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We examined the role of c-FLIP in the motility of 

HeLa cells. A small interfering RNA (siRNA) directed 

against c-FLIP inhibited the adhesion and motility of 

the cells without affecting their growth rate. The long 

form of c-FLIP (c-FLIPL), but not the short form (c-

FLIPS), enhanced adhesion and motility. Downregula-

tion of c-FLIPL with siRNA decreased phosphorylation 

of FAK and ERK, while overexpression of c-FLIPL 

increased their phosphorylation. Overexpression of 

FAK activated ERK, and enhanced the motility of 

HeLa cells. FRNK, an inhibitory fragment of FAK, 

inhibited ERK and decreased motility. Inhibition of 

ERK also significantly suppressed c-FLIPL-promoted 

motility. Inhibition of ROCK by Y27632 suppressed 

the c-FLIPL-promoted motility by reducing phos-

phorylation of FAK and ERK. Overexpression of c-

FLIPL increased the expression and secretion of 

MMP-9, and inhibition of MMP-9 by Ilomastat re-

duced c-FLIPL- promoted cell motility. A caspase-like 

domain (amino acids 222-376) was found to be neces-

sary for the c-FLIPL-promoted cell motility. We con-

clude that c-FLIPL promotes the motility of HeLa cells 

by activating FAK and ERK, and increasing MMP-9 

expression.  
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Introduction 
 

The cellular FLICE inhibitory protein (c-FLIP) is an en-

dogenous inhibitor of death receptor-induced apoptosis 

that acts through the caspase 8 pathway (Mathas et al., 

2004; Rippo et al., 2004; Sharp et al., 2005), and is 

widely expressed in tumors (Lee et al., 2003). Overex-

pression of c-FLIP in gastric (Lee et al., 2003) and colo-

rectal tumors (Ryu et al., 2001) has been reported. The 

expression of c-FLIP was shown to correlate with the ma-

lignant potential of an endometrial carcinoma (Chen et al., 

2005) and gastric carcinoma (Koyama et al., 2003). C-

FLIP acts as an inhibitor of apoptosis induced by various 

agents, including TNF, TRAIL, and Fas (Bin et al., 2002; 

Grassi et al., 2004; You et al., 2001). The anti-apoptotic 

effect of c-FLIP is closely related to enhanced Wnt signal-

ing resulting from inhibition of β-catenin ubiquitination 

(Naito et al., 2004). C-FLIP exists as a long (c-FLIPL) or 

as a short variant (c-FLIPS, c-FLIPR) (Chang et al., 2002; 

Golks et al., 2005; Krueger et al., 2001). C-FLIPL contains 

two death effector domains (DED) and one inactive cas-

pase domain, whereas c-FLIPS lacks the entire caspase 

domain but has two DEDs. C-FLIPR is a newly identified 

variant of c-FLIP. It contains only DEDs that are similar 

to those of c-FLIPs. Several properties of c-FLIPR are 

similar to c-FLIP(S): both isoforms have a short half-life,  

 

Abbreviations: C-FLIP, FLICE inhibitory protein; ERK, ex-

tracellular signal-regulated kinase; FAK, focal adhesion kinase; 

FRNK, focal adhesion kinase-related non kinase; MAPK, mito-

gen activated protein kinase; MMP, matrix metalloproteinase; 

ROCK, Rho-Associated coiled-coil-containing protein kinase; 

RT-PCR, reverse transcriptase-polymerase chain reaction; siRNA, 

small interfering RNA. 
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a similar pattern of expression during activation of pri-

mary human T cells, and are strongly induced in T cells 

by CD3/CD28 following costimulation. It has been sug-

gested that the c-FLIP variants may have distinct roles in 

regulating apoptosis. For example, c-FLIPL appears to 

have two opposite effects; it inhibits Fas-induced apop-

tosis when present at high levels, but promotes apoptosis 

at low levels. However, c-FLIPS reportedly inhibits 

TRAIL-induced apoptosis (Burns et al., 2001); thus 

downregulation of c-FLIPS leads to enhanced apoptosis 

(Uriarte et al., 2005), and c-FLIPS inhibits apoptosis in-

duced by CD28 and the activation of T cells (Kirchhoff et 

al., 2000). C-FLIPL interacts with Daxx and prevents Fas-

induced JNK activation (Kim et al., 2003). NF-kB pro-

tects against TNF-α-induced apoptosis by inducing c-

FLIPL expression (Bennoit et al., 2004; Micheau et al., 

2001). 
It has been shown that matrix attachment regulates Fas-

induced apoptosis in endothelial cells: matrix detachment 

(anoikis) leads to decreased expression of c-FLIP, activa-

tion of the Fas pathway, and increased interaction be-

tween Fas L and Fas, thus resulting in Fas-FADD com-

plex formation (Aoudjit et al., 2001). A cell-matrix inter-

action has an important role in tumor-induced neovascu-

larization and tumor progression (Brooks et al., 1994; 

Sethi et al., 1999). Since matrix attachment regulates c-

FLIP expression, we investigated the role of c-FLIP in 

cell motility and in the molecular mechanisms associated 

with cell motility. Our results indicate that c-FLIPL, but 

not the short from of c-FLIP, promotes the motility of 

cancer cells by activating ROCK, FAK, and ERK, and 

increasing expression of MMP-9. 

