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Abstract Mutation of the K-ras gene is thought to be an
early and important event in pancreatic carcinogenesis.
In order to study the role of this molecular alteration in
the transition from the normal to the neoplastic pancrea-
tic cell, bovine pancreatic duct cells were first immortal -
ized by SV40 large T antigen (Ag) complementary
(c)DNA transfection and then transfected with a mutated
K-ras gene. As did primary duct cells, the immortalized
duct cells (more than 100 passages) expressed cytokera-
tins, carbonic anhydrase type-ll, cystic fibrosis trans-
membrane conductance regulator (CFTR), and multidrug
resistance (mdr). They grew as a single layer after trans-
plantation under plastic domes and formed three-dimen-
sional structures resembling ducts when grown on
Matrigel. Cell growth was stimulated by insulin, epider-
mal growth factor (EGF), transforming growth factor
(TGF)-a, but cells did not respond to gastrin and CCK-8.
They did not form colonies in soft agar nor did they form
tumors in nude mice. Immortalized cells transfected with
mutated K-ras acquired the ability to form tumors after
orthotopic injection into the nude mouse pancreas. It is
concluded that SV 40 immortalized bovine pancreatic
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duct cells retain the features of normal duct cells and
gain tumorigenicity by transfection with mutated K-ras.
This suggests an important role for K-ras in this pancre-
atic carcinoma model.
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Introduction

Most pancreatic carcinomas are of ductal phenotype and
presumably derive from ductal cells[40]. Although a ge-
netic profile has been established for pancreatic ductal
carcinomas, it is not known which of the gene aterations
turn the normal duct cell of the pancreas into a neoplas-
tic cell. Since K-ras mutations are very common in these
adenocarcinomas and are also detected in ductal changes
that are thought to be precursor lesions [43, 44], they are
considered to be an early event in pancreatic carcinogen-
esis. To understand the initial steps of carcinogenesis in
the pancreas, the availability of a model for the transition
of a normal duct cell to a neoplastic cell would be of
great importance.

We recently succeeded in isolating and cultivating bo-
vine and human pancreatic duct epithelial cells (PDEC)
[19]. Here we report our results in establishing a stable
pancreatic duct cell line by transfection with the large T
antigen (Ag) of SV40 [36] and creating a tumorigenic
clone by a second transfection with a mutated K-ras
gene.

Materials and methods

Isolation and culture of primary pancreatic duct cells

Bovine pancreas was obtained from the slaughterhouse. Prepara-
tion and cultivation of primary pancreatic duct cells were per-
formed as described previously [46]. In brief, the main pancreatic
duct was opened and dissected. The excised duct was freed from
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surrounding tissue and minced into 1 mm pieces. After repeated
washes with ice-cold solution 1 [Hanks balanced salt solution
(Life Technologies) containing 0.01% soybean trypsin inhibitor,
type-11-S (Sigma) and 0.02% bovine serum albumin, fraction V
(Boehringer Mannheim)], the pieces were digested in solution 2
[solution 1 with 1000 U/ml collagenase, type-XI (Sigma) and
0.02% a-chymotrypsin, type-ll (Sigma)] at 37°C for 1-2 h. After
several washes with solution 1 and finally with culture medium,
the resulting cell clumps were seeded into 60-mm plastic dishes
(Nunc). These primary cells were grown in RPMI-medium (Life
Technologies) supplemented with 2 mM L-glutamine (Life Tech-
nologies), 1 mM sodium pyruvate (Biochrom), 100 1U/ml penicil-
lin, 100 pg/ml streptomycin (Life Technologies), 1 mg/ml dexa-
methasone (MSD), 100 pg/ml gentamycin/netiimycin  (Essex
Pharma), and 15% FCS (Life Technologies) in a humidified 5%
CO, incubator at 37°C. After 5 days, fibroblasts were removed by
scraping with atoothpick under microscopic guidance. The proce-
dure was repeated every 2 days thereafter [46]. Cells were charac-
terized using phase contrast and electron microscopy as described
previously [46]. The pancreatic adenocarcinoma cell line Panc-1
(ATCC, Rockville, Md.) and human foreskin fibroblasts served as
control cell lines[26].

