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Background: Circular RNAs (circRNAs) are endogenous noncoding RNAs that play vital roles in many biological processes,
particularly in human cancer. Recent studies indicate that circRNAs play an important role in tumor progression through exosomes.
However, the specific functions of gastric cancer-derived exosomes and the role of circSTAU2 in gastric cancer (GC) remain largely
unknown.

Methods: Differentially expressed circRNAs in GC were identified by circRNA microarrays analysis and quantitative real-time
polymerase chain reaction (QRT-PCR). The role of circSTAU2 in GC was verified by circSTAU2 knockdown and overexpression with
functional assays both in vitro and in vivo. Fluorescence in situ hybridization (FISH), immunofluorescence, RNA immunoprecipitation
(RIP), dual-luciferase reporter assay, qRT-PCR and Western blot were adopted to evaluate the expression and regulatory mechanism of
MBNLI, circSTAU2, miR-589 and CAPZAI1. Furthermore, the role of exosomes was demonstrated by transmission electron
microscopy and nano-sight particle tracking analysis.

Results: CircSTAU2, mainly localized in the cytoplasm, was significantly downregulated in GC. CircSTAU2 overexpression inhibited
GC cell proliferation, invasion and migration both in vitro and in vivo, while circSTAU2 knockdown had the inverse effect.
CircSTAU2 could be wrapped in exosomes and delivered to recipient cells, and functioned as a sponge for miR-589 to relieve its
inhibitory effect on CAPZA1, thus inhibiting GC progression. Furthermore, MBNLI acted as the upstream RNA-binding protein of
circSTAU2 and significantly influenced the circularization and expression of circSTAU2.

Conclusion: Exosome-delivered circSTAU2 may act as a tumor suppressor that restrains GC progression via miR-589/CAPZA1 axis,
which demonstrates a potential therapeutic target for GC.
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Introduction
Gastric cancer (GC) has the fifth most prevalent occurrence rate in the world.' Since early clinical symptoms of GC are
not obvious, it is often at an advanced stage when diagnosed, which makes it the fourth leading cause of global cancer
death.! GC is a highly heterogeneous disease both molecularly and phenotypically. Complex interactions between
Helicobacter pylori infection and environmental, microbial, and host genetic factors can lead to GC.>™* Although
advanced GC is treated by surgical resection and chemotherapy, the survival rate remains poor.” Therefore, it is of
great significance to explore the specific mechanism that contributes to GC progression.

Circular RNAs (circRNAs) are formed by precursor mRNA exon back-splicing in eukaryotes.®’ In circRNAs, the
downstream splice-donor site can covalently attach to an upstream splice-acceptor site; hence, it is shaped like a single-
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stranded ring.* More and more studies show that circRNAs are involved in many critical biological functions, particularly
in the progression of human cancers.”'* To illustrate, Wang et al showed that circACTN4 facilitates the pathogenesis and
progression of breast cancer.'' Wang et al demonstrated that circSPARC promotes the migration and proliferation of
colorectal cancer.'> However, the specific role of circSTAU2 in cancer progression, especially in GC, remains poorly
understood.

CircRNAs are involved in tumor progression via multiple mechanisms, the best-known of which is through direct
binding to miRNAs as miRNA sponge.'®> For instance, Chen et al showed that circDLG1 enhances CXCL12
expression by sponging miR-141-3p, which promotes proliferation and migration of GC.'"* Recent studies have
shown that circRNAs can also perform functions by promoting the transcription of parental genes'> or interacting
with proteins.'®

Exosomes are nanoscale membrane vesicles with diameters ranging from 30 to 200 nm that play vital roles in
intercellular communications, which participate in many physiological and pathological processes.!” Tumor-derived
exosomes play an important role in tumor progression.'® In addition, an increasing number of studies have shown that
circRNAs are enriched in exosomes and regulate tumor progression through the transmission of exosomes between
cells.'” ' However, how exosomes-delivered circRNAs are involved in the regulation of GC progression remains
elusive.

In our study, we found that hsa circ 0001811 (referred to as circSTAU2) has a lower expression in GC and is
important for the suppression of GC progression. Mechanistically, circSTAU2 increases CAPZA1 expression by acting as
a sponge for miR-589. Moreover, we found that circSTAU2 can be wrapped in exosomes and transmit the inhibitory
effect on GC progression, which demonstrates a potential idea for GC therapy.

