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Abstract

MicroRNAs play important roles in carcinogenesis and tumor progress. Lung cancer is the leading
cause of cancer mortality worldwide. In this study, the function of miR-181a-5p was investigated in
non-small-cell lung cancer (NSCLC). Results showed that miR-181a-5p was significantly decreased in
NSCLC tissues and cell lines. The proliferation and migration of A549 cells transfected with
miR-181a-5p mimic was significantly inhibited. Luciferase activity assay results demonstrated that
two binding sites of Kras could be directly targeted by miR-181a-5p. Furthermore, Kras was down-
regulated by miR-181a-5p at both transcriptional and translational levels. SIRNA-mediated Kras
down-regulation could mimic the effects of miR-181a-5p mimic in A549 cells. Our findings suggest
that miR-181a-5p plays a potential role in tumor suppression by partially targeting Kras and has the
potential therapeutic application in NSCLC patients.
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Introduction

Lung cancer is the leading cause of cancer-related death and the most
commonly diagnosed cancer in the world. Non-small-cell lung cancer
(NSCLC), including squamous cell carcinoma and adenocarcinoma, is
the most common type of lung cancer, accounting for 80% of lung
cancer clinical cases [1]. Despite intensive researches and resources
being dedicated to elucidate the molecular mechanisms of NSCLC,
the precise processes of initiation and progression remain largely un-
clear. Recently, accumulating evidence has shown that non-coding
small RNAs may be involved in NSCLC pathogenesis, providing
new insights into lung tumor biology [2-5].

MicroRNAs (miRNAs) are a class of short, endogenous non-
coding RNAs that have been identified as post-transcriptional regula-
tors of gene expression. MiRNAs perform their functions through
imperfect base-pairing with the 3’ untranslated region (3'UTR) of tar-
get mRNAs [6]. In recent years, the importance of genetic background
in lung tumor has been well highlighted and miRNAs have been stud-
ied to characterize various types of tumors [7-11]. In human cancers,
miRNAs can act as tumor suppressor genes or oncogenes during tu-
mourigenesis. In general, several hundred genes can be regulated by
one miRNA, and as a result, miRNA profiling could serve as a better
classifier than gene expression profiling [12]. Some studies have shown
that miR-181a plays important roles in cell proliferation, migration,
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invasion, and apoptosis via targeting specific genes [13-15], and it
may be a biomarker for cancer diagnosis [2,16-18].

Kras oncogene encodes small guanosine triphosphatase that func-
tions as a critical molecular switch for various biological processes, in-
cluding cell proliferation, survival, differentiation, and death [19]. It
was reported that there is a strong association between Kras mutation
and survival in NSCLC patients [20]. Some miRNAs have also been
shown to target Kras in different types of cancers, including let-7i,
miR-96, miR-126, miR-217, miR-30c, and miR-143 [9,10,21,22].
Kras has become a focal point for potential miRNA-targeted therapies
as previously described. Currently, the role of Kras in NSCLC has not
been well established.

In this study, the biological functions of miR-181a-5p were inves-
tigated in NSCLC cell line A549. The relationship between
miR-181a-5p and Kras was also investigated. Results indicate that
miR-181a-5p functions as a tumor suppressor in A549 cells and
that miR-181a-5p may provide a potential treatment approach for
NSCLC patients.

Materials and Methods

Cell lines and clinical samples
NSCLC cell lines A549, SPCA-1, 95-D, HCC827, non-tumorigenic
bronchial epithelium cell line BEAS-2B, and human embryonic kidney
cells (HEK293T) were purchased from the Cell Bank, China Academy
of Sciences (Shanghai, China). H1299 and H23 cells were purchased
from the American Type Culture Collection (ATCC, Manassas, USA).
BEAS-2B cells were isolated from normal human bronchial epithe-
lium. 95-D cells were highly metastatic human lung cancer cells.
BEAS-2B cells were cultured in LHC-9 medium (Gibco, Gaithersburg,
USA) including epidermal growth factor, hydrocortisone, and adren-
aline. A549 cells were cultured in F12K medium (Gibco). All the other
lung cancer cells were cultured in RPMI-1640 medium (Gibco).
HEK293T cells were cultured in Dulbecco’s modified Eagle’s medium
(Gibco). All the media were supplemented with 10% fetal bovine
serum (FBS; HyClone Laboratories, Logan, USA), 100 U/ml penicil-
lin, and 100 pg/ml streptomycin (Gibco). Cells were maintained in a
humidified 37°C incubator with an atmosphere of 5% CO,.
NSCLC and corresponding paracancerous lung tissues were
obtained from Department of Laboratory Medicine, Shanghai Chest
Hospital affiliated to Shanghai Jiaotong University under ethical
assessment.