Transfection with SV40 large T

Using the cal cium—phosphate (CaP) method [50] with the plasmid
pSV3neo [41], cells were transfected 6-8 days after seeding. The
plasmid contains the DNA of SV40 large T Ag, under control of
the SV40 early promoter and also carries the neomycin-resistance
gene, which enables selection with G 418. Unlinearized CaP-pre-
cipitated DNA (10 pg) was added dropwise to each culture dish.
After atransfection time of 5 h, the medium was removed and, to
improve the transfection rate, the cells were shocked by the addi-
tion of 10% glycerol for 3 min. After that, the cells were washed
twice with phophate-buffered saline (PBS) and re-fed with fresh
medium.

From day two, G 418 (Life Technologies) was added for the
purpose of selecting transfectants to a final concentration of
300 pg/ml. No toothpick removal of fibroblasts was performed
thereafter. Transfection resulted in the establishment of five G418-
resistant cell clones. Three of them had an epithelial-like morphol-
ogy in phase contrast microscopy (V-A, X-C, and X-D), one ap-
peared to be fibroblastic (UE-B), and one was of indefinite mor-
phology (X-E). Transfection was confirmed by means of Northern
blot, Western blot, and immunocytochemistry. The V-A clone was
further examined.

Immunocytochemistry

Indirect immunocytochemistry was used in native and transfected
PDECs as previously described [46]. The primary antibodies were
directed against SV40 large T (Calbiochem, 1:100), broad-spec-
trum cytokeratin (CK; Sigma; 1:200), CK 7 (Sigma, 1:100), CK 8
and 18 (Enzo Diagnostics, 1:100), CK 19 (Sigma, 1:200), vimen-
tin (Boehringer Mannheim, 1:100), carbonic anhydrase type-l
(Pan Systems, 1:200), and fibroblasts (Dianova, 1:200) [46]. Sec-
ondary and tertiary antibodies used for immunocytochemical
staining were horse radish peroxidase (HRP)-conjugated rabbit an-
ti-mouse, rabbit anti-goat, and swine anti-rabbit immunoglobulin
(1g)Gs (all: Dako, 1:100) with AEC as a color substrate.

Sodium dodecy! sulfate polyacrylamide gel electrophoresis and
Western blot analysis

Protein extracts were prepared by scraping the cellsinto 100 ul of
ice-cold buffer A [10 mM Hepes (pH 7.9); 1.5 mM MgCl,;
10 mM KCI; and 0.5 mM dithiothreitol (DTT)] and forcing the
suspension through a 28-G needle to disrupt cell membranes. Nu-
clei were pelleted in a microcentrifuge for 10 s at 4°C and

15,000%g. The supernatant was used to analyze cytoplasmatic pro-
teins, and the nuclei were used in experiments not described in
this work. The samples were boiled in Laemmli denaturing buffer
[23] and analyzed by means of Western blotting. Primary anti-
bodies used were: carbonic anhydrase |1 (Chemicon), K-ras (Santa
Cruz, sc-30), extracellular signal regulated kinase (ERK) 1/2
(sc-94), ERK 1/2-P (sc-7383), proliferating cell nuclear antigen
(PCNA; sc-56), p21/WAF1 (sc-6246), p27 (sc-1641), Bcl-2
(sc-509), Bcl-xL (sc-1690), Caspase 3 (sc-1226), and ELK-P
(New England Biolabs). The primary antibodies were used at a
working dilution of 1:1000. Secondary and tertiary antibodies
were rabbit anti-mouse Ig (Dako, 1:5,000) and swine anti-rabbit
Ig-alkaline phosphatase (AP)-labeled (Dako, 1:5000).

