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Molecular differences between human and
experimental pancreaticobiliary diversion-induced
P A Hall, N R Lemoine, G Murphy, R H Dowling
Abstract
A series of molecular changes are now known
to be seen in human pancreatic neoplasia,
including the very frequent mutational activation of Kirsten ras oncogene at codon 12,
overexpression of the epidermal growth factor
receptor, and abnormalities of c-erbB-2 expression. In order to determine whether
similar changes can be seen in animal models
of pancreatic cancer a molecular analysis of
tumours induced in rats by pancreaticobiliary
diversion was performed. The polymerase
chain reaction was used to amplify portions of
the rat Kirsten ras gene and sequence specific
oligonucleotide hybridisation was used to
define whether sequences were wild type or
mutant. No evidence of mutation was found in
the Kirsten ras gene at codons 12 or 61, where
activating mutations are known to occur. In
addition immunohistochemical methods were
used to investigate expression of c-erB-2 and
the epidermal growth factor receptor but no
evidence of abnormal expression was found.
We conclude that there are major molecular
differences between human and experimental
rat pancreatic cancer.

ICRF Molecular
Oncology Group,
Hammersmith Hospital,
London
PA Hall
N R Lemoine

ICRF Histopathology
Unit, Lincoln's Inn
Fields, London
P A Hall

Gastroenterology Unit,
Guy's Campus, UMDS,
London
G Murphy
R H Dowling
Correspondence to:
Dr Peter A Hall,
Department of
Histopathology, Royal
Postgraduate Medical School,
Du Cane Road, London
W12 ONN.

Accepted for publication
June 1990

oncogenic events in the animal models resemble
those in human pancreatic cancer and consequently we have investigated the pancreaticobiliary diversion model using the polymerase
chain reaction and sequence specific oligonucleotide hybridisation to detect mutational
activation of the Kirsten ras oncogene and
immunohistochemistry to detect abnormalities
of expression of the c-erbB-2 proto-oncogene and
the epidermal growth factor receptor.
Methods
PANCREATICOBILIARY DIVERSION

Molecular and immunohistochemical investigations were performed on a previously reported
experimental series.18 20 Pancreaticobiliary diversion was achieved in 24 SPF Wistar rats by the
isoperistaltic interposition of 50 cm of jejunum
between the pylorus and ampulla of Vater and
material from all animals was subject to molecular
and immunohistological examination. The
animals were maintained in conventional laboratory conditions and fed a standard rat chow.
Animals were killed at 15, 18, 21, and 24 months
and pancreatic tissue was snap frozen in liquid
nitrogen. Hyperplastic and neoplastic nodules
There is considerable evidence to support the Were seen in all 24 test animals but not in any
notion that multiple genetic events are necessary transected control animals (n= 9).
for neoplastic transformation'2 and several
complementary molecular abnormalities have
been described in human pancreatic cancer. IMMUNOHISTOCHEMISTRY
Firstly, the Kirsten ras gene is mutated at codon Immunostaining was performed on 5 [im thick
12 in up to 90% of cases.3'8 Secondly, the c-erbB- cryostat sections using the indirect immuno2 proto-oncogene, which is closely related in peroxidase method. A light haematoxylin
counterstain was used, after which sections were
sequence and structure to the epidermal growth
factor receptor,910 is overexpressed in at least dehydrated, cleared, and mounted.
The epidermal growth factor receptor was
20% of patients." Thirdly, the epidermal growth
factor receptor (c-erbB-1) is abnormally expres- identified by the monoclonal antibody F4 raised
sed in 30 to 50% of pancreatic cancers.'2 13 against a synthetic peptide derived from the
Finally, there is evidence that the potential intracytoplasmic domain (residues 985-996).2
ligands for the epidermal growth factor receptor, The antibody was used at a concentration of
transforming growth factor a, and epidermal 6 [ig/ml and was detected by a peroxidase
growth factor are expressed by pancreatic tumour conjugated rabbit anti-mouse (1:50 dilution,
Dako UK Ltd). The human squamous carcinoma
cells'4 and thus may form an autocrine loop. 5 16
Several animal models of pancreatic cancer cell line A43 1 was used as a positive control and
have been described.'7 In the rat, morphological substitution of primary antibody for phosphate
changes including the progressive formation of buffered saline was used as a negative control.
The c-erbB-2 proto-oncogene expression was
hyperplastic nodules, adenomas, and the eventual development of overt malignancy can be detected by a polyclonal antibody, 21N, proinduced by treatment with carcinogens such as duced by immunising a rabbit with a synthetic
azaserine. It has previously been reported that peptide corresponding to amino acid residues
pancreaticobiliary diversion can induce hyper- 1243 to 1255 of the C terminus of the human ccholecystokininaemia, pancreatic hyperplasia, erbB-2 protein.'" Affinity purified antibody was
and ultimately after 15 to 24 months, neoplasia used at 2.65 [ig/ml and primary antibody was
that is morphologically very similar to that seen detected with swine anti-rabbit (1:50 dilution;
in the azaserine model. 1820 It is not known if the Dako, UK). Positive controls included a mouse
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Figure 1: Nucleotide sequence of the rat Ki-ras gene showing amplifying primers 4957 and 4963 forposition 12 and 5892 and 5893 for position 61. Replicate
filters were slot blotted with aliquots of the appropriate polymerase chain reaction product and hybridised individually with either 20-mer probes specific for wild
type and activating mutants at position 12 or 61.

