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to put the brakes on LPA signaling?’
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Lipid phosphate phosphatases (LPPs, encoded by the
PPAP2 genes) are broad specificity enzymes that can de-
phosphorylate lipid phosphate esters such as phosphatidic
acid (PA), lysophosphatidic acid (LPA), and sphingosine-
1- phosphate (S1P) that serve as critical intermediates in
intracellular pathways of lipid metabolism and signaling
(Fig. 1) (1). Of these substrates, LPA and SIP are also bio-
active mediators that can be released or generated extra-
cellularly and/or act on cell surface receptors to initiate a
broad range of cellular responses (2). LPPs can localize to
the cell surface with their active site facing the extracellu-
lar space allowing them to function as ecto enzymes (3, 4).
Accordingly, it has been attractive to speculate that one
function of these enzymes is to terminate the receptor-
mediated signaling actions of LPA and SIP by dephos-
phorylating them to generate the corresponding alcohols,
which are not receptor-active. In support of this concept,
overexpression of LPP1 or LPP3 increases the LPP activity
of several intact cells, and this activity is decreased by
silencing or genetic inactivation of the corresponding
PPAP2A and PPAP2B genes (5-7). These manipulations
are broadly associated with reciprocal effects on LPA re-
sponsiveness of stereotypic cellular responses to this stimu-
lus, particularly cell growth and migration. Mice that are
genetically hypomorphic for the PPAP2A gene encoding
LPP1 exhibit increased circulating LPA levels (8) whereas
inducible postnatal and/or tissue-restricted inactivation of
the PPAP2B gene encoding LPP3 alters S1P gradients that
control lymphocyte egress from the lymphatic system to
the peripheral circulation (9) and renders vascular smooth
muscle cells more responsive to LPA (6).

In Drosophila, LPP homologs encoded by the Wunen
genes regulate the migration of germ cells in the develop-
ing embryo (10). Ectopic expression of these genes in so-
matic tissues that are normally permissive for germ cell
migration results in repulsion of the migrating germ cells.
This nonautonomous function of the Wunen genes is con-
sistent with the idea that a diffusible Wunen substrate reg-
ulates germ cell migration (11). However, Wunens are also
expressed in the germ cells themselves from maternally
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inherited mRNA and inactivation of Wunen in the female
germline also decreases germ cell migration identifying a
cell autonomous function for these genes (12).

LPPs also localize to intracellular membranes. Manipula-
tions of LPP expression have also been shown to alter levels
of cell-associated LPP substrates and products including PA
and its dephosphorylation product diacylglycerol (DG)
that are well established to regulate intracellular signaling
pathways. These include pathways mediated by the Raf and
mTOR protein kinases and conventional protein kinases C
(13, 14). Evidence that LPP3 has an intracellular role as a
regulator of vesicular transport between the endoplasmic
reticulum and Golgi apparatus has also been reported (15).
It is also important to note that not all studies of the effects
of LPP overexpression have revealed phenotypes in cell
and animals that can be explained simply by attenuation of
LPA signaling (16). Accordingly, although there is a broad
consensus that manipulating LPP expression can alter cel-
lular signaling responses to bioactive lipid phosphate me-
diators in some systems and often in a manner that depends
on catalytic activity of the enzymes, these effects could be
mediated by directly limiting the agonist actions of the me-
diators by degradation of extracellular or cell-surface asso-
ciated lipids, by postreceptor effects on downstream lipid
signaling pathways, or a combination of both (Fig. 1).

In the current issue of the Journal of Lipid Research, Tang
etal. (17) generated breast cancer cell lines with inducible
expression of wild-type and catalytically inactive LPP1. In-
creased ecto LPA and S1P phosphatase activity in these
cells was associated with decreased growth and migration
in response to LPA and serum (a rich source of LPA). Mi-
gration responses of these cells to LPA but not epidermal
growth factor (EGF) were selectively attenuated by in-
creased LPP1 expression, and these effects are likely medi-
ated, at least in part, by decreased activation of Rho
family guanosine triphosphate hydrolases (GTPases).
Phosphatase resistant LPA analogs with agonist activities
at LPA receptors (phosphonates and thiophosphates) offer
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Fig. 1. Regulation of extra- and intra-cellular lipid metabolism and signaling by LPPs. Cell surface localized LPPs can act on extracellular
or plasma membrane-associated substrates to limit their actions on cell surface receptors. LPPs can also act intracellularly to alter the bal-
ance between bioactive lipid phosphate mediators and their bioactive dephosphorylation products; for example, phosphatidic acid and

diacylglycerol.

an elegant approach to determine the extent to which ob-
served decreases in responses to bioactive lipid phosphate
agonists in LPP-overexpressing cells can be explained by
increased dephosphorylation and consequent inactivation
of these mediators (5-7). Tang et al. found that mobiliza-
tion of intracellular Ca** in response to LPA receptor acti-
vation by a metabolically stable LPA analog or to an agonist
acting at protease activated receptor 1 was preserved in
LPPl-overexpressing cells but still decreased in compari-
son to the response observed in cells overexpressing a cata-
lytically inactive LPP1 variant. While consistent with
observations that LPP-resistant LPA analogs can circum-
vent decreases in LPA signaling responses observed in LPP-
overexpressing cells, these observations provide further
evidence that overexpression of LPP1 has postreceptor
effects on signaling responses to both LPA and a nonlipid
agonist, at least on the Ca®" mobilization response studied.
These authors reported that overexpression of LPP1 dra-
matically attenuates metastasis and tumor growth when
these cells were studied in a mouse xenograft model, pro-
viding further evidence that targeting LPA metabolism
and signaling could be a beneficial strategy for breast can-
cer therapy (18).

Understanding how LPPs regulate lipid metabolism and
signaling has broad relevance to human disease because a
common variant of the PPAP2B gene encoding LPP3 that
appears to predict lower expression of the enzyme is asso-
ciated with increased risk of coronary artery disease (19).
LPA is present in oxidized low density lipoprotein and
elicits responses that are broadly inflammatory and pro-
atherogenic in multiple blood and vascular cell types (20,
21). While PPAP2B is essential for embryonic develop-
ment (22) (and must therefore function nonredundantly
with the other PPAP2 genes during this process), mice
with restricted or inducible postnatal inactivation of LPP3
in vascular smooth muscle cells and vascular endothelial
cells exhibit increased injury-induced intimal hyperplasia
and vascular permeability, respectively (6, 23). Because
LPA receptor deficient mice are protected in models of
aortic atherosclerosis, the most parsimonious explanation
of these data would be that LPP3 normally suppresses ath-
erosclerosis by opposing LPA signaling. However, this idea
needs to be tested experimentally. Taken together with
previous reports, this new study by Tang et al. focuses at-
tention on the possibility that LPPs can also regulate sig-
naling responses to LPA and potentially other agonists
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through postreceptor effects on intracellular signaling path-
ways. These observations suggest that the range and im-
pact of alterations in LPP expression extend beyond
inactivation of bioactive lipids at the cell surface or in the
extra-cellular space. Postreceptor effects of LPP expres-
sion could be associated with human heritable cardiovas-
cular disease risk and with breast and ovarian cancers. Bl
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