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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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Introduction 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, 
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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 vitro 

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

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

Monocytee IL6-R M o n o c y t e gp 130 

timee (hours) 

Granulocytee IL-6R 

055 1 2 4 

timee (hours) 

00 5 1 2 

Granu locy tee gp 130 

055 1 2 

timee (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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