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Chapter I

1.0 INTIìODUCTION

'l'his thcsis clcals with the lolc of hormoncs ancl growth lactors in cxocritre

¡tancrcatic carcinogcnesis (Irigurc 1.1). Ilccausc ol'tltc lalge utttllbcr ol'hot'tnoues ancl

glowth l'actors, it is viltually impossiblc to stucly all oi'them. Moreovcr, the experiments

clcscribecl, wcre uot pcllblnred in humans, but in two anirnal modcls lbr cxoclinc

¡tancreatio c¿ìucer, i.c. the azaserine-trcatcd rat (leading to acinar adcnocarciuomas) and

thc N-nitlosobis(2-oxopro¡ryl)aurine-treatcd hamster (lcacling to ductular aclcno-

carcinonras). In this chaptcr a sholt literaturc oveLvicw will be prcsented to explain the

sclcction to stucly ocrtain honuoncs and glowth lÌrctors ancl to sttpport the aiurs ol' this

1 hcsis.
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Figure l.l Exocrinc ancl cnclocline pancrcas, ll&E staining. I, islet of Langelhans (enclocrinc); A,

acinar cclls (exoclinc); at¡'oii4tcad ¡roint to dttctule (cxoclinc)

I.I BPIDIIMIOI,O(;Y AND E'TIOLOGY OF IIUMAN PANCREATIC

CANCEII

In most i¡clustrializccl Wcstern countrics pancrcatic cauccr is relativcly frequent

in comparison with non-inclustrializecl countries (l-3). hr the Unitecl Statcs ol'Atnerica

acle¡ocarci¡orna of'thc pancrcas is thc scconcl Ilrost collllì1ot1 gastrointestinal malignancy
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Inlroduction

and lras become the fifth leading cause of death due to cancer (1,2,4-6). In The

Netherlands pancreatic carrcer in males ranks third arnong gastrointestinal and fifth
a¡nong all cancer deaths, whereas in females it ranks third and sixth, respectively (3).

Tlte rnortality 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 ¡nonths (2,4,7,8). This poor prognosis is mainly due to the

lack of early syrnptoms. At the time of diagnosis rnost of the tumours have already

extensively rnetastasized.

The prognosis of pancreatic cancer may be improved by a better understanding

of its pathogenesis. However, epidemiological and toxicological studies have not

identified factors unequivocally increasing the risk for pancreatic cancer (2,7,9).

Nutrition seems to play an important role in the pathogenesis of pancreatic cancer,

because the disease is more frequent in countries with a diet rich in fat and protein (2,9).

For example, in Europe the incidence of pancreatic cancer is higher in North-Western

countries such as The Netherlands, Denmark and Gennany, than in the Southern

countries such as France, Italy ol Greece where calbohydrate-rich diets are common

(10). In Japan, westernization of the diet is accompanied by a rapid increase in the

incidence of pancreatic cancer (ll). Both sex-hormones and gastrointestinal hormones

are thought to play a role in the etiology 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 alcohol consumption and

panøeatitis. Although pancreatitis is thought to be a predisposing factor for pancreatic

cancer, no cleal association was found between alcohol consumption and the occurrence

of tunrours of the exocrine pancreas (12,13). A number of other factors have been

suggested to predispose for pancreatic cancer. Diabetes or impaired glucose tolerance

occurs in about 80% of patients with pancreatic cancer at the time of diagnosis (14).

Ilowever, recent evidence suggests that the impaired glucose 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 pancreatic cancer', it is believed that factors promoting the effects of environmental

carcinogens rnay play an important role in the pathogenesis of this tumour (16-18).
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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 et at. (20), have
classifred the various histological types of human pancreatic exocrine tumours according
to their presumed cell of origin and concluded that 89-95%o were of ductal or ductular
origin, while only l-4o/o were of acinar origin. The remaining l-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

evidence that pancreatic cancer arises from ducts or ductules. However, no conclusive
evidence is yet available for this suggestion.

It is known that 'spontaneous' pancreatic neoplasms apparently originating from
ductal or ductular epithelium are extremely rare in mammals, except man (21). In
contrast, tumours apparently arising from acinar cells occur in several species (22-24).
Interestingly, in rats prone to spontaneous acinar cell tumours, only this tumour 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

occurs spontaneously in this species (25). Acinar cell tumours in hamsters do neither
occur spontaneously, nor under experimental conditions (21).

I.3 ANIMAL MODELS OF PANCRDATIC CANCER

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

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 pancreatropic effect with a narrow tumour

spectrum in other organs (lungs, liver, gall bladder and kidneys). Pancreatic neoplasms

can be induced by weekly repeated subcutaneous injections of BOP in doses of l0
mg/kg body weight, as early as 8 weeks after the first BOP injection. After a single dose

of BOP (20 mg/kg body weight) hyperplastic changes are seen within 17 weeks

l0
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consisting of multifocal cystic ductular complexes, tubular ductular complexes and
intermediate ductular complexes. After a single dose of 20 mglkg body weight,
neoplastic lesions were found within l2 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 et al. (34,35).
Adenocarcinomas or poorly differentiated carcinomas developed in the pancreas of rats

that were repeatedly treated with azaserine, as early as I I months following initial
azaserine treatment. Two months following azaserine treatment, the earliest
manifestations are found. These local lesions have been described as atypical acinar cell
foci or nodules. The number and size of these nodules/foci increases with time. Wistar
and WLEW rats were highly responsive to nodule induction. Virtually all azaserine-

treated rats developed multiple cell 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 basophilic. The primary
basophilic foci do not show detectable 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). lt has been demonstrated that even administration of a single dose of
azaserine below the cytotoxic level induces a number of foci and nodules in the
pancreas of Vy'istar rats (43).

HISTOGENESIS 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 histogenesis 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 newly
formed endocrine cells (nesidioblastosis). Therefore, Pour ¿t al. (21,31) postulated that

1.4
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ductular and islet precursor cells are the origin of the pseudoductular lesions and, hence,

adenocarcinomas. More recently, the centroacinar cell (also a ductular cell type) has

been emphasized as such (44-46). Electron rnicroscopical examination of pancreatic

tùunours, induced in hamsters by nitrosarnines, has led to the conclusion that the tumours
arise from existing ducts without involvement of acinar cells (45,47,48). Other
investigatols, however, clainr that pancreatic adenocarcinomas in harnsters develop from
acinar cells by dedifferentiation (49-55).

In man, only a small percentage of tumouls, 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.
I-lowever, tltere is ultrastructural evidence of acinar cell characteristics in all human

pancreatic tulnours (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 diffelent for neoplasms of acinar cell

and ductal cell origin.

To collect rnore evidence about the cell type from which pancreatic

adenocarcinomas originate, we recently have performed a twelve-months study in both

hamsters and rats (59). In this study we placed osmotic pumps, that were subcutarreously

secreting bromide-deoxyuridine (BrdU), three days before autopsy. Autopsy was

performed on groups of rats and hamsters 2, 6, 12, 26 and 52 weeks after the last

injection with carcinogen (or saline, in control animals). BrdU is incorporated in the

DNA of dividing cells. Therefore, the irnmuno-histochemically determined BrdU
labelling index reflects the number of cell divisions in a certain tissue. In this study we

demonstrated that the pancreatic non-tumourous (centlo)acinar and ductular cells in

azaserine-treated rats did not show increased cell proliferation when compared with
coutrol rats. Ilowever, as expected, the acinar cells in the putative preneoplastic atypical

acinar cell foci demonstrated a significantly increased cell proliferation (Figure 1.2).

More surprising were the results in hamsters. Up to 26 weeks after the last BOP

injection, the non-tumourous acinar cells in these animals demonstrated significantly
iucreased labelling indices when compared to saline-tleated controls, whereas the non-

tumourous ductulal cells only demonstrated significantly increased labelling indices two

weeks after the last BOP-injection, but not at later time points.

t2
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Figure 1.2 Serial sections of the pancreas of an azaserine-treated rat: a. ll&E staining; b. BrdU
incorporation, haernatoxylin counterstaining. Note the extensive nuclear BrdU staining in the acidophilic
atypical acinar cell focus (AACF). A, acidophilic AACF; B, basophilic AACF; N, normal acinar cells.

Figure 1.3 Serial seclions of the pancreas of a BOP+reated hamster. a. I{&E staining; b. BrdU

incorpolation, haetnatoxylin counterstaining. Note the extensive nuclear BrdU staining in the tubular

dr¡ctular complex. N, norntal acinar cells; T, tubular ductular cornplex.

l3
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These results suggest that a role for the acinar cells in ductular pancreatic

carcinogenesis can not be excluded. As expected, in advanced tubular ductular

complexes (putative preneoplastic 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 putative 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

preneoplastic lesions with a high or a low growth potential, hence with a high or low
potential to develop into ultimate carcinomas.

It seems likely that factors that promote or inhibit progression of early stages of
calcinogenesis may be different in lesions originating from the two cell types. However,

no conclusive data are available on the role of precursor lesions in pancreatic

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 dietary fat or cigarette-smoke on

pancreatic carcinogenesis in both hamster and rat (60).

DIETARY MODULATION
CARCINOGENESIS

OF (EXPERIMENTAL) PANCREATIC

A high intake of dietary fat enhances azaserine-induced acinar cell adenomas and

carcinomas in rat pancreas (61-64,68) as well as pancreatic ductular adenocarcinomas

produced by N-nitrosobis(2-oxopropyl)amine in Syrian golden hamsters (65-69).

Moreover, an increased intake of corn oil promotes the development of both the

azaserine induced putative preneoplastic atypical acinar cell foci in rats (60-62) as well

as the early putative preneoplastic ductular lesions in the hamster model (60). Therefore,

these animal models create an unique opportunity to study the mechanism by which

dietary fat enl'rances pancreatic carcinogenesis.

1.5
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1.6 HORMONES

There are data indicating a possible role of cholecystokinin (CCK), a hormone
produced in the gut, in the pathogenesis of pancreatic 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 to 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, which cause CCK release in
rats, have been shown to promote carcinogenesis in the azaserine-rat model (73-75).
Exogeneously administered caerulein (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
this 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 to the cancer
cells (83). In addition, some hormones secreted by the hypothalamus have been
identified in pancreatic tissue. Moreover, high activities of sex steroid biosynthetic
enzymes have been measured in pancreatic tumours (84,85). The findings in these

reports suggest that sex steroids are involved in the physiology of foetal, adult and
malignant pancreatic tissue. In general, most studies are pointing to a protective effect of
oestrogen in men.

Studies have been performed in animal models to investigate the effects of sex
hormones on pancreatic carcinogenesis. Although there are some conflicting reports,
generally in azaserine-treated rats, testosterone is found to promote and oestrogen to
inhibit tumour growth (86-88). In contrast, in Bop-treated hamsters, oestrogen is
thought to promote and testosterone to inhibit (S9-91). 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
somatostatin. 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 tissues. In the pancreas, somatostatin inhibits secretion of protein and
bicarbonate (93). Inhibitory effects of somatostatin on endocrine pancreatic tumours
have been reported (94), but specific somatostatin receptors could not be detected in

15
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hurnan exocrine pancreatic tumours (95) or in human pancreatic cancer cell lines (96).

Experimental studies are not conclusive in reporting inhibition of pancreatic

carcinogenesis due to somatostatin treatment (97, 98). However, Klijn (99) reported that

most pancreas cancer patients experienced a subjective improvement due to a reduction

of side-effects after treatment with the somatostatin-analogue Sandostatin. Therefore, it

has been hypothesized that somatostatin might exert its effects by suppressing the

secretion and/or action of gastrointestinal hormones such as cholecystokinin, secretin and

gastrin (100). Recent studies in animal models for exocrine pancreatic cancer are

suggesting that a combined treatment with testosterone inhibitors and somatostatin might

be oftherapeutic value for exocrine pancreatic tumours (101,102).

1.7 GROWTH FACTORS

A growing body of evidence points to 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 affìnity to specific target cell surface receptors, that

are, in turn, coupled to intracellular pathways of signal transduction.

Although chapters 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 chapters 2 and 3 of this

thesis: hormones. Apart frorn their distinct biological function, some hormones also

stimulate growth. The most apparent difference from 'real' growth factors is their way

of targeting cells. Florrnones typically are secreted into the blood-flow by endocrine

organs. The blood-flow brings the horrnones to their target organs, where they stimulate

specific cell-membrane or nuclear-membrane bound receptors. In contrast, growth

factors mostly act on the peptide producing cell itself (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 also in an

endocrine fashion (104); IGF-I and IGF-II are present in the circulation and can be

readily detected in plasma.

16
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Endocrine Paracrine Autocrine

Figure 1.4 a. Endocrine stimulation; b. paracrine stimulation; c, autocrine stimu,lation (J.K. Heath, 1ø:
C¡owth Factors. D' Rickwood (Ed.), In Focus Series, 1993; by permission of Oxford University press).

Another group of growth stimulating factors, are the small bioregulatory peptides
such as bombesin, neuropeptide Y, or endothelin, indicating that growth regulation of
cells is not a property preserved to a small set of molecules, but rather a complicated
process that is the result of interactions between many different molecules with many
different cell types. Furthermore, there is a specifrc group of agents involved in
proliferative activities in the haematopoietic system (105). Haematopoiesis 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 therefore 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 ¿n

extenso in this thesis, are the so called interleukins (cytokines). These peptides were
originally found to play a role in the signalling between leucocytes and between
leucocytes and other cells; they are involved in immunological processes. Especially in
the hamster model for ductular pancreatic carcinogenesis, large lymphocytic infrltrates

0 o
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Chøpter I

can be observed around (pre)neoplastic lesions. Therefore, although not studied in the

experiments described in this thesis, a role for interleukins 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 to complex and hierarchical control

involving multiple growth factor species with restricted target-cell specifìcities. The

broad ranging activities of many growth factors may be tightly constrained by control of
their dissemination, availability, and delivery to responding cells (106).

Growth factors ir, the strict sense of the word involve also numerous different

proteins. Based on their molecular structure and on their function, they can be

categorized into five main families; the Epidermal Growth Factor family (up to 9 family

rrrembers; a.o. EGF and TGF-cr), the Platelet-Derived Growth Factor family (PDGF-AA,

PDGF-AB and PDGF-BB), the Fibroblast Growth Factor family (a.o. basic FGF, acidic

FGF), the Insulin-like Growth Factor Family (lGF-l and IGF-II) and the Transforming

Growth Factor-ß family (a.o. TGF-ßI, -ß2, and -ß3).

The factors that regulate pancreatic cancer cell proliferation are not clearly

clefined. Chester et al. (107) injected EGF subcutaneously in Syrian hamsters together

rvith weekly injections of the carcinogen BOP during 10 weeks, and observed almost a

cloubling in the incidence of pancreatic ductular adenocarcinomas compared to hatnsters

injected with BOP only. These results point to a cocarcitrogenic effect of EGF in the

BOP-hamster model but a promoting effect of EGF could not be excluded. PANC-I and

MIA PaCa-2 human pancreatic cancer cell lines have receptors for EGF (108-ll0). EGF

stimulates the growth of MIA PaCa-2 pancreatic cancer cells in culture and may act as

autocrine growth factor (109). It has also been found that panøeatic cancer cells express

transforming growth factor-alpha (TGF-cu 111-ll3). Korc (lll) determined that certain

pancreatic carcinolna cells produce transforming growth factor-beta (TGF-ß), anotlìer

gr.owth factor that does not bind to the EGF receptor but to its own distinct receptors.

They also found that TGF-ß inhibits the proliferation of some palÌcreatic cancer cell

lines.

Apart from EGF and TGF-cr, and -ß, Mössner et al. (ll4) found that insulin-like

growth factors (lGF-l and -ll) had weak promoting effects on the growth of AR42J

cells, a cell line that is derived from a transplantable acinar pancreatic tumour from a

rat, but the role of these growth factors in the growth of normal exocrine pancreas or in

the development of tumours of the exocrine pancreas is still unknown. Regulatory

molecules with a distinct chernical structure generally act on distinct receptors because

the receptor is specifìc for a unique part of the regulatory molecule. Regulatory

18



Introduction

molecules such as cholecystokinin (ccK), somatostatin, gastrin, IGF, EGF, TGF-a or -
ß, may act on unique receptors, related receptors, or identical receptors and this
distinction 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 (EGF), the transforming gr.owth factor-a (TGF-a) and their
mutual receptor, the epidermal growth factor receptor (EGFR). The reason for this
selection is that at the time the work underlying this thesis started, only this growth
factor/receptor system was thought to play a significant role in pancreatic carcinogenesis
in humans. Apalt from that, there was also a more practical reason to concentrate on
EGF, TGF-a 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 functioning of EGFR.
Therefore, EGF and TGF-a will be described in more detail.

EGF and TGF-cr are two closely related, highly conserved growth factors of the
EGF-family sharing 33-40% homology. Both growth factors are made as a much larger
amino-acid transmembrane precursor and the mature proteins are cleaved from the
precursor by specific proteases (ll5).

EGF was the fìrst growth factor isolated in pure form. When newborn mice were
injected with homogenates of mouse submaxillary gland, accelerated maturation of
various epithelia and premature eyelid opening could be observed. Especially
submaxillary glands from male mice were found to be an extremely rich source of 6kDa
polypeptide EGF, making this growth factor rather easy to isolate (in contrast to most
other growtlt factors). Upon sequence analysis, the molecule urogastrone (isolated from
the urine of pregnant women) appeared to be the human homologue of the murine EGF
(l 16). Both EGF and urogastrone appeared to act as a mitogen on a wide variety of
epithelial cells and also on 3T3 fibroblasts (ll7). EGF expression is restricted to a srnall
number of organs, such as the submaxillary glands, the kidneys, and the Brunner,s
glands in the duodenurn.

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 to EGF expression of these cells themselves. In that way, these
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cells were able to stimulate their own proliferation, independent from exocrine factors

(autocrine stimulation; Figure 1.4). An EGF-like bioactivity was found in rnedia

conditioned by MSV-infected cells wltich proved, upou purification, to be an EGF-

related growth factor, later called TGF-c¿. TGF-cr is a 6kDa polypeptide that acts as a

potent mitogen for many epithelial and mesenchymal cells. Not only the mature TGF-a

peptide, but also the membrane-bound TGF-o precursor is found to have bioactivity. In

contrast to EGF, TGF-a is expressed in a wide variety of different fetal and adult tissues

as well as in many tulnours.

The discovery of TGF-cr demonstrates three things. Firstly, EGF is not a unique

entity, but rather a member of a large family of structurally and functionally closely

related molecules. Secondly, EGF-like molecules are present in far lnore organs than the

submaxillary glands only. Thirdly, the discovery of mernbrane-bound bioactive precursor

molecules demonstrates a mechanism by which the action of growth factors could be

lrighly restricted to autocrine or paracrine modes of action in vivo (106).

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 cell membrane,

with an extracellular ligand binding domain, a small hydrophobic transmembrane regiou,

a¡d arÌ intracellular domain with signal transduction activity. There are other

localizations for receptors. For example, the oestrogen receptor is located on the nuclear

rnembrane. However, in this thesis we will focus on the first type of transmembrane

receptors, snch as the Epidermal Growth Factor Receptor (EGFR) and the

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 activity (e.g.

EGF receptors), those with serine-threonine kinase activity (e.g. TGF-ß receptors), those

with G-protein binding capacity (e.g. CCK receptors, bombesin receptors), and the

cytokine superfamily of receptors (e.g. GM-CSF receptors).

It has been found that cultured human pancreatic carcinoma cells overexpress the

epidermal growth factor receptor (EGFR; l1l,l18). Although several observations

strggest that overexpression of the EGFR is an important oncogenic stimulus in vivo, the

rnechanisrn(s) causing this overexpression, which lesults in enhanced growth of human

pancreatic cancer cells, is not understood. Moreover, it still has to be elucidated how

increased EGFR signalling causes ot'tcogenic transfol'tnation.
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The transfer of a phosphate group onto a protein (phosphorylation) is mediated
by enzyrnes called kinases. Phosphorylation and dephosphorylation of proteins are
thought to be the key-processes occurring in cells to activate or deactivate proteins
respectively, in order to transduce signals from extracellular receptors towards the genes
in the nucleus. The intracellular part of the EGFR contains 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 intracellular
receptol domain makes interaction with small cytoplasmic peptides possible, resulting in
an cytoplasmic cascade of phosphorylation events on (amongst others) the following
sttbsequeut peptides: Grb2-Sos-ras-raf-MAPKK-MAPK. The latter peptide migrates into
tlte nucleus where it phosphorylates transcription factors such as fos and jun. These
transcription factors regulate DNA transcription leading to differentiation and

¡rroliferation.

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

c-Src is the cellular homologue of the Rous sal'coma virus transforming protein
v-src. It was the first human protein known to have protein tyrosine kinase (pTK)
activity. Iltcrease itt c-src PTK-activity has been repolted in a number of tumours,
irrcluding tumours of the bleast (125,126), the bladder (r27), rhe head and neck, the
colon (124,128) and neuroblastomas ( 129, 1 30).

In sevelal recent studies, oude-weernink et al. (131,r32) demonstrated
stimulation of the proto-oncogene c-src tyrosine kinase activity and overexpression on
protein level after stimulation of various cancer cell lines with EGF or pDGF. From
these studies and from those of other investigators, it was concluded that c-src might be

involved in EGFR signalling.

In hurnan paucreatic carcinogenesis little is known about the involvement of
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cytoplasmic 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 pancreatic 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-src PTK-activity in particular, is involved in (the

modulation of) pancreatic carcinogenesis.

1.9 AIM OF THE THESIS

The general aim of the investigations described in this thesis is to obtain more

insight into the role of growth factors and hormones that are involved in pancreatic

carcinogenesis, which includes the development of putative preneoplastic pancreatic cell

lesions and ultirnately, pancreatic adenocarcinomas. Further goals are to study the

possibilities to modulate some of these factors thought to be involved in pancreatic cell

proliferation, and to get rnore insight into the differences in the histogenesis of ductular

and acinar pancreatic adenocarcinomas.

Using azaserine-treated rats (model for acinar adenocarcinomas) and ¡/-
nitrosobis(2-oxopropyl)amine (BOP)-treated hamsters (model for ductular

adenocarcinolnas), the following questions are addressed in this thesis in order to meet

these aims:

I ) Does modulation of tcstostcrone 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 testosterone

ilìto oestrogen by the enzyrne aromatase was a confounding factor in these studies.

Therefore, in chapter two of this thesis, a twelve-months study is presented in which the

effects of the aromatase inhibitor aminoglutethimide on exocrine pancreatic

carcinogenesis induced in rats and hamsters, was investigated.

2) Is it possible to enhance the inhibitory effects of somatostatin on

experimcntal pancreatic carcinogenesis by surgical castration?

Not only 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 nrontlts) study using the sornatostatin analogue Sandostatin, growth of
putative pleneoplastic lesions was inhibited in hanrsters, but not in rats. It was
hypothesized, that more pronounced Sandostatin effects might be found in more
advanced patrcreatic lesions such as adenocarcino¡nas. This hypothesis was tested i¡ a
long-term (twelve rnonths) study, using Sandostatin alone, and in combination with
surgical castratiott, in azaserine-treated rats and BOP-treated hamsters (chapter three).

3) Are growth factors and/or their receptors involved in experimental
pancreatic carcinogenesis?

In order to irtvestigate whether growth factors and/or their receptors are differentially
expressed either in normal, preneoplastic or neoplastic stages of pancreatic
carcinogenesis, epiderrnal growth factor (EGF), transforming growth factor-cr (TGF-cr)
and epidemral growth factor receptor (EGFR) were studied in pancreatic tissues obtained
flom short- and long-term studies with azaserine-treated rats and BOP-treated hamsters.
mRNA and protein expression and localization were detennined using Northern blotting,
serni-quantitative PCR, immunohistochemistry and in-situ hybridization (chapters four,
lìve and six).

4) Are growth factors and/or their receptors involved in the modulation of
experimental pancreatic carcinogenesis by hormones or dietary factors?

Enhancing or inhibitory effects on pancreatic carcinogenesis might be the result of
multiple mechanisms involving growth factors. In this thesis, studies aimed to elucidate
the role of EGF, TGF-cr 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 receptors was studied
in azaset'ine-treated rats and BOP{reated hamsters, maintained on a standard low-fat
cliet, a high-fat diet, a caloric restricted diet, or injected with the cholecystokinin-
analogue caerulein.

5) Is the proto-oncogene c-src 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 intracellular processes, ultimately
resulting in modulation of several cellular processes, such as: motility, adhesion,
differentiation and proliferation. In recent ín-vitro experiments, the involveme¡t of the
proto-oncogene c-src in these EGFR-induced processes has been suggested. Therefore, a

study has been performed to investigate whether c-src is also involved in pancreatic
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carcinogenesis (chapter seven). In pancreata collected from azaserine-treated rats c-src

expression and protein tyrosine kinase activity were investigated using

immunohistochemistry, an immune-complex tyrosine kinase assay and a tyrosine kinase

ELISA.
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Chapter 2

2.1 ABSTRACT

The present l2-month study was carried out to investigate the effccts of the

aromatase inhibitor aminoglutethimide, alone and in combination with orchiectomy'

on pancrcatic carcinogenesis in azaserine-trcatetl rats and N-nitrosobis(2-

oxopropyl)aminc-treated hamsters. Treatment of the animals started four months

after the last injection lvith the carcinogen. They were surgically castrated and/or

treated with aminoglutethimide. Aminoglutethimide-treated rats developed less

pancreatic tumours in comparison with untrcated controls. Multiplicity of
(pre)neoplastic acinar lesions rvas lorver in orchiectomized rats in comparison rvith

intact rats. Inhibition of pancreatic carcinogenesis rvas most pronounced in rats

both orchicctornizcd and treated rvith aminoglutcthimide. These effects tvere

statistically significant after eight, but not after four months of treatment.

In hamsters, aminoglutethimide demonstratcd an enhancing rather than an

inhibitory cffect on thc formation of ductular pancreatic tumours. Castration did

not show any effect on the development of N-nitrosobis(2-oxopropyl)amine-induccd

ductular lesions in thc pancreas, neither alone, nor in combination with

:rminoglutethimide.

The present findings <Icmonstrate that aminoglutcthimide, alone antl in

combination rvith surgical castration, might be of thcrapeutic valuc for treatmcnt of

pancreatic acinar tumours, rvhereas the usefulness of aminoglutethimide for

treatmcnt of ductular adenocarcinomas of the pancreas is rather doubtful.

2.2 INTRODUCTION

In most countries, the age-adjusted incidence of pancreatic cancer is higher in men

tha¡ in women (I).Apalt from cigarette smokiug, hormonal factors have been

implicated as an irnportant factor responsible for this difference. Intracellular receptors

for oestrogen and androgen have been demonstratecl iu pancreatic cells (2,3). Moreover,

in comparison with patierlts showing gastrointestinal tumours other tltan those of the

pancreas ancl with patients without malignancies, paucreatic cancer patients exhibited

significantly lower testosterone seruln levels, which have been ascribed to interaction of

testosterone with specific receptors on pancreatic tumour cells (4). Furthermore,

signifìcantly higher activities of aromatase and 5cr,-reductase have been found in

pancreatic tumours in comparison with normal pancreas (5).
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In azaserine-treated rats, atypical acinar cell lesio¡rs developed faster in male than
in fernale animals (6-8). Furthermore, castration, ovariectomy and oestradiol- and
testosterone-treatment have been shown to modulate number and growth of carcinogen-
induced putative preneoplastic foci in the pancreas of rats treated with azaserine
(6,7,9,10).

In BOP-treated hantsters, it was demonstrated that females developed more
pancreatic tumoul's than male animals did (l l). Furthermore, N-nitrosobis(2-
oxopropyl)amine (BOP)-induced pancreatic adenocarcinoma cells (H2T) tra¡splanted i¡
hanrster cheek pouches developed faster in females and castrated males than in
ovariectomized females and intact males, respectively. In N-nitroso(2-hydroxypropyl)(2-
oxopropyl)amine (IìPOP)-treated hamsters, incidence, tumour multiplicity, and size were
generally greatel'in female as compared to male hamsters (12). In contrast, other
investigators who used BOP-treated hamsters found that surgical castration or LH-RI-1-
tt'eatment (chemical castration) inhibited glowth but not incidence of ductular
adenocarcinomas (9, I 3).

Although the aforetnentioned observations are rather inconsistent, it has been
suggested tllat agents known to interfere with steroid metabolism may be of therapeutic
value for the tt'eatment of parrcreatic cancer. Since testosterorle may act directly via the
audrogen receptor or indirectly via the oestrogen receptor after being metabolized to
oestrogen by the enzyme aromatase, the rnechanism by which orchiectomy may inhibit
pancreatic carcinogenesis is ultknown.

Apart from an effect on metabolism of cholesterol to pregnenolone (14,15),
aminoglutethimide (AGT) is a well knowrr arornatase inhibitor. Aromatase inhibitors
have been found to induce regression of hormone-dependent breast tunours in rats (16)
and humans (17). An inhibitory effect of AGT on human pancreatic adenocarcinomas
has not been dernonstrated (18). In a previously performed short-term study with
azaserine-treated rats and BOP-treated hamsters, AGT, neither alone nor in combination
with orchiectorny, inhibited the development of putative preneoplastic acinar or ductular
pancreatic lesions, respectively (9).

In the present study, the long-term effects of AGT-treatment were investigated,
either alone or in combination with surgical castration, on the development of pancreatic
tun'roul's induced in rats and hamsters by azaserine ancl BoP, respectively.
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2.3 MATERIALS AND METHODS

Two hundred and twenty male weanling SPF albino Wistar Bor rats (WISW; Cpb)

were obtained at 18 days of age from F. Winkelmann, FRG. All rats were injected

intraperitoneally four times with 30 mg azaserine/kg body weight at 19,26,33 and 103

clays of age. One hundred and sixty male Syrian golden hamsters, 4-5 weeks of age,

obtained from Charles River Wiga (Sulzfeld; FRG) were injected s.c. once weekly with

20 rng BOP/kg body weight at 6, 7 ¿ nd 8 weeks of age according to an injection

protocol described previously (19). BOP (Ash Stevens, It.tc., 5861 John C. Lodge

Freeway, Detroit, MI 48202) and azaserine (Calbiochem-Behring Corp., LaJolla, CA)

were dissolved freshly in 09%o NaCl solution. Rats were kept in stainless steel cages,

fitted with wi¡e-mesl'r floors and fronts, the hamsters in macrolon cages on softwood

bedding. All ani¡rals 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

cornpounded from natural feed ingredients. The percentage composition of the diet has

Seen described previously (20). The animals were allocated to five different groups by a

cornputerized ranclomization pt'ocedure. Four groups (A up to D) consisted of 50 or 35

a¡imals (rats and hamstels respectively), whereas the fifth group (E), which was killed

four nronths after the injection of carcinogen and prior to the start of treatment,

consisted of 20 animals.

The animals were treated as follows: (A) saline (controls); (B) AGT (7xlwk, oral,2

mg in 0.5 ml/anirnal); (C) orchiectomy; and (D) AGT + orchiectomy. In order to mimic

the human situation, treatment started when pancreatic lesions were already present, i.e.

for¡r months after the last injection with the carcinogen.

Body weights were recorded weekly during the hrst three months, and once a

month dr.rring the lest of the experiment. The general condition and behaviour of the

animals were cltecked daily.

Autopsy of 20 rats and 20 harnsters (animals of group E) was performed four

ruronths after the last injection with carcinogen in order to establish the severity of the

pancreatic lesio¡s at the start of treatment. Interirn autopsy of 20 rats of each group (A

up to D) was perforrned four months after the start of the treatment-period. Terminal

autopsy was performed on both rats and hamsters after eight months of treatment (=

twelve mo¡ths after the last carcinogen injection). The animals were anaesthetized by

etlter, exsanguinated by cannulating the abdominal aorta, autopsied and then examined

for gross pathological changes. From each animal the pancreas, testes (if present), liver,

aclrenals and pituitary were excised, weighed and hxed in l0% buffered formalin' The
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pancl'eata were completely processed for microscopy by conventional rnethods, step
scctio¡red at 5 pru (about 5 per pancreas), stained with haematoxylin and eosin (H&E)
and examincd by light rnicroscopy.

