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Abstract. – OBJECTIVE: To explore the in-
fluence of exosome-derived micro-ribonucleic 
acid (miR)-21 on chemotherapy resistance of 
esophageal cancer and its mechanism. 

MATERIALS AND METHODS: Human esoph-
ageal cancer TE-1 and Eca109/DDP cell lines 
and human normal esophageal Het-1A cells 
were cultured, and the exosomes were extract-
ed from cells. After miR-21 was inhibited with an 
inhibitor and overexpressed with miRNA mimics 
combined with cisplatin, the cell viability was 
detected via cell counting kit-8 (CCK-8), the in-
teraction between miR-21 and programmed cell 
death 4 (PDCD4) was detected via dual-lucifer-
ase reporter gene assay, and the changes in the 
protein level were detected via Western blotting.  

RESULTS: The expression level of exosome-de-
rived miR-21 in esophageal cancer cells was 
higher than that in normal esophageal cells, and 
it was the highest in cisplatin-resistant esoph-
ageal cancer cells. After treatment with cispla-
tin, miR-21 overexpression significantly reduced 
the invasion ability of esophageal cancer cells. 
After miR-21 overexpression, the sensitivity of 
esophageal cancer cells to cisplatin was low-
ered. MiR-21 interacted with the 3’-untranslated 
region (UTR) of PDCD4. Moreover, the miR-21 
overexpression significantly down-regulated the 
mRNA and protein levels of PDCD4 in cells. 

CONCLUSIONS: MiR-21 affects the sensitivity 
of esophageal cancer to cisplatin through tar-
geting PDCD4.
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resistance.

Introduction

Esophageal cancer is the 8th most common can-
cer in the world and the 6th most common cause of 
cancer-related death [GLOBOCAN 2008 (IARC), 
Cancer Information (30/1/2012)]. The treatment 
of esophageal cancer has been greatly improved 

in recent years, but the prognosis of esophageal 
cancer is still unsatisfactory. Chemotherapy and/
or therapeutic methods based on radiotherapy 
have been applied in many patients, and accord-
ing to several meta-analyses, patients treated with 
neoadjuvant chemotherapy or combined chemo-
radiotherapy before esophageal cancer surgery 
have survival advantages over those treated with 
surgery alone1. However, the response to these 
treatments varies from individual to individual, 
and the treatment for patients with poor response 
to chemotherapy may be ineffective. It is neces-
sary to determine individuals who are unlikely 
to benefit from the treatment before treatment so 
that the treatment can be suitable for patients who 
are most likely to benefit from it. New molecular 
biomarkers predicting the chemotherapy response 
need mining constantly. Moreover, the molecular 
biomarkers for chemotherapy response may also 
provide new therapeutic targets to overcome the 
potential chemotherapy resistance.

In this context, micro-ribonucleic acid (miR-
NA) is a potential biomarker2. Researchers2,3 have 
demonstrated that the miRNA expression profile 
has differences among different esophageal tis-
sues, which are correlated with the prognosis and 
clinicopathological features of esophageal cancer, 
directly affecting the tumor growth, proliferation, 
and invasion. In addition, evidence suggests that 
the miRNA expression has an influence on che-
motherapy response in some other cancers4. How-
ever, there are very few data about the evaluation 
of esophageal cancer so far.

MiRNA is a kind of small non-coding RNA 
molecule existing in the free cells in the blood 
(including serum), which can regulate the protein 
production in messenger RNA (mRNA) and be 
definitely detected in frozen samples. Recently, the 
circulating miRNA level has been used in the iden-
tification of some cancers. 89 kinds of circulating 
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miRNAs exist in a variety of forms in the serum, 
including extracellular vesicles called exosomes. 
Exosomes are shed from tumor cells and can come 
into the circulation. It is noteworthy that circulating 
miRNAs in exosomes are more stable than those in 
other forms, because they are protected by endoge-
nous RNase degradation5,6 and have great potential 
as specific biomarkers for diseases.

A unique marker for circulating exosome miR-
NA has been discovered in colon cancer recently7,8. 
However, there have been no researches on the eval-
uation of exosome-derived circulating miRNA in 
esophageal cancer yet. Therefore, the potential of 
miRNA in exosomes as a biomarker for esophageal 
cancer was evaluated in this study, and the correla-
tion between miRNA expression and chemotherapy 
response in esophageal cancer was explored, so as 
to determine whether the chemotherapy-resistant 
esophageal cancer cells display the specific miR-
NA expression pattern, and whether the expression 
of potential chemotherapy resistance-related targets 
changes in chemotherapy-resistant cancer cells. 

