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Abstract

Mononuclear phagocytes are a group of cells of diverse morphology, function and location
throughout the body, but are all derived from common bone Marrow precursors. Most solid
tumours are heavily infiltrated by these cells and it appears that under certain circumstances, they

can inhibit the growth of tumours. Mononuclear phagocytes can generate a Senes of toxic reactive
oxidants by the activity of an NADPH oxidase and the haemoprotein myeloperoxidase. It was the
aim of this thesis to evaluate the importance of these reactive oxidants in mononuclear phagocyte
cytotoxicty towards tumour cells. Human peripheral blood monocytes Were chosen as the model
system for study (in preference to the more thoroughly investigated murine peritoneal
macrophages) and this presented several practical problems. Most procedures for purifying
monocytes from peripheral blood require a short term culture to remove contaminating
lymphocytes. During this period of culture, monocytes adhere to the tissue culture surface and the
lymphocytes are removed by washing. Sub-confluent monolayers of monocytes are obtained from
such purification procedures, and it was impractical to remove the adherent cells and reseed them at
a higher density to obtain confluent cultures, as this resulted in a loss of viability. Confluent
monocyte cultures were found to be essential for maximum tumouricidal efficiency and so
monocytes, free of lymphocyte contamination,were purified from blood using the hyperosmotic
density medium Nycodenz-M. Because removal of cultured monocytes from tissue culture surfaces
impaired their viability, it was necessary to measure reactive oxidant production (by lucigenin- and
luminol-dependent chemiluminescence and by cytochrome ¢ reduction) by cultured monocytes in
situ. Apparatus capable of measuring chemiluminescence of monocyte monolayers was constructed
and the measurement of O, secretion by cytochrome € reduction was adapted to microtitre plate
format, to enable measurements t0 be made on such cultures.

Myeloperoxidase is inhibited by azide, but this compound could not be used to evaluate the
significance of myelopemxidase-deﬁved products in the tumouricidal activity of monocytes
because of its toxicity. A non-toxic inhibitor of this enzyme was thus sought. Salicylhydroxamic
acid appeared to fulfil this function. The concentration of salicylhydroxamic acid necessary for
complete inhibition of myeloperoxidase was 30-50 uM (Is, values of 3-5 uM) and it prevented the
formation of Compound I, but only at low H,0, concentrations, suggesting that it may compete
for the H,0,-binding site of the enzyme. Salicylhydroxamic acid had no toxicity towards tumour
cell targets at 50 pM and did not inhibit tumour cell killing by monocytes, suggesting that
myeloperoxidase is not important for this process. However, this compound did inhibit the killing
of opsonized Staphylococcus aureus by human neutrophils and by a cell free
myeloperoxidase-H,0, system.

The respiratory bursts of human monocytes and neutrophils activated by PMA, fMet-Leu-Phe and
opsonized zymosan were compared and were found to be similar kinetically although monocytes
exhibited lower NADPH oxidase and myeloperoxidase activities. A comparison of the levels of
0, secretion and lucigenin-dependent chemiluminescence by activated monocytes and neutrophils
revealed that O,~ could not be the species with which lucigenin reacts to cause light generation, as
had been previously thought to be likely. The exact species with which lucigenin does react was
not identified, but it was shown not to be 0,7, H,0,, ‘OH, 105, NO or cyclooxygenase Or
lipoxygenase products.

Monocyte cytotoxicity (measured by 51Cr-release from pre-loaded cells) was high in freshly
isolated cells but this activity was rapidly lost during culture. The spontaneous cytotoxicity of
monocytes was enhanced by a combination of y-IFN and LPS but these compounds could not
restore the tumouricidal competence of cultured monocytes to the level of freshly-isolated cells.
Monocyte cytotoxicity was not inhibited by the L-arginine analogue L-Ng-monomethylarginine
suggesting that nitric oxide does not play a role in their tumouricidal activities, but was partially
inhibited by the H,O, scavenger catalase. In addition to exhibiting cytotoxicity towards tumour
cells, monocytes could also enhance the viability and growth of tumour cells which were cultured
at low density. This growth-promoting activity was also present in the supernatant of cultured
monocytes and other continuous tumour cell lines and appeared to be of a non-specific nature.
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Chapter 1