Iu rat paucreas azaset'i¡re-induced atypical acinar cell nodules (AACN), acinar cell
aderrotnas, localizecl carcitromas (carcirrorna in-situ; CIS) and invasive carcinomas were
identilÌed and classifìed according to the criteria of Longnecker (20). The area of the
nodule transectiolls was determined using a grid inside the ocular as described
lrreviously (21). In the hamster pancreas, major attention was paid to tubular ductal
complexes sltowing clysplasia or anaplastic changes, desmoplasia and/or inflammation,
with or without apoptosis, suggestive for progression to malignancy. Tubular ductal
cotnplexes exhibiting otle or tnore of these characteristics were classified as 'borderline
lesions' (22). The carciuotnas were identifiecl arrcl classified according to pour et ctl.
(23). Carcinomas showiug no invasion in the surrouncling tissues were classified as
carcinomas in-silu.

Body and organ weight data were statistically evaluated by two-way a¡alysis of
variance with initial body weight as covariable. The incidence of lesions was statistically
evaluated by the Pearsorr chi-square test, whereas the number of lesions was statistically
evaluated by a log linear model with a Poisson distribution. The relevant sources of
variation were: treatltteltt with AGT, sulgical castration, combination of surgical
castration aud treatutent with AGT, and their interaction.

2.4 RESULTS

Bocly weiqhts

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 orchiectomizæd rats the reduced body weight gain was accompanied by a
lowel food intake (Figure 2.2). Orchiectomized hamsters treated with AGT showed a
slight but not significant decrease in body weight gain in comparison with intact
han'sters (Table 2.1). This effect may, at least partly, be ascribed to the surgical
castration perforrned on day 120, which resulted in a decrease in body weight with the
weight of the testes.
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Figure 2.1
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Orsan weishts

In castrated rats, absolute but not relative pancteas weight had signifìcantly

(P<0.01) decreased, independent of treatment with AGT (Tables 2.1 and 2.2). In

castrated hamsters, on the contrary, relative but not absolute 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 orchiectomized hamsters not treated

with AGT, rvhereas absolute and relative liver weight had significantly (P<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 rnonths after the last injection with azaserine (ust before start of
treattnent) exhibited a large nulnber of AACN in the pancreas with a transection area
less than 0.5 mtn2, but no lesions were present in the larger size-categories (not show¡).
During treatment, l't.tost rats developed AACN with a transection area over 0.5 mrn2.
Moreover, some rats developed pancreatic adenornas and carcinomas (Table 2.3).
Orchiectomy caused a significant decrease in the number of both AACN and acinar
adenocarciuomas after eight months (Table 2.3). AGT-treatment for eight months
caused a significant decrease in the number of nodules with a transection area between
0.5 and 1.0 mm2 (P<0.01), as well as in the number of nodules with a transection area
larger than 1.0 mm2, tl're number of carcinomas in-situ and in the total number of
carcinomas (P<0.05; Table 2.3). The lowest numbers of pancreatic acinar lesions were
found in orchiectornized rats treated with AGT for 8 months (Table 2.3). When the
AGT-treated or orcl.riectomized groups were combined, the number of carcinoma-bearing
l'ats was significantly lower (P<0.05) after eight months of treatment, in comparison
rvith the gl'oups not treated with AGT, or not orchiectomized, respectively (Table 2.4).
Control hamsters autopsied after the eight months treatment-period showed a significa¡t
iucrease in multiplicity of borderline lesions (P<0.001) and adenocarcinomas (p<0.01) in
comparisotl with those observed in hamsters autopsied four months after the last
injection with BoP (:0, just before treatment; Table 2.5). Moreover, the number of
tutnour-bearing animals had significantly (P<0.05) increased in controls killed after eight
months treattnent in comparison with those killed just before treatment (t=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"

s
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Treatment Body weight

at autopsy (g)

Absolute organ weights (g)

Pancreas Testes Pituitary Adrenals Liver

Control

AGT

Castration

AGT + castration

Control

AGT

Castration

AGT + castration

27 460.7 ! 10.9 1.40 r 0.05 3.55 r 0.06 0.014 + 0.000

30 452.0 t 7.8 1.29 ! 0.04 3.60 r 0.05 0.014 r 0.000

24 3'73.7 t 6.9" Ll4 r 0.04" - 0.018 r 0.001"

24 369.8 r 6.4" 1.12 I 0.04" - 0.016 r 0.001'

0.007 r 0.000

0.007 r 0.000

0.009 r 0.001"

0.009 r 0.000"

0.054 r 0.002

0.055 I 0.002

0.047 r 0.002

0.048 I 0.00t

0.024 r 0.00r

0.023 r 0.001

0.019 r 0.001

0.022 ! 0.002

13.0t 1 0.37

12.52 ! 0.28

9.33 t 0.25"

9.15 t 0.24"

8.19 + 0.56

8.68 r 0.42

t0.79 r 1.33

9.01 r 0.57

Hamster

27 148.0 I 3.6 0.517 1 0.030 2.67 ! 0.14

25 155.0 r 3.2 0.554 r 0.025 2.85 + 0.08

16 135.6 1 3.9' 0.603 r 0.033

2t 142.6 t 3.4 0.626 ! 0.044

"Values a¡e means f SEM.

Statistics: Two-way analysis of variance (two+ailed) compared to controls: 'P<0.05; "P<0.01.



Table 2.2 Effects of the respective treatments on relative weight of different organsa
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Treatment N Relative organ weights (g/kg)

Pancreas Testes Pituitary Adrenals Liver

Rat

control 27 3-06!0.12 7.77x0.15 0.031 r0.00t 0.il8r0.005 28.3x0.7

AGT 30 2.8s + 0.07 8.01 r 0.16 0.030 r 0.001 0.124 r 0.005 27.7 t 0.5

castration 24 3.07 i 0.1I - 0.048 r 0.001" 0.128 r 0.007 zs.t + 0.7"

È AGT + castration 24 3.06 + 0.1I - 0.043 + 0.002" 0.129 r 0.005 24.9 t 0.7"

Hamster

control 27 3.43 ! 0.20 18.06 + 0.84 0.04 È 0.00 0.16 r 0.00 55.0 i 3.3

AGT 25 3.55 È 0.12 18.50 r 0.55 0.04 È 0.00 0.15 f 0.00 56.0 ! 2.5

castration 16 4.49 t 0.25" - 0.06 r 0.01" 0.14 I 0.01 78.0 r 8.3"

AGT + castration 21 4.43 t 0.26" - 0.02 r 0.00" 0.16 È 0.02 63.4 ! 3.8

"Values ¿¡re means t 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 (pre)neoplastic lesions in the exocrine pancreas of azaserine-treated

rats"

(Pre)neoplastic lesions

observed

Number of lesions after a treatment period of:

Four months Eight months

Conrrol AGT Castr. AGT +
castr.

Control AGT Castr. AGT +

castr.

Effective number of rats

Nodules (0.5 < TAb < 1.0 mm2)

Nodules (TA > 1.0 mm2)

Adenoma

Carcinoma in-situ

Microcarcinoma

Adenocarcinoma

Total carcinoma

r314 t3

I

0

0

0

0

0

0

t4

5

)

I

I

0

0

I

29

89

39

J

l7

5

4

26

30

54"

l6'

7

4'

4

4

t2'

26

27"

6"

4

)

l'

J

9"'

27

17"

7"

I

0"

l'
I

2"'

Þ
¡\) 4

I

I

0

0

0

0

5

0

0

2

0

0

2

"Values are totals per group; bTA: Transection area.

Statistics: log linear model with a Poisson distribution: 'P<0.05; "P<0.01; "'P<0.001.



Table 2.4 Effects of the respective treatments on incidence of (pre)neoplastic lesions in the exocrine pancreas of ¡zaserine-treated

ratsu

\
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ô
ô
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(Pre)neoplastic Iesions

observed

Incidence of lesions after a treatrnent period of:

Four months Eight months

Control AGT" Castr.d AGT +
castr."'d

Control AGT Castr AGT +

castr.

Effective number of rats

Number of carcinoma-bearing

rats

Nodules (0.5 < TAb < 1.0 mm2)

Nodules (TA > 1.0 mm2)

Adenoma

Carcinoma in-situ

Microcarcinoma

Adenocarcinoma

t4

0

l3
2

13

0

I

0

0

U

0

0

14

I

4

0

I

I

0

0

29

ll

6

4

I

4

4

J

27

2

6

5

1

0

I

I

26

6

30

8

è
b

3

0

I

0

0

0

4

0

0

2

0

0

4

4

4

2

2

4

5

2

2

2

I

3

"lncidences are based on scoring each animal once in the category ofthe most advanced lesion; bTA: Transection area.

Statistics: Pearson chi-square test.

"ln the AGT-treated groups the number of carcinoma-bearing animals had significantly decreased after eight months (P<0.05).
dln the castrated groups the number ofcarcinoma-bearing animals had significantly decreased after eight months (P<0.05).



Chapter 2

Table 2.5 Effects of the respective treatments on number of (pre)neoplastic lesions in the

exocrine parrcreas of BOP-treated l¡a¡nsters after 8 monthsô

(Pre)neoplastic lesions
observed

Nurnber of lesions

t=0 Control AGT Castr. AGT +
castr.

Effective number of hamsters

Borderline lesions

Carcinoma ir-sü¿r

Aderrocarci¡rorna

Total carcinoma

l7

9

2

2

4

27

8l

I

l3

t4

30

65

6l'

r8

24

23

66

I

I
9

28

66

3b

t0

l3

"Values are totals per group; uNumber of carcinomas irz-.r/¿¡ increased significantly in anirnals

treated with AGT cornpared to ani¡nals not treated with ACT (P<0.05).

Statistics: Log linear model with a Poisson distribution.

Table 2.6 Effects of the respective treatments on incidence of (prQneoplastic lesions in tlre
exocrine pancreas of BOP+reated harnsters after 8 months"

(Pre)neoplastic lesions
observed

Incidence of lesions

t=0 Control ACT Castr. ACT +
castr.

Effective number of lrarnsters

Numbel of tumour-bearing hamsters

Borderline lesions

Carcinoma ¡¡r-s¡7a

Adenocarcino¡na

nlnciderrces are based on scoring each animal once in the câtegory of the most advanced lesion.

Statistics: Pearson clri-square test; no statistically significant differences were observed,

I't 27 30 23 28

31217812

4l3ill4t3
tl2l3
2n1579
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In intact and orchiectomized hamsters, eight months AGT treatment caused a significant
(P<0.05) increase in the nurnber of carcinornas in-.titu as compared to controls (Table

2.5). This increase was accornpanied by a slight, but not significant, decrease in the

number of borderline lesions. Orchiectomy did not cause any effect on the development

of ductular tumours induced in the pancreas of hamstel's by BOP.

2.5 DISCUSSION

The lesults of the present study indicate that AGT-treatment has an inhibitory

effect on pancreatic carcinogenesis in azaserine-treated rats, provided the duration of
treatment is longer than four months. The number of acinar tumours was significantly

lower in orchiector¡ized rats in comparison with intact rats. Moreover, AGT treatment

enhanced the inhibitory effect of orchiectorny on the development of pancreatic tumours

in rats, but an interaction betrveen tlìese two treatments was not found, statistically.

Interestingly, in the BOP-hamster model, AGT-treatment caused an increase in

nrultiplicity of carcinomas in-situ, pointing to an enhancing rather than an inhibitory

effect on the forrnation of ductular pancreatic tumours, whereas castration did not have

significant effects in this animal model,

The present findings with AGT on pancreatic carcinogenesis in rats 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 no effect on

growth of early putative preneoplastic AACN when adrninistered for 4 rnonths (9). It
has been clernonstrated that oestrogen inhibits arrd testosterone promotes the

clevelopment of putative preneoplastic acinar lesions in lat pancreas (6-8,10). The

mechanism of action still rernains obscure; testosterone may have a direct stimulatory

ef'fect via androgen receptors, or an indirect inhibitory effect via the oestrogen receptor

aftel being metabolized by the enzyme al'omatase. The presently observed inhibitory

effect of AGT on pancreatic carcinogenesis in rats after eight months of treatrnent

cannot easily be explained. The inhibition of the enzyme arolnatase by AGT will result

in a diminished lnetabolization of testosterone into oestrogen. It seems justifiable to

assume that inhibition of this conversion may leacl to increased testosterone levels.

Llowever, this effect of AGT clid not seem to play an important role in the present study,

since an elevatecl testosterone concentration would have led to an enhancing rather than

an inhibitory effect on pancreatic carcinogenesis. It appeared, indeed, that the blood
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testosterone levels were not elevated in AGT-treated rats (3.5 ! 1.2 ¡rmol testosterone/L)

wlren conlpared to blood testosterone levels irr control rats (4.6 + 0.6 nrnol

tcstosterone/L). The presence of normal testosterone levels in AGT-treated animals most

probably can be ascribed to a feed-back mechanism through the pituitary gland.

The presently observed inhibitory effect of AGT on the development of advanced

pancreatic lesions is most probably related to an inhibitory action on the conversion of
cholesterol to pregnenolone, leading to a depletion of colticosteroids (13,14), rather than

to an inhibitory effect on aromatase activity. The results of a previously performed 4-

n.ronth study (9) with orchiectomized rats, however, indicated that the inhibitory effect

on growth of putative preneoplastic acinar lesions may be due to a significant decrease

in body weight gain of the orchiectolnized rats rather than to a decrease in plasma

tcstosterone concentration. The present finclings with the orchiectomized rats support the

hypothesis that testosterone does not seem to play an important role in the development

of pancreatic cancel'.

In the BOP-hamster model, AGT did not influence the development of ductular

¡rancreatic turì'¡ours except for an enhancing effect on the development of carcinomas ir-
.rllal, acconrpanied by a (non-significant) decrease in number of borderline-lesions,

pointing to a fàster development from borderline-lesions into carcinouras in AGT-treated

animals. This enhancing effect on pancreatic carcinogenesis in hamsters can hardly be

ascribed to an iuhibitoly effect of AGT on the rnetabolisrn of testostelone to oestrogen

by aromatase, since it has been found by other investigators that female hamsters treated

with BOP developed nrore pancreatic tumours than male hamsters do (12) and that

transplanted pancreatic ductal adenocarcinoma cells developed faster in female than in

rnale hamsters. These observations point to an enhancing rather than an inhibitory effect

of oestrogen on BOP-induced pancreatic carcinogenesis. Our observation that

orchiectomy did not influence the development of ductular tumours in the pancreas of
BOP-tleated harnsters, is in agreenrent with the findings in a previously performed 4-

rlonth str"rdy (9) suggesting that testosterone is not involved in pancreatic carcinogenesis

in hamsters. Castrated hamsters, sirnilar to rats, exhibited lower body weights. In

contrast to l'ats, however, in hamsters relative 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.

Basecl ou the observation that AGT inhibits pancreatic carcinogenesis in the

azaserine-r'at model (leading to acinar adenocarcinor.nas) but not in the BOP-harnster

model (leading to ductular adenocarcinon,as), it seems justifiable to conclude that AGT
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tnay have a therapeutic potential as far as acinar pancreatic adenocarcinomas aÍe
concerned, whereas the therapeutic potential of AGT for treatment of ductular
adenocarcinomas, which are most commonly found in hurnans, is rather doubtful.
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CHAPTER THREE

EFFECTS OF SANDOSTATIN, ALONE AND IN
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3.I ABSTRACT

Sandostatin, rvhen administered prophylactically, inhibited growth of putative

preneoplastic tluctular lesions induced in hamster pancreas by N-nitrosobis(2-

oxopropyl)aminc, but not of acinar lesions induced in rat pancreas by azaserine.

The present l2-month study was carried out to investigate the effects of

Sandostatin (3!.gl.Jay), alone and in combination rvith orchiectomy, on pancreatic

carcinogenesis in azaserinc-treated rats and N-nitrosobis(2-oxopropyl)amine-treated

hamsters. Treatment of the animals started four months after the last injection

rvith the carcinogcn. After treatment rvith Sandostatin for eight months rats

developcd fewer pancreatic atypical acinar cell nodules and tumours. Multiplicity

of (pre)neoplastic acinar lesions was also lowcr in orchicctomized rats in
comparison rvith intact rats. Sandostatin-treatment did not enhance the inhibitory

cffect of surgical castration on pancreatic carcinogenesis in rats.

In hamstcrs th¿rt lvere both orchiectomized and treated rvith Sandostatin, the

tlcvelopment of bordcrline lesions rvas significantly inhibited, rvhereas such an

cffect rvas not prcsent in hamsters that lvere either surgically castrated or treated

rvith San{ostatin alone. In Sandostatin-treated hamsters a significantly lorvcr

number of microcarcinomas was found in comparison with hamsters not treated

rvith Sandostatin.

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

human (mostly ductular) pancreatic tumours.

3,2 INTRODUCTION

Pancreatic cancer causes more deaths per year than most other rnalignant

neoplasms, except those of the colorectal region, the lungs and breast. Early diagnosis of
pancreatic cancer is diffìcult due to the lack of sylnptorns (l). The prognosis of patients

rvith pancreatic cancer is poor. Usually no appropriate therapy is possible at the tirne of

cliagnosis (2,3). Pancreatic tumours appear to contain a large nulnber of steroidal

receptors and euzymes iuvolved in steroid metabolism indicating possible hormone

clependency. Ilormonal therapy of pancreatic cancer might be promising sirtce it has no,

or only urinor side effects. Recent papers denronstrated that pancreatic carcinoger.resis

can be rnodulated by oestrogen and testosterone in botll azaserine-treated rats (4-9) and
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BOP-treated hamsters (9-16). Furthertnore, intracellular steroid receptors have been
determined in pancleatic cells (17-20).

Apart frorn sex ltot'mones, somatostatin is considered to be a growth modulati¡g
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 transplanted ductal pancreatic tumours (in hamsters) and acinar pancreatic
tunlours (in rats) after treatment with [L-5-Br-Trp8] somatostatin-14, but not after
treatment with cyclo(Pro-Phe-D-Trp-Lys-Thr-Phe) or somatostatin-28. Somatostatin rnay
inhibit glowth of hlttuan pancreatic cancers by supplessing the secretion and/or action of
gastrointestinal hot'trtones such as cholecystokinin, secretin and gastrin (22), or by
dcphosphorylation of an EGF-se¡rsitive receptor (23). More recently, however, Reubi e¡
al. (24) could not detect specific somatostatin-receptors in human exocrine pancreatic
carciuomas, but did find somatostatin-receptors in rat tlansplantable acinar tumours (CA
20948) and in huuran islet cell carcinomas (insulinomas). These fìndings support data
rvith the long acting somatostatin-analogue Sandostatin (SMS-201-995), which appeared
to be effective in eltdocrine tumours (25-27), but not in exocrine tumours. L)pp er al.
(28) found inhibition of growtlt and volume of two human pancreatic ductal
adenocarcinomas (SKI ancl CAV) transplanted in nucle mice by tr.eatrnent with
Sarrdostatin. In a follow-tlp study, Poston e/ al. (29), however, demonstr.ated that human
ductal partcleatic adenocarcinomas, transplanted in nr.rde rnice, do not all respond to
Sandostatin. Most patients with pancreatic cancer, however, experienced subjective
improvernent in the absence of serious side effects after sandostatin-therapy (30).

Zalatnai and Schally (12,13) reported inhibition of growth of experimentally
induced ductal adenocarcinontas in exocrine pancreas of male and female Syrian golden
hamsters af'ter treatnrent with the somatostatin-analogue RC-160. In these a¡imals
sulvival was prolonged, body weight had increased and histopathological changes
indicative for regression of the turnours were observecl. Furthermore, growth of a poorly
differentiated acinat' pancreas tumour (CA 20948) transplanted in rats could be inhibited
by the somatostatin-analogues Sandostatin and CGP15-425 (3 l). This inhibitory effect
rvas more pronounced when treatment was combirred with the LI{-RH analogues
Buserelin or Zoladex (chemical castration).

In a previotts short-term study (four months), we found that Sandostatin, when
administered prophylactically, inhibited growth of putative preneoplastic ductular lesions
induced in hanrster palÌcreas by BOP, but not of acinar lesions induced in rat pancreas
by azaserine (32). Moreover, it has been denronstlatecl 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 long-term study (12 months) with rats and hamsters was carried out in order to

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 arrd twenty male weanling (18 days of age) SPF albino Wistar rats

(WISW; Cpb), were obtained from F. Winkelmann, FRG. All rats were injected

irrtrapelitoneally four tirnes with 30 mg azaserine/kg bocly weight at 19,26,33 and 103

clays of age. One huudred and sixty male Syrian golden hamsters (obtained at 4-5 weeks

of age from Charles River Wiga; Sulzfeld; FRG) were injected s.c. otlce weekly with 20

mg BOP/kg body weight each at 5, 6 and 7 weeks of age according to an injection

protocol described previously (33). BOP (Ash Stevens, Inc., Detroit, MI) and azaserine

(Calbiochem-Behring Corp., LaJolla, CA) were dissolved freshly in 0.9%o NaCl solution.

Rats were kept in stainless steel cages, fitted with wire-mesh floors and fronts, the

hamsters in macrolon cages on softwood bedding. All animals were housed under

standa¡d labolatory conditions, five per cage, and fed the Institute's stock diet. The

lnstitute's basal diet is low in fat $%) and compoturded from natural feed ingredients.

The percentage coruposition of this diet has been described previously (34). The animals

wel.e allocated to five diffelent groups by a computerized randomization procedure. Four

groups (A up to D) consisted of 50 or' 35 ani¡nals (rats and hamsters, respectively),

rvhereas the fìfth group (group E), which was killed four months after the injection of
carcinogen and prior to the start of treatment, consisted of 20. At that time, the

¡emaining anirnals were treated as follows: (A) saline (controls); (B) Sandostatin

(osmotic mini pumps, 3 pglday); (C) surgical castration; and (D) Sandostatin + surgical

castratiou.

Osmotic mini purnps (2 ml, model 2ML4; ALZA Cotp., Palo Alto, CA) were filled

witlr 100 pg Sandostatin (SMS 201-995) dissolved in saline (final concentration 0.05

pg/pl). The pumps were placed s.c. in the scapular region and exchanged once every

rnonth. The purnping rate was 2.5 pl/hour, resulting in a delivery of 3 pg

Sandostatin/day. This dosage was chosen because it had highly significant antitumour

effects in pancreatic acinar tumours transplauted in rats (35).

Body weights were recorded weekly during the first three months, and once a

month during the rest of the experiment. Food 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 to severe spill by the animals. The general condition and behaviour of
the animals were checked daily.

Autopsy of 20 rats and 20 hamsters (animars of group E) was performed four
months after the last injection with carcinogen in order to establish the severity of the
pancreatic lesions at the start of treatment. Interim autopsy was performed on 20 rats of
each 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 fol gross pathological changes. From each animal the pancreas, testes (if
¡llesent), liver, adreuals and pituitary were excised, weighed and frxed in l0% buffered
formalin. The pancreata were completely processed for microscopy by conventional
methods, step sectioned at 5 pm (about 5 per pancreas), stained with haematoxylin and
eosin (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 traltsections was determined using a grid inside the ocular as described
previously (34). In hamster pancreas, major attention was paid to tubular ductal
complexes showing dysplasia or anaplastic changes, desmoplasia and/or inflammation,
rvith or without apoptosis, suggestive for progression to malignancy. Tubular ductal
complexes exhibiting one or more of these characteristics were classified as 'borderline
lesions' (37). The carcinomas were identihed and classified according to Pour and
Wilson (38). Carcinomas showing no invasion in the surrounding tissue were classified
as carcinomas in-sittt, if local invasion was observed, the lesion was classified as
(micro)carcinorna.

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

Bodv weights

In rats, body weight gain was significantly (P<0.01) inhibited in all treatment

groups (Figure 3.1, Table 3.1). The decrease in body weight was accompanied by a

significant reduction in food intake, particularly in orchiectomized rats, during almost

the whole treatment period (Figure 3.2). In hamsters, body weight of the treated animals

rvas lower than that of controls, but the difference leached the level of statistical

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

Organ weights

In rats treated with sandostatin, both alone and in combination with orchiectomy,

absolute but not relative pancreas and testes weights had significantly decleased (Tables

3.1 an{ 3.2). In orcltiectomized rats, absolute and relative pituitary weights increased

and absolute and relative liver weights decreased. Furthertnore, absolute but not relative

liver weight had decreased signifrcantly in Sandostatin-treated rats. None of the

treatments influenced adrenal weights.

Absolute and relative pancreas and pituitary weights had increased significantly in

orchiectornized hamsters (Tables 3.1 and 3.2). Sandostatin caused a significant iucrease

i¡ relative weights of the pancreas and adrenals (P<0.05). Relative liver weight had

increased significantly (P<0.01) in castrated hamsters not treated with Sandostatin.

Microscopy

Rats killed fbur months after the last injection of azaserine (ust before start of

tr.eatment) exhibitecl a large number of AACN in the pancreas with a transection area

less than 0.5 nrmz, but no lesions were present in the larger size-categories (not shown).

The total numbel of (pre)neoplastic acinar lesio¡rs increased signifìcantly in time in the

pancreas of all rats (Table 3.3). Rats treated witlt Sandostatin for eight months showed a

significantly (P<0.001) lower number of AACN with a transection area >1.0 mm2 in

comparison with rats not treated with Sandostatin, Moreover, the number of carcinomas

in-situ was signifrcantly (P<0.05) lower after eight months of treatment with Sandostatin

(Table 3.3). Eight months after treatment, orchiectomized rats exhibited a significantly

lower number of AACN with a transection area > 1.0 mm2 1P<0.001), carcinomas in-

.silr.r (P<0.05) aud microcarcinomas (P<0.05) in comparison with intact rats. Statistical

evaluation of the nurnber of AACN (0.5 mrn2 < transectio¡r area < 1.0 mm2) and the

total number of carcinomas revealed an antagonistic effect between surgical castration
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and Sandostatin-treatment: the inhibitory effect of Sandostatin alone and that of
orchiectomy alone on development of advanced pancreatic lesions was not present in the
group of orchiectomized rats treated with Sandostatin. No significant effects of the
respective treatments were noticed on the incidences of advanced pancreatic acinar
lesions (Table 3.4).

Figure 3.1
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Figure 3.3

Body weight hamsters (g)

150

100

50

o
100 200

Day (nominal number)

Treatmentr

- 
Saline + Castration ---r+ SDS -a- SDS + Castration

Four months after the last carcinogen injection (ust before treatment, t:0) all

lramsters showed srnall putative preneoplastic dr¡ctular lesions, 1l out of 20

demonstrated borderline lesions and one animal had developed a ductular

adenocarcinoma (not shown). After eight montlts of Sandostatin-treatment, 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 signifìcant interaction between orchiectomy and

Sandostatin-treatment. Orchiectomized hamsters treated with Sandostatin exhibited a

signihcant lower nurnber of borderline lesions (P<0.01) in comparison with non-treated

controls, whereas castration alone caused a significant iucrease (P<0.05) and

Sandostatin-treatment alone did not cause any significant effect on development of
borderline lesions, when tl're number of lesions was calculated per animal.

The number of tumour-bearing hamsters was not influenced by any of the

respective treatments (Table 3.6).
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Table 3.1 Effects of the respective treatments on body weight and absolute weight of different organs after 8 monthsu

V)
È

$
Þ

\
Þ
õ
dã
ã'
(ì
È
ô|\

Treatment N Body weight Absolute organ weights (g)

at autopsy (g) Pancreas Testes Pituitary Liver

Rat

control 27 460.7 !.10.9 1.40 È 0.05 3.55 r 0.06 0.014 r 0.000 13.01 a 0.37

sDSb 22 412.1 t 8.9" l.2l + 0.04' 3.32 I 0.08' 0.013 t 0.001 l t.ol r 0.24"

castration 24 373.7 t 6.9" l.l4 + 0.04" - 0.018 I 0.001" g.3i t o-25"

S SDS + castration 18 374.1 t 9.7" 1.07 t 0.03" - 0.016 r 0.001' 9.05 r 0.21"

Hamster

control 30 153.1 t 3.6 0.51I r 0.021 1.95 È 0.17 0.007 r 0.000 8.49 t 0.46

sDs 27 143.6 +. 3.4 0.574 t 0.021 0.87 r 0.15 0.006 r 0.000 8.34 r 0.34

Castration 26 141.0 È 3.0' 0.603 t 0.021' - 0.010 i 0.000" g.g4 x0.67

SDS + castration 24 143.9 x 2.9 0.681 r 0.035" - 0.008 r 0.000' g.z4 + o.s2

"Values are means å SEM; bSDS: Sandostatin.

Statistics: Two-way analysis of variance (two-tailed): 'P<0.05; "P<0.01.



Table 3.2 Effects of the respective treatments on relative weight of different organs after 8 months"

s
È!
(\

Treatment N Relative organ weights (g/kg)

Pancreas Testes Pituitary Liver

(,¡
ao

Control

SDSb

Castration

SDS + castration

Control

SDS

Castration

SDS + castration

Rat

27 3.06 r 0.12

22 2.94 r 0.08

24 3.07 È 0.1I

l8 2.90 L 0.14

Hamster

30 3.38 È 0.r3

27 4.04 i 0.18'

26 4.30 i 0.15"

24 4.88 r 0.28"

7.77 t 0.15

8.15 I 0.23

t2.65 ! 1.07

5.90 È 0.91

0.03r 1 0.001

0.032 + 0.001

0.048 È 0.001"

0.044 I 0.002"

0.05 r 0.00

0.04 È 0.00

0.07 r 0.00"

0.06 r 0.00"

28.3 t 0.7

26.8 + 0.6

25.1 x 0.7"

24.3 t 0.5"

55.4 !2.71

58.6 L 2.41

70.4 t 4.39"

64.3 t 3.48

Yalues are means t SEM; bSDS: Sandostatin.

Statistics: Two-way analysis of variance (two-tailed): 'P<0.05; "P<0.01.



Table 3.3 Effects of the respective treatments on number of (pre)neoplastic lesions in the exocrine pancreas of az¿serine-treated

rats"

V)è
\
Þ

îS
È
tì
(ì
Þ
c:(\

(Pre)neoplastic lesions

observed

Number of lesions after a treatment period of:

Four months Eight months

Control SDS|' Castr. SDS +

Castr.

Control SDS Castr. SDS +

Castr.

\o

Number of rats

Nodules (0.5 < TA" < 1.0 mmz)

Nodules (TA > 1.0 mmz)

Adenoma

Carcinoma in-silu

Microcarcinoma

Adenocarcinoma

Total carcinoma

t4

4

I

I

0

0

0

0

l4

6

ld

0

2

0

0

2

l3

1"

0"

0

0"

0"

0

0

l0

2

0d."

0

lc

0"

0

I

29

89

39

3

t7

5

4

26

25

18"

1ld

3d

2

0

)

26

27"

6"

4

5'

l"

3

9'

28

22"

3d'"

I

4ð'.

0"

5

9

"Values are totals per group; bSDS: Sandostatin; Castr.: surgical castration; "TA: Transection area.

Statistics: Iog linear model with a Poisson distribution:'P<0.05; "P<0.01 compared to controls.
dSignificant effect comparing SDS+reated animals with animals not treated with SDS.

'Signifìcant 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 (pre)neoplastic lesions in the exocrine pancreas of azaserine-treated

rats"

(PrQneoplastic lesions

observed

Incidence of lesions after a treatment period of:

Four months Eight months

Control SÐSb Castr. SDS +

Castr.

Control SDS Castr. SDS +

Castr.

2s 26 28

468
ll ll lt
457
321
32t
223
210
035

29

II

7

6

4

I

4

4

J

t4 14 13 l0
0201
l0ilt28
3tll
0000
1000
0201
0000
0000

Number of rats

Number of carcinoma-bearing rats

No (pre)neoplastic lesions

Nodules (0.5 < TA'< 1.0 mm)

Nodules (TA > 1.0 mm)

Adenoma

Carcinoma in-situ

Microcarcinoma

Adenocarcinoma

o\o

"Incidences are based on scoring each animal once in the category ofthe most advanced lesion;
bSDS: Sandosøtin; Castr.: surgical castration; cTA: Transection area.

