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Abstract
An increasing number of circRNAs have been found to be involved in the develop-
ment of gastric cancer. However, the function of circ_0003789 in regulating gastric 
cancer progression is unclear. Here, we aimed to investigate the expression, func-
tion and molecular mechanism of circ_0003789 in gastric cancer pathogenesis. 
Circ_0003789, miR-429 and ZFP36 ring finger protein like 2 (ZFP36L2) mRNA 
were quantified by quantitative real-time polymerase chain reaction (qRT-PCR). Cell 
proliferation was illustrated by 5-Ethynyl-2′-deoxyuridine (Edu), cell counting kit-8 
(CCK-8) and colony formation assays. Apoptosis was determined by flow cytometry. 
Protein level was detected by Western blotting assay. Xenograft assays were used for 
functional analysis of circ_0003789 in vivo. The relationship between miR-429 and 
circ_0003789 or ZFP36L2 was predicted by starbase3.0 online database and identi-
fied by dual luciferase reporter assay. The expression levels of circ_0003789 and 
ZFP36L2 were significantly upregulated in gastric cancer tissues and cells, while 
the expression of miR-429 was downregulated. Downregulation of circ_0003789 
inhibited gastric cancer cell growth and invasion and promoted apoptosis in vitro. 
Circ_0003789 acted as a sponge of miR-429. Moreover, miR-429 silencing by miR-
429 inhibitors attenuated the effects of circ_0003789 interference on cell growth, 
apoptosis and invasion. ZFP36L2 was targeted by miR-429, and the effects of miR-
429 on cell growth, invasion and apoptosis were attenuated by ZFP36L2 overex-
pression. Circ_0003789 could enhance ZFP36L2 expression by interacting with 
miR-429. Silencing of circ_0003789 inhibited tumor growth in vivo. Circ_0003789 
regulates tumor progression in gastric cancer through miR-429/ZFP36L2 axis. This 
finding implies that circ_0003789 may be a therapeutic target for gastric cancer.
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Introduction

Gastric cancer, a common cancer of the digestive system, is the fifth most com-
mon malignant tumor and the fourth leading cause of cancer death (Sung et  al. 
2021). With the development of science and technology, the clinical diagnosis 
and treatment strategies of gastric cancer have been greatly improved. Nonethe-
less, the prognosis of some gastric cancer patients is still very poor because they 
were diagnosed at an advanced or metastatic stage (Allemani et al. 2015). There-
fore, the molecular mechanisms underlying gastric carcinogenesis and gastric 
cancer progression still need to be explored.

Circular RNAs (circRNAs) are a unique class of RNA transcripts that are pro-
duced mainly by exons of the pre-mRNAs, which are characterized by the cova-
lently closed-loop structure (Jeck and Sharpless 2014; Qu et al. 2015). CircRNAs 
have been found to be involved in regulating gene expression by functioning as 
miRNA sponges (Meng et  al. 2017). CircRNAs have been implicated in almost 
all types of cancers, such as glioma (Ke et al. 2022), pancreatic cancer (Hu et al. 
2022) and intrahepatic cholangiocarcinoma (Du et al. 2022). Importantly, the cir-
cRNA-miRNA-mRNA network is involved in a range of disease-related pathways 
and affects the progression and prognosis of cancer biology (He et al. 2022; Cui 
et  al. 2018). As an example, circ_0042823 is reported to accelerate the devel-
opment of laryngeal squamous cell carcinoma via regulating the miR-877-5p/
FOXM1 axis (Wu et al. 2021). Circ-RanGAP1 can regulate VEGFA expression 
via sponging miR-877-3p to promote gastric cancer metastasis (Lu et al. 2020). 
Circ_0008673 sponges miR-153-3p to promote breast cancer progression by 
upregulating CFL2 expression (Zhang et al. 2022). However, many circRNAs are 
still poorly understood in gastric cancer.