fibrosarcoma cell line transfected with an oncogenic neu expressing plasmid, grown as a xenograft and formalin fixed and wax embedded, and
cases of breast cancer known to overexpress cerbB-2 as a consequence of gene amplification.
Abolition of specific staining by incubation with
cognate peptide and substitution of primary
antibody with preimmune serum from the same
animal were used as negative controls.
POLYMERASE CHAIN REACTION

The methods for polymerase chain reaction and
sequence specific oligonucleotide hybridisation
have been described previously.2223 In brief, 10
[im cryostat sections were cut, placed into
autoclaved Eppendorf tubes, and contaminating
proteins were heat-denatured. A three day
proteinase K digestion was performed. 4 The
resulting material was mixed with appropriate
buffer, primers, and Taq polymerase (AmpliTaq,
Perkin Elmer-Cetus) and amplified by 30 cycles
of denaturation (94°C, one minute) annealling
(60°C, one minute), and extension (72°C, 15
minutes) on aprogrammable heatblock (Techne).
The rat specific primers and amplified sequence
are shown in Figure 1. These primers and probes
were based upon sequences given in Tahira et
al. 2S Positive control mutants were constructed
by the method of Rochlitz et al.'6
Samples of amplified products were shown to
be of the predicted length by agarose gel electrophoresis. Amplified product was applied to
nylon filters (Hybond-N, Amersham) with a slot
blot apparatus (Millipore). Using the method of
Farr et al,'7 replicate filters were hybridised
individually with each 20-mer oligonucleotide
probe specific for either the wild type or mutant
rat sequences (shown in Fig 1). Probes were end

labelled with y 32P adenosine triphosphate (106
counts per ml of hybridisation buffer) and
hybridisation was performed in 3M tetramethyl
ammonium chloride buffer. After washing under
stringent conditions (62°C for 30 minutes) the
filters were autoradiographed at - 70°C against
Fuji RX film.
Results
Examination of haematoxylin and eosin stained
parallel cryostat sections showed hyperplastic
and neoplastic nodules as previously described.1820 At 15 months all animals who had
undergone pancreaticobiliary diversion had
developed hyperplastic nodules, and by 18
months all animals had developed adenomatous
lesions.
IMMUNOHISTOCHEMISTRY

There was no evidence of c-erbB-2 or epidermal growth factor receptor immunoreactivity
in pancreaticobiliary diversion treated animals or
in transection control rats, although both these
antibodies are known to recognise the rat proteins'020 (and Gullick WJ, personal communication).
POLYMERASE CHAIN REACTION AND
OLIGONUCLEOTIDE HYBRIDISATION

There was no evidence of mutation at position 12
or 61 (where activating mutations might be
expected) in the rat Kirsten ras gene since all
samples gave strong signals after hybridisation
with the wild type probe (Fig 2) and the hybrid
showed expected thermal stability. Filters
hybridised with mutant probes showed no signal
after washing under conditions specific for a
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1
Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Gly Gly Val Gly Lys Ser Ala Leu Thr lie Gin Leu lie Gin Asn
GC CTG CTG AAA ATG ACT GAG TAT AAA CTT GTQ GTA GTT GGA GCT GGT GGC GTA GGC MG AGT GCC TTG ACG ATA CAG CTA ATT CAG MT CAC M
3' - AT GTC GAT TM GTC TTA GTC - 5'
5' - AM ATG ACT GAG TAT AAA CT - 3'
Primer 4963
Prmer 4957
3' - CM CCT CGA CCA CCGCC - 5' Wild type probe
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CJ, Bos JL. K-ras codon 12 mutations occur very frequently
in pancreatic adenocarcinoma. Nucleic Acids Res 1988; 16:
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Figure 2: Slot blot analysis ofpancreaticobiliary diversion
(PBD) induced rat pancreatic neoplasia or transection controls
(TC) at 15, 18, 21, and 24 months hybridised with Ki-ras
position 12 wild type probe. After high stringency washing,
autoradiography shows wild type probe binding to all PBD
and transection control DNA, while no signal was seen with
any mutant specific probe. Each slot blot represents analysis of
a stngle animal - that is six PBD animals at each time point
and three transection control animals at 18, 21, and 24
months.

perfect match. Detection of mutant positive
control sequences was possible using these
methods.
Discussion
The results of the studies presented here indicate
that the molecular changes known to be present
in human pancreatic cancer (Kirsten ras mutated
at position 12, c-erbB-2 overexpression, and
expression of the epidermal growth factor
receptor) are not seen in pancreaticobiliary
diversion induced rat pancreatic neoplasia. While
pancreaticobiliary diversion is of considerable
interest since it represents a model of tumorigenesis not involving carcinogens and in which
hypercholecystokininaemia may play an important role, the data presented here suggest that it is
not a parallel of human pancreatic neoplasia.
This conclusion is supported by the observation,
using similar polymerase chain reaction methods,
that Kirsten ras is not mutated in rats with
pancreatic neoplasia induced by the carcinogen
azaserine.27
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