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Introduction
Endogenous antimicrobial peptides (AMPs) are small amino
acid–based molecules that have the capacity to kill microbes
and are produced by the host organism. The existence of
such molecules has been known for decades, but, recently,
interest in the AMPs has increased from the perspective of
both the basic scientist attempting to understand immunity,
and the clinician attempting to better diagnose and treat
disease. Animal models, and unique human populations,
have revealed that AMPs constitute an important first-line
defense in the mammalian immune system. In this review,
we discuss essential aspects of the biology of AMPs; experi-
mental models that have revealed their significance; and
recent observations that suggest that defects in the expression
or function of specific AMPs might explain fundamental
aspects of the pathophysiology of human diseases as diverse
as atopic dermatitis, cystic fibrosis, Shigella-mediated dysen-
tery, and dental decay.

The definition of an AMP has been loosely applied to
any peptide with the capacity to inhibit the growth of
microbes. AMPs might exhibit potent killing or inhibi-
tion of a broad range of microorganisms, including gram-
positive and -negative bacteria as well as fungi and certain
viruses. More than 800 such AMPs have been described,
and an updated list can be found at the website: http://
www.bbcm.units.it/~tossi/pag1.htm. Some of these AMPs
have now been demonstrated to protect diverse organ-
isms, including plants, insects, and mammals, against
infection. AMP sequence analysis has shown that the pep-
tide immune system is evolutionarily ancient, and the
conservation of AMP gene families throughout the ani-
mal kingdom further supports their biologic significance.

Antimicrobial peptides function within the conceptual
framework of the innate immune system. The term “innate
immunity” describes defense events that do not require
prior exposure to the pathogen for recognition of danger
from infection. Lower organisms, including plants and
insects, rely almost exclusively on innate defense strategies
for protection. In mammals, studies of the relative contribu-
tion of innate immunity to overall immune surveillance
have focused in large part on cell-mediated events, such as
phagocytosis by neutrophils and macrophages. Following
internalization, compartmentalized production of reactive
oxygen intermediates and proteases leads to microbial kill-
ing. However, an essential element to the concept of innate
immunity is immediate responsiveness to danger. Recruit-
ment of neutrophils and macrophages takes time, usually
hours, whereas pathogenic bacteria might replicate rapidly
in vivo. AMPs have emerged as key elements for inhibition
of microbial proliferation prior to recruitment of cellular
immune defense elements.

Cathelicidins and Defensins: Two Broad 
Groups of Antimicrobial Peptides
The diverse AMP gene families have little in common aside
from the techniques used for their discovery and the obser-
vation that they can kill microbes. Most of the peptides are
highly cationic and have a structure that organizes charged
residues separately from hydrophobic residues. This struc-
tural characteristic is thought to be critical to the ability of
the peptide to interact with the microbial membrane and
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initiate antimicrobial effects. Although many AMPs might
prove to be important in immune defense, to date members
of the cathelicidin and defensin gene families have been
studied most extensively in mammals. Selected aspects of
the biochemistry of these AMPs are described to show how
their function can affect human disease.

Cathelicidins
Cathelicidins were so named because they all contain a con-
served “cathelin” precursor domain [1]. They are organized
as an N-terminal signal peptide, a highly conserved pro-
sequence, and a structurally variable cationic peptide at the
C-terminus. The prosequence resembles cathelin, a protein
originally isolated from porcine neutrophils as an inhibitor
of cathepsin L (hence, the name cathelin). The conservation
of the cathelin domain is striking between species, indicating
that various members of the family evolved from the dupli-
cation of a common ancestor gene.

In humans and in mice, the cathelicidin family is lim-
ited to a single gene product, whereas in domesticated farm
animals, such as pigs, cattle, and sheep, there are multiple
cathelicidin genes. They are all similar in the precursor
domain but have very different C-terminal peptides. The C-
terminal peptides derived from cathelicidins were among
the earliest mammalian AMPs to show potent, rapid, and
broad-spectrum antimicrobial activity. The stored cathelici-
din is present as a larger pre-proprotein then enzymatically
processed for activation of the two parts [2]. The processed
C-terminal peptides have been assigned a variety of other
names based on their unique sequence.

