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Abstract. The molecular and cellular mechanism of the
development of pancreatic cancer is under constant and
intensive study, and yet the cure is still out of reach. While
surgical treatment is optional, conventional chemotherapy or
chemo-radiotherapy remains the best choice. Among others,
paclitaxel is proven to be a popular and, to a certain extent,
effective chemotherapy agent. We proposed that the
combination of paclitaxel and membrane permeable
ceramide would enhance the fatality of cancer cells, and
reported that the combination increased cell death of both
head and neck and leukemic cancer cells. In this study, we
treated pancreatic cancer cells (L3.6 cells) with paclitaxel and
ceramide at the concentrations of clinical relevance, and
treatment was then followed up with an investigation of the
molecular mechanism of the synergism of paclitaxel and
ceramide. The results of Western blot analysis indicated that
the combo synergistically induced ERK and JNK
phosphorylation, but not p38 and Akt phosphorylation. We
also found that the combination (combo) induced EGFR
phosphorylation in a synergistic manner. Furthermore, we
observed that paclitaxel, ceramide, or combo-induced EGFR
phosphorylation was inhibited by EGFR inhibitor, PD153035,
while paclitaxel, ceramide, or combo-induced JNK and ERK
phosphorylation was blocked by EGFR inhibitor, PD153035
and ERK inhibitor, U126. Taken together, our results
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demonstrated that the combination of paclitaxel and ceramide
synergistically induced pancreatic cancer cell death through
differential activation of EGFR-mediated MAP kinases. EGFR
and ERK inhibitors may further enhance the paclitaxel and
ceramide effect.

Introduction

With its mortality rate close to 100%, pancreatic cancer has
recently gained an unprecedented amount of attention. In the
United States it is the fourth most frequent cause of cancer
mortality and in Japan it ranks as the fifth most common cause
of death from cancer (1,2). Pancreatic cancer remains a
challenging disease with poor prognosis mainly due to the
advanced stage of the disease by the time of presentation,
the early systemic dissemination, and its extraordinary local
tumor progression (3). Surgery has little to offer in the
improvement of the curative percentage of disease. Some
progress has been made, however, in the medical management
of pancreatic cancer with the introduction and use of new
chemical agents in addition to combined chemotherapy and
chemoradiotherapy. Various strategies of gene therapy, anti-
angiogenic treatments, immunotherapy, and signal-transduction
inhibition are also in preclinical development (4).

Pancreatic carcinogenesis is driven by multiple genetic and
epigenetic changes. Cellular signaling research has unraveled
various targets that could be intervened in vitro and in vivo. The
epidermal growth factor receptor (EGFR) and its downstream
signaling pathways, Ras-Raf-MEK-ERK axis, knowingly
play important roles in pancreatic cancer development. The
phosphoinositol 3 kinase (PI3K)/Akt and the nuclear factor
kappa B (NF-kB) pathways control both the proliferation
of and the resistance to the apoptosis of pancreatic cancer.
The role of cyclooxygenase (COX) and lipoxygenase (LOX)
in the development of pancreatic cancer has recently been
revealed. The elucidation of these molecular events has led to
several distinct therapeutic advances, including therapies that
target EGFR, the Ras-Raf-MEK-ERK axis, and the COX-2
and LOX pathways, among others. Many novel agents have
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been developed and are undergoing clinical investigation,
such as monoclonal antibodies against EGFR, tyrosine kinase
inhibitors, farnesyl transferase inhibitors, Bay43-9006, CI-1040,
CCI-779, celecoxib, and LY293111 (5). Matrix metallo-
proteinase inhibitors, farnesyl transferase inhibitors, epidermal
growth factor receptor inhibitors, including monoclonal anti-
bodies and tyrosine kinase inhibitors, cyclooxygenase-2
inhibitors, Cyclooxygenase (COX)-2 inhibitor, and trypsin
inhibitor have all been found to inhibit both the initiation
and post-initiation phases of pancreatic carcinogenesis in rat
models (6) as well as other models (7).

