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Abstract

Objective To evaluate the role and the molecular
mechanism of miR-30d in non-small cell lung cancer
(NSCLO).

Results qRT-PCR was used to detect miR-30d
expression in NSCLC tissues and cell lines. miR-30d
was frequently down-regulated in NSCLC and its
expression was associated with clinicopathological
features of NSCLCC patients. Over-expression of
miR-30d notably inhibited cell migration and invasion
in NSCLC cell lines. miR-30d could negatively
regulate Nuclear factor I B (NFIB) by directly
targeting its 3’-UTR, which was confirmed by
luciferase assay. NFIB also reversed miR-30d-medi-
ated suppression on the migration and invasion in
NSCLC cell lines.

Conclusion miR-30d suppressed cell migration and
invasion by directly targeting NFIB in NSCLC, and
NFIB could partially abrogated the inhibition of
biological functions by miR-30d.
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Introduction

Non-small cell lung cancer (NSCLC) accounts for
approximately 80% lung cancers (Siegel et al. 2015).
Despite advancements in NSCLC therapies, the prog-
nosis for patients with advanced NSCLC remains poor
(Bansal et al. 2016). Metastasis is the main cause of
lung cancer-related deaths (Turajlic and Swanton
2016). Therefore, it is necessary to understand the
mechanisms of metastasis in NSCLC and thus identify
novel therapeutic targets.

MicroRNAs (miRNAs) are small non-coding,
endogenous RNAS that directly bind to the 3’-untrans-
lated(3’-UTR)regions of target mRNAs and lead to the
degradation or translational repression of the target
mRNAs (Bartel 2009). Deregulation of miRNAs is
involved in human tumorigenesis and progression
including NSCLC (Li et al. 2017; Zhou et al. 2017).
These aberrantly expressed miRNAs function as tumor
suppressors or oncogenges in various biological pro-
cesses of tumorigenesis, such as cell cycle arrest,
migration, invasion and proliferation (Sun et al. 2016;
Wang et al. 2016). miR-30d is the member of miR-30
family which is involved in various biological and
pathological processes, such as metastasis, prolifera-
tion and differentiation (Baraniskin et al. 2012; Gaziel-
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Sovran et al. 2011; Karbiener et al. 2011). Ye et al.
(2015) indicated that miR-30d functioned as a sup-
pressor in ovarian cancer by targeting Snail and over-
expression of miR-30d blocked TGF-GFctiduced
EMT. However, the role of miR-30d in NSCLC and
the underlying mechanism remain elusive.

Nuclear factor I B (NFIB) gene is located at 9p24.1
and is one of the members of the nuclear factor I (NFI)
family of transcription factors (Gronostajski 2000).
NFIB plays critical roles in various cancer (Becker-
Santos et al. 2017; Zhang et al. 2015). Several
miRNAs, such as miR-1246, miR-92b and miR-365,
are involved in the regulation of NFIB (Becker-Santos
etal. 2016; Roy et al. 2017; Zhang et al. 2015). Dooley
et al. (2011) indicated that NFIB was an oncogene in
small cell lung cancer. It will be important, therefore,
to investigate the role of NFIB in the development of
NSCLC. We have now performed qRT-PCR to
analyze miR-30d expression in NSCLC tissues and
cell lines and found that miR-30d is significantly
down-regulated in NSCLC tissues and cell lines. The
biological functions of miR-30d in NSCLC have been
evaluated and show that miR-30d inhibit NSCLC cell
migration and invasion in vitro. Additionally, we have
found that miR-30d regulates the expression of NFIB
by targeting the 3’-UTR of NFIB. These findings are
appeared and indicate that miR-30d/NFIB axis is a
potential novel pathway for therapy of NSCLC.

Materials and methods
Cell culture

Non-small cell lung cancer cell lines (A549, H1299,
H358, H460) and a normal lung epithelial cells line
(BEAS-2B) were purchased from the Cell Resource
Center, Institute of Biochemistry and Cell Biology at
the Chinese Academy of Sciences (Shanghai, China).
Cells were maintained in RPMI-1640 with 10% (v/v)
fetal bovine serum and penicillin and streptomycin.
The cells were cultured at 37 °C with 5% (v/v) CO, in
a humidified atmosphere.

Patients
50 pairs of fresh tumor specimens and the matched

adjacent non-cancerous tissues from NSCLC patients
were obtained at Linyi Central Hospital of Shandong,
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China. Tissue samples were stored in —80 °C. All
patients gave written informed consent. This study
was approved by all patients and the Ethics Committee
of Linyi Central Hospital of Shandong.

