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Chapter 1

General Introduction

1.1. General introducton

Continuous Ambulatory Peritoneal Dialysis (CAPD) is a modality for
weating patents with end stage renal failure (12). Toxic mertabolites
retained in the body due to renal failure, are removed by infusing dialysis
fluid into the peritcneal cavity. During a dwell tme of 4-8 hours of the
diatysis flnid, substantial amounts of retained toxic metabolites diffuse into
the peritoneal cavity. After this, the dialysis fluid is drained. Besides
uraemic metabolites, the effluent dialysate has been found to contain
leucocytes, mainly macrophages. When CAPD is complicated by an
episode of peritonitis, usually caused by contaminaticn of the peritoneal
cavity with microorganisms during the exchange of dialysis fluid, the
cellular composition of the drained dialysate 1s drasfically changed. There
is a large increase in the number of lencocytes and the population is now
predominantly composed of polymorphonuciear cells (PMN’s). The
macrophages, which are present, are probably in some stage of activation.
The infiltration of tssues by PMN’'s is commonly found during acute
inflammatory processes. Inflammatory reactions are thought 10 make a
major contribution to the elimination of microbial invaders, or in general to
the defence against injury. The fact, that in CAPD related peritonids, the
leucocytes are predominantly PMN's, does not imply, that macrophages are
of minor importance in this conditicn. Though oumumbered by PMN’s, the
number of macrophages is also increased considerably during peritonitis.
(see chapter 4). In experimental infecton with E. coli, in mice, monocyles
were found to migrate into the inflammatory site simultaneously with
PMN’s after induction of the infection (10). In fact, symptoms Lke fever,
that can accompany acute infection-induced inflammatory reactions,
dominated by PMN’s, are predominantly due to macrophage derived
mediators {see later). Macrophages originate from circulating blcod
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monocytes migrating into the tissues. Both monocytes and macrophages
are part of the mononuclear phagocyte system (8,9). In spite of the mor-
phological, biochemical and functional heterogeneity of macrophages and
monocytes, no substantial evidence has been provided for the existence of
distinct monconuclear phagecyte lineages (6). The presence of specific
signals in the environment (inflammatory stimuli for instance) determines
1o which functicnal state the macrophages develop (1). This provides the
rationale for the comparison of macrophages collected during an episode of
peritonitis with those harvested during an infection-free period.

During the past decade, our understanding of the pathophysiology of
inflammation has been deepened, with the discovery of the cytokines
interleukin-1 (IL-1), interleukin-6 (IL-6) and Tumor Necrosis Factor {TNF)
(5, see also chapter 3). These protelns are secreted at the inflammatory
site, mainly by mononuclear phagocytes and have a wide array of proin-
flammatory effects. In fact, administration of these cytckines is able to
induce inflammatory reactions. Cytokines are not only mediators of local
inflammation, but they can also gain access to the circulation, thereby
exerting their actions at distant organs, as such resembling endoctine
hormones. In this way, cytokines orchestrate the body’s response to
infection (or any other inflammation inducing injury). For instance, fever is
induced by their action on the preoptic hypothalamic area in the brain, and
they stimulate the synthesis of acute phase proteins by the liver.

Since inflammatory reactions can also have damaging effects a high
response, In ferms of secretion of pharmacoclogically active compounds,
may result in serious injury. This applies to the release of arachidonic acid
metabolites (prostaglandins, leukotienes) and cytokines. Prostaglandin E,
(PGE,) and Prostacyclin (PGL) have been shown 1o have inhibitory effects
on several macrophage functicns (3). These substances are secreted by
various cells present at the inflammatory site, including macrophages. The
same stmuli (e.g. endotoxin) promote both cywokine and prostaglandin
synthesis from macrophages, suggesting that prostaglandins may play a
role in the regulation of macrophage functions in vive (11). Prostaglanding
are derivatives of arachidonic acid, which is metabolized either by the
enzyme cyclooxygenase to give rise to prostaglandins and thromboxanes or
by the enzyme 5-lipoxygenase to give rise to various lenkowienes. (Meta-
bolites of arachidonic acid are currently named as eicosanoids). (3) I is
well known that prostaglanding can enhance the vascular component of
inflammation by contributing to increased blood flow and vascular per-
meability, which are typical of inflammatory reactions (11). These findings

2



show that prostaglandins play a dual role in inflammation in that they
promote the vascular component of inflammation (proinflammatory
effects), whereas the macrophage component of inflammation is inhibited
{(andinflammatory effects). Increased blood flow and vascular permeability
lead t0 2 mise in the transport of larger serum molecules, such as comple-
ment and immunoglobulins out of the vessels. Evidence suggests that
leukotrienes, in contrast to prostaglanding, exert predominantly stimulatory
actions on macrophages (3). They are potent chemotactic compounds,
contributing to migration of leucocytes to inflamed tssues. In contrast 10
the cytokines IL-1, TL-6 and TNFo, eicosancids only act as local hormones
(autacoids) (see chapter 3).

This thesis deals with the relationship between prostaglanding and cyiok-
ines released by peritoneal macrophages from CAPD patients.It will be
shown that the changes which macrophages underge during episcdes of
peritonits are reflections of the functional regulatory connections which
exist between cytokines on the one hand and prostaglandins on the other.
The cytokines that will be discussed, are IL-1 and TNF¢.

1.2. Aim of the thesis

The foundation of this thesis was laid in 1982 when we made the first
studies of the production of inflammatory mediators by macrophages
coliected from effluent dialysate of patients on Continuous Ambulatory
Dialysis (CAPD).

During the first experiments, these cells, harvested from infection-free
patients, proved to be suitable for immunopharmacological smdies (4).
When macrophages were collected when CAPD was complicated by an
infectious peritonitis, the cells exhibited some siriking differences in
comparison with macrophages that were collected when the patients were
infection-free. Notably the finding that the release of prostaglandins and
the intracellular cAMP levels were decreased in macrophages collected
during an episode of peritonitis, was intriguing (2). While prostaglandins
are well known for their proinflammatory properties they can have an-
tinflammatory propertes as well thought to be mediated by stimulating
intracellular cAMP levels (3). At that time emphasis was put on the
proinflammatory properties of prostaglanding, while the relevance of the
antiinflammatory properties 10 in vive conditons was sometimes gques-
tioned. The finding that macrophages from an inflammatory environment
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showed a decrease in the release of prostaglandins, might indicate, that
prostaglandins fulfil antiinflammatory-immunomodulatory rather than
proinflammatory functions with regard to these macrophages during the
acute phase of an inflammation. A decrease in the release of the angd-
inflammatory prostaglandins could allow macrophages to become "activat-
ed" during an infection (7). To test this posnilate I proposed, in 1983, to
investigate the secretion of the proinflammatory "factor” later identified as
interleukin-1: TL-1, by using peritoneal macrophages isolated from CAPD
patents during peritonitis and during an infection-free period. The
following questions had 1o be answered: 1) Is the decreased secretion of
the antiinflammatory prostaglandins, as found during peritonins, associated
with increased secretion of the proinflammatory IL-17 2) Do prostaglandins
have inhibitory effects on IL-1 secretion? These questions underlie the
studies of this thesis.

Ii-1 secretion by peritoneal macrophages from infected patients as com-
pared o infection-free patents, is described in chaprer 5.

In chapter 6, the relationship between the secretion of IL-18 and that of
prostaglandins (PGE,, PGL,) was smdied.

In chapter 7, the in vitro secretdon of Tumor Necrosis Facter o (TNFo), an
other cytokine with proinflamimatory properties, by peritoneal macrophages
from infected patients is compared with that of infection-free patients.

To what extent the release of IL-18 and TNFo from peritoneal macro-
phages is affected by exogenous PGE, or the cyclooxygenase inhibitor
indomethacin, is discussed in chaprer 8.

These findings are summarized in chaprer 9. Furthermore the relevance of
these findings with regard to the acquisition of functional competence by
peritoneal macrophages during infecden, is discussed.
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Chapter 2

Continuous Ambulatory Peritoneal
Dialysis (CAPD)

2.1. Iamoduction

In 1976 Popvich et al introduced Continuous Ambulatory Peritoneal
Dialysis (CAPD) as a new modality of peritoneal dialysis for treating
patients with end stage renal failure (6). Until then, a different modality of
peritoneal dialysis, Chronic Intermittent Peritoneal Dialysis, developed by
Fred Boen working in Amsterdam and Seaitle in the early sixues (2),
occupied a modest place in the tweatment of end stage renal failure; the
majority of patients were treated with Chronic Intermitnent Haemodialysis
or kidney twansplantation. Chronic Intermittent Haemodialysis was
developed in the sixties into a routine wreatment for patients with chronic
renal failure as a result of the pioneering work of Willem Kolff in the
Netherlands during World War IL (1) For the majority of patients chronic
intermittent haemodialysis was preferred in the sixties and seventes,
mainly becanse of its greater efficiency as compared with Chroric
Intermittent Peritcneal Dialysis. An uptun in peritoneal dialysis occurred
afier the inmoduction of CAPD in 1976. In CAPD after infusion of dialysis
fluid, usually 2 ltres, retzined mewbolites diffuse from the blood o the
peritoneal cavity during 2 dwell time of 4-8 hours, after which the
dialysate is drained After drainage, fresh dialysis fiuid is infused. In this
way the patient changes 4 times a day dialysis fluid, giving an efficiency
comparable to chronic haemodialysis. Initally, CAPD was frequently
complicated by peritonitis due to contamination of the peritoneal cavity
with microorganisms. (3) Since 1978, when dialysis fluids began to be
delivered in "plastic” (PVC) bags, an increasing number of patients have
been treated with CAPD (5). After infusion of fresh dialysis fluid, the
empty bag remains connected to the catheter and is not disconnected until
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the dialysate drainage after 4-8 hours dwell tdme is completed. This
procedure allowed reduction in the number of disconnectons and was
aimed to reduce the risk of infection. Nevertheless, peritonitis rates
remained high and many efforts were made to develop new devices In
order 1o reduce the risk of infection (4). CAPD related peritomitis
accounted for frequent hospitalizations and high drop out rate from CAPD.
In spite of the morbidity of peritonitis, a growing percentage of the dialysis
population received CAPD. In comparison with haemodialysis, CAPD
induces no disequilibrium syncdrome, allows more liberal fluid intake and it
enables the patient to perform home dialysis without the requirement for a
partner and adjustments in the home. CAPD may be preferred for patients
with cardiovascular disease and diabetes (4). Certainly, reducing the rates
of peritonitis could further increase the use of CAPD.

22 Experience with CAPD related peritonids in University Hospital
"’Dijkﬁg&"

Two hundred fifteen episodes of peritonits developed in 137 patients who
started CAPD in our centre from 1980-1961 (april). According to life table
analysis, 86 percent of CAPD patients are estimated to develop the first
episcde of peritonitis within the first year of therapy (fig. 1). For the whole
pericd, a towal of 1.2 episodes of peritonitis per patient-year of observation
occurred. These datz reasonably agree with those reported in the National
CAPD Registry of the U.S. (4). Remarkably, the peritonitis rate remains
fairly constant untl 1989, apart from flucatons probably atiributable 1o
the low number of patdents on CAPD in the early eighties, as shown in fig.
3. A constant peritonitis rate throughout this period was alse reported by
others, in spite of the fact, that many claimed a reduced peritonitis rate due
to improved connection systems (4). As shown in fig. 3, peritonitis rate
shows a sharp drop since 1989, when an growing number of CAPD
patients in our centre started to use the TWIN BAGF system (fig. 2). If
this device, or another type of Y-set, is used, the fresh dialysis bag is
connected just before drainage. This allows the draining fluid to flush the
tebing which connects the dialysis bag and the catheter, before infusion of
fresh dialysate. Many cenwes have reperted a swiking reduction In
peritonitis rate, if an Y-set was used (7).
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Fig. 1 Life table for time (months) to first episode of peritcnids (n=137).
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Fig. 2 Schematic drawing of TWIN BAG" system.
After connection of the system to the peritoneal catheter, effiuent dialysate
drzins imto the empty bag, which allows the draining fluid to flush the
connecting tubing before inflow of fresh dialysate. Afier the inflow has
been completed, the system is disconnected.
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Fig. 3 Peritonitis incidence expressed as elapsed number of patient months per
episode of peritonitis. The numbers over the bars indicate cumulative time
on CAPD (patient months) per calendar year,

As shown in table 1, gram positive cocel are the most common causative
microorganisms. These bacteria, probably coming from skin flora, enter the
perlitoneal cavity intraluminaily or extraluminally via the catheter tunnel.
(8). Peritonids caused by E. coli or multiple enteric orgamisms was usually
related to intestinal perforation, as a result of diverticulitis or ischaemia.

It is worth mentioning, that none of the peritonitis episodes was associated
with positive blood cultures.

As shown in table 2, the cause of peritonitis was established in 25 percent
of peritonitis episodes. Peritonitis was classified as being caused by poor
techrnigue, when obvicus faulis were made.

Only peritonitis caused by bowel perforation was directly related to death.
12 percent of the patients dropped out from CAPD because ¢f peritonitis.
(table 3) Especially during the first years after the CAPD program was
started in our centre, a relatively large number ¢f pauents dropped out
from CAPD because they found frequency and morbidity of peritonitis
(hospitalization, removal of peritoneal catheter) unacceptable. After 1985,
peritonitis infrequently lead 1o drop out.
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Table 1. Causative micreorganisms of 215 peritonitis episodes,

microorganism %
Staphyloceccus epidermidis 233
Staphylococers aurens 13.0
Streptococcus viridans 8.8
Ciber gram positve cocci 28
Diphiercids 4.2
Bacilius anitratum 84
Psendomonas 74
Other gram negative rods 33
(Ecoli, Klehsialla)

Yeasts 3.3
Fungus 1.0
miscellaneous 0.5
no cutture performed 0.5
multiple miCroorganisms 42
ne growth 200

Table 2. Causes of 215 episode of peritonitis.

cause %
exit-site infection or wnnelinfection 13.9
intestinal perforation 2.7
accidental system disconnection or system break 32
poor technigue 4.1
unknown 753
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As shown in table 3, the majority of peritonitis episodes were associated
with mild symptoms and signs, like mild abdominal pain and turbid
dialysate due 0 an increased number of leucocytes (predominantly
nevwrophil granulocytes). Peritonitis is almost invarizbly revealed by
opalescence of the dialysate, which is always noticed, when the leucocyte
count is greater than 100/mm?® (8). In 13.5 percent of peritonitis episodes
patients were gravely ill with high fever and severe abdominal pain. (table
3.

Table 3. Symptoms and complications in 215 episodes of peritonids.

%

mild sympioms 576
moderate symptoms 28.8
severe SYmproms 135
removal of peritoneal catheter 286
drop out from CAPD 12

In 28.6 percent of peritonitis episcdes the peritoneal catheter was removed
(table 3). Especially in the first years after the start of the CAPD program,
recurrence of peritonitis with the same microorganism (referred to as
reiapse), lead o removal of the catheter. The last few years, removal of the
peritoneal catheter because of relapsing peritonitis was only occasionally
required, due 10 the use of other antibiotics like vancomycin.

In conclusion, during the past decade treatment of peritonitis has been
improved. In additon, during the last few years a substantally lower
frequency of peritonitis could be achieved thanks 1o the development of a
new connection sysiem.
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Chapter 3

Macrophages and Mediators

3.1. The evolutior of macrophages and cywokines

All living organisms must protect themselves against foreign invaders. In
the animal kingdom phagocytosis is the oldest known mechanism by which
unwanted material is removed. Phagocytosis is carried out by specialized
cells, phagocytes, which are able to recognize and remove unwanted
material. These cells have the ability to distnguish between "self"
components and foreign materials, such as microorganisms (53). Equally
important is thelr capability to discriminate between "normal” and
"abnormal” self, which includes damaged, aged and neoplastic cells. (99).
The ubiguity and importance of phagocytosis was recognized as early as
1883 by Elie Merchnikoff (99). Even unicellular eukaryotic organisis
{protozoans) are capable of ingesung selectively particles from the
environment for their nourishment (53). In prmitive mulidcellular
organisms, such as sponges, which lack a blood system, wandering
amoeboid, phagocytc cells (referred to as archeocywes) digest and
distribute the trapped food. These cells are also involved in self defence of
the sponges (99). In metazoans such as jelly fish, sea anemones and corals,
a distinctive, more orthodox defensive phagocyte is found. This
amoebocyte participates in healing, tissue organisation and phagocytosis of
foreign tissue. There are two types of phagocvtic cells: one iIs involved iIn
the response to foreign invasion and the other in feeding. Infilmraton of
amoebocytes occurs, which may be viewed as an inflammatory reaction
(99). When, in the course of evolution, there was an increase in body size
and complexity, a circulatory system with blood (haemclymph) evolved for
the wansport of food, metabolites and gases, thus allowing the phagocytes
10 be freed from nputritional dutes. It is thought, that phagocytic cells
migrated from the surrounding connective tssue into the haemolymph to
become specialized defence cells (hasmocytes). Mammalian phagocytes
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(mononuclear phagocytes, granulocytes) are thought to have evolved from
these haemocytes. The defence system of verebrates was equipped with
the sophisticated immune system for the highly specific recognition and
memory of antigenic structures. This branch of the Immune system relies
on the highly specific antigen recogaition by B- and T-lymphocytes. B-
lympbocytes are the manufacturers of humoral antibodies. Although among
invertebrates, in view of the presence of allogenic and xenogenic graft
rejection, specific recognition occurs, there is no clear evidence, that
inveriebrates possess lymphocytes homologous to those of vertebrates
(104). Rather, haemocytes and amoebocyies, which correspond 10
vertebrate macrophages, are involved. In veriebrates the nom-specific and
the more advanced specific branch of the defence sysiem work in close
cooperation. For instance, macrophages present antigen to T-helper
lymphocytes in order to initiate immune response. Conversely, antibodies
against microorganisms facilitate the recognition and final destruction of
microbes by macrophages.

In recent years, the discovery of cywokines has shed light on the complex
organisation of the host defence system of mammals. Among them,
especially interleukin-1 (fL-1) and Tumor Necrosis Facior (TNF} have
shown to play a key role in the communication between a wide variety of
cells and tssues involved in defence (25). The mononuclear phagocyie
(monocyte, macrophage) is the main source of these protein messengers.
Due to their manifold activities, cytokines are able to integrate the various
parts of the defence system to cach other. IL-1 displays swriking structural
and functional similariies among the vertebrate classes. The same holds
for TNFo indicating that these molecules have been highly conserved
through vertebrate evolution. In recent years several attempts have been
undertaken to swudy the phylogeny of cyiokines froﬁi.\ maces left by
evolution in extant invertebrates. Several studies provide- evidence, that
cytokines are ancient signal molecules, whose evolutionary origin
antedated that of the vertebrates (7). Thus, IL-1 activity was found in
several species of tunicates (sea squirts), which are assumed to be
evolutionary most closely related to the vertebrates. It is remarkable that
I.-1 activity in these species was demonsirated using a murine thymocyte
proliferation assay (LAF-activity). The IL-1 activity was neuntralized by
antisera directed against human IL-1 (8). TNFa activity could not be
demonstrated in this species. Alsc in the starfish, belonging to the
echinodermata, which are evoludcnary also close to the veriebrates, IL-1
activity was found (%). Moreover, two forms could be distinguished with
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biochemical characteristics similar to human and murne IL-1o or IL-1R,
suggesting, that the divergence of the ¢« gene from the B gene may have
occurred more than 600 millicns years age (10). Haemocyies of mollusces
proved to respond to buman recombinant IL-1 and TNF¢ in a manner
similar to that of human phagocytes (51). The effects of IL-1 were brought
about, in part, via a stmulatory effect on the generaton of TNF,
suggesting the exisience of a cyickine network (51). Moreover, Immunc-
reactive IL-1 and TNF were demonswrated in the haemolymph. These
findings suggest, that IL-1 and TNF have originated early in the course of
evolution and that their function and structure have been retained. Recemt
findings indicate that even unicellular protozoans may possess cytokine-
like molecules. In these organisms a structural and functional relatonship
between IL-2 and pheromones (mating inducing substances) has been
found (87). These substances are in fact involved in the process of cell
recognition. Also human IL-18 was found to be an effective competitor of
pheromone receptor binding.

During the last decade, vertebrates and invertebrates were found to share a
number of molecules, which have a function in recognition and defence.
For instance substances related to C reactive protein, which can carry out
functions such as fixation of complement and binding to phagocytic cells,
have been found in tunicata and the horseshoe crab (72). Neural cell
adhesion molecules, which are, like the IL-1 receptor included in the
immunoglobulin superfamily, have also been found in species of insects
(72). Neural cell adhesion molecules participate in cell-cell interactions
during neural morphogenesis. In general, cell adhesion proteins are
involved in the interacdon of many cell types, including those of the
immune system. Furthermore, in vertebrates and invertebrates an increasing
number of substances has been found during the last decade that serve as
interceliular messengers in both the newoendocrine system and the
immune system. Opicid neuropeptides for example are inveolved in the
regulation of immune-inflammatory reactions (7). Neuropeptides induce
the release of the cywokines IL-1, TNFo and IL-6. (69) Conversely, these
cytokines induce febrile responses, somnolence and the secretion of
corticotropin releasing factor from hypothalamic neurons (11). On the
ground that substances resembling hormonal peptides, neuropeptides and
receptors of veriebrates have been identified in protozoans and even in
bacteria and higher plants, the paleocentric or unificadon theory was
proposed (92). For instance, materials resembling adrenocorticotropic
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hormone (ACTH), B-endorphin and insulin are present in microbes. In
higher plants, substances related to interferon, insulin and thyrotropin
releasing hormone (TRH), among others are found. The paleccentric
concep: implies, that the molecules of intercellular communication arose
much earlier in evolution than the endocrine, nervous and immune systems
of multiceltular organisms. This intrigning theory is also consistent with
the finding that in man (and other mammals) several hormones and
receprors are produced by cells of diverse organ sysiems. It raises the
question why certain signal molecules and their association with specific
functions have been conserved throughou: evolution. Conceivably, this may
be attributed to the faci that every aspect of a signal system including
synthesis, degradation and receptor mediated events, is stereoselective.
Changes in stucture or cenfirmation of the biocacdve portion in one
compenent of the signal system need to be accompanied by compatible
changes in each of the other components, in order for the sysiem to be
operaticnal as a whole. The fact that the simultaneous occurrence of
changes on the comresponding genes of the components of a signal system
is unlikely, may account for the tendency of ancient communication
systems to remain conserved (97).

In conclusion, there is ample evidence, that human macrophages have
retained ancient defence mechanisms including phagocytosis, encapsulation
and cell recognition. Similarly, molecules related to the cytokines IL-1 and
TNF may have originated early in the course of evoluton. Especially due
to their capability to produce cytokines, macrophages play 2 key role in
integrating the more advanced specific immune system, that evolved in
verebrates, into the primordial non-specific host defence mechanisms.
Moreover, cytokines constitute the commecting link between the imimune
system and other organ systems.

3.2. Macrophages

3.2.1. Intoduction

Macrophages are involved in many aspects of the specific and non-specific
branch of the host defence system. In addigon to their well known
capability to destroy microbial invaders and tumor cells, these cells can
have many other functions such as regulaton of (acute) inflammatory
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reactions, Tecognition of foreign cells to initiate specific immune response
(antigen processing), scavenging of cellular and molecular debris and
regulation of coagulation and fibrinolysis (2,76). Both the capability of
macrophages 1o handle extracellular proweins and to secrete a host of
substances, enables these cells 1o carry out such a variety of functions.

3.22. Origin of macrophages

Tissue macrophages are derived from circulating blood monocytes, which
in turn arise from their bone mamrow precursors promonocytes and
moncblasts. These cells together make up the mononuclear phagocyts
system (34,35). After monocytes have entered the tissues 1 become
macrophages, they have the potential to acquire a variety of different
functional attributes depending on signals the cells receive from the
environment. In the absence of inflammatory stimuli, the immigrated
macrophages develop to resting tissue macrophages (2). Thus, the
moncnuciear phagocyte is a highly versatile, muldpotential cell, whose
differentiation in the tissue is governed by the presence of regulatory
signals in the environment. The developmental stages of mononuclear
phagocytes can be distinguished by their peroxidase activity patterns. The
presence of peroxidase-positive granules in exudate macrophages, which
are monocyies recently migrated from the circulaton to the site of
inflammation, can be employed to distinguish these cells from resident
macrophages (36). With electron microscopy the localisation of peroxidase
activity can be detected. Resident and exudate-resident macrophages have
peroxidase activity in the nuclear envelope and the rough endoplasmic
reticulum, in contrast to monocytes and exudate macrophages, which have
only peroxidase activity in the lysosomal granuies. In monoblasts and
promonocytes, peroxidase activity can be detected in endoplasmic
reticulum, nuclear envelope, Golgl apparats and lysosomal granules.

3.2.3. Macrophage function and activation

Since most functions of tissue macrophages are not consttutively
expressed, further development in tssues is required (2). Originally, the
term macrophage activation was inwoduced for the acquisition of enhanced
anti-microbial activity (22,56,80). Later, it was shown that macrcphages
obiained from animals infected with intracellular bacterial parasites, had
acquired also enhanced amttumor activity, which lead to the unfounded
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assumption that the inducton of one functional manifestation automatically
implies the induction of others. In fact, the acquisition of one physiologic
property may be accompanied by downregulation of other properties.
Therefore, macrophage activation represents the acquisition of defined
biochemical and physiclogical properties, which, by their combined acton,
enable the macrophages to complete a given functon (2). There is
convincing evidence that activation occurs in a number of definite steps
(41). The concept that macrophages are activated in (two) sieps, was put
forward by Gordon et al {41). These authors showed that macrophages
harvested from mice after an intra-peritozneal injection of LPS, released
Litle plasminogen activator. Subsequent phagocytosis of latex or bacteria
wiggered these “primed” macrophages to release high levels of
plasminogenactivator, as long as the phagocytc stimuli persisted. This
concept has been proven to be very fruitful. It applies to the development
of many functional responses (2). For instance, in order to develop full
tumericidal potential, macrophages need first to be primed by the
Iymphocyte secretory product interferon . Subsequent stmulation with
LPS "miggers" acmal secretion of lytic substances. (fig. 1).

