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Abstract: Clusterin (CLU) is known as a multifunctional protein involved in a variety of physiological processes inclu-
ding lipid transport, epithelial cell differentiation, tumorigenesis, and apoptosis. Our recent study has demonstrated
that knockdown of clusterin sensitizes pancreatic cancer cell lines to gmcitabine treatment. However the details
of this survival mechanism remain undefined. Of the various downstream targets of CLU, we examined activation
of the NF-kB transcription factor and subsequent transcriptional regulation of BCL-2 gene in pancreatic cancer cell
MIA-PaCa-2. The MIA-PaCa-2 cells were transfected with an antisense oligonucleotide (ASO) against clusterin, which
led to a decreased protein level of the antiapoptotic gene BCL-2. Furthermore, inhibition of CLU decreased the func-
tion of NF-kB, which is capable of transcriptional regulation of the BCL-2 gene. Inhibiting this pathway increased the
apoptotic effect of gmcitabine chemotherapy. Re-activated NF-kB resulted in attenuation of ASO-induced effects,
followed by the bcl-2 upregulation, and bcl-2 re-inhibition resulted in attenuation of Re-activated NF-kB -induced
effects. Animals injected with ASO CLU in MIA-PaCa-2 cells combined with gmcitabine treatment had fewer tumors
than gmcitabine or ASO CLU alone. These findings suggest that knockdown of CLU sensitized MIA-PaCa-2 cells to
gmcitabine chemotherapy through modulating NF-Kb/bcl-2 pathway.
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Introduction

Pancreatic cancer is a highly lethal malignan-
cy resistant to the apoptosis-inducing effects
of radio- and chemotherapy [1]. Currently, gem-
citabine appears to be the only clinically active
drug but, because of pre-existing or acquired
chemoresistance of most of the tumor cells, it
failed to significantly improve the outcome of
pancreatic carcinoma patients [2]. Identifica-
tion of the molecular signals that mediate ap-
optotic resistance in pancreatic cancer is an ac-
tive area of research.

Clusterin, also known as testosterone-repre-
ssed message-2, is overexpressed in a variety
of solid tumors [3-9]. The clusterin level also ra-
ises in various tissues during cell death res-
ponses [10-13]. As clusterin is present during
apoptosis, it was initially viewed as a cell death
inducer, but other studies suggest that cluster-

in overproduction occurs in resistant cells [9,
14, 15]. Thus, clusterin has been described as
an anti-apoptotic factor, and it has also been
implicated in prostate cancer progression to
androgen independence [16]. Miyake et al. [17]
have demonstrated that the overexpression of
clusterin in human androgen-responsive pros-
tate cancer cells LNCaP by stable transfection
rendered them highly resistant to androgen
ablation, and the introduction of antisense tes-
tosterone-repressed message-2 oligodeoxynu-
cleotide therapy in the Shionogi tumor model
induces apoptosis and tumor regression.
Moreover inhibition of clusterin gene in pancre-
atic cancer, osteosarcoma and prostate cancer
induces significant reduction of cellular growth
and increases cellular apoptosis [9, 18, 19].

Although clusterin has long been proposed to
participate in cell survival and it has been
extensively studied to inhibit apoptosis, no st-
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udies have been carried out to investigate the
link between clusterin and survival signaling
pathways. The NF-kB transcription factor app-
ears to be involved in the apoptotic resistance
of pancreatic cancer. This is based on observa-
tions of constitutive activation of NF-kB in pan-
creatic cancer cells [20] as well as the fact that
inhibition of NF-kB decreases cell survival [21]
and enhances the apoptotic effect of chemo-
therapy in pancreatic cancer cells [22, 23].
NF-kB transcription factors can regulate the
expression of over 100 different genes depen-
dent on the various functional forms of NF-kB,
the stimulus of NF-kB activation and cell type
examined. NF-kB has been shown to regulate
transcriptionally the expression of several me-
mbers of the BCL-2 gene family. BCL-2 remains
the prototypic antiapoptotic protein and the
data are indicated that NF-kB regulates its tran-
scription [24-26]. In pancreatic cancer, BCL-2 is
frequently overexpressed and its overexpres-
sion confers chemo- and radioresistance and
enhances tumorigenic and metastatic capabili-
ty [27-30]. It remains that NF-kB is involved in
the mechanism of BCL-2 transcriptional activa-
tion in pancreatic cancer [24]. CLU was once
found to inhibit NF-kappaB signaling through
stabilization of IkappaBs and that this activity
may result in suppression of tumor cell motility
[31]. It has recently shown CLU has the activity
site involved in NF-kappaB pathway regulation
[32]. However, it remains uncertain as to wheth-
er CLU is involved in the mechanism of NF-kB/
BCL-2 transcriptional activation in pancreatic
cancetr.