Materials and Methods

Cell Culture
The human esophageal cancer TE-1 and 

Eca109/DDP cell lines and human normal esoph-
ageal Het-1A cells used in this study were from 
the American Type Culture Collection (ATCC; 
Manassas, VA, USA), and cultured in the Dul-
becco’s Modified Eagle Medium (DMEM; Gibco, 
Rockville, MD, USA) containing 10% fetal bo-
vine serum (FBS; Gibco, Rockville, MD, USA) 
in an incubator with 5% CO2 at 37°C.

Extraction of Exosomes
The exosomes were extracted when 80% of 

TE-1 cells were fused. Then, the medium was 
collected, centrifuged at 2000×g for 20 min and 
filtered through a 0.22 μm filter to remove the cell 
debris. The supernatant (10 mL) was mixed with 
2 mL ExosoQuick precipitation solution, followed 
by incubation at 4°C overnight and centrifugation 
at 500×g for 30 min. The exosomes in the sediment 
were re-suspended in 100 μL phosphate-buffered 
saline (PBS) and washed twice with it.

After different treatments, cells were collect-
ed to extract the total RNA using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA) according to 
the instructions. 1 μL RNA solution was taken 
on a microplate reader to determine the concen-
tration and purity of total RNA. The optical den-

sity (OD)260/OD280 value should be 1.6-1.8. The 
remaining RNA solution was sub-packaged and 
stored at -80°C for standby application.

Complementary deoxyribonucleic acid (cDNA) 
was synthesized using a TaKaRa PrimeScriptTM 
Kit (TaKaRa Inc., Otsu, Shiga, Japan) according to 
the instructions. First, 2 μg total RNA (the volume 
of RNA added was calculated based on the con-
centration), 1 μL Oligo (dT) primer (50 μM) and 1 
μL dNTP Mixture (10 mM) were added, and the 
enzyme-free double-distilled water was also added 
till the total system volume up to 10 μL. The mix-
ture was mixed evenly, heated in the PCR instru-
ment at 65°C for 5 min, and quickly cooled on ice. 
The above reaction system was added with 4 μL 
5×PrimeScript Buffer, 1 μL PrimeScript RTase, 0.5 
μL RNase inhibitor and 4.5 μL enzyme-free water, 
and the mixture (20 μL in total) was mixed evenly, 
heated in the PCR instrument at 42°C for 45 min 
and then at 95°C for 5 min, and quickly cooled on 
ice. Finally, the single-stranded cDNA synthesized 
was stored at -20°C for PCR amplification.

Oligonucleotides and Cell Transfection
The antisense oligonucleotide sequence of miR-

21 (anti-miR-21) is 5’-AGCUACAUUGUCUGCUG-
GGUUUC-3’, and the scrambled oligonucleotide 
sequence (anti-miR-NC) is 5’-UCUACUCUUUC-
UAGGAGGUUGUGA-3’. The oligonucleotide 
was synthesized in a solid phase and purified using 
high-performance liquid chromatography (Gene-
Pharma Co., Ltd., Shanghai, China). The cells cul-
tured in a 6-well plate with the serum-free medium 
were transfected with 200 pmoL oligonucleotides 
using Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA). At 6 h after transfection, the medium 
was replaced with the complete medium to culture 
cells under 5% CO2 at 37°C.

Cell Proliferation and Apoptosis Assays
The cell viability and proliferation were eval-

uated via cell counting kit-8 (CCK-8) assay. First, 
the cells were inoculated into a 96-well plate and 
incubated with the CCK-8 solution (Dojindo, 
Kumamoto, Japan) for 4 h. The optical density 
(OD) value was detected at 450 nm using a plate 
reader to evaluate the cell viability. The apopto-
sis rate after cisplatin treatment was determined 
via flow cytometry. At 48 h after incubation with 
cisplatin, the cells were stained with propidium 
iodide, and the DNA fragmentation was detected 
via flow cytometry. The apoptosis rate was ex-
pressed as the ratio of cells containing fractional 
DNA content to living cells.
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Dual-Luciferase Reporter 
Gene Assay

