
RESEARCH PAPER

Tumor-derived CircRNA_102191 promotes gastric cancer and facilitates M2 
macrophage polarization
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ABSTRACT
Background: Gastric cancer is a common malignant tumor of the digestive tract and the fourth leading 
cause of death from cancer-related diseases. In recent years, many studies have found that circular 
RNAs play an important role in cancer. Tumor-associated macrophages (TAMs) are also critical for 
tumor progression. Objective: This study examined the role of circRNA_102191 in gastric cancer 
progression. Methods: The relative mRNA levels were determined by qRT-PCR. Western blotting and 
ELISA were used to detect the protein levels. In vitro proliferation was assessed using CCK8 and 
clonogenic assays. The migration and invasion of cell lines were assessed by transwell-based assays. 
The interactions between molecules were detected using a luciferase reporter assay. M0 macrophages 
were induced with PMA. M1 macrophages were induced with LPS and IFN-γ, and M2 macrophages 
were induced with IL-4. Results: The expression of circRNA_102191 was enhanced significantly in 
gastric cancer cell lines and clinical tumor tissues. CircRNA_102191 promotes gastric cancer cell 
progression by regulating miR-493-3p and its downstream target gene XPR1. CircRNA_102191 can 
enhance the EMT process of gastric cancer cells by promoting the M2 polarization of macrophages. 
Conclusion: CircRNA_102191 promotes the biological function of gastric cancer cells by regulating the 
miR-493-3p/XPR1 axis and M2 macrophage polarization.
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Introduction

Gastric cancer is a common malignant tumor of 
the digestive tract and the fourth leading cause of 
death from cancer-related diseases. In recent years, 
many scientific studies have proposed new insights 
into gastric cancer [1]. On the other hand, the 
prevention and treatment of gastric cancer and 
research into its mechanism still face many chal
lenges. Therefore, it is very important to find new 
molecular markers of gastric cancer to monitor 
and intervene in its occurrence and development.

Circular RNAs are a new class of endogenous 
non-coding RNAs. Different from linear RNAs, 
circRNAs have closed circular structures. Studies 
have shown that circRNAs are present in various 
tissues [2–5] and play an important role in cancer 
[6–8]. For example, Xince Huang studied the cir
cular RNA circERBB2 to promote gallbladder

cancer progression by regulating PA2G4- 
dependent rDNA transcription [9]. Ying Yu 
reported that CircCEIP promotes anti-anoikis by 
enhancing the protective autophagy in prostate 
cancer cells [10]. Xiaodan Chong examined the 
PIK3CA mutation-mediated downregulation of 
circLHFPL2 to inhibit colorectal cancer progres
sion by upregulating PTEN [11]. The communica
tion link between gastric cancer cells and the 
tumor microenvironment is also an important 
factor in the occurrence and development of gas
tric cancer [12,13].

The tumor microenvironment contains cyto
kines, growth factors, and a variety of tumor- 
induced immune cells, which play an important 
role in immunosuppression. Tumor-associated 
macrophage TAMs can polarize into two pheno
types, M1 and M2, according to environmental
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stimuli and their activation state. In general, M1- 
type macrophages are characterized by secreting 
pro-inflammatory cytokines to eliminate tumor 
cells, while M2-type macrophages can express 
high levels of anti-inflammatory cytokines to pro
mote tumor cell progression [14]. On the other 
hand, the molecular mechanism of TAM polariza
tion in gastric cancer is unclear. In this study, an 
analysis of the gastric cancer-related circRNA 
chips in the GEO database revealed significant 
differences in circRNA_102191 expression in gas
tric cancer chips GSE141977and GSE83521. 
CircRNA_102191 was highly expressed in gastric 
cancer cells and had significant differences. The 
mechanism of circRNA_102191 regulating the 
growth and proliferation of gastric cancer cells 
was explored. Gastric cancer cells induce macro
phage polarization through circRNA_102191, 
thereby promoting the proliferation of gastric can
cer cells. Therefore, this study examined the reg
ulatory mechanism of circRNA_102191 on the 
biological function of gastric cancer cells and its 
regulatory effect on tumor-associated macrophage 
differentiation, which is expected to provide 
a theoretical basis for the clinical diagnosis and 
treatment of gastric cancer to find new tumor 
markers.

