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Background: Lung cancer is a leading cause of cancer death worldwide. Early diagnosis is essential for 
improvements of prognosis and survival of the patients. Altered expressions in many cancer types including 
lung cancer and stable existence in plasma make microRNAs (miRNAs) a group of potentially useful 
biomarkers for clinical assessments of patients with lung cancer. In this study, we evaluate the potential values 
of miRNAs as plasma biomarkers for early diagnosis in non-small-cell lung cancers (NSCLC) by comparing 
with other typical plasma biomarkers.
Methods: We analyzed the clinical and laboratory characteristics of 59 early-staged NSCLC (I–IIIA) 
patients and non-cancer controls by 1:1 matching age and gender from January 2012 to February 2014 in 
Xuanwu Hospital, Beijing, China. Peripheral blood samples from patients and controls before surgery were 
collected, and plasma was separated. Expression of ten miRNAs in the plasma of the patients and controls 
was detected by quantitative real-time polymerase chain reaction. Other typical markers, such as SCC, CEA, 
and CYFRA21-1 in plasma were also detected. The early diagnostic ability of miRNAs and other markers 
were evaluated by receiver-operating-characteristic (ROC) curve analysis. The sensitivity, specificity, and 
area under the curve were calculated for the cut-off value.
Results: Plasma CYFRA21-1, miRNA-486 and miRNA-210 levels were significantly different in 
patients with NSCLC than those in controls (CYFRA21-1: 8.896±7.681 vs. 5.892±6.028, P=0.020; miR-
486: 2.778±0.778 vs. 1.746±0.892, P<0.001; miR-210: 4.836±3.374 vs. 2.829±2.503, P<0.001). Area under 
ROC curve of CYFRA21-1, miR-486 and miR-210 were 0.624 (sensitivity: 0.576, specificity: 0.797), 0.848 
(sensitivity: 0.831, specificity: 0.780) and 0.751 (sensitivity: 0.746, specificity: 0.746), respectively. The 
optimal cut-off value of CYFRA21-1, miRNA-486 and miRNA-210 were 6.595, 1.988 and 3.341, respectively 
to discriminate patients from controls. Plasma markers combined diagnosis ability had the highest sensitivity: 
0.983, but the specificity was low. miR-486, miR-210 and CYFRA21-1 combined diagnosis ability was the 
highest, and the AUC was 0.924 (sensitivity: 0.847; specificity: 0.728).
Conclusions: The results suggest that miRNA-486 and miR-210 could be potential blood-based 
biomarkers for early diagnosis of NSCLC. miRNAs and other lab indexes may be combined to early 
diagnose NSCLC, which showed better ability of screening patients. 
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Introduction

Lung cancer remains one of the leading causes of cancer 
mortality not only in the worldwide but also in China. In 
the past 50 years, the mortality and incidence rate have 
been rising in many countries. On average, about 600,000 
cases were reported to die of lung cancer in China every 
year (1). About 80% of lung cancers were non-small-cell 
lung cancers (NSCLC), including three main subtypes: 
squamous cell carcinoma (SQ), adenocarcinoma (AC), and 
large-cell carcinoma. Although surgery, chemotherapy, 
radiotherapy and target therapy have significantly improved 
the prognosis, the 5-year survival rate for NSCLC remains 
at about 10% (2-4). Most patients are diagnosed at a late 
stage and lose the best chance to treat, and the majority of 
them can only be treated with palliative therapy. This causes 
the overall survival remaining poor, and many patients 
die within a few months of diagnosis. Therefore, it is very 
important to improve the survival rate for NSCLC by early 
stage diagnosis and treatment. 

Currently, the reliable methods to diagnose NSCLC 
were developed, such as computed tomography (CT), 
magnetic resonance imaging (MRI) and biopsy; however, 
it was still hard to give an early diagnosis of the disease in 
clinical practice. Most patients are often diagnosed in the 
middle-late disease period. Biopsy with histopathological 
examination is usually used to confirm the diagnosis. But 
its clinical application is limited because of the difficulty 
in obtaining biopsy tissue and the trauma to patients. 
Thus novel biomarkers used for early diagnosis, which 
are easier to be obtained and tested, are urgently needed. 
Novel markers from plasma, such as CEA, SCCA, NSE, 
CRP, CYFRA21-1, and microRNAs (miRNAs) used for 
early diagnosis of NSCLC, are attracting intense interest 
recently, which are more convenient, with lower cost and 
smaller trauma than traditional methods (5-7).

