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Abstract: Only a few studies indentified the significance of circulating microRNAs in blood as a predictive biomarker 
for chemoresistance in esophageal squamous cell carcinoma (ESCC). In this study, we tested whether oncogenic 
miR-21 promoted chemoresistance in ESCC and served as a biomarker for predicting chemoresistance in plasma 
of patients with ESCC. All consecutive patients underwent the preoperative chemotherapy regimen (JCOG9907 
trial) with cisplatin plus 5-fluorouracil. As a result, pretreatment plasma concentrations of miR-21 were significantly 
higher in ESCC patients with a low histopathological response than in those with a high histopathological response 
(P = 0.0416). Multivariate analysis revealed that a high pretreatment plasma concentration of miR-21 was an inde-
pendent risk factor of chemoresistance (p = 0.0150; Odds Ratio 9.95 (range: 1.56-63.4)). The expression of miR-21 
was also significantly higher in pretreatment ESCC tissues with a low histopathological response than in those with 
a high histopathological response (P = 0.0409). In vitro, although the growth of KYSE 170 ESCC cells transfected 
with the control mimics was markedly inhibited by the 5-fluorouracil or cisplatin treatment, the inhibitory effects 
of 5-FU (P < 0.05) or cisplatin (P < 0.05) were significantly reduced in KYSE170 cells that overexpressed miR-21. 
Taken together, the overexpression of miR-21 contributed to chemoresistance and circulating miR-21 in plasma of 
patients with ESCC could be a useful biomarker for predicting chemoresistance. 

Keywords: Esophageal cancer, microRNA, plasma, biomarker, chemoresistance, liquid biopsy

Introduction 

Esophageal carcinoma is the sixth leading 
cause of cancer-related deaths worldwide [1]. 
Although there are two distinctive histological 
types of esophageal carcinoma, esophageal 
adenocarcinoma and esophageal squamous 
cell carcinoma (ESCC), ESCC is the predomi-
nant histological type globally [2], particularly  
in Asian countries. ESCC accounts for appro- 
ximately 90% of esophageal carcinomas [3] 
and remains one of the most aggressive carci-
nomas of the gastrointestinal tract. Although 
surgical techniques, perioperative manage-
ment, and perioperative chemo- and/or radio-
therapy regimens have greatly progressed, 
ESCC continues to present with an extremely 
poor prognosis. 

Chemotherapy is an important component in 
the treatment paradigm for ESCC. To improve 
the prognosis of patients with ESCC, combina-
tion therapies of preoperative chemotherapy or 
chemoradiotherapy followed by surgery have 
been developed and widely practiced world-
wide [4, 5]. However, both intrinsic and acquired 
drug resistance remains a major clinical obsta-
cle to successful treatment [6]. Only certain 
patients receive the benefit of shrinkage in 
tumor mass and repression. Otherwise, the 
resistance of cancer cells to chemotherapeutic 
agents may result in progression of the disease 
and the subsequent metastasis of cancer cells 
[7, 8]. There is currently no validated sensitivity 
and/or resistance predictive factor available in 
clinical settings and the mechanisms involved 
in cancer cell chemoresistance remain largely 
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unknown. Therefore, a better understanding  
of drug resistance mechanisms and the detec-
tion of clinically relevant biomarkers for pre- 
dicting chemoresistance are needed in order  
to improve the survival of patients with ESCC.

MicroRNAs, which are small non-coding RNAs, 
regulate the translation of specific protein-cod-
ing genes. The altered expression of microR-
NAs has been associated with several diseas-
es, and tumor microRNAs have been shown to 
play a critical role in carcinogenesis and the 
development of various types of cancer [9-12]. 
Several studies recently reported that microR-
NAs were detected in plasma/serum [9, 13-15]. 
Tumor-derived microRNAs are resistant to 
endogenous ribonuclease activity because 
these may bind to proteins, such as the 
Argonaute 2 protein and high-density lipopro-
tein [16, 17], or may be packaged by secretory 
particles such as exosomes in plasma/serum 
[18-21]. Therefore, microRNAs can be present 
in a very stable form [21, 22] and the expres-
sion levels of blood microRNAs were shown to 
be reproducible and consistent among individu-
als [13, 21]. Moreover, secretory vesicles, 
which include specific microRNAs, can function 
as intercellular transmitters. Secreted microR-
NAs from donor cells can be transferred to and 
function in recipient cells [23-25]. 

