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3-Defensin Repertoire Expands

Julia R. Dorin and lan J. Jackson

-Defensins are antimicrobial

peptides of key interest be-

cause they operate in both

innate and adaptive immune
responses in mammals (/). Now,
these peptides have become more
intriguing. On page 1418 of this
issue, Candille ez al. (2) identifya |
role for a B-defensin in pigmenta- |
tion. The peptide, CBD103, binds
to melanocortin 1 receptor, one of a
protein family that controls pig-
mentation, inflammation, and feed-
ing behavior. This expands the
functional repertoire of B-defensins
and opens new avenues of research
with potential implications forhuman
disease (see the figure).

How does a gene implicated
in mammalian immune responses
alter pigmentation? A mutation at
the K? locus was identified as the
cause of dominant inheritance of a
black coat in dogs (3). Candille ez al. identify the
gene at this locus as CBDI03, the dog ortholog
of human DEFBI103, which encodes the -
defensin HBD3. The K mutation results in loss
of the predicted first amino acid of mature
CBD103. Mutant CBD103 is more efficiently
secreted from cells and has a higher affinity than
the wild-type peptide for the dog melanocortin 1
receptor, which controls production of eume-
lenin, the black/brown hair pigment.

CBD103 also competes with agouti signal-
ing protein for binding to this receptor. Agouti
signaling protein antagonizes the melanocortin
1 receptor, resulting in the production of pheo-
melanin, a red/yellow pigment. Wild-type and
mutant CBD103 suppressed agouti signaling
protein in transgenic mice, resulting in black
hair rather than agouti (hair with a yellow
stripe). A reasonable conclusion is that in-
creased abundance and stronger affinity for the
melanocortin | receptor allows mutant
B-defensin to competitively mhibit agouti sig-
naling protein in melanocytes, enabling the
production of eumelanin and black hair.

There is a conundrum, as the B-defensin
also competes with o-melanocyte—stimulating
hormone (a melanocortin) to bind melano-
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Beyond defense. 3-Defensins bind to melanccortin receptors, extending the influence
they may have on biological processes.
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cortin 1 receptor, yet it does not itself elicit
adenosine 3, 5'-monophosphate signaling
that characterizes this receptor’s activation.
So how does this receptor elicit black pigment
production in response to CBD103? Perhaps
the dog receptor has ligand-independent sig-
naling, as seen in the mouse (but not human),
in which lack of g-melanocyte-stimulating
hormone has little effect on pigmentation (4).
Alternatively, CBD103 may activate different
effectors through the melanocortin 1 receptor.

Two human f-defensins, HBDI and
HBD3, bind to the melanocortin 1 receptor,
but there is little sequence similarity between
them (though tertiary structure is conserved)
(7). There are some structural similarities
between agouti signaling protein and -
defensins—both are cationic, with antiparal-
lel B sheets stabilized by cysteine bridges.
These properties may be important for recep-
tor interaction.

Although HBD3 is highly expressed and
present in inflamed psoriatic skin (5), pa-
tients do not show hyperpigmentation to
in-dicate melanocortin 1 receptor activation.
HBD?3 attracts certain immune cells (includ-
ing monocytes, macrophages, and mast cells)
through an as yet unidentified receptor, and
immature dendritic cells and memory T cells
through chemokine receptor 6 (7). HBD3
expression increases in response to proinflam-
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How does a peptide involved in fighting
microbial infections also control hair color
in mammals?

matory agents, and it also
induces production of pro-
inflammatory cytokines (7).
Some melanocortins sup-
press inflammation (6).
B-defensins may act at mel-
anocortin receptors to mod-
ulate inflammation.

Candille er al. also ob-
served that transgenic mice
overexpressing the dog B-
defensin have lower body
weight. It’s possible that
CBD103 activates the mel-
anocortin 4 receptor, sup-
pressing feeding behavior.
Alternatively, reduced body
size might reflect peptide
toxicity due to overexpres-
sion. Determining immune
dysfunction in these trans-
genic mice should tease out
the answer,

Does the mutated P-defensin alter host
defense? Transgenic mice that overexpress
human o-defensin show increased resistance to
pathogens (7). But the amino-terminal residues
of B-defensin are important for antimicrobial
action against Staphylococcus auwreus, a com-
mon skin pathogen, so mutant CBD103 could
have lost function. In mice, loss of B-defensin 1
reduces clearing of 8. aureus and Haemophilus
influenzae (8, 9). The immune phenotype of
dogs carrying the mutation warrants investiga-
tion. Variation in copy-number and expression
of human defensins is seen in normal popula-
tions and in patients with Crohn’s disease, an
inflammatory disorder of the intestinal tract
(10). Interaction of B-defensins with pleio-
fropic melanocortin receptors may cause subtle
phenotypic changes with direct relevance to
human disease.
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