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Exosomal circRNA FNDC3B promotes the progression of esophageal squamous
cell carcinoma by sponging miR-490-5p and regulating thioredoxin reductase 1
expression
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ABSTRACT ARTICLE HISTORY
Exosomal circular RNAs (circRNAs) have been reported to play critical roles in esophageal squa- Received 11 March 2022
mous cell carcinoma (ESCC). We aimed to investigate the function of exosomal circRNA FNDC3B Revised 26 May 2022
(circFNDC3B). The RNA levels and protein levels were examined using RT-qPCR and western blot ~ Accepted 27 May 2022

(WB) assays. Colony formation and EdU assays were used to assess cell proliferative ability. Cell KEYWORDS

migratory and invasive abilities were detected by wound healing and transwell assays. Cell Esophageal squamous cell
apoptosis was measured by flow cytometry. Glycolysis was measured using commercial kits. carcinoma; exosome;
Transmission electron microscopy (TEM) and nanoparticle tracking analysis (NTA) were applied circFNDC3B; miR-490-5p;
to examine the morphology and size of exosomes. Dual-luciferase reporter, RIP and RNA pull- TXNRD1

down assays assessed the interaction of miR-490-5p with circFNDC3B or thioredoxin reductase 1
(TXNRD1). Xenograft tumor model determined the role of exosomal circFNDC3B in vivo. We
observed that circFNDC3B was upregulated in ESCC samples and cells, as well as ESCC-derived
exosomes. CircFNDC3B could be delivered via exosomes in tumor cells, and the colony formation,
proliferation, migration, invasion, glycolysis, and in vivo growth ability of recipient cells were
weakened after co-incubation with exosomal circFNDC3B-knockdown donor cells. CircFNDC3B
was a miR-490-5p sponge, and miR-490-5p inhibition reversed the role of exosomal circFNDC3B-
downregulating in ESCC cells. TXNRD1 was a miR-490-5p target, and TXNRD1 elevation weakened
the anti-cancer function of miR-490-5p upregulation in ESCC cells. CircFNDC3B mediated TXNRD1
expression by interacting with miR-490-5p. In conclusion, exosomal circFNDC3B drove ESCC
progression via regulating the miR-490-5p/TXNRD1 axis.
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Highlights

e CircFNDC3B was upregulated in ESCC sam-
ples and ESCC cell-derived exosomes.

e CircFNDC3B could be delivered via exo-
somes in tumor cells.

® Exosomal circFNDC3B promoted cell malig-
nancy and glycolysis in ESCC.

e CircFNDC3B mediated TXNRDI1 expression
by interacting with miR-490-5p.

Introduction

Esophageal cancer (EC) is a common tumor in the
world, which ranks 6th in mortality and 7th in
incidence [1,2]. Esophageal squamous cell carci-
noma (ESCC) is the main subtype of EC and is
prevalent in China [3]. Although tremendous
efforts have been made in clinical therapy, the
5-year survival rate for ESCC patients remains
poor due to metastasis and recurrence [4,5].
Hence, novel biomarkers need to be identified to
improve the treatment of ESCC.

CircRNAs are a special of noncoding RNAs
(ncRNAs) that are generated by pre-mRNA back
and characterized by conservative evolution, tissue-
specific, and stable structure [6]. CircRNAs can
avoid degradation by RNases and have higher stabi-
lity due to their circular structures [7]. CircRNAs
have drawn great attention for their involvement in
the development of human cancers [8]. Many studies
have studied that circRNAs are stably present in
exosomes, and exosomal circRNAs are able to act
as messengers of intercellular communication,
thereby modulating the biological functions of target
cells [9]. Exosomes originate from endosomal multi-
vesicular bodies with a diameter of 50-140 nm [10].
Exosomes can deliver their cargo, such as circRNAs,
proteins, microRNAs (miRNAs), mRNAs, or other
bioactive substances to mediate the cellular commu-
nications in cancer [11,12]. Exosomal circRNAs have
been reported to have potential applications as new
therapeutic targets and disease biomarkers [13].
A previous report showed that circRNAFNDC3B
(circFNDC3B; also known as hsa_circ_0006948)
was remarkably upregulated in ESCC and facilitated
the development of ESCC [14]. Nevertheless, the

exact function and mechanism of exosomal
circFNDC3B in ESCC are largely unknown.
According to the competitive endogenous RNA
(ceRNA) networks hypothesis, circRNAs are rich in
microRNA (miRNA)-binding sequence and compe-
titively bind to miRNA response elements to func-
tion as miRNA sponges, thereby repressing miRNA
activity and positively modulating the expression of
target genes [15,16]. MiRNAs control protein pro-
duction through binding to 3'UTR of target
mRNAs, which causes mRNA degradation or inhi-
bition of translation [17,18]. Existing evidence shows
that the circRNA/miRNA/mRNA regulatory net-
work plays an important role in EC tumorigenesis
[19]. For example, circ-0000277 increased LAMA1
expression by sequestering miR-4766-5p, causing in
promoting EC progression [20]. Another example
was that circNTRK2 mediated ESCC cell prolifera-
tion and invasion by interacting with miR-140-3p
and regulating the expression of NRIP1 [21].
Previous research has proven that miR-490-5p
played a tumor-suppressing role in ESCC [22]. In
this study, we found that circFNDC3B may interact
with miR-490-5p, however, whether circFNDC3B
can act as a sponge molecule for miR-490-5p is
unclear. Thioredoxin reductase 1 (TXNRDI1) acts
as a tumor promoter in ESCC [23]. TXNRD1 has
been predicted to be a downstream target of miR-

490-5p, but whether miR-490-5p can target
TXNRD1 to affect ESCC remains poorly
documented.

Accordingly, the research aimed to study
whether exosomal circFNDC3B is implicated in
the malignancy and glycolysis of ESCC cells. In
this paper, we examined circFNDC3B expression
in ESCC tissue specimens and cell lines. In addi-
tion, we determined the effect of exosomal
circFNDC3B on ESCC cell growth, invasion,
migration, apoptosis, and glycolysis. The regula-
tory network of circFNDC3B/miR-490-5p/
TXNRDI was also investigated in ESCC cells.

