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Background: Gastric cancer (GC) is a major cancer-related mortality disease. Gambogic
acid (GA) has been investigated to inhibit cancer progression. In the present study, the
molecular mechanism of GA in regulating GC progression was studied.

Methods: The expression levels of circular RNA ASAP2 (circ. ASAP2), miR-33a-5p and
cyclin-dependent kinases 7 (CDK?7) were detected by quantitative real-time polymerase reac-
tion (QRT-PCR). CDK?7 protein level was evaluated by Western blot. Cell colony formation
assay, 3-(4,5-Dimethylthazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, transwell
assay and flow cytometry analysis were employed to reveal the functional effects among
circ. ASAP2, miR-33a-5p and CDK7 on GA-induced GC progression. Mechanistically, the
binding relationship between miR-33a-5p and circ. ASAP2 or CDK7 was predicted with
starBase v3.0 online database and verified by dual-luciferase reporter assay. In vivo tumor
formation assay was used to explain the impacts of GA treatment on GC growth in vivo.
Results: Circ ASAP2 and CDK7 expression were downregulated in GA-induced GC cells
compared with GC cells. MiR-33a-5p expression was upregulated in GA-induced GC cells relative
to GC cells. The protein expression level of CDK7 was lower in GA-induced GC cells than that in
GC cells. Further, circ. ASAP2 overexpression decreased GA-induced inhibition effects on cell
proliferation, migration and invasion and GA-induced promotion effect on cell apoptosis in both
AGS and HGC-27 cells, whereas this phenomenon was reversed by miR-33a-5p. In addition,
circ ASAP2 functioned as a sponge of miR-33a-5p and miR-33a-5p was associated with CDK7.
Furthermore, GA treatment inhibited GC growth in vivo.

Conclusion: Circ_ ASAP2 overexpression promoted cell proliferation, migration and invasion,
whereas inhibited cell apoptosis by upregulating CDK7 expression through binding to miR-33a-
5p in GA-induced GC cells. This study provided a theoretical basis in GC treatment with GA.
Keywords: gambogic acid, circ ASAP2, miR-33a-5p, CDK?7, gastric cancer

Introduction

Gastric cancer (GC) ranks fifth among cancers worldwide.! According to the data
analyzed in 2014, 410,400 cases were newly diagnosed and 293,800 cases were
related to death in China.®> Although surgical resection and chemo-radiotherapy
have been applied to treat GC, the morbidity and mortality rates of GC are also
high. Gambogic acid (GA), gotten from Garcinia hanburyi, is the major ingredient
of gamboge.” Numerous studies indicated that GA acted as the suppressor of
cancers, including GC.>* For example, Wang et al indicated that GA could increase
docetaxel sensitivity in GC cells.” Zou et al revealed that GA induced cell apoptosis
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together with chemotherapeutic agents in GC cells.®
However, the regulatory mechanism of GA in GC progres-
sion has not been fully addressed.

Circular RNA (circRNA) is a noncoding RNA with
closed loop.” An increasing number of studies have indi-
cated that circRNA acted as a promoter or suppressor in
cancer progression.®’ For instance, Yang et al revealed that
circ_0049027 (circ_HuR) inhibited cell migration and inva-
sion in vitro and in vivo;® Wu et al also explained that circ-
ZNF609 contributed to the proliferation of colorectal cancer
sponging  microRNA-150  (miR-150).'°
Additionally, circRNA was involved in GC progression.

cells by

Wang et al disclosed that enforced circ_0027599 expression
suppressed cell proliferation and metastasis in GC."" Other
like circ_101882 was unveiled to promote cell migration and
invasion in GC.'? Nevertheless, the effects and mechanism
of circ. ASAP2 in GA-mediated GC process are unknown.
MiRNAs are a kind of transcripts with 18-25 nucleotide
in length. And miRNAs regulate gene expression at post-
translational level.'* Some studies revealed that miR-33a-5p
regulated metastasis and apoptosis in various cancers.'*'?
However, there are few studies on the regulation of GC
mediated by miR-33a-5p. Cyclin-dependent kinases 7
(CDK7) mainly takes part in Pol II transcription process by
acting as enzymatic cofactors.'® CDK7 was expressed in
various cancers and its downregulation was investigated to
inhibit cell proliferation.'” Some studies indicated that
THZ1,"® SNS-032" and QS1189%° could inhibit cancer pro-
gression by repressing CDK7 expression. These data meant
that CDK7 may act as a tumor suppressor in GC process.
In this study, circ ASAP2 expression was detected by
qRT-PCR. The effects among circ_ ASAP2, miR-33a-5p and
CDK?7 on GA-induced GC progression were determined by
cell colony formation assay, MTT assay, transwell assay and
flow cytometry analysis. Meanwhile, dual-luciferase repor-
ter assay was employed to identify the target relationship
between miR-33a-5p and circ ASAP2 or CDK?7.
Furthermore, the effects of GA treatment on GC growth
in vivo were explained by in vivo tumor formation assay.

