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Abstract. Previous studies have reported that the aberrant 
expression of circulating microRNAs (miRNAs/miRs) can be 
used as diagnostic and prognostic markers in non‑small cell 
lung cancer (NSCLC). The present study aimed to assess the 
diagnostic and prognostic predictive values of four plasma 
miRNAs for NSCLC. A total of 12 candidate miRNAs were 
selected that have previously been reported to be aberrantly 
expressed in NSCLC, and their plasma levels in the training 
set were detected via reverse transcription‑quantitative PCR 
analysis. The screened out miRNAs were further validated 
in the testing set. The area under the curve (AUC) of the 
receiver operating characteristic curve was constructed to 
evaluate diagnostic performance. Kaplan‑Meier survival 
analysis was performed to assess the association between the 
plasma miRNA levels and disease‑free survival (DFS) time. 
The results demonstrated that 4/12 plasma miRNAs (miR‑210, 
miR‑1290, miR‑150 and miR‑21‑5p) were highly expressed in 
patients with NSCLC compared with their expression levels in 
patients with benign lung disease (BLD) and healthy controls 
in the training and testing sets, respectively. The AUC values 
of the four‑miRNA panel were 0.96 and 0.93 in the training 
and testing sets, respectively, for distinguishing patients with 
NSCLC from healthy controls, which were similar to the AUC 
values for distinguishing patients with NSCLC from patients 
with BLD (0.96 and 0.94). The AUC values of the four‑miRNA 
panel in patients with stage I NSCLC were comparable to that 
of patients with stage II‑III NSCLC (0.942 and 0.965). Patients 
with high plasma levels of miR‑210 and miR‑150 had worse 
DFS than those with low plasma levels of these miRNAs. In 

addition, patients whose plasma levels of the four miRNAs 
decreased by >50% after surgery exhibited a good DFS. Taken 
together, the results of the present study suggest that these 
four miRNAs (miR‑210, miR‑1290, miR‑150 and miR‑21‑5p) 
act as useful biomarkers for early diagnosis and prognosis of 
NSCLC.

Introduction

Non‑small cell lung cancer (NSCLC) is the main type of lung 
cancer and has two major histological subtypes, squamous 
cell carcinoma (SCC) and adenocarcinoma (AD), which 
accounts for ~85% of lung cancer cases (1). Due to the late 
presentation of symptoms and the lack of early diagnosis, 
numerous patients with NSCLC are diagnosed at advanced 
stages of the disease (2), which is a major contributing factor 
to the poor prognosis of NSCLC. Radical surgery remains 
the most effective treatment for early‑stage NSCLC (3). The 
5‑year survival rate following surgical excision is ~70% for 
patients with stage Ⅰ NSCLC, and only 30% for patients with 
stage Ⅲ NSCLC (3). Therefore, effective methods of early 
diagnosis are necessary to reduce the mortality rate. A large, 
randomized study revealed that screening with low‑dose 
computed tomography (LDCT) for lung cancer results in a 
20% decline in mortality in heavy smokers compared with 
the findings of the chest X‑ray  (4,5). However, the high 
false‑positive error, poor cost‑effectiveness and the potential 
side effects associated with LDCT screening limit its use in 
clinical settings (6). In addition, European research groups 
have reported less significant results compared with National 
Lung Screening Trial in the United States and suggested that 
LDCT scan is not routinely recommended for lung cancer 
screening (7). Certain protein markers, such as carcinoem‑
bryonic antigen (CEA) and cytokeratin 19 fragment 21‑1 have 
been extensively used in clinical practice; however, these 
tumor markers are not sensitive and specific to contribute 
to the early detection of NSCLC (8). Thus, the identification 
of novel markers that can detect the presence of early‑stage 
tumors and predict cancer relapse would provide useful tools 
for earlier NSCLC diagnosis, with the potential to reduce 
mortality.

MicroRNAs (miRNAs/miRs) are small non‑coding RNAs 
that modulate gene activity and are aberrantly expressed in 
the majority of cancer types (9). Circulating miRNAs have 
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been demonstrated to serve as biomarkers for cancer diagnosis 
and prognosis prediction due to their high stability in the 
bloodstream, cancer‑specific regulatory role, reproducibility 
and ability for non‑invasive detection (10,11). Several studies 
have identified various circulating miRNAs as biomarkers 
for the diagnosis and prognosis of NSCLC, among numerous 
differentially expressed miRNAs (12‑17). However, due to 
the difference in research designs, experimental methods and 
study populations, the results obtained by different groups on 
this topic markedly vary.