MiRNAs are a group of small non-coding, single-stranded 
RNAs, acting as negative regulators of gene expression 
at the post-transcriptional level. Over 2,500 miRNAs are 
transcribed from miRNA genes in the human genome (8). 
There is a variety of biological functions of miRNAs, such 
as differentiation, proliferation, cellular development, cell 
death and metabolism (9). Cancer initiation and progression 
can involve miRNA, and past studies have indicated that 
miRNAs play an important role in regulating those biological 
functions, including apoptosis, which is a process frequently 
evaded in cancer progression. Their expression profiles can 
be used for the classification, diagnosis, and prognosis of 

human malignancies. In the last decade, miRNAs measured 
either from tumor samples or in biofluids, have emerged as 
biomarkers for tumor diagnosis, prognosis and prediction 
of response to treatment. MiRNAs provide the possible 
approach to earlier diagnosis of lung cancer. Deregulation 
happens among some miRNAs in lung cancer, which target 
cancer-relevant events and have been evidenced to have 
tumor-suppressing or tumor-promoting activity both in 
vitro and in vivo models in lung cancer (10). CYFRA21-1 
is a small part of cytokeratin (CK) 19, which is the main 
structural element of the cytoskeleton of epithelial cells. 
CK19 has been reported to be over-expressed in many lung 
cancer tissue specimens (11,12), which results in an increase 
of the plasma CYFRA21-1 values (13). Some studies reported 
that CYFRA21-1 can be useful for pathological typing and 
assessment of treatment efficacy of NSCLC (14,15).

However, there are also opposite views about the miRNAs 
being a biological marker for lung cancer diagnosis and 
prognosis, and the sensitivity and specificity of the miRNAs 
in early lung cancer diagnosis, which reflect that the lung 
cancer progression is still not very clear. Some studies reported 
that plasma tumor markers with high concentrations are 
often found only when the disease is at an late stage (16-19). 
Therefore, it is difficult to detect a lung tumor clinically at an 
early stage with plasma marker assays (20,21). In addition, it 
is also unknown that whether there is an optimal cut-off value 
to discriminate patients from non-cancer people. In this study, 
the role of miRNAs and other plasma markers were evaluated 
in the diagnosis of 59 NSCLC patients.

Methods

Study population

A 1:1 matching case-control study was conducted in 
Department of Thoracic Surgery of Xuanwu Hospital from 
January 2012 to December 2014 in Beijing, China. This 
study was approved by the Ethics Committee of Xuanwu 
Hospital (ID: clinical research 2014022) and written 
informed consent was obtained from all study participants. 
Patients who were confirmed at an early stage of NSCLC 
(I–IIIA) from pathological or cytological perspectives 
recommended by WHO were recruited to participate in 
the study. The inclusion criteria were as follows: confirmed 
diagnosis of lung cancer for the first time, at the stage I–
IIIA, age of 18 or more, had willingness to participate in the 
study, and had not been previously diagnosed with other 
cancers. Tumors were staged according to the tumor-node-
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metastasis (TNM) staging system of the American Joint 
Committee on Cancer.

Control group

The controls were recruited from among patients confirmed 
lung benign disease by the department of lung disease in 
the same Hospital and during the same study period. The 
controls had no history of lung cancer or other cancers. 
They were matched with the cases by the same sex and 
similar age (being in ±2 years).

Experimental data collection

All study participants underwent a routine medical 
examination. Their age, sex, disease history, and laboratory 
data were all recorded. A 10 mL sample of venous blood was 
collected in an anticoagulant tube with ethylene diamine 
tetra acetic acid (EDTA) among all study participants 
before any therapies of the patients or before the patients 
started treatment or underwent lung resections. Then the 
blood samples were centrifuged at 1,000 g for 10 min at  
4 ℃ in a Sigma 3k15 centrifuge (SIGMA Laborzentrifugen, 
Osterode am Harz, Germany) and the plasma was 
immediately separated, frozen and stored at −80 ℃ until 
analysis. MiRNAs, SCCA, CEA, and CYFRA21-1 were 
tested from all the subjects.