Materials and Methods

Clinical Tissues Sample and Cell Culture

All procedures in this study were approved by the Ethics
Committee of Yueyang Hospital of Integrated Traditional
Chinese and Western Medicine, Shanghai University of
Traditional Chinese Medicine. The written informed con-
sents were signed before surgery. Fifty pairs of GC tissues

and paracancerous healthy tissues were obtained from
Yueyang Hospital of Integrated Traditional Chinese and
Western Medicine, Shanghai University of Traditional
Chinese Medicine. These samples were instantly kept in
—80°C for further study.

Sciencell (Carlsbad, CA, USA) provided the human
gastric cancer cell lines AGS and HGC-27 and human
normal gastric epithelial cell line GES-1. Cells were cultured
in RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS; Thermo Fisher, Waltham, MA, USA) and 1%
penicillin-streptomycin. GES-1, AGS and HGC-27 cells
were cultured at 37°C in an incubator with 5% CO,.

Cell Transfection

Small interfering RNA against CDK7 (si-CDK?7), the over-
expression vector of circ ASAP2 (circ ASAP2), miR-
33a-5p mimic (miR-33a-5p), miR-33a-5p inhibitor (anti-
miR-33a-5p) and control groups, including si-NC, Vector,
miR-NC, and anti-miR-NC, were purchased from Ribobio
Co., Ltd. (Guangzhou, China). Cell transfection was car-
ried out using Lipofectamine 3000 (Thermo Fisher). AGS
and HGC-27 cells were cultivated for 16 h. Plasmids,
miR-33a-5p or miR-33a-5p inhibitor was transfected into
GC cells and GES-1 cells with control groups. Cells were
continued to culture and collected at indicated time. The
sequences related to this study were si-CDK7
CCAACCAAATTGTCGCCAT, si-NC CCAA
ACTTACTGCGACCAT, miR-33a-5p mimics 5-GUGCA
UUGUAGUUGCAUUGCA-3" and miR-33a-5p inhibitor
5-TGCAATGCAACTACAATGCAC-3'.

Colony Formation Assay

AGS and HGC-27 were cultured in 6-well plates for 2 weeks.
And proliferating colonies were stained using 1% crystal vio-
let. The colony numbers were calculated and photographed.
A colony was defined when its numbers more than 50.

3-(4,5-Dimethylthazol-2-YI)-
2,5-Diphenyltetrazolium Bromide Assay

(MTT Assay)

Cell viability was detected by MTT assay. Briefly, cells
were cultivated into 96-well plate for 24 h. 20 pL MTT
solution was added into the plate and continued to culti-
vate for 4 h after cells were treated with different treat-
ments. Dimethyl sulfoxide was added to dissolve formazan
crystals. The optical density of absorbance was detected at
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490 nm by a microplate reader (Synergy H4 Hybrid
Reader, BioTek, Winooski, USA).

Transwell Assay

The migratory and invasive abilities of cells were deter-
mined by transwell assay without or with Matrigel, respec-
tively. Cells were seeded in upper chambers supplied with
FBS-free medium. Then, medium with 10% FBS was
added in the low chambers. The transwell chamber was
taken from a 24-well plate after cells were cultured for 24
h. Medium was discarded and cells were washed twice.
Then, cells were incubated with methanol and crystal
violet, respectively. Cell migration and invasion were
observed by a microscope at a 100 magnification.

Flow Cytometry Analysis

Apoptosis detection kit (Qcbio Science, Shanghai, China) was
employed to determine cell apoptosis. The cells at logarithmic
period were harvested and washed with phosphate-buffered
saline buffer (PBS). Then, cells were re-suspended with 100
pL binding buffer and cells were incubated with 5 pL
Annexin-FITC. After that, cells were incubated with 10 puL
propidium iodide (PI) for 15 min. Results were analyzed with
a FACSort flow cytometer.