A model of two-step actvation of macrophages for tumoricidal activity is
shown in fig. 1.
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Fig. 1 Responsive (young) macrophages acquire the capacily to capture tamor
cells after exposure t¢ interferon~y. When these primed macropbages are
subsequently stimulated with LPS they underge transition to the next
stage, thereby acquiring the capacity for the secreticn of lyiic mediators
such as Tumor Necrosis Factor and cyiolytic protease (from reference 2).
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3.2.4. Macrophages and resistance 10 infection

Macrophages play a key role in defence mechanisms against
microorganisms. Following recognition by the macrophages,
microorganisms underge adsorption andfor internalization and are finally
destoyed by the intracellular release of lytic substances including reactive
oxygen intermediate species {e.g. H,0.,) and nitric oxide (44). Principally,
macrophages recognize microorganisms via the action of opsonins, such as
immunoglobulins, complement C,, and fibronectin, which bind to specific
sites of both the macrophage and the microorganism. In some cases,
microbial surface structures are directly recogrized without the intervention
of these humoral factors (2). The cellular immune system is involved in
acquired resistance to infections with facultative inwaceilular micro-
orgamisms, including Brucella, Salmonella and Listeria (22,80). The
capability of macrophages to destroy these microorganisms is greatly
enhanced by the secretion of soluble factors, such as interferon-y by T-
lymphocytes, which are specifically sensitized to a given microorganism.
Once activated in this fashion, the macrophages were found in a number of
cases t0 have alse an increased capacity to destroy unrelated micro-
organisms.

Finaliy, macrophages may enhance resistance to infections by amplification
and orchestration of inflammatory reactions. This is discussed in the
section on cytokines.

3.2.5. Peritoneal macrophages of CAPD-patients

Between 1 million and 40 million leucocytes can be harvesied from
effluent dialysate of "momning bags" from CAPD patents (40,70). In the
uninfected patients, the leucocyte population is composed of roughly 85%
macrophages, 5% lymphocytes an¢ 5% Polymorphonuclear cells (PMN’s).
CAPD peritoneal macrophages appear to be relatdvely immature mono-
nuclear phagocywes, ffeshly derived from bone marrow, as judged by their
response to chemotactic stimuli and eicosanoid precursor uptake (40).
Usually, peritoneal macrophages from CAPD patients are compared with
such cells from healthy women undergoing laparoscopy, or with peripheral
blood monocytes, either from uraemic or non uraemic subjects. In this
connection, the following points are of relevance. First, because of the
continual removal of the leucocyte populations by the exchange of dialysis
fluids, the number of macrophages (and the concentration of opsonins), i8
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so low, especially after the inflow of fresk dialysate, that microorganisms
may escape macrophages (16). Second, the high dextrose contents and the
low Py of the dialysis fluid, which persists for 30-60 minutes after
dialysate inflow, might impair macrophages. Indeed, culturing macrophages
in vigo in the presence of standard dialysis fluids, proved to impair
viability and antibacterial capacities of these cells (18,29). However,
peritoneal macrophages, after isolation incubated in dialysate free culture
media, displayed normal phagocyic and bactericidal capacites (101).
Third, macrophages isolated from patients on standard CAPD are found to
be relatively immature cells. They could be characterized as exudate
macrophages, resident cells being very scamt {17). We found, that
peritoneal macrophages from CAFPD-patients showed resemblance to starch
elicited rather than to resident peritoneal macrcphages from rats (15). It is
suggested, thar such immature cells could have a diminished antimicrobial
activity {16). However, this is less clear and in fact, immature
macrophages might be functonally more effective in local defence (66).
Fourth, peritoneal macrophage function may be affected by uraemia (33).
Table 1 summarizes several functions of peritoneal macrophages from
CAPD patients (66).

In conclusion, there is ample evidence, that peritoneal macrophages of
CAPD patients are well functioning leucocytes in many respects. It cannot
be ruled out, however, that low density of macrophages and the
unphysiological composition of standard dialysis fluids, may impair in vivo
local defence, especially during the initial phase after dialysaie inflow.
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Table 1. Peritoneal Macrophage Function in CAPD Patients.

Parameter Measured Finding Comparative Cells
Manwration level ik Normal Peritoneal
macrophages
T* CAPD peripheral
monocytes
Phagocytic capacity Normal Normal peritoneal macrophages
Normal Normal PMN
{ CAPD peripheral monocytes
Bactericidal ability Normal Normal PMN
Normal Normal blood monocytes &
pertoneal macrophages
d Normal peritoneal
macrophages
Oxidative metabolism
-H,O, generation Normal Normal peritoneal
macrophages
-Chemiluminescence L Normal peripheral or
peritoneal PMIN
T Normal peritoneal
macrophages
CAPD peripheral
T monocytes
Receptors
-C5a T Normal and CAPD
: peripheral monocytes
-Cemplement receptors Normal Normal and CAPD
CR1 and CR3 reripheral monocytes
-Fc receptors T Normal and CAPD
peripheral monocytes
T CAPD peripheral
mMonocytes

From reference 66.

*}, = decreased.
*T = increased.
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3.3,  Mediators and messengers

3.3.1. Introduction

Macrophages are capable of producing 2 wide variety of substances, many
of which establish commurication with other cells. Substances, acting on
the secreting cell {macropbage) itself, ie. in an autocrine fashion or on
other cells in the micro environment, i.e. in a paracrine fashicn are referred
to as local hormones or autacoids (91). When substances gain access 1o the
circulation and are not rapidly deswoyed, they may affect the function of
distant organs, thereby displaying endocrine actions. Conversely, many
substances can act on macrophages (2). Numercus substances such as
prostaglandins and proteins interact with specific cell surface receptors.
Interaction of the ligand (signalling molecule) with the cell surface
receptor at the cell exterior induces the generation of an intracellular
signal, finally leading w0 a biological effect. The intracellular molecules
involved in the propagation of the signal are referred to as second
messengers. In this chapter the properties of the prostaglanding, of the
polypeptide interleuldn-1, the polypeptide Tumor Necrosis Factor and of
the second messenger cyclic AMP are discussed.

3.32. Eicosanoids: Prostaglanding and Leukotrienes

Arachidonic acid metabolites, collectively referred to as eicosanoids, are
among the most important mediaters and modulators of inflammation. The
oxidative conversion of the Lpophilic membrane bound fawy acid
arachidonic acid gives rise to a variety of highly reactive compounds of
intermnediate lipid-water solubility. This increase in solubility in water
allows the eicosanoids to interact with a variety of substances. Arachidonic
acid is principally converted to either prostaglanding and thromboxanes by
the endoplasmic redeulum bound enzyme cyclooxygenase or to the
leukotrienes by the cytosclic enzyme 5-lipoxygenase (91). Eicosanoids are
secreted immediately after their biosynthesis and are rapidly inactivated,
implying that they exert their effects only locally (autaccids). They are
thought t¢ elicit a biological response following binding w0 specific cell
surface receptors.
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Mechanical or biochemical permwbation of the ¢ell membrane induces
liberation of arachidonic acid from the 2’-acyl position of cell membrane
phospholipids, via activation of the membrane bound enzyme
phospholipase A, (91). The release of arachidonic acid is considered w be
the initial and rate limiting step in eicosanoids biosynthesis (78,79)
Enzymatic oxidation of arachidonic acid by cyclooxygenase results in the
formation of the unstable endoperoxides PGG, and PGH,. Subsequently
these intermediate compounds are enzymatically converted to the
prostaglandins and thromboxanes. (The term prostancids includes both
prostagiandins and thromboxanes). The generation of the major metabolites
in the arachidonic acid cascade is schematically presented in figure 2. The
enzyme cyclooxygenase occurs in virtually every mammalian tissue, but
subsequent sieps in arachidonic acid metabolism differ in different cells.
The fact that each cell type displays a characteristic profile of
cyclooxygenase products, is of functional importance since these
compounds have a broad specoum of different or even opposing biological
activities. The cyclooxygenase metabolites produced by mononuclear
phagocytes are prostaglandin E, (PCE,), prostacyclin (PGL,), thromboxane
A, (TXA,) and Prostaglandin F,, (89). It is reported that only slight
amounts, if any, of PGl, are produced by human monocytes (89).
Interestingly, human peritoneal macrophages were found to release PGL, in
amounts comparable o PGE, and TXA, (70, chapter 6). The leukotrienes,
generated by the lipoxygenase pathway of the arachidonic acid cascade, via
the intermediate 5-HPETE, are principally produced by leucocyies (e
mononuclear phagocytes, mast cells, neutophilic and eosinophilic
granulocytes). Human monocytes and macrophages produce leukotriene B,
(LTB,) and leukotriene C, (LTC,) (89). In conclusion, prostaglandins are
highly reactive compounds that are secreied immediately after their
synthesis in the nssues and are rapidly degraded. These properties allow a
highiy selective and versatile regulation of inflammatory and immune
responses by prostaglandins {and other eicosanocids).

3.32.1. Mechanisms of action

The various arachidonic acid metabolites exert their biological effects in
different ways. Here, the mode of acton of PGE, and PGI, is discussed.
These prostaglandins bind to specific, stimulatory, receptors on the cell
surface, resulting in actvation of the membrane bound adenylate cyclase
via interaction of the prostaglandin-receptor complex with the stimulatory
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G protein. G proteins are a class of proteins that couple activation of
receptors (e.g. adrenoreceptors, prostagiandin receptors) to either activation
or inhibitdon of target enzymes. Adenylate cyclase catalyses the conversion
of ATP into cyclic AMP (cAMP), that subsequently binds to the regulatory
subunits of a cAMP dependent protein kinase (protein kinase A). This
results in activation of the catalytic subunits of protein kinase A due to
dissociation of the holoenzyme into catalyiic subunits and the regulatory
subunit-cAMP complexes (54). Protein kinases are a class of enzymes,
which catalyze the phosphorylation of proteins, including enzymes, thereby
affecting their activity. In various cells, cAMP interacts with Ca®, another
important second messenger, in several ways. For instance, cAMP
dependent proteinkinase enhances Ca®* influx in organelles, probably by
phosphorylation of Ca?" ion channels or pumps. Conversely, Ca®* activates
adenylate cyclase and enbances phospholipase A-activity resulting in
stimulation of production of eicosanoids, including prostaglandins. It is
reported that another mechanism by which cAMP may convey iis
biclogical effects on the genomic level, is by binding of the protein kinase
regulatory subunit-CAMP complex to DNA, thereby altering gene
transcription (54).

3.3.2.2. Biological properties of prostaglandins

Prostaglandins exhibit in different tssues a wide variety of properdes.
Moreover, each prostaglandin can elicit different biological responses in a
given tissue (78,79). In order to create order from the bewildering variety
of actions of prostaglandins, a classification of prostaglandin receptors was
recently proposed. On the basis of studies with agonists and antagonists it
was proposed, that receptors exist for each of the natral prosiancids, ie.
PGD,, PGE,, PGF,,, PG, and TXA, (23). Furthermore, evidence was
found for the existence of three subtypes of PGE, sensitive receptors in
smooth muscle, referred to as EP,, EP, and EP; (24). This classification
could explain, for example, the dual effects of PGE, in guinea pig trachea:
Interaction of PGE, with EP, and EP, causes contracticn and relaxation
Tespeciively.

Prostaglanding are well known for their proinflammatory effects such as
induction of the classical signs of inflammation: redness, swelling, heat and
pain. These signs are largely due to the ability of prostaglandins to dilate
vessels and increase vascular permesbility. However, during the last
decade, evidence has accumulated, that prostaglandins have 2 number of
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inhibitory effects on inflammatory cells, such as macrophages, lymphocytes
and neutrophils (14, 78, 86). E-type prostaglandins are found to have in
vitro suppressive effects on several macrophage functions such as release
of lysosomal hydrolase, locomotion, phagocytosis and shape change. These
effects turned out to mediated via an increase in intracellular cAMP levels,
although PGE might also have z direct effect on macrophage membranes
(14). Similarly, PGIL, is able to raise cAMP levels and to inhibit
macrophage functions. The Inhibitory effects of PGE, and PGIL, could also
be demonstrated in vivo on granulomatous inflammatory reactions where
macrophages are the dominating cells. Furthermore, it was shown that
macrophages isolated at a stage of the granulomatous inflammation, when
the inhibitory effects of PGE, were maximal in vivo, displayed also the
largest increase in cAMP, after sumulation with PGE, in vitro. Both the
granuloma reducing effect of PGE in vivo and the PGE induced cAMP rise
in vitro were counteracted by an adenylate cyclase inhibitor, corroborating
the concept, that the anti inflammatory effects of PGE both in vivo and in
vitro are mediated via stimulation of the adenylate cyclase complex (14).
Since macrophages themselves secrete prostaglanding, a feedback loop
controlling macrophage responses can be postulated. The downregulating
effects of prostaglanding are zlso relevant to macrophage-lymphocyte
interactions, which play a key role in the specific branch of the immune
system. Thus, PGE, inhibits the expression of Ia antigens by macrophages
and thereby downregulates antigen presentaticn (78). Macrephage functions
can be suppressed also indirectly, for example via a PGE, induced decrease
in the synthesis of macrophage activating products by lymphocytes
(lvmphokines). Occasionally, PGE, can have stmulatory effects on
macrophages, for instance on endotoxin stimulated collagenase production
(102}. Moreover, PGE were found to exert either proinflammatory or anti-
inflammatory actions on the tissue component of inflammaton, dependent
on the stage of the inflammatory reactions (14). These findings
demonstrate, that also with the celinlar component of inflammation,
prostaglanding can play a dual role. This does not alter the fact however,
that prostaglandins have predominantly a dampening effect on macrophage
responses by raising cAMP via activation of the membrane bound
adenylate cyclase. In contrast, the leukotrienes LTB, and LTC,, 5-
lipoxygenase metabolites of the arachidonic acid cascade, are thought to
exert primarily stimulatory effects on leucocytes including macrophages
thereby counterbalancing the effects of PGE, and PG, (94). In particular,
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leukotrienes are known as potent chemotactic compounds, contributing t0
celinlar infilration during inflammation.

3.3.3.  Interleukan-l

3.33.1. History

In 1971 and 1972 Gery et al. reported that human leucocytes, probably
adherent monocytes, release & factor, which in combination with non
specific stimvlants, is capable to indnce proliferation of murine T-
lymphecytes (37,38,39). This factor was named as lymphocyte activating
factor (LAF). In 1979 LAF and a number of other factors, previously
described as MP (mitogenic protein), HP-1 (helper peak-1), TRF-II (T-cell
replacing facior I, TRF, (T-cell replacing factor M), BAF (B-cell
activating factor and BDF (B cell differentiation factor), were renamed as
interleukdn-1, in view of the fact, that these monckine activities, acting as
communication signals between leucocyies, turned out to be actually
different facets of a single biochemical eniity (1). In the same period LAF
was reported 1o be identical with the host derived fever-inducing factor,
endogenous pyrogen (EP) (77) and with Leucocyie Endogenous Mediator
(LEM), which induces neuirophilia, hepatic acute phase protein synthesis
and decreased plasma irom and zinc levels (55,98). Since that time, a2
number of other biological activites proved to be associated with
interleukin-1 (IL-1), including inducing of PGE, and collagenase by
synovial cells, resorption of bone (42), and destruction of cartilage matrix,
wasting of muscles (5), mmoricidal (61) and antiviral activity. Table 2A,B
summarizes some of the in vitre and in vivo effects of IL-1 (95).
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Table ZA. In vizo effects of IL-1.

Cell growth
Fibroblasss, keratinocytes, mesangial cells, ghial cells, T cells, B cells,
hematopoietic precursers

Cytotoxic effects
Cytotoxic for tumor cells, 8-islet cells, thyrocytes

Immupological effects
Inducton of lymphocyte-activating cytokines
Activation of natural killer cells in synergism with IL-2 and interferons
Increased IL-2 recepiors
Chemotaxis of B cells and T celis
Antibody production by B cells
Increased macrophage cytotoxicity
Activation of T- and B-lymphocytes

Inflammatory effects
Induction of collagen and procollagenase synthesis
Bone resorption
Induction of PGE, in fibroblasts, macrophages and endothelial celis
Basophil histamine release
Eocsinophil degranulation
Thromboxane release by neutrophils and monocytes

Effects on vascular gssne
Proliferation of vascalar smooth muscle cells
Induction of endothelial plasminogen-activator inhibitors
Induction of procoagulant activity in endothelial cells
Increased endothelial adhesiveness

Effect on other cytokines
Induction of IL-1, IL-2, IL-3, IL-6, TNF, IFN-y , IFN-B

From reference 95.



Table 2B. In vivo effects of IL-1.

Central nervous sysiem
Fever
Brain PGE, synthesis
Increased slow-wave sleep
Increased adrenocorticotzopin production
Decreased appetite

Haematologic effects
Neutrophilia
Lymphopenia
Surmulation of haematopoietic progenitors
Radigprotection
Increased CSF production

Metabolic effect
Increased acute-phase proteins
Decreased albumin synthesis
Inhibition of lpoprotein lipase
Hypo zincaemiz, hypo ferremia
Increased insulin production
Decreased cytochrome P450
Increased sodium excretion

Vascular system
Hypotension and shock
PGE, and PGL; production
Increased leucocyie adherence
Decreased vascular resistance
Capillary leak syndrome

From reference 95.
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3.3.3.2. Secretion

Since 1984, twe molecular forms of IL-1 have been described, IL-1¢ and
I.-1B (67). From human monocytes, first IL-18 was cloned and then IL-1xt
(71). Alihough human II-ict and II-13 show only 25% homology for
aminoacid residues, they have the same biological activites (95). First, IL-
1ot and I-18 are synthesized as 31 kDa precursor molecules, that are
processed to the mature biologically aciive 17 kDa forms. Both the 31 kDa
and 17 kDa forms are secreted, but no 17 kDa IL-1 is found intracellularly
(4,48). There 1s no evidence, that extracellnlar 31 kDa IL-1 is processed to
the mature 17 kDa form (48). The precursor form of IL-1o appears to be
biologically active, whereas precursor IL-18 is not. 11 kDa, 4 kDa and 2
kDa IL-1 fragments have been reported. These forms may have biological
activity (25,27) Recombinant IL-1 proved to exert the biological activities,
previously claimed for IL-1, with the exception of the effects on
neutrophils, such as chemotaxis, degranulation and oxidative metabolism
(85). At present it is unknown how IL-1 is secreted by the cell. Since IL-1
lacks a signal peptide and neither IL-loe nor IL-1B are glycosylated,
secretion through the Golgl apparatus seems unlikely. It is suggested that
processing activity may be a cytosolic or peripheral membrane protein (48,
58).

Evidence suggests that processing of precursor IL-18 closely precedes, or
is coupled, to secretion of mamwe IL-18 (48,58). On the other hand, it is
also reported that IL-1 is released from the cell via a nonspecific pathway
(50).

3.3.3.3. Cell sources

Although mononuclear phagocytes are the main source of IL-1, a number
of other cells can be induced t0 release IL-1 in vitro, including dendritic
cells, large granular Ilymphocytes, astocytes, microglial cells,
keratinocytes, endothelial ceils, mesangial cells, corneal epithelium,
fibroblasts and Langerhans cells and polymorphonuciear leucocytes
(68,95). A variety of agents can induce IL-1 production such as
complement components, immune complexes, plant lectins and other
cytokines (95). Especially microbial wall components such as LPS
(lipopolysaccharide) from gram negative bacteria, muramyl dipeptide (gram
positive bacteria), Staphylococcus aurens exotoxin and Nocardia rubra
skeleton (52), are potent stimuli for IL-1 produciion.
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3.3.3.4, Mechanisms of action

IL-1 is thought to exert its biological effects through binding to specific
receptors on the cell surface, resuliing in Tansmembrane signal
transduction. Two structurally distinct IL-1 receptors have been described
now, referrsd 10 as type I IL-1 recepior (JE-1R;) and type I IL-1 teceptor
(IL-1Ryp) respectively. The 80 KDa type I receptor is primarily found on T-
cells, keratinocytes, endothelial cells, fibroblast, synovia cells and
hepatocytes (28). The 68 kDa type I receptor is found on B-cells, PMN’s
and mononuclear phagocytes. The two receptor types have differsat
binding propertes for IL-1c and IL-18. Type I receptors display a higher
binding capacity for IL-1¢, while type I receptors have a greater affinity
for IL-18 (96). Linle is known in which way occupancy of the receptor
riggers cellular responses. Evidence suggests, that binding of IL-1 to the
receptor may induce liberation of arachidomic acid by activation of
phospholipase A, (26). It is also suggested thar IL-1 induces hydrolysis of
the membrane phospholipid phosphatidylcholine, which may be converted
1o diaglycerol, resulting in the formation of arachidonic acid by the action
of the enzyme diagiycerol lipase (26). Anyway, IL-1 is found tc induce,
both in vitro and in vivo, synthesis of prostaglandins, especially PGE, and
lenkomienes (32). Furthermore, several biological effects of IL-1 are
inhibited or blocked by the cyclooxygenase inhibitor indomethacin,
pointing 10 the role of prostaglanding in IL-1 induced responses (25,27).
Signal transduction via IL-1 induced phosphatidyicholine hydrolysis and
diaglycerol liberation would allow also increased protein kinase C
activation.

3.3.3.5. Modulation of preduction and activity

In view of the potentally injurious effects of IL-1, its actions are likely to
be highly controlled. Theoretcally this could be achieved by inhibition of
-1 synthesis or, after synthesis of IL-1, by inhibition of its interactions
with target cells. It appears that physiclogical contrel of IL-1 occurs by
both mechanisms. Corticosteroids and prostaglanding appear to play an
important role as native inhibitors of IL-1 synthesis by mononuclear
phagocytes. Corticosteroids were found to suppress biosynthesis of IL-ic
and IL-18 at the transcriptional level (64,65). Furthermore, IL-1 stimulates
adrenocorticotropic  hormone (ACTH), which iIn turn stimulates
corticosteroids. Probably the pituitary-adrenal activity is affected via IEL-1
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induced Increase in corticotropin releasing facter (CRF).(11) These
findings indicate the existence of a feedback circuit between IL-1 and the
neurcendocring system emphasizing that IL-1 can act as a classical
endocrine hormone. It is generally assumed, that PGE, posttranscriptionally
inhibits IL-1 secretion from monocytes-macrophages (25,27). This
assumpton is based on the finding that exogenous PGE, induced
suppression of Il-1 secretion, as measured by the thymocyte proliferation
assay, without a concomitant decrease in IL-1 mRNA (57,60). Since other
cAMP elevating substances exerted similar effects, PGE, was thought to
exert its inhibitory actions on IL-1 secretion via activation of adenylate
cyclase {57). The prevailing opinion that IL-1 production is controlled by
PGE, is mainly founded on these smdies. However, in other smdies, the
PGE, induced suppression on thymocyte preliferation could be attributed to
a direct effect on the assay system rather than to decreased IL-1 secretion
(47,88). The question whether PGE, regulates IL-1 secretion by human
peritoneal macrophages, is an issue of this thesis. As described in chapier
8, we conclude that PGE,, contary to the conventional view, is not a
(universal) regulator of IL-18 release from macrophages.

In recent years, various npative substances, that antagonize the interactions
of IL-1 with cellular targets, have been identified. The H.-1 inhibitory
properties of most of these substances, derived from a variety of sources,
were demonstrated through their ability to inhibit the IL-1 induced
enhancement of thymocyte proliferation in the thymocyte proliferation
assay (62). Recently, an IL-1 inhibitor secreted by human monocytes has
been purified and could be characterized as a pure receptor antagonist (IL-
Ira) (45). Likewise, a human monocytic cell line produced an IL-1
receptor antagonist (IRAP) (21). Both IL-1 receptor antagenists (I.-1ra and
IRAP) seem to be identical (21). Recombinant IL-1ra/IRAP antagonizes
IL-let and IL-18 actdons both in vitro and in vivo (30,45). It is probably
identical to an IL-1 inhibitor previously described in the urine of febrile
patients and of patients with myelomonocytic leukaemia. Inigally IL-
Ira/IRAP was reporied to bind selectively to IL-1 receptor type I, but
recently it was found, that IL-1 r2/IRAP recognizes and blocks also
binding to IL-1 receptor type IL (43,103). The fact that IL-1 ra/IRAP is
produced by the same cells that produce IL-1, lends support to the view
that this native antagonist functons as a negative feedback inhibitor,
controlling certain IL-1 actions. In this connection it is noteworthy that IL-
1 ra causes a striking reduction in mortality form endotoxin-induced shock
(81).
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A pumber of cther substances that antagonize IL-1 actvity, have been
identified. For example, it is suggested that transforming growth factor 3,
derived from monocytes and thrombocytes, may inhibit IL-1 acdons by
interfering with events distal to the interactions of IL-1 with its receptor
(62). Most of the IL-1 inhibitors are only partially characterized. Further
characterization in meclecular terms could allow to elucidate the role of
these native inhibitors in physiology and pathophysiology.

3.3.4. Tumor Necrosis Factor
3.3.4.1. History

Nearly hundred years ago, William Coley, a surgeon from New York,
described regression of a tumor in a patient who developed an intercurrent
infection (erysipelas) (3,83,93). Subsequently he attempted to treat camcer
patents by administering them broths derived from cultures with live
bacteria and at a later stage vaccines with ldlled bacteria. In some cases
tumor necrosis was induced, but the results were inconsistent and serious
complicatons often occurred. Swdies by Coley’s dawghter Helen
demonstrated that, especially, gram negative bacteria could cause
haemorrhagic necrosis of mouse tumors. In 1943 Murray Shear et al (84).
identified and purified the active component of the gram negative bacteria,
a complex fat-and-sugar compound. This proved t¢ be a constituent of the
bacteria’s outer wall and is now called lipopolysaccharide (IPS), or
endotexin. In the late 1950°s Elisabeth Carswell, Lloyd Old and others
cdemonstrated that another bacterial agent, Bacillus Calmettie-Guérin (BCG)
in combination with LPS induced the host (mouse) to produce a factor that
was responsible for tumor killing (20). They called this factor Tumor
Necrosis Factor (TINF), which was subsequently found to reproduce many
of the effects of BCG and LPS. Carswell et al. also suggested that
macrophages were the source of TNF. Evenmally a single protein was
obtained from the blood of mice and rabbits to which both in viro and in
vivo effects of TNF counld be atributed. Carswell et al. proved that
macrophages and other (human) cell types as well secreted TNF or TNF-
like factors. In 1984 the TNF encoding gene was cloned, followed by the
identificaton of the amino acid sequence and the production of large
amounts of recombinant TNF (50). Since then, the TNF encoding genes
proved to be very similar in a variety of species, while recombinant TNF
could induce multple biological responses (100). For instance, TNF has a
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wasting effect, previcusly ascribed to a factor referred to as cachetin,
which is caused by suppression of lipoprowinlipase and other enzymes
required for wmiglyceride synthesis (12). Lymphotoxin, a protein produced
by T-lymphocytes and B lymphoblastoid cell lines, and the macrophage
derived TNF have almost all their bicactivities in common (3). On the
molecular level, both substances share approximately 30% homology. The
macrophage and lymphocyte product are referred to as TNFo and TNEB
Tespectively.

