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Gangliosides, sialic acid-containing glycosphingolipids, are normal constituents of vertebrate cell membranes
and are particularly abundant in the nervous system. They are found mainly in plasma membranes of neu-
rons, glial cells and myelin, as well as in non-cell associated forms in blood plasma and other body fluids.
Several procedures have been described for the isolation and purification of gangliosides. They have various
important biological functions as membrane receptors, in regulation of cell grouth, differentiation, adhesion,
oncogenic transformation, in synaptic transmition and in trans-membrane transfer of information. Ganglio-
sides could serve as tumour markers. Numerous studies have demonstrated their immunological properties
and the role of gangliosides in the pathogenesis of autoimmune demyelinating nervous system diseases,
especially in chronic relapsing experimental allergic encephalomyelitis and multiple sclerosis.
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The term “Gangliosides” was coined 1942 by Klenk to designate lipids of the nervous
system that contained sialic acid, to signify their predominant location in ganglion cells
and in the grey brain matter as well as their glicosidic nature. Gangliosides are
glycosphingolipids that consist of a sialic acid-containing carbohydrate residue linked
to ceramide, i.e., a N-fatty acyl derivative of a sphingoid long carbon chain base. Through-
out cellular evolution of bacteria, fungi, plants and animals, this two hydrocarbontailed
ceramide has served for the attachment of carbohydrate to biomembranes, in particular
to that of the outer cell surface [21, 43]. Within vertebrates they occur in virtually all
tissues and tissue fluids - in each species and each tissue their molecular patterns differ
and undergo changes during development and under various physiological influences.
The gangliosides may consist of one to six molecules of N-acetyl neuramine (sialic)
acid. The ceramide is formed by the aminoalcohol sphingosine and a fatty acid chain.
The hydrocarbon chain of the sphingosine contains from fourteen to twenty-two carbon
atoms. The carbohydrate chain can contain from two to nine different components: ga-
lactose, N-acetyl galactose, glucose, fucose, etc. Gangliosides display a heteropolar na-
ture: a negative charge from the carboxyl group of the sialic acid and a more weakly
pronounced charge from the amino-group [28].
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The composition and structure of the molecule determine their unique physical
and chemical properties. They get dissolved both in water and organic solvents which
allows then to thrive both in the lipid phase of the membrane and the water medium of
the cytoplasm. Gangliosides have the capacity of transition from the cytoplasm into the
membrane and vice versa. Gangliosides may not be evently distributed on the cell sur-
face, but rather exist in clusters surrounding membrane-bound proteins as a functional
aggregate with molecular weight from 18 000 to 800 000 [1,27,28]. They exist not only
in monomeric form but in water medium they form aggregations consisting of 200 to
400 monomers. The lipophilic part of their molecule (ceramide) is anchored to the cell
membrane while the oligosaccharide chain protrudes from the membrane surface as a
sort of antenna. Since they are negatively charged they bind to proteins in areas with a
positive electric charge. The bonds between the gangliosides and the membrane pro-
teins are of a different type — from a polar to a hydrophobic one [39, 40]. Gangliosides
are extracted from the tissues by means of typical lipid solvents such as chloroform,
methanol, etc. after which they can be separated from most of the other lipids as a result
of their water solvency. The latter amphiphilic nature of gangliosides is due to their
carbohydrate components and mainly to the highly polar units of sialic acid which are
responsible for the acidity of their structure. Gangliosides display as well surface activ-
ity properties.

According to the structure and composition of the oligosaccharide chain several
series of gangliosides are classified: gala-, globo-, neolacto-, gangliotriosis,
gangliotetraose, hematosides, etc. [1, 43]. The phenomenon of homology is typical of
the gangliosides. With the increase of the number of the attached residues from the
sialic acid the polarity of gangliosides grows. Their great diversity (about 90 types) is
due to the oligosaccharide structure and the binding site of sialic acid. Saturated and
unsaturated fatty acids have been found as well as hydroxyderivatives which are other-
wise characteristic of the sphyngomyelins and cerebrosides [42,43]. Gangliosides also
contain neutral saccharides and glycosamines.

