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Abstract

Transforming growth factor β1(TGF-β1), a multifunctional cytokine, is known to promote 

tumor invasion, metastasis and induce epithelial-mesenchymal transition (EMT) in a variety 

of cancer cells. Inhibition of TGF-β signaling is a new strategy for cancer therapy. As the most 

cancer cells display altered or non-functional TGF-β signaling, TGF-β inhibitors have limited 

effects on these cells and exert their anti-tumoral activity by affecting TGF-β responsive cells. 

Recent study has revealed that down-regulation of cathepsin L suppresses cancer migration 

and invasion by inhibiting TGF-β1-mediated EMT in human A549 lung cancer cells. The aim

of this study is to develop anti-TGF-β1 therapy for cancer. As suggested in recent reports, the 

development of a TGF-β1 inhibitor from natural compound is a key step in the development 

of a novel therapeutic agent. We found an improved analogue of chalcones, namely cathepsin 

B and L inhibitor, and investigated its anti-TGF-β1 effects in vitro. In this study, we

investigated that the effects of chalcones, cathepsin B and L inhibitor on migration, invasion 

and EMT of human A549 lung cancer cells induced by TGF-β1. We demonstrated that 

chalcones blocked Smad-dependent TGF-β signaling pathway by inhibiting TGF-β1-induced 

Smad2 phosphorylation. Also, we observed that chalcones inhibit TGF-β1-mediated EMT.

In conclusion, development of TGF-β inhibitor was helpful for therapy of tumor growth and

metastasis. As a result, our research has found new inhibitors of TGF-β1 through the inhibition 

of Smad activity and EMT in human lung cancer cells. TGF-β inhibitor in cancer therapy is

promising and opens new challenges in clinical trial.

Keywords: Chalcone, TGF-β1, EMT, A549 cells, Migration, Invasion
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Introduction

Lung cancer is one of the highest cancer-related deaths, and most of lung cancer patients have 

progressive disease [1]. From the cancer treatment perspective, one of the reasons for not 

decreasing the mortality rate of cancer patients is the tumor formation process It is caused by 

the inability to inhibit invasion and metastasis. Over the past few years, despite the remarkable 

advances in the treatment of advanced lung cancer, such as chemotherapy and targeted therapy, 

most cases of metastasis have been challenged [2, 3].

The epithelial-mesenchymal transition (EMT) is an important morphological change in 

which the epithelial phenotype is transformed into mesenchymal fibroblast phenotype. This 

change was accompanied by mesenchymal properties such as cell mobility and invasiveness, 

and many related EMT markers were identified. EMT usually occurs at important stages of 

embryogenesis and tissue organogenesis [4]. In particular, EMT plays an important role in 

cancer metastasis and occurs through three major stages of cancer development. Initially, 

epithelial cells lose epithelial markers E-cadherin with cell-cell junctions. Next, the 

mesenchymal markers N-cadherin and Vimentin are obtained. Finally, they acquire 

mesenchymal properties such as cell migration and invasiveness [5].

In addition, these changes increase the secretion of gelatinase matrix metalloproteinase-2 

(MMP-2) and MMP-9 and increase cell motility [6, 7]. EMT is a series of processes in which 

epithelial cells are transformed into mesenchymal cells with denatured attachment and 

migration. Down-regulation of E-cadherin expression, an epithelial cell marker, increases 

tumor cell motility and promotes invasion by several transcriptional inhibitors, including Snail, 

Slug, Twist, and ZEB. Snail and Slug, known as zinc finger transcription factors, are over-

expressed during EMT and induce inhibition of E-cadherin. Thus, EMT-regulated 

transcription factors are expressed in many malignant tumors. Recently, various factors have 

been reported to induce the release of inflammatory cytokines by increasing the expression of 

zinc finger transcription factors [8]. The cytokines IL-6 and transforming growth factor-beta1 

(TGF-β1) induce EMTs that promote tumorigenesis and metastasis of cancer cells [9, 10].

EMT occurs in several pathological conditions and is regulated by several pathways. Among 

them, Transforming growth factor β (TGF-β), a stimulant for EMT, is expressed in most cells 
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in the human body and plays an essential role in inhibition of cell growth, differentiation and 

cell death [11]. Three members of TGF-β1, 2, and 3 were identified, and these three isoforms 

regulate the expression of genes that play a role in various biological phenomena, beginning 

with tissue modification, to initiation and progression of tumors [12, 13]. EMT was found to 

be highly correlated with TGF-β1. TGF-β1 promotes phosphorylation of Smad2 and Smad3, 

and phosphorylated Smad2 and Smad3 form complexes with Smad4. The translocation of the 

Smad2/3/4 complex enters the nucleus and affects the expression of the target gene. As a result, 

interference with the activation of Smad2 and Smad3 may block TGF-β / Smad signaling and 

EMT [14, 15, 16, 17].