While signal transduction research ushered a new promise
for treatment, many questions remain unresolved. The speci-
ficity of the inhibitors remains an issue of hot debate. Conven-
tional chemotherapy still retains its utilization. Paclitaxel,
one of the chemotherapeutic agents used in the treatment of
recalcitrant ovarian and breast cancers, as well as other neo-
plasms, is being used for the treatment of pancreatic cancer.
While the mechanism of combinatory chemotherapy continues
to be elucidated, the beneficial effect of such practice is
observed in clinics. We previously hypothesized that the lipid
second messenger, ceramide, and microtubule-directed chemo-
therapeutic agents may engage in converging pathways as a
means of inducing apoptosis. Our studies demonstrated that
simultaneous treatment of human leukemic cells and head and
neck squamous carcinoma cell line with paclitaxel and ceramide
enhanced paclitaxel-induced cell growth inhibition (8.9).

In this study, we used paclitaxel, ceramide, and a combi-
nation to treat pancreatic cancer cells and found that as
previously reported in other cancer cell types, paclitaxel and
ceramide synergistically induced cell death.

Materials and methods

Cell culture. 1.3.6 cells, a pancreatic cancer cell line, obtained
from M.D. Anderson Cancer Center in Houston, were
maintained in a Dulbecco's modified Eagle's medium (DMEM)
(Sigma) supplemented with a 10% fetal bovine serum
(Hyclone), penicillin/streptomycin (1:100, Sigma), and 4 mM
L-glutamine in a humid atmosphere incubator with 5% CO,
at 37°C. Cells were reseeded twice a week at a density of
0.2x10° cells/ml with fresh complete culture medium. Unless
otherwise indicated, cultures were grown to 70-80% confluence
and then serum-starve overnight in serum-free DMEM medium
prior to treatment. When inhibitors were used, cells were
pretreated for 2 h prior to stimulation with the indicated
concentration of inhibitor, which remained in the medium for
the duration of the experiment.

Reagents. Paclitaxel, ceramide, and anti-B-actin were from
Sigma. Human EGF was from BD Bioscience. Anti-phospho-
EGFR (Tyr1068), phospho-p44/42 MAP kinase, phospho-
SAPK/INK (Thr183/Tyr185), phospho-p38 MAPK (Thr180/
Tyr182), phospho-Akt (Ser473), p44/42 MAP kinase, SAPK/
JNK, p38 MAP kinase and Akt antibody were from Cell
Signaling. Anti-EGFR (1005), goat anti-rabbit [gG-HRP, and
goat anti-mouse [gG-HRP antibody, and protein A/G plus-
agarose (sc-2003) were from Santa Cruz Biotechnology. Anti-
survivin antibody was from Novus Biologicals. PD153035,
U126, and JNK inhibitor I were from Calbiochem.
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Treatment. EGF, paclitaxel, and ceramide solutions were
diluted in DMEM medium without serum to final concen-
trations of 100 ng/ml, 6 pxg/ml and 5 pg/ml, respectively. In
the time-dependent experiments, L3.6 cells were treated
with 100 ng/ml of EGF, 6 ug/ml of paclitaxel, 5 yg/ml of
ceramide, or their combination, and harvested at 5, 15, 30,
60, and 120 min after treatment. In experiments for exploration
of signaling pathways, L.3.6 cells were treated with 6 yg/ml
of paclitaxel, 5 ug/ml of ceramide, or their combination in
the presence and absence of PD153035 (20 M), JNK inhibitor
125 uM), and U126 (25 M) for 30 min. Cell morphological
changes were microscopically photographed at 12 h post
treatment. Survivin expression was analyzed by Western
blotting described below at 12 h post treatment.

