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Abstract. Despite advances in treatment and diagnosis, the 
prognosis of patients with esophageal squamous cell carci‑
noma (ESCC) remains poor. MicroRNAs (miRNAs/miRs) 
are associated with prognosis in esophageal cancer, indicating 
that they may help guide treatment decisions. The aim of the 
present study was to explore exosomal miR‑185 as a candi‑
date prognostic biomarker and therapeutic target in ESCC, to 
investigate its biological function and clinical significance, and 
to ascertain the applicability of circulating exosomal miR‑185 
for the development of targeted drugs for ESCC treatment. 
A GeneChip miRNA array was used to compare exosomal 
miRNA expression in ESCC cell lines under hypoxia with 
those under normoxia. Exosomal miR‑185 expression was then 
confirmed by reverse transcription‑quantitative PCR. Patient 
background and prognosis were compared between high and 
low miR‑185 expression groups. Functional analyses were 
performed to evaluate the antitumor effects of miR‑185 in ESCC 
cells. Global Gene Set Enrichment Analysis of The Cancer 
Genome Atlas data was also performed, and differentially 
expressed exosomal miRNAs under hypoxia were identi‑
fied compared to those under normoxia. Hypoxia markedly 
decreased the expression of exosomal miR‑185 in KYSE‑960 
and T.Tn cell culture media. Overexpression of miR‑185 
suppressed the migration, invasion and colony‑forming abili‑
ties of ESCC lines, and also suppressed cell cycle progression 
and promoted apoptosis after cisplatin treatment. Notably, high 

miR‑185 expression was associated with signaling pathways 
related to cell death, DNA damage and p53. Furthermore, 
circulating exosomal miR‑185 levels were associated with cN 
and cStage, and could predict progression‑free survival and 
disease‑specific survival of patients with ESCC after initial 
treatment. In conclusion, miR‑185 holds potential as a prog‑
nostic biomarker and therapeutic target in ESCC. 

Introduction

Esophageal cancer is the eighth most common malignant 
neoplasm and the sixth leading cause of cancer‑related deaths 
worldwide (1). Despite advances in the treatment of esopha‑
geal cancer over recent decades, patient prognosis has shown 
little improvement (2). Even with the introduction of combina‑
tion treatment regimens and early diagnostic technology, the 
survival rate remains unsatisfactory, with a 5‑year overall 
survival rate of 17‑20% in Asia (3). Lymph node metastasis 
is one of the most important prognostic factors of esophageal 
cancer and generally indicates a poor outcome (4). Therefore, 
the identification of new prognostic biomarkers and the 
development of effective treatment methods are imperative for 
improving the clinical outcomes of patients with esophageal 
squamous cell carcinoma (ESCC).

Exosomes are a class of extracellular vesicles; that is, lipid 
bilayer‑enclosed carriers of proteins, nucleic acids, lipids and 
metabolites, which are secreted by cells into the extracellular 
environment (5). As such, exosomes can transfer bioactive 
molecules from donor to recipient cells and influence their 
biological activities (6). Tumor‑derived exosomes are released 
into peripheral blood and their quantity is a prognostic marker 
of ESCC that alters cellular gene expression and contrib‑
utes to tumor progression (7). Furthermore, tumor‑derived 
exosomes have been shown to alter cellular gene expression 
and contribute to tumor progression in ESCC (8). Therefore, 
a comprehensive understanding of the mechanisms through 
which circulating exosomal microRNAs (miRNAs/miRs) 
influence cancer progression is warranted.

Emerging evidence has suggested that hypoxia contributes 
to ESCC resistance against first‑line chemotherapy, such as 
cisplatin and 5‑fluorouracil (9). Our previous study reported 
that hypoxia‑inducible factor (HIF)‑1α serves an essential role 
in hypoxia‑induced ESCC progression by maintaining crucial 
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mechanisms, such as epithelial‑mesenchymal transition, 
proliferation, migration/invasion, apoptosis, cell cycle progres‑
sion and chemoresistance, influencing patient prognosis (10). 
However, the mechanisms through which hypoxia influences 
miRNAs in ESCC remain poorly understood.

miRNAs are small noncoding RNAs that regulate gene 
expression at the post‑transcriptional level (11). A growing 
body of evidence has demonstrated that miRNAs are impli‑
cated in the initiation and progression of ESCC by regulating 
the expression of oncogenes and tumor suppressors (12,13). 
The prognostic applications of miRNAs in ESCC have 
recently attracted interest. miR‑185 has been identified as 
a tumor‑suppressive miRNA in multiple types of cancer, 
including hepatocellular carcinoma (14), osteosarcoma (15) 
and prostate cancer (16), in addition to being associated with 
the prognosis of colon (17) and gastric cancer (18). However, 
there is limited literature on the role of exosomal miR‑185 in 
ESCC. The biological roles of miR‑185 in cell viability, Ki‑67 
staining, cell migration, invasion, xenograft model, locore‑
gional staging and molecular mechanisms of ESCC, and the 
survival of patients with ESCC have been reported (19‑21). 
The present study observed alterations in exosomal miR‑185 
expression under hypoxic conditions, as well as its associa‑
tion with lymph node metastasis before chemotherapy and the 
sensitivity of ESCC cells to chemotherapy. Moreover, this 
study investigated the association of exosomal miR‑185 levels 
with clinicopathological factors and prognosis in ESCC, and 
explored the mechanism underlying the role of exosomal 
miR‑185 via in vitro experiments using ESCC cell lines and 
bioinformatics analyses. The findings highlight the impor‑
tance of exosomal miR‑185 as a prognostic biomarker and 
therapeutic target in ESCC. 