Therefore, given the preliminary cellular studies
that demonstrate that the inhibition of CLU sen-
sitises pancreatic cancer to the apoptotic effe-
ct of chemotherapy, we sought to determine
the molecular events that may mediate this
effect. The current study examines the hypoth-
esis that a survival signal from CLU activation
is mediated by NF-kB and subsequent transc-
riptional regulation of BCL-2 gene; furthermore,
inhibition of this pathway sensitises pancreatic
cancer cells to the apoptotic effect of gemci-
tabine.

Materials and methods

Antibodies
The following primary and secondary antibod-

ies were purchased from Santa Cruz Biote-
chnology (CA, USA): Anti-NF-kB p65, Anti-Bcl-2
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and Anti-CLU. The following fluorescent seco-
ndary antibodies were purchased from Mole-
cular Probes (Eugene, Oregon, USA): Alexa fluor
488 goat anti-rabbit IgG, Alexa Fluor 488 rabbit
anti-goat 1gG and Texas Red-X goat anti-mouse
1gG.

Cell culture

The human pancreatic adenocarcinoma cell
lines MIA-PaCa-2 were obtained from the Am-
erican Type Culture Collection (Rockville, MD,
USA). The MIA-PaCa-2 cell line has been previ-
ously demonstrated to be resistant to gem-
citabine [24]. Cells were routinely cultured in
DMEM supplemented with 10% fetal bovine
serum in a 37°C incubator in a humidified
atmosphere of 5% CO,. The cells underwent
serum starvation for the 24 h prior to treatment
with gmcitabine or transient transfection.

Antisense oligonucleotides and transfection

Second-generation 2’ methoxyethyl gapmer oli-
gonucleotides used in this study were supplied
by Dr. CHEN [9]. The sequence of ASO that cor-
responds to human clusterin translation initia-
tion site was 5-CAGCAGCAGAGTCTTCATCAT-3'.
The mismatch control oligo was 5-CAGCAG-
CAGAGTATTTATCAT-3'". Subconflunet MIA-PaCa-
2 cells were transfected with either oligo by use
of a mixture of Lipofectin (Gibco, Gaithersburg,
MD) or oligos in Opti-MEM media (Gibco) at a
ratio of 3 uL Lipofectin/mL media per 100 nM
oligo. After 5 hours of incubation, cells were
replaced by the regular complete media.

Flow cytometry

7-Aminoactinomycin D (7-AAD) is a fluorescent
DNA-binding stain that is used to detect apop-
totic cells by flow cytometry. Percent apoptosis
was measured by use of 7-AAD (Molecular
Probes, Eugene, OR) with flow cytometry. Cells
(2x10°) were plated into 25-cm? flasks for each
data point. After 24 hours of 37°C incubation,
the cells were classified into several groups: @
transfected with 500 nM ASO and missense
(MS) oligonucleotide; @ treated with 50 ng/ml
TNF-a (Roche Applied Science) and 500 nM
ASO or missense (MS) oligonucleotide; ® tr-
ansfected with 500 nM ASO or missense (MS)
oligonucleotide and 50 ng/ml TNF-a and 40 uM
TW-37 (a negative regulator of Bcl-2). Cells ab-
ove were then treated with 0.05-20 pmol/ml
gmcitabine the following day. At 72 hours after
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Figure 1. Effect of ASO CLU on cell viability and apoptosis of MIA-PaCa-2 cells. A. Western blot analysis of CLU, NF-kB
and bcl-2 in whole cell lysates or nuclear of MIA-PaCa-2 cells after treatment with various concentrations (50-1000
nM) of ASO CLU for 48 h. Down-regulation of CLU, NF-kB and bcl-2 expression levels is ASO CLU dose-dependant.
B-actin protein as loading control is shown for each blot. 1000 nM ASO CLU could almost completely inhibit the CLU,
NF-kB and bcl-2 expression. B. NF-kB DNA binding activity in the nuclear extract of the investigated MIA-PaCa-2
cells in the presence of various concentrations (50-1000 nM) of ASO CLU for 48 h. ASO CLU down-regulated the
NF-Kb activity in MIA-PaCa-2 cells. C. Knockdown of CLU failed to induce any significant changes in cell apoptisis of
MIA-PaCa-2 cells. D. Knockdown of CLU failed to induce any significant changes in cell viability of MIA-PaCa-2 cells.

gmcitabine, cells were harvested and stained
with 7-AAD. The stained cells were fixed with
1% paraformaldehyde and analyzed by FACS-
can. Cells with intermediate levels of 7-AAD
staining were scored as apoptotic.