Recent studies demonstrated that specific 
microRNAs in tumor tissues were involved in 
regulating drug resistance [26-28]. However, it 
remains unknown whether plasma microRNA 
levels are useful biomarkers for ESCC patients 
who receive chemotherapy. In the present 
study, we focused on the most famous and 
promising oncogenic microRNA, miR-21, be- 
cause previous studies already confirmed that 
the expression of miR-21 in several types of 
cancer tissues could be used to predict chemo-
resistance (Supplementary Table 1) [29-46]. 
However, only a few studies have investigated 
the clinical significance of circulating miR-21 in 
the plasma/serum of patients with cancers for 
predicting chemoresistance [40, 47, 48]. These 
findings prompted us to determine the biologi-
cal and clinicopathological significance of miR-
21 chemoresistance in ESCC.

Concerning miR-21 in ESCC, our and other 
groups have already clarified the potential uti- 
lity of circulating miR-21 in plasma/serum in 
clinical applications to detect cancer, monitor 
tumors, and predict prognosis [49-51]. How- 
ever, the relationship between circulating miR-

21 levels in the plasma/serum of patients with 
ESCC and chemoresistance has yet to be deter-
mined. In the present study, we clearly demon-
strated that plasma miR-21 levels were useful 
for predicting chemoresistance in preoperative 
chemotherapy. Our results demonstrated that 
plasma miR-21 levels may contribute to clinical 
decision making for ESCC treatments to a clini-
cally satisfactory degree.

Materials and methods

Patients and samples

This study was approved by the Institutional 
Review Board of Kyoto Prefectural University of 
Medicine, and each subject provided written 
informed consent. Between March 2010 and 
May 2012, 37 consecutive pretreatment plas-
ma samples and tissue specimens were col-
lected from consecutive ESCC patients who 
received preoperative chemotherapy and then 
underwent curative esophagectomy at the 
Kyoto Prefectural University of Medicine. All 
patients were pathologically diagnosed with 
ESCC. Tumor stages were assessed according 
to the 7th Union of International Control of 
Cancer (UICC)/TNM classification [52].

As a control, plasma was collected from 20 
healthy volunteers. These healthy volunteers 
included medical personnel and patients with 
benign diseases such as cholelithiasis. These 
patients underwent medical examinations and 
were found not to have any esophageal or other 
cancerous disease. Peripheral blood (7 ml) was 
obtained from each patient before neoadjuvant 
chemotherapy and from the healthy volunteers. 
Immediately after being collected, cell-free 
nucleic acids were isolated from the blood sam-
ples using a 3-spin protocol (1500 rpm for 30 
min, 3000 rpm for 5 min, and 4500 rpm for 5 
min) to prevent contamination by cellular nucle-
ic acids. Plasma samples were stored at - 80°C 
until further processing.

Twenty ESCC specimens were collected from 
primary ESCC tumors, and five normal esopha-
geal tissue specimens of the abdominal esoph-
agus were collected from patients undergoing 
total gastrectomy for gastric cancer; these 
patients were selected for the normal speci-
mens in order to strictly compare molecular 
expression between ESCC tissue and normal 
esophageal tissue from patients without ESCC 
because the non-cancerous esophageal tis-
sues of ESCC patients may still exhibit dyspla-
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sia or potentially be cancerous tissue, although 
differences in molecular expression may be 
proven between cancerous and non-cancerous 
tissues in paired samples. The resected spe- 
cimens were fixed in formalin and embedded  
in paraffin for pathological diagnoses. The  
macroscopic and microscopic classification of 
tumors was based on the UICC/TMN staging 
system [52].

All patients underwent the same preoperative 
chemotherapy regimen (JCOG9907 regimen) 
with cisplatin plus 5-fluorouracil, which was 
repeated twice every 3 weeks. A dose of  
80 mg/m2 cisplatin was administered by an 
intravenous drip infusion for 2 h on day 1; 5- 
fluorouracil was administered at a dose of  
800 mg/m2 by continuous infusion on days 1 
through 5 [4].

Evaluation of responses to chemotherapy

In the present study, we used the histopatho-
logical response grade of tumors as an indica-
tion of the chemotherapeutic effect because 
previous studies suggested that the histopath-

one patient with Grade 0, respectively. In the 
present study, we allocated 13 patients with 
Grade 3, 2, 1b and 24 patients with Grade 1a, 
0 into the low and high histopathological 
response groups, respectively.

