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Abstract: MicroRNA-200c (miR-200c) influences sensitivity to chemotherapy and radiotherapy in vitro. This study 
was designed to investigate the prognostic potential of serum miR-200c in patients with advanced esophageal 
squamous cancer (ESCC). The serum levels of miR-200c was assayed by quantitative RT-PCR in 157 healthy sub-
jects and 157 patients with advanced ESCC who were treated with platinum-based chemotherapy. The serum levels 
of miR-200c in advanced ESCC patients was significantly increased compared with those in controls (P < 0.001). 
Serum miR-200c expression was significantly associated with TNM stage (P = 0.037) and treatment response (P = 
0.021). Patients with high expression of serum miR-200c had a higher risk for death than those with low expression 
of serum miR-200c (adjusted hazard ratios = 1.665, 95% confidence intervals: 1.135-2.443, P = 0.009). In conclu-
sion, serum miR-200c may serve as predictor of survival for advanced ESCC and provide information for personal-
ized therapy in advanced ESCC.
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Introduction

Esophageal cancer is the 8th most common 
tumor in the world and the 6th leading cause of 
death from cancer, with a five-year survival rate 
of 25% to 30% [1, 2]. In Asia, esophageal squa-
mous cancer (ESCC) constitutes 90% of all 
esophageal cancer. Patients are usually already 
at advanced stage when diagnosed [3]. 
Recently, with the progress in clinical opera-
tion, radiotherapy, and chemotherapy, as well 
as the increased awareness of perioperative 
medicine, the prognosis for esophagus cancer 
has significantly improved [4] but still remains 
bleak. Moreover, ESCC has low sensitivity to 
chemotherapy. Both hematogenous metasta-
sis and local infiltration are found at an early 
stage [5]. Therefore, the identification of bio-
markers for cancer detection and prognosis is 

important for treatment decisions of ESCC 
patients.

MicroRNA (miRNA), which consists of 19 to 25 
nucleotides, is a series of noncoding small RNA 
found in eukaryotes. A number of studies [2, 
6-8] have shown that miRNA is abnormally 
expressed in certain types of cancer and is sig-
nificantly involved in cancer occurrence and 
development. In addition, highly stable, cell-
free miRNA with different expression patterns 
are found in circulating in different pathological 
states, and thus circulation miRNA has high 
potential as a molecular biomarker for cancer 
[9-15].

Previous studies [16-18] have shown that the 
miR-200 family inhibits the epithelial-mesen-
chymal transition (EMT), which plays important 
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Figure 1. The serum levels of miR-200c in advanced ESCC patients and healthy controls. A: Comparison of miR-
200c expression in 157 ESCC patients and 157 healthy controls. B: Comparison of miR-200c expression levels 
between TNM stage III and TNM stage IV.

Table 1. Association of serum miR-200c ex-
pression with clinicopathologic parameters

Clinical features
miR-200c

P value
High Low

Age (years)
    > 60 36 44 0.265
    ≤ 60 42 35
Sex
    male 60 55 0.368
    female 18 24
Family history of ESCC
    Yes 23 29 0.397
    No 55 50
Pathologic type
    medullary 27 30 0.828
    ulcerative 36 34
    fungating 12 10
    others 3 5
Histologic grade
    1 3 6 0.624
    2 45 45
    3 28 28
Tumor size (cm)
    > 4 41 52

0.121
    ≤ 4 31 22
Drinking status
    never drinker 17 29 0.442
    former drinker 3 3
    current drinker 13 12
TNM stage
    III 36 50 0.037
    IV 42 29

roles in embryonic development, cancer, and 
other diseases [19]. The miR-200 family direct-
ly acts on the E-cad transcription inhibitors 
ZEB1, ZEB2 (a potent E-cadherin repressor), 
EMT activator, and TGF-β and thus regulates 
EMT-associated genes, such as E-cad and 
zonula occludens 3 (ZO-3), as well as pla-
kophilin [20]. Dysregulation of miR-200c was 
found in many types of cancer, including ovari-
an, gastric, esophageal and colorectal cancers, 
and was correlated with the prognosis of these 
cancers [6, 15, 21-23]. Furthermore, the 
expression level of miRNA was found to influ-
ence sensitivity to chemotherapy or radiothera-
py [23-26].

