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Circ_0000620 acts as an oncogenic factor 
in gastric cancer through regulating MMP2 
expression via sponging miR-671-5p
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Abstract 

Background: Gastric cancer (GC) is one of the most common cancers in the digestive system. Circular RNAs (cir-
cRNAs) have been found to function as important regulators in the pathogenesis of GC. This study focused on the 
biological role and molecular mechanism of circ_0000620 in GC progression.

Methods: The expression levels of circ_0000620, microRNA-671-5p (miR-671-5p) and Matrix MetalloProteinase 2 
(MMP2) were measured by quantitative real-time polymerase chain reaction (qRT-PCR), immunohistochemistry (IHC) 
assay or western blot. The stability of circ_0000620 was confirmed by Ribonuclease R (RNase R) assay. The protein 
levels were determined by western blot assay. Cell viability, colony formation, cell migratory ability, cell invasive ability 
and tube formation capacity were respectively examined by CCK-8 assay, colony formation assay, wound healing 
assay, transwell invasion assay and tube formation assay. The interaction between miR-671-5p and circ_0000620 or 
MMP2 was validated by dual-luciferase reporter assay, RNA immunoprecipitation (RIP) assay and RNA pull-down assay. 
The role of circ_0000620 in GC undefined was explored by xenograft tumor assay.

Results: Circ_0000620 was conspicuously upregulated in GC tissues and cells. Circ_0000620 knockdown reduced cell 
viability, colony formation, migration, invasion and tube formation capacity of GC cells in vitro. Furthermore, MMP2 
was upregulated in GC and MMP2 overexpression reversed the anti-tumor response of circ_0000620 knockdown in 
GC progression. Moreover, circ_0000620 directly interacted with miR-671-5p and circ_0000620 downregulation regu-
lated malignant behaviors of GC cells by upregulating miR-671-5p. In addition, silencing of circ_0000620 inhibited 
tumor growth in vivo.

Conclusions: Circ_0000620 knockdown inhibited the malignant development of GC partly through modulating the 
miR-671-5p/MMP2 axis.
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Background
Gastric cancer (GC) is one of the most common malig-
nancies and accounts for cancer-induced deaths world-
wide, especially in China [1–3]. Despite GC treatment 

has been improved, the overall prognosis is still poor 
due to tumor metastasis [4–6]. GC progression is 
associated with various pathological events, includ-
ing angiogenesis, proliferation, migration and invasion 
[7]. In addition, anti-angiogenic drugs (e.g.  sorafenib 
and regorafenib) have been approved for the treatment 
of GC [8, 9]. Angiogenesis is a crucial for wound heal-
ing, tissue growth/regeneration, and cancer progres-
sion [10]. Tube formation in endothelial cells (ECs) is 
the prerequisite for tumor angiogenesis [11, 12]. Thus, 
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it is necessary to investigate the molecular mechanism 
related with tumor metastasis and angiogenesis in GC.

CircRNAs are special endogenous RNAs contain-
ing covalently closed-loop structures [13]. CircRNAs 
exhibit many molecular functions, such as microRNA 
(miRNA) sponges or protein scaffolding in the pro-
gression of human malignancies [14, 15]. Additionally, 
circRNAs can affect gene expression via the miRNA 
sponging effect in GC [16]. For example, circ_0081146 
facilitated the development of GC via sponging miR-
144 to regulate the level of HMGB1 [17]. Circ-ITCH 
suppressed the metastasis of GC via regulating miR-
199a-5p/Klotho axis [18]. The recent study indicated 
that many circRNAs were dysregulated in GC cells 
[19]. Three upregulated circRNAs (circ_0000620, 
circ_0000847, circ_0000567) were selected as the can-
didate subjects. The preliminary experiment demon-
strated that circ_0000620 was upregulated with the 
most significant change in GC samples (Additional 
file 1; Fig. S1). Nevertheless, the biological function and 
molecular mechanism of circ_0000620 in GC remain to 
be explored.

MicroRNAs (miRNAs) is a class of small non-coding 
RNAs that can negatively regulate the levels of target 
genes [20]. Increasing miRNAs have been reported to 
be implicated in tumor initiation, progression and angi-
ogenesis [21, 22]. MiR-671-5p was verified to regulate 
the carcinogenesis of diverse cancers, such as prostate 
cancer [23] and osteosarcoma [24]. Moreover, Qiu et al. 
suggested that miR-671-5p inhibited GC cell prolifera-
tion and promoted cell apoptosis by targeting URGCP 
[25]. However, the potential interaction between miR-
671-5p and circ_0000620 in GC is still unknown.

