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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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Introduction 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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Materialss 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 

144 4 



Anti-CD14Anti-CD14 inhibits endotoxin-induced responses 

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 
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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 
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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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