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Abstract: Introduction: MicroRNA-124 (miR-124) has been proven dysregulated in several human malignancies and 
correlated with tumor progression. However, its expression and clinical significance in non-small cell lung cancer 
(NSCLC) is still unclear. Thus, the aim of this study was to investigate the clinical significance of miR-124 expres-
sion in NSCLC. Methods: Expression levels of miR-124 in 92 pairs of NSCLC and adjacent non-tumor tissues were 
detected by quantitative real-time PCR (qRT-PCR). In order to determine its prognostic value, overall survival (OS) 
and disease-free survival (DFS) were evaluated using the Kaplan-Meier method, and multivariate analysis was 
performed using the Cox proportional hazard analysis. Results: miR-124 expression level was significantly lower 
in NSCLC tissues compared with adjacent non-tumor tissues (P < 0.05). The 5-year OS of low miR-124 expression 
group was significantly shorter than that of high miR-124 expression group (P < 0.05). Moreover, the 5-year DFS of 
low miR-124 expression group was also significantly shorter than that of high miR-124 expression group (P < 0.05). 
In a multivariate Cox model, we found that miR-124 expression was an independent prognostic factor for both 5-year 
OS and 5-year DFS in NSCLC (P < 0.05). Conclusions: Our results offer the convincing evidence that miR-124 may 
play key roles in the progression of lung cancer and that the down-regulated expression of miR-124 may be inde-
pendently associated with shorter OS and DFS of patients, suggesting that miR-124 might be a potential marker for 
further risk stratification in the treatment of lung cancer.
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Introduction 

Lung cancer is the most common cause of can-
cer-related death worldwide. Its incidence is 
rapidly increasing in developing countries, with 
non-small cell lung cancer (NSCLC) accounting 
for > 80% of all lung cancer cases [1]. The prog-
nosis for NSCLC remains poor despite recent 
advances in the diagnosis of this cancer, and 
the 5-year overall survival rate of NSCLC is a 
dismal 11% [2]. Therefore, it is of great signifi-
cance to investigate the molecular mecha-
nisms involved in lung carcinogenesis, and to 
identify diagnostic and prognostic markers for 
early detection and targeted treatment of lung 
cancer.

MicroRNAs (miRNAs) are single stranded, small 
non-coding RNAs with 18-25 nucleotides in 
length [3]. They can negatively regulate gene 

expression through base pairing to the 3’ 
untranslational region (3’UTR) of target mes-
senger RNA (mRNA), resulting in translation 
inhibition or mRNA degradation [4]. Beyond the 
involvement in diverse biological processes, 
including cell growth, apoptosis, development, 
differentiation and endocrine homeostasis [5], 
emerging evidence strongly suggests that the 
deregulation or dysfunction of miRNAs contrib-
utes to human carcinogenesis and cancer pro-
gression [6, 7]. 

MiR-124, a brain-enriched miRNA, was first 
found to be involved in stem cell regulation and 
neuro-development [8, 9]. Previous studies 
indicated that miR-124 is epigenetically 
silenced in various types of cancer, and play 
important roles in tumor development and pro-
gression. For example, Zhang et al showed that 
miR-124 is dramatically down-regulated in 
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human colorectal cancer. MiR-124 promotes 
apoptosis of colorectal cancer cells by sup-
pressing the expression of STAT3 [10]. Hu et al 
revealed that miR-124 was significantly reduced 
in both gastric cancer tissues and cell lines. 
Forced expression of miR-124 could suppress 
gastric cancer cell proliferation, migration, and 
invasion by targeting ROCK1 [11]. Zhao et al 
demonstrated that miR-124 was down-regulat-
ed in glioblastoma tissues, Over-expression of 
miR-124 inhibited proliferation, G1/S transition 
and invasiveness in glioblastoma cells which 
was partly attributed to increased PPP1R13L 
expression [12]. Li et al found that miR-124 is 
decreased and inversely associated with the 
lymph node metastasis in breast cancer. The 
ectopic expression of miR-124 inhibits cell pro-
liferation and migration by down-regulating 
FLOT1 [13]. Those studies suggested that miR-
124 play an important role in tumorigenesis 
and progression. However, the clinical signifi-
cance of miR-124 in NSCLC has not yet been 
elucidated. 

In the present study, we investigated the 
expression level of miR-124 in human NSCLC 
tissues and analyzed its correlation of miR-124 
expression with clinicopathological features of 
patients. The prognostic value of miR-124 
expression in NSCLC was also analyzed

Materials and methods

Patients and specimens

A total of 92 paired primary NSCLC tissues and 
corresponding non-tumor tissues were collect-
ed from patients with NSCLC undergoing sur-
gery at the Department of respiration medicine, 
Huaihe Clinical College of Henan University. 
None of the patients received preoperative 
chemotherapy or radiotherapy. Written info- 
rmed consent was obtained from all patients 
before surgery, and the study protocol was 
approved by the Institutional Review Board for 
the Use of Human Subjects at Huaihe Clinical 
College of Henan University. The clinicopatho-
logical findings were determined according to 
the classification of malignant tumors by the 
International Association for the Study of Lung 
Cancer international staging project on lung 
cancer [14]. All tumor tissues were diagnosed 
histopathologically by at least two trained 
pathologists. Surgically removed tumors and 
matched non-tumor tissue samples used for 
mRNA detection were immediately frozen in liq-

uid nitrogen and kept at -80°C until extraction 
of RNA. 

