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MicroRNA-301a promotes growth and migration by
repressing TGFBR2 in non-small cell lung cancer
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Abstract: A number of recent studies reported that miR-301a was significantly up-regulated and implicated in sever-
al types of human cancers. However, the functional involvement of miR-301a in non-small cell lung cancer (NSCLC)
remains largely unknown. Herein, miR-301a mimics and inhibitors were used to manipulate miR-301a expression
in NSCLC cells, respectively. Our findings revealed that miR-301a expression was significantly up-regulated in non-
small cell lung cancer (NSCLC) tissues compared with normal lung tissues. Overexpression of miR-301a signifi-
cantly enhanced proliferation and migration in lung cancer cells. Conversely, inhibition of miR-301a remarkably sup-
pressed cell growth and motility. Systemic target gene analysis demonstrated that TGFBR2 is a critical downstream
target negatively regulated by miR-301a in lung cancer cells. Notably, TGFBR2 expression was remarkably down-
regulated and inversely correlated with miR-301 expression in NSCLC tissues. Consistently, the expression levels
of TGF-B signaling genes were modulated by miR-301a, and negatively correlated with that of miR-301a in NSCLC
tissues. Moreover, low TGFBR2 expression was significantly associated with poorer survival in NSCLC patients. Out
data indicated that miR-301a promotes cell growth and migration by targeting TGFBR2 to modulate TGF-f signaling

pathway in lung cancer.
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Introduction

Lung cancer is the most common cause of can-
cer-related deaths worldwide [1]. Of lung can-
cer, non-small cell lung cancer (NSCLC) is the
most common type of primary lung cancer,
accounting for 80%-85% of all lung cancer
cases [2], which is classified intolung adenocar-
cinoma (LUAD), lung squamous cell carcinoma
(LUSC) and large-cell carcinoma [3]. Although
significant advances have taken place in under-
standing of the disease process during the past
few decades [4, 5], lung cancer treatment has
not been significantly improved. Thus, effective
treatments for the disease demand rapid devel-
opment for therapeutic strategies. Recent evi-
dences have indicated that therapeutic potenti-
ality based on modulation the expression of
endogenous microRNA (miRNA) in cancer is
promising, as miRNA have the ability to affect
cellular behavior [6-8].

miRNAs, which are one class of small non-cod-
ing RNAs (18-22 nucleotides in length), nega-
tively regulate the expression of its target genes
by binding to their mRNAs, usually in the 3’
untranslatedregions (3’-UTR) [9]. Increasing evi-
dences reveal that miRNAs have played pivotal
roles in the modulation of cell proliferation,
apoptosis, migration, and tumorigenesis [10,
11]. Recent studies demonstrated that dysreg-
ulation of miRNAs remarkably contributes to
the development of various types of cancers,
including breast cancer, colorectal cancer, gas-
tric cancer [12-15], and lung cancer [16].

Our recent study found that spindle and kineto-
chore associated 2 (SKA2) and its adjacent
gene, proline-rich protein 11 (PRR11), consti-
tutes a classic bidirectional transcription unit,
and play an important role in lung cancer devel-
opment [17]. Intriguingly, SKA2 harbors a small
non-coding RNA of microRNA-301a (miR-301a)
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in its first intron. Growing body of evidences
have shown that miR-301a is overexpressed in
several types of human cancers, and mediates
proliferation and invasion in breast, pancreatic
and hepatocellular cancers through repression
of several downstream target genes. Of note,
one preliminary evidence showed that inhibi-
tion of miR-301a resulted into a decreased pro-
liferation in lung cancer cell line A549, suggest-
ing the potential role of miR-301a in lung can-
cer [18]. However, the expression profile of miR-
301a and its potential functional impactin lung
cancer have not been determined and remain
unclear.

In the present study, we have investigated the
role of miR-301a as well as its underlying
molecular mechanisms in lung cancer, and for
the first time demonstrated that miR-301a is
aberrantly overexpressed and promotes prolif-
eration and migration in lung cancer. Target
gene analysis revealed that miR-301a nega-
tively regulates the expression of transforming
growth factor B type Il receptor (TGFBR2) gene.
Our findings thus provide a novel insight into
the functional involvement of miR-301a in lung
cancer.

Materials and methods
Cell culture

The lung cancer cell lines, A549 and H1299,
were maintained in Dulbecco’s modified Eagle’s
medium (DMEM, Hyclone) and RPMI-1640
medium supplemented with 10% heat-inacti-
vated fetal bovine serum, respectively. All the
cells were cultured in a humidified atmosphere
of 5% CO, at 37°C.

