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Defence against infection involves a multitude of factors and cells of the innate 
and acquired immune systems. Antimicrobial peptides, which include the de
fensins, are one component of innate immunity. Defensins have well document
ed bactericidal properties. In addition, recent studies have suggested that de
fensins have other, pro-inflammatory, activities. Furthermore there is evidence 
that defensins can damage host tissue, and may contribute to the pathogenesis 
of some conditions. This review summarises the recent developments in de
fensin biology that are important in understanding their role in lung infection 
and inflammation. 

Classification of defensins 

Antimicrobial peptides that contain six cysteine residues have been classified as 
defensins [1, 2]. The cysteine residues form 3 characteristic intramolecular 
disulfide bridges that are believed to be essential for their antimicrobial activity. 
Defensins were discovered in 1968 when Zeya and Spitznagel reported the pres
ence of "lysosomal cationic proteins" with antimicrobial properties in rabbit and 
guinea pig neutrophils [3, 4]. The term "defensins" was first used 15 years ago 
to describe human neutrophil peptides (HNP)-I, -2, -3, the human homologues 
of these rabbit peptides, and later adopted to encompass equivalent molecules 
found in other species [1, 5]. 

Defensins can be classified into at least three structural groups: the "classi
cal" a-defensins, the 13-defensins and insect defensins. Of the six a-defensins, 
four are the human neutrophil peptides - (HNP)-I, -2, -3 and -4, which are 
found in the azurophilic granules of the neutrophils [2, 6, 7]. The other two 
a-defensins, human defensin (HD)-5 and -6, are present in the secretory gran
ules of intestinal Paneth cells and in epithelial cells of the female reproduc
tive tract [8-10]. Two human 13-defensins (hBD) are described as hBD-l, lo
cated in epithelial cells of various organs [11-15], and hBD-2 in psoriatic 
scales [16]. 
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a-defensins 
Neutrophil defensins, or a-defensins, are encoded by a cluster of genes on chro
mosome 8, locus p23 [7, 17, 18]. HNP-2lacks the N-terminal amino acid pres
ent in the HNP-l and HNP-3 and therefore is believed to be a proteolytic prod
uct of either one or both of the HNP-l or HNP-3 peptides. HNP-l, 2 and 3 ac
count for almost 99% of the total defensin content of neutrophils [2, 19]. In hu
mans, these defensins constitute up to 5% of the total protein content of mature 
neutrophils and more than 50% of the total protein within the azurophilic gran
ules. The composition of azurophilic granule proteins is approximately (in 
ng/106 neutrophils): Elastase - 1500; Cathepsin G - 2500; Proteinase 3 - 1000; 
and defensins - 6000 [20]. 

HNP-4 is a small, cationic, arginine-rich peptide that shares only 32% amino 
acid homology with HNP-I-3 and lacks antimicrobial activity [21, 32]. Com
pared to a mixture of HNP-I-3, HNP-4 was found to be approximately 100 
times more potent against E. coli and four times more potent against both S.fae
calis and C. albicans [21]. However, it accounts for only around 1 % of the total 
defensin content of neutrophils [2, 19]. During neutrophil development, the 
HNP-4 peptides are produced as a result of processing of a propeptide, which it
self lacks antimicrobial activity [35]. 

This review concentrates on the dominant neutrophil defensins - HNP 1-3, 
which for the sake of simplicity will be referred to as defensins. HNP-4 and the 
[3-defensins will not be discussed further. 

Antimicrobial activity 

Defensins were initially identified by their antimicrobial activity, which is di
rected against gram-negative and gram-positive bacteria. At concentrations be
tween 10 and 100 Jlg/mL purified defensins kill a wide variety of bacteria in mi
crobiological media, which have low ionic strength and low calcium and mag
nesium concentrations [5, 22, 23]. We have demonstrated that defensins also 
have significant antimicrobial effect against E. coli and P. aeruginosa in tissue 
culture media, with physiological pH, temperature and salt conditions. 48 h after 
incubation with defensins, the number of E. coli had decreased by about 65-
fold, and P. aeruginosa by 20-fold compared to cultures in the absence of de
fensins. Thus the antimicrobial activity of defensins may be greater towards E. 
coli than P. aeruginosa. 

