctions30. Free b-catenin can 
then enter the nucleus, where it activates the transcription 
of Wnt downstream target genes, including cyclin D1, 
c-Myc, and MMPs31,32. In the current study, we found that 
LINC00052 could interact with b-catenin and SMYD2 and 
promoted b-catenin methylation. SMYD2 is a catalytic SET 
domain containing protein methyltransferase reported to 
monomethylate lysine residues on histone and nonhistone 
proteins33. These data indicate that LINC00052 mediated 
GC cell proliferation and metastasis, possibly by promot-
ing b-catenin methylation to maintain its stability, and thus 
activation of the Wnt/b-catenin signaling pathway.

To sum up, this study demonstrates a carcinogenic 
role for LINC000052 in GC by promoting cell prolif-
eration and metastasis. LINC00052 could maintain the 
stability of b-catenin and thus promote activation of 
the Wnt/b-catenin pathway. This study provides helpful 
information in understanding the initiation and develop-
ment mechanisms of GC and suggests that LINC00052 
may have a potentially diagnostic and therapeutic value 
for GC in the future.
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