
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Endotoxin-induced effects in healthy humans

Dekkers, P.E.P.

Publication date
2000
Document Version
Final published version

Link to publication

Citation for published version (APA):
Dekkers, P. E. P. (2000). Endotoxin-induced effects in healthy humans. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/endotoxininduced-effects-in-healthy-humans(3ff6ff2a-5b6c-45ff-80a9-6c4f10d13d0b).html


Endotoxinn - induced effects 
inn healthy humans 

Pascalee E.P. Dekkers 



Endotoxin-Inducedd Effects 
in n 

Healthyy Humans 



Endotoxin-inducedd Effects in Healthy Humans/ Pascale Dekkers 

Amsterdam:: Thela Thesis 

Thesiss University of Amsterdam.- with references.- with summary in Dutch. 

ISBNN 90-9013593-6 

©© P.E.P. Dekkers. Amsterdam 2000. 

Thee author thanks all volunteers that have participated in the studies in this thesis. 

Thee studies presented in this thesis were supported by GlaxoWellcome, Searle 

Researchh & Development and ICOS Corporation. 

Cover:: VI.C. Escher® (1898-1972)/ Symmetry Drawing E66, 1945/ Watercolour/ 

withh permission of© M.C. Escher Foundation-Baarn-Holland. 



ENDOTOXIN-INDL'CEDD EFFECTS IN HEALTHY HUMANS 

ACADEMISCHH PROEFSCHRIFT 

Terr verkrijging van de graad van doctor 

aann de Universiteit van Amsterdam, 

opp gezag van de Rector Magnificus 

Prof.. dr. J.J.M. Franse 

tenn overstaan van een door het college voor promoties ingestelde commissie, 

inn het openbaar te verdedigen in de Aula der Universiteit 

opp donderdag 6 april 2000 te 10.00 uur 

door r 

Pascalee Emma Petronella Dekkers 

geborenn te IJsselstein 



Promotiecommissie e 

Promotor r 

Co-promotor r 

Overigee leden 

Faculteitt  der  Geneeskunde 

Prof.. dr. S.J.H, van Deventer 

Dr.. T. van der Poll 

Prof.. dr. H.A. Bruining 

Prof.. dr. S.G.M. Meuwissen 

Prof.. dr. P. Speelman 

Prof.. dr. P.P. Tak 

Prof.. dr. L.G. Thijs 

Dr.. M.M. Levi 



Contents s 

Chapterr  1 7 

Introduction n 

Chapterr  2 17 

Endotoxinn downregulates monocyte and granulocyte Interleukin 6 receptors 

withoutt influencing gpl30 expression in humans. 

Journall  of Infectious Diseases (accepted for publication) 

Chapterr  3 35 

Granulocyte-colonyy stimulating factor (G-CSF) receptors on granulocytes are 

down-regulatedd after endotoxin administration to healthy humans. 

Journall  of Infectious Diseases (accepted for publication) 

Chapterr  4 47 

Upregulationn of monocyte urokinase plasminogen activator receptor during 

humann endotoxemia. 

Infectionn and Immunity (April 00 volume 68, issue 4) 

Chapterr  5 65 

Thee effect of a metalloproteinase inhibitor (GI5402) on TNFa and TNFa 

receptorss during human endotoxemia. 

Bloodd 1999;94:2252-2258 

Chapterr  6 87 

Thee metalloproteinase inhibitor GI5402 inhibits endotoxin-induced soluble 

CD277 and CD16 release in healthy humans. 

Submittedd for publication 



Chapterr  7 97 

Tissuee factor pathway inhibitor (TFPI) dose-dependently inhibits 

coagulationn activation without influencing the fibrinolytic and cytokine 

responsee during human endotoxemia. 

Bloodd 2000; 95: 1124-1129 

Chapterr  8 117 

Tissuee factor pathway inhibitor (TFPI) does not influence inflammatory 

pathwayss during human endotoxemia. 

Submittedd for publication 

Chapterr  9 133 

IC14,, an anti~CD14 antibody, inhibits endotoxin mediated symptoms and 

inflammatoryy responses in humans. 

Submittedd for publication 

Chapterr  10 157 

Divergentt roles of Tumor Necrosis Factor and Platelet Activating Factor 

inn endotoxin-induced release of Monocyte Chemoattractant Protein 1 and 

Macrophagee Inflammatory Protein 1(3 in chimpanzees. 

Infectionn and Immunity 1999; 67: 5480-5482 

Chapterr  11 167 

Summaryy and Conclusion. 

Addendum m 175 5 



ChapterChapter 1 

Introduction n 



ChapterChapter 1 

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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Introduction Introduction 

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). 

Inflammator yy 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 

Cytokine e 

rr  ~i 
Mononuclearr cells Endothelial cells 

Factorr IX 

I I 

Factorr IXa 

*  Factor Xa 

Prothrombinn * Thrombi n 

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 
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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. 

Ai mm and Outlin e 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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Abstract t 

Interleukinn 6 (IL-6) is important for host defense against various pathogens. 

Thee IL-6 receptor (IL-6R) complex consists of a ligand binding component (IL-6R) 

andd a signal transducing component (gpl30). To obtain insight in the regulation of 

thiss receptor complex during inflammation, 8 healthy subjects received an 

intravenouss injection of lipopolysacchande (LPS, 4 ng/kg), and receptor expression 

wass determined on blood leukocytes by FACS analysis. LPS induced a transient 

decreasee in monocyte and granulocyte IL-6R expression, while not influencing 

gpl30.. The plasma concentrations of soluble IL-6R and soluble gpl30 did not 

changee after LPS administration. Expression of the receptor for leukemia inhibitory 

factor,, a member of the IL-6R family, remained unaltered after LPS injection. In 

wholee blood in vitro, not only LPS, but also gram-positive stimuli and 

proinflammatoryy cytokines were capable of downmodulating the IL-6R. Monocytes 

andd granulocytes may downregulate IL-6R at their surface upon their first interaction 

withh bacterial antigens. 
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Introductio n n 

Interleukinn (IL)-6 is a glycosylated cytokine of which serum and plasma 

concentrationss increase in a variety of infectious and noninfectious conditions, 

includingg endotoxemia and sepsis [1]. In comparison with other cytokines, IL-6 can 

bee detected most consistently in the circulation of patients with sepsis, and the extent 

off  IL-6 release in these patients carries a strong predictive value for lethality [2,3]. 

IL-66 belongs to a family of cytokines that also comprises IL-11, ciliary neurotrophic 

factor,, cardiotrophin-1, leukemia inhibitory factor (LIF) and oncostatin M [4]. All 

memberss of the IL-6 family of cytokines share the transmembrane molecule gpl30 

ass a common signal transducing element on responsive cells. The functional IL-6 

receptorr (IL-6R) complex consists of the IL-6R (CD 126) and gpl30. The IL-6R 

servess as the IL-6 binding component of the receptor complex, but by itself, does not 

inducee signal transduction. In stead, the IL-6/IL-6R complex induces the formation 

off  a gpl30/gpl30 homodimer, which results in a cellular response initiated by 

activationn of JAK kinases [4]. Stimulation of the IL-6R complex results in a variety 

off  biological effects, including enhancement of acute phase protein synthesis in the 

liver,, increased megakaryopoiesis, stimulation of immunoglobulin production by B 

cellss and a number of systemic proinflammatory (e.g. stimulation of coagulation) and 

anti-inflammatoryy effects (e.g. inhibition of tumor necrosis factor (TNF) production) 

[1.4].. Soluble forms of both IL-6R and gpI30 can be detected in the circulation of 

healthyy individuals, representing the extracellular domains of the respective surface 

proteinss [5.6]. Soluble IL-6R can exert agonistic activity by enhancing the biological 

effectss of IL-6 [7-9], whereas soluble gpl30 functions as an IL-6 antagonist [6,10], 

AA number of stimuli have been reported to induce shedding of soluble IL-6R from 

thee cell surface, including bacterial pore-forming toxins, FMLP, and C-reactive 

proteinn [11-13]. In accordance, elevated circulating soluble IL-6R levels have been 

foundd in several inflammatory diseases, such as rheumatoid arthritis, multiple 

myeloma,, HIV infection and malaria [5,14-16]. In patients with sepsis, however, 

circulatingg soluble IL-6R concentrations were decreased [17]. Soluble gpl30 levels 
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weree not elevated in patients with severe malaria when compared with healthy 

controlss [16]. 

Thee human endotoxemia model has been widely used as a model of systemic 

inflammationn with relevance for early pathogenetic mechanisms operative during 

gram-negativee infection [18]. Intravenous injection of endotoxin (lipopolysaccharide, 

LPS)) into normal subjects results in inflammatory responses that qualitatively mimic 

changess found in patients with sepsis. In the present study, we sought to determine 

thee in vivo effect of LPS on the expression of IL-6R and gpl30 on circulating 

monocytess and granulocytes. Knowledge of the expression of the IL-6R complex 

mayy have relevance for possible alterations in IL-6R sensitivity of these cell types. 

Additionally,, we assessed changes in the cell-surface expression of the receptor for 

LIFF (LEF-R), a member of the IL-6R family, and in the plasma concentrations of 

solublee IL-6R and gpl30. Finally, we evaluated the effect of gram-positive stimuli 

andd proinflammatory cytokines on expression of the IL-6R complex in whole blood 

inn vitro. 

Methods s 

Humann endotoxemia model 

Eightt males (mean age: 23 years, range: 19-29 years) were admitted to the 

Clinicall  Research Unit of the Academic Medical Center. They received an 

intravenouss injection with Escherichia coli LPS, lot G (United States Pharmacopeial 

Convention,, Rockville, MD), over one minute in an antecubital vein at a dose of 4 

ng/kgg bodyweight. All subjects were in good health, as documented by history, 

physicall  examination, and hematological and biochemical screening. Blood for 

FACScann analysis was obtained directly before LPS administration (t =0 h) and at 1, 

2,, 4, 6 and 24 hours thereafter. These blood samples were drawn in heparin 

containingg vacutainer tubes and immediately put on ice. Blood for ELISA was 

obtainedd directly before LPS administration (t =0 h), and at 0.5, 1. 1.5. 2. 3, 4. 5. 6. 8, 

12,, and 24 hours thereafter. This blood was drawn in K?-EDTA containing tubes, 

20 0 



IL-6IL-6 receptors during human endotoxemia 

centrifugedd at 2000 g for 20 minutes at 4° C, after which plasma was stored at -20° C 

untill  the assay was performed. 

Assays s 

Thee following ELISA's were used according to the instructions of the 

manufacturerss (with detection limits): IL-6 (Central Laboratory of the Netherlands 

Redd Cross Blood Transfusion Service, CLB, Amsterdam, the Netherlands; 2.2 

pg/mL),, soluble IL-6R (CLB; 2.04 ng/ml), soluble gpl30 (R&D Systems Europe, 

Abingdon,, United Kingdom; 20 ng/ml) and LIF (R&D Systems; 23.4 pg/ml). 

Wholee blood stimulation 

Wholee blood was stimulated as described previously [19,20]. Blood was 

collectedd aseptically from healthy subjects using a sterile collecting system 

consistingg of a butterfly needle connected to a syringe {Becton Dickinson & Co, 

Rutherford,, NJ). For anticoagulation sterile heparin (LEO Pharmaceutical, Weesp, 

Thee Netherlands; final concentration 10 U/ml blood) was used. Whole blood, diluted 

1:22 in sterile RPMI-1640 (GibcoBRL, Lif e Technologies Inc, Grand Island, NY) was 

stimulatedd for 30 min, 1,2 or 4 hours at 37°C with different stimuli in sterile 

polypropylenee tubes (Becton Dickinson & Co, Rutherford, NJ). For these 

experiments,, polypropylene tubes were prefilled with 1 ml RPMI containing the 

appropriatee concentrations of the stimuli, after which 1 ml heparinized blood was 

added.. Tubes were gently mixed and placed in the incubator. Each test was 

performedd at least four times with blood from different healthy donors. The stimuli 

usedd were LPS (from Escherichia coli serotype 0111: B4; Sigma, St Louis, MO; 10 

ng/ml),, Lipoteichoic Acid from Staphylococcus aureus (LTA, Sigma, 1 u.g/ml), heat 

killedd S. aureus (HKSA, 10 cfu/ml), staphylococcal enterotoxin B (SEB, Sigma, 1 

u.g/ml),, recombinant human IL-6 (CLB. 10 ng/ml), recombinant human interferon-'/ 

(IFN-y,, R&D Systems, 10 ng/ml), and recombinant human tumor necrosis factor-a 

(TNFot;; kindly provided by Knoll, Ludwigshafen, Germany; 10 ng/ml). After 
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incubationn blood was immediately put on ice and processed for FACS-analysis as 

describedd below. 

FACSS analysis 

Forr FACS analysis erythrocytes were lysed with ice-cold isotonic NH4C1 

solutionn (155 mMol/1 NH4C1, 10 mMol/1 KHC03, 0.1 mMol/1 EDTA, pH 7.4) for 10 

minutes.. Cells were centrifuged at 600 g for 5 minutes at 4°C. The remaining cells 

weree brought to a concentration of 4\106 cells/ml in FACS buffer (PBS supplement 

withh 0.5 % BSA, 0.01 % NaN? and lOOmM EDTA). Expression of cell-associated 

1L-6RR was determined using a mouse anti-human LL-6R monoclonal antibody (clone 

M91,, Immunotech, Marseille, France) in concentrations recommended by the 

manufacturer.. Expression of cell-associated gpl30 was determined using a mouse 

anti-humann gpl30 monoclonal antibody (clone B-R3, Biosource Europe, Nivelles, 

Belgium)) according to the instructions of the manufacturer. To correct for aspecific 

stainingg an appropriate control antibody (murine IgGi; Becton Dickinson & Co, 

Rutherford,, NJ) was used. Saturation binding of LIF by white blood cells was 

determinedd using biotinylated recombinant human LIF (Fluorokine, R&D Systems). 

Forr each test 105 cells were counted. Mean cell fluorescence (MCF) at >570 nm of 

forwardd and side angle scatter-gated monocytes and granulocytes was assessed. Data 

aree presented as the difference between MCF intensities of specifically and 

nonspecificallyy stained cells. 

Statisticall  analysis 

Dataa are presented as mean  SE. Changes in time were analyzed by one-way 

analysiss of variance. P< .05 (two-sided) was considered significant. 
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Results s 

Endotoxemiaa in healthy subjects 

Injectionn of LPS induced a decrease in peripheral biood monocyte counts (P 

<< .05, table 1). Granulocyte numbers showed an initial decrease followed by an 

increasee from 2 hours and onward {P < .05, table 1). 

Timee Monocytes Granulocytes 

0 0 

1 1 

2 2 

4 4 

6 6 

24 4 

4 4 

2 2 

3 3 

3 3 

3 3 

0.65+0.04 4 

3 3 

1 1 

5 5 

7 7 

8 8 

8 8 

Tablee 1 Effect of intravenous LPS on 

numbersnumbers of circulating monocytes and 

granulocytes.granulocytes. LPS (4 ng/kg) was given 

asas an intravenous injection at t=0 h. 

DataData are mean  SE of 8 healthy-

volunteersvolunteers in xlO / L. P value for 

changeschanges in time by analysis oj 

variance. variance. 

P<.05 5 P<.05 5 

Att baseline, IL-6R, gpl30 and LIF-R were detectable at the surface of peripheral 

bloodd monocytes and granulocytes (figure 1). LPS administration was associated 

withh a decrease in the surface expression of IL-6R on both cell types reaching nadirs 

afterr 2 to 6 hours (monocytes: Oh: , 2h: , P < .001; granulocytes: 

Oh:: 137.0+22.3, 6h: 34.3+5.5, P = .001; figure 2,). In contrast, gpl30 expression did 

notnot change on monocytes or granulocytes after LPS injection (figure 3). 
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G r a n u l o c y t e e 

Figuree 1: Expression of II.-6R 

andd gp 130. and binding of LIF to 

norma]]  monocytes and 

granulocytes.. Histograms of the 

celll  subsets from one individual 

aree shown (representative for a 

totall  of 8 donors). The open 

histogramss represent non-

specificallyy stained cells, shaded 

histogramss represent specifically 

stainedd cells. 

Furthermore,, LIF-R expression remained unchanged on cither cell type during 

endotoxemiaa (data not shown). 

Solublee IL-6R and soluble gpl30 were detectable in plasma of all eight volunteers at 

baselinee (398.8  35.8 ng/ml and 3 ng/ml respectively). 

Monocytee IL-6R Plasmaa soluble IL-6R 

00 1 2 3 4 6 24 

Granulocytee IL-6R 

00 1 2 3 4 6 24 

Timee (hours) 

00 1 2 3 4 5 6 

Timee (hours) 

Figuree 2: Monocyte and granulocyte IL-6R and 

plasmaa soluble IL-6R after intravenous injection 

off  LPS (lot G, 4 ng/kg) into 8 healthy subjects. 

Cellularr IL-6R expression was determined by 

FACSS analysis as described in the Methods 

section.. Results are expressed as the difference 

betweenn specific mean channel fluorescense 

(MCF)) and nonspecific MCF (mean  SE). P 

valuess for changes in time by one-way analysis of 

variance.. NS=nonsienificant. 
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LPSS administration did not influence the concentrations of these soluble receptors 

(figuress 2 and 3). At baseline, neither IL-6 nor LIF was detectable in plasma. Plasma 

IL-66 concentrations increased strongly after LPS injection, peaking after 3 hours 

(5.999  1.14 ng/ml. P < .05). while LIF remained undetectable in plasma throughout 

thee whole study period. 

Monocytee gp 130 Plasma soluble gp 130 

u u 
5 5 

Granulocytee gp 130 

33 4 

ss (hours) 

Figuree 3: Monocyte and granulocyte gpl30 and 

plasmaa soluble gp 130 after intravenous injection of 

LPSS (lot G, 4 ng/kg) into 8 healthy subjects. 

Cellularr gpl30 expression was determined by 

FACSS analysis as described in the Methods section. 

Resultss are expressed as the difference between 

specificc mean channel fluorescense (MCF) and 

nonspecificc MCF (mean  SE). NS=nonsignificant 

byy one-way analysis of variance (versus time). 

Wholee blood stimulation in vitr o 

Incubationn of whole blood with LPS caused a time-dependent decrease of 

monocytee and granulocyte IL-6R expression when compared to unstimulated blood. 

LPS-inducedd down-modulation of IL-6R expression already became apparent after 

300 minutes to 1 hour of incubation (figure 4). The expression of gpl30 on monocytes 

andd granulocytes decreased spontaneously during the 4-hour incubation without 

25 5 



ChapterChapter 2 

stimulus.. In accordance with the in vivo experiments, LPS did not influence 

monocytee and granulocyte gp 130 when compared with control incubations (figure 5). 

Monocyt ee IL6-R M o n o c y t e g p 130 

timee (hours) 

Granulocyt ee IL-6R 

055 1 2 4 

timee (hours) 

00 5 1 2 

Granu locy t ee g p 130 

055 1 2 

tim ee (hours ) 

Figuree 4 (Right ): LPS causes a time-dependent downregulation of monocyte and granulocyte 

IL-6RR in whole blood in vitro. Whole blood was incubated for the indicated time periods in the 

presencee or absence of LPS (10 ng/mL). Bars represent the difference between specific mean 

channell  fluorescense (MCF) and nonspecific MCF of 4 different donors (mean  SE). 

Figuree 5 (Left): LPS does not influence monocyte and granulocyte gpl30 in whole blood in 

vitro.. Whole blood was incubated for the indicated time periods in the presence or absence of 

LPSS (10 ng/mL). Bars represent the difference between specific mean channel fluorescense 

(MCF)) and nonspecific MCF of 4 different donors (mean  SE). 

Furthermore,, LIF-R expression remained unchanged (data not shown). 

Havingg established that the LPS effects in vivo could be reproduced in whole blood 

inn vitro, we used this system to assess whether other inflammatory stimuli could 

influencee IL-6R expression. For this whole blood was incubated for 4 hours in the 

presencee or absence of stimuli derived from gram-positive bacteria, i.e. heat-killed 
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S.aureusS.aureus , LTA (a cell wall component of S. aureus) and SEB (a superantigen 

producedd by S. aureus). All of these gram-positive stimuli decreased IL-6R 

expressionn on monocytes and granulocytes (figure 6, upper panel). In addition, TNF, 

IFN-YY and IL-6 also downmodulated IL-6R expression on these cell types (figure 6, 

lowerr panel). 

LTA A SEB B 

C mm monocytes 
ii granulocytes 

HKSA A 

"M M 
25--

50--

7b--

TNF F 

TT T 1 1 
IL-6 6 

II I 
TT 1 

1 1 FNy y 

1 1 1 1 
T | | 

Figuree 6: Gram-positive stimuli and 

cytokiness induce downregulation of 

monocytee and granulocyte IL-6R in whole 

bloodd in vitro. Whole blood was incubated 

forr 4 hours in the presence or absence of 

Lipoteichoicc Acid (LTA, I u.g/ml), heat 

killedd Staphylococcus aureus (HKSA, 10 

cfu/ml),, staphylococcal enterotoxin B 

(SEB,, 1 u,g/ml), recombinant human IL-6 

(100 ng/ml), recombinant human IFN-y (10 

ng/ml),, and recombinant human TNF (10 

ng/ml).. Bars represent the difference 

betweenn specific mean channel 

fluorescensee (MCF) and nonspecific MCF 

off  four different donors (mean  SE). 

Discussion n 

IL-66 acts on cells via an interaction with a functional receptor complex that is 

composedd of the ligand binding IL-6R and the signal transducing gpl30. Although 

IL-66 has been implicated in host defense against a variety of pathogens, including 

ListeriaListeria monocytogenes, Escherichia coli. Streptococcus pneumoniae, Candida 

albicansalbicans and Mycobacterium tuberculosis [21-25], relatively littl e is known about the 

regulationn of its receptor complex in inflammatory conditions in vivo. We here 
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demonstratee that in humans LPS induces a downregulation of IL-6R on circulating 

monocytess and granulocytes, while not influencing the expression of gpl30. This 

effectt could be reproduced in whole blood in vitro, in which gram-positive stimuli 

andd the proinflammatory cytokines TNF and IFNy were also capable of 

downregulatingg cellular IL-6R. Although the role of TNF and IFNy in the LPS effect 

onn cellular IL-6R remains to be established, it seems unlikely that cytokines or other 

inflammatoryy mediators contribute to LPS-induced downmodulation of the cell 

surfacee IL-6R in vitro, considering the rapidity of this response (i.e. within 30 

minutes).. Further studies are warranted to assess the involvement of cytokines in this 

LPSS effect in vivo. Plasma concentrations of soluble IL-6R and gpl30 remained 

unchangedd after LPS injection. These data suggest that monocytes and granulocytes 

mayy become less responsive to IL-6 when exposed to bacterial pathogens. 

Knowledgee of the influence of disease and inflammation on cellular IL-6R and 

gpl300 expression in vivo is highly limited. In patients with HIV infection, enhanced 

expressionn of IL-6R has been found on circulating monocytes, B cells and CD4 

positivee T cells [26], In rats, acute inflammation induced by various stimuli including 

LPSS was associated with enhanced gene expression of IL-6R and gpl30 in 

hepatocytess [27,28]. Receptor expression at the cell surface was not examined in 

thesee studies. We found reduced expression of IL-6R on circulating monocytes and 

granulocytess accompanied by unchanged expression of gpl30 after LPS 

administration,, suggesting that LPS-induced acute inflammation is associated with a 

downregulationn of only the ligand binding part of the functional IL-6R complex. In a 

pathophysiologicall  way, this finding is not unexpected, considering that IL-6 

responsivenesss of cells is determined by IL-6R expression, rather than by expression 

off  gp 130 [4]. 

Thee present data extend earlier findings on the regulation of TNF receptors (TNF-R) 

inn normal subjects exposed to LPS and in patients with sepsis, in whom both type I 

andd type II TNF-R are down-modulated on monocytes and granulocytes 

[19,20,29,30].. Reduced TNF-R expression on inflammatory cells upon exposure to 

infectiouss pathogens may reflect a mechanism by which the host protects himself 
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againstt excessive toxicity evoked by this potent pro-inflammatory cytokine. A 

pathophysiologicall  explanation tor reduced IL-6R expression seems less clear. 

Indeed,, IL-6 does not cause senous toxicity, even when administered at high doses 

[31,32],, and a number of studies even documented anti-inflammatory effects of IL-6. 

includingg inhibition of TNF production and stimulation of release of soluble TNF 

andd IL-1 inhibitors [33-35]. It should be noted, however, that intravenous LPS and 

sepsiss also caused down-regulation of the type II IL-1 receptor, which serves a pure 

anti-inflammatoryy role by functioning as an IL-1 decoy receptor [20,36]. Together 

thesee data suggest that acute inflammation result in down-modulation of both pro-

andd anti-inflammatory cytokine receptors at the surface of monocytes and 

granulocytes s 

Thee LPS-induced decrease in IL-6R expression was not accompanied by an increase 

inn the plasma concentrations of soluble IL-6R. In previous studies, the down-

regulationn of cellular TNF-R after LPS injection was associated with enhanced 

releasee of soluble TNF-R, although a direct correlation between the two phenomena 

couldd not be demonstrated [19,20,30]. In contrast, reduced type II IL-1R expression 

wass not accompanied by increased plasma concentrations of soluble type II IL-1R 

[20],, It remains to be established whether the down-modulation of IL-6R (and other 

cytokinee receptors) during endotoxemia is the result of shedding or internalization. 

