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Chapter 1

1.0 INTRODUCTION

This thesis deals with the role of hormones and growth factors in exocrine
pancreatic carcinogenesis (Figure 1.1). Because of the large number of hormones and
growth faclors, it is virtually impossible 10 study all of them. Moreover, the experiments
deseribed, were not performed in humans, but in two animal models for exocrine
pancrealic cancer, i.e. the azaserine-trealed ral {leading 1o acinar adenocarcinomas) and
the  N-nitrosobis(Z-oxopropylyamine-ireated  hamster  (leading to  ductuiar  adeno-
carcinomas). In this chapter a short literature overview will be presented to explain the
sclection to study certain hormones and growth factors and to suppert the aims of this
thesis.

Figure 1.1 Exocrine and endocrine pancreas, H&E staining. 1, istel of Langerhans (endocrine); A,

acinar cetls (exoerine); arrowhead point o ductule (exocrine),

1.1 EPIDEMIOLOGY AND  ETIOLOGY OF HUMAN PANCREATIC
CANCER

In most industriatized Western countries pancrealic cancer is relatively frequent
in comparison with non-industrialized countries (1-3). In the United States of America
adenocarcinoma of the pancreas is the second most common gastrointestinal malignancy
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and has become the fifth leading cause of death due to cancer (1,2,4-6). In The
Netherlands pancrealic cancer in males ranks third among gastroiniestinal and {ifth
among all cancer deaths, whereas in females it ranks third and sixth, respectively (3).
The mortality rate for pancreatic cancer is almost as high as its incidence because of its
extremely poor prognosis. In the United States the average survival from diagnosis until
death is approximately three monihs (2,4,7.8). This poor prognosis is mainly due (o the
lack of carly symptoms. At the time of diagnosis most of the tumours have already
extensively metastasized.

The prognosis of pancreatic cancer may be improved by a better understanding
of its pathogenesis. However, cpidemiological and toxicological studies have not
identificd factors unequivocally increasing the risk for pancreatic cancer (2,7,9).
Nutrition seems 1o play an important role in the pathogenesis of pancreatic cancer,
because the disease is more frequent in couniries with a diet rich in fat and protein (2,9).
For example, in Europe the incidence of pancreatie cancer is higher in North-Westem
countrics such as The Netherlands, Denmark and Germany, than in the Southern
countries such as France, Naly or Greece where carbohydrate-rich diets are common
(10). In Japan, westernization of the diet is accompanied by a rapid increase in the
incidence of pancreatic cancer (11). Both sex-hormones and gastrointestinal hormones
are thought to play a role in the eliclogy of pancreatic cancer. This will be discussed in
more detail in the next paragraph of this chapter.

A clear correlation has been found between excessive aleohol consumption and
pancreatitis,  Although pancreatitis is thought fo be a predisposing factor for pancreatic
cancer, no clear association was found between alcohol consumption and the occurrence
of twmours of the exocrine pancreas (12,13). A number of other factors have been
suggested to predispose for pancreatic cancer. Diabetes or mmpaired glucose tolerance
occcwrs in about 80% of patients with pancreatic cancer at the time of diagnosis (14).
However, recent evidence suggests that the impaired gilucose tolerance, caused by
peripheral insulin resistance, is a consequence of pancreatic cancer rather than a
predisposing factor (15).

Since no single factor has been identified to be responsible for the development
of pancrealic cancer, it is believed that factors promoting the effects of environmental

carcinogens may play an important role in the pathogenesis of this tumour (16-18).
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Chapter 1

1.2 HISTOLOGY OF HUMAN PANCREATIC CANCER

Carcinoma of the pancreas usually refers to a neoplasm arising in the exocrine
pancreas, whereas neoplasms of the endocrine pancreas are collectively named islet cell
tumours or apudomas. Cubilla and Fitzgerald (19) and Morohoshi ef al (20), have
classified the various histological types of human pancreatic exocrine tumours according
to their presumed cell of origin and concluded that 89-95% were of ductal or ductuiar
origin, while only 1-4% were of acinar origin. The remaining 1-10% were classified as
being of uncertain  histogenesis. The great majority of human pancreatic
adenocarcinomas shows the presence of tubular structures, which is interpreted as
cvidence that pancreatic cancer arises from ducts or ductules. However, no conclusive
evidence is yet available for this suggestion.

It is known that ’spontancous’ pancreatic neoplasms apparently originating from
ductal or ductular epithelium are extremely rare in mammals, excepl man (21}, In
contrast, tumours apparently arising from acinar cells occur in several species (22-24).
Interestingly, in rats prone (o spontaneous acinar cell fumours, only this tamour type can
be induced experimentally, and not the ductal carcinomas. On the other hand, in Syrian
golden hamsters only ductular cell neoplasms can be induced; this type of neoplasm
occars spontaneously in this species (25). Acinar cell tumours in hamsters do neither
oceur spontancously, nor under experimental conditions (21).

1.3 ANIMAL MODELS OF PANCREATIC CANCER

Animal models for exocrine pancreatic carcinogenesis can generally be divided
into two separate groups: (a) those that result in predominantly ductal-type
adenocarcinemas and (b) those that produce mainly acinar-cell tumours.

a.  Pancreatic cancer model in hamsters (25-33).

Pancreatic ductal (ductular) tumours can be induced in Syrian golden hamsters
by several specific propylnitroso compounds of which N-nitrosobis{2-oxopropyl)amine
(BOP) has been found to have a great pancrcatropic effect with a narrow tumour
spectrumn in other organs (lungs, liver, gall bladder and kidneys). Pancreatic neoplasms
can be induced by weekly repeated subcutaneocus injections of BOP in doses of 10
mg/kg body weight, as early as 8 wecks after the first BOP injection. After a single dose
of BOP (20 mg/kg body weight) hyperplastic changes are seen within 17 weeks
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[}
consisting of multifocal cystic ductular complexes, tubular ductular complexes and

intermediate  ductular complexes. After a single dose of 20 mg/kg body weight,
neoplastic Iesions were found within 12 months,

b.  Pancreatic cancer model in rats (34-43).

Induction of pancreatic hyperplastic nodules, adenomas and carcinomas in rats
by intraperitoneal injection of azaserine was first reported by Longnecker ef al. (34,35).
Adenocarcinomas or poorly differentiated carcinomas developed in the pancreas of rats
that were repeatedly treated with azaserine, as carly as 11 months following initial
azaserine  treatment. Two months following azaserine freatment, the earliest
mantifestations are found. These local lesions have been <escribed as atypical acinar cell
foei or nodules. The number and size of these nodules/foci increases with time. Wistar
and W/LEW rats were highly responsive to nodule induction. Virtually all azaserine-
treated rats developed mulliple ceil foci four months after treatment. These putative
preneoplastic atypical acinar cell foci can be easily quantified at 4-6 months after a
single injection with 30 mg azaserine/kg body weight, which permits post-initiation
modulation to be evaluated within a relatively short period of time. These primary foci
and nodules can be classified as acidophilic {eosinophilic) and basoephilic. The primary
basophilic foei do not show defectable secondary phenotypic changes and, therefore, are
not considered to be related to the development of cancer. The acinar adenocarcinomas
seem to develop in a stepwise process from the eosinophilic pancreatic acinar foci and
nodules (42). It has been demonstrated that even administration of a single dose of
azaserine below the cytoloxic level induces a number of foci and nodules in the
pancreas of Wistar rats (43).

1.4 HISTOCENESIS OF PANCREATIC CANCER IN EXPERIMENTAL
ANIMALS AND ITS RELEVANCE FOR HUMAN CANCER

Because of the morphological similarity of the induced tumours to those
occurring in humans, the BOP-hamster model has been suggested to provide a unique
opportunity to study pancreatic carcinogenesis (31). The hisfogenesis of the
ductal/ductular adenocarcinomas induced in hamsters, however, is still a topic of debate
in the literature. In BOP-treated hamsters, many tumours are found to develop within or
in the vicinity of islets, in the form of ’intra-insular ductules’ associated with newiy
formed endocrine cells (nesidioblastosis). Therefore, Pour er ol (21,31) postulated that
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ductular and islet precursor cells are the corigin of the pseudoductular lesions and, hence,
adenocarcinomas. More recently, the centroacinar cefl {(also a ductular celi type) has
been emphasized as such (44-46). Electron microscopical examinalion of pancreatic
tumours, induced in hamsters by nitrosamines, has led to the conclusion that the tumours
arise from existing ducts without invoivement of acinar cells (45,47,48). Other
investigators, however, ciaim thal pancreatic adenocarcinomas in hamsters develop from
acinar celis by dedifferentiation (49-55).

In man, only a small percentage of tumours, namely those that have clearly
recognizable acinar cell differentiation, is classified as being of acinar origin. Most other
tumours contain duct-like structures and have been classified as from ductal origin.
However, there is ultrastruclural evidence of acinar cell characleristics in all human
pancreatic tumours (56-58). Furthermore, acinar dysplasia appears to be common in
patients with pancreatic cancer {37). Longnecker (39) proposed that early biochemical
and perhaps even immunological markers may be different for neoplasms of acinar cell
and ductal celt origin,

To collect more evidence about the cell type from which pancreatic
adenocarcinomas originate, we recently have performed a twelve-months study in both
hamsters and rats {39}, In this study we placed osmotic pumps, that were subcutaneously
secreting  bromide-deoxyuridine  {Brdl), three days before aulopsy. Autopsy was
performed on groups of rats and hamsters 2, 6, 12, 26 and 52 weeks afler the last
injection with carcinogen (or saline, in control animals), Brdl is incorporated in the
DNA  of dividing cells. Therefore, the immuno-histochemically determined BrdU
labelfing index reflects the number of cell divisions in a cerlain tissue. In this study we
demonstrated that the pancreatic non-lamourcus (centrodacinar and ductular cells in
azasering-treated rats did not show increased cell proliferation when compared with
confro] rats. However, as expected, the acinar cells in the putative prenceplastic atypical
acinar cell foci demonstrated a significantly increased cell proliferation (Figure 1.2).
More surprising were the results in hamsters. Up to 26 weeks afier the last BOP
injection, the non-tumourous acinar cells in these animals demonstrated significantly
increased labelling indices when compared fo saline-lreated confrols, whereas the non-
temourous ductular cells only demonstrated significantly increased labelling indices twe
weeks after the last BOP-injection, but not at later (ime points,
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Figure 1.2 Serial sections of the pancreas of an azaserine-treated ratt a. M&E staining; b. BrdU
incorporation, hacmatoxylin counierstaining. Note the extensive nuclear BrdU staining in the acidophilic
alypical acinar cell focns (AACE). A, acidophilic AACF; B, basophilic AACF; N, normal acinar cefls.

Figure 1.3  Scrial sections of the pancreas of a BOP-reated hamster, a. H&E staining; b. BrdU
incorporation, haematoxylin counterstaining. Note the extensive nuclear BrdU staining in the tubular
ductular compiex. N, normal acinar cells; T, tubular ductular complex,
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These results suppest that a role for the acinar cells in ductular pancreatic
carcinogenesis  can not be excluded. As expected, in advanced tubular ductular
complexes  (pufalive prenecplastic  lesions  with  high  potency for malignant
transformation, Figure 1.3) the labelling indices were significantly higher than in cystic
ductular complexes (low potency for malignant transformation).

Labelling indices were highest in the pufative preneoplastic lesions characterized
by atypia, desmoplasia and inflammatory cells (borderline lesions; highest potency for
malignant transformation). From this study we concluded, that determination of BrdU
labelling indices provides a reliable parameter to discriminate between putative
prencoplastic lesions with a high or a low growth potential, hence with a high or low
potential 1o develop mio ultimate carcinomas.

I{ seems likely that factors that promote or inhibit progression of early stages of
carcinogenesis may be different in lesions originating froem the two cell types. However,
no conclusive data are available on the role of precursor lesions in pancrealic
carcinogenesis. The above considerations indicate that not only the BOP-treated hamster,
but also the azaserine-treated rat provides an animal model relevant for pancreatic cancer
in man and that it is worthwhile to study the modulating effects of hormones such as
cholecystokinin (CCK) and life-style factors such as diefary fal or cigarette-smoke on
pancreatic carcinogenesis in both hamster and rat (60).

1.5 DIETARY MODULATION OF (EXPERIMENTAL) PANCREATIC
CARCINOGENESIS

A high intake of dietary fat enhances azaserine-induced acinar cetl adenomas and
carcinomas in rat pancreas (01-64,68) as weli as pancreatic ductular adenocarcinomas
produced by  N-nitrosobis(Z-oxopropyl)amine in Syrian golden hamsters (65-69).
Moreover, an increased intake of corn oil promofes the development of both the
azaserine induced putative preneoplastic atypical acinar cell foci in rats (60-62) as well
as the early putative preneoplastic ductalar lesions in the hamster model {60). Therefore,
these animal models create an unique opportunity fo study the mechanism: by which
dictary fal enhances pancreatic carcinogenesis.
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1.6 HORMONES

There are data indicating a possibie role of cholecystokinin (CCK), a hormone
produced in the gut, in the pathogenesis of pancrealic cancer. The positive correlation
between diets high in protein and fat content and the occurrence of pancreatic cancer
might be ascribed to an enhanced CCK release. Gastrectomy, which also has been found
to give rise te an excessive release of CCK in response to ingested fat (70) has also
been correlated with an increased risk for this disease (71,72). Other evidence for a role
of CCK in the pathogenesis of pancreatic cancer has been derived from animal
experiments. Raw soya flour as well as trypsin inhibitors, whichk cause CCK. release in
rals, have been shown (o promofe carcinogenesis in the azaserine-rat model (73-75).
Exogeneously administered cacrulein (a synthetic CCK analogue) or CCK itself has been
shown to promote pancreatic carcinogenesis in rats (76,77).

The prevalence of pancreatic cancer in males suggests a role for sex hormones in
thig carcinogenic process (78-80). Indeed, receptors for oestrogen and testosterone have
been demonstrated in pancreatic cells (81,82). Blood testosterone levels in pancreatic
cancer patients are reduced, most probably due to binding of testosterone 1o the cancer
cells (83). In addition, some hormones secreted by the hypothalamus  have been
identified in pancreatic tissue. Moreover, high aclivities of sex steroid biosynthetic
enzymes have been measured in pancreatic tumours (84,85). The findings in these
reports suggest that sex stercids are involved in the physiology of foetal, adult and
malignant pancreatic tissue. In general, most studies are pointing to a protective effect of
ocstrogen in men.

Studies have been performed in animal medels to investigate the effects of sex
hormones on pancreatic carcinogenesis. Although there are some conflicting reports,
generally in azaserine-treated rats, testosterone is found lo promote and ocestrogen to
inhibit tumour growth (86-88). In contrast, in BOP-reated hamsters, oestrogen is
thought to promote and testosterone to inhibit (89-91). Therefore, it has been suggested
that agents such as aminoglutethimide, known to interfere with steroid metabolism, may
be of therapeutic value for the treatment of pancreatic cancer.

Another hormone that has been mentioned in relation to pancreatic cancer is
somatestatin. Somatostatin is a tetradecapeptide widely distributed throughout the body,
being found in high concentrations in the brain, stomach, intestine and pancreas (92).
The normal physiological role for somatostatin is the inhibition of secretion by-, and
growth of various (issues. In the pancreas, somatostatin inhibiis secretion of protein and
bicarbonate (93). Inhibitory effects of somatostatin on endocrine pancreatic tumours
have been reporled (94), but specific somatostatin receptors could not be detected in
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human exocrine pancreatic tumours (95) or in human pancreatic cancer cell lines (96),
Experimental  studies are not conclusive in reporting  inhibition of pancreatic
carcinogenesis due o somatostatin treatment (97, 98). However, Klijn (99) reported that
most pancreas cancer patients experienced a subjective improvement due 1o a reduction
of side-effects afler treatment with the somatostatin-analogue Sandostatin. Therefore, it
has been hypothesized that somatostatin might exert ils effects by suppressing the
secretion and/or action of gastrointesiinal hormones such as cholecystokinin, secretin and
gasirin  (100). Recent studies in animal models for exocrine pancreatic cancer are
suggesting that a combined lreatment with testosterone inhibitors and somatostatin might
be of therapeutic value for exocrine pancreatic tumours (101,102).

1.7 GROWTH FACTORS

A growing body of evidence poinls lo an essential role of both cell associated
and secreted polypeptide intercellular signalling molecules in the normal growth and
development of multicellular organisms (103). Prominent among these molecules are
growth factors that bind with high affinity to specific target cell surface receptors, that
are, in turn, coupled to intracellular pathways of signal transduction.

Although chaplers 5, 6 and 7 of this thesis will concentrate on growth factors in
the most strict sense of the word, other factors stimulating cellular proliferation should
also be mentioned. One group of such peptides is mentioned in chaplers 2 and 3 of this
thesis: hormones. Apart from their distinct biological [unction, some hormones also
stimulate growth. The most apparent difference from ‘real’ growth factors is their way
of targeting cells. [ormones typically are secrcted into the bleod-flow by endocrine
organs. The blood-flow brings the hormoenes to their target organs, where they stimulate
specific  cell-membrane  or nuclear-membrane  bound receptors. In condrast, growth
factors mostly act on the peptide producing cell Hself (autocrine stimulation) or a
neighbouring cell in the same organ (paracrine stimulation) (Figure 1.4).

In some cases, however, this distinction becomes unclear. For example, members
of the Insulin-like Growth Factor (IGF) family have been found to work alse in an
endocrine fashion (104); IGF-1 and IGF-II are present in the circulation and can be

readily detected in plasma.
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Endocrine Paracrine Autoecrine

Figure 1.4 a. Bndoerine stimulation; b. paracrine stimulation; ¢ autocrine stimulation (1K, Heath, /n:
Growth Factors. B. Rickwood (£d.), In Focus Series, 1993: by permission of Oxford University Press).

Another group of growth stimuiating factoss, are the smal hioregulatory pepiides
such as bombesin, neuropeptide Y, or endothelin, indicating that growth regulation of
cells is not a property preserved (o a small set of molecules, butl rather a complicated
process that is the result of interactions between many different molecules with many
different cell types. Furthermore, there is a specific group of agents involved in
proliferative activities in the haematopoietic system (105). Haematepoiesis involves the
coordinated  proliferation of a variety of cell types originating from one common
precursor cell. This is achieved by the subsequent action of different growth factors that
act specifically on different developmental stages of the cell (and (herefore different
target cells) and only in a physiologically adequate environment for that specific growth
factor (e.g. erythropoietin), The last group of growth factors that will not be discussed in
exfenso in this thesis, are the so called interleukins (cytokines). These peptides  were
originally  found to play a role in the signalling between leucocyles and between
leucocytes and other cells; they are involved in immunological processes. Especially in
the hamster model for ductular pancreatic carcinogenesis, large lymphocytic infiltrates
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can be observed around (preineoplastic lesions. Therefore, although not studied in the
experiments described in this thesis, a role for interieuking may be of significance in this
carcinogenic process.

The variety of the aforementioned molecules and processes stresses the
hypothesis that each organ in the body is subject lo complex and hierarchical control
involving multipie growth factor species with restricted target-cell specificities. The
broad ranging activities of many growih factors may be lightly constrained by control of
their dissemination, availability, and delivery to responding cells (306).

Growth factors in the strict sense of the word involve also numerous different
proteins. Based on their molecular structore and on their function, they can be
categorized into five main famifies; the Epidermal Growth Factor family (up to 9 family
members; a.o. EGF and TGF-), the Platelet-Derived Growth Factor family (PDGF-AA,
PDGE-AB and PDGE-BBR), the Fibroblast Growth Factor family (a.0. basic FOF, acidic
FGE), the Insulin-like Growth Factor Family (IGF-I and YGF-1I) and the Transforming
Growtly Factor-B family (a.o. TGPF-B1, -R2, and -B3).

The factors that regulate pancreatic cancer cell proliferation are not clearly
defined. Chester ef ol (107) injected EGF subculancously in Syrian hamsters together
with weekly injections of the carcinogen BOP during 10 weeks, and observed almost a
doubling in the incidence of pancreatic ductular adenocarcinomas compared o hamsters
injected with BOP only. These results point to a cocarcinogenic effect of EGF in the
BOP-hamster model but a prometing effect of EGF couid not be excluded. PANC-1 and
MIA PaCa-2 human pancreatic cancer cell lines have receplors for EGEF (108-110). EGF
stimulates the growth of MIA PaCa-2 pancreatic cancer cells in culture and may acl as
aulocrine growth Tactor (109). It has also been found that pancreatic cancer cells express
transforming growth factor-alpha (TGF-u; 111-113). Kere (111} determined that certain
pancreatic carcinoma celis produce transforming growth factor-beta (TGF-B), anotber
prowth factor thal does not bind (o the EGE receptor but to its own distinet receplors.
They also found that TGF-f inhibits the proliferation of some pancreatic cancer cell
lines,

Apart from EGF and TGF-a and -B, Méssner ef «f. (114) found that insulin-like
growth Jacters (IGF-1 and -11) had weak promoting cffects on the growth of AR42]
cells, a cell line that is derived from a transplaniable acinar pancreatic tumour from a
rat, but the role of these growth facters in the growth of nermal exacrine pancreas or in
the development of tumours of the exocrine pancreas is still unknown. Regulatory
molecules with a distinet chemical structure generally act on distinet receptors becausce

the receptor is specific for & unique part of the reguiatory molecule. Regulatory
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molecules such as cholecystekinin (CCK), somatostatin, gastrin, IGF, EGF, TGF-« or -
B, may act on unique receptors, related receptors, or identical receptors and this
distinctien is frequently difficult to make. Some of the regulatory molecules not only act
on acinar cells, but also affect ductular cells where their biological response can be
different but the mechanism of action may be similar,

This thesis focuses on two members of the epidermal growth factor family: the
epidermal growth factor (BGF), the transforming growth factor-o. (TGF-0) and theiy
mutual receplor, the epidermal growth factor receptor (EGFR), The reason for this
selection is that at the time the work underlying this thesis started, only this prowth
factor/receptor system was thought to play a significant role in pancreatic carcinogenesis
in humans. Aparl from that, there was also a more practical reason 1o concentrale on
LEGF, TGF-o and EGFR; these molecules were some of the few that were sequenced In
more species than in humans only, which made starting up of the polymerase chain
reaction (PCR) experiments more easy. In the course of this project, other growth factors
were found that may also be involved in (human) pancreatic carcinogenesis. However,
instead of studying more (a greater variety of) growth factors, we decided to focus on
the signal transduction process that may be involved in the funclioning of LGER.
Therefore, EGF and TGF-o will be described in more detail,

EGE and TGF-o are two closely related, highly conserved growth factors of the
amino-acid transmembrane  precursor and the mature proteins are cleaved from the
precursor by specific proteases (115).

EGE was the first growth factor isolated in pure form. When newborn mice were
mjected with homogenates of mouse submaxitlary gland, accelerated maturation of
various  epithelia  and  premature  eyelid opening could be observed. Lspecially
submaxillary glands from male mice were found 10 be an extremely rich source of 6kDa
polypeptide EGF, making this growtl: factor rather easy to isolate {(in contrast (0 most
other growth factors). Upon sequence analysis, the molecule urcgastrone (iselated from
the urine of pregnant women) appeared to be the human homologue of the murine EGF
{116). Both EGF and urogastrone appeared to acl as a mitogen on a wide variety of
epithelial cells and also on 3T3 fibroblasts (117). EGE expression is restricted to a small
number of organs, such as the submaxillary glands, the kidneys, and the Brunper’s
glands in the duodenum.

Fibroblasts  infected  with  Moloney  sarcoma  virus {MSV)  sometimes
demonstrated  sustained proliferation independent from the presence of EGF, whereas
uninfected fibroblasts were dependent of EGF to proliferate. It was hypothesized, that
MSV infection leads lo BGF expression of these cells themselves. In that way, these
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celis were able te stimulate their own proliferation, independent from exocrine factors
{autocrine stimulation; Figure 1.4). An BEGF-like bioactivity was found in media
conditioned by MSV.infected cells which proved, upon purification, fto be an EGE-
related growth factor, later called TGF-a. TGF-ou is a 6kla polypeptide that acts as a
potent mitogen for many epithelial and mesenchymal cefls. Not enly the mature TGF-cx
peptide, but also the membrane-bound TGF-a precursor is found to have bioactivity. In
contrast to BGF, TGE-a is expressed in a wide variety of differert fetal and adult tissues
as well as in many (umours,

The discovery of TGF-o demonstrates three things. Firstly, BEGF is not a unigue
entity, but rather a member of a large family of structuraily and functionally closely
related miolecules. Secondly, EGE-like molecules are present in far more organs than the
submaxillary glands only. Thirdly, the discovery of membrane-bound bicaclive precursor
molecules demonstrates a mechanism by which the action of growth faciors could be
highly restricted to autocrine or paracrine modes of action in vive (100).

1.8 RECEPTORS AND SIGNAL TRANSDUCTION

Hormones and growth factors exert their activity on the cell by binding specific
receptors with high affinity, Most of these receptors stick through the ceil membrane,
with an extraceliular ligand binding domain, a small hydrophobic transmembrane region,
and an intracellular domain  with signal transduction activity. There are other
focalizations for receptors. For example, the oestrogen receplor is located on the nuclear
membrane. However, in this thesis we will focus on the first iype of transmembrane
receptoré, such as the Epidermal Growth Factor Receptor (EGFR) and (he
Cholecystokinin Receptor (CCKR).

Based on their molecular structure and their functional intracellular domains
these receptors can be divided into four groups; those with tyrosine kinase aclivity (e.g.
EGF receptors), those with serine-threonine kinase activity (e.g. TGF-B receptors), those
with G-protein binding capacity (e.g. CCK receplors, bombesin receptors), and the
cytokine superfamily of receptors (e.g. GM-CSF recepiors).

It has been found that cultured human pancreatic carcinema cells overexpress the
epidermal  growth factor receptor (BGFR; 111,118). Although several chservations
suggest that overexpression of the EGFR is an important oncogenic stimulus in vive, the
mechanism(s) causing this overexpression, which results in enhanced growth of human
pancreatic cancer cells, is net understood. Morcover, it still has to be elucidated how
increased 1EGFR signailing causes oncogenic franstormation.
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The transfer of a phosphate proup onte a protein (phosphorylation) is mediated
by enzymes called kinascs. Phosphorylation and dephosphorylation of proteins are
thought (o be the key-processes occurring in cells to activate or deactivate proteins
respectively, in order fo transduce signals from extracelivlar receptors towards the genes
in the nuclens, The intracelluiar part of the EGFR containg a tyrosine kinase domain.
Ligand binding to the extracellular domain of the receptor will result in dimerization of
the receptor resulting in autophosphorylation. Phosphorylation of the  intraceilular
receptor domain makes interaction with small cytoplasmic peptides possible, resuiting in
an cyloplasmic cascade of phosphorylation events on (amongst others) the Tollowing
subsequent peptides: Grb2-Sos-ras-raf-MAPKK-MAPK, The latter peptide migrates into
the nucleus where it phosphorylates transeription factors such as fos and jun. These
tanseription  factors  regulate DNA  transeription  leading  to  differentiation  and
profiferation.

Protein phosphorylation is a common event in eukaryotic intracellular signalling.
Protein phosphorylation results in changing the aclivity of many proteins (119-122).
Most proteins are phosphorylated on serine (about 90%) or threonine residues (about
9%). Only less than 0.1% of phosphate linked 1o protein is in the form of
phosphotyrosine  (123). The discrepancy between the abundance of protein tyrosine
phosphorylation enzymes (more than 30 are known), and the level of phosphotyrosine
poinis to strict negative control on normal cellular protein (yrosine phosphorylation, The
ascribed {unctions of protein tyrosine kinases suggest that tyrosine phosphorylation is
largely reserved for signal transduction and regulatory systems involved in cell growth,
cell-cell interaction, and differentiation. Therefore, abrogation of the negative control of
these processes may readily lead to celiular transformation caused by an oncogenic
protein tyrosine kinase (124).

e-Sre is the cellular homologue of the Rous sarcoma virus transforming protein
v-sre. [t was the first human protein known fo have protein tyrosine kinase (PTK)
activity. Increase in cwsre PTK-activity has been reported in a number of tumours,
including tumours of the breast (125,126}, the bladder {127), the head and neck, the
colon (124,128) and neuroblastomas (129,130).

In several recent siudies, OQude-Weernink ef ol (131,132) demonstrated
stimulation of the proto-oncogene c-sr¢ (yrosine kinase activity and overexpression on
protein level after stimulation of varicus cancer cell lines with EGF or PDGF. From
these studies and from those of other investigators, it was concluded that c-sre might be
involved in EGER signalling.

In human pancreatic carcinogenesis little is known about the involvement of
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cyloplasmic proto-oncogenes. Actually, point mutations in codon 12 of the Kirsten-ras
(K-ras) proto-oncogene, which occurs in up to 80% of all human tumours, is the only
known cytoplasmic proto-oncogene that is involved in pancreafic carcinogenesis (133-
135). No studies have yet addressed the involvement of other cytoplasmic and nuclear
oncogenes in human pancreatic cancer. It still has to be elucidated whether enhancement
of overall PTK-activity in general, or c-sre PTK-activily in particular, is involved in (the
modulation of) pancrealic carcinogenesis.

1.9 AIM OF THE THESIS

The general aim of the investigations deseribed in this thesis is to obtain more
insight into the role of growth factors and hormenes that are involved in pancrealic
carcinogenesis, which includes the development of putative prencoplastic pancreatic cell
lesions and ultimately, pancreatic adenocarcinomas. Further goals arc to study the
possibilities to modulate some of these factors thought {o be ivolved in pancreatic ceil
proliferation, and to pet more insight into the differences in the histogenesis of ductular
and acinar pancreatic adenocarcinomas,

Using azaserine-treated rats (model for acinar adenocarcinomas) and M-
nitrosobis(2-oxopropylamine  (BOP)-treated  hamsters  (model  for  ductular
adenocarcinomas), the following questions are addressed in this thesis in order to meet
these aims:

1) Does modulation of testosterone metabolism  influence experimental
pancreatic carcinogenesis?

Several studies provided conflicting evidence on the role of testosterone in pancreatic
carcinogenesis. The hypothesis has been postulated that the conversion of lestosterone
into oestrogen by the enzyme aromatase was a confounding factor in these studies,
Therefore, in chapter (wo of this thesis, a twelve-months study s presented in which the
effects of the aromatase inhibilor aminoglutethimide on exocrine pancrealic
carcinegenesis induced in rats and hamsters, was investigated.

2) Is it possible to enhance the inhibitory effects of somatostatin on
experimental pancreatic carcinogenesis by surgical castration?

Not enly hormones involved in sex-differences were found to modulate pancreatic

carcinogenesis, but also other hormones such as the gut-hormone cholecystokinin and

bombesin, the amphibian analogue of the human gastrin-releasing peptide. In a previous
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short-term (four months) study using the somatostatin analogue Sandostatin, growth of
putative prencoplastic lesions was inhibited in hamsters, but not in rats. It was
hypothesized, that more pronounced Sandostatin  effects might be found in more
advanced pancreatic lesions such as adenocarcinomas. This hypothesis was tested in a
long-term (twelve months) study, using Sandostatin alone, and in combination with
surgical castration, in azaserine-treated rats and BOP-treated hamsters {chapter three).

3 Ave growth facfors and/or their receptors involved in experimentai
pancreatic carcinogenesis?

Iix order to investigate whether growth factors and/or iheir receptors are differentially
expressed  either in pormal, prencoplastic  or neoplastic  stages of pancreatic
carcinogenesis, epidermal growth factor (EGI), transforming growth factor-o (TGF-a)
and epidermal growth factor receptor (EGFR) were studied in pancreatic tissues obtained
from short- and long-term studies with azascrine-treated rats and BOP-treated hamsters,
mRNA and protein expression and localization were determined using Northern blotting,
semi-quantitative. PCR, immunohistochemistry and in-sirz hybridization (chapters {our,
five and six).

4) Are growth facfors andfor their receptors involved in the modulation of
experimental pancreatic carcinogenesis by hormones or dictary factors?
Enhancing or inhibitory effects on pancreatic carcinogenesis might be the result of
multiple mechanisms involving grow(l: faciors. In this thesis, studies aimed to clucidate
the role of EGF, TGF-a and EGFR in the modulating effects of dietary fat, caloric
restriction and cholecystokinin on experimental pancreatic carcinogenesis are presented,
For this purpose, the expression of these growth factors and their receplors was studied
in azaserine-treated rats and BOP-treated harosters, maintained on a standard fow-fat
diet, a high-fat diet, a caloric restricted diet, or injected with the cholecystokinin-

analogue cacrulein.

5) Is the proto-oncogene c-sre  involved in  experimental pancreatic
carcinogencsis?
The EGFR is known to be overexpressed in human pancreas adenocarcinomas.
Stimulation of the EGFR results in a cascade of intraccliular processes, ultimately
resulting in modulation of several cellular processes, such as: motility, adhesion,
differentiation and proliferation. In recent in-vifro experiments, the involvement of the
proto-oncogene c-sre in these EGFR-induced processes has been suggested. Therefore, a
study has been performed to investigate whetlier c-src is also invelved in pancreatic
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carcinogenesis (chapter seven). In pancreata collected [rom azaserine-treated rats c-sic
expression and  protein  tyrosine  kinase  activity  were investigaled  using
immuaohistochemistry, an immune-complex tyrosine kinase assay and a tyrosine kinase
ELISA.
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Chapter 2

2.1 ABSTRACT

The present 12-month study was carried out to investigate the effects of the
aromatase inhibitor aminoghutethimide, alone and in combination with orchicctomy,
on pancreatic  carcinogenesis i azaserine-treated rats  and  N-nitrosobis(2-
oxepropylamine-treated hamsters. Treatment of the animals started four months
after the last injection with the carcinogen. They were surgieally castrated and/for
treated with aminoglutethimide. Aminoghutethimide-treated rats developed less
pancreatic twmours in  comparison with untreated controls. Multiplicity of
(pre)ncoplastic acinar lesions was lower in orchicctomized rats in comparison with
intact rats. Inhibition of pancreatic carcinogenesis was most pronounced in rats
hoth orchicctomized and treated with aminoglutethimide, These effects were
statistically significant after eight, but not after four months of treatment.

In hamsters, aminoglutethimide demonstrated an enhancing rather than an
inhibitory effect on the formation of ductular pancreatic tumours. Castration did
not show any cficet on the development of N-nitrosobis(Z-oxopropylamine-induced
ductular lesions in the pancreas, neither alone, nor in combination with
aminoglutethimide.

The present findings demonstrate that aminoglutethimide, alone and in
combination with surgical castration, might be of therapeutic value for treatment of
pancreatic acinar fumours, whereas the uscfulness of aminoglutethimide for
treatment of ductular adenocarcinomas of the panereas is rather doubtful.

