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MicroRNA-181b is downregulated in non-small cell lung cancer
and inhibits cell motility by directly targeting HMGB1
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Abstract. The expression of microRNA-181b (miR-181b) has
been investigated in various human cancers. However, the
expression and functions of miR-181b in non-small cell lung
cancer (NSCLC) are yet to be studied. In the present study,
miR-181b expression in NSCLC tissues and cell lines was
analyzed by quantitative polymerase chain reaction, and was
shown to be recurrently downregulated. Following transfection
of the H23 and H522 NSCLC cells lines with miR-181b, cell
migration and cell invasion assays were performed to evaluate
the effect of miR-181b overexpression on the cell motility. It
was demonstrated that overexpression of miR-181b inhibited
the migration and invasion of NSCLC cells. Subsequently,
bioinformatics analysis, western blotting and luciferase
reporter assays were conducted to investigate the mechanism
underlying the miR-181b-mediated inhibition of NSCLC
cell motility. It was found that miR-181b directly targeted
high-mobility group box-1 (HMGBI) in NSCLC cells. These
results reveal a novel therapeutic target, the miR-181b/HMGBI1
axis, in NSCLC. Treatment approaches targeting this axis will
be beneficial to prevent NSCLC from becoming invasive.

Introduction

Lung cancer is a life-threatening malignant tumor that is
associated with the highest morbidity and mortality rates
globally (1). Lung cancer can be classified into two major
pathological categories: Small cell lung cancer (SCLC) and
non-SCLC (NSCLC) (2). NSCLC, as the predominant form
of lung cancer, accounts for nearly 85% of all lung cancer
cases (3). Due to the increasing rate of cigarette smoking
and air pollution, it has become a common malignancy in
developing countries (4). Although the survival rate for lung
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cancer has increased due to improvements in diagnosis and
treatment, the prognosis of NSCLC remains poor. The 5- and
10-year survival rates remain at <15 and <7%, respectively (5).
Metastasis is the major cause of mortality among patients with
NSCLC (6). Tumor metastasis is a complex biological process,
which involves cell migration, invasion, matrix degradation
and angiogenesis (7). Therefore, the identification of predic-
tive molecular factors and an understanding of the underlying
molecular mechanisms during tumor metastasis are critical to
further improve the survival of NSCLC patients.

Over the past few years, mictroRNAs (miRNAs/miRs) have
been demonstrated to be involved in the pathogenesis of human
lung cancer (8). miRNAs, a class of small non-coding RNAs
(~22 nucleotides long), are widely expressed in eukaryotes and
regulate the expression of their target mRNAs by base pairing
with mRNAs in the 3'-untranslated region (UTR), leading
to mRNA cleavage or translation repression (9-12). Thus,
they are known to have essential roles in a variety of physi-
ological and pathological processes, including the cell cycle,
proliferation, migration, invasion, apoptosis, differentiation
and development (13-15). Recent studies have demonstrated
that miRNAs could also function as tumor suppressors or
oncogenes, and that they are aberrantly expressed in numerous
types of human cancer (16). Upregulated miRNAs function as
oncogenes through the negative regulation of tumor suppressor
genes. By contrast, downregulated miRNAs function as tumor
suppressor genes and inhibit cancer through the regulation
of oncogenes (17,18). One miRNA can regulate a number of
target genes, while one gene can also be regulated by multiple
miRNAs. It has been estimated that >60% of all human genes
are regulated by miRNAs (19). Therefore, the identification of
miRNA targets is essential in order to understand the function
of miRNAs in cancer development and progression.

miR-181b has been reported to be frequently downregu-
lated in various tumors (20-22). However, the expression and
functions of miR-181b in NSCLC are yet to be investigated.
The objective of the present study was to elucidate the expres-
sion and effect of miR-181b in NSCLC, and to investigate its
underlying mechanisms.

