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Chapter 9

correlated with serum Ig A levels (r = 0.649; p = 0.004, Figure 9.4} and shightly
with C reactive protein (r = 0.49; p = 0.04) but not with Ig M (r = 0.30; p = 0.22),
Ig G (r = 0.34; p = 0.15), and fibrinogen (r = -0.17; p = 0.53).

9.5 Discussion

In this study we found evidence for a high production of IL-6 locally produced within
the peritoneal cavity. The ascitic fluid levels were 30 times higher than plasma levels
for hepatic as well as for malignant disease. Apparently, even the presence of sterile
ascites generates enough inflammation of the peritoneum with an increase of locally
active monocytes and macrophages to cause these high levels of cytokines. Hepatic
clearances of locally generated cytokines may be diminished in patienis with cirrhosis,
however this mechanism does not seem to be of much importance, as malignant ascites
with an intact liver funciion and normal hepatic clearance generates the same high
ascites/plasma ratio’s, More evidence for the local production within the peritoneal
cavity comes also from the fact that during bacterial inflammation of the ascitic fluid
ascites levels are about ten times higher, with an ascites/plasma ratio of about 60,
compared to ascitic fluid levels without infection. Ascites dynamics in patients with
cirrhosis suggests that there is a continual shift between ascitic fluid and the circulation
with peritoneal free-water clearances of 4-5 I/hour {15] and a high lymph flow within
the thoracic duct rich in protein and albumin content [16,17]. Therefore the IL-6 is
quickly cleared from the circulation as plasma levels are low and not very much
influenced by the presence of bacterial peritonitis. Indeed the half-life of IL-6 has been
determined to be only a few minutes [3].

High IL-6 synovial fluid levels of patients with rheumatoid arthritis with little activity
in serum have been demonstrated [18] as well as high cerebrospinal fluid levels in
patients with acute meningitis, but not in those with ¢chronic or non-infectious neural
disease [3]. Local production of IL-6 in acute and chronic Hver disease has also been
demonstrated by endothelial, Kuppfer, and infiltrating mononuclear cells in liver tissue,
expression being more pronounced in areas with most inflammation [19,20]. Many of
the activities of TNF-ar, IL-1, and IL-6 indicate a local rather than a systemic function
for these cytokines. IL-6 shares many of its biological activities with TNF-« and IL-1,
and probably all three cytokines act in concert directing inflammatory and
immunological reaciion. For example, IL-1 and TNF-c can stimulate 1L.-6 production,
but IL-6 suppresses TNF-« and TL-18 production [21]. The fact that we did not find
elevated TNF-a levels in plasma and ascites of most patients does not seem to concur
with other studies. Most studies describe an increase in ascitic fluid levels during
bacierial inflammation of both IL-6 and TNF-« [6-8]. Several explanations could be
given for this discrepancy. First of all there might be a difference in the methodology
measuring TNF-o [22). For example Propst et al. [6] used an enzyme amplified
immunoassay (EASIA) which might detect lower levels of TNF-« than the assay we
used. Zeni et al. [7] used a competitive inhibition radicimmunoassay with the use of
coated monoclonal antibodies to TNF-«, fixed to the inner plastic surface of the tubes.
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Also Devigre et al. [8] made use of an immunoradiometric assay to measure TNF-c.
Another explanation for the undeteciable levels of TNF-« levels might be sought in the
presence of high concentration of soluble TNF receptors in ascites, which might be a
potential source of interference for immunoassays [23,24]. Van Zee et al. [25] found
a reduction of TNF-o immunoactivity, as determined by ELISA, when soluble type
I and type T TNF-o receptors were added to plasma. The same might be applicable
for IL-1 receptor antagonists. The low concentration of IL-1 in ascites, even during
periods of acute bacterial inflammation, was also confirmed in other studics [6,7].
Plasma IL-6 levels correlated with the severity of the underlying liver disease,
indicated by the Child-Pugh score, but not with the etiology of the cirrhosts. This stage
dependency suggests that porto-systemic shunting or impaired hepatic clearance may
also contribute to the sustained elevation of endogenous cytokines. Bacterial
lipopolysaccharide-induced macrophage stimulation due to prolonged endotoxacmia in
patients with chronic liver disease could be responsible for activation of the cytokine
cascade. A correlation between serum Ig A levels and IL-6 concentration has been
described before [26] and seems to represent increased B cell maturation directly
caused by IL-6. Why this correlation has repeatedly been found only for Ig A levels
and not for Ig M and Ig G levels is not entirely clear. It might be that B-cells
producing immunoglobulin Ig A are simply more responsive to the stimulatory effect
of IL-6. In our findings there is no evidence that this effect was restricied to patients
with alcoholic liver disease.

What is the potential pathogenetic role of the cytokine imbalance in patients with
cirrhosis?

Although locally produced IL-6 might provide stimulatory signals for the hepatocytes,
resulting in liver regeneration, excess of cytokines could lead to tissue damage and
fibrosis {27].

Prolonged increased levels of I1.-6 and TNF-« after septicacmia have been found in
cirrhotics and there is some evidence suggesting that increased cytokine levels makes
the host more susceptable to endotoxaemia [13]. This may be related to the poor
prognosis of infectious complications during cirrhosis {14]. Furthermore, it does seem
possible that the very high concentrations of IL-6 locally produced within the
peritoneal cavity during bacterial peritonitis, is contributing to the decompensation of
liver disease often found in patients with SBP.

Finally, we found evidence for high IL-6 production in the ascites in patients with and
without cirrhosis. Plasma IL-6 levels in patients with cirrhosis are stage-dependant but
do not correlaie with the etiology. Due to the broad seatter of values in plasma as well
in ascitic fluid, TL-6 can not be used to differentiate between different etiologies of
ascites in the individual patient. The exact effects of IL-6, whether beneficial or
harmful to the patient are at present not well understood, therefore it is too early to
speculate on the therapeutic use of IL-6 antagonists, for example in patients with
recurrent bacterial infection of the ascitic fTuid.

113



Chapter 9

9.6 References

10.
11,
12.
13.
i4.

15.
16.

17.
18.

19.
20.

21,
22,
23.

114

Tilg H, Wilmer A, Vogel W, et al. Serum levels of cytokines in chronic liver disease.
Gastroenterology 1992;103:264-274.

ehermann B, Trautwein C, Bbker KHW, Manns MP, Interleukin-6 in liver disease. J Hepatol,
1992;15:277-280.

Wolvekamp MCJ, Marquet RL. Interleukin-6: historical background, genetics and biological
significance. Immunol. Letters 1990;24:1-10.

Kakuma 8, Shinagawa T, Ishikawa T, et al. Serum interleukin 6 levels in patients with chronic
hepatitis B. Am J Gastroenterol. 1991,;86:1804-1808.

Khoruts A, Stahnke L, McClain CJ, Logan G, Alen JI. Circulating tumor necrosis factor,
interlenkin-1 and interleukin-6 concentrations in chronic alcoholic patients. Hepatology
1991;13:267-276.

