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Abstract

The aim was to analyze the association between exosomal microRNA (miR)-766-3p
expression levels in serum and the prognosis of esophageal squamous cell carcinoma
(ESCC). The serum global exosomal miRNA expression of ESCC patients was meas-
ured by microRNA microarray. Quantitative real-time PCR was used to analyze the
expression levels of candidate miRNAs in both serum and tissues from ESCC patients.
Wilcoxon tests were applied to evaluate clinical characteristics and their association
with serum levels of exosomal miR-766-3p. A Cox regression model was used to iden-
tify prognostic factors. The effects of miR-766-3p expression on cell migration and
invasion were examined using Transwell assays, and CCK-8 assays were carried out to
measure cell proliferation. The TNM stage was associated with high serum exosomal
miR-766-3p levels of ESCC patients (P = .030). Higher serum exosomal miR-766-3p
expression levels were associated with poor prognosis (for overall survival, hazard
ratio [HR] [95% confidence interval (Cl)], 2.21 [1.00, 4.87]; for disease-free survival,
HR [95% ClI], 2.15 [1.01, 4.59]). However, we found no association between the ex-
pression of miR-766-3p in tissue and ESCC prognosis. In vitro results showed that
miR-766-3p promotes cell migration and invasion, but not cell proliferation. By using
dual-luciferase reporter assay, HOXA13 was confirmed as a direct target gene of miR-
766-3p. The ESCC patients with highly expressed serum exosomal miR-766-3p had a
significantly worse survival. Therefore, serum exosomal miR-766-3p could serve as a

prognostic marker for the assessment of ESCC.
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1 | INTRODUCTION

Esophageal cancer is the seventh leading cause of cancer-related
mortality worldwide and ranks fifth in terms of mortality in China."?
According to its pathological characteristics, esophageal cancer is
mainly classified either as ESCC or esophageal adenocarcinoma; ESCC
accounts for nearly 90% of cases in China.® In recent decades, although
great improvement has been achieved in multimodality treatment, such
as radical operation, chemotherapy, and radiotherapy,* the prognosis
of patients with ESCC remains poor.® Lymph node metastasis is asso-
ciated with recurrence and is a prognostic factor in ESCC patients.®’
Therefore, it is urgently needed to identify novel lymph node metasta-
sis biomarkers to predict the prognosis of ESCC more accurately.
MicroRNAs are small noncoding RNAs that are thought to play
important roles in many biological pathways.® Altered expression of
miRNAs is involved in the regulation of crucial pathological processes
in disease progression.”'® Exosomes are small membrane vesicles
of endocytic origin that are released into the extracellular environ-

ment.!

These exosomes contain protein and selectively packaged
RNA (such as miRNAs), and exosomes are vesicles that cells use to
communicate with one other through the exchange of these compo-
nents.’? Exosomes provide an enriched source of miRNAs for bio-
marker profiling because, by being in cell-free blood fractions, they
are protected from RNases in a way that their intracellular miRNA
counterparts are not.*® Mounting evidence confirmed exosomal
miRNAs are a promising source of noninvasive biomarkers for tumor
progression of various cancers.!**>

MicroRNA-766 is an extensively studied member of the miRNAs.
A recent study showed that tissue miR-766 was associated with
prognosis in hepatocellular carcinoma patients.“’ Mechanistically,
miR-766 plays its roles by suppressing the expression of target
genes. Functional studies have indicated that miR-766 can promote
cell proliferation by directly targeting SOXé expression in colorectal
canceror by directly targeting NR3C2 expression in hepatocellular
carcinoma.'® However, the role of serum exosomal miR-766-3p in
ESCC progression remains elusive.

In the present study, we undertook a microarray analysis to detect
miRNA expression changes in exosomes from serum of ESCC patients.
We further evaluated the expression of the miR-766-3p in serum exo-
some and tissue from ESCC patients by using gRT-PCR, and cell ex-
periments were carried out to explore the function of miR-766-3p in
ESCC. Moreover, we used bioinformatic analysis and dual-luciferase
reporter assay to predict and identify the potential target gene of miR-
766-3p in ESCC. Our research revealed the role of serum exosomal
miR-766-3p and provided a novel prognostic biomarker for ESCC.