Quantitative Real-Time Polymerase
Reaction (qRT-PCR)

GC tissues and cells were lysed with TRIzol reagent (TaKaRa,
Dalian, China). Then, RNA was extracted and ¢cDNA was
amplified with a reagent kit (TaKaRa). To quantity the amount
of circRNA/miRNA/mRNA, PTC-220 Machine
employed with an SYBR Green SuperMix kit (Roche, Basel,
Switzerland). GAPDH and U6 were chosen as references. The
forward and reverse primers were: circ ASAP2 5'-CCTGAC
CTGCATCGAGTGTT-3' and 5-GTAAGTTCTGTCATCAG
CAGCTC-3’; ASAP2 5'-CCCATGAGGACTACAAGGCG
-3’ and 5'-CATTTTCCACGTGAGCCAGC-3'; miR-33a-5p
5'-GGTGCATTGTAGTTGCATTGC-3' and 5-GTGCAG
GGTCCGAGGTATTC-3"; CDK7 5-GGCACACCAACT
GAGGAACA-3" and 5-AGTCGTCTCCTGCTGCACTG-3'".
GAPDH 5'-CCATGGGGAAGGTGAAGGTC-3' and 5'-
TGGAATTTGCCATGGGTGGA-3'; U6 5'-CTCGCTTCGG
CAGCACA-3" and 5'-AACGCTTCACGAATTTGCGT-3".

was

RNase R Digestion and Actinomycin

D Treatment

Total RNA from cells was treated with RNase R (Amresco,
Solon, OH, USA) at 37°C for 30 min, followed qRT-PCR was
employed to detect circ ASAP2 or ASAP2 expression. In
addition, cells were treated with Actinomycin D (Amresco)
for 0, 8, 16 and 24 h after cells were seeded. QRT-PCR was
applied to measure circ ASAP2 and ASAP2 expression.

Dual-Luciferase Reporter Assay

The binding relationship between miR-33a-5p and
circ. ASAP2 or CDK7 was identified by dual-luciferase
reporter assay. The wild-type (wt) sequences of
circ. ASAP2 and CDK7 3'UTR containing the binding
sequences of miR-33a-5p were amplified and inserted into
pGL3-basic vector (Genecreate, Wuhan, China), and named
as circ ASAP2-wt and CDK7-wt. Mutant (mut)
circ. ASAP2 and CDK7 3'UTR harboring the target
sequences of miR-33a-5p were synthesized and cloned into
pGL3 vector (Genecreate), and named as circ ASAP2-mut
and CDK7-mut. After that, cells were transfected using
Lipofectamine 3000. Cells were continued to culture for 48
h. Luciferase activities were detected with a luciferase repor-
ter system (Promega, Madison, W1, USA). Ranilla luciferase
activity was utilized as a reference.

Western Blot

Sample was lysed with RIPA buffer (Beyotime, Jiangsu,
China) with proteinase K inhibitor. Protein sample was
loaded on 10% SDS-PAGE gel. After that, bands were trans-
ferred into PVDF membranes. Bands were incubated in 5%
non-fat milk. Subsequently, the membranes were washed and
incubated with primary antibodies. The membranes were
washed and incubated with second antibody (peroxidase-
conjugated IgG). The antigen-antibody complexes were
visualized by enhanced chemiluminescence (KeyGen,
Nanjing, China). GAPDH was used as an internal control.
The primary antibodies were anti-CDK7 (1:1000; Abcam,
Cambridge, MA, UK) and anti-GAPDH (1:2500; Abcam).

In vivo Tumor Formation Assay

GC cells (5%10°) were injected into the flank of 6-week-
old nude mice (Shanghai SLAC Animal Center, Shanghai,
China). After 10 days, GA was abdominally injected into
mice every 3 days. Tumor volume was measured every 3
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days after injection. After 22 days, nude mice were eutha-
nized and tumors were excised. The growth curve of tumor
was drawn and tumor weight was measured. All produces
were provided by the Animal Care and Use Committee of
Yueyang Hospital of Integrated Traditional Chinese and
Western Medicine, Shanghai University of Traditional
Chinese Medicine. Guide for the Care and Use of
Laboratory Animals was strictly followed.

Statistical Analysis

All data derived from three duplicate tests. GraphPad
Prism version 5.0 and SPSS 19.0 software were carried
out to analyze data. The difference between the two groups
was analyzed by two-tailed Student’s #-tests. The differ-
ence between more than two groups was determined by
one-way analysis of variance (ANOVA). P<0.05 was con-
sidered statistically significant.

