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MicroRNA-137 inhibits cell migration and invasion by 
targeting bone morphogenetic protein-7 (BMP7)  
in non-small cell lung cancer cells
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Abstract: MicroRNA-137 (miR-137) was reported to be dysregulated in several human cancers. However, the func-
tion and mechanism of miR-137 in non-small cell lung cancer (NSCLC) is still unclear. In the current study, we 
explored the role of miR-137 in NSCLC progression. Using qRT-PCR, our data showed that miR-137 was significantly 
down-regulated in NSCLC tissues and cell lines. In vitro functional assay, we found that over-expression of miR-137 
suppressed NSCLC cells proliferation, migration and invasion, indicating that miR-137 could act as a tumor suppres-
sor in NSCLC progression. In addition, bone morphogenetic protein-7 (BMP7) was identified as a target of miR-137 
in NSCLC cells, Luciferase reporter assay suggested that miR-137 directly targeted 3’-UTR of BMP7, and correlation 
analysis revealed that BMP7 inversely correlated with miR-137 in NSCLC tissues. Furthermore, Restoration of BMP7 
remarkably reversed the tumor suppressive effects of miR-137 on NSCLC cell proliferation, migration, and invasion. 
Taken together, our findings suggested that miR-137/BMP7 axis could contribute to the progression of NSCLC, sug-
gesting miR-137 as a potential therapeutic target for the treatment of NSCLC.
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Introduction

Lung cancer is one of the most common can-
cers and the leading cause of cancer-related 
deaths worldwide [1]. Non-small cell lung can-
cer (NSCLC) is the most common type of lung 
cancer, accounting for more than 85% of all 
lung cancer cases [2]. Despite recent advances 
in clinical and experimental oncology, the 
5-year survival rate for NSCLC patients is still 
only 5-20% [3]. The distant metastases are 
responsible for the failure of lung cancer thera-
py and the poor prognosis of lung cancer [4]. 
Thus, a better understanding of the mecha-
nisms of metastasis might be helpful to find 
new therapeutic targets for the treatment of 
NSCLC.

MicroRNAs (miRNAs) are small, non-coding 
RNAs that negatively regulate the expression of 
target genes via translational repression or 
mRNA degradation [5]. miRNAs play essential 
roles in a variety of biological processes, includ-
ing cell proliferation, metastasis, differentia-
tion, stress resistance, and fat metabolism 

[6-8]. Recent studies revealed that dysregula-
tion of miRNAs occur in a variety of cancers. For 
example, Li et al showed that down-regulated 
miR-646 in renal cell carcinoma was associat-
ed with tumor metastasis through MAPK path-
way by targeting NOB1 [9]. Liu et al found that 
miR-506 suppressed proliferation and induces 
senescence by directly targeting the CDK4/6-
FOXM1 axis in ovarian cancer [10]. Zhu et al 
reported that up-regulation of miR-106a in gas-
tric cancer could exert oncogenic role with pro-
moting effects on cell proliferation and metas-
tasis by targeting TIMP2 [11]. Ma et al revealed 
that over-expression of miR-301a in breast can-
cer could promote tumor metastasis by target-
ing PTEN and activating Wnt/β-catenin signal-
ing [12]. These findings suggested that de- 
regulation of miRNA may be associated with 
NSCLC carcinogenesis.

In the current study, our results showed that 
miR-137 was significantly down-regulated in 
both NSCLC tissue samples and cell lines. Over-
expression of miR-137 inhibited cell prolifera-
tion, migration and invasion of NSCLC cells. 
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Moreover, we identified that bone morphoge-
netic protein-7 (BMP7) as direct target genes of 
miR-137 in NSCLC cells. Restoration of BMP7 
remarkably reversed the tumor-suppressive 
effects of miR-137, indicating that miR-137 
exerted its effect on the inhibition of cell prolif-
eration, migration and invasion by down-regu-
lating BMP7 in NSCLC cells.