Transfection with miRNA mimics and inhibitors

MiR-301a mimics, miR-301a inhibitors (anti-
miR-301a), and their corresponding negative
controls (miR-NC, anti-miR-NC) were designed
and chemically synthesized by GenePharma
(Shanghai, China). The sequences of the mim-
ics and inhibitors were listed in Supplementary
Table 2. A549 and H1299 cells were plated in
6-well plates and cultured for 24 hours before
transfection. Then, miRNAs were transfected
into cells at a final concentration of 50 nmol/L
using Lipofectamine RNAIMAX reagent (In-
vitrogen, USA) according to the manufacturer’s
instructions. Forty-eight hours after transfec-
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tion, cells were collected and subjected to
analysis.

Cell proliferation assays

A549 or H1299 Cells were seeded at a density
of 2 x 103 cells per well in triplicates in 96-well
plates 24 hours after transfection with miR-
301a mimics and inhibitors. Cell proliferation
was assessed at the indicated time points
using the Cell Counting Kit-8 (Dojindo). The
number of viable cells was assessed by mea-
surement of absorbance at 450 nm.

Wound-healing assays

Wound-healing assays were conducted to
assess migration activity. Cells were cultured in
complete medium to a confluent monolayer
and then were scraped with a 200 pl pipette
tips to create an artificial wound after which the
wound was monitored. Floating cells were then
washed away with PBS, and fresh medium with
1% FBS were added. Cell migration wasob-
served under microscope at the indicated time
points.

Quantitative RT-PCR analysis

Total RNA was extracted using TRIzol reagent
(Invitrogen) according to the manufacturer’s
instruction. Total RNA (500 ng) was reverse
transcribed to obtain cDNA using PrimeScript®
RT reagent Kit (TaKaRa) according to the manu-
facturer’s protocol. Quantitative PCR was per-
formed using SYBR Green PCR Mix kit (TaKaRa).
The primers were listed in Supplementary Table
3. PCR reactions were performed in a 10 pL
gPCR reaction under the following conditions:
95°C for 30 s, then 40 cycles at 95°C for 3 s,
60°C for 30 s. The housekeeping gene of
GAPDH was used as an internal control gene,
the relative abundances of mRNAs were calcu-
lated according to the method 2-AACt. Each
experiment was performed in triplicates.

Western blot analysis

Total proteins were isolated from A549 at 48 h
post-transfection using protein extraction rea-
gent RIAP (Beyotime, China). Then, proteins
were separated on 10% sodium dodecyl sul-
fate polyacrylamide gel and transferred to
PVDF membranes. The target proteins were
detected by the primary antibodies (anti-TGF-
BR2, 1:1000; anti-SMAD4 1:1000, anti-GAP-
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Figure 1. Expression level of miR-301a is significantly up-regulated in non-small cell lung cancer (NSCLC) tissues.
The miR-301a expression was analyzed in lung adenocarcinoma (LUAD) and squamouscell carcinoma (LUSC) sam-
ples using starBase v2.0 platform (http://starbase.sysu.edu.cn/) [19]. The numbers of LUAD samples were 430,
LUSC samples were 332, and the corresponding normal samples were 46 and 45, respectively. The student’s t-test
was used to compare thedata between normal groupand carcinoma group.

DH, 1:2000) followed by incubating with a sec-
ondary antibody (Horseradish peroxidase-con-
jugated goat anti-rabbit, 1:5000). The signals
were detected by ECL advance Western Blotting
Detection Kits (GE Healthcare).

Expression analysis of miR-301a and its poten-
tial target genes in lung cancer

The expression levelsof miR-301a and its tar-
get genes including TGFBR2, SMAD4, CTGF,
ZEB1 and SMADY7, and the correlation between
themin lung cancer were analyzed using datas-
ets from starBase v2.0 platform (http://star-
base.sysu.edu.cn/), which systematically iden-
tify the RNA-RNA and protein-RNA interaction
networks from 108 CLIP-Seq data sets, and
provide the most comprehensive CLIP-Seq
experimentally supported miRNA-mRNA net-
work [19].

Prognostic analysis of TGFBR2 in NSCLC pa-
tients

The prognostic value of TGFBR2 expression
was evaluated using published lung cancer
microarray data from the Nagoya University
cohort containing 117 lung cancer patients
[48]. Microarray and patient survival data were
downloaded from the GEO database (GSE-
13213). The microarray raw data were routinely
processed according to previous study [49] and
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further used for Kaplan-Meier analyses.
Receiver operating characteristic curve analy-
sis was performed to identify a rational cut-off
point. Briefly, patients who lived longer than 5
years after diagnosis were considered to have
good prognoses, and TGFBR2 expression val-
ues that reached optimal sensitivity and speci-
ficity were chosen.

