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Introduction 

Generalized dysfunction of the vascular endothelium, that leads to edema for
mation and ARDS, is in large part a result of the action of proteases and oxy
gen radicals that are released from activated neutrophils [1]. Bacterial 
products such as fMPL, complement activation products, in particular C5a, 
and lipid mediators including platelet activating factor (PAF), are all potent 
neutrophil activators. Cytokines, such as tumor necrosis factor (TNF), are also 
know to importantly stimulate neutrophils. In this chapter, we will discuss the 
potential role of a neutrophil-activating cytokine, interleukin-8 (IL-8), that is a 
low molecular weight protein belonging to the chemokine family (also known 
as small cytokine -SCY-family), in sepsis. 

Interleukin-8 

The small cytokine family [2] comprises a group of low molecular weight pro
teins (less than lOkD) that can be induced in a wide variety of cells by inflam
matory stimuli, such as LPS, TNF and IL-l. Many of these proteins have 
leukocyte chelllOtactic properties, which underlies their designation as "che
mokines". Indeed, IL-8 was isolated and purified to homogeneity using its 
neutrophil activating- and chemotactic properties as a biological marker of its 
presence. Many of the SCY family members, including IL-8, bind to heparin 
[3], and it is t~mpting to speculate that this may enable these cytokines to re
main associated with heparan sulphates that are present on the endothelial 
membrane. Monocytes, endothelial cells, fibroblasts, synovial cells, keratino
cytes, mesangial cells, some carcinoma cells and indeed neutrophils themsel
ves [4], can be induced to release IL-8 after stimulation by endotoxin or/and 
IL-l or/and TNF (Table 1) [3]. Serum levels of IL-8 are normally below the 
detection limit >of currently used assay «20 ng/l), but IL-8 may be present in 
normal tissue [5]. The role of this constitutively released IL-8 presently re
mains unknown, but we have hypothesized that it could serve as a continuous
ly present chemotactic stimulus that would facilitate normal leukocyte 
recirculation through tissues .. 

IL-8 can activate neutrophils to degranulate, as is reflected by release of ~
glucuronidase, elastase, myeloperoxidase, vitamin-12 binding protein, lacto-
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Table 1. Sources and activators of interleukin-8 

leukocytes 
monocytes 
lymphocytes 
neutrophils 
promyelocytes 
fibroblasts 
endothelial cells 
synovial cells 
keratinocytes 
epithelial cells 
mesangial cells 
chondrocytes 
carcinoma cells 
osteosarcoma cells 
hepatoma cells 

SEA 
LPS, PMA, ConA, PHA, IL-l, TNF 
ConA, PHA 
LPS, phagocytosis 
PMA, DMSO 
IL-l, TNF, virus, dsRNA 
LPS, IL-J, TNF 
IL-l 
IL-J, Interferon-y, TNF 
IL-J, TNF 
IL-J, TNF 
IL-l, TNF, dsRNA 

IL-J, virus 
IL-J, TNF, virus 

ferrin [3]. The capacity of IL-8 to induce an oxidative burst, leading to the for
mation of oxygen radical species, is more controversial. It has recently been 
shown however, that IL-8 is a rather potent stimulator of cytochrome C type 
III in neutrophils that were previously primed by TNF [6]. Priming by GM
CSF has also been reported to increase the IL-8 induced oxidate burst [6], but 
others have not confirmed these findings [7]. Because in septic patients many 
cytokines are simultaneously present, neutrophils are very likely to be primed, 
and in these circumstances IL-8 may cause oxygen radical release in vivo, 
however [7]. Stimulation of neutrophils by IL-8 does not cause the synthesis 
of PAF or LTB4 [7]. 

Various truncated forms of IL-8 have been identified, that have different 
biological effects. Some cells are producers of longer forms, whereas other 
cells preferentially secrete shorter forms of IL-8. Because the currently availa
ble IL-8 ELISA's do' not distinguish these different forms of IL-8, it is un
known which forms are present in the circulation of septic patients. 
Interestingly, plasmin can convert the longer fibroblast-derived 77 amino-acid 
IL-8 forms into the biologically active 72 amino-acid IL-8 by proteolytic clea
vage [8], thereby enhancing its biological activity. We have previously shown 
that endotoxin and TNF both induce a very rapid fibrinolytic response, leading 
to plasmin generation in humans [9, 10], and have questioned the biological 
implications of this response that precedes detectable coagulation activation. 
In view of the proteolytic activity of plasmin on long IL-8 forms, it is possible 
that the early fibrinolytic response in sepsis is more related to inflammation 
than to coagulation or fibrinolysis. This finding is even more intriguing in 
view of the fact that activated blood platelets can stimulate endothelial cells to 
release IL-8 [11]. Hence, the coagulation and inflammatory systems may inter
act at multiple levels to induce and activate IL-8, and coagulation activation is 
thus closely linked to inflammation. 
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IL-8 is induced in many disease states that are characterized by neutrophil 
infiltration (rheumatoid arthritis [12], ulcerative colitis [13], and psoriasis [14, 
15] . We and others have investigated IL-8 release in experimental sepsis in 
subhuman primates, endotoxin- and TNF-challenged volunteers [16, 17] or 
cancer patients [18], and showed that both stimuli were able to induce system
ic release of IL-8 with a time course that much resembled the kinetics of IL-6. 
Although IL-8 release was followed in time by the appearance of neutrophil 
activation markers in blood, including lactoferrin and elastase, the serum le
vels of these markers did not significantly correlate with IL-8 [16]. In these 
experiments in volunteers, we were not able to detect any complement activa
tion (as measured by C3a desarg levels), but other neutrophil activators, such 
as TNF, were prominently induced, and therefore the extent of neutrophil acti
vation in these experiments likely also reflected stimulation by these other fac
tors. 