Materials and methods

Clinical samples. Plasma samples were collected from 
89 patients diagnosed with ESCC at Chiba University Hospital 
(Chiba, Japan; affiliated with Chiba University Graduate School 
of Medicine) between May 2011 and April 2017. Patients aged 
20‑85 years (median, 67 years) with histologically diagnosed 
ESCC were included, whereas patients with other types of 
cancer were excluded; however, no other exclusion criteria, 
such as history of other medical diseases, were applied. All 
patients were staged according to the Japanese Classification 
of Esophageal Cancer 11th edition (22). Written informed 
consent was obtained from all participants. The present study 
was approved by the Ethics Committee of the Chiba University 
Graduate School of Medicine (approval no. 1264; Chiba, 
Japan). Blood examination and sampling were performed 
before treatment. After receiving patient blood samples, they 
were centrifuged to obtain plasma at 4˚C and 1,690 x g for 
10 min, and were stored at ‑80˚C.

Cell lines and cell culture. The KYSE‑960 and KYSE‑410 
human ESCC cell lines were purchased from the Japanese 
Collection of Research Bioresources Cell Bank, and the T.Tn, 
TE1, TE6, TE11 and TE14 ESCC cell lines were provided by 
the Cell Resource Center at Tohoku University (Sendai, Japan). 
The SCCVII mouse squamous cell carcinoma cell line was 
kindly provided by Professor Yuta Shibamoto (Department of 

Quantum Radiology, Nagoya City University, Nagoya, Japan). 
Immortalized esophageal keratinocyte cells (R2C3), which 
were established at Chiba University School of Medicine, 
were used as a control cell line (23). The cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM; Thermo Fisher 
Scientific, Inc.) supplemented with 10% fetal bovine serum 
(FBS; cat. no. 10270‑106; Gibco; Thermo Fisher Scientific, 
Inc.) and 100 U/ml penicillin, and were maintained at 37˚C 
in a humidified atmosphere containing 5% CO2. For exosome 
isolation under normoxic conditions, cells were incubated in 
DMEM replenished with 10% exosome‑free FBS and 1% peni‑
cillin/streptomycin at 37˚C in 21% O2 and 5% CO2 for 48 h. To 
simulate physical hypoxia, cells were incubated in 1% O2 and 
5% CO2 in a multi‑gas incubator for 48 h (cat. no. BL‑43MD; 
TOSC Japan Ltd.).

Exosome isolation from the cell culture medium. A total of 
5x106 cells were incubated in medium with 10% exosome‑free 
FBS for 48 h at 37˚C and total (10 ml) cell culture medium was 
harvested. Exosomes were isolated using the total exosome 
isolation kit (from cell culture media) (cat. no. 4478359; 
Invitrogen; Thermo Fisher Scientific, Inc.), according to manu‑
facturer's protocol. The same method was performed that was 
described in our previous study (7).

Prof i l ing of  exosomal  miR NAs ex t racted f rom 
normoxia/hypoxia culture medium. Microarray analysis was 
performed on total RNA extracted from exosomes isolated by 
ultracentrifugation. Prior to exosome isolation, KYSE‑960 and 
T.Tn cells were cultured to 80% confluence, and were cultured 
in normoxia or hypoxia, as aforementioned. Exosomes were 
isolated from the cell culture media by ultracentrifugation at 
10,000 x g for 90 min at 4˚C (Optima TLX Ultracentrifuge; 
Beckman Coulter, Inc.), as previously reported (8). Exosome 
extraction was confirmed by transmission electron micros‑
copy (TEM) and nanoparticle tracking analysis (Fig. S1). 
Nanoparticle tracking analysis was performed using NanoSight 
NS300 and NTA2.3 software (Fujifilm), according to the 
manufacturer's protocol, to define the particle size distribution 
and exosome concentration. Total Exosome RNA & Protein 
Isolation Kit (cat. no. 4478545; Thermo Fisher Scientific, Inc.) 
was used to extract total RNA from exosomes. Exosomal RNA 
from normoxic and hypoxic KYSE‑960 and T.Tn cell culture 
media were analyzed using Affymetrix GeneChip miRNA 4.0 
(cat. no. 902412; Affymetrix; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. Arrays were incu‑
bated in the GeneChip™ Hybridization Oven 645 (Thermo 
Fisher Scientific, Inc.) at 48˚C for 18 h (agitation at 60 rpm) 
and scanned using the GeneChip Scanner 3000 7G (Thermo 
Fisher Scientific, Inc.) according to the accompanying manual 
[GeneChip Command Console (AGCC) 4.0 User Manual]. 
miRNA expression was calculated using the detection above 
background algorithm and was normalized by robust multichip 
analysis. Chip data analysis was performed using R software 
(4.2.0) (https://www.r‑project.org). 