The human cathelicidin, LL-37 / hCAP18, was cloned
from RNA isolated from human bone marrow [3]. The
mature AMP is referred to as LL-37 because it begins with
two leucine residues and is 37 amino acids long. hCAP18
was independently named to be recognized as a cationic
AMP whose mass before proteolytic processing is approxi-
mately 18 kDa [4]. LL-37 / hCAP18 has a hydrophobic N-

terminal domain in a α-helical conformation, most pro-
nounced in the presence of negatively charged lipids. Pro-
cessing of LL-37 from the C-terminus of the cathelicidin
precursor occurs through the actions of enzymes such as
neutrophil elastase and proteinase 3, and is essential for
activation of this AMP [5,6].

Both halves of the processed human cathelicidin are
active. The cathelin domain can function as both an anti-
microbial protein and a protease inhibitor [7,8]. The
peptide domain (LL-37) has a different spectrum of antimi-
crobial activity from the cathelin domain, works well in syn-
ergy with other AMPs, and has direct effects to activate host
cells. The ability of cathelicidins to both kill bacteria and
modify the host immune response reflects a fundamental
property of many AMPs. As illustrated in Figure 1, an AMP
can kill microbes by various mechanisms, depending on the
structure of the peptide and the nature of the microbial tar-
get. In addition, the peptide can influence the host immune
response through a variety of eukaryotic cell interactions.
For example, LL-37 acts as a chemoattractant by binding to
the formyl-peptide-receptor-like-1 (FPRL-1) [9••]. LL-37
can recruit mast cells [10], then be produced by the mast cell
to kill bacteria [11]. LL-37 participates in innate immunity
both by direct antimicrobial activity and by recruitment of
cellular defenses; such multifunctionality is a repeating
theme of the AMP field.

Nonhuman cathelicidins deserve special attention
because of their usefulness in modeling human cathelicidin
function and their potential for use in novel drug design. In
mice, the sole cathelicidin peptide is named CRAMP, for
cathelin-related antimicrobial peptide [12]. Like LL-37,
CRAMP is abundantly expressed in bone marrow and neutro-
phils and forms a similar structure in the lipid phase. As dis-
cussed later, studies of CRAMP in the murine model have
provided direct evidence of the importance of cathelicidins in
immune defense. Pigs have many cathelicidins, including
protegrins, PR-39, prophenins, and porcine myeloid AMPs.

Figure 1. Diverse biologic activities of mam-
malian antimicrobial peptides contributing to 
innate immune defense.
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Protegrins (PG-1 to PG-5) are highly cationic and contain two
intrachain disulfide bonds and an amidated C-terminus. PG-
1 is active against gram-positive and -negative bacteria in vitro
and in vivo. PR-39 is a proline- and arginine-rich peptide,
with broad-spectrum antibacterial properties, that was origi-
nally purified from porcine intestine [13]. PR-39 was one of
the first antimicrobial peptides that demonstrated multiple
functions in mammals [14]. PR-39 induces proteoglycan
synthesis, which is critical for wound repair; exhibits chemo-
attractant activity for leukocytes; and exerts immunomodula-
tory (anti-inflammatory) actions in vivo.

Defensins
Defensins are a widely dispersed family of AMPs. These
cationic peptides contain six to eight cysteine residues that
form characteristic disulfide bridges. They are found in
mammals, and distantly related defensins appear in insects
and plants. The alignment of disulfide bridges and the
molecular structure classifies mammalian defensins into
three distinct sub-families: α-defensins, β-defensins, and θ-
defensins; the latter group is absent in humans.

