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ABSTRACT

Long noncoding RNAs (LncRNAs) participate in tumor development and tumorigenesis. However, the mechanism,
function and expression of LINC00514 in GC remain unknown. We showed that LINC00514 was upregulated in GC
specimens compared with nontumor specimens. Overexpression of LINC00514 induced cell growth and EMT
progression in GC cells. By using bioinformatics prediction, we found that miR-204-3p contained binding
sequences for LINC00514. Luciferase reporter analysis noted that miR-204-3p overexpression decreased the
luciferase expression under LINC00514-wild-type and KRAS-wild-type reporters but not that under mutant
reporter. Ectopic LINC00514 expression decreased miR-204-3p expression. miR-204-3p expression was decreased
in GC specimens compared with nontumor specimens and that LINC00514 was negatively correlated with miR-
204-3p in GC specimens. Furthermore, KRAS was identified as a target gene for miR-204-3p according to
TargetScan. Elevated miR-204-3p expression inhibited KRAS expression in HGC-27 cells, and ectopic expression of
LINC00514 enhanced KRAS expression. Elevated LINC00514 expression enhanced cell growth and EMT progression
by sponging KRAS. Our data indicated that LINC0O0514 may act as an oncogene and therapeutic target for GC.

INTRODUCTION pathways and then find new approaches for this decrease
treatment and diagnosis.

Gastric cancer is the 2" cause of tumor-relevance death

in the world [1-3]. There are about 900 thousand novel
gastric cancer cases and 700 thousand deaths worldwide
annually [4, 5]. Although chemotherapy and surgery
reduced development of gastric tumor and inhibited
tumor metastasis, the prognosis of this disease remains
dissatisfied [6-9]. Gastric tumor is one heterogeneous
disease which evolves in many epigenetic and genetic
alterations [10-12]. Thus, it is critical to study molecular
changes that influenced gastric cancer development

LncRNAs are small transcripts which cannot encode
proteins, up to about hundred kbs [13-16]. LncRNAs are
deregulated in several cancers including glioma, papillary
thyroid tumor, ovarian carcinoma, osteosarcoma and
gastric tumor [13, 17-24]. More evidences have indicated
that IncRNAs play roles in many biological procedures,
such as differentiation, apoptosis, EMT, proliferation and
metabolism [24-27]. Moreover, Li et al. [28] showed that
downregulation of LINC00514 suppressed papillary
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thyroid tumor cell migration, growth and invasion.
Yu et al. [29] illustrated that LINCO00514 enhanced
osteosarcoma development by sponging miR-708/
URGCP. Mi et al. [30] also noted that SP1-influenced
LINCO0514 overexpression induced metastasis and
growth by modulating miR-708 in osteosarcoma. Until
now, the roles of LINCO00514 in gastric tumor are
undefined and need to be studied.

We found that LINC00514 expression was upregulated
in GC specimens compared with nontumor specimens.
Overexpression of LINC00514 induced cell growth and
EMT progression in GC cells.

MATERIALS AND METHODS

GC specimens and paired control nontumor samples
were collected from 40 cases of GC at our department.
Samples were immediately stored and snap-frozen in
liquid nitrogen. Our protocol was approved by the
Clinical Ethics Committee of Ningxia Medical
University. HGC-27 and SGC-7901 cells were obtained
from ATCC (Invitrogen, USA) and plated in DMEM
supplemented with streptomycin, FBS and penicillin.
PcNDA-LINC00514 and miR-204-3p mimic and
control vectors were obtained from GenePharma
(Shanghai, China). Cell transfection was performed
using Lipofectamine 2000 (Invitrogen, USA).

CCK-8 analysis

Cells were plated in a 96-well microplate, and cell
proliferation was assessed by CCK-8 kit (Dojindo). The
growth rate was detected at 0, 1, 2 and 3 days post-
transfection, and the absorbance at 450 nM was
detected with a microtiter reader.

gRT-PCR assay

Total RNA was isolated utilizing TRIzol (Invitrogen,
USA) from cells and specimens according to these
instructions. gRT-PCR analysis was conducted to detect
mMRNA, miRNA and IncRNA levels on the CFX96 Bio-
Rad system utilizing SYBR Mix following the
manufacturer instructions. The relative expression was
calculated by the 2-44¢t method. The primers used were:
miR-204-3p, Forward, 5’-AGCTGTACAAGTAAGCC
TGATCATGTACCCATAGG-3’ and Reverse, 5’-GGG
AGAGGGGCTTAGCTTATGGGACAGTTATGGGC
-3’. LINC00514, Forward, 5’-GCTCAACATCTCACTT
CTCCCAC-3’ and Reverse, 5’-CCTTCAGTGTCTGGG
AAAGAGAG-3’. GAPDH, Forward, 5’- CGGAGTCA
ACGGATTTGGTCGTAT-3’ and Reverse, 5’- AGCCTT
CTCCATGGTGGTGAAGAC-3’. U6, Forward, 5°- GCT
TCGGCAGCACATATACTAAAAT-3> and Reverse,
5’- CGCTTCACGAATTTGCGT GTCAT-3".