On the first day of experiment, the cells (ap-
propriate cells were selected according to specific 
experiments) were digested and inoculated into a 
35 mm cell culture dish, followed by incubation 
in the incubator with 5% CO2 and saturated hu-
midity at 37°C overnight. When the cell density 
was 70%, the cells were co-transfected with the 
luciferase reporter gene plasmid, LacZ expression 
plasmid, and other plasmids. After transfection 
for 24-36 h, the culture solution was discarded, 
and the cells were washed with pre-cooled PBS 
without calcium and magnesium ions. 350 μL pre-
cooled harvest buffer was added into each dish to 
lyse the cells at 4°C or on ice for 10 min. During 
the lysis, a sufficient number of 1.5 mL microcen-
trifuge tubes were prepared, and ATP buffer and 
luciferin buffer were mixed (1:3.6) to be reaction 
solution and placed into tubes (100 μL/tube). An 
equal volume of cell lysis buffer (100 μL) was tak-
en into the centrifuge tube in Step 5 and quickly 
mixed evenly. The OD value was read using a lu-
minometer, followed by plotting via the corrected 
value and data analysis. 

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 (IBM, Armonk, NY, USA) was used 
for statistical analysis. The t-test was adopted for 
the difference between two groups, and one-way 
analysis of variance was adopted for the differ-
ence among groups. Bilateral 95% confidence 
interval (CI) was used in all tests. p<0.05 sug-
gested that the difference was statistically sig-
nificant.

Results

Expression of MiR-21 in Exosomes 
of Esophageal Cancer Cells, 
Cisplatin-Resistant Cells, and Normal 
Esophageal Cells

The exosomes were extracted from different 
cells, and the expression of miRNA in exosomes 
was detected (Figure 1). The results revealed that 
the expression level of exosome-derived miR-21 
in esophageal cancer cells was higher than that 
in normal esophageal cells, and it was the high-
est in cisplatin-resistant esophageal cancer cells 
(p<0.01) (Figure 2). 

MiR-21 in Exosomes Could 
be Ingested by Esophageal Cancer Cells

To determine whether miR-21 in exosomes 
can be ingested by esophageal cancer cells, the 
exosomes were isolated from Eca109/DD cells 
and incubated together with TE-1 cells. Then, the 
ingestion of miR-1246 by TE-1 cells was detect-
ed via qRT-PCR, and it was found that the num-
ber of miR-21 increased by 5 times in TE-1 cells 
(p<0.001) (Figure 3).

Sensitivity of Cells Treated in Different 
Ways to Cisplatin Detected Via CCK-8

The TE-1 cells and Eca109/DDP cell-derived 
exosomes were incubated and treated with 10 
μmol/L cisplatin for 48 h. The results of CCK-
8 assay manifested that the TE-1 cells had low-
er sensitivity to cisplatin, while such a trend was 
reversed after transfection with miR-21 inhibitor 
(p<0.05) (Figure 4).

Figure 1. Cluster analysis of miRNA1 expression in exo-
somes of different cells. 

Figure 2. Expression level of miR-21 in exosomes of dif-
ferent cells. 



Y.-C. Yang, G.-J. Liu, D.-F. Yuan, C.-Q. Li, M. Xue, L.-J. Chen

1516

Dual-Luciferase Reporter 
Gene Assay

The predicted targets of miR-21 were detected 
via bioinformatics analysis. The results showed 
that the 3’-UTR of PDCD4 bound to miR-21 in a 
highly-conserved way (Figure 5). The luciferase 
reporter gene assay for the binding site of mutant 
PDCD4 and miR-21 demonstrated that the miR-
21 transfection could significantly inhibit the rel-
ative luciferase activity in wild-type cells, while 
there were no significant changes in the relative 
luciferase activity in mutant cells, indicating that 
miR-21 exerts an inhibitory effect on PDCD4 ex-
pression through the interaction with 3’-UTR of 
PDCD4 (Figure 6).

MiR-21 Overexpression Significantly 
Down-Regulated mRNA and Protein 
Levels of PDCD4 in Cells

After transfection with miR-21, the expres-
sion level of PDCD4 was detected in cells. It was 
found that the miR-21 overexpression signifi-
cantly down-regulated the mRNA and protein 
levels of PDCD4 in cells compared with control 
group (Figure 7).

Discussion

This investigation clarified that miR-21 reg-
ulated the chemotherapy resistance of esopha-
geal cancer, and also showed for the first time 
that the tumor-inhibiting factor PDCD4 played 
a role at the post-transcriptional level through 
binding to miR-21 in exosomes of esophageal 
squamous cell carcinoma. MiRNAs regulate 
various cellular pathways via regulating the 
expression of various target genes9. Therefore, 
miR-21 is considered to act as an oncogene, and 
studies10-14 have revealed that miR-21 is overex-
pressed in a variety of malignant tumors, such 

Figure 3. Expression level of miR-21 in cells after incuba-
tion of TE-1 cells and Eca109/DDP cell-derived exosomes.