Given the role of EMT induced by this TGF-β, control of EMT is now considered a promising 

strategy to suppress metastasis and improve patient survival. Recent studies have also shown 

that the development of TGF-β inhibitors from natural, non-toxic compounds to control EMT 

is an important step in the development of new therapies. Therefore, it is essential to identify 

a biomarker that can effectively block EMT, one of the characteristics of cancer cells.
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Materials and Methods

1. Cell culture and Reagent

Human lung cancer A549 cells were cultured in RPMI (Corning, Cellgro) with 10% fetal 

bovine serum (FBS, Corning, Cellgro) and 1% antibiotics (Hyclone, USA). HaCaT cells were 

cultured in DMEM (Corning, Cellgro) with 10% fetal bovine serum, 1% antibiotics.  All cells 

were cultured in a 37°C, 5% CO2 incubator. To stimulate EMT, A549 cells were co-treated 

TGF-β1 with Candidates. TGF-β1 was obtained from PeproTech Inc (Rocky Hill, NJ, USA). 

TransIT-LT1 transfection reagent was purchased from Mirus Bio (USA). Primary antibody E-

cadherin, N-cadherin was purchased from Santa Cruz (CA, USA). Smad2, p-Smad2 was 

purchased from Cell signaling (USA). All secondary antibodies were purchased from Thermo 

Scientific (Marietta, OH, USA).

2. Luciferase reporter gene assays

To measure Smad transcription activity, A549 cells were transiently transfected with reporter 

construct pSBE4-Luc plasmids. β-gal luciferase reporter plasmid was included as an internal 

control. Cells were harvested and Total cell extracts were prepared and dual luciferase activity 

was measured, according to the manufacture’s instruction (Promega, USA). All reporter 

activities were normalized relative to β-gal luciferase activities and are presented as the means

(±SD) of three independent experiments.

3. Cell viability assays

Cell viability was determined by EZ-cytox (WST-1 assay, Cell Viability, Proliferation & 

Cytotoxicity Assay kit). All cells were seeded in 96-well plates at a density of 1 – 3 × 103

cells/well. Candidates of TGF-β1 inhibitors were added and incubated at 37°C in a CO2

incubator. After incubation for 24 h, 10 µl of the WST-1 reagent was added to each well and 

incubated for 90 min at 37°C in a CO2 incubator. The absorption was measured at 450 nm with 

a micro plate reader. All WST-1 assay presented as the means (±SD) of three independent 

experiments.
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4. Western blot analysis

For western blot, after treatment with TGF-β1 and/or Candidates for 24 h, A549 and HaCaT 

cells were washed with cold PBS, scraped off, and harvested. Cell extracts were prepared with 

lysis buffer (50 mmol/L Tris-HCl (pH 7.5), 150 mmol/L NaCl, 1% NP-40, 10 mmol/L NaF, 

10 mmol/L sodium pyrophosphate, and protease inhibitors), incubated for 30 min on ice. 

Lysates were incubated for 30 min at ice (4°C) and then were centrifugated at 13,000 rpm for 

20 min 4°C. Supernatants were collected to new tube and whole cell lysate protein 

concentrations were determined by Pierce 660 nm protein assay reagent (Thermo, Rockford, 

USA). Total cell lysate protein were separated on 8 - 12 % SDS-PAGE gel and transferred to 

nitrocellulose membranes. The membranes were blocked by incubating for 2 h in 5% w/v non-

fat DifcoTM skim milk (BD Biosciences, Franklin Lakes, NJ, USA) blocking buffer with 1X 

PBST. The blocked membranes were incubated 2 h or overnight at 4°C with the primary 

antibody. After washing three times with 1X PBST, the membranes were incubated with the 

secondary HRP-conjugated antibody for 1 h. The results were subjected to western blot 

analysis and visualized by developer.