Results
GA Inhibits Cell Proliferation, Migration

and Invasion, and Induces Cell Apoptosis
in AGS and HGC-27 Cells

In order to explore the effects of GA on the GC cell
progression, GC cells treated with 1 pM or 2 pM GA
were detected by MTT assay, colony formation assay,
transwell assay and flow cytometry analysis. As a result,
colony formation assay and MTT assay demonstrated that
GA treatment repressed cell proliferation and viability in
a dose-dependent manner compared with control groups in
AGS and HGC-27 cells (Figure 1A—C). Transwell assay
revealed that the migration and invasion of AGS and
HGC-27 cells also were suppressed after GA exposure,
and this inhibition effect was positively correlated with
GA concentration (Figure 1D and E). Similarly, GA treat-
ment induced cell apoptosis in AGS and HGC-27 cells
(Figure 1F). These results suggested that GA functioned as
a tumor suppressor in GC development.

GA Treatment Downregulates

circ_ASAP2 Expression in GC Cells

The effect of GA on circ. ASAP2 expression was deter-
mined in this part. Circ ASAP2 expression was firstly
detected by qRT-PCR in GC cells treated with 2 pM of
GA, and results showed that circ_ASAP2 expression level
was higher in AGS and HGC-27 cells than that in normal
gastric cells, and this effect was restored after GA treat-
ment 2A). results showed

(Figure Subsequently,

circ. ASAP2 expression had no obvious change after
RNase R treatment, whereas ASAP2 expression was
obviously downregulated (Figure 2B and C). And data
also indicated that there was no apparent various in
circ_ASAP2 expression after Actinomycin D exposure,
but that significantly decreased ASAP2 expression
(Figure 2D and E). Thus, RNase R digestion and
Actinomycin D  treatment assays showed that
circ_ ASAP2 was more stable than ASAP2. Furthermore,
circ_ ASAP2 expression was analyzed in GC tissues, and
qRT-PCR result revealed that circ_ ASAP2 expression
level was higher in GC tissues than in normal gastric
tissues (Figure 2F). All these data suggested that GA
could downregulate circ. ASAP2 expression level in GC
cells.

Circ_ASAP2 Partially Attenuates the
Effects of GA Treatment on GC

Progression

For the sake of understanding the impacts between
circ._ ASAP2 and GA on GC biological behavior, the over-
expression vector of circ_ ASAP2 was firstly constructed.
QRT-PCR results showed circ_ ASAP2 expression was greatly
increased after circ_ ASAP2 transfection in AGS and HGC-27
cells (Figure 3A). Subsequently, the effects between circ-
ASAP2 and GA on cell proliferation, migration, invasion and
apoptosis were evaluated in both AGS and HGC-27 cells.
Colony formation assay showed that GA treatment inhibited
the colony-forming ability of GC cells, whereas this phenom-
enon was partially reversed by circ_ ASAP2 overexpression
(Figure 3B). MTT assay revealed that GC cell viability was
repressed by GA and circ. ASAP2 overexpression decreased
this inhibition effect (Figure 3C and D). Transwell assay
showed that GA impeded the migration and invasion of GC
cells; however, this effect was partly abolished by circ ASAP2
overexpression (Figure 3E and F). In addition, flow cytometry
analysis explained that GA treatment induced GC cell apopto-
sis, which was restored after circ ASAP2 overexpression
(Figure 3G). All these data suggested that GA inhibited GC
progression by regulating circ_ ASAP2 expression.

Circ_ASAP2 Acts as a Sponge of
miR-33a-5p

In order to understand the regulatory mechanism of
circ_ ASAP2
circ. ASAP2 was predicted. Starbase v3.0 online database
showed circ_ ASAP2 contained the binding sites of miR-33a-

in GC progression, the target gene of
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5p (Figure 4A). Dual-luciferase reporter assay showed that the
luciferase activity of circ_ ASAP2-wt+miR-33a-5p group was
dramatically decreased in both AGS and HGC-27 cells,
whereas the luciferase activity of circ ASAP2-mut+miR-
33a-5p group was not obviously changed (Figure 4B and C).
Meanwhile, qRT-PCR analysis showed that miR-33a-5p