2 | METHODS
2.1 | Patients and samples

We undertook a study of patients who were recently diag-
nosed with ESCC at the Fujian Cancer Hospital & Fujian Medical

University Cancer Hospital from December 2014 to August
2017. All enrolled patients underwent face-to-face interviews
by trained interviewers using a standardized questionnaire. We
recruited subjects who underwent surgery at Fujian Cancer
Hospital & Fujian Medical University Cancer Hospital. Written
informed consent was obtained from participants. The diagnoses
were confirmed by pathologists from the hospital. Patients with
other cancers were excluded from this study. All of the patients
in this study did not receive chemotherapy or radiotherapy before
they underwent surgical excision. Tumor stages were determined
according to the American Joint Committee on Cancer TNM stag-
ing criteria. In preliminary screening, miRNAs were isolated from
exosomes from the serum of ESCC patients with lymph node me-
tastasis (n = 5), sex and age (+ 5) matched ESCC patients with
nonlymph node metastasis (n = 5), and normal control individuals
(n = 5). In this study, we used microarray analysis to reveal the
serum exosomal miRNA expression profiles, as tested from the
above 3 groups (A group, ESCC with lymph node metastasis vs
ESCC with nonlymph node metastasis; B group, ESCC with lymph
node metastasis vs normal control individuals; and C group, ESCC
with lymph node metastasis vs postoperative ESCC with lymph
node metastasis; Figure S1).

Esophageal squamous cell carcinoma with lymph node metas-
tasis was identified if patients had 10 or more lymph nodes dis-
sected and the number of lymph node metastases was 1 or more.
Esophageal squamous cell carcinoma with nonlymph node metas-
tasis was defined if 10 or more lymph nodes were dissected and the
number of lymph node metastases was 0. Blood sampling was car-
ried out before surgery. In addition, postoperative blood samples
were also collected from ESCC patients with lymph node metas-
tasis. Tissue samples were obtained from patients who underwent
surgery at Fujian Cancer Hospital & Fujian Medical University
Cancer Hospital between December 2014 and August 2017. A
total of 79 serum samples and 88 pairs of fresh-frozen tissues from
patients with ESCC were collected. This study was reviewed and
approved by the Ethical Committee of Fujian Medical University
(No. 2014095).

2.2 | Blood processing, serum exosome
isolation, and confirmed exosomes

Blood was collected in a serum clot activator tube and then pro-
cessed by centrifugation. Centrifugation was carried out at 367 g for
10 minutes, and 2 mL serum was stored in Eppendorf tubes at -80°C
for later use. Serum derived exosomes were isolated from 400 pL
serum using the ExoQuick (SBI) as per the manufacturer’s instruc-
tions. Briefly, serum samples were spun at 3000 g for 15 minutes to
remove cells and debris. Next, 125 uL exosome isolation reagent was
added to clarified supernatants and samples were incubated at 4°C
for 30 minutes. The precipitated exosomes were recovered by cen-
trifugation at 1500 g for 30 minutes at room temperature. Exosome

pellets were resuspended in 40 pL PBS. The presence of particles
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consistent in size with exosomes was confirmed using transmission
electron microscopy (Hitachi).

2.3 | Western blot analysis

To further validate our exosome preparations, we undertook west-
ern blot analyses for exosomal markers CD63 and CD81. Exosome
protein was homogenized with RIPA lysis buffer (Bi Yuntian) and the
SDS-polyacrylamide gels and transferred to nitrocellulose mem-
branes. The membranes were then blocked with 5% nonfat dry milk
in TBST for 2 hours and then probed with indicated Abs overnight
at 4°C. The HRP-conjugated goat anti-rabbit or anti-mouse second-
ary Abs (SBI) were cultured for 1 hour, and enhanced chemilumi-
nescence reagents (Wabcan) were used to visualize the bands. The
membrane was observed after completing the development in a
darkroom and photography.

2.4 | Exosome miRNA extraction

MicroRNAs were isolated from exosomes using the Total TRIzol
Reagent and Protein Isolation Kit (Life Technologies) and were
eluted into 200 pL heated elution solution according to the manu-
facturer’s protocol. The purity and concentration of all RNA samples
were quantified spectrophotometrically using the NanoDrop ND-
1000 system (NanoDrop) and the total exosome RNA of all samples
over 200 ng.