Materials and Methods

Bioinformatics Analysis

A thorough search for available gastric circRNA datasets was performed with the Gene Expression Omnibus (GEO)
database (accession numbers: GSE93541 and GSE184882). DECs between GC and normal tissues were identified with
the “MetaDE” package.””> GC miRNAs data were acquired from The Cancer Genome Atlas Stomach Adenocarcinoma
(TCGA-STAD) miRNA database. The “limma” package® was adopted to screen differentially expressed miRNAs
(DEMs) between GC and normal tissues. The DEMs were subsequently overlapped with the predicted miRNAs from
the CircInteractome database. GEO datasets (accession numbers: GSE64951 and GSE63089) were adopted to search for
the differentially expressed genes (DEGs) between GC and normal tissues. The DEGs were then overlapped with the
predicted target genes of miRNA from the starBase and TargetScan databases. RBPdb and RBPmap databases were
employed to search for potential RNA-binding proteins (RBPs) of our target circRNA.

Patients and Tissue Samples

Fifty-six tumors and adjacent normal samples were acquired from GC patients who underwent surgery at the Department
of Gastrointestinal Surgery, Union Hospital of Huazhong University of Science and Technology (HUST). All procedures
were approved by the Ethics Committee of Union Hospital, HUST and performed according to the principles of the
Declaration of Helsinki.

Cell Culture

The GC cell lines MKN45 and AGS were bought from Procell (Wuhan, China). SGC7901 and BGC823 were bought
from Beyotime (Shanghai, China). MGCS803 and the gastric mucosal epithelial cell line GES-1 were purchased from
iCell Bioscience (Shanghai, China), all of which have been authenticated by DNA short tandem repeat test. RPMI-1640
medium with 10% fetal bovine serum (FBS) (Gibco, Grand Island, NY, USA) was used to culture the cells.
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Gene Overexpression and Knockdown

Oligonucleotides of miR-589 mimics, CAPZA1-short hairpin RNA (shRNA), MBNL1-siRNA, KHDRBS3-siRNA, and
negative control (NC) were synthesized by GeneChem (Shanghai, China). The MBNLI plasmid (GeneChem, Shanghai,
China) was used for MBNL1 overexpression. A specific ShtRNA for circSTAU2 was inserted into GV298 (GeneChem,
Shanghai, China) to knock down the expression of circSTAU2. Oligonucleotides encoding the circSTAU2 sequence were
synthesized by TSINGKE (Wuhan, China) and cloned into pLCDHciR (GeneChem, Shanghai, China) for circSTAU2
overexpression. The sequences are available in Supplementary Table S1. Lipofectamine 3000 (Invitrogen, MA, USA)

was employed to transfect plasmids or siRNAs.

Quantitative Real-time Polymerase Chain Reaction (qQRT-PCR)

TRIzol reagent (Invitrogen) was used to extract total RNA from cells or tissues as the manufacturer’s instructions. The
total RNA was then reversely transcribed into cDNA using PrimeScript RT Master Mix (TaKaRa, Japan). The SYBR
Green PCR kit (TaKaRa, Kyoto, Japan) was employed to conduct qRT-PCR with ABI StepOne Plus system (Thermo
Fisher Scientific, USA). GAPDH and U6 were adopted as internal controls. 27**“T method was used to calculate the
relative expression. The sequences of primers are listed in Supplementary Table S2.

Western Blot (WB) Analysis

WB analyses were performed as previously described.>* Briefly, RIPA lysis buffer was used to extract the total proteins
of cells, which were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred onto PVDF
membranes. 5% milk in TBST buffer was used to block the membranes for 1 h before they were incubated with primary
antibodies overnight. Enhanced chemiluminescence system (Millipore) was employed to detect the signal of the
membranes after they were incubated with second antibody and washed with TBST for 3 times. Detailed antibody
information is available in Supplementary Table S3.

Colony Formation Assays
Six-well plates were planted with 1000 cells per well and cultured for 2 weeks in complete medium. 0.1% crystal violet
was used for staining of the cell colonies.

