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Abstract 

Background  Exosome, a component of liquid biopsy, loaded protein, DNA, RNA and lipid gradually emerges 
as biomarker in tumors. However, exosomal circRNAs as biomarker and function mechanism in gastric cancer (GC) are 
not well understood.

Methods  Differentially expressed circRNAs in GC and healthy people were screened by database. The identification 
of hsa_circ_000200 was verified by RNase R and sequencing, and the expression of hsa_circ_000200 was evalu‑
ated using qRT-PCR. The biological function of hsa_circ_000200 in GC was verified in vitro. Western blot, RIP, RNA 
fluorescence in situ hybridization, and double luciferase assay were utilized to explore the potential mechanism 
of hsa_circ_000200.

Results  Hsa_circ_000200 up-regulated in GC tissue, serum and serum exosomes. Hsa_circ_000200 in serum 
exosomes showed better diagnostic ability than that of tissues and serum. Combined with clinicopathological 
parameters, its level was related to invasion depth, TNM staging, and distal metastasis. Functionally, knockdown 
of hsa_circ_000200 inhibited GC cells proliferation, migration and invasion in vitro, while its overexpression played 
the opposite role. Importantly, exosomes with up-regulated hsa_circ_000200 promoted the proliferation and migra‑
tion of co-cultured GC cells. Mechanistically, hsa_circ_000200 acted as a “ceRNA” for miR-4659a/b-3p to increase 
HBEGF and TGF-β/Smad expression, then promoted the development of GC.

Conclusions  Our findings suggest that hsa_circ_000200 promotes the progression of GC through hsa_circ_000200/
miR-4659a/b-3p/HBEGF axis and affecting the expression of TGF-β/Smad. Serum exosomal hsa_circ_000200 may 
serve as a potential biomarker for GC.
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Introduction
Gastric cancer (GC) is a common malignant tumor with 
high morbidity and mortality [1]. The histopathological 
examination has been considered to be the gold standard 
for diagnosing GC [2], but it is invasive, highly heteroge-
neous, and prone to complications [3]. Tumor markers, 
as early clinical diagnosis and prognostic indicators, are 
less invasive and readily accepted by GC patients. So far, 
carcinoembryonic antigen (CEA) and CA19-9 are rou-
tinely used serum tumor biomarkers in clinical practice, 
but their sensitivity and specificity are not high, and they 
still have some limitations in the diagnosis and therapy 
of GC [4, 5]. Therefore, it is crucial to explore a sensitive 
and specific non-invasive marker for GC.

Over the past decade, liquid biopsy has attracted exten-
sive attention in the field of oncology diagnosis, efficacy 
and prognosis due to its low invasiveness. Exosome, one 
of contents of liquid biopsy, has gradually become the 
new star in cancer for its stable structure, high abun-
dance and rich in bioactive substances. Exosomes are 
small extracellular vesicles (sEVs) with a diameter of 
30–150  nm, composed of phospholipid bilayers and 
abundant bioactive substances including proteins, mes-
senger RNA (mRNA), microRNA (miRNA), and circular 
RNA (circRNA) [6]. CircRNAs are stable and enriched in 
exosomes. They are covalently closed endogenous bio-
molecules with cell-specific and tissue-specific expres-
sion patterns in eukaryotes that can act as miRNA 
sponges, translate proteins, and regulate epigenetic 
modifications [7]. Accumulating evidence indicates that 
exosomal circRNAs are closely related to the occurrence 
and development of tumors, and are important regula-
tors of tumors [8–11]. In addition, previous studies have 
demonstrated that abundant and stable circRNAs can be 
detected in human blood exosomes and can be used as 
tumor non-invasive liquid biopsy biomarkers [12, 13].

In this study, we identified hsa_circ_000200 associated 
with GC, explored its clinical significance, function and 
potential mechanism in GC progression. We found that 
hsa_circ_000200 (CircBase ID: hsa_circ_0000670) was 
significantly up-regulated in tissues, serum and serum 
exosomes of GC patients. It promoted the development 
of GC by sponging miR-4659a/b-3p and increasing the 
expression of heparin-binding epidermal growth factor-
like growth factor (HBEGF) and TGF-β/Smad. Our find-
ings suggest that serum exosomal hsa_circ_000200 may 
be a biomarker and proved new insights for liquid biopsy 
of GC.

Materials and methods
Clinical specimens
A total of 98 pairs of GC tissues and adjacent nonon-
cologic tissues (5  cm away from the tumor edge) were 
obtained from patients undergoing surgical excision 
at Department of General Surgery, the Affiliated Peo-
ple’s Hospital of Jiangsu University from 2018 to 2020. 
Serum specimens from 54 GC patients and 54 healthy 
controls were also collected during this period. The clin-
icopathological features were analyzed, including 95 tis-
sue samples and 50 serum samples. All of the serum and 
tissue samples were aliquoted and stored at − 80 °C. This 
study was approved by the Medical Ethics Committee of 
Jiangsu University (2012258, 2022264).

