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MicroRNA-30a-5p suppresses epithelial-mesenchymal
transition by targeting profilin-2 in high invasive
non-small cell lung cancer cell lines
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Abstract. PFN2 is an invasion promoter in several cancers
including lung cancer. However, the probable effects and
underlying mechanisms of PFN2 in tumor cell epithelial-
mesenchymal-transition (EMT) of non-small cell lung
cancer (NSCLC) remain poorly understood. The protein and
mRNA levels of PFN2 in human bronchial epithelial cell line
16HBE and three NSCLC cell lines A549, NCI-H520 and
95D were assessed. The gain-of-function (overexpression) and
loss-of-function (siRNA) experiments of PFN2 were performed
in 95D cells. A dual-luciferase reporter assay, western blotting
and real-time PCR were used to investigate the relationship
between PFN2 and miR-30a-5p. PFN2 was upregulated in
three NSCLC cell lines, and the highest in 95D cell line.
Furthermore, the upregulation of PFN2 promoted, whereas
the downregulation of PFN2 suppressed invasion and EMT in
95D. Dual-luciferase reporter assay showed that miR-30a-5p
directly interacts with the 3'-untranslated region (3'-UTR) of
PFN2 mRNA. Interestingly, miR-30a-5p negatively regulates
the expression of PFN2 and suppresses EMT and invasion
in 95D. In summary, the present study demonstrated that
miR-30a-5p inhibits EMT and invasion in high invasive
NSCLC cell lines via targeting PFN2. Suggesting the associa-
tion of miR-30a-5p and PFN2 may play an essential role in the
development of NSCLC by modulating EMT and cell invasion.

Introduction

Among many types of cancer, non-small cell lung cancer
(NSCLQ) is associated with the highest morbidity and is the
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most common cause of cancer-related deaths worldwide (1).
Clinical data have demonstrated that almost 80% of lung
cancers are NSCLC with a considerably low survival rate
(5-year survival rate <15%) (2,3). Despite the recent improve-
ments in chemotherapy and molecular-targeted therapy,
patients with advanced NSCLC still have poor prognoses
(4-6). Therefore, the challenge in the treatment of NSCLC is
to identify novel targets that can repress the invasiveness and
metastasis of lung cancer cells.

Epithelial-mesenchymal transition (EMT) is a complex
trans-differentiation process in which epithelial cells lose
junctional adhesion and adopt a mesenchymal phenotype
and morphology. During the EMT process, neoplastic
cells detach from the primary epithelial tumor site, invade
through the basement membrane into the circulation, thereby
contributing to the metastatic potential increment and cancer
progression (7,8).

Profilins (PFNs) are small proteins (12-15 kDa) found in
eukaryotes and identified as a protein directly interacting with
actin, acidic phospholipids and several proteins which are key
roles of different signaling pathways. The first isoforms of
the PFN family are PFN1 and PFN2 which were discovered
several years ago. There is increasing evidence in recent years
to support the role of PFN2 in increasing tumor progression.
Kim et al showed that PFN2 promotes migration, invasion,
and stemness of HT29 human colorectal cancer stem cells (9).
Cui et al demonstrated that PFN2 promotes tumor progres-
sion and metastasis in esophageal squamous cell carcinoma
(ESCC) (10).

MicroRNAs (miRNAs) are small endogenous non-coding
interfering RNA molecules. miRNAs often occur abnormal
expression in human tumors (11) and act as essential modulators
for cell proliferation, cell invasion and EMT (12). miR-30a-5p
was previously reported to be frequently downregulated in
various human tumors including hepatocellular carcinoma (13),
non-melanoma skin cancer (14), and lung cancer (15,16). It has
been reported that miR-30a-5p suppresses cell growth, cell
proliferation, whereas induces cell apoptosis in hepatocellular
carcinoma (12,17) and breast cancer (18). These results suggested
that miR-30a-5p acts as a tumor suppressor and may serve as
a therapeutic target for tumor patients. miR-30a-5p can exert
its function by binding to the 3'-untranslated region (3'-UTR)
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Figure 1. PFN2 is upregulated in non-small cell lung cancer (NSCLC) cell lines. Western blot analysis of the protein (A) and real-time quantitative PCR
analysis of the mRNA (C) levels of PFN2 in human bronchial epithelial cell line 16HBE and three NSCLC cell lines A549, NCI-H520 and 95D. (B) Quantified
the relative PFN2 protein levels in A. "P<0.05 compared with the 16HBE group. All experiments were repeated at least three times. Data are presented as

mean + SD.

of target gene mRNA and leading to mRNA cleavage or
translational repression (19). Xiong et al reported that ubiquitin
protein ligase E3C (UBE3C) was a direct target of miR-30a-5p
in breast cancer cells and the expression of miR-30a-5p was
highly negatively correlated with UBE3C (18). He ef al demon-
strated astrocyte elevated gene 1 (AEG-1) was a direct target of
miR-30a-5p in hepatocellular carcinoma cells (17).

