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Generall  introduction and outline of the thesis 



ChapterChapter 1 

INTRODUCTIO N N 

Thee research described in this thesis focused on the role of cytokines and 
chemokiness in urinary tract infection (UTI) caused by Escherichia (E.) coli. 
Furthermore,, investigations on the regulation of systemic inflammation 
inducedd by endotoxin derived from E. coli are presented. In this 
introductoryy chapter, we briefly discuss the general background of the 
mostt important topics of this thesis. 

1.. Urinar y tract infection 

UTIss are responsible for as many as eight million visits to physicians a year 
inn the United States alone [1]. The clinical spectrum of UTI ranges from 
asymptomaticc bacteriuria to acute pyelonephritis and gram-negative sepsis 
[forr reviews see references 2-6]. Hospital-acquired UTIs are the most 
commonn nosocomial infections, giving rise to approximately 500,000 cases 
aa year in the United States [7, 8]. The presence of a urethral catheter is a 
recognizedd risk factor for these infections and is associated with 80 to 95 
perr cent of the cases. In community- acquired UTI, ascending infection 
usuallyy is caused by the entry of bacteria colonizing the anterior urethra 
and/orr the vaginal introitus into the bladder. During adolescence, UTI is 
predominantlyy a disease of women. In women of 16- 35 years of age, UTIs 
aree 50-fold more common than in men, and by age 25, over 80% of women 
havee experienced one or more UTIs. At older ages, the relative incidence of 
UTIss rises in men, at least in part due to predisposing conditions such as 
prostatee hypertrophy and catherization. 

UTIss are most frequently caused by bacteria, in particular E. coli. E. coli 
accountss for more than 75 percent of cases of uncomplicated cystitis and 
pyelonephritis.. In recurrent or complicated UTIs, E. coli remains the most 
commonn pathogen, although other organisms such as Klebsiella, Proteus 
andd enterococci become more common in these conditions. A gram-positive 
bacteriumm associated with UTI is Staphylococcus saprophyticus, which 
causess infection predominantly in young women in spring and summer. In 
hospital-acquiredd UTIs, a much broader range of organisms is isolated, 
amongg which E.coli and yeasts are the most common. 

10 0 



Introduction Introduction 

Thee pathogenesis of community-acquired UTI has been studied most 
carefullyy in young women. Host factors that contribute to the development 
off  UTI in this group include the short female urethra, allowing bacteria 
colonizingg its distal end to enter the bladder, and the proximity of the 
urethrall  meatus to the rectum. Indeed, bacteria that eventually cause UTI, 
usuallyy first colonize the vaginal introitus and the periurethral area. 
Anotherr host factor that may predispose to UTI is the stronger binding of 
bacteriaa to uroepithelial cells, as indicated by studies demonstrating that 
uroepitheliall  cells from women prone to recurrent UTI bind more bacteria 
thann cells from women without a history of UTI. Host factors that protect 
againstt UTI include the dynamics of urine flow and a functional 
vesicourethrall  junction, the acidity, high urea concentration, and extremes 
off  osmolality in urine. Once urinary infection has been established, a local 
inflammatoryy response occurs which is considered to reflect an attempt of 
thee host to limi t the further development and spreading of the infection. 
Thiss inflammatory response is characterized by an influx of granulocytes 
intoo the urinary tract. Conceivably, cytokines and chemokines play a role 
inn this phenomenon. 

BacterialBacterial factors also play an important role in the pathogenesis of UTI. 
Uropathogenicc E. coli possess specific virulence factors, such as pili (or 
fimbriae)) that mediate adherence to vaginal and uroepithelial cells, 
resistancee to the bactericidal activity of human serum, production of 
hemolysin,, and increased amounts of K capsular antigen. Adhesion is 
mediatedd by bacterial ligands (usually small proteins located at the tips of 
bacteriall  fimbriae) that attach to cell-wall carbohydrate residues serving as 
receptors.. After attachment has been accomplished, hemolysin may be 
importantt for tissue invasion and lysing leukocytes, while the presence of 
K-antigenn protects bacteria from complement-mediated killin g and from 
phagocytosis. . 

2.. Endotoxin 

Endotoxinn (lipopolysaccharide, LPS) is part of outer membrane of gram-
negativee bacteria. LPS is a potent proinflammatory agent, which is thought 
too play central role in gram-negative sepsis [9]. LPS is composed of a lipid 
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moiety,, designated lipid A, and a hydrophilic polysaccharide chain. The 
polysaccharidee portion of LPS consists of the O-chain, that protrudes from 
thee bacterial membrane, and a core part, connecting the O-chain with 
Lipidd A. While the O-chain consists of a series of structurally and 
antigenicallyy diverse oligosaccharides that determine the many different O-
specificc serotypes, the core part is identical for many different bacteria. 
Lipidd A is the highly conserved biologically active part of LPS which is 
completelyy embedded in the bacterial membrane, shielded by the O-chain. 
Proinflammatoryy effects of gram-negative bacteria can therefore not be 
readilyy explained by the effects of cell-bound LPS. However, LPS can be 
shedd by gram-negative bacteria via several mechanisms, including 
destructionn of the bacterial cell wall by complement factors. 

Threee cloned molecules expressed on the surface of mononuclear cells have 
beenn documented to bind the lipid A part of LPS, i.e. CD 14, the (52 
leukocytee integrins (CDlla/CD18, CDllb/CD18, and CDllc/CD18), and 
thee macrophage scavenger receptor [10]. Binding of LPS to CD 14 or 
CD11/CD188 wil l eventually result in a cellular effect, while scavenger 
receptorss do not seem to function as signaling receptors. Spontaneous 
bindingg of LPS to CD 14 occurs at very slow rates. LPS-CD14 binding is 
greatlyy accelerated in the presence of LPS binding protein (LBP), an acute 
phasee reactant mainly derived from the liver and present in blood at 
concentrationss in the [ig/mL range [10, 11]. LBP can also bind intact 
gram-negativee bacteria via LPS in the outer membrane, and can facilitate 
attachmentt of bacteria to CD 14. CD 14 is present in serum in a soluble 
form.. Cell types that do not express membrane bound CD 14 can be 
renderedd LPS responsive by a mechanism that involves soluble CD 14 and 
LBP.. It was recognized many years ago that CD 14, which is a 
glycophosphatidylinositoll  (GPI)-anchored membrane protein and does not 
havee an intracellular domain, is not the LPS receptor signaling element. 
Recentt research has identified Toll-like receptor 4 as a signaling receptor 
forr LPS [12]. 

3.. Cy tok ines 

Cytokiness are small proteins important for the orchestration of 
inflammatoryy processes [13]. They are produced by a number of cells of the 
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immunee system in response to various infectious stimuli. Cytokines can be 
dividedd into proinflammatory cytokines, anti-inflammatory cytokines and 
solublee inhibitors of cytokines. Whereas the former group of cytokines 
stimulatess inflammatory processes, the two latter groups act to inhibit 
eitherr the production or the activity of proinflammatory cytokines. 
Importantt proinflammatory cytokines are tumor necrosis factor-a (TNF) 
andd interleukin (IL)-1 [14, 15], while IL-10 is a major anti-inflammatory 
cytokinee [16]. Examples of soluble inhibitors of TNF and IL-1 include 
solublee TNF receptors types I and II, and IL- 1 receptor antagonist (IL-lra) 
andd the type II soluble IL-1 receptor respectively. IL-6 is a cytokine with 
bothh pro- and anti-inflammatory properties [13]. 

AA delicate balance between the three branches of the cytokine network is 
decisivee for the outcome of a bacterial infection [13]. In a localized bacterial 
infection,, proinflammatory cytokines are required for an adequate host 
defensee leading to clearance of the pathogen, whereas anti-inflammatory 
cytokiness can impair antibacterial effector mechanisms. On the other 
hand,, overwhelming sepsis may result in a systemic inflammatory 
response,, during which excessive systemic activity of proinflammatory 
cytokiness may harm the host and anti- inflammatory cytokines may protect 
againstt organ damage caused by abundant inflammation. As such, the 
cytokinee network seems to act as a double-edged sword, i.e. local activity of 
proinflammatoryy cytokines is important for local antibacterial defense, 
whereass systemic activity of these mediators may lead to tissue toxicity. 

4.. Chemokines 

Chemokiness are a group of small chemotactic proteins that play an 
importantt role in the host response to bacterial infections by attracting 
leukocytess to the site of infection [17-19]. Chemokines may further 
contributee to the inflammatory response by activation of leukocytes 
throughh induction of oxygen burst and degranulation [20]. Depending on 
theirr structure, chemokines can be divided into distinct families. Two of 
thesee subfamilies are the subject of studies presented in this thesis, i.e. 
CXC-- and CC chemokines. In the former family, one amino acid separates 
thee first two cysteine residues adjacent to each other (cysteine- X amino 
acid-cysteine,, or CXC), whereas in the latter family, the first two cysteine 
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residuess are adjacent to each other (cysteine- cysteine, or CC). CXC 
chemokiness can be further subdivided into ELR positive chemokines, 
whichh possess a three amino acid motif termed ELR (glutamic acid -
leucinee - arginine) near the N-terminal end, and ELR negative CXC 
chemokines.. ELR positive CXC chemokines are chemotactic for neutrophils 
andd include IL-8, growth-related oncogene (GRO)-oc, - |3, -y and epithelial 
cell-derivedd neutrophil-activating protein (ENA)-78 in humans, and 
keratinocytee (KC) and macrophage inflammatory protein (MIP)-2 in mice. 
Exampless of ELR negative CXC chemokines, which act primarily on 
lymphocytes,, are monokine induced by interferon-y (Mig) and interferon-
induciblee protein (IP)-10. CC chemokines mainly act on mononuclear cells. 
Memberss of this subfamily are monocyte chemoattractant protein (MCP)-1, 
MlP-l aa andMIP-lp. 

Eachh of the chemokine subfamilies is recognized by its own group of 
receptors.. In humans, two receptors for ELR positive CXC chemokines 
havee been identified on the surface of granulocytes, the CXC chemokine 
receptorr - 1 and - 2 (CXCR1 and CXCR2) [21, 22]. While CXCR1 binds 
exclusivelyy IL-8, CXCR2 is a promiscuous chemokine receptor, which binds 
alll  ELR positive CXC chemokines [23]. Mice do not express CXCR1, and in 
thiss species CXCR2 exclusively mediates granulocyte responses to ELR 
positivee CXC chemokines [24], Interestingly, both CXC - and CC-
chemokinee subfamilies share a promiscuous receptor, the Duffy antigen 
receptorr for chemokines (DARC) [25, 26]. DARC is present on erythrocytes 
andd endothelial cells and was initially characterized as a receptor for 
PlasmodiumPlasmodium vivax [27]. IL-8 has been reported in association with 
erythrocytess and other blood cells during sepsis [28, 29], suggesting that 
DARCC may trap certain chemokines in the circulation [30]. 

5.. Aim and outlin e of the thesis 

Thee general objectives of the studies presented in this thesis were to obtain 
insightt in (1) the production and the function of cytokines and chemokines 
duringg UTI caused by E. coli, and (2) the regulation of systemic 
inflammationn elicited by E. coli LPS. 
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Inn Chapter  2, we describe the release of IL-6 and IL- 8 in surgical patients 
withh a urinary catheter who developed a UTI postoperatively. Patients who 
didd not develop a UTI, matched for the duration of catheterization, served 
ass controls. The aim of this study was to assess the kinetics of IL-6 and IL-
88 release in urine before and after the clinical and bacteriological diagnosis 
off  UTI, using a patient population known to be at risk for UTI because of 
thee presence of a urinary catheter. In Chapter  3, we report the urine and 
serumm concentrations of inhibitors of TNF and IL-1, i.e. soluble TNF 
receptorss types I and II, IL-lra, soluble IL-1 receptor type II and IL-10, in 
300 patients with culture-proven urosepsis who were followed for three 
consecutivee days after admission to the hospital. By calculating the 
urine/serumm ratio's in patients and healthy controls, we sought to evaluate 
thee extent of local (within the urinary tract) versus systemic production of 
thesee anti-inflammatory mediators. 

Chapterss 4, 5 and 6 examine the production and function of chemokines in 
UTI.. In Chapter  4, urine and serum concentrations of the CC chemokines 
MCP-1,, MlP-la and MIP-lp and the ELR negative CXC chemokine IP-10 
weree measured in the same patient population presented in Chapter 3. In 
addition,, chemokine concentrations were measured in urine and plasma 
sampless from 11 healthy subjects who were intravenously injected with low 
dosee E. coli LPS. The latter study group represented humans exposed to E. 
colicoli LPS at the systemic level (contrasting with patients with urosepsis, 
whoo had a localized infectious source within their urinary tract). We 
arguedd that comparison of urine/plasma ratio's of chemokines in patients 
withh urosepsis and humans intravenously injected with LPS could provide 
insightt in the extent of localized production of these mediators (i.e. within 
thee urinary tract) versus renal excretion of systemically produced 
mediators.. In Chapter  5, a similar approach was taken to obtain insight in 
thee local versus systemic production of the ELR positive CXC chemokines 
IL-8,, ENA-78 and GRO-a. The patients with urosepsis (n= 33) differed from 
thee patients studied in Chapters 3 and 4; their urine and plasma samples 
weree obtained with two-hour intervals during the first eight hours after the 
diagnosiss of urosepsis. Furthermore, the relative contribution of these CXC 
chemokiness to the chemotactic activity of patient urine toward 
granulocytess was studied using neutralizing monoclonal antibodies 
directedd against either IL-8, ENA- 78 or GRO-a. In Chapter  6, we sought to 
determinee the role of CXC chemokines in host defense against UTI. For this 
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wee used a murine model of ascending UTI, in which E. coli was 
administeredd to female mice intravesically via the urethra. By injecting 
micee with either a blocking anti-CXCR2 antibody (eliminating the activity 
off  all ELR positive CXC chemokines) or an irrelevant control antibody we 
evaluatedd the significance of ELR positive CXC chemokines during UTI. 

Inn Chapters 7, 8 and 9, we studied the regulation of chemokine release 
afterr intravenous injection of E. coli LPS into healthy humans. In Chapter 
7,, we measured the concentrations of the DARC binding chemokines IL- 8, 
MCP-11 and GRO-ct in isolated fractions of peripheral blood cells (red blood 
cells,, granulocytes and mononuclear cells), and compared these with the 
cell-associatedd concentrations of the non -DARC binding chemokine MIP-
lp.. In Chapter  8, we determined the role of CD 14 in the appearance of 
cell-associatedd chemokines during human endotoxemia by treating healthy 
humanss with IC14, an anti-CD 14 monoclonal antibody, prior to LPS in a 
placeboo controlled investigation. In Chapter  9, we investigated the capacity 
off  neutrophils, isolated from peripheral blood of healthy humans before 
andd one to 24 hours after in vivo LPS exposure, to produce IL-8, ENA-78 
andd GRO-a upon stimulation with LPS or heat -killed bacteria. 

Chapterss 10, 11 and 12 involve studies in which the effects IL-10 on 
chemokinee production induced by E. coli LPS, and on host defense against 
peritonitiss induced by live E. coli were addressed. Chapter  10 describes the 
effectss of recombinant human IL-10, given either 2 minutes before or one 
hourr after an intravenous injection of LPS, on the release of the CC 
chemokiness MCP-1, MlP-la and MIP-lp during human endotoxemia. In 
addition,, underlying mechanisms of IL-10 effects were studied in vitro 
usingg human whole blood, and neutrophils and mononuclear cells isolated 
fromm peripheral blood. In Chapter  11, a similar approach was taken to 
determinee the effects of IL-10 on LPS-induced ENA-78 and GRO -a release. 
Inn Chapter  12, we used a murine model to evaluate the production and 
functionn of endogenous IL-10 during peritonitis induced by E. coli. For this 
wee compared host responses in IL-10 gene deficiënt and normal wild type 
micee after intraperitoneal injection of live E. coli. 

Chapterr  13 concludes this thesis with a summary and a general 
conclusion. . 
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Abstract t 

Background::  Urine of patients with urinary tract infection (UTI) contains 
highh levels of IL-6 and IL-8. However, knowledge of the kinetics of their 
releasee in urine is limited. Aim: To compare the appearance of IL-6 and IL-
88 in urine after uncomplicated surgery and surgery complicated by UTI. 
Patientss and Methods: Urine IL-6 and IL-8 were prospectively measured 
inn surgical patients with a urinary catheter, who did (N=10) or did not 
(N=20)) develop UTI. Statistics by oneway ANOVA and Mann-Whitney test. 
Results::  Although urine IL-6 increased in the two to four days preceding 
thee bacteriological documentation of UTI, a similar increase was observed 
inn patients who did not develop UTI. Urine IL-8 was elevated on the day 
UTII  was diagnosed, while remaining low in controls. Conclusion: In 
postoperativee UTI, urine IL-8 is a better marker for the early host response 
thann urine IL-6. 
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Introductio n n 

Hospital-acquiredd urinary tract infections (UTIs) give rise to approximately 
500,0000 cases a year in the United States alone. The presence of a urethral 
catheterr is associated with 80 to 95 per cent of cases [1]. Besides bacterial 
factors,, such as the presence of fimbriae and the production of hemolysin, 
hostt factors are considered to play an important role in the pathogenesis of 
UTII  [2]. In particular, the inflammatory response mounted in the urinary 
tractt may be involved in host defense against ascending UTI. 

Interleukin(IL-)66 is an immunoregulatory cytokine with a wide spectrum of 
biologicall  activities [3]. IL-8 is a prototypic member of the CXC chemokine 
family,, which primarily targets neutrophils, cells commonly found in urine 
fromm patients with UTI [4]. Elevated levels of IL-6 and IL-8 have been found 
inn urine of patients with asymptomatic bacteruria [5] and acute 
pyelonephritiss [6, 7]. Despite mounting evidence that both cytokines play a 
rolee in these conditions, knowledge of the kinetics of their release in urine 
directlyy before and after the development of UTI and of their potential value 
ass early markers for UTI is limited. Therefore, in the present study we 
prospectivelyy followed a large group of surgical patients who received a 
urinaryy catheter (and thus were at risk for UTI), and compared sequentially 
measuredd urinary IL-6 and IL-8 concentrations in patients who did and 
thosee who did not develop UTI. 

Patientss and Methods 

StudyStudy design 

Patientss older than 18 years of age, who were about to undergo major 
abdominall  surgery, were eligible for this study. Written informed consent 
wass obtained from all study participants and the study was approved by 
thee ethics and research committees of the Academic Medical Center. 
Exclusionn criteria were: serum creatinine levels higher than 110 nmol/L 
(men)) or higher than 95 nmol/L (women), bacteriuria or any other 
urologicall  disease, a urinary catheter in situ or incontinence. Patients 
randomlyy received either a suprapubical or a transurethral catheter. 
Catheterizationn was performed under general anesthesia (directly before 
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surgery)) and the catheter was connected to a closed collection system. 
Urinee (midstream portion) was collected before catheterization and 48 
hourss after the catheter was removed. When the catheter was in situ, urine 
wass collected every other day directly from the urinary bladder. Urine 
sedimentss were examined and urine cultures were performed. The rest of 
thee sample was centrifuged at 2000 RPM for 7 min and the supernatant 
wass stored at -20 °C until assays were performed. Criteria for the 
diagnosiss UTI were the following: at least one of the clinical symptoms of 
UTTT such as fever or flank pain, a positive urine sediment (> 100 
cells/mm3)) and a positive urine culture (>105 colony forming units and < 3 
bacteriall  species per ml urine). Each patient who developed UTI 
(UTI+patients)) was matched for duration of catheterization with two other 
patientss who did not develop UTI (UTI-cotrols). 

Assays Assays 

IL-66 (PharMingen, San Diego, CA) and IL-8 (CLB, Amsterdam, the 
Netherlands)) were measured by ELISA according to the instructions of the 
manufacturers.. Detection limits of the assays were 16 pg/ml (IL-6) and 5 
pg/mll  (IL-8). Urine concentrations are expressed per mmol creatinine in 
orderr to correct for dilution of urine. 

StatisticalStatistical analysis 

Dataa are given as mean and SE. Concentrations of IL-6 and IL-8 were 
analyzedd in time by oneway ANOVA. Comparisons between different patient 
groupss were done by Mann-Whitney U test, a was set at 0.05. 
Suprapubicall  and transurethral catheter groups yielded similar results 
(dataa not shown) and were combined. 

Resu l ts s 

PatientsPatients and controls. 

Onee hundred and sixty five patients undergoing major abdominal surgery 
tookk part in this study. 10 patients (60  5 years), 3 men and 7 women 
developedd UTI (UTI+patients) 6  1 days after catheterization. Escherichia 
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colicoli was cul tured from ur ine of all 10 pat ients. Of UTI-controls, matched 

forr the durat ion of catheterization, 8 were male and 12 female (68  3 

years). . 

IL-66 and IL-8 concentrations 

Beforee surgery, ur ine IL-6 and IL-8 concentrat ions were either low or 
undetectablee in both UTI-controls and UTI+patients. In UTI+patients, the 
highestt IL-6 and IL-8 concentrat ions were measured in ur ine collected on 

thee day UTI was documented (Fig. 1). IL-6 levels increased in the two to 
fourr days preceding UTI; however, a similar increase in ur inary IL-6 was 
alsoo found dur ing th is t ime period in UTI-controls, who were matched for 
thee durat ion of catheterizat ion (nonsignificant for the difference between 
UTI+patientss and UTI-controls). In contrast, ur inary IL-8 was increased in 

Figuree 1. Mean and 
SEMM IL-6 (upper 
panel)) and IL-8 (lower 
panel)) concentrations 
inn urine measured on 
thee day UTI was 
diagnosedd (inf) and 2, 
44 and 6 days before 
infection,, from 10 
postoperativee patients 
withh a urinary 
catheterr who 
developedd UTI (closed 
circles).. 20 patients, 
whosee urine remained 
sterile,, served as 
controlss (open circles). 
Thee increase in urine 
IL-66 was similar in 
twoo groups. IL-8 levels 
weree significantly 
higherr in patients, 
whoo developed UTI 
(P<0.01). . 
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UTI+patientss only on the day the ur ine cul ture became positive, while such 

aa rise was not observed in UTl-controls (P < 0.01). These data suggest that 

IL-6 ,, b ut not IL-8, is released in ur ine of postoperative pat ients who have a 

ur inaryy catheter in place for a number of days, irrespective of the presence 

off  UTI. Indeed, da ta obtained from UTI-controls relative to the durat ion of 

catheter izat ion,, revealed a gradual rise in ur ine IL-6 concentrat ions from 

dayy 4 onwards (P = 0.005 for change in time), while dur ing the same time 

periodd ur ine IL-8 levels remained unchanged (Fig. 2). 

150 0 

0 0 4 4 
(days) ) 

8 8 

Figur ee 2. Mean  SEM IL-6 (black triangles) and IL-8 (white triangles) 
concentrationss in urine of 20 patients with a urinary catheter who did not develop 
UTII  (UTI-controls) following uncomplicated surgery. Urine IL-6 increased after 
surgeryy (P=0.005), while IL-8 levels remained unaltered. 

Discussion n 

Too our knowledge, th is is the first s tudy investigating the release of IL-6 
a ndd IL-8 in ur ine from pat ients prior to bacteriologie documentat ion of UTI. 
Thee limited da ta available concerning the kinetics of the release of these 
cytokiness in UTI have been obtained from follow-up of pat ients after the 
diagnosiss had already been established [8]. Our findings are in line with 
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earlierr reports showing that both abdominal surgery in humans [9] and 
traumaticc catheterization in mice [10] are followed by elevated levels of IL-
66 in urine. Deliberate colonization of the human urinary tract with E. coli 
resultedd in an intermittent elevation of urine IL-6 in spite of the 
continuouss presence of bacteria [8]. Our study extended these observations 
byy demonstrating that in the clinical setting of early postoperative UTI, 
theree was no significant increase in urine IL-6 prior to or on the day of 
diagnosis,, when compared to postoperative patients who did not develop 

un. . 

Jacobsonn et al. found that, in comparison with IL-6, urine IL-8 was 
elevatedd in UTI more consistently and for a more prolonged period of time 
[11]]  . We showed that in patients who did not develop UTI, urine IL-8, 
unlikee IL-6, remained low after surgery. Together these data support the 
notionn that contrary to IL-6, the increase in urinary IL-8 observed on the 
dayy of diagnosis can be attributed to UTI itself. 

Furthermore,, our results suggest, that in postoperative patients who 
developp UTI, IL-8 but not IL-6, marks the early phase of the local host 
responsee to the infection. 
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Thee antiinflammatory cytokine response during urosepsis was determined by measurement of concentra-
tionss of soluble tumor necrosis factor receptor (sTNFR) types I and II , interleukin 1 receptor antagonist 
(IL-lra) ,, soluble IL-1 receptor type II (sIL-lRII) , and interleukin 10 in sera and urine of 30 patients with 
culture-provenn urinary tract infections before and 4, 24, 48, and 72 h after initiation of antibiotic therapy and 
inn 20 healthy individuals. In serum, the levels of sTNFR types I and II , IL-lra, and IL-10 were higher in 
patientss than in controls. In urine, only sTNFR type I and II levels were elevated in patients. The ratios of 
concentrationss of both types of sTNFR in urine to concentrations in serum were higher in patients than in 
controls.. These findings indicate that during urosepsis, the antiinflammatory cytokine response is generated 
predominantlyy at the systemic level. 

Thee clinical spectrum of urinary tract infections ranges from 
asymptomaticc bacteriuria to acute pyelonephritis. In the 
healthyy urinary system, the dynamics of urine flow and a func-
tionall  vesicoureteral junction protect against ascending urinary 
tractt infections. In recent years, attention has been paid to the 
rolee of inflammation in resistance to urinary tract infections 
(29). . 

Cytokiness are small proteins important for the orchestration 
off  inflammatory processes. The most-potent proinflammatory 
cytokiness are tumor necrosis factor alpha (TNF) and interleu-
kinn 1 (IL-1) (10, 32). Several endogenous mechanisms that can 
modulatee the production and/or activity of TNF and/or IL-1 
havee been identified (31). TNF can bind to two distinct types of 
cellularr receptors. Both TNF receptor species can be processed 
too soluble forms (sTNFR) that represent the extracellular do-
mainss of the respective transmembrane receptors. sTNFR re-
tainn their affinity for free TNF and can therefore act as com-
petitivee inhibitors of TNF activity when present in high 
concentrationss (1, 34). Similarly, the extracellular part of the 
typee II IL-1 receptor can be shed from the cell surface. Soluble 
IL-11 receptor type II (sIL-lR type II ) is considered a negative 
regulatorr of IL-1 activity, since it binds free IL-1 without elic-
itingg a cellular response (10, 28). Another endogenous IL-1 
inhibitorr is IL-1 receptor antagonist (IL-lra), which preferen-
tiallyy binds to the signaling type I IL-1R without inducing any 
biologicall  response (10). Furthermore, the production of 
proinflammatoryy cytokines can be inhibited by so-called anti-
inflammatoryy cytokines, of which IL-10 is the most potent (22). 

Althoughh animal studies have indicated that enhanced pro-
ductionn of TNF and IL-1 plays an important role in the patho-
genesiss of bacterial sepsis, only a small subset of patients with 
sepsiss have detectable TNF and IL-1 in their circulation (10, 
32).. However, a presumed increase in TNF and IL-1 activity in 
suchh patients is associated with elevated concentrations of in-
hibitorss of these proinflammatory cytokines in plasma. Indeed, 
itt is now well appreciated that the host response to sepsis 
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erlands.. Phone: 31-20-5669111 (tracer 58061). Fax: 31-20-6977192. 
E-mail:: dariuszolszyna@rocketmail.com. 

involvess both release of proinflammatory cytokines and release 
off  soluble cytokine inhibitors and antiinflammatory cytokines. 
Thee latter response was recently given the name compensatory 
antiinflammatoryy response syndrome (CARS), as opposed to 
thee designation systemic inflammatory response syndrome 
(SIRS)) for the former response (6). At present, knowledge of 
thee site of production of the antiinflammatory responses dur-
ingg human sepsis is highly limited. Therefore, in a first attempt 
too determine whether inhibitors of TNF and IL-1 are secreted 
locallyy at the site of the infection or predominantly at the 
systemicc level, we sequentially measured the levels of TNF, 
sTNFR,, IL-lp , IL-lra, sIL-lR type II, and IL-10 in the urine 
andd sera of patients with urosepsis during a 3-day follow-up 
period. . 

MATERIAL SS AND METHOD S 

Patientss and design. A loial of 30 patients over 18 years of age with gram-
negativee urosepsis were studied. The diagnosis of urosepsis was based on the 
presencee of a urine cultur e positive for  a gram-negative micro-organism with 
pyuri aa (leukocytes, >100 cells/mm3, with few epithelial cells) and metabolic or 
hematologicc signs of systemic infection, including two of the following six signs: 
tachycardiaa (>90/min); hypotension (systolic pressure, <90 mm Hg); hypoxemia 
(pOjj  s 75 mm Hg); leukocytosis (>10.000/mm'); abnormal prothrombi n time, 
activatedd partial thromboplastin lime, or  thrombocytopenia ( <100,000/mm3); 
andd acute mental status change. Exclusion criteri a included antibioti c use within 
thee previous 72 h, a very poor  clinical condition, severe renal insufficiency 
(estimatedd creatinine clearance, <30 ml/min) , or  pregnancy. Further  details of 
thee study have been published elsewhere (24). Patients were treated with 500 mg 
off  intravenous imipenem every S h for  the first  72 h or  with 1,000 mg of 
intravenouss ceftazidime every 8 h. Since the type of antibioti c regimen (imi 
penemm versus ceftazidime) did not significantly influence the levels of TNF, 
sTNFR.. IL-lfl , IL-lra , soluble IL-1R type II , or  IL-10, data Trom the two groups 
weree combined- Clinical data (APACHE II  score) and blood and urine samples 
weree collected immediately before the start of treatment (0 h) and at 4, 24, 48, 
andd 72 h thereafter. Blood and urine samples were also collected from 20 healthy 
individual ss for  use as controls. Cultures of all control urines were sterile. Blood 
andd urine samples were centrifuged at 1,500 x g for  20 min. Supernatants were 
collectedd and stored at -20°C until assays were performed. 

Assays.. The amounts of TNF and IL- 1 B were measured by enzyme-linked 
immunosorbentt  assaying (ELISA ) according to the instructions of the manufac-
turerr  (Medgenix, Fleurus, Belgium). Both the TNF and the IL- 1 B ELISAs detect 
totall  cytokine levels, i.e., irrespective of whether  they are bound by soluble 
receptorss (informatio n supplied by the manufacturer  [111). sTNFR were mea-
suredd by enzyme-linked immunological binding assaying (EL1BA) as described 
previouslyy (7, 30). The reagents for  sTNFR measurements were kindly donated 
byy Hoffmann La Roche, Ltd . (Basel, Switzerland). The sTNFR assays make use 
off  TNF binding noninhibitor y monoclonal antibodies against TNFR type 1 
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(clonee htr-20) or  TNFR type II  {done utr-4) as coaling antibodies, peroxidase-
conjugatedd recombinant human TNF as delecting reagent, and recombinant 
sTNFRR type I or  sTNFR lype II  as standards. The specificity of the sTNFR assays 
hass been confirmed by experiments in which the binding of the detecting recom-
binantt  TNF to sTNFRs could be prevented either  by addition of an excess (20 
p.g/ml)) unlabeled TNF or  by replacing the anti-TNFR monoclonal antibodies by 
nonspecificc antibodies (7). In addition, the linearit y of the assays has been 
verifiedd with natural TNFRs from cell lysates of HL-60 cells as well as recom-
binantt  TNFR-p55 and TNFR-p75. The concentrations of both sTNFRs were 
calculatedd from the amount of bound labeled TNF by using a 1:1 binding 
stoichiometryy between TNF and sTNFR. The concentrations calculated in this 
wayy were consistent with those obtained by using recombinant sTNFRs as the 
standardd (7). IL-lr a was measured by ELISA with mouse anti-human IL-lr a 
monoclonall  antibody (MAb ) (4 u.g/ml; Antibody Solutions SARL, Illkirch , 
France)) as the coating antibody, biolinylated goat anti-human IL-lr a (0.1 |ig/ml; 
R& DD Systems, Abingdon, United Kingdom) as the detecting antibody, and 
humann recombinant IL-lr a (R& D Systems) as the standard. sIL-l R type II  was 
measuredd by EL1SA essentially as described previously (15, 33). Mouse anti-
humann IL-1R type 11 MA b (S u.g/ml) was used as the coating antibody, polyclonal 
rabbitt  anti IL  1R type II  was used as the labeling antibody, horseradish perox-
idase-labeledd donkey anti-rabbi t immunoglobulin G was used as the detecting 
antibody,, and recombinant sIL-l R type II  was used as the standard. The addition 
off  exogenous recombinant IL- 1 3 did not influence the performance of the 
ELISA .. Al t reagents for  the sIL-l R type II  assay were kindly donated by John 
Simss (Immunex Corporation, Seattle, Wash.). IL-10 was measured by ELISA 
accordingg to the instructions of the manufacturer  (PharMingen, San Diego, 
Calif.) .. The detection limit s of the assays were 7 pg/ml (TNF), 0.4O ng/ml 
(sTNFRR types I and II) , 25 pg/ml (IL- 1 0), 80 pg/ml (IL-lra) , 16 pg/ml (sIL-lRIl) , 
255 pg/ml (IL-1 0 in serum), and 75 pg/ml (1L-I 0 in urine). 

Statisticall  analysis. Values are given as medians and ranges. Differences 
betweenn healthy controls and patients were analyzed by the Mann-Whitney U 
lest.. In patients, changes in time were analyzed by one-way analysis of variance, 
followedd by Dunnett's I test for  multipl e comparisons. These two tests were 
performedd after  log transformation of the data. Correlations were investigated by 
calculatingg the Spearman correlation coefficient (r,) . Al l tests were two tailed, 
andd a was set at 0.05. 

Urin ee concentrations are given in nanograms per  milliliter . When levels of 
cytokiness in urine were normalized for  urinar y creatinine concentrations, anal-
ysess of differences between patients and controls and the effect of antibioti c 
treatmentt  yielded similar  results (data not shown). 

RESULTS S 

Patients.. Patient characteristics and cultured microorgan-
ismss have been reported previously (24). Escherichia coli was 
culturedd from the urine of 28 patients (93%). A total of 10 
patientss had positive blood cultures for a microorganism that 
wass also cultured from the urine (E. coli for nine patients and 
PseudomonasPseudomonas aeruginosa for 1 patient). All patients recovered 
fullyy after treatment. 

TNFF and sTNFR. Concentrations of TNF in serum and 
urinee were below the limit of detection in the vast majority of 
controlss and patients, and no significant differences between 
groupss were found (data not shown). In patients, levels of 
sTNFRR types I and II were elevated in both serum and urine 
comparedd to controls (Fig. 1 and 2). Upon admission, the 
sTNFRR type I concentrations in serum and urine were 5.79 
(1.933 to 25.00) and 17.55 (<0.40 to 25.00) ng/ml, respectively, 
inn patients compared to 1.10 (0.63 to 1.43) and 1.78 (0.40 to 
3.32)) ng/ml, respectively, in controls (P = 0.005 and P < 
0.001).. sTNFR type II levels in serum and urine were 5.27 (1.60 
too 50.00) and 14.96 (<0.20 to 50.00) ng/ml, respectively, in 
patientss upon admission and 1.77 (0.89 to 2.83) and 2.34 (0.50 
too 5.34) ng/ml, respectively, in controls (P < 0.01 and 0.001). 
Thee ratio of the concentrations of soluble TNF receptors in 
urinee to the concentrations in serum was higher in patients 
uponn admission than that in controls, although the difference 
reachedd statistical significance only for sTNFR type II (Table 
1).. The level of sTNFR type I decreased significantly 72 h after 
initiationn of the therapy in both serum and urine (for both, P < 
0.05)) while the decrease in the level of sTNFR type II was not 
significant.. Levels of both types of sTNFR in serum but not in 
urinee upon admission were higher in patients with a positive 
bloodd culture (P < 0.01 and <0.001) (Table 2). There was a 

positivee correlation between levels of both types of sTNFR in 
serumserum and urine and the APACHE II score (sTNFR type I in 
serum,, r, = 0.55 and P < 0.005; sTNFR type I in urine, r, = 
0.611 and P < 0.001; sTNFR type II in serum, rs = 0.47 and P < 
0,01;; and sTNFR type II in urine, r, = 0.50 and P < 0.01). 

IL-ip ,, IL-lra , and sIL-l R type II . Concentrations of IL-l p 
inn serum and urine were below the limit of detection in the vast 
majorityy of controls and patients, and no significant differences 
betweenn groups were found (data not shown). Levels of IL-lr a 
inn serum were significantly higher in patients (7.40 [0.77 to 
20.00]]  ng/ml) than in controls (0.41 [0.19 to 0.94] ng/ml) (P < 
0.001)) (Fig. 3). Concentrations of IL-lr a in urine were similar 
inn patients (0.67 [0.10 to 26.00] ng/ml) and controls (0.60 
[<0.088 to 3.62] ng/ml). The ratio of the concentration of IL-lr a 
inn urine to that in serum was significantly lower in patients than 
thatt in controls (Table 1). Levels of IL-lr a in serum signifi-
cantlyy decreased (P <0.05) 24 h after initiation of the therapy. 
Levelss of IL-lr a in serum were higher in patients with a pos-
itivee blood culture (P <0.Ol) (Table 2). There was a positive 
correlationn between levels of IL-lr a in serum and the 
APACHEE II score (r, = 0.59; P = 0.001). Levels of sIL-lR type 
III  in serum were 3.25 (1.33 to 10.92) ng/ml in patients and 3.60 
(1.699 to 5.24) ng/ml in controls. Levels of sIL-lR type II in 
urinee did not show a difference between the two groups either 
(0.055 [<0.02 to 3.71] ng/ml versus 0.07 [<0.02 to 1.12] ng/ml). 