Statistical analyses

All statistical analyses were carried out using
the SPSS 18.0 statistical software package
(SPSS Inc., Chicago, IL, USA). Student’s t-test
was performed to analyze the data of cell prolif-
eration assay. Overall survival curve was plot-
ted using the Kaplan-Meier method and com-
pared with the log-rank (Mantel-Cox) test.
Univariate regression analyses were performed
with the Cox proportional hazards regression
model to calculate the hazard ratios and their
95% confidence intervals for each variable and
to analyze independent factors affecting prog-
nosis. P-value < 0.05 was considered statisti-
cally significant.

Results

MiR-301a expression is significantly up-regu-
lated in NSCLC tissues

To understand the potential role of miR-301a in
NSCLC development, we firstly examined the
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Figure 2. MiR-301a enhances NSCLC cells growth. Overexpression of miR-301a promotesproliferation (A), inhibition
of miR-301a suppresses proliferation in both two NSCLC cells A549 and H1299 (B). The NSCLC cells, A549 and
H1299, were transiently transfected with miR-301a mimics and anti-miR-301a, respectively. Twenty-four hours after
transfection, cells were subjected to the proliferation assay using CCK-8 kit.

expression of miR-301a in lung cancer tissues
using the starBase v2.0 pan-cancer platform.
The platform was designed for deciphering
pan-cancer networks of non-codingRNAs by
mining clinical and expression profiles of14
cancer types (>6000 samples) from the cancer
genome atlas (TCGA) data portal, including
LUAD and LUSC [19]. According to the starBase
pan-cancer platform, the data of miR-301a
expression were available 430 LUAD and 332
LUSC samples. The results revealed that miR-
301a expression was significantly up-regulated
in NSCLC tissues compared with corresponding
normal tissues. The fold-changes of LUAD vs.
normal and LUSC vs. normal were approximate-
ly 3.85 and 2.18, respectively, and the p-value
was 1.25e-30 and 3.35e-15, respectively
(Figure 1). These findings suggested that up-
regulation of miR-301a may be implicated in
NSCLC development.
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MiR-301a promotes NSCLC cell growth and
migration

Given that the expression of miR-301a was sig-
nificantly up-regulated in NSCLC tissues, we
further examined whether miR-301a could
affect the proliferation of NSCLC cells. To this
end, we utilized the gain-of-function and loss-
of-function strategies by transfecting the cells
with miR-301a mimics, miR-301a inhibitors
(anti-miR-301a) as well as the corresponding
negative control (miR-NC, anti-miR-NC), respec-
tively. CCK-8 assays showed that miR-301a
mimics were able to significantly promote prolif-
eration in both A549 and H1299 cells (Figure
2A). On the contrary, miR-301a inhibitors (anti-
miR-301a) caused NSCLC cells to proliferate
more slowly than the negative control (Figure
2B).

Int J Clin Exp Pathol 2017;10(2):957-971
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Figure 3. MiR-301a promotes NSCLC cell migration. A549 cells were transfected with miR-301a mimics and anti-
miR-301a, respectively. A scratch was drawn on the monolayer cells. Wound was observed under microscope at O

h, 6 h, 24 h, 48 h, respectively.

To further determine whether miR-301a could
affect the migration of NSCLC cells, wound-
healing assays were performed after transient-
ly transfecting A549 cells with miR-301a mim-
ics and miR-301a inhibitors, respectively. As
shown in Figure 3, overexpression of miR-301a
significantly enhanced the migration activity of
A549 cells compared with the negative control,
whereas inhibition of miR-301a with anti-miR-
301a reduced the migration ability. Taken
together, these data demonstrated that miR-
301a promotes the proliferation and migration
of NSCLC cells.

MiR-301a down-regulates the expression of
TGFBR2

To deeply explore how miR-301a functions, we
firstly searched for its potential target genes
using three online in silico prediction algorithms
(TargetScan, miRanda and Pictar) and one
databases (StarBase). The potential target
genes were listed in Supplementary Table 1.
Simultaneously, the experimentally reported
target genes of miR-301a have been also thor-
oughly retrieved and summarized in Table 1. By
combining the algorithm prediction and litera-
ture retrieval data, seven miR-301a target
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genes with potential roles in NSCLC were
selected for further verification. As shown in
Figure 4A, gRT-PCR analysis revealed that tran-
sient transfection of miR-301a mimics signifi-
cantly decreased the mRNA levels of six genes
(TGFBR2, SMAD4, RUNX3, PIAS3, NKRF, and
FOXF2) whereas transfection with anti-miR-
301a caused significant increases in the mRNA
levels of four genes (TGFBR2, SMAD4, PIAS3,
and NKRF). TGFBR2 and SMAD4 are critical
regulators of the transforming growth factor-3
(TGF-B) signaling pathway. On binding TGF-j,
TGFBR2 phosphorylates and activates the
TGFBR1 that then propagate the signal by phos-
phorylating Smad transcription factors. Once
activated, the receptor substrate Smads
(RSmads) form a complex with SMAD4, which is
a binding partner common to RSmads [20].
Given that the mis-regulation of TGF-f signaling
pathway can result in tumor development.
Therefore, the two genes TGFBR2 and SMAD4
attracted our more attentions.

