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� Antibacterial activity
HDPs bind avidly to charged bacterial cell-wall
components, particularly lipopolysaccharides (LPS) and
lipoteichoic acids (LTA), and are able to depolarize 
and permeabilize membranes (Fig. 3). Some bacteria 
are innately resistant to HDPs, for example Pseudomonas
aeruginosa and Burkholderia cepacia. This is related to 
the LPS structures of these organisms, which have
properties reducing the charge interactions with HDPs.
In particular, substitutions of lipid A and core phosphate
residues with 4-deoxy-4-aminoarabinose (Ara4N) cause
partial charge neutralization, and addition of palmitate
to lipid A results in alterations to membrane fluidity 
and self-promoted uptake of HDPs. Salmonella enterica
serovar Typhimurium increases in pathogenicity
through LPS modifications, including addition of
Ara4N and palmitate, under the control of two-
component signal transduction pathways (phoPQ and
pmrAB). Interestingly, these LPS modifications can
change other host–microbe interactions, e.g. binding to
Toll-like receptors. Other modifications carried out by
bacteria that alter interactions with HDPs include
decoration with host-derived phosphorylcholine and
modification of teichoic acids by D-alanine. Many of
these modifications are carried out by both pathogenic
and commensal bacteria.

The activity of many purified HDPs is inhibited by
physiological salt concentrations. Some have suggested
that the cystic fibrosis (CF) defect in ion transport results
in tracheal exudates with high concentrations of NaCl,
thereby inactivating HDPs and allowing pathogenic
bacteria to infect people with CF. This is contentious as
not all studies have confirmed high NaCl concentrations
in airway fluids and it is a paradox that organisms 
like B. cepacia, which are naturally resistant to HDPs,
should require salt-inactivation of these innate defences
to express their pathogenicity.

� Other functions in immune responses
HDPs are multifunctional molecules (Fig. 2) that are
now thought to be of fundamental importance in host
defence, serving as signalling molecules communicating
between the innate and adaptive immune systems. Their
multiplicity of function has led to the proposal that they
should most accurately be described as HDPs (or
peptides of the innate immune system) rather than as
antimicrobial peptides. Some of their activities are
involved in enhancing an acute inflammatory response,
but they can also inhibit such responses, either through
sequestration of effector molecules like LPS and LTA or
through direct action of the peptide on host-cell gene
expression. Some of the most exciting recent develop-
ments in this area have revealed roles for HDPs in
signalling between innate and cellular adaptive immune
responses. Thus, in addition to regulating cytokine
production, α- and β-defensins attract immature den-

dritic cells and memory T cells, promoting an adaptive
immune response. α-Defensins also enhance prolifer-
ative responses of T cells, promoting systemic IgG and
IgM production. The use of gene microarray technology
to dissect changes in global gene expression in host 
cells is greatly facilitating our understanding of the
activities of these multifunctional immunomodulatory
molecules.

� Development as therapeutic agents
Because of their broad spectrum activity and the ability
to design a multitude of analogues with altered activities
from one molecule, naturally occurring HDPs are
providing templates for the development of novel anti-
infective agents. They have a major advantage in that
resistance to HDPs appears to develop slowly, if at all.
Although the first magainin peptide to reach Phase III
clinical trials fell at this hurdle, many biotech companies
are actively developing HDPs for topical and systemic
use (Table 1). Their immunomodulatory and potential
anti-inflammatory properties are being exploited by a
recently established Canadian company, Inimex.

� In vivo importance
There is little doubt that HDPs are significant in defence
against infection. In humans and mammals, concen-
trations of neutrophil and epithelial HDPs increase 
to significant levels following infection or injury.
Resistance to neutrophil HDPs has been cited as a
pathogenicity determinant for intracellular or invasive
pathogens, such as S. enterica serovar Typhimurium and
group A streptococci. Studies of rodents have supported
a role for HDPs in defence against infection and they
demonstrate peptide redundancy (or overlap of function
of multiple HDPs expressed at one site) in host innate
defences, and suggest differences in the roles of the same
peptide at different sites.