2.5 | MicroRNA microarray analysis

The sample preparation and microarray hybridization were car-
ried out based on Agilent miRNA (Agilent Technologies). Briefly,
total RNA from each sample was amplified and transcribed into
fluorescent cRNA utilizing random primer according to the Agilent
miRNA Complete Labeling and Hyb Kit protocol. The labeled miR-
NAs were hybridized onto the Agilent miRNA Array. After the
slides were washed, the arrays were scanned by the Agilent scan-
ner (G2565CA). Scanned images were then imported into Agilent
Feature Extraction (version 10.7) for grid alignment and data

extraction.

2.6 | Quantitative real-time PCR

Total RNA was isolated from the exosome. To validate miRNA ex-
pression, qRT-PCR was carried out using the SYBR Premix Dimer-
Eraser kit (Takara) on the 7500 Fast Real-Time PCR System (Applied
Biosystems). U6 snRNA was used as an internal control. The primers
for miR-766-3p and U6 were purchased from Guangzhou Funeng.
The primers were as follows: miR-766-3p sequence, acuccagcccca-

cagccucagc; and U6 sequence, tcgtgaagcgttccatatttttaa. The relative
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expression values for miR-766 were normalized to U6 snRNA and

ACT

calculated using the 27*~" method.

2.7 | Cell culture

The TE-1 and KYSE150 cell lines were purchased from the Shanghai
Institute of Biochemistry and Cell Biology and cultured in DMEM
(Sigma) supplemented with 10% FBS (HyClone). The cells were cul-
tured at 37°C in a humidified 5% CO, incubator (Thermo Fisher
Scientific). The single-cell suspension was made after the cell lines
were digested with 0.25% trypsin (Gibco) and pipetted using DMEM
containing 10% FBS.

2.8 | Cell transfection

The cells were assigned into NC (transfected with miR-766-3p NC),
miR-766-3p inhibitors (transfected with miR-766-3p inhibitors),
and miR-766-3p mimics (transfected with miR-766-3p mimics). The
primer sequences were designed and synthesized by GenePharma.
Serum-free DMEM (250 pL) was applied to dilute 5 pL Lipofectamine
2000 and cells were mixed and incubated at room temperature for
5 minutes. Both of the aforementioned were mixed, incubated at
room temperature for 20 minutes, and added into the wells of a cell
culture plate. Cells were cultured at 37°C with 5% CO, for 6-8 hours,
and then the medium was replaced. After culturing for 24-48 hours,

the cells were used for further experimentation.

2.9 | Transwell assays

In this procedure, 48 hours after transfection, the cells were di-
gested in serum-free medium with 24 hours of starvation, and then
washed 3 times with PBS. Cells (5 x 10%) in serum-free DMEM were
plated in the upper chamber (coated without 50 mg/L Matrigel for
migration and with Matrigel for invasion assay), while 600 pL full
medium was placed in the lower chamber. The remaining cells on
the upper surface were removed 24 hours after incubation, and
migrating or invading cells were fixed with 5% glutaraldehyde and
stained with 0.1% crystal violet. For each experiment, 4 fields of
view were counted, and the experiments were carried out at least

3 times.

2.10 | Cell Counting Kit-8 assay

The CCK-8 assay was carried out according to the manufacturer’s
instructions (Sigma). In brief, TE-1 and KYSE150 cells were seeded at
a density of 3 x 10%-6 x 10° cells/well in a 96-well plate and treated
with ethanol. After 24, 48, and 72 hours, 10 pL CCK-8 solution was
added to each well of the plate, and the wells were incubated for

2 hours. The OD value in each well was measured and recorded at
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a wavelength of 450 nm by an enzyme immunoassay instrument

(Denovix). Each experiment was carried out in triplicate.

2.11 | Dual-luciferase reporter assay

Four luciferase plasmids (including psicheck2 vector, miRNA mim-
ics NC + HOXA13(WT), miR-766-3p mimics + HOXA13(WT),
miR-766-3p mimics + HOXA13(MUT)) were constructed. The
constructed plasmids were transfected into HEK293 cells. After
48 hours, cells were lysed and the luciferase activity was determined
using the Thermo Scientific Fluoroskan Ascent FL (Thermo Fisher
Scientific) according to the manufacturer’s recommendation. Then,
to analyze the association between miR-766-3p and HOXA13 gene
expression, the vectors with miR-766-3p or miRNA mimics NC were
transfected into TE-1, total RNA was extracted using the TRIzol
Reagent and Protein Isolation Kit (Life Technologies). The gRT-PCR
was undertaken using a 7500 Fast Real-Time PCR System (Applied
Biosystems), and data were analyzed using the 272 method. GAPDH
was introduced as the inner references, the sequences of HOXA13
gene and GAPDH were listed in Table S1.