Western blot analysis. As described previously (10,11), cells
with and without treatment were washed with cold PBS and
harvested by scraping into 0.2 ml RIPA buffer containing
50 mM Tris-HCI (pH 7.4), 150 mM NaCl, 1% NP40, 1 mM
EDTA, 0.25% Sodium Deoxycholate, ]| mM NaF, 10 uM
Na;VO,, | mM phenylmethylsulfonyl fluoride, and protease
inhibitor cocktail (10 pg/ml leupeptin, 10 pg/ml aprotinin,
and 1 uM pepstatin). Cell lysates were incubated on ice for
30 min. After centrifugation at 14,000 rpm for 10 min, protein
concentrations were determined by Bradford assay (Bio-Rad,
Hercules, CA). Proteins (50 ug) were denatured in 2X SDS-
PAGE sample buffer for 5 min at 95°C. The proteins were
separated by 12%, 10%, or 7.5% SDS-PAGE and electro-
transferred to Immobilon-P membrane (Millipore, Bedford,
MA) for 2 h at 4°C. Non-specific binding was blocked with
10% dry milk in TBST (20 mM Tris-HCl, pH 7.4, 137 mM
NaCl, 0.01% Tween-20) for 1 h at room temperature. With
constant shaking, the membranes were incubated in primary
antibodies in dilution buffer (2% BSA in TBST) overnight at
4°C. After washing with TBST three times, the membranes
were incubated in secondary antibodies at room temperature
for 1 h with constant shaking. The expression of targeted
proteins was detected by ECL kit (Amersham Biosciences)
following manufacturer's instructions and visualized by auto-
radiography with Hyperfilm.

Immunoprecipitation. As described previously (12), cell
lysate preparation was performed as described above. Cell
lysates were cleared by centrifugation at 14,000 rpm for 10 min.
Proteins in the lysate supernatants were immunoprecipitated
by overnight incubation with anti-EGFR antibodies at 4°C,
followed by 40 ul of protein A/G plus-agarose beads for 2 h.
Immunoprecipitates were washed three times with 500 pl
of RIPA buffer. Then immune complexes were released by
incubation in 2X SDS-PAGE sample buffer at 95°C and
were subjected to SDS-PAGE on 4-20% gels and subsequent
immunoblot analysis.

Results

Paclitaxel and ceramide synergistically induced cell death in
human L3.6 pancreatic cancer cells. Our previous studies
have shown that combination of paclitaxel and ceramide
synergistically induced cell death in leukemic and head and
neck cancer cells (8). We propose that this synergistic effect
occurs in pancreatic cancer cells as well. In this study, we
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Figure 1. Paclitaxel and ceramide synergistically induced cell death in
human L3.6 pancreatic cancer cells. L3.6 cells were cultured in 6-well plates,
and treated with paclitaxel (6 pg/ml), ceramide (5 yg/ml) or combo with or
without serum starvation. Cell densities and morphologies were photographed
at 12 h post treatment. The quantitative results are shown as a histogram.
Each bar is the mean + SD from six independent microscopic fields of a
representative experiment.

first examined whether paclitaxel and ceramide have
synergistic effect on cell death. L3.6 cells were cultured in
6-well plates, and treated with paclitaxel (6 xg/ml), ceramide
(5 pg/ml), or a combo with or without serum starvation.
Microscopic data after 12 h of treatment indicated that
while paclitaxel or ceramide alone induced cell death, a
paclitaxel and ceramide combo had a synergistic effect on
cell death in human L3.6 cells (Fig. 1).

Paclitaxel and ceramide synergistically induced ERK and
JNK but not p38 and Akt activation in human L3.6 cells. It
has been shown that paclitaxel and ceramide induce cell death
through various pathways (13-17). Existing data indicate that
the mitogen-activated protein (MAP) kinase pathway is related
to drug-induced cell death (18). In order to further under-
stand the mechanism of the synergism, namely, the pathways
associated with the cell death, we then examined whether
paclitaxel and ceramide differentially activate MAP kinases
in human L3.6 cells. Cells were deprived of serum overnight
and treated with paclitaxel (6 pg/ml), ceramide (5 ug/ml),
or a combination. Cell lysates were collected at 30, 60, and
120 min post treatment. Western blot analysis indicated
that paclitaxel and ceramide remarkably induced ERK and
JNK activation, while only marginally inducing p38 and Akt
activation (Fig. 2). Paclitaxel-induced ERK and JNK activation
peaked at 60 min and the activities returned to basal level
within 120 min of treatment. Ceramide-induced ERK and
JNK activation peaked at 30 min and the activities returned
to basal level within 120 min. The combination of paclitaxel
and ceramide showed the strongest activation of both ERK
and JNK at 30 min post treatment. As expected, total INK,
ERK, p38, and Akt remained unchanged over the course of
drug treatment.