For detection, CDP-star was used as substrate, and resulting
signals were hard-copied to X-ray film (Kodak). For the CFTR
(cystic fibrosis transmembrane conductance regulator) and mdr
(multidrug resistance) P-glycoprotein blots, cells were harvested
and solubilized by means of sonication for 30 s in ‘lysis’ buffer
containing 50 mM mannitol, 0.1% Triton-X 100, 10 pg/ml leupep-
tin, 1 mM benzamidine, 0.2 mM Pefabloc SC, and 10 mM Tris
(pH 7.0). Detergent-insoluble material was removed by centrifu-
gation at 12,000xg for 5 min, and equal amounts of membrane
proteins were separated by sodium dodecy! sulfate polyacrylamide
gel electrophoresis (SDS-PAGE) on 7.5% acrylamide minigels
and transferred onto PVDF membranes. Blots were blocked with
3% nonfat dry milk in Tris-buffered saline containing 0.05%
Tween 20 for 6 h and incubated with primary antibody against
mdr P-glycoprotein [5 pg/ml C219 mAb [21] from Alexis
Deutschland (Griinberg, Germany)] or CFTR (1 pg/ml mouse
monoclonal antibody M3A7) [22] overnight. Following incubation
with horseradish peroxidase-conjugated secondary antibody
(Amersham; 1:6000 dilution) for 60 min, blots were developed in
enhanced chemiluminescence reagents (Amersham), and signals
were visualized on X-ray films.

Reverse slot blot

The expression of several proteins [growth factors, extracellular
matrix (ECM) proteins, oncogenes, and tumor suppressor genes|
known to play a role in pancreatic carcinoma was investigated
using a reverse slot blot, as previously reported [16]. In brief,
cDNA probes corresponding to 500 ng insert were immobilized by
baking (120°C, 30 min) onto a nylon membrane (Qiagen) using a
dlot blot apparatus (Schleicher and Schuell), following the instruc-
tions of the manufacturer. Total RNA (7.5 pg) of clone V-A and of
the tumor cell line Panc 1 were reversely transcribed, and cDNA
was DIG-dUTP labeled with 400 U superscript Il (Life Technolo-
gies). Blots were hybridized with the labeled cDNA in Dig Easy
Hyb (Boehringer, Mannheim) overnight at 42°C and hybrids were
detected with the DIG nucleic acids detection kit (Boehringer
Mannheim) according to the manufacturer’s instructions and hard-
copied to X-ray film (Kodak). The cDNAs were as follows: colla-
gen type-l and collagen type-lll [37]; fibronectin (FN) [38];
vitronectin (VN) [39]; carbonic anhydrase type-ll [8]; fibro-
blast growth factor (FGF)2 [1]; int2 [3]; epiderma growth
factor (EGF; ATCC); platelet-derived growth factor (PDGF)-A,
PDGF-B (Amersham); transforming growth factor (TGF)-p1 [52];
K-ras (ATCC); p53 [15]; fos (Amersham); raf (ATCC); and S6
used as aribosomal control gene [17].

Growth response to peptides

Bovine pancreatic duct cells (3-4x104 per well) were seeded onto
6x35 mm multiwell plates (Corning, N.Y.) containing 3 ml of RPMI
1640 medium supplemented with 10% FCS and 2 mM L-glutamine
(al Life Technologies). After 24 h, cells were washed twice with
1 ml of PBS, and serum-free medium containing growth peptides at
the desired concentrations was added: bombesin (BBS; Peninsula
Laboratories), EGF (Serva), non-sulfated cholecystokinin (CCK-8;
Peninsula Laboratories) and TGF-a (Gibco) at 1x10-1, 1x10-19,



and 1x10-° M; human gastrin-1 (Peninsula L aboratories) and secre-
tin (Ferring, Berlin, Germany) at 1x10-9, 1x10-8, and 1x10-7 M, and
insulin (Sigma) at 1x10-8, 1x10-7, and 1x10-6 M. The synthetic so-
matostatin analogue (SM S 201-9950) was used at concentrations of
10, 100, and 1000 ng/ml in the presence of 1% FCS; bombesin
stimulation was performed both in serum-free conditions and in 1%
FCS supplemented medium [7]. For each peptide, a minimum of
nine separate experiments was performed. Cell numbers were
counted after incubation for 5 days in a Coulter counter (Coulter
Electronics, Inc.). For statistical analysis, the Mann-Whitney U test
was employed. Two-sided P values less than 0.05 were considered
statistically significant.

