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Inflammatory skin diseases are diverse (includ-
ing allergies, autoimmune diseases, ulcers and so
on) with different etiologies (hereditary, environ-
mental or infectious), but their treatment is often
similar. By far the most common treatment is the
use of topical corticosteroids. Decades of usage
have demonstrated their potency but they are
also associated with a wide range of side effects
(1] and patient-aversion to their usage. The quest
for novel anti-inflammatory drugs (particularly
topical ones) that can provide a safer alternative
to steroids has understandably been undertaken
by the pharmaceutical industry. One such poten-
tial target is phospholipase A, (PLA.), a family
of enzymes that has been studied extensively for
over three decades.

PLA, catalyze the hydrolysis of phospho-
lipids to produce lysophospholipids and free
fatty acids (in particular arachidonic acid) 1)
thereby initiating the production of numerous
lipid mediators that play key roles in the diverse
inflammatory/allergic diseases. PLA, enzymes
are categorized into different classes according
to cellular localization, molecular weight, disul-
fide bond pattern, calcium dependence, sequence
and pH of activity. The main groups are the
secreted PLA, (sPLA)), cytosolic PLA, (cPLA,)
and Ca-independent PLA, (iPLA ) 1

in turn, has a number of isoforms.

). Each group,

sPLA s are a low-molecular-weight (average
14 kD) group of enzymes (16 isoforms, denoted
types IA-XIV), characterized by at least six
disulfide bonds, an absolute requirement for
histidine in the active site and a dependence
on mM Ca* concentration. In general, sPLA s
are mainly involved in the pathophysiology of
inflammatory diseases and have long been con-
sidered the ‘inflammatory enzymes’ 2], although
some sPLA isoforms have been reported to also
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lysophospholipid = phospholipase A,
skin allergy = skin inflammation

have a protective, anti-inflammatory potential.
The most well-established physiological role of
sPLA, is as an antimicrobial agent [1,2].

The cPLA s, Group 1V, are larger than the
sPLA_s (61-114 kD) with a different pattern
of disulfide bonds. Their active site contains a
serine/aspartic acid dyad and they require pM
Ca’ for activity. Group IVA cPLA, is specific
for arachidonic acid in the sn2 position, although
other members of this group — cPLA Group IVB
and cPLA, Group IVC — show no specificity and
cPLA, Group IVD is specific for linoleic acid.
cPLA s have been shown to play a role in physio-
logical/homeostatic processes such as cell cycle,
gestation and female reproduction, but are also
involved in various pathological conditions such
as atherosclerosis, neurodegeneration and allergy.

The Ca-independent PLA s (Group VIA-F)
do not show any preference for fatty acid at the
sn2 site and are considered to be mainly involved
in membrane remodeling/homeostasis. In addi-
tion, they play a role in processes connected with
reactive oxygen species metabolism and recently
a role for iPLA, in obesity has been proposed.

By releasing free fatty acids from membrane
phospholipids, PLA s provide the source for
two large families of inflammatory lipid media-
tors. When the fatty acid is arachidonic acid, it
is metabolized into the numerous eicosanoids
by a number of downstream parallel enzymatic
pathways, mainly the cyclooxygenases, produc-
ing the prostaglandins and thromboxanes, and
the lipoxygenases, producing leukotrienes and
epoxins, among others [1,3].

While most of the attention and ample
research has been focused on these eicosanoids
(4], lysophospholipids, the second product of
PLA, activity, have been largely ignored, despite
clear evidence of their role in inflammation. In
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general, lysophospholipids induce activation and
extravasation of leukocytes, activate histamine
secretion by mast cells, are precursors of the
potent inflammatory mediator PAF, induce tis-
sue damage, act as a growth factor and induce
proliferation of smooth muscle and cancer cells,
and tumor metastases. Moreover, while eico-
sanoids production is also regulated by a series
of enzymatic pathways downstream from PLA,
(cyclooxygenases, lipoxygenases and so on),
lysoPL are directly produced from PL by PLA.,.
Yet, the control of PLA, activities for the treat-
ment of inflammatory/allergic diseases has been
primarily based on their role in eicosanoid pro-
duction, while their role in lysoPL production has
practically been overlooked [s].

“The quest for novel anti-inflammatory
drugs (particularly topical ones) that can
provide a safer alternative to steroids has
understandably been undertaken by the
pharmaceutical industry.”

