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Introduction

Lung cancer remains the leading cause of can-
cer deaths among both men and women with a 
five-year survival rate of 18.7%1. In recent ye-
ars, lung cancer has been increasing rapidly in 
China2. Non-small cell lung cancer (NSCLC) is 
the most common histological subtype, accoun-
ting for 80-85% of all lung cancers3. Despite 
recent advances in diagnostic and therapeutic 
procedures, about 30% of these NSCLC patien-
ts showed recurrence or metastasis during five 
years period4,5. It was reported that the 5-year 
survival rate could reach to 50% if it was early 
detected and received treatment6. Currently, the 
widely used diagnostic markers for NSCLC are 
CEA, CYFRA21-1 and SCC7. However, these 
tumor markers often fail to improve the rate of 
early diagnosis, which results in NSCLC spre-
ading. Thus, it is necessary to search for novel 
markers for NSCLC, which can accurately iden-
tify the biological characteristics of tumors and 
help clinical treatments. MicroRNAs (miRNAs), 
approximately 18-25 nucleotides in length, are 
a group of endogenous small and noncoding 
RNAs8. It has been well known that miRNAs 
play important roles in a variety of biological 
processes, such as development, differentiation, 
proliferation, and apoptosis9. Recent studies have 
shown that miRNAs play critical roles in the de-
velopment, invasion and metastasis of tumors10, 
including NSCLC. For instance, Yao et al11 repor-
ted that miR-325-3p upregulation inhibited cell 
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invasion and proliferation by targeting HMGB1 
in NSCLC. Zhang et al12 reported that miR-377 
overexpression reduced NSCLC cell prolifera-
tion and promoted apoptosis by targeting CDK6. 
These findings indicated that miRNAs play 
different roles in tumors. Indeed, growing evi-
dence showed that miRNAs can function either 
as tumor suppressors or as oncogenes13,14. The 
important role of miRNAs in the development 
of tumors highlights the potential as diagnostic 
and prognostic biomarkers in cancers15. Zhao et 
al16 showed that miR-411 was overexpressed in 
the lung cancer cells, and it served as a tumor 
promoter. However, the detail role of miR-411 in 
NSCLC remains largely unknown. In the present 
study, we aimed to study whether serum miR-
411 could represent a predictive biomarker for 
the prognosis and diagnosis of NSCLC patients.

Patients and Methods

Patient Specimens
Between July 2010 and June 2012, 153 pa-

tients with NSCLC were admitted to the Second 
People’s Hospital of Liaocheng and Underwent 
Surgical Resection. The diagnosis of all cases 
of NSCLC was confirmed histologically, based 
mainly on examination of sections stained with 
hematoxylin and eosin (H&E). The 153 NSCLC 
patients consisted of 96 males and 57 females, and 
the age ranged from 37 to 77 years. None of the 
patients had received any other therapy, including 
percutaneous ablation and chemo-embolization 
before surgery. All the NSCLC patients were fol-
lowed for 60 months and a set of complete clinical 
data was recorded properly. In the control group, 
75 blood samples were collected from individuals 
who had previously been diagnosed without any 
type of tumors. The detail clinical information 
was shown in Table II. Written informed consent 
was obtained from all patients, and the study was 
approved by the Ethics Committee of The Second 
People’s Hospital of Liaocheng.

RNA Extraction and RT-PCR
To obtain serum samples, 10 mL of peripheral 

blood was drawn into separate gel tubes and then 
subjected within 30 min to centrifugation at 1.500 
g for 10 min at 4°C. The supernatants were stored 
at -80°C until use. Total RNA was extracted from 
the serum using TRIzol reagent (Invitrogen, Car-
lsbad, CA, USA), according to the manufacturer’s 
instructions. Then, the RNA was reverse transcri-

bed using SuperScript First Strand cDNA System 
(Thermo Fisher Scientific, Waltham, MA, USA). 
The miR-411 expression was measured by qRT-
PCR using an ABI7300HT instrument (Applied 
Biosystems, Foster City, CA, USA). Reactions 
were incubated in a 96-well optical plate at 95°C 
for 10 min, followed by 45 cycles of 95°C 15 s, 
60°C for 60 s. Results were normalized to the 
expression of U6. The relative gene expression 
was calculated using 2-ΔΔCt method. Primers used 
in qRT-PCR were shown in Table I.

