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Abstract: Background: Gastric cancer (GC) is one of the most common causes of cancer death. GSE83521 microar-
ray analysis suggested that circular RNA circ_ASAP2 (hsa_circ_0008768) expression was increased in GC tissues.
However, the molecular mechanism of circ_ASAP2 remains unknown. Methods: Expression levels of circ_ASAP2, mi-
croRNA-770-5p (miR-770-5p), and the cyclin-dependent kinase 6 (CDKG) were detected by using real time PCR (RT-
PCR). 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) and transwell assays were applied to
explore cell viability, migration, and invasion, respectively. The interactions between miR-770-5p and circ_ASAP2 or
CDK®6 was predicted by using Starbase software, and then confirmed by luciferase reporter assay. Xenograft tumor
model was also used to estimate the effect of circ_ASAP2 on tumor growth in vivo. Results: The expression levels
of circ_ASAP2 and CDK6 were increased, and miR-770-5p level was decreased in GC tissues and cells. Further-
more, circ_ASAP2 knockdown inhibited cell viability, migration, and invasion of GC cells. Mechanically, circ_ASAP2
functioned as a sponge of miR-770-5p to regulate CDK6 expression, thereby boosting the progression of GC cells.
Circ_ASAP2 silencing hindered the tumor growth of GC in vivo. Conclusion: Circ_ASAP2 knockdown can repress the
development of GC cells partly through regulating the miR-770-5p/CDK6 axis, suggesting an underlying circRNA-
targeted therapy for GC treatment.
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Introduction

Gastric cancer (GC) is one of the most com-
mon causes of cancer death in the world [9],
the incidence and mortality of which were on
the second rank in China [4]. GC is caused by
complicated interactions among host, bacter-
jial factors and environmental, which induces
genetic and epigenetic dysregulation of onco-
genic and tumor suppressive genes [2]. During
past years, despite the discovery of some po-
tential biomarkers and target to enhance the
diagnosis and treatment of GC patients, the
prognosis of GC is still unsatisfactory [1]. Hen-
ce, seeking novel effective biomarkers and ex-
ploration of the potential molecular mechan-
ism would be of substantially clinical value for
diagnosis and treatment.

Circular RNA (circRNA), a newly discovered un-
translated RNA, forms a covalently closed loop
through specific splicing. Widely expressed in
the cytoplasm, circRNA exhibits a higher de-
gree of stability than linear mRNA [16, 30]. In-
creasing evidence suggests that the dysregu-
lation of circRNA was involved with the forma-
tion and development of diverse tumors, act-
ing as a tumor suppressor gene or oncogene
[24, 40]. Several articles have conveyed that
a large number of circRNAs take part in the
regulation of tumor growth and metastasis,
including GC. For example, Pan et al. showed
that the overexpression of circUBA1 acted as a
competitive endogenous RNA (ceRNA) of miR-
375 to increase TEAD4, thereby promoting GC
cell proliferation, migration, and invasion [11].
Consistently, Jiang et al. reported that circ_
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0032821 served as an oncogene through
boosting proliferation and metastasis in GC
development [38]. Interestingly, we found that
circ_ASAP2 displayed a high expression in GC
tissues in the GEO dataset (GSE83521). How-
ever, the exact role and molecular mechanism
of circ_ASAP2 in GC is uncertain.

MicroRNAs (miRNAs) are a class of small non-
coding RNAs with a length of ~22 nt, and nega-
tively regulate the gene expression by binding
to the 3’-untranslated region (3'UTR) of target
mRNAs [3]. In recent years, miRNAs were found
to be related to the regulation of GC including
miR-19b-3p, MiR-375, miR-218, and miR-449
[7, 8, 21, 42]. Moreover, previous literature
revealed that the abnormal expression of miR-
770-5p could predict progression in various
cancers, containing glioma [19], ovarian cancer
[12], and gastric cardia adenocarcinoma [33].
Yet, the role of miR-770-5p in GC is still not fully
understood.

