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Sphingolipids

Sphingophospholipids Glycosphingolipids

Gangliosides

This is where 
gangliosides fit into 
the whole picture…..

Brain lipids



Major Classes of Glycosphingolipids

Series Designation Core Structure

Lacto (LcOSe4) Galββββ3GlcNAcββββ3Galββββ4Glcββββ1Ceramide

Lactoneo (LcnOSe4) Galββββ4GlcNAcββββ3Galββββ4Glcββββ1Ceramide

Globo (GbOSe4) GalNAcββββ3Galαααα4Galββββ4Glcββββ1Ceramide

Isoglobo (GbiOSe4) GalNAcββββ3Galαααα3Galββββ4Glcββββ1Ceramide

Ganglio (GgOSe4) Galββββ3GalNAcββββ4Galββββ4Glcββββ1Ceramide

Muco (MucOSe4)                    Galβ3β3β3β3Galββββ3Galββββ4Glcββββ1Ceramide

Gala (GalOSe2) Galαααα4Galββββ1Ceramide

Sulfatides 3-O-SulfGalββββ1Ceramide



What are Gangliosides?

A complex family of acidic glycosphingolipids 
- diverse class of glycosphingolipid due to variety of 

oligosaccharide species attached

Composed of a hydrophobic ceramide unit that anchors the molecule 
to the plasma membrane and a hydrophilic oligosaccharide chain, to 
which one or more characteristic sialic acid groups (i.e., N-
acetylneuraminic acid, N-glycolylneuraminic acid) are attached 

Several hundreds of different ganglioside species have been identified

Common gangliosides: GM1, GM2, GM3, GD1a, GD1b, GT1a, GT1b

The amounts and kinds of gangliosides in the plasma membrane change 
dramatically with embryonic development.

Tumor formation induces the synthesis of a new complement of 
gangliosides



GM1 Ganglioside



Gangliosides in the brain…

•make up 10% of the total lipid mass of the brain, 
and contain most of the sialic acid within the brain  

•within the Central Nervous System (CNS), are found 
in the highest concentrations in the cerebral cortex in the cerebral cortex 

of the brainof the brain’’s grey matters grey matter

•3 times more gangliosides in grey matter than white 
matter

•are found within plasma membraneplasma membrane of nerve cells, 
particularly at  the nerve endings and dendrites 
(synaptic regions)

•important for message transmission by controlling controlling 

neurotransmitter releaseneurotransmitter release



Lipid rafts have higher Lipid rafts have higher 

concentrations of :concentrations of :

•• CHOLESTEROLCHOLESTEROL

•• GLYCOSPHINGOLIPIDSGLYCOSPHINGOLIPIDS



•act as modulators of various events such as cell–cell
recognition, cell–substrate interaction, cell adhesion, 
differentiation, transformation and intracellular 
signaling

•participate in brain development, neuritogenesis, 
synaptogenesis, memory formation, aging; some 
promote growth of neural tissue in cell culture

•through aberrant glycosylation pathways are involved involved 

in brain tumor invasion and metastasis in brain tumor invasion and metastasis 

•recently found highly important in immunology, as 

target antigenstarget antigens in several autoimmune neurological 
disorders

Gangliosides in the brain…



GangliosidesGangliosides and cancer (I)and cancer (I)



GangliosidesGangliosides and cancer (II)and cancer (II)

GD3GD3: - promotes invasion and metastasis through angiogenesis

- the proliferative effect can be reversed by O- acetilation→ O-Ac 

gangliosides have antiproliferative properties : O-Ac GD1b (Neurostatin) was 

investigated as an antiproliferative agent in astroblastoma and astrocytoma

!!! GD3-based vaccines – in clinical trials in the treatment of melanoma, 

breast cancer and small cell lung cancer

GM2GM2: -expressed on the cell surface of: melanoma, sarcoma, and renal cancer

- the presence of GM2 antibodies in melanoma patients appears to be 

associated with an improved survival rate and a longer disease-free interval

GM3GM3: - was observed to reduce the number of brain tumor cells (ependymoma, 

mixt gliomas, astrocytoma, oligodendroglioma, ganglioglioma and glioblastoma 

multiforme) in rats but not in humans

AntiAnti--GD2 monoclonal antibodiesGD2 monoclonal antibodies – in research for treatment of glioma



Lung Lung adenocarcinomaadenocarcinoma, brain metastases and , brain metastases and gangliosidesgangliosides……