Propst T, Propst A, Herold M, et al. Spontaneous bacterial peritonitis is associated with high
levels of interleukin-6 and its secondary mediators in ascitic fluid. Eur. J. Clin. Invest.
1993;23:832-836.

Zeni F, Tardy B, Vindimian M, et al. High levels of tumor necrosis factor-o and interleukin-6
in the ascitic fluid of cirrhotic patients with spontaneous bacterial peritonitis. Clin. Infect, Dis,
1993;17:218-223,

Devitre J, Content J, Crusiaux A, Dupont E. IL-6 and TNFo in ascitic fluid during
spontaneous bacterial peritonitis, Dig. Dis. Sci. 1991;36:123-124.

Andus T, Gross V, Holstege A, et al. Evidence for the production of high amounts of
interfeukin-6 in the peritoneal cavity of patients with ascites. J. Hepatol. 1992;15:378-381.
Felver ME, Mezey M, McGuire M, et al. Plasma tumor necrosis factor e predicts decreased
long-term survival in severe alcoholic hepatitis. Alcohol Clin, Exp, Res, 1990;14:255-259.
Sheron N, Bird G, Goka I, Williams R. Elevated plasma interfeukin-6 and increased severity
and mortality in alcoholic hepatitis. Clin. Exp. Imimunol. 1991;84:449-453,

Hill DB, Marsano L, Cohen D, Allen J, Shedlovsky S, McLain CJ. Increased plasma
interleukin-0 concentrations in alcoholic hepatitis. J, Lab, Clin. Med. 1992;119:547-552.
Yoshimoto T, Nakanishi K, Hirose S, et al, High serum IL-6 level reflects susceptible status
of the host to endotoxin and IL-1/tumor necrosis factor. J. Immunof. 1992,;248:3596-3603.
Byl B, Roucloux I, Crusiaux A, Dupont E, Devidre J. Tumor necrosis factor & and
interlenkin 6 plasma levels in infected cirrhotic patients. Gastroenterology 1993;104:1492-
1497.

Milani A, Ciammelli AM, Degen C, Siciliano M, Rossi L. Ascites dynamics in cirrhosis. J.
Hepatol, 1992;16:369-375.

Witte MH, Witte CL, Dumont AE, Estimated net transcapillary water and proteinflux in the
liver and intestine of patients with portal hypertension from hepatic cirrhosis. Gastroenterology
1981;80:265-270,

Rector W@, Iharro F. Observations on the mechanism and location of ascites reabsorption in
man. Am. }. Gastroenterol. 1987;82:342-346.

Houssiau FA, Devogelaer JP, Van Damme J, de Deuxchaisnes CN, van Snick J. Interleukin-6
in synovial fluid and serum of patients with rheumatoid arthritis and other inflammatory
arthritides. Arthr, Rheum, 1988;31:784-788,

Kakuma S, Fukatsu A, Shinagawa T, Kurokawa S, Kusakabe A. Localisation of intrahepatic
interleukin 6 in patients with acute and chronic liver disease. J Clin Pathol 1992;45:408-411.
Miiller C, Zielinski CC. Interfeukin-6 production by peripheral blood monocytes in patients
with chronic liver disease and acute viral hepatitis. J. Hepatol, 1992;15:372-377,

Schindler R, Mancilla J, Endres § et al. Correlations and interactions in the production of IL-
6 ,JL-1, and TNF in human blood mononuclerar cells: 1L-6 suppress IL-1 and TNF. Blood
1990;75:40-47.

Engelberts 1, Stephens S, Francot GIM, Van der Linden CJ, Buurman WA, Evidence of
different effects of soluble TNF-receptors on various TNF measurements in human biological
fluids. Lancet 1991;338:515-516.

Tilg H, Vogel W, Wiedermann CJ, et ai. Circulating interleukin-1 and tumor necrosis factor



High interleukin 6 production ...

24,

25.

26.

27,

antagonists in liver disease. Hepatology 1993;18:1132-1138.

Andus T, Gross V, Holstege A, et al. High concentrations of soluble tumor necrosis factor
receptors in ascites Hepatology 1992;16:749-755.

Van Zee KJ, Kohno T, Fischer E, Pock CS, Moldawer LL, LowrySF. Tumor necrosis factor
soluble receptors circulate during experimental and clinical inflammation and can protect
against excessive tumor necrosis factor « in vitre and in vivo. Proc. Natl, Acad. Sci.
1992,89:4845-4849.

Devidre J, Content J Denys C, et al. High interleukin-6 serum levels and increased production
by leucocytes in alcoholic liver cirrhosis. Correlation with Ig A serum levels and lymphokines
production. Clin. Exp, Immunol. 1989;77:221-225,

Ramadori G, Meyer zum Buschenfeldle KH. Liver cells and cytokines. Curr. op.
Gastroenterol. 1993;9:359-366.

115



116



Part V

General discussion and summary







Chapter 10 General discussion

Inflammatory mediators are involved in allergy and acute and chronic inflammatory
diseases. To treat these type of diseases, the specific role of the inflammatory cells and
their mediators should be understood. Human peritoneal macrophages (M¢) obtained
from ascitic fluid could be used as a human in vitro M¢ model, Qur human in vitro
M¢ model could contribuie to understanding the mechanism of human inflammatory
diseases and the search for therapeutic agents which act as specific inhibitors or
neutralizers of inflammatory mediators, and thus finally diminish the whole
inflammatory process.

To understand the mechanism of human inflammatory diseases care should be taken
with when using only ammal models. When in vitre studies are done, preferably
human in vitro models should be used. As our studies show, the profile of the
eicosanoid production of human peritoneal M¢ was not similar to the eicosanoid
profiles of M¢ from other species. The interactions between the eicosanoids and
cytokines of hwman peritoncal M¢ were also different compared with to the
interactions of eicosanoids and cytokines of M¢ from other species.

Eicosanoid and cytokine production of human peritoneal M¢: We measured the
exogenous eicosanoid profile of the human peritoncal M¢ by high performance liquid
chromatography (HPLC). These M¢ mainly produced the 5-lipoxygenase products
leukotriene B, (LTB,) and 5-hydroxy eicosatetraenoic acid (5-HETE) when stimulated
with calcium ionophore A23187. The levels of the cyclooxygenase products were low
and did not significantly increase with A23187. Lipopolysaccharide (LPS) did not
influence the endogenous eicosanoid production at all.

QOur study with rat peritoneal M¢ shows that M¢ produce only cyclooxygenase
products (Chapter 3). It is not easy to compare the results of human peritoncal Mg
with M¢ of different origin and/or species characterized by other groups, as only a
few eicosanoids are measured per experiment, An overview is given in Table 2.6 in
the Introduction (Chapier 2). This table shows clearly that human peritoneal Mé,
isolated from a chronic inflammation site (ascites), differs from resident and activated
rat and murine M, isolated from different locations and stimulated with different
stimuli. Peritoneal rat M¢ mainly produce cyclooxygenase products. Murine peritoneal
M¢ produce, besides cyclooxygenase products, also LTC, when stimulated with
A23187.