IL-10.. Levels of IL-10 in serum from patients were signifi-
cantlyy higher (0.12 [<0.03 to 27.32] ng/ml) than those in con-
trolss (<0.03 [<0.03 to 0.11] ng/ml) (P = 0.001) (Fig. 4), IL-10 
wass undetectable in urine from all but one patient and all 
controls.. Its levels in serum were significantly higher (P <0.05) 
inn patients with positive blood cultures than in those whose 
culturess were negative (Table 2). Concentrations of IL-10 in 
serumserum decreased at 24 h after initiation of the therapy (P 
<0.05).. Levels of IL-10 in serum correlated with levels of 
IL-lr aa (r, = 0,70 and P <0.001), sTNFR type I (r, = 0.64 and 
PP <0.001), and sTNFR type II (r, = 0.52 and P <0.005) in 
serumserum upon admission. 

DISCUSSION N 

Inn the present study, we sought to gain more insight into the 
systemicc and localized pro- and antiinflammatory cytokine re-
sponsess to a clinically well-defined bacterial infection by se-
quentiall  measurements of concentrations of TNF, IL-10, and 
theirr inhibitors in sera and urine of 30 patients with urosepsis 
andd in 20 normal controls. The concentrations of sTNFR types 
II  and II were elevated in both urine and serum during urinary 
tractt infections, while TNF and IL-l p were undetectable in 
virtuallyy all patients and controls. The concentrations of IL-lr a 
andd the antiinflammatory cytokine IL-10 were elevated only in 
serum.. The levels of all of these antagonistic members of the 
cytokinee network decreased or tended to decrease during an-
tibioticc therapy. 

Proinflammatoryy cytokine production during urinary tract 
infectionn may predominantly occur locally, at the site of the 
infection.. Indeed, deliberate colonization of the human urinary 
tractt with E. coli resulted in detectable levels of IL-6 and IL-8 
inn urine, but not in serum (2, 16). Previous studies examining 
cytokinee production during acute urinary tract infections re-
portedd increased concentrations of IL-6 and IL-8 in serum and 
urine,, with higher levels in urine than in serum (4, 5, 17, 18, 
24).24). Previous studies examining TNF and IL-i p concentrations 
inn urine during urinary tract infections have yielded conflicting 
results.. While one study found elevated TNF levels in urine in 
patientss with bacterial cystitis (9), two other investigations 
couldd not reproduce this rinding (5, 18). Similarly, levels of 
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FIG.. 1. Levels of sTNFR type I in the sera (upper panel) and urine (lower panel) of healthy subjects and patients with urosepsis upon admission and 4, 24, 48, and 
722 h after initiation of antibiotic therapy. Horizontal lines represent the median. There was a significant difference between patients and controls in the values for serum 
(P(P = 0.005 [Mann-Whitney U test]) and urine ( P <0.001) and a significant decrease in the levels of sTNFR type I in both serum ( P <0.05 [Dunnetl's i test]) and urine 
( /><0.05)att 72 h. 
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FIG.. 2. Levels of sTNFR type I I in the sera and urine of healthy subjects and patients with urosepsis upon admission and 4, 24, 48, and 72 h after initiatio n of 
antibioticc therapy. Horizontal lines represent the median. There was a significant difference between patients and controls in the values for serum ( P <0.GT 
[Mann-Whitneyy U test]) and urine { P <0.001). 
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TABLEE 1. Median (range) ratios of concentrations of sTNFR types 
II  and II and IL-Ira in urine to concentrations in sera of patients 

withh acute urosepsis upon admission and in healthy controls 

Cytokine e 

sTNFRR type I 
sTNFRR type II 
IL-Ir a a 

Mediann ral 

Patients s 

1.844 (0.04-5.93) 
2.455 (0.30-15.00) 
0.100 (0.00-1.70) 

oo (range) 

Controls s 

1.68(0.28-3.41) ) 
1.355 (0.20-3.20) " 
1.65(0.10-12.30)) b 

'' Significantly different (P <0.05) trom ihe paiieni group (Mann-Whiiney U 
test). . 

**  Significanlly different (P <0.001) from the patient group (Mann-Whitney U 
test). . 

IL-lf ll  in urine have been found to be elevated (9, 21) or not 
elevatedd (18) during urinary tract infections. In our study, 
neitherr TNF nor IL-l p could be detected in the urine of 
patientss with urosepsis. These data suggest that the local pro-
ductionn of these proinflammatory cytokines is not strongly 
enhancedd or that these cytokines are not secreted from tissue 
too the urine in significant quantities. This possibility is sup-
portedd by findings with a mouse model of pyelonephritis dem-
onstratingg an increase in TNF mRNA in the kidney without 
detectablee TNF protein levels in urine or serum (26), Alter-
natively,, TNF and IL-i p production occurs only for a brief 
periodd and/or intermittently, and elevated levels are missed 
duee to their short half-lives. 

sTNFRR have been identified first in the urine of healthy 
individualss as naturally occurring inhibitors of TNF (12, 23, 
27).. It is clear now that they are derived from cell-associated 
TNFRR by proteolytic cleavage. The role of sTNFR may be 
twofold;; they can neutralize TNF activity, especially when 
presentt in a large molar excess over TNF (such as in the 
presentt study), or they may serve as carriers for TNF and even 
augmentt its effects by stabilizing its structure and prolonging its 
activityy (1). During recovery from sepsis, a strong reduction of 
sTNFRR levels in plasma toward normal values is usually seen 
(13),, In accordance with this, in our study the levels of sTNFR 
weree elevated both in sera and in urine of patients with uro-
sepsis,, with their concentrations positively correlating with the 

TABLEE 2. Median values and ranges of sTNFR types I and II, IL-
Ira,, and IL-10 in sera and urine of patients with urosepsis with 

positivee and negative blood cultures 

Mediann value (range) (ng/ml) 

Cytokinee and Difference 
Sourcee Positive blood culture Negative blood between 

(n(n = 10) cullure (n = 20) the two 
groups s 

sTNFF type 
Serum m 
Urine e 

sTNFF type 
Serum m 
Urine e 

IL-lr a a 
Serum m 
Urine e 

IL-10 0 
Serum m 
Urine e 

**  NS, not 

1 1 
12.44(5.12-25.00) ) 
19.10(0.76-25.00) ) 

II I 
12.077 (6.63- >50.00) 
12.077 (6.63-> 50.00) 

17.222 (2.67->20.00) 
2.488 (<0.08-11.58) 

0.69(<0.05-27.32) ) 
<0.08(<0.08-<0.08) ) 

ignificant. . 

5.04(1.93-25.00) ) 
12.40(<0.4-25.00) ) 

4.577 (1.60->50.00) 
4.57(1.6Ck>50.00) ) 

1.911 (0.77->20.00) 
0.211 (<O.08-26.O0) 

0.099 (<0.05-5.86) 
<0.08(<0.08-0.08) ) 

PP <0.01 
NS" " 

PP <0.001 
NS S 

PP <0.01 
NS S 

PP <0.05 
NS S 

severityy of disease as indicated by APACHE II score and 
decreasingg during antibiotic therapy. 

Ourr study does not elucidate whether sTNFR are produced 
withinn the urinary tract during urinary tract infection. How-
ever,, it is of interest that median sTNFR concentrations were 
twoo to almost fourfold higher in urine than in concurrently 
collectedd serum and that the ratio of sTNFR concentrations in 
urinee to those in serum was higher in patients than that in 
controls.. Considering the dilution factor when levels of cyto-
kiness in urine, are measured, it is conceivable that at least part 
off  the sTNFR present in urine is shed from cells in the urinary 
tract.. It is well established that sTNFR are cleared from the 
circulationn by the kidneys and that a decrease in renal function 
cann result in elevated levels of sTNFR in serum (3, 7). Al-
thoughh positive correlations were found between levels of sT-
NFRR and creatinine in serum (data not shown), impaired renal 
functionn is unlikely to contribute significantly to our findings 
since,, due to the study inclusion criteria, the vast majority of 
patientss had a normal renal function. 

Endogenouss IL-1 activity is regulated by IL-lr a and surface 
andd sIL-lR type II . IL-lr a binds with high affinity to 1L-1R but 
doess not induce signal transduction (10). The type II IL-1 R 
servess as a decoy receptor and is not involved in cellular effects 
off  IL-1. sIL-lR type II is generated by shedding of the extra-
cellularr domain of the surface receptor, a process that may 
resultt in levels at sites of inflammation much higher than those 
attainablee on the cell surface (10). IL-lr a but not sIL-lR type 
III  concentrations were increased in serum during urinary tract 
infections.. This finding is remarkable, since earlier studies of 
patientss with sepsis have documented similar increases in the 
levelss of both IL-1 antagonists in serum (14, 15, 25, 33). It 
shouldd be noted that low-dose endotoxemia in normal humans 
iss associated only with an increase in levels of IL-lr a in serum 
whilee sIL-lR type II concentrations remain unchanged (14, 
33).33). In our study population, we could detect endotoxin in sera 
fromm only 7 of our 30 patients (24). Together, these data 
suggestt that shedding of the type II IL-1R to the circulation 
playss a significant role in the regulation of IL-1 activity only in 
severee systemic inflammation. We found similar levels of IL-
lraa and sIL-lR type II in normal urine and in urine from 
patientss with urinary tract infections. Hence, these data argue 
againstt local production of IL-1 inhibitors during urinary tract 
infections. . 

IL-100 is an antiinflammatory cytokine that potently inhibits 
thee production of TNF and IL-1 (22). IL-10 concentrations are 
elevatedd in the sera of more than 80% of patients with sepsis 
(20,, 33). In our study, 70% of patients with urosepsis had 
detectablee IL-10 in serum, which decreased during therapy. 
IL-100 remained undetectable in urine, suggesting that local 
IL-100 production is not strongly stimulated during urinary tract 
infectionn and/or that IL-10 is not secreted in urine in large 
amounts.. Apart from its inhibitory effect on proinflammatory 
cytokines,, IL-10 can upregulate the expression of IL-lr a by 
polymorphonuclearr leukocytes (8) and can induce shedding of 
sTNFRR from mononuclear cells (19). Therefore, it is of inter-
estt that levels of IL-10 in serum were positively correlated with 
elevatedd levels of IL-lr a and sTNFR in serum. 

Previously,, we reported the concentrations of lipopolysac-
charide,, IL-6, and IL-8 in patients that are also reported in the 
presentt investigation (24). No correlations existed between 
thesee proinflammatory parameters and the antiinflammatory 
responsess measured in the present study (data not shown). 

Inn conclusion, we sequentially measured concentrations of 
inhibitorss of two major proinflammatory cytokines in the sera 
andd urine of a group of patients with gram-negative urinary 
tractt infections. Our results demonstrate that in the absence of 
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FIGG 3 Levels of IL-lr a in Ihe sera and urine of healthy subjects and patienls with urosepsis upon admission and 4, 24, 48, and 72 h after initiation of ui tlbiotfc 
therapy.. Horizontal lines represent the median. There was a significant difference between patients and controls in the values for serum ( P <0.001 [Mann-Whitney U 
test])) and a significant decrease in the levels of IL-lr a in s tt (P <0.05 [Dunnetl's f test]) at 24 h. 
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FIG.. 4. Levels of IL-10 in sera of healthy subjects and patients with urosepsis upon admission and 4, 24, 48, and 72 h after initiation of antibiotic ther apv Horizontal 

liness represent the median. There was a supi.ficant difference between patients and controls ( P = 0.001 [Mann-Whitney U test]) and a significant decrease in the levels 
off  IL-10 in serum (P <0.05 [Dunnett s / test]) at 24 h. 

detectablee TNF and IL-lp , levels of sTNFR, IL-lra, and IL-10 
inn serum were elevated. In concurrently collected urine, only 
thee levels of sTNFR were increased, with urine-to-serum ratios 
higherr than those in healthy controls. Considering that in pa-
tientss with acute febrile urinary tract infections, urine concen-
trationss of the proinflammatory cytokines IL-6 and IL-8 exceed 
thosee measured in simultaneously obtained serum (4,5,17, 18, 
24),, these data suggest that in contrast to the response of the 
proinflammatoryy cytokines IL-6 and IL-8, the antiinflamma-
toryy response to acute urinary tract infection is generated for a 
largee part at the systemic level and that cells within the urinary 
tractt do not secrete significant quantities of antiinflammatory 
mediatorss into urine, with the possible exception of sTNFR. 
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Abstract t 

Background::  Chemokines are a superfamily of small chemotactic proteins. 
Whilee increased levels of interleukin-8 have been measured in serum and 
urinee during urinary tract infection, littl e is known about other 
chemokiness in this condition. Methods: Monocyte chemoattractant protein 
(MCP)-1,, macrophage inflammatory protein (MIP)-loc, MIP-ip and 
interferon-yy inducible protein (IP)-10 were measured in 30 patients with 
culture-provenn urosepsis during a three-day follow-up, and in 11 healthy 
humanss after intravenous injection of endotoxin (4ng/kg). Results: Urine 
andd serum levels of MCP-1, MIP-ip and IP-10, but not of MlP-la, were 
elevatedd in patients on admission, and decreased after initiation of 
antibioticc treatment. Endotoxin administration to healthy subjects induced 
increasess in plasma and urine concentrations of all four chemokines. 
Conclusion::  These data indicate that clinical and experimental gram-
negativee infection in humans is associated with enhanced production of 
chemokiness that mainly act on mononuclear cells and that these 
chemokiness are at least in part locally produced. 
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Introductio n n 

Chemokiness play an important role in adhesion of inflammatory cells to 
thee endothelium and their migration to the site of infection [1]. They may 
furtherr contribute to the inflammatory response by activation of 
leukocytess through induction of oxygen burst and degranulation [21. 
Dependingg on their structure, chemokines can be divided into distinct 
families.. Monocyte chemoattractant protein (MCPJ-1, macrophage 
inflammatoryy protein (MIP)-lct and MIP-1|3 belong to the CC chemokine 
familyy and act primarily on monocytes and macrophages. Interferon y 
induciblee Protein (IP) -10 is a member of CXC chemokine family that acts 
onn activated T cells and monocytes [1]. Increased serum levels of MCP-1 
andd MIP-lcc have been found in patients with sepsis [3, 4]. 

Thee urinary tract is a common source of gram-negative sepsis [51, with 
EscherichiaEscherichia coli being the most frequently isolated pathogen [6]. Urosepsis 
iss usually diagnosed on the basis of a positive urine culture and clinical 
findingss associated with sepsis, including chills, fever and hypotension. 
Whilee increased urinary and serum interleukin (IL)-6 and IL-8 levels have 
beenn widely reported in urinary tract infection [7-13], littl e is known about 
thee production of chemokines other than IL-8 in this condition. 

Althoughh some studies have demonstrated elevated CC chemokine 
concentrationss in the circulation of patients with sepsis [3,4], knowledge of 
locall  production of these mediators is limited. Patients with urosepsis, who 
byy definition have a documented infectious source in their urinary tract, 
potentiallyy provide the opportunity to obtain insight in the extent of 
chemokinee production at the site of the infection, namely by 
measurementss in urine. Therefore, in the present study we sequentially 
measuredd serum and urine concentrations of MCP-1, MlP-la, MIP-ip and 
IP-100 in patients with urosepsis during a three-day follow up period. In 
addition,, we also measured chemokine serum and urine concentrations in 
healthyy humans intravenously injected with endotoxin (i.e. without a local 
inflammatoryy stimulus in the urinary tract). 
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Material ss and Methods 

PatientsPatients with urosepsis and controls. Thirty patients (mean age  SD: 67
177 years) with culture proven gram-negative urosepsis were studied. The 
diagnosiss of urosepsis was based on the presence of a urine culture 
positivee for a gram-negative micro-organism with pyuria (leukocytes > 
10/hpff  with few epithelial cells); and metabolic or hematologic signs of 
systemicc infection including two of the following six: tachycardia (>90 
beats/min),, hypotension (systolic blood pressure < 90 mm Hg), hypoxemia 
(p022 < 75 mm Hg), leukocytosis (>10,000/mm3), abnormal prothrombin 
timee or activated partial thromboplastin time or thrombocytopenia 
(<< 100,000/mm3), or acute mental status change. Exclusion criteria were 
antibioticc use in the previous 72 hours, a very poor clinical condition, 
severee renal insufficiency (estimated creatinin clearance < 30 mL/min) or 
pregnancy.. Further details of the study have been published elsewhere [7]. 
Patientss were treated with intravenous imipenem 500 mg or intravenous 
ceftazidimee 1000 mg every 8 hours for the first 72 hours. Since the type of 
antibioticc regimen (imipenem vs. ceftazidime) did not significantly 
influencee chemokine levels, data from the two treatment groups were 
combined.. Clinical data were collected and the APACHE II score was 
assessedd before and during the therapy. Blood and urine were collected 
beforee the start of treatment (0 hours) and at 4, 24, 48 and 72 hours 
thereafter.. The samples were centrifuged at 1500 g for 20 min. 
Supematantss were collected and stored at -20 °C until assays were 
performed.. Serum and urine were also collected from 20 healthy 
individuals,, all of whom had sterile urine. 

ExperimentalExperimental endotoxemia. In addition to the patients with urosepsis, 11 
healthyy subjects (mean age  SE: 24  1 years) were studied after 
intravenouss administration of endotoxin (lipopolysaccharide, LPS). The 
subjectss did not smoke, use any medication or have a febrile illness in the 
monthh preceding the study. They were admitted to the clinical research 
unitt at the Academic Medical Center after their medical history, physical 
examination,, hematological and biochemical tests, chest X-ray and ECG 
hadd proved normal. Endotoxin (LPS standard lot G from E.colt, the United 
Statess Pharmacopeia Convention Inc., Rockville, MD) was given over one 
minutee in an ante-cubital vein, at a dose of 4 ng/kg of body weight. Blood 
wass collected by venipunctures directly before LPS administration and 
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0.5,1,1.5,2,3,4,5,6,88 and 12 hours thereafter. EDTA plasma was obtained 
byy centrifuging at 1500 g for 20 min.All the urine produced by the 
subjectss was collected before, and 3 and 6 hours after LPS administration. 

Assays.Assays. Chemokine concentrations were measured by ELISA. MCP-1 was 
measuredd using purified monoclonal mouse anti-human MCP-1 (2 jig/ml; 
PharMingen,, San Diego, CA) as coating antibody, biotinylated rabbit anti-
humann MCP-1 (1 ng/ml; PharMingen) as detecting antibody and human 
recombinantt MCP-1 (PharMingen) as standard. For determination of MIP-
l aa and MIP-lp levels, purified monoclonal mouse anti-human MlP-la and 
anti-humann MIP-lp as coating antibodies were used (4 ng/ml; R&D 
Systems,, Abingdon, United Kingdom), biotinylated affinity purified goat IgG 
anti-humann MlP-la and MIP-ip as detecting antibodies (20 ng/ml; R&D 
Systems)) and recombinant human MlP-la and MIP-ip as standards (R&D 
Systems).. For determination of IP-10, purified monoclonal mouse anti-
humann IP-10 (4 ng/ml; R&D Systems) was used as coating antibody, 
biotinylatedd goat anti-human IP-10 (50 ng/ml; R&D Systems) as detecting 
antibodyy and recombinant human IP-10 (R&D Systems) as standard. 
Detectionn limits of the assays in the diluted serum and urine samples 
were:: 16.4 pg/ml (MCP-1; 1:2), 78.0 pg/ml (MlP-la and MIP-lp; both 1:5) 
andd 120 pg/ml (IP-10; 1:2). 

StatisticalStatistical analysis. Data are given as median and range unless stated 
otherwise.. Log transformed concentrations of chemokines were analyzed in 
timetime by one-way analysis of variance (ANOVA), followed by Dunnett's test 
inn both uroseptic patients and healthy subjects given endotoxin. 
Comparisonss of levels in patients on admission (0 hours) and in healthy 
controls,, and of concentrations in patients with positive and negative blood 
cultures,, were done by Mann-Whitney U test. Correlations were calculated 
usingg Pearson correlation coefficient, a for all tests was set at .05. 
Whenn cytokine levels in urine were normalized for urinary creatinin 
concentrations,, analysis of differences between patients and controls, and 
effectt of treatment yielded similar results (data not shown). 

Thee study was approved by the institutional scientific and ethics 
committees.. Written informed consent was obtained from all patients and 
healthyy subjects. 
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Results s 

HealthyHealthy subjects. MCP-1 was detectable in serum (0.09 (0.02-0.67)) ng /ml 

andd ur ine (0.13 (0.01-0.81)) ng /ml from all 20 heal thy individuals. MIP-

l a,, MIP-ip and IP-10 were not detectable in any of the normal serum or 

ur inee samples. 

PatientsPatients with urosepsis. Patient character ist ics and cul tured 
microorganismss have been reported previously [7]. Escherichia coli was 
cu l turedd from the ur ine of 28 patients (93 per cent). 10 pat ients had blood 
cu l turess positive for a microorganism that was also cul tured from ur ine (9 
EscherichiaEscherichia coli, 1 Pseudomonas aeruginosa). On admission, the median 
APACHEE II score was 11 (range 2 - 20). Al l pat ients fully recovered after 
t reatment.. As shown in Figure 1, both serum and ur ine levels of MCP-1 
weree higher in pat ients with urosepsis on admission (0.59 (0.19-12.00) and 
1.077 (<0.02-10.55) n g / ml respectively) than in healthy controls (both P < 
.001).. Both se rum and urine MCP-1 concentrat ions decreased after 
init iat ionn of the antibiotic therapy (serum: P < .01; ur ine: P < .001). 
Fur thermore,, se rum and urine MCP-1 levels were higher in pat ients with 
positivee blood cu l tures t han in pat ients with negative blood cul tures (P < 
.011 and P < .05 respectively) (Table). M lP- l a was detectable in serum and 

MCP-11 in seru m MCP-11 in urin e 
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Figur ee 1. Serum (left panel) and urine (right panel) levels of MCP-1 in healthy 
subjectss and patients with urosepsis on admission and 4, 24, 48 and 72 hours 
afterr initiation of antibiotic therapy. Horizontal lines represent median. Patients 
hadd higher serum and urine levels than controls (both P < .001). Asterisks 
representt significant change in concentrations when compared with levels on 
admission.. Dotted line represents detection limi t of the assay. 
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urinee from only three patients (nonsignificant versus healthy controls; data 
nott shown). Serum and urine levels of MIP-lp were higher in patients (0.14 
(<0.08-13.37)) and <0.08 (<0.08-0.77) ng/ml respectively) than in healthy 

Table.. Concentrations of MCP-1, MIP-ip and IP-10 in serum and urine of patients 
withh urosepsis. Comparison of patients with positive and negative blood cultures. 

Positivee blood Negative blood Difference between 
culturee culture the two groups 

NN = 10 N = 20 

MCP-11 Serum 2.60(0.40-12.00) 0.51(0.19-4.15) P < .01 

(ng/ml)) Urine 1.37(0.33-10.55) 0.97(0.02-5.05) P < .05 

MIP-ipp Serum 0.38(0.12-13.37) 0.11 (<0.08-6.27) P < .005 

(ng/ml)) Urine 0.08 (<0.08-0.67) 0.09 (<0.08-0.77) N.S. 

IP-100 Serum 0.39 (<0.12-4.73) <0.12 (<0.12-2.40) N.S. 

(ng/ml)) Urine <0.12 (<0.12-1.21) <0.12 (<0.12-0.67) N.S. 

Dataa represent median (range) values. 
N.S.. = nonsignificant 

individualss (both P < .001) (Figure 2). MIP-lp decreased during therapy in 
serumm and urine, but only the decrease in urine reached statistical 
significancee (P < .001). MIP-ip levels were higher in serum, but not in 
urine,, from patients with positive blood cultures than from patients whose 
bloodd cultures were negative (P = .002) (Table). Although IP-10 was 
significantlyy elevated in serum (0.23 (<0.12-4.73) ng/ml) (P < .001) and 
urinee (<0.12 (<0.12-1.21) ng/ml) (P = .002) from patients compared to 
controlss (Figure 3), IP-10 was not detectable in urine from 18 of 30 
patientss (60 per cent). While IP-10 levels in serum did not change during 
follow-up,, urine levels decreased significantly (P < .001). 
Bothh MCP-1 and MIP-ip showed a significant correlation between the 
serumm and urine levels measured on admission (Pearson coefficient = 0.42, 
PP <.05; Pearson coefficient = 0.39, P <.05 respectively). Of all four 
chemokiness measured in serum and urine, only the serum and urine 
levelss of MCP-1 measured on admission showed a significant correlation 
withh the APACHE II score (Pearson coefficient = 0.41, P < .05; Pearson 
coefficientt = 0.39, P < .05 respectively). 
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Figg 2. Serum (upper panel) and urine 
(lowerr panel) levels of MIP-ip in healthy 
subjectss and patients with urosepsis on 
admissionn and 4, 24, 48 and 72 hours 
afterr initiation of antibiotic therapy. 
Horizontall  lines represent median. 
Patientss had higher serum and urine 
levelss than the controls (both P < .001). 
Asteriskss represent significant change 
inn concentrations when compared with 
levelss on admission. Dotted line 
representss detection limi t of the assay. 

Figg 3. Serum (upper panel) and urine 
(lowerr panel) levels of IP-10 in healthy 
subjectss and patients with urosepsis on 
admissionn and 4, 24, 48 and 72 hours 
afterr initiation of antibiotic therapy. 
Horizontall  lines represent median. 
Patientss had higher serum and urine 
levelss than the controls (serum P < 
.001,, urine P = .002). Asterisks 
representt significant change in 
concentrationss when compared with 
levelss on admission. Dotted line 
representss detection limi t of the assay. 

EndotoxemiaEndotoxemia in healthy humans. Intravenous injection of E. coli LPS was 

associatedd with t rans ient increases in the p lasma and ur ine 

concentrat ionss of all four chemokines measured. LPS induced a rise in 

p lasmaa MCP-1 levels star t ing at 1.5 hours and peaking at 4 hours (mean
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SE:: 85.83  8.77 ng /ml; P < .001) (Figure 4). MCP-1 concentrat ions 
remainedd significantly elevated unt il 12 hours after LPS administrat ion. 
Urinee MCP-1 star ted to incerease within 3 hours after LPS administrat ion 
andd cont inued throughout the 6 hours follow up (mean  SE: 2.60  0.71 
ng /ml;; P < .001). Plasma levels of MIP-loc increased, star t ing 1.0 hour after 
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Figg 4. Mean  SE plasma and urine concentrations of MCP-1, MlP-la, MIP-ip and 
IP-100 in healthy subjects after administration of endotoxin. Serum concentrations 
weree measured prior to endotoxin injection (tO) and during a follow up of 12 hours. 
Urinee concentrations were measured prior to endotoxin injection (tO) and in all 
urinee excreted within 3 hours after infusion of endotoxin (tO-3) and between 3 and 
66 hours after endotoxin administration (t3-6). Asterisks indicate significant 
differencee from the levels at t=0. 

LPSS injection and reached peak values at 1.5 hours (mean  SE: 2.44
0.466 ng /ml; P = .001) (Figure 4). After 4 hours they were no longer 
significantlyy elevated. Urine MlP- l a increased, albeit not significantly 
reachingg its peak values between 3 and 6 hours after LPS (mean  SE: 
0.022  0.0001 ng /ml; N.S.). Plasma levels of MIP-1(3 increased from 1.0 
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hourr onwards, reaching peak concentrations at 2 hours (mean  SE: 
10.088  0.46 ng/ml; P < .001) (Figure 4). It stayed significantly elevated 
untill  12 hours after LPS administration. Its urine levels increased within 3 
hourss after LPS administration and continued to do so throughout the 6-
hourr follow-up (mean  SE: 0.11  0.03 ng/ml; P < .001). Plasma IP-10 
increasedd from 3 hours onwards after LPS administration, peaking at 5 
hourss (mean  SE: 13.11+ 1.22 ng/ml; P < .001) (Figure 4) and stayed 
elevatedd until 12 hours after LPS administration. Urine IP-10 increased 
onlyy between 3 and 6 hours after LPS administration (mean  SE: 1.32
0.344 ng/ml; P< .001) 

Noo leukocytes could be found in the urine from any of the subjects at any 
timee point. 

Discussion n 

Chemokiness are 8-10 kDa proteins that selectively target and activate 
differentt leukocyte subpopulations. They can be produced by a variety of 
immunee and nonimmune cells in response to many different stimuli [1]. In 
thee present study, we measured MCP-1, MlP-la, MIP-ip and IP-10 in 
serumm and urine from patients with culture-proven urosepsis and in 
plasmaa and urine from healthy subjects after administration of LPS 
derivedd from E. coli the micro-organism that was responsible for 28 of the 
300 cases of urosepsis studied. We found that MCP-1, MIP-1J3 and IP-10, 
butt not MlP-la, were elevated in serum and urine from patients, and that 
intravenouss injection of LPS induced transient increases in the plasma 
andd urine concentrations of all four chemokines. 

Chemokiness are divided into families based on the relative position of their 
cysteinee residues [1]. MCP-1, MlP-la and MIP-lp are CC chemokines, 
referringg to the fact that their first two cysteine residues are adjacent to 
eachh other. In CXC chemokines, such as IP-10, the first two cysteine 
residuess are separated by a single amino acid. Unlike most CXC 
chemokines,, IP-10 does not act on neutrophils due to the absence of the 
sequencee glutamic acid - leucine - arginine preceding the CXC sequence 
[1].. Hence, all chemokines measured in the present study exert their main 
effectss on monocytes and lymphocytes. 
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Ourr finding of elevated serum concentrations of these chemokines in 
patientss with urosepsis extends earlier studies in more heterogeneous 
patientt populations with clinically defined sepsis syndrome. In such 
patientss MCP-1 was found elevated in 57 per cent [4] and MlP-la in 45 per 
centt on admission [3]. In our patients, all with documented gram-negative 
infectionn originating from the urinary tract, MCP-1 was consistently 
elevatedd throughout a 3-day follow-up in all patients in serum and in the 
vastt majority of patients in urine. Presumably, the discrepancy with the 
earlierr report is at least in part due to 20-fold lower sensitivity of the MCP-
11 ELISA used in that study [4]. The fact that in our investigation MlP-la 
onlyy was detectable in a small subset of patients, is likely related to 
differencess in the severity of the septic insult. Indeed, while our patients all 
recovered,, in the previous study the mortality rate was 43 per cent [3]. In 
addition,, it is of interest that the increase in plasma MlP-la after injection 
off  LPS in healthy subjects lasted for only a brief period compared to the 
risesrises in the plasma levels of MCP-1, MIP-ip and IP-10. 

Transientt release of MCP-1 into the circulation has been reported 
previouslyy in healthy humans injected with low dose of LPS [141 and in 
baboonss after infusion of a sublethal dose of E. coli [15]. Interestingly, 
MCP-11 release was sustained in baboons with lethal E. coli sepsis, 
suggestingg that the duration of MCP-1 production during sepsis is 
influencedd by the severity of the infection [15]. In murine endotoxemia, 
MCP-11 has been identified as an anti-inflammatory mediator, i.e. passive 
immunizationn against MCP-1 enhanced LPS-induced lethality while 
treatmentt with recombinant MCP-1 exerted a protective effect [16]. 

Ass in human endotoxemia, intraperitoneal administration of LPS to mice 
inducedd a transient rise in serum MlP-la levels [17]. Neutralization of 
endogenouslyy produced MlP-la reduced early mortality and attenuated 
lungg neutrophil and mononuclear phagocyte recruitment and pulmonary 
injury.. Together these data suggest that MlP-la has a proinflammatory 
rolee during endotoxic shock [17]. 

Normall  subjects had low levels of MCP-1 in their serum in spite of the fact 
thatt MCP-1 is known to bind to the Duf|y receptor on erythrocytes [18]. We 
recentlyy found that not only free MCP-1, but also erythrocyte-bound MCP-
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11 increases after a systemic challenge with endotoxin in healthy humans 
(manuscriptt in preparation), suggesting that Duffy receptors on normal 
erythrocytess are not saturated. Possibly, an equilibrium exists between 
MCP-11 bound to the Duffy receptor and free MCP-1, both in physiological 
andd pathological conditions. 

Urinee levels of chemokines measured in patients with renal disease may 
reflectt their clearance from blood, local production in the urinary tract or 
both.. Indeed, mesangial, epithelial, endothelial and interstitial cells within 
thee kidney are among the many different cell types that can produce 
chemokiness [19]. In addition, in an isolated perfused kidney model, 
perfusionn with LPS caused expression of MCP-1 especially in peritubular 
capillaryy endothelial cells [20]. It should be noted that the chemokines 
measuredd in this study attract mainly monocytes and lymphocytes 
whereass neutrophils are the predominant cells found in urine from 
patientss with urinary tract infection. Previous studies have documented 
elevatedd MCP-1 concentrations in urine of patients with lupus nephritis, a 
diseasee in which the recruitment of monocytes plays a role in the 
developmentt of renal inflammaton [21, 22], Evidence exists that IL-8 which 
cann be found in high concentrations in urine of patients with urinary tract 
infectionn [7, 8, 12], is an important factor for the migration of neutrophils 
intoo the urinary system [8, 13, 23]. Taken together, it is likely that the 
chemokiness measured in urine in the present study serve a function 
unrelatedd to leukocyte trafficking in the urinary tract during urosepsis. 

Inn the present study, we observed that urine levels of MCP-1 and MIP-1|3 
weree higher in patients with urosepsis than from subjects who were 
intravenouslyy challenged with LPS. This suggests that these chemokines 
measuredd in urine from patients with urosepsis may in part be locally 
producedd and in part come from the circulation. However, it should be 
notedd that the patients with urosepsis experienced a release of LPS 
throughoutt a longer period of time while the healthy subjects received just 
one,, relatively small dose of LPS. 

Chemokiness have recently been recognized as a large family of low 
molecularr weight chemotactic cytokines that play an important role in the 
pathogenesiss of a number of inflammatory and infectious diseases. We 
demonstratee here that MCP-1, MIP-1J3 and IP-10, chemokines that act on 
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mononuclearr cells, are elevated during urosepsis and experimental 
endotoxemia.. Future studies are warranted to determine the exact 
functionn of individual chemokines during gram-negative infection. 
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Chemotacticc Activity of CXC Chemokines InterIeukin-8, Growth-Related 
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CXCC chemokines are chemotactic cytokines that specifically act on neutrophils. To obtain 
insightt into the extent of local production of CXC chemokines during acute pyelonephritis, 
interleukinn (IL)-8, growth-related oncogene (GRO)-a, and epithelial cell-derived neutrophil-
activatingg protein (ENA)-78 were measured in urine and plasma samples from patients with 
culture-provenn urosepsis (n = 33), healthy human control subjects with sterile urine (n = 31), 
andd human volunteers intravenously injected with endotoxin (n = 11). Patients had pro-
foundlyy elevated urine concentrations of chemokines with no (GRO-a and EN A-78) or littl e 
(IL-8)) elevation in plasma. Endotoxin-challenged subjects demonstrated transient increases 
inn plasma chemokine concentrations, with no (GRO-a) or littl e (IL-8 and ENA-78) elevation 
inn urine. Urine from patients exerted chemotactic activity toward neutrophils, which was 
partiallyy inhibited by neutralizing antibodies against IL-8, GRO-a, or ENA-78. During uro-
sepsis,, CXC chemokines are predominantly produced within the urinary tract, where they 
aree involved in the recruitment of neutrophils to the urinary compartment. 

Chemokiness are a family of small chemotactic proteins that 
playy an important role in inflammatory responses as mediators 
off  leukocyte trafficking and activation [l^J]. Depending on their 
structure,, chemokines can be classified into several families. In-
terleukinn (IL)-8, growth-related oncogene (GRO)-a, and epi-
theliall  cell-derived neutrophil-activating protein (ENA}-78 be-
longg to the CXC chemokine family and act primarily on 
granulocytes,, cells that often are found in the urine of patients 
withh urinary tract infection (UTI). 

Thee infected urinary tract is a frequent source of gram-nega-
tivee sepsis [5, 6]. Urosepsis is usually diagnosed on the basis of 
aa positive urine culture and of clinical findings associated with 
sepsis.. Although increased urinary and serum IL-8 levels have 
beenn widely reported in UTI [7-9], littl e is known about the 
productionn of chemokines, other than IL-8, in this condition. 

Accumulatingg evidence suggests that CXC chemokines play 

Receivedd 7 April 2000: revised 1 September 2000; electronically published 
233 October 2000. 

Thee study was approved by the institutional scientific and ethics com-
mittees.. Written informed consent was obtained from all patients and healthy 
subjects. . 

Financiall  support: Merck and Co., Dutch Kidney Foundation (to D.P.O.), 
andd Royal Dutch Academy of Arts and Sciences (to T.v.d.P). 