Classification: Various schemes for classification of the gangliosides have been
proposed the one of Svennerholm [39] accompanied by the corresponding symbols be-
ing the most popular: GM1, GDla, GTIb, etc. The main Latin letter in the index de-
notes the number of sialic residues (mono-, di-, etc.) in the molecule, the Arab figure -
(5-n) where n is the number of monoses and the small letter means that it refers to an
isomer according to the binding site of sialic acid.

Localization: Gangliosides are situated on the outer surface of the plasma mem-
brane in the tissues of all vertebrates [27]. Their concentration is highest in the nervous
system where they account for 10 per cent of the total lipids content [42]. The brain of
the higher vertebrates contains four main types of gangliosides: GM1, GDla, GDIb and
GTlb, which account for 80-90% of the total ganglioside content [1]. Ganglioside con-
tent is highest in the neurons [1]. The main gangliosides in the neuron are GM1 and
GDla [1]. They are namely found in the membranes of the neuronal perikaryon, axon,
dendrite, nerve endings, synapses. Per neuronal membrane there are from (5 tolO)l5
numbers of ganglioside molecules. A part of the gangliosides is found in the cytoplasm
where they are synthesized in the Golgi apparatus and transported along the axon. In the
myelin sheath which contains 70-85% lipids the gangliosides represent 0.3-0.7% of the
total brain lipids (dry weight) [5]. The most common gangliosides in the human myelin
are the GM1[1]. It has been established that the periods of active ganglioside synthesis
in the neuronal cytoplasm coincide with these of myelination.

The major ganglioside of the peripheral nervous system (PNS) is LM1, a
monosialogangliosides, differing from the brain gangliosides by the presence of N-
acetylgalactosamine [41]. It is predominant also in the human PNS myelin. In the my-
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elin of the motor peripheral nerve the GM1 content is much higher - around 15 % of the
total ganglioside content compared to the myelin of the sensor peripheral nerves [30].

Gangliosides are found not only in the cells and tissues but also in the tissue fluids.
The main ganglioside type in the serum is GM3. Fifty four per cent of the total ganglio-
sides in the normal human serum are monosialo-, 30 % - disialo-, 10 % - trisialo- and 6
% - tetrasialo - gangliosides [23]. The ganglioside content of the serum is exceptionally
constant and does not show major variations due to age and sex in healthy individu-
als[37]. In pathological states, however, the serum ganglioside spectrum undergoes sig-
nificant changes. The ganglioside level in the blood serum is too low, the described
concentrations in literature being very diverse [11]. Out of 11 studied human sera Sen
n et al. [37] have obtained 10.5 +3.2 nmolgangl/ml serum. The sialic acid obtained is
the marker. The total concentration varies considerably among the various individuals
(7.7 -15.1 nmol/ml), but no sexual differences have been reported. Therefore, the quali-
tative analysis of the serum gangliosides in pathological states appears to be more use-
ful that the quantitative one in the diagnostics of various diseases.

