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Wei Zhao, Jun-Jie Zhao, Long Zhang, Qin-Fu Xu, Yu-Miao Zhao, Xiao-Ya Shi, Ai-Guo Xu

Critical Section, The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, Henan Province, China

Received June 19, 2015; Accepted September 10, 2015; Epub September 15, 2015; Published September 30, 
2015

Abstract: Because lung cancer is the most common cause of cancer death among both men and women, focused 
efforts are necessary to identify and develop biomarkers that aid in the detection and treatment of this serious 
disease. Recent research has been aimed at understanding the roles of microRNAs (miRNAs) in tumorigenesis and 
their utility as cancer biomarkers. Here, miR-21 was investigated as a potential serum biomarker for non-small cell 
lung cancer (NSCLC). The relative expression level of miR-21 was detected by real-time PCR in the sera of 80 NSCLC 
patients; sera were also collected from 60 healthy people as a control. The most suitable cut-off value and the prog-
nostic value of serum miR-21 levels were analyzed using a receiver-operating curve. The relative serum miR-21 level 
in NSCLC patients was significantly higher than that in healthy people (P<0.05). For relative miR-21 expression, the 
area under the ROC curve was 0.812 (95% CI: 0.736-0.888) with a sensitivity of 73.8% and a specificity of 71.7%, 
based on a cut-off value of 1.22. NSCLC patients were divided into two groups based on miR-21 expression; those 
with higher relative expression (≥1.22) had significantly lower survival time than those in the lower expression group 
(P<0.05). Further, serum miR-21 level and survival time were negatively correlated in NSCLC patients (P<0.05). 
Thus, miR-21 may be useful as a diagnostic and prognostic indicator of NSCLC.
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Introduction

Lung cancer is the second-most common can-
cer and is the leading cause of cancer death 
worldwide [1]. Two pathological types of this 
disease exist: small cell lung cancer (SCLC) and 
non-small cell lung cancer (NSCLC). NSCLC is 
more common, accounting for more than 80% 
of lung cancer patients [2]. Importantly, lung 
cancers often do not cause symptoms until the 
disease reaches an advanced stage [1]. This 
feature, along with high mortality, has prompt-
ed focused research efforts on identifying bio-
markers to aid in the detection and treatment 
of lung cancer.

Recent efforts in cancer biology have sought to 
understand the roles of microRNAs (miRNAs) in 
tumorigenesis and treatment response. miR-
NAs are non-coding, short, single-stranded 
RNAs that regulate gene expression through 
the degradation, inhibition, or activation of tar-
get mRNA. Importantly, miRNAs have been 
associated with both the occurrence and devel-
opment of various tumors [3-5]. miR-21 is con-

sidered to be a classic oncogene; indeed, its 
expression is positively correlated with cancer 
metastasis [6, 7]. At the same time, miR-21 was 
also the first miRNA molecule detected in serum 
and, recently, its serum expression level has 
been linked with the prognosis of lung cancer 
patients [8, 9]. This study sought to verify the 
value of detecting the serum expression level of 
miR-21 for the diagnosis and prognosis of 
NSCLC in Han Population in Henan Province, 
Central China.

Materials and methods

Participants

The study prospectively enrolled 80 NSCLC 
patients who were treated in our hospital from 
January 2012 to December 2013. The group 
comprised 49 males and 31 females, ages 44 
to 71 (mean, 57.61±8.0) years. None of the 
patients had received chemotherapy or radia-
tion therapy before enrollment. An additional 
60 healthy individuals who underwent physical 
examination in our hospital during the same 
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time period were included as the control group. 
This group comprised 31 males and 29 fe- 
males, ages from 43 to 65 (mean, 55.4±6.6) 
years. There was no statistically significant dif-
ference between the patient group and control 
group in terms of gender or age (P<0.05). This 
study was approved by the Ethics Committee of 
the First Affiliated Hospital of Zhengzhou Uni- 
versity, Henan Province, China, and all partici-
pants provided informed consent.

