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Abstract: Background: Esophageal cancer is one of the most common malignant tumors threatening human health 
worldwide. Circular RNAs (circRNAs) are a large group of covalently closed continuous loops that are prevalently 
expressed in human cells and might be applied as novel esophageal cancer biomarkers. Purpose: To investigate 
the expression of a novel circular RNA, circFNDC3B, in esophageal cancer, as well as determine its function in the 
regulation of esophageal cell proliferation, apoptosis, migration, and invasion. Methods: Quantitative RT-PCR using 
circular RNA-specific primers was performed to analyze the existence and expressional change of circFNDC3B in 
esophageal cancer tissues. The esophageal cancer cell lines ECA109 and KYSE150 with inhibited circFNDC3B ex-
pression by gene silencing were subjected to proliferation analysis with the MTS method, FITC Annexin V apoptosis 
detection, and a proliferation and invasion evaluation using a transwell system. Results: circFNDC3B was specifical-
ly up-regulated in esophageal cancer tissues. Esophageal cancer cell lines ECA109 and KYSE150 with decreased 
circFNDC3B expression by gene silencing showed inhibited proliferation, increased apoptosis, and weakened mi-
gration and invasion abilities. Conclusion: The circFNDC3B encoded by two FNDC3B gene exons is an important 
regulator of esophageal cancer progression.
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Introduction

Primary esophageal cancer is one of the most 
common cancers worldwide, with approximate-
ly 455,800 new cases and 400,200 deaths 
reported in 2012 [1, 2]. Most cases occur in 
developing countries and approximately half of 
all these occur in China, bringing heavy eco-
nomic and social burdens to these countries [2, 
3]. Esophageal cancer patients usually suffer 
severe symptoms, such as difficulty swallowing, 
a hoarse voice, and weight loss. Previous stud-
ies have shown that the causative factors for 
esophageal cancer include smoking, alcohol 
consumption, hot drinks, poor diet, and obesity. 
Esophageal cancers include esophageal ade-
nocarcinoma (EAC) and esophageal squamous 
cell carcinoma (ESCC). Clinically, the diagnosis 
of esophageal cancer mainly depends on biop-
sy using an endoscope, and the most common 

treatments are still surgery, chemotherapy, and 
radiation, with consideration to the cancer 
stage and location [4]. The screening and iden-
tification of specific biomarkers for esophageal 
cancer would promote our understanding of the 
molecular mechanisms underlying disease pro-
gression, direct accurate diagnosis, precise 
treatment, and prognosis.

Circular RNAs (circRNAs) are a large group  
of endogenous RNAs characterized by the for-
mation of covalently closed continuous loops, 
and prevalently expressed in multiple species 
including monkeys and humans [5, 6]. Gene- 
rally, circRNAs carry out their biological roles 
through multiple mechanisms, including inter-
acting with miRNAs as sponges, modulating 
gene expression as regulators of RNA binding 
proteins (RBP), regulating gene transcription, 
and being translated into functional proteins  
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or peptides [5-9]. Recent progress has shown 
that circRNAs might be applied as potential  
biomarkers for cancer. Due to the application  
of high-through RNA-seq technology and other 
investigations, an increasing number of cir-
cRNA molecules has been found to be differen-
tially expressed in multiple cancers, including 
esophageal cancer [10, 11], glioma [12], colore- 
ctal cancer [13], and hepatocellular carcinoma 
[14-16]. Specifically, one novel circRNA, hsa_
circ_0067934, was shown to be remarkably 
over-expressed in esophageal squamous cell 
carcinoma tissues [11]. Furthermore, ESCC cell 
proliferation, migration, and cell cycle progres-
sion were significantly repressed when hsa_
circ_0067934 was silenced in vitro by siRNA 
[11]. 