Materials and methods

Cell culture, differentiation, transfection and RNA 
FISH

The macrophage cell line THP-1 and human gastric 
cancer cell line, and gastric normal mucosa epithelial 
cells were obtained from Jiangsu University School of 
Medicine. The cells were cultured in RPMI1640 med
ium containing 10% inactivated fetal bovine serum 
and passaged every two days. When macrophage 
cells were differentiated, PMA with a final concentra
tion of 100 nmol/L was added to the THP-1 cell cul
ture medium. The cells were induced in a 37°C 
incubator for 24 h to obtain M0 macrophages. M0 
macrophage medium was then added with 20 ng/ml 
IFN-γ and 10 ng/ml LPS, and cultured for 24 h to 
differentiate into M1 macrophages. In another experi
ment, 20 ng/ml IL-4 was added and cultured for 24 h 
to induce differentiation into M2 macrophages. After 
discarding the differentiation medium, fresh complete

medium was added to continue the culture for 24 h. 
The vector was derived from the School of Medicine of 
Jiangsu University, the plasmid was synthesized by 
Sangon Biotech (Shanghai) Co., Ltd. and the siRNA 
was synthesized by GenePharma (Suzhou, China). 
Vector, circRNA_102191 plasmid, and nc, si- 
circRNA_102191 were transfected into M0 or M2 
macrophages using lipofectamine 3000. After 6 h of 
transfection, the old medium was discarded. Fresh 
complete medium was added, and the culture was 
continued for 48 h. The RNA FISH kit and probe 
were provided by GenePharma (Suzhou, China). We 
prepared reagents according to the kit instructions 
and carried out RNA fluorescence in situ 
hybridization

Co-culture of macrophages and gastric cancer 
cells

The experiments were performed using a 0.4um 
Transwell cell. Macrophages were added to the 24- 
well Transwell plate chamber at a density of 1 ×  
105 cells/well, and gastric cancer cells were added 
to the lower chamber at the same density for three 
days of co-culture.

Real-time fluorescent quantitative PCR

The cells were collected, rinsed twice with PBS, lysed 
with Trizol, and reverse transcribed to obtain cDNA, 
which was detected and analyzed by qRT-PCR using 
SYRB Super Mix. The primer was synthesized by 
Sangon Biotech (Shanghai) Co., Ltd. and the primer 
sequence is shown as Table S1.The reaction conditions 
were: 95°C, 10 s; 60°C, 30 s; 40 cycles. GAPDH was 
used as an internal reference control, and the relative 
expression level of each marker was calculated using 
the 2-ΔΔCt method.

ELISA assay

The peripheral blood of tumor-bearing mice was 
collected in anticoagulation tubes and centrifuged 
at 2000 rpm to obtain peripheral blood superna
tant, which was stored at 4°C.

M0 macrophage medium and M1 and M2 
macrophage medium after differentiation for 24 h 
were filtered through a 45 μm filter to remove cell 
debris and stored at 4°C. The standard of the
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indicator to be tested was diluted into the corre
sponding concentration gradients. A 100 μl aliquot 
of the standard and medium to be tested was 
added to the 96 blank and incubated at 4°C for 2  
h. The diluted detection antibody was then added 
and incubated at 4°C for 2 h. Finally, 
a chromogenic substrate was added for color 
development at room temperature for 15 min, 
and the stop solution was then added to quench 
the color development. A microplate reader was 
used to read the absorbance value A at the wave
length of 450 nm in each well, and a standard 
curve was drawn according to the standard. The 
content of each index in the sample was calculated 
from the standard curve.

Detection of apoptosis by flow cytometry

The cells were collected, resuspended in Annexin 
V incubation solution, and stained with FITC- 
Annexin V and PI at room temperature for 15 min. 
Subsequently, the FITC-Annexin V and PI-positive 
cells were detected by flow cytometry. The Annexin 
V single positive cells were regarded as early apoptosis. 
AnnexinV/PI double positive cells were the late apop
totic cells.

