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Repression of Smad4 by miR-205 moderates TGF-f3-induced
epithelial-mesenchymal transition in A549 cell lines
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Abstract. The TGF-p/Smad signaling pathway plays impor-
tant roles in cancer cell proliferation, apoptosis, differentiation,
angiogenesis and epithelial-mesenchymal transition (EMT),
which is the key event in the early stages of cancer metastasis
and enhances the capability of cell migration and invasion.
Smad4 acts as the only Co-Smad of TGF/Smad signaling
pathway and plays the key role in TGF-f-mediated EMT.
Nevertheless, the mRNA regulation mechanisms of Smad4 in
human non-small cell lung cancer (NSCLC) remains largely
unclear. Computational algorithms predicted that the 3'-UTR of
Smad4 is a target of miR-205. Here, we validated that miR-205
could directly bind to 3'-UTR of Smad4 by luciferase assays.
Moreover, we investigated the functional roles of miR-205 and
its molecular link to Smad4 in lung cancer cells. In this study,
we confirmed that overexpression of miR-205 suppressed the
expression of Smad4, in turn, weakened the TGF-f/Smad
signaling pathway and inhibited TGF-3/Smad4-induced EMT,
invasion and migration ultimately. Furthermore, this study
shows that miR-205 can serve as a promising therapeutic
target of highly aggressive NSCLC.

Introduction

Lung cancer is one of the primary causes of cancer-related
death worldwide and >80% of lung cancer patients have non-
small cell lung cancer (NSCLC) (1,2). Despite improvements
in treatment modalities (such as surgical resection, chemo-
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therapy, radiotherapy, and targeted therapy), the long-term
survival of NSCLC is still dismal with 5-year survival rate
>10% due to cancer relapse and metastasis (3,4). Hence, good
understanding of the mechanisms underlying NSCLC metas-
tasis is very important.

The transforming growth factor § (TGF-f) superfamily
plays crucial roles in cell proliferation, apoptosis, differen-
tiation, and angiogenesis (5,6). In particular, its alterations
significantly associated with the tumorigenic and metastatic
processes of NSCLC (7,8). In the canonical signaling, upon
ligand stimulation, TGF-f receptor type I (TGF-BR2) recruits
and transphosphorylates TGF-f receptor type I (TGF-p R1),
which in turn phosphorylate Smad2 and Smad3 proteins,
and these phosphorylated proteins in turn form tight protein
complexes with Smad4 (also known as DPC4), and subse-
quently translocate to the nucleus where they interact with
other transcription activator or repressors to signal down-
stream pathways (9). Notably, there is more and more evidence
showing that TGF-f signaling is an important inducer of
epithelial-mesenchymal transition (EMT) in various cancers,
including NSCLC (10-12). EMT is a critical step for morpho-
genesis during embryonic development and the conversion of
early-stage tumors into invasive malignancies (13,14), which
is marked by repression of E-cadherin and induction of
N-cadherin, and Vimentin (12,15). Importantly, such tumor-
suppressing function of TGF-f signaling pathway is strongly
dependent on the status of Smad4 (16). Despite such functional
importance, how Smad4 is regulated at transcriptional level is
unclear.

MicroRNAs (miRNAs) are non-coding RNA molecules
~19-24 nucleotides long that regulate gene expression at
the post-transcriptional level (17,18). Approximately 30%
of messenger RNAs are regulated by miRNAs (19). Thus,
miRNAs represent a group of important players in diverse
biological and pathological processes, including tumor cell
proliferation, differentiation, and survival (20-23). Recently a
study showed that the expression of microRNAs appear to be
tissue or tumor type-specific (24), and there is accumulating
evidence showing that it could be a candidate biomarker for
clinical diagnosis, including identification of cancer type or
tumor subtype (25,26). miR-205, which is located at lung
cancer associated genomic amplification region 1q32.2.
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Dysregualtion of miR-205 was observed in many types of
tumors, including lung cancer (27), moreover, miR-205 was
reported to be expressed at higher level in squamous cell lung
carcinoma than other types of NSCLC (25).

