
O R I G I N A L  R E S E A R C H

Circ_0006168 Promotes the Migration, Invasion 
and Proliferation of Esophageal Squamous Cell 
Carcinoma Cells via miR-516b-5p-Dependent 
Regulation of XBP1

This article was published in the following Dove Press journal: 
OncoTargets and Therapy

Yunhe Huang* 
Lei Jiang* 
Guangxia Wei

Department of Thoracic Surgery, The 
First Affiliated Hospital of Nanchang 
University, Nanchang, 330006, People’s 
Republic of China  

*These authors contributed equally to 
this work  

Background: Circular RNAs (circRNAs) exert important roles in carcinogenesis. Here, we 
aimed to uncover the working mechanism of circ_0006168 in esophageal squamous cell 
carcinoma (ESCC) development.
Methods: Western blot assay and real-time quantitative polymerase chain reaction (RT- 
qPCR) were used to determine protein and RNA expression, respectively. Wound healing 
assay and transwell migration assay were performed to assess cell migration ability, whereas 
cell invasion ability was evaluated by transwell invasion assay. 3-(4,5-dimethyl-thiazol-2-yl)- 
2,5-diphenyltetrazolium bromide (MTT) assay and colony formation assay were utilized to 
analyze cell proliferation ability. Xenograft tumor model was utilized to assess the role of 
X-box binding protein 1 (XBP1) in xenograft tumor growth in vivo. Dual-luciferase reporter 
assay, RNA immunoprecipitation (RIP) assay and RNA pull down assay were used to verify 
intermolecular interactions.
Results: XBP1 silencing suppressed the migration, invasion and proliferation of ESCC cells 
in vitro and restrained the xenograft tumor growth in vivo. MicroRNA-516b-5p (miR-516b- 
5p) interacted with the 3ʹ untranslated region (3ʹUTR) of XBP1 in ESCC cells. MiR-516b-5p 
overexpression inhibited the proliferation and motility of ESCC cells. MiR-516b-5p was 
a molecular target of circ_0006168 in ESCC cells. The interference of circ_0006168 
restrained the motility and proliferation of ESCC cells. Circ_0006168 acted as miR-516b- 
5p sponge to up-regulate XBP1 expression in ESCC cells. MiR-516b-5p silencing or the 
accumulation of XBP1 largely rescued the proliferation ability and motility in circ_0006168- 
silenced ESCC cells.
Conclusion: In conclusion, circ_0006168 contributed to ESCC development through pro-
moting the proliferation and motility of ESCC cells via mediating miR-516b-5p/XBP1 axis.
Keywords: esophageal squamous cell carcinoma, circ_0006168, miR-516b-5p, XBP1

Introduction
Esophageal squamous cell carcinoma (ESCC) is a common subtype of esophageal 
cancer (EC) with high incidence.1,2 ESCC patients are always diagnosed at late 
stage due to the lack of obvious early symptoms and diagnostic methods,3 which 
results in poor outcome.4 Furthermore, the molecular-targeted strategies for patients 
with ESCC are unsatisfactory due to the unclear molecular mechanism in ESCC 
development. Hence, identifying novel biomarkers for early diagnosis and therapy 
of ESCC is urgently needed to improve the prognosis of ESCC patients.
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Circular RNAs (circRNAs) are stable non-coding RNA 
(ncRNA) molecules that are resistant to exonuclease due 
to their covalently closed circular structure.5 CircRNAs 
could act as microRNA (miRNA) sponges to regulate 
cellular phenotypes.6 For instance, circ_0006168 acceler-
ated the malignant behaviors of ESCC cells through 
sponging miR-100.7 Xie et al claimed that circ_0006168 
facilitated EC progression through targeting miR-384/ 
RBBP7 signaling.8 However, the molecular mechanism 
behind the oncogenic role of circ_0006168 still needs to 
be illustrated. Based on bioinformatic analysis, miR-516b- 
5p was a potential target of circ_0006168. MiR–516b 
restrained the progression of several malignancies,9–11 

including ESCC. In the current study, the interaction 
between miR-516b-5p and circ_0006168 and their func-
tional association in ESCC progression were explored.

MicroRNAs (miRNAs) regulate protein coding through 
binding to messenger RNAs (mRNAs) to regulate cell cycle 
progression, cell apoptosis and motility.12,13 The target inter-
action between miR-516b–5p and XBP1 was predicted by 
bioinformatic database. XBP1 is an important transcription 
factor that is implicated in the process of unfolded protein 
response (UPR).14 Recently, XBP1 was found to play an 
oncogenic role in many malignancies.15–17 Xia et al demon-
strated that XBP1 accelerated the proliferation and motility 
in ESCC cells via up-regulating MMP9.18 Jin et al proved 
that TUG1 contributed to ESCC development through 
sponging miR-498 and up-regulating XBP1.19 Here, the 
interaction between XBP1 and miR-516b-5p was tested, 
and their functional relevance in regulating ESCC progres-
sion was analyzed.

