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Summary. We review herein the definition of the 
NADPH oxidase-activating site in human neutrophils 
and eosinophils, together with the new biochemical 
findings of the assembly of NADPH oxidase 
components and the signal transduction for the 
activation of NADPH oxidase. The activation of this 
enzyme is associated with multiple interrelated signaling 
pathways. Upon cell stimulation, the second messengers 
act on the assembly of NADPH oxidase components. 
The cytosolic components are first phosphorylated, and 
then associated with the membrane components. Small 
GTP-binding proteins and cytoskeletal components also 
participate in the activation of the NADPH oxidase. The 
cytochemical findings demonstrate that the superoxide 
generated by NADPH oxidase activity is initially 
localized in distinct types of intracellular granules, and 
not at the plasma membrane as previously believed. 
Thus, the assembly of NADPH oxidase components 
possibly occurs at the limiting membrane of the 
intracellular compartments. The oxidant-producing 
compartments mobilize and become associated with the 
plasma membrane upon cell stimulation with soluble 
stimulants, or fuse to phagosomes upon stimulation with 
particulate stimulants. Accordingly, superoxide is 
released to the extracellular space and into phagosomes 
in proportion to the oxidant-producing intracellular 
granule association with the plasma membrane and with 
the phagosomal membrane, respectively. 
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Introduction 

Neutrophils and eosinophils play an essential role in 
the host defense against invading pathogens. They 
possess an enzymatic complex, the NADPH oxidase, 
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which is able to catalyze the one-electron reduction of 
molecular oxygen to superoxide (023. Several reviews 
regarding NADPH oxidase activity based on the 
biochemical findings have been published in the last 
decade, discussing the mechanism of NADPH oxidase 
activation, and the definition of structure, function and 
assembly of NADPH oxidase components (Rossi, 1986; 
Cross and Jones, 1991; More1 et al., 1991; Bokoch, 
1994, 1995a; Umeki, 1994; Edwards and Watson, 1995; 
Henderson and Chappel, 1996; Wojtaszek, 1997). While 
these biochemical studies undoubtedly represent 
major achievements, i t  is clear from cytochemical 
investigations that additional levels of complexity exist 
in the modulation of the NADPH oxidase complex in 
vivo (Robinson and Badway, 1995). Recently, the in vivo 
superoxide-producing site has been elucidated in human 
polymorphonuclear leukocytes using enzyme cyto- 
chemical methods. The aim of this review is to provide a 
novel insight into current models of NADPH oxidase 
regulation, assembly and localization in human poly- 
morphonuclear leukocytes by re-evaluating the 
cytochemical and the biochemical data available. 

Signaling pathways for NADPH oxidase activation 

Both soluble and particulate stimuli elicit a complex 
array of signal transduction upon the activation of 
NADPH oxidase in human phagocytes. This activation 
requires continuous contact between the cell and the 
stimulus; removal of the stimulus deactivates the 
oxidase, which is reactivated by a second exposure to the 
stimulus (Chanock et al., 1994). The cell surface 
receptors for  platelet-activating factor (PAF), 
complement 5a (C5a), interleukin-8 (IL-g), leukotriene 
B4 (LTB4) and, N-formyl-L-methionyl-L-leucyl-L- 
phenylalanine (fMLP) are linked to guanosine 5 ' -  
triphosphate (GTP)-binding proteins (Birnbaumer et al., 
1990; Boulay et al., 1990; Bourne et al., 1990; Gerard 
and Gerard, 1991; Honda et al., 1991; Strosberg, 1991; 
Thomas et al., 1991; Helmreich and Hofmann, 1996), 
which participate in the activation of phospholipase A2 
(PLA ), phosphoinositide-specific phospholipase C 
(PLC? and phospholipase D (PLD) as well as 




























