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circFCHO2 promotes gastric cancer progression by activating the JAK1/STAT3 
pathway via sponging miR-194-5p
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ABSTRACT
circFCHO2 has been revealed to be overexpressed in gastric cancer (GC) patients. This article 
identified the function of circFCHO2 on GC progression. The expression of circFCHO2, miR-194-5p 
and JAK1 in 30 GC patients and cells was monitored by quantitative reverse transcription- 
polymerase chain reaction. circFCHO2 localization in GC cells was monitored by RNA fluorescence 
in situ hybridization. Cell counting kit-8 assay, 5-ethynyl-2-deoxyuridine staining, transwell experi
ment, tube formation and sphere formation experiments were applied to detect GC cell prolifera
tion, invasion, angiogenesis and cancer stem cell characteristics. Dual-luciferase reporter gene 
assay, RNA pull down assay and RNA immunoprecipitation experiment were utilized to research 
the binding between two genes. In vivo tumorigenesis and lung metastasis were studied using 
nude mice. Immunohistochemistry and hematoxylin–eosin staining were conducted. Protein 
expression was assessed by Western blot. Serum exosomes of GC patients and healthy partici
pants were isolated. circFCHO2 up-modulation in GC patients was related to poor outcome. 
circFCHO2 was located in the cytoplasm of GC cells. circFCHO2 silencing weakened the prolifera
tion, invasion, angiogenesis and stem cell characteristics of GC cells. miR-194-5p knockdown 
counteracted this effect. circFCHO2 activated the JAK1/STAT3 pathway by sponging miR-194-5p. 
miR-194-5p overexpression attenuated the malignant phenotypes of GC cells. JAK1 overexpres
sion abrogated this effect. circFCHO2 silencing weakened GC cells growth and lung metastasis in 
vivo. circFCHO2 was up-modulated in serum exosomes of GC patients. circFCHO2 was an onco
gene in GC by activating the JAK1/STAT3 pathway via sponging miR-194-5p. circFCHO2 might be 
a novel target and diagnostic marker for GC.
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Introduction

Gastric cancer (GC) ranks the 5th among the 
common cancers in the world. It is the 3rd 
reason of cancer-related death [1]. The onset 
of GC includes multiple factors, such as 
Helicobacter pylori bacteria infection, genetic 
predisposition, tobacco smoking, alcohol drink
ing, unhealthy eating habits and dusty work 
environments [2]. GC is usually diagnosed at 
an advanced stage due to early symptoms that 
are not easily noticed. Therefore, the 5-year 
survival of GC is still no more than 30% 
although after the resection treatment and 
adjuvant treatment strategies such as che
motherapy [3]. The elucidation of the internal 
molecular mechanisms of the pathogenesis and 

malignant development of GC is conductive to 
the development of precise treatment.

Circular RNAs (circRNAs) are a class of endo
genous transcripts, which are featured by cova
lently closed-loop structures. Different from 
linear RNA, circRNAs have the advantage of struc
tural stability, and thus are difficult to be degraded 
by RNase R due to the lack of free terminal struc
tures [4]. circRNAs are anticipated to be promis
ing precise therapeutic targets for GC, because of 
its structural stability advantage [5]. The effect of 
several circRNAs in GC progression has been 
revealed. For instance, circTMEM87A not only 
exacerbates GC cells in vitro growth and invasion 
but also facilitates in vivo tumor growth and lung 
metastasis. High circTMEM87A expression in GC 
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patients indicates an unfavorable clinical outcome 
[6]. circAFF2 silencing attenuates the proliferation, 
migration and invasion of GC cells, and delays GC 
cell growth in vivo [7]. Similarly, circ_0000039, 
circ_0081146 and circ_0110389 are identified as 
tumor-promoting circRNAs in GC [8–10]. 
Conversely, some circRNAs possess the opposite 
functions in GC, such as circITCH, circ_0072309, 
circ_0001017 and circRNA_0009172. These 
circRNAs are lowly expressed in GC patients, asso
ciating with poor clinical outcome. The up- 
regulation of these circRNAs attenuates the malig
nant phenotype of GC cells [11–14]. The elucida
tion of the exact function of these circRNAs 
provides novel directions for the target treatment 
of GC. Nevertheless, a large number of circRNAs 
functioning in GC progression is still largely 
unexplored.

circFCHO2 has been recently discovered to 
be an independent prognostic factor for better 
prognosis of cytogenetically normal acute mye
loid leukemia patients, such as longer overall 
survival and disease-free survival [15]. 
However, the exact function of circFCHO2 in 
solid tumors has not been elucidated currently. 
At present, only one literature has revealed that 
circFCHO2 (circBase ID: hsa_circ_0072979) is 
aberrantly overexpressed in GC tissues than 
that in paracancer tissues of GC patients [16]. 
Unfortunately, the literature was failed to per
form in-depth research to clarify the exact 
function of circFCHO2 in GC progression. 
Thus, this article was designed to explore the 
exact influence of circFCHO2 on the malignant 
development of GC.

In order to clarify the internal mechanism of 
circFCHO2 regulating GC progression, we dis
covered that miR-194-5p possessed mutual bind
ing sites of circFCHO2 through Circinteractome. 
Thus, the present study speculated that 
circFCHO2 might modulate the progression of 
GC by targeting miR-194-5p. The Janus kinase-1 
(JAK1)/signal transducer and activator of tran
scription 3 (STAT3) signaling pathway has been 
confirmed to be participated in the progression 
of multiple tumors, including GC [17–19]. In 
our preliminary study, we detected the up- 

modulated JAK1 expression in GC cells. Thus, 
we inferred that the JAK1/STAT3 pathway might 
be the down-stream pathway of miR-194-5p. 
Previous study has been revealed that JAK1 can 
be acted as a target of miRNAs [20,21]. Thus, we 
predicted by TargetScan online software whether 
JAK1 was a target of miR-194-5p. Interestingly, 
it was showed that miR-194-5p contained bind
ing site of JAK1. Therefore, it was speculated 
that circFCHO2 might regulate the progression 
of GC via targeting miR-194-5p/JAK1. This arti
cle might provide important guidance for the 
target treatment of GC.

Methods

Patients and tissues

This study enrolled 30 GC patients from our 
hospital. None of them had cancer-related treat
ment history. All of them were identified as GC 
from March 2014 to November 2014 and treated 
by surgical resection. Among the 30 GC patients, 
18 cases encountered lymph node metastasis. 
Tumor tissues and corresponding paired adja
cent noncancerous tissues were collected and 
kept at −80°C in a refrigerator. Patients were 
followed up for 60 months after surgery.