RNA extraction 

Plasma total RNA was extracted from 400 μl of 
plasma using the mirVana PARIS Kit (Ambion, 
Austin, TX, USA) and finally eluted into 100 μl of 
preheated (95°C) Elution Solution according to 
the manufacturer’s protocol. Using the forma-
lin-fixed paraffin-embedded tissues, tissue 
total RNA was extracted from four 15-μm-thick 
slices of tissue (total 60 μm in thickness) using 
the RecoverAll Total Nucleic Acid Isolation Kit 
(Ambion, Austin, TX, USA) and then eluted into 
60 μl of Elution Solution according to the manu-
facturer’s protocol. Total RNA was extracted 
from the freshly frozen tissue samples or cell 
lines using TRIzol Reagent (Invitrogen, San 
Diego, CA, USA), and small-sized RNAs were 
isolated using a mirVana miRNA Isolation Kit 
(Ambion, Austin, TX, USA), both according to the 
manufacturer’s instructions.

Figure 1. Study design to develop a novel biomarker for chemoresistance in 
ESCC using plasma microRNA.

ological response correlated 
more strongly with clinical 
outcomes or survival than  
the clinical response grade  
in ESCC [53-55]. The degree 
of histopathological tumor 
regression in surgical speci-
mens was classified into 5 
categories according to the 
10th guidelines of the Japan 
Esophageal Society [56]. The 
percentage of viable residual 
tumor cells within the total 
cancerous tissue was asse- 
ssed as follows: Grade 3, no 
viable residual tumor cells; 
Grade 2, less than 1/3 residu-
al tumor cells; Grade 1b, 1/3 
to 2/3 residual tumor cells; 
Grade 1a, more than 2/3 
residual tumor cells; Grade 0, 
no significant response to 
chemotherapy [56]. The num-
ber of patients with each  
histopathological grade was 
one patient with Grade 3,  
6 patients with Grade 2, 6 
patients with Grade 1b, 23 
patients with Grade 1a, and 
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Protocol for the detection of miR-21

The amounts of microRNAs in the plasma  
samples were quantified by qRT-PCR using 
human TaqMan MicroRNA Assay Kits (Applied 
Biosystems, Foster City, CA, USA). The reverse 
transcription reaction was carried out using a 
TaqMan MicroRNA Reverse Transcription Kit 
(Applied Biosystems) in 15 μl solution contain-
ing 5 μl of RNA extract, 0.15 μl of 100 mM 
dNTPs, 1 μl of MultiScribe reverse transcrip-
tase (50 U/μl), 1.5 μl of 10× reverse transcrip-
tion buffer, 0.19 μl of RNase inhibitor (20 U/μl), 
1 μl of gene-specific primer (has-miR-21, Assay 
ID: 000397 and RNU6B, Assay ID: 001093), 
and 4.16 μl of nuclease-free water. The reac-
tion mixtures for cDNA synthesis were incubat-
ed at 16°C for 30 min, at 42°C for 30 min, and 

at 85°C for 5 min and then held at 4°C. A to- 
tal of 1.33 μl of cDNA solution was then am- 
plified using 10 μl of TaqMan 2× Universal  
PCR Master Mix with no AmpErase UNG re- 
agent (Applied Biosystems), 1 μl of a gene-spe-
cific primer/probe, and 7.67 μl of nuclease-free 
water in a final volume of 20 μl. Quantitative 
PCR was run on a 7300 Real-time PCR system 
(Applied Biosystems), and the reaction mix-
tures were incubated at 95°C for 10 min, fol-
lowed by 40 cycles of 95°C for 15 s, and 60°C 
for 1 min. Cycle threshold (Ct) values were cal-
culated using SDS 1.4 software (Applied Bio- 
systems). 

Plasma microRNA levels were calculated on a 
standard curve constructed using synthetic 
microRNAs from the mirVana miRNA Reference 

Figure 2. Comparison of circulating miR-21 levels according to the pathological response grades to preoperative 
chemotherapy in the plasma of patients with ESCC. A. The plasma concentrations of miR-21 were significantly 
higher in ESCC patients with a low pathological response (Grade 0 or 1a) than in those with a high pathological 
response (Grade 1b, 2 or 3) (P = 0.0416). Plasma miR-21 levels were significantly higher in both the low and high 
response groups than in healthy volunteers (P = 0.0029 and P = 0.0433, respectively). B. A representation of the 
data using a ROC plot showed a strong separation between the low and high pathological response groups, with an 
AUC of 0.6794. An optimal cut-off point was indicated at 0.8154 amol/μl with a sensitivity of 92.3%, specificity of 
54.2%, and accuracy of 67.6%.
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Panel (Ambion, Austin, TX, USA). Standard ref-
erence microRNAs were amplified by RT-PCR of 
a 10-fold serial dilution of the mirVana miRNA 
Reference Panel. The linearity of quantitative 
RT-PCR was confirmed between the logarithm 
of the amount of input microRNA and Ct values 
for a range of concentrations (1 fmol-0.0001 
fmol) of each synthetic microRNA (Supple- 
mentary Figure 1). Although plasma microRNAs 
levels have previously been determined by 
comparing with internal control microRNAs 
[57], it remains controversial as to which 
microRNAs are suitable as internal controls for 
plasma assays. Therefore, we confirmed a lin-