Introduction

1.1 Mononuclear Phagocytes

Mononuclear phagocytes (MNP) are a group of cells which include such diverse types as glial cells
(brain), monocytes (blood), kupfer cells (liver), osteoclasts (bone) and dendritic cells. The
common origin of these cells was not appreciated until the early 1970's when the term
mononuclear phagocyte was introduced as a collective term for all the cell types within this system
(van Furth et al., 1972). All types of MNP's are derived from bone marrow stem cell precursors.
The differentiation of pluripotent stem cells to mature blood monocytes has been extensively
reviewed and will not be discussed here. Blood monocytes have an estimated half time in the
circulation of 3 days (Whitelaw, 1972) from where they migrate into the tissues. In the tissues they
may undergo a variety of morphological, biochemical and physiological transformations, the nature
of which will depend upon their interaction with the local environment. MNP may also leave the
body by crossing epithelia as is the case with milk and alveolar macrophages (Steele et al., 1983).

Once in the tissues, MNP are difficult to recognise by conventional staining due to their lack of
distinguishing morphological features. Other characteristics of the cells such as cell surface
markers and functional capacities must be used to aid identification. However, no MNP marker
exists which is ubiquitous to all different types of MNP's although several common features have
been discovered. e.g. in humans the CD14 antigen is specific to MNP's (Dimitri-Bona et al., 1983;
Todd et al., 1981; Ugolini er al., 1980). Fc receptors and major histocompatibility II determinants
are also commonly (though not always) found on MNP but these may also be expressed by other
cell types. (Buus ef al., 1986; Lampson and Levy, 1980; Unanue and Allen, 1987) In addition to
cell surface receptors, other characteristics of MNP are useful in their identification. Most MNP
stain positive for a NaF-sensitive, non-specific esterase (Blazar and Heppner, 1978; O'Neil and
Parrot, 1977) and other biochemical markers such as 5'-nucleotidase, alkaline phosphatase and
leucine aminopeptidase are useful markers although they may be absent from some types of
MNP's (El-Naggar ez al., 1980; Bottazzi et al., 1985; Pohajdak ef al., 1986). Most MNP have
some capacity to phagocytose and thus may be identified by their ability to take up coloured

material such as Prussian Blue and colloidal iron/dextran (Bugeleski er al., 1983; Bugeleski et al.,
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1985: Chiba et al., 1987). None of these methods alone can unambiguously identify tissue MNP's

but a combination of several may be used to determine a cell of the MNP lineage.

MNP's are not quiescent cells but can respond to changes in their local environment by a process
loosely termed activation. The term was first used by Metchnikoff (1905) who di scovered that
macrophages taken from animals which were resistant to certain microorganisms had an increased
ability to phagocytose and kill these same organisms compared to macrophages isolated from
control animals. It is now appreciated that far from being two states in which MNP can exist
(namely, 'activated' and 'non-activated'), there exists a whole spectrum of changes which any one
MNP may undergo in response to a vast number of different signals from its microenvironment.
Modulation of MNP function with particular reference to their role in the tumour-bearing host will

be discussed here.

1.2 Mononuclear Phagocytes and Tumours

Histological examinations of sections of tumours and of disaggregated tumours from both
experimental animals and humans, have shown that tumours are often heavily infiltrated by
MNP's. Other types of leukocytes are also found but MNP's are by far the most numerous
(McBride, 1986). Most investigations concerning tumour associated macrophages (TAM) have
been conducted on animals with experimentally (chemically, virally and transplantable) induced
tumours rather than on human tumours for obvious ethical and practical reasons. The conclusions
drawn from animal studies can often not be tested in human systems and thus the relevance of

these studies to human systems is open to question.