Dual luciferase assay

The wild-type and mutant-type dual luciferase 
vectors were constructed and co-transfected 
with nc and miR-493-3p in 293T cells with 
a fusion degree of 60–80%. After cells were 
treated with a Vazyme detection kit, the firefly 
and Renilla luciferase reporter gene activity 
were detected using a Promage instrument.

Nude mouse subcutaneous tumor experiment

The cells were collected, resuspended in PBS, and 
counted. Each mouse was injected with 2 × 106 

cells/200 µl cell suspension into the back of nude 
mice. The subcutaneous tumors were assessed 
every three days using Vernier calipers. The 
nude mice were weighed, and the growth curve 
was drawn.

Western blot experiment

The cells were collected, resuspended in 150 μl 
RIPA cell lysate, placed on ice for 30 min, shaken 
every 10 minutes, and centrifuged at 12 000 r/min 
for 10 min after lysis. A 150 μl aliquot of the super
natant was added to 50 μl of 4×SDS loading buffer. 
The protein samples were heated in a boiling water 
bath at 100°C for 7 min and separated by SDS- 
PAGE gel electrophoresis. The protein samples in 
the gel were then transferred to a PVDF mem
brane. The PVDF membrane was blocked with 
nonfat milk powder, incubated with antibody, 
incubated with HRP-conjugated goat anti-rabbit 
secondary antibody, and finally added with 
a chemiluminescent substrate. The protein bands 
were obtained using a gel imager.

Determination of cell proliferation ability by 
CCK8 assay

Transwell lower chamber gastric cancer cells were 
adherently cultured for 48 h, and the proliferation of 
gastric cancer cells was detected using the CCK8 
method. After the cells were digested, they were fully 
resuspended, and after cell counting, the 96-well plates 
were plated with 1,000 cells per well, and three dupli
cate wells were set up. The CCK8 reaction solution 
was added to the ultra-clean bench in the dark. After 
incubation for 1 h, the absorbance at a wavelength of 
450 nm was detected.

Plate colony formation assay

Cells were collected, resuspended in PBS, and counted. 
One thousand cells were seeded in 6-well plates with 2  
ml of complete medium. Macroscopic cell clones were 
formed after 14 days of culture. The culture medium 
was discarded; PBS was added to wash the cells; 4% 
paraformaldehyde was added to fix the cells at room 
temperature for 30 minutes; crystal violet stain was 
then added for 30 minutes. After washing three 
times, the cells were photographed and stored.

Transwell cell transfer assay

Gastric cancer cells in each treatment group were 
digested with 0.25% trypsin and resuspended in 
a serum-free medium. A suspension containing
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1 × 105 cells was added to the upper chamber of an 
8.0 µm transwell chamber, and a complete medium 
was added to the lower chamber. After culturing in 
a cell incubator for 36 hours, the chambers were 
removed, fixed, stained, and photographed under 
a microscope for preservation

Statistical analysis

Statistical analysis was performed using GraphPad 
software. An independent samples t-test was used to 
compare the samples between groups. P values <  
0.05 were considered significant.

Results and discussion

Identification and characterization of 
circRNA_102191 in gastric cancer

Two expression chips, GSE141977and GSE83521, 
from the GEO database were integrated and analyzed 
to identify circRNAs critical for gastric cancer

progression. There were 54 circRNAs with p- values 
less than 0.05 and logFold changes greater than 1, 
among which 38 circrna expressions were up- 
regulated and 16 down-regulated (Figure 1a, Table 
S2). By gene chip ID conversion, circRNA_102191 
also known as hsa_circ_0045602, in the circbank data
base, it was found to originate from the ontology gene 
HN1, which is circularized by reverse splicing of exon 
7 and exon 10 (Figure 1b). CircRNA_102191 
remained more stable than linear HN1 after treatment 
with RNase R and actinomycin D (Figure 1c–e). In 
addition, RNA-FISH showed that circRNA_102191 
was distributed in the cytoplasm and nucleus of gastric 
cancer cells (Figure 1f). The above results suggest that 
circRNA_102191 is overexpressed in gastric cancer 
patient tissues and resistant to RNase R.