In this study, based on experiments in vitro and biochem-
ical analyses, we explored the functional roles of miR-205 and
its molecular link to Smad4. Our data indicate that miR-205
moderates TGF-f-induced epithelial-mesenchymal transition
in NSCLC by directly targeting Smad4. Moreover, this study
provides crucial molecular and cellular bases of miR-205 as
one of potential clinical therapeutic targets for highly invasive
NSCLC.

Materials and methods

Cell culture. Human NSCLC cells A549, obtained from the
Cell Bank of the Chinese Academy of Sciences (Shanghai,
China), were seeded and grown in RPMI-1640 medium
(Hyclone, South Logan, UT, USA) supplemented with 10%
heat-inactivated fetal bovine serum (Gibco, Carlsbad, CA,
USA) and antibiotics (Invitrogen, Carlsbad, CA, USA) at
the condition of 37°C in a humidified incubator containing
5% CO,.

RNA extraction, cDNA synthesis and quantitative real-time
PCR (qRT-PCR). Total RNA of cells and tissues was extracted
by adding 1.0 ml RNAiso Plus (Takara, Osaka, Japan)
according to the manufacturer's protocol. The concentration of
RNA was measured using a NanoDrop 2000 (Thermo Fisher
Scientific, Waltham, MA, USA). Synthesis of cDNA was
carried out with reverse transcriptase M-MLV (Takara). The
primers for reverse transcription and amplification of
miR-205 and U6 were designed and synthesized by
Guangzhou RiboBio Co. (Guangzhou, China). The sequences
of qRT-PCR primers for Smad4, Snail, MMP-9 and f-actin
were as follows: Smad4, forward, 5'-CAGCCATCTTG
TCCACT-3"; reverse, 5'-GCTGGGGTGCTGTATGTC-3',
Snail, forward, 5'-CGAAAGGCCTTCAACTGCAAAT-3";
reverse, 5S'-ACTGGTACTTCTTGACATCTG-3'. MMP-9,
forward, GACGATGACGAGTTGTGG; reverse, GAAGGGG
AAGTGGCAG. B-actin, forward, 5'-CACAGAGCCTCGC
CTTTGCC-3'; reverse, 5S'-ACCCATGCCCACCATCACG-3'.
qRT-PCR was performed using SYBR Premix ExTaq™
(Takara) according to the manufacturer's instructions on an
ABI Step One Plus Real-Time PCR system (Applied
Biosystems, Foster City, CA, USA). f-actin and U6 were
respectively used as the internal controls for Smad4 and
miR-205. The relative mRNA expression was measured using
the AACT method.

Western blot assay. Cells were harvested and then lysed
in RIPA buffer (Cell Signaling Technology, Danvers, MA,
USA) containing protease inhibitor and phosphatase inhibitor
cocktail (Sigma-Aldrich, St. Louis, MO, USA). After incuba-
tion in 4°C for 15 min, the total lysates were centrifuged at
12,000 rpm for 15 min at 4°C. Then the cell lysate per well
was separated by 10% SDS-PAGE electrophoresis, trans-
ferred to nitrocellulose membranes (Millipore, Billerica,
MA, USA), blocked with 5% BSA in TBST buffer for 1 h
and then immunoblotted with primary antibodies overnight
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at 4°C. After 4 times washing with TBST, the membranes
were further incubated with the HRP-conjugated secondary
antibodies for 2 h at room temperature. Signal detection was
performed using the ECL kit (Pierce, Rockford, IL, USA).
All antibodies for western blotting including anti-Smad4;
anti-f-actin and secondary antibodies were purchased from
Cell Signaling Technology.