Circ_0003789, located at chr2:122,514,815–122,520,660, is formed by back-
splicing of exons 2–5 of TSN pre-mRNA, with a splice sequence length of 387 bp. 
Moreover, circ_0003789 is upregulated in gastric cancer, and circ_0003789 
upregulation is positively associated with poor tumor differentiation, clinical 
advanced stage, and distal metastasis (Shao 2020). Nonetheless, the specific role 
and mechanism of circ_0003789 in gastric cancer progression is unclear.

In this paper, we sought to investigate the function of circ_0003789 in gas-
tric cancer development. The current data demonstrated that circ_0003789 affects 
gastric cancer growth and apoptosis by regulating miR-429/ZFP36 ring finger 
protein like 2 (ZFP36L2) axis.

Materials and Methods

Specimen Collection

Sixty specimens including surgically resected gastric cancer tissues and corre-
sponding paracancerous tissues were collected from gastric cancer patients at 
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Xianning Central hospital. The tissue specimens were rapidly frozen in liquid 
nitrogen. The gastric cancer tissues were confirmed by pathological examination. 
The patients had not undergone surgery or radiotherapy before surgery, and all 
patients signed the written informed consent. The current study was reviewed and 
approved by the ethics committee of Xianning Central hospital.

Cell Culture and Transfection

Gastric cancer cell lines (AGS and SNU-1) and human normal gastric mucosal cells 
(GES-1) were commercially provided by EK-Bioscience (Shanghai, China) and cul-
tured in RPMI-1640 medium (EK-Bioscience) containing 10% fetal bovine serum in 
standard conditions (5%  CO2, 37 °C). Cells at logarithmic growth stage were taken 
for experiments.

For cell transfection, AGS and SNU-1 cells were adjusted to a density of 1.0 ×  105 
cells/mL. Transient transfection of cell lines was done according to the product 
instructions of Liposome Lipofectamine™ 6000 (Beyotime, Shanghai, China). 
Small interfering RNA (siRNA) against circ_0003789 (si-circ_0003789) and neg-
ative control siRNA (si-NC), miR-429 mimics (miR-429) and negative mimics 
control (miR-NC), miR-429 inhibitors (anti-miR-429) and inhibitors control (anti-
miR-NC), and ZFP36L2 overexpression plasmid (ZFP36L2) and negative control 
plasmid (pcDNA) were transfected into gastric cancer cells.

Quantitative Reverse Transcription‑PCR (qRT‑PCR)

Total RNA was extracted with TRIzol reagent. Synthesis of first strand cDNA was 
conducted using AMV Reverse Transcriptase (Solarbio, Beijing, China), and then 
SYBR Premix Ex Taq II (TaKaRa, Dalian, China) was used for qRT-PCR assay. 
For relative expression, U6 (miRNA) or GAPDH (for circRNA/mRNA) was used 
as the internal reference, and data were analyzed by the  2−△△Ct method. The prim-
ers were synthesized by RiBoBio (Guangzhou, China) and were shown as below: 
circ_0003789 Forward: 5′-TGA GCC AGA TCG GGA GAA AG-3′, Reverse: 5′-CTG 
ATG GAC CCC TTG CAG TA-3′; ZFP36L2 Forward: 5′-ATC AAC TCC ACG CGC 
TAC AA-3′, Reverse: 5′-GGC AGA AGC CGA TGG TAT GA-3′; GAPDH Forward: 
5′-GAC AGT CAG CCG CAT CTT CT-3′, Reverse: 5′-GCG CCC AAT ACG ACC AAA 
TC-3′; miR-429 Forward: 5′-GTA TGA GTA ATA CTG TCT GGTAA-3′, Reverse: 
5′-CTC AAC TGG TGT CGT GGA G-3′; U6 Forward: 5′-CTC GCT TCG GCA GCACA-
3′, Reverse: 5′-AAC GCT TCA CGA ATT TGC GT-3′.