Matrix MetalloProteinase 2 (MMP2, gelatinase A) is 
one of secreted zinc-dependent endopeptidases with 
vital roles in cell survival, migration, invasion and 
angiogenesis [26]. For instance, MMP2 downregulation 
weakened the migratory and invasive abilities of breast 
cancer cells [27]. MMP2 knockdown suppressed angi-
ogenesis of human dermal microvascular endothelial 
cells-1 (HMEC-1) in lung cancer cells [28]. Some stud-
ies revealed that MMP2 served as an oncogene in GC 
[29]. Moreover, MMP2 have been found to be related to 
angiogenesis of GC cells [30, 31]. It is unclear whether 
MMP2 can be a target of miR-671-5p and circ_0000620 
can regulate MMP2 expression via miR-671-5p .

Herein, we investigated the expression and func-
tion of circ_0000620 in GC development. The poten-
tial mechanism of circ_0000620 with miR-671-5p 
and MMP2 was also elucidated in the present study, 
aiming to promote the molecular understanding of 
circ_0000620 in GC progression.

Methods
Clinical samples and cell culture
GC patients (n = 44, male : female = 1 : 1, 40-70 years 
old) from First Affiliated Hospital of Kunming Medical 
University between January 2016 and December 2016 
were recruited in this study. All patients did not receive 
any treatment before surgery. GC tissues and adjacent 
normal tissues were collected from these patients dur-
ing radical gastrectomy. The partial samples were snap-
frozen in liquid-nitrogen and then stored at −80 °C. In 
addition, other samples were fixed with formalin and 
embedded with paraffin for immunohistochemistry 
(IHC) assay. This study was performed with the acqui-
sition of written informed consents from patients and 
the approval of Ethics Committee from First Affiliated 
Hospital of Kunming Medical University.

Human GC cell lines (HGC27 and AGS) were 
obtained from China Center for Type Culture Collec-
tion (Wuhan, China). HGC27 is from undifferentiated 
GC cells with epithelial morphology, and AGS is from 
gastric adenocarcinoma cells with epithelial morphol-
ogy. Human umbilical vein endothelial cells (HUVECs) 
were purchased from American Type Culture Collection 
(ATCC, Manassas, VA, USA). Human gastric epithelial 
cells (GES-1) were purchased from Shanghai Institute 
of Biochemistry and Cell Biology, Chinese Academy of 
Sciences (Shanghai, China). HUVECs were maintained 
in Endothelial Cell Growth Medium (Sigma-Aldrich, St. 
Louis, MO, USA). GES-1, HGC27 and AGS cells were 
maintained in RPMI-1640 medium (Thermo Fisher Sci-
entific, Rockford, IL, USA) supplemented with 10% fetal 
bovine serum (FBS, Thermo Fisher Scientific, Rockford, 
IL, USA). All cells were cultured in a humidified incuba-
tor containing 5%  CO2 at 37 °C.

Cell transfection
Short hairpin RNA (shRNA) vector targeting 
circ_0000620 (sh-circ_0000620: AAT TCA AAA AGT 
GAT GAA GAA TGA TAT CCT TCT CGA GAA GGA TAT 
CTT CTT CAT CAC), shRNA negative control (sh-NC: 
CCG GCA ACA AGA TGA AGA GCA CCA ACT CGA GTT 
GGT GCT CTT CAT CTT GTT GTT TTTG), miR-671-5p 
mimic or inhibitor (miR-671-5p or anti-miR-671-5p), 
mimic or inhibitor control (miR-NC or anti-miR-NC), 
MMP2 overexpression vector (MMP2) and the pcDNA 
control vector were all obtained from GenePharma Co., 
ltd (Shanghai, China). The oligonucleotides or plasmids 
were transfected into HGC27 and AGS cells using Lipo-
fectamine 3000 reagent (Thermo Fisher Scientific, Rock-
ford, IL, USA) following manufacturer’s instruction. 
Transfection concentrations were 40 nM shRNA vector, 
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40 nM mimic, 20 nM inhibitor, 2  µg MMP2 or pcDNA 
vector, respectively.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR)
Total RNAs were isolated from tissues and cells using Tri-
zol reagent (Thermo Fisher Scientific, Rockford, IL, USA). 
Then, mature miR-671-5p was quantified using TaqMan 
MicroRNA Assays (Thermo Fisher Scientific, Rockford, IL, 
USA) with U6 as the internal control. Reverse transcription 
by M-MLV Reverse Transcriptase (Thermo Fisher Scien-
tific, Rockford, IL, USA) and PCR reaction by SYBR™ Green 
Master Mix (Thermo Fisher Scientific, Rockford, IL, USA) 
were used for the determination of circ_0000620, AAGAB 
and MMP2. The reaction protocols were listed as below: 
pre-denaturation at 95˚C for 30 s, 40 cycles of denaturation 
at 95˚C for 5 s and annealing at 60˚C for 30 s. Glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) functioned 
as the house-keeping gene to normalize circ_0000620, 
AAGAB and MMP2 levels. The primer sequences were as 
follows: 5΄-CTG AAT GCC AAT GTG TGG TC-3΄ (forward) 
and 5΄-CTA TCA AGG CCC GAT TTT TG-3΄ (reverse) for 
circ_0000620; 5΄-GGC AAA AGC ATG GTT ACC TGAGG-
3΄ (forward) and 5΄-CTC AGG CAA CTC CTC TGG ACTA-
3΄ (reverse) for AAGAB; 5΄-GCC GAG AGG AAG CCC 
TGG AG-3΄ (forward) and 5΄-CTC AAC TGG TGT CGT 
GGA -3΄ (reverse) for miR-671-5p; 5΄-GAT GGC ACC CAT 
TTA CAC CTAC-3΄ (forward) and 5΄-GTC CTT GAA GAA 
GAA GAT CTC-3΄ (reverse) for MMP2; 5΄-GTC AGT GGT 
GGA CCT GAC CT-3΄ (forward) and 5΄-CCC TGT TGC 
TGT AGC CAA AT-3΄ (reverse) for GAPDH; and 5΄-CTC 
GCT TCG GCA GCACA-3΄ (forward) and 5΄-AAC GCT 
TCA CGA ATT TGC GT-3΄ (reverse) for U6.