Paclitaxel and ceramide synergistically induced phospho-
rylation of EGFR in human L3.6 cells. Growth factor receptors
are activated through autophosphorylation upon ligand binding.
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Figure 2. Paclitaxel and ceramide synergistically induced ERK and JNK but
not p38 and AKT activation in human L3.6 cells. Cells were deprived of
serum overnight and treated with 6 gz g/ml of paclitaxel, 5 yg/ml of ceramide,
or combo. Cell lysates were collected at 30, 60 and 120 min post treatment.
JNK, ERK1/2, P38, and AKT phosphorylation were analyzed by Western
blotting.

The downstream MAP kinases are subsequently activated.
To determine whether Paclitaxel and ceramide-induced MAP
kinase activation are due to the activation of EGFR, human
L3.6 cells were cultured and deprived of serum overnight.
The cells were then treated with paclitaxel (6 ¢ g/ml), ceramide
(5 ug/ml), or combo and harvested at certain time-points
for further analysis. Western blot analysis using antibody
recognizing phopsho-EGFR indicated that paclitaxel induced
EGFR tyrosine phosphorylation in a time-dependent manner.
The phosphorylation started 30 min post treatment, and the
activity peaked at 60 min and then returned to basal level
within 120 min. Likewise, ceramide induced EGFR activation
in a time-dependent manner, the activity peaked at 30 min
and then returned to basal level within 120 min. Interestingly,
the combination of paclitaxel and ceramide induced EGFR
phosphorylation in a synergistic manner. The phosphorylation
started at 30 min, peaked at 60 min, and then returned to
basal level within 120 min (Fig. 3B). As predicted, EGF
(100 ng/ml) itself induced EGFR phosphorylation in a time-
dependent manner. The phosphorylation started earlier, peaked
at 5 min, and then returned to basal level within 120 min
(Fig. 3A). Meanwhile, we detected the effect of EGFR inhibitor
on paclitaxel, ceramide, or combo-induced EGFR signaling.
Human L3.6 cells were pretreated with EGFR inhibitor,
PD153035 (20 uM) for 2 h, and then treated with paclitaxel
(6 ug/ml), ceramide (5 ug/ml), or combo for 30 min. As shown
in Fig. 3C, pretreatment of PD153035 inhibited paclitaxel,
ceramide, or combo-induced EGFR phosphorylation. In all
experiments, as expected, total EGFR remained unaltered.

EGFR and ERK inhibitor blocked ERK and JNK activation
induced by paclitaxel, ceramide, or combo in human L3.6
cells. The above data indicated that PD153035 dramatically
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Figuer 3. Paclitaxel and ceramide synergistically induced phosphorylation of
EGFR in human L3.6 cells. Human L3.6 cells were deprived of serum
overnight and treated with 100 ng/ml of EGF, and harvested at 5, 15, 30, 60,
and 120 min post treatment (A). Cells were deprived of serum overnight
and treated with 6 pg/ml of paclitaxel, 5 yg/ml of ceramide, or combo, and
harvested at 5, 15, 30, 60 and 120 min post treatment (B). Cells were
pretreated with 20 uM of PD153035 (PD1) for 2 h, and then treated with
paclitaxel (6 yg/ml), ceramide (5 pg/ml), or combo for 30 min (C). EGFR
phosphorylation was analyzed by Western blotting.