Materials and methods
Specimen collection

ESCC tissue samples (n = 50) and matched nearby
normal tissue samples (n = 50) were harvested



from ESCC patients who received resection in
Zigong Fourth People’s Hospital. After being col-
lected, tissue specimens were promptly snap-
frozen in liquid nitrogen. All patients signed their
written informed consents. The procedure was
approved by the Research Ethics Committee of
Zigong Fourth People’s Hospital. Patient inclusion
criteria were as follows: age 18-68 years; stage I-
III ESCC; no history of other treatments; and
regular follow-up after receiving treatment.
Patients with diabetes, pregnancy, or previous
malignancy were excluded. Follow-up was fol-
lowed for 5 years after treatment, with follow-up
every 3 months for the first 2 years and every
6 months for the next three years.
Clinicopathologic features of ESCC patients are
provided in Table 1.

Cell culture and transfection

Human normal esophageal cells (HET-1A) were
provided by BeNa Culture Collection (Beijing,
China) and ESCC cells (KYSE30, KYSE180,
KYSE450, and EC109) were commercially pro-
vided by COBIOER (Nanjing, China) and grown
in DMEM RPMI-1640 medium (Solarbio, Beijing,
China) that contained 10% fetal bovine serum
(FBS; Solarbio) under standard conditions (37°C,
5% CO,).

Short hairpin RNA targeting circFNDC3B (sh-
circENDC3B#1, sh-circFNDC3B#2, and sh-
circENDC3B#3), circFNDC3B overexpression vec-
tor (circFNDC3B), miR-490-5p mimics and inhi-
bitor (in-miR-490-5p and miR-490-5p), TXNRD1-
overexpressing plasmid (TXNRD1), and their
negative controls (sh-NC, Vector, in-miR-NC,
miR-NC, and pcDNA) were constructed by
RiboBio (Guangzhou, China). When the cell con-
fluence reached 70%, these plasmids or/and oligo-
nucleotides were introduced into cells using
Lipofectamine = 3000  Reagent  (Invitrogen,
Carlsbad, CA, USA).

Quantitative real-time PCR (RT-qPCR)

TRIzol reagent (Invitrogen) was utilized for isolat-
ing total RNA. The ¢cDNA was synthesized by
a Primescript RT Reagent (TaKaRa, Kusatsu,
Japan) or miScript II RT kit (Invitrogen).
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Table 1. Relationship between circFNDC3B expression and clin-
icopathologic features of esophageal squamous cell carcinoma
(ESCQ) patients.

circFNDC3B

expression
Clinical characteristics Total (n = 50) High Low P value
Age 0.778
< 60 years 26 14 12
>60 years 24 11 13
Gender 0.776
Male 28 13 15
Female 22 12 10
Tumor size 0.387
<5 cm 30 17 13
>5cm 20 8 12
TNM stage 0.047*
1-ll 24 8 16
11} 26 17 9
Histologic differentiation 0.926
Well 23 11 12
Moderate 18 9 9
Poor 9 5 4
Lymph node invasion 0.047*
Present 27 17 10
Absent 23 8 15

Thereafter, qQPCR was run on a CFX96 system
(Bio-Rad, Hercules, CA, USA) using SYBR
Premix Ex Taq II (Takara) with the following
reaction conditions: 40 cycles of denaturation at
95°C for 10 seconds, annealing at 60°C for 60
seconds, and elongation at 72°C for 60 seconds.
The RNA levels were analyzed via 2-*** method
[24]. B-actin and U6 were utilized as the reference
controls for circFNDC3B/FNDC3B/TXNRD1 and
miR-490-5p, respectively. Primer information is
listed in Table 2.

Subcellular localization

The PARIS™ Kit (Invitrogen) was used for isolating
the fractions of cytoplasm and nucleus based on
the manufacturer’s instructions. The expression
levels of circENDC3B, B-actin (cytoplasm control)
and U6 (nucleus control) were assessed via RT-
qPCR.

RNase R treatment

RNA extracted from ESCC cells was incubated
added with RNase R (Seebio, Shanghai, China)
and incubated for half an hour at 37°C [21].
Thereafter, circFNDC3B and FNDC3B expression
levels were detected by RT-qPCR.
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Table 2. Primer sequences for qPCR.

Genes Forward primer sequence Reverse primer sequence
circFNDC3B 5'-AGTGCATTCAAGGACCTGCT-3’ 5'-GGATTTGGTCGGTCATCATC-3'
FNDC3B 5'-GAAAGTCTCCCTGTTCGCACAC-3' 5"-ACTCTGAGACCTCACAGCCACT-3'
miR-490-5p 5'-GCCGAGCCATGGATCTCCAG-3' 5"-CAGTGCGTGTCGTGGAGT-3’
TXNRD1 5'-GTTACTTGGGCATCCCTGGTGA-3’ 5'-CGCACTCCAAAGCGACATAGGA-3’
B-actin 5"-GCCGGGACCTGACTGACTAC-3’ 5'-TCTCCTTAATGTCACGCACGAT-3’
ué 5"-CTCGCTTCGGCAGCACATATACT-3 5'-ACGCTTCACGAATTTGCGTGTC-3’

Cell proliferation assays

For colony formation assay [25], we seeded cells
into 6-well plates. After culturing for 14 days, the
medium was gently removed and washed twice
with PBS (Beyotime, Jiangsu, China). After fixing
in 4% paraformaldehyde (Beyotime), the cells were
stained using 0.1% crystal violet (Beyotime).

5-ethynyl-2’-deoxyuridine (EDU) assay [26] was
conducted using the EDU kit RiboBio) to test
DNA synthesis. Briefly, we seeded cells into a 24-
well plate. After treatment, EAU solution (50 uM)
was put into per well for 2 h. After fixing with
paraformaldehyde (4%), we treated with 0.5%
Triton-X-100. Following staining with Apollo
reaction for half an hour, these cells were stained
using DAPI  and  photographed  using
a fluorescence microscope (%200, Leica, Wetzlar,
Germany).

Migration and invasion assays

Cell migratory ability was examined through
wound healing assays [27]. In short, we seeded
cells into a 24-well plate. The monolayer cells
were gently scratched in the middle of each well
using a sterile pipette tip (200 uL) when the cell
confluence reached 80%. After incubation for 24 h,
these cells were photographed with a microscope
(Leica) at x40 magnification.

