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Abstract.

SU11274, a small molecule inhibitor of c-Met, was reported to induce apoptosis in

human non-small-cell lung cancer (NSCLC) cells. However, SU11274-mediated autophagy in
NSCLC cells has rarely been reported. The aim of this study was to elucidate the molecular mecha-
nisms mediating SU11274-induced autophagy in NSCLC A549 cells. Here we reported that
SU11274-induced autophagy was accompanied with an increase in the conversion of LC3-I to
LC3-1II and up-regulation of Beclin-1 expression. Subsequently, we also found that small interfer-
ing RNA against c-Met induced A549 cell autophagy while promotion of c-Met by hepatocyte
growth factor (HGF) suppressed A549 cell autophagy. Inhibition of autophagy by 3-methyladenine
(3-MA) suppressed SU11274-induced cell death, suggesting that SU11274-induced autophagy
caused cell death. Further study showed that ERK and p53 were activated after SU11274 treat-
ment. Interruption of ERK and p53 activities decreased SU11274-induced autophagy, and blocking
of ERK by the specific inhibitor PD98059 suppressed SU11274-induced p53 activation. Moreover,
ERK activation upregulated Beclin-1 expression through induction of Bcl-2 phosphorylation, but
p53 did not induce Bcl-2 phosphorylation. In conclusion, inhibition of c-Met induced autophagic
cell death, which was associated with ERK—p53 activation and ERK-mediated Bcl-2 phosphoryla-
tion in A549 cells.
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Introduction

NSCLC is one of the leading causes of death all over
the world (1). Hepatocyte growth factor (HGF), also
known as scatter factor (SF), is a pleiotropic growth fac-
tor (2). Higher level of HGF is associated with more ag-
gressive manifestation and a worse prognosis in NSCLC
(3) and small cell lung cancer (4). HGF receptor c-Met is
normally expressed by epithelial cells, and it has been
found to be overexpressed and amplified in a variety of
human tumor tissues (5), especially in NSCLC (6). It has
been established that abnormal HGF/c-Met signaling
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plays a critical role in the development and progression
of primary tumors and secondary metastases (7). Aber-
rant function of HGF receptor tyrosine kinase (RTK)
c-Met is abundant in numerous human cancers (8), which
makes this RTK system a highly attractive target in
cancer therapy. SU11274 is a prototypic anti-Met small
molecule, and it is an effective inhibitor of HGF-depen-
dent signaling. SU11274 abrogated HGF-induced phos-
phorylation of c-Met and it is downstream signaling, and
it is also a potential inhibitor of aberrant c-Met expres-
sion (9). Inhibition of the c-Met kinase activity by
SU11274 led to a time- and dose-dependent cell growth
retardation, G1 cell cycle arrest, and apoptosis (10).
Autophagy has multiple physiological functions in
multicellular organisms, including lysosome-dependent
protein degradation and organelle turnover (11). Other
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studies have pointed out that autophagy is also induced
in the processes of many anti-cancer therapies and is
considered to be a major tumor cell intrinsic resistance
mechanism. Thus, autophagy is essential in modulating
cell homeostasis, death, and survival. Beclin-1, a mam-
malian homologue of Atg 6, was known as a biological
marker of autophagy.

c-Met induces the activation of numerous transduction
cascades, especially PI3K/Akt and MAPKSs signaling
pathways (12). The ERK MAPK pathway is a typical
downstream signaling factor of c-Met. For many re-
searchers, another intriguing aspect of ERK is its poten-
tial roles in autophagic pathways (13). ERK has been
shown to induce autophagy in response to a number of
anti-tumor agents, such as soyasaponins in colon cancer
cells (14). Inhibition of ERK was associated with de-
crease in autophagy and increase in cellular sensitivity to
tumor necrosis factor-a (TNFa) in human breast cancer
MCF-7 cells (15). ERK was shown to promote TNFa-
induced autophagy in murine fibroblast L929 cells by
activating p53 (16). To evaluate the impact of c-Met in-
hibition by SU11274 and c-Met siRNA on downstream
pathways, the ERK-MAPK pathway was mainly exam-
ined in the present study.