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

Total RNAs were extracted using cDNA was synthe-
sized with random primers (N6) or miRNA specific
primers and MMLYV reverse transcriptase (Fermentas,
Canada). qRT-PCR analyses were carried out using
the Bio-Rad CfX96TM Real-Time PCR System
(BioRad) with SYBR Premix Ex Taq (TaKaRa)
according to the manufacturer’s instructions. B-Actin
was used as the control. The primers for NFIB and -
microglobulin (B2-M) were synthesized from Invitro-
gen. For miRNA detection, qRT-PCR analyses were
performed using TagMan miRNA assays (Applied
Biosystems, USA) and SYBR Premix Ex Taq
(TaKaRa). U6 was used as the control. Primers for
miR-30d and U6 were synthesized from RiBoBio
(Guangzhou, China). The mRNA and miRNA expres-
sion was normalized. All of the reactions were
conducted in triplicates, and relative quantification
was analyzed by the 2-22C method.

Transfection

miRNA mimics, inhibitor were purchased from
RiBoBio (Guangzhou, China). A549 cell lines were
transfected with miR-30d mimics or inhibitor using
Lipofectamine 2000 (Invitrogen). NFIB over-expres-
sion vector and control vector were purchased from
Addgene (Cambridge, MA) and X-treme Gene HP
transfection reagent (Roche) was used for the trans-
fection of the plasmids. After 48 h, the cell samples
were collected for further analysis.

Luciferase reporter assay

Cancer cells were seeded into 24-well plates and co-
transfected with luciferase reporters wild-type
(WT)/mutant (Mut) NFIB 3’-UTR and miR-30d mim-
ics/control mimics using Lipofectamine 2000. After
48 h, cells were harvested and the luciferase activity of
the cell lysates was measured by the Dual Luciferase
reporter assay system (Promega). Firefly luciferase
activity was normalized to the internal control Renilla.
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Fig. 1 miR-30d is down-regulated and negatively correlated
with NFIB in NSCLC. a miR-30d expression level was detected
in 50 pairs of NSCLC tissues and adjacent non-cancerous
tissues. b miR-30d expression level was detected in NSCLC cell
lines (A549, HI1299, H358, H460, BEAS-2B). ¢ NFIB

Western blot analysis

Total proteins were extracted from cells with RIPA
lysis buffer (Beyotime, China) supplemented with
PMSF. Cell lysates were collected and the protein
concentrations were measured by a BCA protein assay
kit. The proteins were separated by 10% SDS-PAGE
and transferred to PVDF membranes. The membranes
were blocked with 5% (w/v) BSA in Tris-buffered
saline with Tween 20 (TBST) buffer at room
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expression level was detected in 50 pairs of NSCLC tissues
and adjacent non-cancerous tissues. d The correlation analysis
between miR-30d and NFIB mRNA levels in NSCLC tissues.
Data are presented as the mean £ SD of triplicate determina-
tions. *P < 0.05, **P < 0.01, ***P < 0.001

temperature and then incubated with primary antibod-
ies, followed by incubation with secondary antibodies.
The protein signals were detected using a chemilumi-
nescence method (ECL, Millipore). GAPDH was used
as an internal control.

Cell migration and invasion assays

For migration assay, A549 cells were harvested 48 h
post-transfection and re-suspended in serum-free
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Table 1 Correlation

clinicopathological features miR-30d expression P-value
between miR-30d
expression and Low (n = 43) High (n = 13)
clinicopathological features
in non-small lung cancer Age(years)
>60 24 7 0.9005
<60 19 6
Tumor size
>3 cm 18 5 0.8272
<3 cm 25
Gender
Male 23 4 0.1509
Female 20 9
Smoking status
Yes 26 4 0.0599
No 17 9
TNM stage
I+1I 15 11 0.0016
I+ 1Iv 28 2
Lymph node metastasis
NO,N1 16 10 0.0119
N2,N3 27 3
Differentiation
Poor/well 22 6 0.7516
Moderate 21
RPMI-1640 medium, and 5 x 10* cells were seeded Results

into the upper transwell chamber (pore size, 8 mm;
Corning Life Sciences). For the invasion assay, 10°
cells were seeded into the upper chamber coated with
Matrigel (BD Biosciences, USA). RPMI-1640 med-
ium containing 20% (v/v) FBS was added to the lower
chamber. After 24 h, the cells on the upper membrane
were removed with cotton swabs, and the cells on the
lower membrane were fixed with methanol, stained
with 0.1% (w/v) Crystal Violet and imaged through an
IX51 inverted microscope. All experiments were
independently repeated three times.