CircRNA_102191 promotes the proliferation 
of gastric cancer cells

The circRNA_102191 RNA levels were first measured 
in normal gastric mucosal epithelial cells GES-1 and

Figure 1. Identification and characterization of CircRNA_102191 in gastric cancer. (a) scatter plot of differentially expressed circular 
RNAs in gastric cancer microarrays. (b) schematic diagram of the structure of CircRNA_102191. (c) actinomycin D treatment to assess 
the stability of CircRNA_102191 and HN1 mRNA in gastric cancer cells over time. (d) qRT-PCR analysis to confirm the resistance of 
CircRNA_102191 and linear HN1, with and without RNase R treatment, in gastric cancer cells. (e) detection of CircRNA_102191 
resistance to RNase R by agarose gel electrophoresis f RNA-FISH assay to detect the localization of CircRNA_102191 in SGC-7901 cells 
and BGC-823 cells.
Data represent means ± SD of three independent experiments. **P < 0.01, ***P < 0.001 
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Figure 2. CircRNA_102191 promotes the proliferation of gastric cancer cells. A expression of CircRNA_102191 in normal gastric 
mucosal cells and gastric cancer cell lines. B,F qRT-PCR to detect the silencing efficiency or overexpression efficiency of 
CircRNA_102191 in SGC-7901 cells and BGC-823 cells. C,G plate clone formation assay to analyze the effect of silencing or
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four gastric cancer cell lines (BGC-823, HGC-27, 
MGC-803, and SGC-7901). The expression of 
circRNA_102191 in these cells differed because of its 
different origin, morphology, differentiation, grade, 
and tumorigenicity. The expression level of 
circRNA_102191 in SGC-7901 cells was the highest, 
while the expression level of circRNA_102191 in the 
other four cell lines was relatively low. The expression 
level of circRNA_102191 in gastric cancer cell lines 
was higher than that in normal gastric mucosa epithe
lial cells GES-1 (Figure 2a). Therefore, SGC-7901 and 
BGC-823 cells were selected for further analysis. The 
biological properties of circRNA_102191 in gastric 
cancer cells were investigated using small interfering 
RNA (siRNA) to down-regulate circRNA_102191 in 
SGC-7901 cells and overexpress circRNA_102191 in 
BGC-823 cells. Real-time fluorescence quantitative 
experiments were conducted to detect the knockdown 
and overexpression efficiency (Figure 2b,f). The 
counting kit-8 (CCK-8) and colony formation assays 
showed that down-regulation of circRNA_102191 
inhibited the proliferation of SGC-7901 cells 
(Figure 2c,d). In contrast, circRNA_102191 overex
pression enhanced the proliferation ability of BGC- 
823 cells (Figure 2g,h). Subsequently, the downregula
tion of circRNA_102191 reduced the migration rate of 
SGC-7901 cells (Figure e), while overexpression of 
circRNA_102191 promoted the migration rate of 
BGC-823 cells (Figure 2i). The EMT process-related 
indicators and indicators of cell proliferation and 
apoptosis were detected by western blotting. The 
knockdown of circRNA_102191 inhibited the EMT 
process and cell proliferation and promoted cell apop
tosis(Figure 2j,k). On the other hand, overexpression 
of circRNA_102191 yielded opposite results 
(Figure 2l,m). A subcutaneous xenograft tumor 
model was established using BGC-823 cells overex
pressing circRNA_102191 or transfected with an 
empty vector to evaluate the tumor-promoting 

activity
of circRNA_102191 in vivo. As shown in Figure 2n, 
the tumor weight and volume in the 
circRNA_102191-overexpressing group were much 
higher than those in the control group. The ELISA 
results showed that the contents of il-1β, TNF-α, and 
TGF-β in peripheral blood of the circRNA_102191 
overexpression group were higher than those of the 
control group (Figure 2o). Overall, these findings sug
gest that circRNA_102191 has a tumor-promoting 
role in gastric cancer cells.

