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Which defensins are expressed at the ocular surface?

Alison M. McDermott: The ocular
surface comprises the squamous
epithelia of the cornea and con-
junctiva. As with all epithelial
tissues, they form a protective
barrier that defends against invad-
ing pathogens. One of their roles
is the production of antimicro-
bial peptides such as B-defensins.
These peptides are characterized
by the presence of six conserved
cysteine residues that form three
disulphide bonds, and have potent
antimicrobial activity againsta vari-
ety of bacteria, fungi and viruses.
Ocular surface defensin
expression has been studied by a
number of investigators (1). We
have observed that under normal
circumstances both corneal and
conjunctival epithelial cells express
human B-defensin (hBD)-1 and
hBD-3 (2,3). Then in the presence
of infection, inflammation and
during wound healing hBD-2 is
also expressed (1-4). A recentstudy
indicates that hBD-4 mRNA is
also expressed at the ocular surface,

although the significance of this
will only be apparent if presence
of the actual peptide is confirmed
(5). Thus, hBD-1 and hBD-3 con-
tribute to baseline defence against
pathogens, with hBD-2 being
additionally expressed under cer-
tain conditions. As the defensins
all have differing spectra of antimi-
crobial activity, additional expres-
sion of hBD-2 will afford extra
protection. Furthermore, as defen-
sins are know to modulate various
mammalian cell behaviours, we
hypothesize that hBD-2 in par-
ticular, because it is specifically
upregulated after injury, may
have non-microbicidal roles such
as modulating ocular surface
wound healing (see figure).

In addition to defensins,
the ocular surface epithelia also
express the cathelicidin LL-37 (6),
CAP37 (7) and probably several
other antimicrobial peptides (5)
which also contribute to antimicro-
bial protection and which may have
effects on epithelial cell behaviour.
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constitutively expressed by all epi-
thelial tssue and its expression is
not modulated by cytokines. The
expression of hBD-3 is increased by
TNFa in keratinocytes and airway
epithelial cells (8), although we
have not found this to be the case
for ocular surface epithelial cells.
The effect of various cyto-
kines on expression of hBD-2
has been extensively studied. Pro-
inflammatory cytokines such as
IL-1 and TNFa are known to
be potent inducers/upregulators of
hBD-2 expression in many epithe-
lial tissues, including the ocular sur-
face (2,3). We have investigated the

pathways leading to IL-1 mediated
hBD-2 expression in corneal epi-
thelial cells and observed that acti-
vation of NF«B, tyrosine kinases,
p38 MAP kinase and JNK are
essential for upregulated expres-
sion of the peptide (2). Similar
findings have been reported for a
variety of epithelial tissues (9).

As hBD-2 is not typi-
cally expressed by ocular surface
epithelia, it is likely that pro-
inflammatory cytokines such as
IL-1 released in response to injury
and infection cause upregulation
of the peptide thus enhancing

antimicrobial protection.

How important are (-defensins for
protection against infection?

Alison M. McDermott: This
is a very difficult question to
answer as the production of
B-defensins is but one of an
extensive array of weaponry
which the body uses to defend
itself against infection. Loss
of the ability to produce
B-defensins may not have a sig-
nificant effect if all (or most
of) the

defence mechanisms are intact.

remaining innate

However if several innate
defence  mechanisms  are
breached, then epithelial pro-
duction of B-defensins may
become the primary defence
against a particular infection.

Thus, the relative importance

Are cytokines involved in the expression of 3-defensins?

Alison M. McDermott: Yes, cyto-

kines have been shown to modulate

the expression of some defensins.
hBD-1 is generally accepted to be

the lung (11) and an increase
in Staphylococcus colonisation
in the bladder (12). Together,

these studies provide evidence

of B-defensins lies in the robust-
ness of other innate defence
mechanisms and, as defensins
have varying spectra of antimi-
crobial activity, is likely to be
pathogen dependent.

Defensin  deficiency
has recently been linked to
Crohn’s
inflammatory disease of the
intestinal mucosa (10). Here
loss of the protective defensin

disease, a chronic

barrier in the intestine is sug-
gested to lead to increased bacte-
rial invasion, which induces an
inflammatory response. Knock-
ing out the mouse B-defensin-1
gene led to delayed clearance of
Haemophilus influenzae from

that defensins do indeed have
activity iz wvivo and so are
an important component of
innate immunity.
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What are defensin-like chemokines?

Alison M. McDermott: Che-
mokines are cytokines that
act as chemoattractants and
as such have important roles
in regulating leukocyte partic-
ipation in inflammation and
immunity. They are divided
in to four groups based on
the number and arrangement
of conserved N-terminal cyste-
ine motifs: C, CC, CXC and
CX,C, where X is a non-con-
served amino acid (13). Some
defensins have a conserved
CXC region at the N-terminus

and are chemotactic for leu-
kocytes (9). Because of these,
and other similarities between

defensins and certain che-
mokines, Cole et al. (14)
explored the antimicrobial

activity of some chemokines.
They observed that CXCLY,
CXCL10 and CXCL11 (all
members of the interferon-
y-inducible (ELR) group of
CXC chemokines) had substan-
tial antimicrobial activity. Thus
these chemokines are some-
times referred to as “defensin-
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like chemokines”.

In a recent study by
Harvey et al. (15) CXCL10
(IP-10) and CXCL11 (I-TAC)
were upregulated in conjuncti-
val epithelial cells in response
to adenoviral infection. Fur-
thermore, these defensin-like
chemokines were  directly
active against respiratory ade-
novirus serotypes Ad3 and
Ad5. Thus, CXCL10 and
CXCL11 can be added to
the ever-increasing list of pep-
tides with antimicrobial activ-
ity expressed by the ocular
surface epithelia.
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