We next examined whether miR-301a could
affect the protein levels of TGFBR2 and SMADA4.
As shown in Figure 4B, the results demonstrat-
ed that TGFBR2 proteins were markedly

Int J Clin Exp Pathol 2017;10(2):957-971
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Table 1. The experimentally reported target genes of miR-301a

I . miR-301a .
Target genes Validation methods Cell lines Cancer Type Pathway . Function Ref
expression
TGFBR2 Luciferase reporter assay SW480 SW620 Colorectal cancer Up-regulation  Promoted the metastatic and invasive ability in hu- [21]
man colorectal cancers
qRT-PCR Western blot
SOCS6 Luciferase reporter assay SW480 SW620 Colorectal cancer Up-regulation Increased cell proliferation, migration and invasion as  [37]
well as tumor growth
Luciferase reporter assay HCT116, SW480  Colorectal Cancer  TGF-B/Smad Up-regulation  Enhances cell proliferation and migration [20]
gRT-PCR
SMAD4 Luciferase reporter assay Hep-2, Tu-177 Laryngeal Up-regulation  Functioned as an oncogene in LSCC and participated  [50]
squamous cell in the epithelial-mesenchymal transition (EMT)
carcinoma process
Luciferase reporter assay SW1990 Pancreatic cancer Up-regulation  Enhanced PDAC cells colony, invasion and migration [33]
abilities in vitro as well as tumorigenicity in vivo
qRT-PCR Western blot
BIM Luciferase reporter assay BxPC-3 Hs766T Pancreatic cancer Up-regulation  Promoted PC cell proliferation [34]
Western blot
NKRF Luciferase reporter 293T PANC-1 Pancreatic cancer NK-kB Up-regulation  NK-kB activation, miR-301a inhibition reduces xeno- [35]
assay Microarray gRT-PCR Western Hs-766T et al. graft tumour growth
blot
MnSOD qRT-PCR CRL-1469 Pancreatic cancer Up-regulation  Lower miR-301a levels are associated with increased  [51]
MnSOD expression and inhibition of PDAC growth
RUNX3 Luciferase reporter assay KATO-IIl SNU-1 Gastric cancer Up-regulation  Promoted cell growth, migration, invasion, and de- [52]
SNU-16 creased cell apoptosis in vitro, enhanced the
subcutaneous tumorigenesis in vivo
qRT-PCR Western blot
PTEN Luciferase reporter assay 5637, UM-UC-2 Bladder cancer p-FAK, p-AKT  Up-regulation  Promoted invasion and migration of bladder cancer [53]

cells
RT-PCR Western blot

qRT-PCR Western blot five ES cell lines Ewing’s sarcoma AKT Up-regulation  Anti-miR-301a inhibited ES cell proliferation and cell [54]
cycle progression, and significantly suppressed tumor
growth in vivo

Luciferase reporter assay Western NCTC1469 Hepatocytes AKT/GSK Down-regula-  Diminished the effect of IL-:6 on the AKT/GSK pathway [55]
blot tion in mouse and hepatic glycogenesis
Luciferase reporter assay MCF7 MDA-MB-231 Breast cancer Wnt/B-catenin  Up-regulation  Promoted breast cancer cell migration, invasion and [32]

metastasis both in vitro and in vivo
qRT-PCR Western blot
FOXF2, BBC3, PTEN, COL2A1 Luciferase reporter assay MCF7 T47D Breast cancer Up-regulation  Promoted cell proliferation, migration and invasion [31]
Western blot

MEOX2 Luciferase reporter assay A549 Lung cancer ERK/CREB No experimen- Increase of the mitotic index and a decrease in colony [18]
tally examined