RNase R Treatment Assay

The extracted total RNA was incubated without or with RNase R (Seebio, Shang-
hai, China) for 30 min. Finally, circ_0003789 and GAPDH mRNA expression were 
determined by qRT-PCR.
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5‑Ethynyl‑2′‑Deoxyuridine (Edu) Staining

The EdU kit (RiboBio) was used to test DNA synthesis. Cells were seeded in 
24-well plates. After transfection for 48 h, EdU solution (50 μM) was added into per 
well, followed by incubation for 2 h. After being fixed with paraformaldehyde (4%), 
cells were permeated using Triton-X-100 (0.5%). After being stained with Apollo 
reaction in the dark for 20 min, cells were then stained with DAPI for 10 min, fol-
lowed by observation using a fluorescence microscope (Leica, Wetzlar, Germany).

Cell Counting Kit‑8 (CCK‑8) Assay

The cells were grown in a 96-well plate for 48 h. After that, CCK-8 solution (10 
μL, Solarbio) was added to each well at the different time points and incubation 
was done for 2 h. The absorbance values at 450 nm were collected by a microplate 
reader. All experiments were repeated for 3 times. The average values were detected 
and the proliferation curves were plotted.

Colony Formation Assay

The indicated treated cells were placed in 6-well plates, and the medium was 
renewed every 3  days during incubation. Cells were cultured for approximately 
12 days, stained with crystal violet (0.5%), and counted.

Flow Cytometry Analysis

After being resuspended in 500 μL binding buffer, the cells were dyed with Annexin 
V-FITC and PI (Sangon, Shanghai, China) for 15 min in a dark condition, followed 
by detection of the apoptosis rate using flow cytometer (BD Biosciences, San Jose, 
CA, USA).

Transwell Invasion Assay

Transfected cells were plated in Matrigel-coated chamber (8  µm pores, Corning, 
Corning, NY, USA) in non-serum medium and translocated toward 10%-serum 
growth media in the lower chamber for 24  h. Crystal violet (0.2%, Solarbio) was 
used to stain cells before the count of cells on the undersurface under a 100X micro-
scope (Olympus, Tokyo, Japan).

Western Blot Analysis

Proteins were extracted according to the instructions of RIPA lysis buffer (Beyotime), 
and protein quantification was performed with the BCA kit (Beyotime). Ten micro-
grams of proteins was subjected to SDS-PAGE, followed by transferring onto the 
PVDF membranes using electro-transferring. The proteins were blocked with skim 
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milk (5%, Beyotime) for 1–2 h, and the corresponding primary antibodies were added 
overnight at 4 °C: anti-Ki67 (ab197547, 1:1500), anti-PCNA (ab18197, 1:1000), anti-
Bax (ab104156, 1:1500), anti-Bcl-2 (ab196495, 1:2000), anti-ZFP36L2 (ab70775, 
1:1000), and anti-β-actin (ab8227, 1:2000), and followed by the probing with HRP-
marked secondary antibody (ab205718, 1:2000) for 2 h. At last, the blots were devel-
oped with ECL reagent (Abcam, Cambridge, MA, USA) in a dark room to determine 
the grayscale values of each protein band. The antibodies used in this experiment were 
commercially provided by Abcam.

Dual‑Luciferase Reporter Assay

The fragments of circ_0003789 or ZFP36L2 3′UTR containing the miR-429 binding 
sequence region or miss-matched seed region were synthesized and individually cloned 
into the psiCHECK2 vector (YouBia, Changsha, China) to produce the wild-type and 
mutant luciferase vectors (circ_0003789-WT, circ_0003789-MUT, ZFP36L2 3′UTR-
WT, and ZFP36L2 3′UTR-MUT). The corresponding reporter vectors were cotrans-
fected into gastric cancer cells with miR-429 mimics/miR-NC using Lipofectamine™ 
6000. After 48 h, a dual-luciferase reporter assay kit (Yeasen, Shanghai, China) was 
employed for measuring the luciferase activity.

Xenograft Tumor Assay

The lentivirus-mediated (RiboBio) short hairpin RNA (shRNA) against circ_0003789 
(sh-circ_0003789) or matched control (sh-NC) was used for stable transfection in AGS 
cells. Approximately 4 ×  106 AGS cells (control or circ_0003789-downregulating) were 
injected into BALB/c nude mice (N = 12). All mice were fed in a pathogen-free envi-
ronment. The volume of tumors was measured every week. The mice were sacrificed 
5 weeks later, and tumor tissues were removed. The animal experiments were approved 
by the ethics committee of Xianning Central hospital.