The eicosanoid profile of normal alveolar M¢ and peritonecal Md¢ isolated from
continuous ambulatory peritoneal dyalisis (CAPD) patients with peritonitis stimulated
with A23187, was very similar to our human peritoneal M¢ isolated from ascitic fluid.
There were not enough data available on the eicosanoid production of human alveolar
Me¢ activated in vive and of resident peritoneal M¢ isolated from CAPD patients, to
make a good comparison with our human peritoneal Mg.

The production of the pro-inflammatory cytokines interleukin 18 (IL-18), IL-6 and
tumor necrosis factor o (TNF-c) from human peritonecal M¢ is similar to the profile
of M¢ of other origin and species stimulated with LPS [1-9]. The cytokine production
increased with increasing LPS concentration and the production level of IL-18 and I1.-6
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reached a plateau around 24 hours. TNF-« always peaked before IL-18 and IL-6. Only
the TNF-« production from Mé¢ of other species always peaked at an earlier time than
the TNF-a production from the human peritoneal Mg [1,6,10,11].

Eicosanoid and cytokine interaction of human peritoneal M$: To understand the
mechanism of human inflammatory diseases, it should be known how inflammatory
cells regulate their own and each other’s eicosanoid and cylokine production in vive.
As a confribution to unravel this complexity, we characterized in vitro the interactions
between the eicosanoids LTB, and prostaglandin E, (PGE,) and the cytokines IL-18,
IL-6 and TNF-a of human peritoneal M¢, by the addition and inhibition of several
eicosanoids and cytokines.

Human peritoneal M@ have a positive interaction between IL-18 and LTB,, a negative
interaction between IL-18 and PGE, and no significant interaction between IL-15 and
IL-6. These last two results are in contrast with celis of other species origin and/or
tissue origin in which IL-18 stimulated the LTB,, PGE, and IL-6 production [12-16].
In human peritoneal M¢ the leukotrienes are not involved in the regulation of TL-18
and TL-6. With dual inhibitors it was reported that leukotrienes are involved in IL-1
production [17,18]; however, with specific inhibitors similar results as ours were
obtained for IL-1 with activated murine peritoneal M¢ and human peripheral blood
monocytes of healthy donors were found [19,20]. In our study, when LTB, was
selectively inhibited PGE, also decreased. With increasing LTB,, the PGE, levels did
not change.

Increasing PGE, down-regulated the TNF-« production. This has been reported before,
but only in different animal models. In contrast to M¢ of other species with decreasing
PGE, no significants effect on the TNF-o production of human peritoneal M¢ were
seen [21,22].

This study shows that the cytekines and eicosanoids influence each other’s production
differently than in M¢ of other species. This could have consequences when
therapeutics are being developed, which specifically inhibit or neutralize inflammatory
mediators in disease. They could have different effects in in virro and in vivo studies
using inflammatory cells of other species.

10.1 The human peritoneal macrophage ir vitro model

Decreasing the activity of the pro-inflammatory mediators in disease and achieving
improvement of these diseases could be done by wusing different strategies.
Inflammatory diseases are now treated by drugs which inhibit the mediators non-
selectively: The most important and effective drugs are the glucocorticoids and the
non-steroidal anti-inflammatory drugs (NSAID). More specific inhibitors and
neutralizers are in the development stage.,

As M¢ have a ceniral and essential role in the initiation and maintenance of many
immunologic and inflammatory processes, the effects of specific inhibitors or
neutralizers can be first tested on M¢, following our human in vifro M¢ model.
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Our experiments in which the eicosanoid and cytokine pattern of the human peritoneal
M¢ was characterized and the experiments in which the interactions of human
peritoneal M¢ with several eicosanoids and cytokines was studied, have shown that the
eicosanoid and cytokine production and the interactions of these mediators of human
peritoneal M¢ differ from Mg of other species. Therefore, to study the effects of
selective inhibitors and neuiralizers in vitro on human cells, the usefulness of these
compounds in vivo will be more predictable and probably lead to a better
understanding of their mechanisms.

There are several options for selective inhibition or neutralization of the mediators

involved in inflammatory diseases:

(I)  Selective inhibition of the leukotrienes with specific 5-lipoxygenase inhibitors,

(2)  Increasement of the levels of anti-inflammatory cytokines which inhibit the pro-
inflammatory mediators of the Mg,

(3)  Neuiralization of the pro-inflammatory mediators with specific antibodies or
soluble cytokine receptors against these mediators,

(4)  Receptor blockade of the inflammatory mediators with receptor antibodies or
receptor antagonists against the receptors of these inflammatory mediaiors,

(5)  Inhibition of the influx of leucocytes through blocking the adhesion molecules
on the inflammatory cells and endothelial cells with antibodies. Consequently
M¢ and other inflammatory cells will not migrate through the vessel wall to the
site of inflammation,

{(6) A combination of differeni therapies as mentioned above, may lead to a
synergistic effect.

The search for specific inhibitors or neutralizers of mediators involved in the
inflammatory process is siill in the elementary stage. Testing has started in several
animal models and a few clinical trials have been done. Several of these options as
mentioned above (1-4,6) can be tested in our in vitro model.

The following section firstly presents a description of several inflammatory diseases
(asthma, inflammatory bowel disease (IBD) and septic shock) in which Mé¢ and their
inflammatory mediators have a significant contribution. Then the mechanism of action
of several drugs which are available for clinical use will be described. Thereafter, a
description is given of selective inhibitors and neutralizers of inflammatory mediators
which are currently under investigation, together with a discussion on the use of
peritoneal Meh,

10.2 M¢ and their inflammatory mediators in diseases
Asthma: Asthma is a disorder characterized by varying degrees of reversible airway

obstruction in association with exaggerated airway responsiveness to a wide variety of
physical and pharmacological agents. Until recently, asthma has been thought of as
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solely an immunological disorder involving the release of broncho-active mediators
from mast cells that are triggered by antigen via immunoglobulin E-dependent
mechanisms, However, allergen mediated bronchospasm is not the fundamental feature
present in all asthmatics, and is not the basic pathophysiological alteration present in
all asthmatic diseases,

It is now widely accepted that asthma is a chronic inflammatory disease. Superimposed
on this chronic inflammatory state are acute inflammatory episodes, that correspond
to exacerbations of asthma [23-25].