Materials and methods

Clinical specimens and cell culture. The protocol of the present
study was approved by the Protection of Human Subjects
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Committee of Yichang Central People's Hospital (Yichang,
Hubei, China). Written informed consent was provided by
all patients in this study. Primary cancer tissues and matched
normal adjacent tissues (NATS; located >3 cm from the tumor)
were collected from 62 NSCLC patients, including 24 male
and 38 female patients (age range, 28-74 years), who had
undergone surgical resection at Yichang Central People's
Hospital between January 2012 and July 2014. None of the
patients had received any pre-operative cancer treatment,
such as radiotherapy or chemotherapy. Tissues were rapidly
snap-frozen in liquid nitrogen and stored at -80°C refrigerator
for subsequent experiments. The clinical data of the NSCLC
patients were also collected.

The human NSCLC cell lines, H23 and H522, were
purchased from the Shanghai Institute of Biochemistry and
Cell Biology (Shanghai, China). The H23 and H522 cells were
cultured in RPMI-1640 medium supplemented with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) in a 5% CO, cell incubator at 37°C.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA was
extracted with TRIzol reagent (Invitrogen; Thermo Fisher
Scientific Inc.) according to the manufacturer's protocols. The
concentration of the extracted RNA was determined using
the ND-2000 spectrophotometer (NanoDrop Technologies;
Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA). RNA
(1 ug) was reverse transcribed into cDNA using a reverse
transcription kit (Tiangen Biotech Co., Ltd., Beijing, China).
gPCR was performed using a standard SYBR PrimeScript
miRNA RT-PCR kit (Takara Bio, Inc., Otsu, Japan) on an
Applied Biosystems 7500 Real-Time PCR system (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). U6 was used as
an internal control. The primer sequences were as follows:
miR-181b forward, 5'-AACATTCATTGCTGTCGGTG-3'
and reverse, 5'-GCTGTCAACGATACGCTACGT-3"; and
U6 forward, 5'-GCTTCGGCAGCACATATACTAAA-3'
and reverse, 5'-GCTTCACGAATTTGCGTGTCAT-3'". The
cycling conditions were as follows: 42°C for 5 min; 95°C for
10 sec; and 40 cycles of 95°C for 5 sec, 55°C for 30 sec and
70°C for 30 sec. Each sample was analyzed in triplicate. The
relative expression of miR-181b was analyzed using the 2-44¢4
method (23).

Cell transfection. Mature miR-181b mimic, miRNA mimic
negative control (NC) and the luciferase reporter plasmid
were purchased from GenePharma (Shanghai, China). The
sequence of the miR-181b mimic was 5'-AACAUUCAU
UGCUGUCGGUGGGU-3". The sequence of the NC mimic
was 5-UUCUCCGAACGUGUCACGUTT-3". Transfection
with miR-181b mimic, NC or luciferase reporter plasmid was
performed using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) according to the
manufacturer's protocols.

Cell migration and invasion assay. Migration and invasion
analysis of the NSCLC cells was performed using Transwell
chambers with an 8-ym pore polycarbonate membrane (Costar;
Corning Incorporated, Corning, NY, USA). For the migration
assays, transfected cells (5x10%) in 200 p1 RPMI-1640 medium
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with 0.1% serum were placed into the upper chamber. For the
invasion assays, transfected cells (5x10*) in 200 1 RPMI-1640
medium with 0.1% serum were placed into the upper chamber
coated with Matrigel (BD Biosciences, San Jose, CA, USA).
In each assay, a volume of 0.5 ml RPMI-1640 medium with
20% FBS was then added to the lower chamber as a chemoat-
tractant. The cells were then incubated for another 12 h for the
migration assay and for 24 h for the invasion assay. The cells
that did not migrate or invade through the pores were carefully
wiped away with cotton wool. Next, the inserts were fixed with
100% methanol (Shanghai Macklin Biochemical Co., Ltd.,
Shanghai, China), stained with 0.5% crystal violet (Beyotime
Institute of Biotechnology, Haimen, China) and the number
of cells was counted with an inverted microscope (CKX41;
Olympus, Tokyo, Japan).

