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Introduction 

Lung cancer remains the main cause of cancer-related 
deaths in the United States, accounting for about 27% of all 
estimated cancer death in 2014 (1). In China, lung cancer 
is also regarded the most threatening neoplasm, with the 
incidence of 46.08 (1/105) cases and the mortality of 37.00 
(1/105) per year (2). Non-small cell lung cancer (NSCLC) 
is the most commonly diagnosed subtype of lung cancer. 
Despite advances in clinical and experimental oncology, the 
long-term survival remains dismal. Moreover, data from 

the IASLC suggested that 65% of NSCLC patients were 
classified at advanced stage at diagnosis (3). Additionally, 
the lack of efficient strategies for screening or early 
diagnosis contributes to the poor prognosis and lower rate 
of curability for lung cancer (4). Hence, it is essential to 
identify a novel sensitive and specific biomarker, which is 
potentially applicable for the early detection and clinically 
correlated with the prognosis of NSCLC.

MicroRNAs (miRNAs), a class of small well-conserved 
non-coding RNAs, play a vital role in cell biology, as they 
control expression of more than 30% of human genes (5). 
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They result in gene silencing by binding to target sequences 
on message RNA (mRNA), and then block translation. 
In 2005, Johnson and his colleagues first proposed the 
connection between miRNA expression and genes involved 
in lung cancers (6). Since then, extensive evidences indicated 
that dysregulation of miRNAs is involved in carcinogenesis, 
progression and metastasis in a variety of human malignant 
tumors including NSCLC (7). Recently, a prospective 
investigation suggests that miR-21 and miR-155 are reliable 
predictors for metastasis, relapse and unfavorable survival 
of NSCLC patients (8). Additionally, the expression levels 
of miR-378 and miR-451 are reported to be associated with 
lymph nodes or brain metastases (9,10). 

Limited data were reported to document the relationship 
of miR-452 with prognosis of malignant tumor patients. Our 
previous investigation has stated that the expression level 
of miR-452 in NSCLC was found to be related with tumor 
stage and the extent of lymph nodes metastasis in a cohort of 
60 patients and up-regulation of miR-452 was confirmed to 
inhibit the invasive capability of NSCLC cells in vitro (11). 
Nevertheless, the prognosis value of miR-452 in NSCLC 
has not yet been documented. In this cohort, we used an 
expanded cohort of 161 patients and aimed to investigate the 
value of miR-452 for the prognosis of patients with NSCLC. 
In addition, we also investigated the expression level of miR-
452 in NSCLC and its association with tumor size, tumor 
differentiation and lymph node metastasis. 

Methods

Patients and tissue samples

The study participants involved 161 Chinese patients with 
NSCLC, who had received radical lung cancer resection at 
the Department of Thoracic Surgery, the First Affiliated 
Hospital of Nanjing Medical University between January 
1st, 2010 and December 31st, 2013. All of the patients 
satisfied the following selection criteria: (I) diagnosed with 
primary NSCLC in stage I, II, III according to the 7th 
edition of UICC TNM classification of lung cancer (12);  
( II )  snap-frozen (−80 ℃ )  tumor samples  and the 
corresponding adjacent tissues available for RNA analysis; 
(III) provided with detailed follow-up and clinical data; 
(IV) received no pre- or post-operative adjuvant therapy; 
and (V) samples independently diagnosed by two different 
pathologists. Both informed consent from all of the 
patients and approval from the local Institutional Ethics 
Committee were obtained.

Isolation of total RNA and quantitative real time 
polymerase chain reaction (qRT-PCR)

Tota l  RNA was  abs t rac ted  f rom the  tumor  and 
corresponding adjacent tissue specimens using the Trizol 
method (Invitrogen, Shanghai, China) and cDNA was 
synthesized using reverse transcriptase kit (TAKARA, 
Tokyo, Japan) as described by the manufacturer. qRT-
PCR was performed to detect the expression levels of 
miR-452 using ABI Prism 7900HT (Applied Biosystems, 
CA, USA) according to the manufacturers’ protocol. 
TaqMan® MicroRNA Assays (Applied Biosystems, 
CA, USA) was used as the probe for has-miR-452 
with U6 as a normalized control. The specific primers 
are listed as follows: miR-452 reverse transcription 
(RT)  p r imer :  GTCGTATCCAGTGCAGGGTC 
CGAGGTATTCGCACTGGATACGACTCAGTT; 
miR-452 forward: GCGCAACTGTTTGCAGAG, 
miR-452 reverse: GTGCAGGGTCCGAGGT; U6 
forward: CTCGCTTCGGCAGCACA, U6 reverse: 
AACGCTTCACGAATTTGCGT. 