3.3.4.2. Cell sources and biclogical responses

Although other cell types including Nawmral Killer cells and mast ceils can
produce TNF, mononuclear phagecytes are considered 10 be the main
source of TNFo (12). A remarkable amray of biclogical effects are
described for TNF, exhibiting an almost complete overlap with those of
IL-1 (see 1able 3) (85). The nature of many of these biological responses
indicate that TNFc, like IL-1, is involved in inflammation and immunity.
Conceivably, TNFa constitutes a link between the inflammatory response
and defence against tumors (13). Like IL-1, TNFa exerts its effects in an
autocrine, paracrine and endocrine fashion as well. By travelling via the
circulation 1o virtaally every part of the body, the inflammatory reacticns
can be orcheswated. A number of factors, especially microbial wall
components such as LPS, toxic shock syndrome toxin and mycobacterial
cord factor, are able 1o induce TNF¢ biosynthesis. Moreover, several host
derived factors, such as C,,, interferon 7, IL-I, granulocyie/macrophage
colony-stimulating factor and TNFg itself can induce or enhance TNFa
production and release (100).
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Table 3. Comparison of target cells and actions of IL-1 and TNEF/LT.

Target cells or Hssues Effects M-8 TNFLT
T lymphocytes Enhances IL-2 receptor expression *+ +
TLymphokize production + +
Thymocyte comitogen + *
B lymphocytes Enhances antibody production + +
Promoies B cell proliferation + -
Hypothalamus/CNS Release CRF —» pituitary ACTH + -
Induces prostagiandin mediated fever + +
Induces somnolence and anorexia + +
Neutrophils Chemoatmractant - =
Increases adhesiveness, phagocytosis,
ADCC, and oxygen intermediates - x
Degranuiates — enzyme release - +
Monoccytes/macrophages Chemoatiractant - +
Induces production of prostaglandins,
IL-1, IL-6, GM-CSF and NAP-1 + +
Coactivates o cytocidal state + +
Endothelial cells and Increases adhesiveness (JCAM 1) + +
vascuiar smooth muscle Induces procoagulant activity,
IL-1, IL-6, GM-CSF, PAT, + +
prostaglanding and MHC
Mitogenic and angiogenic + +
Osteoblasts Decreased alkaline phosphatase + +
Osteaclasts Bore resorption (T collagenase) + +
Chondrocytes Increased cartilage turnover + +
Fibroblasts/synovial cells Mitogenic and express oncogenes + -
Induces prostaglandins,
IL-1, IL-6, collagenase and GM-CSF + +
Hepatocytes Inducas some acute phase reactants + +
Decrease P450 and increased C3 + +
T Plasma Cu L Fe + Zn - .
Bone marmrow Inhibits some precursor cell proliferation
haematopoietic cells and differentation - +
Stirmaiates precursor celis + -
Tumor cells/viras infected Selecrively cytostatic/cytocidal + +
cells
Adipocytes Decreased lipoprotein Lipase + +
Increased lipolysis + +
Epithelial cells Mitogenic + ?
Secrete collagen type IV + ?
Pancreatic 8 celis Modulates insulin levels +
Dendritic cells Increased T cell activation +

From reference §5.
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3.3.4.3. Production and release

It is generally assumed, that the biosynthesis of TNF¢ begins with the
elaboraton of a2 signal peptide consisting of 76 amino acid residues, into
the rough endoplasmic reticulum (59). After cleavage of the signal peptide,
the elongation of 17 kDa polypeptide, consisting of 157 amino acid
residues, follows which is rapidly secreted. Only very slight amounts of
TNFa, if any, are found within the cell etther in its 26 kDA or mature 17
kDa form (105), while outside the cell exclusively the mature 17 kDa form
is found (19). It is claimed, that some of the 26 kDa TNFo may be present
within the cell as 2 membrane associated protein, which may be relevant to
paracrine biological activities (59). Thus it appears, that TNFoa and IL-1
differ considerably in their way of synthesis and secretion (19,48). The
regulation of TNFo release, especially the role of prosiaglandins is
discussed in the chapters 7 and 8. In this comnection it is worth
mentioning, that TNFe is found to stimulate release of adrenocorticotropic
hormorne (ACTH) in vimo (75). Therefore, it is conceivable, that in vivo
TNFe release is controlled via ACTH induced secretion of corticosteroids.

3.3.4.4. Mechanisms of acton

Specific receptors for TNF have been identified at the cell suorface.
Recently two immunologicaily distinet proteins which bind TNF and block
its effects, were isolated from buman urine (31). These two TNF binding
proteins, which are likely derived from the cell surface receptors by
proteolytic cleavage, could also detected in serum in increased amounts
during inflammation (31). Litde is known about the mechanism by which
the TNF signal is transduced, but it has been shown that after binding of
TNF to the cell surface it is internalized and degraded. In view of the fact,
that 1) TNF induces PGE, release, 2) PGE, potentiates while 3)
cyclooxygenase inhibitors suppress certain effects of TNF, PGE, appeass 1o
be involved in the regulation of TNF induced actions (63).

3.3.4.5. Modulation of preduction and activity of TNFo

In view of the potentially harmful effects of TNFe, its actons, like those
of IL-1, must be controlled, either by regulation of its synthesis or its
actons on target cells. As already mentioned, TNF release may be
controlled via ACTH induced secredon of corticostercids. The role of
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prostaglandins in the regulation of TNFo release is an issue of this thesis.
As described in chapter 8, we conclude, that PGE, controls TNF¢ release
from macrophages. Recently, the interesting discovery was made that the
actions of TNF on target cells may be regulated by naturally occurring
inhibitors. Wallach et al. isolated from human urine two TNF binding
proteing (31). Evidence snggests, that these proteins are scluble forms of
two molecular species of TNF cell surface receptors. The soluble forms
may be produced by proteolytic cleavage or shedding of the membrane
form. Alternatively, the soluble and membrane forms may be coded by the
same gene and synthesized independently by wanslaton of different species
of mRNA produced via alternative splicing pathways. Whatever the
secretion mechanism may be, the existence of soluble TNF receptors raises
the interesting possibility, that TNF receptors, if presented in soluble form
to the cells, may sequester TNF thereby serving as a naturally occurring
" inhibitor for TNF actions.

3.3.4.6. IL-1 and TNF in disease

In view of the character of their actvites, it is plausible that IL-1 and
TNF play a crucial role in host defence mechanisms against infections. It
was found indeed, that low dose tecombinant [L-1 protects
granulocytopenic mice from lethal gram negative infections (74).
Recombinant TNF could protect mice against a normally lethal Listeria
challenge (46). An increased local producton of TNF was found in human
mberculosis (6). However, the putative role of IL-1 and especially TNF in
the pathogenesis of septic shock (82,100), cleatly demonstrates that these
cytokines are two edged swords. Moreover, they may be involved in the
pathogenesis of several dissases such as dizbetes, rheumatoid arthritis and
atherosclerosis (73). It implies, that IL-1 and TNF may be useful agents in
the weatment of patdents with severe Infections.On the other hand,
inhibition of their production or biological actions could be beneficial, in
the event the damaging effects predominate.

3.3.4.7 Cytokine network

IL-1 and TNF have many regulating actions on cell functions in common.
Furthermore, there are muliple interwoven interactions among these and
other cytokines. Thus, IL-1 and TNF stimulate the production of each other
and both IL-1 and TNF sdmulate JL-6 production. TNF and IL-1 modulate
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each other’s cell surface recepiors and act synergistically on various cell
funcdons. In fact, IL-1, TNF, IL-6 and other cywokines appear to act
together in a network. Cytokines can also suppress each other’s production
and acdons: thus, IL-6 suppresses the producdon of I.-6 and IEN-y
decreases the IL-1 induced osteoclast actvadon. (95) Therefore, IL-1, TNF
and other cytokines appear to constifute a complex network of interacting
substances with pesitive and negative properties.

References

1.
2.

10.

11.

1Z.

38

Aarden et al. Revised Nomenclature for Antigen-Nonspecific T Cell

Proliferation and Helper Factors. J Immunel. 123, 6, 1979.

Adams DO and Hamilten TA. Phagocytic Cells: Cytotoxic

Activides of Macrophages. In: Inflammation: Basic Principles and

Clnical Correlates. 1L Gallin, IM. Goldstein and R. Snyderman

eds. Raven Press, Lid., New York 471, 1988.

Aggarwal BB. Tumor Necrosis Factors - TNFot and TNFB: their

structure and pleiotropic biological effects. Drugs of the Future 12,

892, 1987.

Arend WP, Gordon DF, Wood WM et al. IL-18 production in

cultured human monocytes is Tegulated at multiple levels. J

Immonol. 143, 118, 1989.

Baracos V, Rodemann HP, Dinarellc CA and Goldberg AL.

Stmulatdon of muscle protein degradaton and prostaglandin E,

Lgeslgasegslg leukocytic pyrogen (Interlevkin-1). N Engl J Med 308,
, 1983.

Bames PF, Fong 8J, Brennan PJ et al. Local production of wmor

necrosig;g gactor and IFN-y in tuberculous pleuritis. J Immunol 145,

149, 1590.

Beck G and Habicht GS. Primitive cytokines: harbingers of

veriebrate defense. Immunol. Today, 12, 180, 1991,

Beck G, Vasta, GR, Marchalonis JJ and Habicht GS.

Characterization of interleukin-1 actvity in twmnicates. Comp.

Biochem. Physiol. 928, 93, 1989.

Beck G and Habicht GS. Isclation and characterization of a

primitive interleukin-1-like protein from an invertebrate, Asterias

forbesi. Proc. Natl. Acad. Sci. USA, 83, 7429, 1986.

Beck G and Habicht GS. Purificadon and biochemical

characterization of an invertebrate interleukin-1. Molecul. Immuncl.

28, 577, 1991,

Berkenbosch F, Van Qers J, Del Rey A et al. Coriicotropin-

Releasing Factor-Producing Neurons in the Rat Actvawed by

Interleukin-1. Science. 238, 524, 1987.

Beutler B and Cerami A. Cachetin (Tumeor Necrosis Factor): An

endogenous mediator of shock and Inflammatory response. In

"Immunology™: the role of cells and cytoldnes in immunity and



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

25.

26.

27.
28.

inflammation (J.J. Oppenheim and EM. Shevach, eds.) Oxford
University Press, New York. 226, 1990.

Bontz IL, Ben-Efraim S, Mozes T and Fieren MWIJIA. Tumor
Necrosis Factor in inflammation: relation 10 other mediators and to
macrophages antinmer defence. Pharmacological Research, 24,
115, 1991.

Bonta IL, and Parnham MIJ. Immuno modulatory-antiinflammatory
functions of E-type prostaglandins. Minireview with emphasis on
macrophages-mediated effects. Int J Immunopharmac 4, 103, 1982.
Bonta [T, Adolfs MJP and Fierer MWIJA. Cyclic AMP levels and
their regulation by prostaglandins in peritoneal macrophages of rats
and humans. Int J Immuncphammac. 6, 547, 1984.

Bos HIJ, Viaandersn K, Van der Meulen J, et al. Peritoneal
macrophages in short dwell tme effluent show diminished
phagocytosis. Perit Dial Int 8, 199, 1988.

Bos HJ, van PBroaswijk H, Helmerhorst TIM et al. Distinct
subpopulations of elicited human macrophages in peritoneal dialysis
patienss and women undergoing laparoscopy. J. Leucecyie Biol. 43,
172, 1988.

Van Bronswijk H, Verburgh HA, Heezius HCIM et al. Dialysis
fluids and local host resistance in patients on continuous ambulatory
peritoneal dialysis. Eur J Clin Microbiol Infect Dis 7, 368, 1988.
Burchett SK, Weaver WW, Westfall JA et al. Regulaton of tumor
necrosis factorfcachetin and IL-1 secretion in human mononuclear
phagocytes. J Immunol. 140, 3473, 1988.

Carswell EA, Old L], Xasse R et al. An endotoxin-induced serum
factor that canses necrosis of mmors. Proc. Natl. Acad Sci USA 72;
3666, 1975.

Carter DB, Deibel MR, Dunn J et al. Purification, cloning,
expression and biological characterization of an interleukin-1
Teceptor antagonist protein. Nature, 344,633, 1950.

Cohn ZA. The Actvation of Mononuclear Phagocytes: Fact, Fancy,
and Future. J immunol. 121, 813, 1978.

Coleman RA, Humphrey PPA, Kemnnedy I and Lumlien P.
Prostanoid receptors - the development of a working classification.
Trends in Pharm. Sci. 5, 303, 1984.

Coleman RA, Kennedy [ and Sheldrick RLG. Evidence for the
existence of three subtypes of PGE, sensidve (EQ) receptors in
smooth muscle. Br. J. Pharmacol. 91, 323 P, 1987.

Dinarello CA. Cytokines: Interleukin-1 and Tumor Necrosis Factor
(Cachetin). In: Inflammation: Basic Principles and Clinical
Correlates. J.I Gallin, IM. Goldstein, and R. Sanyderman eds.
Raven Press, Lid, New York, 195, 1988.

Dinarello CA, Clark BD, Puren AJ et al. The Interleukin-1 receptor.
Immunology Today 10, 49, 1989.

Dinarelio CA. Biology of Interleukin-1. Faseb J 2: 108, 1988.
Dinarellc CA and Thompson RC. Blocking IL-I: interleuldn-1
receptor antagonist in vivo and in vitro. Immunology Today 12,
404, 1991.

39



29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42,
43.

40

Duwe AK, Vas SI, Weatherhead JW. Effects of the composition of
peritoneal dialysis fluid on chemiluminescence, phagocytosis, and
bactericidal activity in vitro, Infection and Immunity 33; 130, 1981,
Eisenberg SP, Evan RJ, Arend WP et al. Primary structure and
functional expression from complementary DNA of a human
interleukin-1 receptor antagonist. Nature 343, 341, 1990.
Engelmann H, Novick D and Wallach D. Two Tumor Necrosis
Factor-binding Proteins pruified from human urine. J. Biol. Chem.
265, 1531, 1990.

Farrar WL and Humes JL. The role of arachideonic acid metabolism
ing the activities of Imterleukin-1 and 2. J. Immunol. 135, 1153,
1985.

Friedlander M. TNF and PGE, response after incubation of
peritoneal cells with lipopolysaccharide (LPS). Peritoneal Dialysis
International 11 S 1, &8, 1991.

Van Furth R and Cohn ZA. The origin and kinetics of monenuclear
phagocytes. J Exp Med. 128, 415, 1968.

Van Furth R, Cohn ZA, Hirsch JG et al. The mononuclear
phagocyte system: a new classification of macrophages, monocytes,
and their precursor cells. Bull WHO, 46, 845, 1972.

Van Furth R. Phagocytic celis: Development and Distribution of
Mononuclear Phagocytes in Normal Steady State and Inflammation.
In: Inflammation: Basic Principles and Clinical Correlates. 1. Gallin,
IM. Goeldstein, and R. Snyderman. eds. Raven Press, Liwd., New
York 281, 1988.

Gery 1, Gershon RK, Waksman BH. Potentiation of Cultured Mouse
Thymocyte Responses by Factors Released by Peripheral
Leucocytes. J Immunel. 107, 1178, 1971.

Gery I, Gershon RK and Waksman BIL Potentation of the T-
lymphocyte response 1o mitogens. I, the responding cell. J Exp Med
136, 128, 1972.

Gery I, Waksman BH. Potentiation of the T-lymphocyte response to
mitogens. [ The Cellular source of Potentiating mediators. J Exp
Med, 136, 143, 1972,

Goldstein CS, Bomalaski JS, Zurier RB et al. Analysis of peritoneal
macrophages in continuous ambulatory peritoneal dialysis patient
Kidney Int 26, 733, 1984,

Gordon 8, Unkeless JC and Cohn ZA. Induction of macrophage
plasminogen activator by endotoxin stimulation and phagocytosis. J
Exp Med. 140, 995, 1974.

Gowen M, Wood DD, Ishrie EJ et al. An Interleukin-1 like factor
stimulates bone reserption in vitro. Nawre 306, 378, 1983,
Granoweitz EV, Clazk BD, Mancilla ] and Dinarelio CA.
Interleukin-1 teceptor antagonist competitively inhibits the binding
of Interleukin-1 to the type II interleukin-1 receptor. J. Biol. Chem.
266, 14147, 1991,

Green SJ, Melizer MS, Hibbs JB and Nacy CA. Acivated
macrophages destroy intracellular Leismania major amastigotes by
azga L-arginine-dependent killing mechanism. J. Immunol. 144, 278,
1990.

-



45.

46.
47.

48.

49,

50.
SL

52.

53.

54.

55.

56.

57.

S8.

59.

60.
1.

62.

Hamnum CH, Wilcox CJ, Arend WP et al. Interleukin-1 receptor
antagonist activity of a human interleukin-1 inhjbitor. Nature, 343,
336, 1990.
Havell EA. Evidence that tumor necrosis factor has an important
role in antibacterial resistance. J Immunol 143, 2894, 1989.
Hayari Y, Kukulansky and Globerson A. Regulation of thymocyte
proliferative response by macrophage-derived prostaglandin E, and
Interleukin-1. Eur. J. Immunol. 185, 43, 1985,
Hazuda DJ, Lee IC and Young PR. The kinetics of Interlenkin-1
Sgcretion frem Activated Monocytes. J Biol Chem, 263, 8473,
1988.
Heidenreich S, Gong JH, Schmidr A et al. Macrophage activaton
by granulocyte/macrophage colony-stimulating factor. J Immunol,
143, 1198, 1989.
Hogquist KA, Unanuve ER and Chaplin DD. Release of IL-1 from
mononuclear phagecytes. J. Immunol. 147, 2181, 1991.
Hughes TK, Smith EM, Chin R et al. Interaction of immunoactive
monokines (interleukin-1 and tumor necrosis factor) in the bivalve
molluse mytilus edulis. Proc. Natl. Acad. Sci. USA, 87, 4426, 1990,
Inamura N, Nakahara K, Kuroda Y et al. Effect of nocardia rubrz
cell wall skeleton on interleukdn-1 producton from mouse
peritoneal macrophages. Int J Immunopharmac, 10, 547, 1988.
Jenkin CR. Factors involved in the recognition of foreign material
by phagocyiic cells from inveriebrates. In: Comparative Immunol.
JJ Marchalonis ed. Blackwell Scientific Publications, 80, 1976.
Kammer GK. The adenylate cyclase-cAMP-protein kinase A
ggthwa}é and regulation of the immune respone. Immuncl Teday, 9,
, 1988.
Kampschmidt RF and Upchurch HF. Neutrophil release after
injections of endotoxin or leukocytic endogenous mediator into rats.
J Reticul Soc, 28, 191, 1980.
Kamovsky ML and Lazdins JK. Biochemical Criteria for activated
macrophages. J Immunol, 121, 809, 1578.
Knudsen PJ, Dinarello CA and Storm TB. Prostaglandins
postranscriptionally inhibit monocyte expression of Imterleukin-1
activity by increasing intracellnlar cyclic adenosine monophospahte.
J. Immunol. 137, 3189, 1986.
Kostura MJ, Tocci MI, Limjuco G et al Identification of a
monocyte specific pre-interleukin-18 convertase activity. Proc. Natl
Acad. Sci. USA, 86, 5227, 1989.
Kriegler M, Perez C, Defay K et al. A novel form of TNF/cachetin
is a cell surface cytotoxic transmembrane protein: ramifications for
the complex physiology of TNF. Cell, 53, 45, 1988.
Kunkel SL, Chensuve SW, Phan SH. Prostaglandins as endogenous
mediaters of interleukin-1 preduction. J. Immunol. 136, 1986.
Lachman LB, Dinarello CA, Llansa ND and Fidler IJ. Natural and
recombinant human Interleukin-18 is cytotoxic for human
melanoma cells. J Immunol, 136, 3098, 1986.
Larrick JW. Natve Interleukin-1 inhibitors, Immunol. Today. 10,
61, 1989.

41



63.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

42

Lehmann 'V, Benninghoff B, and Drge W. Tumeor necrosis factor-
induced activation of peritoneal macorphages is regulated by
prostaglandin E, and cAMP. J Immunol, 141, 587, 1988.

Lee W, Tsou AP, Chan H et al. Glucocorticoids selectively inhibit
the wanscription of the Interlenkin-1B gene and decrease the
stability of Interleukin-18 mRINA. Proc. Natl. Acad. Sci. USA 385,
1204, 1988.

Lew W, Oppenheim JJ and Matsushima K. Analysis of the
supression of IL-18 production in human peripheral blood
mononuclear adherent cells by a glucocorticoid hommons. I
Immunel. 140, 1895, 1988.

Lewis S, and Holmes C. Host defence mechanisms in the peritoneal
cavity of continuous ambulatory peritoneal dialysis patients. Perit
Dizl Internat. 13, 14, 1991.

Lomedico PT, Gubler U, Hellmann CP et al. Cloning and
expression of murine Interleukin-1 ¢cDNA in Eschericia coli. Nature,
312, 258, 1984.

Lord PCW, Wilmoth LMG, Mizel SB and McCall CE. Expression
of Interieukin-1¢¢ and B genes by humar biood polymorphonuciear
leucocytes. J. Clin. Invest, 87, 1312, 1991,

Lotz M, Vaughan JH and Carson DA. Effect of neuropeptides on
production of inflammatory cytokines by human monocytes.
Science, 241, 1218, 1988.

Maddox Y, Foegh M, Zeligs B et al. A routne source of human
peritoneal macrophages. Scand J Immunol, 19, 23, 1984.

March CJ, Mosiey B, Larsen A et al. Cloning, sequence and
expression of two distinct human interleukin-1 complementary
DNAs. Natre, 318, 641, 1985.

Marchalonis JJ, Schluter SF. On the relevance o¢f invertebrate
recognition and defence mechanisms to the emergence of the
immune response of vertebrates. Scand. J. Immunol. 32, 13, 1990.
Marx JL. Cytckines are two edged swords in disease. Sczence, 238,
258, 1988.

Van der Meer F'WM, Barza M, Wolff SM and Dinarello CA. Low
dose recombinant interleukin-1 protects granulocytopenic mice from
lethal gram negative infection. Proc Natl Acad Sci USA. 85, 1620,
1988.

Milenkovic L, Rettori V, Snyder GD et al. Cachetin alters anterior
pituitary hormone release by a direct action in vitre. Proc Natl
Acad Sci, 86, 2418, 1989.

Movat HZ, Cybulsky MI, Cloditz IG et al. Acute inflammation in
gram negative infection: endotoxin, interleukin-1, tumor necrosis
factor, and neutrophils. FASEB 46, 97, 1987.

Murphy PA, Simon PL. and Willoughby WE. Endogenous pyrogens
made by rmabbit peritoneal exudate cells ars identical with
Iymphocyte-activating factors made by rabbit alveclar macrophages.
I Immunol, 124, 2498, 1980.

Ninneman KJL. Prostaglandin/lenkotriene structure and chemisiry: a
primer. In: Ninneman JL. Prostaglandins, leukotienes and the



79.
80.
81.

2.
83.
84.

&s.

86.

87.

&8.

89.

0.

91

G2.

93.
94.

95.

hnmu;z;s response (1988) Cambridge University Press, Cambridge,
12, 1688.

Nignerggan JL. Prostaglanding and Immunity. Immunoclogy Today S,
170, 1984,

North RJ. The concept of the activated macrophage. J Immuncl
121, 806, 1978.

Ohlsson K, Bjork P, Bergenfeldt R et al. Interleukin-1 recepior
antagonist reduces mortality from endotoxin shock. Nature, 348,
550, 199C.

Okusawa S, Gelfland JA, Ikejima T et al. Interleukin-1 induces a
shock-like state in rabbits. 7 Clin Invest. 81, 1162, 1088.

Qld LJ. Tumor Necrosis Factor. Scientific American 258 no 8§, 41,
1988.

O'Malley WE, Achingstein B, Shear MJ. Acidon of bacterial
polysacharide on tumors II. Damage of sarcoma 37 by serum of
mice treated with Servatia marcescens polysacharide and induced
tolerance. J Natl Cancer Inst 29; 1169, 1962,

Oppenheim JJ, Matsushima X, Yoshimuvra T et al. Reladonship
between Interleukin-1 (IL-1), tumor necrosis factor (TNF) and a
neuirophil attracting peptide (NAP-1). Agents and Actions, 26, 134,
1989.

Oropeza-Rendon RL, Speth V, Hiller G et al. Prostaglandin E,
reversibly induces morphological changes in macrophages and
inhibits phagocytosis. Exp Cell Res, 119, 365, 1679.

Ortenzi C, Miceli C, Bradshaw A and Lupcrini P. Identification and
Intitial Characterization of an Autocrine Pheromone Recepior in the
Protozoan Ciliate Euplotes raikovi. J. Cell. Biol. 111, 607, 1990.
Ouerness IG, Bliven ML, Eskra JD et al. The pharmacelogic
regulation of Interleukin-1 producton: the role of prostaglandins.
Cellnlar Immunclogy, 114, 385, 1988.