Ribonuclease R (RNase R) assay
The isolated total RNA samples from HGC27 and AGS 
cells were exposed to 3 U µg−1 RNase R (Epicentre, Madi-
son, WI, USA) for 15 min at 37℃. The expression levels 
of circ_0000620 and linear AAGAB were determined by 
qRT-PCR assay. RNA without incubation of RNase R was 
used as the negative control group (Mock).

Cell Counting Kit‑8 (CCK‑8) assay
Cell viability was tested using a CCK-8 assay kit (Dojindo 
Molecular Technologies, Rockville, MD, USA) according 
to the instructions of manufacturer. Briefly, the trans-
fected HGC27 and AGS cells were seeded into 96-well 
plates and cultured for 24 h in fresh medium. Then, cells 
were incubated with CCK-8 solution (10 µL per well) for 
3 h and cell absorbance was measured at 450 nm.

Colony formation assay
1000 cells per well were plated into 6-well plates and cul-
tured for 14 days. Subsequently, cells were fixed with 4% 
formaldehyde for 15  min and stained with 0.1% crystal 
violet (Sigma-Aldrich, St. Louis, MO, USA) for 10  min. 
The colonies (containing more than 50 cells) were 
counted under an optical microscope.

Wound healing assay
Cell migration ability was analyzed by wound healing 
assay. HGC27 and AGS cells were seeded in 6-well plates 
and transfected for 24  h, followed by producing two 
scratches via a sterile pipette tip (200 µL). Whereafter, 
cells were gently washed using PBS twice and maintained 
in serum-free medium (SFM) for 24  h. Images of these 
scratches were captured at 0 and 24  h under a micro-
scope with 40 × magnification. The migration rate (%) 
was calculated by the formula: (wound  width0 h - wound 
 width24 h)/wound  width0 h.

Transwell invasion assay
The invasive potential was tested using a matrigel-pre-
coated Transwell Boyden Chamber (Costar, Lowell, MA, 
USA) containing 8 μm pore size membranes. Cells resus-
pended in SFM were plated on the upper chamber, and 
medium with 10% FBS was added into the lower com-
partment. After 24  h of incubation, cells on the upper 
surface of membranes were removed. Cells attached to 
the lower surface of membranes were fixed with metha-
nol for 20 min and stained with 0.1% crystal violet solu-
tion (Sigma-Aldrich, St. Louis, MO, USA) for 20 min. The 
invaded cell images were acquired and counted under the 
inverted microscope (Olympus, Tokyo, Japan).

Collection of GC cells‑conditioned medium (CM)
HGC27 and AGS cells were plated into the 6 well plates 
and then transfected with or without corresponding 
miRNA mimic, siRNAs, or plasmids, alone or in com-
bination. At 36  h after transfection, the medium was 
removed and cells were maintained in SFM for 12  h. 
Next, the collected CM was centrifuged at 3000 rpm for 
10 min to remove cells and at 12,000 rpm for 10 min to 
eliminate cell debris. Finally, CM was stored in aliquots 
at −80 °C.

Tube formation assay
Tube formation ability of HUVECs was assessed by 
In vitro Angiogenesis Assay Kit (Millipore, Bedford, MA, 
USA) following the protocols of manufacturer. Briefly, 
HUVECs were seeded into 96-well plates precoated with 
 ECMatrixTM and cultured in SFM or CM for 12 h. Then, 
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the average values of branch points were counted in 10 
random views of fields under a phase contrast micro-
scope (CK40; Olympus, Tokyo, Japan).

