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ABSTRACT

MiR-206 is low expression in lung cancers and associated with cancer
metastasis. However, the roles of miR-206 in epithelial-mesenchymal transition
(EMT) and angiogenesis in lung cancer remain unknown. In this study, we find
that hepatocyte growth factor (HGF) induces EMT, invasion and migration in A549
and 95D lung cancer cells, and these processes could be markedly inhibited by miR-
206 overexpression. Moreover, we demonstrate that miR-206 directly targets c-Met
and inhibits its downstream PI3k/Akt/mTOR signaling pathway. In contrast, miR-
206 inhibitors promote the expression of c-Met and activate the PI3k/Akt/mTOR
signaling, and this effect could be attenuated by the PI3K inhibitor. Moreover, c-Met
overexpression assay further confirms the significant inhibitory effect of miR-206 on
HGF-induced EMT, cell migration and invasion. Notably, we also find that miR-206
effectively inhibits HGF-induced tube formation and migration of human umbilical
vein endothelial cells (HUVECs), and the mechanism is also related to inhibition of
PI3k/Akt/mTOR signaling. Finally, we reveal the inhibitory effect of miR-206 on EMT
and angiogenesis in xenograft tumor mice model. Taken together, miR-206 inhibits
HGF-induced EMT and angiogenesis in lung cancer by suppressing c-Met/PI3k/Akt/
mTOR signaling. Therefore, miR-206 might be a potential target for the therapeutic
strategy against EMT and angiogenesis of lung cancer.

INTRODUCTION

Lung cancer, the leading cause of cancer deaths,
has the most rapidly increasing incidence rate worldwide
[1]. Non-small-cell lung cancer (NSCLC) is the most
common form of lung cancer. About 40% of patients with
NSCLC present at an advanced stage, with metastatic or
locally advanced disease, and nearly 90% of lung cancer
patients die of metastasis [2]. Therefore, novel therapeutic

approaches to block tumor invasion and metastasis are
urgently needed.

Epithelial to mesenchymal transition (EMT) is a
vital process in the conversion of early-stage tumors into
invasive malignancies. It has been shown that the EMT
is associated with cancer development and metastasis [3].
Cancer cells with EMT phenotype change often involve in
epithelial characteristics loss and mesenchymal properties
acquisition, exhibiting enhanced motility and invasive
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abilities [4]. A typical characteristic of the EMT process
is the mesenchymal markers such as fibronectin, vimentin
and N-cadherin increased, while epithelial markers
decreased like E-cadherin, which induces disruption of
cell-to-cell junctions. Angiogenesis also plays a major role
in tumor growth, progression, and metastasis. As tumors
progress, nutrients and oxygen become depleted within the
core which induces the production of angiogenic growth
factors [5]. These growth factors bind to receptors on
nearby quiescent endothelial cells (EC) in pre-existing
capillaries, leads to their activation, proliferation and
ultimately formation of new vessels [6].

EMT and angiogenesis can be induced by various
growth factors, including vascular endothelial growth factor
(VEGF), fibroblast growth factor (FGF), platelet-derived
growth factor (PDGF) and hepatocyte growth factor (HGF)
[7]. Among them, HGF (also known as scattering factor)
activates the c-Met signaling pathway, thereby, increasing
the invasive and metastatic potentials of the cells and
allowing the survival of cancer cells in the bloodstream in
the absence of anchorage [8, 9]. The clinical importance of
HGEF and its receptor c-Met has been further demonstrated in
recent studies, showing that the levels of c-Met in mammary
cancer tissues and levels of circulating HGF in patients with
mammary cancer are associated with a lower survival and
development of distant metastasis [10—12]. In addition,
HGF is well known as a potent angiogenic cytokine, and
c-Met signal activation can modify the microenvironment to
facilitate cancer progression [4, 8].