Bcl-2, amongst other anti-apoptotic Bcl-2 family
members, forms a complex with Beclin-1 and thereby
abrogates autophagic signaling (17, 18). Upon starvation
or drug stimuli, Bcl-2 can be phosphorylated by some
upstream factors, for example, ERK, leading to release
of Beclin-1 and induction of autophagy (19, 20).

It is known that inhibition of c-Met by SU11274 in-
duces apoptosis in NSCLC cells, but whether SU11274
can induce autophagy in NSCLC cells is still unclear.
Thus, the mechanism of SU11274-induced autophagy in
A549 cells and the effect of c-Met inhibition by SU11274
and c-Met siRNA were investigated in the present
study.

Materials and Methods

Reagents

SU11274 [(3Z)-N-(3-chlorophenyl)-3-({3,5-dimethyl-
4-[(4-methylpiperazin-1-yl)carbonyl]-1H-pyrrol-2-yl}
methylene)-N-methyl-2-oxoindoline-5-sulfonamide] was
obtained from Sigma Chemical Co. (St. Louis, MO,
USA). Fetal bovine serum (FBS) was obtained from
TBD Biotechnology Development (Tianjin, China).
Monodansylcadaverine (MDC) and 3-methyladenine
(3-MA) were purchased from Sigma. HGF, the ERK
inhibitor PD98059, and the p53 inhibitor pifithrin-a
(PFT-a) were obtained from Calbiochem (La Jolla, CA,
USA). Polyclonal antibodies against c-Met, Beclin-1,
LC3, ERK, p-ERK, p53, p-p53, Bcl-2, p-Bcl-2, S-actin,

and horseradish peroxidase—conjugated secondary anti-
bodies were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Electrochemiluminescence
(ECL) was from Thermo Fisher Scientific (Rockford, IL,
USA).

Cell culture

The A549 cell line was obtained from American Type
Culture Collection (Manassas, VA, USA). The cells were
cultured in DMEM medium (Gibco, Gaithersburg, MD,
USA) supplemented with 10% fetal bovine serum (FBS),
0.03% vr-glutamine (Gibco, Grand Island, NY, USA),
100 U/ml penicillin and 100 ug/ml streptomycin and the
cells were maintained at 37°C in a humidified atmosphere
with 5% CO..

Cell growth inhibition assay

The inhibition of cell growth was measured by MTT
assay as described previously (21). Briefly, the cells were
dispensed in 96-well flat-bottom microtiter plates
(NUNC, Roskilde, Denmark) at a density of 1 x 10* cells
per well. After 24-h incubation, they were treated with
various concentrations of SU11274, and cultured for 24
h. Then, MTT (5 mg/ml) was added to each well for 3 h,
and the resulting crystals were dissolved in DMSO. Opti-
cal density was measured by MTT assay using a plate
microreader (Tecan Spectra, Wetzlar, Germany). The
percentage of cell growth inhibition was calculated as
follows:
Cell inhibitory ratio (%) = (A492 control — A492 sample)

/ (A492 control — A492 blank) x 100

Flowcytometric analysis of autophagy

A549 cells were dispensed in a 25-ml culture flask at
a density of 3 x 10° per flask. After 24 h incubation, they
were pre-treated with 3-MA, PD98059, or PFT-a for 1 h
and then co-incubated with 100 nM SU11274 for 24 h.
The cells were harvested by trypsin and rinsed with PBS.
Collected cells were suspended with 0.05 mM MDC at
37°C for 40 min. Then the samples were analyzed by
FACScan flowcytometer (Becton Dickinson, Franklin
Lakes, NJ, USA) (22).

The analysis of MDC staining

A549 cells were seeded in 24-well culture plates at a
density of 2.5 x 10* per well and cultured for 24 h. The
cells were treated with 100 nM SU11274 for 24 h and
then incubated with 0.05 mM MDC at 37°C for 20 min;
after staining, the fluorescent changes were observed by
fluorescence microscopy (Olympus, Tokyo) (23).

