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Abstract. – OBJECTIVE: This study aimed to 
identify the different expression of microRNAs 
(miRNAs) in the plasma derived exosomes of pa-
tients with esophageal squamous cell carcino-
ma (ESCC). 

PATIENTS AND METHODS: A total of 9 pa-
tients with ESCC and 9 patients with benign dis-
eases were involved. miRNA sequencing was 
performed to screen differential expression of 
microRNAs in plasma exosomes between pa-
tients with ESCC and controls. The function 
of miRNA on proliferation and migration abili-
ties was determined by CCK-8 analysis, wound 
scratch and transwell test. Predicted target 
genes were screened by databases and con-
firmed by RT-qPCR.

RESULTS: We identified a total of 10 miRNAs 
(7 upregulated and 3 downregulated) that were 
differentially expressed in plasma exosomes be-
tween patients with ESCC and control patients 
(fold change, FC ≥ 2.0 or ≤ -2.0, p ≤ 0.05) by miR-
NA sequencing. Ten miRNAs were detected by 
qRT-PCR to verify the results of the miRNA se-
quencing. MiR-103a-2-5p demonstrated the 
most significant differential expression in both 
exosomes of ESCC cell lines and plasma of pa-
tients as compared with control patients and 
was therefore selected for subsequent function-
al experiments. Overexpression of miR-103a-2-
5p promoted proliferation and migration in TE-1 
cells, whereas inhibition of miR-103a-2-5p sup-
pressed proliferation and migration in KYSE-150 
cells. Exosomes extracted from the cells trans-
fected with miR-103a-2-5p mimics significantly 
increased the proliferation and migration of two 
ESCC cell lines. Two genes, CDH11 and NR3C1 
were identified as predicted targets of miR-103a-

2-5p by the bioinformatics tools TargetScan, Mi-
Randa, and mirDIP and RT-qPCR. 

CONCLUSIONS: Our results shed light on how 
exosomal miR-103a-2-5p can promote prolifera-
tion and migration of ESCC cells and may repre-
sent a potential target for ESCC therapies. 
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Introduction

Esophageal cancer (EC) ranked seventh can-
cer incidence and sixth in mortality worldwide in 
2018. Globally, eastern Asia exhibits the highest 
incidence rates in men1. Esophageal adenocarci-
noma (EAC) and esophageal squamous cell car-
cinoma (ESCC) are the two main histological 
subtypes of EC, and ESCC is prevalent in eastern 
Asia2. The prognosis for patients with ESCC re-
mains grim despite improvements in diagnostic 
methods and multidisciplinary treatments3. Poor 
differentiation is known as an adverse predictor 
of patient outcomes4. 

MicroRNAs (miRNAs) are a class of small 
non-coding RNAs that regulate gene expression 
at post-transcriptional level; they function as cru-
cial regulators of differentiation, proliferation, 
apoptosis, and metabolism in cancer cells5,6. It 
may be helpful to identify circulating miRNAs in 
the diagnosis and prognosis of EC7 . 
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Exosomes are small membranous vesicles de-
rived from various cell types, including T cells, 
red blood cells, and tumor cells. They contain 
lipids, proteins, and nucleic acids (e.g., mRNA 
and miRNA). These RNAs can be transported to 
other cells and can function as a member of the 
new location8. Due to protection against endoge-
nous RNase degradation, exosomal miRNAs are 
more stable than those not related to exosomes9,10, 
thus, they have the potential to become specific 
biomarkers for diseases. Yang et al11 showed that 
miRNAs transported by exosomes can promote 
the invasion of breast cancer cells. 

While many tumor-specific miRNAs have 
been identified in tumor-derived exosomes in 
the plasma of patients with glioblastoma12, thy-
roid cancer13, hepatocellular carcinoma14, lung 
cancer15, breast cancer16 and gastric cancer17, few 
have been identified in the plasma of patients 
with EC. Therefore, we examined differential 
expression of miRNAs in the plasma of nine pa-
tients with ESCC and nine patients with benign 
diseases by miRNA sequencing. In the present 
study, the upregulated miR-103a-2-5p was se-
lected for further analysis. Subsequently, we 
aimed to explore the influence of this miRNA on 
the biological function of EC cells when trans-
mitted by exosomes.

Patients and Methods

Patients
Nine patients with newly diagnosed ESCC and 

nine patients with benign diseases were selected 
from January 2018 to November 2018 in the Xin-
qiao Hospital. All cases of ESCC were diagnosed 
by pathology. The management of the ESCC pa-
tients strictly follows the NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines) for 
Esophageal and Esophagogastric Junction Can-
cers. The eighth edition of the AJCC Cancer 
Staging Manual was used for cancer staging. Pa-
tients with acute inflammation and having other 
types of malignant tumors were excluded from 
this study. All patients with ESCC underwent an 
upper gastrointestinal fiberscope examination.  
Peripheral blood sampling was taken before sur-
gery, radiotherapy, and chemotherapy. This inves-
tigation was approved by the Ethics Committee 
of Xinqiao Hospital. Signed written informed 
consents were obtained from all participants be-
fore the study. The blood samples were collected 
into blood collection tubes with EDTA and sub-

sequently centrifuged at 2000 rpm for 10 minutes 
at 4°C, and then plasma was stored at -80°C until 
analysis. 

