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Background. In recent years, the abnormal expression of circRNAs has been identified to be strongly associated with tumor tissues.
In this study, we focused on circACVR2A with a remarkably upregulated expression in gastric tissues and further explored its role
in the pathogenic progression of gastric cancer (GC). Methods. )e differentially expressed circACVR2A in GC tissues and four
cell lines (MKN-45, SNU-1, HGC-27, and SGC-7901) was identified by qRT-PCR method. )en, the effect of circACVR2A and
miR-1290 on HGC-27 cell proliferation was measured by CCK8 and the colony formation methods. )e effect of circACVR2A
and miR-1290 on HGC-27 cell metastasis was estimated by transwell assay. )e interaction of circACVR2A and miR-1290 was
further detected. Results. )e relative level of circACVR2A in GC tissues and cell lines is remarkably upregulated. )e
downregulation of circACVR2A promotes GC cell proliferation and metastasis and suppressed the expression level of E-cadherin
and Vimentin. )e miR-1290 inhibitor reversed the effect of circACVR2A on cell progression in GC cell. Conclusion. cir-
cACVR2A competitively sponged miR-1290 and was exerted as a tumor suppressor gene oncogene via a circACVR2A/miR-1290
axis, suggesting it as a possible biomarker for GC therapy.

1. Introduction

Gastric cancer is the most common type of diagnosed cancer
around the world, with a high mortality rate, accounting for
8.2% of all cancer deaths [1]. Compared with other parts of
the world, East Asia is a high incidence area of GC, with a
significant increase in incidence rate 43% of gastric cancer
patients are in China [2,3]. GC has been considered to be a
progressive process starting from chronic persistent in-
flammatory response, and infection has a high tendency of
tumor invasion and metastasis [4,5]. Most patients with
early gastric cancer have no symptoms and are difficult to
diagnose. When anorexia, dyspepsia, weight loss, and ab-
normal pain symptoms occur, they are usually in the late
stage, and the survival rate is lower than 30% [6]. At present,
the treatment methods for GC include surgical resection,
chemotherapy, and targeted therapy [7]. Although the

diagnosis and treatment strategies of GC have been im-
proved, it is still a big challenge to completely remove the
tumor through surgery, radiotherapy, and chemotherapy.
)e prognosis of patients with GC is common poor.
)erefore, there is an urgent need to find out the underlying
mechanism of GC progression. It is necessary to identify
effective diagnostic biomarkers and treatment strategies,
which is essential to promote the survival rate of GC
patients.

Circular RNAs (circRNAs) are a type of endogenous
noncoding RNA molecules characterized by closed covalent
rings, which do not contain 5′-terminal cap structure and 3′
-terminal poly-A tail. )ey are widely distributed in various
eukaryotes [8,9]. Compared with their homologous linear
RNAs, circular RNAs are resistant to RNA because of their
structural characteristics of forming closed covalent rings
and showed better stability [10–12]. Studies have shown that
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cyclic RNAs not only are byproducts of splicing, but also
have rich biological functions. )ey can modulate gene
expression at the transcriptional or posttranscriptional level
via interacting with microRNAs or binding with other
molecules [13]. MicroRNAs can interact with microRNAs
through their own microRNA binding sites. )ey can bind
to microRNA efficiently and adsorb microRNA like sponge
and then affect the effect of microRNA on its target. Circular
RNA plays a crucial function in the occurrence and de-
velopment of a variety of cancers and chronic diseases,
including gastric cancer [14,15].