Many different inflammatory cells and their mediators are involved in asthma. Mast
cells have an important role in initiating the acute responses to allergen and other
stimuli (exercise, hyperventilation, fog); eosinophils and T-lymphocytes are more
important in the chronic inflammatory response. M¢: are probably important in both
phases. The M¢ are the major cells in the airway lumen, and in broncho-alveolar
lavages and in biopsies it is found that their number has markedly increased in
asthmatic patients. Following antigen challenge in vive they become activated
{morphological changes) and in vitro it has been shown that they are able to respond
to antigen by releasing chemao-attractants and pro-inflammatory mediators.
Mediators such as histarmine (derived mast cells), prostaglandins and leukoirienes
(released from M¢ and mast cells) are importan{ in the acute and subacute
inflammatory response. They contract airway smooth muscle, increase airway
hyperresponsiveness, increase microvascular leakage, increase airway mucus secretion
and attraction of other inflammatory cells. Cytokines play a dominant role in chronic
inflammation, IE.-3, IL-4 and IL-5 secreted by T-lymphocytes are important for mast
cells (survival}, B-cells (production of Ig E} and eosinophils (differentiation, survival
and priming), respectively, respectively. Cytokines as IL-1, IL-6 and TNF-« produced
by the M¢, in combination with the cellular cooperation of the M¢ with the other
inflammatory cells (e.g. T-lymphocytes, eosinophils) and endothelial cells, are
important in the amplification of the inflammatory response [23-31].

Inflammatory bowel disease (IBD): This disease encompasses at least two forms of
intestinal inflammation: ulcerative colitis (UC) and Crohn’s disease (CD). The causes
of these bowel diseases are unknown. They are defined empirically by their typical
clinical, pathological, radiological, endoscopic and laboratory features.

The pathogenesis of IBD can be divided into two stages. The first is the initiating event
which triggers the inflammatory response, but this event remains unknown. The second
is the amplification of the inflammatory response which involves the inflammatory
cells, including M¢, neutrophils, lymphocytes and mast cells [32].

It is known that in IBD, the production of pro-inflammatory cytokines as IL-1, IL-§
and TNF-w, which can be produced by Md, are increased [33-35]. Also several
eicosanoid products (15-HETE, hydroxy-heptadecairicoic acid (HHT), thromboxane
(TXB,), PGE, and LTB,), which can be produced by M¢, are present in increased
amounts in association with IBD [36-38]. Oxygen free radicals generated by
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neutrophils and M¢ may also have a role in tissue injury [32].

The incidence of UC is inversely associated with smoking, and clinical relapses have
been associated with cessation of smoking. Conversely, CD has been directly
associated with smoking [39,40]. The correlation between smoking and CD could be
a direct effect of nicotine on the M¢. In CD predominantly M¢ and lymphocytes are
infiltrated, while in UC the lamina propria is denscly infiltrated by neutrophils [32].
In our human in vitfro M¢ model we observed that nicotine enhances the IL-6
production of in vitro LPS stimulated M¢ (personal observation). Smoking could
increase locally the IL-6 levels in patients with CD by affecting the Me¢ present in the
lamina propria; however, further investigations have to be performed to clarify the
mechanism of action,

Septic_shock, Circulatory shock from gram negative bacterial sepsis, produces a
spectrum of pathophysiological alterations including cardiopulmonary, renal,
haematologic and metabolic dysfunction leading to vascular collapse.

Many mediators of the pathogencsis of sepsis have been described, e.g. TNF-, IL-1,
IL-6, and lipoxygenase products [41,42]. All these mediators could be products derived
from M¢, because LPS, the major component of the outermost membrane of gram-
negative bacieria, is a potent stimulus for M¢ (see section 2.6).

A central mediator of sepsis is not known yet, although IL-1 and TNF-« have been
commonly proposed for this role; however, these levels are not in all patients high.
This is most probably due to differences in the release of endotoxin, local mediator
production by M¢ and the immunological status of the patient. Different methods of
measurement may also influence the results [43].

Usually, the mediators are measured in the blood plasma of the patients. In our study,
patients with SBP who have a high risk to develop a septic shock had very high levels
of IL-6 in their ascitic fluid, although the TL-6 levels were much lower in the blood
{Chapter 8).

Epithelial damage in sepsis probably results from persistent and repetitive
inflammatory insults, probably locally initiated and controlled by the M¢. These insults
produce sufficient damage that, down regulation {e.g. cytokine inhibition by PGE,, T-
cell inhibition by M¢) of the inflammatory reaction can no longer occur; this may lead
to a state of metabolic anarchy in which the body can no longer control its own
inflammatory response [41,44].

10.3 Therapy: strategies and application in diseases

10.3.1.1 Glucocorticosteroids

Glucocorticosteroids [GCs, ¢.g. hydrocortisone (cortisol) and cortisone] are hormones
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which are synthesized and released by the adrenal cortex when they are needed.
Synthetic compounds are also available, e.g. Prednisolone (prednisone),
Methylprednisolone, betamethasone and dexamethasone,

When given therapeutically, GCs have powerful anti-inflaimmatory and
immunosuppressive effects. They inhibit both the early and late manifestations of
inflammation by reduction of the blood supply, the accumulation of leucocytes at the
site of inflammation, and by directly effecting M¢ and other inflammatory cells [45].

GCs directly affect M¢ by decreasing the function and production of their
inflammatory mediators [26]. The production of pro-inflammatory cytokines as IL-1,
IL-6, IL-8 and TNF-o [46], and also IL-4, a cytokine which has inhibitory effects on
Mo [(e.g. IL-1e, TNF-ex and PGE, production), 47], are inhibited [48]. GCs also
inhibit eicosanoid production. It was first thought that GCs inhibit eicosanoids through
the upregulation of lipocortin 1 - a calcium and phospholipid binding protein which
inhibits the activity and synthesis of PLLA, [49]. Recently it has been suggested that
lipocortin 1 has a key function in the GCs regulation of inflammatory and immune
responses, not only by inhibiting the eicosanoid production, bul also through other
mechanisms. It seems that though lipocortin 1 has no signal sequence for secretion, the
protein can be secreted by cells and there are receptors for lipocortin 1 on phagocytes.
These receptors influence the inflammatory action of the cells by mechanisms
independent of inhibition of PLA, activity. Lipocortin 1 has also, for example,
inhibitory effects on cytokine induced cell migration and release of reactive induced
oxygen species. Besides anti-inflammatory effects, lipocortin 1 also protects the brain
against damage and has selective effects on the release and actions of several neuro-
endocrine factors. It is possible that, besides lipocortin 1, there are other mechanisms
through which the GCs control the inflammatory and immune response, that will be
revealed in the future [50,51].

In clinical use GCs are used for anti-inflammatory therapy or immunosuppression, for

example:

- In asthma GCs are the most effective ireatment to decrease the number of
inflammatory cells and the release of inflammatory mediators; they also reduce
the microvascular permeability and mucus secretion [26,52].

- In IBD GCs are effective for the {reatment of mild to severe UC or CD [32].

- In patients with septic shock GCs did not reduce the mortality [53,54], while
in animal models they were effective [55,56]. This could be due to the time of
administration, in animals GCs were administered before LPS, and the balance
between the toxic effects of the inflammatory mediators and the protective
actions of these mediators against the infection [46].