Karyotype analysis

Chromosome preparation was performed according to standard
procedures. Colcemid (final concentration 0.1 mg/ml; Life Tech-
nologies) was added to the culture for 2 h. The medium was re-
placed by a hypotonic solution (0.4% KCI) and incubated at 37°C
for 20 min. Thereafter, 0.6 ml fixative (3:1 methanol:acetic acid,
4°C) was added to 10 ml hypotonic solution and gently mixed by
inverting the tube. The supernatant was removed, the was pellet
resuspended, and 3:1 fixative was added dropwise. Three washes
in fixative were performed. The cell suspension was dropped on
cold wet dlides. The preparations were air-dried, aged at 90°C for
1 h and GTG-banded [12].

K-ras transfection of immortalized V-A cells

The day before transfection, V-A cells were seeded with 5 ml
Dulbecco’'s modified Eagle's medium (DMEM)/10% FCS into
60-mm plates (Nunc). CaP transfection [19] was performed using
the plasmid pCMV/K-ras. This plasmid contains the complementary
(c)DNA of the human K-ras gene mutated in codon 12 (GGT to
GTT) under control of the cytomegalovirus (CMV) promoter and
also carries the hygromycin-B phosphotransferase gene, thus en-
abling selection with hygromycin B. In brief, 5 pg plasmid DNA
was diluted in 250 pl 0.25 M CaCl,, mixed with 250 pl 2xBBS and
incubated for 20 min at room temperature. Culture medium (4.5 ml)
was added, and the cells were re-fed with this CaP-DNA solution.
After overnight incubation (35°C, 3% CO,), cells were washed
twice with PBS, re-fed with fresh culture medium, and incubated
for another 2 days at 37°C, 5% CO,. For selection of transfectants,
cells were split 1.5 into culture medium containing hygromycin B
(125 pg/ml). Selection was carried out for 14 days, and resistant
clones were expanded. Successful introduction of the mutated K-ras
gene was checked using RE-mismatch polymerase chain reaction
(PCR; see below) analysis, and the expression of the transfected K-
ras cDNA was analyzed using Western blot analysis.

K-ras PCR

High-molecular DNA was prepared directly from fresh cells ac-
cording to standard PCR protocols. The K-ras PCR was performed

Table 1 Comparison of life span, growth, and tumorigenic char-
acteristics of untransfected cells (nl bPDEC), SV40-transfected
cells (V-A), K-ras-transfected V-A cells (V-Ar), pancreatic tumor
cells (Panc-1), and bovine fibroblasts. nl bPDEC normal bovine
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as described previously [18]. In brief, the codon 12 flanking re-
gion was spanned by two primers covering a 99-bp fragment. A
modification on the 3' end of the upstream (5') primer lies on the
last base of codon 11, creating an artificial Mspl restriction endo-
nuclease site in case the wild-type K-ras gene is present [18]. A
20-pl aiquot of the 50-yl PCR reaction product was used in a
Mspl enzyme (Boehringer Mannheim) digest for 2 h. If the wild
type is present, the reaction yields a 78-bp and a 21-bp fragment.
If the K-ras gene is mutated in codon 12, a double band will re-
sult, representing the undigested original 99 bp and 78 bp in addi-
tion to the 21-bp fragment. The result is visualized on a standard
3% agarose gel (NuSieve; FMC).

Growth in soft agar and tumorigenicity in athymic mice

Cells were plated onto a sublayer of medium containing 0.5% agar
and covered with 0.3% agar-containing medium (Bactoagar; Life
Technologies) [42]. The formation of colonies was observed for
5 weeks. Tumorigenicity was assayed using subcutaneous or intra-
peritoneal injection of 1-2x10% cellsin a small volume (100 W) of
plain RPMI medium into athymic nude mice. In a second set of
experiments, the cells were diluted 1:1 in Matrigel (EHS-matrix,
Serva) and then injected. The growth was observed over a period
of 10 weeks. Panc-1 tumor cells (ATCC) were used as controls
[26, 27]. Alternatively, 1x10¢ immortalized cells in 100 Wl plain
medium were injected into pre-established plastic domes put on
skin defects (1.5 cm?) on the back of nude mice, as described [10].
Cells were alowed to grow for 12 weeks. The domes were then
removed, and the tissue was examined under a microscope [hema-
toxylin and eosin (HE) stain]. For orthotopic implantation,
1-5x106 SV40/rasmt (V-Aras) transfected cells were injected di-
rectly into the pancreas in about 100 pl culture medium [34]. The
mice were checked once weekly until a solid tumor was palpable.
Then, the mice were killed, and pancreas, liver, and spleen were
removed, paraffin embedded, microdissected, and stained with
HE. The resulting specimens were screened for tumor cells.

