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STELLINGEN

Gap junctions spelen een belangrijke rol bij de weefseldistributie van
reactieve intermediairen.

Dit proefschrift.

Bij onderzoek naar het vermogen van stoffen om intercellulaire
communicatie te remmen is het gebruik van celtypen met een adequaat
vermogen tot biotransformatie essentieel.

Dit proefschrift.

De antimutagene effecten van B-NF kunnen niet worden tosggeschreven aan
het enzym-inducerend vermogen van deze verbinding,

Dit proefsehrift.

Beinvloeding van biotransformatie processen deoor indolen kan, afhanke-
lijk van de keuze van het precarcincgeen, leiden tot zowel een groter
als een kleiner effect van blootstelling en de term "inhibitors",
algemeen gebruikt om dit type effect te categoriseren, dient te worden
vervangen door "mcdulators".

Ramel et al., Mutation Res., 188, 47.

Pence et al,, (1988), J. Natl, Cancer Inst,, 77, 25§

Dit proefsehrift.

Bij onderzoek naar mutagene en carcinogene eigenschappen van stoffen
voorkomend in voedingsmiddelen dient meer aandacht te worden besteed
aan matrixeffecten.

Jongen and Dorgelo, (1886), Neth. J. Agric. Sci., 34, 395.

Jongen et al., (1987), Fd. Chem. Toxie., 25, 141.

De rel van endogene vorming van N-nitrosc verbindingen bij het ont-
staan van Kanker bij de mens kan pas regel worden geschat wanneer de
bijdrage van niet-vluchtige en cyclische N-nitroso verbindingen vol-
decende is uitgezocht.

V. Broekhoven et al,, (1887}, Proec, IXth Int, Symp. on N-nitrcso
Compounds, IARC Seient. Publ., 84, 360.

Wakabayashi et al., (1885), Mutation Res., 143, 17.

Voedingsadviezen m.b.t. de preventie van kanker zijn pas gerechtvaar-
digd als ze gebaseerd zijn op inzicht in de ocorzakelijke verbanden

tussen de betreffende voedingsfactoren en de waargenomen effecten.
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8. De conclusie van Peraino et al. dat het beschermend effect van gelijk-
tijdige toediening van phencbarbital en levercarcinogenen berust op
een verandering van de biotransfermatie stcelt niet op experimenteel
bewijs.

Peraino et al., (1983}, Multistage Hepatoccarcinogenesis, In: T.J.

Slaga, (Ed.}, Mechanisms of Tumor Promotiom, Vol. I, CRC Press, 1.

9. De hardnekkige pogingen om met steeds andere combinaties van mutage-
niteitstoetsen de voorspellende waarde t.a.v. carcinogene potentie van
stoffen te vergroten getuigen van een gebrek aan inzicht in de complexi

teit van het proces.

10. De veranderingen in de financieringsstructuur van het wetenschappelijk
onderzoek leiden tot het prematuur uitdragen van onderzoeksresultaten
en dragen op die manier bij aan een negatieve beeldvorming cver ce

waarde van het wetenschappelijk onderzcek.

11. De wijze waarop in Nederland het tweede fase onderwijs wordt ontwik-
keld getuigt meer van burgerlijke koopmansgeest dan van liefde voor de

wetenschap.

12, Het autorijden wordt zuur betaald.

Stellingen behorend bij het proefschrift: Co-cultivation of cells as a

promising tcol in cancer research in vitro.

Wim M.F, Jongen, 12 februari 1988.
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VOORWOORD

Het tot stand komen van een proefschrift kan alleen maar lukken dankzij de
inzet van vele personmen en het resultaat dient dan ook beschouwd te worden als
een gemeenschappeli jk product.

Allereerst wil 1k mijn promotor prof. dr. J.H. Koeman bedanken. Beste Jan,
vanaf het anoment dat ik op jouw afdeling ben komen werken heb je me gestimu-
leerd om mljn wetenschappelijke gremzen te verleggen. Niet gehinderd door wat
gangbaar is heb je me steeds je vertirouwen gegeven en een grote vrijheid om
een eigen invulling aan het onderzoek te geven. Ik hoop dat de resultaten die
nu voor je liggen dat vertrouwen waar hebben gemaakt.

Ook mijn andere promotor, prof. dr. L. Dea Fangelse wil ik bedanken. Beste Leo,
jouw visie op het kankerproces en de duidelijke manier waarcp je die in onze
discussies naar voren hebt gebracht waren uiterst leerzaam.

Een essentiele rol bij het vele werk is gespeeld door Randy Topp. Beste Randy,
zonder jouw “"gouden handjes"™ en je briljante ingevingen zou dit proefschrift
er waarschijnlijk anders hebben uitgezien. Ik vind het nog steeds jammer dat
je voor de computers hebt gekozen.