MicroRNAs (miRNAs) are small noncoding RNAs
that function as endogenous silencers of numerous target
genes. MiRNAs have shown promises in both basic research
and clinical application. Hundreds of human miRNAs have
been identified in the human genome and some of them
are crucially involved in cancer initiation and progression
[13, 14]. For example, miR-93 activated c-Met/PI3K
(phosphoinosmde-3-kinase)/Akt pathway activity via
inhibition of PTEN (phosphatase and tensin homolog deleted
on chromosome ten) and CDKN1A (cyclin-dependent kinase
inhibitor 1A) in hepatocellular carcinoma [15]. MiR-206 has
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been well studied in various tumor cells and down-regulated
miR-206 is observed in different types of cancers including
lung cancer [16-23]. For example, it has been reported
that miR-206 plays an important role in breast cancer cell
migration and invasion by targeting Cdc42 [24]. MiR-206
can inhibit the expression of VEGF and regulate the apoptosis
and migration of laryngeal cancer cells [25]. Decreased
expression of miR-206 in breast, malignant astrocytomas and
gastric cancer is also associated with disease characteristics
and patient survival [16, 19, 22]. MiR-206 overexpression
promotes apoptosis, induces cell cycle arrest and inhibits
the migration of human hepatocellular carcinoma cells
[26]. MiR-206-based therapy is beneficial in cancers where
cyclin D1 is overexpressed [27]. In addition, miR-206 is
also associated with invasion and metastasis of lung cancer
cells [22]. Although multiple anticancer functions of miR-
206 have been described, the roles of miR-206 in EMT and
angiogenesis of lung cancer remain largely unknown.

In the current study, we demonstrated that miR-
206 overexpression inhibited HGF-induced lung cancer
EMT, metastasis and angiogenesis by targeting c-Met
and its downstream PI3k/Akt/mTOR (mammalian target
of rapamycin) pathway. Furthermore, miR-206 showed
a significant inhibitory effect on lung cancer growth,
EMT and angiogenesis in mouse xenograft tumor model,
suggesting the potential use of miR-206 in the targeted
therapy of lung cancer.

RESULTS

MiR-206 is low expression in lung cancer tissues
and cells with high-metastasis potential and
correlated with aggressiveness of lung cancer

Down-regulated miR-206 has been observed in
different types of cancers including lung cancer [17, 19]. In
this study, we detected the expression levels of miR-206 in 35
NSCLC specimens with lymph node metastasis and 35 para-
tumorous tissues by quantitative real-time PCR. The results
were shown in Figure 1A, miR-206 was downregulated in
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Figure 1: Relative expression of miR-206 in high metastatic NSCLC tissues and cells. qRT-PCR showed that miR-206
was downregulated in high metastatic lung cancer tissues (** P<0.01 vs normal) A. and lung cancer cell lines B. Triplicate assays were
performed for each RNA sample, and the relative amount of miR-206 was normalized to U6 snRNA. * P<0.05, ** P<0.01 vs BEAS-2B

group.
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cancer tissues compared with the corresponding non-tumor
lung tissues. Furthermore, we analyzed the expression
of miR-206 in the different human lung cancer cell lines.
As shown in Figure 1B, the expression of miR-206 was
significantly lower in lung cancer cell lines than in human
normal bronchial epithelial cell line, BEAS-2B. Moreover,
miR-206 was expressed at significantly lower levels in 95D
cells (with relatively high metastatic ability) than in 95C
cells (with relatively low metastatic ability), suggested that
miR-206 might be involved in the lung cancer metastasis.
In the following study, we selected A549 and 95D because
these two cell lines have lowest and higher expression of
miR-206, respectively.

HGF induces EMT, migration and invasion of
lung cancer cells

Previous study has reported that HGF induces
EMT in hepatocellular carcinoma [28]. To determine the
effect of HGF on EMT and metastasis of lung cancer,
we examined the morphology, EMT markers expression,
migration and invasive abilities of lung cancer cells after
HGF stimulation. Lung adenocarcinoma A549 cells and
large cell lung cancer 95D cells which express higher
levels of HGF receptor protein (c-Met) are used in the
present study. The results were shown in Figure 2A, both
of two types of cells treated with HGF (50 ng/ml) for 72 h
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Figure 2: HGF induced significantly EMT translation in lung cancer cells. A549 and 95D cells pretreated with or without 5pM
c-Met inhibitors, SU11274, for 1h and then stimulated with 50 ng/mL of HGF for 72 hours. A. The change in morphology was observed
under a light microscope. Both these two cells showed mesenchymal features after the HGF treatment, but pretreatment with SU11274
inhibited HGF induced phenomenon of EMT in A549 and 95D cells. Bar = 50um. B. Western blot analysis showed that E-cadherin
expression reduced, and vimentin expression increased in the two cell types after the HGF stimulation. In contrast, SU11274 inhibited the
HGF induced vimentin upregulation and E-cadherin downregulation. C, D. Wound healing and transwell invasion assays showed that HGF
induced migration and invasion of A549 and 95D cells, and the effects can be attenuated by SU11274 pretreatment. Bar = 200pm. Triplicate
assays were performed. C: control; SU: SU11274. ** P<0.01 vs control.
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underwent typical EMT morphological changes, acquired
a spindle-shaped and fbroblast-like phenotype. In contrast,
A549 and 95D cells pretreated with c-Met inhibitors,
SU11274, inhibited HGF-induced morphologic changes
and showed a larger, flattened phenotype (Figure 2A).
While western blotting demonstrated that the expression
of E-cadherin protein (epithelial marker) was significantly
downregulated, and vimentin protein (mesenchymal
marker) was substantially upregulated in the HGF-treated
cells compared to the control cells (Figure 2B). However,
SU11274 reversed the HGF-induced downregulation of
E-cadherin and upregulation of vimentin (Figure 2B).
In addition, wound-healing and transwell assays showed
that HGF-stimulated A549 and 95D cells also acquired
an increase of the migratory and invasive capacity, and
the effect can also be inhibited by SU11274 (Figure 2C,
2D). Furthermore, it's worth mentioning that pretreatment
with HGF-blocking antibodies, a commercial antibodies