Dual Luciferase Reporter

The mutated and wild-type putative miR-204-3p targets
on LINC00514 and the KRAS 3’UTR were then cloned
into the pGL3 expression vector (Invitrogen). Cells
were cultured in 24-well dishes and transfected with
scramble or miR-204-3p mimic and wt LINC00514 and
KRAS 3°UTR or mutated LINC00514 and KRAS
3’UTR vectors. After 48 hours, luciferase values were
measured with Dual-Luciferase System (Promega, USA).

Statistical analysis

Data are indicated as the means + SD, and statistical
assays were utilized by SPSS. Statistical significance was
detected using Student’s t-test. Statistical significance
was measured at P<0.05.

RESULTS
LINCO00514 was overexpressed in GC specimens

First, the level of LINC00514 was detected using qRT-
PCR in 40 pairs of GC specimens and paired control
nontumor specimens. As illustrated in Figure 1A, 1B, the
expression of LINC00514 in 40 pairs of GC specimens
and paired control nontumor specimens is indicated.
LINC00514 was overexpressed in 29 cases (29/40,
72.5%) compared to paired control nontumor specimens
(Figure 1C). LINCO00514 expression was upregulated in
GC specimens compared with nontumor specimens
(Figure 1D).

miR-204-3p was decreased in GC specimens

Then, the level of miR-204-3p was determined using
gRT-PCR in 40 pairs of GC specimens and paired control
nontumor specimens. The expression of miR-204-3p in
40 pairs of GC specimens and paired control nontumor
specimens is illustrated in Figure 2A, 2B. The expression
of miR-204-3p was decreased compared to paired
control nontumor specimens in 29 cases (29/40, 72.5%)
(Figure 2C). miR-204-3p expression was downregulated
in GC specimens compared with nontumor specimens
(Figure 2D). LINC00514 expression was negatively
correlated with miR-204-3p expression in GC specimens
(Figure 2E).

Overexpression of LINC00514 induced cell growth
and EMT progression in GC cells

The level of LINC00514 was overexpressed in both
SGC-7901 and HGC-27 cells after transfection with
pcDNA-LINC00514 (Figure 3A). Elevated LINC00514
expression increased Ki-67 expression in both SGC-7901
and HGC-27 cells (Figure 3B). Overexpression of
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Figure 1. LINC00514 was overexpressed in GC specimens. (A, B) The expression of LINCO0514 was detected in 40 pairs of GC
specimens and paired control nontumor specimens using qRT-PCR. (C) The expression of LINCO0514 was overexpressed compared to paired
control nontumor specimens in 29 cases (29/40, 72.5%). (D) LINCO0514 expression was upregulated in GC specimens compared with
nontumor specimens.
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Figure 2. miR-204-3p was decreased in GC specimens. (A, B) The expression of miR-204-3p was detected in 40 pairs of GC specimens
and paired control no-tumor specimens using qRT-PCR. (C) The expression of miR-204-3p was decreased in 29 cases (29/40, 72.5%)
compared to paired control no-tumor specimens. (D) The miR-204-3p expression was downregulated in GC specimens compared with no-
tumor specimens. (E) LINCO0514 expression was negatively correlated with miR-204-3p expression in GC specimens.
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LINC00514 enhanced CDK2 expression in both SGC-
7901 and HGC-27 cells (Figure 3C). Overexpression of
LINC00514 induced cell growth in both SGC-7901 and
HGC-27 cells (Figure 3D). Ectopic expression of
LINCO00514 inhibited expression of E-cadherin and
increased vimentin and N-cadherin expression (Figure 3E).
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LINCO00514 sponged miR-204-3p/KRAS expression
in GC cells