Animal models and Solexa sequencing

The normal mouse and NSCLC mouse model were kindly provided by
Prof Hongbing Ji (Institute of Biochemistry and Cell Biology, Shang-
hai Institutes for Biological Sciences, Shanghai, China), and Solexa se-
quencing was determined by BGI (Shenzhen, China). L822T1/Kras*",
L903T1/Kras**+LKB1~~, and L703T2/Kras**+p53~/~ were three
types of NSCLC mouse model.

RNA preparation and quantitative real-time PCR analysis
Total RNA was isolated from the cell cultures using Trizol reagent (Bio
Basic Inc., Toronto, Canada). Each RNA sample reverse transcription
was performed using M-MLV RTase cDNA Synthesis Kit according to
the manufacturer’s instructions (TaKaRa, Dalian, China). A cDNA
pool of miRNAs was synthesized using QuantiMir ¢cDNA Kit
(TaKaRa). U6 small nuclear RNA (snRNA) and 18S RNA were
used as the endogenous control for miRNA and mRNA, respectively.

The 2724t method for relative quantification of gene expression was
used to determine mRNAs and miRNAs expression levels. The
miRNA mimic, miRNA mimic negative control (NC), and miRNA
inhibitor for miR-181a-5p (anti-miR-181a-5p) were purchased from
RiboBio (Guangzhou, China). Forty-eight hours after transfection,
cells were harvested for quantitative real-time PCR (qRT-PCR) ana-
lysis. All experiments were performed with three replicates and three
technical repetitions.

Cell proliferation assay

Cell proliferation was monitored using Cell Counting Kit-8 (CCKS;
Dojindo, Kumamoto, Japan). In brief, 2 x 10° cells were seeded in
96-well culture plates 6 h post-transfection, then 10 pl of CCK8 was
added to each well at 24, 48, 72, and 96 h. Cells were incubated with
CCKS8 reagent in the dark for 2 h at 37°C and light absorbance was
measured at 450 nm using a microplate reader (Bio-Rad, Hercules,
USA). The experiments were independently performed in triplicates.

Colony formation assay

In colony formation assay, cells were seeded into 6-well plates at a
density of 1000 cells/well at 6 h post-transfection. Colonies are fixed
with methanol, stained with crystal violet (0.5%, w/v), and counted
using a stereomicroscope.

Cell motility assays

For wound healing assay, cells transfected with miR-181a-5p, NC, or
anti-miR-181a-5p were cultured in 6-well plates to 100% confluence.
A yellow pipette tip was used to generate a wound area across the cen-
ter of the well. Cell debris was removed by washing with phosphate-
buffered saline, and cells were allowed to grow in the serum-free
medium. The wound was assessed by a microscope (Nikon, Tokyo,
Japan). Three wounds were made for each sample, and the migration
distance was photographed and measured.

For the migration assays, 5 x 10* cells in serum-free medium were
placed into the upper chamber of an insert (8 um pore size; Millipore,
Billerica, USA). The bottom of the insert was incubated in medium con-
taining 15% FBS. The A549 cells were allowed to migrate for 12 h. The
cells in the upper chamber were removed by cotton swab and the cells
that had reached the underside of the membrane were fixed with 4%
paraformaldehyde and stained with 10% Giemsa for 10 min. The cells
that located on the underside of the filter (5 fields/filter) were counted.
Experiments were independently repeated three times.