Follow-up

The primary outcome was overall survival (OS), which was 
regarded as the interval from operation to death by any cause, 
while the secondary outcome was disease-free survival (DFS) 
defined as the time from operation until first recurrence or 
death by any cause (13). Telephone follow up was performed 
for all the included patients and the deadline for completing 
the interview was September 30th, 2015. The mean follow-up  
period was 29.9 months (range, 12.0–59.0 months;  
median: 30.0).

Statistical analysis

The expressions of miR-452 and U6 were estimated using 
the method of 2-∆Ct in this study. The chi-square test 
was used to test the significant differences in observed 
variables. Survival curves were presented using Kaplan-
Meier analyses and compared using the log-rank test. 
Multivariate Cox proportional hazards method was 
applied for documenting the correlation of the variables 
and patients’ survival time. SPSS 19.0 (SPSS, Chicago, 
IL, USA) and GraphPad Prism 5.01 (GraphPad Software, 
Inc., La Jolla, CA, USA) software were used for analysis. 
Statistical significance was obtained when P value was less 
than 0.05.
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Results

miR-452 expression level was reduced in tumor tissues

Firstly, to investigate the role of miR-452 in human 
NSCLC, we tested the expression levels of miR-452 in 
tumor tissues and corresponding adjacent specimens by 
using real-time quantitative PCR with the endogenous 
control (U6). As shown in Figure 1, we confirmed that miR-
452 expression level was significantly decreased in NSCLC 
tumor tissues compared with adjacent tissues. This result 
indicated that miR-452 probably plays a crucial role in 
NSCLC. 

Associations between miR-452 expression levels and 
clinicopathological factors

Secondly, based on miR-452 expression level, we divided all 
of enrolled patients into two groups: those with less than or 
equal to median of miR-452 expression levels and those with 
more than median of miR-452 expression levels. The median 
was used as cut off. Moreover, the correlation of miR-
452 expression level and clinicopathological characteristics 
was listed in Table 1. In this study, patients’ characteristics 
including age, gender, smoking index, histology and 
operation type were not associated with the expression of 
miR-452. Notably, tumor differentiation (P=0.008), size 
(P=0.007), and lymph node metastasis (P<0.001) as well as 
TNM stage (P=0.001) were significantly different in both 
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Figure 1 miR-452 expression level was reduced in tumor tissues. 
The expression level of miR-452 in human NSCLC tissues and 
corresponding adjacent tissues relative to U6 were determined 
by qRT-PCR (n=161). T refers to tumor tissues and P refers to 
corresponding adjacent tissues. Data are represented as mean ± 
SEM. * indicates P<0.05. NSCLC, non-small cell lung cancer.

Table 1 Association of miR-452 expression levels with clinical 
factors in NSCLC patients

Characteristics
All 

patients

miR-452 low 

expression

miR-

452 high 

expression

P value

No. 161 81 80

Age (years) 0.585

<60 90 47 43

≥60 71 34 37

Gender 0.939

Male 83 42 41

Female 78 39 39

Smoking index 0.791

<400 101 50 51

≥400 60 31 29

Histology 0.773

Adenocarcinoma 75 39 36

Squamous 

carcinoma

76 38 38

Other type 10 4 6

Operation type 0.460

Lobectomy 106 57 49

Segmentectomy 24 10 14

Pneumonectomy 31 14 17

Differentiation 

grade 

0.008

Low 29 21 8

Moderate 94 47 47

High 38 13 25

Tumor size (cm) 0.007

<3 56 19 37

3–7 84 48 36

≥7 21 14 7

N status <0.001

N0 53 16 37

N1 65 32 33

N2 43 33 10

TNM 0.001

Stage I + II 109 45 64

Stage III 52 36 16

NSCLC, non-small cell lung cancer.
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low-miR-452 and high-miR-452 expression groups. In the 
current analysis, patients with lower tumor differentiation, 
larger tumor, or more extent of lymph node metastasis (N1 
and N2) tended to have lower miR-452 expression level. 
Taken together, abnormal expression of miR-452 may 
contribute to the development of NSCLC.