from the surgically resected tumors of ESCC 
[59] and presented stable cell growth and com-
paratively low expression of miR-21. The 
KYSE170 cell line was cultured in Roswell Park 
Memorial Institute-1640 medium (Sigma, St. 
Louis, MO, USA) in 50 mL/L carbon dioxide at 
37°C in a humidified chamber.

Oligonucleotide transfection

To overexpress miR-21, the miR-21 mimic 
(MC10206) or control mimic microRNA (mirVa-
na miRNA mimic Negative Control #1) selected 
from the mirVana miRNA mimic panel (Ambion, 

Table 1. Correlation between the histopathological responses 
and clinicopathological features

Histopathological responses
n Low (n = 24) High (n = 13) ap value

Sex
    Male 30 20 (83%) 10 (77%)
    Female 7 4 (17%) 3 (23%) 0.6779
Age
    < 65 19 12 (50%) 7 (54%)
    ≥ 65 18 12 (50%) 6 (46%) 0.9036
Lymphatic invasion
    Negative 18 8 (33%) 10 (77%)
    Positive 19 16 (67%) 3 (23%) 0.0170
Venous invasion
    Negative 24 14 (58%) 10 (77%)
    Positive 13 10 (42%) 3 (23%) 0.3051
Depth of invasion
    cT0-T2 9 6 (25%) 3 (23%)
    cT3-T4 28 18 (75%) 10 (77%) 1.0000
Depth of invasion
    pT0-T2 18 10 (42%) 8 (62%)
    pT3-T4 19 14 (58%) 5 (38%) 0.4179
Lymph node mestasis
    cN0 9 6 (25%) 3 (23%)
    cN1-3 28 18 (75%) 10 (77%) 1.0000
Lymph node mestasis
    pN0 12 6 (25%) 6 (46%)
    pN1-N3 25 18 (75%) 7 (54%) 0.3449
pStage
    I/II 18 9 (37%) 9 (69%)
    III/III 19 15 (63%) 4 (31%) 0.1338
Pretreatment plasma miR-21
    Low 21 10 (42%) 11 (85%)
    High 16 14 (58%) 2 (15%) 0.0165
ap values are from the x2 or Fisher’s exact test and were significant at 0.05.

ear correlation between the 
logarithm of the amount of 
input synthetic microRNA and 
the Ct value using real-time 
PCR, as well as the feasibility of 
extracting total RNA and ampli-
fying specific microRNA in plas-
ma samples. On the basis of 
these findings, we utilized the 
absolute concentration to mea-
sure plasma microRNA in this 
study. 

The expression of microRNAs 
from tissue and cell line sam-
ples was normalized using the 
2-ΔΔCT method relative to U6 
small nuclear RNA (RNU6B). 
ΔCt was calculated by subtra- 
cting the Ct values of RNU6B 
from those of the microRNAs  
of interest. ΔΔCt was then cal-
culated by subtracting ΔCt of 
normal tissue from ΔCt of ES- 
CC tissues. The change in gene 
expression was calculated us- 
ing the equation 2-ΔΔCt [58]. 
Using several housekeeping 
genes as internal controls was 
more appropriate for the study 
in cancer tissues and cell lines; 
however, we used U6 only as 
an internal control for the of 
expression miR-21 in cancer 
tissues and cell lines, as de- 
scribed in our previous study 
[50].

ESCC cell line and culture

We selected the KYSE170 cell 
line, which was established 
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Table 2. Multivariable logistic regression analysis for chemoresistance 
in ESCC using pretreatment factors

Variables
Multivariate analysisa

ORb 95% CIc p valued

Sex Male vs. female 2.688 0.322-22.22 0.3605
Age (years old) 65 ≤ vs. < 65 1.333 0.287-6.189 0.7140
Depth of invasion cT3-T4 vs. cT0-T2 0.681 0.092-4.694 0.6965
Lymph node metastasis cN1-N3 vs. cN0 0.701 0.116-4.237 0.6986
Pretreatment plasma miR-21 High vs. Low 9.953 1.562-63.42 0.0150
aMultivariate analysis was performed using logistic regression analysis; bOR: Odds ratio; 
cCI: confidence interval; dp value < 0.05 was significant.

treatment plasma miR-21 levels could indepen-
dently predict chemoresistance. (2) Demon- 
stration of higher miR-21 levels in the ESCC tis-
sues and plasma of patients with chemoresis-
tance. (3) Demonstration that miR-21 was 
associated with chemoresistance to the 5-FU 
or cisplatin treatment in vitro (Figure 1).