2.2 INTRODUCTION

In most countries, the age-adjusted incidence of pancreatic cancer is higher in men
than in women (1). Apart from cigarette smoking, hormonal factors have been
implicated as an important factor responsible for this difference. Intracellular receptors
for oestrogen and androgen have been demonstrated in pancreatio cells {2,3). Moreover,
in comparison with patients showing gastrointestinal tumours other than those of the
pancreas and with patients without malignancies, pancreatic cancer patients exhibited
significantly lower teslosterone serum levels, which have been ascribed fo interaction of
lestosterone  with  specilic  receplors on  pancreatic tumour cells (4). Furthermore,
significantly higher activities of aromatase and So-reductase have been found in
pancreatic tumours in comparison witl: normal pancreas (5).
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In azaserine-treated rats, atypical acinar cell lesions developed faster in male than
in female animals {6-8). Furlhermore, castration, ovariectomy and oestradiol- and
testosterone-treatment have been shown to modulate number and growth of carcinogen-
induced putative prencoplastic foci in the pancreas of rats treated with azaserine
(6,7,9,10).

In BOP-treated hamsters, it was demonstrated that females developed more
pancreatic  tumours than male animals did (11). Furthermore, N-nitrosobis(2-
oxopropylamine (BOP)-induced pancreatic adenocarcinoma cells (127) transplanted in
hamster cheek pouches developed faster in females and castrated males than in
ovariectomized females and intact males, respectively. In N-nitroso(Z-hydroxypropy(2-
oxopropyl)amine (HPOP)-treated hamsters, incidence, tumour multiplicity, and size were
generally greater in female as compared to male hamsters (12). In contrast, other
investigators who used BOP-treated hamsters found (hat surgical castration or LH-R}-
trealment  (chemical castration) inhibited growth but not incidence of ductular
adenocarcinomas (9,13).

Although the aforementioned observations are rather inconsistent, it has been
suggested that agents known (o interfere with steroid metabolism may be of therapeutic
value for the treatment of pancreatic cancer. Since testoslerone may act directly via the
androgen receptor or indirectly via the oestrogen receptor afler being metabolized 1o
cestrogen by the enzyme aromatase, the mechanism by which orchicctomy may inhibit
pancreatic carcinogenesis is unknown.

Apart from an effect on metabolism of cholesterol o pregnenolone (14,15),
aminoglutethimide  (AGT) is a well known aromatase inhibitor. Aromatase inhibitors
have been found fo induce regression of hormone-dependent breast tumours in rats (16)
and humans (17). An inhibitory effect of AGT on human pancreatic adenocarcinomas
has not been demonsirated (18). In a previcusly performed short-term study  with
azagerine-treated rats and BOP-treated hamsters, AGT, neither alone nor in combination
with orchiectomy, inhibited the development of putative prencoplastic acinar or ductular
pancreatic lesions, respectively {9),

In the present study, the long-term effects of AGT-treatment were investigated,
cither alone or in combination with surgical castration, on the development of pancreatic
tumours induced in rats and hamsters by azaserine and BOP, respectively.
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2.3 MATERIALS AND METHODS

Two hundred and twenty maie weanling SPF albino Wistar Bor rats (WISW; Cphb)
were oblained at 18 days of age [rom F. Winkelmann, FRG. All rats were injected
intraperitoneatly four times with 30 mg azaserine/kg body weight at 19, 26, 33 and 103
days of age. One hundred and sixty male Syrian golden hamsters, 4-5 weeks of age,
obtained from Charles River Wiga (Sulzfeld; FRG) were injecled s.¢. once weekly with
20 mg BOP/kg body weight at 6, 7 eud 8 weeks of age according to an injection
protocot deseribed previously (19). BOP (Ash Stevens, Inc., 5861 Jobn C. Lodge
Freeway, Detroit, MI 48202) and azaserine (Calbiochem-Behring Corp., Lalolla, CA)
were dissolved freshly in 0.9% WaCl solution. Rals were kepl in stainless steei cages,
fitted with wire-mesh floors and fronts, the hamsters in macrolon cages on softwood
bedding. All animals were housed under standard laboratory conditions, five per cage,
and fed the Institute’s stock diet. The Institute’s basal diet is low in fat (5%) and
compounded from natural feed ingredients, The percentage composition of the diet has
been described previcusty (20). The animals were allocated 1o five different groups by a
computerized randomization procedure. Four groups (A up to 1) consisted of 50 or 35
animals (rats and hamsters respectively), whereas the fifth group (E), which was killed
four months after the injection of carcinogen and prior to the start of treatment,
consisted of 20 animals,

The animals were treated as follows: (A) satine (controls);, (B) AGT (7x/wk, oral, 2
me in 0.5 ml/animal); (C) orchicctomy; and (D) AGT + orchiectomy. In order to mimic
the human situalion, trealment started when pancreatic iesions were already present, i.e.
four months after the fast injection with the carcinogen.

Body weights were recorded weekly during the first three months, and once a
month during the rest of the experiment. The general condition and behaviour of the
animais were checked daily.

Autopsy of 20 rats and 20 hamsters (animals of group K} was performed four
months after the Jast injection with carcinogen in order o establish the severity of the
pancreatic lesions at the start of treatment. Iuterim autopsy of 20 rats of ecach group (A
up to DY was performed four months afler the start of the treatment-period.  Terminal
autopsy was performed on both rats and hamsters after cight months of treatment (=
twelve months after the last carcinogen injection). The animals were anaesthetized by
other, exsanguinated by cannulating the abdominal aorta, autopsied and then examined
for gross pathological changes. From each animal the pancreas, tesics (f present), liver,
adrenals and pituitary were excised, weighed and fixed in 10% buffered formatin, The
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pancreata were completely processed for microscopy by conventional methods, step
secioned at 5 pm (about 5 per pancreas), stained with hacmatoxylin and eosin (&)
and examined by light microscopy.

i ral pancreas azaserine-induced atypical acinar cell nodules {(AACN), acinar cell
adenomas, localized carcinomas (carcinoma in-sifu: CiS8) and invasive carcinomas were
identified and classified according 1o the criteria of Longnecker (20). The arca of the
nodule transections  was  determined using a prid inside the ocular as described
previously (21). In the hamstler pancreas, major aftention was paid to tubular ductal
complexes showing dysplasia or anaplastic changes, desmoplasia and/or inflammaiion,
with or without apopiosis, suggestive for progression to malignancy. Tubular ductal
complexes exhibiting one or more of these characteristics were classified as “borderline
lesions’ (22). The carcinomas were identified and classified according 1o Pour er of
(23}, Carcinomas showing no invasion in the surrounding  tissues were classified as
carcinomas in-sifu.

Body and organ weight data were statistically evaluated by two-way analysis of
variance with initial body weight as covariable. The incidence of lesions was statistically
evaluated by the Pearson chi-square test, whereas the number of Jesions was statisticaily
cvaluated by a log linear model with a Poisson distribution. The relevant sources of
ariation  were:  (reatment  with AGT, surgical castration, combination of surgical

castration and treafment with AGT, and their interaction.

2.4 RESULTS

Body weights

Growth was significantly decreased in orchiectomized animals (Figures 2.1 and
2.3). The effect on growth was less pronounced in hamsters {(P<0.05) than in rats
{P<0.01}. In orchicctomized rats the reduced body weight gain was accompanied by a
lower food intake (Wigure 2.2). Orchicctomized hamsters treated with AGT showed a
slight but not significant deerease in body weight gain in comparisonr  with intact
harssters (Table 2.1} This effect may, at least partly, be ascribed to the surgical
castration performed on day 120, which resulied in a decrease in body weight with the
weight of the testes.
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Figure 2.%
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In castrated rats, absoiute but not relative pancreas weight had significantly
(P<0.01) decreased, independent of treatment with AGT (Tables 2.1 and 2.2). in
castrated hamsters, on the contrary, relative but not absolule pancreas weight had
significantly (P<0.01) increased independent of treatment with AGT. Relative and
absolute pituitary weight had significantly increased in orchiectomized animals. Relative
liver weight had significantly increased (P<0.01) in orchicctomized hamsters not treated
with AGT, whereas absolule and relative liver weight had significantly (1’<0.01)
decreased in castrated rats independent of treatment with AGT. Neither adrenal nor

testes weights were influenced by the treatments.
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Figure 2.3
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Microscopy

Rats killed four months after the last injection with azaserine (just before start of
treatment) exhibited a large number of AACN in the pancreas with a transeclion area
less than 0.5 mm?’, but no lesions were present in the larger size-categories {not shown).
During treatment, most rats developed AACN with a (ransection area over 0.5 mm®.
Moreover, some rats developed pancreatic adenomas and carcinomas (Table 2.3).
Orchicctomy caused a significant decrease in the number of both AACN and acinar
adenocarcinemas  after eight months (Table 2.3). AGT-treatment  for cight months
caused a sipnificant decrease in the number of nodules with a transection arca between
0.5 and 1.0 mm® (P<0.01), as well as in the number of nodules with a fransection arca
larger than 1.0 mm’, the number of carcinomas in-sifw and in the total number of
carcinomas (P<0.05; Table 2.3). The lowest numbers of pancreatic acinar lesions were
found in orchiectomized rats weated with AGT for 8 months (Table 2.3). When the
AGT-treated or orchiectomized groups were combined, the number of carcinoma-bearing
rals was significantly lower (P<0.05) after eight months of freatment, in comparison
with the groups not treated with AGT, or not orchiectomized, respectively {Table 2.4).
Control hamsters autopsied after the eight months treatment-period showed a significant
increase in multiplicity of bordertine lesions (<0.001) and adenccarcinomas {(P<0.01) in
comparison with those observed in hamsters autopsied four months after the last
injection with BOP (1=0, just before treatment; Table 2.5). Moreover, the number of
tumour-bearing animals had significantly (P<0.05) increased in controls killed after cight
months treatment in comparison with these killed just before treatment (1=0; Table 2.6).
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Table 2.1 Effects of the respective treatments on body weight and the absolute weight of different organs’

Treatment N Body weight Absolute organ weights (g}
at autopsy {g)  Pancreas Testes Puuitary Adrenals Liver

Rat
Control 27 460.7 £ 109 1.40 £ 0.05 355 £006  0.014 2 0000 0.054 £ 0.002  13.01 £ 037
AGT 300 4520 7.8 1.29 £ 0.04 3602005 0014+ 0.0060 0.055 £ 0.002 1252 £ 0.28
Castration 24 337 % 697 114z 6.047 . 0.018 = 0.0017  0.047 £ 0.002 933 2025”7
AGT + castration 24 3698+ 64" 1.12 + 0.047 - 0.616 + 0.001° 0.048 & ¢.001 9.15 = 0.247

Hamster
Control 27 148.0% 3.6 0517 £ 0.630 267 £0.14  0.007 £ 0.000 0.024 £ 0.001 219 £ 0.56
AGT 25 1550+ 32 0554 £0.025 2.85+008  0.007 2 0.000 0.023 = 0.001 8.68 £ (.42
Castration 16 1356=x 3.9 0.603 + 0.033 - 0.009 £ 05017 0.019 £ 0.001  10.79 £ 1.33
AGT + castration 21 1426 % 3.4 0.626 + 0.044 - 0.809 £ 0.0007  0.022£0.002 901 £0.57

Values are means = SEM.

Statistics: Two-way analysis of variance {two-tailed) compared to controls: "P<0.05; “P<0.01.
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Table 2.2 Effects of the respective treatments on relative weight of different organg®

Treatment N Relative organ weights (g/kg}
Pancreas Testes Pituitary Adrenals Liver

Rat
Control 27 306 x 0.2 79T 4015 0.031 £ 6.001 0.118 # 0.005 283 £ 0.7
AGT 30 2.85+0.07 8.01 = Q.16 0.030 = 0.001 0.124 = 0,003 27.7 £ 0.5
Castration 24 30720001 - 0.048 = 0.0017 0.128 £ 0.007 251 £ 0.7
AGT + castration 4 306011 - 0.043 + 0.002°7 0.129 = 0.005 249 £ 0.7

Hamster
Control 27 343020 18.06 + 0.84 0.04 = Q.00 0.16 £ 5.00 55033
AGT 25 335335zx012 18.50 + .55 .04 = 6.00 0.15 £ 0.00 56.0x£25
Castration 16 449 %0237 - 0.06 001" 0.14 £ 0.01 78.0 £ 8.3
AGT + castration 21 4.43 0267 - 0.G7 £ 0.007 0.16 = 0.02 634 3.8

*Values are means & SEM.

Statistics: Two-way analysis of variance (two-tailed) compared to controls: P<0.01.
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Table 2.3 Effects of the respective treatments on number of (prejneoplastic lesions in the exocrine pancreas of azaserine-treated

rats”

{Preineoplastic lesions
observed

Number of lesions after a treatment period of:

Four months

Eight months

Control  AGT Castr. AGT + Control AGT Castr. AGT +

castr, casir.
Effective number of rats 14 i3 i3 4 29 30 26 27
Nodules (6.5 < TA® < 1.0 mm?) 4 3 i 5 39 54" 277 17
Nodules (TA > 1.0 mm?) I 0 0 2 39 16 6" 7"
Adenoma i 0 0 i 3 7 4 {
Carcinoma in-situ 0 2 0 i 17 P 5 o
Microcarcinoma 0 0 G o 5 4 I T
Adenocarcinoma 0 O G 0 4 4 3 1
Total carcinoma 0 2 G i 26 12 g 2t

"Values are totals per group; *TA: Transection area.

Statistics: log linear model with a Poisson distribution: "P<0.03; "P<0.01; ""P<0.081.
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Table 2.4 Effects of the respective treatments on incidence of (prejneoplastic lesions in the exocrine pancreas of azaserine-treated

rats®

(Preneoplastic lesions [ncidence of lesions after a treatment period of:
observed

Four months Eight months

Control  AGT Castr. AGT + Control AGT® Castr® AGT +

castr, castr, ¢

Effective number of rats 14 13 13 14 29 30 26 27
Number of carcinoma-bearing 0 2 0 1 i1 8 6 2
rats
Nodules (0.5 < TA* < 1.0 mm?) 3 4 1 4 6 4 3 6
Nodules {TA > 1.0 mm?) 0 0 0 o 4 4 2 5
Adenoma I 0 0 i H 4 2 i
Carcinoma in-silu 0 2 0 1 4 2 2 0
Microcarcinoma 0 ] 0 0 4 2 i 1
Adenocarcinoma 0 0 0 0 3 4 3 1

*Incidences are hased on scoring each animal once in the category of the most advanced lesion; *TA: Transection area.
Statistics: Pearson chi-square test.

“In the AGT-treated groups the number of carcinoma-bearing animals had significantly decreased after eight months (P<0.03).
°In the castrated groups the number of carcinoma-bearing animals had significantly decreased afier eight months (P<0.05),
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Table 2.5 Effects of the respective treatments on number of (prejncoplastic

exocrine pancreas of BOP-treated hamsters after 8§ months®

lesions in the

{Pre)neoplastic lestons
observed

Number of lesions

f=) Control  AGT Castr. AGT +
castr,
Effective number of hamsters 17 27 30 23 28
Rorderline lesions Y 81 65 GO 66
Carcinoma in-situ 2 I & 1 3t
Adenocarcinoma 2 13 18 8 HO
Total carcinoma 4 14 24 9 13

*Vajues arc totals per group; "Number of carcinomas im-sitn increased significanily in animals

trealed with AGT compared fo animals not treated with AGT (P<0.05).

Statistics: Log lincar model with a Poisson distribution.

Table 2.6 Effccts of the respective {reatments on incidence of {preneoplastic lesions in the

exoering pancreas of BOP-treated hamsters alter § months®

{Pre)neoplastic lesions
observed

Incidence of lesions

=0 Control AGT Castr. AGT +
castr.
Effective number of hamsters 17 27 30 23 28
Number of tumour-bearing hamsless 3 12 17 8 12
Bordertine lesions 4 13 I 14 i3
Carcinoma in-sifu 1 ! 2 ! 3
Adenocarcinoma 2 11 15 7 0

‘Incidences are based on scoring cach animal once in the category of the most advanced lesion.

Statistics: Pearson chi-square test; no statistically significant differences were observed.
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AGT in pancreatic cancer

in intact and crchicctomized hamsters, eight months AGT treatment caused a significant
{P<0.05) increase in the number of carcinomas fm-yitw as compared 1o controls (Table
2.8). This increase was accompanied by a slight, but not significant, decrease in the
number of borderline Jesions. Orchicctomy did not cause any effect on the development
of ductualar twinours induced in the pancreas of hamsters by BOP,

2.5 DISCUSSION

The results of the present study indicate that AGT-ircatment has an inhibitory
effect on pancreatic carcinogenesis in azaserine-treated rats, provided the dwration of
treatment is longer than four months. The number of acinar tumours was significantly
lower in orchicctomized rats in comparison with intact rats. Moreover, AGT treatment
enhanced the inhibitory effect of orchicctomy on the development of pancreatic tumours
in rats, but an interaction between these two treatments was not found, statistically.
Interestingly, in the BOP-hamster model, AGT-treatment caused an  increase in
multiplicity of carcinomas /r-situ, poinling o an enhancing rather than an inhibitory
cffect on the formation of ductular pancreatic tumours, whereas castration did not have
significant effects in this animal model.

The present findings with AGT on pancrealic carcinogenesis in rals are in
accordance with those seen on oestrogen-sensitive breast tumours in rats and humans
(15.16). The present finding that AGT-treatment for eight but not for four months is
effective is in accordance with our previous observation that AGT has noe effect on
growth of early putative prencoplastic AACN when administered for 4 months (9). 1t
has  Dbeen demonstrated  that  oestrogen  inhibits  and  (eslosterone  promotes  the
development of putative prencoplastic  acinar lesions in ral pancreas (6-8,10). The
mechanism of action still remaing obscure; (estosterone may have a direct stimulatory
effect via androgen receptors, or an indirect inhibitory effect via the oestrogen recepior
after being metabolized by the enzyme aromatase. The presently observed inhibitory
effect of AGT on pancreatic carcinogenesis in rats afler ecight months of treatment
cannot easily be explained. The inhibition of the enzyme aromatase by AGT will resuls
in a diminished metabolization of testosterone into oestrogen. It scems justifiable to
assume that inhibition of this conversion may lead fo increased lestosterone levels.
However, this effect of AGT did not seem to play an imporiant role in the present study,
since an elevated testosterone concentration would have led o an enhancing rather than
an inhibitory effect on pancrealic carcinogenesis. It appeared, indeed, that the blood

45



Chapier 2

testosterone levels were not elevaied in AGT-ireated rats (3.5 # 1.2 nmol lestosterone/].)
when compared to blood iestostercne levels in control rats (46 = 0.6 nmol
testosterone/L). The presence of normal testosterone levels in AGT-treated animals most
probably can be aseribed to a feed-back mechanism through the pituitary gland.

The presently observed inhibitory effeet of AGT on he development of advanced
pancreatic lestons is most probably related to an inhibitory action on the conversion of
cholesterol to pregnenclone, leading to a depletion of corticosteroids (13,14), rather than
to an inhibitory effect on aromatase activity. The results of a previously performed 4-
month study (9) with orchieclomized rats, however, indicated that the inhibitory eflfect
on growth of putative prencoplastic acinar lesions may be due to a significant decrease
in body weight gain of the orchiectomized rats rather than to a decrease in plasma
festosterone  concentration. The present findings with the orchiectomized rals support the
hypothesis that testosterone does not seem 1o play an important role in the development
of pancreatic cancer,

In the BOP-hamster model, AGT did not influence the development of ductular
pancreatic tumours except for an enhancing effect on the development of carcinomas in-
situ, accompanied by a {(non-significant) decrease in number of borderline-iesions,
pointing to a fasier development from borderline-lesions into carcinomas in AGT-treated
animals. This enhancing effect on pancreatic carcinogenesis in hamsters can hardly be
ascribed to an inhibitory effect of AGT on the metabolism of testosterone to oestrogen
by aromatase, since i has been found by other investigators that female hamsiers treated
with BOP developed more pancreatic tumours than male hamsters do (12) and that
sransplanted pancreatic ductal adenocarcinoma cells developed faster in female than in
male hamsters. These observations point 1o an enhancing rather than an inhibitory effect
of  oestrogen on  BOP-induced pancreatic  carcinogenesis. Qur  observation  thaf
orchiectomy did not influence the development of ductular tumours in the pancreas of
BOP-treated hamsters, is in agreement with the findings in a previously performed 4-
moenth study (9) suggesting that (estosterone is not involved in pancreatic carcinegenesis
in hamsters. Castrated hamsters, similar o rals, exhibited lower body weights. In
contrast 1o rats, however, In hamsters relafive pancreas weight of orchiectomized
hamsters was higher than that of intact controls, indicating that growth is not a
complicating factor in the interpretation of the effects of castration on pancreatic
carcinogenesis in hamsters,

Based on the observation that AGT inhibils pancreatic carcinogenesis in the
azaserine-rat model (Jeading to acinar adenocarcinomas) but not in the BOP-hamster
model {leading to ductular adenocarcinomas), il scems justifiable to conclude that AGT
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may have a therapeutic potential as far as acinar pancreatic adenocarcinomas are
concerned, whereas the therapeutic  potential of AGT for treatment of ductular

adenocarcinomas, which are most commoniy found in humans, is rather doubtful,

2.6 ACKNOWLEDGEMENTS

We wish to thank Mr M.G.J Nederhoff and Mrs M. Stoepker for ftechnical
assistance, Mrs I M. Klokman-Houweling, Ir ¥. Schoen and Mr W.L.I. van Putten for
their help with the statistical evaluation of the data, We also would like to thank Ciba
Geigy for suppiy of aminoglutethimide. This study is supported by grant CIVO 87-01 of
the Netherlands Cancer Socicty.

2.7 REFERENCES

I, Levin, D.L., Connelly, R.R. and Deveja, S.8. Demographic characteristics of cancer of the
pancreas: mortality, incidence and survival. Cancer, 47, 1456-1468 (1981).

2. Greenway, B., Igbal, M.J., Johnson, P and Williams, R. Qestrogen receplor proteins in

maiignant and fetal pancreas. Br. Med, J., 283, 751.753 (1981).

Pousetle, A. Demonstration of an androgen receptor in rat pancreas. Biochem. J., 1587, 229-232

(1976).

4. Ferndndez del Castillo, C., Robles-Diaz, G., Diaz-Sénchez, V. and Altamirano, A. Pancrealic

Ll

cancer and androgen metabolism: high androstencdione and low testosterone serum levels,
Pancreas, 5, 515-518 (1990),

5. gbal, M., Greenway, B., Wilkinson, M.L., Johnson, P.J. and Willlams, R. Sex-steroid
enzymes in the pancreas: a comparison of normal adult, foetal and malignant tissue. (lin. Sci.,
65, 71-75 (1983).

6. Lheste, EF., Roebuck, B.D., Brinck-Johnson, T. and Longnecker, 1.8, Effect of castration and
hormone replacement on azaserine-induced pancreatic carcinogenesis in male and female
Fischer rats. Carcinogenesis, 8, 699-703 (19873,

7. Sumi, C., Longnecker, D.S., Rocbuck, B.D. and Brinck-Johnson, T. Inhibilory effects of
estrogen and castration on the carly stage of pancreatic carcinogenesis in Fischer rats treated
with azaserine. Cemicer Res., 4%, 2332-2336 (1989).

8. Bax, J.. Schippers-Gillissen, C., Woulersen, R.A, and Scherer, E. Kinetics of induction and
growth of putative precancerous acinar cell foci i azascrine-induced rat  pancreas
carcinogenesis. Carcinogenests, 11, 245-250 (1990,

9. Meijers, M., Woulersen, R.A., Garderen-Hoetmer, A.v., Bakker, G.H., Fockens, JH. and I<jn,
LGM. Effects of castration, treatment with aminoglutethimide, and their combination on

47



Chapter 2

10.

20,

jau]
[y

growth of (prejneoplastic lesions in exocrine pancreas of rats and hamsters. Carcinogenesis, 12,
17011713 (1991).

Longnecker, 2.5, and Sumi. C. Bffects of sex stercid hormones on pancreatic cancer in the ral.
It J. Pancreadol, 5, 159-163 (1990).

Longnecker, DS, Wiebkin, P,  Schaeffer, B.K. and Roebuck, B.ID. DExperimental
carcinogenesis in the pancreas. b G.W. Richter and MA. Epstein (eds.), Mmfernational Review
of Experimental Patholegy, 26, Academic Press, New York, pp. 177-229 (1984),

Kokkinakis, D.M. Sex differences in the dietary modulation of pancreatic cancer in Syrian
hamsters  treated  continuously  with  Nenitrose{2-hydroxypropyl)(2-oxopropylDamine.
Carcinogenesis, 11, 1909-1913 {1990).

Szende, 3., Srkalovic, G., Groof, X., Lapis, K. and Schally, A.V. Regression of nitrosamine-
induced pancreatic cancers in hamsters treafed with LHRH-antagonists or agonists. Cancer
Res., 50, 3716-3721 (1990).

Dexter, RN, Fishman, L.M., Ney, RL. and Liddle, G.W. Inhibition of adrenal corticosteroid
synthesis by aminoglutethimide: studies of the mechanism of action. J. Clin. Endocrinol,
Metab., 27, 473-478 (1967).

Camacho, A.M., Cash, R., Brough, Al and Wilroy, R.S. Inhibition of adrenal steroidogenesis
by aminoglutethimide and the mechanism of action, J. Am. Med. Assoc., 202, 20-26 (19067).
Brodie, AM.H., Brodie, H.J., Garrelt, W.M., Hendricksen, LR, Marsh, D.A. and Tsai-Morris,
CH. BEffect of an  aromatase inhibitor, 14,6-androstatriene-3,17-dione, on  7,12-
dimethylbenz{a]anthracene-induced wammary tumouwrs in the ral and ifs mechanistn of action
in wivo, Biochem. Pharmacol., 31, 2017-2023 (1982).

Goss, P, Powles, T, Dowsett, M., Hulchison, G., Brodic, AM.M., Gazet, J-C. and
Coombes, R.C. Treatment of advanced postmenopausal breast cancer with an aromalase
inhibitor, 4-Hydroxyandrostenedione: Phase {1 report. Cancer Res., 46, 4823-4826 (1986).
Scheithauer, W., Kornek, G., Haider, K. and Depisch, D, Unresponsiveness of pancreatic
adenccarcinoma to antioestrogen therapy. fur. J Cancer, 26, 851-852 (1990).

Woutersen, R.A., Garderen-Hoetmer, A.v. and Longnecker, D.S. Characterization of a 4-
months protocol for the quantitation of BOP-lnduced lesions in hamster pancreas and its
application in studying the effect of dictary fat. Careinogenesis, 8, 833-837 (1987).
Longnecker, D.S. Early morphologic markers of carcinogenicily in rat pancreas. fm: 1A,
Mitham and S, Sell {eds.), Application of Biological Markers 1o Carcinogen Testing, pp. 43-60,
Plenum, New York {1983).

Woutersen, R.A., Garderen-Hoetmer, A.v., Bax, 1, Feringa, AW, and Scherer, . Modulation
of putative prencoplastic foci in exocrine pancreas of rats and hamsters. [ Interaction of dietary
fat and ethanol. Carcinogenesis, 7, 1587-1593 (198¢).

Meijers, M., Garderen-Hoetmer, A.v.,, Lamers, CB.H.W., Rovati, L..C., Jansen, J.B.M.I. and
Woutersen, R.A. Role of cholecystokinin in the development of BOP-induced pancreatic
lesions in hamsters, Curcinogenesis, 11, 2223-2226 (1990).

Pour, P.M. and Wilson, R.B. Experimenial tumours of the pancreas. /n: AR, Moossa (ed.)
Twmours of the pancreas, pp. 37-138, Williams and Wilkins, Baltimore (1980).

48



CHAPTER THREE

EFFECTS OF SANDOSTATIN, ALONE AND IN
COMBINATION WITH SURGICAL CASTRATION, ON
PANCREATIC CARCINOGENESIS IN RATS AND
HAMSTERS

Corjem LT, Visser', Annemarie van Garderen-Hoetmer 'Jan G.M. Klijnd John A
. i

Foekens® and Ruud A. Woutersew'

" Department of Pathology, TNO Nutrition and Food Rescarch Institute, P.O. Box
360, 3700 AJ Zeist, The Netherlands.

Y Department of Medical Oncology, Division of Endocrine Oncology, Dr. Daniel
den Hoed Cancer Center, P,0. Box 5201, 3008 AL, Rotterdam, The Netherlands.

49



Chapter 3

3.1 ABSTRACT

Sandostatin, when administered prophylactically, inhibited growth of putative
prencoplastic ductular lesions indaced in hamster pancreas by N-nitrosobis(2-
oxopropylamine, but not of acinar lesions induced in vat pancreas by azaserine.
The present 12-month study was carried out fto investigate the effects of
Sandostatin (3ug/day), alone and in combination with erchicetomy, on pancreatic
carcinogenesis in azaserine-treated rats and N-nifrosobis(2-exopropyljamine-treated
hamsters. Treatment of the animals started four months after the last injection
with the carcinogen. Affer ireatment with Sandostatin for cight months rais
developed fewer pancreatic atypical acinar cell nodules and tumonrs. Multiphicity
of (prejncoplastic  acinar lesions was also Jower in orchiectomized rats in
comparison with intact rats. Sandostatin-treatment did not enhance the inhibitory
effect of surgical casiration on pancreatic carcinogenesis in rafs.

In hamsters that were both orchicctomized and treated with Sandostatin, the
development of borderline lesions was significantly inhibited, whereas such an
effeet was not present in hamsters that were cither sargically ecastrated eor tfreated
with Sandestatin  alone. In Sandostatin-treated hamsters a  significantly lower
number of microcarcinomas was found in comparison with hamsters not freated
with Sandostatin.

The present findings demonstrate  that  Sandostatin, particularly  in
combination with surgical castration, might be of therapeutic value for treatment of

human (mostly duciular) pancreatic tumours.

32 INTRODUCTION

Yancreatic  cancer causes more deaths per year than most other matignant
neoplasms, except those of the colorectal region, the fungs and breast. Early diagnosis of
pancreatic cancer is difficult due to the lack of symptoms (1). The prognosis of patients
with pancreatic cancer is poor. Usually no appropriate therapy is possibie al the time of
diagnosis (2,3). Pancreatic tumours appear lo contain a large number of steroidal
receplors and enzymes involved in stercid metabolism indicating possible hormone
dependency. Hormonal therapy of pancreatic cancer might be promising since it has no,
or only minor side effects. Recent papers demonstrated that pancreatic carcinogencsis

can be modulated by oestrogen and testosterone in both azaserine-treated rats (4-9) and
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BOPreated hamsters (9-16). Furthermore, intraceliular  steroid receptors  have been
determined in pancreatic cells (17-20).

Apart from sex hormones, somalostatin is considered 0 be a growtl modulating
factor for the pancreas, based on the finding that caerulein-activated DNA-synthesis in
rat pancreas could be inhibited by somatostatin and stimulated by somatostatin antiserum
(21). In the same period, Redding and Schally (10) reported a reduced weight and
volume of transplanied ductal pancreatic tumours (in hamsters) and acinar pancreatic
tumours (in rats) afler treatment with [L-5-Br-Trp®| somatostatin-14, but not afier
treatment with cyclo(®ro-Phe-D-Trp-Lys-Thr-Phe) or somatostatin-28, Somatoslatin may
inhibit growth of human pancreatic cancers by suppressing the sceretion and/or action of
gastrointestinal  hormones such as cholecystokinin, sccretin and pastrin {22), or by
dephosphorylation of an [ZGF-sensitive receptor {23). More recently, however, Reubi ef
al. (24) could not detect specific somatostatin-receptors in human exocrine pancreatic
carcinomas, but did find somatostatin-receplors in ral transplantable acinar tumours (CA
20948) and in human islet cell carcinomas (insulinomas). These findings support data
with the long acting somatostatin-analogue Sandostatin (SMS-201-995), which appeared
o be effective in endocrine tumours (25-27), bul nol in exocrine tumours. Upp ef ol
(28) found inhibition of growth and volume of two human pancreatic ductal
adenocarcinomas  (SKI and CAV) transplanted in nude mice by frestment  with
Sandostatin. In a follow-up study, Poston er a. (29), however, demonstrated that Tuman
ductal pancreatic adenocarcinomas, transplanted in nude mice, do not ai respond  to
Sandostatin. Most patients  with pancreatic cancer, however, experienced subjective
improvement in the absence of serious side effects after Sandostatin-therapy (30).

Zalamai and Schally (12,13) reported inhibition of growth of experimentally
induced ductal adenocarcinomas in exocrine pancreas of male and female Syrian golden
hamsters after treatment with the somatostatin-analogue  RC-160. In these animals
survival was  prelonged, body weight had increased and histopathological changes
indicative for regression of the tumours were observed. Furthermore, growth of a poorly
differentiated acinar pancreas (wmour (CA 20948) transplanted in rats cowld be inhibited
by the somatostatin-analogues  Sandostatin and CGP15-425 (31). This inhibitory effect
was more pronounced when treatment was combined with the LH-RH analogues
Buserelin or Zoladex (chemical castration),

In a previous short-term study {four months), we found that Sandostatin, when
administered prophylactically, inhibited growth of putative preneoplastic ductular lesions
induced in hamster pancreas by BOP, bul not of acinar lesions induced in rat pancreas
by azaserine (32). Morcover, it has been demonstrated that pancreatic carcinogenesis can
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be modulated by sex hormones in both rats (4-9) and hamsters (9-16). Therefore, the
present Jong-term study (12 months) with rats and hamsters was carried out in order (o
investigate the effects of Sandostatin, alone and in combination with surgical castration,
on the development of acinar and ductular pancreatic tumours.

3.3 MATERIALS AND METHODS

Two hundred and twenly male weanling (18 days of age) SPF albino Wistar rats
(WISW; Cpb), were obiained from F. Winkelmann, FRG. All rats were injected
intraperitoneally four times with 30 mg azaserine/kg body weight at 19, 26, 33 and 103
days of age. One hundred and sixty male Syrian golden hamsters {obtained al 4-5 weeks
of age from Charles River Wiga; Sulzfeld; FRG) were injected s.c. once weekly with 20
mg BOP/kg body weight each at 5, 6 and 7 weeks of age according 1o an injection
protocol deseribed previously {33). BOP (Ash Stevens, inc., Detroit, MI) and azascrine
(Calbiochem-Behring Corp., Lalolla, CA) were dissolved freshly in 0.9% NaCl solution.
Rals were kept in stainless steel cages, fitted with wire-mesh fleors and fronts, the
hamsters in macrolon cages on softwood bedding. All animals were housed under
standard laboratory conditions, five per cage, and fed the Institute’s stock diet. The
Institute’s basal diet is low in [at (5%) and compounded from natural feed ingredients.
The percentage composition of this diet has been deseribed previousty (34). The animals
were allocated to five different groups by a compuierized randomization procedure. Four
groups (A up to D) consisted of 50 or 35 animals (rats and hamsters, sespectively),
whereas the fifth group (group 1), which was killed four months after the injection of
carcinogen and prior 1o the starl of treatment, censisted of 20, At that time, the
remaining  animals were treated as follows: (A) saline (controls); (B) Sandostatin
{osmotic mini pumps, 3 pgfday); (C) surgical castration: and (1) Sandostatin -+ surgical
castration.