Cell culture and transfection
The HGC-27, MKN-45, AGS cell lines were purchased 
from Runke Biotechnology (Guangzhou, China) and the 
MGC803 and HEK-293T were from Cell Bank of the 
Chinese Academy of Sciences (Shanghai, China). Nor-
mal gastric mucosa epithelial cell line GES-1 was pur-
chased from Gefan Biological Technology (Shanghai, 
China). The MGC-803 and HEK-293T were cultured 
in high-glucose DMEM (Bioind, Israel). The HGC-27, 
MKN-45 and GES-1 cells were maintained in RPMI-1640 
(Bioind, Israel) and the AGS cells were propagated in 
DMEM/F-12 Medium (Bioind, Israel). All cell lines were 
supplemented with 10% fetal bovine serum (FBS; Excell, 
China) in a humid environment with 5% CO2 at 37  °C. 
The plasmid of hsa_circ_000200 (OE) was synthesized by 
BersinBio (Guangzhou, China), and ASO targeting hsa_
circ_000200 was synthesized by RiboBio (Guangzhou, 
China). The sequence of ASO was TGT​GTT​GAA​GGG​
ACT​GTT​TA. Furthermore, miR-4659a/b-3p mimics 
or inhibitors were designed and synthesized by GeneP-
harma (Suzhou, China). The plasmids, ASO and miRNA 
mimics or inhibitors were transfected into cells with 
Lipofectamine 2000 (Invitrogen, USA). RNA collection 
and cell function experiments were performed 48 h after 
transfection. Protein collection was performed 72 h after 
transfection.

Exosome isolation and identification
Exosomes from human serum (serum-ex) were isolated 
from ExoQuick exosome precipitation solution (SBI, 
USA). Exosomes of cell origin were collected by super-
centrifugation. The supernatant of GC cells was centri-
fuged at 2000×g for 10 min to remove precipitated cells, 
followed by 30 min at 10,000×g to remove cell debris, and 
then centrifuged at 100,000×g for 2 h and repeated once. 
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The precipitate was dissolved in sterile PBS after super-
centrifugation to obtain exosomes. All exosomes were 
stored at − 80 °C. To identify extracted exosomes, trans-
mission electron microscopy and nanoparticle tracking 
analysis (NTA) were used to determine exosome form 
size and western blot was applied to evaluate exosome 
protein markers (CD63, CD81, TSG101 and Calnexin).

Exosome co‑culture assay
Hsa_circ_000200 had high content in MKN-45 exosomes 
and low content in AGS exosomes, so we collected 
and extracted MKN-45 exosomes (with a concentra-
tion of 1.3 × 108 particles/mL) for co-culture with AGS. 
We digested the AGS in logarithmic growth phase and 
seeded it in a 6-well plate at a density of 2 × 105, then cul-
tured at 5% CO2 at 37 °C for adhesion. Added PBS, 20 μL 
exosomes/well (MKN-45-ex-20) and 40  μL exosomes/
well (MKN-45-ex-40) to the corresponding hole. 
Changed the medium every 24  h and continued to add 
exosomes of the corresponding concentration. After 48 h 
of culture, we harvested cells for functional experiments.

RNA fluorescence in situ hybridization (FISH)
The specific probe of hsa_circ_000200 was labeled by 
Cy3 and synthesized by GenePharma and the signals 
were detected using FISH Kit (GenePharma, Suzhou, 
China). Grew exponential growth cells into 12-well plates 
and fixed when the cells were 40–50% fusion. Cells were 
permeabilized with 0.1% Triton X-100 and specifically 
hybridized with hsa_circ_000200, U6 and 18S overnight 
at 37  °C. Nuclei was stained with DAPI. Laser scanning 
confocal microscope (Nikon, Japan) was used for visuali-
zation and image acquisition.

RNA preparation, RNase R, qRT‑PCR and sequencing
Total RNA from serum and serum exosomes was sepa-
rated using miRNeasy Serum/Plasma kit (Qiagen, 
Germany). Total RNA from cell lines and tissues was 
extracted and purified using TRIzol reagent (Gibco, 
USA). In the RNase R assay, 2 μg cell-derived total RNA 
was incubated at 37 °C for 15 min with 6 U/3 μL RNAse 
R (Epicentre, USA). These RNAs were transcribed into 
cDNA using HiScript IIIst Strand cDNA Synthesis Kit 
(Vazyme, Nanjing, China). Subsequently, qRT-PCR was 
executed on 7300 Plus (ABI, USA) with AceQ qpcr sybr 
green master mix (Vazyme, Nanjing, China). The qRT-
PCR products were sent for sequencing (Sangon Biotech, 
Shanghai, China). β-actin was used as an internal con-
trol and the results for each sample were normalized to 
β-actin expression. The expression level was calculated 
by −∆Ct method and the relative expression level was 
presented by 2−∆∆Ct method. Primer sequences of this 
study were shown in Table 1.