Willy Lagerweij, Saskia Hesse en Laura de Haan, zonder jullie steun tijdens
diverse periodes van het onderzoek had ik mijrn handen niet zo goed vrij kunnen
houden om aan dit proefschrift te werken. Laura, als kamergenote heb je de
momenten van stress die kennelljk onvermijdelijk zijn bij dit saort werk wvan
dichtbij meegemaakt en de vele koppen koffie die je hebt aangesleept waren
oncntbeerli jk.

Ook wil ik alle doctoraalstudenten bedanken voor hun onmisbare bijdragen aan
dit proefschrift. Ik noem geen namen omdat het risico lemand te vergeten te
groot is. Het felt dat sommigen van hen hun naam als mede-auteur gencemd zien
wil niet zeggen dat anderen dus een minder belangriijke bijdrage hebben gele-
verd. Samenwerken met jullie was heel stimulerend en ik hoop dat dat weder-
zijds is geweest.

Ook de samenwerking met de andere collega's van de vakgroep toxicologle was en
is stimulerend. Gerrit, Peter, Hans T., James, Berend, Irene, Hans v.d. B.,
Alberto, Ineke, Jos, Ria, Ben, Bert, Rixta, Marleen, Ietje, Gré&, Anja,
Querien, Marianne, Marja, Folke, en last but not least, Hans v. H., bedankt
allemaal. Dankzij Anja's deskundige hulp heb ik me het werken met de tekst-
verwerker snel eigen kunnen maken. Als de nood het hoogst is,........ Marius,
bedankt voor Jje spontanme hulp bij het printen. Irene, bedankt voor Jje zorg-
vuldige correcties. Jo Haas en zijn mensen van het CKP hebben vakkundig zorg-

gedragen voor de vele kippe—embryo's. De vakmensen van de tekenkamer van het




Biotechnion en fotolocatie De Dreljen verzorgden de plaatjes in en op dit
proefschrift.

Vooral de laatste periode die ik met het proefschrift hezig was heeft een
grote druk op het gezinsleven gelegd. Ine, Freek en Joost: het is af, bedankt

voor jullie geduld.
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GENERAL INTRODUCTION

THE CANCER PROCESS

Cancer 1s the name for a number of different types of diseases which have in
common that a group of cells has escaped growth control and grow more or less
autonomously. Such a group of cells almost always is clonal i.e. originates
from one deviating cell. There is considerable epidemiological and experimen-—
tal evidence showing that the process of tumor formation in humans and expe-
rimental animals proceeds stepwise. Such events may be caused or at least
largely be influenced by exposure to certain chemicals, various forms of
radiation and viruses.

Studies in experimental animals showed that in the stepwise development of
tumors both genetic and epigenetic factors play an lmportant role. Also for
the human situation there is sufficlient evidence to assume that similar pro-
cesses contribute to the incidence in tumor formation. The involvement of
genetic factors in the etiology of human cancer has been observed In various
studies. The existence of familial derived predisposition for certain types of
cancer like retinoblastoma or polyposis coli has been established and at the
present a significant number of different hereditary traits have been des-
cribed which predispose to cancer. The genetic alterations underlying these
traits include both point mutations and chromosome aberrations (McKusick, 1983
3 Mulvihill, 1984).

Epidemiological data provided further evidence that gemetic changes in somatic
cells are an important causative step In the onset of carcinogenesis (Friesen
et al., 1985; Bartsch and Montesano, 1984).

Among members of a Chinese population the high incidence of oesophageal cancer
ig associated with the presence of increased amounts of carcinogenic N-nitroso
compounds present in the food. Analysis of the DNA from oescophageal cells
revealed that persons bearing tumors had substantially higher levels of modi-
fied DNA bases than non-affected individuals (Umbenhauer et al., 1985).

On the other hand, the apparent multistep nature of chemical carcinogenesis
and the often long latency time between the first exposure to a carcinogen and
the manifestation of tumors indicates that epigenetic mechanisms play also an

important role in this process.
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On the Carribean island Curacao the black and creole population suffers from
an exceedingly high rate of oesophageal cancer compared with the Incidence on
surrounding islands. Through epidemiological investigations it was established
that on the 1sland, as part of local 1life-style, the fresh green aromatic

leaves of the bush Croton flavens L. are used to make a 'bush tea' drumk as an

everyday heverage.

The leaves of this plant contain a large number of nommutagenic, tumor promo—
ting agents including 12-0-tetradecanoyl-l13-phorbolacetate (TPA} the strongest
known tumor promoter (Hecker et al., 1983; 1984).

Since the discovery of Rehn in 1895, that aniline workers developed a high
rate of bladder cancer much attention has been paid to chemical carcinoge—
nesis. On the basis of these studies a theory has been developed which implies
that chemical carcinogenesis proceeds according to a sequence of three wore or
less distinct phases: the Initiation phase, the promotion phase and the pro-
gression phase (Hecker et al., 1984; Emmelot and Scherer, 1980; Goldsworthy
and Hanigan, 1987).