Formation after inhibition of miR-301a
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Luciferase reporter assay qRT-PCR Hep G2 Hepatocellular NK-kB Up-regulation Increase proliferation, migration and invasion of HCC ~ [36]
Western blot carcinoma cells
TIMP2 Luciferase reporter assay Western U266 Multiple myeloma Up-regulation  Promoted cell proliferation and inhibited apoptosis [22]
blot
AMPKal Luciferase reporter assay u20s Osteosarcoma Up-regulation  Promoted resistance of osteosarcoma cells to [56]
doxorubicin
PIAS3 Luciferase reporter assay qRT-PCR Myelin-specific Autoimmune IL-6/ Up-regulation  Control autoimmune demyellination via regulating [47]
Western blot CD4'T cells demyelination 23-STAT3 T-helper 17 immune response
SEPT7 Luciferase reporter assay Glioma Wnt/ Up-regulation  Promoted the invasion of glioma cells [57]
B-catenin
qRT-PCR
AR Luciferase reporter assay C4-2, 22Rv1l Prostate cancer TGF-B1/ Up-regulation Increased prostate cancer metastasis [58]
Smad/MMP9
qRT-PCR Western blot
NDRG2 Luciferase reporter assay LNCaP, PC-3, Prostate cancer Up-regulation Increased autophagy and cell viability and reduced [59]
DU145 cell apoptosis
RT-PCR Western blot
p63 Luciferase reporter assay PC3, LNCaP Prostate cancer E-cadherin Up-regulation  Increased growth both in vitro and in xenografted [60]
tumors, increased risk of biochemical recurrence, and
induced EMT

qRT-PCR Western blot
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Figure 4. Identification and validation of miR-301 target genes. Seven miR-
301a target genes were selected based on bioinformatic analysis and previ-
ously reported references. The expression levels of the seven genes were de-
tected after transfection with miR-301a mimics and anti-miR-301a in A549
cells using qRT-PCR (A). Protein levels of TGFBR2 and SMAD4 were mea-
sured after transfection with miR-301a mimics and anti-miR-301a in A549
cell using westernblotting (B). mRNA levels of TGF-B signaling downstream
target genes were determined using qRT-PCR in A549 cells (C).

reduced in cells transfected with miR-301a
mimics and significantly increased in anti-miR-
301atransfected cells compared with their cor-
responding negative control. However, trans-
fection of either miR-301a mimics or anti-miR-
301a did not significantly alter the Smad4
expression at protein levels (Figure 4B). Our
online algorithm analysis and a previous study
revealed that the 3’-UTR of TGFBR2 harbors a
highly conserved miR-301a binding region [21].
Moreover, decreased expression of TGFBR2
occurs frequently in lung cancer [22-24].
Therefore, these data suggested that TGFBR2
was a bona fide target gene of miR-301a in lung
cancer.
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analysis revealed that trans-
fection of miR-301a mimics
caused down-regulation of
p21, p57, CTGF, and ZEB1,
and up-regulation of c-myc. On
the other hand, transfection
with anti-miR-301a resulted in
the up-regulation of Bim,
CTGF, ZEB1 and SMAD7 as
compared with the negative
control. Taken together, these findings suggest-
ed that miR-301a could regulate the expres-
sion of TGF-B signaling downstream genes
through targeting TGFBR2.

Expression of miR-301a inversely correlates
with that of TGFBR2 and TGF-S3 signaling tar-
get genes in NSCLC

Furthermore, we determined whether expres-
sion of miR-301a was correlated with that of
TGFBR2 and TGF-B signaling target genes. To
this end, correlations between them were
investigated via starBase v2.0 platform. As
shown in Figure 5A, expression level of TGFBR2
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Figure 6. Univariate survival analysis was performed
based on TGFBR2 expression in NSCLC patients.
Kaplan-Meier method was used to plot of overall-
survival of NSCLC patients in the Nagoya University
cohorts.

was significantly decreased in NSCLC tissues
compared with that of normal tissues (fold-
change = 0.29 in LUAD, 0.12 in LUSC). Of note,
TGFBR2 expression value was highly negatively
correlated with that of miR-301a, with Pearson
correlation r = -0.44/-0.49; P-value = 2.63 x
1022/7.34 x 1022 in LUAD/LUSC. The expres-
sion level of SMAD4 was neither significantly
decreased (fold-change = 0.72 in LUAD, 0.79 in
LUSC), nor significantly correlated with that of
miR-301a in NSCLC tissues (Figure 5B).

In addition, we also found that the expression
levels of three TGF-B signaling target genes
were significantly down-regulated in NSCLC tis-
sues compared with that of normal tissues,
including ZEB1 (fold-change = 0.35 in LUAD,
0.26 in LUSC), CTGF (fold-change = 0.27 in
LUAD, 0.24 in LUSC) and SMADY (fold-change =
0.46 in LUAD, 0.29 in LUSC). Notably, regres-
sion analysis indicated that expression values
of these three genes were inversely correlated
with that of miR-301a, with r ranging from -0.29
to0 -0.45 (Figure 5C-E).