Thee unaltered plasma levels of soluble IL-6R may have been related to the relatively 

mildd challenge and/or the possibility that putative shedding of IL-6R by circulating 

monocytess and granulocytes does not induce significant changes in the large pool of 

solublee IL-6R in the circulation. In addition, this pool may be derived from cells not 

presentt in blood. Furthermore, while inflammatory diseases invariably are associated 

withh elevated circulating levels of IL-6, such conditions can result in increased [14-

16],, unaltered [37,38] or decreased [17] plasma levels of soluble IL-6R. Together 

thesee data suggest that an elevation in the plasma concentrations of soluble IL-6R is 

nott a uniform reaction to injurious stimuli in vivo. In accordance with our study, 

solublee gp!30 concentrations were unchanged in patients with severe malaria [16]. 
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LEFF is a member of the IL-6 cytokine family that shares many biological activities 

withh IL-6 [4,39]. LIF binds at low affinity to the LIF-R, after which the LIF-R 

becomess heterodimenzed with gpl30 to form a high affinity and signal transducing 

receptorr complex [40], Hence, while the IL-6R functions exclusively to present IL-6 

too surface-expressed gpl30 , the LIF-R is critical for signal transduction itself. In 

addition,, unlike the IL-6R, the structure of the LIF-R is closely related to that of 

gpl300 [41]. In an earlier investigation, LPS injection into rats was reported to 

increasee LIF-R mRNA levels in hepatocytes [28]. In our study we found that the 

bindingg of recombinant LIF to circulating monocytes and granulocytes did not 

changee after LPS administration, suggesting that the expression of functional LIF-

R/gpl300 complexes remained unaltered. LPS did also not induce LIF release into the 

circulation.. Some, but not all patients with sepsis had elevated concentrations of LIF 

inn the circulation [42,43], while LIF remained undetectable in patients with malaria 

[16].. Conceivably, only severe inflammatory stimuli result in the detection of LIF in 

blood.. In accordance, in baboons challenged with a lethal dose of live E. coli, LIF 

plasmaa levels were much higher than in baboons infused with a sublethal dose of 

bacteriaa [44]. 

IL-66 is an important mediator of the acute phase protein response, and has a pivotal 

rolee in host defense against various classes of pathogens. We here report that LPS 

injectionn into normal subjects is associated with a downregulation of IL-6R on 

peripherall  blood monocytes and granulocytes, while not influencing gpl30 

expressionn or LIF binding. Similar changes were found upon stimulation of whole 

bloodd with LPS or gram-positive stimuli in vitro. Thus, monocytes and granulocytes 

mayy respond with a reduction in IL-6R expression on their surface shortly after their 

firstt interaction with invading bacteria. Further studies are warranted to evaluate the 

molecularr mechanisms and the functional consequences of this response during 

clinicall  infection. 
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Abstract t 

Granulocytee colony-stimulating factor (G-CSF) is considered an important 

mediatorr of host defense against infection, and recombinant G-CSF is administered 

too patients with various infections. G-CSF binds to a specific receptor that is 

expressedd on granulocytes and monocytes. To obtain insight in the regulation of the 

G-CSFF receptor after an acute infectious challenge, 8 healthy subjects received an 

intravenouss injection of lipopolysacchande (LPS, 4 ng/kg), and receptor expression 

wass determined on blood leukocytes by FACS analysis, both by measurement of 

saturationn binding of recombinant G-CSF and by using an anti-G-CSF receptor 

antibody.. LPS induced a transient decrease in granulocyte, but not monocyte G-CSF 

receptorr expression. In whole blood in vitro, not only LPS, but also gram-positive 

stimulii  and proinflammatory cytokines were capable of downmodulating the 

granulocytee G-CSF receptor. Bacterial antigens downregulate the G-CSF receptor at 

thee surface of granulocytes, which may impair neutrophil functions important for 

antibacteriall  host defense. 
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Introductio n n 

Granulocytee colony-stimulating factor (G-CSF) is an important regulator of 

thee maturation, proliferation and function of granulocytes [1,2]. Major activities of 

G-CSFF on granulocytes include enhancement of chemotaxis, phagocytosis, 

respiratoryy burst and microbicidal activity. As such, G-CSF has been implicated as a 

pivotall  mediator of host defense against infection, and recombinant G-CSF has been 

advocatedd as an adjunctive therapy for various infections in neutropenic and 

nonneutropenicc patients [1,2]. Indeed, administration of recombinant G-CSF has 

beenn evaluated in clinical trials with patients with sepsis, pneumonia, diabetic foot 

infection,, candidemia, and wound and burn infections [2]. 

Thee biological activity of G-CSF is mediated by specific receptors expressed on the 

surfacee of responsive cells. Neutrophils have a high expression of G-CSF receptors 

(CDD 114) [3]. Other cell types that express G-CSF receptors include platelets, 

monocytes,, some T- and B-lymphoid cell lines, and several nonhematopoietic cells 

suchh as endothelial cells, placenta, and trophoblastic cells [3]. The monomelic form 

off  the purified G-CSF receptor binds G-CSF with low affinity, while the oligomenc 

formm of the receptor shows high affinity binding, suggesting that the high-affinity G-

CSFF receptor may be formed by a homodimer of the CD114 protein [4]. 

Inn vitro experiments have suggested that the expression of G-CSF receptors on 

granulocytess is influenced by inflammatory stimuli. Indeed, incubation of neutrophils 

withh lipopolysaccharide (LPS), tumor necrosis factor-a (TNF) or C5a resulted in a 

reducedd capacity of granulocytes to bind radiolabelled G-CSF [5,6]. In accordance, 

infusionn of high doses of recombinant interleukin (IL)-l p was associated with 

reducedd G-CSF binding by circulating neutrophils in cancer patients in vivo [7]. 

Knowledgee of the regulation of G-CSF receptors on circulating leukocytes during 

infectionn is highly limited. Such knowledge is important, considering the increasing 

usee of G-CSF in infectious diseases. In a first attempt to obtain insight in alterations 

inn G-CSF receptor expression during acute infectious inflammation in vivo, we 

37 7 



ChapterChapter 3 

measuredd G-CSF receptors on circulating leukocytes before and at various time 

pointss after an intravenous injection of LPS in healthy humans. 

Methods s 

Humann endotoxemia model 

Eightt males (mean age: 23 years, range: 19-29 years) were admitted to the 

Clinicall  Research Unit of the Academic Medical Center. They received an 

intravenouss injection with Escherichia coli LPS, lot G (United States Pharmacopeia! 

Convention,, Rockville, MD), over one minute in an antecubital vein at a dose of 4 

ng/kgg bodyweight. All subjects were in good health, as documented by history, 

physicall  examination, and hematological and biochemical screening. They did not 

usee any medication or alcohol in the week preceding the study, and they did not 

smokee or use illici t drugs. Blood for FACScan analysis was drawn in heparin 

containingg vacutainer tubes and immediately put on ice. G-CSF was determined in 

EDTAA plasma by ELISA according to the instructions of the manufacturer (R&D 

Systemss Europe, Abingdon, United Kingdom; detection limit: 73.8 pg/ml). 

Wholee blood stimulation 

Wholee blood was stimulated as described previously [8,9]. Heparinized 

wholee blood, diluted 1:2 in sterile RPMI-1640 (GibcoBRL, Life Technologies Inc. 

Grandd Island, NY) was stimulated for 1,2 or 4 hours at 37°C with different stimuli in 

sterilee polypropylene tubes (Becton Dickinson & Co, Rutherford, NJ). Each test was 

performedd at least four times with blood from different healthy donors. The stimuli 

usedd were LPS (from Escherchia coli serotype 0111: B4; Sigma, St Louis, MO; 10 

ng/ml),, Lipoteichoic Acid (LTA, Sigma, lu.g/ml), heat killed Staphylococcus aureus 

(HKSA,, reference strain 14459B from the National Institute of Public Health and the 

Environment,, Bilthoven, the Netherlands; 107 cfu/ml), staphylococcal enterotoxin B 

(SEB,, Sigma, 1 u.g/ml), recombinant human interferon-y (IFN-y, R&D Systems, 10 
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ng/ml),, and recombinant human TNF (kindly provided by Knoll, Ludwigshafen, 

Germany;; 10 ng/ml). After incubation blood was immediately put on ice and 

processedd for FACS-analysis as described below. 

FACSS analysis 

Forr FACS analysis erythrocytes were lysed with ice-cold isotonic NH4C1 

solutionn (155 mMol/1 NH4C1, 10 mMol/1 KHC03, 0.1 mMol/1 EDTA, pH 7.4) for 10 

minutes.. Cells were centrifuged at 600 g for 5 minutes at 4°C. The remaining cells 

weree brought to a concentration of 4xl06 cells/ml in FACS buffer (PBS supplement 

withh 0.5 % BSA, 0.01 % NaN-, and lOOmM EDTA). Expression of cell-associated G-

CSFF receptor was determined using two methods. Saturation binding of G-CSF by 

whitee blood cells was determined using phycoerythrin (PE)-labelled human G-CSF 

(Fluorokine,, R&D Systems, Abingdon, U.K.). The specificity of the G-CSF-PE 

reactionn was evaluated in two ways, i.e. a blocking anti-G-CSFR antibody reduced 

thee number of neutrophils that stained with G-CSF-PE to < 7%, and a ten-fold molar 

excesss of unlabeled G-CSF reduced the number of cells that stained with G-CSF-PE 

byy 98% (information provided by the manufacturer). In addition, G-CSF receptor 

expressionn was evaluated using a mouse anti-human G-CSF receptor antibody (clone 

LMM775;; Instruchemie, Hilversum, The Netherlands). Both reagents were used in 

concentrationss recommended by the manufacturer. To correct for nonspecific 

stainingg an appropriate control antibody (murine IgGj; Becton Dickinson & Co, 

Rutherford,, NJ) was used in the experiments in which the anti-G-CSF receptor 

antibodyy was used. For each test at least 105 cells were counted. Mean cell 

fluorescencee (MCF) at >570 nm of forward and side angle scatter-gated monocytes 

andd granulocytes was assessed. Data are presented as the difference between MCF 

intensitiess of specifically and nonspecifically stained cells. All settings of the 

FACScann (Becton Dickinson & Co, Rutherford, NJ) were maintained constant 

throughoutt the in vivo study. 
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Statisticall  analysis 

Dataa are presented as mean  SE or as individual values. Changes in time 

weree analyzed by one-way analysis of variance. P<.05 was considered significant. 

Results s 

Endotoxemiaa in healthy subjects 

Att baseline, G-CSF receptor was detectable at the surface of peripheral blood 

monocytess and granulocytes, using either saturation binding of recombinant G-CSF 

orr binding of an anti-G-CSF receptor antibody as method of detection. LPS 

administrationn was associated with a decrease in the surface expression of G-CSF 

receptorr on granulocytes reaching nadirs after 2-4 hours (MCF for binding of anti-G-

CSFF receptor antibody: Oh: , 2h: . P = .01;: MCF for binding of 

recombinantt G-CSF: Oh: , . P = .001)(figure 1). 
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Figuree 1: Granulocyte, but not 

monocytee G-CSF receptor expression 

iss reduced after intravenous injection 

off  LPS. Cellular G-CSF receptor 

expressionn was determined by FACS 

analysiss using two methods, i.e. 

saturationn binding of G-CSF (upper 

panel),, and by using an anti-human G-

CSFF receptor antibody (lower panel). 

Resultss are expressed as the difference 

betweenn specific mean channel 

fluorescensee (MCF) and nonspecific 

MCFF (mean  SE; n=8). 
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Inn contrast. G-CSF receptor expression did not change on monocytes after LPS 

injectionn (figure 1). Plasma concentrations of G-CSF markedly increased after LPS 

injection,, peaking after 4 hours (1819 6 pg/ml. P < .001). and returning to 

baselinee after 12 hours. 

Wholee blood stimulation in vitr o 

Incubationn of whole blood with LPS caused a time-dependent decrease of 

granulocytee G-CSF receptor expression when compared to unstimulated blood. LPS 

wass found to decrease granulocyte G-CSF receptor expression already after 1 hour of 

incubation,, using either method of G-CSF receptor detection. G-CSF receptor 

expressionn reached a nadir after 4 hours of incubation (figure 2). In accordance with 

thee in vivo experiments, monocyte G-CSF receptors were not influenced by LPS 

(dataa not shown). 
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Figuree 2: Effect of LPS and other inflammatory stimuli on granulocyte G-CSF receptor whole 

bioodd in vitro. Left panel: LPS (10 ng/ml) causes a time-dependent downregulation of the 

granulocytee G-CSF receptor. Right panel: Gram-positive stimuli and cytokines induce 

downregulationn of the granulocyte G-CSF receptor. Whole blood was incubated for 4 hours in the 

presencee or absence of Lipoteichoic Acid (LTA, 1 ug/ml), heat killed Staphylococcus aureus 

(HKSA.. 10 cfu/ml), staphylococcal enteroloxin B (SEB. 1 ng/ml). recombinant human IL-6 (10 

ng/ml),, recombinant human IFN-y (10 ng/ml). and recombinant human TNF (10 ng/ml). Bars 

representt the difference between specific mean channel fluorescense (MCF) and nonspecific MCF 

off  4 different donors (mean  SE). 
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Havingg established that the LPS effects in vivo could be reproduced in whole blood 

inn vitro, we used this system to assess whether other bacterial stimuli could influence 

G-CSFF receptor expression. For this whole blood was incubated for 4 hours in the 

presencee or absence of stimuli derived from gram-positive bacteria, i.e. heat-killed 

S.aureus,S.aureus, LTA (a cell wall component of S. aureus) and SEB (a superantigen 

producedd by S. aureus). All of these gram-positive stimuli decreased G-CSF receptor 

expressionn on granulocytes (figure 2). In addition, the proinflammatory cytokines 

TNFF and IFN-y also downmodulated G-CSF receptor expression on these cell types 

(figuree 2). 

Discussion n 

Intravenouss injection of low dose LPS represents a well accepted, 

reproducablee model to study the early responses to an acute bacterial challenge in 

humanss [10]. In the present study we used this model to assess alterations in the 

expressionn of G-CSF receptors on circulating leukocytes induced by LPS in vivo. 

LPSS was found to selectively downmodulate G-CSF receptors on granulocytes, while 

nott influencing the expression of G-CSF receptors on monocytes. Additional in vitro 

experimentss with whole blood revealed that not only LPS, but also gram-positive 

antigenss downregulate granulocyte G-CSF receptors. Recent studies have indicated 

thatt functional G-CSF receptors play an important role in normal neutrophil 

activationn induced not only by G-CSF itself, but also by various chemoattractants 

includingg IL-8 [11]. Together these data suggest that bacterial antigens may reduce 

thee responsiveness of granulocytes to G-CSF. and thereby exert a more general 

inhibitoryy effect on neutrophil function. 

Thee expression of G-CSF receptors was evaluated with two methods. G-CSF binds to 

cellss with high affinity only when two G-CSF receptors have formed a homodimer 

[3,4].. We therefore considered it of interest to study both saturation binding of PE-

labelledd recombinant G-CSF, providing direct information on the capacity of cells to 

interactt with G-CSF, and binding of an anti-G-CSF receptor antibody, providing 

informationn on the extent of expression of the number of individual G-CSF receptors. 
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Bothh methods yielded similar results, supporting the main finding of this study, i.e. 

thatt acute inflammation results in a reduced capacity of granulocytes to interact with 

G-CSF.. Remarkably, monocytes, which expressed G-CSF receptors on their surface 

too a much lesser extent than granulocytes, did not react to LPS with a 

downmodulationn of G-CSF receptors. In a previous study, TNF, but not IL-1 or 

IFNy,, was found to attenuate the binding of radiolabelled G-CSF to murine 

peritoneall  exudate macrophages [12], suggesting that more differentiated 

mononuclearr cells may respond to an inflammatory stimulus in a different way. The 

functionall  consequences of alterations in G-CSF receptor expression on 

monocytes/macrophagess are unclear, in as much that G-CSF does not seem to have 

importantt biological effects on these cells [1,2]. 

Thee G-CSF receptor has structural homology with gpl30, a transmembrane molecule 

thatt serves as a common signal transducing element for the IL-6 family of cytokines 

[3].. We recently reported that intravenous injection of LPS does not influence the 

expressionn of gpl30 on monocytes or granulocytes [9], indicating that the expression 

off  the G-CSF receptor and gpl30 is regulated differentially. In contrast, the IL-6 

receptor,, the ligand binding part of the IL-6 receptor complex, was downmodulated 

onn both monocytes and granulocytes after in vivo exposure of healthy humans to 

LPSS [9]. Similarly, other cytokine receptors on monocytes and granulocytes also 

becomee downmodulated after LPS administration, including the receptors for TNF 

andd IL-1 [8]. Likewise, IL-8 receptors demonstrate a reduced expression on 

granulocytess after injection of LPS into humans (our own unpublished observations). 

Interestingly,, yet another receptor important for leukocyte chemotaxis, the receptor 

forr urokinase type plasminogen activator (uPAR, CD87), was found to become 

upregulatedd on monocytes, but not on granulocytes, during human endotoxemia [13]. 

Thesee data indicate that surface receptors relevant for antibacterial host defense on 

monocytess and granulocytes respond in a complex way and sometimes in opposite 

directions,, at the first interaction with a bacterial stimulus. 

Thee data obtained in healthy humans exposed to LPS in vivo only apply to 

granulocytess that remained in the circulation. It can therefore not be excluded that G-
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CSFF receptors on granulocytes that adhere to the vascular endothelium shortly after 

thee LPS challenge behave differently from G-CSF receptors on granulocytes drawn 

fromm peripheral blood. 

LPSS injection was associated with an increase in the plasma concentrations of G-

CSF.. This finding confirms an earlier LPS challenge study in healthy humans [14], 

andd is in line with elevated circulating levels of G-CSF in patients with acute 

infectionss [15]. 

G-CSFF is often used as prophylaxis and treatment of patients with disseminated 

CandidaCandida infections [1,2]. In our study the effect of Candida antigens on G-CSF 

receptorr expression was not investigated. Additional studies are warranted to 

establishh whether the downregulating effect of bacterial antigens on granulocyte G-

CSFF receptors also apply to Candida antigens. 

G-CSFF has gained wide spread interest because of its potential beneficial effects 

duringg infections. Our present findings suggest that granulocytes, which comprise the 

mainn target cells for G-CSF, have a reduced capacity to interact with G-CSF shortly 

afterr they are exposed to bacterial antigens. Bacterial infection may lead to impaired 

neutrophill  functions secondary to a reduction in G-CSF receptors, and granulocytes 

fromm patients with severe infections may be less responsive to exogenously 

administeredd G-CSF. 
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Abstract t 

Thee receptor for urokinase-type plasminogen activator (uPAR, CD87) plays 

ann important role in leukocyte adhesion and migration. To assess the effect of 

endotoxinn on cellular uPAR, uPAR expression was determined on leukocytes by 

FACSS analysis in seven healthy subjects following intravenous injection of 

endotoxinn (lot G, 4 ng/kg). Endotoxin induced a transient increase in monocyte 

uPAR,, reaching a 92  46 percent increase over baseline expression after 6 hours (P 

<< .05). Endotoxin did not influence granulocyte uPAR, while uPAR remained 

undetectablee on lymphocytes. Endotoxin also increased plasma soluble uPAR levels 

(PP < .05). Stimulation of human whole blood with endotoxin or gram-postive stimuli 

inn vitro also resulted in an upregulation of monocyte uPAR. Although tumor necrosis 

factor-aa (TNF) upregulated monocyte uPAR, anti-TNF did not influence the LPS-

inducedd increase in monocyte uPAR. These data suggest that infectious stimuli may 

influencee monocyte function in vivo by enhancing the expresssion of uPAR. 
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Introductio n n 

Transendotheliall  migration of leukocytes can be seen as a three-step process 

thatt includes rolling of cells along the luminal side of the vascular endothelium (a 

processs mediated by selectins), firm adherence to the endothelium (mediated by p2 

integrins),, and subsequent transmigration across the endothelial monolayer, 

presumablyy over a chemotactic gradient generated by chemokines [1]. The urokinase 

plasminogenn activator receptor (uPAR, CD87), which is widely expressed on many 

differentt cell types including hematopoietic cells, has been implicated as an 

importantt factor in the regulation of leukocyte trafficking [2]. Although uPAR is a 

glycosylphosphatidylinositoll  (GPI)-iinked membrane protein, and therefore lacks the 

transmembranee and cytoplasmatic sequences to induce signal transduction, it has an 

obligatee function in chemotaxis of monocytes and neutrophils. The capacity of uPAR 

too act as an adhesion receptor depends on a functional and physical association with 

integrins.. Indeed, uPAR can form complexes with complement receptor type 3 (CR3, 

CDllb/CD18),, an integrin adhesion protein, on the surface of monocytes and 

neutrophils,, thereby facilitating the adhesive capacity of the latter [3-9], Furthermore, 

studiess with uPAR deficient mice have demonstrated that [3 integnn-mediated 

leukocytee recruitment to inflamed areas in vivo requires the presence of uPAR [10]. 

Relativelyy littl e is known about the regulation of uPAR expression. 

Lipopolysacchandee (LPS), the toxic moiety of the gram-negative bacterial cell 

membrane,, can enhance uPAR expression on monocytes [11]. Although tumor 

necrosiss factor-oc (TNF) is capable of increasing uPAR mRNA levels in monocytic 

cellss and colon cancer cell lines [12,13], reports on the ability of this pro-

inflammatoryy cytokine to induce uPAR expression on the surface of monocytic cells 

aree conflicting [12,14]. After LPS administration to mice, increased uPAR mRNA 

levelss were detected in most tissues examined [15]. 

Intravenouss administration of low dose LPS to healthy subjects is a widely adopted 

humann model of acute inflammation [16]. Experimental human endotoxemia is 

characterizedd by systemic release of cytokines, endothelial cell activation, and 
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activationn of leukocytes with sequestration of granulocytes in the lungs [17-19]. 

Furthermore,, LPS administration to humans is associated with enhanced expression 

off  CDl l b on circulating granulocytes [19], and with a transient monocytopenia, 

presumablyy related to enhanced adhesion of these cells to the vascular wall [16-19]. 

Inn the present study we used this model to determine the in vivo effect of LPS on the 

expressionn of uPAR on different leukocyte subsets in the circulation. 

Methods s 

Humann endotoxemia model 

Sevenn males (mean age: 22 years, range: 20-25 years) were admitted to the 

Clinicall  Research Unit of the Academic Medical Center. They received an 

intravenouss injection with Escherichia coli LPS, lot G (United States Pharmacopeial 

Convention,, Rockville, MD), over one minute in an antecubital vein at a dose of 4 

ng/kgg bodyweight. All subjects were in good health, as documented by history, 

physicall  examination, and hematological and biochemical screening. Blood for 

solublee uPAR measurement was obtained directly before LPS administration (t =0 h) 

andd at 1, 2, 4, 6, 8, 12 and 24 hours thereafter. Blood was drawn in K3-EDTA 

containingg tubes, centrifuged at 2000 g for 20 minutes at 4° C, after which plasma 

wass stored at -20° C until the assay was performed. Soluble uPAR was measured by 

ELISAA (American Diagnostica Inc., Greenwich, CT; detection limit : 0.25 ng/ml), 

accordingg to the instructions of the manufacturer. The assay detects the domain 2/3 

fragmentt of uPAR, and measures total uPAR, i.e. free uPAR, uPAR-uPA and 

uPAR-uPA-PAI-11 complexes (information provided by American Diagnostica Inc.). 

Wholee blood stimulation 

Wholee blood was stimulated as described previously [20,21]. Blood was 

collectedd aseptically from healthy subjects using a sterile collecting system 
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consistingg of a butterfly needle connected to a syringe (Becton Dickinson & Co, 

Rutherford,, NJ). For anticoagulation sterile heparin (LEO Pharmaceutical, Weesp, 

Thee Netherlands; final concentration 10 L7ml blood) was used. Whole blood, diluted 

1:11 in sterile RPMI-1640 (GibcoBRL, Lif e Technologies Inc, Grand Island, NY) was 

stimulatedd for 4, 8 or 24 hours at 37°C with different stimuli in sterile polypropylene 

tubess (Becton Dickinson & Co, Rutherford, NJ). For these experiments, 

polypropylenee tubes were prefilled with 1 ml RPMI containing the appropriate 

concentrationss of the stimuli, after which 1 ml heparinized blood was added. Tubes 

weree gently mixed and placed in the incubator. Each test was performed at least four 

timess with blood from different healthy donors. The stimuli used were LPS (from 

EscherichiaEscherichia colt serotype 0111: B4; Sigma. St Louis, MO; 1-1000 ng/ml), 

staphylococcall  enterotoxin B (SEB, Sigma. St Louis; 1 and 10 ng/ml), heat killed 

StaphylococcusStaphylococcus aureus (106 and 107cfu/ml) and recombinant human TNF (1-100 

ng/ml).. In some experiments a neutralizing anti-TNF monoclonal antibody (MAK 

195F,, 10 |ig/ml)[22], was used. Recombinant TNF and anti-TNF were kindly 

providedd by Knoll, Ludwigshafen, Germany. After incubation blood was 

immediatelyy put on ice and processed for FACS-analysis as described below. 

Measurementt  of cell associated uPAR 

Bloodd for FACScan analysis was obtained directly before LPS administration 

(tt =0 h) and at 1, 2, 4, 6 and 24 hours thereafter. These blood samples were drawn in 

heparinn containing vacutainer tubes and immediately put on ice. For FACS analysis 

erythrocytess were lysed with ice-cold isotonic NH4C1 solution (155 mMol/l NH4C1, 

100 mMol/l KHC03, 0.1 mMol/l EDTA, pH 7.4) for 10 minutes. Cells were 

centnfugedd at 600 g for 5 minutes at 4°C. The remaining cells were brought to a 

concentrationn of 4xl06 cells/ml in FACS buffer (PBS supplement with 0.5 % BSA, 

0.011 °/( NaN3 and lOOmM EDTA). Expression of cell bound uPAR was determined 

usingg a mouse anti4iuman uPAR mAb (clone V1M-5; Instruchemie, Hilversum. The 

Netherlands)[23]]  in concentrations as recommended by the manufacturer. To correct 

forr aspecific staining an appropriate control antibody (murine IgGj; Becton 
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Dickinsonn & Co, Rutherford, NJ) was used. For each test 10""1 cells, and at least 10'% 

(inn vivo studies) or 104 (in vitro studies) monocytes, were counted. Mean cell 

fluorescencee (MCF) at >570 nm of forward and side angle scatter-gated 

granulocytes,, monocytes and lymphocytes was assessed. Data are presented as the 

differencee between MCF intensities of specifically and nonspecifically stained cells. 