Fibronectin type III domain containing 3B (FND- 
C3B) is a newly identified oncogene-encoded 
protein that could activate multiple cancer 
pathways and promote cell migration and tumor 
metastasis in hepatocellular carcinoma and 
acute myeloid leukemia [17-19]. The existence 
of this circular RNA molecule encoded by the 
FNDC3B gene has been verified by several  
previous studies [20-23]. In order to further 
investigate the possible association of onco-
gene-related circRNAs with cancer progression 
and their possible application in cancer diagno-
sis and treatment, the expression of hsa_
circ_0001361, a novel circRNA from the FND- 
C3B gene, termed circFNDC3B, was analyzed 
in this study, along with its function in regulat-
ing esophageal cell proliferation, apoptosis, 
migration, and tumor metastasis.

Material and methods

Ethical statement

This study was approved by the Ethical Com- 
mittee of Guangdong General Hospital. A writ-
ten informed consent was received from each 
patient, and all clinical data were collected 
after each surgery.

Tissue sample and cancer cells

The esophageal cancer tissues and adjacent 
control samples (n=23) were collected from 
patients that had undergone surgery at the 
Guangdong General Hospital, Guangzhou, 
China. After being confirmed by experienced 
clinical pathologists, the cancer and adjacent 
normal tissues were subjected to further analy-
sis. The esophageal cancer cell lines ECA109 

and KYSE150 used in this study were provided 
by the cell bank affiliated with the Chinese 
Academy of Sciences, Shanghai Branch.

RNA extraction and qRT-PCR assay 

RNA extraction and qRT-PCR were performed 
as previously described with minor modifica-
tions [11]. Briefly, total RNA samples were 
extracted from cancer tissues or cultured  
cancer cells using Trizol reagent following the 
manufacturer’s instructions (Life Technologies, 
UK). The synthesis of cDNA was carried out by 
reverse transcription with 500 ng RNA and ran-
dom primers using the Prime Script RT Master 
Mix kit (Takara, Cat: RR036A). The quantitative 
real-time polymerase chain reaction (qRT-PCR) 
was completed using the SYBR Select Master 
Mix kit (Applied Biosystems, Cat: 4472908) on 
an ABI7300 system (Applied Biosystems, USA) 
following the manufacturer’s instructions. The 
opposite-directed and divergent primers were 
used for the analysis of the linear and circular 
RNA, respectively. GAPDH was applied as the 
internal control for the quantitation of circFND-
C3B expression. The following primers were 
used is this study: circFNDC3B divergent for-
ward: 5’-CATCTCCATTCACCAAGTGGGG-3’; circF-
NDC3B divergent reverse, 5’-AGCAGGTTATTCT- 
CGTTCAAG-3’; circFNDC3B opposite-directed 
forward: 5’-GACCGACCAAATCCCTCTGG-3’; circ- 
FNDC3B opposite-directed reverse, 5’-TTCACC- 
AAGTGGGGCATCAT-3’; and GAPDH: forward, 5’- 
GAGTCAACGGATTTGGTCGT-3’, reverse, 5’-GAC- 
AAGCTTCCCGTTCTCAG-3’. 

Esophageal cancer cell culture and siRNA 
transfection 

The two esophageal cancer cell lines ECA109 
and KYSE150 were purchased from the cell 
112 bank of the Chinese Academy of Sciences, 
Shanghai. Esophageal cancer cell culture and 
gene silencing were carried out according to a 
previous description with minor modifications 
[11]. Briefly, the ECA109 and KYSE150 cells 
were cultured in DMEM (KeyGen, China)  
supplied with 10% FBS (Life Technologies, 
Australia) and penicillin-streptomycin at 37°C 
in a humidified atmosphere with 5% CO2. After 
being seeded in six-well plates, esophageal 
cancer cells were then transfected with siRNA 
or control virus for 24 h using the Lipofectamine 
RNAi MAX transfection kit following the manu-
facturer’s instructions (Invitrogen, USA). The 
primers used for gene silencing in this study 
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were: circFNDC3B sense: 5’-AGUGCAUUCAAG- 
GAAGCCA-3’; antisense: 5’-AGUGCAUUCAAGG- 
AAGCCA-3’.