Cell Counting Kit 8 (CCK8) Assay

96-well plates were planted with 2x10° cells per well. At scheduled time points, the cells were incubated with CCK-8
reagent (Dojindo TLaboratories, Kumamoto, Japan) for 2 h, and the OD value was detected at 450 nm.

Transwell Assay

The transwell assays were performed as previously described.” The cells with 200 uL serum-free medium were planted
on the upper chamber, and 600 pL. medium with 25% FBS was added to the lower chamber. After incubation for 24 h, the
cells invading to the bottom side of the membrane were fixed with paraformaldehyde and stained with 0.1% crystal
violet.

Flow Cytometry

Cell apoptosis was evaluated by flow cytometry. After transfected for 48 h, the GC cells were harvested and subjected to
apoptosis assays, which were conducted with apoptosis assay kit (BD Pharmingen, NJ, USA) following the manufac-
turer’s protocol. The samples were finally analyzed by Flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA).

RNA Immunoprecipitation (RIP)

RNA-binding protein immunoprecipitation kit (Millipore, Bedford, MA, USA) was adopted for RIP assays according to
the manufacturer’s instructions. Cell lysates were incubated with protein A/G agarose beads and MBNLI1 antibody (1:50,
#94633, CST) or IgG overnight at 4 °C. Then the precipitates were washed and co-precipitated RNA was isolated, which

International Journal of Nanomedicine 2023:18 https: 129
Dove:


https://www.dovepress.com/get_supplementary_file.php?f=391872.pdf
https://www.dovepress.com/get_supplementary_file.php?f=391872.pdf
https://www.dovepress.com/get_supplementary_file.php?f=391872.pdf
https://www.dovepress.com
https://www.dovepress.com

Zhang et al Dove

was detected by qRT-PCR. And the reversely transcribed products of co-precipitated RNA were verified by DNA
electrophoresis.

RNA-Fluorescence in situ Hybridization (FISH) Assay

The RNA-FISH kit (C10910, RiboBio, China) was employed to conduct RNA-FISH assay as the instructions of
manufacturer. Probes targeting circSTAU2 (sense: 5’-CATGTACAATCAGAGATGTTCTCAGTGCAG-3’; antisense: 5’-
CTGCACTGAGAACATCTCTGATTGTACATG-3’) labeled with biotin were synthesized by RiboBio Technology Co.,
Ltd. Zeiss confocal laser scanning microscope (LSM 780 with Airyscan; Carl Zeiss, Germany) was employed to measure
the fluorescence.

Immunofluorescence

Cell immunofluorescence experiments were performed to detect the localization and expression level of MBNLI1 as
previously described.”* GC cells were washed with Phosphate-buffered saline (PBS) for 3 times after 48 h of transfec-
tion, which were fixed with —20°C ethanol for 10 min and permeabilized with 0.5% triton-X100 for 10 min. Then the
cells were blocked with 10% goat serum for 0.5 h before incubated with MBNL1 (1:50, 66837-1-Ig, Proteintech) at 4°C
overnight. The second day, the cells were incubated with secondary antibody for 1 h and DAPI for 5 min. The images
were acquired with Zeiss confocal laser scanning microscope (LSM 780 with Airyscan; Carl Zeiss, Germany).

Dual-Luciferase Reporter (DLR) Assay

GC cells were co-transfected with WT or Mut circSTAU2, CAPZA1 3’UTR, and miR-589 mimics or NC mimics. After
48 h of transfection, the cells were subjected to dual-luciferase assay, and the DLR kit (TransGene, Beijing, China) was
used to measure the luciferase activity. Renilla luciferase (RLUC) activity was used as internal control for Firefly
luciferase (FLUC). Relative luciferase activity was calculated by the ratio of FLUC to RLUC.

Exosomes Isolation and Analysis

Medium with 10% exosome-removed FBS (Vivacell, Shanghai, China) was adopted to culture the cells. The supernatants
of cells were collected to extract exosomes after cultured for 48 h. Firstly, the supernatants were differentially centrifuged
at 500 x g and 3000 x g for 10 min, which were then subjected to the filtration with 0.2 um filters and centrifuged at
120,000 x g at 4 °C for 2 h. PBS was used to resuspend and collect the exosomes. Transmission electron microscopy
(Thermo, Waltham, MA, USA) was employed to photograph the exosomes. NanoSight NS300 system (NanoSight
Technology, Malvern, UK) was employed to track the sizes and numbers of exosomes. Exosome samples were exposed
to a laser, with their tracks analyzed by nanoparticle tracking analysis software (version 2.3).