GCs are usuvally very effective in the therapy of cytokine and eicosanoid mediated

pathologies; however, their use is limited, as GCs probably inhibit the synthesis of all
cytokines and eicosanoids. This leads to a considerable risk of side effects and
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potential complications when prolonged systemic use is needed [45].
16.3.2 Non-stercidal-anti-inflammatory drugs

Non-steroidal-anti-inflammatory drugs (NSAIDs) are divided into different chemical
classes: salicylic acids (e.g. aspirin), propionic acids (e.g. ibuprofen), acetic acids (e.g.
indometacin), fenamates, oxicams and pyrazolones. They are anti-inflammatory, have
anti-analgesic effects and anti-pyretic effects by primarily effecting cyclo-oxygenase
in the eicosancid pathway, thus inhibiting the prostanoids [45].

By decreasing the generation of PGE, and PGI,, NSAIDs will reduce in particular the
vasodilation and erythema. However, not all the anii-inflammatory power appears to
stem from prostaglandin inhibition, NSAIDs also have the ability to disrupt interactions
within the cell membranes, in particular signals which are transduced through the G-
proteins e.g. cell-cell adhesion of neutrophils to the blood vessel walls and de-
activation of neutrophils {(e.g. superoxide anion production), 57].

Clinical side effects of NSAIDs when used in the long term are stomach irritation,
gasirointestinal bleeding and ulceration [(prostaglandins are needed to regulate acid
over production and to synthesize the mucus barrier that prevents its self-digestion),
58,59].

The two isoforms of cyclooxygenase (COX), COX-1 and COX-2, are both sensitive
for NSAIDs, but there are clear pharmacological differences. Recent studies on
cyclooxygenase (COX-1 and COX-2) support the hypothesis that the side effects of
NSAIDs correlate with their ability to inhibit COX-1 (the regulator of normal kidney
and gastric functions and vascular homeostasis), while the anti-inflammatory
(therapeutic) effects of these agents are due to their ability to inhibit COX-2 [(pro-
inflammatory functions), 60-63].

For example, aspirin and indomethacin are strong inhibitors of COX-1 (at anti-
inflammatory dose IC,, COX-1:1C,, COX-2 = 166 and 60 respectively). They are also
the two NSAIDs that cause the most gastric damage. The NSAIDs diclofenac and
naproxen inhibit COX-1 and COX-2 almost equally (ratio ICy, COX-1:1Cy COX-2 =
0.7 and 0.6 respevtively). At anti-inflammatory doses they are less ulcerogenic than
aspirin or indomethacin. BF 389 (ratio IC;, COX-1:IC;; COX-2 = 0.2) and NS 398
(ICs, COX-2 < 30 nM, no IC,, for COX-1) two experimental drugs, are potent and
selective COX-2 inhibitors and have little or no gastric ulcerogenicity.

The development of selective COX-2 inhibitors will probably lead to anti-inflammatory
drugs without side effects which are associated with the inhibition of COX-1 [60-62].
The GCs block the synthesis of COX-2 but not of COX-I [63].

Blocking of cyclooxygenase diverts arachidonic from PGE, to the lipoxygenase

products LTB, in the gastric mucosal, this may also contribute to mucosal injury [64].
However, BW735C, a dual COX (ratio IC;,, COX-1:1C,, COX-1 = + 1) and 5-
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lipoxygenase inhibitor, is an experimental anti-inflammatory agent with litile or no
ulcerogenic activity. This is probably due to less inhibition of COX-1 at anti-
inflammatory concentrations {as hypothized above) and less production of LTB, [60].
Possibly in vive with decreasing PGE,, TNF-w increases. In our experiments {Chapter
7y we have shown that in vitro exogenous PGE, can down-regulate the TNF-«
production of human peritoncal M¢ and there was a trend of increasing TNF-o with
decreasing PGE,. This increasing TNF-o¢ could also be a source of the side effects
caused by NSAIDs.

16.3.3 Neutralization of the effects of pro-inflammatory mediators

By direct interference with the effects of the key cytokines which sustain ihe
inflammation, therapeutic intervention can probably be achieved. The interaction
between M¢ and the other inflammatory cells will be disturbed (less activation) and
less pro-inflammatory mediators will then be produced, leading to a decreased influx
of M¢ and less activation of the M¢ present locally at the inflammation site. This will
then lead to a decrease of physiological responses. Cytokines and other inflammatory
mediators which are anti-inflammatory or/and have a positive effect on the homeostasis
will then probably not recover or be disturbed.

10.3.3.1 S-lipoxygenase inhibitors

Drugs which only block the 5-lipoxygenase production, also have therapeutic potential.

The leukotrienes have marked effects on neutrophils and other inflammatory cells. By

blocking the local 5-lipoxygenase production, less neutrophils and monocytes/M¢ will

migrate to the site of inflammation and the inflammatory cells will also be less
activated at the site of inflammation, releasing less inflammatory products. This has
been shown in different animal models and clinical trials. For example:

- Asthma: We have shown in vitro that E6080 inhibits specific LTB, production
(Chapter 6). Tsunoda et al. have shown that in antigen sensitized guinea pigs,
E6080 dose dependently inhibited bronchospasm, inhibition of leucocyte
infiltration and decreased bronchoepithelial damage [65]. In clinical trials,
specific 5-lipoxygenase inhibitors tended to reduce the symptoms [66,67].

- Ulcerative colitis: Zileuton, a 5-lipoxygenase inhibitor, has proven effective in
an experimental model of colitis, showing that leukofrienes play an important
role in the pathogenesis of IBD [68].

Selective 5-lipoxygenase inhibitors have a potential effectiveness in the
management of UC [28] by decreasing LTB, in rectal dialysis of patients with
active UC [36].

- Septic shock: Selective 5-lipoxygenase inhibitors are able to protect against
shock. In rat studies it was demonstrated that the initial hypotension induced by
endotoxin was attenuated by a 5-lipoxygenase inhibitor, probably by directly
effecting the LTs. Sulfopeptide LTs are potent vasoconsirictors, they probably
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affect systemic pressure by directly increasing vasculator permeability. Plasma
immunoreactive 6kPGF,, which was increased in the later phase of endotoxic
shock was reduced with a 5-lipoxygenase inhibitor, probably by blocking LTC,
and LTD, which stimulate prostacyclin synthesis and release from endothelial
cells [42].

The effectiveness of new and existing 5-lipoxygenase inhibitors can be tested in our
in vitro model, as we have shown with E6080. The usefulness of these specific 5-
lipoxygenase inhibitors in vive will then be more predictable.

10.3.3.2 Anti-inflammatory cytokines

The effects of the pro-inflammatory cytokines can be inhibited by application of the

proper anti-inflammatory cytokine(s), the inflammatory reaction may then down-

regulated. IL-4, 11.-10 and IL-13 suppresses cytotoxic and inflammatory functions of

M.

- -4 has so far only been tried in patients with cancer. Recombinant human Ji.-
4 had anticancer effects in amimal models; however, when iried in patients with
renal cancer or melanoma, it did not produce meaningful activity [69].

Besides M¢, intestinal epithelial cells are also a source of IL-8. In inflammatory IBD
the source of IL-8 is not yet clear. From studies on epithelial cell lines it became clear
that IL-4 and IL-10 could not down-regulate the IL-8 production. This difference in
regulation should be taken into account when down-regulation of the IL-8 production
with *suppressive’ cytokines is warranted [70].