Western blot assay
The total proteins were extracted using RIPA Lysis and 
Extraction Buffer (Thermo Fisher Scientific, Rockford, 
IL, USA) containing protease inhibitor cocktail (Roche 
Diagnostics, Mannheim, Germany). Then, protein con-
centration was measured using Bio-Rad Protein Assay 
(Bio-Rad, Hercules, CA, USA). Next, 30  µg proteins 
were separated by SDS-PAGE and electrotransferred 
onto nitrocellulose membranes (Millipore, Billerica, MA, 
USA). Subsequently, the membranes were blocked with 
5% skim milk followed by incubation with the primary 
antibodies and the secondary antibody. The antibody 
information was shown as below: anti-MMP2 (1:1000; 
ab97779; Abcam, Cambridge, MA, USA), E-cadherin 
(E-cad, ab133597; 1:2000; Abcam, Cambridge, MA, 
USA), N-cadherin (N-cad, ab207608; 1:1000; Abcam, 
Cambridge, MA, USA), and anti-GAPDH (1:5000; 
ab9485; Abcam, Cambridge, MA, USA) and horserad-
ish peroxidase (HRP)-labeled goat anti-rabbit second-
ary antibody (1:5000; ab205718; Abcam, Cambridge, 
MA, USA). Finally, protein signals were detected using 
Clarity Western ECL Substrate (Bio-Rad, Hercules, CA, 
USA) and the signal intensity was estimated using Quan-
tity One software Version 4.1.1 (Bio-Rad, Hercules, CA, 
USA) via gray analysis.

IHC assay
MMP2 protein expression was determined using western 
blot, with nine pairs of tissues as the experimental sam-
ples. The formalin-fixed and paraffin-embedded tissues 
were suffered from the sequential treatment of antigen 
retrieval, endogenous peroxidase blockage, nonspecific 
signal blocking. Then, tissue sections were incubated 
with anti-MMP2 primary antibody and HRP-conjugated 
secondary antibody. Then, tissue slices were stained with 
3,3’-diaminobezidin (DAB) substrate and counterstained 
with hematoxylin. The stained tissues were imaged using 
an inverted microscope (Nikon E-800 M; Nikon Corpo-
ration, Japan).

Subcellular fractionation assay
RNA was obtained from the cytoplasm and nucleus 
of HGC27 and AGS cells using Cytoplasmic & Nuclear 
RNA Purification Kit based on the guidance of manufac-
turer (Norgen Biotek, Thorold, ON, Canada). 18 S rRNA 
and U6 were used as internal controls for cytoplasm and 
nucleus.

Dual‑luciferase reporter assay
The online circinteractome (https:// circi ntera ctome. 
nia. nih. gov/), circbank (http:// www. circb ank. cn/ index. 
html) and starbase (http:// starb ase. sysu. edu. cn) were 
used for predicting the binding sites between targets. 
The sequence of circ_0000620 or MMP2 3΄ untranslated 
region (3΄UTR) containing predicted or mutant miR-
671-5p binding site was constructed into psiCHECK-2 
luciferase vector by Hanbio Biotechnology Co., ltd. 
(Shanghai, China). The novel plasmids were named as 
circ_0000620 WT, MMP2 3΄UTR-1 WT and MMP2 
3΄UTR-2 WT, circ_0000620 MUT, MMP2 3΄UTR-1 
MUT and MMP2 3΄UTR-2 MUT. Then, HGC27 and 
AGS cells in 24-well plates were co-transfected with 100 
ng reporter plasmids and 30 nM miR-671-5p or miR-NC 
using Lipofectamine 3000 reagent. Forty-eight hours 
later, luciferase activities were detected using a dual lucif-
erase reporter assay system (Promega, Madison, WI, 
USA).

RNA immunoprecipitation (RIP) assay
After transfection for 48 h, HGC27 and AGS cells were 
lysed using RIP lysis buffer (Bio-Rad, Hercules, CA, 
USA). Subsequently, cell lysates were incubated with 
Magnetic beads (Bio-Rad, Hercules, CA, USA) contain-
ing Argonaute 2 antibody (Ago2; Bio-Rad, Hercules, 
CA, USA) or Immunoglobulin G antibody (IgG; Bio-
Rad, Hercules, CA, USA) for 3 h at 4℃. The RNA levels 
of circ_0000620, miR-671-5p and MMP2 were detected 
by qRT-PCR after RNA extraction using TRIzol reagent 
(Takara, Dalian, China).

RNA pull‑down assay
Biotin-labeled wild type miR-671-5p (WT-bio-miR-
671-5p), biotin-labeled mutant miR-671-5p (MUT-bio-
miR-671-5p) and control probe (bio-miR-NC) were 
bought from Thermo Fisher Scientific (Rockford, IL, 
USA). Briefly, HGC27 and AGS cells were harvested and 
re-suspended in RIPA lysis buffer. Cell lysates and WT-
bio-miR-671-5p, MUT-bio-miR-671-5p or bio-miR-NC 
were incubated for 1 h, followed by addition of streptavi-
din agarose beads for 1 h. Finally, qRT-PCR was used for 
measuring the enrichment of circ_0000620 and MMP2.

Mouse xenograft assay
A mouse xenograft model was established by subcuta-
neous injection with sh-circ_0000620 or sh-NC-trans-
fected HGC27 cells into nude mice (five for each group). 
Tumor volume (length ×  width2/2) was measured once 
a week. The mice were sacrificed after 5 weeks, then the 
tumor tissues were resected and weighed. All animal 
experiments were carried out in line with the protocols 
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approved by the Institutional Animal Care and Use Com-
mittee of First Affiliated Hospital of Kunming Medical 
University.