Western blotting. Total cellular protein was isolated using
radioimmunoprecipitation assay lysis buffer [S0 mM Tris-HCl
(pH 7.4), 1% NP-40, 0.25% Na-deoxycholate, 150 mM NacCl,
1 mM EDTA, I mM phenylmethylsulfonyl fluoride, aprotinin,
leupeptin and pepstatin (1 pg/ml each), | mM Na3VO4 and
1 mM NaF) at 72 h post-transfection. Protein concentration
was measured using a bicinchoninic acid assay kit (Nanjing
KeyGen Biotech. Co., Ltd., Nanjing, China). Subsequently,
equal amounts of protein were separated by 10% SDS-PAGE
and electrotransferred onto polyvinylidene fluoride
membranes (EMD Millipore, Billerica, MA, USA). The
membranes were blocked with 5% non-fat milk in 0.1% TBST
and incubated overnight at 4°C with rabbit anti-high-mobility
group box-1 protein (HMGBI1) monoclonal antibody (1:1,000;
cat. no. ab92310; Abcam, Cambridge, UK) and mouse
anti-B-actin monoclonal antibody (1:1,000; cat. no. sc-130301;
Santa Cruz Biotechnology, Inc., Dallas, TX, USA). After
washing with TBST, the membranes were incubated with
horseradish peroxidase-conjugated goat anti-rabbit and goat
anti-mouse secondary antibodies (1:5,000; cat. nos. sc-2004
and sc-2005, respectively; Santa Cruz Biotechnology, Inc.) for
1 h at room temperature. The protein bands were developed
with enhanced chemiluminescence reagents (Pierce; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and images were
captured using a FluorChem imaging system (Alpha Innotech,
San Leandro, CA, USA).

Luciferase assay. To determine whether HMGBI is a direct
target of miR-181b, luciferase reporter assays were performed.
The luciferase reporter plasmids, pmirGLO-HMGBI-3'UTR
wild-type (WT) and pmirGLO-HMGBI-3'UTR mutant
(MUT), were synthesized and purified by GenePharma. The
H23 and H522 cells were transfected with 0.5 g reporter
plasmid, 40 nmol miR-181b mimic or NC in a 12-well
plate using Lipofectamine 2000 according to the manufac-
turer's instructions. At 48 h post-transfection, the activities
of the firefly and renilla luciferases were determined with the
Dual-Luciferase Reporter Assay System (Promega, Manheim,
Germany). Each assay was replicated 3 times. The firefly lucif-
erase activity was normalized to the renilla luciferase activity
for each transfected well.

Statistical analysis. Data are presented as the mean + standard
deviation and compared using Student's t-tests in Stata 10.0
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Table I. A comparison between miR-181b expression in non-small cell lung cancer and clinicopathological features.
miR-181b expression, n
Clinical features Cases, n Low High P-value
Gender 0.734
Male 24 18 6
Female 38 27 11
Age, years 0.359
<57 35 27 8
>57 27 18 9
Smoking history, years 0.407
<10 24 16 8
=10 38 29 9
Tumor differentiation 0.098
I-1I 36 29 7
HI-1v 26 16 10
TNM classification 0.026
I 27 15 12
I 19 17 2
HI+1vV 16 13 3
Metastasis 0.035
No 34 21 13
Yes 28 24 4

miR, microRNA; TNM, tumor-node-metastasis.
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Figure 1. miR-181b is downregulated in NSCLC tissues. The relative expres-
sion levels of miR-181b were evaluated by reverse transcription-quantitative
polymerase chain reaction in 62 paired NSCLC tissues and NATs. miR,
microRNA; NSCLC, non-small cell lung cancer; NAT, normal adjacent
tissue.