� lung and breast cancer are by far the most common tumors to present with brain 

metastases

� lung cancer develops intracranial metastases relatively early and is often 

accompanied by neurologic symptoms on initial diagnosis 

� median survival in patients with recurrent/progressive brain metastases treated

with chemotherapy ranged from 3 to 6 months

� adenocarcinoma - the most frequent histological type of  lung cancer which 

develops metastases

� anti-GM3 antibody – in treatment of metastatic melanoma

� a bidomainal fucosyl-GM1 ganglioside based vaccine for the treatment of small 

cell lung cancer was developed
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Experimental

●a complex investigation of ganglioside mixture from brain brain 
metastasismetastasis of lung lung adenocarcinomaadenocarcinoma in parallel with gangliosideganglioside
mixturemixture from healthy brain from healthy brain belongbelong both to the frontal lobe 

●the experimental was conducted on a hybrid a hybrid quadrupolequadrupole orthogonal orthogonal 
acceleration  timeacceleration  time--ofof--flight mass spectrometerflight mass spectrometer (QTOF Micro Quattro 
Ultima, Waters Micromass, Manchester, U.K.)

●fully automated chip-based nanoelectrospray was performed on a 
NanoMateNanoMate robotrobot incorporating ESI 400 Chip technology (Advion
BioSciences, Ithaca, USA)

●MS2 was carried out by collisioncollision--induced dissociationinduced dissociation (CID) using 
He as the collision gas

●all mass spectra were acquired in the negative ion modein the negative ion mode within a 
mass range of 100–3000 m/z

●nanoESI parameters were optimized to ensure a proper ionizationproper ionization
and transfer into MS of the ganglioside components
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Fully automated (-) nanoESI chip QTOF 
MS1 screening of adenocarcinoma brain 

metastasis native ganglioside mixture; 
zoomed area for m/z (800-1400)

Fully automated (-) nanoESI chip QTOF 
MS1 screening of adenocarcinoma brain 
metastasis native ganglioside mixture; 
zoomed area for m/z (1400-2050)
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Assignment of the major ions detected in brain metastasis of lung adenocarcinoma
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(-)  nanoESI chip QTOF MSMS22 of the 
single charged ion at m/zm/z 1469.281469.28
corresponding to GD3 (d18:1/18:1) 
ganglioside species from 
adenocarcinoma brain metastasis 
ganglioside mixture: a) m/z (280-
620);  b) m/z (620-1500) 

a)

b)

Fragmentation scheme of the [M-H]-

ion at m/z 1469.28 corresponding to
GD3(d18:1/18:1)
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Assignment of the major ions detected in healthy frontal brain
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(-)  nanoESI chip QTOF MSMS22 of the 
single charged ion at m/zm/z 1690.001690.00
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(d18:0/19:0) ganglioside species 
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b)

Fragmentation scheme of the [M-H]-

ion at m/z 1690.00 corresponding to
Fuc-GM1(d18:0/19:0)



Conclusions (I)Conclusions (I)Conclusions (I)

• A comparative screening of ganglioside composition of brain metastasis 
in lung adenocarcinoma and healthy brain using mass spectrometry 

• The method employs fully automated chip-nanoESI (NanoMate robot) for 
high-throughput sample infusion in the negative ion mode in 
combination with quadrupole time-of-flight (QTOF) MS1 for screening and 
collision-induced dissociation (CID) MS2 for fragmentation 

• By MS1 screening of the ganglioside native mixture extracted from 
healthy frontal brain tissue and adenocarcinoma metastasis of the 
frontal brain,  127 and 105 respectively, ganglioside species exhibiting a 
high degree of heterogeneity in the oligosaccharide core or ceramide
and groups that easily cleave off such as Neu5Ac, Fuc, or O-Ac were 
detected and identified

• In adenocarcinoma brain metastasis mixture, species exhibiting short 
oligosaccharide chains with reduced sialic acid content (GA1, GA2, GM4, 
GM3, GM2, GD3, GD2, GT3, GT2, GQ3) dominate numerically

• Contrastingly, healthy frontal tissue is dominated by ganglioside species 
with long oligosaccharide chains with 1(GM)-6(GH) molecules of sialic 
acid attached to the carbohydrate portion



Conclusions (II)Conclusions (II)Conclusions (II)

• Discrimination of GD3(18:0/18:0) adenocarcinoma
brain metastasis-associated species was possible by 
nanoESI QTOF MS2 analysis

• The feasibility of this approach was tested for 
sequencing of a Fuc-GM1 species: the ion 
corresponding to Fuc-GM1 species having the 
experimentally determined Mr 1690.00 was chosen as a 
precursor in the MS2 fragmentation analysis

Within MS2 dissociation event, a complete 
characterization of the oligosaccharide core including 
discrimination of sialylation site and also the position 
of the fucose residue was achieved without the need 
for supplementary investigation by any other method.
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