""  Previously affiliated with Merck and Co.. Westpoint, Pennsylvania. 
Reprintss or correspondence: Dr. DP. Olszyna, Academic Medical Center, 

Roomm G2-105, Dept. of Experimental Internal Medicine, Meibergdreef 9, 
11055 AZ Amsterdam, The Netherlands (dariuszolszyna@rocketmait com). 

Thee Journal of Infectious Diseases 2000; 182:1731-7 
<©© 2000 by the Infectious Diseases Society of America. All rights reserved. 
0022-1899/20O0/lS206-0020$02.00 0 

ann important role in neutrophil migration during UTI. In vitro 
studiess have demonstrated that epithelial cells stimulated with 
pathogenss can secrete chemokines and that IL-8 stimulates neu-
trophill  migration across uroepithelial cell layers infected with 
EscherichiaEscherichia colt" [10]. Recently, Hang et al. [11] showed that mac-
rophagee inflammatory protein (MIP)-2, a murine homologue of 
humann IL-8, is required for neutrophil migration across the epi-
theliumm of the infected urinary tract in mice in vivo. 

Patientss with urosepsis, whose source of infection is located 
(byy definition) in the urinary tract, potentially provide the op-
portunityy for obtaining insight into the extent of chemokine 
productionn at the site of the infection, namely by measurements 
inn urine. Therefore, in the present study, we sequentially mea-
suredd plasma and urine concentrations of IL-8, GRO-a, and 
ENA-788 in patients with urosepsis during the first 8 h after the 
initiationn of antibiotic treatment and compared these findings 
withh chemokine plasma and urine concentrations in healthy 
humanss intravenously (iv) injected with E. coti endotoxin (i.e., 
withoutt a local inflammatory stimulus in the urinary tract). We 
alsoo examined the migration of polymorphonuclear leukocytes 
(PMNL)) induced by urine from patients with urosepsis and the 
extentt to which each of these 3 chemokines (IL-8, GRO-a, and 
ENA-78)) contributed to the chemotactic activity exerted by 
patientt urine. 

Materialss and Methods 

PatientsPatients with urosepsis and control subjects. Patients >18 years 
oldd who were suspected of having gram-negative urosepsis and for 
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Tablee 1. Median (range) concentrations of interleukin (IL)-8, growth-related oncogene (GRO)-oi and epithelial cell-derived neutrophil-
activatingg protein (ENA}-78 in urine from healthy control subjects (n = 16), patients with urosepsis (n = 33) and healthy subjects injected 
withh endotoxin (n = 11). 

Cytokine e 

IL- 8 8 

GRO-a a 

ENA-7S S 

Healthy y 
controll  subjects 

1 1 
(<0.01-0.14) ) 

<0.03 3 
(<0.03-0.29) ) 

<0.03 3 

Admission n 

0.38 8 
(<0.01-3.13)" " 

0.10 0 
(<O.03-O.51)a a 

0.27 7 

(<0.03-1.66)* * 

Patientss with 

22 Hours 

0.43 3 
(<0.01-2.00) ) 

0.10 0 
(<0.03-1.14) ) 

0.24 4 
{<0.03-1.93) ) 

urosepsis s 

44 Hours 

0.20 0 
(<0.01-2.06) ) 

0.10 0 
(<0.03- l . l l) ) 

0.26 6 
(<0.03-2.86) ) 

88 Hours 

0.15 5 

(0.03-1.60) ) 
0.03 3 

(<0.03-0.45) ) 

0.25 5 
«0.03-3.08) ) 

Experimentall  endotoxemia 

00 Hours 

<0.01 1 
(<0.01-0.03) ) 

0.17 7 
(<0.03-1.18) ) 
<0.03 3 

0-33 Hours 

<0.01 1 
(<0.01-0.01) ) 

<0.03 3 
(<0.03-0.15) ) 
<0.03 3 

<<0.03-0.1l) ) 

3-66 Hours 

0.01 1 

(<0.0I^0,03) ) 

0.07 7 
(<0.03-0.62) ) 
<0.03 3 

NOTE.. Concentrations are expressed in ng/mL. 
**  P< .05 versus healthy control subjects. Only IL-8 decreased significantly in urine during follow-up. 

whomm antibiotic treatment was indicated were eligible if they also 
mett the following criteria: acute symptoms of UTI, pyruria (>10 
leukocytes/high-powerr field [hpf] and <5 epithelial cells/hpf). urine 
Gram'ss stain with gram-negative bacteria, and metabolic or he-
matologicc signs of infection (including 3 of the following indicators: 
tachycardiaa [>90 beats/min], leukocytosis [>10,000/mm3] . and fever 
[>38°C]).. Exclusion criteria were antibiotic use in the previous 7 
days,, poor clinical condition, known hypersensitivity to any 0-
lactamm antibiotic, any major underlying disease likely to alter base-
linee chemokine levels, renal insufficiency (estimated creatinine 
clearance.. <30 mL/min), pregnancy or breast feeding, use of sys-
temicc corticosteroids or other immunosuppressive agents in the past 

33 months, history of seizures, use of any investigational drug within 
thee past 30 days, or any clinically significant medical condition that 
wouldd pose a risk to the patient should he or she participate. 

Clinicall  data were collected, and the APACHE II score was 
assessedd before the start of treatment (0 h). Patients received iv 1 
dosee of ceftazidime (1000 mg) or imipenem (500 mg), followed 8 
hh later by an antibiotic chosen by the clinician. Blood (heparinized) 
andd urine samples were collected before the start of treatment and 
att 2, 4, and 8 h thereafter. Plasma (heparinized) and urine samples 
weree also collected from 31 healthy individuals, all of whom had 
sterilee urine. The samples were centrifuged at 1500 g for 20 min. 
Supernatantss were collected and stored at -75°C until assays were 
performed. . 

ExperimentalExperimental endoloxemia In addition to the patients with uro-
sepsis,, 11 healthy subjects (mean age  SE, 24  I years) were stud-
iedd after iv administration of endotoxin (lipopolysaccharide, LPS). 
Thee subjects did not smoke, use any medication, or have a febrile 
illnesss in the month preceding the study. They were admitted to the 
clinicall  research unit at the Academic Medical Center (University of 
Amsterdam.. Amsterdam) after their medical history, physical ex-
amination,, hematologic and biochemical tests, chest radiograph, and 
electrocardiographh proved to be normal. Endotoxin (LPS standard 
lott G from E. coli; United States Pharmacopeia Convention, Rock-
ville.. MD) was given for 1 min in an antecubital vein at a dose of 

44 ng/kg body weight. Blood was collected by venipunctures directly 
beforee LPS administration and at 0.5, 1. 1.5. 2. 3. 4. 5. 6. 8. 12. and 
244 h thereafter. EDTA plasma was obtained by centrifugation at 
15000 g for 20 min. All urine produced by the subjects was collected 
beforee and 3 and 6 h after LPS administration 

Assays.Assays. Chemokine concentrations were measured by ELISA. 

Al ll  measurements of 1 chemokine in patient and control samples 
weree done on 1 day in 1 ELISA run. IL-8 was measured according 
too the instructions of the manufacturer (Central Laboratory of the 
Netherlandss Red Cross Blood Transfusion Service [CLB] , Am-
sterdam).. For determination of GRO-a levels, purified monoclonal 
mousee anti-human GRO-a (4 iigjmL: R&D Systems, Abingdon, 
UK )) was used as a coating antibody, biotinylated affinity-purified 
goatt IgG anti-human GRO-a (20 ng/mL; R&D Systems) was used 
ass a detecting antibody, and recombinant human GRO-ot (R&D 
Systems)) was used as the standard. For determination of ENA-78, 
monoclonall  mouse ant i-human ENA-78 (1 ng/mL; R&D Systems) 
wass used as a coating antibody, biotinylated goat anti-human 
ENA-788 (80 ng/mL; R&D Systems) was used as a detecting anti-
body,, and recombinant human ENA-78 (R&D Systems) was used 
ass the standard. 

Detectionn limits in plasma and urine diluted 1:2 with ELISA high-
performancee buffer (CLB) were 1.2 pg/mL (IL-8) and 28.6 pg/mL 
(GRO-aa and ENA-78). Urine concentrations of chemokines are ex-
pressedd both in nanograms per millilite r urine (table l)and. to correct 
forr dilution of urine, per micromole creatinine (figures 1-4). 

ChemotaxisChemotaxis assay. The migration of PMNL was measured by 
usee of a multiwell chemotaxis chamber (Neuro Probe, Cabin John. 
MD )) and a 5.0 ^m-pore polycarbonate membrane <Nuclepore; 
Costar.. Cambridge, MA) , as described elsewhere [12]. In brief, 
PMNLL were obtained from heparinized blood samples of healthy 
volunteers,, using Polymorphprep (Nycomed Pharma, Oslo), ac-
cordingg to the manufacturer's instructions, and were suspended in 
endotoxin-freee RPMI 1640 (BioWittaker, Verviers, Belgium) con-
tainingg 5% normal human serum (BioWittaker). 

Urinee samples from 8 patients (those with the highest leukocyte 
countss in urine) were pooled and diluted 1:2 in RPMI 1640, with 
orr without the following reagents: monoclonal mouse-derived ant i-
humann IL-8 neutralizing antibody (R&D Systems; final concen-
trationn 10 jig/mL), monoclonal mouse-derived ant i-human GRO-
aa neutralizing antibody (R&D Systems; final concentration, 10 fig/ 
mL),, monoclonal mouse-derived anti-human ENA-78 neutralizing 
antibodyy (R&D Systems; final concentration, 50/ig/mL), or mouse 
IgGll  (R&D Systems; final concentration. 50 ,tg/mL). During in 
vitroo cell stimulation, these concentrations of anti-chemokine an-
tibodiess completely neutralize activity of recombinant IL-8, GRO-
a.a. and ENA-78 when added at 2-3-log higher concentrations than 
thosee detected in urine from patients with urosepsis (information 
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onn the neutralizing capacities of the antibodies provided by the 

manufacturer).. The respective antibodies used do not have cross-

reactivityy with other chemokines (information provided by the 

manufacturer). . 

Urinee from 16 healthy control subjects was also diluted 1:2 in 

RPMII  1640, to serve as a negative control, and, in combination 

withh recombinant human IL-8 (rhIL-8; R&D Systems; final con-

centrationn 5 ng/mL), it served as a positive control. Urine specimens 

(25-^LL volumes) were placed in the lower chamber in triplicate. 

Volumess of 50 /iL containing 4.0 X 104 PMNL were added to the 

upperr well. The chamber was incubated for 55 min in an humidified 

environmentt at 37°C. The membrane was removed, nonmigrated 

cellss were washed off, and the membrane was fixed in methanol 

andd stained with DiffQuik (Dade Behring, Dudingen, Switzerland). 

Migratedd cells in each well were counted at lOOOx magnification 

forr 5 random fields. 

StatisticalStatistical analysis. Log-trans formed concentrations of che-

mokiness were analyzed in time by 1-way analysis of variance 

(ANOVA )) and followed (for uroseptic patients and healthy subjects 

givenn endotoxin) by Dunnett's test. The difference between the 2 

antibioticc regimens in chemokine concentrations was assessed by 

usee of the re pea ted-measures ANOVA . The Mann-Whitney U test 

wass used to compare chemokine concentrations in urosepsis pa-

tientss (at 0 h) with those in healthy control subjects and concen-

trationss in patients with positive blood culture results with those 

inn patients with negative results. Correlations between chemokine 

concentrationss and duration of symptoms were assessed by cal-

culatingg Spearman's correlation coefficient. Comparisons of num-

berss of migrated cells in the chemotaxis assay between patients 

withh urosepsis and healthy control subjects were done by using the 

Mann-Whitneyy U test. The effect of neutralizing antibodies on the 

migrationn of cells in urine from patients with urosepsis was assessed 

byy use of the Wilcoxon signed rank test. P < .05 was considered 

significant. . 

Resu l ts s 

HealthyHealthy subjects. IL- 8 was detectable in urine (median, 

<2.00 ng/mmol; range, <2.0-8.5 ng/mmol) but not in plasma 

fromm healthy individuals. Median G R O -a levels in plasma were 

0.200 ng/mL (range, <O.03-0.45 ng/mL) and in urine they were 

2.77 ng/mmol (range, <2.0-48.3 ng/mmol). ENA-78 concentra-

t ionss were detectable in plasma (median, 0.03 ng/mL; range, 

<0.03-0.411 ng/mL) but not in urine. 

PatientsPatients with urosepsis. Thirty-three of 35 patients (mean 

agee  SE, 42  3 years) who had been randomized to treat-

mentt with imipenem or ceftazidime completed the study. The 

durat ionn of symptoms before the first urine and plasma samples 

weree taken was 2.9  0.3 (mean  SE) days. Al l patients had 

systemicc symptoms, and there was no correlat ion between the 

durat ionn of symptoms before inclusion in the study and che-

mokinee levels at admission. E. coli was cultured from the urine 

off  all but 1 patient. Ten patients had bacterium-positive b lood 

culturee results (1 for Proteus mirabilis and 9 for E. coli). A t 

admission,, the median APACHE II . score was 6 (range, 0-17). 

Al ll  patients fully recovered after treatment. The type of anti-

bioticc regimen did not significantly influence chemokine levels 

inn urine or plasma (data not shown); therefore, these 2 patient 

groupss were combined in further analyses. 

Comparedd with control subjects, patients with urosepsis had 

higherr levels of IL- 8 in plasma (median, 0.03 ng/mL; range, 

0.01-0.655 ng/mL) and urine (median, 60.0 ng/mmol; range. 

<2.0-1237.00 ng/mmol; ƒ*  < .001 for both) at admission (figure 

1).. In addit ion, compared with healthy control subjects, patients 

withh positive and negative blood cultures had higher plasma 

concentrat ionss (ƒ*  < .001 for both) and urine concentrat ions 

IL-88 in plasm a 
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0.011 1 

* * 

, - j l . . 

. . 

,,. . 
o o 

ooo

((
c c 

-J£--

' ' 

oQo

 c 
 0«p 

0>
Controll Oh 2h 4h 8h 

IL-88 in urin e 
2500-r r 
500-1 1 

500 0 

400 0 

300 0 

200 0 

100--

Controll 0 h 
I°88 SS«S*£o W'A'ó 

2hh 4h 8h h 

Figuree 1. Plasma and urine levels of interleukin (IL)-8 in healthy 
subjectss (n = 31) and patients with urosepsis (« = 33) at admission 
andd 2, 4, and 8 h after initiation of antibiotic therapy. Horizontal lines 
representt medians. . Patients with positive blood culture results (de-
terminedd on admission). O, Patients with negative blood culture results 
andd healthy control subjects. Patients at admission had higher plasma 
andd urine levels than did control subjects (both P< .001). In patients, 
urine,, but not plasma. IL-8 concentrations decreased after admission 
(// = 0) and during follow-up (P< .05 vs. t = 0). Because of the low 
detectionn limit of the assay, a line indicating the limit is not visible. 
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Figuree 2. Plasma and urine levels of growth-related oncogene 
(GRO)-aa in healthy subjects (« = 31) and in patients with urosepsis 
(nn = 33) at admission and 2, 4, and 8 h after initiation of antibiotic 
therapy.. Horizontal lines represent medians. 0. Patients with positive 
bloodd cultures (determined at admission). O, Patients with negative 
bloodd culture results and healthy control subjects. Urine, but not 
plasma,, levels were higher in patients at admission than in control 
subjectss (P<.00\). In patients, urine and plasma concentrations did 
nott change significantly during follow-up. Dotted line depicts the de-
tectionn limit of the assay. 

(P<.00\(P<.00\ for those with positive blood cultures and P — .005 
forr those with negative blood cultures) of IL-8. Furthermore, 
plasmaa but not urine IL-8 levels were higher in patients with 
positivee blood cultures than in patients with negative blood 
culturess (P<.05; table 2). GRO-a was elevated only in urine 
(median.. 15.0 ng/mmol; range, <2.0-217.0 ng/mmol; /,<.001 
vs.. healthy control subjects; figure 2). This increase was sig-
nificantt in patients with positive and negative blood culture 
resultss (both P<.001). 

Onlyy patients with positive blood culture results had elevated 
plasmaa levels of ENA-78 (median, 0.32 ng/mmol; range, 

<0.03-6.577 ng/mmol; P < .005 vs. healthy control subjects; figure 
3).. Urine ENA-78 levels were significantly elevated in patients 
withh positive and those with negative blood culture results 
(P<< .001 for both) and were higher in patients with positive 
bloodd culture results than in patients whose blood cultures were 
negativee (P<.005; table 2). Of all 3 chemokines measured in 
plasmaa and urine, only urine levels of IL-8 decreased significantly 
duringg follow-up (P < .05; figure 1). Urine concentrations of che-
mokiness expressed per millilite r of urine are given in table 1. 

EndotoxemiaEndotoxemia in healthy humans. The iv injection of E. coli 
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Figuree 3. Plasma and urine levels of epithelial cell-derived neutro-
phil-activatingg protein (ENA)-78 in healthy subjects (n = 31) and pa-
tientss with urosepsis (n = 33) at admission and 2, 4, and 8 h after 
initiationn of antibiotic therapy. Horizontal lines represent medians. 0, 
Patientss with positive blood culture results (determined on admission). 
O.. Patients with negative blood culture results and healthy control 
subjects.. Urine, but not plasma, levels were higher in patients at ad-
missionn than in control subjects (P < .001). In patients, urine and 
plasmaa concentrations of ENA-78 did not change significantly during 
follow-up.. Dotted line (upper panel) depicts the detection limit of the 
assay. . 
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Tablee 2. Median concentrations (range) of interleukin (IL)-8, 
growth-relatedd oncogene (GRO)-a and epithelial cell-derived neutro-
phil-activatingg protein (ENA)-78 in plasma and urine of patients with 
urosepsiss with both positive and negative blood cultures. 

Cytokine e 

IL- 8 8 
Plasma.. ng/mL 
Urine,, ng/ramoi 

GRO-a a 
Plasma,, ng/mL 
Urine,, ng/mmol 

ENA-78 8 
Plasma.. ng/mL 
Urine,, ng/mmol 

Positivee blood culture 
(n(n = 10) 

0.066 (0.02-0.51) 
37.00 (<2.0-246.0) 

0.19(0.09-0.37) ) 
14.00 (<2.0-68.0) 

0.322 (<0.03-6.57) 
54.00 (<2.0-129.0) 

Negativee blood culture 

(»» = 23) 

0.022 (0.01-O.65) 
76.00 (<2.0-1237.0) 

0.233 (0.07-2.05) 
15.00 (<2.0-217.0) 

0.077 (<0.03-0.32) 
47.00 (<2.0-1029.0) 

P P 

<.05 5 
NS S 

NS S 
N S S 

<.005 5 
NS S 

NOTE.. Urine concentrations ; 
significant t 

;; expressed per mmol creatinine. NS. not 

LPSS was associated with transient increases in the plasma con-

centrat ionss of all 3 chemokines measured. In addition, urine 

IL- 88 and ENA-78 concentrat ions modestly increased after iv 

administ rat ionn of LPS (figure 4). LPS induced an increase in 

plasmaa IL- 8 levels, start ing at 1.5 h and peaking at 3 h after 

administ rat ionn (mean  SE, 1.79  0.16 ng/mL; P<.00\). 

Urinee IL- 8 increased between 3 and 6 h after LPS administra-

tionn (mean  SE, 0.7  0.2 ng/mmol; P< .005). Plasma levels 

off  G R O -a increased significantly within 3 h after LPS 

(meann  SE, 0.47  0.05 pg/mL; P< .005). Urine GRO-a did 

nott change significantly after LPS. Plasma levels of ENA-78 

increasedd from 3 h onwards, reaching peak concentrations at 

44 h (mean  SE, 0.45  0.05 ng/mL; P < . 0 0 1 ). Urine concen-

t rat ionss of ENA-78 increased to 8.3  1.6 ng/mmol ( ? < 0 0 1) 

withi nn 3 h after LPS administrat ion. No leukocytes were found 

inn urine from any of the subjects injected with LPS at any t ime 

point.. Urine chemokine concentrat ions expressed in ng/mL 

urinee are given in table I. 

ChemotacticChemotactic activity of urine from patients with urosepsis. 

Urinee from healthy control subjects attracted few P M NL 

(meann  SE, 0.2  0.1 cells/hpf) Significantly more P M NL mi-

gratedd toward pooled urine from patients with urosepsis 

(24.88  3.0 cells/hpf; /><.005 vs. normal urine). Addition of 

eitherr ant i - IL-8, an t i -GRO-a, or ant i -ENA-78 to urine from 

patientss with urosepsis significantly reduced chemotactic activity 

off  this urine on neutrophils (all P< .05 vs. urine from patients 

withh or without control antibody; figure 5). None of the anti-

tivit yy of urine from patients. In fact, ant i - IL-8, an t i -GRO-a, and 

ant i -ENA-788 antibody treatment inhibited neutrophil chemo-

taxiss toward patient urine to a similar extent (to ~60% of mi-

grationn in the absence of ant i-chemokine antibodies). Addition 

off  all 3 ant i-chemokine antibodies together did not further reduce 

urinee chemotactic activity, compared with either antibody alone 

(dataa not shown). 

D iscuss ion n 

IL-8 ,, GRO-a, and ENA-78 are members of the CXC che-

mokinee family, in which the first 2 cysteine residues are separated 

byy a single amino acid. They primarily target neutrophils, cells 

thatt are found in urine from patients with UTI . The aim of this 

studyy was to obtain insight into the extent of local production 

off  these chemokines in patients with urosepsis and into the con-

tributionn of these mediators to the chemotactic activity toward 

neutrophilss of urine from patients with urosepsis. 

Urinee IL-8 , G R O - a, and ENA-78 concentrat ions were 
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Figuree 4. Mean  SE plasma and urine concentrations ofinterleukin (IL)-8, growth-related oncogene (GRO)-a, and epithelial cell-derived 
neutrophil-activatingg protein (ENA)-78 in healthy subjects {n = 11) after intravenous administration of endotoxin. Plasma concentrations were 
measuredd before endotoxin injection (/ = 0) and during a 12-h follow-up. Urine concentrations were measured before endotoxin injection and 
inn all urine excreted within 3 h after infusion of endotoxin (/ = 0-3) and between 3 and 6 h after endotoxin administration (/ = 3-6). *Significant 
differencee from the levels at r = 0. Dotted lines depict the detection limit of the assay. 
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Figuree 5. Mean  SE number of polymorphonuclear lymphocytes 
(PMNL)) per high-power field (hpf) that migrated toward urine (from 
healthyy control subjects) containing 5 ng/mL recombinant human in-
terleukinn (IL)-8 (« = 16), urine from healthy control subjects alone 
(n(n = 16), and urine from patients with urosepsis with pyuria (n = 8). 
Neutralizationn of IL-8, growth-related oncogene (GRO)-a or epithelial 
cell-derivedd neutrophil-activating protein (ENA)-78 in urine from pa-
tientss with urosepsis resulted in attenuation of this migration. *Sig-
nificantt difference in migration of PMNL toward patient urine either 
withh or without control antibody (P< .05). 

stronglyy elevated in patients but not (or less elevated) in healthy 
subjectss after iv injection of is. coli LPS. In vitro, IL-8, GRO-
a,a, and ENA-78 contributed to the chemotactic activity of in-
fectedd urine toward neutrophils. These data suggest that CXC 
chemokiness are produced within the urinary tract during uro-
sepsiss and that they are involved in the recruitment of neutro-
philss to the urinary compartment. 

Severall  studies have documented elevated IL-8 concentra-
tionss in urine of patients with UTI [7-9]. In patients with acute 
pyelonephritis,, IL-8 levels are often higher in urine than in 
plasmaa [8]. In addition, deliberate colonization of the human 
urinaryy tract with E. coli resulted in a rapid increase in urine 
IL-88 levels without a detectable rise in IL-8 in serum [13]. To-
gether,, these data suggest that IL-8 is produced locally at the 
sitee of the infection during UTI. In accordance, we found high 
IL-88 concentrations in the urine of patients with urosepsis 
causedd by E. coli but not in volunteers injected iv with E. coli 
LPS.. In this latter experiment, IL-8 concentrations were es-
peciallyy elevated in plasma, with littl e elevation (conceivably 
throughh renal clearance) in urine. Cell types that can produce 
IL-88 within the urinary tract include epithelial, mesangial, and 
endotheliall  cells, and renal fibroblasts [14]. To our knowledge, 
thiss study is the first to document that, besides IL-8, 2 other 
CXCC chemokines (i.e., GRO-a and ENA-78) are released in 
urinee during acute pyelonephritis. Of interest, GRO-a and 
ENA-788 concentrations were elevated in urine but not in 
plasmaa of patients with urosepsis; however, plasma levels but 
nott urine levels of GRO-a and ENA-78 increased to a signif-

ett al. JID 2OO0;182 (December) 

icantt extent after iv injection of LPS. Hence, it is likely that 
GRO-aa and ENA-78 also are produced at the site of the in-
fectionn during acute pyelonephritis. 

Inn a previous investigation, Ko et al. [8] reported neutrophil 
chemotacticc activity of urine specimens from patients with UTI, 
whereass no such activity was found in urine from normal sub-
jects.. Adsorption of infected urine onto an anti-IL-8 column 
reducedd the chemotactic activity by —55% [8]. Using a slightly 
differentt approach (i.e., direct addition of anti-chemokine an-
tibodiess to urine samples), we found that anti-IL-8 inhibited 
thee neutrophil chemotactic activity of urine from patients with 
urosepsiss to a similar extent. Furthermore, we extend these 
findingsfindings by showing that anti-GRO-a and anti-ENA-78 treat-
mentss also inhibit the chemotactic activity of infected urine 
towardd neutrophils. Concurrent addition of anti-IL-8, anti-
GRO-a,, and anti-ENA-78 did not reduce the chemotactic ac-
tivityy of urine any more than did the addition of either antibody 
alone,, indicating that other factors present in urine, such as 
LPS,, contribute significantly to the chemotactic potential of 
infectedd urine. In this respect, it should be noted that GRO-a 
andd ENA-78 preferentially interact with CXCR2 (also known 
ass IL-8 receptor type B) on neutrophils, whereas IL-8 can bind 
bothh CXCR1 (IL-8 receptor type A) and CXCR2 with high 
affinityy [1]. Both CXCR1 and CXCR2 can mediate chemotaxis 
off  neutrophils [15-18]. IL-8 induces neutrophil chemotaxis pre-
dominantlyy via CXCR1, but other CXC chemokines, including 
GRO-aa and ENA-78, can stimulate this inflammatory response 
viaCXCR2[15,, 19]. 

Ourr data differ from in vitro studies reported by Godaly et 
al.. [10], who found that an anti-CXCRl antibody, but not an 
anti-CXCR22 antibody, reduced E. co/z-induced transuroepi-
theliall  neutrophil migration in vitro [10]. Apparently, in their 
inn vitro system, CXC chemokines that preferentially interact 
withh CXCR2 (such as GRO-a and ENA-78) are not involved 
inn neutrophil migration. Whether CXCR2 ligands were pro-
ducedd in their system was not determined. Further studies are 
warrantedd to establish the respective roles of CXCR1 and 
CXCR22 in neutrophil recruitment to urine. 

Relativelyy littl e is known about the kinetics of CXC che-
mokinee release during infection. Of interest, injection of LPS 
wass associated with a brisk and transient increase in the plasma 
concentrationss of IL-8 and, to a lesser extent, of GRO-a, 
whereass ENA-78 increased and dissipated more gradually. Dif-
ferencess in the rates of production and clearance of different 
chemokiness may obviously influence the timing of their re-
spectivee effects during the innate immune response to an in-
fection.. Further research is warranted to evaluate this issue. 

Chemokiness play a central role in host defense against in-
fectiouss diseases. Here, we report elevated levels of the CXC 
chemokiness IL-8, GRO-a, and ENA-78 in the urine of patients 
withh urosepsis. CXC chemokines likely are produced primarily 
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inn the urinary tract during urosepsis, where they are involved 
inn the attraction of neutrophils to the urinary compartment. 
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Abstract t 

CXCC chemokines have been implicated in the recruitment of neutrophils to 
sitess of infection. To determine the role of CXC chemokines in the host 
responsee to urinary tract infection (UTI), female mice were treated with an 
antibodyy against the sole CXC chemokine receptor in the mouse, CXCR2, 
priorr to intravesical inoculation with Escherichia coll Anti-CXCR2 
preventedd the influx of neutrophils in urine and kidneys. The absence of a 
neutrophill  response only temporarily impaired the clearance of bacteria 
fromm the urinary tract, as indicated by 100- and 1000-fold more E. coli 
colonyy forming units in urine and kidneys of anti-CXCR2 treated mice at 
244 hours, but not at 48 hours after the infection. UTI induced increases in 
thee renal concentrations of the CXCR2 ligands macrophage inflammatory 
proteinn 2 and keratinocyte, which were not influenced by anti-CXCR2 
administration.. CXC chemokines play an important role in the 
developmentt of a local inflammatory response to UTI. 
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In t roduct io n n 

Urinaryy tract infections (UTIs) are responsible for as many as 8 million 
visitss to physicians a year in the United States alone [1]. They comprise 
entitiess such as pyelonephritis, cystitis and asymptomatic bacteruria. 
EscherichiaEscherichia coli is the most common pathogen, causing 85 percent of 
community-acquiredd UTIs [2] and 50 percent of UTIs in hospitalized 
patientss [3]. Furthermore, the urinary tract is identified as the most 
commonn source of bacteremia [4-6]. 

Chemokiness are a group of small chemotactic proteins. They play an 
importantt role in the host response to bacterial infections by attracting 
leukocytess to the site of infection [7, 8]. CXC chemokines represent a 
subfamilyy of chemokines, that can be further divided into two subclasses 
basedd on the presence or absence of a three amino acid motif termed ELR 
(glutamicc acid - leucine - arginine). ELR positive CXC chemokines are 
chemotacticc for neutrophils and include interleukin (IL)-8, epithelial cell-
derivedd neutrophil-activating protein (ENA)-78, growth-related oncogene 
(GRO)-ot,, -P and -y in humans, and keratinocyte (KC) and macrophage 
inflammatoryy protein (MIP)-2 in mice [9]. UTI is associated with an influx of 
neutrophilss in the urinary tract. Several lines of evidence indicate that ELR 
positivee CXC chemokines are involved in this characteristic inflammatory 
response.. First, high concentrations of IL-8, ENA-78 and GRO-a were 
detectedd in the urine of patients with UTI [10-13]. Second, infected urine 
wass chemotactic for neutrophils, and the chemotactic activity of this urine 
couldd be inhibited by neutralizing antibodies against either IL-8, ENA-78 or 
GRO-aa [11, 13]. Third, treatment of mice with experimental UTI with an 
anti-MIP-22 antibody resulted in a reduction of neutrophil numbers in urine 
[14]. . 

Inn humans, two receptors for ELR positive CXC chemokines have been 
identifiedd on the surface of granulocytes, the CXC chemokine receptor - 1 
andd - 2 (CXCR1 and CXCR2) [15, 16]. CXCR2 is a promiscuous chemokine 
receptor,, which binds all ELR positive CXC chemokines [17]. Mice lack 
CXCR1,, and CXCR2 exclusively mediates granulocyte responses to ELR 
positivee CXC chemokines in this species [18]. In the present study we 
soughtt to determine the importance of CXCR2 in neutrophil recruitment 
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andd antibacterial host defense in a murine model of ascending UTI with E. 
coli. coli. 

Material ss and Methods 

Mice. Mice. 

Femalee BALB/c mice were obtained from Harlan Spague Dawley Inc. 
(Horst,, the Netherlands). 10-week old mice were used in all experiments. 

InductionInduction of urinary tract infection. 

EscherichiaEscherichia coli 1677, isolated from a patient with an acute febrile urinary 
tractt infection, was a generous donation from Dr W.J. Hopkins (University 
off  Wisconsin Medical School, Madison, WI). This strain has been used to 
inducee pyelonephritis in mice previously, and has virulence characteristics 
thatt include type 1 and P fimbriae, hemolysin, aerobactin, and the 06 
serotypee [19-21]. Bacteria were cultured for 12 h at 37°C in 5% CO2 in 
trypticasee soy broth. This suspension was diluted 1:100 in fresh medium 
andd grown for 4 h to midlogarithmic phase. E. coli were harvested by 
centrifugationn at 1500 Q for 10 min. and washed three times in sterile 0.9% 
saline.. Bacteria were resuspended in saline at a concentration of 1010 

CFU/mll  as determined by plating 10-fold serial dilutions of the 
suspensionss on blood agar plates. To confirm that none of the mice had 
UTII  prior to the experiments, urine was collected by applying pressure in 
thee abdominal area and cultured on blood agar plates. For inoculation 
withh E. coli, mice were anesthesized by administration of FFM (fentanyl 
citratee 0.079 mg/ml, fluanisone 2.5 mg/ml, midazolam 1.25 mg/ml in 
H2O;; of this mixture 7.0 ml/kg intraperitoneally). To minimize reflux of the 
inoculum,, the bladder was emptied prior to infection by applying pressure 
too the abdominal area. For instillation of the bacteria a radiopaque catheter 
withh a diameter of 0.55 mm (Abbott B.V. Amstelveen, Netherlands) was 
introducedd into the bladder, and 100 ul of bacterial suspension (109 CFU) 
wass inoculated. Two hours before inoculation, mice received either goat 
anti-mousee CXCR2 antiserum [22-241 or normal goat serum (Central 
Laboratoryy of the Netherlands Red Cross Blood Transfusion Service (CLB), 
Amsterdam,, the Netherlands), both intraperitoneally in a volume of 500 ul. 
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Antiserumm directed against murine CXCR2 was produced by immunizing 
goatss with a peptide containing the ligand-binding sequence Met-Gly-Glu-
Phe-Lys-Val-Asp-Lys-Phe-Asn-Ile-Glu-Asp-Phe-Phe-Ser-Gly.. This protein 
sequencee has been shown to contain the ligand-binding portion of the 
CXCR22 receptor [25], and has been used previously to block mouse CXCR2 
inin vivo [22-24]. 

HistologicHistologic examination. 

Kidneyss were harvested at 6, 24 and 48 h after infection, fixed in 4% 
formalinee and embedded in paraffin. 4 ^m sections were stained with 
hematoxylinn and eosin, and analyzed by a pathologist who was blinded for 
groups.. The degree of inflammation over the total area of each section was 
gradedd on a semi-quantitative scale of 0 to 5+ [19]. 

DeterminationDetermination of bacterial outgrowth. 

Att 6, 24 and 48 h after infection, urine was collected as described above. 
Micee were anesthesized by FFM, and sacrificed by cervical dislocation. 
Bloodd was collected in tubes containing EDTA. From each mouse the left 
kidneyy and part of the right kidney were homogenized at 4°C in 4 volumes 
off  sterile saline using a tissue homogenizer (Biospec Products, Bartlesville, 
OK),, that was carefully cleaned and desinfected with 70% alcohol after 
eachh homogenization. Serial 10-fold dilutions were made in sterile saline 
andd 15 nl volumes of urine, blood, and homogenized kidneys were plated 
ontoo blood agar plates which were incubated at 37°C at 5% CO2. CFUs 
weree counted after 16 h. The remaining part of the right kidney was used 
forr histologic examination. 

PreparationPreparation of kidney tissue for chemokine measurements. 

Kidneyy homogenates were diluted 1:2 in lysis buffer containing 300 mM 
NaCl,, 30 mM Tris, 2 mM MgCh, 2 mM CaCb. 1% Triton X-100, and 
Pepstatinn A, Leupeptin and Aprotinin (all 20 ng/ml; pH 7.4) and incubated 
att 4°C for 30 min. Homogenates were centrifuged at 1500 g at 4°C for 15 
minutes,, and supernatants were stored at -20°C until assays were 
performed. . 
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Assays. Assays. 

MIP-22 and KC levels were measured by ELISA according to the instructions 
off  the manufacturer. All reagents were obtained from R&D Systems, 
Abingdon,, United Kingdom. Detection limits were: 20 pg/ml (MIP-2) and 
255 pg/ml (KC). 

StatisticalStatistical analysis. 

Dataa are expressed as mean  SE unless stated otherwise. Differences 
betweenn groups were analyzed by Mann-Whitney U test. The presence of 
leukocytess in urine was analyzed in time by oneway analysis of variance 
(ANOVA),, followed by Dunnett's test. P < 0.05 was considered to represent 
aa statistically significant difference. 

Resu l ts s 

DefectiveDefective neutrophil recruitment in antirCXCR2 treated mice. 