The transwell chambers were employed to eval-
uate cell invasive and migratory capacities [28]. In
short, cells suspended in serum-free medium
(200 pL) were plated in the apical chamber of
transwell pre-coated with (for detecting cell inva-
sive ability) or without (for detecting cell migra-
tory ability) Matrigel (BD Biosciences, San Jose,
CA, USA). In the bottom compartment,
a complete medium (600 uL) was used as a che-
moattractant. 24 h later, cells still in the top cham-
ber were carefully removed, and invasive and

migratory cells were fixed in methanol. After
staining with crystal violet solution, the cells were
photographed with an inverted microscope
(Leica).

Flow cytometry analysis

Annexin V-FITC/PI apoptosis detection kit pur-
chased from Sangon (Shanghai, China) was uti-
lized for detection of apoptosis in accordance
with the manufacturer’s instructions. In short,
cells were digested and harvested. After resuspend-
ing in binding buffer (0.4 mL), the cells were dyed
with Annexin V-FITC and PI for half an hour,
followed by measuring apoptotic cells using flow
cytometer (BD Biosciences).

Western blot (WB) assay

Protein extraction reagent (Beyotime) and BCA
protein quantification reagent (Abcam,
Cambridge, UK) were used for protein extraction
and quantification respectively. WB was executed
according to a previous report [29]. The extracted
protein samples were separated using SDS-PAGE
(Beyotime), followed by transferring to nitrocellu-
lose membranes (Invitrogen). After blockage with
nonfat milk (5%; Beyotime), the antibodies listed
below were applied to incubate these membranes
for 12-14 h at 4°C: Bcl-2 (ab194583, 1:1500,
Abcam), Bax (ab32503, 1:1500, Abcam), glucose
transport protein type 1 (GLUTIL; ab150299,
1:3000, Abcam), LDHA (ab125683, 1:2000,
Abcam), TXNRDI1 (ab124954, 1:1500, Abcam) or
B-actin (ab227387, 1:3000, Abcam). After incuba-
tion of the corresponding secondary antibody
(ab205718, 1:6000, Abcam), protein blot visualiza-
tion was achieved by an ECL reagent (Abcam).
Analysis of relative levels of proteins was per-
formed by densitometric analysis using Image
] software (Bio-Rad).



Glycolysis detection

Lactate Assay Kit and Glucose Assay Kit
(BioVision, Milpitas, CA, USA) were applied for
examining lactate production and glucose con-
sumption, following the manufacturer’s protocols.
Glucose consumption was the amount of glucose
in the control medium without cells minus the
amount of glucose in the medium inoculated
with cells. Glucose consumption and lactate pro-
duction results were normalized to total cellular
protein.

In vivo tumor growth assay

BALB/c male nude mice (n = 24; weighing 18-
25 g; 5-6 weeks old) were commercially provided
by Vital River (Beijing, China). We randomly
divided these mice into 4 groups with 6 mice in
each group: sh-NC, sh-circFNDC3B, Exo-sh-NC,
and Exo-sh-circFNDC3B. EC109 cells suspended
in PBS (5 x 10°/0.2 mL) were injected into the
right flank of nude mice. We measured tumor
volume using calipers every 7 days and calculated
using the following formula: % x width * x length.
After 28 days, these mice were sacrificed. All mice
were reared in specific pathogen-free conditions
and killed by cervical dislocation euthanasia.
Tumor tissue excised from dead mice was used
for further analysis. All animal experiments are
approved by the Animal Care and Use
Committee of Zigong Fourth People’s Hospital.

Exosome isolation and identification

Isolation of exosomes was conducted using the
ExoQuick precipitation kit (System Biosciences,
Mountain view, CA, USA) according to the man-
ufacturer’s instructions. Briefly, 500 pL of
ExoQuick Exosome Precipitation Solution was
mixed with 250 pL of cell supernatant sample
and incubated at 4°C. After 30 minutes, centrifu-
gation (30 minutes, 1500 x g) was performed and
the supernatant was discarded. Second centrifuga-
tion of the sample (5 minutes, 1500 x g) was done
to obtain the pellet. The pellets were resuspended
in 100 pL PBS and stored at —80°C.
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Transmission electron microscopy (TEM)

Phosphate-buffered saline-washed exosomes fixed
with 4% paraformaldehyde were placed on
a formvar 200 mesh copper grid for 20 minutes
at room temperature. After fixation in 1% glutar-
aldehyde for 5 minutes, samples were stained with
uranyl oxalate for 5 minutes, followed by the addi-
tion of 4% uranyl acetate and 2% methylcellulose
at a ratio of 1:9 on ice. Finally, TEM (Hitachi, Ltd.,
Tokyo, Japan) was used for imaging [30].

Nanopatrticle tracking analysis (NTA)

Exosomes were resuspended in PBS (5 pg/mL). The
sample was manually injected into the sample
chamber at ambient temperature. Each sample was
measured in triplicate with a camera setting of 13
with an acquisition time of 30 seconds and a detec-
tion threshold setting of 7. Finally, data were ana-
lyzed using NTA analysis software (NanoSight
technology, Malvern, UK) [31].

Establishment of cell co-culture model

To probe the role of the exosomal circFNDC3B in
the recipient cells, a co-culture model was built
according to a previous research [32]. Cells were
assigned to Exo-sh-NC group (donor KYSE450
and EC109 cells transfected with sh-NC were co-
cultured with KYSE450 and EC109 cells), Exo-sh-
circFNDC3B#1 group (donor KYSE450 and
EC109 cells transfected with sh-circFNDC3B#1
were co-cultured with KYSE450 and EC109 cells),
Exo-sh-circFNDC3B#1 + in-miR-NC (donor
KYSE450 and EC109 cells co-transfected with sh-
circFNDC3B#1 + in-miR-NC were co-cultured
with KYSE450 and EC109 cells) Exo-sh-
circFNDC3B#1  +  in-miR-490-5p  (donor
KYSE450 and EC109 cells co-transfected with sh-
circFNDC3B#1 + in-miR-490-5p were co-cultured
with KYSE450 and EC109 cells). After 48 h of
transfection, donor cells (KYSE450 and EC109
cells, 1 x 10° cells per well) were collected and
inoculated into the top chamber of transwell cul-
ture plate. Recipient cells (KYSE450 and EC109
cells) were inoculated into the bottom chamber
of Transwell 1 day in advance. After co-culturing
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apical and basolateral chambers, the recipient cells
were collected for further research.

