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PERK1/2 silencing sensitizes pancreatic cancer
BXPC-3 cell to gemcitabine-induced apoptosis via
requlating Bax and Bcl-2 expression
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Abstract

of Bax.

expression.

lead to sensitization of pancreatic cancer to gemcitabine.

Background: Our previous study has demonstrated that knockdown of activated ERK1/2(pERK1/2) sensitizes
pancreatic cancer cells to chemotherapeutic drug gemcitabine (Gem) treatment. However, the details of this survival
mechanism remain undefined. It has also shown that Bcl-2 confers resistance and Bax sensitizes to gemcitabine-induced
apoptosis in pancreatic cancer cells. Furthermore, the extracellular signaling-regulated kinase (ERK) signaling pathway
regulates Bcl-2/Bax expression ratio. We therefore tested the hypothesis that pancreatic cancer cells are resistant to
gemcitabine and this resistance is due to activation of ERK1/2 and subsequent upregulation of Bcl-2 and downregulation

Methods: Pancreatic cancer cell BXPC-3 was used in the study. The effect of pharmacological inhibition of ERK1/2 on
resistance of pancreatic cancer cells to apoptosis induced by treatment with gemcitabine was analyzed. The following
methods were utilized: TUNEL and ELISA were used to detect apoptosis. Western blot was used to detect the protein

Results: Gemcitabine treatment enhanced the activity of ERK1/2 in the BXPC-3 cells. Inhibition of the ERK1/2 by
PD98059 could downregulate Bcl-2 and upregulate Bax and was associated with restoration of sensitivity to gemcitabine
in BXPC-3 cells. Depletion of endogenous Bcl-2 expression by specific small interfering RNA transfection significantly
increased gemcitabine-induced cell apoptosis. Combined treatment with PD98059 and Bax siRNA transfection could
decrease gemcitabine-induced ERK1/2 and Bax activation, which subsequently resulted in decreased apoptosis.

Conclusions: The upregulation of ERK1/2-dependent Bcl-2 and downregulation of ERK1/2-dependent Bax can protect
human pancreatic cancer cells from gemcitabine-induced apoptosis. Targeting the ERK1/2-Bax/Bcl-2 pathway may in part
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Background

Pancreatic cancer is a highly lethal malignancy resistant
to the apoptosis-inducing effects of radio- and chemo-
therapy [1]. Although gemcitabine monotherapy, a deox-
ycytidine analogue, or its combination with other agents
has become standard chemotherapy for the treatment of
advanced pancreatic cancer [2-5], it failed to significantly
improve the outcome of pancreatic carcinoma patients,
because of preexisting or acquired chemoresistance of
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most of the tumor cells [6]. Chadha et al. [7] have re-
ported that activated ERK1/2(pERK1/2) was overex-
pressed in pancreatic carcinoma. Our recent study has
demonstrated that knockdown of pERK1/2 sensitizes
pancreatic cancer cell lines to gemcitabine treatment [8].
However, the details of this survival mechanism remain
undefined.

Apoptosis is a cell death process that plays a critical
role in mammalian development and tissue homeostasis.
It has now become clear that apoptosis is also the mech-
anism of tumor cell death in response to a variety of
chemotherapeutic agents. The Bcl-2 family of proteins
plays a key role in the regulation of apoptosis. Some
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members of this family, including Bax, Bak, Bid, and
Bik, function as proapoptotic factors, and others, includ-
ing Bcl-2, Bcl-xL, Mcl-1, and A1, function as antiapopto-
tic proteins. Members of the Bcl-2 family share regions
of homology called BH1 and BH2, and a hydrophobic C-
terminus which serves to anchor the proteins to the
membrane. Two additional conserved domains, BH3
and BH4, are found only among some members of the
Bcl-2 family. These domains are involved in homo- and
heterodimerization of Bcl-2-like proteins. While there
are different ways in which Bcl-2 members may function,
the ratio of heterodimerization between anti- and proa-
poptotic factors has been suggested to be a pivotal deci-
sion point for death or survival [9-12]. It has previously
shown that Bcl-2 confers resistance to gemcitabine-
induced apoptosis in pancreatic cancer cells, and siRNA-
mediated silencing of anti-apoptotic Bcl-2 enhances
chemotherapy sensitivity in human pancreatic cancer cells
in vitro and might lead to improved therapy responses in
advanced stages of this disease [13].