Transwell assays and cell counting kit‑8 (CCK8) assay
The migration experiment was similar to the invasion, 
but the difference was migration used normal tran-
swell chamber (Corning, MA, USA) while the invasion 
used transwell chamber with matrix (BD Biosciences). 
600  μL nutrient solution containing 10%FBS was added 
to the 24-well plate and placed the transwell chamber 
in the well for later use. After the cells were treated for 
48 h, suspended them in non-FBS nutrient solution, and 
then seeded 100,000 cells into the transwell chamber at 
200  μL. Incubated at 37  °C for 12–24  h, fixed with 4% 
paraformaldehyde and stained with crystal violet, the 
results were observed under a microscope. Cell prolif-
eration assay was determined by CCK8. After the cells 
were transfected for 48 h, 1000 cells were suspended in 
100 μL nutrient solution containing 10%FBS and seeded 
in 96-well plates, 10 μL CCK8 (Vazyme, Nanjing, China) 
was added to each well for 2  h. Then, using microplate 
reader (BioTEK, USA) to measure the absorbance at 
450  nm. The above measurements were continued for 
5 days.

RNA–protein immunoprecipitation (RIP)
Using Magna RIP RNA-Binding Protein Immunopre-
cipitation Kit (Millipore, Billerica, USA) to perform 
RIP assay. According to the instruction manual of kit, 
cell lysate was incubated with magnetic beads conju-
gated to IgG antibodies and anti-Ago2 (Millipore, Bill-
erica, USA). The system was rotated and incubated 
overnight at 4  °C. The purified RNA was detected by 
qRT-PCR.

Table 1  Sequences of primers for qRT-PCR and miRNA related 
sequence

Name Sequence

Hsa_circ_000200 Forward GCA​TTC​TTA​CTC​TTA​GGG​TTC​ATA​C

Reverse CCC​TTC​AAC​ACA​ACA​CTG​TCTTA​

miR-4659a-3p Forward CGT​CAC​CGT​TTC​TTC​TTA​GACA​

miR-4659b-3p Forward CGA​CGT​TTC​TTC​TTA​GAC​ATGG​

miR-4659a/b-3p Reverse TAT​GGT​TGT​TCT​GCT​CTC​TGT​CTC​

U6 Forward CGC​TTC​GGC​AGC​ATA​TAC​

Reverse TTC​ACG​AAT​TTG​CGT​GTC​ATC​

β-actin Forward GAC​CTG​TAC​GCC​AAC​ACA​GT

Reverse CTC​AGG​AGG​AGC​AAT​GAT​CT

HBEGF Forward TCC​TCT​CGG​TGC​GGG​ACC​AT

Reverse GTG​CCG​AGA​GAA​CTG​CAG​CCAG​
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Western blot
Cells were lysed using RIPA buffer (Pierce, Shanghai, 
China) containing protease inhibitors to obtain total 
protein. Protein samples were separated by SDS-Poly-
acrylamide gel electrophoresis (SDS-PAGE) and then 
transferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore, USA). The membrane was blocked in 
5% skim milk for 2 h, then incubated with primary anti-
bodies at 4℃ overnight. The primary antibodies were 
as follows: anti-β-actin (SAB, 21800-2); anti-Mmp9 
(CST, 13667S); anti-E-cadherin (Bioworld, BS1098); 
anti-N-Cadherin (CST, 14215S); anti-Slug (CST, 9585P); 
anti-Twist (CST, 46702s); anti-Vimentin (Bioworld, 
BS1491); anti-PCNA (CST, 13110); anti-CyclinD1 (Bio-
world, BS1741); anti-CD44 (Bioworld, BS6825); anti-
Sox2 (CST, 23064S); anti-Oct4 (CST, 2750S); anti-Lin28 
(Proteintech, 11724-1-AP); anti-Nanog (SAB, 21423); 
anti-CD63 (Proteintech, 25682-1-AP); anti-CD81 (Pro-
teintech, 18250-1-AP); anti-TSG101 (Abcam, ab125011); 
anti- Calnexin (Abcam, ab22595); anti-HBEGF (SANTA 
CRUZ, sc-365182); anti-TGF-β (Bioworld, BS1361); 
anti-Smad2/3 (Wanleibio, WL01520); anti-P-Smad2/3 
(Wanleibio, WL02305). Afterwards, the membrane was 
washed three times with Tris–HCl buffered salt solutions 
and Tween (TBST), then incubated at room temperature 
with the second antibody for 2 h. After washing by TBST 
three times, proteins on the membrane were visualized 
using enhanced chemiluminescence (ImageQuant LAS-
4000mini, GE, Japan).

Dual luciferase reporter assay
A wild type or mut-hsa_circ_000200/HBEGF fragments 
were constructed and inserted into the pmirGLO’s down-
stream of luciferase reporter gene (GenePharma, Suzhou, 
China). We co-transfected with a mixture of luciferase 
reporter vectors into HEK-293T or GC cells to examine 
the hsa_circ_000200 and miR-4659a/b-3p, HBEGF and 
miR-4659a/b-3p binding abilities. After 48  h, the cells 
were collected and the luciferase activity of firefly and 
kidney were detected by Dual-Glo Luciferase Assay Kit 
(Vazyme, Nanjing, China).

Statistical analysis
All data were statistically analyzed using SPSS 20.0 (IBM, 
Chicago, IL) and GraphPad Prism version 7.0 software 
(LaJolla, CA, USA). To statistically compare the signifi-
cance of differences between two or more groups, we 
used the Student’s t-test and one-way ANOVA. ROC 
analysis was used to evaluate the diagnostic value of 
hsa_circ_000200 of GC. Kaplan–meier method and log-
rank test curve of survival were used for survival analysis. 
P < 0.05 was considered statistically significant.