Stimulationn of isolated leukocyte fractions 

Heparinizedd blood was put on an equal volume of Polymorphrep (Nycomed 

Pharmaa AS; Oslo, Norway) and centrifuged at 500g for 30 minutes at 20°C. The 

differentt cell subsets were diluted 1:2 in 0.5 N RPMI 1640. Erythrocytes were lysed 

withh ice-cold isotonic NH4C1 solution (155 mMol/1 NH4C1, 10 mMol/1 KHC03, 0.1 

mMol/11 EDTA, pH 7.4 ) for 10 minutes. Cells were centrifuged at 400 g for 10 

minutess at 4°C. The remaining cells were resuspended in equal volumes RPMI (101 

cells/ml)) in combination with 5% heat inactivated human serum (Bio Wittaker) in 

combinationn with the different stimuli and put at 37°C for 8 hours. After centnfuging 

thee samples for 10 minutes at 2000 g/min the cell pellet was resuspended in 1 ml 

RPMII  and directly stored at -80°C til l further analysis. 

Statisticall  analysis 

Dataa are presented as mean  SE or as individual values. Changes in time 

weree analysed by one-way analysis of variance. P<.05 was considered significant. 

Results s 

Endotoxemiaa in healthy subjects 

Injectionn of LPS induced a decrease in peripheral blood monocyte counts 

(tablee 1). Granulocyte numbers showed an initial decrease followed by an increase 

fromm 2 hours and onward (data not shown). 
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hours s 

0 0 

109/L L 

0.555 4 

11 0.05 1 

2 2 

4 4 

6 6 

24 4 

0.044 1 

0.066 1 

0.299  0.05 

0.799 7 

TableTable 1: Effect of LPS administration on 

monocytemonocyte count Values are mean  SE oj 

77 healthy subjects who received an 

intravenousintravenous injection with LPS (4 ng/kg) 

atat t - 0 hours. LPS induced a significant 

decreasedecrease in monocyte counts (P < .05 by 

one-wayone-way analysis of variance). 

Att baseline. uPAR was detectable at the surface of peripheral blood monocytes and 

granulocytes,, but not on lymphocytes. LPS administration was associated with a rise 

inn the surface expression of uPAR on monocytes, reaching a 92  46 percent increase 

overr baseline expression after 6 hours (P < .05; figure 1). 

66 8 10 12 

timee (in hours) 

44 6 

timee (in hours) 

THH i r-
100 12 24 

Figuree 1: Monocyte uPAR (right) and plasma soluble uPAR (left) after intravenous injection of LPS 

(lott G, 4 ng/kg) into 7 healthy subjects (P < 0.005). Monocyte uPAR expression was determined by 

FACSS analysis as described in the Methods section. Results are expressed as the difference between 

specificc mean channel fluorescense (MCF) and nonspecific MCF (mean  SE). P < .05 for changes in 

timee by one-way analysis of variance. 
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Inn contrast, granulocyte uPAR expression did not change after LPS injection, while 

uPARR remained undetectable on lymphocytes throughout (data not shown). 

Solublee uPAR was detectable in plasma of all seven volunteers at baseline (0.65

0.144 ng/ml). LPS induced a sustained increase in soluble uPAR concentrations, 

reachingg a plateau between 8 and 12 hours (8 hours: 1.71  0.18; figure 1, P < .005). 

Att 24 hours post LPS administration, soluble uPAR levels were still elevated. 

Effectt  of different bacterial stimuli on monocyte uPAR expression in whole 

bloodd in vitr o 

Nextt we determined whether the effect of LPS on monocyte uPAR 

expressionn could be reproduced in whole blood in vitro. LPS was found to enhance 

monocytee uPAR expression, with maximum effects detected after 4 or 8 hour 

incubationss (figure 2). 

ïm. ïm. 
mm comrol f=l LPSiOng-mi r ^ rq LPS 1000 ng/m 

C DD LPS 1 ng/ml [ - 7 ^ LPS 100 ng/ml 

Figuree 2: LPS upregulates monocyte 

uPARR expression in whole blood in vitro. 

Wholee blood was incubated for 4. 8 or 24 

hourss in the presence or absence of 

increasingg concentrations of LPS. Bars 

representt the difference between specific 

meann channel fluorescense (MCF) and 

nonspecificc MCF of four different donors. 
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Afterr stimulation with LPS for 24 hours monocyte uPAR expression hud 

returnedd to control levels in 3 of 4 subjects tested. In the LPS concentration range 

fromm 1 - 1000 ng/ml. no clear dose dependency was found. LPS did not have a 

consistentt effect on granulocyte uPAR expression (data not shown). LPS stimulation 

off  whole blood, isolated neutrophils or peripheral blood mononuclear cells did not 

influencee soluble uPAR levels (data not shown). Besides LPS, gram-positive stimuli 

alsoo increased monocyte uPAR expression in whole blood in vitro. Indeed, both heat-

killedd S.aureus and the superantigen SEB enhanced uPAR on monocytes (figure 3). 

Figuree 3: Upregulation of monocyte uPAR expression by LPS, heat-killed Staphylococcus 

aureusaureus or staphylococcal enterotoxin B (SEB). Whole blood was incubated for 8 hours with or 

withoutt LPS (1 ng/mL). SEB (1 ug/mL) or heat-killed S.aureus (10' CFU/mL). Data are from 

onee representative experiment from a total of four experiments with four different donors. 

Rolee of TNF in monocyte uPAR expression 

TNFF has been implicated as an important mediator of LPS-induced effects in 

vitroo and in vivo [18, 24, 25]. Since TNF has been reported to enhance uPAR 

expressionn on colon cancer cell lines and monocytes [12.13], we considered it of 

interestt to determine the role of TNF in the LPS-induced increase in monocyte 

uPAR.. First, we confirmed in our whole blood system that recombinant TNF is 

capablee of increasing monocyte uPAR levels, although this TNF effect clearly was 

lesss potent than that of LPS. The effect of TNF (100 ng/ml) was specific, since it 
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couldd be prevented by a neutralizing anti-TNF mAb (10 fig/ml) (figure 4). Incubation 

withh TNF did not alter soluble uPAR levels (data not shown). 

[_^]] TNK 1 ng/ml \ ^ \ TNF 100 ng/ml 

Figuree 4: TNF enhances monocyte uPAR 

expressionn in whole blood. Whole blood was 

incubatedd for 4 hours in [he presence or 

absencee of increasing concentrations of 

recombinantt human TNF. Bars represent the 

differencee between specific mean channel 

fluorescensee (MCF) and nonspecific MCF of 

fourr different donors. 

Wee next assessed the effect of anti-TNF (10 u.g/ml) in whole blood cultures 

stimulatedd with LPS (10 or 100 ng/ml). For these experiments, blood was cultured 

withh LPS for 8 hours, since (a) this was associated with consistent increases in 

monocytee uPAR expression and (b) this incubation period allows endogenous TNF 

too reach peak levels in whole blood [25,26]. It was found that anti-TNF did not 

influencee LPS-induced rise in monocyte uPAR levels (figure 5). 

^ || control 

|| LPS 10 

# "

\\ LPS 10 * i 

LPSS 100 

Figuree 5: Anti-TNF mAb does not influence 

LPS-inducedd upregulation of monocyte uPAR 

expressionn in whole blood. Whole blood was 

incubatedd for 8 hours in the presence or 

absencee of LPS (10 or 100 ng/mL) with or 

withoutt anti-TNF mAb (10 )ig/mL). Bars 

representt the difference between specific mean 

channell  fluorescense (MCF) and nonspecific 

MCFF of four different donors. 
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Discussion n 

Thee involvement of uPAR in leukocyte invasion through extracellular 

matricess is suggested by its expression on a variety of migratory cells and its 

polarizationn at the leading edge of migrating monocytes [4, 8, 27]. In vitro studies 

havee further indicated that uPAR is crucial for chemotaxis of neutrophils and 

monocytes,, suggesting that uPAR plays an important role in the orchestration of 

inflammatoryy reactions [2, 4, 6, 8]. However, knowledge of the regulation of uPAR 

expressionn during inflammation in vivo is highly limited. We demonstrate here that a 

singlee intravenous injection of low dose LPS induced a transient upregulation of 

uPARR expression on circulating monocytes in healthy humans. This monocyte 

responsee to LPS and to other bacterial stimuli may be a good representative for an 

adequatee innate immunity. This LPS effect could be reproduced in whole blood in 

vitro.. Gram-positive stimuli also enhanced monocyte uPAR expression in whole 

bloodd cultures. Although TNF was capable of upregulating uPAR expression at the 

surfacee of monocytes in whole blood, anti-TNF did not influence the LPS-induced 

increasee in monocyte uPAR expression. These data show for the first time that LPS 

andd presumably other infectious stimuli may directly influence the migratory 

capacityy of monocytes in vivo by an effect on uPAR expression. 

Thee LPS-induced upregulation of monocyte uPAR in vivo coincided with a decrease 

inn monocyte counts. We consider our measurements of uPAR on the surface of 

monocytess reliable, since at each time point at least 10J cells were analyzed. It should 

bee noted that our FACS results only apply for cells that remain in the circulation after 

LPSS injection. In our opinion, it is likely, however, that monocytes adhering to 

endotheliumm (and thereby disappearing from the circulating pool) also display 

enhancedd uPAR expression after LPS administration, since they presumably reflect 

cellss that have become even more activated than monocytes that do not adhere. 

Inn the present study, FACS analysis was performed on unseparated leukocytes 

obtainedd from lysed human whole blood. In accordance with earlier studies using 

isolatedd leukocyte subsets, uPAR was expressed on the surface of resting monocytes 
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andd granulocytes, but not on resting lymphocytes [11, 12, 28-30]. Previous evidence 

thatt LPS can upreguiate uPAR expression on monocytes is derived from experiments 

inn which isolated human monocytes and monocytic U-937 cells were incubated with 

variouss concentrations of LPS for up to 24 hours [11]. In these studies, LPS 

concentrationss in excess of 1 ng/mL stimulated maximal degrees of uPAR expression 

onn cells stimulated for 20 to 24 hours. Only a modest increase in uPAR expression 

wass detected after incubations of 6 hours [11]. Although we also observed no clear 

dosee dependency of the LPS effect in whole blood in vitro at LPS concentrations 

exceedingg 1 ng/mL, uPAR expression peaked after incubations of 4 to 8 hours, 

presumablyy reflecting differences in culture conditions (whole blood versus isolated 

cells).. The kinetics of LPS-stimulated monocyte uPAR expression in whole blood in 

vitroo closely mimicked the kinetics of monocyte uPAR upregulation after 

intravenouss injection of LPS to humans in vivo, which reached maximal values 6 

hourss postinjection. 

Too the best of our knowledge, only one earlier study evaluated LPS effects on uPAR 

inn vivo [15]. Intraperitoneal administration of LPS to mice was found to increase 

steady-statee levels of uPAR mRNA in most tissues examined, the greatest induction 

beingg detected after 1 to 3 hours. Although uPAR protein levels were not measured, 

thesee data are in line with our findings in normal humans exposed to LPS. 

Remarkably,, in mice the increase in uPAR mRNA was primarily located in tissue 

macrophagess and lymphocytes [15]. We were unable to detect uPAR protein at the 

surfacee of circulating lymphocytes at any time point during the study. One 

explanationn for the apparent discrepancy with the mouse study may be that the 

increasedd uPAR mRNA concentrations do not lead to enhanced expression of uPAR 

att the cell surface. In addition, differences in body compartments (tissue versus 

peripherall  blood lymphocytes) and differences in LPS dose used (relatively high in 

thee mouse study) may play a role. In this respect, it should be noted that human 

lymphocytess are capable of upregulating uPAR expression upon activation in vitro 

[28,29]. . 
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Inn granulocytes, uPAR is stored in secretory vesicles distinct from primary and 

specificc granules, and in specific granules [31]. Stimulation of isolated granulocytes 

withh phorbol myristate actetate, FMLP or TNF in vitro resulted in enhanced 

expressionn of uPAR [31]. We did not find any effect of LPS on granulocyte uPAR 

expression,, neither in vivo nor in vitro. In addition, gram-positive stimuli also had an 

inconsistentt effect on granulocyte uPAR expression in whole blood in vitro. 

Therefore,, our data suggest that, in the presence of all leukocyte subsets in peripheral 

blood,, monocytes are the most sensitive cell type in terms of uPAR upregulation in 

responsee to infectious stimuli. Further studies are needed to determine whether 

granulocytess and/or lymphocytes do respond to infectious stimuli with upregulation 

uPARR expression in an inflammatory environment in tissues (which is not mimicked 

inn our studies using blood cells). 

TNFF did not play a major role in the LPS effect on monocyte uPAR expression in 

wholee blood in vitro, as indicated by the finding that saturating concentrations of a 

neutralizingg anti-TNF mAb did not alter the upregulation of monocyte uPAR after 

stimulationn with LPS. Conceivably, LPS is able to directly stimulate uPAR 

expression.. It should be noted that although anti-TNF is strongly protective in 

modelss of endotoxemia and gram-negative sepsis [32, 33], TNF is not required for a 

numberr of LPS-induced inflammatory responses in healthy humans, including 

activationn of the coagulation system and downmodulation of monocyte and 

granulocytee TNF and IL-1 receptors [18, 21]. 

UPARR belongs to the family of GPI-anchored proteins, of which several members 

existt in both a membrane-associated form and a soluble form. We have previously 

foundd that intravenous LPS induces an increase in soluble CD 16, a protein known to 

bee iinked to cell membranes by a GPI anchor [34]. We demonstrate now that LPS 

administrationn also is associated with a rise in the plasma concentrations of soluble 

uPAR,, which is in line with the finding of elevated plasma levels of soluble uPAR in 

patientss with sepsis syndrome [35], Other investigators also have reported elevated 

plasmaa soluble uPAR concentrations in patients with paroxysmal nocturnal 

hemoglobinuriaa or advanced malignancies [36-39]. The source of soluble uPAR in 
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thesee patients and in subjects exposed to LPS is unknown, although besides 

leukocytes,, endothelial cells are likely candidates [40]. LPS stimulation of whole 

blood,, isolated neutrophils or peripheral blood mononuclear cells did not induce 

detectablee soluble uPAR release. In a previous in vitro study, human umbilical vein 

endotheliall  cells released considerable amounts of soluble uPAR after stimulation 

withh phorbol myristate acetate, while the monocytic cell lines U937 and HL-60 

secretedd modest quantities of this soluble receptor [40]. The exact function of soluble 

uPARR remains to be established. Soluble uPAR may facilitate the (32 integrin-

dependentt adhesion of cells and/or vitronectin-mediated binding of uPA. especially 

whenn cells lack membrane-bound uPAR [10, 40]. An "enhancing" role for soluble 

uPARR is not undisputed in the literature, however [9]. Indeed, soluble uPAR has 

beenn found to inhibit uPA binding to uPAR expressing cells, conceivably by 

competingg with cell-associated uPARforthe binding of free uPA [40,41]. 

UPARR plays an important role in leukocyte biology by influencing ceil adhesion, 

chemotaxis,, receptor clustering and changes in cell shape [2]. We found that 

intravenouss administration of low dose LPS induces a transient increase in uPAR 

expressionn at the surface of monocytes in peripheral blood. The capacity of LPS to 

enhancee monocyte uPAR expression was shared with gram-positive stimuli in whole 

bloodd in vitro. These data suggest that bacteria and bacterial products can influence 

monocytee function in vivo by a stimulating effect on uPAR expression. 
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Abstract t 

TNFaa is released from the cell surface by cleavage of pro-TNFa by 

metalloproteinasess (MPs). In cell cultures, inhibition of MPs has been found not only 

too reduce the release of TNFa, but also to enhance the surface expression of TNFa 

andd TNFa receptors which might lead to a pro-inflammatory effect. To determine 

thee effect of MP inhibition during inflammation in humans. 7 healthy subjects were 

studiedd after i.v. injection of LPS (4 ng/kg) preceeded (- 20 minutes) by an oral dose 

off  the MP inhibitor GI5402 (100 mg) or matching placebo. GI5402 strongly reduced 

LPS-inducedd TNFa release (p<0.001). while not influencing the increase in 

monocyte-boundd TNFa. In addition, GI5402 attenuated the rise in plasma soluble 

TNFaa receptors types I and II after LPS injection (both p<0.001), but did not change 

thee LPS-induced decreases in granulocyte and monocyte TNFa receptor expression. 

Thesee data suggest that MP inhibitors may be useful as a treatment modality in 

diseasess in which excessive production of TNFa is considered to play an important 

role.. Furthermore, unlike in vitro, no evidence has been found //; vivo with MP 

inhibitionn for a potential pro-inflammatory effect due to increases in membrane 

boundd TNFa and TNFa receptor number. 

66 6 



MetallaproteinaseMetallaproteinase inhibition during human endotoxenva 

Introductio n n 

TNFaa has been implicated as an important mediator in the pathogenesis of a 

varietyy of inflammatory diseases, including septic shock, rheumatoid arthritis and 

Crohn'ss disease (1). Two forms of TNFa have been identified, a membrane-bound 

precursorr protein of 26kD, and a 17kD mature secreted form. Both forms can 

assumee a homotrimeric configuration and are biologically active (2,3). The cleavage 

off  cell-associated TNFa is mediated by metalloproteinases (MPs) including TNFa 

convertingg enzyme (TACE)(4.5). MP inhibitors have been found to prevent TNFa 

releasee in mononuclear cell cultures in vitro and in mice in vivo, and to protect mice 

fromm a lethal dose of LPS (6-14). MPs are also involved in the shedding of other 

surfacee molecules, including TNFa receptors types 1 and II (9,10,13,15,16). 

Inn theory, inhibition of MPs can result in the accumulation of biologically active pro-

TNFaa at the cell surface. Indeed, TACE-deficient mouse T cells showed an almost 

completee abrogation of TNFa release upon activation, with a simultaneous increase 

inn surface TNFa expression compared with normal wild type cells (4), and treatment 

off  mononuclear cells with different MP inhibitors similarly enhanced cell-associated 

TNFaa expression (4,6,8). Of considerable interest, a recent report has suggested that 

inhibitionn of MPs may also render cells more sensitive to TNFa effects by 

preventingg the shedding of TNFa receptors from the cell surface, thereby increasing 

thee number of transmembrane TNFa receptors available for signal transduction (17). 

Inn accordance, TACE deficient cells failed to shed the type II TNFa receptor upon 

stimulationn with various stimuli including LPS (15). Hence, the therapeutic potential 

off  MP inhibitors in inflammatory diseases may be hampered by increased expression 

off  membrane-bound TNFa and TNFa receptors and thus a potential pro-

inflammatoryy effect. 

Knowledgee of the effects of MP inhibitors on the processing of TNFa and TNFa 

receptorss in in vivo models of inflammation is limited. In the present study we sought 

too determine the effect of a newly developed MP inhibitor on soluble and cell-bound 
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TNFaa and TNFa receptor levels in healthy humans injected with a single dose of 

LPS. . 

Material ss and methods 

Matri xx MP (MMP)and TACE inhibitor y activity of GI5402 

Kjj  values for GI5402 (Glaxo Wellcome, Greenford, United Kingdom) were 

determinedd for human 19 kD truncated collagenase (MMP-1), 20 kD truncated 

collagenase-33 (MMP-13), stromelysin-1 (MMP-3), and 50 kD truncated gelatinase B 

(MMP-9)) using the fluorogenic substrate, Dnp-Pro-Cha-Gly-Cys(Me)-His-Ala-Lys 

(N-methylanthranilicc acid)-NH2 (18). Assays were conducted in a total volume of 

0.1800 mL assay buffer (200 mM NaCl, 50 mM Tris, 5 mM CaCb, 10 u.M ZnS04, 

0.005%% Brij 35, pH 7.6) in each well of a black 96 well microtiter plate. 19 kD 

collagenase-1,, 20 kD collagenase-3, stromelysin-1, and 50 kD gelatinase B 

concentrationss were adjusted to 500 pM, 30 pM, 5 nM, and 100 pM, respectively. A 

concentration-effectt curve was generated for GI5402 using an eleven point 3-fold 

seriall  dilution with initial starting concentrations of 100, 10 or 1 [iM.  Inhibitor and 

enzymee were incubated for 30 minutes at room temperature and then the reaction 

initiatedd with addition of 10 u.M fluorogenic substrate (above). The product 

formationn was measured at EX343/EM45Q nm after 45-180 minutes (time dependent 

uponn MP studied and hence rate of substrate cleavage) using a Fluostar SLT 

fluorescencee analyzer. Under the above conditions the substrate concentrations are 

«« than Km and the Kj can be determined directly by plotting % inhibition versus 

thee log of the inhibitor concentration. 

Assayss to determine inhibition constants for TACE were run in a 96 well plate using 

aa biotinylated and tritiated peptide substrate based on the cleavage sequence 

surroundingg precursor TNFa. A microsomal preparation of TACE (5) was diluted 

1/255 into 10 mM HEPES, pH 7.5 and incubated with a biotinylated and tritiated 

versionn of the TACE substrate SPLAQAVRSSSRTPS-NH2. After 2 hours at room 
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temperature,, the substrate turnover was determined in the presence or absence of 

inhibitorr using avidin-conjugated scintillation proximity beads. Percentage inhibition 

vs.. log [inhibitor] was plotted to determine the IC50 where Ki = IC50/(l+[S]/Km). 

Depletionn of substrate was followed using a Scintillation Proximity Assay (SPA) (5). 

Wholee blood stimulation 

Wholee blood stimulation was performed as described previously (19). 

Briefly,, on the first study occasion, and prior to dosing, blood was collected 

asepticallyy from subjects using a sterile collecting system consisting of a butterfly 

needlee connected to a syringe (Becton Dickinson & Co, Rutherford, NJ). 

Anticoagulationn was obtained using sterile heparin (LEO Pharmaceutical b.v, Weesp, 

thee Netherlands) (10 U/ml blood, final concentration). Whole blood, diluted 1:1 in 

sterilee RPMI-1640 (GibcoBRL, Lif e Technologies Inc., Grand Island, NY), was 

stimulatedd for 24 hours at 37°C with LPS (10 ng/ml, final concentration) with or 

withoutt increasing concentrations of GI5402 (30-10,000 ng/ml) in sterile 

polypropylenee tubes (Becton Dickinson & Co, Rutherford, NJ). A 24-hour 

incubationn period was chosen since TNF levels have reached a plateau by then (20). 

Forr these experiments, polypropylene tubes were prefilled with 0.75 ml RPMI 

containingg the appropriate concentrations of LPS and GI5402, after which 0.75 ml 

heparinizedd blood was added. Tubes were then gently mixed and placed in the 

incubator.. After the incubation plasma was prepared by centrifugation and stored at -

20°CC until TNFa assays were performed. 

Humann endotoxemia 

Thee study was approved by the Research and Ethics Committees of the 

Academicc Medical Center, Amsterdam, the Netherlands, and written informed 

consentt was obtained from all volunteers prior to study entry. The study was 

designedd as a double-blind, randomised, cross-over, placebo-controlled study in 

whichh 7 male volunteers (mean age: 22 years, range: 20-25 years, weight range 74-

900 kg) were treated with LPS on 2 occasions, with an interval of 6 weeks between. 
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Al ll  study subjects had an unremarkable medical history, physical examination and 

routinee laboratory examination prior to study. During the two study periods they 

weree admitted to the hospital Clinical Research Unit. On one study occasion, fasted 

subjectss were given an oral dose of GI5402, as a 100 mg tablet, which was followed 

200 minutes later by an intravenous injection of LPS, On the other occasion, matching 

placeboo preceeded the LPS injection. Placebo tablets were visually and chemically 

identicall  with the exception of the presence of GI5402. Escherichia coli LPS, lot G 

(UPS,, Rockville. MD) was administered over one minute into an ante-cubital vein at 

aa dose of 4 ng/kg body weight. 

Heartt rate, blood pressure (by Dinamap, Cntikon, Tampa, FL.) and oral 

temperaturee were measured prior to G15402 administration, 20 minutes post 

administrationn (i.e. just prior to LPS injection) and at intervals thereafter up to 24 h. 

Clinicall  symptoms were recorded throughout the study periods using a scoring list 

forr separate signs and symptoms, such as headache, shivers, nausea, vomiting, 

tirednesss and malaise (0 = absent; 1= weak; 2 = moderate; 3 = severe). 

Samplingg and Assays 

Bloodd was obtained from a cannulated forearm vein 0.5 h before LPS 

injectionn (i.e. directly prior to administration of GI5402 or placebo), directly before 

LPSS administration (t = 0 h) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 12, and 24 h thereafter. 

Bloodd for FACScan analyses was collected in heparin containing vacutainer tubes; 

alll  other samples were drawn in K rEDTA containing tubes. Leukocyte counts and 

differentialss were assessed by a Stekker analyzer (counter STKS, Coulter counter, 

Bedfordshire,, U.K.). All blood samples (except samples for flow cytometry) were 

centrifugedd at 2000 x g for 20 minutes at 4° C and plasma was stored at -20" C until 

assayss were performed. The following ELISA's were used according to the 

instructionss of the manufacturer and/or were described in detail previously (with 

detectionn limits): TNFa (Medgeni.x Diagnostics, Brussels, Belgium; 21 pg/ml). 

solublee TNFa receptors type I and II (Hoffman La Roche Ltd, Basel, Switzerland; 

bothh 70 pg/ml) (21). The TNFa ELISA measures total TNFa (free and complexed 
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withh its receptors)(22); the soluble TNFa receptor assays detect unoccupied TNFa 

receptorss (21). 

Bloodd obtained for FACScan analysis was immediately put on ice. Erythrocytes were 

lysedd with ice-cold isotonic NH4C1 solution (155 mM NH4C1, 10 mM KHCO?, 0.1 

mMM EDTA, pH 7.4) for 10 minutes. Cells were centrifuged at 600 x g for 5 minutes 

att 4°C. The remaining cells were brought to a concentration of 4x10' cells/ml in 

FACSS buffer (PBS supplemented with 0.5% BSA, 0.01 % NaN? and 100 mM 

EDTA).. Expression of cell-surface TNFa was determined using a FITC-labelled 

anti-humann TNFa mAb (clone 6401; R&D Systems, Abingdon, U.K.). This mAb 

recognizess both the 26 kD membrane-associated form of TNF and TNF bound to its 

celll  surface receptor (23,24). Saturation binding of TNFa by white blood cells was 

determinedd using phycoerythrin (PE)-labelled human TNFa (Fluorokine, R&D 

Systems,, Abingdon, U.K.). Expression of type I and type II TNFa receptors was 

determinedd using biotinylated mAbs directed against either the type I (p55; clone 

MRi-2)) or type II (p75; clone MR2-1) TNFa receptor (Monosan, Uden, the 

Netherlands).. These mAbs are nonneutralizing, i.e. they bind to receptor epitopes not 

involvedd in TNFa binding (information supplied by the manufacturer). All FACS 

reagentss were used in concentrations as recommended by the manufacturers, and all 

analysess were also conducted with the appropriate control antibodies (murine IgG| or 

IgG22 (Becton Dickinson & Co, Rutherford, NJ)). For each test 10' cells were 

counted.. Mean cell fluorescence (MCF) at >570nm of forward and side angle scatter-

gatedd granulocytes, monocytes and lymphocytes was assessed. Data are presented as 

thee difference (linear units) between MCF intensities of specifically and non-

specificallyy stained cells. 