Bax, a proapoptotic factor, contains BH1 and BH2 do-
mains, as well as the BH3 domain which is important
for heterodimerization with Bcl-2 and Bcl-xL factors.
Overexpression of the Bax gene has been found to in-
duce apoptotic death in pancreatic cancer cells [14,15].

Several studies have found that constitutive activation
of the extracellular signaling-regulated kinase (ERK)
could induce Bcl-2 upregulation and Bax downregula-
tion [16-18]. We therefore suggested that ERK might be
involved in regulation of Bcl-2/Bax signals.

In the present study, we demonstrate that the ERK1/2-
Bcl-2/Bax signaling pathway is a key regulator of gemci-
tabine chemoresistance in pancreatic cancer BXPC-3
cells. And knockdown of ERK1/2 could sensitize BXPC-
3 cells to gemcitabine chemotherapy through modulat-
ing Bcl-2/Bax pathway. These results provide possible
routes for therapeutic intervention for pancreatic cancer.

Methods

Agents

The following primary and secondary antibodies were pur-
chased from Cell Signaling Technology Inc. (Shanghai,
China): Anti-ERK1/2, Anti-B-actin, Anti-Bcl-2, and Anti-
Bax. Dimethyl sulfoxide (DMSO) was bought from Appli-
Chem GmbH (Ottoweg4, D-64291 Darmstadt, Germany).
Fetal bovine serum (FBS) and penicillin-streptomycin were
acquired from Invitrogen (Carlsbad, CA, USA). PD98059
were purchased from Calbiochem Corp. (San Diego, CA,
USA).

Cell culture

The human pancreatic adenocarcinoma cell lines BXPC-3
were obtained from the American Type Culture Collec-
tion (Rockville, MD, USA).The BXPC-3 cell line has been
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previously demonstrated to be resistant to gemcitabine-
induced apoptosis [6]. Cells were routinely cultured in
DMSO supplemented with 10% fetal bovine serum in a
37°C incubator in a humidified atmosphere of 5% CO,.
The medium was refreshed every 2 days. Cells were trypsi-
nized by trypsin-EDTA. The cells in the logarithmic
growth phase were used to conduct the experiments de-
scribed as follows. All experiments were done in triplicate.

Cell treatment

To determine the effect of gemcitabine on apoptosis of
BXPC-3 cells, the cells were seeded for 24 h, then treated
with 0-25 uM for 72 h. To determine the effect of ERK1/
2 inhibition on gemcitabine-induced apoptosis of BXPC-3,
the cells were treated with 25 uM PD98059 for 24 h, then
treated with 0-25 pM gemcitabine for 72 h.

To determine the effect of Bax on gemcitabine-induced
apoptosis of BXPC-3, the cells were treated with 25 uM
PD98059 and 15 puM anti-Bax antibody for 24 h, then
treated with 0-25 pM gemcitabine for 72 h.

siRNA transfection

The sense-strand sequences of Bcl-2 small interfering
RNA (Bcl-2 siRNA) or Bax small interfering RNA (Bax
siRNA) and control siRNA used were purchased from
Shanghai, China. BXPC-3 cells were transfected with
siRNA duplexes (200 nM) with Lipofectamine 2000
(Invitrogen, Carlsbad, CA) for 24 h according to the
manufacture’s instruction.

Quantification of apoptosis by ELISA

The Cell Apoptosis ELISA Detection Kit (Roche, Palo
Alto, CA) was used to detect apoptosis in BXPC-3 cells
with different treatments above according to the manufac-
turer’s protocol. After treatment, the cytoplasmic histone
DNA fragments from BXPC-3 cells with different treat-
ments were extracted and bound to immobilize anti-
histone antibody. Subsequently, the peroxidase-conjugated
anti-DNA antibody was used for the detection of immobi-
lized histone DNA fragments. After addition of substrate
for peroxidase, the spectrophotometric absorbance of the
samples was determined using ULTRA Multifunctional
Microplate Reader (TECAN) at 405 nm.