Identification of Macrophages Within Tumours

Identification of MNP within tumours by conventional haematoxylin/eosin staining is difficult as
they may be morphologically very similar to the tumour cells themselves. The most common way
of distinguishing TAM from tumour cells is by identifying Fc receptor positive cells. Fc receptors
may be expressed by non-MNP cell types including some tumour cells (Ran et al., 1984), but in
practice this does not present problem as those expressed by MNP are of a much higher affinity
than those of tumour cells. (Wuest er al., 1981) Studies comparing phagocytic ability and

esterase-positivity with Fc-positivity have shown that in practice the only cells within a tumour
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which stain Fc-positive, by conventional labelling techniques, are MNP's (McBride and Moore,

1982: Moore and McBride, 1983: Szemaniak and James, 1976).

Mononuclear Phagocyte Accumulation During Tumour Growth

Accumulation of TAM is thought to start very early in tumour development as TAM are present in
micrometastasis (<700 cells) ( Bugeleski er al., 1983). Obviously, it is very difficult to show
directly that this also occurs in human tumours. There is some evidence from a limited number of
transplantable and chemically-induced tumours that the characteristics of TAM accumulation
change during tumour growth. The TAM:tumour cell ratio is reported to be relatively high when
the tumour is very small (<700 cells) ( Bugeleski er al., 1983) and then declines as the rate of
tumour cell proliferation exceeds that of MNP accumulation (Bugeleski ez al., 1985; Bugeleski ef
al., 1984): this is then followed by a period when tumour cell proliferation is matched by MNP
accumulation (Normann et al., 1984). The terminal phase of the tumour development leading to
death of the host is accompanied by a slowing in the rate of MNP accumulation whilst tumour cell
proliferation continues. (Normann and Cornelius, 1978) Whether or not this pattern of

accumulation of MNP during tumour growth also occurs in humans is not clear.

Factors Controlling Mononuclear Phagocyte Accumulation Within a Tumour

There is considerable variation in the proportion of cells within a tumour which are MNP's:
generally, figures of between 20% and 60% have been reported (Mahoney ef al., 1983; Russell et
al., 1980) although some tumours have a much greater degree of infiltration than this e.g. for the
NESA spontaneously-arising murine tumour, the TAM content has been reported as being 80%.
(Dougherty and McBride, 1986) Early studies showed that the number of MNP which infiltrate a
tumour was inversely related to its metastatic potential (Eccles and Alexander, 1974) but this has
not been confirmed in more recent studies (Nash et al., 1979; Talmadge et al., 1981; Loveless and
Heppner, 1983). Despite the variability between tumours in the proportion of cells present which
are TAM, the p ion is constant for each transplantable tumour (Mahoney et al., 1983). This
suggests that it is a property of the tumour itself that attracts and regulates the number of infiltrating
MNP. This view is supported by the observation that heterogeneity exists between TAM from the
same tumour with respect to size and density, and that the percentage of TAM within each subset is
constant and reproducible for any particular transplantable tumour (Mahoney et al., 1983).
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There is considerable evidence to show that tumours produce chemotactic factors for MNP's.
Conditioned media from many tumour cells are chemotactic for both mouse macrophages
(Mantovani, 1980) and human monocytes (Bottazzi et al., 1983). These factors are peptides and in
transplantable tumour cell lines, there is a correlation between the chemotactic activity of tumour
culture supernatant and the degree of MNP infiltration of that tumour (Mantovani, 1980; Bottazzi et
al., 1983). Amongst the tumour-derived chemoattractants which have been partially-characterised
are a 12 kDa peptide from mouse ovarian cancer (Bottazzi et al., 1985) and a 300-480 kDa protein
from a murine tumour which is specific for MNP with tumouricidal competence only. Tumours
also produce factors which inhibit MNP chemotaxis. €.g. Cancerous effusions from humans can
inhibit the chemotaxis of MNP in response 0 other stimuli (Ciancolo et al., 1981). It may be that a
balance of tumour-derived chemotaxis-inducing and -inhibiting peptides control the level of MNP
infiltration of a tumour. In addition to tumours producing factors which affect MNP chemotaxis

they also produce a variety of factors which influence the activation status of MNP. These will be

discussed later (see page 5).