Exosome isolation from plasma. Each plasma sample 
(1‑1.5 ml) was centrifuged at 2,000 x g for 20 min at room 
temperature to remove cells and debris. Exosomes were then 
isolated using the total exosome isolation kit (from plasma) 
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(cat. no. 4484450; Invitrogen; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. The same method 
was performed that was described in our previous study (7). 

TEM. TEM observation was performed using a carbon‑coated 
copper grid (Excel support film; 200 mesh; cat. no. RL26A; 
Nisshin Em Co., Ltd.) and the negative staining method. Sample 
preparation was performed according to the method described 
in a previous report (24). The samples were then subjected 
to TEM observation (H‑7650; Hitachi High‑Technologies 
Corporation) at an acceleration voltage of 80.0 kV.

miRNA and mRNA isolation and detection via reverse 
transcription‑quantitative PCR (RT‑qPCR). Total RNA 
was extracted from the exosomes using the Total Exosome 
RNA and Protein Isolation Kit (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol. 
Total cellular RNA was extracted using the Mini Kit (Qiagen 
GmbH), according to the manufacturer's protocol. Total RNA 
was then reverse‑transcribed to cDNA using a High‑Capacity 
RNA‑to‑DNA™ Kit (Thermo Fisher Scientific, Inc.), 
according to the manufacturer's protocol. qPCR analysis was 
performed using TaqMan MicroRNA Assays (Invitrogen; 
Thermo Fisher Scientific, Inc.) or the SsoFast™ EvaGreen 
Supermix (Bio‑Rad Laboratories, Inc.). The TaqMan primer 
for hsa‑miR‑185 (assay ID 002271) was used to detect miR‑185 
expression; miR‑16 (assay ID 000391), which was previ‑
ously used as a control for cell‑free miRNA analysis in our 
laboratory (25), was used as an internal control for detection 
of exosomal miR‑185 from plasma and cancer cell culture 
medium, whereas U6 small nuclear RNA (assay ID 001973) 
was used as an internal control for detection of miR‑185 
expression in cancer cell lines (all from Applied Biosystems; 
Thermo Fisher Scientific, Inc.). BCL‑2 expression was normal‑
ized to β‑actin. The thermocycling conditions were as follows: 
For miRNA detection, samples were incubated at 95˚C for 
10 min, followed by 40 cycles at 95˚C for 15 sec and 60˚C 
for 60 sec; for mRNA detection, samples were incubated for 
30 sec at 95˚C, followed by 40 cycles at 95˚C for 5 sec and 
60˚C for 10 sec. Relative expression was calculated using the 
2‑ΔΔCq method (26); BCL‑2 and miR‑185 specific primers are 
detailed in Table I.

miRNA transfection. KYSE‑960 and T.Tn cells were seeded 
in 6‑well plates (2.5x105 cells/well) and, after 24 h, the 
cells were transfected with miR‑185 mimic or negative 
control (25 pmol/well) using Lipofectamine™ RNAiMAX 
Transfection Reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). The miR‑185 mimic and negative control were purchased 
from Thermo Fisher Scientific, Inc. (mirVana miRNA mimic 
and negative control; assay ID MC12486). The miR‑185 
mimic and negative control were transfected into cells for 48 h 
at 37˚C. After 48 h of transfection, the cells were harvested for 
the subsequent experiments.

Migration, invasion, cell proliferation and colony formation 
assays. Migration and invasion were detected using Transwell 
assays. In a 24‑well plate, 5x104 transfected KYSE‑960 and 
T.Tn cells/well were seeded in the upper chamber (8‑µm pore; 
cat. no. 354480; Corning BioCoat Matrigel Invasion Chamber; 

Corning, Inc.) in FBS‑free medium. A medium containing 
10% FBS was added to the lower chamber. After incubation 
for 48 h at 37˚C, non‑invading cells were removed from the 
upper chamber with a cotton swab, whereas cells on the lower 
surface were fixed with 99% methanol for 5 sec at room 
temperature and stained using Diff‑Quick Staining (Sysmex 
Corporation) at room temperature overnight. Images of three 
random fields from triplicate wells were recorded. Migration 
assays were performed in the same manner, except that the 
chambers had no Matrigel coating (8‑µm pore; cat. no. 662638; 
Greiner Bio‑One International GmbH), and the incubation 
time was 24 h at 37˚C. 