Dual-luciferase reporter assay

The association between miR-490-5p and
circFNDC3B or TXNRDI1 was predicted using cir-
cinteractome or TargetScan. CircFNDC3B or
TXNRD1 fragments including the miR-490-5p
binding site region and the corresponding mutated
region were synthesized and individually cloned
into the pmirGLO vectors (Promega, Madison,
WI, USA) to create wild-type reporter and
mutated-type vectors (circFNDC3B WT/MUT
and TXNRDI1 3'UTR WT/MUT) Then, the con-
structed reporter plasmid was introduced into
KYSE450 and EC109 cells together with miR-NC
/miR-490-5p for 48 h. Detection of the luciferase
activity was performed using dual-luciferase repor-
ter assay system (Promega). Data for firefly luci-
ferase activity were normalized to Renilla
luciferase activity.

RNA pull-down assay

Biotinylated negative control (Bio-NC) and bioti-
nylated circFNDC3B WT/MUT (Bio-circFNDC3B
WT/MUT) were obtained from (RiboBio) and
incubated with KYSE450 and EC109 cell lysates
[33]. The streptavidin  magnetic  beads
(Invitrogen) were added to the above complex,
followed by incubation for 0.5 h. Next, the mixture
was washed, and the RNA complexes were
extracted. At last, the enrichment of miR-490-5p
was tested by RT-qPCR.

RNA immunoprecipitation (RIP) assay

RIP assay was conducted with EZ-Magna RIP Kit
(Millipore, Billerica, MA, USA) following the steps
provided by the manufacturer. After lysing by
RIPA buffer (P0013D, Beyotime), cell lysate was
treated with magnetic beads conjugated with an
antibody against immunoglobulin G (Anti-IgG; as
a control) or Argonaute2 (Anti-AGO2). After
incubation with Proteinase K, the levels of relevant
RNAs were tested via RT-qPCR.

Immunohistochemistry (IHC)

Tumor tissues were fixed in formaldehyde (10%),
embedded in paraffin, followed by cutting at
a thickness of 4 pm slides. Next, these sections
were incubated with the TXNRDI1 (abl124954,
1:200, Abcam) antibody overnight at 4°C to mea-
sure TXNRD1 expression. After incubation with
secondary antibody (ab150077, 1:1000, Abcam).
After staining with diaminoaniline (DAB;
Beyotime) and counterstaining with hematoxylin
(Beyotime), the images were obtained under
a microscope (Leica). The TXNRDI1 score was
defined as the percentage of TXNRDI-positive
staining cells in the total number of cancer cells.

Statistical analysis

Data from at least 3 independent experiments were
displayed as mean + standard deviation and ana-
lyzed by GraphPad Prism 7.0. Differences between
the different groups were analyzed via Student’s
t-test and analysis of variance. For evaluating the
diagnostic value of circFNDC3B for ESCC, the
receiver operating characteristics (ROC) curve
was constructed. Overall survival was defined as
the time interval from surgery to death. The
Kaplan-Meier method was used to calculate OS,
with the log-rank method to determine the signif-
icance of differences. A significant difference was
represented when P< 0.05.

Results

In this paper, we examined the effect of
circFNDC3B and exosomal circFNDC3B on
ESCC cell malignancy and glycolysis. The regula-
tory network of circFNDC3B/miR-490-5p/
TXNRD1 was also investigated in ESCC cells.

CircFNDC3B was overexpressed in ESCC tissues
and cells

To identify the circRNAs involved in ESCC
tumorigenesis, we first searched the GEO data-
base (accession number GSE131969). We
selected the top 10 circRNAs with the most up-
and down-regulation in the database to draw
a heat map (Figure 1). And 5 circRNAs
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Figure 1. CircFNDC3B was overexpressed in ESCC. (a) The heat map of GSE131969 showed the expression of 20 circRNAs in normal
and ESCC tissues. (b) Hsa_circ_0072338, hsa_circ_0005114, hsa_circ_0023990, hsa_circ_0007638, and circFNDC3B expression levels
in normal and ESCC tissues were detected by RT-gPCR (two-way ANOVA). (c) CircFNDC3B expression in ESCC tissues (n = 39) and
normal tissues (n = 39) was determined (Student’s t-test). (d) The expression of circFNDC3B was determined in patients with clinical
stages | + Il and Il (Student’s t-test). (e,f) The information of circFNDC3B was presented, and Sanger sequencing confirmed the head-
to-tail splicing junction of circFNDC3B. (g) The expression of circFNDC3B in ESCC cells (KYSE30, KYSE180, KYSE450, and EC109) and
HET-1A cells was measured via RT-qPCR (one-way ANOVA). (h,i) The subcellular location of circFNDC3B in KYSE450 and EC109 cells
was determined by RT-qPCR (two-way ANOVA). (jk) CircFNDC3B and linear FNDC3B expression levels were determined after
treatment of RNase R by RT-gPCR in KYSE450 and EC109 cells (two-way ANOVA). (I) The diagnostic effect was evaluated by ROC
curve in ESCC patients (Clopper-Pearson). (m) ESCC patients were divided into low (n = 19) and high (n = 20) circFNDC3B expression
groups according to the median value of circFNDC3B expression. (n) The survival rate was analyzed between low and high
circFNDC3B expression groups in ESCC patients (Log-rank (Mantel-Cox) test). *P< 0.05.

(hsa_circ_0072338, hsa_circ_0005114, hsa_-  ESCC tissue samples (Figure 1(c)). High expres-
circ_0023990, hsa_circ_0007638, hsa_-  sion level of circFNDC3B was significantly asso-
circ_0006948) were verified to be upregulated ciated with TNM stage and lymph node
in ESCC, of which hsa _circ_0006948 invasion, but not with age, gender, tumor size,
(circFNDC3B) was upregulated the most and histologic differentiation (Table 1). In addi-
(Figure 1(b)). Therefore, circFNDC3B was tion, circFNDC3B expression was higher in
selected for further research. Further experi- tumors from patients with clinical stage III
ments verified the elevation of circFNDC3B in  than tissues from patients with clinical stages
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I + II (Figure 1(d)). CircFNDC3B, located on
chr3:171830241-171944737, is generated from
exons 2-4 of the FNDC3B, and its spliced length
is 292 nt (Figure 1(e)). Sanger sequencing con-
firmed the head-to-tail splicing of circFNDC3B
(Figure 1(f)). In contrast to HET-1A cells,
circFNDC3B was upregulated in ESCC cells
(KYSE30, KYSE180, KYSE450, and EC109),
especially in KYSE450 and ECI109 cells
(Figure 1(g)). Therefore, KYSE450 and EC109
cells were chosen for further research.
Moreover, circFNDC3B was observed to be pre-
dominantly located in the cytoplasm Figure 1(h,
i). Furthermore, RNase R digestion assay showed
that the circular isoform (circFNDC3B) was
resistant to RNase R with respect to linear
FNDC3B Figure 1(j,k). Actinomycin
D treatment decreased the half-life of FNDC3B
mRNA (about 10 hours), but the half-life of
circFNDC3B exceeded 24 hours (Supplementary
Figure S2(a,b)). These results highlighted the
stability of circFNDC3B. The ROC curves
revealed that circFNDC3B was able to discrimi-
nate the ESCC tissues from the normal tissues
with relatively satisfactory accuracy, and the
AUC value was 0.9043 (Figure 1(1)). According
to the median value of circFNDC3B expression,
ESCC patients were divided into low (n = 19)
and high (n = 20) circFNDC3B expression
groups (Figure 1(m)), and patients with high
circFNDC3B  expression had poor survival
(dotted line represents median survival time)
(Figure 1(n)).