Bioinformatics methods

Given the limitations of any single prediction program, two separated
prediction programs Targetscan (http:/www.targetscan.org) and Pic-
tar (http:/ pictar.mdc-berlin.de/cgi-bin/new_PicTar_vertebrate.cgi.)
were used to identify common predicted targets for miR-181a-5p.

Plasmid construction and luciferase activity assay

Two binding sites of miR-181a-5p were found in the 3'UTR of human
Kras. In order to study which binding site is more important, three dif-
ferent 3'UTR fragments of Kras were cloned into the pGL3 vector. The
first binding site of 3’'UTR was named as Kras-1 (from 919 to
1198 bp). The second binding site of 3'UTR was named as Kras-2
(from 1191 to 1311 bp). In addition, another fragment Kras-(1 +2)
including the binding sites 1 and 2 (from 924 to 1318 bp) was cloned.
The 3'UTR of Kras mRNA was generated by reverse transcription-PCR
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using total RNA isolated from A549 cells. Mutant vectors (pGL3-
Kras-3'UTR-mut) were generated using designed mutagenic oligo-
nucleotide primers. Two oligonucleotides were used for the mutation
of binding site 1. The sequences of primers were as follows: sense:
5’-TTTCTTACCAATTGCGGACGCTGGTGTGAAACAAATTAAT
GAAGCTTTT-3'; and antisense: 5'-TGTTTCACACCAGCGTCCGC
AATTGGTAAGAAAAATAAGAAGTAATCA-3'. Another two oligo-
nucleotides were used for binding site 2. Sense: 5'-GTTTGTCATCC
CTGACGGACGCAAAGTTACACTGTTCACAAAGGTTTTGTCT
CC-3’; and antisense: 5'-ACAGTGTAACTTTGCGTCCGTCAGGG
ATGACAAACTATAGGACATGAT-3'. The recognition sequence was
underlined, and the seed sequence of miR-181a complementary sites,
TGAATGT, was substituted by CGGACGC.

Luciferase reporter vectors, either wild-type (wt) or mutant (200 ng),
together with pRL-SV40 (40 ng) (Promega, Madison, USA) were
co-transfected with miRNA mimic at the final concentration of
150 nM using Lipofectamine 2000 (Invitrogen, Carlsbad, USA).
Reporter assays were performed at 36 h post-transfection using the
Dual-luciferase reporter assay system as described by the manufacturer
(Promega). Relative luciferase activity was normalized with Renilla lu-
ciferase activity for each sample. Each experiment was performed
in triplicates.

Western blot analysis

Total cellular proteins were isolated from cultured cells using lysis
buffer and assayed by Western blot analysis according to the proce-
dures as previously described [4,23]. In brief, protein determination
was followed as the manufacturer’s instruction. Equal amounts of
protein samples were separated by 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred to polyvinyl
difluoride (PVDF) membranes (Millipore). Then, the PVDF mem-
brane was incubated with primary antibody overnight, washed using
TBST, and then incubated with a second antibody. The final chemilumin-
escence ECL (Millipore) was detected. The primary antibodies used were
mouse anti-Kras (1:1000) and mouse anti-GAPDH (1:1000). The sec-
ondary antibody was horseradish peroxidase-conjugated rabbit anti-
mouse IgG (1:10,000). All antibodies were purchased from Cell Signaling
Technology (Danvers, USA).

Statistical analysis

Results were shown as the mean = SEM and analyzed by using a
Student’s #-test for two-group comparisons and one-way ANOVA
for multiple-group comparisons. Differences were considered statistic-
ally significant when P <0.05.
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Figure 1. The expression level of miR-181a-5p in NSCLC tissues and cell lines

was performed in triplicate. *P<0.05, **P<0.01 and ***P<0.001.

