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Abstract. To the best of our knowledge, there is currently 
no specific biomarker for esophageal cancer used in clinical 
practice. However, studies consider that microRNAs 
(miRNAs/miRs) could have useful implications in clinical 
practice. The present study aimed to investigate the 
feasibility of using serum microRNAs as biomarkers for 
esophageal squamous cell carcinoma (ESCC). Using reverse 
transcription‑quantitative polymerase chain reaction, the 
expression levels of serum miR‑21, miR‑25, miR‑145 and 
miR‑203 were detected in 31 untreated patients with ESCC 
(EC‑UT), 35 inactive period patients with ESCC following 
treatment (EC‑T), 33 patients with esophageal benign disease 
(benign) and 32 healthy donors (healthy). Furthermore, the 
ability of these microRNAs to function as biomarkers of ESCC 
alone and in combination were investigated. The expression 
levels of serum miR‑21, miR‑25 and miR‑145 in EC‑UT were 
significantly higher than in the other groups (P<0.001). High 
sensitivity and specificity were shown when miRNAs were 
used as biomarkers for ESCC, particularly miR‑21 and the 
combination of miR‑21 with miR‑145. Comparing EC‑UT 
with healthy, benign and EC‑T groups, and a combined 
group (3 groups set as 1 negative control), the sensitivity and 
specificity of miR‑21 were 71.0 and 96.9, 74.2 and 87.9, 77.4 
and 82.9, and 74.2 and 88.0%, respectively. The combined 
sensitivity and specificity of miR‑21 and miR‑145 were 71.0 
and 96.9, 90.9 and 72.7, 97.1 and 82.9, and 80.6 and 80.0%, 
respectively. In conclusion, 3 types of miRNA (miR‑21, miR‑25 
and miR‑145) in serum could serve as potential biomarkers for 
ESCC. Furthermore, the expression level of miR‑145 in serum 

was upregulated, compared with the downregulation reported 
in previous studies in ESCC tissues and cells.

Introduction

Esophageal cancer (EC) is the seventh most common type of 
cancer and the sixth leading cause of cancer‑related mortality 
in males worldwide (1). There were an estimated 455,800 new 
cases of EC and 400,200 mortalities as a result of EC in 2012 
worldwide, with the highest rates being found in Eastern Asia, 
and in Eastern and Southern Africa (1). There are two main 
types of EC, squamous cell carcinoma (ESCC) and adenocar-
cinoma. In China, ESCC is rather common. It was previously 
reported that 88.84% of cases of EC were esophageal squa-
mous cell carcinoma (2). Patients with EC are almost always 
diagnosed at advanced stages, and as a result the overall 5‑year 
survival rate was 17.5% in 2004 globally (3). By contrast, the 
survival rate is >80% if patients are diagnosed at an early stage 
when the disease is confined to the mucosa or submucosa and 
there is no metastasis to the lymph nodes (4). Routine tests, 
including endoscopic screening, imaging examinations and 
biopsies, have greatly improved the diagnosis of patients with 
EC; however, taking into account the traumatic or radiological 
injuries and the cost perspective, these are not feasible on a 
population scale (5‑8). The identification of blood biomarkers 
could therefore constitute a significant advance in the diag-
nosis, prognosis and response to therapy for patients with 
EC (9).

MicroRNAs (miRNAs/miRs) are a class of single‑stranded, 
well‑conserved, small non‑coding RNAs that are 20‑24 nucle-
otides in length  (10,11). The latest miRBase  (12) release 
(version 21, June 2014) contained 28,645 miRNA loci from 
223 species, processed to produce 35,828 mature miRNAs. 
miRNAs have been shown to exhibit a promising role through 
their function as oncogenes or tumor suppressors (10,13‑15). 
miRNAs possess the capacity to regulate target genes by 
binding to the 3'‑untranslated region of target mRNA to 
repress their translation or regulate degradation  (16,17). 
Previously, it has been demonstrated that miRNAs are present 
in the circulating blood plasma, where they are protected from 
degradation in a stable, cell‑free form by inclusion into lipid 
or lipoprotein complexes (18). Furthermore, miRNA profiles 
in the serum or plasma have been identified as having unique 
characteristic changes in certain types of solid tumor (19‑21). 
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These changes in miRNA profiles suggest that miRNAs could 
be ideal candidates as novel blood biomarkers in the clinical 
setting (21,22).

