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Endotoxin n 

Endotoxin,, a lipopolysaccharide (LPS), is part of the outer membrane of all 

Gram-negativee bacteria. Endotoxin is known for its proinflammatory properties and 

iss able to activate multiple inflammatory cascades. Therefore it is considered to play 

aa key role in the toxic sequelae of Gram-negative sepsis (1). LPS consists of a lipid 

component,, called lipid A, and a hydrophilic polysaccharide chain. The 

polysaccharidee portion of LPS consists of two different components, the O-chain, 

thatt protrudes from the bacterial membrane, and a "core part", connecting the O-

chainn with Lipid A. While the O-chain consists of a series of structurally and 

antigenicallyy diverse repeating units of oligosaccharides which determine the many 

differentt O-specific serotypes, the core part is identical for many different bacteria 

andd consists of and outer core part and an inner core part. Lipid A is the biologically 

activee part of LPS, responsible for the classical endotoxin symptoms such as fever. 

Threee cloned molecules expressed on the surface of mononuclear cells have been 

documentedd to bind the lipid A part of LPS, i.e. CD 14, the (32 leukocyte integrins 

(CDlla/CD18,, CDllb/CD18, and CDllc/CD18), and the macrophage scavenger 

receptorr (SR)(2). Binding of LPS to CD14 or CD11/CD18 will eventually result in a 

cellularr effect, while SR does not seem to function as a signaling receptor. 

Spontaneouss binding of LPS to CD14 occurs at very slow rates. LPS-CD14 binding 

iss greatly accelerated in the presence of LPS binding protein (LBP), an acute phase 

reactantt mainly derived from the liver and present in blood at concentrations in the 

mg/mLL range (2,3). LBP can also bind intact gram-negative bacteria via LPS in the 

outerr membrane, and can facilitate attachment of bacteria to CD14. CD14 is present 

inn serum in a soluble form. Cell types that do not express membrane bound CD14 

cann be rendered LPS responsive by a mechanism that involves soluble CD 14 and 

LBPP (2,3). A role for LBP in the interaction between LPS and CD11/CD18 has not 

beenn identified. CD14, which is a glycophosphatidylinositol (GPI)-anchored 

membranee protein and does not have an intracellular domain, is not the LPS receptor 
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signalingg element. Recent research has identified Toll-lik e receptor 4 as a signaling 

receptorr for LPS (4). 

Intravenouss injection of low dose LPS has been used as a human model of systemic 

inflammationn (5,6). The symptoms elicited by intravenous LPS are headache, 

generalizedd malaise and myalgia, accompanied by nausea and sometimes even 

vomiting.. A monophasic fever, preceded by chills, is almost always registered, albeit 

thee rise in body temperature may range from very small to up to 4ÜC. All signs and 

symptomss start to occur one hour to 90 minutes after the administration of LPS, are 

mostt prominent after two to three hours, and disappear within one to four hours 

thereafter,, although some degree of fever may last a few hours longer. Low dose LPS 

alsoo induces a hyperdynamic cardiovascular response in normal humans, 

characterizedd by increases in cardiac index and heart rate, and decreases in systemic 

vascularr resistance index and mean arterial pressure. Other effects of LPS in humans 

includee cytokine release, and activation of leukocytes, the coagulation and the 

fibrinolyti cc systems, and the vascular endothelium (see also further)(5,6). 

Inflammatoryy responses studied in this thesis 

LPSS can activate multiple inflammatory cascades in healthy humans in vivo. 

Probablyy the most extensively studied LPS response is the release of cytokines into 

thee circulation. Cytokines are small, extremely potent proteins produced and secreted 

byy various cell types in response to a variety of immunologic and infectious stimuli. 

Cytokiness closely interact in a highly complex network, in which they influence each 

otherss production and action. The cytokine network can be arbitrarily divided into 

threee portions (7): (1) proinflammatory cytokines, which facilitate inflammation (e.g. 

tumorr necrosis factor-a (TNF) and interleukin (IL)-l) , (2) anti-inflammatory 

cytokines,, which not only inhibit inflammatory responses, but also are capable of 

inhibitingg the production of proinflammatory cytokines (e.g. IL-10), and (3) cytokine 

inhibitors,, which can either be soluble (such as the soluble TNF and IL-1 receptors) 

orr cell-bound (such as the decoy-type II IL-1 receptor). The bioavailability of 

cytokiness may be further influenced by regulation of the expression of their 
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receptors.. LPS has been found to downmodulate the expression of TNF and IL-1 

receptorss on circulating monocytes and granulocytes, thereby inhibiting possible 

excessivee cellular activation by TNF and/or IL-1 (8). The influence of LPS on the 

surfacee expression of other cytokine receptors, such as the receptor for IL-6 or 

granulocytee colony stimulating factor (G-CSF) is currently unknown, and was 

evaluatedd in investigations described in Chapters 2 and 3. The function of cytokines 

duringg bacterial infection is complicated, and not directly investigated in this thesis. 