CircRNA_102191 binds to miR-493-3p in 
gastric cancer cells

To investigate the downstream target miRNAs 
further, the downstream of circRNA_102191 in cir
cbank was predicted, and five candidate targets were 
detected. Next, the relative expression levels of candi
date targets were examined in the overexpression 
circRNA_102191 experimental group and the 
circRNA_102191 knockdown experimental group. 
miR-493-3p was associated with circRNA_102191 in 
gastric cancer cells (Figure 3a,b). Furthermore, miR- 
493-3p reduced the luciferase activity in gastric cancer 
cells transfected with the circLIFR wild-type (WT) 
reporter gene, but the circRNA_102191-MUT group 
showed no significant change in luciferase activity 
(Figure 3c). We used the Ct values of 
CircRNA_102191 and miR-493-3p to analyze their 
expression correlation in gastric cancer tissues. The 
results showed that the expression of 
CircRNA_102191 was negatively correlated with the 
expression of miR-493-3p in gastric cancer tissues 
(Figure 3d). The effects of miR-493-3p on the biolo
gical behavior of gastric cancer cells were first exam
ined using a CCK8, transwell assay and colony 
formation assay to determine if circRNA_102191 pro
motes gastric cancer progression by adsorbing miR-

overexpression CircRNA_102191 on the proliferation of SGC-7901 cells and BGC-823 cells. D,H CCK8 assay to analyze the effect of 
silencing or overexpression CircRNA_102191 on the proliferation of SGC-7901 cells and BGC-823 cells. E,I transwell cell transfer assay 
analysis of the effect of silencing or overexpression CircRNA_102191 on the transfer ability of SGC-7901, the scale bars are 100 μm. 
J-M Western Blot to detect the changes of proliferation-related proteins and apoptosis-related proteins after silencing or over
expression of CircRNA_102191. N-P effects of control group and overexpressed CircRNA_102191 group with BGC-823 cells on 
subcutaneous tumors in nude mice. Q the secretion of iL-1β, TFN-α and TGF-β in serum of tumor-bearing nude mice.
Data represent means ± SD of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001 
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Figure 3. CircRNA_102191 binds to miR-493-3p in gastric cancer cells. A,B qRT-PCR analysis of the expression changes of potential 
miRnas after abnormal expression of CircRNA_102191. C dual-luciferase assay to determine the binding site of CircRNA_102191 to 
miR-493-3p. D the co-expression of CircRNA_102191 and miR-493-3p was analyzed by qRT-PCR analysis in 20 paired of GC tissues. 
The P value was estimated using Pearson correlation test. E,J qRT-PCR to detect the silencing efficiency or overexpression efficiency
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493-3p. The miR-493-3p mimic inhibited the prolif
eration and migration ability of SGC-7901 cells and 
promoted apoptosis (Figure 3e–i). In contrast, the 
miR-493-3p inhibitor promoted the proliferation 
and migration of BGC-823 cells and inhibited apop
tosis (Figure 3j–n). The WB experimental results con
firmed this conclusion (Figure 3o–r). Rescue 
experiments showed that the miR-493-3p mimics 
could reverse circRNA_102191 overexpression- 
mediated cell proliferation and migration promotion, 
which was also supported by the WB results 
(Figure 3s–v). These results suggest circRNA_102191 
promotes gastric cancer progression through sponge 
adsorption of miR-493-3p.

CircRNA_102191 promotes gastric cancer 
progression via the circRNA_102191-miR-493- 
3p-XPR1 axis

The downstream targets of miRNAs were deter
mined because circRNA_102191 can act as 
a ceRNA against miR-493-3p. The potential targets 
of miR-493-3p were based on three databases 
(miRDB (http://mirdb.org), miRTarbase(http:// 
mirtarbase.mbc.nctu.edu.tw), and Targetscan 
(https://www.targetscan.org). The analysis showed 
that miR-493-3p shared 11 common candidate 
genes (Figure 4a, Table S3). As an indispensable 
player in tumor progression [15–17], XPR1 was 
confirmed to be a target of miR-493-3p, and the 
expression of miR-493-3p at the molecular level 
was significantly negatively correlated with the 
expression of XPR1 (Figure 4b,c). Binding to 
XPR1 mRNA in wild-type at the putative binding 
site of miR-493-3p was detected in 293T cells but 
not in mutants, as determined by a dual-luciferase 
reporter gene (Figure 4d). We analyzed the expres
sion correlation of CircRNA_102191 and XPR1. 
The results showed that the expression of 
CircRNA_102191 was positively correlated with

the expression of XPR1 in gastric cancer tissues 
(Figure 4e).