Statistical Analysis

GraphPad Prism 7.0 software was used for statistical analysis, and the data were 
expressed as means ± standard deviation. A Student’s t test and one-way ANOVA were 
used for comparison between two groups and multiple groups, respectively. Expression 
correlation was analyzed by Pearson’s correlation coefficient analysis. The significance 
was determined when P < 0.05.

Results

Circ_0003789 was Elevated in Gastric Cancer

We firstly explored whether circ_0003789 was dysregulated in gastric cancer 
by qRT-PCR. The level of circ_0003789 was higher in gastric cancer than that in 
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adjacent normal tissues (Fig.  1A). Similarly, the expression of circ_0003789 was 
elevated in gastric cancer cells (AGS and SNU-1) compared with GES-1 cells 
(Fig. 1B). In addition, RNase R treatment assay was used to determine the stability 
of circ_0003789, and the results showed that circ_0003789 was resistant to RNase 
R digestion (Fig. 1C, D). These data suggested that circ_0003789 might play a key 
role in gastric cancer progression.

Circ_0003789 Knockdown Suppressed the Progression of Gastric Cancer In Vitro

To verify the function of circ_0003789 in gastric cancer, we silenced 
circ_0003789 expression in AGS and SNU-1 cells by transfection of si-
circ_0003789. qRT-PCR verified that transfection of si-circ_0003789 resulted in 
a significant decrease in circ_0003789 expression, indicating that circ_0003789 
was successfully disrupted (Fig. 2A). Edu and CCK8 results showed that silenc-
ing of circ_0003789 inhibited the proliferative capacity of gastric cancer cells 
(Fig. 2B–D). Also, knockdown of circ_0003789 reduced the number of colonies 
in AGS and SNU-1 cells compared to control group (Fig.  2E). Ki67 is a DNA 
binding protein and is considered to be one of the best clinical markers for cell 
proliferation (Yang et al. 2018). PCNA is known as a molecular marker of pro-
liferation (Wang 2014). The protein levels of Ki67 and PCNA were reduced by 
knockdown of circ_0003789 (Fig.  2F). The effect of si-circ_0003789 on cell 

Fig. 1  Circ_0003789 was elevated in gastric cancer. A Circ_0003789 expression in gastric cancer tissues 
and adjacent normal tissues was detected by qRT-PCR. B Circ_0003789 expression in gastric cancer cell 
lines was measured by qRT-PCR. C, D Circ_0007841 expression was analyzed in AGS and SNU-1 cells 
with RNase R treatment. *P < 0.05
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apoptosis was detected by flow cytometry. Apoptosis of gastric cancer cells 
was significantly increased by si-circ_0003789 compared to the si-NC group 
(Fig.  2G). Western blot assay was used to detect the expression levels of pro-
apoptotic protein Bax and anti-apoptotic protein Bcl-2 in AGS and SNU-1 cells. 
Circ_0003789 silencing resulted in a significant upregulation in Bax expres-
sion and a significant downregulation in Bcl-2 expression, reinforcing that 
circ_0003789 interference promoted apoptosis in gastric cancer cells (Fig.  2H). 
Additionally, cell invasion was hindered by circ_0003789 interference (Fig. 2I). 
Overall, interfering circ_0003789 suppressed the malignant phenotypes of gastric 
cancer cells.

Fig. 2  Circ_0003789 knockdown suppressed the progression of gastric cancer cells in  vitro. A The 
knockdown efficiency of si-circ_0003789 was detected by qRT-PCR in AGS and SNU-1 cells. B–D Cell 
proliferation was evaluated by Edu and CCK-8 staining assays in gastric cancer cells transfected with 
si-circ_0003789. E Number of colonies was examined by colony formation assay in gastric cancer cells 
transfected with si-circ_0003789. F Ki67 and PCNA protein levels were measured by Western blotting 
in gastric cancer cells transfected with si-circ_0003789. G Apoptosis was determined by flow cytometry 
in gastric cancer cells transfected with si-circ_0003789. H Bax and Bcl-2 protein levels were detected by 
Western blotting in gastric cancer cells transfected with si-circ_0003789. I Cell invasion was detected by 
transwell assay. *P < 0.05
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Circ_0003789 Acted as a Sponge of miR‑429