Bloodd samples (1ml) for parent drug assay (times relative to LPS administration), 

weree taken pre-GI5402, -10, 0, 10, 25, 40 minutes and 1, 1.5, 2, 3, 4, 5, 6, 8, 12 and 

244 h post-LPS dose. Samples were drawn into clotting tubes, allowed to clot at room 

temperaturee for approximately 30 minutes, centrifuged within 15 min at 1500 x g for 

100 min at 4°C and serum separated and stored at -20°C until assay. GI5402 was 
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measuredd by LC-MS following solid phase extraction with a lower limit of 

quantificationn of 1 ng/mL. The maximum observed serum concentration (Cm a x) and 

thee time at which the maximum serum concentration was observed ( tm a x) were 

calculatedd using PEARS, an in-house PC based pharmacokinetic software package. 

Statisticall  analysis 

Valuess are given either as arithmetic mean M or geometric mean with 

959c959c confidence intervals. Differences between GI5402 and placebo treatment 

periodss were tested by analysis of variance (ANOVA) for repeated measures. 

Changess of variables over time were analyzed using one-way ANOVA. Differences 

inn maximum symptom scores between the two study periods were analyzed with the 

pairedd t-test. The correlation between in vitro IC50 values and percentage inhibition 

off  TNFa in vivo was calculated using the Pearson Correlation test. The area under 

thee curve for plasma concentration of TNFa was calculated from timepoint -0.5hours 

pree LPS up to the point at which the second derivative of the curve changes sign (5 

hourss post-LPS in all subjects). All tests were done using SPSS for Windows 

(Microsoftt Corporation. Redmond, Washington, USA). A two tailed p value of <0.05 

wass considered significant. 

Results s 

Inhibitor yy activity of GI5402 upon isolated MMP s and TACE 

GI54022 is a potent inhibitor in vitro of a range of human isolated MMPs 

includingg collagenase-1 (MMP-1), collagenase-3 (MMP-I3), stromelysin-1 (MMP-

3)) and gelatinase B (MMP-9) with IC50 values (Ki) in the low nM range (Table 1). 

Thee compound was relatively non-selective across this range of MMPs. it was also a 

potentt inhibitor of isolated TACE. with an IC5(I of 6.6 nM (equivalent to 2.6 ng/ml). 
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Tablee 1: The in vitro inhibitory profile of Gl5402 against a range of isolated MMPs 

andand TACE. 

MMP-1 1 

Geometricc means 

95%% CI 

n n 

2.2 2 

(2.0-2.5) ) 

10 0 

Isolatedd enzymes (K, nM) 

MMP-3 3 

26.6 6 

(19.3-36.7) ) 

7 7 

MMP-9 9 

4.2 2 

(3.7-4.8) ) 

11 1 

a a 

MMP-13 3 

1.0 0 

(0.9-1.1) ) 

8 8 

TACE E 

6.6 6 

(4.3-10.2) ) 

5 5 

Effectt  of GI5402 in whole blood in vitro 

Inn six of the seven healthy volunteers the effect of GI5402 on TNFa release 

inn LPS-stimulated whole blood was investigated prior to their participation in the in 

vivovivo phase of the study. GI5402 caused a concentration-dependent inhibition of LPS-

inducedd TNFa release in vitro in all subjects with, on average, >95% inhibition 

achievedd at 10,000 ng/ml GI5402. The inhibitory potency was similar in all subjects 

withh a mean (n=6, 95% CI) IC50 of 515(405-654)ng/ml (Table 2). 

Thiss potency is substantially lower (approximately 200-fold) than that observed on 

thee isolated TACE enzyme. Apart from differences in methodologies in determining 

thesee IC50 values, the difference in potency between whole eel! and isolated enzyme 

mayy suggest a reduced ability of GI5402 to access the cellularly-located enzyme. 
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Tablee 2: Comparison of the in vitro IC^t to inhibit TNFa release in LPS-stimulated 

wholewhole blood with the magnitude of inhibition of TNFa in vivo for each subject. The 

peakpeak serum concentrations of G15402 (Cmax) and time to peak concentration (tma.x) 

areare also shown. 

Subjects s 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

IC5o(ng/ml) ) 

inin vitro 

675.2 2 

493.4 4 

470.3 3 

605.3 3 

352.3 3 

557.1 1 

Inhibitionn of 

TNFaa release in 

vivovivo % 

14 4 

95 5 

74 4 

63 3 

72 2 

94 4 

Cmax x 

(ng/ml)) in serum 

954 4 

360 0 

1032 2 

944 4 

605 5 

1065 5 

Tmaxx (h) 

1.0 0 

1.33 3 

0.75 5 

1.0 0 

0.75 5 

0.50 0 

TheThe in vitro / Cw was determined in whole blood from each subject stimulated with LPS < lOng/ml) for 

2424 hours at 37°C in the presence of increasing concentrations of G15402. Percentage inhibition of m 

vivovivo TNFa release by GI5402 is expressed relative to LPS-induced TNFa release in the placebo 

periodperiod (area under the curve). The area was calculated from timepoint -0.5 hours up to the point at 

whichwhich the second derivative of the curve changes sign (5 hours in all subjects). Pearson's correlation 

testtest calculated r~ =0.36 and p = 0.2. For definitions of Cmax and tmax see Methods. 

Clinicall  signs and circulatin g leukocytes counts 

Injectionn of LPS induced a febrile response, peaking after 3.5 hours 

,, together with transient flu-lik e symptoms, including headache, nausea, 

retching,, malaise and chills. In addition, LPS administration resulted in a biphasic 

changee in neutrophil counts, characterized by an initial neutropenia (from 4 to 

1.11 2 x 109/L after 1 hour) followed by neutrophilia (12 hours: 0 x 109/L), 

monocytopeniaa (from 4 to 3 x 109/L after 3 hours) and 
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lymphocytopeniaa (from 2 to 2 x 107L after 6 hours). None of these 

changess were influenced by GI5402 (data not shown). 

Solublee and cell-bound TNFcc 

Followingg placebo, LPS elicited a monophasic increase in plasma soluble 

TNFaa concentrations peaking after 2 h (2839  1041 pg/ml) (Figure 1). This LPS-

inducedd rise in soluble TNFa levels was associated with a rise in monocyte bound 

TNFaa immunoreactivity from 0 to 20.0+6.5 units (Figure 1). G15402 produced 

aa 74% reduction in the peak LPS-induced increase in plasma soluble TNFa levels (2 

h:: 6 pg/ml; p<0.001 versus placebo), while it did not significantly alter the 

enhancedd expression of monocyte TNFa (Figure 1). Granulocyte and lymphocyte 

associatedd TNFa immunoreactivities were low and remained unchanged in both 

studyy periods (data not shown). 

22 3 4 5 

ii (hours relative to LPS challenge) 

tt tr 

Figuree 1: Mean ) 

plasmaa concentrations of 

solublee TNFa (pg/ml) 

andd monocyte 

membranee anchored 

TNFaa after i.v. injection 

off  LPS in subjects either 

receivingg GI5402 (open 

squares)) or placebo 

(closedd circles) given 20 

minutess prior to LPS 

challengee ( lot G, 4 

ng/kg).. P value indicates 

thee difference between 

treatmentt groups. NS = 

nonn significant. 
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Thee GI5402 IC50 against LPS-induced TNFa release in vitro obtained in six of the 

sevenn volunteers did not correlate significantly with the relative potency of GI5402 

too inhibit LPS-induced TNFa release in vivo in these same subjects (r = 0.36, P = 

0.2)) (Table 2). Maximum serum concentrations of GI5402 (Cmax) in individual 

subjectss and time to maximum concentration (tmax) are also shown in Table 2. Cmax 

valuess ranged from 360-1065 ng/ml and were greater than the IC50 values determined 

7/22 vitro for 5 out of 6 subjects. Time to peak serum concentration of GI5402 was 

similarr in most subjects (0.75-1.0 h) which was approximately one hour prior to the 

peakk in soluble TNFa; mean plasma half-life was 4.8 h (range 2.8-7.2). An 

examinationn of the relationship between % inhibition of soluble TNFa in vivo and 

serumm concentration of drug was not possible due to the relative lack of 

pharmacokineticc data for each subject around the time of the peak in soluble TNFa. 

Solublee and cell-bound TNFa receptors 

Sincee MP inhibitors have been found to influence the cell-surface expression 

off  TNFa receptors (10.11,14,16), we determined the effect of GI5402 on the 

sheddingg and surface expression of type I and type II TNFa receptors. 

Figuree 2: Mean ) plasma 

concentrationss of soluble 

TNFaa receptor I and II after 

i.v.. injection of LPS in subjects 

eitherr receiving GI5402 (open 

squares)) or placebo (closed 

circles)) 20 minutes prior to 

LPSS challenge (lot G. 4 ng/kg). 

PP value indicates the difference 

betweenn treatment groups. 

00 0.5 1 1.5 2 3 4 5 6 8 12 24 

tlm aa (hour * ralaVv»  to LPS cftaJIsnga ) 

76 6 



MetalloproteinaseMetalloproteinase inhibition during human endotoxemia 

LPSS injection induced increases in the plasma concentrations of soluble TNFa 

receptorr type I and type II, peaking after 2 h 8 ng/ml and 5 ng/ml 

respectively).. GI5402 inhibited the release of both soluble TNFa receptor species 

(Figuree 2); peak concentrations of the type I receptor were 3.75  0.38 ng/ml, and of 

thee type II receptor 8.52  0.89 ng/ml (both p<0.001 versus placebo). 

LPSS also induced a transient decrease in the binding of PE-labelled TNFa by 

circulatingg monocytes and granulocytes, reaching its nadir at 2-4 h (Figures 3 and 4). 

Thiss decreased monocyte and granulocyte PE-labelled TNFa binding was associated 

withh a reduced expression of both type I and type II TNFa receptors at the surface of 

thesee cell types, also reaching minimum values at 2-4 h. In contrast to its effect on 

solublee TNFa receptors, GI5402 did not influence LPS-induced changes in 

monocytee and granulocyte TNFa receptor expression (Figures 3 and 4). Lymphocyte 

TNFaa receptor expression was low throughout both study periods (data not shown). 

Discussion n 

Althoughh MP inhibitors have been advocated as therapeutic agents for a 

numberr of inflammatory diseases, knowledge of their effects in humans in vivo is 

veryy limited. Here we have shown that the orally administered MP inhibitor GI5402 

markedlyy reduced the appearance of soluble TNFa in the circulation after a bolus 

intravenouss injection of LPS into healthy humans. GI5402 did not influence the LPS-

inducedd increase in monocyte bound TNFa immunoreactivity or the decreases in 

monocytee and granulocyte TNFa receptor expression, but did attenuate the rise in 

thee plasma concentrations of soluble TNFa receptors. These results demonstrate for 

thee first time the in vivo effects of a MP inhibitor on TNFa and TNFa receptor 

processingg in man. 

Solublee mature TNFa is released from cells by proteolytic cleavage of a 26 kD 

biologicallyy active transmembrane precursor between Ala-76 and Val-77. 
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timee (hours relative to LPS challenge) time (hours relative to LPS challenge) 

Figuree 3 (Left): Monocyte surface TNFa receptor and monocyte PE labelled TNFa binding after i.v. 

injectionn of LPS in subjects either receiving GI5402 (open squares) or placebo (closed circles) given 

200 minutes prior to LPS challenge (lot G, 4 ng/kg). Results are expressed as the difference between 

specificc mean channel fluorescence (MCF) and nonspecific MCF (mean  SE). NS = not significant 

forr difference between treatment groups. 

Figuree 4 (Right): Granulocyte surface TNFa receptor and granulocyte PE labelled TNFa binding 

afterr i.v. injection of LPS in subjects either receiving GI5402 (open squares) or placebo (closed 

circles)) given 20 minutes prior to LPS challenge (lot G. 4 ng/kg). Results are expressed as the 

differencee between specific mean channel fluorescence (MCF) and nonspecific MCF (mean  SE). 

NSS = not significant for the difference between treatment groups. 
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Severall  years ago it was recognized that MP inhibitors were able to reduce TNFa 

releasee by stimulated cells, indicating that one or more MP-like enzymes were 

involvedd in this process (6-8). Furthermore, it was reported that MP inhibitors could 

inhibitt TNFa release in rodents in vivo and prevent LPS-induced lethality in D-

galactosaminee sensitized mice (6-8.11,12,14). Recent investigations, however, have 

raisedd concerns about possible unwanted pro-inflammatory actions of MP inhibitors 

secondaryy to their inhibiting effects on not only TNFa release, but also on TNFa 

receptorr processing. Indeed, inhibition of MPs has been associated with enhanced 

expressionn of cell-surface TNFa and TNFa receptors (4,6,8,17). Therefore, we 

soughtt to determine the effects of GI5402, a broad spectrum inhibitor of MPs, on 

changess in cell-associated and soluble forms of both TNFa and its receptors in a 

well-characterizedd human model of inflammation in which rises in the plasma 

concentrationss of soluble TNFa and soluble TNFa receptors have been found to be 

accompaniedd by decreased expression of monocyte and granulocyte TNFa receptors 

(25-27). . 

Inn previous studies in healthy male volunteers, single oral doses of GI5402 (10-

200mg)) were rapidly absorbed, and peak concentrations increased proportionally 

withh dose. In one study in 12 healthy fasted subjects, pharmacokinetic parameters 

followingg a lOOmg tablet of GI5402 were Cmax 1091 (984, 1210) ng/ml (geometric 

meann with 95% confidence intervals), tmax 45 (30, 90) min and ti /2 3.9 (3.7, 4.2) h 

(bothh median and range) (unpublished data). These values compare closely with 

thosee obtained in the present study. The concentrations of GI5402 required to inhibit 

solublee TNFa production in vivo and in whole blood in vitro also appeared to be 

similar.. The peak plasma concentrations achieved in vivo for the majority of subjects 

weree slightly greater than the IC50 values determined in vitro for inhibition of soluble 

TNFaa release. The resultant mean inhibition of soluble TNFa in vivo of 

approximatelyy 70% is therefore consistent with these slightly greater plasma 

concentrationss of GI5402. Given the Cma\ and IC50 concentration data obtained in the 

presentt study, this would suggest that measurable inhibition of TNFa in the LPS 
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modell  with lOOmg p.o. GI5402 might be expected to persist for between 4-8h (i.e. 1-

22 half lives). 

Ourr finding that GI5402 not only reduced the release of soluble TNFa but also that 

off  soluble TNFa receptors is in accordance with earlier in vitro studies (9,10,13,17), 

andd indicates that the shedding of TNFa receptors is regulated at least in part by MPs 

inn humans in vivo. The fact that GI5402 did not alter LPS-induced changes in cell-

surfacee TNFa receptor expression contrasts with in vitro findings with the broad-

spectrumm MP inhibitor BB2275. This agent reversed the down-modulation of TNFa 

receptorss on several cell lines stimulated with phorbol myristate acetate, and 

enhancedd the sensitivity of rhabdomyosarcoma cells to TNFa-induced cytotoxicity 

(17).. Possible explanations for this discrepancy include differences in experimental 

settingg (cell lines in vitro versus man in vivo) and/or differences m the modes or 

spectrumm of action of the different MP inhibitors used. Our finding that during 

humann endotoxemia the release of soluble TNFa receptors and the down-regulation 

off  blood cell-associated TNFa receptors are not directly linked phenomena, is 

supportedd by previous observations in this mode! of human endotoxemia. Indeed, in 

earlierr studies no correlation existed between the extent of down-modulation of 

cellularr TNFa receptors and peak plasma levels of soluble TNFa receptors (25), and 

neutralizationn of endogenous TNFa activity strongly reduced soluble TNFa receptor 

releasee with no or only a modest effect on cell-surface TNFa receptor expression 

(27).. Possible explanations for this lack of correlation are that (1) soluble TNFa 

receptorss in plasma are, at least in part, derived from surface TNFa receptors of cells 

thatt are not present in blood (e.g. endothelial cells, tissue macrophages), (2) the 

solublee receptors are derived from an intracellular pool, not from the cell surface, (3) 

thee MP inhibitor may not only reduce the shedding of the receptors, but also their 

expression,, and (4) the downmodulation of peripheral blood monocyte and 

granulocytee TNFa receptors is at least partly caused by internalization of their 

surfacee receptors, rather than by shedding. In accordance with the latter possibility is 

thee in vitro finding that exposure of macrophages or monocytes to endotoxin results 
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inn a rapid and complete loss of cell surface TNFa binding sites secondary to 

internalizationn of TNFa receptors (28). 

Ourr study also demonstrated a transient rise in monocyte TNFa immunoreactivity 

afterr injection of LPS into normal humans. Although the anti-TNFa mAb used cross 

reactss with both the 26 kD membrane form of TNFa and TNFa bound to its cell 

surfacee receptor (23,24), we consider it likely that TNFa immunoreactivity detected 

inn the present study predominantly represented the membrane anchored cytokine. 

Indeed,, at the time point monocyte bound TNFa peaked, after 2 hours, the 

expressionn of (occupied and unoccupied) TNFa receptors was strongly reduced, as 

determinedd by TNFa receptor mAbs binding to epitopes of TNFa receptors that are 

notnot involved in TNFa binding. These data therefore suggest that monocytes within 

thee circulation contribute to soluble TNFa release during endotoxemia. Membrane 

anchoredd TNFa remained low on circulating granulocytes and lymphocytes during 

endotoxemia,, suggesting that these cell types are not important sources for the 

appearancee of soluble TNFa in the circulation. GI5402 did not cause an 

accumulationn of pro-TNFa on the surface of circulating cells, indicating that the 

previouslyy reported rise in cell-associated TNFa after treatment of cells with MP 

inhibitorss in vitro may not be of great importance when using an MP inhibitor in vivo 

(4,6,8).. The fact that membrane-anchored TNFa (i.e. pro-TNFa) on monocytes from 

subjectss treated with LPS plus GI5402 never exceeded the levels on monocytes from 

thee same subjects treated with LPS only, suggests that unprocessed TNFa is transient 

andd has a relatively short half-life on the cell surface. This agrees with previous 

pulse-chasee studies showing that unprocessed pro-TNFa is rapidly degraded (8,29). 

Furthermore,, our data are in accordance with the finding that MP inhibition did not 

influencee the concentration of membrane-associated TNFa in livers of mice with 

Con-A-inducedd hepatitis (11). 

Treatmentt with GI5402 did not reduce clinical signs and symptoms induced by LPS. 

Inn this respect it should be noted that in previous studies neither complete 

neutralizationn of endogenous TNFa by infusion of a recombinant TNF receptor 
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fusionn protein (27,30), nor treatment with the anti-inflammatory cytokine IL-10 (31), 

influencedd LPS-induced clinical symptoms, in spite of the fact that cytokine release 

andd other inflammatory responses were strongly inhibited. Therefore, it seems likely 

thatt LPS at least in part induces symptoms directly. In spite of the lack of an effect 

onn LPS-induced clinical signs, we consider it likely that the overall effect of MP 

inhibitionn during endotoxemia is anti-inflammatory. GI5402, at oral doses in the 

rangee 9-27mg/kg, produced 90-100% inhibition of plasma sTNFcx generation in an 

LPSS challenge model in mice (unpublished data). By administering galactosamine in 

conjuctionn with LPS in this model, LPS induces lethality in the mouse. Whilst 

GI54022 itself was not tested in the lethality model, a close analogue, GW9471 with 

similarr TACE inhibitory potency, did prevent lethality when >90% inhibition of 

plasmaa sTNFcc generation was achieved (32). Other groups have also demonstrated a 

protectivee effect of a TACE inhibitor against LPS lethality (6). Thus it would appear 

thatt there is good evidence for the mechanism of MP inhibition preventing the 

pathophysiologicall  effects of shedding of sTNFa. 

MPP inhibitors have gained much attention in the past few years as potentially 

neww anti-inflammatory agents, due to their inhibiting effect on TNFa processing in 

vitrovitro and animals in vivo, and the fact that they can be administered orally. 

Consideringg that MP inhibitors are likely to be used in the treatment of patients with 

aa number of inflammatory disorders in the near future, it is important to obtain more 

insightt in the effects of these compounds on inflammation in humans in vivo. We 

foundd that the MP inhibitor GI5402 strongly reduced the release of soluble TNFa in 

thee circulation after a bolus intravenous injection of LPS in healthy humans. 

Undesiredd pro-inflammatory effects such as enhanced expression of surface TNFa or 

surfacee TNFa receptors were not observed. Our data therefore indicate that MP 

inhibitorss may be of use as a treatment modality in patients with diseases in which 

excessivee production of TNFa is considered to play a central role. 
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Abstract t 

Metalloproteinasess have been implicated in the cleavage of a number of cell-

surfacee immune receptors. Oral administration of the metalloproteinase inhibitor 

GI54022 attenuated the release of soluble CD27 and CD16 into the circulation after 

intravenouss endotoxin injection in healthy humans. 
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Introductio n n 

Metalloproteinasess (MPs) are involved in the shedding of multiple cell-

surfacee molecules (7). The capacity of MPs to cleave cell-associated tumor necrosis 

factor-aa (TNFa) has received much attention. MP inhibitors prevent TNFa release 

byy mononuclear cells in vitro and in mice in vivo, and protect mice from a lethal dose 

off  lipopolysaccharide (LPS) (5, 13, 15). We have previously shown that oral 

administrationn of the MP inhibitor GI5402 markedly reduced the release of soluble 

TNFaa in the circulation after a bolus intravenous injection of LPS into healthy 

humanss (4). GI5402 did not influence the LPS-induced decreases in monocyte and 

granulocytee TNFa receptor expression, but did attenuate the nse in the plasma 

concentrationss of soluble TNFa receptors. MPs are also involved in the shedding of 

otherr surface molecules, including other members of the TNFa receptor family, and 

thee immunoglobulin class G (IgG) Fey receptor type III (CD 16) (7, 14). 

CD277 is a lymphocyte-specific member of the TNFa receptor family (1, 11). Like 

otherr members of this family, CD27 is expressed as a transmembrane protein that 

consistss of two identical subunits. After activation of lymphocytes, a soluble form of 

CD277 is released into the extracellular environment, most likely via proteolytic 

cleavagee (6, 12). CD 16 exists in two forms, each encoded by a different gene (3). 

Onlyy neutrophils constitutively express FcyRHIb, which is the major source for 

circulatingg soluble CD 16 (8). FcyRIIIb is shed from the surface of activated 

neutrophilss in vitro by MP mediated cleavage (14). Littl e is known about the 

regulationn of CD27 and CD 16 expression during infection in vivo. In the present 

studyy we sought (a) to determine whether the cellular expression of these surface 

moleculess and the plasma concentrations of their soluble forms change after injection 

off  LPS into normal subjects, and (b) to establish the role of MP's herein. 
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Methods s 

Thee present study was performed simultaneously with an investigation on the 

effectt of GI5402 on TNFa and TNFa receptors, of which the results have been 

publishedd previously (4). The study was approved by the Research and Ethics 

Committeess of the Academic Medical Center, Amsterdam, the Netherlands, and 

writtenn informed consent was obtained from all volunteers prior to study entry. The 

studyy was designed as a double-blind, randomised, cross-over, placebo-controlled 

investigationn in which 7 male volunteers (mean age 22 years, range: 20-25 years) 

weree treated with LPS on 2 occasions, with an interval of 6 weeks between. On one 

studyy occasion, fasted subjects were given an oral dose of GI5402, as a lOOmg tablet, 

whichh was followed 20 minutes later by an intravenous injection of LPS. On the 

otherr occasion, matching placebo preceeded the LPS injection. Escherichia coli LPS, 

lott G (UPS, Rockville, MD) was administered over one minute into an ante-cubital 

veinn at a dose of 4ng/kg body weight. Blood was obtained from a cannulated forearm 

veinn 0.5 hour before LPS injection (i.e. directly prior to administration of GI5402 or 

placebo),, directly before LPS administration (t = 0 h) and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 

8,, 12, and 24 hours thereafter. Blood for FACScan analyses was collected in heparin 

containingg vacutainer tubes; all other samples were drawn in K3-EDTA containing 

tubes.. Leukocyte counts and differentials were assessed by a Stekker analyzer 

(counterr STKS, Coulter counter, Bedfordshire, U.K.). All blood samples (except 

sampless for flow cytometry) were centnfuged at 2000 x g for 20 minutes at 4° C and 

plasmaa was stored at -20° C until assays were performed. Soluble CD27 was 

measuredd by ELISA precisely according to the instructions of the manufacturer 

(Centrall  Laboratory of the Netherlands Red Cross Blood Transfusion Service, CLB, 

Amsterdam,, the Netherlands; detection limit 5 units/ml). Soluble CD16 was 

determinedd by ELISA as described previously (10). The lower limit of detection of 

thiss assay was 15.6 pg/ml. Blood obtained for FACScan analysis was processed 

exactlyy as described previously (4). Cell surface CD27 was measured on 

lymphocytess with a mouse anti-human CD27 monoclonal antibody (clone:9F4; 
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CLB);; membrane bound CD 16 expression was determined on granulocytes with a 

mousee anti-human CD16 monoclonal antibody (clone: CLBFcRgranl; CLB). All 

FACSS reagents were used in concentrations as recommended by the manufacturers, 

andd all analyses were also conducted with the appropriate control antibodies (murine 

IgG,, or IgG2 (Becton Dickinson & Co, Rutherford, NJ). For each test 105 cells were 

counted.. Mean cell fluorescence (MCF) at >570nm of forward and side angle scatter-

aatedd lymphocytes and granulocytes was assessed. Data are presented as the 

differencee (linear units) between MCF intensities of specifically and non-specifically 

stainedd cells. Values are given as mean . Differences between GI5402 and 

placeboo treatment periods were tested by analysis of variance (ANOVA) for repeated 

measures.. Changes of variables over time were analyzed using one-way ANOVA. A 

twoo tailed p value of <0.05 was considered significant. 