Luciferase reporter assays. Constructing a plasmid containing
the Smad4 3'-UTR fused to the 3'-end of a luciferase reporter,
we used psiCHECK?2 dual luciferase vector (Promega,
Madison, WI, USA). Briefly, a 215-bp fragment containing
predicted miR-205 target site (positions 262-269) was chosen
for the luciferase assay. The wild-type and mutanted fragment
were directly synthesized (Genewiz, Suzhou, China), and
then each subcloned into psiCHECK?2 vector to generate a
psiCHECK?2-Smad4-3'-UTR wild-type and a psiCHECK2-
Smad4-3'-UTR-mutant. Subsequently, A549 cells were plated
in a 24-well plate and cotransfected with wild-type or mutanted
plasmid with either miR-205 mimics or miR-negative control
(miR-NC) using Lipofectamine 2000 (Life Technologies).
After 48 h, cells were all harvested, and luciferase activities
were measured by the Dual-Luciferase Reporter Assay kit
(Promega). Each experiment was done in triplicate.

The -960 to +124 promoter region of PAI-1 was amplified
by PCR with primers (forward, CGGGGTACCGCACACCC
TGCAAACCTGCC and reverse, CCGCTCGAGCGATTGG
CGGTTCGTCCTG). Digested with Kpnl and Xhol, the
acquired fragments were directly ligated into the pGL3 basic
vector (Promega). pGL3 basic vector (800 ng), 800 ng
pGL3-PAI-1, 32 ng pRL-TK were co-transfected with
miR-205 mimics or miR-NC using Lipofectamine 2000 (Life
Technologies). Twenty-four hours later, the cells treated with/
without 5 ng/ml TGF-p1. At last, luciferase activity of the
transfected cells was determined using the Dual-Luciferase
Reporter Assay kit (Promega). Each experiment was done in
triplicate.

miR-205 mimics, plasmid, siRNA and cell transfection.
miR-205 mimics, and matched miR-NC were synthesized by
GenePharma company (Suzhou, China), The control (Si-NC)
and Smad4 siRNA (Si-Smad4) were prepared as previously
described (28). The target sequences of sSiRNA were as follows:
5'-GTACTTCATACCATGCCGA-3'. Cell transfections were
performed using Lipofectamine 2000 (Invitrogen) according
to the manufacturer's instructions. After 48-h transfection, the
cells were collected for further experiments.

Immunocytochemistry staining. Cells were seeded into 24-well
plates at a concentration of 1x10* cells/well. After treatment
with/without 5 ng/ml TGF-1 for 48 h, discarding the culture
medium, cells were fixed with 95% alcohol and permeabilized
with 0.5% Triton X-100. Five minutes later, cells were incu-
bated with primary antibodies against E-cadherin, N-cadherin
and Vimentin (1:100, BD Biosciences, San Jose, CA, USA)
for 2 h, negative controls were made with PBS instead of the
primary antibodies. The second antibodies were diluted in PBS
and incubated for 1 h at room temperature. Diaminobenzidine
(DAB) was used to visualize the immunoreactivity and a light
microscope was used for photography of the sections.
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Figure 1. TGF-f3 induces EMT in A549 cells. Cells induced by serum starvation for 24 h before treatments. (A) Presence of TGF-f1 can induce transition of the
epithelial to the mesenchymal in A549 cells. Cells were treated with 1% FBS lacking TGF-f1 (left), and 1% FBS with 5 ng/ml TGF-f1 (right). Cell morphology
was detected at 24 h after TGF-f1 stimulated and photographed by a phase microscope. (B) Altered expression of EMT hallmarkers induced by TGF-f1. Cells
were treated with or without TGF-f1 for 24 h; total cell lysates were extracted for western blot analyses to detect the expression of E-cadherin, N-caherin and
Vimentin. $-actin was used as an internal control. (C) Immunocytochemistry staining. Cells were seeded into 24-well plates at a concentration of 1x10* cells/
well. Treatment with 5 ng/ml TGF-f1 for 24 h, then immunocytochemistry staining, Negative controls were made with PBS instead of the primary antibodies.
Sections were examined using a light microscope. The results were expressed as the percent of positive cells. “P<0.01; ““P<0.001.