This work had been approved by the ethics 
committee of the Fourth Affiliated Hospital of 
China Medical University in line with the 
Declaration of Helsinki (EC-2014-KS-01). The 
written informed consent had been voluntarily 
signed by all patients.

Isolation of human serum exosomes

Blood samples of 30 healthy participants and 30 
GC patients were collected. Exosomes were sepa
rated using Total Exosome Isolation Kits (Bestbio, 
Shanghai, China) according to the manufacturer’s 
directions. In short, blood samples were centri
fuged for 20 min at 2000 × g and 4°C. The 
serum was then collected, followed by being 
mixed with exosome isolation reagent. After 
2 min centrifugation at 15,000 × g, the supernatant 
was removed and exosomes at the centrifuge tube 
bottom were collected.
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Transmission electron microscope (TEM) of 
exosomes

Exosomes were fixed in PBS containing 4% par
aformaldehyde and 4% glutaraldehyde at 4°C. 
Then, the exosomes samples were dropped on a 
carbon-coated copper grid. Phosphotungstic acid 
solution (2%) was used to treat the carbon- 
coated copper grid for 30 s. The exosomes 
were observed under a TEM (JEM-1200EX, 
JEOL, Tokyo, Japan) at 80 kV acceleration 
voltage.

Cell culture

Normal human gastric epithelial cell line (GES- 
1) and GC cell lines (MKN28, HGC-27, MKN45 
and AGS) were purchased from the Cell Bank of 
Chinese Academy of Sciences (Shanghai, China). 
Each cell line was individually maintained in 
Dulbecco’s modified Eagle’s medium (DMEM) 
containing 10% fetal bovine serum (FBS) at 37° 
C, 5% CO2.

Actinomycin D and RNase R treatment

The structural stability of circFCHO2 was eval
uated by Actinomycin D and RNase R treat
ment. HGC-27 and AGS cells were kept in 
DMEM containing 10% FBS and 2 mg/mL 
Actinomycin D (Solarbio, Beijing, China) for 6, 
12, 18 and 24 h, respectively. At the specific time 
point, HGC-27 and AGS cells were collected to 
extract the total RNA by using TRIzol reagent 
(Boster, Wuhan, China). The level of linear 
FCHO2 and circFCHO2 was monitored by 
using quantitative reverse transcription- 
polymerase chain reaction (qRT-PCR).

Furthermore, HGC-27 and AGS cells were 
separately cultured by DMEM containing 10% 
FBS for 48 h. Then, the total RNA was extracted 
by TRIzol reagent treatment. RNase R 
(Beyotime, Shanghai, China) was used to treat 
the total RNA sample with a concentration of 
3 U/μg. Total RNA sample without RNase R 
treatment was served as control. The level of 
linear FCHO2 and circFCHO2 was assessed by 
qRT-PCR.

RNA fluorescence in situ hybridization (FISH) 
experiment

HGC-27 and AGS cells were cultured in 6-well 
plates by DMEM containing 10% FBS at 37°C, 5% 
CO2. Notably, a sterile coverslip was placed on 
the bottom of each well before inoculation. After 
24 h, the coverslip was taken out and 4% paraf
ormaldehyde was then dropped onto cells for 2 h 
fixation at 4°C. Triton X-100 (0.5%) was utilized 
to treat cells for 15 min. Cells were incubated by 
Alexa Fluor 488 labeled circFCHO2 probe 
(GeneChem, Shanghai, China) for 12 at 4°C. 
Nucleus staining was conducted by using 4,6-dia
midino-2-phenylin-dole (DAPI). The staining 
time was 10 min. For clinical tissues of GC 
patients, the tissue sections with a thickness of 
5 µm were prepared after tissues being embedded 
into paraffin. Then, the sections were dewaxed by 
xylene and rehydrated by gradient ethanol. Then, 
sections were experienced treatment as described 
above. At last, cells and tissues were placed under 
a fluorescence microscope (Nikon, Tokyo, Japan) 
for observation. The expression of circFCHO2 
was presented as green fluorescence, while 
nucleus was stained with blue fluorescence.

Separation of nucleus and cytoplasm

Nuclear/Cytosol Fractionation Kit (AmyJet 
Scientific, Wuhan, China) was applied for the 
separation of cytoplasm and nucleus in accordance 
with the instructions. In brief, after being har
vested, HGC-27 and AGS cells were washed by 
phosphate buffer saline (PBS) for 3 times. Then, 
cells were treated by ice-cold cell fractionation 
buffer for 10 min, followed by being centrifuged 
for 5 min at 500 × g, 4°C. Cytoplasm and nucleus 
(deposited on the bottom) were collected sepa
rately. circFCHO2 expression in the nucleus and 
cytoplasm was monitored by qRT-PCR.

Cell transfection

Lipofectamine 3000 (Thermo Fisher Scientific, 
Waltham, MA, USA) was applied for the transfec
tion. circFCHO2 shRNA, shRNA negative control 
(NC), miR-194-5p inhibitor, inhibitor NC, miR- 
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194-5p mimics, mimics NC, JAK1 overexpression 
vector and empty vector were all commercially 
purchased from GeneChem (Shanghai, China). 
HGC-27 and AGS cells maintained in DMEM 
without FBS were transfected or co-transfected in 
line with the instructions of Lipofectamine 3000. 
After transfection, cells were cultured at 37°C, 5% 
CO2 by DMEM containing 10% FBS for 48 h. The 
determination of transfection efficiency was 
assessed by using qRT-PCR or Western blot.

Cell counting kit-8 (CCK-8) assay

HGC-27 and AGS cells (1 × 104 cells) were cul
tured in 96-well plates in 100  μL of DMEM with 
10% FBS. After cultured for specific time (0, 24, 48 
and 72 h) at 37°C, 5% CO2, CCK-8 reagent was 
added into each well with 10  μL per well. 
Thereafter, cells were incubated for 2 h at 37°C. 
The optical density (OD) value was monitored by 
a porous microplate reader (Bio-TekR 
Instruments, Inc., Winooski, Vermont, USA) at 
450 nm wavelength.

The 5-ethynyl-2-deoxyuridine (EdU) staining

HGC-27 and AGS cells (1 × 105 cells) were sepa
rately seeded into 6-well plates and cultured for 
48 h with 1 mL of DMEM containing 10% FBS. 
After removing the remaining liquid, cells were 
fixed by 4% paraformaldehyde for 10 min. Then, 
Triton X-100 solution (Beyotime, Shanghai, 
China) was added into each well to treat cells for 
30 min. According to the instruction, EdU assay 
kit (ab219801, Abcam, Shanghai, China) was 
employed to detect the proliferation.