U. . 
Ü Ü 
22 100-

CN N 

i jj  75-

5, , 
oo 5 0 -
sz sz 
Q. Q. 
E E 
-- 25-

0--

NS S 

—ii h r 

mee (hours relative to LPS challenge) 

Figuree 1: Lymphocyte CD27 (top panel) 

andd plasma soluble CD27 (lower panel) 

afterr intravenous injection of LPS in 

subjectss either receiving GI5402 (open 

squares)) or placebo (closed circles) given 

200 minutes prior to LPS challenge (lot G, 

44 ng/kg). FACS results are expressed as 

thee difference between specific mean 

channell  fluorescence (MCF) and 

nonspecificc MCF. All results arc mean

SE.. P-value indicates the difference 

betweenn treatment groups. NS = 

nonsignificant. . 

placebo o 

GI5402 2 
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Results s 

Intravenouss injection of LPS modestly but significantly decreased 

lymphocytee CD27 expression reaching a nadir after 6 h (MCF: from 77+13 to ; 

figuree 1; upper panel; P<0.05 in time). This was associated with an increase in the 

plasmaa concentrations of soluble CD27, peaking after 1.5 h (from 191.3  17.5 to 

77 U/ml; figure 1, lower panel; P<0.05 in time). Administration of GI5402 

didd not influence the changes in lymphocyte CD27, but significantly reduced the 

LPS-inducedd increase of soluble CD27 in the circulation (P<0.001 for the difference 

betweenn treatment groups). LPS tended to reduce granulocyte CD 16 expression 

((Figuree 2. upper panel; nonsignificant in time), which was associated with an 

increasee in the plasma concentrations of soluble CD16, peaking after 2 h (from 

113.2121.88 to 308.1+ 51.0 pg/ml; figure 2. lower panel; P<0.05). GI5402 diminished 

thee increase in plasma soluble CD16 levels (P<0.001 for the difference between 

treatmentt groups). 

Figuree 2: Granulocyte CD16 (top panel), 

andd plasma soluble CD16 (lower panel) 

afterr intravenous injection of LPS in 

subjectss either receiving GI5402 (open 

66 24 .squares) or placebo (closed circles) given 

200 minutes prior to LPS challenge (lot G, 

44 ng/kg). FACS results are expressed as 

thee difference between specific mean 

channell  fluorescence (MCF) and 

nonspecificc MCF. All results are mean

SE.. P-value indicates the difference 

betweenn treatment groups. NS = 
timee (hours relative to LPS challengel 

nonsignificant. . 

——— placebo 
-O-GI5402 2 
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Discusion n 

Unlikee other members of the TNF receptor family, CD27 expression is 

restrictedd to lymphocytes (1, 11). Activation of T cells by stimuli that mimiek 

antigen-specificc stimulation elicits a strong upregulation of CD27 surface expression 

{2,, 18). Other mitogenic stimuli such as phorbol esters reduce CD27 expression (2, 

18).. Activation of lymphocytes also results in the shedding of soluble CD27, most 

likelyy by proteolytic cleavage of the transmembrane receptor (6, 12). The plasma 

concentrationss of soluble CD27 have been found increased in various inflammatory 

conditions,, including psoriasis, renal transplant and filariasis (11). In addition, 

circulatingg soluble CD27 levels are elevated in patients with B cell malignancies, in 

whomm they strongly correlate with the tumor load (19). We here report that 

experimentall  endotoxemia in healthy humans is associated with a decrease in 

lymphocytee CD27 expression and in soluble CD27 levels in plasma. In addition, our 

resultss suggest that, MPs are involved in the cleavage of soluble CD27 from the cell 

surface. . 

Wee confirmed the role of MPs in the shedding of CD 16 in vivo. Activation of 

neutrophilss is associated with the release of CD16 from the cell surface (9, 14), and 

solublee CD16 in plasma is mainly derived from neutrophils (8). In the present study, 

LPSS given at a dose that does result in detectable activation of granulocytes {e.g. 

degranulation,, upregulation of CD l ib , and downmodulation of TNF receptors) (16, 

17),, did not significantly influence granulocyte CD16 expression. It should be noted, 

however,, that FACS analysis in this model can only be conducted on cells found in 

thee circulation. Therefore, it is possible that granulocytes that become attached to the 

vascularr endothelium after LPS injection do shed their CD 16. This may also explain 

thee observed rise in plasma soluble CD16 concentrations, a finding that is in line 

withh earlier reports of elevated soluble CD16 levels at sites of inflammation (3). 
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Abstract t 

Inhibitionn of the tissue factor pathway has been shown to attenuate the 

activationn of coagulation and to prevent death in a gram negative bacteremia primate 

modell  of sepsis. It has been suggested that tissue factor influences inflammatory 

cascadess other than the coagulation system. In this study, we sought to determine the 

effectss of two different doses of recombinant tissue factor pathway inhibitor (TFPI) 

onn endotoxin-induced coagulant, fibrinolytic and cytokine responses in healthy 

humans.. Two groups of eight healthy men were studied in a double-blind, 

randomized,, placebo-controlled cross-over study. Each subject was studied on two 

differentt occasions. They received a bolus intravenous injection of 4 ng/kg endotoxin 

followedd by a 6-hour continuous infusion of TFPI or placebo. Eight subjects received 

0.055 mg/kg/hr TFPI following a bolus of 0.0125 mg/kg (low-dose group), and eight 

subjectss 0.2 mg/kg/hr following a bolus of 0.05 mg/kg (high-dose group). Endotoxin 

injectionn induced activation of coagulation, activation and subsequent inhibition of 

fibrinolysis,, and release of proinflammatory and antiinflammatory cytokines. TFPI 

infusionn induced a dose-dependent attenuation of thrombin generation, as measured 

byy plasma Fl+2 and thrombin-antithrombin complexes, with a complete blockade of 

coagulationn activation following high-dose TFPI. Endotoxin-induced changes in the 

fibrinolyti cc system and cytokine levels were not altered by either low-dose or high-

dosee TFPI. We conclude that TFPI effectively and dose-dependently attenuates the 

endotoxin-inducedd coagulation activation in humans without influencing the 

fibrinolyti cc and cytokine response. 
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Introductio n n 

Disseminatedd intravascular coagulation (DIC) is a frequent complication of 

severee infection and in patients with septic shock, a strong predictor of death (1). A 

pivotall  mechanism in the pathogenesis of DIC is the activation of the (extrinsic) 

tissuee factor/factor Vil a dependent pathway of coagulation (2). Under physiological 

conditions,, tissue factor (TF) can not be detected on the luminal surface of the 

vascularr endothelium (3) and only in very low quantities on circulating blood cells 

(4-6).. However, during infection and after stimulation with endotoxin or tumour 

necrosiss factor TF can be rapidly induced on blood mononuclear cells (4; 7; 8) and 

onn vascular endothelium (9-11). 

Evidencee for the role of TF/factor Vil a in activation of the coagulation system is 

derivedd from studies in primates, showing that the coagulant response during 

bacteremiaa or endotoxemia could be completely blocked by monoclonal antibodies 

too TF (12; 13) or factor Vil a (14), by active site-inhibited factor Vil a (15), and by 

infusionn of tissue factor pathway inhibitor (TFPI) (16; 17). Blockade of the TF 

drivenn pathway of coagulation by TFPI (16; 17) or antibodies to TF (13) not only 

resultedd in decreased activation of the coagulation system, but also in prevention of 

death.. It is unlikely that inhibition of the TF pathway reduced mortality during severe 

bacteremiaa merely by preventing DIC (18). Indeed, an alternative method of 

blockingg the generation of thrombin by administration of active-site blocked factor 

Xa,, did not protect against organ failure and death after Escherichia coli sepsis in 

baboonss (19). It has been suggested that TF may modulate the inflammatory 

responsee by a mechanism other than by initiating blood coagulation (20). In 

accordancee with this hypothesis are findings that inhibiting the activity of the 

TF/VIIaa pathway reduced the release of interleukin 6 (IL-6) and IL-8 during severe 

bacteremiaa (15; 16). 

TFPII  is a natural anticoagulant acting by direct factor Xa inhibition and, in a factor 

Xaa dependent manner, by feedback inhibition of the TF/VIIa complex (21). In 

animall  sepsis models, TFPI was able to completely block the coagulant response and 
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too prevent death with concurrent reduction of the cytokine response (16; 17; 22; 23). 

Knowledgee of the effect of TFPI in humans is highly limited. Therefore, in the 

presentt study, we used the well-characterized human model of endotoxemia to 

determinee the effect of TFPI, given as a 6-hour infusion in one of two doses, on 

coagulant,, fibrinolytic and cytokine responses. 

Methods s 

Studyy design 

Thee study was performed as a randomized, double-blind, placebo-controlled 

cross-overr experiment. Written informed consent was obtained from each subject 

beforee the start of the study, and the study was approved by the institutional scientific 

andd ethics committees. Sixteen healthy, male volunteers (age 19 - 29 years) 

participatedd in the study. None had abnormalities on physical examination or routine 

laboratoryy investigation. Tests for hepatitis B and C and HIV were negative.They did 

nott not take any medication and did not smoke or use illici t drugs. Each subject was 

studiedd on two occasions 6 weeks apart. Two doses of TFPI were evaluated. Eight 

volunteerss were studied after endotoxin and low-dose TFPI/placebo, and eight 

subjectss were studied after endotoxin and high-dose TFPI/placebo. The subjects 

fastedd overnight before endotoxin administration. At 7.00 a.m. 2 intravenous canulas 

weree inserted, one for endotoxin administration and blood collection, the other for 

infusionn of TFPI  or placebo. Endotoxin (Escherichia coli lipopolysaccharide, lot G , 

UPS,, Rockville, MD) was administered at 9.00 a.m. as a bolus intravenous injection 

att a dose of 4 ng/kg body weight. TFPI (recombinant human TFPI/SC-59735, Chiron 

Corp.,, Emeryville, CA) was given immediately after endotoxin injection as a bolus 

off  0.0125 mg/kg body weight followed by a continuous 6-hour infusion of 0.05 

mg/kg/hrr (low-dose group) or as a bolus of 0.05 mg/kg body weight followed by a 

continuouss 6-hour infusion of 0.2 mg/kg/hr (high-dose group). In the control 

experimentss the same solution used for diluting TFPI was given as placebo. Oral 

temperature,, blood pressure, heart rate and oxygen saturation were measured at half-
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hourlyy intervals (Dinamapl846 SX, Cntikon, Tampa, FL.). Clinical symptoms such 

ass headache, shivers, nausea, vomiting, tiredness and malaise were recorded 

throughoutt the study periods using a graded scale (0 as absent. 1 as weakly, 2 as 

moderatelyy and 3 as severely present). 

Bloodd collection 

Bloodd was obtained from an intravenous canula at 20 minutes before 

endotoxinn administration and at Vi, 1, Wi, 2, 3, 4, 5, 6, 8, 12 and 24 hours thereafter. 

Bloodd for coagulation and fibrinolysis assays was collected in siliconized vacutainer 

tubess (Becton Dickinson, Plymouth, England) containing 0.105M sodium citrate; the 

ratioo of anticoagulant to blood was 1:9 (v/v). Blood for cytokine assays and 

leukocytess was collected in K3-EDTA containing tubes. Leukocyte counts and 

differentialss were assessed by a Stekker analyzer (counter STKS, Coulter counter, 

Bedfordshire,, U.K.). All blood samples, except those for determination of leukocyte 

countt and differentials, were centnfuged at 3000 rpm for 15 minutes at 4° C and 

plasmaa was stored at -20° C until assays were performed. 

Assays s 

Plasmaa levels of TFPI were measured in a validated sandwich immunoassay. 

Thee assay uses a monoclonal antibody directed against the first Kunitz domain of 

TFPII  for capture and a fluorescein-labeled polyclonal antibody to TFPI for detection. 

Thesee antibodies also recognize endogenous native human TFPI. All samples were 

assayedd in triplicate. The lower limit of quantitation was 40 ng/mL. Prothrombin 

timee (PT) and activated partial thromboplastin time (aPTT) were measured by one-

stagee clotting assays with thromboplastin PT-Fibrinogen and thromboplastin APTT-

SPP respectively on an ACL 7000 analyser (Instrumentation Laboratory, Lexington, 

MA) .. The plasma concentrations of prothrombin fragment F1+2 and thrombin-

antithrombinn complexes (TATc) were measured by ELISA's (Beringwerke AG, 

Marburg,, Germany). Tissue-type plasminogen activator (tPA) antigen and 

plasminogenn activator inhibitor type 1 (PAI-1) antigen were assayed by ELISA's 
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(Asserachromm tPA, Diagnostica Stago. Asnieres-sur-Seme, France and PAI-ELISA 

kit,, Monozyme, Charlottenlund, Denmark). Plasmin-a2-antiplasmin complexes 

(PAPc)) complexes were measured by ELISA (Enzygnost PAP micro, Behring 

Diagnosticss GmbH, Marburg, Germany). Tumor necrosis factor-o (TNF), 

interleukin-66 (IL-6) and IL-10 were measured by ELISA's according to the 

instructionss of the manufacturer (Central Laboratory of the Netherlands Red Cross 

Bloodd Transfusion Service. CLB, Amsterdam, The Netherlands). Soluble TNF 

receptorr type I was measured by an enzyme-linked immunobound assay produced by 

Hoffmannn La Roche Ltd (Basel, Switzerland) as described previously (24). 

Statisticall  analysis. 

Valuess are given as means  SEM. Differences in results between the TFPI 

andd control experiments were tested by repeated measurements analysis of variance. 

Changess in time within one group were analysed by one-way analysis of variance. A 

p-valuee < 0.05 was considered to represent a significant difference. 

Results s 

TFPII  plasma concentrations 

Endogenouss TFPI plasma concentrations did not increase after endotoxin 

administrationn (fig 1). After TFPI infusion peak plasma concentrations increased 

fromm 54  4 to 175  8 ng/ml (p < 0.01, TFPI vs placebo) in the low-dose group and 

fromm 65  6 to 456  34 ng/ml in the high-dose group (p<0.01, TFPI vs placebo). 
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Figuree 1. Mean  SEM plasma 

TFPII  concentrations after endotoxin 

administrationn and infusion of TFPI 

(circles)) or placebo (triangles). 

Endotoxinn (4 ng/kg) was given as a 

boluss injection at t=0. Infusion of 

TFPII  started at t=0 and was 

continuedd until t=6 hr. P values 

indicatee difference between TFPI 

andd placebo experiments. 

Clinicall  features and hematologic responses 

Injectionn of endotoxin induced a febrile response, peaking after 3.5 hours, 

togetherr with tachycardia and transient flu-like symptoms, including headache, 

nausea,, malaise and chills. In addition, endotoxin administration resulted in a 

biphasicc change in white blood cell counts, characterized by an initial leukopenia 

followedd by leukocytosis. None of these changes were influenced by TFPI (table 1 

andd data not shown). No adverse events attributable to TFPI infusion were observed. 

Theree were no episodes of increased bleeding tendency. 

Tablee 1. Clinical features and hematological responses. 

Peakk temperature (°C) 

Timee to temp, peak (hr) 

Heartt rate (peak, bpm) 

Systolicc blood pressure 

(nadir,, mmHg) 

Whitee blood count (x 109/L) 

-nadir r 

-peak k 

Low-dosee group 

TIFPII  Placebo p-

22 2 

22 2 

107+3.99 110+3.0 

103+5.11 1042.0 

2.5+0.11 2.1+0.2 

14.1+0.77 14.6+1.4 

/alue e 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

High-dosee group 

TIFPII  placebo p-

38.3+0.22 2 

3.9+0.22 4 

44 0 

105+2.77 9 

22 1.9+0.1 

13.9+0.88 13.1+1.3 

/alue e 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 
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Activationn of the coagulation system 

Administrationn of endotoxin resulted in activation of thrombin generation as 

reflectedd by increases in the plasma levels of the prothrombin fragment Fl+2 and 

TATcc (p = 0.001. fig 2). The endotoxin-induced increase in Fl+2 was diminished by 

low-dosee TFPI (peak values 2.69  0.73 and 8.31  2.54 nmol/1 for TFP1 and placebo 

respectively.. p<0.01). and completely abolished by high-dose TFPI (peak value 1.29 

 0.30 and 9.95  2.83 nmol/1 for TFPI and placebo respectively. p<0.01). The 

endotoxin-inducedd increase in TATc was almost completely prevented by high-dose 

TFPII  (peak values 17.9  3.9 vs 95.6  30.2 /xg/L, p<0.01). Low-dose TFPI also 

decreasedd TATc formation, but this decrease did not reach statistical significance 

(peakk values 52.6  17.2 and 92.6  35.3 /xg/L for TFPI and placebo respectively, 

p=0.19). . 

150 0 

120 0 

O))  9 0 

60 0 

30 0 

TATc c 
low-dosee group 
p=NS S 

150 0 

120 0 

~ii  r 
44 8 

tim ee (hr ) 

• 2 2 

60 0 

300 -

155 -

122 -

99 -

66 -

Figuree 2: TFPI dose-

dependentlyy inhibits 

coagulationn activation. Mean 

 SEM plasma 

concentrationss of thrombin-

antithrombinn (TAT) 

complexess and prothrombin 

fragmentt Fl+2 after 

endotoxinn administration and 

infusionn of TFPI (circles) or 

placeboo (triangles). 

Endotoxinn (4 ng/kg) was 

givenn as a bolus injection at 

t=0.. Infusion of TFPI started 

att t=0 and was continued 

untill  t=6 hr. P values indicate 

differencee between TFPI and 

placeboo experiments. 
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APTTT values decreased after endotoxin injection, reaching a nadir after 3 hours 

(p<0.01,, fig 3). TFPI increased the aPTT initially and in the high-dose experiments, 

itt prevented the endotoxin-induced decrease in aPTT (p < 0.01. fig 3). PT values 

slightlyy increased after endotoxin, reaching its maximum value after 5 hours (p<0.01 

figg 3). Treatment with TFPI resulted in additional prolongation of PT. In the low-

dosee group, PT increased from 12.7  0.1 to 14.5  0.2 sec during TFPI treatment 

versuss 12.8  0.1 to 13.8  0.2 sec in the placebo study period (p=0.04). In the high-

dosee group PT values increased from 12.2  0.2 to 15.6  0.4 sec in the TFPI study 

periodd and from 12.4  0.2 to 13.2  0.2 sec in the placebo study period (p<0.01. fig 

3). . 

Figur ee 3: Mean  SEM 

valuess of PT and aPTT after 

endotoxinn administration and 

infusionn of TFPI (circles) or 

placeboo (triangles). 

Endotoxinn (4 ng/kg) was 

givenn as a bolus injection at 

t=0.. Infusion of TFPI started 

att t=0 and was continued 

untill  t=6 hr. P values indicate 

differencee between TFPI and 

placeboo experiments. 

Activationn of the Fibrinolyti c system 

Injectionn of endotoxin was associated with an early release of tPA (peaking 

afterr 3 hours) followed by the appearance of PAI-1 (peaking after 4 hours) (both p < 

0.01).. Activation of the fibrinolytic system was confirmed by a transient increase in 

thee plasma concentrations of PAPc, peaking after 2 hours (p < 0.01). Neither low-

aPTT T 
low-dosee group 
p=NS S 

TT I 1 1 ' 1 

00 4 8 12 24 
timee (hr) 

PT T 
iow-dosee group 
p=0.04 4 

~ii  r r 

ii 1 1 1 — — i 

00 4 8 12 24 
timee (hr) 

PT T 
T TT high-dose group 

P<00 01 

TT 1 1 T 
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dosee TFPI nor high-dose TFPI influenced the endotoxin-induced release of tPA, 

PAI-11 or PAPc (fig 4). 

^>> 60 

30C C 

250 0 

^^ 200 -

150 150 

n n 
tPA A 
high-dosee group 
p-NS S 

ff \ 
<«ƒ ƒ 

PAI-1 1 
high-dosee group 
p=NS S 

PAPc c 

Figuree 4: TFPI does not 

influencee the fibrinolytic 

response.. Mean  SEM 

plasmaa concentrations of 

tPA.. PAI-1 and PAPc after 

endotoxinn administration and 

TFPII  infusion (circles) or 

placeboo (triangles). 

Endotoxinn (4 na/kg) was 

»«» » 

high-dosee group „ j v e n a s a b ( ) l u s i n j e c t i o n at 
p=NSS & J 

t=0.. Infusion of TFPI started 

**  t at t=0 and was continued 
— i — ' — i i 

122 24 until t=6 hr. P values indicate 

differencee between TFPI and 

placeboo experiments. 

Cytokines s 

TNFF plasma levels increased after 1 hour following endotoxin administration, 

reachingg peak values after 2 hours (p < 0.01). The TNF response upon endotoxin 

injectionn was not influenced by either low or high-dose TFPI (fig 5). IL-6 levels 

increasedd from 90 min after endotoxin and peaked after 3 hours (p < 0.01). IL-6 

responsee after endotoxin was diminished after low-dose TFPI as compared to 

placeboo but this difference was not statistically significant. No difference was 

observedd in IL-6 response between the high-dose TFPI group and the placebo treated 

subjectss (fig 5). Endotoxin also elicited an anti-inflammatory cytokine response, as 

reflectedd by transient increases in the plasma levels of the type 1 soluble TNF 

receptorr (sTNF-Rl) and IL-10. Neither of these endotoxin-induced increases was 

influencedd by low or high-dose TFPI (data not shown). 
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Figuree 5: Mean  SEM 

plasmaa concentrations ot 

TNFF and IL-6 after 

endotoxinn administration and 

infusionn of TFPI (circles) or 

placeboo (triangles). 

Endotoxinn (4 ng/kg) was 

givenn as a bolus injection at 

t=0.. Infusion of TFPI started 

att t=0 and was continued 

untill  t=6 hr. P values indicate 

differencee between TFPI and 

placeboo experiments. 

Discussion n 

Activationn of the TF/VIIa pathway is considered crucial for the initiation of 

thee coagulation system during bacteremia and endotoxemia. It has been suggested 

thatt the TF/VIIa pathway, besides its effect on coagulation, can influence other 

inflammatoryy mediator systems. Therefore, we considered it of interest to determine 

thee effect of TFPI on the coagulant, fibrinolytic and cytokine responses during 

humann endotoxemia. The present study is the first to show the anticoagulant effect of 

recombinantt TFPI in man. In the high-dose TFPI experiments, endotoxin-induced 

thrombinn generation, as determined by increases in plasma Fl+2 and TATc levels, 

wass almost completely prevented, and even in the low-dose TFPI studies, a reduction 

inn thrombin production was observed. Hence, our data confirm the importance of TF 

inn the endotoxin-induced procoagulant response in man, and further demonstrate that 

thee effect of TFPI on thrombin generation is dose-dependent. However, TFPI was 

withoutt any effect on fibrinolysis or cytokine release. The results suggest that, at 

leastt during low grade endotoxemia, TFPI selectively attenuates coagulation 

activation. . 
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Thee role of endogenous TFPI in sepsis and endotoxemia is not completely clear. 

Exposuree of TF to circulating blood initiates the coagulation cascade by binding to 

factorr Vila, after which the TF/VIIa complex activates factor X and factor IX. 

Recentt evidence suggests that TF may be present in an inactive, encrypted form and 

thatt the mere presence of TF on the cell surface is not sufficient for initiating blood 

coagulation.. Some additional stimulus may be required to express this latent 

procoagulantt activity (25; 26). TFPI is an approximately 43-KD, trivalent, Kunitz-

typee inhibitor that directly inhibits factor Xa with its second Kunitz domain. After 

factorr Xa is bound, it rapidly inhibits the TF/VIIa complex with the first Kunitz 

domainn (27). The third Kunit/. domain has no known inhibitory role, but may be 

involvedd in the lipoprotein binding of TFPI (28). Most of total body TFPI is located 

inn association with endothelial cells and only 10-25% is found in circulating blood. 

Circulatingg TFPI is predominantly bound to lipoproteins (29). Blood platelets also 

carryy native TFPI (about I09r of the plasma pool), which is released following 

stimulationn by thrombin (30). In vitro studies suggest that there might be a slight 

increasee in TFPI produced by endothelial cells and monocytes by stimulation with 

endotoxinn (31). Furthermore, (slightly) increased levels of TFPI have been observed 

inn a number of illnesses, including malignancy and septicemia (32-35). In previous 

studies,, plasma concentrations of TFPI only increased after severe injury. Thus, a 

sublethall  dose of E. colt only induced a minimal, approximately 1.2-fold, increase in 

plasmaa TFPI concentrations, while infusion of a LDioo dose E.coli resulted in a 2-

foldd rise in plasma TFPI levels (36). In our study, endogenous TFPI did not increase 

inn plasma after endotoxin administration, which might be considered as a relatively 

mildd stimulus. Together, these data suggest that the dose of endotoxin used in our 

humann volunteer studies was not sufficient to elicit an endogenous TFPI response in 

plasma. . 

Inn our experiments TFPI infusion was started immediately after endotoxin 

administrationn and was continued for 6 hours following a bolus injection. Two 

differentt dosages were compared. The two dosages were chosen based on 

pharmacokineticc studies in healthy humans, to achieve plasma TFPI levels of 86 and 
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3466 ng/ml respectively (Searle Research & Development, Investigational brochure). 

Inn earlier studies these plasma levels were efficacious in reducing mortality in a 

sepsiss model in rabbits (23). Low-dose TFPI infusion resulted in mean peak plasma 

TFPII  concentrations of 175 ng/ml {3'/2-fold higher than baseline) and steady-state 

concentrationss of 2'/2-fold baseline. In the high-dose experiments mean peak 

concentrationss of 456 ng/ml (8-fold baseline) and steady-state concentrations of 4'/2-

foldd base-line were achieved. These TFPI concentrations resulted in minor 

prolongationss of PT values of 1.8 and 3.4 sec respectively, that were slightly larger 

thann the prolongation (1 sec) attributable to endotoxin observed in the control 

experiments.. Endotoxin induced a decrease in aPTT values. Previous observations 

andd the time course of his effect suggest that the most likely explanation might be the 

endotoxin-inducedd release of von Willebrand factor (vWF) from the endothelium and 

thee associated rise in factor VII I levels (37; 38). Indeed, we could confirm a rapid 

releasee of vWF upon endotoxin infusion in our study (data not shown). Interestingly, 

thee endotoxin-induced decrease of aPTT values was attenuated by high-dose TFPI. 