Wound healing assay. After 24 h of transfection with miR-NC
and miR-205, A549 cells were seeded into a 6-well culture
plate at a density of 25x10*/well. When cells reached ~80-90%
confluence as a monolayer, the medium was changed with 2 ml
PBS, the monolayer was gently scratched with a 10-ul pipette
tip, ensuring that the tip was always vertical to the bottom of
the well. The obtained gap distance equals the diameter of the
end of the 10-ul pipette tip. After scratching, the well were
washed with 1X PBS gently two times to remove the detached
cells. Fresh medium was added to the well and the cells were
cultured for an additional 24 h. Photos were taken of the gap
distance using a microscope and the gap distance was quanti-
tatively evaluated using Photoshop.

Migration and invasion assays. Transwell inserts 8.0-ym
pores in size (Corning, NewYork, NY, USA) were used for
performing cell migration and invasion assays. For migration
assay, 800 ul RPMI-1640 medium with 10% FBS was added
into each lower champer of a Transwell insert. Briefly, cells
were transfected with 50 nM miR-NC or miR-205 mimics.

Forty-eight hours post-transfection, cells were trypsinized,
and then cells (5x10%) with medium containing 1% FBS were
seeded into the upper champer and incubated at 37°C for 24 h
in a humidified incubator. Furtherly, the cells migrated onto
the lower surface of the insert were fixed with 100% methanol
for 30 min, air-dried for 10 min, stained with 0.1% crystal
violet overnight and washed with 1X PBS two times. Lastly,
the cells were photographed and counted. For invasion assay,
the inserts were coated with Matrigel matrix (BD Science,
Sparks, MD, USA) diluted in serum-free medium, then incu-
bated at 37°C for 2 h, remaining procedures were conducted
similarly to migration assay. Each experiment was performed
in triplicate.

Statistical analysis. Results are presented as mean + stan-
dard deviation (SD). Statistical significance was tested using
Student's t-test and a P-value <0.05 was considered significant.
All statistical analyses were performed using GraphPad
Prism 5.0 (GraphPad, San Diego, CA, USA) and SPSS 7.0
software (SPSS, Chicago, IL, USA).
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Figure 2. Silencing Smad4 inhibits TGF-B-induced EMT of NSCLC cells. (A) Smad4-silenced A549 cells were serum-starved for 24 h, cell morphology was
examined at 24 h after TGF-f1 treatment and photographed using a phase-contrast microscope. (B and C) Smad4-silenced A549 cells were serum-starved for
24 h, and treated with or without TGF-f1 (5 ng/ml) for 24 h. Then, E-cadherin, N-cadherin, Vimentin and Snail mRNA and protein levels were determined

using qRT-PCR and western blot analyses, "P<0.05; ““P<0.001.
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Figure 3. Silencing Smad4 inhibits TGF-f-induced invasion and migration of NSCLC cells. Smad4-silenced A549 cells were treated with TGF-1 (5 ng/ml) for
24 h, and allowed to migrate through 8-uM pores in Transwell inserts. Migrated cells were stained and counted in at least three microscopic fields (magnifica-
tion, x100). Then, cells were treated as above and allowed to invade through Matrigel-coated membrane in Transwell inserts. Invasive cells were stained and

counted under a light microscope. "P<0.05; ““P<0.001.

Results

TGF-f induces EMT in NSCLC cells. Firstly, we observed
the morphological changes in A549 cells which have been
widely used as a model system to study the mechanisms of
carcinogenesis and tumor progression in lung cancer. In the
absence of TGF-f1, A549 cells maintained a classic epithe-
lial morphology. On the contrary, A549 cells displayed a
spindle-shape, fibroblast-like morphology after treatment
with TGF-p1 for 24 h (Fig. 1A). Then, we investigated the
expression of epithelial marker, E-cadherin, the mesenchymal
marker, N-cadherin and Vimentin by western blot assay. In
line with the morphological changes, the results showed that
the expression of E-cadherin was significantly decreased and
N-cadherin and Vimentin was increased with TGF-p1 treat-
ment for 24 h in A549 cells (Fig. 1B and C). Taken together,

our data indicated that TGF-f1 was able to induce EMT in
A549 cell lines.