The role of XPR1 on gastric cancer progression 
was next examined by performing transwell 
experiments and colony formation assays. The 
knockdown of the target gene XPR1 inhibited the 
proliferation and migration ability of SGC-7901 
cells and promoted apoptosis (Figure 4f–j). By 
contrast, the overexpression of XPR1 promoted 
the proliferation and migration of BGC-823 cells 
and inhibited apoptosis (Figure 4k–o). The WB 
experimental results proved this conclusion 
(Figure 4p–s). The rescue experiments showed 
that the target gene XPR1 rescued miR-493-3p- 
mediated cell proliferation promotion and migra
tion promotion, which was also supported by the 
WB results (Figure 4t–w). Overall, these results 
suggest that XPR1 promotes gastric cancer pro
gression downstream of miR-493-3p.

CircRNA_102191 regulates the biological 
function of gastric cancer cells by promoting 
macrophage polarization

This study next whether gastric cancer cells induce 
macrophage polarization through circRNA_102191, 
thereby promoting gastric cancer cell proliferation. 
Human THP-1 cells were induced into M0, M1, and 
M2 cells with drugs. The cell morphological changes 
were observed under a microscope (Figure 5a), and 
qRT-PCR was used to verify that the induction was 
successful (Figure 5b,c). The expression of 
circRNA_102191 in the macrophages at various dif
ferentiation stages was detected. CircRNA_102191 
was expressed strongly in M2 cells with cancer- 
promoting function (Figure 5d). The 
circRNA_102191 plasmid in M0 cells was transfected 
and co-cultured with untreated SGC. The results 
showed that compared to the control group, the levels 
of CD206 and CD163 expression in macrophages in

of miR-493-3p in BGC-823 cells and SGC-7901 cells. F,K CCK8 assay to analyze the effect of miR-493-3p on the proliferation of gastric 
cancer cells. G,L plate clone formation assay to analyze the effect of miR-493-3p on the proliferation of gastric cancer cells. H,M 
transwell cell transfer assay analysis of the effect of miR-493-3p on the transfer ability of gastric cancer cells, the scale bars are 100  
μm. I,N cell apoptosis assay to analyze the effect of miR-493-3p on the apoptosis ratio of gastric cancer cells. O-R Western Blot to 
detect the changes of proliferation-related proteins and apoptosis-related proteins after silencing or overexpression of miR-493-3p. 
T transwell cell transfer assay analysis of the effects of co-transfection of miR-493-3p mimics and CircRNA_102191 plasmids on the 
metastatic ability of gastric cancer cells. S CCK8 assay to analyze the effects of miR-493-3p mimics and CircRNA_102191 plasmid co- 
transfection on the proliferation of gastric cancer cells. U,V Western Blot detected the changes of proliferation-related proteins and 
apoptosis-related proteins after co-transfection of miR-493-3p mimics and CircRNA_102191 plasmids.
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Figure 4. CircRNA_102191 promotes gastric cancer progression via the CircRNA_102191-miR-493-3p-XPR1 axis. A database screening of 
downstream target genes of miR-493-3p. B,C qRT-PCR analysis of the expression changes of potential target genes after abnormal expression 
of miR-493-3p. D dual-luciferase assay to determine the binding site of XPR1 to miR-493-3p. E the co-expression of CircRNA_102191 and XPR1 
was analyzed by qRT-PCR analysis in 20 paired of GC tissues. The P value was estimated using Pearson correlation test. F,K qRT-PCR to detect
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the experimental group increased significantly. The 
migration and proliferation of SGC in the experimen
tal group were enhanced, and apoptosis was reduced 
(Figure 5e–i). CircRNA_102191 promoted the polar
ization of macrophages M0 to M2 and the biological 
function of gastric cancer cells SGC.