A

certified for blocking the HGF-receptor interaction,
presented the similar results with SU11274 (data not
shown).

miR-206 attenuates HGF-induced EMT,
migration and invasion of lung cancer cells

Since it has been demonstrated that HGF induces
EMT, migration and invasion of lung cancer cells, we
next determined whether miR-206 regulates HGF-induced
EMT, migration and invasion of lung cancer cells. A549
cells and 95D cells were transfected with miR-206 mimics
and negative control (NC) and then exposed to 50 ng/
mL of HGF for 72 hours. We found that transfection of
miR-206 mimics inhibited the conversion from epithelial
phenotype to mesenchymal phenotype after HGF
stimulation (Figure 3A, 3B). Western blotting analysis
showed that A549 and 95D cells transfected with miR-206
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Figure 3: HGF-induced EMT was inhibited by miR-206 mimics. A, B. A549 cells and 95D cells were transfected with miR-
206 mimics and then stimulated with 50 ng/mL of HGF, epithelial morphology were observed under a light microscope (Bar = 50um).
Meanwhile, western blot analysis showed that miR-206 mimics treatment resulted in high expression of E-cadherin and low expression of
vimentin C, D. HGF induced migration and invasion were inhibited by miR-206 mimics. A549 cells and 95D cells were transfected with
miR-206 mimics or control sequences, and then treated with 50 ng/mL of HGF. Wound-healing assays and transwell invasion assays were
used to investigate the migratory and invasive ability of cells, respectively. Cells were transfected with miR-206 mimics treatment led to
inhibition of migration and invasion induced by HGF exposure. Bar = 200um.* P<0.05, ** P<0.01 vs control.
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mimics after HGF stimulation had increased expression
of E-cadherin and decreased expression of vimentin
(Figure 3A, 3B).EMT is associated with enhanced
cell motility. To examine whether miR-206 affects the
invasion of lungcancer cells stimulated with HGF, wound-
healing and transwells assays were further performed. We
observed that miR-206 mimics also significantly inhibited
HGF induced cell migration and invasion (Figure 3C, 3D).
These results suggested that miR-206 could block HGF
induced EMT, migration and invasion of human lung
cancer cells.

MiR-206 regulates HGF-induced lung cancer cell
EMT, migration and invasion through c-Met/
PI3k/Akt/mTOR signaling

Identification of miRNA-regulated gene targets is
a necessary step to understand miRNA functions. It has
been reported that HGF/c-Met signaling is important
in EMT and metastasis and its downstream PI3k/Akt/

mTOR signaling is one of the major pathways activated
in cancer cells, including lung cancer cells [29, 30]. In our
previous study, we have demonstrated that c-Met could
be a direct target of miR-206 in cancer cells [31]. We
therefore sought to validate whether miR-206 inhibited
HGF-induced EMT, migration and invasion by c-Met
PI3k/Akt/mTOR pathway. As expected, miR-206 mimics
transfection significantly decrease the expression of c-Met,
p-Akt and p-mTOR in both A549 and 95D cells (Figure 4).
Furthermore, inhibitory effects of miR-206 on c-Met/Akt/
mTOR pathway were more obvious in HGF-stimulated
A549 cells and 95D cells.

