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The acute respiratory distress syndrome (ARDS) was first described some 3 
decades ago [1] as a syndrome of acute respiratory failure complicated by 
multiple organ failure [2]. The pathophysiological changes of ARDS, and its 
less-severe form the acute lung injury (ALI), are fairly well documented. There 
is a breakdown in the endothelial and epithelial barrier and gas exchange 
function in the lung, with neutrophil migration and sequestration [3]. A number 
of mediators, including elastase [4], arachidonic acid metabolities [5], reactive 
oxygen species [6, 7], and cytokines [8], have been implicated as important in 
ARDSI ALI. Unfortunately, clinical trials using therapy aimed at these media
tors have failed to demonstrate benefit in patients with inflammatory lung 
conditions [2]. A meta-analysis of 101 studies of ARDS/ALI found no reduc
tion in mortality over time [9], although some suggest that mortality has 
decreased [10, 11]. Our know ledge of the condition is clearly incomplete and 
future studies are needed to characterize the mediators of the disease process 
more completely, and to find a more-suitable model for mechanistic studies oflung 
injury. In this article, I will briefly introduce the role of a relatively new molecule 
human neutrophil peptide, also known as defensin, in lung inflammation. This 
review provides some evidence that defensins exert dual actions in host defense 
against infection and cause lung injury, depending on local concentrations. Defen
sins may therefore play an important role in modulating lung injury. 

Defensins - overview 

Antimicrobial peptides that contain six cysteines have been classified as 
defensins [12]. Defensins form at least three structural groups whose evolutio
nary relationship is uncertain: the "classical" a-defensins, the ~-defensins, and 
insect defensins. a-Defensins comprise 6 members [13, 14], four human 
neutrophil peptides, (HNP)-I, -2, -3 and -4 [15], are located in the azurophilic 
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granules ofthe neutrophils, and two human defensins, (HD)-5 and HD-6, are 
present in the secretory granules of the intestinal Paneth' s cells and in epithelial 
cells of the female reproductive tract [16]. Human ~-defensin-l (hBD-l) is 
located in epithelial cells of various organs [17-19], and hBD-2 in psoriatic 
scales [20]. Our studies are concerned specifically with the neutrophil defensins 
and therefore HD-5-6 and hBD-I-2 will not be discussed further. The present 
discussion will focus on a-defensins (HNP-I-3), since these account for almost 
99% of the total defensin content of neutrophils [12, 21]. In humans, these 
defensins constitute up to 5% of the total protein content of mature neutrophils 
and > 50% of the total protein within the azurophilic granules. The composi
tion of azurophilic granule proteins is approximately (in ng/l0 [6] neutro
phils): elastase - 1,500; cathepsin G - 2,500; proteinase 3 - 1,000; and defensins 
- 6,000 [22]. 

Microbicidal activity of defensins 

To date, most defensin studies have been performed in media conducive to 
microbial growth, typically in low-salt, low-ionic strength media, to test their 
microbicidal activity. It is known that defensins are active against gram-positive 
and gram-negative bacteria [23], fungi [24, 25], and herpes simplex virus in vitro 
[26]. When tested in vitro at concentrations between 10 and 100 mg/ml, purified 
defensins killed a wide variety of bacteria by permeabilizing both outer and inner 
lipid membranes of bacteria in a charge- or voltage-dependent manner [13, 26]. 

We investigated the effect of defensins and lung tissue together on bacterial 
killing in physiological media. In the presence of cultured lung tissue, the 
maximal killing capacity of defensins was up to 1,000-fold greater than in its 
absence, indicating that the antibacterial activity is further enhanced by lung 
tissue. Theoretically, the lower bacterial number seen in the culture supernatant 
might be due to an increased bacterial adherence to lung tissue in the presence 
of defensins. We excluded this possibility by showing that the number of 
bacteria recovered from the lung homogenates was actually slightly lower in 
the defensin-treated group than in the Escherichia coli alone group. Our study 
thus demonstrated that under physiological conditions cationic defensins kill 
bacteria not only by the well-described mechanisms of increasing membrane 
permeability and cell lysis directly [12], but also indirectly by producing 
bactericidal products from lung tissue. 

To identify underlying possible mechanisms, we examined the effect of 
defensins on oxygen burst in the lung, and found that defensins directly induce 
production of hydrogen peroxide by lung tissue. The generation of oxidant 
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products by lung tissue following defensin stimulation may play an important 
role in host defense. It has been shown that hydrogen peroxide dramatically 
reduces the growth rate of E. coli in culture without cytotoxicity to cultured 
fibroblasts [27]. There are a number of ways in which hydrogen peroxide may 
inhibit bacterial growth. For example, bacteria may react to oxidative stress by 
invoking two distinct oxidant responses, the peroxide stimulon and the supe
roxide stimulon. The two stimulons each contain genes constituting the OxyR 
or SoxRS regulon, respectively [28]. Activation of these genes inhibits cell 
division [27]. In addition, hydrogen peroxide induces DNA damage in E. coli 
mediated by a Fenton reaction that generates hydroxyl radicals from hydrogen 
peroxide [29]. 