Our in vitro model will be very useful to test the effects of anti-inflammatory cytokines
on the eicosanoid and cytokine production. As we have shown in Chapter 7, there are
similarities but also differences between eicosanoids and cytokines in comparison (0
M¢ of other species. By studying the effects of natural occurring cytokine inhibitors
on human Mg, their effect in vive will be more predictable. Not only will pro-
inflammatory cytokines be influenced, but most probably also several eicosanoids, as
the cytokines influence the eicosanoid production.

16.3.3.3 Cytokine antibodies and soleble cytokine receptors

Inflammatory mediators can be neutralized with specific antibodies or with soluble

cytokine receptors.

- For example, TE-6 has also pro-inflammatory effects in rheumatoid arthrifis,
Anti-IL-6 monoclonal aniibodies resulted in clinical and biclogical improvement
of patients with severe rheumatoid arthritis. Further studies are required to
evaluate the real benefit and the mode of action of this monoclonal antibody
[71].
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With the measuremeni of Me products in the ascitic fluid and plasma of patients with
ascites due to different etiology, we have shown that IL-6 is very high in patients with
spontaneous bacterial peritonitis (SBP; Chapters 8 and 9). IL-6 could be used to
monitor disease activity in patients with SBP. Local treatment with antibodies against
IL-6, may reduce the risk for the development of septic shock.

Naturally occurring soluble receptors have been found for a variety of cytokines. These
soluble cytokine receptors bind to their respective cytokines. The in vivo function of
soluble receptors is not yet known. When there are soluble cytokines presents, the
cytokines may bind to the soluble receptors and possibly not to their specific receptors
on the target cells. fn vitro it has been shown that soluble receptors can block cell
activation {72,73].

However, it is also possible that the soluble cytokine receptors (and also the
autoantibodies) transport the cytokine through the circulation and present it to the cell
surface receptors and the target cells. The activity of the cytokine is then enhanced as
it is protected from proteolysis and these soluble receptors act then as a reservoir of
active or potentially active factors. Enhancing activities have been demonstrated for
the soluble IL-6 receptor [74].

Qur in vitro model will be useful to test the effect of inhibiting the effect of IL-1 with
IL-1 receptor antagonist (IL-1ra). As we have shown in Chapter 7, IL-1 increases
LTB, production and decreases PGE, production.

10.3.3.4 Receptor antibodies and receptor antagenists

Blockade of the receptors to which the inflammatory mediators bind with receptor

antibodies or receptor antagonists is another possibility. In vivo in a mouse model, it

was shown that IL-1 induced catabolic host changes, associated with inflammation,

could be blocked with monoclonal antibodies directed against the IL-1 receptor [75].

IL-1ra is a naturally occurring antagonist, so far the only one known, blocking the

binding of IL-t« and IL-18 to the 1L-1 receptor [76].

- In a rabbit model with immune-mediated bowel inflammation IL-1-ra was a
potent anti-inflammatory cytokine, preventing acute colitis and the appearance
of chronic inflammation [77,78].

- Administration of IL-1ra, after inducing a bacierial sepsis in animals (rats and
rabbits), also showed significant improvement and survival [79,80].

- In an open-label trial in patients with sepsis syndrome or shock, iL-lra
(continuous infusion) seemed in the initial evaluation to be safe and to provide
a dose-relaied survival. Plasma IL-6 was also dose-dependenily decreased [81].

Our in vitro model will be useful to test the effect of inhibiting the effect of IL-1 with

IL-1ra. As we have shown in Chapter 7, IL-1 increases LTB, production and decreases
PGE, production,
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10.3.3.5 Cellular adhesicn molecules antibodies

Cellular adhesion molecules have an important role in the migration of leucocytes to
the site of inflammation (see paragraph 2.3). Inhibiting the infiltration of leucocytes
with specific monoclonal antibodies will have therapeutical potential in acute
inflammatory events, chronic inflammation and malignancy. This has been shown in
experimental models of human diseases e.g. Colitis {82] and allergic asthma [83].

10.3.3.6 Combinations

A combination of different therapies mentioned above may have a synergistic effect,
as the production of inflammatory mediators is a result of a variety of cells which are
activated by interacting with each other and their mediators. Understanding which
inflammatory cells and mediators are crucial for the induction of the allergic response
or inflammation is of prime importance, followed by knowledge on which cells and
mediators enhance the inflammation. Subsequently a variety of combinations may be
possible.

It was shown, for example, that LTD, and PAF receptor antagonists, synergistically
decrease the antigen-induced airway microvascular leakage in an animal model [84].
In asthma and in IBD the possibilities are the blocking of the cell infiltration
(antibodies to cellular adhesion molecules or inhibition of the chemoattraciants, e.g.
anti-IL-§ monclonal antibody or specific inhibition of LTB,) combined with antibodies
or soluble receptors or anti-inflammatory cytokines, decreasing the pro-inflammatory
cytokines.

As suggested by Fischer et al., in patients with septic shock anti-cytokine therapy in
combination with standard anti-microbial agents in patients with bacterial sepsis may
be an effective strategy [85].

A variety of combinations are possible for inflammatory diseases. Our in vitro M¢
model will be of use to study which combination of specific inhibitor(s) and/or
neutralizers will have a synergistic effect in reducing the inflammatory production by
M¢. This could be done in combination with other human cells with which the Mg
and their mediators interact during the inflammatory response. This work could then
contribute to the understanding of the mechanism of human inflammatory diseases and
help in finding therapeutic agents which act as specific inhibitors and/or neutralizers
of inflammatory mediators, and will finally abolish the whole inflammatory process.
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Chapter 11 Summary

Ascitic fluid is a readily available source of human peritoneal macrophages (hp-Mé).
Characterization of the production profile of purified human M¢ in vitro will be
helpful for our understanding of inflammatory diseases and their treatment. These M¢
can then be used as a human in vitro model to characterize the interactions of anti-
inflammatory drugs with M¢. M¢ are very important in inflammatory diseases, as
through their receptors and secretory products, they have a central and essential role
in the initiation and maintenance of immunological and inflammatory processes.

Chapter 3. Using the carrageenin-induced peritonitis rat model, we have shown that
in vitro cytokine and eicosanoid production during an episode of inflammation is
mainly due to the presence of M. The inflammatory mediator production capacity of
M¢ was dependent on the phase of the peritonitis. The eicosanoid and cytokine
production in vitro was very low on the first day after inducing the peritonitis (the
acute phase), then it steadily increased, showing a differentiated pattern in the chronic
phase. The synthesis pattern of the inflammatory mediators of peripheral blood
monocytes had completely changed in comparison to monocytes which had migrated
into the inflamed peritoneum and transformed into peritoneal M. In vive priming of
the M¢ leads to a change and a higher eicosanoid and cytokine production capacity of
the Mg in vitro.