expression was downregulated by circ ASAP2 (Figure 4D).
Subsequently, qRT-PCR was applied to detect miR-33a-5p
expression in GES-1 cells, GC cells and GA-induced GC
cells. Results revealed that the expression level of miR-33a-
5p was evidently downregulated in GC cells compared with
that in GES-1 cells, whereas that was attenuated by GA
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treatment (Figure 4E). Data also showed that miR-33a-5p
expression was downregulated in GC tissues compared with
paracancerous normal tissues (Figure 4F). Besides, the rela-
tionship between miR-33a-5p and circ_ ASAP2 was deter-
mined by Pearson correlation analysis, and results showed
that miR-33a-5p was negatively related to circ ASAP2
(Figure 4G). All these data suggested that circ. ASAP2 was
a sponge of miR-33a-5p.

Circ_ASAP2 Sponges miR-33a-5p to
Regulate the Progression of GA-Induced
GC Cells

Based on the above data, we continued to explore the func-
tional effects between circ-ASAP2 and miR-33a-5p on the
progression of GA-induced GC cells. The effects between
circ_ ASAP2 and miR-33a-5p on miR-33a-5p expression
were firstly detected. QRT-PCR analysis showed that
circ_ASAP2 downregulated miR-33a-5p expression, and
this phenomenon was impaired after miR-33a-5p transfec-
tion (Figure 5A). After that, the effects among GA,
circ. ASAP2 and miR-33a-5p on GC progression were
determined. Colony formation assay showed that
circ_ASAP2 decreased the inhibition effect of GA on the
colony-forming ability of AGS and HGC-27 cells, whereas
this phenomenon was abolished by miR-33a-5p (Figure 5B).
MTT assay also demonstrated that circ_ ASAP2 abolished
the GA-induced repression effect on cell viability and this

effect was reversed after miR-33a-5p transfection in both
AGS and HGC-27 cells (Figure 5C and D). Transwell assay
investigated that GA-mediated inhibition effects on cell
migration and invasion were impaired by circ_ ASAP2 in
both AGS and HGC-27 cells; however, this effect also was
attenuated by miR-33a-5p (Figure 5E and F). Furthermore,
GA-induced cell apoptosis was blocked by circ_ ASAP2 in
both AGS and HGC-27 cells, which was relieved by miR-
33a-5p (Figure 5G). From these data, we could come to the
conclusion that circ_ ASAP2 promoted the progression of
GA-induced GC cells by binding to miR-33a-5p.

Circ_ASAP2 Sponges miR-33a-5p to

Upregulate CDK7 Expression in GC Cells
In order to understand the regulatory mechanism between
circ_ASAP2 and miR-33a-5p in GA-induced GC cells, the
target gene of miR-33a-5p was predicted by starBase v3.0
online database. Result showed that CDK7 3'UTR con-
tained the target sites of miR-33a-5p (Figure 6A). Dual-
luciferase reporter assay revealed miR-33a-5p greatly
downregulated the luciferase activities of CDK7-wt
+miR-33a-5p group, but not the luciferase activities of
CDK7-mut+miR-33a-5p group (Figure 6B and C). After
that, the transfection efficiency of miR-33a-5p and anti-
miR-33a-5p was detected in both AGS and HGC-27 cells.
QRT-PCR analysis revealed that miR-33a-5p expression
was dramatically upregulated by miR-33a-5p mimic and
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Figure 5 MiR-33a-5p blocks the effects of circ_ASAP2 overexpression on GA-mediated GC progression. (A) The effects between circ_ASAP2 and miR-33a-5p on miR-33a-
5p expression were detected by qRT-PCR. (B) Colony formation assay demonstrated that the impacts among GA, circ_ASAP2 and miR-33a-5p on cell proliferation in AGS
and HGC-27 cells. (C and D) MTT assay revealed the effects among GA, circ_ASAP2 and miR-33a-5p on cell viability in both AGS and HGC-27 cells. (E and F) Transwell
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downregulated by anti-miR-33a-5p in both AGS and
HGC-27 cells (Figure 6D). Then, the impact of miR-33a-
5p mimic or anti-miR-33a-5p on CDK7 expression was
detected, and results showed that the mRNA and protein
levels of CDK?7 were inhibited by miR-33a-5p mimics and
were upregulated by anti-miR-33a-5p in both AGS and
HGC-27 cells (Figure 6E and F). These results showed
that miR-33a-5p targeted CDK7.