CircFNDC3B knockdown inhibited the malignant
behaviors of ESCC cells

We silenced circFNDC3B expression in KYSE450
and EC109 cells to probe the biological function of
circFNDC3B in ESCC. CircFNDC3B expression
was reduced in KYSE450 and EC109 cells after
transfection ~ with  sh-circFNDC3B#1,  sh-
circENDC3B#2  or  sh-circFNDC3B#3, and
circFNDC3B expression was the lowest in sh-
circENDC3B#1 group (Figure 2(a)). Hence, sh-
circENDC3B#1 was chosen for further research.
The colony-forming ability of circENDC3B-
downregulating cells was reduced compared to
control cells (Figure 2(b)). EdU assay showed

that circFNDC3B knockdown restrained DNA
synthesis (Figure 2(c)). CircFNDC3B silencing
inhibited KYSE450 and EC109 cell migration and
invasion (Figure 2(d-f)) and broken line diagrams
on changes in cell wound closure area were pre-
sented in Supplementary Figure S1(a,b).

CircFNDC3B knockdown induced cell apoptosis,
lessened cell glycolysis, reduced xenograft tumor
growth

Flow cytometry analysis indicated that interference
of circFNDC3B induced KYSE450 and EC109 cell
apoptosis (Figure 3(a)). As expected, circFNDC3B
knockdown reduced Bcl-2 protein abundance and
increased Bax protein abundance Figure 3(b,c).
Most fast-growing malignant cells get more energy
through glycolysis [34]. GLUT1 and LDHA pro-
tein levels were reduced after downregulation of
circFNDC3B  Figure  3(d,e).  Consistently,
circFNDC3B knockdown was able to inhibit gly-
colysis through suppressing glucose consumption
and lactate production Figure 3(f,g). To evaluate
the role of circFNDC3B in ESCC in vivo, sh-NC or
sh-circFNDC3B#1-transfected EC109 cells were
injected into nude Deficiency  of
circENDC3B could decrease tumor growth by
reducing tumor volume and weight Figure 3(h,i).

mice.

CircFNDC3B was transmitted by exosomes in
ESCC cells

Exosomes secreted by cancer cells contain a large
amount of RNAs, including circRNAs IncRNAs
and miRNAs [9]. Therefore, we explored whether
circENDC3B was able to transmit via exosomes in
ESCC cells. Exosomes were isolated from
KYSE450 and EC109 cell medium and the mor-
phology of exosomes was observed using TEM
(Figure 4(a)). The exosomal markers (CD81 and
CD63) were identified using WB analysis, indicat-
ing that exosomes were successfully enriched
(Figure 4(b)). The size of the exosomes was exhib-
ited in Figure 4(c). Next, we established a cell co-
culture model. The expression of circFNDC3B in
donor cells (KYSE450 and EC109), exosomes, and
recipient cells (KYSE450 and EC109) was deter-
mined by RT-qPCR after introduction with
circENDC3B and sh-circENDC3B. CircFNDC3B
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Figure 2. Interference of circFNDC3B suppressed ESCC progression. (a) CircFNDC3B expression was determined in KYSE450 and
EC109 cells transfected with sh-NC, sh-circFNDC3B#1, sh-circFNDC3B#2, or sh-circFNDC3B#3 (two-way ANOVA). (b-g) KYSE450 and
EC109 cells were transfected with sh-NC or sh-circFNDC3B#1. (b) Colony formation assay assessed colony formation ability (two-way
ANOVA). (c) EdU assay detected DNA synthesis (x200) (two-way ANOVA). (d) Wound healing assay detected cell migratory ability
(x40) (two-way ANOVA). (e,f) Transwell assay determined cell migration and invasion (x100) (two-way ANOVA). *P< 0.05.
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Figure 3. Interference of circFNDC3B decreased cell glycolysis in ESCC cells. (a) Detection of cell apoptosis was conducted in ESCC
cells transfected with sh-NC or sh-circFNDC3B#1 via flow cytometry analysis (two-way ANOVA). (b,c) WB assay was used for testing
Bcl-2 and Bax protein levels in the above cells (two-way ANOVA). (d,e) GLUT1 and LDHA protein levels were analyzed by WB in the
above cells (two-way ANOVA). (f,g) Glucose consumption and lactate production were detected using corresponding kits in the
above cells (two-way ANOVA). (h,i) EC109 cells stably introduced with sh-NC or sh sh-circFNDC3B#1 were introduced into nude mice.
Tumor volume was recorded and tumor weight was detected (Student’s t-test). *P< 0.05.



expression was observed to be elevated in donor
cells (KYSE450 and EC109), exosomes and recipi-
ent cells (KYSE450 and EC109) after introduction
with circEFNDC3B, and declined in donor cells,
exosomes and recipient cells following transfection
with sh-circFNDC3B#1 (Figure 4(d-i)). These data
indicated that circFNDC3B could be delivered
through exosomes in ESCC cells.