Pawlowsld NA. Arachidonic acid metabolism by human monocytes.
Human monocyies. M. Zembala and G.L. Asherson eds. Academic
Press. London, 273, 1989.

Penpica D, Nedwin G, Hayflick IS et al. Human tuomor necrosis
factor: precursor structure, eoxpression and homology to
Iymphotoxin. Nawre. 312, 724, 1984.

Rang HP and Dale MH. Local Hormones, Inflammation and
Allergy. In: Pharmacoclogy. Churchill Livingstone, Edinburgh. Ch.
11, 243, 1991.

Roth J, LeRoith D, Collier ES et al. Evolutionary origins of
neuropeptides, hormomnes and receptors: possible applicanons to
immunoclegy. J. Immunol. 135, 806s, 1985.

Ruff MR, Gifford GE. Tumor Necrosis Factor. In: Lymphokines.
Pick E. ed. Vol. 2. Academic Press, New York 235, 1981.
Schenkelaars EJ. Effects of eicosancids on macrophage functicns.
Regulation of macrophage activity by eicosanoids. Thesis: Erasmus
University Rotterdam. 1985.

Schindler R and Dinarello CA. Interleukin-1. In: Growth Factors,
Differentiation Factors, and Cytokines. Springer-Verlag Berlin
Heidelberg, 85, 1990.

43



96.

97.

98.

9.

100.

101.

102.

103.
104.

105.

Scapigliati G, Bossu P, Censini S et al. Quantitation of biologically
active IL-1 by a sensitive assay based on immobilized human II-1
receptor type II (IL-1R,). J. Immun. Meth. 138, 31, 1991.

Stefano GB. Role of opioid neuropeptides in immunoregulation.
Progress in Neurobiol. 33, 149, 1989.

Sziein MB, Vogel SN, Sipe JD et al. The role of macrophages in
the acute-phase response: SAA inducer is closely related to
Lymphocyte Activating Factor and Endogenous Pyrogen. Cell
Immunocl 63, 164, 1981.

Tauber Al Meichnikoff, the Modern Immunologist. J. Leuk Biol
47, 561, 1990.

Tracey KJ, and Cerami A. The biclogy of cachetin/tumor necrosis
factor. In: Growth Factors, Differentiation Factors, and Cytokines.
A. Habenicht ed. Springer-Verlag Berlin-Heidelberg, 356, 1990.
Verburgh HA, Keane WF, Hoidal JR et al. Peritoneal macrophages
and opsonins: antibacterial defense in patients undergeing chromic
peritoneal dialysis. J Infect Dis. 147, 1018, 1983.

Wahl, LM, Olsen CE, Sandberg AL and Mergenhage SE.
Prostaglandin regulation of macrophage collagenase production.
Proc Nail Acad Sci. 74, 4955, 1977.

Whicher J. Control of receptor appetite. Nature, 344, 584, 1990.
War GW, and Marchalonis JJ. Specific immune recogniticn by
lymphocytes: an evolutionary perspective. The quarterly review of
biology. 53, 225 1978.

Zuckerman SH, Evans GF, Snyder YM, and Roeder WD.
Endotoxin-macrophage interaction: post-translational regulation of
tumor necrosis factor expression. J Immunol. 143, 1223, 1989.



Chapter 4

-1 &Il@
Tumor Necrosis Factor

Measurement of Interleuki

4.1. Interlevkin-1

Interlevkin-1 (JL-1) was originally discovered as a facior derived from
monccytes-macrophages, that has a co-mitogenic effects on T-lymphocytes
(2). Hence, it was named lymphocyte activating factor (LAF). In 1979
LAF was renamed as interleukin-1 (IL-1), since LAF was found to be very
similar or identical to a2 number of factors with different bioactivities. Until
a few vears ago, IL-1 was usually determined by measuring LAF-activity
with the murine thymocyte proliferation assay. This assay is based on the
ability of IL-1 to enhance in viwo proliferaticn of mouse thymocyies
stimulared with a suboptimal dose of the plant lecting phytohaemagglutinin
or concanavalin A (2) The induced thymocyte-proliferation, as determined
by incorporation of *H thymidine, is a measure for IL-1. The conventional
view is that IL-1 erhances thymocyte proliferation by inducing the produc-
tdon of IL-2 and the expression of IL-2 receptors on thymocyte sub-
populations. The main disadvantage of this assay is its lack of specificity.
Thus, [0L.-6 synergizes with IL-1 to promote thymocyte proliferation (9).
-2 and IL-4, when present in the test samples, induce thymocyte proli-
feration (5). Several products of macrophages have an inhibitory effect,
such as PGE, (3) and Interleukin-1 receptor antagonist (11). In fact,
thymocyte proliferation is the result of a series of complex interactions
among different cells and cytokines. It may be very difficuit to assess
whether a substance such as PGE, has an effect on IL-1 production or on
the assay system (10). During the last decade a number of bioassays for
IL-1 have been developed using T-cell lines (1). In addition, assays using
non-lymphical cells, such as endothelial or synovial cells, were developed.
These assays fail to distinguish berween IL-1 and TNFe (6). The lack of
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specificity has been overcome, when immunoassays specific for human IL-
1o and TL-1B were developed (6), since human recombinant IL-1¢ and IL-
18 have become available (6). In our smdies a commercially available
enzyme linked immunosorbent assay (ELISA) for human I1.-18 has been
employed. As described in chapter 5, the assay is carried out in 4 stages.
Briefly, IL-18 present in the test sample, will bind to monoclional an-
tibodies specific to human IL-18 which are attached to microtitration wells
(solid phase). In the second stage, pelyclonal (rabbin) ang-IL-13 will bind
specificaily w0 solid phase bound IL-1. In the third stage, added and
(rabbit) IgG conjugated to horse radish peroxidase will bind specifically to
solié phase bound rabbit ant-IgG. In the fourth stage, added enzyme
substrate will be oxidized by bound conjugate resuiting in a ccloured end
product. The colour intensity is proportional ¢ the amount of IL-iB
present in the sample. It should be noted that immunocassay may detect
also the biologically inactive precursor IL-18. (4).

4.2, Tumor necrosis factore (TNFo)

Tumor necrosis factor (INF) was identified in 1975 as a factor capable to
induce selective mumor necrosis. (7). Several asszys for measurement of
TNF have been developed based on the cytotoxic effects of TNF on
specific mouse or rat cell lines. The mouse fibroblast like cell line 1. 929 is
most commonly used for quantitative determinations of TNF by measuring
the TNF induced cytolytic effects. Several substances, such as interferon-y
and IL-1 may interfere in L 929 cytotoxicity assays (7.8). In addition,
different 1. 929 sublines show a variable semsitivity to TNF induced
cytotoxicity. These factors affect thus the specificity and reproducibility of
assays based on the determination of cytotexic effects on L 929 cells (7).
As described in chapter 7, In our studies TNFd-activity was quantified by
determining the growth inhibitory (L.e. cytostatic) effects against L 920
target cells. Briefly, a suspension of L 929 cells is incubated in the presen-
ce of supernatant or medium alone as control. After 24 hours incubation,
*H thymidine is added and the cell suspension is cultured for another 18
hours, whereafter *H thymidine uptake by target cells is measured. The
percentage of growth inhibition (cytostasis) is calculated according 1o the
formula: CPMontror CPMexperimentan X 100%

CPMcom:oi
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A typical example of cytostatic effects of TNFa on LS29 cells is shown in
figure 1.

CPM 12
x 107

10~ 3 GROWTH 100 p~
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1 ] |
0.1 1 10 100 1000 0.7 1 1 (L) 1000
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Fig. 1 A typical example of dosc dependent effects of human recombinant TNF&
on L 925 target cells in the presence (LPS+) or absence (LPS-) of 5
pg/ml/ of LPS. Proliferation of L 929 target cells is measured by “H
thymidine incorporation {A} and the comresponding % growth inhibition
calculated (see text) (B). Specific actvity: 7x10’ U/mg human
recombinant TNF.

The cytostatic effects against target cells were neutralized by anti-TNFo
antibodies, demonstrating that cytostasis was induced by TNFo. Moreover,
human recombinant IL-1a had no additve effect on cytostasis. (see chapier
7). In the last few years, immunoassays for human TNFo have become
available, allowing specific and reproducible determinadon of TNFg in
biclogical samples (8). In our studies 2 commercially available two-site
immuncradiometric assay (IRMA) was employed, as described in chapter
7. Briefly, monoclonal antibodies directed against distinct epitopes of
human TNFq, are attached to the lower and inner surface of plastic mbes.
After incubating the samples or standard in the coated tubes in the presen-
ce of I'* labelied antibodies to TNFe, TNFe is bound both to the labelled
and coated antibodies. The radioaciivity bound toc the test tubes reflects
TNE« contents.
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In conclusion, immunoassays have the major advantage over biocassays in
that they are specific and reproducible. However, as was found for TNF,
immuncassays may detect denatured, aggregated and fragmented molecu-
les, which may be biologically inactive (7). Furthermore, it should be taken
into account that IL-18 immunocassays may detect the biologically inactive
TL-18 precursor molecule (4), which is fonnd not only within the cell, but
alse in the supernates.
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ABSTRACT

Interlevkin-1 (IL-1) release by peritoneal macrophages obtained from
patients on Continuous Ambulatory Peritoneal Dialysis (CAPD) was
studied in O patients during an infection-free period and 8 patients during
an infectious peritonits, using an ELISA for IL-1B8. Without exogenouns
stimulaton with LPS, peritoneal macrophages from infected and uninfected
patients released the same amounts of IL-18, 183 + 40 pg mi™ (24h)" per
10° cells {means + SEM) and 251 + 96 pg ml’, respectively. However, in
response to a dose of 5 pg mi? of LPS, peritoneal macrophages released
significantly more (p<0.005) IL-18 during peritonitis (6579 + 2793 pg ml”
(24h)* per 10° cells) as compared to the infection-free period (1040 + 182
pe ml"). These findings show, that afier microbial invasion of the
peritoneal cavity, peritoneal macrophages are primed in vivo 10 release an
increased amount of IL-18 in viwro after subsequent exogenous stimulation
with LPS, indicating that peritoncal macrophage actvation for IE-18
secretion occurs in steps.

KEYWORDS

Interleukin-1; macrophages; peritoneal dialysis, continuous ambulatory
(CAPD); peritonitis; infection.

- INTRCDUCTION

Peritoneal macrophages, obtained from effluent dialysate of patients on
Continuous Ambulatory Peritoneal Dialysis (CAPD) produce in viro
various mediators such as cyclooxygenase products (1) as well as the
second messenger cyclic AMP (cAMP} (2). These substances are supposed
to have down regulatory effects on the activity of phagocytic cells (3).
Previously we reported that peritoneal macrophages from patients on
CAPD obtained during an infectious peritonins display a diminution in the
basal secretion of cyclooxygenase products and in the cAMP producton
(4). We postulated that the diminished production of these substances with
down regulatory properties would enable the macrophages to secrete an
increased amount of interleukin-1 (IL-1) {5), which is a key mediator of
the host defence system during infection. The characteristics of IL-1 have
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been reviewed recently (6). Two molecular forms of IL-1, IL-1¢ and IL-18
respectively, are distinguished (7). IL-1¢¢ is mainly membrane bound
whereas IL-15 is secreted into the environment (§). In this way IL-18 gains
access to the circulation and can exert sysiemic effects, which allows
orchestratdon of the inflammatory response. The aim of the present study
was to investigate the in vitro release of IL-15 by peritoneal macrophages
of CAPD patients, both during an infecton-free period and during
peritonitis.

PATIENTS AND METHQDS
Patients

Macrophages were obtained from effluent dialysate of patients undergoing
CAPD becanse of end stage renal disease (8). Four tmes a day
commercially available peritoneal dialysis solutions consisting of 132
mmol I* Na*, 1.75 mmol I Ca™, 0.75 mmol I Mg™, 102 mmol I* CI» 35
mmoel 17 lactate and 1.36%, 2.27% or 3.86% anhydrous dextrose
(DIANEAL®, Baxter Laboratories Deerfield, Illinois, USA) were changed
Qut of 11 padents taking part in the study (table 1), 6 patients were
stmdied both during an infection-free period and during peritonitis, while 3
other patients participated only during an infection-free period and 2
patients only during an episode of peritonitis (table 2a, 2b).

Table 1. Characteristics of CAPD patients participating in the study

Patient Age
no. Sex (ygars) Primary renal disease

I f 56 Digbetic nephropathy

2 m 71 Cholesierol emboli

3 m 65 Diabetic nephropathy

4 f 53 Haemolytic uraemic syndrome
5 m 77 Hypertensive nephropathy

6 m 59 Diabetic nephropathy

7 £ 32 Chrenic glomentlonepohritis
8 f 21 Digbetic nephropathy

9 f 49 Digbetic nephropathy

10 m 34 Chronic glomerylonephrits
11 f 51 Polycystic disease




Table 2. Data of nine CAPD patients during an infection-free period (a),
and data of eight CAPD patients during peritonitis (b)

@ Time interval between Time on CAPD
Dialysate Macrophages collections of dialysate  umiil
leucocyie afier and previous episode  collection

Patiemt COUmL purification  of peritonitis of dialysate

no- x10°L7Y) (%) {months) (months)

1 8 86 2 4

2 8 83 3 10

3 21 80 7 19

4 10 81 * 2

5 1 95 15 19

& 20 98 * 4

7 3 89 3 37

8 1 95 2 20

9 g 100 8 38

® Causarive microorganism

4 1200 86 Candida afbicans 3
5 3600 87 Staphylococcus epidermidis 22
6 1800 57 Staphylccoccus epidermidis 5
7 2400 93 Staphylococcus epidermidis 34
g8 2100 88 Acinetobacter 22
9 300 83 Staphylococcus epidermidis 40
10 300 89 Streptococcus sangnis 24
11 200 96 Staphylecoccus anreus 4

From all 8 patients whe developed peritonitis from the start of the swmdy,
cells were harvested from one of the first bags in which opalescence
appeared, prior to the intraperitoneal administration of antibiotics. The
majority of peritonitis episodes was caused by gram positive coccl in
accordance with the findings reported in literature (8). In 6 out of the 8
peritonitis patients cells were harvested from the morning bags.

The diagnosis was confirmed by an elevated white blood cell count (>100
mm?) in the effluent dialysate with over 50% of neutrophils at differential
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counting and/or a positive microbial culiure (8) Patients with a relapsed
peritonits or with peritoneal eosincphilia were exchuded from the smdy.
From the § padents studied during an infection-free period, cells were
harvested from the morning dialysis bags. No patient was smdied within 2
months of an episode of peritonitis or within two months after starting
CAPD (table 2A, 2B). After drainage of the peritoneal dialysate the bags
were kept at 4° C whereupon the cells were harvested within 24 hours.

Isolation of Peritoneal Macrophages

The cells were harvested from the dialysate by cenwifugation (5 min. at
4°C, 700 g) and washed twice with Dulbecco’s modified eagle’s medium
(DMEM) (Gibco Lid, Paisley, Scotland). After this the cells were layered
over a Percol® solution (Pharmacia LXB Biotechnology, Uppsala, Sweden)
with a density of 1.064 g mI™ (9) and centrifugated (30 min. at 4°C, 400
£). The resulting cell layer was removed and the cells were washed twice
in DMEM. After resuspensation in RPMI 1640, supplemented with 10%
foetal calf serum, 2 mmol I glutamin, 100 TU ml? streptomycin-penicillin
(all Flow Laboratories, Irvine, Scotland), 2 g 1" NaHCO, (Merck,
Darmstadt, FRG) and 5 x 10° mol I'B-mercapto-ethanol (Merck,
Schuchardt, FRG), the cells were counted in a Biirker chamber. Viability
was determined by trypan blue exclusion and was always found to be
higher than 95%. The cell suspensions were cytocentifuged and the
smears were stained with Hemacolor™ rapid blood smear staining (Merck,
Darmstadt, FRG) and with non-specific esterase staining (10). After
differential counting it was judged that 93 + 7% of the Percoll-separated
peritoneal cells from padents in a infection-free pericd were macrophages.
The cells of the peritonids patients were found to be 8% + 5% macrophages
(table 3). 1.0 ml of the 1.0 x10° cells ml! suspension was placed in 35 mm
diameter tssue culmure well (Costar, Cambridge, MA, USA). The cells
were cultured in a moist chamber at 37° C, 7.5% CO, for 24 hours for
which period the cells were exposed either to 5 pg ml? of LPS (E. coli
0111:B4) (Sigma chemical company, St Lounis, MO, USA) or to the
medium alcne. After the culture period the supernatants were removed,
filter sterilized over a 0.22 pm Millex® filter (Millipore SA, Molsheim,
France) and stored at -70°C.
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Table 3. Peritcneal leucocyte differential counting before and after

purification procedure
Infection-free period Peritonitis
{purification) (purification}
Before (%) After (%) Before (%) After
Macrophages 85 £ 10* 837 25+12 85
Neutrophils 53 0 73212 10+5
Lymphecytes 10 # 10 727 02505 1£2

* Values expressed as means = SD

Interieukin-1f3 Assay

I1.-13 concentrations of peritoneal macrophage supernatanis Wwere
determined using a commercially available enzyme linked immuno-
absorbent assay (ELISA) (Cistron Biotechnology, Pine Brook, NJ, USA),
as described elsewhere (11). Briefly, supernatants or IL-18 standard were
added to microtiter wells coated with monoclonal antibodies specific to IL-
18. After washing, polyvclonal rabbit ant human IL-18 was added to bind
to solid phase bound IL-18. After the subsequent washing step, goat anti
rabbit Ig(G, conjugated 1o horse radish peroxidase enzyme, is added.
Finally, the chromogenic reacton, produced by added enzyme subsirate,
was measured, using a scanning spectophotometer. IL-15 concentrations
were obtained from a standard curve. The assay is sensitve to 20 pg mi™.
In each ELISA-kit samples from both infected and uninfected patients were
determined, in duplicate.

Stazistics

Data were expressed as means + standard error of the mean. Statistical
significance was determined by Wilcoxon test.

RESULTS

In 7 out of © uninfected patients peritoneal macrophages released detect-
able amounts of immunoreactive TL-18 (251 + 96 pg ml") without
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exogenous stimulation with LPS (fig. 1). Below detection, an arbitrary
value of 19 pg ml’, was assigned. After stimulation of these cells with 2
dose of 5 ug ml’ of LPS a significant increase in IL-18 release (1040 +
182 pg ml™) was found (P<0.005). When macrophages were obtained
during peritonitis, in & out of 8 patients the macrophages released
detectable amounts of IL-18 (183 + 40 pg ml™?). After stimulaton with
LPS, IL-18 release of these cells increased significantly to values of 657¢
+ 2793 pg ml? (p<0.005). When infected and uninfected patients were
compared {fig.1) no difference in IL-18 release by macrophages was found
in the absence of exogenous LPS. On the other hand, endotoxin stimulated
macrophages displayed significantly higher IL-18 release during peritonitis
as compared to the infection-free peried (p<0.003).
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Fig. 1 Left panel: Comparison of IL-18 release in viwro by pertoneal
macrophages of CAPD patients either obtained during an infection-free
pericd (O @) or during infectious peritonitis (0 88). A line connects the
data obtained, presented on a loganithmic scale, for each individual in the
absence (O [0) or presence (@ M) of 5 pg of LPS ml! in' culture medium.
Right penel: Comparison of IL-18 release in vimo (means + SEM),
presented on a linear scale, of peritoneal macrophages of CAPD patients
gither in the absence (left) or presence (right) of 5 pg of LPS miI” during
an infection-free period {open bars) and peritonits (hatched bars).
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DISCUSSION

-1 is a pro-inflammatory polypeptide exerting its effects both locally and
systemically. Mononuclear phagocytes are its main source. We studied IL-
1 release of peritoneal macrophages cbtained from effluent dialysate of
CAPD patients and made & comparison between macrophages from an
infection-free period and from peritonitis. Following inflow of fresh
dialysate, white blood cells accumulate in the peritoneal cavity. During an
infection-free period approximately 85% of the leukocytes as collected
from effivent dialysate, are macrophages (1,12). Evidence suggests that
these macrophages are blood-derived monocytes, not yet fully
differentiated into macrophages (12). From smudies on rodents, monocytes
having entered local dssues, either develop to quiescent macrophages, or
undergo actvation following inflammatory stimuli (13). During peritonitis
a rise of white blood cell count in the dialysate is found, composed of
predominantiy neutrophils and further mononuclear phagocytes, whereas
lymphocytes are scant. Similarly, directly after intradermal injeciion of
Ecoli in mice, migration of neutrophils and monocytes from the vessels
occurs simuitaneously (14,15). Both the cells collected during peritonitis
and during an infection-free period were subjected to the same separation
procedure, whereupon equal pure macrophage populations were obtained.
The present study shows, that peritoneal macrophages release increased
amounts of IL-15, the main secretory form of IL-1, when stimulated with
LPS. IL-1 has been demonstrated in macrophages of different origin
(16,17,18). Undl recently IL-1 secreticn was determuined by bioassay
mainly using thymocytes. However, eicosanoids and interleukin-6 (19),
may interfere with these assays. Recentdy, radicimmunoassay of IL-18 has
been published (Z20). In the present study macrophages stimulated with a
high standard dose of LPS released in wvitro higher amounts of 11-18, when
they were obtained during peritonitis. On the other hand, unstimulated
macrophages released the same amounts of IL-18, irrespective of they were
obtained during peritonitis or during an infection-free period. Despite that
the cells obtained during peritonifis may have been exposed during cuiture
to phagocytic stimuli by inwacellular microorganisms (21), additional
stimulation is required to induce a higher telease of IL.-18 as compared to
the infection-free period. These findings are consistent with the concept,
that macrophage activation occurs stepwise (22). Similarly, in order to
obtain full wmoricidal activity, macrcphages need ¢ be primed by
lympholdnes, while actual secretion of lytic substances is triggered by 1.PS
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(23). The concept of stepwise activation of macrophages appears to apply
to the development of many functional responses {13). Chemotactic factors
present in the peritoneal cavity during peritonitis may have recruited a
different subpopulation of mononuclear phagocytes.

Once set in motion, the inflammatory response is regulated especially by
the secretory products of mononuclear phagocytes (15). Previously we
found that peritoneal macrophages of CAPD patients released a decreased
amount of cyclooxygenase products during peritonitis (4). We presumed
that the diminished release of these substances with down regulatery
properties would be associated with an increased release of the pro-
inflammatory polypeptide IL-1 (5). Now that we found an increased
capacity to release IL-1B during peritonitis following an appropriate
stimulus in vitro, further experiments are required to analyse, whether
cyclooxygenase products actually may affect IL-18 secretion of peritoneal
macrophages.

Arend e.a. (24) found, concerning human monocytes, that IL-18 is present
intracellulary 1o a greater or less extent, dependent on culture conditions,
almost entirely in its biologycally inactive 32kDa precursor form. Because
presently [L-18 was determined only in supematants, 1t cannot be decided
whether the LPS Induced enhanced IL-18 secretion during peritonitis can
be atwibuted to an increased synthesis, processing or exclusively to
increased secretion of IL-18.

We did not determine IL-1 secretion in vivo. Nonetheless, an increase of
IL-1 and/or related cytokines in vive does not seem unlikely in view of the
higher serum levels of the acute phase reactant C reactive protein, as found
in CAPD patients during peritonits (25). Furthermore, IL-1 may be.
involved in the pathogenesis of sclerosing peritonitis (26).
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ABSTRACT

In vitro secretion of the prostancids PGE, and PGl and of the cytokine IL-
1B by peritoneal macrophages obtained from CAPD patients during
episodes of peritonitis and infection-free periods, was determined, after
culwring with or without 5 pg/ml of LPS. The release of PGE, and PGL, as
measured by irs stable metabolite 6-keto-PGFo was determined in 10
episodes of peritonids and 10 infecton-free periods. IL-1B release was
determined in 14 episodes of peritonitis and 20 infecton-free periods. PGI,
release from macrophages declined sharply during peritonitis both in the
absence and presence of LPS in the culture medium (p <0.005). A
tendency to decreased PGE, release was found during peritonitis, when
macrophages were cultured in the absence of LPS. In the presence of LPS,
the same amounts of PGE, were released during peritonitis and during an
infecticn-free period. On the other hand, peritoneal macrophages released
significantly more IL-18 during peritonitis as compared to an infection-free
period, provided that the cells were in vitro stimulated with LPS. In view
of the interregulatory effects between prostanoids and macrophage
cytokines in their production, these findings may indicate that the impaired
release of PGI, during peritonitis has allowed the macrophages to secrete
more IL-18 after in vitro stimulation with LPS. This implies that PGI, and
PGE, may play a distinct role in the regulation of cytokine secretion by
these cells.

INTRCDUCTION

Peritoneal macrophages collected from effluent dialysate of patients on
Continuous Ambulatory Peritoneal Dialysis (CAPD) because of end stage
renal fallure produce varicus mediators in viro (1,2). Recently we
reported, that the secretion of the proinflammatory polypeptide interleukin-
18 (1L-18) by peritoneal macrophages is increased during an episode of
infectious peritonitis, provided that these cells were stimulated in vire with
LPS (3). IL-1 is one of the key mediators of the host defence system
during infection. IL-18 is secreted into the environment and gains access 1o
the circulation, thus allowing crchestration of the inflammatory response
(4,5). We found also that the secretion of prostancids and the production of
the second messenger cyclic AP by peritoneal macrophages were decreased
when CAPD was complicated by peritonitis (6). We suggested, that the
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increased secretion of the proinflammatory IL-18 during peritonitis could
be linked to the decreased release of the prostancids PGE, and PGI,
(prostacyclin) (7) which are recognized to suppress macrophage functions
(8), including the secretion of IL-1. In our previous studies on prostanoid
release (6,7), the macrophages were not challenged with LPS, whereas we
applied this stimulus for the study of IL-18 secretion (3). In the present
study we examined the relationship betwsen the secretion of IL-1 and the
prostancids PGE, and PGIL, in the same cultures under the uniform
condition of endotoxin challenge. Peritoneal macrophages were collected
during infection-free pericds and episodes of peritonitis and culmred in
presence of LPS. Several of the supernatant samples were also used for
assessing their contents of both the prostanoids and the cytokine IL-15.

