Editorial

Autotaxin Emerges as a Therapeutic Target for
Idiopathic Pulmonary Fibrosis
Limiting Fibrosis by Limiting Lysophosphatidic Acid Synthesis

There has been great recent interest in the bioactive lipid mediator
lysophosphatidic acid (LPA) in the pathogenesis of fibrotic dis-
eases, from both academic laboratories and pharmaceutical com-
panies. Investigators have demonstrated critical roles for LPA
signaling through one of its receptors, LPA;, in animal models
of fibrosis of multiple organs, including the lung (1, 2), skin (3),
and kidney (4, 5). Building on these pre-clinical studies, pharma-
ceutical companies will be evaluating LPA; antagonism in upcoming
clinical trials as a new therapeutic strategy for human fibrotic
diseases, including idiopathic pulmonary fibrosis (IPF) and sclero-
derma. In this issue of the Journal, Oikonomou and colleagues
(pp. 566-574) demonstrate that genetic deletion or pharmacological
inhibition of autotaxin, the enzyme responsible for generating most
extracellular LPA, also limits the development of lung fibrosis
in the bleomycin model (6). These investigators demonstrate in-
creased expression of autotaxin in the lungs of patients with IPF
and fibrotic nonspecific interstitial pneumonia (NSIP), identifying
this enzyme as an exciting new addition to the growing list of
rationale drug targets for IPF and other fibrotic diseases.

LPA is the common name for acyl-hydroxy-glycero-3-phosphates,
all consisting of a glycerol phosphate backbone esterified to
a single fatty acid (Figure 1), and signaling through specific G
protein—coupled receptors. Five high-affinity LPA receptors
have been definitively established and designated LPA; to
LPAs (Figure 1); P2Y5 is a lower-affinity receptor that is likely
to join the LPA receptor family as LPA¢ (7). By signaling
through these receptors, LPA mediates multiple fundamental
responses to tissue injury, including responses that may be ab-
errant or aberrantly excessive when injury leads to fibrosis
rather than to repair. LPA signaling specifically through LPA;
has pro-fibrotic effects on epithelial cells, endothelial cells,
and fibroblasts: genetic deletion of this receptor reduces epithe-
lial cell apoptosis, vascular leak, and fibroblast accumulation in
the bleomycin model of lung fibrosis (1, 8). LPA-deficient mice
are consequently dramatically protected from fibrosis and mor-
tality in this model (1). Pharmacological inhibition of LPA;
abrogates fibroblast migration in response to the bronchoalveo-
lar lavage (BAL) of patients with IPF, demonstrating that
LPA-LPA, signaling is responsible for fibroblast recruitment
in this disease (1).

The study by Oikonomou and colleagues demonstrates that, as
does LPA; antagonism, limiting LPA synthesis by inhibiting auto-
taxin limits the development of pulmonary fibrosis (6). Although
LPA can be produced from membrane phospholipids of cells or
platelets, or from surfactant phospholipids, by at least three path-
ways (9), the majority of LPA in vivo appears to be produced by
autotaxin, since plasma LPA concentrations in mice heterozygous
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for an autotaxin-null allele (autotaxin®'~ mice) are approximately

one half of those that are present in autotaxin™" mice (10, 11).
The autotaxin pathway of LPA synthesis is illustrated in Figure 1:
phospholipids such as phosphatidylcholine (PC) are converted to
lysophospholipids such as lysophosphatidylcholine (LPC) by
members of the phospholipase A, (PLA,) family of enzymes,
and these lysophospholipids are converted to LPA by the lyso-
phospholipase D activity of autotaxin. Autotaxin was initially iso-
lated as an “autocrine motility factor” that stimulated the
migration of melanoma cells (12). Autotaxin’s identification as
the lysophospholipase responsible for generating LPA from
LPC came later, and its ability to generate LPA was then deter-
mined to be the mechanism by which autotaxin stimulates cell
motility (13).

