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ABSTRACT

Background: The p53 protein function is essential for the maintenance of the nontumorigenic cell phenotype.
Pancreatic tumor cells show a very high frequency of p53 mutation. To determine if restoration of wild type
p53 function can be used to eliminate the tumorigenic phenotype in these cells, pancreatic tumor cell lines,
PANC-1 and HTB80, differing in p53 status were stably transfected with exogenous wild type p53 gene.
Methods: The transfection was performed using Polybrene/DMSO-Assisted Gene Transfer method. The wild
type p53 gene integration into genomic DNA was detected by Southern blot and PCR. Furthermore, the
expression of wild type p53 protein was detected in selected clones by immunohistochemistry and Western
blot. Results: While HTB8O cell line failed to produce a stable p53 expressing clone, the PANC-1 cells
produced stable lines. Following characterization of clones, the growth rate and tumorigenicity of PANC-1
wild type p53 clones were compared to the control cells. Our data showed that the expression of wild type p53
decreased the growth rate of PANC-1 cells. It was also observed that the expression of wild type p53 in
PANC-1 cells suppressed its potential for tumor formation in nude mice, completely, while the parental line
leads to the formation of a relatively large tumor. Conclusion: Our results suggest that gene therapy based on
restoration of wild type p53 protein function in pancreatic tumor cells with high amount of mutant p53 is a
feasible option in pancreatic cancer treatment. Iran. Biomed. J. 11 (1): 1-6, 2007
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INTRODUCTION

r I Yhe p53 tumor suppressor gene is the most
common known mutated sequence in human
cancers, 50% of all human cancers lacks a

wild type (wt) p53 gene allele and thus generates a

functionally defective p53 protein [1, 2] and it is

now thought that p53 protein function is essential for
the maintenance of the nontumorigenic cell
phenotype [3]. The p53 protein is a sequence
specific transcription factor that activates a variety
of cellular genes in response to DNA damage,

hypoxia, stress, and many pathological states [4-6].

Human pancreatic cancer is the fifth leading cause

of cancer death in the North America [7, 8]; it

presents its symptoms late in the course of the
disease and is usually fatal within a year. Pancreatic
cancer is refractory to radiation and chemotherapy.

Therefore, alternative therapeutic strategies are

urgently required for pancreatic cancer. Pancreatic
carcinomas display P53 mutations at relatively high
frequency [9, 10]. Sequence analysis of exon 5-8 of
the P53 gene in 13 human pancreatic cell lines
revealed missense mutations in seven cell lines that
were in the evolutionarily conserved regions of P53
gene [11]. These results confirm the p53 inactivation
as an important event in human pancreatic
tumorigenesis. Therefore, it is important to define
whether the expression of p53 is compatible with the
transformed phenotype of pancreatic cells. Studies
with p53 gene transfer have been conducted in many
cancer types including cervical, ovarian, prostatic,
bladder, brain and head and neck tumors [12-15].
Restoration or overexpression of p53 is known to
achieve various antitumor activities, which includes
induction of apoptosis, inhibition of cell
proliferation, antiangiogenesis, and repair of
damaged genes. These antitumor mechanisms of p53
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are known to be dependent in part on the tumor cell
type and on the level of p53 expressed [16]. The
effect of over expression of p53 protein is not known
in the pancreatic tumor cells. In the present study,
we examine the effects of introducing wt p53 gene
on the growth properties and tumorigenicity of
pancreatic tumor cells, differing in p53 status. Two
pancreatic tumor cell lines, PANC-1 and HTBS80
were selected. The p53 gene of PANC-1 pancreatic
tumor cell line has a mutation of Arg to His at codon
273. While PANC-1 cells express high amount of
mutant p53, HTB80 tumor cells express very low
levels of wt p53 protein. We present data, which
show wt p53 gene functions as a suppressor of
cellular growth in the PANC-1 pancreatic tumor cell
line, and that it completely suppresses its ability for
tumor formation in nude mice.