GC is a common malignant tumor of digestive tract, and
many long noncoding RNAs have been reported to be
strongly associated with GC progression [16,17]. More and
more studies have found that there are differences in the
expression of many circular RNAs in GC tissues and the
corresponding adjacent normal tissues, but the change trend
of the differential expression of circular RNA in GC tissues is
different, both upregulated and downregulated, and the
relationship with clinical characteristics is not the same.
Some studies have shown that circPVT1 is highly expressed
in GC. By binding with mir-125, circPVT1 inhibits the
binding of mir-25 with target gene E2F2 and upregulates the
expression level of E2F2, thus promoting cell proliferation
[18]. CircLARP4 is downregulated in gastric cancer tissues
and is related to the pathological stage, which directly affects
the survival rate of gastric cancer patients after diagnosis.
CircLARP4 can inhibit the expression of LATS1 by inhib-
iting the effect of miR-424, thus inhibiting the proliferation
and invasion in GC cells [19]. However, there are few studies
on molecular mechanism of circRNA in GC, and the up-
stream and downstream signaling networks are elusive.
)erefore, more in-depth studies are still needed to clarify
the detailed mechanism and the relative signaling pathways.

In the current study, we revealed that circACVR2A was
upregulated in GC tissues and four cell lines. )e cir-
cACVR2A could influence GC cell proliferation and me-
tastasis via interacting with miR-1290 as a miRNA sponge.
)ese findings provide a new insight into the GC pro-
gression and are exerted as a potential biomarker for
prognostic of GC.

2. Materials and Methods

2.1. Clinical Samples. GC tissues (n� 20) and their matched
adjacent normal epithelial tissues (n� 20) have been ob-
tained from the Second Affiliated Hospital of Fujian Medical
University. All these clinical samples have been immediately
frozen in liquid nitrogen after surgical removal and stored at
−80°C for further studies. )e application of human GC
clinical samples has been examined and approved by the
Ethical Committee of )e Second Affiliated Hospital of
Fujian Medical University. All patients has agreed and
written the informed consent.

2.2. Cell Culture and Cell Transfection. A normal human cell
GES-1 and four human GC cell lines, MKN-45, SNU-1,
SGC-7901, and HGC-27, have been acquired fromAmerican

Type Culture Collection (ATCC). All these cells were seeded
in the culture plate under 37°C constant temperature with
5%CO2 humidified atmosphere.)ese cells were cultured in
the DMEM containing 10% FBS and the penicillin-strep-
tomycin mixed solution. According to instructions of Lip-
ofectamine 2000 transfection kit (Invitrogen, Carlsbad, CA,
USA), the prepared cells were then transfected with 50 nM
si-circACVR2A or si-NC. After 48 hours, the relative level of
circACVR2A was examined by qRT-PCR. )e siRNAs
targets to circACVR2A in this study were displayed:

si-circACVR2A#1: 5′-AACTCAAGTGCTA-
TACTTGGTTT-3′
si-circACVR2A#2: 5′-ACTTGTTCCAACT-
CAAGTGCTTT-3′
si-circACVR2A#3: 5′- ACTCAAGTGCTA-
TACTTGGTATT-3′

2.3. RNA Isolation, Reverse Transcription, and qRT-PCR.
)e RNA was isolated from GC tissues and cell lines by
TRIzol (Invitrogen, Carlsbad, USA). Prepared RNA was
then quantified by the Nanodrop spectrophotometer
()ermo, DE, USA). 500 ng of the prepared RNA was re-
versely transcribed into the cDNA. )e qPCR assay was
performed. All the primer sequences utilized here were
acquired. GAPDH and U6 have been utilized to be the
internal controls for circRNA and miRNA, respectively. )e
amplification reaction was set up as normal process. All the
experiments in triple independent examination have been
assayed as average.)e relative level has been assayed via the
comparative 2−ΔΔCT assay.

2.4. CCK8 Assay. HGC-27 cell proliferation was next ex-
amined. HGC-27 cells were cultured in a 96-well plate with
1× 105 cells per well and further incubated for 24, 48, and 72
hours in the incubator. After a certain time culture, the
CCK8 reagent with 10 ul was added to the well for additional
1 hour. And then, HGC-27 cell proliferation was examined
by microplate reader (Bio-Rad, USA) with an absorbance
wavelength of 450 nm. All the experiments in triple inde-
pendent examination have been assayed as average.