Knockdown of Smad4 inhibits TGF-f-induced EMT, inva-
sion and migration in NSCLC cells. Although Smad4 is
the key molecule to TGF-f-induced EMT (29,30), the role
of Smad4 in TGF-B-induced EMT has not been studied
fully. To identify this issue, we silenced Smad4 by specific
SiRNA against Smad4 (Si-Smad4), and found that Si-Smad4
could remarkably decrease TGF-B-induced EMT, including
morphology (Fig. 2A), and EMT markers (Fig. 2B), Si-Smad4
significantly restored E-cadherin expression and impaired
N-cadherin, Vimentin and Snail expression in the presence
of TGF-f1 (Fig. 2B and C). Then, Transwell assays showed
that TGF-B-induced migratory and invasive abilities could
be inhibited by knockdown of Smad4 in A549 cells (Fig. 3).
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Figure 4. miR-205 regulates Smad4 expression by directly binding to 3'-UTR of Smad4. (A) Schematic drawing showing the cloning of the predicted miR-205
binding sites of Smad4 3'-UTR. Predicted duplex formation between miR-205 and the wild-type/mutant of miR-205 binding sites are indicated. (B) Luciferase
activity of the wild-type or mutant Smad4 3'-UTR reporter gene in A549 cells transfected with negative control (miR-NC) or miR-205. Scrambled sequence
was used as miR-NC. Relative Renilla luciferase activity is obtained after normalizing to the firefly luciferase activity. ““P<0.001.

These results suggested that TGF-f-induced EMT, invasion
and migration depends on Smad4 in lung cancer cells, and
reduced expression of Smad4 inhibits TGF-f3 induced EMT,
invasion and migration of NSCLC cells.

miR-205 directly targets Smad4 in NSCLC cells. Given the fact
miRNAs can regulate various biological processes including
cell proliferation by targeting proliferation-related genes (23),
and Huang er al (31) predicted in silico that Smad4 was a direct
target of miR-205, we consider the possibility that miR-205 can
inhibit Smad4 expression by directly binding to Smad4 3'-UTR
region. To confirm that Smad4 is directly regulated by miR-205,
we subcloned Smad4 3'-UTR containing miR-205 binding site
(wild-type/mutant type) into psiCHECK-2 vector (Fig. 4). As
miR-205 is significantly downregulated in NSCLC cell lines
(32,33), we only transiently cotransfected the reporter construct
with miR-205 mimics/miR-NC into A549 cells. Experimental
results showed that miR-205 significantly inhibited the lucif-
erase activities in cells transfected with the Smad4 3'-UTR
wild-type but did not repress the luciferase activities in cells
with the mutant construct (Fig. 4), moreover, the cells trans-
fected with miR-205 mimics showed lower expression of Smad4
than miR-NC (Fig. 5A). The results suggested that miR-205 can
directly target the 3'-UTR of Smad4 in NSCLC cells.

miR-205 moderates the EMT, invasion and migration induced
by TGF-f/Smad4 signal in NSCLC cell lines. As is known,
the production of TGF-f has been found increased in NSCLC
cells and tissues (34,35). Based on the facts that TGF-f is
one of the primary inducers of EMT in NSCLC (36,37), and
accumulating results showed that miR-205 can regulate key
molecules and influence the signal transduction in tumor
development (27), notably in EMT (12). However, Smad4
acts as the only Co-Smad of TGF/Smad signaling pathway
and plays the key role in TGF-B-mediated EMT. Based on
the results above, we determined whether miR-205 inhibited
TGF-p/Smad4 signal-induced EMT in A549 cell lines treated
with TGF-B1 with/without miR-205 by targeting Smad4. In
our study, the cells treated with TGF-f1 in combination with
miR-205 showed higher expression of E-cadherin and lower