Nonee of the mice had leukocyturia prior to the experiment. To determine 
thee role of CXCR2 in the recruitment of neutrophils to the urinary tract 
duringg UTI, mice pretreated with either anti-CXCR2 or preimmune serum 
weree inoculated intravesically with E. coli via the urethra. In control mice, 
UTII  with E.coli resulted in a transient increase in the number of 
granulocytess in urine, peaking at 6 h (380 0 cells/mm3; P < .05) 
(Figuree 1). Thereafter, neutrophil numbers decreased, and at 48 h after 
infectionn very few neutrophils remained in the urine. In sharp contrast, 
micee treated with anti-CXCR2 demonstrated no influx of neutrophils in 
urinee at any time point after intravesical inoculation with E. coli (P < .05 vs 
micee treated with preimmune serum at t=6 and 24 h). Histopathologic 
examinationn of kidneys revealed a profound reduction in neutrophil 
recruitmentt to the site of the infection in mice treated with anti-CXCR2 
(Figuree 2). Six hours after E.coli inoculation, 30% of control mice and 40% 
off  anti-CXCR2 treated mice showed multifocal abscesses localized in the 
medullaa but also in the cortex (grade 3-4). However the type of 
inflammatoryy reaction was strikingly different in both groups. Indeed, 
abscessess in control mice were predominantly composed of neutrophils 
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Figuree 1. Anti-CXCR2 treatment inhibits the influx of neutrophils to urine during 
experimentall  UTI. UTI was induced by intravesical administration of E. coli at t=0; 
22 hours before inoculation mice received an intraperitoneal injection of either anti-
mousee CXCR2 antiserum (black bars) or preimmune serum (open bars). Data are 
meann  SE. * P < .05 versus anti-CXCR2. 

wit hh few lymphocytes and littl e tubu lar necrosis. In contrast, mice treated 

wit hh anti-CXCR2 presented large necrotic areas with almost no influx of 

neutrophi ls.. These findings were even more evident 24 hours after 

Figuree 2. Anti-CXCR2 treatment results in the absence of neutrophilic infiltrates in 
infectedd kidneys. At 24 hours after E.coli inoculation, control mice present small 
abcessess predominanüy composed of granulocytes in renal parenchyma (A, arrow; 
x40).. Anti-CXCR2 injected mice develop large necrotic areas in the renal cortex 
withh littl e inflammatory infiltrates (B, arrow; x40). 
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pyelonephri t is.. Two days after inoculation, no signs of pyelonephrit is could 
bee observed in the majority of mice (70% in both groups). 

EnhancedEnhanced bacterial outgrowth in anti-CXCR2 treated mice. 

Priorr to induct ion of UTI, all mice had negative ur ine cul tures. To 
determinee the role of CXCR2 in ant ibacter ial host defense dur ing UTI, the 
bacter iall  outgrowth in ur ine, kidneys and blood of mice with blocked and 
functioningg CXCR2 was compared at 6, 24 and 48 hours after intravesical 
inoculat ionn wi th E.coli (Figure 3). At 6 hours postinfection, mice treated 
wi t hh anti-CXCR2 or pre immune serum had similar bacter ial counts in 
ur inee and kidneys. However, at 24 hours, mice pretreated with anti-CXCR2 
hadd significantly more E. coli CFUs in ur ine and kidneys t h an mice injected 
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wit hh control an t i se rum (both P < .05). The relatively impaired clearance of 

E.. coli from the ur inary t ract of anti-CXCR2 treated mice was temporary, 

i.e.. at 48 hours the recovery of E. coli from ur ine and kidneys of mice from 

bothh t reatment groups was similar again. Blood cu l tures were positive for 

E.. coli in 20 percent of mice treated with anti-CXCR2 and 25 percent of 

controll  mice at 6 h postinfection. At 24 h, these numbers were 10 and 8 

percent,, respectively, while at 48 h post inoculat ion none of the mice had 

bacteremiaa in either group. 

ReleaseRelease of the CXCR2 ligands MJP-2 and KC. 

I nn order to further assess the role of CXCR2 in the pathogenesis of UTI, we 
determinedd local and systemic levels of the CXCR2 l igands MIP-2 and KC. 
UTII  with E. coli elicited increases in MIP-2 and KC concentrat ions in kidney 
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Figuree 4. MIP-2 and KC concentrations in kidneys and plasma during 
experimentall  UTI. UTI was induced by intravesical administration of E. coli at t=0; 
22 hours before inoculation mice received an intraperitoneal injection of either anti-
mousee CXCR2 antiserum (black bars) or preimmune serum (open bars). Data are 
meann  SE. * P <.05 versus anti-CXCR2. 
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andd blood, peaking 6-24 h after the infection (all P < .05 vs 0 h, except for 
plasmaa MIP-2, nonsignificant) (Figure 4). Anti-CXCR2 treatment did not 
influencee renal MIP-2 and KC concentrations (Figure 4). In plasma, anti-
CXCR22 treatment was associated with higher MIP-2 and KC levels than 
thosee measured after treatment with the control antibody (both P < .05 at 6 
andd 24 h for MIP-2 and at 24 h for KC) (Figure 4). 

Discussion n 

Neutrophilss constitute an important component of early host defense 
againstt bacterial infection. UTI results in a rapid appearance of neutrophils 
inn urine, a response that at least in part is mediated by effects of locally 
producedd ELR positive CXC chemokines on specific neutrophil receptors 
[13,, 14, 26]. The present study examined the role of CXCR2, the sole 
receptorr that is responsive to ELR positive CXC chemokines in the mouse, 
inn ascending UTI. Administration of a blocking CXCR2 antibody was found 
too virtually completely prevent the recruitment of neutrophils to the 
urinaryy tract, as reflected by the absence of leukocyturia and the lack of 
neutrophilicc infiltrates in kidneys. The clearance of E.coli from the urinary 
tractt was impaired only transiently, with 100- and 1000-fold higher 
bacteriall  loads in urine and kidneys respectively at 24 hours, but not at 48 
hourss after the bacterial inoculation. Furthermore, anti-CXCR2 treatment 
wass not associated with an enhanced dissemination of the infection, 
consideringg that blood cultures were positive in a similarly small subset of 
anti-CXCR22 treated and control mice, and only at early time points. These 
dataa suggest that although CXCR2 is essential for the attraction of 
neutrophilss to urinary tract, this chemokine receptor does not have a 
majorr impact on host defense during UTI. 

Thee role of neutrophils and chemokines in experimental UTI has been 
studiedd in previous investigations. Systemic depletion of neutrophils by 
administrationn of a monoclonal antibody specifically targeting neutrophils 
andd eosinophils, was associated with a complete absence of neutrophil 
influxx in urine during murine UTI, and an increased outgrowth of bacteria 
inn kidneys and bladders at 24 hours after the intravesical inoculation with 
E.E. coli; the numbers of bacteria recovered from the urinary tract at other 
timetime points during the infection were not reported in that study [27]. 
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Treatmentt of mice with an antibody directed against MIP-2, an important 
ELRR positive CXC chemokine and CXCR2 ligand in the mouse, resulted in 
aa reduced neutrophil influx in urine [14]. Interestingly, in anti-MIP-2 
treatedd mice neutrophil recruitment to kidneys remained intact, with 
neutrophilss accumulating on the tissue side of the pelvic urothelium, 
whichh is suggestive for a role of MIP-2 in neutrophil migration across the 
urotheliumm into urine [14]. This finding contrasts with our observations in 
anti-CXCR22 treated mice, which demonstrated a lack of neutrophils 
accumulationn in infected renal tissue, indicating that CXCR2 ligands 
differentt from MIP-2 may be involved in influx of neutrophils in renal 
tissuetissue during UTI. Notably, a similar difference between effects of anti-MIP-
22 and anti-CXCR2 antibodies was reported in a mouse model of pulmonary 
NocardiaNocardia asteroides infection, in which blocking of CXCR2 strongly 
inhibitedd neutrophil influx in lungs concurrently facilitating bacterial 
outgrowth,, whereas anti-MIP-2 was without effect [22]. Moreover and in 
accordance,, anti-CXCR2 treatment had a much larger negative influence 
onn host defense against pulmonary infections with Aspergillus f umigatus or 
PseudomonasPseudomonas aeruginosa than treatment with anti-MIP-2 [23, 24]. We 
previouslyy showed that different ELR positive CXC chemokines, i.e. IL-8, 
GROocc and ENA-78, all contribute to the chemotactic activity of urine 
derivedd from urosepsis patients on neutrophils, further supporting the 
notionn that multiple CXCR ligands may play a role in host defense against 
UTII  [13]. In murine UTI, anti-MIP-2 treatment did not hamper the 
clearancee of E. coli from kidneys [14]. Together, these data suggest that 
neutrophilss that accumulate under the urothelium due to a reduced 
capacityy to cross the epithelial barrier remain able to protect the host 
againstt outgrowth of bacteria in the urinary tract [14], whereas an overall 
reducedd recruitment of neutrophils to the kidneys results in a reduced 
abilityy to eliminate bacteria [27 and the present study]. 

Whilee our investigation was in progress, Frendeus et al. reported a study in 
whichh UTI was induced in CXCR2 knockout mice [28]. These mice were 
foundd to have a strongly reduced influx of neutrophils in urine and to be 
unablee to control local bacterial outgrowth, resulting in bacteremia and 
symptomss of severe disease. The effect of CXCR2 deficiency on the 
neutrophill  content of renal tissue was not reported. Our results with an 
anti-CXCR22 antibody differ from those obtained with CXCR2 knockout 
micee with respect to the impact on the clearance of bacteria from the 
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urinaryy tract, i.e. anti-CXCR2 treatment was associated with transiently 
increasedd bacterial loads in urine and kidneys, and did not result in 
disseminationn of the infection. It is unlikely that an incomplete blockade of 
CXCR22 by the antibody explains this discrepancy, considering that anti-
CXCR22 virtually completely prevented neutrophil influx in kidneys and 
urine,, and considering that the same antibody used in the same amount 
alsoo profoundly diminished neutrophil recruitment to the pulmonary 
compartmentt during lung infections with different pathogens [22-24]. 
Knockoutt mice may differ from wild type mice not only with respect to the 
productt of the deleted gene. Hereditary deficiency of a protein may result in 
compensatoryy changes that have littl e to do with the original defect. 
Indeed,, CXCR2 knockout mice demonstrate lymphadenopathy resulting 
fromm an increase in B cells, and splenomegaly, resulting from an increase 
inn metamyelocytes, band and mature neutrophils [18]. The number of 
neutrophilss in peripheral blood of CXCR2 knockout mice is twelve-fold 
higherr than that in normal wild type littermates [18], whereas anti-CXCR2 
treatmentt does not influence peripheral neutrophil counts [22-24]. One 
cannott exclude that these secondary alterations in CXCR2 deficient mice 
influencee their behavior during experimental UTÏ. In addition, differences 
inn the E. coli strains used in the study by Frendeus et al. and in the 
presentt investigation may have played role in the different effects on 
bacteriall  outgrowth. The strain used in the previous investigation, E. coli 
11777 of serotype 01:K1:H7, expresses P and type 1 fimbriae, but is 
hemolysinn negative. Our strain was of the 06 serotype, also expresses P 
andd type 1 fimbriae, but is hemolysin positive [19-21] . It should be noted, 
however,, that in normal control mice both strains induced a self-limiting 
diseasee with transient leukocyturia with spontaneous clearance of the 
infectionn [19-21, 27, 28]. 

UTII  was associated with an elevation of the CXCR2 ligands MIP-2 and KC 
withinn the urinary tract, confirming an earlier report [14]. These increases 
coincidedd with peak granulocyte influx in urine. Anti-CXCR2 treatment did 
nott influence renal concentrations of MIP-2 and KC. In plasma, MIP-2 and 
KCC concentrations were higher in anti-CXCR2 treated mice. The 
explanationn for this finding is not certain, although elevated plasma levels 
off  a ligand in the absence of its receptor have been described previously 
[29,, 30], suggesting that at least some receptors may exert a negative 
feedbackk effect on the production of ligand. 
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Thee pathogenesis of UTI is multifactorial. Host factors such as the short 
femalee urethra and the proximity of the urethral meatus to the rectum, 
andd bacterial factors such as the presence of fimbriae and the production 
off  hemolysin are considered to contribute significantly to the susceptibility 
too UTI [31]. We here demonstrate that in the mouse CXCR2 played an 
essentiall  role in the recruitment of neutrophils to the urinary tract during 
experimentall  UTI, and that the absence of neutrophils at the site of the 
infectionn only temporarily reduced host resistance. Further studies are 
warrantedd to examine the individual contribution of different CXCR2 
ligandss in the inflammatory response to UTI. 
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Abstract t 

Erythrocytess express the Duffy antigen receptor for chemokines. Endotoxin 
injectionn into humans induced high levels of interleukin (IL)-8, growth-
relatedd oncogene-a and monocyte chemoattractant protein-1 in circulating 
erythrocytes.. IL-8 was also recovered from mononuclear and 
polymorphonuclearr cells. Cell-associated chemokines may more accurately 
reflectt their production than plasma concentrations. 
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Introductio n n 

Chemokiness can be classified into several families which target either 
granulocytess (CXC-) or mononuclear cells (CC chemokines) (1, 7). The Duffy 
antigenn receptor for chemokines (DARC), present on the surface of 
erythrocytes,, is a promiscuous chemokine receptor binding a number of CXC 
andd CC chemokines (5, 10), and has been proposed to function as a sink 
receptorr for chemokines present in the circulation (3). Indeed, erythrocyte-
boundd interleukin (IL)-8, the prototypic CXC chemokine, could be detected in 
humanss after administration of ÏL-1 or IL-2 long after IL-8 had disappeared 
fromm plasma (13, 14). Furthermore, patients with sepsis demonstrated high 
levelss of cell-associated IL-8 in their circulation (8, 9), which could be located 
nott only in erythrocytes, but also in mononuclear and polymorphonuclear 
celll  fractions (8). Together these data suggest that besides DARC, surface 
receptorss on leukocytes may contribute to the occurrence of cell-associated 
chemokines,, and that measurement of cell-associated chemokines may 
providee more accurate information on the extent of chemokine production 
thann plasma concentrations. Knowledge of the in vivo induction of cell-
associatedd chemokines other than IL-8 is highly limited. Like IL-8, growth-
relatedd oncogene (GRO)a, a CXC chemokine, and monocyte chemoattractant 
proteinn (MCP)-1, a CC chemokine, can bind to DARC (1, 7). In the present 
study,, we sequentially measured the concentrations of IL-8, GROct and MCP-
11 in plasma and cell fractions isolated from peripheral blood of healthy 
humanss intravenously injected with lipopolysaccharide (LPS). The induction 
off  these chemokines was compared with the levels of macrophage 
inflammatoryy protein (MIP)-iP, a CC chemokine that does not bind to DARC. 

Patientss and Methods 

Eightt healthy subjects (mean age  SE: 24  1 years) were studied after 
intravenouss administration of LPS (lot G from Escherichia coli; the United 
Statess Pharmacopeia Convention Inc., Rockville, MD) at a dose of 4 ng/kg 
off  body weight. Written informed consent was obtained from all study 
participantss and the study was approved by the ethics and research 
committeess of the Academic Medical Center. Blood was collected before LPS 
administrationn and 0.5, 1, 1.5, 2, 3, 4, 5, 6 and 24 hours thereafter. EDTA 
plasmaa was obtained by centrifugation at 1500 g for 20 min. Peripheral 
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bloodd mononuclear cells (PBMCs), polymorphonuclear cells (PMNs) and red 
bloodd cells (RBCs) were isolated from blood drawn before and 2, 4, 6 and 
244 h after LPS injection, as follows. Heparinized blood was layered on an 
equall  volume of Polymorphprep (Nycomed Pharma AS; Oslo, Norway) and 
centrifugedd at 500 g for 30 minutes at 20 °C. The harvested PBMC, PMN 
andd RBC fractions were diluted 1:2 in 0.5 N RPMI 1640 (Bio Wittaker, 
Verviers,, Belgium) in order to restore normal osmolality, and spun at 400 g 
forr 10 minutes at 20 °C. RBCs contaminating PBMC and PMN fractions 
weree lysed using ice-cold isotonic NH4C1 solution (155 mM NH4C1, lOmM 
KHCOa,, 0.1 mM EDTA, pH 7.4) for 10 minutes. The cell fractions were 
spunn again at 400 g for 10 minutes at 4 °C and the pellet was resuspended 
inn IN RPMI containing 5% normal human serum (Bio Wittaker) to the 
originall  blood volume. Purity of the cell fractions was checked using a 
0.1%% eosin stain and was found to be above 99%. All three cell fractions 
weree spun at 400 fir for 10 min at 4°C. Next, RBCs were lysed using 30 ml 
ice-coldd isotonic NH4CI solution (as described above); PBMC and PMN 
fractionss were lysed by a 15-minute incubation with ice-cold lysis buffer 
containingg 300 mM NaCl, 30 mM Tris, 2 mM MgCk, 2 mM CaCh, 1% Triton 
X-100,, and Pepstatin A, Leupeptin and Aprotinin (all 20 ng/ml; pH 7.4). 
Lysedd fractions were resuspended in 1 N RPMI. Leukocyte counts and 
differentialss were assessed by a Stekker analyzer (counter STKS, Coulter 
counter,, Bedfordshire, United Kingdom). Chemokine concentrations were 
measuredd by ELISA according to the instructions of the manufacturers (IL-
8:: Central Laboratory of the Netherlands Red Cross Blood Transfusion 
Servicee (CLB), Amsterdam, the Netherlands; GROcxand MIP-1(3: R&D 
Systems,, Abingdon, United Kingdom; MCP-1: PharMingen, San Diego, CA). 
Detectionn limit s were 1.7 pg/ml (IL-8), 14.3 pg/ml (GROa), 1.1 pg/ml 
(MCP-1)) and 15.6 pg/ml (MIP-lp). In separate experiments we determined 
thatt neither of the lysis buffers influenced the ELISA results (data not 
shown).. Values are given as mean  SEM. Changes of parameters in time 
weree tested using oneway ANOVA followed by Dunnet's post hoc test. Two 
samplee comparisons were done by paired Student's t test, a for all tests 
wass set at 0.05. 
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Results s 

LPSS administration induced profound changes in peripheral blood cell 
fractions.. Table 1 lists blood cell counts at the time points cell fractions 
weree isolated for chemokine measurements. Intravenous injection of LPS 
wass associated with transient increases in the plasma concentrations of all 
fourr chemokines measured, peaking after 3 (IL-8: 1.17  0.17 ng/ml; 

Tablee 1. Cell fractions in peripheral blood before and after LPS injection. 

ïme e 

OUTS) ) 

0 0 

2 2 

4 4 

6 6 

24 4 

value e 

RBCs s 

(xl013/L ) ) 

4.77  0.6 

6.22  0.5 

4.77 6 

5.66 7 

5.33 4 

N.S. . 

WBCs s 

(xl09/L ) ) 

5.66  0.7 

5.99  0.7 

7.99  0.7* 

11.44 * 

8.00  0.8* 

<< 0.001 

PMNs s 

(xl09/L ) ) 

3.55 2 

5.00  0.2 

7.55 * 

10.77 * 

5.66 2 

<< 0.001 

Monocytes s 

(xl09/L ) ) 

0.55  0.03 

0.11 * 

0.11 * 

0.33  0.02* 

0.66 1 

<< 0.001 

Lymphocytes s 

(xl09/L ) ) 

1.77 2 

0.99 * 

0.33  0.02* 

0.55 * 

1.88 2 

<< 0.001 

Dataa are means  SEM of eight healthy subjects injected i.v. with LPS at t=0. 
PP values reflect significance for changes in time {ANOVA). Asterisks indicate 
PP < 0.05 versus t=0 by Dunnefs post hoc test. N.S. = non significant 

GROa:: 0.36  0.04 ng/ml; MIP-lp: 9.18  0.48 ng/ml) or 4 hours (MCP-1: 
92.077  28.11 ng/ml) (all P < 0.05) (Figure). LPS further induced a 
transientt increase in IL-8 associated with RBCs, PBMCs and PMNs (Figure 
andd Table 2). At 2 hours after LPS injection, IL-8 mainly was recovered 
fromm RBCs. At 4 and 6 hours after LPS administration, when plasma IL-8 
concentrationss were rapidly decreasing, IL-8 predominantly was associated 
withh PMNs. PBMC and PMN associated IL-8 both peaked at 6 hours post-
LPS,, at which time point the cell-associated IL-8 concentrations were 
significantlyy higher than plasma IL-8 levels (PBMC: 0.59  0.29, PMN: 0.94 

 0.14, plasma 0.12  0.03 ng/ml; P < 0.005 for the difference between 
PBMCC or PMN, and plasma). In contrast, GROa and MCP-1 virtually 
exclusivelyy circulated in association with RBCs. Indeed, RBC-associated 
GROaa peaked at 2 hours (1.62  0.16 ng/ml), at which time point plasma 
GROaa levels were 0.33  0.03 ng/ml (P < 0.001 versus RBC). 
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Figure.. Mean + SE plasma and blood cell - associated IL-8, GROa, MCP-1 and 
MIP-ipp in healthy subjects after administration of endotoxin. RBC - (grey bars), 
PBMCC - (hatched bars) and PMN (white bars) - associated chemokines are plotted 
againstt their plasma concentrations (continuous line). All concentrations are given 
inn ng/ml; cell-associated chemokines were measured in lysates of cells that were 
resuspendedd to the original blood volume in RPMI after their isolation from 
peripherall  blood. Plasma concentrations were measured prior to endotoxin 
injectionn (t=0) and during a follow up of 24 hours. Chemokines associated with 
bloodd cells were measured in cell lysates isolated prior to endotoxin injection and 2, 
4,, 6 and 24 hours thereafter. Asterisks indicate significant difference with t=0. For 
reasonss of clarity, significance for concentrations in plasma at individual time 
pointss is not presented. Plasma levels of all 4 chemokines increased significantly 
(IL-8,, MCP-1 and MIP-1(3: P < 0.001; GROa: P < 0.05). No MIP-1(3 was recovered 
fromm cell fractions. 

Thee appearance of RBC associated MCP-1 in the circulation followed 

similarr kinet ics as the release of MCP-1 in plasma, a l though RBC MCP-1 

tendedd to be higher t h an plasma MCP-1 at 2, 4 and 6 hours post-LPS. RBC 

MCP-11 peaked after 4 hou rs (127.47  19.69 ng/ml ). GROa and MCP-1 

remainedd low and unchanged in PBMC and PMN fractions (virtually all 

measuredd values in cell lysates were below the detection limi t of the 
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Tablee 2. Chemoklne concentrations In blood cell fractions expressed per 106 cells. 

rime e 

ours) ) 

0 0 

2 2 

4 4 

6 6 

24 4 

-value e 

RBCs s 

0.022  0.01 

0.311 * 

0.188 * 

0.055  0.01 

0.011  0.00 

<< 0.005 

IL- 8 8 

(pg/lOeceUs) ) 

PBMCs s 

14.099 9 

193.511  73.27* 

1076.155 * 

872.744 * 

29.577 5 

<< 0.001 

PMNs s 

15.722  5.68 

40.544  10.96 

121.355 * 

89.711  14.93* 

34.511  3.91 

<< 0.005 

GROcx x 

(pg/106cells) ) 

RBCs s 

0.066  0.00 

0.233  0.20 

0.177 0 

0.077 0 

0.077  0.10 

N.S. . 

MCP-1 1 

(pg/lOecells) ) 

RBCs s 

0.466 2 

13.477 * 

84.933  48.49* 

15.811 * 

0.366  0.05 

<< 0.001 

Dataa are means  SEM of eight healthy subjects injected i.v. with LPS at t=0. 
PP values reflect significance for changes in time (ANOVA). Asterisks indicate 
PP < 0.05 versus t=0 by Dunnet's post hoc test. N.S. = non significant. 

assays,, i.e. <0.28 ng/ml for GROa and <0.02 ng/ml for MCP-1). MIP-lp\ 
whichh was measured as a non DARC binding chemoklne, remained very 
loww or undetectable in all cell fractions after LPS administration. 

Discussion n 

Endotoxemiaa and gram-negative sepsis are characterized by elevated levels 
off  chemokines in plasma (2, 4, 8, 9, 11, 12). Marie et al. found that in 
patientss with sepsis, IL-8 bound to blood cells exceeds IL-8 concentrations 
inn plasma (8). RBC-bound IL-8 was also found in patients who underwent 
cardiopulmonaryy bypass (6), as well as in patients treated with IL-1 and IL-
22 (13, 14). We extend these findings by reporting the extent to which other 
chemokiness present in the circulation are associated with different blood 
cellss in the course of experimental endotoxemia. Our study design allowed 
uss to study the kinetics of the appearance of IL-8 in plasma and in RBC, 
PMNN and PBMC fractions. Interestingly, RBC associated IL-8 peaked early 
andd transiently, after 2 hours, while PMN and PBMC associated IL-8 
reachedd a plateau after 4 to 6 hours. We consider it unlikely that RBCs 
contaminatingg PMN and PBMC fractions contributed to a significant extent 
too IL-8 concentrations recovered from PMN and PBMC lysates, since very 
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feww RBCs contaminated leukocytes after separation by Polymorphprep and 
sincee MCP-1 could not be recovered in significant concentrations from PMN 
andd PBMC fractions, whereas MCP-1 concentrations in the RBC fraction 
weree more than 100-fold higher than RBC-associated IL-8 levels. Our 
studyy does not elucidate the mechanism by which IL-8 appears in the PMN 
andd PBMC fractions. Patients with sepsis had IL-8 mRNA in circulating 
leukocytess (4), and in preliminary investigations we found IL-8 mRNA 
expressionn in PMNs after LPS injection, suggesting that at least some of the 
IL-88 recovered from PMNs is produced by these cells. Alternatively, IL-8 
producedd elsewhere could bind to IL-8 receptors present on PMNs and 
PBMCs,, a possibility supported by the finding that recombinant IL-8 added 
too human whole blood rapidly associated with RBCs, PMNs and PBMCs (8). 
Iff  this would occur in vivo, the possibility that IL-8 bound by DARC on 
RBCss can be transferred to PMNs and/or PBMCs warrants further 
investigation.. Our study further shows that during an inflammatory 
responsee besides IL-8, also GROce and MCP-1, like IL-8 DARC binding 
chemokines,, circulate in association with RBCs to a significant extent. 
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Abstract t 

Certainn chemokines have been found to circulate in association with red 
bloodd cells (RBCs) due to a specific interaction with the Duffy antigen 
receptorr for chemokines (DARC). To detennine the role of CD 14 in 
lipopolysaccharidee (LPS)-induced release of chemokines, 16 healthy humans 
receivedd an intravenous injection with LPS (4 ng/kg) preceded (-2 h) by 
intravenouss IC14, an anti-human CD 14 monoclonal antibody (1 mg/kg), or 
placebo,, and chemokine levels were measured in plasma and lysates of 
peripherall  blood RBCs, polymorphonuclear cells (PMNs) and mononuclear 
cellss (PBMCs). LPS elicited increases in interleukin (IL)-8 concentrations in 
plasmaa and RBC, PMN and PBMC fractions, which were all reduced by IC14. 
LPSS also induced rises in the plasma and RBC levels of monocyte 
chemoattractantt protein (MCP)-1, which were dirninished by IC14. 
Macrophagee inflammatory protein (MIP)-loc and MIP-1(3, chemokines that 
cann not bind DARC, were only detected in plasma. IC14 attenuated the LPS-
inducedd release of MIP-ip, but not of MlP-la. IL-8 and MCP-1, chemokines 
knownn to bind to DARC, circulate to a large extent in RBC-associated form 
duringg endotoxemia. LPS-induced chemokine release is in part mediated by 
ann interaction with CD 14. 
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Introductio n n 

Chemokiness are a family of small proteins that are potent attractants and 
activatorss of leukocytes [1, 2]. Based on their structure, chemokines have 
beenn divided into several subfamilies, each targeting a distinct group of 
leukocytes.. CXC- and CC-chemokines were the first identified chemokine 
subfamilies,, primarily acting on granulocytes and mononuclear cells, 
respectively.. Most receptors for chemokines bind more than one 
chemokine.. However, CXC receptors only interact with CXC chemokines 
andd CC receptors only bind CC chemokines. The Duffy antigen receptor for 
chemokiness (DARC) represents an exception to this ligand-receptor 
restriction.. DARC is present on erythrocytes and endothelial cells and was 
initiall yy characterized as a receptor for Plasmodium vivax [3]. DARC is also 
aa promiscuous chemokine receptor, binding both CXC and CC chemokines, 
andd has been proposed to function as a sink receptor for chemokines 
presentt in the circulation [4]. 

AA number of investigations have indicated that in conditions of systemic 
inflammationn interleukin (IL)-8 circulates in relatively high concentrations in 
erythrocyte-boundd form. Indeed, elevated IL-8 levels have been reported in 
thee red blood cell (RBC) fraction of peripheral blood obtained from patients 
withh sepsis [5] and after administration of IL-1 or IL-2 [6, 7]. In addition, IL-8 
couldd also be recovered from peripheral blood mononuclear cell (PBMC) and 
polymorphonuclearr cell (PMN) fractions from patients with sepsis [5, 8]. 
Thesee studies have suggested that measurement of cell-associated 
chemokiness together with their plasma levels provides more accurate 
informationn on the extent of chemokine production in vivo. We recently 
determinedd the kinetics of the appearance of IL-8 and other chemokines in 
peripherall  blood cell fractions after intravenous injection of low dose 
endotoxinn (lipopolysaccharide, LPS) in healthy humans [9]. We found that 
whilee high concentrations of IL-8 were found in RBCs, PBMCs and PMNs, 
twoo other DARC-binding chemokines, monocyte chemoattractant protein 
(MCP)-11 and growth related oncogene (GRO)a were present primarily in the 
RBCC fraction. Concentrations of all these chemokines were higher in 
associationn with blood cell fractions than their levels measured in plasma. 
Onn the other hand, macrophage inflammatory protein (MIP)-1P, a 
chemokinee that does not interact with DARC, was not detectable in RBCs 
orr any other blood cell fraction. 
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Thee cell surface receptor CD 14 plays an important role in the recognition 
off  LPS by monocytes, macrophages and granulocytes. After binding LPS, 
CDD 14 signals through toll-lik e receptor 4 leading to cellular LPS responses 
suchh as release of pro-inflammatory cytokines and lipid mediators [10]. 
Knowledgee of the role of CD 14 in LPS-induced chemokine production in 
vivovivo is limited. Therefore, in the present study we sought to determine the 
effectt of IC14, an anti-human CD 14 monoclonal antibody, on plasma and 
cell-associatedd chemokines in healthy humans injected with a single dose 
off  LPS. 

Patientss and Methods 

StudyStudy design. 

Thee present investigation was performed simultaneously with a study 
examiningg the effect of IC14 on LPS-induced cytokine release, granulocyte 
responses,, endothelial cell activation and acute phase protein release, of 
whichh the results have been reported elsewhere [11]. 

Sixteenn healthy male volunteers (mean  SE: 24  1 years) were enrolled in 
thiss double-blind, randomized placebo-controlled trial. Medical history, 
physicall  examination, routine laboratory examination, and 
electrocardiogramm were all normal. Tests for HIV-infection, hepatitis B and 
CC were negative. The participants did not smoke, did not use any 
medication,, did not have any febrile illness in the month preceding the 
studyy and never received monoclonal antibody therapy before. The subjects 
fastedd overnight before LPS administration. On the study day, two 
intravenouss canulas were inserted, one for LPS administration and blood 
collection,, the other for infusion of IC14 or placebo. Eight of the volunteers 
receivedd IC14, and eight were given placebo. All participants were 
challengedd with LPS one hour after the end of the IC14 or placebo infusion. 

Thee study drug IC14 was supplied by ICOS Corporation, Bothell, WA. A 
dosee of 1 mg/kg in a solution of 150 ml 0.9% NaCl was administered 
intravenouslyy over 1 hour through a 0.22 nm low protein binding filter. The 
placeboo solution consisted of the dilution fluid and was administered in an 
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identicall  manner. The Escherichia coli endotoxin preparation used in this 
study,, lot G (UPS, Rockville, MD) was administered intravenously over 1 
minutee at a dose of 4 ng/kg, 2 hours after the initiation of the IC14 or 
placeboo infusion. The study was performed in a special research unit 
underr continuous supervison of physicians with emergency and 
resuscitationn equipment immediately available. Blood pressure, pulse rate, 
orall  temperature and symptoms were assessed every 30 minutes during 
thee first 4 hours after LPS challenge. 

Bloodd was drawn from ante-cubital veins by separate venipunctures before 
infusionn of IC14 or placebo (-2 h), directly before LPS administration (0 h) 
andd 0.5,1,1.5,2,3,4,5,6,8,10 and 24 hours after LPS. EDTA plasma for 
chemokinee measurements was obtained by centrifugation at 1500 g for 20 
min. . 

BloodBlood cell fractions 

Boodd cell fractions were harvested from peripheral blood drawn at -2, 3 
andd 6 h. RBCs, PBMCs and PMNs were isolated from heparinized blood 
layeredd on an equal volume of Polymorphprep (Nycomed Pharma AS; Oslo, 
Norway)) and centrifuged at 500 g for 30 minutes at 20 °C. The harvested 
PBMCC and PMN fractions were diluted 1:2 in 0.5 N RPMI 1640 (Bio 
Wittaker,, Verviers, Belgium) in order to restore normal osmolality and 
spunn at 400 fir for 10 minutes at 20 °C. Remaining erythrocytes were lysed 
usingg ice-cold isotonic NH4C1 solution (155 mM NH4C1, lOmM KHCOa, 0.1 
mMM EDTA, pH 7.4) for 10 minutes. The cell fractions were spun again at 
4000 g for 10 minutes at 4 °C and the pellet was resuspended in IN RPMI 
containingg 5% normal human serum (Bio Wittaker) to the original blood 
volume.. Purity of the cell fractions was checked using a 0.1% eosin stain 
andd was found to be above 98%. All three cell fractions were spun at 400 g 
forr 10 min at 4°C. 30 ml ice-cold isotonic NH4CI solution (as described 
above)) was added to the pellet of RBC fraction. It was incubated on ice for 
100 min. 300nl lysis buffer containing 300 mM NaCl, 30 mM Tris, 2 mM 
MgCb,, 2 mM CaCh, 1% Triton X-100, and Pepstatin A, Leupeptin and 
Aprotininn (all 20 ng/ml; pH 7.4) was added to the pellet of PBMC and PMN 
fractionn and incubated on ice for 15 min. Lysed fractions were resuspended 
inn 1 N RPMI (RBC to 40 ml and PBMC and PMN to 1 ml). In separate 
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experiments,, both lysing buffers were shown not to influence ELISA 
measurements. . 

Assays Assays 

Chemokinee concentrations were measured by ELISA. IL-8 was measured 
accordingg to the instructions of the manufacturer (Central Laboratory of 
thee Netherlands Red Cross Blood Transfusion Service (CLB), Amsterdam, 
thee Netherlands). MCP-1 was measured using purified monoclonal mouse 
anti-humann MCP-1 (2 ng/ml; PharMingen, San Diego, CA) as coating 
antibody,, biotinylated rabbit anti-human MCP-1 (1 ng/ml; PharMingen) as 
detectingg antibody and human recombinant MCP-1 (PharMingen) as 
standard.. For determination of MlP-la and MIP-ip levels, purified 
monoclonall  mouse anti-human MlP-la and anti-human MIP-IP were used 
ass coating antibodies (4 (ig/ml; R&D Systems, Abingdon, United Kingdom), 
biotinylatedd affinity purified goat IgG anti-human MlP-la and MIP-ip (20 
ng/ml;; R&D Systems) as detecting antibodies and recombinant human 
MlP-l aa and MIP-1(3 as standards (R&D Systems). Detection limit s were 1.7 
pg/mll  (IL-8), 8.2 pg/ml (MCP-1) and 15.6 pg/ml (MlP-la and MIP-10). 

Leukocytee counts and differentials were assessed by a Stekker analyzer 
(counterr STKS, Coulter counter, Bedfordshire, United Kingdom). 

StatisticalStatistical analysis 

Valuess are given as mean  SEM. Changes of parameters in time were 
testedd using oneway ANOVA. Differences between IC14 and placebo 
treatmentss were tested by analysis of variance (ANOVA) for repeated 
measures,, a for all tests was set at .05. 

Results s 

EffectEffect of IC14 on blood cell counts. 

LPSS injection was associated with profound changes in different cell 
populationss present in peripheral blood, characterized by a neutrophilic 
leukocytosis,, lymphocytopenia and monocytopenia; the number of RBCs in 
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peripherall  blood did not change after LPS administration (Table 1). At some 
timee points at which blood was obtained for preparation of cell fractions, 
leukocytee counts and differentials differed between the placebo and IC14 

Table.. Cell fractions in peripheral blood before and after LPS injection. 

Time e 

(h) ) 

-2 2 

3 3 

6 6 

placebo o 

IC14 4 

placebo o 

IC14 4 

placebo o 

IC14 4 

RBCs s 

(X1012/L) ) 

5.00  0.2 

4.88 1 

4.88  0.2 

4.66 1 

4.77 1 

4.55 1 

WBCs s 

(xlOVL) ) 

6.11 4 

7.22  1.0 

7.22 8 

10.00 7 

15.3++ 1.3 

11.00 * 

neutrophils s 

(xl09/L) ) 

2.899  0.24 

3.688  0.61 

6.688  0.76 

7.622  1.20 

14.600  1.2 

9.799  0.69* 

monocytes s 

(X109/L) ) 

0.600  0.05 

0.455  0.08 

0.044  0.01 

0.066  0.02 

0.366  0.07 

0.455  0.07 

lymphocytes s 

(xl09/L) ) 

2.355  0.24 

2.300  0.39 

0.466  0.07 

0.911 * 

0.288  0.04 

0.666 * 

Dataa are means  SEM of eight healthy subjects injected i.v. with LPS. 
**  P < 0.05 vs placebo 

groupss (Table 1). In particular, IC14 treated subjects had lower PMN 
countss at 6 h post-LPS, and higher lymphocyte counts at 3 and 6 h post-
LPSS than subjects who received placebo. Considering that IC14 influenced 
thee number of PMNs and PBMCs present in peripheral blood, the 
concentrationss of cell-associated chemokines are expressed per 106 cells to 
alloww direct comparison of the placebo and IC14 groups. 