Cell proliferation analysis

The proliferation of esophageal cancer cells 
was measured using the MTS Cell Proliferation 
Assay Kit (Colorimetric) (197010; Abcam, UK) 
according to the manufacturer’s instructions. 
Briefly, esophageal cancer cells (104/well) were 
seeded in 96-well microtiter plates and cul-
tured for 20-48 h depending on cell growth 
conditions. Then, 20 µL/well MTS reagent were 
added into each well and incubated for 2 hours 
at 37°C under standard culture conditions. 
After being shaken briefly on a shaker, the cell 
plates were measured using a plate reader at 
OD=490 nm. Three biological repeats were per-
formed for the statistical analysis. 

Cell apoptosis analysis

Esophageal cancer cell apoptosis was analyzed 
using the FITC Annexin V Apoptosis Detection 
Kit with 7-AAD (BioLegend, USA) according to 
the manufacturer’s instructions. Briefly, ECA- 
109 and KYSE150 cells cultured in 6-well 
plates were transfected with siRNA for three 
days as described above. Esophageal cancer 
cells were then collected, washed three times 

with cold BioLegend’s Cell Staining Buffer, and 
were resuspended in Annexin V Binding Buffer 
at a concentration of 1 × 107 cells/ml. Next,  
5 µl FITC Annexin V and 5 µl 7-AAD Viability 
Staining Solution was added to the cell suspen-
sion. After incubation at room temperature in 
the dark for 15 min with a gentle vortex, the cell 
suspension was mixed with 400 µl Annexin V 
Binding Buffer. Finally, esophageal cancer cell 
apoptosis was analyzed using FACScan flow 
cytometry (BD Biosciences, USA). Three biologi-
cal repeats were performed for statistical 
analysis. 

Cell migration and invasion assay

The esophageal cell migration was analyzed 
with the Boyden Transwell system in 12-well 
plates (BD Biosciences, USA) as described by 
previous literature with minor modifications 
[11]. Briefly, in order to analyze the cell migra-
tion, after being transfected with siRNA for 3 
days, ECA109 and KYSE150 cells were har-
vested and resuspended in DMEM medium 
without serum and seeded into the upper 
chamber at a concentration of 105 cells per 
well. Then, 0.6 ml RPMI1640 medium with 10% 
fetal bovine serum was added into the bottom 
wells. After incubation for 24 h, the esophageal 
cancer cells that had migrated to the bottom 

Figure 1. Detection of circFNDC3B in esophageal cancer tissues. A. Formation of circFNDC3B from two exons in 
the FNDC3B gene. B. Detection of circFNDC3B in esophageal cancer tissues using divergent primers. Expression of 
circFNDC3B was detected in cDNA samples, not in genomic DNA. C. Sensitivity of circFNDC3B to RNaseR digestion. 
The expression levels of linear and circular RNAs were measured by RT-PCR using specific primers after being incu-
bated with RNaseR. D. Verification of splice junction by Sanger sequencing. The splice junction site of circFNDC3B 
was characterized by Sanger sequencing following amplification using circular RNA-specific primers.
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wells were fixed in methanol and stained with a 
hematoxylin and eosin solution for cell number 
counting. For the invasion assay, 8 μm pore 
membrane (Corning Inc., Corning, NY) was pre-
coated with Matrigel (BD Biosciences, USA) 

Characterization of circFNDC3B in esophageal 
cancer tissues

According to the information provided by the 
circBase database, the circRNA circFNDC3B 

Figure 2. Increased circFNDC3B expression level in esophageal cancer tissues. A. Comparison of circFNDC3B ex-
pression between esophageal cancer tissues and adjacent normal tissues. The expression levels of circFNDC3B in 
23 esophageal cancer tissues as well as the corresponding adjacent normal tissues were quantitatively measured 
by qRT-PCR. B. Statistically increased circFNDC3B level in esophageal cancer tissues. The expression of circFND-
C3B between esophageal cancer and adjacent normal tissues of 23 patients was compared by statistical analysis. 
P=0.0414, n=23.

