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ChapterChapter 7 

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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