Further investigation showed that the knockdown
of miR-206 expression by its inhibitors induced a sharp
activation of c-Met/Akt/mTOR pathway. However, the
effects were suppressed by LY294002, a PI3k specific
inhibitor, which can significantly reduce phosphorylation
of Akt and mTOR (Figure 5A, 5B). Furthermore, we
found miR-206 inhibitors induced EMT, migration and
invasion both in A549 and 95D cells, and the effects
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Figure 4: miR-206 inhibited HGF-induced activation of PI3k/Akt/mTOR signaling in lung cancer cells. A, B. Western
blot analysis showed that miR-206 downregulated the expression of c-Met, p-Met, p-Akt (ser473) and p-mTOR proteins. Under HGF (20
ng/ml, 15min) stimulation, miR-206 showed more obviously inhibitory effect on PI3k/Akt/mTOR pathway both in A549 cells and 95D
cells. Relative protein expression was calculated by gray value of indicated protein /GAPDH. NC: Negative control. * P<0.05, ** P<0.01

vs its control as indicated in Figure.
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could also be attenuated by LY294002 (Figure 5C, 5D).
To further evaluate the relationship between miR-206 and
the c-Met/Akt/mTOR pathway, we transiently transfected
A549 and 95D cells with c-Met overexpression plasmid
(ex-Met). We found that ex-Met plasmid dramatically

A A549

increased the expression of p-Met, c-Met, p-Akt and
p-mTOR compared with the negative control (ex-NC)
group (Figure 6A). While cotransfection with miR-206
mimics resulted in a significant reduction in total c-Met
expression and phosphorylation levels of c-Met/Akt/
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Figure 5: miR-206 inhibitors increased the EMT, migration and invasion of cells. A, B. The expression levels of p-c-Met,
c-Met, p-Akt, Akt, p-mTOR, mTOR in A549 cells and 95D cells detected by western blots. miR-206 inhibitors significantly increased the
expression of these proteins (except mTOR in A549 cells) compared with the negative control (NC). PI3k inhibitor LY294002 decreased
the expression levels of all these proteins except Met and mTOR. C, D. LY294002 inhibited miR-206 inhibitor-induced EMT, migration
and invasion both in A549 and 95D cells. ** P<0.01 vs its control as indicated in Figure. NC: Negative control; IN: miR-206 inhibitors;

LY: LY294002.
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mTOR pathway proteins (Figure 6A, 6B). Taken together, HUVECSs. HUVECs were transfected with miR-206 mimics

miR-206 inhibited HGF-induced EMT through mediated and seeded on matrigel at low density, and the formation
HGF/c-Met dependent Akt/mTOR signaling pathways. of tubules in the presence of HGF was characterized. HGF
significantly induced in vitro capillary tube formation of
MiR-206 inhibits HGF-induced migration HUVECs, and which could be completely abolished by
and capillary tube formation of HUVEC cells c-Met inhibitor (SU11274) and LY294002 (Figure 7A, 7B).
through c-Met/PI3k/Akt/mTOR pathway Meanwhile, miR-206 mimics transfection led to a 42.59 %
of the decrease in the number of tubes in miR-206 mimics
Angiogenesis is a critical step in solid tumor plus HGF group compared to its negative control group
progression, and is also a crucial aspect of endothelial (Figure 7A, 7B). In addition, wound healing assay results
cell biology. To understand the function of miR-206 in also showed that miR-206 mimics significantly inhibited
angiogenesis, we further determined the effects of miR- wound closure of HUVECs (Figure 7C). These data
206 on the abilities of in vitro capillary tube formation of suggest that upregulation of miR-206 may block migration
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Figure 6: miR-206 inhibits c-Met overexpression-induced activation of Akt/mTOR pathway. A, B. A549 cells (A) and
95D cells (B) were transfected with c-Met overexpression plasmid (ex-Met) or control (ex-NC). 48 h after transfection, the cells were
collected. The expression of p-c-Met, c-Met, p-Akt, Akt, p-mTOR, mTOR was analyzed by western blot assay. The results showed that
the expression levels of these proteins were increased significantly (except Akt in A549 cells). Cotransfected with miR-206 mimics and
c-Met overexpression plasmid significantly decreased the expression of p-Met, Met, p-Akt, Akt, p-mTOR. Relative protein expression was
calculated by gray value of indicated protein /GAPDH. ** P<0.01 vs its control as indicated in Figure.
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and capillary tube formation of HUVEC cells and therefore
inhibited metastasis of lung cancers.

