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Sifingolipidler: Hiicre icinden kalsiyum salimmina yol acarak etkili olan yeni bir simif ikincil haberciler

OZET

Sifingolipidler dkaryotik hiicre membranlarinda bulunan, énemli yapisal ve diizenleyici géreve sahip molekiil-
lerdir. Membran yapisinda bolca bulunmalarindan dolay1, dnceleri sadece yapisal gorevleri oldugu samlmaktaydi. Son
on yilda, sifingolipidler hiicre motilitesi ve proliferasyonunun kontrolii ile hiicresel etkilesimlerde Gnemli rolleri olan
yeni bir ikincil haberci grubu olarak ortaya giktilar. Sifin golipid metabolitlerinin ayngtirma ve tammlanmasinda kimy-
asal yontemlerdeki yeniliklerin uygulanmas: ile sifingolipid sinyallesmesinde énemli ilerlemeler saglanmigtir. Sifingo-
lipid yikim uriinleri olan sifingosin, dihidrosifingosin, seramid, sifingosin-1-fosfat ve sifingomyelinin hiicre prolif-
erasyonu, hiicre bagkalagim ve hiicre i¢i depolardan kalsiyum salimmina yol aghg gesitli caligmalarla bildirilmistir.

Sifingolipidler ve metabolitlerinin rol oynadig1 biyolojik olaylar gesitli biyomedikal ve biyokimyasal laboratuarlarda
halen devam eden sicak bir ilgi gormektedir,

Anahtar Kelimeler: Sifingolipid,, sinyallesme, Ikincil haberciler, hiicre i¢i kalsiyum salimmu, seramid.

SUMMARY

The sphingolipids are important structural and regulatory components of eukaryotik cell membranes. Initially,
because of their abundant presence in membranes they thought to have primarily structural roles. In the last decade,
sphingolipids have emerged as novel intracellular second messengers playing major roles in cellular interactions and
control of cell proliferation and motility. Important progress has been achieved in sphingolipid signaling with utiliza-
tion of recent great technological advances in separation and characterization of sphingolipid metabolites. Several
investigators have suggested that sphingolipid metabolites sphingosine, dihydrosphingosine, ceramide, sphingosine-1-
phosphate and sphingomyelin are playing important roles in cell proliferation, differentiation and release of calcium
from intracellular stores. Furthermore, the biological processes that are mediated by sphingolipids and sphingolipid
metabolites are currently receiving hot attention in the biomedical and biochemical laboratories.

Key Words: Sphingolipids, signaling, second messenger, intracellular calcium mobilization, ceramide.

INTRODUCTION

There are three main groups of lipid families ex-
pressed in eucaryotic cell membranes, the glycerophos-
holipids, cholesterol, and the sphingolipids. Second )
t’;lessgngcr role of glycerophospholipid substrates, dia- or signT;llfI:z :zlzsrgftggl;:&); tl about second messenger
cylglycerol and inositol-phosphate is well known (1, 2, :
3). Phosphatidylinositol hydrolysis products of inositol-
phosphate and diacylglycerol function as second mes-
senger by releasing Ca®* (4) and activating protein ki-

nase C (PKC) (5). Informations about several glycero-
phospholipid substrates are expanding rapidly (5, 6, 7).

The sphingolipids are thought to be solely struc-
tural molecules since they are abundantly expressed in
plasma membranes. Recently, increasing number of evi-

dences is emerging for the role of sphingolipids and
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their metabolic breakdown products as intracellular
lipid second messengers (8, 9). Within the last decade, it
has became clear that the sphingolipids are not only
funcuoning as cyto-structural molecules but also as
active partici pants in the regulation of variety of diverse
cellular processes including regulation of transduction
of extracellular stimuli across the plasma membrane,
protein phosphorilation, receptor modulation, resulting
in the physiological regulation of cell function, cell
growth, differentiation, transformation, cell-cell contact,
immune recognition and neoplastic transformation. (9,
10. 11). The original hypothesis on the roles of sphin-
golipids in transmembrane signal transduction came
from the observation that sphingosine potently inhibited
protein kinase (PKC) both in vivo and in virro 9, 12).