Cell Culture 
Normal human esophageal epithelial-1 cell line 

(Het-1A) was purchased from the American Type 
Culture Collection (ATCC), CRL-2692, Manassas, 
VA, USA); TE-1 (human ESCC well-differentiated 
cell lines, TCHu89) and KYSE-150 (human ESCC 
low-differentiated cell lines, TCHu236) were pur-
chased from the Cell Bank of the Chinese Acade-
my of Sciences (Shanghai, China). These cells were 
cultured in Dulbecco’s Modified Eagle’s Medium 
(DMEM; Thermo Fisher Scientific, Waltham, 
MA, USA), penicillin-streptomycin (Thermo Fish-
er Scientific, Waltham, MA, USA) and 10% exo-
somes-depleted fetal bovine serum (FBS; Thermo 
Fisher Scientific, Waltham, MA, USA). All cells 
were cultured in an incubator (Series II 3111, Ther-
mo Fisher Scientific, Waltham, MA, USA) that 
contained 5% CO2 and was maintained at 37°C.

Isolation of Exosomes 
Exosomes were extracted from 2 mL of plas-

ma and 30 ml of cell culture supernatant using 
an exoEasy Maxi Kit (Qiagen, Hilden, Germany) 
according to the manufacturer’s instructions. The 
method is described in the exoEasy instructions. 
Samples were filtered through 0.22 μm pore fil-
ters (EMD Millipore, Billerica, MA, USA) and 
then mixed 1:1 with Buffer XBP as sample (plas-
ma or cell culture supernatant) and added to an 
exoEasy membrane affinity spin column. 10 mL 
Buffer XWP was be used to wash off the bound 
exosomes. Then, exosomes were eluted with 400 
µL Buffer XE. A ZetaView® instrument (Particle 
Metrix, Meerbusch, Germany) was used to per-
form Nanoparticle Tracking Analysis (NTA). Bi-
cinchoninic acid assay (BCA) Analysis Kit (San-
gon Biotech, Shanghai, China) was used to detect 
the concentration of exosomal protein. 

miRNA Sequencing
According the manufacturer’s manual, total 

RNA was extracted using TRIzol (Invitrogen, 
Carlsbad, CA, USA) and miRNeasy Micro Kit 
(Qiagen, Hilden, Germany). A 4200 TapeSta-
tion (Agilent, Santa Clara, CA, USA) was used 
to measure the RNA quality. RNA quantity was 
measured using a Qubit2.0 Fluorometer (Life 
Technologies, Gaithersburg, MD, USA). RNA 
samples were sent to Genminix Informatic Ltd. 
(Shanghai, China) for miRNA sequencing on an 
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Illumina Hiseq platform (Illumina, San Diego, 
CA, USA) with 10 M reads. The differentially ex-
pressed microRNAs were analyzed by Genminix 
Informatic Ltd. (Shanghai, China). 

RNA Isolation and Quantitative 
Real-Time Polymerase Chain Reaction 
(qRT-PCR)

Total RNA was extracted by using TRIzol as 
described above. Then, a ReverTra Ace qPCR RT 
Kit (Toyobo, Osaka, Japan) was used to conduct 
reverse transcription with 1 μg of total RNA. U6 
was used as the internal control for miRNA. qRT-
PCR was conducted using upstream and down-
stream primers shown in Table I, SYBR Green 
PCR master mix (Toyobo, Osaka, Japan) on an 
ABI 7900HT StepOne Plus system (Applied Bio-
systems, Foster City, CA, USA). 

Cell Transfection
MiR-103a-2-5p mimics, miR-103a-2-5p mim-

ics-NC (negative control), miR-103a-2-5p inhib-
itors, and miR-103a-2-5p inhibitors-NC were 
purchased from Genecreate (Wuhan, China). Lipo-
fectamine 3000 (Invitrogen, Carlsbad, CA, USA) 
was used to conduct transfection. The sequences 
used in this experiment are shown in Table II. 

Exosome Uptake Assay
Exosomes from TE-1 cells transfected with 

miR-103a-2-5p mimics and miR-103a-2-5p mim-
ics-NC were extracted as described above. Accord-
ing to the protocol for PKH26 dye kit (# MINI26)18, 
exosomes were re-suspended in 1 mL diluents C, 
and 4 µL PKH26 dye was diluted in another 1 mL 
diluent C. Then, 1 mL of diluent C containing exo-
somes was mixed with the dye solution by gentle 
pipetting and incubated for 5 min at RT. 2 mL 
10% exosome-depleted FBS in DMEM (Thermo 
Fisher Scientific, Waltham, MA, USA) was used 
to react with excess dye. Then, 1 µg of PKH26-la-
belled exosomes were added into cell culture and 
co-cultured in 24-well plates for 24 h, and cells 
were then washed with phosphate-buffered saline 
(PBS) and fixed with 4% paraformaldehyde at 
RT for 15 min, nuclei were stained with 4’,6-di-
amidino-2-phenylindole (DAPI) for 5 min. After 
washing with PBS, the samples were analyzed and 
photographed using a fluorescence microscope 
(TS-100, Nikon, Tokyo, Japan).

Cell Proliferation Assay (CCK-8)
TE-1 and KYSE-150 were seeded in a 96-well 

plate with approximately 1 × 104 cells per well. 

TE-1 cells were transfected with miR-103a-2-5p 
mimics and mimics-NC for 24 h, and KYSE-
150 cells were transfected with inhibitor and in-
hibitor-NC for 24 h. CCK-8 (Dojindo Molecular 
Technologies, Kumamoto, Japan) kit was used for 
cell proliferation detection at 0, 24, and 48 h. The 
absorbance value was measured by using a micro-
plate reader (Thermo Fisher Scientific, Waltham, 
MA, USA) at 450 nm wavelength. For functional 
analysis of exosomes, exosomes from cells trans-
fected with miR-103a-2-5p mimics and miR-103a-
2-5p mimics-NC were respectively extracted as 
described above. TE-1 and KYSE-150 cells were 
co-cultured with the two types of purified exo-
somes (20 µg/mL), respectively, for 24 h. CCK-8 
was conducted in the same way as above.