Relative changes of ten miRNAs (miR-)expression 
including miR-126, miR-150, miR-155, miR-205, miR-21,  
miR-210, miR-26b, miR-34a, miR-451 and miR-486 
were selected to analyze between the case and control 
group. These ten miRNAs shows altered expressions in 
lung cancer plasma in previous studies. The experimental 
steps were as follows: firstly, the total RNA were extracted 
and purified from 200 μL of plasma using the QIAGEN 
MiRNeasy Mini Kit (catalogue no. 217004; QIAGEN, 
Hilden, Germany). The quantity and quality of RNA were 
measured by a dual-beam ultraviolet spectrophotometer 
(Beckman Coulter, Fullerton, CA, USA) and samples with 
a A260/A280 ratio 1.8:2.1 were used for analysis. Secondly, 
the plasma concentration of ten miRNAs was measured 
by quantitative real-time reverse transcription-polymerase 
chain reaction (RT-PCR) using the QuantiTectTM SYBR 
Green PCR Kit (QIAGEN) and the Applied Biosystems 
7900 Sequence Detection System (Applied Biosystems, 
Foster City, CA, USA) according to the manufacturers’ 
instructions. MiRNA specific stem-loop primers were 
supplied by the TaqMan MiRNA Assays (Applied 

Biosystems, Inc., Grand Island, NY, USA) and the reverse 
transcription reactions from miRNAs converting to 
cDNA were conducted with TaqMan MicroRNA Reverse 
Transcription Kit (Applied Biosystems, Inc., Grand Island, 
NY, USA). The reactions were incubated in a 96-well 
optical plate at 95 ℃ for 10 min, followed by 40 cycles at  
95 ℃  for 15 s, and 60 ℃  for 60 s. Reactions were 
performed in triplicate. Thirdly, the cycle threshold (CT) 
was recorded, which was defined as the number of PCR 
cycles required for the fluorescent signal to be higher than 
a threshold indicating baseline variability. miRNA-16 
(sequence: 0-UAGCAGCACGUAAAUAUUGGCG-30; 
Takara Biotechnology) was chosen as the endogenous 
reference control. Relative changes of miRNA expression 
were represented by 2-ΔCT, and the differences between 
the original copy number of miRNA in the lung cancer 
group and that in the control group were analyzed, where 

ΔCT = (CT MiRof case or control − CT reference 
sample). 

Other tumor markers were also assayed according 
to the protocol. CYFRA21-1 levels were measured by 
an electrochemiluminescent immunoassay (ECLIA) 
(CYFRA21-1; Roche Diagnostics, Germany). CEA levels 
were measured by a chemiluminescence immunoassay 
(CLIA) (Centaur CEA; Bayer HealthCare, USA). SCC 
levels were measured by an immunoradiometric assay 
(IRMA) (SCC-RIABEAD; SRL Inc., Japan).

Statistical analysis

Statistical analysis is performed using SPSS 19.0 (SPSS 
Inc., Chicago, IL, USA) for Windows. Categorical data 
are expressed as frequencies. Pearson’s Chi-square test 
or Fisher’s exact test is used to analyze the differences 
of categorical variables. Continuous data are expressed 
as the mean ± standard deviation. Student’s t-test or the 
Mann-Whitney U-test is used to analyze the differences of 
continuous variables between groups. Receiver-operating-
characteristic (ROC) analysis is used to analyze the ability 
of the plasma markers level to discriminate between 
patients and controls. The areas under the ROC curves 
(AUROCs) are calculated to assess the performance of each 
marker to distinguish lung cancer. Optimum cut-off values 
are calculated to optimize sensitivity and specificity (i.e., 
the Youden index). The positive and negative predictive 
values [the positive predictive value (PPV) and the negative 
predictive value (NPV), respectively] of each marker 
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and combined markers are assessed. When analyzing the 
diagnostic yield of a combination of tumor markers, a case 
is considered as positive if either tumor marker result is 
positive, and negative if both or three tumor marker results 
are negative. A P<0.05 (two-tailed) is considered as the level 
of statistically significant.