It appears that the major factor responsible for attracting MNP into a tumour are derived from the
tumour itself. Other components of the immune system appear to play no part in macrophage
accumulation. The chemotaxin C5a is not thought to be important in attracting MNP into tumours
as infiltration occurs normally in C5 deficient mice (Evans, 1980). T cells do not appear to be

involved either as infiltration occurs normally in thymectomised (Eccles and Alexander, 1974) and

nude mice (Stutman, 1975).

Division of Mononuclear Phagocytes Within Tumours

MNP's can infiltrate tumours in enormous numbers. It has been estimated that in 2 mouse tumour
of 10 mm diameter, the number of TAM exceeds the total number of MNP present in a whole
normal mouse (Lee et al., 1985)and evidently, tumour burden is associated with an increased rate
of production of MNP's. As TAM can incorporate 3H-thymidine it would appear MNP can divide
within the tumour (Stewart, 1983; Evans and Cullen, 1984). Tumours appear to control the rate of
division of TAM as the rate of division of TAM from tumour to tumour is variable, but constant

and reproducible for any particular transplantable tumour (Fulton et al., 1985; Mahoney and
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Heppner, 1986). Some tumours may promote division of macrophages by secreting

colony-stimulating factors. Out of six virus-induced murine mammary tumours, five could support
granulocyte and macrophage colony formation from syngenic bone marrow (Stewart, 1983). The
NESA tumour (Dougherty and McBride, 1986) has a very high MNP content and can produce
CSF for macrophages (Milas er al., 1984) which may account for its very large MNP infiltrate.
Although this tumour is very heavily infiltrated with MNP it is not a tumour of the MNP system
because: 1) TAM isolated from the tumour can not grow when reinjected into mice, 2) cells from
the tumour which can be grown in long term culture are Fc receptor negative, nonphagocytic and
esterase negative, 3) cells which can grow upon reinjection into mice are Fc receptor negative,

nonphagocytic and esterase negative (Milas e al., 1984).

Anti Inflammatory and Immuno-Suppressive Effects of Tumours

There is substantial evidence that tumour burden is associated with systemic immuno-suppression.
As has been stated previously, tumour-derived peptides can inhibit chemotaxis of MNP and this
may be important in controlling macrophage accumulation within a tumour. In addition, these
rumour-derived products can cause other defects in MNP's. Two thirds of human cancer patients
have abnormal monocyte chemotaxis regardless of the type of malignancy (Boetcher and Leonard,
1974; Snyderman e al., 1977; Snyderman et al., 1978) and the defect disappears upon excision of
the tumour but returns upon any subsequent metastasis (Snyderman et al., 1977). Monocytes from
cancer patients release less IL-1 in response to LPS than do control monocytes (Belosevic et al.,
1988: Herman er al., 1984) or even none at all (Moldawer et al., 1988). This may be of particular
significance considering the importance of IL-1 in tumour cell killing (see sections 1.5 & 1.8). The
spontaneous Cytotoxicity of bloodstream monocytes from cancer patients is lower than in control
monocytes (Estevez et al., 1988; Cameron and Stromberg, 1984) and this defect, may in part be
attributed to elevated levels of prostaglandin E, (PGE,) production by the patient's monocytes
because cytotoxicty can be increased by indomethacin.

These immune defects could be caused by factors produced by tumours. Cancerous effusions from
humans contain factors which inhibit monocyte chemotaxis (Ciancolo et al., 1981) and factors
have been found in the serum of human cancer patients which inhibit monocyte cytotoxicty to

tumour cells (Cameron and Stromberg, 1984). Low molecular weight (<1000 kDa) peptides are
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produced by some murine tumour cell lines (Normann and Cornelius, 1982; Warabi et al., 1984)

and the most extensively investigated MNP deactivating factor produced by a tumour cell line is
that produced by the murine tumour cell line P815 (Szuro-Sudol and Nathan, 1982; Szuro-Sudol er
al., 1983; Tsunawaki and Nathan, 1986). This factor, which inhibits hydrogen peroxide
production and the ability to kill protozoa by murine MNP's has recently been purified (Tsunawaki
et al., 1989) and has a molecular weight of 13 kDa. However, this factor can only account for 50%

of the total inhibitory activity of P815 supernatants.