Materials and methods

Patient samples and cell lines

A total of 32 pairs of human NSCLC tissues and 
adjacent non-tumor tissues were obtained from 
The First Affiliated Hospital of Xinxiang Medical 
University. None of the NSCLC patients had 
received radiation therapy or chemotherapy 
before the surgery, and the tissues were imme-
diately snap-frozen in liquid nitrogen and stored 
at -80°C until used. 4 NSCLC cell lines (A549, 
SK-MES-1, H129, and H520) and a normal lung 
bronchus epithelial cell line BEAS-2B were 
obtained from American Type Culture Collection 
and cultured in DMEM supplemented with 10% 
fetal bovine serum (FBS, Invitrogen), and incu-
bated in 5% CO2 humid atmosphere at 37°C.

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

Total RNA was extracted by TRIzol Reagent 
(Invitrogen) according to the manufacturer’s 
protocol. SYBR® Premix Ex Taq (Takara) was 
used to detect gene expression on ABI Stepone 
plus (Applied Biosystems). miRNA was extract-
ed using All-in-one microRNA extraction kit 
(GeneCopoeia). Primers for BMP7: sense, 5’- 
TCTCATTGATTGGAGCATT-3’ and anti-sense, 
5’-GGCAGTGGTAGGATAAAC-3’. Primers for GA- 

PDH: sense, 5’-AACGGATTTGGTCGTATTG-3’, an- 
d anti-sense, 5’-GGAAGATGGTGATGGGATT-3’. 
Primers for miR-137 and U6 were purchased 
from GeneCopoeia (Carlsbad). The expression 
of BMP7 was normalized with GAPDH, and the 
expression of miR-137 was normalized with U6.

Plasmids and luciferase activity assay

MiR-137, the scramble control mimics (miR-NC) 
and BMP7 overexpression plasmid, (pcDNA3-
BMP7) were obtained from GenePharma. The 
BMP7 3’-UTR fragment containing putative 
miR-137 binding sites was amplified from com-
plementary DNA (cDNA) of A549 cells. The 
3’-UTR was inserted into pGL3 vector (In- 
vitrogen), and named pGL3-BMP7 3’-UTR (Wt). 
Mutation of the miR-137 target sites in pGL3-
BMP7 3’-UTR (Mut) was performed using a 
Stratagene mutation kit (Stratagene).

HEK293 cells were cultured in 24-well plates, 
and each well was co-transfected with 100-ng 
Wt or Mut, and 50-ng pGL3 (Promega) and 
100-ng miR-137 mimics using Lipofectamine 
2000. Renilla luciferase pGL3 was used as a 
control. Cells were collected 48 h after trans-
fection and the dual-luciferase activity was 
examined with a Dual-Luciferase Reporter 
Assay (Promega) according to the manufactur-
er’s instructions.

Cell proliferation assay

Transfected cells were seeded into 96-well 
plates with a density of 4000 cells/well, and 
cultured for different time. 10 μL of MTT was 
added into each well, and incubated for 4 h. 
Then the supernatant was discarded, and 200 
μL of DMSO was added to each well. Optical 

Figure 1. MiR-137 is down-regulated in NSCLC tissues and cell lines. A. The relative expression levels of miR-137 
were significantly down-regulated in NSCLC tissues (Tumor) compared with the adjacent non-tumor tissues (Nor-
mal). B. The relative miR-137 expression levels were significantly decreased in four NSCLC cell lines (A549, SK-
MES-1, H129, and H520) compared with the normal lung bronchus epithelial cell line BEAS-2B. *P < 0.05.
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density (OD) was detected at the wavelength of 
490 nm.

Cell migration and invasion assay

For migration assay, 5 × 104 transfected cells 
in serum-free medium were added into the 
upper chamber of an insert (8-μm pore size, 
Millipore). For invasion assays, 1 × 105 cells in 
serum-free medium were placed into the upper 
chamber of an insert coated with Matrigel 
(Sigma). Medium containing 10% FBS were 
added to the lower chamber as a chemoattrac-
tant. After 24 h of incubation, cells remaining 
on the upper membrane were removed, where-
as cells which had migrated or invaded to the 
lower membrane were stained with 0.1% crys-
tal violet, imaged, and counted using a micro-
scope (Olympus).

Western blot

Treated cells were washed twice with PBS and 
proteins were extracted with SDS lysis buffer 

(Beyotime), and separated by 10% SDS-PAGE 
gel. Protein samples were transferred to PVDF 
membrane (Millipore), and were probed with 
primary antibodies against BMP7 or GAPDH 
(Abcam). Membranes were incubated at 4°C 
overnight, followed by incubation with AP- 
conjugated secondary antibodies and detected 
by ECL (Amersham).

