O 00 N Ul b WN =

Ut RN DR R DR N D RN DWW W W W W W WWWNNDNDDDNDNDDNDNDNDDN = e e e e
O@OO\l@mJkUJI\)'—kOUDOO\IG)LJ'I-I;WN'AOLOOO\]G)LH.&UJN'—‘OQOO\]@UI.l:UJN'—ﬁOkDOO\(bG)U'I.bWN'—‘O
—

EXPERIMENTAL CELL RESEARCH I (RNER) RRE-0NIN

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.elsevier.com/locate/yexcr

Review Article

Revisiting the sphingolipid rheostat: Evolving concepts
in cancer therapy

Jason Newton, Santiago Lima, Michael Maceyka, Sarah Spiegel*

Department of Biochemistry and Molecular Biology, Virginia Commonwealth University School of Medicine and the Massey Cancer Center,
Richmond, Virginia 23298, USA

ARTICLEINFORMATION

Article Chronology:
Received 26 February 2015
Accepted 28 February 2015

Keywords:

Sphingolipid rheostat
Sphingosine-1-phosphate
Sphingosine kinase

Ceramide
Contents
a0 o Ta Tt o) o 2
Sphingolipid Metabolism. . . .. ..o e e e 2
The sphingolipid Theostat . . . . . ... o e e e e e et et e e e 2
Role of sphingolipid metabolites in cell fate and CANCET. . . .. ... .. ittt e e ettt et et e e 3
(07 =1 01 (PP 3
STP AN QS TECEPLOLS . . o o v vt et e et et e e e e e et e e e e et e e e et et e e e e e e e e e e e e 3
S 6 =10 ] 0] <) 3
R S0 U = Trc] LR = o 3
Targeting S1P metabolic enzymes to modulate the sphingolipid rheostat and Cancer ..............coiiiiiiiininenenen .. 3
R 5] 1130 4
S . L e 4
S1P lyase and STP Phosphatases . . ... ..ottt et e e e e e e 4
Modified rheostat paradigm: addition of the STP/STPR aXiS. . . ..ottt t ittt e e e et e ettt et ettt e eena 5
ACKNOWIEAGIMENIES . . . ottt ettt ettt et et e e e e e et e e e e e e e e e e e e e 5
RO O ENICES . . . ottt e e e 5

*Corresponding author.
E-mail address: sspiegel@vcu.edu (S. Spiegel).

http://dx.doi.org/10.1016/j.yexcr.2015.02.025
0014-4827/© 2015 Published by Elsevier Inc.

Please cite this article as: ]. Newton, et al., Revisiting the sphingolipid rheostat: Evolving concepts in cancer therapy, Exp Cell Res
(2015), http://dx.doi.org/10.1016/j.yexcr.2015.02.025

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85


dx.doi.org/10.1016/j.yexcr.2015.02.025
dx.doi.org/10.1016/j.yexcr.2015.02.025
dx.doi.org/10.1016/j.yexcr.2015.02.025
dx.doi.org/10.1016/j.yexcr.2015.02.025
mailto:sspiegel@vcu.edu
dx.doi.org/10.1016/j.yexcr.2015.02.025
dx.doi.org/10.1016/j.yexcr.2015.02.025
dx.doi.org/10.1016/j.yexcr.2015.02.025
dx.doi.org/10.1016/j.yexcr.2015.02.025

86

87

88

89

90

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
m
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

2 EXPERIMENTAL CELL RESEARCH I (RNEN) RRE-NEIN

Introduction

Nearly two decades have passed since it was first proposed that
regulation of the interconvertible sphingolipid metabolites, cer-
amide and sphingosine-1-phosphate (S1P), and their opposing
signaling pathways are major determinants of cell fate, a concept
referred to as the “sphingolipid rheostat”. Since then, many
reports have substantiated the role of the sphingolipid rheostat
in cell fate determination and in the initiation, progression, and
drug sensitivity of cancer. Thus, modulation of the rheostat has
emerged as a focus for treatment strategies to battle cancer. S1P
regulates numerous processes important for cancer including
proliferation, transformation, angiogenesis, metastasis, survival,
and drug resistance. Ceramide on the other hand has been linked
to cell growth arrest and cell death. With the increased under-
standing of sphingolipid metabolism and signaling, as well as the
present focus on therapies designed to modulate the levels of
sphingolipids in cancer, it is an appropriate time to re-examine
the sphingolipid rheostat concept and determine how it fits
within the current knowledge of sphingolipid signaling in cancer.

Sphingolipid metabolism

Sphingolipids are essential constituents of all eukaryotic mem-
branes. They contain a sphingoid base, a fatty amino alcohol of
typically 18 carbons, in mammalian cells called sphingosine. De
novo synthesis of the sphingoid base begins with the condensa-
tion of palmitate and serine catalyzed by serine palmitoyl
transferase, leading to the formation of dihydrosphingosine
(sphinganine), which is then amino-acylated with a chain of 14-
32 carbons to form various dihydroceramide species by a family of
six (dihydro) ceramide synthases. Dihydroceramides are desatu-
rated to form ceramides and complex sphingolipids, such as
glycosphingolipids and sphingomyelin that are built by linking

CerS

different head groups to the primary hydroxyl group of ceramides.
During catabolism, both basal and signal-mediated, these head
groups are hydrolyzed, re-generating ceramide. Ceramide is a
bioactive lipid in its own right, and can be deacylated by
ceramidases to yield sphingosine. Sphingosine, which is not an
intermediate in the de novo biosynthetic pathway, is also a
bioactive molecule and can be phosphorylated by sphingosine
kinase (SphK) type 1 and 2 to sphingosine-1-phosphate (S1P),
again a potent signaling molecule. S1IP can be irreversibly
degraded by S1P lyase (SPL) or dephosphorylated to sphingosine,
which can then be re-acylated back to ceramide. It is the rapid,
compartment-specific interconversion of these three metabolites
with distinct effects on cell fate that forms the biochemical basis
of the so-called “sphingolipid rheostat”.

The sphingolipid rheostat

In 1996, the term “sphingolipid rheostat” was proposed [1] to tie
together several seminal findings demonstrating the capacity of
S1P and ceramide to differentially regulate cell growth and
survival by modulation of opposing signaling pathways [1-3].
This was based on the discoveries that elevation of ceramide
induces cell growth arrest and apoptosis [3]|, whereas S1P
production is required for optimal cell proliferation induced by
growth factors [4] and suppresses ceramide-mediated apoptosis
[1]. Insight that the “sphingolipid rheostat” coordinately regulates
the levels of these sphingolipid metabolites to control cell fate
emerged from inhibition of SphK leading to decreased S1P and
elevated ceramide, and subsequent cell death (Fig. 1). Thus, the
sphingolipid rheostat appeared to be a sensing mechanism for
cells to regulate their fate in part through the interconversion
between S1P and ceramide.

In the years since, efforts have been made to elucidate the
molecular mechanisms and signaling pathways by which these

@ CE ===y
—
—_——

SphK

Fig. 1 - The updated sphingolipid rheostat. This schematic cartoon shows important enzymes that regulate the levels of S1P and
ceramide and includes “inside-out” signaling by the S1P/S1PR1 axis that can influence actions of the sphingolipid rheostat. CerS,
ceramide synthase; CDase, ceramidase; S1PPase, S1P phosphatase; S1PRs, S1P receptors.
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