Autophagy assay
A549 cells (2.5 x 10*/well) were inoculated in 24-well
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culture plates overnight and then were transfected with 2
g of GFP-LC3 expression plasmid (Sigma) using lipo-
fectamine reagent (Invitrogen, Carlsbad, CA, USA) ac-
cording to the manufacturer’s instructions. After 24 h,
the cells were treated with 100 nM SU11274 at 37°C for
24 h, and then GFP-LC3 fluorescence was observed by
fluorescence microscopy. Characteristic punctate GFP-
LC3 signaling was considered to indicate that cells were
undergoing autophagy (24).

Western blot analysis

A549 cells (1 x 10°) were pretreated with various
concentrations of SU11274 or 3-MA, PD98059, or PFT-«a
1 h before 100 nM SU11274 treatment and then cultured
for 24 h. Both adherent and floating cells were collected
and lysed. Briefly, cell pellets were resuspended with
lysis buffer consisting of 50 mM Hepes (PH 7.4), 1%
Triton X-100, 2 mM sodium orthovanadate, 100 mM
sodium fluoride, 1 mM edetic acid, 1 mM PMSF, 10
mg/L aprotinin (Sigma), and 10 mg/L leupeptin (Sigma)
and lysed at 4°C for 1 h. After centrifugation at 12,000 x g
for 15 min, the protein content of the supernatant was
determined by the Bio-Rad DC protein assay kit (Bio-
Rad Laboratories, Hercules, CA, USA). Equivalent
amounts of total proteins were separated by SDS-PAGE
and transferred to a nitrocellulose membrane. Western
blot analyses were performed as described before (25).

SIRNA transfection

siRNAs against human c-Met and control siRNA were
purchased from Invitrogen. According to the manufac-
turer’s instructions, cells were transfected with siRNAs
at a final concentration of 30 nM using Lipofectamine
2000 (Invitrogen). The transfected cells were used for
subsequent experiments 24 h later (26).

Statistical analysis

All results and data were confirmed in at least three
separate experiments. Data are expressed as means = S.D.
The data were analyzed by ANOVA using Statistics
Package for Social Science (SPSS) software (version
13.0; SPSS, Chicago, IL, USA), and the post-hoc test
was employed to assess the statistical significance of the
difference between the control and treated groups. P-
values of <0.05 were considered statistically signifi-
cant.

Results

SU11274 time- and dose-dependently induced autophagy
in A549 cells

As shown in Fig. 1A, SU11274 inhibited A549 cell
growth in a dose-dependent manner. To confirm whether

SU11274-treatment could induce autophagy, the cells
were treated with SU11274 ranging from 100 to 800 nM
for 24 h, and the ratio of MDC-positive cells was deter-
mined by flowcytometry. SU11274 exerted an autophagy-
inducing effect on A549 cells from 100 to 800 nM (Fig.
1B, n=3). SU11274 at 100 nM showed a marked up-
regulation of autophagyic ratio, so 100 nM was chosen
as the tested concentration in this study. SU11274 treat-
ment increased the autophagic ratio in a time-dependent
manner (Fig. 1C, n=3). We then examined the expres-
sion of autophagic markers, Beclin-1 and MAP-LC3.
SU11274-treatment enhanced the level of Beclin-1 and
the conversion of LC3-I to LC3-II in a time- and dose-
dependent manner (Fig. 1D, E, n = 3). We further aimed
to determine whether c-Met was involved in SU11274-
induced autophagy. Accordingly, we treated A549 cells
with c-Met small interfering RNA (siRNA), and the au-
tophagic ratio was measured by flowcytometry. As
shown in Fig. 1F, the percentage of MDC-positive cells
was increased after transfection with c-Met siRNA.
Meanwhile, HGF-treatment markedly decreased
SU11274-induced autophagy (Fig. 1G). These results
demonstrate that inhibition of c-Met by both the chemi-
cal inhibitor SU11274 and c-Met siRNA could induce
autophagy in NSCLC A549 cells.