Utilizing the starBase database, we found that
LINCO00514 may be a sponge gene for miR-204-3p
(Figure 4A). Then, using TargetScan bioinformatics
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Figure 3. Overexpression of LINC00514 induced cell growth and EMT progression in GC cells. (A) The level of LINCO0514 was
overexpressed in SGC-7901 and HGC-27 cells after transfection with pcDNA-LINC00514. (B) Elevated expression of LINC0O0514 increased Ki-67
expression in both SGC-7901 and HGC-27 cells. (C) The expression of CDK2 in SGC-7901 and HGC-27 cells was measured by qRT-PCR.
(D) Overexpression of LINCO0514 induced cell growth in both SGC-7901 and HGC-27 cells. (E) Ectopic expression of LINCO0514 inhibited
E-cadherin expression and increased vimentin and N-cadherin expression. *p<0.05, **p<0.01 and ***p<0.001.
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Figure 4. LINC00514 sponged miR-204-3p/KRAS expression in GC cells. (A) LINCO0514 may be a sponge gene for miR-204-3p by
utilizing the bioinformatics tools in starBase. (B) It was noted that KRAS was a potential target gene for miR-204-3p according to TargetScan
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bioinformatic analysis. (C) The level of miR-204-3p was upregulated in HGC-27 cells after transfection with the miR-204-3p mimic.
(D) Overexpression of miR-204-3p decreased the luciferase value of the LINCO0514-wild-type reporter but not that under the mutant
reporter. (E) Elevated expression of miR-204-3p suppressed the luciferase value of the KRAS-wild-type reporter but not that under the
mutant reporter. (F) Elevated expression of miR-204-3p suppressed KRAS expression in HGC-27 cells. (G) Ectopic expression of LINCO0514
inhibited miR-204-3p expression in HGC-27 cells. (H) Overexpression of LINC00514 promoted KRAS expression in HGC-27 cells. **p<0.01 and
**%*p<0.001.

analysis, it was indicated that KRAS was a potential decreased miR-204-3p expression (Figure 4G) and
target gene for miR-204-3p (Figure 4B). The level of enhanced KRAS expression (Figure 4H).
miR-204-3p was upregulated in HGC-27 cells
after transfection with the miR-204-3p mimic (Figure Elevated expression of LINC00514 enhanced cell
4C). Luciferase reporter analysis illustrated that growth and EMT progression by sponging KRAS
overexpression of miR-204-3p decreased the luciferase
expression under LINCO00514-wild-type and KRAS- To further understand the functional roles of the
wild-type reporters but not that under the mutant LINCO00514/KRAS axis in GC development, we used
reporter (Figure 4D, 4E). Elevated miR-204-3p KRAS siRNA vectors for experiments. The level of
expression inhibited KRAS expression in HGC-27 KRAS was downregulated in HGC-27 cells after
cells (Figure 4F). Ectopic expression of LINC00514 transfection with si-KRAS vectors (Figure 5A).
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Figure 5. Elevated expression of LINC00514 enhanced cell growth and EMT progression by sponging KRAS. (A) The level of KRAS
was downregulated in HGC-27 cells after transfection with si-KRAS vectors. (B) The expression of KRAS was measured by gRT-PCR.
(C) Downregulation of KRAS suppressed CDK2 expression in LINCO0514-overexpressing HGC-27 cells. (D) Knockdown of KRAS inhibited cell
growth in LINCOO514-overexpressing HGC-27 cell. (E) The expression levels of E-cadherin, N-cadherin and vimentin were detected by qRT-
PCR. *p<0.05, **p<0.01 and ***p<0.001.
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Downregulation of KRAS inhibited Ki-67 expression
(Figure 5B) and CDK2 expression (Figure 5C)
in  LINCO00514-overexpressing HGC-27  cells.
Knockdown of KRAS inhibited cell growth in
LINCO00514-overexpressing HGC-27 cells (Figure
5D). Downregulation of KRAS promoted E-cadherin
expression and decreased N-cadherin and vimentin
expression (Figure 5E).

DISCUSSION

LncRNAs have drawn increasing attention due to
their roles in the development and progression of
tumors. Many references have noted that INCRNAs play
critical roles in GC development, indicating new insight
into GC pathogenesis. For instance, HNF1A-AS1
induced cell angiogenesis, metastasis, invasion and
lymphangiogenesis by sponging the miR-30b-3p/PI3K/
AKT axis in GC [31]. Liang et al. [32] noted that
LINCO00691 overexpression increased the invasion and
growth of GC cells through JAK/STAT signaling. Zhou
et al. [33] proved that BCAR4 increased cell growth and
inhibited cell apoptosis by modulating MAPK/ERK in
GC. Dai et al. [34] indicated that UCA1 enhanced
cisplatin resistance by inducing the PI3K/AKT
signaling pathway and recruiting EZH2 in GC.
Recently, Li et al. [28] noted that knockdown of
LINCO00514 suppressed papillary thyroid tumor cell
migration, growth and invasion. Yu et al. [29]
illustrated that LINCO00514 enhanced osteosarcoma
development by sponging miR-708/URGCP. Mi et al.
[30] also noted that SP1-influenced LINCO00514
overexpression induced metastasis and growth by
modulating miR-708 in osteosarcoma. However, the
role of LINC00514 in GC is still unknown and needs
to be studied. We illustrated that LINCO00514
expression was upregulated in GC specimens
compared with nontumor specimens. Overexpression of
LINCO00514 induced cell growth and EMT progression
in GC cells.