Comparison of circulating miR-21 levels ac-
cording to pathological response grades to 
preoperative chemotherapy in the plasma of 
patients with ESCC 

To evaluate the appropriateness of this plas- 
ma assay, we first amplified a 10-fold serial 
dilution of the mirVana miRNA Reference Pa- 
nel using the real-time RT-PCR assay. The lin-
earity of quantitative RT-PCR was confirmed 
from the concentrations of 1 fmol to 0.0001 
fmol of each synthetic miR-21 (R2 = 0.9968) 
between the logarithm of the amount of in- 
put microRNAs and the Ct values (Supple- 
mentary Figure 1).

We hypothesized that the higher expression of 
miR-21 in primary ESCC tissues would influ-
ence the expression of miR-21 in the plasma of 
ESCC patients, and this may be associated with 
chemoresistance. The results obtained showed 
that the plasma concentrations of miR-21 were 
significantly higher in ESCC patients with a low 
pathological response (Grade 0 or 1a) than in 
those with a high pathological response (Grade 
1b, 2 or 3) (P = 0.0416). Plasma miR-21 levels 
were significantly higher in both the low and 
high response groups than in the healthy volun-
teers (P = 0.0029 and P = 0.0433, respective-
ly) (Figure 2A). These results clearly indicated 
that the histopathological response grade may 
be inversely correlated with the expression of 
miR-21 in the plasma of patients with ESCC.

Austin, TX, USA) was transfected into cells  
(50 μM) using Lipofectamine RNAiMAX (Invi- 
trogen) according to the manufacturer’s in- 
structions. The overexpression of miR-21 was 
confirmed by qRT-PCR using human TaqMan 
MicroRNA Assay Kits (Applied Biosystems, 
Foster City, CA, USA). 

Cell viability assays

To assess chemoresistance to the 5-fluoroura-
cil (5-FU) plus cisplatin treatment, oligonucle-
otide-transfected cells were plated onto a 
24-well plate (3x104 cells/ml) and incubated 
overnight under normal culture conditions. The 
cells were then incubated with various concen-
trations of 5-FU (1, 4, 16, 64 or 256 μM) or  
cisplatin (1, 2, 4, or 16 μM) for the KYSE170 
cells. These cells were subjected to the WST-8 
assay 72 h after the 5-FU treatment and 48 h 
after the cisplatin treatment. The number of 
viable cells was determined with a Cell Count- 
ing Kit (Dojindo Molecular Technologies, Inc., 
Gaithersburg, MD), which counted the number 
of living cells using WST-8.

Statistical analysis

Discrete variables were compared using the 
Chi-squared test or Fisher’s exact probability 
test and continuous variables were compared 
using the Mann-Whitney U-test or Student’s 
t-test. The area under the receiver operating 
characteristic (ROC) curve (AUC) was used to 
assess the feasibility of using plasma miR-21 
levels as a diagnostic tool to predict the chemo-
resistance of ESCC. The Youden index was 
used to determine the cut-off value for plasma 
microRNA levels [60]. Multivariate logistic 
regression analysis was performed to identify 
independent risk factors associated with che-
moresistance. Multivariate odds ratios are pre-

sented with 95% confi-
dence intervals.

Results

Study design to develop 
a novel biomarker for 
chemoresistance in 
ESCC using plasma mi-
croRNA 

This study was divided 
into four parts: (1) Eva- 
luation of whether pre-
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Determination of the cut-off value for the plas-
ma miR-21 level to predict chemosensitivity 
and the relationship between the histopatho-
logical response to chemotherapy and clinico-
pathological factors

A representation of the data using a ROC plot 
showed a strong separation between the low 

and high pathological response groups, with an 
AUC of 0.6794 (Figure 2B). In this model, an 
optimal cut-off point was indicated at 0.8154 
amol/μl with a sensitivity of 54.2%, specificity 
of 92.3%, and accuracy of 67.6%. We then 
examined the relationship between the histo-
pathological response to chemotherapy and 
clinicopathological factors in ESCC patients. 
Patient characteristics with respect to age, sex, 
venous invasion, lymphatic invasion, clinical 
and pathological T stage, clinical and pathologi-
cal N stage, and disease stage are shown in 
Table 1. Factors such as lymphatic invasion (P 
= 0.0170) and pretreatment plasma miR-21 
levels (P = 0.0165) correlated with the histo-
pathological response (Table 1). Multivariate 
logistic regression analysis revealed that a high 
pretreatment plasma concentration of miR-21 
was an independent risk factor for chemoresis-
tance (p = 0.0150; Odds Ratio 9.95 (range: 
1.56-63.4)) (Table 2).