2.5. �e Colony Formation Assay. HGC-27 cells were firstly
cultured in a 6-well plate with 100 cells/well. After trans-
fection, the DMEM medium was discarded, and PBS buffer
was injected into the cells. )en, the crystal violet with 1ml
(0.1%; Sigma-Aldrich, MO, USA) was injected for staining.
After 1-hour incubation, the colony size with more than
50 um has been finally examined. All the experiments in
triple independent examination have been assayed as
average.

2.6. Transwell Assay. )e polycarbonate membrane Boyden
chamber (Corning, Kennebunk, USA) has been utilized for
migration and invasive ability. According to the protocol,
transfected HGC-27 cells were resuspended in medium, and
an 8 um pore chamber with/without 25mg Matrigel was
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placed into the well (BD Biosciences, CA, USA). )e 10%
FBS-DMEM medium was injected into the lower chamber.
After 24-hour incubation, HGC-27 cells could migrate to the
lower chamber. )e rate of migration and invasion has been
finally calculated from counting in at least five random fields
per membrane.

2.7. Luciferase Activity Assay. )e luciferase activity assay
has been carried out to determine whether miR-1290 binds
to the circACVR2A 3′-UTR. )e circACVR2A 3′-UTR
(circACVR2A-WT) and its mutant (circACVR2A-MUT)
have been commercially purchased and constructed into the
psiCHECKTM2 vector. HGC-27 cells were cultured in a 24-
well plate with 2×105 cells/well. When they grew to 80%
confluence, the reporter plasmid circACVR2A-WT/cir-
cACVR2A-MUT and miR-1290 mimics were transfected
with HGC-27 by Lipofectamine 2000. After transfection, the
relative luciferase activity was examined.

2.8. Protein Extraction. HGC-27 cells were transfected with
si-circACVR2A or LV-circACVR2A or miR-1290 inhibitor.
After 48-hour incubation, the cells were harvested and
resuspended in the lysis buffer with 1mM PMSF. After
centrifugation, the total protein was extracted for HGC-27
and directly quantified by the Bradford kit (Bio-Rad).

2.9. Immunoblot Analysis. )e prepared protein with 10 ug
from each sample was denatured and then injected into a
12% SDS-PAGE. Subsequently, the proteins were trans-
ferred to the PVDF membrane, which was further blocked
with 10% milk and incubated with the primary antibodies
for 24 hours at 4°C. In another day, the treated membrane
was further incubated with the mouse/rabbit antibodies and
finally examined by the ECL-plus reagents.)e protein band
was detected and quantified via Quantity one software (Bio-
Rad). All the experiments were carried out in triple inde-
pendent assays. )e E-cadherin antibody (sc-21791) and
Vimentin antibody (sc-66002) were acquired from Santa
Cruz Biotechnology (Dallas, USA). )ese antibodies were
diluted at 1:1000, and the actin antibody was diluted at 1:
5000.

2.10. miRNA Pull-Down Assay. Biotin miRNA-1290 probe
was labeled by in vitro transcription, and then the total RNA
extract of cells overexpressing CirRNA ACVR2A was in-
cubated to form a complex. )e complex can be combined
with streptavidin labeled magnetic beads to separate from
other components in the incubation solution. After the
complex was eluted, whether CirRNA ACVR2A interacted
with RNA was detected by qPCR.

2.11. Statistical Analysis. Data was exhibited as means and
standard deviations (SD) from triple independent assays.
)e statistical significance has been evaluated by Student’s t-
test in Graphpad Prism 6.0 (SanDiego, USA). )e data has
been considered significant at a p value (<0.05).