LncRNAs play a ceRNA role in sponging miRNAs and
their target genes to regulate cell functions [35, 36].
For example, Wang et al. [37] illustrated that PVT1
induced GC cell migration by sponging miR-30a/Snail.
Li et al. [38] noted that IGF2-AS enhanced GC cell
invasion, growth and migration by regulating miR-
937/EZH2. Deng et al. [39] showed that DLGAP1-AS1
induced GC progression by sponging miR-628-
5p/AEG-1. Liu et al. [40] noted that SNHG1 induced
GC cell EMT progression via modulation of the
DCLK1/miR-15b/Notchl axis. Recently, Li et al. [28]
found that LINC00514 suppressed thyroid tumors by
sponging the CDC23/miR-204-3p axis. By using
bioinformatics prediction, miR-204-3p contained
binding sequences for LINC00514. Luciferase reporter

analysis illustrated that overexpression of miR-204-3p
decreased the luciferase expression under LINC00514-
wild-type and KRAS-wild-type reporters but not
that under the mutant reporter. Ectopic expression
of LINCO00514 decreased miR-204-3p expression.
We illustrated that miR-204-3p expression was
downregulated in GC specimens compared with
nontumor specimens and that LINC00514 expression
was negatively correlated with miR-204-3p expression
in GC specimens. Previous studies have shown that
miR-204 plays important roles in gastric cancer
development. For example, Zhang et al. showed that
miR-204-5p inhibited tumor metastasis by modulating
CXCR4 and CXCL12 in gastric cancer [41].
Furthermore, another study indicated that miR-204-5p
suppressed gastric cancer cell growth by inhibiting
RAB22A and USP47 [42]. Furthermore, KRAS was
identified as a potential target gene for miR-204-3p
according to TargetScan bioinformatics prediction.
Elevated expression of miR-204-3p inhibited KRAS
expression in HGC-27 cells, and ectopic expression of
LINCO00514 enhanced KRAS expression. Elevated
expression of LINC00514 enhanced cell growth and
EMT progression by sponging KRAS. Previous studies
have shown that KRAS plays critical roles in gastric
tumor development. However, the underlying
mechanisms are still unclear. Our results suggested
that the ability of LINC00514 to modulate KRAS
may provide the mechanism of posttranscriptional
regulation of KRAS.

In summary, LINC00514 was overexpressed in GC
specimens, and elevated expression of LINC00514
enhanced cell growth and EMT progression by
sponging the miR-204-3p/KRAS axis. Our data
indicated that LINC00514 may act as an oncogene and
therapeutic target for GC.

Editorial note

&This corresponding author has a verified history of
publications wusing a personal email address for
correspondence.

AUTHOR CONTRIBUTIONS

Ling Yuan, Jiaxin Li, Yi Yang, Yan Chen conducted
experiments and collected data and Ling Yuan, Yang
Bu, Mengyi Ye, Xiongjie Mao, Tingting Ma, Yi Nan
analyzed data, Ling Yuan, Yi Nan write and revised this
manuscript.

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of
interest.

WWWw.aging-us.com 12012

AGING



FUNDING

This study was supported by Ningxia high school
Top Discipline construction (Traditional Chinese
Medicine Discipline, No. NXYLXK-2017A06) funded
project.

REFERENCES

1. Cao C, XuY, Du K, Mi C, Yang C, Xiang L, Xie Y, Liu W.
LINC01303 functions as a competing endogenous RNA
to regulate EZH2 expression by sponging miR-101-3p in
gastric cancer. J Cell Mol Med. 2019; 23:7342-48.
https://doi.org/10.1111/jcmm.14593
PMID:31497936

2. Sun Q, LiJ, Li F, Li H, Bei S, Zhang X, Feng L. LncRNA
LOXL1-AS1 facilitates the tumorigenesis and stemness
of gastric carcinoma via regulation of miR-708-5p/USF1
pathway. Cell Prolif. 2019; 52:e12687.
https://doi.org/10.1111/cpr.12687 PMID:31468594

3. HanY, Wu N, Jiang M, Chu Y, Wang Z, Liu H, Cao J, Liu
H, Xu B, Xie X. Long non-coding RNA MYOSLID
functions as a competing endogenous RNA to regulate
MCL-1 expression by sponging miR-29¢-3p in gastric
cancer. Cell Prolif. 2019; 52:e12678.
https://doi.org/10.1111/cpr.12678 PMID:31497917