PATIENTS AND METHODS
Fatients

A toral number of 19 patients on CAPD participated in this stady: S
females and 10 males. The primary renal disease was diabetic nephropathy
in 7 patients, hypertensive nephropathy (3 patients), chronic glomerulo-
nephritis (2 patients), and one each case of cholestercl embeli, hemolytic
wremic syndrome, chronic pyelonephritis, focal glomerulosclerosis,
fibromuscular dysplasia and polycystic disease. In one case the primary
renal disease was not characierised. In 14 episcdes of peritonitis the
causative microorganism was identified as a gram positive bacterium (10x),
a gram negative bacterium (4x) and yeast (Ix). (in 1 episode of peritonitis
2 different microorganisms were cultured). (table 1). Macrophages were
coliected from dialysate of CAPD-patdents. Commercially available,
dextrose containing dialysis solutions were used (Dianeal®, Baxter
Laboratories Deerfield, Ilinois, USA). During 14 episodes of peritonitis
observed in 11 patients, cells were harvested from one of the first bags
with cloudy dialysate, prior to the administration of antdbiotics. In 12 out
of the 14 peritonits episodes these were morning bags after overnight
dwell. The diagnosis was confirmed by an elevated dialysate leukocyte
count (>100/mm’) consisting of over 50% polymorphonuclear cells (PMN)
and/or a positive microbial culture (10). During 20 infection-free periods in
16 patients, cells were harvesied from the moming bags. Eight patients
participated in the study both during an infection-free period and an
episode of peritonitis.
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Table 1. Clinical data concerning the study on the secretion of prostanoids
and interleukin-18 by peritoneal macrophages collected from 19
CAPD patientens during 20 infecton-free periods and 14
episodes of peritonits.

infection-free episodes of peritonitis
periods
patient no  PG's I-18 Cansative microorganism PG’s IL-1B
1 ) + Cand:da atbicans + +
e -
2 - + Staphylococcus epidermidis - +
Streptococcus viridans + +
3 + - Staphylococcus epidermidis - +
+ + Acinetebacter + +
4 + + Staphylococcus epidermidis + +
5 + + Acinetobacter - +
+ +
6 - + Staphylococcus epidermidis + +
Streptococcus viridans + +
7 - -+ Enterococcus - +
8 - + Staphylococcus epidermidis -+ +
and enterobacter
9 Suweptococcus viridans + +
10 Staphylococcus aureus + +
11 Pseudomonas + +
12 + +
13 - +
14 - +
- +
15 - +
16 + +
17 - +
18 -+ +
19 -+ L

PG’s = prostanoids
IL-18 = interleukin-18

)* PG’s IL-18 determined
¥ PG’s not determined

63



Prostancids and I1-18 were determined from the same macrophage cultures
coliecied during 10 infection-free periods and 10 episodes of peritonids.
(table 1).

No patient was swudied within 2 months of a peritonitis episode neither
within 2 months after starting CAPD. After drainage of the dialysate the
bags were kept at 4°C, whereupon the cells were harvested within 24
hours. None of the patients have taken cyclooxygenase inhibitors prior to
the collection of dialysate.

Cell preparation

The peritoneal cells were harvested, isolated and subsequently cultured
using methods described elsewhere (3). Briefly, after harvesting the cells
from effluent dialysate, the macrophages were isolated by centrifugation
through a Percoll® solution. Subsequently, the cells were resuspended in
RPMI 1640 supplemented with 10% fetal calf serum. According to
differential counting of the cell smears stained with Hemacolor® rapid
blcod smear staining and non specific esterase, the Percoll separated cell
suspensions were composed of 93 £ 7% macrophages, 5 + 3%
lymphocytes and 2 = 2% PMN’s when obtained during an infecton-free
period, and of 89 + 5% macrophages, 1 + 1% lymphocyies and 10 * 5%
PMN’s when obtained during peritonitis (values expressed as mean * SD).
One ml of 1.0 x 10° cells/ml suspension was placed in 35 mm diameter
tssue culture wells and cultured at 37° C for 24 hours, in the presence of
either 5 pg/ml of LPS or of the medium alone. After the culture period, the
supernatants were stored at -70°C.

Assay for PGE, and PGI,

The macrophage supernatants were applied to Sep Pak silica carwmidges
{(Waters Associates, Etten-Leur, The Netherlands) and eluted with ethanol.
The extracts were evaporated to dryness and dissolved in RIA buffer.
Prostaglandin Standards were obtained from the Sigma Chemical Company
(St. Louis, USA). Tritiated 6-keto-prostaglandin Flo or prostaglandin E2
(both from Amersham, UK) and antibody (both from Advanced Magnetics,
Cambridge, USA) were added. After incubation, charcoal suspension was
added. After 15 minutes at 4°C, the tubes were centrifugated and decanted.
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Counts were measured in a beta-counter (Packard). The method was
described in detail elsewhere (6).

Assay for interleukin-13

IL-1B concenirations in peritoneal macrophage supernatants were
determined using a commercially available enzyme linked
immunoabsorbent assay (ELISA) (Cistron, Biotechnology, Pine Brook, NI,
USA) as described elsewhere (11,3) The assay is sensitive 1o 20 pg/ml. IL.-
1B determinatons were done in paralel duplicate samples from both
infected and uninfected patients.

Staristics

Data were expressed as mean * standard error of the mean. Starstical
significance was determined by Wilcoxon test.

RESULTS
Secretion of prostaglandins

The release of prostacyclin (PGL) and PGE, was determined in the
presence or absence of LPS in peritoneal macrophages collected during 10
infection-free periods and 10 episodes of peritonits. The release of
prostacyclin (PGI,) (as determined by its stable metabolite 6-keto-PGF
1-¢0), by infection-free macrophages was 19,073 £ 3,616 pg/ml and 21,378
* 4,275 pg/ml, in the absence or presence of 5 pg/ml of LPS respectively
(figure 1A). A sharp decline in prostacyclin release from peritoneal
macrophages obtained during an episode of peritonitis, was found both in
the LPS sumulated (3,991 £ 1,194) and unstimulated cells (3,405 + 1,442
pg/ml p < 0.005). Neither infection-free nor peritonitis macrophages
displayed a significant increase in PGl release in response t¢ LPS. PGE,
release of peritoneal macrophages obtained during an infection-free period
was 15,100 + 2,692 pgfml, in the absence of LPS (figure 1B). Following
simulation with LPS, PGE,release of infection-free macrophages
increased significantly to vatues of 27,405 * 4,489 pg/ml (p < 0.0C3).
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Fig.1 Release of PGI, (means + SE), as determined by its stable metabolite
6-keto PGF 1-¢¢ (A), and of PGE, (B), in supemnatanis after 24 hours
culture of peritoneal macrophages of CAPD patients either in the absence
(left) of presence (right) of Spg/ml of LPS, collecied during an infection-
free period {open bars) (n=10} or peritonitis (hatched bars) (n=10C).

During peritonitis, a decrease, albeit not statistically significant, of PGE,-
release was found as compared to an infection-free pericd, when the
macrophages were cultured in the absence of LPS, (9,424 + 2,556 pg/ml).
Similady to the infection-free macrophages, peritonitis macrophages
showed 2 significant increase in PGE,-release in response 1o LPS (27,405
+ 4489 and (31,007 % 4,390 pg/ml respectively, p < 0.005). This
difference in LPS stmulated PGE, release between infection-free and
peritonitis macrophages was not significant.
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IL-18 secretion

The in vime I@i-1B secredon by peritoneal macrophages from CAFPD
patients was determined in the presence or absence of LPS in 20 infecton-
free periods and 14 episodes of peritonitis. In the absence of LPS,
peritoneal macrophages secreted detectable amounts of IL-16 in 18 out of
20 infection-free periods (458 %74 pg/ml). Below detection, a value of 19
pegfml was assigned. In the presence of Spg/mi of LPS, significantly more
IL-1B was released (1365 +£109pg/mi, p < €.005). When macrophages were
collected during peritonits, a detectable release of IL-18 was found in 12
cut of 14 peritonitis episodes. (363 % 122 pg/ml) after culture in the
absence of LPS. Following exogenous stimulation with 5 pg/ml of LPS, in
vitro IL-18 release by peritonitis macrophages was significandy increased
to values of 5935 % 1629 pg/ml, (p < 0.005). Comparison of infecton-free
and peritonits macrophages indicated that, no statstical difference in IL.-15
release is found, in the absence of LPS. However, LPS stimulated
macrophages released significantly more IL-18 during peritonits as
compared 10 an infection-free period (p < 0.005). As shown in table 2, IL-
18 release from macrophages of uninfecied patients was similar, whether
or not a previous episode of peritonitis occured. This applies both for basal
and LPS stimulated IL-18B release.

Figure 2 shows a typical example of mean IL-18 rmelease by peritoneal
macrophages obtained during 3 infecton-free periods and 3 peritonits
episodes, in response to graded doses of LPS. Both in the infection-free
and the peritonitis macrophages, maximum IL-iB release was attained by
stimuladon of LPS at a dose of Spg/ml (5x10°/ml). Peritonits
macrophages showed a definite dose dependant increase within the range
of 5x10°° - 5x10° g/ml of LPS.

Table 2.
IL-18 release from infection-free patients.
previous peritonitis 1o previous peritonitis
(113} =7)
without LPS 477 +132 420 + 109
with LPS 1292 + 218 1501 £ 202

IL-18 release (pg/mi) from peritoneal macrophages collecied dwring an infection-free
period from patients with or without a previcus episode of peritonitis. IL-18 release from
anyone group of patients did not show statistically significant differences.
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Fg. 2 IL-1B release (means + SEM) by peritoneal macrophages collected either
during an infection-free period (n=3) (open bars) or during peritonitis
(n=3) (harched bars) in response to graded concentrations of LPS in the
cuirure medivm.

DISCUSSION

In the present study the relationship of the secretion of anti-inflammatory
(PGE,, PGl and pro-inflammatory (IL-18) mediators by peritoneal
macrophages from CAPD patients, either collected during an infection-free
period or during an episode of peritonitis was determined. In order to
compare the release of prostanoids and I1L-18 under the same condidons, in
the present study prostanoid releass was determined in the same 24 hours
culture samples as used for measuring IL-18 contents.

The present findings show that peritonitis induces profound changes in the
secretion of the mediators in question. Peritonitis macrophages show a
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sharp increase in IL-18 release, provided that these cells are stimulated
with LPS. The basal TL-18 release, which may be affected by possible
contaminations with the ubiquitous LPS, was similar for infection-free and
peritonitis macrophages. These results confirm our previous findings which
show that for IL-18 release a stepwise activation of macrophages is
required (3). Starting from this concept, it appears that during peritonitis
macrophages are primed in the infecdous inflammatory environment to
become fully actvated for IL-18 release after in vitro stmulation
("miggering™) with LPS. On the other hand, the basal release of PGI, and
to a less degree of PGE, is decreased during peritonitis. These results,
cbtained with 24 hours measurement, are consistent with the previous
findings when only a 2 hours period was covered (6,7).

Fierer e.a. studied prostanoid release by murine peritoneal macrophages
after in vivo infecion with Trypanosoma (12). While 6 days afier
infection, both basal and LPS sumulaied PGE, secretion was increased,
progression of the infection induced a decrease in PGE, release, which
could not be enhanced by LPS late in infection. In contast, PGI, release
decreased progressively from the start of infection. Our resulis resemble
the findings obtained 12 days after the Trypanosoma infection, in that the
decrease of the basal PGE, secretion is reversed after stimulation with
IPS. In our swdy, too, decrease of PGI, secretion was far more
pronounced. The differences between the two prostanoids might be
atributed to impaired prostacyclin synthetase activity (12). Failure of LPS
to induce an increased PGL-release, as is found in our study concerning
macrophages from both infected and uninfected patients, agrees with the
findings of Schade, concerning mouse peritoneal macrophages (13), but
contrasts to what is found in other smdies (12, 14). Although equal pure
macrophages populations were obtained after the purification procedure, a
slight number of lymphocytes and PMN’s were present in the cell
preparations from infection-free and peritonitis patients respectively. It is
found however, that lymphocytes are not capable of releasing
prostagiandins, while PMN’s release prostaglanding to a less extent than
macrophages, particularly when incubated for longer tme periods. (14).
Therefore, it seems unlikely that the presence of the slight number of
lymphocytes and PMIN’s in the cell culwres had a significant influence on
the prostancid contents as found in the present study.

Once set in moton, the inflammatory response is regulated especially by
the secretory products of mononuclear phagocytes (15). The increased
capability to secrete IL-15 during peritonitis, as found in the present study,
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gnables the macrophages to amnplify the inflammatory response.

Peritoneal macrophages of uninfected CAPD patients were found to be
derived freshly frome bone marrow (16) and could be characterized as
exudate macrophages, resident cells being very scant (17).

This does not preclude that peritonitis macrophages may be an even more
immatre population of cells, which might have contributed 1o their
increased capacity for IL.-18 release, as found in this study.

I -18 production in cultured human monocytes is found to be regulated at
multiple levels, including transscription and secretion {18). The biologically
active 17 kD form of IL-18 is present extracelinlary. IL-18 may also be
present within the cell, almost entirely in its biologically inactive precursor
form, (18). As we did not determine cell associated IL-1B, it cannot be
decided, whether total IL-18 synthesis and secretion is increased during
peritonitis and/or only the release of IL-18 is increased.

The gquestion remains to be answered, whether the distinct changes with
regard 1o the secretion of prostanoids and IL-1B as found in the present
study, are mersly coincidental or whether they are cdue to a causal
reladonship between the two events. Evidence for a role of PGE, and PGI,
as endogenous regulators of IL-18 production was found concering murine
resident peritoneal macrophages and human monocytes as wel {8,16). With
regard o PGL, it is temptng to speculate that its impaired release during
peritonitis has enabled the macrophages to secrete more IL-15 after
stimulation with LPS. On the other hand, during peritonitis about the same
amounts of PGE, are released by LPS stimulated macrophages as during an
infection-freeperiod. These findings may indicate a distinct role for each
one of the two prostanoids in the regulation of LPS stimulated IL-18
secreton. Evidence that PGE, and PGI, differ in the regulatory functon at
inflammatory sites has been reported earlier. (20).
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SUMMARY

We have reporied previously that human peritoneal macrophages coliected
from patients on Continuous Ambulatory Peritoneal Dialysis (CAPD)
during an episode of peritonitis secrete increased amounts of interleukin-1
(-1}, as compared to those colected during an infecton-free period,
provided the cells were stmulated in viro by LPS. We now report that
such macrophages release also higher amounts of Tumor Necrosis Factor
{INE}, if collected during peritonitis and stimulated subsequently in virre
by LPS. The increase in rtelease of TNF was ascertained by radio-
immunoassays as well as by bioassay of cytostatic effect against the highly
sensitive TNF target-cell line 1929 murine wansformed fibroblasts. The
present reported results, in addition to previously reported data on release
of IL-1, indicate that induction of release of cytokines from human
peritoneal macrophages is a dual stepwise process: first priming in vive in
an inflammatory environment and, secondly stmulation iz virre by LPS.

INTRCDUCTION

Peritoneal macrophages obtained from effluent dialysate of patients on
Continuous Ambulatory Peritoneal Dialysis (CAPD), because of end stage
renal failure, produce wvaricus mediators. We found previously that
peritoneal macrophages of CAPD patients obtained during an episode of
infecticus peritonitis, a major complication of this treamment modality,
show a decrease in the spontanecus iz vime telease of prostanoids, as
compared to an infecton-free pericd. (1,2). On the other hand, the in virre
secretion of the pro-inflammatory cytckine interleukin-18 (IL-18) is
increased during peritonitis, provided that the macrophages are stimulated
with LPS, indicating that activaticn for IL-18 secreticn by macrophages
occurs stepwise. (3). Tumor necrosis Factor ¢ (TNF-¢t), alsc referred as
cachectin, is another pro- inflammatory cytokine. This 17-kD pclypeptide
shares many properties with IL-1. Like IL-18, TNF-o exerts its effects in
autocrine, paracrine and endocrine fashion. Although it is produced by
varions cells, mononuclear phagocyties are its main source. (4,5). It is well
accepted, that TNF plays 2 role in antibacterial resistance and experimental
stadies provide indeed evidence that TNF may enhance resistance (o
infectdon (6). Thus, it is conceivable that, under conditions of infectous
peritonitis caused by microcrganisms contamination (3), TNF release from
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environmental macrophages might be increased. In the present study we
investigated the in virre release of TNF-o0 by peritoneal macrophages of
CAPD padents, with the intention 10 make 2 comparison in this respect
between peritoneal macrophages collected during an episode of infectious
peritonits and those collected during an infection-free period.

For this purpose, the in vitro telease of TNF-¢ by peritoneal macrophages
of CAPD patients, either in presence or absence of LPS, was determined in
12 episodes of peritonitis and 12 infecton-free periods, using an
immunoradiometric assay (IRMA), and in 12 episodes of peritonitis and 21
infection-free periods wusing a Dbicassay. TNF-¢¢ was determined
concomitantly by immunoassay and bioassay in 9 episodes of peritonitis
and 8 infection-free pericds. The specificity of biocassay for TNF-¢ activity
was ascertained by neutralisation tests with anti TNF-antibody.

MATERIALS AND METHODS
Study population

Macrophages were isolated from drained dialysate of CAPD patients using
commercially available dextrose containing dialysis solutions (Dianeal®,
Baxter Laboratories, Deerfield, Tllinois, USA). The peritoneal cells were
narvested from one of the first bags with cloudy dialysate, prior to the
administwration of antibiotics. The diagnosis was confirmed by an elevated
dialysate leukocyte count (>100/mm®) consisting of over 50%
polymorphonuclear cells (PMN’s) and/or a positive microbial culture (7).
A total number of 11 peritonids patients were examined. From 4 out of 11
patients, cells were collected during 2 different episodes of peritonids, thus
bringing the total number of peritonitis episodes examined up to 15. In 9
peritonitis episodes supernatants were assayed for TNF-¢ using both IRMA
and bioassay, in the other § episcdes, either IRMA or bioassay was used.
During 25 infection-free periods in 21 patients, cells were harvested from
the moming bags. (From 4 out of 21 patients two samples were obtained).
IRMA was used for TNF-¢ assay in supernatants from 12 infecton-free
periods and bioassay was used in 21 infection-free supernatants. Both
IRMA and bioassay were used simultancously in supematants from 8
infection-free periods. Nine patients took part in the swudy both during an
infection-free period and peritonitis. No patient was smdied within 2
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months of a peritonitis episode neither within 2 months after starting
CAPD. After draining the dialysate was kept at 4°C umtil the cells were
harvested within 24 hours. Informed consent was obtained from all the
patients.

Macrophage preparation

The cells were collected from the dialysate by cenmifugation (5 min. at
4°C, 700 ¢) and washed twice with Dulbecco’s Modified Eagle’s Medium
(DMEM) (Gibco LTD., Paisly, Scotland). The macrophages were isolated
by centrifugation (30 min at 4°C, 400 g) through a Percoll® solution
(Pharmacia 1LKB Biothechnology, Uppsala, Sweden) with a density of
1.064 g/mi. (8) Subsequently the celis were washed twice in DMEM and
resuspended in RPMI 1640, supplemented with 10% fetal calf serum, 2
mM/L glutamin, 100 wu/ml steptomycin-penicillin (Flow Laboratories,
Irvine, Scotland) and 2g/L. NaHCO, (Merck, Schuchhardt, FRG). The cells
were counted in a Biirker chamber. Viability, as judged by typan blue
exclusion was found to exceed 95%. After centrifuging the cell suspension,
the smears were stained with Hemacolor™ rapid blood smear staining
(Merck, Darmstadt, FRG) and with non specific esterase staining (9).
According to differential counting, the Percoll® separated cell population
was composed of 93 = 7% macrophages, 5 + 5% lymphocytes and 2 £ 2%
PMN’s when obtained during an infection-free period, and of 8% #+ 5%
macrophages, 1 * 1 lymphocytes and 10 + 5% PMN’s when obtained
during peritonitis (values expressed as mean = SD). One ml of 1.0 x 10°
celis/ml suspension was placed in 35 mm diameter dssue culture wells
{Costar, Cambridge, MA, USA) and cultured at 37°C for 24 hours in a
humidified atmosphere containing 7.5% CO,, in absence or presence of 5
ng/ml of LPS (E. coli 0111:B4) (Sigma chemical company, St. Lous, MO,
USA). After the culture period, the supernatants were filter sterilised over a
0.22 pm Millex filter (Millipore SA, Molsheim, France) and stored at -
70°C.

Immunoradiometric assay. (IRMA)

Concentrations of TNF-o¢ in supernatants were determined using a
commercially available two site immunoradiometric assay (JRMA),
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according to manufacturers instructions (Medgenix, Brussels, Belgium).
Briefly, monoclonal antibodies, directed against distinct epitopes of TNF-¢,
are attached to the lower and inner surface of plastic mbes. After
incubating the standards or samples in the coated tubes in the presence of
I'®_Jabelled andbodies to TNF-¢¢ for 20 hours, TNF-¢ is bound to both the
labelled and coated amtbodies. After washing, the radicactvity bound to
the wbe, reflects TNF-¢¢ concentrations. The assay is sensitive 10 15 pg/ml.
In each separate IRMA-iest, samples from both infected and uninfected
patients were determined in duplicate.

Bioassay

TNF-activity in the supernatants was determined by measuring the
cytotoxic/cyiostatic effects of TNF-¢: on the murine fibroblasi-like cell line
L 929 (a gift from Dr. W. Fiers, State University of Ghent, Belgium)
(10,11). 25 1l of a suspension of 40 x 10° L 929 cells/ml and 50 pl of
RPMI 1640 culiure medivm was pipetted in each well of a S6-well flat
bottom microtterplate (NUNC, Roskilde, Denmark). To gquadruplicate
wells, 25 pl of medium {control), human recombinant TNF standard
solution (Roche Research, Ghent, Belgium) or macrophage supematant was
added.

After incubation for 24 hours in humidified atmosphere (7.5% CO,) at 37°
C, 30 pl of 2 10 pCi °H thymidine/m! solution was added (Amersham
Laboratories, Amersham, England). After 18 hours of incubation, L 929
cells were harvested on glassfiber filtermars (Skatron Inc., Sterling, VA,
USA) whereupon *H-thymidine uptake was measured by liquid scintillation
spectroscopy. The percentage of growth inhibition (cytostasis) was
calculated according to the formula.

{control cpm-experimental cpm) x 100 % (12)

control cpm

Te determine the specificity of the assay, 3 supernatants obtained after
incubation of peritoneal macrophages from 3 infected CAPD padents in the
presence of Spg/ml of LPS, were preincubated for 20 hours in tubes coated
with monoclonal antibodies 10 TNF-o (Medgenix).
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To examine, whether JL-1 has an addidve or synergistic cytostatic effect
on L 929 celis, human [L.-1 and TNF-¢¢ were added at various concentra-
tions to L 929 cell suspension. This in view of the fact that incubation of
macrophages with LPS induces also release of IL-1(3).

Statistics

Data were expresses as mean * standard error of the mean. Statistical
significane was determined by Wilcoxon test.

RESULTS

Characterization of patients

The characteristics of patents on CAPD included in the smdy, is given in
table 1.

Table 1. Characteristics of CAPD patients participating in the study.

Patient no. sex age primary renal disease
(years)
i. F 54 diabetic nephropathy
2. F 54 hemolytic uremic syndrome
3. M 76 hypertensive nephropathy
4, M 59 diabetic nephropathy
5. F 32 chronic glomerolonephritis
6. F 21 diabetic nephropathy
7. F 60 chronic pyelonephrizts
8. M 52 focal glomerulosclerosis
9. M 65 unknown
10. F 27 fbromuscular dysplasia
1L F 58 unkmown
12, M 36 focal glomeralosclerosis
13. M 70 hypertensive nephropathy
14. M 34 chronic glomeralonephritis
15. M 71 cholesterol emboli
16. F 40 chronic glomerulonephritis
i7. M 40 diabetic nephropathy
18. M 73 hypertensive nephropathy
18. M 72 hypertensive nephropathy
20. M 65 diabetic nephropathy
2i. F 48 diabetic nephropathy
22. F 48 diabetic nephropathy
23, F 51 polycystic disease
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A total number of 23 patents were included consisting of 11 females and
12 males. The primary renal disease was diagnozed as diabetic
nephropathy, hemolytic uremic syndrome, hypertensive nephropathy,
chronic glomerulomephritis, chronic pyelonephritis, focal
glomerulosclerosis, fibromuscular displasia, cholesterol emboli and
polycystic disease. In 11 CAPD patients with peritonitis, dialysate WBC
were counted and the causative microorganism was determined (table 2).

Table 2. Dialysate leukocyte counts and assays used for determination of
TNF-t¢ contenis in supernatants obtained during 15 episodes of
peritonitis in 11 CAPD patients.

patient no. WBCH causative TNF-¢. TNF-o
(10%L) microorganisms (IRMA) (1.929)
2. 1163 candida albicans + +
5310 staph. aureus + B
3. 2220 strept. viridans + +
3600 staph. epidermidis - +
4. 160 acinetobacier + +
1795 staph. epidermidis - +
5. 2416 staph. epidermidis + +
6. 2092 acinetobacter + +
9. 9576 staph. epidermidis + +
enterococ
14. 1418 staph. aureus + -
296 strept. viridans - +
17. 1140 pseudomonas + +
18. 2592 enterococcus + +
22, 3040 strept. viridans + +
23. 134 staph. aureus + -

1). dialysate white bloed cell count.
2). solely IRMA carmried out.
3). solely bicassay carried out.

TNF-o0 determinatons by IRMA and/or bioassay method were performed
with supernatants collected from 15 episcdes of peritonitis. In 9 out of 12
cases, the TNF-¢¢ determinations were done in parailel by both methods.
WBC counts and TNF determinations were also done with cells collected
from 21 CAPD patients during 25 infecton-free periods (table 3). The
TNF-¢ determination by IRMA were done in 12 cases and by bioassay in
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21 cases. In 8 infection-free periods, TNF determinations by both IRMA
and bioassay were performed concomitantly.