Isolation of gangliosides. Several procedures for the isolation of gangliosides mainly
from the brain have been described. This variety of techniques is due to significant
difficulties of variable nature: in the biological sample the gangliosides are accompa-
nied by substances close to them in their properties exceeding up to a hundred times
their amount; the presence of proteolipids soluble in the common solvents for ganglio-
sides makes their purification and isolation dificult; there is a necessity for work in
sparing conditions (pH, temperature, airflow, purified reagents, etc.). A problem pre-
sents also the isolation of an individual ganglioside type because of their property to get
associated among each other and with other polar substances such as the cerebrosides
for example. There are two types of techniques for isolation of the gangliosides - ana-
lytical and preparative ones. The analytical methods are namely applied in scientific
and clinical studies and by the preparative techniques pure products for biological ex-
periments can be obtained [40]. In 1963 Svennerholm proposed a method for an almost
total extraction of gangliosides as a modification of the most commonly method used of
Folch (1957) [14] for extraction of total lipids. 11inov etal. [18] have forwarded
an original method for isolation of gangliosides from the brain which, compared to the
method of Svennerholm, is characterized with an economical usage of reagents and
good efficiency [40, 41]. 1linov etal. [19] develop also a method for determination
of lipid-bound sialic acid after chromatograhic isolation of brain gangliosides, which is
particularly useful for some routine diagnostic studies. The commonly used methods for
extraction, purification and analyzing of serum gangliosides are the ones of Ladish
and Gillard [24]; and Kundu (Kundu et al., 1985) [22, 23] but, as shown in a
number of publications, in the application of these methods there are a lot of additional
contaminations (Senn et al.) [37]. The method for isolation of serum gangliosides of
1linov et al. [20] renders an opportunity for a more precise analysis of the serum
ganglioside profile in the clinical practice. This method allows for distinct chromato-
graphs good for densitometry. In it a three-stage extraction with cyclohexane and a chlo-
roform-methanol mixture is carried out, which permits the elimination of non-polar
lipids. After that, the sample is purified by thin-layer chromatography.

Biological function: Gangliosides are involved in cell recognition during develop-
ment, in transfer of information in the synapses and in memory formation. They take partin
cell growth and differentiation as membrane regulatory factors [4, 16]. Gangliosides par-
ticipate in the information transfer across the cell membrane [8,22,42,53]. They can serve
as tumour markers since a great amount of tumour-associated gangliosides are present in
the circulation of tumor bearing patients [9, 10, 17]. Gangliosides have neuritogenic and
neuronotrophic effects and can stimulate regeneration in CNS and PNS [7,15].
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Role of gangliosides in autoimmune demyelinating diseases. A humber of studies
have shown that gangliosides are immunogenic. The inoculation of animals with gan-
gliosides causes chronic relapsing experimental allergic encephalomyelitis (CREAE) -
an autoimmune demyelinating disease of the nervous system with clinical and patho-
logical features similar to multiple sclerosis (MS) [6, 26]. Cohen et al. [6] have for
the first time induced CREAE in rabbits by inoculation with gangliosides. A lot of very
successful animal models of MS have been developed in the recent years, which can be
used for all types of investigations concerning the pathogenesis of this disease [48, 49,
54]. It has been demonstrated that there is an increase of GM1 and a decrease of GTIb
gangliosides during the first clinical episode and the first remission in the brain and
spinal cord of Lewis rats with CREAE. During these stages of the disease light- and
electronmicroscopic studies showed a strongly expressed demyelination in CNS [44,
45,46]. It has been reported that antibodies against GM1 gangliosides cause demyelina-
tion in well-myelinated spinal cord cultures [33]. In laboratory animals using various
immunization techniques anti-gangliosides antibodies have been obtained [31, 32, 33,
34, 36]. Another proof for the immunogenecity of gangliosides is the presence of anti-
bodies against the gangliosides in the blood serum of patients with autoimmune demy-
elinating diseases of the nervous system [2, 3,12, 13, 26, 35, 38, 50, 52]. Using an own
modification of ELISA for detecting antiganglioside antibodies an increase of the IgM
antibody titer against GM1 in patients during the first MS attack has been established
[47,51].

These results give grounds for the assumption that together with the other myelin
antigens gangliosides may also play a role in immune-mediated demyelination. The
main requirement for a myelin antigen as a target of antibody-mediated demyelination
is to be situated on the extracellular surface of the myelin membrane. Several such
antigens have been identified, gangliosides GM1 including [2, 3, 12].

The data obtained in support of the concept of the ganglioside participation in MS
pathogenesis represent a basis for continuing the studies in that trend since they are of
major importance for the early diagnostics and more efficient treatment of this severe
neurological disorder.