Survival analysis

To assess the effect of aberrant miR-452 expression level on 
prognosis, patients were stratified into low and high miR-
452 expression groups according to their median miR-452 
expression levels. Kaplan-Meier survival curves were performed 
to estimate the prognostic difference in the terms of OS and 
DFS between the two groups. Statistical difference was observed 
for both OS and DFS analyses between the two groups (miR-
452 ≤ median vs. miR-452 > median). In the OS analysis, 
patients with low miR-452 expression level would have more 
unfavorable outcomes in comparison with those with high miR-
452 expression level [median survival, 34.0 vs. 41.0 months; HR, 
1.904; 95% confidence interval (CI), 1.224–2.964, Log-rank 
P=0.004] (Figure 2A). Similarly, the trend was presented in the 
DFS analysis (median survival, 25.0 vs. 31.0 months; HR, 1.558; 
95% CI, 1.054–2.303, Log-rank P=0.026) (Figure 2B).

Univariate analysis and multivariate Cox regression 
analysis

Eventually, The Cox proportional hazard regression model 
was used to identify whether miR-452 expression level 
was an independent risk factor for prognosis of NSCLC 

patients. Univariate analysis was initially conducted prior 
to multivariate analysis, indicating that miR-452 were 
significantly correlated with OS and DFS (P=0.006 and 
0.031, respectively). Comparably, the results of multivariate 
analysis also illustrated that the increased expression of 
miR-452 was an independent prognostic biomarker for 
suggesting favorable OS and DFS in NSCLC patients 
(P=0.027 and P=0.038, accordingly). In addition, the extent 
of lymph node metastasis and the TNM stage also have 
the potential to independently predicate OS and DFS in 
NSCLC. However, in this cohort, other factors such as 
histology type, differentiation grade and tumor size showed 
no remarkable value in predicting prognosis (Tables 2 and 3).

Discussion

The development and progression of lung cancer is a typical 
and complicated process. Mounting investigations have 
focused on identifying miRNAs involved in development 
and progression of lung cancer, and they probably provide 
us with a series of novel potential diagnostic biomarkers 
for predicting and treating NSCLC patients. In the past 
decade, expression of miRNAs in NSCLC, such as all 
members of let-7 family, was confirmed to associate with 
prognosis (14,15). Recently, Skrzypski and his colleagues 
have conducted a study to comprehensively evaluate 
the prognostic value of miRNAs expression in operable 
NSCLC patients (16). After screening all of 677 miRNAs in 
fresh-frozen tumor samples, they eventually identified miR-
662, -192 and -192* as prognostically relevant miRNAs. 
Additionally, a newly published meta-analysis study has 

Figure 2 Kaplan-Meier survival curves of the 161 NSCLC patients. Overall survival rate (A) and disease-free survival rate (B) in patients 
with high miR-452 expression level (miR-452 > median, n=80 pts) was markedly higher than those with low miR-452 expression level (miR-
452 ≤ median, n=81 pts). pts, patients. NSCLC, non-small cell lung cancer.
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shed light upon the role of circulating and tissue miR-21 in 
determining its diagnostic and prognostic value in cancers, 
which quantitatively stated that miR-21 over-expression 
predicted unfavorable survival results (17).

However, miR-452 expression in malignant tumors 
is controversial. Although miR-452 was also found to 
be downregulated in a variety of malignancies such as 
prostate cancer (18), breast cancer (19) and glioma (20), 
this miRNA was highly expressed in esophageal cancer (21) 
and urothelial carcinoma (22), as well as in hepatocellular 
carcinoma (23). Our previous study has documented that 

miR-452 expression was down-regulated in human NSCLC 
tissues compared with the corresponding adjacent tissues (11). 
The heterogeneity of miR-452 expression in diverse human 
malignancies could be interpreted by the fact that the 
biological activities of miRNAs differed in various micro-
environments (20). 