Similarly, the same conclusion was made when 
circRNA_102191 was knocked down in M0 
(Figure 5j–n). Next, this study examined whether 
circRNA_102191 can promote the differentiation 
of M2 macrophages. CircRNA_102191 was over
expressed in M2 macrophages, and the expression 
levels of M2 macrophage markers in each group of 
cells were analyzed by qRT-PCR. Compared to the 
M0 macrophages, the expression levels of related 
marker molecules CD206 and CD163 in M2 
macrophages were increased significantly. 
Moreover, the expression levels of the marker 
molecules CD206 and CD163 in the M2 macro
phages in the over-CircRNA_102191 group were 
higher than those in the M2 macrophages in the 
nc group (Figure 5o). The M0 and treated M2 
macrophages were then co-cultured with SGC. 
The experimental results showed that compared 
to the M0 control group, the migration ability of 
SGC cells in the M2-Vector group and the M2- 
over-CircRNA_102191 group was enhanced, and 
apoptosis was reduced. Compared with the M2- 
Vector group, the M2-over-CircRNA_102191 
group had a more obvious enhancement of cell 
migration ability and less apoptosis (Figure 5p– 
s). Similarly, SGC were co-cultured after knocking 
down circRNA_102191 in M2. Compared to the 
M0 control group, the migration ability of SGC 
cells in the M2-nc group was enhanced, and apop
tosis was reduced. The migration ability of the 
M2-si-circRNA_102191 group was weakened, and 
the number of cells was increased (Figure 5t–w).

Discussion

With the rapid development of bioinformatics and 
high-throughput sequencing technologies, there are 
many circRNAs in organisms, which are a new type of 
endogenous non-coding RNAs that are widely pre
sent and stably expressed in organisms [18–20]. 
Studies have shown that a variety of circRNAs are 
involved in the pathogenesis of gastric cancer, includ
ing circ-HuR [21], circ-DONSON [22], and 
circRanGAP1 [23]. The dysregulated circRNAs 
allow a clear identification of the mechanism and 
provide help for further gastric cancer treatment. 
The current study first focused on the expression of 
circRNA_102191 in gastric cancer cell lines. The 
results showed that the expression of 
circRNA_102191 in SGC-7901, BGC-823, and 
MGC-803 cells was higher than that in normal gastric 
mucosal epithelial cells GES-1, suggesting that 
circRNA_102191 is an important biomarker for the 
occurrence and development of gastric cancer.

Subsequently, through bioinformatics predic
tion, it was found that miRNAs that 
circRNA_102191 may act on included miR-493- 
3p, miR-1199-3p, and miR-1321. Studies have 
found that miR-493-3p plays a tumor suppressor 
role in ovarian cancer, non-small cell lung cancer, 
laryngeal squamous cell carcinoma, and glioma 
[24–27]. Kaishuai Zhan et al. found that miR- 
493-3p can be induced by propofol and inhibit 
the growth and invasion of gastric cancer by inhi
biting the activation of Wnt/β-Catenin signal 
mediated by DKK1 [28]. We found that 
circRNA_102191 sponge adsorbed miR-493-3p 
through qRT-PCR and dual luciferase experiments, 
and miR-493-3p could reverse the effect of 
circRNA_102191 on the biological behavior of gas
tric cancer cells. Then we selected the downstream 
target gene XPR1 of miR-493-3p in the three

the silencing efficiency or overexpression efficiency of XPR1 in BGC-823 cells and SGC-7901 cells. G,L CCK8 assay to analyze the effect of XPR1 
on the proliferation of gastric cancer cells. H,M plate clone formation assay to analyze the effect of XPR1 on the proliferation of gastric cancer 
cells. I,N transwell cell transfer assay analysis of the effect of XPR1 on the transfer ability of gastric cancer cells, the scale bars are 100 μm. J,O cell 
apoptosis assay to analyze the effect of XPR1 on the apoptosis ratio of gastric cancer cells. P-S Western Blot to detect the changes of 
proliferation-related proteins and apoptosis-related proteins after silencing or overexpression of XPR1. T transwell cell transfer assay analysis of 
the effects of co-transfection of miR-493-3p mimics and XPR1 plasmids on the metastatic ability of gastric cancer cells. U CCK8 assay to analyze 
the effects of miR-493-3p mimics and XPR1 plasmid co-transfection on the proliferation of gastric cancer cells. V,W Western Blot detected the 
changes of proliferation-related proteins and apoptosis-related proteins after co-transfection of miR-493-3p mimics and CircRNA_102191 
plasmids.
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Figure 5. CircRNA_102191 regulates the biological function of gastric cancer cells by promoting macrophage polarization. A morphology of 
thp-1, M0, M1 cells under microscope. B,C qRT-PCR analysis of the expression of M1 and M2 macrophage markers. D the expression of 
CircRNA_102191 in macrophage of different differentiation states. E,J,O quantitative analysis of macrophage marker molecules in cells of each 
group by RT-qPCR. F,L,Q,U transwell cell metastasis assay was used to analyze the effect of macrophages in each group on the metastasis 
ability of gastric cancer cells, the scale bar is 100 μm. G,K,P,T CCK8 assay to analyze the effect of macrophages in each group on the proliferation 
of gastric cancer cells. H,I,M,N,R,S,V,W Western Blot detected the changes of proliferation-related proteins and apoptosis-related proteins of 
macrophages in each group.
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prediction databases as the research object. 
Previous studies have found that XPR1 is involved 
in the progression of tongue squamous cell carci
noma, lung adenocarcinoma and esophageal squa
mous cell carcinoma [29–31]. Our study found that 
XPR1 can promote the proliferation and metastasis 
of gastric cancer cells and inhibit cell apoptosis.