The Effect of Tumour Associated Mononuclear Phagocytes on Tumour Growth

The ubiquitous presence of MNP's within tumours begs the question as to their function. It has
been known for some time that MNP's can express non-specific cytotoxicity towards neoplastic
cells in vitro and that this cytotoxicity is restricted to neoplastic cells, normal cells not being killed
(Hibbs, 1974; Piessens et al., 1975; Fidler et al., 1976). How tumouricidal MNP's distinguish
between normal and tumour cells is unclear. However, both the degree of differentiation and the
capacity of the target to divide are important. Tumouricidal MNP's can only kill murine
erythroleukemia cells which still have the capacity to divide: once these cells have been terminally
differentiated by chemical induction to a cell type closely resembling normal erythrocytes, they are
no longer killed (Pak and Fidler, 1989).

Tumour cell killing by MNP's can also probably occur in vivo but while it is difficult to
demonstrate this directly, there is indirect evidence to suggest that this does indeed occur.
Treatment of tumour-bearing mice with agents which activate MNP's for tumour cell killing can
lead to regression of tumours (Marquet ez al., 1990; McIntosh et al., 1989; Carswell et al., 1975)

presumably due to the activation of MNP to tumouricidal competence.

TAM isolated from tumours have generally not been found to be spontaneously cytotoxic
(Loveless and Heppner, 1983; Yamamura et al., 1984). Non tumouricidal TAM, when activated
with LPS, were found to be less tumouricidal than thioglycollate-ellicited peritoneal macrophages
from the same strain of mouse (North and Nicolson, 1985). In situ hybridisation has shown that
1% of TAM within a colorectal carcinoma expressed TNF. Although this is a low level of

expression it was higher than levels of expression by macrophages in the surrounding, non-tumour
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tissues suggesting that TAM are activated although sub-optimally.

The Role of Mononuclear Phagocytes in promoting Tumour Cell Growth

The lack of tumouricidal activity of TAM supports the view that they do not inhibit tumour growth
and it is even possible that they may play a part in promoting their growth. TAM patently do not
prevent the continued growth of most tumours. Tumours grow more slowly in mice whose MNP's
have been depleted by treatment with silica than they do in control animals (Inoue and Nelson,
1984) and MNP's can stimulate the growth of tumour cells in vitro (Currie, 1981) and in vivo
(when MNP'S are mixed with tumour inocula) (Kadhim and Rees, 1984; Gorelick er al., 1985).
MNP can produce numerous growth factors for both non-tumour and tumour cells and this may be
how the growth promoting effects of MNP are mediated. MNP's may stimulate angiogenesis
(Polverini et al., 1977) which is required for continued tumour growth and TAM secrete far greater
quantities of plasminogen activating factor and have reduced procoagulent activity (Erroi et al.,
1988) in comparison to thioglycollate-elicited macrophages. This will favour fibrinolysis over

fibrinogenesis and enable tumours to continue to grow and metastasise.

With suitable manipulation (eg. by injecting the tumour-bearing host with factors which activate
MNP) the activation status of the TAM may be changed into one of tumouricidal competence, and
then tumour regression may occur. Tumour burden causes anti-inflammatory changes to MNP
which prevent them destroying tumour cells and so it is possible that tumours have evolved
strategies to prevent their destruction by MNP. An alternative to this hypothesis has been
forwarded by Normann (Normann, 1985) who proposed that anti-inflammation is a host
mechanism to prevent autoimmunity and pregnancy rejection: the subversion of this homeostatic

mechanism may lead to tumour growth.