Statistical analysis

Each experiment was performed at least in triplicate.
The significant difference of two groups was deter-
mined using Student’s 7 test in SPSS 17.0 (SPSS Inc.,
Chicago, IL). P < 0.05 was considered statistically
significant.
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miR-30d is down-regulated and negatively
correlated with NFIB in NSCLC

To investigate whether the expression of miR-30d was
altered in NSCLC, qRT-PCR was performed on 50
pairs of NSCLC tissues and adjacent non-cancerous
tissues, as well as NSCLC cell lines. As shown in
Fig. la, miR-30d expression was significantly
decreased in Fig. 1.

39/50 (78%) of the NSCLC specimens compared
with the matched adjacent non-cancerous tissues
(0.99 £ 0.05vs 0.47 £ 0.40, P < 0.001). miR-30d
was also down-regulated in the NSCLC cell lines
A549, Table 1.

H1299, H358, H460, compared with the normal
lung epithelial cells BEAS-2B (Fig. 1b). Furthermore,
the clinicopathological features of the 50 patients were
retrospected and miR-30d expression was correlated
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with lymph node metastasis and the TNM stage
(Table 1).

Additionally, we detected the mRNA expression of
NFIB. The results showed that NFIB was up-regulated
in NSCLC tissues in comparison to non-cancerous
tissues ((1.49 £+ 0.46 vs 0.99 + 0.03, P < 0.001,
Fig. 1c). Interestingly, statistical analysis showed that
miR-30d expression was negatively correlated with
the expression of NFIB in NSCLL tissues
(R* = 0.6575 and P < 0.001, Fig. 1d).

A549 A549

miR-30d suppresses NSCLC cell migration
and invasion

Given that the expression of miR-30d was associated
with the TNM stage and lymph node metastasis of
NSCLC, we assumed that miR-30d played a crucial
part in NSCLC progression. Hence, we explored the
biological functions of miR-30d in NSCLC cells.
A549 cells were transfected with miR-30d mimics or
inhibitor. The transfect efficiency was detected by
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Fig. 3 miR-30d directly targets NFIB 3’-UTR and decreases
NFIB expression. a The putative binding site in the 3’-UTR of
NFIB. Mutation was generated in the complementary sites for
the seed regions in miR-30d. b Luciferase acitivity. A549 cells
were co-transfected with miR-30d mimics and NFIB 3'-UTR

gqRT-PCR (Fig. 2a). The enhanced expression of miR-
30d remarkably suppressed the migration and invasion
abilities of A549 cells, whereas miR-30d knockdown
dramatically promoted cell migration and invasion, as
determined by transwell assay (Fig. 2b, c). These data
demonstrated that miR-30d suppressed the cell migra-
tion and invasion of NSCLC in vitro.

miR-30d directly targets NFIB 3’-UTR
and decreases NFIB expression

To understand the underlying mechanism of miR-30d
in NSCLC cell migration and invasion, TargetScan
and Miranda were used to predict potential targets of
miR-30d. NFIB was one of the potential target of miR-
30d and the predicted binding sites for miR-30d were
exhibited at 5538-5544 bp in the 3’-UTR of NFIB
(Fig. 3a). To confirm whether NFIB was a direct target
of miR-30d, we constructed the wild-type (WT) or
mutated (Mut) NFIB 3’-UTR luciferase Fig. 3.
reporter vector. Luciferase reporter assay was per-
formed in A549 cells. Our results indicate that miR-30d
decreased wild-type NFIB 3’-UTR luciferase reporter
activity and had no significant effect on the mutant
NFIB 3’-UTR luciferase reporter activity (Fig. 3b).
We next assessed the effect of miR-30d on the
expression of NFIB at mRNA and protein levels. miR-
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0.0

A549

luciferase reporter vector. Firefly luciferase activity was
normalized to Renilla luciferase activity. Western blot analysis
(c) and qRT-PCR analysis (d) of NFIB expression in A549 cells
transfected with miR-30d mimics or inhibitor. *P < 0.05,
**P < 0.01

30d mimics and inhibitor were transfected into A549
cells, respectively, and NFIB expression was measured
using qRT-PCR and western blot. Over-expression of
miR-30d significantly inhibited endogenous NFIB
expression at the mRNA (0.22 &+ 0.02 vs
1.01 &+ 0.04, P < 0.01) and protein levels in NSCLC
cells, while silencing miR-30d by the miR-30d
inhibitor increased NFIB expression (For mRNA level,
1.61 & 0.04 vs 0.98 £ 0.02, P < 0.01, Fig. 3c, d).
These results suggested that miR-30d directly regu-
lated the expression of NFIB by binding to its 3’-UTR.