Previously, Liu et al. detected the expression of miR-
452 in clinical glioma tissues and found that miR-452 
were inversely correlated with WHO tumor grades and 
patients survival by directly targeting and suppressing 
multiple regulators such as BMI1 (B-cell specific Moloney 

Table 2 Univariate and multivariate analyses for OS in NSCLC patients

Variable
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age (≥60 vs. <60) 0.799 0.520–1.226 0.304

Gender (female vs. male) 1.164 0.764–1.772 0.481

Smoking index (≥400 vs. <400) 1.270 0.827–1.949 0.275

Histology (ad. vs. non-ad) 0.897 0.585–1.375 0.618

Operation type (lob. + pneu. vs. seg.) 1.031 0.570–1.866 0.918

Differentiation grade (low + moderate vs. high) 1.151 0.699–1.902 0.577

Tumor size (≥3 vs. <3 cm) 1.501 0.937–2.405 0.091  

N status (N1 + N2 vs. N0) 3.153 1.867–5.325 <0.001 1.943 1.099–3.435 0.022

TNM stage (III vs. I + II) 4.310 2.794–6.647 <0.001 3.060 1.875–4.992 <0.001

miR-452 expression (> median vs. ≤ emedian ) 0.551 0.360–0.844 0.006 0.678 0.395–0.901 0.027

OS, overall survival; NSCLC, non-small cell lung cancer; ad., adenocarcinoma, lob., lobectomy, pneu, pneumonectomy, seg., 

segmentectomy.

Table 3 Univariate and multivariate analyses for DFS in NSCLC patients

Variable
Univariate Multivariate

HR 95% CI P value HR 95% CI P value

Age (≥60 vs. <60) 0.845 0.578–1.235 0.386

Gender (female vs. male) 0.997 0.686–1.451 0.989

Smoking index (≥400 vs. <400) 1.211 0.822–1.783 0.333

Histology (ad. vs. non-ad) 0.897 0.614–1.310 0.574

Operation type (lob. + pneu. vs. seg.) 0.734 0.452–1.193 0.212

Differentiation grade (low + moderate vs. high) 1.182 0.751–1.862 0.469

Tumor size (≥3 vs. <3 cm) 1.127 0.755–1.681 0.558  

N status (N1 + N2 vs. N0) 2.343 1.510–3.635 <0.001 1.732 1.076–2.788  0.024

TNM stage (III vs. I + II) 2.949 1.976–4.401 <0.001 2.275 1.471–3.518 <0.001

miR-452 expression (> median vs. ≤ median ) 0.660 0.452-0.963 0.031 0.744 0.503–0.916  0.038

DFS, disease-free survival; NSCLC, non-small cell lung cancer; ad., adenocarcinoma, lob., lobectomy, pneu, pneumonectomy, 

seg., segmentectomy.
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murine leukemia virus integration site 1), LEF1 (lymphoid-
enhancer binding factor 1) and TCF4 (T-cell factor 4). 
These stemness regulators reduced stem-like traits 
tumorigenesis (20). Furthermore, functional studies 
suggested that miR-452 inhibited proliferation, migration 
and invasion of prostate cancer cells via regulation of 
pathways of cell cycle and cellular adhesion and motility, 
and finally associated biochemical recurrence (18). In our 
previous study, we found that higher expression of miR-452 
could inhibit NSCLC cell invasion and metastasis capability 
by modulating BMI1 expression, suggesting that miR-452 
plays an important role in development of NSCLC (11). 
In the current study, miR-452 expression was detected 
in 161 paired NSCLC and adjacent tissues by using real-
time PCR , and its expression level was also associated with 
WHO tumor stage and lymph nodes metastasis. To assess 
the prognostic value of miR-452 expression in NSCLC, 
Kaplan-Meier survival curves were constructed and then 
compared by the log-rank test, and we found that NSCLC 
patients with higher miR-452 expression had longer OS 
and DFS time. To further determine the possibility of 
miR-452 as an independent risk factor for prognosis, the 
level of miR-452 expression and other clinicopathological 
factors were evaluated by univariate and multivariate Cox 
regression analyses. The expression level of miR-452, 
accompanied by the statue of lymph node metastasis, was 
regarded as an independent prognostic factor for NSCLC, 
indicating that miR-452 may be one of novel molecular 
marker candidates for predicting the aggressive tumor 
development and favorable prognosis of NSCLC. But 
tumor size was not regarded as the independent predictors 
for OS or DFS in this cohort. That was probably due to 
the selection bias, as we enrolled relatively more early stage 
NSCLC patients (56/161 patients with diameter less than  
3 cm, and 53/161 with N0). 

Taken together, our study initially showed that patients 
with high level of miR-452 expression in tumor tissues would 
have a favorable prognosis for NSCLC patients. This result 
may encourage more concerns to its functional study in the 
future. Before miR-452 accepted as a novel therapeutic target 
of NSCLC, other potential mechanisms involving the role of 
miR-452 in NSCLC and large worldwide population-based 
investigations await to be done.
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