3. Results

3.1. Aberrant Upregulation of circACVR2A in GC Tissues and
Cell Lines. )e relative level of circACVR2A in GC tissues
(n� 20) and cell lines was estimated. circACVR2A exhibited
a significant upregulation in contrast to the adjacent tissues
(n� 20; p< 0.01; Figure 1(a)).)e similar findings have been
observed from the GC cell lines (MKN-45, SNU-1, SGC-
7901, and HGC-27) in contrast to the normal gastric epi-
thelial cell (GES-1; Figure 1(b)). As compared with GES-1,
circACVR2Awas upregulated 1.93-fold on average inMKN-
45 (p< 0.01), 1.78-fold on average in SNU-1 (p< 0.05), 2.45
on average in SGC-7901 (p< 0.01), and 2.67 on average in
HGC-27 (p< 0.001). )us, we selected HGC-27 cells for the
following studies.

3.2. circACVR2A Influenced the Proliferation and Metastasis
In Vitro. We examined the cellular influence of cir-
cACVR2A in GC. At first, we synthesized the small inter-
fering RNA (siRNA) interacting with the junction site of
circACVR2A to downregulate circACVR2A expression level
in HGC-27 cells. Obviously, these three siRNAs significantly
downregulated the circACVR2A expression level
(Figure 2(a)). In contrast to NC group, si-circACVR2A#1
was downregulated 0.33-fold on average (p< 0.001); si-
circACVR2A#2 was downregulated 0.65-fold (p< 0.01); and
si-circACVR2A#3 was downregulated 0.41-fold (p< 0.01).
)us, we utilized si-circACVR2A#1 in the following ex-
periments due to its highest inhibitory efficiency. )e CCK8
experiment indicated that downregulated circACVR2A re-
markably promoted cell proliferation in HGC-27 cells at 48
and 72 hours in HGC-27 cells (p< 0.001) and upregulated
circACVR2A remarkably suppressed the proliferation
(p< 0.001; Figure 2(b)). )e colony formation experiment
exhibited that downregulated circACVR2A remarkably
enhanced the proliferation (p< 0.01) and upregulated cir-
cACVR2A had a reverse effect on the formation of colony
(p< 0.05; Figure 2(c)). Additionally, the ability of metastasis
had also been estimated by transwell invasion experiment.
Observed from Figures 2(d) and 2(e), the data showed that
downregulated circACVR2A remarkably enhanced HGC-27
cell migration (p< 0.001) and invasive ability (p< 0.05),
while upregulated circACVR2A remarkably inhibited HGC-
27 cell migration (p< 0.01) and invasive ability (p< 0.05).
)e findings revealed that circACVR2A was strongly as-
sociated with the progression of HGC-27 cells.

We performed all the same experiments in MKN-45 cell.
Results showed that all siRNAs significantly reduced the
circACVR2A level (Figure 3(a)). )e cell proliferation of
MKN-45 cell after treatment was the same as in HGC-27 cell
(Figure 3(b)). )e colony formation experiment and
transwell invasion experiment in MKN-45 cell revealed the
similar trends as HGC-27 cell (Figures 3(c)–3(e)).

3.3. circACVR2AAffected Epithelial-Mesenchymal Transition
(EMT)SignalingPathway. To further explore the underlying
mechanism of circACVR2A, the EMTsignaling pathway has
been evaluated. As shown in Figure 4, downregulated
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Figure 1: CircACVR2A is upregulated in GC tissues and cell lines. (a) )e relative expression of circACVR2A in 20 pairs of GC tissues and
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circACVR2A led to a lower protein level of E-cadherin and a
higher level of vimentin. Based on the above findings, it
indicated that downregulated circACVR2A suppressed the
proliferation and metastasis via directly downregulating the
EMT pathway in GC cells.

