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Abstract

AIM: To evaluate the significance of BNIP3 in the
pathogenesis of pancreatic cancer, we analyzed the
relationship between the expression of BNIP3 and
survival rate of the patients with pancreatic cancer,
or chemosensitivities in pancreatic cancer cell lines,
particularly for gemcitabine, the first-line anti-tumor drug
for pancreatic cancer.

METHODS: To compare the expression level of BNIP3
with the resistance to gemcitabine, eight pancreatic
cancer cell lines were subjected to gemcitabine treatment
and the quantitative real-time RT-PCR method was used
to evaluate BN/P3 expression. Immunohistochemical
analysis was also performed using 22 pancreatic
cancer specimens to study relationship between BNIP3
expression and survival rate.

RESULTS: Although no significantly positive association
between BN/P3 mRNA level and gemcitabine
chemosensitivity was observed, pancreatic cancer cell
lines that were sensitive to gemcitabine treatment tended
to show high levels of BNIP3 expression. The converse,
an absence of BNIP3 expression, was not correlated
with gemcitabine resistance. We further compared the
BNIP3 expression profiles of resected primary pancreatic

cancer specimens with the prognosis of the patients, and
found a tendency of favorable prognosis and low BNIP3
expression.

CONCLUSION: High levels of BNIP3 expression cannot
be used as one of the predicting factors for gemcitabine
chemosensitivity, and some yet to be known factors
will have to fill the gap for the accurate prediction of
pancreatic cancer chemosensitivity to gemcitabine.
However, BNIP3 expression may have an impact on
prediction of prognosis of patients with pancreatic
cancer.
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INTRODUCTION

Pancreatic adenocarcinoma is a common cancer with an
extremely poor prognosis around the world because of its
aggressive invasive capacity, early metastasis, resistance to
existing chemotherapeutic agents and radiation therapy,
and lack of specific symptoms that help in finding patients
at early stages for curative operation. To improve the
horrible prognosis, we need to find novel approaches to
both diagnosis and treatment that are more efficient than
currently available techniques.

BNIP3, the hypoxia-inducible proapoptotic gene
belonging to the BCL.2 family, was originally identified as the
gene encoding a protein that interacts with adenovirus E1B
19-kDa protein'’. The expression of BNIP3 is increased
under hypoxic conditions by a transcription factor, hypoxia-
inducible factor 1o (HIF7¢)™”, and leads to cell death by
two different pathways; (1) heterodimerization with the anti-
apoptotic protein BCL2, and (2) opening the mitochondrial
permeability transition pores by direct contact with its outer
membrane. Thus, BNIP3 is considered to be a key regulator
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of hypoxia-induced cell death™.

Hypoxia is a common phenomenon in solid tumors
and has been proven to occur in pancreatic cancer,
but BNIP3 expression was shown to be decreased in
pancreatic cancer compared with normal pancreas due
to the hypermethylation of its promoterm. On the other
hand, high expression of BNIP3 in pancreatic cancer
cell lines has been reported to be associated with the
chemosensitivity to gemcitabine 2', 2'-difluorodeoxycitidin
e. (Gemzar, Eli-Lilly, Indianapolis, IN), a novel pyrimidine
nucleoside analogue'. Tt was expected that downregulation
of proapoptotic BNIP3 might contribute to chemo-
resistance, survival and progression of pancreatic cancer in
a hypoxic environment. In the present study, we analyzed
the expression of BNIP3 in several pancreatic cancer cell
lines to explore the association with chemosensitivity in
pancreatic cancet.

MATERIALS AND METHODS

Pancreatic cancer cell lines and cell culture

Two human pancreatic cancer cell lines (CFPAC1 and
SUIT2) were obtained from Cancer Research UK Research
Services (London, UK). PK-1, PK-8, PK-9, PK-45, and
PK-59 were established at Tohoku University from patients
with pancreatic cancer™". PANC-1 was obtained from
Cell Resource Center for Biomedical Research, Institute
for Development, Aging, and Cancer, Tohoku University
(Sendai, Japan). All cells were maintained in RPMI 1640
containing 10% fetal bovine serum under an atmosphere

of 5% CO2 with humidity at 37°C.

MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide) assay

To assess cell proliferation, the MTT test was used as
described previously"". Cells were resuspended in fresh
medium and seeded in 96-well plates at concentration of
5 x 10’ cells/well. Cells were incubated for 24 h at 37°C,
and then gemcitabine was added to each well at various
concentrations. Each plate was incubated at 37°C for 72 h.
An aliquot of 10 pL of 3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (2.5 mg/mL) was added to
each well, and the plate was incubated at 37°C for 2 h. The
absorbance was measured at 560 nm using a microplate
reader.