Statistical analysis
All experiments were repeated for three times with the 
data exhibition as the mean ± standard deviation. The 
normality of data distribution was analyzed using the 
Kolmogorov-Smirnov test, and the homogeneity of vari-
ances was assessed using the Levene test. Data were 
analyzed by SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Dif-
ference analysis was conducted through Student’s t-test 
and one-way ANOVA followed by Tukey’s test, with p 
level set at < 0.05 (as a statistically significant difference). 
The linear correlation between circ_0000620 and MMP2 
was analyzed by Pearson’s correlation coefficient in clini-
cal tissues. Survival analysis was performed by log-rank 
test. All figures were plotted using GraphPad Prism soft-
ware (GraphPad Inc., La Jolla, CA, USA).

Results
Circ_0000620 was upregulated in GC tissues and cells
To explore the role of circ_0000620 in GC, circ_0000620 
expression was firstly detected in GC tissues and cells. 
The qRT-PCR assay showed that circ_0000620 was sig-
nificantly upregulated in GC tissues (n = 44) relative to 
adjacent normal tissues (n = 44) (Fig.  1A). Forty four 
patients were divided into high circ_0000620 expres-
sion group (n = 22) and low expression group (n = 22) 
according to the median value. The survival analysis 
revealed that survival rate was decreased in GC patients 
with high circ_0000620 expression compared to those 
patients with low circ_0000620 expression, suggest-
ing that circ_0000620 could predict poor prognosis 
for GC patients (Fig.  1B). Also, circ_0000620 level was 
increased in GC cells (HGC27 and AGS) compared with 
GES-1 cells (Fig. 1C). Circ_0000620 is derived from the 
back-splicing of exon2-exon5 of alpha and gamma adap-
tin binding protein (AAGAB) gene, and the schematic 

Fig. 1  Circ_0000620 abundance was enhanced in GC tissues and cells. A The expression of circ_0000620 was quantified by qRT-PCR in 44 pairs of 
tumor tissues and matched non-tumor tissues. B Survival analysis was conducted by Log-rank test in GC patients with high or low circ_0000620 
level. C The circ_0000620 level was determined using qRT-PCR in GES-1, HGC27 and AGS cells. D The schematic diagram of circ_0000620 
formation. E F RNase R assay was used to evaluate the stability of circ_0000620 and linear mRNA AAGAB. Three repetitions were performed in each 
experiment, with three parallels every time. *p < 0.05
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diagram of circ_0000620 was shown in Fig. 1D. RNase R 
assay presented that RNase R reduced the expression of 
linear AAGAB mRNA but did not affect the expression 
of circ_0000620 compared to Mock group (Fig.  1E, F), 
implying that circ_0000620 was highly stable in GC cells. 
Thus, circ_0000620 was an upregulated circRNA in GC.

Effects of circ_0000620 knockdown on the proliferation, 
tube formation and invasion of GC cells
A series of experiments were performed to investigate 
the biological significance of circ_0000620 in GC pro-
gression. First, qRT-PCR result showed that the level of 
circ_0000620 was significantly declined in HGC27 and 
AGS cells transfected with sh-circ_0000620 compared 
to sh-NC group (Fig.  2A). CCK-8 assay revealed that 
silence of circ_0000620 triggered the obvious reduc-
tion of cell viability of HGC27 and AGS cells (Fig.  2B). 
Also, colony formation ability was notably suppressed 
by circ_0000620 knockdown (Fig. 2C). From the data of 
wound healing assay and transwell assay, we monitored 
that cell migration (Fig. 2D) and invasion (Fig. 2E) capaci-
ties were inhibited after downregulation of circ_0000620 
in HGC27 and AGS cells. Tube formation assay dem-
onstrated that the average number of complete tubu-
lar structures formed by HUVECs was decreased in 
the CM from circ_0000620-silenced HGC27 and AGS 
cells (Fig. 2F). Western blot assay manifested that E-cad 
expression was increased while MMP2 and N-cad 
levels were reduced in HGC27 and AGS cells after 
circ_0000620 knockdown (Fig.  2G  H). These data sug-
gested that circ_0000620 knockdown inhibited prolifera-
tion, metastasis and angiogenesis of GC cells.

Expression pattern of MMP2 in GC tissues and cells
The significant upregulation of MMP2 mRNA level was 
observed in GC tissues (n = 44) relative to the adjacent 
normal tissues (n = 44) (Fig. 3A). Interestingly, Pearson’s 
correlation analysis presented that MMP2 was positively 
associated with circ_0000620 in 44 cases of GC tis-
sues (Fig. 3B). IHC and western blot assays showed that 
MMP2 protein level was markedly elevated in GC tis-
sues compared with adjacent normal tissues (Fig.  3C, 
D). Additionally, the protein expression of MMP2 was 
upregulated in GC cells (HGC27 and AGS) contrasted to 
GES-1 cells (Fig. 3E). MMP2 was highly expressed in GC 
tissues and cells.