In the current study, the expression pattern of XBP1 in 
ESCC cell lines and tissues was firstly analyzed. Loss-of- 
function experiments were then performed to analyze the 
biological functions of XBP1 in ESCC cells. 
Bioinformatic software and verification experiments were 
utilized to establish circRNA-miRNA-mRNA axis, and 
their functional association was tested by rescue 
experiments.

Materials and Methods
Clinical Samples
Thirty pairs of ESCC tissue samples and adjacent non-tumor 
tissues were collected from 30 ESCC patients at the First 
Affiliated Hospital of Nanchang University. These tissue 
samples were stored at −80°C within 30 min after surgical 
resection. Clinical experiments were performed with the 

approval of the Medical Ethics Committee of the First 
Affiliated Hospital of Nanchang University and in accor-
dance with the Declaration of Helsinki. Written informed 
consent was signed by every participant before the study. 
The association between clinicopathological features of 
ESCC patients and the expression level of circ_0006168 is 
shown in Table 1. RT-qPCR, Western blot assay and immu-
nohistochemistry (IHC) assay were performed to determine 
RNA and protein expression. IHC assay was performed 
using the antibody against XBP1 (ab37152; Abcam, 
Cambridge, MA, USA) at the dilution of 1:300.20

Cell Lines
ESCC cell lines (Eca109, KYSE150, KYSE180 and 
KYSE450) and human esophageal epithelial cell line 
HET-1A were purchased from the Shanghai Institute of 
Chinese Academy of Sciences Cell Collection (Shanghai, 
China). All these five cell lines were cultured with Roswell 
Park Memorial Institute-1640 medium (RPMI-1460; 
Gibco, Carlsbad, CA, USA) added with 10% fetal bovine 
serum (FBS; Gibco), 1% 100 units/mL penicillin (Gibco) 
and 1% 100 μg/mL streptomycin (Gibco). All cell lines 
were maintained at 37°C incubator with 5% CO2.

Western Blot Assay
ESCC cells were collected and lysed using whole cell lysis 
buffer (Abcam). Protein quantification was conducted with 
the commercial bicinchoninic acid (BCA) protein assay kit 
(Invitrogen, Carlsbad, CA, USA). Proteins were separated 
using sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) gel and transferred onto the poly-
vinylidene difluoride (PVDF) membrane (Millipore, 
Billerica, MA, USA). After blocking, the membrane was 
incubated with primary antibodies, including anti-XBP1 
(ab37152; Abcam) and anti-glyceraldehyde-3-phosphate 
dehydrogenase (anti-GAPDH; ab9485; Abcam). After 
incubating with secondary antibody (Abcam) for 2 h, 
protein signals were determined using the commercial 
enhanced chemiluminescence kit (Amersham Pharmacia 
Biotech, Little Chalfont, United Kingdom).

Cell Transfection
XBP1 specific small interfering RNA (si-XBP1), 
circ_0006168 specific siRNA (si-circ_0006168), negative 
control siRNA (si-NC), short hairpin RNA targeting XBP1 
(sh-XBP1), shRNA NC (sh-NC), XBP1 overexpression 
plasmid (XBP1), empty pcDNA vector (pcDNA), 
circ_0006168 overexpression plasmid (circ_0006168), 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2021:14 2476

Huang et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


empty pLCDH-cir vector (vector), miR-516b-5p mimics 
(miR-516b-5p), miRNA NC (miR-NC), miR-516b-5p inhi-
bitor (inhibitor-miR-516b-5p) and inhibitor-NC were pur-
chased from GenePharma (Shanghai, China). 
Lipofectamine 3000 (Invitrogen) was used for transfection.

Wound Healing Assay
Cell monolayer in 6-well plates was scratched with the 
200 μL pipette tip, and cell debris was removed through 
washing with phosphate buffer saline (PBS) buffer 

(Sangon Biotech, Shanghai, China). After creating the 
wound for 0 h and 24 h, cell images were obtained at the 
magnification of 40 ×.

Transwell Assays
ESCC cells were inoculated into the upper chambers with 
(in transwell invasion assay) or without Matrigel (BD 
Biosciences, San Jose, CA, USA; in transwell migration 
assay). The upper chambers were added with serum-free 
medium, while the lower chambers were added with cul-
ture medium plus 10% FBS (Gibco). After 24-h inocula-
tion, ESCC cells that penetrated the membrane were fixed, 
stained and counted (Magnification: 100 ×).

3-(4,5-Dimethyl-Thiazol-2-yl)- 
2,5-Diphenyltetrazolium Bromide (MTT) 
Assay
In brief, ESCC cells were inoculated into 96-well plates 
and transfected with plasmid or RNA for 0 h, 24 h, 48 h or 
72 h. These transfected ESCC cells were incubated with 
10 μL MTT reagent (Beyotime, Shanghai, China) for 4 
h prior to incubation with 100 μL dimethyl sulfoxide 
(DMSO, Sigma, St. Louis, MO, USA). The absorbance 
at 490 nm was measured, and cell proliferation curve was 
generated.