In the present study, we used the Target Scan database
predicted that there was a binding site for miR-30a-5p in the
3'-UTR of PFN2 mRNA, along with the inverse function of
PFN2 and miR-30a-5p in NSCLC development and progres-
sion as showed in previous reports. We predicted that PFN2
might be a potential target for miR-30a-5p in NSCLC. Also,
the aim of the present study was to analyze the association of
PFN2 and miR-30a-5p expression in NSCLC progression.

Materials and methods

Cell lines and cell culture. The human bronchial epithelial cell
16HBE and human NSCLC cell lines A549, NcI-H520 and
95D were purchased from American Type Culture Collection
(ATCC,Manassas, VA, USA). Cells were cultured in RPMI-1640
supplemented with 10% fetal bovine serum (FBS) and
1% streptomycin at 37°C in a humidified 5% CO, incubator.
Cells were maintained in the medium and passaged 2-3 days.

Construction of expression vectors and cell transfection.
Total RNA from cells were isolated using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA), and treated with RNase-free
DNase (Takara, Dalian, China). Then the RNA molecules
were converted to cDNA using the PrimeScript® RT reagent
kit (Takara) with oligo-dT primers, according to the manu-
facturer's protocol. The open reading frame of human PFN2
cDNA were cloned and inserted into the pcDNA3.1 vector
(Invitrogen) to construct the recombinant pcDNA3.1-PFN2

expression vector. The pcDNA3.1 vector transfected cells were
also prepared. Transient transfection was performed using
the FuGENE HD transfection reagent (Roche, Indianapolis,
IN, USA) according to the manufacturer's instructions, and
overexpression was confirmed by western blotting using the
anti-Flag antibody.

SiRNA transfection. PFN2 siRNA and control siRNA were
purchased from Cell Signaling (Beverly, MA, USA). The
protocol of siRNA transfection was performed according
to the manufacturer's instructions. Briefly, 5x10* cells were
seeded in each cell of 24-well micro-plates, grown for 24 h to
reach 30-50% confluence, and then incubated with a mixture
of siRNA and Lipofectamine 2000 reagent (Invitrogen) in
100 ul of serum-free OPTI-MEM according to the manufac-
turer's instructions. The transfection efficiency was examined
by real-time PCR and western blotting.

Real-time quantitative PCR. Total RNA containing small
RNA was extracted from cell lines using the mirVana miRNA
isolation kit (Ambion, Austin, TX, USA) according to the
manufacturer's protocol. The expression of miRNA was deter-
mined using the miRNA qPCR detection kit (Gene Copoeia,
USA) and the mRNA of different genes were amplified using
a SYBR® Premix Ex Taq™ II kit (Takara) and gene-specific
primers. Real-time quantitative RT-PCR was performed in
a Rotor-Gene RG-3000 Real-Time Thermal Cycler (Corbett
Research, Australia). All reactions were performed in tripli-
cate, and the relative expression levels for miRNA and mRNAs
were normalized using the 2°4*“T method (20) relative to small
nuclear RNA U6 (U6 snRNA) and B-actin, respectively.

Western blotting. The RIPA lysis buffer (Beyotime, Nantong,
China) was used to extract proteins from cultured cells. The
antibodies are as follows: anti-PFN2 (1:1,000) anti-f-actin
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Figure 2. PFN2 enhances invasive ability in high invasive non-small cell lung cancer cell lines. Western blot analysis of the protein expression of PFN2 in
PFN2-transfected (A) and PFN2-siRNA (PFN2-siR)-transfected (E) 95D cells. Relative protein levels in A (B) and E (F), respectively. Real-time quantitative
PCR analysis of the PFN2 mRNA levels in PFN2-transfected (C) and PFN2-siR-transfected (G) 95D cells. Transwell assay determined the cell invasion of
PFN2-transfected (D) and PFN2-siR-transfected (H) 95D cells. “P<0.05 compared to the vector group. “P<0.05 compared to the control-siRNA (PFN2-siR)-
transfected group. All experiments were repeated at least three times. Data are presented as mean + SD.