2.12 | The Cancer Genome Atlas datasets analysis

Genome-wide microRNA expression profiles and clinical informa-
tion for ESCC patients were downloaded from TCGA (https://portal.
gdc.cancer.gov/). After excluding patients without complete clinical
and survival information, a total of 96 patients with ESCC were en-

rolled in this study.

2.13 | Follow-up

The survival period of the patients was defined as the duration from
the time of surgery to death or the last follow-up day. Overall sur-
vival was measured from the date of diagnosis to the date of death
due to any cause or the date of the most recent follow-up. Disease-
free survival was measured from the date of diagnosis to the date of
disease relapse (including recurrence and metastasis), death due to
any cause, or the most recent follow-up. All patients received close
follow-up observation for disease recurrence at 3-month intervals
during the first 1 year after treatment and every 6 months after that.
The median follow-up time was 36 months (range, 2-61 months). The
end of follow-up was 31 November 2019.

2.14 | Statistical analysis

Analysis of the differentially expressed miRNAs was carried out
using the edgeR package in R. The differentially expressed miRNAs
were identified through fold change filtering. Standard selection

criteria for identifying the differentially expressed miRNAs were

established as a fold change greater than 2 or less than or equal to
2, and P < .05. Hierarchical clustering analysis of the miRNAs was
undertaken and graphs were generated using the gplots package in
R software. Both ROC curves and the area under the ROC curves
were used to evaluate the value of the identified serum exosomal
miR-766-3p in detecting ESCC with lymph node metastasis. The
Wilcoxon test was applied to evaluate clinical characteristics and
their association with serum exosomal miR-766-3p. The survival rate
was calculated using the Kaplan-Meier method and the comparison
of 2 groups was carried out using the log-rank test. Univariate and
multivariate analyses were undertaken to investigate prognostic
factors for ESCC using the Cox regression model. R (3.5.3) was used
for statistical analyses. A 2-sided P value less than .05 was consid-
ered statistically significant.

3 | RESULTS
3.1 | Characterization of isolated serum exosomes

Exosome microvesicle clusters in the serum showed round vesicular
membranes that measured 20-100 nm (Figure S2A). To further vali-
date our exosome preparations, we undertook western blot analyses
for the exosomal markers CD63 and CD81. The expression of CD63
and CD81 was specifically observed as a dual band in isolated ex-
osomes (Figure S2B). These findings showed that exosomes were

enriched from serum that had been treated with ExoQuick.

3.2 | Screening of differentially expressed
exosome miRNAs

In preliminary screening, serum exosomal miRNAs were extracted
from patients with ESCC and lymph node metastasis (n = 5), sex and
age (+5) matched patients with ESCC and nonlymph node metastasis
(n = 5), and normal control individuals (n = 5). Expression profiling
data of miRNA were obtained by using miRNA microarray analysis. A
comparison of miRNAs from exosomes that were isolated from ESCC
with lymph node metastasis samples and ESCC with nonlymph node
metastasis samples showed 16 significantly upregulated miRNAs
from exosomes and 1 downregulated miRNA (Figure ). A total of 66
differentially expressed miRNAs from exosomes (42 significantly up-
regulated miRNAs and 24 significantly downregulated miRNAs) were
identified in ESCC with lymph node metastasis when compared to
normal control individuals (Figure 1B). In all, 5 miRNAs from exosomes
were differentially expressed, including 3 that were upregulated and
2 that were downregulated in samples from preoperative ESCC pa-
tients with lymph node metastasis when compared to samples from
postoperative ESCC patients with lymph node metastasis. (Figure 1C).

