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Abstract: MicroRNAs (miRNAs) are a class of small non-coding RNAs that have been suggested to play critical roles 
in tumorigenesis. Recently, miR-152 was reported to be dysregulated in some human cancers. However, the func-
tion and mechanism of miR-152 in non-small cell lung cancer (NSCLC) is still unclear. In the present study, our find-
ings showed that the expression of miR-152 was significantly down-regulated and neuropilin-1 was up-regulated in 
the NSCLC specimens. Moreover, the levels of miR-152 and neuropilin-1 were inversely correlated. Bioinformatics 
analyses and luciferase reporter assay showed that miR-152 targeted the 3’-UTR of neuropilin-1 mRNA to inhibit its 
translation. Furthermore, overexpression of miR-152 inhibited neuropilin-1 mediated cell invasiveness, while down-
regulated expression of miR-152 increased neuropilin-1 mediated cell invasiveness in NSCLC cells. Together, these 
findings indicated that miR-152 suppression in NSCLC cells might promote neuropilin-1 mediated cancer metasta-
sis and suggested a new therapeutic application of miR-152 in the treatment of NSCLC.
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Introduction

Lung cancer is one of the most malignant can-
cers and the leading cause of cancer-related 
deaths worldwide, and non-small cell lung can-
cer (NSCLC) accounts for 80% of primary lung 
cancer [1, 2]. Despite recent advances in clini-
cal and experimental oncology, the 5-year sur-
vival rate of NSCLC patients is still around 15% 
[3]. However, the molecular mechanisms under-
lying the development and progression of 
NSCLC are currently still poorly understood [4]. 
Thus, exploring the potential mechanisms will 
be useful to find new therapeutic targets and 
strategies for the treatment of NSCLC.

MicroRNAs (miRNAs), which are a class of non-
coding small RNA comprised of about 18 to 23 
nucleotides, bind to the complimentary recog-
nition sequences in the 3’-untranslated region 
(3’-UTR) of target mRNA, resulting in transla-
tional inhibition or target mRNA degradation  
[5, 6]. MiRNAs are implicated in the regulation 
of various cellular processes, including cell 
growth, differentiation, apoptosis, and organ 
development [7, 8]. Emerging evidence shows 

that numerous miRNAs participate in the regu-
lation of NSCLC initiation and progression [9]. 
For example, Mei et al. showed that miR-141 
promotes the proliferation of NSCLC cells by 
regulating expression of PHLPP1 and PHLPP2 
[10]. Liu et al. reported that miR-196a promotes 
NSCLC cell proliferation and invasion through 
targeting HOXA5 [11]. Wang et al. found that 
miR-203 suppresses the proliferation and 
migration and promotes the apoptosis of lung 
cancer cells by targeting SRC [12]. However, the 
role of miR-152 in NSCLC cells remains unclear.

In this study, we showed that the expression of 
miR-152 was significantly decreased and the 
levels of neuropilin-1 were increased in NSCLC 
tissues compared to paired non-tumor tissues. 
The expression level of miR-152 and neuropi-
lin-1 were inversely correlated in NSCLC tis-
sues. Bioinformatics analyses showed that miR-
152 targeted the 3’-UTR of neuropilin-1 mRNA 
to inhibit its translation, which was confirmed 
by luciferase reporter assay. Furthermore, over-
expression of miR-152 inhibited neuropilin-1 
mediated cell invasiveness, while down-regulat-
ed expression of miR-152 increased neuropi-
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lin-1 mediated cell invasiveness in NSCLC cells. 
Together, our findings suggested that miR-152 
suppression may be the cause of the increased 
levels of neuropilin-1, as well as the augmented 
cancer metastases in NSCLC.

Materials and methods

Cell lines

A human NSCLC cell line A549 was obtained 
from the American Type Culture Collection 
(ATCC, USA). The A549 cell line was cultured in 
DMEM medium (Invitrogen) supplemented with 
10% fetal bovine serum (FBS) (Invitrogen). Cells 
were maintained at 37°C in a humidified atmo-
sphere with 5% CO2.