 

 

Materials and Methods 

 

Chemicals and reagents The primers used in this study were 

commercially synthesized by Bionex Company (Korea). Anti-

ERK, and anti-phospho ERK antibodies were purchased from 

R&D Company (Minneapolis, MN). Anti-p38MAPK, anti-

phospho p38 MAPK, anti-Akt, anti-phospho Akt, anti-FAK, 

anti-JNK, anti-MMP-2, anti-MMP-9, anti-phospho-JNK, anti-

phospho Y397FAK, and anti-phospho Y925FAK antibodies were 

purchased form Cell Signaling Company (USA). Anti-c-FLIP 

antibody was from Upstate Biotech Inc. (USA), and anti-actin 

antibody as well as fibronectin, matrigel, and type IV collagen 

came from Sigma Company (USA). 

LY294002, PD98059, Y27632, and Ilomastat were purchased 

from Sigma Company, and anti mouse and anti rabbit Ig G-

horse radish peroxidase-conjugated antibodies were purchased 

from Pierce (USA). The ECL (enhanced chemiluminiscence) kit 

was purchased from Amersham (USA). The Silncer™ siRNA 

construction kit was from Ambion Company (USA), and li-

pofectamin, Plus TM reagent, and Trizol from Invitrogen (USA). 

AMV reverse transcriptase was supplied by Promega (USA), 

Taq polymerase from Takara Company (Korea), and the Tran-

swell chamber system from Costar (USA). 

 

Cell culture HeLa and SNU387 cells were cultured in Dul-

becco’s modified minimal essential medium (DMEM; Gibco, 

USA) supplemented with heat-inactivated 10% fetal bovine 

serum (FBS, Gibco, USA) and antibiotics at 37°C in a humidi-

fied incubator with a mixture of 95% air and 5% CO2. 

 

Preparation of siRNA duplexes The siRNA duplexes were 

constructed with the following target sequences. c-FLIPL, sense 

(5′-AACATCCACAGAATAGACCTGCCTGTCTC-3′); antisense 

(5′-AACAGGGTCTATTCTGTGGATGCCTGTCTC-3′); control, 

sense (5′-AATTCTCCGAACGTGTCACGTCCTGTCTC-3′); 

antisense (5′-AAACGTGACACGTTCGGAGAACCTGTCTC-

3′). Construction of siRNA directed against control, c-FLIP or 

FAK was carried out according to the instruction manual pro-

vided by the manufacturer (Ambion, USA). Briefly, two 29-mer 

DNA oligonucleotides (siRNA template) with 21 nucleotides 

encoding the siRNA and 8 nucleotides complementary to the T7 

promoter primers were synthesized and desalted. In separate 

reactions, the two siRNA oligonucleotide templates were hy-

bridized to a T7 promoter primer. The 3′ ends of the hybridized 

oligonucleotides were extended with the Klenow fragment of 

DNA polymerase to create double-stranded siRNA transcription 

templates. The sense and antisense siRNA templates were tran-

scribed by T7 RNA polymerase, and the resulting RNA tran-

scripts were hybridized to create dsRNA. The leader sequences 

were removed by digesting the dsRNA with a single strand-

specific ribonuclease. The resulting siRNA was purified by 

binding to and elution from glass fiber to remove excess nucleo-

tides, short oligomers, proteins, and salts. 

 

RT-PCR Analysis of the expression of c-FLIP was carried out 

by standard procedures. Total RNA was prepared with Trizol 

(Invitrogen). Total RNA (1 µg) was converted into cDNA by 

AMV reverse transcriptase (Promega). 