Transwell experiment

HGC-27 and AGS cells (1 × 105 cells) dispersed in 
500 μL of DMEM (serum free) were inoculated 
into transwell inserts pre-coating with Matrigel. 
The Transwell inserts were inserted into 6-well 
plates. For the lower chamber, a total of 600 μL 
of DMEM containing 10% FBS was filled. After 
24 h incubation at 37°C, 5% CO2, the invasion 
cells were treated by 4% paraformaldehyde for 
fixation. Cell staining was implemented by using 
0.1% crystal violet. The number of invasion cells 

was observed and counted under a microscope in 
5 random fields of view.

Tube formation experiment

The tube formation assay of GC cells was carried 
out according to a previous study [22]. Briefly, 
Matrigel was coated into 96-well plates with 
100 μL per well. The plates were placed for 
30 min at 37 C. After that, HGC-27 and AGS 
cells (4  ×  104 cells) were inoculated into the 
above 96-well plates for 48 h culture with 100 μL 
of DMEM containing 10% FBS. Then, cells were 
observed and photographed under a microscope. 
The tube length was measured.

Sphere formation experiment

HGC-27 and AGS cells were harvested, followed 
by being suspended into DMEM with 10% FBS. 
The density of cells was 1  ×  104 cells/mL. Low 
attachment dishes were used for sphere formation 
assay. Briefly, a total of 1 mL of the cell suspension 
was inoculated into the low attachment dishes. 
Cells were cultured for 3 weeks at 37°C, 5% CO2. 
During this process, fresh DMEM containing 10% 
FBS was changed every 3 days. The number of 
sphere formation was counted under a 
microscope.

RNA pull down assay

circFCHO2 probe and Oligo probe were commer
cially provided from GeneChem (Shanghai, 
China). HGC-27 and AGS cells cultured for 48 h 
were collected and then incubated by RNA lysis 
buffer. The lysate was incubated with circFCHO2 
probe and Oligo probe for 4 h. Then, the 
circFCHO2-miRNAs complexes were captured by 
Dynabeads M-280 Streptavidin (Dynal, Oslo, 
Norway) overnight. The operation was finished 
strictly based on the instructions. The bound 
RNAs were subjected to purification via using 
Trizol reagent (Boster, Wuhan, China). The 
enrichment of miR-194-5p, miR-151a-3p and 
miR-526-5p was qualified by qRT-PCR.
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Dual luciferase reporter gene assay

Through bioinformatics analysis of three online 
forecasting sites (Starbase, CircBank and 
Circinteractome), miR-194-5p was discovered to 
possess mutual binding sites of circFCHO2 and 
JAK1. The circFCHO2 and JAK1 fragments of 
wild-type (Wt) and mutant-type (Mut) sequences 
were designed, amplified and cloned onto the 
pmirGLO luciferase reporter vectors (Promega, 
Madison, WI, USA) based on the instructions. 
HGC-27 and AGS cells seeded in DMEM (serum 
free) were co-transfected by miR-194-5p mimics 
and pmirGLO vectors, or by mimics NC and 
pmirGLO vectors in line with Lipofectamine 
3000 instructions. Then, cells were culture for 
48 h. The luciferase activity was monitored by 
using the Dual-Luciferase Reporter Assay System 
(Promega, Madison, WI, USA) in line with the 
instructions. The determination of the relative 
luciferase activity was normalized to Renilla luci
ferase activity.

RNA immunoprecipitation (RIP) experiment

The binding relationship between circFCHO2 and 
miR-194-5p was verified by RIP experiment via 
utilizing a Magna RIP kit (Millipore, Bedford, 
MA, USA). The operation was executed strictly 
based on the instructions. In brief, HGC-27 and 
AGS cells were incubated by RNA lysis buffer. The 
lysate was obtained, followed by treating with RIP 
immunoprecipitation buffer. The RIP immunopre
cipitation buffer contained protein A/G sepharose 
beads conjugated with Ago-2 antibody (1:100, 
ab5072, Abcam, Shanghai, China) or IgG antibody 
(1:100, ab2410, Abcam, Shanghai, China). RNeasy 
Mini Kit (Qiagen, Hilden, Germany) was utilized 
for the extraction of the immunoprecipitated 
RNA. The enrichment of circFCHO2 and miR- 
194-5p was determined by qRT-PCR.

In vivo tumorigenesis and lung metastasis

Animal experiments had been approved by the 
animal ethics committee of Laboratory Animal 
Resources, Chinese Academy of Sciences 
(AR2021010847).

BALB/c nude mice (4 weeks old, n = 24) were 
commercially obtained from the Shanghai 
Laboratory Animals Center of the Chinese 
Academy of Sciences (Shanghai, China). Mice 
were housed in a 12 h day and night cycle room 
at 22°C. Food and water were given access freely.

AGS cells stably transfected by circFCHO2 
shRNA and NC were dispersed into PBS. The 
concentration of cells was 1 × 107 cell/100 μL. 
Then, three mice were randomly selected for sub
cutaneous injection of the circFCHO2 shRNA- 
transfected AGS cells. Another three mice were 
subcutaneously injected from the shRNA NC- 
transfected AGS cells. The injection site was on 
the right side of the back, and 100 μL of the cell 
suspension was injected per mice. After injection, 
the tumor size was calculated every 7 days by (long 
diameter × short diameter 2)/2. All mice were 
euthanized after 28 days of injection. The subcu
taneous xenograft tumor was stripped, weighted 
and kept at −80°C in a refrigerator.

For in vivo lung metastasis, circFCHO2 shRNA 
or shRNA NC transfected AGS cells (1 × 107 cell/ 
100 μL PBS) were separately injected into three 
mice through tail vein. After 6 weeks, all mice 
were euthanized to collect the whole lungs. The 
lung tissues of mice were maintained at −80°C in a 
refrigerator. Additionally, for lymphatic metasta
sis, six mice were injected with circFCHO2 shRNA 
transfected AGS cells (1 × 107 cell/100 μL PBS), 
and the other six mice were injected with shRNA 
NC transfected AGS cells (1 × 107 cell/100 μL PBS) 
through tail vein. Mice were euthanized after 
6 weeks to detect the lymphatic metastasis.