Defensins can also kill fungi such as C. albicans [24] and herpes simplex 
virus [25]. However, they lack significant activity against the non-enveloped 
viruses reovirus and echovirus, suggesting that interaction with the membrane is 
essential for their antimicrobial function. 
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The mechanism by which defensins kill bacteria is thought to occur in 3 
phases [24]. Firstly, the cationic defensin molecules bind to the bacterial outer 
membrane, which carries a negative charge. Individual defensin molecules or 
dimers then penetrate the membrane by electromotive force. This disrupts the 
membrane integrity and causes permeabilization. Finally irreversible target cell 
injury occurs, with entry into the cell of defensins and other normally excluded 
molecules, and by the outward leakage of essential minerals and metabolities 
from the target cell. Defensins can damage DNA directly and contribute to the 
cessation of DNA, RNA, and protein synthesis [26]. 

We have found that the anti-bacterial activity of defensins is enhanced by the 
presence of lung tissue. Defensin killing of E. coli or P. aeruginosa was 100 to 
1000 fold greater when incubated in the presence of cultured primary lung ex
plants. Lung tissue alone did not show any significant microbicidal effect. This 
suggests that defensins indirectly cause bacterial death by stimulation of lung 
tissue. One possible mechanism for this is by inducing the release of reactive 
oxygen species toxic to micro-organisms. We found increased levels of hydro
gen peroxide in lung tissue cultures following defensin stimulation. The produc
tion of hydrogen peroxide may be initiated either by the release of cytokines, 
since the time course of hydrogen peroxide release was much delayed, or by a 
direct effect of defensins on lung tissue. We suggest that defensins kill bacteria 
directly by their microbicidal activity, and indirectly by inducing bacterial 
killing products that may be dependent on early release of cytokines from lung 
tissues. 

Defensins as mediators of inflammation 
Initial studies on defensins focused on their antimicrobial activity, but subse
quent research revealed that defensins may also play a role in inflammation and 
regulation of specific immune response [27-29]. 

Defensins have chemotactic properties and can stimulate release of chemo
tactic factors from other cells. Territo et al. investigated the monocyte-chemo
tactic activity of fractionated extracts of human neutrophil granules [28]. Mono
cyte-chemotactic activity was found predominantly in the defensin containing 
fraction of the neutrophil granules. Purified preparations of human defensins 
were then tested. HNP-l and HNP-2 are chemotactic for monocytes, but HNP-3 
failed to demonstrate chemotactic activity. HNP-l and HNP-2 are also potent 
chemoattractants for T-cells [27]. Van Wetering et al. have recently shown that 
defensins induce IL-8 synthesis in the airway epithelial A549 cells [29, 30], and 
defensins have been shown to stimulate the production of the neutrophil 
chemoattractant leukotriene B4 and IL-8 by alveolar macrophages [31]. We 
have demonstrated that defensins induce release of the c-c chemokine MCP-l 
from cultured lung explant tissue [32]. MCP-l is a potent chemotactic sub
stance for monocytes [42]. In addition, we also found that defensins stimulate 
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the production of the cytokine tumour necrosis factor ~TNF-~ from cultured 
lung tissue [32]. 

Taken together, these studies suggest that defensins have the potential to 
promote the inflammatory process in the lung. They may be involved in the 
recruitment of inflammatory cells, including other neutrophils, monocytes and 
T-cells, both by their own inherent chemotactic properties and by increasing re
lease of other chemotactic agents from other cells. Furthermore they can stimu
late TNF-a release. The importance of these activities in clinical situations has 
not yet been addressed. 