MATERIALS AND METHODS

All chemicals were obtained from Sigma
Chemical Company (USA) unless otherwise stated.
Anti-p53 antibody Ab-5 (PAb1620) recognizes a
conformational epitope of wt p53 and therefore will
not recognize mutant or denatured p53. Ab-2
(PAb1801) recognizes amino acids 46-55 of both
mutant and denatured wt p53. They were both from
(Oncogene, USA). Polybrene: (1, 5-dimethyle 1, 5-
undecamethylene polymethobromide) was from
Aldrich, USA. Pancreatic tumor cell lines, PANC-1
and HTB80 were obtained from American Type
Culture (USA) Collection. The plasmid pcNXRS
containing human wt p53 cDNA under the control of
cytomegalovirus (CMV) promoter/enhancer
(Invitrogen, USA) was used for the transfection
experiments [17].

Cell culture. The pancreatic tumor cell lines were
grown in DMEM (10% fetal bovine serum, FBS),
supplemented with 1mM L-glutamine and 100 U/ml
penicillin. All cell cultures were maintained in a
humidified incubator at 37°C under an atmosphere
of 5% CO,. Growth medium was replaced every 4
days.

Transfection experiments. Transfection was
performed according to reference [18]. Cells (1 x
10° per 100 mm diameter dish) of pancreatic tumor
cell line PANC-1 were transfected with 1-10 ug of
pcNXRS plasmid DNA in the presence of 5 pg/ml
polybrenein culture medium supplemented with 10%
FBS and 30% DMSO (Fisher Scientific) for

permeabilization. Following incubation for 24 h,
cells were washed and fed with fresh selection
medium contain 0.8-1 pg/ml of G418 (Geneticin;
Invitrogen, USA). After 2-3 weeks G418 resistant
individual colonies were picked and expanded for
further analysis.

Expression of p53 protein in selected clones.
Analysis of exogenous p53 expression was
performed by Western blotting and
immunohistochemistry techniques (Oncogene, USA)
as described below.

Immunohistochemistry ~ with  cultured cells.
Cultured cells were fixed on cover slips with a
freshly  prepared solution containing 4%
paraformaldehyde, 0.1% glutaraldehyde in PBS for
15 minutes on ice, and rinsed 3 times with PBS.
Cells were then permeabilized with 0.1% Triton X-
100 and blocked with a mixture of 10% goat serum
and 2% BSA in PBS for 1 hour. This was followed
by overnight incubation at room temperature with
anti-nitrotyrosine in 10% goat serum containing 0.1
% Triton X-100 in PBS. Following three PBS
washes, samples were incubated with biotin-
conjugated secondary antibody of choice in 10%
goat serum for 30 minutes and rinsed. Finally, DAB-
peroxidase substrate was added and samples were
washed with PBS and distilled water and mounted in
glycerol.

Western blots. Whole-cell extracts were prepared
by rinsing the cells twice with ice-cold PBS and then
adding cell lysis buffer (50 mm Tris HCI, 0.1%
SDS, 10% glycerol, 0.72 m 2-b -mercaptoethanol,
0.1mm phenylmethanelsulfonyl fluoride and 6 m
urea). The cells were scraped off the dish using a
rubber spatula and scraping was done over ice. Total
proteins (20-50 pg) were separated on SDS-PAGE
gel and transferred into PVDF membrane
(Millipore). Membranes were blocked in 0.5%
blocking solution (0.5% milk in Tris buffered saline,
TBS) at 25°C for 1 h. Then, they were incubated
with primary antibody in 0.1% blocking solution at
4°C overnight. Membranes were washed four times
in TBST (0.1% Tween 20 in TBS) and then
incubated with secondary antibody at 25°C for 1 h.
Finally, membranes were washed three times in
TBST, and primary antibody-antigen complex was
visualized by enhanced chemiluminescence using
horseradish peroxide coupled secondary anti-mouse
antibodies (Boehringer Mannheim, USA).
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Characterization of P53 gene integration in
transfectants using Southern Blot. Genomic DNA
(10 npg) was digested with the restriction
endonucleases HindlIll and electrophoresed on 1%
agarose gels. Southern transfer was performed using
0.4 M NaOH and Pall Biodyne B nylon membrane.
Membranes were prehybridized with HYBSOL (1.5
x SSPE, 7% SDS, 10% Poly Ethylene glycol)
supplemented with 200 pg/ml Herring sperm DNA
at 65°C for 2-4 h. Hybridization was performed in
HYBSOL supplemented with 32P-p53 labeled probe
for 16-20 h at 650 C. Membranes were washed with
2 x SSC/0.5% SDS, 0.2 x SSC/0.5% SDS, and 0.1 x
SSC/0.1% SDS, respectively.