4. Du Y, Wang D, Luo L, Guo J. miR-129-1-3p promote
BGC-823 cell proliferation by targeting PDCD2. Anat
Rec (Hoboken). 2014; 297:2273-79.
https://doi.org/10.1002/ar.23003 PMID:25111461

5. Muiioz N, Franceschi S. Epidemiology of gastric cancer
and perspectives for prevention. Salud Publica Mex.
1997; 39:318-30.
https://doi.org/10.1590/s0036-36341997000400010
PMID:9337564

6. Toiyama Y, Okugawa Y, Goel A. DNA methylation and
microRNA biomarkers for noninvasive detection of
gastric and colorectal cancer. Biochem Biophys Res
Commun. 2014; 455:43-57.
https://doi.org/10.1016/j.bbrc.2014.08.001
PMID:25128828

7. Wang P, Li Z, Liu H, Zhou D, Fu A, Zhang E. MicroRNA-
126 increases chemosensitivity in drug-resistant gastric
cancer cells by targeting EZH2. Biochem Biophys Res
Commun. 2016; 479:91-96.
https://doi.org/10.1016/j.bbrc.2016.09.040
PMID:27622325

8. Yan C, Yu J, Kang W, Liu Y, Ma Z, Zhou L. miR-935
suppresses gastric signet ring cell carcinoma
tumorigenesis by targeting Notchl expression.
Biochem Biophys Res Commun. 2016; 470:68-74.
https://doi.org/10.1016/j.bbrc.2015.12.116

10.

11.

12.

13.

14.

15.

16.

17.

18.

PMID:26742429

Zhou X, Xia Y, Li L, Zhang G. MiR-101 inhibits cell
growth and tumorigenesis of Helicobacter pylori
related gastric cancer by repression of SOCS2. Cancer
Biol Ther. 2015; 16:160-69.
https://doi.org/10.4161/15384047.2014.987523
PMID:25561270

Li LQ, Yang Y, Chen H, Zhang L, Pan D, Xie WIJ.
MicroRNA-181b inhibits glycolysis in gastric cancer
cells via targeting hexokinase 2 gene. Cancer Biomark.
2016; 17:75-81.

https://doi.org/10.3233/CBM-160619 PMID:27314295

Zhang Z, Liu S, Shi R, Zhao G. miR-27 promotes human
gastric cancer cell metastasis by inducing epithelial-to-
mesenchymal transition. Cancer Genet. 2011;
204:486-91.
https://doi.org/10.1016/j.cancergen.2011.07.004
PMID:22018270

Li C, Nie H, Wang M, Su L, Li J, Yu B, Wei M, Ju J, Yu Y,
Yan M, Gu Q, Zhu Z, Liu B. MicroRNA-409-3p regulates
cell proliferation and apoptosis by targeting PHF10 in
gastric cancer. Cancer Lett. 2012; 320:189-97.
https://doi.org/10.1016/j.canlet.2012.02.030
PMID:22388101

Cui Z, Luo Z, Lin Z, Shi L, Hong Y, Yan C. Long non-
coding RNA TTN-AS1 facilitates tumorigenesis of
papillary thyroid cancer through modulating the miR-
153-3p/ZNRF2 axis. ) Gene Med. 2019; 21:e3083.
https://doi.org/10.1002/jgm.3083 PMID:30811764

Hu R, Zhu Z. ELK1l-activated GPC3-AS1/GPC3 axis
promotes the proliferation and migration of cervical
cancer cells. J Gene Med. 2019; 21:e3099.
https://doi.org/10.1002/jgm.3099 PMID:31168873

Refai NS, Louka ML, Halim HY, Montasser |. Long non-
coding RNAs (CASC2 and TUG1) in hepatocellular
carcinoma: clinical significance. J Gene Med. 2019;
21:e3112.

https://doi.org/10.1002/jgm.3112 PMID:31301261

Li Z, Li X, Chen X, Li S, Ho IH, Liu X, Chan MT, Wu WK.
Emerging roles of long non-coding RNAs in neuropathic
pain. Cell Prolif. 2019; 52:12528.
https://doi.org/10.1111/cpr.12528

PMID:30362191

Chen L, Yao H, Wang K, Liu X. Long non-coding RNA
MALAT1 regulates ZEB1 expression by sponging miR-
143-3p and promotes hepatocellular carcinoma
progression. J Cell Biochem. 2017; 118:4836—43.
https://doi.org/10.1002/jcb.26158 PMID:28543721

