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ABSTRACT 
 
 
Context We have isolated five stable clones 
from a primary culture of Syrian golden 
hamster pancreatic duct epithelial cells and 
have designated them as CK1 through CK5. 
 
Design Here we describe the ability of two of 
these, CK1 and CK5, to metabolize the 
pancreas carcinogen N-nitrosobis(2-
oxopropyl)amine. The metabolism was 
assessed as the production of mutated V79 
cells in a CK cell/V79 co-culture set up. 
 
Results At a dose of 0.1 mM N-nitrosobis(2-
oxopropyl)amine, the CK1 cells produced 
82.3 ± 17.2 mutants/106 survivors while the 
CK5 cells produced only 33.2 ± 10.8 
mutants/106 survivors, both are mean ± SD (n 
= 8). Furthermore, both cell types responded 
differently to two inducers of cytochrome 
P450 activity, namely Arochlor 1254 and 
EtOH. Arochlor 1254 treatment did not affect 
the metabolizing ability of CK1 cells while 
EtOH treatment resulted in a twofold increase 
in the mutation frequency. Arochlor and 

EtOH treatment inhibited the ability of CK5 
cells to metabolize N-nitrosobis(2-
oxopropyl)amine. 
 
Conclusions These data show that the duct 
epithelium of the pancreas is a multi-cellular 
tissue and the different cell types within the 
epithelium have different abilities to 
metabolize xenobiotic chemicals. 
 
 
 
 
 
INTRODUCTION 
 
N-nitrosobis(2-oxopropyl)amine (BOP) 
induces ductular adenocarcinomas in the 
pancreas of Syrian golden hamsters, the 
tumors arising from cells within the duct 
epithelial network [1]. BOP requires 
metabolism to be active, first to a α-hydroxy 
derivative which breaks down spontaneously 
to give a methylating cation [2]. If BOP acts 
like other dialkyl nitrosamines then the α-
hydroxylation is mediated by one, or more, of 
the cytochrome P450 (CYP) family of 
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enzymes [3]. At this time we do not know 
which of these CYP enzymes is responsible 
for this reaction. Previous studies have 
indicated roles for members of the CYP3A [4] 
and CYP4A [5] families in the metabolism of 
BOP and related nitrosamines. It is considered 
unlikely that there is one CYP enzyme that is 
responsible. 
We have developed techniques for the 
isolation and maintenance in vitro of the 
epithelial cells of the pancreatic duct network 
[6] based on previous work by Heimann and 
Githens [7] and have used them in a series of 
studies on the action of BOP, and related 
nitrosamines and other carcinogens, using the 
V79 mutagenicity assay as the measure of 
metabolism [4, 5, 8]. In the present paper we 
describe the subdivision of a primary culture 
of pancreatic duct epithelial cells (HaDEC) 
into five separate clones, designated as CK1 
through CK5, and present evidence that these 
are distinctly different. Specifically we 
present data on the ability of two of these 
clones, CK1 and CK5, to metabolize BOP to 
mutagenic species. 
 
MATERIALS AND METHODS 
 
Safety 
 
BOP is a carcinogen in a variety of species 
and must be handled with extreme caution. 
Several of the agents used in the culture of the 
HaDEC and CK lines are of bovine or human 
origin and there is a finite, albeit small, risk of 
exposure to those agents responsible for the 
induction of bovine spongiform encaphalitis 
or Creutzfeld-Jacob syndrome. 
 
Cells 
 
CK cells are derived from pancreatic duct 
epithelial cells from a male Syrian golden 
hamster which had been treated with an 
ethionine/methionine promotion protocol after 
a single dose of BOP [9]. There was no 
evidence of neoplasia or any other lesion in 
the pancreas of this animal on histological 
examination. A detailed molecular biological 
analysis of the CK cells is shown below. The 