The differential expression of serum exosomal miRNAs in
the 3 groups is presented in Table S2-S4. The above 3 groups in-
cluded: group A, ESCC with lymph node metastasis vs ESCC with
nonlymph node metastasis (Table S2); group B, ESCC with lymph


https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/

LIU ET AL

hsa-miR-6869-5p

hsa-miR-574-5p

hsa-miR-6508-5p

hsa-miR-6759-3p [ _;

hsa-miR-6819-3p

hsa-miR-6800-3p

hsa-miR-1825

hsa-miR-4787-3p

hsa-miR-1304-3p

hsa-miR-425-3p

hsa-miR-6813-3p

hsa-miR-766-3p

3b-3p

hsa-miR-8485

hsa-miR-7f-1-3p

hsa-miR-4758-3p

hsa-miR-6865-3p

B3 A4 Al A3 A2 A5 B4 B2 Bl BS

DsamiR-21-5p

Dsa-miR-6749-5p

hsa-miR-766-3p

hsa-miR-1238-3p

hsa-miR-A787-3p

D5 D2 D4 A4 A2 A3 A1 A5 D1D3

= 3885
Cancer Science RyIia o

(8) |

C3 AAA5A3 A1A2C2C4CL1CS

(D)

FIGURE 1 MicroRNA (miRNA) expression signature of esophageal squamous cell carcinoma (ESCC) in 3 groups. A-C, Heatmap
representations of (A) the top deregulated miRNAs in ESCC with nonlymph node metastasis, (B) normal control individuals, and (C)
postoperative ESCC with lymph node metastasis compared to ESCC with lymph node metastasis. D, Venn diagram reveals the overlap of

miRNAs in the 3 groups

node metastasis vs normal control individuals (Table S3); and group
C, ESCC with lymph node metastasis vs postoperative ESCC with
lymph node metastasis (Table S4). As a result, 2 serum exosomal
miRNAs, miR-766-3p, and miR-4787-3p were selected after Venn di-
agram analysis of the 3 groups (Figure 1D). Serum exosomal miRNA
miR-766-3p had a smaller P value in comparing group A and group
C. Therefore, in the present study, we analyzed the association be-

tween serum exosomal miR-766-3p expression and ESCC.

3.3 | Expression of serum exosomal miR-766-3p of
ESCC patients

To validate our preliminary serum exosomal miR-766-3p data, we
undertook qRT-PCR-based expression profiling of 79 ESCC serum
samples. We then analyzed the association between serum exoso-

mal miR-766-3p expression levels and clinical factors, as presented
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TABLE 1 Association between serum exosomal microRNA-766-
3p expression level and baseline characteristics in patients with
esophageal squamous cell carcinoma

[
Variable n M (P,;, P,;) value
Sex 1.000
Male 58 2.01(0.41, 4.30)
Female 21 0.89 (0.55, 5.69)
Age (years) 0.053
<60 37 2.87(0.71, 5.21)
>60 42 1.08 (0.41, 2.72)
Tumor size (cm) 0.893
<4 51 1.84(0.42, 3.56)
>4 23 2.40(0.45, 5.08)
TNM stage 0.030
I/1 40 1.13(0.41, 3.32)
1] 39 2.69 (0.75, 6.54)
Surgical methods 0.304
2FLND 30 2.73(0.74,5.17)
3FLND 45 1.71(0.41, 3.87)
Adjuvant 0.700
chemotherapy
No 44 1.82(0.66, 4.61)
Yes 35 1.84(0.31, 4.68)

2FLND, 2-field lymph node dissection; 3FLND, 3-field lymph node
dissection; M, median; P,;, 25th percentile; P, 75th percentile.

(A)
1.00 s Low expression group
wilie  High expression group
0.75
0]
=
=
<
= 050
2
2
o
0.25 Log-rank P =0.060
0.00

0 20 40 60
Month (Overall survival)

in Table 1. Among the various clinical factors, we observed an as-
sociation between advanced TNM stage (stage Ill) and high ex-
pression of serum exosomal miR-766-3p (P = .030). No significant
correlations were observed between serum exosomal miR-766-3p
expression and sex, age, tumor size, surgical methods, or treat-

ment method.

3.4 | Expression of miR-766-3p in tissue of
ESCC patients

We also evaluated the tissue miR-766-3p expression level from 88
ESCC samples by gqRT-PCR. There was no significant association be-
tween tissue miR-766-3p expression and clinical factors (such as sex,

age, or tumor size; Table S5).