Results
Serum exosome‑derived hsa_circ_000200 acts 
as a potential biomarker for GC diagnosis
According to the circRNA microarray of Gene Expres-
sion Omnibus (GEO, https://​www.​ncbi.​nlm.​nih.​gov/​
geo/) database (GSE83521 and GSE93541), we screened 
out the highly expressed circRNA-hsa_circ_000200. 
Hsa_circ_000200 was back spliced by intron 3 of ORF72 
on chromosome 16 (Fig. 1A). Then we designed the spe-
cific primers for hsa_circ_000200. The dissolution curve 
of the primers was unimodal, and agarose gel electro-
phoresis proved that the length of the product was con-
sistent with the designed theoretical length (Additional 
file  1: Fig. S1A, B). RNase R assay and sequencing veri-
fied its existence and primers were designed successfully 
(Fig.  1B, C). We found that hsa_circ_000200 was highly 
expressed in GC tissues (Fig.  1D), which was related to 
the shorter survival time of GC patients (Fig. 1E). Pear-
son correlation analysis showed that the expression of 
hsa_circ_000200 in tissues was correlated with invasion 
depth and TNM stage (Table 2). In addition, the particle 
size, electron microscope morphology and surface mark-
ers of extracted serum exosomes were shown in Addi-
tional file 1: Fig. S1C–E. Hsa_circ_000200 was elevated in 
serum and serum exosomes from GC patients (Fig.  1G, 
I). Its expression of serum exosomes was associated with 
distal metastasis, CA199 and CA125 (Table 3). The area 
under the ROC curve (AUC) of hsa_circ_000200 in tis-
sues, serum and serum exosomes were 0.6287, 0.6444 
and 0.7092 respectively, suggesting that it had better 
diagnostic efficiency for serum exosomes (Fig.  1F, H, J). 
Collectively, these results illustrate that hsa_circ_000200 
is consistently highly expressed in tissues, serum and 
serum exosomes, being mainly related to the metastasis 
of GC, acting as the potential biomarker.

Hsa_circ_000200 promotes the progression of GC, 
especially in metastasis
Next, we probed into the expression of hsa_circ_000200 
in GC cells. The expression of hsa_circ_000200 in GC 
cells were higher than GES-1 cells, especially in MKN-45 
and HGC-27 cells (Fig. 2A). We extracted and character-
ized exosomes derived from GC cells (Fig. 2B; Additional 
file  1: Fig. S1F, G). Hsa_circ_000200 was up-regulated 
in GC cell-derived exosomes, with the highest expres-
sion in MKN-45 cells (Fig. 2C). FISH assay showed that 
hsa_circ_000200 was principally located in the cytoplasm 
in MKN-45, AGS and GES-1 cells, while it was distrib-
uted in both the nucleus and the cytoplasm of HGC-
27 cells (Fig.  2D). In GC and paired paracancer tissues, 
hsa_circ_000200 is roughly distributed in the cytoplasm 
(Additional file 1: Fig. S2).

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
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To further explore the role of hsa_circ_000200 in GC 
cells, we designed specific antisense oligonucleotide 
(ASO) to knockdown hsa_circ_000200 in MKN-45 and 
HGC-27 cells (Fig. 3A). The proliferation and clonal for-
mation of MKN-45 and HGC-27 cells were decreased 
(Fig. 3B, C). The proportion of S phase cells was reduced 
after knockdown hsa_circ_000200 (Additional file  1: 
Fig. S3A). The ability of migration and invasion of GC 
cells was weakened after knockdown hsa_circ_000200 
(Fig.  3D, E). Besides, western blot presented that the 

expression of metastasis related indicators such as 
Mmp9, N-cadherin, Slug, Twist and Vimentin were 
decreased, but E-cadherin was increased. The prolifera-
tion indicators PCNA, CyclinD1 and the stem cell mark-
ers CD44, Sox2, Oct4, Lin28, Nanog were weakened 
(Fig. 3F, Additional file 1: Fig. S5A, B). On the contrary, 
the proliferation, invasion and metastasis of AGS cells 
were enhanced after hsa_circ_000200 overexpression 
with plasmids (Fig.  3G–J; Additional file  1: Fig. S3B). 
Western blot results were opposite to hsa_circ_000200 

Fig. 1  Serum exosomal hsa_circ_000200 acts as a potential biomarker for GC diagnosis. A Schematic diagram of the formation of hsa_circ_000200. 
B The level of hsa_circ_000200 under RNase R treatment compared with the level of β-actin. C The sequencing results of hsa_circ_000200. D The 
expression of hsa_circ_000200 in 98 paired of GC tissues and paracancer tissues. E Survival analysis of GC patients according to the expression 
of hsa_circ_000200 in tissues. F The area under the ROC curve of the GC tissues (Sensitivity = 82.65%, Specificity = 40.82%). G The expression of hsa_
circ_000200 in 54 paired of GC patient serum. H The area under the ROC curve of the GC patient serum (Sensitivity = 50%, Specificity = 81.48%). 
I The expression of hsa_circ_000200 in 50 paired of GC patient serum-derived exosomes. J The area under the ROC curve of the GC patient 
serum-derived exosomes (Sensitivity = 98%, Specificity = 44%). *P < 0.05, **P < 0.01, ***P < 0.001
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knockdown (Fig.  3K, Additional file  1: Fig. S5C). Over-
all, hsa_circ_000200 knockdown inhibits the progress of 
GC, especially in metastasis, suggesting that it may play 
an essential role in the progression of GC as a metastasis-
promoting factor.