expression of N-cadherin and Vimentin only in the mRNA
level than miR-NC (Fig. 5A-D). Then cells transfected with
Smad-mediated PAI-1 reporter plasmid were stimulated with
TGF-f in the presence and absence of miR-205. As illustrated
(Fig. 5SE) both the basal and TGF-f-induced PAI-1 promoter
activation could been attenuated significantly by miR-205.
Accordingly, miR-205 can diminish TGF-f-induced enhance-
ment in MMP-9 (Fig. 5F), which has been widely reported
to promote cancer metastasis. Given the facts that TGF-§
signaling can stimulate the migration and invasion of NSCLC
cells (13), we used Transwell and wounding healing assays to
examine whether miR-205 could effect TGF--induced migra-
tion and invasion in A549 cell lines. Taken together, the results
indicated that the invasion and migration function induced by
TGF-p/Smad4 signal of NSCLC cell lines (Fig. 6) could be
repressed by miR-205.

Discussion

Metastasis and relapse is the major cause of death for lung
cancer patients (4). EMT is a critical step in cancer metastasis,
which can invert early-stage tumor into invasive malignancy
(14). TGF-B-mediated signaling functions as a potent inducer
of EMT which is marked by repression of E-cadherin and
induction of N-cadherin and Vimentin in cancer cells (16),
contribute to progression of various cancers, including lung
cancer (13).

As a Co-Smad of the Smad family, Smad4 was identified as
a tumor suppressor gene in pancreatic carcinomas and initially
known as ‘deleted in pancreatic carcinoma locus 4 (DPC4)’ (38).
Although the TGF-f} pathway has been extensively studied for
more than two decades, many efforts have focused on R-Smads
regulation and less is known about Smad4. Recently studies
showed TGF-f-responsive tumors are involved in TGF-f/
Smad4 signaling pathway showing poor differentiation and
increased EMT (39). Another study showed the Smad3/Smad4
complex could bind directly to regulatory promoter region of
Snail, increasing its transcription and subsequently repressing
the E-cadherin expression (40). Interesting, Yang et al found
that canonical TGF-/Smad4 pathway could activate CDH2
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Figure 5. Overexpression of miR-205 inhibits TGF-f/Smad4-induced EMT. (A-D) A549 cells were transfected with miR-205 mimics/miR-NC then treated
with or without 5 ng/ml of TGF-f1 for 24 h. Cells transfected with miR-NC were used as the controls, Then, E-cadherin, N-cadherin and Vimentin mRNA and
protein levels were determined using qRT-PCR and western blot analyses. (E) miR-205 attenuated TGF-f3-induced PAI-1 promoter activation. Relative PAI-1
promoter activities of overexpressing miR-205 cell lines were measured by Dual-Luciferase Reporter Assay kit. Relative luciferase activity was expressed
as the mean fold change from basal level £ SD of three independent experiments. (F) MMP-9 mRNA expression was determined using qRT-PCR, "P<0.05;

"P<0.01; ""P<0.001.

promoter to increase N-cadherin expression in NSCLC (28).
These above mentioned activities improve the understanding
of Smad4 serving as a tumor suppressor through its ability
to inhibit epithelial cell proliferation. However, more mecha-
nisms on TGF-B-induced EMT and its tumor-suppressive role
should be elaborated and verified (41).

Since miRNAs are generally involved in the pathogen-
esis of cancer by directly regulating the expression of their
targets at a post-transcriptional level. miR-205, which has a
relationship with lung cancer associated genomic amplifica-
tion region 1q32.2. Dysregualtion of miR-205 was observed

in many types of tumors, including lung cancer, and it was
shown to be overexpressed in different non-small cell lung
carcinomas tissues, resulting in increased cell proliferation
and activated angiogenesis both in vitro and in vivo through
directly targeting PTEN and PHLPP2 tumor suppressor
genes and subsequently activating AKT/FOXO3a and AKT/
mTOR pathways (27). Recent studies have shown altered
miRNAs could affect EMT by regulated key molecules (12),
including lung cancer (42). miR-205 has been found to effect
EMT specially by targeting ZEB1/ZEB2 in breast cancer
cells along with a decrease in E-cadherin and an increase
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Figure 6. Overexpression of miR-205 inhibits TGF-f/Smad4-induced invasion and migration. A549 cells were transfected with miR-205 mimics/miR-NC
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counted in at least three microscopic fields (magnification, x100). Then, cells were treated as above and allowed to invade through Matrigel-coated membrane
in Transwell inserts. Invasive cells were stained and counted under a light microscope. "P<0.05; ““P<0.001.