Primers, c-FLIP F (sense, 5′-ACAGCTTGGCGCTCAAC-3′) 

and c-FLIP R (antisense, 5′-AATTCCACATTCTTCATCGC-3′) 

were used. PCR was performed for 30 cycles at 94°C for 1 min, 

58°C for 1 min, and extension at 72°C for 1 min. For PCR of 

actin, actin F (sense, 5′-CATGTTTGAGACCTTCAACACCCC-

3′) and actin R (antisense 5′-GCCATCTCCTGCTCGAAGTC-

TAG-3′) were used. PCR was performed for 25 cycles at 94°C 

for 1 min, 58°C for 1 min, and extension at 72°C for 1 min. The 

primer sequences for MMP-2 were 5′-ATGACAGCTGCACC-

ACTGAG-3′ for the forward primer and 5′-CTCCTGAATG-

CCCTTGATGT-3′ for the reverse primer; for MMP-9 were 5′-

AGTTCCCGGAGTGAGTTGAA-3′ for the forward primer and 

5′-CTCCACTCCTCCCTTTCCTC-3′. PCR for each of MMPs 

was performed for 32 cycles at 94°C for 45 s, 58°C for 45 s, and 

extension at 72°C for 45 s. 

 

Western blot analysis For polyacrylamide gel electrophoresis 

and Western blotting, cell lysates were prepared in lysis buffer 
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[62.5 mM Tris-HCl pH 6.8, 2% (w/v) SDS, 10% (v/v) glycerol, 

50 mM DTT, 0.01% (w/v) bromophenol blue, 10 mM NaF, 1% 

(v/v) protease inhibitor cocktail, 1 mM sodium orthovanadate]. 

The samples were boiled for 5 min, and equal amounts of pro-

tein (20 µg/well) were analyzed by 10% SDS-PAGE. After elec-

trophoresis, proteins were transferred onto nitrocellulose mem-

branes and subjected to immunoblotting. The antibodies in-

cluded anti-ERK (1:1,000), anti-phospho ERK(1:1,000), anti-

Akt (1:1,000), anti-phospho Akt (1:1,000), anti-p38 MAPK 

1:1,000 dilution), anti-phospho p38MAPK (1:1,000), anti-c-FLIP 

(1:2,000), anti-FAK (1:1,000), anti phospho-FAKY397 (1:1,000), 

anti-JNK (1:200), anti-phospho-JNK (1:1,000), anti-MMP-2 

(1:1,000), anti-MMP-9 (1:1,000), and anti-actin (1:2,000). After 

extensive washing, blots were further incubated with anti-mouse 

or anti-rabbit Ig G-horseradish peroxidase-conjugate antibodies 

at a 1:3,000 dilution for 1 h at room temperature, and developed 

using an enhanced chemiluminiscence kit (Amersham). 

 

Cell growth rate Cell viability was determined by crystal violet 

staining (Keisari et al., 1992). In brief, cells were stained with 

0.5% crystal violet in 30 % ethanol and 3% formaldehyde for 10 

min. Plates were washed with water., the cells were lysed with 

1% SDS solution, and dye uptake was measured at 550 nm us-

ing a microplate reader. 

 

Adhesion assays HeLa cells were transfected with siRNA di-

rected against c-FLIP or the control for 2 d. Cells (5 × 103) sus-

pended in DMEM, containing 0.5% BSA, were dispensed into 

24-well plates that had been coated with fibronectin, type IV 

collagen, or matrigel (10 μg/cm2 each), incubated in 5% CO2 at 

37°C for 1 h and washed three times with PBS. Attached cells 

were stained with hematoxylin and eosin reagent and counted 

under a light microscopy. 

 

Wound migration assays HeLa cells were transfected with siRNA 

directed against c-FLIP or the non-targeting siRNA control for 2 

days. They were then treated with trypsin and cultured until con-

fluent on 6-well plates coated with fibronectin, type IV collagen, 

or matrigel (10 μg/cm2 each). Monolayers were wounded by 

scraping with a micropipette tip. Photographs were taken 48 h 

after the wounds were made. Migration distance and the number 

of cells migrated were measured. 

 

Chemoinvasion assays The invasive potential of HeLa and 

SNU387 cells was determined using a transwell chamber system 

with an 8-μm pore polycarbonate filter insert (Costar, USA). 

The lower and upper sides of the filter were coated with gelatin 

and matrigel, respectively. Forty-eight h after transfection with 

control or siRNA directed against c-FLIP, cells were harvested 

by trypsinization and counted. Trypsinized cells (2 × 104) in 

serum-free RPMI containing 0.1% BSA, were added to each 

upper chamber of the transwell. The RPMI supplemented with 

10% FBS was placed in the lower chamber and incubated at 

37°C for 16 h. The cells were fixed by methanol, and invaded 

cells were stained and counted. 

Transfection 1 × 106 cells were plated in 6-well plates in me-

dium containing 10% FBS, and transfection of non-targeting 

siRNA or c-FLIP siRNA was carried out using Lipofectamine 

(Invitrogen, USA). Transfection with other constructs was also 

carried out using Lipofectamine. After transfection, cells were 

harvested in lysis buffer [62.5 mM Tris-HCl pH 6.8, 2% (w/v) 

SDS, 10% (v/v) glycerol, 50 mM DTT, 0.01% (w/v) bromophe-

nol blue, 10 mM NaF, 1% (v/v) protease inhibitor cocktail 1 

mM sodium orthovanadate] for Western blot analysis. 