1.3 Activation of Mononuclear Phagocytes to Tumouricidal Competence

Most early studies on MNP cytotoxicity were conducted on murine peritoneal cells, either resident
macrophages or those elicited by an irritant such as thioglycollate. Such macrophages are not
capable of killing tumour cells directly unless they are subsequently activated by a two step
process. Firstly, treatment of elicited-macrophages with lymphokine-rich supernatants (from

mitogen-stimulated spleen cells or lymphocytes) promotes their ability to bind tumour cells but not
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to kill them. This step is referred to as 'priming' (Russell ez al., 1977). In the second step,

treatment with bacterial lipopolysaccharide (LPS) enables lymphokine-treated macrophages to lyse
tumour cells (Hibbs et al., 1977; Meltzer et al., 1981). The lymphokines thus 'prime' the
macrophages and LPS thus acts as a 'trigger’' (Adams and Hamilton, 1987). Other compounds
besides LPS can act as trigger molecules, including muramyl dipeptide and polyribonucleotides
whilst the active species in lymphokine-rich supernatants which can prime macrophages to the
tumouricidal state is y-IFN because monoclonal antibodies capable of neutralising the antiviral
activity of y-IFN can also block the macrophage-activating properties of lymphokine-rich
supernatants (Mannel and Falk, 1983; Le and Vilcek, 1984). Purified human y-IFN (Le and
Vilcek, 1984) and recombinant y-IFN from either a eukaryotic (Shultz and Klienschmidt, 1984) or
a prokaryotic expression system (Varesio ef al., 1984) cause macrophage activation in combination
with LPS. Scatchard plot analysis has shown that the interaction of y-IFN with MNP from various
sources occurs through a specific receptor (Celada er al., 1984). The active component of
lymphokine-rich supernatants which caused activation of murine peritoneal macrophages into
microbicidal (tumouricidal and microbicidal activities are often co-expressed by activated MNP)
competence is also y-IFN (Nathan er al., 1983). y-IFN is produced by T-lymphocytes, both in
mouse and man, when stimulated with mitogens (Perussia et al., 1980) and there is thus little
doubt that y-IFN is the active component of lymphokine-rich supernatant which causes priming of

macrophages during two step activation.

1.4 Limitations to the Two Step Model For MNP Activation

Human Monocytes

The two step model is based on experiments performed on murine peritoneal macrophages but
human monocytes behave differently to this. When freshly isolated from blood, monocytes are
cytotoxic but this activity is lost during culture (Kakita et al., 1989; Kohl e al., 1978) although it
has been reported that the cytotoxicity of cultured monocytes may be restored by y-IFN (Kakita er
al., 1989). With increasing time in culture in the absence of y-IFN, monocytes become more
macrophage-like as cell volume, acid phosphatase, leucine amino peptidase and phagocytic

capacity all increase: interestingly, y-IFN can prevent these changes occurring. (Becker, 1984).
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Non-Requirement for LPS

There are other limitations to the two step model which exist, even with regard to murine
macrophages. Whilst all the early studies state that there is an absolute requirement for LPS for
cytotoxicty, some studies report that y-IFN alone is sufficient to activate macrophages into the
tumouricidal state. The non-requirement for LPS was not due to endotoxin-contamination of media
used and LPS-requirement depended upon, among other things, the strain of mouse, the target

cell, the type of heparin used and the type of tissue culture plasticware used (Pace ef al., 1985).

Activation by Trigger Molecules Alone

Macrophage activation into the tumouricidal state by either LPS or polyribonucleotide alone has
been reported (Torres and Johnstone, 1985). In this study neutralising antibodies to a- and f-IFN
prevented the acquisition of cytotoxicty. a- and f- IFN can perform the same function as y-IFN in
macrophage activation although they are not as potent (Pace ez al., 1985). Thus, it appears that
trigger molecules may themselves induce the ‘priming' molecule and activate macrophages in the
absence of exogenous lymphokines. If even only small levels of contamination of the macrophage
population by lymphocytes exists, mediators secreted from macrophages in response to LPS may
induce the lymphocytes to secrete y-IEN. For example, IL-1 produced from macrophages in
response to LPS may stimulate the release of y-IFN from lymphocytes if IL-2 (produced by the
lymphocytes) is also present (Le et al., 1986; Croll and Morris, 1986).

In addition to y-IFN, other cytokines cause activation of MNP, and induction of these cytokines

by y-IFN plus LPS are probably essential to the acquisition of cytotoxicty.