Quantitative real-time reverse transcription PCR

Total RNAs were extracted from the harvested cells using
an RNeasy mini kit (QLIAGEN, Tokyo, Japan) according
to the supplier’s instructions. Each purified RNA was
dissolved in RNase-free water, and its concentration was
measured by optical absorbance at an aliquot of 10 pg
total RNA and Super Script II Reverse Transcriptase
(Invitrogen, Carlsbad, CA) by the methods described
previously'”. The synthesized cDNA was used for a
quantitative real-time PCR analysis using an ABI PRISM
7000 Sequence Detection System (Applied Biosystems,
Foster City, CA) following the manufacturet’s instructions.
Specific primers and common probe were designed by
using the Primer Express software (Applied Biosystems),
and their nucleotide sequences are: 5'-tggacggagtagctec
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aagage-3' (forward primer), 5'-agaagccctgttggtatcttgtg-3'
(reverse primer), 5'-tctcactgtgacagtccacctege-3' (TagMan
probe). These primers wete purchased from Nihon Gene
Research Laboratories (Sendai, Japan). Expression of the
2-microglobulin (B2M) gene was monitored as an internal
control, and the nucleotide sequences for the primers and
the probe were described previously"”. Amplifications
were carried out in the reaction mixture in 25 pL
containing 5 pl. of cDNA samples and 12.5 pul. of 2 X
ABsolute QPCR ROX Mix (ABgene, Epsom, UK), and
the final concentration of 0.2 umol/L of each primer pair
and 0.4 pmol/L of the probe were added in a program
comprised of 2 min at 50°C, 15 min at 95°C, followed by
40 cycles consisting of 15 s at 95°C and 1 min at 60°C. The
expression ratio of BNIP3/B2M was calculated and used.

Each experimental reaction was petrformed in triplicate.

Tissue samples and immunohistochemical analysis
Pancreatic cancer specimens were obtained from 22
patients between 1995 and 2004. All the patients had
undergone surgery at Tohoku University Hospital. Stages
were defined according to the general rules of the Japan
Pancreas Society[m. These patients underwent cither
pancreaticoduodenectomy or distal pancreatectomy
with nodal dissection followed by similar chemotherapy
including gemcitabine treatment. All of the patients’
prognoses until 2005 were also determined. Twelve
patients were male and 10 patients were female, and the
mean age of operation was 64.0 years old. Specimens for
immunohistochemistry were fixed in 10% formalin and
embedded in paraffin for histological analysis. Research
protocols for this study were approved by the Ethics
Committee of the Tohoku University School of Medicine.
Antigen retrieval was performed by boiling the slides in
10 mmol/L citrate buffer twice for 10 min. Peroxidase
was quenched with a 3% H20z2 solution in 30% methanol.
After an overnight incubation with mouse anti-BNIP3
antibody clone Ana 40 (Sigma-Aldrich, St. Louis, MO) at
4°C, slides were washed with PBS supplemented with 0.05%
Tween-20 and exposed to the HRPO-linked anti-mouse
secondary antibody for 45 min at room temperature. Color
reaction was carried out by incubation for 4 min with
liquid DAB+ substrate and counterstaining by Mayet’s
hematoxylin solution. Staining patterns were divided
into three groups following the report by Erkan e al'”
punctate perinuclear staining, diffuse cytoplasmic staining,
and negative/faint staining.

Statistical analysis

All experiments were done in duplicate or triplicate. A two-
tailed Student’s ~test was applied for statistical analysis of
comparative data. Overall survival curves were generated
according to the Kaplan-Meier method. P < 0.05 was
considered statistically significant.

RESULTS

Efficacy of cytotoxicity induced in pancreatic cancer cell
lines by gemcitabine exposure

The response of eight pancreatic cancer cell lines to
gemcitabine treatment was investigated using the MTT
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Table 1 Classification of the Cell Lines by IC50

IC50 (ng/mL) Cell lines
Sensitive group <0.1 PK-9, SUIT2
Intermediate group 0.1-100 CFPACI1, PK-1, PK-8, PK-45
Resistant group >100 PK-59, PANC-1
PK-9
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Figure 1 Response to gemcitabine in pancreatic cancer cell lines. Dose-response
curves for gemcitabine in PK-9 (A) and PANC-1 (B). These are representative
gemcitabine-sensitive and -resistant cell lines, respectively. Each bar represent a
standard deviation (SD).
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Figure 2 Relative expression levels of BNIP3 in eight pancreatic cancer cell lines.
BNIP3 expression in pancreatic cancer cell lines as determined by quantitative
real-time RT-PCR, and the expression of B2M was monitored as the internal
control. The cell lines are arranged by 1C50 for gemcitabine. No significant
correlation was observed between the expression level of BNIP3 and IC50.

assay. Representative dose-response curves are shown
in Figure 1; PANC-1 is a representative resistant cell
line, whereas PK-9 is a representative sensitive cell line.
The pancreatic cancer cell lines were divided into three
groups according to their IC50 values as shown in Table
1. Judging from the IC50 value, two cell lines (PK-9 and
SUIT?2) showed high sensitivities to gemcitabine; less than
30% of the cells survived in the presence of 0.1 pg/mL
of gemcitabine for 72 h (Figure 1A). In contrast, PANC-1
and PK-59 showed very low sensitivity; more than 50%
of the cells survived even in the presence of more than
100 ug/mL of the drug for 72 h (Figure 1B). The
remaining four cell lines (CFPAC1, PK-1, PK-8 and

Figure 3 Immunohistochemical analysis of BNIP3 in primary pancreatic cancer
specimens. A monoclonal anti-BNIP3 antibody (clone Ana 40) was used. A:
Punctate perinuclear staining; B: Diffuse cytoplasmic staining; C: Negative/faint
staining.