The PI3k/Akt/mTOR and Hypoxia-inducible factor-
lalpha (HIF-1a)-VEGF signaling pathway have been
found to be involved in HGF-inducing VEGF expression
[32]. Accordingly, we next investigated whether miR-206
suppressed tube formation of HUVECs by PI3k/Akt/mTOR
pathway. Indeed, transfection with miR-206 attenuated
the expression of p-Met, Met, p-Akt and p-mTOR both in
HUVEC cells and HGF stimulated HUVEC cells (Figure
7D). These results indicate that miR-206 suppresses
capillary tube formation of HUVEC cells by inhibiting the
HGF-c-Met signaling, and then influencing the downstream
Akt/mTOR signaling pathways.

MiR-206 inhibited lung cancer growth,
metastasis and angiogenesis in tumor xenografts

To further determine whether miR-206 is involved in
tumorigenesis in vivo, a xenograft tumor model was used
in the nude mice. Because miR-206 is down-regulated
in lung cancer cells, miR-206 agomirs (more stable than
miR-206 mimics) were used to generate a gain-of-function
model. As a result, the volume of tumors derived from the
miR-206 agomirs-treated groups was dramatically reduced
compared to the control group with 30 days of treatment
(Figure 8A). H&E staining showed that the tumors
tissues in miR-206 agomirs groups had clear boundaries
with less invasiveness. In contrast, tumor tissues arising
from control groups displayed characteristics of invasion
(Figure 8B), indicating that miR-206 inhibited invasive
and metastasis of lung cancer in vivo.

To analyze angiogenesis and EMT of tumors,
tumor tissues were analysed by immuno- histochemical
staining with CD34, VEGF, E-cadherin and vimentin
antibodies. The results indicated that the expression of
VEGF and MVD in the miR-206 agomirs group was
slighter compared to the control vector group (Figure 8C).
Furthermore, the expression of E-cadherin in the miR-206
agomirs group was significantly higher than that of the
control vector group, while the expression of vimentin in
the miR-206 agomirs group was slightly lower than that
of the control vector group. Taken together, these data
indicated that the expression of miR-206 greatly inhibited
the process of tumor progression in vivo, and miR-206
would seem to regulate tumourigenesis and metastasis via
inhibiting EMT and VEGF-mediated angiogenesis.

DISCUSSION

EMT and angiogenesis are associated with lung
cancer development and metastasis [3]. Although recent
evidences showed that altered miR-206 expression
was implicated in the occurrence of metastasis of lung

cancer. However, whether miR-206 contributes EMT,
angiogenesis and the molecular mechanisms remain
elusive. In this study, we revealed that enhanced
expression of miR-206 could reverse HGF-induced EMT
and angiogenesis in lung cancer through inhibiting c-Met/
Akt/mTOR pathway. Our findings further highlighted the
role of miR-206 downregulation in promoting lung cancer
development and metastasis, implicating that miR-206
could be a potential candidate for lung cancer therapy.

HGF is a multifunctional cytokine that binds to
the c-Met proto-oncogene to promote cell proliferation,
cell survival, cell migration, branching morphogenesis
and invasion in a variety of systems [33]. Accumulated
evidence suggested that HGF plays the role of an EMT
regulator and accelerates the tumor-promoting activity in
various cancer progressions involving the progression of
metastatic lung cancer [34-37]. Consistent with previous
reports, we found that HGF stimulated the phosphorylation
of c-Met followed by an increase in the levels of vimentin
and decrease of E-cadherin in lung cancer A549 and 95D
cells. Furthermore, HGF-treated A549 and 95D cells have
undergone EMT and exhibited enhanced invasiveness and
motility, and c-Met inhibitors, SU11274 can suppress the
effects of HGF, suggesting HGF/c-Met signaling pathway
could be a therapeutic target of lung cancers.

Increasing evidences have confirmed that miR-
206 acted as a tumor-suppressor in various cancers
including lung cancer [17-22, 38]. Although multiple
anti-cancer functions of miR-206 have been reported,
its underlying anti-tumor mechanisms of action are not
yet fully understood. Recent studies have implied that
miRNAs act as crucial modulators for EMT [39—41]. For
example, Downregulation of miR-638 promotes invasion
and proliferation by regulating SOX2 and induces EMT
in NSCLC [39]. In addition, miR-134 inhibits epithelial to
mesenchymal transition by targeting FOXM1 (forkhead
box protein M1) in non-small cell lung cancer cells [40].
Moreover, microRNA-451 induces EMT in docetaxel-
resistant lung adenocarcinoma cells by targeting proto-
oncogene c-Myc [41]. In this study, we found that
ectopic expression of miR-206 inhibited HGF-induced
EMT, leading to suppression of HGF-induced invasion
and migration in lung cancer cells. In contrast, miR-206
inhibitors reversed this process, suggesting that miR-206
could be a novel repressor of the EMT in lung cancer cells.