Figure 4. Cell proliferation detected via CCK-8. 

Figure 5. MiR-21 directly targets the 3'-UTR of PDCD4: 
Predicted binding site of miR-21 and 3'-UTR of PDCD4.

Figure 6. Interaction between miR-21 and PDCD4 detect-
ed via luciferase reporter assay.
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as breast cancer, brain tumor, lung cancer, pros-
tate cancer, ovarian cancer, and pancreatic can-
cer. In addition, the correlation between miR-21 
expression and prognosis has been proved in 
some cancers. Scholars have demonstrated that 
the high expression of miR-21 is correlated with 
the low survival rate of patients with colon can-
cer, pancreatic cancer, and non-small cell lung 
cancer15. In this work, the expression level of 
exosome-derived miR-21 in esophageal cancer 
cells was remarkably higher than that in normal 
esophageal cells, which is consistent with previ-
ous reports.

PDCD4 binds to and inhibits the translation 
initiation factor 4a at the molecular level, there-
by affecting the protein translation16. Moreover, 
it has been found17 that PDCD4 inhibits the acti-
vator protein-mediated trans-activation and in-
duces the expression of cyclin-dependent kinase 
inhibitor p21. According to some reports18,19, 
PDCD4 is a target for miR-21 that promotes 
the tumor progression, including cell prolifer-
ation, invasion, metastasis, and transformation 
of breast cancer. Therefore, it is assumed that 
PDCD4 is also an important target for miR-21 
in esophageal squamous cell carcinoma. The re-
sults of this work manifested that there was a 
significant correlation between miR-21 expres-
sion and PDCD4 protein level, and the PDCD4 
protein expression declined in cells transfected 
with miR-21. The reporter gene activity was sig-
nificantly increased after transient transfection 
of cells with reporter gene plasmid containing 
3’-UTR of PDCD4 mRNA and anti-miR-21 in-
hibitor. The above findings demonstrate that 
PDCD4 is negatively regulated by miR-21 at the 

post-translational level through binding to the 
3’-UTR of PDCD4 mRNA.

At the same time, we observed that the func-
tional oncogenic miRNA can be delivered from 
esophageal cancer cells through exosomes. It 
is noteworthy  that miR-21 in exosomes induc-
es the tumor progression, including increas-
ing the cell proliferation, migration, and drug 
resistance. Moreover, miR-21 directly targeted 
PDCD4 expression through binding to its 3’-
UTR. The importance of exosomes in the pro-
gression of cancer has been evaluated in many 
studies20. The exosomes secreted by highly-met-
astatic cells significantly facilitate the progres-
sion of poorly-metastatic cancer, which is in line 
with the view that cancer cells interact through 
exosomes. It was found that exosomes isolated 
from breast cancer cells can induce the chemo-
therapy resistance of breast cancer through in-
creasing the cell growth. In this study, miR-21 
was significantly enriched in exosomes, and the 
sensitivity of TE-1 cells to cisplatin declined 
after miR-21 overexpression. Therefore, fur-
ther developing the exosome miR-21 in the se-
rum as a predictor of chemotherapy resistance 
is conducive to the individualized treatment for 
patients. With the new progress in gene thera-
py, exosomes, as potential delivery vectors for 
miRNA can promote the development of an-
ti-miR-21 therapeutic strategies. Besides, it was 
found that PDCD4 was a direct target of miR-21, 
which was directly targeted and down-regulated 
by miR-21. To sum up, the critical roles of can-
cer cell-derived exosomes and exosome miRNA 
in cancer progression were proved in this study. 
The oncogenic miRNAs secreted by esophageal 

Figure 7. MiR-21 down-regulates mRNA and protein levels of PDCD4 in cells.
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cancer cells, such as miR-21, can affect both ad-
jacent and distant normal cells, thus promoting 
the tumor progression. Based on these results, 
it is speculated that targeting exosome miRNA 
can provide an alternative to esophageal cancer 
intervention.

Conclusions

We demonstrated that miR-21 was overex-
pressed in exosomes in esophageal cancer, and 
anti-miR-21 inhibited the chemotherapy resis-
tance of esophageal cancer in vitro, which may 
be due to the down-regulation of tumor-inhibit-
ing factor PDCD4 by miR-21. The findings of this 
study raise the possibility that anti-miR-21 has 
potential therapeutic value in patients with esoph-
ageal cancer. Anti-exosome miR-21 can act as a 
potentially useful target for cancer therapy.
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