Sincee vWF levels were not affected by TFPI, this effect was probably due to a slight 

directt effect of TFPI on the aPTT as well. 

Inn accordance with earlier studies (39; 40), the activation of coagulation after 

endotoxinn administration was preceded by a rapid activation and subsequent 

inhibitionn of the fibrinolytic system, as reflected by increased levels of tPA and 

PAPcc followed by an increase in PAI-1 levels. Infusion of TFPI did not have any 

effectt on the fibrinolytic response. These findings show that during low-grade 

endotoxemiaa in humans, the fibrinolytic response occurs independent of the 

generationn of thrombin. Previous studies of low-grade endotoxemia in chimpanzees 

havee revealed that blockade of endotoxin-induced coagulation activation by the 

administrationn of various anticoagulant agents, including anti-TF and anti-factor Vil a 

monoclonall  antibodies, and the specific thrombin inhibitor hirudin, likewise did not 

resultt in inhibition of plasmin generation (12; 14; 41). TNF is considered the major 

denominatorr of activation of fibrinolysis dunng endotoxemia (42-44). Consistent 

withh our finding that endotoxin-induced activation of fibrinolysis in humans was not 
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influencedd by TFPI, is the observation that TNF plasma concentrations were also 

unaffectedd by TFPI. 

Itt should be noted that blocking the TF pathway in lethal Escherichia coli sepsis in 

baboonss not only prevented DIC, but also resulted in protection against lethality (13; 

16;; 17). Also the administration of other physiological coagulation inhibitors has 

beenn shown not only to ameliorate the coagulation defect but also to prevent 

mortalityy (45). More downstream interventions in the coagulation cascade, by 

administrationn of active-site degraded factor Xa (DEGR-Xa), failed to influence 

lethalityy of bacteremic baboons, while completely inhibiting the activation of 

coagulationn (19). Since it has been suggested that the TF pathway exerts effects on 

otherr inflammatory responses besides its effects on coagulation"0, inhibition of these 

effectss by TFPI may have contributed to the TFPI mediated protection against 

lethality.. Indeed, in lethal sepsis models inhibition of TF attenuated the IL-6 and IL-8 

responsess following E.coli infusion in baboons (15-17). At present, it is uncertain 

howw TFPI may influence cytokine production. Interestingly, clotting blood has been 

foundd to produce IL-8, but not IL-6 in vitro. Addition of endotoxin to coagulating 

bloodd resulted in a synergistic enhancement of IL-8 production which could be 

attenuatedd by the thrombin inhibitor hirudin or TFPI (46). In addition, end products 

off  the coagulation cascade, i.e. factor Xa, thrombin and fibrin, can induce the 

synthesiss of IL-6 and/or IL-8 by various cell types in vitro (47-50) Hence, inhibition 

off  coagulation by TFPI per se may reduce IL-6 and IL-8 release during sepsis. 

Furthermore,, in vitro TFPI has been found to bind endotoxin and to block endotoxin 

effectss on cells by interference with endotoxin transfer to CD 14 (51) In the current 

study,, we did not find any influence of TFPI on endotoxin-induced cytokine 

responses,, as reflected by unaltered plasma concentrations of TNF. IL-6, IL-10 and 

sTNF-Rl.. Also, IL-8 release was not changed (data not shown). Our model differs 

fromm the lethal primate models in many important aspects. While endotoxin infusion 

inn healthy humans leads to moderate activation of coagulation without organ 

dysfunction,, lethal sepsis models induce massive thrombin generation with marked 

thrombuss deposition at autopsy, leading to organ failure and death. The fact that 
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inhibitionn of coagulation by TFPI attenuates cytokine production in lethal sepsis 

modelss but not in the human endotoxin model could be a reflection of the amounts of 

thrombinn formed in the different models. An alternative explanation could be that 

monocytess are the predominant source of cytokines during low-grade endotoxemia 

(whichh is associated with transient release of cytokines), and that the endothelium 

contributess to the more prolonged release of especially IL-6 and IL-8 found in 

modelss of lethal sepsis. Indeed, endothelial cells predominantly produce IL-6 and IL-

88 following stimulation (50; 52). In septic baboons, TFPI attenuated the IL-6 and IL-

88 response without affecting the early and transient TNF peak (16). Hence, it can be 

speculatedd that TFPI in part attenuates the cytokine response by endothelial cells, 

withh a much smaller effect on endotoxin-induced cytokine production by monocytes. 

Finally,, it also could be that cytokine production in the lethal sepsis model is not 

causedd by thrombin, but due to ischaemia and organ failure resulting from occlusive 

thrombii  in the microcirculation. If so, effective inhibition of coagulation during 

sepsiss could prevent the development of organ failure and thereby the secondary 

increasee in cytokine levels. 

Knowledgee of the mechanisms involved in activation of the hemostatic mechanism 

duringg severe infection has increased considerably over the past years. The present 

studyy confirms in humans the pivotal role of the TF/VIIa pathway in endotoxin-

inducedd coagulation activation and the anticoagulant potential of TFPI. Recombinant 

TFPII  dose-dependently inhibited the activation of coagulation after endotoxin 

administrationn to healthy humans, without influencing the fibrinolytic and cytokine 

responses.. TFPI is a selective anticoagulant drug during low grade human 

endotoxemia. . 
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Abstract t 

Activationn of coagulation induces a pro-inflammatory response in in vitro and 

animall  experiments. Inhibition of the tissue factor dependent pathway of coagulation 

inhibitss cytokine release and prevents death in gram-negative sepsis models in 

primates.. In this study we investigated the influence of blocking the activation of the 

coagulationn system by tissue factor pathway inhibitor (TFPI) on endotoxin-induced 

inflammatoryy responses in healthy humans. Eight healthy human subjects were 

studiedd in a double-blind, randomized, placebo-controlled cross-over study. Each 

subjectt was studied on two separate occasions. They received a bolus intravenous 

injectionn of 4 ng/kg endotoxin, followed by a 6-hr continuous infusion of TFPI (0.2 

mg/kg/hrr following a bolus of 0.05 mg/kg). Endotoxin induced-activation of 

coagulation,, as measured by prothrombin fragment Fl+2 and TAT, was completely 

preventedd by TFPI. In contrast, TFPI did not influence leukocyte activation 

(neutropeniaa followed by neutrophilia, increased plasma concentrations of elastase 

andd lactoferrin), chemokine release (IL-8, MCP-1 and MIP-1(3), endothelial cell 

activationn (release of von Willebrand factor and sE-selectin) and the acute phase 

responsee (CRP and LBP). We conclude that complete prevention of coagulation 

activationn by TFPI does not influence activation of other inflammatory pathways 

duringg human endotoxemia. 
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Introductio n n 

Severee sepsis is associated with activation of multiple inflammatory 

pathways.. Activation of the coagulation system, which may ultimately lead to the 

clinicall  syndrome of disseminated intravascular coagulation, is an important 

manifestationn of the systemic inflammatory response of the host to severe infection. 

Otherr features of this response include activation of neutrophilic leukocytes, 

endotheliall  cell activation, and release of cytokines and chemokines(l). Recent 

studiess have suggested that during sepsis activation of the coagulation system and 

inductionn of inflammatory responses may be linked in a bimodal manner. Indeed, 

whilee cytokines are involved in the changes in the coagulation system following 

infectionn or endotoxemia(2), a significant body of evidence supports the concept that 

inn turn, activated coagulation factors can provoke a proinflammatory response. Ex 

vivovivo studies with human blood have revealed that coagulation activation can 

stimulatee interleukin-8 (IL-8) and IL-6 production by monocytes and endothelial 

cellss (3). Several coagulation factors, like thrombin (3-9), factor Xa (10; 11), and 

fibrinn (12) may contribute to this proinflammatory response. 

Tissuee factor pathway inhibitor (TFPI) is a natural anticoagulant acting by direct 

factorr Xa inhibition and, in a factor Xa dependent manner, by feedback inhibition of 

thee TF/VIIa complex (13). In animal sepsis models, TFPI was able to block the 

coagulantt response and to prevent death with concurrent reduction of cytokine 

releasee (14-17). The inflammatory and coagulant responses after administration of 

endotoxinn to healthy humans are well-defined (18). We recently showed that 

intravenouss infusion of TFPI dose-dependently attenuates the activation of 

coagulationn following endotoxin administration in healthy humans (19). In the 

presentt study, we sought to determine whether TFPI, given at a dose that completely 

preventedd the activation of coagulation, influences the endotoxin-induced 

inflammatoryy response. 
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Methods s 

Studyy design 

Thee present investigation was performed simultaneously with a study on the 

effectt of TFPI on endotoxin-induced activation of coagulation and fibrinolysis, of 

whichh the results have been published previously (19). The study was performed as a 

randomized,, double-blind, placebo-controlled cross-over experiment. Written 

informedd consent was obtained from each subject before the start of the study, and 

thee study was approved by the institutional scientific and ethics committees. Eight 

healthy,, male volunteers (age 19 - 29 years) participated in the study. None had 

abnormalitiess on physical examination or routine laboratory investigation. Tests for 

Hepatitiss B and C and HIV were negative. They did not not take any medication and 

didd not smoke or use illici t drugs. Each subject was studied on two occasions 6 

weekss apart. The subjects fasted overnight before endotoxin administration. At 7.00 

a.m.. 2 intravenous canulas were inserted, one for endotoxin administration and blood 

collection,, the other for infusion of TFPI or placebo. Endotoxin (Escherichia coli 

lipopolysaccharide,, lot G, United States Pharmacopeia Convention Inc. Rockville, 

MD)) was administered at 9.00 a.m. as a bolus intravenous injection at a dose of 4 

ng/kgg body weight. TFPI (recombinant human TFPI/SC-59735, Chiron Corp., 

Emeryville,, CA) was given immediately after endotoxin injection as a bolus of 0.05 

mg/kgg body weight followed by a continuous 6-hour infusion of 0.2 mg/kg/hr. In the 

controll  experiments the same solution used for diluting TFPI was given as placebo. 

Bloodd collection 

Bloodd was obtained from an intravenous canula at 20 minutes before 

endotoxinn administration and at Vi, 1, P/2, 2, 3, 4, 5, 6, 8, 12 and 24 hours thereafter. 

Bloodd for coagulation assays was collected in siliconized vacutainer tubes (Becton 

Dickinson,, Plymouth. England) containing 0.105M sodium citrate; the ratio of 

anticoagulantt to blood was 1:9 (v/v). Blood for all other assays was collected in K3-
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EDTAA containing tubes. Leukocyte counts and differentials were assessed by a 

Stekkerr analyzer (counter STKS, Coulter counter, Bedfordshire, U.K.). All blood 

samples,, except those for determination of leukocyte count and differentials, were 

centrifugedd at 3000 rpm for 15 minutes at 4" C and plasma was stored at -20" C until 

assayss were performed. 

Assays. . 

Thee plasma concentrations of prothrombin fragment Fl+2 and thrombin-

antithrombinn complexes (TAT) were measured by ELISA's (Beringwerke AG, 

Marburg,, Germany). Chemokine concentrations were measured by ELISA. MCP-1 

wass measured using purified monoclonal mouse anti-human MCP-1 (PharMingen, 

Sann Diego, CA) as coating antibody, biotinylated rabbit anti-human MCP-1 

(PharMingen)) as detecting antibody and human recombinant MCP-1 (PharMingen) 

ass standard. For determination of Macrophage Inflammatory Protein (MIP)-1(3 

levels,, purified monoclonal mouse anti-human MIP-lf3 was used as coating antibody 

(R&DD Systems, Abingdom, United Kingdom), biotinylated affinity purified goat IgG 

anti-humann MIP-1(3 as detecting antibody (R&D Systems) and recombinant human 

MIP-1(33 as standard (R&D Systems). Detection limits of the assays were 8.2 pg/ml 

(MCP-1)) and 15.6 pg/ml (MlP-lfi) . IL-8 was measured by ELISA according to the 

instructionss of the manufacturer (Central Laboratory of the Netherlands Red Cross 

Bloodd Transfusion Service [CLB] , Amsterdam, the Netherlands). The detection limit 

waswas 1 pg/ml. Antigenic levels of von Willebrand factor (vWF) (20) and sE-selectin 

(21)) were measured by ELISA as described previously. LPS-binding protein (LBP) 

waswas measured by ELISA (22), using polyclonal rabbit anti-human LBP as capturing 

antibody,, biotinylated polyclonal rabbit anti-human LBP as labeling antibody and 

recombinantt LBP as standard. Plasma CRP levels were determined by ELISA, using 

polyclonall  rabbit anti-human CRP as catching antibody, biotinylated anti-CRP mAb 

ass detecting antibody and CRP (Beringwerke AG. Marburg. Germany) as standard 

(23). . 
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Concentrationss of elastase-al-antitrypsin complex (elastase) and lactofernn were 

determinedd using radioimmuno assays as described previously (24). 

Statisticall  analysis 

Valuess are given as means  SEM. Differences in results between TFPI and 

controll  experiments were tested by repeated measurements analysis of variance. 

Changess in time within one group were analysed by one-way analysis of variance. A 

p-valuee < 0.05 was concidered to represent a significant difference. 

Results s 

Activationn of coagulation 

Ass published previously, administration of endotoxin resulted in activation of 

coagulationn as reflected by increased levels of prothrombin activation fragment F1+2 

andd TAT. TFPI given at the dose studied in the present investigation completely 

preventedd the rise in both markers of thrombin generation (19). 

Leukocytee activation (fig 1) 

Endotoxinn injection elicited activation of neutrophilic granulocytes, as 

reflectedd by a biphasic change in neutrophil counts, involving an initial neutropenia 

(lh:: 1 xl09/L) followed by neutrophilia (12 h: 3 x 109/L) and 

systemicc release of elastase-al-antitrypsin complexes and lactofernn (all p< 0.05). 

Thee plasma concentrations of elastase and lactofernn peaked after 4 hr, rising from 

444 to 244 ng/ml and from 97 to 695 ng/ml respectively. None of these endotoxin-

inducedd changes were influenced by TFPI. 
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Figuree 1 (Left): Mean  SEM number of neutrophilic granulocytes, and plasma concentrations 

off  elastase-al-antitrypsin complexes and lactoferrin after endotoxin administration and infusion 

off  TFP1 or placebo. Endotoxin (4 ng/kg) was given as a bolus injection at t=0. Infusion of TFPI 

startedd at t=0 and was continued until t=6 hr. P values indicate difference between TFPI and 

placeboo experiments. NS = nonsignificant. 

Figuree 2 (Right): Mean  SEM plasma concentrations of IL-8. MIP-lfS and MCP-1 after 

endotoxinn administration and infusion of TFPI or placebo. Endotoxin (4 ng/kg) was given as a 

boluss injection at t=0. Infusion of TFPI started at t=0 and was continued until t=6 hr. P values 

indicatee difference between TFPI and placebo experiments. NS = nonsignificant. 

Endotheliall  cell response (fig 2) 

Endotoxinn elicited endothelial eel activation, as indicated by increases in the 

plasmaa concentrations of vWF (from 77  9 % to 364 9 7c after 5 hr, p < 0.05) and 

sE-selectinn (from 73  18 to 457  49 ng/ml after 6 hr, p<0.05). TFPI infusion did 

nott influence this endothelial cell response. 

Chemokiness (fig 3) 
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MlP-i pp levels rapidly increased after endotoxin injection (from 31  5 to 

94799  537 pg/ml after 2 hr, p<0.05). Also. IL-8 and MCP-1 levels increased. 

reachingg their maximum values at 3 hr after endotoxin administration (from 5  1 to 

15399  235 pg/ml and from 205  49 to 75923  6370 pg/ml resp. both p < 0.05). 

Chemokinee release induced by endotoxin was not influenced by TFPI. 
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Figuree 3: Mean  SEM plasma concentrations of von Willebrand factor and sE-selectin after 

endotoxinn administration and infusion of TFPI or placebo. Endotoxin (4 ng/kg) was given as a 

boluss injection at 1=0. Infusion of TFPI started at t=0 and was continued until t=6 hr. P \alues 

indicatee difference between TFPI and placebo experiments. NS = nonsignificant. 

Acutee phase response (table 1) 

CRPP and LBP levels increased after endotoxin, peaking at 24 and 12 hr 

respectively.. TFPI infusion did not alter these responses. 
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Tablee 1. TFPI does not influence the acute phase protein response to endotoxin 

Timee (hr) 

-200 min 

12 2 

24 4 

endotoxin n 

2 2 

7 7 

0 0 

CRP(ug/ml) ) 

Endotoxin n 

+TIFPI I 

1 1 

0 0 

8 8 

P P 

NS S 

NS S 

NS S 

endotoxin n 

16.1+2.0 0 

7 7 

4 4 

LBP(ug/ml) ) 

Endotoxin n 

+TIFPI I 

5 5 

4 4 

42.11 0 

P P 

NS S 

NS S 

NS S 

MeanMean  SEM plasma concentrations of CRP and LBP after intravenous 

injectioninjection of endotoxin (4 ng/kg at t-0) followed by infusion of TFPI (0.05 mg/kg 

bolusbolus followed by a 6-hr infusion of 0.2 mg/kg/Iir) or placebo. P values indicate 

differencedifference between TFPI and placebo experiments. 

Discussion n 

Activationn of the TF/VIIa pathway is considered crucial for the initiation of 

thee coagulation system during bacteremia and endotoxemia. Under physiological 

conditions,, tissue factor (TF) can not be detected on the luminal surface of the 

vascularr endothelium (25) and only in very low quantities on circulating blood cells 

(26-28).. However, during infection and after stimulation with endotoxin or tumor 

necrosiss factor (TNF) TF is rapidly induced on blood mononuclear cells (26;29;30) 

andd on vascular endothelium (13;31;32). Elimination of TF activity in endotoxemic 

orr bacteremic primates results in a complete inhibition of coagulation activation 

(14;17;33;34).. In accordance, we recently found that infusion of TFPI caused a dose-

dependentt reduction of the procoagulant response to endotoxin in healthy humans in 

vivovivo (19). The main conclusion of the present study is that TFPI infused at a dose that 

preventedd endotoxin-induced thrombin generation did not influence other 

proinflammatoryy effects of endotoxin, including leukocyte activation, endothelial 

celll  activation, chemokine release and the acute phase protein response. These data 
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suggestt that low dose endotoxin elicits systemic inflammation by a coagulation 

independentt mechanism. 

Ourr findings are in contrast with in-vitro and animal experiments suggesting that the 

activationn of coagulation contributes to various proinflammatory pathways. IL-6 and 

1L-88 production by monocytes and endothelial cells is stimulated during ex vivo 

clottingg of human blood (3). Several coagulation factors may contribute to this 

inflammatoryy response. Thrombin stimulates the release of cytokines like IL-1, IL-6, 

IL-88 and TNF (3-7), and MCP-1 (8;9). The thrombin-induced cytokine response by 

monocytess and endothelial cells likely is mediated by thrombins catalytic activity 

andd can be prevented by hirudin (3;35). Factor Xa, by binding to effector cell 

proteasee receptor-1 (EPR-1), has been found to trigger acute inflammatory responses 

inn vivo, characterized by prominent perivascular accumulation of activated mast 

cells,, and unaffected by specific inhibition of thrombin (10). Exposure of cultured 

humann endothelial cells to factor Xa stimulated the production of IL-6, IL-8, MCP-1 

andd the expression of the adhesion molecules sE-selectin, intercellular adhesion 

moleculee (ICAM)- l and vascular cell adhesion molecule (VCAM)-l , by a 

mechanismm independent of thrombin and EPR-1.(11) Fibrin was shown to induce IL-

88 production by endothelial cells (12) and fibrin degradation products are potent 

chemoattractantss (36). Activated protein C, an endogenous anticoagulant, has several 

effectss on the inflammatory response like down-regulation of TNF production by 

macrophagess (37), blocking neutrophil activation (38) inhibiting sE-selcctin 

mediatedd cell adhesion (39) and up-regulating IL-6 and IL-8 production (40). 

Thee role of the TF/VIIa dependent pathway of coagulation on inflammatory 

responsess in vivo has been studied in lethal sepsis models in non-human primates. In 

thesee models, blocking TF/VIIa by TFPI or active site degraded factor Vil a both 

inhibitedd thrombin generation and IL-6 and IL-8 release, and prevented organ failure 

andd death. There are several possible explanations for the different findings in our 

studyy compared to the experiments in primate models of sepsis. If one assumes that 

thrombinn docs contribute to inflammatory responses, it can be hypothesized that the 

amountt of thrombin generated following low dose endotoxin administration is not 
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sufficientt to stimulate inflammatory responses. The much higher amounts of 

thrombinn formed during lethal sepsis on the other hand could contribute to the IL-6 

andd IL-8 response. Alternatively, it is possible that cytokines are produced by 

differentt cell types during low-grade endotoxemia and severe sepsis. The prolonged 

IL- 66 and IL-8 response that is found during sepsis in primates (14) could be 

producedd by endothelial cells, that are known to predominantly produce these two 

cytokiness upon stimulation (11), (40) whereas the more transient rise in cytokines 

observedd after low dose endotoxin injection could be attributed to monocytes. Hence, 

itt can be speculated that TFPI attenuates the cytokine response by endothelial cells, 

withh a much smaller effect on endotoxin-induced cytokine production by monocytes. 

Yett another possible explanation is that not thrombin and/or other coagulation 

factors,, but organ failure and ischemia contribute to the inflammatory response 

duringg sepsis. If so, anticoagulation would be able to attenuate this inflammatory 

responsee during severe bacteremia by preventing disseminated intravascular 

coagulationn leading to organ failure. Endotoxin administration in healthy humans, on 

thee other hand, does not induce organ failure, explaining why anticoagulation does 

nott influence signs of inflammation in this model. Finally, it has been hypothesized 

thatt TF has direct pro-inflammatory effects independent of activation of coagulation 

(41).. In that case, it is possible that our endotoxin model does not induce enough TF 

expressionn to contribute to inflammatory changes. 

Thee present study, in contrast with previous animal experiments, shows no influence 

off  TFPI  on endotoxin-induced inflammatory pathways in human subjects. More 

studiess are required to determine the exact role of activation of coagulation on 

inflammatoryy pathways during sepsis and endotoxemia. 
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Abstract t 

CDD 14 is pattern recognition receptor tor cell wall components of gram-

negativee and gram-positive bacteria, which has been implicated in the initiation of 

thee inflammatory response to sepsis. To determine the role o\' CD 14 in 

lipopolysaccharidee (LPS)-induced effects in humans. 16 healthy subjects received an 

intravenouss injection of LPS (4 ng/kg) preceded (-2 h) by intravenous IC14. a 

recombinantt chimeric monoclonal antibody against human CD 14. at a dose of 1 

mg/kgg over I h. or placebo. In subjects receiving IC14, saturation of CD 14 on 

circulatingg monocytes was 95c/<  at the time of LPS injection, and remained above 

80^^ during the subsequent 20 h. IC 14 attenuated LPS-induced clinical symptoms, 

includingg fever, chills and headache (all P<0.05 versus LPS only). IC 14 strongly 

inhibitedd LPS-induced cytokine release (tumor necrosis factor-a (TNFJ, interleukin 

(IL)-6.. IL-10), while only delaying the release of soluble TNF receptor type I. IC14 

alsoo inhibited leukocyte responses (initial neutropenia and subsequent neutrophilia, 

releasee of the degranulation markers elastase-al-antitrypsin complexes and 

lactofernn,, and upregulation of granulocyte surface activation markers CDl l b and 

CD66)(alll  P<0.05). In addition. IC 14 attenuated endothelial cell activation, as 

reflectedd by a reduction in LPS-induced release of Von Willebrand factor (P < 0.05) 

andd soluble E-selectin (P = 0.66>. IC 14 inhibits LPS-induced proinflammatory 

responsess in humans. IC 14 may reduce excessive systemic inflammation during 

fulminantt gram-negative sepsis. 
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Introductio n n 

Thee innate recognition of many microbial pathogens, leading to inflammatory 

responsess is mediated by CD 14. CD 14 is expressed as a 55 kD 

glycosylphosphatidylinisitoll  (GPI) anchored molecule expressed on the surface of 

monocytess and neutrophils, and is present in serum as a soluble isoform (1). CD14 

hass been shown to be the receptor for hpopolysaccharide (LPS) of gram-negative 

bacteriaa (2), for peptidoglycan (3), cell walls (4) and lipoteichoic acids (5) of gram-

positivee bacteria, and for lipoarabinomannan of mycobacteria, indicating that CD 14 

iss a pattern recognition receptor (4). After binding of bacterial constituents by CD 14, 

signall  transduction takes place through toll-lik e receptors <TLR) 2 and 4 (6). Once 

activated,, responsive cells upregulate the expression of adhesion molecules on their 

surfacess and release a number of pro-inflammatory cytokines, lipid mediators and 

coagulationn factors (1,4,7). When confined to a local tissue site, this complex 

responsee functions to eliminate invading bacterial microorganisms (8). Systemically, 

however,, this response leads to the clinical syndrome of septic shock. 

Itt can be anticipated that blocking of the CD14 receptor wil l inhibit the inflammatory 

responsee to LPS (and other bacterial antigens), and that this wil l be beneficial in the 

sepsiss syndrome. Indeed, anti-CD14 antibodies, administered prophylactically or as 

longg as 4 hours after LPS injection, protected rabbits from death, renal and 

pulmonaryy injury and prevented hypotension and leukopenia (9). In cynomolgus 

monkeys,, pretreatment with anti-CD 14 antibodies prevented LPS-induced 

hypotensionn and reduced plasma cytokine levels (10). At present, however, evidence 

thatt CD 14 mediates LPS effects in humans in vivo is lacking. Therefore, in the 

currentt study we sought to determine the effect of IC14, a newly developed 

recombinantt chimeric monoclonal antibody directed against CD 14, on a variety of 

inflammatoryy responses in healthy humans injected with a single dose of LPS. 
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Material ss and Methods 

Studyy design 

Sixteenn healthy male volunteers (mean age 23. range 20-33 years) were 

enrolledd in this double-blind, randomized placebo-controlled trial. Written informed 

consentt was obtained from all volunteers, and the study was approved by the 

institutionall  scientific and ethics committees. Medical history, physical examination, 

routinee laboratory examination, and electrocardiogram were all normal. Tests for 

HIV-infection,, hepatitis B and C were negative. The participants did not smoke, did 

notnot use any medication, did not have any febrile illness in the month preceding the 

studyy and never received monoclonal antibody therapy before. The subjects fasted 

overnightt before LPS administration. On the study day, two intravenous canulas 

weree inserted, one for LPS administration and blood collection, the other for infusion 

off  IC14 or placebo. Eight oi' the volunteers received IC14, and eight were given 

placebo.. All participants were challenged with LPS one hour after the end of the 

IC144 or placebo infusion. 