MTT assay

Briefly, cells were seeded at a density of 2,000
to 5,000 cells/well in 96 well plates and grown
overnight. They were subject to various treat-
ments. 72 hours later, 20 uL of 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium  bromide
(MTT) solution (5 mg/mL in PBS) were added to
each well and incubated further for 2 hours.
Upon termination, the supernatant was aspi-
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rated and the MTT formazan formed by meta-
bolically viable cells was dissolved in 100 pL of
isopropanol. The plates were mixed for 30 min-
utes on a gyratory shaker, and absorbance was
measured at 595 nm using a plate reader.All
samples were done in triplicate, and data were
analyzed by Student’s t test.

Preparation of nuclear and cytoplasmic ex-
tracts

Nuclear and cytoplasmic soluble extracts were
prepared from the cells in various groups in
various time point using a rapid version of the
method as previously described [33, 34]. Cy-
toplasmic extracts were obtained by diluting
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the supernatant obtained after the first centrif-
ugation with 3 vol. of buffer D [34].

Detection of NF-KB binding activity by electro-
phoretic mobility shift assay (EMSA)

Nuclear protein extracts were prepared as de-
scribed previously [33, 34]. The sequence of
the NF-kB oligonucleotide probe was 5-AGTT-
GAGGGACTTTCCCAGGC-3'. EMSA was perfor-
med as described previously [33, 34].

Western blot assay

Total cellular proteins were isolated and the
protein concentration of the sample was deter-
mined by BioRad DC Protein Assay (Bio-Rad
Laboratories Inc., Hercules, CA). CLU, NF-kB
p65, bcl-2 and B-actin were detected. The tar-
geted protein was revealed by enhanced che-
miluminescence (ECL). The membrane was in-
cubated with an ECL solution (Biological Indu-
stries) and exposed to ECL film (Eastman Ko-
dak, Rochester, NY) to visualize specifically la-
beled proteins. The resulting exposed films
were then analyzed by densitometry. All experi-
ments were performed at least three times.

In vivo experimental growth assays

Female mice at 4-6 weeks old were obtained
from Tianjin Medical University Cancer Institute
for tumor implantation. All animals were main-
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mice by use of a 1-cc
syringe with 27%2-gau-
ge needle. Tumors were
grown for 14-21 days until average tumor vol-
ume reached 0.1 cm?. Treatment groups con-
sisted of untreated control (PBS), ASO mock
treatment alone, ASO mock plus gmcitabine
treatment, ASO CLU alone, and ASO CLU plus
gmcitabine treatment. Each treatment group
contained 7 mice. ASO mock and ASO CLU at
doses of 10 mg/kg were administered by iv
injection, and every other day for a total of
seven injections, whereas gemcitabine dose
was based on previously published reports (80
mg/kg body weight, i.v., and every other day for
a total of three injections). The experiments
were terminated 28 days Tumor growth was
monitored thrice a week by calipers to calculate
tumor volumes according to the formula [length
x width?]/2. Tumor weights were determined at
the end of the study when mice were sacrificed.
All experiments were repeated at least twice.
Representative experiments are shown.

In vivo apoptosis assay using TdT-mediated
nick end labelling (TUNEL)

Apoptosis was measured using a commercia-
lly available ApopTag Apoptosis Detection Kit
as per the instructions of the manufacturer.
Staining intensity and localization for terminal
deoxynucleotidyl transferase-mediated dUTP
nick end labeling was scored by two investiga-
tors independently.

Int J Clin Exp Med 2015;8(8):12476-12486
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Figure 3. ASO CLU influenced sensitive to gemcitabine in MIAPaCa-2 cells. A. ELISA assay: Treatment of MIAPaCa-2
cells with 500 nM ASO CLU or ASO control in combination with gemcitabine for 72 hours induced a significant in-
crease in apoptosic cells. B. MTT assay: Treatment of MIAPaCa-2 cells with 500 nM ASO CLU or ASO control in com-
bination with gemcitabine for 72 hours induced a significant decrease in viability. “P<0.01 vs. every other groups.