The clinical significance of TGFBR2 expression
in NSCLC patients

Finally, we evaluated the prognostic value of
TGFBR2 expression using the Nagoya University
lung cancer cohort. Survival analysis demon-
strated that low TGFBR2 expression (n = 50)
was significantly associated with poorer surviv-
al, and high expression level of TGFBR2 (n =
67) was closely associated with better clinical
outcome in the Nagoya University lung cancer
cohort (Figure 6).
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Discussion

Lung cancer is the leading cause of cancer
deaths worldwide. However, no better strategy
has been developed for treatment of the dis-
ease during thepast two decades. In this study,
our results showed that miR-301a expression
is markedly up-regulated in NSCLC tissues, and
miR-301a promotes NSCLC cell growth and
migration, suggesting that miR-301a might pro-
mote NSCLC development. These findings
might provide a potential target in the diagno-
sis and/or therapy of lung cancer.

Up-regulation of oncogenic miRNAs or down-
regulation of tumor suppressor miRNAs plays
important roles in tumorigenesis [29, 30]. MiR-
301a has been discovered to be up-regulated
in several types of human cancers, and func-
tional analysis revealed that miR-301a pro-
motes proliferation and/or invasion in breast
cancer [31, 32] pancreatic cancer [33-35],
hepatocellular carcinoma [36] and colorectal
cancer [21, 22, 37]. Lu et al. reported that miR-
301a down-regulates NF-kB-repressing factor
(NKRF) and leads to NF-kB activation in pancre-
atic cancer [35]. MiR-301a has been also
shown to inhibit distinctive target genes in dif-
ferent cancer cell lines (Table 1). Of note, a sys-
temic study in breast cancer revealed that miR-
301a acts through multiple pathways by
repressing the expression of target genes such
as FOXF2, PTEN, and COL2A1 [31]. In this study,
we systemically analyzed the effects of miR-
301a on sever experimentally reported target
genes with potential roles in NSCLC, and found
that miR-301a could down-regulate the expres-
sion of TGFBR2, SMAD4, PIAS3, and NKRF, but
not PTEN, a frequently reported target gene of
miR-301a. This suggests that miR-301a might
regulate distinctive target genes in a cell-type
or cancer-type dependent manner.

TGFBR2, a serine-threonine kinase, is a major
transmembrane receptor of TGF-B signaling.
TGF-B acts as a tumor suppressor in epithelial
cells, where it inhibits proliferation, induces
apoptosis, and mediates differentiation. Pre-
vious studies reported that TGF-B signaling is
impeded by the loss of TGFBR2 [38, 39].
Targeted deletion of TGFBR2 causes increased
tumor progression and metastases in both
colonic epithelium [40] and breast carcinoma
[41]. Decreased of TGFBR2 expression was
associated with increased risk for the develop-
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ment of invasive breast cancer [42]. TGFBR2
expression was also decreased in multiple lung
cancer cell lines [43, 44] and lung tumor speci-
mens [45]. In the present study, our data
showed that ectopic over-expression of miR-
301a mimics suppressed the TGFBR2 expres-
sion while knockdown of miR-301a by anti-miR-
301a up-regulated its expression. The expres-
sion of TGF-B signaling target genes was also
altered in response to miR-301a mimics and
inhibitors. Moreover, we also observed that the
TGFBR2 expression as well as several TGF-33
signaling target genes was significantly down-
regulation, and inversely correlated with the
expression miR-301a in NSCLC tissues. More
importantly, the low expression of TGFBR2 was
associated with poorer survival. Recently,
Zhang et al. also reported that miR-301a pro-
motes migration by targeting TGFBR2 in human
colorectal cancer [21]. Taken together, we thus
can define a pathway in which miR-301a atten-
uates the TGF-B signaling via targeting TGFBR2
to alter a series of downstream target genes
expression, thereby stimulating lung cancer
development.

The TGF-B signaling cascade is initiated when
active TGF-B binds to its receptors TGFBR1 and
TGFBR2. TGFBR1 is then activated by TGFBR2
through phosphorylation. After that, activated
TGFBR1 propagates the signal through either a
SMAD dependent pathway or SMAD indepen-
dent pathways [24, 46]. Of note, our results
showed that manipulation of miR-301a expres-
sion only caused a significant change in the
MRNA levels of SMAD4 expression, and the
protein levels of SMAD4 expression remain-
ed unchanged. Indirect immunofluorescence
assay also revealed that SMAD4 did not trans-
located into nucleus upon manipulation of miR-
301a expression (data not shown). Moreover,
we also found that the SMAD4 expression was
not remarkably reduced in NSCLC tissues, and
no significantly correlation between the expres-
sion levels of SMAD4 and miR-301a was
observed. Taken together, we thus deduced
that miR-301a might regulate the TGF-B signal-
ing in a SMAD4-independent manner, and the
underlying molecular mechanisms needs fur-
ther study.