3.5 | Serum exosomal miR-766-3p can predict
lymph node metastasis

The predicted probabilities of detection of lymph node metasta-
ses derived by logistic regression analysis yielded greater AUC
values in serum exosomal miR-766-3p and clinical characters (sex,
age, and tumor size). The AUC of the logistic regression analysis
model that included serum exosomal miR-766-3p expression and
clinical characters (sex, age and tumor size) (model 1: AUC = 0.778;
95% Cl, 0.672-0.884, Figure S3), was higher than the model that

(B)
1.00
e Low expression group
il High expression group
0.75 j—[__
. I8
5 i
= 050 ‘
B
2
o
0.257 Log-rank P=0.075
0.00

0 20 40 60

Month (Disease free survival)

FIGURE 2 Kaplan-Meier survival curves showing the relationship between high or low serum exosomal microRNA-766-3p expression
levels with the (A) overall survival and (B) disease-free survival of patients with esophageal squamous cell carcinoma
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TABLE 2 Univariate and multivariate
analysis of overall survival and disease-

Overall survival

Cancer Science NI e

Disease-free survival

free survival in patients with esophageal Variable Univariate
squamous cell carcinoma according to
serum exosomal microRNA (miR)-766-3p Sex
expression Male 1.00
Female 0.47 (0.19, 1.13)
Age (years)
<60 1.00
>60 1.83(0.91, 3.67)

Tumor size (cm)
<4
>4

TNM stage
1711
1]

Surgical methods
2FLND

1.00
1.91(0.96, 3.83)

1.00
3.20 (1.56, 6.55)

1.00

3FLND 0.66(0.33, 1.30)
Adjuvant chemotherapy

No 1.00

Yes 0.54(0.27,1.09)

Serum exosomal miR-766-3p

Low

1.00

Multivariate®

1.00
0.74(0.28,1.97)

1.00
2.60(1.15, 5.90)

1.00
0.89 (0.38, 2.10)

1.00
3.97 (1.49, 10.59)

1.00
0.95(0.44,2.05)

1.00
0.45(0.21, 0.96)

1.00

Univariate

1.00
0.55(0.25, 1.20)

1.00
2.07 (1.06, 4.03)

1.00
1.89(0.97, 3.65)

1.00
3.10(1.58, 6.06)

1.00
0.76 (0.39, 1.47)

1.00
0.67 (0.35, 1.27)

1.00

Multivariate®

1.00
0.69 (0.28, 1.73)

1.00
2.58(1.19, 5.64)

1.00
0.75(0.33,1.73)

1.00
3.90(1.55, 9.82)

1.00
0.94(0.46,1.93)

1.00
0.42(0.20, 0.88)

1.00

expression
group
High
expression
group

1.90(0.96, 3.76)

2.21(1.00,4.87) 1.77(0.93,3.36) 2.15(1.01,4.59)

Data are shown as Hazard ratio (95% confidence interval ).
2FLND, 2-field lymph node dissection; 3FLND, 3-field lymph node dissection.
?Adjusted for sex, age, tumor size, TNM stage, treatment method, and serum exosomal miR-766-3p

expression.

included clinical characters only (model 2: AUC = 0.698; 95% ClI,
0.579-0.818; Figure S3). Our analyses showed that serum exosomal
miR-766-3p expression and clinical characters can be a significant
parameter to discriminate between nonmetastatic and metastatic
ESCC patients.

3.6 | Association between serum exosomal miR-
766-3p expression and ESCC survival

In the present study, the median OS time was 40.84 months (95%
Cl, 35.81-45.86) and the 1-year, 3-year, and 5-year survival rates
were 90.50% (95% Cl, 83.50-97.50), 57.30% (95% Cl, 46.30-68.30),
and 50.70% (95% Cl, 38.94-62.46), respectively. The patients were
divided into 2 groups based on the median serum exosomal miR-
766-3p expression. The log-rank test showed that there was no sig-
nificant difference (for OS, P = .060; for DFS, P = .075; Figure 2)
in the survival between patients with higher and lower expression

levels of serum exosomal miR-766-3p.

To better evaluate the prognostic function of serum exosomal
miR-766-3p in ESCC, we used Cox regression with adjustment
for factors including sex, age, tumor size, TNM stage, surgical
methods, treatment method, and serum exosomal miR-766-3p
expression. After adjustment, we found that higher serum exo-
somal miR-766-3p expression levels were associated with poor
prognoses (for OS, HR [95% Cl], 2.21 [1.00, 4.87], Table 2; for
DFS, HR [95% Cl]: 2.15 [1.01, 4.59], Table 2). Collectively, these
results suggest that serum exosomal miR-766-3p levels could
have utility in predicting ESCC progression and surveillance for

recurrence.