Because PKC is a key regulatory enzyme of many
physiological processes the above mentioned finding
have stimulated a lot of interest in biological roles of
sphingolipids and the discovery of many examples of
sphingosine-mediated cellular phenomena which are
apparently due to sphingolipid mediated inhibition of
PKC (13). However, studies using several cell types
have since been uncovered that sphingosine have more
versatile roles and these roles do not solely depend on its
effect on PKC (14, 15).

It is not clear how sphingolipids elicits their intra-
cellular signaling cascades and physiological cellular
responses. One possibility is that intracellular conver-
sion of sphingolipids to sphingolipid metabolic break-
down products. Indeed, the use of recent great techno-
logical advances in separation and characterization of
sphingolipids has revealed that the second messenger
effects of sphingolipids resides not only in the parent
molecules but also in their metabolic derivatives, such
as sphingosine, sphingosine-1-phosphate and ceramide
(16,17,18). Some of the effects of sphingolipid deriva-
tives in different types of cells are given in table 1.

Ceramide (N-acyl erythrosphingosine) and sphin-
gosine-1-phosphate are among the well-studied sphingo-
lipid metabolic breakdown products with second mes-
senger roles, such as transduction, cell proliferation, dif-
ferentiation and apoptosis (19,20). Ceramide has been
shown to promote apoptotic cell death in the human
myeloid leukemia cell lines (21).

The pathway by which sphingolipid breakdown
product sphingosine is generated is not clear yet but it is
likely that the enzyme sphingomyelinase hydrolysis
sphingomyelin to ceramide, which is the precursor of
sphingosine (22).

In addition to already mentioned inhibitory effect
of sphingosine on PKC it has also reported o cause
inhibition of calmodulin requiring enzymes (23), acli-
vation of phospholipase D (24), and activation of Ca**
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release from intraccllular stores (25). Although the
mechanism by which sphingosine releases Ca®* from
intraccllular stores is still not elucidated, it has been
suggested that sphingosine-1-phosphate is the active
product causing Ca®* release in smooth muscle cells and
fibroblasts (26, 27). On the other hand, sphingosine
have also reported (o inhibit Ca**-induced Ca®*-releasc
(CICR) in skeletal muscle (28) and resulted in decreasc
of ryanodine binding to ryanodine receptor (RyR) in
cardiac sarcoplasmic reticulum (29).

Furthermore, sphingosine-1-phosphate has been
reported to activate inward Ca**-activated chloride cur-
rents in Xenopus oocyte (30). Sphingosinc-1-phosphate
dependent activation of DNA synthesis in Swiss 373
cells was recently reported to be inhibitable by pertussis
toxin (31). Pertussis toxin is known to he a functional
uncoupler of guanine nucleotide binding protein (G-pro-
tein) from its receptor (32). These findings suggest that
G-protein is involved in regulation of the mitogenic ef-
fect of sphingosine-1-phosphate. In a recent study, it has
been shown that sphingosine-1-phosphate plays a major
role in regulation of morphogenetic differentiation via
activation of G-protein. (33).

Evidences are ever increasing for the role of
sphingolipids and sphingolipid metabolic breakdown
products in release of Ca* from intracellular stores. In a
recent study, intracellular photorelease of ‘caged’ sphin-
golipid dihydrosphingosine has been shown to release
Ca® from intracellular stores in cultured rat sensory
neurons (34). The use of “caged” dihydrosphingosine, d
photolabile compound that releases dihydrosphingosine
upon irradiation with a near ultraviolet light, in this
patch clamp study had the advantages of increased solu-
bility and prevention of dilution or prevention of mem-
prane impermeability since it was directly applied to the
n}tracellular environment by including in the patch
pipette solution (35). In that study, release of Ca** from
mtgzjcellfxlar stores were determined by activation of
Ca -actvated chloride, (Igyc,), and Ca?*-activated non-
selecu_ve cation, (Icar), currents. Intracellular  Ca**-
releasing effect of sphingosine, sphingosine-1-phos-
phate, ceramide, sphingomyelin and dihydrosphingosine
has been shown by several studies in many cell types
(26, 27, see also Table 1).