We also found that miR-301a could down-regu-

late the expression of PIAS3, and NKRF. NKRF
is a potent inhibitor of the STAT3. Mycko et al.
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reported that miR-301a regulates the STAT3
pathway through down-regulation of PIAS3 [47].
However, our data revealed that manipulation
of miR-301a levels by miR-301a mimics and
anti-miR-301a did not alter the expression of
PIAS3 at protein levels (data not shown), sug-
gesting that miR-301a does not regulate the
PIAS3 expression and STAT3 pathway in lung
cancer. As mentioned above, NKRF is a NF-«kB-
repressing factor, and has been shown be
down-regulated and mediates the oncogenic
effect of miR-301a in pancreatic cancer [35].
Therefore, further study is required to investi-
gate whether miR-301a regulates NF-kB path-
way through down-regulating NKRF in lung
cancer.

Conclusion

In summary, our present study demonstrated
that miR-301a promotes NSCLC cell prolifera-
tion and migration by targeting TGFBR2 to mod-
ulate TGF-B signaling. Our findings suggested
that miR-301a might serve as a novel potential
diagnostic and/or therapeutic target for human
lung cancer.
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Supplementary Table 1. The potential target genes of miR-301a

- TargetScan MiRanda PicTar
Name Gene Name Position gites Sites Sites
hsa-miR-301a-3p TGFBR2 chr3:30733357-30733363[+] 10785[19] 10785[19] 10785[19]
hsa-miR-301a-3p SMAD4 chr18:48606192-48606198[+] 423[13] 423[13] 423[13]
hsa-miR-301a-3p RUNX3 chr1:25226132-25226139]-] 25[4] 50[5] 25[4]
hsa-miR-301a-3p PTEN chr10:89725641-89725647[+] 8[2] 8[2] 8[2]
hsa-miR-301a-3p FOXF2 chr6:1395757-1395763[+] 1294[12] 1309[12] 1294[12]
hsa-miR-301a-3p PRKAAL chr5:40760396-40760402]-] 2786[17] 2788[17] 2786[17]
hsa-miR-301a-3p ULK2 chr17:19679064-19679071[-] 108[6] 108[6] 108[6]
hsa-miR-301a-3p TET3 chr2:74335293-74335299[+] 21[1] 61[2] 21[1]
hsa-miR-301a-3p HOXA3 chr7:27147117-27147123[-] 30[4] 30[4] 30[4]
hsa-miR-301a-3p NAA50 chr3:113440579-113440585[-] 125(8] 137[9] 125(8]
hsa-miR-301a-3p NCKAP5 chr2:133430346-133430352[-] 130[4] 130[4] 130[4]
hsa-miR-301a-3p ANKRD28 chr3:15710177-15710183][-] 325[7] 325[7] 325[7]
hsa-miR-301a-3p LRIG1 chr3:66429615-66429621[-] 4[3] 4[3] 4[3]
hsa-miR-301a-3p NPTN chr15:73852668-73852674(-] 3731[22] 3839[23] 3731[22]
hsa-miR-301a-3p DCBLD2 chr3:98515494-98515500]-] 290([8] 290([8] 290([8]
hsa-miR-301a-3p PHF20 chr20:34538149-34538155[+] 371[3] 371(3] 371[3]
hsa-miR-301a-3p IKZF4 chr12:56429700-56429707[+] 9[1] 9[1] 9[1]
hsa-miR-301a-3p WDFY3 chr4:85591227-85591233([-] 110[4] 110[4] 110[4]
hsa-miR-301a-3p ZFP91 chr11:58385980-58385986(+] 361[11] 361[11] 361[11]
hsa-miR-301a-3p PPP2R1B chr11:111597635-111597641]-] 18[2] 18[2] 18[2]
hsa-miR-301a-3p SHANK2 chr11:70315539-70315546][-] 30[3] 30[3] 30[3]
hsa-miR-301a-3p SHANK2 chr11:70315610-70315616[-] 18[2] 18[2] 18[2]
hsa-miR-301a-3p NFIB chr9:14083381-14083387[-] 5286[19] 10571[19] 5286[19]
hsa-miR-301a-3p FAM179B chr14:45543039-45543046[+] 277[8] 570[8] 277[8]
hsa-miR-301a-3p DICER1 chr14:95553931-95553937(-] 910[4] 910[4] 910[4]
hsa-miR-301a-3p DICER1 chr14:95555382-95555388]-] 976[11] 488[11] 482[11]
hsa-miR-301a-3p DGKE chr17:54943205-54943212[+] 142[11] 284[11] 142[11]
hsa-miR-301a-3p HOXA5 chr7:27181092-27181098[-] 299[14] 302[15] 299[14]
hsa-miR-301a-3p KLF3 chr4:38701927-38701934[+] 314[7] 407[10] 314[7]
hsa-miR-301a-3p EDA chrX:69255772-69255779[+] 5[1] 5[1] 5[1]
hsa-miR-301a-3p ANKIB1 chr7:92030561-92030567[+] 698[16] 698[16] 698[16]
hsa-miR-301a-3p PHF3 chr6:64424016-64424022[+] 0[2] 0[2] 0[2]
hsa-miR-301a-3p WNK3 chrX:54223277-54223283[-] 21[4] 21[4] 21[4]
hsa-miR-301a-3p HIVEP2 chr6:143073830-143073837[-] 117[11] 117[11] 117[11]
hsa-miR-301a-3p PSAP chr10:73576094-73576101][-] 2031[22] 2031[22] 2031[22]
hsa-miR-301a-3p CSNK1G1 chr15:64463379-64463385[-] 60[7] 60[7] 60[7]
hsa-miR-301a-3p RASD1 chrl7:17397887-17397893[-] 732[8] 732[8] 732[8]
hsa-miR-301a-3p HECW2 chr2:197065029-197065035[-] 28[1] 28[1] 28[1]
hsa-miR-301a-3p MAP3K12 chr12:53874550-53874556[-] 73[8] 73[8] 73[8]
hsa-miR-301a-3p  TMEM159 chr16:21191492-21191498[+] 314[11] 628[11] 314[11]
hsa-miR-301a-3p MBNL1 chr3:152182600-152182606[+] 2927[21] 5853[21] 2927[21]
hsa-miR-301a-3p MBNL1 chr3:152183341-152183347[+] 328[8] 2993[8] 328[8]
hsa-miR-301a-3p BCL2L11 chr2:111925901-111925907[+] 940[16] 19177[19] 940[16]
hsa-miR-301a-3p ACSL4 chrX:108884599-108884605[-] 217[2] 255[3] 217[2]
hsa-miR-301a-3p ACSL4 chrX:108885860-108885866[-] 904[18] 904[20] 892[17]
hsa-miR-301a-3p BAHD1 chr15:40759300-40759307[+] 26[3] 26[3] 26[3]
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Supplementary Table 2. Sequences of miRNA mimics and inhibitors