(1:500), HRP-conjugated secondary (1:500) antibodies
(KangChen Bio-tech, Shanghai, China). ECL reagent
(Beyotime) was used for detection. The luminescence was
scanned using a Typhoon scanner (Amersham Biosciences,
Piscataway, NJ, USA), and the protein band density was
quantified using the Quantity One software (version 4.2.2,
Bio-Rad Laboratories, Hercules, CA, USA), and the results
were normalized according to B-actin.

Enforced expression and knockdown of miR-30a-5p. The
miR-30a-5p mimics, negative control miRNA (control
miRNA) and anti-miR-30a-5p inhibitor (anti-miR-30a-5p)
were transfected into 95D cells, using Lipofectamine 2000
(Invitrogen) at a final concentration of 15 or 30 nM. The cells
were then harvested for analysis 24 h post-transfection.

Cell invasion assay. Cell invasion was evaluated using a
Transwell chamber assay (Costar, Pleasanta, CA, USA)
according to the manufacturer's protocol. Serum-free DMEM
was added to the upper chambers and DMEM containing
10% fetal calf serum was added to the lower chambers. Cells
were cultured for 48 h and transferred to the upper chambers
(1x10° cells per Transwell). After 24 h of incubation, cells that
had migrated to the lower surface were fixed in 90% alcohol
and stained with 0.08% crystal violet.

Luciferase reporter assay. A pmirGLO Dual-Luciferase
miRNA target expression vector was used for 3'-UTR lucif-
erase assays (Promega, Madison, WI, USA). For the luciferase
reporter assays, cells cotransfected with negative control,
hsa-miR-30a-5p mimics, or anti-hsa-miR-30a-5p and PFN2
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Figure 3. PEN2 promotes TGF-f-induced EMT in high invasive non-small cell lung cancer cell line. Real-time PCR analysis of the N-cadherin (A), fibro-
nectin (B), vimentin (C) and E-cadherin (D) mRNA levels in vector and rPFN2 group with or without TGF-f stimulation. (E) Western blot analysis of the
protein levels of N-cadherin, fibronectin, vimentin and E-cadherin in vector and rPFN2 group with or without TGF-f stimulation. “P<0.05 compared with the
vector group with TGF-f treatment. All experiments were repeated at least three times. Data bars represent the means + SE.

expression vectors using Lipofectamine 2000. At 18 h post-
transfection, cells were assayed using luciferase assay kits
(Promega) according to the manufacturer's protocol. The
results were normalized with Renilla luciferase.

Statistical analysis. The SPSS version 19.0 software (SPSS,
Chicago, IL, USA) was used to analyze the related data with
y* test or t-test. A value of P<0.05 was considered statistically
significant.

Results

PFN2 is upregulated in NSCLC cell lines. To investigate
the probably role of PFN2 in NSCLC, we investigate the
protein and mRNA levels of PFN2 in NSCLC cell lines,
A549, NcI-H520 and 95D. As shown in Fig. 1, the protein and

mRNA levels of PFN2 were all upregulated in NSCLC cell
lines when compared to human bronchial epithelial cell line,
16HBE (Fig. 1). Moreover, the expression of PFN2 in 95D cells
was higher than those in A549 and NcI-H520 cells (Fig. 1).

PFN2 enhances invasive ability in high invasive NSCLC cell
line. We then investigated the role of PFN2 in the invasive
ability in high invasive NSCLC cell line 95D after PFN2 upreg-
ulation. As shown in Fig. 2A-C, the protein and mRNA levels
of PFN2 were significantly upregulated in PFN2-transfected
cells than vecter-transfected cells (Fig. 2A-C). These results
confirmed that PFN2 overexpressing cells were successfully
established. We then investigated the invasive ability between
the vector and PFN2-transfected cells. The Transwell analysis
revealed that PFN2-transfection enhanced cell invasion when
compared to the vector-transfection group (Fig. 2D). Moreover,
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Figure 4. The mRNA and protein levels of EMT markers were evaluated after PEN2-siR treatment. Real-time PCR analysis of the N-cadherin (A), fibro-
nectin (B), vimentin (C) and E-cadherin (D) mRNA levels in Con-siR and PFN2-siR group with or without TGF-f} stimulation. (E) Western blot analysis of
the protein levels of N-cadherin, fibronectin, vimentin and E-cadherin in Con-siR and PFN2-siR group with or without TGF-§3 stimulation. "P<0.05 compared
with the Con-siR group with TGF-f treatment. All experiments were repeated at least three times. Data bars represent the means + SE.

we also knocked down the PFN2 levels by PFN2 specific
siRNA (Fig. 2E-G), and demonstrated that PFN2-siRNA
inhibits cell invasion compared to the control group (Fig. 2H).