5. Matrigel invasion assays and Wound healing assays

For Matrigel invasion assays, in vitro cell invasiveness was determined by the ability of cells 

to transmigrate through a layer of extracellular matrix in Biocoat Matrigel invasion chambers 

(SPL Lifescience, Korea). A549 cells were seeded at a density of 2.0 × 10⁴ per insert and 

cultured for 12 h. The cells were placed in wells containing the same medium plus TGF- β1 

(5ng/ml) with or without Candidates. After 36 h, non-invading cells were removed with cotton 

swabs. Invading cells were fixed with 100% methanol and stained with 1% crystal violet 

(Sigma–Aldrich) before enumeration under an inverted microscope (40×, three random fields 

per well). Data are expressed as the mean ±SD of at least three independent experiments.

For Wound healing assays, A549 cells were treated with TGF-β1 and/or Candidates. When 

cell confluence had reached about 80% for 24 h, the wound of monolayer were scratched in 

confluent cells using 20 µl pipette tip and washed with DPBS prior to incubation to remove 

any free-floating cells and debris. Media was then added, and the culture plates were incubated 

at 37°C. Wound healing was observed within the scrape line at 24 h, and representative scrape 
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lines for cell line were photographed. Also, Migration was quantified by measuring the cell 

surface area with TScratch program. Duplicate wells for condition were examined for 

experiment, and data are expressed as the mean (±SD) of least three independent experiments.

6. Confocal microscopy

For immunofluorescence, cells grown on confocal dish (SPL, 101350) were fixed 4% 

paraformaldehyde for 10 min, permeabilized with 0.3% Triton X-100 for 5 min, and blocked 

with 10% goat serum albumin for 1 h at room temperature. Cells were incubated with primary 

antibodies overnight at 4°C, then washed with PBS three times and incubated with secondary 

antibody for 45 min at room temperature. The antibodies for immunofluorescence staining 

were as follows: E-cadherin, N-cadherin (Santa cruz, sc-71009, sc-59987), goat anti-rabbit 

IgG-FITC (Santa cruz, sc-2012). DAPI (Sigma-Aldrich) were used to label the nuclei. Imaging 

of fixed samples were performed on a ZOE Fluorescent Cell Imager (BIO-RAD).

7. RNA extraction and reverse transcription –PCR quantitative

Total RNA was isolated with the RNA EasySpin kit according to the instructions of the 

manufacturer (Intron Biotechnology, Korea). Total RNA from each sample was reverse 

transcribed with random primers using a StrataScriptTM reverse transcriptase kit (Agilent 

technology, USA) according to the protocols of the manufacturer. All samples were 

normalized to human GAPDH and expressed as fold induction. All reactions were done in 

triplicate. Relative expression levels and SDs were calculated using the comparative method.
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          Forward: F          Reverse: R

Primer Sequence

E-cadherin F 5’-TGC CCA GAA AAT GAA AAA GG-3’

E-cadherin R 5’-GTG TAT GTG GCA ATG CGT TC-3’

N-cadherin F 5’-CCA TCA CTC GGC TTA ATG GT-3’

N-cadherin R 5’-GAT GAT GAT GCA GAG CAG GA-3’

MMP-2 F 5’-ACA TCA AGG GCA TTC AGG AG-3’

MMP-2 R 5’-GCC TCG TAT ACC GCA TCA AT-3’

MMP-9 F 5’-CAT CGT CAT CCA GTT TGG TG-3’

MMP-9 R 5’-TCG AAG ATG AAG GGG AAG TG-3’

GAPDH - F 5’-CGC GGG GCT CTC CAG AAC ATC ATC C-3’

GAPDH - R 5’-CTC CGA CGC CTG CTT CAC CAC CTT CTT-3’
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Results

Figure 1. Scheme representing primary screening conducted with potential inhibitors of TGF-

β1

1. Potential TGF-β1 inhibitor screening

First, we measured transcriptional activity of Smad as a primary screening in a novel 

chemical product library (Fig.1). A549 cells were co-transfected with pSBE4-Luc plasmid and 

β-gal plasmid and cultured for 24 h. After changing the media, TGF-β1 was treated. TGF-β1-

stimulated A549 cells were treated with each inhibitor candidate (5 µM, 10 µM, 20 µM) and 

incubated for 24 h. A549 cells treated with TGF-β1 and inhibitor candidates were identified 

by luciferase reporter gene assay and normalized by β-gal reporter gene assay.
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Of the nine candidates (Can.) that down regulate the transcriptional activity of Smad, Can.32, 

38, 39, 47, and 77 down-regulate transcriptional activity at different concentrations, 

respectively.