Osmotic mini pumps (2 mi, model 2ML4; ALZA Corp., Palo Alto, CA) were fiiled
with 100 pg Sandostatin (SMS 201-995) dissolved in saline (final cencentration 0.05
pe/ul). The pumps were placed s.c. in the scapular region and exchanged once every
month. The pumping rate was 2.5 plhour, resulling in a delivery of 3 pg
Sandostatin/day. This dosage was chosen because it had bighly significant antitumour
effects in pancreatic acinar tumours transplanted in rats (35).

Body weights were recorded weckly during the first three months, and once a
month during the rest of the experiment. Feod consumption was measured on 7
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consecutive days per month, In hamsters, food consumption could not be measured with
high accuracy due lo severe spill by the animals, The general condition and behaviour of
the animals were checked daily,

Autopsy of 20 rats and 20 bamsters (animals of group E) was performed four
months after the lagt injection with carcinogen in order to establish the severily of the
pancreatic lesions at the start of treatment. Interim autopsy was performed on 20 rats of
cach group (A up to D) after four months of treatment. Terminal autopsy for both rats
and hamsters was conducted after eight months of treatment. The animals were
anaesthetized by ether, exsanguinated by cannulating the abdominal aorta, autopsied and
then examined for gross pathological changes. From each animal the pancreas, testes (if
present), liver, adrenals and pituitary were excised, weighed and fixed in 10% buffered
formalin. The pancreata were completely processed for microscopy by conventional
methods, step seclioned at 5 pm (aboul § per pancreas), stained with haematoxylin and
cosin (H&E) and examined by light microscopy.

In rat pancreas azaserine-induced atypical acinar cell nodules (AACN), acinar cell
adenomas, localized carcinomas (carcinoma in-situ; CIS) and invasive carcinomas were
identified and classified according to the criteria of Longnecker (36). The area of the
nodule transections  was determined using a grid inside the ocular as described
previously (34). In hamster pancreas, major allention was paid to tubular ductal
complexes showing dysplasia or anaplastic changes, desmoplasia and/or inflammation,
with or without apoplosis, sugpestive for progression to malignancy, Tubular ductal
complexes exhibiting one or more of these characteristics were classified as “horderline
lesions’ (37). The carcinomas were identified and classified according to Pour and
Wilson (38). Carcinomas showing no invasion in the surrounding tissue were classified
a3 carcinomas fr-sit, 10 local invasion was observed, (he lesion was classified as
{micro)carcinoma.

Body and organ weight data were slatistically evaluated by two-way analysis of
variance with initial body weight as covariable. The number of lesions was statistically
evaluated by a log lincar model with a Poisson distribution. The relevant sources of
varialion were: treatment with Sandostatin, surgical castration, combination of surgical
castration and treatment with Sandostatin, and their interaction.
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3.4 RESULTS

Body_weighis

In rats, body weight gain was significantly (P<0.01} inhibited in all trealment
groups {Figure 3.1, Table 3.1). The decrease in body weight was accompanied by a
significant reduction in foed intake, particularly in orchiectomized rats, during almost
the whole treatment period (Figure 3.2). In hamsters, body weight of the treated animals
was lower than that of controls, but the difference rcached the level of statistical

significance (P<0.05) in orchiectomized hamsters only (Figure 3.3).

Organ weights

In rats treatcd with Sandostatin, both alone and in combination with orchiectomy,
absolute but not relative pancreas and testes weights had significantly decreased (Tables
3.1 and 3.2). In orchiectomized rals, absoluie and relative pituitary weights increased
and absolute and relative liver weights decreased. Furthermore, absolute but net relative
liver weight had decreased significantly in Sandostatin-treated rats. None of the
reatments influenced adrenal weights.

Absolute and relative pancreas and pituitary weights had increased significantly in
archicctomized hamsters (Tables 3.1 and 3.2). Sandostatin caused a significant increase
in relative weights of the pancreas and adrenals (P<0.05). Relative liver weight had
increased significantly (P<0.01) in castrated hamsters noi treated with Sandostatin,

Microscopy

Rats killed four months after the last injection of azaserine (just before start of
treatment) exhibited a large number of AACN in the pancreas with a (ransection area
less than 0.5 mun?, but no lesions were present in the larger size-categories (not shown).
The total number of (pre)neoplastic acinar lesions increased significantly in time in the
pancreas of ail rats (Table 3.3). Rats treated with Sandostatin for eight months showed a
significantly {P<0.001) lower number of AACN with a transection area >1.0 mm® in
comparison with rats not treated with Sandostatin. Moreover, the number of carcinomas
in-situ was significantly (P<0.05) lower afler cight months of treatment with Sandostatin
(Table 3.3). Eight months after treatment, orchiectomized rats exhibited a significantly
tower number of AACN with a (ransection area > 1.0 mm’® (P<0.001), carcinomas in-
sifw (P<0.05) and microcarcinomas (P<0.05) in comparison with intact rats, Statistical
evaluation of the number of AACN (0.5 mm* < fransection area < 1.0 mm®) and the
total number of carcinomas revealed an antagonistic effect between surgical castration
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and  Sandostatin-treatment:  the inhibitery effect of Sandostatin alone and that of
orchiectony alone on development of advanced pancreatic lesions was not present in the
group of orchiectomized rats treated with Sandostatin, No significanl effects of the
respective  treatments were noliced on the incidences of advanced pancreatic acinar
lesions (Table 3.4).

Figure 3.1
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Figure 3.3
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Four months after the last carcinogen injection {just before reatmeni, =0) all
hamsters  showed small putative prencoplastic  ductular  lesions, 11 out of 20
demonstrated  borderline  lesions and  one animal  had  developed a  ductular
adenocarcinoma  (not  shown). Afler ecight months of Sandostatin-freatment, a
significantly lower number of microcarcinomas (P<0.05) was found in comparison with
hamsters not treated with Sandostatin (Table 3.5). Statistical evaluation of the number of
borderline lesions revealed a  significant interaction beiween  orchiectomy  and
Sandostatin-treatment.  Orchiecfomized hamsters treated with Sandostatin exhibited a
significant lower number of borderline lesions (P<0.01} in comparison with non-treated
controls, whereas castration alone caused a  significant increase (P<0.05} and
Sandostatin-ireatment alone did not cause any significant effect on development of
hordertine lesions, when the number of lesions was calculated per animal,

The number of tumeur-bearing hamsters was not influenced by any of the
respective treatiments (Table 3.0).
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Table 3.1 Effects of the respective treatments on body weight and absolute weight of different organs after § months®

Treatment N Body weight Absolute organ weights (g}
at autopsy (2} Pancreas Testes Pituitary Liver

Rat
Control 27 4607 £ 109 1.40 £ 0.03 3.55 £ 0.06 0.014 £ 0.000 13.01 = 0.37
SDs® 22 4121+ 8§97 1.21 = 0.04° 3.32 £ 0.08 0.013 + 0.001 11.071 2 0.247
Castration 24 3737 697 1.14 £ 0.047 - 0.018 + 0.001"7 9.33 + 0.257
SDS + castration 18 3741 977 1.07 + 0.037 - 0.016 £ ¢.001" 9.05 x 0.217

Hamster
Contro} 30 1531 % 3.6 0311 £ 0,021 1.95 £0.17 0.007 £ 0.000 8,49+ 0.46
SDS 27 1436+ 34 0.374 £ 0.021 0.87 £ 0.15 0.006 = 0.060 834 + 0.34
Castration 26 1410z 3.0 0.603 + 0.0217 - 0.010 £ 0,000 994 £ 0.67
SDS + Castration 24 1439z 29 0.681 4 0.0357 - 0.008 = 0.0007 9.24 £ 0.52

*Walues are means = SEM; *SDS: Sandostatin.

Statistics: Two-way analysis of variance (two-tailed): "P<0.035; "P<0.01.
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Table 3.2 Effects of the respective treatments on relative weight of different organs after § months

a

Treatinent N Relative organ weights {g/kg)
Pancreas Testes Piuitary Liver
Rat
Controi 27 3.06 £0.12 737 £0.13 0031 £ 0.001 283+ 0.7
SDS® 22 2.94 £ £.08 815 £ 0.23 0.032 £ 0.001 26.8 0.6
Castration 24 30701 - 0.048 = 00017 251 £ 0.7
SDS + castration 18 290z (.14 - 0.044 + 0.0027 243+ 0357
Hamster
Control 30 338 = 0.13 12.65 £ 1.07 0.05 £ 0.00 554 4 2.71
SbS 27 4.04 £ 0,18 596 £ 091 0.04 £ 0.00 58.6 £ 2.4}
Castration 26 430 + 0.157 - 0.07 = 0.00" 704 = 439
8DS -+ castration 24 488 £0.28" - 0.06 = 0.00" 643 £ 3.48
Values are means = SEM: *SDS: Sandostatin.
Statistics: Two-way analysis of variance (two-tailed): 'P<(.05; "P<G.01.
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Table 3.3 Effects of the respective treatments on number of (pre)neoplastic lesions in the exocrine pancreas of azaserine-treated

rats®

(Pre}neoplastic lesions Number of lesions after a treatment period of
observed

Four months Eight months

Control  SDS* Castr. SBS + Control SDS Castr. SDS +

Castr, Castr.

Number of rats 14 14 13 10 29 25 26 28
Nodules (0.5 < TA® < 1.0 mm*) 4 & 1™ 2 89 18" 27" 22"
Nodules (TA > 1.0 mm?*) I 1 G e 39 11¢ 6° 3de
Adenoma 1 0 it 0 5 3 4 i
Carcinoma -$ilu 0 2 [ i© 17 3¢ 3¢ 44¢
Microcarcinoma 0 0 Q° 0° 5 2 I g¢
Adenocarcinoma 0 0 0 0 4 0 3 5
Total carcinoma 0 2 0 ] 26 3 9’ 6

*Values are totals per group; "SDS: Sandostating Castr.: surgical castration; “TA: Transection area.
Statistics: log linear model with a Poisson distribution: ‘P<0.03; " P<0.01 compared {0 controls.
Significant effect comparing SDS-treated animals with animals not treated with SDS.
“Significant effect comparing castrated animals with controls and animals treated with SDS.
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Table 3.4 Effects of the respective treatments on incidence of (prejneoplastic lesions in the exocrine pancreas of azaserine-treated

rats®

(Pre)neoplastic lesions

observed

incidence of lesions afier a freatment period of:

Four months

Eight months

Control  SDS® Castr, SDS + Contra! SDS Castr. SDS +
Castr. Castr.
MNumber of rats 14 14 13 10 29 25 26 28
Number of carcinoma-bearing rats 0 2 ¢ 1 i1 4 6 8§
No {pre)neoplastic lesions 0 11 iz 8 7 11 11 &
Nodules {0.5 < TA® < 1.0 mm) 3 i i i 6 4 3 7
Nodules {TA > 1.0 mm) ¢ 0 G it 4 3 2 I
Adenoma 0 0 G i 3 2 I
Carcinoma in-sifu ¢ 2 G i 4 2 2 3
Microcarcinoma ¢ 0 0 i 4 2 1 0
Adenocarcinoma G Q G 0 3 & 3 5

“Incidences are based on scoring each animal once in the category of the most advanced lesion;

®SDS: Sandostatin; Castr.: surgical castration; “TA: Transection area.

Statistics: Pearson chi-square test.
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Table 3.5 Effects of the respective Lreatments on nuwmber of (prejneoplastic lesions in the
exoerine pancreas of BOP-treated hamsters after eight months®

{Prencoplastic lesions observed Number of lesions

Control SDs® Castr. SDS +

Castr.

Number of hamslers 4G 28 26 24
Borderline fesions 292 201 231" 123"
Carcinoma fn-situ 15 18 16 5
Microcarcinema 5 ¢ 2 0¢
Adenocarcinoma 14 11 7 14
Total carcinoma 34 30 25 19

“Values are totals per group, "SDS: Sandostatin; Castr.: surgical castration,
Statistics: log linear model with a Poisson distribution: © P<0.05;  P<0.01, compared 1o
controls, “SDS-treated  animals versus animals not treated with 8DS (controls -+ castrated):

P<0.G5.

Table 3.6 Effects of the respective treatments on incidence of (pre)ncoplastic lesions in the

exocrine pancreas of BOP-treated hamsiers after cight months®

(Preneoplastic lesions obsceved Incidence of lesions
Contrel SDsH Castr, SDS +
Casti,
Number of hamsters 40 28 26 24
Number of tumour-bearing hamsters 22 20 16 i3
Borderline lesions 18 8 10 It
Carcinoma in-siifu 7 8 9 2
Microcarcinoma 4 ] 0 0
Adenocarcinoma B 11 7 11

“Incidences are based on scoring each animal once in the category of the most advanced lesion;
*SDS: Sandostating Castr.: surgical castration,

Statistics: Pearson chi-square test.
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3.5 DISCUSSION

The experimenis reported demonstrate a significant inhibitory effect of Sandostatin
on development of AACN and carcinemas induced in rat pancreas by azaserine. The
development of AACN and carcinomas was also inhibited in orchicctomized animals not
treated with  Sandostatin,  In orchicctomized hamsters treated with Sandostatin, the
development of borderline lesions wag significantly inhibited, whereas such an effect
was not present in hamsters that were either orchicctomized or treated wilh Sandostatin,
Sandostatin-treatment,  but not surgical castration, has a slight inhibitory effect on
pancreatic carcinogenesis (development of microcarcinomas) in hamsters.

In rats, Sandostatin-treatment did not enhance the inhibitory effect of surgical castration.
In conlrasi, an antagonistic interaction between Sandostatin-lreatment  and  castration
oceurred as far as the development of AACN (transeciion arca < 1 mm?) and total
carcinomas are concerncd. The inhibitory action of Sandostatin on azaserine-induced
pancreatic  carcinogenesis  m rafs is in agreement with the resuits obfained with
transplantable  acinar twmouwrs (10,31). Sandostatin exerts ils inhibitory effect on rat
pancreatic  carcinogenesis  most probably  through somatostatin receplors.  Pancrealic
acinar carcinoma cell lines (39) as well as transplantable pancreatic tumours (24) contain
somatostatin receptors, indicating that a direct effect of Sandestatin on the cellular level
is possible. Sandostatin can exert its effect also indireetly through somatostatin receptors
present in the islets of Langerhans (24) or through inhibition of action and/or release of
pastrointestinal - hormones  such  as  cholecystokinin (22,4041 which  significantly
stimulate development of pancreatic carcinogenesis in azaserine-{realed rats {42-44). The
significan{ inhibitory effects of surgical castration observed on pancreatic carcinogencsis
in azaserine-treated rats support the findings of other investigators who demonstrated
that oestrogen inhibits and testesterone promotes the development of (pre)ncoplastic
acinar lesions in rat pancreas {6,7,9,42,45-49). The mechanism ol action, however, still
remains obscure. As in oa previous 4-month study, conducted at our Institute (9), the
presently observed inhibitory effect of orchiectomy was accompanied by a significant
decrease in body weight gain and a substantially lower pancreas weight in comparison
with intact control rats. This consistent finding supports our previous suggestion that the
substantial decrease in arowth rale as observed in orchicctomized or oestradiol-treated
rats is a confounding factor which may lead to an overesiimation of the direct role of
testosterone in pancreatic carcinogenesis (9).

In the 4-month study an inhibitory effect of prophylactically administered Sandostatin

was found on growth of putative pre-cancerous ductular lesions in hamster pancreas, but
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not on growth of early pre-cancerous AACN in ral pancreas (9). The present results are
fully in agreement with these findings since we also did not find an effect of Sandostatin
on development of AACN in rat pancreas afler a treatment period of four months,
whereas 2 significant  inhibition of pancreatic carcinopenesis was observed after a
treatment period of eight months. Based on these observations it is not illogical to
assume that AACN in contrast to advanced acinar cell lesions such as adenomas and
carcinomas  do nol express somafostatin receptors and hence do not respond to
Sandostatin treatment,

In BOP-treated hamsters, the administration of Sandostaiin inhibited the development of
microcarcinomas. This finding supports those of the group of Schally (12,13,50) who
studied the therapeutic cffect of the somatestatin analogue RC-160 on pancreatic
adenocarcinomas induced in hamster pancreas by multiple injections of BOD and found
histological evidence of regression (apoptosis) of the tumowrs in about 50% of the
animals. These observations are in contrast with the finding that Sandostatin alone Las
no effective therapeutic effect in patients with advanced exocrine pancreatic carcinomas.
It has been found that ductular adenocarcinomas of human pancreas do not contain
somatostatin receplors (24}, whereas Fekele ef of (51), demonstrated the presence of

such receptors in ductular pancreatic fumours in hamsters. The presence of somatostain

receplors -may--explain-the-presently--observed--slight-inhibitory-eifeet—of - Sandostati -

treatment alone on development of ductular adenocarcinomas in BOP-treated hamsters.
The absence of such receptors in human pancrealic adenocarcinomas offers an
explanation for the absence of a therapeutic effect of Sendostalin in patients with
advanced exocring pancreatic carcinomas. A{ present, however, dilferent subtypes of
somatostatin receptors have presently been detecled and characterized with different
affinities for analogs of somatostatin (52). Detailed analysis of such receptor subtypes is
important to find an effective therapy for pancreatic cancer.

The present observation that Sandostatin in combination with surgical castration
can be more effective than either Sandostatin treatment or orchicctomy alone supports
the findings of Szepeshazi er al. (50) who used the somatostatin analogue RC-160 in
combination with chemical, instead of surgical, castration by the Luleinizing Hormone-
Releasing Hormone anlagonist SB-75 (Cetrorelix). Szepeshazi ef al (50) reported alse
an effect on tumour weight resulting in a significantly ltower pancreas weight in animals
treated with SB-75 and RC-160. We did not find an effect on either pancreas weight or
incidence of pancreatic tumours suggesting that the doses of the somatostatin analogue
as well as the administraiion schedule used by the group of Schally was more effective

than we used in our experiment. These resulls support the conclusion of Szepeshazi ef
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al (50% that further studies are warranted in order to find the most optimal doses and
administration schedules of the various somatestatin analogues avatlable in order fo
improve their therapeutic effects.
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4.1 ABSTRACT

In the present study, the expression of the epidermal growth factor receptor
(EGFR) was investigated in putative prencoplastic and neoplastic acinar cell Iesions
induced in the rat pancreas by azaserine, using Northern blotting, in-situ
hybridization (ISH) and immunchistochemistry. EGFR profein Jlevels were
deereased in putative prencoplastic cosinophilic acinar cell Iesions (atypical acinar
cell nodules: AACN) in comparison with normal acinar cells of the pancreas.
However, EGFR mRNA expression correlated positively with the volume of AACN
in pancreatic homogenates and ISH showed equal or stronger EGIFR mRNA
expression in AACN than in the sarvounding normal acinar cells. Neither EGFR
protein nor EGEFR mRNA was deteeted in more advanced lesions such as acinar
adenocarcinomas (in-situ). Moreover, EGFR protein expression showed an inverse
refationship with the mitotic rate of the acinar cells. These findings support a
complex vole for EGFR in the development of putative prencoplastic AACN
induced in rat pancreas by azaserine. These findings suggest that down regulation
of EGFR at the protein level may abrogate negative constraints on cell growth,
which may stimulate the development of putative preneoplastic AACN to more
advanced lesions, and ultimately, acinar adenoearcinomas.

4.2 INTRODUCTION

Despite an increasing number of advanced diagnostic techniques and new therapies,
the five-year survival rate of patients with tumours of the exocrine pancreas is not more
than three percent (1). This poor prognosis is mainly due te late diagnosis and the
absence of effective therapeutic modalities. Therclore, there is a need for studics on
pancreatic cancer that concentrale on the detection of modulating factors involved early
in the carcinogenic process. As oviginally proposed by Temin (2), one of the causes for
the uncontrolled proliferative character of tumours might be inappropriate autocrine or
paracrine production of growth factor(receptor)s (3). The epidermal growth factor
receptor (EGFR) is befieved to be one of these factors (4). In non-transformed (normal)
cells, BOFR expression penerally appears (o be regulated within a rather narrow range
of 20,000-100,000 receptors per cell (5). In both normal and transformed keratinocyles,
EGFR expression is regulated at several levels, including franscription, mRNA stability,
translation, and post-transiational modification (6). In certain tumour cell lines such as
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the A431 epidermoid carcinoma cell line, BEGFR mRNA and protein levels are markedly
increased as a result of amplification of the EGFR gene (7). EGFR is also overexpressed
in several human pancreatic cancer cell lines {8,9), as well as in the pancreas of patients
with pancreatic cancer and chronic pancreatitis (10,11}, Overexpression of EGFR in
human pancreatic umours has been associated with an avtocrine cell growth stimulation
cycle (10-12). Furthermore, the v-erbB proto-oncogene of the avian erythroblastosis
virus encodes a protein resembling EGFR (13), supporting the oncogenic potential of
LEGER.

In the present study, the expression of EGFR was characterized in putative
preneoplastic atypical acinar cell lesions (AACN) and in acinar wmours induced in rat
pancreas by azaserine (14,15). EGFR mRNA expression was determined and gquantified
by Northern blotting, whereas the localization of EGFR in the pancreas was determined
by im-situ hybridization. Furthermore, EGFR distribution at the protein level was
determined by immunohistochemistry, and was correlated with the proliferating ceil
nuciear antigen (PCNA = proliferative cell nuclear antigen) expression in the pancreas.

4.3 MATERIALS AND METHODS

Pancreas jsolation

To induce pancreatic carcinogenesis, albino Wistar WU rats (Charles River Wiga
GmBH, Sulzfeld, Germany) were injected intraperitoneally at 14 and 21 days of age
with 30 mg azaserine (Calbiochem-Behring Corp., La Jolla, CA, USA) per kg body
weight according 1o an injection protocol described previously (16). All animals were
housed under similar standard conditions. The rats were killed 15 months after the last
injection with azaserine. The animals were anaesthetized with ether, exsanguinated by
cannulating the abdominal aorta, and then examined for gross pathological changes. The
entire pancreas was excised. Grossly visible pancreatic lumours were separated from
normal pancreas and portions of hoth tissues were frozen and stored in liquid nitrogen
immediately after dissection, or fixed in 4% buffered formalin and routinely embedded

in paraffin wax.

Histology

At three different levels, ten 5 pm serial sections were prepared from the paraffin
embedded pancreas. One section from cach series was stained with haematoxylin and
cosin (M&E) and examined by light microscopy. Likewise, one part of the liguid
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nitrogen frozen pancreas was used for preparation of cryostat sections, the adjacent part
was used Tor the molecular biological techniques. The cryostat sections were fixed for
10 minutes in 4% buffered formalin, stained routinely with H&E and examined by light
microscopy (15). Based on the resulls of the microscopical examinations, tissues with
normal, preneoplastic, or tumourous histology were selected for Turther experiments,

immunohistochemistry

Two different mouse monoclonal  antibodies  were  used to  deteet  BEGFR
immunoreactivity. One antibody was a gencrous gift from Dr. WA, Dunn, University of
Florida, diluted 1:100 and proved earlier (o be suitable for immunohistochemical
localization of the BEGIR in rat tissue (17), the olher EGFR antibody was purchased
from SIGMA (St Louis, MO, clone 29.1), diluted 1:2,000. Both antibodies were
directed 1o the extracetlular domain of BGFR (18). To demonstrate differences in mitotic
rate, the proliferation marker PCNA (Santa Cruz Biotechnelogy, CA; dilution 0.2 pp/nl)
was detected on parallel sections. Fndogenous peroxidase activily was quenched by
incubation in 0.6% hydrogen peroxide in methanol for 3¢ minutes. The sections were
pretreated with 0.3% Triton X-100 in phosphate buffered saline (PBS, 0.14 mM NaCl;
£.93 mM Na PO, 1.28 mM NalLPO; pH 7.4) for 15 minutes, The slides were
incubated for 2 hours with the first antibody i 2% bovine serum albumin (BSA) in PBS
in a humid slide chamber. To detect the monoclonal antibody a subsequent
RAMPO/SWARPO  (Dake A/S; Glostrup, Denmark, diluted 1:100} incubation was
performed. Both RAMPO and SWARPO were diluled in PBS comtalsing 10% normal
rat serum and were incubated for 30 minutes. Between each incubation step the sections
were washed three times for five minutes with PBS-Tween (0.05%), with the exceplion
for the last washing slep where Tween was emitied. Subscquently, a brown precipitate
could be observed by light microscopy after the peroxidase reaction with 3,3°-
diaminobenziding tetrahydrochloride (SIGMA). The seclions were counterstained with
haematoxylin (after Mayer), Ixpression of the EGFR in this study is defined as staining

of cell membranes, often accompanied by cyloplasmic slaining,

RNA isolation

Total RNA was isolated by a modification of the procedures described by
Chomezynski e al. (19) and Chirgwin et ol (20). Standard precautions were laken fo
prevent contansdnation of solutions and glasswork with RNases (21). RNA was isclated
from -parts of- total pancreas, and from the grossly visible pancreatic adenocarcinomas
isolated at final autopsy. Unfortunately, because of the extremely high RNase confenl in
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rat panereas, in combination with the relatively long time needed to dissect out the
smali, but macroscopically visible prencoplastic lesions, it appeared to be impossible to
isolate good quality RNA from these small lesions. Therefore, effects on RNA levels in
preneoplastic lesions, were only detected in total pancreas homogenates containing both
‘normal’ tssue and lesions. Frozen tissue samples (0.1-0.3 g) were homogenized in a
high-speed  homogenizer (Ultra Turrax; Janke & Kunkel-1KA, Siaufen, Germany: 15-20
sec at 25,000 rypm) in 3-5 ml GuSCN (4 M gusidiom thiocyanate, 1% B
mercaptoethanol, 0.5% N-lawroylsarkosine; 25 mM sodium citrate). RNA was separated
from DNA and proteins by ultra-centrifugation at 40,000 rpm overnight (o/n) through a
5.7 M cesium chloride cusion or by acid-phenol-chloropherm extraction and subscquent
precipitation at -20°C with 0.025 volume | M acetic acid and 0.5 volume ethanol. After
removing the supernatant, the RNA pellet was redissoived in 800 pl GuSCN. RNA was
precipitated again with 0.025 volume 1 M acelic acid and 0.6 volume ethanol. Finally,
the RNA pellet was washed in 70% ethanol, dricd for 5-10 minutes in a Speedvac
(SVCI00H; Savant, Farmingdale, NY), and redissolved in diethylpyrocarbonate {(DEPC)-
treated water. Quantity and quality of the RNA were monitored by spectrophotometry at
260 nm and 1% agarose-gel elecirephoresis, respectively.

Northern_blotting
25 pg lolal RNA was denatured in sample buffer (10x MOPS © 37% formaldehyde
formamide = 2:3:10) for 5 minutes at 65°C, and separated by size on a 1.2%
denaturating gel for 4-5 hows. RNA was transferred 1o a nylon membrane and
crosslinked by UV. Prehybridization and hybridization were performed over night at
65°C. Typically, 0.5-1x10° cpm/ml of the *P-labeled rat EGFR riboprobe was used for
hybridization in the presence of hybmix (50% formamide; 0.4% SDS: 4x S8C; 4x
Denhardt’s; 0.2 mg/ml ssDNA; 0.04M NaPO, pH 7.4; 10% dextran suifate). Blots were
washed (wice at low siringency (1x S8PE; 0.5% SDS; 15 min at 65°C) and 1-2 times at
high stringency (0.1x SSPE; 0.5% SDS; 15 min at 65°C). Equality of RNA-loading wag
checked by hybridization with a 78 DNA-probe (22). The blots were exposed io0 a
phosphor  storage screen for 2 days and subsequently scanned by a phosphorimager
(Personal Densitometer, Molecutar Dynamics, Sunnyvale, CA). EGFR mRNA levels
were caleulated as percentages of 7S RNA using the computer program ImageQuant
{(Molecular Dynamics), and subsequently statistically correlated with the number of
lesions observed in parallel-sections.



Chapter 4

De-sity hybridization

Serial five um thick, formaiin-fixed, paraffin-embedded tissue sections were placed
on poly-L-lysine (I mg/mi) coated glass slides, and subsequently deparaffinized,
hydrated, permeabilized with 1 pg/ml proteinase K (Boehringer Mannheim) for 10
minutes at 37°C, and prehybridized in hybridization buffer (50% formamide, 20 mM
Tris-HCH pHE.0, 5 mM EDTA, 1x Denhardt’s, 5% dextran sulfate, 10 mM dithiothreitol,
0.3M NaCly for 4 hours at 42°C. As a negative control for mRNA hybridization, the
sections were freated with 200 pg/ml RNase A, 10 U/ml RNase T1 for one hour at
37°C, just before prehybridization. Hybridization was performed o/m at 50°C with
2.5x10° cpm PP-labeled rat EGEFR riboprobe and 1 pl (RNA (50 pg/ul) in 200 pl
hybridization buffer per slide. After hybridization, non-bound probe was digested with
RNase A (Boelringer Mannheim, 20 pg/ml) for 30 minutes al 37°C, and aspecific
binding was washed with increasing  stringency. The sections were coated  with
autoradiography emulsion (Eastman Kodak Co., Rochester, NY) and exposed for 5 days.
The sections were developed and fixed, and subsequently counterstained with

hacmatoxylin.

Preparation of the ral-EGFR riboprobe

The rat EGF receptor ¢cDNA fragment, corresponding to nucleotide bases 249-951
(23) was amplified by PCR from reverse-franscribed rat liver RNA using PCR primers
which contained unique Bamil and Sphi restriction sites. The PCR products were
generated in 40 cyeles (94°C, 1.5 min; 42°C, 1.5 min; and 72°C, 1.5 min), subsequently
subcloned into a pGEMTZS vector (Promega), and authenticity was confirmed by
sequencing.

4.4 RESULTS

Immunohistochemistry

In the normal rat pancreas, immunchistochemical studies with monoclonal
aniibodies directed fo the EGFR demonstrated expression in the cytoplasm of acinar
cells, sometimes with accentuation of the cell membranes (Figure 4.1). Both anti-EGFR
monoclonal antibodies gave similar staining patterns in all tissue sections thal were
investipated. Pancreatic cells of rats not treated with azaserine showed similar staining
patterns  as histologically normal pancreatic cells of rats which were treated with
azaserine. No differences in EGFR staining intensitics were observed in non-pancreatic
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cells (such as vascular endothelial cells, macrophages or nerve fibres) when comparing
azaserine-treated  with untreated rats. Ductular and endocrine ceils were negative,
Surprisingly, normal acinar cells stained more intensely for EGFR than the eosinophilic
acinar cells of putative preneoplastic atypical acinar cell lesions (AACN; Figures 4.1
and 4.2).

Figure 4.1 Immunchistochemical localization of EGFR in azaserine-treated ral pancreas. I=islet of
Langerhans cells; A=normal pancreas acinar cells; P=pulative prencoplasiic atypical acinar cel! nodule;
arrowheads point to membranous staining,

More advanced lesions such as nedules-in-nodules (Figure 4.3a), carcinomas in-sifu and
acinar adenocarcinomas were negative. The AACN exhibited a large variation in their
intensity of EGFR immunorcactivity (Figure 4.2), which was found predominantly in
the cytoplasm in these lesions since hardly any immuncreactivity to EGFR was present
on the cellular membrancs. The AACN also varied in number of cells with
immunoreactivity to EGFR. In some lesions only a few dispersed cells were positive,
whereas other lesions showed an almost similar immunoreactivity 1o EGFR as the
surrounding normal acinar cells,
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Figure 4.2 Immunchistochemical localization of EGFR in azaserine-treated  ral pancreas. Nole
differences in infensitics of EGFR in the putative prencoplastic lesions. P= putative preneoplastic atypical
acinar cell nodule.

Immunchistochemical  detection of the proliferation marker PCNA  in paralled
sections  clearly  demonstrated  an  inverse relationship  between  mitotic  rate  and
immunoreactivity to BGER (Figure 4.3b). In confrast with the putative preneoplastic
cosinophilic atypical acinar cell foci, the basophilic atypical acinar cell foci (which are
not considered to be prencoplastic) could not be distinguished from normal acinar cells
by incubation with either the anti-EGFR antibodics or the PCNA antibody {(not shown).
Sections of the rat submaxillary and sublingual salivary glands were used as controls for
the specificity of the anti-IEGFR antibodies. As expected, strong imumunoreactivity was
apparent only on the serous cells. Omitting the anti-EGIFR or anti-PCNA- first antibodies
resulted in complete absence of staining.

76



EGFR in rat pancreas

Figure 4.3 Immunohistochemical localization of a. EGFR, and b. PCNA, in azascrine-treated rat
pancreas. A=normal pancreas acinar cells, P=pufative prencoplastic atypical acinar cell nodule {primary
lesion); N=nodle-in-nodule {secondary lesion).

Northern Blotting
Sevenieen ral pancreatic tissues comprising normal and putative preneoplastic
acinar cells, and five macroscopically isolated acinar adenocarcinomas were analyzed by

Northern blotting (Figure 4.4). A sipnificantly positive correlation was found for the
EGFR mRNA levels with the number of atypical acinar cell lesions found in
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homogenates  from  azaserine-treated rat pancreas (four independent Northern blots:
r=0.9950, P<0.05; 1=0.9993, P<0.01; r=0.85263, P<0.,05; r=0.9953, P<0.05).However, no
LEGFR mRNA expression was delecled by Northern blotting on total RNA from the
isolated acinar adenocarcinomas, while the 7S conirol was equally detectable (Figure
4.4).

1 _ _-__2 4

Figure 4.4 EGFR mRNA levels detected by Northern blotting in pancreatic homogenates from
azaserine-freated rats. The blots were vehybridized with a 75 ¢DNA probe to control for RNA loading.
l.ane 1, normal pancreas; lane 2, prencoplastic pancreas; lane 3, acinar adenocarcinoma. 288, 18§ =
location of the ribosomal subunits.