Exosomes Labeling and Photographing

PKH26 membrane dye (PKH26GL, Sigma, Germany) was used to stain the exosomes. 12 mg of labeled exosomes were
co-cultured with 1x10° cells for 3 h, which were then fixed and dyed with DAPI and photographed with a Zeiss confocal
laser scanning microscope (LSM 780 with Airyscan; Carl Zeiss).

In vivo Xenograft Assay

An in vivo xenograft assay was conducted using male BALB/c nude mice (4 weeks old) purchased from Huafukang (Beijing,
China), which were randomly separated into two groups. 100 uL PBS with 5x10° cells were injected into the groin of mice to
develop subcutaneous xenograft models. Tumor volumes were calculated by tumor length and width, which were recorded
every 4 d after implantation. After 4 weeks, all mice were sacrificed and the xenografts were extracted.

Statistical Analysis

All in vitro assays were performed in triplicate. Data are presented as the mean + standard deviation (SD), and statistical
analyses were conducted with GraphPad Prism 8 or SPSS 26.0 software. Student’s ¢-test was adopted to compare the
difference. P < 0.05 was considered statistically significant.
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Results

CircSTAU2 is Downregulated in GC

The microarray datasets GSE93541 and GSE184882 were used to explore DECs between GC and normal tissues. After
combining the data of the two datasets, six DECs were selected for following analyses (Figure 1A—C). The PCR products
of these six DECs were validated by DNA electrophoresis. The results showed three clearly visible strips, which
suggested the possible existence of these three circRNAs in gastric cancer cells (Figure 1D). We further conducted
sanger sequencing on the PCR products of these three circRNAs and found that only hsa circ_ 0001811 was consistent
with the sequence information in circbase database, and the junction of exon 4 and exon 5 formed a cyclization site.
DNA eclectrophoresis verified the circular structure of hsa circ 0001811 (Figure 1E). We then detected the expression of
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Abbreviation: ns, not significant.
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hsa_circ_0001811 in GC cell lines and specimens using qRT-PCR. The results revealed that hsa circ 0001811 was
consistently downregulated in GC cell lines and tumor tissues compared with GES-1 and normal tissues (Figure 1F and
G). Moreover, by analyzing the correlation between hsa circ 0001811 expression and clinicopathological information,
we found that TNM III-IV stage gastric cancer patients had a significantly lower expression of hsa circ 0001811
(Figure 1H). As shown in Figure IF, hsa_circ 0001811 was most significantly downregulated in MKN45 and BGC823
cells. Therefore, we selected these two cell lines for further study and named hsa circ 0001811 as circSTAU2.
Resistance to RNase R exonuclease digestion suggested that circSTAU2 had a circular RNA structure (Figure 1I).
FISH assay showed that endogenous circSTAU2 was mainly enriched in the cytoplasm (Figure 1J).

CircSTAU2 Suppresses GC Cell Proliferation, Invasion and Migration in vitro

and in vivo

To investigate the specific role of circSTAU2 in human GC, we transfected MKN45 and BGC823 cells with over-
expression plasmid or shRNA. The results indicated that the expression of circSTAU2 in MKN45 and BGC823 cells was
altered by successful transfection (Figure 2A). CCK8 and colony formation assays revealed that circSTAU2 over-
expression significantly inhibited the proliferation of GC cells (Figure 2B and C). Transwell assays showed that the
invasive and migratory capacities of MKN45 and BGC823 cells were suppressed by circSTAU2 overexpression
(Figure 2D and E). On the contrary, circSTAU2 knockdown had the opposite effects on GC cells. In addition, we
found that enhancing the expression of circSTAU2 could promote apoptosis, whereas the opposite result was obtained by
reducing circSTAU2 expression (Figure 2F). Furthermore, MKN45 cells with a stable overexpression of circSTAU2 were
subcutaneously injected into nude mice, resulting in an obvious decline in the growth of xenograft tumors (Figure 2G).
These results confirmed that circSTAU2 can suppress GC cell proliferation, invasion and migration.