EffectEffect of IC14 on DARC - binding chemokines in plasma and blood cell 
fractions. fractions. 

LPSS injection was associated with a transient rise in plasma IL-8 levels 
peakingg at 1.8  0.4 ng/ml after 2 hours (P < .001). The increase in plasma 
IL-88 was accompanied by transient increases in cell-associated IL-8 
recoveredd from all three cell fractions. RBC- and PBMC-associated IL-8 
peakedd after 3 h (0.07  0.02 and 1060.52  405.02 pg/106 cells, 
respectively;; both P < .01), while PMN-associated IL-8 reached maximum 
concentrationss after 6 h (218.00  24.17 pg/106 cells (P < .01) (Figure 1). 
IC144 strongly attenuated the rise in plasma IL-8 (peak: 0.3 1 ng/ml; P 
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<<  .001) (Figure 1). In addition, IC14 decreased LPS-induced rises in IL-8 
associatedd with RBCs (peak: 0.03  0.01 pg/106 cells; P < .005), PBMCs 
(peak:: 84.26  25.36 pg/106 cells; P < .001) and PMNs (peak: 60.43  30.69 
pg/1066 cells; P < .05) (Figure 1). LPS induced a transient rise in plasma 
MCP-11 levels peaking at 92.54  16.22 ng/ml after 4 hours (P < .001). 

Plasma a 

C C 

RBC C 

-22 2 4 6 8 10 23 
(hours) ) 

PBMC C 

~~ 0.075 
o o 
22 0.050 
M M 

aa 0.025 

0.000 0 

LPS S 
LPSS + IC14 

P<< 0.005 

I I 

in. . 
300 0 

33 200' v v p p 
b b 
CC 100' 
bfl l 

a a 

3 3 
(hours) ) 

PMN N 

P<< 0.05 

X X 

-22 3 6 
(hours) ) 

Figur ee 1. Anti-CD 14 treatment inhibits LPS-induced increases in plasma and cell-
associatedd IL-8 concentrations. Mean  SEM IL-8 concentrations in plasma and in 
isolatedd RBCs, PBMCs and PMNs after LPS administration (4 ng/kg) to healthy 
humans.. Placebo (white) or IC14 (1 mg/kg i.v., black) was given 2 hours prior to 
LPSS challenge as a 1-hour infusion. P-values indicate difference between treatment 
groups. . 

Thee rise in plasma MCP-1 was accompanied by a transient increase in 
RBC-associatedd MCP-1, peaking after 3 hours (27.85  9.22 pg/106 cells, P 
<< .01) (Figure 2). MCP-1 concentrations measured in PMN and PBMC 
fractionss were very low, both before and after LPS injection (data not 
shown).. Treatment with IC14 attenuated both the LPS-induced increase in 
plasmaa levels of MCP-1 (peak: 28.68  12.02 ng/ml; P < .001) and the LPS-
inducedd rise in RBC-associated MCP-1 (10.22  3.39 pg/106 cells; P < 0.05) 
(Figuree 2). 
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Plasma a RBC C 
150 0 
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ÜÜ 30" 
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Figuree 2. Anti-CD 14 treatment inhibits LPS-induced increases in plasma and 
RBC-associatedd MCP-1 concentrations. Mean  SEM MCP-1 concentrations in 
plasmaa and in isolated RBCs after LPS administration (4 ng/kg) to healthy 
humans.. Placebo (white) or IC14 (1 mg/kg i.v., black) was given 2 hours prior to 
LPSS challenge as a 1 -hour infusion. P-values indicate difference between treatment 
groups. . 

EffectEffect of IC14 on plasma and cell-associated chemokines that do not bind 

DARC. DARC. 

LPSS injection was associated with t rans ient r ises in the p lasma 
concentrat ionss of MIP- l a (0.46  0.08 ng/ml) and MIP-lp (24.39  3.03 
ng/ml),, peaking at 2 hours. IC14 a t tenuated the LPS-induced increase in 
thee p lasma levels of MIP-iP (peak: 9.22  1.63 ng /m l, P < .001), but did 
nott significantly affect MIP- l a release (peak: 0.35  0.08 ng/ml)(Figure 3). 
MIP- l aa and P were undetectable in RBCs and PMNs and low in PBMCs 
priorr to LPS administrat ion, and did not increase in any of the cell 
fractionss thereafter in either t reatment group (data not shown). 

Discuss ion n 

Inflammationn and infection are accompanied by enhanced product ion of 

chemokines.. Increased release of IL-8 in these condit ions is reflected not 

onlyy by elevated concentrat ions of this prototypic CXC chemokine in 

p lasmaa but also in cell fractions from peripheral blood [5-8]. 
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MlP-la a MIP-1P P 

44 6 8 10 23 
(hours) ) 

44 6 8 10 23 
(hours) ) 

LPS S 
LPSS + IC14 

Figur ee 3. Anti-CD14 treatment inhibits LPS-induced release of MIP-ip, but not of 
MlP-la.. Mean  SEM MlP-la and MIP-ip concentrations in plasma, after LPS 
administrationn (4 ng/kg) to healthy humans. Placebo (white) or IC14 (1 mg/kg i.v., 
black)) was given 2 hours prior to LPS challenge as a 1-hour infusion. P-values 
indicatee difference between treatment groups. N.S. = nonsignificnat. 

Thee associat ion of IL-8 with RBCs has been linked to its capacity to bind 
DARC,, a p romiscuous receptor expressed at the surface of RBCs. 
In t ravenouss admin is t ra t ion of LPS induced increases in the p lasma and 
cell-associatedd concentrat ions of not only IL-8 but also of other DARC 
bind ingg chemokines [9]. In the present s tudy we examined the role of CD 14 
i nn th is LPS effect in h u m a ns in vivo. First we confirmed that chemokines 
knownn to interact with DARC (IL-8 and MCP-1) circulate in increased 
quant i t iess in cell-associated form dur ing endotoxemia, whereas 
chemokiness t hat do not bind DARC (MlP-la and MIP-lp) could only be 
detectedd in p lasma. In addition, we found that inhibit ion of the LPS-CD14 
interact ionn by infusion of an an t i -human CD 14 mAb a t tenuated LPS-
inducedd increases in the plasma and cell-associated concentrat ions of IL-8 
a ndd MCP-1, as well as the secretion of MIP-l( i into plasma, but did not 
inf luencee M lP - l a release. 

CDD 14 is a pa t te rn recognition receptor that recognizes a number of 

bacter iall  ant igens including LPS [12]. After the interact ion between CD 14 

a ndd LPS, cells become activated via toll-lik e receptor 4 [10]. The 

significancee of CD 14 in LPS-mediated effects in vivo is i l lustrated by 
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findingss that CD 14 gene deficient mice are highly resistant to LPS toxicity 
[13]]  and that anti-CD14 antibody treatment protected monkeys and rabbits 
againstt the lethal consequences of gram-negative bacteremia and 
endotoxemiaa [14, 15]. Recently, we found that IC14 markedly reduced a 
numberr of inflammatory responses to intravenous administration of LPS in 
normall  humans, including the release of proinflammatory cytokines and 
granulocytee activation [11]. Some LPS effects, however, were not inhibited 
byy IC14 or to a much lesser extent. These responses included the release of 
solublee tumor necrosis factor (TNF) receptors, acute phase protein release 
andd endothelial cell activation. 

Wee here report that also the release of chemokines is not uniformly 
inhibitedd by IC14. In particular, whereas IC14 significantly reduced LPS-
inducedd IL-8, MCP-1 and MIP-lp release, the rise in MIP-loc concentrations 
remainedd unaltered. Although our study does not elucidate the 
mechanismss underlying the different effects of IC14 on chemokine release, 
severall  possible explanations are conceivable. First, some of the LPS effects 
measuredd in this investigation in part could be mediated via a CD 14 
independentt pathway. In line with this hypothesis are findings in CD 14 
deficientt mice in which some LPS responses, such as the acute phase 
proteinn response, were completely intact [16]. Alternatively, since 
saturationn of surface CD 14 on circulating monocytes and granulocytes by 
IC144 was not complete (albeit > 90%) [11], very low doses of LPS might 
havee been sufficient to induce MIP-la release. Finally, different cell types 
withh different sensitivity for CD14 blockade and/or different roles for CD14 
inn the induction of a cellular response could be involved in the production 
off  different chemokines during endotoxemia. 

Cell-associatedd IL-8 and MCP-1 concentrations were expressed per 106 

cells.. We chose for this approach since IC14 influenced PMN and PBMC 
countss after LPS administration, which would have hampered comparison 
off  cell-associated chemokine levels expressed per ml blood in IC14 and 
placeboo treated subjects. However, when cell-associated IL-8 and MCP-1 
concentrationss were adjusted to the numbers of RBCs, PMNs and PBMCs 
presentt in one ml blood, the differences between the IC14 and placebo 
groupss remained qualitatively similar (data not shown). Considering that 
chemokiness that are not able to bind DARC cannot be detected in the RBC 
fractionn after LPS injection [9 and the present investigation], it is highly 
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likelyy that the association of IL-8 (and MCP-1) with RBCs is mediated by a 
specificc interaction with DARC. It is less clear how IL-8 becomes associated 
withh PMN and PBMC fractions. Patients with sepsis demonstrated elevated 
IL-88 mRNA levels in peripheral blood leukocytes [17], suggesting that at 
leastt some of PMN-associated IL-8 is produced by these cells. An 
alternativee explanation could be that IL-8 produced by other cell types bind 
IL-88 receptors on PMNs and PBMCs, a possibility that is supported by the 
observationn that recombinant IL-8 rapidly associates with RBCs, PMNs and 
PBMCss after addition to whole blood [5]. 

Thee association of IL-8 with RBCs has been proposed to serve two possible 
goals.. First, it may prevent accumulation of this chemokine in blood in a 
solublee active form, or second, it may provide a reservoir preventing rapid 
clearancee from the circulation and from which IL-8 can be released [4]. It is 
conceivablee that such mechanisms also hold true for other DARC binding 
chemokiness such as MCP-1. Nonetheless it seems clear that measurement 
off  DARC binding chemokines in the RBC fractions may provide more 
relevantt information on the extent of chemokine production than the mere 
measurementt of plasma concentrations. LPS injection into healthy humans 
elicitss profound rises in plasma and RBC-, PMN- and PBMC-associated 
levelss of IL-8, and in plasma and RBC-associated concentrations of MCP-1, 
whichh at least in part is mediated by an interaction between LPS and 
CDD 14. 
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CONCISEE COMMUNICATION 

Reducedd Ex Vivo Chemokine Production by Polymorphonuclear Cells 
afterr In Vivo Exposure of Normal Humans to Endotoxin 

Marcc J. Schultz,'-2 Dariusz P. Olszyna,2 Evert de Jonge,' 
Anneliess Verbon/ Sander J. H. van Deventer,2 

andd Tom van der Poll2-' 

'Department'Department of Intensive Care Medicine, : Laboratory of Experimental 
InternalInternal Medicine, and 'Department of Infectious Diseases. Tropical 

Medicine,Medicine, and AIDS, Academic Medical Center. University 
ofof Amsterdam, Amsterdam, The Netherlands 

Monocytess from patients with sepsis have a reduced capacity to produce cytokines, a state 
referredd to as immunoparalysis. To determine whether polymorphonuclear leukocytes 
(PMNL)) can be rendered hyporesponsive, PMNL from 6 healthy volunteers intravenously 
challengedd with lipopolysaccharide (LPS; 4 ng/kg) were stimulated ex vivo with heat-killed 
bacteriaa or LPS, and the release of the CXC chemokines interleukin-8, epithelial-derived 
neutrophill  attractant-78, and growth-related oncogen-a was measured. At 1 and 2 h after 
LPSS administration in vivo, PMNL produced fewer CXC chemokines after stimulation with 
bacteriaa or LPS (all P< .05). Serum obtained 2 h after in vivo administration of LPS did not 
influencee chemokine production by PMNL from 6 healthy volunteers not previously exposed 
too LPS. Thus, intravenous injection of LPS induces a refractory state of PMNL that is not 
causedd by soluble factors produced in response to in vivo exposure to LPS. 

Polymorphonuclearr leukocytes (PMNL) play a key role in 
thee pathogenesis of the sepsis syndrome [1]. Chemokines, an 
expandingg family of small cytokines, can influence multiple 
leukocytee functions [2]. The so-called CXC chemokines specif-
icallyy act on neutrophils and have been implicated as important 
factorss in neutrophil-mediated inflammation. The prototypic 
CXCC chemokine in humans is interleukin (IL)-8; related 
CXCC chemokines are epithelium-derived neutrophil attractant 
(ENA)-788 and growth-related oncogen (GRO)-a. Of interest, 
PMNLL are capable of producing these CXC chemokines, en-
ablingg them to perpetuate their own activation. 

Severee sepsis is associated with a refractory state character-
izedd by a reduced capacity of monocytes to produce proinflam-
matoryy cytokines after restimulation with endotoxin (lipopoly-
saccharidee [LPS]) ex vivo [3-5]. This refractory state, also 
termedd "LPS tolerance" or immunoparalysis, can be repro-
ducedd by administration of low-dose LPS to healthy humans 
[6-8].. Thus, whole blood or peripheral blood mononuclear cells 
obtainedd several hours after an in vivo injection of LPS produce 
fewerr proinflammatory cytokines after restimulation with LPS 
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exx vivo than do whole blood or mononuclear cells drawn before 
inn vivo LPS exposure [6-8]. This hyporesponsiveness is at least 
partlyy mediated by soluble factors produced shortly after LPS 
injection,, because serum obtained 2 h after in vivo adminis-
trationn of LPS inhibited tumor necrosis factor (TNF) a and 
IL-lj SS production by LPS-stimulated whole blood from 6 
healthyy donors not previously exposed to LPS [8]. Septic serum 
alsoo inhibits Escherichia r/o/i-induced TNF release in normal 
wholee blood [9, 10]. 

Recentt studies suggest that not only monocytes but also 
PMNLL may become refractory after a severe bacterial insult. 
Indeed,, PMNL from patients with sepsis produced less IL-1/3 
andd IL-8 after stimulation with LPS or heat-killed streptococci 
[11,, 12]. In the present study, we sought to determine the ca-
pacityy of PMNL isolated from healthy humans before and after 
aa single dose of LPS to produce IL-8, GRO-a, and ENA-78 
afterr restimulation with heat-killed bacteria (Streptococcus 
pneumoniaepneumoniae and Pseudomonas aeruginosa) or LPS. Because a 
largee amount of IL-8 can be found as a cell-associated form 
afterr activation of PMNL [12, 13], we further determined cell-
associatedd IL-8 in these experiments. Finally, to determine 
whetherr soluble mediators produced in response to injection of 
LPSS are involved in the induction of anergy of PMNL, we 
assessedd the capacity of serum obtained after in vivo admin-
istrationn of LPS to reproduce the anergic state when this serum 
wass added to PMNL from healthy subjects not challenged with 
LPS S 

Methods s 

SubjectsSubjects and design. Six men. 22  1 years old (mean + SE), 
weree admitted to the Clinical Research Unit of the Academic Med-
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Figuree 1. Mean  SE concentrations of interleukin (IL)-8 (ng/106 cells) and epithelium-derived neutrophil attractant (ENA)-78 and growth-
relatedd oncogen (GRO>-a (both in pg/106 cells) in supernatants of stimulated polymorphonuclear leukocytes (PMNL) isolated before and 1, 2, 
orr 24 h after intravenous challenge with lipopolysaccharide (LPS) in 6 healthy volunteers. Isolated PMNL (0.5 X 108 cells in 500 id. of RPMI) 
weree stimulated ex vivo for 24 h at 37°C in 5% C02 with or without heat-killed Streptococcus pneumoniae (HKSP), heat-killed Pseudomonas 
aeruginosaaeruginosa (HKPA) (both at 10' cfu/mL), or LPS (10 ng/mL). 'P< .05 vs. T = 0. 

icall  Center (Amsterdam). Al l volunteers received a bolus intraven-
ouss injection of LPS (£. coli, lot G; United States Pharmacopeia 
Convention.. Rockville, MD) at 4 ng/kg of body weight. Blood was 
obtainedd directly before LPS administration and I, 2. and 24 h 
thereafter.. From 6 other healthy volunteers, 32  2 years old 
(meann  SE), blood was obtained for in vitro studies (see below). 

StimulationStimulation of PMNL. Blood samples were drawn in sterile 
Vacutainerr tubes containing lithium heparin (Becton Dickinson, 
Rutherford,, NJ). PMNL were isolated by using Polymorphprep 
(Nycomed,, Torshov, Norway), as recommended in the manufac-
turer'ss manual. Contamination with mononuclear cells was <1% 
onn each occasion. Cells were resuspended in culture medium (RPMI 
1640:: Gibco BRL Lif e Technologies, Paisley, UK) containing 5% 
heat-inactivatedd pooled plasma. Sterile tubes (Becton Dickinson) 
weree filled with 500 /iL of this cell suspension, and we added -10* 
PMNL/mLL and 10 uL of RPMI containing heat-killed S. pneu-
moniae,moniae, P. aeruginosa (both in final concentrations equivalent to 
10'' cfu). or LPS (from E. coli 011LB4; Sigma, St. Louis; 10 ng/ 
mL).. Al l samples were incubated for 24 h at 37°C in 5% CO,, after 
whichh cells were spun down, and the supernatant was stored at 
-20°° until assays were performed. The cell pellet was resuspended 
inn 1 mL of lysis buffer containing 0.5% Triton X-100, 150 mM 
NaCl,, 15 mMTris. 1 mMCaCl, and 1 mMMgCl (pH 7.40), which 
wass subsequently subjected to 3 freeze-thaw cycles to release IL-8 
fromm the cells. The solution containing the cell fractions was stored 
att -20°C until assays were performed. 

Inn a separate series of experiments, serum obtained from the 6 
volunteerss before (pre-LPS serum) and 2 h after in vivo adminis-

trationn of LPS (post-LPS serum) was pooled and subsequently 
incubatedd for 24 h at 37°C with PMNL from 6 other healthy vol-
unteerss (who did not receive LPS) in the presence or absence of 
heat-killedd bacteria or LPS. In these experiments, 500 uh of the 
PMNLL solution containing 10' PMNL/mL, with different concen-
trationss of pre- and post-LPS serum (final concentrations 10% or 
20%),, was incubated with bacteria or LPS, as described above. 
Sampless were handled identically to those of the first series of 
experiments. . 

Bacteria.Bacteria. Heat-killed S. pneumoniae (HKSP) was obtained 
fromm a clinical isolate (serotype D9). The bacteria were cultured 
overnightt in 1 L of Todd-Hewitt broth (20 h) in 5% C 02 at 37°C, 
harvestedd by centrifugation, washed twice in pyrogen-free 0.9% 
NaCl,, resuspended in 10 mL of 0.9% NaCl, and heat inactivated 
forr 60 min at 80°C. Heat-killed P. aeruginosa (HKPA; serotype 
PA01)) was obtained from a clinical isolate. Bacteria were cultured, 
shakenn in 1 L of Luria broth (20 h) at 37°C, and heat inactivated 
forr 60 min at 80°C. A 500-j<L sample on a blood agar plate did 
nott show bacterial growth. 

Assays.Assays. IL-8, ENA-78. and GRO-a concentrations were mea-
suredd by using specific ELISAs, according to the instructions of 
thee manufacturers (IL-8: Central Laboratory of the Netherlands 
Redd Cross Blood Transfusion Service, Amsterdam, detection limit 
11 pg/mL: ENA-78: R&D Systems, Minneapolis, detection limi t 15.6 
pg/mL;; GRO-a: R&D Systems, detection limi t 10 pg/mL). Leu-
kocytee counts and differentials were determined by flow cytometry 
inn EDTA-anticoagulated blood. 

StatisticalStatistical analysis. Al l values are given as mean  SE. Com-
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Figuree 2. Mean  SE concentrations (ng/106 cells) of cell-associated interleukin (IL)-8 of stimulated polymorphonuclear leukocytes (PMNL) 
isolatedd before and 1, 2, or 24 h after an intravenous challenge with lipopolysaccharide (LPS) in 6 healthy volunteers. Isolated PMNL 
(0.55 X 10' cells in 500 nL of RPMI) were incubated with heat-killed Streptococcus pneumoniae (HKSP), heat-killed Pseudomonas aeruginosa 
(HKPA)) (both 10' cfu/mL), or LPS (10 ng/mL) for 24 h at 37'C in 5% C02. *P<  ,05 vs. 7" = 0. 

parisonss were done by using the Wilcoxon rank sum test. P< .05 
wass considered to represent a statistically significant difference. 

Resu l ts s 

ResponsesResponses to intravenous injection of LPS. Infusion of LPS 

inducedd an influenza-like syndrome with headache, muscle 

pain,, and a rise in body temperature that peaked after 3 -4 h 

(peakk temperature, 38.8  0.2°C), Infusion of LPS caused early 

decliness in total leukocytes and neutrophils, which then in-

creased.. Neutrophil numbers at the time points when P M NL 

weree isolated for ex vivo stimulation were 3.1  0.5 x 107mL 

(00 h), 0.9  0.3 X 107mL (1 h; P < . 05 vs. 0 h), 4.6 + 

0.55 X 10"/mL (2 h), and 5.5  0.7 x 10*/mL (24 h; 7><.05 vs. 

00 h). 

ExEx vivo IL-8, ENA-78, and GRO-a production by PMNL after 

inin vivo LPS administration. Incubat ion of PMNL without 

LPSS or bacteria resulted in low concentrat ions of IL-8, E N A-

78,, and G R O -a in supernatant plasma (<0.1, <0.2, and <0.3 

ng/mL,, respectively; figure 1). The capacity of P M N L to release 

thesee chemokines in supernatant after st imulation with HKSP, 

HKPA,, and LPS strongly decreased after in vivo exposure to 

LPSS and reached a nadir after 2 h. IL-8 , ENA-78, and G R O-

aa product ion induced by incubation with bacteria or LPS ex 

vivoo returned to baseline 24 h after the in vivo administration 

off  LPS. 

EffectEffect of in vivo LPS administration on cell-associated IL-8. 

Inn accordance with the decreased levels of IL- 8 in supernatant, 

concentrat ionss of cell-associated [L- 8 after stimulation ex vivo 

withh HKSP, HKPA, and LPS were lower 1 and 2 h after LPS 

administrat ionn (figure 2). 

EffectEffect of pre- and post-LPS serum on chemokine production 

byby normal PMNL. Neither addit ion of pre-LPS serum (ob-

tainedd before LPS injection) nor addit ion of post-LPS serum 

(obtainedd 2 h after LPS injection) influenced the capacity of 

P M NLL isolated from healthy subjects not previously exposed 

too LPS to produce IL-8 , ENA-78, or G R O -a after stimulation 

withh HKSP, HKPA, or LPS (data not shown). 

D iscuss ion n 

Thee phenomenon of immunoparalysis has been studied in 

investigationss with monocytes or whole blood. Monocytes or 

bloodd obtained from patients with sepsis or other systemic in-

flammatoryflammatory condit ions or from healthy subjects exposed to low-

dosee LPS have a reduced capacity to produce proinflammatory 

cytokiness after restimulation with LPS (3, 5-8]. Not only mono-

cytess but also P M NL from patients with sepsis display a re-

fractoryy phenotype (i.e.. they produce less IL-1/3 and IL- 8 than 

doo normal P M NL after st imulation with heat-killed strepto-

coccii  or LPS) [11, 12]. The present study extends these findings 

byy demonstrat ing that P M NL from healthy volunteers are ren-

deredd anergic after an intravenous challenge with LPS. P M NL 

producedd less IL-8 , G R O - a, and ENA-78 after stimulation with 

heat-killedd bacteria or LPS ex vivo after an intravenous chal-

lengee with LPS. Chemokine product ion was not influenced by-

serumm obtained from subjects after exposure to LPS, indicating 

thatt P M NL anergy is not induced by soluble mediators. 

Off  note, P M NL isolated from peripheral blood 1 and 2 h 

afterr LPS injection likely differed from the population present 

inn blood before LPS administrat ion, because endotoxemia re-

sultss in adhesion of P M NL to the vascular endothelium and 

inn subsequent release of P M NL from bone marrow. In addit ion, 

al thoughh P M NL preparat ions were >99% pure, a theoretical 

possibilityy remains that contaminat ing monocytes influenced 

ourr results. Hence, the present data should be interpreted taking 

thesee considerations into account. 

Mariee et al. [12] demonstrated that ex vivo IL- 8 production 

byy circulating P M NL was reduced in patients with sepsis or 

duringg a cardiopulmonary bypass procedure. Of considerable 

interest,, these authors found that P M NL cannot be rendered 

anergicc to LPS by previous exposure to LPS in vitro. On the 

contrary.. P M NL pretreated with LPS in vitro had enhanced 

IL- 88 production after reexposure to LPS [12]. These findings 

suggestt that anergy of P M NL is mediated via mechanisms that 

differr from those underlying anergy of monocytes. Indeed, 

monocytess can be made hyporesponsive by preexposure to LPS 

inn vitro [14, 15], Our study demonstrates that in vivo exposure 

too LPS does render P M NL anergic for further stimulation with 
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LPSS (and heat-killed bacteria). PMNL used in our investigation 
weree first challenged with LPS in their natural (in vivo) envi-
ronment—thatt is, in close contact with other blood components 
andd the endothelium before being stimulated ex vivo with bac-
teriaa or LPS. Because preincubation of PMNL with LPS in 
vitroo does not result in PMNL hyporesponsiveness [12], these 
dataa suggest that LPS does not induce an anergic state in 
PMNLL in the absence of other cell types or soluble mediators. 

Thee capacity to produce PMNL-associated IL-8 also de-
creasedd after intravenous injection of LPS. Marie et al. [12] had 
aa similar finding in patients after cardiopulmonary bypass sur-
gery,, but not in patients with sepsis. Clearly, additional studies 
aree warranted to evaluate possible mechanisms underlying the 
discrepanciess between IL-8 that is released and IL-8 that re-
mainss cell-associated after stimulation of isolated PMNL. 

Wee were interested in learning whether soluble factors pro-
ducedd after in vivo administration of LPS are involved in the 
hyporesponsivenesss of PMNL, considering, first, that the LPS 
hyporesponsivenesss of monocytes can be reproduced in part by 
additionn of serum from patients with sepsis [9, 10] or from 
healthyy subjects injected with LPS [8], and, second, that LPS 
cannott induce PMNL anergy when incubated with isolated 
PMNLL in vitro (see above) [12]. The results of our experiments, 
inn which we stimulated PMNL from healthy volunteers not 
exposedd to LPS, in the absence and presence of serum obtained 
fromm LPS-challenged volunteers, suggest that soluble factors 
doo not play a role in the induction of anergy of PMNL after 
exposuree to LPS in vivo. This finding further supports the no-
tionn that PMNL anergy is mediated via pathways that, at least 
inn part, differ from those involved in monocyte anergy. 
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Interleukinn 10 Inhibits the Release of CC Chemokines during Human 
Endotoxemia a 

Dariuszz P. Olszyna, Dasja Pajkrt, Fanny N. Lauw, Department of Experimental Internal Medicine, Academic Medical 

Sanderr J. H. van Deventer, and Tom van der Poll Center, University of Amsterdam, Amsterdam, the Netherlands 

Sixteenn healthy subjects were intravenously injected with l ipopolysaccharide (LPS), once 
wit hh p lacebo and once with recombinant human interleukin ( IL)-10 (25 jig/kg), to determine 
thee effect of IL-10 on LPS-induced product ion of macrophage inf lammatory protein 
( M I P ) - l a,, MIP-10, and monocyte chemoatt ractant protein ( M C P ) - 1. LPS induced transient 
increasess in serum M I P - l a, MIP-1/3, and M C P - 1. Pretreatment with IL-10 inhibited LPS-
inducedd release of M I P - l a, MIP-1/3, a nd MCP-1. In whole b lood in vitro, the IL-10- induced 
inhibi t ionn of M I P - l a and MIP-1/3 release was equally potent in the presence or absence of 
ann an t i - t umor necrosis factor (TNF) antibody. A l though isolated peripheral b lood mono-
nuclearr cells produced more MIP- l a a nd MIP-l/S than neutrophi ls, the latter cells were more 
sensitivee to the inhibi t ing effect of IL-10. IL-10 at tenuates LPS-induced product ion of CC 
chemokiness in h u m an endotoxemia, whereby in vitro experiments suggest that, in the case of 
M I P - l aa and MIP-1/3 release, this effect is independent from an inhibitory effect on T N F 
product ion. . 

Chemokiness are a family of small chemotact ic proteins that 

playy an impor tant role in inf lammatory responses, as mediators 

off  leukocyte trafficking and activation [1, 2]. Chemokines have 

beenn divided into several families on the basis of theirstructure. 

Macrophagee inf lammatory protein ( M l P ) - l a, MIP-1/3, and 

monocytee chemoat t rac tant protein ( M C P ) -l belong to the CC 

chemokinee family and act primari ly on monocytes and macro-

phages. . 

Endotox inn is the l ipopolysaccharide (LPS) part of the outer 

membranee of gram-negat ive bacteria and is considered to be 

responsiblee for the induct ion of inflammation during gram-

negativee infection. Administ rat ion of LPS to healthy humans 

inducess a systemic inf lammatory response witlvmany charac-

teristicss of sepsis, such as cytokine product ion, leukocyte ac-

t ivation,, and activation of coagulat ion and fibrinolysis [3]. Fur-

thermore,, iv injection of LPS has been found to elicit transient 

risesrises in the plasma concentrat ions of M I P - l a, MIP-1/3, and 

Receivedd 28 July 1999; revised 22 October 1999; electronically published 
144 February 2000. 

Presentedd in part: 38th Interscience Conference on Antimicrobial Agents 
andd Chemotherapy in San Diego, CA in September 1998. 

Writtenn informed consent was obtained from all study participants and 
thee study was approved by the ethics and research committees of the Ac-
ademicc Medical Center. 

Financiall  support: Dutch Kidney Foundation to DP Olszyna, from the 
Royall  Dutch Academy of Arts and Sciences to T. van der Poll, and from 
Schering-Plough. . 

Reprintss or correspondence: D P. Olszyna, Academic Medical Center, 
Roomm G2-105, Department of Experimental Internal Medicine, Meiberg-
dreeff  9, 1105 AZ Amsterdam, The Netherlands(dariuszolszyna@rocketmail 
com). . 

Thee Journal of Infectious Diseases 2000; 181:613-20 
©© 2000 by the Infectious Diseases Society of America. All rights reserved, 
0O22-1899/20O0/18102-0026$022 00 

MCP-11 [4, 5]. In accordance, the circulating levels of these CC 

chemokiness were also elevated in patients with sepsis [4, 6, 7], 

Interleukinn (IL)-10 is a major anti- inf lammatory cytokine 

thatt potently inhibits product ion of proinflammatory mediators 

suchh as tumor necrosis factor-a (TNF) and IL- 1 [8, 9]. The 

anti- inf lammatoryy properties of IL-10 are enhanced by stim-

ulationn of the product ion of IL- 1 receptor antagonist [10] and 

sheddingg of T N F receptors [11]. Elevated IL-10 levels have been 

reportedd in patients with sepsis[12, 13] and experimental human 

endotoxemiaa [13]. In LPS-challenge models, IL-10 appears to 

havee a protective function. Indeed, recombinant IL-10 reduced 

T N FF release in response to LPS and protected against LPS-

inducedd mortality in mice [14]. Neutral izat ion of endogenously 

producedd IL-10 in endotoxemic mice resulted in an increased 

product ionn of several proinf lammatory cytokines, including 

T N F,, and enhanced mortal i ty [15]. Similarly, IL-10 gene-

deficientt mice demonstrated higher mortal i ty rates after LPS 

injectionn [16]. 

Knowledgee of the effect of IL-10 on CC chemokine pro-

ductionn is limited to in vitro studies. In these studies, IL-10 was 

foundd to inhibit the product ion of M I P - l a and MIP-1/3 by 

murinee macrophages [17, 18], as well as LPS-induced produc-

tionn of MlP-lof by human blood monocytes [19] and poly-

morphonuclearr cells [20]. Both st imulatory and inhibitory ef-

fectss of IL-10 on MCP-1 synthesis in vitro have been described 

[21-23].. In the present study, we sought to determine the in vivo 

effectt of IL-10 on the product ion of M I P - l a, MIP-1/3, and 

MCP-11 in the well-established model of human endotoxemia. 

Ma te r ia lss and M e t h o ds 

InIn vivo study. The in vivo study was done simultaneously with 
investigationss determining the effects of IL-10 on cytokines, gran-
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ulocytes.. and the hemostatic mechanism, the results of which have 
beenn published elsewhere [24, 25]. Sixteen healthy male subjects 
(meann age  SE: 23  1 years) were enrolled in this double-blind, 
crossover,, randomized study. Results of medical history, physical 
andd routine laboratory examination, chest radiogram, and electro-
cardiogramm were normal. The subjects did not smoke, did not use 
anyy medication, and did not have any febrile illness in the month 
precedingg the start of the study. Each participant was studied on 
22 occasions, separated by a washout period of 6 weeks. On one 
occasion,, each subject was challenged with LPS in combination 
withh placebo, on the other occasion, with LPS in combination with 
recombinantt human (rh) IL-10. The volunteers were randomized 
intoo 2 groups of 8 subjects. Group 1 received either placebo or 
rhIL-100 treatment 2 min before LPS challenge; group 2 received 
eitherr placebo or rhlL-10 treatment 1 h after LPS administration. 
Thee study was done in a special research unit under the continuous 
supervisionn of at least 2 physicians with emergency and resusci-
tationn equipment available. Blood pressure and heart rate were 
assessedd every 30 min with a Dinamap blood pressure monitor 
{Criticon,, Tampa, FL) during the first 8 h after LPS challenge. 

Thee rhIL-10 (Schering-Plough Research Institute, Kenilworth, 
NJ)) was supplied as a sterile powder. After reconstitution with 
sterilee water, rhIL-10 was administered by direct iv injection at a 
dosee of 25 /*g/kg contralateral to the site of blood sample with-
drawal.. The reconstituted placebo powder, containing excipients, 
wass identical in appearance and was administered in an identical 
manner.. The LPS preparation used in this study, endotoxin ref-
erencee standard lot G, Escherichia coti (United States Pharmaco-
peiaa Convention Inc., Rockville, MD), was administered over 1 
minn in an antecubital vein, contralateral to the administration site 
off  rhIL-10, at a dose of 4 ng/kg. 

Bloodd was drawn from antecubital veins by separate venipunc-
turess directly before LPS administration and 0.5, 1. 1.5, 2. 3, 4, 5, 
6,, 8, and 12 h thereafter. Blood for chemokine measurements was 
collectedd in nonadditive Vacutainer tubes (Becton Dickinson. 
Mountainn View, CA); after clotting, the samples were centrifuged 
att 2000 g for 20 min at room temperature, and the resulting serum 
wass stored at — 70°C until assays were done. 

InIn vitro experiments. Whole blood stimulation was done as 
describedd elsewhere [26]. For each experiment whole blood was 
collectedd aseptically from 6 healthy subjects by means of a sterile 
collectingg system consisting of a butterfly needle connected to a 
syringee (Becton Dickinson, Rutherford, NJ). Anticoagulation was 
obtainedd by use of sterile endotoxin-free heparin (Leo Pharma-
ceuticall  Products, Weesp, the Netherlands; final concentration 10 
U/mL).. Whole blood, isolated peripheral blood mononuclear cells 
(PBMC)) or polymorphonuclear cells (PMN) (see below) were in-
cubatedd for 24 h in 37°C in sterile polypropylene tubes (Becton 
Dickinson)) diluted I : 2 in endotoxin-free RPMI 1640 (Bio Wit-
taker.. Verviers, Belgium! in the presence or absence of the following 
reagents:: LPS from E. coli serotype 0111: B4 (Sigma, St. Louis, 
MO;; final concentration 10 ng/mL), lipoteichoic acid from Staph-
ylococcusylococcus aureus (LTA, Sigma. 1 jtg/mL). staphylococcal entero-
toxinn B (SEB. Sigma. Ug/mL), heat-killed S. aureus (HKSA. 107 
cfu/mL).. rhIL-10 (Schering-Plough Research Institute; final con-
centrationn 0.01, 0.1. 1, 10, 100, or 1000 ng/mL). rhTNF (10 ng/ 
mL),, monoclonal mouse derived anti-human TNF-a antibody 
(MAKK 195F; final concentration 25 /ig/mL) [27], or mouse IgG 

(Sigma;; final concentration 25 pg/mL). The amount of MAK 195F 
addedd represents an excess neutralizing activity relative to the 
amountt of TNF produced in LPS-stimulated whole blood [27, and 
dataa not shown]. Knoll AG (Ludwigshafen, Germany) generously 
providedd rhTNF and MAK 195F. After the incubation, polypro-
pylenee tubes were centrifuged at 3000 rpm (rotor diameter, 154 
mm)) at 4°C for 12 min. Supernatants were collected and stored at 
-20°CC until assays were done. 