Transwell and Wound Scratch Assay
Migration ability of ESCC cells was measured 

by using transwell chambers (Corning, Corn-
ing, NY, USA). The cells were suspended in se-
rum-free DMEM and adjusted to a concentration 
of 5 × 104 cells/mL. Cell suspension (200 μL) 
was seeded into the upper chamber. The bottom 
chamber was filled with 600 μL of DMEM medi-
um containing 10% exosome-depleted FBS. Fol-
lowing 36 h of incubation at 37°C, the migrated 
cells were stained with crystal violet (Beyotime, 
Shanghai, China) at RT for 20 min, then washed 
with PBS. Stained cells were observed using a 
microscope (CKX-41, Olympus, Tokyo, Japan) 
and counted. For functional analysis of exosomes, 
exosomes from cells transfected with miR-103a-
2-5p mimics and miR-103a-2-5p mimics-NC were 
extracted as described above. TE-1 and KYSE-
150 cells were co-cultured with the two types of 
purified exosomes (20 µg/mL), respectively, for 
24 h. Approximately 200 µl of cell suspension 
(1 × 104 cells) in serum-free DMEM was added 
into the upper well of the chamber in triplicate 
wells. Transwell was conducted in the same way 
as above.

Cells were seeded in medium at 9 × 105 cells per 
well in a 6-well plate (Biofil, Guangzhou, China), 
incubated under standard conditions until 80-90% 
confluency, then wounded by a pipette tip. Float-
ing cells were removed, and medium without FBS 
was added to each well. For functional analysis of 
exosomes, cells (TE-1 and KYSE-150) were seed-
ed in medium at 9 × 105 cells per well in a 6-well 
plate (Biofil, Guangzhou, China), incubated un-
der standard conditions until 80–90% confluency, 
then wounded by a pipette tip. Floating cells were 
removed and DMEM with exosomes (20 µg/mL) 
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Table I. The primer sequences used in qPCR.

miRNA and gene	 Forward primer	 Reversed primer

hsa-miR-103a-2-5p	 5’-ACACTCCAGCTGGGAGCTTCTTTACAGTGCT-3’	 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCAAGGCAG-3’
hsa-let-7g-3p	 5’-ACACTCCAGCTGGGCTGTACAGGCCACTG-3’	 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGCAAGGCA-3’
hsa-miR-301a-3p	 5’-ACACTCCAGCTGGGCAGTGCAATAGTATTGT-3’	 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGCTTTGAC-3’
hsa-miR-130a-5p	 5’-ACACTCCAGCTGGGGCTCTTTTCACATTGT-3’	 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGTAGCAC-3’
hsa-miR-33a-3p	 5’-ACACTCCAGCTGGGCAATGTTTCCACAGTG-3’	 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGTGATGCA-3’
hsa-miR-2355-5p	 5’-ACACTCCAGCTGGGATCCCCAGATACAAT-3’	 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTTGTCCAT-3’
hsa-miR-3192-5p	 5’-ACACTCCAGCTGGGTCTGGGAGGTTGTAGCA-3’	 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTTCCACTG-3’
hsa-miR-429	 5’-ACACTCCAGCTGGGTAATACTGTCTGGTAA-3’	 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACGGTTTT-3’
hsa-miR-125b-1-3p	 5’-ACACTCCAGCTGGGACGGGTTAGGCTCTTG-3’	 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGCTCCCA-3’
hsa-miR-149-5p	 5’-ACACTCCAGCTGGGTCTGGCTCCGTGTCTTC-3’	 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGGGAGTGA-3’
Human CDH11	 5’-AGAGAGCCCAGTACACGTTGA-3’	 5’-TTGGCATGATAGGTCTCGTGC-3’
Human NR3C1	 5’-TGCCGCTATCGAAAATGTCTT-3’	 5’-GGGTAGGGGTGAGTTGTGGT-3’
GAPDH	 5’-GGACCTGACCTGCCGTCTAG-3’	 5’-CCTGCTTCACCACCTTCTTGA-3’
U6	 5’-TCGCTTCGGCAGCACATATAC-3’	 5’-TATGGAACGCTTCACGAATTTG-3’
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from the cell culture supernatant of TE-1 mim-
ics or TE-1 mimics-NC was added to each well. 
An inverted microscope (Olympus, Tokyo, Japan) 
was used to observe and photograph the cells. 
Photographs were taken at each indicated time. 
The area of wound closure was measured using 
ImageJ software (NIA, Bethesda, MD, USA). 

Statistical Analysis
All experimental data were analyzed using 

GraphPad Prism Software 8.0 (GraphPad Soft-
ware Inc, San Diego, CA, USA) and R Studio 
Version 1.1.463 (Boston, MA, USA). Differences 
were determined by the Chi-square test, unpaired 
Student’s t-test, or ANOVA followed by Post-Hoc 
Test (Least Significant Difference). p<0.05 was 
considered statistically significant. All data are 
expressed as mean ± standard deviation (SD). All 
data were performed in triplicate. 