Results

Morphology, growth, and proliferation of transfected
bovine PDECs

Resistant colonies appeared 5-9 weeks after transfection.
A successful passage into new culture dishes was accom-
plished 10 weeks after transfection, and then five G418-
resistant cell clones were isolated. Three of them had an
epithelial-like morphology in phase contrast microscopy
(V-A, X-C and X-D). The V-A clone was further exam-
ined (Fig. 1A). In contrast to untransfected normal cells,
V-A cells could be trypsinized and re-plated. They were
frozen, re-thawed, and re-cultured, and they are currently

pancreatic duct epithelial cells;, ND not done; + positive character-
istic; — negative characteristic; +/— a low number of three-dimen-
sional (3D) structures appeared after 65 h of cultivation

nl bPDEC V-A V/-Aras Panc-1 Fibroblasts
Large T antigen expression - + + ND ND
Life span (passage) <2 >1002 >402 >100 >30
Soft agar colonies ND - + + -
Nude mice tumors - - + + ND
3D structures on Matrigel ND + ND +/— -

a0Ongoing monitoring
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Fig. 1 A Epithelia morphology of the SV40 large T antigen-
transfected bovine pancreatic duct cell clone V-A (320x). B Elec-
tron microscopy of bovine SV40 immortalized pancreatic duct cell
clone V-A showing microvilli and secretory granules (7500x)

growing in their 100th passage (Table 1). The doubling
time was 40 h and was not influenced by G 418. Theim-
mortalized bovine duct cells expressed the typical ultra-
structural features of normal pancreatic duct epithelial
cells, e.g., polar organization and polymorphous secreto-
ry vesicles (Fig. 1B).

Expression of large T Ag

A 2.2-kb transcript corresponding to SV40 large T RNA
was detected in the transfected cells (Fig. 2A). Western
blot analysis revealed an 89-kDa protein (Fig. 2B) that
was found using indirect immunocytochemistry to be lo-
cated in the nuclei of al cells (Fig. 2C). Control cells
(untransfected duct cells, carcinoma cells, and fibro-
blasts) did not express large-T antigen at either the RNA
or the protein level.

Fig. 2 Expression of SV40 large T antigen in bovine SV40 im-
mortalized pancreatic duct cells (clone V-A). A Northern blot
demonstrating the 2.2-kb large T transcript (top panel), with the
ribosomal S6 transcript serving as loading control (lower panel).
B SV40 large T protein (arrow) detected by means of Western
blot. C Strong nuclear immunostaining for SV40 large T (250x)

Expression of markers specific to PDEC

Native and immortalized PDECs were positive for broad
spectrum CK (Fig. 3A) and carbonic anhydrase type-l|
(Fig. 3B, C, and Table 2). Western blot analysis revealed
that V-A cells expressed CFTR at lower levels than pri-
mary PDEC and mdr P-glycoprotein at similar levels
(Fig. 3D). At the RNA level (reverse dot blot), clone
V-A exhibited a similar expression pattern to that of the
tumor cell line Panc-1 (Fig. 4). Both cell lines expressed
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Fig. 3 Expression of pancreatic duct markers in SV40 trans
formed bovine pancreatic duct cells (clone V-A) and in cells addi-
tionally transfected with mutated K-ras (V-Ara). A Positive immu-
nostaining for broad-spectrum cytokeratin and carbonic anhydrase
Il (B). C Western blot analysis for carbonic anhydrase I1. pPCD
primary pancreatic duct cells; Fibro fibroblasts serving as negative
control. Actin was used as a loading control protein. D Western
blot analysis of bovine main pancreatic duct cells grown as prima-
ry culture (duct) and of immortalized bovine main pancreatic duct
cell lines at passages 15 and 18 (V-A 15-1 and V-A 18-1) for cys-
tic fibrosis transmembrane conductance regulator (CFTR) and
multidrug resistance (mdr)1