(StataCorp LP, College Station, Texas, USA). Two-tailed
P-values of <0.05 were considered to indicate a statistically
significant difference.

Results

miR-181b expression in NSCLC tissues and its association
with clinicopathological factors. A total of 62 NSCLC tissues
were included in this study. As shown in Fig. 1, miR-181b was
significantly downregulated in the NSCLC tissues compared

with the NATs (P=0.004). These results indicated that
miR-181b may have a suppressive role in NSCLC.

The study then examined whether the expression level
of miR-181b is associated with clinicopathological factors.
The statistical analysis showed that miR-181b expression
was significantly associated with the tumor-node-metastasis
(TNM) classification and metastasis (Table I).

miR-181b inhibits cell migration and invasion in NSCLC
H23 and H522 cells. Next, the suppressive role of miR-181b
on cell migration and invasion was investigated using the
Transwell assay. As shown in Fig. 2, the migration and inva-
sion of the NSCLC H23 (P=0.032 for migration; P=0.280
for invasion) and H522 (P=0.020 for migration; P=0.017
for invasion) cells transfected with miR-181b was markedly
decreased compared with the NC. These results indicated
that miR-181b decreased the migration and invasion in the
NSCLC cells.

HMGBI is a direct target gene of miR-181b in NSCLC. To
identify the target of miR-181b in NSCLC, a public database
(TargetScan; http://www.targetscan.org) was used. HMGBI
was predicted to be a target of miR-181b (Fig. 3A). To verify
whether miR-181b directly targets HMGBI, western blotting
was performed to investigate whether HMGBI1 was decreased
after transfection with miR-181b in NSCLC H23 and H522
cells. As shown in Fig. 3B, HMGBI was significantly down-
regulated in the NSCLC cells following transfection with
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Figure 2. miR-181b inhibits the migration and invasion of NSCLC cells in vitro. The migration and invasion abilities of NSCLC cells transfected with miR-181b mimic
and NC were tested in Transwell chambers with an 8-xm pore polycarbonate membrane. miR, microRNA; NSCLC, non-small cell lung cancer; NC, negative control.
"P<0.05 compared with respective control.
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Figure3.(A) TARGETSCAN assessed that HMGB1 mRNA contains amiR-181b 6-nucleotide seed match at position 900-906 of the HMGBI1 3'-UTR.(B) Downregulation
of HMGBI after transfection of miR-181b. Western blot analysis was performed to detect the expression levels of HMGBI protein in miR-181b-transfected and
NC-transfected NSCLC cells. 3-actin was used as an internal loading control. (C) Luciferase assay was performed in the NSCLC cells cotransfected with miR-181b
mimics and a luciferase reporter containing the WT or Mut 3-UTR of HMGBI. Luciferase activities were measured at 48 h post-transfection. Overexpression of
miR-181b significantly inhibited the WT but not the Mut luciferase activity of HMGBI in the NSCLC cells. WT, wild-type; Mut, mutant; NC, negative control; miR,
microRNA; HMGBI, high-mobility group box-1; NSCLC, non-small cell lung cancer; UTR, untranslated region. "P<0.05 compared with respective control.
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miR-181b when compared with the NC (P=0.015 and 0.018 for
H23 cells and H522 cells, respectively).

Furthermore, luciferase reporter assays were conducted.
Luciferase reporter assays showed that miR-181b inhibited the
WT (P=0.026 for H23; P=0.350 for H522) but not the MUT
luciferase activity of HMGBI in the NSCLC H23 and H522
cells (Fig. 3C). Overall, HMGBI1 was a direct target gene of
miR-181b in NSCLC.