High serum levels of IL-8 can be observed in experimental sepsis in subhu
man primates [19], as well as in the clinical setting [20]. We have recently stu
died IL-8 levell;; at different time points in patients with gram-negative sepsis, 
and our results suggest that higher IL-8 levels were detected in patients that 
subsequently died than in survivors, and that the rise in IL-8 levels coincided 
with a deterioration in the clinical condition (Fig. 1 and 2). 

In summary, JL-8 is induced in local inflammatory disease states, as well as 
in the generalized inflammatory reaction in sepsis. Neutrophils may be primed 
by cytokines such as TNF to react more potently to stimulation by IL-8, and 
priming is likely to occur in sepsis. 

The Role of IL·8 in Neutrophil Recruitment in Inflammation and Sepsis 

Various processes may lead to obstruction of capillaries by neutrophils in sep
sis. First, it should be kept in mind that the diameter of the average pulmonary 
capillary is 6.5 ~m, whereas the diameter of a neutrophil measures 7.5 ~m. 
Therefore, neutrophils can only pass through the pulmonary vasculature if they 
are able to change shape. It is now well established that changes in the neutro-
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phil actin cytoskeleton are a prerequisite for neutrophil transmigration through 
small capillaries. After infusion of endotoxin in animals [21] or volunteers [9], 
circulating neutrophil counts rapidly decrease, and this early neutropenia is an 
effect of endotoxin on the neutrophil, and not on the endothelium [22]. It has 
been elegantly shown that endotoxin induces a stiffening of neutrophils coinci
ding with actin filament rearrangement [23]. This neutrophil stiffening causes 
retention of neutrophils in 6.5 /lm pore filters, that cannot be inhibited by anti
CD 18 antibodies, and therefore does not seem to be dependent on ~2-inte
grins. Moreover, the neutrophil-stiffening effect of endotoxin is dependent on 
the presence of plasma [23], suggesting that this endotoxin effect is caused by 
activation of the LBP/CDI4 pathway. These results demonstrate that endoto
xin-induced neutrophils may block the microcirculation by altered cellular me
chanical properties alone, and that endotoxin can induce these alterations. 
Thus, early neutropenia in sepsis may occur independent of the biological ef
fects of cytokines including IL-8. On the other hand, administration of IL-8 to 
baboons as either a bolus injection or an 8 h infusion resulted in transient neu
tropenia [24], possibly related to neutrophil stiffening following IL-8 induced 
activation, or as a cohsequence of activation of neutrophil integrins (see be
low). The administration of IL-8 did not cause any hemodynamic alterations or 
induction of IL-l, TNF, or IL-6, and histopathological analysis revealed no 
neutrophil transmigration into the tissues. It should be kept in mind that in 
sepsis IL-8 is' released together with IL-l and TNF, and as will become appa
rent, many of the biological effects of IL-8 should be considered in view of its 
complex interactions with these cytokines. 
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Recruitment of neutrophils to inflammatory sites is a complex event, that 
requires specific adhesion of neutrophils to the vascular endothelium, sub
sequent disruption of the initial bounds, and transmigration through the endo
thelium. These interactions do not merely follow activation of the neutrophil, 
but also require active participation of the endothelial cell [25,27]. Many spe
cific adhesion molecules that regulate these interactions have been charac
terized, and are now classifield as selectins (P-, L-, E-selectin), integrins, and 
members of the immunoglobulin superfamily (ICAM-l, ICAM-2, VCAM-l) 
[28]. Several adhesion molecules can be induced to alter their affinity by ago
nistic stimulation. Neutrophils, for example, constitutively carry integrin hete
rodimers on their membrane surfaces, but integrin-mediated adherence 
depends on a change of integrin "activation" state. There is a growing consen
sus that neutrophil adherence to endothelial cells follows several steps that de
termine the specificity of this interaction. The first change that can be seen in 
acute inflammation is (reversible) rolling of neutrophils over the activated en
dothelium, which is dependent on the presence of the neutrophil L-selectin 
[29], possibly by interaction with E-selectins and presumably other not yet 
characterized counterstructures. This rolling of neutrophils on endothelial cells 
slows down their passage through capillaries, and enables other neutrophil-en
dothelial interactions to take place. In particular, it is in this phase that endo
thelium-derived molecules, such as PAF and IL-8 can activate neutrophils. 
Activation of neutrophils by PAF causes shedding of L-selectin, and upregula
tion of ~2-integrin heterodimers. Interleukin-8 is synthesized and secreted by 
endothelial cells after stimulation by endotoxin, TNF and IL-l. Some of the 
endothelial cell-derived IL-8 may remain cell-surface bound (possibly bound 
to heparan sulphate), and can activate the neutrophils that have slowed down 
by rolling. Stimulation of neutrophils by IL-8 causes degranulation and syn
thesis of oxygen radicals (in particular following "priming" by other cytokines 
such as TNF),and had intriguing effects on the adhesion to endothelial cells. 
Like PAF, IL-8 causes L-selectin shedding [30] and upregulation of ~2-inte
grins on neutrQphils [31], causing increased adhesion to the unstimulated en
dothelium, but it inhibits neutrophil binding to previously stimulated 
endothelial cells [32]. IL-8 (and P AF) also cause transendothelial migration of 
neutrophils, both as a consequence of its neutrophil chemotactic properties, 
and the fact that IL-8 is preferentially deposited subendothelially (Table 2) 
[33,34]. 