Exosomes transport hsa_circ_000200 to promote 
the progression of GC
In order to further investigate whether hsa_circ_000200 
can play a role in GC cells through exosome delivery. 
We first detected the expression of hsa_circ_000200 in 
exosomes of GC cells, and found that the expression of 
exosomes derived from MKN-45 cells was the highest, 
while AGS cells was less (Fig. 2C). Therefore, we collected 
and extracted exosomes from MKN-45 cells (Fig.  4A) 
and co-culture it with AGS cells. Fluorescent labeling 
results showed that AGS cells could ingest the added 
exosomes (Fig.  4B). The expression of hsa_circ_000200 
in AGS cells appeared concentration-dependent of 
exosomes (Fig.  4C). After co-culture of exosomes, the 
cell cycle experiment showed that S phase cells were 
increased (Additional file  1: Fig. S3C), and the prolif-
eration ability of AGS cells was enhanced (Fig. 4D). The 
migration of cells was enhanced (Fig.  4E). Western blot 
showed that the expression level of metastasis related 

indicators such as Twist, Mmp9 and N-cadherin were 
increased, while E-cadherin was decreased. The expres-
sion of stemness related indicators were increased, espe-
cially CD44, Nanog and Lin28 (Fig. 4F, Additional file 1: 
Fig. S5D). Taken together, hsa_circ_000200 enriched 
in exosomes derived from GC cells can be delivered to 
other surrounding cells to enhance proliferation and 
migration in GC, indicating that exosomes carrying hsa_
circ_000200 act as a bridge of communication between 
GC cells.

Hsa_circ_000200 acts as the sponge of miR‑4659a/b‑3p
To explore the underlying function mechanism of 
hsa_circ_000200 in GC, FISH assay showed that hsa_
circ_000200 was primarily located in the cytoplasm 
(Fig.  2D), suggesting that hsa_circ_000200 might play a 
role as miRNA sponge in GC. RIP assay proved that hsa_
circ_000200 could combine with Ago2 (Fig.  5A). Bioin-
formatics prediction software (circbank, starbase and 

Table 2  Correlation between hsa_circ_000200 expression and 
clinical pathological characteristic in GC (n = 95)

*P＜0.05, **P＜0.01

Features Number High Low P value

Gender

 Male 68 (72%) 57 (72%) 11 (69%) 0.768

 Female 27 (28%) 22 (28%) 5 (31%)

Age (years)

 < 60 19 (20%) 15 (19%) 4 (25%) 0.732

 ≥ 60 76 (80%) 64 (81%) 12 (75%)

Tumor size (cm)

 < 5 43 (45%) 33 (42%) 10 (63%) 0.171

 ≥ 5 52 (55%) 46 (58%) 6 (37%)

Lymphatic metastasis

 N0 20 (21%) 15 (19%) 5 (31%) 0.316

 N1–3 75 (79%) 64 (81%) 11 (69%)

Distal metastasis

 M0 93 (98%) 77 (97%) 16 (100%) 0.988

 M1 2 (2%) 2 (3%) 0 (0%)

Invasion depth

 T1 and T2 5 (5%) 1 (1%) 4 (25%) 0.003**

 T3 and T4 90 (95%) 78 (99%) 12 (75%)

TNM stage

 I and II 20 (21%) 13 (16%) 7 (44%) 0.038*

 III and IV 75 (79%) 66 (84%) 9 (56%)

Table 3  Correlation between hsa_circ_000200 expression and 
clinical pathological characteristic in GC serum exosomes (n = 50)

*P＜0.05

Features Number High Low P value

Gender

 Male 39 (78%) 20 (77%) 19 (79%) 0.848

 Female 11 (22%) 6 (23%) 5 (21%)

Age (years)

 < 60 10 (20%) 5 (19%) 5 (21%) 0.887

 ≥ 60 40 (80%) 21 (81%) 19 (79%)

Tumor size (cm)

 < 5 29 (58%) 12 (60%) 17 (57%) 0.815

 ≥ 5 21 (42%) 8 (40%) 13 (43%)

Lymphatic metastasis

 N0 16 (32%) 9 (28%) 7 (39%) 0.434

 N1–3 34 (68%) 23 (72%) 11 (61%)

Distal metastasis

 M0 45 (90%) 20 (80%) 25 (100%) 0.018*

 M1 5 (10%) 5 (20%) 0 (0%)

Invasion depth

 T1 and T2 12 (24%) 4 (16%) 8 (32%) 0.185

 T3 and T4 38 (76%) 21 (84%) 17 (68%)

TNM stage

 I and II 19 (38%) 9 (30%) 10 (50%) 0.153

 III and IV 31 (62%) 21 (70%) 10 (50%)

CA199

 Negative 41 (82%) 18 (69%) 23 (96%) 0.014*

 Positive 9 (18%) 8 (31%) 1 (4%)