Cyclin-dependent kinase 6 (CDKG6), a regulator
of the cell cycle, has a specific oncogenic role
in a variety of tumors [28]. Relevant literature
indicated that CDK6 was upregulated in GC tis-
sues and cells [5]. Moreover, some research
confirmed that CDKG6 participated in the regula-
tion of GC cell proliferation, invasion, and cell
cycle through interacting with miRNAs [18, 23],
implying that CDK6 has a role in GC progres-
sion.

Here, our results show that circ_ASAP2 was
increased in GC tissues and cells, and circ_
ASAP2 knockdown suppressed proliferation,
migration, and invasion of GC cells. Moreover,
the biological information tool predicted that
there might be a binding site in circ_ASAP2 or
CDK6 3’'UTR complementary to miR-770-5p.
Hence, we aimed to identify whether circ_
ASAP2 could regulate GC development through
the miR-770-5p/CDK6 axis.

Methods
Samples and cell culture

Approved by the First Affiliated Hospital of
Xinjiang Medical University Ethics Committee,
45 patients with GC gave informed consent to
be in the study. They had not received any other
treatment before the surgery. Pair-matched
tumorous tissues and adjacent nontumorous
gastric tissues from the 45 patients were ob-

2807

tained. The tissue samples were immediately
frozen in liquid nitrogen, and then stored at
-80°C until RNA isolation.

The nontumorous gastric cell line GES-1 and
GC cell lines (AGS and MKN45) were purchas-
ed from Procell (Wuhan, China). These cells
were cultured in 25 ml flasks in 5% CO, en-
vironment at a temperature of 37°C. RPMI-
1640 was used for AGS and MKN45 cells,
and DMEM was for GES-1. The media were
also supplemented with 10% fetal bovine se-
rum (FBS), streptomycin and penicillin (Gibco,
Carlsbad, CA, US).

Transfection

Circ_ASAP2 small interfering RNA (si-circ_AS-
AP2) and the corresponding negative control
(si-NC), miR-770-5p mimics (miR-770-5p), inhi-
bitor (anti-miR-770-5), negative control (miR-
NC, anti-miR-NC), pcDNA-circ_ASAP2 (circ_
ASAP2) and pcDNA-CDK6 (CDK®6), and their
negative pcDNA3.1 (Vector and pcDNA) were
obtained from Syngentech (Beijing, China), and
were transfected using Lipofectamine 3000
reagent (Invitrogen, Carlsbad, CA, USA) into GC
cells at a final concentration of 10-100 nM.

RNA extraction and RT-PCR

Total RNA from tissue samples and cell lines
was extracted using the Animal miRNA Isola-
tion Kit (ForeGene, Chengdu, China) according
to the manufacturer’s protocol. RNA concentra-
tions and quality were detected with a Nano-
Drop 2000 spectrophotometer (Thermo Fisher
Scientific, Inc., Waltham, MA, US). The Prime-
Script RT Reagent (Takara, Tokyo, Japan) was
used to reverse transcribe 500 ng total RNA to
cDNA. The circ_ASAP2, miR-770-5p, and CDK6
expression was determined with the SYBR
Green Master (Vazyme, Shanghai, China). Nor-
malized to the internal controls glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH)
and snRNA UG, these genes’ expression was
calculated by the 22t method. Primer se-
quences were: circ_ASAP2: 5-CTGCCAGGTG-
AAGACCAACC-3’ (sense), 5-TGCATCCTGGAATA-
ACACAGACA-3' (antisense); miR-770-5p: 5'-
TGCAGCACGCCAACATGGCACATGTATACATATG-3’
(sense), 5-ATTAGGTATATCTCCAAATGCTATCCTT-
CCCC-3’ (antisense); CDK6: 5'-ACGTGGTCAGG-
TTGTTT-3’ (sense), 5-TTTATGGTTTCAGTGGG-3’
(antisense); U6: 5-CTCGCTTCGGCAGCACA-3’
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(sense), 5-AACGCTTCACGAATTTGCGT-3’ (anti-
sense); GAPDH: 5-ACCACAGTCCATGCCATCAC-
3’ (sense), 5-TCCACCACCCTGTTGCTGTA-3’ (an-
tisense).