As an important member of the monocyte- 
macrophage system of immune cells, macro
phages participate in the innate immune 
response and play an important role in the 
body [32,33]. TAMs generally have two differ
entiation states, the M1 type and the M2 type. 
Among them, M1-type macrophages have strong 
pro-inflammatory functions. They can secrete 
many pro-inflammatory factors, such as IL-6, 
IL-12, TNF-α, and iNOS [34]. In addition, type 
2 macrophages can inhibit the process of inflam
mation, development, help cancer cells evade 
immune surveillance, and promote cancer cell 
proliferation and metastasis [35]. The epithelial- 
mesenchymal transition (EMT) is a process in 
which tumor epithelial cells lose epithelial char
acteristics and acquire mesenchymal characteris
tics, resulting in the destruction of tight 
junctions between cells and the remodeling of

the cytoskeleton [36,37]. TAMs can secrete var
ious cytokines to induce EMT and secrete EGF- 
like ligands or factors, thereby activating the 
EGFR pathway of tumor cells and promoting 
EMT [38–40]. Studies have shown that many 
non-coding RNAs play an important role in 
the differentiation and maintenance of macro
phage activity, but the specific mechanism of 
action is unclear [41–43]. This study found that 
the level of intracellular circRNA_102191 
expression was upregulated significantly during 
the polarization of IL-4/stimulated M2-type 
tumor-associated macrophages, and the up- 
regulation of circRNA_102191 promoted the 
polarization of macrophages to M2 and also 
promoted the expression of CD206 and CD163 
in M2 macrophages. In addition, M2 macro
phage conditioned medium was used to culture 
gastric cancer cell line SGC-7901 in vitro, and an 
in vitro co-culture system was established. M2 
macrophage conditioned culture promoted the 
EMT process of SGC-7901 cells and inhibited 
the apoptosis of SGC. In contrast, the knock
down of circRNA_102191 in M0 and M2 macro
phages suppressed the tumor biological function 
of SGCs. CircRNAs exist in tumor cells and

Figure 6. Graphical summary of CircRNA_102191-mediated gastric cancer progression. CircRNA_102191 regulates gastric cancer cell 
progression by acting as a ceRNA to competitively bind to miR-493-3p, affecting the expression of the target gene XPR1. 
CircRNA_102191 promotes macrophage polarization, and the polarized macrophages further promote the biological function of 
gastric cancer cells.
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tumor-associated macrophages, and a large 
number of circRNAs are released into the 
tumor microenvironment by macrophages 
through the exosome pathway and act on 
tumor cells [44]. Therefore, in this study, in 
addition to affecting the polarization of M2 
macrophages and the secretion of related cyto
kines, circRNA_102191 may also act directly on 
gastric cancer SGC-7901 cells through exosomes.

In summary, we found that circRNA_102191 
can promote gastric cancer progression and M2 
macrophage polarization through miR-493-3p.

Conclusions

In conclusion, this study showed that 
circRNA_102191 mediates the biological functions 
of gastric cancer cells by regulating the miR-493-3p/ 
XPR1 axis and inducing macrophage polarization 
Figure 6.
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