Figure 3. CircFNDC3B promotes esophageal cancer cell proliferation. A. In-
hibition of circFNDC3B expression in esophageal cancer cells. The expres-
sions of circFNDC3B in esophageal cancer cell lines ECA109 and KYSE150 
by lentivirus-mediated gene silencing, and then qRT-PCR, were performed 
to measure the expression level. B. Proliferation of esophageal cancer cells 
with decreased circFNDC3B levels. The MTS Cell Proliferation Assay kit was 
used for the comparison of cell proliferation rates between esophageal can-
cer cells with normal and inhibited circFNDC3B expression. NC: negative 
control; sh-circFNDC3B: cells with inhibited circFNDC3B expression by lenti-
virus-mediated gene silencing. **P<0.01 vs NC.

and solidified at 37°C. ECA- 
109 and KYSE150 cells were 
kept in the top chamber with 
500-μl serum-free DMEM af- 
ter transfection, and the bot-
tom chambers were filled with 
750 μl of 10% FBS-DMEM. 
The cell staining and count- 
ing were performed after 48 
h. Three biological replicates 
were performed for the statis-
tical analysis.

Statistical analysis

All statistical analyses in this 
study were performed using 
the SPSS software package 
(version 18.0, SPSS). The ex- 
pression level differences we- 
re analyzed using either the 
Student’s t test or the non-
parametric Kruskal-Wallis te- 
st. Statistical significance was 
defined as P<0.05.

Results
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(circBase ID: hsa_circ_0001361) was generat-
ed from the FNDC3B gene located on the 7th 
chromosome (170013698-170015181) of the 
human genome (Figure 1A). CircFNDC3B is 
215 bases long and is encoded and generated 
by the second and third exons of the FNDC3B 
gene by back splicing (Figure 1A). Total RNA 
and genomic DNA samples were extracted  
from esophageal cancer tissues and the ex- 
pressions of linear and circular RNA were ana-
lyzed by PCR using opposite-directed and  
divergent primers, respectively. The RT-PCR 
assay showed that circFNDC3B was only 
detected in cDNA samples using circular RNA-
specific primers, but not in the genomic DNA 
(Figure 1B). For further verification of circFND-
C3B expression in esophageal cancer, total 
RNA samples were subjected to RNaseR diges-
tion and RT-PCR analysis, showing that RNaseR 

treatment only slightly decreased the circFND-
C3B level, compared with that of linear RNA, 
which is consistent with the properties of circu-
lar RNAs (Figure 1C). The splice junction of  
circFNDC3B was then confirmed by Sanger 
sequencing as shown in Figure 1D. Taken 
together, these results clearly demonstrate the 
existence of circFNDC3B in esophageal cancer 
tissues.

Altered circFNDC3B expression level in esoph-
ageal cancer tissues

To address the expressional alteration of circF-
NDC3B in esophageal cancer, the esophageal 
cancer tissues and adjacent normal tissues 
from 23 esophageal cancer patients who un- 
derwent surgery were collected and analyzed 
with qRT-PCR. In the majority of the esophageal 

Figure 4. Decreased circFNDC3B expression represses esophageal cancer cell apoptosis. A. Apoptosis of esopha-
geal cancer cell ECA109 with a decreased circFNDC3B level. The apoptosis of ECA109 cells transfected with siRNA, 
those treated with the FITC Annexin V Apoptosis Detection Kit with 7-AAD and then flow cytometry were performed to 
measure apoptotic cell percentages. B. Apoptosis of esophageal cancer cell KYSE150 with decreased circFNDC3B 
levels. The apoptosis of KYSE150 cells transfected with siRNA, treated with the FITC Annexin V Apoptosis Detec-
tion Kit with 7-AAD, and then flow cytometry were performed to measure apoptotic cell percentages. NC: negative 
control; sh-circFNDC3B: cells with inhibited circFNDC3B expression by lentivirus-mediated gene silencing. **P<0.01 
vs NC.
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cancer samples, the expression level of circF-
NDC3B was greatly increased in the cancer tis-
sues compared with the corresponding adja-
cent normal controls (Figure 2A). Statistical 
analysis also confirmed a significantly increased 
circFNDC3B expression level in esophageal 
cancer tissues (P=0.0414, Figure 2B). 