Materials and methods

miRNAs. The expression profile of miRNAs in EC has been 
reported numerous times (9,23,24). The present study chose 
several widely reported miRNAs from the published academic 
literature to investigate their expression levels in serum. The 
selected miRNAs in the present study were hsa‑miR‑21‑5p 
(miR‑21), hsa‑miR‑25‑3p (miR‑25), hsa‑miR‑145‑5p (miR‑145) 
and hsa‑miR‑203a‑3p (miR‑203) (Table I). The most widely 
reported miRNAs were selected from the three cited reviews 
and verified against the reports. Based on the different 
tumor‑regulating functions expressed by the miRNA, the four 
miRNAs that were studied were finally selected. All searches 
were from English literature.

Serum collection. Whole blood samples were derived from 
patients at Peking University Cancer Hospital (Beijing, 
China) in January 2014. All diagnoses were confirmed using 
biopsy and endoscopic screening. The present study included 
31 patients with untreated ESCC prior to definitive surgical 
intervention and/or adjuvant therapy (EC‑UT group; 8 women 
and 23 men), 35 patients with ESCC following treatment (EC‑T 
group; 8 surgery, 11 chemotherapy, 13 surgery and chemo-
therapy, and 3 radiotherapy; 9 women and 26 men) confirmed 
in an inactive period subsequent to outpatient review, and 
33 patients with esophageal benign diseases (benign group; 
17 reflux esophagitis, 12 gastroesophageal reflux disease and 
4 erosive esophagitis; 12 women and 21 men). Disease staging 
was performed in accordance to the American Joint Committee 
on Cancer/Union for International Cancer Control stage clas-
sification (7th edition) (25). The characteristics of the subjects 
are summarized in Table II. A total of 32 serum samples from 
healthy individuals (healthy group; 13 women and 19 men) were 
used as controls. None of them had been previously diagnosed 
with malignancy. Ethical permission and informed consent was 
obtained for the use of all samples. Blood samples were centri-
fuged at 900 x g for 10 min at 4˚C to completely remove all 
cellular components, and the supernatant (serum) was collected. 
The sera were immediately frozen at ‑80˚C until use.

All patients and healthy individuals provided informed 
consent. All study procedures were performed in accordance 
with the Helsinki Declaration, and the study was approved by 
the Ethics Committee of Peking University Cancer Hospital 
and Institute (Beijing, China).

RNA isolation. RNA was extracted from 350 µl serum using 
TRIzol LS Reagent (Ambion; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) according to the manufacturer's 
protocol. Briefly, 1.0 ml TRIzol LS reagent was added to the 
serum sample, and the mixture was incubated for 5 min at 
room temperature. Next, 200 µl chloroform was added and 
the tube was vigorously agitated for 15 sec, and incubated at 
room temperature for 15 min. Subsequent to centrifugation at 
12,000 x g for 15 min at 4˚C, the supernatant was transferred 
to a fresh tube, and an equal volume of isopropanol was 
added. Following incubation at ‑20˚C for 30 min, the mixture 

was centrifuged at 12,000 x g for 10 min at 4˚C to discard the 
supernatant, and the RNA pellet was washed with 75% ethanol. 
Subsequent to the removal of ethanol by centrifugation at 
7,500 x g for 5 min at 4˚C, RNA was air dried for 10 min and 
then dissolved in 50 µl RNase‑free water and stored at ‑80˚C 
until further processing.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) of miRNAs. TaqMan® MicroRNA Reverse 
Transcription kit (Applied Biosystems; Thermo Fisher Scientific, 
Inc.) was used to perform 15‑µl reverse transcription reactions 
that contained 5 µl purified serum RNA, 0.15 µl 100 mM dNTPs 
(with dTTP), 1 µl 50 U/µl MultiScribe™ Reverse Transcriptase, 
1.5 µl 10X reverse transcription buffer, and 0.19 µl 20 U/µl 
RNase inhibitor, 4.16 µl nuclease‑free water and 3 µl of 5X 
stem‑loop RT primer (TaqMan® MicroRNA Assays; Thermo 
Fisher Scientific, Inc.). The mixture was incubated at 16˚C for 
30 min, 42˚C for 30 min and 85˚C for 5 min. RNase‑free water 
was used as reverse transcription negative controls.

