
The concept of “sphingolipid receptors” includes,

on one hand, sphingolipids (glycosphingolipids) as recep�

tors of toxins, viruses, and bacteria and, on the other

hand, sphingolipids (sphingosine�1�phosphate, sphingo�

sine�1�phosphocholine, psychosine) as ligands of some

proteinaceous receptors and their complexes responsible

for signaling functions in cells.

GLYCOSPHINGOLIPIDS AS RECEPTORS

OF TOXINS, VIRUSES, AND BACTERIA

Neutral glycosphingolipids. The receptor role of neu�

tral glycosphingolipids has been known for more than

twenty years. Some experimental works are discussed in

reviews [1, 2].

The present paper considers data on neutral gly�

cosphingolipids as receptors published from the late 1980s

up to now. In 1987, Actinomyces naeslundii was shown to

bind with glycolipids including the group Galβ�3GalNAc�

or GalNAcβ�3Gal� as a fragment [3]. Then LacCer and

GalNAcβ1�4Galβ1�4Glcβ1�Cer (asialo�GM2) were

reported to be receptors of Neisseria gonorrheae [4].

LacCer is also a receptor of Cryptococcus neoformans,

Candida albicans [5], and also of the bacterium

Helicobacter pylori responsible for disorders in the gas�

trointestinal tract [6]. In the last case, LacCer was shown

to contain phytosphingosine and hydroxy acids. However,

other neutral glycosphingolipids, such as GalCer, GlcCer

[7], gangliotetraosyl ceramide (asialo�GM1) [8], and lac�

totetraosyl ceramide (paragloboside) [9], also act as recep�

tors of H. pylori. Asialo�GM1 is a receptor of the bacteri�

um Halobacter mustelae [8], which also is an agent of gas�

trointestinal diseases. Asialo�GM1 serves as a receptor of

the bacterium Pseudomonas aeruginosa [10], GlcCer binds

the bacterium Salmonella enterica serovar on the chicken

oviduct surface [11]. Neutral glycosphingolipids also func�

tion as receptors of toxins. Thus, glycolipids of insects are

receptors of Bacillus thuringiensis [12], and globotriaosyl

ceramide is a receptor of Shiga�toxin in HeLa cells and

not only binds the toxin with the cell but also promotes its

penetration into the cell [13, 14]. Asialo�GM1 and asialo�

GM2 are receptors of pathogens responsible for respirato�

ry diseases [15, 16]. And finally, GalCer was shown to act

as a receptor of human immunodeficiency virus [17].

Globotriaosyl� and globotetraosyl ceramide were

identified as receptors of the toxin of the cabbage moth

[18].

Gangliosides. Acidic glycosphingolipids, or sialic

acid�containing gangliosides, also function as receptors.

Data on receptor gangliosides are summarized in reviews

[19�21]. The simplest ganglioside GM3 is a receptor of

Salmonella enterica serovar on the chicken oviduct sur�

face [11] and of Theileria sergenti infecting bovine ery�

throcytes, and in this case N�glycolyl�GM3 acts as a

receptor [22]. However, in the case of Salmonella enteridis

FliC gangliosides are coreceptors [23]. GM3 also plays an

important role in recognition of the swine rotavirus [24].

Often more complicated gangliosides are used as recep�

tors. Thus, neurotoxin of Clostridium botulinum binds

with nerve endings through gangliosides GD1a and GT1b

[25], and complicated gangliosides have been shown to be

receptors in presynaptic membranes of animals [26].

Trisialo� and tetrasialogangliosides function as receptors
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of tetanus toxin [27, 28]. Ganglioside GM1 binds cholera

toxin [29�31], but an NH2�group is required for the

reception [31]. Staphylococcal toxin is bound by ganglio�

sides mainly containing N�glycolylneuraminic acid [32].

Because gangliosides are receptors of toxins, they

were proposed to be used for detecting toxins [33].

Gangliosides are also receptors of viruses. It has been

mentioned that GM3 ganglioside is necessary for recog�

nition of the swine rotavirus [24]. The Sendai virus binds

with GD1a, GT1b, and GQ1b [34, 35], and complex

gangliosides have been shown to be receptors for the SV�

40 and mouse polyoma viruses [36, 37]. Gangliosides also

serve as receptors for respiratory tract pathogens [38], in

particular such gangliosides as GM2 [39] and GM1b [40].

Thus, the data presented indicate that glycosphin�

golipids (neutral glycosphingolipids, gangliosides) active�

ly contribute to various pathological processes in humans

and other animals, and it seems that antibodies to gly�

cosphingolipids are promising for withstanding these

processes.