The present study performed reverse transcription‑ 
quantitative PCR (RT‑qPCR) analysis to detect a panel of 
different NSCLC‑relevant miRNAs in RNA isolated from the 
plasma of patients with NSCLC, patients with benign lung 
disease (BLD) and healthy controls. In the training set, 12 
miRNAs (Table SI) that have previously been reported to be 
associated with NSCLC were selected, and their expression 
levels in the plasma samples were detected. The significantly 
aberrant expression of these miRNAs was further evaluated 
in the testing set. The present study aimed to screen out 
plasma miRNA expression profiles that may act as valuable 
biomarkers for the early diagnosis and prognosis of NSCLC.

Materials and methods

Study design and participants. A total of 128 patients with 
histopathologically confirmed stage I‑IIIA NSCLC, 70 patients 
with BLD and 60 healthy controls were enrolled in the present 
study between January 2014 and December 2018 at the 
Affiliated Hospital of Jiangsu University (Zhenjiang, China). 
To identify plasma miRNAs as biomarkers for NSCLC, a 
prospective two‑phase and case‑control study was designed to 
distinguish differentially expressed miRNAs between patients 
with NSCLC and healthy controls. In total, 12 candidate 
miRNAs that have been reported to be abnormally expressed 
in NSCLC tissues or blood samples of patients with NSCLC 
were selected (Table SI) (16‑41), and their plasma levels were 
detected via RT‑qPCR analysis in the training set, which was 
composed of 40 patients with NSCLC and 20 healthy subjects. 
Next, four miRNAs with significantly different expression 
levels were selected and determined in the plasma samples of 
20 patients with BLD. Subsequently, the validation of these 
four significantly aberrantly expressed miRNAs in the plasma 
specimens from the training set was performed in the testing 
set using plasma samples from 88 NSCLC cases, 50 BLD 
cases and 40 healthy subjects. These detected miRNAs were 
compared with serum CEA, a classical tumor marker (8).

The detailed clinical data of the study subjects are summa‑
rized in Table I. No significant differences were observed in 
the distribution of age, sex and smoking status among patients 
with NSCLC or BLD and healthy controls in the training and 
testing sets. The patients with NSCLC inclued 55 cases with 
squamous cell carcinoma (SCC) and 70 cases with non‑SCC 
consisted of 67 cases with adenocarcinoma and 3 cases with 
large cell carcinoma. All patients with NSCLC underwent 
tumor resection, and their blood samples were collected prior 
to surgery, and stored at ‑20˚C until subsequent experimenta‑
tion. In 88/128 patients with NSCLC, serial blood specimens 
were collected ~2 weeks after surgery and before chemo‑
therapy. These 88 patients were followed up from January 

2014 to December 2018 (regular outpatient or telephone 
follow‑up every 3 months) and their complete follow‑up data 
were obtained. Analysis of disease‑free survival (DFS) was 
performed according to high or low expression levels of the 
four plasma miRNAs in the 88 patients, prior to surgery. 
Subgroup DFS analysis was performed based on histological 
type. Patients with SCC (n=41) and patients with non‑SCC 
(n=47) were divided into two groups according to high or 
low expression plasma levels of miR‑210 and miR‑150 (n=21 
vs. n=20 for miR‑210; and n=24 vs. n=23 for miR‑150). In 
addition, the 88  patients with NSCLC were divided into 
two groups according to the decreased degree in the plasma 
levels of the four miRNAs after surgery (>50 and ≤50%), and 
survival analysis was performed to assess the impact of the 
decreased degree in the four plasma miRNA levels on DFS 
in the patients with NSCLC after surgery. All patients with 
stage IB‑IIIA received platinum‑based chemotherapy after 
surgery. Tumor pathological staging was classified according 
to the 7th edition of the international tumor‑node‑metastasis 
system published by the International Association for the 
Study of Lung Cancer (42). Blood samples were also collected 
from patients with BLD and healthy controls and stored 
at ‑20˚C until subsequent experimentation. The healthy indi‑
viduals were matched not only with patients with NSCLC, but 
also with patients with BLD by age, sex and smoking status 
(Table  I). BLD cases included pneumonia (n=24), chronic 
obstructive pulmonary disease (COPD; n=20), interstitial lung 
disease (n=12), asthma (n=8) and tuberculous pleurisy (n=6). 
The present study was approved by the Ethics Review Board 
of the Affiliated Hospital of Jiangsu University (approval 
no. 20140019; Zhenjiang, China) and performed in accordance 
with the Declaration of Helsinki. Written informed consent 
was provided by all participants prior to the study start.