Zhang C, Su C, Song Q, Dong F, Yu S, Huo J. LncRNA
PICART1 suppressed non-small cell lung cancer cells
proliferation and invasion by targeting AKT1 signaling

WWWw.aging-us.com 12013

AGING


https://doi.org/10.1111/jcmm.14593
https://pubmed.ncbi.nlm.nih.gov/31497936
https://doi.org/10.1111/cpr.12687
https://pubmed.ncbi.nlm.nih.gov/31468594
https://doi.org/10.1111/cpr.12678
https://pubmed.ncbi.nlm.nih.gov/31497917
https://doi.org/10.1002/ar.23003
https://pubmed.ncbi.nlm.nih.gov/25111461
https://doi.org/10.1590/s0036-36341997000400010
https://pubmed.ncbi.nlm.nih.gov/9337564
https://doi.org/10.1016/j.bbrc.2014.08.001
https://pubmed.ncbi.nlm.nih.gov/25128828
https://doi.org/10.1016/j.bbrc.2016.09.040
https://pubmed.ncbi.nlm.nih.gov/27622325
https://doi.org/10.1016/j.bbrc.2015.12.116
https://pubmed.ncbi.nlm.nih.gov/26742429
https://doi.org/10.4161/15384047.2014.987523
https://pubmed.ncbi.nlm.nih.gov/25561270
https://doi.org/10.3233/CBM-160619
https://pubmed.ncbi.nlm.nih.gov/27314295
https://doi.org/10.1016/j.cancergen.2011.07.004
https://pubmed.ncbi.nlm.nih.gov/22018270
https://doi.org/10.1016/j.canlet.2012.02.030
https://pubmed.ncbi.nlm.nih.gov/22388101
https://doi.org/10.1002/jgm.3083
https://pubmed.ncbi.nlm.nih.gov/30811764
https://doi.org/10.1002/jgm.3099
https://pubmed.ncbi.nlm.nih.gov/31168873
https://doi.org/10.1002/jgm.3112
https://pubmed.ncbi.nlm.nih.gov/31301261
https://doi.org/10.1111/cpr.12528
https://pubmed.ncbi.nlm.nih.gov/30362191
https://doi.org/10.1002/jcb.26158
https://pubmed.ncbi.nlm.nih.gov/28543721

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

pathway. Am J Transl Res. 2018; 10:4193-201.
PMID:30662662

Chak WP, Lung RW, Tong JH, Chan SY, Lun SW, Tsao
SW, Lo KW, To KF. Downregulation of long non-coding
RNA MEG3 in nasopharyngeal carcinoma. Mol
Carcinog. 2017; 56:1041-54.
https://doi.org/10.1002/mc.22569

PMID:27597634

Wang O, Yang F, Liu Y, Lv L, Ma R, Chen C, Wang J, Tan
Q, Cheng Y, Xia E, Chen Y, Zhang X. C-MYC-induced
upregulation of IncRNA SNHG12 regulates cell
proliferation, apoptosis and migration in triple-negative
breast cancer. Am J Transl Res. 2017; 9:533—45.
PMID:28337281

Peng W, Si S, Zhang Q, Li C, Zhao F, Wang F, Yu J, Ma R.
Long non-coding RNA MEG3 functions as a competing
endogenous RNA to regulate gastric cancer
progression. J Exp Clin Cancer Res. 2015; 34:79.
https://doi.org/10.1186/s13046-015-0197-7
PMID:26253106

Zhu J, Gu W, Yu C. MATN1-AS1 promotes glioma
progression by functioning as ceRNA of miR-
200b/c/429 to regulate CHD1 expression. Cell Prolif.
2020; 53:e12700.

https://doi.org/10.1111/cpr.12700 PMID:31667976

LiuY, Sun J, Yu J, Ge W, Xiao X, Dai S, Xiang Q. LncRNA
CACS15 accelerates the Malignant progression of
ovarian cancer through stimulating EZH2-induced
inhibition of APC. Am J Transl Res. 2019; 11:6561-68.
PMID:31737207

Xu R, Feng F, Yu X, Liu Z, Lao L. LncRNA SNHG4
promotes tumour growth by sponging miR-224-3p and
predicts poor survival and recurrence in human
osteosarcoma. Cell Prolif. 2018; 51:e12515.
https://doi.org/10.1111/cpr.12515 PMID:30152090

Zou Y, Zhong Y, Wu J, Xiao H, Zhang X, Liao X, Li J, Mao
X, Liu Y, Zhang F. Long non-coding PANDAR as a novel
biomarker in human cancer: a systematic review. Cell
Prolif. 2018; 51:e12422.
https://doi.org/10.1111/cpr.12422 PMID:29226461