Colony Formation Assay
ESCC cells were inoculated into 6-well plates at 300 cells 
per well. After 14-d culture at 37°C incubator with 5% 
CO2/95% air, the colonies were fixed with methanol 
(Sangon Biotech) for 15 min followed by staining using 
0.1% crystal violet (Sangon Biotech) for 15 min. The 
number of colonies was counted.

Xenograft Tumor Model
Animal experiments were performed with the approval of 
the Institutional Animal Care and Use Committee of the 
First Affiliated Hospital of Nanchang University and in 
accordance with the National Guide for the Care and Use 
of Laboratory Animals. BALB/c nude mice from Vital 
River Laboratory Animal Technology (Beijing, China) 
were split into two groups (n=6). The mice in sh-XBP1 
group were subcutaneously injected with Eca109 or 
KYSE150 cells (6 × 106 cells) stably transfected with sh- 
XBP1 in their right dorsal flank, while mice in sh-NC 
group were subcutaneously injected with Eca109 or 
KYSE150 cells (6 × 106 cells) stably transfected with sh- 

Table 1 Correlation Between Clinicopathological Features of 
ESCC Patients and the Expression Level of circ_0006168

Characteristics Number of 
Patients

circ_0006168 
Expression

P value

High Low

Age (years) 1.000

≥65 21 10 11

<65 9 5 4

Gender 0.680

Male 22 12 10
Female 8 3 5

Smoking 0.456
Smokers 18 10 8

Never smokers 12 5 7

Drinking history 0.439

Yes 10 6 4

No 20 9 11

Family history of 

ESCC

1.000

Yes 5 3 2

None 25 12 13

Cancer location 0.904

Upper 6 3 3
Middle 17 9 8

Lower 7 3 4

Tumor size (cm) 0.010*

≥3(cm) 17 12 5

<3(cm) 13 3 10

Lymph node 

metastasis

0.039*

Yes 22 14 8

No 8 1 7

TNM stage 0.028*

IA-IIB 14 4 10

IIIA-IV 16 11 5

Note: *P < 0.05, statistically significant. 
Abbreviation: TNM, tumor node metastasis.
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NC. The volume of tumors was monitored every week, 
and tumors were weighed after 4-week inoculation.

Real-Time Quantitative Polymerase Chain 
Reaction (RT-qPCR)
TRIzol reagent (Invitrogen) was used to isolate RNA 
samples from ESCC tissues and cell lines. The comple-
mentary DNA (cDNA) for circ_0006168, CCR4-NOT 
transcription complex subunit 6 like (CNOT6L) and 
XBP1 was synthesized using All-in-OneTM Synthesis Kit 
(FulenGen, Guangzhou, China). The cDNA for miR-516b- 
5p was obtained using miScript reverse transcription kit 
(Qiagen, Hilden, Germany). SYBR Green (Applied 
Biosystems, Foster City, CA, USA) was subsequently 
used to conduct PCR amplification reaction. U6 was used 
as the internal reference for miR-516b-5p while GAPDH 
was used as the internal reference for circ_0006168, 
CNOT6L and XBP1. The primers were listed in Table 2. 
The fold change was calculated using the 2−ΔΔCt method.

Dual-Luciferase Reporter Assay
Dual-luciferase reporter assay was applied to test the inter-
action between miR-516b-5p and circ_0006168 or XBP1 
mRNA 3ʹ untranslated region (3ʹUTR). Partial wild-type 
sequence of circ_0006168 or XBP1 mRNA 3ʹUTR was 
inserted into the psiCHECK2 vector (Promega, Madison, 
WI, USA) to obtain circ_0006168-wt or XBP1-wt. 
Meanwhile, circ_0006168-mut or XBP1-mut luciferase 
plasmid was constructed through inserting the mutant 

sequence of circ_0006168 or XBP1 3ʹUTR into the 
psiCHECK2 vector (Promega). ESCC cells were inocu-
lated into 24-well plates and co-transfected with luciferase 
plasmid and miR-516b-5p or miR-NC. After transfection 
for 48 h, luciferase intensities were detected using the 
Dual-luciferase Reporter assay system (Promega).

RNA Immunoprecipitation (RIP) Assay
RIP assay was performed using the EZMagna RIP kit 
(Merck, Darmstadt, Germany). ESCC cells were disrupted 
using RIP lysis buffer and then incubated with magnetic 
beads that pre-coated with Argonaute 2 (Ago2) antibody 
or Immunoglobulin G (IgG) antibody. After digesting with 
protease K, the levels of circ_0006168, miR-516b-5p and 
XBP1 mRNA were measured by RT-qPCR.

RNA Pull Down Assay
Cell lysate (2 μg) was incubated with biotinylated miR- 
516b-5p (bio-miR-516b-5p; 100 pmol) or its negative con-
trol (bio-NC; 100 pmol). 100 μL streptavidin agarose beads 
were added to incubate for 1 h. The levels of circ_0006168 
and XBP1 mRNA were measured by RT-qPCR.