Plasma preparation and RNA extraction. For plasma 
preparation, 4 ml venous blood was collected and placed in 
EDTA‑containing tubes (Invitrogen; Thermo Fisher Scientific, 
Inc.). Whole blood was separated into plasma via centrifuga‑
tion at 3,000 x g for 10 min at 4˚C, within 2 h of collection. 
Subsequently, 1 ml aliquots of the plasma specimens were 
transferred into 1.5 ml tubes and centrifuged at 4,000 x g for 
10 min at room temperature to remove any remaining cellular 
debris. The supernatant was subsequently transferred into clean 
tubes and stored at ‑80˚C until subsequent experimentation.

Total RNA was isolated from plasma samples using the 
mirVana PARIS miRNA Isolated kit (Ambion; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's instruc‑
tions. The concentration and purity of the extracted RNA 
were analyzed using a NanoDrop 1000 spectrophotometer 
(NanoDrop Technologies; Thermo Fisher Scientific, Inc.), 
and RNA with a concentration >10  ng/µl was considered 
acceptable.

RT‑qPCR. RT‑qPCR analysis was performed using the 
TaqMan MicroRNA RT kit (Applied Biosystems; Thermo 
Fisher Scientific, Inc.), according to the manufacturer's 
instructions. Briefly, 5 µl (5‑10 ng/µl) total RNA was reverse 
transcribed into cDNA using Avian Myeloblastosis Virus 
Reverse Transcriptase (Takara Biotechnology Co., Ltd.) and 
stem‑loop RT primers (Takara Biotechnology Co., Ltd.). 
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qPCR was subsequently performed on an Applied Biosystems 
7900HT Fast Real‑time PCR System (Thermo Fisher 
Scientific, Inc.) at 90˚C for 10 min, followed by 40 cycles 
of 90˚C for 15 sec and 60˚C for 1 min. All reactions were 
performed in triplicate. U6 snRNA was used as the reference 
gene due to its stability and reproducibly among patients 
and healthy controls (9‑11). The fold change in each miRNA 
expression relative to U6 snRNA was calculated using the 
2‑∆∆Cq method  (43). The expression levels of each target 
miRNA relative to miRNA expressed in healthy controls 
were calculated using the 2‑∆∆Cq method (43). The fold‑change 
of relative miRNA expression was log2 transformed.

Serum CEA levels were determined using the chemilumi‑
nescent microparticle immunoassay ARCHITECT i2000SR 
(Abbott Pharmaceutical Co. Ltd.), according to the manufac‑
turer's instructions.

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism 5 (GraphPad Software, Inc.) and SPSS 20.0 
software (IBM Corp.). Data are presented as the mean ± SD 
from at least three separate experiments. Baseline characteristics 
of patients with NSCLC or BLD and controls were compared 
using the Kruskal‑Wallis test (age) and Pearson's χ2 or Fisher's 
exact tests (sex and smoking status). For multiple comparison of 
the values of miRNA expression levels, the Kruskal‑Wallis test 
was initially used to determine whether the samples originated 
from the same distribution followed by Steel's‑Dwass post hoc 
test to compare multiple groups with a control. Wilcoxon's test 
was used to compare miRNA values in paired plasma samples 
obtained before and 2 weeks after tumor resection.

Receiver operating characteristic (ROC) curve analysis 
was performed to obtain area under the curve (AUC) values 

for evaluating diagnostic performance of each plasma miRNA 
for NSCLC. According to the optimal cut‑off values provided 
by ROC curve analysis, the sensitivity, specificity, and positive 
and negative predictive values were calculated. Risk scores 
were assigned to all patients according to a linear combination 
of the expression levels of the miRNAs in plasma, weighted 
according to the regression coefficient. Stepwise logistic 
regression analysis was performed to construct diagnostic 
miRNA panels based on RT‑qPCR results in training and 
testing setting (44). The prediction probability of being diag‑
nosed with NSCLC from healthy control and BLD or stage I 
NSCLC from stage II and IIIA NSCLC was used as an index 
to construct the ROC curve. AUC was used as an index for the 
diagnostic performance evaluation of the miRNA panels.

To further determine whether the altered miRNAs and 
other clinical characteristics were independent powerful diag‑
nostic markers for NSCLC, forward stepwise univariate and 
multivariate logistic regression analyses were performed using 
the healthy subjects as the reference category. The median 
value was used as the cut‑off to categorize the expression of 
each miRNA as high or low when assessing their association 
with disease‑free survival (DFS). DFS was defined from the 
day of surgery to the time of recurrence, mortality or end of 
follow‑up, and was analyzed using the Kaplan‑Meier method 
and log‑rank test. P<0.05 was considered to indicate a statisti‑
cally significant difference.

Results

Plasma levels of selected miRNAs in patients with NSCLC, 
patients with BLD and healthy controls. In the initial candi‑
date miRNA selection, a panel of 12 candidate miRNAs that 

Table Ⅰ. Demographic and clinical characteristics of subjects in training and testing sets.