Immunohistochemistry (IHC) and hematoxylin- 
eosin (HE) staining

Ki67 expression in the subcutaneous xenograft 
tumor from mice was assessed by IHC. Xenograft 
tumor was cut into sections to a thickness of 5 µm. 
These sections were immersed into xylene, gradi
ent ethanol and deionized water for dewaxing and 
rehydration. After 10 min incubation with 3% H2 
O2 solution, the sections were boiled in citrate 
buffer (0.01 M, pH = 6.0) for 10 min for the 
antigen retrieval. Then, 10 min blocking of these 
sections was carried out by immersing the sections 
into 5% goat serum. Rabbit anti-Ki67 primary 
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antibody (1:100, ab15580, Abcam, Shanghai, 
China) was applied to probe the sections overnight 
at 4°C. Subsequently, the sections were treated 
with biotin-labeled secondary antibody (1:200, 
ab6720, Abcam, Shanghai, China) for 30 min at 
37°C. Afterward, horseradish peroxidase-labeled 
streptavidin working solution (Beyotime, 
Shanghai, China) was utilized for 30 min incuba
tion of the sections at 37°C. Then, diaminobenzi
dine (DAB) staining and hematoxylin 
counterstaining were conducted on the sections. 
The sections were experienced gradient alcohol 
dehydration and xylene transparency, followed by 
being sealed in neutral resin. The images of the 
sections were captured by applying a microscope 
(Nikon, Tokyo, Japan).

For HE staining, lung tissues of mice were 
sequentially experienced sliced, deparaffinized, 
and rehydrated as described above. The sections 
of the lung tissues were immersed into hematox
ylin solution for 5 min staining. Then, the sections 
were stained by eosin solution for 2 min. Xylene 
transparency and gradient alcohol dehydration 
were performed on the sections sequentially. The 
sections were sealed in neutral resin and observed 
under a microscope (Nikon, Tokyo, Japan).

qRT-PCR

The extraction of total RNA in tissues, cells and exo
somes was executed via using TRIzol reagent 
(Beyotime, Shanghai, China) in line with the manual. 
Nanodrop 2000 spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA, USA) was used for the 
detection of the total RNA concentration. The synth
esis of cDNA was implemented by using the 
PrimeScript RT Reagent Kit (Takara, Shiga, Japan) 
and miRNA First-Strand cDNA Synthesis Kit 
(Thermo Fisher Scientific, Waltham, MA, USA). The 
operation was finished strictly in accordance with the 
kit instructions. TB Green Premix Ex Taq (Takara, 
Shiga, Japan) was used for qPCR with the conditions 
as below: 10 min at 95°C, with 40 cycles of 30 s at 95°C, 
30 s at 55°C and 30 s at 72°C. The primers were 
designed and synthesized by GeneChem (Shanghai, 
China), as follows: circFCHO2 (F: 5’- 
TCACCAGCAATCCAACTCC-3’ and R: 5’- 
AGGTATCCTGATTTCCAAGGC-3’), FCHO2 (F: 
5’-GGATGGAGGAGTAACGAACA-3’ and R: 5’- 

CGCTGAGGAATTGTACTGC-3’), JAK1 (F: 5’- 
AAGACCGAGCAGGATGG-3’ and R: 5’- 
TGATGTCCTTGGGCAGTT-3’), miR-194-5p (F: 5’- 
GGGTGTAACAGCAACTCCA-3’ and R: 5’- 
TCCTCCTCTCCTTCCTTCTC-3’), miR-151a-3p 
(F: 5’-GGGCTAGACTGAAGCTCC-3’ and R: 5’- 
GTTGTGGTTGGTTGGTTTGT-3’), miR-526b-5p 
(F: 5’-GCTCTTGAGGGAAGCACT-3’ and R: 5’- 
GTTGTTGGTTGGTTGGTTGT-3’), GAPDH (F: 5’- 
ACGGATTTGGTCGTATTGGG-3’ and R: 5’- 
TGATTTTGGAGGGATCTCGC-3’), U6 (F: 5’- 
GCTTCGGCAGCACATATACTAAAAT-3’ and R: 
5’-CGCTTCACGAATTTGCGTGTCAT-3’). U6 was 
considered as the internal control for the expression of 
miR-194-5p, miR-151a-3p and miR-526b-5p. 
GAPDH was regarded as the internal control for the 
expression of circFCHO2, FCHO2, JAK1 and STAT3. 
The 2−ΔΔCt method was applied for the determination 
of relative expression of these genes. Additionally, to 
confirm the ring structure of circFCHO2, divergent 
primer and convergent primer of circFCHO2 were 
synthesized by GeneChem (Shanghai, China). The 
qRT-PCR products were researched by electrophor
esis on 2% agarose gels.

Western blot

Protein extraction kit (Biochain Institute Inc., 
Hayward, CA, USA) was applied to isolate total 
proteins in tissues, cells and exosomes based on 
the instructions. BCA kit (Beyotime, Shanghai, 
China) was used to investigate the concentration 
of the total proteins. The separation of the total 
proteins was finished by using 10% sodium dode
cyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE). The proteins were transferred onto 
polyvinylidene difluoride (PVDF) membranes 
(Millipore, Billerica, MA, USA) by electrotransfer. 
After blocking by 5% skimmed milk, the following 
primary antibodies were utilized to probe proteins 
overnight at 4°C: rabbit anti-JAK1 (1:1000, 
ab47435), rabbit anti-STAT3 (1:1000, ab226942), 
rabbit anti-p-STAT3 (1:1000, ab86430), rabbit 
anti-CD63 (1:1000, ab68418), rabbit anti-TSG101 
(1:1000, ab228013), rabbit anti-ALIX (1:1000, 
ab76608) and rabbit anti-β-actin (1:1000, 
ab8227). The primary antibodies were purchased 
from Abcam (Shanghai, China). Horseradish per
oxidase labeled goat anti-rabbit secondary 
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antibody (1:2000, ab6721, Abcam, Shanghai, 
China) was then dropped to probe the proteins 
for 2 h at room temperature. Enhanced chemilu
minescence reagent (Pierce, Rockford, IL, USA) 
was added to the PVDF membranes in order to 
develop the protein blots. The gray value of the 
protein blots was qualified by the Image J software 
(National Institutes of Health, Bethesda, MD, 
USA). β-actin was as the internal control. Data 
from three independent replicate experiments 
were taken for statistical analysis.

Statistical analysis

All experiments were repeated three times inde
pendently. SPSS 19.0 software was applied for the 
statistical analysis data (mean ± standard devia
tion). Data comparison was implemented by using 

two tailed paired Student’s t-test (for two groups) 
or one-way analysis of variance (ANOVA) fol
lowed by Tukey’s post hoc test (for at least three 
groups). The 60-month survival and metastasis- 
free survival of GC patients were evaluated by 
Kaplan–Meier curve. The receiver operating char
acteristic (ROC) curve was made to evaluate 
whether the serum circ_0008797 level could be 
used as a potential indicator to diagnose GC. P 
< 0.05 meant a statistically significant difference.