MMP2 overexpression overturned the effects 
of circ_0000620 silence on the progression of GC cells
Furthermore, the association between circ_0000620 and 
MMP2 was explored via the rescued experiments. The 
protein level of MMP2 was remarkably upregulated in 

HGC27 and AGS cells transfected with MMP2 vector, 
relative to control group (Fig. 4A). MMP2 overexpression 
distinctly reversed the inhibiting actions of circ_0000620 
knockdown on cell viability (Fig.  4B), colony formation 
(Fig.  4C), migration and invasion capacities (Fig.  4D, E) 
and tube formation ability (Fig. 4F). Additionally, the sh-
circ_0000620-induced E-cad upregulation but MMP2 
and N-cad downregulation were alleviated by the intro-
duction of MMP2 in HGC27 and AGS cells (Fig.  4G, 
H). These data suggested that the inhibiting effects of 
circ_0000620 knockdown on the malignant behaviors of 
GC cells were achieved by downregulating the MMP2 
expression.

Circ_0000620 served as a molecular sponge of miR‑671‑5p 
to regulate MMP2 expression
The subcellular fractionation assay showed that 
circ_0000620 was mainly localized in the cytoplasm 
of HGC27 and AGS cells (Fig.  5A, B). To explore the 
potential molecular mechanism of circ_0000620 and 
MMP2 in GC, bioinformatic analysis was performed 
to analyze the potential target miRNAs that potentially 
bind to circ_0000620 and MMP2. Circinteractome, 
starBase and circBank were used to predict the target 
miRNAs of circ_0000620, and starBase software was 
applied to predict the miRNAs that had complemen-
tary sites with MMP2 3΄UTR. Venn diagram displayed 
that only miR-671-5p contained the binding regions 
with circ_0000620 and MMP2 (Fig. 5C). The qRT-PCR 
assay showed that miR-671-5p level was significantly 
reduced in GC tissues (n = 44) and HGC27/AGS cells 
relative to adjacent normal tissues (n = 44) and normal 
GES-1 cells (Fig.  5D, E). The putative complementary 
sites between miR-671-5p and circ_0000620 or MMP2 
(MMP2 3΄UTR-1 and MMP2 3΄UTR-2) were shown in 
Fig.  5F. The miR-671-5p level was increased following 
the transfection of miR-671-5p mimic, but miR-671-5p 
was downregulated after anti-miR-671-5p transfec-
tion (Fig.  5G). Dual-luciferase reporter assay demon-
strated that overexpression of miR-671-5p reduced 
luciferase activity of circ_0000620 WT, MMP2 3΄UTR-1 
WT and MMP2 3΄UTR-2 WT reporters, but it had 
no much influence on luciferase activity of MUT plas-
mids in HGC27 and AGS cells (Fig.  5H-M). RIP assay 
results suggested that circ_0000620, miR-671-5p and 
MMP2 levels were higher in Ago2 group than these in 
IgG group (Fig.  5N,  O). Furthermore, RNA pull-down 
assay revealed that circ_0000620 and MMP2 were cap-
tured by WT-bio-miR-671-5p but not of MUT-bio-miR-
671-5p or bio-miR-NC in HGC27 and AGS cells (Fig. 5P 
and Q). Thus, circ_0000620 or MMP2 could interact 
with miR-671-5p in GC cells. Moreover, western blot 
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exhibited that MMP2 expression was downregulated 
by miR-671-5p overexpression while it was upregu-
lated following miR-671-5p silence in HGC27 and AGS 
cells (Fig.  5R). The circ_0000620 knockdown inhibited 
the expression of MMP2, and the introduction of anti-
miR-671-5p recovered this effect (Fig. 5S). In summary, 

circ_0000620 promoted MMP2 expression by directly 
interacting with miR-671-5p in GC cells.

MiR‑671‑5p inhibitor reversed the inhibitory effects 
of circ_0000620 knockdown on GC cell progression
The regulatory relation between circ_0000620 and miR-
671-5p was further researched through the transfection 

Fig. 2  Effects of circ_0000620 knockdown on the proliferation, tube formation and invasion of GC cells. HGC27 and AGS cells were transfected 
with sh-NC or sh-circ_0000620 for 36 h. A The expression of circ_0000620 was detected by qRT-PCR. B Cell viability was analyzed by CCK-8 assay. 
C The ability of colony formation was tested through colony formation assay. D Wound healing assay was implemented to assess cell migration 
capacity. E The invasive ability was assessed by transwell invasion assay. F The angiogenic ability was estimated through tube formation assay. G, H 
The expression of metastasis-associated protein markers (MMP2, E-cad and N-cad) was analyzed by western blot assay. Three repetitions were 
performed in each experiment, with three parallels every time. *p < 0.05
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of sh-circ_0000620, sh-circ_0000620+anti-miR-671-5p 
or the matched control groups. Functional assays 
revealed that circ_0000620 knockdown-induced inhibi-
tory effects on cell viability (Fig.  6A), colony forma-
tion (Fig.  6B), migration/invasion (Fig.  6C,  D) and tube 
formation ability (Fig.  6E) were partly abolished by the 
downregulation of miR-671-5p. Furthermore, the effects 
of si-circ_0000620 on protein levels of E-cad and N-cad 
were remarkably reversed by anti-miR-671-5p (Fig.  6F, 
G). All in all, circ_0000620 inhibited GC cell progression 
by targeting miR-671-5p.