RNase R digestion

Total RNA (5 pL) was incubated at 37°C 15
min with 3 U/ug of RNase R (Epicentre Bio-
technologies, Shanghai, China), followed by
RNase R digestion reaction twice as previous-
ly published.

Cell viability assay

Transfected AGS and MKN45 cells were seed-
ed in 96-well plates (Corning Costar, Corn-
ing, NY, US) for 24 h, at the concentration of
2.0 x 10° cells per well. Then 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromi-
de (MTT, Beyotime, Shanghai, China) solution
was added into each well at 24 h, 48 h, 72 h
and 96 h after transfection, respectively. Cell
viability was measured by determining the ab-
sorbance at 490 nm with a microplate reader.

Transwell migration and invasion assay

Cell migratory and invasive rates were detect-
ed by the 24-well culture plates and chamber
with or without Matrigel. The upper chamber
got 100 ul of 1 x 10° cells/ml DMEM medium
containing 0.1% FBS and 500 yl DMEM medi-
um containing 15% FBS was put into the lower
chamber. After 12 h, we removed the cells on
the matrigel gently with several cotton swabs,
and the migratory or invasive cells were stain-
ed with Crystal Violet, the result was counted
and imaged under a microscope (Bx41, Olym-
pus, Japan).

Western blot assay

Total protein from cells and tumor tissues were
extracted by RIPA lysis buffer (Merck Millipore,
Darmstadt, Germany). After being heated for
10 min at 95°C with the loading buffer con-
taining 0.003% bromophenol blue, the 30 ug
protein samples were separated by 12% SDS-
PAGE and transferred onto the PVDF membr-
anes (Millipore Corporation, Billerica, MA, USA).
The membranes were blocked with 5% nonfat
milk with Tris-buffered saline and 0.1% Tween
20 (TBST) at least for 1 h at 37°C, then were
incubated with the primary antibodies (CDK®6,
1:2000, Abcam, Cambridge, UK; B-actin, 1:
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5000, Easybio, Beijing, China) overnight at 4°C.
After washing in TBST three times, the mem-
branes were incubated with horseradish perox-
idase-conjugated secondary antibody at room
temperature for 2 h. Results were visualized
using chemiluminescence after washing by
TBST solution.

Luciferase reporter assay

The sequences of circ_ASAP2 or CDK6 3'UTR
involving miR-16-5p putative binding sites or its
mutation were constructed into downstream
part of firefly luciferase gene in pGL3 vectors
(Promega Corporation, Fitchburg, WI, US), na-
med as circ_ASAP2-wild type (circ_ASAP2-wt),
circ_ASAP2-mutant (circ_ASAP2-mut), CDK6-
wt, and CDK6-mut. GC cells of AGS and MKN45
were seeded into a 24-well plate for 24 h be-
fore transfection. After that, GC cells were co-
transfected with 100 ng constructed luciferase
reporter plasmid, 50 ng of Renilla luciferase
reporter vector (pRL-TK), and 50 nM of miR-
770-5p, or miR-NC using the Lipofectaine3000
(Invitrogen, Waltham, MA, US). Cells were col-
lected at 48 h after transfection, and the lucif-
erase activity was examined with the Dual
Luciferase Reporter Assay Kit (Promega).

Xenograft tumor model

AGS cells (5 x 10°) stably transfected with the
circ_ASAP2 knockdown lentiviral vector (sh-
circ_ASAP2, GeneChem, Shanghai, China) or
the negative control vector (sh-NC, GeneChem)
were subcutaneously injected into two groups
of 4-week-old nude mice (n=6 mice/group,
Shanghai Experimental Animal Center, Shang-
hai, China), respectively. The tumor volumes
were measured once a week by a caliper
according to the formula: volume = length x
width2/2. Five weeks later, the mice were sa-
crificed and the resected tumor masses were
collected for subsequent weight, followed by
analysis with RT-PCR and western blot. All the
animal experiments were approved by the First
Affiliated Hospital of Xinjiang Medical Univer-
sity and were performed in accordance with
the guide for the care and use of laboratory
animals.

