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a b s t r a c t

MicroRNAs (miRNAs) are short, non-coding RNAs (~22 nt) that play important roles in the pathogenesis
of human diseases by negatively regulating numerous target genes at posttranscriptional level. However,
the role of microRNAs in lung cancer, particularly non-small-cell lung cancer (NSCLC), has remained
elusive. In this study, two microRNAs, miR-1271 and miR-628, and their predicted target genes were
identified differentially expressed in NSCLC by analyzing the miRNA and mRNA expression data from
NSCLC tissues and their matching normal controls. miR-1271 and its target gene HOXA5 were selected
for further investigation. CCK-8 proliferation assay showed that the cell proliferation was promoted by
miR-1271 in NSCLC cells, while miR-1271 inhibitor could significantly inhibited the proliferation of
NSCLC cells. Interestingly, migration and invasion assay indicated that overexpression of miR-1271 could
significantly promoted the migration and invasion of NSCLC cells, whereas miR-1271 inhibitor could
inhibited both cell migration and invasion of NSCLC cells. Western blot showed that miR-1271 sup-
pressed the protein level of HOXA5, and luciferase assays confirmed that miR-1271 directly bound to the
3'untranslated region of HOXA5. This study indicated indicate that miR-1271 regulates NSCLC cell pro-
liferation and invasion, via the down-regulation of HOXA5. Thus, miR-1271 may represent a potential
therapeutic target for NSCLC intervention.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

Lung cancer is one of the most common cancers and the leading
cause of cancer-related deaths worldwide so far [1]. About 80% of
lung cancer patients are diagnosed to be non-small-cell lung cancer
(NSCLC) at the advanced stages of this disease [2]. The average
survival time is usually very short after the diagnosis, mainly due to
unsatisfactory outcomes of conventional chemotherapeutic treat-
ment, especially in patients of metastatic lung cancer [3]. Fortu-
nately, during the past several years, the treatment outcome has
been improved significantly due to increased understanding on
molecular mechanisms of carcinogenesis. Although with improved
surveillance and clinical treatment strategies, the reported 5-year
survival of NSCLC patients after curative resection is only 30e60%
[4]. Therefore, exploring the potential mechanisms that underling
the initiation and progression of NSCLC is of great interest and
urgency.
MicroRNAs (miRNAs) are small, non-coding RNAs that nega-
tively regulate the expression of target genes via translational
repression or mRNA degradation [5]. There are more than one
thousand miRNAs in human genome, targeting 30%e60% of all
protein-coding genes [6]. They are involved in many important
biological processes, including cell growth, differentiation,
apoptosis, and organ development [7]. Recent studies have shown
relationships between aberrant expression of miRNAs and carci-
nogenesis [8]. In recent years, miRNAs have received great atten-
tion in NSCLC research. Several deregulatedmiRNAs in NSCLCs such
as miR-221 [9], miR-222 [9], miR-449a [10], miR-21 [11,12], miR-
205 [13], miR-10b [14], miR-143 [12] and miR-181a [12] have
been shown to regulate cell growth, apoptosis, migration and in-
vasion. These findings indicate that deregulation of miRNA
expression may be associated with carcinogenesis of NSCLCs.

In this study, we compared the miRNA and mRNA expression
data from 6 NSCLC tissues and their matching normal control from
adjacent tissues to identify potential NSCLC-related miRNAs and
genes. Then we investigated the molecular functions of the iden-
tified potential NSCLC-related miRNAs and their target genes in the
NSCLC cell lines to identify their potential roles in carcinogenesis of
NSCLC.
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2. Materials and methods

2.1. miRNA and mRNA profile data collection

miRNA and mRNA profiles data of NSCLC tissues and their
matching normal control from adjacent tissues collected from GEO
database (www.ncbi.nlm.nih.gov/gds, GSE29250). After quality
control, 19 normal gastroduodenal biopsy samples, 6 NSCLC tissues
and their matching normal biopsy samples were used in further
miRNA and mRNA differential expression analysis.

2.2. Comparison of miRNA and mRNA profiles

The comparison of miRNA and mRNA profiles between NSCLC
tissues and their matching normal control biopsy samples were
performed with Limma package on R platform using raw micro-
array data. The cutline of significant differentially expressed
miRNA and mRNA is identified with fold change and t test
methods by the cutline jlogFCj>1 (fold change) and P.value<0.05 (t
test).