α-Defensins have three disulfide bridges in a 1-6, 2-4, 3-
5 alignment. Human neutrophils express four distinct α-
defensins (α-defensin-1 to -4) also referred to as human
neutrophil peptides (HNP-1 to -4). They are stored in azuro-
philic granules of neutrophils as fully processed (~ 3 kDa),
mature peptides. Two additional human defensins (HD-5
and -6) are expressed in Paneth cells of the small intestinal
crypts [15] and in epithelial cells of the female urogenital
tract. Homologous peptides were also found in Paneth cells
of the mouse small intestine granulocytes and referred to as
“cryptdins” (crypt defensins) [16]. Paneth cells store α-
defensins as propeptides. Like cathelicidins, α-defensins
exert action on both microbes and the host. For example,
HNP 1–3 have been shown to increase the expression of
tumor necrosis factor (TNF)-α and interleukin (IL)-1 in
human monocytes that have been activated by bacteria (Sta-
phylococcus aureus), or reduce expression of the vascular
adhesion molecule-1 (VCAM-1) in human umbilical vein
endothelial cells activated by TNF-α [17].

The β-Defensins have six cysteine motifs connected by
three disulfide bridges but spaced differently from those in
α-defensins. The disulfide bonds are C1-C5, C2-C4, and C3-
C6. β-Defensins have been identified from many cell types,
including epithelial cells and neutrophils. Four types are
now known in humans and named human beta defensin
(HBD)-1 to -4. It is likely that more will be found in humans
based on a recent genomic analysis that suggests many β-
defensins genes have yet to be discovered [18]. β-Defensins
have a broad spectrum of antimicrobial activity under opti-
mal culture conditions and additional immune-related cel-
lular functions. For example, HBD-2 binds to chemokine
receptor CCR6, is chemotactic for immature dendritic cells
and memory T-cells [19], and promotes histamine release
and prostaglandin D2 production in mast cells [20]. These
studies suggest that a role for β-defensin in allergic reactions

might indicate that AMPs could serve as vaccine adjuvants to
enhance antibody production.

Experimental Evidence that 
Antimicrobial Peptides Influence 
Infectious Disease Outcome
An expanding body of experimental research points to an
important role for AMPs in mammalian defense against
microbial pathogens. These studies have been done in a vari-
ety of infectious disease model systems, and can be grouped
into three complementary lines of investigation: 1) cor-
relations between the in vitro sensitivity or resistance of a
microbe to AMPs and its pathogenic potential; 2) demon-
strations of the therapeutic potential of AMP administration
against microbial colonization or disease; and 3) evidence
that blocking AMP production increases immune suscepti-
bility of the host to infection. Data collected from each of
these approaches are summarized in this section.

Several pathogenic bacteria exhibit intrinsic resistance to
mammalian AMPs, and an array of phenotypic strategies to
survive AMP killing has been characterized (Fig. 2). One com-
mon pattern of antimicrobial resistance involves bacterial
modification of normally anionic cell-wall constituents with
cationic molecules; the net effect of these substitutions is to
decrease the attraction of positively charged AMPs to the bac-
terial surface. Cell-wall charge alterations associated with
AMP resistance in gram-negative bacteria include covalent
modification of the lipopolysaccharide (LPS) lipid A by
acylation or aminoarabinose [21,22] or the expression of LPS-
associated phosphatidylcholine [23]. AMP resistance in the
gram-positive pathogen S. aureus is mediated by incorpora-
tion of D-alanine within lipotechoic acid or L-lysine within
phosphatidylglycerol [24,25•]. Salmonella typhimurium and
Neisseria gonorrhoeae utilize efflux pumps to expel AMPs,
avoiding accumulation of bactericidal levels [26,27]. Salmo-
nella enterica, Pseudomonas aeruginosa, Enterococcus faecalis, and
Proteus mirabilis produce proteinases that are capable of inacti-
vating AMPs, either through direct degradation or by trigger-
ing release of neutralizing sulfated polysaccharides from host
proteoglycans [28–31]. Going one step further and targeting
the source, Shigella spp. evade AMP killing by downregulating
epithelial cell production of defensin and cathelicidin [32••].