Comparison of miR-21 levels according to the 
histopathological response grades to preop-
erative chemotherapy in primary ESCC tissues

To confirm the high expression of miR-21 in pre-
treatment ESCC tissues of patients with a low 
histopathological response, we investigated 
whether the histopathological response grade 
to chemotherapy was associated with the 
expression of miR-21 in primary ESCC tissues. 
we used 20 pretreatment biopsy tissues of 
ESCC derived from 10 consecutive patients 
with a high histopathological response and 10 
consecutive patients with a low histopathologi-
cal response to chemotherapy using qRT-PCR. 
The results are shown after normalization to 
the expression of RNU6B. As a result, the 
expression of miR-21 was slightly higher in the 
ESCC tissues of patients with a low histopatho-
logical response (Grade 0 or 1a) than in those 
with a high histopathological response (Grade 
1b, 2 or 3) (P = 0.0409) (Figure 3). These 
results indicated that the histopathological 
response grade inversely correlated with the 
expression of miR-21 in pretreatment ESCC tis-
sues as well as plasma.

The upregulation of miR-21 was associated 
with decreased chemosensitivity to the 5-FU or 
cisplatin treatment in the KYSE 170 cell line

To determine the effects of the overexpression 
of miR-21 on the chemoresistance of cancer 

Figure 3. Comparison of miR-21 levels according 
to the histopathological response grades to pre-
operative chemotherapy in primary ESCC tissues. 
The expression of miR-21 was slightly higher in the 
ESCC tissues of patients with a low histopathologi-
cal response (Grade 0 or 1a) than in those with a 
high histopathological response (Grade 1b, 2 or 3) (P 
= 0.0409). The upper and lower limits of the boxes 
and lines inside the boxes indicate the 75th and 25th 
percentiles and the median, respectively. The upper 
and lower horizontal bars denote the 90th and 10th 
percentiles, respectively.
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cells to the 5-FU or cisplatin treatment, ESCC 
cells were transfected with miR-21 mimics to 
increase the expression of miR-21 (Figure 4). 
After confirming the overexpression of miR-21 
following transfection of the miR-21 mimic 
(Figure 4A), the transfected cells were then 
treated with increasing concentrations of 5-FU 
or cisplatin, and cell growth was measured 
using the CCK-8 assay. As shown in Figure 4B 
and 4C, the growth of KYSE170 cells transfect-
ed with the control mimics was markedly inhib-
ited by the 5-FU or cisplatin treatment, while 
the inhibitory effect of 5-FU (P < 0.05) or cispla-
tin (P < 0.05) was significantly reduced in miR-
21-transfected KYSE170 cells.

Discussion

Evidence to show that circulating microRNA lev-
els in the blood may be useful for decision-mak-
ing in the treatment of patients with cancers is 
increasing [9, 13-15]. However, most studies 
have focused on microRNA levels in the blood 
as diagnostic, monitoring, and predicting prog-
nostic markers for cancers [15, 49-51, 61-67]. 
Several studies recently demonstrated that 
microRNA levels in the plasma/serum were 
useful for predicting the response to chemo-
therapy in several types of cancer [40, 47, 48, 
68-73] (Supplementary Table 2). Regarding 
ESCC, serum miR-200c levels were reported to 
be associated with chemoresistance in ESCC 
[70], and the relationship between plasma 
microRNAs and chemosensitivity or resistance 

in ESCC has yet fully to be examined. Therefore, 
we hypothesized that novel plasma microRNAs 
may be associated with sensitivity or resis-
tance to chemotherapy in patients with ESCC. 