Discussion

Lung cancer is considered to be the leading cause of
cancer-related mortality (24). The poor prognosis of patients
with early-stage lung cancer is associated with lymph node
metastasis and distant metastasis at the time of presenta-
tion (25). A previous study revealed that lymph node metastasis
indicated high tumor malignancy and a poor prognosis; the
patients usually succumbed to the associated complications
caused by metastatic loci, but did not succumb to the primary
loci-induced symptoms (26). Distant metastasis is a key factor
to determine a patient's prognosis, and is one of the most
common causes for the failure of treatment for NSCLC (27).
The processes inducing and stimulating metastasis are
complex and remain unclear. Therefore, an urgent requirement
to search for novel sensitive, reliable biomarkers, and novel
therapeutic targets and approaches must be sought to block
NSCLC metastasis.

miR-181b belongs to the miR-181 family, which
comprises four members: miR-181a, miR-181b, miR-181c
and miR-181d (20). Previous studies have measured
the altered level of miR-181b in multiple tumors and in
leukemia/lymphoma (20). The miRNA functions as a tumor
suppressor or a tumor promoter in different human malignan-
cies. In one study, miR-181b was found to be downregulated
in aggressive B-cell chronic lymphocytic leukemia compared
with chronic lymphocytic leukemia (21). In human glioma,
the expression of miR-181b was downregulated and the
transfection of miR-181b inhibited cell growth, apoptosis and
invasion (22). By contrast, Jiang et al verified that miR-181b
was significantly upregulated in gastric tumor tissues
compared with normal gastric tissues. Kaplan-Meier survival
analysis also found that the low expression of miR-181b may
be closely associated with better patient overall survival (28).
The present study expanded on the data on the expression and
function of miR-181b in cancer.

The present results provided evidence that miR-181b was
downregulated in NSCLC, which prompted the hypothesis
that miR-181b may have a tumor suppressive role in NSCLC
carcinoma development and progression. Through the over-
expression of miR181b in two NSCLC cell lines, the present
study notably showed that miR-181b reduced cell migration
and invasion, also suggesting a tumor suppressive role of
miR-181b in metastasis. Thus, these results may have clinical
implications in the future.

The identification of miR-181b target genes is critical for
understanding the role of the miRNA in tumorigenesis, and
it is also important for searching for novel therapeutic targets.
Studies have verified that miR-181b regulates oncogenic
expression in human cells, including CYLD (29), NOVAL1 (30),
MDM2 (16), HMGBI1 (31), MCL-1 (31), LATS2 (32) and
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Bcl-2 (33) cells. Therefore, upregulating miR-181b or providing
analogous pharmaceutical compounds exogenously should be
effective cancer therapies resulting from the upregulation of
these oncogenic transcripts. In the present study, the results
showed that miR-181b inhibited cell migration and invasion
by directly targeting HGMBI. This finding suggested that
miR-181b could be used for the development of novel thera-
peutic treatments for NSCLC.

HMGBI, located on human chromosome 13ql2, is a
member of the high mobility group protein super-family (34),
and has been reported to be involved in multiple biological
processes, including cancer progression, angiogenesis, inva-
sion and metastatic development (35). The upregulation of
HMGBI is found in almost all types of tumors (36). HMGBI
has also been found to be downregulated in NSCLC at the
mRNA and protein levels, and is correlated with cancer
progression, cell proliferation and metastasis (36,37). The
findings suggest that HMGBI possesses an oncogenic role and
is a potential novel therapeutic target. In the present study, it
was found that miR-181b controls HMGBI expression to regu-
late NSCLC cell migration and invasion. As a result, further
investigation is required into its predictive value for the early
detection of tumor recurrence and in target therapy drugs to
block the invasive nature of NSCLC.

In conclusion, the present study showed that miR-181b
was downregulated in NSCLC, and associated with the
TNM classification and metastasis. It was also verified that
miR-181b inhibits NSCLC cell metastasis by the down-
regulation of HMGBI. Future studies are required to address
whether the predictive and therapeutic potential of miR-181b
may be fully realized in cancer treatment. If so, the use
of miR-181b may be of future benefit for the treatment of
patients with NSCLC.
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