Subsequently, real‑time quantification was performed using 
the LightCycler 480 Real‑Time PCR system (Roche Molecular 
Diagnostics, Pleasanton, CA, USA) with TaqMan® Universal 
PCR Master Mix II, no UNG (Applied Biosystems; Thermo 
Fisher Scientific, Inc.). The 15‑µl PCR contained 4.5 µl RT 
product, 7.5 µl 2X TaqMan® Universal PCR Master Mix II, 
0.75 µl 20X primer and probe (TaqMan® MicroRNA assays; 
Thermo Fisher Scientific, Inc.) and 2.25 µl nuclease‑free water. 
The reactions were incubated in a 96‑well optical plate at 95˚C 
for 10 min, followed by 50 cycles of 95˚C for 15 sec and 60˚C 
for 1 min. All reactions were run in triplicate, including blank 
controls without complementary DNA (cDNA).

Relative quantification of serum miRNAs. The cycle threshold 
(Cq) was defined as the number of cycles required for the 
fluorescent signal to cross the threshold in qPCR. Following 
reactions, the Cq data were determined using default threshold 
settings, and the means of the Cq were obtained from the 
triplicate PCRs. The purpose of the internal reference gene 
is to normalize the PCRs for the amount of RNA added to 
the reactions. As there is no current consensus on the use of 
house‑keeping genes or miRNAs for qPCR analysis, based 
on previously published results, the present study used 

Table I. Sequences of miRNAs and internal reference.

miRNA/gene	 Sequence

miR‑21	 UAGCUUAUCAGACUGAUGUUGA
miR‑25	 CAUUGCACUUGUCUCGGUCUGA
miR‑145	 GUCCAGUUUUCCCAGGAAUCCCU
miR‑203	 GUGAAAUGUUUAGGACCACUAG
U6	 GTGCTCGCTTCGGCAGCACATATA
	 CTAAAATTGGAACGATACAGAGAA
	 GATTAGCATGGCCCCTGCGCAAGG
	 ATGACACGCAAATTCGTGAAGCGT
	 TCCATATTTT

miRNA/miR, microRNA; U6, RNU6‑1.
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RNU6‑1 (U6) as the internal reference for quantification 
(Table  I)  (26,27). The relative amount of miRNA was 
normalized to U6. The fold‑change for miRNAs from 4 groups 
of samples relative to the calibrator was calculated using the 
2‑ΔΔCq method where ∆∆Cq=∆Cq (sample)‑∆Cq (calibrator) 
and ∆Cq=Cq (miRNA)‑Cq (U6) (28).

Choice of calibrator. Firstly, a serum pool of 50  healthy 
donors was packed into 500‑µl Eppendorf tubes and stored 
at ‑80˚C (20). One tube was then taken as a candidate for the 
calibrator sample (termed ‘serum pool’). EC‑109 is a type of 
ESCC cell line cultured in vitro, which was provided by the 
Cell Resource Center, Institute of Biomedical Science, Chinese 
Academy of Medical Sciences/Peking Union Medical College 
(Beijing, China). Following recovery, EC‑109 cells were grown 
in RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% fetal bovine serum (Gibco; Thermo 
Fisher Scientific, Inc.) and 100 U/ml penicillin‑streptomycin 
at 37˚C in a humidified atmosphere containing 5% CO2. The 
cells were cultured for 8 successive generations, and collected 
from the fourth to the eighth generation together. Cells were 
then packed into 1 ml tubes and stored in liquid nitrogen, and 
this was taken as another candidate for the calibrator sample 
(EC‑109). Secondly, 15 serum samples were chosen from 
patients with ESCC at random, and the expression levels of 
serum miRNAs were detected and calculated in accordance 
with the aforementioned process using two candidate cali-
brators (serum pool and EC‑109). Next, one calibrator was 
selected by comparing the two groups of data.

