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




Major Classes of Glycosphingolipids

Series
Lacto
Lactoneo
Globo
Isoglobo
Ganglio
Muco
Gala
Sulfatides

Designation Core Structure
(LcOSed) GalpB3GIcNAcB3GalpB4Gicp1Ceramide
(LcnOSe4) GalB4GIcNAcP3Galpf4Glcp1Ceramide
(GbOSe4) GalNAcp3Gala4GalpB4Glcp1Ceramide
(GbiOSe4) GalNAcpB3Gala3GalB4Gicp1Ceramide
(GgOSe4) Galp3GalNAcp4GalpB4Glicp1Ceramide
(MucOSe4) Galp3Galp3GalB4Gicp1Ceramide
(GalOSe2) Gala4GalB1Ceramide

3-O-SulfGalB1Ceramide
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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
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Gangliosides in the brain...

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

ewithin the Central Nervous System (CNS), are found
in the highest concentrations in the cerebral cortex
of the brain’s grey matter

3 times more gangliosides in grey matter than white
matter

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

esimportant for message transmission by controlling
neurotransmitter release
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Gangliosides in the brain...

eact as modulators of various events such as cell-cell
recognition, cell-substrate interaction, cell adhesion,
differentiation, transformation and intracellular
signaling

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

othrough aberrant glycosylation pathways are involved
in brain tumor invasion and metastasis

erecently found highly important in immunology, as
target antigens in several autoimmune neurological
disorders




Gangliosides and cancer (l)

2] 3]
o e G
angio-
T D BiEhel] | towime ‘geﬂeﬂsT\
[6a |

matriptase T

Bcl2 1 ok
% Ehee VEGF 1
LacCer
siglec
Neud|\ //_»GD3™ pggpse— 5]
GM3 y | motility T |
branch% gnty__|  Gb3-»Gb5—smschsicDs—"

?:}?Ilil:iﬂ.c 2  eman E-selectin
jsecting g umor |
GlcNAc) X _»lLcg>Sle “))/.
. ' Lec3 SLex
Tn el
T‘ ------’L.n.tl.lzrIE 9" \“Lc‘l"""my&lﬂg'ycﬂns
STn
Bl [siglec |~ SLet, SLex — Sialyl6-suffo-Le* [

[8] [E-selectin P-, L-selectins



Gangliosides and cancer (ll)

GD3: - 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

I'! GD3-based vaccines — in clinical trials in the treatment of melanoma,
breast cancer and small cell lung cancer

GM2: -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

GM3: - 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

Anti-GD2 monoclonal antibodies — in research for treatment of glioma




Lung adenocarcinoma, brain metastases and gangliosides...

> 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

ea complex investigation of ganglioside mixture from brain
metastasis of lung adenocarcinoma in parallel with ganglioside
mixture from healthy brain belong both to the frontal lobe

ethe experimental was conducted on a hybrid quadrupole orthogonal
acceleration time-of-flight mass spectrometer (QTOF Micro Quattro
Ultima, Waters Micromass, Manchester, U.K.)

ofully automated chip-based nanoelectrospray was performed on a
NanoMate robot incorporating ESI 400 Chip technology (Advion
BioSciences, Ithaca, USA)

eMS2 was carried out by collision-induced dissociation (CID) using
He as the collision gas

eall mass spectra were acquired in the negative ion mode within a
mass range of 100-3000 m/z

enhanoESI parameters were optimized to ensure a proper ionization
and transfer into MS of the ganglioside components
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Assignment of the major ions detected in brain metastasis of lung adenocarcinoma