Statistics: Pearson chi-square test.
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Table 3.5 Effects of the rcspective treatrnents on number of (pre)neoplastic lesions in the
exocrine pancrcas of BOP-treated ha¡nsters after eight monthso

(Pre)neoplastic lesions observed Nuurber of lesions

Control SDS|' Castr. SDS +
Castr.

Nurnber of hanrsters

Borderline lesions

Carcinoma l¡r-sila

Microcarcinorna

Adenocarcinonra

'fotal carcinonra

40

292

l5

5

t4

34

28

20t

l8

l"

ll
30

26

231'

l6

2

'l

25

24

t23"

5

0"

t4

l9

"Values are totals per gloup, bSDS: Sandostatin; Castr.: surgical castration.

Statistics: Log lineal nroclel with a Poisson distribution: ' P<0.05; " P<0.01, compared to
controls. "SDS-treated anitnals versus animals not treated with SDS (controls + castrated):

P<0.05.

Table 3.6 Elfects of the respective treatrnents on inciclence of (pre)neoplastic lesions in the

exocrine pancleas of BOP-treated hanlsters after eight months¡

(Prc)neoplastic lesions observed Incidence of lesions

Control SDSb Castr. SDS +
Casti.

Nurnber of ha¡nsters

Nunrber of tumour-bearing harnsters

Borderline lesions

Carcinoma ln-.ç¡72

Microcarcinonra

Adenocarcinoma

40

22

r8

7

4

ll

28

20

8

8

I

il

26

r6

r0

I
0

24

l3

lt
2

0

il

"lncidences are basecl on scoling each animal once in the category of the lnost advanced lesion;
I'SDS: Sandostatin; Castr.: surgical castration.

Statistics: Pearcon chi-squale test.
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3.5 DISCUSSION

The experirnents reported demonstrate a significant inhibitory effect of Sandostatin

on developrnent of AACN and carcinomas induced in rat pancreas by azaserine. The

clevelopment of AACN and carcinomas was also inhibited in orchiectomized anirnals not

tleated with Sandostatin. In orchiectomized hanrsters tleated with Sanclostatin, the

development of borderline lesions was significantly inhibited, whereas such an effect

w'as not present in hamsters that were either orchiectomized or treated with Sandostatin.

Sandostatin-treatme¡Ìt, br¡t not surgical castlation, has a slight inhibitory effect on

pancreatic carcinogenesis (development of microcarcinornas) in hamsters.

In rats, Sandostatirr-tleatment did not enhance the inhibitory effect of surgical castration.

In contrast, an antagonistic intcractiou between Sandostatin-treatment and castration

occulrecl as far as the development of AACN (transection area < I urrnz) and total

carcinomas al'e coucemed. The inhibitory action of Sanclostatin on azaserine-induced

pancreatic calcinogenesis in rats is in agreement with the results obtained with

tlansplantable acinal tunrours (10,3l). Sandostatin exerts its inhibitory effect on rat

lrancreatic carcinogenesis ¡nost probably through somatostatin receptors. Pancreatic

acinar carcinoma cell lines (39) as well as tlansplautable pancreatic tumoul's (24) contain

solnatostatin receptol's, inclicating that a direct effect of Sandostatin on the cellular level

is possible. Sandostatin can exert its effect also indirectly through somatostatin receptors

pleserìt in the islets of Laugerhans (24) or thlough inhibition of action and/or release of
gastrointestinal holmones sr¡ch as cholecystokinin (22,40,41) wltich signihcantly

stirnulate development of pancreatic carcinogenesis iu azaserine-treated rats (42-44). The

signifìcant inhibitoly effects of surgical castration obsetved on pancleatic carcinogenesis

in azaserine-treated rats support the findings of other investigators who demonstrated

that oestrogen inhibits and testosterone promotes the development of (pre)neoplastic

acinar lesions in rat paucreas (6,7,9,42,45-49). The nrechanism of action, however, still

lenrains obsct¡re. As in a previous 4-rnonth study, condncted at our Institute (9), the

presently observed inhibitory effect of orchiectomy was accompanied by a signifìcant

clecrease iu body weight gain and a substantially lower pancreas weight in comparison

with intact control rats. This consistent fìnding supports our previous suggestion that the

substantial declease in growtl.r rate as observed in orchiectomized or oestradiol-treated

lats is a confounding factor which rnay lead to an overestimation of the direct role of
testostel'one in pancreatic carcinogenesis (9).

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

was founcl on grorvth of putative pre-cancerous ductulal lesions in hamster pancreas, but
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not on growth of early pre-cancerous AACN in rat pancreas (9). The present results are

firlly in agreement witlt these findings since we also dicl not find an effect of Sandostatin
on developrnent of AACN in rat pancreas after a treatment period of four months,
whereas a significant inhibition of pancreatic carcinogenesis was observed after a

treatment period of eight rnonths. Based on these observations it is not illogical to
asstlme that AACN iu coutrast to advanced acinar cell lesions such as ade¡romas and
carcinomas do not express sonìatostatin receptors and hence do not respond to
Sandostatin treatntent.

In BOP-treated hamsters, the administration of Sandostatin inhibited the developmetrt of
microcarcinomas. l'his finding supports those of the group of Schally (12,13,50) who
studied the therapeutic effect of the somatostatin analogue RC-I60 on pancreatic
adenocarcinouras induced in hamster pancreas by multiple injections of BOP and found
histological evidence of regression (apoptosis) of the turnours in about 50% of the

animals. These observations are in contrast rvith the finding that Sandostatin alone has

no effective therapeutic effect in patients with advanced exocrine pancreatic carcinomas.

It has been found that dt¡ctular adenocarcinornas of human pancreas do not contain
sornatostatin receptot's (24), whereas Fekete et al. (51), dernonstratecl the presence of
such receptors iu cluctular pancreatic tumours in harnsters. The plesence of sornatostatin

receptors..may-explain the prasently obser,ved slighl inhibitory effect oËsandsstatin-
treatment alone on clevelopment of ductular adenocarcinomas in BOP-treated hamsters.
'lhe abseuce of sttch l'eceptors in human pancreatic adenocarcinomas offers an

explanatiort for the abseuce of a therapeutic effect of Sandostatin in patients with
advanced exocrine pancreatic carcinonras. At present, hewever, different subtypes of
somatostatill receptors have presently been detected and charactelized with different
af finities f'or analogs of sornatostatin (52). Detailed analysis of such receptor subtypes is

importarrt to find an effective therapy fol pancreatic calìcer.

The present obsetvation that Sandostatin in combination with surgical castration
cau be more ef'fective tltan either Sandostatin treatlnent or orchiectomy alone supports

the findings of Szepeshazi et al. (50) who used the somatostatin analogue RC-160 in
combination witl'r chemical, instead of surgical, castration by the Luteinizing Hormone-

Releasing l-lormone antagonist SB-75 (Cetrorelix). Szepeshazi et al. (50) reported also

an effect orl tumour weight resulting in a signifìcantly lower pancreas weight i¡r animals

treated with SB-75 and RC-160. We did not find an effect on eithel pancreas weight or
incidence of pancreatic tr-tmours suggesting that the closes of the sornatostatin analogue

as well as the aclministration schedule used by the group of Schally was more effective
tlran we used in our expet'intent. These results support the conclusion of Szepeshazi et
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al. (50) that further studies are walranted in order to find the most optimal doses and

achninistration schedules of the various sonlatostatin analogues available in ordel to
irnprove tl,eir therapeutic effects.
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Chapter 4

4.1 ABSTRACT

In the present study, the expression of the epidermal growth factor receptor

(EGFR) was investigated in putative preneoplastic and neoplastic acinar ccll lesions

induced in the rat pancreas by azaserine, using Northern blotting, in-situ

hybridization (ISH) and immunohistochemistry. EGFR protein levels were

decreased in putative preneoplastic eosinophilic acinar cell lesions (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 EGFR mRNA

expression in AACN than in the surrounding normal acinar cells. Neither EGFR

protein nor EGFR mRNA was detected in more advanced lesions such as acinar

adenocarcinomas (in-situ). Moreover, EGFR protein expression showed an inverse

relationship with the mitotic rate of the acinar cclls. These findings support a

complex role for EGFR in the development of putative preneoplastic AACN

induced in rat pancreas by azaserine. These findings suggest that down regulation

of EGFR at the protein levcl may abrogate ncgative constraints on cell grorvth,

rvhich may stimulate the development of putativc preneoplastic AACN to more

advanced lesions, and ultimately, acinar adcnocarcinomas.

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 (l). This poor prognosis is rnainly due to late diagnosis and the

absence of effective therapeutic modalities. Therefore, there is a need for studies on

pancreatic cancer that concentrate on the detection of modulating factors involved early

in the carcinogenic process. As originally proposed by Temin (2), one of the causes for

the uncontrolled proliferative character of tumours might be inappropriate autocrine or

paracrine ploduction of growth factor(receptor)s (3). The epidermal growth factor

r.eceptor (EGFR) is believed to be one of these factors (a). In non-transformed (normal)

cells, EGFR expression generally appears to be regulated within a rather narrow range

of 20,000-100,000 receptors per cell (5). In both normal and transformed keratinocytes,

EGFR expression is regulated at several levels, including transcription, mRNA stability,

translation, and post-translational modification (6). In certain tumour cell lines such as
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tlte 443 I epiderrnoid carcinorna cell line, EGFR mRNA and protein levels are markedly
illcreased as a result of arnplification of the EGFR gene (7). EGFR is also overexpressed
iu several htunan pancreatic cancer cell lines (8,9), as well as in the pancreas of patients
with pancreatic cancer and chronic pancreatitis (10,1l). Overexpression of EGFR in
human pancreatic tumours has been associated with an autocrine 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
EGFR.

In the present study, the expression of EGFR was characterized in putative
preneoplastic atypical acinar cell lesions (AACN) and in acinar tumours induced in r.at

pancreas by azaserine (14,15). EGFR mRNA expression was determined and quantified
by Northem blotting, whereas the localization of EGFR irr the pancreas was determined
by in-situ hybridization. Furthermore, EGFR distribution at the protein level was
cletermined by imn.runohistochemistry, and was correlated with the proliferating cell
uuclear antigen (PCNA = proliferative cell nuclear antigen) expression in the pancreas.

4.3 MATERIALS AND METHODS

Pancreas isolation

To induce pancreatic carcinogenesis, albino Wistar WU rats (Charles River Wiga
GnrBH, sulzfeld, Germany) were injected intraperitoneally at 14 and 2l days of age

with 30 mg azaserine (Calbiochem-Behring Corp., La Jolla, CA, USA) per kg body
weight according to 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 tumours were separated from
normal pancreas and portions of both tissues were frozen and stored in liquid nitrogen
irnmediately after dissection, or fixed in 4% buffered formalin and routinely embedded

in paraffin wax.

IJistology

At three differe¡rt levels, ten 5 pm serial sections were prepared from the paraffìn
embedded pancreas. One section from each series was stained with haematoxylin and

eosin (FI&E) and exarnined by light microscopy. Likewise, one part of the liquid
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nitrogen frozen pancreas was used for preparation of cryostat sections, the adjacent part

rvas used for the ruolecular biological techniques. The cryostat sections were fixed for'

l0 rninutes in 4% buffered formalin, stained routinely with FI&E and examined by light

microscopy (15). Based on the results of the microscopical examinations, tissues with

normal, preneoplastic, or tumourous histology were selected for further experinrents,

I mrnunohistochemistry

Two different lllouse monoclonal antibodies were used to detect EGFR

inuuunoreactivity. One antibody was a generous gift frorn Dr. Vy'.A. Dunn, University of
Florida, diluted I :100 and proved earlier to be suitable for immunohistochernical

localization of the EGFR in rat tissue (17), the other EGFR antibody was purchased

fiom SIGMA (St. Louis, MO; clone 29.1), diluted l:2,000. Both antibodies were

clirected to the extracellular domain of EGFR (18).'fo clemonstrate differences in mitotic

rate, tlre proliferation markel PCNA (Santa Cluz Biotechnology, CA; dilution 0.2 pglpú)

was detected on parallel sections. Errdogenous peroxidase activity was quenched by

incubation in 0.6% hydrogen peroxide in rnethanol for 30 minutes. The sections wet'e

pletreated with 0.3% Triton X-100 in phosphate buffered saline (PBS,0.l4 mM NaCl;

8.93 mM NaTFIPO'; 1.28 rnM NaI{rPOo; pll 7.4) for 15 minutes. The slides were

incubated for 2 hours with the first antibody in 2olo bovine serum albumin (BSA) in PBS

i¡ a humicl slide chanrber. To detect the mo¡roclonal antibocly a subsequent

IìAMPO/SWARPO (Dako A/S; Glostrup, Denmat'k, diluted l:100) incubation was

performed. Both RAMPO and SWARPO were diluted in PBS containing 100á normal

l'at sel'um and were incubated for 30 minutes. Between each incubation step the sectiorrs

were washed three times for five minutes with PBS-Tween (0.05%), with the exception

for the last washing step where Tween was omitted. Subsequently, a brown precipitate

could be observed by light microscopy after the peroxidase reaction with 3,3'-

diaminobenzidine tetrahydrochloride (SIGMA). The sections were counterstained with

haernatoxylin (after Mayer). Expression of the EGFR in this study is defined as staining

of cell ¡nembranes, often accornpanied by cytoplasmic staining.

RNA isolation

Total RNA was isolated by a modification of the procedures described by

Clromczynski et al. (19) and Chirgwin et al. (20). Standard precautions were taken to

prevent contamination of solutions and glasswork with RNases (21). RNA was isolated

fiom -parts of- total pancreas, and from the grossly visible pancreatic adenocarcinomas

isolated at final autopsy. Unfortunately, because of the extremely high RNase content in
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rat pallcreas, in combination with the relatively long time needed to dissect out the
small, but rnacroscopically visible preneoplastic lesions, it appeared to be impossible to
isolate good quality RNA fi'om these small lesions. Therefore, effects on RNA levels in
preneoplastic lesions, were only detected in total pancreas homogenates containing both
'tlorntal' tissue and lesions. Frozeu tissue sarnples (0.l-0.3 g) were hornogenized in a

high-speed homogenizer (ultra Turrax; Janke & Kunkel-lKA, staufen, Germany: l5-20
sec at 25,000 rpm) in 3-5 ml GuSCN (4 M guanidiurn thiocyanate; 1% ß-

mercaptoethanol, 0.5% N-lauroylsarkosine; 25 rnM soclium citlate). RNA was separated
fiom DNA and ploteins by ultra-centrif'ugation ât 40,000 rpn overnight (o/n) thr.ough a

5.7 M cesiurn chloride cusion or by acid-phenol-chloropholm extraction and subsequent
plecipitation at -20C witlt 0.025 volume I M acetic acicl and 0.5 volume ethanol. After
lernoving the supeuratant, the RNA pellet was redissolved in 800 pl GuSCN. RNA was
precipitated again with 0.025 volume I M acetic acid and 0.6 volume ethanol. Finally,
the RNA pellet 'uvas washed in 700/o ethanol, dried for' 5-10 rninutes in a Speedvac
(SVCl00H; Savatrt, Fanningdale, NY), and redissolved in diethylpyrocarbonate (DEPC)-
treated water. Quantity and quality of the RNA were monitored by spectrophotometry at

260 nm and lYo agarose-gel electrophoresis, respectively.

Northern blottins

25 ¡rg total RNA was denatured in sarnple buffer (l0x MOPS :37% formaldehyde
:formanride = 2:3:10) for 5 minutes at 65"C, and separated by size on a l.2yo
derratutating gel for 4-5 hours. RNA was transferred to a nylon membrane and
crosslinked by UV. Plehyblidization and hybridization were performed over night at
65"c. Typically, 0.5-lxl0ó cpm/rnl of the 32P-labeled rat EGFR riboprobe was used for
hybridization in the presence of hybmix (50% folmarnide; 0.4%o sDS; 4x ssc; 4x
Denhardt's; 0.2 mg/ml ssDNA; 0.04M NaPOo pl-I 7.4;100/o dextran sulfate). Blots were
waslred twice at low stringency (lx SSPE;0.5% SDS; 15 min at 65'C) and l-2 times at
high stringency (0.1x SSPE; 0.5% SDS; l5 min ar 65"c). Equality of RNA-loading was
clrecked by hybridization with a 75 DNA-probe (22). The blots were exposed to a

phosphor storage screen for 2 days and subsequently scanned by a phosphorimager
(Personal Densitorneter, Molecular Dynamics, sunnyvale, cA). EGFR mRNA levels
were calculated as percentages of 75 RNA using the computer program ImageQuant
(Molecular Dynarnics), and subsequently statistically colrelated with the number of
lesions observed in parallel-sections.
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lz-sjla hybridization

Serial fìve ¡un thick, formalin-fixed, paraffin-embedded tissue sections were placed

on poly-L-lysine (l mg/ml) coated glass slides, and subsequently deparaffinized,

hydrated, permeabilized with l pglml proteinase K (Boehringer Mannheim) for l0
minutes at 37"C, and prehybridized in hybridization buffer (50% formamide, 20 mM
Tlis-HCl pH8.0, 5 mM EDTA, lx Denhardt's, 5Yo dextran sulfate, l0 mM dithiothreitol,

0.3M NaCl) for 4 hours at 42oC. As a negative control for mRNA hybridization, the

sections were treated with 200 ¡rglml RNase A, l0 U/ml RNase Tl for one hour at

37oC, just before plehybridization. Hybridization was performed o/n at 50oC with
2.5xl0s cpm 33P-labeled rat EGFR riboprobe ancl I pl tRNA (50 pglpl) in 200 pl
hybridization buffer per slide. After hybridization, non-bound probe was digested with

IìNase A (Boehringer Mannheim, 20 ¡tglml) for 30 minutes at 37"C, and aspecific

binding was washed with increasing stringency. The sections were coated with

autoradiograpl.ry emulsion (Eastman Kodak Co., Rochester, NY) and exposed for 5 days.

The sections were developed and fixed, and subsequently counterstained with

haematoxylin.

Preparation of the rat-EGFR riboprobe

The rat EGF leceptor cDNA fragment, corresponding to nucleotide bases 249-951

(23) was amplified by PCR from reverse-transcribed rat liver RNA using PCR primers

which contained unique BamHl and Sphl restriction sites. The PCR products were

generated in 40 cycles (94"C, 1.5 min;42"C, 1.5 rnin; and72"C, 1.5 min), subsequently

subcloned into a pGEMTZï vector (Promega), and authenticity was confìrmed by

sequencing.

4.4 RESULTS

Immunohistochemistry

In the normal rat pancreas, immunohistochemical studies with monoclonal

antibodies directed to the EGFR demonstrated expression in the cytoplasm of acinar

cells, sometimes with accentuation of the cell membranes (Figure 4.1). Both anti-EGFR

rnonoclonal antibodies gave similar staining patterns in all tissue sections that were

investigated. 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 intensities were observed in non-pancreatic
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cells (such as vascular endothelial cells, nracrophages or nerve fibres) when comparing
azaseriue-tt'eated with untreated rats. Ductular and endocrine cells were negative.

Surprisingly, nortnal acinar cells stained more intensely for EGFR than the eosinophilic
acinar cells of putative pleneoplastic atypical acinar cell lesions (AACN; Figures 4.1

and 4.2).

o s .7'<aj,-o.. -ï -. lfli,r.,
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Figure 4.1 Imnlunohistochenlical localization of EGFR in azaserine-treated rat pancreas. I=islet of
l.atrgelhans cells; A=nornral pancreas acinar cells; P=putative preneoplastic atypical acinar cell nodule;

an'owheads point to nlenlb¡anous staining.

More advanced lesions such as nodules-in-nodules (Figure 4.3a), carcinomas in-situ and

acinar aclenocarcinouras were negative. 'lhe AACN exhibited a large variation in their
intensity of EGFR immunorcactivity (Figure 4.2), which was found predominautly in
the cytoplasm in these lesions since hardly any inrmunoreactivity to EGFR was present

on the cellular membranes. The AACN also varied in number of cells with
irnmunoreactivity to EGFR. In some lesions only a few dispersed cells were positive,

whereas other lesions showed an almost similar inrmunoreactivity to EGFR as the

surrounding normal acinar cells.
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Figure 4.2 lrnmunohistochemical localization of EGFR in azaserine-treated rat pancreas. Note

differences in intensities of EGFR in the putative preneoplastic lesions. P= putative preneoplastic atypical

acinar cell nodule.

Immunohistochemical detection of the proliferation marker PCNA in parallel

sections clearly clemonstrated an inverse relationship between mitotic rate and

immunoreactivity to EGFR (Figure 4.3b). In contrast with the putative preneoplastic

eosinophilic atypical acinar cell foci, the basophilic atypical acinar cell foci (which are

not considered to be pleneoplastic) could not be distinguished from normal acinar cells

by incubation with either the anti-EGFR antibodies or the PCNA antibody (not shown).

Sections of the lat submaxillary and sublingual salivary glands were used as controls for
the specificity of the arrti-EGFR antibodies. As expected, strong immunoreactivity was

apparent only on the serous cells. Omitting the anti-EGFR or anti-PCNA frrst antibodies

lesulted in complete absence of staining.
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Figurc 4.3 Inrrnunohistochenrical localization of a. EGFR, arìd b. PCNA, in azaserine-treated rat

pâncreas. A=normal pancreas acinar cells, P=putative preneoplastic alypical acinar cell nodule (prirnary

lcsion); N=nodule-in¡lodule (secondary lesion).

Northeln Blottins

Seventeen rat pancreatic tissues comprising norrnal and putative preneoplastic

acinar cells, and five rnacroscopically isolated acinar adenocarcinomas were analyzed by

Northern blotting (Figure 4.4). A significantly 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; r=0.9993, P<0.01; r=0.85263, P<0.05; r=0.9953, P<0.05).However, no

EGFR mRNA expression was detected by Northern blotting on total RNA from the

isolated acinar adenocarcinomas, while the 75 control was equally detectable (Figure

4.4).

< EGFR
< 28S

< 18S

<7S

23
Figure 4.4 EGFR rnRNA levels detected by Northern blotting in pancreatic homogerrates frorn

azaserine-treated rats. The blots were rehybridized with a 7S cDNA probe to control for RNA loading.

l,ane l, nornral pancreas; lane 2, preneoplastic pancreas; lane 3, acinar adenocarcinoma. 28S, l8S =

location of thc ribosorrral sutrunils.

I n -.ç i t u hybr tdization

I{ybridization of rat pancreas sections with the "P labeled mt-EGFR riboprobe

revealed a positive signal 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,

pr.rtative preneoplastic atypical acinar cell nodules exhibited a similar number or even

rrrore grains than the normal acinar cells (Figurc 4.5b). I{owever, in more advanced

lesiorls (e.g. carcinoma in-.riÍu), EGFR mRNA was only faintly detectable (Figure 4.5c)

or undetectable. When the sections were pretreatecl with RNase, no (differences in)

il
ffi
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signals were observed; the few remaining grains were considered to represent
background (Figure 4.5d).

'l-

";f o
ao.

:.il ¡'.i.

' !:'.:*

Figure 4.5 EGFR nrRNA detection by ¡n-situ hybridization in azaserine-treated rat pancreas. â.

A=acinar cells; D=ductular cells, b. A=acinar cells; l=islet of Langerhans, c. A=normal pancreas acinar

cells; C=adenocarcitroma, d. after RNase treatment, A=nornìal pancreas acinar cells; P=putative

preneoplastic atypical acinar cell nodule. Differences in labclling-intensities in corresponding cell-types

between the various photonricrographs, are due to differences in autoradiographic conditions in the

v¿rious tissue slides.

Fi-äi
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4.5 DISCUSSION

Using immunohistochemistry, Northern blotting, and in-situ hybridization, the

present study clearly dernonstrates that epidermal growth factor receptors (EGFR) are

cletectable on pancreatic acinar cells of normal rats and of rats treated with azaserine, as

suurmarized in Table 4.1. By Northern blotting, the presence of a high number of
putative preneoplastic atypical acinar cell nodules (AACN) was associated with

increased expression of EGFR mRNA compared to pancreatic tissues containing no or a

low nurnber of AACN. In contrast, by irnrnunohistochemistry, most AACN exhibited

decreased EGFR imrnunoreactivity, 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 translational level, increased EGFR protein degradation, or

shedding of EGFR by the AACN cells.

Table 4.1 Surnnrary of the rcsults obtained from pancreatic acinar cells of azase¡ine-trcated

tats"

EGFR protein

OHC)

EGFR mRNA (lSH, PCNA

North.) (lHC)Phenotype:

Nornral

Putative preneoplastic

Neoplastic

+t
+l++ A+l++

++

"'lhe values arc based on microscopical examinations of pancreatic aci¡rar cells or densitornetrical

clata as i¡dicated in the text. Values are relative levels in the different tissue types: -, ¡tot present;

+, moderately prese¡t; +, clearly prcsent; ++, strongly present; lHC, immunoltistochernistry; lSH,

in -s itu hybridization; North., Noftltern blotting.

EGFR was not detectable in acinar adenocarcinomas by either immuno-

lristochemistry, in-situ hybridization or Northern blotting, indicating that in advanced

acinar lesions, transcription of DNA coding for EGFR either cloes not take place, or

EGFR mRNA is markedly and rapidly degladed. These findings suggest that EGFR may

not play an essential role in the pancreatic carcinogenic process in azascrine-treated rats.

Alternatively, EGFR may be involved in the regulation of differentiated functions in the

rat pancreatic acinar cell, and may exert growth-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 to be very likely,
since we found similar results with two different monoclonal antibodies directed to the
EGFR. Moreover, it 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 fìndings presented in this paper are typical fol acinar
pancreatic cells only, aud uray very well not apply for ductular pancreatic cells or
ductular adenocarcinomas of the pancreas. To our knowledge, human acinar
adenocarcinornas have not been investigated fol the presence of EGFR. Similar
expet'iments as have been described in this paper will be performed in our Institute, witlt
N-nitrosobis(2-oxopropyl)amine-treated hamsters (model for ductular adenocarcinomas;

(24)), in order to investigate whether EGFR might play a role in the development of
pancreatic ductular carcinomas.

Decreased EGFR-mediated signaling may thus lead to loss of differentiated

fìrnctions aud increased plopensity toward neoplastic transformation. Indeed, several

lirtes of evidence st¡ggest an anti-mitogenic role for EGFR in the rat exocrine pancreas.

First, the rat pancreatic acinar cell has specific high-affinity EGF receptors (25), and

EGF is necessary for the maintainance of this cell type in serum-free culture (26).

Second, EGF enhances rat acinar cell survival alìd pancreatic protein synthesis at

concentrations as low as 42 pM (26-28). Third, this action of EGF is relatively specific,
sitrce a cornparable effect occurs only at 2.1 nM IGF-I and does not occur with insulin
(28). Fourth, EGF decreases thymidine incorporation into pancreatic DNA in male

Sprague-Dawley rats (29) and increases pancreatic content of amylase and

cltymotrypsinogen while preventing caerulein-mediatecl desensitization of the acinar cell

secretory respousiveness (29). Fifth, EGF binding is decreased in the regenerating rat

pancreas following 900á 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 rnay lead to enhanced carcinogenesis. Anotller explanation could be, that

acinar pancreatic cells of rats which are altered by azaserine treatment do not need

EGFR for their survival anymore, since the receptor signaling has been taken over by

other members of the EGFR-family, such as c-erbB2 (HER-2, erbB2, neu (31-33)) or

erbB3 (34,35).
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5.I ABSTRACT

The expression of transforming growth factor-a (TGF-a) 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 (low caloric) diet to inhibit carcinogenesis, or a low fat diet combined with
injections of the cholecystokinin-analogue caerulein to enhance carcinogenesis. The

control 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, immunohistochemistry revealed a weak

expression of EGF and TGF-o peptides in the acinar cells, and a stronger

cxpression in the ductular and centro-acinar cells. TGF-a peptide expression was

reduced in both putative prcneoplastic and neoplastic acinar cell lesions, but no

differences in EGF peptide exprcssion were observed between the various stages of

exocrine pancreatic carcinogenesis. After 16 months, an increase in TGF-a mRNA

due to treatment with azaserine was detected by semi-quantitative polymerasc

chain reaction (PCR) in total pancreatic homogenates, whereas EGF mRNA

expression had decreased. TGF-a mRNA levels in macroscopically isolated tumours

rvcre significantly lower, but EGF mRNA levels were significantly higher' than in
total pancreatic homogenates from azaserine-treated rats. Furthermore, EGF and

TGF-a mRNA lcvels in isolated tumours did not differ significantly from mRNA

levels in non-carcinogen treated rats. Neither rvith immunohistochemistry, nor with

PCR, differenccs in EGF or TGF-a expression were observed due to either

inhibition or stimulation of carcinogenesis.

It is concluded that putative preneoplastic acinar cell lesions induced in rat

pancreas by azaserine may develop into acinar adenocarcinomas independently of

TGF-a and EGF. The results suggest involvement of these growth factors at the

early stage of the carcinogenic process, during the initiation of normal acinar cells

into putative preneoplastic 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 EGF or TGF-c.
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5.2 INTRODUCTION

It is believed that dietary and hormonal factors such as fat and cholecystokinin,
which may pt'omote the effects of environmental 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 factors are thought to play a major role in carcinogenesis (4-6), and
they l.rave also beelt found to be of significance for the development of pancreatic
cancer. Epidermal glowth factor (EGF) injected simultaneously with the pancreatic
carcinogen N-nitrosobis(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 to be bound and activated
by EGF, transfomring growtlt factor-a (TGF-c¿) and at least six other members of the
EGF-family (9), was overexpressed in several cultured human pancreatic ca¡rcer cell
lines (10,11). Furthermore, it has been found that hurnan pancreatic cancer cell-lines
expl'ess TGF-ø (12), and overexpression of the EGFR has been associated with a

concomitant increase in the levels of EGF and TGF-cr i¡r human pancreatic cancer
(13,14). Also, ductular cells of the human pancreas appealed to secrete substantial
aurounts 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-vivo modulation of the carcinogenic process. In the
present study we have investigated whether EGF and/or TGF-q are involved in the
prornotion phase of pancreatic carcitrogenesis in azaserine-treated rats (model for acinar
adenocarcinomas; l6-18). After initiation with azaserine, the rats were either treated with
the cholecystokinin analogue caerulein to enhance the carcinogenic process, or were
given a low fat-high fiber (caloric restricted) diet to inhibit carcinogenesis. The effects
of these tl'eatnlents olt pancreatic tumour developrnent are analyzed after 6 and 15

months. At the same tirne-points, using a semi-quantitative PCR technique, we
investigated whethel diffelences in EGF or TGF-o mRNA expression levels occurred
between the various groups. Furthermore, the distribution and expression of EGF and
TGF-ø proteins in the rat pancreas were investigated by immunohistochemistry.

87



Chapter 5

5.3 MATERIALS AND METHODS

Induction of carcinogenesis

To induce pancreatic carcinogenesis, three groups (A,B,C) of 35 male albino

Wistar WU rats (Charles River Wiga GmBH, Sulzfeld, Germany) were injected i.p. at

14 and 2l days of age with 30 mg azaserine (Calbiochem-Behring Corp., La Jolla, CA)

per kg body weight, according to an injection protocol described previously (19). Ten

extra rats, which were injected with saline, served as non-carcinogen controls; group D.

l)uring the initiation phase, all rats were fed a standard laboratory chow. One week after

the last azaserine injection, the rats were maintained on an AIN-76 based diet and were

assigned randomly to one of thlee experimental groups: A) low fat diet (5% corn oil);

B) low fat diet + s.c. injections with 2.5 Vg caerulein/kg body weight, three times a

week; and C) 20% caloric restricted low fat diet. 20o/o caloric restriction was achieved

by substituting cellulose for wheat starch (Table 5.1).