Amplification efficiency and Pearson's correlation coefficient. 
Briefly, a 10‑fold dilution series of cDNA containing the tested 
miRNAs and the reference U6 gene were used as the template 

for qPCR to generate a plot of log concentration of the tested 
miRNA at different dilutions vs. the corresponding Cq (29). 
The slope of the linear plot is defined as ‑(1/log E), where E is 
the amplification efficiency, and its value should approach 2 if 
the efficiency reaches the maximum (28,29).

Correlation is a technique for investigating the association 
between two quantitative, continuous variables (21,30). The 
nearer the scatter of points is to a straight line, the higher 
the strength of association between the variables  (21,30). 
The Pearson's correlation coefficient (R) may take any value 
between ‑1 and +1 (20,21).

Statistical analysis. Statistical analyses were performed using 
SPSS 19.0 software (IBM SPSS, Armonk, NY, USA). Data 
shown are presented as the mean ± standard error, and the 
differences between miRNA expression levels and groups 
were determined by non‑parametric tests (Kruskal Wallis test). 
Receiver operating characteristic (ROC) curves and the area 
under the ROC curve were used to assess the feasibility of using 
serum miRNAs as a diagnostic tool in discriminating patients 
with ESCC from negative controls (31). The present study used 
the Youden index for the identification of the optimal cut‑off 
point (32,33). All P‑values were two‑sided, and P<0.05 was 
considered to indicate a statistically significant difference.

Results

qPCR amplification efficiency and linearity. The qPCR 
amplification efficiencies (E) in the exponential phase were 
calculated according to the following equation (28):

Table II. Clinical characteristics of serum samples.

Characteristic	 Healthy	 Benign	 EC‑UT	 EC‑T

No. of patients	 32	 33	 31	 35
Age, years				  
  Mean (range)	 53 (34‑72)	 51 (27‑83)	 58 (44‑75)	 60 (48‑76)
  <55	 19	 17	 11	 10
  ≥55	 13	 16	 20	 25
Sex				  
  Male	 19	 19	 21	 24
  Female	 13	 14	 10	 11
Clinical stage				  
  I‑II	 ‑	 ‑	 9	 11
  III‑IV	 		  22	 24
Treatment				  
  Surgery	 0	 0	 0	 8
  Chemotherapy	 0	 0	 0	 11
  Surgery and chemotherapy	 0	 0	 0	 13
  Radiotherapy	 0	 0	 0	 3

EC‑UT, untreated patients with esophageal squamous cell carcinoma; EC‑T, patients with esophageal squamous cell carcinoma following 
treatment.
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The results revealed that the amplification efficiencies of 
miRNAs and U6 (miR‑21, 1.93; miR‑25, 1.87; miR‑145, 1.91; 
miR‑203, 1.88; and U6, 1.91) approached the maximum value, 
and the difference among them was <5%. The best fit line 
also demonstrated the strong linearity between the input of 
miRNAs and the Cq values for RT‑qPCR, and also between 
the input of U6 and the Cq values (Pearson's correlation coef-
ficient, r>0.99) (Fig. 1).

Intra‑ and inter‑assay variation. To confirm the accuracy 
and reproducibility of qPCR, the intra‑assay precision was 
determined in 6 repeats within one lightcycler run. Inter‑assay 
variation was investigated in all experimental runs performed 
on different days. Variability of target genes, miRNAs and U6, 
was low in inter‑test experiments (miR‑21, 0.22%; miR‑25, 
0.21%; miR‑145, 0.21%; miR‑203, 0.64%; and U6, 0.26%, 
respectively) and in intra‑test experiments (miR‑21, 1.55%; 
miR‑25, 1.61%; miR‑145, 1.92%; miR‑203, 1.76%; and U6, 
1.39%, respectively) (Table III). These data confirmed that the 
present study had good repeatability and reliability.

Comparison of calibrators. The 2‑ΔΔCq method ensured that 
data from two different candidates for calibration had the same 
coefficient of variation (28). Therefore, the standard deviation 
and range were more suitable to evaluate them. The data is 
shown in Table IV.

The results revealed that the serum pool exhibited signifi-
cantly smaller standard deviations and ranges in 3 miRNAs 
and similar values in another miRNA, so the serum pool was 
selected as the calibrator.