Inhibition of autophagy decreased SU11274-induced cell
death in A549 cells

To further detect SU11274-induced A549 cell au-
tophagy, the morphologic changes were examined by
MDC staining. As shown in Fig. 2Aa, intense punctate
MDC fluorescence was observed in SU11274-treated
cells, and 3-MA reduced the number of MDC-labeled
fluorescent particles. In addition, SU11274-induced au-
tophagy was also examined by transient transfection of
cells with an expression plasmid containing GFP-LC3.
Recruitment of LC3-II to the autophagosomes is charac-
terized by the punctate pattern of its localization. The
vehicle-treated control cells exhibited diffused and weak
LC3-associated green fluorescence. However, the cells
treated with SU11274 for 24 h showed a characteristic
punctate pattern of LC3, while this process was reversed
by 3-MA (Fig. 2ADb). The result of flowcytometric analy-
sis also confirmed that the autophagic ratio was decreased
by 3-MA (Fig. 2B, n=3). Then the expression of
Beclin-1 and the conversion of LC3-I to LC3-II were
suppressed by 3-MA (Fig. 2C, n = 3). Further, compared
with the SU11274 alone—treated group, 3-MA-pretreat-
ment decreased SU11274-induced cytotoxicity (Fig. 2D,
n=3). These results further confirmed that SU11274
induced autophagy in A549 cells, and the inhibition of
autophagy contributed to down-regulation of cell death.
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Fig. 1. SU11274 induced autophagy in A549 cells. A: The cells were treated with SU11274 at various doses for 24 h and the cell

growth inhibition was measured by MTT assay. B: The autophagic ratio was examined by flowcytometric analysis. C: The cells
were treated with 100 nM SU11274 for the indicated time periods. The autophagic ratio was measured by flowcytometric analysis.
The data are presented as the mean = S.E.M. of the results for three independent experiments. *P < 0.05, **P < 0.01 vs. control
group. D and E: The cells were treated with 0, 100, 200, 400, or 800 nM SU11274 for 24 h (D) or incubated with 100 nM SU11274
for 0, 6, 12, 24, or 36 h (E); and the levels of Beclin-1 and MAP-LC3 were detected by western blot analysis. f-Actin was used as
an equal loading control. F: The cells were transfected with c-Met or control siRNA for 24 h, and the c-Met level was examined
by western blot analysis (upper panel). The cells were transfected with c-Met or control siRNA for 24 h, and the autophagic ratio
was examined by flowcytometric analysis (n = 3) (lower panel). Values are expressed as the mean + S.D. **P < 0.01 vs. control
group. G: The cells were treated with 100 nM SU11274 in the presence or absence of 0.5 ng/ml HGF for 24 h, and the autophagic
ratio was measured by flowcytometric analysis. Values are expressed as the mean + S.D. ¥*P < (.05 vs. SU11274 group.

36

SUI11274 induced ERK-p53 activation in the progression
of autophagy

To investigate the effects of SU11274 on p53 accumu-
lation and ERK activation, the levels of p53 and ERK
expression were examined by western blot analysis. The
expression of ERK and p53 significantly decreased after
SU11274-treatment, but the levels of phosphorylation of
ERK and p53 were markedly elevated in a time-dependent

manner (Fig. 3A, n = 3). Transfected A549 cells with c-
Met siRNA promoted phosphorylation of ERK and p53,
and inhibited the expression of ERK and p53 (Fig. 3B).
The above findings showed that ERK and p53 were acti-
vated during SU11274-induced A549 cell autophagy. To
investigate the role of ERK and p53 in SU11274-induced
autophagic cell death, the cells were pre-treated with the
ERK inhibitor PD98059 or p53 inhibitor PFT-a for 1 h,
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and SU11274-induced cell cytotoxicity was measured.
As shown in Fig. 3C, these inhibitors decreased
SU11274-induced cytotoxicity; meanwhile, the au-
tophagic ratio was reduced by PD98059 or PFT-a (Fig.
3D). Next, the level of autophagy-associated Beclin-1
and LC3 were also assessed by western blot analysis. As
shown in Fig. 3E, the level of Beclin-1 and conversion of
LC3-1to LC3-II both decreased after PD98059 or PFT-a
administration. Inhibition of ERK by using PD98059
could decrease p53 levels, but suppression of p53 by
using PFT-a failed to alter ERK levels. These results
indicated that ERK existed in the upstream of p53 (Fig.
3F, n=3). P53 was a positive regulator of autophagy,
and SU11274-induced ERK activation might contribute
to p53’s function.

SU11274 group.