In addition to being assaulted by potential pathogens,
many body sites are colonized by large numbers of
diverse commensal micro-organisms, which contribute
to normal development and protection of the host and 

ABOVE:
Fig. 3. Interactions between
HDPs and bacterial cells. (a)
Mechanism of antibacterial action.
Peptides bind to divalent cation-
binding sites and associate with
the polyanionic outer moieties of
LPS, disrupting and expanding the
outer membrane and allowing
passage of HDPs through the 
outer membrane. HDPs then bind 
to the interfacial region of the
cytoplasmic membrane. When at
sufficient concentrations, HDPs
aggregate within the membrane,
causing depolarization and
permeabilization. Some monomers
may detach and gain access to the
cytoplasm. (b) Mechanisms of
resistance to HDPs. In addition 
to lipid composition of the
cytoplasmic membrane and the
presence of an electrochemical
potential across this membrane,
resistance to HDPs may be
determined by charge density and
structure of LPS and other cell-wall
components, responses of bacterial
cells to environmental changes and
stresses, and peptide breakdown
and efflux mechanisms.
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Host defence
peptides (HDPs,
Fig. 1) are low-

molecular-mass single-
gene products that are
cationic, amphipathic, and
exhibit varied activity
against a range of Gram-
positive and Gram-nega-
tive bacteria, fungi and
viruses. Well over 500
naturally occurring HDPs
have now been described.
Their potential applica-
tions were recognized
decades ago with the
discovery of magainin in
frog skin secretions, which
led to the establishment 
of the first company
(Magainin Inc.) aiming to
develop such peptides as
therapeutic agents. In the
last 10 years, interest in
their biology has increased
enormously with the
discovery that, not only 
are they antimicrobial, 
but they are also immune
modulators (Fig. 2).

� Production of HDPs
Although HDPs are
structurally diverse, their
function has been con-
served. Higher and lower
organisms, from insects
and plants to humans,
produce a range of these
peptides as part of their
first-line innate defences,
within phagocytic cells 
or at epithelial surfaces. At each site of production, 
HDPs form part of a cocktail of antimicrobial 
substances which in vivo work synergistically to combat
infection.

Most tissues appear to be protected by a specific 
array of epithelial peptides which are produced consti-
tutively or are induced by proinflammatory cytokines
and by exposure to micro-organisms. In humans 
and many other animals the β-defensins (BDs) are
particularly important epithelial HDPs. Recent genome
sequence data analyses have shown that humans and
mice possess > 20 and > 40 putative BD genes,
respectively. Some peptides, such as human BD1-3 and
cathelicidin LL-37, provide protection at a number of
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sites, but others are specialized, e.g. some mammalian
epididymal peptides, hepcidin in human liver and urine,
and histatins in human salivary glands. HDPs are
amenable to considerable diversification and evolution-
ary studies have indicated that varied peptides have
arisen through rapid evolution in response to the positive
pressure of colonizing micro-organisms. Isoforms of a
number of HDPs, differing by a few terminal amino
acids, have been isolated from natural fluids or tissues.
These minor differences produce significant changes 
in antimicrobial activity, providing an additional
mechanism to ensure maximal and optimal anti-
microbial cover at a specific site, with little metabolic
cost to the host cell.

Host defence peptides
Deirdre Devine

Host defence
peptides, also
known as
antimicrobial
peptides, are a
diverse group of
small peptides 
that have emerged
as exciting 
multifunctional
components of the
immune system, 
as well as being
promising new 
anti-infective
agents.

TOP RIGHT:
Fig. 1. Properties and production
of host defence peptides.