Expression levels of serum miRNAs. The present study first 
analyzed the expression of 4 miRNAs, respectively, in the 
4 groups, and compared the results with the expression of the 
different miRNAs among these groups. The mean levels of 

serum miR‑21, miR‑25 and miR‑145 in EC‑UT were significantly 
higher than in the other groups (all P<0.001; Fig. 2). However, the 
level of serum miR‑203 in EC‑UT was higher than in the benign 
and EC‑T groups, but lower than in the healthy group (all P>0.05; 
Fig. 2). Subsequently, the present study evaluated whether there 
was a correlation between the level of miRNA and the clinical 
characteristics of the samples. The results revealed that expres-
sion of all 4 miRNAs exhibited no statistical correlation with 
sex, age or clinical stage (all P>0.05; data not shown).

Evaluation of each serum miRNA as a potential marker. The 
present study performed ROC curve analyses to evaluate 
whether the serum miRNAs can be used as potential diagnostic 
markers for EC. Firstly, expression levels of 4 miRNAs were 
compared between the EC‑UT group and the healthy group. 
The ROC curve areas were 0.88 (95% CI, 0.80‑0.97) for miR‑21, 
0.72 (95% CI, 0.59‑0.84) for miR‑25, 0.83 (95% CI, 0.73‑0.94) 
for miR‑145 and 0.51 (95% CI, 0.37‑0.66) for miR‑203. At 
the cut‑off values of 4.37, 1.20, 1.16 and 6.32, sensitivity and 
specificity in EC diagnosis were 71.0 and 96.9% for miR‑21, 
71.0 and 68.8% for miR‑25, 90.3 and 68.8% for miR‑145, and 
54.8 and 62.5% for miR‑203 (Fig. 3A). It was revealed that the 
levels of serum miR‑21, miR‑25 and miR‑145 were potential 
markers for discriminating patients with EC‑UT from healthy 
donors. As there was no significant difference in the expres-
sion level of serum miR‑203 among different groups, miR‑203 
was no longer considered as a potential marker.

Secondly, the EC‑UT group and the benign group were 
compared. The ROC curve areas were 0.88 (95% CI, 0.80‑0.96) 
for miR‑21, 0.72 (95% CI, 0.59‑0.84) for miR‑25, 0.71 (95% CI, 
0.58‑0.84) for miR‑145 and 0.54 (95% CI, 0.38‑0.69) for miR‑203. 
At the cut‑off values of 3.68, 0.79, 2.79 and 13.75, sensitivity and 
specificity were 74.2 and 87.9% for miR‑21, 83.9 and 51.5% for 
miR‑25, 67.7 and 75.8% for miR‑145, and 41.9 and 87.9% for 
miR‑203 (Fig. 3B). Therefore, the levels of 3 serum miRNAs 

Figure 1. Scattered plots of log concentration of miRNAs and U6 at different dilutions vs. the corresponding Cq. The 10‑fold serial dilutions of miRNAs and 
U6 were used to generate the scatter plots. The Cq value was so close to 50 that the point of 10,000 times dilution of miR‑203 was abandoned. (A) miR‑21; 
(B) miR‑25; (C) miR‑145; (D) miR‑203; and (E) U6. miRNA, microRNA; U6, RNU6‑1.
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(miR‑21, miR‑25 and miR‑145) could serve as potential markers 
to discriminate patients with EC‑UT from benign patients.

To additionally discriminate the EC‑UT group from 
the EC‑T group, the ROC curve areas were 0.85 (95% CI, 

Figure 2. Column charts of serum levels of 4 miRNAs. Values shown were normalized to U6. Comparison of serum miRNAs levels in 4 groups. The mean 
levels of serum miR‑21, miR‑25 and miR‑145 in EC‑UT were significantly higher than in other groups (all P<0.001). The mean level of serum miR‑203 in 
EC‑UT was higher than in the benign and EC‑T groups, and lower than in the healthy group (all P>0.05). No significant difference was identified between the 
expression levels of 4 miRNAs among the healthy, benign and EC‑T groups (all P>0.05). miRNA, microRNA; U6, RNU6‑1; ESCC, esophageal squamous cell 
carcinoma; EC‑UT, untreated patients with ESCC; EC‑T, patients with ESCC following treatment.