To assess cell proliferation, a total of 5x103 KYSE‑960 
and T.Tn transfected cells/well were seeded in a 96‑well 
plate. Cell proliferation was assessed using a Cell Counting 
Kit‑8 (CCK‑8) assay (Dojindo Laboratories, Inc.). The 
reagent was added into each well and incubated for a further 
2 h at 37˚C every 24 h and the absorbance at 450 nm was 
measured using a microplate reader (Bio‑Rad Laboratories, 
Inc.). The data were statistically analyzed on day 4 using 
Student's t‑test.

For the colony formation assay, 800 cells/well of 
KYSE‑960 and T.Tn cells were plated in a 6‑well plate and 
were maintained in complete culture medium. After 2 weeks, 
the colonies were stained with a Diff‑Quick Stain (Sysmex 
Corporation) for 15 sec at room temperature. Images of the 
visible colonies were captured and the number of colonies 
consisting of >50 cells was counted. 

Apoptosis and cell cycle analyses. The IC50 values of cisplatin 
in KYSE‑960 and T.Tn cells were determined using CCK‑8 

Table I. Primer sequences used for reverse transcription‑ 
quantitative PCR.

Name Sequence, 5'‑3'

BCL‑2 F: GGATCCAGGATAACGGAGGC
BCL‑2 R: GGCAGGCATGTTGACTTCAC
β‑actin  F: CATGTACGTTGCTATCCAGGC
β‑actin  R: CTCCTTAATGTCACGCACGAT
hsa‑mir‑185 stem‑loop AGGGGGCGAGGGAUUGGAGA
 GAAAGGCAGUUCCUGAUGGUC
 CCCUCCCCAGGGGCUGGCUUU
 CCUCUGGUCCUUCCCUCCCA
hsa‑mir‑16‑1 stem‑loop GUCAGCAGUGCCUUAGCAGCA
 CGUAAAUAUUGGCGUUAAGAU
 UCUAAAAUUAUCUCCAGUAUU
 AACUGUGCUGCUGAAGUAAGG
 UUGAC
U6 snRNA stem‑loop GTGCTCGCTTCGGCAGCACATA
 TACTAAAATTGGAACGATACAG
 AGAAGATTAGCATGGCCCCTGC
 GCAAGGATGACACGCAAATTC
 GTGAAGCGTTCCATATTTT

F, forward; R, reverse; miR, microRNA; snRNA, small nuclear RNA.
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assay. KYSE‑960 and T.Tn cells were seeded in 96‑well plates 
(5x103 cells/well) and were incubated at 37˚C in a humidi‑
fied 5% CO2 atmosphere for 24 h. Subsequently, the medium 
was replaced with fresh medium with or without various 
concentrations (0‑100 µM) of cisplatin (cat. no. P4394; 
MilliporeSigma). A total of 48 h after cisplatin administra‑
tion, cell viability was measured using the CCK‑8 assay, 
as aforementioned, and IC50 was calculated. Subsequently, 
KYSE‑960 and T.Tn cell lines were treated with the IC50 of 
cisplatin for 48 h at 37˚C. The cells were then harvested and 
washed with PBS, resuspended in 100 µl Annexin V Binding 
Solution, and incubated with 5 µl Annexin V FITC and 5 µl PI 
solution (Annexin V‑FITC Apoptosis Detection Kit; Nacalai 
Tesque, Inc.) at room temperature for 15 min. Finally, 400 µl 
Annexin V Binding Solution was added prior to analysis (BD 
FACSCanto™ II Flow Cytometer; BD Biosciences). The 
results were analyzed using FlowJo software (FlowJo, 10.8.1; 
FlowJo, LLC) 

For cell cycle analysis, cells were harvested after 48 h 
of transfection, washed with PBS, harvested and fixed with 
pre‑cooled 70% ethanol at 4˚C overnight (18‑24 h). After 
washing, the cells were incubated with 100 µg/ml RNase 

A (Invitrogen; Thermo Fisher Scientific, Inc.) and 0.1% 
Triton‑100 at 37˚C for 5 min at 37˚C, and were then stained 
with 50 µg/ml PI at room temperature for 30 min in the dark. 
The DNA content was measured on a BD FACSCanto II Flow 
Cytometer using the MOdfitLT 5.0 software program. 

Gene Set Enrichment Analysis (GSEA). Enrichment analysis 
of The Cancer Genome Atlas Esophageal Carcinoma 
Collection (TCGA‑ESCA) data (https://gdac.broadinstitute.
org/runs/stddata__2016_01_28/data/ESCA/20160128/) was 
performed using GSEA v4.0.1 (https://www.gsea‑msigdb.
org/gsea/index.jsp). RNA‑seq and miRNA‑seq data from 
a total of 195 patients with esophageal cancer were used to 
evaluate miRNA expression. Patients were divided into high 
and low miR‑185‑5p expression groups based on median 
miR‑185‑5p expression.

