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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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Introduction 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 
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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 vitro 

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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