Table III. Intra‑assay and inter‑assay variation of quantitative polymerase chain reaction.

Assay statistics	 miR‑21	 miR‑25	 miR‑145	 miR‑203	 U6

Inter‑assay					   
  Mean ± SE	 23.986±0.019	 23.458±0.017	 25.201±0.019	 35.520±0.080	 26.281±0.024
  CV, %	 0.22	 0.21	 0.21	 0.64	 0.26
Intra‑assay					   
  Mean ± SE	 24.419±0.143	 22.998±0.140	 25.713±0.187	 34.791±0.232	 25.829±0.136
  CV, %	 1.55	 1.61	 1.92	 1.76	 1.39

SE, standard error; CV, coefficient of variation.

Table IV. Discrete description of the two calibrators.

Calibrators	 Minimum	 Maximum	 Mean	 Range	 Standard deviation	 CV, %

EC‑109						    
  miR‑21	 16.00	 831.75	 184.08	 815.75	 237.22	 128.87
  miR‑25	 1871.53	 33923.56	 11261.79	 32052.03	 8770.17	 77.88
  miR‑145	 87076.75	 2511294.86	 771032.59	 2424218.11	 680663.2	 88.28
  miR‑203	 0.08	 14.12	 4.20	 14.05	 4.69	 111.79
Serum pool						    
  miR‑21	 0.76	 39.67	 8.78	 38.91	 11.31	 128.87
  miR‑25	 0.53	 9.58	 3.18	 9.05	 2.48	 77.88
  miR‑145	 0.44	 12.55	 3.85	 12.12	 3.40	 88.28
  miR‑203	 0.18	 32.67	 9.71	 32.50	 10.85	 111.79

CV, coefficient of variation.
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0.75‑0.95) for miR‑21, 0.80 (95% CI, 0.70‑0.91) for miR‑25, 
0.79 (95%  CI, 0.68‑0.91) for miR‑145 and 0.63 (95% CI, 
0.50‑0.77) for miR‑203. At the cut‑off values of 2.77, 0.64, 
4.61 and 6.92, sensitivity and specificity were 77.4 and 82.9% 
for miR‑21, 90.3 and 57.1% for miR‑25, 54.8 and 97.1% for 
miR‑145, and 54.8 and 71.4% for miR‑203 (Fig. 3C).

These results suggest that serum miR‑21, miR‑25 and 
miR‑145 could be promising biomarkers for diagnosis, 
differential diagnosis between benign disease and ESCC, and 
evaluation of therapeutic efficiency.

In addition, the present study also analyzed the expression 
of the 4 miRNAs among healthy, benign and EC‑T groups, 
and identified no significant difference (all P>0.05; Fig. 2). 
Therefore, these 3 groups were set as one negative control 
(termed ‘all others’), and discriminated from EC‑UT patients, 
with ROC curve areas of 0.87 (95% CI, 0.79‑0.95) for miR‑21, 
0.75 (95% CI, 0.65‑0.85) for miR‑25, 0.78 (95% CI, 0.68‑0.88) 
for miR‑145 and 0.56 (95% CI, 0.44‑0.69) for miR‑203, respec-
tively. At the cut‑off values of 3.68, 1.98, 3.58 and 13.749, 
sensitivity and specificity were 74.2 and 88.0% for miR‑21, 
58.1 and 80.0% for miR‑25, 61.3 and 86.0% for miR‑145, and 
41.9 and 79.0% for miR‑203 (Fig. 3D).

Therefore, the results also suggest that serum miR‑21, 
miR‑25 and miR‑145 could be potential biomarkers of ESCC 
for population screening.