PFN?2 promotes TGF-f-induced EMT in high invasive NSCLC
cell line. We evaluated the mRNA levels of EMT markers in
95D cells treated with TGF-f3 to investigate the effect of PFN2
on EMT phenomenon. In the vector group, the mRNA levels
of N-cadherin, fibronectin, vimentin and E-cadherin were all
similar with or without TGF-f treatment (Fig. 3A-D). However,
after TGF-f stimulation, PEN2 transfected-95D cells displayed
increased mesenchymal cell marker N-cadherin, fibronectin,
vimentin and reduced epithelial marker E-cadherin expressions
when compared with the vector group (Fig. 3A-D). Moreover,
the protein expression levels of EMT markers were also
evaluated by western blot analysis. As shown in Fig. 3E, under
TGF-f treatment, PFN2 transfected-95D cells possess higher

N-cadherin, fibronectin, vimentin but lower E-cadherin protein
levels compared to the vector group. Conversely, the mRNA
and protein levels of EMT markers were also evaluated after
PFN2-siR treatment. As shown in Fig. 4, without TGF-f3 treat-
ment, the mRNA and protein levels of N-cadherin, fibronectin,
vimentin and E-cadherin were all similar between control
siRNA and PFN2-siRNA group. However, the PFN2 siRNA
cells displayed reduced mesenchymal cell marker N-cadherin,
fibronectin, vimentin and increased epithelial marker E-cadherin
expressions when compared to the control siRNA group under
TGF-f stimulation (Fig. 4). These results suggested that PFN2
positively regulated TGF-B-induced EMT in NSCLC cells.

Inverse correlation between PFN2 and miR-30a-5p expres-
sion levels. To identify candidate miRNAs that can control
95D cell invasion and EMT by modulating PFN2 expression,
we used the Target Scan database (http:/www.targetscan.org)
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to search for miRNA binding sites in the PFN2 3'-UTR and
predicted that the position 1548-1555 of 3'UTR of PFN2 was a
binding site for miR-30a-5p (Fig. 5A). Furthermore, we detected
the expression of miR-30a-5p in 16HBE, A549, NcI-H520
and 95D cells using the real-time PCR analysis. As shown in
Fig. 5B, the expression of miR-30a-5p in A549, NcI-H520 and
95D cells were lower than those in 16HBE cells.

To confirm whether miR-30a-5p directly targets the 3'-UTR
of PFN2 mRNA, we employed vectors encoding a partial
sequence of the 3'UTR of PFN2 mRNA where the predicted
miR-30a-5p target sites were located. We found that the lucif-
erase activity was significantly increased by co-transfection
with anti-miR-30a-5p and the vector carrying the 3'UTR of
PFN2 compared with the negative control. On the contrary,
co-transfection with the miR-30a-5p mimics and the vector

carrying the 3'UTR of PFN2 obviously decreased the lucif-
erase activity (Fig. 5C). These results showed that miR-30a-5p
bound directly to a specific site in the 3'UTR of PFN2 mRNA.

To confirm the role of miR-30a-5p in the regulation of PFN2
expression, real-time PCR and western blot analyses were also
performed. The real-time PCR analysis showed that the trans-
fection with miR-30a-5p had no significant effect on the mRNA
levels of PFN2 compared to the negative control (Fig. 5F).
The results of western blotting showed that anti-miR-30a-5p
significantly increased the protein levels of PFN2, whereas
miR-30a-5p transfection markedly inhibited the protein levels
of PFN2 compared to the negative control (Fig. 5D and E).

miR-30a-5p attenuates invasion and TGF--induces EMT
in high invasive NSCLC cell lines. EMT is an initiator of
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Figure 6. miR-30a-5p attenuates invasion and TGF-B-induces EMT in high invasive NSCLC cell lines. Real-time PCR analysis of the N-cadherin (A), fibro-
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metastasis in cancers. To investigate whether miR-30a-5p is
required for TGF-B-induced EMT in high invasive NSCL
cell line, gRT-PCR and western blot analyses were performed
after miR-30a-5p or anti-miR-30a-5p transfection. As shown in
Fig. 6, without TGF-f treatment, the mRNA and protein levels
of N-cadherin, fibronectin, vimentin and E-cadherin were all
similar among negative control (NC), miR-30a-5p mimics and
anti-miR-30a-5p groups (Fig. 6A-E). With TGF-f treatment,
miR-30a-5p mimics group displayed reduced mesenchymal cell
marker N-cadherin, fibronectin, vimentin and increased epithe-
lial marker E-cadherin expressions when compared with NC
group. Otherwise, anti-miR-30a-5p group displayed increased
mesenchymal cell marker N-cadherin, fibronectin, vimentin
and reduced epithelial marker E-cadherin expressions when

compared with NC group (Fig. 6A-E). Finally, we demonstrated
that miR-30a-5p mimics group possessed weaker, whereas the
anti-miR-30a-5p group possessed stranger invasive ability in
95D cells when compared to NC group (Fig. 6F). These results
indicate that miR-30a-5p may act as a positive regulator of cell
invasion in high invasive NSCLC cells.