ERK but not p53 activation upregulated Beclin-1 expres-
sion and induced Bcl-2 phosphorylation

The ERK signaling pathway was reported to regulate
Bcl-2 expression or its phosphorylation to control the
cell fate (27). A current model suggests that Bcl-2 con-
stitutively interacts with Beclin-1 and prevents Beclin-1
from initiating autophagy (28). To explore the involve-
ment of ERK activation in the modulation of Bcl-2, ERK
inhibitor was used to co-treat the cells with SU11274 for
24 h, and the levels of Bcl-2 and p-Bcl-2 were examined
by western blot analysis. As shown in Fig. 4A, phospho-
rylation of Bcl-2 was markedly increased, while the
expression of Bcl-2 was suppressed after SU11274 ad-
ministration. However, treatment with the ERK inhibitor
PD98059 obviously reversed the above-mentioned phe-



428

Y Liu et al

A SU11274 (100 nM)

0 6 12 24 36 (h) B Con Control-siRNA c-Met siRNA

eric 1 D D S | ok pERK [ o— — | 4400
S Y- Y ¥ ¥ 3
P 44 kDa p-p53 | P — -—-| 53 kDa

- E—— | m——
ps3 | 53 kba p-actin | epm—  eE—— w——| 46 kD2

p-pS3 | ---—-—-..-—.| 53 kDa

B-actin |— e — __1 46 kDa

C
50 D
Q ST
S g
g * : Z 30t
= 30r 3 *k
- 2 e
- - 20 -
S 20 =
2 H
2
o— 10 L U 10 -
= 2
0 L L = 0
con SU SU+PD SU+PFT-a. con SU SU+PD  SU+PFT-o PD PFT-o
E SU11274
Con +PD +PFT-a
Beclin-1 | - | 60 kDa
LC3-1 18 kDa
LC3-11 16 kDa
p-actin | | 46kDa
F SU11274
Con +PD +PFT-a
-
ercy | G Sy, T, | sas20n
PRRENE _ S—— - - 53 kDa

p-actin_ | GEE—— - eI wmmm—e| 46 kDa

300 300

200

200

100 100

Densitometrical quantitation of ERK
Densitometrical quantitation of p53

dirr ot
su - + + + su - + + +
PD - - + - PD - - + -
PFT - - - + PFT - - +

Fig. 3. ERK-—p53 signal mediated SU11274-induced autophagy in A549 cells. A: The cells were treated with 100 nM SU11274
for the indicated time periods; and the levels of ERK, p-ERK, p53, and p-p53 were detected by western blot analysis. B: The cells
were transfected with c-Met or control siRNA for 24 h and the levels of p-ERK and p-p53 were examined by western blot analysis.
C: The cells were incubated with or without 5 uM ERK inhibitor (PD98059) or 20 uM p53 inhibitor (PFT-a) for 1 h before 100
nM SU11274 administration. After 24 h, the inhibitory ratio was measured by MTT assay. The data are presented as the
mean = S.E.M. of the results for three independent experiments. *P < 0.05 vs. SU11274 group. D: Autophagic ratio was measured
by flowcytometric analysis. The data are presented as the mean + S.E.M. of the results for three independent experiments.
**P <0.01 vs. SU11274 group. E: Protein levels of Beclin-1 and MAP-LC3 were detected by western blot analysis. F: The cells
were pretreated with or without 5 xM PD98059 or 20 uM PFT-a for 1 h before 100 nM SU11274 administration; then the protein
levels of p53 and ERK were detected by western blot analysis (upper panel), and the density of ERK or p53 in each group was
detected through Bandscan 5.0 software (Glyko, Novato, CA, USA) (lower panel). **P < 0.01 vs. SU11274 group.
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Fig. 4. Effects of ERK or p53 inhibitor on the expressions of Bcl-2
and p-Bcl-2 in A549 cells. A: The cells were incubated with or with-
out 5 uM PD98059 for 1 h followed by 100 nM SU11274 administra-
tion, and the expression of Bel-2 and p-Bcl-2 were detected by western
blot analysis, with f-actin used as an equal loading control. B: The
cells were transfected with c-Met or control siRNA for 24 h, and then
the levels of Bcl-2 and p-Bcl-2 were examined by western blot analy-
sis. C: The cells were treated with or without 20 uM PFT-« for 1 h
followed by 100 nM SU11274 administration, and the expression of
Bcl-2 and p-Bcl-2 were detected by western blot analysis. f-Actin
was used as an equal loading control. D: Suggested molecular mecha-
nisms by which SU11274 induces A549 cell autophagy. Up-arrow
represents the increased expression and down-arrow represents the
decreased expression.
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nomena, suggesting that ERK activation could repress
the binding of Beclin-1 to Bcl-2. Furthermore, we
knocked down the expression of c-Met by specific siRNA.