Results

Levels of MiRNAs In Plasma Exosomes 
Differed Between the Patients With 
ESCC and the Control Patients

To investigate the differences in tumor-de-
livered exosomal microRNA in ESCC patients, 
the plasma exosomes from nine ESCC and nine 

control patients were extracted. Characteristics 
of patients are shown in Table III. Nanoparticle 
Tracking Analysis (NTA) was used to detect the 
particle size distribution of purified exosomes, 
and 90% of the particles were under 150 nm 
(Figure 1A). Then, miRNA sequencing was per-
formed to explore the expression of miRNAs in 
exosomes. Differentially expressed miRNAs were 
considered those having a difference of more than 
twofold between their geometrical mean expres-
sion in the compared groups and a statistically 
significant p-value (< 0.05) by DEseq2 analysis. 
The expression levels of 61 miRNAs in plasma 
exosomes derived from ESCC patients were sig-
nificantly different from those of control patients. 
Among those, 49 miRNAs were upregulated and 
12 miRNAs were downregulated (Figure 1B). 
Volcano plots were used to represent the differ-
ential expression of miRNAs (Figure 1C). Based 
on the miRNA sequencing data, 10 miRNAs were 
identified as having a fourfold differential expres-
sion between groups (FC ≥ 2.0 or ≤ -2.0, p < 0.05, 
Table IV). Of these, 7 miRNAs were upregulated 
and 3 miRNAs were downregulated. Expression 
profiles of these 10 miRNAs were established and 
clustered using hierarchical cluster analysis (Fig-
ure 1D). Details of differential expression of mi-
croRNAs in plasma exosomes between patients 
with ESCC and controls were shown in Figure 2.

Table II. The sequences used for miR-103a-2-5p upregulation and downregulation.

	 Sequence

miR-103a-2-5p mimics	 5’-AGCUUCUUUACAGUGCUGCCUUG-3’
miR-103a-2-5p mimics-NC	 5’-UUGUACUACACAAAAGUACUG-3’
miR-103a-2-5p inhibitor	 5’-CAAGGCAGCACUGUAAAGAAGCU-3’
miR-103a-2-5p inhibitor-NC	 5’-CAGUACUUUUGUGUAGUACAA-3’

Table III. Characteristics of patients with esophageal squamous cell carcinoma and patients with benign diseases.

Characteristic	 Control Group (n=9) (%)	 ESCC Group (n=9) (%)	 p-value

Gender			 
 Male	 5 (55.6%)	 6 (66.7%)	
 Female	 4 (44.4%)	 3 (33.3%)	 0.629
Age			 
 Mean± SD, y	 54.6 ±7.1	 60.0 ± 4.2	 0.076
Reasons for admission			 
 ESCC		  9 (100%)	
 pulmonary bulla	 5 (55.6%)		
 achalasia of cardia	  2 (22.2%)		
Other	 2 (22.2%)		
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MiR-103a-2-5p Was Highly Expressed In 
Both Plasma-Delivered Exosomes 
and ESCC Cells

Het-1A (normal human esophageal epithelial-1 
cell), TE-1 (high differentiation), and KYSE-150 
(low differentiation) esophageal carcinoma cell 
lines were used to verify and explore the func-
tions of the 10 selected miRNAs. As shown in 
Figure 3A, qRT-PCR results revealed that three 
miRNAs, including miR-103a-2-5p, miR-301a-3p, 

and miR-149-5p were overexpressed in KYSE-
150 compared with Het-1A and TE-1. This result 
indicated that upregulation of these three mi-
croRNAs might be related to the malignant de-
gree of ESCC. Furthermore, two microRNAs in 
KYSE-150 and TE-1, miR-33a-3p and miR-429, 
were significantly downregulated compared with 
Het-1A. Conjoint analysis of miRNA sequencing 
results from plasma exosomes showed that the ex-
pression trends of two overexpressed microRNAs 

Figure 1. Differential expression of mi-
croRNAs between patients with ESCC and 
controls. A, Nanoparticle concentrations and 
size distribution of exosomes derived from 
the peripheral blood of patients. B, Expres-
sion levels of 61 miRNAs (49 upregulated, 12 
downregulated) in plasma exosomes derived 
from patients with ESCC were significantly 
different from those of control patients. C, 
Volcano plot of the differentially expressed 
miRNA in the ESCC group and the control 
group. D, Cluster analysis of expression of 
the 10 selected miRNAs in the ESCC and 
control groups.

Table IV. Differential expression of 10 candidate miRNAs in plasma of ESCC Group vs. Control Group.

miRNA	 Chrom	 Length	 ESCC Group (n=9)	 Control Group (n=9)	 p-value

hsa-miR-125b-1-3p	 chr11	 21	 1.06±0.78	 4.92±7.48	 0.021
hsa-miR-429	 chr1	 21	 0.49±053	 3.13±5.97	 0.018
hsa-miR-103a-2-5p	 chr20	 22	 12.53±16.69	 1.48±1.50	 0.002
hsa-miR-301a-3p	 chr17	 22	 3.49±5.36	 0.66±0.95	 0.020
hsa-let-7g-3p	 chr3	 20	 6.37±8.30	 1.08±1.55	 0.004
hsa-miR-2355-5p	 chr2	 20	 2.79±4.43	 0.34±0.73	 0.037
hsa-miR-130a-5p	 chr11	 21	 10.37±17.46	 1.79±1.89	 0.010
hsa-miR-3192-5p	 chr20	 22	 2.35±1.80	 0.32±0.49	 0.023
hsa-miR-149-5p	 chr2	 22	 0.47±0.49	 2.66±3.12	 0.018
hsa-miR-33a-3p	 chr22	 21	 7.63±12.3	 1.52±1.55	 0.049
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(miR-103a-2-5p, miR-301a-3p) and two microR-
NAs with lower expression (miR-125b-1-3p, miR-
429) were consistent. However, the expression 
level of miR-103a-2-5p in the ESCC patients was 
8.76 times higher than in the control group, and 
its p-value is the lowest (p=1.70e-03). Further-
more, the expression of miR-103a-2-5p was con-
firmed to be significantly higher in the exosomes 
of KYSE-150 (Figure 3B). Clinical data from the 
OncomiR database (https://www.oncomine.org) 
demonstrate that miR-103a-2-5p was upregulat-
ed approximately 2.5-fold in ESCC tumor tissues 
compared with controls (p=1.76e-03) (Figure 3C). 
Compared with patients with lower miR-103a-2-
5p level, the survival rate of those with higher 
level was significantly reduced (p=0.015). Ad-