It is known that HGF/c-Met signals via a number
of intracellular signaling mechanisms, including PI3k/
Akt, Ras/MAPK (mitogen activated protein kinase) and
the JAK/STAT (Janus tyrosine kinase/Signal transducer
and activator of transcription) pathway, to increase
scattering/motility, invasion, proliferation, survival and
morphogenesis [42, 43]. The interaction of PI3k with
activated c-Met may enhance PI3k activity, which has
been implicated in the form of EMT and cell motility
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Figure 8: The effect of miR-206 on tumor growth, metastasis and angiogenesis and EMT in tumour xenografts. A.
Tumor volumes of nude mice treated with miR-206 agomirs or NC. NC: Negative control. *P < 0.05, **P < 0.01 vs NC. B. H&E staining
showed that the tumors and tissues in miR-206 agomirs injected groups had clear boundaries with less invasiveness. Original magnification,
x100. C. Expression of VEGF, CD34, E-cadherin, vimentin in tumor tissues by immunohistochemistry.
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[30]. It has been reported that miR-206 activates
apoptosis and inhibits tumor cell proliferation, migration
and colony formation through targeting c-Met and Bcl-2
[44]. Consistently, in this study, we suggested that miR-
206 suppressed HGF-induced EMT, cell migration, and
invasion via by targeting c-Met and its downstream Akt/
mTOR signaling pathways.

Tumor angiogenesis is important for tumor
progression, including metastasis. The migration,
invasion and tube formation of endothelial cells (ECs)
are important for tumor angiogenesis. Some reports have
shown that miR-26a, miR-132 and miR-107 regulate
endothelial cell functions and affect blood vessel
formation and extension [32, 45, 46]. In this study,
we found the important roles of miR-206 in inhibiting
angiogenesis, which is supported by a number of in vitro
and in vivo experiments. We also observed that miR-

206 inhibited HUVEC migration, and tube formation in
vitro and increased micro-vessel density in vivo partly
through c-Met/PI3k/Akt/mTOR signaling pathways.
These results suggested that the inhibitory effects of
miR-206 on angiogenesis are related to PI3k/Akt/mTOR
signaling pathways.

In conclusion, overexpression of miR-206 could not
only inhibit HGF-induced EMT, migration and invasion
of lung cancer cells, but also reduce migration and tube
formation of HUVECs. Targeting c-Met by miR-206 and
subsequent inhibiting PI3k/Akt/mTOR signaling axis
play an important roles in these processes (Figure 9).
Also in mice xenograft tumor model, miR-206 showed
a significant inhibitory effect on lung cancer growth,
EMT and angiogenesis. Therefore, miR-206 might be a
potential target for the therapeutic strategy against EMT
and angiogenesis of lung cancer.

/ PI3K/Akt \

Lung cancer metastasis

Figure 9: Proposed models on the inhibitory role of miR-206 in HGF-induced EMT, angiogenesis and metastasis.
As depicted in the model, miR-206 targets c-Met and through PI3k/Akt/mTOR signaling cascade modulates: 1) Angiogenesis of HUVECs. 2)
Epithelial-mesenchymal transition (EMT) of lung cancer cells, finally affecting lung cancer metastasis.
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MATERIALS AND METHODS

Cell lines and tissue samples

Human lung cancer cell lines (A549, 95D, 95C,
801D), human normal bronchial epithelial cell line
(BEAS-2B) and human umbilical vein endothelial cells
(HUVECs), were purchased from Chinese Academy
of Sciences Cell Bank (Shanghai, China). All the cell
lines were maintained in a 37°C, 5% CO, incubator in
RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS). 35 fresh frozen tumor tissue samples (35
adenocarcinoma) and corresponding non-tumor lung tissue
samples were obtained after informed consent from the
patients in the Department of Respiratory Disease of the
117th Hospital of PLA. None of these patients received
chemotherapy and radiotherapy before the surgery.