Research methods

Extraction of serum RNA: A total of 5 mL venous 
blood was collected from each fasting partici-
pant. Samples were centrifuged immediately 
after coagulation, and the supernatant was col-
lected and stored at -80°C. Total RNA was 

extracted from serum using the Trizol method. 
RNA purity and concentration was determined 
with a UV spectrophotometer for absorbance 
(A) 260/280 value. Samples with a 1.8-2.0 
value would be included in subsequent ex- 
periments.

Reverse transcription and quantitative real-
time PCR: Extracted total RNA was reverse-
transcribed according to the instructions of the 
reverse transcription kit (ABI, USA) to obtain 
cDNA. Primer Premier 5.0 software was used to 
design primers according to miR-21 and U6 
gene sequences provided in GenBank. The 
primers, synthesized by ABI (USA), were as fol-
lows: miR-21 upstream, 5’-GTTAGCTTATCAGA- 
CTGA-3’; miR-21 downstream, 5’-GTGCAGGGTC- 
CGAGGTAT-3’; U6 upstream, 5’-CTCGCTTCGG- 
CAGCACA-3’; and U6 downstream, 5’-AACGCT- 
TCACGAATTTGCGT-3’. The expected product si- 
ze for miR-21 was 66 bp, for U6 was 94 bp. PCR 
was performed in a total volume of 20 μL com-
prising 10 μL TaqMan Gene Expression Master 
Mix (Life Technologies, USA); 0.5 μL of each 
primers (concentration: 10 μmol/L), 4 μL 
ddH2O. The reaction was performed in a ther-
mal cycler as follows: pre-degeneration at 95°C 
for 10 minutes; and 40 cycles of 95°C for 12 s 
and 62°C for 50 s. Each sample was performed 
in triplicate. Fluorescence signal was mea-
sured; the relative expression of miR-21 was 
determined with 2-ΔΔCT value [10].

Follow-up

NSCLC patients were followed for 12 to 48 
months through home visits, letters, and tele-
phone once every 3 months. Information col-
lected included whether the patients received 
reexaminations on schedule, as well as recur-
rence and metastasis time, and causes and 
times of death. All 80 patients were followed up 
completely.

Statistical methods

All test results were processed with SPSS17.0 
(IBM) statistical package. An independent sam-
ple t-test was used to analyze the difference in 
serum miR-21 levels between the two groups. A 
receiver-operating characteristic (ROC) curve 
was established to evaluate the diagnostic 
value of serum miR-21 for NSCLC. A Kaplan-
Meier survival analysis was performed, and 
Pearson correlation analysis was conducted 

Figure 1. Relative expression of miR-21 in NSCLC pa-
tients and healthy controls.

Figure 2. ROC curve for diagnostic value of serum 
miR-21 in NSCLC.
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between the serum miR-21 levels and survival 
time. For all tests, P<0.05 was considered as 
statistically significant.

Results

Serum detection of miR-21 expression

The average relative expression of miR-21 
(Figure 1) in NSCLC patients (1.41±0.23) was 
significantly higher than that of control individu-
als (0.94±0.42) (t=8.376, P=0.001).

Diagnostic value of miR-21 for NSCLC

An ROC curve was created to determine the 
diagnostic value of serum miR-21 expression 
levels. The area under the curve was 0.812 
[95% confidence interval (CI): 0.736-0.888]. 
The sensitivity and specificity were 73.8% and 

71.7%, respectively, when the cut-off value was 
1.22, as shown in Figure 2.

Relationship between serum miR-21 expres-
sion level and prognosis for NSCLC patients

Using the average value (1.22) for relative 
expression of serum miR-21 in NSCLC patients 
as the cut-off value, the 80 NSCLC patients 
were divided into two groups: 21 patients in the 
miR-21 low-expression group (relative expres-
sion of miR-21<1.22, 11 patients accepting 
chemo/radio therapies and 10 not accepting 
chemo/radio therapies ) and 59 patients in the 
miR-21 high-expression group (relative expres-
sion ≥1.22, 26 treated patients and 33 untreat-
ed patients). Kaplan-Meier analysis showed 
that the average survival time of patients in the 
miR-21 low-expression group was 34.4 months, 
and that of miR-21 high-expression group was 
23.1 months (Figure 3). The survival time of 
patients in the miR-21 low-expression group 
was significantly higher than that of the miR-21 
high-expression group (χ2=16.409, P=0.001). 
When looking only at the treated patients in 
each expression group, the average survival 
times of patients who were treated in the miR-
21 low-expression group and miR-21 high-
expression group were 42.7 and 28.6 months, 
respectively (Figure 4). The survival time of 
treated patients in the miR-21 low-expression 
group was significantly higher compared to the 
miR-21 high-expression group (χ2=15.314, 
P=0.001). The average survival times of 
untreated patients in the miR-21 low-expres-
sion group and miR-21 high-expression group 