Statistical assessment

All statistical analyses were performed using
SPSS13.0 software. The results were present-
ed as mean = SD of three replicate assays.
Differences between various groups were as-
sessed using ANOVA or Dunnett t-test. A P value
of <0.05 was considered to indicate statistical
significance.

Results

In vitro targeted knockdown of CLU alone did
not promote cell apoptosis and inhibit prolif-
eration

Western blotting revealed that the MIA-PaCa-2
cell line showed a higher basal level protein
expression of CLU, P65 and bcl-2, evaluated by
western blot analysis (Figure 1A). MIA-PaCa-2
cells treated with various concentrations of
ASO CLU (50, 500, or 1000 n M) for 48 h signifi-
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cantly reduced CLU, P65 and bcl-2 expression
levels (Figure 1A), and NF-Kb activity (Figure
1B). In contrast, CLU, P65 and bcl-2 expression
levels were not affected by ASO control at any
of the used concentrations (data not shown).
We then examined the effects of ASO CLU or
ASO control treatment on apoptosis and growth
in the MIA-PaCa-2 cells. As shown in Figure 1C
and 1D, ASO CLU or ASO control treatment did
not significantly induce apoptosis and inhibit
growth in MIA-PaCa-2 cells (P>0.05, respec-
tively).

In vitro gmcitabine treatment did not activated
CLU and NF-kB activity

It has reported MIAPaCa-2 cells were resistant
to gemcitabine treatment [24], and CLU confers
gemcitabine resistance in pancreatic cancer
[9]. Therefore, we wished to evaluate whether
CLU could be activited in response to treatment

Int J Clin Exp Med 2015;8(8):12476-12486
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Figure 4. ASO CLU influenced sensitive to gemcitabine via NF-kB/bcl-2 dependant pathway. A. ELISA analysis of apoptosis in MIAPaCa-2 cells after treatment with
ASO CLU + gemcitabine, ASO CLU + gemcitabine + TNF-acand ASO CLU + gemcitabine + TNF-a + TW-37. Restoration of the NF-kB activity by TNF-a treatment induced
a significant decrease in apoptosic cells, and re-inhibition of the bcl-2 expression by TW-37 inTNF-« treated MIAPaCa-2 cells induced a significant increase in apop-
tosic cells. B. MTT analysis of viable cells, which has the similar results as above. C. Western blot analysis of CLU, NF-kB and bcl-2 in whole cell lysates or nuclear of
MIA-PaCa-2 cells above. D. EMSA analysis of NF-kB DNA binding activity in the nuclear extract of the investigated MIA-PaCa-2 cells above.
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Figure 5. Effect of ASO CLU combined with gemcitabine on primary tumor. Xenograft tumors were established by
s.c. injection of MIAPaCa-2 2x10°8 (2x10°) in the flank of each nude mouse. When the tumor was ~50-100 mm?,
treatment groups consisted of blank control groups, ASO mock control groups, ASO mock + gmcitabine groups, ASO
CLU groups, and ASO CLU + gmcitabine groups. ASO mock and ASO CLU at doses of 10 mg/kg were administered by
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iv injection, and every other day for a total of seven injections, whereas gemcitabine dose was based on previously
published reports (80 mg/kg body weight, i.v., and every other day for a total of three injections). The experiments
were terminated 28 days. Tumor weights were determined at the end of the study when mice were sacrificed. All
experiments were repeated at least twice. Representative experiments are shown. Tumor volume was monitored
thrice a week by calipers to calculate tumor volumes according to the formula [length x width?]/2. A. Representative
histogram showing the tumor weight in different groups. B. Representative histogram showing the tumor volume in
different groups. C. Apoptosic index in different groups. D. Representative histogram showing the TUNEL positive
cells in different groups. Each bar represents mean + SE; "P<0.01. All experiments were repeated three times with

similar results.

with gemcitabine.MIAPaCa-2 cells were stimu-
lated with various concentrations (0.05, 5, 20
pmol/L) of gemcitabine for 24 hrs in vitro and
the expression of CLU, P65 and bcl-2 was eval-
uated by western blot analysis and NF-kB activ-
ities were measured using EMSA assay. Ge-
mcitabine treatment (0.05, 5 and 20 p umol/L)
for 24 hours had no significant effect on CLU,
P65 and bcl-2 (Figure 2A) and NF-kB activities
(Figure 2B).