primary culture was set up according to the 
standard protocols established in our 
laboratory. When cysts of duct epithelial cells 
developed they were transferred to 60 mm 
collagen gel-coated dishes. From this point 
they were subjected to different passage and 
culture protocols resulting in the five clones 
(CK1, 2, 3, 4, and 5). These cells were 
maintained, for four passages, in DME/F12 
medium supplemented with appropriate 
additives (DME/F12 +) (see below) and made 
to 20% (v/v) with conditioned medium from a 
parallel primary culture of hamster pancreatic 
duct epithelial cells. The first two passages 
were on tissue culture plastic, while the 
second two were on collagen coated dishes. 
At passage #5, the surviving cells were 
pooled in a 100 mm tissue culture dish for 2 
hours to remove residual fibroblasts (which 
attach quickly), when the supernatant and 
epithelial cells were removed and divided into 
two aliquots for clonal selection. 
One aliquot was diluted to clonal density and 
plated in a 96-well tissue culture plate. Cells 
growing in this plate became CK1, CK2, and 
CK4. CK1 was a very slow growing clone in 
one well of the plate. CK2 and CK4 were 
clones derived from a pool of fast-growing 
cells from several wells. CK2 was the 
surviving clone from an aliquot of fast-
growing cells plated onto tissue culture plastic 
in DME/F12 + medium with 20% conditioned 
medium for passages #6-10. CK4 was the 
surviving clone from fast-growing cells 
passaged alternately on tissue culture plastic 
and collagen gel coated plastic in passages #6 
through 10 with 20% conditioned medium (as 
above). 
The second aliquot was plated densely in a 6-
well culture plate without collagen gel coating. 
Surviving cells were pooled and fibroblast 
removal was repeated as above, then cells 
were returned to plastic tissue culture flasks 
and passaged as needed for passages #6 
through 10 in DME/F12 + medium with 20% 
normal conditioned medium. CK3 was a 
single surviving clone in one flask. CK5 was 
a pool of scattered surviving cells from 
another flask. 
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Beginning with passage #11, all lines were 
cultured in DME/F12 + medium, without the 
addition of any conditioned medium, on plain 
tissue culture plastic. Lines exhibited 
doubling times of 36-50 hours soon after 
isolation, but gradually drifted to faster 
doubling times which stabilized around 24 
hours by passage #30. Some lines have been 
passaged more than 50 times with no 
noticeable change in morphology or 
enzymatic activity. 
This procedure is summarized in the flow 
diagram (Figure 1). 
The analyses to which the CK1 and CK5 cells 
used in this study cells were subjected are 
summarized in Table 1. These analyses were 
performed by Dr. Bruce Rugerri (personal 
communication). 
 
Chemicals 
 
N-nitrosobis(2-oxopropyl)amine (BOP) was 
synthesized [12]. 
 
Mutagenicity 
 
Mutagenicity was measured as resistance to 
6-thioguanine according to the protocol of 
Jenssen [13]. CK cells were grown on filters 

(Schleicher and Shuell, Keene, NH, USA) 
until they had reached confluence when they 
were co-cultured with the V79 cells. The 
filters were inverted so that the CK cells were 
in direct contact with the V79 cells. Co-
culture took place over a sixteen-hour period. 
The CK cells were treated with arochlor (2 
µg/ml) for 3 days prior to co-culture of the 
CK cells with the V79 cells. It was not 
present during the time when the co-culture 
was incubated with the mutagens. The CK 
cells were treated with EtOH (0.2 %; v/v) for 
3 days prior to co-culture with the V79 cells 
and was present during the incubation with 
the mutagens. 
 
ETHICS 
 
The hamsters used to provide HaDEC, from 
which the Ck1 and CK5 cells were derived, 
were housed under appropriate conditions that 
had been approved for such use by the 
U.S.Department of Agriculture and the 
American Association for Accreditation of 
Laboratory Animal Care (AAALAC). The use 
of these animals was approved by the UNMC 
Institutional Animal Care and Use Committee 
(IACUC). 
 