To explore the potential mechanism of circ_0003789 in regulating the malignant 
phenotypes of gastric cancer, we predicted its targeted miRNAs. Among these 
candidates, we selected five miRNAs that play essential roles in gastric cancer 
development and found that miR-429 was preferentially enriched by biotinylated 
circ_0003789 probe (Supplementary Fig.  1). StarBase3.0 database predicted that 
miR-429 was partially complementary bound to circ_0003789 sequence (Fig. 3A). 
To verify the targeting relationship between circ_0003789 and miR-429, we car-
ried out luciferase assays. The overexpression efficiency of miR-429 mimics was 
first examined by qRT-PCR, and results showed that the expression of miR-429 
was dramatically increased by transfection of miR-429 mimics in gastric cancer 
cells (Fig.  3B). Dual luciferase reporter assays showed that miR-429 overexpres-
sion significantly inhibited the luciferase activity of circ_0003789-WT group but 
had no effect on luciferase activity of the circ_0003789-MUT group (Fig. 3C, D). 
Moreover, miR-429 expression was significantly reduced in gastric cancer tissues 
compared to adjacent normal tissues (Fig. 3E). Similarly, miR-429 expression was 
significantly decreased in gastric cancer cells (Fig. 3F). In addition, Pearson’s cor-
relation analysis showed that the expression of circ_0003789 was negatively corre-
lated with miR-429 expression in gastric cancer tissues (Fig. 3G). The above results 
indicated that circ_0003789 acted as a sponge for miR-429.

Circ_0003789 Knockdown Suppressed the Progression of Gastric Cancer 
by Targeting miR‑429

To investigate the function of circ_0003789/miR-429 axis in gastric cancer pro-
gression, si-circ_0003789 and miR-429 inhibitors were co-transfected into AGS 
and SNU-1 cells. qRT-PCR verified that miR-429 inhibitors significantly reduced 
miR-429 expression in cells (Fig. 4A). MiR-429 inhibitors attenuated the inhibitorsy 
effect of circ_0003789 silencing on gastric cancer cell proliferation, colony forma-
tion, Ki67 and PCNA protein levels (Fig. 4B–F). In addition, the promotion effect 
of circ_0003789 interference on apoptosis was restored by transfection of miR-429 
inhibitors (Fig. 4G). Western blot results showed that the impact of circ_0003789 
knockdown on Bax and Bcl-2 levels was reversed by miR-429 inhibitors in AGS 
and SNU-1 cells (Fig. 4H). Additionally, reduction of miR-429 abated circ_0003789 
interference-mediated invasion suppression in gastric cancer cells (Fig. 4I). Taken 
together, circ_0003789 knockdown suppressed the malignant phenotypes of gastric 
cancer cells by targeting miR-429.

MiR‑429 Directly Targeted ZFP36L2

Next, we identified the downstream effectors of miR-429 in regulating growth and 
apoptosis of gastric cancer cells. StarBase3.0 database showed that miR-429 possessed 
the binding site of ZFP36L2 mRNA (Fig. 5A). Dual luciferase reporter assays showed 
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that increased miR-429 expression significantly inhibited the luciferase activity of 
ZFP36L2 3’UTR-WT but had no effect on the luciferase activity of ZFP36L2 3′UTR-
MUT (Fig. 5B, C). ZFP36L2 mRNA and protein levels were significantly decreased 
in gastric cancer cells transfected with miR-429 mimics, while they were significantly 
increased in gastric cancer cells transfected with miR-429 inhibitors (Fig. 5D, E). In 
addition, ZFP36L2 mRNA and protein levels were significantly increased in gastric 