In this context initiation can be defined as a relevant irreversible change in
the genome of a cell leading to a change in the genetic properties of that
cell. Promotion is that part of the process whereby initiated cells in a
tissue or organ develop focal proliferations such as nodules, papillomas and
polyps. In the progression phase, probably due to additional genetic damage,
one or more of these focal proliferations underge a cellular evolutiom to
malignant neoplasm.

Some chemical compounds have Initiating capacities but exposure to these com-—
pounds alone does not lead to the induction of tumors. Other compounds camnot
initiate the process of carcinogenesis but are able to make initiated cells
develop into visible tumors. In addition there are the so-called complete
carcinogens which might be described as having both initiating and promoting
capabilities. Exposure to the latter compounds alone can lead to the induction
of tumors. )

The functional differences between initiatofg'and promoters arises from their
mode of action. Initiators react with the DNA of the cells thus causing gene
mutations or chromosomal damage. In fact they change the genotype of the cell.
The view is held that pure promoters cannot bind to DNA or give rise to muta—
tions. Their mode of action is a stimulation of cell preliferation of initia-
ted cells which can be brought about by various mechanisms like cell killing
or specific mitogenic stimuli.

11




INITIATION

Initiation is the genetic event which is considered te be the first step in
the onset of chemical carcinogenesis. Although a chemical that can bind
covalently with DNA will do so largely at random, only specific lesions will
result in genetic alterations that are relevant for the cancer process. In
this respect the discovery of the existence of human cellular oncogenes in the
beginning of the 1980s clearly was a major step forward. Oncogenes are a
family of genes which are involved in cellular processes regulating growth and
differentiation (Yarden et al., 1986; Dmitrovsky et al., 1986). Under normal
conditions they are expressed only during restricted periods of differentia~
tion and organ development. Many human tumors contain activated oncogenes
which show enhanced exXpression or synthesize altered gene products. This ac-
tivation results from chromosome rearrangements, Iinsertion of foreign DNA
sequences or point mutations (Capon et al., 1983; Rechavi et al., 1%82; Santos
et al., 1983).

The initiation phase comprizes two distinct steps, the induction of the mole-
cular lesions and the fixation of these lesions by DNA replication.

The vast majority of chemical mutagens, either with or without metabolic ac-—
tivation, react with cell constituents including DNA.

These alterations in the genome can be classified in two categories:

a. Point mutations

Point mutations are changes at the gene level and two types can be recagnized.

Base palr substitutioms: Alkylating agents produce chemical changes in nucleo-

tides. At the next replication the altered base may select a "wrong"” partner
e.g. an alkylated guanine selects thymine instead of cytosine and after two
rounds of replication the GC base pair has been substituted by an AT base
pair. Another possibility is that the alkylated base is removed either sponta-

neously or enzymatically and that "error prone” repair puts in the wrong base.

Frame shift mutations: Compounds may produce frame shifts by insertion or

deletion of one or several contiguous bases within a gene. Frame shifts can
beproduced either by covalent binding or by intercalation of flat aromatic
structures.
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b. Chromosome aberrations

Primary damage to individual chromosomes consists of breakage of chromatids

which results from a discontinuity of both strands of the DNA in a chromatid.

Chromosome breaks may undergo three different fates with quite different con

sequences for the cell.

1. Enzymatic repair processes restitute the original situwation.

2. The fragments remaln unjoined in the cells. This almost always results in
cell death at the next or one of the folowing mitoses.

3. The fragments are rejoined in an order different from the old one resulting

in chromosome rearrangements like translecations, inversions and deletions.

Fixation of lesions in the DNA is held to be an essential step in initiation.

One way to bring about fixation of these lesions Is c¢ell proliferation. In
experimental animals cell proliferation plays an important role in the fixa-
tion of altered DNA sequences and, depending on the type of organ or tissue,
fixation occurs automatically or wust be brought about with exogenous stimuli.
For example, in organs or tissues like colon, skin and bone marrow cell proli-
feration is an ongoing property and fixation of lesions in the DNA occurs
automatically. In adult animals for instance in the liver, due to the
quiescent nature of this organ with respect to cell preoliferation, fixation of
DNA lesions will be largely increased by exogenous stimuli like partial hepa-—
tectomy, induction of liver cell mecrosis or treatment with chemical mitogens.
In neonate or very young animals this need for cell proliferation is fulfilled
automatically because almost all organs contain dividing cells (Farber and
Sarma, 1987). Various types of DNA damage caused by chemical carcinogens
elicit DNA repair. This role of the various DNA repalr enzyme systems is
essential in the preservation of the genetic properties (Lehman and Karran,
1981; Maher, 1979). Basic "error proneness” of the processes involved in the
processes underlying this preservation may also lead to fixation of DNA

lesions (Singer and Kroger, 1979; Scherer, 1984).