Isogenic bacterial mutants have been generated that
exhibit increased AMP sensitivity in vitro compared with the
wild-type parent strain. These mutants have been studied in
animal models to show that AMP resistance itself contrib-
utes to virulence potential. Dlt- and MprF- mutants of S.
aureus lack D-alanine and L-lysine cell wall modifications,
respectively, and are more sensitive to AMP activity in vitro.
Both types of mutants are more readily phagocytosed by
neutrophils and less able to establish systemic infection in
mice. S. enterica mutants in PmrA lack the aminoarabinose
modification of LPS associated with AMP resistance and are
less virulent in a murine enteric infection model [28]. The
PhoP-PhoQ regulatory system controls multiple virulence
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phenotypes in Salmonella spp, including a K+-coupled AMP
efflux pump and the AMP protease, PgtE [26]. S. typhimu-
rium mutants in the PhoP-PhoQ regulatory system are more
sensitive to AMP killing and significantly less virulent in
murine enteric infections. Finally, a study of Streptococcus
pyogenes pathogenicity approached the issue from the oppo-
site perspective. This bacterium is normally sensitive to AMP
killing, but resistant mutants can be selected by serial expo-
sure to AMP in vitro. Upon subcutaneous inoculation of
mice, the AMP-resistant S. pyogenes mutant was found to
induce more severe necrotizing skin infections than the
wild-type parent strain [33••].

Additional experimental evidence indicates that augmen-
tation of AMP levels on host mucosal surfaces can retard bac-
terial colonization and enhance resistance to infection. In
these studies, increased AMP levels are achieved through gene
therapy or by exogenous administration of purified or recom-
binant peptide. For example, the airway surface fluid of cystic
fibrosis xenografts failed to kill P. aeruginosa or S. aureus; how-
ever, exposure of the xenografts to an adenovirus expressing
human cathelicidin restored bacterial killing to normal levels
[34]. Mice treated intratracheally with this adenoviral–AMP
vector had a lower bacterial load and diminished inflamma-
tory response after P. aeruginosa challenge. Gene therapy with
a retroviral vector carrying human β-defensin-2 enhanced the
ability of several mouse and human cell lines to kill Escheri-
chia coli. In lambs with pneumonia, intratracheal admin-
istration of cathelicidin AMP reduced the concentration of
bacteria in pulmonary tissues and fluid [35]. Topical admin-
istrations of a gel containing a cationic AMP has also been
shown to decrease Trichomonas vaginalis colonization of
vaginal epithelium in mice [36], block P. aeruginosa super-
infection of experimental burns in rats [37], and inhibit devel-
opment of wound infections in pigs [38].

The overexpression or supplementation studies described
earlier do not prove that the endogenous level of AMP
production by a mammalian host is sufficient to establish
effective innate immunity against bacterial pathogens. The
application of knockout-mouse technology to the field of
AMP research is beginning to provide such evidence. A
mouse deleted for the Cnlp gene encoding the only mouse
cathelicidin CRAMP exhibits normal growth and develop-
ment and produces normal numbers of circulating leuko-
cytes [33]. However, blood and isolated mast cells from
Cnlp-/- mice are notably deficient in killing the pathogen S.
pyogenes, and knockout mice challenged with this bacterium
develop much more severe and persistent necrotizing skin
infections than their wild-type littermates [11,33••]. There-
fore, cathelicidin, which is induced adaptively in the skin
following cutaneous injury or S. pyogenes infection [39],
appears to serve an important innate defense function.
Defb1, a murine homologue to human β-defensins, is
expressed on respiratory epithelium. A Defb1-/- mouse
showed delayed clearance of Haemophilus influenzae from the
lung following nebulization, but normal clearance of S.
aureus administered in a similar fashion [40,41].