Apoptosis assay by TUNEL

Terminal deoxynucleotidyl transferase-mediated deoxy-
ribonucleotide triphosphate nick end-labeling (TUNEL)
was generally used to assess cell death in BXPC-3 cells
with different treatments above according to the manu-
facturer’s protocol. The cells were fixed with 4% parafor-
maldehyde for 30 min at room temperature. Thereafter,
the cells were incubated with the TUNEL reaction mix-
ture (Roche Molecular Biochemicals, Indianapolis, IN)
for 60 min at 37°C followed by labeling with fluorescein
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isothiocyanate (FITC)-conjugated anti-fluorescein anti-
goat antibody (Fab fragment) for an additional 30 min.
The nuclei were counterstained with 4,6-diamidino-2-
phenylindole (DAPI). Finally, TUNEL-positive cells were
photographed on an Olympus microscope.

Western blot assay

Total cellular proteins were isolated, and the protein con-
centration of the sample was determined by Bio-Rad DC
Protein Assay (Bio-Rad Laboratories Inc., Hercules, CA).
Bcl-2, Bax, and B-actin were detected. The targeted pro-
tein was revealed by enhanced chemiluminescence (ECL).
The membrane was incubated with an ECL solution (Bio-
logical Industries) and exposed to ECL film (Eastman
Kodak, Rochester, NY) to visualize specifically labeled pro-
teins. The resulting exposed films were then analyzed by
densitometry. All experiments were performed at least
three times.

Measurement of ERK activation

BXPC-3 cells were treated with 0-25 uM gemcitabine.
For 0-72 h, the cell layers were washed twice with cold
PBS and then lysed with a buffer consisting of 20 mM
Tris—HCI (pH 7.5), 150 mM NaCl, 1% Triton X-100,
10 mM NaH,PO,, 10% glycerol, 2 mM NazVO,, 10 mM
NaF, 1 mM ABSF, 10 pg/mL leupeptin, and 10 pug/mL
aprotinin. Western blot analysis was carried out as
above. Equal amount of proteins was transferred onto
PVDF membranes, then incubated with anti-ERK or
anti-pERK monoclonal antibodies (1:500). The ECL de-
tection kit was used for detection.

Statistical assessment

All statistical analyses were performed using SPSS 13.0
software. The results were presented as mean+ SD of
three replicate assays. Differences between various groups
were assessed using ANOVA or t-test. A P value of <0.05
was considered to indicate statistical significance.

Results

Gemcitabine-activated ERK signaling pathway in BXPC-3
cells

ERK signaling cascade is a classic pathway involved in
the regulation of cell death. We confirmed that the
BXPC-3 cell line demonstrates the less activation of
ERK1/2 under basal conditions by Western blotting with
anti-ERK1/2 and anti-PERK1/2 monoclonal antibodies
(Figure 1). Western blotting showed that the levels of
pERK1/2 were upregulated after 30-min incubation with
25 uM gemcitabine compared with the control group.
Additionally, this effect was time-dependent with the
peak pERK1/2 at 24 h of incubation. However, total
ERK1/2 did not change after treatment with gemcitabine
(Gem).
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ERK1/2 activation is correlated with enhanced time-
dependent protein levels of Bcl-2 and decreased Bax
levels induced by gemcitabine

Bcl-2 and Bax are the essential members of Bcl-2 family
which involved in the process of apoptosis. Western blot
analysis was used to detect the expression of Bcl-2 and
Bax in BXPC-3 cells incubated with 25 uM gemcitabine
for 0-72 h. As a result, we found that gemcitabine in-
creased the levels of Bcl-2 protein, while it decreased the
expression of Bax in BXPC-3 cells. Bcl-2 expression
changes as the same way as pERK1/2, but Bax expres-
sion changes the opposite way as pERK1/2 (Figure 2).