Inn separate experiments, PBMC and PMNs were isolated from 
peripherall  blood. For this purpose, heparinized blood was layered 
onn an equal volume of Polymorphprep (Nycomed Pharma AS; 
Oslo,, Norway) and centrifuged at 500 g for 30 min at 20°C. The 
collectedd PBMC and PMN fractions were diluted 1 : 2 in 0.5 N 
RPMII  1640 to restore normal osmolality and spun at 400g for 10 
minn at 20"C Remaining erythrocytes were lysed by use of ice-cold 
isotonicc NH4C1 solution (155 mM NH4C1, 10 mM KHCO„ and 
0.11 mM EDTA, pH 7.4) for 10 min. The cell fractions were spun 
againn at 400 g for 10 min at 4°C, and the pellet was «suspended 
inn IN RPMI containing 5% normal human serum (Bio Wittaker, 
Walkersville,, MD) to the original volume. Purity of the cell frac-
tionss was checked by means of a 0.1% eosin stain and was found 
too be more than 99%. After the incubation, supernatants were 
collected. . 

Assays.Assays. All assays were done in duplicate by enzyme-linked 
immunosorbentt assay (ELISA). For determination of MIP-la and 
MIP-1/33 levels, purified monoclonal mouse anti-human MIP-la 
andd anti-human MIP-1/3 were used as coating antibodies (4 ng/ 
mL;; R&D Systems, Abingdon, United Kingdom), biotinylated af-
finityfinity  purified goat anti-human MlP-la and MIP-1/3 as detecting 
antibodiess (20 ng/mL; R&D Systems), and rhMIP-la and rhMIP-
1/33 as standards (R&D Systems). MCP-1 was measured with use 
off  purified monoclonal mouse anti-human MCP-1 (2 ng/mL; 
PharMingen,, San Diego, CA) as coating antibody, biotinylated 
rabbitt anti-human MCP-1 (1 uglmL; PharMingen) as detecting 
antibody,, and rhMCP-1 (PharMingen) as standard. TNF levels 
weree determined by use of monoclonal mouse anti-human TNF 
(22 ug/mL; Medgenix, Fleurus, Belgium) as coating antibody, bio-
tinylatedd mouse anti-human TNF (0.5 /ig/mL; Medgenix) and 
rhTNFF (Medgenix) as standard. Detection limits of the assays were 
15.66 pg/mL (MlP-la), 15.6 pg/mL (MIP-1/3), 8.2 pg/mL (MCP-1) 
andd 6.9 pg/mL (TNF). 

StatisticalStatistical analysis. All data are given as mean  SEM. Com-
parisonss between treatment groups were done by repeated-mea-
suress ANOVA after log transformation of chemokine concentra-
tions.. Data obtained in in vitro experiments were compared by 
Wilcoxonn test. The a level for all tests was set at .05. 

Results s 

EffectEffect of IL-10 on chemokine production in whole blood in 
vitro.vitro. To determine the effect of IL-10 on LPS-induced pro-
ductionn of MIP-la, MIP-1/3, and MCP-1, we incubated human 
wholee blood for 24 h with LPS (10 ng/mL) in the presence or 
absencee of increasing concentrations of rhIL-10. In whole blood 
incubatedd without LPS, MIP-la and MIP-1/3 levels were un-
detectablee and MCP-1 was 1.70 8 ng/mL. IL-10 alone 
(withoutt LPS) induced production of MCP-1 in whole blood 
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(3.777  0.46 ng/mL; P< .05 vs. controls), whereas MIP-lo; and 
MIP-1/33 remained undetectable. LPS stimulated the production 
off  all 3 chemokines (MIP-lo:, 42.54  8.46 ng/mL; MIP-1/3, 
178.677  23.71 ng/mL; MCP-1, 18.26  4.55 ng/mL; all P< 
.055 vs. controls). IL-10 also dose-dependently inhibited LPS-
inducedd production of MIP-la and MIP-1/3. By contrast, IL-
100 did not influence MCP-1 concentrations after stimulation 
withh LPS (figure 1). TNF was undetectable in whole blood 
incubatedd without LPS. LPS induced increased levels of TNF 
(3.055  0.36 ng/mL; i><.05 vs. control). As expected, IL-10 
reducedd LPS-induced TNF concentrations in a dose-dependent 
fashionn (figure 1). We next determined whether II.-10 also in-
hibitedd chemokine production induced by other infectious stim-
uli.. This proved to be the case; that is, IL-10 reduced the pro-
ductionn of MIP-lci and MIP-1/3 by whole blood stimulated 
withh LTA, SEB, or HKSA, although IL-10 exerted the strongest 
inhibitoryy effect on chemokine production induced by LPS (ta-
blee 1). In addition, IL-10 attenuated MlP-la and MIP-1/3 re-
leasee induced by TNF (table 1). The effect of IL-10 on MCP-
11 production stimulated by LTA, SEB, HKSA, or TNF was 
variablee and modest (table 1). 

EffectEffect of IL-10 on the LPS-induced CC chemokine production 
inin vivo. Having established that IL-10 inhibits the production 
off  certain CC chemokines in whole blood in vitro, we measured 
thee capacity of IL-10 to influence chemokine release in vivo. 
Therefore,, we measured serum concentrations of MlP-la, MIP-
1/3,, and MCP-1 in healthy humans exposed to a low dose of 
LPSS with or without a single injection of IL-10 given either 2 
minn before (pretreatment) or 1 h after (posttreatment) LPS. We 
previouslyy reported that IL-10 pretreatment, but not IL-10 
posttreatment,, significantly reduced LPS-induced TNF release 
[25].. LPS administration was associated with a rise in serum 
MIP-lc**  concentrations. Peak MlP-la levels were reached at 
1.5-22 h (group 1, 1.74  0.92 ng/mL; group 2, 0.31  0.08 ng/ 
mL;; both P<.0\). Pretreatment with rhIL-10 attenuated the 
LPS-inducedd increase in MlP-la concentrations to 0.58 + 
0.444 ng/mL (P < .05 vs. placebo), whereas posttreatment tended 

 MlP-la 
 MIP-ip 
 MCP-1 
 TNF 

0.11 1 10 100 100C 

rhIL-100 (ng/mL) 

Figuree 1. IL-10 dose-dependently inhibits lipopolysaccharide 
(LPS)-inducedd macrophage inflammatory protein (MIP)-loj, MIP-1/3, 
andd tumor necrosis factor (TNF) release without influencing MCP-1 
production.. Whole blood diluted 1 : 2 in RPMI  was incubated with 
LPSS (10 ng/mL) for 24 h at 37°C with increasing concentrations of rh 
interleukinn (IL)-10. Results are expressed relative to incubation with 
LPSS alone, as means  SEM (n = 6). 

too reduce M l P - l a release (peak levels, 0.19  0.04 ng/mL; non-

significantt vs. placebo) (figure 2). LPS injection induced an 

increasee in MIP-I/3 serum levels, peaking after 2-3 h (group 1, 
6.399  1.26 ng/mL; group 2, 5.35  0.48 ng/mL; both P< 
.001).. Both pretreatment and posttreatment with rhIL-10 sig-
nificantlyy reduced LPS-induced MIP-1/3 release, with peak 
MIP-1/33 levels of 2.38  0.64 ng/mL (P<.001) and 3.58
0.655 ng/mL (P = .001) respectively (figure 2). Intravenous in-
jectionn of LPS induced an increase in MCP-1 serum levels, 
peakingg after 2-4 h (group 1, 13.11  1.51 ng/mL; group 2. 
15.533  2.66 ng/mL; both P<.001). rhIL-10 pretreatment sig-
nificantlyy reduced LPS-induced MCP-1 release, with peak con-
centrationss of only 6.93  1.62 ng/mL (P<.00\ vs. placebo); 

Tablee 1. Effect of interleukin (IL)-I 0 on chemokine production by whole blood stimulated with various infectious stimuli or tumor 
necrosiss factor (TNF). 

Stimulus s 

LPSS (10 ng/mL) 

LTAA (1 jig/mL) 

SEBB (1 /<g/mL) 

HKSAA (10' CFU/mL) 

T N FF (10 ng/mL) 

100 ng/mL rhIL-10 
present t 

No o 
Yes s 
No o 
Yes s 
No o 
Yes s 
No o 
Yes s 
No o 
Yes s 

MlP-la.. ng/mL 

50.788  10.46 
5.588  0.53(-87.1  2.2)' 

43.566  18.56 
17.888  5.77 (-42.4  14.5)" 
11.122  2.65 
4.199  0.53 (-58.1  3.9)" 

53.99  11.86 
25.999  2.56 ( -37.3  12.7)' 
0.133  0.03 
0.099  0.01 ( -62.6  4.3)" 

MIP-1/3, , 

143.077  20.96 
24.388  1.84 ( 
48.133  10.64 
19.688  3.39 ( 
62.877  9.87 
19,888  1.95 ( 
677 13  9 
24.377  1.45 ( 
2.122  0.12 
0.311  0.08 (-

ng/mL L 

-81.88  1.7)" 

-577  4.3)' 

-65.55  4.1)" 

-59.55  6.8)" 

-78.66  18.4)" 

MCP-1.. ng/mL 

46.888 1 8.87 
53.766  5.86(31.6  23.6) 

109.411 1 
92.244  20.82 (-16.77  17.5) 

127.599  28.65 

105.600  25.66 ( -18.6  4.1)* 
75.433  111 

156.922  58.36(88.2  44.2)" 
7.955  1.31 
6.877  0.15 (-16.6  6.6) 

NOTE.. Data are mean  SEM of 6 different donors: values in parentheses indicate % change in values from chemokine production in the absence 
off  rhIL-10 to production in its presence. Whole blood diluted 1 : 2 in RPMI was incubated for 24 h at 37°C with the stimuli indicated. LPS. lipopoly-
saccharide;; MCP, monocyte chemoattractant protein; MIP. macrophage inflammatory protein. 

P<.05P<.05 vs. incubation in the absence of rhIL-10. 
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Figuree 2. Mean  SEM macrophage inflammatory protein (MIP>-la, MIP-1/Ï, and monocyte chemoattractant protein (MCP)-1 concentrations 
afterr lipopolysaccharide (LPS) administration (4 ng/kg) to healthy humans. Placebo (O) or rh interleukin (IL)-I 0 (25 ^g/kg iv, ) was given just 
beforee LPS challenge (pretreatment) or 1 h after endotoxin administration (posttreatment). P-values indicate difference between treatment groups. 
NS,, nonsignificant. Note that the Y axes for MIP-la differ in pre- and posttreatment groups. 

rhIL-100 posttreatment did not reduce MCP-1 concentrat ions, 

whichh peaked at 16.28  3.09 ng/mL (nonsignificant vs. pla-

cebo)) (figure 2). 

RoleRole of TNF in inhibition of LPS-induced MIP-la and MÏP-

1010 production by IL-10. It has been well established that IL -

100 inhibits LPS-induced T N F production in vivo [14, 15, 25, 

28]]  and in vitro [9, 29-32] (figure 1). Considering that T N F 

cann induce the production of chemokines [33] (table 1), we tried 

too determine whether IL-10-induced inhibition of T N F pro-

ductionn is involved in the reduction of M I P - l a and MIP-1/3 

concentrationss in whole blood incubated with LPS and IL-10. 

However,, neutralization of T N F produced in the whole blood 

systemm by coincubation with an a n t i - T NF monoclonal anti-

bodyy (mAb) only modestly reduced LPS-induced M I P - l a and 

MIP-1/33 release (table 2). Fur thermore, the potency by which 

IL-100 inhibited M I P - l a and MIP-1/3 production in LPS stim-

ulatedd whole blood was similar in the presence or absence of 

a n t i - T NFF (table 2). Hence, these data suggest that, although 

endogenouss T N F positively influences M I P - l a and MIP-1/3 

releasee induced by LPS, IL-10 exerts its inhibitory effect on the 

productionn of these chemokines by a mechanism that does not 

involvee inhibition of T N F synthesis. 
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Tablee 2. Effect of interleukin (IL)-10 on LPS-induced production of macrophage inflammatory protein ( M I P Ha 
andd MIP-10 in human whole blood in the presence or absence of anti-tumor necrosis factor (TNF). 

Stimulus s 

LPSS (10 ng/mL) 

LPSS (10 ng/mL) + ant i-TNF (27 jig/mL) 

100 ng/mL rhIL 
present t 

No o 

Yes s 
No o 
Yes s 

10 0 

MIP- la.. ng/mL 

37.722  5 
1.822  0.32 (-94.7  1.2)" 

30.422  4 69 
1.655  0.15 (-93.7  1.4)" 

MIP-I0.. ng/mL 

145.333 + 22.63 

7.188  1.65 (-94.2  1.7)* 
113.577  17.18 

5.088  1.05 (-95.2  1.1)" 

NOTE.. Data are mean  SEM of 6 different donors: values in parentheses indicate % change in values from chemokine production 
inn the absence of rhIL-10 to production in its presence. Whole blood diluted 1 : 2 in RPMI was incubated for 24 h at 37°C with the 
stimulii  indicated. LPS, lipopolysaccharide. 

Significantt difference (/><05) from incubation without IL-IO 

EJJectEJJect of IL-IO on LPS-induced MIP-la and MIP-W pro-
ductionduction by isolated PBMC and PMNs in vitro. To determine 
thee cellular target of IL-10 in whole blood, we compared the 
effectt of IL-10 on LPS-induced MIP-la and MIP-1/3 produc-
tionn by isolated PBMC and PMNs. In these experiments PBMC 
andd PMNs were resuspended in medium to the original blood 
volumee from which they were collected. Using this method, we 
foundd that PBMC counts in these cultures were 1.73 (
0.30)) x 10*/mL and PMN counts were 2.73 (  0.74) x 107mL. 
PBMCC turned out to be the main producers of MIP-la and 
MIP-1/33 per millilite r blood, releasing 20- and 5-fold more of 
thesee chemokines, respectively, than did PMNs. For MIP-la, 
thee concentration in supernatants of stimulated PBMCs was 
25.399  6.54 ng/mL and of PMNs, 1.40  0.78 ng/mL; for 
MIP-1/3,, the concentration of PMBCs was 15.87  2.05 ng/mL 
andd of PMNs, 3.29  0.96 ng/mL. IL-10 at 10 ng/mL (a con-
centrationn that strongly inhibited chemokine production in 
wholee blood) attenuated LPS-induced MIP-la and MIP-1/3 re-
leasee by PMNs (both P< .05), but not by PBMC. In cultures 
off  isolated PBMC, an IL-10 concentration of 100 ng/mL was 
requiredd to significantly reduce MIP-la and MIP-/3 release 
(bothh P<.05) (figure 3). 

Discussion n 

Endotoxemiaa and gram-negative sepsis are associated with 
elevatedd levels of the CC chemokines MIP-la, MIP-1/3 and 
MCP-11 in the circulation. Previous work has established that 
IL-100 serves a potent anti-inflammatory role during endotox-
emia,, primarily through inhibition of the production of proin-
flammatoryflammatory cytokines, such as TNF. The present study is the 
firstfirst to demonstrate the in vivo capability of IL-10 to inhibit 
thee release of MIP-la, MIP-1/3, and MCP-1. Administration 
off  rhIL-10 directly before LPS injection into healthy humans 
stronglyy attenuated the secretion of all 3 chemokines; rhIL-10 
administrationn postponed for 1 h relative to LPS injection re-
ducedd only MIP-1/3 release. This IL-10 effect could be repro-
ducedd in part in whole blood in vitro, that is, IL-10 reduced 
LPS-stimulatedd production of MIP-la and MIP-1/3, but not of 
MCP-1,, by a mechanism that was independent of IL-10-in-
ducedd TNF inhibition. In separate experiments, PBMC turned 
outt to be the main producers of MIP-la and MIP-1/3 in whole 

blood,, but PMNs were most sensitive to the inhibiting effect 
off  IL-10. 

MIP-laa levels were higher in group 1 than in group 2 (see 
figuree 2). This difference is likely a reflection of interindividual 
variation,, because all subjects were studied according to an 
identicall  protocol, and all MIP-la measurements were con-
ductedd in one run. The differential MIP-la responses could not 
havee influenced our analysis, because the study was done in a 
crossoverr design in which each subject served as his own 
control. . 

Thee effects of IL-10 on CC chemokine production have been 
investigatedd only in in vitro experiments. IL-10 was reported 
too reduce the production of MIP-la by murine bone mar-
row^derivedd macrophages infected with Listeria monocytogenes 
[17],, and to attenuate MIP-la and MIP-1/3 release by primary 
mousee macrophages stimulated with the extracellular matrix 
componentt hyaluronan [18]. By using LPS as a stimulus, we 
foundd that IL-10 inhibited MIP-la production by human 
monocytess [19] and mouse macrophages [34], although it did 
nott influence MIP-1/3 production [34]. In cultures of LPS stim-
ulatedd PMNs, however, IL-10 was found to inhibit both MIP-
l aa and MIP-1/3 release [20]. In the present study, we primarily 
usedd whole blood as in vitro system, thereby eliminating pos-
siblee artifacts associated with isolation of cells, such as adher-
ence-inducedd expression of TNF [35, 36], and allowing inves-
tigationss of IL-10 effects in a physiological environment [26, 
36].. In this system, IL-10 caused a dose-dependent inhibition 
off  LPS-induced MIP-la and MIP-1/3 production, which was 
similarr to the inhibition of LPS-induced TNF production by 
IL-10.. IL-10 also attenuated MIP-la and MIP-1/3 production 
inn whole blood incubated with stimuli derived from S. aureus, 
thatt is, LTA (a cell wall component), SEB (a superantigen), 
andd heat-killed whole bacteria, although IL-10 had the strong-
estt inhibitory effect on MIP-la and MIP-1/3 release induced 
byy LPS. 

TNFF is an important proinflammatory cytokine that medi-
atess activation of various mediator systems during a systemic 
inflammatoryy response syndrome such as that provoked by iv 
administrationn of LPS. Indeed, neutralization of endogenously 
producedd TNF strongly diminished LPS-induced cytokine re-
leasee in humans and nonhuman primates [37, 38]. Considering 
that,, first, TNF can induce the production of MlP-laand MIP-
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Figuree 3. Mean  SEM macrophage inflammatory protein 
(MlP)- l aa and MIP-1/3 concentrations in supernatants of PBMC and 
PMNss stimulated with lipopolysaccharide (LPS)in the presence of dif-
ferentt concentrations of rh interleukin (IL)-10. PBMC and PMNs were 
isolatedd from peripheral blood and resuspended in RPMI to the original 
(blood)) volume. Data are expressed relative to incubation with LPS 
alone.. Asterisks indicate significant difference from incubation with 
LPSS alone (P < .005). 

1/33 [39] (table 1), second, IL-10 inhibits LPS-induced TNF pro-
ductionn [9, 29, 30, 32] (figure 1), and third, IL-10 inhibits TNF-
inducedd MIP-la and MIP-1/3 production (table 1), we found 
itt of interest to determine the contribution of IL-10-induced 
inhibitionn of TNF release to the IL-10 effects on MIP-la and 
MIP-1/33 secretion in whole blood. Therefore, to eliminate the 
effectt of reduced TNF concentrations in the presence of IL-10, 
wee did experiments with a neutralizing anti-TNF mAb. 
Anti-TNFF only modestly reduced LPS-induced MIP-la and 
MIP-1/33 production in whole blood, and, in the presence of 
anti-TNF,, IL-10 reduced LPS-induced MIP-la and MIP-1/3 

productionn to a similar extent as in the absence of anti-TNF. 
Togetherr these data suggest that IL-10 influences MIP-la and 
MIP-1/33 production by a mechanism that is independent from 
itss negative effect on TNF production. In accord with a recent 
studyy in human volunteers, infusion of a recombinant TNF 
receptorr fusion protein did not influence LPS-induced release 
off  MIP-la or MIP-1/3, although the results of that study must 
bee interpreted with caution because the infusion of the TNF 
receptorr fusion was associated with several paradoxical, unex-
plainedd proinflammatory effects [4]. 

Chemokiness can be produced by a variety of immune and 
nonimmunee cells, including blood leukocytes, endothelial cells, 
andd fibroblasts [40-42]. We investigated which cell types were 
involvedd in MIP-la and MIP-1/3 production in whole blood 
andd determined the effect of IL-10 on isolated PBMC and 
PMNs.. On a per millilite r of blood basis, but also on a per cell 
basis,, PBMC were by far the main producers of both MlP-lor 
andd MIP-1/3, which is in keeping with earlier findings that 
PMNss produce fewer cytokines than PBMC on stimulation 
withh LPS [43]. Interestingly, higher IL-10 concentrations were 
requiredd to inhibit MIP-la and MIP-1/3 production by PBMC 
thann by PMNs. Previously, differential sensitivities for IL-10 
weree reported in human blood monocytes and alveolar mac-
rophagess [19]. Furthermore, our data suggest that PBMC are 
moree sensitive to IL-10 in their physiological environment (i.e., 
wholee blood) than after their isolation. 

MCP-11 is a prototypic CC chemokine with chemoattractant 
activityy for mononuclear cells. During endotoxemia, however, 
MCP-11 may have an anti-inflammatory role [44]. Indeed, pas-
sivee immunization of mice with anti-MCP-1 antiserum in-
creasedd LPS-induced mortality, whereas treatment with recom-
binantt MCP-1 protected mice from lethality. Moreover, 
anti-MCP-11 reduced LPS-induced IL-10 release when com-
paredd with animals treated with LPS and control antiserum, 
whereass recombinant MCP-1 enhanced IL-10 secretion [44]. We 
noww report that pretreatment with rhIL-10 reduced LPS-in-
ducedd MCP-1 release in humans in vivo. Together these data 
suggestt that MCP-1 stimulates the production of IL-10 in vivo, 
whichh in turn can exert a negative feedback effect on ongoing 
MCP-11 release. However, the effect of IL-10 on LPS-induced 
MCP-11 production could not be reproduced in whole blood in 
vitro.. Possibly, during human endotoxemia cell types not pre-
sentt in peripheral blood, such as endothelial cells [45] or vas-
cularr smooth muscle cells [46], contribute to MCP-1 release 
intoo the circulation. In addition, although IL-10 has been re-
portedd to inhibit production of MCP-1 by human monocytes 
stimulatedd with either LPS or IL-1/3, monocytes and alveolar 
macrophagess have been found to release MCP-1 on exposure 
too IL-10 without additional stimulus [22, 23]. In our hands, IL-
100 by itself also induced MCP-1 release in whole blood. 

Chemokiness have recently been recognized as a large family 
off  low-molecular-weight chemotactic cytokines that play an 
importantt role in the pathogenesis of several inflammatory and 
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infectiouss diseases. We have demonstrated that a major anti-
inflammatoryy cytokine IL-10 attenuates production of the CC 
chemokiness MIP-lc*, MIP-l/J, and MCP-1 during human en-
dotoxemia.. IL-10 has been shown to possess important pro-
tectivee effects in many models of systemic and local inflam-
mation.. The present data, taken together with earlier findings 
thatt IL-10 can inhibit the production of the prototypic CXC 
chemokinee IL-8 [20, 25, 30], suggest that IL-10 effects may in 
partt relate to its influence on chemokine production. 
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Abstract t 

Pretreatmentt with interleukin (IL)-10 inhibited the release of growth-related 
oncogenee (GRO)-a, but not of epithelial-cell derived neutrophil activating 
proteinn (ENAJ-78, after injection of lipopolysaccharide (LPS) into healthy 
humans.. In vitro, IL-10 dose-dependently attenuated LPS-induced release 
off  both GROa and ENA-78 in whole blood and in cultures of isolated 
polymorphonuclearr and mononuclear cells. 

118 8 



EffectEffect of IL-10 on endotoxin.-induced GROa and ENA-78 

Introductio n n 

Chemoklness constitute a family of small chemotactic proteins that 
orchestratee leukocyte trafficking in response to inflammation and infection 
(8,, 13). CXC chemokines form a subfamily in which the two cysteines 
nearestt the N-termini are separated by one amino acid. CXC chemokines 
cann be further divided into ELR positive CXC chemokines, which possess a 
threee amino acid motif termed ELR (glutamic acid - leucine - arginine) 
nearr the N-terminal end, and ELR negative CXC chemokines. ELR positive 
CXCC chemokines are chemotactic for neutrophils, and include interleukin 
(IL)-8,, growth-related oncogene (GRO)-oc, p and y, and epithelial-cell derived 
neutrophill  activating protein (ENA)-78. 

IL-100 is an anti-inflammatory cytokine that inhibits the production of a 
numberr of proinflammatory cytokines and chemokines upon stimulation of 
cellss in vitro (11). IL-10 exerts strong anti-inflammatory effects in animal 
modelss of systemic inflammation, such as endotoxin shock (4, 5). 
Experimentss in rodents have suggested that IL-10 can influence neutrophil 
recruitmentt to inflamed organs (15, 19). This anti-inflammatory effect of IL-
100 at least in part can be explained by previous findings that IL-10 can 
inhibitt the stimulated production of IL-8 by monocytes and neutrophils in 
vitroo (1, 3, 6, 14, 18), and during human and primate endotoxemia in vivo 
(12,, 16). Knowledge of the effect of IL-10 on other ELR positive CXC 
chemokiness is lacking. Therefore, in the present investigation we sought to 
determinee the effect of IL-10 on the production of GROa and ENA-78 during 
humann endotoxemia in vivo. In addition, we evaluated the effect of IL-10 on 
endotoxinn (lipopolysaccharide, LPS)-induced GROa and ENA-78 release in 
wholee blood, and in cultures of isolated peripheral blood mononuclear cells 
(PBMCs)) and polymorphonuclear cells (PMNs). 

Patientss and Methods 

Sixteenn healthy male subjects (mean  SE: 23  1 years) were enrolled in this 
double-blind,, cross-over, randomized study. The design and experimental 
detailss of this study have been published previously (10, 12). Briefly, each 
participantt was studied on two occasions, separated by a wash-out period of 
sixx weeks. On one occasion the subject was challenged with LPS in 
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combinationn with placebo, on the other occasion with LPS in combination 
withh recombinant human IL-10. The volunteers were randomized into two 
groupss of eight subjects. Group 1 received either placebo or IL-10 treatment 
twoo minutes prior to LPS challenge, group 2 received either placebo or IL-10 
treatmentt one hour after LPS administration. IL-10 (Schering-Plough 
Researchh Institute, Kenilworth, NJ) was administered by direct intravenous 
injectionn at a dose of 25 ng/kg contralateral to site of blood sample 
withdrawal.. The placebo preparation, containing excipients, was identical in 
appearancee and was administered in an identical manner. The LPS 
preparationn used in this study, endotoxin reference standard lot G, E. coli 
(Unitedd States Pharmacopeia Convention Inc., Rockville, MD), was 
administeredd over one minute in an ante-cubital vein, contralateral to the 
administrationn site of IL-10, at a dose of 4 ng/kg. Blood was drawn from 
ante-cubitall  veins by separate venipunctures directly before LPS 
administrationn and 0.5,1,1.5,2,3,4,5,6,8 and 12 hours thereafter. Serum was 
storedd at -70 °C until assays were performed. 

Forr in vitro experiments whole blood was collected aseptically from 6 healthy 
subjects,, as described previously (10). Anticoagulation was obtained using 
sterilee endotoxin-free heparin (Leo Pharmaceutical Products, Weesp, the 
Netherlands;; final concentration 10 U/ml). PBMCs and PMNs were isolated 
fromm peripheral blood, as described previously (10), using Polymorphprep 
(Nycomedd Pharma AS; Oslo, Norway). In these experiments PBMCs and 
PMNss were resuspended in LPS-free RPMI 1640 (Bio Wittaker, Verviers, 
Belgium)) to the original blood volume from which they were harvested. 
Followingg this method, cell counts in these cultures were 1.73  0.30 x 
109/mll  (PBMCs) and 2.73  0.74 xl09/ml (PMNs). Purity of the cell fractions 
wass checked using a 0.1% eosin stain and was found to be above 99%. 
Wholee blood, isolated PBMCs or PMNs cells were incubated for 24 hours at 
37°CC in sterile polypropylene tubes (Becton Dickinson) diluted 1:2 in RPMI 
16400 in the presence or absence of LPS (from E.coli serotype 0111: B4; 
Sigma,, St. Louis, MO; 10 ng/mL). After the incubation, supernatants were 
collectedd and stored at - 20 °C until assays were performed. GROa and ENA-
788 were measured by ELISA's according to the instructions of the 
manufacturerr (R&D Systems, Abingdon, UK). All data are given as means
SEM.. Log-transformed concentrations of chemokines were analyzed in time 
byy one-way analysis of variance (ANOVA). Comparisons between treatment 
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groupss were conducted using repeated measures ANOVA. P < 0.05 was 

consideredd to represent a significant difference. 

Results s 

Injectionn of LPS into healthy h u m a ns induced a febrile syndrome associated 
wit hh influenza-like symptoms (10, 12}. LPS elicited t ransient increases in the 
serumm concentrat ions of GROa and ENA-78, both peaking after 2 hours 
(Figuree 1; both P < 0.001). IL-10 pretreatment, but not IL-10 posttreatment, 
at tenuatedd LPS-induced GROa release. Peak GROa concentrat ions in 
subjectss pretreated with IL-10 were 0.74  0.27 n g / mL versus 1.10  0.37 
ng /mLL in subjects injected with LPS only (P<0.001). By contrast, neither IL-

pret reatment t post t reatment t 

0.0 0 

•IL-100 + LPS 
•LPS S 

22 0 2 4 6 8 10 12 

—ii  1 1 1 1 1 — 

•22 0 2 4 6 8 10 12 

(hours) ) 
Figuree 1. Mean  SE serum concentrations of GROa (upper panels) and ENA-78 
(lowerr panels) after intravenous LPS injection (4 ng/kg; t = 0) into healthy humans. 
Placeboo (open circles) or IL-10 (25 ng/kg, filled circles) was given intravenously two 
minutess before LPS injection (pretreatment) or one hour after LPS injection 
(posttreatment).. P values indicate the difference between treatment groups. NS = 
nonsignificant. . 

100 pretreatment nor IL-10 post t reatment influenced the release of ENA-78 

intoo the circulation of subjects exposed to LPS. To obtain insight into which 

celll type present in the circulation was influenced by IL-10, we determined 
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t hee effects of IL-10 on GROa and ENA-78 release by peripheral blood, 

isolatedd PBMCs and PMNs in vitro (Figure 2). In whole blood, IL-10 exerted a 

s t rongg dose-dependent inhibiting effect on LPS-induced GROa and ENA-78 

release.. PBMCs tu rned out to be the main producers of GROa and ENA-78 

perr mL blood, releasing 9- and 15-fold more of these chemokines, 

WholeBlood d 

u u 

50--

c\n-c\n-

rhIL-10(ng/ml) ) 
0.011 0.1 1 10 100 1000 

\ \\ - T - ENA-78 

\ ll - V - GROa 

PBMCs s 
rhIL-100 (ng /m l ) 

11 10 100 

PMNs s 
rhIL-100 (ng/ml) 

11 10 100 

Figuree 2. Mean
SEE concentrations 
off GROa (open 
triangles)) and ENA-
788 (filled triangles) 
inn supernatants of 
wholee blood, 
PBMCss and PMNs 
stimulatedd with 
LPSS (10 ng/mL) at 
377 °C for 24 hours 
inn the presence of 
increasing g 
concentrationss of 
IL-10.. PBMCs and 
PMNss were isolated 
fromm peripheral 
bloodd and 
resuspendedd in 
culturee medium to 
thee original blood 
volume.. Data are 
expressedd relative 
too incubation with 
LPSS alone. 
Absolute e 
chemokine e 
concentrations s 
measuredd after LPS 
stimulationn in the 
absencee of IL-10 
aree given in the 
text. . 
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respectively,, than PMNs. Concentrations in supernatants of LPS stimulated 
PBMCss and PMNs were 5.01  1.50 ng/mL and 0.61  0.11 ng/mL 
respectivelyy for GROa, and 6.53  1.56 ng/mL and 0.45  0.20 ng/mL for 
ENA-78.. IL-10 dose-dependently inhibited GROa and ENA-78 release by LPS 
stimulatedd PBMCs and PMNs. Interestingly, IL-10 doses required to 
maximallyy attenuate CXC chemokine production by whole blood were 1000-
foldd lower than IL-10 doses needed to abrogate chemokine release by isolated 
PBMCss and PMNs. Furthermore, PMNs were more sensitive to the inhibitory 
effectt of IL-10 than PBMCs, with reduced chemokine release already 
observedd at 10 ng/mL whereas 100 ng/mL was necessary to reduce 
chemokinee production by PBMCs. 

Discussion n 

Thee present study is the first to investigate the effect of IL-10 on the ELR 
positivee CXC chemokines GROa and ENA-78. Unlike IL-8, which can be 
consideredd the prototypic member of this class of neutrophil activating 
peptides,, GROa and ENA-78 interact only with the type 2 CXC chemokine 
receptorr (8, 13). Each of these three chemokines likely contributes to 
neutrophill trafficking during infection and inflammation (9, 13, 17). We 
thereforee considered it of interest to assess the effects of IL-10 on the release 
off GROa and ENA-78. In vivo, IL-10 given two minutes prior to LPS, 
inhibitedd GROa secretion into the circulation, while not altering the release 
off ENA-78. In vitro, IL-10 proved to be a strong inhibitor of the secretion of 
bothh CXC chemokines. The discrepancy between the effect of IL-10 on ENA-
788 production in healthy humans in vivo and in whole blood or cultures of 
isolatedd blood cells in vitro suggests that during human endotoxemia cell 
typess not present in peripheral blood contribute to ENA-78 release to a more 
importantt extent than to the secretion of GROa (and IL-8). Indeed, ENA-78 
cann be synthesized by many different cell types, including epithelial cells, 
keratinocytes,, smooth muscle cells, endothelial cells and fibroblasts (17). 
Further,, in support of this explanation, IL-10 did not influence LPS-induced 
IL-88 release by fibroblasts (14) and even enhanced IL-8 production by 
endotheliall cells (2), indicating that the effect of IL-10 on the production of 
ELRR positive CXC chemokines is not uniformly inhibitory. It should be noted 
thatt the IL-10 induced inhibition of IL-8 (12) and GROa release (the present 
study)) after in vivo administration of LPS, contrasts with the enhanced 
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secretionn of the ELR negative CXC chemokines gamma interferon-inducible 
proteinn (IP)-10 and monokine induced by interferon-y (Mig) observed in IL-10 
treatedd humans (7). Further studies are warranted to dissect the molecular 
mechanismss underlying these differential effects of IL-10 on ELR positive 
andd ELR negative CXC chemokines. The present data may contribute to the 
understandingg of the anti-inflammatory potential of IL-10 during neutrophil-
mediatedd diseases. 
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Abstract t 

IL-100 is a potent anti-inflammatory cytokine. The role of endogenous IL-10 
inn host defense against bacterial infection is unclear, i.e. neutralization of 
IL-100 improved survival during murine pneumonia, whereas it increased 
lethalityy during peritonitis induced by cecal ligation and puncture. To 
determinee the role of endogenous IL-10 in local antibacterial host defense 
andd in the development of a systemic inflammatory response syndrome 
duringg abdominal sepsis, IL-10 gene deficient (IL-10-/-) and wild type (IL-
10+/+)) mice received an i.p. injection with Escherichia coll Peritonitis was 
associatedd with a bacterial dose dependent increase in IL-10 
concentrationss in peritoneal fluid and plasma. The recovery of E.coli from 
thee peritoneal fluid, blood and lungs was diminished in IL-10-/- mice, 
indicatingg that endogenous IL-10 impaired bacterial clearance. In spite of a 
lowerr bacterial load, IL-10-/- mice had higher concentrations of TNF, MIP-
22 and KC in peritoneal fluid and plasma, and demonstrated more severe 
multiplee organ damage as indicated by clinical chemistry and 
histopathology.. Further, IL-10-/- mice showed an increased neutrophil 
recruitmentt to the peritoneal cavity. To examine the role of elevated TNF 
levelss in the altered host response in IL-10-/- mice, the effect of a 
neutralizingg anti-TNF mAb was determined. Anti-TNF did not influence the 
clearancee of E.coli in either IL-10+/+ or IL-10-/- mice. Further, anti-TNF 
didd not affect leukocyte influx in the peritoneal fluid, multiple organ 
damagee or survival in IL-10+/+ mice. In IL-10-/- mice, anti-TNF partially 
attenuatedd neutrophil recruitment and multiple organ damage, and 
preventedd the increased lethality. These data suggest that although 
endogenouss IL-10 facilitates the outgrowth and dissemination of bacteria 
duringg E.coli peritonitis, it protects mice from lethality by attenuating the 
developmentt of a systemic inflammatory response syndrome by a 
mechanismm that involves inhibition of TNF release. 
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Introduction n 

Peritonitiss continues to be one of the major abdominal emergencies 
causingg high in-hospital morbidity and mortality rates up to 38%.1_3 While 
thee overall mortality of sepsis is approximately 35%,4 abdominal sepsis is 
associatedd with mortality rates up to 80%.5 Although different bacteria 
havee been identified as causative organisms in peritonitis, Escherichia coli 
[E.[E. coli) remains one of the most common pathogens {up to 60%) in 
intraperitoneall infections.617 Surgical and supportive treatment of 
peritonitiss often do not suffice, and an increase in resistance to many 
antibioticc compounds has developed,89 especially among the 
Enterobacteriaceae,Enterobacteriaceae, where some isolates have acquired extended-spectrum 
p-lactamases.10:111 Hence, more knowledge of the regulation of inflammatory 
responsess during peritonitis is warranted. 