3.4. circACVR2A Can Sponge miR-1290 in GC Cells.
circRNAs are mainly positioned in the cytoplasm and bind
to miRNA sponging [20,21]. Due to prediction of Cir-
cInteractome and miRanda, miR-1290 has been chosen to
be a potential miRNA for the following studies. We
designed a biotinylated circACVR2A probe and oligo

probe to investigate whether circACVR2A can interact
with miR-1290 in GC cells. As seen from Figure 5(a), the
relative level of miR-1290 exhibited a negative association
with circACVR2A expression. )e relative level of miR-
1290 showed a downregulated expression in GC tissues
(n � 20) (p< 0.01; Figure 5(b)). )e effect of circACVR2A
on the relative level of miR-1290 was further assessed
(Figure 5(c)). Downregulated circACVR2A significantly
increased miR-1290 expression (p< 0.01) and upregulated
circACVR2A remarkably decreased miR-1290 level
(p< 0.01). )e relative luciferase activity revealed that
circACVR2A was a possible target of miR-1290. )at
means, miR-1290 can effectively suppress circACVR2A
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luciferase activity (p< 0.001; Figure 5(d)). Furthermore, we
performed biotin-miR-1290 pulldown assay to check the
interaction. Result showed biotin-miR-1290 can pull down
more circACVR2A than biotin-NC (p< 0.001; Figure 5(e)).
)ese data showed that circACVR2A would be possible
target of miR-1290.

3.5.miR-1290 InhibitorAlleviated the Effect ofDownregulated
circACVR2A on HGC-27 Proliferation and Metastasis In
Vitro. To explore whether circACVR2A is affected via
interacting with miR-1290, we examined whether miR-1290
inhibitor influenced circACVR2A expression in HGC-27.
)e data revealed that downregulated circACVR2A and
miR-1290 significantly inhibited the level of circACVR2A
(p< 0.01; Figure 6(a)), which also suppressed the miR-1290
expression (p< 0.05; Figure 6(b)) as compared with
downregulation of circACVR2A. However, downregulated
miR-1290 had no effect on the expression of circACVR2A.
Downregulation of circACVR2A and miR-1290 inhibited
proliferation and metastasis promoted by si-circACVR2A in

HGC-27 (Figures 6(c)–6(f)). Obviously, these data revealed
that circACVR2A and miR-1290 influenced the biological
function on HGC-27 cells. miR-1290 had a reversed influ-
ence on GC cells against circACVR2A effect. To confirm the
effect of circACVR2A through miR-1290, we performed
experiments in MKN-45 cells. Results revealed the same
expression pattern, cell proliferation, and metastasis ability
in MKN-45 cells as HGC-27 (Figure 7). In addition, we
tested the EMT-related protein expression. )e down-
regulated miR-1290 remarkably enhanced E-cadherin ex-
pression and suppressed Vimentin expression, whereas
downregulated circACVR2A obviously reversed the influ-
ence of these two proteins (Figure 8(a)).

4. Discussion

GC is one of the most common malignant cancers, and its
incidence rate is increasing every year. Early-stage gastric
cancer can be eradicated by surgery; however, most patients
with gastric cancer represent no obvious clinical symptoms
in early stage. When gastric cancer is found, the patient has
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Figure 5: circACVR2A targeted miR-1290 to regulate its expression. (a) )e relative expression of miR-1290 in HGC-27 cells after
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entered into the middle or late stage, and the survival rate is
low [6]. )erefore, earlier prognosis and therapy is
emerging and necessary in early detection and treatment of

gastric cancer. It is of great significance to find potential
biomarkers for exploring the pathogenesis of gastric
cancer.
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Figure 6:)e downregulation of circACVR2A andmiR-1290 onHGC-27 cell progression. (a) and (b))e relative level of circACVR2A and
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Figure 7: )e downregulation of circACVR2A and miR-1290 on MKN-45 cell progression. (a) and (b) )e relative level in MKN-45 cells
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circRNA was first found in RNA viruses and considered as
the error splicing product in exon transcription [22–25].
)erefore, there is little attention in the exploitation of their
value. However, with the application of high-throughput se-
quencing and biological analysis technologies, the potential
function of circRNAs has suddenly been explored and become
a research hotspot in biomedical field [20,26]. circRNA has
high abundance and stability, with conservation of evolu-
tionary species and tissue specificity. It widely exists in different