As shown in Fig. 4B, this treatment up-regulated phos-
phorylation of Bcl-2 and down-regulated the expression
of Bcl-2. To elucidate whether p53 played a role in regu-
lating Bcl-2 phosphorylation, PFT-a was used to suppress
pS53 activity. As shown in Fig. 4C, the expression of
Bcl-2 and p-Bcel-2 were not conspicuously changed by
PFT-a administration, indicating that p53 did not medi-
ate the regulation of Bcl-2. Therefore, we confirmed that
activated ERK augmented Beclin-1 release through Bcl-2
phosphorylation. However, activation of p53 failed to
alter Bcl-2 activity.

To summarize all the aforementioned results: suppres-
sion of c-Met by SU11274 treatment triggered autophagy
in A549 cells, which was mediated by activation of p53
under regulation of ERK. Moreover, the activated ERK
also down-regulated the binding of Beclin-1 and Bcl-2
by promoting Bcl-2 phosphorylation and then evoked
autophagy. This promoted autophagy augmented
SU11274-induced cell death (Fig. 4D).

Discussion

In small cell lung cancer (SCLC) and NSCLC cells,
c-Met was found to be overexpressed (29). Ichimura
et al. reported that c-Met was overexpressed in all 11
NSCLC cell lines, 34 of 47 adenocarcinomas and 20 of
52 squamous cell carcinomas in their study (30). Sieg-
fried et al. showed that the expression of c-Met was
two- to ten-fold higher than in adjacent normal lung tis-
sue in 25% of NSCLC tumors (31). In lung carcinoma,
c-Met was expressed in 47% of tumor tissues and signifi-
cantly correlated with survival in a univariate analysis
(32). This notion suggests a key role for potential c-Met
inhibitors in cancer therapy. Indeed, various anti-c-Met
approaches, including several small molecules, are cur-
rently in clinical trials (33). PF-2341066 was identified
as a potent and ATP-competitive inhibitor of the catalytic
activity of c-Met kinase. It inhibited human GTL-16
gastric carcinoma cell growth and induced apoptosis. It
also inhibited human NCI-H441 NSCLC cell prolifera-
tion and migration (34). PHA665752, a selective small
molecule c-Met inhibitor and an effective inhibitor of
phosphorylation on c-Met, specifically inhibited cell
growth, induced apoptosis, and caused cell cycle arrest
in H441 NSCLC cells and BxPC-3 pancreatic carcinoma
cells (35). Recent studies demonstrate that SU11274 is
also an effective inhibitor of both HGF-dependent and
independent signaling (36). Inhibition of c-Met kinase
activity reduced cell growth, induced G1 cell cycle arrest
or apoptosis and inhibited c-Met-dependent signaling.
The identification of SU11274 as an effective inhibitor
of c-Met tyrosine kinase activity illustrates the potential
therapeutic use of targeting c-Met in cancers associated
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with activated forms of this kinase.

The transduction of signaling and subsequent biologi-
cal effects of c-Met has been shown to be important in
the epithelial-mesenchymal transition and regulation of
cell migration, invasion, cell proliferation, and survival
(37). Binding of HGF to the c-Met extracellular ligand-
binding domain results in receptor multimerization and
phosphorylation of multiple tyrosine residues at the in-
tracellular region. Tyrosine phosphorylation at the c-Met
juxtamembrane, catalytic, and cytoplasmic tail domains
regulates the internalization, catalytic activity, and dock-
ing of regulatory substrates, respectively (38). Activation
of c-Met results in the binding and phosphorylation of
adaptor proteins such as Gab-1, Grb2, and Shc and sub-
sequent activation of signal transducers such as PI3K,
PLC-y, STATs, ERK 1/2, and FAK (39).