CA125

 Negative 42 (84%) 19 (73%) 23 (96%) 0.028*

 Positive 8 (16%) 7 (27%) 1 (4%)
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circinteractom) screened miRNAs (miR-515-5p, miR-
652-5p, miR-1243, miR-4659a-3p and miR-4659b-3p) 
might bind to hsa_circ_000200. After overexpression of 
hsa_circ_000200, only the expression of miR-4659a/b-
3p was down-regulated in HEK-293T and MKN-45 
cells (Fig. 5B, C). Subsequently, we constructed a double 
luciferase reporter plasmid and their binding was exper-
imentally confirmed (Fig. 5D, E). The expression of miR-
4659a/b-3p was down-regulated in GC cell lines, and 
significantly in HGC-27 and MKN-45 (Fig. 5F). Next, we 
found that miR-4659a/b-3p acts as a tumor suppressor 
molecule in GC. After transfection with miR-4659a/b-3p 
mimics, the proliferation, clonal formation and migra-
tion of GC cells were reduced, while transfection with 

inhibitor had opposite results (Fig.  5G–I). These results 
indicated that miR-4659a/b-3p acts as a downstream of 
hsa_circ_000200 to inhibit the proliferation and migra-
tion of GC.

Hsa_circ_000200 promotes metastasis and proliferation 
of GC via miR‑4659a/b‑3p/HBEGF axis
Furthermore, hsa_circ_000200 and miR-4659a/b-
3p were simultaneously transfected in AGS cells. We 
found that miR-4659a/b-3p could reverse the promot-
ing effect of hsa_circ_000200 on the proliferation and 
metastasis of GC (Fig.  6A, B). Next, the downstream 
target genes (HAS2, HBEGF, YES1, PTPN11, PRRG4) 
of miR-4659a/b-3p were predicted by bioinformatics 

Fig. 2  Expression and localization of hsa_circ_000200 in gastric cancer cell lines and its exosomes. A The expression of hsa_circ_000200 in GC cell 
lines. B Protein identification of cell and cell exosomes. C The expression of hsa_circ_000200 in exosomes of GC cell lines. D The localization of hsa_
circ_000200 in GES-1, HGC-27, MKN-45 and AGS cells. *P < 0.05, **P < 0.01, ***P < 0.001
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software (TargetScan, miRTarBase and mirDB) and 
detected in GC cells using qRT-PCR. Among them, 
only HBEGF was consistent with the expression of 
hsa_circ_000200 and was opposite to miR-4659a/b-3p 
(Additional file 1: Fig. S4A–C). Dual luciferase report-
ing assay demonstrated that HBEGF could bind to miR-
4659a/b-3p (Fig.  6C), the binding site was showed in 
Additional file 1: Fig. S4D. HBEGF was highly expressed 
in GC tissues (Fig.  6D). And there was a positive cor-
relation between the expression level of HBEGF and 
hsa_circ_000200 (r = 0.7074, Fig.  6E). Further, west-
ern blot also confirmed that the expression of HBEGF 
increased after hsa_circ_000200 overexpression, while 

transfection with ASO had opposite results (Fig.  6F, 
Additional file 1: Fig. S5E, F). Transfection of si-HBEGF 
into AGS cells that overexpressing hsa_circ_000200 
reversed the ability of promoting migration and pro-
liferation (Fig. 6G; Additional file 1: Fig. S4E). Western 
blot showed that the expression of PCNA, CyclinD1, 
Slug and Twist were increased after overexpression of 
hsa_circ_000200 in AGS, while simultaneous knock-
down of HBEGF reversed its promoting effect (Fig. 6H, 
Additional file 1: Fig. S5G). These findings suggest that 
HBEGF is a downstream target gene of miR-4659a/b-
3p. By reviewing the literature, we found that the 
combined action of epidermal growth factor (EGF) 

Fig. 3  Hsa_circ_000200 promotes the progression of GC and maintains its stemness. A Hsa_circ_000200 knockdown efficiency is assessed 
by qRT-PCR. B Assessment of the proliferation in MKN-45 and HGC-27 cells transfected with control or hsa_circ_000200 ASO by CCK8 assay. C 
The number of cell clones after hsa_circ_000200 knockdown in MKN-45 and HGC-27 cells. D Hsa_circ_000200 knockdown inhibits the migration 
of MKN-45 and HGC-27 cells. E Hsa_circ_000200 knockdown inhibits the invasion of MKN-45 and HGC-27 cells. F The expression of proliferation, 
metastasis, and stemness-related proteins in GC cells after hsa_circ_000200 knockdown. G Hsa_circ_000200 overexpression efficiency is assessed 
by qRT-PCR. H Assessment of the proliferation in AGS cells transfected with control or hsa_circ_000200 plasmid by CCK8 assay. I. The number of cell 
clones after hsa_circ_000200 overexpression in AGS cells. J Hsa_circ_000200 overexpression promotes the migration and invasion of AGS cells. K 
The expression of proliferation, metastasis, and stemness-related proteins in GC cells after hsa_circ_000200 overexpression. *P < 0.05, **P < 0.01, 
***P < 0.001
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and TGF-β signaling is a typical oncogenic coopera-
tive and environmentally dependent mode [14]. Smad 
is a typical intracellular transcriptional effector of 