PCR analysis. Two neomycin phosphotransferase
oligonucleotide  primers, neo forward (5'-
CAAGATGGATTGCACGCAGG-3') and neo
reverse (5'-CCCGCTCAGAAGAACTCGTC-3")
were synthesized. Conditions for amplification of a
790-bp fragment of the neo gene were as fallow: 1
ug of genomic DNA was incubated in a 100 puL of
PCR reaction buffer (20 mM Tris-HCL, Ph 8.9, 50
mM KClI), 200 uM each dNTP, 1.5 mM MgCl, and
0.5 uM each primer, at 94°C for 1 min, 50°C for 1
min, 72°C for 2 min, and in the last cycle, 72°C for
10 min, through 35 cycles. Ten pL of amplification
product was then loaded on 1% agarose gel.

Growth rate analysis. Equal numbers of cells from
individual clones (1 x 10%) were seeded onto 60 mm
dishes into regular medium as described earlier.
Cells were counted every 2 days by culture counter.

Tumorigenicity assays. Young adult female, 4-7
weeks old nude mice were used. Cells from tissue
culture with viability greater than 98% were used
and equal number of cells (3-6 x 10°) from each
clone was injected into flanks of thymic nude mice.
Tumor formation and tumor size were measured and
recorded weekly until 12 weeks postinjection.

RESULTS

Establishment of stable wt p53 expressing cell
line. Human pancreatic cell lines, PANC-1 and
HTBS80 were chosen for this study. The former cell
line contains mutant P53 gene that has mutation in
exon 7 (codon 273, Arg to His mutation) [10] and
expresses high amount of mutant P53 protein
detectable by both immunohistochemistry and
Western blot. The latter express very low amount of

p53 protein. In the first experiment, the above cell
lines were transfected with pcNXRS construct,
which carried the cloned human p53 cDNA, coupled
to the neo gene under CMV promoter control. G418-
resistant cells were recovered 3-4 weeks post-
transfection and single-cell clones were then isolated
and expanded. Unfortunately, having isolated very
few HTBS8O clones, they all died in the expansion
step. The PANC-1 clones on the other hand
produced viable colonies. Thus, these clones were
screened for the expression of p53 protein by
immunohistochemistry and Western blot using
monoclonal antibody PAB1620 directed against wt
forms of p53 (Fig. 1 A-C). The densitometric
evaluation of exogenous p53 expression in Figure
1C, lanes 2-5, showed the 0, 170, 140, 103, values
(sum above background) for each band, respectively.
The B-actin was used as loading control (Fig. 1D).
Integration of P53 gene fragment into clones was
also examined by PCR amplification of neo gene,
selection gene, (Fig. 1E). As an additional
confirmatory tool, Southern blot analysis of
exogenous genomic P53 was performed (Fig. 2).
The positive clones confirmed by three methods
were selected for the following experiments.
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Fig 1. Analysis of wild type p53 expression in pancreatic
tumor cell line, PANC-1. A and B are the
immunohistochemistry analysis of the untransfected and wild
type p53 transfected PANC-1 cells, respectively. C shows the
Western blot of the PANC-1 and wild type p53 transfectants
using wild type p53 antibody (1620 antibody): Lane 1, PANC-1
positive control (1801 antibody); lane 2, PANC-1 negative
control (Ab 1620); lanes 3-5, wild type p53 expressing
transfectants. D, B-actin control. E, PCR amplification of the
selection gene, neo gene: Lane 1, negative control without
DNA; Lanes 2 and 3, PANC-1 cell line; Lanes 4 and 5, wild
type p53 transfected clones.
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Fig 2. Southern blot analysis of exogenous p53 gene
integration in pancreatic tumor cell line, PANC-1. Lane 1 and 2,
positive transfectants; lane 3, PANC-1; lane 4, vector. Genomic
DNA for each sample was digested with HindIIl. *ex,
exogenous; *en, endogenous.