T-sity hybridization

Hywridization of rat pancreas sections with the *P labeled 1at-EGFR riboprobe
revealed a positive sipnal in the acinar cells of normal pancreas, whereas no grains could
be observed in the ductular (Figure 4.5a) and endocrine cells (not shown). Furthermore,
outative preneoplastic atypical acinar cell nodules exhibited a similar number or even
more grains than the normal acinar cells (Figure 4.5b). However, in more advanced
lesions (c.g. carcinoma in-situ), BGFR mRNA was only faintly detectable (Figure 4.5¢)
or undetectable. When the seclions were pretreated with RNase, no (differences in)
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signals were  observed; the few remaining grains were considered to represent
background (Figure 4.5d).

Figure 4.3 EGFR mRNA detection by in-site hybridization in azaserine-treated rat pancreas. a.
A=acinar cells; D=ductular cclls, b. A=acinar cells; I=iglet of Langerhans, ¢. A=normal pancreas acinar
celis; C=adenocarcinoma, d. after RNasc treatment, As=normal pancreas acinar ceils; P=putative
preneoplastic atypical acinar cell nodule. Differences in labelling-intensities in comesponding celi-types
between the various photomicrographs, are due fo differences in autoradiographic conditions in the
various tissue slides.
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4.5 DISCUSSION

Using  immunohistochemistry, Northern blotting, and ia-sirn hybridization, the
present study clearly demonstrates that epidermsl growth factor recepiors (EGFR) are
deteclable on pancreatic acinar celis of normal rats and of rats treated with azaserine, as
summarized in Fable 4.1. By Novthers Dblotting, the presence of a high number of
pulative preneoplastic  atypical acinar cefl nodules (AACN) was associaled  with
increased expression of EGFR mRNA compared to pancreatic tissues confaining no or a
low number of AACN. In conirast, by immunohistochemistry, most AACN exhibited
decreased EGFR  immunorcactivity, indicating a decrease in the amount of EGFR
protein. The discordance between EGFR mRNA and protein levels could be due to
inhibition of EGFR at the wanslational level, increased EGEFR protein degradation, or
shedding of EGI'R by the AACN celis.

Table 4.1 Summary of the results oblained from pancreatic acinar cells of azaserine-treated

rats”
EGFR protein FGFR mRNA (ISH, PCNA
Phenotype: (IHC) North.) (IHC)
Normal + + +
Putative prencopiastic ) +H S
Neoplastic - - ++

*The values are based on microscopical examinations of pancreatic acinar cells or densitometrical
data as indicated in the text. Values are relative levels in the different tissue types: -, not present;
+, moderately present; +, clearly present; ++, strongly present; 1HC, immunohistochemistey; 1SH,

in-sity hybridization, North., Northern blotting,

EGFR was not detectable in acinar adenocarcinomas by either immuno-
histochemistry, in-sity hybridization or Northern blotting, indicating thal in advanced
acinar lesions, transcription of DNA coding for EGFR either does not take place, or
FEGFR mRNA is markedly and rapidly degraded. These findings suggest that EGFR may
not play an essential role in (he pancreatic carcinogenic process in azaserine-treated rats.
Alternatively, EGFR may be involved in the regulation of differentiated functions in the
raf pancreatic acinar cell, and may exert grow(h-suppressive effects on this cell type.
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It cannot be excluded that diminished EGFR immunoreactivity as observed in the
present study is the result of a change of the epitope instead of actual decrease in the
number of EGFR present. However, this explanation does not seem 1o be very likely,
since we found similar results with two different monoclonal antibodies directed to the
EGFR. Moreover, il has been established that the antibodies used are reactive in rats
since they demonstrate a positive reaction with salivary glands collected from the same
animals,

It is conceivable that the findings presented in this paper are fypical for acinar
pancreatic celis only, and may very well not apply for duciular pancreatic celis or
ductular  adenocarcinomas  of the pancreas, Te our knowledge, human acinar
adenocarcinomas  have not been investigated for the presence of LEGFR. Similar
experiments as have been deseribed in this paper will be performed in owr Institute, with
A-nitrosobis(2-oxopropyl)amine-treated  hamsters {model for ductuiar adenocarcinomas;
(24)), in order to investigate whether EGFR might play a role in the development of
pancreatic ductular carcinomas,

Decreased LBEGFR-mediated  signaling may thus lead 1o loss of differentiated
functions and increased propensily toward neoplastic transflormation. Indeed, several
tines of evidence suggest an anti-mitogenic role for BGFR in the rat exocrine pancreas.
First, the rat pancreatic acinar cell has specific high-affinity EGF receptors (25), and
HGE is necessary for the mainfainance of this cell type in serum-free culture (26).
Second, EGF enhances rat acinar cell survival and pancreatic prolein synthesis at
concenlrations as low as 42 pM (26-28). Third, this action of EGF is relatively specific,
since a comparable effect ocours only at 2.7 nM IGF-1 and does not occur with insufin
(28). Fourth, LEGF decreases thymidine incorporation into pancreatic DNA in male
Sprague-Dawiey rats  (29) and  increases pancreatic  conient of amylase and
chymotrypsinogen while preventing cacrulein-mediated desensitization of the acinar cell
sccretory responsivencss (29). Fifth, EGF binding is decreased in the regenerating rat
pancreas {ollowing 90% pancreatectomy, in parallel with an increase in acinar cell
mitotic activity (30). Thus, a decrease in EGFR-mediated signaling in the rat pancreatic
acinar cell may lead to ephanced carcinogenesis. Another explanation could be, that
acinar pancreatic cells of rats which are altered by azaserine {reaiment do not need
EGFR for their survival anymore, since the receplor signaling has been taken over by
other members of the EGFR-family, such as c-erbB2 (MER-2, erbB2, neu (31-33)) or
erbl33 (34,35).
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5.1 ABSTRACT

The expression of transforming growth factor-o {TGF-o} and the epidermal
growth factor (EGF) was studied in normal pancreas tissue and in (pre)neoplastic
pancreatic lesions of azaserine-treated rats, They were either given a low fat-high
fiber (fow caloric) diet to inhibit carcinogenesis, or a low fat diet combined with
injections of the cholecystokinin-analogue caerulein to enhance carcinogenesis. The
confrol groups, maintained on a low fat diet, were injected with azaserine, or were
not treated at all. Autopsy was performed at 6 and 15 months after the last
azaserine injection.

Both after 6 and 15 months, immunchistochemistry revealed a  weak
expression of EGF and TGY¥-o peptides in the acinar cells, and a stronger
expression in the ductular and centro-acinar cells. TGF-o peptide expression was
reduced in both putative prencoplastic and neoplastic acinar cell lesions, but no
differences in EGF peptide expression were observed between the various stages of
exocrine pancreatic carcinogenesis, After 6 months, an increase in TGF-o mRNA
due to treatment with azaserine was detected by semi-quantitative polymerase
chain reaction (PCR) in ftofal pancreatic homogenates, whereas EGEF mRNA
expression had decreased, TGF-¢ mRNA levels in macroscopically isolated tumours
were significantly lower, but EGF mRNA levels were significantly higher, than in
total pancreatic homogenates from azaserine-treated rats. Furthermore, EGE and
TGF-o¢ mRNA levels in isolated tumours did not differ significantly from mRNA
levels in nen-carcinogen treated rats, Neither with immunohistochemistry, nor with
PCR, differences in EGF or TGF-a expression were observed due to cither
inhibition or stimulation of carcinogenesis,

It is concluded that putative prencoplastic acinar cell lesions induced in rat
pancreas by azaserine may develop into acinar adenocarcinomas independently of
TGF-¢ and EGE. The results suggest involvement of these growth factors at the
carly stage of the carcinogenic process, duving the initiation of normal acinar cells
inte putative preacoplastic  cells. However, modulation of azaserine-induced
pancreatic  carcinogenesis by cholecystokinin or a low fat-high fiber (caloric
restricted) diet appeared not to be regulated by EGE or TGF-a.
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5.2 INTRODUCTION

It is believed that dietary and hormonal factors such as fat and cholecystokinin,
which may promote the effects of envirenmental carcinogens, play an important role in
the pathogenesis of exocrine pancreatic cancer (1,2). However, little is known about the
cellular mechanisms involved in the pathogenesis of this highly fatal form of cancer (3).
In general, growth faclors are thought te play a major role in carcinogenesis (4-6), and
they have also been found to be of significance for the development of pancreatic
cancer, Lpidermal growth factor (EGF) injected simultancously with (he pancreatic
carcinogen  N-nitrosebis(2-oxopropyl)amine  (BOP) in  Syrian  golden  hamsters
significantly enhanced pancreatic carcinogenesis compared to injection of BOP alone
(7.8). The epidermal growth factor receptor (EGFR), known 1o be bound and activated
by BGE, transforming growth factor-a (TGF-z) and al least six other members of the
EGF-family (9), was overexpressed in several cultured human pancreatic cancer cell
lines (10,11). Furthermore, it has been found that human pancreatic cancer cell-lines
express TOF-oo (12), and overexpression of the EGFR has been associated with a
concomitant increase in the levels of BGF and TGF-w in human pancreatic cancer
(13,14). Also, ductular celis of the human pancreas appeared o secrete substantial
amounis of EGF, which could be enhanced by cholecystokinin treatment (15).

Up to now there is only very little knowledge about the role that growth factors
play in dietary or hormonal in-vive modulation of the carcinogenic process. In the
present study we have investigated whether EGF and/or TGF-o are invelved in the
promotion phase of pancreatic carcinogenesis in azaserine-treated rats (model for acinar
adenocarcinomas; 16-18). Afier initiation with azaserine, the rats were either treated with
the cholecystokinin analogue caeruiein te enhance the carcinogenic process, or were
givent a Jow fat-high fiber {caloric restricted) diet to inhibit carcinogenesis, The effects
of these treatments on pancreatic tumour development are analyzed after 6 and 15
months. At the same lime-points, using a semi-quantitative PCR technique, we
investigated whether differences in EGF or TGF-o mRNA expression levels occurred
between the various groups. Furthermore, the distribution and expression of EGF and
TGF-o proteins in the rat pancreas were investigated by immunohistochemistry.
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5.3 MATERIALS AND METHODS

Induction of carcinogenesis

To induce pancreatic carcinogenesis, three groups (AB,C) of 35 male albino
Wistar WU rats (Charles River Wiga GmBI, Sulzfeld, Germany) were injected ip. at
14 and 21 days of age with 30 mg azaserine (Calbiochem-Behring Corp., La Jolla, CA)
per kg bedy weight, according to an injection protocol deseribed previously (19). Ten
extra rats, which were injected with saline, served as non-carcinogen conirols; group D.
During the initiation phase, all rats were fed 2 standard laboratory chow. One week after
the last azaserine injection, the rals were maintained on an AIN-76 based dict and were
assigned randomly to one of three experimental groups: A) low fat diet (3% corn oil);
B) low fat diet + s.c. injections with 2.5 pg caerulein/kg body weight, three times a
weel; and ) 20% caloric restricted low fat diet. 20% caloric restriction was achieved
by substituting cellulose for wheat starch (Table 5.1).

Table 5.1 Weight percentage composition of the AIN76-based diets®

Groups A, B, ID Group C
Low faf 20% Caloric
restriction

Casein 25.0 250
DL-Methionine 0.38 0.38
Wheat starch 54.47 3637
Cellulose 7.5 25.6
Choline bitartrate 0.25 0.25%
AIN-76-AM minerals 4.38 438
AIN-T6-AM vitamins 1.25 1.25
Cal§,PO, 1.77 1.77
Corn oil 5.0 5.0
Total 100.0 100.0
Calories (MI/kg) 15.5 12.4

*The diets were prepared freshly every 2 months. All diets were stored at -20°C
until use.
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All animals were kept in stainless steel cages, fitted with wiremesh floors and
fronts, houvsed under similer standard laboratory conditions, 5 rats per cage. Rody
weights and food intake were recorded weekly during the first three months, and once a
month during the rest of the experiment. The general condition and behaviour of the
animals were checked daily. An interim kilt (groups A-C, 15 rats; agroup I, 5 rats) was
performed after 6 months and terminal autopsy (ail remaining rats) was performed 15
months after the last injection with azaserine. Therefore, the animals were anaesthetized
with ether, exsanguinated by cannulating the abdominal aorta, and then examined for
gross pathological changes. The entire pancreas and all gross lesions suspected of being
tumours were excised. Pancreata and livers were weighed. Grossly visible pancreatic
lumours were separated {rom normal pancreas. One part of all collected tissues was
snap-frozen in liquid nitrogen to be wsed for molecular biclogical techniques. The
adjacent part was processed for microscopy by conventional methods, step-seclioned at 3
sm (at least three tissue scctions per pancreas), stained with hematoxylin and cosin
(Hé&k), and examined by lght microscopy.

HMistelogy and immunchistochemistry

A total area of 100-200 mm?* of pancreatic tissue was examined per rat. Azaserine-
induced  atypical acinar cell nodules (AACN), acinar celi adenomas, localized
carcinomas (carcinoma in-sineg; CIS) and invasive adenocarcinomas were identified and
classified according to the criteria of Longnecker (16) and Rao ef af. (20). The area of
nodule  transections was determined using a grid inside the ocular as described
previously (21).

The remaining parallel sections were used to detect TGF-a or BEGEF peptides. TGF-o
was detected with a mouse anti-rat monoclonal antibody (difution 1:15, AB-2, Oncogene
Science, Uniondale, N.Y.). To detect EGF we performed incubations with three different
polyclonal antibodies, a rabbit anti-rat (a gencrous gift from Ryoichi  Ovasy,
Northwestern University Medical Schoel, Chicage, 1L {22)); a rabbit anti-recombinant
human EGF (Ab-3, Oncogene Science); and a rabbit anti-rat (Biomedical Technologies
Inc., Stoughton, MA}. Specificity was checked on rat salivary glands and ail antibodies
proved (o be immunorcactive (23). Two monoclonal anti-mouse EGF  antibodies
(MONSGO01  and MONS0O2, Monesan, Uden, The Netherlands}  did not  show
immunoreactivity with our tissues. Antigen retrieval was achieved by boiling lhe tissue
sections in citrate buffer (sodium citrate, 2.94 g/, aqua dest; pH 6.0) for 10 minutes.
Immunoreactivity of the antibodies was detected by subsequent incubations with
peroxidase  conjugated  rabbit-anti-mouse  aniibodies (RAMPO; Dako afs, Glostrup,
Denmark; dilution 1:100 in 10% normal rat serum) and/or peroxidase conjugated swine-
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anti-rabbit antibodies (SWARPO; Dako afs, dilution 1:100 in 10% normal rat serum). A
brown precipitale was oblained after the peroxidase reaction of 1,0, in the presence of
4. 4-diaminobenzidine {DAB; Sigma). To demonstrate weak immunohistochemical
differences, a visually stronger, black precipitate was obtained by performing the DAB
reaction in the presence of nickel. Sections were counterstained with hematoxylin or
muclear-fast-red. The slides were observed by light microscopy, and relaiive staining
intensities (no staining; weak staining; strong staining) in the tissues were determined by

blind scoring of the sections by an independent person.

RINA isolation

Total RNA was isclated by a modification of the procedure described by Chirgwin
{(24) from -parts of- (otal pancreas (further on referred fo as ’olal pancreas™), and {rom
the grossly visible pancreafic adenocarcinomas isolated at final aulopsy. Unforlunately,
because of the extremely high RNase conlent in ral pancreas, in combinaiion with the
relatively  long tdme needed to lake out the small, but macroscopically visible
prencoplastic lesions, it appeared (o be impossible lo isolale good quality RNA from
these small lesions. Therefore, effects on RNA levels in prencoplastic lesions, were
detected in tofal pancreas homogenates containing both ‘normal’ tissue and lesions.
TFrozen tissue (0.1-0.3 g) was homogenized by a high-speed homogenizer (Ultra Turrax;
Janke & Kunkel-iIKA, Staufen, Germany: 15-20 sec at 25,000 rpm) in 3 ml GTC (4 M
guanidivm thiocyanate, 1% B-mercaptocthanof, 0.1 M Tris-HCl, and 0.01 M EDTA; Ph
7.5). Afier homogenization sarkosyl (N-lauroylsarkosine, 0.5%) was added. The
homogenate was carefully poured on a CsClcushion (1.3 ml: 5.7 M cesiumchloride and
0.1 M EDTA; pif 7.5) in a SW50.1 polyallomer ultra-centrifugation tube (Naigene,
Nalge Company/Sybron Corp., Rochester, NY). RNA was separated from DNA and
proteins by ultracentrifugation overnight, at 40,000 rpm, 18°C. The RNA-pellet was
redissolved in 3 ml GND-HCL (6 M guanidine-HCl, 0.075% B-mercaptoethanol, 25 mM
EDTA; pH 7.5). To get rid of remaining ribonucleases and to concentrate, the RNA was
precipitated  repeatedly.  Quantity and quality of the RNA were checked by
spectrophotometry at 200 nm and 1% aparose-gel electrophoresis, respectively,

Semi-quantitative Polymerase Chain Reaction {PCR)

Because EGF and TGF-o0 mRNA  levels appeared oo low 1o be detected
guantitatively by Northern blotting, a semi-quantitative PCR was performed in this
study, Every group statistically analyzed comprised at least 5 independent observations

(in duple). Fifteen pg total RNA was used to synthesize complementary DNA (cDNAJ.
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cDNA-synthesis was performed with a kit from Promega {Medison, Wi, USA) based on
a method described by Gubler and MHoffman (25). mRNA was reverse transcribed at
42°C during one hour using 1 pl AMV-reverse transcriptase (22 U/ul; Promega)/15s e
RNA and annealed with a mixture of 0.5 pg oligo-dT,s and 0.5 pg oligohexamers
(Bochringer, Mannhcim, Germany)pg mRNA. ¢DNA was stored at -20°C in 20 pl
autoclaved miili-Q water. Specific TGF-o (P1 & P2; Table 5.2), EGF (P4 & P3) and
glyceraldehyde  phosphate  dehydrogenase  (GAPDH;, P7 & P§) complementary
oligonucieotides were synthesized by cyanoethyl phosphoramide chemistry using an
autemated DNA-synthesizer (ABI 318A, Foster City, CA). PCR (26,27) was performed
with 0.5 pl ¢cDNA from the final ¢cDNA solution in a mixture containing 50 mM KCl,
10 mM Tris-HCL pH 8.0, 4x5 pl deoxynucleotides (10 mM), 1.5 mM MgCl,, 0.1 ul
Tag-polymerase (SU/ul; Perkin Eimer-Cetus, Norwalk, CT, USA), 2x0.5 pl primers (0.5
pg/uly i a total volume of 50 pl. For each animal, PCR was performed in duplo in one
session in one PCR machine (Perkin Elmer-Cetus Thermecycler 480) for GAPDI, TGE-
a and BGF, simultancously. The temperature was varicd as follows: 5 min at 95°C, then
25-40 times the following cycle (file #3): 1 min to reach 95°C, two min to reach 60°C,
one min to reach 72°C, and another 30 sec at 72°C to clonpate. The last cycle was
followed by 10 min at 72°C,

Table 5.2 Polymerase chain reaction primers and oligoprobes.

Primer 5" Sequence 3° Length PCR
frapment

Pl TGF-w 5 ACCTGCAGGTTITTGGTGCAG 266 bp

P2 TGF-a 3° GOAGGGCGCTGGGCTTCTCG

PP3 TGF-a probe TGCTTCTTCTGGCTGGCAGC

P4 BGF 5 GTCGTACGATGGGTACTGCCTC 136 bp
P5 EGF ¥ GCGCAGCTTCCACCAACGTAAG

P6 EGF probe CAATATAGCCAATGACACAGTTGC

P7 GAPDH 5° GCATCCTGGGCTACACTGAG 162 bp
P8 GAPDH 3 CACCACCCTGTTGCTGTAGC

P9 GAPDH probe GCTCATTTCCTGGTATGTGGCTGG
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GAPDH  (a housckeeping enzyme) was used as standard fo control for
variaticns in RNA-isolation, ¢DNA sgynthesis and PCR performance. The PCR
products were taken from the machine after 25, 30, 35 and 40 cycles, respectively.
In this way il was established where PCR-reactions still were in the exponential
(quantifiable} phase. GAPDH, TGF-¢ and EGF PCR-products from one animal
were visualized simultancously by 2% agarose-gel electrophoresis (Figure 5.1).
This gel was photographed on an instant-film  with  photo-negative  (Kodal,
Rochester, N.Y.). Subscquently, the negative was scanned by a laser densitomeler
(Personal Densitometer, Molecular Dynamics, Sunnyvale, CA), guantified by the
compuler program ImageQuant (Molecuiar Dynamics) and relative optical densities
of TGF-¢ and EGF PCR products were calculated, expressed as percentages of
GAPDH.

M 25303540 25303540 25303540 M

Figure 5.1 Negative of the phetograph of an cthidium bromide stained 1% agarose gel, GAPDH
{165 bp), TGF-cx {266 bp) and EGF (130 bp), after 25, 30, 35 and 40 cycles of a semi-quantitative
PCR experiment performed in duplicate (top & Dboftom). Molccular weight marker is phage ¢X-
IDNA digested with Haelil.

Southern blotting PCR _products
To check specificity, PCR products were transferred to a nylon membrane
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(Hybond-N+, Amersham, Amersham, England) and subsequently hybridized with
specific internal oligoprobes {P3, P6 and P9, for TGF-q, EGF and GAPDI,
respectively; Table 11). 15 ng oligo-probe was kinated in a total volume of 10 i
containing 1 pl PNIK-buffer {10x: 0.5 M Tris-HCi: pH 7.6, 0.1 M MgCl,, 50 mM
DTT, I mM spermidine-HCE and [ mM EDTA), 3 ul H,0, 1 ul T, polynucleotide
kinase (T,PNKase, 10 U/ul, Promega) and 3 pl [y?PJdATP (10 uCi/ul, Amersham)
for one hour at 37°C. These probes were added to the blot and (pre)hybridization
solution (blots were prehybridized at 55°C for 4 hours in 5% SSC, 20 mM NaPi,
pH 7.0; 7% SDS; 10x Denhardt’s) and hybridization was performed overnight, at
55°C. Aspecific binding was removed by washing three times 15 minutes with 3x
SSC, 1% SDS at 55°C. Subsequently, the blots were exposed lo autoradiography
film (X-Omat AR, Kodak) for about 30 minuies.

Statistics

Body weight data were statistically evaluated by analysis of variance with
initial body weight as covariable, followed by DunnetC’s tests (two-sided). Organ
weight and food intake data were statistically evaluated by analysis of variance
followed by two-sided Dunnett’s tests or L.S.D. tests, respectively. Atypical acinar
cell foci data were evaluated by a log-linear regression analysis, The semi-
quantitative. PCR data and the number of lesions larger than 1.0 mm?® were
evaluated by 2-sample /-tests, whereas the incidence (the number of tumous-bearing

animals) was evaluated by Pearson y'-lest.

5.4 RESULTS

Body weights

Rats given a low fat-high fiber (caloric restricted) diet showed a lower growth
rate than rats of the other groups (Figure 5.2), Mean body weight of the former
group was substantially, but not statistically significant, lower at interim kill, and
statistically significant lower (P<0.01) at final autopsy (Table 5.3). The reduced
body weight gain in the caloric restricted group was accompanied by a significantly
higher food intake (P<0.001, inlerim kill; P<0.05, finai autopsy; Table 5.4 and
Figure 5.2). Mean body weights and mean food intake were neither influenced by
azaserineg treatment, nor by treatment with cacrulein (Table 5.3).
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Table 5.3 Body and organ weights of azaserine-treated and untreated rats at interim kill and final autopsy®

Interim kill
Postinitiation N Body wt (g) Pancreatic wit {g) Liver wt (g) Relative pancreatic  Relative liver wi
treatment group wt (g'kg BW) (g'kg BW)
Low fat i3 4832 = 938 114 £ 064 1275 £0.60 236 = 0.08 263 209
Low fat + caerulein 13 4944 £ 109 2207+ Q.13 1298 =055 4457+ 0.25 262 0.8
Caloric restriction 15 4742 % 935 1.2% = 0.06 13.47 %043 270 £ 009 283 %035
No carcinogen ] 4952 =281 124 £0.11 13.63 % 1.66 236 £ 033 272 £23
Final autopsy
Low fat 19 5718 2122 1.66 = (.16 16.57 £ 0.72 291 £0.27 289 & L0
Low fat + caerulein 19 3615 £ 102 37677 026 16.20 £ 0.32 6.667% 0.41 287 203
Caloric restriction 19 31897+ 8.6 140 +£ 005 14377 £ 0.50 272 2011 280 06
No carcinogen 5 5545 =278 132 £ 014 13.94 =136 243 (.34 248 £ 1.9

*Values are means + SEM.
Statistics: organ weights, analysis of variance plus Dunnett’s tests (two-sided; "P<0.03, "P<0(.01); body weights (BW). analysis of

variance with initial body weight as covariable plus Dunneit’s test (two sided; ""P<0.01).
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Table 5.4 Food intake of azascrine-treated and untreated rats af interim kill and final antopsy”

hnterim kil} t'inal autopsy
Postinitiation No. of rals Food intake (g) No. of rats Foed intake (g)
treaiment group
Low fat 35 168 02 20 178 403
Low fat + cacrulein 35 166 +02 20 I8.1 %03
Caloric restriction 35 1957 03 20 9.7 £ 09
No carcinogen 1¢ 166 £07 5 17.2

Walues are means per cage (5 rats) + SEM.
Statistics: analysis of variance plus L.S.D. tesis {two-sided; " P<0,05; ™" P<0.001); experimental
unit: cage.

Body wt {g} " Food intake (g}

§00

Qe e L - [ IR 1 1 3 J
kil ic0 200 300 400 500 k4] 100 200 300 400 500
Experimental days Experimental days

Figure 5.2 Body weight gain (individual means) and food intake (group means) of azaserine-treated
rats maintained on the following post-initiation treatments; ¢, Low fal; O, low fal + cacrulein; O, caloric
restriction, and A, non-carcinogen Ureafed rats maintained on a low fai diet.
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Crgan weights

In caervlein-treated rals, mean absolute and relative pancreatic weights were
significantly increased at interim and final autopsy (P<0.01, Table 5.3). Absolute, but
not relative mean liver weight of the low fat-high fiber group was reduced significantly
(P<0.05, Table 5.3) at {inal autepsy, but not af interim autopsy. Relative liver weight
was significantly lower at final autopsy in rats not injected with carcinogen (P<0.05,
Table 5.3).

Histology

Both the observed transection data of acidophilic alypical acinar cell foci and the
caleulated volumetric data of foei were significantly increased (Fable 5.5) in the groups
teated with the CCK-analegue caerulein, when compared 1o the azaserine-treated low
fat group. Although all the observed and calculated data of foci were decreased due 1o
the caloric restricted diet, the wvalues never reached the P<0.05 level of statistical
significance {Table 8.8). The nodules with a diameter over 1 mm showed the same
phenomena (Table 3.6). Treatment with caerulein however, resulted in a significant
increase in the number of these lesions. Moreover, caerulein ftreatment caused a
significant increase in wmour incidence at final autopsy (Table 5.6; Pearson v* fest,
P=(.0184).

Immunohistochemistry

Immunohistochemistry  with the monoclonal antibody directed against TGF-o
revealed a strong expression in the cytoplasm of ductular celis in normal rat pancreas,
whereas acinar cells showed a weak expression of the TGF-o peptide in the cytoplasm
(Figure 5.3a). Swrprisingly, in azaserine-treated rat pancreas, normal acinar cells stained
more infense than those of acidophilic atypical acinar celis nodules (AACN; Figure
5.3h), acinar adenomas, or carcinomas (in sifu). Comparison of lssue sections from
azaserine-treated  with non-treated  control  rats revealed a slightly  weaker TGI-o
immunoreactivity in the non-carcinogen lreated pancreata.

Because EGF peptide expression appeared to be very weak in acinar pancreatic
cells, three different antibodies dirceted against EGE were tested. All antibodies showed
the same slaining patiern, with only some variation in “background staining’ of fal,

biood vessels and {ibrous maierial,
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Table 3.5 Effects of six months postinitiation treatments on deveiopment of acidophilic atypical acinar cell foci induced in ra

pancreas by azaserine®

Observed transection Calculated volumetric data of foci
data of foci

no./em® with mean diameter (um)

Postinitiation Total Transection Total Mean Area as %

treatment noJem®  area (mm?) 2725 385 545 770 1090 nofem’ diameter  of pancreas
aroup {um)

Low fat 5.21 0.094 203 34 5 < i <1 312.6 319.2 (.49

Low fat + 61.56" 0273 416" 4717 3647 1037 113 1558.7" 48637 16.78™"

caerulein

Caloric 322 $.089 151 28 4 <1 <] 227.4 314.4 0.29

restriction

“Values are means; standard errors are taken into account in the statistical calculations, but are omitted from the table for reasons of
clarity. Data are based on hematoxylin and eosin (H&E)-stained paraffin sections. The untreated controls showed no histological
abnormalities in the pancreas.

Statistics: regression analysis; values with superseripts () are significantly different from the low fat group {"P<0.035, ""P<0.001).
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b

Figure 5.3 Immunohistochemical localization of TGF-w in rat pancreas. a. Weak expression in acinar
cells (A), stronger expression in ductular cells. b. Weaker expression in putative preneoplastic atypical
acinar cell nodule than in surrounding 'normal’ acinar cells. A=normal pancreas acinar cells; P=putative
preneoplastic atypical acinar cell nodule, arrowheads point to strong TGF-c expression in ductular cells.
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Figure 5.4 Immunohistochemical localization of EGF. a. in rat salivary gland. b. in rat pancreas.
Arrowheads point to ductular cells; A=acinar cells; E=EGF immunoreactivity in ductal lumen.
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Table 5.6 Number of pancreatic lesions in azaserine-freated rats after 6 or 13 months post-initiation treatments®

No. of lesions

(Prejneoplastic lesions observed Low fat Low fat + caerulein Caloric restriction
Autopsy {(I=interim, F=final} 1 F t F I F
No. of rats i3 i9 13 19 15 16
No. of tumour-bearing animals (%) - 6 {32) - 13 (68)° - 4 {25)
AACN (D1-3 mmy 1 15 90" 274" 2 3
Adenoma G 3 3 30" 0 1
Carcinoma in-situ 0 5 ¢ 25 0 2
Adenocarcinoma ) 6 1 iz 0 2
Total no. of carcinomas 0 il 1 37 0 4

*Values are totals per group. Data are based on H&E-stained paraffin sections. The untreated controls showed no histological
abnormalities in the pancreas based on H&E-stained sections. *Tumour-bearing animal, animal that bears one or more carcinoma (in
sitw) in the pancreas at final autopsy. "AACN, Atypical Acinar Cell Nodule.

Statistics: no. of tumour-bearing animals, y'-test, “P=0.0184; no. of lesions, 2-sample / test, values with superscripts ()
are significantly different from the low fat group {P<0.035, "P<0.61, "'P<0.001).
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Moreover, all EGEF antibodies demonstrated strong immunoreactivity lowards the EGE
producing cells in rat salivary gland {Figure $.4a). More pronounced EGF peptide
staining was observed in the cytoplasm of ductular cells when compared 1o the acinar
ceils (Figure 5.4b). Moreover, EGF immunoreactivity was detected in the lumen of
large intralobular ducts (Figure 5.4b). In contrast to TGF-o, no differences in FGF
expression were observed when comparing normal and (pre)necplastic acinar pancreatic
cells. Comparison  of tissue sections from azaserine-treated with non-treated  rals
demonstrated  a slightly  swonger  EGF immunoreactivity  in nop-carcinogen  treated

pancreata.

Semi-quantitative PCR

EGF and TGF-o mRNA ievels were detected using a semi-quantitative PCR
technique. Specificity of the PCR products was demonstrated by comparing the products
with the molecular size marker phage @X-DNA digested with Haelll (TGF-ct, 265 bp;
EGE 135 bp, Figure 3.1), and by hybridization with a radiolabeled specific internal
oligoprobe, which revealed specific bands on the autoradiogram (Figure 5.5),

TGE- o

EGEF

* GAPDH

Figure 5.5 Southern bloiling 1o check specificity of the TGF-a, EGE and GAPDH PCR-proaducts,

Hybridizations were performed with specific [P]-labelled oligoprobes.

BGF mRNA expression was sipnificantly decreased by azaserine treatment, al final
autepsy (P<0.05; Table 5.7), but not at interim kill. Comparison of the cacrulein-tzeated
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group or the low fat-high fiber group with the azaserine-treated low-fal group did not
ehucidate any statistically significant differences in EGF mRNA expressien, either al
interim kill or al {inal autopsy (Table 5.7).

Comparison of the azaserine-treated low-fat group with the saline-treated low-fat
group revealed a substantially, but statistically not significantly, increased TGF-a
MRNA expression due fo carcinogen treatment at final autopsy. Moreover, azaserine-
reated rats ecither fed a low fat-high fiber diet or injected with caerulein showed a
significantly higher TGF-o mRNA level (P<0.05, Table 5.7) than control rats.
Furthermore, comparing all azaserine-reated animals (relative TGF-a mRNA level =
70.91 + 9.85 {mean * SEM)). with the control rats {relative TGF-o0 mRNA level =
23.35 £ 5.53) revealed a significant inerease (P<0.001) of TGF-oo mRNA level in (he
carcinogen-treated group al final awtopsy. At interim kill, azaserine-ireated rats injected
with caerulein showed a significantly Jower TGF-o mRNA expression (P<0.05) than
carcinogen-trealed rats maintained on a low fat diel.

Relative BEGF and TGF-o mRNA levels in prossiy visible tumours (acinar
adenocarcinemas) isolated at final autopsy, were also determined by semi-quantitative
PCR. The mean relative EGF mRNA level in the tumours (131.61 4 §90) was
significantly higher (P<0.05) than the mean LEGF mRNA level in total pancreas
homogenates  cotlected from carcinogen-treated rats (81.63 & 11.67), No sipnificant
difference was observed between the EGF mRNA level in tumowrs and the EGF mRNA
level in total pancreas homogenates collected from non-carcinogen rals at final autopsy
(1143 4+ 154). The mean TGF-o mRNA level in tumours (23.49 * 3.18) was
significantly lower (P<(.001) than the mean TGF-o mRNA level in total pancreas
homogenates collected from azaserine-injected rats (70.91 * 9.86). Also, no significant
difference was chserved between the TGF-o mRNA level detected in isolated tumours,
when compared with the TGF-o. mRNA level detected in non-carcinogen rats at final
aufopsy (23.3 £ 3.2).