 

Gelatin zymography Conditioned medium from cells tran-

siently transfected with control vector or the c-FLIPL cDNA 

construct was mixed 3:1 with substrate gel sample buffer [40% 

(v/v) glycerol, 0.25 M Tris-HCl, pH6.8, and 0.1% (w/v) brom-

pohenol blue] and the mixture was loaded onto 7.5% SDS-

PAGE containing type I gelatin (2 mg/ml). After electrophoresis, 

the gel was soaked in Triton X-100 with shaking for 30 min 

with one change of solution. The gel was then rinsed and incu-

bated for 24 h at 37°C in substrate buffer [50 mM Tris-HCl, pH 

7.5, 5 mM CaCl2 and 0.02% NaN3]. After incubation, the gel 

was stained with 0.1% Coomassie brilliant blue G-250 and de-

stained in 50% methanol, 10 % acetic acid, 40% water. 

 

 

Results 

 

SiRNA directed against c-FLIP impairs adhesion and 

motility, but does not affect growth It has been reported 

that matrix attachment has a role in the expression of c-

FLIP in human endothelial cells (Aoudjit et al., 2001). We 

therefore hypothesized that regulation of c-FLIP expres-

sion could affect the adhesion and motility of cancer cells. 

To examine this possibility, siRNA directed against c-

FLIP was transfected into HeLa cells. This siRNA, but 

not a control siRNA, reduced the expression of c-FLIP 

mRNA (Fig. 1A) and protein (Fig. 1B), in a dose-

dependent manner. However, downregulation of c-FLIP 

did not affect the growth rates of these cells (Fig. 1C). As 

mentioned above, c-FLIP has an important role in matrix 

attachment in human endothelial cells (Aoudijit et al., 

2001), in which matrix detachment downregulates c-FLIP 

expression and is associated with enhanced interaction 

between Fas and FasL. Therefore we examined the effect 

of downregulation of c-FLIP expression on adhesion and 

motility. The siRNA directed against c-FLIP dose-depen-

dently decreased adhesion of HeLa cells to extracellular 

matrix proteins (Fig. 1D), suggesting that c-FLIP has an 

important role in matrix attachment of these cancer cells. 

The siRNA also decreased the migration of HeLa cells 

both in the absence and presence of extracellular matrix 

proteins (Fig. 1E). It also decreased the chemoinvasive 

potential of the HeLa cells (Fig. 1F). We also found that 

downregulation of c-FLIP led to impaired adhesion and 

motility of cells of the hepatic cancer cell line, SNU387 

(data not shown). 
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Fig. 1. SiRNA directed against c-FLIP decreases the motility of HeLa cells but does not affect growth. HeLa cells were transfected 

with non targeting control siRNA or siRNA directed against c-FLIP. They were harvested 48 h after transfection, and RT-PCR analysis 

was carried out (A). Western blot analysis. Polyclonal anti-c-FLIP antibody was used at a 1:2,000 dilution. C denotes transfection with 

non targeting siRNA (B). HeLa cells were transfected with control siRNA or siRNA directed against c-FLIP (10 nM). The X-axis 

gives the time in hours after siRNA transfection. Cell numbers were determined by crystal violet staining (C). HeLa cells were trans-

fected with non targeting siRNA or various concentrations of siRNA directed against c-FLIP and dispensed into 24-well plates (5,000 

cells/well) coated with the various extracellular matrix proteins (10 μg/cm2). Attached cells were stained with hematoxylin and 

counted under a light microscopy. Statistical analysis was carried out by Student’s t test. Asterisks denote statistical significance 

(P<0.05) compared with control siRNA transfection. C denotes transfection with non targeting siRNA (D). HeLa cells were trans-

fected with various concentrations of siRNA directed against c-FLIP. 48 h after transfection, confluent cultures on uncoated or ex-

tracellular matrix-coated plates (matrigel, fibronectin, or type IV collagen) were assayed for wound migration. Photographs were 

taken 48 h after the wound was made. Asterisks denote statistical significance (P<0.05) compared with control siRNA transfection. C 

denotes transfection with non targeting siRNA. Lines and dotted lines denote start and end points, respectively (E). HeLa cells were 

transfected with control or siRNA directed against c-FLIP (10 nM). 48 h after transfection, cells were seeded into the upper chambers 

of transwells (20,000 cells/well) for 24 h. Stained cells on the lower surface of the transwells were counted at 40 X magnification (F). 