inhibited paclitaxel, ceramide, or combo-induced EGFR
phosphorylation. Next we examined whether EGFR inhibitor
inhibits paclitaxel, ceramide, or combo-induced downstream
ERK and JNK activation. Human L3.6 cells were pretreated
with EGRF inhibitor, PD153035 (20 yM) for 2 h, and were
then treated with paclitaxel, ceramide, or combo. Cells were
collected 30 min post treatment. Downstream component
ERK and JNK activation was also inhibited (Fig. 4A). We
further pretreated the L3.6 cells with JNK and ERK inhibitor,
JNKI (25 pM) and U126 (25 pM), and then exposed the cells
with paclitaxel, ceramide, or combo for 30 min. Western blot
analysis showed that JNK inhibitor did not inhibit paclitaxel,
ceramide, or combo-induced JNK and ERK activation, whereas
ERK inhibitor inhibited paclitaxel, ceramide, or combo-
induced JNK and ERK activation (Fig. 4B).

Paclitaxel and ceramide synergistically induced survivin
degradation in human L3.6 cells. Anti-apoptosis proteins
(IAPs) are important for establishing a balance of the number
of cells that undergo either apoptosis or survival. Survivin, as
a member of IAP family, is over-expressed in various types
of cancer (19). Targeting of survivin is becoming an option
for in vitro testing (20-23). A recent report that paclitaxel can
transiently induce the expression of survivin, in addition to
the possibility that it can protect paclitaxel-induced cell
death, further supports that notion that survivin should be
targeted for cancer treatment (24). We treated L3.6 cells with
or without serum, and then exposed the cells with paclitaxel,
ceramide, or combo for 12 h. Western blot analysis indicated
that the expression of survivin protein was low in serum-starved
cells. While paclitaxel or ceramide alone mildly induced
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Figure 4. EGFR and ERK inhibitor blocked ERK and JNK activation induced
by paclitaxel, ceramide, or combo in human L3.6 cells. Human L3.6 cells
were deprived of serum overnight and pretreated with 20 #M of PD153035
(PD1), and then exposed to 6 pug/ml of paclitaxel, 5 pg/ml of ceramide, or
combo for 30 min (A). Cells were pretreated with 25 M of JNKI or 25 yM
of U126 for 2 h, and then exposed to paclitaxel (6 yg/ml), ceramide (5 pg/ml),
or combo for 30 min (B). JNK and AKT phosphorylation were analyzed by
Western blotting.
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Figure 5. Paclitaxel and ceramide synergistically induced survivin degradation
in human L.3.6 cells. Human L3.6 cells were deprived of serum overnight or
cultured in DMEM with serum, and treated with 6 pg/ml of paclitaxel, 5 yg/ml
of ceramide, or combo alone or in combination with 25 yM of U126 for
12 h. Survivin expression was analyzed by Western blotting (insert). The
quantitative results are shown as a histogram. Each bar is the mean + SD
from three independent experiments.

survivin degradation, the combination of paclitaxel and
ceramide synergistically induced survivin degradation with
or without serum. Pretreatment with ERK inhibitor, U126
(25 uM), with or without serum starvation enhanced
paclitaxel, ceramide, or combo-induced survivin degradation
(Fig. 5).



SPANDIDOS A
PUBLICATIONS

ONCOLOGY REPORTS 16: 907-913, 2006

EGF (100 ng/ml)

min post treatment
Survivin

Band at MW of 170 KD

B -actin

B EGF (100 ng/ml)

15 30 &0

min post treatment
PY-20

IP: anti-EGFR T

Survivin

Figure 6. EGF induced survivin expression and survivin was physically
associated with EGFR in human L3.6 cells. Human L3.6 cells were deprived
of serum overnight and treated with 100 ng/ml of EGF, and harvested at
5, 15,30, 60, and 120 min post treatment. Survivin expression was analyzed
by Western blotting (A). Cells were exposed to 100 ng/ml of EGF and
harvested at 5, 15, 30, 60, and 120 min post treatment. Cell lysates were
incubated with the anti-EGFR antibody, and immune complexes were
precipitated, as described previously, and blotted with PY-20 antibody
directed against phosphotyrosine, and by antibodies directed against EGFR
and survivin (B).