NFIB is involved in miR-30d mediated
suppression of cell migration and invasion

To further investigate the role of NFIB in miR-30d
mediated suppression of cell migration and inva-
sion,rescue assays were performed. NFIB over-ex-
pression vector or control vector were transfected into
A549 cells which contained miR-30d mimics. The
transfection efficiency was verified using qRT-PCR
(Fig. 4a). Transwell assays were used to detect the cell
migration and invasion. As shown in Fig. 4b, c, the
inhibition in cell migration and invasion mediated by
miR-30d was partially rescued by the NFIB over-
expression vector.
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Fig. 4 NFIB is involved in miR-30d mediated suppression of
cell migration and invasion. a Relative expression of NFIB was
detected by gqRT-PCR in A549 cells with different transfection
treatment. b Over-expression of NFIB abrogated miR-30d-
mediated inhibition of cell migration and invasion in A549 cells.
¢ Quantitative analysis of the migration and invasion number in
A549 cells. *P < 0.05, **P < 0.01

Discussion

Dysregulation of miRNAs is associated with various
cancers, including NSCLC (Zhou et al. 2016). Dereg-
ulation of miRNAs is involved in cell proliferation,
metastasis and invasion of cancer. A number of

miRNAs, such as miR-590, miR-346, miR-574-5p,
participate in the development and progression of
NSCLC (Sun et al. 2016; Wang et al. 2016; Zhou et al.
2016). miR-30d is up-regulated in hepatocellular
carcinoma and promote tumor invasion and metastasis
(Yao et al. 2010). However, we found that miR-30d
was significantly down-regulated in NSCLC tissues
and cell lines. The expression of miR-30d was
associated with clinicopathological features. Addi-
tionally, over-expression of miR-30d inhibited
NSCLC cell migration and invasion.

To determine the underlying mechanisms of miR-
30d in NSCLC cell migration and invasion, we used
different biological databases and identified NFIB was a
candidate target of miR-30d in NSCLC. miR-30d
decreased the expression of NFIB by directly binding
to its 3’-UTR in A549 cell line. NFIB belongs to the
members of the nuclear factor I (NFI) family of
transcription factors that function both in mammalian
development and adenoviral DNA replication (Gronos-
tajski 2000). Genetic inactivation of NFIB in mice was
critical for lung development (Grunder et al. 2002;
Steele-Perkins et al. 2005). NFIB played critical roles in
regulating proliferation and epithelial differentiation
during lung maturation (Hsu et al. 2011). NFIB was a
putative target of onco fetal miRNAs and was associated
with tumor aggressiveness in lung adenocarcinoma
(Becker-Santos et al. 2016). Dooley et al. (2011)
suggested that NFIB was an oncogenic transcription
factor in human small cell lung cancer (SCLC) and
promoted murine cell viability, proliferation during
cellular transformation. NFIB accelerated both expan-
sive proliferation and extensive metastasis of tumors in
mouse models of SCLC. NFIB is frequently overex-
pressed in human metastatic neuroendocrine lung
tumors (Semenova et al. 2016). NFIB is essential for
lung development and the pathogenesis of several lung-
related tumors.And its role in NSCLC is not established.
We have demonstrated that NFIB is a direct target gene
of miR-30d in NSCLC and partially attenuates the
inhibition of cellular migration and invasion capacities
caused by miR-30d over-expression.

miR-30d is down-regulated in NSCLC tissues and
cell lines. Over-expressing miR-30d suppresses
NSCLC cell migration and invasion by inhibiting NFIB
expression. In addition, NFIB can partly rescue the
compromised migration and invasion caused by miR-
30d over-expression. Therefore, the miR-30d/NFIB
axis provided a novel insight into the pathogenesis of
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NSCLC, especially in migration and invasion aspects,
thereby representing a novel target for therapy of
NSCLC.
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