niz %W hh'e'f“!;i"(’)" Eﬁpﬁm 1 re Wiz om0 sopic] Wolecular ion Proposed stuciure 7 TRRcil on Proposel Stucre
: AT (2H:0) " n:( mmlﬂ T, AT GIIATS:0725:0) 176738 AP U Ac-GOITHETT:) or O-Ac-
TR TR (207 ; : ; T25%.54 TFHAT U-Ac-GAZTST0:3) of U-Ac- GMI(d18:0/31:2) or 0-Ac-
: ol e 3 GA2(dl18:2/30:2) or 0-Ac- Gl 18:2131:0)
i TR0} v GAZ{d18:0/30:) M-HT GNI(CHB:0:342) or G (cH18:4/3411) o
Gé"ﬁ‘i}fﬁsl?‘if’ai" MH] GAT{d18:1/721:0) or GA1(¢l18:0.21:1) — T o %ﬂ:ﬁg:::gm .
T AT THE.T T+ 2MTa-3HT GAT{dT3:1776:7) of GATATR0Z0:3) or - s s
GA1(d18:2/26:1) T T ETHET
T [AF I8 [W+a-ZAT GIFATS:A3%2) o GI3(I8:07343] or - T i
4 GM3(18:2341) 1061.24 - Pt -GD2(TH!
L2 Y[ VAT 0-Ac -GS0 |0 Ty or M-H] GAT{d13:1/30:0) or GA1{cl18:0.30:1) 1879.15 AT Fuc-GOZ{dT8:174:3) or Fue-
0-Ac -G 3:1/10:0) [M+2Ha-3H] GM3{d18:0/32:0) GD2(d3
M+ 2Ha-3H] GMA18:110:1) oF FESEN] M+Ta-ZHT GONATSAAET) or GDI(dTR:01%7) or [M-HY Fue-GT3M8:017:0)
GDH{d18:214:0) [M-H] GTH{d18:012:2) or GT?{(|13:1.‘1?:1) o
2100 [MLH] GNIT(18:0/10:0) GT2ME2120)
.73 TVEAT 0-Ac GIEITT00) THY THT (-H:0) GBI} or GA(dT80AZ2) or ToTL0T IW-AT Fuc-GI{dTE0TE0)
W30 IM H] GRITITTD) GIH{d18:2/12:0) MMHI GTHB0140)
0-Ac G 11:0) GD38:116:1) or GD3(c1E:0/16:2) o R g g o HCTRIIEE) of FUc
5H [M+7Na .TH] ST} M-H GD3{d18:2/16:0) "T3“"m"-‘%#’;ﬁé‘&g‘d‘ﬁ“lm'-)-"”:m
LKL} GAZTEITIN TR0.78 AT T2 % . i o
AT |I'v'I+Na 7H] CIEBT D) of [[:“,;m ﬁ|c.|;,ﬂ(y|{{||3:0,-‘_120| “""},],,”]"’0’ ‘*""”“-“‘;‘}-;‘;gg;g?;,“-‘““-“’ «
- ] CMAED 1) EELINE] TV 2Ta-3HT GAT{dTET %1} of 00T [ ZA[ CTEOED)
112203 L2 R GAT(d13:0/32:2) or GANd18:2/32:0 M-HT Fuc-GDA(d18:172022) or Fuc-
TI30.05 VAT 2H,0] E] 51353 2T GO ATBA18:0) or GOHATB0/T8: 1) GO1(c18:0720:3) or Fuc-GIM(d18:2120:1)
-] G {821 /16:1) or GV (d18:0/16:2) o GT2(c18:0203) or GT2{CB:/20:2) or
AT M-H] GM1{d18:2/16:0) M-HF GT2(18:2120:1)
TTSTAT VAT T 1576.69 M+Ha-ZHT GD3(d18:1/20:2) or GD3{d15:0/20:3) or 99103 [W-AT GTATEARZ0:A) or GT2{AT8:0/20:2) or
' [MHT Fug -GA2(aH8: GD3(d18:2/20:1) GT2(18:220:0)
hﬁm {,,'. P M-H] G (d18:1/16:0) or GM{d18:0/16:1) ) GD1(d18:0/20:2) or GD1(cH18:1/20:1) or
] [-Ta7AT i T575.53 [T O-Ac-GWT[S:AA%A) or 0-Ac- [M-H] GO (d18:220:0)
GMA(d18:044:2) or 0-Ac- 2005.13 [MH] Fuc-GT3{d18:0725:0)
00T A R:0) GM1((|13 2/ 14‘0) 07547 TR Fuc-GD2{d13:173%:4) or Fuc-
TEI750 T-AT G o GD2(18:2134:3)
- M-HI Fue-GD{d18:1/22:1) or Fuc-
112 FTha-2H] S— (ST A Gmﬂd?r M82) GDA(18:0/22:) or Fug GI1(d18:2722:0)
TIRZ T T-2AT GMA(d18:1/20:1) or GMAd18:0720: 2) o 205056 W] Gm‘dm?(;?[;;ffjﬂlf’n BZyor
850 TW-AF M-H] GMA1{d18:2/20:0) A3 o GTAB-0/14:
A GD3(d18:0/24:4) or GD3(d18:0/24:3) or AT (440) T gy
GMHd1 3:7.'30 0) [M+Hﬂ—2|‘|]' G[B[d'l 8'224\:2) M-H] GT2(d18:0/24:0)
19505 TWAF IO 0] of 595,59 VF2Ha-3HT or
GM3(ck18:0119:1) GMA{d18: 0722: 2) or GM1{d18: 1122: 1) or
T206.03 VAT 0-Ac -GMEFITETZ%d) or M-H] GM1[d18 337 n)
0-Ac -GAHd18:22%:3) or TE13.54 TW+Ta-ZAT [81]
i GA2(d18:026:0) TRZA5T W2l ST | GU3@Te:1726:1) or GU3[@TE0Z2) or |
122202 WA {07 émmw_") m 23 GD3(d18:2/26:0)
- Ut - GD3(c18:1/29:0) or GD3(c18:0/29:1)
3407 ] Bl =0 0
el m_ﬁ L) 6265 W+ 2MTa-3AT GONAT0726:1) or GOICBATZN) |
y MH 0-Ae-GAZ8:026:0) GM1(d18:0/24:2) or GM1(d18:1/24:1) or
500 AT O-Ac- TR0 2:0) of 0-AT- [M-HY GM1(d18:224:0)
GMA8:/32: , T628.56 WH] G 07281 or GWA{dTSA230) |
GN18:1732:3) or O-Ac- =
GN{EH3:2732:2) T660.48 T+3Ma-4H] GRFdT8:ATZZ:3) or G (A T8:0/22:4] of
[M-HF GM3(18:123: 0123 GM1{d18:2122:2)
003 TWAT CATTETI00) of GARATENSU] 1676.43 M-HF Fuc-GMAATE:17350:2) or Fuc-
%203 IW-AF CAZ[dET00) GM2{d18:0/30:3) or Fuc-GM2(dl18:2/30:1)
5500 =T 2AT CIATATED) of z GD3(d18:1/30:3) or GD3{c18:0/30:4) or
127599 AT U-Ac-GAX{d18:0728:0) [M-2Na-3H] GD3(d18:2/30:2)
IM-HT (-H:0) GM3HE026:0) AT AT OAC mmm)—
127801 TN-HF o z TH3T TW+Ha-2AT (6040 or
0-Ac-CM3(d18:122:0) or O-Ac. GNM{d18:1/33:3) or GNH(d18:0/33%:4) or
[M-HF GM3(18:022:1) MH] GM1{d18:2/33:2)
125954 VAT GISATO:0725:2) or CI3(dT8:1126:1) or M-HJ (-H:0) GM1(d18:0/34:2) o GM1(d18:1/34:1) or
GM3(dl18:2/26:0) GM1(d18:2/34:0)
M-HI GA2{d18:0/32:0)
TI.02 TW-AT G B:1726:0) or