 

 

The long form of c-FLIP (c-FLIPL) but not the short 

form, enhances motility and adhesion to extracellular 

matrix proteins Since the C-FLIP variants have different 

roles in apoptosis (Burns et al., 2000; Uriarte et al., 2005) 

they might also have different roles in adhesion and 

motility. To study this possibility, HeLa and SNU387 cells 

were transfected with expression constructs encoding the 

long and short form of c-FLIP. The long form (c-FLIPL) 

enhanced adhesion of the HeLa cells (Fig. 2A) to ex-

tracellular matrix proteins, and it enhanced wound migra-

tion (Fig. 2B), the level of c-FLIPL protein (Fig. 2C), and 

the chemoinvasive potential of the HeLa cells (Fig. 2D). 

However, the short form of c-FLIP (c-FLIPS) (Fig. 2H) 

had no effect on adhesion or motility of these cancer cells 

(Figs. 2F, 2G, and 2I). These results suggest strongly that 

c-FLIPL indeed plays a role in adhesion and motility. 

 

C-FLIPL, but not c-FLIPs, increases phosphorylation 

of FAK and ERK Downregulation of c-FLIP by the 

siRNA decreased phosphorylation of FAK (Fig. 3A) and 

ERK (Fig. 3B), whereas overexpression of c-FLIPL had 

the opposite effect (Fig. 3C). Overexpression of c-FLIPs 

did not affect phosphorylation of FAK or ERK (Fig. 3D). 

These results suggest that FAK and ERK mediate c-

FLIPL-promoted motility. 

 

FAK enhances motility, and is required for c-FLIPL-

promoted motility Since the above results suggest that c-
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Fig. 2. Overexpression of c-FLIPL, but not c-FLIPs, enhances adhesion and motility. HeLa cells were transfected with various concentra-

tions of c-FLIPL or control vector. 48 h after transfection, confluent cultures of HeLa cells on uncoated or extracellular matrix-coated 

plates were assayed for adhesion (A). HeLa cells transfected with c-FLIPL vector or control vector were subjected to the wound migration 

assay (B). Western blot analysis of HeLa cells transfected with c-FLIPL vector or control vector. V denotes transfection with control vector 

pcDNA3.1 (C). Chemoinvasion assays of HeLa cells transfected with c-FLIPL vector or control vector (D) HeLa cells transfected with 

GFP or GFP-c-FLIPs vector were subjected to adhesion assays (E). HeLa cells transfected with GFP or GFP-c-FLIPs vector were sub-

jected to adhesion assays [same thing twice!!](F). Wound migration assays of HeLa cells transfected with GFP or GFP-c-FLIPs vector (G). 

Western blot analysis (H) and chemoinvasion assays (I) of HeLa cells transfected with GFP or GFP-c-FLIPs vector.  

 

 

FLIP functions upstream of FAK, we tested whether FAK 

is necessary for the c-FLIPL-promoted motility. We trans-

fected FRNK, the endogenous inhibitory fragment of FAK, 

into HeLa cells with or without c-FLIPL, and found that 

FRNK reduced c-FLIPL-promoted chemoinvasion (Fig. 

4A), adhesion (Fig. 4C) and wound migration (Fig. 4D). It 

also significantly inhibited the phosphorylation of FAK Y397 

and ERK resulting from overexpression of c-FLIPL (Fig. 

4B), and overexpression of c-FLIPL decreased the expres-

sion of endogenous FRNK (Fig. 4B). Taken together, these 

results suggest that c-FLIPL-promoted motility requires 

FAK. 

 

ERK is necessary for c-FLIPL-promoted motility and is 

activated by FAK Since FRNK inhibited the phosphoryla-

tion of ERK resulting from overexpression of c-FLIPL (Fig. 

4B), we assessed the role of ERK in c-FLIPL-promoted 

motility and its relation to FAK. ERK is known to play an 

important role in cell motility (Shim et al., 2006). Inhibi-

tion of ERK by PD98059 (10 µM) or a dominant negative 

construct suppressed c-FLIPL-promoted chemoinvasion 

(Fig. 5A), as well as c-FLIPL-promoted adhesion (Fig. 5B) 

and migration (Fig. 5C). Since overexpression of c-FLIPL 

increased phosphorylation of both FAK and ERK (Fig. 3C), 

we examined whether FAK affected phosphorylation of 

ERK and found that overexpression of FAK increased 

phosphorylation of ERK (Fig. 5D), suggesting that FAK 

functions upstream of ERK. However, overexpression of 

FAK did not affect the expression of c-FLIPL (Fig. 5D), 

confirming that c-FLIP functions upstream of FAK. Inhi-

bition of ERK by PD98059 (10 µM) did not affect the 

expression of c-FLIP (Fig. 5E), suggesting that c-FLIP 

also functions upstream of ERK. Inhibition of ERK by a 

dominant negative construct had the same effect on the 

expression of c-FLIPL as PD98059 (data not shown). 