Defensins in lung injury 
Extremely high concentrations of defensins have been reported in various in
flammatory diseases. Panyutich et al. found that patients with bacterial meningi
tis and sepsis had plasma defensin levels ranging from 120 ng/mL to 170,000 
ng/mL, compared to a mean concentration of 42 ng/mL in healthy blood donors 
[33]. Soong et al. reported high sputum defensin levels, ranging from 300 to 
> 1600 Ilg/mL (the upper detection limit in the study), in patients with cystic fi
brosis [34]. Ihi et al. have recently found high defensin concentrations in pleural 
fluid (13.3 ± 1.9 mg/mL [mean ± SED of patients with empyema, in BAL fluid 
(2.0 ± 0.9 mg/mL) of patients with bacterial pneumonia, and in cerebrospinal 
fluid (3.4 ± 1.2 mg/mL) of patients with bacterial meningitis [35]. However, the 
exact role of defensins in these conditions is not known. 

We have administered defensins intratracheally at doses ranging from 1 to 10 
mg/mL into the lungs of healthy mice. These doses were chosen to reflect the 
intrapulmonary levels that may occur clinically, according to the studies de
scribed above. We demonstrated that at low concentrations defensins do not 
cause significant lung dysfunction at 5 hours. However, at higher concentra
tions, defensins induce hypoxia, increased lung permeability, and an elevation 
of mitochondrial cytochrome c, which is usually released from mitochondria 
following propagation of a "death signal" [36]. This suggests that high concen
trations of defensins are detrimental to the lung. 

Our investigations into the toxic activity of defensins were stimulated by in 
vitro studies of defensin cytotoxicity. Purified human defensins kill various hu
man and murime tumour targets in a concentration- and time-dependent fashion 
[37]. Soong et al. reported that 72 h after exposure to defensins, the total num
ber of tracheal epithelial cells was reduced and the permeability to trypan blue 
was increased [34]. Okrent et al. showed that defensins (100-200 Ilg/mL) in
creased chromium release from the lung-derived cell lines MRC-5, A549, and 
human umbilical vein endothelial cells at 10-20 h [38]. Cytotoxicity was also 
observed when 51-Cr-labeled A549 cells were stimulated for 3-20 h with 100 
Ilg/mL of defensins [30, 37]. These data suggest that high doses of defensins 
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may damage the two separate barriers in the lung - the alveolar epithelium and 
the microvascular endothelium. 

Defensins probably kill mammalian cells by disruption of the cell mem
brane in a manner similar to that described above for bacterial killing. De
fensins bind to mammalian target cells with biphasic kinetics. The initial bind
ing phase occurs within 2 minutes, with the second phase beginning by 10 min 
and gradually increasing to reach a plateau after 60 min. Although the impaired 
membrane integrity occurring during the first 30 min is reversible, it is suc
ceeded by a third phase of injury that leads to cell death [39]. This final, lethal 
phase begins after 30 to 60 min of incubation and requires the continued pres
ence of defensins. 

Defensins may also be toxic to cells by reducing cellular antioxidant defens
es. Van Wetering et al. recently observed that defensins decrease glutathione 
levels in airway epithelial cells [40]. Glutathione is a potent antioxidant present 
in the lung and confers protection against endogenous and exogenous oxidants. 
The defensin-induced decrease in glutathione may lead to an increased suscep
tibility to oxidant-mediated damage. Support for this comes from the observa
tion that defensin-mediated cell lysis is increased in the presence of hydrogen 
peroxide [41]. 

Various studies have shown that in the lungs of patients with neutrophil
dominated diseases, such as ARDS. there are signs of increased oxidative stress 
and a decreased antioxidant capacity, which leads to an impaired oxidant-an
tioxidant balance [42]. Defensins may contribute to this imbalance by reducing 
glutathione levels in airway epithelial cells. 

Conclusion 
A large body of evidence has proven that defensins exert a significant antimicro
bial activity. A number of in vitro studies and our in vivo study have also shown 
that defensins are cytotoxic. Potentially, therefore, defensins have both benefi
cial and harmful actions in lung disease. Further studies will hopefully clarify 
the relevance of defensins in clinical disease, and identify possible therapeutic 
interventions. 
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