CircSTAU2 Functions as a Sponge for miR-589 in GC

Previous reference indicates that circRNAs can function as regulators of the transcription of its parental genes or serve as
a competitive endogenous RNA to sponge miRNAs.>® To determine the potential mechanism of circSTAU2, we over-
expressed circSTAU?2 and examined whether it affected the expression of STAU2. qRT-PCR results showed that the STAU2
expression had no significant change (Figure 3A). However, the RIP assay with AGO2 indicated that circSTAU2 was
significantly enriched, suggesting that circSTAU2 may serve as a miRNA sponge (Figure 3B). We then used the TCGA and
Circlnteractome databases to predict the target miRNAs of circSTAU2. By combining the results, three miRNAs were
selected (Figure 3C). qRT-PCR showed that only miR-589 expression in GC cells was affected by circSTAU2 overexpression
(Figure 3D). By the starbase database, we found a binding site between circSTAU2 and miR-589 (Figure 3E). The DLR assay
revealed that compared with circSTAU2 with a mutant binding site, the miR-589 mimics reduced the relative luciferase
intensity of circSTAU2 with a wild-type binding site, which confirmed the interaction between circSTAU2 and miR-589
through the binding site (Figure 3F). The expression level of miR-589 was detected and was found significantly increased in
GC cells and tissues (Figure 3G and H). To understand whether circSTAU2 suppressed GC progression by binding with miR-
589, we conducted functional experiments with co-transfection of miR-589 mimics and circSTAU2 overexpression plasmid
into GC cells. We found that miR-589 mimics could rescue the proliferative, invasive and migratory capacities of GC cells,
which were suppressed by circSTAU2 overexpression (Figure 31-M). These results indicated that circSTAU2 inhibits GC
progression by acting as a sponge for miR-589.

CAPZAI is Directly Targeted by miR-589

To identify the target genes of miR-589, we analyzed the DEGs between GC and normal tissues from the GSE64951 and
GSE63089 datasets, which were overlapped with the predicted target genes of miR-589 from the starBase and
TargetScan databases (Figure 4A—C). Six potential target genes were identified. QqRT-PCR results showed that only
CAPZA1 was consistently downregulated in GC cells (Figure 4D), and the expression of CAPZA1 in GC tissues was
lower than that in normal tissues (Figure 4E). Furthermore, previous study showed that CAPZA1 was negatively
associated with epithelial-mesenchymal transition (EMT)-associated markers.?” Our results suggested that the enhanced
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Figure 2 CircSTAU2 suppresses GC cell proliferation, invasion and migration in vitro and in vivo. (A) qRT-PCR analysis of circSTAU2 expression in MKN45 and BGC823
cells transfected with circSTAU2-OE plasmid or circSTAU2-KD plasmid. (B) Colony formation assay and (C) CCK8 assay of MKN45 and BGC823 cells after circSTAU2
overexpression or knockdown. (D and E) Transwell assay and quantitative analysis of migration and invasion abilities of MKN45 and BGC823 cells after circSTAU2
overexpression or knockdown. Scale bars, 50um. (F) Flow cytometry analysis of apoptosis cells of MKN45 and BGC823 cells after circSTAU2 overexpression or
knockdown. (G) General image and growth curve of subcutaneous xenograft of BGC823 cells after circSTAU2 overexpression. Data are expressed as mean * SD.
*p<0.05, *¥p<0.01, **p<0.001.

EMT process by miR-589 mimics could be reversed by CAPZA1 overexpression (Figure 4F). The DLR assay confirmed
that miR-589 could bind to the 3'UTR of CAPZA1 (Figure 4G). These results indicated that miR-589 directly targets
CAPZAL.
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**p<0.01, **p<0.001.
Abbreviation: ns, not significant.
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Abbreviation: ns, not significant.