Growth properties of wt p53 transfectants.
Several studies have shown that introduction of wt
P53 gene to tumor cell lines induces growth arrest.
This effect, however, depends on both protein
dosage and cell type. In order to test whether the
expression of P53 may induce a suppression of
cellular growth in pancreatic tumor cell line, PANC-
1, the growth rates of each clone was measured. As
presented by the slopes of growth curves (Fig. 3),
the growth rates of PANC-1 transfectants were
consistently slower than parent cells.

—aA— PANC-1
—— Wt p53 clone |

—wv— Wt p53 clone 2

Total Cell No. x 10°

1 L 1 L 1 L 1 L 1 L 1
y 1 2 3 4 El

Time (Day)

Fig. 3. Effect of p53 expression on the growth rate of PANC-
1 tumor cells. Equal number of cells (1 x 10°) was seeded onto
60 mm culture dishes. Cells were trypsinized and counted every
two days. Results are the mean of three independent
experiments.

Tumorigenic potential of wt p53 expressing cells
in nude mice. To further assess the growth
suppression potential of the wt p53 gene in
pancreatic tumor cells, a tumorigenic assay in nude
mice was performed. The results showed that wt p53
expressing PANC-1 transfectants were not
tumorigenic in nude mice (Fig. 4).

Fig. 4. Tumorigenicity of p53 positive and negative clones in
nude mice. PANC-1 cells transfected with wild type p53 (A);
vector without p53 (B) and untransfected PANC-1 (C) were
injected into nude mice.

DISCUSSION

Ductal pancreatic adenocarcinoma represents 80-
85% of all pancreatic malignancies and is one of the
most lethal cancers in the Western world. Despite
recent advances in diagnostics, staging and therapy,
the long-term survival of patients remains dismal. In
fact, pancreatic carcinoma is refractory to
chemotherapy and radiotherapy [19- 21]. Several
protooncogenes and tumor suppressor genes have
been implicated in pancreatic tumors, including
tumor suppressor p53 [22]. P53 mutations are the
most commonly observed gene alterations in human
cancers. As a central regulator of cell growth, p53 is
essential for the maintenance of the normal balance
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between cell proliferation and cell death. Given the
importance of p53 in regulating cell growth and its
frequent loss in human cancers, scientists began to
explore the idea of reintroducing wt p53 into cancer
cells to induce growth arrest, apoptosis or even to
increase their sensitivity to chemotherapeutic agents.
Inactivation of p53, a constant feature of pancreatic
carcinoma, [23, 24], could account for resistance to
therapy. In fact, p53 function is required for growth
arrest or apoptosis after administration of DNA-
damaging agents [21]. In this study, we evaluated
the efficacy of pancreatic cancer gene therapy by
examining the effect of expression of wt tumor
suppressor p53 on the treatment of pancreatic cancer
cells, PANC-1, with high amount of mutant p53 and
HTB80 with very low amount of wt p53 protein.
HTBS8O0 cells did not produce viable colonies and
died in the expansion stage. Since these cells contain
wt p53, we speculate that p53 is functional in these
cells and reasons other than p53 alteration caused
their tumorigenic phenotype. Furthermore, it seems
that the elevated level of p53 protein by gene
transfer can causes these tumor cells to undergo cell
death due to the fact that they are unable to bear
extra amount of p53. Wt p53 transfectants of PANC-
1 cells, which express high amount of mutant p53
(codon 273) protein, exhibited a reduced growth rate
of pancreatic carcinoma cells in comparison to the
parental cells. Furthermore, introduction of p53 into
these cells resulted in complete suppression of tumor
formation in the nude mice. The results reported
herein also suggest that gene therapy based on
restoration of wt p53 protein function in pancreatic
tumor cells with high amount of mutant p53 is a
feasible option in pancreatic cancer therapy.
Obviously, combining  this  therapy  with
conventional chemotherapeutic agents may yield a
more beneficial response than conventional
treatments alone. With improving gene delivery
systems and novel drugs that restore p53 function, it
is likely that combining wt p53 based gene therapy
with conventional therapies will be the most
effective cancer therapy regimen in the future.
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