Patient sample collection

Paired NSCLC and adjacent non-tumor tissues 
(located more than 5 cm away from the tumors) 
were obtained from 36 patients who underwent 
primary surgical resection of NSCLC between 
2011 and 2013 at Huaihe Hospital of HeNan 
University. None of the patients had received 
preoperative adjuvant therapy. These samples 
were snap-frozen in liquid nitrogen after resec-
tion. Prior patient consent and approval from 
the ethics committees of HeNan University 
were obtained for the use of these clinical 
materials for research purposes.

Plasmids transfection

MiR-153-expressing and antisense plasmids 
(anti) were prepared with general method. 
Transfection was performed with Lipofecta- 
mine 2000 reagent (Invitrogen), according to 
the instructions of the manufacturer. The cells 
that were transfected with plasmid expressing 
a scrambled sequence were used as control 
(NC). Transfected cells expressing miR-152, or 
anti-miR-152, or control (NC) was purified by 
flow cytometry based on GFP.

Western blot

Cultured cells were lysed in RIPA buffer with  
1% PMSF. Protein was loaded and separated  
by SDS-PAGE gel and transferred onto PVDF 
membrane (Bio-Rad). The blots were probed 
with primary antibodies at 4°C overnight and 
subsequently incubated with HRP-conjugated 
secondary antibodies. Signals were visualized 
using ECL Substrates (Pierce). GAPDH was 
used as an endogenous control.

RNA isolation and quantitative real-time PCR 
(qRT-PCR)

Total RNA was isolated with Trizol (Invitrogen) 
according to the manufacturer’s protocol. 
MicroRNA was isolated with the mirVana mi- 
RNA Isolation Kit (Ambion). Expression of miR-
152 was detected using TaqMan MicroRNA 
Assay primers (ABI). U6 or GAPDH was used  
as an internal control. Experiments were per-
formed on the ABI Prism 7500 HT. The relative 
expression level was calculated by normaliza-
tion with the signal for U6 expression using 
2-ΔΔCt method.

Luciferase-reporter activity assay

Luciferase reporters were successfully con-
structed using molecular cloning technology. 
Target sequence for neuropilin-1 miRNA 3’-UTR 
clone was purchased from Creative Biogene 
(Shirley). miR-152 modified A549 cells were 
seeded in 24-well plates for 24 h, after which 
they were transfected with 1 μg of Luciferase-
reporter plasmids per well. Luciferase activiti- 
es were measured using the dual-luciferase-
reporter gene assay kit (Promega) according to 
the manufacturer’s instructions.

Migration and invasion assays

Migration and invasion were examined using a 
transwell chamber (Millipore). For the migration 
assay, 1×105 transfected cells were plated into 
the upper chamber, and cultured in DMEM, 
while DMEM with 10% FBS was added to the 
lower chamber. After 24 h incubation at 37°C, 
cells remaining on the upper surface of mem-
brane were removed, and membrane was 
stained with 20% methanol and 0.5% crystal 
violet. Cell images were obtained using an 
inverted microscope (Olympus). For invasion 
assays, the upper chamber was precoated with 
Matrigel (BD).

Statistical analysis

All statistical analyses were performed using 
SPSS version 18.0 software. Bivariate correla-
tions were calculated by Spearman’s Rank 
Correlation Coefficients. All data were statisti-
cally analyzed using one-way ANOVA with a 
Bonferroni correction, followed by Fisher’s 
exact test for comparison of two groups. P< 
0.05 was considered significant.



miR-152 targets neuropilin-1 in NSCLC

14237 Int J Clin Exp Pathol 2015;8(11):14235-14240

Results

Decreased miR-152 and increased neuropi-
lin-1 are detected and inversely correlate in 
NSCLC

In the NSCLC samples, we detected significant-
ly higher levels of neuropilin-1 (Figure 1A) and 
significantly lower levels of miR-152 in NSCLC 
(Figure 1B) compared to the adjacent non-
tumor tissues from the same NSCLC patient. To 
figure out the relationship between miR-152 
and neuropilin-1, we examined the correlat- 
ion using the 36 NSCLC specimens. A strong 

inverse correlation between miR-152 and neu-
ropilin-1 was detected (Figure 1C, P<0.05). 
These data suggest the presence of a cau- 
sal link between miR-152 and neuropilin-1 in 
NSCLC.