Statistical Analysis
All the statistical analyses and graphics were 

performed with GraphPad Prism version 5.00 for 
Windows (GraphPad Software, San Diego, CA, 
USA) or SPSS version13.0 for Windows (SPSS 
Inc, Chicago, IL, USA). The X2 and t-tests were 
performed to explore the associations between 
the miR-411 expression level and the clinical cha-
racteristics. Overall survival curves were plotted 
according to the Kaplan-Meier method, and the 
log-rank test was applied for comparison. Cox’s 
proportional hazards model was used to identi-
fy the factors that have significant influence on 
survival. Diagnostic accuracy of serum miR-411 
was assessed employing receiver operating cha-
racteristic (ROC) curve. p < 0.05 was considered 
statistically significant.

Results

Evaluation of Serum miR-411 Expression 
Level in NSCLC Patients and Healthy 
Volunteers

We first checked the expression status of miR-
411 the serum of the NSCLC patients. As shown 
in Figure 1, our results indicated that serum miR-
411 levels were significantly greater in NSCLC 
patients than healthy controls (p < 0.001). These 
results indicated that miR-414 might play an on-
cogenic role in NSCLC.

Association Between Serum miR-411 
Expression and Clinical Pathological 
Features

To evaluate the potential relationship between 
serum miR-411 expression and NSCLC clinico-
pathologic features, we divided the samples into 
high (above the median, n= 78) and low (below 
the median, n=75) serum miR-411 expression 
groups according to the median value of serum 
miR-411 levels. Noticeably, high serum miR-



S.-Y. Wang, Y. Li, Y.-S. Jiang, R.-Z. Li

4094

411 expression was significantly associated with 
TNM stage (p = 0.018), lymph node status (p 
= 0.006) and differentiated degree (p < 0.015). 
However, we did not find a significant associa-
tion of serum miR-411 expression levels with age, 
gender, smoking history and distant metastasis (p 
> 0.05, respectively).

Correlation Between Serum Expression 
of miR-411 and Survival Time of NSCLC 
Patients

We further evaluated the association of serum 
miR-411 expression level with the survival of 
NSCLC patients. The Kaplan-Meier curve reve-
aled that the upregulation level of serum miR-411 
was related to worse overall survival (p = 0.0053, 
Figure 2). We further performed a Cox multiva-
riate analysis to identify independent prognostic 
markers for NSCLC. Univariate analysis of fac-
tors related to overall survival in NSCLC is sum-
marized in Table III. TNM stage, lymph node 
status, differentiated degree and serum miR-411 
expression were significant prognostic factors for 

overall survival of NSCLC patients. Furthermore, 
in a multivariate Cox model, we found that se-
rum miR-411 expression was an independent poor 
prognostic factor for overall survival in NSCLC 
patients (HR=3.789, p = 0.008, Table III).

Diagnostic Accuracy of Serum miR-411 
for NSCLC

To investigate the characteristics of serum 
miR-411 as potential tumor markers of NSCLC, 
we performed the ROC curve and the area under 
the ROC curves (AUC) on NSCLC patient and 
healthy controls. As shown in Figure 3, our resul-
ts suggested that the area under the curve (AUC) 
of high expression of serum miR-411 to diagno-
se NSCLC, was 0.835 (95% CI: 0.737-0.933, p 
< 0.001). These results showed that the relative 
expression of serum miR-411 level could distin-
guish NSCLC patients from healthy controls.

Discussion

The development of a tumor is a multi-stage 
slow process, involving a wide range of mole-
cular biological changes17. More and more tu-
mor markers have been found to be abnormal-
ly expressed in tissues and serum of patients. 
Previous studies indicated that some markers 
could be used for potential biomarkers for the 
diagnosis and prognosis of NSCLC like serum 
protease activated receptor118, glycosylated al-
pha-1-acid glycoprotein 119 and serum HE420. 
Since circulating miRNAs were discovered in 
200821, they rapidly became the hot point for 
the diagnosis and prognosis of human can-

Table I. The primer sequence of serum miR-411 and U6.

Gene	 Sequence	
	
miR-411	 F: 5’-GGGGTAGTAGACCGTATAG-3’
	 R: 5’-TGCGTGTCGTGGAGTC-3’
U6	 F: 5′-GTTGCGTTACACCCTTTCTTG-3′
	 R: 5′-GTCACCTTCACCGTTCCAGT-3′

Figure 1. The expression of serum miR-411 was measured 
in NSCLC patients and healthy controls by qRT-PCR. Serum 
miR-411 expression was remarkably increased in NSCLC pa-
tients relative to that in healthy controls (p < 0.001).