CircFNDC3B regulates esophageal cancer cell 
proliferation

To further investigate the potential implications 
of circFNDC3B in esophageal cancer develop-
ment, we used gene silencing technology to 
repress the expression level of circFNDC3B in 
two cultured esophageal cancer cell lines, 
ECA109 and KYSE150, whereupon its role in 
esophageal cancer cell proliferation regulation 
was tested. The circFNDC3B expression levels 
in two esophageal cancer cells were success-
fully down-regulated by transfection with sh-
circFNDC3B, compared with the negative con-
trols (NC) (**P<0.01, Figure 3A). In order to 
quantitatively demonstrate the influence of cir-

ageal cancer cell percentages of both ECA109 
and KYSE150 were significantly increased in 
esophageal cancer cells transfected with siRNA 
(*P<0.05, **P<0.01, Figure 4A and 4B). These 
results convincingly suggest that circFNDC3B 
could regulate esophageal cancer progression 
through multiple cellular processes including 
cell proliferation and apoptosis regulation.

CircFNDC3B regulates esophageal cancer cell 
migration and invasion

To evaluate the role of circFNDC3B in regulat-
ing esophageal cancer cell migration and inva-
sion, the migration and invasion activities of 
ECA109 and KYSE150 cells were subjected to 
gene silencing and seeded into a transwell sys-
tem for cell staining and counting. When the 
circFNDC3B expression level was down-regu-
lated by gene silencing, the cell migration  
activity of ECA109 and KYSE150 cells was sig-
nificantly decreased (**P<0.01, Figure 5A). 
Similarly, the invasion activity of ECA109 and 
KYSE150 cells was also shown to be greatly 

Figure 5. CircFNDC3B promotes esophageal cancer cell migration and inva-
sion. A. Migration of esophageal cancer cell lines ECA109 and KYSE150 
with silenced circFNDC3B expression. B. Invasion of esophageal cancer 
cells ECA109 and KYSE150 with silenced circFNDC3B expression. The mi-
gration and invasion of ECA109 and KYSE150 cells were evaluated using a 
transwell system. NC: negative control; sh-circFNDC3B: cells with inhibited 
circFNDC3B expression by gene silencing. **P<0.01 vs NC.

cFNDC3B inhibition on esoph-
ageal cancer cell proliferation, 
the proliferations of these two 
esophageal cancer cell lines 
were measured using an MTS 
Cell Proliferation Assay Kit. 
We observed that the prolifer-
ation of esophageal cancer 
cells was significantly inhibit-
ed after the circFNDC3B ex- 
pression was repressed for 
three days (**P<0.05, Figure 
3B), clearly showing that circ- 
FNDC3B plays a role in the 
complexity of regulating the 
network responsible for eso- 
phageal cancer progression.

CircFNDC3B regulates esoph-
ageal cancer cell apoptosis

For a comprehensive under-
standing of the role of circF-
NDC3B in esophageal cancer 
progression, cancer cell apop-
tosis was analyzed using the 
FITC Annexin V Apoptosis De- 
tection Kit with 7-AAD (BioLe- 
gend, USA) according to the 
manufacturer’s instructions. 
Compared with the negative 
controls, the apoptotic esoph-
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impaired in sh-circFNDC3B cells compared 
with the negative controls (**P<0.01, Figure 
5B). The remarkably inhibited cell migration 
and invasion activities in sh-circFNDC3B cells 
indicate that circFNDC3B functions as an 
important regulator of cell migration and inva-
sion during esophageal cancer progression.