Knockdown of circ_0000620 inhibited GC tumor growth in 
vivo undefined
To explore the role of circ_0000620 in GC in vivo, HGC27 
cells with transfection of sh-NC or sh-circ_0000620 were 
injected into the nude mice. Tumor volume and weight 
were evidently suppressed in sh-circ_0000620 group, 
compared with sh-NC group (Fig. 7A, B). The qRT-PCR 
revealed that circ_0000620 was downregulated in sh-
circ_0000620 group relative to sh-NC group (Fig.  7C). 
With the downregulation of circ_0000620, we found that 
E-cad protein level was increased but the levels of MMP2 
and N-cad were reduced in tumor tissues (Fig. 7D). These 

results suggested that circ_0000620 knockdown inhibited 
tumor growth in vivo.

Discussion
Increasing evidence demonstrated that circRNAs could 
function as key players in GC pathogenesis, which 
might provide a novel field of diagnostic and therapeu-
tic opportunities for GC patients [16]. In this study, we 
explored the function of circ_0000620 and first identified 
the circ_0000620/miR-671-5p/MMP2 signal axis in GC 
malignant progression.

CircRNAs have important regulation in pathological 
behaviors of various cancers, which is partly achieved 
by acting as “miRNA sponges” [15, 32]. Many circR-
NAs are shown to be differentially expressed and play 
important roles in carcinogenesis of GC [16]. For 
instance, circ_0004104 accelerated the progression of 
GC via the miR-539-3p/RNF2 axis [33]. However, the 
role of circ_0000620 in the progression of GC is fully 
unclear. Niu et  al. indicated that circ_0000620 was 
highly expressed in GC cells [19]. In accordance with 
the result, we found that circ_0000620 expression was 

Fig. 3  Expression pattern of MMP2 in GC tissues and cells. A The mRNA expression of MMP2 was determined by qRT-PCR assay in GC tissues and 
adjacent normal tissues. B The linear correlation of circ_0000620 level and MMP2 expression in 44 GC tissues was analyzed by Pearson’s correlation 
coefficient. C Representative IHC images for MMP2 expression in GC tissues and adjacent normal tissues. D, E The protein level of MMP2 was tested 
by western blot in GC tissues and adjacent normal tissues, normal GES-1 cells and GC cells (HGC27 and AGS). Three repetitions were performed in 
each experiment, with three parallels every time. *p < 0.05
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upregulated in GC tissues and cells. The loss-of-func-
tion experiments demonstrated that circ_0000620 
downregulation blocked GC cell proliferation, migra-
tion, invasion and angiogenesis. Besides, animal experi-
ments also affirmed that circ_0000620 could facilitate 
GC tumor growth in vivo. Thereby, circ_0000620 acted 
as a carcinogenic role in GC. Knockdown of 

circ_0000620 might be used for anti-metastasis and 
anti-angiogenesis to impede the malignancy of GC 
patients.

MMP2 have been identified as an essential factor in 
the switch to the angiogenic phenotype in some tumors 

Fig. 4  MMP2 overexpression overturned the effects of circ_0000620 silence on the progression of GC cells. A The expression of MMP2 in HGC27 
and AGS cells transfected with vector or MMP2 was detected by western blot. B-H HGC27 and AGS cells were transfected with sh-NC + vector, 
sh-circ_0000620 + vector or sh-circ_0000620 + MMP2 for 36 h. CCK-8 assay, colony formation assay, wound healing assay, transwell assay and tube 
formation assay were conducted for the detection of cell viability (B), colony formation (C), cell migratory ability (D), cell invasive ability (E) and tube 
formation capacity (F), respectively. G, H The expression of MMP2, E-cad and N-cad was examined by western blot assay. Three repetitions were 
performed in each experiment, with three parallels every time. *p < 0.05
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Fig. 5  Circ_0000620 served as a molecular sponge of miR-671-5p to regulate MMP2 expression. A, B The subcellular localization of circ_0000620 
was analyzed in GC cells using subcellular fractionation assays, with 18 S rRNA and U6 as internal controls. C Venn diagram was performed to 
analyze the potential miRNAs that bind to circ_0000620 and MMP2. The level of miR-671-5p was tested by qRT-PCR assay in GC tissues and 
adjacent normal tissues (D), as well as in normal GES-1 cells and GC cells (HGC27 and AGS) (E). F The complementary sites between miR-671-5p 
and circ_0000620 or MMP2 (MMP2 3΄UTR-1 and MMP2 3΄UTR-2). G The expression of miR-671-5p was detected by qRT-PCR in HGC27 and AGS 
cells transfected with miR-671-5p mimic, anti-miR-671-5p or corresponding contrasts. H–M Relative luciferase activities in HGC27 and AGS cells 
co-transfected with circ_0000620 or MMP2 reporters and miR-NC or miR-671-5p were tested through luciferase reporter assay. N–Q RIP assay (N, O) 
and RNA pull-down assay (P, Q) were used to confirm the interaction between circ_0000620 or MMP2 and miR-671-5p. R and S The protein level 
of MMP2 was determined by western blot assay after transfection with miR-671-5p mimic, anti-miR-671-5p, sh-circ_0000620 + anti-miR-671-5p or 
corresponding contrasts. Three repetitions were performed in each experiment, with three parallels every time. *p < 0.05