These observations indicate that c-FLIPL promotes the 

motility of cancer cells through FAK, which in turn acti-

vates ERK. 

 

Inhibition of ROCK suppresses c-FLIPL-promoted mo-

tility by preventing activation of FAK and ERK ROCK 

signaling has recently been shown to be critical for FAK  
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Fig. 3. Overexpression of c-FLIPL, but not c-FLIPs, increases 

phosphorylation of FAK and ERK. HeLa cells were transiently 

transfected with control siRNA or c-FLIP siRNA. 48h after 

transfection, Western blot analysis was carried out (A, B). HeLa 

cells were transiently transfected with control vector or c-FLIPL. 

48 h after transfection, cell lysates were prepared and Western 

blot analysis was carried out (C). HeLa cells were transiently 

transfected with various concentrations of c-FLIPs. 48 h after 

transfection, cell lysates were prepared and Western blot analy-

sis was carried out (D).  

 

 

activation (Torsoni et al., 2005). Since inhibition of FAK 

suppressed c-FLIPL-promoted motility, we determined the 

effect of ROCK on c-FLIPL-promoted motility. HeLa 

cells were pretreated with Y27632 (20 µM), an inhibitor 

of ROCK, for 1 h, followed by transfection with a control 

vector or c-FLIPL. Inhibition of ROCK suppressed c-

FLIPL-promoted chemoinvasion (Fig. 6B), adhesion (Fig. 

6C), and wound migration (Fig. 6D). It did not affect the 

expression of c-FLIP, and decreased phosphorylation of 

FAK and ERK (Fig. 6A). It also prevented the induction 

of MMP-9 resulting from overexpression of c-FLIPL (Fig. 

6E). Taken together, these results suggest that c-FLIPL 

exerts its effect on motility through ROCK, which in turn 

activates FAK and ERK. 

 

C-FLIPL promotes cell motility by increasing the ex-

pression of MMP-9 MMPs has an important role in cell 

motility (Westermarck et al., 1999), and degradation of the 

extracellular matrix promotes tumor migration (Sossey-

Alaoui K et al., 2005). We therefore tested whether down-

regulation of c-FLIP affected the expression of MMPs. 

Downregulation of c-FLIPL by siRNA decreased expres-

sion of MMP-9, but not MMP-2 (Fig. 7A), while overex-

pression of c-FLIPL increased the expression of MMP-9 

(Figs. 7B and 7C) and the secretion of MMP-9 (Fig. 7C, 

lower panel). We confirmed that c-FLIPL increases the ex-

pression of MMP-9 by demonstrating that it increased 

MMP-9 promoter-driven luciferase activity (Fig. 7D). More-

over, Ilomastat, an inhibitor of MMP-9, reduced c-FLIPL-

promoted cell motility (Fig. 7E). 

 

Identification of the domain responsible for the c-

FLIPL-promoted cell motility To delineate the domain 

responsible for the c-FLIPL-promoted cell motility, we 

made various deletion construct of c-FLIPL (Fig. 8A). The 

region encompassing amino acids 222-376 proved to be 

necessary for c-FLIPL-promoted chemoinvasion (Fig. 8B) 

and wound migration (Fig. 8C). 

 

 

Discussion 

 

Cell-matrix attachment is thought to stimulate c-FLIP 

expression and apoptosis (Aoudjit et al., 2001), and ex-

pression of c-FLIP has been shown to correlate with tu-

mor progression and poor outcome (Bullani et al., 2001; 

Dolcet et al., 2005; Valente et al., 2006). Thus, it was rea-

sonable to suppose that c-FLIP influences adhesion and 

cell motility. We employed RNA interference to test this 

idea. As expected, a small interfering RNA directed 

against c-FLIP inhibited its own expression in HeLa cells, 

(Figs. 1A and 1B), but did not affect the growth rate of 

the HeLa cells (Fig. 1C), suggesting that downregulation 

of c-FLIP is not related to the proliferation of these cancer 

cells. Small interfering RNA against c-FLIP has been 

shown to sensitize thyroid cancer cells to CD95-induced 

apoptosis (Todaro et al., 2006), and selective knock down 

of c-FLIPL induced apoptosis mediated by a death recep-

tor (Sharp et al., 2005). However, using annexin V-FITC 

staining we found that downregulation of c-FLIP did not 

result in apoptosis of the HeLa cells (data not shown). 

Downregulation of c-FLIP expression by siRNA inhibited 

adhesion (Fig. 1D), migration (Fig. 1E), and the chemoin-

vasive potential of the HeLa cells (Fig. 1F). Overex-

pression of the long form of c-FLIP (c-FLIPL) increased 

adhesion (Fig. 2A) and motility (Fig. 2B) of the HeLa 

cells, and c-FLIPL also increased their invasiveness (Fig. 