Results

circFCHO2 expression was elevated in GC, 
associating with poor outcome

The information of circFCHO2 in human gen
ome was shown in Figure S1 A. The expression 
of circFCHO2 in 30 pairs of tumor tissues and 

Figure 1. circFCHO2 expression was elevated in GC, associating with poor outcome.
(A) The expression of circFCHO2 in 30 pairs of tumor tissues and normal tissues adjacent to tumors was assessed using qRT-PCR. (B) 
The relationship between circFCHO2 and lymph node metastasis (and lung metastasis) of GC patients was researched via using qRT- 
PCR. (C) Kaplan–Meier curve was made to detect the 60-month survival and metastasis-free survival of GC patients. (D) circFCHO2 
expression in cell lines was evaluated by qRT-PCR. (E) Actinomycin D treatment of GC cells was performed to detect the stability of 
circFCHO2 structure. (F) RNase R was applied for circFCHO2 structure stability detection. (G) The structure of circFCHO2 was 
monitored by the agarose gel analysis of the PCR production. (H) RNAFISH experiment was used to research the expression and 
location of circFCHO2 in GC cells. (I) Nuclear and cytoplasmic separation and qRT-PCR were used to detect the expression of 
circFCHO2 in the cytoplasm and nucleus of GC cells. *** P < 0.001. 
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normal tissues adjacent to tumors was assessed 
using qRT-PCR. As a result, the expression of 
circFCHO2 was distinctly increased in tumor 
tissues when compared with normal tissues (P 
< 0.001) (Figure 1(a)). Patients with lymph 
node metastasis (n = 18) showed much higher 
circFCHO2 expression in tumor tissues than 
those without lymph node metastasis (n = 12) 
(P < 0.001). At the same time, patients with 
lung metastasis exhibited higher circFCHO2 
expression in tumor tissues than those without 
lung metastasis (P < 0.001) (Figure 1(b)). High 
circFCHO2 expression was monitored to be 
associated with poor 60-month survival of GC 
patients (P < 0.05). Simultaneously, GC cases 
with high circFCHO2 expression had lower 
metastasis-free survival than those with low 
circFCHO2 expression (P < 0.05) (Figure 1 
(c)). Therefore, high circFCHO2 expression 
indicated a poor prognosis of GC patients.

The expression of circFCHO2 in GC cells 
was researched. As a result, significantly 
increased circFCHO2 level was found in GC 
cell lines (MKN28, HGC-27, MKN45 and 
AGS) when compared with normal human gas
tric epithelial cell line (GES-1) (P < 0.001) 
(Figure 1(d)). Compared with FCHO2 mRNA, 
Actinomycin D and RNase R treatment 
obviously reduced the level of circFCHO2 (P 
< 0.001) (Figure 1(e,f)). Moreover, the struc
ture of circFCHO2 was monitored by the agar
ose gel analysis of the PCR production. It 
could be noticed that circFCHO2 could be 
expressed in HGC-27 and AGS cells regardless 
of the presence or absence of RNase R (Figure 
1(g)). Thus, circFCHO2 was stable in structure, 
which was hardly degraded by Actinomycin D 
and RNase R.

RNA FISH experiment showed that circFCHO2 
was mainly expressed in the cytoplasm of HGC-27 
and AGS cells (Figure 1(h)). Meanwhile, RNA FISH 
experiment of clinical tissues of GC patients exhib
ited that, circFCHO2 was highly expressed in the 
tumor tissues than that in adjacent normal tissues, 
and circFCHO2 was mainly expressed in the cyto
plasm in the clinical tissues (Figure S1 B). qRT-PCR 
revealed that circFCHO2 was highly expressed in 
the cytoplasm of HGC-27 and AGS cells than that in 

the nucleus (Figure 1(i)). Thus, circFCHO2 was 
mainly located in the cytoplasm of GC cells.

circFCHO2 silencing weakened the proliferation, 
invasion, angiogenesis and stem cell 
characteristics of GC cells

HGC-27 and AGS cells of sh-circFCHO2 #1, #2, 
and #3 groups expressed significantly lower 
circFCHO2 than that of sh-NC group (P < 0.001) 
(Figure 2(a)), illustrating a successful transfection 
of HGC-27 and AGS cells. HGC-27 and AGS cells 
of sh-circFCHO2 #1 group had higher circFCHO2 
silencing efficiency, which was used as the objects 
in the following studies (reset as sh-circFCHO2 
group). The expression of FCHO2 mRNA was 
determined by qRT-PCR. Intriguingly, 
circFCHO2 silencing had no obvious effect on 
the expression of FCHO2 mRNA (Figure 2(b)).

Functional experiments were performed, 
including CCK-8 assay, EDU staining, transwell 
experiment, tube formation experiment and spher
oidization experiment. As a result, matched with 
sh-NC group, HGC-27 and AGS cells of sh- 
circFCHO2 group presented prominently lower 
OD value, EDU positive staining, invasion num
ber, tube length and spheroidization number (P 
< 0.01 or P < 0.001) (Figure 2(c,d,e,f and g)). These 
data indicated that circFCHO2 silencing weakened 
the proliferation, invasion, angiogenesis and stem 
cell characteristics of GC cells.

circFCHO2 exerted as a sponge of miR-194-5p

According to bioinformatics analysis of 
Circinteractome, miR-194-5p, miR-151a-3p and 
miR-526b-5p were predicted to be the potential 
targets of circFCHO2 (Figure 3(a)). Relative to 
Oligo probe, circFCHO2 probe enriched a large 
amount of miR-194-5p in HGC-27 and AGS cells 
(P < 0.001). However, miR-151a-3p and miR- 
526b-5p could not be obviously enriched by 
circFCHO2 probe when compared with Control 
probe (Figure 3(b)). Thus, miR-194-5p was 
selected as the target of circFCHO2.

The expression of miR-194-5p in 30 GC 
patients was investigated by using qRT-PCR. 
Significantly reduced miR-194-5p level was 
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Figure 2. circFCHO2 silencing weakened the proliferation, invasion, angiogenesis and stem cell characteristics of GC cells.
(A) The transfection efficiency of cells was determined by qRT-PCR. (B) The expression of FCHO2 mRNA in GC cells was determined 
by qRT-PCR. (C) CCK-8 assay was applied to assay the proliferation ability of GC cells. (D) EDU staining was used to assess the 
proliferation ability of GC cells. (E) Transwell experiment was conducted to explore the invasion ability of GC cells. (F) Tube formation 
experiment was carried out to analyze the angiogenesis ability of GC cells. (G) Spheroidization experiment was used to research the 
stem cell characteristic detection of GC cells. ** P < 0.01 or *** P < 0.001. 
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observed in tumor tissues compared to adjacent 
normal tissues (P < 0.001) (Figure 3(c)). In GC 
tissues, a negative correlation was revealed 
between miR-194-5p and circFCHO2 expression 
(P < 0.0001) (Figure 3(d)). Moreover, much 
lower miR-194-5p expression was occurred in 
HGC-27 and AGS cell lines when matched with 
GES-1 cell line (P < 0.001) (Figure 3(e)).