Does IL-8 promote or inhibit neutrophil recruitment in sepsis? In general, a 
chemotactic factor causes migration of the target cell along its concentration 
gradient, and in a condition were high IL-8 levels circulate, one would expect 
inhibition of neutrophil transmigration. In view of the following facts, the ef
fects of IL-8 on neutrophil recruitment in sepsis are more complex however. 
First, IL-8 tissue levels in sepsis are presently not known, and in view of the 
capacity of several tissue cells to produce large amounts of IL-8, could be very 
high. Second, different forms of IL-8 have different effects on neutrophil re
cruitment, and it is not known whether in sepsis longer or shorter IL-8 forms 
circulate. Third, as has been discussed, the neutrophil-activating effects of IL-
8 are importantly modulated by priming of neutrophils. 



Potential Importance of IL-8: A Potent Chemokine, in Sepsis 119 

Table 2. Biological activities of IL-8 

In vitro Biological Activities of IL-S 
Neutrophils - direct migration 

- degranulation 

T -cells 

- respiratory burst (ox. radicals) in primed cells 
- activation of arachidonate-5-lipoxygenase in presence of 

exogenic arachidonic acid 
- growth inhibitory activity on Candida albicalls (independent 

of superoxide production) 
- inhibition of adhesion to cytokine activated endothelial 

monolayers 
- stimulation of adhesion to unactivated endothelial cells 
- chemotaxis 

In vivo Biological Activities of IL-S 
- neutrophil attraction and migration 
- skin reactions (plasma leakage, neutrophil accumulation) 
- in presence of PGE2 (vasodilatator) -- neutrophil infiltration, plasma protein 

extravasation 
- intradermal -- accumulation lymphocytes and neutrophils connective tissue 
- in lymphatic tissue (in high endothelial venules of drained lymph nodes) --

accelerated emigration of lymphocytes 
- intravenous IL-8 -- local immediate and profound neutrophilia, systemic reaction more 

delayed 
- oxidative burst 
- no induction of TNF / IL-I / IL-6 

Blocking IL-8 

Various drugs have been shown to block transcription of the IL-8 gene, or in
terfere with release. of IL-8 protein. Cyc1osporin A, for example, blocks IL-8 
transcription in PMA and PHA-stimulated T -cells [35], but this finding proba
bly has minor relev~nce for sepsis. More importantly, corticosteroids [36] and 
IL-l receptor antagonist (IL-lra) [37,38] are able to importantly reduce the 
release of IL-8 after LPS. Not only do these data suggest that IL-l is involved 
in the induction of IL-8, but these findings may in part explain the efficacy of 
IL-lra in sepsis. 

Conclusion 

IL-8 is a small cytokine that is prominantly induced in local inflammatory 
disease states, and high levels of IL-8 are detected in septic patients. IL-8 has 
neutrophil chemotactic- and activating properties, that are of importance for 
neutrophil recruitment to local sites of inflammation. In sepsis, IL-8 may play 
an important role in early host response to serious gram-negative infection, in 
particular in neutrophil recruitment and activation. Its biological functions 
should be considered in conjunction with the effects of other cytokines, as 
well as the coagulation system. 
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