Figure 2. Kaplan-Meier survival curves of patients with 
NSCLC based on serum miR-411 expression status. Patients 
with high serum miR-411 expression had a shorter overall 
survival than those low expression (p = 0.0053).

Serum miR-411 expression
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cers22. Some serum miRNAs have been repor-
ted to be potential diagnostic and prognostic 
biomarkers for tumor, such as serum miR-205 
for cervical cancer23, serum miR-224 for hepa-
tocellular carcinoma24 and serum miR-497 for 

osteosarcoma25. MiR-411 was encoded at 14q32 
and belonged to the 14q32.31 miR cluster B26. 
Previous studies have reported that miR-411 
may play a positive or negative role in tumo-
rigenesis. For instance, Guo et al27 reported 
that miR-411 was significantly downregulated 
in breast cancer, and over-expression of miR-
411 significantly suppressed breast cancer cell 
growth, migration, and invasion, by targeting 
specificity protein 1. Xia et al28 found that ec-
topic expression of miR-411 promoted the pro-
liferation of human hepatocellular carcinoma 
cells by targeting ITCH expression. The abo-
ve results suggested that miR-411 served as a 
tumor suppressor in hepatocellular carcinoma 
and breast cancer. Most recently, Nadal et al26 
reported that miR-411 expression was signifi-
cantly up-regulated in lung cancer. By survival 
analysis, they found that patients with higher 
miR-411 expression level are associated with a 
poorer overall survival. Also, another study by 
Zhao et al16 showed that overexpression of miR-
411 promoted cell proliferation of lung cancer 
by targeting tumor suppressor gene FOXO1. 
These results indicated that miR-411 served 
as a tumor promoter in NSCLC. However, up 
to date, although the prognostic value of miR-
411 has been reported, the diagnostic value of 
serum miR-411 in NSCLC has not been repor-

Table II. Association of serum miR-411 expression with clinicopathological variables in 153 NSCLC patients.

		                                 Serum miR-411 expression

Characteristic	 Case number	 Low	 High	 p
		
Age (years)				    0.389
  <60	 64	 34	 30	
  ≥60	 89	 41	 48	
Gender				    0.491
  Male	 96	 45	 51	
  Female	 57	 30	 27	
Smoking history				    0.344
  Yes	 90	 47	 43	
  No	 63	 28	 35	
TNM stage				    0.018
  I+II	 100	 56	 44	
  III+IV	 53	 19	 34	
Lymph node status				    0.006
  Yes	 42	 13	 29	
  No	 111	 62	 49	
Distant metastasis				    0.125
  Yes	 52	 21	 31	
  No	 101	 54	 47	
Differentiated degree				    0.015
  Low/middle	 40	 13	 27	
  High	 113	 62	 51	

Figure 3. Diagnostic value of serum miR-411 expression 
for NSCLC patients. ROC curve analysis illustrated that se-
rum miR-411 expression was a potential biomarker for scre-
ening NSCLC patients from healthy controls (AUC = 0.835, 
95% CI: 0.737-0.933, p < 0.001).
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ted. In the present study, we firstly detected the 
expression levels of serum miR-411 in NSCLC 
patients. Our results showed that serum miR-
411 levels were significantly higher in NSCLC 
patients than healthy controls. Next, we analy-
zed the association between the serum miR-411 
expression and various clinicopathological fac-
tors and found that high serum miR-411 expres-
sion was significantly associated with TNM 
stage, lymph node status, and differentiated 
degree. Moreover, the results of Kaplan-Meier 
method showed that the overall survival time 
of patients with higher serum miR-411 expres-
sion levels was shorter than that of patients with 
lower serum miR-411 expression levels. In a 
multivariate Cox model, our results suggested 
that serum miR-411 expression level was inde-
pendent prognostic factors for overall survival 
of NSCLC patients. In order to further explo-
re the diagnostic value of serum miR-411 in 
NSCLC patients, we performed ROC analysis. 
For a high AUC value, sensitivity and specifici-
ty on the basis of ROC analysis, the diagnostic 
value of serum miR-411 was considered to be 
valuable.

Conclusions

Our findings, for the first time, provided con-
vincing evidence that elevated serum miR-411 
expression represented high diagnostic and pro-
gnostic value, suggesting that serum miR-411 mi-
ght be a useful diagnostic and prognostic marker 
for NSCLC.
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