Statistical analysis

All data are shown as the mean * standard
deviation (SD) of at least 3 individual experi-
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Figure 1. The relative expression of circ_ASAP2 was upregulated in GC tissues and cells. A. GSE83521 microarray
analyzed the circRNA expression profiling between GC tissues and adjacent normal tissues. B. Relative expression
of circ_ASAP2 in GC tissues (n=45) matched to the adjacent normal tissues (n=45) by RT-gPCR. C. Expression levels
of circ_ASAP2 in gastric cancer cell lines (AGS and MKN45) relative to the gastric mucosal epithelial cell line (GES-
1). D, E. Expression levels of circ_ASAP2 and ASAP2 were detected in AGS and MKN45 cells treated with RNase R

or Mock. *P < 0.05.

ments. The differences between two or more
groups were estimated with the Student t-test
or one-way analysis of variance with Tukey’s
tests. The statistical analyses were analyzed
using the GraphPad 7.0 software. P < 0.05 was
considered significant.

Results

Circ_ASAP2 was increased in GC tissues and
cells

GSE83521 microarray analysis verified that
circ_ASAP2 presented high expression in GC
tissues compared with normal tissues (Figure
1A). Hence, to further explore the role of circ_
ASAP2 in GC, an RT-gPCR assay was conducted
to measure the expression level of circ_ASAP2
in GC tissues (n=45) compared with tumor-
adjacent normal tissues (n=45), and the out-
come indicated that the level of circ_ASAP2
was significantly increased in GC tissues (Fi-
gure 1B). Moreover, our data also suggested
that circ_ASAP2 was upregulated in two GC cell
lines (AGS and MKN45) relative to the gastric
mucosal epithelial cell line (GES-1) (Figure 1C).
Since RNase R enzyme (a highly processive 3’
to 5’ exoribonuclease) does not act on circular
RNAs but only linear RNAs [32], RNase R was
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used for verification the features of circ_ASAP2
in AGS and MKN45 cells. As displayed in Figure
1D and 1E, circular RNA was resistant to RNase
R treatment when compared with the linear
RNAs. Thus, circ_ASAP2 might be involved with
GC progression.

Circ_ASAP2 knockdown suppressed cell viabil-
ity, migration, and invasion in GC cells

Next, to identify the biological function of circ_
ASAP2 in GC cells, the knockdown or overex-
pression efficiency of circ_ASAP2 in AGS and
MKN45 cells was examined and exhibited in
Figure 2A. Functionally, MTT assay revealed
that circ_ASAP2 reduction hindered the prolif-
eration (Figure 2B and 2C) of EC cells in con-
trast to controls. According to the results of
Transwell assay, the knockdown of circ_ASAP2
repressed the abilities of migration (Figure 2D),
and invasion (Figure 2E) of EC cells relative to
cells with si-NC. On the contrary, enhanced pro-
liferative ability (Figure 2F and 2G), and the
capacities for migration and invasion (Figure
2H and 2I) resulted from upregulation of circ_
ASAP2 in AGS and MKN45 cells. All these data
suggested that circ_ASAP2 deficiency could
inhibit cell viability, migration, and invasion of
GC cells.

Int J Clin Exp Pathol 2020;13(11):2806-2819
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Figure 2. The effect of overexpressing or silencing circ_ASAP2 on cell viability, migration, and invasion in gastric can-
cer cells. A. The circ_ASAP2 expression level in AGS and MKN45 transfected with si-NC, si-circ_ASAP2, Vector, and
circ_ASAP2. B, C. MTT assay was used to detect cell viability in si-NC or si-circ_ASAP2-transfected AGS and MKN45.
D, E. Transwell assay was carried out to measure migration and invasion in si-NC or si-circ_ASAP2-transfected AGS
and MKN45. F, G. Cell viability was examined in Vector or circ_ASAP2-transfected AGS and MKN45. H, |. Migration
and invasion were tested in Vector-transfected or circ_ASAP2-transfected AGS and MKN45. *P < 0.05.