Further, the effect of GA treatment on CDK?7 expression
was determined. QRT-PCR and Western blot results suggested
that the mRNA and protein levels of CDK7 were higher in
AGS and HGC-27 cells relative to GES-1 cells, whereas those
were hindered under GA exposure in GC cells (Figure 6G and
H). Subsequently, the protein and mRNA expression of CDK7
were determined in GC tissues. Results revealed that both
protein and mRNA levels of CDK7 were higher in GC tissues
than in adjacent normal tissues (Figure 61 and J). Meanwhile,
CDK?7 was negatively related to miR-33a-5p (Figure 6K).
Furthermore, the effects between circ. ASAP2 and miR-33a-
5p on CDK7 expression were analyzed by qRT-PCR and
Western blot. Results showed both mRNA and protein levels
of CDK7 were increased by circ ASAP2, whereas this phe-
nomenon was reversed by miR-33a-5p (Figure 6L and M).
These results showed circ ASAP2 sponged miR-33a-5p to
regulate CDK7 expression.

MiR-33a-5p Inhibition Promotes the
Progression of GA-CDK7

In order to explore the effects between miR-33a-5p and
CDK7 in GA-induced GC progression, we firstly
detected the effects between miR-33a-5p inhibition
and CDK7 knockdown on CDK7 expression level.
QRT-PCR and Western blot results showed that the
mRNA and protein expression of CDK7 were upregu-
lated by anti-miR-33a-5p in both AGS and HGC-27
CDK7
(Figure 7A and B). After that, colony formation assay

cells, which was decreased by silencing
investigated that miR-33a-5p deletion impaired the
inhibition effect of GA treatment on cell proliferation
in both AGS and HGC-27 cells, whereas this effect
was blocked by CDK7 knockdown (Figure 7C). MTT
assay also demonstrated that miR-33a-5p inhibition
reversed the repressive effect of GA treatment on cell
viability in both AGS and HGC-27 cells, which was
decreased by CDK7 deletion (Figure 7D and E).
Transwell assay revealed that anti-miR-33a-5p partially
attenuated the inhibition effect of GA exposure on cell
migration and invasion in both AGS and HGC-27 cells;
however, this effect was relieved after CDK7 knock-

down (Figure 7F and G). Furthermore, the promotion
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Figure 6 Circ_ASAP2 functions as a sponge of miR-33a-5p to target CDK7. (A) Starbase v3.0 online database predicted the binding sites between miR-33a-5p and CDK?7.
(B and C) The luciferase activities were detected by dual-luciferase reporter assay in AGS and HGC-27 cells. (D) QRT-PCR revealed the transfection efficiency of miR-33a-
5p mimics and miR-33a-5p inhibitors. (E) QRT-PCR evaluated CDK7 mRNA expression after miR-NC, anti-miR-NC miR-33a-5p or anti-miR-33a-5p transfection in AGS and
HGC-27 cells. (F) The CDK7 protein expression was detected by Western blot in both AGS and HGC-27 cells. (G and H) The mRNA and protein levels of CDK7 were
severally detected by qRT-PCR and Western blot in GES-I cell, AGS and HGC-27 cells and GA-mediated AGS and HGC-27 cells. (I) The CDK7 protein expression in GC
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effect of GA exposure on apoptosis was inhibited by
anti-miR-33a-5p in GC cells, which was partly abol-
ished by CDK?7 silencing (Figure 7H). These results
demonstrated that miR-33a-5p inhibition attenuated
the effects of GA treatment on GC development by
regulating CDK7 expression.

GA Treatment Represses GC Growth

in vivo

In order to investigate the effects of GA treatment on GC
growth in vivo, in vivo tumor formation assay was employed.
The effects of GA treatment on tumor volume and weight were
firstly detected. Results showed tumor volume and weight
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Figure 7 CDK7 silencing attenuates the effects of miR-33a-5p inhibitor on GA-induced GC progression. (A and B) The mRNA and protein levels of CDK7 were detected in
both AGS and HGC-27 cells by qRT-PCR and Western blot, respectively. (C) Colony formation assay was applied to determine the effects between miR-33a-5p inhibitor and
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were obviously decreased (Figure 8A and B). In addition, the  mortality of GC are also high. GA exhibits a series of
expression of circ ASAP2, miR-33a-5p and CDK7 was antitumor behavior in various cancers.”’*> However, the
detected in tissue treated with GA in vivo. QRT-PCR results  studies on the mechanism of GA regulating GC develop-
revealed GA exposure repressed circ_ASAP2 expression ment by circRNA/miRNA/mRNA axis are few. In the
(Figure 8C) and upregulated miR-33a-5p expression level — present study, GA was found to inhibit GC progression
(Figure 8D). Both mRNA and protein levels of CDK7 were by regulating circ. ASAP2/miR-33a-5p/CDK7 axis.