Cytokiness are essential for the orchestration of the host response to local infection. 

Duringg overwhelming immune activation, however, such as occurs during fulminant 

sepsis,, excessive systemic production of proinflammatory cytokines may result in 

tissuee injury (7). 

Chemokiness are 8 to 10 kD chemotactic proteins that play an important role in 

leukocytee trafficking during inflammation (9). They can be divided in a number of 

subgroups,, of which CXC and CC chemokines have been studied most thoroughly. 

Thiss subdivision is based on the relative position of the cysteine residues in the 

maturee protein, whereby in CXC (or a) chemokines the first two cysteine residues 

aree separated by a single amino acid, whereas in the CC (or p) chemokines the first 

twoo cysteine residues are adjacent to each other. LPS injection induces the release of 

bothh CC chemokines (e.g. monocyte chemoattractant protein 1 (MCP-1) and 

macrophagee inflammatory protein (MIP) 1(3) and CXC chemokines (e.g. lL-8)(5,6). 

Likee chemokines, the receptor for urokinase plasminogen activator (uPAR, CD87), 

hass been implicated in the recruitment of leukocytes to the site of an infection (10). 

uPARR is widely expressed on many different cell types including hematopoietic 

cells.. Although uPAR is a glycosylphosphatidylinositol (GPl)-linked membrane 

protein,, and therefore lacks the transmembrane and cytoplasmatic sequences to 

inducee signal transduction, it has an obligate function in chemotaxis of monocytes 

andd neutrophils in vitro. In Chapter 4 the effect of LPS on uPAR expression on 

circulatingg granulocytes and monocytes was investigated. 

Leukocytosiss is among the most sensitive reactions registered after injection of LPS 

intoo humans (5,6). Studies in healthy volunteers have invariably documented a 
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characteristicc triphasic change in white blood cell counts after administration of LPS. 

Leukocytee counts start to decline 30 minutes postinfection and reach a nadir of less 

thann 2 x IO'VL after one hour. This initial leukopenia is followed by a marked 

leukocytosis.. The changes in total leukocyte counts in human endotoxemia largely 

reflectt the changes in the number of circulating neutrophils. Intravenous LPS 

influencess not only leukocyte numbers, but also the activation status of white blood 

cells.. Rises in plasma concentrations of elastase, complexed with its main inhibitor 

CCi-antitrypsin,, lactoferrin, and bactericidal/permeability increasing protein (BPI) 

occurr several hours after injection of endotoxin, indicative of neutrophil 

degranulationn (5,6). 

Thee procoagulant response to intravenous injection of LPS has been carefully 

documentedd in healthy humans (5,6). LPS induces a transient activation of the 

commonn pathway of the coagulation system, reflected by rises in the plasma 

concentrationss of the prothrombin fragment F1+2 and of thrombin-antithrombin 

(TAT)) complexes, becoming evident from two hours postinjection. Interestingly, 

activationn of coagulation is preceded by a rapid and transient activation of 

fibrinolysis.. LPS-induced fibrinolytic activation starts with the release of tissue-type 

plasminogenn activator (tPA) into the circulation, which is followed in time by a brisk 

riserise in plasminogen activator inhibitor type I (PAI-1) levels, indicating that the 

fibrinolyti cc response to LPS is highly regulated. tPA likely originates primarily from 

thee vascular endothelium. Other activation products released by endothelial cells 

duringg human endotoxemia include von Willebrand factor and soluble E-selectin. 

Interventionss studied in this thesis 

Inn this thesis five different interventions are tested regarding their efficacy to 

influencee specific LPS-induced effects. In Chapters 5 and 6 the effects of a 

metalloproteinasee (MP) inhibitor are described. MPs are a family of proteases who 

containn zinc as the catalytically active metal (11). Besides there function in 

degradationn of the extra-cellular matrix, tissue remodelling and woundhealing, they 

aree capable of cleavage of different cytokines from the cell-surface. Different 
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memberss of this family are collagenase, stromelysin, gelatinases and TNF converting 

enzymee (TACE). MP inhibitors succesfully prevent the cleavage of membrane-

boundd TNF in vitro. In addition, MP inhibitors prevented TNF release in mice in 

vivo,vivo, and protected mice from a lethal dose of LPS (12). Other proteins known to be 

cleavedd by MPs in vitro include other members of the TNF receptor family (figure 

1),, and the immunoglobulin class G (IgG) Fey receptor type III (CD16)(11). Chapter 

55 involves a study in which the effect of an oral dose of the MP inhibitor GI5402 on 

thee processing of TNF and TNF receptors in vivo was assessed. Chapter 6 describes 

thee effect of GI5402 on the cell surface and expression and release of CD16 and 

CD27,, the latter being a member of the TNF receptor family. 