Figure 3. Comparison of average survival time of 
NSCLC patients based on miR-21 expression level.

Figure 4. Comparison of average survival time of 
treated NSCLC patients based on miR-21 expression 
level.

Figure 5. Comparison of average survival time of un-
treated NSCLC patients based on miR-21 expression 
level.
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were 25.2 and 18.8 months, respectively 
(χ2=6.788, P=0.009) (Figure 5).

Relationship between serum miR-21 expres-
sion level and average survival times for 
NSCLC patients

A Pearson correlation analysis revealed a nega-
tive relationship between serum miR-21 level 
and survival time in NSCLC patients (r=-0.508, 
P=0.001, Figure 6). Similarly, when NSCLC 
patients were analyzed by treatment status, a 
negative relationship was detected between 
serum miR-21 level and average survival time 
of treated NSCLC patients (r=-0.701, P=0.001, 
Figure 7), as well as untreated NSCLC patients 
(r=-0.509, P=0.001, Figure 8).

Discussion

Abnormal cell proliferation is an important fea-
ture of tumor biology, and miRNA plays an 

important regulatory role in cell proliferation, 
differentiation, and apoptosis [11]. Numerous 
studies have reported that miRNAs act as onco-
genes or cancer suppressor genes; some miR-
NAs with oncogenic effects can promote tumor-
igenesis by inhibiting expression of tumor 
suppressor genes [12]. The expression level of 
miRNAs in tumor tissues differs significantly 
from that of normal tissues [13, 14], thus these 
abnormally expressed miRNA are expected to 
be important markers for the diagnosis, prog-
nosis, and treatment of tumors.

miR-21 expression is significantly associated 
with tumorigenesis, displaying increased ex- 
pression in breast, liver, lung, and gastric can-
cers [15, 16]. Further, the inhibition of miR-21 
expression can promote tumor apoptosis [17]. 
In this study, quantitative PCR was used to 
detect serum miR-21 expression in NSCLC 
patients and healthy individuals to determine 
its potential utility as a biomarker of NSCLC. 
Indeed, miR-21 expression was significantly 
higher in the serum of NSCLC patients than 
healthy indiviuals, indicating that serum miR-21 
expression may reflect the occurrence and 
development of NSCLC. The sensitivity (73.8%) 
and specificity (71.7%) of detecting miR-21 
expression in the serum further confirmed that 
serum miR-21 level can be used as a potential 
tumor marker for diagnosis of NSCLC. In addi-
tion, a survival analysis correlated the expres-
sion of serum miR-21 with survival of patients 
with NSCLC; lower serum miR-21 expression 
was associated with longer survival time com-
pared to patients with higher serum miR-21 
expression. Pearson correlation analysis sho- 
wed there were negative relationships between 

Figure 7. Relationship between serum miR-21 level 
and survival time in treated NSCLC patients.

Figure 8. Relationship between serum miR-21 level 
and survival time in untreated NSCLC patients.

Figure 6. Relationship between serum miR-21 level 
and survival time in NSCLC patients.
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serum miR-21 level and survival time in NSCLC 
patients; specifically, the survival time 
decreased with increasing serum miR-21 level. 
Thus, serum miR-21 expression levels may be 
useful as a diagnostic and prognostic indicator 
for NSCLC.

In summary, serum miR-21 expression is higher 
in NSCLC patients and higher miR-21 expres-
sion in the serum is associated with shorter 
survival. Thus, miR-21 may be useful as a pri-
mary molecular marker for the diagnosis and 
prognosis of NSCLC. However, its clinical appli-
cation value still needs to be confirmed in fur-
ther research.
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