3.7 | Association of miR-766-3p expression in tissue
with ESCC patient survival

The relationships between miR-766-3p expression in tissue and ESCC
prognosis were also explored. The patients were divided into 2 groups

based on the median expression of miR-766-3p in tissue, with 44 in the
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low expression group and 44 in the high expression group. A log-rank
test showed that there was no significant difference (for OS, P = .973;
for DFS, P =.808, Figure S4) in the survival between the patients with
higher and lower expression levels of miR-766-3p in tissue.

Cox regression with adjustment for factors (sex, age, tumor size,
TNM stage, surgical methods, treatment method, and miR-766-3p ex-
pression in tissue) was used. Our results showed that there was no as-
sociation between miR-766-3p expression in tissue and OS (HR = 0.84;
95% Cl, 0.15-4.77) or DFS (HR = 0.65; 95% Cl, 0.11-3.78) (Table Sé).
In addition, the miRNA expression microarray data of 96 ESCC from
TCGA database were assessed. A log-rank test showed that there was

no significant difference (for OS, P = .700, Figure S5) in survival be-
tween patients with higher and lower expression levels of miR-766-3p.

3.8 | Effects of miR-766-3p on migration and
invasion of ESCC cells

The results showed that the migration and invasion of TE-1 cells
were significantly increased in cells treated with miR-766-3p mimic
(Figure 3A). Transwell migration assays showed that no significant dif-

ference was found in cell migration among the groups of KYSE150 cells
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treated with NC, miR-766-3p inhibitor, or miR-766-3p mimic (P > .05)
(Figure 3B). However, Transwell invasion assays indicated that the miR-
766-3p mimic-treated group had higher numbers of KYSE150 cells pen-
etrating the matrix than the NC group (P < .05). There was no significant
difference in the number of cells penetrating the matrix among the
groups treated with NC or miR-766 inhibitor (P > .05) (Figure 3). These
results suggested that miR-766-3p promoted ESCC cell progression.

3.9 | Effects of miR-766-3p on ESCC cell
proliferation

There was no significant difference in OD value among the groups
treated with NC, miR-766-3p inhibitor, or miR-766-3p mimic (P > .05)
in either TE-1 cells or KYSE150 cells (Figure 4). These data suggest
that the overexpression of miR-766-3p could not promote ESCC cell
proliferation.

3.10 | Potential targeted genes of miR-766-3p

We used 2 online tools to predict the potential target genes of miR-
766-3p, TargetScan (http://www.targetscan.org/vert_72/) and miRDB
(http://www.mirdb.org/). To improve the accuracy of target gene pre-
diction and reduce the rate of false positives, we selected a common

intersection among the 2 databases as a filtering condition by using a

Venn diagram. We used DAVID for the GO analysis, and KEGG analysis.
Both GO and KEGG enrichment analyses were carried out for the se-
lected 432 target genes to investigate biological functions. Functional
annotation analysis showed that the genes were significantly enriched
in positive regulation of cell migration, cell-cell adherens junction, and
actin binding. Moreover, KEGG pathway analysis showed that the
genes are mostly involved in the endocytosis pathway (Figure 5).

Among 432 target genes, we found that HOXA13 plays a vital
role in lymph node metastasis in patients with ESCC.'® To clarify
the HOXA13 target genes of miR-766-3p, we determined a bind-
ing relationship between miR-766-3p and HOXA13 using biologi-
cal prediction tool TargetScan (Figure 6A). To validate the binding
ability between miR-766-3p and HOXA13, we carried out the du-
al-luciferase reporter assay. The results showed that the luciferase
activity of HOXA13 (WT) could be inhibited by miR-766-3p mimic,
whereas the luciferase activity of HOXA13 (MUT) remained unaf-
fected (Figure 6B). Findings concluded by qRT-PCR suggested that
HOXA13 was downregulated in miR-766-3p mimic-transfected TE-1
cells (Figure 6C). Together, it could be elucidated that miR-766-3p
could specifically bind with HOXA13.

4 | DISCUSSION

Our study is the first to report that serum exosomal miR-766-3p

expression is significantly increased in ESCC patients with
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advanced TNM stage. The upregulation of serum exosomal miR-
766-3p levels can predict a poor prognosis for patients with ESCC.
In addition, our data show that miR-766-3p promotes cell migra-
tion and invasion but not cell proliferation. MicroRNA-766-3p
could specifically bind with HOXA13, and regulated HOXA13
gene expression.