Statistical analysis. Statistical analysis was performed 
using SPSS 21 (IBM Corp.) and GraphPad Prism 7.04 
(Dotmatics). Data are presented as the mean ± standard 
deviation. An unpaired Student's t‑test and one‑way analysis 
of variance with Tukey's post hoc test were employed for 

Figure 1. (A) Hierarchical clustering of the differentially expressed miRNAs in ESCC cell culture media. Hypoxia affected miRNA expression in KYSE‑960 
and T.Tn cell culture media. In the KYSE‑960 cell line, 33 miRNAs were downregulated and 12 were upregulated. In the T.Tn cell line, 33 miRNAs were down‑
regulated and nine were upregulated. The color intensity represents the magnitude of expression difference; red indicates miRNAs that were 2‑fold upregulated 
and green indicates miRNAs that were 2‑fold downregulated in normoxic cells compared with hypoxic cells. The expression values are log‑transformed. 
(B) Exosomal miR‑185 expression, as calculated by detection above background algorithm and normalized by robust multichip analysis, was downregulated in 
both KYSE‑960 and T.Tn cell line culture media (KYSE‑960 fold‑change: 0.32; T.Tn fold‑change: 0.22). miRNA/miR, microRNA.
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quantitative variables, and χ2 test or Fisher's exact test were 
employed for qualitative variables to compare the charac‑
teristics of each group. The association between exosomal 
miR‑185 expression in cell lines and in cancer cell culture 
media was determined using Pearson correlation analysis. 
Progression‑free survival (PFS) and disease specific survival 
(DSS) curves were plotted using the Kaplan‑Meier method 
and results were compared using the log‑rank test. PFS was 
defined as the time‑frame between the start of treatment and 
the date of the first progression, and was used as an indicator 
of treatment efficacy. DSS was defined as the time‑frame 
between the start of treatment and the date of death due to 
ESCC, and was used as a prognostic indicator. Each experi‑
ment was repeated three times, except for miR microarray 

analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

miRNA array expression analysis of KYSE‑960 and T.Tn cell 
culture media. miRNA array analysis was performed to screen 
differentially expressed exosomal miRNAs in KYSE‑960 
and T.Tn cells culture medium under normoxic and hypoxic 
conditions. The expression of 33 exosomal miRNAs exhibited 
2‑fold downregulation, whereas 12 miRNAs exhibited 2‑fold 
upregulation in normoxic versus hypoxic KYSE‑960 cells. In 
the T.Tn cell line, 33 exosomal miRNAs exhibited 2‑fold down‑
regulation, and nine exhibited 2‑fold upregulation. Cluster 

Figure 2. (A) R2C3, T.Tn, and KYSE‑960 cells were cultured in exosome‑free media, and miR‑185 expression was measured by RT‑qPCR. miR‑16 was used 
as an internal control (**P<0.01 vs. RC23). (B) Correlation analysis of miR‑185 expression in exosomes from cancer cell media and in cell lines, quantified by 
RT‑qPCR (R2=0.6743; P<0.05). miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR.

Figure 3. Transwell assays were used to detect the (A) invasion and (B) migration of KYSE‑960 and T.Tn cells post‑transfection. (C) Colony formation assays 
were performed to assess the colony‑forming ability of KYSE‑960 and T.Tn cells. (D) Cell Counting Kit‑8 assays were used to detect the proliferation of 
KYSE‑960 and T.Tn cells post‑transfection. **P<0.01, ***P<0.001 vs. negative control. miR, microRNA.
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analysis of the intersecting miRNAs is shown in Fig. 1A. The 
expression levels of exosomal miR‑185 were decreased in both 
KYSE‑960 and T.Tn cell culture media under hypoxic condi‑
tions (fold change relative to that in KYSE‑960 cells: 0.32, fold 

change relative to that in T.Tn cells: 0.22; Fig. 1B). Different 
cells respond differently to external stimuli, which may be 
why inconsistent fold changes occur in the expression levels of 
miRNAs in KYES‑960 and T.Tn cell lines.

Figure 4. (A) Cell apoptosis was evaluated following Annexin V‑FITC and propidium iodide staining by flow cytometry. (B) Reverse transcription‑quantitative 
PCR was used to the detect the mRNA expression levels of BCL‑2 in KYSE‑960 and T.Tn cell lines. β‑actin was used as the housekeeping gene. (C) Percentage 
of cells in each stage of the cell cycle. **P<0.01, ***P<0.001 vs. negative control. miR, microRNA.
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Analysis of miR‑185‑5p expression in ESCC cells and 
exosomes. miR‑185‑5p expression in T.Tn cells was similar 
to that detected in normal esophageal keratinocytes (R2C3), 
whereas the expression levels of miR‑185‑5p were slightly 
higher in KYSE‑960 cells than those in normal esophageal 
keratinocytes (R2C3), but not statistically significant (Fig. S2). 
miR‑185‑5p expression in exosomes derived from T.Tn cell 
culture medium was two times higher than that in exosomes 
from normal esophageal keratinocytes, but the difference was 
not statistically significant. Furthermore, miR‑185‑5p expres‑
sion in exosomes derived from KYSE‑960 culture medium 
was significantly higher than that in exosomes from normal 
esophageal keratinocytes (Fig. 2A). Correlation analysis of 
miR‑185 expression in R2C3, T.Tn, TE1, TE6, TE11, TE14, 
KYSE‑960, KYSE‑410 and SCCVII cells, and its expression in 
exosomes was conducted using data obtained from RT‑qPCR 
(R2=0.6743, P=0.0464; Fig. 2B). A significant positive corre‑
lation between miR‑185 expression in ESCC cell lines and 
miR‑185 expression in culture medium‑derived exosomes was 
observed.