RNase R Digestion
A total of 2 μg RNA was incubated with 6 units of RNase 
R (Geneseed Biotech, Guangzhou, China) for 20 min at 
37°C. The expression of circ_0006168 and CNOT6L was 
measured by RT-qPCR.

Table 2 Specific Primers in qRT-PCR Assay

Gene Direction (5ʹ-3ʹ) Sequence

circ_0006168 Forward 5ʹ-CGGCTCTTCCAGCTACAAAC-3’
Reverse 5ʹ-CATTGGCTACCTCCTCTGCT-3’

CNOT6L Forward 5ʹ-AACTAGGAAACATGGTGTCT-3’
Reverse 5ʹ-AGTTCAGTAGCTTTCGGGTT-3’

miR-516b-5p Forward 5ʹ-GCCGAGATCTGGAGGTAAGA-3’
Reverse 5ʹ-CTCAACTGGTGTCGTGGA-3’

XBP1 Forward 5ʹ-CCCTCCAGAACATCTCCCCAT-3’
Reverse 5ʹ-ACATGACTGGGTCCAAGTTGT-3’

U6 Forward 5ʹ-CTCGCTTCGGCAGCACA-3’
Reverse 5ʹ-AACGCTTCACGAATTTGCGT-3’

GAPDH Forward 5ʹ-GGGAAGCTCACTGGCATGGCCTTCC-3’
Reverse 5ʹ-CATGTGGGCCATGAGGTCCACCAC-3’
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Statistical Analysis
The data from three independent experiments were repre-
sented as mean ± standard deviation. The differences in two 
groups or multiple groups were analyzed by Student’s t-test or 
one-way analysis of variance (ANOVA) followed by Tukey’s 
test. P values <0.05 were regarded as statistically significant.

Results
XBP1 Interference Restrains Cell 
Migration and Invasion Abilities of ESCC 
Cells
The expression characteristic of XBP1 in ESCC tissues and 
cell lines was initially explored. As shown in Figure 1A, 

XBP1 was highly expressed in ESCC tissues in comparison 
with that in para-cancerous normal tissues as verified by 
Western blot assay and IHC assay. Compared with human 
esophageal epithelial cell line HET-1A, XBP1 was observed 
to be notably up-regulated in four ESCC cell lines (Figure 
1A), especially in Eca109 and KYSE150 cell lines. Thus, 
Eca109 and KYSE150 cell lines were chosen for loss-of- 
function experiments. High silencing efficiency of si-XBP1 
was verified in both ESCC cell lines (Figure 1B). With the 
silencing of XBP1, the rate of wound healing was markedly 
reduced (Figure 1C), suggesting that XBP1 interference 
suppressed the migration ability of ESCC cells. Apart from 
wound healing assay, cell migration ability was further 
analyzed by transwell migration assay. The number of 

Figure 1 XBP1 interference restrains cell migration and invasion abilities of ESCC cells. (A) The relative protein expression of XBP1 was determined in ESCC tumor 
specimens and paired non-tumor specimens by Western blot assay and IHC assay. The relative level of XBP1 protein was examined in a panel of four ESCC cell lines (Eca109, 
KYSE150, KYSE180 and KYSE450) and normal esophageal cell line HET-1A by Western blot assay. (B–E) Eca109 and KYSE150 cells were transfected with si-NC or si-XBP1. 
(B) The protein expression of XBP1 was determined by Western blot assay. (C) Wound healing assay was performed to analyze the relative migration rate of transfected 
ESCC cells. (D) Transwell migration assay was conducted to analyze the number of migrated cells to assess cell migration ability. (E) Cell invasion number was analyzed in 
transwell invasion assay to assess cell invasion ability. **P<0.01, ***P<0.001.
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migrated ESCC cells was reduced in XBP1-silenced group 
compared with si-NC group (Figure 1D), which further 
demonstrated that XBP1 knockdown restrained the migra-
tion of ESCC cells. Based on the results of transwell inva-
sion assay, we found that XBP1 interference notably 
decreased the number of invaded ESCC cells (Figure 1E), 
suggesting that XBP1 silencing markedly inhibited the inva-
sion ability of ESCC cells. Taken together, XBP1 interfer-
ence inhibited the migration and invasion of ESCC cells.

XBP1 Silencing Suppresses Cell 
Proliferation Ability of ESCC Cells 
in vitro and in vivo
The effect of XBP1 silencing on the proliferation ability of 
ESCC cells was explored through MTT assay and colony 
formation assay. XBP1 interference significantly restrained 
the proliferation ability of ESCC cells (Figure 2A). With 
the silencing of XBP1, the number of colonies was notably 
decreased compared with that in si-NC group (Figure 2B). 
The results of MTT assay and colony formation assay 
together demonstrated that XBP1 silencing suppressed 
the proliferation ability of ESCC cells in vitro. Eca109 
and KYSE150 cell lines stably transfected with sh-XBP1 
or sh-NC were established to explore the role of XBP1 in 
xenograft tumor growth in vivo. As shown in Figure 2C 
and D, XBP1 silencing significantly reduced tumor 
volume and weight, suggesting that XBP1 silencing sup-
pressed ESCC progression in vivo. Overall, XBP1 inter-
ference restrained the proliferation of ESCC cells in vitro 
and in vivo.