	 Training set	 Testing set
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Healthy controls	 BLD	 NSCLC	 Healthy controls	 BLD	 NSCLC
Characteristic	 (n=20)	 (n=20)	 (n=40)	 (n=40)	 (n=50)	 (n=88)

Age, years (mean ± SD)	 58±9.3	 60±7.8	 62±11.5	 59±10.4	 56±11.5	 61±12.1
Sex, n (%)						    
  Male	 10 (50.0)	   9 (45.0)	 19 (47.5)	 20 (50.0)	 26 (52.0)	 47 (53.4)
  Female	 10 (50.0)	 11 (55.0)	 21 (52.5)	 20 (50.0)	 24 (48.0)	 41 (46.6)
Smoking status, n (%)						    
  Ever and current	   8 (40.0)	   8 (40.0)	 18 (45.0)	 15 (37.5)	 21 (42.0)	 39 (44.3)
  Never	 12 (60.0)	 12 (60.0)	 22 (55.0)	 25 (62.5)	 29 (58.0)	 49 (55.7)
Histology, n (%)						    
  SCC	 NA	 NA	 17 (42.5)	 NA	 NA	 41 (46.6)
  aNon‑SCC	 NA	 NA	 23 (57.5)	 NA	 NA	 47 (53.4)
TNM stage, n (%)						    
  Ⅰ	 NA	 NA	 12 (30.0)	 NA	 NA	 23 (26.1)
  Ⅱ	 NA	 NA	 15 (37.5)	 NA	 NA	 40 (45.5)
  ⅢA	 NA	 NA	 13 (32.5)	 NA	 NA	 25 (28.4)

BLD, benign lung disease; NSCLC, non‑small cell lung cancer; SCC, squamous cell carcinoma; TNM, tumor‑node‑metastasis; NA, not 
assessed. aNon‑SCC included 67 adenocarcinoma and three large cell carcinoma cases.
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have previously been reported to be aberrantly expressed in 
NSCLC tissues or blood samples of patients with NSCLC 
(Table SI) (16‑41) were analyzed via RT‑qPCR analysis in 
plasma specimens from 40  patients with NSCLC and 20 
healthy controls. For the training set, when comparing patients 
with NSCLC vs. healthy controls, only those miRNAs with 
a mean fold‑change ≥2 and P<0.05 were selected for further 
analysis in the testing set. The results demonstrated that the 
expression levels of 4/12 plasma miRNAs, including miR‑210, 
miR‑1290, miR‑150 and miR‑21‑5p, were significantly higher 
in patients with NSCLC compared with those found in the 
healthy controls (P=0.042 NSCLC compared with healthy 
control in miR‑210; P<0.001 NSCLC compared with healthy 
control in miR‑1290, miR‑150 and miR‑215p; Table SI and 
Fig. 1A‑D). The expression levels of these four miRNAs were 
detected via RT‑qPCR analysis in 20 patients with BLD, and 
no significant differences in the expression levels of these 
miRNAs were observed between patients with BLD and 
healthy controls (Fig. 1A‑D).

These four miRNAs were further evaluated via RT‑qPCR 
analysis in another independent sample set consisting of 
88 patients with NSCLC, 50 patients with BLD and 40 healthy 
controls (testing set). Similar to the results from the training 
set, the plasma levels of these four miRNAs in patients with 
NSCLC were significantly higher compared with the healthy 
controls and patients with BLD (P=0.058, NSCLC compared 
with BLD and healthy control; P<0.001, NSCLC compared 
with BLD or healthy control in miR‑1290, miR‑150 and 
miR‑21‑5p; Fig. 2A‑D), in the testing set. Similar results were 
observed for serum CEA levels across the three group in both 
the training and testing sets (Figs. 1E and 2E).

Diagnostic performance of four plasma miRNAs by ROC 
curve analysis. ROC curve analyses were performed on the 
four plasma miRNAs to determine their diagnostic perfor‑
mance for differentiating between patients with NSCLC and 
healthy controls in the training and testing sets. The results 
demonstrated that the four miRNAs exhibited similar perfor‑
mance between the two sets, with AUC values of 0.71‑0.91 
(Fig. 3A and Table SII). When the optimal diagnostic cut‑off 
value of each miRNA was determined via ROC curve analysis, 
these miRNAs yielded a sensitivity of 70‑90%, a specificity of 
70‑85% and an accuracy of 70‑88% (Table SII).

