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Normal neutrophil function is necessary for a successful
host immune response in infectious diseases, but a large
body of evidence has implicated uncontrolled neutro-
phil activation in the pathogenesis of organ damage in
sepsis and ischemia–reperfusion injury. Because the pul-
monary endothelium represents a vast surface area, and
the diameter of pulmonary capillaries is relatively small,
the lungs are particularly vulnerable to granulocyte-me-
diated tissue injury, and activated neutrophils are con-
sidered to have an important role in the pathogenesis
of the adult respiratory distress syndrome (ARDS).
Specific adhesion of neutrophils to the vascular endot-
helium is a multistep process that depends on the inter-
actions of adhesion molecules and the activity of small
cytokines with chemoattractant properties, known as
chemokines. Under shear stress conditions, inflamma-
tory stimuli, such as endotoxin and various cytokines, in-
duce rapid upregulation of “sticky” molecules, such as
P-selectin and in later stages E-selectin, on the luminal
surface of the endothelium, which by interacting with
neutrophil L-selectin causes the neutrophil to slow
down and “roll” over the endothelium. While rolling,
the neutrophil becomes activated by platelet-activating
factor and interleukin-8, which are present at the endot-
helial surface, and this results in shedding of L-selectin
and a rapid increase in the expression of b2-integrins,
in particular CD11b/CD18.

CD11b/CD18 is the ligand for endothelial cell-ex-
pressed intercellular adhesion molecule 1 (ICAM-1),
and this interaction causes the tight adhesion that is nec-
essary for transmigration into the inflamed tissue. Al-
though these mechanisms have been very well charac-
terized in models using endothelial cell monolayers and
in animal models [1–3], the evidence implicating neutro-
phil-mediated tissue injury in sepsis or ischemia–reper-
fusion injury is indirect, because reliable techniques for
quantitating neutrophil activation and adhesion in criti-
cally ill patients do not exist. Most studies have used ei-
ther fluorescent-activated cell scan (FACS) analysis to
measure expression of various adhesion molecules on
neutrophils or enzyme-linked immunosorbent assays to
quantitate the concentration of soluble adhesion mole-
cules that are shed from endothelial cells or neutrophils.
For example, soluble E- and P-selectin plasma concen-
trations are increased in patients with sepsis and acute
lung injury [4, 5], but sL-selectin levels are lower in pa-
tients at risk who subsequently develop ARDS [6]. Al-
though the latter observation seems paradoxical, it has
been interpreted to represent a reflection of increased
binding of sL-selectin to the activated endothelium. In
the present issue of Intensive Care Medicine, Botha et
al. present data on the expression of the integrins
CD11a, CD11b and CD18 by circulating neutrophils in
injured patients at risk for multiple organ failure
(MOF) [7]. The expression of CD11b by neutrophils,
but not of CD18 or CD11a, was shown to be consistently
increased in this patient population. These data are in
accordance with findings in endotoxin-challenged vol-
unteers, where CD11b (and not CD18) upregulation is
also the major cause of increased expression of CD11b/
CD18 by neutrophils [8]. The present report is one of
few studies that have attempted to characterize the ad-
hesive properties of neutrophils in MOF, and, as is often
the case with novel findings, raises several questions.

First, in order to be able to bind to ICAM-1, CD11b
needs to be activated, and most monoclonal antibodies
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used for FACS analysis (including the antibody used in
the present study) do not specifically recognize acti-
vated CD11b [9]. Hence, the present data do not neces-
sarily indicated that neutrophils from patients at risk
for MOF display an increased ability to bind to ICAM-
1. On the other hand, many of the stimuli that are neces-
sary for activation of CD11b are presumed to be present
in patients at risk for MOF. Another potential con-
founder in FACS studies on circulating neutrophils in
sepsis is the fact that this methodology does not provide
information on the status of adherent neutrophils, nor
on the ability of neutrophils to transmigrate into tissues.
In future studies, such data could be obtained by com-
bining FACS analysis with quantification of neutrophils
in bronchoalveolar lavage fluid or with dynamic scintis-
can using Tc-labeled neutrophils. A stepwise multivari-

ate analysis using CD11b as the dependent variable
showed a significant correlation only with base deficit.
These data may suggest a relationship between these
two variables but certainly do not prove causality. Po-
tential explanations for this finding include the possibil-
ity that both CD11b expression and base deficit reflect
severity of sepsis, or increased neutrophil adherence to
the endothelium may result in reduced tissue perfusion
and acidosis.

Finally, data such as those presented by Botha et al.
may provide a rationale for novel therapeutic interven-
tions, because monoclonal antibodies and “designer”
molecules that target neutrophils have experimentally
shown potential for reducing end-organ damage in sep-
sis and ischemia reperfusion injury [10–13].
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