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Sphingosine kinase (SK) 1 and 2 are lipid kinases that catalyse the formation of sphingosine 1-phosphate (S1P), a
potent signallingmolecule with awide array of cellular effects. SK1 and 2 have been shown to be up-regulated in
tumours and their genetic ablation or inhibition has been shown to slow tumour growth aswell as sensitise can-
cer cells to chemotherapeutics. The SKs have been extensively studied, with a plethora of inhibitors developed
that target the sphingosine-binding pocket of the enzyme, some with nanomolar affinities. Recently, inhibitors
targeting the ATP pocket of SK have also been described. Here we discuss the development of these new small
molecule SK inhibitors, summarise the recent discovery of off-targets effects of many current SK inhibitors, and
provide an overview of the usefulness of these inhibitors as in vitro tools and therapeutic agents.
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1. Introduction

Sphingolipids such as ceramide, sphingosine and sphingosine 1-
phosphate (S1P) (Fig. 1), are important cell signalling molecules regu-
lating a plethora of important cellular processes [1]. S1P functions
through both its binding to a family of five S1P-specific G protein-
coupled receptors (GPCRs; named S1P1–5) [2], as well as modulating
the actions of a number of intracellular proteins [3–6]. S1P, via its
GPCRs, coordinates immune cell trafficking and vascular integrity, and
appears to combine with its intracellular targets to elicit pro-prolifera-
tive, pro-survival signalling [7]. Many ceramide species, however, have
opposing roles to S1P and promote apoptosis through multiple mecha-
nisms, including altering intracellular membrane dynamics and modu-
lation of protein phosphatase (PP1, PP2A, PP2C) and protein kinase
activities (reviewed in [8]). In some contexts, sphingosine can also pro-
mote pro-apoptotic signalling via binding and facilitating inhibition of
the pro-survival 14-3-3 proteins [9,10]. This cellular sphingolipid
rheostat, regulated by a network of dynamic metabolic pathways
(Fig. 1) [1,11], controls the levels of pro-survival S1P and pro-apoptotic
ceramides, the balance of which can be amajor determinant of cell fate.

As the only enzymes with the ability to phosphorylate sphingosine
to produce S1P, the sphingosine kinases (SKs) are key players in the
regulation of the cellular rheostat. There are two mammalian SKs; SK1
and SK2 which both utilize sphingosine to generate S1P. SK2, however,
displays a broader substrate specificity, and can phosphorylate
phytosphingosine and a number of artificial substrates that are not sub-
strates for SK1 [12]. While the SKs appear to share some common roles
in the cell, they also have different functionswhich appear governed in-
part by differing subcellular localisation. For example, SK1 resides pre-
dominantly in the cytoplasm and is translocated to the plasma mem-
brane upon cell stimulation [13], while SK2 is primarily associated
with various cellular organelles [12], including the endoplasmic reticu-
lum (ER) [14] and mitochondria [15] where it can regulate apoptosis
[14], and the nucleus where it has a demonstrated role in epigenetic
regulation [16].

Elevated cellular SK1 and S1P can enhance cell survival, proliferation
and migration, [17], promote angiogenesis [18] and contribute to al-
tered cancer cell metabolism [19]. Thus, SK and S1P contribute to
manyof the hallmarks of cancer [20], and perhaps for this reason, cancer
cells often appear to develop a “non-oncogene addiction” to SK1 [21,22].

Fig. 1. Sphingolipid biosynthesis and degradation pathways. Sphingolipid structures and keymetabolic enzymes responsible for the formation and degradation are displayed. All enzymes
are labelled in blue with sphingosine kinase labelled in orange. C18 (dihydro)ceramide is used as a representative image, however N-acylation of dihydrosphingosine by ceramide
synthase enzymes results in a range of dihydroceramide species, dependent on the fatty acyl CoA employed.
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