MicroRNA-766 was reported to act as an oncogene or a tumor
suppressor gene in different tumors.)? Studies showed that exo-
some-associated miRNAs could play a critical role in cancer me-
tastasis.?%2?! In the current study, the high expression of serum
exosomal miR-766-3p was first shown to be associated with TNM
stage in ESCC. Our finding was consistent with previous reports.t®
We assumed that serum exosomal miR-766-3p promoted lymph
node metastasis of ESCC through the communication between cells

of exosomes, leading to a poor prognosis for ESCC. In addition, we

found that miR-766-3p levels in exosomes from serum was upreg-
ulated in ESCC through a significant association with OS and DFS.

Similarly, Chao et alté

confirmed that high expression of miR-766 in
tissue was positively correlated with poor OS and DFS in hepatocel-
lular cancer (P < .05), based on TCGA. Therefore, our study reported
that serum exosomal miR-766-3p might act as a potential prognostic
biomarker for ESCC.

Although most exosomes in the blood are secreted by plate-
lets and endothelial cells, various other tissues also secrete ves-
icles into the circulation.?>?% Studies have reported that there is
a significant difference in the expression of miRNA between exo-
somes and tissues.?* A previous study indicated that high levels of
miR-1246 in exosomes from serum was associated with localized
metastasis in prostate cancer, but there was no relationship be-

tween miR-1246 expression in tissue and metastasis. This study
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hypothesized that miR-1246 is selectively released into prostate
cancer exosomes in prostate cancer tissue, leading to its high ex-

12° showed

pression in serum samples.?* In another study, Yan et a
that miR-6869-5p was downregulated in colorectal cancer both in
serum exosomes and tumor tissues, and reduced levels of exoso-
mal miR-6869-5p in serum were significant in colorectal cancer
patients with lymph node metastasis. In this study, we found that
serum exosomal miR-766-3p levels were higher than those in tis-
sue (Z = -3.238, P = .001, data not shown). However, our finding
revealed that the expression of miR-776-3p in tissue was no asso-
ciated with prognosis in ESCC patients, and TCGA data analysis
also indicated that there was no significant difference in survival
between patients with higher and lower expression of miR-766-3p
in tissue. In the present study, the Spearman correlation analysis
of the expression of miR-766 in serum exosome and tissue showed
that there was lack of association between the expression of miR-
766 in serum exosomes and tissue (rs = -0.194, P = .388, data not
shown). We only found that serum exosomal miR-776-3p expres-
sion, but not tissue miR-776-3p expression, was associated with
prognosis in ESCC patients.

We undertook a series of in vitro analyses to understand
the functional role of miR-766-3p in tumor progression in ESCC.
The results of the analysis revealed that cell migration and in-
vasion were all increased by miR-766-3p mimics, indicating that
miR-766-3p mimics could promote tumor progression in ESCC;
furthermore, the higher exosomal miR-766-3p expression level
was associated with advanced TNM stage. In this study, the GO
analysis results indicated that the positive regulation of cell mi-
gration and cell-cell adherens junction, which might be involved
in cell migration and angiogenesis.%"28 In addition, KEGG analy-
sis showed that the endocytic pathway is altered in cancer cells,
and these alterations contribute to increased receptor recycling,
thereby enhancing invasiveness.?’ MicroRNAs play their roles by
suppressing the expression of target genes.>%3! The biological in-
teractions between miRNAs and their target genes are very com-
plex.32 In the present study, using dual-luciferase reporter assay,
we confirmed that miR-766-3p regulates HOXA13 expression in
TE-1 cells. HOXA13, a member of the homeobox genes, was found
to be abnormally expressed in ESCC.%3 Therefore, these data sug-
gested that serum exosomal miR-766-3p could regulate HOXA13
expression, which might have an association with prognosis in
ESCC. Nevertheless, the precise mechanisms of miR-766 in the
regulation of HOXA13 expression in ESCC remain to be explored
in further studies.

There are several limitations to our study. Only 79 pairs of ESCC
in serum were analyzed in this study. A larger number of samples
should be tested to further confirm our conclusion. Moreover, it is
necessary to explore more functions of molecular mechanisms of
serum exosomal miR-766-3p in the progression of ESCC.

In conclusion, ESCC patients with highly expressed serum exo-
somal miR-766-3p had a significantly worse OS and DFS. Therefore,
serum exosomal miR-766-3p could serve as a prognostic marker for
the assessment of ESCC.
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