RNA extraction and quantitative real-time PCR

Total RNA was isolated using TRIzol reagent 
(Invitrogen) according to the manufacturer’s 
instructions. Reverse transcription reaction 
was carried out starting from 100 ng of total 
RNA using the looped primers. Real-time PCR 
was performed using the standard Taqman 
MicroRNA assays protocol on ABI7900 real-
time PCR detection system with cycling condi-
tions of 95°C for 10 min, followed by 40 cycles 
of 95°C for 15 s and 60°C for 60 s. U6 small 
nuclear RNA was used as an internal control. 
The PCR primers for mature miR-124 or U6 
were designed as follows: miR-124 forward, 
5’-GCGGCCGTGTTCACAGCGGACC-3’ and rever- 
se, 5’-GTGCAGGGTCCGAGGT-3’. U6 forward, 
5’-CTCGCTTCGGCAGCACA-3’ and reverse, 5’-A- 
ACGCTTCACGAATTTGCGT-3’. The threshold cy- 
cle (Ct) was defined as the fractional cycle num-
ber at which the fluorescence passed the fixed 
threshold. Each sample was measured in tripli-
cate, and the relative amount of miR-124 to U6 
was calculated using the equation 2−ΔCt, where 
ΔCT = (CTmiR-124 - CTU6).

Statistical analysis

All statistical analyses were performed using 
SPSS 18.0 statistical software (IBM). The 
Mann-Whitney test or Kruskal-Wallis was per-
formed to determine the significance of miRNA 
levels. Survival curves were plotted using the 
Kaplan-Meier method and differences in sur-
vival rates were analyzed using the log-rank 
test. Prognostic relevance of each variable to 
overall survival (OS) and disease-free survival 
(DFS) were analyzed using the Cox regression 
model. Multivariate analysis of the prognostic 
factors was performed with Cox regression 
model. P < 0.05 was considered statistically 
significant. 

Results

miR-124 was significantly down-regulated in 
NSCLC tissue

To determine whether its expression differed 
between NSCLC and adjacent non-tumor tis-
sues, the expression levels of miR-124 were 
detected in 92 pairs of NSCLC tissues and adja-
cent non-tumor tissues normalized to U6. As 
shown in Figure 1, the expression levels of miR-
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124 were found to be distinctly reduced in 
NSCLC tissues compared to adjacent non-
tumor tissues (P < 0.05).

Association between miR-124 expression and 
the clinicopathological features of NSCLC

For better understanding of the clinical rele-
vance of miR-124 expression in NSCLC, we 

divided the 92 NSCLC patients into a high 
expression group (n = 46) and a low expression 
group (n = 46), according to the median expres-
sion level of miR-124 (0.33) in all NSCLC sam-
ples. And, the relationships of the miR-124 with 
various clinical features of NSCLC were ana-
lyzed and summarized in Table 1. The results 
revealed that a high level of miR-124 expres-
sion was correlated with advanced clinical 
stage and positive lymph node metastasis (P < 
0.05). However, there were no significant cor-
relations of miR-124 expression with other clini-
cal features such as age, gender, tumor size, 
and histologic type (P > 0.05).

Prognostic values of miR-124 expression in 
NSCLC

Kaplan-Meier analyses were performed to 
investigate the association between the miR-
124 expression and the prognosis of patients 
with NSCLC after pneumonectomy. From the 
Kaplan-Meier survival curves, we found that 
patients with low expression of miR-124 had 
shorter OS (P < 0.05; Figure 2A) and DFS (P < 
0.05; Figure 2B) as compared with the miR-
124-high group. Furthermore, in a multivariate 
Cox model, we found that miR-124 expression 
was an independent poor prognostic factor for 
both OS (RR = 2.942, P < 0.05; Table 2) and 
DFS (RR = 2.668, P < 0.05; Table 3) in NSCLC.

Discussion

A growing number of novel treatment strategies 
have been developed for NSCLC, such as 
molecular targeted therapy and gene therapy, 
to our disappointment, satisfactory therapeutic 
outcomes have not been achieved [15]. 
Considering that the survival rate of NSCLC is 
still low, further identification of new prognostic 
markers remains important for the prevention 
and treatment of NSCLC. 

The discovery that non-coding components of 
the genome, including microRNA, can contrib-
ute to the pathogenesis of cancer has led 
investigators to contemplate using these mole-
cules to guide clinical decision making [16]. So 
far, there are more than 1000 microRNAs anno-
tated by the latest version of miRBase. The 
expression of miRNAs is remarkably deregulat-
ed in NSCLC, strongly suggesting that miRNAs 
are involved in the initiation and progression of 
this disease. For example, Liu et al showed that 

Table 1. Correlation between miR-124 expres-
sion and different clinicopathological features in 
NSCLC patients
Variable

Num-
ber

miR-124 
expression P 

value
Low High

Age (years) 0.294
    < 60 51 23 28
    ≥ 60 41 23 18
Gender 0.662
    Male 60 31 29
    Female 32 15 17
Tumor size (cm) 0.672
    < 3 38 20 18
    ≥ 3 54 26 28
Histologic type 0.833
    SCC 53 26 27
    AD 39 20 19
Clinical stage 0.004
    I-II 61 24 37
    III 31 22 9
Lymph nodes metastasis 0.001
    No 73 30 43
    Yes 19 16 3
SCC: squamous cell carcinoma; AD: adenocarcinoma.