XBP1 is a Target of miR-516b-5p in ESCC 
Cells
XBP1 was predicted as a downstream target of miR-516b-5p 
via TargetScan software based on their complementary sites 
shown in Figure 3A. High overexpression efficiency of miR- 
516b-5p mimics was verified in both ESCC cell lines (Figure 
3B). The wild-type or mutant type 3ʹUTR fragment of XBP1 
mRNA, including the putative or mutant binding sites with 
miR-516b-5p, was amplified and inserted into the luciferase 
plasmid, termed as XBP1-wt or XBP1-mut. Next, we tested 
the interaction between miR-516b-5p and XBP1 mRNA 
3ʹUTR through co-transfecting ESCC cells with luciferase 
plasmid (XBP1-wt or XBP1-mut) and miR-516b-5p or miR- 
NC. MiR-516b-5p accumulation caused significant reduction 
in luciferase activity of wild-type reporter plasmid (XBP1- 
wt) (Figure 3C). MiR-516b-5p overexpression had almost no 
effect on the luciferase activity of mutant reporter plasmid 
(XBP1-mut) (Figure 3C), suggesting that miR-516b-5p inter-
acted with XBP1 3ʹUTR in ESCC cells. RIP assay and RNA 
pull down assay were conducted to further verify the inter-
action between XBP1 and miR-516b-5p. MiR-516b-5p and 
XBP1 were simultaneously enriched when using Ago2 anti-
body (Figure 3D and E), suggesting that there was spatial 
interaction between miR-516b-5p and XBP1 in RNA- 
induced silencing complex (RISC). As shown in Figure 3F, 
XBP1 was enriched using biotinylated miR-516b-5p, sug-
gesting the interaction between miR-516b-5p and XBP1. 
MiR-516b-5p was down-regulated in ESCC tissue samples 
than that in adjacent normal tissues (Figure 3G). The level of 
miR-516b-5p was notably reduced in two ESCC cell lines 
compared with that in HET-1A cell line (Figure 3G). Taken 

Figure 2 XBP1 silencing suppresses cell proliferation ability of ESCC cells in vitro and in vivo. (A and B) Eca109 and KYSE150 cells were transfected with si-NC or si-XBP1. 
(A) Cell proliferation curve was generated via MTT assay to analyze cell proliferation ability. (B) Colony formation assay was performed to evaluate cell proliferation ability. 
(C) Eca109 or KYSE150 cells stably transfected with sh-NC or sh-XBP1 were injected into the nude mice to build xenograft tumor model. The tumor volume in two groups 
was measured and calculated every week. (D) Tumor weight in two groups was analyzed after four-week inoculation. *P<0.05, **P<0.01, ***P<0.001.
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together, miR-516b-5p interacted with XBP1 3ʹUTR, and 
miR-516b-5p was notably down-regulated in ESCC tissues 
and cell lines.

MiR-516b-5p Accumulation Inhibits the 
Malignant Behaviors of ESCC Cells
Gain-of-function experiments were performed to analyze the 
biological role of miR-516b-5p in ESCC cells. With the accu-
mulation of miR-516b-5p, cell migration rate was significantly 
reduced compared with that in miR-NC group (Figure 4A and 
Supplementary Figure 1A). Through performing transwell 
assays, we found that the numbers of migrated and invaded 
ESCC cells were significantly reduced in miR-516b-5p- 
overexpressed group (Figure 4B and C, Supplementary 

Figure 1B and C), demonstrating that miR-516b-5p overex-
pression suppressed the migration and invasion of ESCC cells. 
As verified by MTT assay, we found that miR-516b-5p over-
expression notably hampered the proliferation of ESCC cells 
(Figure 4D). MiR-516b-5p overexpression also reduced the 
number of colonies in ESCC cells (Figure 4E and 
Supplementary Figure 1D). These findings suggested that 
miR-516b-5p overexpression inhibited the motility and prolif-
eration of ESCC cells.