CircSTAU2 Overexpression Rescues the Effects of CAPZAI| Knockdown

Next, we performed rescue assays to explore the relationship between CAPZA1 and circSTAU?2 as well as their effects
on GC cells. We transfected sShCAPZA1 plasmid and circSTAU2 overexpression plasmid into GC cells and found that the
reduced CAPZA1 expression was rescued by circSTAU2 overexpression (Figure 5A and B). In addition, CAPZA1
knockdown promoted GC cell proliferation, invasion and migration, and these effects were reversed by circSTAU2
overexpression (Figure SC-F). Taken together, we concluded that circSTAU2 inhibits GC progression by acting as
a sponge for miR-589 to remove its suppression on CAPZA1 expression.

MBNLI Regulates circSTAU2 Expression

It is known that RBP can promote the cyclization of pre-mRNA and plays an important role in the formation of
circRNAs.*® To investigate the mechanism of circSTAU2 regulation, we analyzed data from the RBPdb and RBPmap
databases and identified two RBPs (Figure 6A). However, the qRT-PCR results showed that only MBNL1 knockdown
had an effect on circSTAU2 expression (Figure 6B). To explore the binding site between MBNL1 and STAU2 pre-
mRNA, we searched the RBPdb database and identified four potential binding sites (Figure 6C). The results of RIP assay
and DNA electrophoresis confirmed that MBNL1 could bind to sites a and d (Figure 6D). Through RNA-FISH and
immunofluorescence assays, we found that circSTAU2 and MBNL1 colocalized at the cytoplasm. Besides, MKN45 and
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BGC823 cells had much lower fluorescence intensities of circSTAU2 and MBNLI1 than GES-1 cells (Figure 6E).
MBNLI overexpression enhanced the fluorescence intensity of circSTAU2 and its colocalization at the cytoplasm
(Figure 6F). These results showed that MBNL1 promoted the expression of circSTAU2, which acted as a sponge for
miR-589 and relieved its suppression on CAPZA1, thus inhibiting the progression of GC.

Exosomes are the Main Carrier of Extracellular circSTAU2

Recent studies have shown that circRNAs are abundant in exosomes.?’ CircRNAs play a vital role in tumor progression
through exosomes.'” ' To investigate whether extracellular circSTAU2 can inhibit GC progression via exosomes, we
examined the existent form of extracellular circSTAU2. The results showed that the circSTAU2 in culture medium was
almost equal to the control group when treated with RNase A, but was obviously decreased when treated with RNase
A combined with membrane breaker Triton X100 (Figure 7A), suggesting that extracellular circSTAU2 was encapsulated
by membrane rather than being released directly. The results of transmission electron microscopy confirmed the existence
of exosomes in culture medium of MKN45 and BGC823 cells (Figure 7B). Nano-sight particle tracking analysis showed
the number and size distributions of exosomes (Figure 7C). WB analysis showed that exosome marker TSG101 was
enriched in exosomes rather than in cell extracts with exosomes removed (Figure 7D). Besides, qRT-PCR results showed
that the expression level of circSTAU2 in exosomes was comparable to that in cell culture medium (Figure 7E),

indicating that exosomes are the main carrier of extracellular circSTAU2. Further detection of circSTAU2 in exosomes
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from different cell lines showed that the exosomes from GES-1 cells had the highest abundance, while the exosomes
from MKN45 and BGCS823 cells had a much lower abundance (Figure 7F).

CircSTAU2 Transmits the Inhibitory Effect on GC Progression by Exosomes

Subsequently, we investigated whether the exosomes encapsulated with circSTAU2 could be taken up by recipient cells. The
exosomes extracted from GES-1 cells were labeled with PKH26 dye, and were then incubated with MKN45 and BGC823 cells.
The results showed that the exosomes were absorbed by MKN45 and BGC823 cells (Figure 8A). qRT-PCR results showed that
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the expression of circSTAU?2 in recipient cells was significantly increased after co-incubation with exosomes from GES-1 cells,
while this effect was weakened when co-incubated with exosomes from circSTAU2-knockdown GES-1 cells (Figure 8B),
indicating that exosomes play an important role in the transmission of circSTAU2 between cells. We then explored whether
circSTAU2 delivered by exosomes could inhibit GC progression. CCKS8 results showed that the growth of MKN45 and
BGC823 cells was significantly inhibited after co-incubation with exosomes from GES-1 cells (Figure 8C and D). Interestingly,
we found that exosomes from SGC7901 cells could also influence the expression of circSTAU2 and growth of MKN45 and
BGC823 cells, although the effects were not that significant as exosomes from GES-1 cells (Supplementary Figure S1A—C). To
demonstrate whether exosomes played a key role in this process, we blocked exosome production by the inhibitory effect of
neutral sphingomyelinase-2 with GW4869. The results showed that GW4869 significantly reduced the number of exosomes
secreted by GES-1 cells (Figure 8E and F). The CCKS assay showed that co-incubation with the culture medium of GW4869-
treated GES-1 cell had no significant inhibitory effect on the growth of MKN45 and BGC823 cells (Figure 8G and H).