We focused on plasma miR-21 concentrations 
to verify this hypothesis because we previously 
demonstrated its significance in making diag-
noses, monitoring tumor dynamics, and pre-
dicting the prognoses of patients with ESCC 
[49, 50]. miR-21 is the most famous oncomir 
that is associated with resistance to chemo-
therapeutic agents. As shown in Supplementary 
Table 1, the dysregulation of miR-21 was identi-
fied as a predictor of tumor responses to sev-
eral cytotoxic chemotherapeutic agents, such 
as cisplatin in nasopharyngeal cancer [42], oral 
cancer [31, 43], head and neck squamous cell 
carcinoma (HNSCC) [29], and ovarian cancer 
[5], gemcitabine in pancreatic cancer [40] and 
cholangiocarcinoma [33], doxorubicin in lung 
cancer [39] and bladder cancer [36], 5-fluoro-
uracil in hepatocellular carcinoma [37] and 
colorectal cancer [38], tamoxifen [35], faslo-
dex, and topotecan [41] in breast cancer, 
docetaxel [34] and staurosporine [44] in pros-
tate cancer, VM-26 in glioblastoma [32], and 
arabiosylcytosine in leukemia [45]. However, 
the relationship between miR-21 and the che-
moresistance of ESCC has not yet been exam-
ined either in vitro or in vivo. In the present 
study, we clearly demonstrated that pretreat-
ment plasma concentrations of miR-21 could 
predict histopathological responses to neoad-

Figure 4. The upregulation of miR-21 was associated with decreased chemosensitivity to the 5-FU or cisplatin treat-
ment in the KYSE 170 cell line. A. The KYSE170 cell line was selected because of its stable cell growth and com-
paratively low expression of miR-21. B. After confirming the overexpression of miR-21 following transfection of the 
miR-21 mimic in KYSE170 cells. C. The growth of KYSE170 cells transfected with the control mimics was markedly 
inhibited by the 5-FU or cisplatin treatment, while the inhibitory effect of 5-FU or cisplatin was significantly reduced 
in the miR-21-transfected KYSE170 cells.
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juvant chemotherapy in patients with ESCC. 
This is the first study to demonstrate that plas-
ma miR-21 levels are potentially useful mark-
ers for predicting the responses of patients 
with ESCC to chemotherapy. Moreover, we clari-
fied that the overexpression of miR-21 in ESCC 
cells was strongly associated with 5-FU and cis-
platin chemoresistance in vitro. Although the 
detailed molecular mechanisms of chemoresis-
tance associated with miR-21 remain unknown 
in the present study, PDCD4 and PTEN may 
also be related to chemoresistance in ESCC, as 
shown in previous studies regarding the onco-
genesis of miR-21 in ESCC [74, 75] and chemo-
resistance associated with 5-FU or cisplatin in 
other cancers [29, 37, 42, 46]. 

Concerning biomarkers to predict the chemore-
sistance of ESCC, until now, there have been 
few comparative biomarkers in ESCC, particu-
larly in blood-based microRNA. In the present 
study, the sensitivity, specificity, and accuracy 
by which ESCC patients with histopathological 
chemoresistance were detected were 54.2%, 
92.3%, and 67.6%, respectively (Figure 2B). A 
previous study reported that the sensitivity, 
specificity, and accuracy of detecting ESCC 
patients with clinical chemoresistance on com-
puted tomography using serum miR-200c were 
68.0%, 61.5%, and 64.1% [69]. However, the 
meaning of these data differs depending on 
whether the definition of chemoresistance is a 
histopathological or clinical response and 
whether the blood sample used is plasma or 
serum. Therefore, further studies are needed 
to evaluate candidate microRNAs including 
novel candidates using the same definition of 
chemoresistance and same kind of blood 
sample.

The advantages and disadvantages of the dif-
ferent approaches used to examine exosomal 
microRNAs [76] or free circulating microRNAs 
[49-51] currently remain unclear. Arroyo JD et al 
reported that more than 70% of microRNAs in 
the blood bound to plasma proteins while the 
others bound to plasma proteins and/or were 
packaged in secretory particles such as exo-
somes [16]. Therefore, we have mainly focused 
on the circulating microRNAs that bind to plas-
ma proteins. However, the significance of exo-
somal microRNAs in the blood is currently being 
investigated at our institute and will be report-
ed on in the near future. 

The non-invasive plasma assay used to predict 
chemosensitivity or resistance with specific 
microRNAs may be extremely beneficial for clin-
ical applications in various cancers because of 
its perspective technical simplicity, rapidity, 
and reliability. However, evaluating chemoresis-
tance or sensitivity using molecular markers in 
clinical settings to date has only been possible 
in patients with tumor tissue that could be 
obtained from resected tumor specimens or 
biopsies [77, 78]. In the near future, we may be 
able to utilize circulating microRNAs in plasma/
serum and predict chemosensitivity or resis-
tance using a so-called ‘liquid biopsy’, even in 
patients with micrometastasis and distant 
metastasis, the tumor tissue of which cannot 
be obtained easily [79]. 

