
Am J Transl Res 2015;7(7):1271-1279
www.ajtr.org /ISSN:1943-8141/AJTR0007672

Original Article 
miR-630 targets LMO3 to regulate cell growth and  
metastasis in lung cancer

Ying-Fang Song1*, Jing-Fang Hong2*, De-Ling Liu1, Qing-An Lin1, Xiao-Peng Lan3, Guo-Xiang Lai1

1Department of Pulmonary and Critical Care Medicine, Fuzhou General Hospital of Nanjing Military Command, 
Dongfang Hospital, Xiamen University, Fuzhou, 350025, China; 2Department of Neurosurgery, Fuzhou General 
Hospital of Nanjing Military Command, Dongfang Hospital, Xiamen University, Fuzhou, 350025, China; 3Institute 
for Laboratory Medicine, Fuzhou General Hospital of Nanjing Military Command, Dongfang Hospital, Xiamen Uni-
versity, Fuzhou, 350025, China. *Equal contributors.

Received March 7, 2015; Accepted July 12, 2015; Epub July 15, 2015; Published July 30, 2015 

Abstract: MicroRNAs (miRNAs) are a class of small non-coding RNAs that play key roles in cancer development and 
progression. Therefore, the discovery of miRNAs may provide a new and powerful tool for understanding the mecha-
nism of carcinogenesis. In the present study, we aimed to investigate the functional significance of miR-630 and to 
identify its possible target genes in human non-small cell lung cancer (NSCLC). Our results showed that miR-630 
was significantly down-regulated in NSCLC tissues and cell lines. The enforced expression of miR-630 was able to 
inhibit cell proliferation, migration, and invasion of NSCLC cells. Moreover, our results further revealed that LMO3, 
a nuclear LIM-only proteins, was identified as a target of miR-630. Restoration of LMO3 remarkably reversed the 
tumor-suppressive effects of miR-630 on cell proliferation, migration, and invasion in NSCLC cells. Therefore, we 
demonstrated that miR-630 suppressed the proliferation, migration, and invasion of NSCLC cells by down-regulating 
LMO3 expression, suggesting miR-630 as a potential therapeutic target for the treatment of human NSCLC in the 
future.
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Introduction 

Lung cancer is the leading cause of cancer-
related mortality, with 1.4 million deaths world-
wide annually. Non-small cell lung cancer 
(NSCLC) accounts for approximately 80% of pri-
mary lung cancer [1]. The prognosis for NSCLC 
remains poor despite recent advances in the 
diagnosis and chemotherapies used for this 
cancer, and the 5-year overall survival rate of 
NSCLC is a dismal 11% [2]. Thus, the elucida-
tion of the molecular mechanisms that control 
NSCLC tumor growth and metastasis is urgent-
ly needed.

MicroRNAs (miRNAs) are a class of small non-
coding RNAs(ncRNA) that negatively regulate 
the expression of their target genes by binding 
to the 3’-untranslated regions (3’-UTRs) of tar-
get mRNAs that leads to mRNA degradation or 
translational suppression [3]. The miRNAs reg-
ulate the expression of multiple target genes 

involved in various biological processes, includ-
ing cell apoptosis, proliferation, differentiation 
and migration [4-6]. Recently, mounting evi-
dence indicated that aberrant changes in 
miRNA expression correlates with a wide range 
of cancers and that miRNAs act as oncogenes 
and tumor suppressors [7, 8]. In NSCLC, multi-
ple miRNAs, such as miR-186, miR-205 and 
miR-21 were found to promote NSCLC carcino-
genesis [9-11]. However, the detailed role of 
miR-630 in NSCLC carcinogenesis remains 
unclear.

In the present study, we found that miR-630 
was significantly decreased in NSCLC tissues 
and cell lines. Enforced expression of miR-630 
inhibited cell proliferation, migration, and inva-
sion of NSCLC cells. Furthermore, we identified 
LIM-only proteins 3 (LMO3) as a target of miR-
630 in NSCLC cells. Finally, we found that miR-
630 suppressed cell proliferation, migration 
and invasion of NSCLC cells partially by down-
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regulating LMO3 expression. Together, our 
results suggested that miR-630 could be a 
therapeutic target for the treatment of NSCLC.