Discussion

PFN2 is an actin-binding protein that regulates the dynamics of
actin polymerization and plays a key role in cell motility (10).
Previous evidence suggests that PFN2 has crucial roles in
conferring the invasive potential of several human cancers
such as colorectal cancers (9), esophageal squamous cell



YAN et al: miR-30a-5p INHIBITS EMT IN HIGH INVASIVE NSCLC CELL LINES

carcinoma (10) and even lung cancer. For example, Kim
et al found that PFN2 promotes migration and invasion in
human colorectal cancer stem cells, and directly regulated
the expression of stemness markers (CD133, SOX2, and
B-catenin) and EMT markers (E-cadherin and snail) (9). Cui
et al demonstrated that PFN2 protein was overexpressed in
ESCC and was positively correlated with invasion depth and
lymph node metastasis, further experiment proved that PFN2
promotes invasion and migration, as well as induces an EMT
phenotype in ESCC cells in vitro (10). Tang et al reported
that PFN2 upregulates Smad2 and Smad3 expressions via
an epigenetic mechanism, and that PFN2 and Smad expres-
sion correlate with lung cancer growth and metastasis (2).
However, the potential contributions of the PFN2 gene to the
EMT phenotypes and invasion in high invasive NSCLC cells
required further investigation.

The present study confirmed that the expression of PFN2
was higher in three NSCLC cell lines (lung adenocarcinoma cell
line A549, lung squamous cell carcinoma cell line NCI-H520
and large cell lung cancer cell line 95D) when compared to
the bronchial epithelial cell 16HBE. Interestingly, the high
invasive cell line 95D possesses the highest PFN2 level among
the three NSCLC cell lines. These results suggested that PFN2
may be involved in the metastatic process of NSCLC. Then
the gain-of-function (overexpression) and loss-of-function
(siRNA) experiments showed that PFN2 promotes cell inva-
sion in high invasive NSCLC cells.

EMT occurs during embryonic development and cancer
metastasis and results in enhanced cell invasion. Further
experiments in our study demonstrated that PFN2 enhanced
the mRNA and protein levels of N-cadherin, fibronectin and
vimentin, whereas inhibited these levels of E-cadherin, which
supports a role for PFN2 as a critical regulator of EMT induc-
tion in NSCLC cells. Therefore, our data provide new evidence
to demonstrate that PFN2 has a pivotal role in conferring the
EMT potential of NSCLC cells.

Different miRNAs were shown to play an important role
in the regulation of tumor properties in NSCLC. Multiple
tumor-suppressive miRNAs were downregulated coordinately
in NSCLC cells and tissues, namely, miR-15a/16, miR-34a,
miR-126 miR-128 (21), mir-375, mir-133a, mir-33a (22),
and miR-187-5p (23). MicroRNA-30a has been identified
as a tumor suppressor in NSCLC. For example, miR-30a is
downregulated in NSCLC, and it inhibits EMT progression by
targeting Snail (24). Overexpression of miR-30a in A549 cell
line inhibits migration and invasion via targeting EYA2 (25).

In this study, we found that miR-30a-5p significantly inhib-
ited EMT and cell invasion in NSCLC cells, which supports
the role of miR-30a-5p as a tumor suppressor in NSCLC.
Importantly, we also found that PFN2 was a direct target of
miR-30a-5p in NSCLC cells; miR-30a-5p decreased PFN2
protein but not mRNA levels, suggesting that miR-30a-5p
induces translational repression of PFN2. Subsequently studies
confirmed that increased miR-30a-5p levels in NSCLC cells
coincided with decreased EMT and cell invasion, whereas
decrease in miR-30a-5p levels caused increased in EMT and
cell invasion. To our knowledge this is the first study analyzing
the association of PFN2 and miR-30a-5p expression with
NSCLC progression.

3153

In conclusion, our results provide important evidence that
miR-30a-5p can directly target PFN2, and suggest that the
association of miR-30a-5p and PFN2 may play a role in the
development of NSCLC by modulating EMT and cell inva-
sion. Therefore, miR-30a-5p activation or PFN2 inhibition
may provide a novel strategy for the treatment of NSCLC.
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