Cytokiness play an important role in the pathogenesis of bacterial 
infections.122 In models of severe systemic infection or inflammation, 
producedd by intravenous administration of high doses of bacteria or 
bacteriall products such as endotoxin, excessive production of 
proinflammatoryy cytokines significantly contributes to organ failure and 
death,, as reflected by findings that neutralization of either TNF or IL-1 
activityy markedly reduced mortality in these systemic challenge models.13" 
155 However, in experiments in which an at least initially localized infection 
wass induced, including pneumonia and peritonitis, the local activity of 
proinflammatoryy cytokines appeared important for antibacterial host 
defensee at the site of the infection.1619 Together these data suggest that 
proinflammatoryy cytokines function as "double-edged swords", on the one 
handd required locally for effective antibacterial effector mechanisms, on the 
otherr hand potentially toxic when secreted into the circulation. 

IL-100 is an 18 kDa cytokine produced under different conditions of 
immunee activation by a variety of cell types, including T cells, B cells, 
monocytess and macrophages.2021 IL-10 is considered a prototypic anti
inflammatoryy cytokine and potently inhibits the production of 
proinflammatoryy cytokines in vitro and in vivo.22-26 Several animal studies 
havee pointed to an important role of IL-10 in the pathogenesis of bacterial 
infection.. Elevated plasma concentrations of IL-10 have been found in 
patientss with sepsis.2728 In mouse models of systemic inflammation 
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inducedd by injection of endotoxin, IL-10 serves a protective role. Indeed, 
eliminationn of endogenous IL-10 resulted in an increased production of 
severall proinflammatory cytokines, including TNF, and an enhanced 
mortality.29300 Similarly, IL-10 gene deficient (IL-10-/-) mice demonstrated 
ann enhanced mortality after endotoxin injection, which was associated with 
elevatedd levels of TNF and several other proinflammatory mediators.31 The 
rolee of endogenous IL-10 in localized bacterial infection is less unequivocal. 
Duringg murine pneumonia, IL-10 produced within the pulmonary 
compartmentt impaired host defense against invading bacteria, as reflected 
byy findings that treatment with anti-IL-10 antibodies inhibited bacterial 
outgrowthh in lungs and improved survival.3233 During septic peritonitis 
inducedd by cecal ligation and puncture (CLP), however, elimination of IL-10 
wass associated with an increased mortality.3435 The mechanisms by which 
anti-IL-100 treatment increased mortality during peritonitis were not 
elucidatedd in these previous studies. In particular, no attempts were 
undertakenn to determine the effect of IL-10 on bacterial clearance from the 
peritoneall cavity, and on the development of a systemic inflammatory 
responsee syndrome. Therefore, in the present study we sought to 
determinee the influence of endogenous IL-10 on host defense mechanisms 
duringg E.coli peritonitis, making use of IL-10-/- mice. 

Materiall and Methods 

Animals Animals 

Malee C57BL/6 wild type (IL-10+/+) mice were purchased from Harlan CPB, 
Zeist,, The Netherlands. C57BL/6 IL-10-/- mice were purchased from 
Jacksonn Laboratory (Bar Harbor, MA). All mice were housed (five per cage) 
inn the same temperature-controlled room with alternating 12 h light-dark 
cycles,, and were allowed to equilibrate for at least five days before the 
study.. Animals were provided regular mice chow (SRM-A; Hope Farms, 
Woerden,, The Netherlands) and water ad libitum. Age (8-10 weeks) and sex-
matchedd IL-10+/+ and IL-10-/- mice were used in all experiments. The 
experimentss were approved by the Institutional Animal Care and Use 
Committeee of the Academic Medical Center, Amsterdam, The Netherlands. 
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Antibodies Antibodies 

Ratt anti-mouse TNF mAb, was kindly provided by Dr. Shealy (Centocor, 
Malvern,, PA). Rat IgG2a (clone R7D4) was used as control Ab. Abs were 
givenn i.p. in a dose of 0.5 mg, 2 h before induction of peritonitis. 

InductionInduction of peritonitis 

EscherichiaEscherichia coli 018:K1 was cultured in Luria Bertani medium (LB; Difco, 
Detroit,, MI) at 37EC, harvested at mid-log phase, and washed twice with 
sterilee saline before injection to clear the bacteria of medium. Mice were 
injectedd i.p. with 102, 103 or 104 viable E.coli 018:K1 CFU in 200 Hi sterile 
isotonicc saline. The inoculum was plated immediately after inoculation on 
bloodd agar plates to determine viable counts. Control mice received 200 yl 
normall saline. 

MonitoringMonitoring of mortality and organ and blood sampling 

Inn survival studies, mortality was assessed every 12 h during the first 4 
dayss after E.coli challenge. In preliminary studies, mortality occurred 
predominantlyy between 24 and 36 hours after E.coli challenge; therefore, 
mortalityy was assessed every hour in this period. Mice that survived more 
thann 3 days appeared to be permanent survivors. 

Att time of sacrifice, mice were first anesthetized by inhalation of isoflurane 
(Abbottt Laboratories Ltd., Kent, UK) / O2 (2%/2 1). A peritoneal lavage was 
thenn performed with 3 ml sterile isotonic saline using an 18-gauge needle, 
andd peritoneal lavage fluid was collected in sterile tubes (Plastipack; 
Becton-Dickinson,, Mountain View, CA). The recovery of peritoneal fluid 
wass > 90% in each experiment and did not differ between groups. After 
collectionn of peritoneal fluid, deeper anesthesia was induced by i.p. 
injectionn of 0.07 ml/g FFM mixture (Fentanyl (0.315 mg/ml)-Fluanisone 
(100 mg/ml) (Janssen, Beersen, Belgium), Midazolam (5 mg/ml) (Roche, 
Mijdrecht,, The Netherlands). Next, the abdomen was opened and blood was 
drawnn from the lower caval vein into a sterile syringe, transferred to tubes 
containingg KDTA (K3) (15%), and immediately placed on ice. Blood was 
usedd for hematologic and chemical analyses, and for measurement of 
cytokinee levels. Plasma for these determinations was prepared by 
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centrifugationn at 3000 x g for 10 min at 4 °C, after which aliquots were 
storedd at -20 °C. 

HistologicHistologic analysis 

Shortlyy after killing, samples from all liver lobes, and other parenchymal 
organs,, were removed, fixed in 4% formaline, and embedded in paraffin for 
routinee histology. Sections of 2-5 pm thickness were stained with 
haematoxylinn and eosin. Histologic examination was performed on coded 
sampless by two independent investigators, blinded for treatment groups. 

Assays Assays 

Cytokiness and chemokines were measured by ELISA's according to the 
recommendationss of the manufacturer [with detection limits in pg/ml], i.e. 
TNFF [31.2] (Genzyme, Cambridge, MA), IL-10 [24.7] (Pharmingen, San 
Diego,, CA), macrophage inflammatory protein (MIP)-2 [9.6], and 
keratinocytee (KC) [4] (both from R&D Systems, Minneapolis, MN). Aspartate 
aminotranspherasee (ASAT), alanine aminotranspherase (ALAT), creatinin 
andd amylase were determined with commercially available kits (Sigma, St. 
Louis,, MO), using a Hitachi analyzer (Boehringer Mannheim, Mannheim, 
Germany)) according to the manufacturer's instructions. 

EnumerationEnumeration of bacteria 

Ten-foldd serial dilutions of peritoneal fluid, whole blood, and lung 
homogenatess were plated on blood agar plates and incubated at 37°C and 
5%% CO2. CFU were counted after 24 h. Lung homogenates were prepared 
byy homogenization at 4°C in four volumes of sterile saline using a tissue 
homogenizerr (Biospec Products, Bartlesville, UK). 

CellCell counts and differentials 

Celll counts, determined in triplicate on each peritoneal fluid sample, were 
quantitatedd using a hemacytometer. Subsequently peritoneal fluid was 
centrifugedd at 1400 x g for 10 min; the supernatant was collected in sterile 
tubess and stored at -20°C until determination of cytokines. The pellet was 
dilutedd with PBS until a final concentration of 105 cells/ml and differential 
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celll counts were done on cytospin preparations stained with a modified 
Giemsaa stain (Diff-Quick; Dade Behring AG, Düdingen, Switzerland) 
accordingg to the manufacturer's instructions. Cell differentials were 
determinedd in duplicate by two independent investigators. 

StatisticalStatistical analysis 

Alll values are given as means  SE. Two sample comparisons were done by 
unpairedd t-tests. Survival curves were compared with the log-rank test. P < 
0.055 was considered to represent a significant difference. 

Results s 

InductionInduction of IL-10 

Inn normal wild type mice, peritonitis was associated with elevated IL-10 
concentrationss in both plasma and peritoneal fluid at 6 and 24 h which at 
eachh bacterial dose were approximately 5-fold higher in peritoneal fluid 
thann in plasma (Figure 1). After inoculation with 102 CFU E.coli, IL-10 
levelss in peritoneal fluid and plasma peaked at 6 h, while after infection 
withh higher doses, 103 and 104 CFU E.coli, IL-10 levels peaked after 24 h. 
Micee that were i.p. injected with sterile saline did not have detectable IL-10 
inn peritoneal fluid or blood. In addition, in IL-10-/- mice no IL-10 
immunoreactivityy could be measured at any time point. 

IL-10-/-IL-10-/- mice have an enhanced bacterial clearance 

Havingg established that IL-10 is produced during peritonitis, we wished to 
determinee the role of endogenous IL-10 in antibacterial defense. For this 
purposee bacterial outgrowth was determined at 6 and 24 h after induction 
off peritonitis by either 102, 103, or 104 CFU E.coli (Figure 2). We counted 
CFUU in three body compartments: the peritoneal cavity (the site of the 
infection),, blood (to evaluate to which extent the infection became 
systemic),, and the lung (an organ distant from the primary site of 
infection).. At 6 h after inoculation with any of the three doses, similar 
numberss of CFU were recovered from IL-10+/+ and IL-10-/- mice, except 
forr peritoneal fluid obtained from IL-10+/+ mice after infection with 103 
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Figuree 1. E.cofi peritonitis is 
associatedd with a dose-dependent 
increasee in IL-10 concentrations in 
peritoneall fluid and plasma. 
Normall wild type mice received an 
i.p.. injection with 102, 103 or 104 

CFUU E.coli, and IL-10 levels were 
measuredd after 6 and 24 hours. 
Dataa represent mean  SE of 8 
micee per time point for each 
bacteriall inoculum. Note that the 
Y-axiss scale is different for the 
lowestt bacterial dose. IL-10 
remainedd undetectable in mice 
thatt received an i.p. injection with 
sterilee saline. 

CFU,, which showed more CFU than peritoneal fluid obtained from IL-10-/-

micee inoculated with th i s dose (p < 0.05). At 24 h after infection with 102 or 

1033 CFU, from only some of the IL-10+/+ mice, bu t none of the IL-10-/-

mice,, E.coli could be recovered from peritoneal fluid, blood and lungs 

(p<0.055 for lungs after bo th 102 and 103 CFU, IL-10+/+ vs. IL-10-/-; 

p<0 .055 for peri toneal fluid after 10 3 CFU, IL-10+/+ vs. IL-10-/-). At 24 h 

afterr infection wi th 104 CFU, IL-10+/+ mice had significantly more CFU in 

theirr peri toneal fluid, blood and lungs t h an IL-10-/- mice (all p<0.05). 
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Figuree 2. Diminished recovery of E.coli in IL-10-/- mice. IL-10+/+ and IL-10-/-
micee received an i.p. injection with 102, 103 or 104 CFU E.coli, and CFU's were 
countedd in peritoneal fluid, blood and lungs after 6 and 24 hours. Filled symbols 
representt IL-10+/+ mice; open symbols indicate IL-10-/- mice. Horizontal lines 
representt medians. 

Hence,, overall outgrowth of E.coli was impaired in IL-10- / - mice when 

comparedd with IL-10+/+ mice in all body compar tmen t s tested. 

Subsequen tt s tudies on hos t defense mechan i sms dur ing peritonit is in IL-

10- / -- and IL-10+/+ mice were performed us ing a bacterial inoculum of 103 

CFU. . 

IL-10-/-IL-10-/- mice have an increased neutrophil recruitment to the peritoneal 

cavity cavity 

Sincee leukocytes play an impor tant role in the local hos t defense against 

invadingg bacteria, we next determined leukocyte coun t s and differentials in 

peritoneall fluid dur ing peritonitis. Intraperi toneal adminis t ra t ion of 103 
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CFUU E.coli resulted in an influx of leukocytes into the peritoneal fluid, 
whichh was mainly associated with an increase in neutrophil numbers and 
whichh was especially apparent at 6 h after infection (Table 1). At this early 
timee point, IL-10-/- mice had more neutrophils in their peritoneal fluid 

Tablee 1. Leukocyte coun t s in peritoneal lavage fluid 

TT 6 h T 24 h 

IL-10+/++ IL-10-/- IL-10+/+ IL-10-/-

Totall cells (xl06/ml) 5.48 2 8.31 * 1.23 1 3.32 * 

Neutrophilss 3.56 5 6.57 * 0.72 9 2.16 * 

Macrophagess 1.32 3 1.16 5 0.43 3 0.93 8 

Lymphocytess 0.60 1 0.58 7 5 2 

Da t aa a re m e a n  SE (n = 8 mice per g roup for each time point) a t 6 or 24 h after 
i.p.. adminis t ra t ion of E.coli (103 CFU). * P < 0 .05 vs IL-10+/+ 

thann IL-10+/+ mice (p<0.05). Peritoneal fluid leukocyte numbers decreased 
betweenn 6 and 24 h postinfection in both mouse strains, although the 
numberr of neutrophils recovered from peritoneal fluid of IL-10-/- mice at 
244 h remained higher (p<0.05). 

IL-10IL-10 mice have elevated TNF and chemokine concentrations in peritoneal 
fluidfluid and plasma 

Sincee IL-10 has been found to inhibit TNF production in vitro and in vivo,2°-
266 and since TNF is considered an important proinflammatory mediator in 
bacteriall infection,12 we were interested in TNF release in peritoneal fluid 
andd plasma during peritonitis in IL-10+/+ and IL-10-/- mice. Peritonitis 
wass associated with an increase in TNF concentrations in both peritoneal 
fluidfluid and plasma (Figure 3, upper panels). IL-10-/- mice had higher TNF 
concentrationss in peritoneal fluid and plasma than IL-10+/+ mice (p<0.05). 

CXCC chemokines have been implicated in the attraction of neutrophils to 
thee site of an infection.36 Therefore, we measured the main mouse CXC 
chemokiness MIP-2 and KC in peritoneal fluid and plasma (Figure 3, lower 
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Figuree 3. IL-10-/- mice demonstrate elevated TNF, MIP-2 and KC concentrations 
inn peritoneal fluid and plasma during E.coli peritonitis. IL-10+/+ and IL-10-/- mice 
receivedd an i.p. injection with 103 CFU E.coli, and TNF, MIP-2 and KC 
concentrationss were measured in peritoneal fluid and plasma after 6 and 24 hours. 
Filledd bars represent IL-10+/+ mice; open bars indicate IL-10-/- mice. Data are 
meann  SE of 8 mice per time point for each mouse strain. 
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panels) .. Int raper i toneal administrat ion of E.coli resul ted in a rise in 
peri toneall fluid and p l a sma MIP-2 and KC levels. IL-10- / - mice had higher 
levelss of MIP-2 and KC in peritoneal fluid and p l a sma t han IL-10+/+ mice 
(p<0.05). . 

IL-10-/-IL-10-/- mice have more severe multiple organ damage 

Abdominall sepsis can be associated with multiple organ failure.37 To 
de terminee the role of endogenous IL-10 herein, we measu red biochemical 
pa r ame t e r ss of liver damage (ASAT, ALAT), panc reas damage (amylase), and 
rena ll failure (creatinine) a t 24 h after i.p. injection of 103 E.coli CFU (Figure 
4).. IL-10- / - mice demonstra ted biochemical evidence of more severe 
mult iplee organ damage t h a n IL-10+/+ mice, a s reflected by higher ALAT, 
ASAT,, amylase, and creat inin concentrations (all p<0.05). 

Inn line with these laboratory findings indicative for multiple organ damage, 
IL-10- / -- mice displayed more severe histopathological damage of 
pa renchymall o rgans t h a n IL-10+/+ mice at 24 h after infection (Figure 5). 
Vascularr congestion wa s generalized in all organs examined, and more 
obviouss in IL-10- / - mice compared with IL-10+/+ mice. In the livers of IL-
10+/++ mice, thrombot ic occlusion in portal areas , en largement of portal 
t r ac t ss by mononuc lea r cells, micro- and macrovacuolar s teatosis , and 
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Figuree 4. IL-10-/- mice demonstrate enhanced multiple organ damage as reflected 
byy clinical chemistry. IL-10+/+ and IL-10-/- mice received an i.p. injection with 103 

CFUU E.coli, and ALAT, ASAT (liver injury), amylase (pancreas injury) and creaünin 
(renall injury) concentrations were measured in plasma after 24 hours. Filled bars 
representt IL-10+/+ mice; open bars indicate IL-10-/- mice. Data are mean  SE of 
88 mice for each mouse strain. Dotted lines represent the mean values obtained 
fromm normal plasma of mice that were i.p. injected with sterile saline (6 mice). 
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scat teredd foci of hepatocellular degeneration and necrosis were noted. 
Thesee changes were more pronounced in livers of IL-10- / - mice, especially 
withh respect to the extent of hepatocellular necrosis , characterized by 
'gar land-shaped '' necrotic areas , covering u p to 40% of the liver 
pa renchymaa whereas in IL-10+/+ th is was 20% at t he most . When 
inspectingg the lungs macroscopically, the lungs of IL-10+/+ mice were less 
hyperemicc and showed less hemorrhagic spots compared with IL-10-/-
mice.. In addition, lungs of both mouse s t ra ins displayed macroscopic 
hemorrhagee and generalized endovasculit is. IL-10+/+ mice showed less 
thromboticc lesions and inflammatory infiltrates in the alveolar sep ta t h a n 

IL-10+/+ + IL-10-/--

Liver r 

Lung g 

Figuree 5. Histopathology. 
Representativee histological 
picturess of liver, lung and 
spleenn of IL-10+/+ (A,C,E) 
andd IL-10-/- (B,D,F) mice 
att 24 hours after i.p. 
injectionn of E.coli (103 

CFU).. Liver tissue in IL-
10+/++ mice showed small 
necroticc areas 
(arrowheads)) compared 
withh the 'garland'-like 
necroticc areas in IL-10-/-
mice.. More obvious 
thromboticc lesions (arrows) 
andd a higher influx of 
polymorphonuclear r 
granulocytess in portal 
areass were found in IL-
10-/-- mice compared with 

IL-10+/++ mice. (CV, central vein; PV, portal vein). Lungs revealed mild alveolar 
congestionn and cellular infiltrates in both mouse strains, however lungs of IL-10-/-
micee displayed more extensive thrombotic lesions (arrows) compared with IL-10+/+ 
mice.. Spleens of IL-10+/+ mice displayed increased congestion of the red pulp 
whichh contained numerous hematopoietic cells, including megakaryocytes, 
extensivee reactive changes of the white pulp with numerous 'starry sky' 
macrophagess with ingested debris, and thrombotic occlusion of the vessels 
(arrows).. All these splenic pathologic changes were more profound in IL-10-/- mice. 
Noteworthyy is the extensive purulent exudate with numerous clots of bacteria on 
thee surface of the spleen, which was more pronounced in IL-10+/+ mice compared 
withh IL-10-/- mice. Slides shown are representative for a total of 8 mice per group. 
(H&EE staining, original magnification 25x). 

Spleen n 
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IL-10-/-- mice. Noteworthy, IL-10+/+ mice suffered more often from 
bacteriall pleuritis with large purulent exsudates. Increased levels of 
creatininn were predominantly due to prerenal failure and general tissue 
deteriorationn (e.g. muscle tissue) since there were only mild inflammatory 
changess in the kidneys with sporadic necrotic tubular cells, were equally 
presentt in both mouse strains. 

RoleRole of elevated TNF levels in altered host responses to peritonitis in IL-10-/-
mice mice 

TNFF is considered a central mediator in the early host response to bacterial 
infection.. On the one hand, high levels of TNF in the circulation can cause 
severee tissue toxicity and organ damage.3839 On the other hand, at local 
tissuee level, TNF contributes to an effective host defense.1619 Since IL-10-/-
micee displayed elevated levels of TNF in both peritoneal fluid and plasma 
(Figuree 3), we were interested to determine the role of enhanced TNF 
releasee in the altered host responses to peritonitis in IL-10-/- mice. 
Therefore,, we pretreated IL-10+/+ and IL-10-/- mice with a neutralizing 
anti-mousee TNF mAb or an irrelevant control mAb 2 h before infection with 
1033 E.coli CFU, and determined bacterial outgrowth, leukocyte counts in 

Tablee 2. Leukocyte counts in peritoneal lavage fluid after anti-TNF pre treatment 

IL-10+/++ IL-10-/-

T24h T24h 

Totall cells 
(xios/ml) ) 

Neutrophils s 

Macrophages s 

Lymphocytes s 

Controll mAb 

1.277 1 

0.799 1 

0.399 3 

0.099  0.04 

Anti-TNF F 

6 6 

0.666 1 

0.399 5 

0.099  0.04 

Controll mAb 

3.155 * 

2.055 * 

0.899 8 

0.211 9 

Anti-TNF F 

2.222  0.51ft 

* * 

0.600 1 

0.222 1 

Dataa are mean  SE (n = 8 mice per group) at 24 h after i.p. administration of E.coli 
(1033 CFU). 
**  P< 0.05 vs. IL-10+/+ mice (+ control mAb or anti-TNF). 
tt P < 0.05 vs. IL-10+/+ mice (+ control mAb or anti-TNF). 
$$ P< 0.05 vs. IL-10-/- mice + control mAb. 
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peritoneall fluid and biochemical pa ramete rs of organ damage at 24 h after 
inoculation.. In these experiments, IL-10-/- mice t rea ted with the control 
mAbb showed less E.coli CFU in peritoneal fluid, blood and lungs, a n 
enhancedd influx of cells to the peritoneal cavity, and increased levels of 
biochemicall pa ramete r s of liver- and pancreas damage, and renal failure 
whenn compared with IL-10+/+ mice t reated with the control mAb (Figures 
66 and 7, Table 2), confirming the experiments presented in Figures 2 and 
4,, and Table 1. Anti-TNF did not significantly influence the numbe r of 
E.coliE.coli CFU's recovered from peritoneal fluid, blood or lungs in either IL-
10+/++ or IL-10-/- mice (Figure 6). In addition, in IL-10+/+ mice anti-TNF 
didd not influence leukocyte recrui tment to the peri toneal cavity (Table 2) or 
biochemicall evidence of multiple organ damage (Figure 7). However, in IL-
10- / -- mice, anti-TNF reduced inflammatory responses to E.coli peritonitis, 
i.e.. anti-TNF a t t enua ted leukocyte influx and especially neut rophi l influx in 
peritoneall fluid (p<0.05 versus IL-10-/- mice t reated with control mAb; 
Tablee 2), and diminished the rises in ALAT, ASAT, amylase and creatinin 
(al lp<0.05;; Figure 7). 
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Figuree 6. Anti-TNF does not influence 
thee recovery of E.coli duringg peritonitis 
inn IL-10+/+ or IL-10-/- mice. IL-
10+/++ and IL-10-/- mice received an 
i.p.. injection of either a neutralizing 
anti-TNFF mAb (0.5 mg) or a control 
mAbb (0.5 mg), followed after 2 h by an 
i.p.. injection with 103 CFU E.coli 
CFU'ss were counted in peritoneal 

fluid,, blood and lungs after 24 hours. Filled symbols represent IL-10+/+ mice; 
openn symbols indicate IL-10-/- mice. Horizontal lines represent medians. Only 
significantt differences between groups are indicated. * P < 0.05 vs. IL-10+/+ mice + 
controll mAb. t P < 0.05 vs. IL-10+/+ mice + anti-TNF mAb. 
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RoleRole of IL-10 and TNF in survival 

Too examine the role of endogenous IL-10 and TNF in lethality induced by 

peritonit is ,, IL-10+/+ and IL-10-/- mice were pre t reated (-2 h) with either 

anti-TNFF or control mAb, inoculated i.p. with 103 CFU E.coït and followed 
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Figuree 7. Effect of anti-TNF on multiple organ damage in IL-10+/+ and IL-10-/-
mice.. IL-10+/+ and IL-10-/- mice received an i.p. injection of either a neutralizing 
anü-TNFF mAb (0.5 mg) or a control mAb (0.5 mg), followed after 2 h by an i.p. 
injectionn with 103 CFU E.colL ALAT, ASAT (liver injury), amylase (pancreas injury) 
andd creatinin (renal injury) concentrations were measured in plasma after 24 
hours.. Filled bars represent IL-10+/+ mice; open bars indicate IL-10-/- mice. Data 
aree mean  SE of 8 mice per treatment for each mouse strain. Dotted lines 
representt the mean values obtained from normal plasma of mice that were i.p. 
injectedd with sterile saline (6 mice). Only significant differences between groups are 
indicated.** P < 0.05 vs. IL-10+/+ mice + control mAb.t P < 0.05 vs. IL-10+/+ mice 
++ anti-TNF mAb.* P < 0.05 vs. IL-10-/- mice + anti-TNF mAb. 

forr 10 days (Figure 8). All deaths occurred between day 1 and 3; mice 

survivingg for 3 days appeared pe rmanen t survivors. IL-10-/- mice treated 
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withh control mAb died earlier and to a greater extent t h a n IL-10+/+ mice 

t reatedd with control mAb (13 /19 or 6 8% versus 6 / 1 8 or 3 3 % , p<0.05). This 

survivall d isadvantage of IL-10-/- mice disappeared after t r ea tmen t with 

anti-TNFF (mortality 7 / 1 8 or 39%, nonsignificant ve r sus IL-10+/+ mice 

t reatedd with control mAb). Anti-TNF tended to increase survival in IL-

10+/++ mice (nonsignificant). 
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Figuree 8. Anti-TNF reverses the enhanced lethality of IL-10-/- mice during E.coli 
peritonitis.. IL-10+/+ and IL-10-/- mice received an i.p. injection of either a 
neutralizingg anti-TNF mAb (0.5 mg) or a control mAb (0.5 mg), followed after 2 h by 
ann i.p. injection with 103 CFU E.coli Data are derived from 18-19 mice per 
treatmentt for each mouse strain. Mice that survived 3 days were permanent 
survivors. . 

Discussion n 

Thee cytokine network plays a pivotal role in the orchest ra t ion of 
inflammatoryy responses to bacterial infection. The balance between 
proinflammatoryy and anti-inflammatory cytokines critically influences the 
functionn of immunocompeten t cells and the res is tance against infection. It 
h a ss been suggested t ha t the cytokine network can act a s a double-edged 
swordd during infection, i.e. whereas in an infected organ a predominant ly 
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proinflammatoryy response contributes to the effective clearance of bacteria, 
att the systemic level such a response may be harmful to the host.12 

Althoughh this hypothesis is plausible, only few studies have 
simultaneouslyy examined bacterial clearance from an infected body site 
andd signs of systemic inflammation in a clinically relevant model of sepsis. 
I.p.. administration of live E.coli results in a paradigm that resembles a 
clinicall condition commonly associated with septic peritonitis, with 
diaphragmaticc lymphatic clearance, and systemic bacteraemia and 
endotoxemia.400 We chose this model to examine the role of IL-10, the 
prototypicc anti-inflammatory cytokine, and TNF, the prototypic 
proinflammatoryy cytokine, in the antibacterial defense on the one hand, 
andd in the development of a systemic inflammatory response syndrome on 
thee other hand. The main findings of our study were that during septic 
peritonitiss endogenous IL-10 impairs bacterial clearance from the 
peritoneall cavity and facilitates dissemination of bacteria to distant organs, 
yett attenuates the systemic inflammatory reactions and multiple organ 
failuree associated with this abdominal sepsis syndrome by a mechanism 
thatt in part involves inhibition of TNF production. Consequently, 
endogenouss IL-10 protected against lethality during abdominal sepsis in 
spitee of hampering antibacterial effector mechanisms. 

Thee protective role of endogenous IL-10 in systemic inflammation induced 
byy a bolus dose of endotoxin has been established in a number of 
investigations.29311 However, in these studies the potential disadvantageous 
effectss of IL-10 on the local outgrowth of bacteria in an infected organ and 
thee subsequent dissemination of bacteria, resulting in sepsis, could not be 
examined.. The role of IL-10 in localized bacterial infection seems to depend 
onn the organ that is infected. Indeed, immunoneutralization of IL-10 in 
mousee models of gram-negative or gram-positive pneumonia was 
associatedd with an improved bacterial clearance from the lungs and an 
increasedd survival.3233 On the contrary, anti-IL-10 treatment of mice with 
peritonitiss caused by cecal ligation and puncture was associated with 
enhancedd lethality.34135 Whether endogenous IL-10 influenced bacterial 
clearancee from the peritoneal cavity or the development of multiple organ 
damagee was not investigated in these previous studies. We now show that, 
similarr to its effect in the pulmonary compartment, endogenous IL-10 
impairedd bacterial clearance from the peritoneal cavity during E.coli 
peritonitis,, which was associated with dissemination of bacteria to other 
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sitess in the body. This did not result in an exaggerated systemic 
inflammatoryy response syndrome, however. Endogenous IL-10 was found 
too inhibit the local and systemic release of TNF, which at least in part 
appearedd associated to the development of multiple organ damage and 
death.. These data illustrate the importance of inflammation in lethality 
inducedd by abdominal bacterial infection, i.e. the inflammatory response 
inducedd by the bacteria, tightly controlled by endogenous IL-10, rather 
thann the bacterial load itself, determined the outcome. It remains to be 
establishedd why in pulmonary infection models elimination of IL-10 
improvedd survival.3233 Conceivably, such pneumonia models are not 
associatedd with a systemic inflammatory response syndrome and multiple 
organn damage, an issue that was not investigated in these reports.32:33 If 
thiss is true, the beneficial inhibitory effects of endogenous IL-10 on 
systemicc inflammation would not play a significant role in the outcome of 
experimentall pneumonia. 

Treatmentt of normal wild type mice with anti-TNF did not significantly 
influencee the course of E.coli peritonitis. This finding is in line with 
previouss studies that reported no effect of anti-TNF treatment on survival 
duringg peritonitis induced by i.p. administration of E.colt,4142 or cecal 
ligationn and puncture.3443 Our present study adds to these earlier reports 
thatt anti-TNF not only failed to influence survival, but also had no effect on 
bacteriall clearance and the development of multiple organ damage. 
Togetherr these data suggest that TNF likely does not play an important role 
inn the pathogenesis of abdominal sepsis, although in mild sublethal 
peritonitiss endogenous TNF may contribute to host defense.16 The present 
studyy also indicates that during abdominal sepsis the anti-inflammatory 
armm of the cytokine network (i.e. IL-10) may have a more important 
regulatoryy role in the host response than the proinflammatory arm of the 
cytokinee network (i.e. TNF). This supposition is supported by a recent 
study,, in which neutralization of another anti-inflammatory cytokine, IL-
13,, enhanced systemic inflammation and reduced survival during 
peritonitiss induced by cecal ligation and puncture.44 Anti-IL-13 therapy did 
nott alter the bacterial load in the peritoneal cavity nor did it influence 
leukocytee influx or IL-10 levels, suggesting that IL-13 and IL-10 influence 
hostt defense during peritonitis by different mechanisms. Interestingly, 
anti-TNFF did influence host responses during peritonitis in IL-10-/- mice. 
Inn particular, it diminished the development of multiple organ damage and 
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itt reduced mortality. Since anti-TNF did not affect bacterial clearance in IL-
10-/-- mice, these data further suggest that the systemic inflammatory 
responsee syndrome rather than the bacterial dissemination determined the 
outcome.. In addition, whereas the wild type TNF response did not have an 
importantt impact on the course of peritonitis, the exaggerated TNF 
responsee in IL-10-/- mice apparently did contribute to multiple organ 
damagee and death. This observation is in line with studies in which sterile 
systemicc inflammation was induced by bolus administration of endotoxin. 
Indeed,, anti-TNF therapy partly reversed the increased susceptibility of 
anti-IL-100 treated and IL-10-/- mice to endotoxin-induced lethality.3031 

Thee mechanisms involved in the improved clearance of bacteria from the 
peritoneall cavity of IL-10-/- mice remain to be established. IL-10 may exert 
directt anti-inflammatory effects on cells involved in host defense against 
bacteria,, i.e. IL-10 can decrease neutrophil degranulation and chemotaxis, 
andd can suppress oxygen radical and nitric oxide synthesis.21 The net 
effectt of the increased influx of neutrophils in peritoneal fluid of IL-10-/-
mice,, likely at least in part mediated by locally elevated concentrations of 
thee CXC chemokines MIP-2 and KC,45:46 is uncertain. On the one hand, 
thiss enhanced inflammatory response may have contributed to an effective 
locall antibacterial defense.47 On the other hand, accumulation of 
neutrophilss in the peritoneal cavity may also injure the host, as suggested 
byy a report in which a reduction in neutrophil influx to the abdomen by 
treatmentt with an anti-MIP-2 Ab was associated with an increased survival 
duringg peritonitis induced by cecal ligation and puncture.45 In this respect, 
itt should be noted that anti-TNF reduced neutrophil influx in peritoneal 
fluidfluid of IL-10-/- mice without influencing bacterial clearance, suggesting 
thatt neutrophils did not play a major role in local antibacterial effector 
mechanisms.. Moreover, considering the earlier findings in anti-MIP-2 
treatedd mice,45 this anti-TNF effect may have contributed to the protective 
effectt of this intervention. 

Duringg abdominal sepsis, proinflammatory and anti-inflammatory 
memberss of the cytokine network are considered to regulate local 
antibacteriall effector mechanisms on the one hand, and the systemic 
inflammatoryy response syndrome ensuing from the severe bacterial 
infectionn on the other hand. If the balance in the cytokine network is lost, 
thee inflammatory response to infection can become self-destructive. We 
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heree demonstrate the seemingly paradoxical role of endogenous IL-10 
duringg septic peritonitis. The absence of IL-10 was detrimental to the 
survivall of mice, accompanied by profound multiple organ damage, in spite 
off a more effective bacterial clearance and a reduced dissemination of 
bacteriaa to distant organs. These data exemplify the complex role of IL-10 
inn bacterial infection, and indicate that the net effect of endogenous IL-10 
onn the outcome of a bacterial infection is determined by the balance 
betweenn its local effects (facilitating the outgrowth of microorganisms) and 
itss systemic effects (attenuating inflammation). 

Abbreviations s 

EscherichiaEscherichia coli (E.coli), interleukin-10 deficient (IL-10-/-), IL-10 producing 
C57BL/66 wild type (IL-10+/+), macrophage inflammatory protein (MIP-2), 
keratinocytee (KC), aspartate aminotranspherase (ASAT), alanine 
aminotranspherasee (ALAT). 
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Summary y 

EscherichiaEscherichia coli is a gram-negative bacterium that is a common pathogen 
inn a number of infectious diseases, including urinary tract infections 
(UTIs).. Infection with E. coli is associated with induction of inflammatory 
responsess which are considered to play an important role in the 
pathogenesiss of infectious disease syndromes caused by this bacterium. 
Endotoxinn (lipopolysaccharide, LPS) is a constituent of the outer 
membranee of E. coli (and other gram-negative bacteria) that is a major 
factorr in E. coïi-induced inflammation. The studies described in this thesis 
focusedd on the induction and the role of cytokines and chemokines in the 
inflammatoryy response to either live E. coli or LPS derived from E. coll The 
firstt part of this thesis (Chapters 2 to 6) involves studies on clinical and 
experimentall UTI caused by E. coll The second part of this thesis 
(Chapterss 7 to 11) deals with regulation of systemic inflammation induced 
byy intravenous injection of E. coli LPS in healthy human subjects. Finally, 
Chapterr 12 describes an investigation in a mouse model of abdominal 
sepsiss caused by live E. coll 

Inn Chapter 2, we sought to increase the insight into the kinetics of 
interleukinn (IL)-6 and IL-8 release into urine shortly before and directly 
afterr the microbiological documentation of UTI. We therefore prospectively 
followedd a group of 156 patients undergoing major abdominal surgery, who 
weree at risk for developing UTI because of the fact that they all received a 
urinaryy catheter. Ten patients developed UTI, in all cases caused by E. coll 
Inn these patients, urine IL-6 and IL-8 concentrations were highest on the 
dayy the urine culture became positive. IL-6 concentrations already 
increasedd in the two to four days preceding UTI; however, a similar 
increasee in urine IL-6 levels was found in control patients from the same 
populationn without UTI who were matched for the duration of 
catheterization.. In accordance, we found that these patients with 
uncomplicatedd abdominal surgery demonstrated a gradual rise in urine IL-
66 from postoperative day four and onward. In contrast, urine IL-8 
concentrationss were elevated only on the day UTI was documented, and 
didd not increase in controls without UTI. These data suggest that in 
postoperativee patients who develop UTI, IL-8 but not IL-6 marks the early 
phasee of the local host response to infection. 
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Inn Chapter 3, we evaluated local and systemic concentrations of a number 
off inhibitors of proinflammatory cytokines, in particular of tumor necrosis 
factorr (TNF) and IL-1, in 30 patients with culture proven urosepsis. In 
thesee patients, soluble TNF receptors types I and II, IL-1 receptor 
antagonistt (IL-lra), soluble IL-1 receptor type II and IL-10, were measured 
inn urine and serum obtained on three consecutive days after admission to 
thee hospital, and compared with values measured in urine and serum from 
200 healthy controls with sterile urine. By calculating the urine/serum 
ratios,, we sought to obtain insight into the extent of local (within the 
urinaryy tract) versus systemic production of these anti-inflammatory 
mediators.. Urosepsis patients had elevated serum and urine 
concentrationss of soluble TNF receptors types I and II, and higher 
urine/serumm ratio's than healthy controls. In contrast, IL-lra and IL-10 
concentrationss were only elevated in serum of patients, whereas soluble IL-
11 receptor type II levels were not elevated at all. These data suggest that 
duringg acute UTI the anti-inflammatory cytokine response is generated 
largelyy at the systemic level, and that TNF and IL-1 inhibitors are not 
producedd in significant quantities within the urinary tract with the 
possiblee exception of soluble TNF receptors. 