miR‑185 overexpression suppresses the invasion, migration 
and colony formation of ESCC cells in vitro. The statisti‑
cally significant overexpression of miR‑185 in KYSE‑960 
and T.Tn cells was confirmed by RT‑qPCR following 
miR‑185 mimic transfection (>1,000‑fold increase in 
KYSE‑960 and T.Tn cell lines, compared with in cells 
transfected with the negative control mimic; Fig. S3). The 

invasion and migration of miR‑185‑overexpressing cells 
was significantly decreased compared with those in the 
negative control cells [invasion: KYSE‑960, P=0.0001; 
T.Tn, P=0.0022 (Figs. 3A and S3); migration: KYSE‑960, 
P=0.0003; T.Tn, P=0.0034 (Figs. 3B and S3)]. Cells trans‑
fected with the miR‑185 mimic exhibited a lower survival 
rate than those in the negative control group, as determined 
by the colony formation assay [KYSE‑960, P=0.0005; T.Tn, 
P=0.01 (Figs. 3C and S4)]. The results of the CCK‑8 assay 
indicated that transfection with the miR‑185 mimic signifi‑
cantly weakened the proliferative capacity of KYSE‑960 
cells compared with in the control group (P=0.002); 
however, the miR‑185 mimic was not able to significantly 
inhibit the proliferative capacity of T.Tn cells (P=0.6) 
(Fig. 3D).

miR‑185 regulates apoptosis after cisplatin treatment 
and cell cycle progression in vitro. The apoptotic rate of 
miR‑185‑transfected KYSE‑960 and T.Tn cells after cisplatin 
exposure for 48 h was significantly higher than that of the 
negative control cells (KYSE‑960, P=0.027; T.Tn, P=0.0001; 
Fig. 4A). In addition, the mRNA expression levels of BCL‑2 
were reduced in both the KYSE‑960 and T.Tn miR‑185 
mimic groups (Fig. 4B). Cell cycle analyses showed that the 
percentages of ESCC cells in the G0/G1 phase after miR‑185 
transfection were significantly higher compared with those in 
the negative control groups, whereas the percentages of ESCC 
cells in the G2/M phase were significantly lower (KYSE‑960 

Figure 5. Gene Set Enrichment Analysis was used to analyze the signaling pathways enriched in patients with esophageal cancer and high miR‑185‑5p expres‑
sion: (A) Apoptosis, (B) UV response, (C) reactive oxygen species pathway, (D) oxidative phosphorylation and (E) p53 pathway. NES indicates the extent of 
enrichment per gene set; FDR indicates the significance of enrichment. Gene sets for enrichment analysis were determined based on adjusted P<0.05 and 
|NES|>1. NES, normalized enrichment score; FDR, false discovery rate.
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G0/G1, P<0.05 and G2/M, P<0.02; T.Tn G0/G1, P<0.04 and 
G2/M, P<0.03; Figs. 4C and S5). Notably, KYSE‑960 and 
T.Tn cells in Fig. 4B and C were not treated with cisplatin.

miR‑185‑5p‑associated signaling. Enrichment analysis of 
TCGA data was carried out using GSEA, and the results 
revealed that the high miR‑185 expression group was enriched 
in signaling pathways, such as cell death (apoptosis) and DNA 
damage (UV response up, reactive oxygen species, oxidative 
phosphorylation) and p53 signaling (Fig. 5A‑E). 

Characterization of exosomes from patient samples. The 
present study isolated exosomes from the plasma samples of 

89 patients with ESCC. To confirm the successful isolation of 
exosomes, TEM was employed to characterize their shape in 
the supernatant (Fig. S6). Notably, plasma exosomes exhibited 
an elliptical shape.

Relationship between circulating miR‑185 levels and 
clinicopathological characteristics of patients with ESCC. 
The clinicopathological characteristics of patients are 
summarized in Table II. The total number of patients was 
89, including nine endoscopically treated cases, 55 preop‑
eratively untreated surgical cases and 25 cases treated via 
neoadjuvant chemotherapy, followed by surgery. Pretreatment 
staging was performed by whole body analysis, including 

Table II. Demographics and clinicopathological characteristics of patients with esophageal squamous cell carcinoma.