in N-cadherin (12). On the contrary, ectopic expression of
miR-205 in mesenchymal cell-initiated MET (mesenchymal
to epithelial transition) with the upregulation of E-cadherin
and decrease of cell migration and invasion. A recent study
even found that miR-34a inhibits EMT in human cholangio-
carcinoma by targeting Smad4 through TGF-/Smad pathway
(43). Our study shows that miR-205 suppresses the activation
of TGF-f/Smad4 signal-induced EMT, invasion and migration
in NSCLC cell lines by targeting Smad4.

Accumulating evidence has demonstrated that dual-
functional miR-205 may contribute to normal physiological
processes, including wound healing and in development of

pathological events such as cancers. The tissue-type origin
of the cancer and target genes therein is thus far the only
logical determinant for the dual roles of miR-205. As a
tumor suppressor or oncogene, miR-205 could effectively
impair or promote cancer progression through a wide variety
of cellular and molecular signaling pathways; cell prolif-
eration, programmed cell death, EMT and angiogenesis.
Downregulation of miR-205 has been reported in a number
of cancers, including lung cancer, Larzabal er al have also
reported significant downregulation of miR-205 in non-small
cell lung carcinoma compared with non-cancerous lung
epithelial cells, describing it as a tumor suppressor miRNA
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Figure 7. A proposed model of the mechanistic interaction of Smad4 and miR-205 involved in TGF-f3-induced EMT.

(33). For clarification of this contradictory finding, they
investigated a novel molecular signaling pathway in which
miR-205 has an ability to regulate cancer cell migration and
metastases by making connection between TMPRSS4 (trans-
membrane protease, serine 4) and integrin a5. TMPRSS4 is
been known as a membrane-anchored proteases implicated in
cell invasion and motility. Upon knockdown of TMPRSS4,
they found miR-205 was upregulated, resulting in increased
E-cadherin expression, reduction of fibronectin and inhibition
of epithelial-mesenchymal transition. They further found that
integrin a5 which is involved in cell motility and invasion and
also is a direct target for miR-205, was downregulated due to
upregulation of miR-205. Eventually, they found a hindrance
in cell migration and reduction in cell proliferation. On the
other hand, miR-205 has also been detected as upregulated
in lung cancer, it was shown to be overexpressed in different
non-small cell lung carcinomas tissues, resulting in increased
cell proliferation and activated angiogenesis both in vitro and
in vivo through directly targeting PTEN and PHLPP2 tumor
suppressor genes and subsequently activating AKT/FOXO3a
and AKT/mTOR pathways (27). The variation of miR-205
expression may act as a diagnostic and/or prognostic biomarker
tool in human cancers, with different relationships in various
cancers and their subtypes. More importantly, appreciation
of molecular function of miR-205 in initiation and progres-

sion of cancer via targeting numerous tumor suppressor genes
and oncogenes could help us to address a cancer therapeutic
issue and open new avenues for gene therapy in those cancers
where its tumor suppressive functions are dominant.

In conclusion, our findings demonstrate that miR-205
regulates the expression of Smad4 and impairs its functions
in cells, therefore miR-205 is important for TGF-B-induced
EMT, invasion and migration in NSCLC. The promising
therapeutic role of miRNAs in the prevention of advanced
NSCLC remains a major clinical challenge. In this study,
our results strongly indicated the importance of miR-205 as
a potential target in clinical therapy and demonstated that
this miRNA merits further investigation as a promising gene
therapy target for the treatment of NSCLC (Fig. 7). Notably,
our data provide theoretical basis for study on the relation-
ship between the miRNAs and EMT in other diseases.
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