1.5 The Involvement of IL-1 and TNF in the Acquisition of Cytotoxicity

LPS induces both murine macrophages (Carswell ef al., 1975; Mannel et al., 1980; Zuckerman et
al., 1989) and human monocytes (Burchett et al., 1988) to secrete TNF. Similarly LPS also
induces IL-1 secretion by murine macrophages (Lomedico et al., 1984) and human monocytes
(Arenzana-Seisdedos and Virelizier, 1983). Moreover, the production of both of these cytokines is
enhanced by the pretreatment of the MNP (both human monocytes and murine macrophages) with
y-IFN. (Arenzana-Seisdedos and Virelizier, 1983; Arenzana-Seisdedos et al., 1985; Haq et al.,
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1985; Newton e al., 1987; Hogan and Vogel., 1988; Burchett et al., 1988). - and B-IFN can also

prime monocytes for enhanced IL-1 and TNF secretion, but not as potently as y-IFN.
(Arenzana-Seisdedos er al., 1985). There are also several reports of IL-1 and TNF inducing the
production of both themselves and each other: IL-1 induces IL-1 in human monocytes (Ghezzi and
Dinarello, 1988); TNF induces IL-1 in whole rabbits (Dinarello ef al., 1986a) and TNF can induce
TNF (Philip and Epstein, 1986)

The induction of IL-1 and TNF production by MNP after exposure to both y-IFN and LPS may be
sufficient to explain the death of some tumour cell lines which are sensitive to the direct cytotoxic
effects of these cytokines (see later section). However, induction of these cytokines alone cannot
explain why TNF and IL-1 resistant cell lines are also killed by y-IFN and LPS activated
macrophages and so this treatment must induce other cytotoxic mechanisms. Neither IL-1 nor
TNE alone or in combination can induce cytotoxicity in murine macrophages but TNF can enhance
the tumouricidal capacity of human monocytes (Philip, 1988) but only towards TNF-sensitive cell
lines. This increased cytotoxicty is likely to result from monocyte cell surface receptors taking up
the exogenous TNF as monocytes may kill TNF targets by receptor bound cytokine (Bakouche et
al.. 1988; Imamura et al., 1987). IL-1 may also induce increased cyotoxicity in human monocytes
but once again only to TNF sensitive targets (Onozaki et al. 1985a; Philips and Epstein, 1986).
The enhanced cytotoxicty may be attributed entirely to TNF production induced by IL- 1. Thus,
although in certain cases TNF and IL-1 may enhance monocyte cytotoxicity, neither cytokine is

capable of inducing the same broad range cytotoxicity induced by y-IFN in combination with LPS.

Although neither TNF nor IL-1 alone can activate murine macrophages into the tumouricidal state,
either cytokine in combination with y-IFN can induce a broad range MNP cytotoxicity to both
TNF-sensitive and -insensitive target cells (Hori ef al., 1987; Chen et al., 1987; Hori et al., 1989).
Moreover, treatment of murine macrophages with y-IEN plus TNF induces IL-1 secretion, and
treatment with y-IFN plus IL-1 induces TNF secretion. Neutralising the induced cytokine with
monoclonal antibodies in each case prevents the acquisition of cytotoxicity (Chen et al., 1987; Hori
et al., 1989). This is true for TNF-sensitive and -insensitive target cells and consequently the two
cytokines must exert their effects not by acting on the tumour cell directly but rather by autocrine

stimulation of the macrophages. The observation that induction of TNF by y-IFN plus IL-1, or the
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induction of IL-1 by y-IFN plus TNF occurs before the acquisition of cytotoxicity supports this

assumption (Hori er al., 1989).

Thus, it appears that the activation of MNP by y-IFN plus LPS occurs through the induction of
two other cytokines namely TNF and IL-1. The phenomenon of synergism between cytokines (ie.
where the effects of two separate cytokines together is greater than would be expected if their
effects were merely additive) has been reported in many different systems. The synergism
between exogenous y-IFN, and induced TNF and IL-1 appears to be of fundamental importance in

the activation of MNP to the tumouricidal state.