Circ_0006168 Interacts with miR-516b- 
5p in ESCC Cells
MiR-516b-5p-circRNAs interactions were explored using 
bioinformatic Circinteractome software, and miR-516b-5p 

Figure 3 XBP1 is a target of miR-516b-5p in ESCC cells. (A) The complementary sequence between miR-516b-5p and XBP1 was predicted by TargetScan software. (B) The 
transfection efficiency of miR-516b-5p mimics was assessed by RT-qPCR. (C) Dual-luciferase reporter assay was applied to test if miR-516b-5p bound to XBP1 in ESCC cells. 
(D and E) RIP assay was conducted to test the interaction between miR-516b-5p and XBP1 in ESCC cells. (F) RNA pull down assay was used to verify if miR-516b-5p 
interacted with XBP1 using biotinylated miR-516b-5p. Bio-NC was used as the control group. (G) The relative expression of miR-516b-5p was examined in 30 pairs of ESCC 
tissues and adjacent non-tumor tissues via RT-qPCR. RT-qPCR was used to measure the expression of miR-516b-5p in Eca109, KYSE150 and normal esophageal cell line HET- 
1A. *P<0.05, **P<0.01, ***P<0.001.
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was predicted to be a possible target of circ_0006168. The 
putative binding sequence between circ_0006168 and 
miR-516b-5p is shown in Figure 5A. There was 
a significant reduction in luciferase activity in 
circ_0006168-wt and miR-516b-5p co-transfected group 
compared with that in circ_0006168-wt and miR-NC co- 
transfected group (Figure 5B). Meanwhile, luciferase 
activity was unaffected in circ_0006168-mut group with 
the addition of miR-NC or miR-516b-5p (Figure 5B), 
demonstrating that miR-516b-5p interacted with 
circ_0006168 in ESCC cells. Compared with IgG antibody 
group, miR-516b-5p and circ_0006168 were both enriched 
in Ago2 antibody group (Figure 5C and D), suggesting 
that miR-516b-5p interacted with circ_0006168 in RISC. 
Moreover, the interaction between miR-516b-5p and 
circ_0006168 was confirmed by RNA pull down assay 
(Figure 5E). Taken together, miR-516b-5p was a target 
of circ_0006168 in ESCC cells.

Circ_0006168 is Highly Expressed in 
ESCC Tissues and Cell Lines
Circ_0006168 expression was up-regulated in ESCC tis-
sues than that in adjacent non-tumor tissues (Figure 6A). 
High expression of circ_0006168 in tumor tissues was 

correlated with large tumor size, positive lymph node 
metastasis and advanced TNM stage in ESCC patients 
(Table 1). Compared with HET-1A cell line, 
circ_0006168 level was significantly up-regulated in both 
ESCC cell lines (Figure 6B). Subsequently, the stability of 
circ_0006168 was tested using exonuclease RNase 
R. Circ_0006168 was resistant to RNase R, whereas 
RNase R digestion markedly reduced the level of its linear 
counterpart CNOT6L (Figure 6C and D). Taken together, 
circ_0006168 was a stable circular transcript, and it was 
aberrantly up-regulated in ESCC tissues and cell lines.

Circ_0006168 Knockdown Hampers the 
Malignant Phenotypes of ESCC Cells 
in vitro
As verified by RT-qPCR, the interference efficiency of si- 
circ_0006168 was high in two ESCC cell lines (Figure 
7A). Through performing wound healing assay and trans-
well migration assay, we found that circ_0006168 silen-
cing notably suppressed the migration ability of ESCC 
cells (Figure 7B and C, Supplementary Figure 2A and 
B). As shown in Figure 7D and Supplementary Figure 
2C, with the silencing of circ_0006168, the number of 
invaded ESCC cells was reduced, demonstrating that 

Figure 4 MiR-516b-5p accumulation inhibits the malignant behaviors of ESCC cells. (A–E) Eca109 and KYSE150 cells were transfected with miR-NC or miR-516b-5p. (A) 
Cell migration ability was assessed by wound healing assay. (B and C) Cell migration and invasion abilities were analyzed by transwell migration assay and transwell invasion 
assay, respectively. (D) MTT assay was conducted to assess cell proliferation capacity. (E) The number of colonies was analyzed by colony formation assay. **P<0.01, 
***P<0.001.
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circ_0006168 knockdown suppressed the invasion ability 
of ESCC cells. The proliferation capacity of ESCC cells 
was blocked in circ_0006168-silenced group compared 
with si-NC group (Figure 7E). With the interference of 
circ_0006168, the number of colonies was decreased com-
pared with that in si-NC group (Figure 7F and 
Supplementary Figure 2D). Taken together, circ_0006168 
interference blocked the migration, invasion and prolifera-
tion of ESCC cells.

Circ_0006168 Acts as miR-516b-5p 
Sponge to Up-Regulate XBP1 in ESCC 
Cells
The overexpression efficiency of circ_0006168 plasmid 
was high in ESCC cells (Figure 8A). A negative regulatory 
relationship between circ_0006168 and miR-516b-5p was 
confirmed by RT-qPCR assay (Figure 8B). RT-qPCR assay 
verified the high silencing efficiency of inhibitor-miR 
-516b-5p in ESCC cells (Figure 8C). The negative regula-
tory relationship between miR-516b-5p and XBP1 in 
ESCC cells was verified by Western blot assay (Figure 

8D). Circ_0006168 interference decreased the protein 
level of XBP1 in ESCC cells, and the addition of inhibitor- 
miR-516b-5p largely recovered the protein expression of 
XBP1 in ESCC cells (Figure 8E). These findings demon-
strated that circ_0006168 silencing reduced the expression 
of XBP1 in ESCC cells partly through up-regulating miR- 
516b-5p. Circ_0006168 silencing reduced XBP1 protein 
level, while the addition of XBP1 plasmid largely regained 
the expression of XBP1 in ESCC cells (Figure 8F). Taken 
together, circ_0006168 positively regulated the expression 
of XBP1 partly through sponging miR-516b-5p in ESCC 
cells.