Table 5.1 Weight percentage composition of the AlN76-based diets"

Groups A, B, D

Low fat

Group C

20%o Caloric

restriction

Casein

DL-Methionine

Wheat starclì

Cellulose

Choline bitartrate

AIN-76-AM nrinerals

AIN-76-AM vitarnins

CaHrPOo

Corn oil

Total

Calories (MJ/kg)

25.0

0.38

54.47

7.5

0.25

4.3 8

1.25

1.77

s.0

r 00.0

15.5

25.0

0.38

36.37

25.6

0.25

4.38

l.25
1.77

5.0

r00.0

12.4

"Tlre diets wele prepared freshly every 2 Inonths. All diets were stored at -20oC

until use.
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All animals were kept in stainless steel cages, fitted with wiremesh floors and
li'onts, housed under similar standard laboratory conditions, 5 rats per cage. Body
weights arrd food intake were recorded weekly during the first three months, and once a

Ilonth during the rest of the experiment. The general condition and behaviour of the
animals were checked daily. An interirn kill (groups A-c, 15 rats; group D,5 rats) was
performed after 6 months and terminal autopsy (all 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
ttlmoul's were excised. Pancreata and livers were weighed. Grossly visible pancreatic
tumours wel'e separated from normal pancreas. One part of all collected tissues was
srrap-frozen in liquid nitrogen to be used for molecular biological techniques. The
adjacent part was processed for microscopy by conventional methods, step-sectioned at 5

¡un (at least three tissue sections per pancreas), stained with hematoxylin and eosin
(l{&E), and examined by light microscopy.

I-Iistolosy and immt¡nohistochemistry

A total area of 100-200 mm2 of pancreatic tissue was examined per rat. Azaserine-
induced atypical acinar cell nodules (AACN), acinar cell adenomas, localized
carcinomas (carcinoma in-situ; CIS) and invasive adenocarcinomas were identified and
classified according to the criteria ofLongnecker (16) and Rao e/ al. (20). The area of
nodule trausections was determined using a grid inside the ocular as described
previously (21).

The remaining parallel sections were used to detect TGF-a or EGF peptides. TGF-cr
was detected with a mouse anti-rat monoclonal antibody (dilution 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 generous gift from Ryoichi oyasu,
Northwestern University Medical school, Chicago, rL (22)); a rabbit anti-recombinant
human EGF (Ab-3, Oncogene Science); and a rabbit anti-r'at (Biomedical Technologies
lrrc., Stougltton, MA). Specificity was checked on rat salivary glands and all antibodies
ploved to be immunoreactive (23). Two monoclonal anti-mouse EGF antibodies
(MoN8001 and MoN8002, Monosan, uden, The Netherlands) did not show
immunoreactivity with our tissues. Antigen retrieval was achieved by boiling the tissue
sections in citrate buffer (sodium citrate, 2.94 glL aqua dest; pH 6.0) for l0 minutes.
hnmunoreactivity of the antibodies was detected by subsequent incubations with
peroxidase conjugated rabbit-anti-mouse antibodies (RAMpo; Dako a/s, Glostrup,
Denmark; dilution l:100 in 100/o normal rat serum) and/or peroxidase conjugated swine-
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anti-rabbit antibodies (SWARPO; Dako a/s; dilution l:100 in l0% normal rat serum). A
brown precipitate was obtained after the peroxidase reaction of I{rO, in the presence of
4,4-diaminobenzidi¡re (DAB; Sigma). To demonstrate weak immunohistochemical

differences, a visually stronger, black precipitate was obtained by performing the DAB

reaction ir.r the presence of nickel. Sections were counterstained with hematoxylin or

nuclear-fast-red. The slides were observed by light microscopy, and relative staining

intensities (no staining; weak staining; strong staining) in the tissues were determined by

blind scoring of the sections by an independent person.

RNA isolation

Total RNA was isolated by a modifìcation of the procedure desuibed by Chirgwin
(24) from -parts of- total pancreas (further on referred to as 'total pancreas'), and frorn

the grossly visible pancreatic adenocarcinonras isolated at final autopsy. Unfortunately,

because of the extremely high RNase content in rat pancreas, in combination with the

lelatively long time needed to take out the small, but macroscopically visible

pleneoplastic lesions, it appeared to be irnpossible to isolate good quality RNA flom
these small lesions. Therefore, effects on RNA levels in preneoplastic lesions, were

cletected in total pancreas hornogenates containing both 'normal' tissue and lesions.

Frozen tissue (0.1-0.3 g) was homogenized by a high-speed homogenizer (Ultra Turrax;

Janke & Kunkel-lKA, Staufen, Germany: 15-20 sec at 25,000 rpm) in 3 ml GTC (4 M
guanidium tl'riocyanate, l0lo ß-mercaptoethanol, 0. I M Tris-HCl, arrd 0.01 M EDTA; Ph

7.5). After homogenization sarkosyl (N-lauroylsarkosine, 05%) was added. The

hornogenate was carefully poured on a CsCl-cushion (1.3 rnl: 5.7 M cesiurnchloride and

0.1 M EDTA; ptl 7.5) in a SW50. I polyallomer ultra-centrifugation tube (Nalgene,

Nalge Company/Sybron Corp., Rochester, NY). RNA was separated from DNA and

proteins by ultracentrifugation overnight, at 40,000 rpm, 18oC. The RNA-pellet was

redissolved in 3 ¡nl GND-I{CI (6 M guanidine-HCl, 0.075% ß-mercaptoethanol, 25 mM

EDTA; pH 1.5). 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 260 nm and lVo agarose-gel electrophoresis, respectively.

Semi-quantitative Polymelase Chain Reaction (PCR)

Because EGF and TGF-cr nRNA levels appeared too low to be detected

quantitatively by Northern blotting, a semi-quantitative PCR was performed in this

study. Every group statistically analyzed comprised at least 5 independent observations

(in duplo). Fifteen pg total RNA was used to synthesize complementary DNA (cDNA).
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cDNA-synthesis was performed with a kit from prornega (Medison, wl, usA) based on
a method described by Gubler and Hoffman (25). mRNA was r€verse transcribed at
42"c during one hour using I ¡rl AMV-reverse transcriptase (22 u/¡rl; promega)lll ¡tg
RNA and annealed with a mixture of 0.5 pg oligo-dr,, and 0.5 pg oligohexamers
(Boehringer, Mannheim, Germany)/pg mRNA. cDNA was stored at -20.c in 20 ¡rl
arrtoclaved milli-Q water. specific TGF-c¿ (Pt &. p2; Tabte 5.2), EGF (p4 & p5) and
glyceraldehyde phosphate dehydrogenase (GAPDH; p7 & p8) complementary
oligonucleotides wet'e synthesized by cyanoethyl phosphoramide chemistry using an
autornated DNA-synthesizer (ABI 3184, Foster city, cA). pcR (26,27) was perfonned
with 0.5 pl cDNA from the final cDNA solution in a mixture corrtaining 50 mM KCl,
l0 mM Tris-l{Cl; pI-I 8.0,4x5 pl deoxynucleorides (10 mM), 1.5 mM MgClr,0.1 pl
Taq-polymerase (5u/pl; Perkin Elmer-cetus, Norwalk, cr, usA), 2x0.5 ¡tl primers (0.5

¡tg/pl) in a total volume of 50 pl, For each animal, PCR was performed in cluplo in one
session in one PCR rnachine (Perkin Elmer-cetus Thermocycler 480) for GAPDH, TGF-
ct and EGF, sirnultaneously. The temperature was varied as follows: 5 min at 95"C, then
25-40 times the following cycle (file #3): I rnin to reach g5oc, two min to reach 60oc,
orre nrin to reach 72oC, and, another 30 sec at 72"C to elongate. The last cycle was
followed by 10 min at72"C.

Table 5.2 Polymerase chain reaction primers and oligoprobes.

Primer

lragrnent

5' Sequence 3' Length PCR

Pl TCF-cr 5'
P2 TGF-o 3'
P3 TGF-o probe

P4 EGF 5'

P5 EGF 3'
P6 EGF probe

ACCTGCAGCTTTTTG GTCCAG

CGAGGGCGCTGGGCTTCTCC

TGCTTCTTCTCGCTGGCAGC

GTCGTACCATGGGTACTGCCTC

GCGCAGCTTCCACCAACGTAAG
CAATATAGCCAATGACACAGTTGC

266 bp

136 bp

P7 CAPDH 5' CCATCCTGGGCTACACTGAG
P8 GAPDH 3' CACCACCCTGTTGCTGTAGC

P9 GAPDHprobe CCTCATT"ICCTGCTATGTGGCTGC
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GAPDH (a housekeeping enzyme) was used as standard to control for
variations in RNA-isolation, cDNA synthesis and PCR performance. The PCR

products were taken from the machine after 25,30, 35 and 40 cycles, respectively.

In this way it was established where PCR-reactions still were in the exponential

(quantifiable) phase. GAPDH, TGF-o and EGF PCR-products from one animal

were visualized simultaneously by 2o/o agarose-gel electrophoresis (Figure 5.1).

This gel was photographed on an instant-film with photo-negative (Kodak,

Rochester, N.Y.). Subsequently, the negative was scanned by a laser densitometer

(Personal Densitometer, Molecular Dynamics, Sunnyvale, CA), quantified by the

computer program ImageQuant (Molecular Dynamics) and relative optical densities

of TGF-a and EGF PCR products were calculated, expressed as percentages of
GAPDH.

!
!õe-

*
rft*il*

25t0354o 25yù354f.J- 25t0354p M

Figure 5.1 Negative of the photograph of an ethidium bromide stained l7o agarose gel, GAPDH

(165 bp), TGF-cr (266 bp) and EGF (136 bp), afrer 25,30, 35 and 40 cycles ofa semi-quantitative

PCR experiment performed in duplicate (top & bottom). Molecular weight marker is phage gX-

DNA digested with Haelll.

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-a, EGF and GAPDH,
respectively; Table II). 15 ng oligo-probe was kinated in a total volume of l0 ¡rl
containing I ¡rl PNK-buffer (l0x: 0.5 M Tris-I-ICl; ptì i.6,0.1 M MgClr,50 mM
DTT, I mM spermicline-HCl and I mM EDTA), 3 pl FIro, l pl ro porynucleotide
kinase (ToPNKase, l0 U/¡rl, Promega) and 3 pl [,/32p]dATp (10 ¡-rCi/pl, Amersham)
for one hour at 37oc. These probes were added to the blot and (pre)hybridization
solution (blots were prehybridized at 55oc for 4 hours in 5x sSC; 20 mM Napi,
pH 7.0;7% sDS; lOx Denhardt's) and hybridization was performed overnight, at
55oc. Aspecific binding was removed by washing three times 15 minutes with 3x
ssc, l% SDS at 55oc. subsequently, the blots were exposed to autoradiography
film (X-Omat AR, Koclak) for about 30 rninutes.

Statistics

Body weight data were statistically evaluated by analysis of variance with
initial body weight as covariable, followed by Dunnett'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 mm2 were
evaluated by 2-sample /-tests, whereas the incidence (the number of tumour-bearing
anirnals) was evaluated by Pearson 12-test.

5.4 RESULTS

Body weishts

Rats given a low fat-high frber (caloric restricted) diet showed a lower growth
rate than rats of the other groups (Figurc 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 foocl intake (P<0.001, interim kill; P<0.05, final auropsy; Table 5.4 and
Figure 5.2). Mean body weights and mean food intake were neither influenced by
azaserine treatment, nol by treatment with caerulein (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 autopsya

lnterim kill

Postinitiation
treatment group

Body wt (g) Pancreatic wt (g) Liver wt (g) Relative pancreatic Relative liver wt
wt (g/kg Bw) (g¡kg BÐ

Low fat

Low fat + caerulein

Caloric restriction

No carcinogen

Low fat

Low fat + caerulein

Caloric restriction

No carcinogen

l5

l5

l5

5

483.2 t 9.8

494.4 ! t0.9

474.2 + 9.5

495.2 ! 28.1

l.14 I 0.04

2.20"1 0.13

1.29 + 0.06

1.24 t 0.ll

t2;75

12.98

13.47

13.63

Final autopsy

2.36 I 0.08

4.45"+ 0.25

2.70 ! 0.09

2.56 x 0.35

26.3 + 0.9

26.2 + 0.8

28.3 + 0.5

)1 ) +)7

t 0.60

i 0.55

r 0.45

r t.66
\os

l9

r9

l9

5

57t.8 ! 12.2

561.5 r 10.2

5 r 8.9"t 8.6

s54.5 + 27.8

1.66 r 0.16

3.76"t 0.26

1.40 + 0.05

1.32 r 0.14

t6.57 ! 0.72

t6.20 ! 0.32

r4.57' r 0.50

13.94 + 1.56

2.9t ! 0.27

6.66"! 0.41

2.72 ! 0.n

2.43 ! 0.34

28.9 É 1.0

28.7 + 0.3

28.0 r 0.6

24.8' + 1.9

"Values are means r SEM.

Statistics: organ weights, analysis of variance plus Dunnett's tests (two-sided;'P<0.05, "P<0.01); body weights (BW), analysis of
variance with initial body weight as covariable plus Dunneft's test (two sided; "P<0.01).
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Table 5.4 Food intake of azaserine-treated and untreated rats at interim kill and final autopsy"

Interim kill Final autopsy

Postinitiation

treatment group
No. of rats Food intake (g) No. of rats Food intake (g)

Low fat

Low fat * caerulein

Caloric restriction

No carcinogen

35

35

35

IO

r6.8 t 0.2

t6.6 t 0.2

19.5"'r 0.3

t6.6 !.03

20

20

20

5

r7.8 r 0.3

18.l + 0.5

19.7' + 0.9

t7.2

"Values arc means per cage (5 rats) t SEM.
Statistics: analysis of variance plus L.S.D. tests (two_sided;
runit: cage.

' P<0.05; "' P<0.001); experirnental

l0O 200 300 ¡tOO

Experlmentat days
200 300

Experlnontal days

Figure 5'2 Body weight gain (individual means) and food intake (group means) of azaserine-rreated
rats lnaintained on the following posþinitiation treatments; 0, Low fat; o, low fat + caerulein; O, caloric
reslriction, and Á, non-carcinogen treated rats maintained on a low fat diet.

Food lntåko (0)
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Orqan weights

In caerulein-treated rats, 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 livel weight of the low fat-high fìber group was reduced significantly

(P<0.05, Table 5.3) at frnal autopsy, but not at 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 atypical acinar cell foci and the

calculated volumetl'ic clata of foci were significantly increased (Table 5.5) in the groups

treated with the CCK-analogue caerulein, when compared to the azaserine-treated low

fàt group. Although all the observed and calculated data of foci were decreased due to

the caloric lestricted cliet, the values never reached the P<0.05 level of statistical

significance (Table 5.5). The nodules with a dialneter over I mm showed the same

phenomena (Table 5.6). Treatment with caerulein however, resulted in a significant

i¡crease i¡ the number of these lesions. Moreover, caerulein treatment caused a

significant increase in tumour incidence at final autopsy (Table 5.6; Pearson 12 test,

P=0.0r 84).

Immunohistochemistry

Immunohistochemistry with the monoclonal antibody directed against TGF-ct

revealed a strong expression in the cytoplasm of ductular cells in normal rat pancreas,

whereas acinar cells showed a weak expression of the TGF-c¿ peptide in the cytoplasm

(Figure 5.3a). Surprisingly, in azaserine-treated rat pancreas, normal acinar cells stained

rnore i¡rtense than those of acidophilic atypical acinar cells nodules (AACN; Figure

5.3b), acinar adenomas, or carcinomas (ín situ). Cornparison of tissue sections from

azaserine-treated with non-treated control rats revealed a slightly weaker TGF-cx,

inrmunoreactivity in the non-carcinogen treated pancl'eata.

Because EGF peptide expression appeared to be very weak in acinar pancreatic

cells, three different antibodies directed against EGF were tested. All antibodies showed

the same staining pattern, with only some variation in 'background staining' of fat,

blood vessels and fìbrous material.
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Table 5.5 Effects of six months postinitiation treat¡nents on development of acidophilic atypical acinar cell foci induced in rat
pancreas by azaserineo

¡'l
e
è

Fì:

ì

d

è
(ì
(\
è

Observed transection

data of foci
Calculated volumetric data of foci

no./cmi with mean diameter (¡"tm)

Postinitiation Total Transection Totat Mean Area as %o

treatmentno./cm2area(mm2)no/cm3diameterofpancreas
group (pm)

\t\¡
Low fat 5.21 0.094 203 54 5 <t <1 312.6 319.2 o.4g

Low fat + 61.56"' 0.273"' 416' 4'il"' 364"' lo3"' il3"' 1558.7"' 486.3,.. 16.78,.,
caerulein

caloric 3.22 0.089 t5l 29 4 < I < I 227.4 314.4 o.2g
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 superscripts (') are significantly different from the low fat group ('p<0.05, "'p<0.001).
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Figure 5.3 Immunohistochemical localization of TGF-a in rat pancreas. a. Weak expression in acinar

cells (A), stronger expression in ductular cells. b. Weaker expression in putative pteneoplastic atypical

acinar cell nodule than in surounding 'normal' acinar cells. A=normal pancreas acinar cells; P=putative

preneoplar¡t¡c atypical acinar cell nodule, arowheads point to strong TGF-ct 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-treated rats after 6 or l5 months post-initiation treatments"

_{
ñ
(\

No. of lesions

(Pre)neoplastic lesions observed Low fat Low fat r caerulein Caloric restriction

I

l5

I

)

2

0

0

0

oo

Autopsy (l=interim, F=final)

No. of rats

No. of tumour-bearing animals (%)b

AACN (Øl-3 mm)"

Adenoma

Carcinoma i¡r-s¡72

Adenocarcinoma

Total no. of carcinomas 0 ll l

F

t9

6 (32)

l5

3

5

6

I

l5

90"

J

0

I

F

¡6

4 Qs)

3

F

t9

13 (68)d

274"'

50"

25'

t2

37'

I

l5

2I

0

0

0

"Values are tot¿ls 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. bTumour-bearing animal, animal that bears one or more carcinoma (ln

.rilu) in the pancreas at final autopsy. "AACN, Atypical Acinar Cell Nodule.

Statistics: no. of tumour-bearing animals, 12-test, 
dP=0.0184; no. of lesions, 2-sample t test, values with superscripts (')

are significantly different from the low fat group ('P<0.05, "P<0.01, "'P<0.001).
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Moreover, all EGF antibodies demonstrated strong irnmunoreactivity towards the EGF
producing cells in rat salivary gland (Figure 5.4a). More pronounced EGF peptide
staining was observed in the cytoplasm of ductular cells when compared to the acinar
cells (Figure 5.4b). Moreover, EGF immunoreactivity was detected in the lumen of
large intralobular ducts (Figure 5.4b). In contrast to TGF-g, no differences in EGF
expression were observed when comparing normal and (pre)neoplastic acinar pancreatic
cells. Comparison of tissue sections from azaserine-treated with non-treated rats
dernonstrated a slightly stronger EGF irnmunoreactivity in non-carcinogen treated
pancreata.

Semi-guantitative PCR

EGF and TGF-o mRNA levels were detected using a semi-quantitative PCR
technique. Specificity of the PCR products was demonstrated by comparing the products
with the rnolecular size rnarker phage QX-DNA digested with HaeIII (TGF-o, 265 bp;
EGF 135 bp, Figure 5.1), and by hybridization with a radiolabeled specific internal
oligoprobe, which revealed specihc bands on the autoradiogram (Figure 5.5).

rf * r*ffö¡-r¡Ë--¡trt*{} TGF.A*

EGF

¡ GAPDH

Figure 5.5 Southern blotting to check specificity of the TGF-a,, EGF and GApDH pcR-producrs.

l-lybridizations were perforrned with specific ¡32p¡-labelled oligoprobes.

EGF mRNA expression was significantly decreased by azaserine treatment, at final
autopsy (P<0.05; Table 5.7), but not at interim kill. Comparison of the caerulein-treated

l0l
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group or the low fat-high fiber group with the azaserine-treated low-fat group did not

elucidate any statistically significant differences in EGF rnRNA expression, either at

interim kill or at final autopsy (Table 5.7).

Comparison of the azaserine-treated low-fat group with the saline{reated low-fat

group revealed a substantially, but statistically not significantly, increased TGF-ct

mRNA expression due to carcinogen treatment at final autopsy. Moreover, azaserine-

tleated rats either fecl a low fat-high fiber diet or injected with caerulein showed a

significantly higher TGF-c¿ mRNA level (P<0.05, Tablc 5.7) than control lats.

Furthermore, cornparing all azaserine-trrated animals (relative TGF-c¿ mRNA level =

70.91 t 9.85 (mean I SEM)), with the control rats (r'elative TGF-ct mRNA level =

23.35 + 5.53) revealecl a significant inclease (P<0.001) of TGF-ct mRNA level in the

carcinogen-treated group at final autopsy. At interim kill, azaserine-treated rats injected

with caerulein showed a significantly lower TGF-ct mRNA expression (P<0.05) than

carcinogen-treated rats rnaintained on a low fat diet.

Relative EGF and TGF-c¿ rnRNA levels in grossly visible tumours (acinar

aclenocarcinornas) isolated at final autopsy, were also determined by semi-quantitative

PCR. The mean relative EGF rLRNA level in the tutnours (l3l.6l + 8.90) was

significautly higher (P<0.05) than the mean EGF mRNA level in total pancreas

hornogenates collected from ca¡'ciuogen-treated rats (81 .63 t I L67). No significant

clifference was observed between the EGF mRNA level in tu¡'nours and the EGF mRNA

level in total pancreas homogenates collected from non-carcinogen rats at final autopsy

(114.3 t 15.4). The mean TGF-c¿ mRNA level in tumours (23.49 t 3.18) was

significantly lower (P<0.001) than the mean TGF-c¿ mRNA level in total pancreas

homogenates collected from azaserine-injected rats (70.91 t 9.86). Also, no significant

cliffere¡rce was observed between the TGF-a rnRNA level detected in isolated tumours,

rvhen compared with the TGF-a mRNA level detected in nou-carcinogen rats at final

autopsy (23.3 t3.2).
Finally, the number of preneoplastic- and neoplastic lesions of the individual rats

were conlpared with their individual growth factor explession levels as determined by

PCR; no correlation was observed, either at interim kill, or at final autopsy data (not

shown).
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Table 5.7 EGF and TGF-q, mRNA expression in azaserine-treated and untreated ratsa

\
ç)
Þ
Þ
È
È
l¡JoI

È

\
Þ
(ì
GÞ
a4

Interim kill Final autopsy

Postinitiation treatment

group
EGF TGF-c¿ EGF TGF-o

o
OJ

Low fat

Low fat * caerulein

Caloric restriction

No carcinogen

169.8 t 43.7

117.0 L 14.9

150.2 ! t4.t

99.6 t 27.3

36.0 + 2.gl

22.4 + 33t

51.5 r 16.7

J4.2 ! 8.1

46.8 + 15.32

10s.8 I 18.9

92.3 + 18.9

114.3 + 15.42

77.1 ! 23.5

75.5 + l0.gt

60.6 È I 1.44

23.3 t 3.23.4

"Values are mean optical densities obtained by laser-densitometry as percentages of GAPDH, represent¡ng the relative amounts of
EGF- or TGF-cr mRNA expressed t standard error of mean (SEM).

Statistics; 2-sample t-test, r'2'3'avalues with identical superscripts are significantly different, p<0.05.
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5.5 DISCUSSION

In general, glowth factors are defined as polypeptides regulating cell proliferation

and/or differentiation by binding to a specific cell-membrane receptor. In contrast to the

endocrine activity of horruones, they rnostly act in a paracrine or autocrine way. Loss of
requirement for multiple specific gtowth factors is a common finding in many types of

cancer cells (28, 29). Lr the present long-term study, EGF and TGF-a expression was

detected in normal l'at panct'eas and in the pancreas of rats injected with azaserine. In the

exocrine pancreas tlle strolÌgest EGF and TGF-a peptide signals were found in ductular

cells, whereas acinar cells expressed the peptides only at a low level. Microscopically

rve demonstrated a lower level of TGF-cr peptide in preneoplastic and neoplastic acinar

cell lesions, induced in rat pancreas by azaserine, than in the surrounding 'normal'

acinar cells. The apparently reduced TGF-a peptide levels in (pre)neoplastic lesions can

be explained by an increased expression of TGF-a in the surrouuditrg 'uormal' acinar

cells, because the TGF-cr inrmunoreactivity appeared to be stronger iu normal acinar

cells in azaserine-treated lat pancreas than in acinar cells of non-calcinogen treated rat

pancreas. EGF pepticle levels were not significantly changed in (pre)neoplastic acinar

cell lesions cornpared to the surrounding normal acinar cells, although there was

stronger EGF immunoreactivity observed in pancreata from non-carcinogen treated rats.

EGF and TGF-c¿ mRNA levels determined by PCR in the pancreata of azaserine-

treated rats at 15 months, demonstrated a signiltcant decrease in EGF and a significant

increase in TGF-cr expression, when compared to the non-carcinogen treated rats. At 6

rnonths, however', no significant differences were observed between these groups. An

explanation for this phenomenon might be that at interim kill the rats were still growing.

It has been clescribed that growth factor expression alters during ageing (30), wltich may

have interfered with out' comparison between both groups. Both TGF-a and EGF

rnRNA levels in isolated pancreatic acinar adenocarcinomas from azaserine-treated rats

did not differ significantly from the levels in the pancreata of non-carcinogen treated

ani¡nals.

Azaserine treatment results in a reduction of EGF rnRNA and an increase of TGF-

cr, mRNA, which becoures cletectable only after 15 months. Furthermore, the lower EGF

a¡d higher TGF-cr rRNA levels were not detected in acinar adenocarcinornas, and

TGF-6¿ peptide level was increased only in acinar cells with uortnal morphology.

J'herefore, it ca¡ be concluded that the charrges took place early in the carcinogenic

p¡ocess, in these still normal, acinar cells. TGF-c¿ levels increased, whereas EGF

(nrRNA) level decreased due to carcinogen treatmelÌt. Because these growth factors are

acti¡g via binding the same receptor (the EGFR), these results might suggest that TGF-c
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replaces tlte action of EGF in the initiation phase of pancreatic acinar carcinogenesis in
the rat.

In the present study we also examined the role that EGF or TGF-c¿ rnight play
cluring post-initiation tnodulation of pancreatic carcinogenesis. Therefore, we either
elrhanced or inhibited the carcinogenic process by caerulein (a cholecystokinin analogue)

injections or a low fat-high hber (caloric restricted) diet, respectively. Caerulein caused

a signifìcant iltcrease in the number of both putative preneoplastic atypical acinar cell
Irodules (AACN) and acinar adenocalcinomas, indicating a stirnulation 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

clcvelopmetrt of acinar adenocarcinomas in azaserine-treated rats. Other authors also

leported (32,33) a stimulatory action of CCK on the development of putative
preneoplastic acitrar pancreatic lesions in rats, but thcy did not report effects of CCK on

the development of acinar adenocarcinomas. However, Appel et ql. (34) reported an

increased number of acinar adenocarcinornas in rats treated with CCK, and high affìnity
CCK leceptors were detected o¡r rat pancreatic adenocarcinoma cells (35,36). The
present findings support the latter fìndings and suggest that CCK stimulates the

development of both putative preneoplastic and neoplastic lesions induced in rat
pancreas by azaserirte. Decrease in energy intake (37) or increase 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 caloric restriction can be explained by the significantly higher food intake
of the rats maintained on this diet. However, the lats still showed reduced body, liver
and pancreatic weights at final autopsy. MoreoveL, the low fat-high fìber diet inhibited
pancreatic carcinogenesis as demonstrated by a declease in the nt¡mber of (pre)neoplastic

lcsions present in the aninrals of this group. The caloric restriction, however, was very
ntoderate. Thet'efore, 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 farhigh hber diet, rvhen compared to rats maintained on the normal low fat diet.
This conclusion is supported by numerous studies reporting inhibition of carcinogenesis

by high fiber diets (41,42).

Compalison of the effects of postinitiation treatlnents on the number of
(pre)neoplastic pancreatic lesions and on EGF ancl TGF-a mRNA expression data

determined by serni-quarrtitative PCR did not clenronstrate any correlation. The
caerulein-stimulatecl gloup, for example, showed significantly more pancreatic lesions
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than the azaserine-treatecl control group, whereas EGF or TGF-cr mRNA levels were not

significantly different. 'lherefore, it can be concluded that the effects of azaserine-

treatment on the EGF and TGF-a mRNA expressiorr levels deteunined by PCR in total

pancreas homogenates, were rlot caused by differences in EGF or TGF-cr mRNA levels

in the putative preneoplastic atypical acinar cell lesions. Moreover, effects on EGF or

TGF-o¿ rnRNA expression detected between the various post-initiation treatment grot¡ps

were not convincing. The few differences detectable at interim kill, were not detectable

auymore at final autopsy. No differences in EGF or TGF-a expression in the various

post-initiation treatlìlent groups were detected by immunohistochemistry experiments.

Based on the af-olementioned observations it seenrs justified to conclude that

although the post-initiation treatments modulate pancreatic carcinogenesis, the EGF and

TGF-c¿ levels were not influenced. Moreover, tl,e observation that TGF-cr peptide levels

had decreased irr putative (pre)neoplastic acinar cell lesions, and the observation that

EGF and TGF-cr rRNA levels in tumours were comparable with the levels in
hornogenates of non-carcinogen treated rat pancreata, suggests that AACN may develop

into acinar adenocarcinomas independently of EGF and TGF-c¿. These conclusions are

supported by our finding, that (pre)neoplastic acinar cell lesions induced in rat pancreas

by azaserine showed a decrease in EGFR expression (Chapter four of this thesis). A
disturbance irr the equilibrium between these grorvth factors, however, may have played

a role in the initiation of AACN since pancreata of azaserine-treated rats showed

increased TGF-cr and decreased EGF mRNA levels in cornparison with pancreata of
non-carcinogen treated rats. Therefore, it can be concluded that although EGF and

TGF-c¿ may be involved in the induction of focal hyperplasia, the development of these

putative preneoplastic atypical acinar cell lesions into acinar adenocarcinolnas almost

certainly involves other, (independent) molecular perturbations.
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Chopter 6

6.I ABSTRACT

Using immunohistochcmistry, Northern blotting and a semi-quantitative PCR

technique, epidcrmal growth factor (EGF), transforming growth factor-a (TGF-cv)

and epidermal growth factor receptor (EGFR) expression were studied in the

pancreas of N-nitrosobis(2-oxopropyl)amine (BOP)-treated hamsters. After
initiation, pancrcatic carcinogenesis rvas modulatcd by a high fat diet, a lorv

fat/high fibre (caloric restricted) dict, or injections with the cholecystokinin-

analogue caerulein. Autopsies lvere performed six and trvelve months after the last

injection with BOP.

Immunohistochemistry revealcd a weak expression of TGF-cy in normal acinar

cells, and a strongcr expression in ductular and centro-acinar cells. Ovcrexpression

of TGF-a ryas obseryed in advanced putative preneoplastic lesions (classified as

borderline lesions) and in ductular adenocarcinomas. EGFR immunoreactivity rvas

present only in ductular adenocarcinomas. EGF pepticle exprcssion rvas observed

both in acinar and ductular normal and tumour cclls and the levcl of expression

tlid not change significantly during carcinogenesis. Moreover, the post-initiation

treatments rlid not cause differenccs in EGF, TGF-a or EGFR peptide or mRNA

levels, cxcept for ¿r significantly lorver cxprcssion of TGF-a mRNA in hamsters fcd

a high fat diet when compared to those fcd a lorv fat dict. TGF-a mRNA levels had

increased, rvhereas BGF mRNA levels had decreased significantly in total

¡rancreatic homogenates of BOP-treated hamsters in comparison with untreated

controls. Also in tluctular adenocarcinomas TGF-a and EGFR (but not EGF)

6RNA levels wcre significantly higher than in normal pancreatic homogenatcs. In

pancreatic homogenates obtaincd six months after the last BOP injection' these

clifferenccs rverc lcss pronouncetl in comparison rvith thosc obtaincd after l2
months.