In the present study, we evaluated the expres-
sion levels of serum miR-200c in 157 advanced 
ESCC patients receiving platinum-based che-
motherapy and investigated the relationship 
between serum miR-200c and clinical outcome 
of advanced ESCC patients.

Materials and methods

Patients

A total of 157 advanced ESCC patients were 
recruited from Taizhou People’s Hospital during 
July 2008 through March 2012. All patients 
were histologically confirmed and had no histo-
ry of other cancer. Patients were given at least 
two cycles of platinum-containing chemothera-
py, including cisplatin/5-FU, cisplatin/paclitax-
el, cisplatin/docetaxel, oxaliplatin/paclitaxel, 
oxaliplatin/docetaxel and oxaliplatin/capecita- 
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bine. The response to treatment was evaluated 
based on the WHO standard [27], which classi-
fied the ESCC patients into four groups: com-
plete remission (CR), partial remission (PR), 
stable disease (SD), and progressive disease 
(PD). Blood samples were collected before 
patients were treated with any anti-cancer ther-
apy, including chemotherapy. In addition, sera 
from a set of age- and sex-matched 157 healthy 
subjects were also collected from Taizhou 
People’s Hospital. All participates gave written 
informed consent before enrolling in the study, 
and the study was approved by the ethical com-
mittees of Taizhou People’s Hospital.

Venous blood samples from each participate 
were collected in sterile tubes without antico-
agulant. After leaving the tube in an upright 
position at room temperature for 30 min to 2 h, 
the samples were centrifuged at 2,000 g for 15 
min. The supernatant was then centrifuged at 
12,000 g for 10 min at 4°C to complet- 
ely remove cellular components. Sera were 
then aliquoted and stored at -80°C for further 
use.

Quantitative RT-PCR (qRT-PCR)

RNA was isolated from 0.4 mL of serum using 
the mirVana PARIS Kit (Ambion, TX, USA) follow-
ing the manufacturer’s instructions. Synthetic 
celmiR-39 was added to each sample to sur-

Figure 2. Kaplan–Meier curves of overall survival 
rates of advanced ESCC patients treated with plat-
inum-based chemotherapy according to miR-200c 
expression.

veillance sample-to-sample variation in the 
RNA isolation [9]. RNA samples were suspend-
ed in 50 μL of RNase-free water, and the con-
centration of RNA samples was quantified by 
NanoDrop ND-1000 (Nanodrop, USA).

The One Step PrimeScript® miRNA cDNA 
Synthesis Kit (Takara, Dalian, China) was used 
to generate miRNA first-strand complementary 
DNA in a final volume of 20 μL. The reaction 
mixture consisted of the following: 10 μL of 2 × 
miRNA Reaction Buffer Mix, 2 μL of 0.1% BSA, 
2 μL of miRNA PrimeScript® RT Enzyme Mix, 
and 1 μL of RNA. The reaction conditions were 
37°C of incubation for 2 h, followed by 85°C for 
5 s. The qRT-PCR assays were carried out in 
triplicate using SYBR® Premix Ex TaqTM II Kit 
(Takara, Dalian, China) on a 7500 Realtime 
PCR system (Applied Biosystems, USA) with the 
following conditions: 95°C for 10 s, followed by 
40 cycles at 95°C for 5 s, and 60°C for 20 s. 
Amplification reaction was performed in a final 
volume of 20 μL containing 2 μL of the cDNA, 1 
× Master Mix, 1 μL of each primer. Relative 
expression of miR200c was normalized to cel-
mir-39, and the fold change was calculated by 
the equation 2-ΔΔCt [28].