In conclusion, we have proved that the inhibitory effect of circSTAU2 on GC progression can be transmitted by
exosomes. After taken up by recipient cells, circSTAU2 functions as a sponge for miR-589 to relieve its suppressive
effect on CAPZA1, thus inhibiting GC progression (Figure 8I).

Discussion

With the advancement of RNA sequencing technology, an increasing number of circRNAs have been found to be
differentially expressed in various cancers, which attracts the great attention of researchers. Recently, numerous studies
have proved the crucial role of circRNAs in tumorigenesis.>® For instance, Wei et al found that circASAP1 promoted
tumorigenesis and chemoresistance in glioblastoma.®' Yao et al identified that hsa_circ_ 0058124 facilitated tumorigen-
esis and invasiveness of papillary thyroid cancer via NOTCH3/GATAD2A axis.*> However, due to the diversity and
tissue specificity of circRNAs, the concrete role of circRNAs in GC progression has not been fully elucidated. In our
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study, we found that circSTAU2 was significantly downregulated in GC. In vitro and in vivo experiments after knock-
down or overexpression of circSTAU2 showed that circSTAU2 may act as a tumor inhibitor and had potential use for GC
therapy.

Increasing studies reveal that circRNAs can serve as miRNA sponge.®** That is, circRNAs function as competing
endogenous RNAs to modulate the expression of miRNA target genes by binding to miRNAs.>* For example, circMMP9
accelerates glioblastoma multiforme cell tumorigenesis by targeting miR-124 as a sponge.*”> CircCUL2 inhibits GC
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progression via miR-142-3p/ROCK2 axis.*® In our study, a direct binding between circSTAU2 and miR-589 was
predicted and verified. In addition, we found that miR-589 was highly expressed in GC. Overexpressing miR-589 was
related to tumor progression, which is consistent with previous studies.>’~*

CAPZAL, the al subunit of an actin-binding complex that regulates actin cytoskeleton remodeling,27 was confirmed
to be a miR-589 target gene. Previous studies showed that CAPZA1 can suppress the metastatic ability of hepatocellular
carcinoma cells by inhibiting EMT process,?’~’
showed that circSTAU?2 inhibits GC progression by the miR-589/CAPZA1 axis. In addition, we explored the mechanism
of circSTAU2 regulation and found that MBNL1 plays a role in the upstream of circSTAU2, which binds to STAU2 pre-
mRNA and promotes the formation of circSTAU2.

Exosomes, as a new means of information transfer between cells, have been reported to play an important role in

which is consistent with our results in GC cells. Collectively, our study

tumor progression, which has aroused great interest of researchers.*>*' Recent study shows that exosome-mediated
circRNAs are crucial for promoting the progression of colorectal cancer.*? Therefore, after verifying the specific
mechanism of circSTAU2 in GC progression, we further explored the role of circSTAU2 in exosomes. As expected,
our study showed that circSTAU2 can incorporate into exosomes. After taken up by recipient cells, it can transmit the
inhibitory effects on GC progression. This finding suggests that exosomes wrapped with circSTAU2 may be potentially
used for GC therapy.

Conclusion

CircSTAU?2 is downregulated in GC and circSTAU2 overexpression inhibits GC progression by functioning as a sponge
for miR-589 to relieve its inhibitory effect on CAPZA1. Meanwhile, MBNLI acts as the upstream RBP of circSTAU2
and regulates its expression. Furthermore, we found that circSTAU2 can be incorporated into exosomes and transmit the
inhibitory effect on GC progression, which may provide new ideas for GC treatment.
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