ROC curve analyses were performed in the two sets to 
distinguish between patients with NSCLC and BLD. The AUC 
values for these four miRNAs ranged from 0.71‑0.91, with a 
sensitivity of 72‑90%, a specificity of 70‑86% and an accuracy 
of 72‑88% (Fig. 3B and Table SIII). The AUC values for serum 
CEA in the two sets were 0.69, 0.67, 0.68 and 0.65, respectively, 
which were inferior to the four aforementioned miRNAs 
(miR‑210, mtR‑1290, miR‑150 and miR‑21‑5p) (Fig. 3A and B, 
and Tables SII and SIII).

To further determine whether the four altered miRNAs 
and other clinical characteristics are independent powerful 
diagnostic markers for NSCLC, forward stepwise univariate 
logistic regression analysis was performed using the healthy 
controls as the reference category. The results demonstrated 
that the odds ratios for each of the four miRNAs were statis‑
tically significant in the two sets combined (Table  SIV). 
Multivariate logistic regression analysis demonstrated that 

miR‑1290, miR‑150 and miR‑21‑5p were independently asso‑
ciated with NSCLC after adjusting for age, sex and smoking 
status (Table SIV).

When the four miRNAs were merged as a panel, they 
displayed a higher diagnostic performance than that of 
any individual miRNA alone in distinguishing patients 
with NSCLC from healthy controls in the training and 
testing sets, with AUC values of 0.96 and 0.93, respectively 
(Fig. 3C and Table SII). The diagnostic performance of the 
four‑miRNA panel was also assessed to distinguish patients 
with NSCLC from patients with BLD, and the AUC values 
were 0.96 and 0.94, respectively, in the two sets (Fig. 3D and 
Table SIII). However, combining the four miRNAs with CEA 
failed to further improve the diagnostic performance in any of 
the two sets (Fig. 3C and D, and Tables SII and SIII).

Subgroup analyses of four plasma miRNAs in patients with 
NSCLC. The present study assessed the association between 
the four plasma miRNAs and tumor pathological stage of 
NSCLC. The results demonstrated that none of the four plasma 
miRNAs exhibited significantly different expression in patients 
with stage I NSCLC than those with stage II or IIIA disease 
(Fig. 4A). The AUC values of the four individual miRNAs in 
patients with stage I NSCLC (AUCs, 0.71‑0.83) were relatively 
lower than those with stage  II NSCLC (AUCs, 0.78‑0.86) 
or stage  IIIA NSCLC (AUCs, 0.75‑0.92) (Fig.  4B). When 
combining the four miRNAs as a panel in stage Ⅰ patients with 
another panel, including patients with stage II‑IIIA disease, the 
AUC value of the four‑miRNA panel was 0.942 to distinguish 
patients with stage I NSCLC from healthy individuals, with a 
sensitivity of 90.5%, a specificity of 88.7% and an accuracy 
of 89.2% (Fig. 4C). The AUC value of the four‑miRNA panel 
in differentiating patients with stage II‑IIIA NSCLC from 
healthy individuals was 0.965, with a sensitivity of 92.4%, a 
specificity of 90.6% and an accuracy of 90.4% (Fig. 4D). Taken 
together, these results suggest that the four‑miRNA signature 
may possess similar diagnostic performance for patients with 
stage I and stage II‑IIIA NSCLC.

The plasma levels of the four miRNAs in patients with 
different histological types were analyzed. No significant 
differences in any of the four miRNAs were observed between 
patients with SCC and patients with non‑SCC (AD and large 
cell lung cancer) (Kruskal‑Wallis test; Fig. 5A). The AUC 
values of the four miRNAs in patients with SCC were similar 
to those found in patients without SCC when using the healthy 
subjects as the control (Fig. 5B).

Association between the four miRNAs and DFS time of 
patients with NSCLC. To determine whether the plasma levels 
of the four miRNAs were associated with DFS in patients 
with NSCLC, 88  patients in the training and testing sets 
were followed up and the follow‑up data were analyzed. The 
median follow‑up time was 42.5 months. The cut‑off value for 
high or low miRNA expression was defined using the median 
levels of each plasma miRNA. Kaplan‑Meier survival analysis 
demonstrated that high plasma levels of miR‑210 and miR‑150 
were significantly associated with a short DFS time in patients 
with NSCLC (Fig. 6A and C). However, no significant associa‑
tions between miR‑1290 or miR‑21‑5p levels and DFS were 
observed (Fig. 6B and D).
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Given the potential impact of histological type on the DFS 
of patients with NSCLC who exhibited different plasma levels 
of miR‑210 and miR‑150, subgroup analysis was performed 
to further assess the association between these two miRNAs 
and DFS in patients with NSCLC. For patients with histologi‑
cally confirmed non‑SCC lung cancer, high plasma levels of 
miR‑210 and miR‑150 were associated with shorter DFS times 

(Fig. 6F and H), whereas the DFS time of patients with SCC 
was not affected by the plasma levels of miR‑210 or miR‑150 
(Fig. 6E and G).