Figure 1. MiR-124 expression in 92 pairs of clinical 
NSCLC and adjacent non-tumor tissues were detect-
ed by qRT-PCR. After normalization to U6 expression 
levels, the expression level of miR-124 in NSCLC tis-
sues was significantly lower than that in non-tumor 
tissues. *P < 0.05.
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miR-100 was significantly down-regulated in 
NSCLC tissues and correlated with higher clini-

tasis, suggesting that miR-124 might be 
involved in the carcinogenesis and metastasis 

Figure 2. Kaplan-Meier curves for survival time in patients with NSCLC divided 
according to miR-124 expression. Overall survival and disease-free survival of 
patients with low vs. high miR-124 expression levels are shown. A. Overall sur-
vival rate of NSCLC patients with low miR-124 was significantly shorter com-
pared to those patients with high miR-124 (P < 0.05). B. Disease-free survival 
rate of NSCLC patients with low miR-124 was significantly shorter compared to 
those patients with high miR-124 (P < 0.05).

cal stage, advanced tumor 
classification and lymph 
node metastasis. The over-
all survival of NSCLC 
patients with low miR-100 
was significantly lower than 
that of those patients with 
high miR-100 [17]. Zhang et 
al found that miR-10b was 
significantly up-regulated in 
NSCLC and correlated with 
TNM stage and lymph node 
involvement, in addition, 
patients with higher levels 
of miR-10b had significantly 
poorer survival than those 
with lower expression [18]. 
Xu et al indicated that 
miR-9 was up-regulated in 
NSCLC and correlated with 
adverse clinical features 
and unfavorable survival, 
indicating that miR-9 might 
be involved in NSCLC pro-
gression and could serve 
as a promising biomarker 
for further risk stratification 
in the treatment of this can-
cer [19]. However, to our 
knowledge, the clinical sig-
nificance of miR-124 in 
NSCLC is still unknown. 
Therefore, we investigated 
the feasibility of miR-124 
as a novel prognostic bio-
marker for NSCLC.

In the present study, our 
data showed that miR-124 
expression was significant-
ly lower in NSCLC tissues 
compared with adjacent 
non-tumor tissues. The 
relationships of the miR-
124 with various clinical 
features of NSCLC were 
analyzed. We found that a 
low level of miR-124 expres-
sion was correlated with 
advanced clinical stage and 
positive lymph node metas-
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of NSCLC. Furthermore, the 5-year OS and DFS 
of low miR-124 expression group were signifi-
cantly shorter than that of high miR-124 expres-
sion group. In a multivariate Cox model, we 
found that miR-124 expression was an inde-
pendent poor prognostic factor for both OS and 
DFS, indicating that low miR-124 level might be 
a promising non-invasive biomarker for progno-
sis of patients with NSCLC. 

In conclusion, our data offer the convincing evi-
dence that miR-124 may play an important role 
in the progression of NSCLC and that the 
reduced expression of this miRNA may be inde-
pendently associated with shorter OS and DFS 
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Table 2. Univariate analysis of prognostic parameters 
in patients with NSCLC by Cox regression analysis

Variable
Overall survival Disease-free 

survival
RR P RR P

Age (years) 1.417 0.297 1.213 0.336
    ≥ 60 vs. < 60
Gender 1.043 0.218 0.983 0.297
    Male vs. Female
Tumor size 1.816 0.371 1.612 0.416
    ≥ 3 cm vs. < 3 cm
Histologic type 1.314 0.213 1.173 0.262
    SCC vs. AD 
Clinical stage 2.917 0.008 2.635 0.012
    III vs. I-II
Lymph nodes metastasis 3.774 0.002 3.358 0.008
    Yes vs. No
miR-124 3.271 0.003 3.019 0.007
    Low vs. High
RR: relative ratio; SCC: squamous cell carcinoma; AD: adenocarci-
noma.

Table 3. Multivariate analysis of prognostic parame-
ters in patients with NSCLC by Cox regression analysis

Variable
Overall  
survival

Disease-free 
survival

RR P RR P
Clinical stage 2.514 0.004 2.218 0.011
    III vs. I-II
Lymph nodes metastasis 3.281 0.001 3.015 0.006
    Yes vs. No
miR-124 2.942 0.003 2.668 0.009
    Low vs. High
RR: relative ratio; SCC: squamous cell carcinoma; AD: adenocarci-
noma.

of patients, suggesting that miR-124 might 
be a potential marker for further risk strati-
fication in the treatment of NSCLC. Further 
studies are needed to elucidate the mech-
anisms of action of miR-124 in NSCLC.
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