The binding site of circFCHO2 and miR-194-5p 
was presented in Figure 3(f). Dual-luciferase 
reporter gene assay revealed that miR-194-5p 
mimic dramatically reduced circFCHO2-WT 
reporter luciferase activity in HGC-27 and AGS 
cells (P < 0.001). The circFCHO2-MUT reporter 
luciferase activity was not obviously changed by 
miR-194-5p mimic (Figure 3(g)). RIP assay indi
cated that circFCHO2 and miR-194-5p were both 
obviously enriched by anti-Ago2 than by anti-IgG 
(P < 0.001) (Figure 3(h)). In comparison to sh-NC 
group, markedly elevated miR-194-5p expression 
was found in HGC-27 and AGS cells of sh- 
circFCHO2 (P < 0.001) (Figure 3(i)). Hence, all 
of these data illustrated that circFCHO2 was a 
sponge of miR-194-5p. The expression of miR- 
194-5p could be directly suppressed by 
circFCHO2.

miR-194-5p knockdown partially reversed the 
inhibition of circFCHO2 silencing on the 
malignant phenotype of GC cells

miR-194-5p inhibitor as well as inhibitor NC 
were separately used to transfect HGC-27 and 
AGS cells. qRT-PCR showed that HGC-27 and 
AGS cells of miR-194-5p inhibitor group had 
much lower miR-194-5p expression than that 
of NC inhibitor group (P < 0.001) (Figure 4 
(a)). Thus, miR-194-5p inhibitor and inhibitor 
NC were successfully transfected into HGC-27 
and AGS cells.

After transfection, cell proliferation, invasion, 
angiogenesis and stem cell characteristics were 
explored through CCK-8 assay, EDU staining, 
transwell experiment, tube formation experiment 
and spheroidization experiment. As a result, rela
tive to HGC-27 and AGS cells in sh-NC group, 
distinctly reduced OD value, EDU positive stain
ing cells, invasion number, tube length and 
spheroidization number were found in sh- 

circFCHO2 group (P < 0.01 or P < 0.001). 
Intriguingly, matched to sh-circFCHO2 group, 
HGC-27 and AGS cells of sh-circFCHO2 
+ miR-194-5p inhibitor presented obviously ele
vated OD value, EDU positive staining cells, 
invasion number, tube length and spheroidiza
tion number (P < 0.05 or P < 0.01 or P < 0.001) 
(Figure 4(b-e and f)).

circFCHO2 promoted the activity of the JAK1/ 
STAT3 pathway by sponging miR-194-5p

JAK1 contained mutual binding site of circFCHO2 
(Figure 5(a)). Dual-luciferase reporter gene assay 
illustrated that miR-194-5p mimic can directly 
reduce the luciferase activity of JAK1-WT reporter 
in HGC-27 and AGS cells (P < 0.001). However, 
JAK1-MUT reporter luciferase activity could not 
be obviously affected by miR-194-5p mimic 
(Figure 5(b)). In the 30 GC patients, JAK1 was 
remarkably overexpressed in tumor tissues relative 
to adjacent normal tissues (P < 0.001) (Figure 5 
(c)). The JAK1 mRNA level was negatively corre
lated with miR-194-5p (P = 0.0079) and positively 
correlated with circFCHO2 (P = 0.0006) in tumor 
tissues of GC patients (Figure 5(d -e)).

Additionally, HGC-27 and AGS cells exhibited 
much higher JAK1 protein expression than GES- 
1 cell line (P < 0.001) (Figure 5(f)). miR-194-5p 
mimic distinctly reduced JAK1 protein expres
sion in HGC-27 and AGS cells (P < 0.001) 
(Figure 5(g and h)). In contrast to sh-NC, 
HGC-27 and AGS cells of sh-circFCHO2 group 
expressed less JAK1 and p-STAT3/STAT3 pro
teins (P < 0.001). Matched with sh-circFCHO2 
group, the expression of JAK1 and p-STAT3/ 
STAT3 proteins was obviously higher in HGC- 
27 and AGS cells of sh-circFCHO2 + miR-194- 
5p inhibitor group (P < 0.01 or P < 0.001) 
(Figure 5(i)).

JAK1 overexpression partially reversed the 
inhibition of miR-194-5p on the malignant 
phenotype of GC cells

As presented in Figure 6(a), the expression of 
JAK1 protein in HGC-27 and AGS cells was 
successfully elevated by JAK1 vector transfection 
(P < 0.001). Matched with miR-NC group, 
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Figure 3. circFCHO2 exerted as a sponge of miR-194-5p.
(A) miR-194-5p, miR-151a-3p and miR-526b-5p were predicted as potential targets of circFCHO2. (B) RNA pull-down was applied to 
detect the binding relationship between circFCHO2 and the three mRNAs (miR-194-5p, miR-151a-3p and miR-526b-5p). (C) The 
expression of miR-194-5p in GC patients was investigated using qRT-PCR. (D) Pearson’s correlation analysis researched the 
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HGC-27 and AGS cells of miR-194-5p group 
had prominently lower OD value, EDU positive 
staining cells, invasion number, tube length and 
spheroidization number (P < 0.001). Oppositely, 
relative to HGC-27 and AGS cells of miR-194-5p 
group, significantly higher OD value, EDU posi
tive staining cells, invasion number, tube length 
and spheroidization number were observed in 
miR-194-5p + JAK1 group (P < 0.05 or P 
< 0.01 or P < 0.001) (Figure 6(b-e and f)).