types of tissues and could modulate the gene expression
[21,27,28]. Due to their unique characteristics, circRNAs play a
crucial function in cancer growth, metastasis, recurrence, and
therapy resistance [29]. )e circRNA-miRNA-mRNA axis
exerts the function in carcinogenesis and has been proved to be
a potential tumor diagnostic marker and therapeutic target
[15,30]. Recently, a variety of circRNAs have been reported to
be abnormally expressed in GC tissue or cell lines. )erefore,
exploring GC related circRNAs as biomarkers or targets
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provides new insights into GC pathogenesis and brings novel
possibilities for early diagnosis, prognosis, and effective
treatment of GC [31]. In the present study, we showed that
circACVR2A was significantly upregulated in GC, including
tissues and cell lines. A series of functional experiments have
shown that the downregulation of circACVR2A significantly
enhanced the ability of proliferation and metastasis, while the
upregulation of circACVR2A has the opposite effect on
GCcells. Altogether, these findings revealed that circACVR2A
functioned as a tumor suppressor gene.

circRNA usually has been utilized as miRNA sponge to
regulate its downstream target genes and thus modulates
biological effects [13,32]. Accumulating evidence has re-
ported that a number of miRNAs could bind to circRNAs in
human cancer [33,34]. In this study, we confirmed that
circACVR2A interacted with miR-1290 in HGC-27 by the
double luciferase reporter assay. Subsequently, the biological
function of circACVR2A knockdown was counteracted by
mir-1290. Accumulating evidence exhibited that abnormal
miR-1290 expression has been causatively related to tumor
progression. Similar data has been verified in other cancer
cells, where downregulated miR-1290 may result in reducing
growth, migration, and invasion in glioblastoma cells and
lung cancer cells [35,36]. )erefore, the data demonstrated
that the binding efficiency of circACVR2A and miR-1290
remarkably suppressed the antitumor capability of miR-
1290.

To investigate the molecular basis for the involvement of
circACVR2A in GC cells, we further examine whether
circACVR2A influences the downstream pathways. In this
study, our data indicated that circACVR2A could down-
regulate miR-1290 level via targeting its 3′-UTR to suppress
the metastasis, strongly associated with epithelial-mesen-
chymal transition (EMT) pathway. EMT is a critical pathway
for the metastatic dissemination. )erefore, repressing EMT
signaling pathway is an effective road to suppress tumor
formation and metastatic spread [37]. Hence, we evaluated
the EMT-related factors and found that the downregulation
of circACVR2A significantly inhibited E-cadherin level and
remarkably enhanced Vimentin level. Obviously, cir-
cACVR2A is a regulator of the EMT signaling pathway in
GC cells, but its regulatory role needs further investigated.

Taken together, we identified that circACVR2A was
significantly upregulated in GC and represented it as a
promising GC biomarker (Figure 8(b)). In addition, we for
the first time demonstrated circACVR2A is exerted as a
tumor suppressor in GCmetastasis.)is process is regulated
by circACVR2A-mediated EMT pathway, bringing a new
mechanism in the GC progression. It is suggested that
circACVR2A may be a possible predictor and target for GC
prognosis and treatment.
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RNAs in the mammalian brain are highly abundant, con-
served, and dynamically expressed,” Molecular Cell, vol. 58,
no. 5, pp. 870–885, 2015.

[21] W. R. Jeck, J. A. Sorrentino, K. Wang et al., “Circular RNAs
are abundant, conserved, and associated with ALU repeats,”
RNA, vol. 19, no. 2, pp. 141–157, 2013.

[22] M.-T. Hsu and M. Coca-Prados, “Electron microscopic evi-
dence for the circular form of RNA in the cytoplasm of
eukaryotic cells,” Nature, vol. 280, no. 5720, pp. 339-340,
1979.