Additional data linking endogenous AMP peptide pro-
duction to innate immune defense come from studies in
which specific host pathways for AMP activation or inacti-
vation are manipulated. For example, a specific inhibitor of
neutrophil elastase was used to block the proteolytic activa-
tion of protegrin AMPs in porcine skin. Administration of
this inhibitor significantly decreased the ability of pigs to
clear bacteria from skin wounds, and subsequent treatment
with the calculated amount of intact protegrin normalized in
vivo antimicrobial activity [42•]. Shedding of heparan sul-
fate cell-surface proteoglycans can interfere with AMP func-
tion. The pathogen P. aeruginosa, through its virulence factor

Figure 2. Mechanisms by which pathogenic 
microorganisms might resist antimicrobial 
peptide killing. AMP—antimicrobial peptide.
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LasA, enhances in vitro shedding of the proteoglycan synde-
can-1 [29]. Newborn mice deficient in syndecan-1 resist P.
aeruginosa lung infection but become susceptible when
treated with syndecan-1 derived heparan sulfate chains [43].

Antimicrobial Peptide Production and 
Function in Human Clinical Disease
In the previous section, we review mounting experimental
evidence that points to a prominent role for AMPs in mam-
malian innate immunity. Appreciation of this research has
sparked considerable interest for exploring the importance of
AMPs in influencing the outcome of human disease. AMP
production is increased adaptively in response to a number
of specific infections and in response to acute damage to the
epithelial barrier (Table 1). Conversely, increased production
of these molecules is also associated with certain chronic
inflammatory disorders, reflecting the dual functions of
several AMPs in immune activation. Investigators are also
asking whether decreased AMP production or interference
with AMP function might be evident in primary or acquired
immunodeficiencies, or explain the increased infectious risks
associated with certain injuries (eg, burns) or chronic dis-
eases (eg, cystic fibrosis). Our emerging knowledge base link-
ing alterations in AMP activity to human disease conditions
is reviewed in this section.

A variety of infectious disease conditions in humans
trigger local production of AMPs by epithelial cells and
infiltrating leukocytes. In the upper respiratory tract, α-
defensins are increased in chronic infective rhinitis and S.
aureus nasal colonization [44], whereas β-defensins are
higher in the maxillary sinus fluid of patients with sinus-
itis than in normal controls [45]. In the lower respiratory
tract, high concentrations of cathelicidin and β-defensins
are found in the bronchoalveolar lavage (BAL) fluid of
newborn infants with pneumonia [46]. Such increase in
AMPs was correlated with high levels of IL-8 and influx of
circulating neutrophils. Levels of α- and β-defensin are
also increased in the respiratory tract of patients with pul-
monary Mycobacterium avium-intracellulare infection, in
which plasma β-defensin measurement might itself serve
as a useful marker of disease activity [47].

Respiratory-tract concentrations of defensin AMPs are
also increased with the diffuse alveolar damage of acute
respiratory distress syndrome (ARDS), which might have
infectious or noninfectious etiologies, as well as idiopathic
inflammatory lung diseases, such as diffuse panbronchi-
olitis and idiopathic pulmonary fibrosis (IPF) [48]. It is
interesting to speculate that an undesired or dysregulated
overproduction of AMP leads to unwanted proinflamma-
tory effects and contributes to the basic pathogenesis of
these inflammatory lung disorders. Experiments in mice

Table 1. Alerations of antimicrobial peptide activity in human disease conditions