In vitro knockdown of CLU influenced sensitive
to gemcitabine

We next assessed the effect of a combination
of ASO CLU and gemcitabine on cell viability
and apoptosis by MTT and ELISA assay. For
these studies, MIAPaCa-2 cells were pretreated
with 500 nM ASO CLU or ASO control for 24 h,
then the cells were stimulated with 20 pymol/L
of gemcitabine for 72 hrs in vitro, and viable
cells and apoptosic cells were evaluated at 96
hours posttreatment by MTT assay or ELISA
assay. The dose used here was chosen based
upon a preliminary dose escalation study done
by us. We found that treatment with ASO CLU in
combination with gemcitabine for 72 hours
resulted in 75% loss of viability of MIAPaCa-2
cells (Figure 3A), and 41% increase in apopto-
sic cells (Figure 3B). However, treatment with
ASO control plus gemcitabine simultaneously
did not have significant effect compared to
gemcitabine alone (Figure 3A and 3B).

In vitro knockdown of CLU influenced sensitive
to gemcitabine via NF-kB/bcl-2 dependant
pathway

We have observed a decrease in P65 and bcl-2
protein levels (Figure 2A), and P65 activity
(Figure 2B) in MIAPaCa-2 cells when CLU was
knockdown by ASO CLU, followed by the in-
crease of sensitity to gemcitabine. Next, we
analyzed whether re-activation of NF-KB by
TNF-a could restore the chemoresistant pheno-
type of MIAPaCa-2 cells above. MIAPaCa-2 cells
were transfected with 500 nM ASO or ASO con-
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trol for 24 h, then treated with 50 ng/ml TNF-a
for another 16 h, later, cells above were then
treated with 20 ymol/ml gmcitabine for 72 hrs.
Our results above showed that NF-kB activity
inhibited by ASO CLU could be promoted by
TNF-a treatment, and combination of TNF-a
treatment induced much less apoptosis in MI-
APaCa-2 cells relative to knockdown of CLU pre-
treatment followed by gemcitabine treatment
as shown by ELISA (Figure 4B). Promotion of
cell growth and viability as assessed by MTT
could also be due to the reduction of apoptotic
cell death induced by TNF-a treatment (Figure
4A). The above results clearly suggest that the
enhanced cell growth inhibition and induction
of apoptosis by CLU sliencing in combination
with gmcitabine in MIAPaCa-2 cells is NF-kB-
dependant. Previous study found Bcl-2 remains
the prototypic antiapoptotic protein and NF-kB
regulates its transcription. Next, we analyzed
whether NF-kB-dependant Bcl-2 regulation is
required for chemosensitisation in MIAPaCa-
2 cells. Our results shown knockdown of CLU
inhibited the p65 expression and activity (Fi-
gure 4D), followed by the bcl-2 inhibition (Figu-
re 4C). TNF-a treatment enhanced the p65
expression (Figure 4C) and activity (Figure 4D),
followed by the bcl-2 upregulation (Figure 4C).
However, when MIAPaCa-2 cells (transfected
with 500 nM ASO + 50 ng/ml TNF-a + 20 ymol/
ml + gmcitabine) were treated with 40 uM
TW-37 (a negative regulator of Bcl-2) for 12 hs
to inhibit Bcl-2 expression, cell growth inhibi-
tion (Figure 4B) and induction of apoptosis
(Figure 4A) was significantly enhanced. These
results show that CLU down-regulates NF-kB
DNA-binding activity and NF-kB-induced bcl-2
expression, which could be the molecular me-
chanism of gemcitabine-induced cell death in
CLU sliencing-pretreated cells.

ASO CLU augments in vivo therapeutic effect
of gemcitabine on primary tumor

The experiment was done to investigate the
therapeutic utility of ASO CLU and gemcitabine
combination in SCID mice bearing subcutane-
ously implanted pancreatic tumor cells MIA-
PaCa-2. ASO mock and ASO CLU at doses of 10