Finally, the number of preneoplastic- and neoplastic lesions of the individual rats
were compared with their individual growtl factor expression levels as determined by
PCR; ne correlation was observed, either at interim kill, or at final autopsy data (not

shown).
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Table 5.7 EGF and TGF-a. mRNA expression in azascrine-treated and untreated rats’

interim kili

Final autopsy

Postinitiation treatment EGF TGF-« EGF TGF-«
group
Low fat 169.8 % 43.7 36.0 % 2.8 46.8 £ 155° 771 £ 235
Low fat + caerulein 117.0 £ 14.9 224+ 33 105.8 + 18.% 755 2109
Caloric restriction 1502 = 14.1 315167 923+ 189 60.6 £ 11.4°
No carcinogen 99.6 £ 273 342+ 8.1 1143+ 154 2332 3.2

*Values are mean optical densities obtained by laser-densitomeiry as percentages of GAPDH,

EGF- or TGF-ot mRNA expressed + standard error of mean {SEM).

Statistics; Z-sample test, " vafues with identical superscripts are significantly different, P<0.05.

representing the relative amounts of

swaaound s up 0 pun v-fng
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5.5 DISCUSSION

In general, growth factors are defined as polypeptides regulating cell proliferation
and/or differentiation by binding to a specific celi-membrane receplor, In contrast to the
endocring activity of hormones, they mostly act in a paracrine or autoerine way. Loss of
requirement for multiple specific growth factors is a cemmon finding in many types of
cancer cells (28, 29). In the present long-term study, LEGEF and TGF-oo expression was
detected in normal rat pancreas and in the pancreas of rats injected with azaserine. In the
exoerine pancreas the strongest EGF and TGF-a0 peptide signals were found in ductular
cells, whereas acinar cells expressed the peplides onty at a low level. Microscopically
we demonstrated a lower level of TGF-¢ peptide in prencoplastic and neoplastic acinar
cell lesions, induced in ral pancreas by azaserine, than in the swrounding ‘normal’
acinar ceils. The apparently reduced TGF-o peptide levels in {prejneoplastic lesions can
be explained by an increased expression of TGF-a in the surrounding *normal® acinar
cells, because the TGF-a immunoreactivity appeared (o be stronger in normal acinar
cells in azaserine-treated rat pancreas than in acinar cells of non-carcinogen treated rat
pancreas. EGF peptide levels were not significantly changed in (pre)neoplastic acinar
cell lesions compared (o the surrounding normal acinar cells, although there was
stronger BEGEF immunoreactivity abserved in pancreata from non-carcinogen treated rats.

2GF and TGF-00 mRNA levels determined by PCR in the pancreata of azaserine-
treated rats at 15 months, demonstrated a significant decrease in EGF and a significant
increase in TGF-o expression, when compared fo the non-carcinogen treated rats. At ¢
months, however, no significant differences were observed between (hese groups. An
explanation for this phenomenon might be that at interim kill the rats were still growing.
1t has been described that growth factor expression alters during ageing (30), which may
have interfered with our comparison between both groups. Both TGF-o and EGE
mRNA levels in isolated pancreatic acinar adenocarcinomas from azaserine-treated rals
did not differ significantly from the levels in the pancreala of non-carcinopen treated
animals.

Azaserine (reatment results in a reduction of EGF mRNA and an increase of TGF-
o mRNA, which becomes detectable only after 15 months. Furthermore, the lower EGF
and higher TGF-o mRNA levels were not delecied in acinar adenocarcinomas, and
TGF-o peptide level was increased only in acinar cells with normal morphology.
Therefore, it can be concluded that the changes took place emly in the carcinogenic
process, in these still normal, acinar cells. TGF-o ievels increased, whereas EGF
(mRNA) level decreased due 1o carcinogen freatment. Because these growth factors are
acting via binding the same receptor (the EGFR), these results might suggest that TG -o
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replaces the action of EGE in the initislion phase of pancreatic acinar carcinogenesis in
the rat.

in the present study we also examined the role that EGF or TGF-o might play
during posi-initiation modulation of pancreatic carcinogenesis. Therefore, we either
enhanced or inhibited the carcinogenic process by caervlein (a cholecystokinin analogue)
injections or a low fat-high fiber (caloric restricted) diel, respectively., Caerulein caused
a significant increase in the number of both putative prencoplastic atypical acinar cel}
nodules  (AACN) and  acinar  adenocarcinemas, indicating a  stimulation of the
carcinogenic process. Previously, Meijers et al. (31) reported an enhancing effect of
cholecystokinin  (CCK) on the development and growth of AACN, but not on the
development of acinar adenocarcinomas in azaserine-treated rats. Other authers also
reported (32,33} a stimulatory action of CCK on the development of putative
preneopiastic acinar pancrealic lesions in rats, but they did not report effects of CCK an
the development of acinar adenocarcinomas. However, Appel ef ol (34) reporled an
increased aumber of acinar adenocarcinomas in rats treated with CCK, and high affinity
CCK recepiors were detected on rat pancreatic adenocarcinoma  cells {35,36). The
present findings support the latter findings and suggest that CCK  stimulates the
development of both putative  prencoplastic and ncoplastic lesions induced in rat
pancreas by azaserine. Decrease in encrgy intake (37) or inerease in energy expenditure
can inhibit cancer development (38-40). In the present study, pancreatic carcinogenesis
was only slightly inhibited by the low fat-high fiber (caloric restricted) diet, This rather
weak effect of caleric restriction can be expiained by the significantly higher food intake
of the rats maintained on this diet. However, the rats still showed reduced body, liver
and pancreatic weights at final autopsy. Moreover, the low fat-high fiber diet inhibited
pancrealic carcinogenesis as demonstrated by a decrease in the number of (pre)ncoplastic
lesions present in the aninals of this group. The caloric restriction, however, was very
moderate.  Therefore, it can be concluded that these inhibitory effects were caused
mainly by the significantly higher cellulose (fiber) intake of the rats maintained on the
low fat-high fiber diet, when compared to rats maintained on the normal low fat diet.
This conclusion is supporied by numerous studies reporting inhibition of carcinogenesis
by high fiber diets (41,42).

Comparison of the effects of postinitiation treatments on the number of
(preJneoplastic pancreatic  lesions and on EGEF and TGF- mRNA  expression data
determined by semi-quantitative PCR did nolt demonstrate any correlation, The
caerulein-stimulated group, for example, showed significantly more pancreatic lesions
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than the azaserine-treated control group, whereas EGF or TGF-o0 mRNA levels were not
significantly different. Therefore, it can be concluded that the effects of azaserine-
treatiment on the EGF and TGF-.oo mRNA expression levels determined by PCR in {otai
pancreas homogenates, were not caused by differences in EGF or TGF-a mRNA levels
in the putative preneoplastic atypical acinar cell lesions. Moreover, effects on EGF or
TGF-o mRNA expression delected between the various post-initiation treatment groups
were not convineing. The few differences detectable at interim kill, were not detectable
anymore at final autopsy. No differences in EGEF or TGF-a expression in the various
post-initiagion {reatment groups were detected by immunohistochemistry experiments.

Based on the aforementioned observaiions il seems justified to conclude that
although the post-initiation freatments moduiate pancreatic carcinogenesis, the EGE and
TGF-o0 levels were not influenced. Moreover, the observation that TGF-a peptide levels
had decreased in putative (pre)neoplastic acinar cell lesions, and the cobservation that
EGF and TGF-o mRNA levels in tumours were comparable with the levels in
homogenates of nop-carcinogen treated rat pancreata, suggests that AACN may develop
into acinar adenocarcinomas independently of EGF and TGF-a. These conclusions are
supported by our finding, that (pre)ncoplastic acinar cell lesions induced in rat pancreas
by azaserine showed a decrease in EGFR expression (Chapter four of this thesis). A
disturbance in the equilibrium between these growth factors, however, may have played
a role in the initation of AACN since pancreata of azaserine-trealed rats showed
increased TGF-o and decreased EGF mRNA levels in comparison with pancreata of
non-carcinogen treated rats.  Therefore, 1t can be concluded that although EGF and
TGF-¢0 may be Involved in the induction of focal hyperplasia, the development of these
putative prencoplastic atypical acinar cell lesions into acinar adenocarcinomas almost
cerlainly involves other, (independent) molecular perturbations.
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Chapter 6

6.1 ABSTRACT

Using immunchistochemistry, Northern blotting and a semi-quaniitative PCR
technigue, epidermal growih factor (EGF), transforming growth factor-o (TGF-«)
and epidermal growth factor receptor {EGIR) expression were studied in the
pancreas  of  N-nitrosobis(Z-oxopropyl)amine  (BOP)-treated  hamsters.  Adfter
initiation, pancreatic carcinogenesis was modulated by a high fat diet, a low
fat/high fibre (caloric resiricted) diet, or injections with the choleeystokinin-
analogue cacrulein. Autopsies were performed six and twelve months after the lasi
injection with BOP.

Immunohistochemistry revealed a weak expression of TGF-r in normal acinar
eells, and a stronger expression in ductular and centro-acinar cclls. Overcxpression
of TGF-w was observed in advanced putative prencoplastic lesions (classified as
borderline lesions) and in ductular adenocarcinomas. EGFR immunoreactivity was
present only in ductular adenocarcinomas. EGF peptide expression was observed
both in acinar and ductular normal and tumounr cells and the level of cxpression
did not change significantly during carcinogenesis, Moreover, the post-initiation
treatments did not cause differences in EGF, TGF-o or EGEFR peptide or mRNA
levels, except for a significanily lower expression of TGF-oo mRNA in hamsters fed
a high fat diet when comparved to those fed a low fat diet. TGF-o mRNA levels had
increased, whereas EGEF mRNA  levels had decreased significantly in  total
panercatic homogenates of BOP-treated hamsters in comparison with untreated
controls. Also in ductular adenocarcinomas TGF-o and EGFR (but not EGT)
mRNA levels were significantly higher than in normal pancreatic homogenates. In
pancreatic homogenates obtained six months after the last BOP injection, these
differences were lfess pronounced in comparison with those obtained after 12
months.

It is concluded that overcxpression of TGF-o (but not EGE) might have a
paracrine or autocrine stimulatory cffect on pancreatic tumour developmenti in
BOP-treated hamsters via simultaneously overexpressed EGFR. However, TGF-g,
EGF and EGER do net seem to be involved in the moedulating effects of a high fat
diet or cacrulein treatments on paucreatic earcinogenesis in BOP-treated hamsters,
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6.2 INTRODUCTION

Ixocrine pancreatic cancer is associaled with a poor prognosis because of the
propensity 10 metastasize by the time the diagnosis is established (1). This feature makes
it the fourth or {ifth leading cause of death due to cancer in Western society, Most
molecular biological studies dealing with the process of pancreatic carcinogenesis,
concentrated on the detection of abnormally expressed genes in these tumours. These
investigations revealed the presence of mutations in the p53 tumour suppressor gene
(2,3}, in K-ras (3.4) and in MTSI, the genc coding for the pl16 inhibitor of cyclinD/Cdk-
4 complexes {5) in human pancrealic tumours, Mutations in K-ras were also found in
carly lesions and ductular adenocarcinomas in & bamster model for pancreatic
carcinogenesis (6).

A number of growth factors has also been deseribed to play a role in the prometion
of abnormal pancreatic growih. Simultancous overexpression of the transforming growth
factor-o. (FGF-q), the epidermal growth facior (EGI) and their receptor (the epidermal
growth facter receptor; EGFR, c-erbB, HER-1), in human pancreatic adenocarcinomas
suggested  an  autoerine  or  paracrine  growth  stimulatory  mechanism (7). These
stimulatory  processes  were  also  suggested  after  the  finding  of  concomitant
overexpression of the hepatocyte growth factor (HGF) and its receptor MET in human
pancreatic tumours (8), Overexpression of other growth factor receptors such as c-erbl32
(HER-2, neu), c-erbB3 (HER-3) (9), transforming grewth factor-R2 (TGF-B2 Type 1)
{10}, and the fibroblast growth factor type I (11) has also been reported in human
pancreatic tumours,

Apart from these “genctic’ changes, environmental factors have been reported to be
involved in pancreatic carcinogenesis. Although a single factor could not be identified to
cause pancreatic cancer, the male gender (12), smoking (13), and high fat-high protein
diects (14) have been corrclated with pancreatic cancer prevalence. In animal models,
pancreatic curcinogenesis could be enhanced by dictary factors such as fat {15-18), or
hormonal  factors such as the gut hormone cholecystokinin (CCIK)  (19,20). The
mechanisms by which fat or CCK modulates pancreatic cancer have not yet been
clucidated,

[t can be argued that these factors may exert their effects on pancreatic cancer
development by modulating the expression of growth factor(receptor)s. To investigate
this hypothesis, a long-term experiment (12 months) was performed in the well
described  M-nitrosobis(2-oxopropylyamine  {BOP)-hamster model for ductular pancreatic
carcinogenesis (21}

Previously we performed a similar study in azaserine-treated rats, another well-

113



Chupier 6

known model for acinar pancreatic carcinogenesis (22). In that study pancreatic
carcinogenesis was stimulated by a high fat diet and by the cholecystokinin-analopgue
cacrulein, Some investigators reporied no or inhibitory effects of CCK/eaerulein on the
development of ductular pancreatic lesions induced in hamsters by BOP (23,24), while
in contrast, other investigalors reporled stimulation of the carcinogenic process (25). We
included a caerulein-stimulated group in the present hamster experiment, in order (o
compare the results of this study with those previously obtained with the rat study.
Furthermore, pancreatic carcinogenesis was enhanced by a high fa{ diet, whereas another
group of hamsters was maintained on a caloric-restricted/high fibre diet in order 1o
inhibit tumour development. At autepsies afler six and twelve months, expression of the
epidermal growth factor and (ransforming growlh factor-o. was investigated in the
pancreas, using both semi-quantitative PCR, and immuno-histochemistry. In the same
tissues, expression of the EGFR  was investigated by Northern blotting  and

immunohistochemisiry.

6.3 MATERIALS AND METHODS

Tumour induction

To initiate pancrealic carcinogenesis, 140 Syrian golden hamsters (obtained from
Harlan-CIPB, Austerlitz, The Netherlands) were injected s.c. at 5, 6 and 7 weeks of age
witlh 20 mg N-nitrosobis(Z-oxopropyljamine (BOP; Ash Stevens, Detroit, MI, USA)Y per
kg body weight according to an injection protocol described previously (18). Twenty
exira hamsters, injected with saline instead of BOP, served as non-carcinogen controls
{Group E, see Tables 6.1 & 6.2), The 140 animals were equally divided in four groups
and treated as follows: group A: low fat diet; 5% corn oil, group B: low fat diet with
s.c. injections of 2.5 pg cacrulein/kg body weight three times a week, group C: high fat
diet; 20% corn oil, and group D: 20% caloric restriction/high fibre diet. The composition
of the dicts is described in Table 6.1,

All animals were housed in similar standard conditions (five animals per cage).
Bady weights and food intake were recorded weekly during the first three months and
once a menth during the rest of the experiment. The general condition and behaviour of
the animals were checked daily. The animals were kitled and investigated at six months
and at 12 months after the last BOP injection. The animals were anaesthetized with
ether, exsanguinated by cannulating the abdominal aorta, and then examined for gross
pathological changes. The entire pancreas and all gross lesions suspected of being
tumeurous were excised. Grossty visible pancreatic tumours were separated from normal
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pancreas. One part of all pancreatic tissues was routinely fixed in 4% buffered formalin
and subsequently embedded in paraffin wax 1o cul tissue sections, and the adjacent part
was snap frozen in liguid nitrogen 1o be used for molecular biological techniques.

Table 6.1 Weight percentage composition of the AIN76-based diets?

Group Postinitiation No. of hamsters Body wt (g)
trealment group

Groups A, B, E Group C Group D
Low fat High fat 20% Caloric
restriction
Casein 20.0 25.0 20.0
DL-Methionine .3 (.35 0.3
Wheat starch 63.5 40,79 44,49
Cellulose 5.0 6.62 2525
Choline bitartrate 0.2 0.23 0.16
AIN-76-AM minerals 3.5 4.09 2.8
AIN-76-AM vitaming 1.0 1.17 0.8
CalLPO, 1.5 1.75 12
Cormn oil 5.0 20.0 5.0
Total 100.0 100.0 100.0
Calories (MJ/kg) 16.2 16.7 12,6

"The diets were prepared freshly every 2 months, A diets were stored at -20°C until use.

Histology

At least three formalin-fixed, paraffin-embedded tissuc sections, cut at different
levels, were stained routinely with haematoxylin and eosin (H&E) and examined by
light microscopy. Pancreatic lesions were classified as borderline lesions, carcinomas in-
sifu, or ductuiar adenocarcinomas, according lo the criteria of Meijors ef ol (24) and
Pour and Wilson (26). In the remaining parallel sections TGF-¢, EGE and BGFR
peptides were detected by immunohistochemistry. TGF-o. was delected with a mouse
anti-rat monocional antibody (dilution 1:15, AB-2, Oncopene Science, Uniondale, N.Y.).
To detect EGF we performed incubations with four different polyclonal antibodies, a
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rabbit-anti-mouse polyclonal found fo be immunoreactive in hamsier ovaries {(a generous
gift of Dr. Shyamal K. Roy, University of Nebraska Medical Cernder, Omaha, Nebrasks)
(27), a rabbit anti-rat {a generous gift from Ryoichi Oyasu, Northwestern University
Medical School, Chicago, L) (28); a rabbit anti-recombinant human EGF (Ab-3,
Oncopene  Science), and a rabbit anti-rat {Biomedical Technologies Inc., Stoughion,
MA). Specificily was checked on salivary glands and all antibedies proved to be
immunoreactive (29). Two monoclonal anti-mouse EGF antibodies (MONSG01 and
MONB00Z, Monosan, Uden, The Netherlands) did not show immunoreactivity with
hamster tissues. EGIR antibodies were a generous gift from Dr. WA, Dunn, University
of Florida, or were obtained from SIGMA (St. Louis, MO; clone 29.1}. EGF and TGlF-o
peplides were detected using an antigen retrieval method deseribed previously (22}
EGFR peptides were detecled using a tritop-pretreatment method as described previously

(30).

RINA isoiation

Based on the resuils of the microscopical examinations, the frozen lissues were
divided into normal, preneoplastic and {tumour tssue. Total RNA {from pancreas
homogenates and from separated ductular adenocarcinomas  was isolated using the
guanidium-isethiocyanate/acid  phenol-chloroform isolation method, described in detail
previously (22,30). From the hamster pancreas it appears impossible to collect putative
prencoplastic  lesions  separately.  Therefore, prencoplastic  pancreas  actually is a
hemogenate of both normal pancreatic tissue and prencoplastic lesions containing

pancreatic tissue.

Northern Blotling
EGFR mRNA levels were detected in pancreatic homogenates by Northern blotling

as described in detail previously (30). Shortly, a hamster EGFR ¢cDNA fragment was
PCR-cloned info a pGEM7ZF vector (Promega) and authenticity was controlled by
nucleotide-sequencing.  Fybridisations were performed with riboprobes, synthesized and
labelled with P by in-vifro Ganscription. Ribosomal 78 mRNA was delected on the
same blots 1o conlrol for RNA Joading, using a **P-labelled <IDNA probe. Blots were
washed under high-stringency conditions and EGFR  auloradiography signals were
detected  using a phosphorimager  (Molecular  Dynamics, Sunnyvale, CA) and
subsequently quantified using the software program ImageQuant (Molecular Dynamics).

Semi-Quantitative Polymerase Chain Reaction (PCR)
Because Northern blotling did not appear to be sensitive encugh to detect EGEF and
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TGF-oc mRNA in pancreatic homogenates, a semi-quantitative PCR was performed as
described in detail previously (22). Shortly, the c¢DNA sample from one animal,
synthesized wsing oligo-dT primers, was amplified in diploid with both EGE, TGF-¢ and
GAPDH primers. Specificity of the PCR-products was checked by hybridisation with
radioactive labelled internal oligoprobes and by nucleotide sequencing. The amownt of
the PCR products was determined using a laser densitometer {Molecular Dynamics,
Sunnyvale, CA). Quantification of the PCR products was achieved by calculating the
relative amounts compared (o the expression of the housekeeping gene GAPDH,

Body weight data were statistically cvaluated by analysis of variance with initiai
body weight as co-variable, followed by Dunnett’s tests {two-sided). Pancreatic weight
data were statistically evaluated by analysis of variance followed by two-sided Dunnett’s
lests. Food intake data were statistically cvalualed by a Wilcoxon matched pairs test.
The number of pancreatic lesions was cvaluated by a 2-sample Student’s -test. The
Northern blotting and semi-quantitative PCR data were statistically evaluated by the
Wilcoxon/Mann  Whitney U-test. The incidence of fumours (the number of (umour-

bearing animals) was evalualed by Pearson o-test,

6.4 RESULTS

Body and pancreatic welghts

Body weights were significantly (P<0.05) higher at 12 months in the high fat group
when compared with the other groups. Pancreatic  weighls, however, were not
significantly influenced (Table 6.2). The cholecystokinin analogue caerulein caused a
substantial increase in absolute pancreatic weights, bui when using the analysis of
variance, these effects did not reach the P<0.05 level of statistical significance. On the
other hand, a high fibre/low fat (caloric restricted) dict caused a substantial, but also not

statistically significant decrease in absolute pancreatic weight,

Food intake

Mean daily food intake is presented in Figare 6.1, Food intake was not
significantly influenced by injecting BOP-treated hamsters with caerulein, However,
BOP-treated hamstlers given a high fat diet demonstrated a significantly (P<0.001)
reduced food intake when compared with the BOP-trealed hamsters given a low fat diet.
Moreover, BOP-treated  hamsters  given a  caloric restricted  diet  demonstrated
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significantly (P<0.001) increased food intake when compared to BOP-treated hamsters
given a low fat diet. Comparing BOP-trealed hamsters given a Jow fat diet, with saline-
injected hamsters given a tow fat diet, did not reveal differences in food intake.
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Figure 6.1 Vood intake (group means) of BOP-treated hamsters maintained on various treatments.

Histology.

The number of pancreatic iesions present in hamsters after six months and after 12
months 1s summarized in Table 6.3, Hamsters treated with caerulein demonstrated a
significant (P<0.05) increase in number of borderline lesions (BLL) after six, but not
afler tweive months, BOP-treated hamster maintained on a high fat diet demonstrated a
significantty (P<0.01) increased number of BLL at six months, but not at 12 months,
when compared to hamsters fed a low fat diet. The caloric restricted diet did not have an
effect on the number of pancreatic lesions, either at six or at 12 months, The number of
ductular adenocarcinomas and carcinomas br-sifu was higher in the groups (reated either
with casralein or maintained on a high fat diet, when compared fo hamsters given a low
fat diet, bul the numbers were Loo low to allow statistical analyses. Hamsters injected
witly saline instead of BOP did not show any pancreatic abnormalities.
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Table 6.2 Body and pancreatic weights of BOP-treated and untreated hamsters at 6 and 12 months®

Group Postinitiation treatment No. of Body wt (g Pancreatic wt (g) Relative pancreatic wit
group hamsters (g/kg BW)
6 months
A Low fat 12 1273 %59 0323 £ 0.022 2352016
B Low fat + caerulein 14 1276 £3.4 0.384 = 0.029 3042024
C High fat 10 1330+ 6.4 0.341 £ 0.050 257032
D Caloric restriction i4 1403 = 5.1 0.282 £ 0.017 202 =041
E No carcinogen 9 136.4 = 8.0 0.316 £ 0.031 233 £0.18
12 months
A Low fat 10 1531 £39 0.447 = 0.064 2.93 £ 0.42
B Low fat + casrulein g 161.6 £ 7.1 0.573 = 0.083 3.066 £ 0.31
C High fat 10 175.6 + 4.27 0384 % 0.036 2221£0.24
o Caloric restriction I 162.5 % 7.1 0.385 £ 0.039 2.43 % 0.27
E No carcinogen 6 1434 £ 4] 0.438 £ 0.040 3.03 £ 031

*Values are means + SEM.
Statistics: organ weights, analysis of variance plus Dunnett’s tests (two-sided); body weights (BW), analysis of variance with initial
body weight as covariable plus Dunnett’s test (two sided, and compared to Jow fat group; "P<0.85).
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Table 6.3 WNumber of pancreatic lesions in BOP-treated hamsters after 6 or 12 months post-initiation treatments®

{Premneoplastic lesions No. of lesions
observed
Low fat Low fat + cagrulein Migh fat Caloric restriction
interim  Final Interim Final Interim Final Interim Final
No. of hamsters 12 0 14 g i0 10 14 14
No. of tumour-bearing 8 (67) 8 (8() 12 (86) 9 (100) 10 (100) 10 (160) 12(86) 10 (100}
animals (%)
Borderline lesion 15 23 38 33 26" 34 25 24
Carcinoma iw-situ 0 0 1 Z l 2 0 0
Ductular ] 0 0 ] i i 0 ]
adenocarcinoma
Total no. of carcinomas 1 0 ] 3 z 3 0 1

*Values are totals per group. Data are based on H&E-stained paraffin sections. The untreated controls {n=9 at interim kill; n=6 at
final autopsy) showed no histological abnormalities in the pancreas based on H&E-stained sections. *Tumour-bearing animal, animal

that bears one or more carcinoma (in-sitd) in the pancreas at final autopsy.
Statistics: no. of lesions, 2-sample Student’s 7-fest, values with asterisks are significantly different from the low fat group ((P<0.05,

"p<h.01).
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Table 6.4 EGF and TGF-cx mRNA expression in pancreatic tissues of BOP-ircated and untreated hamsters®

Post-initiation treatment group EGE TGF-g,
Interim Final Interim Fial

A Low fat 427+ 115 28866 32 £42 40.7 £ 3.6
B Low fat + caerulein 383x353 450+119 222%78 520 £ 137
C High fat 61.7 62 W9 50 4.1 £1.9 253 %36
D Caloric restriction 283 £ 4.0 438 + 11.¢ 129 54 80.6 + 26.3
E No carcinogen 571z 74 169.9 £ 51.57 102+ 1.5 5.0 1707

ARBCD Adenocarcinoma ND 88.0 + 82 ND 20,7 = 8.5°

“Values are mean optical densities obtained by laser-densitometry as percentages of GAPDH, representing the relative amounts of
EGF- or TGF-o. mRNA expressed £ standard error of mean (SEM). ND, not done.

Statistics; Wilcoxon/Manu-Whithey  U-test, “*values with identical superscripts are significantly different, P<0.03 saline-treated
hamsters are significantly different from BOP-treaied hamsters (teken together as one group) 'P<0.035: ""P<0.00].
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Immunohistochemistry

Immunohistochemistry, using the varicus antibodies directed against EGF did not
reveal distinet EGF expression palierns. Acinar, ductular and endocrine cells stained
faintly and equally weak for EGY, but a sliphtly stronger signal was observed at the
apical site of the ductular cells (Figure 6.2a). Using the same incubation conditions,
specific EGF staining was determined in the ductular cells of hamster salivary glands as
a control (Figure 6.2b). Comparison of pancreata from BOP-treated hamsiers with
pancreata from saline-treated hamsters did not reveal significant differences in BEGF
slaining patierns or inlensitics.

Using an anti-rat monoclonal antibody directed against TGI-o (AB-1, Oncogene
Science), weak staining was found in acinar cells and a slightly stronger staining in
ductular and centro-acinar cells of normal hamster pancreas. Significantly stronger TGF-
o staining was observed in the ductutar cells of borderline lesions and (ubular ductular
complexes, whereas only weak staining was observed in lesions that are thought to have
a low potency {0 develop to ductular adenccarcinomas, such as cystic and intermediate
ductuiar  comiplexes  (30). Ductular  adenocarcinomas  demoenstrated  strong TGF-o
immunoreactivily {(Figures 6.2¢ & 6.2d).

The two aniibodies directed against IGFR demonstrated identical staining patterns.
In normal hamster pancreas, strong cytoplasmic, apical and lateral staining for GGTR
was only found in ducts with high epithelium, but not in ducts with low epithelium, or
in acinar cells (Figure 6.2¢). No staining was found lor EGFR in putative prencoplastic
tbular ductuelar complexes. However, ductular  adenocarcinomas  exhibited a strong
EGER immunoreactivity {Figure 6.21).

On page 123

Figure 6.2 Arowheads point to immunchistochemical staining in BOP-treated  hamsters, DADB-
staining, haematoxylin nuclear counterstaining. a. apical EGF immunorcactivity o ductular cells of
hamster pancreas; b, EGF immunoreactivity in ductular cells of hamster salivary glands; ¢ TGF-o
immunoreactivity in ductular cells of a hamster pancreas adenocarcinoma; d. negative control of ¢; o
EGPFR immunoreactivity in the ductidar cells of normal hamster pancieas (not treated with BOP); £ EGFR
inmmunoreactivity i ductuiar cells of a hamster pancreas adenocarcinoma.
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No differences in EGE, TGF-a or EGFR immunoreaclivity (localization and
intensity) were observed amongst the various post-iniliation treatment groups.

Strong  TGF-, bul not EGEF or BGFR, immunoreactivity was observed in
peripheral  endocrine cells of the islets of Langerhans (Figure 6.3). Doubie staining
experiments revealed that the localization of these TGF-o posilive cells correlates partly
with the localization of glucagon or somatostatin  positive cells.  Glucagon  and
somalostatin producing cells were also locatized in the islet of Langerhans periphery, but
double staining for TGPF-o and glucagon or somalostatin only occurred in about 5% of
the TGI-w positive cells, TGF-q staining could not be blocked by pre-incubation with
antibodies directed against ghucagon, somatostatin, or insulin. Moreover, in these
endoerine  cells no  differences in cell staining  intensitics were observed  between

pancreata of normal and BOP-ireated hamsters.

Figure 6.3 TGF-0 immunorcactivity (arrowheads) in peripheral cells of an islet of Langerhans in the

pancreas of a Syrian gelden hamster. [, islet of Langerhans; A, acinar cells,

Northern blotting
EGFR mRNA levels were detected by Northern blotting in homogenates from

normal hamster pancreas, pancreas [rom BOP-treated hamsters containing putative
prencoplastic lesions (indicaied as "prencoplastic pancreas”) and homogenates  from
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ductular adenocarcinemas. Analyzing more than 50 samples, no significant differences
in EGFR mRNA expression levels were observed comparing prencoplastic pancreas with
normal pancreas. However, ductular adenocarcinomas demonstraied a significantly (3-5
fold) increase in mRNA expression when compared 1o total pancreas homogenates (both
normal and prencoplastic) (Figure 6.4).
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Figure 6.4 Detection of EGFR mRNA in pancreas homogenates of BOP-ireated hamsters by Northern
blotting. Note the inconsistent differences in hybridization signals in the various lanes comprising RNA
obtained from hamsters from the various treatment growps (AJ3,CDY * indicales RNA isolated from
ductular adenocarcinomas.

Semi-quantitative PCR

Pancreatic tissues oblained from carcinogen-treated and untreated hamsters were
used for PCR. The data summarized in Table 6.4, which represent duplicale experiments
with material obtained {rom at least five different animals, demonstrate TGF-o and BEGF
mRNA expression in normal bamster pancreas. TGF-oo and EGF mRNA expression was
also demonstrated using the PCR technique on preneoplastic pancreas and on pancreatic
ductular adenocarcinomas.

The most striking cffects were found when comparing EGF and TGF-o. mRNA
levels in carcinogen-injected hamsters with those in saline-injected hamsters:
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1} BOP-treatment increases TGF-o mRNA expression.

2} BOP-treaiment decreases EGF mRNA expression.

AdL) After 12 months, but not after six months, BOP-trcated hamsters showed
significantly  (P<0.001) higher TGF-ot mRNA levels than saline-treated hamsters.
Ductular adenocarcinemas  also demonstrated  sigrificantly  (P<0.03) increased TGF-o
levels when compared to pancreatic homogenates from saline-treated hamsters.

Ad.2) In conlrast, atf final aulopsy, EGF mRNA levels in BOP-treated hamsters were
significantly (P<0.001) lower than in saline-treated controls. Ductular adenocarcinomas
collected at final aulopsy did not demonstrate significant differences in EGF mRNA
expression  in comparison  with total  pancreatic  homogenates  (both normal  and
prencoplastic). Al interim kill, only the BOP-treated hamsters injected with caerulein or
given the caloric restricted diet demonstrated significantly (P<0.01) decreased pancreatic
EGEF mRNA levels in comparison with hamsters not injected with BOP. However, when
combining all carcinogen-treated hamsters, this alse revealed a significantly (P<0.05)
lower EGF mRNA expression in the pancreas of BOP-treated hamsters than in saline-
treated hamsters at interim kill,

Postinitiation treatments did not modulate pancreatic TGF-g or BGF mRNA levels,
except for a significantly (P<0.05) lower TGF.-c mRNA expression at final autopsy in
the pancreas of BOP-treated hamsters given a high fat diet, in comparison with BOP-
treated hamsters given a low fat diet.

6.5 DISCUSSION

The data presented in this paper demonstrated reduced epidermal growth factor
(EGF) and mereased transforming growth factor (TGF-u) mRNA synthesis in pancreatic
ductular adenocarcinomas  experimentally induced in hamsters by the carcinogen N-
nitrosobis(Z-oxopropyDamine  (BOP), in comparison with EGE and TGF-o mRNA
synthesis in normal pancreas, We also demonstrated overexpression of the Epidermal
Growth Factor Receptor (EGIR} in pancreatic ductular adenccarcinomas,

Overexpression of EGFR, a tyrosine kinase transmembrane receptor known 1o be
activated by binding of -amongst others- EGF and TGF-a {32}, has also been reported
in ductular adenocarcinomas of human pancreas (33,34). A concomitant (over)expression
of EGF, TGF-o and the EGTR in human pancreatic adenocarcinomas has been reported,
pointing to an avtocring or paracring cell-growth or cell-division stimulatory cycle
{7,35). The findings in the preseni paper suggest a similar mechanism in BOP-induced
pancreatic cancer in Syrian golden hamsters. Moreover, in the present study, a shifi was
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observed from EGT towards TGF-a {over)expression during the carcinogenic process,
which might imply an even stronger growth stimulatory effect, since the biological
activity of TGF-w is often found 10 be higher than the activity of EGF (36,37).