It is concludcd that overexpression of TGF-a (but not EGF) might have a

paracrine or autocrine stimulatory effect on pancreatic tumour development in

IIOP-treatetl hamsters via simultaneously ovcrexpresscd EGFR. However, TGF-ct

EGF antl EGFR do not seem to be involved in thc modulating effects of a high fat

dict or caerulcin treatments on pancreatic carcinogcncsis in BOP-treated hamsters.
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6.2 INTRODUCTION

Exocrine pancreatic ca¡rcer is associated with a poor prognosis because of the
propensity to rnetastasize by the time the diagnosis is established (l). This feature makes
it the fourth or fifth 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 pt'esence of mutations in the p53 tumour suppressor gene
(2,3),in K-ras (3,4) and in MTSI, the gene coding for rhe pl6 inhibitor of cyclinD/cdk-
4 complexes (5) in hrrman pancreatic tumours. Mutations in K-ras were also found in
early lesions and ductular adenocarcinomas in a hamster model for pancreatic
carcinogenesis (6).

A uutnber of growth factors has also been described to play a role in the promotion
of abnormal pancreatic growth. Sinrultaneous overexpression of the transforming growth
làctor-c¿ (TGF-ct), the epiderrnal growth factor (EGF) and their receptor (the epidermal
glowth factor receptor; EGFR, c-erbB, HER-l), in human pancreatic adenocarcinolnas

suggested an autocrine or paracrine growth stimulatory mechanism (l). These
stimulatory processes wel'e also suggested after the fìnding of concomitant
overexpression of the hepatocyte glowth factor (llGF) and its receptor MET in human
pancreatic ttlmout's (8). Overexpression of other growth factor leceptors such as c-erbB2
(l-lER-2, neu), c-erbB3 (l-lER-3) (9), transforrning growth factor-ß2 (TGF-ß2 Type II)
(10), and the fibroblast growth factor type I (11) has also been reported in human
pancreatic tumours.

Apart from these 'genetic' 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
diets (14) have been correlated with pancreatic cancer prevalence. In animal models,
pancreatic carcinogenesis could be enhanced by dietary factors such as fat (15-18), or
lrormonal factors such as the gut hormone cholecystokinin (ccK) (19,20). The
rnechanisrns by which fat or CCK modulates pancreatic cancer have not yet been

elucidated.

It 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-terrn experiment (12 months) was performed in the well
described N-nitrosobis(2-oxopropyl)amine (BOP)-hamster model for ductular pancreatic
calcinogenesis (21).

Previously we performed a sirnilar study in azaserine-treated rats, another well-
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known model for acinar pancreatic carcinogenesis (22). In that study pancreatic

carcinogenesis was stimulated by a high fat diet and by the cholecystokinin-analogue

caerulein. Sorne investigators reported no or inhibitory effects of CCK,/caerulein on the

development of dr¡ctular pancreatic lesions induced in hamsters by BOP (23,24), while

in contrast, other investigators reported stimulation of the carcinogenic process (25). We

included a caerulein-stimulated group in the present hamster experiment, in order to

colnpare the results of this study with those previously obtained with the rat study.

Furthermore, pancreatic carcinogenesis was enhanced by a high fat diet, whereas another

group of hamsters was maintained on a caloric-restricted/high fibre diet in order to

inhibit tun-rour development. At autopsies after six and twelve months, expression of the

epidermal growth factor and transforming growth factor-o was investigated in the

palìcreas, using both semi-quantitative PCR, and inrmuno-histochemistry. In the sarne

tissues, expression of the EGFR was investigated by Northern blotting and

i mmunohistochernistry.

6.3 MATERIALS AND METHODS

'lt¡rnour inclt¡ction

To initiate pancreatic carcinogenesis, 140 Syrian golden hamsters (obtained from

llarlan-CPB, Austerlitz, The Netherlands) were injected s.c. at 5, 6 and I weeks of age

with 20 mg 1{-nitrosobis(2-oxopropyl)amine (BOP; Ash Stevens, Detroit, MI, USA) per

kg body weight according to an injection protocol described previously (18). Twenty

extra hamsters, injected with saline instead of BOP, set'ved as nou-carcinogen controls

(Group E, see Tables 6.1 & 6.2). The 140 animals were equally divided in four groups

arrd treated as follows: group A: low fat diet; 5o/o corn oil, group B: low fat diet with

s.c. injections of 2.5 ¡tg caerulein/kg body weight three times a week, group C: high fat

diet; 20%o corn oil, and group D:20Yo caloric restriction/high fibre diet. 'l'he compositi<x

of the diets is described in Table 6.1.

All anirnals were housed in similar standard conclitions (five animals per cage).

Body weights and food intake were recorded weekly dr.rring the first three nronths and

once a rnonth cluring the rest of the experiment. The general condition and behaviour of
the animals were checked daily. The animals were killed 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

tumoul'or¡s were excised. Glossly visible pancleatic tunrours were separated frorn normal
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pancreas. One part of all pancreatic tissues was routinely fìxed in 4%o bufîered formalin
and subsequently ernbedded in paraffin wax to cut tissue sections, and the adjacent part
was srìap frozen in liquid nitrogen to be used for molecular biological techniques.

Table 6.1 Weight percentage composition of the AlN76-based diets"

Croup Postinitiation No. of l¡alnsters Body wt (g)
trcatntent group

Groups A, B, E
Low fat

Group C

High fat

Group D
20%o Caloric
restriction

Casein

DL-Methionine

Wheat stalclr

Cellulose

Choline bitartrate

AIN-76-AM nrinerals

AIN-76-AM vitanrins

CaHrPOo

Corn oil

Total

Calories (MJ/kg)

20.0

0.3

63.5

5.0

0.2

3.5

1.0

1.5

5.0

r00.0

t6.2

2s.0

0.35

40.79

6.62

0.23

4.09

t.t7
t.7s

20.0

r00.0

16.7

20.0

0.3

44.49

25.2s

0. l6
2.8

0.8

t.2

5.0

r00.0

t2.6

"'l-he diets were preparecl freshly every 2 months. All diets r.vele stored at -20oC until use.

I-listoloqy

At least three fonnalin-fìxed, palaffin-embedded tissue sections, cut at different
levels, were stained routinely with haematoxylin and eosin (H&E) and examined by
light nricroscopy. Pancreatic lesions were classified as borderline lesions, carcinomas jr-
.rilu, or ductular adenocarcinomas, according to the criteria of Meijers et at. (24) and
Pour and wilson (26). rn the rernaining parallel sections TGF-g, EGF and EGFR
peptides rvere detected by immunohistochemistry. TGF-a was detected with a mouse
anti-rat ¡nonoclonal antibody (dilution l:15, AB-2, oncogene Science, Uniondale, N.y.).
To detect EGF we perforrned incubations with four different polyclonal antibodies, a
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labbit-anti-mouse polyclonal found to be immunoreactive in hamster ovaries (a generous

gift of Dr. Shyamal K. Roy, University of Nebraska Medical Center, Omaha, Nebraska)

(27), a rabbit anti-rat (a generous gift from Ryoichi Oyasu, Northwestern University

Medical School, Chicago, IL) (28); a rabbit anti-recombinant human EGF (Ab-3'

Oncogene Science); and a rabbit anti-rat (Biomedical Technologies Inc., Stoughton,

MA). Specificity was checked on salivary glands and all antibodies proved to be

immunoreactive (29). Two monoclonal anti-mouse EGF antibodies (MON800I and

MON8002, Monosan, Uden, The Netherlands) dicl not show immunoreactivity with

harnster tissues. EGFR antibodies were a generous gifì flom Dr. W.A. Dunn, University

of Florida, or were obtained from SIGMA (St. Louis, MO; clone 29. l). EGF and TGF-cr

peptides wele detected using an antigen retrieval method described previously (22).

EGFR peptides were detected using a triton-pretreatment method as described previously

(30).

RNA isolation

Based o¡ the lesults of the microscopical examinations, the frozen tissues were

clivided into nornral, preneoplastic and tumour tissue. Total RNA from pancreas

l.ro¡rogenates and fi'om separated dr.rctular adenocarcinomas was isolated using the

guanidium-isothiocyanate/acid phenol-chloroform isolation method, described in detail

previously (22,30). From the hamster pancreas it appears impossible to collect putative

preneoplastic lesions separately. Therefore, preneoplastic pancreas actually is a

hornogenate of both nolmal pancreatic tissue and preneoplastic lesions containing

pancreatic tissue.

Northern Blottinq

EGFR pRNA levels were detected in pancreatic hotnogenates by Northern blotting

as described in cletail previously (30). Shortly, a hamster EGFR cDNA fragtnent rvas

PCR-clonecl into a pGEMJZF veclor (Promega) and authenticity was controlled by

¡qcleotide-sequencing. Llybridisations were performed with liboprobes, synthesized and

labelled with 32P by in-vitro transcription. Ribosomal 75 mRNA was detected on the

sarne blots to control for RNA loading, using a 3'P-labelled cDNA probe. Blots were

washed under high-stringency conditions and EGFR autoradiography signals were

cletected usirrg a phosphorimager (Molecular Dynamics, Sunnyvale, CA) and

subsequently quantified using the software program hnageQuant (Molecular Dynamics).

Semi-Ouantitative Polyrnerase Chain Reaction (PCRI

Because Northern blotting did not appear to be sensitive enough to detect EGF and
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TGF-cr mRNA in pancreatic honrogenates, a serni-quantitative PCR was performed as

clescribed in detail previously (22). shortly, the cDNA sample fiom one animal,
synthesized using oligo-dT plimers, was arnplified in diploid with both EGF, TGF-o and

GAPDI{ primers. Specificity of the PCR-products was checked by hybridisation with
radioactive labelled internal oligoprobes and by nucleotide sequencing. The amount of
tlte PCR ploducts was detennined using a laser densitorneter (Molecular Dynamics,
Sltnnyvale, CA). Quantification of the PCR products was achieved by calculating the

relative alnounts compared to the expression of the housekeeping gene GAPDH.

Statistics

Body weight data were statistically evaluated by analysis of variance with initial
body weight as co-valiable, follorved by Dunnett's tests (two-sided). Pancreatic weight
data were statistically evaluated by analysis of variance followed by two-sided Dunnett's
tcsts. Food intake data were statistically evaluated by a Vy'ilcoxon matched pairs test.

J'he number of paucreatic lesions was evaluated by a 2-sample Student's f-test. The

Northern blotting and semi-quantitative PCR data were statistically evaluated by the

Wilcoxon/Mann Wlritney U-test. The incidence of tumours (the number of tuntour-

bearing animals) was evaluated by Pearson 12-test.

6.4 RESULTS

Body and pancreatic weiqhts

Body weights were significantly (P<0.05) higher at 12 months in the high fat group

when compared with the other groups. Pancreatic weights, however, were not

significantly inflr.renced (Table 6.2). The cholecystokinin analogue caerulein caused a

sr"rbstantial increase in absolute pancreatic weights, but 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 fìble/low fat (caloric restricted) diet caused a substantial, but also not

statistically signifrcant declease in absolute pancreatic weiglrt.

Food intake

Mean daily food intake is presented in Figure 6.1. Food intake was not

significantly influenced by injecting BOP-treated hamsters with caerulein. However,

BOP-treated ha¡nsters given a high fat diet demonstlated a significantly (P<0.001)

reduced foocl intake when compared with the BOP-treated 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-treated hamsters given a low fat diet, with saline-

injected hamsters given a low fat diet, did not reveal differences in food intake.
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Figure 6.1 Food intake (group rneans) of BOP-treated hamsters ntaintained on various treatments.

Llistoloqy

The nurnber of pancreatic lesions present in hamsters after six rnonths and after 12

r.nonths is 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

afìer twelve months. BOP-treated hamster maintained on a high fat diet demonstrated a

significantly (P<0.01) increased number of BLL at six months, but not at 12 months,

r,vhen conrpared 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

ductr¡lar adenocarcinolnas and carcinomas in-situ was higher in the groups treated either

with caerulein or maintained on a high fat diet, when compared to hamsters given a low

fàt diet, but the numbers were too low to allow statistical analyses. Hamsters injected

with 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 t2 monrhs"
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a
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\
È
c)
rË
È
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Croup Postinitiation treatment

group
Body wt (g) Pancreatic wt (g) Relative pancreatic wt

G/kg Bw)

No. of
hamsters

\o

6 months

A

B

c

D

E

12 months

A

B

c

D

E

Low fat

Low fat + caerulein

High fat

Caloric restriction

No carcinogen

Low fat

Low fat * caerulein

High fat

Caloric restriction

No carcinogen

12

l4

l0

l4

9

r0

9

t0

lt
6

127.3 t 5.9

127.6 t 3.4

r33.0 f 6.4

140.3 ! 5.1

136.4 I 8.0

153.r r 3.9

16t.6 + 7 .t

175.0 ! 4.2'

162.5 ! 7.1

145.4 t 4.l

0.323 ! 0.022

0.384 * 0.029

0.341 r 0.0s0

0.282 x 0.017

0.31ó r 0.03t

0.447 ! 0.064

0.573 r 0.083

0.384 + 0.036

0.389 r 0.039

0.438 r 0.040

2.55 r 0.16

3.04 ! 0.24

2.57 L 0.32

2.02 t 0.t1

2.33 t 0.18

2.93 ! 0.42

3.06 t 0.31

2.22 ! 0.24

2.43 t 0.27

3.03 r 0.31

Yalues are means I 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 low fat group; 'p<0.05).
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o\Table 6.3 Number of pancreatic lesions in BOP-treated hamsters after 6 or 12 months post-initiation treatmentsa

(Pre)neoplastic lesions No. of lesions

observed

Low fat Low fat * caerulein High fat Caloric restriction

Interim Final Interim FinalFinalFinal Interim Interim

38'

I

0

15 23

00
t0

No

No. of hamsters

No. of tumour-bearing

animals (%)b

Borderline lesion

Carcinoma in-situ

Ductular

adenocarcinoma

Total no. of carcinomas

t2 l0

8 (67) 8 (80)

l4

12 (86) e (r00)

JJ

2

l

)

l0 l0

l0 (100) r0 (100)

t4 l0

12 (86) 10 (r00)

26"

I

I

2

30

2

I

3

25

0

0

0

24

0

I

I

'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. bTumour-bearing animal, animal

that bears one or more carcinoma (in-sítu) in the pancreas at final autopsy.

Statistics: no. of lesions, 2-sample Student's t-test, values with asterisks are significantly different from the low fat group ('P<0.05,

"P<0.01).



Table 6.4 EGF and TGF-a mRNA expression in pancreatic tissues of BOP-treated and untreated hamsters"
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rts
aa

Post-initiation treatment group EGF TGF-cr

Interim Final Final

N)

A

B

c

D

E

Low fat

Low fat * caerulein

High fat

Caloric restriction

No carcinogen

42.7 x tt.s

38.3 r 3.5

61.7 t 6.2

28.3 !.4.0

57.1 t 7.4'

ND

28.8 f 6.6

45.0 + ll.9

25.9 + 5.0

43.8 r I1.0

r69.9 r sr.5"'

88.0 å 8.2

13.2 ! 4.2

22.2 + 7.9

l4.l r 1.9

12.9 + 5.4

10.2 r t.5

ND

4Q.7 t 3.61

52.0 ! t3.7

25.3 + 3.61

80.6 L 26.3

5.0 I I.72'"'

20.7 + 8.52A,B,C,D Adenocarcinoma

"Values are me¿¡n optical densities obtained by laser-densitometry as percentages of GAPDH, representing the relative amounts of
EGF- or TGF-c mRNA expressed i standard error of mean (SEM). ND, not done.

Statistics; WilcoxonÀ4ann-Whitney U-test, r'zvalues with identical superscripts are significantly different, P<0.05; saline-treated
hamsters are significantly different from BOP-treated hamsters (taken together as one group)'P<0.05; "'P<0.001.
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I mmunohistochernistlv

Iurmuuohistocheuristry, using the various antibodies directed against EGF did not

rcveal distinct EGF expression patterns. Acinar, ductulal and endocrine cells stained

làintly and equally weak for EGF, but a slightly stronger signal was observed at the

apical site of the ductular cells (Figure 6.2a). Using the same incubation conditions,

specific EGF staining rvas determined in the dr.rctular cells of hamster salivary glands as

a co¡rtrol (Figure 6.2b). Comparison of pancreata ti'o¡n BOP-treated hamsters with
paucreata fronr saline-treated hanrsters did not reveal significant differences in EGF

staining pattcms ol intcnsities.

Using an arìti-rat monoclonal antibody directed against TGF-cr (AB-1, Oncogene

Science), weak staining rvas found in acinar cells and a slightly stronger staining in

ductular and centro-acinar cells of norrnal harnster pancreas. Significantly strongel TGF-
cr stainiug was obselved in the ductulat cells of borderline lesions and tubular ductular

complexes, rvhereas only weak staining was observed in lesions that are thought to have

a low ¡rotency to clevelop to ductular adenocarcinornas, such as cystic and interrnediate

cluctular complexes (30). Ductr¡lar adenocarcinonras demonstrated strong TGF-cr

inrmurroreactivity (Figurcs 6.2c &. 6.2d).

The two antiboclies dilected against EGFR deuronstrated identical staining patterns.

In normal harnster paucreas, strong cytoplasmic, apical and lateral staining for EGFR

rvas only found in ducts with high epithelium, but not in ducts with low epitl'relium, or

in acinar cells (Figure 6.2c). No staining was founcl for EGFR in putative preneoplastic

tubular cluctular complexes. However, ductular adenocarcinonas exhibited a strong

IIGFR iurmr.utoreactivity (Figure 6.2f).

On page 123:

Figurc 6,2 Arrorvheads point to imnlunohistochemical staining in BOP-Ireated harnsters. DAB-

staining, hacrnatoxylin nuclear counterstaining. a, apical EGF inrmr¡noreactivity in ductular cells of
hamstel pancleas; b. ECF imnlunoreactivity in cluctular cells of hamste¡' salivary glands; c. TGF-q

irnnrunoreactivity in ductular cclls of a hanrster pancreas adenocarcinonra; d. negative control of c.; e.

[iGFR immunoreactivity in thc ductular cells of nornlal hanrster pancreas (not treated with BOP); f. EGFR

inrnrr¡no¡eactivity in ductulal cells of a hanrster pancleas adenocarcinonla.
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Chapter 6

No differences in EGF, TGF-cr or EGFR immunoreactivity (localization and

intensity) were observcd amongst the various posrinitiation treatment gl'oups.

Strong TGF-cr, but not EGF or EGFR, immunoreactivity was observed in

pelipheral enclocrine cells of the islets of Langerhans (Figure 6.3). Double staining

cxperinrents revealecl that the localization of these TGF-ø positive cells correlates partly

r,vith the localization of glucagon or somatostatin positive cells. Glucagon and

somatostatin producing cells were also localized in the islet of Langerhans periphery, but

clouble staining for TGF-cr and glucagon or solìlatostatin only occurred in about 5o/o of
the TGF-a positive cells. TGF-a staining could not be blocked by pre-incubation with

antibodies directed against glucagon, somatostatin, or insulin. Moreover, in these

endocrine cells no differences in cell staining intensities were observed betweetr

paucreata of normal and BOP-treatcd hamsters.
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Figure 6.3 TGF-a inrnrunoreactivity (arrowheads) in peripheral cells of an islet of Langelhans in the

pancreas of a Syrian golden hantster. I, islet of Langerhans; A, acinar cells.

Northern blotting

EGFR mRNA levels were detected by Northern blotting in hornogenates frotn

normal haurster paltcreas, pancreas from BOP-treated hamsters containing putative

preneoplastic lesions (indicated as "preueoplastic ¡rancreas") and honrogenates from
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ductular adenocarcinomas. Analyzing more than 50 samples, no significant differences
in EGFR mRNA expression levels were observed comparing preneoplastic pancreas with
normal pancreas. However, ductular adenocarcinomas demonstrated a significantly (3-5
fold) increase in mRNA expression when compared to total pancreas homogenates (both
normal and preneoplastic) (Figure 6.4).

H(;1-.'R > < l.l(;F Il

75> <75

Figure 6.4 Detection of EGFR ¡nRNA in pancreas hornogenates of BOP-treated hamsters by Northern

blotting. Note the inconsistent differences in hybridization signals in the various lanes cornprising RNA
obtained flo¡n hamsters from the various treatment groups (A,B,C,D); * indicates RNA isolated from

ductular ade¡rocarcinomas.

Semi-quantitative PCR

Pancreatic tissues obtained from carcinogen-treated and untreated hamsters were

used for PCR. The data summarized in Table 6.4, which represent duplicate experiments

with material obtained from at least five different animals, demonstrate TGF-a and EGF

mRNA expression in normal hamster pancreas. TGF-cr, and EGF mRNA expression was

also demonstrated using the PCR technique on preneoplastic pancreas and on pancreatic

ductular adenocarcinomas.

The most striking effects were found when comparing EGF and TGF-a mRNA
levels in carcinogen-injected hamsters with those in saline-injected hamsters:

BDBAB(lD(lD
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l) BOP-treatment irrcreases TGF-cr mRNA expression.

2) BOP-treatment decreases EGF mRNA expression.

Ad.l) After l2 months, but not after six months, BOP-treated hamsters showed

signifìcantly (P<0.001) higher TGF-o mRNA levels than saline-treated hamsters.

Ductular adenocarcinomas also demonstrated significantly (P<0.05) increased TGF-a
levels when compared to pancreatic homogenates from saline-treated hamsters.

Ad.2) In contrast, at final autopsy, EGF mRNA levels in BOP-treated hamsters rvere

signifìcantly (P<0.001) lower than in saline-treated controls. Ductular adenocarcinomas

collected at final autopsy did not demonstrate significant differences in EGF mRNA
expression in comparison with total pancreatic hornogenates (both normal and

¡rreneoplastic). At interirn kill, only the BOP¡r'eated hamsters injected with caerulein or

given the caloric restricted diet demonstrated significantly (P<0.01) decreased pancreatic

EGF mRNA levels in comparison with hamsters not injected with BOP. However, when

cornbining all carcinogen-treated hamsters, this also revealed a significantly (P<0.05)

lower EGF mRNA expression in the pancreas of BOP-treated hamsters than in saline-

treated hamsters at interirn kill.
Postinitiation treatrnents did not modulate pancreatic TGF-cr or EGF mRNA levels,

cxcept for a significantly (P<0.05) lower TGF-cr, 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 increased trarrsf'orming growth factor (TGF-a) rnRNA synthesis in parrcreatic

cluctular adenocarci¡romas experimentally induced in hamsters by the carcinogen N-

nitrosobis(2-oxopropyl)amine (BOP), in comparison with EGF and TGF-o mRNA

synthesis in normal pancreas. We also dernonstrated overexpression of the Epidermal

Growth Factor Receptor (EGFR) in pancreatic ductular adenocarcinomas.

Overexplession of EGFR, a tyrosine kinase tlansmembrane receptor known to be

activated by binding of -arnongst others- EGF and TGF-cr (32), has also been reported

in ductular adenocarcinomas of human pancreas (33,34). A concomitant (over)expression

of EGF, TGF-o and the EGFR in human pancreatic adenocarcinomas has been reported,

pointing to an autocrine or paracrine cell-growth or cell-division stimulatory cycle

(7,35). The findings in the present paper suggest a similar mechanism in BOP-induced

pancreatic cancer in Syriau golden hamsters. Moreover, in the plesent study, a shift was
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observed from EGF towards TGF-a (over)expression during the carcinogenic process,
rvhich rnight imply art even stronger growtll stirnulatory effect, since the biological
activity of TGF-q is ofren found to be higher than the activity of EGF (36,37).

Because of the similatity between the present observations in BOP¡reated hamsters
and those in human pancreatic tumours, the role of growth factor (receptors) in the
developrnent of cltlctular adenocarcinomas induced in hamster pancreas by BOP may be

comparable to the role of these growth factors in human exocrine pancreas
carciuogenesis. This observation supports the conclusion of several other investigators,
that the BOP-hantster rnodel is highly relevant to mirnic pancreatic carcinogenesis in
tllen and therefore, the putative preneoplastic ductular lesiorrs induced in hamsters rnight
mirnic early stage neoplasia in men.

In adclition to the role of EGF and TGF-c¿ in pancreatic carcinogenesis we studied
whether these growth factors are involved in the moclulating effects of the post-initiation
tl'eatments by caerulein, dietary fat or caloric restriction on pancreatic carcinogenesis irr
hamsters. Unfortunately, the 20Yo caloric restriction did not cause an inhibition of
pancreatic carcittogenesis, because the hamsters appeared to compensate for the reduced
caloric content of the diet by eating significantly rnore than controls. In contrast,
caerulein tt'eatlnent as well as a high fat diet enhanced pancreatic carcinogenesis.

l-lowever, when comparing the various post-initiation treatment groups witlt controls, no
consistent statistically significant effects on EGF or TGF-cr ¡nRNA expression levels
rvere detected. Moreover, the nrodulating effects of caelulein and fat on pancreatic
cat'cinogeuesis were ntost plonounced after six months, whereas the differences in EGF
and TGF-cr nrRNA levels were most pronounced at 12 months. The number of
pleneoplastic and rteoplastic lesions per animal was highest at 12 months. Therefore, it
is concluded, that the effects of caerulein or a high fat diet on tumour formation were
rnost probably not caltsed by modulation of these growth factors. Thus, it is most likely
that the effects on EGF and TGF-o expressiorl were detected only at 12 nronths, because

the diffelences between saline-treated hamsters -showing no (pre)neoplastic pancreatic
lcsiorts-, and BOP-treatcd hamsters -showing sevelal (pre)neoplastic pancreatic ductular
lcsions-, wele most pronounced l2 months after the last injection with BOP.

TGF-ct peptide expression was also demonstrated by immunohistochemistry in the
peripheral endocrine cells of the islets of Langerhans. This strong TGF-cr expression

most probably did interfere with the mRNA determinations presented in this paper.

Because isolated ductular adenocarcinomas did not contain endocrine cells, the mRNA
lcvels in these tissues were fol¡nd to be lower than in total pancreatic homogenates from
BOP-treated haursters, which did contain endocrine cells. However, notwithstanding this
confounding fàctor, TGF-a rnRNA expression was significantly increased in ductular
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adenocarcinomas in comparison with hornogenates of normal pancreas from control

hamsters. Moreover, inrrnunohistochemistry demonstrated a distinctly increased TGF-cr

expression in cluctular adenocarcinoma cells when compared to exocrine ductular cells of
ruormal pancreas. These observations confirm that the observed overexpression of TGF-cr

rRNA in (pre)neoplastic pancreas is caused by overexpression in the ductular cells due

to BOP-treatrnent.

Double staining experiments revealed concornitant expression of TGF-cr and

somatostatin, or TGF-o and glucagon in some, but not all of the endocrine cells. No

clifferences were observed in localization or intensity, when cornparing the staining in

pancreatic endocrine cells of BoP-treated hamsters with these of saline-treated controls.

LJsing immunohistochemistry, the islets of Langerhans, either from BOP+reated

hamsters or saline-treated controls demonstrated only a weak and diffuse EGF staining.
'I'herefore, it can be conclucled, that BOP{reatment, in corìtrast to the observations in the

exocrine pancreas, did not affect TGF-a or EGF expression in the endocrine Sylian

golden hanrster pancreas.

Finally it is concluded, that -similarly to the obselvations in hutnan pancreatic

turnours- the concomitant overexpression of TGF-cr and EGFR might point to an

autocrine or paracrirre growth stimulatory cycle in hamster pancreas carcinogenesis.

I-lowever, unlike in human pancreatic carcinogenesis, EGF overexpression does not

appeal' to play a role in hamster pancreatic carcinogenesis. In fact, in BOP{reated

hamsters overexpression of TGF-o is accompanied by a reduction in expression of EGF,

which might suggest that a change in the equilibriurn between EGF and TGF-a

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

7.1 ABSTRACT

Expression of the proto-oncogcne pp60"-"' (c-src) rvas investigatcd in acinar
pancreatic (prc)ncoplastic lesions induced in rats by azaserine, and compared with
the expression in normal rat pancreas. Thc data indicatcd extrcmely lorv or absent
c-src protein level and c-src t¡rrosine kinase activity in the pancreas of untreated
control rats. Horvever, compared to these controls, c-src protein immunoreactivity
was incrcased in 'normal' acinar cells and in putative preneoplastic atypical acinar
cell nodules (AACN) in rats treated rvith azaserine, More advanced lesions, such as

sccondary transformed acinar cclls (nodules-in-nodulcs) dcmonstrated no c-src

immunoreactivity. Iìats trcated rvith azaserinc sholvcd a 7-fold higher c-src tyrosinc
kinasc activity in their p¿¡ncreas, and the level of c-src tyrosinc kinase activity
correlated positively with thc number of lesions in the pancreas. Promotion of
azaserine-initiated pancreatic carcinogenesis in rats by the cholecystokinin analogue

caerulcin resulted in a more than l0-foltl incrcase in the number of pancreatic

acinar ccll lcsions, rvhich was accompanied by a 6-fold increase in c-src tyrosine
kinase activity, rvhen comparcd to azaserine treatment alone. c-Src tyrosine kinase

activity was prcdominantly found in the cytoskeletal subccllular fraction, which

appcarcd to be responsiblc for on average 40o/, of thc total tyrosine kinase activity
i¡r the pancrcatic hotnogcnatcs. Furthermore, the transformation from normal to
prencoplastic pancrcatic tissue in azaserine-trcatcd râts was accompanied by a

change in thc localization of the c-src protein. Using immunohistochemistry and

confocal lascr scanning microscopy, in morphologically normal pancrcatic acini the

protein rvas detected in the cytoplasm, rvhereas in AACN it was detected both in
the cytoplasm and in the nuclei. It is conclude<I that c-src might be involved early
in pancreatic carcinogenesis. c-Src probably plays a minor role in pancreatic acinar
cells after transformation to malignancy.

7.2 INTRODUCTION

Tyrosine phosphorylation is recognized as an important regulatory mechanism in

lesponse to a number of processes including the action of growth factors and oncogenes

(l-4). Recently, many studies have been focussed on the role that growth factors play in
exocrine pancreatic carcinogenesis. Several studies report overexpression of the

epidemral growth factor (EGF), transforming growth factor-o (TGF-cr) and their
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receptor (the epidermal grorvth factor receptor (EGFR)), in hurnan pancreatic tumours
and cell lines (5-8). Flowever, little is knowrr about the intra-cellular processes induced

by these growth fàctors in pancreatic tumours, or the relationship between growth factor
expression, signal transduction, and growth rate.

The proto-ortcogene c-src, the cellular homologue of the transforming protein

encoded by the Rotts-sat'coma vitus gene v-src, has been reported to contribute
significantly to the elevated protein tyrosine kiruse activity in human tumours inclucling

bLeast (9,10), colon (l l), bladder (12) and neuroblasts (13). c-Src is rhought to be

involved in signal transduction processes alter stimulation by (arnongst others) platelet

derived growth factol receptor (PDGFR; 14, 15, 16) and EGFR (17-20), which are

nrediating cell plolifelation (15, 17), cell differentiation (21) and ¡nitosis (22,23). tJntill
lìow, no studies have beeu published on the role of c-slc in exocrine pancreatic

calcinogenesis.

The r.st'c protein is mainly locatecl on the inner surfàce of the plasma membrane,

rvlrich position was reported to be indispensable fol its transforming capacity (24,25).

Mole recently, it rvas cleuronstlated that v-src is associated with the cytoskeleton (26).

Moreover, it was shown that the degree of association with the cytoskeleton colrelated

with cell transformation, suggesting that associatiorì of v-src with the cytoskeleton is

indispensable for morphological transformation (26,27). I-lowever, c-src was

cletuonstrated on endosotnal membranes (28), but recent studies also denronstrated

association of c-src rvith the cytoskeleton after stirnulation of glioblastoma cells with
PDGF or EGF (29). In the preserìt study we analyzed both the expression and

localization of the c-src plotein by irnnrunohistochenristly and by biochemical methods

in azaserine-treatecl rats, a rvell-known rnoclel for acinar adenocalcinomas in exocrine

pancreas (30,3 l). Moreover, c-src protein tylosine kinase activities were deterrninecl in

normal ancl (¡rre)neoplastic pancreatic tissues, using an immuno complex kinase assay.