Thee study drug IC14 was supplied by ICOS, Seattle, WA. A dose of 1 mg/kg in a 

solutionn of 150 ml 0.9°r NaCl was administered intravenously over 1 hour through a 

0.222 |im low protein binding filter. The placebo solution consisted of the dilution 

fluidd and was administered in an identical manner. The Escherichia coli endotoxin 

preparationn used in this study, lot G (LPS. Rockville, MD) was administered 

intravenouslyy over 1 minute at a dose of 4 ng/kg, 2 hours after the initiation of the 

IC144 or placebo infusion. The study was performed in a special research unit under 

continuouss supervison of physicians with emergency and resuscitation equipment 

immediatelyy available. Blood pressure and pulse rate were assessed every 30 minutes 

duringg the first 4 hours after LPS challenge, as were oral temperature and symptoms. 

Symptomss were registered throughout the study period using a clinical score chart 

andd scored by incidence and seventy (0 as absent, 1 as weak. 2 as moderate, and 3 as 

severe). . 
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Assays s 

Bloodd was obtained from an intravenous canula befuie the infusion ol IC14 

orr placebo (t - -2 h). at the end of the infusion of IC14 or placebo (t = -1 h). directly 

beforee LPS injection (t = 0 h). and at 0.5. 1. 1.5, 2, 3, 4, 5. 6. 8. 10 and 21 hours 

thereafter.. All blood samples (except samples for flow cytometry) were centrifuged 

att 2000 x g for 20 minutes at 4° C and plasma was stored at -20° C until assays were 

performed.. IC 14 concentrations were measured in serum, all other assays were 

conductedd in EDTA anticoagulated plasma. IC14 levels were measured by an 

enzymee immunoassay (EIA). This assay utilizes recombinant monomelic soluble 

CD14,, immobilized on polysterene plates to capture IC14 from serum. The captured 

1C144 is detected using a murine anti-human IgG4 conjugated with horseradish 

peroxidase.. IC 14 is used as standard. The limit of detection of this assay is 6 ng/ml. 

Cytokiness were determined by specific ELISA's according to the instructions of the 

manufacturerss (with detection limit) : TNF (1.4 pg/ml), IL-6 (0.6 pg/ml), IL-10 (1.2 

pg/ml)(alll  Central Laboratory of the Netherlands Red Cross Blood Transfusion 

Service,, CLB, Amsterdam, the Netherlands) and soluble TNFa receptor type I (70 

pg/mll  ){R& D Systems, Abingdon, United Kingdom). Elastase-al-antitrypsin and 

lactoferrinn levels were measured by specific RIA's as described before (detection 

limit ss 100 ng/ml and 400 ng/ml respectively)(l 1). Ristocetin cofactor activity of von 

Willebrandd factor was measured as described before (12). Soluble E-selectin 

concentrationss were measured by ELISA exactly as described before (detection limit 

577 pg/ml) (13). Leukocyte counts and differentials were assessed by a Stekker 

analyzerr (counter STKS, Coulter counter, Bedfordshire, United Kingdom). 

FACSS analysis 

Saturationn of CD14 receptors on circulating monocytes and granulocytes was 

quantitatedd in ACD anticoagulated blood at -2, 0, 1,2, 4. 6, 10 and 21 h relative to 

LPSS injection. All blood samples were immediately placed on ice and an equal 
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amountt of 17c paraformaldehyde solution was added. After lysis of the erythrocytes 

(seee below), samples were centnfuged at 400 g for 5 min. The remaining cells were 

washedd twice in PBS with 27c normal calf serum (N'CS). The remaining cells were 

washedd twice in PBS and subsequently fixed in PBS. containing \7 BSA. 0.3 

mmol/11 EDTA, 0.01 ̂  sodium azide and 0.\7c paraformaldehyde (final concentration 

55 x 106 cells/ml). All procedures were performed at room temperature. Samples were 

testedd in the presence and absence of IC14 added in vitro. The following antibodies 

weree used: FITC labelled mouse anti-human IC14 monoclonal antibody (Cytometry 

Associatess Inc, Biopharmaceutical Support Services, Brentwood TN). All FACS 

reagentss were used in concentrations as recommended by the manufacturer, and all 

analysess were also conducted with the appropriate control antibody (murine FITC 

labelledd IgG4 (Cytometry Associates Inc, PBR, TN)). For each test at least 105 cells 

weree counted. Mean cell fluorescence (MCF) at >570nm of forward and side angle 

scatter-gatedd granulocytes was assessed using a FACS scan flow cytometer (Becton 

Dickinson,, Mountain View, CA). Percentage saturation was calcuated by dividing 

MCFF without added IC14 by MCF with in vitro added IC14. 

Expressionn of CDl l b and CD66 on circulating granulocytes was determined in 

hepannizedd blood obtained at -2, 0, 2, 4, 6 and 21 hours. All blood samples were 

immediatelyy placed on ice. After lysis of the erythrocytes with isotonic NH4CI 

solutionn (155 mmol/1 NH4C1, 10 mmol/l KHCO,. 0.1 mmol/1 EDTA. pH 7.4). 

sampless were centnfuged at 300 g for 10 min and residual erythrocytes were lysed 

forr 5 min. The remaining cells were washed twice in PBS and subsequently fixed in 

PBS,, containing 17 BSA, 0.3 mmol/1 EDTA. 0.01(7r sodium azide and 0.17 

paraformaldehydee (final concentration 5 x 10' cells/ml). All procedures were 

performedd at 4 °C. The following antibodies were used: FITC labelled mouse anti-

humann CDl l b and FITC labelled mouse anti-human CD66 (CLB, Amsterdam, the 

Netherlands).. All FACS reagents were used in concentrations as recommended by 

thee manufacturer, and all analyses were also conducted with the appropriate control 

antibodyy (murine FITC labelled IgG] (Becton Dickinson <fc Co. Rutherford, NJ)). 

Forr each test at least 10̂  cells were counted. Mean cell fluorescence (MCF) at 
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>570nmm of forward and side angle scutter-gated granulocytes was assessed using a 

FACSS scan flow ryrometer (Becton Dickinson, Mountain View, CA). Data are 

presentedd as the difference (linear units) between MCF intensities of specifically and 

non-specificallyy stained cells. 

Phagocytosiss assay 

Heparinizedd blood was drawn immediately before and two hours after the 

startt of IC14 or placebo infusion (i.e. immediately before LPS injection). Blood was 

keptt on room temperature until use. Phagocytosis by blood monocytes and 

granulocytess was determined with a commercially available assay strictly according 

too the instructions of the manufacturer (Phagotest, Orpegen Pharma, Germany). In 

short,, 100 u.1 blood was added to 20 u.1 FITC-labeled opsonized Escherichia coli, and 

incubatedd at 37°C for exactly 10 minutes. Control samples were kept on ice. Then 

1000 JLJ.1 of a quenching solution was added, and cells were washed three times with 

ice-coldd wash buffer. Thereafter, lysis buffer was added and red blood cells were 

lysedd for 20 minutes. Cells were washed and DNA staining solution was added. Cells 

weree analyzed within an hour on a FACS scan flow cytometer (Becton Dickinson, 

Mountainn View, CA). Bacteria were excluded by DNA content, stained with 

propidiumm iodide. Results are expressed as the percentage of gated cells positive or 

ass (MFC). 

Calculationss and statistical analysis 

Valuess are given as mean  SEM. Pharmacokinetic analyses were performed 

usingg standard analysis of area under the serum concentration versus time curve 

(AUC)) and area under the first moment curve (AUMC). The terminal elimination 

half-lifee (t Vi) was calculated as t>/2=ln (2)/kc,, where kd is the rate constant for the 

terminall  decline in serum IC14 concentration estimated by log-linear regression. 

AUCC and AUMC were used to estimate clearance (CL), serum mean residence time 

(MRT)) and terminal elimination phase volume of distribution (Vz). Differences 
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betweenn IC14 and placebo treatments were tested by analysis o\' variance (ANOVA) 

forr repeated measures using SPSS for Windows. Changes of parameters in time were 

testedd using one-way ANOVA. A two-sided P value < 0.05 was considered 

significant. . 

Results s 

Pharmacokineticss of IC14 

Intravenouss infusion of IC14 over I h, starting 2 h before LPS administration, 

resultedd in peak IC14 serum concentrations 1 h after the completion of the infusion 

(i.e.. at the time of LPS injection)(figure 1, upper panel). Table 1 shows a summary of 

pharmacokineticc parameters of IC14 in serum. 

Tablee 1 Pharmacokinetic parameters of ICI4 in serum after single i.v. 

administrationadministration followed by single dose i.v. administration of endotoxin. 

parameterr mean  SEM Minimum Maximum 

valuee value 

Cmax(mg/L)) 10.81 5 9.42 12.64 

AUCC (mg.h/mL) 

T,/:(h) ) 

MRTT total (h) 

Clearancee (L/h.kg) 

Vzz (L/kg) 

95.466 +7.95 

6.066 6 

8.944  0.4 

0.0111 8 

0.0955 6 

69.41 1 

5.3 3 

7.83 3 

0.007 7 

0.078 8 

139.14 4 

7.5 5 

11.27 7 

0.014 4 

0.124 4 

*,, from 0 to oo 

Saturationn of CD14 receptors on monocytes and granulocytes 

Inn subjects receiving LPS in combination with placebo. CD 14 saturation on 

monocytess and granulocytes was low and remained unchanged after injection of 
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LPS.. Infusion of IC14 was associated with a prolonged saturation of both monocyte 

andd granulocyte CD14 (figure 1. lower panels). On average no differences were 

foundd between the peak saturation levels of both cell types. Monocyte CD 14 

saturationn peaked 1 h after the completion of IC14 infusion (94.9  1.4%), remaining 

virtuallyy unchanged for the subsequent 6 h. At 24 h after LPS injection, monocyte 

CD144 saturation still was 75.1  3.5%. Granulocyte CD14 saturation peaked 2 h after 

thee completion of IC14 infusion (92.1  1.5%). At 24 h. granulocyte CD 14 saturation 

wass 67.3  5.0%. Hence, administration of IC14 was associated with a strong and 

sustainedd saturation of CD 14 on circulating monocytes and granulocytes. 

i i 

Figuree 1: IC 14 levels were 

determinedd by ELISA (upper panel), 

Pereentagee CD 14 stauration on 

monocytess and granulocytes was 

determinedd by FACscan analysis 

(lowerr panel). Means and SEM values 

aree given in relation to time in hours 

relativee to endotoxin injection (at t=0 

hrs).. Endotoxin was given in 

combinationn with saline (closed 

circles)) or IC14 (1 mg/kg.open 

circles). . 
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Clinicall  symptoms and vital signs 

LPSS administration elicited flu-lik e symptoms such as fever, chills, headache. 

nausea,, vomiting, myalgia and backache; all volunteers were symptom free within 24 

h.. Infusion of IC14 was not associated with adverse effects. Administration of 1C14 

inhibitedd the febrile response to LPS (figure 2). 

Figuree 2: Mean temperature and SEM are given in relation to time in hours relative to endotoxin 

injeetionn (at t=0 hrs). Endotoxin was given in combination with saline (closed circles) or IC14 (1 

mg/kg.openn circles). Temperature was significantly lower in subjects receiving IC 14 (p<0.005). 

Peakk temperatures were registered 4-5 h alter LPS injection (placebo: 38.1  0.19 °C; 

IC14:: 37.5  0.15 °C; P < 0.05). In addition, IC 14 treatment attenuated all LPS-

mducedd clinical symptoms and delayed the time point of maximal manifestation 

(tablee 2). 
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Tablee 2. Effect of IC 14 on incidence, mean severity and lime of peaking of 

endotoxin-inducedendotoxin-induced dinical symptoms. 

symptoms s 

headache e 

chills s 

myalgia a 

backache e 

nausea a 

vomiting g 

Placebo o 

nu u 

~8~ ~ 

6 6 

4 4 

3 3 

7 7 

4 4 

mber r 

and d 
(n=8) ) 

mean n 
severity y 

1,375 5 

1 1 

0,5 5 

0,5 5 

1,375 5 

0,75 5 

endotoxin n 

peaking g 

1,5 5 

1,5 5 

3 3 

3 3 

3 3 

3 3 

time e 

IC14 4 

number r 

8 8 

3 3 

I I 

1 1 

2 2 

1 1 

and d 
(n=8) ) 

mean n 
severity y 

1,25 5 

0,625 5 

0,125 5 

0,125 5 

0,375 5 

0,125 5 

endotoxin n 

peakingg time 

3 3 

2 2 

3 3 

2 2 

3 3 

4 4 

#,, p<0,05 

Thee total of volunteers suffering from a specific event, mean severity (0=absent, l=mild, 2=moderate, 

3=severe)) and time of peaking (in hours) are given during placebo/endotoxin or IC14/endotoxin 

(lmg/kg)) treatment. 

Cytokines s 

LPSS administration resulted in transient increases in the plasma levels of TNF 

{peakk at 1.5 h: 1512  463 pg/ml), IL-6 (3 h: 4583  815 pg/ml), IL-10(3h: 288  82 

pg/ml)) and soluble TNF receptor type I (7615  4298 pg/ml)(all P < 0.05 versus 

time).. IC14 treatment strongly reduced the LPS-induced release of TNF (peak: 43

100 pg/ml, P < 0.001). IL-6 (560  137 pg/ml, P < 0.001), and IL-10 (59  6 pg/ml, P 

<< 0.001)(figure 3). IC14 only delayed LPS-induced soluble TNF receptor type I 

secretionn (nonsignificant). 
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Figuree 3: Mean (+/- SEM) circulating concentrations of TNF and sTNFRI (upper panel) and IL-

66 and IL-10 (lower panel) in human endotoxemia. Values are given in relation to time in hours 

relativee to endotoxin injection (at t=0 hrs). Endotoxin was given in combination with saline 

(closedd circles) or IC14 (1 mg/kg,open circles). After IC14 administration all cytokines were 

significantlyy lower compared to the placebo group (p<0.05). 

Granulocytee responses 

Intravenouss LPS caused an initial decrease in neutrophil counts (from 2.9

0.244 to 1.35 2 x 109/Lat 1 h), followed by a neutrophilia (8 h: 17.4  1.2 x 109/, 

PP < 0.001 versus time). These changes were accompanied by neutrophil activation, 

ass reflected by increases in the plasma concentrations of the neutrophil degranulation 
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productss elastase-ocl-antitrypsin complexes (from 47.4  1.7 to 209.1  18.9 ng/ml at 

33 h, P < 0.001 versus time) and lactofernn (from 105.1  28.2 to 487.9  85.1 ng/ml 

att 4 h, P < 0.001 versus time). 

Figuree 4: Mean (+/- SEM) 

neutrophill  counts (upper panel), 

andd degranulation markers (lower 

panels),, the difference between 

subjectss receiving IC14 and 

placeboo were statistically 

significantt (p<0.05). Values are 

givenn in relation to time in hours 

(closedd circles) or IC14 (1 

mg/kg,openn circles). 

Inn addition, LPS induced an upregulation of the activation markers CD l l b 

andd CD66 on granulocytes, peaking at 6 h (MCF: CDl l b from 1112  147 to 4210

497,, P < 0.05 versus time; CD66 from 120 + 17 to 364  57, P < 0.05 versus time). 

IC144 inhibited all granulocyte responses measured. IC14 blunted and delayed the 

earlyy neutropenia and reduced the subsequent neutrophilia (figure 4, upper panel; P < 

0.001).. The nadir in neutrophil counts occurred only after 2 h (2.7  0.39 x lO'/L); 

maximall  neutrophilia was found after 6 h (9.8  0.7 x 109/L). Moreover, IC14 

attenuatedd neutrophil activation, as indicated by abrogated increases in the plasma 
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levelss of elastase-al-antitrypsin complexes (peak 133.1  15.1 ng/ml; figure 4 

middlee panel, P < 0.001) and lactoferrin (peak 150.8  30.3 ng/ml; figure 4. lower 

panel,, P < 0.001). Furthermore. IC14 reduced the upregulation of granulocyte 

CD11 lb (peak 2714  340; figure 5, upper panel, P < 0.001) and CD66 (peak 227

37;; figure 5, lower panel, P < 0.001). 

Figuree 5 : Mean cell 

fluorescencee intensity of CDllb 

andd CD66 (+/- SEM) on 

granulocytes.. Values are given in 

relationn to time in hours relative 

too endotoxin injection (at t=0 

hrs).. the difference between 

subjectss receiving IC 14 and 

placeboo were statistically 

significantt (p<0.05). Endotoxin 

(44 ng/kg) was given in 

combinationn wih saline 

(diamonds)) or IC 14 (1 mg/kg, 

suares). . 

Endotheliall  cell activation 

LPSS administration resulted in endothelial cell activation as evidenced by 

risess in the plasma concentrations of Von Willebrand factor (from 87.5  15.8% to 

355.99 % at 6 h, P < 0.001 versus time) and soluble E-selectin (from 77.6  54.1 
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too 357.9  68.8 ng/ml at 6 h)(both P < 0.001 versus time). Treatment with IC14 

reducedd the increases in both markers of endothelial cell actuation. Peak Von 

Willebrandd levels in subjects treated with 1C14 were 240.0  30.2<7r (P < 0.05) , peak 

solublee E-selectin concentrations 224.8 1 ng/ml (P = 0.66). 

Figuree 6: Endothelial activation in human 

endotoxemia.. Mean (+/- SEM) circulating 

concentrationss of vWF (upper panel) and E-

selectinn (lower panel) are given after saline 

(closedd circles) or IC14 (I mg/kg,open 

circles)) in combination with endotoxin (4 

ng/kg).. The release of vWF was 

significantlyy decreased (p<0.05). however, 

thee decrease in E-selectin levels did not 

reachh statistical significance (p=0.66). 

Phagocytosis s 

CD144 is involved in the phagocytosis of bacteria by various cell types 

(14,15).. Hence, blocking CD14 may have an undesired inhibitory effect on the 

capacityy of immunocompetent cells to phagocytose bacteria. We were therefore 

interestedd to determine the effect of IC14 infusion on the phagocytosis of FITC 

labeledd E. coli by circulating monocytes and granulocytes. Infusion of placebo did 

nott influence phagocytosis (table 4). Infusion of IC14 was associated with a modest 

reductionn in the capacity of monocytes and granulocytes to phagocytose E. coli, 

whenn phagocytosis was expressed as MCF (reflecting the relative number of bacteria 

phagocytosedd per cell; table 3). IC 14 did not change the number of monocytes or 

granulocytess that phagocytosed E. coli (table 3). 
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Tablee 3. Effect of IC14 on phagocytosis of FITC labeled E.coli by monocytes and 

granulocytes. granulocytes. 

Placeboo and endotoxin IC14 and endotoxin 

(n=8)## (n=8j 

t=0hr**  t=2hrs t=0 hr t=2 hrs 

monocytes s 

%fagocytosiss 48.4  7.9 51.9 7 56.9 3 53 8 

MCF$$ 969 5 963 0 1030 5 795 1 

Granulocytes s 

%fagocytosiss 68.8  7.5 71 6 73.6 8 71.1 1 

MCF55 1373 8 1519 0 1487  270 + 

#,, mean value  SEM are given; 

*.. t=0 hr, before 1C14 administration; t=2 hrs. 2 hrs after start of the 1 hour infusion of IC14; 

$.. MCF, mean cell fluorescence; 

++ , the difference in phagocytosis was statistically significant (p<0.05j only by granulocytes expressed 

ass MCF, non of the other measurements (including (7c fagocytosing granulocytes) showed a significant 

differencee between subjects recieving IC14 compared to placebo. 

Discussion n 

Sepsiss is associated with excessive activation of a number of host mediator 

systems,, including the cytokine network, leukocytes and the vascular endothelium, 

eachh of which can contribute to the development of tissue injury (16,17). Binding to 

CD144 seems to be the common pathway to induction of the innate immune response 

too a variety of microbial pathogens. Studies have shown that absence or blocking of 

CD144 protected mice, rabbits and monkeys from toxicity associated with LPS 

administrationn (9.10,18). whereas mice with overexpression of CD 14 had an 

148 8 



Anti-CD14Anti-CD14 inhibits endotoxin-indueed responses 

increasedd susceptibility to LPS-induced shock (19). This study is the first to describe 

thee effect of an anti-CD 14 monoclonal antibody in a human model of endotoxemia. 

Treatmentt with IC14 reduced clinical signs and symptoms induced by LPS such as 

fever,, headache and vomiting. In this respect it should be noted that in previous 

studiess neither complete neutralization of endogenous TNF by infusion of a 

recombinantt TNF receptor fusion protein (20,21), nor treatment with the anti-

inflammatoryy cytokine IL-10 (22) or reconstituted high density lipoprotein (23), 

influencedd LPS-induced clinical symptoms. Moreover, inflammatory responses such 

ass cytokine release, leukocyte responses and endothelial cell activation were strongly 

inhibitedd by IC14. 

Inn accordance with in vitro and animal data, IC14 inhibited cytokine release induced 

byy intravenous LPS (4,7,10). Interestingly, IC14 almost completely prevented the 

LPS-inducedd release of TNF, while the secretion of the type I soluble TNF receptor 

wass only delayed. In models of severe sepsis or endotoxemia, soluble TNF receptors 

servee an anti-inflammatory role, inhibiting TNF activity (20,21). We previously 

foundd that also reconstituted high density lipoprotein, which like IC14 interferes with 

thee bioavailability of LPS, had a more profound inhibitory effect on TNF release 

thann on release of soluble TNF receptors during human endotoxemia (23). These data 

suggestt that either CD 14 independent pathways are involved in soluble TNF receptor 

releasee elicited by intravenous LPS and/or that the threshold dose at which LPS 

triggerss soluble TNF receptor is lower than the threshold LPS dose that induces TNF 

release.. Similarly, LPS-induced clinical symptoms, which were not completely 

preventedd by IC14, may utilize CD 14 independent mechanisms and/or require lower 

LPSS concentrations. In support of the former possibility are earlier findings of CD 14 

independentt pathways for LPS and lipoarabinomannan-induced activation of 

monocytess in vitro (24,25) and for LPS in mice in vivo (18). 

Whilee monocytes are considered the main producers of cytokines during 

endotoxemia,, granulocytes have been implicated in the pathogenesis of tissue injury 

duringg overwhelming sepsis by virtue of their capacity to release potent proteinases 

andd oxygen radicals (26). In vitro, blocking CD 14 inhibits granulocyte responses 

149 9 



ChapterChapter 9 

inducedd by LPS (27). In rabbits. anti-CD14 treatment attenuated both the initial 

leukocytopeniaa and the subsequent leukocytosis after intravenous administration of 

LPSS (9). In accordance, ICI4 strongly reduced leukocyte responses elicited by 

intravenouss LPS in healthy humans. IC14 not only inhibited the LPS-induced early 

neutropeniaa and later neutrophilia, but also the activation of neutrophils, as 

monitoredd by the plasma concentrations of elastase-cd-antitrypsin complexes and 

lactoferrin,, indicative of neutrophil degranulation (11,28), and the expression of 

CD11 lb and CD66 on the surface of circulating granulocytes. 

Thee vascular endothelium plays a pivotal role in the inflammatory reaction to 

infectionn (16 17). Endothelial cells can not be activated by LPS directly, since they 

lackk CD14 on their surface. Instead, endothelial cells may be stimulated by LPS 

indirectly,, either via products of myeloid cells or via LPS - soluble CD 14 complexes 

(2,29,30).. In the present study, we evaluated the extent of endothelial cell activation 

byy LPS in vivo by sequential measurements of the plasma concentrations of vWF 

andd soluble E-selectin, which are released by activated endothelial cells (31,32). 

Elevatedd plasma levels of vWF and soluble E-selectin have been found in patients 

withh severe infection (33, 34) and in healthy humans injected with LPS (35-37, 38). 

Althoughh treatment with IC14 attenuated the release of both vWF and soluble E-

selectin,, inhibition was far from complete. This finding suggests that soluble CD 14 

remainedd biologically active despite IC14 infusion and/or only very low doses of 

LPSS are sufficient to activate endothelial cells. 

Itt should be noted that our results do not discriminate between mechanisms involving 

directt effects of LPS on target cells or secondary effects of LPS-induced release of 

mediatorss occurring via CD14 independent mechanisms. In addition, the marked 

reductionn of LPS-induced TNF release by IC14 may have contributed to the 

inhibitionn of the activation of other inflammatory pathways considering that 

neutralizationn of endogenous TNF activity inhibited these responses in endotoxemic 

humanss (39, 37,40). 