Because of the similarity between the present observations in BOP-treated hamsters
and those in human pancreatic fumours, the role of growth factor (receptors) in the
development of ductular adenocarcinomas induced in hamster pancreas by BOP may be
comparable 1o the role of these growth factors in human cexoerine pancreas
carcinogenesis. This observation supports the conclusion of several other investipators,
that the BOP-hamster medel is highly relevant to mimic pancreatic carcinogenesis in
men and therefore, the putative prencoplastic ductular lesions induced in hamsters might
mimic early stage ncoplasia in men,

In additien to the role of EGF and TGF-o in pancreatic carcinogenesis we studied
whethier these prowth factors are involved in the moduiating effects of the post-initiation
treatments by caerulein, dictary fat or caloric restriction on pancreatic carcinogenesis in
hamsters.  Unfortunately, the 20% caloric restriction did nol cause an ishibition of
pancrealic carcinogenesis, because the hamsters appeared o compensate for the reduced
caloric content of the diet by cating significantly more than controls. In contrast,
caerulein trealment as well as a high fat diet enhanced pancreatic carcinogenesis.
However, when comparing the various post-initiation treatment greups with controls, no
consistent statistically significant effects on BGF or TGF-a mRNA expression levels
were detected. Moreover, the modulating effects of cacrulein and fat on pancreatic
carcinogenesis were most pronounced after six months, whereas the differences in EGE
and TGF-oo mRNA levels were most pronounced at 12 months. The number of
prencoplastic and neoplastic lesions per animal was highest at 12 months. Therefore, it
is concluded, that the cffeels of cacruleln or a high fat diet on tumour formation were
mast probably not caused by modulation of these growth factors. Thus, il is most likely
that the effects on EGF and TGF-o expression were detected only at 12 months, because
the differences between saline-treated hamsters -showing no (pre)necplastic pancreatic
icsions-, and BOP-treated hamsters -showing several (pre)neoplastic pancreatic ductular
lesions-, were most pronounced 12 months after the last injection with BOP.

TGF-o peplide expression was also demonstrated by immunochistochemisiry in the
peripheral endocrine celis of the islets of Langerhans, This streng TGF-u expression
most probably did interfere with the mRNA  delerminations presented in this paper.
Because isolated ductular adenocarcinomas did not contain endocrine cells, the mRNA
Jevels in these tissues were found fo be lower than in toial pancreatic homogenates from
BOP-treated hamsters, which did contain endocrine cells. However, notwithstanding this
confounding factor, TGF-o mRNA expression was significantly increased in ductular
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adenccarcinomas in comparison with homogenates of normal pancreas from control
hamsters. Moreover, immunohistochemistry demonstrated a distinetly increased TGF-o
expression in ductular adenocarcinoma celis when compared to exocrine ductular cells of
normal pancreas. These observations confirm that the observed overexpression of TGH-o
mRNA in (pre)ncoplastic pancreas is caused by overexpression in the ductular cells due
1o BOP-treatment.

Double staining experiments revealed  concomitant  expression of TGF-o and
somatostatin, or TGF-o and glucagon in some, but not all of the endocrine cells. No
differences were observed in localization or intessity, when comparing the slaining in
pancreatic endocrine cells of BOP-treated hamsters with these of saline-treated controls.
Using immunohistochemistry, the islets of Langerhans, ecither from BOP-treated
hamsters or saline-treated controls demonstrated only a weak and diffuse EGF staining.
Therefore, it can be concluded, that BOP-treatment, in contrast to the observations in the
exocrine pancreas, did not affect TGF-o or BEGF expression in the endocrine Syrian
golden hamster pancreas.

Finally it is concluded, thal -similarly to the cobservations in human pancreatic
fumowrs- the concomitant overexpression of TGF.a and EGFR might point o an
autocrine or paracring growth stimulatory cycle in hamster pancreas carcinogenesis.

However, ualike in human pancreatic carcinogenesis, BGIY overexpression does not
appear to play a role in hamster pancreatic carcinogenesis. In fact, in BOP-treated
hamsters overexpression of TGF-a is accompanied by a reduction in expression of EGF,
which might suggest that a change in the equilibrium between EGF and TGF-w

somehow causes a growth advantage in these pancreatic ductular tumours.
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Chapter 7

7.1 ABSTRACT

Expression of the proto-oncogene pp60™ (c-sic) was investigated in acinar
pancreatic {pre)neoplastic lesions indueced in rats by azaserine, and compared with
the expression in normal rat panecreas. The data indicated extremely low or absent
e-sre protein level and c-sre fyrosine Kinase activity in the pancreas of untreated
control rats. However, compared fo these conirols, c-sre protein immunoreactivity
was increased in 'nermal’ acinar eclls and in putative prencoplastic atypical acinar
cell nodules (AACN) in rats treated with azaserine. More advanced lesions, such as
secondary  transformed  acinar cells (nodules-in-nodules) demonstrated noe c-sre
immunoereactivity. Rats treated with azaserine showed a 7-fold higher c-sre tyrosine
kinase activity in their pancreas, and the level of c-sre tyrosine kinase activity
corrciated positively with the number of lesions in the pancreas. Promotion of
azaserine-initiated panereatic earcinogenesis in rats by the cholecystokinin analogue
cacrulein resulfed in a more than 10-fold increase in the number of pancreatic
acinar ccll lesions, which was accompanied by a 6-fold increase in c-sr¢ tyrosine
kimase activity, when compared fo azaserine treatment alone. e-Sre tyrosine kinase
activity was predeminantly found in the cytoskeletal subeeliular fraction, which
appeared to be responsible for on average 40% of the total tyrosine kinase aclivity
in the pancreatic homogenates. Furthermore, the transformation firom normal to
prencoplastic  pancreatic tissue in arzaserine-treated rafs was accompanied by a
change In (he loealization of the c¢-sre protein. Using immunohistochemistry and
confocal laser scanning microscopy, in morphologically normal pancreatic acini the
protein was detected in the cytoplasm, whereas in AACN it was detected both in
the cytoplasm and in the nuclei. H is concluded that ce-sre might be involved ecarly
in pancreatic carcinogenesis, ¢-Src probably plays a minor rele in pancreatic acinar

cells after transformation to malignancy.

7.2 INTRODUCTION

Tyrosine phosphorylation is recognized as an important regulatory mechanism in
response 1o a number of processes including the actien of growth factors and oncogenes
{i-4). Recently, many studies have been focussed on the role that growth factors play in
expcrine  pancreatic  carcipogenesis.  Several studies  report  overexpression  of  the
epidermal  prowth factor (EGF), transforming growth factor-o {TGF-o) and their
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receptor (the epidermal growth factor receptor (EGIR)), in human pancreatic tumours
and cell lines (5-8). However, little is known aboul the intra-cellular processes induced
by these growth factors in pancreatic tumours, or the relationship between prowth factor
expression, signal transduction, and growth rate.

The proto-oncogene c-sre, the ceflular homologue of the transforming protein
enceded by the Rous-sarcoma  virus gene v-sre, has been reported to contribute
significantly to the elevated protein tyrosine kinase activity in human tumouwrs including
breast (9.10), colon (11), bladder (12) and neuroblasts (13). c-Src is thought to be
involved in signal fransduction processes after stimulation by {amongst others) platelet
derived growth factor receptor (PDGER; 14, 15, 16) and EGFR (17-20), which are
mediating cell preliferation (135, 17), cell differentiation {21) and mitosis (22,23). Unzill
now, no studies have been published on the role of c-sre in exocrine pancreatic
carcinogenesis.

The v-sre protein is mainly locaied on the inner surface of the plasma membrane,
which position was reported to be indispensable for its transforming capacity (24,25).
More recently, it was demonsirated thal vesre is associaled with the ¢ytoskeleton {26).
Moareover, it was shown that the degree of association with the cytoskeleton correlated
with cell transformation, suggesting that association of v-sre with the cyloskeleton is
indispensable  for morphological  transformation  (26,27).  However, ¢-sr¢  was
demonstrated  on endosomal membranes (28), but recenl studies also demonstrated
association of c-sre with the cytoskeleton afler stimulation of glioblastoma cells with
PDGEF or EGF (29). In the present study we analyzed both the expression and
localization of the c-sre protein by inmmunohistochemistry and by biochemical methods
in azaserine-treated rats, a well-known model for acinar adenocarcinomas in exocrine
pancreas (30,31). Moreover, c-sre profein tyrosine kinase activities were determined in
normal and (pre)neoplastic pancrealic tissues, using an immune complex kinase assay.
Finally, the contribution of c-sre to overall protein tyrosine kinase activity in pancreatic
tissues was evaluated by an enzyme linked immuno sorbent assay (ELISA).

7.3 MATERIALS AND METHODS

Animals and collection of tssues

To induce pancrealic carcinogenesis, albine Wistar WU rats (Charles River Wiga
GmBH, Sulzfeld, Germany} were injected intraperitoneally at 14 and 21 days of age
with 30 mg azaserine (Calbiochem-Behring Corp., La Jolla, CA, USA) per kg body
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weight according to an injeclion profoco! described previously (32). All animals were
housed under simifar standard conditions and were mainfained on an AIN-76 based low-
fat diet, To stimulate pancreatic carcinogenesis, one group of azaserine-treated rats was
injected with caerulein, an analogue of the gut-hormone cholecystokinin (s.c. injections
with 2.5 pp caerulein‘kg body weight on 3 consecutive days per week for the whole
experimental period).

The rats were killed 15 months alter the iast injection with azaserine. Therefore,
the animals were anaesthetized with cther, exsanguinated by cannulating the  abdominal
aorla, and then examined for gross pathological changes. The entire pancreas was
excised, partly frozen and stored in Hquid nitrogen immediately after dissection, and
partly fixed in 4% buffered formalin and embedded in paraffin wax.

Histology

Al tlree separate levels, ten 5 pm serial sections were cut from the paraffin
embedded pancreas. Of each series one section was stained with haematoxylin and cosin
(&)Y and examined by light microscopy. Likewise, cne part of the liquid nitrogen
frazen pancreas was used for preparation of cryostat sections, the adjacent part was used
for biochemical analysis. These cryostal scciions were fixed for 10 minutes in 4%
buffered formalin (o be stained routinely with H&E and examined by light microscopy.
Based on the resulis of the microscopical examinations, we selected tissues with no
(from rals not injected with azaserine), with a few {0-10; from rats injected with
azaserine), and with many (>75; from rats injected with azaserine and subsequently
treated with caerulein) putative prencoplastic atypical acinar cell foel In tlis last group,

the pancreas almost totally consisted of (prejneoplastic tissue,

Immunohistochemistry
A sheep-anli c-ste polyclonal antibody (Affinity; Nottingham, UK, 1150 diluted)
was used 1o detecl c-sre immunoreactivity in paraffin embedded sections. Endogenous

peroxidase activity was quenched by incubation in 0.6% hydrogen peroxide in methanol
for 30 minutes. For antigen retrieval, the sections were boiied in citrate buffer (sodium-
citrate, 2.94g/L, H,O, pH 6.0) for 15 minutes and subscquently, cooled down very slowly
to room lemperature. The slides were incubated for 2 hours with the primary antibody in
4% bovine serum albumin {(IBSA) in phosphate buffered saline (PBS, 0.14 mM Nadl,
8.93 mM Ng,HPO,; 1.28 mM NallPO; pld 7.4) in a humid slide chamber at room
temperature (RT). To delect the polyclonal antibody, the slides were subsequently
incubated with a peroxidase-conjugated rabbit-anti-sheep  antibedy (RASHPO, DAIKO
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afs, Glostrup, Denmark; dilution 1:100; 30 min at RT) and a perexidase-conjugated
swine-anti-rabbit antibody (SWARPO, DAKO, dilution 1:100; 30 min at RT). Boeth
antibodies were diluted in PBS containing 10% normal rat serum. In between every
incubation step the sections were washed three times for five minutes with PRS-Tween
(0.05% Tween-20 in PBS, plt 7.4), with exception of the last washing step where
Tween was omilted.  Subsequently, a brown precipitate was  observed by light
microscopy  after  the peroxidase reaction with 60 mg  3,3’-diaminchenzidine
tetrahydrochloride (DAB; SIGMA, St.Louis, MO, USA) and 10 ul 37% 1,0, in 100 m]
M,0. The sections were counterstained with hematoxylin (after Mayer), and covered
with DEPEX. For negative contrals, the primary antibody was omitted; all negative
controls did not show any staining.

To examine the sections with a confocal laser scanning microscope (CLSM
MRCIC00, Bio-Rad, Hercules, California) the antibody directed against c-sic was
detected by changing the third incubation step for a TRITC-labeled swine-anti-rabbit
pelyclonal antibody (SwAR-TRITC, Nordic Immunological Laboratory, Tilburg, The
Netherfands, dilution 1:40). These sections were not counferstained, and were covered
with PBS/glycerol (9:1).

Preparation_of subcellular protein fractions

Sample preparation  was  performed as  deseribed previously (20) with some
modifications. To inhibit proteolytic enzyme activities, all solutions were kepl on ice and
0.055 TIU/mt aprotonin, 1 mM phenylmethylsulfony! {lueride, 10 pg/ml leupeptin, and
I pg/ml pepstatin were added just before use. To inhibit tyrosine phosphatase activity,
100 pM Na;VO, was added. About 800 mg pancreatic tissue was homogenized in 4 m)
extraction buffer (20 mM HEPES, pH 7.2, 1 mM MgCly; 1 mM EDTA-Na,; 1 mM
dithiothrejtol; 10% plycerol) and centrifuged at 800 g, 30 min at 4°C to get rid of cell
debris. The supernatant was centrifuged at 48,000 g, Jor at least 30 min at 4°C. The
supernatant  (eytosel  fraction) was removed and the pellet was resuspended in
solubilisation buffer (20 mM HEPES, pH 7.2; 20 mM Mg-acetale; 5 mM NaF, 0.2 mM
EDTA-Nay; 0.8 mM EGTA; 1 mM dithiothreitol; 0.5% Nonidet P-40) and centrifuged at
48,000 g, 30 min, 4°C. The supernatant (soluble membrane fraction) was removed and
the pellet was resuspended in radio immunoprecipitation assay (RIPA) buffer (20 mM
Tris-HCI, pl1 8.0; 150 mM NaCl; 10 mM Nall,PQ,; 5 mM EDTA; | mM dithiothreitol;
10% glycerol; 1% Nonidet P-40; 1% Na-desoxychelate; 0.1% SDS) and centrifuged at
48,000 g, 30 min, 4°C. The superpatant (cytoskeleton fraction) was coliccted.
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Immunoprecipiiation of c-sre.

Immunoprecipitations  were  performed  as  described  previcusty  (10). Protein
concentrations were standardized between the corresponding fractions of the various
tissue samples, according to the method deseribed by Bradlord (33). The wvarious
subcellular fractions were incubaled with the mouse menoclonal antibody Ab-#327
(Oncogene Science Inc., Uniondale, NY, USA; 1 pg/400 pl protein extract, 1 hr at 4°C),
an anlibody that recognizes c-sre and does not inhibit the {yrosine kinase activity (34).
As a check for the specificity of precipifation, control precipilations were performed
with a non-relevant mouse immunoglobulin  (SIGMA). Subsequenily, the antibody-
protein complex was precipitated by incubation with 3 mg protein-A Sepharose, 2 hrs at
4°C and collected by centrifugation. The pellet was washed three times with wash-buffer
(20 mM HEPES, pH 7.5; 150 mM NaCl, 0.1% Triton X100; 10% Glyeerol; 1 mM
Na,VO,) and one time with a second wash-buffer (20 mM HEPES, pil 7.5; 5 mM
Mol ImM Na,V0,). Supernatants collected after precipitation with both the ¢-sre and
the conlrol antibodies were fested in the tyrosine kinase ELISA. The peliets collected

were tesled in the Iimmune complex {yrosine kinase assay.

Immune Complex Tyrosine Kinase Assay

¢-8re tyrosine kinase activity assay was performed as described before (20) with
some modifications. ¢-Sre immunoprecipitates  from the various subcellular fractions
were collected as described in the previous paragraph. c-Sr¢ autophosphorylation and
phosphorylation  of acid-denatured  rabbit  muscle enolase  (Boehringer-Manuheim,
Germany) was carried out in 40 pl phosphorylation buffer supplemented with 3 mM
MnCl, and 4 pg enolase. The reaction was started by the addition of 0.5 pl [PPIATP
{(Dupont NEN, Stevenage, England; 10 uCi/ul). After 7 min at room temperature the
reaction was stopped, 40 ul 2x concenlrated sample buffer was added and the samples
were heated al 95°C. Proteins were size separated by clectrophoresis in 8% SDS-PAGE
and electroblotted to a polyvinylidene difluoride (PVDF) filter, Marker proteins were
visnalized by staining with Coomassic blue. Phosphate incorporation was analyzed in a
Phosphorlmager coupled to ImageQuant software {(Molecular Dynamics, Sunnyvale,
CA).

Tyrosine Kinagse FELISA
When determining the amount of precipitation by the c-src antibody, the kinase

assay was carried out based on an ELISA as deseribed in detail by Schraag et al. (35).
Fifty pl of supernatant with a protein concentration ranging from 50-400 ng were added
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in triplicate to the wells of a poly(glutamic acid : tyrosine, 4:1) coated 96-well plastic
plate. The phosphorylation reaction was started by adding 50 ul 1| mM ATP containing
I mM Na,VO, in PBS, and allowed to cantinue at 37°C for 15 min. The reaction was
stepped by washing three times with PBS-Tween (0.i% Tween-20 in PBS; pH 7.4).
Subsequently, the plales were incubated with 100 pl/well mouse-anti-P-Tyr monoclonal
antibody (Clone iG1, Amersham, UK; diluted 1:1000 in 0.1% BSA in PBS) for one
hour al room temperature. The wells were washed four times with 250 pl PBS-
Tween/well and subsequently, incubated with 100 ul/well peroxidase conjugated rabbit-
anti-mouse antibody {Dako afs; ditution 1:300 in 1% fish gelatin in PBS) for 60 min at
reom temperature. Following four washing steps, 100 pl 3,3°-5,5"-tetramethylbenzidine
was added at a 1:.20 dilution in water, and alter 10 min the reasction was stopped with
F60 pliwelt 1 M H,50,. The extinction in the wells was measured at 450 nm using an
automated plate reader.

7.4 RESULTS

Immunehistochemistry

Immunochistochemical  localization of the c-sre protein revealed a very weak
cytoplasmic signal in pancreatic tissue of rals nol ireated with the carcinogen azaserine
(Figure 7.1). Ductular and centro-acinar cells stained stronger than acinar celis.
However, pancreatic tissue of rats treated with the carcinogen azaserine showed
pronounced cytoplasmic immunocreactivity of the c-sre antibody in normal’ acinar cells
(Figure 7.2). Moreover, pulative prenecplastic atypical acinar cell nodules (AACN)
stained even stronger, than the swrounding normal acinar celis (Figure 7.2), In
azaserine-treated rats, the localization of the protein in normal acinar cells was different
from that in putative prencoplastic AACN: in normal cells the signal was found mainly
in the cytoplasm, whereas in alypical acinar cells the signal was found both in the
cytoplasm and the nuclei. This basolateral nuclear staining of c-sre was most prominent
in AACN of caerulein-treated rats and also clearly wvisible after incubations with
fluorescent  antibodies and subsequent visualization using confocal laser scanning
microscepy (Figure 7.3). Moreover, confocal laser scanning microscopy demonstrated
clearly the increased immunoreactivily in the centro-acinar/small ductular cells in the
normal’ acinar cells (Figare 7.3).
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Figure 7.1 c-Src immunoreactivity in normal rat pancreas (rat not treated with azaserine). Weak
staining in acinar cells. Arrowheads point to positive staining in small duct (large arrowhead) and in
centroacinar cells (small arrowhead).

Figure 7.2 c-Src immunoreactivity in a pancreatic section of an azaserine-treated rat. Enhanced nuclear
and cytoplasmic staining in the putative preneoplastic atypical acinar cell nodule (P). A=normal’ acinar
cells (with higher staining intensity than the normal cells in figure 7.1).
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Figure 7.3 Enhanced nuclear c-src immunoreactivity detected by confocal laser scan microscopy in a
putative preneoplastic pancreatic nodule of an azaserine-treated rat. Normal="normal’ acinar cells,
AACN=atypical acinar cell nodule. Arrow points to c-src-positive small duct; arrowheads point to c-sre-

positive centroacinar cells.

Figure 7.4 c-Src immunoreactivity in the pancreas of an azaserine-treated rat. A="normal’ acinar cells,
P=putative preneoplastic atypical acinar cell nodule (AACN), N=nodule-in-nodule. Small arrowheads
point to AACN in lower left corner, large arrowheads point to AACN around nodule-in-nodule.
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In some pancreata [rom caerulein-treated rats some "nodules-in-nodules’ developed,
which have been deseribed as secondary itransformations in atypical acinar cell nodules
(31). Surprisingly, these nodules-in-nodules did not shew immuncreactivity to c-src
anymore (Figure 7.4). Fadocrine cells of the islets of Langerhans also stained for c-sre,
but no differences in staining intensitics were found between azaserine-treated  and

untreated rats (not shown).

Table 7.1 Number of pancreatic lfesions in azaserine-freated rais afler 15 months

caerulein {reatment®

Post-initiation treatiment

No caerulein cacrulein

No. of rats 19 19
No. of tumour-bearing animals (%) G (32) 13 (68)°
(Predneoplastic lesions observed:

AACN 1-3 mm? 15 274

Adenoma 3 507

Carcinoma f-situ 5 25"

Adenocarcinoma 6 12
Total no. of carcinomas i1 37

“Values are totals per group. Data are based on H&E-stained paraffin sections, The
untreated controls showed no histological abnormalities in the pancreas based on
Hé&li-stained sections. "Tumouwr-bearing animal, animal that bears one or more
carcinoma (in-sifu) in the pancreas at final autopsy.

Statistics: no. of tumour-bearing animals, y*-test, “P=0.0184; no. of lesions, 2-sample
7 test, values with superseripts ave significantly different from the "no caerulein’

group (P<0,05, "P<0.01, "'P<0.001). Caerulein, choleeystokinin analogue.

c-Sre Tyrosine Kinase Activily

¢-8re (yrosine kinase activity was determined by four independent immune
complex tyrosine kinasc assays in pancrealic lissues obtained from i) non-carcinogen-
treated rats (control rats) with normal acinar tissue, ii) azaserine-treated rats with only a
few alypical acinar cell lesions, and iii) azascrine-treated rats, which are injected with

caernlein resulting in a significantly increased number of atypical acinar cell nodules
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(AACN) and ncoplastic lesions, as determined in H&JE-stained parallel sections (Table
7.1).

Table 7.2 ¢-Sre protein tyrosine kinase activities in rat pancreas homogenates®

Protein tyrosine kinase activity

Substrate  Subeeliular fraction  Treatment group Exp.l  Exp2  Exp3  Expd
Enolase Cytosol Unireated nd il nd 1.6
Azaserine i3 7.9 11 11.1

Azaserine + cacrulein 1.8 5.8 1.5 373

Soluble membrane Untreated ndd nd ¢l 4.6

Azaserine 2.2 18.7 1.8 22.1

Azaserine + caerulein 4.3 209 3.7 7.3

2]

Cytoskeleton Untreated nd nd nd
Azaserine 4.6 93.0 37 18.5
cacrulein 315 308 29.0 953

Azaserine +

¢-5Sre Cytosol Unireated nd nd e 0
Azaserine 0 1.7 0 0
Azaserine -+ caerulein 0 i3 0 0
Solible membrane Untreated nd nd 1 0
Azaserine 0 1.7 0 5.6
Azaserineg + caerulein 0 2.0 0 6.3
Cyioskeleton Untreated nd nd nd 0
Azaserine 1.2 13.0 1.0 1.6
Azasering + caerulein 5.6 67.5 5. 12.6

*Values yepresent the relative amounts of radioactive phosphorus incorporated in the substrate,
determined  in four independent immune-precipitation  fyrosine kinase assay experiments,
caleulated per microgram subeellular fraction protein introduced al precipitation. nd = not done;
0 = value below defection level, not taken into calculations.

Figure 7.3 shows c-src tyrosine kinase phosphorylation activity on the + 50 kI
substrate enolase and on the 60 kDD c-sre itsell (autophosphorylation) in pancreatic
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homogenates of azaserine-lrealed rats with a few (A: not-treated with caerulein) or many
(C: treated with cacrulein) AACN in the various subcellular fractions. In this figure it is
demonstrated, that the tyrosine kinase activity parallelled the increased nuwmber of
lesions (caused by cacrulein) only in the cytoskeleton subeellular fraction.

The amount of c-sre protein appeared too low 1o be deleclable by Western blotting.
Therefore the relative protein tyrosine kinase activities were calculated in the total
amount of protein in the various fractions collected from 0.8 g rat pancreas. Although
this report is not a quantitative study, all independently performed experiments poinled
clearly in the same directions. Therefore, figures are shown just to give an indication of
the direction of the effects (Table 7.2).

Figure 7.5 «¢-Src protein tyrosine
kinase activities. Phosphorylation on
iself  (sre) and on  enolase, in
pancreatic subcellular fractions {rom
azaserine-treated rats, either injected
() or not injected  (A)  with
cacrulein, oyl = cytosol, sm = sres
soluble membrane, csk = cylo-

@ﬂ@@s@ e i S R

skeleton, M = molecular weight

marker, The amounts of protein in
the respective  subcetlular  fractions

relate as; eytosol : soluble mem- A C A CAHAC M
brane © oytoskeleton = 64:i2:15. @yﬁ* S osle

In azaserine-treated rat pancreas, the c-sre protein lyrosine kinase activity towards
he substrate enolase in the cyloskeleton fraction was on average 3-fold (compared to the
cytoplasmic fraction} and 5-fold (compared 1o the soluble membrane fraction) higher (in
Figure 7.5 the amounts of protein were only standardized within the various subcellufar
fractions, not benveen the subeellular fractions). Morcover, c-sre autophosphorylation
was delected in the cyloskeletal fraction and occasionally, weakly in the scluble
membrane fraction, but neither in the cytosolic subcellular fractions of the pancreas of
azaserine-trealed rats, nor in the pancreas of control rats. ¢-Src autophospherylation
activity was on average 7-fold (compared (o the cyfoplasmic {raction), and 13-fold
{compared to the soluble membrane fraction) higher in the cytoskeleton fraction.
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In totai pancreatic lysates from azaserine-treaied rats a 7-fold increase of c-src
profein tyrosine kinase activity towards the substrate enolase was found, when compared
lo that observed in untreated control rats. Furthermore, c-sre protein tyrosine kinase
activity in the cyloskeletal subceliular fraction appeared to be positively correlated with
the number of atypical acinar cell lesions present in the pancreas {Figure 7.6). Pancreata
from azaserine plus cacrulein-reated rais with a large number of AACN {Table 7.1)
showed approximately 6-fold higher tyrosine kinase activities towards both enolase and
c-sre, than pancreata from rats trealed with azaserine alone, with a low number of
AACN. However, in the eytosolic and in the soluble membranes subeetlular fractions,
only some moderate c-sre protein tyrosine kinase activities were detectable on enolase
{increment approximately 2-fold), but not on c-sre itself.

Figure 7.0 ¢-Sre protein tyrosine
kinase activities. Phosphorylation on
itsell {sic) and on cnolase, in
pancreatic subcellular fractions from
rats injecled  with  azaserine  and
cacralein {A), from rats injected
with  azaserine  (B), and from
untreated  control  rats  (C).
Cyt=cytosol, sm=soluble membrane,
esk=cytoskeleton, P=positive control
{c-re tyrosine kinase aclivity in

blood platelets), The amount of

»g’ % %ﬂ P protein on  the different  blots s

normalized on 200 pg total profein.

Confribution_of c-sre (o _total iyrosine kinase activity.

The overall protein tyrosine kinase activity in lysates from rat pancreas  was
determined by ELISA. Pilet studies revealed linearity of the assay at 200 ng protein.
Stimulation of panereatic carcinogenesis by caerulein resuiled in a significant increase in
tyrosine kinase activity in both the cytosol and soluble membrane fractions (Figure 7.7).
Moreover, the increase was mosl pronounced in the cytoskeleton subcellular fraction
(Figure 7.7}, which was in agreement with the immunoprecipitation  data. The
contribution of c-sre {yrosine kinase activity to the overall tyrosine kinase aclivity in
pancreatic homogenates was determined by measuring the tyrosine kinase activity before
and afler precipitation of c-sre. After correction for aspecific precipitation with a non-
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relevant mouse immuneglobulin (contrat 1gG), c-sre tyrosine kinase contributed for 41%
4+ 20 (mean % SD, n=4, aver all groups and over all subcellular fractions) to the total
tyrosine kinase activity. In the eytosol fractions the values were 1oo low lo determine ¢-
sre protein (yrosine kinase contributions. The tyrosine kinase aclivities due to c-sic
ranged from 22% -+ 12 (in azaserine- + caerulein-lreated rats), and 47% & 1.5 (in
azaserine-treated rals), 1o 83% X 24 (in nop-trealed control rats), when averaged over

soluble membrane and cyloskeleton fractions (Figure 7.8).
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Figure 7.7 Relalive protein tyrosine kinase activities determined by ELISA in 200 ng subcellular

pancreatic protein lysales from azaserine-treated rals. Values are means (& standard devialion} of three

cbservations. CCK, cholecystokinin analogue caerulein.
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Figure 7.8 Relative prolein fyrosine kinase activities determined by ELISA in 200 ng protein
supernatants of soluble membranes and cytoskelelon-pancreatic fiactions, afier precipitation with a control
leG, or a specific anti-c-sre 1gG (reduction of absorption indicales ¢-sre involvement). . control rats, no

carcinogen; A, azaserine-treated rats; B, azaserine 4 caerulein-treated rats,
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7.5 DISCUSSION

[n the present paper we reported c-sre expression and c-sre tyrosine kinase aclivity
i the pancreas of azaserine-treated rats, In pancrealic tissues obtained from unireated
control rats, no or slight c-sre expression was detected by immunohistochemisiry,
located predominantly in the cytoplasm of ductular and centro-acinar cells, and aiso in
celis of the islets of Langerhans. Moreover, using two different tyrosine kinase assays,
c-s1¢ protein tyrosine kinase aclivily in pancreatic homogenates of untreated control rats
was very weak or absent. These findings point lo a strictly negatively regulated role for
c-sre in normal aduli rat pancreas physiology.

Rats treated with the carcinogen azaserine, demonstrated increased c-sre protein
expression and protein tyrosine kinase activities, In these animals, pancreatic lissue
showed increased cytoplasmic immunoreaclivity (o anti c-sre antibodies in the acinar
cells, whereas the staining in duclular-, centro-acinar-, and endocrine cells was similar 1o
that observed in untreated rat pancreata. Moreover, 7-fold increased c-sre tyrosine kinase
aclivities were detected in pancreatic homogerates  of rats ircaled with azaserine
compared (o untreated rats. Previous studies demonstrated significantly increased BrDU
labeling indices, indicative for enhanced mitogenic activity in acinar pancreatic  cells
afler injecting rats with azaserine (36). These findings, in combination with the findings
shown in the present study, support the hypothesis that c-sre is involved in mitogenesis
{22,23,37-39). Unlortunately, the c-sre protein levels appeared o be too low for
detection by Western Dblotting. Therefore, the present results do not allow to draw
conclusions on the extent of activation of the c-sre profein. However, since the increased
c-s1¢ profein tyrosine kinase activity is accompanied by microscopically observed
increased immunoreactivity of the c-sre antibody, the resulis suggest an increased c-src
tyrosine kinase activity just as a consequence of more c-sre protein present (rather than
an increased specific c-sre protein tyrosine kinase activity).

The enhanced c-sre tyrosine kinase activity in the cytoskeletal subcellufar fraction
reflects a translocation of c¢-sre from the plasma membrane to the cytoskeleton and
might suggest increased transforming capacily (26,27). The reason for this cytoskeletal
localization is not clear yet, but it is suggested that c-sre plays an important rele during
the remeodelling of the cell architecture during mitosis (40),

Rats injected with the cholecystokinin  (CCK)-analegue  caerulein  showed a
significant increase in the number of atypical acinar cell lesions compared to non-
cacrufein treated rats. CCK s known to regulatec phosphorylation of a number of
proteins, most of which have not been characterized (41). In the present study, overall
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prefein {yrosine kinase activity inereased 6-fold in pancreas homogenales of azaserine-
reated rats injected with caerulein, when compared to pancreas homogenates from
azaserine-freated rats not injected with caerulein. Moreover, ¢-sre protein expression was
increased in putaiive prencoplastic pancreatic lesions in caerulein injected rats when
compared 1o the surrounding morphologically normal acinar cells, However, in these
rals, no increase of c-sre profein expression was observed in the merphologically normal
acinar cells when compared to acinar pancreatic cells from azaserine-treated rats that
were not injected with cacrulein. This ebservation indicates that caerulein treatment does
aot induce c-sre expression in normal pancreatic acinar cells. Therefore, the reported
increased c-sre activity in pancreatic hemogenates of cacrulein-treated rats is the result
of the increased number of putative prencoplastic lesions caused by caerulein treatment,
rather than a direct stimulation of c-sre expression by caerulein.

¢-8re immunoreactivily is increased in the pre-ncoplastic lesions when compared (o
the surrounding normal acinar cells, Moreover, the localization in the putative
preneeplastic AACN in rat pancreas appearcd o be mainly nuclear, whereas in normal
acinar cells only a cytosolic staining was observed. The reasan for this translocation is
not clear. Translecation from cytosol to the nucleus has also been observed with MAP-
kinase after stimulation of cells by mitogens (42,43). The nuciear localization has been
associated with a role for MADP-kinase in genc expression by phosphorylation of
transcriptional factors such as c-mye, c-fos and p62"'. CCK also stimulates expression of
transeription  factors such as c-mye, cfos and c-jun {44). Therefore, the nuclear
localization of c-sre (most prominent after stimulation of pancreatic carcinogenesis by
caerulein), may reflect a role for c-sre in the regulation of gene expression.

In some sections, secondary AACN developing from primary AACN (sc-called
nodules-in-nodules)  were cobserved in the pancreas of azaserine-reated rats alter
stimulation with caerulein. In these secondary leslons, c-src immunoreactivily was
absent, whereas strong e-sr¢ immunorcactivily was found in the primary AACN. Bax e/
al. (45) demonstrated a similar phenomenon for the ATPase activity. They showed
increased ATPase aclivity in primary AACN and a reduced ATPase activity in the
secondary transformed nodules-in-nodules and acinar adenocarcinomas, when compared
o normal acinar cells. In a previous study we have demonstrated absence of EGFR
immunoreactivity  in  (ATPase negative) nodules-in-nodules as well as in acinar
pancreatic adenocarcinomas, whereas EGFR was present in the surrounding normal
acinar cells (Chapter 4 of this thesis).