EGF induced survivin expression and survivin was physically
associated with EGFR in human L3.6 cells. To further study
the role of EGFR in survivin expression and cell survival,
human L3.6 cells were deprived of serum for 12 h and were
subsequently treated with 100 ng/ml of EGF. The cells were
then harvested at 5, 15, 30, 60, and 120 min post treatment.
Western blot analysis indicated that EGF induced expression
of survivin in L3.6 cells. The survivin expression started at
15 min and the level of survivin remained elevated for several
hours (Fig. 6A). Interestingly, while anti-survivin antibody
was used to monitor survivin expression, a band was seen at
the molecular weight of 170 kDa at 15, 30, and 60 min. We
proposed that it is an EGFR band, and EGFR activation leads
to the physical association of EGFR with survivin, therefore
the anti-survivin antibody detects the EGFR-survivin complex.
To test this hypothesis, we treated cells with 100 ng/ml of
EGF and collected cell lysates at 5, 15, 30, 60, and 120 min
post treatment. Immunoprecipitation was performed with
anti-EGFR antibody. The immunoprecipitates were subjected
to SDS-PAGE and Western blot analysis by PY-20 antibody
directed against phosphotyrosine, as well as antibodies directed
against EGFR and survivin. The results showed that the
survivin band appeared 15 min post EGF treatment, and that
the signal peaked at 60 min and remained elevated for 2 h.
EGFR phosphorylation was also detectable in a time-dependent
manner (Fig. 6B).

EGFR or ERK inhibitor enhanced paclitaxel, ceramide, or
combo-induced cell death in human L3.6 cells. The above data
indicated that paclitaxel, ceramide, or combo differentially
induced ERK and JNK activation in human L3.6 cells.
Paclitaxel, ceramide, or combo-induced activation of ERK
and JNK is also mediated by EGFR signaling. Above data also
demonstrated that EGF induces survivin expression. Ceramide
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Figure 7. EGFR or ERK inhibitor enhanced paclitaxel, ceramide, or combo-
induced cell death in human L3.6 cells. Human L3.6 cells were deprived of
serum overnight, and treated with 6 pyg/ml of paclitaxel (T), 5 pg/ml of
ceramide (C), or combo (C+T) alone or in combination with 20 yM of
EGFR inhibitor, PD153035 (PD1) or 25 yM of ERK inhibitor, U126 for
12 h (A). Cells were cultured in DMEM with serum, and exposed to
paclitaxel (6 yg/ml), ceramide (5 yg/ml), or combo alone or in combination
with EGFR inhibitor, PD153035 (20 M) or ERK inhibitor, U126 (25 uM)
for 12 h (B). Cell densities and morphologies were photographed. The
quantitative results are shown as a histogram. Each bar is the mean + SD
from six independent microscopic fields of a representative experiment.

is an option to enhance the efficacy of paclitaxel. Could we
add EGFR or ERK inhibitor to the combo to further enhance
the efficacy of paclitaxel? We treated human L3.6 cells
with or without serum, and then exposed the cells with
paclitaxel (6 pg/ml), ceramide (5 pg/ml), or combo alone or
in combination with EGFR inhibitor, PD153035 (20 M), or
ERK inhibitor, U126 (25 uM) for 12 h. Microscopic data
indicated that the cell proliferation and survival rate caused
by the combination of inhibitors with paclitaxel, ceramide,
or combo was significantly reduced as compared with that
caused by paclitaxel, ceramide, or combo alone (Fig. 7).
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Discussion

It has been shown that both paclitaxel and ceramide enhance
cell growth inhibition and apoptotic cell death (25,26). Previous
data indicated that concurrent paclitaxel and radiation demon-
strate locoregional activity in pancreatic cancer (27). However,
there have been few investigations into the effects of ceramide
on the cell growth of pancreatic cancer. In the present study, we
found that ceramide also induced cell death in the L3.6
pancreatic cancer cell cells, and the combination of paclitaxel
and ceramide had synergistical effects on cell death (Fig. 1).