Variable High exosomal miR‑185‑5p group (n=28) Low exosomal miR‑185‑5p group (n=61) P‑value

Mean age ± SD, years 66.6±8.03 66.8±8.32 0.923a

Sex, n   
  Male/Female 24/4 51/10  >0.999b

Histological grade, n   
  G1/G2/G3/X 4/15/7/2 11/29/13/8 0.853b

Location of the tumor   
  Ce/Ut/Mt/Lt/Ae 0/2/15/10/1  0/8/27/23/3 0.836b

cT category, n   
  cT1a + 1b/2/3/4a + 4b 16/7/5/0   25/15/21/0   0.235c

cN category, n   
  cN0/1/2/3/4 20/2/3/0/3   28/11/18/4/0  0.0045b

cM category, n   
  cM0/1 28/0 61/0 >0.999b

cStage, n   
  cStage 0/1/2/3/4a/4b 7/6/9/3/3/0 6/11/19/25/0/0  0.0001b

Treatment, n   0.0597b

  Endoscopic 6 3 
Esophagectomy first 16 39 
  NAC + esophagectomy 6 19 
pT category, n   
  pT0/1a + 1b/2/3/4a 3/19/2/4/0 4/31/10/15/1 0.411b

pN category, n   
  pN0/1/2/3/4/X 16/3/4/2/0/3 31/7/12/8/1/2  0.702b

pStage, n   
pStage 0/1/2/3/4a/X 2/11/5/5/2/3  1/18/14/15/9/4 0.527b

aStudent's t‑test; bFisher's exact test; cχ2 test. Ce, cervical esophagus; Ut, upper thoracic esophagus; Mt, middle thoracic esophagus; Lt, lower 
thoracic esophagus; Ae, abdominal esophagus; NAC, neoadjuvant chemotherapy.

Table III. Pathological response of patients with esophageal squamous cell carcinoma treated with neoadjuvant chemotherapy.

Variable High exosomal miR‑185‑5p group (n=6) Low exosomal miR‑185‑5p group (n=19) P‑valuea

Pathological response   
  Grade 1a + 1b/2/3 3/1/2  16/3/0  0.081

aFisher's exact test. 
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PET/CT. Patients were divided into high (n=28) and low 
(n=61) circulating miR‑185 groups. A cutoff value of 4.3 was 
set for the miR‑185/miR‑16 ratio based on the mean value of 
miR‑185 in patients with esophageal cancer. In patients with 
high circulating exosomal miR‑185, the frequency of lymph 
node metastasis at preoperative diagnosis was significantly 
lower (P=0.0045), and cStage was significantly lower in the 
high circulating exosomal miR‑185 group (P=0.0001).

Although the sample size was small, the preoperative patient 
group with high circulating exosomal miR‑185 levels tended to 
exhibit a slightly higher response rate to chemotherapy than 
patients with low circulating exosomal miR‑185; however, this 
was not statistically significant (P=0.081; Table III).

PFS and DSS of patients with ESCC after initial treatment. 
The 5‑year PFS rate in the high exosomal miR‑185 group was 
92.1% (95% CI: 82.0‑103.0%), which was significantly higher 
(P=0.030, log‑rank test) than that in the low exosomal miR‑185 
group (66.9%; 95% CI: 54.0‑80.0%) (Fig. 6A). The 5‑year DSS 
rate in the high exosomal miR‑185 group was 100%, which 
was significantly higher (P=0.020, log‑rank test) than that in 
the low exosomal miR‑185 group (76.5%; 95% CI: 64.0‑89.0%; 
Fig. 6B).

Discussion

ESCC is one of the most lethal types of cancer and is a 
public health issue of great concern worldwide (27). Despite 
advances in its diagnosis and treatment, patient survival rates 
remain unsatisfactory (28). Therefore, the identification of 
novel biomarkers and therapeutic targets in ESCC is urgently 
required. 

Exosomal miRNAs can be easily isolated from periph‑
eral blood, which makes them candidate noninvasive 
biomarkers (29). Their potential to serve as biomarkers in 
patients with ESCC has been previously reported, along 
with a possible mechanism of exosomal trafficking (25). 
Exosomes influence gene expression, and thus, various 
biological processes (30). However, the inf luence of 

exosomal miR‑185 levels in plasma on cancer treatment 
outcomes remains to be fully elucidated. It has been reported 
that plasma miR‑185 levels are decreased in patients with 
ESCC and that tumor metastasis is suppressed by targeting 
RAGE (21); the tumor suppressive role of miR‑185 in this 
previous report is consistent with the results of present 
study. The impact of different storage conditions and treat‑
ments on the stability and abundance of individual and 
total miRNAs in human plasma and plasma exosomes has 
been investigated; it has been highlighted that exosomal 
miRNAs have the potential to serve as biomarkers based on 
their increased stability under various conditions compared 
with plasma miRNAs (31). Thus, there is a possibility that 
exosomal miRNAs could serve as novel therapeutic targets 
for the development of effective methods for the treatment 
of ESCC. However, to the best of our knowledge, the present 
study is the first to determine the different profiles of circu‑
lating exosomal miR‑185 levels in patients with ESCC. The 
results revealed that exosomal miR‑185 was associated with 
lymph node metastasis and may act as a predictor of the 
prognosis of patients with ESCC. The data from the current 
study suggested that exosomal miR‑185 may be important 
for esophageal cancer initiation and progression, and that 
it could hold promise as a novel suppressor of metastasis in 
esophageal cancer.