TGF-β receptor [15]. As a member of the EGF fam-
ily, we suspect that HBEGF can also interact with 
TGF-β/Smad. Western blot results showed that after 

Fig. 4  Exosomes transport hsa_circ_000200 to promote the progression of GC. A Morphology of exosomes derived from MKN-45 cells 
under transmission electron microscopy. B The results of AGS uptake of exosomes from MKN-45 cells. C Expression of hsa_circ_000200 in AGS cells 
after co-culture of exosomes. D Assessment of the proliferation in AGS cells treated with exosomes from MKN-45 cells by CCK8 assay. E Exosomes 
from MKN-45 cells promote the migration of AGS cells. F The expression of proliferation, metastasis, and stemness-related proteins in GC cells 
after co-culture of exosomes. *P < 0.05, **P < 0.01, ***P < 0.001

Fig. 5  Hsa_circ_000200 acts as the sponge of miR-4659a/b-3p. A Level of hsa_circ_000200 detected by qRT-PCR after RIP for Ago2. B 
Validation of the levels of miRNAs that may bind to hsa_circ_000200 after overexpression of hsa_circ_000200 in HEK-293T cells. C Validation 
of the levels of miRNAs that may bind to hsa_circ_000200 after overexpression of hsa_circ_000200 in MKN-45 cells. D The potential binding 
site of miR-4659a/b-3p in hsa_circ_000200 is predicted by bioinformatic software. E The binding of hsa_circ_000200 and miR-4659a/b-3p 
is demonstrated by dual-luciferase reporter assay in MKN-45 cells. F Expression of miR-4659a/b-3p in GES-1, HGC-27, AGS and MKN-45. G. 
Assessment of the proliferation in MKN-45 and HGC-27 cells transfected with control or miR-4659a/b-3p mimics by CCK8 assay (G left and middle); 
assessment of the proliferation in AGS cells transfected with control or miR-4659a/b-3p inhibitor by CCK8 assay (G right). H. The number of cell 
clones in MKN-45 and HGC-27 after miR-4659a/b-3p mimics transfection (H above); the number of cell clones in AGS after miR-4659a/b-3p inhibitor 
transfection (H below). I The results of migration assays in MKN-45 and HGC-27 after miR-4659a/b-3p mimics transfection (I above); the results 
of migration assays in AGS after miR-4659a/b-3p inhibitor transfection (I below). *P < 0.05, **P < 0.01, ***P < 0.001

(See figure on next page.)
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Fig. 5  (See legend on previous page.)



Page 11 of 15Huang et al. Cancer Cell International          (2023) 23:151 	

overexpression of hsa_circ_000200, the expression of 
HBEGF and TGF-β/Smad signaling pathway increased, 
and HBEGF knockdown reversed the promoting effect 
(Fig. 6I, Additional file 1: Fig. S5H). In summary, hsa_
circ_000200 promotes metastasis and proliferation of 
GC by affecting the expression of TGF-β/Smad and 
miR-4659a/b-3p/HBEGF axis (Fig. 7).

Discussion
GC is still a common malignant tumor that threatens 
human health at present. Its early symptoms are atypi-
cal, easy to be ignored and develop into advanced GC, 

resulting in poor treatment effect [16, 17]. In order to 
improve the early diagnosis rate and overcome the limi-
tations of invasive tissue biopsy, liquid biopsy came into 
being. Liquid biopsy is an informative and minimally 
invasive tool with almost all tumor molecular character-
istics, which can monitor tumor occurrence, metastasis, 
recurrence in real time, and evaluate treatment effect 
[18]. Liquid biopsy mainly isolates tumor-derived enti-
ties, such as circulating tumor DNA, circulating tumor 
cells, and tumor extracellular vesicles, then analyzes the 
genomic and proteomic data contained therein [19]. 
Saliva, blood, urine, pleural effusion, and cerebrospinal 

Fig. 6  Hsa_circ_000200 promotes metastasis and proliferation of GC through regulating miR-4659a/b-3p/HBEGF axis. A Assessment 
of the proliferation in AGS cells transfected with hsa_circ_000200 plasmid and miR-4659a/b-3p mimics by CCK8 assay. B The results of migration 
assays in AGS after hsa_circ_000200 plasmid and miR-4659a/b-3p mimics transfection. C The binding of miR-4659a/b-3p and HBEGF is proved 
by dual-luciferase reporter assay in HEK-293T and HGC-27 cells. D The expression of HBEGF in 27 paired GC tissues and paracancer tissues. E. In 
the GC tissues, the level of hsa_circ_000200 and HBEGF were positively correlated by using Pearson correlation analysis. F The western blot results 
of HBEGF after hsa_circ_000200 ASO/plasmid transfection. G The results of migration assays in AGS after hsa_circ_000200 plasmid and si-HBEGF 
transfection. H, I The western blot results after hsa_circ_000200 plasmid and si-HBEGF transfection. *P < 0.05, **P < 0.01, ***P < 0.001
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Fig. 7  The mechanism diagram of the role of hsa_circ_000200 in GC
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fluid can be used as liquid biopsy specimens. Because 
of the greatest contact between blood and tumor, most 
liquid biopsies utilize blood as the sample source [20]. 
Consequently, the search for blood-derived liquid biopsy 
markers is anticipated to enhance the early diagnosis rate 
of GC.