Zhu S, Fu W, Zhang L, Fu K, Hu J, Jia W, Liu G.
LINCO0473 antagonizes the tumour suppressor miR-
195 to mediate the pathogenesis of Wilms tumour via
IKKa. Cell Prolif. 2018; 51:e12416.
https://doi.org/10.1111/cpr.12416 PMID:29159834

Zhao J, Zhang C, Gao Z, Wu H, Gu R, Jiang R. Long non-
coding RNA ASBEL promotes osteosarcoma cell
proliferation, migration, and invasion by regulating
microRNA-21. ) Cell Biochem. 2018; 119:6461-69.
https://doi.org/10.1002/jcb.26671 PMID:29323740

Li X, Zhong W, Xu Y, Yu B, Liu H. Silencing of IncRNA

29.

30.

31.

32.

33.

34.

35.

36.

LINCO0514 inhibits the Malignant behaviors of papillary
thyroid cancer through miR-204-3p/CDC23 axis.
Biochem Biophys Res Commun. 2019; 508:1145-48.
https://doi.org/10.1016/j.bbrc.2018.12.051
PMID:30553447

Yu D, Xu X, Li S, Zhang K. LINCOO514 drives
osteosarcoma  progression  through  sponging
microRNA-708 and consequently increases URGCP
expression. Aging (Albany NY). 2020; 12:6793-807.
https://doi.org/10.18632/aging.103043
PMID:32325430

Mi LD, Sun CX, He SW, Du GY. SPl-induced
upregulation of IncRNA LINCO0514 promotes tumor
proliferation and metastasis in osteosarcoma by
regulating miR-708. Cancer Manag Res. 2020;
12:3311-22.

https://doi.org/10.2147/CMAR.S242464
PMID:32523373

Liu HT, Ma RR, Lv BB, Zhang H, Shi DB, Guo XY, Zhang
GH, Gao P. LncRNA-HNF1A-AS1 functions as a
competing endogenous RNA to activate PI3K/AKT
signalling pathway by sponging miR-30b-3p in gastric
cancer. BrJ Cancer. 2020; 122:1825-36.
https://doi.org/10.1038/s41416-020-0836-4
PMID:32336754

Liang W, Xia B, He C, Zhai G, Li M, Zhou J.
Overexpression of  LINCO0691 promotes the
proliferation and invasion of gastric cancer cells via the
Janus kinase/signal transducer and activator of
transcription signalling pathway. Int J Biochem Cell
Biol. 2020; 123:105751.
https://doi.org/10.1016/j.biocel.2020.105751
PMID:32330554

Zhou GR, Huang DP, Sun ZF, Zhang XF. Long non-coding
RNA BCAR4 accelerates cell proliferation and
suppresses cell apoptosis in gastric cancer via
regulating MAPK/ERK signaling. Eur Rev Med
Pharmacol Sci. 2020; 24:3657-64.
https://doi.org/10.26355/eurrev_202004 20828
PMID:32329841

Dai Q, Zhang T, Pan J, Li C. LncRNA UCA1 promotes
cisplatin resistance in gastric cancer via recruiting EZH2
and activating PI3K/AKT pathway. J Cancer. 2020;
11:3882-92.

https://doi.org/10.7150/jca.43446 PMID:32328192

Tian C, Deng Y, Jin Y, Shi S, Bi H. Long non-coding RNA
RNCR3 promotes prostate cancer progression
through targeting miR-185-5p. Am J Transl Res. 2018;
10:1562-70.

PMID:29887969

Zhang S, Dong X, Ji T, Chen G, Shan L. Long non-coding
RNA UCA1 promotes cell progression by acting as a