PROMOTION

Promotion 1s the process whereby an initlated tissue or organ develops focal

proliferations of phenotypically altered cells. Promotfon of initiated cells

can be brought about by a wvariety of factors like wounding, bacterial and
13



viral infection, hormones, growth factors and by xzenoblotic compounds (Slaga,
1984).

Animal studies showed that exposure to promoters must be repeated and not to
much spaced in time. The process of promotion, in its first phase, is rever-
sible to a certain extent (Verma and Boutwell, 1980; Hecker et al., 1984). In
addition promoters appear to act only above a certain threshold level (Verma
and Boutwell, 1980). The proliferative stimulation necessary for the promotion
of initiated cells can be brought about by either cell killing or specific
mitogenic stimuli. Evidence exists, demonstrating that unless a DNA damaging
agent produces significant cell killing, as well as mutations, exogenous
promoters must be present in order to obtain tumors (Frei, 1976; Trosko and
Chang, 1984). This implies that the only difference between an initiator and a
"complete” carcinogen might be the ratio between the initiating capacity and
the toxic potential. At cytotoxic levels of a xenobiotic compound the survi-
ving cells, including the initiated cells, are forced to repopulate the necro—
tic tissue. The same mode of action also haolds for treatments like partial
hepatectomy.

In addition to this aspecific type of effect promotion can be brought about by
specific mitogenic stimuli. For instance growth factors or hormones have been
shown to behave like promoters (Desser-Wiest, 1979; Sonnenschein and Soto,
1980; Paranjpe et al., 1980; Takizawa and Hirose, 1978; Yoshida et al, 1980)
and other types of promoters can interfere with growth factor pathways e.g. by
influencing receptor affinity and binding sites (Farrar et al., 1985; Fearon
et al, 1985; Lee and Weinstein, 1980; Wolf et al., 1984).

In vitro studies have shown that many of these proliferative stimulations are
triggered by a promoter-membrane interaction. Structural and functiomal chan—
ges 1in cellular membranes have been reported, activation or inhibition of
various plasma membrane bound enzymes, modulation of ion transport and trans—
port of small molecules through membranes (for reviews see Yamasaki, 1984;
Mufgon, 1984; Trosko and Chang, 1984). Much of the knowledge obtained on the
mode of action of tumor promoters has come from studies with phorbolesters and
thelr derivatives (Hecker et al., 1984; Yamasaki, 1985). The mode of action of
other types of tumor promoters has been studied much less intensively. The
reported diversity of effects of tumer promoters on cultured cells is enormous
and those comsidered to be relevant for understanding the mechanisms of the

process of tumor promotion shall be reviewed in a bird's eye view.
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Specific binding to cellular receptors

Biochemical studies have shown that phorbolesters have special interactions
with cellular membranes. Phorbolesters which are active tumor promoters stimu—

late the phospholipid metabolism in wvitre and in vivo (Suss et al., 1971;

Kreiblich et al., 1971; Rohrschneider et al., 1972) whereas non active phorbal
derivatives don't affect this metabolism (Suss et al., 1972).

Direct research towards the mechanisms of this interaction became possible
when Driedger and Blumberg (1980) reported the existence of specific receptors
localized in the plasma membrane. Since then a large number of eukaryotic
cells were shown to possess this specific receptor (Deleclos et al., 1980;
Verma et al., 1985; Shoyab et al., 1981; Jaken et al., 1981).

Binding was not observed in prokaryotic cells (Driedger and Blumberg, 1980)
and erythrocytes {Shoyab et al., 1981). Binding characteristics of
phorbolester-sensitive cells proved te be very similar for a wide range of
cell types and tissues suggesting a fundamental role of the receptor in multi-
cellular organisms. (Shoyab and Todaro, 1980). Further characterization of the
binding site has revealed that the phorbolester receptors co-purify with pro-
tein kinase C, a phospholipid dependent enzyme. In vitro and In vivo studies

have shown that the active phorbolester derivatives activate this enzyme
(Niedel et al., 1983; Nishizuka, 1984; Castagna et al., 1982).
In conclusion, it seems reasonable to suppose that protein kinase C is part of
the phorbolester receptor.
Protein kinase C is a Ca?t and phospholipid dependent enzyme (Nestler amd
Greengard, 1983). The enzyme is present in all eukaryotic cells investigated
(Kuo et al., 1980; Kikkawa et al., 1982; 1983) and 1is constituted of two func—
tional differing peptides which can be separated by cat dependent thiol pro-
teases (Kikkawa et al., 1982).
The hydrophobic part binds to cellular membranes and the hydrophilic part
carries the catalytic centre. The enzyme has been found both in membranes and
in cytosolic fractioms.
Activation occurs through translecation of the cytosolic fraction towards the
plasma membrane where binding occurs (Kraft and Anderson, 1983). Further re-
search revealed that in most cells protein kinase C is present in the cytosol
in an inactive form which, after stimulation, binds te cellular membranes
{(Nishizuka, 1984). When hormones or growth factors interact with receptors on
cellular membranes the inosotol phospholipid turnover is transiently activated
and produces diacylglycerol which activates protein kinase C. Tumor promoting
15