Int J Clin Exp Med 2015;8(8):12476-12486
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mg/kg were administered by iv injection, and
every other day for a total of seven injections,
whereas gemcitabine dose was based on previ-
ously published reports (80 mg/kg body weight,
i.v., and every other day for a total of three injec-
tions). For in vivo experiment, 42 mice were
divided into six groups as described in Materials
and Methods. In an effort to establish the effi-
cacy of a single-agent treatment compared
with combinations, we determined the mean
tumor weight in all treated groups. Analysis of
the average tumor weight in the different treat-
ment groups showed that single modality treat-
ment with either ASO CLU or gemcitabine alone
in mice harboring MIAPaCa-2 cells caused 12%
and 16% reduction in tumor weight, respecti-
vely, compared with control tumors (Figure 5A).
Under identical experimental conditions, com-
bination of ASO CLU and gemcitabine treat-
ment showed significant decrease (70%, P<
0.01) in tumor weight compared with untreated
control, ASO CLU alone, ASO mock alone, gem-
citabine alone or ASO mock in combination with
gemcitabine treated group. Furthermore, com-
bination of ASO CLU and gemcitabine treat-
ment resulted in a significantly decrease in the
MIAPaCa-2 tumor volume (Figure 5B). Figure
5C, 5D shows that combination of ASO CLU and
gemcitabine treatment induced significantly
tumor cell apoptosis as measured by TUNEL
staining.

Discussion

Inhibition of the CLU has repeatedly and consis-
tently been shown to sensitize pancreatic can-
cer cells in vitro and in vivo to the apoptotic
effect of chemotherapy [9]. The mechanism by
which CLU activation in these cancer cells con-
fers chemoresistance is unclear. CLU has been
shown to regulate multiple targets of apoptosis,
including Bax [35, 36], Bcl-XL [37] and p21
[38]. There has been extensive investigation
coupling CLU to Ikk and NF-kB activation [31,
32], which can be a potent survival signal
through transcription of various target genes.
However, which genes confer this effect is
undergoing further investigation. The effect of
modifying single members of the BCL-2 gene
family on apoptotic response has been exam-
ined in a variety of cancer types and models,
and NF-kB has been shown to regulate tran-
scriptionally the expression of several mem-
bers of the BCL-2 gene family [24-26].
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While we previously demonstrated that expres-
sion of CLU conferred a chemoresistant in pan-
creatic cancer cells [9], a direct correlation
between CLU and chemoresistant has not been
demonstrated. Thus, it is of interest to deter-
mine how CLU contributes to the gemcitabine
chemoresistant of pancreatic cancer cells.

In our study, knockdown of CLU could attenua-
te gmcitabine-induced apoptosis and growth
inhibition in vivo and vitro, suggesting that
knockdown of endogenous CLU is a key deter-
minant of gmcitabine-induced apoptosis. A re-
cent study has shown that blockage of endog-
enous CLU expression reduced viability and
enhanced apoptosis in AR4-2J cells. Presence
of CLU reduced NF-kappaB activation and
nuclear translocation and expression of the
NF-kappaB target genes TNF-alpha and MOB-1
under cell stress [39]. Our current study pro-
vides evidence that knockdown of CLU itself
could not promote apoptosis and inhibit growth
in MIA-PaCa-2 cells, however knockdown of
CLU is required for the sensitivity of pancreatic
cancer cells to gmcitabine-induced apoptosis.
Although expression of CLU and NF-kB con-
ferred a chemoresistant in pancreatic cancer
cells, gmcitabine treatment did not induce CLU
and NF-kB upregulation. One of the most re-
markable findings is that the NF-kB was medi-
ated by CLU. Furthermore, reintroduction of
NF-kB activity and nuclear translocation in the
presence of TNF-a restored the chemoresis-
tant in pancreatic cancer cells, though CLU was
inhibited, suggesting that knockdown of endog-
enous CLU sensitized pancreatic cancer cells
to gmcitabine via NF-kB-dependant pathway.

Other remarkable findings are that the bcl-2-an-
ti-apoptosic effect by CLU was mediated by
NF-kB. Furthermore, reinhibition of bcl-2 by
TW-37 (a negative regulator of Bcl-2) deterio-
rated the chemoresistance of reintroduction of
NF-kB activity in pancreatic cancer cell, sug-
gesting that bcl-2 is a key determinant of
gmcitabine-induced apoptosis. These data su-
pport the hypothesis that CLU regulates che-
mosensitivity in pancreatic cancer via regulat-
ing NF-KB/bcl-2 pathway. These data may pro-
vide a functional link between elevated CLU
levels observed in human pancreatic cancer
patients and poor prognosis [40].

In summary, we have demonstrated that kno-
ckdown of CLU is essential for gmcitabine-
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induced apoptosis in human pancreatic cancer
cell, and that this is mediated, at least in part,
through the downregulation of NF-Kb and bcl-2.
Activation of CLU confers resistance by promot-
ing NF-kB-mediated transactivation and bcl-2
upregulation.

A more thorough understanding of the molecu-
lar mechanisms underling chemosensitivity in
human pancreatic cancer may ultimately im-
prove treatment outcomes for this disease.
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