Evaluation of combined application of serum miRNAs as 
potential markers. The 3 selected serum miRNAs (miR‑21, 
miR‑25 and miR‑145) were divided into 4 different combina-
tions, and then evaluated to determine whether each of the 
new combinations could be used as a single tumor marker for 
discriminating EC‑UT patients from other groups by using 

two methods (series connection and parallel connection). The 
4 combinations were as follows: miR‑21 and miR‑25; miR‑21 
and miR‑145; miR‑25 and miR‑145; and miR‑21, miR‑25 and 
miR‑145, respectively. First, in terms of the series connection 
method, when all serum miRNAs of one sample were in excess 
of their cut‑off values, this was defined as a positive sample; on 
the contrary, this was defined as negative in any other statuses. 
Subsequently, in terms of the parallel connection method, the 
sample was defined as positive if any serum miRNA of one 
sample was in excess of its cut‑off value, while others were 
defined as negative. Sensitivity and specificity are shown in 
Table V. The results revealed that sensitivity and specificity 
of certain combinations, particularly miR‑21 and miR‑145, 
were significantly high. When comparing EC‑UT with the 
healthy, benign, EC‑T and all others groups, the sensitivity 
and specificity of miR‑21 and miR‑145 were 71.0 and 96.9% 
(series connection), 90.9 and 72.7% (parallel connection), 97.1 
and 82.9% (parallel connection), and 80.6 and 80.0% (parallel 
connection), respectively.

Discussion

The study for novel tumor markers is a rapidly growing area, 
however, a gap exists between laboratory studies and clinical 
practice. With additional investigation, it is generally considered 
that miRNAs could provide an important breakthrough in the 
study of tumor markers in clinical practice.

Specificity and reliability in the present study were guaran-
teed with the use of a stem‑loop RT primer and TaqMan probe. 
Due to the advantage of the high specificity of the stem‑loop 
RT primer, it was used to perform the reverse transcription of 
miRNA (34,35). The TaqMan probe was utilized in the PCR 

Figure 3. Receiver‑operator characteristic curves of the miRNAs for discriminating EC patients from other groups. (A) EC‑UT vs. healthy; (B) EC‑UT vs. benign; 
(C) EC‑UT vs. EC‑T; and (D) EC‑UT vs. all others. miRNA, microRNA; EC, esophageal cancer; ESCC, esophageal squamous cell carcinoma; EC‑UT, 
untreated patients with ESCC; EC‑T, patients with ESCC following treatment; ESCC, esophageal squamous cell carcinoma.
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process since the accuracy of TaqMan RT‑qPCR is significantly 
higher than when using SYBR‑Green in PCR analysis (36,37).

The serum pool was chosen as the calibrator rather than 
EC‑109 for two reasons. First, the data calculated using the 2‑ΔΔCq 
relative quantitative method was used to calculate the miRNAs 
expression levels relative to the calibrator (28). In theory, the 
value obtained can be used for the comparison of miRNA levels 
among different groups, if utilizing the identical calibrator. 
When EC‑109 is used as the calibrator, the value represents the 
increase or decrease of miRNAs between serum and ESCC 
cells, which is more convenient to compare the expression levels 
of miRNAs between the present study and in tissues and/or cells 
reported previously. However, in contrast to EC‑109, the discrete 
tendency of the data when using the serum pool as the calibrator 
was statistically lower. Secondly, when the serum pool was set 
as the calibrator, miRNAs in the calibrator and sample serum 
were all derived from the whole blood, therefore, the inherent 
interference factors of the calibrator and sample serum in the 
experimental process, including protoheme, are also similar. 
The experimental error of serum miRNAs can be corrected 
with the use of the 2‑ΔΔCq method by calibration.

The present study highlighted the potential application of 
serum miRNAs as biomarkers of ESCC in the clinical practice. 
There are currently no specific tumor markers for EC in clinical 
practice; therefore, it is hoped that the routine tumor markers, 
including carcinoembryonic antigens and novel miRNAs 
markers, were detected in only one tube of serum sample. 
According to the requirement of experimental procedure and the 
limitations of clinical application, the present study determined 
that the number of selected miRNAs is four. By performing the 
2‑ΔΔCq method to calculate the fold change as the expression of 
4 types of miRNAs among 4 separate groups (EC‑UT, EC‑T, 
benign and healthy), the present study systematically evaluated 
the feasibility of these miRNAs as tumor markers for ESCC. 
The present results suggested that serum miR‑21, miR‑25 and 
miR‑145, particularly miR‑21, could be ideal tumor markers 
with high and stable sensitivity and specificity for diagnostic 
and prognostic monitoring. Additionally, with series connection 
or parallel connection methods, these 3 miRNAs were divided 
into 4 different combinations with 2 or 3 miRNAs; consequently, 
the sensitivity and/or specificity of combinations, particularly 
miR‑21 and miR‑25 will be further improved.