MiR-152 targets 3’-UTR of neuropilin-1 mRNA 
to inhibit its translation

Since our data showed a relationship between 
miR-152 and neuropilin-1 in NSCLC cells, we 
checked whether miR-152 may target neuropi-
lin-1 mRNA. Our finds revealed that the miR-
152 binding sites in the 3’-UTR of neuropilin-1 

Figure 1. Decreased miR-152 and correlated increased neuropilin-1 are detected in NSCLC tissues. qRT-PCR on 
miR-152 and Western blot for neuropilin-1 were performed on paired NSCLC and the adjacent non-tumor tissues. 
NSCLC contained increased neuropilin-1 levels (A) and decreased miR-152 levels (B) compared to adjacent non-
tumor tissues. (C) Correlation tests were performed between neuropilin-1 and miR-152. *P<0.05.

Figure 2. MiR-152 targets 3’-UTR of neuropilin-1 mRNA to inhibit its translation. A. Bioinformatic analyses of bind-
ing of miR-152 to the 3’-UTR of neuropilin-1 mRNA. B. We either overexpressed miR-152 or inhibited miR-152 in 
NSCLC cell line A549, by transfection of the cells with a miR-152-expressing plasmid (A549-miR-152), or with a 
plasmid carrying miR-152 antisense (A549-anti-miR-152). The A549 cells were also transfected with a plasmid 
carrying a scrambled sequence as a control (A549-NC). The overexpression or inhibition of miR-152 in A549 cells 
was confirmed by qRT-qPCR. C. miR-152-modified A549 cells were then transfected with 1 μg of neuropilin-1 3’-UTR 
luciferase reporter plasmid. The luciferase activities were quantified in these cells. *P<0.05.
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mRNA ranged from 2135th base site to 2142th 
base site (Figure 2A). In order to figure out 
whether miR-152 may regulate the translation 
of neuropilin-1 in NSCLC, we used a human 
NSCLC cell line, A549, to either overexpress 
miR-152 or to inhibit miR-152 through trans- 
fection of the cells with a miR-152-expressing 
plasmid (A549-miR-152), or with a plasmid car-
rying miR-152 antisense (A549-anti-miR-152), 
respectively, the A549 cells were also trans-
fected with a plasmid carrying a scrambled 
sequence as a control (A549-NC). Co-expres- 
sion of a GFP reporter in these plasmids allow- 
ed purification of transfected cells by flow cyto- 
metry. The overexpression or inhibition of miR-
152 in A549 cells was confirmed by qRT-PCR 
(Figure 2B). miR-152-modified A549 cells were 

then transfected with 1 μg of neuropilin-1 
3’-UTR luciferase reporter plasmid. The lucifer-
ase activities were quantified in these cells, 
indicating that miR-152 targets 3’-UTR of neu-
ropilin-1 mRNA to inhibit its translation (Figure 
2C).

miR-152 inhibits neuropilin-1 in NSCLC cells

Our data showed that alteration of miR-152  
in A549 cells did not change mRNA of neuropi-
lin-1 (Figure 3A). However, overexpression of 
miR-152 significantly decreased neuropilin-1 
protein levels in A549 cells, while inhibition  
of miR-152 significantly increased neuropilin-1 
levels in A549 cells, by Western blot (Figure 
3B). These finding demonstrated that miR-152 

Figure 3. miR-152 decreases neuropilin-1 protein 
in NSCLC cells. A. The mRNA levels of neuropi-
lin-1 in miR-152-modified A549 cells by qRT-PCR. 
B. The protein levels of neuropilin-1 in miR-152 
modified A549 cells by Western blot. *P<0.05.