2C). The c-FLIP variants have different effect on many 

cellular activities, including apoptosis (Burns et al., 2001), 

and we found that c-FLIPs did not affect adhesion (Fig. 

2F) or motility of these cells (Fig. 2G). 

Proteolytic degradation of extracellular matrix compo-

nents by MMPs is known to be associated with tumor cell 

migration (Reunanen et al., 2002; Westermarck et al., 

1999) and our data suggest that MMP-9 mediates c-

FLIPL-promoted cell motility. Overexpression of FAK has 

been reported to increase expression of MMP-9 (Lim et 

al., 2004) and we observed that downregulation of c-FLIP 
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Fig. 4. FRNK (2 μg), an inhibitory fragment of FAK, was cotransfected with c-FLIPL (2 μg). 48 h after transfection, chemoinvasion 

assays were carried out (A). FRNK (2 μg) was cotransfected with or without c-FLIPL (2 μg). 48 h after transfection, a Western blot 

analysis was carried out (B). FAK-CT denotes the c-terminal fragment of FAK (FRNK). To determine the effect of FAK on c-FLIP-

promoted adhesion and migration, c-FLIPL (2 µg), with or without FRNK (2 μg), was transfected into HeLa cells. 48 h after transfec-

tion, the cells were subjected to adhesion assays (C) and wound migration assays (D). 
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Fig. 5. ERK is necessary for c-FLIPL-promoted motility, and is activated by FAK. To determine the effect of ERK on c-FLIP-

promoted motility, HeLa cells were preincubated with or without PD980509 (20 μM) for 1 h. After the pretreatment, cells were trans-

fected with control vector (2 µg) or c-FLIPL vector (2 µg). Chemoinvasion assays were performed 48 h after transfection (A). adhesion 

assays (B) and wound migration assay (C) on the same cells. HeLa cells were transfected with FAK (2 µg) and Western blot analysis 

was carried out as described in Materials and Methods (D). To determine the effect of inhibition of ERK on expression of c-FLIP, cells 

were pretreated with PD98059 (20 µM) for 1 h, followed by transfection with control vector (2 µg) or c-FLIPL (2 µg) and Western blot 

analysis was carried out (E). 
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Fig. 6. Inhibition of ROCK suppresses c-FLIPL-promoted motility. HeLa cells were preicubated with or without Y27632 (20 μM) for 1 

h. After the pretreatment, cells were transfected with control vector (2 µg) or c-FLIPL vector (2 µg). After transfection, cell lysates 

were prepared and subjected to Western blot analysis (A). HeLa cells were pretreated with or without Y27632 (20 μM) for 1 h. After 

the pretreatment, the cells were transfected with control vector (2 µg) or c-FLIPL vector (2 µg), and chemoinvasion assays were car-

ried out (B). HeLa cells were pretreated with or without Y27632 (20 μM) for 1 h. After the pretreatment, cells were transfected with 

control vector (2 µg) or c-FLIPL vector (2 µg). 48 h after transfection, cells were subjected to adhesion assays (C). The same cells 

were subjected to wound migration assay (D). HeLa cells were with or without Y27632 (20 μM) or PD98059 (20 µM) for 1 h. After 

the pretreatment, cells were transfected with control vector (2 µg) or c-FLIPL vector (2 µg). 48 h after transfection, RT-PCR analysis 

was carried out (E). 

 

 

expression by the siRNA decreased phosphorylaton of 

FAK (Fig. 3A) and ERK (Fig. 3B), and overexpression of 

c-FLIPL had the opposite effect (Fig. 3C). These results 

suggest that FAK may be responsible for the induction of 

MMP-9 resulting from overexpression of c-FLIPL. The 

overexpression of c-FLIPs did not affect phosphorylation 

of FAK or ERK (Fig. 3D). Reportedly, c-FLIPL, but not c-

FLIPs, activates ERK (Park et al., 2001). These results 

indicate that c-FLIPL-promoted motility may require FAK 

and ERK. 