Results

Baseline clinical characteristics of the study population

A total of 59 NSCLC patients and controls, including 41 
males and 18 females respectively, were selected in the 
study. Among the 59 patients, 35 were at stage I–II and 24 
were at stage IIIa. According to the WHO classifications, 30 
patients (50.8%) were diagnosed with SQ, 26 (44.1%) with 
AC, 3 (5.1%) had large-cell carcinoma. The 59 controls that 
were diagnosed with lung benign diseases included 32 cases 
of pulmonary infection, 17 cases of chronic obstructive 
pulmonary diseases and 10 cases of pulmonary tuberculosis. 
The average age of the case group was 55.9±15.1 years and 
the control group was 57.6±16.5 years. The independent t 
analysis showed that there were no significant differences 
between the two groups’ age (t=0.58, P=0.72) (See Table 1).

Comparison of plasma CEA, CYFRA21-1, SCC and 
miRNAs

Plasma CEA, SCC, CYFRA21-1 and ten candidate miRNAs 

levels were observed and analyzed. CYFRA21-1, miR-486 and 
210 levels were significantly different in patients with NSCLC 
than those in controls. CEA, SCC, and other miRNAs were 
not significantly different in two groups (See Table 2).

ROC curve analysis

AUROC of CYFRA21-1, miR-486 and miR-210 were 0.624 
(sensitivity: 0.576; specificity: 0.797), 0.848 (sensitivity: 
0.831; specificity: 0.780) and 0.751 (sensitivity: 0.746; 
specificity: 0.746), respectively. The optimal cut-off value 
of CYFRA21-1, miR-486 and miR-210 were 6.595, 1.988 
and 3.341, respectively to discriminate patients from 
controls (See Figure 1 and Table 3). MiR-486, miR-210 and 
CYFRA21-1 combined diagnosis ability was the highest, 
and the AUC was 0.924 (sensitivity: 0.847; specificity: 0.728)  

Table 1 The baseline clinical characteristics of NSCLC cases and 
controls

Baseline clinical characteristics Cases Controls

Age (years) 55.9±15.1 57.6±16.5

Male 41 41

Female 18 18

Smoking index >400 23 17

Squamous cell carcinoma 30 –

Adenocarcinoma 26 –

Large-cell carcinoma 3 –

Stage I–II 35 –

Stage IIIA 24 –

Pulmonary infection – 32

Chronic obstructive pulmonary diseases – 17

Pulmonary tuberculosis – 10

Smoking index, the average number of cigarettes smoked per 
day × years of smoking history.

Table 2 Comparison of plasma markers between case and control 
group

Index Groups N Mean SD t P value

CEA (ng/mL) Controls 59 4.601 8.143 1.617 0.109

Cases 59 6.931 7.480

CYFRA21-1 (ng/mL) Controls 59 5.892 6.028 2.363 0.020

Cases 59 8.896 7.681

SCC (ng/mL) Controls 59 1.157 0.717 0.222 0.825

Cases 59 1.125 0.840

MicroRNA-210 Controls 59 2.829 2.503 3.669 <0.001

Cases 59 4.836 3.374

MicroRNA-486 Controls 59 1.746 0.892 6.697 <0.001

Cases 59 2.778 0.778

MicroRNA-126 Controls 59 2.676 1.797 1.375 0.172

Cases 59 3.095 1.494

MicroRNA-150 Controls 59 1.167 0.726 1.469 0.145

Cases 59 0.984 0.629

MicroRNA-155 Controls 59 0.046 0.024 1.434 0.154

Cases 59 0.054 0.031

MicroRNA-205 Controls 59 0.044 0.026 1.413 0.160

Cases 59 0.052 0.032

MicroRNA-21 Controls 59 1.280 0.611 0.836 0.405

Cases 59 1.193 0.508

MicroRNA-26b Controls 59 2.113 1.463 1.170 0.245

Cases 59 1.842 1.003

MicroRNA-34a Controls 59 1.386 0.705 0.764 0.446

Cases 59 1.474 0.542

MicroRNA-451 Controls 59 1.113 0.385 0.460 0.646

Cases 59 1.075 0.509
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(See Table 4, Figure 1). There were two cut-off values of miR-210  
from the ROC. When the cut-off value of miR-210  
was 3.398, the PPV and NPV were both lower than those 
of 3.341 (0.729 vs. 0.746 for both), so 3.341 was selected as 
the cut-off value. 