Table 1. Summary of diagnostic analyses performed on CK1 and CK5 cells. 
 Tumorigenicity in nude 

mice [10] 
Tumorigenicity in rat 

trachea model [11] 
p16, p53 and RB 

expression 
K-ras status 

CK1 - ve - ve normal normal 

CK5 - ve - ve normal mutated 
 

Table 2. Mutagenicity in V79 cells of BOP (0.1 mM) when activated by CK1 and CK5 cells. 
 Mutants/ 106 survivorsa 
 Untreated Arochlor treated EtOH treated 

CK1 cells 82.3 ± 17.2 76.7 ± 24.7b 161.2 ± 21.3c 

CK5 cells 33.2 ± 10.8d 15.2 ± 9.9e 11.3 ± 8.2f 

HaDEC 57.6 ± 14.1  17.7 ± 6.4g 
a Mean ± SD, n = 8 
b Not statistically different from the mutation frequency of untreated CK1 cells (P>0.6) 
c Statistically different from the mutation frequency of untreated CK1 cells (P<0.001) 
d Statistically different from the mutation frequency of untreated CK1 cells (P<0.001) 
e Statistically different from the mutation frequency of untreated CK5 cells (P<0.005) 
f Statistically different from the mutation frequency of untreated CK5 cells (P<0.001) 
g Statistically different from the mutation frequency of untreated HaDEC (p < 0.001) 
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STATISTICS 
 
Data were analyzed by unpaired Student’s t 
test [14]. 
 
RESULTS 
 
The mutagenicity of BOP in V79 cells when 
activated by CK1 and CK5 cells is shown in 
Table 2. 
These data show that the CK1 cells are much 
more efficient at metabolizing BOP to 
mutagenic species than are the CK5 cells or 
the primary HaDEC from which both CK1 
and CK5 cells are derived. Treatment of the 
CK1 cells with arochlor 1254 prior to the 
incubation with BOP did not affect the 
mutagenicity of BOP whereas treatment with 
EtOH prior to incubation increased the 
mutagenicity twofold. Treatment of CK5 cells 
with either arochlor 1254 or EtOH prior to 
incubation with BOP reduced the 
mutagenicity by half. Similarly treatment of 
HaDEC with EtOH reduced BOP 
mutagenicity threefold. The other three cell 
lines, CK2, CK3, and CK4 were without 
metabolizing ability when BOP was the 
substrate. 
 
DISCUSSION 
 
BOP induces pancreatic ductular 
adenocarcinoma in Syrian hamsters 
sometimes after a single dose [1]. This is the 
only reliable animal model for this type of 
cancer. While there is some controversy about 
the cells of origin of these tumors [15] it now 
seems clear that most of these tumors do arise 
from existing epithelial cells of the duct 
network. In common with other dialkyl-
nitrosamines BOP requires enzyme-mediated 
metabolism to be active [3] being converted 
to the α-hydroxy derivative. α-Hydroxy-BOP 
decomposes spontaneously via a series of 
intermediates to give a methylating 
carbonium ion [16]. The nature of the 
enzymes responsible for the α-hydroxylation 
of BOP is not known although it is presumed 
that they are members of the CYP 
superfamily of enzymes. The present study 

was initiated to address the issue of the 
responsible CYP enzymes. In the course of 
culturing HaDEC we were able to separate the 
five cell lines (CK1 - CK5) mentioned here. 
The data in Table 2 show that these two cell 
lines have very different abilities to 
metabolize BOP and that they also respond 
differently to two inducers of CYP activity, 
arochlor 1254 and EtOH. Arochlor 1254 is a 
broad spectrum inducer of CYP isoforms [17] 
principally CYP1A1, 1A2 [18] while EtOH is 
more specific apparently only inducing the 
activity of CYP1A1 and CYP2E1 [19]. Of 
interest is that EtOH induces CYP1A2 
activity in human and hamster pancreas 
epithelial cells [20]. These data suggest that 
CYP2E1 is not involved in BOP metabolism, 
although they do not indicate which CYP 
isoforms are involved. 
The significance of these studies is that 
several distinct clones can be separated from 
the same culture of primary cells. At the point 
that the cloning process began the culture 
would have consisted of duct epithelial cells. 
It will prove valuable to identify these clones 
in another manner such as surface markers so 
that their spatial position within the pancreas 
can be determined. It would be valuable to see 
if there is any zonation as occurs in the liver 
[21] and with it functional and response 
differences. 
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