Table 3. Dialysate lenkocyte counts and assays used for determination of
TNF-o contents in supernatants obtained during 23 infection-free
periods in 21 CAPD patients.

patient no. WBCH TNF-o TNF o
(105L) (IRMA) £.925)
1. 9 + B
10 - +
2. 10 + +
4 - +
3. 2 . -
1 - +
4, 20 + +
i3 + +
5. 22 + -
€. 17 + +
7. 6 -+ +
8. 7 + +
9. 3 + +
10. 3 + +
11 2 + -
12. 2 - +
13, 4 - +
14. 5 - +
15. 8 - +
16. 4 - +
17. 32 - +
18. 1 - +
1%, 2 - +
20. 28 - +
21. & - +

1). dialysate white blood cell count.
2). solely IRMA carsied out.
3). solely bicassay carried oot

Radioimmunroassay
In the absence of LPS, peritoneal macrophages secreted detectable arnounts

of TNF-¢ in 10 out of 12 infection-free periods (mean 1,070 * 277 pg/mi).
Below detection a value of 15 pg/ml was assigned. In the presence of 5
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pg/mi of LPS, significantly more TNF-r was reieased (mean 2,601 £ 377
pg/ml, p< 0.005).

When macrophages were collected during peritonitis, a detectable release
of TNF-¢¢ was found in all 12 peritonitis episodes (mean 1,031 % 277
pg/ml), in the absence of LPS in the culture medium. With 5pg/ml of LPS,
in virro release of TNF-¢ from macrophages collected during peritonitis
was significantly increased to values of 9,360 £ 4,256 pg/ml (p < 0.005).
When infection-free and peritonitis-macrophages are compared, no
difference in TNEF-¢¢ release is found, in the absence of exogenous LPS.
However, LPS sdmulated macrophages displayed significantly higher TNF-
o release during peritonits in comparison with the infection-free period (p
< 0.05). Individval determinations are presented in fig. 1A and mean
values are brought in fig 1B.

TNF-tr TNE & D prertomitiy
palnl P
10.000 "

I
oo T

ALOME B il
Figure 1. Release of TNF-¢ in vitro, as determined by immunoradiometric assay,
by peritoneal macrophages of CAPD patients.
A. a line connects the data obtained for each individual observation in
the absence (@) or presence (O) of 5 pg of LPS/ml during an infection-
free period (lefty and an episode of peritonitis {right). * pg/ml.
B. Comparison of TNF-¢ release in vito {means + SEM) either in the
absence (Ieft) or presence (right} of 5 pg of LPS/m! during an infection-
free period (open bars) and peritonitis (hatched bars).
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Figure 2 shows mean TNF-¢ release by periteneal macrophages during 3
infection-free periods and 3 episodes of peritonitis, in response to graded
doses of LPS. Both in the infection-free and the peritonitis macrophages,
maximum TNF-¢ release was attained by stimulation of LPS at a dose of 5
pg/ml (5x10°g/ml). Peritonitis macrophages showed a definite LPS dose
dependent increase within the range of 5x10° t0 5 x 10® g/ml.
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Fig.2 Release of TNF-a in vio (means = SEM), as delerminded by
immunoradiometric assay, by peritoneal macrophages of CAPD patients,
in response to graded concentrations of LPS in culture medium. The
cells were collected either during an infection-free period (n=3) {(open
bars) or during peritonitis (n=3) (hatched bars).

Bioassay

The secreticn of bicactive TNF-¢t, as determined by its cyiotoxic/cytostatic
effects on the fibroblast-like cell line L 929, is shown in figure 3. For
infection-free peritoneal macrophages, percentage inhibition of *H
thymidine uptake, a measure for cytostasis, increased from 4.33% = 5.14,
when the macrophages were cultured in the absence of LPS, to 15.76%
6.52 when these celis were incubated with LPS (p < 0.0681).

82



80j~

60

Q-

20

3 INHIBITION *H-THYMIDINE UPTAKE

MEDIUM
ALONE

Fig. 3 Release of bicactive TNF-¢ in vitro, as determined by % inhibition of
*H-thymidine upteke by L 929 target cells (means = SEM), by
peritoneal macrophages of CAPD patients. The cells were collected
during an infecton-free period (open bars) or during peritonitis (harched
bars) and culmred in medium alone (Jeft) or in the presence of Spg
LPS/ml.

For peritonitis macrophages, percentage inhibition increased significantly
from 12.92 * 4.09, in the absence of LPS to 61.92% + 7.72 when culured
in the presence of LPS (p < 0.005). When infection-free and peritonitis
macrophages are compared a significant higher TNF-¢¢ activity in the
supernatants was found when the peritonsal macrophages, obtained during
peritonitis, were incubated in the presence of LPS (p < 0.005). In the
absence of LPS, the difference between infection-free and peritonits
macrophages did not reach statistical significance (p < 0.0643). Figure 4
shows TNF-¢ activity in supernatants when peritoneal macrophages were
obtained duming 4 infection-free periods and 4 episodes of peritonitis in
response to graded doses of LPS. Both with regard to the infection-free
and peritonitis macrophages, maximum TNF-¢ activity was attained, when
the cells were stimulated by LPS, at a dose of 5 pg/ml.
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Fig. 4  Release of bicactive TNF-o in vigo, as deiermined by % inhibition of
*H-thymidine uptake by L 929 target celis (means = SEM) by peritoneal
macrophages in response to graded concentrations of LPS in culmure
medium. The cells were collected either during an infection-free period
{r=4) (open bars) or during peritonitis (n=4) Chatched bars).

Peritonitis macrophages displayed, also by this method, a definite LPS
dose dependant increase. Within the range of 5x10° - 5x10° g/mil,
preincubation of three supematants in and-TNF-@ coated tubes, resulied in
a sharp drop of the growth inhibition from 68.0 % + 8.7 to 15.3 % + 6.8
(mean # SEM), indicating that cytostatic activity was mediated by TNF-o.
In view of the fact that most likely macrophages secrete alsg IL-1 in
addition to TNF-¢, the effect of adding II.-1 to known amounts of TNF-&
was determined. Table 4 shows that additon of IL-1 did not augment
TNF-¢ induced cytostasis.
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Table 4. Effect of IL-1 addition on % growth inhibition of L 929 target

cells by TNF. -

compound added % Inhibition,
None *
TNF 1U/m! 24
TNF 10U/ml 65
TNF 1U/ml + -1 10U/m 23
TNF 10U/ml + IL-1 10U/m} &7
TNF 10U/ml + IL-1 100U/Mmt 70
-1 10U/ml 19
-1 100U/ml -4

* mean cpm: 22,751 £ 2,496 (mean & 8D) in conwrol.
1. specific activity: 7 x 107 U/mg human recombinant TNF-c..
2, specific activity: 1 x 10° U/mg human recombinant I-1ce.

DISCUSSION

The aim of the present smdy was to determine t0 what extent an
inflammatory environment affects the in vimo release of TNF-or by
peritoneal macrophages obtained from CAPD patients. The present findings
show that secredon of immunoreactive TNF-¢¢ is increased upon
stimulation with LPS both during an infection-free period and during an
episode of peritonitis. When TNF-o release by infecton-free and
peritonitis macrophages are compared, LPS sdimulated peritoneal
macrophages obtained during peritonits released considerably higher
amounts of TNF-¢. in comparison with infection-free macrophages.
However, the same amounts of TNF-0 were rteleased whether the
macrophages were obtained during peritonitis or during an infection-free
periocd. Obviously, peritonits macrophages show an increase in TNF-¢
release provided that these cells are additicnally stmulated with LPS.
These findings are similar to those obtained on IL-1B determinations, as
recently reported by ouwr group. (3). This indicates that peritoneal
macrophages of CAPD patients, which are blood monocyte derived cells
(13), are also stepwise actvated for TNF-release. Starting from this
concept, it appears that during peritonitis macrophages are primed in the
infectious inflammatory environment 1o become fully activated for TNF-o
release after "miggering” with LPS.
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In addition to the determination of TNF-¢¢ by radicimmunoassay, we deter-
mined also TNF activity against the selectively sensitve cell line L 920. In
this context it should be noted that macrophages in additon to TNF, might
release another cytostatic factor, especially when stimulated with LPS {14).
Increase in release of IL-1 by macrophages from peritonitis episodes
should also be considersd. Our tests showing neutralisadon of 1 929
cytostasis by anti TNF antibody prove however, that indeed cytostasis is
due to presence of TNF in the supernatants. Qur findings and those
reporied by others (15) demonstrate that IL-1 does not induce cyiostasis or
cytotoxicity on L 929 cell line nor synergizes with human recombinant
TNF-¢ in these bicassays. Therefore, it is unlikely that presence of IL-1 in
the supernatants has affected TNF induced cytostasis. The findings
obtained are in line with those obtained for immunoreactive TINF-¢t. This
applies especially to the difference in TNF-¢¢ contents between the
supernatants from infecied and those from uninfected patients, when the
macrophages were stmulated with LPS. This means, that peritonitis
macrophages have an increased capability to secrete bicactive TNF-cu. In
studies on bioactive TNF-o. secretion by human monocytes, it was shown
that > 95% of total (supematant + cell lysate) TNF activity after
stimuladon with LPS, was found in the supernatant of fresh and cultured
cells. (16) In contrast, about 60% of total IL-1 activity of fresh monocytes,
but only 10% of total IL-1 activity of cultured cells was secreted. Hazuda
e.a. found, concerning human blood monocytes, that TNF-¢, in conmast to
1L-1, was found exclusively outside the cells. (17). In our previous study
on IL-1, it could not be decided, whether the increased IL-18 secretion by
peritoneal macrophages, as found during peritonitis after stimulation with
LPS, could be atributed to increased synthesis or exclusively to increased
secreton of IL-18 produced (5). Although in the present study oo, TNF-¢
was determined only in supernatants, it seems plansible, in the light of the
studies aforementioned, that the increased release of TINF-a as found
during peritonitis after simulaton with LPS, resulis from an increased
svnthesis of TNF-CL.

This corrobates the concept, that during peritonitis macrophages are primed
for enhanced TNF-o synthesis, which, at the molecular level, may be based
on increased transseription.

The present study shows, that during peritonitis, in addition to the
migration of large numbers of mononuclear phagocytes t© the peritoneal
cavity, the capability to release the proinflammatory cyioking TNF-¢¢ is
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increased on a per cell basis. This may contribute to enhanced antibacterial
resistance. (6).
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Marien W.J.A. Fieren' |, G.J.CM. van den Bemd!, Shlomo Ben-Efraim®
and Ivan L. Bonta*

1. Depertment of Internal Medicine I, University Hospital "Dijkzigt”, Erasmus University,
Ronerdam and

2. Depertment of Pharmacology, Faculty of Medicine, Erasmus Uriversity, Rogerdam,
The Netherdands.

Immunclogy Letters, {1691), 31, 85-9C.

89



SUMMARY

We reported previously that macrophages obtained from renal patents on
Continuous Ambulatory Peritoneal Dialysis (CAPD) during an episode of
infectious peritonitis, display a decrease in intracellular cAMP levels and
in spontaneous in vitro release of PGE, and PGI, . Such macrophages
release also large quantities of IL-18 and TNF-o when stimulated iz vitro
by LPS. In view of the imerregulatory effects berween PGE, and
macrophage cytokines (IL-18 and TNF¢) in their production, we examined
in the present work to what extent the LPS-induced release of either IL-18
or TNFo in vitro from CAPD-originated peritoneal macrophages, is
affected by graded doses of exogenous PGE, (range 0-1000 ng/ml) or by
the cyclooxygenase inhibitor indemethacin (INDQ) (10° M). IL-13 and
TNFo were determined using an enzyme linked immuncabsorbent assay
and an immunoradiometric assay, respectively. We found that PGE,
induced invariably a dose dependent decrease of TNFq release: In
peritoneal macrophages collected during an infection-free period, TNFo
release decreased from 3225 pg/ml (controls) tor 353 pg/ml at 1000 ng/ml
pf PGE, and in peritcneal macrophages collected during an episode of
infectious peritonitis from 4100 pg/ml (controls) w0 545 pg/ml at 1000
ng/mi of PGE,. However, PGE, failed to influence the secretion of IL-13.
INDG induced an approx. two fold increase in TNFo release, but had no
effect on IL-1B release. These findings indicate, that exogencus and
endogenous PGE, conwols TNFo rather than I-18 release from LPS
stimulated peritoneal macrophages.

Key words: Tumor Necrosis Factor ¢; Interleukin-18; Prostaglandin E,;
1PS, bacterial lipopolysaccharide; Indomethacin; Macro-
phages, peritoneal human.

Introduction

In previous studies we examined the intracellular levels of the second
messenger cyclic AMP(cAMP), the in vitro release of the prostanoids
PGE, and PGI, (1,2,3) and of the cytokines interievkin-18 (IL-18) (4} and
mmor necrosis factor (TNFo) (5) from human peritoneal macrophages
obtained from renal patients on Contnuous Ambulatory Peritoneal Dialysis
(CAPD). Macrophages obtained during an episode of infectious peritonitis
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displayed a decrease in the intracellular cAMP lIevels and in the
spontaneous in virro release of PGE, and PGI,, as compared to
macrophages collected during an infecton-free period (1,3). In contrast, the
in vitro release of IL-18 (4) and of TNFa (3) from macrophages collected
during peritonitis was markedly increased following stimulation by LPS.
We postulated that these distinct changes with regard to the secredon of
cytokines and prostanoids may be imtemrelated. Evidence for a role of
prostaglandins as endogenous regulators of IL-1 producton by murine
resident peritoneal macrophages and human monocytes (6,7) has been
reported. PGE, was also found to have a suppressive effect on the
production of TNFo by mouse (8) or rat (9) peritoneal macrophages.
Although TNFo and IL-1 share a2 wide spectrum of biclogical activities
(10), some dissimilarities in their regulatdon of production have been
reported: a) dissimilarity in kinetics ¢f production by human peripheral
blood mononuclear cells (11); b) differential production by human
monocytes pretreated with IFN-y before LPS stmulation (12); c)
difference in regulation of production by human alveolar macrophages (13)
and by murine peritoneal macrophages (14), stimulated with LPS; and d)
distinct patterns of IL-1 and TNFo production by cells prewreated with
phorbol-1-myristate acetate before stimulaton with LPS (15). In the
present study we almed to examine the role of prostaglanding in the
regulation of IL-18 and TNFo release from human peritoneal macrophages.
Human peritoneal macrophages collected from both infected and uninfected
renal patients on Continuous Ambulatory Peritoneal Dialysis, were cultored
in the presence of graded doses of exogenous PGE, or a standard dose of
the cyclooxygenase inhibitor indomethacin (INDQO).

MATERIALS AND METHODS
Clinical data

A total number of 19 patients (@ men and 10 women) participated in this
study. The patients were weated for at least 2 months with Continuous
Ambulatory Peritoneal Dialysis (CAPD) because of end stage renal failure
(16). Commercially available peritoneal dialysis solutions consisting of 132
mmoel/l Na*, 1.75 mmo}/l Ca * |, 0.75 mmoll. Mg %, 102 mmol/ CT, 35
mmol/l lactate and 1.36%, 2.27% or 3.86% anhydrous dextrose (Dianeal ¥,
Baxter Laboratonies Deerfield, IL, USA) were changed four tmes a day.
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Macropbages were isolated from effluent dialysate during an episode of
infectous peritonitis or during an infection-free interval. From 13 patients
who developed 20 episocdes of peritonits, cells were harvested from one of
the first bags in which opalescence, due to increased leukocyte numbers,
appeared, i.e. prior to the intraperitoneal administration of antdbiotics. The
diagnosis was confirmed by an elevated leukocyte count (>100/mm?) in the
effluent dialysate with over 30% polymorphonuclear cells (PMN's) at
differential counting and/or a positive microbial culture (16). The causative
microorganisms in 20 episodes of peritonitis that developed in 13 patients
were identified as Staphylococcus epidermidis (Tx), Siaphylococcus aureus
(3x), Streprococcus viridans (3x) Acinetobacter (2x), Pseudomonas (2x),
Enterococcus and Candida albicans. In one episode of peritomitis no
microorganisms could be identified. Patients with 2 relapsed peritonitis, i.e.
recurrence of peritonitis within 3 weeks, and patents with peritoneal
eosinophilia were excluded from the study. All these 13 patents were
examined during an episode of peritonitis and eight out of the 13 were also
examined during an infection-free period. The cother six patents were
examined during an prolonged infection-free period. In total, 20 samples
were examined from 13 patients with peritonitis and 20 samples from 14
patients during an infection-free period. No patient was studied within 2
months after starting CAPD.

Collection and culture of macrophages

After drainage of the peritoneal dialysate, the bags were kept at 4°C where
upon the cells were harvested within 24 hours. The cells were collected
from the dialysate by centrifugation (§ min. at 4°C, 700 g), washed twice
with DMEM (Gibco LTD., Paisly, Scotland) and separated through a
Percol® solution (Pharmacia LKB Biotechnology, Uppsala, Sweden) with a
density of 1.064 g/mi (17). Subsequenty the cells were washed twice in
DMEM, resuspended in RPMI 1640, supplemented with 10% fetal calf
serum, 2ZmM/L  glatamin, 100 U/ml sweptomycin-penicillin  (Flow
Laboratories, Irvine, Scodand), 2g/l. NaHCOC, (Merck, Schuchhardt, FRG),
and counted in a Biirker chamber. Viability, as judged by wypan blue
exclusion was found to exceed 95%. After centrifuging the cell suspension,
the smears were stained with Hemacolor™ rapid blocod smear staining
(Merck, Dammstadt, FRG) and with non-specific esterase staining (18).
According to differential counting, the Percoll® separated cell population
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was composed of 93 £ 7% macrophages , 5 £ 5% lymphocytes and 2 +
2% PMN’s when obrained during an infection-free period, and of 89 % 5%
macrophages, 1 + 1 lymphocytes and 10 * 5% PMN’s when obtained
during peritonitis (values expressed as mean + SD). One ml of 1.0 x 10°
cells/ml suspension was placed in 35 mm diameter tissue culture wells
(Costar, Cambridge, MA, USA) and cultured at 37°C for 24 hours in a
humidified atmosphere containing 7.5% CQO,, with Spg/ml of LPS in the
presence of graded doses of PGE, (0, 10, 100, 1000 ng/ml) (Sigma, St
Louis, MO, USA) or with 10° M INDQ, both in the presence or absence
of Spg/ml of LPS (E. coli 0111: B4 Sigma, St. Louis, MO, USA). We
found that this concenwation of INDQO had no effect on the rate of *H-
thymidine incorperation in the highly TNFx sempsitive strain 1. 929.
Moreover, INDO did not affect the antitumor cytostatic activity of TNFa
againgt the same strain. (results not shown here). INDQ was purchased
from the Pharmacy Department, University Hospital "Dijkzigt”, Rotterdam,
The Netherlands. After the cultre period, the supernatants were remcved,

filter sterilized over 0.22pm Millex filter (Millipore SA, Molsheim, France)
and stored at -70°C.

TNFo assay

Concentrations of TNF-¢. in macrophage supernatants were determined
using a commercially available two-site immunoradiometric assay (IRMA),
according to manufacturers instructions (Medgenix, Brussels, Belgium).
The assay is sensitive t0 15 pg/ml. In each separate IRMA-kit, samples
from both infected and uninfected patients were determined in duplicate.

IL-18 assay

I-18 concentratons of peritoneal macrophage supernatants were
determined using a commercially available enzyme linked immune-
absorbent assay (ELISA) (Ciston Biotechnology, Pine Brook, NI, USA),
as described elsewhere (4). IL-18 concentratiocns were cbtained from a
standard curve. The assay is sensitive to 20 pg/ml. In each separate
ELISA-kdt, samples from both infected and uninfected patients were
determined, in duplicate.
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PGE, assay

For PGE, determinations, the macrophage supermnatants were applied to Sep
Pak silica cartridges (Waters Associates, Etten-Leur, The Netherdands) and
eluted with ethanol. The extracts were evaporated to dryness and dissolved
in RIA buffer. Prostaglandin Standards were obtained from the Sigma
Chemical Company (St. Louis, USA). Prostagiandin E2 (Amersham, UK)
and antbody (Advanced Magnetics, Cambridge, USA) were added. Afier
incubation, charcoal suspension was added. After 15 minutes at 4°C, the
tubes were centrifugated and decanted. Counts were measured in 2 beta-
counter (Packard). The method was described in detail eisewhere (1). Data
were expressed as means + standard error of the means.

Statistical analysis

Statistical significance was determined using the Wilcoxon matched pairs
signed rank test. Two sided P values < 0.05 were considered to be
statistically significant.

RESULTS

Peritoneal macrophages were cultured with Spg/ml of LPS in the presence
of graded doses of PGE,. Supematants from 9 peritonitis episodes and 8
infection- free periods were determined for their TNF¢ concentrations. IL-
18 concentrations were measured in supemnatants from 11 peritonits
episodes and § infecton-free periods. As shown in figure 1, PGE, induced
a sharp decrease in TNFo elease in a clearly dose-dependent manner, that
was found invariably in each individual experiment. This applies to
macrophages from both infected and uninfected patients. Incubation with
the highest doses of PGE, (10600 ng/ml) reduced TNFo release to roughly
10% of the control values. In contrast, PGE, had no appreciable effect on
IL-1B release.
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Fig. 1 Peritoneal cells were obtained from effluent dialysaie of patients on

CAPD, either during an episode of infectious peritonitis (&) or during an
infection-free period (&).
Supernatants from macrophages culmured with Spg/ml of LPS in the
presence of graded doses of PGE, from 9 peritonitis episodes and 8
infection-free periods were tested for their concentrations of TNFo using
IRMA (left). Macrophage Supernatants from 11 peritonitis episodes and 8
infection-free periods were tested for IL-18 contents (right).

In order to examine, whether endogenous prostaglanding have an influence
on TNFo and IL-18 release, peritoneal macrophages were cultured with
10° M of the cyclooxygenase inhibitor indomethacin (INDO), in the absen-
ce or presence of Spg/ml of LPS. As expected, INDC induced a sharp
decline in PGE, release (Table 1). In agreemen: with previous resulis (1),
spontancous PGE, release from peritonins macrophages was markedly
reduced. Macrophage supernatants from 14 episodes of infectious
peritonitis and from 12 infection-free periods were determined for their
TNFq concenmrations.
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Table 1. Effect of indomethacin on release of PGE, from human peritoneal

macrophages.
Macrophage treatment * PGE, (pg/ml).
infection-free Peritonitis
macrophages macrophages
(n=4) (@=5)
None 16715 + 8768° 5352 = 8178
Indomethacin (20°°M) 245+ 208 213 139
LPS (Spg/ml) 38163 + 14402 34329 + 17285
LPS + Indomethacin 191+ 111 214+ 97

® Peritoneal macrophages (1x10%ml) from 4 infection-free episodes and from 5 episodes of
peritonitis were cultured for 24 hours. Concentrations of PGE, were determined in the
macrophages supernatants by RIA.

b pgfmi, mean £ 8D

As shown in figure 2A, culturing peritoneal macrophages from infection-
free patients with INDOQO, induced a significant, approximately two fold
increase in TINFg release, when the cells were simulated with LPS. In the
presence of LPS, peritoneal macrophages from infected patients too,
displayed a significant increase in TNFo release (p < 0.02). (Ag. 2A). IL-
1B release was measured in supernatants from 11 peritonids episodes and
from 10 infection-free periods. In contrast to the findings on TNFg, INDO
had no cffect on release of IL-13 from infection-free and peritonits
macropahges, cultured in the presence or absence of LPS (Fig. 2B),
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Fig. 2 Human periteneal macrophages were collected either during an episode of
infectious peritonitis (hatched bars) or during an infection-free period
(open bars) 1.0 x 10° cells (S0% macrophages) were cultured for 24 hours
with (LFS+) or without (ILPS-) Spg/ml of LPS, cither in the presence
(INDO+) or absence (INDQO-) of 10° M of indomethacin. Supernatants
were tested for their concentrations of TNFe using IRMA and/or of IL-18
using ELISA. Indomethacin induced a statistcally significant increase in
TNFe release from both LPS stimulated and unstimuiated macrophages.
In contrast, indomethacin did not affect IL.-18 release.

DISCUSSION

Prostaglanding are thought to have down-regulatory effects on various
~ functdons of macrophages, including the release of TNF¢ and IL-18, by
elevation of the intracellular cAMP levels via activaton of the adenylate
cyclase complex. (8,19,20). It should be aiso noted that low doses of PGE,
were found to stimulate release of TNFo from rat resident peritoneal
macrophages (9). Owr findings indicate that PGE, affects release of TNFo
and IL-1B in a quite distnct fashion. PGE, induced invariably a sharp,
clearly dose dependent, decline in LPS stimulated TNF¢ release. In
previous studies we found that similar doses of PGE, induced a cAMP mise
(1,2,3), indicating that PGE, may suppress TNFQ melease via the second
messenger CAMP. With regard to murine peritoneal macrophages it was
found by others, that TNFo release and cell associated TNF¢, as
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determined by LS29 fibroblast Iytic bicassay and TNFg mRNA
accumulation were suppressed under the influence of PGE, via a rise in
cAMP levels (8,20,21,22). Qur data on immunoreactive TNF release from
homan peritoneal macrophages are in line with these findings. The INDO-
induced increase in TINFq release, as found in the present smdy, provides
evidence that also endogenous prostaglandins suppress TNFo release. In
sharp contrast, PGE, induced no appreciable change in IL-1B release. It is
conceivable, that PGE, inhibits IL.-18 secretion via a cAMP independent
pathway (23). It was found by others (6,7,24) that prostaglandins inhibit
release of bicactive IL-1 from mononuclear phagocytes, whereas neither
IL-1 mRNA accumulation nor c¢ell associated TL-1 bioactvity was
suppressed (21). This may indicate that solely secreted IL-1 biocactivity is
inhibited by prostaglandins. We determined in the present work the I.-18
component of IL-1. It is known that the biologically active 17 Kda form of
[-18 is found as a secretory preduct outside the cell, whereas the
biclogically inactive 31 Xda precurscr form is found both intra- and
extracellularly (25,26). We cannot exclude the possibility that the ELISA
test used by us, detects also precursor IL-18. Accordingly, we cannot mile
out the possibility that prostaglandins affect the processing from precursor
IL-18 1o manre IL-18. It was also found, that PGE, has no effect on IL-1
synthesis by macrophages, but rather has a direct effect on the proliferation
of thymocytes, (27,28) We found now that INDO has no effect on IL-18
release. Except being taken on the order of magnitude, the effect of PGE,
and INDO on LPS-induced release of I~1B and TNF¢, was similar for
macrophages collected during an inflammation free peried or during
peritonitis.