Discussion

When tumor metastasis occurs, it often results in treatment 
failure of advanced lung cancer. So early diagnosis of 
lung cancer is essential for prognosis of the patients (22).  
But lack of diagnostic biomarkers for early detection has 
made lung cancer one of the human cancers with the worst 
prognosis. In clinical practice, lung cancer diagnosis still 

depends primarily on imaging techniques, such as X-ray 
and CT, and if a suspicious lesion is present, biopsy with 
histopathological examination is used to confirm the 
diagnosis. The early detection of metastasis in lung cancer 
patients using a convenient method becomes an important 
research goal (23). This study we found that tumor marker 
levels were higher in NSCLC patients than those patients 
with benign lung disease (Table 2). To evaluate the diagnostic 
value of tumor markers, we used ROC curves to calculate 
cut-off levels and AUC. We observed a moderate specificity 
(86.7%) and high sensitivity (91.3%) when combined cut-
off levels of tumor markers were used. This study was 
designed to evaluate the diagnosis value of tumor markers 
miRNAs, CYFRA21-1, CEA, and SCC in differential 
diagnosis of early-stage NSCLC from benign lung disease. 
It showed that plasma CYFRA21-1, miR-486 and 210 were 
different between NSCLC and controls, but CEA and 
SCC had no differences. MiR-210 and miR-486 had higher 
sensitivity and accuracy, but those of CYFRA21-1 was lower 
in the early diagnosis for NSCLC. 

Plasma CYFRA21-1 level has been reported for 
diagnosis of SQ of lung cancer with high specificity (24). 
This study also got the high diagnosis specificity of early 
stage lung cancer but low sensitivity. But there were slightly 
different conclusions about CYFRA21-1 being a sensitive 
tumor marker for lung cancer. A study (25) had confirmed 
that plasma CYFRA21-1 appeared more sensitive and 
more specific for lung cancer diagnosis than other tumor 
markers such as CEA and SCC. A meta-analysis has also 
revealed that plasma CYFRA21-1 may be a biomarker in 
the diagnosis of patients with NSCLC (26). Our study 

Table 3 Diagnostic validity of plasma markers in differentiating case and control group

Variables AUROC (95% CI) P value Cut-off values Sensitivity Specificity Youden’s index PPV NPV Accuracy

CYFRA21-1 0.624 (0.519, 0.728) 0.0210 6.595 0.576 0.797 0.373 0.739 0.653 0.686

MicroRNA-210 0.751 (0.661, 0.842) <0.0001 3.341 0.746 0.746 0.492 0.746 0.746 0.746

MicroRNA-486 0.848 (0.775, 0.922) <0.0001 1.988 0.831 0.780 0.611 0.790 0.821 0.805

AUROC, the areas under the ROC curves; PPV, the positive predictive value; NPV, the negative predictive value.

Table 4 Diagnostic validity of combined plasma markers in differentiating case and control group

Combined markers AUC P value Sensitivity Specificity Youden’s index

MicroRNA-486 and CYFRA21-1 0.873 <0.001 0.831 0.780 0.611

MicroRNA-486 and MicroRNA-210 0.892 <0.001 0.831 0.780 0.611

MicroRNA-210 and CYFRA21-1 0.810 <0.001 0.746 0.746 0.492

MicroRNA-486, MicroRNA-210 and CYFRA21-1 0.924 <0.001 0.847 0.811 0.728

Figure 1 receiver-operating-characteristic curve of plasma markers 
to discriminate patients and control subjects.
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also showed that combined with other plasma markers, 
CYFRA21-1 had a higher sensitivity.