Page 11 of 14Ren et al. Journal of Biological Research-Thessaloniki           (2021) 28:23  

such as chondrosarcoma [34] and glioma [35]. MMP2 
expression was associated with tumor size, invasion 
and metastasis, microvessel density and VEGF expres-
sion in GC [31, 36]. Moreover, Chen et  al. further 
found that MMP2 could promote tumor angiogen-
esis in GC [30]. Consistent with the previous report 
[30], our data showed that MMP2 expression was 

markedly upregulated in GC tissues and cells. More 
interestingly, MMP2 overexpression mitigated the 
effects of circ_0000620 silence on the progression of 
GC cells. Therefore, MMP2 was partly responsible for 
circ_0000620-mediated GC development.

The circRNA/miRNA/mRNA regulatory network has 
been reported in various diseases, including GC [37, 38]. 

Fig. 6  MiR-671-5p inhibitor reversed the inhibitory effects of circ_0000620 knockdown on GC cell progression. HGC27 and AGS cells were 
transfected with sh-NC + anti-miR-NC, sh-circ_0000620 + anti-miR-NC or sh-circ_0000620 + anti-miR-671-5p. Cell viability (A), colony formation 
(B), cell migratory ability (C), cell invasive ability (D) and tube formation capacity (E) were respectively tested by CCK-8 assay, colony formation assay, 
wound healing assay, transwell assay and tube formation assay. F, G The expression of E-cad and N-cad was detected by western blot assay. Three 
repetitions were performed in each experiment, with three parallels every time. *p < 0.05
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Herein, we discovered that circ_0000620 could regulate 
the expression of MMP2 through targeting miR-671-5p. 
MiR-671-5p has been identified as a crucial player in 
cancer regulation. For instance, Li et  al. demonstrated 
that miR-671-5p impeded the progression of esopha-
geal squamous cell carcinoma (ESCC) by downregulat-
ing FGFR2 [29]. Xin et  al. elucidated that miR-671-5p 
inhibited tumor proliferation and cell cycle progression 
in osteosarcoma [39]. Besides, miR-671-5p has also been 
reported to be involved in GC development [25, 40]. This 
study validated the downregulation of miR-671-5p in 
GC tissues and cells, which was in line with the previous 
reports [25, 40]. Moreover, our data manifested that the 
regulatory effects of circ_0000620 were ascribed to serve 
as a miR-671-5p sponge in GC cells.

This study still has some limitations. Firstly, some 
experiments such as in  situ assay cannot be performed 
because of the limited condition and fund. Secondly, 
the circ_0000620/miR-671-5p/MMP2 axis in vivo needs 
further identification. Thirdly, whether other miRNA/
mRNA networks are related to the oncogenic function 
of circ_0000620 remains to be explored. Last but not the 
least, the downstream signaling pathways of MMP9 are 
unclear. It is interesting to discover the signaling path-
way underlying the circ_0000620/miR-671-5p/MMP2 
axis, which may contribute to understanding the func-
tional mechanism of circ_0000620 in GC. In addition, the 
potential of circ_000620 as a diagnostic or therapeutic 
biomarker will be validated in future.

Fig. 7  Knockdown of circ_0000620 inhibited tumor growth in vivo. HGC27 cells transfected with sh-NC or sh-circ_0000620 were injected 
into nude mice. A Tumor volume was measured every 7 days. B Tumor weight was measured after injection for 35 days. C The expression of 
circ_0000620 was detected by qRT-PCR in mice tumor tissues. D The protein levels of MMP2, E-cad and N-cad were detected by western blot. Three 
repetitions were performed in each experiment, with three parallels every time. *p < 0.05
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Taken together, this study suggested that 
circ_0000620 facilitated GC cell proliferation, metas-
tasis and angiogenesis via upregulating MMP2 expres-
sion through sponging miR-671-5p (Fig.  8). Our 
research unraveled the functional role and regulatory 
mechanism of circ_0000620 in GC.
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