Finally, the contributiou of c-src to overall protein tyrosine kinase activity in pancreatic

tissues rvas evaluated by an enzyme linked immuno sorbent assay (ELISA).

7.3 MATBRIALS AND METHODS

Animals ancl collection of' tissues

To induce pancleatic carcinogenesis, albino Wistar WU rats (Charles River Wiga

GrnBLI, Sulzfèld, Gelrnany) were injected intraperitoneally at 14 and 21 days of age

rvith 30 mg azaserine (Calbiochem-Behring Corp., La Jolla, CA, USA) per kg body
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weight according to an injection protocol described previously (32). All animals were

hor¡sed urlder similar standard conditions and were rnaintained 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 ¡rg caerulein/kg body weight on 3 consecutive days per week for the whole

experirnental period).

The rats were killed 15 months after the last injection with azaserine. Therefore,

the animals were anaesthetized with ether, exsanguinated by cannulating the abdominal

aolta, and then exaurined for gross pathological changes. The entire pancreas was

excised, partly flozen arrd stored in liquid nitrogen irnmediately after dissection, and

partly fixed in 4% buffered formalin and ernbedded in paraffin wax.

I'listolosy

At three separate levels, ten 5 ¡rm serial sections were cut from the paraffin

embedded pancl'eas. Of each series one section was stained with haernatoxylin and eosin

(l-l&E) and examirred by light microscopy. Likervise, o¡re part of the liquid nitrogen

frozen pancreas was used for preparation of cryostat sections, the adjacent part was used

for biochemical analysis. These cryostat sections were fixed for l0 minutes in 4%o

buffered for¡nalin to be stained routinely with FI&E and examined by ligltt rnicroscopy.

Based ou the results of the microscopical exanrinations, we selected tissues with no

(frorn rats 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

tleated with caerulein) putative preneoplastic atypical acinar cell foci. In this last group,

the pancreas ahnost totally consisted of (pre)neoplastic tissue.

I mmunohistochernistrv

A sl.reep-anti c-src polyclonal antibody (Affinity; Nottingham, UK, 1:150 diluted)

rvas used to detect c-src immunoreactivity in paraffin ernbedded sections. Endogenous

peroxidase activity was quenched by incubation in 0.60/o hydrogen peroxide in methanol

for 30 minutes. For antigen retrieval, the sections were boiled in citrate buffer (sodium-

citrate,2.94glL HrO, pH 6.0) for 15 minutes and subsequently, cooled down very slowly

to rootì.r tetnperature. The slides were incubated for 2 hours with the primary antibody in

4%:o bovine serum albumin (BSA) in phosphate buffered saline (PBS, 0. 14 mM NaCl;

8.93 nrM NarFIPO,,; 1.28 mM Nal-IrPOo; plf 1.4) in a humid slide chamber at roorn

ternperature (RT). To detect the polyclonal antibody, the slides were subsequently

incubatecl with a peroxidase-conjugated rabbit-anti-sheep antibody (RAShPO, DAKO
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a/s, Glostrup, Denrnark; dilution l:100; 30 min at RT) and a peroxidase-conjugated
srvine-anti-rabbit antibody (SwARPo, DAKo, dilution l:100;30 min ar RT). Both
antibodies rvere diluted in PBS containing l0olo nomral rat serum. In between every
incubation step the sections were rvashed tlrree tinres for five minutes with pBS-Tween

(0.05% Tween-2O in PBS, pH 7.4), with exception of the last washing step where
'fween was omitted. subsequently, a brown precipitate was observed by light
microscopy after the peroxidase reaction with 60 mg 3,3'-diaminobenzidine
tetrahydrochloride (DAB; slGMA, St.Louis, Mo, usA) and l0 ¡tI37% Hro, in 100 ml
I-lrO. The sections were countet'stained with hematoxylin (after Mayer), arrd covered
with DEPEX. For negative controls, the primary antibody was ornitted; all negative
controls did not show any staining.

To examine the sections with a confocal laser scanning rnicroscope (CLSM
MRCl000, Bio-Rad, I-lelcules, california) the antibody directed against c-sr.c was
detected by changing the third incubation step for a TRITC-labeled swine-anti-rabbit
polyclonal antibody (SwAR-TRITC, Nordic hnmunological Laboratory, Tilburg, T¡e
Netllerlands, dilution l:40). These sections were not counterstained, and were covered
with PBS/glycerol (9:l).

Preparation of subcellular protein fractions

Sample prepalation was performed as described previously (20) with some
rnodifications. To inhibit proteolytic enzyme activities, all solutions were kept on ice a¡d
0.055 TIU/ml aprotonin, I mM phenyhnethylsulfonyl fluoride, l0 pglml leupeptin, and
I pglml pepstatin were added just before use. To inhibit tyrosine phosphatase activity,
100 pM NarVOo was added. About 800 mg pancreatic tissue was homogenized in 4 rnl
extraction buffer (20 rnM HEPES, pH 7.2; I mM MgClr; I mM EDTA-Nar; I mM
dithiothreitol; l0% glycerol) and centrifuged at 800 g, 30 min at 4"c to get rid of cell
debris. The supernatant rvas centrifuged at 48,000 g, for at least 30 min at 4oc. The
supernatant (cytosol fraction) was removed and the pellet was resnspended in
solubilisation bufrer (20 mM HEPES, pH 7.2;20 rnM Mg-acerare; 5 rnM NaF; 0.2 mM
BDTA-Na'; 0.8 mM EGTA; I mM dithiothreitol; 0.5% Nonidet p-40) and centrifuged at
48'000 g, 30 rnirr, 4"C. The supernatatlt (soluble membrane fraction) was removed and
the pellet was resnspended in radio immunoprecipitation assay (RIPA) buffer (20 mM
Tris-l{cl, pll 8.0; 150 mM Nacl; l0 rnM NaHrPoo;5 rnM EDTA; I mM dithiorhreitol;
l0% glycerol; l% Nonidet P-40; l0lo Na-desoxycholate; 0. l% sDs) and centrifuged at
48,000 g, 30 min, 4oC. The supernatant (cytoskeleton fraction) was collected.
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hnmunoprecipitatiou of c-src.

Immunoprecipitations were performed as described previously (10). Protein

concentrations were standardized between the corresponding fractions of the various

tissue sarnples, accordit.tg to the method described by Bradford (33). The various

subcellular fractions were incubated with the rnouse nlonoclorlal antibody Ab-#327

(Oncogene Science Inc., Uniondale, NY, USA; I pg/400 ¡rl protein extract, I hr at 4"C),

arr antibody that recognizes c-src and does not inhibit tlte tyrosine kinase activity (34).

As a check for the specihcity of precipitation, control plecipitations were performed

with a non-r'elevant mouse immunoglobulin (SIGMA). Subsequently, the antibody-

protein complex was precipitated by incubation with 3 rng protein-A Sepharose, 2 hrs at

4oC and collected by centrifugation. The pellet was washed three times with wash-buffer

(20 mM IIEPES, pFI 7.5; 150 mM NaCl; 0.1% Triton X100; l0% Glycerol; I mM

NarVO,) and o¡re time with a second waslt-buffer (20 mM FIEPES, pI{ 7.5; 5 rnM

MgClr; lmM NarVOo). Supernatants collected after precipitation with both the c-src aud

the control antibodies were tested in the tyrosine kinase ELISA. The pellets collected

were tested in the irnmune complex tyrosine kinase assay.

Imrnune Complex Tyrosine Kinase Assay

c-Src tyrosine kinase activity assay was performed as described before (20) with

some modificatiorls. c-Slc irnmunoprecipitates from the various subcellular fractions

'"vere collected as desclibed in the previous paragraph. c-Src autophospholylation and

phospholylation of acicl-denatured rabbit muscle enolase (Boehlinger-Maunheim,

Germany) was calried out in 40 ¡rl phosphorylation buffer supplernented with 3 nM

MnCl, and 4 pg enolase. The reaction was started by the addition of 0.5 pl r3P]ATP
(Dupont NEN, Stevenage, England; 10 pCi/pl). After 7 min at room temperature the

reaction was stopped, 40 ¡i 2x concentrated sample buffer was added and the samples

r,vere heated at 95"C. Proteins were size separated by electrophoresis in 8% SDS-PAGE

and electroblotted to a polyvinylidene difluoride (PVDF) filter. Marker proteins were

visualized by staining with Coomassie blue. Phosphate incorporation was analyzed in a

Phosphorlmager coupled to hnageQuant software (Molecular Dynamics, Sunnyvale,

CA).

Tyrosine Kinase ELISA
Whe¡ determining the amount of precipitation by the c-src antibody, the kinase

assay was carried out based on an ELISA as described in detail by Schraag et al. (35).

Fifty ¡rl 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 phosphorylatiou reaction was started by adding 50 pl I mM ATP containing
I rnM NarVOo in PBS, and allowed to continue at37"C for 15 min. The reaction was

stopped by washing three times with PBS-Tween (0.1% Tween-20 in PBS; pH 1.4).
Subsequently, the plates wele incubated with 100 ¡rl/well mouse-anti-P-Tyr monoclonal
antibody (Clone IGl, Amersham, UK; diluted l:1000 in 0.1% BSA in PBS) for one

hour at room temperature. The wells were washed four times with 250 pl PBS-
Tween/well and subsequently, incubated with 100 pllwell peroxidase conjugated rabbit-
anti-mouse antibody (Dako a/s; dilution l:300 in l% fìsh gelatin in PBS) for 60 min at

room temperature. Following four washing steps, 100 ¡rl 3,3'-5,5'-tetramethylbenzidine
was added at a l:20 dilution in water, and after l0 min the reaction was stopped with
100 ¡rl/well I M H2SO{. The extinction in the wells was measured at 450 nm using an

automated plate reader.

7.4 RESULTS

hnmunohistochemistry

Imrnunohistochemical localization of the c-src protein revealed a very weak

cytoplasmic signal in pancreatic tissue of rats not treated with the carcinogen azaserine

(Figure 7.1). Ductular and centro-acinar cells stained stronger than acinar cells.

I-lowever, pancreatic tissue of rats treated with the carcinogen azaserine showed

pronounced cytoplasmic immunoreactivity of the c-src antibody in 'normal' acinar cells
(Figure 7.2). Moreover, putative preneoplastic atypical acinar cell nodules (AACN)
stained even stronger', than the surrounding normal acinar cells (Figure 7.2). h'r

azaserine-treated rats, the localization of the protein in normal acinar cells was different
from that in putative pleneoplastic AACN: in normal cells the signal was found mainly
in the cytoplasnt, whereas in atypical acinar cells the signal was found both in the

cytoplasm and the nuclei. This basolateral nuclear staining of c-src was most prominent

in AACN of caerulein-treated rats and also clearly visible after incubations with
fluorescent antibodies and subsequent visualization using confocal laser scanning

microscopy (Figure 7.3). Moreover, confocal laser scanning microscopy demonstrated

clearly the increased immunoreactivity in the centro-acinar/small ductular cells in the

'normal' acinar cells (Figure 7.3).
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Figure 7.2 c-Src inrrnunoreactivity inapancreatic section ofan azaserine-treated rat. Enhanced nuclear

and cytoplastnic staining in the putative preneoplastic atypical acinar cell nodule (P). A='normal' acinar

cclls (with higher staining intensity than the nolmal cells in figure 7.1).
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Iìigure 7'3 llnhanced nuclca¡' c-src inlnrunoreactivity detccted by confocal laser scan nricroscopy in a

ptltative prcncoplastic pancrcatic nodule of an azase¡'inc-trcated rat. Nornlal='nornral' acina¡. cells,
ÂACN=atypical acinar ccll nodule. Arrow points to c-src-positivc srnall duct; arrowheads poi¡ìt to c-src-
positive cent¡'oacinar cclls.

<

Figure 7.4 c-Src imnlunotcactivity in thc pancrcas ofan azasc¡ine-t¡cated rât. A:'nornral' acinar cclls,
I)'=putativc prcneo¡rlastic atypical acinar ccll nodule (^ACN), N=nodule-in-noclule. Snrall arrowheacls
point to AACN in lorve¡ lclt corncr', largc arrorvheads point to AACN arouncl noclulc-in-nodule.
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Irr sor.ne pancreata from caerulein-treated rats some 'nodules-in-nodules' developed,

rvhich have been described as secondary trarìsformations in atypical acinar cell nodules

(3 I ). Surprisingly, these nodules-in-nodules did not show immunoreactivity to c-src

ar"rymore (Figurc 7.4). Endocrine cells of the islets of Langerhans also stained for c-src,

but no differences in staining intensities were found between azaserine-treated and

untleated rats (not shown).

'l'able 7.1 Nulnber of pancreatic lesions in azaserine-treated rats after l5 nlonths

caelrrleirr tleatrÌìerìt"

Postinitiation treatnlent

No caerulein caerulein

No. of lats

No. ofl tunror¡r-bearing anirnals (%)b

(Pre)neoplastic lesions observecl:

AACN l-3 nrm2

Adenonra

Carcinonra ûr-sll¿r

Aclcnocarcinoma

Total no. of carcinomas

l9
6 (32)

t5

3

5

6

ll

l9

r3 (68)"

274"'
50"

25'

t2

37'

"Valt¡es are totals per group. Data are based on H&E-stained palaffin sections, The

runtreated contlols shorvecl no histological abnonnalities in the pancleas based on

IJ&E-stained sections. bTt¡rnour'-bearing aninral, animal tlrat bears orte or rnole

carcirrorna (in-.silu) in the pancreas at final autopsy.

Statistics: no. oftunrour-bearing aninrals, X,2-test, "P=0.0184; no. oflesions, 2-satnple

/ test, vâhtes rvith supelsclipts are signifìcantly different from the 'no caerulein'

group ('P<0.05, "P<0.01, "'P<0.001). Caertrlein, clrolecystokinin analogue.

c-Src 'lyrosine Kinase Activity
c-Src tyrosine kinase activity was deterrninecl by four independent im¡nune

conrplex tylosine kinase assays in pancreatic tissues obtained frorn i) non-carcinogen-

treated l'ats (colìtrol lats) with normal acinar tissue, ii) azaserine-treatecl rats with only a

f'ew atypical acinar cell lesions, and iii) azaserine-treated rats, which are injected with

caerulein lesulting in a signihcantly increased number of atypical acinar cell nodules
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(AACN) and neoplastic lesions, as determined in H&E-stained parallel sections (Tablc
7.r).

"lable 7.2 c-Src protein tyrosine kinase activities in rat pancreas homogenates"

Plotein tyrosine kinase activity

Substrate Subcellularfraction Treatrnent group Exp.l Exp.2 Exp.3 Exp.4

Enolase Cytosol Untreated

Azase¡'ine

Azaseline * caerulein

Solublenrernbrane Untreated

Azaserine

Azaserine * caeruleilr

Cytoskeleton Untreated

Azaserine

Azaserine * caelulein

nd nd 1.6

7.9 l.l I l. I

5.8 I .5 37.3

nd

t.3

r.8

nd

2.2

4.3

nd

4.6

31.5

ncl

18.7

20.9

nd

95.0

398

nd 4.6

1.8 22.t

3.'1 97.3

nd 2.3

3.7 I 8.5

29.0 95.3

c-Src Cytosol

Cytoskeleton

Soluble menrbrane Untreated

Azaserine

Untreated

Azaseline

Azaserine * caerulein

Azaserine * caeruleirr

nd

n

0

nd

0

0

nd

t.7

t.3

nd

1.7

2.0

0

0

0

0

5.6

6.3

nd

0

0

nd

0

0

Unt¡'eated nd

Azaserine 1.2

Azaserine + caerulein 5.6

ndnd0
13.0 r.0 1.6

67.5 5. r t2.6

nValues t'ept'esent the rclative arììounts ofl radioactive phosphorus incorporated in the substrate,
dcterrnined in four independent irnmune-precipitation tyrosine kinase assay experirnents,
calculated per tnicroglarn subcellular fraction protein introduced at precipitation. nd = not done;
0 = value below detection level, not taken into calculations.

Figure 7.5 sl,orvs c-src tyrosine kinase phosphor.ylation activity on the 150 kD
sttbstrate enolase and on the 60 kD c-src itself (autophosphorylation) in pancreatic
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homogenates of azaserine-treated rats with a few (A: not-treated with caerulein) or many

(C: treated with caeruleirÐ AACN in the various subcellular fractions. In this figure it is

demonstrated, that the tyrosine kinase activity parallelled the increased number of
lesions (caused by caerulein) only in the cytoskeleton subcellular fraction.

The amount of c-src protein appeared too low to be detectable by Western blotting.

Therefore the relative protein tyrosine kinase activities were calculated in the total

alnount of protein in the various fiactions collected from 0.8 g rat pancreas. Although

this report is not a quantitative study, all independently performed experiments pointed

clearly in the sarne directions. Therefore, figures are shown just to give an indication of
the direction of the effects (Table 7.2).

Figure 7.5 c-Src protein tylosine

kinase activities. Phosphorylation on

itself (src) and on enolase, in

pancreatic subcellulal fractions fi'orn

azaserine-treated rats, either injected

(C) or not injected (A) with

caerulein. cyt = cytosol, sm

soluble rnernbrane, csk = cylo-

skeleton, M = nrolecular weight

nralker. The anìounts of protein in

the respective subcellular fractions

lelate as; cytosol : soluble rnern-

brane : cytoskeleton = 64:12:15.
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In azaserine-treated l'at pancreas, the c-src protein tyrosine kinase activity towards

he substrate enolase in the cytoskeleton fraction was on average 3-fold (compared to the

cytoplasrnic fraction) and S-fold (compared to the soluble membrane fraction) higher (in

Figure 7.5 the amourlts of protein were only standardized within the various subcellular

fractions, not between the subcellular fractions). Moreover, c-src autophosphorylation

was detected in the cytoskeletal fraction and occasionally, weakly in the soluble

membrane fraction, but neither in the cytosolic subcellular fractions of the pancreas of
azaserine-treated rats, nor in the pancreas of control rats. c-Src autophosphorylation

activity was on average 7-fold (compared to the cytoplasmic fraction), and l3-fold
(compared to the soluble membrane fraction) higher in the cytoskeleton fraction.
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In total pancreatic lysates from azaserine-treated rats a 7-fold increase of c-src
protein tyrosirle kinase activity towards the substrate enolase was found, when compared
to that observed i¡r untreated control rats. Furtherrnore, c-src protein tyrosi¡e kinase
activity in the cytoskeletal subcellular fraction appearecl to be positively correlated with
the nt¡lnber of atypical acinar cell lesions present in the pancreas (Figure 7.6). pancreata
flom azaserine plus caelulein-treated rats with a large number of AACN (Table 7.1)
showed apploxirnately 6-fold higher tyrosine kinase activities towards both enolase and
c-src, than pancreata from rats treated with azaseri¡re alone, with a low number of
AACN. I-Iowever, in the cytosolic and in the soluble me¡nbranes subcellular fractio¡s,
only sonre moderate c-src protein tyrosine kinase activities were detectable on enolase
(increment approximately 2-fold), but not on c-src itself.

src >
enolose > -'-s

g3ß

A

B

Figurc 7.6 c-Src protein tyrosine

kinase activities. Phosphorylation on

itself (src) and on enolase, in
pancreatic subcellular fractions fr.om

rats injected with azaserine and

caerulein (A), frorn rats irrjected

witlr azaserine (B), and frorn

untreated control rats (C).
Cyt=cytosol, sm=soluble nrenrbrane,

csk=cytoskeleton, P=positive contr.ol

(c-sÌc tyrosine kinase activity in

blood platelets). The arnount of
protein on the different blots is

normalized on 200 ¡rg total protein.

ct
P

Contribution of c-src to total tvrosine kinase activity.
The overall protein tyrosine kinase activity in lysates from rat pancreas was

cletermined by ELISA. Pilot studies revealed linearity of the assay at 200 ng protein.
Stimulation of pancreatic carcinogenesis by caerulein resulted in a significant increase in
tyrosine kinase activity in both the cytosol and soluble membrane fractions (Figure 7.7).
Moreover, the increase was most pronouncecl in the cytoskeleton subcellular fractio¡
(Figure 7.7), which was in agreement with the immunoplecipitation data. The
contribution of c-src tyrosine kinase activity to the overall tyrosine kinase activity in
pancreatic hotuogenates was determined by measuring the tyrosine kinase activity before
and after precipitation of c-src. After correction fot aspecific precipitation with a non-
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lelevant mouse irnmnuoglobulin (control IgG), c-src tyrosine kinase contributed for 41%

+ 20 (mean + SD, n=4, over all groups and over all subcellular fractions) to the total

tyrosine kinase activity. In the cytosol fractions the values were too low to determine c-

slc protein tyrosine kinase contributions. The tyrosine kinase activities due to c-src

ranged lrom 220/o I 12 (in azaserine- + caerulein-treated rats), and 47o/o + 1.5 (in

azaserine-treated rats), to 83%o ! 24 (in non-treated control rats), when averaged over

solr¡ble membrane and cytoskeleton fractions (Figure 7.8).
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Figurc 7.7 Relative protein tyrosine kinase activities detcln¡ined by ELISÂ in 200 ng sul¡ccllular

l)ancreâtic plotein lysates fro¡¡ azaserine-treated rats. Values are means (1 standard deviation) of thlce

observations. CCK, cholecystokinin analogue caerulein.
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Figuro 7.8 Relative protein tyrosine kinase activities dete¡'ntined by ELISA in 200 ng protein

s¡pernatants of solt¡ble nlentbrane- and cytoskeleton-pancreatic fì'actions, aftel precipitatiorr with a contt'ol

IgG, or a specific anti-c-slc IgC (reduction of absorption indicatcs c-src involvenrent). C, control rats, no

calcinogen; A, azase¡'ine-treated mtsl B, azaset'ine * caerulein-trcatccl rats.
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7.5 DISCUSSION

Irr the present paper we reported c-src expression and c-src tyrosine kinase activity
in the pancreas of azaserine-treated rats. In pancreatic tissues obtained from untreated
control rats, ¡1o or slight c-src expression was detected by immunohistochemistry,
located predominantly in the cytoplasm of ductular and centro-acinar cells, and also in
cells of the islets of Langerhans. Moreover, using two different tyrosine kinase assays,
c-src protein tyrosine kinase activity in pancreatic homogenates of untreated control rats
was very weak or absent. These findings point to a strictly negatively regulated role for
c-src in rrolnral adLrlt rat pancreas physiology.

Rats treated with the carcinogen azaserine, denronstrated increased c-src protein
expressiou and protein tylosine kinase activities. I¡r these animals, pancreatic tissue
showed increased cytoplasnric imrnunoreactivity to anti c-src antibodies in the acinar
cells, whereas the staining in ductular-, centro-acinar-, and endocrine cells was similar to
that observed in untleated rat pancreata. Moreover, 7-fold incleased c-src tyrosine kinase
activities were detected in pancreatic hornogenates of rats treated with azaserine
cotnpared to uutreated rats. Previous studies demonstrated significantly increased BrDU
labeling indices, indicative fur enhanced mitogenic activity in acinar pancreatic cells
al'ter injecting rats rvith azaseline (36). These findings, in combination with the findi¡gs
sllown in the present stttdy, support the hypothesis that c-src is involved in mitogenesis
(22,23,37-39). unfortunately, the c-src protein levels appeared to be too low for
cletection by Western blotting. Therefore, the present results do not allow to draw
conclusions on tlìe extent of activation of the c-src protein. I-Iowever, since the increased
c-src proteiu tylosine kinase activity is accompanied by microscopically observed
increased imnrunoreactivity of the c-src antibody, the results suggest an increased c-src
tyrosine kinase activity just as a consequelÌce of more c-src protein present (rather than
a¡r increased specific c-src protein tyrosine kinase activity).

Tlre enhanced c-src tyrosine kinase activity in the cytoskeletal subcellular fraction
t'eflects a tt'auslocatiou of c-src frorn the plasma meurbrane to the cytoskeleton and
nright suggest increased transformirrg capacity (26,27). 'lhe ¡'eason for this cytoskeletal
localization is ltot clear yet, but it is suggested that c-src plays an irnportant role during
the remodelling of the cell architecture during mitosis (40).

Rats injected with the cholecystokinin (CCK)-analogue caerulein showed a
significant increase in the number of atypical acinar cell lesions cornpared to non-
caerulein treated rats. CCK is known to regulate phosphorylation of a number of
proteins, most of which have not been characterized (al). In the present study, overall
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protein tyrosine kinase activity increased 6-fold in pancreas homogenates of azaserine-

tl'eated rats injected with caerulein, when compared to pancreas homogenates from

azaserine-treated rats not injected with caerulein. Moreover, c-src protein expression was

increased in putative preneoplastic pancreatic lesions in caerulein injected rats when

compared to tlte surrounding morphologically nornral acinar cells. I-lowever, in these

rats, no increase of c-src protein expression was obset'ved in the rnorphologically normal

acinar cells when compared to acinar pancreatic cells from azaserine-treated rats that

were not injected with caerulein. This observation inclicates that caerulein treatment does

not induce c-src expressiou in norrnal pancreatic acinar cells. Therefore, the reported

increased c-src activity in pancreatic homogenates of caerulein-treated rats is the result

of the increased number of putative preneoplastic lesiorrs caused by caerulein treatment,

rather than a clirect stirnulation of c-src expression by caerulein.

c-Src irnmunoreactivity is incleased in the pre-neoplastic lesions when comparecl to

the surrounding normal acinar cells. Moreover, the localization in the putative

pleneoplastic AACN in lat pancreas appeared to be mainly nuclear, whereas in normal

acinar cells only a cytosolic staining was observed. The reason for this translocation is

not clear. Translocation from cytosol to the nucleus has also been observed with MAP-

kinase after stimulation of cells by mitogens (42,43). The nuclear localization has been

associated with a role fol MAP-kinase in gene expression by phosphorylation of

transcriptional factols such as c-myc, c-fos and p62'"r. CCK also stirnulates expression of
tra¡scriptior.r factors such as c-l't.tyc, c-fos and c-jun (44). Therefore, the nuclear

localization of c-slc (most prominent after stirnulation of parrcreatic carcinogenesis by

caerulein), rnay reflect a role for c-src in the regulatiolr of gene expression.

In solne sections, secondary AACN developing florn prirnary AACN (so-called

nodules-in-nodules) were observed in the pancl'eas of azaserine-treated rats after

stimulation with caerulein. In these secondary lesions, c-src immunoreactivity was

absent, whereas stt'ong c-src immunoreactivity was found in the primary AACN. Bax el

aL (a\ demonstrated a si¡nilar phenomenon for the ATPase activity. They showed

increased ATPase activity in primary AACN and a reduced ATPase activity in tlìe

secondary transfonned nodules-in-nodules and acinar adettocarcinontas, when conrpared

to normal acinar cells. In a previous study we have dernonstrated absence of EGFR

immunoreactivity in (ATPase negative) nodules-in-nodules as well as in aciuar

pancreatic adenocarcinomas, whereas EGFR was present in the surrounding uormal

acinar cells (Chapter 4 of this thesis).

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

i¡ c-src activity leads to enhanced acinar cell proliferation, or whether the increase in c-
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src activity is caused by the azaserine-induced inclease in cellular proliferation.
I'lowever, recent stttdies olt colon cancel deno¡rstrated that the increased c-src activity in
colon carcinollras is responsible for the increased cell proliferation; inhibition of c-src
transcription by specific anti-sense probes resulted in decreased cell proliferation of
colon cancer cell lines (46). These combined observatio¡rs suggest that c-src might play
a role in the preneoplastic transformation of pancreatic acinar cells -possibly in co¡cert
witlt the activation of growth factor receptors-, although its importance is doubtful in the
neoplastic stage of aciuar pancreatic carcinogenesis. Secondary transformed pancreatic
acinar cells, stlch as preserlt in nodules-in-nodules or acinar adenocarcinomas, seem to
be able to ploliferate inclependently from extracellular signals via EGFR (Chapter 4 of
Lhis thesis), and intlacellular signals via c-src.
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Chopter I

8.1 ROLE OF HORMONES IN EXPERIMENTAL EXOCRINE PANCREATIC
CARCINOGENESIS

Chaptels two and three of the present thesis deal with the effects of hormones on

experimental exocrine pancreatic carcinogenesis. In humans, oestrogen is thought to

inhibit, whereas testosteroue is thought to prornote the carcinogenic process of the

pancreas (1,2). Results obtained with two animal models for pancreatic cancer, i.e. the

azaserine-treated rat and the N-nitrosobis(2-oxopropyl)amine (BOP)-treated harnster,

detnonstrated that this concept is much more complicated. Based on the observation that

in intact lnale rats, pa¡rcreatic tumoul's developed faster than in female or castrated male

rats (3-7), it is concluded that in rats (alike it is suggested in hurnans), testosterone has a

¡rrornoting and oestrogen an inhibitory effect on pancreatic carcinogenesis (8). However,

in castlated male haursters or in female hamsters, pancreatic tumours (either transplanted

ol chernically induced), will develop faster than in intact rnales. From these experiments

it was concludecl, that in hamsters oestrogen has a promoting effect on pancreatic

calcinogenesis, whereas testosterone inhibits it (9-ll) (Figure 8.1).

Ductular
Adenocarcinoma

(Hamstcr)

Acinar
Adenocarcinoma

(Rat)

"1
Testosterone

1'
Oestrogen

Figurc 8.1 Schematic reprcsentation of inhibition (-) or pronrotion (+) of ductular arrd acinar

pancreatic carcinogencsis by testosteronc or oestrogen. Teslosterone can be co¡rverted into oestrogen by

the enzyme aromatase. Aro¡natase activity is inhibited by aminoglutethirnide (AGT).

AGT
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I-Iowever, not all experinrents pointed in the same direction for the effects of
testostel'o¡te. A possible explanation for these conflicting lesults rnay be the conversion
of testosterone iltto oestrogen by the enzyme aromatase. Testosterone rnight exert
inhibitory effects ott pancleatic carcinogenesis in the rat after being metabolized into
oestrogen. On the other hand, in hamsters, testosterone rnight exert promoting effects on
pancreatic carcinogertesis via this pathway. Treatment r.vith the aromatase i¡hibitor
aminoglutethimide (AGl) has been described to induce reglession of hor¡rone-
clependent breast tuurouls both in rats and in humans (12-ll). To irrvestigate the
t'elevance of the couversion of testosterone into oestlogen, a study was perfornred using
AGT as thet'apelrtictttn in the rat and in the hamster nrodel for exocrine pancreatic
carcinogenesis.

In the study presented in chapter two of this thesis, AGT appeared to have
inhibitory effects on the developrnent of acinar adenocarcinomas induced in rat pancreas

by azaserine. In contrast, AGT did not have an inhibitory effect on the developrnent of
clttctular tulttours induced in hamsters. In sorne cases even a promoting effect was

observedl Itt hutnans, ntost pancreatic tumours (>95%) have a ductular histology ancl,

therefore, the dt¡ctular adenocarcinonras induced in haursters by BOP appear to be more
conrparable tharr tlte acinar patrcreatic lesions induced in rats by azaserine.

Consequetrtly, it seems justifìable to conclude, that AGT rvill be arr irrelevant and

sonetimes even datrgeror.rs drug to be used for the treatment of human pancreatic
¿luctular adenocarcinonras. However, in (the spoladic) case of an acinar
adenocarcittoma, AGT nright be an effective therapeuticum. Combination therapy
including a treatrnent aiming at a leduction of serum testosterone level, appears to be the

best option, since in azaserine-treated rats, the inhibitoly effects were nost pronouuced
when AGT-treatlÌtettt was combined with orchiectorrry. Chenlical castration (treatrnent
with analogues of LI-l-RI-l) rnight be a good altemative, since chernical castlation
sometimes has beeu found an adequate alternative for surgery in experirnental pancreatic
carcinogenesis (l 8-20).