MIR-770-5p acted as the target of circ_ASAP2
in GC cells

It has widely accepted that circRNAs serve as
competing endogenous RNAs (ceRNAs) to sp-
onge corresponding miRNAs, thereby regulat-
ing their biologic roles [29, 39]. Hence, star-
base software was employed to forecast the
underlying binding targets of circ_ASAP2. As
shown in Figure 3A, there were some binding
sites between circ_ASAP2 and miR-770-5p, fol-
lowed by demonstration with dual-luciferase
reporter assay. Results unfolded decreased
luciferase activity in AGS and MKN45 cells co-
transfected with circ_ASAP2-wt and miR-770-
5p. However, after co-transfection with circ_
ASAP2-mut and miR-NC, there was no sign-
ificant change in luciferase activity (Figure 3B
and 3C). Moreover, RT-qPCR results presented
that miR-770-5p was increased in si-circ_
ASAP2-transfected GC cells, while miR-770-5p
was reduced due to upregulation of circ_ASAP2
(Figure 3D). Besides, miR-770-5p displayed a
low expression in EC tissues and cells relative
to their respective controls (Figure 3E and 3F),
and its expression was negatively correlated
with circ_ASAP2 in EC tissues (Figure 3G).
Overall, these data implied that miR-770-5p
directly bound to circ_ASAP2 in GC cells.

Knockdown of miR-770-5p alleviated the sup-
pressive action of circ_ASAP2 silencing on cell
viability, migration and invasion of GC cells

Considering that miR-770-5p might act as the
target of circ_ASAP2, we further explored wh-
ether circ_ASAP2 could regulate the biologic
processes of GC cells through targeting miR-
770-5p. As exhibited in Figure 4A, circ_ASAP2
knockdown boosted the expression level of
miR-770-5p, while the introduction of anti-miR-
770-5p relieved the effect in AGS and MKN45
cells. Functional analysis suggested that co-
transfection of miR-770-5p inhibitor could re-
verse the negative effect of single deficiency of
circ_ASAP2 on cell viability in GC cells (Figure
4B and 4C). Meanwhile, the results from
Transwell assays indicated that the improved-
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migration and invasion caused by the knock-
down of circ_ASAP2 was mitigated through
miR-770-5p downregulation in AGS and MKN-
45 cells (Figure 4D and 4E). The above data
hinted that circ_ASAP2 knockdown could inhib-
it the development of GC cells by regulating
miR-770-5p.

CDK®6 served as the target of miR-770-5p

miRNAs can modulate tumor progression by
interacting with mRNAs. Therefore, the latent
possible target genes of miR-770-5p were pre-
dicted by using starbase software. As a result,
CDK6 3’'UTR was found to possess some bind-
ing sites with miR-770-5p (Figure 5A). To verify
the prediction result, dual-luciferase reporter
assay in AGS and MKN45 cells was carried out.
Data suggested that the upregulation of miR-
770-5p decreased the luciferase activity of
CDK6-wt reporter vector in AGS and MKN45
cells, but not that of CDK6-mut reporter vector
(Figure 5B and 5C). Furthermore, the transfec-
tion rate of miR-770-5p mimics or inhibitor was
determined by RT-gPCR assay (Figure 5D).
Whereafter, both mRNA level and protein levels
of CDK6 were determined in transfected AGS
and MKN45 cells. As displayed in Figure 5E
and 5F, CDK6 was distinctly reduced by the
overexpression of miR-770-5p, while CDK6 ex-
pression was enhanced by miR-770-5p knock-
down. RT-gPCR and western blot assays pre-
sented that CDK6 expression levels were in-
creased in GC tissues (Figure 5G and 5H) and
cells (Figure 5) and 5K) when compared with
their respective controls. In addition, an inver-
se correlation between CDK6 and miR-770-5p
in GC tissues was observed (Figure 5I). Collec-
tively, these findings implied that miR-770-5p
could interact with CDK6 to suppress its ex-
pression.