The release of TNFo and IL-I8 from LPS stimulated macrophages of
CAPD patients was also proven in our previous work (29) by a bioassay
based on determination of cytostatic activity of macrophages supernatants
against the TNFc sensitive strain 1L 929 (3,29) and against the IL-18
sensitive swain, WEHI-3B. The antitumor cytostatic activity was
specifically neutralized by either antibodies against TNFa (3,29) or against
IL-18 respectively (29).

TNFe and 11-18 can exert many of their biological functions after being
secreted by the cells. Our swmdy provides evidence that release of TNFo
rather than IL-18 is controled by PGE,. This distinct regulatory role of
PGE, is in line with findings of others concerning the regulation of
monokine gene expression. (21,22).
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Chapter 9

Summary and general discussion

8.1. Summary

This thesis deals with the role of several mediators released from perito-
neal macrophages of patents which are on Contintous Ambulatory
Peritoneal Dialysis {(CAPD) because of end stage renal failure. In previous
studies we found that peritoneal macrophages collected from CAPD
patients during an episode of peritonits, a2 major complication of CAPD,
have undergone striking changes in the (in vitro) release of cyclooxygenase
products (PGE,, PGL, and TXA,) and in the intacellular levels of the
second messenger cAMP, in comparison with cells obtained during an
infection-free period (3). We poswmlated, that, in view of the fact that PGE,
and PGI, are known to have inhibiting effects on several macrophage
functions via elevation of the second messenger cAMP, the diminished
release of PGE, and PGL, , as found during peritonids, would allow the
macrophages to release an increased amount of the proinflammatory
polypeptide interleukin-1 (IL-1) (11). To test this hypothesis, first the {(in
vitro) release of IL-1 from macrophages of infecied and uninfected
patients, was to be examined. As decribed in chaprer 5, peritoneal
macrophages from infected patients released an increased amount of IL-18
indeed, on the condition that the cells were stimulated {(in vire) with LPS.
Macrophages from infected and vuninfected patients released similar
amounts of IL-1, when they were cultured in the absence of exogenous
1.PS. Since in our previcus studies on the release of prostagiandins, only
the spontaneous release (ie. without exogencus LPS) was determined, the
findings on IL-1 prompted us to investigaie the release of PGE, and PGI,
when the peritoneal macrophages were additionally cultured with LPS. As
described in chaprer 6, stimulating the macrophages with LPS, revealed
some remarkable facts. First, whereas spontancous PGE, and PGI, release
from peritonitis macrophages was decreased, LPS stimulaied release of
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PGE, was similar for peritonitis and infection-free macrophages. On the
other hand, LPS did not induce an increase in PGL, release, neither from
peritonits macrophages nor from infection-free macrophages. In other
words, PGI, release from macrophages of infected patients is decreased in
comparison with the release from those of infection-free patients, whether
or not the macrophages are stimulated with LPS. These findings indicate,
that PGI, and PGE, play different roles in the regulation of macrophage
functions. A distinct role for PGE, and PG, in the regulation of
macrophage functons was also found in granulomatous inflammation (21).
As described in chaprer 7, release of TNFg, another cylokine with
proinflammatory actions, is increased in macrophages from infected
patients, provided that the cells are stimulated with LPS. These findings
are in full agreement with those on IL-1. Finally, in order 1o examine
whether exogenous or endogenous PGE, could influence IL-18 and TNFo
release from peritoneal macrophages, these cells were culured with PGE,
or the cyclooxygenase inhibitor indomethacin. As described in chapter 8,
PGE, induced invariably a dose dependent inhibition of TNFq release,
while incubation with indomethacin induced a two fold increase of TNFe.
In this respect, similar results were obtained for infecton-free and
peritonitis macrophages. These findings provide conclusive evidence, that
PGE, can regulate TNFo release. In contrast, PGE, had hardly any effect
on IL-18 release from macrophages of infected and infection-free patients.
Indomethacin failed to induce an increase in IL-1B release, indicatng that
118 release 1s not regulated by exogenous or endogencus PGE,,.

0.2. General discussion

After this outline of the findings described in the previous chapters, it will
be discussed next, whether a connection between these results may be
establisded and which relevance they may have for the acquisition of
functional competence of peritoneal macrophages during infection.
Peritoneal macrophages isolated from an infectious environment turned out
to release more IL-18 and TNFo, provided they were additionally
stimulated (in vitro) with LPS. This finding implies that the macrophages
have undergene changes in the infectious inflammatory environment ie. in
vivo, which come to light only following stimulation with LPS in vitro
(Bg. 1).
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Fig.1 Hypothetical model for two siep activation for IL-18 and TNFo
secretdon by peritoneal macrophages during peritonits. Peritoneal
macrophages acquire full competence for IL-18 and TNFo sccretion
during peritonitis in two stages. In vivo, Le. in the infectious inflamma-
tory environment, peritoneal macrophages which are monocytes recently
migrated into the periteneal cavity, are "primed” for secretion of IL-18
and TNFa (hrst stage). The increased ability of these primed
macrophages 10 secrete IL-18 and TNF¢ is reveaied solely, when they
are additionally stmulated (in vitro) with LPS (second stage).

This is consistent with the concept put forward by Gordon, that
macropahges acquire functional competence in a series of definite steps
(12). Gordon et al. showed that macrophages harvested from mice after an
intraperitoneal injection of LIPS, released little plasminogen acdvator.
Subsequent phagocytosis of latex or bacteria (in viro) triggered these
"primed"” macrophages to release high levels of plasminogen activator as
long as the phagocytic stimuli persisted. Similarly, in order to obtain full
tumoricidal actvity, macrophages need o be primed by lymphokines,
while acmal secretion of lytic substances is wmiggered by LPS (1,22). We
found, that peritoneal macrophages from infected patients expressed
enhanced antitamor activity (7). The concept of stepwise activation of
macrophages appears to apply to the development of many functional
responses (1). Recently much new imformation has become avallable on the
complex molecular basis of macrophage activaton (2,26). Among the
many substances which are able to induce activation of macrophages,
interferon ¥ (IFN-y) remains the prototypic priming agent for various
functional responses, including for the priming for the synthesis and
release of IL-1 and TNFq. Considering, that lymphocytes are scant during
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peritoniis (chapter 5), IFN-v is not a likely candidate. Rather macrophage
derived products, such as IFN-o, IFN-B (27) and colony stimulating
factors, or conceivably, PMIN derived products might be considered as
priming agents. At the molecuolar level, any substance which is zble to
affect processes prior to secreton, including transcription, wanslation and
processing of the protein, could serve as priming signal. In addition to host
derived products, cell wall components of gram positive bacteria, the
majority of which were the causative microorganisms of peritonids, can
induce (in vitro) IL-1 and TNFo production.

Tissue macrophages were found to have a decreased capacity for IL-1
release, as compared to peripheral blood monocytes (28). Similardy,
monecytes cultured in vitro, were found to have a decreased capacity for
-1 release as compared with freshly isolated monocyies (5,9). Although
the dwell dme of peritopeal dialysate was the same for infected and
infection-free patients, the pessibility should be considered, that during
peritonitis a more immature populaton of mononuclear phagecyies has
migrated intc the peritoneal cavity, which might have contributed to their
increased capacity to release IL-1. On the other hand, TNFo is found to be
released in similar amounts from monocytes and tissue macrophages (9).
Moreover, in contrast to IL-18, TNFo is almost entrely released from the
cell after biosynthesis. Consequently, the increased capacity of peritonitis
macrophages to release TNFo, is likely to be entirely attributable to
increased bicsynthesis.

Role of prostaglandins in IL-18 and TNFQ. release

As described in chapter 8§, TNFo rather than I1-18 release from peritoneal
macrophages is suppressed by PGE,. It is generally accepted however, that
PGE, postranscriptionally inhibits IL-1 release from mononuclear
phagocytes. This is concluded from the observation that PGE, induces
inhibidon of IL-1 bicactivity in macrophage supemnatants without
concomitant decrease in IL-ImRNA accumulation (15,16). In our study,
IL-18 was determined using an immunoassay. We cannot rule out the
possibility that the ELISA as used by us, detecis also precursor IL-18.
Therefore, it is conceivable, that the release of the manwe, bicactve form
of IL-1B is inhibited by PGE,. It was found by others, however, that PGE,
has no effect on IL-1 synthesis by macrophages, but rather has a direct
effect on thymocyte proliferation which was used as a measure for IL-1R
contents (13,20). Moreover, the possibility should be considered, that PGE,
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affects the release of IL-1 inhibitors like the IL-1 receptor antagonist
Anyway, our findings challenge the opinion, that PGE, acts, in general, as
an inhibitor of IL-1 synthesis and release. Our finding, that PGE,
suppresses TNFo release from macrophages agrees with what is found by
others. Moreover, it is reporied, that PGE, affects TNFa production at least
at the level of ranscription (23,24). TNFo and IL-18 have many biological
activiies in commoen. Our finding, that their release from macrophages,
which is a prerequisite for many biological activities is distinctly regulated
by PGE,, is in line with the finding of others concerning selective PGE,
regulation of gene expression of these cytokdnes {23,25).

Now that the regulatory role of PGE, with regard to IL-18 and TNFo
release has been discussed, we revert to the postulate that the decreased
secretion of PGE, by macrophages from peritonitis patients would allow
these cells to release on increased amount of IL-18 and TNF¢, following
stimuladon with LPS. A decrease in the secredon of cyclooxygenase
products was alse found when human peritoneal macrophages were
culured in vitro with Staph. epidermidis (17). Cur findings do not provide
evidence, that PGE, regulates LPS incduced IL-1 release. In contrast, LPS
stimulated TNFo release is inhibited by PGE, so strongly, that the
stimulatory effects of LPS were abolished completely at high doses of
PGE,. We found however that after stimulation with LPS, similar amounts
of PGE, were released from macrophages of infected or infection-free
patdents. This raises the question, whether the decreased spontanecus (ie.
without exogenous LPS) PGE, release from peritonitis macrophages could
have allowed these cells to release an increased amount of TNF¢, as
compared to infection-free macrophages, after stimuladon with LPS. In
light of the inhibitory effects of PGE, on the transcription of TNFo
encoding gene, it is tempting to speculate thar the decreased spontanecus
release allows the peritonitis macrophages a start in the transcription rate,
which is retained for any given endogenous or exogenous PGE,
concentration after simuladon with LPS. On the other hand, it is the
impaired rtelease of PGI, that could have enabled the peritonits
macrophages to release more TNFa following stimulation with LPS, seeing
that LPS stimulated macrophages from infected patients show also
impaired PGL, release (fig. 2).
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Hypothetical model of the influence of peritonids induced changes m -
prostanoid release on the release of TNF¢ from peritoneal macrophages. a)
Peritoneal macrophages in an infection-free enviroament, b) Peritomeal
macrophages stimulated in vitro with LPS after isciation from an infection-
free environment. ¢) Peritoneal macrophages in an infectious environment
{peritonitis), d) Peritoneal macrophages stumylated in vitrg with LPS after
isolation from an infectious enviromment. During peritonifis, TNFo gene
ranscripdon 15 stimulated by bacteria (mainly gram positive) {see ¢). The
decrease in the release of PGE, and PGI, during peritonitis (¢) as compared
i0 an infection-free period (z), diminishes the suppressive effecis of these
prostanoids on TNFo gepe transcription thereby further promoting TNFo
gens twanscription. These suppressive effects on PGE, and PGI, are
mediated via intracellular cAMP elevaticn. When peritoneal macrophages
are stimulated with LPS after isolation from the infectigus environment
(see d), both TNF¢ gene transcription and translation are stmelated. PG,
release from these macrophages (d) is decreased in comparison with PGL,
release from LPS stimulated macrophages isolated from an infection-free
environment (b). This may account for the fact that LPS stmulared TNFe
release from peritonitis macrophages is inCreased in comparison with
TNFq release from infection-free macrophages (b). The inhibitory effects
of endogencusly produced PGE, and PGI, on TNF« synthesis is further
demonstrated by the finding that mdomethacin further enhances LPS-
stimulated TNFg release. (see chapter 8). Conceivably, also the putative
increase in TNFo gene transcription of peritonitis macrophages in vive (see
¢) may have conimibuted to increased TNFo synthesis by peritonitis
macrophages after in viro stimulation with LPS.



Macrophages are usually studied in chronic inflammatory processes, where
moenonuclear cells are the predominant cell type. Our studies may
contribute to a deeper insight in the inmteractions of mediators with
macrophages in acute, infectious inflammatory reactions. It should be
mentioned however, that a2 sharp demarcation line between acute and
chronic inflammadons cannot be drawn always  (8,29). Cyrokines
contribute to the process of eliminating microbial invaders. On the other
hand, their action may be harmful, which is evident from the septic shock
syndrome (19) and in arthritis (14), where thess cytokines contribute 10
cartilage erosicn and bone resorption. With regard to CAPD, better
understanding of the release of cytokines, may be of relevance to the
development of weatment modalities that either promote resistance against
peritonitis of prevent complications such as sclerosing peritonitis.

9.3. Proposals for future research

The results as described in this thesis, strengthen our view that comparing
peritoneal macrophages from infected CAPD patients with those from
infection-free padents, provides an unique opportunity for investigating
infectious-inflammatory processes in humans.

Furthermore, by comparing the release of and response tc mediators
synthesized by blocd monocytes, peritoneal macrophages and macrephages
isolated during an episode of peritonitis, we could gain a valuable insight
into the biochemical and pharmacological aspects of differentiation and
activation of macrophages.

1. Comparison of infection-free and peritonitis macrophages

a) A crucial guestion, directly following from our studies, is what are the
(molecular) mechanisms behind "priming” of macrophages during an
episode of infectious peritonitis. Does the increased capacity to secrete IL-
18 and TNF¢ during peritonitis reflect increased synthesis of either of
these cywokdnes, or is solely the secretion increased in comparison with
infection-free macrophages? If the synthesis is increased, it is relevant to
know at what level this increased synthesis is regulated. Finding increased
IL-15 or TNFo mRNA levels in peritonitis macrophages, that are not
stimulated with LPS, would indicate regulation at the level of ranscription
rate {or stability of mRNA).
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Moreover stimulating macrophages from infection-free patents in vitro
with bacteria or bacterial products, could provide more insight in the
mechanisms of priming (17,18).

b) Recently, a mononuclear phagocyte derived IL-1 imhibitor, was
characterized as a pure IL-1 receptor antagomist. (30) Now that
immunoassays have become available, the role of this native IL-1 inhibitor
in the regulation of IL-1 actions could be further investigated (6). Cur
model may provide a unique tool to study how the secretion of this native
I1-1 inhibitor is regulated in acute inflammatory reactions.

Similarly, our model could be used to study the role of postulated soluble
TNFo receptors as regulators of the acdons of TNFo with regard to
peritoneal macrophages from an infectious and infection-fiee environment
(10).

2. Comparison of peritoneal macrophages and peripheral blood monocyzes
Tissue macrophages, which are thought to originate from peripheral blood
monocytes, have been found to have a decreased capacity io release IL-1
in comparison with their precursors (28). Comparison of peripheral blood
monocytes and peritoneal macrophages with regard to the production of
cytokdnes (e.g. IL-1} and other mediators, could afford an unique
opportunity to study the alierations which monocytes undergo after their
migration to the peritoneal cavity.

After having put forward some suggestions about future research, a more
general question can be posed. Do the findings, as described in this thesis,
offer prospects of therapeutcal applications? In particular, are PGE, and
cyclooxygenase inhibitors, such as indomethacin useful as therspeutical
agents, viewing their potent actions on TNFo release? One would expect,
for example, that PGE, could be beneficial in TNFo-mediated diseases
such as septic shock. In many cases however, PGE, and TNFa act
synergistically on target celis. It is tempting to speculate, that seleciive
inhibition of TNFo secretion could be achieved by wapping PGE, in
liposomes, which have the tendency to be accumulated in macrophages. (4)
By simultanecusly administering cyclooxygenase inhibitors, actions and
synthesis of TNFa could be separately manipulated.
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Chapter 10

Samenvatting en discussie

10.1. Samenvatting

Continue Ambulante Peritoneale Dialyse (CAPD) is een vrij recente vorm
van nierfunctievervangende behandeling, die steeds meer toepassing vindi.
Eén van de belangrijkste complicaties van deze therapie is het optreden
van een acute peritonits (buikviiesontsieking), meestal veroorzaakt cdoor
microben (bacterién, schimmels) die zich vanuit de omgeving toegang tot
de buikholte hebben verschaft. Tijdens een peritonits, is er in de buikhole
gen sterke toename van het aantal leucocyten, vooral van neutroficle
granulocyten, maar ook van macrofagen. Deze kunnen uit het dialysaat
geisoleerd worden, nadat dit na een verbliiffstid van 4-8 uar in de
buikholte, is uitgelopen. Ook wanneer CAPD pati€énten geen peritonitis
hebben, kunnen macrofagen uit het dialysaat geiscleerd worden, zij het in
veel geringere zantallen. In dit proefschrift gaat het om de betckenis, die
diverse door macrofagen geproduceerde mediatoren hebben mb.r de
regulatie, d.w.z. versterking of juist afzwakking, van de acute onstekingsre-
actie, zoals die optreedt bij een infectie van de buikholie. Uit eerdere
onderzoeken was ons gebleken, dai tijdens een episode van peritonits,
geisoleerde macrefagen in vitro gemiddeld veel minder cyclooxygenase
produkien (PGE,, PGI, en TXA,) afgeven dan macrofagen, die geisoleerd
werden bij afwezigheid van infectie (3). Ook het gehalie van cAMP in de
macrofagen was veel lager tijdens peritomitis. Van PGE, en PGI, is het
bekend, dar ze ecen remmende inviced kunnen uitcefenen op diverse
functies van de in het afweerapparaat zo’n centrale rol spelende ontste-
kingscelien als de macrofagen (onstekingsremmende of wel antiinflamma-
toire effecten). Wij postuleerden toen, dat het feit, dat macrofagen tijdens
een acute, door infectde vercorzaakte, ontstekingsreactie een verminderde
hoeveelheid stoffen met een potendeel remmende invioed op macrofagen,
produceren, de macrofagen in staat zou kunnen stellen een grote hoeveel-
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heid interleukine-1 (L-1) te maken, {11) een eiwit, dat na afgifie door de
macrofaag overal in het lichaam vele proinflammatoire (=ontstekingsbevor-
derende) effecten uitoefent. Als deze hypothese juist zou zijn, dan zou, ten
eerste de afgifte van II-1 door macrofagen toegenmomen moeten zijn,
wanneer deze geisoleerd worden tijdens peritonitis. Ten tweede zou
aangetoond moeten worden, dat als macrofagen geincubeerd worden met
exogeen PGE, of PGI,, dan wel met een cyclooxygenase syntheseremmer,
deze respectievelijk een afname dan wel toename in de IL.-1 afgifie zouden
moeten laten zien. In Aoofdsmuk 5 wordt beschreven, dat de peritoneale
macrofagen van paténten met peritonitis inderdaad meer IL-1 produceren,
maar dan alleen indien ze in vimo gestimuleerd worden met LPS. Bjj
incubatie in afwezigheid van LPS blijken macrofagen van patignten met
peritonitis evenveel IL-1 te produceren als die van paténten zonder
infectie. Omdat in onze vroegere onderzocken, de afgifte van cyclooxyge-
nase produkten alleen de spontane afgifte was bepaald, d.w.z. zonder dat
de macrofagen in viwo met LPS waren gestimuleerd, waren de resultaten
over de IL-1 afgifte voor ons aanleiding om de afgifte van PGE, en PGIL,
te bepalen bij metr LPS gestimuleerde macrofagen. Zoals in hoofdstuk 6
staat beschreven, gaf dit onderzoek een aantal opmerkelijke bevindingen te
zien. Terwijl evenals in de vroegere onderzocken, de spontane afgifte van
PGE, en PGI, door tijdens peritonitis gefsoleerde macrofagen verlaagd was,
was de PGE, afgifte van met LPS gestimuleerde macrofagen hetzelfde voor
macrofagen afkomstg van patiénten met en van patiénten zonder
peritonitis. De PGI, afgifte daarentegen, reageerde in het geheel niet op
LPS. Dit gold zowel voor macrefagen van paténten met als voor
macrofagen van pati€nten zonder peritonitis. Anders gezegd, de afgifte van
PGI, deor djdens peritonitis geisoleerde macrofagen is veel lager dan de
afgifte door macrofagen, die afkomstig zijn van patiénten zonder peritoni-
tis, ongeacht of deze al dan niet door LPS gestimuleerd worden. Dit kan
erop wijzen, dat PGE, en PGI, een verschillende regulerende invloed
hebben op macrofagen, zoals reeds eerder was vastgesteld m.b.t een
granulomateuze onstekingsreacte (21). In hoofdsmuk 7 wordt beschreven,
dat de afgifte van TNFq, een ander cytokine, dat veel proinflammatoire
effecten met IL-1 gemeen heeft, eveneens is toegenomen in macrofagen
van peritonitis pati€nten, mits deze gestumuleerd worden met LPS. Dit is
velledig in oversenstemming met de resultaten, die m.b.t. de IL-1 afgifie
werden verkregen. Tenslotte moest onderzocht worden, in hoeverre PGE,
betrckken is bij de regulatie van de afgifte van IL-18 en TNFo. Hiertoe
werden peritoneale macrofagen geincubeerd in aanwezigheid van exogeen
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PGE, of in aanwezigheid van de cyclooxygenaseremmer indomethacine. /n
hoofdstuk 8 wordt beschreven, dat PGE, zonder uitzondering de TNF¢
afgifte op een dosis afhankelifke wijze remt, terwijl incubate met
indomethacing de afgifte deed verdubbelen. Deze resuliaten werden
verkregen zowel bij macrofagen van patiénten met als van pauénten zonder
peritonitis. Hiervit biijkt duidelijk, dat zowel het exogeen toegediende als
het door de macrofaag zelf geproduceerde PGE, betrokken is bij de afgifie
van TNFo. Dazrentegen bleck PGE, nauwelijks enig effect op de IL-I
afgifie van macrofagen te hebben. Evenmin nam de afgifte van IL-1 toe
onder invlced van incubatie met indomethacine.

10.2. Discussie

Na dit overzich:, zal nu besproken werden in hoeverre er een verband
gelegd kan worden mssen de in de vorige hoofdstukken beschreven
resultaten. Ook zal ingegaan worden op de vraag, of de verkrzegen
resultaten relevant zijn voor de wijze waarop macrofagen tijdens een
infectie op hun taak worden voorbereid. Het bleek dus, dat macrofagen, die
geiscleerd werden vanuit een gebied waar een infecde is, meer IL-18 en
TNFEq afgeven, mits ze (in vitro) met LPS werden gestimuleerd {fig. 1).

INFEKTIEUZE
OMGEVING

—_—
IN VIVO

LPS

—

IN VITRO

GEPRIMEDE PERITONEALE Mo
PERITONEALE Me MAXIMAAL
GEACTIVEERD
VOOR AFGIFTE
VAN 1L-13 EN TNFg

Fig. 1 Hypothetisch model, aan de hané waarvan wordt weergegeven hoe perito-
neale macrofagen tjdens peritonitis in twee stappen activate cndergaan
voor de secretic van IL-18 en TNF¢. Peritoneale macrofagen verkiiigen
hun vermogen 1ot maximale secretie van IL-18 en TNFa in twee stadia.
In vivo, waar zich de door infektie veroorzaakic ontstekingsreactic
afspeelt, worden peritoneale macrofagen, die in feite recent naar de
buikholie gemigreerde monocyten zijn, "geprimed” voor de secretie van
1L-13 en TNFe (le stadium). Her toegenomen vermogen van deze "gepri-
mede” macrofagen om I1-18 en TNF« te secemeren, komt alleen aan het
ticht, als ze tevens (in vitro) met LPS gestimuleerd worden (2e stadium).
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Dit houdi in, dat de macrofagen op de plaats van de infecte, dat wil
Zzeggen in vive, veranderingen hebben ondergaan, die pas aan het Iicht
komen als ze (in vitro) met LPS worden gestimuleerd. Deze bevinding past
goed in het concept, dat voor het eerst door Gordon en anderen is ontwik-
keld, nl. dat macrofagen in een aantal stappen op hun functie worden
voorbereid (12). Deze auteurs beschreven, dat peritoneale macrofagen van
muizen, die geiscleerd werden na een intraperitoneale injectic van LPS,
slechts weinig plasminogeenactivator produceerden. Als de macrofagen
evenwel (in viro) aan fagocyterende prikkels werden blooigesteld (latex,
of bacterién), dan gingen deze door LPS “"geprimede" macrofagen grote
hoeveelheden plasminogeenactivator produceren zolang de fagocytose
aanhield. Ock bij het verkrijgen van het vermogen om tumorweefsel te
doden, dienen macrofagen eerst voorbersid ("geprimed”) te worden door
lymfokines, alvorens de afgifie van stoffen, die mmorwesfsel kuanen
doden, door LPS wordt bewerkstelligd (1,22). In dit verband kan opge-
merkt worden, dat wij vonden dat van patiénten met peritonitis afkomstige
macrofagen, een verhoogde anti-tumor activiteit bezitten (7). De opvatiing,
dat macrofagen stapsgewijs worden geactveerd, is van toepassing op
diverse functies van macrofagen (1). De laatste tijd is meer inzicht verkre-
gen in de moleculaire mechanismen, die ten grondslag liggen aan de
activatie van macrofagen (2,26). Van de vele stoffen, die een rol spelen bij
de activade van macrofagen is Imerferon y (IFN-y) bij uitstek bekend
vanwege zijn vermogen "priming” van macrofagen te effectueren, zoals
bijv. de priming voor de synthese van TNFx en IL-1. Gezien het feit, dat
lymphocyten sporadisch worden aangetroffen tijdens een peritonitis (hfdst.
5), komt IFN-y niet in de eerste plaats in aanmerking. Veeleer dienen van
macrofagen afkomstige stoffen, zoals IFN¢t en IFNB (27) en CSF (colony
stimulating factors) of wellicht, door neutrofiele granulocyten geproduceer-
de stoffen als kandidaten beschouwd te worden. Op het moleculaire viak,
kan elke stof, die in staat is om de aan de secretie voorafgaande processen
te beinvloeden, zoals de wanscriptie, translade en de "processing” van een
eiwit, "priming” bewerkstelligen. Daamaast zijn bepazlde bestanddelen van
de wand van grampositeve bacterién, die verantwoordeliik zijn voor het
merendeel van de peritonitisepisoden, in staat (Gn vigo) de produkuc van
TNF¢ en IL-1 te bevorderen.