Fig. 3  Circ_0003789 acted as a sponge of miR-429. A Predictive target sites of circ_0003789 and 
miR-429 were provided by StarBase3.0. B The level of miR-429 was examined by qRT-PCR in AGS 
and SNU-1 cells transfected with miR-NC or miR-429. C, D The associated relationship between 
circ_0003789 and miR-429 was illustrated by dual-luciferase reporter assay. E, F miR-429 expression in 
gastric cancer tissues and cell lines was detected by qRT-PCR. G Correlation between circ_0003789 and 
miR-429 expression was analyzed in gastric cancer tissues. *P < 0.05
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cancer tissues compared to adjacent normal tissues (Fig. 5F, G). Similarly, ZFP36L2 
mRNA and protein levels were significantly increased in gastric cancer cells (Fig. 5H, 
I). Pearson’s correlation analysis showed a negative expression correlation between 
miR-429 and ZFP36L2 in gastric cancer tissues (Fig. 5J). The above results suggested 
that miR-429 directly targeted ZFP36L2.

ZFP36L2 Could Reverse the Effects of miR‑429 on Growth and Apoptosis of Gastric 
Cancer Cells

To investigate the function of miR-429/ZFP36L2 axis in gastric cancer progression, 
miR-429 mimics and ZFP36L2 overexpression plasmids were co-transfected into AGS 
and SNU-1 cells. The transfection efficiency of ZFP36L2 overexpression plasmid in 

Fig. 5  MiR-429 directly bound to ZFP36L2. A The putative binding sites between miR-429 and 
ZFP36L2 were predicted by StarBase3.0 online database. B, C The interaction between miR-429 and 
ZFP36L2 was detected by luciferase reporter assay. D, E The impacts of miR-429 mimics or inhibi-
tors on the mRNA and protein expression of ZFP36L2 were determined by qRT-PCR and Western 
blot, respectively. F–I ZFP36L2 mRNA and protein levels in gastric cancer tissues and cell lines were 
detected by qRT-PCR and Western blot assays. J Pearson’s correlation coefficient was used for correla-
tion analysis between miR-429 and ZFP36L2. *P < 0.05
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gastric cancer cells was verified by qRT-PCR and Western blot (Fig. 6A, B). Overex-
pression of miR-429 inhibited AGS and SNU-1 cell proliferation, colony number, Ki67 
and PCNA protein levels, which were reversed by ZFP36L2 re-expression (Fig. 6C–G). 
In addition, miR-429 mimics significantly promoted apoptosis, and the effect was 
restored by ZFP36L2 overexpression (Fig.  6H). Meanwhile, miR-429 mimics-medi-
ated increase in Bax expression and decrease in Bcl-2 expression were counteracted 
by overexpression of ZFP36L2 (Fig. 6I). Furthermore, miR-429 mimics significantly 
impeded cell invasion, while ZFP36L2 re-expression abrogated this effect (Fig.  6J). 
The above results suggested that overexpression of miR-429 inhibited the development 
of gastric cancer by targeting ZFP36L2.

Circ_0003789 Sponged miR‑429 to Regulate ZFP36L2 Expression in Gastric 
Cancer Cells

We have demonstrated that circ_0003789 acts as a sponge for miR-429 and miR-429 
directly targets ZFP36L2. Therefore, we next further explored whether circ_0003789 
regulates ZFP36L2 expression by sponging miR-429. Pearson’s correlation analy-
sis showed that in gastric cancer tissues, circ_0003789 expression was positively 
correlated with ZFP36L2 expression (Fig.  7A). Silencing of circ_0003789 reduced 
ZFP36L2 mRNA and protein levels, which were reversed by the addition of miR-429 
inhibitors (Fig.  7B, C). This result suggested that circ_0003789 regulated ZFP36L2 
expression by sponging miR-429.

Circ_0003789 Knockdown Inhibited the Growth of Xenograft Tumors In Vivo

To determine whether circ_0003789 silencing has an inhibitory effect on tumor 
growth, we established a xenograft tumor model in nude mice. The results showed that 
tumor volume and weight were significantly suppressed in the sh-circ_0003789 group 
compared to the sh-NC group (Fig. 8A, B). In addition, qRT-PCR results showed that 
circ_0003789 silencing resulted in a significant decrease in circ_0003789 level and an 
increase in miR-429 expression (Fig. 8C, D). Knockdown of circ_0003789 decreased 
ZFP36L2 mRNA and protein levels in tumor tissues (Fig.  8E, F). Taken together, 
knockdown of circ_0003789 could inhibit tumor growth in vivo by upregulating miR-
429 and downregulating ZFP36L2.