On the other hand it can be argued, that humans may be more alike rats in their
respollse to AGT, because it has been suggested that testosterone stirnulates the growth
of pancreatic ductular adetrocarcinomas in humans, like it does with the acinar tumours
in rats. A possible explanation may be that the activity of aromatase in human pancreatic

aclenocarcinouras is higher than in the BOP-treated hamster model. Since we cannot

supply any proof from the experiments we perforrncd to support this suggestion, it is not
justifiable to draw any conclusions on this extent.

Although (as discussed above) the therapeutic value of AGT rnight be marginal,
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fi'our a scientific viewpoint it rnay be worthwhile to further elucidate the mechanisms of
actiou of AGT. AGT blocks the conversion of testosteroue into oestrogen, hence leading

to increased serum testosterone levels and decreased oestrogen levels. Since testosteroue

is found to enhance alrd oestrogen to inhibit pancreatic carcinogenesis in rats, AGT-
treatn'Ìent shor.rld theoletically 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 to inhibit the conversion of cholesterol into pregnenolone, resulting in
increased aclrenal cholesterol and plasma adrenocorticotlophin (ACTI-Ð levels, ultimately
leading to adrenal enlargernent (21) and someti¡nes even Cushing's syndrome (22).

Although in our experiments the doses of AGT were too low to cause adrenal

eulargernent, this inhibition of cholestelol conversion might, at least partly, have

modulating effects on acinar pancreatic carcinogenesis.

It is possible that AGT exerts its action via an inhibition of pregnenolone formation

from cholesterol. Irl the pancreas, pregnenolone can be convelted into progesterone by

the enzyme ô-5-3 beta-hydroxysteroid dehydrogenase when coupled with steroid-ô 5-4-

isornerase (23). Progesterone receptors have been localized in certain pancreatic

neoplasrns such as cystic turnours (24,25) and endocrine tumours (26). Consequently, in
the lattel tumol¡l's, AGT treatment may callse beneficial effects. I-Iowever,

immunoreactivity to progesterone receptors could not be detennined on huma¡r ductular

pancreatic adenocarcinomas or normal exocrine pancreas (26). Therefore, if the rnajor

effect of AGT is exerted via the progesterone receptors, the absence of modulating

effects on pancreatic ductular carcinogenesis in hamsters could be explained by the lack

of progesterolÌe receptors.

In contrast to what we expected, the blood testosterone levels were rol increased in

AGT-treated rats or hamstels when cornpared to untreated animals, at final autopsy. It
could be, that the doses (which were based on previously performed experiments) were

too low to exert an effect. Ilowever, 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 frorn the mechanisms via ACTI-I or pregnenolone, it is also possible

that the longer lasting increase of testosterone triggered a feed-back mechanism through

the pituitary gland, which down-regulated the synthesis of testosterone to normal levels,

as such abolishing the AGT effect on testosterone metabolism.

In chapters two arrd 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 courpared to intact controls, probably
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caused by the concomitantly reduced food intake by the orchiectomized rats. In hamsters
these growth inhibitory effects were also present, but to a much lesser extent. In
hamsters, orchiectotny did not significantly inhibit pancreatic carcinogenesis. Reduction
of food intake ol increase of energy expenditure has been reported to significarrtly
inhibit the carcinogenic plocess in valious organs (27-30). These data support the
hypothesis postulated by Meijers (3 l), that the inhibitory effects of orchiectomy on
pancreatic carcinogenesis migltt be caused by a reduction in food intake, r'ather than by a

dilect effèct of the reduction in blood testosterone levels.

In chapter three, the effects of the long-acting somatostatin-analogue Sandostatin
on experintental palrcreatic carcinogenesis have been described. Although Sandostatin
tl'eattnent alo¡re inhibited the development of AACN arrd acinar tumours (which is
consistent with the fincling of somatostatin receptors in acinar turnours), this analogue
clid not enhance the inhibition caused by sr.u'gical castlation in azaserine-treated r.ats. In
BOP-treated halnste¡'s, Sandostatin inhibited the development of pancreatic ductt¡lar
lcsions. Although soltlatostatin receptors could not be determined on pancreatic ductular
tumours in humans (32), the present effec.ts with Sandostatin on ductular turnours
induced iu hatnsters point to a possible beneficial role for Sandostatin in patients witlr

¡raucreatic cancer. Indeed, Klijn (33) reported that most patients with pancreatic cancer

experienced a subjective improvement in the absence of serious side effects after
Sandostatin therapy. Therefore, Sandostatin apparently does not act directly on the
exocrine pancreatic cells, but rather has an indirect effect, e.g. via the suppression of the
secretion and/or actiott of gastrointestinal honnones such as cholecystokinin, secretin or
gastritl (34). Anothel possible mechanis¡n by which sandostatin acts, is an inhibitory
el'Íect on the activity of the epidermal grorvth factor receptor (EGFR; 35). Inhibition is
caused by a stirnulatory activity of somatostatin on the dephosphorylation of EGFR. The
EGFR is often repolted to be functionally involved in carcinogenesis, not only of the
pancreas (36-40), but also 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 rnay

lesult in inhibition of cell proliferation.

It has been clemoltstrated that the effects of Sandostatin could be enhanced by
chemical castratiou with the luteinising hormone-releasing holmone (LFI-RH) analogues

Zoladex or Iluserelin (47). We demonstrated a similar interaction between Sandostatin

treatment aud orchiectomy on pancreatic carcinogenesis (chapter three). In azaserine-

treated t'ats, surgical castration significantly inhibited the development of acinar
(¡rre)neoplastic lesions, but Sandostatin treatment did not enhance this effect. In contrast,
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in BOP-treated hamsters, inhibitory effects of surgical castration on the development of
putative preneoplastic borderline lesions wel'e only found in combination with
Sandostatin treatment. Surgical castration alone did not have significant inhibitory

cf-fects on the developrnent of ductular lesions in BOP-treated hamsters. From these data

it can be conch.¡ded that testosterone does not seem to play an inrportant role in the

clevelopment of ductular tulnours induced in hamsters by BOP, whereas an enhancing

ef'fect cannot be excluded in the developmer.rt of acinal pancreatic lesions i¡rduced iu rats

by azaserine. Although the mechanism of action rernains unclear, the indirect inhibitory

el'fects on ¡rancleatic calcinogenesis in BOP-treated hamsters exerted by Sandostatin,

appeared to be errhanced by surgical castration.

8.2 ROLE OF GROWTH
CARCINOGENESIS

FACTORS IN EXOCRINE PANCREATIC

In chapter f'our, clecreased epiclelmal growth factor receptor (EGFR) peptide

ex¡rression is reportecl in putative preneoplastic atypical aci¡rar cell nodules (AACN)

incluced in rats by azaserine. Moreover, in more advanced lesions, such as acinar

adenocarcinomas, DGFR expression was absent both on the mRNA and peptide levels.

In chaptel live it is clescribed, that TGF-cr mRNA and peptide levels are increased due

to azaserine-treatlÌrent, only in the histologically norrnal acinar cells of the pancreas of
azaserine-treated rats. In putative preneoplastic acinar cell lesions and in acinar

aclenocarcinornas rcduced TGF-a mRNA and peptide levels were found. Differences in

EGF peptide levels could not be observed, although azaserine-treatrìlent resulted in
rcduced EGF-mRNA levels in pancreatic homogenates. TGF-a and EGF are both

cxerting their effects on cell diffelentiation and prolifelation via binding to EGFR. In
chapter foul it is described that strong EGFR peptide expression was only observed in

histologically normal acinar pancreas. Consequently, it can be concluded that, in case
'I'GF-cr or EGF have effects on the development of acinar pancreatic cell lesions, this

seems to take place very carly in the carcinogenic process: during the transformation of
histologically normal acinar cells into putative preneoplastic atypical acinar cell foci at

the initiation ¡rhase.

Becatrse tl're results discussed above have a descriptive nature -only correlalions

can be observecl between carcinogenic stages ancl growth factor expression- a clefinitive

conclusion cannot be drawn, whethe¡' changes in either EGIì or TGF-o expressions result

in, or are the result ol' the formation of pancreatic acinar cell lesions. In other worcls: it
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can not be established whether changes in EGF ot TGF-c¡ expression are the cause or
the result of pancleatic carcinogenesis. Cell line and transgenic anirnal studies have to be

performed to get more insiglrt into the role of EGF, TGF-a and EGFR in acinar
pancreatic carcinogeuesis. Transgenic mice overexpressing TGF-a, exhibit acinar cell
proliferation and develop (pseudo)ductular metaplasia in the exocrine pancreas (48,49).

Mice, with a disfunctional TGF-cr gene did not demonstrate any abnorrnalities in their
pancreata (50,5 l). To our knowledge, no studies have been performed trying to initiate
pancreatic carcinogenesis in these knock-out mice. It will be interesting to investigate

r.vhetlter it is possible to induce pancreatic tunours in these mice. If pancreatic tulnour
clevelopment is inhibited in these mice cornpared to contlol mice, a defìnitive role for
-fGF-cr as a causal factor in pancreatic carcinogenesis can be proven, if injections of
'IGF-c¿ enhauce the development of experinrentally-induced pancreatic lesions in these

knock-out nrice.

hr chapter six, studies on the expression of EGF, TGF-cr and the EGFR in normal,

¡rreneoplastic and neoplastic harnster pancreas are described. In contrast 1o acilrar cells in

rat paÍrc¡'eas, EGFR expression was not detected in acinar cells of hamster pancreas. In
hantsters, I3GFR expression was located in the larger ducts, characterized by columnar

ductular epithelium. I-ligh EGFR expression was also found in ductular pancreatic

adenocarcinoma cells. As mentioned above, overexpression of EGFR has also been

lcportccl in human cluctular pancreatic adenocarcinomas. I-Iowever, immunohistochemical

stuclies did not clearly demonstrate increased EGFR expression on ductular cells of
cluctular adenocarcinor.nas, when compared with the ductular cells (of main ducts) in

¡rotmal pancreatic tissues. Therefore, the conclusion, that EGFR is overexpressed ir
trur'ìoulous ductular cells, could not be drawn. The significantly increased EGFR mRNA
expression in dnctular adenocarcinomas may also be a reflection of the increased

number of ductulal cells in ductular adenocarcinomas.

TGF-a mRNA expression was also significantly increased in ductulal adeno-

carcinontas induced by BOP in the hamster. Immnnohistochernical studies denronstrated

increased expression of TGF-c¿ peptides in ductular tumour cells, compared to normal

cluctular cells. Consequently, there is no doubt of overexpression of TGF-cr in ductular

pancreatic adenocarcinoma cells. In contrast, decrectsed EGF rnRNA levels, which were

luot accolnpauied by decreased peptide levels, were demonstrated in neoplastic hamster

pancreas. These observations point to the conclusion that TGF-cr, but not EGF, miglrt be

¿ìn irnportant factor in the stimulation of pancreatic ductular ploliferation via

concomitantly expressed EGFR. Other investigators have demonstrated diffelential

ef'fects of 'IGF-a binding to EGIìR when compared to EGF binding to EGFR (52). In
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contrast to EGF, TGF-c¿ does not cause down regulation of EGFR after binding. EGF

has a low signal frequency with a long signalling time, whereas TGF-a has a high

signal frequency (due to extensive recycling) and TCF-c¿ signalling time is short (53).

Therefore, it may be hypothesized, that TGF-o replaces EGF in stimulating pancreatic

carcinogenesis via binding to EGFR. Further resealch will be needed to verify this

hypothesis. An observation supporting this hypothesis, is the finding described in
chapter five of this thesis, that a replacement of EGF by TGF-a also occurs in acinar

pancreatic carcinogenesis initiated by azaserine in rats.

Vy'e have found that stirnulation 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 obselvations). Frorn the overexpression of TGF-a with
concomitant expression of' EGFR in hamster ductular adenocarcinomas a paracrine or

¿¡utocline stirnulatoly lole in pancreatic carcirrogenesis can be concludecl (although it still

has to be proven whether this mechanisrn really is a necessary (rate-limiting) step in the

multisfep process of exocrine pancreatic carcinogenesis). It is harder to understand how

a clecrease in TGF-a, EGF and EGFR expression, such as observed in our experiments

with rats, could contribute to the development of exocrine pancreatic tumours. Several

suggestions have been proposed, pointing to a bivalent role of EGFR in rat acinar cells.

As pointed out above, EGFR (over)expression is often found to be involved in increased

cell proliferation ol cellular transformation, also in lat pancreatic acinar cells (54-57).

I'{owever, Morisset et ul. (58) demonstrated decreased thymidine incorporation into

pancreatic DNA in nrale Sprague-Dawley rats due to EGF-treatment, and Brockenbrough

et al. (59) dernonstlated leduced EGF binding in regenerating rat pancreas after partial

pancreatectolì1y. Therefore, it may be concluded, that in the situation of pancreatic

carcinogenesis in azaserine-treated rats, the abrogation of negative constraints, caused by

EGFR, leads to increased acinar cell proliferation.

The concomitantly increased cell proliferation and EGFR reduction, can also be

explained by the plesence of EGFR-like peptides; which take over the function of EGFR

in such a way, that EGFR expression could be down-regulated. 'Ihe rnost likely
candidate is the EGFR-like peptide c-erbB2 (in the rat: neu). This peptide has an almost

iclentical intlacellulal dourain as the EGFR, but it lacks the extracellular (ligand binding)

region. Therefore, it has been suggested that c-erbB2 is the oncogenic counterpart of
EGFR, because it is constitutively in the activated state, independent of an extracellular

signal. c-ErbB3 and c-erbB4 also have structural similarities with EGFR, but they have

extracellular do¡nains and are known to bind other peptides. In order to investigate the

involvement of these peptides in rat and hamster pancreatic carcinogenesis, we
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study, using polyclonal antibodies dir.ected against

Cruz Biochemicals, CA, USA) using the method

*ft q; b'

Figure 8.2 DAB-inrntunohistochemistry in the pancreas of a BOP+reated hamster, counterstained with
haernatoxylin. a. Localization of c-erbB3 nrainly in ductular cells (arrowheads); b. negative control after
absorption of the c-erbB3 polyclonal antibody with a specific epitope.

Fronr these studies it appeared that none of the normal or pathological rat
pancreatic tissues showed immunoreactivity for these antigens. In contrast, in pancreatic

tissues of BoP-tleated hamsters, advanced ductular tubular complexes, putative
preneoplastic borderline lesions and ductular adenocarcinomas demonstrated (often

strong) immunoreactivity for all these antibodies. The immunoreactivities were localized
both in the cytoplasm and on the membranes, and could be abolished by absorbing the
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primary antibodies with control-peptides; indicating epitope specificity of the observed

staining patterns (Figure 8.2). It was concluded, that EGFR expression in rat acinar

pancreatic cells is not 'substituted' by an EGFR-like peptide. In contrast, in harnsters, all

EGFR-like peptides are present in advanced pancreatic lesions, pointing to a possible

role for these peptides in pancreatic carcinogenesis in BOP-treated hamsters. The

frndings in hamsters are in agreement with the findings observed in human pancreatic

carcinogenesis, where overexpression of c-erbB2 (60) has also been reported in ductular

adenocarcinomas. To our knowledge, no studies have been published yet, on the

expression of c-erbB3 and -84 in exocrine pancreatic carÌcer.

Cornparison of the present results obtained in rats and hamsters with the results

described in human pancreatic cancer, clearly denronstrates that the hamster model is

more similar to humans than the rat model. Actually, most results in the rat are different

(sometimes even the opposite) from the results obtained in humans or hamsters. This is

most probably related to the difference in histology. Apparently, the acinar pancreatic

t¡moul's induced in rats by azaserine develop via different (rnolecular) biological

rnechanisms, than the ductular patrcreatic tumours induced in harnsters by BOP.

I-lowever, these differences do not exclude acinar i¡rvolvenrent in the developrnent of
cluctular tumours, On the colÌtrary, 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, still

has to be considered a valuable model to study exocrine pancreatic carcinogenesis.

In almost all studies described in this thesis, the development of pancreatic tumours

could be modulated either by hormones or by dietary factols. For example, caerulein has

repeatedly been clernonstrated to be a strong enhancer of acinar pancreatic

carcinogenesis, whereas orchiectomy had inhibitory effects. In numerous publications,

high fat diets have been reported to stirnulate pancreatic carcinogenesis, both in hamsters

and rats (62-71) and also in hutnans (72-74). In chapter six, hamster pancreatic

carcinogenesis was stimulated by maintaining one group of animals on a high fat diet. In

a similar experiment performed in azaserine-treated rats (chapter five), one group of

a¡imals was also given a high fat diet (Table 8.1). However, in these rats, we did not

observe any enhancing effect of fat on pancreatic carcinogenesis. In contrast, the nttmber

of lesions was even slightly lower than in the low fat control group (Table 8.1). An

explanatior.r for this urrusual fìnding can be found in the composition of the high fat diet.

Irr orde¡ to make the high fat and the low fat diets isocaloric, in the higlt fat diet the
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high-energy starch cornponeut was substituted with the low-energy fibre component
cellulose (Table 8.2).

Table 8.1 Nurnber of pancreatic lesions in azaserine-treated rats after 6 or 15 nronths post-
in itiation trcattnentsn

No. of lesions

(Pre)neoplastic lesions observed Low fat High fat

No. of rats

No. of tunrour.bearing aninrals (%)b

AACN (Øl-3 mm)"

Adenonra

Carcinoma ln-.ril¿r

Adenocarcinoma

'lotal no. of carcinonras

6

rnonths

l5

months

l9
6 (32)

l5

3

5

6

ll

I5

I

0

0

0

6 15

months ¡nonths

15 t6
- 4 (2s)
42t
0l
ll
03

"Values are totals per glottp. Data arc l¡ased on H&E-stained ¡laraffin sections. The u¡tr.eated
controls showecl no lristological abnornralities in the pancreas based on l-l&E-stained sections.
b'fr¡nrour-beal'ing aninral, ani¡rral that bears one or tnorc carcinoma (in-situ) in the pancreas at
final arrtopsy. Statistics: no. of tumour-bearing anilnals, X2-test; no. of lesions, 2-sarnple I test.

"AACN, Atypical Acinar Cell Nodule.

Several stuclies delrronstrated inhibitory effects of fibres not only on pancreatic

cancer (75-77), but also on colon cancer (78-81) and breast cancer (82). Moreover, in
several studies fìbres have been demonstrated to be degraded in the colon by bacteria
into short-chain fatty acids, such as butyrate (83). Butyrate has been found to inhibit cell

lrroliferation and to promote cell differentiation in vitro (84,85), and also in vivo (86-89).
Apart from a mechanisnl via butyrate (ferrnentation of the fibre cotnponent cellulose
probably does not result i¡r a high butyrate production in cornparison with e.g.

lelmentation of wheat bran), high fibre diets also cause increased intestinal motility,
resr.rlting iu an ilrcreased faecal excretion rate. htcreased faecal excretion rates will result
in increased excretion of potentially harmful compounds (fat) to be absorbed into the
body. Therefore, it seeurs conceivable to conclude, that the high concentration of
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cellulose in the high fat diet caused the inhibition of the carcinogenic process. This

inhibition appeared to be that strong, that the promoting effect of high fat on pancreatic

carcinogenesis was completely abolished. These results point to an inhibitoly effect of
high fibre diets on pancreatic carcinogenesis. This conclusion is supported by a previous

study, in which a hbre-rich crude diet de¡nonstrated inhibitory effects on azaserine-

induced pancreatic carcinogenesis in rats, when compared to rats fed a semi-synthetic

AIN-diet (90).

Table 8.2 Weight percentage composition of the AlN76-based dietso

Low fat High fat

Casein

DL-Methionine

Wheat starclt

Cellulose

Choline bitartrate

AIN-76-AM minerals

AIN-76-AM vitaurins

CaFITPOn

Corn oil

Total

Calories (Mi/kg)

25.0

0.38

54.47

7.5

0.25

4.38

t.25

1.77

5.0

r00.0

r5.5

25.0

0.3 8

20.72

26.25

0.25

4.38

1.25

1.77

20.0

100.0

15.5

"The diets were prepared freshly every 2 rnonths. All diets lvere stored at -20"C until use.

One of the main aims of the studies presented in this thesis was to investigate

whether growth factors play a role in the modulation of pancreatic carcinogenesis by

cliet or hormones. From our studies it appears that EGF, TGF-cr and EGFR only play a

¡rinor role (if any) in the modulation of pancreatic carcinogenesis in rats and hamsters

by caerulein, caloric restriction or fat. Since we have studied only EGF and TGF-cx',

other growth factors still may be involved, or other dietary factors or hormones tnay

modulate pancreatic carcinogenesis via growth factors. However, immunohistochemical

studies performed in our laboratories to investigate the expression of IGF-II, PDGF-A

aqd PDGF-B also did not demonstrate any involvement of these growth factors in the

modulatirrg effects of caerulein, caloric restriction, or fat (unpublished results), indicating
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that our findings with EGF, TGF-o and EGFR may be representative for the role of
growth factors in pancreatic carcinogenesis.

8.3 ROLE OF C.SRC IN EXPERIMENTAL EXOCRINE PANCREATIC
CARCINOGENESIS

In cltapter seven a study investigating the expression and activity of the cellular
Pt'oto-ollcogene c-src in the pancreas of azaseline-tleated and turtr.eated rats has been
clescribed. Both EGFR (chapter five) and c-slc expression (chapter seven) appeared to be
clecreased in aciltar pancreatic adenocarcinomas induced by azaseri¡e in the r.at. Recent
studies in various lrttlnan cancer cell lines point to a role of c-src in EGFR-rnediated
sigrralling (91,92). lhe observed correlation between c-src and EGFR expression in our
experiments, r.night also suggest a functional linkage between those proteins in the
exocrine pancreas of azaserine-treated rats.

In chapter sevelì, we leported translocation of c-src from the cytosol to the
cytoskeleton due to carcinogen treatrnent, from which rve suggested a functionally role
lòr c-src in organizing the cell architecture. Cell-surface integrin receptors are thought to
be involved in (pancreatic) turnour invasion through the basement mernbrane (93).
Recent studies point to the importance of the association of integrins with cytoskeletal
¡rroteins such as c¿-actinin (øA), vinculin (Vin), talin and paxillin (pax), for the
cotrstruction of signalling complexes (94) (Figure 8.3). The peptides mentioned above
are also closely related with o-actinin and actin cytoskeleton filaments. O¡e model for
integrin signalling suggests that integrin clustering activates focal adhesion kinase
(FAK), inducing its phosphorylation on a tyrosine and subsequent binding to c-src. c-Src
rnay then phosphorylate another tyrosine on FAK, ultirnately resulting in Ras activation.
EGFR-signalling (e.g. after binding EGF or TGF-cr) has also been found to increase c-
src expression and activation, especially in cytoskeleton subcellular fractions (92).
Moreover, it has been suggested that EGFR may influence key-steps in the processes of
tulnour invasion ar¡d dissemination (95,96). Since integrins are involved in extracellular
matrix binding and, therefore, are thought to be involved in invasive and metastatic
capacity of tumour cells, it is tempting to hypothesize that the influence of EGFR on
cellular invasiveness and metastatic capacity is mediated through integrins, possibly via
c-src in a way as suggested in Figure 8.3.
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Extracellular

lntracellular

Figure 8.3 Schematic representation

cytoskeleton elements and cell adhesion

and/or EGFR. See text for explanation.

lntegrin

EGFR

Talin

Actin

of a hypothetic functional correlation between EGFR, c-src,

elements. P indicates possible phosphorylation sites for c-src

The tesults of the present experimerrts in rats point to a role for EGFR and c-src

early irr the calcinogenic process; immediately after initiation by azaserine, causing the

clevelopment of putative preneoplastic atypical acinal cell nodules (AACN) frorn

histologically normal acinar cells. Both EGFR mRNA expression and c-src activity and

expression were significantly increased in AACN, whereas EGFR protein localization

was disturbed, in comparison with histologically normal pancreas or pancreas

hornogenates from untreated control rats. Because we studied c-src in the acinar model

for pancreatic carcinogenesis only, the relevance of c-src in the ductular carcinogenic

process in human pancreas still has to be elucidated. In recent experiments with the

human pancreatic cancer cell lines PANC-I and COLO-357 (a generous gift from plof.

dr. M. Korc, University of Califolnia in lrvine, USA) we de¡nonstrated mRNA coding

for c-src (unpublished results), indicating that thele might be a role for c-src in human

pancreatic cancer. Further studies with these cell lines are in progress, in order to

examine whethel c-src plays an essential role in (EGF-induced) cell proliferation.

Moreover, studies are in progress, to examine the expression and activity of c-src in

BOP-treated hamstels, the model for ductular pancreatic carcinogenesis. In this model c-

slc expression was also demonstrated in ductular lesions (urrpublished results).
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8.4 SUMMARIZING CONCLUSIONS

From the data presented in this thesis, the following conclusions were drawn:

I ' Sex ltorlnoltes as well as glowth factors are ir.rvolved in the developme¡t of
pancreatic acinar and ductular tumours, induced in rats and hamsters by azaser.ine
and BOP, respectively.

2. Arninoglutethimide does not inhibit ductular pancreatic carcinogenesis in harnsters
and cotlsequently, it does not seern to be of any therapeutic value in the treatment
of hurnan pancreatic ductular adenocarcinomas.

3. Aminoglutethimide, especially in combination with surgical castration, inhibits the
developrnertt of acinar adenocarcinomas induced in rats by azaser.i¡e. Therefore,
arl.rinoglutethimide might have a therapeutic potency for treatment of pa¡creatic
acinar adenocarcinor.nas, which occasionally occur in humans.

4. The somatostatin analogue Sandostatin inhibits, particularly in co¡nbination witlt
surgical castration, the development of ductular adenocarcinomas induced in
hatnsters, alld to a lesser extent the development of acinar adenocarci¡romas
induced in rats. Tlterefore, Sandostatin might be of therapeutic value for the
tl'eatlnent of huruan pancreatic tumours.

5. In azaserine-treated rats, the expression of transforming growth factor-c (TGF-a),
epidemral growth factor (EGF) and epidelmal growth factor receptor (EGFR) is
reduced in putative ¡rreneoplastic and absent in neoplastic acinar cell lesio¡s.
However, azaserine-treatment caused an increase in TGF-cr, expression,
accompanied by a decrease in EGF expression in histologically normal pancreatic
acinar cells. It was concluded that these growth factors may play a role in
pancreatic acillar carcinogenesis in rats at an early stage, during the transformatio¡
of histologically normal acinar cells into putative preneoplastic atypical acinar cell
foci.

6. In BoP-treated hamsters, TGF-o and EGFR, but not EGF, are overexpressed in
pancreatic ductular adenocarcinomas. Therefore, TGF-cr might have a paracrine or
autocrine stimulatoly effect via binding to EGFR on the development of pancr.eatic

dr¡cttrlar adenocarcinomas.

7. Botl-r in azaserine-treated rats and in BoP-treated hamsters, EGF appears to be

replaced by TGF-cr, in the carcinogenic process.

8. Both in azaserine-treated rats and in BoP-treated hamsters, TGF-o, EGF or EGFR
al'e Inost probably not involved in the modulation of pancreatic carcinogenesis by
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9.

10.
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ll.

dietary fat, caloric restriction and caerulein injections.

With respect to the expression of EGF, TGF-ct and EGFR, pancreatic tumours

induced in hamsters by BOP correspond better to human pancreatic tumours, tl'Ìan

tl.re pancreatic tumours induced in rats by azaserine.

Iucreased c-src intmunoreactivity and c-src protein tyrosine kinase (PTK) activity

was observed in putative preneoplastic atypical acinar cell nodules induced in rats

by azaserine. I-lowever, c-src peptides were not detectable in more advanced

lesions. From these results it was concluded, that c-src (alike EGF, TGF-o and

EGFR) might be involved ir.r the carcinogenic plocess of azaserine-treated rats at an

early stage.

The increase of c-src PTK-activity in the cytoskeleton subcellular fraction in

pancreatic carcinogenesis initiated in rats by azaserine, suggests a functional role

for c-src in regulating the cell-architecture during cell proliferation.

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

¡rrominent role ir.r the modulatiorr of exocrine pancreatic carcinogenesis by dietary factors

or. hormones. The investigation of intra-cellulal factors, such as c-src, might offer rnore

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

carcinogenesis.
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Summøry

SUMMARY

The present thesis deals with the role of hormones and glowth factors i¡ exocrine
pancreatic carciuogenesis. 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 treatment make exocrine
pancreatic cancer a leading cause of death due to cancer. Since early diagnosis a¡d
treatment still have to be irnproved considerably, prevention seems to be the nrost
plomising way to deal with pancreatic cancer. For this reason, research on the
rnodulating effects of diet and hormones on pancreatic cancer, are highly relevant. In
chapters two and three of this thesis, two studies are described on the role of hormones,
viz. testosterone and somatostatin, in pancreatic carcinogenesis. In chapters four to seven
studies are described, in which the role of growth factols in the modulating effects of
hormones and diet on parrcreatic carcinogenesis are investigated.

Two animal n-rodels were used for these studies. Wistar rats injected i.p. with
azaserine develop putative preneoplastic atypical acinar cell foci (AACF) within about
fbur months and acinar adeuocarcinomas after about nine months. Syrian golden
harnstels injected s.c. with N-nitrosobis(2-oxopropyl)amine (Bop) develop putative
preneoplastic tubular duclulqr cotnplexes within about four months and ducÍulcu.
adenocat'cinomas after about six months. More than 95%o 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 cell-type from which the
pancreatic ductular tulnours arise is still a matter of debate in literature. Some
investigators are convinced that ductular cells are the progenitor cells, whereas other
investigators dernonstrated acinar cell involvement in the development of the ductular
ttlmours. Therefore, it is worthwhile to investigate the mechanisms of pancreatic
carcinogenesis in azaserine-treated rats as well as in BoP-treated hamsters.

Male sex-hormones are thought to be involved in stimulating the developnrent of
pancreatic cancer, sirtce pancreatic tumour incidences are higher in men than in wolnen,
and since testosterone levels in patients with pancreatic cancer were found to be

significarrtly lower thalr in healthy controls. Testosterone is one of the most important
sex-hormones in Inen. In chapters two and three of the present thesis, research is
clescribed on the role of testosterone in the development of exocrine pancreatic tumours.
In rats, testosterone appeared to errhance pancreatic carcinogenesis, whereas its hormonal
counterpart, oestrogen, was found to have an inhibitory effect olt this process. In the
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harnster model it appeared to be just the other way around: testosterone inhibited,

rvhereas oestrogen enhanced pancreatic carcinogenesis. It was hypothesized, that the

conversion of testosterone into oestrogen by the enzyme aromatase, rnight be responsible

fol these seemingly conflicting rest¡lts.

In the study described in chapter two, rats and harnsters were treated as follows: A)

sulgical castration, B) oral administration of the arouratase inhibitor aminoglutethimide

(AGT), ol C) both castration and aadministration of AGT. Group D were untreated

controls. To rnimic therapeutic treatment of human pancreatic cancer, treatments were

stalted four rnonths after carcinogen treatment. At that time pancreatic lesions already

had developed, the number of which was established using an extra control group (E),

sacrificed four months after initiation of pancreatic carcinogenesis. Our results

clemonstrated inhibition of exocrine pancreatic carcinogenesis due to castration in rats,

but not in hamsters. AGT treatment also inhibited pancreatic carcinogenesis in rats, but

slightly increased the pancreatic tumour-load in hamsters. From tlìese results it was

concluded, that AGT does not seem useful as a therapeutic modality for human

pancreatic ductular tumours. However, it might be useful (especially in combination with

castration) for the tl'eatment of pancreatic acinar tumours, which occasionally do develop

in hurnans. furthermore, the conversion of testosterone into oestrogen does not appear to

¡rlay an important role in ductular pancreatic cancer induced in hamsters.