(A) The expression of miR-181a-5p was determined by Solexa sequencing in lung
tissues of the normal mouse and NSCLC mouse models. L822T1 (Kras**), L903T1 (Kras**+ LKB1~"), and L703T2 (Kras** + p53~~) were mouse NSCLC tissues. (B)
The expression of miR-181a-5p in human cell lines, H23, H1299, A549, HCC827, 95-D, and SPCA-1 compared with the non-tumorigenic bronchial epithelial cell line
(BEAS-2B).U6 was used as an internal control. (C) Relative expression of miR-181a-5p in NSCLC and corresponding paracancerous lung tissues (n=17). Each assay
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Results

MiR-181a-5p expression is down-regulated in NSCLC
tissues and human cell lines

The level of miR-181a-5p in lung tissues of the normal mouse and
NSCLC models (L822T1/Kras**, L903T1/Kras** + LKB1~~, and
L703T2/Kras** + p537'7) has been analyzed by Solexa sequencing,
and results show that miR-181a-5p is significantly down-regulated.
The results showed that the expression level of miR-181a in all
NSCLC mouse tissues was much lower than that in normal tissues
(Supplementary Table S1). Then, miR-181a-5p expression was also
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detected in six human NSCLC cell lines by qRT-PCR. Our results
showed that the expression level of miR-181a-5p was significantly
down-regulated in five of the six NSCLC cell lines compared with
BEAS-2B, especially in A549, H23, and H1299 cells (Fig. 1B).
qRT-PCR analysis was further performed to examine the expression
of miR-181a-5p in 17 human NSCLC samples and corresponding
paracancerous lung tissues. MiR-181a-5p was significantly down-
regulated in cancerous tissues compared with corresponding normal
tissues (Fig. 1C). These results indicated that down-regulation of
miR-181a-5p plays an important role in NSCLC progression and
development.
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Figure 2. MiR-181a-5p inhibits cell proliferation and colony formation of A549 cells (A) MiR-181-5p mimic could significantly up-regulate miR-181-5p level,
whereas miR-181-5p inhibitor could significantly down-regulate the miR-181-5p level in A549 cells. (B) The proliferation of A549 cell line was determined by
CCK-8 assay after transfection with miR-181-5p mimic, anti-miR-181-5p, or NC within 96 h. (C) Colony formation assay of A549 cells transfected with miR-181-5p
mimic, anti-miR-181-5p, or NC. (D) Schematic diagram for colony formation. *P<0.05, **P<0.01, and ***P<0.001. NC, control.
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MiR-181a-5p inhibits the cell proliferation of A549 cells
MiR-181a-5p mimic or miR-181a-5p inhibitor was transfected into
A549 cell line. Forty-eight hours later, the cells were collected for de-
tecting miR-181a-5p levels by qRT-PCR analysis. Results showed that
miR-181a-5p mimic could significantly up-regulate miR-181a-5p
level in A549 cells, whereas miR-181a-5p inhibitor down-regulated
miR-181a-5p level (Fig. 2A). Then, the effects of miR-181a-5p
mimic or inhibitor on the proliferation of A549 cells were determined
in vitro. Results showed that A549 cells transfected with miR-181a-5p
mimic grew more slowly than those cells transfected with NC
(Fig. 2B).

To determine the tumor suppressive effect in vitro, the effect of
miR-181a-5p on colony formation was examined. For colony
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formation assay, 7 days after seeding equal cell number, cells were
stained with crystal violet. Results showed that miR-181a-5p could
significantly decrease the colony formation in A549 cells (Fig. 2C,D).

MiR-181a-5p reduces the migration of A549 cells

Cell migration is a significant aspect of cancer progression. The effect
of miR-181a-5p on the migration ability of A549 cell was assessed by
wound healing assay and transwell method. In wound healing assay,
cells transfected with miR-181a-5p migrated toward the wound at a
much slower rate than the NC group cells, with cell migration index
of 18 and 30%, respectively. In contrast, cells transfected with
anti-miR-181a-5p has a higher mobility than these two groups of
cells, with cell migration index ~45% after 48 h (Fig. 3A,C). In
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Figure 3. MiR-181-5p negatively regulates cell migration of A549 cells in vitro (A) A549 cells transfected with miR-181a-5p or anti-miR-181a were subject to wound
healing assay and images were taken at 0 and 48 h. (B) Transwell migration assays of A549 cells transfected with miR-181a-5p or anti-miR-181a-5p 48 h later. The
migrated cells were stained with crystal violet for 30 min and photographed. (C) Cells that migrated into the wound areas were counted and analyzed. (D) The

migrated cells were counted and analyzed. *P<0.05. NC, control.
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transwell assay, cells were seeded in serum-free medium on the top
chamber of a two-chamber trans-well cell culture plate, and the cells
migrated to the lower chamber after 48 h were photographed and ana-
lyzed. Results showed that miR-181a-5p could inhibit A549 cell mi-
gration and anti-miR-181a-5p could promote A549 cell migration
(Fig. 3B,D).