Materials and methods

Patients and specimens

Twenty-two paired NSCLC tissues and matched 
adjacent normal tissues were obtained from 
The Fuzhou General Hospital of Nanjing Military 
Command (Fuzhou, China) between March 
2007 and March 2009. All patients recruited in 
this study were not subjected to preoperative 
radiotherapy and/or chemotherapy and were 
diagnosed as infiltrating carcinoma by patholo-
gy. Tumor tissues and matched adjacent nor-
mal tissues were collected and stored in liquid 
nitrogen until use. The study was approved by 
the Medical ethics committee of Xiamen 
University. Written informed consent was 
obtained from each patient.

Cell culture

The human lung cell lines NCI-H23, A549, 
H157, H1299 and normal bronchial epithelial 
cell line 16HBE were purchased from the 
American Type Culture Collection (ATCC, USA). 
All cell lines were routinely maintained in DMEM 
medium (Gibco) supplemented with 10% fetal 
bovine serum (FBS, Gibco), 100 U/ml penicillin 
sodium, and 100 mg/ml streptomycin sulfate 
at 37°C in a humidified air atmosphere contain-
ing 5% CO2. Cell transfection was performed 
using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s protocol. 

Plasmids and luciferase activity assay

MiR-630 and the scramble control mimics were 
obtained from Ribio Bio (Guangzhou, China). 
LMO3 over-expression plasmid, pcDNA3-LMO3 
was purchased from Promega. The LMO3 
3’-UTR fragment containing putative miR-630 
binding sites was amplified from complemen-
tary DNA (cDNA) of NCI-H23 cells. The 3’-UTR 
was inserted into pGL3 vector (Invitrogen), and 
named pGL3-LMO3 3’-UTR (WT). Mutation of 
the miR-630 target sites in pGL3-LMO3 3’-UTR 
(Mut) was performed using a Strata gene muta-
tion kit (Stratagene).

HEK293 cells were cultured in 24-well plates, 
and each well was co-transfected with 100 ng 

WT or Mut and 100 ng miR-630 mimics using 
Lipofectamine 2000. Renilla luciferase pRL-
SV40 (Promega) was used as a control. Cells 
were collected 48 h after transfection and the 
dual-luciferase activity was examined with a 
Dual-Luciferase Reporter Assay (Promega) 
according to the manufacturer’s instructions.

Cell proliferation assay

To determine cell proliferation, cells were plat-
ed in 96-well plates overnight and transfected 
with miR-630 mimic or/and LMO3 plasmid. The 
cell proliferation was determined with 3- 
(4,5-dimethylthiazol-2-yl)-2-5 diphenyltetrazoli-
um bromide (MTT, Sigma) assay at 24, 48, 72, 
and 96 h after transfection respectively, and 
the absorbance of samples was measured with 
a spectrophotometer reader (Molecular De- 
viced) at 570 nm. All experiments were per-
formed in six replicates and were repeated 
three times independently.

In vitro migration and invasion assays

Cell migration and invasion assays were per-
formed in a 24-well plate with 8 mm pore size 
chamber inserts (Corning). For migration 
assays, 5×104 cells were placed into the upper 
chamber per well with the non-coated mem-
brane. For invasion assays, 1×105 cells were 
placed into the upper chamber per well with the 
Matrigel-coated membrane, which was diluted 
with serum-free culture medium. In both 
assays, cells were suspended in 200 μL of 
DMEM without FBS when they were seeded 
into the upper chamber. In the lower chamber, 
800 μL of DMEM supplemented with 10% FBS 
was added. After incubation for 48 h at 37°C 
and 5% CO2, the membrane inserts were 
removed from the plate, and non-invading cells 
were removed from the upper surface of the 
membrane. Cells that moved to the bottom sur-
face of the chamber were fixed with 100% 
methanol for 20 min and stained with 0.1% 
crystal violet for 30 min. Then, cells were 
imaged and counted in at least 5 random fields 
using a microscope (Olympus). The assays were 
conducted three independent times.