WWWw.aging-us.com

12014

AGING


https://pubmed.ncbi.nlm.nih.gov/30662662
https://doi.org/10.1002/mc.22569
https://pubmed.ncbi.nlm.nih.gov/27597634
https://pubmed.ncbi.nlm.nih.gov/28337281
https://doi.org/10.1186/s13046-015-0197-7
https://pubmed.ncbi.nlm.nih.gov/26253106
https://doi.org/10.1111/cpr.12700
https://pubmed.ncbi.nlm.nih.gov/31667976
https://pubmed.ncbi.nlm.nih.gov/31737207
https://doi.org/10.1111/cpr.12515
https://pubmed.ncbi.nlm.nih.gov/30152090
https://doi.org/10.1111/cpr.12422
https://pubmed.ncbi.nlm.nih.gov/29226461
https://doi.org/10.1111/cpr.12416
https://pubmed.ncbi.nlm.nih.gov/29159834
https://doi.org/10.1002/jcb.26671
https://pubmed.ncbi.nlm.nih.gov/29323740
https://doi.org/10.1016/j.bbrc.2018.12.051
https://pubmed.ncbi.nlm.nih.gov/30553447
https://doi.org/10.18632/aging.103043
https://pubmed.ncbi.nlm.nih.gov/32325430
https://doi.org/10.2147/CMAR.S242464
https://pubmed.ncbi.nlm.nih.gov/32523373
https://doi.org/10.1038/s41416-020-0836-4
https://pubmed.ncbi.nlm.nih.gov/32336754
https://doi.org/10.1016/j.biocel.2020.105751
https://pubmed.ncbi.nlm.nih.gov/32330554
https://doi.org/10.26355/eurrev_202004_20828
https://pubmed.ncbi.nlm.nih.gov/32329841
https://doi.org/10.7150/jca.43446
https://pubmed.ncbi.nlm.nih.gov/32328192
https://pubmed.ncbi.nlm.nih.gov/29887969

37.

38.

39.

40.

competing endogenous RNA of ATF2 in prostate
cancer. Am J Transl Res. 2017; 9:366-75.
PMID:28337266

Wang L, Xiao B, Yu T, Gong L, Wang Y, Zhang X, Zou Q,
Zuo Q. IncRNA PVT1 promotes the migration of gastric
cancer by functioning as ceRNA of miR-30a and
regulating snail. J Cell Physiol. 2021; 236:536—48.
https://doi.org/10.1002/jcp.29881

PMID:32557622

Li Z, Li Z, Zhong Z, Zhou J, Huang S, Zhou W, Xu J.
Retracted:  IncRNA  IGF2-AS  Promotes  Cell
Proliferation, Migration, and Invasion of Gastric
Cancer by Modulating miR-937/EZH2 Axis. Cancer
Biother Radiopharm. 2020. [Epub ahead of print].
https://doi.org/10.1089/cbr.2019.3275
PMID:32456453. Retraction in: Cancer
Radiopharm. 2020; 35:628.
https://doi.org/10.1089/cbr.2019.3275.retract
PMID:33064575

Biother

Deng J, Zhang Q, Lu L, Fan C. Long noncoding RNA
DLGAP1-AS1 promotes the aggressive behavior of
gastric cancer by acting as a ceRNA for microRNA-628-
5p and raising astrocyte elevated gene 1 expression.
Cancer Manag Res. 2020; 12:2947-60.
https://doi.org/10.2147/CMAR.S246166
PMID:32431541

Liu ZQ, He WF, Wu YJ, Zhao SL, Wang L, Ouyang YY,
Tang SY. LncRNA SNHG1 promotes EMT process in

41.

42.

gastric cancer cells through regulation of the miR-
15b/DCLK1/Notchl axis. BMC Gastroenterol. 2020;
20:156.

https://doi.org/10.1186/s12876-020-01272-5
PMID:32423385

Zhang J, Xing L, Xu H, Wang K, She J, Shi F, Wu H, Sun'Y,
Gao J, He S. miR-204-5p suppress lymph node
metastasis via regulating CXCL12 and CXCR4 in gastric
cancer. J Cancer. 2020; 11:3199-206.
https://doi.org/10.7150/jca.33273

PMID:32231725

Zhang B, Yin Y, Hu Y, Zhang J, Bian Z, Song M, Hua D,
Huang Z. MicroRNA-204-5p inhibits gastric cancer cell
proliferation by downregulating USP47 and RAB22A.
Med Oncol. 2015; 32:331.
https://doi.org/10.1007/s12032-014-0331-y
PMID:25429829

WWWw.aging-us.com

12015

AGING


https://pubmed.ncbi.nlm.nih.gov/28337266
https://doi.org/10.1002/jcp.29881
https://pubmed.ncbi.nlm.nih.gov/32557622
https://doi.org/10.1089/cbr.2019.3275
https://pubmed.ncbi.nlm.nih.gov/33064575
https://doi.org/10.1089/cbr.2019.3275.retract
https://pubmed.ncbi.nlm.nih.gov/33064575
https://doi.org/10.2147/CMAR.S246166
https://pubmed.ncbi.nlm.nih.gov/32431541
https://doi.org/10.1186/s12876-020-01272-5
https://pubmed.ncbi.nlm.nih.gov/32423385
https://doi.org/10.7150/jca.33273
https://pubmed.ncbi.nlm.nih.gov/32231725
https://doi.org/10.1007/s12032-014-0331-y
https://pubmed.ncbi.nlm.nih.gov/25429829