In the 88 patients with NSCLC, additional plasma samples 
were collected ~2 weeks after surgery and before chemo‑
therapy. The results demonstrated that the high pre‑operative 
plasma levels of the four miRNAs significantly decreased after 

Figure 1. Levels of four plasma miRNAs and serum CEA in the training set. Levels of plasma (A) miR‑210, (B) miR‑1290, (C) miR‑150 and (D) miR‑21‑5p, 
and (E) serum CEA in patients with NSCLC or BLD and healthy controls. miRNA/miR, microRNA; CEA, carcinoembryonic antigen; NSCLC, non‑small cell 
lung cancer; BLD, benign lung disease; NS, no significance.

Figure 2. Levels of four plasma miRNAs and serum CEA in the testing set. Levels of plasma (A) miR‑210, (B) miR‑1290, (C) miR‑150 and (D) miR‑21‑5p, and 
(E) serum CEA in patients with NSCLC or BLD and healthy controls. miRNA/miR, microRNA; CEA, carcinoembryonic antigen; NSCLC, non‑small cell 
lung cancer; BLD, benign lung disease; NS, no significance.
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surgery, despite a slight increase in the levels of these four 
miRNAs in a small number of patients with NSCLC (Fig. 7A). 
Patients with NSCLC were divided into two groups (>50 and 
≤50%) according to the degree of post‑operative decrease in 
the expression levels of the four miRNAs. Survival analysis 
demonstrated that the DFS time of patients whose plasma 
levels of the four individual miRNAs decreased by >50% after 
surgery was significantly longer than those with <50% reduc‑
tion in the plasma levels of the four miRNAs (Fig. 7B).

Discussion

Several circulating miRNAs have been reported to act as diag‑
nostic markers in NSCLC; however, the miRNAs identified 
by different researchers vary from study to study (12‑17). In 
addition to differences in populations and specimens, varia‑
tions in the methods used and project design may also result 
in inconsistencies between these studies. The results of the 
present study demonstrated that miR‑210, miR‑1290, miR‑150 
and miR‑21‑5P were significantly upregulated in the plasma of 
patients with NSCLC compared with their expression levels 
in patients with BLD and healthy controls. The four miRNAs 

were selected by RT‑qPCR analysis from 12 candidate 
miRNAs that have previously been reported to be aberrantly 
expressed in NSCLC tissues or blood samples of patients with 
NSCLC (16‑41). The diagnostic value of the four miRNAs for 
NSCLC was verified via ROC curve analyses in two indepen‑
dent cohorts of age and sex‑matched plasma samples (training 
and testing sets). Univariate and multivariate logistic regres‑
sion analyses demonstrated the reliability of the diagnostic 
efficiency of these four miRNAs. Notably, the results of the 
present study demonstrated that combining the four miRNAs 
had a higher diagnostic power than that of single miRNAs, and 
it accurately distinguished patients with NSCLC from patients 
with BLD and healthy controls.

The diverse and complex molecular events involved in the 
initiation and development of a malignancy limits the utility 
of an individual miRNA as a tumor biomarker (17,19). A panel 
of miRNAs can represent several aspects of carcinogenesis, 
and the use of these miRNAs in combination can constitute a 
more complex indicator for NSCLC diagnosis and prognosis 
than single miRNAs (45). Some miRNAs, such as miR‑25 and 
miR‑214, that have been reported in previous studies (17,28), 
were markedly elevated in the plasma of patients with NSCLC 

Figure 3. ROC curve analyses in the training and testing sets. ROC curve analyses of plasma miR‑210, miR‑1290, miR‑150, miR‑21‑5p and CEA levels for 
distinguishing patients with NSCLC from (A) healthy controls and (B) patients with BLD. ROC curve analyses of the four‑miRNA panel and the miRNA panel 
combined with CEA for distinguishing patients with NSCLC from (C) healthy controls and (D) patients with BLD. ROC, receiver operating characteristic; 
miRNA/miR, microRNA; CEA, carcinoembryonic antigen; NSCLC, non‑small cell lung cancer; BLD, benign lung disease; AUC, area under the curve.
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in the training set in the present study. However, these miRNAs 
were not assessed in the testing set as they did not meet the 
selection criteria for further analyses.