References
1. Ando, S. Gangliosides in the nervous system. - Neurochemistry International, 5,1983, No 5,507-537.
2.Arnon R,E.Crisp,R.Kelley, G.Ellison, L.Myers,W. Tourte1l ote. Anti-ganglioside

antibodies in multiple sclerosis. - J. Neurol. Sci., 46, 1980, 179-186.
3.Bech,E.,JJakobsen EOrntoft ELISA-type titer assay of IgM autoantibodies. - Immunology,
40, 1994, 1331-1334.

4.Bremer, E.G., J. Schlessinger, S. Hakomori. Ganglioside mediated modulation of cell growth.
Specific effects of GM3 tyrosine phosphorylation of epidermal growth factor. - J. Biol. Chem.,
261, 1986, 2434-2440.

5.Cochran, E,R. Y u,R. Ledeen. Mielin gangliosides in vertebrates. - J. Neurochem., 39,1982,772-
779.

6. Cohen, O, Ben-Ami, Sela, M. Schwarts, N. Eshhar, I. Cohen. Multiple sclerosis-like
disease induced in rabbits by immunization with brain gangliosides. - Israel J. Med. Sci., 17,
1981, 711-714.

7.Cue llo, A.C. Glycospingolipids that can regulate nerve growth and repair. - Adv. in Pharmacology, 21,
1990, 1-50.

8.Di Marco,C,P.Piccolo, R. Marchesan. Treatment with gangliosides of secondary painful
syndromes and radiculoneuropathies of upper limbs. — Giorale Italiano di Ricerche Cliniche e
Terapeutiche, 7, 1986, 103-106.

9.Dippold,W.G., KO.Lloyd, L. T.Li,H. lkeda, HEOellgen,L.J. Old. Cell-surface antigens
of human malignant melanoma. Defination of six antigenic systems with mouse monoclonal an-
tibodies. - Proc. Natl. Acad. Sci. USA, 77,1980,6114-6118.

205



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Dohi, T.,S.Ohta N.Hanai, M. Oshima. Sialosylpentaosylceramide detected with anti GM2
monoclonal antibody. Structural characterization and complementary expression with GM2 in
gastric canser and normal gastric mucosa. - J. Biol. Chem., 265, 1990, 7880-7885.

Dyatlovitskaya, E. Blood serum gangliosides and antibodies to gangliosides. — Biokhimiya, 57,
1992, 1004-1010.

Endo, T, D. Scot, S. Stevart, S. Kundu, D. Marcus. Antibodies to glycosphingolipids in
patients with multiple sclerosis and SLE. - J. Immunol., 32, 1984, 1793-1797.

Feix,J,B.Khatri,M.MeQuillen,S. Koete. Immune reactivity againstmembranes containing
ganglioside GML1 in chronic-progressive multiple sclerosis: observation by spin-membrane im-
munoassay. — Immunol. Commun., 13, 1984, 465-474.

Folch,J,M. Less,G.H.Sloane Slan!ley.Asimplemethod for the isolation and purification of
total lipids from animal tissues. — J. Biol. Chem., 226, 1957, 497-509.

Gorio,A.,D.Janigro,F.diGregorio. Gangliosides as reagent that promote synaptic plasticity
and recovery of function. - In: Synaptic plasticity (Ed. Colman). New York, Guilford Press,
1985, 507-539.

Hakomori, S. Glycosphingolipids in cellular interaction, differentiation and oncogenesis. - Annu.
Rev. Biochem., 50, 1981,733-764.

Hakomori, S. Tumor-associated glycolipid antigens, their metabolism and organization. - Chem.
Phys. Lipids., 42, 1986, 209-233.

1linov, P, E. Katzarova Sv.Dimov, E. Zaprianova. Direct thin-layer chromatographic
method for isolation of gangliosides. - J. Liquid. Chrom., 13, 1990, 1921-1931.

Ilinov, P.,D. Deleva, E. Zaprianova. S.Dimov. A method for determination of lipid-bound
sialic acid after chromatographic isolation of brain gangliosides. - J. Lig. Chrom., 17, 1994, No
13, 2871-2879.