Figure 4. miR-152 inhibits NSCLC cell migration and invasion. A. Overexpression of miR-152 resulted in decreases 
in cell migration ability of A549 cells, while depletion of miR-152 resulted in increases in cell migration ability of 
A549 cells in a transwell cell migration assay. B. Overexpression of miR-152 resulted in decreases in cell invasion 
ability of A549 cells, while depletion of miR-152 resulted in increases in cell invasion ability of A549 cells in a tran-
swell cell invasion assay. *P<0.05.
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could suppress neuropilin-1 protein translation 
in NSCLC cells.

miR-152 suppresses cell migration and inva-
sion in NSCLC cells

Transwell migration assay showed that the 
increased expression of miR-152 resulted in 
decreases in cell migration ability of A549 cells 
(Figure 4A). Similarly, depletion of miR-152 
resulted in increases in cell migration ability of 
A549 cells (Figure 4A). Furthermore, transwell 
invasion assay reported that overexpression of 
miR-152 resulted in decreases in cell invasion 
ability of A549 cells (Figure 4B). Similarly, the 
depletion of miR-152 resulted in increases in 
cell invasion ability of A549 cells (Figure 4B). 
Together, our results indicated that miR-152 
inhibited NSCLC cell metastases through neu-
ropilin-1 suppression (Figure 5).

Discussion

miRNAs have been reported to play essential 
roles in carcinogenesis and tumor progression 
as either tumor suppressors or oncogenes [13]. 
For example, Yang et al. showed that miR-506  
is down-regulated in clear cell renal cell carci-
noma and exerts its anti-cancer function by 
directly targeting FLOT1 [14]. Xu et al. reported 
that miR-32 is down-regulated in osteosarco-
ma and inhibits osteosarcoma cell proliferation 
and invasion by targeting Sox9 [15]. Wang et al. 
found that miR-106a is up-regulated in gastric 
cancer and inhibits the extrinsic apoptotic path-
way by targeting FAS [16].

miR-152 is a member of the miR-148/152  
family which includes miR-148a/b and miR-
152 [17]. Aberrant expression of miR-152 was 

mor suppressor that targets TGFα in prostate 
cancer [20]. However, the role of miR-152 in the 
NSCLC cell metastasis remains unknown.

Neuropilins, including neuropilin-1 and neuropi-
lin-2, are multifunctional non tyrosine kinase 
receptors that were first identified based on 
their critical roles in the developing nervous 
system [21]. Subsequent study showed neuro-
pilin-1 functions as a receptor for the VEGF-A 
isoform VEGF-165 in both endothelial cells and 
some tumor cells [22]. Many studies showed 
that neuropilin-1 is up-regulated in various 
tumor types and is expressed in different tumor 
vasculatures [23], indicating that neuropilin-1 
plays important roles in tumor progression.

In this study, our data revealed that the levels 
of miR-152 in NSCLC tissues were inversely 
correlated with the levels of neuropilin-1 in 
NSCLC patients. Overexpression of miR-152 
suppressed NSCLC cell migration and invasion, 
while depletion of miR-152 increased NSCLC 
cell migration and invasion. Then, we modified 
miR-152 levels in NSCLC cells and found that  
it did not affect neuropilin-1 mRNA but altered 
the protein. These data were further strength-
ened by promoter luciferase assay. Moreover, 
miR-152 mediated changes in neuropilin-1 
seemed to result in changes in cell metasta- 
sis.

In conclusion, our study proposes a model that 
regulates NSCLC metastases. neuropilin-1 pro-
motes NSCLC cell migration and invasion. MiR-
152 inhibits neuropilin-1 protein translation 
and subsequently suppresses cell metastasis. 
Thus, the present study suggests that miR-152 
might be a potential therapeutic target for 
treating NSCLC.

Figure 5. Schematic of the model. MiR-152 inhibits NSCLC cell metastasis 
possibly through suppression of neuropilin-1.

thought to contribute to the 
malignant phenotype in vari-
ous types of cancer. For 
example, Zhai et al. showed 
that miR-152 might act as a 
tumor suppressor to inhibit 
gastric cancer cell prolifera-
tion and motility by target- 
ing CD151 [18]. Ma et al.  
miR-152 could function as  
a tumor suppressor in glio-
blastoma stem cells by tar-
geting Krüppel-like factor 4 
[19]. Zhu et al. found that  
miR-152 could act as a tu- 
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