Reduction of exosomal circFNDC3B inhibited
ESCC cell progression

Co-cultivation model was established to determine
the action of exosomal circFNDC3B. After co-
culturing  the donor «cells (with  sh-
circENDC3B#1) and recipient cells for 48 h, the
effects of exosomal circFNDC3B were detected.
We discovered that there was a decrease in cell
colony formation, proliferation, migration, and
invasion in the Exo-sh-circFNDC3B#1 group,
while an elevation in cell apoptosis (Figure 5(a-
f)) and color images of wound closure, cell apop-
tosis, and cell invasion experiments were presented
in Supplementary Figure S6(a-c). Bcl-2 protein
level was reduced but Bax protein level was
increased in the Exo-sh-circFNDC3B#1 group
Figure 5(g,h). In addition, co-culturing with sh-
circFNDC3B#1-transfected donor cells decreased
glucose consumption, lactate production, and pro-
tein expression of GLUT1 and LDHA in recipient
cells (Figure 5(i-1)). Our results showed that donor
cells-derived  exosome-shuttling  circFNDC3B
could affect the behaviors of recipient cells.

CircFNDC3B was a sponge of miR-490-5p

We then predicted the potential target miRNAs of
circFNDC3B using circinteractome. miR-490-5p
had binding sites with circFNDC3B, as exhibited
in Figure 6(a). Overexpression and inhibition effi-
ciency of miR-490-5p were examined using RT-
qPCR  (Figure 6(b)). Co-transfection of
circFNDC3B WT and miR-490-5p resulted in
a reduction in the luciferase activity in KYSE450
and EC109 cells, and co-transfection of
circENDC3B WT and in-miR-490-5p increased
the luciferase activity Figure 6(c,d). The enrich-
ment of circFNDC3B and miR-490-5p was found
to be high in Anti-AGO2 group with respect to
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Anti-IgG group Figure 6(e,f). Meanwhile, Bio-
circFNDC3B WT led to higher miR-490-5p
enrichment Figure 6(g,h). And miR-490-5p level
was reduced in ESCC tissue samples and cell lines
Figure 6(i,j). In addition, circFNDC3B deficiency
increased miR-490-5p abundance in KYSE450 and
EC109 cells, but the elevated abundance of miR-
490-5p was reversed after in-miR-490-5p intro-
duction (Figure 6(k)).

Exosomal circFNDC3B modulated the behaviors
of ESCC cells through sponging miR-490-5p

Next, we further explored whether exosomal
circFNDC3B  regulated ESCC progression by
sponging miR-490-5p. MiR-490-5p expression
was found to be increased in Exo-sh-
circFNDC3B#1 group, while its elevation was wea-
kened after in-miR-490-5p introduction (Figure 7
(a)). Moreover, introduction of in-miR-490-5p
reversed the effects of Exo-sh-circFNDC3B#1 on
cell growth, migration, invasion, and apoptosis
(Figure 7(b-g)) and color images of wound clo-
sure, cell apoptosis, and cell invasion experiments
were presented in Supplementary Figure S7(a-c).
The changes in Bcl-2 and Bax protein levels in
recipient cells with Exo-sh-circFNDC3B#1 treat-
ment were overturned by miR-490-5p inhibition
(Figure 7(h-i)). Moreover, the decrease of glucose
consumption, lactate production, and protein
levels of GLUT1 and LDHA caused by Exo-sh-
circFNDC3B#1 was reversed by miR-490-5p silen-
cing (Figure 7(j-m)). To sum up, exosomal
circFNDC3B exerted its function in ESCC cells
through interacting with miR-490-5p.

TXNRD1 was targeted by miR-490-5p

To identify the target of miR-490-5p, we used
a bioinformatics tool (TargetScan). Among the
predicted targets, 7 (SOX6, PPMIL, FZD3,
CDC25A, TXNRDI1, LASP1, E2F3) genes that
have been studied in ESCC were selected for ana-
lysis. RT-qPCR results showed that overexpression
of miR-490-5p inhibited the mRNA levels of
FZD3, CDC25A, TXNRD1 and E2F3, and
TXNRD1 with the most differential change was
selected for further exploration. As presented in
Figure 8(a), TXNRDI1 3'UTR possessed the
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Figure 4. CircFNDC3B was delivered through exosomes in ESCC cells. (a) Exosomes were isolated from KYSE450 and EC109 cell
medium and the morphology of isolated exosomes was observed by TEM. (b) WB assay was used for detecting exosomal markers
(CD63 and CD81) protein levels in exosomes (Exo-KYSE450/EC109) and cell extracts (Cell-KYSE450/EC109). (c) The size of exosomes
was analyzed NTA. (d-i) CircFNDC3B expression in donor KYSE450 and EC109 cells (transfected with Vector, circFNDC3B, sh-NC, or sh
sh-circFNDC3B#1), exosomes, and recipient KYSE450 and EC109 cells was determined using RT-qPCR (one-way ANOVA). *P< 0.05.

possible binding sequence for miR-490-5p. We
also observed that miR-490-5p overexpression
decreased TXNRD1 3'UTR WT luciferase activity
and miR-490-5p downregulation increased
TXNRD1 3'UTR WT luciferase activity Figure 8
(b,c). In ESCC tissues, TXNRD1 mRNA and pro-
tein levels were increased in contrast to normal
tissues Figure 8(d,e). Likewise, TXNRD1 protein
levels were also enhanced in ESCC cells in contrast
to HET-1A cells (Figure 8(f)). Also, Pearson

correlation coefficient analysis showed that the
expression of miR-490-5p in ESCC samples was
negatively correlated with circFNDC3B and
TXNRD1 mRNA, while the expression levels of
circENDC3B and TXNRD1 mRNA were positively
correlated (Figure 8(g-i)). In addition, we found
that TXNRDI1 protein levels were reduced after
miR-490-5p transfection, which was rescued by
co-transfection of TXNRD1 (Figure 8(j)). The
data showed that circFNDC3B silencing inhibited
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Figure 5. Decreasing exosomal circFNDC3B inhibited ESCC cell progression. Donor KYSE450 and EC109 cells transfected with sh-NC
or sh sh-circFNDC3B#1 were co-cultured with recipient KYSE450 and EC109 cells. (a,b) Cell proliferation was detected (two-way
ANOVA). (c-e) Cell migratory and invasive abilities were examined (two-way ANOVA). (f) Cell apoptosis was detected (two-way
ANOVA). (g,h) Bcl-2 and Bax protein levels were tested (two-way ANOVA). (i,j) Glucose consumption and lactate production were
examined (two-way ANOVA). (k,I) GLUT1 and LDHA protein levels were examined (two-way ANOVA). *P< 0.05.

TXNRD1 protein levels in KYSE450 and EC109
cells, which were impaired by inhibiting miR-490-
5p (Figure 8(k)), indicating that circFNDC3B
sponged miR-490-5p to positively modulate
TXNRDI1 expression.