20.1linov,P,D.Deleva S.Dimov, E. Zaprianova. A variant for isolation of serum ganglio-

21.

22.

23.

24.

25.

26.

217.

28.

29

31.

32.
33.
34.
35.

36.

37.

sides. - J. Lig. Chrom., 20, 1997, No 8, 1149-1157.

Kl e n k, E. Uber die Ganglioside, eine neue Gruppe von zuckerhaltigen Gehirnlipoiden. - Hoppe-Seyler's
Z. Physiol. Chem., 273, 1942, 76-86.

Kundu, S.K. Thin-layer chromatography of gangliosides and neutral glycosphingolipids. - Methods
Enzymol., 72, 1981, 185-204.

Kundu, S. K, l.Diego,S.Osovitz, D. M. Marcus. Glycoshingolipids of human plasma. -
Arch. Biochem. Biophys., 238, 1985, 388-400.

Ladish, S, B.Gillard. A solvent partition method for microscale ganglioside purification. -
Analyt. Biochem., 146, 1985. 220-231.

Ladisch,S., B.Gillard. Isolation and purification of gangliosides from plasma. - Meth. Enzymol.,
138, 1987, 300.

Lassmann, H.,, Ch. Brunner. Models of chronic experimental allergic encephalomyelitis. - Acta
Cytobiol. et Morphol., 1, 1989, 68-81.

Ledeen, R. W, R. K. Y u. Gangliosides: Structure, isolation, and analysis: a reviuw with 205 refer-
ences. - Methods Enzymol., 83, 1982, 139.

Ledeen R.W,R. K. Yu M. M. Raport (Eds.). Ganglioside structure, function and biomedical
potential. New York, Plenum Press, 1984.

.Ledeen, RW. Ganglioside of the neuron. - Trends in Ncurosciences, 8,1985,169-174.
30.

Ogawa-Goto, K, N.Funamoto, T.Abe, K.Nagashima. Different ceramide composition
of gangliosides between human motor and sensory nerves. - J. Neurochem., 55, 1990, 1486-
1493.

Rapport, M,L.Graf,Y.Huang, W.Bruner R.Y u. Antibodies to total brain gangliosides: titer
and specifity of antisera. - In: Srtucture and function of gangliosides (Eds. Svennerholm L., P.
Mandel, H. Dreyfus, P. Urban). New York, Plenum Press, 327-334.

Rapport M., Y. Huang. Present status of the immunology of gangliosides. - Adv. Exp. Med. Biol.,
174, 1985, 15-25.

Roth, G, M. Roy1la K. You C. Raine, M. Barnstein. Antisera to different glycolipids
induce myelin alterations in mouse spinal cord tissue cultuters. - Brain Res., 339,1985, 9-18.

Sabiqg,S,F.Thomas, K. Kilidireas. The spectrum of neurologic disease associated with anti-
GM1 antibodies. - Neurology, 40, 1990, 1067-1072.

Sadatipour, B.,J. Greer, M. Pender. Increased circulating antiganglioside antibodies in pri-
mary and secondary progressive multiple sclerosis. - Ann. Neurol., 44, 1998, 980-983.

Schwerrer, B, H Lassmann, K. Kitz, H Bernheimer. Ganglioside GM1, a molecular
target for immunologic and toxic attacks: similarity of neuropathological lesions induced by gan-
glioside antiserum and holera toxin. - Acta Neuropathol. (Berlin), 72, 1986, 55-61.

Senn,H.J,M.Orth,E.Fitzke, H- Wieland, W. G erok. Gangliosides in normal human serum.
Concentration, pattern and transport by lipoproteins. -Eur. J. Biochem., 181, 1989, 657-662.

206



38.Stevens, A, M. Weller, H. Wieth o 1ller. CSF and serum ganglioside antibody patterns in MC.
- Acta Neurol. Scand., 86, 1992, 485-489.