circFCHO2 silencing weakened the in vivo growth 
and lung metastasis of GC

In vivo experiment was implemented by 
recruiting nude mice. Mice of sh-circFCHO2 
group displayed much lower xenograft tumor 
volume and tumor weight than that of sh-NC 
group (P < 0.001) (Figure 7(a-b)). Moreover, 
mice of sh-circFCHO2 group expressed less 
Ki67 protein in xenograft tumor than that of 
sh-NC group (Figure 7(c)). qRT-PCR exhibited 
that, in comparison to xenograft tumor of sh- 
NC group, distinctly lower circFCHO2, higher 
miR-194-5p and lower JAK1 mRNA expression 
was found in sh-circFCHO2 group (P < 0.001) 
(Figure 7(d)). Western blot exhibited a signifi
cant decrease in JAK1 and p-STAT3/STAT3 
protein expression in xenograft tumor of sh- 
circFCHO2 group when relative to sh-NC 
group (P < 0.001) (Figure 7(e)). Matched with 
sh-NC group, less lung nodules were found in 
the lung tissues of mice in sh-circFCHO2 group 
(Figure 7(f)). The original images of lung 
nodules are shown in Figure 7(g). Moreover, 
the effect of circFCHO2 on the lymphatic 
metastasis in vivo was researched. As a result, 
sh-circFCHO2 group showed less mice with 
lymphatic metastasis (n = 1) and more mice 
without lymphatic metastasis (n = 5) than sh- 
NC group (four mice with lymphatic metastasis 

and two mice without lymphatic metastasis, 
respectively) (P < 0.01) (Figure 7(h)).

circFCHO2 level in the serum exosomes was a 
sensitive and effective biomarker for the 
diagnosis of GC

The serum exosomes were isolated from GC 
patients and healthy participants. The exosomes 
were observed by TEM. From Figure 8(a), the 
diameter of serum exosomes was no more than 
200 nm. The expression of exosomes markers was 
detected by Western blot, including CD63, 
TSG101 and ALIX. It was revealed that exosomes 
were successfully isolated (Figure 8(b)). The 
expression of circFCHO2 was distinctly higher in 
the serum exosomes of GC patients compared to 
healthy participants (P < 0.001) (Figure 8(c)). ROC 
curve suggested that circFCHO2 in serum exo
somes was a sensitive and effective diagnostic mar
ker for GC patients (Figure 8(d)).

Discussion

circRNAs are stable and conservative due to its 
closed-loop structure. The main function of 
circRNAs is to be sponges of miRNAs in the 
cytoplasm via competitively binding to response 
elements of miRNAs [23]. Interestingly, miRNAs 
can further regulate the expression of its down
stream coding genes via binding to the 3′- 
untranslated region (3′-UTR) of mRNAs [24]. 
Therefore, circRNAs can indirectly regulate the 
expression of coding genes via sponging 
miRNAs, and finally participate in the regulation 
of biological processes. circRNAs are crucial mod
ulators in multiple pathological processes of 
human diseases, such as vascular diseases, neuro
logical disorders, especially malignant tumors [25]. 
It is more superior as therapeutic target than linear 
transcripts due to its unique structural stability 
[26]. This study demonstrated that the aberrantly 
up-regulated circFCHO2 in GC patients was 

correlation between miR-194-5p and circFCHO2 in tumor tissues of GC patients. (E) The expression of miR-194-5p in cell lines was 
detected by qRT-PCR. (F) The binding site of circFCHO2 and miR-194-5p. (G) Dual-luciferase reporter gene assay. (H) RIP experiment 
was employed to detect the binding of circFCHO2 and miR-194-5p. (I) miR-194-5p expression in the transfected GC cells was 
determined by qRT-PCR. *** P < 0.001. 
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Figure 4. miR-194-5p knockdown partially reversed the inhibition of circFCHO2 silencing on the malignant phenotype of GC cells.
(A) Transfection efficiency of GC cells was explored by qRT-PCR. *** P < 0.001. (B) The proliferation ability of GC cells was researched 
by CCK-8 assay. (C) EDU staining was carried out to evaluate the proliferation ability of GC cells. (D) The invasion ability of GC cells 
was detected by transwell experiment. (E) The angiogenesis ability of GC cells was evaluated by tube formation experiment. (F) The 
cancer stem cell characteristics of GC cells was assessed by spheroidization experiment. ** P < 0.01 or *** P < 0.001 vs. sh-NC group. 
# P < 0.05 or ## P < 0.01 or ### P < 0.001 vs. sh-circFCHO2 group. 

CELL CYCLE 2157



associated with unfavorable clinical outcome. 
circFCHO2 was mainly expressed in the cytoplasm 
of GC cells. circFCHO2 silencing not only wea
kened the in vitro malignant phenotype of GC 
cells, such as proliferation, invasion, angiogenesis 
and cancer stem cell characteristics, but also atte
nuated the in vivo growth and lung metastasis of 
GC. Regarding the mechanism, circFCHO2 might 
be conductive to GC progression by activating the 
JAK1/STAT3 signaling pathway via sponging miR- 
194-5p. At present, the exact function of 
circFCHO2 on the progression of GC as well as 
other solid tumors has never been revealed. This 
study initially proved that circFCHO2 played the 
cancer-promoting role in GC. It could be used as 
an effective target for the treatment of GC.

miRNAs are a class of small non-coding RNA 
molecules with 21–22 nucleotides in length, which 
can regulate the expression of more than 60% of 
all human protein-coding genes at the post- 
transcriptional level [27]. It possesses crucial role 
in regulating multiple cellular biological processes, 
especially proliferation, apoptosis and metastasis 
involved in tumorigenesis and progression [28]. 
As a member of the miRNAs family, miR-194-5p 
has been discovered to be abnormally low 
expressed in GC patients. miR-194-5p expression 
could be directly reduced by long non-coding 
RNA (lncRNA) SOX2OT. Functionally, the up- 
regulation of miR-194-5p could abrogate the pro
motion of SOX2OT on the proliferation and inva
sion of GC cells [29]. Similarly, Ding et al. [30] 
declared that lncRNA TP73-AS1 could accelerate 
the progression of GC through sponging miR-194- 
5p. Additionally, miR-194-5p knockdown can 
facilitate the epithelial mesenchymal transition 
(EMT) of GC cells [31]. Consistently, the results 
of this study illustrated that miR-194-5p was lower 
expressed in GC patients and cells. As a target of 
circFCHO2, miR-194-5p expression was directly 
suppressed by circFCHO2. More importantly, 
miR-194-5p knockdown partially counteracted 
the inhibition of circFCHO2 silencing on the pro
liferation, invasion, angiogenesis and cancer stem 
cell characteristics of GC cells.