ERK1/2 activation is correlated with enhanced dose-
dependent protein levels of Bcl-2 and decreased Bax
protein levels induced by gemcitabine
Bcl-2 and Bax are the essential members of Bcl-2 family
which involved in the process of apoptosis. Western blot
analysis was used to detect the expression of Bcl-2 and
Bax in BXPC-3 cells incubated with 0-25 uM gemcita-
bine for 72 h. As a result, we found that gemcitabine in-
creased the levels of pERK1/2 in a dose-dependent, and
it also increased the levels of Bcl-2 protein, while it de-
creased the expression of Bax in BXPC-3 cells in a dose-
dependent manner (Figure 3A, all P<0.05). The Bax/
Bcl-2 ratio was set to one in the control group, and 25
uM gemcitabine could downregulate the Bax/Bcl-2 ratio
with a maximal decrease to 0.08 (Figure 3A, all P < 0.05).
To determine whether the changes of Bcl-2 and Bax
were mediated by alterations in pERK1/2, BXPC-3 cells
were treated with 25 M PD98059 for 24 h, then treated
with 0-25 pM gemcitabine for 72 h. The results showed
that, following treatment with PD98059, a dose-
dependent reduction in Bcl-2 expression was observed
in the BXPC-3/gemcitabine cells and a dose-dependent
increase in Bax expression was observed in the BXPC-3/
gemcitabine cells (Figure 3B). A parallel reduction in
pERK1/2 activation was observed following ERK1/2 in-
hibition with PD98059 in the BXPC-3 cells treated with
gemcitabine (Figure 3B). The Bax/Bcl-2 ratio was set to
one in the control group, and PD98059 could upregulate
the Bax/Bcl-2 ratio with a maximal increase to 2.18
(Figure 3B).

ERK1/2 inhibition promote Gem-induced cell apoptosis

We observed induction of apoptosis in pancreatic cancer
BXPC-3 cells treated with either 25 uM PD98059 or 0—
25 uM gemcitabine alone. Relative to single agents,
PD98059 pretreatment followed by gemcitabine treat-
ment induced much more apoptosis in the BXPC-3 cell
lines as shown by both histone DNA ELISA (Figure 4A)
as well as TUNEL analysis (Figure 4B). These results are
consistent with our previous study [8], suggesting that
ERK1/2 activity may protect pancreatic cancer cells from
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of autoradiographs.

Gem.(25uM)

Figure 1 Effects of gemcitabine on ERK signaling pathways in BXPC-3. Anti-ERK and anti-pERK1/2 monoclonal antibodies were used to
perform in Western blotting. Cells were exposed to 25 uM gemcitabine for 0-72 h. The levels of ERK1/2 and pERK1/2 were measured by densitometry

pERK1/2

ERK1/2

B-actin

gemcitabine-induced apoptosis, and ERK1/2 silencing
sensitized BXPC-3 cells to Gem-induced apoptosis.

Knockdown of Bcl-2 expression by siRNA transfection
sensitizes BXPC-3 cells to gemcitabine-induced apoptosis
To directly address the role of Bcl-2 in gemcitabine resist-
ance, the effects of Bcl-2 knockout by siRNA transfection
on gemcitabine-induced apoptosis were determined by
TUNEL and ELISA assays. Total levels of Bcl-2 in cells
transfected with specific siRNA decreased significantly
compared with mock-transfected cells, indicating that Bcl-
2 siRNA was sufficient to knockdown Bcl-2 expression
(Figure 5A). Furthermore, gemcitabine-induced ERK1/2
phosphorylation was not affected in cells transfected with
Bcl-2 siRNA (data not shown), suggesting that ERK1/2 in-
deed was the upstream signal in regulating Bcl-2 expres-
sion induced by gemcitabine. The apoptosis was assessed
using the TUNEL and ELISA assays (Figure 5B,C). The
suppression of Bcl-2 protein expression by small interfer-
ing Bcl-2 RNA markedly increased the sensitivity of cells
to gemcitabine compared with small interfering control
RNA-transfected cells (Figure 5B,C). Taken together, these
data suggest that in human BXPC-3 cells, Bcl-2 is a pivotal
protein for affecting drug resistance to gemcitabine.