The main cause of BLD in the present study included 
infectious and non‑infectious inflammation. Benign disease 
can lead to various substance changes at the molecular 
level (46), whereby the microenvironment of the lung is likely 
to be affected. Abnormal expression of miRNAs occurs 
in BLD (47‑49). Previous studies have reported that several 
circulating miRNAs are aberrantly expressed in patients 
with COPD or pneumonia. For example, miR‑23a, miR‑25, 
miR‑145 and miR‑224 are downregulated (47), while miR‑29 
and miR‑126 are upregulated in patients with COPD (48), 
and miR‑193a‑5p, miR‑542‑3p and miR‑1246 are markedly 
elevated in patients with pneumonia, which is associated with 
disease severity (49). However, no significant differences were 
observed in the plasma levels of the four miRNAs between 

patients with BLD and healthy controls in the present study, 
suggesting that the four plasma miRNAs can be used to distin‑
guish patients with NSCLC from patients with BLD.

The results of the present study demonstrated that the 
AUC values of the four miRNAs were higher than that of 
serum CEA levels. Notably, combination of the four miRNAs 
with CEA did not improve the AUCs of the miRNA‑based 
biomarker for distinguishing patients with NSCLC from the 
healthy controls, suggesting that the diagnostic performance 
of the four miRNAs is superior to that of CEA alone, a tumor 
biomarker widely used in the clinic (50). Notably, the plasma 
levels of the four miRNAs in patients with stage I NSCLC 
were markedly elevated compared with the healthy controls 
and patients with BLD. ROC curve analysis demonstrated that 
this panel displayed similar diagnostic performance in stage I 
and stage II‑IIIA patients, supporting the four‑miRNA panel 
as a diagnostic marker for early detection of NSCLC.

Figure 4. Plasma levels of the four miRNAs in patients with NSCLC with different stages of cancer and healthy controls, and associated ROC curve analyses. 
(A) The plasma levels of the four miRNAs were significantly upregulated in patients with stage I‑IIIA NSCLC compared with the healthy controls. (B) ROC 
curve analyses were performed on the four individual miRNAs to distinguish patients with NSCLC with different stages (stage I, stage II and stage IIIA) 
from healthy individuals. ROC curve analysis of the four‑miRNA panel in the training and testing sets were combined to distinguish (C) patients with stage Ⅰ 
NSCLC or (D) patients with stage Ⅱ‑ⅢA NSCLC from healthy individuals, and associated diagnostic performance. miRNA/miR, microRNA; NSCLC, 
non‑small cell lung cancer; ROC, receiver operating characteristic; AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value.
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Given that patients with NSCLC diagnosed at an 
early stage can undergo radical surgery of tumors  (3), 
the results of the present study suggest that the use of the 
four‑miRNA panel as a marker for defining early events 
of NSCLC may be an effective approach to improve 
prognosis. Histopathological analysis of biopsy tissue is 

the gold standard for NSCLC diagnosis, which requires 
invasive methods, such as transthoracic needle puncture or 
bronchoscopy (12). However, for early‑stage NSCLC, it is 
relatively difficult for a physician to obtain tissue samples 
by biopsy due to the small lesion size depicted in lung 
imaging (45). Therefore, it is important to develop novel 

Figure 6. Kaplan‑Meier analysis of DFS time in patients with NSCLC according to plasma levels of the four miRNAs. Kaplan‑Meier analyses of DFS curves 
for 88 patients with NSCLC stratified by high or low plasma levels of (A) miR-210, (B) miR-1290, (C) miR-150, and (D) miR-21-5p.. Kaplan‑Meier analyses of 
DFS curves for patients with NSCLC, with different histological subtypes, stratified by high or low plasma levels of (E and F) miR‑210 and (G and H) miR‑150. 
DFS, disease‑free survival; NSCLC, non‑small cell lung cancer; miRNA/miR, microRNA.

Figure 5. Plasma levels of the four miRNAs in patients with NSCLC with different histological subtypes and healthy controls, and associated ROC curve 
analyses. (A) The plasma levels of miR‑210, miR‑1290, miR‑150 and miR‑21‑5p were significantly upregulated in patients with SCC and in patients without 
SCC (adenocarcinoma and large cell carcinoma) compared with the healthy controls. (B) ROC curve analyses were performed on the four miRNAs combined 
in the training and testing sets to distinguish patients with NSCLC with different histological subtypes from the healthy controls. miRNA/miR, microRNA; 
NSCLC, non‑small cell lung cancer; ROC, receiver operating characteristic; SCC, squamous cell carcinoma; AUC, area under the curve; NS, no significance.
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non‑invasive methods and markers with high specificity and 
sensitivity for the detection of NSCLC.

The present study also assessed the individual role of the 
four miRNAs in predicting DFS in 88 patients with NSCLC 
who received surgery and follow‑up. The results demonstrated 
that high plasma levels of miR‑210 and miR‑150 were associ‑
ated with shorter DFS time. Notably, high plasma levels of these 
two miRNAs were significantly associated with a shorter DFS 
time in patients without SCC lung cancer, but not in patients 
with SCC. However, no significant differences in the plasma 
levels of miR‑210 or miR‑150 were observed between patients 
with SCC and patients without SCC lung cancer. Furthermore, 
the results demonstrated an association between DFS and 
changes in the plasma levels of the four miRNAs before and 
after surgery. Patients whose plasma levels of the four miRNAs 
were reduced by >50% after surgery had a longer DFS time, 
suggesting that changes in the pre‑ and post‑operative plasma 
levels of these four miRNAs may predict prognosis in patients 
with NSCLC.

