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Mechanisms of neutrophil-mediated injury
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The interaction of neutrophils with endothelial cells results in damage
orkilling of the latter. This outcome requires alteration of the endothelial
cells such thatadhesive interactions between neutrophils and endothelial
cells are enhanced. In addition, neutrophil stimulation must also occur.
To date, the most important adhesion promoting molecules appear to
involve either P-selectin or E-selectin as well as intercellular adhesion
molecule-1 (ICAM-1). The 'counter-receptors' for these endothelial
adhesion molecules are oligosaccharides (sialyl Lewis*) presumably
present on neutrophils in some sort of glycoconjugate as well as the §2
integrins of the neutrophil (CD11a/CD18, CD11b/CD18, CD11c¢/
CD18). Engagement of these adhesion molecules results in close
physical contact between neutrophils and their targets, the endothelial
cells. Activated neutrophils release two important types of products
involved in endothelial cell injury: proteases and oxygen products.
Withrespect to the former, human leukocytic elastase apparently gains
entry to the endothelial cell cytoplasm where it induces limited
cleavage of xanthine dehydrogenase, converting this enzyme to xanthine
oxidase (x.0.) [1]. The major oxygen product from the activated
neutrophil is H,0O,, which readily diffuses into the endothelial cells. In
turn, H,0, causes breakdown of endothelial cell ATP, ultimately to
form xanéxine and hypoxanthine, substrates for x.0. [2]. Interactions
of these substrates with x.0. results in generation of superoxide anion
(O,). The availability of iron in the endothelial cell appears to be
critical to the outcome of endothelial cell injury, since inadequate
availability of iron will block neutrophil-mediated injury of endothelial
cells [3]. The requirement for iron has been shown by the use of iron
chelators (deferroxamine) or by the use of late passage endothelial
cells which show iron depletion [4]. In vitro repletion of intracellular
iron by exogenously administered iron restores susceptibility to
neutrophil-mediatedkilling. It appears that the key role of intracellularly
generated O, is to reduce the storage form of iron, Fe**, to its transition
state, Fe?*. The latter then reacts with H,O, to cause a single electron
addition, producing the hydroxyl radical (HO*). HOe appears to be the
toxic oxygen product responsible for endothelial cell injury [3]. The
requirement for intracellular O, in neutrophil mediated killing of
endothelial cells has been shown by causing the endothelial cell levels
of superoxide dismutase (SOD) to increase approximately 10 fold by
exogenous addition of SOD [5]. Under these conditions, neutrophil-
mediated killing of endothelial cells is greatly attenuated. Thus, the
ability of neutrophils to kill endothelial cells requires products both
from neutrophils as well as from endothelial cells.

The cytokine, tumor necrosis factor o (TNFa), accentuates
neutrophil-mediated kiliing of endothelial cells by at least four mecha-
nisms. Firstly, TNFo. can 'prime’ neutrophils for accentuated produc-
tion of H,0,. Secondly, TNFo. has powerful effects on upregulation of
endothelial adhesion molecules, E-selectin and ICAM-1 [6]. Thirdly,
TNFa is an agonist for endothelial cells and can directly induce
endothelial cell generation of O, [7]. This pathway of endothelial cell
activation appears to be independent of involvement of g-protein, as
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determined by lack of effects of pertussis toxin pretreatment of
endothelial cells. Finally, under special conditions TNFa is directly
toxic to endothelial cells although the mechanism related to this
toxicity remains to be determined [8].

Itis also important to point out that endothelial cells are responsive
to a variety of inflammatory mediators that have different effects.
Certain mediators will cause conversion of xanthine dehydrogenase to
x.0. These include C5a, formyl chemotactic tripeptide and TNFa but
not IL-1. In addition, TNFo and C5a can directly cause generation of
O, [9]. It is apparent that each of these mediators will also cause
priming or direct activation of neutrophils. These data underscore the
complexity of neutrophil-mediated killing of endothelial cells and the
several mediators that will affect and alter both endothelial cells and
neutrophils, the outcome of which is enhanced damage of endothelial
cells.

References

1 Phan SH, Gannon DE, Ward PA, Karmiol S. Mechanism of
neutrophil-induced xanthine dehydrogenase to xanthine oxidase
conversion in endothelial cells: evidence of a role for elastase.
Amer J Respir Cell Molec Biol 1992; 6: 270-8.

2 VaraniJ. Phan SH. Gibbs DF, Ryan US, Ward PA. H,O,-mediated
cytotoxicity of rat pulmonary endothelial cells: Changes in ATP
and purine products and effects of protective interventions. Lab
Invest 1990; 63: 683-9.

3 VaraniJ. Fligiel SEG, Till GO, Kunkel RG, Ryan US, Ward PA.
Pulmonary endothelial cell killing by human neutrophils: possible
involvement by hydroxyl radical. Lab Invest 1985; 53: 656-63.

4 Varani J, Dame MK, Gibbs DF, et al. Human umbilical vein
endothelial cell killing by activated neutrophils: loss of sensitivity
to injury is accompanied by decreased iron content during in vitro
culture and is restored with exogenous iron. Lab Invest 1992; 66:
708-14.

5 Markey BA, Phan SH, Varani J, Ryan US, Ward PA. Inhibition of
cytotoxicity by intracellular superoxide dismutase supplementa-
tion. Free Rad Biol Med 1990; 9: 307-14.

6 Mulligan MS, Varani J, Dame MK, et al. Role of endothelial-
leukocyte adhesion molecule 1 (ELAM-1) in neutrophil-mediated
lung injury in rats. J Clin Invest 1991; 88: 1396-406.

7 Murphy HS, Shayman JA, Till GO, et al. Superoxide responses of
endothelial cells to C5a and TNFo.: divergent signal transduction
pathways. Am J Physiol 1992; 263: L51-L59.

8 Varani J, Bendelow MJ, Sealey DE, et al. Tumor necrosis factor
enhances susceptibility of vascular endothelial cells to neutrophil-
mediated killing (brief communication) Lab Invest 1988; 59: 292-
5

9 F;‘iedl HP, Till GO, Trentz O, Ward PA. Roles of histamine,
complement and xanthine oxidase in thermal injury of skin. Amer
J Pathol 1989; 135: 203-17.

Renal Unit, Department of Medicine, Royal Postgraduate Medical School, Du Cane Road, London W12 ONN, UK

The neutrophil polymorphonuclear granulocyte is the archetypal in-
flammatory leucocyte. Itis a terminally differentiated cell and does not
divide once it has left the bone marrow, usually remaining within the
blood for several hours before being removed by poorly understood
mechanisms by macrophages in the liver and spleen. However, should
infection or injury of a tissue generate inflammatory mediators, the

neutrophil is usually the first type of leucocyte to leave the blood and
migrate to the perturbed site in order to defend the host. The arsenal of
the neutrophil is impressive - membrane systems which generate
reactive oxygen intermediates and secretory granules containing po-
tent degradative enzymes and toxic cationic proteins (‘defensins’).
Unfortunately these weapons can inflict 'friendly fire' injury on the