Accumulating evidence has shown that circRNAs are 
closely related to the occurrence and development of 
GC [21–24]. However, there are numerous types of cir-
cRNAs, their functions and mechanisms in GC are still 
unknown. In this study, we found hsa_circ_000200 was 
significantly up-regulated in GC cells and tissues, which 
consistent with previous literature reports [25]. In addi-
tion, since exosomes are an essential part of liquid biopsy 
[26], we detected hsa_circ_000200 in serum exosomes 
and found it was also significantly highly expressed in 
serum exosomes of GC patients and significantly corre-
lated with the metastasis of GC, suggesting that exosomal 
hsa_circ_000200 may have potential as a diagnostic bio-
marker for GC.

The occurrence and development of tumors are insep-
arable from the proliferation, metastasis and intercel-
lular communication. Here, we have confirmed that 
hsa_circ_000200 acts as an oncogene-like molecule and 
correlates with invasion depth, TNM stage and metasta-
sis, indicating it may be an important molecule involved 
in GC progression. Exosomes are a class of small vesicles 
carrying a variety of biological information, which can 
participate in the information communication between 
tumor cells. CircRNAs can be enriched in exosomes [12]. 
We found hsa_circ_000200 was significantly increased 
in the serum exosomes of GC patients. It enriched in 
exosomes and transferred to the surrounding cells to 
promote cell proliferation and metastasis. In addition, 
we speculated exosomal hsa_circ_000200 can also be 
secreted into the blood, which makes hsa_circ_000200 
highly expressed in the serum exosome of GC patients, 
thus distinguishing them from healthy people.

The mechanisms of circRNAs are diversified, with com-
petitive endogenous RNAs (ceRNAs) that act as miRNAs 
being one of the crucial mechanisms. Increasing studies 
have shown that circRNAs can regulate the expression 
of tumor suppressor genes or oncogenes through the 
circRNA-miRNA-mRNA axis. For example, circ-ITCH 
can suppress the metastasis of GC cells by regulating the 
miR-199a-5p/Klotho axis [27]. CircRELL1 acts as a miR-
637 sponge and inhibits the progression of GC by regu-
lating autophagy activation [28]. Hsa_circ_0110389 acts 
as a sponge for miR-127-5p and miR-136-5p to up-reg-
ulate SORT1, which in turn promoted GC progression 
[29]. In this study, we firstly found that hsa_circ_000200 
acts as a ceRNA for miR-4659a/b-3p and competitively 
bind miR-4659a/b-3p with HBEGF, thereby inhibiting the 

activity of miR-4659a/b-3p and enhancing the expres-
sion of HBEGF, TGF-β and P-smad, which in turn played 
a role in promoting GC progression. The role of miR-
4659a/b-3p in GC has not been reported in the reference. 
Our study demonstrated that miR-4659a/b-3p can inhibit 
the proliferation and metastasis of GC cells and act as a 
bridge between hsa_circ_000200 and HBEGF for the first 
time. Studies have shown that Helicobacter pylori infec-
tion promotes the expression of HBEGF and induces the 
occurrence of GC [30]. HBEGF is highly expressed in 
GC tissues and can promote the metastasis of GC cells 
[31]. This is consistent with our results. We found that 
HBEGF is positively correlated with hsa_circ_000200 in 
GC tissues, suggesting that HBEGF may played a role as 
a tumor promoter. We also found that hsa_circ_000200 
may affect the TGF-β/Smad signaling pathway through 
the miR-4659a/b-3p/HBEGF axis. However, whether the 
miR-4659a/b-3p/HBEGF axis can affect another signal-
ing pathway remains to be explored. In addition, since 
hsa_circ_000200 was significantly enriched in exosomes, 
we speculate exosomal hsa_circ_000200 could also par-
ticipate in this axis to promote gastric cancer metastasis.

Although we found exosomal hsa_circ_000200 was 
involved in the progression of GC and preliminarily 
explored its mechanism, there are still several limitations 
in this study. Firstly, hsa_circ_000200 was derived from 
database screening, but it is better to obtain differen-
tially expressed circRNAs profiles by RNA-seq of serum 
exosomes from GC patients and healthy individuals. Sec-
ondly, the purpose of this study is to discover biomark-
ers for the diagnosis of GC, but the tumor heterogeneity 
is very strong, so the number of clinical samples needs 
to be further expanded. In addition, multiple circRNAs 
can be combined for diagnosis to improve the diagnostic 
efficiency.

Conclusions
We have demonstrated hsa_circ_000200 is significantly 
highly expressed in GC patient tissues and serum, espe-
cially in serum exosomes, and is closely related to metas-
tasis. Mechanistically, the occurrence and development 
of GC is promoted through hsa_circ_000200/miR-
4659a/b-3p/HBEGF axis and affecting the expression of 
TGF-β/Smad. Therefore, our findings indicate that exo-
somal hsa_circ_000200 is considered to be an impor-
tant communication molecule for GC progression and a 
potential biomarker for GC diagnosis.
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