We also examined the role of FAK in cellular motility 

in relation to c-FLIPL. FAK is a tyrosine kinase found in 

focal adhesions. Upon integrin engagement, it is auto-

phosphorylated on Tyr397, and this creates a binding site 

for Src (Schlaepfer et al., 1998). Phosphorylation of Tyr397 

promotes the binding of a number of SH2-containing pro-

teins, including Src, PLCγ, Grb7, and PI3K (Han et al., 

1999; Reiske et al., 1999; Zhang et al., 1999). FAK has 

been shown to be a substrate of caspase-3 and exerts an 

anti-apoptotic effect (Chan et al., 1999; Gervais et al., 

1998; Sasaki et al., 2002; Sonoda et al., 2000). FAK-

deficient fibroblasts have motility defects (Brunton et al., 

2005), and restoration or overexpression of FAK report-

edly restores the motility defect (Cary et al., 1996). FAK 

has been shown to be required for bombesin-induced mo-

tility of prostate cancer cells (Lacoste et al., 2005) and the 

breast tumor cell invasion/migration processes that take 

place in the early phase of metastasis formation (van 

Nimwegen et al., 2005). Inhibition of FAK has been 

shown to disrupt p130 (Cas)-Src complex formation and 

cell motility (Hauck et al., 2001). Overexpression of 

FRNK, an inhibitor of FAK, has been shown to inhibit 

phosphorylation of ERK and decrease MMP-9 secretion 

(Hauck et al., 2001). 

Since inhibition of FAK has been shown to decrease 

phosphorylation of ERK (Brunton et al., 2001), we exam-

ined whether FAK would affect phosphorylation of ERK 

by c-FLIPL. FRNK, a C-terminal fragment of FAK, blocks 

v-Src-stimulated invasion and inhibits v-Src-stimulated 

ERK activation (Hauck et al., 2002). The reduced tyrosine 

phosphorylation of FAK is accompanied by inactivation 

of Src and ERK (Liao et al., 2005). Activation of FAK 

was shown to enhance motility via ERK1/2 signaling ac-

tivation (Sawai et al., 2005). Increased phosphorylation of 
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Fig. 7. MMP-9 mediates c-FLIPL-promoted cell motility. HeLa cells were transfected with non targeting control siRNA or c-FLIP 

siRNA. 48 h after transfection, RT-PCR analysis was carried out (A). HeLa cells were transfected with control vector or c-FLIPL vec-

tor. 48 h after transfection, RT-PCR analysis was carried out (B). The same as B except that Western blot analysis (upper panel) and 

gelatin zymography (lower panel) were carried out (C). HeLa cells were transiently transfected with 2 μg of MMP-9 promoter-

luciferase construct, or 2 µg of mutant MMP-9 promoter-luciferase construct, together with 0.6 µg of the pSV-β galactosidase vector. 

24 h after transfection, cells were transfected with control vector or c-FLIPL for 16 h and luciferase activity was measured and normal-

ized to the β-galactosidase activity. The promoter activity was expressed relative to that of the empty pGL3-Basic control vector after 

normalization to the co-transfected pSV-β galactosidase vector (D). HeLa cells were pretreated with or without Ilomastat (25 µM) for 

1h, then transfected with control vector or c-FLIPL. 48 h after transfection, cells were subjected to chemoinvasion assays (E).  
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Fig. 8. Identification of the c-FLIPL domain responsible for the enhanced cell motility. Various deletion constructs of c-FLIPL were 

made by PCR (A). HeLa cells were transiently transfected with these c-FLIPL constructs, 48 h after transfection, cells were subjected 

to chemoinvasion assays (B). HeLa cells were transfected with various constructs of c-FLIPL. 48 h after transfection, confluent cul-

tures of HeLa cells on uncoated or extracellular matrix-coated plates (fibronectin, or type IV collagen) were subjected to wound mi-

gration assays.
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FAKY925 promotes the MAPK pathway (Schlaepfer et al., 

1994). Our data (Fig 4) indicate that FAK is required for 

c-FLIPL-promoted motility. C-FLIP promotes NF-kB ac-

tivation and ERK signaling (Kataoka et al., 2000), and 

our observations suggest that ERK is a downstream target 

of c-FLIPL (Fig. 5). 

ROCK is critical for activation of FAK (Le Boeuf et al., 

2004; Sinnett-Smith et al., 2001) and expression of MMP-

9 (Turner et al., 2005). Inhibition of ROCK affects mor-

phology, motility, and invasion of astrocytoma cells via 

inhibition of Rac-1 (Salhia et al., 2005). Therefore, we 

examined the role of ROCK in the c-FLIPL-promoted 

motility. Our data indicate that ROCK plays a significant 

role in c-FLIPL-promoted motility and functions upstream 

of FAK and ERK. In order to define the domain necessary 

for the c-FLIPL-promoted cell motility, various deletion 

constructs of c-FLIPL were transfected into HeLa cells. A 

domain of c-FLIPL encompassing amino acid residues 

222-376 was found to be necessary for the c-FLIPL-

promoted cell motility (Figs. 8B and 8C). This result sug-

gests that the caspase-like domain is necessary for the c-

FLIPL-promoted cell motility. 

In summary, we found that downregulation of c-FLIP in-

hibits adhesion and motility, and decreases phosphorylation 

of FAK and ERK. Our results point to a new role of c-

FLIPL in motility; this calls for further study. 
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