ditionally, similar result was observed in TCGA 
database (Figure 3D, p=0.014). These results sug-
gested that elevated expression of miR-103a-2-5p 
in tumor tissues and exosomes may play a criti-
cal role in the progression of ESCC. Consequent-
ly, miR-103a-2-5p was chosen for the subsequent 
functional experiments. 

MiR-103a-2-5p Promoted Proliferation 
and Migration In ESCC Cells

Experimental analysis (qRT-PCR) has con-
firmed that the expression of miR-103a-2-5p in 
TE-1 cells was lower than that in KYSE-150 
cells. To determine the role of miR-103a-2-5p in 
the proliferation and migration of ESCC cells, 
TE-1 cells were transfected with miR-103a-2-5p 

Figure 2. Heatmap of differential expression of microRNAs in plasma exosomes between patients with ESCC and controls. 
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Figure 3. miR-103a-2-5p was highly expressed in both ESCC plasma exosomes and cells. A, qRT-PCR analysis of expression 
of the 10 selected miRNAs in Het-1A and ESCC cell lines (TE-1 and KYSE-150). ns, not significant. B, qRT-PCR analysis 
of miR-103a-2-5p expression in exosomes extracted from supernatant of TE-1 and KYSE-150 cell cultures. C, OncomiR 
data showing that miR-103a-2-5p was upregulated in ESCC tumor tissue compared with controls. D, Patients with highly ex-
pressed mir-103a-2-5p have a relatively higher risk of mortality (p=0.014) from TCGA databases. ns, not significant, **p<0.01, 
***p<0.001.

mimics or mimics-NC; similarly, KYSE-150 cells 
were transfected with miR-103a-2-5p inhibitor or 
inhibitor-NC. Using qPCR analysis, the expres-
sion of miR-103a-2-5p in TE-1 cells transfected 
with mimics was significantly higher than that in 
mimics-NC after 48 h post-transfection (Figure 
4A), Furthermore, CCK-8 assays were conducted 
to detect the function of miR-103a-2-5p in prolif-
eration. Overexpression of miR-103a-2-5p promot-
ed proliferation in TE-1 cells (p<0.01, Figure 4B). 
Wound scratch assays and transwell assays were 
conducted to verify the role of miR-103a-2-5p in 
migration. Results from these assays demonstrated 
that high-dose miR-103a-2-5p was more effective 
in promoting cell migration (Figure 4C and 4D). 
There is a significant decrease in expression shown 
in the KYSE-150 cells transfected with inhibitor 

compared with those transfected with inhibitor-NC 
(p<0.001, Figure 4E). Cell viability was suppressed 
in the KYSE-150 inhibitor group compared with 
the inhibitor-NC group (p<0.01, Figure 4F). In 
addition, consistent with the above results, a sig-
nificant decrease in the number of migrated cells 
was shown in the miR-103a-2-5p inhibitor group 
compared with those in the NC group (Figure 4G 
and 4H). These findings illustrated that miR-103a-
2-5p can promote the proliferation and migration 
capability of ESCC cell lines. 

Exosome-Mediated Transfer of 
MiR-103a-2-5p Promoted Proliferation 
and Migration In ESCC Cells

The previous studies showed that miRNAs can 
be transferred between cells by exosomes and 
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Figure 4. MiR-103a-2-5p expression in cytoplasm was associated with the proliferation and migration ability of ESCC cells. 
A, Expression of miR-103a-2-5p in TE-1 cells transfected with mimic or mimic-NC. B, Proliferation rates according to CCK-8 
assays of TE-1 mimic-NC and mimic groups. C-D, Transwell and wound scratch assays determining the migration ability of 
TE-1 mimic-NC and mimic groups. (magnification: 40×) E, Expression of miR-103a-2-5p in KYSE-150 cells transfected with 
miRNA inhibitor-NC or inhibitor. F, Proliferation rates according to CCK-8 assays of KYSE-150 inhibitor-NC and inhibitor 
groups. G-H, Transwell wound scratch assays determining the migration ability of KYSE-150 inhibitor-NC and inhibitor 
groups. ns, not significant, (magnification: 40×) **p<0.01, ***p<0.001. 
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Figure 5. Effects of miR-103a-2-5p transferred by exosomes on the biological function of recipient TE-1 and KYSE-150 cells. 
Fluorescence microscopy of exosome uptake by TE-1 (A) and KYSE-150 (F) cells incubated with PKH26-labeled Exo-NC or 
Exo-miR-103a (magnification: 100×). Scale bar = 10 μm. B-G, qPCR was performed to detect the level of miR-130a-2-5p in the 
cytoplasm of ESCC cells after exosome transfer. Proliferation rates according to CCK-8 assay of TE-1 (C) and KYSE-150 (H) 
cells incubated with Exo-NC or Exo- miR-103a. D-E, Transwell and wound scratch assays determining the migration ability 
of TE-1 cells incubated with Exo-NC or Exo- miR-103a. (magnification: 40×) I-J, Transwell and wound scratch assays deter-
mining the migration ability of KYSE-150 cells incubated with Exo-NC or Exo- miR-103a. ns, not significant, (magnification: 
40×) **p<0.01, ***p<0.001.
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play a key role in increasing proliferation and mi-
gration of tumor cells11. To confirm the regulatory 
effects of miR-103a-2-5p transferred by exosomes 
on the ESCC cells, exosomes were extracted from 
TE-1 cells transfected with miR-103a-2-5p mim-
ics and mimics-NC. Then, these exosomes were 
labeled with PKH26 and incubated with TE-1 and 
KYSE-150 cells. Confocal images indicated that the 
PKH26-labeled exosomes (red) could be taken up 
by both TE-1 and KEYS-150 cells. Moreover, the 
uptake exosomes were mainly located in the cyto-
plasm. These demonstrated that circulating exo-
somes were internalized by TE-1 cells and KYSE-
150 (Figure 5A and 5F). As shown in Figure 4B and 
4G, qRT-PCR results confirmed that miR-103a-2-5p 
was transferred into recipient ESCC cells. 