2.3. miRNA target genes prediction

Human miRNA sequences that satisfy established criteria
[15] were downloaded from the Rfam website (http://www.
sanger.ac.uk/Software/Rfam). 3’ UTR sequences for all human
Fig. 1. Regulatory networks of mRNAs and miRNAs involved in NSCLC. Red means this molec
the predicted regulatory relationships between miR-1271 and HOXA5. (For interpretation of
this article.)
genes were retrieved using EnsMart [16]. Repetitive elements
were masked in these sequences using RepeatMasker [17] with
repeat libraries for primates, rodents, or vertebrates, as appro-
priate. The target genes of miRNAs were predicted using both
mirSVR [18] and PicTar [19] methods. The predicted target
genes supported by both the methods were selected for further
analysis.
2.4. Integrative network analysis

The integrative analysis of miRNAs and mRNAs networks was
performed with Cytoscape software, which creates molecular
networks with predicted miRNA-Gene interactions and down-
loaded human ProteineProtein interactions (BioGrid database).
The in-depth analysis of the networks has deciphered the
complex interplay of miRNAs and corresponding mRNA targets
and suggested their possible roles in the carcinogenesis of
NSCLC.
2.5. Cell culture

The human NSCLC cell line A549 was obtained from the Amer-
ican Type Culture Collection (Manassas, Virginia, USA). The A549
cell line was cultured in Ham's F12K media (Invitrogen, Beijing,
China) supplemented with 10% (vol/vol) fetal bovine serum (FBS)
ule was up-regulated in NSCLC, while green means down-regulated. Blue line indicates
the references to color in this figure legend, the reader is referred to the web version of
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Fig. 2. Overexpression of miR-1271 promoted NSCLC cell proliferation, migration and
invasion. (A) Growth of A549 cells was shown after transfection with miR-1271 mimics
or inhibitor or inactive control. The growth index as assessed at 0, 24, 48 and 72 h. (B)
Transwell analysis of A549 cells migration after treatment with miR-1271 mimics,
inhibitors or inactive control; (C) Transwell analysis of A549 cells invasion after
treatment with miR-1271 mimics, inhibitors or inactive control; *p < 0.05, **p < 0.01,
and ***p < 0.001.
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(Invitrogen, Beijing, China). Cells were maintained at 37 �C in a
humidified atmosphere with 5% CO2.

2.6. Cell transfection

A549 cells were seeded at 3 � 105 cells/wells in 6-well plates
and incubated overnight. Transfection of the miR-1271 miRNA
mimic, the anti-miR-1271, inactive control cel-mir-67(Thermo
Scientific, Shanghai, China), or pMIR-Report vectors was per-
formed with Lipofectamine 2000 transfection reagent (Invi-
trogen, Beijing, China) using 300 nmol of miRNA or 1 mg/ml DNA
plasmid, respectively. Total RNAs were extracted at 24 h after
transfection. Total proteins were isolated at 48 h after
transfection.

2.7. Western blot

The Western blot followed the protocol as previously
described [20]. Proteins were separated on a 12% SDS-PAGE gel
and transferred onto a nitrocellulose membrane (Bio-Rad,
Shanghai, China). The membrane was blocked with 5% non-fat
milk and then incubated with anti-HOXA5 antibody (Sigma,
Shanghai, China) or anti-b-actin antibody (Sigma, Shanghai,
China). After being extensively washed, secondary antibody
(Sigma, Shanghai, China) was added to the system. Immunore-
active protein bands were detected using the Enhanced Chem-
iluminescence (ECL) system.

2.8. Cell proliferation

Cell proliferation measure was performed using a Cell
Counting Kit-8 (Dojindo, Kumamoto, Japan). A549 NSCLC cells
were plated in 24-well plates at 2 � 105 cells per well. Then cells
were incubated in 10% CCK-8 that was diluted in normal culture
medium at 37 �C until the occurrence of visual color conversion.
Proliferation rates were measured at 0, 24, 48 and 72 h after
transfection.