Circ_0006168 Silencing-Mediated Effects 
are Largely Overturned by the Silencing 
of miR-516b-5p or the Overexpression of 
XBP1 in ESCC Cells
We performed rescue experiments to explore the func-
tional relevance among circ_0006168, miR-516b-5p and 
XBP1 in ESCC cells. Circ_0006168 silencing-mediated 
suppressive effects on cell migration and invasion were 

Figure 5 Circ_0006168 interacts with miR-516b-5p in ESCC cells. (A) The interaction between circ_0006168 and miR-516b-5p was predicted by Circinteractome 
software. (B) The target interaction between miR-516b-5p and circ_0006168 was tested via dual-luciferase reporter assay. (C and D) RIP assay was applied to confirm the 
target relationship between miR-516b-5p and circ_0006168. (E) RNA pull down assay was utilized to verify the interaction between miR-516b-5p and circ_0006168. 
**P<0.01, ***P<0.001.
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Figure 6 Circ_0006168 is highly expressed in ESCC tissues and cell lines. (A) The level of circ_0006168 was determined in a total of 30 ESCC tissues and paired normal 
tissues by RT-qPCR. (B) The level of circ_0006168 was examined in two ESCC cell lines and normal esophageal cell line HET-1A by RT-qPCR. (C and D) The relative levels of 
circ_0006168 and CNOT6L were examined in RNA samples isolated from ESCC cells treated with or without RNase R by RT-qPCR. **P<0.01, ***P<0.001.

Figure 7 Circ_0006168 knockdown hampers the malignant phenotypes of ESCC cells in vitro. (A–F) Eca109 and KYSE150 cells were transfected with si-NC or si-circ 
_0006168. (A) The expression of circ_0006168 was determined by RT-qPCR. (B) The relative migration rate was analyzed through conducting wound healing assay. (C and 
D) Transwell assays were used to analyze cell migration and invasion abilities. (E) The optical density at the wavelength of 490 nm was measured every 24 h via MTT assay, 
and cell proliferation curve was generated. (F) Colony formation assay was used to evaluate the number of colonies to assess cell proliferation ability. **P<0.01, ***P<0.001.
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largely counteracted by the silencing of miR-516b-5p or 
the overexpression of XBP1 via wound healing assay and 
transwell assays (Figure 9A–C, Supplementary Figure 
3A–C). Circ_0006168 knockdown suppressed the prolif-
eration ability of ESCC cells, and this inhibitory effect was 
partly attenuated by the interference of miR-516b-5p or 
the overexpression of XBP1 (Figure 9D). Cell colony 
formation ability was suppressed with the silencing of 
circ_0006168, and the addition of inhibitor-miR-516b-5p 
or XBP1 plasmid largely recovered cell colony formation 
ability (Figure 9E, Supplementary Figure 3D). Overall, 
circ_0006168 silencing suppressed ESCC progression 

partly through up-regulating miR-516b-5p and reducing 
XBP1 expression.

Discussion
Dysregulated circRNAs are found to be closely associated 
with the pathogenesis of many malignancies,21 including 
ESCC.22,23 For example, Pan et al found that 
circ_0006948 was highly expressed in ESCC, and it accel-
erated ESCC progression through sponging miR-490-3p 
and up-regulating HMGA2.24 Circ_0000337 was abnor-
mally up-regulated in ESCC, and high level of 
circ_0000337 accelerated the proliferation and motility of 

Figure 8 Circ_0006168 acts as miR-516b-5p sponge to up-regulate XBP1 in ESCC cells. (A) The overexpression efficiency of circ_0006168 overexpression plasmid was 
assessed by RT-qPCR. (B) The relative level of miR-516b-5p was measured in ESCC cells transfected with si-NC, si-circ_0006168, vector or circ_0006168 by RT-qPCR. (C) 
The knockdown efficiency of miR-516b-5p inhibitor (inhibitor-miR-516b-5p) in ESCC cells was assessed by RT-qPCR. (D) Western blot assay was applied to determine the 
expression of XBP1 in ESCC cells transfected with miR-NC, miR-516b-5p, inhibitor NC or inhibitor-miR-516b-5p. (E) Eca109 and KYSE150 cells were transfected with si- 
circ_0006168 alone or together with inhibitor-miR-516b-5p, and the protein level of XBP1 was examined by Western blot assay. (F) Western blot assay was implemented to 
measure the protein expression of XBP1 in ESCC cells transfected with si-NC, si-circ_0006168, si-circ_0006168 + pcDNA or si-circ_0006168 + XBP1. *P<0.05, **P<0.01.
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ESCC cells.25 We focused on the biological role of 
circ_0006168 in ESCC progression. Previous studies 
have identified circ_0006168 as a carcinogenic factor. 
Shi et al demonstrated that circ_0006168 aggravated 
ESCC development through enhancing mTOR expression 
via sponging miR-100.7 Xie et al claimed that 
circ_0006168 contributed to ESCC development through 
targeting miR-384/RBBP7/S6K/S6 signaling cascade.8 