Thee results presented herein provide the first proof of principle in humans that an 

anti-CDD 14 antibody can diminish inflammatory responses induced by intravenous 
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LPS.. It should be noted, however, that the role of CD 14 in bacterial clearance, which 

-- given the nature of our experiments in healthy humans - could not be investigated 

inn the present study, is not unequivocal. After infection with E.coli, CD14 deficient 

micee had a greatly reduced bacteremia and bacterial load in lungs compared to wild 

typee mice (18), whereas after infection with S.aureus bacterial load in liver, spleen 

andd blood were similar (41). Whether blocking CD 14 on cells at the site of an 

infectionn significantly attenuates the induction of the innate immune response to 

invadingg bacteria, thereby impairing antibacterial host defense, remains to be 

established.. In our study, it was reassuring to find that IC14 only modestly 

influencedd phagocytosis of E. coli by monocytes and granulocytes, indicating that in 

vivoo CD 14 may not be indispensable for an adequate ingestion of microorganisms by 

cellss that are part of the first line of host defense.Our results taken together with 

earlierr animal data (9,10,18), indicate blocking CD 14 may be useful in patients with 

fulminantt sepsis with evidence of systemic inflammation. 
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Abstract t 

AA platelet activating factor receptor antagonist reduced macrophage 

inflammatoryy protein 1(3 (MIP-1[3) release during endotoxemia in chimpanzees, 

whilee not influencing monocyte chemoattractant protein 1 (MCP-1) secretion. Anti-

tumorr necrosis factor-a completely prevented MCP-1 release, while simultaneously 

enhancingg the secretion of MIP-1[3. MIP-lp and MCP-1 release are differentially 

regulatedd during endotoxemia. 
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Introductio n n 

Monocytee chemoattractant protein 1 (MCP-1) and macrophage inflammatory 

protein-ipp (MIP-1(3) are members of the CC chemokine family, and exert biological 

activitiess on largely similar target cells, including monocytes, T cells, and natural 

killerr cells (7,10). The serum levels of both chemokines increase after administration 

off  endotoxin to human volunteers (5,9), and are elevated in plasma of patients with 

sepsiss (2,5). Platelet activating factor (PAF) and tumor necrosis factor-a (TNF) have 

beenn implicated in the activation of inflammatory cascades in the early phase of 

sepsis.. In animals, administration of PAF or TNF results in pathological changes that 

mimicc those found in sepsis, while PAF antagonists or anti-TNF antibodies reduce 

lethalityy elicited by systemic administration of endotoxin and/or live bacteria (1,14). 

Off  interest, PAF and TNF can induce each others production, and PAF antagonists 

cann reduce endotoxin-induced TNF release. Both PAF and TNF can stimulate the 

productionn of the CXC chemokine interleukin (IL-) 8, and inhibition of PAF and 

neutralizationn of TNF result in a diminished release of IL-8 in human and nonhuman 

primatee models of low grade endotoxemia (4,12,13,14). 

Methods s 

Too determine the role of PAF and TNF in endotoxin-induced release of MCP-

11 and MIP-lp1, 17 healthy adult chimpanzees, recruited from the primate colony at 

thee Laboratory for Experimental Medicine and Surgery in Primates (LEMSIP), New 

Yorkk University School of Medicine, Tuxedo, New York, were studied after a bolus 

intravenouss injection of Escherichia coli endotoxin (4 ng/kg; lot EC-5, kindly 

providedd by Dr. Hochstein, Bethesda, MD)(table). The present study was performed 

simultaneouslyy with studies examining the effect of TCV309 and anti-TNF on 

cytokinee release, of which the results have been published previously (4,12,13). The 

experimentall  procedures have been reported in detail previously (4,12,13). Six 

animalss received only the bolus injection of purified endotoxin. In four chimpanzees 

thee administration of endotoxin was followed immediately by the administration of 
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thee PAF antagonist TCV-309 (provided by Takeda Chemical Industries Ltd. Osaka. 

Japan)) given as a bolus injection of 100 ^g/kg bodyweight. and a continuous infusion 

off  500 ^g/kg/hour for five hours (4). In four other animals a bolus injection of 

purifiedd endotoxin was immediately followed by the administration of a murine anti-

humann TNF mAb (provided by Bayer, Wuppertal. Germany) given as a bolus 

injectionn of 15 mg/kg bodyweight (13). In three other animals a bolus injection of 

purifiedd endotoxin was followed after 30 minutes by the administration of an anti-

TNFF F(ab')2 fragment (MAK 195F, provided by Knoll Ludwigshafen, Germany) 

givenn as a bolus injection of 0.1 mg/kg bodyweight (12). Venous blood was collected 

directlyy before the injection of endotoxin and at 1, 2, 3, 4 and 5 hours thereafter. 

Serumm was obtained by centrifugation at 4"C for 20 minutes at 1600 x g, and stored 

att -70°C until assayed. MCP-1 (Pharmingen, San Diego, CA) and MlP-lfJ (R&D 

Systems,, Abingdon, United Kingdom) were measured by ELISA's according to the 

instructionss of the manufacturer. TNF activity was measured with the WEHI 

cytotoxicityy assay (12,13). The protocol was approved by the animal health and 

welfaree committee of LEMSIP, and was conducted according to the guidelines of the 

Americann Physiologic Society. Endotoxin effects were analyzed by one-way analysis 

off  variance. Differences between treatment groups were analyzed by repeated 

measuress analysis of variance (interaction between treatment and time). P-values 

reflectt differences between curves. P < 0.05 was considered significant. 

Results s 

Injectionn of endotoxin induced transient increases in the serum concentrations 

off  MCP-1 and MIP-lfJ (figures 1 and 2). Peak MCP-1 levels were reached after 3 

hourss (mean  SE 15.74  4.07 ng/mL, P < 0.05), while MlP-lfJ peaked after 2 hours 

(9.688  1.72 ng/mL, P < 0.05). PAF concentrations were not measured in this study, 

sincee PAF is difficult to measure in biological fluids, and PAF detected in the 

circulationn may not have great biological significance, considering that most PAF 

thatt is produced by a cell, never is excreted by that cell (1). TCV-309 modestly 

inhibitedd endotoxin-induced release of MIP-1 p 

160 0 



RegulationRegulation of endotoxin-induced MCP-1 and MIP-J(3 release 

Tablee 1 Treatment groups 

Intervention n Timing g 

(relativee to endotoxin) 

Number r 

Nonee - 6 

TCV-3099 0-5 h 4 

(PAFF antagonist) 

Anti-TNFF mAb 0 4 

Anti-TNFF mAb 0.5 h 3 

Alll  animals received a bolus intravenous injection of endotoxin (4 ng/kg) at t=0 h. 

(peakk levels 5.00  0.69 ng/mL; P < 0.05 versus endotoxin only), without influencing 

endotoxin-inducedd MCP-1 release (peak levels 10.93  3.69 ng/mL; nonsignificant 

versuss endotoxin only). Injection of endotoxin only, resulted in a transient increase in 

TNFF bioactivity peaking after 1.5 hours (156  53 pg/ml, P<0.05)(data derived 

fromm references 12 and 13). Infusion of anti-TNF, given either directly after, or 30 

minutess after endotoxin injection, resulted in a complete neutralization of endotoxin-

inducedd TNF activity (12,13). Both anti-TNF regimens completely prevented the 

releasee of MCP-1 during endotoxemia (figure 2, both P < 0.05 versus endotoxin 

only).. Remarkably, anti-TNF given directly after endotoxin significantly enhanced 

MIP-l pp release (peak levels 25.29  7.41 ng/mL, P < 0.05 versus endotoxin only), 

whilee postponed treatment with anti-TNF only tended to increase MIP-lf i 

concentrationss (peak levels 13.38  6.38 ng/mL, nonsignificant versus endotoxin 

only). . 
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Figuree 1 (Left): Effect of inhibition of PAF on endotoxin-induced MCP-1 and MIP-ip release. 

Meann (  SE) serum concentrations of MCP-1 (upper panel) and MIP-ip (lower panel) after 

intravenouss injection of Escherichia coli endotoxin (4 ng/kg) at t=0 hours. Closed squares = 

injectionn of endotoxin only (n = 6). Open circles = injection of endotoxin with simultaneous 

infusionn of the PAF antagonist TCV-309 (n = 4). P values indicate difference between treatment 

groups.. NS = nonsignificant. 

Figuree 2 (Right): Effect of neutralization of TNF on endotoxin-induced MCP-1 and MIP-lp 

release.. Mean (  SE) serum concentrations of MCP-1 (upper panel) and MIP-ip (lower panel) 

afterr intravenous injection of Escherichia coli endotoxin (4 ng/kg) at t=0 hours. Closed squares = 

injectionn of endotoxin only (n = 6). Open circles = injection endotoxin directly followed by anti-

TNFF mAb. Closed circles = injection of endotoxin followed after 30 minutes by injection of 

anti-TNF.. Upper panel: P value applies for both anti-TNF treatments (for the difference with 

endotoxinn only). Lower panel: significance only for anti-TNF given directly after endotoxin 

versuss endotoxin only. 

Discussion n 

MCP-11 can be produced in response to various stimuli, including TNF and 

endotoxinn (7,10). PAF can stimulate MCP-1 production in glomeruli in isolated 

162 2 



RegulationRegulation of endotoxin-induced MCP-I and M1P-1(3 release 

perfusedd rat kidneys (3), and can increase MCP-1 secretion by monocytes adhered to 

endotheliall  cells by an interaction with P-selectin (15). MCP-1 has an anti-

inflammatoryy role dunng endotoxemia (16). Indeed, passive immunization of mice 

withh anti-MCP-1 antiserum enhanced endotoxin-induced mortality, while treatment 

withh recombinant MCP-1 protected mice from lethality. Moreover, anti-MCP-1 

increasedd endotoxin-induced TNF release when compared with animals treated with 

endotoxinn and control antiserum (16). We now report that neutralization of 

endogenouss TNF is associated with a complete prevention of MCP-1 release during 

endotoxemia.. These data extend earlier findings in baboons intravenously infused 

withh a lethal dose of Escherichia coli, in which anti-TNF treatment significantly 

attenuatedd MCP-1 release (6). Together these data suggest that TNF produced early 

afterr administration of endotoxin induces the production of a mediator (i.e. MCP-1) 

thatt exerts a negative feedback effect on ongoing TNF production. We previously 

reportedd a similar negative feedback loop involving IL-10, an anti-inflammatory 

cytokinee of which the production is also in part regulated by endogenous TNF during 

endotoxemiaa (11). 

Inn a previous study in human volunteers infusion of a recombinant TNF receptor 

fusionn protein did not influence endotoxin-induced release of MIP-lcc or MIP-

l pp (5,8). However, although the TNF receptor fusion protein completely prevented 

TNFF activity, the infusion was associated with a number of paradoxical unexplained 

proinflammatoryy effects, hampering a straight forward interpretation of the results 

(8).. Considering that TNF can induce MIP-1(3 production by various cell types in 

vitroo (10), our finding that anti-TNF enhanced (when given directly after endotoxin) 

orr did not influence (postponed treatment) MIP-ip release was unexpected. It is 

remarkablee that delayed treatment with antt-TNF exerted a slightly different effect on 

MIP-ipp release when compared to anti-TNF given directly after endotoxin, 

especiallyy in light of the fact that both regimens were associated with a complete 

neutralizationn of TNF activity. In an earlier study we also found differential effects 

off  early and postponed anti-TNF treatment on endotoxin-induced IL-10 release (II) . 

Togetherr these data suggest that within 30 minutes after injection of endotoxin, some 
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TNFF is induced at tissue level and/or in cell-associated form that can influence MIP-

lpp and IL-10 release. Nonetheless, it seems clear that TCV-309 reduced MIP-iP 

releasee independently from its effect on TNF. 
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Summary y 

Intravenouss administration of low dose LPS to healthy subjects is a widely 

adoptedd human model of acute inflammation that can be used to study the early 

pathogeneticc mechanisms operative during (gram-negative) infection in patients. 

Experimentall  human endotoxemia is characterized by systemic release of pro- and 

anti-- inflammatory cytokines, activation of the coagulation system, endothelial cell 

activation,, and activation of leukocytes. Furthermore, intravenous LPS induces 

clinicall  symptoms, hemodynamic and pulmonary changes which all qualitatively 

mimicc changes found in patients with sepsis. 

Chapterr  1 is a brief introduction to the human endotoxemia model, and describes the 

structuree and the mechanisms of action of endotoxin. In addition, a number of 

importantt mediators as well as different intervention strategies investigated in this 

thesiss are discussed. 

Inn Chapter  2 we demonstrate that intravenous injection of LPS is associated with a 

decreasee in the surface expression of IL-6 receptors on circulating monocytes and 

granulocytes,, while the expression of gpl30, the signal transducing element of the 

IL-66 receptor complex, remained unchanged. Similar changes were found upon 

incubationn of whole blood with various bacterial agents or proinflammatory 

cytokines.. The plasma concentrations of soluble IL-6 receptor and soluble gpl30 did 

nott change after LPS injection. These data suggest that monocytes and granulocytes 

mayy become less responsive to IL-6 when exposed to bacterial pathogens. 

Inn Chapter  3 we investigated another important cytokine receptor, the G-CSF 

receptor.. G-CSF receptors were found to be downmodulated on granulocytes, but not 

onn monocytes, by intravenous LPS. In vitro experiments revealed that also gram-

positivee antigens downregulate granulocyte G-CSF receptors. Together these data 

suggestt that bacterial antigens may reduce the responsiveness of granulocytes to G-

CSF,, and thereby exert a more general inhibitory effect on neutrophil function. 

Inn Chapter  4 we found that intravenous administration of low dose LPS induces a 

transientt increase in the expression of uPAR, the receptor for urokinase type 
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plasminogenn activator, at the surface of monocytes in peripheral blood. Gram-

positivee stimuli also enhanced monocyte uPAR expression in whole blood in vitro. 

Thesee data suggest that bacteria and bacterial products can influence certain 

monocytee functions in vivo by a stimulating effect on uPAR expression. 

Inn Chapter  5 and 6 the role of metalloproteinases (MPs) in certain endotoxin 

responsess were examined. In Chapter  5 we showed that the orally administered MP 

inhibitorr GI5402 markedly reduces the appearance of soluble TNFa in the 

circulationn after a bolus intravenous injection of LPS. GI5402 did not influence the 

LPS-inducedd increase in monocyte bound TNFa immunoreactivity or the decreases 

inn monocyte and granulocyte TNFa receptor expression. GI5402 did attenuate the 

risee in the plasma concentrations of soluble TNFa receptors. Chapter  6 describes 

thatt GI5402 reduced the rises in the plasma concentrations of soluble CD 16 and 

CD277 induced by intravenous LPS. Together, these data suggest that MPs are 

involvedd in the processing of TNF, and in the shedding of TNF receptors, CD16 and 

CD277 during human endotoxemia in vivo. 

Chapterss 7 and 8 describe the effects of tissue factor pathway inhibitor (TFPI) on 

thee activation of several inflammatory cascades during endotoxemia. In Chapter  7 

wee demonstrated that TFPI dose-dependently, and selectively inhibits the LPS-

inducedd activation of the coagulation system. TFPI did not influence the activation of 

thee fibrinolytic system, however. In Chapter  8 the influence of TFPI on a number of 

otherr inflammatory cascades are investigated, in particular the extent of activation of 

endotheliall  cells and neutrophilic granulocytes, and the release of chemokines and 

acutee phase proteins. None of these LPS responses were altered by TFPI. Hence, 

TFPII  only interferes with coagulation activation, and thrombin generation does not 

contributee to the stimulation of other inflammatory pathways after administration of 

loww dose LPS to humans. 

Chapterr  9 involves a study in which the effect of an anti-human CD14 monoclonal 

antibodyy on LPS responses is determined. Anti-CD 14 was found to have a strong 

inhibitoryy effect on LPS-induced release of proinflammatory cytokines. Other 

responsess were inhibited to a lesser extent, including activation of neutrophils and 
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thee vascular endothelium. These data indicate that anti-CD 14 treatment may reduce 

att least some of the systemic inflammation associated with fulminant gram-negative 

sepsis. . 

Inn Chapter  10 we studied the regulation of the release of two CC chemokines (MIP-

1PP and MCP-1) by PAF and TNFcc during endotoxemia in chimpanzees. The PAF 

antagonistt TCV-309 modestly inhibited the release of MIP-1(3, but did not influence 

MCP-11 levels. In contrast, anti-TNF, given either directly before or 30 minutes after 

LPS,, completely prevented MCP-1 release, while simultaneously enhancing the 

secretionn of MIP-ip. These data suggest that during endotoxemia MCP-1 and MEP-

1(33 are regulated differentially by PAF and TNF. 

Conclusion n 

Thiss thesis describes several aspects of the human (and nonhuman primate) 

responsee to LPS. LPS is considered the most proinflammatory part of gram-negative 

bacteria,, and as such has been implicated in the induction of multiple inflammatory 

cascadess in the early phase of severe acute gram-negative infection. The results 

presentedd herein, however, should be interpreted with caution. Experimental 

endotoxemiaa is associated with a transient systemic inflammatory response in the 

absencee of a local infectious source. A patient with gram-negative sepsis does have 

ann infected body part with a local inflammatory response, which in some patients 

resultss in a systemic response. Hence, studies as described in this thesis can certainly 

nott be used to determine which therapy may be beneficial in patients with sepsis. 

Rather,, the model of experimental endotoxemia is an excellent tool to dissect 

mechanismss that contribute to activation (or inhibition) of certain inflammatory 

pathwayss during acute infection or other inflammatory diseases. 
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Samenvatting g 

Intraveneuzee toediening van een lage dosenng LPS (endotoxine) aan gezonde 

vrijwilliger ss is een bekend en werelwijd geaccepteerd humaan model representatief 

voorr acute ontsteking. Het wordt gebruikt om vroege pathogenetische mechanisme te 

bestuderenn welke actief zijn in patiënten met (gram-negatieve) infecties. 

Experimentelee humane endotoxinemie wordt gekarakteriseerd door systemisch 

verschijnenn van pro- en anti-inflammatoire cytokines, activatie van de endotheliale 

cellenn en door activatie van leukocyten. Endotoxine intraveneus induceert verder nog 

dee symptomen, hemodynamische en pulmonaire veranderingen die sterk lijken op die 

inn patiënten met sepsis. 

Hoofdstukk 1 is een korte introductie over het humane endotoxinemie model. Hier 

wordtt ook de structuur en het activatie mechanisme van endotoxine beschreven. 

Daaropp aansluitend worden verschillende belangrijke mediatoren en interventies 

behandeldd welke in dit proefschrift voorkomen. 

Inn hoofdstuk 2 laten we zien dat een intraveneuze injectie met LPS geassocieerd is 

mett een afname van IL-6 receptors op de membranen van circulerende monocyten en 

granulocyten,, terwijl de expressie van gpl30, het signaal transducerende element van 

hett IL-6 receptor complex, onveranderd blijft . Dezelfde veranderingen werden 

gevondenn in het met verscheidene bacteriën en pro-inflammatoire cytokines 

geïncubeerdee vol bloed. De plasma concentraties van IL-6 receptor and gpl30 

veranderdenn niet na LPS injectie. Deze resultaten suggereren dat monocyten en 

granulocytenn minder gevoelig voor IL-6 worden na blootstelling aan bacteriële 

pathogenen. . 

Inn hoofdstuk 3 wordt een andere belangrijke cytokine receptor, de G-CSF receptor, 

bestudeerd.. In dit hoofdstuk wordt beschreven dat G-CSF receptoren na intravenueze 

endotoxinee toediening omlaag gaan op de granulocyten, maar gelijk blijven op de 

monocyten.. In aanvullende in vitro experimenten blijkt dat ook na stimulaties met 

gram-positievee antigenen de G-CSF receptoren op de granulocyten afnemen. Uit 

dezee resultaten zou men kunnen concluderen dat de gevoeligheid van de 
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granulocytenn voor G-CSF afneemt door bactenële antigenen, en daarmee een 

jnhiberendd effect heeft op de neutrophilen functie. 

Hoofdstukk 4 laat zien dat een intraveneuze toediening van een lage doses LPS een 

tijdelijkee toename van de expressie van uPAR, de receptor voor urokinase type 

plasminogeenn activator, op het oppervlak van de monocyten induceert. Er wordt ook 

eenn toename van uPAR gevonden op de monocyten in vol bloed na stimulatie met 

gram-positievee antigenen in vitro. Hieruit kunnen we concluderen dat bacteriën en 

bactenëlee producten bepaalde monocyten functies in vivo kunnen beïnvloeden via 

stimulatiee van uPAR expressie. 

Inn hoofdstuk 5 en 6 wordt de rol van metalloproteinase remmers op bepaalde 

endotoxinee effecten onderzocht. In hoofdstuk 5 laten we zien dat inname (oraal) van 

MPP remmer GI5402 een opmerkelijke reductie van circulerend TNFa na een injectie 

LPSS tot gevolg heeft. GI5402 heeft geen invloed op de LPS geïnduceerde toename 

vann de monocyt gebonden TNFa immunoreactiviteit, noch op de afname van TNFa 

receptorenn op monocyten en granulocyten. GI5402 versterkt de toename van de 

TNFaa concentraties in het plasma. 

Hoofdstukk 6 beschrijft dat GI502 de toename van CD16 en CD27 na LPS toediening 

doett afnemen in het plasma. De data van deze twee studies samengenomen 

suggereertt dat MP's een belangrijke rol spelen in het humane endotoxinemie model 

niett alleen wat betreft TNF, TNF receptoren, maar ook voor CD16 en CD27. 

Inn hoofdstuk 7 en 8 wordt het effect van tissue factor pathway inhibitor (TIFPI) op 

dee activatie van verschillende inflammatoire cascades in het humane endotoxinemie 

modell  bekeken. Hoofdstuk 7 laat zien dat TIFPI in een doses afhankelijke manier, 

selectieff  de LPS geïnduceerde activatie van het coagulatie systeem remt. Echter 

TIFPII  heeft geen invloed op de activatie van het fibrinolytische systeem. In 

hoofdstukk 8 wordt er naar de invloed van TIFPI op andere inflammatoire cascades 

gekeken,, met name naar de invloed op de activatie van endotheliale cellen, 

neutrophilee granulocyten en het vrijkomen van chemokines en acuut fase eiwitten. 

Geenn van deze LPS responses worden beïnvloed door TIFPI. TIFPI interfereert 

eigenlijkk alleen met de coagulatie activatie, zelfs thrombine generatie draagt niet bij 
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aann de stimulatie van andere ontstekingsmechanismen na toediening van een lage 

doseringg endotoxine. 

Hoofdstukk 9 laat het effect zien van een anti-humaan CD 14 monoklonaal antibody 

opp LPS responses. Anti-CD 14 heeft een sterk remmend effect op de door LPS 

geïnduceerdee vrijgekomen pro-inflammatoire cytokines. Andere responses, zoals 

activatiee van neutrophilen en vasculair endotheel, worden ook geremd maar in 

minderee mate. Hieruit concluderen we dat anti-CD14 behandeling een sterke 

verminderingg zou kunnen geven bij systemische onstekingsverschijnselen, met name 

dee onstekingsverschijnselen die nog steeds met fulminante gram-negatieve sepsis 

wordenn geassocieerd. 

Inn hoofdstuk 10 bestuderen we de regulatie van twee CC chemokines (MIP-ip en 

MCP-i)) door PAF en TNFcc in het endotoxinemie model in chimpansees. De PAF 

antagonistt TCV-309 remt het vrijkomen van MIP-lfi , maar heeft geen invloed op de 

MCP-11 concentraties. Hiermee in tegenstelling blokkeert anti-TNF, gegeven direct 

voorr of 30 minuten na LPS toediening, het vrijkomen van MCP-1 totaal. Terwijl 

tegelijkertijdd het de toename van MIP-ip stimuleert. Deze data geeft het vermoeden 

datt gedurende endotoxinemie MCP-t en MIP-ip op verschillende wijze worden 

gereguleerd. . 

Conclusie e 

Inn dit proefschrift worden verschillende aspecten van het humane (en non-humane 

primaten)) endotoxinemie model beschreven. LPS wordt beschouwt als het meest pro-

inflammatoiree gedeelte van gram-negatieve bacteriën, en daarom verantwoordelijk 

geachtt voor de inductie van multipele ontstekingscascades in de vroege fase van 

ernstigee acute gram-negatieve infecties. Echter, de resultaten in dit proefschrift 

moetenn met enige voorzichtigheid worden geïnterpreteerd. Endotoxinemie is 

geassocieerdd met tijdelijke inflammatoire responses in de afwezigheid van een locale 

infectiee bron. Patiënten met gram-negatieve sepsis hebben een locaal geïnfecteerd 

orgaann waarin locale ontstekingsverschijnselen ontstaan, welke in sommige patiënten 

resulterenn in een algehele systemische infectie. Daardoor kan er op basis van de 
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studiess die in dit proefschrift beschreven zijn geen uitspraken gedaan worden over 

welkee therapieën weldadig zouden kunnen zijn voor patiënten met sepsis. Echter het 

experimentelee endotoxinemie model is uitermate geschikt voor het bestuderen van 

verscheidenee mechanismen welke een belangrijke rol spelen in de activatie ( of juist 

remming)) van ontstekingscascades gedurende acute infecties of andere 

inflammatoiree ziekten. 
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Stellingenn behorende bij het proefschrift 

Kndotoxin-inducedd effects in healthy humans 

J.. Daar de metalloproteina.se remmer GI5402 de TNFa-productie significant 
reduceert,, zou het een goede therapie kunnen zijn voor inflammatoire ziekten 
waarinn T N I u een belangrijke rol speelt. (Dit proefschrift) 

2.. Het humane endotoxinemie model is het enige humane in vivo model waarin het 
bestuderenn van de verschillende mechanismen die werkzaam zijn tijdens acute 
infectiess en inflammatoire ziekten, mogelijk is. (Dit proefschrift) 

3.. Sepsis is een "systemic inflammatoire response syndrome", maar een "systemic 
inflammatoiree response syndrome" is niet hetzelfde als sepsis. (Dit proefschrift) 

4.. De reactie van cellen op de aanwezigheid van cytokines wordt mede bepaald 
doorr de regulatie van de receptoren. (Dit proefschrift) 

5.5. Daar is gebleken dat de biologische effecten van de ontstekingsmediatoren zo 
veelomvattendd zijn, is het niet verstandig om nieuw ontdekte mediatoren naar de 
eerstt gevonden biologische activiteit te vernoemen. (Dit proefschrift) 

6.. Hr is geen correlatie tussen het effect van een medicijn op het ontstaan van 
koortss in het humane endotoxinemie model en de effectiviteit van dit medicijn in 
inflammatoiree ziekten. (Dit proefschrift) 

7.. Spugen wordt onder de chimpansees gezien als een uiting van genegenheid. 

8.. Het missen van een vliegtuig moet niet gezien worden als een vorm van 
nonchalance,, maar als een vorm van "savoir de vivre". 

9.. Het type tennisspeler dat men op de baan is, kan direct doorgetrokken worden 
naarr het type mens dat men is in het "echte" leven. 

10.. It seemed the world was divided into good and bad people. The good ones slept 
betterr ... while the bad ones seemed to enjoy the waking hours much more. 
(Woodyy Allen, "Side Effects" ,1981) 

Pascalee Dekkers, 6 april 2000 

http://metalloproteina.se
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