MIR-770-5p regulated the development of GC
cells by targeting CDK6 in GC cells

Then, to further investigate whether the miR-

770-5p-mediated GC progression was regulat-
ed by CDK®6, recovery experiments were per-

Int J Clin Exp Pathol 2020;13(11):2806-2819
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AGS and MKN45 cells. G. The correlation between miR-770-5p and circ_ASAP2 expression in gastric cancer tissues was analyzed by Pearson’s correlation analysis.
*P < 0.05.
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Figure 4. Knockdown of miR-770-5p alleviated circ_ASAP2 downregulation-mediated cell viability, migration, and
invasion in GC cells. A. The expression level of miR-770-5p was assessed by RT-qPCR assay in AGS and MKN45 cells
transfected with si-NC, si-circ_ASAP2, si-circ_ASAP2+anti-miR-NC, and si-circ_ASAP2+anti-miR-770-5p. B, C. Cell vi-
ability in transfected AGS and MKN45 cells was examined by MTT assay. D, E. Migration and invasion in transfected
AGS and MKN45 cells were detected by transwell assay. *P < 0.05.

formed in AGS and MKN45 cells. As illustrated
in Figure 6A and 6B, co-transfection of CDK6
could alleviate the inhibiting effect of miR-770-
5p overexpression on CDK6 mRNA level and
protein level in GC cells. Notably, the influence
of miR-770-5p upregulation on cell viability,
migration, and invasion was similar to si-circ_
ASAP2. MTT and Transwell results indicated
that miR-770-5p mimics repressed cell viability
(Figure 6C and 6D), migration (Figure 6E), and
invasion (Figure 6F) of GC cells, which was
lightened by the overexpression of CDK6. Ta-
ken together, miR-770-5p suppressed cell via-
bility, migration, and invasion of GC cells th-
rough regulating CDK6 expression.

Verification of circ_ASAP2/miR-770-5p/CDK6
axis in GC cells

To determine whether circ_ASAP2 could exert
a function through the miR-770-5p/CDK6 axis
in GC cells, the effect of circ_ASAP2 on CDK6
expression was detected in AGS and MKN45
cells. Recovery experiments suggested that
circ_ASAP2 knockdown reduced the mRNA
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level and protein level of CDK6, while the re-
introduction of anti-miR-770-5p alleviated the
negative action of si-circ_ASAP2 on CDK6 lev-
els in GC cells (Figure 7A and 7B). In general,
circ_ASAP2 could regulate CDK6 expression by
sponging miR-770-5p in GC cells.

Circ_ASAP2 knockdown inhibited tumor growth
in vivo

In order to explore the clinical application of
circ_ASAP2 on GC in vivo, the xenograft tumor
model was applied. AGS cells with sh-circ_
ASAP2 or negative control (sh-NC) were subcu-
taneously injected into athymic nude mice.
Subsequently, we viewed that intratumoral
injection of sh-circ_ASAP2 suppressed tumor
growth, as presented by reduced tumor volu-
me and weight (Figure 8A and 8B). Apart from
that, the tumor tissues acquired from the nude
mice had a decreased expression level of circ_
ASAP2 in sh-circ_ASAP2 group relative to sh-
NC group (Figure 8C), accompanied by higher
miR-770-5p and lower CDK6 expression levels
(Figure 8D and 8E). CDK6 protein level also
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blot. G, H. Both mRNA level and protein level of CDK6 were examined in GC tissues and adjacent normal tissues. |. Pearson’s correlation analysis was conducted to
analyze the association between miR-770-5p and CDK6 in GC tissues. J, K. CDK6 level in GES-1, AGS, and MKN45 cells was tested by RT-gPCR assay and western

blot. *P < 0.05.
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Figure 7. Circ_ASAP2 regulated CDK6 expression level by sponging miR-770-5p in GC cells. A. The levels of CDK6
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miR-770-5p was examined by RT-qgPCR. B. CDK6 protein level was detected in transfected AGS and MKN45 cells.