RNA extraction and quantitative real-time PCR

Total RNA from tissue samples and cell lines 
were isolated by the TRIZOL reagent (Invitrogen) 
according to the manufacturer’s protocol. 
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Quantitative real-time PCR (qRT-PCR) was per-
formed with an Applied Biosystems 7900HT 
system (Applied Biosystems) using SYBR 
Premix Ex Taq (Takara). PCR volume was 20 μL, 
containing 1 μL reverse transcript product. 
Cycling conditions were 1 cycle of 95°C for 30 
seconds and 40 cycles of 95°C for 5 seconds 
and 60°C for 30 seconds. PCR was performed 
in triplicate. For measurement of the LMO3 
transcript from total RNA, total cDNA was syn-
thesized using a Takara reverse transcription 
kit (Takara). qRT-PCR was performed using 
SYBR Pre-mix ExTaq (Takara). The U6 and 
GAPDH were used as endogenous control for 
miRNA and mRNA, respectively. The ΔΔCt 
method was used to determine relative quanti-
tation of miRNA and mRNA expression, and fold 
change was determined as 2-ΔΔCt. Primer 
sequences used were shown in Table 1.

Western blotting

Cultured cells were harvested and lysed with 
RIPA buffer (Beyotime). Separated on 10% 
SDS-PAGE, and then transferred to PVDF mem-
branes (Millipore). Membranes were blocked 
with 3% non-fat dried milk solution for 0.5 h at 
room temperature and then probed with prima-
ry antibodies overnight at 4°C. The membranes 
were further developed with HRP-conjugated 
secondary antibodies for 1 h at 37°C. Blots 
were visualized using an ECL detection system 
(Amersham) and analyzed by Kodak Digital 
Science 1D software (Eastman Kodak). 

Statistical analysis

All statistical analyses were performed using 
SPSS version 18.0 software. The data are 
shown as the mean ± SD from at least three 
independent experiments. Differences bet- 
ween groups were analyzed using Student’s t 
test or one-way ANOVA analysis. P<0.05 was 
considered statistically significant.

Results

miR-630 was decreased in NSCLC tissues and 
cell lines

The expression of miR-630 in 22 pairs of 
NSCLC tissues and their matched normal tis-
sues was measured using qRT-PCR. Our results 
showed that miR-630 expression was signifi-
cantly down-regulated in NSCLC tissues com-
pared with matched adjacent normal tissues 
(P<0.05, Figure 1A). In addition, the expression 
level of miR-630 in four NSCLC cell lines (NCI-
H23, A549, H157 and H1299) were deter-
mined. Our data showed that the relative 
expression of miR-630 in NSCLC cells was 
strikingly decreased compared to the normal 
lung bronchus epithelial cell line 16HBE 
(P<0.05, Figure 1B). These results indicated 
that miR-630 may play a critical role in the pro-
gression of NSCLC.   

miR-630 inhibited NSCLC cell proliferation, 
migration, and invasion

We further investigated the function of miR-
630 in the progression of NSCLC, miR-630 
mimics and control mimics was transfected 
into NCI-H23 cells, and the effect of miR-630 
mimics was confirmed by qRT-PCR (P<0.05, 
Figure 2A), MTT assay revealed that over-
expression of miR-630 significantly inhibited 
proliferation ability of NCI-H23 cells (P<0.05, 
Figure 2B). Similarly, in vitro migration and inva-
sion assays showed that enforced expression 
of miR-630 could inhibit the migration and inva-
sion ability of NCI-H23 cells (P<0.05, Figure 2C 
and 2D). These data indicated that miR-630 
was able to inhibit the development and pro-
gression of NSCLC.

LMO3 was a direct target of miR-630

We further explored the downstream molecular 
target of miR-630 in NSCLC. We used 
TargetScan 6.2 (http://www.targetscan.org), a 
widely used miRNA target prediction website, 
LMO3 was found to be a potential target of 
miR-630 (Figure 3A). Luciferase activity assay 
showed that miR-630 significantly inhibited the 
luciferase activity of the wild-type (WT) 3’-UTR 
of LMO3, without effect on its mutant (Mut) 
(P<0.05, Figure 3B). Moreover, qRT-PCR and 
Western blotting confirmed that miR-630 sup-
pressed the expression of LMO3 in NCI-H23 
cells (P<0.05, Figure 3C and 3D). These data 
suggested that LMO3 was a target of miR-630 
in NSCLC cells.