Here, we further investigated the working mechanism of 
circ_0006168 in ESCC progression. We found that 

circ_0006168 abundance was elevated in ESCC tissues 
and cell lines. Circ_0006168 silencing significantly ham-
pered the migration, invasion and proliferation of ESCC 
cells, and the pro-tumor role of circ_0006168 in ESCC 
was in line with former articles.7,8

CircRNAs possess abundant miRNA binding sites, and 
they modulate the expression of downstream genes through 
competitively binding to miRNAs, which is also called com-
petitive endogenous RNA (ceRNA) mechanism.26 Based on 
the previous studies, circ_0006168 played an oncogenic role 

Figure 9 Circ_0006168 silencing-mediated effects are largely overturned by the silencing of miR-516b-5p or the overexpression of XBP1 in ESCC cells. (A–E) Eca109 and 
KYSE150 cells were transfected with si-NC, si-circ_0006168, si-circ_0006168 + inhibitor-NC, si-circ_0006168 + inhibitor-miR-516b-5p, si-circ_0006168 + pcDNA or si-circ 
_0006168 + XBP1. (A) The migration rate of ESCC cells was analyzed by wound healing assay. (B and C) Transwell assays were performed to analyze cell migration and 
invasion abilities. (D) MTT assay was utilized to analyze cell proliferation ability. (E) Colony formation assay was used to analyze cell proliferation capacity. **P<0.01, 
***P<0.001.
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in ESCC through sponging miR-1007 and miR-384.8 Here, 
miR-516b-5p was identified as a novel miRNA target of 
circ_0006168 in our study. MiR-516b-5p functioned as 
a tumor suppressor in lung cancer and ESCC.11,27,28 MiR- 
516b was reported to restrain the malignant potential of 
ESCC cells by directly regulating CCNG1.11 We found that 
miR-516b-5p overexpression blocked the migration, inva-
sion and proliferation of ESCC cells, and the anti-tumor 
role of miR-516b-5p was in agreement with the former 
study.11 The results of rescue experiments revealed that 
circ_0006168 silencing-induced effects in ESCC cells were 
largely diminished by the knockdown of miR-516b-5p, sug-
gesting that circ_0006168 silencing suppressed ESCC pro-
gression largely through up-regulating miR-516b-5p. Hereto, 
circ_0006168 was found to exert its pro-tumor role in ESCC 
through sponging miR-100,7 miR-3848 and miR-516b-5p, 
which provided novel insight in targeting circ_0006168- 
mediated carcinogenic effects in ESCC.

MiRNAs induce the translational repression or degra-
dation of mRNAs through targeting their 3ʹUTR, leading 
to the changes in cell biological behaviors. For instance, 
miR-133b hampered the proliferation ability and motility 
of ESCC cells through down-regulating EGFR.29 Liu et al 
found that miR-601 suppressed ESCC development 
through targeting HDAC6.30 In our study, we identified 
XBP1 as a target of miR-516b-5p for the first time. XBP1 
was identified as a pivotal regulator for cell fate determi-
nation during endoplasmic reticulum stress.31 Recently, 
XBP1 was confirmed to play an oncogenic role in multiple 
malignancies, including breast cancer,15 oral squamous 
cell carcinoma,32 hepatocellular carcinoma33 and 
ESCC.18,19 For instance, Xia et al found that XBP1 facili-
tated the proliferation ability and invasion ability of ESCC 
cells through inducing MMP9 expression.18 Jin et al 
demonstrated that XBP1 acted as the downstream mole-
cule of TUG1/miR-498 axis to contribute to ESCC 
development.19 We found that XBP1 interference resulted 
in notable suppression in cell proliferation, migration and 
invasion abilities of ESCC cells, and the pro-tumor role of 
XBP1 in ESCC was consistent with former studies.18,19 

Through performing rescue experiments, we found that 
XBP1 overexpression reversed circ_0006168 silencing- 
mediated inhibitory effects in the malignant behaviors of 
ESCC cells, suggesting that circ_0006168 silencing sup-
pressed the migration, invasion and proliferation of ESCC 
cells largely through down-regulating XBP1. 
Circ_0006168 acted as a ceRNA to up-regulate the 

expression of XBP1 via absorbing miR-516b-5p in 
ESCC cells.

Our study demonstrated that circ_0006168 aggravated 
ESCC progression through acting as miRNA sponge to 
absorb miR-516b-5p to up-regulate XBP1 expression. 
Circ_0006168/miR-516b-5p/XBP1 signaling axis might 
be a novel treatment target for ESCC.
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