Chapter 4. Using hp-M¢, we have shown that the eicosanoid production depended on
the maturity of the M¢. Density-defined hp-M¢ showed morphological and
biochemical heterogeneity. The least mature M, the small round M¢, synthesized the
least eicosanoids. The more mature M¢, the M¢ with more cytoplasm, had a higher
level of eicosanoid production. M¢ which are more mature, are probably more
activated in vivo and this activation leads to a higher eicosanoid production capacity
in virro.

Chapter 5: The hp-M¢ were obtained from ascites of patients of varying etiology,
mainly liver cirrhosis. This is a sterile chronic inflammation site. Lipopolysaccharide
(LPS) stimulation in vifro resulted in similar production patiern of the pro-
inflammatory cytokines as the LPS stimulated M¢ of other origin and species.
However, the profile of the eicosancid production of hp-M¢ stimulated in vitro with
calcium ionophore A23187 and LPS differed from A23187 and LPS stimulated M¢ of
other origin and species. The main eicosanoids produced by the hp-M¢ when
stimulated in virro with A23187, were the 5-lipoxygenase products LTB, and 5-HETE.
The increase of the cyclooxygenase products was not significant, LPS did not influence
the eicosanoid production, The production of the pro-inflammatory cytokines
interleukin 18 (IL-1B), IL-6 and tumor necrosis factor « (TNF-o) was LPS
concentration dependent and also depended on the time of exposure to the stimulus.
The oxygen radical production in these hp-M¢ was measured by a flow cytometric
method. The production increased significantly, when the hp-M¢ were stimulated with
phorbol 12-myristate 13-acetate (TPA).
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Chapters 6 and 7: The interactions between the eicosanoids LTB, and PGE, and the
cytokines IL-18, IL-6 and TNF-a of hp-M¢, were characicrized by the addition and
inhibition of several of these mediators. The cytokines and eicosanoids influenced each
other’s production. There was a positive inferaction between IL-16 and L.TB,, a
negative interaction between IL-1B8 and prostaglandin (PGE,) and no significant
interaction between IL-10 and IL-6. When the LTB, production was inhibited with the
specific 5-lipoxygenase inhibitor E6080, the PGE, production decreased. Increasing
LTB, had no effect on PGE,. Increasing PGE, down-regulated the TNF-a production,
As we expected, because the profile of eicosanoid production of hp-M¢ was not
similar to the profiles of M¢ from other origin or species, the profile of interactions
between the eicosanoids and cytokines of hp-M¢ was partly different compared with
the profile of eicosanoid and cytokine interactions of M¢ from other origin and
species. These differences in eicosancid and cytokine production and interactions
profiles establish that when mediators in human inflammatory diseases are to be
studied, care should be taken with animal models. When in vifro studies are done,
preferably human in vitro models should be used.

Chapters § and 9: Md are usually the main inflammatory cells present in ascites of
patients due to all causes. Corresponding fo the pattern of mediators produced by Mg,
which depends on the stage of activation of the M¢ and the stimulus applied, the
pattern of the soluble intercellular adhesion molecule 1 (sSICAM-1) concentration and
the eicosanoid LTB, and PGE, concentration, measured directly in ascitic fluid of
patients, also showed a specific disease related-pattern. The discase-related pattern of
the different parameters may not be suitable for diagnostic use as the parameters of the
three different groups (liver cirrhosis, peritoneal cancer, spontaneous bacterial
peritonitis) overlapped. However, as SICAM-1 levels in ascites correlated with SICAM-
I levels in plasma and both sSICAM-1 and IL-6 correlated with episodes of infection,
sICAM-1 together with IL-6 scem to be parameters which could be of prognostic value
for patients with spontaneous bacterial peritonitis (SBP),

Chapter 10: An outline is given of common diseases; asthma, inflammatory bowel
disease (IBD) and septic shock, in which M¢ and their inflammatory medzators (e.g.
eicosanoids and pro-inflammatory cytokines) through a co-ordinated cellular co-
operation with other inflammatory cells are involved in the acute and chronic
inflammation. Besides non-selective working drugs, these diseases may be treated with
selective acting therapeutics e.g. by sclective inhibition of the eicosanoid production,
by increasing levels of anti-inflammatory cytokines, by neutralizing pro-inflammatory
cytokines, through receptor blockade of inflammatory mediators, or a combination of
specific inhibitors and/or neutralizers,

As human M¢ differ from M¢ of other species, the effects of selective acting
therapeutics in vivo will be more predictable when tested in vitro using human
inflammatory cells. Most of these therapeutics can be widely tested fo study their effect
on a variety of mediators involved in the defence mechanism.
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Samenvatting

Ascites vocht is een makkelijk verkrijgbare bron voor humane peritoneale macrofagen
{(hp-Md). Het in vitro karakteriseren van het productie profiel van humane peritoneale
Me¢ zal zeer nuttig zijn voor het begrijpen van omistekings ziekten en hun
behandelingen. Deze M¢ kunnen dan gebruikt worden als een humaan in vifre model
om de interacties tussen M¢ en ontstekingsremmende geneesmiddelen te bestuderen.
Mé¢ zijn zeer belangrijk in ontstekings ziekien, omdat ze door middel van hun
receptoren en hun uvitscheidings producten een centrale en essentiéle rol innemen in de
ontwikkeling en handhaving van immunologische en ontstekingsprocessen.

Hoofdstuk 3: Gebruikmakend van een carrageenine-geinduceerde peritonitis rat model,
hebben we laten zien dat de in vitro cytokinen en eicosanoiden productie tijdens het
ontstckings proces voornamelijk aftkomstig waren wvan aanwezige Md¢. De
productiecapaciteit van onistekingsmediatoren door M was afhankelijk van de fase
van de peritonitis. De eicosanoiden en cytokinen productic was in vitro zeer laag op
de eerste dag na het induceren van de peritonitis (de acute fase). Daarna nam de
productiecapaciteit van de ontstekingsmediatoren geleidelijk toe, waarbij tijdens de
chronische fase een gedifferenticerd patroon tot stand kwam.

Het productieprofiel van ontstekingsmediatoren van perifere bloedmonocyten was
volledig veranderd in vergelijking met monocyten die naar het ontstoken peritoneum
waren gemigreerd en tot M¢ waren getransformeerd. In vivo ‘priming” van Me¢ leidt
tot verandering en een hogere productic van eicosanoiden en cytokinen door Md in
vitro.

Hoofdstuk 4. Met hp-M¢ hebben we laten zien dat de eicosanoiden productie
afthankelijk is van de rijpheid van de Mé. Dichtheids-gedefineerde humane peritoneale
Mg vertonen een morfologische en biochemische heterogeniteit. De minst rijpe Mo,
de smalle ronde M¢, produceerden de minste hoeveelheid eicosanoiden. De meer
rijpere M@, de M¢ met meer cytoplasma, hadden een hogere eicosanoiden productie.
M¢ die rijper zijn, zijn waarschijnlifk in vivo meer geactiveerd en dit leidt tot een
hogere eicosanoiden productie capaciteit in vitro.