Circulating miRNAs can derive from various cell types, 
including cancer cells, which passively leak or actively 
transport them into the bloodstream as a way of cell‑to‑cell 
communication or an alternative source of circulating 
miRNAs  (51,52). Thus, the deregulation profile, and the 
diagnostic and prognostic roles of circulating miRNAs may 
be independent from tissue samples. As circulating miRNAs 
originate from all cancer cells within an individual, analyzing 
circulating miRNAs can reduce the impact of the wide 
heterogeneity of a whole solid tumor compared with miRNAs 
isolated from a small piece of tissue (9,10). The four aber‑
rantly expressed miRNAs identified in plasma from patients 
with NSCLC in the present study are well documented 
NSCLC‑related miRNAs. miR‑210 is a reliable biomarker for 
the early diagnosis of NSCLC, which is found in blood samples 

and sputum and bronchoalveolar lavage fluid samples (53‑55). 
miR‑1290 is a tumor‑initiating cell‑specific miRNA, and 
together with miR‑1246, plays a crucial role in tumor initia‑
tion and cancer progression in human NSCLC (56), and it was 
identified as a potential prognostic biomarker for NSCLC (24). 
Zhang et al (57) reported that circulating miR‑150 can predict 
prognosis in early‑stage NSCLC, and can facilitate cancer cell 
proliferation by suppressing the tumor suppressor gene, SRC 
kinase signaling inhibitor 1. Li et al (58) demonstrated that 
miR‑150‑caused autophagy inhibition triggered endoplasmic 
reticulum stress, increased cellular reactive oxygen species 
levels, activated the DNA damage response and facilitated 
NSCLC cell proliferation and tumor growth. miR‑21‑5p upreg‑
ulation in tumor samples has been observed in patients with 
NSCLC, and has been confirmed as an independent prognostic 
predictor for overall survival (59). Another study reported that 
miR‑21‑5p expression in NSCLC tissue is associated with 
histological subtype, tumor volume, regional lymph node and 
distal metastasis, and that miR‑21‑5p promotes the progression 
of NSCLC by modulating SMAD7 expression (60).

The four miRNAs in blood samples of other types of cancer 
have also been assessed. For example, circulating miR‑210 is 
significantly increased in patients with breast cancer and hepa‑
tocellular carcinoma (61,62). Furthermore, serum miR‑1290 is 
markedly overexpressed in patients with pancreatic cancer and 
ovarian cancer (63,64). Circulating miR‑150 is upregulated in 
patients with colorectal cancer (65), and serum miR‑21‑5p is 
significantly elevated in patients with advanced papillary renal 
cell carcinoma (66). Taken together, these results suggest that 
the four miRNAs are involved in the occurrence and devel‑
opment of other cancers, and may be used as biomarkers for 
these cancers.

The present study is not without limitations. First, the total 
sample size was relatively small, which may have resulted in 

Figure 7. Pre‑ and post‑operative plasma levels of the four miRNAs and their association with DFS in patients with NSCLC. (A) Changes in plasma levels of 
the four miRNAs in patients with NSCLC before and after surgery. (B) Kaplan‑Meier analyses of DFS curves for patients with NSCLC stratified by the degree 
of decrease in the levels of the four plasma miRNAs after surgery (>50% vs. ≤50%). miRNA/miR, microRNA; DFS, disease‑free survival; NSCLC, non‑small 
cell lung cancer.
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bias. Furthermore, the follow‑up time of patients after surgery 
was not long enough, and only a small number of patients were 
included. Furthermore, the impact of hemolysis on the 
expression of miRNAs was not evaluated by measuring the 
hemolysis grade of the plasma samples, which may influ‑
ence the diagnostic accuracy of the four plasma miRNAs 
for NSCLC.

In conclusion, the results of the present study demon‑
strated the potential of a four‑plasma miRNA signature 
in the detection of early‑stage NSCLC. The results also 
indicated that the plasma expression profiles of miR‑210 
and miR‑150 can act as prognostic biomarkers for patients 
with NSCLC, mainly for those with the lung AD subtype. 
In addition, a significant decrease in the levels of these four 
plasma miRNAs (>50%) after surgery is a predictive factor 
of a longer DFS time. However, prospective cohorts are 
required to validate the results presented here.
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