significantly downregulated by GA treatment (Figure 8E and It has been indicated that GA plays a vital part in anti-
F). These results showed GA repressed GC growth by regulat-  tumor. Li et al revealed that GA inhibited cell prolifera-

ing circ. ASAP2, miR-33a-5p and CDK7 in vivo.

Discussion

tion, migration and invasion in malignant melanoma.*?
Zou et al explained that the combined usage of GA with
chemotherapy drugs induced cell apoptosis in a synergistic

GC poses a great threat to human health in recent years. manner.® Zhao et al evaluated that GA promoted cell
Although great efforts have been done, the morbidity and  apoptosis by inhibiting bcl-2 or increasing bax protein
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expression in GC cells.”* Similarly, our results showed
that GA repressed the proliferation, migration and inva-
sion, whereas promoted apoptosis of GC cells.

CircRNA has been enrolled in GC process. For exam-
ple, circ_0009910 silencing repressed cell proliferation,
migration and invasion in GC.*> Circ_0066444 overex-
pression promoted cell proliferation and metastasis in
GC.%® Besides, circRNAs were related to drug sensitivity
in cancer process.”’*® In this study, circ ASAP2 was the
first to be revealed in regulating GC development
mediated by GA. In this study, circ. ASAP2 was found
to be overexpressed in GA-induced GC cells compared
with GC cells. In addition, circ ASAP2 attenuated the
inhibition effects of GA treatment on GC cell proliferation,
migration, invasion, and the promotion effect of GA treat-
ment on cell apoptosis, which implied that circ ASAP2
could promote GC progression. Previous studies have
revealed that circRNA functioned as a competing endo-
genous RNA (ceRNA) to sponge miRNA, and thereby
mediated cancer progression.”” Thus, in order to seek
associated miRNA with circ. ASAP2, starBase v3.0 online
database was employed. And our results showed that
circ. ASAP2 was a sponge of miR-33a-5p. MiR-33a-5p
was revealed to suppress cell proliferation, migration and
invasion, and induced cell apoptosis in lung cancer.'* Yan
et al revealed that miR-33a-5p repressed cell proliferation
and migratory abilities in colorectal cancer.*® Besides,
miR-33a-5p was demonstrated to suppress cell prolifera-
tion and metastasis in hepatocellular carcinoma.*' In con-

sistent with their finding, our results explained miR-33a-5p

overexpression abolished the effects of circ ASAP2 on
GC progression, and this meant that miR-33a-5p inhibited
GC progression.

CDK?7 plays a vital role in cancer progression and is an
attractive target for studying anticancer drugs.*’ CDK7
silencing repressed cell proliferation and promoted cell
apoptosis in GC.**> Wang et al explained that CDK?7 inhibi-
tion hindered cell proliferation and promoted cell apoptotic
rate in GC.** Coincidently, in the present study, CDK7 was
identified as a target of miR-33a-5p. Our studies further
showed that CDK7 knockdown attenuated the promotion
impacts of anti-miR-33a-5p on GC cell proliferation, metas-
tasis, and the inhibition effect of that on GC cells apoptosis.
In other words, CDK?7 silencing hindered cell proliferation
and metastasis and promoted cell apoptosis in GC, which
was consistent with previous studies.

In summary, GA repressed cell proliferation, migration
and invasion, whereas induced cell apoptosis in GC. In
addition, circ ASAP2 and CDK7 expression were down-
regulated, and miR-33a-5p expression was upregulated in
GA-induced GC cells. Functionally, circ ASAP2 overex-
pression reversed the inhibition effects of GA treatment on
GC cells proliferation and metastasis, and the promotion
effect of that on GC cell apoptosis, whereas this phenom-
enon was relieved by miR-33a-5p mimic. Mechanistically,
circ ASAP2 upregulated CDK7 expression by sponging
miR-33a-5p. Furthermore, GA was investigated to decrease
the volume and weight of GC tumors in vivo. These data
will enrich our understanding of GA regulating GC process
and provide a theoretical basis for GC treatment with GA.
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