In this study, JAK1 was detected to be over
expressed in GC patients and cells, and it was 
researched to be a target of miR-194-5p. 

circFCHO2 knockdown reduced the expression 
of JAK1 and p-STAT3. Interestingly, miR-194-5p 
inhibitor abrogated this effect. Moreover, JAK1 
overexpression partially reversed the inhibition of 
miR-194-5p on the malignant phenotype of GC 
cells. However, the expression of STAT3 was not 
obviously changed by circFCHO2, miR-194-5p 
and JAK1. All of these data indicated that 
circFCHO2 could enhance the progression of GC 
by activating the JAK1/STAT3 signaling pathway 
via sponging miR-194-5p. The JAK/STAT signal
ing pathway exerts an important function in reg
ulating the progression of tumors [32]. It can 
accelerate the oncogenic phenotypes, such as 
metastasis, proliferation, apoptosis inhibition, 
angiogenesis, cancer stem cell characteristics and 
immune evasion [33,34]. The overexpressed JAK 
can promote the phosphorylation of STAT pro
teins. After being transferred to the nucleus, the 
activated STAT proteins can accelerate the carci
nogenesis via activating its downstream oncogenes 
[35,36]. JAK1 is a main member of the JAK family, 
which can result in the persistent activation of 
oncogene STAT3 [33]. Previous studies have 
researched that the activated JAK1/STAT3 signal
ing pathway could facilitate the malignant devel
opment of GC [19,37]. This article explored for the 
first time that circFCHO2 could facilitate the pro
gression of GC by activating the JAK1/STAT3 
signaling pathway via sponging miR-194-5p.

Additionally, serum exosomes from GC patients 
and healthy participants were isolated to detect 
circFCHO2 expression. The results revealed that 
circFCHO2 was abnormally up-modulated in the 
serum exosomes of GC patients. Exosomes are 
extracellular vesicles with a diameter of 40– 
100 nm, which can be secreted by multiple types 
of cells. Exosomes carry abundant RNAs and pro
teins, and these vesicle contents are capable of 
mediating intercellular communication by being 
released into target cells [38]. Some circRNAs 
have been identified in the serum exosomes of 
GC patients, and these circRNAs levels in the 
serum exosomes are highly specific and sensitive 
markers for early GC screening and prognosis 
[39,40]. In this work, ROC curve illustrated that 
circFCHO2 level in the serum exosomes of GC 
patients had higher specificity and sensitivity to 
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Figure 5. circFCHO2 promoted the activity of the JAK1/STAT3 pathway by sponging miR-194-5p.
(A) JAK1 contained mutual binding site of circFCHO2. (B) Dual-luciferase reporter gene assay. *** P < 0.001. (C) JAK1 expression in 
the 30 GC patients was explored by qRT-PCR. *** P < 0.001. (D and E) Pearson’s correlation analysis was carried out to research the 
correlation between JAK1 and miR-194-5p or circFCHO2. (F) The expression of JAK1 protein in cells was detected by Western blot. 
*** P < 0.001. (G and H) The expression of JAK1 protein in the transfected GC cells was researched through Western blot. *** P 
< 0.001. (I) The expression of JAK1 and p-STAT3/STAT3 proteins in the transfected GC cells was investigated by Western blot. *** P 
< 0.001 vs. sh-NC group. ## P < 0.01 or ### P < 0.001 vs. sh-circFCHO2 group. 
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Figure 6. JAK1 overexpression partially reversed the inhibition of miR-194-5p on the malignant phenotype of GC cells.
(A) The expression of JAK1 protein in the transfected GC cells was monitored by Western blot. *** P < 0.001. (B) The proliferation 
ability of GC cells was assessed by CCK-8 assay. (C) EDU staining was used to reflect the proliferation ability of GC cells. (D) The 
invasion ability of GC cells was detected by transwell experiment. (E) The angiogenesis ability of GC cells was investigated by tube 
formation experiment. (F) The cancer stem cell characteristics of GC cells was evaluated by spheroidization experiment. *** P < 0.001 
vs. miR-NC group. # P < 0.05 or ## P < 0.01 or ### P < 0.001 vs. miR-194-5p group. 

2160 Z. ZHANG ET AL.



Figure 7. circFCHO2 silencing weakened the in vivo growth and lung metastasis of GC.
(A and B) The volume and weight of xenograft tumor in nude mice was monitored. (C) IHC was applied to monitor the expression of 
Ki67 protein in xenograft tumor. (D) The expression of circFCHO2, miR-194-5p and JAK1 mRNA in xenograft tumor was explored by 
qRT-PCR. (E) Western blot was used to research the expression of JAK1, p-STAT3 and STAT3 proteins in xenograft tumor. (F) HE 
staining was applied to detect the nodules in lung tissues of mice. (G) The original images of lung nodules. (H) The number of mice 
with or without lymphatic metastasis in each group. *** P < 0.001. 
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be a diagnostic indicator of GC. Thus, circFCHO2 
level in the serum exosomes could be used as a 
novel diagnostic marker in GC clinically.

Of course, this study has limitations. In this study, 
in vivo lung metastases of GC were investigated. Thus, 
it should be better to use a metastatic GC cell line to 
perform the experiments relevant to the metastasis 
and invasion. Moreover, survival analysis of mice 
with lung metastases and metastatic site analysis in 
mice should be performed. However, due to the lim
itations of laboratory conditions, this issue cannot 
currently be performed. These interesting issues will 
be the focus in our future research.

In summary, this article firstly reported the 
exact function of circFCHO2 on GC progression. 
circFCHO2 was overexpressed in GC patients and 
cells, associating with poor clinical outcome of 
patients. circFCHO2 silencing could attenuate the 
in vitro malignant phenotype of GC cells, includ
ing proliferation, invasion, angiogenesis and can
cer stem cell characteristics. Furthermore, 
circFCHO2 silencing weakened the in vivo growth 
and lung metastasis of GC. In terms of 

mechanism, circFCHO2 might enhance the pro
gression of GC by activating the JAK1/STAT3 
signaling pathway via sponging miR-194-5p. 
Moreover, circFCHO2 was abnormally up- 
modulated in the serum exosomes of GC patients, 
which was specific and sensitive to be a diagnostic 
indicator of GC. Thus, circFCHO2 was identified 
as an oncogene in GC, which was anticipated to be 
an effective target for GC. Moreover, circFCHO2 
level in the serum exosomes could be used as a 
promising diagnostic marker in GC clinically. This 
study provided a novel perspective for the target 
treatment and diagnosis of GC.
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Figure 8. circFCHO2 in serum exosomes was a sensitive and effective biomarker for the diagnosis of GC.
(A) Serum exosomes of GC patients and healthy participants were isolated. TEM was used for the observation of serum exosomes. (B) 
Markers of exosomes were researched by Western blot. (C) circFCHO2 expression in the serum exosomes of GC patients and healthy 
participants was researched by using qRT-PCR. (D) ROC curve was used to analyze the potential of circFCHO2 as a diagnostic marker 
for GC patients. *** P < 0.001. 
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