Name Sequences

miR-301a-3p 5’-CAGUGCAAUAGUAUUGUCAAAGC-'3
UUUGACAAUACUAUUGCACUGUU

miR-NC 5-UUCUCCGAACGUGUCACGUTT-"3

Anti-miR-301a-3p

Anti-miR-NC

ACGUGACACGUUCGGAGAATT

5’-GCUUUGACAAUACUAUUGCACUG-'3
5’-UUGUACUACACAAAAGUACUG-'3




MicroRNA-301a and lung cancer

Supplementary Table 3. Primers for gRT-PCR

Gene name Forward (5’-3’) Reverse (5’-3)

TGFBR2 AGCACTGTGCCATCATCCT GACCTCAGCAAAGCGACCT
SMAD4 TCCAGCCTCCCATTTCCAAT ACCTTGCTCTCTCAATGGCT
PTEN ACCAGGACCAGAGGAAACCT GCTAGCCTCTGGATTTGACG
PIAS3 ATGGTGATGAGTTTCCGGGT GAAGGGAGAGATCAGAGGGC
NKRF AGCTGCTGAGAAAGATGGGT AAATCTGTGTGGCTCTCGGA
FOXF2 CCCGTTACCAGCATCACTCT TGACGCAGGGCTTAATATCC
P21Cip1 ATGAAATTCACCCCCTTTCC CCCTAGGCTGTGCTCACTT
p57Kip2 GGCGATCAAGAAGCTGTCC GACTTCTCAGGCGCTGATCT
c-MYC TTCGGGTAGTGGAAAACCAG CAGCAGCTCGAATTTCTTCC
Bim AGCCCAGCACCCATGAGTTGTGAC CTCTGGGCGCATATCTGCAGG
CTGF GGAAAAGATTCCCACCCAAT TGCTCCTAAAGCCACACCTT
SMAD7 TACCGTGCAGATCAGCTTTG TTTGCATGAAAAGCAAGCAC
ZEB1 TGCACTGAGTGTGGAAAAGC TGGTGATGCTGAAAGAGACG
GAPDH ACCTGACCTGCCGTCTAGAA TCCACCACCCTGTTGCTGTA