MAPKSs are a family of serine/threonine protein ki-
nases that are activated by mitogens or stress conditions,
and MAPKSs play an essential role in a diverse array of
cellular functions, including cell growth, differentiation,
apoptosis, and autophagy (40). One common effect ob-
served is the inhibition of constitutive or HGF-stimulated
ERK phosphorylation in each cell line. The activation of
ERK through the Grb2-SOS—Ras cascade has been
linked with uncontrolled cell proliferation (41). Recent
studies suggest that ERK regulates the maturation of
autophagic vacuoles. ERK is associated with the forma-
tion of large cytoplasmic vacuoles (42). ERK is reported
here to be activated in response to SU11274 for the in-
duction of autophagy. So contradicting results have been
reported in these findings, since the activation of the
ERK cascade is originally associated with proliferation,
differentiation, and survival of the cells. The ERK path-
way is predominantly activated through a Ras-dependent
mechanism and required for cell proliferation and sur-
vival. In this study, inhibition of ERK with PD98058
inhibited SU11274-induced autophagy, indicating that
ERK mediated this process. All the results indicated that
ERK was activated by a signal different from the Ras/
Raf pathway, and the activated ERK could mediate
SU11274-induced autophagy. Further, we demonstrated
that SU11274-induced ERK activation contributed to
p53 activation, which subsequently induced autophagy
in A549 cells.

In a sense, the ERK signal provides a protective path-
way by which some growth factors (such as HGF) prevent
cell death, and this promotion of cell survival goes
through several mechanisms including the regulation of
anti-apoptotic Bcl-2 family members (43). Recent work
has also demonstrated that ERK promotes apoptosis and
cell death in response to certain chemotherapeutic agents,
and this effect is partially due to the increased phospho-
rylation of Bcl-2 (44), Moreover, decrease in the binding

of Beclin-1 to Bcl-2 promoted autophagy (45). Hence,
our findings, together with these results, supported the
notion that ERK is controversial in the regulation of au-
tophagy. It has been reported that during starvation and
drug stimuli, Bcl-2 becomes phosphorylated, and the
expression of Bcl-2 is suppressed by phosphorylation of
Bcl-2, and then causes its dissociation from Beclin-1,
resulting in induction of autophagy. We have reported
here that both p53 and ERK are activated by SU11274 in
a time dependent manner. It might be that ERK or p53
becomes phosphorylated, and the expression of ERK or
pS3 is suppressed by phosphorylation of ERK or p53.
SU11274 decreased the expressions of ERK, p53, and
Bcl-2 in a similar mechanism, and the present study
demonstrated that activation of ERK and p53 is important
for SU11274-induced autophagy in A549 cells. Then,
ERK increases phosphorylation of Bcl-2 but decreases
the expression of Bcl-2. All those results indicate that
ERK is activated by SU11274, and the activated ERK
could mediate SU11274-induced autophagy.

LC3 is now widely used to monitor autophagy (46).
Beclin-1, another powerful tool to detect autophagy,
promotes autophagy associated with inhibition of cellular
proliferation and tumorigenesis (47). In this study,
SU11274-induced autophagy was manifested by in-
creased conversion of LC3-I to LC3-II and Beclin-1 ex-
pression. Meanwhile, we found that SU11274 increased
Beclin-1 activation partially attributed to promoting the
phosphorylation of Bcl-2 by activated ERK and then
augmented autophagy in A549 cells.

In general, SU11274’s suppressive effect on c-Met
expression facilitated ERK and p53 activation and sub-
sequently induced autophagy; meanwhile, activated ERK
promoted Beclin-1 release through phosphorylation of
Bcl-2. These findings provide new information of a sig-
naling pathway among HGF/c-Met, ERK-—p53, and
ERK-Bcl-2 in the regulation of the autophagic process,
and the promotion of autophagy might shed light on how
to increase tumor cell sensitivity to SU11274 in the clini-
cal treatment of lung cancer.
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