Hoofdstuk 5. De hp-Mg werden verkregen uit ascites van pati€nten met verschiflende
oorzaken voor deze aandoening, voornamelijk levercirrose. Het onistoken peritoncum
is een stericle chronische ontstekingsplaats. Lipopolysaccharide (LPS) stimulatie in
vitro van de hp-Mg¢, resulteerde in een vergelijkbaar productiepatroon van ontstekings-
stimulerende cytokinen als de door LPS gestimuleerde M die van andere oorsprong
en species waren. Echter, het eicosanoiden productie profiel van hp-Md¢ die in vitro
met calcium ionofoor A23187 of LPS werden gestimuleerd, verschilden van met
A23187 of LPS gestimuleerde M¢ die van andere oorsprong en species waren.

De voornaamste eicosanoiden, geproduceerd door humane M gestimuleerd in vitro
met A23187, waren de 5-lipoxygenase producten LTB, en 5-HETE. De netto productie
van de cyclooxygenase producten was verwaarloosbaar klein. LPS beinvloedde de
eicosanoiden productie niet. De productie van de ontstekings-stimulerende cytokinen
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interleukine 18 (IL-18), IL-6 en tumor necrose factor o (TNF-ax) was afhankelijk van
de concentratie van LPS en ook afhankelijk van de incubatietijd met de stimulus.

De zuurstof radicaal productie in deze humane peritoneale M¢ werd gemeten met
behulp van een ‘flow’cyiometrische methode. Wanneer de cellen met ‘phorbol 12-
myristate 13 acetate’ (TPA) werden gestimuleerd, nam de zuurstof radicaal productie
van de humane peritoneale Md significant toe.

Hoofdstukken 6 en 7: De interacties tussen de eicosanoiden LTB, en PGE, en de
cytokinen IL-18, IL-6 en TNF-« van humane peritoneale M¢ werden gekarakteriseerd
door de toevoeging en remming van verschillende mediatoren. De cytokinen en
eicosanoiden beinvloedde elkaars productie. Er was een positieve interactie tussen IL-
18 en LTB,, een negatieve interactie tussen IL-18 en PGE, en geen interactic fussen
IL-18 en IL-6. Toen de LTB, productie werd geremd met behulp van de specifieke 3-
lipoxygenase remmer E6080, nam de PGE, productie ook echter af. Toenemende
toegevoegde LTB, had geen effect op PGE, synthese. Toenemende PGE, verlaagde de
TNF-o productie.

Zoals we verwachtten, omdat het productie profiel van humane peritoneale Mé
gevormde eicosanoiden anders was dan dat van M¢ van andere oorsprong en species,
verschilden de interacties tussen eicosanoiden en cytokinen van humane peritoneale Mg
gedeeltelijlc van interacties tussen eicosanoiden en cytokinen bij M¢ van andere
origines.

Deze verschillen in eicosanoiden en cytokinen productic en onderlinge interacties
bevestigen dat wanneer mediatoren in humane ontstekings ziekten worden bestudeerd,
zeer voorzichtig met diermodellen moet worden omgegaan, Wanneer in vitro studics
worden uitgevoerd, verdienen humane in vitro modellen uiteraard de voorkeur.

Hoofdstukken 8 en 9: Tn ascites van patiénten, veroorzaakt door allerlei aandoeningen,
zijn M¢ meestal de voornaamste aanwezige ontstckingscellen. Overeenkomstig het
profiel van mediatoren geproduceerd door M¢, dat afhankelijk is van het activatie
stadium van de Md¢ en de toegediende stimuius, vertonen de in ascites gemefen
concentraties van ‘soluble intercellular adhesion molecule 1° (sICAM-1) en de
eicosanoiden LTB, en PGE,, specifiek aan zickten gerelateerde patronen.

De aan ziekten gerelateerde patronen van de verschillende parameters is waarschijnlijk
niet geschikt voor diagnostisch gebruik, omdat alle parameters van de drie
verschillende groepen, waarin de patiénten waren ingedeeld (lever cirrose, peritoneale
kanker, spontane bacteriéle peritonitis (SBP)) overlap vertoonden. Echter, omdat de
sICAM-1 niveaus in ascites correleerde met siICAM-1 niveaus in plasma en zowel
sICAM-1 als IL-6 correleerde met episoden van infectie, zijn sICAM-1 en IL-6
parameters die samen mogelijk prognostische waarde kunnen hebben voor patiénten
met SBP.

Hoofdstuk 10: In de afsluitende discussie worden als hoofdlijn cen aantal veel
voorkomende ziekten besproken zoals, asthma, darmontstekingen en septische shock,
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waarin: de Mg en hun ontstekingsmediatoren (etcosanoiden en ontstekingsstimulerende
cytokinen) door middel van een gecodrdineerde cellulaire codperatie met andere
ontstekingscellen betrokken zijn bij acute en chronische ontstekings processen. Deze
ziekten kunnen met behalve miet-selectieve ontstekingsremmende geneesmiddelen,
waarschijnlijk ook behandeld worden met selectief werkzame therapeutica, bijvoorbeeld
door middel van selectieve remming van de eicosanoiden productie, het toe laten
nemen van ontstekingsremmende cytokinen, het neutraliseren van ontstekings-
stimulerende cytokinen, receptorblockade van de ontstekingsmediatoren of een
combinatie van genoemde stoffen.

Omdat humane M¢ verschillen van M¢ van andere species, zal het effect van selectief
werkzame therapeutica in vive beter voorspelbaar zijn als ze in vitro getest worden met
gebruikmaking van humane ontstekingscellen. De meeste van deze therapeutica kunnen
uitgebreid worden getest om hun effect te bestuderen op een verscheidenheid van
ontstekingsmediatoren, betrokken bij het verdedigingsmechanisme.
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milligram

milliliter

tetrazolium salt

messenger RNA

number

nanogram
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List of abbreviations

sICAM
Tycell
TNF
TNF-R
TPA

uc
VCAM
VLA
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natural killer cells

rot significant

non-steroidal- anti-inflammatory drugs
phosphatic acid

platelet activating factor

primary biliary cirrhosis

phosphate buffer saline
phosphatidyl choline

phosphatidy] ethanolamine
prostaglandin

prostaglandin endoperoxide synthase
prostacycline

pluripotent haemopoietic stem cells
phosphatidyl inositol {phosphoinositide)
phosphatidyl inositol 4,5-biphosphate
protein kinase A

protein kinase C

phospholipase A,

phospholipase C

phospholiase D

peritoneal Mo

polymorphonuclear cells

primary sclerosing cholangitis
correlation

radio immuno assay

rihonucleic acid

radical oxygen intermediates
reversed-phase HPLC

rhodamine 123

spontaneous bacterial peritonitis
standard deviation

sodium dodecyl sulphate

standard error of the mean

soluble ICAM

T-Helper celi

fumor necrosis factor

TNF-« receptor

phorbol 12-myristate 13-acetate
thromboxane

units

ulcerative colitis

vascular cell adhesion molecule
very-late-antigen