These results, taken together, clearly demonstrated that miR-181a-5p
could significantly reduce the migration of A549 cells.

MiR-181a-5p directly targets Kras gene

To explore the molecular mechanism by which miR-181a-5p contri-
butes to the proliferation of NSCLC cells, potential targets were pre-
dicted by TargetScan and PicTar. First, eight candidate genes were
chosen according to the prediction score. Five of them were down-
regulated (Supplementary Fig. S1). Kras was selected for further ana-
lysis, owing to its relatively high prediction score and as an important
oncogene in cancer. To determine whether Kras mRNA is a direct
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Figure 4. MiR-181a-5p down-regulates Kras expression by directly targeting its 3’'UTR (A) Kras 3'UTR and corresponding fragments were inserted into the region
immediately downstream of the luciferase gene in pGL3 vector and validated by DNA sequencing. The sequences of predicted miR-181a-5p binding sites within the
Kras 3'UTR, including wild-type UTR or UTR segments containing mutant (shown as arrows) binding site are shown. (B) Relative luciferase activity was analyzed
after co-transfection of miR-181a-5p or NC with the above reported plasmids along with an endogenous control Renilla luciferase pRL-TK vector in HEK293T cells.
(C) Kras protein levels were examined in A549 cells transfected with miR-181a-5p mimic, NC, or anti-miR-181a-5p by western blot using GAPDH as a loading control.
(D) The expression level of Kras mRNA in human NSCLC cell lines, H23, H1299, A549, HCC827, 95-D, and SPCA-1. BEAS-2B was the non-tumorigenic control. Data
were performed through qRT-PCR. 18S RNA was used as an internal control. (E) Kras mRNA expression levels in NSCLC tissues. (F) gRT-PCR analysis of Kras mRNA
in Ab49 cells transfected with Kras siRNA or siNC. (G) Western blot analysis of Kras protein expression in A549 cells transfected with Kras siRNA or siNC. (H) CCK-8
analysis of the proliferation in A549 cells at different time points (24, 48, 72, and 96 h) after transfection with Kras siRNA or siNC. Each experiment was performed at
least in triplicate.* P<0.05, **P<0.01, and ***P<0.001. NC, control.
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target of miR-181a-5p, 3'UTR of Kras mRNA was subcloned to
downstream of the luciferase gene in pGL3 reporter plasmid. To con-
firm that miR-181a-5p targets Kras mRNA through one or two pair-
ing sites in 3'UTR, we introduce TGAATGT — CGGACGC mutation
in these regions in order to disrupt miRNA/mRNA interaction
(Fig. 4A). Results of luciferase activity indicated that two mutated
3'UTR affect the binding of miRNA. Co-transfection experiments
showed that miR-181a-5p mimic, but not the NC, inhibited luciferase
activity in A549 cells (Fig. 4B). Then, whether miR-181a-5p affects
the expression of endogenous Kras at translational levels was deter-
mined. As shown in Fig. 4C, western blot analysis showed that the
level of Kras protein expression in miR-181a-5p mimic transfected
A549 cells was significantly inhibited compared with that in
NC-transfected cells. Furthermore, correlation analysis revealed that
low expression of Kras was more likely correlated with high levels
of miR-181a-5p. The expression of Kras was also examined in lung
cancer cell lines. Results showed that Kras mRNA level in A549
cells was much higher than that in BEAS-2B cells (Fig. 4D), and
miR-181a-5p was lower in A549 cells (Fig. 1B). However, Kras had
lower expression in human NSCLC H1299 and SPCA-1 than in
BEAS-2B cells (Fig. 4D).