Er is vastgeswield, dat macrofagen t.o.v. monocyien een verminderde
capaciteit tot de afgifte van IL-1 hebben (28). Hetzelfde geldt voor mono-
cyten, die enige tijd in kweek gehouden zijn. Deze hebben eveneens een
verminderde capaciteit wor IL-1 afgifte towv. pas gefsoleerde monocyien
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(5,9). Hoewel de verblijffsnjd van het dialysaat in de buikholte van pati-
enten met en zonder peritonitis hewelfde is, moet het niet uitgesloten
worden geacht, dat tijdens peritonitis een nog onriipere pepulatie van
monenucleaire fagocyten naar de buikholte is gemigreerd. Dit zou dan
wellicht een biidrage kunnen hebben geleverd aan de door ons waargeno-
men vermeerderde capaciteit voor [L-1 afgifie. Anderzijds wordt TNFa in
vergelijkbare mate door monocyten en macrofagen afgegeven (9). Boven-
dien wordt TNFo in tegenstelling tot IL-1 na de synthese vriiwel geheel
door de cel uitgescheiden. Het ligt daarom voor de hand om de toegeno-
men capaciieit voor de afgifte van TNFao, door tijdens peritonitis geisoleer-
de macrofagen, geheel aan een toegenomen synthese toe te schrijven.

De rol van prostaglandines bif de afgifte van IL-18 en TNFx

In hoofdstk & werd m.b.t. peritoneale macrofagen aangetoond, dat het de
afgifte van TNFa en niet die van IL-18 is, die door PGE, wordt geremd.
In het algemeen wordt echter de opvatting gehuldigd, dat PGE, de afgifie
van IL-1 door monocyten en macrofagen onderdrukt en wel nadat trans-
criptiec van het IL-1 gen heeft plaatsgevonden. Men heefi dit afgeleid van
de waarneming, dat PGE, eer afname van de bicactiviteit van IL-1 veroor-
zaakt, zomder dat dit gepaard gaat met een afpame van IL-1 mRNA
(15,16). In ons onderzoek is IL-18 bepaald met behulp varn een immunoas-
say (ELISA). Het is zeer wel mogelijk dat de door ons gebruikte ELISA,
ock het "voorloper'-molecunl van IL-18, dat geen biclogische activiteit
heeft, herkent. Het is daarom niet uitgesloten dat PGE, de afgifte van
alleen de vorm van IL-1B met biologische activiteir, d.w.z. het "rijpe” IL-
18 remt. Er zijn evenwel ook onderzoekers, die voor de IL-1 bepaling van
een bicassay (thymocyten proliferatie assay) gebruik hebben gemaskt en
daarbii tot de conclusie zijn gekomen, dat PGE, niet de afgifte van IL-1
door de macrofagen remt, maar de thymocyten proliferate, die gebruikt
wordt als maat voor IL-1, direct beinvloedr (1,20). Om de discrepantie
wssen de IL-18 bepaling met behulp van een bioassay en die met behulp
van een immunoassay te verklaren, kan ook de mogelijkheid overwogen
worden, dat PGE, de afgifte van door macrofagen geproduceerde stoffen,
die de biologische activiteit van IL-1 remmen, zoals de recent ondekte TL-
1 receptor antagonist, beinvioedt. Hoe dan ook, op grond van deze resulta-
ten, kan de opvatting, dat PGE, in ket algemeen fungeert als een remmer
van de IL-1 afgifte, ter discussic worden gesteld. Wat TNFa beweft, is
aangetoond, dat PGE, de synthese van dit cytokine door macrofagen remt
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op het nivean van de transcripte (23,24). IL-18 en TNFc: dienen eerst door
de cellen te worden uitgescheiden alvorens zii het merendeel van hun
biologische activiteiten, waarvan zij er vele gemeen hebben, kunnen
uitoefenen. Onze bevinding, dat PGE, de afgifte van elk van beide cytokd-
nes op verschillende mander beinvioedt, slwit aan bij wat anderen hebben
gevonden met bewrekking tot de wijze waarop PGE, de genexpressie van
deze cytokines reguleert (23,25).

Nu de regulatie van de afeifte van IL-18 en TNFo door PGE, is bespro-
ken, komen we nu terug op het eerder geformuleerde postlaat, dat de
verminderde secretie van PGE, door macrofagen van patiénten met perito-
nitis, deze cellen in staar zou kunnen stellen meer IL-1 (en TNFo) uit te
scheiden (na stimulatic met LPS). Ook stimulatie van peritoneale macrofa-
gen, die van CAPD patiénten afkomstg zijn, me: Staph. epidermidis in
vitro, bleek een afname in de secretie van cyclooxygenase produkien te
weeg te brengen {(17). Onze resuitaten pleiten er niet voor, dat PGE, de
door LPS geinduceerde afgifte van IL.-16 reguleert. Daarentegen word: de
door LPS geinduceerde afgifte van TNFo zo sterk door PGE, onderdrukt,
dat de stimulerende effecten van LPS geheel te niet gedaan worden bij
hoge doses PGE,. Echier bleken macrofagen van patiénten met en zonder
peritonitis vergelijkbare hoeveelheden PGE, uit te scheiden, indien ze met
LPS werden gestimuleerd. De vraag mijst dan of de verminderde spontane
(d.w.z. zcnder exogeen LPS) afgifte van PGE, door macrofagen van
peritonitis patiénten een rol zou kunnen spelen bij het feit, dat macrofagen
van peritonitis pati¥nten meer TNF« kunnen afgeven dan die van pati€nten
zonder peritonitis. Gezien de remmende invloeden van PGE, op de trans-
criptie van TNFg, is het verleidelitk om te speculeren, dat de verminderde
spontane afgifte van PGE, de tjdens peritonitis geisoleerde macrofagen
gen voorsprong geeft in de transcriptie snelbeid van het TNFo gen, die zij
houden bij iedere exogene of endogene PGE, concentratie na stimulate
met LPS. Maar ket is ook mogelijk, dat het juist de verminderde afgifte
van PGL, is, die een toename van de TNFo uitscheiding door macrofagen
van peritonitis patiénten, mogelilk maakt, daar immers de tijdens peritonitis
geisoleerde macrofagen een verminderde PGL, afgifte te zien geven, ook na
stmulatie met LPS (fg. 2).
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Fig. 2 In dit hypothetische model wordi weergegeven hoe de tijdens peritonitis
opgeireden veranderingen in de afgifie van prostanciden van inviced kunmen
ziin og de secretie van TNFq door peritoneale macrofagen. a) Peritoneale
macrofagen in een infekrevrije omgeving, b) Peritoneale macrofagen, die in
viro worden gestimuleerd met LPS na zsolaue uit een infektievrije omge-
ving. ¢} Peritonezle macrofagen in een gebied met infekie (peritonitis) d)
Peritoneale macrofagen, die in viro met LPS worden gestimmleerd na isolatie
uit een gebied met “infelaie (peritonitis). Tijdens peritonitis wordt de trans-
criptic van TNFo gestimuleerd door bacterién (vol. gram positieve) (zie ¢).
De in vergelijking met een infektievrije periode (2) verminderde afgifte van
PGE, en PGI, tjdens peritonitis (¢}, doet de remmende werking van deze
prostanciden op de wanscriptie van TNFo afnemen, zodat de transcnpne van
TNFo verder kan toenemen. Dit remmende effect van PGE; ep PGI, wordt
gemedicerd via een stjging van het intraceliulaire cAMP-gehalte. Wanneer
peritonezle macrofagen met LPS worden gestimuleerd, worden zowel de
transcripte als de wranslatie van TNFg gestimuleerd (b,d). Hierbij geven met
LPS gestimuleerde macrofagen minder PGE af wanneer ze afkomstig zijn van
een vebxed met infektie (4). Mogelijk kan dit dienen ter verklaring van het
feit, Gat van patitnten met een peritonitis afkomstige peritoneale macrofacen
meer TNFa afgeven, (d), als ze met LPS worden gestimuleerd dan die van
paténten zonder infekde (b). De remmende werking van endogeen gepro-
duceerd PGE, en PG, op de TNFe synthese blijid immers uit de bevinding
dat indomethacine de door LPS gestimuleerde afgifte van TNFo verder doet
toenemen (zie hfdst 8). Het is evenwel ook mogelijk dat de veronderstelde
wename I de transcriptie van TNFo tijdens peritonitis in vivo {zie ¢) er toe
heeft bijgedragen dat met LPS (in vino) gestimuieerde peritoneale macrofa-
gen meer TNFo synthetiseren, wanneer ze afkomstig zifn uit een gebied met
mfektie (peritonitis) (d).
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Macrofagen worden doorgaans onderzocht in verband met chronische
ontstekingsprocessen, waar ze ook in aantal sterk vertegenwoordigd zijn.
Onderzoek, zoals in die proefschrift beschreven, kan het inzicht verdiepen
in de wisselwerking tussen cytokines en macrofagen in acuie, door infectie
vercorzazkie en Goor neutrofiele granulocyten gedomineerde ontstekingsre-
acties, waarbij dient te worden opgemerks, dat acute en chronische ontste-
king ndet altijd scherp van elkaar te onderscheiden zijn (8.29). Cytokines
als IL-1B en TNFu kunnen een gunstige imviced hebben op de eliminatie
van microorganismen. Maar zij kunnen ook schadelijke effecien hebben,
zoals het geval blykt bij het syndroom van de septische shock (19} en bij
arthritis, waar ze kraakbeen erosie en botresorptie veroorzaken {14). Voor
de CAPD zou een groter inzicht in de wijze waarop deze cyiokines worden
uitgescheiden, van belang kunnen zijn om behandelingsmethoden te
ontwikkelen, die hetzij de weerstand tegen (infecticuze) peritonitis verho-
gen, hetzij complicaties als scleroserende peritonitis kunnen helpen voorko-
men.

10.3. Voorstellen voor toekomsiig onderzoek

De in dit proefschrift beschreven resultaten sterken ons in de mening dat
door peritoneale macrofagen afkomstiz van CAPD patiEnten me! een
peritonitis te vergelijken met die afkomstig van patinten zonder infecte,
een unieke mogelijkheid wordt verkregen om bij de mens acute door
infectie vercorzaakie ontstekingsreacties te onderzoeken. Verder zou oms
inzicht in de biochemische en farmacologische aspecten van differentate
en acuvatie van macrofagen verdiept kunnen worden door monocyten van
het perifere bloed, peritoneale macrofagen en djdens peritonits geisoleerde
macrofagen vergelijkenderwijs te onderzoeken op hun afgifte van en
reactie op mediatoren.

1) Vergelijking van tijdens cen peritonitis en infectievrije periode geiso-
leerde macrofagen

a) een vraag, die direct opkomt, is wat de mechanismen zijn (biiv. op het
molecuniaire viak) van de "priming” van de macrofagen tijdens peritonitis.
Hangt de toegenomen capaciteit om IL-18 en TNFg uit t¢ scheiden samen
me: een toegenomen synthese van IL-1, of is uitsluitend de secretie zelf
toegencmen? Zou er spreke blijken te zijn van een toename in de synthese,
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dan is het van belang te weten, op welk niveau deze toegenomen synthese
wordt geregeld. Als er in niet met LPS gestimuleerde macrofagen van
peritonitis pati€nten een toename van mRNA van [L-18 of TNFx zou
worden gevonden, dan zou dit er op kunnen duiden dat de "priming” berust
Op esn toegenomen transcriptie.

Verder zou in viro onderzock, waarbij macrofagen in vimo worden
geincubeerd met bacteri®n {(of bacterigle produlden), het inzicht in de
mechanismen van "priming” bij infecties kunnen vergroten (17,18).

b) Onlangs werd een zuivere IL-1 receptor antagonist beschreven, die
geproduceerd en uitgescheiden wordt door mononucieaire phagocyten (30).
Nu immunoassays ontwikkeld zijn, zou de rol die deze naturlijke receptor
blokkeerder van IL-1 in de regulatic van de biologische actviteiten van IL-
1 speelt, verder onderzocht kunpen worden (6). Onderzoeken, zoals die
door ons beschreven zijn, bicden een unieke mogelijkheid de regulatie van
de secretie van deze natuurlijke -1 remmer djdens ontsiekingsreacties te
bestuderen. Cok zou de rol van oplosbare TNFo receptoren, waarvan
verondersteld wordt dat deze de werking van TNFo kunnen reguieren
bestudeerd kunnen worden. Tijdens een peritonitis en een infectievrije
periode geisoleerde macrofagen zouden vergeleken kunnen worden op hun
(evenmele) secretie van deze oplosbare TNFo receptoren (10).

2. Vergelijking van peritoneale macrofagen en monocyten.

Er is gebleken, dat macrofagen, die van monocyten afkomstige cellen ziin,
in vergelijking met monocyten een verminderde capaciteit hebben voor de
afgifie van -1 (28). Het vergelifken van monocyten en peritoneale
macrofagen wat betreft de produktie van cytckines en andere mediatoren,
biedt een unieke gelegenheid om de veranderingen die monocyten onder-
gaan nadat ze naar dz buikholte zijn gemigreerd, te bestuderen.

Nz een aantal suggesties te hebben gedaan voor toekomstig cnderzoek, kan
tenslotte nog de volgende vraag worden gesield. Bieden de in dit proef-
schrift beschreven resultaten uitzicht op therapeutische toepassingen? Meer
in het bijzonder, kunnen PGE, en cyclooxygenaseremmers als indomethaci-
ne therapeuntische toepassing vinden gezien hun sterke inviced op de afgifie
van TINFa? Het ligt voor de hand te veronderstellen dat PGE, bij de
behandeling van de septische shock, waar TNFo een grote rol speelt, een
gunstig effect zou kunnen hebben. In veel gevallen versterkt PGE, echter
de werking van TNFa. Het is verleideliilk om te speculeren, dat een

119



selectieve remming van de secretic van TNF¢ zou kunnen worden bereikt,
door PGE, op te sluiten in liposomen, die zich bij voorkeur in macrofagen
ophopen (4). Als dan tegelifkertijd cyclooxygenaseremmers (niet in
liposomen ingesioten) toegediend zouden worden, zouden de afgifte van
TNFa en de werking van TNFe op de cel apart beinvioed kunnen worden.
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Verantwoording en dankwoord

Het in dit proefschrift beschreven onderzoek is tot stand gekomen deor
samenweridng van een Kklinische en pré-klinische afdeling. Dat deze
afdelingen van de Erasmus Universiteit zich onder één dak bevindern, heeft
de samenwerking zeker bevorderd. Velen hebben op één of andere manier
bijgedragen zan de totstandkoming van dit werk. Een aantal van hen dic
een ommisbare bijdrage hebben geleverd, wil ik met name noemen en
bedanken.

Dank zj mijn promotor, Prof. Ivin Bonta, ben ik in aantaking gekomen
met de  fascinerende wereld van de farmacologie van  de
onsstekingsreacties. De door hem gepropageerde maar destijds alierminst
gangbare opvatting, dat prostaglandines een remmende inviced op
cntstekingsreacties kunnen uitoefenen, oefende een haast magische
aantrekkingskracht op mij uit, vooral nadat de resultaten van pati€nten met
een peritonitis bekend werden. In dir verband moet ook de naam van Tiny
Adolfs worden genocemd, die op deskundige wijze het analytische werk
verrichtte. Mijn voorstel om in dit kader de cytokines in het onderzock e
betrekken, is van begin af aan van harte ondersteund. Dat van mij
verwacht werd, zelfstandig het onderzoek op te zetien en de resultaten er
van te interpreteren en op t¢ schrijven, is een grote stimulans voor mij
geweest. De wijze waarop mijn promotor mij coachte en het onderzoek
begeleidde, heb ik even plezierig als inspirerend gevonden.

Het beginnen en verder omiwikkelen van een CAPD programma in
“Dijkzigi" zou nooit hebben kumnen plaatsvinden zonder de =zeer
enthousiaste medewerking van de verpleegkundigen van afdeling 3 Noord,
de afdeling waar de nefrologische paténten worden opgenomen. Al vroeg
heeft de toenmalige hoofdverpleegkundige, 2r. AM. Gantevoort ingezien,
dat dz CAPD een veelbelovende vomm van dialyse is. Dit enthousiasme is
nooit geweken, ook niet in de tijd, dat de aanblik van een "woebele zak"
bij velen twijfels over de waarde van de CAPD opriep. De beste
verpleegkundigen werden gerecruteerd temn behoeve van de CAPD:
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Jacomien Landa-Corré, de eerste en lange tjd enige CAPD
verpleegkundige, die met veel enthousiasme en vindingrijkheid het spits
afbeet, Margreet Mulder, Laurens van Dijk, Devada Kahriman, en Janet v.
Mourik-Williams.

Prof. Maarten Schalekamp heeft als hoofd van de afdeling mij de muimte
gegeven, Git onderzoek te verrichten. Zijn opvattingen over klinisch-
wetenschappelijk onderzoek hebben mij erg aangesproken en hebben me,
denk ik, ook geinspireerd.

Geri-Jan van den Bemd werd aangesteld als analist voor dit onderzoek en
heeft zijn werk met veel enthousiasme, inzet en vooral met grote
vakkundigheid verricht. In vele weekeinden en tijdens vrije dagen heeft hij
gewerkt, wanneer een patiént met peritonitis binnenkwam.

Hieraan voorafgaande heeft Herbert Hooykaas, hoofd van het laberatorium
voor immunologie, veel werk verricht voor het opzetten van de IL-1
bepaling m.b.v. een bioassay. Hoewel we uiteindelijk op immuno-assays
Zijn overgegaan, toen deze ter beschikking kwamen, kon er een begin
gemaakt worden met het onderzoek, waarbii de opgedane ervaring
waardevol is geweest voor het verdere onderzoek.

Mijn collega Lies Tan, is vele malen ingesprongen, als ik vanwege dit
onderzoek, versiek moest laten gaan in de klinick.

De heer C. Jongkind, van de afdeling CDAI is mij zeer behulpzaam
geweest bij het automatiseren van een CAPD-gegevensbestand m.b.v. het
programma "IRIS".

Carla Swaab heeft met veel zorg de graficken en illustraties getekend.
Alice Hammer-Weymans, dank ik voor het vele werk dat zij heeft besteed
aan het gereed maken van het manuscript voor dit proefschrift.

Graham Elliot heeft het manuscript van dit proefschrift kritsch
doorgelezen. Voor zijn opmerkingen en adviezen, vooral m.b.t. het gebruik
van zijn moedertaal, ben ik hem erkentelijk.

In de persoon van de heer H. Rompa, wil ik Baxter Nederland BV. danken
voor de genereuze financi€le support voor het in dit proefschrift
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beschreven onderzoek. Hierdoor kon ¢.a. voor enige jaren een analist (Gert
Jan van den Bemd) aangesteld worden.

It was a pleasure t0 have many discussions with Prof. Ben Efraim who has
a2 broad knowledge in the field of cell biclogy and immunology. He
carefully studied the manuscripts and I much appreciate his critcal
comments.

De medewerkers van de afdeling bactericlogie wil ik bedanken veoor de
consciéntieuze menier waarop zij van begin af aan de vele, vele kweken
van peritoneaal dialysaat hebben uitgevoerd.

Als laatste en eerste dank ik het thuisfront, Jeanny en Marchien, dat zich er
altijd volledig achter heeft gesteld, dat ik me aan dit onderzoek wijdde.
Ock tijdens de lange aanloopfase hebben jullie nooit je geduld verloren.
Aap jullie en azn mijn vader, die zo'n grote waarde hechtie aan studeren,
heb ik dit proefschrift opgedragen.

127






cAMP

ACTH (adrenocorticotropic homone)

Corticosteroids
Enerferon

Tmerleukin-1or (IL-1c0)
- precursor

- Tecepor

~ TeCeptor antagonist
- secredon

Interlenkin-1B8 (I1.-18)

- biological effects

- evoluton

- precursor

- receptor

- TECeplor antagonist

- secretion

- secretion, duwring peritomitis

Interleukin 2 (L-2)

Interlevkin 4 (IL-4)

Interleukin 6 (IL-6)

Leuwcocyte, differential counting
- during experimental infection
- during peritonitis

Leukotrienes

3, 25, 26, 97, 98, 101, 106
16, 31, 35, 36

31, 36

28, 34, 38, 91, 103, 104
30

15, 31

32,33, 108
30

27-29, 34, 35

14-16

30, 46, 48, 57, 98

15, 31,32

32, 33, 45, 108

30

54-57, 67-70, 101-108

28, 35,45

45

2,3, 15, 28, 35, 37, 38
1,56

54

2224, 26,27

129



Macrophages
- activation
- development
- evolution
- exudate
- resident

Peritonitis

- causative MiCTcorganisms
- causes

- complications

- incidence

- leucocyte counts

Prostaglandins

- biological effects

- biosynthesis

- effects on TNFu secretion
- IeCeptors

- secreton, during peritonts

Septic shock
- role IL-1
- role TNFo

Transforming growth factor 8 (TGF-8)

Tumor necrosis factor (TNF)
- cywostatic/cytocidal effects
- evolution

- precursor

- receptor

~ receptor, soluble

- secretion

- secretion, during peritonits

130

17, 18, 56, 57, 68-70, 85-87, 103-107

17

13,14

17, 20, 70
17, 20, 70

10
S, 10
9,11
78
52

2527

22,24

94-58, 104-106

25

§5-70, 96, 102, 104-106.

32,37
37, 107

33

33, 33, 46, 47, 82-85
37,108

36

36

37, 108

36

80-87, 102-108



Curriculum Vitae

Marien Willem Johan Adriaan Fieren was bomm in Utecht on July 7t
1945, From 1957 he received secondary educaton at the "Christelijk
Gymnasium” in Utrecht, where he graduated ("Gymnasinm 8") in 1963, In
the same year he commenced smdies in medicine at the State University of
Utrecht, where he received his MD ("arisexamen™) in 1872. After having
done the military service as a medical officer, he worked at the department
of Internal Medicine of the St Joseph Hospital in Kerkrade, the
Netherlands. In 1975 he commenced waining in internal medicine at the
"Catharina Hospital" in Eindhoven under supervision of prof. dr. JA.
Flendrig. In 15979 he joined the department of Internal Medicine I (head:
prof. dr. J. Gerbrandy), division of Nephrology (Prof. dr. LDF. Lameier),
of the University Hospital "Dijkzigt”, Erasmus University Roterdam, the
Netherlands. In 1980 he was recorded in the register of recognized
specialists of the Netherlands Medical Association for the specialism of
Internal Medicine. Presently he works as member of the senior staff of the
department of Internal Medicine L (head of the department: prof. dr.
M.A.DH. Schalekamp). As from may 1991 he is entered in the register of
the Duich Internists Association for the area of specialization of
Nephroelogy.

131












	Regulation of cytokine release from peritoneal macrophages of patients on continuous ambulatory peritoneal dialysis. = Regulatie van de afgifte van cytokinen door peritoneale macrofagen van patiënten met continue ambulante peritoneale dialyse
	Table of Contents
	List of Abbreviations
	Chapter 1 - General Introduction
	Chapter 2 - Continuous Ambulatory Peritoneal Dialysis (CAPD)
	Chapter 3 - Macrophages and Mediators
	Chapter 4 - Measurement of futerleukin-1 and Tumor Necrosis Factor
	Chapter 5 - Interleukin-1 release from peritoneal macrophages - Endotoxin-stimulated peritoneal macrophages obtained from continuous ambulatory peritoneal dialysis patients show an increased capacity to release interleukin-1 beta in vitro during infectious peritonitis.

Fieren MW, Van den Bemd GJ, Bonta IL.

Eur J Clin Invest. 1990 Aug;20(4):453-7.

PMID:
    2121505
    [PubMed - indexed for MEDLINE] 
	Chapter 6 - Release of Interleukin-1 and prostaglandins from peritoneal macrophages - Peritoneal macrophages from patients on continuous ambulatory peritoneal dialysis show a differential secretion of prostanoids and interleukin-1 beta.

Fieren MW, van den Bemd GJ, Bonta IL.

Prostaglandins Leukot Essent Fatty Acids. 1992 Sep;47(1):23-8.

PMID:
    1438464
    [PubMed - indexed for MEDLINE] 
	Chapter 7 - Tumor Necrosis Factor from peritoneal macrophages - Peritoneal macrophages from patients on continuous ambulatory peritoneal dialysis have an increased capability to release tumour necrosis factor during peritonitis.

Fieren MW, van den Bemd GJ, Bonta IL, Ben-Efraim S.

J Clin Lab Immunol. 1991 Jan;34(1):1-9.

PMID:
    1667936
    [PubMed - indexed for MEDLINE] 
	Chapter 8 - Regulation of Interleukin-1 and Tumor Necrosis Factor release from peritoneal macrophages by prostaglandin E2 - Prostaglandin E2 inhibits the release of tumor necrosis factor-alpha, rather than interleukin 1 beta, from human macrophages.

Fieren MW, van den Bemd GJ, Ben-Efraim S, Bonta IL.

Immunol Lett. 1992 Jan;31(1):85-90.

PMID:
    1548034
    [PubMed - indexed for MEDLINE] 
	Chapter 9 - Summary and general discussion
	Chapter 10 - Samenvatting en discussie
	List of other Publications
	Verantwoording en dankwoord
	INDEX
	Curriculum Vitae