The reason for not selecting these five candidates was that Can.32 and 47 were down-

regulated from 10 µM, but were re-confirmed through repeated experiments and were weakly 

down-regulated. Can.38, 39, and 77 were not selected because they were not down-regulated 

significantly compared to cells treated with TGF-β1 only (Fig.2A).
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Figure 2. Can.37, 67, 75, 82 inhibit TGF-β1-induced transcriptional activity of Smad in dose-

dependent manner

On the other hand, Can.37, 67, 75, and 82 were significantly down-regulated in a 

concentration-dependent manner compared to cells treated with TGF-β1 alone. Can.37, 67, 

and 75 were down-regulated at a similar level to the control at 20 µM, and activity of Can.82 

was decreased at 5 µM similar to that of the control (Fig.2B).

We found nine inhibitor candidates that down-regulate transcriptional activity among 84 

candidates. Among them, Can.37, 67, 75, and 82 showed a decrease in transcriptional activity 

in a concentration-dependent manner (Fig.2). Down regulation effects are validated by p-

value < 0.05 at the preset dose.
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Figure 3. Cell viability of Can.37, 67, 75 and 82 in A549 cells

We measured the effect of four candidates on cell viability by MTT assay (Fig.3A). We

confirmed that four candidates in A549 cells induce cytotoxicity at concentrations below 20 

µM.

Can.67, 82 did not drop below 80% cell viability in A549 cells. That is, it was found that there 

was almost no cytotoxicity. On the other hand, Can.37 and 75 cell viability fell below 80%. 

Therefore, it was confirmed that there was cytotoxicity. I chose Can.67, 82, which has little 

cytotoxicity.
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2. TGF-β1 inhibitor candidates inhibit transcriptional activity of Smad in a dose-

dependent manner

We investigated that the two potential candidates, 67 and 82, all have common chalcone 

structures (Fig.4A).

In addition, the candidate was treated at various concentrations for 24 h and cell viability was 

measured by MTT assay. In the case of Can.67, cell viability of 0, 10, 20, 30, 40, 50, 100 

groups was more than 80% at 24 h and Can.82 was cell of 0, 10, 20, 30, 40, 50 groups survival 

rate was more than 80%. Thus, the cytotoxic concentration range of both candidates was 

determined (Fig.4B).
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Figure 4. TGF-β1-induced transcriptional activity of Smad is decreased in a dose-dependent 

manner by Can.67, 82

In order to more fully investigate the effects of TGF-β1on A549 cells treated with Candidate 

or untreated TGF-β1, we determined that Can.67 and 82 decreased transcriptional activity in 

a concentration-dependent manner within a defined concentration range.

Can.67 was down-regulated at 10, 20, 30, 40, 50 µM lower than control. Similarly, when 

Can.82 was also treated with 10, 20, and 30 µM, the transcriptional activity of Smad was 

inhibited lower than the control. Can.67 and 82 significantly reduced transcriptional activity 

in a dose-dependent manner (Fig.4C).
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Figure 5. Can.67, 82 inhibits TGF-β1-induced migration
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3. TGF-β1 inhibitor candidates inhibit the migration in A549 cells.

We determined whether Candidate inhibited TGF-β1-induced cell migration through wound 

healing assay. We treated TGF-β1 in 6 wells and treated with TGF-β1 and Candidate in other 

wells for 24 h. Cell migration was then analyzed. TGF-β1 treated cells quickly closed wound. 

In contrast, TGF-β1-induced A549 cells with Can.67 and 82 showed significantly impaired 

mobility.

Thus, the effect of TGF-β1 on mobility was antagonized by Can.67 and 82. In wound healing 

assay, TGF-β1 treatment promoted A549 cell mobility, whereas TGF-β1-induced the mobility 

of A549 cells was reduced in the presence of Candidate (Fig.5).

Can.67 was treated with 30, 50 µM TGF-β1-induced A549 cells. A549 cell wound was not 

closed in a concentration-dependent manner. Similarly, Can.82 showed almost no wound at 

20 µM compared to cells treated with TGF-β1 alone.