Upregulation of miR-490-5p repressed ESCC cell
malignant features by targeting TXNRD1

Considering that TXNRD1 was targeted by miR-
490-5p in ESCC cells, we further explored whether
miR-490-5p exerted its roles via targeting
TXNRDI. Overexpression of miR-490-5p was
able to suppress cell colony formation, prolifera-
tion, migration, and invasion, while TXNRD1 ele-
vation abated these effects Figure 9(a-e) and color
images of wound closure, cell apoptosis, and cell
invasion  experiments were presented in
Supplementary Figure S8(a-c). In addition, miR-
490-5p upregulation induced cell apoptosis and
elevated Bax protein levels as well as decreased
Bcl-2 protein levels, which could be counteracted
by elevating TXNRD1 Figure 9(f-h)). Meanwhile,

enforced expression of miR-490-5p reduced glu-
cose consumption, lactate production, and the
protein levels of GLUT1 and LDHA while these
changes were weekend by elevation of TXNRDI1
(Figure 9(i-1)). In addition, whether TXNRD1 is
associated with circFNDC3B-mediated effects on
ESCC cells was explored. The results showed that
TXNRDI1 overexpression weakened the effects of
circ_ FNDC3B knockdown on ESCC cell prolifera-
tive, migrating, and invading, and apoptotic capa-
cities (Supplementary Figures S4(a-g)). Also, the
effects of circ FNDC3B inhibition on Bcl-2 and
Bax protein levels were lowered after TXNRDI1
introduction (Supplementary Figures S5(a,b)). As
expected, the decreased levels of glucose consump-
tion and lactate production, as well as GLUT1 and
LDHA proteins

Decreasing exosomal circFNDC3B inhibited
tumor growth in vivo

We established mice xenograft models to deter-
mine the function of exosomal circFNDC3B
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Figure 6. MiR-490-5p directedly targeted circFNDC3B. (a) The potential binding sites between circFNDC3B and miR-490-5p were predicted by
circinteractome. (b) MiR-490-5p level was detected in KYSE450 and EC109 cells transfected with miR-NC, miR-490-5p, in-miR-NC, or in-miR
-490-5p (two-way ANOVA). (c,d) The luciferase activity in KYSE450 and EC109 cells co-transfected with circFNDC3B WT/MUT and miR-NC/miR-
490-5p or in-miR-NC/in-miR-490-5p was determined (two-way ANOVA). (e,f) CircFNDC3B and miR-490-5p enrichment were examined in
KYSE450 and EC109 cells by RIP assay (two-way ANOVA). (g,h) CircFNDC3B and miR-490-5p enrichment was examined by RNA pull-down
assay in KYSE450 and EC109 cells incubated with Bio-NC, Bio-circFNDC3B WT, or Bio-circFNDC3B MUT (one-way ANOVA). (i,j) MiR-490-5p
expression was measured by RT-gPCR in normal tissues, ESCC tissues, HET-1A cells, and ESCC cells (KYSE450 and EC109) (Student’s t-test and
one-way ANOVA). (k) MiR-490-5p expression was examined in KYSE450 and EC109 cells transfected with sh-NC, sh-circFNDC3B#1, sh-
circFNDC3B#1 + in-miR-NC, or sh-circFNDC3B#1 + in-miR-490-5p (two-way ANOVA). *P< 0.05.

in vivo. As presented in Figures 10(a,b)), the
volume and weight of tumors were inhibited in
the Exo-sh-circFNDC3B#1 group relative to the
Exo-sh-NC group. Also, circFNDC3B expression
and TXNRDI protein levels were declined in Exo-
sh-circFNDC3B#1 group in comparison with Exo-
sh-NC group, but miR-490-5p expression was
increased (Figure 10(c-e)). IHC analysis showed
that TXNRD1 expression in the Exo-sh-
circFNDC3B#1 group was lower than that in the
Exo-sh-NC group (Figure 10(F)).

Discussion

ESCC is a frequent malignancy in the digestive
system [35]. Exosomes are implicated in the reg-
ulating tumor-normal communication in the

tumor microenvironment [36]. Recently, it has
been demonstrated that circRNAs contained in
exosomes are promising biomarkers for cancers
and have critical roles in cancer development.
For instance, exosomal circ-ZNF652 promoted
hepatocellular carcinoma cell metastasis, prolifera-
tion, and glycolysis through modulation of the
miR-29a-3p/GUCD1 [37].  Exosomal
circSHKBP1 contributed to gastric cancer progres-
sion by modulating miR-582-3p/HUR/VEGF axis
and limiting HSP90 degradation [38]. In this
research, we mainly probed into the role of exoso-
mal circFNDC3B in ESCC progression.

It was revealed that high levels of circ_0006948
were associated with advanced breast cancer, lymph
node metastasis, and distant metastasis, and knock-
down of circ_0006948 reduced the proliferative and

axis
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Figure 7. Exosomal circFNDC3B exerted its function in ESCC cells through sponging miR-490-5p. Donor KYSE450 and EC109 cells
transfected with sh-NC, sh-circFNDC3B#1, sh-circFNDC3B#1 + in-miR-NC, or sh-circFNDC3B#1 + in-miR-490-5p were co-cultured with
recipient KYSE450 and EC109 cells. (a) MiR-490-5p level was determined (two-way ANOVA). (b,c) Cell proliferative ability was
detected. (d-f) Cell migratory and invasive capacities were detected (two-way ANOVA). (g) Cell apoptosis was determined (two-way
ANOVA). (h and i) Bcl-2 and Bax protein levels were detected (two-way ANOVA). (j,k) Glucose consumption and lactate production
were examined (two-way ANOVA). (I,m) GLUT1 and LDHA protein levels were detected (two-way ANOVA). *P< 0.05.