2.9. Migration and invasion assays

Cell invasion and migration assay were performed using a
transwell chamber (Millipore, USA) with and without Matrigel
(BD, Franklin Lakes, USA). For the invasion assay, a transwell
chamber was placed into a 24-well plate, coated with 30 ml
Matrigel and incubated for 40 min at 37 �C. In both transwell
assay with and without Matrigel, A549 cells that 48 h after
transfection were trypsinized and then seeded in chambers at
the density of 8 � 104 cells/well. They were cultured in medium
with RPMI 1640 medium with 2% serum. There was 600 ml of 10%
FBS-1640 added to the lower chamber. 24 h later, migrated A549
cells were fixed in 100% methanol for 30 min. These non-
migrated A549 cells were removed by cotton swabs. After that
cells on bottom surface of the membrane were stained by the
0.1% crystal violet for 20 min. Images of cell were taken under a
phase-contrast microscope.

2.10. Luciferase assay

A549 cells were seeded in 24-well plates (1�105 cells/well) and
incubated for 24 h before transfection. For the reporter gene assay,
the cells were co-transfected with 0.5 mg of pGL3-HOXA5-30UTR or
pGL3-HOXA5-30UTRMut plasmid, 0.05 ng of the phRL-SV40 control
vector (Promega, Beijing, China), and 100 nM miR-1271 or control
RNA using Lipofectamine 2000 (Invitrogen, Beijing, China). The
firefly and renilla luciferase activities were determined
consecutively through a dual luciferase assay (Promega, Beijing,
China) 24 h after transfection.
2.11. Statistical analysis

The fold changes of gene expression were calculated by the
equation 2�DDCT. Values were expressed asmeans± S.D. Differences
between groups were estimated with T-test. All analysis were
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considered to be significant when P. value<0.05. Statistical analysis
was performed on R.

3. Results

3.1. miR-1271 and miR-628, and their predicted target genes were
differentially expressed in NSCLC

The comparison of themiRNA andmRNA expression data from 6
NSCLC tissues and their matching normal control from adjacent
tissues identified 35 miRNAs and 128 genes were differentially
expressed in NSCLC. However, further miRNA targets prediction
and integrative network analysis indicated that only miR-1271 and
miR-628, as well as their predicted target genes, respectively, were
both differentially expressed in NSCLC (Fig. 1). In this study miR-
1271 and miR-628 were found to be up-regulated in the 6 NSCLC
tissues. Till now, miR-1271 has been found to participate the
carcinogenesis of some types of cancers, including gastric cancer
Fig. 3. miR-1271 targets HOXA5 in NSCLC cells. (A,B) Protein of HOXA5 decreased with tim
activities of HOXA5-WT, HOXA5-MUT in A549 cells after transfection with miR-1271 mimics
The analysis of the relative luciferase activities of HOXA5-WT, HOXA5-MUT in A549 cells a
[21] and hepatocellular carcinoma [22]. On the other side, although
miR-628 has been found to be deregulated in Wilms' tumor [23]
and neuroblastoma [24], there is no other evidence to support
the relationship between miR-628 and carcinogenesis. These evi-
dences imply that miR-1271 might have more possibility to take
part in the carcinogenesis of NSCLC. Therefore, we selected miR-
1271 for further functional investigation in the human NSCLC cell
line A549.

3.2. Overexpression of miR-1271 promoted NSCLC cell proliferation,
migration and invasion

We explored the potential impact of miR-1271 in NSCLC cell
proliferation, migration and invasion. Cells were transfected with
inactive control cel-mir-67 or miR-1271 mimics and inhibitor. CCK-
8 proliferation assay showed that the cell proliferation was pro-
moted inmiR-1271-mimics-transfected NSCLC cells comparedwith
inactive control cel-mir-67-transfected cells (Fig. 2A). Conversely,
e after transfection with miR-1271 mimics; (C) The analysis of the relative luciferase
; (D,E) Protein of HOXA5 increased with time after transfection with anti-miR-1271; (F)
fter transfection with anti-miR-1271; *p < 0.05, **p < 0.01, and ***p < 0.001.
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miR-1271 inhibitor could significantly inhibited the proliferation of
the A549 cells (Fig. 2A). Interestingly, migration and invasion assay
indicated that overexpression of miR-1271 could significantly
promoted the migration and invasion of A549 cells compared with
the cel-mir-67 control whereas anti-miR-1271 could inhibited both
cell migration and invasion of the A549 cells (Fig. 2B and C).