Statistical analysis

All statistical analyses were performed using 
SPSS version 18.0 software (IBM). Data are 
expressed as the mean ± SD from at least three 
separate experiments. ANOVA or Student’s t 
test was used to examine the difference. P < 
0.05 was considered statistically significant.

Results

miR-137 is significantly down-regulated in 
NSCLC tissues and cell lines

Expression of miR-137 in 32 paired NSCLC 
patient tissues and the adjacent non-tumor tis-

Figure 2. MiR-137 inhibits the proliferation, migration and invasion of NSCLC cells in vitro. A. A549 cells were trans-
fected with miR-137 mimics or the scramble control mimics. The expression of miR-137 was analyzed by qRT-PCR. 
B. Cell proliferation of A549 cells were detected by MTT assay. C. Migration assay of A549 cells transfected with 
miR-137 mimics or the scramble control. D. Invasion assay of A549 cells transfected with miR-137 mimics or the 
scramble control. *P < 0.05.
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sues was examined by qRT-PCR. Our date 
showed that the expression level of miR-137 
was significantly decreased in NSCLC tissues, 
as compared with that in adjacent non-tumor 
tissues (Figure 1A). In addition, we investigated 
miR-137 expression in four NSCLC cell lines, As 
shown in Figure 1B, miR-137 were significantly 
down-regulated in NSCLC cell lines (A549, 
SK-MES-1, H129, and H520) compared with 
normal lung bronchus epithelial cell line BEAS-
2B. Taken together, these data indicated that 
miR-137 may be associated with NSCLC 
carcinogenesis.

MiR-137 inhibits NSCLC cell proliferation, 
migration and invasion

We further studied the effects of miR-137 on 
cell proliferation, migration and invasion of 
NSCLC cells. A549 cells were transfected with 
miR-137 mimics or scramble control mimics 
(miR-NC), and the expression of miR-137 was 
determined by qRT-PCR (Figure 2A). MTT assay 
revealed that miR-137 over-expression signifi-
cantly decreased the proliferation ability of 
A549 cells (Figure 2B). In addition, in vitro 
migration and invasion assays found that miR-

Figure 3. BMP7 is a target of miR-137 in 
NSCLC cells. A. The potential miR-137 bind-
ing sites of BMP7 3’-UTR and the mutant 
(Mut). B. HEK293 cells were co-transfected 
with miR-137 mimics or the scramble con-
trol with Wt or Mut BMP7 3’-UTR. Lucifer-
ase activity assay was used. C. Protein level 
of BMP7 was detected by Western blot in 
A549 cells transfected with miR-137 mim-
ics or the scramble control. GAPDH was 
used as an internal control. D. A statisti-
cally inverse correlation between miR-137 
and BMP7 mRNA levels in 32 NSCLC tis-
sues by correlation analysis. *P < 0.05.
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137 overexpression markedly inhibited the 
migration and invasion ability of A549 cells 
(Figure 2C, 2D). These data demonstrated that 
miR-137 acted as a tumor suppressor in NSCLC 
progression and development.

MiR-137 targets BMP7 in NSCLC cells

To elucidate the molecular mechanism by 
which miR-137 exerted its inhibitory effect on 
NSCLC cells, we used TargetScan 6.2 to screen 
the target gene of miR-137. Bone morphoge-
netic protein-7 (BMP7) was predicted to be a 
target of miR-137 (Figure 3A). Luciferase activ-
ity assay revealed that overexpression of miR-
137 significantly decreased the relative lucifer-
ase activity of wild type (Wt) 3’-UTR of BMP7 in 
A549 cells, but had no effect on the mutant 
(Mut) 3’-UTR of BMP7 (Figure 3B). Western blot 
analysis revealed that overexpression of miR-
137 significantly reduced the expression of 
BMP7 in A549 cells (Figure 3C). In addition, 
there was a significant inverse correlation 
between expression levels of miR-137 and 
BMP7 mRNAs in NSCLC tissues (Figure 3D). 
Taken together, these data suggested that 
BMP7 was a target of miR-137 in NSCLC cells.