Table 1. Sequences of Primers
Gene Primers Sequence (5’-3’)
miR-630 forward TAAAGGAGGAAGATAAGG

reverse GTAGCAGTGATAGGCATT
LMO3 forward ATGCTCTCAGTCCAGCCAGA

reverse TCAGCGAACCTGGGGTGCAT
U6 forward CCTGCTTCGGCAGCACA

reverse TGGAACGCTTCACGAA
GAPDH forward CCACTCCTCCACCTTTGAC

reverse ACCCTGTTGCTGTAGCCA
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LMO3 over-expression partially attenuated the 
tumor suppressive effect of miR-630

We further investigated whether LMO3 over-
expression could attenuate tumor suppressive 
effects of miR-630. The effect of pcDNA-LMO3 

was confirmed by qRT-PCR and western blot 
(P<0.05, Figure 4A and 4B). MTT assay, migra-
tion assay and invasion assay revealed that 
over-expression of LMO3 significantly reversed 
the tumor suppressive effects of miR-630 on 
NCI-H23 cells (P<0.05, Figure 4C-E). These 

Figure 1. miR-630 was down-regulated in human non-small cell lung cancer (NSCLC) tissues and cell lines. A. Ex-
pression of miR-630 in 22 paired NSCLC tissues and their matched normal tissues was measured by qRT-PCR. U6 
was used as an internal control. B. The expression of miR-630 in the human bronchial epithelial cell line 16HBE and 
four NSCLC cell lines (NCI-H23, A549, H157 and H1299 ). *P<0.05.

Figure 2. miR-630 inhibited proliferation, migration and invasion of NSCLC cells. A. Expression of miR-630 in NCI-
H23 cells transfected with miR-630 mimics or control mimics was detected by qRT-PCR. B. MTT assay was per-
formed to analyze the effect of miR-630 on proliferation of NCI-H23 cells. C, D. Transwell migration and invasion 
assays were utilized to analyze the effect of miR-630 on migration and invasion of NCI-H23 cells. *P<0.05.
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results demonstrated that restoration of LMO3 
significantly attenuated the tumor suppressive 
effect of miR-630 in NSCLC.

LMO3 expression was inversely correlated with 
that of miR-630 in NSCLC tissues

To further explore the relationship between 
LMO3 and miR-630 in vivo, we examined the 
expression of LMO3 in 22 pairs of NSCLC tis-
sues and their matched normal tissues using 
qRT-PCR. We found that LMO3 expression was 

significantly increased in NSCLC tissues rela-
tive to their matched normal tissues (P<0.05, 
Figure 5A). Moreover, LMO3 was negatively 
correlated with miR-630 expression in the 
same NSCLC tissues (P<0.05, Figure 5B). 
These data further indicated that LMO3 was a 
target of miR-630.

Discussion

According to recent studies, more than 1,900 
human miRNAs have been identified, which are 

Figure 3. LMO3 was a direct target of miR-630. A. The potential miR-630 binding sites of LMO3 3’-UTR. B. A lucifer-
ase reporter assay showed the inhibitory effect of miR-630 on LMO3 3’UTR luciferase activity in HEK293 cells. C. 
Expression of LMO3 mRNA was detected by qRT-PCR in NCI-H23 cells transfected with miR-630 mimics or control 
mimics. D. Protein levels were detected by western blotting in NCI-H23 cells transfected with miR-630 mimics or 
control mimics. *P<0.05.
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estimated to regulate over 60% of genes in 
mammals [12]. And miRNAs have been report-
ed to play important roles in carcinogenesis 
and tumor progression [13, 14]. In addition, 
acting as either tumor suppressors or onco-
genes, miRNAs are involved in several aspects 
of cancer biology including cell proliferation, 
apoptosis, migration and invasion. In this study, 
we focused on miR-630. Numerous studies 
have revealed that miR-630 potentially act as 
oncogenes or tumor suppressors in different 
cancers. For example, Chu showed miR-630 
was significantly elevated in gastric cancer and 
associated with gastric cancer invasion, lymph 
node metastasis, distant metastasis and TNM 
stage [15]. Zhao found that miR-630 was mark-
edly increased in renal cancer and associated 
with renal cancer histologic grade, lymph node 

metastasis, distant metastasis and TNM stage, 
which indicated that miR-630 could play an 
important role in the progression of renal can-
cer [16]. However, Farhana et al. proved that 
up-regulation of miR-630 in pancreatic cancer 
cells could induce apoptosis by targeting IGF-
1R [17]. Corcoran showed that decreased 
expression of miR-630 could induce the cellu-
lar motility by increasing the migration and 
invasion ability of breast cancer cells. 
Conversely, up-regulation of miR-630 expres-
sion in breast cancer cells could decrease the 
cellular motility [18]. miR-630 was also found 
to be up-regulated in head and neck squamous 
cell carcinoma after cisplatin treatment and 
can modulate the protein expression of ATG5, 
ATG6/BECN1, ATG10, ATG12, ATG16L1 and 
UVRAG [19, 20].