The CCK8 results demonstrated that exosomes 
extracted from TE-1 cells transfected with miR-
103a-2-5p mimics can significantly increase the 
proliferation of two ESCC cells (Figure 5C and 5H). 
As expected, results of transwell (Figure 5D and 5I) 
and scratch (Figure 5E and 5J) experiments revealed 
that the migration ability of ESCC cells was also 
enhanced by co-cultured with exosomes with high 
level miR-103a-2-5p. All these results indicate that 
exosomes-mediated transfer of miR-103a-2-5p can 
promote proliferation and migration in ESCC cells.

Potential Targets Analysis of MiR-103a-2-5p
Three databases were used to identify potential 

targets of miR-103a-2-5p. A total of 387 candidate 

genes from miRanda, 136 candidate genes from 
TargetScan Human 7.2, and 55 candidate genes 
from mirDIP were found. Finally, four candidate 
target genes, cadherin-11 (CDH11), mannosidase 
alpha class 2A member 1 (MAN2A1), N-terminal 
glucocorticoid receptor isoform C1 (NR3C1), and 
transportin 1 (TNPO1) were screened out from the 
results of merging the three datasets (Figure 6A). 
Previous studies reported that low expression of 
CDH1119 and NR3C120 is involved in promoting 
cancer cell proliferation and migration. Bioinfor-
matics analysis with TargetScan was performed 
and it was revealed that human miR-103a-2-5p 
was a potential binding candidate of CDH11 and 
NR3C1 (Figure 6B). Furthermore, mRNA levels 
of CDH11 and NR3C1 were found to be down-
regulated in TE-1 and KYSE-150 cells after treat-
ed with exosomes extracted from miR-103a-2-5p 
transfected TE-1 cells (Figure 6C). These results 
indicated that miR-103a-2-5p might facilitate the 
proliferation and migration abilities of ESCC 
cells, perhaps by downregulating expression of 
these two genes.

Discussion

In 2005, esophageal cancer ranked 4th in mor-
tality among both men and women in China21. A 
prior study showed that oncogenic miRNAs de-
livered by exosomes could regulate the invasive-

Figure 6. Potential targets analysis of miR-103a-2-5p. A, Venn plot for the potential target genes of miR‑103a-2-5p. B, Align-
ment of potential CDH11 and NR3C1 base pairing with miR‑103a-2-5p as identified by TargetScan. C, Downregulation of 
CDH11 and NR3C1 was confirmed by RT-PCR. *p<0.05, **p<0.01.
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ness of co-cultured breast cancer cells11. The re-
sults of this study indicate that the invasiveness of 
cancer cells may be regulated by miRNA which 
transported into recipient cells via exosomes after 
donor cell transfection. Thus, miRNAs delivered 
by exosomes may represent key treatment tar-
gets for anticancer therapy. However, the specific 
miRNAs in plasma exosomes from patients with 
cancer are still unclear. Therefore, the mecha-
nisms underlying tumor cell-exosomal miRNAs 
interactions require further investigation, espe-
cially in the ESCC model. 

Liu et al22 have demonstrated that the expres-
sion of miR-103a in esophageal cancer cells is 
significantly higher than in normal esophageal 
cells, which is consistent with our findings. miR-
103a has been identified as an onco-miRNA in 
colorectal cancer23 and breast cancer24. Neverthe-
less, the role of miR-103a-2-5p in ESCC remained 
unknown. In this study, we found that miR-103a-
2-5p was highly expressed in plasma exosomes 
from patients with ESCC and showed that miR-
103a-2-5p facilitates ESCC cell proliferation and 
migration. Furthermore, we investigated exo-
somes may be taken up by ECSS cells and indi-
cated that miR-103a-2-5p mimics could be trans-
ferred between ESCC cells by exosomes. These 
results demonstrate that miR-103a-2-5p is a key 
regulator of ESCC, and this is the first report of 
a functional analysis of miR-103a-2-5p in ESCC.

Prior studies demonstrated that microRNA-21 
transferred by exosomes promotes cell migra-
tion and invasion in ESCC25 and that miR-93-5p 
transferred by exosomes promotes proliferation in 
ESCC26. These studies utilized miRNA microarrays 
to profile microRNA expression in patients with 
esophageal cancer versus controls. The limitations 
of miRNA microarrays mainly display in following 
several aspects: (1) reduced sensitivity for miRNAs 
expressed at low levels and (2) lack of ability to ex-
plore new miRNAs and structural sequence chang-
es. In contrast, miRNA sequencing can overcome 
these limitations. To our knowledge, this is the first 
study reporting a miRNA sequencing analysis char-
acterizing exosomal miRNAs in ESSC.