The so-called ‘bench-to-bedside’ medicine has 
been desired for a long time. A non-invasive 
assay using circulating nucleic acids has 
opened up a new and very interesting field for 
the evaluation of chemosensitivity or resis-
tance as well as the diagnosis and monitoring 
of cancer patients. Nevertheless, many issues 
must be addressed before these findings can 
be translated into a clinically useful screening 
strategy for ESCC patients. We will prospective-
ly confirm the usefulness of plasma miR-21 in 
predicting chemoresistance in a large number 
of patients. Further studies are warranted to 
detect more sensitive biomarkers among plas-
ma microRNAs for the chemoresistance or sen-
sitivity of ESCC for translation into clinical set-
tings. These issues are also currently being 
evaluated in high-throughput platforms, such 
as genome-wide array-based approach, digital 
PCR-based approach and next-generation 
sequencing, using large candidate numbers of 
microRNA and will be reported in the near 
future.
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Supplementary Table 1. Human cancers associated with miR-21-related drug resistance and func-
tional targets

Cancer type
miR-21  
expression in 
tumor

Target  
gene

Anticancer  
agents References

Glioblastoma Upregulation LRRFIP1, 
PDCD4, PTEN

VM-26, Sunitinib Li Y (2009) [29],  
Costa PM (2013) [30]

Nasopharyngeal cancer Upregulation PDCD4, Fas Cisplatin Yang GD (2013) [31]
Oral cancer Upregulation DKK2 Cisplatin Yu ZW (2010) [32],  

Kawakita A (2013) [33]
HNSCC Upregulation PDCD4 Cisplatin Bourguignon LY (2012) [34]
Breast cancer Upregulation PDCD4, PTEN Tamoxifen, Faslo-

dex, Topotecan
Si ML (2007) [35],  
Wickramasinghe NS (2009) [36]

Lung cancer Upregulation FasL Doxorubicin Wang K (2010) [37]
Pancreatic cancer Upregulation FasL Gemicitabine Wang P (2013) [38]
Hepatocellular carcinoma Upregulation PTEN, PDCD4 Interferon-α/5-

fluorouracil 
Tomimaru Y (2010) [39]

Chorangiocarcinoma Upregulation PTEN Gemicitabine Meng F (2006) [40]
Colorectal cancer Upregulation MSH2 5-fluorouracil Valeri N (2010) [41]
Bladder cancer Upregulation PTEN Doxorubicin Tao J (2011) [42]
Prostate cacser Upregulation PDCD4, 

MARCKS
Docetaxel, Stauro-
sporine

Shi GH (2010) [43],  
Li T (2009) [44]

Ovarian cancer Upregulation PDCD4 Cisplatin Liu S (2013) [45]
Leukemia Upregulation PDCD4 Arabinosylcytosine Li Y (2010) [46]
HNSCC: Head and neck squamous cell carcinoma.

Supplementary Figure 1. Standard curve of miR-21 using synthetic microRNAs. Ten-fold serial dilutions of synthetic 
microRNA were used to generate standard curves. Linearity was confirmed within these concentrations, ranging 
from 1 fmol to 0.0001 fmol (y = -4.3883x + 11.417, R2 = 0.9968).
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Supplementary Table 2. A list of reported circulating microRNAs in plasma/serum that have been as-
sociated with chemoresistance

microRNA Sample 
type Cancer type Anticancer agents References

miR-21 Plasma Non-small cell lung cancer Cisplatin, carboplatin and others Wei J (2011) [47]

miR-21 Serum Osteosarcoma Methotrexate, cisplatin, adriamycin and others Yuan J (2012) [48]

miR-21 Serum Pancreatic cancer Gemcitabine Wang P (2013) [38]

miR-125b Serum Breast cancer 5-fluorouracil, epirubicin, cyclophosphamide Wang H (2012) [68]

miR-200c Serum Esophageal cancer Cisplatin, 5-fluorouracil, adriamycin, deocetaxel Tanaka K (2013) [69]

miR-210, Plasma Breast cancer Trastuzumab Jung EJ (2012) [60]

miR-210, miR-200c, miR-155 Serum Colorectal cancer Cetuximab, oxaliplatin, 5-fluorouracil Chen J (2014) [71]

miR-221 Plasma Breast cancer Epirubicin, docetaxel, paclitaxel Zhao R (2011) [72]

miR-372, miR-216, miR-145, 
miR-130, miR-20a

Serum Colorectal cancer Oxaliplatin, 5-fluorouracil Zhang J (2014) [73]