Growth factors, inhibitors and antibodies

HGF was purchased from Peprotech (Shanghai,
China). c-Met inhibitor (SU11274) and PI3 kinase
inhibitor (LY294002) were purchased from Selleck
Chemicals (Shanghai, China). HGF antibody was
purchased from R&D Systems (Shanghai, China). Anti-
mTOR antibody (2972), anti-pSer2481-mTOR antibody
(2974), anti-phospho-Ser473-Akt antibody (4051), anti-
Akt totol antibody (4691), anti-E-cadherin antibody
(3195), anti-vimentin (5741), anti-Met antibody (3148),
anti-phospho-Met antibody (3077), anti-GAPDH antibody
(5174), and anti-B-actin antibody (3700) were purchased
from Cell Signaling Technology (Danvers, MA), All these
antibodies used 1: 1000 dilution in this study.

MiRNA and c-Met overexpression vector

MiR-206 mimics, inhibitors and corresponding
controls were chemically synthesized by GenePharma
Inc (Shanghai, China). Sequences of miR-206 mimics,
inhibitor and corresponding controls were showed as
follows: miR-206 mimics: S: 5’- UGG AAG UAA
GGA AGU GUG UGG -3’; A:5’- ACA CAC UUC
CUU ACA UUC CAU U -3’;Mimics negative control:
S:5°- UUC UCC GAA CGU GUC ACG UTT -3’; A:5°-
ACG UGA CAC GUU CGG AGA ATT -3°; miR-206
inhibitors: 5’- CCA CAC ACU UCC UUA CAU UCC
A — 3’; Inhibitors negative control: 5’- CAG UAC UUU
UGU GUA GUA CAA -3°. c-Met (Accession NO.:
NM_000245) overexpression vector (pEZ/M98/ neo-c-
Met, designated as ex-Met) and the control vector (pEZ/
MO98/neo-control, designated as ex-NC) were provided by
genecopoeia Inc (Guangzhou, China).

Quantitative real-time PCR

Quantitative real-time PCR (qRT-PCR) was used
to determine the miR-206 expression. The primers for

RT-PCR were designed based on the miR-206 sequences
provided by the Sanger Center miRNA Registry. The
RT primers were designed as follows: RT primer: CTC
AGC GGC TGT CGT GGA CTG CGC GCT GCC GCT
GAG CCA CAC AC. PCR primers: F: GGC GGT GGA
ATG TAA GGA AG; R: GGC TGT CGT GGA CTG
CG. The qRT-PCR was performed on the ABI (Applied
Biosystems) 7900 HT Thermal cycler in standard mode
for 40 cycles. Relative miRNA expression values (Target
miRNA vs U6) were calculated with the 2 4t method.

Cell transfection

Both miRNA-206 mimics or inhibitors and
overexpression vectors were transfected by using
Lipofectamine 2000 (Invitrogen, Shanghai, China) reagent
according to the manufacturer’s instructions as described
previously [47]. At 6 h after transfection, the medium was
replaced. The total proteins were extracted 48 h later for
the further tests.

Luciferase reporter assay

Luciferase reporter constructs containing portions
(position: 2030) of the c-Met 3’-UTR (pmirGLO-c-Met-
wt), mutant sequence (pmirGLO—c-Met-mut) and miR-
206 inhibitor sequence (Positive control, pmir GLO—c-
Met—PC) were generated by GenePharma Inc (Shanghai,
China). A549 cells were cultured in 24-well plates for
24 hours and cotransfected with 25 ng of ¢c-Met 3’-UTR
reporter constructs and 20 nM of miR-206 mimicsor
mimic-NC using lipofectamine 2000 for 24 hours. After
transfection, cells were harvested, lysed, and assayed
with the Dual-Luciferase Reporter Assay Kit (Promega)
according to the manufacturer’s instructions. Firefly
luciferase activity was normalized to renilla luciferase
activity for each transfected well. Each experiment was
performed in duplicate and repeated three times.

Wound healing assay

Wound healing assay was conducted to examine
the capacity of cell migration. Briefly, the wound was
generated when the cells reached 90-95% confluent in
a 12-well plate by scratching the surface of the plates
with 10 pl pipette tip. The cells were then incubated in
2.5% FBS for 24h, and then photographed using phase-
contrast microscopy (Leica). The distance between the
wound edges of the scratch area was analyzed using
Adobe Photoshop 7.0. All experiments were performed in
triplicate.