%)

290.60M

308.61
'

H
| 311.65
H

,

() nanoESI chip QTOF MS? of the
single charged ion at m/z 1469.28
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)

B,/C0,

563.22
i

581.21

Y, z Y, 2 Y, Z
NeuA%(){ NeuAc —}) —}ial JE}{ Glc —f) f)er
B, C, B, ¢ B C B C,

Y, z

Fragmentation scheme of the [M-H]
ion at m/z 1469.28 corresponding to
GD3(d18:1/18:1)

Y3
1178.76
106%6 mx10 L. ] "
4 /H,O
70842 [M-HF/H,
N 1176.78 1451.39
H \
: b) [M-H}/CO,
: 142547 [M-HF
! G;/00, | 1469.23
| 717.30 H
: ]
1
! % 1179.77
! 1160.82
Hy, !
Ll
B,/CO, ! | 72640
70030 | !
v
% ' '
\ I Y,;/C0, ',‘
Vil 7araa 113480
47022
Y2 | |y1s078
888.14 \
748.20 7207 471.26
889.16 ! 1259.02
\
810.15 v 147412584 [M-HI/CO, H,0
A 958.Q0 [973.13 ' . g 147225
sosof 8224 . 8010 Vol s 261.23 1408.35
E 7219 ) g 97537 100071 1182.7 4l 1120.46 126746 135706 40T k
-711044.34
.u“ﬂm..m.‘ A | LR TP PP . WAL . Auli -
700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500



™
Oc
T O
Qu—m Q ©
2—_ E G
£ 8
O = m
nly
B=5 g
O ®© - 5
SEXsS 1y 8
[ ) R
CoEQ gro-orIIII
)n -
To8n
=
2935
s 28Ck
EEON )
S3cE y
8025 Aum B
N 9D ]
> 2 ® "
28 ’
8
b
wm % ......................................................
LI
¥
e

wI917.42

frontal brain native ganglioside
mixture; zoomed area for m/z

Fully automated (-) nanoESI chip
(1350-2250)

QTOF MS' screening of normal




Assignment of the major ions detected in healthy frontal brain
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Conclusions (1)

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) MS' for screening and
collision-induced dissociation (CID) MS< for fragmentation

By MS' 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 (ll)

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

« The feasibility of this agproach was tested for
sequencing of a Fuc-GM1 species: the ion
corresponding to Fuc-GM1 species having the
experimentally determined M_ 1690.00 was chosen as a
precursor in the MS? 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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