[23] H. L. Sanger, G. Klotz, D. Riesner, H. J. Gross, and
A. K. Kleinschmidt, “Viroids are single-stranded covalently
closed circular RNA molecules existing as highly base-paired
rod-like structures,” Proceedings of the National Academy of
Sciences, vol. 73, no. 11, pp. 3852–3856, 1976.

[24] C. Cocquerelle, B. Mascrez, D. Hétuin, and B. Bailleul, “Mis-
splicing yields circular RNA molecules,” �e FASEB Journal,
vol. 7, no. 1, pp. 155–160, 1993.

[25] J. M. Nigro, K. R. Cho, E. R. Fearon et al., “Scrambled exons,”
Cell, vol. 64, no. 3, pp. 607–613, 1991.

[26] S. J. Conn, K. A. Pillman, J. Toubia et al., “)e RNA binding
protein quaking regulates formation of circRNAs,” Cell,
vol. 160, no. 6, pp. 1125–1134, 2015.

[27] J. Salzman, “Circular RNA expression: its potential regulation
and function,” Trends in Genetics, vol. 32, no. 5, pp. 309–316,
2016.

[28] S. Qu, X. Yang, X. Li et al., “Circular RNA: a new star of
noncoding RNAs,” Cancer Letters, vol. 365, no. 2, pp. 141–148,
2015.

[29] J. Guarnerio, M. Bezzi, J. C. Jeong et al., “Oncogenic role of
fusion-circRNAs derived from cancer-associated chromo-
somal translocations,” Cell, vol. 165, no. 2, pp. 289–302, 2016.

[30] H.-d. Zhang, L.-h. Jiang, D.-w. Sun, J.-c. Hou, and Z.-l. Ji,
“CircRNA: a novel type of biomarker for cancer,” Breast
Cancer, vol. 25, no. 1, pp. 1–7, 2018.

[31] R. Li, J. Jiang, H. Shi, H. Qian, X. Zhang, and W. Xu,
“CircRNA: a rising star in gastric cancer,” Cellular and
Molecular Life Sciences, vol. 77, no. 9, pp. 1661–1680, 2020.

[32] F. R. Kulcheski, A. P. Christoff, and R. Margis, “Circular
RNAs are miRNA sponges and can be used as a new class of
biomarker,” Journal of Biotechnology, vol. 238, pp. 42–51,
2016.

[33] X. Chen, R.-X. Chen, W.-S. Wei et al., “PRMT5 circular RNA
promotes metastasis of urothelial carcinoma of the bladder
through sponging miR-30c to induce epithelial-mesenchymal
transition,” Clinical Cancer Research, vol. 24, no. 24,
pp. 6319–6330, 2018.

[34] Y. Wu, Z. Xie, J. Chen et al., “Circular RNA circTADA2A
promotes osteosarcoma progression and metastasis by
sponging miR-203a-3p and regulating CREB3 expression,”
Molecular Cancer, vol. 18, no. 1, p. 73, 2019.

[35] X. Xiao, D. Yang, X. Gong, D. Mo, S. Pan, and J. Xu, “miR-
1290 promotes lung adenocarcinoma cell proliferation and
invasion by targeting SOCS4,” Oncotarget, vol. 9, no. 15,
pp. 11977–11988, 2018.

[36] S. Khalighfard, M. R. Kalhori, P. Haddad, V. Khori, and
A. M. Alizadeh, “Enhancement of resistance to chemo-ra-
diation by hsa-miR-1290 expression in glioblastoma cells,”

European Journal of Pharmacology, vol. 880, Article ID
173144, 2020.

[37] A. Dongre and R. A. Weinberg, “New insights into the
mechanisms of epithelial-mesenchymal transition and im-
plications for cancer,” Nature Reviews Molecular Cell Biology,
vol. 20, no. 2, pp. 69–84, 2019.

Journal of Oncology 13