3.3. MiR-1271 targets HOXA5 in NSCLC cells

As predicted by mirSVR [18] and PicTar [19], there was
complementarity between has-miR-1271 and the HOXA5 30 UTR.
Overexpression of miR-1271 reduced the protein levels of HOXA5 in
NSCLC cells (Fig. 3A and B). Conversely, miR-1271 inhibitor signif-
icantly increased the protein levels of HOXA5 in NSCLC cells (Fig. 3D
and E). The effect of miR-1271 on the translation of HOXA5 mRNA
into protein was then assessed by using a luciferase reporter assay
(Fig. 3C and F). Enforced expression of miR-1271 remarkably
reduced the luciferase activity of the reporter gene with the wild
type construct but not with the mutant HOXA5 30UTR construct
(Fig. 3C), while the miR-1271 inhibitor remarkably increased the
luciferase activity of the reporter gene with the wild type construct
but not with the mutant HOXA5 30UTR construct (Fig. 3F). All these
evidences indicate that miR-1271 directly targeted the HOXA5
30UTR. Since the down-regulation of HOXA5 will promote NSCLC
cell proliferation, migration and invasion [25], the targeting of
HOXA5 might be responsible for the miR-1271 involved regulation
of NSCLC cell proliferation and invasion.

4. Discussion

During the last decades, microRNAs have be found to be major
regulators involved in diverse biological processes such as tran-
scriptional regulation, cell differentiation and carcinogenesis [26].
Globally microRNA expression profiles of tumors have provided
valuable insights of the molecular mechanisms of carcinogenesis
[27]. Thus we compared miRNA and mRNA expression data from 6
NSCLC tissues and their matching normal control from adjacent
tissues, and made further miRNA targets prediction and integrative
network analysis to identify potential miRNAs and genes involved
in carcinogenesis of NSCLC. The results indicated thatmiR-1271 and
miR-628, as well as their predicted target genes, respectively, were
both differentially expressed in NSCLC.

miR-1271 has been found to participate the carcinogenesis of
some types of cancers, including gastric cancer [21] and hepato-
cellular carcinoma [22]. However, the exact role of miR-1271 in
NSCLC is still unclear. Thus, our current study intended to clarify the
biological function of miR-1271 in NSCLC. Enforced expression of
miR-1271 enhanced proliferation, migration and invasion of A549
cells, which suggest that miR-1271 plays a critical role in the
invasive and metastatic potential of NSCLC and may be potential
diagnostic and predictive biomarkers. Next, we addressed the
molecular mechanism of miR-1271 in promoting proliferation,
migration and invasion in NSCLC cells. In this study, Western blots
and luciferase assays showed that HOXA5 is a target of miR-1271.
HOXA5 is the homeobox protein that has been shown to partici-
pate in the developmental regulation of the lung [28]. Since the
inhibition of HOXA5 expression in A549 cells significantly pro-
motes cell proliferation, migration and invasion [25], consistent
with the results of ectopic miR-1271 expression in the same cells,
we believe that miR-1271 plays a role in the promotion of prolif-
eration and invasion in NSCLC by down-regulating the protein
expression of HOXA5.

miR-628 is another miRNA found in the first step analysis. miR-
628 has been found to be deregulated in Wilms' tumor [23] and
neuroblastoma [24]. However, there is no evidence to support the
relationship between miR-628 and lung cancer till now. Mean-
while, the study of its' predicted target gene PSTPIP2 is also at the
very beginning stage. Therefore, lots of works needed to be done to
explorer the roles of miR-628 and it's predicted target gene PSTPIP2
in NSCLC in the future.

In conclusion, our results have shown that enforced expression
of miR-1271 promoted NSCLC cell proliferation, migration and in-
vasion through directly targeting HOXA5. This novel miR-1271/
HOXA5 axis may provide new insights into the mechanisms un-
derlying tumor metastasis, and inhibition of miR-1271 may be a
potential therapeutic strategy for the treatment of NSCLC in the
future.
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