metastatic abilities of cancer cells [39]. CircFNDC3B
has been exposed to exert a tumor-promoting role in
EC. Yue et al. uncovered that high levels of
circ_0006948 were gained in EC tissues and cells,
and circFNDC3B promoted EC cell growth, EMT,
mobility, and invasion through regulation of the
miR-4262/FNDC3B axis [40]. Moreover,
circENDC3B was overexpressed in ESCC cells and
tissues, and circFNDC3B facilitated ESCC cell pro-
liferative, migratory and invasive abilities through
the miR-490-3p/HMGA?2 axis [14]. Another report
displayed that circ_0006948 knockdown lowered the
glycoclastic, proliferative, migrating, and invading
capacities of ESCC cells via mediation of the miR-
3612/LASP1 axis [41]. In agreement with these
researches, an increase of circFNDC3B expression
was also detected in ESCC tissues and cells, and
circ_0006948 knockdown lowered ESCC cell glyco-
clastic, proliferative, migrating, and invading capa-
cities. Moreover, circFNDC3B could distinguish
ESCC tissues from normal tissues, indicating that

circFNDC3B was a potential diagnostic marker for
ESCC, and patients with high circFNDC3B expres-
sion displayed a poorer survival rate. In vivo assay
confirmed that circFNDC3B downregulation also
repressed tumor growth in vivo. Nevertheless, the
function of exosomal circFNDC3B in ESCC cells is
unclear. The novelty of this study was the observa-
tion that circFNDC3B could be transmitted from cell
to cell via exosomes. The proliferative, migratory,
invasive, and glycolytic abilities of recipient ESCC
cells were impaired after co-incubation with exoso-
mal  circFNDC3B-knockdown  donor  cells.
Furthermore, the growth ability of recipient ESCC
cells incubated with exosomal circFNDC3B knock-
down donor cells was also reduced in mice. These
data highlighted that cell-derived exosomal
circFNDC3B promoted ESCC growth.
Mechanistically, circRNAs perform their func-
tional roles in human malignant tumors via interact-
ing with miRNAs to regulate target gene expression
[42]. Next, we validated that miR-490-5p was
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Figure 8. TXNRD1 was targeted by miR-490-5p. (a) Binding regi

on between between TXNRD1 and miR-490-5p and matched mutant

sites were exhibited. (b,c) Dual-luciferase reporter assay was performed for verifying the targeting relationship between TXNRD1 and
miR-490-5p (two-way ANOVA). (d) TXNRD1 mRNA level in normal and ESCC tissues was examined (Student’s t-test). (e,f) TXNRD1
protein level was measured in normal tissues, ESCC tissues, HET-1A cells, and ESCC cells (KYSE450 and EC109) (Student’s t-test and
one-way ANOVA). (g-i) Pearson correlation coefficient assessed the correlation among miR-490-5p, circFNDC3B, and TXNRD1. (j)

TXNRDT1 protein level was tested in KYSE450 and EC109 cells t

ransfected with miR-NC, miR-490-5p, miR-490-5p + pcDNA, or miR-

490-5p + TXNRD1 (two-way ANOVA). (k) TXNRD1 protein expression was examined in KYSE450 and EC109 cells transfected with sh-
NG, sh-circFNDC3B#1, sh-circFNDC3B#1 + in-miR-NC, or sh-circFNDC3B#1 + in-miR-490-5p (two-way ANOVA). *P< 0.05.

sponged by circFNDC3B. MiR-490-5p is able to
function as an inhibitor in diverse tumors, including
ESCC. For instance, miR-490-5p was downregulated
in hepatocellular carcinoma and its upregulation
suppressed the metastasis of hepatocellular carci-
noma via downregulation of E2F2 and ECT2 [43].
In addition, miR-490-5p targeted PIK3CA to repress

tumor growth in renal cell carcinoma [44]. More
importantly, miR-490-5p upregulation could sup-
press ESCC cell proliferation and invasion [44].
Herein, we found a decrease in miR-490-5p level in
ESCC cell lines and tissue specimens. Furthermore,
we found that Exo-sh-circENDC3B#1 + in-miR-490-
5p could reverse the biological role of Exo-sh-
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Figure 9. MiR-490-5p targeted TXNRD1 to exert the anti-tumor role in ESCC cells. KYSE450 and EC109 cells were transfected with
miR-NC, miR-490-5p, miR-490-5p + pcDNA, or miR-490-5p + TXNRDT1. (a,b) Cell proliferation was evaluated (two-way ANOVA). (c-e)
Cell migratory and invasive abilities were determined (two-way ANOVA). (f) Cell apoptosis was detected (two-way ANOVA). (g,h) The
expression levels of Bax and Bcl-2 were examined (two-way ANOVA). (i,j) Glucose consumption and lactate production were tested
(two-way ANOVA). (k,I) GLUT1 and LDHA protein levels were analyzed (two-way ANOVA). *P< 0.05.

circFNDC3B#1 in recipient ESCC cells, indicating
exosomal circFNDC3B exerted its role in ESCC cells
through modulating miR-490-5p expression.
MiRNAs are able to bind with the 3'UTR of
target mRNAs to affect the progression of cancer
[45]. According to bioinformatics tool and
experimental verification, we verified that
TXNRD1 could directly bind to miR-490-5p.
TXNRDI1 is a key factor in regulating cell
redox balance and plays a crucial role in protect-
ing cells against oxidative stress [46].
Interestingly, TXNRD1 is overexpressed in mul-
tiple human malignancies and accelerates cancer
progression [47,48]. Importantly, Li et al. dis-
closed that TXNRD1 was overexpressed in
ESCC tissues, and miR-1305 exerted a tumor-
suppressive function in ESCC cells via repressing

TXNRD1 [23]. Consistently, we found that
TXNRD1 level was enhanced in ESCC, and
TXNRD1 upregulation abated the repressive
function of miR-490-5p by increasing cell
growth, monbility and glycolysis and decreasing
apoptosis in ESCC cells. In vivo experiments
further confirmed that reducing exosome-
shuttling circFNDC3B limited tumor growth
in vivo.

Conclusion

In summary, our findings showed that decreasing
exosomal circFNDC3B could inhibit ESCC progres-
sion by modulating the miR-490-5p/TXNRD1 axis.
The study indicated that circFNDC3B might be
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Figure 10. Reduction of exosomal circFNDC3B suppressed tumor growth in vivo. Donor EC109 cells introduced with sh-NC or sh-
circFNDC3B#1 were co-cultured with recipient EC109 cells, and then recipient EC109 cells were introduced into nude mice for
establishing mice xenograft model. (a,b) The volume (two-way ANOVA) and weight (Student’s t-test) of tumors were measured. (c,d)
CircFNDC3B and miR-490-5p expression levels in tumor tissues were determined (Student’s t-test). (e) TXNRD1 protein expression
was examined (Student’s t-test). (f) TXNRD1 expression was tested using IHC analysis (Student’s t-test). *P< 0.05.

a possible biomarker for the diagnosis or treatment of
ESCC.
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