miR‑145, as a tumor suppressor, differing from miR‑21 
and miR‑25 with their oncogenic function  (20,38‑42), is 
significantly downregulated in ESCC tissues, which can 
inhibit cell motility in squamous cell carcinoma‑derived cell 
lines (23,43). However, the present study identified that there was 
a certain degree of upregulation in the expression of peripheral 
blood serum miR‑145 in patients with ESCC. A similar trend 
was also identified in the detection of miR‑203, which inhibits 
cell proliferation in squamous cell carcinoma‑derived cell 
lines (44,45). Serum miR‑203 in EC‑UT patients was much 
higher than that in EC‑T and benign patients, but lower than 
that in healthy patients, although the difference was not 
significant. For this phenomenon, first of all, it was assumed 
that it may be associated with circulating tumor cells (CTCs). 
Subsequent to blood flowing through the solid tumor, a large 
number of CTCs migrate into the blood (46). For instance, the 
quantity of CTCs detected in the pulmonary venous blood 
of patients with primary lung cancer was up to 10,034 per 
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7.5 ml blood (mean, 1,195) (47). By contrast, the quantity of 
CTCs in the peripheral blood is almost always zero, although 
occasionally it is 1‑3 cells per 7.5 ml (47,48). This reduction 
of CTCs in the blood circulation may be a result of the cells 
being broken due to various reasons. The cells may be broken, 
however, the tumor suppressor miRNAs in the cells do not 
disappear; instead, they enter the blood.

In other words, although the amount of tumor suppressor 
miRNAs in a single cell is reduced, the number of CTCs is 
significantly increased, which ultimately results in an increase 
of serum tumor suppressor miRNAs. Secondly, the present study 
also assumed that the degree of downregulation of miRNAs in 
a single tumor cell may affect the abundance of these serum 
miRNAs, and so differences exist between miR‑145 and 
miR‑203, although the two are tumor suppressors (20,38‑42). 
Furthermore, the number of tumor cells migrating into the blood 
varies among different patients, which also affects the separation 
degree of expression of miRNAs in the peripheral blood serum 
and in individual cells. Finally, miRNA has the advantage of 
having a stable existence and the ability to reflect the activity 
of genes compared with mRNA, protein and DNA. Therefore, 
it was assumed that miRNA could more accurately reflect the 
situation of the tumor cells in the blood circulatory system, and 
could therefore be more efficiently performed to evaluate tumor 
metastasis with the quantity of peripheral blood CTCs. However, 
additional studies are required to prove this assumption.

Inevitably, there were limitations to the present study. First, 
long‑term follow‑up data was not collected. The size of samples 
was also relatively small, and a larger sample size is required to 
have a beneficial effect on the discovery of the differences of 
serum miRNAs among clinical stages (49). The selected 4 types 
of miRNA with a similar dysregulation status may also exist in 
other tumors at the same time (24,38,39,42,44). Therefore, if the 
miRNAs selected are regulatory miRNAs of definite driver genes 
of EC, the study of these miRNAs and driver genes may improve 
the discriminability of ESCC with other cancer types (15,50). 
Nevertheless, the feature of multiple‑targets of miRNAs may 
remain an obstacle for finding this type of miRNA and driver 
genes with target associations (9,14,51).

The present study revealed that 3  miRNAs (miR‑21, 
miR‑25 and miR‑145) in serum had higher expression levels in 
untreated patients with ESCC compared with healthy patients, 
and had the ability to distinguish, to a certain degree, untreated 
patients with ESCC from negative controls. Additional studies 
are required to validate whether these or other miRNAs may 
be utilized clinically as screening biomarkers for the early 
detection, prognosis and evaluation of the therapeutic effi-
ciency of ESCC. Additional improvements are also required 
to apply the results of fundamental studies such as these to 
routine clinical applications.
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