Inhibition of Bax by Bax siRNA suppressed PD98059 and
gemcitabine cotreatment-induced apoptosis

It has showed above that gemcitabine and PD98059
cotreatment promoted apoptosis followed by increased
Bax activation. We next investigated whether Bax inacti-
vation would inhibit the apoptosis effect induced by
gemcitabine and PD98059 cotreatment.

Total levels of Bax in cells transfected with Bax siRNA
decreased significantly compared with control siRNA cells,
indicating that Bax was significantly inhibited (Figure 6A).
Furthermore, gemcitabine-induced ERK1/2 phosphoryl-
ation was not affected in cells transfected with Bax siRNA
(data not shown). When cells were cotreated with
PD98059 and Bax siRNA for 24 h, the TUNEL and ELISA
assays showed a marked decrease in cell apoptosis treated
with gemcitabine (Figure 6B, C). Control siRNA did not
have significant effect on gemcitabine-PD98059-induced
apoptosis (data not shown).These results indicate that
ERK1/2 has protective effects against Gem-induced apop-
tosis by downregulation of Bax.

Discussion

Inhibition of the ERK1/2 has been shown to sensitize
pancreatic cancer cells in vitro and in vivo to the apop-
totic effect of chemotherapy [8]. The mechanism by

Gem.(25uM)

Figure 2 Effects of Gem on the expression of Bcl-2 and Bax in BXPC-3. Cells were treated with 25 uM gemcitabine for 72 h before collecting
proteins. Cell lysates were subjected to Western blot analysis and incubated with anti-Bax, anti-Bcl-2, or anti--actin monoclonal antibodies. The
gel image analysis software was used to analyze the absorbance values of Bcl-2 and Bax.
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Figure 3 Effects of Gem on the expression of Bcl-2 and Bax in BXPC-3. (A) Cells were treated with 0-25 uM gemcitabine for 72 h before
collecting proteins. (B) BXPC-3 cells were treated with 25 uM PD98059 for 24 h, then treated with 0-25 uM gemcitabine for 72 h. Cell lysates were
subjected to Western blot analysis and incubated with anti-pERK1/2, anti-Bax, anti-Bcl-2, or anti-B-actin monoclonal antibodies. The gel image
analysis software was used to analyze the absorbance values of Bcl-2 and Bax.

which ERK1/2 activation in these cancer cells confers
that chemoresistance is unclear.

The cell intrinsic apoptosis pathway is regulated by
the Bcl-2 proteins, which control the release of cyto-
chrome c¢ from mitochondria, triggering the activation of
caspases and cell death. The Bcl-2 family consists of

pro-survival and prodeath proteins that share a number
of Bcl-2 homology (BH) domains (BH1-4) [19]. In the
pro-survival proteins (such as Bcl-2, Bcl-xL, and Mcl-1),
the BH1-3 domains form a hydrophobic pocket that can
bind the BH3 domains of certain other family members.
The multi-domain pro-apoptotic proteins (Bax and Bak)
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Figure 4 Evaluation of cell apoptosis by PD98059 pretreatment using ELISA technique in pancreatic cancer BXPC-3 cells. Sensitization of
pancreatic tumor BXPC-3 cells to PD98059- and/or gemcitabine-induced apoptotic cell death by ELISA assay (A) and TUNEL assay (B) after 24 h
of pretreatment with 25 uM PD98059, 0-25 pM gemcitabine, or combination of PD98059 and 0-25 uM gemcitabine for 72 h. Increased apoptotic
response was evident in the combination treatment group of the cells relative to untreated control or individual treatment groups; *P < 0.05,
statistical significance.
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Figure 5 Modulation of sensitivity to Gem by ERK1/2-Bcl-2 signal. BXPC-3 cells were transfected with siRNA duplexes (200 nM) specific to
Bcl-2 or scrambled control in complete medium for 24 h before treatment with gemcitabine (0-25 uM) for 72 h. (A) Western blot assay for Bcl-2
expression in BXPC-3 cells; (B) cell apoptosis was determined using the ELISA assay; and (C) cell apoptosis was determined using the TUNEL assay.
The results (mean + SEM) were from four independent experiments. *P < 0.05.
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also use BH1-3 to form a hydrophobic pocket, and many
viable cells are found in complex with pro-survival Bcl-2
proteins. Bax and/or Bak are normally sequestered by pro-
survival Bcl-2 proteins in viable cells. In response to
stress-induced signals, Bak/Bax was released from Bcl-2,
which can then oligomerize, causing mitochondrial outer
membrane permeabilization and release of cytochrome c.