Exosomal miR-103a-2-5p has a great impact on 
ESCC cells relative to biological function. As a 
result, we want to explore the possibility of exo-
somal miR-103a-2-5p serving as diagnostic or 
prognostic biomarkers for ESCC. This will re-
quire a huge amount of efforts to detect exoso-
mal miR-103a-2-5p in patient plasma and analyses 
the relationship of exosomal miR-103a-2-5p with 
prognosis, survival rate, etc. Based on the miR-

NA sequencing data, hsa-miR-301a-3p and hsa-
miR-149-5p also significantly upregulated. Four 
candidate genes were found based on three data-
bases, several molecular studies have confirmed 
that CDH1119, NR3C120 are regarded as tumor 
suppressors in many types of cancers. However, 
another two target genes, MAN2A1 and TNPO1, 
were reported to have an overexpression and pro-
mote tumor progression in tumors27-29. Further in-
vestigations should be performed to confirm the 
function of these four target genes. A shortcom-
ing of our results is the small number of samples, 
due to the high cost of miRNAs sequencing and 
isolation of plasma exosomes, and they should be 
confirmed by detecting a large number of con-
firmed ESCC and control patients.

Conclusions

Summarily, we have established that exosomal 
miR-103a-2-5p is differentially expressed in pa-
tients with ESCC vs. healthy controls. As circu-
lating miRNAs in exosomes are more stable than 
those in other forms, these findings suggest that 
circulating exosomal miR-103a-2-5p could serve 
as a novel, noninvasive diagnostic and prognos-
tic biomarker in the early diagnosis of ESCC. 
Moreover, our findings suggest that miR-103a-2-
5p may promote receptor ESCC cell proliferation 
and migration.

Funding
This study was supported by grants from National Natural 
Science Foundation of China (No. 81972190 and 81802457), 
and the Clinical Project of Army Medical University (No. 
2016YLC30).

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, 
Jemal A. Global cancer statistics 2018: GLOBO-
CAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA Cancer 
J Clin 2018; 68: 394-424.

  2)	 Matsushima K, Isomoto H, Kohno S, Nakao K. Mi-
croRNAs and esophageal squamous cell carci-
noma. Digestion 2010; 82: 138-144.



Exosomal miR-103a-2-5p in esophageal squamous cell carcinoma cell

6109

  3)	 Castro C, Bosetti C, Malvezzi M, Bertuccio P, Levi 
F, Negri E, La Vecchia C, Lunet N. Patterns and 
trends in esophageal cancer mortality and inci-
dence in Europe (1980-2011) and predictions to 
2015. Ann Oncol 2014; 25: 283-290.

  4)	 Chirieac LR, Swisher SG, Correa AM, Ajani JA, Ko-
maki RR, Rashid A, Hamilton SR, Wu TT. Signet-ring 
cell or mucinous histology after preoperative 
chemoradiation and survival in patients with 
esophageal or esophagogastric junction ade-
nocarcinoma. Clin Cancer Res 2005; 11: 2229-
2236.

  5)	 Winter J, Jung S, Keller S, Gregory RI, Diederichs 
S. Many roads to maturity: microRNA biogene-
sis pathways and their regulation. Nat Cell Biol 
2009; 11: 228-234.

  6)	 Liu ZH, Chen LD, He YB, Xu B, Wang KB, Sun GX, 
Zhang ZH. Study of expression levels and clinical 
significance of miR-503 and miR-375 in patients 
with esophageal squamous cell carcinoma. Eur 
Rev Med Pharmacol Sci 2019; 23: 3799-3805.

  7)	 Tanaka Y, Kamohara H, Kinoshita K, Kurashige J, 
Ishimoto T, Iwatsuki M, Watanabe M, Baba H. Clin-
ical impact of serum exosomal microRNA-21 as 
a clinical biomarker in human esophageal squa-
mous cell carcinoma. Cancer-Am Cancer Soc 
2013; 119: 1159-1167.

  8)	 Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee 
JJ, Lotvall JO. Exosome-mediated transfer of 
mRNAs and microRNAs is a novel mechanism 
of genetic exchange between cells. Nat Cell Biol 
2007; 9: 654-659.

  9)	 Koberle V, Pleli T, Schmithals C, Augusto AE, Hau-
penthal J, Bonig H, Peveling-Oberhag J, Biondi RM, 
Zeuzem S, Kronenberger B, Waidmann O, Piiper A. 
Differential stability of cell-free circulating mi-
croRNAs: implications for their utilization as bio-
markers. PLoS One 2013; 8: e75184.

10)	 Thery C, Zitvogel L, Amigorena S. Exosomes: com-
position, biogenesis and function. Nat Rev Im-
munol 2002; 2: 569-579.

11)	 Yang M, Chen J, Su F, Yu B, Su F, Lin L, Liu Y, 
Huang JD, Song E. Microvesicles secreted by 
macrophages shuttle invasion-potentiating mi-
croRNAs into breast cancer cells. Mol Cancer 
2011; 10: 117.

12)	 Skog J, Wurdinger T, van Rijn S, Meijer DH, Gainche 
L, Sena-Esteves M, Curry WJ, Carter BS, Krichevsky 
AM, Breakefield XO. Glioblastoma microvesicles 
transport RNA and proteins that promote tumour 
growth and provide diagnostic biomarkers. Nat 
Cell Biol 2008; 10: 1470-1476.