As miR-181a-5p is under-expressed in NSCLC and targets Kras by
binding to its 3'UTR, whether Kras expression was negatively asso-
ciated with miR-181a-5p was investigated in primary NSCLC patient
tissues. Analysis of Kras expression level in 17 NSCLC tissues and cor-
responding normal tissues by qRT-PCR revealed that Kras was signifi-
cantly up-regulated in NSCLC (Fig. 4E).

SiRNA targeting Kras was used to down-regulate the expression
and investigated its effects on NSCLC cells. The expression levels of
Kras mRNA and protein were significantly down-regulated in A549
cells transfected with Kras siRNA compared with that in control

siRNA transfected A549 cells, respectively (Fig. 4F,G). CCK-8 assay re-
sults indicated that the proliferation rate of A549 cells transfected with
Kras siRNA was significantly lower than that of control cells (Fig. 4H).
These data showed that siRNA-mediated Kras down-regulation could
mimic the effects of miR-181a-5p up-regulation in NSCLC cells. All
these results demonstrated that miR-181a-5p could directly target
Kras by interaction with the 3'UTR of Kras gene in A549 cells.

Discussion

Since miRNAs commonly have multiple target genes, the frequent ab-
errant expression of miRNAs implies that they have tumor suppressor
or oncogene function. A single miRNA can affect multiple cellular
processes in tumorigenesis [24,25]. As summarized in Fig. 5,
miR-181a-5p has been shown to target multiple cancer-related
genes and processes. The aberrant expression of miR-181a-5p is a
frequent event in various cancers, suggesting that miR-181a-5p may
play an important role in tumorigenesis and tumor progression. In-
deed, several key suppressor functions have been attributed to
miR-181a-5p in the context of tumorigenesis (Fig. 5). In breast cancer
and gastric cancer, miR-181a over-expression suppressed cell migra-
tion and invasion by directly regulating UPA, BCL2L11, and KLF6
[26-28]. Alteration of miR-181a expression promoted apoptosis
in colorectal cancer [6]. Conversely, in cervical cancer and chronic
myelogenous leukemia, high levels of miR-181a were found to inhibit
cancer cell apoptosis [29,30]. Moreover, miR-181a was down-regulated
in oral squamous cell carcinoma, and its over-expression suppressed
the cell proliferation [31]. In other human cancers, miR-181a was
also found to inhibit the growth of tumor cells during the process of
cancer development and progression, including malignant glioma [32]
and T-cell acute lymphoblastic leukemia [33].
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i ) ST
miR-96 miR-181a miR-30c¢
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Figure 5. The multiple roles of miR-181a in hallmarks of human cancer
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In this study, we analyzed miRNA expression profiles in mouse
NSCLC tissues by Solexa sequencing, and identified miR-181a-5p
as a significantly down-regulated miRNA compared with the normal
mice lung tissues. The expression of miR-181a-5p was further exam-
ined in tissues from NSCLC patients. Consistent with the Solexa ana-
lysis, miR-181a-5p was dramatically down-regulated in NSCLC
tissues. Our results also demonstrated that miR-181a-5p significantly
inhibited the cell proliferation and migration of A549 cells, which is
consistent with results obtained in oral squamous cell carcinoma [31].
Kras has been verified as a direct target of miR-181a-5p, and it has been
demonstrated that miR-181a-5p significantly reduces Kras expression
at both mRNA and protein levels in NSCLC cells. Kras is associated
with increased cell growth and differentiation in many cancers
[34,35]. In addition, Yoon et al. [20] showed that mutation of Kras
plays an important role in signal transduction in NSCLC cancer.

MiR-181a-5p mediates the inhibition of NSCLC by targeting of
multiple targets, including Kras; however, its mechanism should be
investigated in the future. Further studies of miR-181a-5p will un-
doubtedly enhance the understanding of how miR-181a-5p functions
in regulating NSCLC cell growth and metastasis.

In conclusion, we found that miR-181a-5p was down-regulated in
NSCLC, and that miR-181a-5p could significantly inhibit NSCLC by
targeting oncogene Kras. These results indicated a suppressive func-
tion of miR-181a in the progression of NSCLC, and implicated its po-
tential application in NSCLC therapy.
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Supplementary data is available at ABBS online.
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