Inn Chapter 4 we used the same patient population to examine the local 
andd systemic release of monocyte chemoattractant protein (MCP)-1, 
macrophagee inflammatory protein (MIP)-la, MIP-lp and interferon-y 
induciblee protein (IP)-10, all chemokines that mainly act on mononuclear 
cells,, during acute UTI. In addition, we included urine and plasma 
sampless from 11 healthy subjects intravenously injected with E, coli LPS in 
ourr analyses, representing humans exposed to E. coli LPS at the systemic 
levell (contrasting with patients with urosepsis, who were exposed to E. coli 
withinn their urinary tract). We argued that comparison of urine and 
plasmaa levels of chemokines in patients with urosepsis and humans 
intravenouslyy injected with LPS could provide insight in the extent of local 
productionn of these mediators (i.e. within the urinary tract) versus renal 
excretionn of systemically produced mediators. Urine and serum 
concentrationss of MCP-1, MIP-lp and IP-10, but not of MlP-la, were 
elevatedd in urosepsis patients. Intravenous injection of LPS into healthy 
subjectss was associated with transient rises in the plasma and urine levels 
off all four chemokines. Together these results suggest that MCP-1, MIP-1|3 
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andd IP-10 are produced both at the systemic level and in the urinary tract 
duringg acute UTT. 

Inn Chapter 5 we studied plasma and urine concentrations of the ELR 
positivee CXC chemokines IL-8, growth related oncogene (GRO)a and 
epithelial-celll derived neutrophil-activating protein (ENA)-78 in 33 patients 
withh culture proven urosepsis during the first eight hours after initiation of 
antibioticc therapy, in 31 healthy controls and in 11 subjects intravenously 
injectedd with LPS. Patients had markedly elevated urine concentrations of 
CXCC chemokines, with no (GROa, ENA-78) or little (IL-8) elevation in 
plasma.. LPS injection induced transient rises in the plasma levels of CXC 
chemokines,, with no (GROa) or little (IL-8, ENA-78) elevation in urine. In 
additionall in vitro experiments, we found that urine from patients exerted 
chemotacticc activity toward neutrophils, which was inhibited in part by 
antibodiess directed against either IL-8, GROa or ENA-78. These results 
suggestt that during acute UTI, IL-8, GROa and ENA-78 are produced 
predominantlyy within the urinary tract, where they contribute to the 
recruitmentt of neutrophils to the urinary compartment. 

Inn Chapter 6, we utilized a mouse model of ascending UTI to determine 
thee role of CXC chemokines in host defense against UTI. In this model UTI 
wass induced by intravesical inoculation of female mice with live E. coli via 
thee urethra. Mice were pretreated with either an antibody against the sole 
receptorr in the mouse reactive to ELR positive CXC chemokines (CXCR2) 
orr with a control antibody. Anti-CXCR2 treatment virtually completely 
preventedd the influx of neutrophils to the urinary tract, as reflected by the 
absencee of leukocyturia and the lack of neutrophilic infiltrates in kidneys. 
Anti-CXCR22 only transiently impaired the clearance of bacteria from the 
urinaryy tract, as indicated by significantly more E. coli colony forming 
unitss in urine and kidneys at 24 hours, but not at 48 hours, after the 
infection.. Further, the absence of a neutrophilic response was not 
accompaniedd by dissemination of the infection. These data suggest that 
ELRR positive CXC chemokines play a major role in the development of a 
locall inflammatory response to ascending UTI. 

AA number of chemokines can interact with the Duffy antigen receptor for 
chemokiness (DARC) on erythrocytes. In Chapter 7 we determined the 
extentt to which chemokines circulate in cell-associated form during 
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humann endotoxemia. In particular we compared the concentrations of 
chemokiness known to interact with DARC (IL-8, GROa and MCP-1) with 
thosee of MIP-ip (which does not show affinity for DARC) in plasma and in 
lysatess of red blood cells (RBCs), polymorphonuclear cells (PMNs) and 
mononuclearr cells (PBMCs) isolated from peripheral blood before and after 
intravenouss administration of E. coli LPS to eight healthy humans. LPS 
injectionn induced transient increases in the plasma levels of all four 
chemokines.. IL-8 was detected at high concentrations in the RBC, PMN 
andd PBMC fractions after LPS administration, whereas GROa and MCP-1 
weree only recovered in significant quantities from RBCs. MIP-lp was 
detectablee in plasma only. These results suggest that DARC binding 
chemokiness circulate in association with blood cells during endotoxemia, 
inn particular with RBCs. The measurement of cell-associated chemokines 
inn conditions of inflammation and infection may provide more accurate 
informationn on the extent of chemokine production that the mere 
measurementt of plasma levels. 

Inn Chapter 8 we evaluated the role of CD 14, a pattern recognition receptor 
forr a number of bacterial antigens including LPS, in the release of 
chemokiness during human endotoxemia. In this investigation 16 healthy 
humanss were intravenously injected with E. coli LPS preceded by either an 
intravenouss infusion of IC14, an anti-human CD 14 monoclonal antibody, 
orr placebo. IC14 profoundly attenuated the rises in the plasma 
concentrationss of IL-8, MCP-1 and MIP-ip, but not of MlP-la. IC14 also 
diminishedd the increases in the IL-8 levels measured in RBC, PMN and 
PBMCC fractions, and in RBC-associated MCP-1. MlP-la and MIP-lp, which 
doo not bind DARC, were not detected in cell fractions. These results 
suggestt that the release of chemokines during human endotoxemia is 
mediatedd in part by an interaction between LPS and CD 14. 

Severee infection frequently results in an anergic state which has been 
referredd to as "LPS tolerance" or "immunoparalysis". This refractory state 
iss characterized by a reduced capacity of monocytes to produce cytokines 
uponn stimulation with LPS. In Chapter 9 we examined whether PMNs are 
alsoo rendered hyporesponsive during an ongoing inflammatory response, 
usingg the model of human endotoxemia. For this PMNs were isolated from 
peripherall blood from six healthy humans before and one, two or 24 hours 
afterr intravenous injection of E. coli LPS, and stimulated "ex vivo" with 
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eitherr LPS or heat-killed bacteria. As measures of PMN responsiveness, 
GROaa and ENA-78 were measured in culture supernatants, and IL-8 in 
culturee supernatants and in PMN lysates. At one and two hours after LPS 
injection,, the capacity of PMNs to produce CXC chemokines was strongly 
reduced.. Serum obtained two hours after LPS administration did not 
influencee chemokine release by PMNs. These results indicate that 
intravenouss exposure to LPS induces a refractory state of PMNs that is not 
causedd by soluble mediators secreted in response to in vivo exposure to 
LPS. . 

IL-100 is a potent anti-inflammatory cytokine that is released in high 
amountss during infectious diseases (e.g. Chapter 3). In Chapter 10 we 
determinedd the effect of recombinant IL-10 on the release of CC 
chemokiness during human endotoxemia. In this study, 16 healthy humans 
weree evaluated in a cross-over design in which all subjects were studied on 
twoo occasions. On one occasion, each subject was injected with LPS in 
combinationn with placebo. On the other occasion, each subject was 
injectedd with LPS in combination with recombinant IL-10. Placebo or IL-10 
weree administered either two minutes before LPS (pretreatment) or one 
hourr after LPS (posttreatment). In whole blood in vitro, IL-10 caused a 
dose-dependentt inhibition of LPS-induced MlP-la and MIP-lp release, 
whereass MCP-1 secretion was not affected. IL-10 also diminished MlP-la 
andd MIP-lp release stimulated by agonists derived form gram-positive 
bacteria.. Pretreatment with IL-10 in vivo resulted in significant reductions 
inn the plasma levels of MlP-la, MIP-lp and MCP-1, whereas IL-10 
posttreatmentt only reduced MIP-lp release. In final in vitro experiments we 
establishedd that (1) the capacity of IL-10 to inhibit LPS-induced TNF 
productionn did not significantly contribute to the IL-10 effect on chemokine 
release,, and (2) IL-10 also inhibited MlP-la and MIP-lp production by both 
isolatedd PMNs and PBMCs. In Chapter 11 we determined the effect of IL-
100 on the production of the ELR positive CXC chemokines GROa and ENA-
78.. IL-10 pretreatment modestly but significantly reduced GROa release, 
butt was without effect on ENA-78 secretion. IL-10 posttreatment did 
neitherr influence GROa nor ENA-78 release. In whole blood and cultures of 
isolatedd PMNs and PBMCs, IL-10 was capable of inhibiting both GROa and 
ENA-788 release induced by LPS. The results of Chapters 10 and 11 suggest 
thatt the anti-inflammatory potential of IL-10 in vivo at least in part is 
relatedd to its inhibitory effect on chemokine production. 
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Inn Chapter 12, we used a murine model to evaluate the production and 
functionn of endogenous I H O during peritonitis induced by E. colt For this 
wee compared host responses in 11^10 gene deficient (IL-10-/-) and normal 
wildd type (IHO+/+) mice after intraperitoneal injection of live E. coll 
Administrationn of increasing doses of E. coli resulted in a dose-dependent 
increasee in IL-10 concentrations in peritoneal fluid and plasma. This 
endogenouss IL-10 hampered antibacterial effector mechanisms as reflected 
byy an increased bacterial clearance from the peritoneal cavity and a 
reducedd dissemination of the infection to distant organs in IL-10-/- mice. 
Nonetheless,, IL-10-/- mice demonstrated higher TNF levels in peritoneal 
fluidfluid and plasma than IL-10+/+ mice during peritonitis, and displayed 
moree severe multiple organ damage as indicated by clinical chemistry and 
histopathology.. The elevated TNF concentrations in IL-10-/- mice 
contributedd to the development of multiple organ damage, since it was 
diminishedd in anti-TNF treated IL-10-/- mice. In addition, anti-TNF 
preventedd the enhanced lethality of IL-10-/- mice during peritonitis. 
Hence,, endogenous IL-10 protects against organ damage and lethality 
duringg abdominal sepsis induced by E. coli by a mechanism that involves 
inhibitionn of TNF release, in spite of the fact that it impairs antibacterial 
effectorr mechanisms. These results exemplify the paradoxical role of 
inflammationn in the pathogenesis of bacterial infection, i.e. whereas local 
inflammationn is required to effectively combat invading microorganisms, 
excessivee systemic inflammation can harm the host and can contribute to 
tissuee injury and death. 

Generall Discussion 

Cytokiness and chemokines play a critical role in the regulation of the 
innatee immune response to bacterial infection. Bacteria or their products, 
suchh as LPS, strongly stimulate the production of these mediators by 
variouss cell types. Subsequently, they orchestrate the inflammation that 
invariablyy accompanies infection. In doing so, cytokines and chemokines 
closelyy interact in a tightly controlled network, in which the synthesis and 
activityy of proinflammatory mediators is regulated by a number of anti
inflammatoryy mechanisms, including anti-inflammatory cytokines and a 
phenomenonn designated "immunoparalysis". In this thesis several aspects 

159 9 



ChapterChapter 13 

off the chemoklne and cytokine response to infection by E. coli were 
studied,, primarily focused on UTI and systemic LPS effects. Evidence was 
obtainedd that the anti-inflammatory cytokine response during urosepsis 
likelyy is generated predominantly at the systemic level (Chapter 3), and 
thatt hyporesponsiveness of PMNs is part of the anti-inflammatory reaction 
off the host to the proinflammatory stimulus delivered by E. coli LPS 
(Chapterr 9). By contrast, proinflammatory responses (i.e. CXC chemokine 
production)) for a large part originate from the urinary tract during UTI 
(Chapterr 5). In addition, we demonstrated the importance of locally 
producedd ELR positive CXC chemokines in the recruitment of neutrophils 
too the urinary tract during UTI (Chapters 5 and 6). We further established 
thatt a number of chemokines circulate in cell-associated form, which may 
helpp to improve our insight in the extent of chemokine production during 
inflammationn and infection (Chapters 7 and 8). The interaction between 
thee prototypic anti-inflammatory cytokine IL-10 and chemokines was 
establishedd in systemic inflammation induced by E. coli LPS (Chapters 10 
andd 11), and the interplay between IL-10 and the prototypic 
proinflammatoryy cytokine TNF was revealed in the pathogenesis of 
abdominall sepsis caused by live E. coli (Chapter 12). 

Earlyy in the course of an infection a delicate balance between 
proinflammatoryy mediators and anti-inflammatory mechanisms exists, 
bothh at the site of the infection and at the systemic level, which is an 
importantt denominator of the eventual disease outcome. The studies 
presentedd in this thesis may contribute to our understanding of the highly 
complexx role of cytokines and chemokines during infection, in particular 
duringg systemic infection and UTI by E. coll 
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EscherichiaEscherichia coli is een Gram-negatieve bacterie die een frequent 
voorkomendd pathogeen is bij een aantal infektieziekten, waaronder 
urineweginfektiess (UWI's). Infektie met E. coli is geassocieerd met het 
optredenn van ontstekingsreakties, waarvan aangenomen wordt dat ze een 
belangrijkee rol spelen in de pathogenese van ziekten veroorzaakt door deze 
bacterie.. Endotoxine (lipopolysaccharide, LPS) is een bestanddeel van de 
buitenmembraann van E. coli (en andere Gram-negatieve bacteriën) dat een 
belangrijkee factor is bij door E. coli geinduceerde ontsteking. De studies die 
inn dit proefschrift beschreven worden richtten zich op de produktie en de 
roll van cytokinen en chemokinen tijdens ontstekingsreakties geinduceerd 
doorr E. coli of LPS afkomstig van E. colt Het eerste deel van het proefschrift 
(Hoofdstukkenn 2 tot en met 6) betreft studies over klinische en 
experimentelee UWI door E. colt Het tweede deel van het proefschrift 
(Hoofdstukkenn 7 tot en met 11) behandelt de regulatie van de systemische 
ontstekingsreaktiee geinduceerd door intraveneuze injectie van E. coli LPS 
bijj gezonde vrijwilligers. Hoofdstuk 12, tenslotte, beschrijft een studie 
verrichtt met een muismodel van abdominale sepsis veroorzaakt door E. 
colt colt 

Inn Hoofdstuk 2 beoogden wij het inzicht te vergroten in de kinetiek van IL-
66 en IL-8 secretie naar de urine direct voor en na het optreden van een 
UWI.. Hiertoe volgden wij prospectief 156 patiënten die een buikoperatie 
moestenn ondergaan. Deze patiënten liepen risico een UWI te ontwikkelen 
vanwegee het feit dat ze perioperatief een urine catheter kregen. Tien 
patiëntenn ontwikkelden een UWI, die in alle gevallen veroorzaakt werd door 
E.. colt Deze patiënten vertoonden de hoogste IL-6 en IL-8 concentraties in 
dee urine op de dag dat de urine kweek positief werd. De concentraties van 
IL-66 stegen al in de twee tot vier dagen voor het manifest worden van de 
UWI.. Echter, een vergelijkbare stijging van de urine IL-6 concentraties 
werdd gevonden bij controle patiënten afkomstig uit dezelfde populatie van 
chirurgischee patiënten die evenlang een urine cathether hadden maar geen 
UWII ontwikkelden. Wij vonden tevens dat deze controle patiënten met 
ongecompliceerdee buikoperaties een geleidelijke stijging van urine IL-6 
concentratiess hadden vanaf de vierde postoperatieve dag. De urine 
concentratiess van IL-8 daarentegen, waren alleen verhoogd op de dag dat 
dee UWI geconstateerd werd; ze bleven onveranderd in de urine van 
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controlee patiënten. Deze gegevens suggereren dat in postoperatieve 
patiëntenn die een UWI ontwikkelen IL-8 maar niet IL-6 de vroege fase van 
dee locale respons van de gastheer op infektie markeert. 

Inn Hoofdstuk 3 evalueerden wij de locale en systemische concentraties 
vann een aantal remmers van proinflammatoire cytokinen, in het bijzonder 
vann TNF en IL-1, bij 30 patiënten met een bewezen urosepsis. Bij deze 
patiëntenn werden op drie achtereenvolgende dagen na opname in het 
ziekenhuiss de urine en serum concentraties gemeten van oplosbare TNF 
receptorenn type I en type II, IL-1 receptor antagonist (IL-1 ra), oplosbare IL-
11 receptor type II en IL-10. Deze waarden werden vergeleken met 
concentratiess gemeten in urine en serum van 20 gezonde controle 
personen.. Door berekening van de urine/serum ratio's trachtten wij meer 
inzichtt te verkrijgen in de mate van locale (in de urinewegen) en 
systemischee produktie van deze anti-inflammatoire mediatoren. De 
patiëntenn met urosepsis hadden hogere urine en serum concentraties van 
oplosbaree TNF receptoren type I en type II, en hogere urine/serum ratio's 
dann gezonde controle personen. IL-1 ra en IL-10 concentraties waren echter 
alleenn verhoogd in het serum van de patiënten, terwijl de concentraties van 
oplosbaree IL-1 receptor type II in het geheel niet verhoogd waren. Deze 
gegevenss suggereren dat tijdens acute UWI de anti-inflammatoire cytokine 
responss voornamelijk gegenereerd wordt op systemisch niveau, en dat 
remmerss van TNF en IL-1 tijdens UWI niet in grote hoeveelheden 
geproduceerdd worden in de urinewegen, met als mogelijke uitzondering 
oplosbaree TNF receptoren. 

Inn Hoofdstuk 4 gebruikten we dezelfde patiënten populatie om de locale en 
systemischee secretie van MCP-1, MlP-la, MIP-ip en IP-10, alle 
chemokinenn met voornamelijk effecten op mononucleaire cellen, tijdens 
acutee UWI te onderzoeken. Bovendien maten wij de concentraties van deze 
chemokinenn in urine en plasma verkregen van 11 gezonde vrijwilligers voor 
enn na intraveneuze injectie met E. coli LPS. Deze vrijwilligers waren 
derhalvee op systemisch niveau blootgesteld aan E. coli LPS, terwijl de 
patiëntenn met urosepsis blootgesteld waren aan E. coli in de urinewegen. 
Doorr de urine en plasma concentraties van chemokinen bij patiënten en 
vrijwilligerss te vergelijken, trachtten wij inzicht te verkrijgen in de mate van 
localee (in de urinewegen) en systemische produktie van deze mediatoren. 
Dee urine en serum concentraties van MCP-1, MIP-ip en IP-10, maar niet 
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vann MIP-la, bleken verhoogd te zijn bij patiënten met urosepsis. 
Intraveneuzee injectie van LPS was bij de vrijwilligers geassocieerd met een 
passageree toename van de plasma en urine concentraties van alle vier 
chemokinen.. Deze resultaten suggereren dat tijdens acute UWI MCP-1, 
MIP-ipp en IP-10 zowel op systemisch niveau als op locaal niveau (in de 
urinewegen)) geproduceerd worden. 

Inn Hoofdstuk 5 bestudeerden wij de plasma en urine concentraties van de 
ELRR positieve CXC chemokinen IL-8, GROa en ENA-78 bij 33 patiënten 
mett een bewezen urosepsis gedurende de eerste acht uur na de aanvang 
vann antibiotische therapie. Deze concentraties werden vergeleken met die 
gemetenn bij 31 gezonde controle personen en bij 11 vrijwilligers die 
intravenouss geïnjecteerd waren met LPS. De patiënten met urosepsis 
haddenn sterk verhoogde concentraties van CXC chemokinen in de urine, 
terwijll de concentraties in plasma niet (GROa, ENA-78) of nauwelijks (IL-8) 
verhoogdd waren. LPS injektie induceerde een passagere toename van de 
plasmaa concentraties van CXC chemokinen, terwijl de concentraties in 
urinee niet (GROa) of nauwelijks (IL-8, ENA-78) stegen. Bij additionele in 
vitrovitro experimenten bleek dat de urine van patiënten met urosepsis 
chemotactischh werkte op neutrofiele granulocytes hetgeen deels geremd 
werdd door antistoffen gericht tegen IL-8, GROa of ENA-78. Deze resulaten 
suggererenn dat tijdens acute UWI IL-8, GROa en ENA-78 voornamelijk in 
dee urinewegen geproduceerd worden, en dat ze ter plekke bijdragen aan 
hett aantrekken van neutrofiele granulocyten naar het urinewegsysteem. 

Inn Hoofdstuk 6 gebruikten we een muismodel van opstijgende UWI 
teneindee de rol van CXC chemokinen bij de afweer tegen UWI te 
onderzoeken.. Bij dit model werd een UWI geinduceerd door toediening van 
levendee E. coli in de blaas van vrouwelijke muizen via de urethra. De 
muizenn werden voorbehandeld met een antistof gericht tegen de 
voornaamstee receptor voor ELR positieve CXC chemokinen in de muis, de 
CXCR2,, of een controle antistof. Toediening van anti-CXCR2 voorkwam het 
verschijnenn van neutrofiele granulocyten in de urinewegen vrijwel in zijn 
geheel,, dat wil zeggen leukocyten verschenen noch in urine noch in de 
nierenn tijdens de experimenteel opgewekte UWI. Behandeling met anti-
CXCR22 had slechts een tijdelijk nadelig effect op de klaring van bacteriën 
uitt de urinewegen, hetgeen bleek uit de bevinding dat urine en nieren van 
mett anti-CXCR2 behandelde muizen na 24 uur, maar niet meer na 48 uur, 
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meerr E. coli bevatten dan muizen behandeld met de controle antistof. 
Bovendienn bleek het ontbreken van een reaktie van neutrofïele 
granulocytenn niet geassocieerd te zijn met een disseminatie van de infektie. 
Dezee gegevens suggereren dat ELR positieve CXC chemokinen belangrijk 
zijnn voor het genereren van een locale onstekingsreaktie tijdens een 
opstijgendee UWI. 

Eenn aantal chemokinen kunnen binden aan de Duffy antigeen receptor 
voorr chemokinen (DARC) op erythrocyten. In Hoofdstuk 7 bepaalden wij 
inn welke mate chemokinen circuleren in cel geassocieerde vorm tijdens 
endotoxinemiee bij mensen. Hierbij vergeleken wij de concentraties van 
chemokinenn waarvan bekend is dat ze kunnen binden aan DARC (IL-8, 
GROccc en MCP-1) met de concentraties van MIP-lp (dat niet aan DARC kan 
binden)) in plasma en in lysaten van rode bloed cellen (RBCs), 
polymorfonucleairee cellen (PMNs) en mononucleate cellen (PBMCs) 
geisoleerdd uit het perifere bloed van acht gezonde vrijwilligers voor en na 
injektiee van LPS. Toediening van LPS induceerde een passagere stijging 
vann de plasma concentraties van alle vier chemokinen. Hoge IL-8 
concentratiess waren aantoonbaar in RBCs, PMNs en PBMCs na LPS 
injectie,, terwijl GROa en MCP-1 vrijwel alleen in RBCs gevonden werden. 
MIP-lpp was alleen in plasma aantoonbaar. Deze resultaten suggereren dat 
DARCC bindende chemokinen in cell geassocieerde vorm circuleren tijdens 
endotoxinemie,, vooral in associatie met RBCs. Het meten van cel 
geassocieerdee chemokinen tijdens ontsteking of infektie levert mogelijk 
meer'relevantee informatie op over de mate van chemokine productie dan 
hett meten van alleen de plasma concentraties. 

Inn Hoofdstuk 8 onderzochten we de rol van CD 14 bij de secretie van 
chemokinenn tijdens endotoxinemie. CD 14 is een receptor die verschillende 
bacteriëlee antigenen herkent waaronder LPS. In het kader van deze studie 
werdenn 16 gezonde vrijwilligers intravenous geinjecteerd met LPS 
voorafgegaann door een infusie met IC 14, een anti-humaan CD 14 
monoclonalee antistof, of placebo. IC14 remde de stijging van IL-8, MIP-lp 
enn MCP-1 in het plasma sterk, maar beinvloedde niet het vrijkomen van 
MlP-la.. IC 14 remde ook de toename in IL-8 concentraties in de RBC, PMN 
enn PBMC fracties, alsmede de stijging in RBC-geassocieerd MCP-1. MlP-la 
enn MIP-lp, die beide niet aan DARC kunnen binden, waren niet 
aantoonbaarr in cel fracties. Deze resultaten suggereren dat de secretie van 
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chemokinenn tijdens humane endotoxinemie deels gemedieerd wordt door 
eenn interaktie tussen LPS en CD 14. 

Ernstigee infektie resulteert in een toestand van anergie die ook wel 
aangeduidd wordt met "LPS tolerantie" of "immunoparalyse". Deze 
refractairee toestand wordt gekenmerkt door een verminderde capaciteit van 
monocytenn om cytokinen te produceren na stimulatie met LPS. In 
Hoofdstukk 9 onderzochten wij of PMNs ook hyporesponsief worden tijdens 
eenn ontstekingsreaktie, waarbij we gebruik maakten van het humane 
endotoxinemiee model. Hiertoe werden PMNs geisoleerd uit het perifere 
bloedd van zes gezonde vrijwilligers voor en een, twee of 24 uur na 
intraveneuzee injectie van LPS. Deze cellen werden vervolgens "ex vivo" 
gestimuleerdd met LPS of hitte gedode bacteriën. Als maat voor 
responsiviteitt van PMNs werden GROct en ENA-78 gemeten in de 
supematantenn van gestimuleerde PMNs, alsmede IL-8 in supernatanten en 
lysatenn van PMNs. De capaciteit van PMNs om deze CXC chemokinen te 
producerenn beek een en twee uur na injectie van LPS sterk verminderd te 
zijn.. Serum verkregen twee uur na LPS injectie beinvloedde de produktie 
capaciteitt van normale PMNs niet. Deze resultaten suggereren dat 
intraveneuzee blootstelling aan LPS een refractaire toestand van PMNs 
induceertt die niet veroorzaakt wordt door serum factoren die vrijkomen na 
injectiee van LPS. 

IL-100 is een anti-inflammatoir cytokine dat in grote hoeveelheden 
geproduceerdd wordt tijdens infekties (zie bijvoorbeeld Hoofdstuk 3). In 
Hoofdstukk 10 bepaalden we het effect van recombinant IL-10 op de 
secretiee van CC chemokinen tijdens humane endotoxinemie. Bij deze 
studiee werden 16 gezonde vrijwilligers elk twee maal onderzocht; bij één 
gelegenheidd werd LPS in kombinatie met placebo toegediend, bij de andere 
gelegenheidd werd LPS tezamen met recombinant IL-10 toegediend. Placebo 
off IL-10 werden twee minuten voor LPS (voor-behandeling) of een uur na 
LPSS (na-behandeling) gegeven. Eerst werd vastgesteld dat IL-10 een dosis 
afhankelijkee remming van de produktie van MlP-la en MIP-lp teweeg 
brachtt in bloed dat in vitro gestimuleerd werd met LPS, terwijl de produktie 
vann MCP-1 niet beinvloed werd. IL-10 bleek ook MlP-la en MIP-lp 
produktiee door bloed onder invloed van agonisten afkomstig van Gram-
positievee bacteriën te reduceren. Voorbehandeling van vrijwilligers met IL-
100 leidde tot een remming van de secretie van MlP-la, MIP-1(3 en MCP-1 in 
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vivo,vivo, terwijl nabehandeling met IL-10 alleen MIP-lp concentraties 
verminderde.. Tenslotte stelden we in in vitro experimenten vast dat (1) de 
capaciteitt van IL-10 om TNF produktie te reduceren niet bijdroeg aan het 
remmendee effect van IL-10 op chemokine produktie, en (2) IL-10 ook de 
produktiee van MlP-la en MIP-10 van geisoleerde PMNs en PBMCs remde. 
Inn Hoofdstuk 11 bepaalden we het effect van IL-10 op de produktie van 
ELRR positieve CXC chemokinen GROa en ENA-78. Voorbehandeling met 
IL-100 leidde tot een milde maar significante afname van GROa secretie, 
maarr had geen effect op ENA-78 concentraties. Nabehandeling met IL-10 
beinvloeddee noch GROa noch ENA-78. IL-10 bleek wel in staat tot 
remmingg van GROa en ENA-78 secretie door met LPS gestimuleerd bloed, 
PMNss en PBMCs. De resultaten van de Hoofdstukken 10 en 11 suggereren 
datt de anti-inflammatoire eigenschappen van IL-10 tenminste voor een 
deell gerelateerd zijn aan het remmende effect van IL-10 op chemokine 
produktie. . 

Inn Hoofdstuk 12 gebruikten we een muismodel om de produktie en 
funktiee van endogeen IL-10 tijdens peritonitis door E. coli te evalueren. 
Hiertoee vergeleken wij de afweer bij IL-10 deficiënte (IL-10-/-) en normale 
wildd type (IL-10+/+) muizen na intraperitoneale toediening van E. colt 
Toedieningg van E. coli in toenemende dosering leidde tot een dosis 
afhankelijkee toename van IL-10 concentraties in peritoneaal vloeistof en 
plasma.. Dit endogeen geproduceerde IL-10 belemmerde antibacteriële 
effectorr mechanismen gezien het feit dat IL-10-/- muizen een versnelde 
klaringg van E. coli vanuit de peritoneale holte vertoonden en een 
verminderdee disseminatie van de infektie naar organen op afstand. 
Desondankss vertoonden IL-10-/- muizen hogere TNF concentraties in 
peritoneall vloeistof en plasma dan IL-10+/+ muizen tijdens peritonitis, en 
haddenn ze meer tekenen van orgaanschade (aangetoond met klinisch 
chemischee parameters en histopathologic). De verhoogde TNF 
concentratiess droegen bij aan het optreden van orgaanschade bij IL-10-/-
muizenn gezien het feit dat behandeling met anti-TNF de orgaanschade deed 
verminderen.. Bovendien voorkwam anti-TNF de verhoogde moratliteit van 
IL-10-/-- muizen tijdens peritonitis. Uit deze gegevens blijkt dat endogeen 
IL-100 beschermt tegen orgaanschade en mortaliteit ten gevolge van 
abdominalee sepsis geinduceerd door E. coli, via een mechanisme waarbij 
remmingg van TNF secretie betrokken is, ondanks het feit dat IL-10 
antibacteriëlee effector mechanismen belemmert. Deze resultaten illustreren 
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dee paradoxale rol van ontsteking bij de pathogenese van bacteriële 
infekties:: terwijl locale onsteking belangrijk is voor een effectieve afweer 
tegenn bacteriën, kan een overmatig optredende ontstekingsreaktie op 
systemischh niveau de gastheer schade toebrengen en bijdragen aan weefsel 
schadee en dood. 

Algemenee Discussie 

Cytokinenn en chemokinen spelen een belangrijke rol bij de initiële afweer 
tegenn bacteriële infekties. Bacteriën en hun produkten, zoals LPS, 
stimulerenn de produktie van deze mediatoren door verschillende cel typen. 
Zee reguleren vervolgens de ontsteking die zonder uitzondering bij infektie 
optreedt.. Cytokinen en chemokinen gaan hierbij interacties aan in een 
strakk gereguleerd netwerk, waarin de produktie en aktiviteit van 
proinflammatoiree mediatoren gereguleerd wordt door een aantal anti-
inflammatoiree mechanismen, waaronder anti-inflammatoire cytokinen en 
eenn verschijnsel dat met "immunoparalyse" aangeduid wordt. In dit 
proefschriftt komen verschillende aspecten van de chemokine en cytokine 
responss op infektie met E. coli aan de orde, waarbij onze belangstelling 
voornamelijkk uitging naar UWI en systemische LPS effecten. Wij vonden 
aanwijzingenn dat de anti-inflammatoire cytokine respons tijdens urosepsis 
voornamelijkk gegenereerd wordt op het systemisch niveau (Hoofdstuk 3), 
andd dat verminderde stimuleerbaarheid van PMNs onderdeel is van de 
anti-inflammatoiree reaktie van de gastheer na een proinflammatoire 
stimuluss gegeven door E. coli LPS (Hoofdstuk 9). Proinflammatoire 
responsenn (met name de produktie van CXC chemokinen) bleken tijdens 
UWII vooral afkomstig uit de urinewegen (Hoofdstuk 5). Bovendien toonden 
wijj het belang van locaal geproduceerde ELR positieve CXC chemokinen bij 
hett recruiteren van PMNs naar de urinewegen bij UWI aan (Hoofdstukken 
55 en 6). Verder vonden wij dat een aantal chemokinen in cell geassocieerde 
vormm circuleren, hetgeen het inzicht in de mate van chemokine produktie 
tijdenss ontsteking en infektie kan vergroten (Hoofdstukken 7 en 8). De 
interactiee tussen het prototypische anti-inflammatoire cytokine IL-10 en 
chemokinenn werd onderzocht tijdens systemische ontsteking geinduceerd 
doorr E. coli LPS (Hoofdstukken 10 en 11), en de interaktie tussen IL-10 en 
hett prototypische proinflammatoire cytokine TNF werd geëvalueerd tijdens 
abdominalee sepsis geinduceerd door levende E. coli (Hoofdstuk 12). 
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Vroegg in het beloop van een infektie bestaat een evenwicht tussen 
proinflammatoiree mediatoren en anti-inflammatoire mechanismen, zowel 
opp de plaats van de infektie als op systemisch niveau, hetgeen in 
belangrijkee mate het beloop van de ziekte bepaalt. De studies die in dit 
proefschriftt opgenomen zijn, kunnen bijdragen aan een beter begrip van de 
zeerr complexe rol van cytokinen en chemokinen tijdens infektie, in het 
bijzonderr tijdens systemische infektie en UWI door E. colt 
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Dankwoord d 

Mijnn proefschrift is klaar en een heleboel mensen hebben hierbij geholpen. 
Alss eerste wil ik Tom noemen. Zijn deur stond altijd open voor mij en zijn 
anderee promovendi en hij had altijd tijd voor ons. Hij was een waar 
perpetuumperpetuum mobile dat door geen enkel obstakel tegengehouden kon 
worden. . 
Opp de tweede plaats komt natuurlijk Fanny, mijn kleine chinese zusje, bij 
wiee ik altijd steun heb gevonden. En dan mijn andere collega's. Jaklien, 
Tessa,, Luisa, Nicole, PEP, Judith, Bibi, Anita, Petra, Margriet, Miguel, 
Bemt,, Sander DIX en Gijs, ieder van jullie heeft op zijn eigen manier mijn 
laatstee vier jaren prettig en bijzonder gemaakt. 

Mijnn beide promotoren ben ik dankbaar dat ik, ondanks hun volle 
agenda's,, altijd bij hen kon aankloppen met allerlei vragen. Het heeft mij, 
eenn student geneeskunde uit Polen, wel wat tijd gekost voordat ik kon 
gelovenn dat de man die 's ochtends soms in een fietspak rondliep - Sander 
vann Deventer - echt mijn hoogleraar was. Peter Speelman, die als eerste 
mijj met wetenschappelijk onderzoek kennis heeft laten maken, wil ik 
bovendienn bedanken dat hij mij altijd een eerlijk en goed advies gaf inzake 
all mijn vragen en twijfels. 

Ikk wil ook J an Prins bedanken voor zijn hulp bij mijn klinische studies en 
hett verkrijgen van het materiaal van patiënten met urosepsis en Sandrine 
Florquinn voor haar enthousiasme over de nieren van mijn muizen. Joost en 
Adriee bedank ik voor hun geduld en steun bij mijn muizenproeven. En niet 
tee vergeten Marc Schultz die me altijd aan het lachen kon krijgen, net zoals 
Angeliquee en Esther, die bovendien onmisbaar waren daar waar mijn 
labvaardighedenn tekortschoten. 

Enn natuurlijk bedank ik ook Dajsa Pajkrt, de vrouw die mij ELISA heeft 
geleerd,, en Nita Ladiges die mij als eerste een pipet in handen heeft 
geduwd. . 

Err is een aantal vrienden buiten het AMC die mij in de afgelopen vier jaar 
hebbenn gesteund. Zonder Monica Kaag, Marina en Pieter Warners, Irene en 
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Hermann van Meekren en Simon Horenblas zou ik noch deze noch mijn 
anderee grote dromen in Nederland hebben kunnen realiseren. 

Ikk dank ook mijn vriend, Harry Setiawan, die voor mijn overuren in het 
AMCC meer begrip heeft getoond dan ik had mogen vragen. En als laatste: 
mijnn ouders die altijd trots op mij zijn geweest, meer dan ik verdien. 
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