13)	 Mitomo S, Maesawa C, Ogasawara S, Iwaya T, Shiba-
zaki M, Yashima-Abo A, Kotani K, Oikawa H, Sakurai 
E, Izutsu N, Kato K, Komatsu H, Ikeda K, Wakaba-
yashi G, Masuda T. Downregulation of miR-138 is 
associated with overexpression of human telo-
merase reverse transcriptase protein in human 
anaplastic thyroid carcinoma cell lines. Cancer 
Sci 2008; 99: 280-286.

14)	 Xue X, Wang X, Zhao Y, Hu R, Qin L. Exosomal 
miR-93 promotes proliferation and invasion in 

hepatocellular carcinoma by directly inhibiting 
TIMP2/TP53INP1/CDKN1A. Biochem Biophys 
Res Commun 2018; 502: 515-521.

15)	 Dejima H, Iinuma H, Kanaoka R, Matsutani N, 
Kawamura M. Exosomal microRNA in plasma as 
a non-invasive biomarker for the recurrence of 
non-small cell lung cancer. Oncol Lett 2017; 13: 
1256-1263.

16)	 Du J, Fan JJ, Dong C, Li HT, Ma BL. Inhibition ef-
fect of exosomes-mediated Let-7a on the devel-
opment and metastasis of triple negative breast 
cancer by down-regulating the expression of 
c-Myc. Eur Rev Med Pharmacol Sci 2019; 23: 
5301-5314.

17)	 Wang N, Wang L, Yang Y, Gong L, Xiao B, Liu X. 
A serum exosomal microRNA panel as a poten-
tial biomarker test for gastric cancer. Biochem 
Biophys Res Commun 2017; 493: 1322-1328.

18)	 Puzar DP, Stenovec M, Sitar S, Lasic E, Zorec R, 
Plemenitas A, Zagar E, Kreft M, Lenassi M. PKH26 
labeling of extracellular vesicles: characteriza-
tion and cellular internalization of contaminating 
PKH26 nanoparticles. Biochim Biophys Acta 
Biomembr 2018; 1860: 1350-1361.

19)	 Li L, Ying J, Li H, Zhang Y, Shu X, Fan Y, Tan J, Cao 
Y, Tsao SW, Srivastava G, Chan AT, Tao Q. The hu-
man cadherin 11 is a pro-apoptotic tumor sup-
pressor modulating cell stemness through Wnt/
beta-catenin signaling and silenced in common 
carcinomas. Oncogene 2012; 31: 3901-3912.

20)	 Zheng F, Wang M, Li Y, Huang C, Tao D, Xie F, 
Zhang H, Sun J, Zhang C, Gu C, Wang Z, Jiang G. 
CircNR3C1 inhibits proliferation of bladder can-
cer cells by sponging miR-27a-3p and downreg-
ulating cyclin D1 expression. Cancer Lett 2019; 
460: 139-151.

21)	 Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray 
F, Jemal A, Yu XQ, He J. Cancer statistics in Chi-
na, 2015. CA Cancer J Clin 2016; 66: 115-132.

22)	 Liu SG, Qin XG, Zhao BS, Qi B, Yao WJ, Wang TY, 
Li HC, Wu XN. Differential expression of miRNAs 
in esophageal cancer tissue. Oncol Lett 2013; 5: 
1639-1642.

23)	 Fasihi A, M SB, Atashi A, Nasiri S. Introduction 
of hsa-miR-103a and hsa-miR-1827 and hsa-
miR-137 as new regulators of Wnt signaling path-
way and their relation to colorectal carcinoma. J 
Cell Biochem 2018; 119: 5104-5117.

24)	 Wei H, Cui R, Bahr J, Zanesi N, Luo Z, Meng W, 
Liang G, Croce CM. MiR-130a deregulates PTEN 
and stimulates tumor growth. Cancer Res 2017; 
77: 6168-6178.

25)	 Liao J, Liu R, Shi YJ, Yin LH, Pu YP. Exosome-shut-
tling microRNA-21 promotes cell migration and 
invasion-targeting PDCD4 in esophageal cancer. 
Int J Oncol 2016; 48: 2567-2579.

26)	 Liu MX, Liao J, Xie M, Gao ZK, Wang XH, Zhang Y, 
Shang MH, Yin LH, Pu YP, Liu R. MiR-93-5p trans-
ferred by exosomes promotes the proliferation of 
esophageal cancer cells via intercellular commu-



D.-C. Gao, B. Hou, D. Zhou, Q.-X. Liu, K. Zhang, X. Lu, J. Zhang, H. Zheng, J.-G. Dai 

6110

nication by targeting PTEN. Biomed Environ Sci 
2018; 31: 171-185.

27)	 Zhang Z, Xu L, Sun C. Comprehensive characteri-
zation of cancer genes in hepatocellular carcino-
ma genomes. Oncol Lett 2018; 15: 1503-1510.

28)	 Chen ZH, Yu YP, Tao J, Liu S, Tseng G, Nalesnik M, 
Hamilton R, Bhargava R, Nelson JB, Pennathur A, 
Monga SP, Luketich JD, Michalopoulos GK, Luo 
JH. MAN2A1-FER Fusion gene is expressed by 

human liver and other tumor types and has on-
cogenic activity in mice. Gastroenterology 2017; 
153: 1120-1132.

29)	 Yu YP, Ding Y, Chen Z, Liu S, Michalopoulos A, Chen 
R, Gulzar ZG, Yang B, Cieply KM, Luvison A, Ren 
BG, Brooks JD, Jarrard D, Nelson JB, Michalopou-
los GK, Tseng GC, Luo JH. Novel fusion transcripts 
associate with progressive prostate cancer. Am 
J Pathol 2014; 184: 2840-2849.