phorbolesters like TPA are intercalated into the membrane, substitute for
diacylglycerol and permanently activate protein kinase C, in spite of the
presence of a feed back control mechanism (Farrar et al., 1985; Fearon et el.,
1985; Miyake et al., 1984; Wolf et al., 1985).

Activation of protein kinase C triggers a cascade of biochemical responses
like ornithine decarboxylase actvity, receptor binding of epidermal growth
factor, synthesis of prostaglandins and cyclic GMP, production of arachidonic
acid, activation of transglutaminase and inhibition of intercellular communi-
cation. Furthermore the phorbol ester mediated differentiation of HL60 cells
probably proceeds via protein kinase C.

In addition to the active phorbolesters also teleocidine and aphlysiatoxine,
both strong tumor promoters in the mouse skin, induce similar effects (Sugi-
mura and Fujiki, 1983).

On the other hand known tumor promoters like phenol, oleic acid, saccharin and
eyclamate don't influence phorbol ester binding to cellular receptors and
known inhibitors of tumor promotion like retinoic acid, dexamethasone and
disulfiram don't influence this binding (Shoyab and Todaro, 1980).

Modulation of cell differentiation

Already in 1954, Berenblum hypothesized that the mechanisms of tumor promotion
in mouse skin could involve a delay im cell maturation (Bereablum, 19534).
Indeed phorbolesters tumor promoters are able to modulate a variety of cell
differentiation programmes resulting in both inhibitory and stimulating
effects. (Diamond et al., 1980; Yamasaki, 1984). It seems reasonable to sup—
pose that only inhibition of cell differentiation is responsible for tumor
promotion, since accumulation of contimous dividing stem cells is attained
{Yamasaki, 1980). Beside this, initiation-promotion studies in experimental
animals show that the promotion of initiated cells {s always associated with
de-differentiation (Scherer, 1984).
The reversibility of phorbolester mediated inhibition of cell differentiation
has been studied the most extensively in Friend erythroleukemia cells (FELC)
{Rovera et al., 1977; Yamasaki; 1984) and chick embryo cells (Holtzer et al.,
1982; Payette et al., 1980). It was shown that exposure to the phorbolesters
did not influence cell division rate and normal FELC proliferation (Yamasaki
et al., 1982). This suggests that only gene expression which is directly
related to differentiation is iInfluenced and not that necessary for main-
tenance of cell proliferation.

16



Phorbolester mediated inhibition of cell differentiation is observed in a
tremendous diversity of differentiation programmes affected {(Yamasaki, 1984).
For instance a single compound like TPA can inhibit differentiation of cells
that are committed for erythroid, chondrogenic, melanogenic, myeblastoid,
neuroblastoid and epidermal lineages. What are the mechanisms by which such a
variety of programmes are selectively influenced ? For one it is well esta-
blished that intercellular communication plays an important role in the comn
trol of cellular differentliation. Secondly 1t has been reported that many
tumor promoters inhibit intercellular communicatlon (Yotti et al., 1979;
Murray and Fitzgerald, 1979; Troske et al., 1982). Therefore it seems likely
that phorbolester mediated inhibition of intercellular communication itself is

the cause of aberrant gene expression.

Inhibhition of intexcellular commmication

Communication between cells in a living organism is supposed to play a funda-
mental role in the repulation of cell proliferation and differentiation
(Loewenstein, 1979). There are two major pattways for intercellular communi-
cation. It can take place via the intercellular space and is then regulated by
production and transmission of signal molecules like hormones and growth fac~
tors which act through receptor binding to cellular membranes. Between nelgh-
bouring cells, permeable intercellular junctions can be formed which allow for
a direct passage of signal molecules (Trosko and Chang, 1984).