Paclitaxel and ceramide are implicated in the regulation of
various signaling pathways leading to proliferation, differen-
tiation, or apoptosis (28-32). Existing data indicated that the
MAP kinase pathway is related with paclitaxel or ceramide
induced cell death in three different human cancer cell lines:
HelLa cervical carcinoma, MCF7 breast cancer cells, and
A431 squamous carcinoma cells (18). The mitogen-induced
ERK MAPKSs were linked to cell proliferation and survival,
whereas the stress-activated MAPKSs, p38, and JNK were
connected with apoptosis. Here, we found that paclitaxel and
ceramide alone induced ERK and JNK activation, while the
combo synergistically induced the activation of ERK and
JNK (Fig. 2). Our results suggest that the combo-induced
synergistical effect on cell death is mediated by ERK and
JNK signaling in human L3.6 cells.

Our present data also indicated that the combination of
paclitaxel and ceramide synergistically transactivated EGFR
in a time-dependent manner (Fig. 3B). Activation of the
EGFR tyrosine kinase results in the generation of a number
of intracellular signals, which culminate in not only cell
proliferation, but also in other processes that are crucial to
cancer progression, including angiogenesis, metastatic spread,
and the inhibition of apoptosis. These events are mediated
through various downstream targets of EGFR (e.g. the serine/
threonine kinase Raf and MEK-ERK 1/2). Furthermore, the
activation of EGFR results in the activation of the lipid kinase
PI3K, generating the second messenger phosphatidylinositol
3.4.5-trisphosphate, which in turn activates Akt (33,34). In the
current study, we found EGFR inhibitor, PD153035 inhibited
paclitaxel, ceramide, or combo-induced EGFR, JNK, and
ERK activation (Figs. 3C and 4A), which confirmed that
drug-induced JNK and ERK activation are dependent on
activation of their upstream target, EGFR. Moreover, we
demonstrated that drug-induced activation of JNK and ERK
was inhibited by an ERK inhibitor, but not a JNK inhibitor
(Fig. 4B). Therefore, we suggest that drug-induced JNK
activation is caused by ERK activation, and EGFR/ERK
signaling is important in the action of paclitaxel, ceramide, or
combo in human L3.6 cells.

The balance between apoptosis and anti-apoptosis signaling
pathways plays a role in the pathogenesis of a variety of cancers
(35). Survivin is a recently characterized and novel member
of the inhibitor of apoptosis (IAP) protein family. Undetectable
in most normal tissues but highly expressed in cancer, survivin
has been shown to be associated with carcinogenesis, cancer
progression, poor prognosis, drug resistance, and short
patient survival (19). Our results have shown that survivin
was over-expressed in human L3.6 cells. Serum withdrawing
and chemotherapeutic agents could degrade the expression
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of survivin. While paclitaxel or ceramide alone had mild
effect on survivin expression, the combo remarkably down-
regulated the level of survivin (Fig. 5). We also demonstrated
that the inhibition of ERK pathway led to degradation of
survivin (Fig. 5). Furthermore, our immunoprecipitation result
indicated that survivin expression was associated with EGFR
activation (Fig. 6B). It has been demonstrated that inhibition
of survivin expression and/or function in tumor cells by survivin
antisense or dominant-negative mutants triggers apoptosis
(36-40). Taken together, we hypothesize that inhibition of
EGFR/ERK signaling might enhance the effect of paclitaxel,
ceramide, or combo by down-regulation of survivin. We
further provide evidence that EGFR inhibitor, PD153035,
and ERK inhibitor, U126, enhanced cell death induced by
paclitaxel, ceramide, or combo in human L3.6 cells with or
without serum starvation (Fig. 7).

In conclusion, we present herein evidence that the
combination of paclitaxel and ceramide synergistically
induced EGFR activation, leading to JNK and ERK activation,
down-regulation of survivin, and cell death in human L3.6
cells. Inhibition of EGFR/ERK signaling transiently activated
by drugs further enhanced survivin degradation and drug-
induced cell death. Our data suggest that the combination
of EGFR or ERK inhibitor with combo of paclitaxel and
ceramide may yield better clinical outcomes in the treatment
of pancreatic cancer.
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