1.6 Involvement of Other Cytokines in the Activation of Mononuclear Phagocytes

to Tumouricidal Competence

Interleukin-2

1L-2 is a cytokine secreted by T-cells following activation with mitogen or antigen (Morgan et al.,
1976). It exerts its effects on T-cells via a specific receptor (Robb et al., 1981) but the IL-2
receptor is not restricted T-lymphocytes being expressed also on B-cells (Waldman ez al., 1986;
Jung et al., 1984). Monocytes and the human monocytic cell line, U937 do not express the IL-2
receptor constitutively but treatment with y-IFN leads to induction of IL-2 receptor gene
expression (Rambaldi et al., 1987) and the detection of surface protein (Herrmann e7 al., 1985;
Holter et al., 1986). Despite the fact that IL-2 receptors cannot be detected on monocytes unless
they are stimulated with y-IFN, there are reports that IL-2 can cause TNF secretion (Nedwin et al.,
1985), IL-1 secretion (Numerof et al., 1988) and enhanced tumouricidal competenee (Kakita et
al., 1989) by unstimulated monocytes. However, it is possible that these reported effects of IL-2
on unstimulated monocytes could be caused by contaminating lymphocytes which can secrete
y-IFN in response 0 IL-2 and IL-1 (Croll and Morris, 1986; Le et al., 1986). As stated
previously, there are reports that IL-2 can induce cytotoxicity in monocytes (either untreated or
pretreated with y-IFN) (Kakita et al., 1989; Malkovsky et al., 1987; Philip, 1988) but on closer
inspection it appears that this cytotoxicity is restricted to a narrower range of target cells than that
caused by y-IFN plus LPS, and that the cytotoxic effects are mediated chiefly by secretion of TNF

and IL-1 (Economou et al., 1989; Herrmann ef al., 1989).
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y-IFN and IL-2 are both T-cell products and thus it is clear that in vivo MNP activation is under

T-cell control. Most of the evidence on the role of [L-2 in MNP cytotoxicity comes from studies
with human monocytes and whether or not y-IFN induces expression of IL-2 receptors on murine
macrophages has not been reported. However, the effects of IL-2 in humans are not restricted to

monocytes as alveolar macrophages secrete TNF in response to IL-2 (Streiter et al., 1989).

Colony-Stimulating Factors

Colony-stimulating factors (CSF) were first identified by their ability to support the growth and
differentiation of mature blood cells from bone marrow precursors and are named by the cell type
whose growth they support. Hence macrophage-CSF (M-CSF or CSF- 1) supports the growth of
macrophage colonies, granulocyte-CSF (G-CSF) supports the growth of granulocytic colonies and
granulocyte/macrophage-CSF (GM-CSF) supports the growth of both cell types. A discussion of
the importance of these cytokines in haematopoeisis is beyond the scope of this thesis, but CSF's
may also cause the division of tissue MNP e.g. GM-CSF can cause the proliferation of alveolar
macrophages in mice (Cheers et al., 1988) and division of TAM, as discussed previously. CSF's
also modulate the behaviour of cells in other ways besides causing them to divide and their role in
the acquisition of cytotoxicity will thus be discussed.

Despite the fact that genes for G-, M-, GM-CSF and IL-3 have been cloned, the mechanisms
which regulate the production of these cytokines and their cellular origins, have not been
determined with certainty. Endothelial cells, fibroblasts and monocytes are likely to be important
sources of CSF's in vivo as all three cell types can produce G-, M- and GM-CSF in response to
LPS (Sieff et al., 1988) or polyribonucleotide (Fibbe et al., 1988). Adherence causes monocytes to
transcribe mRNA for M-CSF (Haskill er al., 1988; Lee et al., 1990) and this probably explains
earlier reports which suggested that monocytes produced mRNA for M-CSF constitutively (Sieff e
al., 1988). The mRNA for M-CSF is not translated (inhibition of its translation appears to be
mediated by PGE) (Lee et al., 1990) unless another stimulus is provided such as LPS (Sieff et al.,
1988) or polyribonucleotide (F ibbe et al., 1988).

Other cytokines can induce the secretion of CSF's. y-IFN induces RNA synthesis for CSF's
(Rambaldi et al., 1987) and the secretion of G- and M-CSF (but not GM-CSF) from monocytes
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