declined, further supporting the down-regula-
tion of sh-circ_ASAP2 on CDK6 expression
(Figure 8F). The above data hinted that circ_
ASAP2 knockdown restrained xenograft tumor
growth by regulating the miR-770-5p/CDK6
axis.

Discussion

With the development of sequencing technolo-
gy and bioinformatics analysis, the involvement
of circRNAs in cancer progression has attract-
ed extensive attention [13, 22]. Studies in the
past few years have shown that circRNAs, a
novel highly stable and abundant endogenous
non-coding RNA, have been confirmed to serve
functionally as oncogenes or tumor suppressor
genes in the regulation of multiple human can-
cers [25, 26]. Nevertheless, few circRNAs have
been well functionally and mechanistically
characterized in GC, and the biologic function
of most circRNAs remains to be explored. Here,
a new circRNA circ_ASAP2 was first identified
to be increased in GC tissues and cells.
Functionally, circ_ASAP2 reduction blocked
proliferation, migration, and invasion of GC
cells. Furthermore, the inhibitory action of circ_
ASAP2 knockdown on tumor growth was also
validated in GC xenografts in nude mice. These
data implied a pivotal role of circ_ASAP2 in the
progression of GC.

Recent research displayed that circRNAs could
exert a biologic function by working as a molec-
ular sponge for miRNAs, thereby resulting in the
de-repression of miRNA targets [6, 10]. In the
present study, we first verified that miR-770-5p
was a direct target of circ_ASAP2 in GC cells.
Moreover, some reports illuminated that miR-
770-5p, a form of mature miR-770, was a tumor

2816

suppressor in diverse cancers, such as lung
cancer [41], breast cancer [27], and glioma
[15]. In our study, miR-770-5p was down-regu-
lated, and negatively associated with circ_
ASAP2 level in GC tissues. Furthermore, func-
tional analysis verified that inhibition of miR-
770-5p reversed the circ_ASAP2-deficiency-
mediated decrease in proliferation, migration,
and invasion of GC cells, further supporting
that circ_ASAP2 could regulate GC develop-
ment through targeting miR-770-5p in GC cells.

It is widely accepted that miRNAs modulate
tumor progression by interacting with mRNAs
[17]. Moreover, miRNAs target the downstream
genes and negatively regulate gene expression.
By base pairing to the sequence regions in
mRNAs’ 3’'UTR with perfect or near perfect
complementarity, miRNAs play a role in regulat-
ing target expression [20, 36]. In this study,
CDK6 served as a target of miR-770-5p in GC
cells. CDK6, with a functional role in tissue
homeostasis and differentiation, was directly
involved in transcription in tumor cells and in
hematopoietic stem cells [31]. Apart from that,
CDK®6 was closely associated with proliferation,
metastasis, and cell cycle in cancers [14, 35].
In this paper, a high expression of CDK6 was
viewed in GC tissues and cells. Importantly,
CDK6 overexpression weakened the suppres-
sion effect of miR-770-5p upregulation on pro-
liferation, migration, and invasion in GC cells.
In agreement with our data, CDK6 promoted
migration and proliferation in GC cells [34, 37].
Western blot analysis proved that anti-miR-
770-5p alleviated the inhibitory effect of circ_
ASAP2 knockdown on CDK6 level in GC cells,
further supporting the regulatory role of the
circ_ASAP2/miR-770-5p/CDK6 in GC cells.
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Conclusion

In summary, we showed that circ_ASAP2 func-
tioned as a sponge of miR-770-5p to positively
regulate CDK®, thus boosting GC progression.
These findings provided an underlying thera-
peutic strategy for GC treatment.
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