Figure 4. LMO3 over-expression partially attenuated 
the tumor suppressive effect of miR-630. (A, B) LMO3 
expression in NCI-H23 cells transfected with an pcD-
NA-LMO3 or empty vector (control) was measured by 
qRT-PCR (A) and western blotting (B). (C-E) NCI-H23 
cells were transfected with miR-630 mimics or control 
mimics (control) with LMO3 over-expression plasmid. 
MTT assay (C), in vitro migration assay (D) and in vitro 
invasion assay (E) were performed. *P<0.05.
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However, the role of miR-630 in NSCLC carcino-
genesis remains unclear. A recent report by 
Kuo et al showed that miR-630 was decreased 
in lung cancer and inversely correlated with 
advanced stage, higher lymph node metasta-
sis, higher grade invasion, poor overall survival, 
and poor disease free survival in lung cancer 
[21]. Patnaik found that miR-630 could predict 
recurrence of localized stage I non-small cell 
lung cancer after surgical resection [22]. It was 
previously shown that miR-630 conferred 
robust cytoprotection against CDDP and carbo-
platin, resulting from decreased proliferation 
coupled to upstream inhibition of the signaling 
cascades that emanate from damaged DNA 
and converge on p53 activation [23]. In this 
study, we found that miR-630 was markedly 
reduced in NSCLC tissues and cell lines. The 
ectopic over-expression of miR-630 effectively 
inhibited NSCLC cell proliferation, migration 
and invasion. These results suggested that 
miR-630 was a novel tumor suppressive miRNA 
in NSCLC progression. 

To elucidate the molecular mechanisms in- 
volved in miR-630 induced inhibition of NSCLC 
growth and metastasis, we used TargetScan 
6.2 to predict miR-630 target genes. LMO3 
was identified as a target of miR-630 in NSCLC. 
The restoration of LMO3 markedly attenuated 
the tumor suppressive effects of miR-630 on 
NSCLC cells. Furthermore, LMO3 levels were 
increased and were negatively correlated with 
miR-630 levels in NSCLC tissues. The miRNAs 

can induce mRNA degradation or translational 
suppression, and down-regulated mRNA levels 
may result in decreased protein levels. Thus, 
the observed decrease in LMO3 protein levels 
induced by miR-630 might be because of the 
degradation of LMO3 mRNA. Taken together, 
these data indicated that miR-630 inhibited 
NSCLC growth and metastasis by inhibiting 
LMO3 expression. In various cancers, LMO3 
acts as an essential regulator of cell growth. 
Aoyama reported that high levels of LMO3 
mRNA were found in aggressive neuroblasto-
mas with a poor prognosis as compared with 
more favorable subtypes [24]. Larsen found 
that LMO3 in highly expressing tumors may 
simultaneously permit activation of the p53 
pathway and inhibit LMO3-mediated pro-surviv-
al mechanisms [25]. Hui suggested that over-
expression of LMO3 promoted cell growth and 
the effect of LMO3 on proliferation may be 
explained by its role in cell-cycle progression 
[26]. Isogai demonstrated that oncogenes 
LMO3 collaborates with HEN2 to enhance neu-
roblastoma cell growth through transactivation 
of Mash1 [27]. Here, our work further investi-
gated the role of LMO3 in NSCLC.

In summary, our data revealed that miR-630 
was dramatically down-regulated in NSCLC tis-
sues and cell lines, and enforced expression of 
miR-630 could suppress NSCLC cell prolifera-
tion, migration and invasion. Moreover, we 
found that the tumor suppressor function of 
miR-630 was mediated by the down-regulation 

Figure 5. LMO3 levels were inversely correlated with miR-630 in NSCLC tissues. A. LMO3 expression levels in 22 
pairs of NSCLC tissues and their matched normal tissues were measured by qRT-PCR. GAPDH was used as an inter-
nal control. B. Correlation analysis between LMO3 mRNA levels and miR-630 expression in NSCLC tissues (Spear-
man’s correlation analysis, r=-0.5592; P<0.05). *P<0.05.
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of its downstream target gene LMO3. These 
results suggested that miR-630 deregulation 
might play important roles in tumor progression 
and miR-630 could be a potential therapeutic 
strategy for the treatment of NSCLC.
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