In the study described in chapter three, the role of testosterone alone, and in

cornbinatio¡r with the hormone somatostatin, was investigated. Previous research

inclicated inhibitory capacities of somatostatin in par.rcreatic cell proliferation. Therefore,

somatostatin rnay be useful as a drug against pancreatic cancer. The experimental set-up

was similar to that described in chaptel two. Rats and hamsters were divided into the

f'ollowing groups: A) surgical castration, B) Sandostatin (a long-acting analogue of
soruatostatin, administrated by subcutaneously implanted osmotic pumps), C) castration

and Sandostatin, or D) control group (physiological saline-solution instead of

Sandostatin). The results from this study confir¡ned the enhancing potency of
testosterone in the developrnent of acinar tumours in azaserine-treated rats, and the

marginal role of testosterone in the development of ductular pancreatic tumours in BOP-

treated harnsters. In the rat-model, Sandostatin did not enhance the inhibitory effects 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 results it was concluded, that Sandostatin may be useful as a

therapeutic modality against human pancreatic ductular adenocarcinomas.

Growth factors can be considered locally acting hormones: whereas hormones
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rlrostly act in an endoct'itte way, growth factors mostly act in a paracrine or autocrine
way' In chapters four, five and six of the present thesis, research is described on the
involvement of growth factors in the modulating effects of dietary factors or hormones
otr exocrine pancreatic carcinogenesis. For reasons beyond the scope of this summary,
rve have focused on the epiderrnal growth factor (EGF), the tr.ansfor.ming growth factor-
o (TGF-a) and their urutual receptor, the epidermal growth factor. receptor (EGFR).

In chapter four, the expression of EGFR on nornral pancreatic cells and on putative
pleneoplastic AACF and acinat' 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 preneoplastic foci, EGFR
nIRNA levels were incteased. However, immunohistochemical investigations pointed to
a change in localization of EGFR: ir.r normal acinar cells EGFR was found both on cell-
trretnbranes and in the cytoplasm, whereas in putative preneoplastic lesions, EGFR was
localized only in the cytoplasrn. From these results, it was concluded that if EGFR plays
a role i¡r the developrnelìt of acinar pancreatic turnours, it ought to be at a very early
stage of the carcinogenic process, e.g. during the developrnent of putative preneoplastic
acinar lesions (AACF) from histologically normal acinar cells.

In chapter five, EGF and TGF-o expression in pancreas of azaserine-treated rats is
described. To investigate the expression of these growth factors during modulation of
exocrine pancreatic cancer, the rats were treated as follows: A) low-fat diet (control
gLoup), B) promotion by caerulein injections (a cholecystokinin-analogue, known to
etthattce acinar pattcreatic carcinogenesis), C) inhibition by a caloric restricted/high fibre
cliet. An extra control gloup (D) consisting of rats not treated with the carcinogen
azaseritle and maintained on a normal low-fat diet was included. From these experirnents
it appeared that both EGF and TGF-a expression decreased in putative preneoplastic
AACF and acitrar adenocarcinomas. However, after injection of the carcinogen
azaserine, att increase in TGF-a mRNA and a decrease in EGF mRNA were detected in
pancreatic homogenates. hnmunohistochemical studies revealed that these effects
occurred in histologically normal acinar cells of the pancreas of azaserine-treated rats.
Although caerulein enhanced and caloric restriction inhibited the development of acinar
pancreatic lesions i¡r the rat, these treatments did not affect the expression of EGF or
TGF-cr. From these lesults it was concluded that TGF-o (but probably not EGF) may
exert an enhancing effect on acinar cell ploliferation early in pancreatic carcinogenesis.
This conclusion was supported by the finding described ir, chapter four, that EGFR (the
receptor fol TGF-G) is expressed in the pancreas of azaserine-treated rats, also only
during the development of early AACF from normal acinar cells.
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The experiments described in chapter six were similar to those described in

chapters f'oul and five, but performed in BOP-treated harnsters instead of azaserine-

tleated l'ats. In BOP-treated hamsters, pancreatic carlcer was also inhibited by caloric

restriction, or enhanced by caerulein. Previous studies detnonstrated conflicting results

when hamsters were injected with caerulein. Some investigators reported inhibition,

while others reported enhancement of ductular pancreatic carcinogetresis by caerulein.

Therefore, apart from the caerulein-treated group, an extra group maintained on a high-

fàt cliet was included to stirnulate ductular pancreatic carcinogenesis in BOP+reated

harusters. The results from these experiments demoustrated overexpression of TGF-a

ancl EGFR in pancreatic tunours in BOP-treated hamsters. The expression of EGF,

Itowever, appeared to charrge hardly at the protein level, whereas a decrease was

otrserved at the rRNA level. In this animal moclel the lnodulation of pancreatic

carcinogenesis also did not cause any chatrge in EGF, TGF-a or EGFR expression. The

overexpression of TGF-o with a concomitant expression of EGFR in BOP-induced

¡rancreatic tumours snggest a (paracrine or autocrine) stirnulatory role for TGF-c¿ in the

development of ductular pancreatic tumours in hamsters.

c-Src is a cytoplasmic protein with protein tyrosine kinase (PTK)-activity, recently

fbund to be involved in EGFR-mediated signal transduction. Therefore, research was

performed, described in chapter seven of the present thesis, to investigate the expression

arrd tlre activity of the ploto-oncogene c-src in nor¡nal and (pre)neoplastic pancreas of

azaserine-treated rats. In putative preneoplastic AACF both c-src protein levels and c-src

PTK-activity increased signihcantly, mainly in the cytoskeleton subcellular fraction.

Iìowever, in more advanced lesions such as secondary transformed aciuar "nodules-in-

ruodules", c-src plotein could not be detected. From these results it was concluded, that

c-src might be involved at an early stage of pancreatic carcinogenesis induced in rats by

azaserine. The cytoskeletal localization of c-src in preneoplastic pancreas stlggests

involvement of c-src 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

i¡ chapter eight, which resulted in the hypothesis that TGF-o, through binding EGFR,

via c-src, migl.rt enhance tl.re capacity of cancer cells to become invasive and ultimately,

to lnetastasize.

Flom the data presented in this thesis, the following cottclusions were drawn:

l. Sex-honuones and glowth factors ale irrvolved iu tl.re clevelopr,Tent of pancreatic
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acinar and ductular tumours, induced in rats arrd hamsters, respectively.
2' Aminoglutethimide is not useful as a therapeutic modality for the treatment of

7.

ductular pancreatic tumours.

Aminoglutethitrride, especially in combination with surgical castr.ation, might have
therapeutic potential for the treatment of acinar pancreatic tumours.
Sandostatin rnay be useful for the treatment of pancreatic cancer.
TGF-o, EGF and EGFR most probably play a role in acinar pancreatic
carcinogenesis induced in rats by azaserine, but only at an early stage: during the
transformation of histologically normal acinar cells into putative preneoplastic
AACF.
TGF-c¿ might ltave a paracrine or autocrine stirnr.rlatory effect on the developrnent
of pancreatic ductulal adenocarcinomas via binding to EGFR.
In azaserine-treated rats and in BoP-treated hanrsters, EGF appears to be replaced
by TGF-cr in the calcitrogenic process.

In azaserine-tleated rats and in BoP-treated harnsters, EGF, TGF-a and EGFR are
rnost probably not ir.rvolved in the modulation of pancreatic carcinogenesis by
dietary fat, caloric restriction or caerulein injections.
with respect to the expression of EGF, TGF-ø and EGFR, ductular pancreatic
tunrours induced in hamsters by BoP resembles human pancreatic tumours more,
tharr acinar pancreatic tumours induced in rats by azaserine.
c-Src rnight be involvecl irt pancleatic carcinogenesis in azaserine-tr.eated rats at a
rather early stage.

I l. A functional role is suggested for c-src in legulating cell-architecture during
pancreatic aci¡rar cell proliferation in azaserine-tr.eated rats,

overall it rvas concluded that growth factors most probably do not play a
prominent role in the modulation of exocrine pancreatic carcinogenesis by dietary factors
or hormones. The investigation of intra-cellular factors, such as c-src, might offer more
insight into the mechanisrns by which hormones and cliet nrodulate exocrine pancreatic
carcinogenesis.

6.

8.

9.

r0.
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Somenvolting

SAMENVATTING

In dit proefschlift zijn experimenten beschreven, waarin de rol van hormonen en
groeifaktorerr bij ltet ontstaan van pancreaskanker onderzocht werd. De pancreas (= d,e

alvleesklier) is een in de buikholte gelegen orgaan, dat grofweg twee funkties vervult. l)
I-let zogerraamde endoøiene deel van de pancreas (de eilandjes van Langerhans) zorgt
voor het op peil hor.tden van de suikerspiegels in het bloed. Insuline is één van de
belangrijkste hortnoneu die daarvoor door de pancreas worden gemaakt en aan het bloed
rvorden afþegeven. Sorns tleedt er een defect op in de insuline-produktie door de
parrcreas, hetgeen kan leiden tot suikerziekte. 2) Het zogenaamde exocriene deel van de
pancrects zorgt vool' de produktie van verterings-enzyrnen. Voorbeelden van deze
velterirlgsenzymen zijn chyrnotrypsine en trypsine, die afgegeven worden aan de dunne
clarnt, waar ze helpen bij 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 beschrevett, uitgevoerd aan tumoren die zijn ontstaan in het exocriene deel
van de pancreas (Zie ook Figuur l.l, in de inleiding).

Kanker van de exocriene pancl'eas is over het algerneen ernstiger dan kanker va¡
de endocriene pancreas. De reden is, dat kanker van de exocriene pancreas vrijwel altijd
te laat ondekt wordt. In tegenstelling tot kanker van de endocriene pancreas, waar de
patienten vaak al irr een redelijk vroeg stadiurn met ernstige verschijnselen valì
suikerziekte een dokter raadplegen, hebben patienten met exocriene paucreas kanker heel
lang geen klachten. Tegen de tijd dat ze wel klachten krijgen (vaak pijn, uitstralend naar
cle rug), is het daardoor meestal al te laat voor adequate behandeling; de tumor heeft
zich al uitgezaaid naar andere organen (lever, rnilt, longen). Pancreastumoren zij¡
ongevoelig voor de lneeste vormen van chemotherapie. Sorns wordt er nog wel eens eel.t

ingrijpende operatie uitgevoerd ("een Whipple operatie"), dit leidt echter nauwelijks tot
een verbetering van de prognose. Mede door het ontbreken van een afdoende therapie, is
cle prognose van exoct'iette pancreas kanker erg slecht; na vijf jaar zijn nog slechts 2 of
3 van de 100 metrsen waarbij pancreaskanker werd vastgesteld, in leven. Omdat de
tlrerapeutische mogelijkheden beperkt zijn, is het -náást onderzoek naar betere
therapieen- van groot belang, meer over de oorzaak en het verloop van deze ziekte te
weten te konten, zodat pancreaskanker in een vroeger (nog behandelbaar) stadium
vastgesteld kan wolden, of -beter nog- geheel voorkómen kan worden.

De exocriene pancl'eas bestaat globaal uit twee typen cellen: kliercellen (: acinaire
cellen), die de velteringsenzymen produceren en uitscheiden en cellen, die de
afioerbuisjes (= ductuli) vorrnen waardoor de velterirrgsenzymen worden afgevoerd naar
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cle dunne darrn, deze cellen worden de ductulaire cellen genoemd. Doordat er in de

exocrierre pancreas dus grofweg twee typen cellen te onderscheiden zijn, zijn er ook

twee typen kanker te onclerscheiden; acinaire turìloren (: klierceltumoren) en ductulaire

turnoren (: turnoren aan de afvoerbuisjes).

I-Iet in dit proefschrift beschreven onderzoek is uitgevoerd bij ratten en hamsters

(alleen mannetjes). De ratten worden gebruikt als rnodel voor de aciuaire pancreas-

tunìoren, de hamsters worden gebruikt als rnodel voor de ductulaire tumoren. Ratten van

ongeveer drie weken oud worden in de buikholte ingespoten met azaserine, een stof die

er voor zorgt, dat de dieren acinaire pancreastumoren gaan ontwikkelen. Al na vier tot

zes maanclen zijn er bij deze ratten microscopisch kleine afwijkingen in de pancreas te

zien, die als voorstadia van de uiteindelijke turnol'en beschouwd kr¡nnen worden; de

zogenaamde 'preneoplastische acinaíre cel-lesies'. Na ougeveer 9-12 maanden zijn de

cerste acinaire tumoren in de pancreas aantoonbaar. In het algetneen wol'dt een ratte-

ploef na 12 tot 15 uraande¡r beëindigd. Orn ductulaire pancreastumoren op te wekken bij

lranrsters, worden deze als ze zo'n zes weken oud zijn, onderhuids ingespoten met een

stof die N-nitrosobis(2-oxopropyl)amine (afgekort: BOP) heet. Llierna ontwikkelen de

eerste preneoplastische ductulaire cel-lesies zich al na ongeveer twee tot vier maanden

en de eerste ductulaire tultlol'en kunnen na ongeveer acht maanden aangetoond worden.

Onrdat hamsters in het algemeen wat eerder dood gaan dan ratteu, wordt een ha¡nster-

proef meestal al na l2 maauden beëindigd.

Bij de rnens is nreer dan 95Yo van de exocriene pancreastumorett van het ductulaire

type. De rest van de exocrie¡re pancreastumoLen is van het acinaire of van een gemengd

acinair'/dt¡ctulair type. Daardoor lijkt het ha¡nster-model beter vergelijkbaar met de mens,

dan het ratte-model. Het is echter nog steeds van belang om het ratte-model ook te

bestuderen, omdat het cel-type van waaruit de ductulaire tumoren in de mens zijn

ontstaan, nog niet rnet zekerheid is vastgesteld. Er zijn onderzoekers die denken, dat

alleen de ductulaire cellen ontsporen, ongeremd gaan delen en daardoor de ductulaire

tumoren vorrnen, terrvijl een andere groep onderzoekers denkt, dat het juist de acinaire

cellen zijn, die ontspolen, ductulair worden, en daarna pas uitgroeien tot tuÍuoren. Om

rureer inzicht te krijgen in de mogelijke rol van acinaire cellen bij het ontstaan van

humane exocriene pancreastumoren, is het daarom van belang ook het acinaire ratte-

model te bestudereu.

Omdat pancreaskankel meer voorkomt bij mannen, dan bij vrouwen, is het

aannemelijk te veronderstellen, dat hormonen die betrokken zijn bij de

geslachtsdifferentiatie bij de rnan, het ontstaan vall pancreaskanker bevorderen. Eén van

cle belangrijkste geslachtshormonen bij de man is testosteron. In de hoofdstukken twee
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en drie van dit proefschrift, wordt de rol van testosteron bij het ontstaan van exocriene
palrcreas kanker beschreven. Eerder onderzoek in ratte¡r heeft aangetoond, dat testosteron
eeu verstet'kend (= promoverend) effect op het onstaan van pancreaskanker (= pancreas

curcinogene.sc) had, letwijl de hormonale tegenhanger van testostel'on, oestrogeen, een

lemmeud effect op dit proces zou hebben. In het hamster-model blijkt dit juist
orngekeerd te zijn; oestl'ogeen promoveert, testosteron remt. De ornzetting val1

testosteron in oestlogen, veroorzaakt door het enzyrn aromatase, zou de mogelijke
oot'zaak van deze scltijnbare tegenstelling knnnen zijn. Effecten die van testosteron
verwacht wet'den, zouden dan tegengewerkt kunnen worden, doordat testosteron omgezet
wordt in oestrogeeu.

In hoofdstuk trvee is een onderzoek beschreven met ratten en hamsters die als volgt
behandeld rverdett: A) gecastreerd (testosteron worclt in de testikels gemaakt, dus
castratie leidt tot testosteron depletie), of B) ze kregen aurinoglutethimide (AGT) via een

maagsonde toegediend (AGT is een aromatase lenlmer waardoor de onrzetting van

testosterotì ltaal' oestl'ogeen wordt geblokkeerd), of C) ze werden gecastreerd en kregen
ook AGT toegediend. Groep D) rvas een onbehandclde controle groep. Orn een

beltandeling van pancreaskarrker bij de rnens na te bootsen, werd de behandeling pas

vier maanden na de carcinogeen injectie gestart; op het moment dat er al pancreas lesies

warett ontstaan. Dit werd gecontroleerd door na vier maandelt eerl extra groep (E) op te
offeren en de pattcreas te bestuderen. Castratie bleek de ontwikkeling van

pancreastutt'toren in de rat wel, maar in de hamster uiet te remmen. AGT behandeling
bleek in cle rat ook te reu'unen, maar in de hanrster leek er zelfs een verhoging van het

aautal pancreasturnoren op te treden. Uit dezr resultaten werd geconcludeerd, dat AGT
niet bruikbaar is als therapeuticum voor humane ductulaire turnoren. Misschien kan ltet
wel gebluikt wordeu (voolal in co¡nbinatie met castratie) voor de behandeling van de -
zeldzame- acinaire palìcreastumoren bij de mens. Vetder bleek uit het onderzoek dat het

niet erg waarschijnlijk is, dat de omzetting van testosteron naar oestrogeen een

belangrijke rol speelt bij de ductulaire pancreas carcinogenese.

In hoofstuk clrie werd ook de rol van testosteron bij de pancreas carcinogenese

onderzocht, lnaaf nu in con.rbinatie met een ander hormoon; het somatostatine. Uit eerder

otrderzoek bleek, dat somatostatine een renlmend effect heeft op de celdeling in
pancreastul'noren. Daaruit kan worden afgeleid, dat somatostatine misschien wel eens

gebruikt kan worden als therapeuticum tegen pancreaskanker. In hoofdstuk drie wordt
een onderzoek beschreven, uaar het effect van castratie op de effecten van somatostatine.

Als lang-werkend analoog voor somatostatine gebruikten we het geneesmiddel

Sandostatin (somatostatine zélf 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) castratie, B) Sandostatin (onderhuidse pompjes gaven het

geneesrniddel in corrstante doses aÐ, C) castratie + Sandostatin, D) controle groep (zij

kregen een fysiologische zout-oplossing, i.p.v. Sandostatin). De resultaten van deze

studie bevestigden de geringe rol van testosteron bij het ontstaan van ductulaire

pancreastutnoren in het hamster-model en een promoverende rol voor testosteron bij het

outstaan van acinaire tumoren in het ratte-rnodel. In dit laatste model bleek Sandostatin

geen versterkend effect op de gevolgen van castratie te hebben. In het hamster model

daarentegen, werd de ontwikkeling van pancreastulnoren geremd, vooral wanneer

Sandostatin gecornbineerd werd nret castratie. Hieruit werd geconcludeerd, dat

Sandostatin misschien wel als therapeuticum voor de behandeling van ductulaire

pancreaskanker bij de mens gebruikt kan worden.

De rest van het onderzoek beschreven in dit proefschrift, is meer fundamenteel van

aard; er wordt nagegaan waarom normale pancreascellen zich soms tot tumoren

ontwikkelen. Wij hebben daarbij de rol die groeifaktolen in dit proces zouden kunnen

spelen onderzocht. Groeifaktoren zijn in principe velgelijkbaar met hormonen, met dit

velschil, dat honnonen (b.v. testosteron) in een bepaald orgaan (b.v. de testikels)

geproduceerd worden, dan aan de bloedbaan afgegeven worden en vervolgens in een

arrder doel-orgaan (b.v. de pancreas) hun funktie vervullen (: een endocriene werking),

telwijl groeifaktoren meer lokaal werken; zij beihvloeden cellen in de directe omgeving

van de cellen waar ze in geproduceerd worden (: paracriene werking), of zij vervullen

lrun funktie in dezelfde cellen die de groeifaktoren producereî (= autouiene werking).

Zie ook Figuur 1.4, in de inleiding. Groeifaktoren komen vaak ook in normaal weefsel

voor, tnaar het orrtsporen van groeifaktoren (b.v. een overproduktie) zou wel eens de

oorzaak voor het ontstaan van een tumor kunnen zijn. El zijn vele groeifaktoren bekend,

maar elk celtype is maar gevoelig voor een 'beperkt' aantal van deze groeifaktoren. In

andere woorden; een groeifaktor is vaak specifiek voor bepaalde celtypen. Deze

specificiteit wordt bepaald door de aanwezigheid van het juiste type 'groeifaktor

ontvangers' (: groeifaktor receptoren) op deze cellen. Om redenen waarop in deze

samenvatting niet zal worden ingegaan, hebben we gekozen voor het bestuderen van de

nrogelijke betrokkenheid van de zogenaamde "epidermale groeifaktor" (EGÐ, de

"transformerende groeifaktor-cr" (TGF-cy) en hun receptor; de "epidermale groeifaktor

Leceptor" (EGFR) bij de exocriene pancreas carcinogenese.

In hoofdstuk vier is onderzoek beschreven naar de expressie van EGFR op normale

pancreas cellen en ook op door azaserine opgewekte preneoplastische acinare cel-lesies

en op acinaire tumoren in de pancreas van de rat. Tot onze verbazing, bleken acinaire
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tulnoretl geen EGFR Ineer te bezitten. In de voorstadia blijkt er op synthese-niveau een
toename van EGFR te zijn. Echter, indien de aanwezigheid in de cellen onderzocht
wordt, blijkt er een re-localisatie plaats te hebben gevonden; in nor¡nale acinaire cellen
zit EGFR op de cel membraan en cyto¡tlasmcttisch (= intra-cellulair), terwijl in de
pleneoplastische lesies EGFR alleen nog maar in het cytoplasma voorkornt. Uit deze
resultaten werd geconcludeerd, dat indien EGFR al een rol speelt in de pancreas-
carcinogenese in het azaserine-ratte model, dit alleen in een vroeg stadium (bij cle

overgang valt 'norlnale' acittaire cellen naar preneoplastische acinaire cellen) zal zijn.
In hoofdstuk vijf zijn studies beschreven met de twee belangrijkste groeifaktoren

die EGFR binden; EGF en TGF-g. Hielvoor werd ook weer het azaserine-rat model
gebruikt. De tnet azaserine ingespoten ratten werden in verschillende behandelings-
gl'oepen ingedeeld waarbij de pancreas-carcinogenese óf gestimuleerd, óf gelemd werd
door de volgende behandelingen: A) een normaal laag-vet dieet (controle groep), B) een

laag-vet dieet en stimulatie van de groei van pancreastutnoren met behulp van caeruleine
(cen analoog van het darm-hormoon cholecystokinine), C) remrning van de pancreas

carcinogenese, door de ratten een dieet met een verlaagde calorische waarde te geven.

Een extra controle groep, bestaande uit ratten die niet rnet het carcinogeen azaserine
ge'injecteeld werden, werd toegevoegd. Uit deze experimenten bleek een afnarne van
zowel EGF als TGF-a in de preneoplastische acinaile cel-lesies en in de acinaire
tulnoren. Kort na het toedienen van het carcinogeen azaserine, was er wel een toenane
van TGF-a ett eert afname va¡r EGF te detecteren. Dit bleek plaats te vinden in de

histologisch uog nonnale acinaire cellen. Ondanks dat caeruleine een significante
toenalne en calorische beperking een duidelijke afname van het aantal acinaire cel-lesies
veroorzaakten, hadden deze behandelingen geen effect op de expressie van EGF of
TGF-c¿ in de ratte-pancreas. Uit deze resultaten werd geconcludeerd, dat vooral TGF-o,
vloeg in de acinaire pancreas carcinogenese een cel-deling stimulerende rol zou kup¡en
vervullen. Vooral omdat we uit resultaten van de experinrenten beschreven in hoofdstuk
vier weten, dat de leceptor voor TGF-c¿ ook alleen maar op een vl.oeg tijdstip in de

acinaire pancl'eas-carcinogenese tot expressie kornt.

In hoofdstuk zes, zijn weer velgelijkbare experirnenten als in hoofdstuk vier en vijf
beschreven, maar nu in de BOP-behandelde hamsters, lnodel 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 harnsters de ductulaire
pancreas-cal'cinogenese wel zou stimuleren, werd er een groep toegevoegd die een vet-
rijk dieet (i.p.v. een normaal laag-vet dieet) te eten kreeg. De resultaten uit deze proeven

toonden eetr overexpressie van TGF-a en EGFR aan irr de ductulaire pancreastumoren in
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BOP-behandelde harnsters. De expressie van EGF daarentegen, bleek nauwelijks te

veranderen, of zelfs wat af te nemen. Ook in dit proefdier-model hadden de

verschillende pancleas carcinogenese stirnulerende of remmende behandelingen geen

elfect op de expressie van EGF, TGF-cr of EGFR. De overexpressie van TGF-cr lnet een

gelüktijdige aanwezigheid van EGFR in BOP-geïnduceerde pancreastumoren suggereert

een stimulerende funktie van deze groeifaktor op de cel-vermenigvuldiging in het

calcinogenese proces.

Als een groeifaktor (b.v. TGF-o) aan zijn receptor (b.v. EGFR) bindt, wordt

hierdoor een signaal aan de cel afgegeven. Dit signaal wordt afgegeven door het

intracellulaire deel van de receptor, via -vaak vele- cytoplasmatische eiwitten, naar de

kern van de cel. Het afgeven van het signaal door de groeifaktor-receptor naar de kern,

wordt signaal transcluctie genoemcl. In de kern zit al lìet erfelijke materiaal (het DNI)
van de cel in cle chrontosonten opgeslagen. I{et signaal van de groeifaktor receptor zorgt

er voor, dat het jLriste stukje (= het juiste gen) van een chromosoom op het juiste

rroment gebrLrikt woldt, zodat de juiste funktie in (of door) de cel uitgevoerd kan

worden (b.v. de cel gaat delen). De genen coderen namelijk voor bepaalde eiwitten, die

op hun beurt hun funktie in de cel weer vervullen. Bij het funktioneren van een norrnale

cel zijn vele genen betrokken. Nu gebeurt het wel, dat er een verandering (: een

mtttatie) in (de legulatie van) een gen optreedt, waaldoor deze zich abnormaal gaat

gedragen. Soms leidt zo'n verandering tot het ontstaan van tumoren. Een gen, dat na

'activatie' tot gevolg heef't dat er een tumor ontstaat, noemt men een oncogen. Als de

veranderirrg nog niet heeft plaatsgevonden, noemt rnen zo'n gen een prolo-oncogen. c-

.Sr'c is zo'n proto-oncogen, dat betrokken lijkt te zijn bij de signaal transductie van

EGFR.

In hoofdstuk zeven wordt de betrokkenheid van c-src bij de acinaire pancreas

carcinogenese in de azaserine-rat beschreven. c-Src is een eiwit, dat in het cytoplasma

van de cel voolko¡nt en daar een bepaalde enzyrn-funktie vervult. Deze enzym-funktie

wordt de tyrosine kinuse aktivileil genoernd. FIet voert te ver om dit in detail uit te

leggen, nlaar van belang is, dat deze aktiviteit een bclangrijke parameter is voor de

betrokkenheid van c-src in de pancleas carcinogenese. In de preneoplastische acinaire

cel-lesies werd een toename van het c-src eiwit en ook van c-src (tyrosine kinase)

activiteit gedetecteerd. De meeste c-src aktiviteit werd in het cel-skelet gevonden (net als

de mens heeft eeu cel ook een soort 'skelet'). In tumoren was c-src echter niet meer

aanwezig. Uit deze resultaten blijkt dus betrokkenheid vau c-src, op een vroeg tijdstip in

het acinaire pancreas carcinogenese proces in de azaserine-rat. De lokalisatie van de

toegenomen c-src aktiviteit, suggereert betrokkenheid van c-src bij de regulatie van de
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cel-architectuur (-vorm) gedurende het carcinogenese proces.

In de algemene discussie (hoofdstuk acht) is uit bovenstaande resultaten een

hypothese gedestilleerd, waarin geopperd wordt, dat bij de pancreas-carcinogenese, TGF-
a door binding aan EGFR, via c-src, wel eens invloed zou kunnen hebben op de

potentie van een kankercel om in ander weefsel door te dringen en zich uit te gaan

zaaien (te metaslaseren).

Uit de in dit proefschlift beschreven experimenten zijn de volgende conclusies
getrokken:

l. Zowel geslachtshonnonen als groeifaktoren zijn betrokken bij het ontstaan vall
acinaire of ducttrlaire tumoren in de pancreas van, l'espectievelijk, met azaserilte-

behandelde ratteu, of rnet BOP-behandelde hamsters.

2. Aminoglutethimide is niet bruikbaar voor de behandeling van ductulaire
pancreaskanker.

3. Aminoglutethimide zou bruikbaar kunnen zijn als therapie tegen acinaire
pancleaskanker.

4. Sandostatine lijkt bruikbaar te zijn voor de behandeling van pancreaskar.rker.

5, Indien TGF-cr, EGF en EGFR een rol spelen bij de ontwikkeling van pancreas-

tuu'rol'en bij de lat, dan zal dit op een vroeg tijdstip in het carcinogenese proces

zijn: met name bij de overgang van nornrale acinaire cellen naar de pre-

neoplastische cel-lesies.

6. TGF-c¿ zal via de EGFR een paracrien of autocrien stir.nulerend effect op de

pancl'eas-carcinogenese in BOP-behandelde hamstels kunnen hebben.

7. TGF-c lijkt EGF te vervangen in het carcinogenese proces, zowel bij met

azaserine-behandelde t'atten als bij met BOP-behandelde hamsters.

8. Zowel bij uret azaserine-behandelde ratten als bij rnet BOP-behandelde hamsters,

zijn TGF-cr, EGF en EGFR hoogstwaarschijnlijk niet betrokken bij de modulering
van de pancl'eas-carcinogenese, door een vet-rijk dieet, een calorisch beperkt dieet,

of door caeruleine-injecties.

9. Met betrekking tot de expressie van groeifaktoren is het hamster pancreas-

carcinogenese model beter vergelijkbaar met pancreaskanker bij de mens, dan het

ratte-model.

10. Het proto-oncogen c-src zou op een vroeg tijdstip betrokken kunnen zijn bij de

pancreas-carcinogenese in azaserine-behandelde ratten.
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ll. De organisatie van het cel-skelet gedurende de cel-vermeerdering, zou een funktie
van c-src in de pancreas-carcinogenese bij azaserine-behandelde ratten kunnen zijn.

De algemene conclusie kan worden getrokken, dat bü de toename van

pancreaskanker door b.v. een vet-rijk dieet, of bij de afname van pancreaskanker door

b.v. een calorisch beperkt dieet, groeifaktoren hoogst waarschijnlijk geen prominente rol
spelen. Het bestuderen van intra-cellulaire eiwitten zoals het proto-oncogen c-src, lijkt
voor het begrijpen van de mechanismen waarmee b.v. hormonen en diëten de exocriene

pancreas carcinogenese moduleren, meer perspectief te bieden.
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Stellingen

Bij het proefschrift "Hormones and growth factors in experimental exocrine
pancreatic carcinogenesis"

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

Hoewel zowel het hormoon cholecystokinine als bij voorbeeld een hoog-vet dieet
kan bijdragen aan het ontstaan van exocriene pancreastumoren, lijkt dit niet te
worden gereguleerd via groeifaktoren (in ieder geval voor zover het EGF, TGF-cr
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 ratte-model voor pancreas-
carcinogenese.

Naast een al vaker gedemonstreerd inhiberend effect op de ontwikkeling van
colon- en borstkanker, zou de inname van vezelrijk voedsel ook wel eens
preventief kunnen werken op het ontåtaan van pancreastumoren.

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

Het is de vraag of de toegenomen economische welvaart in Japan door de 'ver-
westerlijking' opweegt tegen de daardoor eveneens toegenomen incidentie van
kanker o.a. aan de pancreas.

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

stelling 7 leidt er toe, dat het aantal kinderen dat door een (echt)paar van mijn
generatie op de wereld wordt gezet, omgekeerd evenredig is met de
maatschappelijke betrokkenheid van dit stel.

Verdraagzaanrheid tegerrover de onverdraagzamen is misschien de moeiliikste
taak die deze tijd van ons verlangt. (The world according to Garp. Johrr Irving)

Naarmate er meer 'boven-natuurlijke' zaken wetenschappelijk verklaard kunnen
worden, zal het aantal religieus-gelovigen meer en meer afnemen.

In Nederland is de windhonden-rensport 'humaner' dan de paarden-rqnsport.

Motor-rijders zijn betere weggebruikers dan automobilisten.
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