These results indicate that Can.67 and 82 are antagonistic to A549 cell migration by TGF-β1-

induced EMT.
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Figure 6. The effect of Can.67, 82 on metastasis in A549 cells

Additionally, we examined the invasion assay to determine whether Can.67, 82 inhibited in

TGF-β1-induced A549 cells. Invasion efficiency of TGF-β1-treated A549 cells is better than 

the control group, indicating that the metastasis in TGF-β1-treated A549 is more likely to 

occur. While Can.67 and 82 were treated with TGF-β1, the amount of cells passing through 

the membrane was reduced in a dose-dependent manner. Thus, We found that the migration 

and invasion of A549 cells significantly were inhibited in a dose-dependent manner in Can.67

and 82 treated groups (Fig.6).
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Figure 7. Can.67, 82 down-regulated TGF-β1-induced EMT marker

4. TGF-β1 inhibitor candidates antagonizes up-regulated genes during TGF-β1-

induced EMT

A549 cells were incubated with 5ng/ml TGF-β1. After 30 minutes, these cells were incubated 

with or without Can.67 (50 µl), 82 (30 µl) for 24 h.

We used a quantitative real-time-polymerase chain reaction (qRT-PCR) to investigate the 

expression of several EMT-related marker genes during TGF-β1 induction, with or without 

Candidate. After TGF-β1 stimulation, the decrease of E-cadherin increases the expression of 

EMT-related markers. Therefore, we investigated whether Candidate inhibits gene expression 

during induction of TGF-β1 in EMT.
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As shown in Fig. 6, four genes (E-cadherin, N-cadherin, MMP and MMP9) were treated in 

comparison with cells subjected to EMT after TGF-β1 treatment. These results antagonize the 

expression of EMT markers induced by TGF-β1.

Expression of E-cadherin and N-cadherin was measured by Western blot to confirm the 

inhibitory role of Candidate on EMT by TGF-β1.
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Figure 8. Can.67, 82 blocked the phosphorylation of Smad2 and the expression of E-cadherin, 

N-cadherin
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Expression of E-cadherin and N-cadherin was measured by Western blot to confirm the 

inhibitory role of Candidate on EMT by TGF-β1.

Expression of E-cadherin was decreased in TGF-β1-treated A549 cells compared to the 

control, whereas expression of N-cadherin was significantly increased. In contrast, treatment 

with Can.67 and 82 dramatically restored E-cadherin expression and markedly blocked the 

increase in N-cadherin (Fig.8). These results suggest possible treatments for candidate 

substances as EMT inhibitors by TGF-β1.

In addition, the effect of Can.67 and 82 on E-cadherin and N-cadherin in A549 cells was 

confirmed by confocal microscope. A549 cells were fixed and stained for E-cadherin and N-

cadherin. E-cadherin expression was reduced in TGF-β1-stimulated cells, similar to the results 

previously identified. In contrast, cells treated with TGF-β1 and Candidates showed less 

inhibition of E-cadherin expression. We found that Can.67 and 82 promoted E-cadherin 

expression and suppressed N-cadherin expression during TGF-β1-induced EMT (Fig.9).
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Figure 9. Can.67, 82 inhibits TGF-β1-induced E-cadherin, N-cadherin in A549 cells
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Discussion

The EMT process was first found in normal tissues such as embryonic development, 

organogenesis, and is an essential process in developmental biology. However, recent studies 

have shown that EMT function and its regulators are important regulators of wound healing

by fibrosis and invasive tumor cells [18, 19, 20].

During EMT, epithelial cells activate the expression of EMT marker genes and convert them 

into phenotypes to mesenchymal cells. E-cadherin is a cell-cell adhesion molecule, and 

transcriptional repression inhibits cellular rearrangement and morphological changes. 

Complementing epithelial gene suppression, mesenchymal gene expression, which encodes 

N-cadherin and Vimentin and matrix proteins (such as MMP-2, 9), is induced simultaneously. 

When E-cadherin is lost, the junction is destroyed and EMT by TGF-β1 occurs, resulting in 

cell motility [21, 22].

Considering the role of EMT induced by TGF-β1, control of EMT is regarded as a strategy 

to suppress metastasis. In addition, recent studies have shown that the development of TGF-

beta inhibitors from non-toxic compounds to control EMT is an important step in the 

development of new therapies. Eighty-four Novel chemical libraries consisting of potential 

TGF-β1 inhibitors were screened. Luciferase reporter gene assay confirmed the transcriptional 

activity of Smad.

In the first screening, nine candidates were found to down-re- ligate the transcriptional activity 

of Smad. In addition, four candidate candidates who were significantly down-regulated in a 

concentration-dependent manner were selected.

In the secondary screening, four selected candidates were confirmed to be cytotoxic and, as a 

result, 67 and 82 were confirmed to be cytotoxic.