In vive these gap Jjunctions occur in most mammalian cell types. Exceptions to
this rule are the striped muscle cells and some nerve cells (Loewenstein,
1979, Larsen, 1983). The relative amount of cellular membrane involved in gap
junction formation may vary in time and between tissues, ranging from 0.05%
for the BHK cell line to 7-8% for granulocytes in the follicles of rabbits
(Yee and Revel, 1978; Yancey et al., 1982; Larsen, 1983). In addition to gap
junctions formed between homologous cells also heterclogous gap junctions can
be formed. Cells and cell lines from different orgams and even of different
vertebrates can be manipulated in vitro to form gap junctions (Michalke and
Loewenstein, 1971; Overton, 1974; Epstein and Gilula, 1%977; Lawrence et al.,
1977; Gaunt and Shubak-Sharpe, 1979; Hooper, 1982; Jongen et al., 1987). The
formation of gap junctions between cells of different origin indicates the
fundamental role of this type of junction in intercellular communication. The
transport capability allows for the passage of neutral and negatively charged
molecules to a molecular weight up to 1000 and also small positively charged
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molecules. The upper limit for positively charged molecules is unknown proba-
bly due to binding to cytoplasmic constituents (Simpson et al., 1977; Benmett
and Goodenough, 1978). Transport of wvarious types of compounds occurs like
electrolytes, low molecular nutrients, waste products and signal molecules for
growth and differentiation. Beside this gap junctions are essential for syn-
chronisation of contractile movements in heart- and smooth muscle tissue
{Larsen, 1983; Peracchia, 1980).

Figure 1

Tentative model of vertebrate gap junc-
tion architecture in coupled (a) and
uncoupled (b) conditions. Intramembrane
particles composed of six subunits span
the membrane thickness and bind to
similar particles of the adjoining mem-—
brane. Channels (1.5-2.0 nm wide) span
the junctional membranes at the center of
the particles providing cytoplasmic
bridges for cell-to-cell diffusion of
small molecules. The intramembrane par-
ticles form loose and disordered arrays
in coupled junctions (a) and more ordered

packings in uncoupled junctions (b), up

to crystalline (hexagonal) arrays with a
periodicity of 8.5 mm. (From Peracchia
and Bernardini, 1984).
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Figure II

Foto taken from sectioned, freeze-etched material obtained from cultured
primary chick-embryo hepatocytes. Picture shows gap junction (Enlargement
186.340 x). Foto prepared by P.T.J. van der Zandt.

Evidence that tumor promoters can inhibit intercellular communication was
first obtained, almost simultaneocusly, by Yotti et al. (1979) and Murray and
Fitzgerald (1979). Studies of Yancey et al. (1982), Kalimi and Sirsat (1984)
and Jongen et al. (1987) have shown that addition of the phorbolester TPA
decreased the number of gap junctions in cultured cells as well as in experi-
mental animals (mouse skin}.

Inhibition of intercellular communication has been studied in a variety of
cultured cells by means of transfer of labeled nucleotides, transfer of
poisonous base analogues, electrical coupling and dye transfer methodes (Yotti
et al. , 1979; Murray and Fitzgerald, 1979; Loewenstein, 1979; Williams et
al., 198l; Telang et al., 1982; Troske et al., 1980, 1983; Enomoto et al.,
1984, a, b}.

Evidence has been obtained which shows that many types of promoting agents
inhibit intercellular communication and that the in vivo tumor promoting capa-
bility correlates well with the capability to inhibit intercellular communica-
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tion (Trosko et al., 1982). Moreover, there 1s a good correlation between
phorbolester mediated inhibition of intercellular communication and enhance—
ment of cell transformation in BALB/c 3T3 cells (Yamasaki, 1984). Chemically
transformed cells have deviating communication characteristics from those of
nontransformed cells. In some instances they don’t communicate at all
(Fentiman et al., 1979; Wiener and Loewenstein, 1983) while in other cases
they don't communicate with surrounding non-transformed cells. Also, anti-
tumor proumoting agents like retinoic acid and dexamethasone antagonize the
phorbolester mediated inhibition of intercellular communication (Shuin et al.,
1983; Yamasaki, 1984; Nishino et al., 1984). Recently, several oncogene pro-—
ducts such as from the src and ras now have shown to be associated with a
decrease in gap junctional communication (Atkinson and Sheridan, 1984; Azarnia
and Loewenstein, 1984; Chang et al., 1985). Beside this it is well known that
partial hepatectomy and repeated wounding can act as tumor promoters in the
two stage model. Therefore the observation that under these circumstances a
decrease in both the number and the size of gap junctions is found supports
the hypothesis that inhibition of intercellular commmication plays an

essential role in tumor promotion.

PROGRESSION

Progression is that part of the process whereby one or more focal prolifera-
tions undergo a cellular evolution to malignant neoplasm. During this evolu-
tion these cells acquire several characteristics which can be divided in the
following categories (Ponten, 1987; Scherer, 1984):

~ infinite growth. There 138 an Indefinite expansion of the net cell number in
a tumor resulting in a progressive increase in tumor burden.

- genetic instability. Within a tumor new abnormal genotypes are created and
fixed implying a considerable risk of loosing important proliferation and
differentiation controls.

— irregular migration. Cells acquire invasive properties which means that they
have the potential to migrate, settle and grow at abnormal locations in the
organisms. In experimental animals progression is accomplished by addition
of initiating agents like urethane or dimethylbenzanthracene which induce
additional genetic changes (Farber and Sarma, 1987; Hecker et al., 1984).