39. Svennerho!m, L. Quantitative estimation of sialic acids. A colorimetric resorcinol-hydrochloric
acid method. - Biochim. Biophys. Acta, 24, 1957, 604.

40. Svennerho!m, L. Chromatographic separation of human brain gangliosides. - J. Neurochem., 10,
1963, 613.

41.Svennerholm, L., P. Fredman. A procedure for the quantitative isolation of brain gangliosides.
- Biochim. Biophis. Acta, 617, 1980, 97.

42. Wiegandt, H. Gangliosides: areview with 677 references. - New Compr. Biochem., 10,1985,199.

43.Wiegandt, H. Thechemical constitution of gangliosides of the vertebrate nervous system. - Behavioural
Brain Research, 66, 1995, 85-97.

44. Zaprianova, E, D. Deleva, B. Hauttecoeur, M. Bakalska, A. Filchev. Ganglioside
spinal cord changes in chronic relapsing experimental allergic encephalomyelitis induced in the
Lewis rats. — Neurochem. Res., 22, 1997, No 2, 175-179.

45. Zaprianova, E., 0. Mikova, D. Deleva, A. Filchev, X. Kmetska, |I. Karai vano va,
K.Milanov,D.Georgiev. Serum antibodies to GM1 gangliosede in patterns with multiple
sclerosis. - Abstr. Second Balkan Immunology Conference, Varna, 119,1998.

46. Zaprianova E.,D.Deleva, A Filchev. Ganglioside brain changes in chronic relapsing ex-
perimental allergic encephalomyelitis induced in the Lewis rats. - Neurochem. Res., 23, 1998,
No 11, 1421-1425.

47.Zaprianova E,D.Deleva P. 1linov, B. Sullanov. Blood serum gangliosides in multiple
sclerosis. - Clin. Neurosci., 52, 1999, 142.

48. Zaprianova, E,, D. Deleva, M. Bakalska, A. Filchev. Chronic remitting experimental
allergic encephalomyelitis in the Lewis rats as a model of multiple sclerosis. - Neurosci. Behav.
Physiol., 29, 1999, No 1,7-10.

49. Zaprianova E,D.Deleva P. 1linov, E. Sullanov, A. Filchev,L. Christova, B.
Sultanov. Serum ganglioside patterns in multiple sclerosis. - Neurochem. Res., 26,2001, No
2, 95-100.

50. Zaprianova E.,D.Deleva B.Sullanov,A Filchev, K Majteny i Serum polyclonal
antibodies to GM1 ganglioside in autoimmune diseases of the nervous system. — Clin. Neurosci.,
54, 2001, No 7-8, 221-227.

51. Zaprianova E.,O.Mikova D.Deleva A . Filchev,B.Sullanov, X. Kmetska, E.
Sultanov, I. Karaivanov a, D. Georgiev. Serum antibodies to GM1 ganglioside in
patients with multiple sclerosis. - Acta morphol. et anthropo!., 7, 2002, 3-8.

52.Zaprianova E.,K Majtenyi,D.Deleva O.Mikova A . Filchev,B.Sullanov, V.
Kolyovsk a, E. Sultanov, L. Christov a, X. Kmetska, D. Georgiev. Serum IgG
and IgM ganglioside GM1 antibodies in patients with multiple sclerosis. - Clin. Neurosci., 56,
2003, 144-149.

53. A enesa/. [NaHrnavosngnte n TAxHata 6MonornyHa pons B HepBHaTta cuctema. - Mpupoga, 1,
1995, 34-39.

54. 3anpsiH oBa, 3., 4. OeneBa, M. Bakasicka, A. ®unueB. XpoHUYeECKUi
PEMUTTUPYIOLNIA 3KCNEPMMEHTa/IbHbLL a/ifiepruyecknii 3HuedanoMmennt y KpMmc Lewis
KaK MofZesnb paccesiHoro ckneposa. - Mopdonorus, 6, 1997, 25-28.

207