In this study, miR-486 was demonstrated to be higher 
in plasma of early-stage NSCLC than that in controls, 
which was a sensitive and specific marker in plasma for 
differentiating of patients from “normal” individuals. 
Compared to other markers in this study, miR-486 showed 
the best ability to independently screen early-stage NSCLC 
according to diagnostic validity assessing indexes such as 
AUROC, Youden’s index, PPV, NPV and Accuracy. So the 
researchers believed that miR-486 could become a promising 
marker in peripheral blood for early detection of NSCLC. 
MiR-486 had been reported to be a significant biomarker for 
clinical assessment of lung cancer patients in many studies. 
But different studies reported different conclusions about 
miR-486’s regulation in cancers. Some studies reported that 
miR-486 was reduced in peripheral blood or tissues (27-29)  
of lung cancer patients, while others reported that it was 
up-regulation in lung cancer patients (30) or those patients 
with up-regulated level miR-486 in plasma had short overall 
survival (31). Those inconsistent findings were controversial 
and different study samples selection may be an important 
reason for this, which needs to be further studied and 
comprehensively analyzed.

In this study, miR-210 was another plasma miRNA marker 
for early detecting NSCLC. The plasma level of miR-210 in 
patients with early stage was significantly higher than that in 
controls. According to the AUROC, Youden’s index, PPV, 
NPV and accuracy, miR-210 was the second most significant 
plasma marker for early diagnosis compared to other 
markers in this study. At present, Among miRNAs studies, 
miR-210 has become one of the most widely studied one 
in cancer, which was reported to be upregulated in various 
types of cancers (32,33) and has played an important role 
in tumorigenesis. This result was consistent with previous 
findings in which miR-210 levels were increased in lung 
cancer patients (34-37). MiR-210 levels expression also was 
a prognostic factor for survival of lung cancer patients (38).  
However, the mechanism of miR-210 upregulation has not 
been completely clear. MiR-210 overexpression showed 
a correlation with hypoxia-inducible factor, carbonic 
anhydrase IX, and with von Hippel-Lindau mutation or 
promoter methylation (39). Although it is still not clear 
enough in the exact mechanism of miR-210 action and its 
role in tumorigenesis, it is of great significance in exploring 
its application as a diagnostic method in many types of 
cancers. It indicates that plasma miR-210 may play a role as 
a novel diagnostic marker of early stage lung cancer.

Circulat ing miRNAs have been reported to be 
remarkable biomarkers for cancer diagnosis due to their 
abundance and stability in circulating blood (40). Our study 
identified two candidate miRNAs, those are miR-486 and 
miR-210, as potential blood-based biomarkers for early 
diagnosis and prognosis of NSCLC. Circulating tumor-
derived miRNAs were first described in peripheral blood by 
Mitchell et al. (41), who found that circulating miRNAs had 
the potential to be new biomarkers in patients with prostate 
cancers. MiRNAs from blood also demonstrated high 
stability after prolonged incubation at room temperature 
and/or after multiple freezing-thawing processes. Thus, 
identifying a miRNA that can diagnose lung cancer patients, 
at an early stage, may play an important role in the future 
treatment of this cancer (42).

In this study, two of the three plasma markers or the three 
in parallel combined diagnosis ability were higher than single 
marker, particularly miR-486, miR-210 and CYFRA21-1 
in parallel. However, this study has several limitations to be 
taken into account: firstly, this study was an hospital based 
case-control study, it was convenient and less cost, but the 
samples were selected from the same department of the same 
hospital, it is necessary to consider the representativeness of 
the sample when the results are generalized. Secondly, the 
sample size in this study is relatively small, in which only 59 
NSCLC patients and non-cancer controls were recruited, 
the results is possible to be validated in a significantly larger 
group of patients with NSCLC. Therefore, further large 
sample populations and multicentric studies are needed 
to confirm these findings. Thirdly, only parts of plasma 
markers were analyzed and the diagnostic value of plasma 
markers may be affected by some factors, such as prevalence 
rate of disease. Therefore, conclusions obtained from this 
study may be limited in other studies.
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