Discussion

The expression of circular RNAs in esophageal 
cancer tissues and cells has been demonstrat-
ed by a few previous studies [10, 11], but avail-
able information about their expressional spec-
ificity and sensitivity as esophageal cancer bio-
markers, as well as their functioning networks 
and mechanisms, is far from sufficient. In the 
present study, we investigated the expression 
of circFNDC3B in esophageal tissues and cell 
lines, clearly showing that this circular RNA 
encoded by the FNDC3B gene exons might be 
developed as a novel esophageal marker. A 
previous study showed that another circular 
RNA, has_circ_0067934, is also up-regulated 
in ESCC tumor tissues and cell lines [11]. The 
up-regulation of the two circular RNAs in both 
esophageal cancer tissue and cell lines indi-
cates that enhanced circular RNA expression 
might be a prevalent molecular alteration dur-
ing esophageal cancer progression. On the con-
trary, we also have reasons to speculate that 
the expression of certain circular RNAs would 
be inhibited in esophageal cancer, and the pos-
sibility of specifically down-regulated circular 
RNA molecules in esophageal cancer should 
also be investigated in future studies.

To investigation the potential roles of circFND-
C3B, we repressed its expression by gene 
silencing in two esophageal cancer cell lines 
ECA109 and KYSE150, and the results proved 
that circFNDC3B is an important regulator of 
esophageal cancer cell proliferation, apoptosis, 
migration, and invasion, which are all signifi-
cant cellular processes associated with cell 
malignant transformation. Similarly, has_circ_ 
0067934 has also been shown to be involved 
in regulating these key cellular processes [11], 
indicating that circular RNAs, at least as a 
group, might function as important upstream 
components in the complex signaling networks 
responsible for the initiation and progression of 
esophageal cancer development. It has been 
widely accepted that early events during cancer 
initiation might possess a valuable application 

potential for early screening and diagnosis of 
malignant tumors [24]. The pleiotropic regulat-
ing roles of circular RNAs shown by recent 
reports indicate that circular RNAs specifically 
expressed in esophageal cancer tissues might 
be suitable early diagnostic markers for esoph-
ageal cancer.

The focus of this study was the expression and 
functions of circFNDC3B in esophageal cancer 
cell functions, and the underlying molecular 
mechanisms deserve further investigation. As 
revealed by recent progress in circular RNA 
function analysis, circRNAs can perform their 
biological roles by interacting with miRNAs as 
sponges and regulating RNA binding protein 
(RBP), thus modulating gene expression [7, 9]. 
They have also been shown to regulate gene 
transcription and be translated into functional 
proteins or peptides [5, 6, 8, 9]. These results 
show that circRNAs might mainly function as 
regulators of gene transcription and post-tran-
scriptional modification, through which multiple 
genes associated with various biological pro-
cesses might be influenced. This hypothesis 
was supported by our results and by has_
circ_0067934 research showing the involve-
ment of both circRNAs in regulating multiple 
key cellular processes including proliferation, 
apoptosis, migration, and invasion [11]. For 
instance, hsa_circ_001569 positively regu-
lates cell proliferation and invasion of colorec-
tal cancer (CRC) by targeting miR-145, which 
further regulates E2F5, BAG4, and FMNL2.1 
gene expression [13]. We further speculate 
that FNDC3B might regulate the transcription 
of key components of cell proliferation and 
other cellular pathways to break the normal  
balance of cell proliferation, differentiation, 
and apoptosis, finally promoting the initiation 
and progression of esophageal cancer. Further 
studies of the specific signaling pathways  
regulated by circFNDC3B and other circular 
RNAs would shed light on the significant roles 
and functioning mechanisms mediating their 
effects on esophageal cancer progression.

Although the expression level of circFNDC3B 
was shown to be slightly decreased in several 
cases of esophageal cancer tissues which 
might be caused by sample collection or indi-
vidual differences, these statistically significant 
results clearly demonstrate that circFNDC3B 
expression is greatly enhanced in clinical 
esophageal cancer samples, suggesting possi-
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ble functions of this novel circular RNA in the 
progression of esophageal cancer.

In summary, we verified the up-regulated 
expression of one novel circular RNA, circFND-
C3B, in esophageal cancer tissues and cell 
lines. By gene silencing, the important regulat-
ing functions of circFNDC3B for esophageal 
cancer cell proliferation, apoptosis, migration, 
and invasion were also revealed by in vitro 
assays in this study, providing the necessary 
scientific basis for the application of circular 
RNAs in cancer diagnosis and treatment.
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