BOTTOM RIGHT:
Fig. 2. Multiple activities 
of HDPs. The recorded activities of
HDPs extend beyond antimicrobial
action to functions indicating 
roles in regulating and linking 
host defence mechanisms. 
Some activities (red arrows) are
involved in enhancing an acute
inflammatory response and/or 
in signalling between innate 
and cellular adaptive immune
responses. Others (blue arrows)
serve to downregulate a cellular
inflammatory response. Neutrophil
defensins are also known to
promote wound healing and related
functions as they induce syndecan
production, are mitogenic for
fibroblasts and epithelial cells,
stimulate growth of fibroblasts and
promote apoptosis and clearance
of infected cells.
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are usually tolerated without eliciting a detrimental
inflammatory response. HDPs produced by phagocytic
and epithelial cells possess characteristics indicating
they are central to selection and regulation of both
pathogenic and commensal micro-organisms: (i) they 
are diverse, host-species-specific and site-specific; (ii)
they appear to have evolved in response to selection
pressures exerted by resident and pathogenic microbial
populations; (iii) they kill micro-organisms and/or
provide signals regulating effective innate immunity
and linking the innate and adaptive immune responses.
Whilst experimental examination of the role of HDPs in
host–microbe relationships is challenging, it is apparent
that pathogenic and commensal organisms use similar,
but varied, strategies to resist or evade HDP activity,
allowing colonization and survival on host mucosa. In
addition to interacting with whole microbial cells, these
peptides bind to microbial molecules such as LPS and
LTA, and may function in concert with other innate
defence molecules to minimize and regulate immune
responses at mucosal sites assaulted by large numbers of
bacteria and their released cellular components. Thus,
HDPs help maintain host–microbe homeostasis and
ensure appropriate host responses to bacteria and their
cellular products.

� Dr Deirdre Devine is Senior Lecturer in
Microbiology in the Division of Oral Biology,
University of Leeds Dental Institute, Clarendon
Way, Leeds LS2 9LU, UK.
Tel. 0113-343-6116
email d.a.devine@leeds.ac.uk

Table 1.Companies developing HDPs as therapeutic agents

Company Peptides Treatment

Clinical trials
�� Magainin Inc. LocilexTM Impetigo; diabetic foot ulcer
�� Intrabiotics IB 367 Oral mucositis; CF lung infection
�� Micrologix MBI 226, MBI 594N Central venous catheter infection; acne
�� Xoma Neuprex Meningococcaemia; endotoxaemia
�� Demegen P113 Gingivitis

D2A21 Wounds and burns
Pre-clinical
�� AM-Pharma Histatin- and lactoferrin-based Hepatitis C; multiply resistant bacteria
�� Demegen P113D CF lung infection

P113L Oral candidiasis
�� Helix BioMedix HB107 Burns

HB50 Wounds, skin infections
�� Inimex Various Immunomodulation

Further reading
Devine, D.A. & Hancock,
R.E.W. (editors) (2004).
Mammalian Host Defence
Peptides. New York: Cambridge
University Press (in press).

17 September 2004, 11am–4pm
At the Science Media Centre, Royal Institution,
Albemarle Street, London W1S 4BS.
Sponsored by:
The Health and Science Communication Trust
The Royal Pharmaceutical Society of Great Britain
The Society for Endocrinology
The Society for General Microbiology

This free event is for young scientists who are
passionate about science and want to take on the
challenge of communicating evidence-based
research to a wider audience. It combines a discussion
about science-related controversies in media
reporting, with practical guidance and skills to help
younger scientists make a greater contribution to 
such debates. 

Sessions:
� Science in the media

Participant discussion on the changing image and 
role of science and scientists in the public domain.
What happens when research announcements go
wrong; statistics are manipulated; risk factors are
distorted; or the discussions become polarized? 

� What journalists are looking for
A panel of journalists – Mark Henderson (The
Times), Tom Feilden (BBC R4, Today programme)
and Anna Fazackerley (Times Higher) – will
explain how they approach stories and balance the
need for news and entertainment with reporting
science, and answer questions. 

� Taking a realistic approach to science reporting
How scientific news is communicated, typical
difficulties, and areas of misunderstanding. The
Science Media Centre will outline practical
guidance for young scientists to get their voices
heard in debates about science, including writing
articles and letters, and providing comment. 

If you are a postgraduate
student, a post-doctoral
fellow, or equivalent in your
first job, and you would 
like to attend, please send
a short CV and covering
letter to Ellen Raphael by
31 July 2004 (email
enquiries@senseaboutscience.
org; or post to Sense About Science, 60 Cambridge
Street, London, SW1V 4QQ). Please note there are
only 40 places available and earlier applications 
are more likely to be successful.

For further information visit
www.senseaboutscience.org
or phone Ellen Raphael on 07730 941414.

The voice of
young scientists
in the media