Hypoxia enhances the degree of glycolysis, angiogenesis 
and other survival responses in tumors, as well as their inva‑
sion and metastasis, by activating relevant gene expression 
through HIFs (32). The expression levels of HIF‑1α are 
elevated in cancer cell lines under hypoxia; notably, HIF‑1α 
drives oncogenic expression in ESCC and is associated with 
a poor prognosis (10). In the present study, the expression 
of 33 exosomal miRNAs was downregulated in KYSE‑960 
and T.Tn cell culture media under hypoxia, whereas certain 
exosomal miRNAs were upregulated. Notably, exosomal 
miR‑185 expression was decreased under hypoxia in both cell 
line culture media.

miRNA dysregulation serves a critical role in the 
initiation and progression of multiple types of human 

Figure 6. Kaplan‑Meier survival curves showing the relationship between high or low expression levels of plasma Ex.miR‑185‑5p with (A) PFS and (B) DSS of 
patients with esophageal squamous cell carcinoma. DSS, disease‑specific survival; Ex., exosomal; miR, microRNA; PFS, progression‑free survival.
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cancer (33,34), by either promoting (35) or suppressing 
tumorigenesis (36). The characterization of miRNAs 
involved in ESCC progression and their targets may 
contribute to the identification of new prognostic markers 
and therapeutic targets (37). Circulating miRNAs have 
recently emerged as potential biomarkers for various types 
of cancer (38). In the present study, exosomal miR‑185 
was significantly associated with cN and cStage, with high 
exosomal miR‑185 levels in plasma being associated with 
a good prognosis in patients with ESCC. Upregulation of 
miR‑185 may have a suppressive role in tumor malignancy, 
paving the way for the development of effective treatment 
methods in ESCC.

miRNAs are associated with lymph node metastasis in 
esophageal cancer (22,33,39), which may provide a novel 
insight into the design of better therapeutic strategies. 
Furthermore, albeit based on a limited number of cases, the 
present findings indicated that circulating miR‑185 might 
not be able to influence chemotherapy sensitivity, but that it 
could predict lymph node metastasis prior to chemotherapy. To 
provide new insights for designing better therapeutic strategies 
to treat esophageal cancer in patients with lymph node metas‑
tasis and to predict prognosis more accurately, a further study 
in a larger cohort and a detailed mechanistic investigation are 
warranted.

Overcoming cisplatin resistance is a major aim in cancer 
therapy. One of the most widely accepted approaches is through 
combination with other agents that enhance cisplatin toxicity (40). 
In the present study, overexpression of miR‑185 regulated cancer 
cell cycle progression and induced apoptosis following cisplatin 
treatment. The apoptotic rate in a human gastric cancer cell line 
has been reported to be ~10% without any other intervention 
except for miR‑185 transfection (41). In another study, the apoptotic 
rate in a breast cancer cell line was reported to be ~20% without 
any other intervention except for miR‑185 transfection (42). In the 
present study, the negative control group comprised ESCC cells 
transfected with the control mimic and treated with cisplatin for 
48 h, and the target group comprised ESCC cells treated with 
cisplatin and transfected with the miR‑185 mimic. Therefore, 
considering the previously reported numbers, and the fact that all 
cells that were treated with cisplatin, it is reasonable that the apop‑
totic rate detected in the present study was >10%. Tumor cells 
may utilize several molecular mechanisms to suppress apoptosis 
and acquire resistance to cytotoxic agents, such as via upregu‑
lation of the antiapoptotic protein BCL‑2 (43). In the present 
study, the mRNA expression levels of BCL‑2 were suppressed in 
miR‑185‑overexpressing cells.

The present study also observed a significant enrichment 
for hallmark gene sets related to cell death (apoptosis), DNA 
damage (UV response up, reactive oxygen species and oxida‑
tive phosphorylation), and p53 in patients with high versus low 
miR‑185 expression. Such dysregulation is expected to serve 
a significant role in esophageal cancer cell transformation. 
These data suggested that miR‑185 alters cancer‑associated 
pathway activity. 

In the present study, miR‑16 was used as an internal control 
for the clinical evaluation of cell‑free miR‑185 and U6 was 
used as an internal reference for evaluation of cellular miR‑185; 
however, a limitation is that these internal controls are not 
standardized and can only be quantified in relative amounts, 

which may not accurately reflect the amplification of the 
primary target and ultimately lead to different Cq value results. 
Development of accurate internal controls or quantification of 
absolute value are thus required for further confirmation in 
future studies. In addition, larger patient cohorts are required 
for future confirmation of the use of exosomal miR‑185 in the 
prediction of prognosis.

In summary, the data from the current study suggested 
that miR‑185 may be important in ESCC progression and 
holds promise as a novel suppressor of metastasis in ESCC. 
Although there are many factors, such as target genes, that can 
be used as a guide or reference when considering therapeutic 
efficacy, circulating exosomal miR‑185 may act as a potential 
prognostic biomarker and could have potential as a novel 
therapeutic target in ESCC. 
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