PK-45) showed moderate sensitivity (IC50 values 0.1-100
ug/mlL) and were classified as intermediately sensitive cell
lines.

BNIP3 expression level is not associated with
chemosensitivity of pancreatic cancer to gemcitabine
The expression of BNIP3 mRNA was examined in
all the pancreatic cancer cell lines by quantitative real-
time RT-PCR. Among the cell lines analyzed, BNIP3
expression levels varied by 10* fold, as shown in Figure 2.
Cell lines were arranged by their IC50 values from left
to right. PANC-1 showed the level of BNIP3 expression
comparable to normal pancreas, but PK-45 and PK-1
showed highly suppressed levels of expression. No
significant correlation was observed between the expression
level of BNIP3 and the IC50 for gemcitabine.

Next we examined the expression level of BNIP3 before
and after gemcitabine treatment to see if gemcitabine affects
the BNIP3 expression. After administration of 1 pg/mL of
gemcitabine to PANC-1, PK-45, PK-9, and SUIT?2, the cells
were harvested on d 0, 1, 2, and 3. No significant alterations
in BNIP3 expression were observed in these cell lines (data
not shown).

Expression level of BNIP3 in pancreatic cancer tissue and
correlation with patient survival

To explore the question of whether the expression
level of BNIP3 affects the prognosis, we performed
immunohistochemical analyses of resected tumor tissues.
The staining patterns of BNIP3 were divided into three
groups'”. Representative examples are shown in Figure 3.
Among the 22 evaluated specimens, four patients were
classified as negative, 11 patients displayed diffuse
cytoplasmic staining and 7 showed the punctate perinuclear
pattern. The groups were comparable in terms of tumor
morphology, stage, and year of treatment including
usage of gemcitabine. Although significant differences
were not calculated, a tendency between long survival of
the patients and negative/faint BNIP3 expression was
observed (Figure 4).
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Figure 4 Kaplan-Meyer analysis of the patients with pancreatic cancer by BNIP3
immunostaining patterns. The mean survival time of patients with punctate
perinuclear staining group was 20 mo, diffuse cytoplasmic staining group was 26
mo, and negative/faint-staining group was 95 mo. Each group was comparable in
terms of tumor stage and adjuvant therapies.

DISCUSSION

Recent studies have reported that BNIP3 expression is
silenced in pancreatic cancer by hypermethylation of its
promoter and that loss of BINIP3 expression contributes
to chemoresistance and worsened prognosis[7’8’151.
Furthermore, siRNA-mediated knockdown of BNIP3
caused chemortesistance to gemcitabinelgj. The information
was supposed to give us some clues to finding some efficient
novel methods for treatment of pancreatic cancer patients.
As the first step for invention of such an efficient method
for treatment, we tried to confirm these reported results
by comparing BNIP3 expression levels and gemcitabine
chemosensitivity in several pancreatic cancer cell lines.
However, our results did not support the previous report
by Akada ez al”, The expression levels of BNIP3 in our
series of pancreatic cancer cell lines, which were basically
the same as used in the previous study, did not reproduce
the previous results; the chemosensitivities of pancreatic
cancer cell lines to gemcitabine were quite different.
Representative gemcitabine sensitive cell lines (CFPACI
and SUIT?2) and the representative resistant cell line
(PK-59) were used in both studies, but PK-9, which was
previously scored as moderately sensitive to gemcitabine,
was actually classified as the most sensitive cell line in our
study. PANC-1, which was reported also as “moderate”
was the most resistant cell line. In addition, PK-8, which
was not tested in the previous study, showed resistance
to gemcitabine even with high expression of BNIP3. The
cause of these discrepancies of the gemcitabine sensitivity
between the two studies is unclear; the difference of the
methods used in these studies, different culture media, and,
probably, cell density, may have caused the discrepancy
to some extent. Our immunohistochemical studies also
showed results opposite to those reported by Erkan ez al";
loss of BNIP3 expression seemed to correlate with better
survival of patients.

In our present study, we could not detect any
clear relationship between BNIP3 expression and
chemosensitivity that might associate with a favorable
patient survival rate. BNIP3 is a proapoptotic protein that
was considered to have some effect on the chemosensitivity
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for the proapoptotic effect of BNIP3 and eliminate
the differences between BNIP3-positive and -negative
cancer cells with regard to chemosensitivity and survival.
Furthermore, chemosensitivities can be caused by
factors other than those we have discussed so far, such
as upregulation of the transportation system to eliminate
the drugs from the cells or upregulation of metabolism.
Any association between chemosensitivity and BNIP3
expression may yet give us a clue to find a way to invent
efficient methods for treatment; further studies are
necessaty to explain the discrepancy.
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