carbonic anhydrase type-Il, a marker enzyme for pancre-
atic duct cells. Of the growth factors, TGF-B1, bFGF,
and PDGF were expressed at low levels. Furthermore,
a messenger (M)RNA signal for the ECM proteins, VN
and FN, was detectable, and raf, fos, and p53 were ex-
pressed in both cell lines.
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Fig. 4 RNA expression of SV40 immortalized bovine pancreatic
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lagen type-l; Coll Il collagen type-IIl; VN vitronectin; FN fibro-
nectin; CA Il carbonic anhydrase type-Il; S6 ribosomal protein
(positive control)
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Table 2 Comparison of expression of pancreatic duct cell anti-
gens. V-A SV40-transfected cells; V-Aras K-ras-transfected V-A
cells, Panc-1 pancreatic tumor cells;, nl bPDEC normal bovine
pancreatic duct epithelial cells; + positive characteristic; — nega-
tive characteristic

nlbPDEC V-A  V-As Panc-1
Cytokeratin +++ ++ ++ ++
Carbonic anhydrase Il ++ + + (+)
Vimentin - + + +
Anti-fibroblast - - - -
V-A CELL GROWTH (% of control)
300
* *
250 T T
200 - e [
150 -
00— — _—.—_|
m_ ‘

0 1 - LE=IEE
o

e

Fig. 5 Proliferation of SV40-transfected bovine pancreatic duct
cells (clone V-A) after stimulation with epidermal growth factor
(EGF), transforming growth factor (TGF)-a, cholecystokinin
(CCK-8), and bombesin (BBS). * Significant difference to controls

< ® el
& &é‘ﬁ (,d:' &

Growth responses

As an example of the proper functioning of the SV40
large T-immortalized PDEC, the response to physiologi-
cal stimuli was investigated. V-A cells grew well both in
serum-free medium and in the presence of 1% FCS (da-
ta not shown). Insulin at 107 M induced a 2.2- to 2.4-
fold increase in the number of V-A cells (P<0.0004;
Fig. 5). EGF and TGF-a at 10-° M exerted a similar
effect (P<0.0001; Fig. 5). Secretin at 10° M induced
a moderate (20%) increase in cell number. Gastrin,
CCK-8, bombesin, and somatostatin (SMS 201-995) at
1011-10-7 M concentrations did not exert any trophic
effect on the immortalized pancreatic duct cells. The ad-
dition of EGF (10-° M) plus insulin (10-7 M) displayed
an additive effect (data not shown). SMS (1000 ng/ml)
reverted the insulin-mediated increase by 50% (P<0.02)
but did not modify the EGF-induced cell action (data
not shown).

Chromosome aberrations

Of the examined cells, 100% had chromosomal aberra-
tions, mostly variations of chromosomal numbers (up to
90 chromosomes) and dicentric chromosomes (data not
shown).

V-A/Ras

V-A
V-A/Ras

‘ p21/Ras

B

Fig. 6 K-rastransfection of SV40 large T immortalized pancreatic
duct cells. A Stable uptake of mutated ras complementary (C)DNA
in V-Aras cells verified using RE-mismatch polymerase chain reac-
tion (PCR) for ras oncogen. Agarose gel electrophoresis of ras
PCR products from bovine pancreatic duct cell lines before and
after Mspl digestion. The undigested PCR product is 99 bp in size;
after Mspl digestion, the fragment measures 78 bp. Lane 1 marker
(100 bp DNA ladder); lane 2 negative control (H,0); lanes 3 and
4 PCR product from clone V-A, undigested and after Mspl diges-
tion and lane 5 and 6 PCR product from clone V-Aras, undigested
and after Mspl digestion. Samples with ras mutations demonstrate
a double band after digestion, indicative of the mutant and wild-
type dlele. B Western blot of protein preparations from bovine
SV40 immortalized pancreatic duct cells clone V-A and clone
V-Aras, stained for K-ras