There is abundant evidence that survival factors can
use the ERK1/2 pathway to increase the expression of
several pro-survival Bcl-2 proteins, notably Bcl-2, Bcl-
xL, and Mcl-1, by promoting de novo gene expression in
a variety of cell types, for example, MEK inhibition
caused a decrease in Bcl-2, Bcl-xL, and Mcl-1 and apop-
tosis in pancreatic cancer cells [20]. Pro-apoptosis pro-
tein was also regulated by Bax [16-18].

In this study, we reported that Bcl-2 and Bax are import-
ant determinants of drug resistance to gemcitabine in
BXPC-3 cells. Gem induces Bcl-2 expression and decreases
Bax expression, which is correlated with the activation of
ERK1/2. It is noteworthy that silencing of Bcl-2 expression
sensitized BXPC-3 cells to gemcitabine-induced apoptosis
and silencing of Bax expression resistant BXPC-3 cells to
gemcitabine-induced apoptosis. Blocking ERK1/2 activa-
tion by MKK1/2 inhibitor could enhance Gem-induced
apoptosis. Taken together, our results suggest that ERK1/2-
dependent Bcl-2 upregulation and Bax downregulation are
required for drug resistance to gemcitabine in BXPC-3
cells.

ERK1/2 activation results in the phosphorylation of
many intracellular proteins that regulate various cellular
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Figure 6 Modulation of sensitivity to gemcitabine by ERK1/2-Bax signal. Cells were pre-cotreated with PD98059 and Bax siRNA for 24 h and
then treated with 0-25 uM gemcitabine for 72 h. (A) Western blot assay for Bax expression in BXPC-3 cells; (B) cell apoptosis was determined
using the ELISA; and (C) cell apoptosis was determined using the TUNEL assay. *P < 0.05.

functions ranging from proliferation and differentiation
to apoptosis [21]. Gem can activate ERK1/2 in pancre-
atic cancer cell types, and activation of ERK1/2 is associ-
ated with an increase in cell survival in Gem-treated
cells [8,22]. Our study demonstrated that Gem treatment
induced ERK1/2 activation, and gemcitabine-induced
ERK1/2 activation participates in protection from Gem-
mediated apoptosis effect in BXPC-3 cells.

Analysis of Bcl-2 and Bax by immunoblotting subse-
quent exposure to gemcitabine identified an upregula-
tion of pERK1/2, followed by increased Bcl-2 expression
at protein levels and thus, an increase in the Bcl-2/Bax
ratio in our study. After pERK1/2 was inhibited by
PD98059, the Bcl-2 expression at protein levels was de-
creased and thus, a decrease in the Bcl-2/Bax ratio. We
therefore concluded that Bcl-2/Bax ratio was regulated
by pERK1/2.

Conclusions

We demonstrated in our study that Gem could activate
pERK1/2-dependent Bcl-2 upregulation and pERK1/2-
dependent Bax dowregulation. Upregulation of Bcl-2

and downregulation of Bax are involved in the mediation
of chemotherapy resistance in the BXPC-3 cells. The Bcl-
2/Bax ratio is an important cellular survival marker that
correlates with responsiveness to drug therapy in vivo and
in vitro [23]. Accordingly, resistance to gemcitabine-
induced apoptosis has been described to correlate with an
overexpression of antiapoptotic proteins such as the Bcl-2
family [24]. Therefore, our results contribute to a better
understanding as to how pERK1/2 inhibitors sensitize cells
to gemcitabine-induced apoptosis [8].

Taken together, our results identify a new mechanism
showing that the ERK1/2-Bcl-2/Bax signaling pathway is
responsible for Gem resistance and suggest that targeting
the ERK1/2-Bcl-2/Bax signaling pathway may overcome
gemcitabine resistance in human pancreatic cancer.
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