The development of malignant tumoxs from pre-existing preneoplastic lesions or

from benign tumors is onme of the least studied processes in carcinogenicity

studies in experimental animals (Farber and Sarma, 1987).
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THE USE OF INTACT CELLS AS METABOLIZING SYSTEM;
OBJECTIVES OF THE INVESTLIGATIONS

Biotransformation of xzenobiotics

Living organisms are contimually exposed to a variety of naturally occurring
and synthetic chemicals. If these compounds are lipophilic they are generally
wade more hydrophilic by metaboliec transformations, wmainly oxidations or
hydroxylations, and subsequent conjugations, to facilitate excretion. This
capacity to deal with lipophilic xencbiotics used to be considered a defense
mechanism of the organism. The last decades, however, an overwhelming amount
of information has been gained, which indicates that in the process of comver-
sion of the non-reactive parent compounds to hydrophilic metabolites reactive
intermediates can be formed which may have toxic effects. In this connection
it was the concept of the 'ultimate carcinogen® as an electrophilie species,
which binds covalently to the DNA, that has led to the realisatlon that the
majority of known initiating carcinogens is not reactive per se but must be
transformed enzymatically Into reactive products (Brookes and Lawly, 1964;
Miller, 1970). This process of metabolic transformations can be divided in
two phases. Phase I reactlions introduce new functional groups into the lipo—
philic compounds converting them Into highly reactive products which can bind
covalently to nucleophilie molecules (Wright, 1980). These transformations are
oxidative processes like hydroxylations, epoxydations, oxidative dealkylations
and deaminations, reductions and hydrolyses. Phase II metabolism comprizes
synthetic reactions with small endogenous molecules that are coupled to fune-
tional groups originally present or introduced by phase I metabolism. The main
phase II reactions are glucuronic acid conjugation, mercapturic acid forma-
tion, sulfate conjugation, methylation, acetylation and amino acid conjuga-—
tion. It should be emphasized that even 1f phase II enzymes in the vast
majority of cases provide an efficient protection against toxic intermediates
in several cases cause activation of the parent compound into highly reactive
products (Irving, 1979; Rannug et al., 1978; van Bladeren et al, 1980a, b;
Jongen et al., 1982).

Modulation of biotransformation
The ability of mutagens to exert their effects depends largely upon the

balance between activating and deactivating enzymes. Any change in this
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balance will result in a change in genotoxic effects. Mamy environmental fac-—
tors are known to be able to induce or inhibit the metabolism of xenobiotics.
Some well known enzyme inducers are phenobarbital, 3-methylcholanthrene, mix—
tures of polychlorinated biphenyls and cigarette-smoke condensate. The
influence of dietary related factors may be apparent from the observation that
when rats were fed with a guinea-pig diet the B(a)P hydroxylase activity was
10 fold enhanced when compared with the activity on a normal diet {(Hietanen
and Vainio, 1973). Many compounds, naturally occurring in the human diet,
modulate the biotransformation of several precarcinogens, resulting in a re-
duced tumor incidence (Ramel et al., 1986). This implies compounds which
inhibit the formation of electrophilic intexrmediates by acting as inducers of
alternative pathways of metabolism as well as compounds which change the
halance between activating and deactivating enzyme systems (Mirvish, 1981;
Newmark and Mergens, 1981; Wattenberg, 1979, 1980, 1983; Wood et al., 1982).

Studies performed sofar have shown that there is a good correlation between
the enzyme inducing capability of several dietary related compounds and their
potential to inhibit carcinogenesis (Sparnins et al, 1982). As Ramel (1986)
polnted out, most work in this area is still on a basic and exploratory level
and a basic knowledge of the mechanism behind such interactions is evidently

of great importance before this information can be used for practical actions.

Isolated hepatocytes in 'im vitro' studies

The liver is the organ predominantly imvolved in the biotransformation of many
xenohlotics. For practical purposes, in the majority of in vitro studies liver
homogenates or subcellular liver fractions have been used to mimic in wvivo
metabolism.

However the use of this kind of preparations has several disadvantages. Due to
homogenization and fractionation of the cells the balance between activating
and deactivating enzyme systems Is disturbed. Especially conjugation reac-
tions, which are located in different cellular compartments are much less
operative. Also, these preparations are equipped artificially with cofactors
needed for optimal enzyme functioning (Brouns, 1981).

The disadvantages mentioned may be overcome by the use of intact cells as
metabolizing system. Isolated hepatocytes resemble in their structural and
biochemical properties the in wivo situation much more closely than subcel-
lular fractions {Glatt et al., 1981; Green et al., 1977; Jones et al., 1978;
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Kuroki and Drevon, 1978; Nordensk jéld et al., 198l; Strom et al., 1981l; Neis,
1986). The value of the use of intact cells for the assessment of the geno-
toxic effects of xenobiotics has been shown extensively by several authors
(McMahon, 1980; Brouns, 1981; Gould, 1983; Neis, 1986; Roberfroid, 1980).