Statistical analysis

All statistical analysis were performed using 
SPSS v20.0 software (SPSS, Inc., Chicago, IL). 
The expression level of serum miR-200c was 
compared using Wilcoxon nonparametric test. 
All patients were divided into two groups of high 
and low expression according to the median 
expression level of serum miR-200C. Chi-
square test or Fisher’s exact test were per-
formed to determine the relationship between 
the serum miR-200c and clinical pathological 
parameters. Kaplan–Meier and log-rank analy-
ses were carried out to evaluate the effect of 
serum miR200c on ESCC survival. Hazard 
ratios (HRs) and corresponding 95% confidence 
intervals (95% CIs) were with Cox regression 
models. P values < 0.05 were considered sta-
tistically significant.

Results

The expression levels of serum miR-200c

The qPCR was used to determine the expres-
sion levels of serum miR-200c in 157 advanced 
ESCC patients and healthy controls. We found 
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that the levels of miR-200c in ESCC patients 
were significantly higher than those in controls 
(P < 0.001) (Figure 1A). In addition, patients 
with stage IV ESCC had significantly higher lev-
els of miR-200c than those with stage III ESCC 
(P = 0.019) (Figure 1B).

Association of miR-200c expression with clini-
cal features of NSCLC patients

We further evaluated the relationships of miR-
200c expression with clinicopathological char-
acteristics. Serum miR-200c was weakly but 
significantly associated with TNM stage (P = 
0.03) (Table 1). No other association between 
miR-200c expression and clinical characteris-
tics was observed.

Association of serum miR-200c expression 
with outcome of platinum-based chemothera-
py

Complete response was observed in 2 (1.3%) 
and partial response in 33 (21.0%) patients, 
with an overall response rate of 22.3%. 
Significantly higher response rate was associ-
ated with low miR-200c expression compared 
with high miR-200c expression (30.4% versus 
14.1%, P = 0.021). This result remained signifi-
cant even after adjusted for age, sex, TNM 
stage, tumor size, pathologic type, histology 
and drinking status (P = 0.048).

The median overall survival was 20.0 months 
(95% CI: 15.2-24.8) for all ESCC patients. 
Univariate analysis revealed that patients with 
low miR-200c expression had a statistically sig-
nificantly reduction in risk of death compared 

with those with high miR-200c expression, 
which related to a survival advantage of 12.0 
months [26.0 months (95% CI: 19.7-32.4) ver-
sus 14.0 months (95% CI: 11.0-17.0), HR = 
0.533, P = 0.001] (Figure 2). This indicates that 
ESCC patients with low miR-200c expression 
may gain the greatest benefit in terms of pro-
longing survival when receiving platinum-based 
chemotherapy. In addition, TNM stage (HR = 
1.663, 95% CI: 1.144-2.420, P = 0.008) and 
clinical response (HR = 2.102, 95% CI: 1.266-
3.491, P = 0.004) were significantly associated 
with overall survival of advanced ESCC patients.

Multivariate analysis based on the Cox propor-
tional hazards regression model was fitted 
using the significant prognostic factors deter-
mined by the univariate analysis. Multivariate 
survival analysis identified TNM stage (P = 
0.042), serum miR-200c (P = 0.009) and clini-
cal response (P = 0.013) as independent fac-
tors (Table 2). Patients with high miR-200c 
expression had a 1.665-fold (95% CI: 1.135-
2.443) increased risk of death compared with 
those with low miR-200c expression.