Ras transfection

Transfection of SV40-immortalized V-A with the plas-
mid pCMV/K-ras resulted in the isolation of a hygromy-
cin-resistant clone. Introduction and expression of the
mutated K-ras gene was confirmed using RE-mismatch
PCR (Fig. 6A) and Western blotting (Fig. 6B). The
SV40/rasmut (V-Aras)-transfected PDEC also expressed
CK and carbonic anhydrase type-Il (Table 2). The trans-
fection of the mutated K-ras cDNA resulted in activation
of the mitogen-activated protein (MAP) kinases ERK 1
and 2 and of the kinase ELK 1 in the V-Aras cells (Fig. 7).
The cell cycle inhibitors, p21/WAF1 and p27, were up-



Fig. 7 Western blot analysis of
cell cycle genes and kinases of
SV-40 immortalized bovine
pancreatic duct cells (V-A, left)
and of immortalized bovine
pancreatic duct cells transfec-
ted with mutant K-ras (V-Aras,
right)

Fig. 8 A Formation of asingle-
layer epithelial lining (arrow-
head) of SV40-transformed
bovine pancreatic duct cells
(clone V-A) transplanted un-
der plastic domesin nude
mice. Hematoxylin and eosin
(HE; 400x). B Development of
tumors after orthotopic xeno-
transplantation of SV-40 im-
mortalized and K-ras-transfec-
ted bovine pancreatic duct cells
(clone V-Ar=s) in the nude
mouse pancreas. Left intrapan-
creatic tumor infiltrating and
destroying acinar tissue;

right metastasisin the liver.
HE (250x)
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regulated in these cells and, as a consequence, PCNA ex-
pression was downregulated. The anti-apoptotic proteins,
bcl-2 and bcl-xL, and, conversely, the proapoptotic casp-
ase 3 were downregulated in VV-Aras cells (Fig. 7). Fluo-
rescence-activated cell sorter (FACS) analysis of prop-
idium iodide-labeled cells revealed no difference in the
apoptotic rate of both cell clones (data not shown).

Growth in soft agar and tumorigenicity

V-A cells seeded onto soft agar for up to 5 weeks did not
form colonies. Injection of transfected cells into a pre-
formed plastic dome on a skin defect resulted in growth
of single-layer epithelia cells (Fig. 8A) and small nests
of cells. The V-A cells were not tumorigenic in nude
mice when injected s.c., i.p., or orthotopically into the
pancresas.

In contrast, V-Aras cells formed colonies in soft
agar but at a lower rate than the control Panc-1 cells,
which formed easily visible large colonies. Orthotopic
injection of V-Ars cells into nude mice reveded a
tumorigenic potential of this clone. More than 50%
of the nude mice developed slowly growing tumors
(Fig. 8B) and, in one case, the liver was infiltrated
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with tumor cells. No tumor development occurred
with injection of the parental cells.

Discussion

We immortalized bovine PDECs by transfection with an
SV40 large T Ag-coding plasmid. This resulted in three
cell clones with epithelial morphology, one of which was
further characterized. The immortalized cell clone V-A is
a cell line representative of a pancreatic cell lineage ex-
pressing pancreatic duct-specific genes, such as carbonic
anhydrase |1, CFTR, mdr, and CKs, and responding to
physiological stimuli.

Our results confirm and extend the recent report of the
immortalization of bovine pancreatic duct cells [28].
While these authors demonstrated CFTR expression, no
further analysis of the morphology and duct cell markers
was performed, as in our study. The immortalization of
human pancreatic duct cells has also been reported [9].
The starting material for these transformation experiments
employing the papilloma virus EGE7 gene were macro-
scopicaly normal ducts, however, obtained from pancre-
ases with pancreatic cancer, preventing a good compari-
son with animal models employing cells from normal
ducts. Furthermore, there was no detailed morphological
or functional characterization [9]. In all cases, the immor-
talized PDEC exhibited different properties from those of
primary PDECs, which are unable to grow for more than
6 weeks and cannot be passaged more than once [46].