When freshly isolated hepatocytes are cultured.in vitro they have to adapt to
the new environment. This adaptation takes about 24 hours (Princen et al.,
1984). Unfortunately, when primary hepatocytes are cultured they show a rapid
decline in their biotransformational capacity e.g. cytachrome P450 catalyzed
activities. To overcome this disadvantage several methods have been applied
like addition of hormones, addition of enzyme inducers and co—cultivation with
epithelial cells (Holme et al., 1983; Paine, 1980; Malansky and Williams,
1982; Blaauboer et al., 1985; Quillouzo et al., 1985). In contrast to paren—
chymal cells isolated from mammmalian liver, chick—-embryo hepatocytes maintain
their initial levels of cytochrome P450 containing monooxygenases in vitro for
at least 72 hours. Moreover, induction in vitro with known enzyme iInducers
1ike phenobarbital, 3 methyl-cholanthrene or Aroclor 1254 leads to a 2-2.5
fold increase In cytochrome P450 content which is comparable with the in vive
situation (Althaus et al., 1979; Sinclair et al., 1979; Topp and van Bladeren,
1986). This makes these cells a potentially useful tool to study the effects
of modulating compounds.

Sofar several sudies, using primary chick-embryo hepatocytes as metabolizing
system, have shown that these cells are capable of bioactivation of a wide
range of premutagens belonging to different chemical classes (Bruggeman and
van der Hoeven, 1985; van der Hoeven et al., 1984; Jongen et al., 1985, 1986,
1987).

OBJECTIVES OF THE INVESTIGATIONS PRESENTED IN THIS THESIS

Research on the relation between nutritlon and cancer is still largely at an
exploratory level. There is a lack of basic kowledge on the mechanisms behind
such a relation. Obvicusly, mechanistic studies towards that relation require
the use of adequate experimental systems. The use of primary chick-embryo
hepatocytes, co-cultivated with V79 Chinese hamster cells, offers a potential-
1y useful model. The investigations presented in this thesis are directed to
develop a wmodel system enabling the study of effects of chemicals on various
important aspects of the cancer process, in particular mutagenleity, metabolic
cooperation and modulation of drug metabolism. For this purpose attentiom has
been focussed on four aspects:
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= The relation between the sensitivity of the co—cuitivation system, the gene—
tic endpoint and the type of xenobiotic.

=~ Development of a model system to study the effects of agents known to modu-
late experimental carcinogenesis.

— A detailed study on the transport of reactive intermediates from the meta-
bolizing cells into the target cells.

— Development of a model system to study the process of metabolic cooperation
between the primary chick-embryc hepatocytes and the V/% Chinese hamster
cells.

The results of these studies are presented in the chapters II-V and are based

on already published papers and papers that are submitted or 'in press’.
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PRINCIPLES OF THE TEST METHODS USED IN
THE INVESTIGATIONS

MUTAGENICITY TESTING

In the last two decades a large number of short—term test systems have been
developed with the aim to detect chemical mutagens and carcinogens. These can
be divided in two main categories: systems using prokaryotic cells (bacteria)
which are able to detect polnt mutatfions and small deletions and systems with
eukaryotic cells (fungi, veast, mammalian cells) which are able to detect both
point mutations, small deletions and chromosome aberrations.

In the present investigations twa short—term test systems with mammalian cells
have been applied: the sister chromatid exchange (SCE) test and the test on
forward mutation at the hypoxanthine-guanine-phosphoribosyl-transferase
(HGPRT) locus.

Sister chromatid exchanges

Sister chromatid exchanges are the result of reciprocal exchanges between
sister chromatids at a homologous locus. In 1958, Taylor described the exis-
tence of this phenomenon in plant chromosomes using autoradiographic methods.
Protocols applied nowadays usually include the use of 5-bromodeoxy-uridine, a
thymidine analog. Incorporation of this compound for two rounds of replication
results in chromosomes consisting of one unifiliarly substituted chromatid and
one bifiliarly substituted chromatid. These chromatids stain differentially
with Giemsa or fluorescent dyes. The best results are obtained with a combina-
tion of these (Zakharow and Egolina, 1972; Latt, 1973; Korenberg and
Freedlender, 1974; Perry and Wolff, 1974). Although the molecular mechanisms
of exchanges are largely unknown as yet, there are good indications that 5CEs
and chromosomal aberrations are caused by the same type of chromosome damage
(Wolff, 1977). The test system is a sensitive indicator of the effects of
chemical mutagens (Perry and Evans, 1975; Evans, 1982; Carranc et al., 1978;
Latt et al., 1981).
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