Figuree 1: TNF and TNF 

receptorss both exist in membrane-

boundd as well as in soluble forms. 

Mettaloproteinasess (MMP) and 

TNFF converting enzyme (TACE) 

playy an important role in the 

processingg of TNF and its 

receptors.. (A. Mantovani and S. 

Sozzani,, Immunology Today, 

oct.1997) ) 

ChaptersChapters 7 and 8 include studies in which volunteers injected with LPS were 

treatedd with two different doses of tissue factor pathway inhibitor (TFPI). TFPI is a 

naturall  anticoagulant that influences coagulation directly by factor Xa inhibition and 

indirectlyy by a factor Xa dependent feedback inhibition of the TF/VIIa complex 

(Figuree 2) (13). 
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Tissuee Factor Pathway of Coagulation during Infection 
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Figuree 2: Schematic presentation of the role of Tissue Factor in blood coagulation. 

Inn severe sepsis in animals, TFPI was not only able to completely block the 

coagulantt response but it also prevented death (14). More downstream intervention 

inn the clotting cascade, by blocking the generation of thrombin by administration of 

active-sitee blocked factor Xa, did not protect against organ failure and death after 

EscherichiaEscherichia coli sepsis in baboons (15). It has therefore been suggested that TF may 

modulatee the inflammatory response by a mechanism other than by influencing blood 

coagulation.. In accordance with this hypothesis are the findings that inhibition of the 

TF/VIIaa pathway during severe bacteremia in baboons resulted in a reduction in IL-6 

andd IL-8 release (14). The effect of TFPI in humans is unknown. Chapter 7 

addressess the effect of TFPI on coagulation and fibrinolysis during human 

endotoxemia.. Chapter 8 involves a study in which the effect of TFPI on activation of 

leukocytes,, endothelial cells, chemokines and the acute phase protein response was 

determined. . 

Ass outlined above, CD 14 is the ligand binding part of the LPS receptor (2,3). 

Blockingg CD14 in vitro, leads to a profoundly reduced capacity of LPS to activate 

cells.. In addition. anti-CD14 antibodies protected rabbits and monkeys from LPS-

inducedd toxicity (16,17). At present, however, evidence that CD14 mediates LPS 

Tissuee Factor + 
Facto rr  VII 

13 3 



ChapterChapter 1 

effectss in humans in vivo is lacking. In Chapter 9 a study is described in which the 

effectt of IC14. a newly developed recombinant chimeric monoclonal antibody 

directedd against CD 14. on a variety of inflammatory responses in healthy humans 

injectedd with LPS was determined. 

ChapterChapter 10 involves a study in which the regulation of MCP-1 and MlP-lfJ release 

byy endogenous platelet activating factor (PAF) and TNF during endotoxemia in 

chimpanzeess is investigated. The chimpanzee model is virtually identical to that in 

humans,, i.e. the source and dose of LPS are the same, and the nature and the extent 

off  inflammatory responses are highly similar. PAF, a phospholipid, and TNF are 

distinctt mediators implicated in the activation of several inflammatory cascades in 

sepsiss (7.18). Both PAF and TNF can stimulate the production of a number of pro-

inflammatoryy mediators, including the CXC chemokine IL-8. and both inhibition of 

PAFF and neutralization of TNF is associated with a diminished release of IL-8 in 

humann and nonhuman primate models of low grade endotoxemia (19,20). The study 

describedd in Chapter 10 assessed the role of PAF and TNF in LPS-induced release of 

MCP-11 and MIP-ip in chimpanzees. 

Aimm and Outline of the thesis 

Thee studies presented in this thesis are part of ongoing investigations in our 

laboratoryy that seek to obtain more insight in the human response to LPS. In this 

thesiss several aspects of this host response were addressed, i.e. LPS-induced 

alterationss of the expression of IL-6 receptors (Chapter 2). G-CSF receptors (Chapter 

3)) and the uPAR (Chapter 4). In addition, new interventions, possibly useful in 

patientss with severe sepsis and/or other inflammatory conditions, were evaluated 

afterr injection of LPS, i.e. the MP inhibitor GI5402 (Chapters 5 and 6), TFPI 

(Chapterss 7 and 8), IC 14 (Chapter 9), a PAF antagonist and an anti-TNF antibody 

(Chapterr 10). 
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