To determine the role of oxidant mechanisms in the killing of E. coli by 
defensins, the effect of diphenyleneiodonium (DPI) on production of hydrogen 
peroxide and bacterial count was measured. DPI inhibits the NADPH oxidase 
acting on the flavoprotein in blocking the sequence ofNADPH ~ FAD protein 
~ cytochrome b ~ reactive oxygen species, including superoxide, hydrogen 
peroxide, and hypochlorous acid production [30, 31]. Our data show that the 
rate of E. coli killing by defensins was reduced by 2,500-fold in the presence 
of DPI. Our study clearly demonstrates that the generation of oxidants induced 
by defensins contributes to an enhanced bacterial killing in the lung. 

Cytotoxic effects of defensins 

To date, all cytotoxic studies of defensins have been conducted using in vitro 
systems. Defensins are cytotoxic to tumor targets in a concentration- and 
time-dependent fashion. Optimal lysis was achieved with 25-100 ~g/ml after 
6 h in various human and murine tumour cell lines [32]. This effect is not tumor 
specific, however. Comparable concentrations of human defensins are also 
cytotoxic to normal mammalian cells [13,25,32], endothelial cells [33], murine 
thymocytes, and spleen cells [32] in vitro. Defensins may also impair the 
phagocytic functions of neutrophils [34-36]. Of particular relevance to the 
present discussion, defensins have been shown to be cytotoxic to the A549 
airway epithelial cell line in vitro [33, 37]. 

It is unclear whether the in vitro cytotoxic data are relevant to clinical 
settings. Several investigators have measured concentrations of defensins in 
body fluids of critically ill patients. Ihi et al. [38] demonstrated defensin 
concentrations in bronchoalveolar lavage (BAL) fluid of patients with bacterial 
pneumonia (2.0 ±0.9 mg/ml (mean ±SE) that were 5 orders of magnitude 
greater than those measured in normals (0.000016 ± 0.000015 mg/ml). Pleural 
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fluid of patients with empyema had defensin concentrations of 13.3 ± 1.9 
mg/ml, and cerebrospinal fluid of patients with bacterial meningitis had values 
of 3.4 ± 1.2 mg/mI. High sputum defensin levels ranging from 0.3 to> 1.6 
mg/mI (the upper detection limit in the study) have been reported in patients 
with cystic fibrosis [39]. Patients with meningitis had plasma defensin levels 
that were extremely high, ranging from 0.12 Jlg/mI to 170 Jlg/ml, compared 
with a mean concentration of 0.042 Jlg/ml in healthy blood donors [40]. The 
mean plasma concentrations of defensins in patients at the onset of bacterial 
infection, non-bacterial infection, and pulmonary tuberculosis were 4.2, 3.2, 
and 1.8 times the means for healthy volunteers [38]. Based on the measured 
amounts of defensins (3-5 !J.g/106 neutrophils) and the known number of 
defensin-containing granules (I,OOO/neutrophil), high concentrations of neu
trophil defensins (1-10 mg/ml) are likely to exist in phagocytic vacuoles 
containing ingested microbes [12]. 

Thus high defensin level occurs in several lung disease studies. However, it 
is not known whether the high concentrations of defensins cause lung injury in 
vivo. We investigated the direct effect of a wide range of concentrations of 
purified defensins on the lung of mice in vivo [41]. Intratracheal instillation of 
defensins, from 5 mg/kg to 30 mg/kg, induced a reduction in oxygen hemoglo
bin saturation (Sa02) in a dose- and time-dependent manner. Defensins (15 
mg/kg) increased lung permeability by threefold estimated by Evans blue dye 
technique [41], and dose-dependently enhanced lung mitochondrial cytochro
me c content [41], a marker of mitochondrial dysfunction and caspase activation 
[42]. Defensins also increased total cell number in the BAL, particularly 
increasing the neutrophil population [41]. Taken together, these data suggest 
that high concentrations of defensins may initiate an inflammatory response 
and lung injury in addition to their microbicidal activity. 

The involvement ofTNF-a in various models of ALI induced by sepsis, acid 
aspiration, or mechanical ventilation has been well documented, suggesting that 
cytokines mediate the initiation and maintenance of inflammatory lesions. We 
measured TNF-a concentrations in BAL fluids and plasma samples from 
defensin-treated mice. The increased release ofTNF-a found in BAL fluid may 
reflect the initiation of the lung inflammatory cytokine network, since TNF-a 
is considered as an early, central inflammatory cytokine. TNF-a itself can also 
directly increase the permeability of lung endothelial and epithelial barriers. 

Conclusions 

Defensin levels in body fluids of critically ill patients, including those with 
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ARDS and sepsis, are elevated [38-40, 43]. Our work explores the novel 
concept that defensins might be harmful and cause lung injury. The toxicity of 
defensins to cultured lung epithelial cells [33, 37], the inhibition of neutrophil 
phagocytic activity by defensins [34-36], and our own in vivo data support this 
concept. Since defensins have been proposed as a potential antimicrobial 
therapy [12], it is clearly essential to clarify whether they also have deleterious 
effects. Furthermore, if defensins are detrimental to lung tissue in high concen
trations, mechanisms to inhibit defensins may playa therapeutic role in various 
inflammatory diseases. 
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