Increased production (due to infection)
  Sinusitis �-defensin
  Pyelonephritis �-defensin
  Empyema �-defensin
  Neonatal pneumonia Cathelicidin, �-defensin
  Staphylococcus aureus colonization �-defensin
  Mycobacterium avium pneumonia �-defensin, �-defensin
  Bacterial vaginosis �-defensin
  Condyloma accuminata Cathelicidin
  Verruca vulgaris (common warts) Cathelicidin
  Pelvic inflammatory disease �-defensin
  Helicobacter pylori gastritis �-defensin
  HIV infection (nonprogressors) �-defensin
Increased production (due to injury)
  Acute respiratory distress syndrome (ARDS) �-defensins
  Acute skin wounds Cathelicidin
Increased production (idiopathic)
  Psoriasis Cathelicidin, �-defensin
  Lichen planus �-defensin
  Sarcoidosis Cathelicidin
  Idiopathic pulmonary fibrosis �-defensins
  Diffuse panbronchiolitis �-defensins
Decreased production
  Atopic dermatitis Cathelicidin, �-defensin
  Burn wounds �-defensin
  Kostmann syndrome Cathelicidin
  Shigella dysentery Cathelicidin
  Chronic skin ulcers Cathelicidin
Impaired function
  Cystic fibrosis Cathelicidin, �-defensin
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support such a hypothesis: intratracheal instillation of puri-
fied defensins leads to acute lung dysfunction, neutrophil
influx, and release of inflammatory mediators, such as TNF-
α and macrophage inflammatory protein-2 into BAL fluid
[49]. Neutrophil defensins might also trigger lung remodel-
ing by inducing epithelial-cell proliferation through an epi-
dermal growth factor (EGF) receptor–independent, MAP
kinase signaling pathway [48].

The chronic inflammation of cystic fibrosis (CF) is also
associated with increased levels of AMP in respiratory tract
secretions. However, the CF airway surface fluid is dimin-
ished in its ability to kill bacteria. This defect is reflected in
chronic, high-level bacterial colonization and recurrent
pneumonia with organisms such as P. aeruginosa. The bac-
teria-killing ability of CF airway fluid is restored when its
salt concentration is lowered to normal levels, suggesting
that the abnormally high salt concentrations produced by
the defective CF transmembrane conductance regulator
might be responsible [50]. The bacterial killing ability of
epithelial-derived AMPs such as the human β-defensins
and cathelicidin are inactivated by high salt concentrations
[51,52], suggesting a defect in this component of innate
immune defense might be responsible for the chronic pul-
monary infections seen in CF patients.

In the gastrointestinal tract, significant increases in the
constitutive expression of β-defensin have been seen in the
gastric epithelium of patients with gastritis or gastric cancers
induced by Helicobacter pylori [53,54]. The induced AMP
inhibits the growth of H. pylori in vitro, suggesting it plays an
antibacterial role. Strong immunostaining for α-defensins or
β-defensins is seen in the colonic epithelium of patients
with active ulcerative colitis or Crohn’s disease [55], but the
functional significance of this expression has yet to be estab-
lished. Enteropathogenic bacteria also modulate expression
of AMP in the colonic epithelium. Human fetal intestinal
xenografts infected intraluminally with S. typhi show
increased human β-defensin-2 expression [56]. In contrast,
biopsies of patients with bacillary dysentery produced by
Shigella spp. reveal downregulation of β-defensin-1 and
cathelicidin production, suggesting a potential virulence
property of the bacteria to subvert innate immune defenses
of the gastrointestinal mucosa [32••].

Upregulation of AMP production was also found with
infections of the urogenital tract. Human β-defensin-1 is
expressed constitutively in normal renal tissue, whereas
induction of β-defensin-2 gene and protein expression is
demonstrated only in tubulus epithelia with chronic pyelo-
nephritis [57]. Women with pelvic inflammatory diseases
secondary to N. gonorrhoeae, T. vaginalis, or Chlamydia tra-
chomatis had higher median levels of neutrophil defensins in
the vagina than did uninfected women, and the mean levels
of these AMPs were strongly associated with the presence of
endometritis [58].