From the above described results it is not possible to conclude whether the increase

in c-sre activity leads to enhanced acinar cell proliferation, or whether the increase in c-
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sre aelivity is caused by the azaserine-induced increase in cellular proliferation.
However, recent studies on colon cancer demonstrated that the increased c-sre activity in
colon carcinomas is responsible for the increased cell proliferation; inhibition of c-sre
transcription by specific anti-sense probes resulted in decreased cell proliferation of
colon cancer cell lines (46). These combined observations suggest that c-sre might play
a rofe in the prencoplastic (ransformation of pancreatic acinar cells -possibly In concert
with the activation of growth factor receptors-, aithough its impertance is doubtful in the
neoplastic stage of acinar pancreatic carcinogenesis. Secondary transformed pancreatic
actnar cells, such as present in nodules-in-nodules or acinar adenocarcinomas, seem 1o
be able to proliferate independently from extracellular signals via BGFR (Chapter 4 of

this thesis), and intracellular signals via c-sre.
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81 ROLE OF HORMONES IN EXPERIMENTAL EXOCRINE PANCREATIC
CARCINOGENESES

Chapters two and three of the present thesis deal with the effects of hormones on
experimental exocrine pancrealic carcinogenesis. In humans, oestropgen is thought (o
inhibit, whercas testosterone is thought to promote the carcinogenic process of the
pancreas (1,2). Resulis obtained with two animal medels for pancreatic cancer, ie. the
azaserine-treated ral and the Nenitrosobis(Z-oxopropybamine (BOP)-trested  hamster,
demonstrated that this concept is much more complicated. Based on the observation thal
in intact male rats, pancreatic tumours developed faster than in female or castrated male
rats (3-7), it is concluded that in rats (alike it is suggested in humans), testosterone has a
promoting and ocestregen an inhibitory effect on pancreatic carcinogenesis (8), However,
in castrated male hamsters or in female hamsters, pancreatic tumours (either transpianted
or chemically induced), will develop Taster than in intact males. From these experiments
it was concluded, that in hamsters oestrogen has a promoting effect on pancreatic

carcinogenesis, wherecas testosterone inhibits it (9-11) {(Figure §.1).

Bactalar Acinar
Adenocarcinoma Adenocarcinoma
(Rat)

(Hamster)

AGT

Figure 8.1 Schematic representation of inhibition (<) or promotion (+) of ductular and acinar
pancreatic carcinogenesis by lestosterone or oestrogen. Testosterone can be converled into cestrogen by
the enzyme aromalase. Aromatase activily is inhibited by aminoglutethimide {AGT).
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Hewever, not all experiments pointed in the same direction for the effects of
testosterone. A possible explanation for these conflicting results may be the conversion
of festosterone into oestrogen by the enzyme aromatase. Testosterone might exert
inhibitory effects on pancreatic carcinogenesis in the rat after being metabolized into
oestrogen. On the other hand, in hamsters, testosterone might exert promoting effects on
pancreatic carcinogenesis via this pathway. Treatment with the aromatase inhibitor
aminoglutethimide  (AGT) has been deseribed o induce regression of hormone-
dependent breast tumours both in rats and in humans (12-17), To investigate the
relevance of the conversion of testosterone into oestrogen, a study was performed using
AGT as therapeuticum in the ret and in the hamster model for exocring pancreatic
CArCINOZENCsis.

In the study presented in chapter two of (his (hesis, AGT appemred o have
inhibitory effects on the development of acinar adenocarcinomas induced in rat pancreas
by azaserine. In contrast, AGT did not have an inhibitory eflect on the development of
ductular tumours induced in hamsters. [n some cases even a promoting effect was
observed! In humans, most pancreatic tumours (>95%) have a ductular histology and,
therefore, the ductular adenoecarcinomas induced in hamsters by BOP appear to be more
comparable than  the acinar pancreatic  flesions induced in rats by azaserine.
Conseguently, it seems justifiable to conclude, that AGT will be an irrelevant and
sometimes even dangerous drug to be used for the treatment of human pancreatic
ductular  adenocarcinomas.  Mowever, in  (the sporadic) case of an  acingr
adenccarcinoma, AGT might be an cffective therapeuvticum.  Combination  therapy
including a treatment aiming at a reduction of serum testosterone level, appears to be the
best option, since in azaserine-treated rats, the inhibitery effecls were most pronounced
when AGT-treatment was combined with orchicclomy. Chemical castration (treatment
with analogues of LH-RH) might be a good alternative, since chemical castration
sometimes has been found an adequate alternative for surgery in experimental pancreatic
carcinogenesis (18-20).

On the other hand it car be argued, that humans may be more alike rats in their
response o AGT, because it has been suggested that teslosterone stimulates the growth
of pancreatic ductutar adenocarcinomas in humans, like it does with the acinar fumours
in rats. A possible explanation may be that the activity of aromatase in human pancreatic
adenocarcinemas is higher than in the BOP-treated hamster model. Since we cannol
supply any proof from the experiments we performed o support this suggestion, it is not
justifiable to draw any conclusions on this extent.

Although (as discussed above) the therapeutic value of AGT might be marginal,
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from a scientific viewpoint if may be worthwhile to further elucidate the mechanisms of
action of AGT. AGT blocks the conversion of testesterone into cestrogen, hence leading
to increased serum testosterone levels and decreased oestrogen levels, Since testosterone
is found 1o enhance and cestrogen to inhibit pancrealic carcinogenesis in rats, AGT-
treatment should theoretically result in enhanced pancreatic carcinogenesis in rats. AGT,
however, caused opposite effects in our experiments, Therefore, it seems to exert its
action via another mechanism. Apart from inhibition of aromatase-activity, AGT has
also been found lo inhibit the conversion of cholestero! into pregnenolone, resulting in
increased adrenal cholesterol and plasma adrenocorticotrophin (ACTIH) levels, ultimately
leading to adrenal enlargement (21) and sometimes even Cushing’s syndrome (22).
Although in our experiments the doses of AGT were too low to cause adrenal
enlargement, this inhibition of cholesterol conversion might, at least partly, have
modulating effects on acinar pancreatic carcinogenesis.

H is possible that AGT exerts its action via an inhibition of pregnenolone formation
[rom cholesterol. In the pancreas, pregnenolone can be converied into progesterone by
the enzyme &-5-3 beta-hydroxysteroid dehydropgenase when coupled with steroid-§ 5-4-
isomerase  (23). Progesterone receplors have been localized in certain  pancreatic
neoplasms such as cystic wmours (24,25) and endocrine tumours (26). Consequently, in
the lalter tumours, AGT  treatment may  cause  beneficial  effects.  However,
immunoreactivity to progesterone recepiors could not be determined on human ductular
pancreatic adenocarcinomas or normal execrine pancreas {(26). Therefore, if the major
effect of AGT is exerted via the progesterone receplors, the absence of modulaling
effects on pancreatic ductular carcinogenesis in hamsters could be explained by the lack
of progesterone receplors.

In contrast to what we expected, the blood testosterone levels were nof increased in
AGT-reated rats or hamsters when compared to untreated animals, at final avtopsy. [t
could be, thal the doses (which were based on previously performed experiments) were
{00 low to exerl an effect. However, it is more likely, that AGT initially did cause an
increase in testosterone levels. In our experiments AGT was given during eight months.
Therefore, apart from the mechamsms via ACTH or pregnenolone, it is also possible
that the longer lasting increase of lestosterone friggered a feed-back mechanism through
the pituitary gland, which down-regulated the synthesis of testosterene to normal levels,
as such abolishing the AGT effect on testosterone melabolism,

In chaplers two and three, it has been described that orchiectomy significantly
inhibited the development of {pre)neoplastic acinar lesions in azaserine-treated  rats,
Body weight gain was also significantly inhibited compared (o intact controls, probably
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caused by (he concomitantly reduced [ood intake by the orchiectomized rats. In hamsters
these growih inhibitory effects were also pmesent, but to a much lesser extent. In
hamsters, orchiectomy did not significantly inhibit pancreatic carcinogenesis. Reduction
of food intake or increase of energy expenditure has been reported to significantly
inhibit the carcinogenic process in various organs (27-30). These data support the
hypothesis postulated by Meijers {31), that the inbibilory effects of orchiectomy on
pancrealic carcinogenesis might be caused by a reduction in foed infake, rather than by a

direct effect of the reduction in blood testosierone levels.

In chapler three, the effects of the long-acting somatostatin-analogue  Sandostatin
on experimentat pancreatic carcinogenesis have been described. Although Sandostatin
treatment  alone inhidited the development of AACN and acinar tumours (which is
consistent with the finding of somatostatin receptors in acinar tumours), this analogue
did not enhance the inhibition caused by surgical castration in azaserine-treated rats. In
BOP-treated  hamsters, Sandostatin inhibited the development of pancreatic  ductular
lesions. Although somatostatin receptors could not be determined on pancreatic ductular
tumours in humans (32), the present effects with Sandostatin on ductular tumours
induced in hamsters point to a possible beneficial role for Sandostatin in patients with
pancreatic cancer. Indeed, Kliin (33} reported that most patients with pancreatic cancer
experienced a subjeclive improvement in the absence of serious side effects after
Sandostatin therapy. Therefore, Sandostalin apparently does not act directly on the
exocrine pancreatic cells, but rather has an indirect effect, e.g. via the suppression of the
sceretion and/or action of gastrointestinal hormones such as chelecystokinin, secretin or
gastrin (34). Another possible mechanism by which Sandostatin acts, is an inhibitory
effect on the activity of the epidermal prowih factor receplor (EGFR; 35). Inhibition is
caused by a stimulatory activity of somatostatin on the dephosphorylation of EGFR. The
LEGFR is often reported 1o be functionaily involved in carcinogenesis, not only of the
pancreas (30-403, but alse in several other epithelial tumours, such as in breast (41-43),
colon (44) and prostate (45,46). Therefore, a reduction of the activity of EGFR may
result in inhibition of cell proliferation,

It has been demonstraled that the effects of Sandostatin could be enhanced by
chemical castration with the luteinising hormone-refeasing hormone (LH-RH) analogues
Zoladex or Buserelin (47). We demonstrated a similar interaction between Sandostatin
lreatment and orchicctomy on pancreatic carcinogenesis (chapter three). In azascrine-
treated rafs, surgical castration significantly inhibited the development of acinar
(preJneoplastic lesions, but Sandostatin treatment did not enhance this effect, In contrast,
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in BOP-treated hamsters, inhibitory effects of surpical castration on the development of
putative  preneoplastic borderline  lesions  were only found in combination with
Sandostaiin  reatment,  Surgical castration alone did not have significant inhibitory
effects on the development of ductalar lesions in BOP-treated hamsters. From these data
it can be concluded that festosterone does not seem to play an important role in the
development of ductular tumours induced in hamsters by BOP, whereas an enhancing
effect cannot be excluded in the developnient of acinar pancreatic lesions induced in rats
by azaserine. Although the mechanism of aclion remains unclear, the indirect inhibitory
cifects on pancreatic carcinogenesis in BOP-treated hamsters exerted by Sandostatin,
appeared to be enhanced by surgical castration.

82 ROLE OF GROWTH TFACTORS IN EXOCRINE PANCREATIC
CARCINOGENESTS

In chapler four, decreased epidermal growth [actor receptor (EGER) peptide
expression is reporied in pufative preneoplastic atypical acinar cell nodules (AACN)
nduced I rats by avaserine, Moreover, in more advanced lesions, such as acinar
adenocarcinomas, EGFR expression was absent both on the mRNA and peptide levels.
In chapler five it is deseribed, that TGF- mRNA and peptide levels are increased due
{0 azascrine-treatment, only in the histologically normal acinar cells of the pancreas of
azaserine-treated  rats. In putative  prencoplastic  acinar cell fesions and in acinar
adenocarcinomas reduced TGF-o0 mRNA and peptide levels were found. Differences in
EGE peptide levels could not be observed, although azaserine-freatment resulted in
reduced EGEF-mRNA  Jevels in pancreatic homogenates, TGF-o and EGEF are both
exerting their ceffects on cell differentiation and proliferation via binding to EGFR. In
chapter four it is described that strong BEGEFR peplide expression was only observed in
histologically normal acinar pancreas. Consequently, it can be concluded that, in case
TGF-o0 or BEGE have effects on the development of acinar pancreatic cell lesions, this
scems Lo fake place very early in the carcinogenic process: during the transformation of
histolopically normal acinar cells into putative preneoplastic atypical acinar cell foci al
the initiation phase.

Because the resulls discussed above have a descriptive nalure -only correlationy
can be observed between carcinogenic stages and growth faclor expression- a deflinitive
conclusion cannot be drawn, whether changes i either EGE or TGF-o expressions result

in, or are the result of the formation of pancreatic acinar cell lesions. In other words: i
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can not be established whether changes in LGI or TGF-o expression are the cause or
the resuit of pancreatic carcinogenesis. Cell tine and transgenic animal studies have to be
performed to get more insight into the role of BEGF, TGF-o and BEGEFR in acinar
pancreatic  carcinogenesis. ‘Transgenic mice overexpressing TGF-o, exhibit acinar cell
profiferation and develop (pscudo)ductular metaplagia in the exocrine pancreas (48,49).
Mice, with a disfunctional TGF-a gene did not demonstrate any abnormalities in their
pancreata (50,51). To our knowledge, no studies have been performed irying to initiale
pancreatic carcinogenesis in these knock-out mice. It will be interesting to invesligate
whether it is possible o induce pancreatic tumours in these mice, If pancreatic tumour
development is inhibited in these mice compared to control mice, & definitive role for
TGF-00 as a causal factor in pancreatic carcinogenesis can be proven, if injections of
TGF-o enhance the development of experimentally-induced pancreatic lesions in these
knock-out mice.

In chapler six, studies on the expression of EGU, TGF-o and the EGFR in normal,
prencoplastic and neoplastic hamster pancreas are deseribed. In contrast to acinar celis in
ral pancreas, BEGFR expression was notf detected in acinar cells of hamster pancreas. In
hamsters, EGFR expression was located in the larger ducts, characierized by columnar
ductular epithelium, Migh EGEFR expression was also found in duetular pancreatic
adenocarcinoma cells. As mentioned above, overexpression of IEGEFR has alse been
reported in human ductular pancreatic adenocarcinomas. However, immunohistochenical
studies did not clearly demonstrate increased EGFR expression on ductular cells of
ductular adenocarcinomas, when compared with the ductular cells {(of main ducts) in
normal pancreatic tissues. Therefore, the conclusion, that EGEFR is overexpressed im
tumourous ductular cells, could not be drawn. The significantly increased EGEFR mRNA
expression in ductular adenocarcinomas may also be a reflection of the increased
number of ductular cells in ductular adenccarcinomas.

TGF-o0 mRNA  expression was also  significantly  increased In ductular adeno-
carcinemas induced by [3OP in the hamster. Immunohistochemical studics demonstrated
increased expression of TGE-a peplides in ductular {uvmour cells, compared to normal
ductular cells. Consequently, there is no doubt of overexpression of TGF-a in ductular
pancrea{ic adenocarcinoma cells. In contrast, decreased EGF mRNA levels, which were
not accompanied by decreased peptide levels, were demonstrated in neoplastic hamster
pancreas. These observations point to the conclusion that TGF-q, but not EGEF, might be
an important  factor in the stimulation of pancreatic  ductular  proliferation  via
concomitantly expressed  EGFR. Other investigators have demonstrated  differential
effects of TGF-@ binding to EGIR when compared to 1EGF binding to EGFR (52). In
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contrast to BEGF, TGF-a does not cause down regulation of BEGFR after binding. REGF
has a low signal irequency with a long signalling time, whereas TGF-¢ has a high
signal [requency (due to extensive recyeling) and TGF-o signalling time is short (53).
Therefore, it may be hypothesized, that TGTF-a replaces EGF in stimulating pancreatic
carcinogenesis via binding to EGFR. Further research will be needed to verify this
hypothesis.  An observation supporting this hypothesis, is the finding described in
chapier five of this thesis, that a replacement of EGF by TGF-o also oceurs in acinar
pancreatic carcinogenesis initiated by azaserine in rats,

We have found that stimulation of EGFR-overexpressing human pancreatic cancer
cell lines such as PANC-I and COLO-357 by EGF increases the proliferation rate of
these cells (unpublished personal observations). Irom the overexpression of FGF-o with
concomitant expression of EGFR in hamster ductular adenoccarcinomas a paracrine or
autocrine stimulatory rele in pancreatic carcinogenesis can be concluded (although it still
has 1o be proven whether this mechanism really is a necessary {(rate-limiling) step in the
multisiep process of exocrine pancreatic carcinogenests). 1L is harder to wnderstand how
a decrease in TGF-¢, BGF and EGFR expression, such as observed in our experiments
with rats, could contribute to the development of exocrine pancreatic tumours. Scveral
suggestions have been proposed, pointing to a bivalent role of EGFR in rat acinar cells,
As pointed out above, EGFR {overjexpression is often found to be mnvolved i increased
cell proliferation or cellular transformation, also in rat pancreatic acinar cells (54-57).
However, Morisset ef «f. (38) demonstrated decreased thymidine incorporation into
pancreatic DNA in mate Sprague-Dawley rals due to EGF-treatment, and Brockenbrough
el al. (59) demonstrated reduced EGF binding in regenerating ral pancreas afler partial
pancreatectomy.  Therefore, it may be concluded, that in the situation of pancreatic
carcinogenesis in azaserine-treated rats, the abropation of negative constraints, caused by
EGER, leads o increased acinar celi proliferation.

The concomitantly increased cell proliferation and EGFR reduction, can alse be
explained by the presence of EGFR-like peptides; which fake over the function of EGFR
in such a way, that EGFR expression could be down-regulated. The most likely
candidate is the EGIR-like peptide c-erbB2 (in the rat: neu). This peptide has an almost
identical intracellular domain as the EGFR, but it lacks the extracellular (ligand binding)
region. Therefore, it has been supgested that c-erbB32 is the oncogenic counterpart of
IEGIFR, because it is constitutively in the activated state, independent of an extracellular
sighal. ¢-ErbB3 and c-erbB4 also have structural similarities with EGFR, but they have
extracetlular domains and are known to bind other peplides. In order to investigate the
ivolvement  of these peptides in rat and hamster pancreatic carcinogenesis, we
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performed an immunohistochemical study, using polyclonal antibodies directed against
neu, c-erbB3 and c-erbB4 (Santa Cruz Biochemicals, CA, USA) using the method
described for EGFR in chapter four.

&5

Figure 8.2 DAR-immunohistochemistry in the pancreas of a BOP-treated hamster, countersiained with
haematoxylin. a. Localization of c-erb33 mainly in ductutar cells (arrowheads); b. negative contro} after
absorption of the ¢-erbl33 polyclonal antibody with a specific epitope.

From these studies it appeared that none of the nermal or pathological raf
pancreatic tissues showed immunoreactivity for these antigens. In contrast, in pancreatic
{issues  of BOP-treated  Aamsters, advanced ductular  tubular complexes, putative
preneeplastic  borderline lesions and  ductular  adenocarcinomas  demonsirated  (often
strong) immunoreactivity for all these antibodies. The immunoreactivities were localized
both in the cyloplasm and on the membranes, and could be abolished by absorbing the
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primary antibodics with control-peptides; indicating epitope specificily of the observed
staining patterns (Figure 8.2). 1t was concluded, that EGFR expression in ral acinar
pancreasic cells is not “substituled’ by an EGFR-like peptide. In contrast, in hamsters, all
EGER-like peptides are present in advanced pancreatic lesions, pointing 1o a possible
role for these peplides in pancreatic carcinogenesis in BOP-treated hamsters. The
findings in hamsters are in agreement with the findings cbserved in human pancreatic
carcinogenesis, where overexpression of c-erbB2 (60) has also been reported in ductular
adenocarcinomas. To our knowledpe, no studies have been published yel, on the

expression of ¢c-erbB3 and -134 in exccrine pancreatic cancer.

Comparison of the present results obtained in rats and hamsters with the resulls
deseribed in human pancreatic cancer, clearly demonstrates that the hamster modet is
more similar to humans than the rat model. Actually, most results in the rat are different
{(somelimes even the opposile) from the results obtained in humans or hamslers. This is
most probably related to the difference in histology. Appavently, the acinar pancreatic
wmouwrs induced in rats by azaserine develop via different (melecular) biological
mechanisms, than the ductular pancreatic tumours induced in hamsters by BOP.
However, these differences do not exclude acinar involvement in the development of
ductwar tumours. On the contrary, the increased acinar cell proliferation in pancreata of
BOP-treated  hamsters, which we reported recently (61}, indicates the possibility of
involvement of acinar cells in ductular carcinogenesis. Therefore, the azaserine-rat, stiil
has 10 be considered a valuable model to study exocrine pancreatic carcinogenesis.

In almost all studies described in this thesis, the development of pancrealic tumours
could be modulated either by hormones or by dictary factors. For example, cacrvlein has
repeatedty  been  demonstrated to be a stong  enhancer of acinar  pancreatic
carcinogenesis, whereas orchiectomy had inhibitory effects, In sumerous publications,
high fat diets have been reported to stimulate pancreatic carcinogenesis, both in hamsters
and rats (62-71) and also in humans (72-74). In chapier six, hamster pancreatic
carcinogenesis was stimulated by maintaining one proup of animals on a high fat diet. In
a similar experiment performed in azaserine-treated rats (chapter five), one group of
animals was afso given a high fat diet (Table 8.1). However, in these rafs, we did not
observe any enhancing effect of fat on pancreafic carcinogenesis. In contrast, the number
of lesions was even slightly lower than in the low fat control group (Table 8.1). An
explanation for this unusual finding can be found in the compesition of the high fat diet.
In order to make the high fat and the low fat dicts isocaloric, in the high fat diet the
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high-energy starch component was substituted with the low-cnergy fibre component
cellulose (Table 8.2).

Table 8.1 Number of panereatic lesions in azaserine-treated rats after 6 or 15 months jpost-
initiation treatments®

No. of lesions

{Preneoplastic lesions observed Low fat High fat

G 15 6 15

months months menths months

No. of ratg
No. of tumour-bearing animals (%) 15 19 15 16
AACN (Z1-3 mm)* - 6 (32) - 4 (25)
Adenoma ] 15 4 21
Carcinoma Jn-sifu 0 3 0 1
Adenccarcinoma ¢ 5 i 1

0 G 0 3

Total no. of carcinomas

0 11

o

“Values are totals per group. Data are based on N&li-stained paraffin sections. The untreated
controls showed no histelogical abnormalities in the pancreas based on M&F-stained sections.
"Tumour-bearing asimal, animal that bears one or more carcinoma (in-sitie) in the pancreas at
final auntopsy. Statistics: no. of tumour-bearing animals, ¢>lest, no. of lesions, 2-sample 7 test.
‘AACN, Atypical Acinar Cell Nodule,

Several studies demonstrated inhibitory effects of fibres not only on pancreatic
cancer {75-77), but also on colen cancer {78-81) and breast cancer (82). Moreover, in
several studies fibres have been demonpstrated to be degraded in the colon by bacteria
into short-chain fatty acids, such as butyrate (83). Butyrale has been found to inhibit cell
proliferation and to promote cell differentiation in vitro (84,85), and also in vive (86-89).
Apart from a mechanism via butyrate (fermentation of the fibre component cellulose
probably does not resuit in a high butyrate production in comparison with e.p.
fermentation of wheat bran), high fibre diets also cause increased intestinal motility,
resulting in an increased faccal excretion sate, Increased faccal excretion rates will result
in increased excretion of poientially harmful compounds (fat) to be absorbed into the
body. Therefore, it seems conceivable fo conchude, that the high concentration of
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celiulose in the high fat diet caused the mhibition of the carcinogenic process. This
inhibition appeared 1o be that strong, that the promoting effect of high fat on pancreatic
carcinogenesis was completely abolished. These results point to an inhibitory elfect of
high fibre diets on pancreatic carcinogenesis. This conclusion is supported by a previous
study, in which a fibre-rich crude diet demonsiraied inhibitory effects on azaserine-
induced pancreatic carcinogenesis in rats, when compared 1o rats fed a semi-synthetic
AlN-diet (90).

Table 8.2 Weight percentage composition of the AIN76-based diets®

Low fat High fat
Casein 25,0 25.0
DL-Methionine 0.38 0.38
Wheal starch 54.47 20.72
Celiulose 7.5 26.25
Choline bitartrate 0.25 0.25
AIN-76-AM minerals 438 4.38
AIN-70-AM vilamins 125 1.25
Call,PCG, 1.77 1.77
Corn oil 5.0 200
Total 100.0 100.0
Calories (MJ/kg) 15.5 15.5

“The dicts were prepared (reshly every 2 months, All diets were stored at -20°C until use.

One of the main aims of the studies presented in this thesis was fo mvestigate
whether growth facters play a role in the modulation of pancreatic carcinogenesis by
diet or hormones. From our studies it appears that EGF, TGF-« and EGFR only play a
minor role (f any) in the modulation of pancreatic carcinogencsis in rats and hamsters
by cacrulein, caloric restriction or fat. Since we have studied only EGF and TGF-a,
other growth factors still may be involved, or other dietary factors or hormones may
modulate pancreatic carcinogenesis via growth factors. However, immunochistocheniical
studies performed in our laboratories to investigate the expression of IGF-II, PDGF-A
and PDGF-B3 also did not demonstrate any involvement of these growih factors in the
modulating effects of caerulein, caloric restriction, or fat {(unpublished results), indicating
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that our findings with EGF, TGF-g and EGFR may be representative for the role of
growth factors in pancreatic carcinogenesis.

8.3 ROLE OF C-SRC IN EXPERIMENTAL EXOCRINE PANCREATIC
CARCINOGENESES

In chapter seven a study investigating the expression and activity of the cellular
proto-oncogene c¢-ste in the pancreas of avaserine-treated and untreated rals has been
described. Both EGIR (chapter five) and c-sre expression {chapter seven) appeared to be
decreased in acinar pancreatic adenocarcinomas induced by azaserine in the rat. Recent
studies in various human cancer celi lines point to a role of c-sre in FGFR-mediated
signatling (91,92). The observed correlation between c-sre and EGFR expression in our
experiments, might also suggest a functional linkage between those proleins in the
exocrine pancreas of azaserine-treated rats.

In chapter seven, we reported translocation of c-sre from the cytosol 1o the
cytoskeleten due to carcinogen treatment, {rom which we suggested a [unctionally role
for c-sre in organizing the cell architecture, Cell-surface inteprin receplors are thought o
be involved in (pancreatic) fumour invasion through the basement membrane (93).
Recent studies point to the importance of the association of integrins with cyioskeletal
proteins such as c-actinin (@A), vineulin (Vin), talin and paxillin (Pax), for the
construction of signalling complexes (94) (Figure 8.3). The peplides mentioned above
are also closely related with ci-actinin and actin cytoskeleton filaments. One model for
integrin - signalling  suggests that integrin clustering  activates focal adhesion kinase
(FAK), inducing its phosphorylation on a tyrosine and subsequent binding 1o e-sre. ¢-Sre
may then phosphorylate another tyrosine on FAK, ultimately resulting in Ras activation.
EGFR-signalling (e.g. after binding EGF or TGF-a) has also been found (0 increase c-
sre expression and activation, especially in cytoskeleton subceliular fractions (923,
Moreover, it has been suggested that EGFR may influence key-steps in the processes of
tumour invasion and dissemination (95,96). Since integrins are involved in extracellnlar
mairix binding and, therefore, are thought o be involved in invasive and metastatic
capacity of twmour cells, it is tempting to hypothesize that the influence of EGFR on
celiular invasiveness and metastatic capacity is mediated through integrins, possibly via
¢-src in a way as suggesied in Figure 8.3
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Figure 8.3  Schemalic representation of a hypothetic functional correlation between EGFR, o-sre,
cyloskeleton elements ancd cell adhesion elememts. P indicates possible phosphorylation sites for c-sic
and/or HGFR. See text for explanation.

The results of the present experiments in rats point to a rele for BEGFR and c-sre
early in the carcinogenic process; immediately afler initiation by azaserine, causing the
deveiopment of puialive prencoplastic  atypical acinar cell nodules (AACN) from
histologically normal acinar ceils. Both EGFR mRNA expression and c-src activily and
expression were significantly increased in AACN, whereas EGFR protein localization
was  disturbed, in  comparison  with histologically normal pancreas or pancreas
homogenates from unireated confrol rats. Because we studied c-sre in the acinar model
for pancreatic carcinogenesis only, the relevance of ¢-sre in the ductuiar carcinogenic
precess in human pancreas siill has to be elucidated. In recent experiments with the
human pancreatic cancer cell lines PANC-1 and COLO-357 (a generous giit from prof.
dr. M. Kore, University of California in Irvine, USA) we demonstrated mRNA coding
for c-sre {unpublished results), indicating that there might be a role for ¢-sre in human
pancreatic cancer. Further studies with these cell lines are in progress, in order to
examine whether c-stc plays an essential role in (BGF-induced) cell proliferation.
Moreover, studics are in progress, 1o examine the expression and activity of c-sre in
BOP-ireated hamsters, the model for ductular pancreatic carcinogenesis. In this model e-
sre expression was also demonstrated in ductular lesions (unpublished results),
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8.4

6.

SUMMARIZING CONCLUSIONS
Irom the data presented in this thesis, the following conclusions were drawn:

Sex hormones as well as growth factors are involved in the development  of
pancreatic acinar and ductular wmowrs, induced in rats and hamsters by azaserine
and BOP, respectively.

Aminoglutethimide does not inhibit ductular pancreatic carcinogenesis in hamsters
and consequently, it does not scem fo be of any therapeutic value in the treatment
of human pancreatic ductular adenccarcinomas.

Aminoglutethimide, especially in combination with surgical castration, inhibits the
development of acinar adenocarcinomas induced in rats by azaserine. Therelore,
aminoglutethimide might have a therapeutic polency for treatment of pancreatic
acinar adenocarcinomas, which occasionally occur in humans.

The somatostatin analogue Sandostatin inhibits, particufarly in combination with
surgical castration, the development of ductular adenocarcinomas induced in
hamsters, and (0 a lesser extent the development of acinar adenocarcinomas
induced in rats. Therefore, Sandestatin might be of therapeutic value for the
{reatment of human pancreatic tamours.

In azaserine-treated rats, the expression of transforming growth factor-a (TGI-o),
epidermal growth factor (EGF) and epidermal growth factor receptor {(EGFR) is
reduced in putative prencoplastic and absent in neoplastic acinar cell lesions.
However, azaserine-treatment  caused an  increase in TGF-o expression,
accompanied by a decrease in EGI expression in histologically normal pancreatic
acinar cells. 1t was concluded that these growth factors may play a role in
pancreatic acinar carcinogenesis in rats at an carly stage, during the transformation
of histologically normal acinar celis into putative prencoplastic atypical acinar cell
foci.

[n BOP-treated hamsters, TGF-a and BEGFR, but not EGF, are overexpressed in
pancreatic ductular adenocarcinomas. Therefore, TGF- might have a paracrine or
autecrine stimulatory cffect via binding to EGFR on the development of pancreatic
ductular adenocarcinomas.

Both in azaserine-treated rats and in BOP-treated hamsters, EGF appears to be
replaced by TGF-oe in the carcinogenic process.

Both in azaserine-treated rats and in BOP-ireated hamsters, TGF-o, BEGF or EGFR
are most probably not involved in the modulation of pancreatic carcinogenesis by
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10.

dietary fal, caloric restriction and caerulein injections.

With respect (0 the expression of BGF, TGF.a and EGFR, pancreatic iumours
induced in hamsters by BOP correspond belter o human pancreatic tumours, than
the pancreatic tumours induced in rats by azaserine.

Increased c-sre nmmunoreactivily and c-sre protein tyrosine kinase (PTI) activily
was observed in pulative prencoplastic atypical acinar cell nodules induced in rals
by azaserine. Mowever, c-src peplides were pot detectable in more advanced
lesions. From these resulls it was concluded, that e-sre (alike LGF, TGF-o and
EGEFR) might be involved in the carcinogenic process of azaserine-treated rats at an
carly stage.

The increase of c-sre PTK-activity in the cyioskeleton subeellular fraction in
pancreatic carcinogenesis initiated in rats by azaserine, suggests a functional role
for e-ste in regulating the cell-architecture during cell profiferation.

Overali it was concluded that prowtl: factors most probably do not play a

prominent role in the modulation of exocrine pancrealic carcinogenesis by dietary factors

or hormones. The investigation of intra-cellular factors, such as c-sre, might offer more

insight into the mechanisms by which hormones and diet modulate exocrine pancreatic

CArcICEenesis.

8.5
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Summary

SUMMARY

The present thesis deals with the role of hormones and growth factors in exocrine
pancreatic carcinogenesis, Patients suffering from exocrine pancreatic cancer have an
expected  five-year survival of 2-3%. This very poor prognosis is caused by the
propensity of exocrine pancreatic cancer to have metastasized at the time of diagnosis.
Therefore, the lack of early diagnosis and subsequent adequate freatment make exocrine
pancreatic cancer a leading cause of death due to cancer. Since early dizgnosis and
treatment still have to be improved considerably, prevention seems 1o be the most
promising way 1o deal with pancreatic cancer. For this reason, research on the
modulating effects of diet and hermones on pancreatic cancer, are highly relevant, In
chapters two and three of this thesis, two studies are described on the role of hormones,
viz. (estosterone and somatostatin, in pancreatic carcinogenesis. In chapters four to seven
studies are described, in which the role of growth factors in the modulating effects of
hormones and diet on pancreatic carcinogenesis are investigated.

Two animal models were used for these studies. Wistar rats injected ip. with
azaserine develop putative prencoplastic atypical acinar cell foci (AACF) within about
four months and acinar adenocarcinomas after about nine months. Syrian golden
hamsters injected s.c. with  A-nitrosobis(2-oxopropyllamine (BOP) develop putative
preneoplastic  tubular  duciular complexes  within about four months and  dwefidar
adenocarcinomas  after aboul six months, More than 95% of the human exocrine
pancreatic tumours have a ductular histology, whereas the rest of these tumours has an
acinar or a mixed acinar/ductular structure. The progenitor celi-type from which the
pancreatic  ductular tumours arise is still a matter of debate in literature. Some
investigators are convinced that ductular cells are the progenitor cells, whereas other
investigators demonstrated acinar celi involvement in the development of the ductular
tumours.  Therefore, it is worthwhile to jnvestigate the mechanisms of pancreatic
earcinogenesis in azaserine-treated rats as well as in BOP-treated hamsters.

Male sex-hormones are thought te be involved in stimulating the development of
pancreatic cancer, since pancreatic tumour incidences are higher in men than in women,
and since leslosicrone levels in patienls with pancrealic cancer were found 1o be
significantly lower than in healthy controls. Testosterone is one of the most important
sex-hormones in men. In chapters two and three of the present thesis, research is
deseribed on the role of testosterone in the development of exoerine pancreatic tumours.
11z rats, festosteronc appeared 1o enhance pancreatic carcinogenesis, whereas its hormonal
counterpart, oestrogen, was found 1o have an inhibitory offect on this process. In the
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hamster model it appeared to be just the other way around: testosterone inhibited,
whereas oestropen enhanced pancreatic carcinogenesis. IL was hypothesized, that the
conversion of testosterone inlo oestrogen by the enzyme aromatase, might be responsible
for these seemingly conflicting results.