With the identification of important roles for LPA and LPA; in
fibrosis, autotaxin emerged as another potential therapeutic tar-
get for fibrotic diseases. However, validation of this enzyme as
a target in pre-clinical models of fibrosis was hampered by lack of
an effective pharmacological autotaxin inhibitor, and the unex-
pected lethality of global genetic deletion of autotaxin in mice.
Early blood vessels formed but failed to mature properly in
autotaxin '~ embryos, resulting in lethality between Embryonic
Days 9.5 and 10.5, and revealing an unanticipated but critical role
for this enzyme in vascular development (10, 11). Oikonomou
and colleagues, working in Vassilis Aidinis’ research group, have
now overcome both of these hurdles to the pre-clinical assess-
ment of autotaxin in pulmonary fibrosis (6). These investigators
generated three lines of cell-specific autotaxin-deficient mice, in
which autotaxin was genetically deleted only from bronchial
epithelial cells, only from alveolar epithelial cells, or only from
macrophages and neutrophils. Their choice to target these cell
types followed from their immunohistochemical localization of
increased autotaxin in the lungs of patients with IPF to bronchi-
olar epithelial cells, alveolar epithelial cells, and alveolar macro-
phages (in addition to fibroblast-like appearing cells), and their
localization of increased autotaxin in the lungs of bleomycin-
challenged mice to bronchial epithelial cells and alveolar macro-
phages (in addition to weak expression by alveolar epithelial cells
and fibroblasts). Bleomycin-induced increases in lung collagen
and BAL cell counts were diminished in bronchial epithelial
cell- and macrophage-specific autotaxin-deficient mice, as was the
bleomycin-induced increase in BAL total protein in macrophage-
specific autotaxin-deficient mice. In contrast, deletion of autotaxin
specifically in alveolar epithelial cells afforded no protection
from bleomycin-induced lung fibrosis. Further validating auto-
taxin as a therapeutic target for pulmonary fibrosis, a novel
pharmacological inhibitor of this enzyme (GWJ-A-23 [14]) dra-
matically reduced bleomycin-induced increases in lung collagen,
BAL cell counts, and BAL total protein, as well as BAL levels
of both LPA and TGF-B.

Impressive reductions in bleomycin-induced fibrosis pro-
duced by pharmacological targeting of either LPA; or auto-
taxin underscore the important role of the LPA pathway in
fibrogenesis. Whether one of these targets will prove to be
more effective than the other remains to be determined. To
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Figure 1. The autotaxin-LPA-LPA; pathway. Gener-
ation of lysophosphatidic acid (LPA) by autotaxin,
and LPA signaling through LPA;; both are required
for bleomycin-induced pulmonary fibrosis in mice,
and both have been implicated in the pathogenesis
of idiopathic pulmonary fibrosis in humans. The
majority of LPA in vivo appears to be produced by
conversion of phospholipids such as phosphati-
dylcholine (PC) to lysophospholipids such as lyso-
phosphatidylcholine (LPC) through the action of
phospholipase A, (PLA;) family members, followed
by the conversion of these lysophospholipids to
LPA through the lysophospholipase D activity of
autotaxin. Once generated by autotaxin, LPA sig-
nals through specific cell surface G protein—cou-
pled receptors: five high-affinity LPA receptors

5 have been definitively established and designated

LPA; to LPAs; a lower-affinity receptor is likely to

\\ join the LPA receptor family as LPAs. LPA signaling

specifically through LPA; has pro-fibrotic effects on
epithelial cells, endothelial cells, and fibroblasts,
promoting epithelial cell apoptosis, inducing vas-
cular leak, and directing fibroblast recruitment,
proliferation, and persistence. LPA-LPA; signaling
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may also have pro-fibrotic effects, inducing activation of latent TGF- by lung epithelial cells, although LPA signaling through LPA; on leukocytes

may serve to prevent excess innate immune activation after tissue injury.

the extent that LPA receptors other than LPA; mediate some
of LPA’s pro-fibrotic activities, targeting autotaxin may be
more effective than targeting LPA;. LPA signaling through
LPA, has been demonstrated to induce avf6 integrin-
mediated activation of latent TGF-B by lung epithelial cells
(15), and TGF-B activation by this integrin is critically re-
quired for the development of lung fibrosis (16). On the other
hand, to the extent that LPA receptors other than LPA; may
mediate some of LPA’s beneficial effects, targeting autotaxin
in fibrosis may have more unintended consequences. LPA sig-
naling through LPA, has been demonstrated to be a negative
regulator of innate immune responses, such as those mediated
by dendritic cells in allergic pulmonary inflammation (17), and
this activity of LPA may be needed to prevent excess inflam-
mation after tissue injury. Regardless, the elegant studies from
Aidinis’ laboratory published in this issue allow autotaxin to
take its place on the growing list of rationale targets for IPF.
By extension, autotaxin appears to be an exciting therapeutic
target for fibrotic diseases more broadly, given the important
roles for LPA-LPA; signaling that have been identified in
fibrosis of multiple organs.
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