Discussion

Physicians frequently face a dilemma in the 
medical practice that for the first time, cancer 
patients are resistant to both chemotherapy 
and radiotherapy, and thus have to consider 
changing the therapeutic regimen. This causes 
delay in cancer treatment and results in poor 
prognosis. Therefore, biomarker-guided per-
sonalized therapies may be key to improving 
the curative effect of anti-cancer therapy and 

Table 2. Univariate and multivariate Cox regression analysis of overall survival in a discovery cohort of 
164 cases

Features
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value
Age (years), > 60 vs ≤ 60 1.266 (0.969-1.655) 0.083
Sex, male vs female 0.834 (0.547-1.273) 0.401
Family history of ESCC, no vs yes 0.818 (0.557-1.201) 0.304
Pathologic type, medullary vs others 1.094 (0.883-1.357) 0.412
Histologic grade, 1 + 2 vs 3 1.149 (0.837-1.576) 0.39
Tumor size (cm), > 4 vs ≤ 4 0.786 (0.519-1.190) 0.256
Drinking, never/current/former 1.060 (0.796 to 1.413) 0.69
TNM stage, IV vs III 1.663 (1.144-2.420) 0.008 1.485 (1.015-2.173) 0.042
miR-200c, low vs high 1.877 (1.289-2.732) 0.001 1.665 (1.135-2.443) 0.009
Clinical response, SD + PD vs CR + PR 2.102 (1.266-3.491) 0.004 1.912 (1.146-3.190) 0.013
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reduce the psychological stresses of patients 
and doctors.

It is sometimes difficult to obtain cancer tissue 
specimens, especially in patients with late-
stage disease. However, it is easy to obtain 
blood samples, and thus circulation molecules 
are more attractive biomarkers for the diagno-
sis and prognosis of cancer. Recently, research-
ers have shed some light on the noncoding 
regions of the genome. As a crucial factor 
affecting the occurrence and development of 
cancer, miRNAs are likely to be new direction 
for the breakthrough in cancer diagnosis and 
therapy [9, 29]. Many studies have demonstrat-
ed that miRNAs with highly stability in circula-
tion hold great promise as a new class of bio-
markers for cancer detection and prognosis 
[9-15].

The role of miR-200c in cancer is complicated. 
miR-200c can function as context-dependent 
oncogene or tumor suppressor, even in the 
same type of cancer. Prislei et al. [21] found 
that when HuR was expressed primarily in the 
nucleus of ovarian cancer cells, overexpression 
of miR-200c inhibited TUBB3 expression, which 
resulted in better prognosis. By contrast, when 
HuR was expressed in the cytoplasm of ovarian 
cancer cells, miR-200c enhanced TUBB3 
expression, which resulted in poor prognosis 
[21]. In addition, miR-200c was upregulated in 
ESCC [23], but downregulated in esophageal 
adenocarcinoma [30]. Furthermore, ESCC 
patients with overexpression of miR-200c had 
poor prognosis [23]. In the present study, we 
also found that serum miR-200c was upregu-
lated, and high expression of serum miR-200c 
was associated with worse survival time, which 
was consistent previous study [31]. These 
results indicated that the majority of circulating 
miR-200c may be cancer-derived.

Previous studies have shown a correlation 
between miR-200c expression and resistance 
to anticancer drugs [23-26]. The underlying 
resistance mechanisms have also been investi-
gated. miR-200c direct suppresses TUBB3 exp- 
ression, which is associated with resistance to 
microtubule-binding chemotherapeutic agents 
in many cancers [21, 25]. PI3K/Akt signaling 
pathways are disrupted in many types of can-
cer, including ESCC [32], which affect their sen-
sitivity to chemotherapy [33]. Furthermore, 
serum miR-200c was associated with clinical 

outcome of ESCC patients receiving neoadju-
vant chemotherapy [31]. In this study, we also 
found an association of serum miR-200c 
expression with clinical outcome of advanced 
ESCC patients receiving platinum-based che-
motherapy. Advanced ESCC patients with high 
miR-200c expression had poor response to 
chemotherapy. This result partly reflected the 
overexpression of miR-200c in advanced ESCC 
tissues.

In summary, this study identified significant 
association between circulating miR-200c and 
treatment response and prognosis of advanced 
ESCC patients receiving platinum-based che-
motherapy. miR-200c is a potential biomarker 
in evaluating the efficacy of chemotherapy 
schemes for advanced ESCC patients.
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