In the study described in chapter two, rats and hamsters were freated as follows: A)
surgical castration, B) oral administration of the aromatase inhibitor aminoglutethimide
(AGT), or C) both castration and aadministration of AGT. Group D were untreated
controls, To mimic therapeutic treatment of human pancreatic cancer, treatments were
started four months after carcinogen (reatment, At (hai time pancreatic lesions already
had developed, the number of which was established using an extra controd group (E),
sacrificed  four months after initiation of pancreatic carcinogenesis.  Our  resulls
demonsirated inhibition of exocring pancreatic carcinogenesis due (o castration in rats,
but not in hamsters, AGT treatment also inhibited pancreatic carcinogenesis in rats, but
shightly increased the pancreatic tumour-load in hamsters. From these resulls it was
concluded, that AGT does not secem usefnl as a therapeutic modality for human
pancreatic ductular tumours. However, it might be useful (especially in combination with
castration) for the treatment of pancreatic acinar lumours, which occasionally do develop
in humans. Furthermore, the conversion of testosterone into oestrogen does not appear fo
play an important role in ductular pancreatic cancer induced in hamsters.

In the study described in chapter three, the rele of lestosterone alone, and in
combination with the hormone somatostatin, was investigated. Previous research
indicated inhibitory capacities of somatostatin In pancreatic cell protiferation. Therefore,
somatostatin may be useful as a drug against pancreatic cancer. The experimental set-up
was simvlar to that described in chapier two. Rats and hamsters were divided into the
following groups: A) surgical castration, B) Sandostaiin (& long-acting analogue of
somatostaiin, administrated by subcutaneously implanted osmotic pumps), C) casiration
and  Sandostatin, or 1)) conirol group (physiological saline-solution instead of
Sandostatin).  The results from ihis study cenfirmed the enhancing potency of
{estosterone  in the development of acinar tumours in azaserine-treated rats, and the
marginal role of testosterone in the development of ductular pancreatic tumours in BOP-
treated hamsters. In the rat-model, Sandostatin did not enhance the inhibitory cffects of
surgical castration, In contrast, in the hamster-model Sandostatin inhibited the
development of pancreatic ductular tumours, particularly when combined with surgical
castration. From these resulls it was concluded, that Sandostatinc may be useful as a
therapeutic modalily against human pancreatic ductular adenocarcinomas.

Growth factors can be considercd locally acting hormwones: whercas hormones
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moestly act in an endocrine way, growth factors mostly act in a paracrine or aulocrine
way. In chapters four, five and six of the present thesis, research is described on the
invelvement of growth faclors in the modulating effects of dietary factors or hormones
on exocrine pancreatic carcinogenesis. For reasons beyond the scope of this summary,
we have focused on the epidermal growth factor (EGFE), the transforming growth factor-
o (TGF-r) and their mutual receptor, the epidermal growth factor receptor (EGER).

In chapter four, the expression of EGFR on normal pancreatic cells and on putalive
preneoplastic - AACF and acinar adenocarcinomas  induced in rats, is described.
Surprisingly, whereas EGFR expression was detected in normal pancreatic cells of the
rat, acinar adenocarcinomas did not express EGFR, In putative prencoplastic foci, BGFR
mRNA levels were increased. However, immunohistochemical investigations pointed to
a change in jocalization of EGIR: in normal acinar celis EGFR was found both on cell-
membranes and in the cytoplasm, whereas in putative prencopiastic lesions, EGIR was
localized only in the cyloplasm. From these resulls, it was concluded that if EGFR plays
a role in the development of acinar panereatic tumours, it ought 1o be at a very early
stage of the carcinogenic process, e.g. during the development of putative prencoplastic
acinar lesions {AACF} from histologically normal acinar celis,

In chapler five, RGIF and TGF-o. expression in pancreas of azaserine-treated rals is
described. To investigate the expression of these growth factors during modulation of
exocrine pancreatic cancer, the rats were (reated as follows: A} low-fat diet {contro]
group), B) promotion by cacrulein injections (a cholecystokinin-analogue, known to
enhance acinar pancreatic carcinogenesis), C) inhibition by a caloric restricted/high [ibre
dict. An extra control group {D) consisting of rats not treated with the carcinogen
azaserine and maintained on a normal low-fat diet was included. From these experiments
it appeared that both EGF and TGF-o expression decreased in pulative prencoplastic
AACEF and aciner adenocarcinomas. However, after injection of the carcinogen
azaserine, an increase in TGF-o mRNA and a decrease in EGEF mRNA were detected in
pancreatic  homogenates.  Immunohistochemical  studies revealed that these effecis
oceurred in histologically normal acinar cells of the pancreas of azaserine-treated rats,
Although caerulein enhanced and caloric restriction inhibited the developnent of acinar
pancreatic lesions in the rat, these treaiments did not affect the expression of EGF or
TGF-01. From these results it was concluded thal TGF-o (but probably not EGF) may
exert an enhancing effect on acinar cell proliferation early in pancreatic carcinogenesis.
This conclusion was supported by the finding described in chapter four, that EGEFR (the
receptor for TGF-w) is expressed in the pancreas of azaserine-treated rats, also only
during the development of early AACEF from normal acinar cells.
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The experiments described in chapter six were similar to those described in
chapters four and five, but performed in BOP-reated hamsters instcad of azaserine-
reated rats. In BOP-treated hamsters, pancreatic cancer was also inhibited by caloric
restriction, or enhanced by cacrulein. Previous studies demonstrated conflicting results
when hamsters were injecled with caerulein. Some investigators reported inhibition,
while others reported enhancement of ductular pancreatic carcinogenesis by caerulein,
Therefore, apart from the caerulein-ireated group, an extra group maintained on & high-
lat diet was included to stimulate ductular pancreatic carcinogenesis in BOP-treated
hamsiers. The results irom these experiments demonstrated overexpression of TGF-o
and EGFR in pancreatic tumowrs in BOP-weated hamsters. The expression of EGLE,
however, appeared lo change hardly at the protein level, whereas a decrease was
ohserved at the mRNA level. In this animal moedel the modulation of pancreatic
carcinogenesis also did not cause any change in EGF, TGF-w or LGFR expression. The
overexpression of TGF-« with a concomitant expression of EGIR in BOP-induced
pancrealic tumours suggest a (paracrine or autocrine) stimulatory role for TGF-o in the
development of ductular pancreatic tumours in hamsters,

¢-Src s a cytoplasmic protein with protein tyrosine kinase (PTK)-actlivity, recently
found 1o be involved in EGFR-mediated signal transduction. Therefore, research was
performed, deseribed in chapter seven of the present thesis, to investigate the expression
and the activity of the prote-oncogene c-sr¢ in normal and (pre)ncoplastic pancreas of
azaserine-lreated rats, In putative prencoplastic AACI both ¢-sre profein levels and c-sre
PT-activity increased significantly, mainly in the cytoskeleton subcellolar fraction.
However, in more advanced lesions such as secondary transformed acinar "nodules-in-
nodules”, c-sre protein could not be detected. Trom these results it was concluded, that
c-sre might be jovolved at an early stage of pancreatic carcinogenesis induced in rats by
azaserine. The cytoskeletal localization of c-sr¢ in preneoplastic pancreas suggests
involvement of c-sre in the organization of cell architecture in the early phase of
pancreatic carcinogenesis.

The findings described in the present thesis have been summarized and discussed
in chapter eight, which resulted in the hypothesis that TGP-w, through binding EGFR,
via ¢-src, might enhance the capacity of cancer cells fo become invasive and ullimalely,

1o metastasize.
From the data presented in this thesis, the following conclusions were drawn:

1. Sex-hormones and growth factors are involved in the development of pancreatic
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acinar and ductular tumowrs, induced in rats and hamsters, respectively.
Aminoglutethimide is not useful as a therapeutic modality for the treatment of
ductular pancreatic tumours.

Aminoglutethimide, especially in combination with surgical castration, might have
therapeutic potential for the treatment of acinar pancreatic tumours.

Sandostatin may be useful for the treatment of pancreatic cancer,

TGE-a, EGF and EGFR most probably play a role in acinar pancreatic
carcinogenesis induced i rats by azaserine, but only at an carly stage: during the
transformation of histologically normal acinar cells into putative preneoplastic
AACF.

TG~ might have a paracrine or awtocrine stimulatory elfect on the development
of pancreatic ductular adenocarcinomas via binding to BEGFR,

In azaserine-treated rats and in BOP-treated hamsters, EGF appears o be replaced
by TGF-o in the carcinogenic process.

Ir azaserine-treated rats and in BOP-treated hamsters, EGF, TGF-¢¢ and BEGFR are
most probably not involved in the moduiation of pancreatic carcinogencsis by
dietary fat, caloric restriction or caerulein injections.

With respect 1o the expression of EGF, TGF-a and EGFR, ductular pancreatic
tumeurs induced in hamsters by BOP resembles human pancreatic tumours more,
than acinar pancreatic umouwrs induced in rats by azaserine.

e-Sre might be involved in pancreatic carcinogencsis in azaserine-treated rats al a
rather early stage,

A functional role is suggested for c-src in regulating cell-architecture during

pancreatic acinar cell proliferation in azaserine-treated rats.

Overall it was concluded that growth faclors most probably do not play a

prominent role in the modulation of exocrine pancrealic carcinogenesis by dictary factors

or hormones. The investigation of intra-celiular factors, such as c-sre, might offer more

insight into the mechanisms by which hormones and diet modulate exocrine pancreatic

carcinogenesis.

179



180
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SAMENVATTING

In dit proefschrift zijn experimenten beschreven, waarin de rol van hormonen en
groeifakloren bij het ontstaan van pancreaskanker onderzocht werd. De pancreas (= de
alvleesklier) is een in de buikholte gelegen orgaan, dat grofweg twee funkties vervule. 1)
Het zogenaamde endocriene deel van de pancreas (de cilandjes van Langerhans) zorgt
voor het op peil houden van de suikerspiegels in het bloed. Insuline is één van de
belangrijkste hormonen die daarvoor door de pancreas worden gemaakt en aan het bloed
worden  afgegeven. Soms freedt er een defect op in de insuline-produktie  door de
pancreas, hetgeen kan leiden fot suikerziekle. 2) Het zogenaamde exoeriene deel van de
peanereas zorgl voor de produktie van verlerings-enzymen. Voorbeciden van deze
verteringsenzymen z{in chymotrypsine en trypsine, die afgegeven worden aan de dunne
darm, waar ze helpen bi de vertering van eiwitten. Zowel in het endocriene, als het
exocriene deel van de pancreas komt kanker voor. In dit proefschrift wordt echter alleen
onderzoek beschreven, uitgevoerd aan tumoren die zijn ontstaan in hel exocriene deel
van de pancreas (Zie ook Figuur 1.1, in de inleiding).

Kanker van de exocriene pancreas is over het algemeen ernstiger dan kanker van
de endocriene pancreas, De reden is, dat kanker van de exocriene pancreas vrijwel altjd
te laat ondeki wordl. in tegenstelling tot kanker van de endocriene pancreas, waar de
patienten vagk al in cen redelifk wvroeg stadium met ernstige verschijnselen  van
suikerziekte cen dokier raadplegen, hebben patienten met exocriene pancreas kanker heel
lang geen kiachten. Tegen de tijd dat ze wel klachten krijgen (vaak pijn, uitstralend naar
de rug), is het daardoor meestal al te laat voor adequate behandeling; de tumor heeft
zich al uitgezaaid naar andere organen (lever, mill, longen). Pancreastumoren Zijn
ongevoelig voor de meeste vormen van chemotherapie. Soms wordt er nog wel eens een
ingrijpende operatie uitgevoerd ("een Whipple operatic™, dit leidt echter nauwelijks fot
cen verbetering van de prognose. Mede door het ontbreken van een afdoende therapie, is
de prognose van exocriene pancreas kanker erg slecht; na vijf jaar zijn nog slechts 2 of
3 van de 100 mensen waarbij pancreaskanker werd vastgesteld, in leven. Omdat de
therapeutische  mogelijkheden  beperkt  zijn, is hel -ndast onderzoek naar betere
therapieén- van groot belang, meer over de oorzaak en het verloop van deze ziekte le
weten te komen, zodat pancreaskanker in een vroeger (nog behandelbaar) stadium
vastgesteld kan worden, of -beter nog- geheel voorkdmen kan worden.

De exocriene pancreas besteat globaal it twee typen cellen: Kliercelien (= acinaire
cellen), die de verleringsenzymen  produceren en uitscheiden en cellen, die de
afvoerbuisies (= ductuli) vormen waardoor de verteringsenzymen worden afgevoerd naar
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de dunne darm, deze cellen worden de ductulaire ceflen genoemd. Doordat er in de
exocriene pancreas dus grofweg twee typen cellen te onderscheiden zijn, zijn er ook
twee typen kanker fe enderscheiden; acinaire tumoren (= kiierceltumoren) en ductulaire
tumoren (= tumoren aan de afvoerbuisies).

Het in dit proefschrift beschreven enderzock is uitgevoerd bij ratten en hamsters
(alleen mannetjes), De ratten worden gebruikt als model voor de acinaire pancreas-
tumoren, de hamstlers worden gebruik( als model voor de ductulaire tumoren. Ratien van
ongeveer drie weken oud worden in de builholte ingespoten met azaserine, cen stof die
er voor zorgl, dat de dieren acinaire pancreastumoren gaan ontwikkelen. Al na vier tot
zes maanden zijn er bij deze ratfen microscopisch kleine alfwijkingen in de pancreas te
zien, die als voorsiadia van de uiteindeliike tumoren beschouwd kunnen werden; de
zogenaamde prencoplastische  acinaire cel-lesies’. Na ongeveer 9-12 maanden zijn de
eerste acinaire tumoren in de pancreas aanfoonbaar. In het algemeen wordl cen ratte-
proef na 12 of 15 maanden bedindigd. Om ductuiaire pancrcasiumoren op ie wekken bij
hamsters, worden deze als ze zo'n zes weken oud zijn, enderhuids ingespoten met een
stof” die M-nitrosobis(2-oxopropylyamine (algekort: BOP) heet. Hiema oniwikkelen de
eerste prencoplastische ductulaire cel-lesies zich al na ongeveer twee tot vier maanden
en de eerste ductulaire tumoren kunnen na ongeveer acht maanden aangetoond worden.
Omdal hamsters in het algemeen wat ecrder dood gaan dan ratfen, wordt een hamster-
proef meestal al na 12 maanden beéindigd.

Bij de mens is meer dan 95% van de exocriene pancreastumoren van het ductulaire
type. De rest van de exocriene pancreastumoren is van het acinaire of van een gemengd
acinaii/ductutair type. Daardoor lijkt het hamster-moedel beter vergelijkbaar met de mens,
dan het ratte-model. Hel is echier nog sieeds van belang om het ratte-moedel ook te
hestuderen, omdat het cel-type van waaruit de ductulaire tumoren in de mens zijn
onistaan, nog niet met zekerheid is vastgesteld. Br zijn onderzoekers die denken, dat
alleen de ductulaire cellen ontsporen, ongeremd gaan delen en daardoor de ductulaire
tumoren vormen, ferwijl een andere groep onderzockers denkt, dat het juist de acinaire
cellen zijn, die entsporen, ductulair worden, en daarna pas uilgreeien tot fumoren. Om
meer inzicht te krijgen in de mogelijke rol van acinaire cellen bij het onistaan van
humane exocriene pancreastumoren, is het daarom van belang ook het acinaire rafle-
model te bestuderen.

Omdat pancreaskankes meer voorkomt bij mannen, dan bij vrouwen, is het
aannemetlijk e verenderstellen, dat  hormonen  die  betrokken  zijn by de
peslachtsdifferentiatie bii de man, het ontstaan van pancreaskanker bevorderen. Eén van
de belangrijkste geslachishormonen bij de man is testosteron, In de hoofdstukken twee
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en drie van dit proefschrifl, wordt de rel van testosteron bii het ontstaan van exocriene
pancreas kanker beschreven. Eerder onderzoek in ratten heeft aangetoond, dat testosteron
een versterkend (= promoverend) effect op het onstaan van pancreaskanker (= pancreas
carcinogenese) had, terwijl de hormonale tegenhanger van testosteron, oestrogeen, een
remmend effect op dit proces zou hebben. In het hamster-model blijkt dit juist
omgekeerd te  zijn; oestrogeen promoveert, feslosteron remt, e omzelling van
testosteron in oestrogen, veroorzaakt door het enzym aromatase, zou de mogelijke
oorzaak van deze schijnbare tegenstelling kunnen zijn, Liffecten die van testosteron
verwacht werden, zouden dan tegengewerkl kunnen worden, doordatl testosteron omgezel
wordl in oestrogeen.

In hoofdstuk twee is cen onderzoek beschreven met raiten en hamsters die als volgt
behandeld  werden: A) gecastreerd  (lestosteron woerd! in de testikels pemaakt, dus
castratie leidt tof testosteron depletie), of B) ze kregen aminoglutethimide (AGT) via cen
maagsonde toegediend (AGT is een aromalase remmer waardoor de emzetting van
lestosteron naar oestrogeen waordt geblokkeerd), of C) ze werden gecastreerd en kregen
ook AGT locgediend. Greep D) was cen onbehandelde controle groep. Om  een
behandeling van pancreaskanker bij de mens na le bootsen, werd de behandeling pas
vier maanden na de carcinogeen injectic gestart; op het moment dat er al pancreas lesies
waren ontstaan. Dit werd gecontroleerd door na vier maanden een extra groep () op te
offeren en de pancreas te  bestuderen.  Castratic  bleek de  ontwikkeling  van
pancreastumoren in de rat wel, maar in de hamster niet te remmen. AGT behandeling
bleel in de rat ook le remmen, maar in de hamster leek er zelfs cen verhoging van het
aantal pancreastumoren op fe treden. Uit deze resuliaten werd geconcludeerd, dat AGT
niet bruikbaar is als therapeuticum voor humane ductulaire tumoren. Misschien kan het
wel gebeuikt worden (voeral in combinatie met castratie) voor de behandeling van de -
zeldzame- acinaire pancreastumoren bij de mens. Verder bleek it het onderzoek dat het
niet erg waarschijnhijk is, dat de omzelting van testosieron naar oestrogeen een
belangrijke rol speelt bij de ductulaire pancreas carcinogenese.

In heofstuk drie werd ook de rol van testosteron bij de pancreas carcinogenese
onderzocht, maar nu in combinatic met een ander hormoon; het somatostatine. Uit eerder
onderzoek bleck, dat somatostatine cen remmend effect heeft op de celdeling in
pancreastumoren. Daaruit kan worden afgeleid, dal somatostatine misschien wel eens
gebruikt kan worden als therapeuticum lepen pancreaskanker. In hoofdstuk drie wordt
cen onderzoek beschreven, naar het effect van castratie op de effecten van somatostatine.
Als  lang-werkend analoog wvoor somatostatine gebruikien we het geneesmiddel
Sandosiatin (somatostatine zé]f wordt erg snel afgebroken na toediening). De proefopzet
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was weer hetzelfde als die in het vorige hoofstuk; start van behandeling na vier
maanden, vier groepen: A) castratic, B) Sandostalin (onderhuidse pompjes gaven het
geneesimidde] in constante doses af), C) castratie + Sandostatin, D) controle groep (zij
kregen een fysiologische zout-oplossing, ip.v. Sandestatin). De resultaten van deze
studiec bevestipden de geringe rol van festosteron bij het ontstaan van  ductulaire
pancreastumoren in het hamster-model en een promoverende rol voor festosteron bij het
ontstasn van acinaire fumoren in het ratte-model. In dit laatste model bleek Sandostatin
geen versierkend effect op de gevolgen van castratie te hebben. In het hamster model
daarenicgen, werd de ontwikkeling van  pancreastumoren  geremd, vooral wanneer
Sandostatin - pecombineerd  werd  met  casiratie.  Hiernit  werd  gecencludeerd,  dat
Sandostatin - misschien wel als therapeuticums  voor de Dbehandeling van ductlulaire
pancreaskanker bij de mens gebruikt kan worden.

De rest van het onderzoek beschreven in dit proefschrifl, is meer fundamenteel van
aard; er wordl nagegaan waarom normale pancreascellen zich soms tot lumoren
oniwikkelen. Wij hebben daarbij de vol die groeifakioren in dit proces zouden kunnen
spelen onderzocht. Groeifakloren zijn in principe vergelijkbaar met hormonen, met dit
verschil, dal hormonen (bv. testosteron) in een bepaald orgaan (bov. de testikels)
geproduceerd worden, dan aan de bloedbaan afgegeven worden en vervolgens in een
ander doel-orgaan (b.v. de pancreas} hun funklic vervullen {= een endocriene werking),
lerwijl proeifaktoren meer lokaal werken; zij beinvleeden cellen in de direcle omgeving
van de cellen waar ze in geproduceerd worden (= paracriene werking), of zi) vervullen
hun funktie in dezelfde cellen die de groeifaktoren produceren (= awfocriene werking).
Zie ook Figuur 1.4, in de inleiding. Groeifaktoren komen vaak ook in normaal weefsel
voor, maar hef ontsporen van groeifaktoren {b.v. cen overprodukiie) zou wel eens de
norzaald voor hel ontstaan van cen twnoer kunnen ziji. Er zijn vele proeifaktoren bekend,
maar ell cellype is masr gevoelig voor een “beperkt’ aantal van deze grocilakforen. in
andere woorden; een groeifaktor is wvaak specifieck wvoor bepaalde celtypen. Deze
specificiteit wordt bepaald door de aanwezigheid van het juiste type “groeifaktor
ontvangers” (= groeifakior receproren) op deze cellen. Om redenen waarop n deze
samenvaiting niet zal worden ingegaan, hebben we gekozen voor het bestuderen van de
mogelifke betrokkenheid van de zogenaamde “epidermale  groeifakior” (EGF), de
“transformerende  grocifaktor-a" (FGF-0) en hun receptor; de "epidermale groeifaktor
receptor” (FGFRY bij de exocriene pancreas carcinogenese.

In hoofdstuk vier is onderzoek beschreven naar de expressie van EGFR op neormale
pancreas celien en ook op door azaserine opgewckic prencoplastische acinare cel-lesies
en op acinaire fumoren in de pancreas van de ral. Tot onze verbazing, bleken acinaire
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tumaoren geen EGIR meer (¢ bezitten. In de voorstadia blijit er op synthese-niveau een
loename van EGFR (e zijn. Eehter, indien de aanwezigheid in de cellen onderzocht
wordt, blijkt er een re-localisatic plaats te hebben gevonden; in normale acinaire cellen
Zt EGFR op de cel membraan en cyoplasmatisch (= intra-cellulaiy), terwijl in de
prencoplastische lesies EGFR alleen nog maar in het cyloplasma voorkomt. Uit deze
resultaten werd geconcludeerd, dat indien EGFR al een rol speelt in de pancreas-
carcinogenese in hel azaserine-ratte model, dit alleen in een vroeg stadium (bij de
overgang van ‘normaie’ acinaire cellen naar preneoplastische acinaire celleny zal zijn.

In hoofdstuk vijf zijn studies beschreven met de (wee belangrijkste groeifaktoren
die EGFR binden; EGE en TGF-a. Hiervoor werd ook weer hetl azaserine-rai model
gebruikl. De met azaserine ingespolen ratten werden in verschillende behandelings-
groepen ingedeeld wambij de pancreas-carcinogenese 6T gestimuleerd, 6f geremd werd
door de volgende behandelingen: A) een normaal laag-vet dieet {controle groep), B) een
laag-ver dieet en stimulatic van de groei van pancreastumoren met behulp van caeruleine
(zen analoog van het darm-hormoon cholecystokining), C) remming van de pancreas
carcinogenese, door de ratten een dieet met cen verlaagde calorische waarde tc geven,
Fen extra centrole groep, bestaande uit ratlen die niet met het carcinogeen azaserine
peinjecteerd werden, werd toegevoepd. Uil deze experimenten bieek cen afname van
zowel EGEF als TGF-o in de prencoplastische acinaire cel-lesies en in de acinaire
fwmoten. Korl na het toedienen van het carcinogeen azaserine, was er wel cen loename
van TGF-o en een afname van BGF te detecteren. Dit bleek plaats te vinden in de
histologisch nog normale acinaire cellen. Ondanks dat caeruleine een  significanie
toename en calorische beperking een duidelijke afname van het aantal acinaire cel-lesies
veroorzaakien, hadden deze behandelingen geen effect op de expressic van EGEF of
TGT-a in de ratte-pancreas, Uil deze resultaten werd geconcludeerd, dat vooral TGF-a,
vioeg in de acinaire pancreas carcinogenese een cel-deling stimulerende rol zou kunnen
vervullen. Vooral omdat we uit resultaten van de experimenten beschreven in hoofdstuk
vier weten, dat de receptor voor TGF-o0 ook alleen maar op cen vroeg tijdstip in de
acinaire pancreag-carcinogenese ol expressic komi,

In heofdstuk zes, zijn weer vergelijkbare experimenten als in hoofdstuk vier en vijf
beschreven, maar nu in de BOP-behandelde hamsters, model voor de ductulaire pancreas
carcinogenese. Ook nu werd de pancreas carcinogenese gestimuleerd, of geremd. Omdat
het niet helemaal zeker was of caeruleine in BOP-behandelde hamsters de ductalaire
pancreas-carcinogenese wel zou stimuleren, werd er een groep toegevoegd die een vel-
rijk dieet (i.p.v. een normaal Jaag-vet dicet) te eten kreeg. De resultaten it deze proeven
toonden een overexpressic van TGF-¢ en EGFR aan in de ductulaire pancreastumoren in
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BOP-behandelde  hamsters. De expressic van EGF daarentegen, bleck nauwelijks te
veranderen, of zelfs wat af e nemen. Ook in dit proefdier-model hadden de
verschillende  pancreas carcinogenese  stimulerende  of remmende  behandelingen  geen
effect op de expressic van EGE, TGE-a of EGFR. De overexpressie van TGF-o met een
gelitktijdige aanwezigheid van BGFR in BOP-geinduceerde pancreastumoren sugpereert
een stimulerende funktic van deze grocifaktor op de cel-vermenigvuldiging in het
Carcinogenese proges.

Als een groeifaktor (b.v. TGIw) aan zijn receplor (b.v. EGFR) bindt, wordt
hierdoor een signsal aan de cel algegeven. DIl signasl wordl afgegeven door het
intraceltulaive deel van de receptor, via -vaak vele- cyloplasmatische eiwiiten, naar de
kerm van de cel. Het afgeven van het signaal door de groeifaklor-receptor naar de kern,
wordt signaal fransductie genoemd. In de kern zit al het erfelitke materiaal (het DNA)
van de cel in de chromosomen opgeslagen. et signaal van de grocifaktor receptor zorgt
er voor, dat hel juiste stukje (= het juiste gen) van een chromosoom op hel juiste
moment gebruikt wordt, zodal de juiste funktie in {of door) de cel uilgevoerd kan
worden (b.v. de cel gaat delen). De genen coderen namelijk voor bepaalde eiwitten, die
op hun beurt hun Tunktie in de cel weer vervullen, Bij het funkiioneren van een normale
cel zijn vele genen betrokken. Nu pebeurt het wel, dal er een verandering (= een
muiatie) i {de regulatic van) een gen optreedl, waardoor deze zich abnormaal gaat
gedragen. Soms leidt zo'n verandering ot het onfstaan van (umoren. Ien gen, dal na
Tactivatie” tol gevolg heeft dat er een tumor ontstaal, noemi men een oncogen, Als de
verandering nog niet heeflt plaatsgevonden, noemt men zo'n gen cen profo-oncogen. ¢-
Sre is zo'n proto-oncogen, dat betrokken lijkt te #ijn bij de signaal transduclic van
EGFR.

In hoofdstuk zeven wordt de betrokkenheid van c-sre bij de acinaire pancreas
carcinogenese In de azaserine-raf beschreven, ¢-Sre is cen eiwit, dat in het cytoplasma
van de cel voorkomt en daar cen bepaalde enzym-funklie vervull. Deze enzym-funktic
wordl de fwrasine kinase aktivitelt genoemd. Hel voert ¢ ver om dit in detail uit (e
legpen, maar van belang s, dat deze aktiviteil ecen belangrijke parameter is voor de
betrokkenheid van c-sre in de pancreas carcinogenese. In de prenecoplasiische acinaire
cel-lesies werd cen toename van het c-sre elwil en ook van c¢-sre {tyrosine kinase)
activiteil gedetecteerd, De meeste c-sre aktiviteit werd in het cel-skelet gevenden (net als
de mens heeft een cel ook cen soort “skelel’). In tumoren was c-sre echier niet meer
aanwezig, Uit deze resultaten blijkt dus betrokkenheid van c-sre, op een vroeg tijdstip in
het acinaire pancreas carcinogenese proces in de azaserine-rat. De lokalisatie van de
foegenomen c-sre akliviteit, suggereert belrokkenheid van c-sre bij de regulatic van de
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cel-architectuur {-vorm) gedurende het carcinogenese proces,

In de algemene discussie (hoofdstuk acht) is uit bovenstaande resultaten cen
hypothese gedestilleerd, waarin geopperd wordt, dat bij de pancreas-carcinogenese, TGF-
o door binding aan BGEFR, via c-src, wel cens inviced zou kunnen hebben op de
potentie van een kankercel om in ander weefsel door te dringen en zich uit te gaan

zaaten (le mefasiaseren).

Uit de in dit preefschrift  beschreven experimenten ziin de  volgende conclusies
] |
getrokken:

. Zowel geslachishormonen als groeifaktoren zijn betrokken bii hei ontstaan van
acinaire of ductulaire tumoren in de pancreas van, respecticvelijk, met azaserine-

behandelde ratlen, of mel BOP-behandelde hamsters.

2. Aminoglutethimide  is  niet  bruikbaar  voor de  behandeling  van  ductulaire
pancreaskanker.
3. Aminoglutethimide zou bruikbaar kunnen zijn als therapie tegen acinaire

pancreaskanker.
4. Sandostatine lijkt bruikbaar te zim voor de behandeling van pancreaskanker,

(e

Indien TGF-a, BGEF en EGFR cen rol spelen bij de ontwikkeling van pancreas-
tumoren bij de ral, dan zal dit op een vroeg (jdstip in het carcinogenese proces
Zijp: met name by de overgang van nermale acinaire cellen naar de pre-
neoplastische cel-lesies.

6. TGF-a zal via de LEGFR een paracrien of auwtocrien stimulerend effect op de
pancreas-carcinogenese in BOP-behandelde hamsters kunnen hebben.

7o TGF-o0 lijkt EGEF te vervangen in het carcinogenese proces, zowel bij met
azaserine-behandelde raiten als bij met BOP-behandelde hamsters.

8. Zowel bij mel azaserine-behandelde ratten als bij met BOP-behandelde hamsters,
zijn TGV-¢, EGE en EGFR hoogstwaarschijnlijk niet betrokken bij de modulering
van de panereas-carcinogenese, door cen vet-rijk dicet, een calorisch beperkt dices,
of door cacrulcine-injecties.

9. Met betrekking fot de expressic van groeifakforen is het hamster pancreas-
carcinogenese model beter vergelijkbaar met pancreaskanker bii de mens, dan het
ratte~-model.

10, Het proto-oncegen c-sic zou op oen vroeg lijdstip betrokken kunnen zijn bij de

pancreas-carcinogenese in azaserine-behandelde ratten,
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11, De organisatic van het cel-skelet gedurende de cel-vermeerdering, zou een funktic

van ¢-sre i de panereas-carcinogenese bij azaserine-behandelde ratten kunnen zin.

De algemene conclusie  kan  worden  petrokken, dat bij de foename van
pancreaskanker door b.ov. ecen velrijk dieet, of bij de afname van pancreaskanker door
b.v. een calorisch beperkl dicet, groeifaktoren hoogst waarschijnlijk geen prominente rol
spelen. Hel bestuderen van intra-celivlaire eiwitten zoals het proto-oncogen c-sre, lijkt
voor hel begrijpen van de mechanismen waarmee b.ov. hormonen en diéten de exocriene

pancreas carcinogenese moduleren, meer perspectief te bieden.
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Bij het proefschrift "Hormones and growth facters in experimental exocrine
pancreatic carcinogenesis”
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8)
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10}

12)

Zowel hormonen als grozifakioren zijn betrokken bij de ontwikkeling van kanker
aan de exocriene pancreas.

Hoewel zowel het hormoon cholecystokinine als bij voorbeeld een hoog-vet dieel
kan bijdragen aan het ontstaan van exocriene pancreastumoren, lijki dit niet te
worden gereguleerd via groeifaktoren (in ieder geval voor zover het EGF, TGF-q
en de EGFR betreft),

Voor het bestuderen van moleculair biologische mechanismen die ten grondslag
liggen aan het ontstaan van het ductulaire pancreascarcinoom in de mens, lijkt het
hamster-model  beter aan te sluiten dan het raite-model wvoor pancreas-
carcinogenese.

Naast cen al vaker gedemonstreerd inhiberend effect op de ontwikkeling van
colon- en borstkanker, zou de inname van vezelrijk voedsel cok wel eens

preventief kunnen werkenr op het ontstaan van pancreastumoren.

Al vroeg in het pancreascarcinogenese-proces lijkt TGF-a de rol van EGF over te
nemen,

Het is de vraag of de loegenomen economische welvaart in Japan door de ’ver-
westerlijking” opweegl tegen de daardoor eveneens toegenomen incidentie wvan

kanker 0.a. aan de pancreas.

D¢ te hoge bevolkingsdichtheid ligt ten grondslag aan alle sociale, c.q.
maatschappelijke complicaties in de hedendaagse samenleving,

Stetling 7 leidt er toe, dat het aantal kinderen dat door een (echt)paar van mijn
generatic  op de wercld wordt gezet, omgekeerd evenredig is met de

maatschappelijke betrokkenheid van dit stel.

Verdraagzaamheid legenover de onverdraagzamen is misschien de moeilijkste
taak die deze tijd van ons verlangt. {The world according to Garp. John Irving)

Naarmale er meer “boven-natuurlijke’ zaken wetenschappelijk verklaard kunnen
worden, zal het aantal religicus-gelovigen meer en meer afnemen,

In Nederland is de windhonden-rensport *humaner’ dan de paarden-rensport.

Motor-rijders zijn belere weggebruikers dan automobilisten.

Corjan Visser, 14 november 1995,