. The prominent delay of activation of release of
Ca™ from intracellular stores even after intracellular
photorelease of “caged dihydrosphingosine” is likely
due to conversion of sphingolipids to more active prod-
ucts (34).  Since direct application of sphingolipid
breakdown products are shown to have a potent and
direct effect in mediating Ca’*-release from intracellular
stores, sphingolipids must be enzymatically converted
most probably (o sphingosine-1-phosphate and mediates
Ca’*-release from intracellular stores that also include
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inositol 1,4,5-triphosphate, (IP3), scnsitive stores, at
least in smooth muscle cells (36,25). Sphingosine-1-
phosphate has also reported to release Ca®* from inter-
nal stores via an IPs-independent pathway in Swiss 3T3
fibroblasts (27). “Caged dihydrosphingosine” induced
Ca’*-release is also independent of IP;-sensitive stores
possible from caffeine/ryanodine sensitive intracellular
stores since ryanodine potently inhibited its Ca**-re-
lcasing ability (34.36). The finding that sphingolipids
and their metabolites retain their Ca**-releasing ability
when recordings performed in Ca?*-free extracellular

[.0.Saglik Bil.Dergisi 1998, 12 (1)

recording medium supports the idea that these agents
releases Ca?* from intracellular stores rather than caus-
ing entry of Ca*" from extracellular environment via
voltage and ligand-gated Ca**-channels. Additionally,
sphingolipid induced Ca’*-release potently blocked by
intracellular Ca**-release channel blockers dantrolene
and heparin (34, 25, 37), and also by increasing intra-
cellular Ca®*- buffering capacity of cells or by intracel-
lular photorelease of “caged Ca** chelators” diazo-2 (34,
36, 37, 38).

Table 1. Some of the effects of well known sphingolipid products on cellular functions

Signal Cell or Tissue Type Response References

Sphingosine Dermal Fibroblasts Stimulates Ca*"-release from internal stores 39
Swiss 3T3 cells Promotes cell growth 40
Rat ventricular myocytes Inhibits L-type-Ca* channel currents 41

Sphingosine-1Phosphate  Bovine Aortic Endothelial Cells Stimulates Ca*"-release from internal stores 42
Rat Glioma Cells Stimulates Ca®-release from internal stores 43
Thyroid FTRL 5 cells Stimulates Ca**-release from internal stores 44

Ceramide Cultured hippocampal neurons Promotes cell growth 45
Neutrophil Inhibits superoxide generation 46
Rat basophilic leukemia (RBL-2H3) Inhibits Phospholipase D 47
cells Induces apoptosis 48
Mpyocardial cells Causes ischemia/reperfusion induced apop- 49

tosis (in vitro)

Dihydrosphingosine Rat thymocytes Inhibits capacitative Ca? influx 50

Human leukemia cells Inhibits cell growth 51
CONCLUDINGREMARKS

The present review was undertaken to highlight
some aspects of sphingolipids, which are emerging as
important second messengers in signal transduction ei-
ther by their direct effect or via the generation of their
metabolites  sphingosine,  sphingosine-1-phosphate,
sphingomyelin and ceramide, which have been shown to
modulate a variety of biological processes. The discov-
ery of the sphingolipids as Ca’*-releasing agents is an
important new development in current knowledge ' of
cellular signaling.

The effects of these agents may occur via mecha-
nisms that are dependent on PKC, G-protein and pro-
duction of more active metabolites. Sphingosine has also
been shown to act in a mechanism of PKC-independent
targets, which are insulin, tyrosine kinase, diacylglyc-
erol kinase and phospholipase D.

In conclusion, although abundant evidences
strongly suggest that sphingolipid and sphingolipid
breakdown products may be a novel class of second
IMessengers; many questions remain to be answered
about this new family of intracellular signaling mole-
cules. Is there any other active sphin golipid breakdown
products to be discovered? Are the effects of these

agents similar or fundamentally different in all cell and
tissue types?

Future studies will need to address the regulation
of enzymes of sphingolipid synthesis and conversion of
sphingolipids to their metabolites during the signal gen-
eration,

This subject is promise to be a fertile ground for
research in the field of decreasing apoptosis, pro-
grammed cell death, and development of mutations or
development of cancer.
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