We have confirmed that the compound structure of Can.67 and 82 is the backbone of 

chalcone. Chalcone exhibits various pharmacological effects such as anticancer drugs and anti-

inflammatory drugs, and chalcone derivatives are promising as a lead compound for new drug 

candidate with promising biological activity and stability [23]. Some natural chalcones showed 

cytotoxic activity against prostate cancer cells and cathepsin inhibitory activity in vitro [24].
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Recent studies have revealed that downregulation of cathepsin L suppresses cancer migration 

and invasion by inhibiting TGF-β1-mediated EMT in human A549 lung cancer cells [25].

Cathepsin L has not been studied better than cathepsin B, but is known to be involved in tumor 

invasion and migration [26]. Cathepsin L has not been studied better than cathepsin B, but is 

known to be involved in tumor invasion and migration. In a variety of tumor types such as 

lung cancer and melanoma, the function of cathpsin L is considered to be important at the time 

of invasion [27, 28, 29].

In this study, our results confirm that TGF-β1-treated A549 cells promote cell mobility by 

wound healing assay. As recently reported, when chalcone derivatives, Can.67 and 82, known 

as inhibitors of cathepsin L, were treated with TGF-β1-stimulated A549 cells, cell migration 

was inhibited and E-cadherin expression was restored. In addition, N-cadherin and MMP-2 

and MMP-9 were inhibited. Therefore, it is necessary to study that functions of chalcone 

derivatives are involved in the prevention of cancer cell metastasis in vivo model, which is 

characteristic of the EMT process.



２３

Conclusion

In conclusion, we found Can.67 and 82 through chemical library screening for inhibitors of 

potential TGF-β1. These two candidates down-regulate the transcriptional activity of Smad in 

TGF-β1-induced A549 cells in a dose-dependent manner and prevented cell migration, one of 

the most important features of EMT, during the progression of EMT. In addition, it reduced 

the expression of the typical EMT marker genes and inhibited the phosphorylation of Smad2. 

As a result, our research has found new inhibitors of TGF-β1 through the inhibition of Smad 

activity and EMT in human lung cancer cells.
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Abstract (In Korean)

다기능 사이토 카인인 형질 전환 성장 인자 β1 (TGF-β1)은 종양의 침윤, 전이를

촉진시키고다양한암세포에서상피 -중간엽변이 (EMT)를유도하는것으로알려져

있다. 최근연구에따르면 cathepsin L의하향조절은인간 A549 폐암세포에서 TGF-β1 

매개 EMT를억제함으로써암의이동과침입을억제한다는것이밝혀졌다. 이연구의

목적은 암에 대한 항-TGF-β1 치료제를 개발하는 것이다. 최근 연구에서 제시된 바와

같이, 천연화합물로부터TGF-β1 억제제의개발은새로운치료제의개발에있어중요한

단계이다. 우리는 chalcone의 개선 된 유사체, 즉 cathepsin B 및 L 억제제를 발견하고

시험관 내에서 그 항-TGF-β1 효과를 조사했다. 본연구에서는 TGF-β1에 의해 유발된

인간 A549 폐암 세포의 이동, 침윤 및 EMT 에 대하여 cathepsin B 및 L 억제제인

chalcone 의 효과를 조사 하였다. 우리는 chalcone 이 TGF-β1 에 의해 유도 된 Smad2 

인산화를 억제함으로써 Smad 의존성 TGF-β 신호 전달 경로를 차단한다는 것을

증명했다. 또한, 우리는 chalcone이 TGF-β1 매개 EMT를억제한다는것을관찰했다.

중심단어: Chalcone, TGF-β1, EMT, A549 cells, Migration, Invasion


	Introduction 
	Materials and
	1. Cell culture and Reagent 
	2. Luciferase reporter gene assays
	3. Cell viability assays 
	4. Western blot analysis 
	5. Matrigel invasion assays and Wound healing assays 
	6. Confocal microscopy
	7. RNA extraction and reverse transcription-PCR quantitative 

	Results 
	Discussion 
	Conclusion 
	References 
	Abstract (in Korean) 


<startpage>5
Introduction  4
Materials and Methods
 1. Cell culture and Reagent  6
 2. Luciferase reporter gene assays 6
 3. Cell viability assays  6
 4. Western blot analysis  7
 5. Matrigel invasion assays and Wound healing assays  7
 6. Confocal microscopy 8
 7. RNA extraction and reverse transcription-PCR quantitative  8
Results  10
Discussion  24
Conclusion  26
References  27
Abstract (in Korean)  30
</body>