In the skin, different PLA s have been found to
be involved in processes relating to skin physiology
and pathology, and this subject was extensively
addressed in our previous review [4]. As noted
above, the attention to the role of PLA, in skin
function has been based primarily on the eico-
sanoid involvement in skin inflammatory/allergic
conditions. It has long been reported that derma-
titis — both atopic and allergic contact — as well
as psoriasis, are associated with elevated produc-
tion and accumulation of eicosanoids such as
LTB4 and 12-hydroxyeicosatetranoic [4], imply-
ing elevation of PLA activities. In this article,
we would like to expand on the role of lysoPL as
direct products of PLA, action in skin physiology
and pathology.

For example, lysophosphatidylcholine (lysoPC)-
stimulating leukocyte activation is elevated in
psoriatic skin and appears to contribute to the
induction of inflammatory and immunological
processes occurring in psoriatic skin lesions [6].
LysoPC also mediates melanocyte dendricity [7.8],
T-lymphocyte chemotraction [9] and histamine
release from mast cells [10], inducing erythrema
and edema [9.10]. In addition, lysoPC is a pre-
cursor of PAF, a potent inflammatory mediator
found in psoriatic skin [4]. Lysophosphatidic acid
(LPA) activates histamine release from mast cells
and skin fragments [11], and activates Cl current
activity in skin fibroblasts, which is considered a
hallmark of scleroderma skin fibroblasts [12].

On the other hand, lysoPL, especially LPA,
appear to also have beneficial effects on skin. For
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example, LPA, by induction of the migration of
human fibroblasts and stimulation of cell growth,
facilitates wound healing [13]; topical application
of LPA was found to promote wound healing [14].
LysoPL, particularly LPA, showed activities that
facilitate skin wetting [15] and hair growth. Topi-
cal administration of small amounts of lysoPC
to nude mice was shown to have bactericidal
and antiviral activity without damaging skin
structure [16].

Given its role in inflammation, the control of
PLA,, especially sPLA , has long been sought as a
therapeutic strategy in the treatment of numerous
inflammartory diseases [1.2], but rarely for treating
skin diseases. The prospect of PLA, inhibition
for treating skin inflammation has been demon-
strated in previous studies using sSPLA, inhibitors.
In a clinical study by Ingber ez al., topical appli-
cation of a cream containing a cell-impermeable
sPLA, inhibitor, designed and synthesized in
our lab, was shown to be effective in treating
those suffering from allergic contact dermatitis
(17). In a study by Otuki ez a/., another sPLA,
inhibitor suppressed sSPLA activity in HaCat and
primary human keratinocytes stimulated with
12- O-tetradecanoylphorbol-3-acetate (TPA)
concomitantly with PGE, production [15]. In
this study, a topical application of this inhibitor
attenuated experimental TPA-induced dermatitis
in mice [18]. These studies provide experimental
evidence to support the potential of inhibiting
the activity of PLA s, especially secretory PLA,
as a therapeutic approach in the treatment of
inflammatory dermarological conditions.

“While most of the attention and ample
research has been focused on these
eicosanoids, lysophospholipids, the second
product of the phospholipase A, activity,
have been largely ignored, despite clear
evidence of their role in inflammation.”

In conclusion, the findings and considerations
summarized above provide clear evidence of the
merits of considering the control of the produc-
tion of inflammatory lipid mediators, including
lysoPL by inhibition of PLA, activities for the
treatment of skin inflammatory/allergic disease.
However, PLA  -generated lipid mediators, espe-
cially lysoPL, are also involved in healthy skin
physiological functions, such as barrier perme-
ability, skin pH and membrane PL remodeling
[4,19], and some PLA_s, especially the intra-
cellular ones, have essential homeostatic roles
(12]. In addition, it is well known that specific
lipid mediators and PLA isoenzymes might play
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different, sometimes opposing, roles in differ-
ent organs and pathologies [1.5]. Thus, as with
many drugs, systemic inhibition of their activity
would necessarily induce adverse effects, point-
ing to the advantage of topical treatments with
limited systemic penetration (as expected from
cell-impermeable sPLA inhibitors). The specific
PLA, isoenzyme to be targeted, which skin con-
ditions it plays a role in and the specific methods
of administration, have yet to be explored.
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