Cell invasion assay

The invasive potential of cells was measured in
transwell insert with 8.0 pm pore polycarbonate membrane
(Corning) according to the manufacturer’s instructions.
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The filter of top chamber was matrigel-coated with 50 pl
of diluted matrigel following the standard procedure and
incubated at 37°C for 2 h. The lower chambers were filled
with 600 ul of RPMI 1640 medium containing 10 % FBS
as chemoattractant. Then 50,000 cells in 100ul serum-
free medium were added into each top chamber. After
the cells were incubated for 24h, the non-invading cells
that remained on the upper surface were removed with a
cotton swab. The invasive cells on the lower surface of
the membrane insert were fixed with cold methanol for
45 min, and then stained with 0.1% crystal violet for 30
min. The number of cells on the lower surface, which
had invaded through the membrane, was counted under a
light microscope in five random fields at a magnification
of 100x. The experiments were repeated three times
independently.

Capillary tube formation analyses

HUVECs were transfected with a miR-206 mimics
or negative control, then the tranfected cells (5 x10° / well)
were further cultured at 37°C for 12 hours in a 96-well
plate coated with Matrigel (BD Pharmingen). The
formation of capillary-like structures was captured under
a light microscope. The number of the formed tubes,
which represent the degree of angiogenesis in vitro, was
scanned and quantitated in five low power fields (100%
magnification).

Western blot analysis

The whole-cell extracts were prepared in RIPA
buffer (20 mM Tris, 2.5 mM EDTA, 1% Triton X-100, 1%
deoxycholate, 0.1% SDS, 40 mM NaF, 10 mM Na4P_O,
and 1 mM PMSF). Thirty micrograms cellular protein of
each sample was applied to immunoblot following 10%
SDS-PAGE electrophoresis and probed with indicated
antibodies (MET antibody, Abcam company), followed
by a horseradish peroxidase-conjugated goat anti-mouse
or anti-rabbit antibody (Millipore). Immunoreactive
bands were visualized by enhanced chemiluminescence
(Millipore) according to the manufacturer’s instructions.
Quantification of reactive protein bands was performed by
densitometric analysis and the fold change was calculated
by normalizing with B-actin or GAPDH levels.

Animal studies

All experimental procedures involving animals in
this study had been approved by the ethics committee in
the 117th Hospital of PLA. Male nude mice (BALB/c, 4
weeks old) were purchased from Shanghai Laboratory
Animal Center (Shanghai, China). For preparation of
subcutaneous xenograft model, 0.2 ml A549 lung cancer
cells (2.0x10°) were injected subcutaneously into the right
flank of the nude mice. 15 days after tumor cell inoculation
with confirmation of successful maturation of tumors, 20

mice were divided randomly into four groups (five mice per
group). miR-206 agomirs and miR-206 agomir negative
control (NC) (2 nmol; Genepharma, Shanghai, China) were
given locally by direct injection into the xenografts every
three days. Meanwhile, tumor volumes were determined (in
cubic millimeter) by measuring in two directions and was
calculated as tumor volume = length x (width)? / 2. After
30 days of treatment, all mice were sacrificed. Transplanted
tumors were excised and divided into two parts. One part
was stored in -80°C for further use. And another section
was fixed in formalin, and embedded in paraffin. Vascular
endothelial growth factor (VEGF) and CD34 were
detected in tumor tissues by immunohistochemistry. The
microvessel density (MVD) in tumor tissues was evaluated
based on the staining for CD34. 10 random fields per tumor
sample at 200 x were captured and quantified as CD34-
positive area/total area by Image-Pro Plus software (Media
Cybernetics, Inc.).

Immunohistochemistry

Tissue slides were incubated for 2 h at 56°C and de-
paraffinized. Antigen retrieval was obtained by microwave
treatment in citrate buffer for 15 min to retrieve
antigenicity. After peroxidase activity was blocked with
3% H,0,/methanol for 10 min, sections were incubated
with normal goat serum for 20 min to block non-specific
antibody binding sites. Sections were incubated with the
primary antibodies for 1 h at 25°C followed by incubations
with biotinylated anti-rabbit/mouse IgG and peroxidase-
labelled streptavidin for 10 min each. No specific staining
was observed in the negative control slides prepared
without primary antibody.

Statistical analysis

All statistical analyses were performed using SPSS
13.0. Data were expressed as mean £+ SD. The statistical
difference of data between groups was analyzed by one-
way analysis of variance (ANOVA) and Student’s t test.
Statistical significance was concluded at P < 0.05.
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