Discussion

With the advances in high-throughput sequencing and biology, many circRNAs 
have been shown to be aberrantly expressed in cancer, playing an integral onco-
genic or tumor-suppressing role in tumorigenesis and tumor progression (Li et  al. 
2020; Wang et al. 2021). For example, circ_0046264 acts as a potential biomarker 
for lung cancer diagnosis and prognosis, and its overexpression promotes lung can-
cer cell proliferation and invasive ability (Liu et  al. 2020). Circ-ERBB2 promotes 
the Warburg effect and triple-negative breast cancer development via miR-136-5p/
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PDK4 pathway (Huang et al. 2021). Circ_0005273 increases pancreatic cancer cell 
proliferative and migratory abilities by activating KLF12 and predicts lymphatic 
metastasis, distant metastasis and prognosis in pancreatic cancer patients (Hou 
and Li 2020). Consistent with previous work (Shao et al. 2017), our data indicated 
that circ_0003789 expression was upregulated in gastric cancer. Functional studies 
showed that silencing of circ_0003789 repressed cell growth and increased apop-
tosis in vitro, as well as hindered tumor growth in vivo. Furthermore, we revealed 
that the circ_0003789/miR-429/ZFP36L2 axis was associated with gastric cancer 
development.

Previous reports have shown that miR-429 acts as a tumor-suppressing miRNA 
to participate in cancer cell biological behaviors, such as apoptosis, stemness, pro-
liferation and metastasis (Liu and Shen 2020; Wang et  al. 2019). For example, 
miR-429 is down-regulated and impedes cell proliferation and metastasis in ovar-
ian cancer (Xu et al. 2021), oral squamous cell cancer (Sun et al. 2021) and breast 
cancer (Zhang et al. 2020). Here, miR-429 was also found to be lowly expressed in 
gastric cancer cells and tissues. In addition, miR-429 mimics inhibited cell growth 
and induced apoptosis of gastric cancer cells. Furthermore, miR-429 level was found 
to be negatively correlated with circ_0003789 level in gastric cancer, and miR-429 
inhibition attenuated the effects of circ_0003789 silencing on cell growth and apop-
tosis. These results indicated that miR-429 was involved in circ_0003789 silencing-
mediated antitumor effects.

Fig. 7  Circ_0003789 sponged miR-429 to regulate ZFP36L2 expression in gastric cancer cells. A The 
linear association between ZFP36L2 and circ_0003789 levels in gastric cancer tissues was analyzed. B, 
C The qRT-PCR and Western blotting were adopted to analyze the ZFP36L2 mRNA and protein lev-
els in gastric cancer cells transfected with si-NC, si-circ_0003789, si-circ_0003789 + anti-miR-NC or si-
circ_0003789 + anti-miR-429. *P < 0.05
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Next, ZFP36L2 was validated as a downstream target for miR-429. ZFP36L2 has 
established a potent oncogenic role in various cancers, such as pancreatic dual ade-
nocarcinoma and acute myeloid leukemia (Yonemori et al. 2017; Liu et al. 2018). 
Moreover, ZFP36L2 has been implicated in gastric cancer pathogenesis (Xing et al. 
2019). Our data also suggested that miR-429 regulated gastric cancer progression 
by targeting ZFP36L2. Importantly, our data established that circ_0003789 could 
modulate the expression of ZFP36L2 via sponging miR-429.

In summary, our study confirmed that circ_0003789 regulated gastric cancer cell 
growth and apoptosis. Moreover, circ_0032821 mediated gastric cancer progression 
via the regulation of miR-429/ZFP36L2 axis. This present research may uncover a 
potential biomarker and target for gastric cancer diagnosis and treatment.
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