Many skin conditions have been examined for changes in
the pattern of AMP expression at the epidermal barrier. Cath-

elicidin expression is increased in the inflammatory skin
lesions of erythema toxicum neonatorum, with immuno-
localization of the peptide within CD15-expressing neu-
trophils, EG2-expressing eosinophils, and CD1a-expressing
dendritic cells [59]. Cathelicidin expression is also induced
within the epidermis during development of verruca vulgaris
or condyloma accuminata, suggesting that AMPs represent a
component of the immunologic response to papillomavirus
infection [60]. Differential expression of AMPs seems to play
a determinative role in the susceptibility of chronic inflam-
matory skin disorders to infectious complications. In psor-
iasis, cathelicidin and β-defensin levels are elevated, and
secondary infection is rare, whereas in atopic dermatitis,
cathelicidin expression of the same AMPs is deficient, and
bacterial or viral superinfection is common [61••]. Especially
relevant in this regard is the proven activity of human cath-
elicidin against S. pyogenes [39] and the synergistic activity of
human cathelidicin and β-defensin against S. aureus [61••],
the leading agents of superficial and invasive skin infection
in humans.

Expression of β-defensin is absent in full-thickness burn
wounds and blister fluid from partial thickness burns [62],
evidence of an innate immune defect that might contribute in
the greatly increased risk of burn wound infection and sepsis.
Cathelicidin is produced in high levels in postwound skin
and is strongly expressed in healing skin epithelium; antibody
against this AMP inhibits re-epithelialization in a dose-depen-
dent manner [39,63]. In chronic ulcers, cathelicidin levels are
low and absent in the ulcer-edge epithelium [63]. Therefore, it
seems that cathelicidin AMPs are important in successful
wound closure, and defects in their production can be corre-
lated with development of chronic ulcers.

An association between oral disease and AMPs was shown
in patients with Kostmann syndrome, a severe congenital
neutropenia. These patients are treated with granulocyte-col-
ony stimulating factor to increase neutrophil counts within
the normal range. Nevertheless, patients with Kostmann syn-
drome experience frequent infections and develop periodon-
tal disease. Functional analysis of neutrophils isolated from
these patients demonstrated normal oxidative burst function,
but revealed a lack of measurable cathelicidin and dimin-
ished levels of α-defensins [64•]. Several of the original index
cases in the Kostmann family were recently shown to harbor
mutations in the neutrophil elastase gene, suggesting a mech-
anism for lack of AMP processing and activation [65]. Discov-
ery that impaired AMP peptide function contributes to an
inherited immunodeficiency will no doubt spark exploration
of the role of endogenous AMP in other human immuno-
logic disorders, including the acquired immunodeficiency
syndrome (AIDS). Interestingly, human α-defensin can
exhibit potent antiviral activity, as demonstrated by its ability
to reduce experimental adenoviral infectivity by 95% [66].
CD8 T lymphocytes from long-term, stably-infected patients
with HIV-1 release α-defensins that suppress HIV-1 replica-
tion [67], and it is possible that an impaired response of these



408 Immunodeficiency Diseases
AMPs is associated with more rapid disease progression in
other infected individuals.

Conclusions
Antimicrobial peptides represent an evolutionarily ancient
defense strategy. However, only recently has the production of
cathelicidin and defensin peptides been recognized as an
important component in human innate immunity. Several
investigations have now documented diverse biologic func-
tions of AMPs in microbial killing and augmentation of cellu-
lar immune functions. Emerging clinical studies have also
begun to associate changes in AMP production or function
with human infectious diseases, inflammatory syndromes, or
immune deficiencies. In the coming years, we will likely learn
more about how impaired AMP activity on mucosal tissues
predisposes to infectious complications, how resistance to
AMP killing represents a defining feature of certain invasive
microbial pathogens, and how dysregulated AMP expression
might contribute to chronic inflammatory disorders. A thor-
ough understanding of these associations might pave the way
for therapeutic strategies involving administration of exo-
genous AMP or modulation of endogenous AMP production.
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