The expression of CKs, carbonic anhydrase type-ll,
CFTR, and mdr in the immortalized cell clone V-A
proved its pancreatic duct origin and continuous differ-
entiation in this direction [29, 45]. The fact that V-A
cells did not respond to gastrin and CCK-8 additionally
confirms their ductal origin, since pancreatic duct epithe-
lial cellslack the appropriate receptors [2]. The response
to growth factors, including EGF and secretin, was simi-
lar to that previously reported for normal pancreatic duct
cells [6, 53]. When transplanted under preformed
plastic domes, V-A cells retained the ability to form a
single epithelial layer and small epithelial nests, as de-
scribed for papilloma-transformed keratinocytes [10].
SV40 large T Ag clearly affects genetic stability in the
transfected cells, inducing a large number of chromo-
some aberrations. This has been previously observed
[32] and might be directly related to the functional in-
activation of p53 protein [48]. It has been shown that a
truncated large-T protein not capable of binding p53 can
induce immortalization [47], thus the immortalizing
properties of SV40 large T are not only due to functional
inactivation of p53. The absence of a normal p53 protein
is obviously insufficient to induce the appearance of a
tumorigenic phenotype. In contrast, the accumulation of
chromosome aberrations is assumed to be the foundation
for immortalization and subsequent carcinogenesis in
SV40-infected cells[32].

The additional transfection of mutated K-ras into the
SV40 large T immortalized cells resulted in a cell clone

(V-Ar=) that retained the morphological features and dif-
ferentiation markers of pancreatic duct cells. The consti-
tutively activated K-ras resulted in activation of the
MAP kinases ERK 1 and 2, demonstrating the proper ex-
pression and function of the transfected k-ras cDNA.
Contrary to the role of the MAP kinases as a mediator of
mitogenic signals, in V-Aras cells, the cell cycle inhibi-
tors p21 and p27 were upregulated, with the conse-
quence of a decrease in PCNA expression. Comparable
results have been obtained by overexpression of raf [25,
51] or by altering the cellular ratio of ras and rho pro-
teins [30]. Overexpression of SV40 large T antigen or
mutated K-ras may exert different effects on the induc-
tion of apoptosis, depending on the cellular context and
amount of expression [5, 20]. Consequently we analyzed
the expression pattern of bcl-2, bcl-xL, and caspase 3
and the rate of apoptosis in both cell lines. Downregula-
tion of the anti-apoptotic proteins bcl-2 and bcl-xL in
V-Aras cells seemed to be counterbalanced by a simulta-
neous decrease in the pro-apoptotic caspase 3, since no
differences in the apoptotic rate of the V-A and V-Arss
cells was detectable, though a shift to M1 was observ-
ablein the V-Aras cells.

V-Aras cells gained tumorigenic potential when inject-
ed orthotopically into nude mice, suggesting a key role
for this oncogene in pancreatic carcinogenesis. Thus, co-
operation of large T and mutated K-ras is apparently
necessary for transformation and tumorigenicity, as has
been demonstrated for other cell lineages [4, 11, 13, 24,
31, 33, 35, 49]. Thisisthefirst report of malignant trans-
formation of terminally differentiated pancreatic duct
cells by a mutated K-ras gene leading to obvious tumors.
Recently, the retroviral transfer of the catalytic subunit
of telomerase (hTERT), SV large T, and h-ras in human
embryonic kidney cells resulted in a tumorigenic cell
line that formed tumors in irradiated nude mice [14]. Our
experiments revealed the intermediate state of clone
V-A. The expression pattern of several genes (TGF-1,
bFGF, PDGF, VN, FN, raf, fos, and p53) was similar to
that of the pancreatic carcinoma cell line Panc-1, and
thus quite different to normal pancreatic cells [46]. The
immortalized clone itself exhibited no signs of tumorige-
nicity; only after the additional transfection with a mu-
tated K-ras was the clone V-Aras gene able to induce tu-
mor growth.

In summary, we have immortalized a bovine PDEC
line by SV40 T Ag transfection and made it tumorigenic
by further introducing mutated K-ras. This V-A cell line
retains morphological and functional characteristics of
the ductal phenotype. These cells may now be further
employed as an in vitro model for pancreatic duct cell
biology, tissue-specific gene expression, and as a target
for further transfection steps on the way to an artificia
system of fully invasive malignant pancreatic duct cells.
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