Restoration of BMP7 abolished the effects of 
miR-137

We further explored whether restoration of 
BMP7 could reverse the tumor suppressive 
effects of miR-137. The effect of pcDNA3-BMP7 
was confirmed by western blot (Figure 4A). 
MTT, migration, and invasion assays revealed 
that restoration of BMP7 significantly abolished 
the tumor suppressive effects of miR-137 in 
NSCLC cells (Figure 4B-D).

Discussion

In this study, we characterized the function of 
miR-137 in NSCLC progression. We found that 
the expression levels of miR-137 were signifi-
cantly decreased in NSCLC tissues and cell 
lines. In addition, we found that ectopic expres-
sion of miR-137 significantly inhibited NSCLC 
cell proliferation, migration, and invasion. We 
further identified BMP7 as a direct target of 
miR-137 in NSCLC cells. Moreover, over-expres-
sion of BMP7 abolished the tumor suppressive 
effects of miR-137. Our data illustrated the pos-
sible role of miR-137 and BMP7 in the progres-
sion of NSCLC.

Figure 4. Overexpression of BMP7 abolishes the effects of miR-137. (A) A549 cells were transfected with pcDNA3-
BMP7 or the vector, and the expression of BMP7 was examined by western blot. (B-D) A549 cells were co-transfect-
ed with miR-137 mimics or scramble control with pcDNA3-BMP7, MTT assay (B), migration assay (C), and invasion 
assay were performed. *P < 0.05.
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Recently studies revealed that miR-137 play 
essential roles in tumorigenesis. For example, 
Xiao et al revealed that miR-137 modulates 
pancreatic cancer cell growth, invasion and 
sensitivity to chemotherapy [13]. Hao et al 
showed that miR-137 was significantly down-
regulated in melanoma and inhibited prolifera-
tion of melanoma cells by targeting PAK2 [14]. 
Smith et al showed that miR-137 was decreased 
in colorectal cancer tissues and miR-137 inhib-
ited cell growth, colony formation, and tumor-
sphere growth of colon cancer cell by targeting 
Musashi-1 [15]. Zhang et al found that miR-137 
was down-regulated in NSCLC tissues and 
inhibited NSCLC cell proliferation and motility 
by directly targeting SLC22A18 [16]. Herein, we 
found that over-expression of miR-137 could 
inhibit NSCLC cell proliferation, migration, and 
invasion by targeting BMP7. Our study expand-
ed the tumor suppressive role of miR-137 in 
NSCLC progression.

Bone morphogenetic proteins (BMPs) are 
important signaling molecules that were first 
identified by their ability to induce bone and 
cartilage [17]. BMP is a member of the TGF-β 
superfamily known to regulate cell proliferation, 
apoptosis, and differentiation during human 
development [18]. Recent studies showed that 
BMP7 play important roles in tumor progres-
sion and development. For example, Li et al 
showed that high-expression level of BMP7 in 
hepatocellular carcinoma (HCC) was important 
in tumor progression and served as an inde-
pendent biomarker for poor survival of HCC 
patients [19]. Xu et al found that BMP7 modu-
lated the expression of E-cadherin and MMP-9, 
and by which mechanism it might regulate cell 
migration and metastasis of esophageal squa-
mous cell carcinoma [20]. Naber et al found 
that BMP-7 inhibited TGF-β-induced invasion of 
breast cancer cells through inhibition of integ-
rin β(3) expression [21]. Here, our results 
showed that BMP7 was a target of miR-137 in 
NSCLC cells, and BMP7 was inversely correlat-
ed with miR-137 in NSCLC tissues. Furthermore, 
we found that supplement of BMP7 dramati-
cally abolished the tumor suppressive effects 
of miR-137 in NSCLC cells. Taken together, 
those results indicated that BMP7 could be 
involved in NSCLC progression.

In conclusion, our results revealed that miR-
137 was down-regulated in NSCLC and en- 
forced expression of miR-137 inhibited NSCLC 

cell proliferation, migration and invasion th- 
rough directly targeting BMP7. This novel miR-
137/BMP7 axis may provide new insights into 
the mechanisms underlying tumor progression, 
and restoration of miR-137 may be a potential 
therapeutic strategy for the treatment of NSCLC 
in the future.
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