SPHINGOLIPIDS AS LIGANDS

OF CELLULAR SIGNALING COMPLEXES

Two extracellular sphingolipids located in plasma

lipoproteins, sphingosine�1�phosphate and sphingosine�

1�phosphocholine, are ligands of cellular signaling com�

plexes. On the cell surface for each of these sphingolipids

there are some receptors coupled with G�proteins, which

are responsible for the sphingolipid binding with the cell.

Reception of sphingosine�1�phosphate. Sphingosine�

1�phosphate binds with different cells through five specif�

ic EDG receptors named after the encoding gene

(Endothelium Differentiation Gene). The structure of these

receptors is considered in detail in [41], and they are

often designated by symbols S1P1, S1P2, S1P3, S1P4,

and S1P5. Abbreviations EDG�1, EDG�2, etc. are also

used for these receptors.

The presence of sphingosine�1�phosphate receptors

on the cell surface was first reported in 1998 [42]. Data of

subsequent experimental works are considered in reviews

[43�52]. On the cell surface, a number of receptors have

been detected activation of which results in different bio�

logical processes [53]. The difference in activities of

sphingosine�1�phosphate receptors is especially pro�

nounced in the case of mobility and migration of the cells

[54, 55]. The binding of S1P with S1P1� or S1P3�recep�

tors was shown to stimulate cell migration, whereas the

binding with S1P2 inhibited it [56�60]. S1P2 also down�

regulates cell migration and proliferation induced by

platelet�derived growth factor [61]. This receptor also

plays an important role in the response of liver to acute

poisoning [62]. The S1P2 receptor also influences activi�

ty of the vestibular apparatus [63]. The role of sphingo�

sine�1�phosphate receptors is also essential in immunol�

ogy [64�68], and drug effects on the receptors have been

suggested to be a new form of immunotherapy [66].

Receptors of sphingosine�1�phosphate are extremely

important for functioning of the vascular, and especially

of the cardiovascular system [69]. In this case, S1P1,

S1P2, and S1P3 act as major receptors [70�72]. S1P1 and

S1P3 enhance proliferation and migration of endothelial

and smooth muscle cells of blood vessels, whereas S1P2

inhibits migration of these cells [71]. S1P3 detected in the

fraction of high�density lipoproteins contributes to the

defense of the heart against ischemia [73]. S1P1 is

required for angiogenesis of tumors because it stabilizes

blood vessels [74]. Receptors of sphingosine�1�phosphate

play a role in the pathobiology of kidney diseases [75, 76]

and also modulate Ca2+ homeostasis [77, 78]. S1P1 is

involved in activation of NO�synthase [79]. Note that

sphingosine�1�phosphate receptors can produce dimers

with receptors of lysophosphatidic acid [80].

Reception of sphingosine�1�phosphocholine. Recep�

tors of sphingosine�1�phosphocholine (S1PCh) consti�

tute a family of multifunctional receptors (OGR1, GPR4,

GPR12, G2A, TDAG8) coupled with G�proteins and

sensitive to protons [81]. They are also receptors of psy�

chosine (galactosylsphingosine). These receptors stimu�

late various intracellular signaling pathways, and are

therefore suggested to be involved in many physiological

and pathological processes [81]. Some data concerning

S1PCh receptors are presented in [82, 83].

The first S1PCh receptor (OGR1) was detected in a

malignant tumor of ovary and its binding with the ligand

was accompanied by activation of mitogen�activated pro�

tein kinase and inhibition of cell proliferation [84]. In the

same tumor, another S1PCh receptor (GPR4) was iden�

tified and shown to be also a receptor of lysophos�

phatidylcholine and promote stimulation of proliferation

and increase in the level of intracellular Ca2+ [85]. Both

receptors are proton�sensitive [86]. GPR4 is important

for angiogenesis, and interaction of S1PCh with the

receptor results in activation of inositol�3 kinase and Akt

[87]. Expression of GPR12 in the brain markedly influ�

ences differentiation and maturation of neurons [88]. The

structure of OGR1 and GPR4 is similar to the proton�

sensitive TDAG8 whose ligands are S1PCh and psycho�

sine [89]. G2A�receptor is located on the surface of lym�

phocytes and is essential for their functioning [90]. It pro�

motes an increase in the amount of intracellular Ca2+,

stimulates migration of T�cells, and activates ERK.

The presented data indicate a very important role of

sphingolipid receptors in animal cells. On one hand, they

are receptors of toxins, viruses, and bacteria (glycosphin�

golipids) and negatively influence the vital activity of the

body. On the other hand, receptors of lysosphingolipids

(sphingosine�1�phosphate and sphingosine�1�phospho�

choline) are necessary for cell functioning and are

involved in various biochemical and physiological

processes.
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