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SUMMARY 

A sensitive mlcromethod mvolvmg extraction, purlficatlon and thm-layer chromatography 
(TLC ) -enzyme lmmunostannng was developed for the quantatlon of ganghosldes and sulphatlde, 
as markers for neuronal disorders and myehn disturbances, respectively, m mdlvldual samples of 
less than 5 ml of cerebrospmal fluid The ganghosldes of the ganghotetraose senes were mdlvld- 
ually determined with cholera toxin subunit B by TLC-enzyme-lmked nnmunosorbent assay 
(ELISA) after chromatography and subsequent slahdase hydrolysis to I13NeuAc-GgOse,Cer 
(GM1 ) Other ganghosldes and sulphatlde were determined with specific monoclonal antibodies 
by TLC-ELISA The total ganghoslde content varied between 100 and 230 nmol/l m ten normal 
cerebrospmal fluid samples from adults The major ganghosldes were of the ganghotetraose series, 
represented by GMT, IV3NeuAc,I13NeuAc-GgOse&er, (GDla), I13(NeuAc),-GgOse,Cer (GDlb) 
and IV3NeuAc,I13 (NeuAc),-GgOse,Cer (GTlb), of which the b-series ganghosldes dommated, 
1 e , GDlb and GTlb 

INTRODUCTION” 

Glycosphingohpids are important constituents of all mammalian cell mem- 
branes, but are particularly abundant in brain tissue The composition of the 
glycosphingolipids is cell type-specific and undergoes marked changes during 
development and transformation [ 11. 

“Ganghoslde abbrevlatlons follow the nomenclature system of L Svennerholm, Eur J Blochem , 
79 (1977) 11-21 GAl, GgOse,Cer, GA2, GgOse,Cer, GM3, I13NeuAc-LacCer, GD2, 
I13(NeuAc),GgOse3Cer, GMl, I13NeuAc-GgOse,Cer, GDla, IV3NeuAc,I13NeuAc-GgOse&er, 
GDlb, II3 (NeuAc)z-GgOse,Cer, GTlb, IV3NeuAc,I13(NeuAc),-GgOse,Cer, 3’-LMl, IV3NeuAc- 
nLcOse,Cer, 3’-lsoLM1, IV3-LcOse,Cer 
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The glycosphingoliplds are concentrated m the outer plasma membrane and 
they are released to a certain extent to the intercellular space in the course of 
normal surface turnover. This process has been termed “surface shedding” [2] 
and proceeds continuously whether cells are resting or actrvated, normal or 
neoplastic. Increased release of plasma membrane glycosphmgollpids to the 
mtercellular space might occur during degenerative processes and cell death. 
The mtercellular space of the central nervous system (CNS ) IS m direct con- 
tact with the cerebrospinal fluid (CSF), which will then reflect the shedding 
of glycosphmgolipids from the cells under normal and pathological conditions 
Determmations of glycosphlngohpids in CSF might be a sensitive clinical 
method for the diagnosis of varrous degenerative disorders and tumours, par- 
trcularly the extent and the activity of an ongoing process. We chose to deter- 
mine gangliosldes as a markers for neuronal disorders and CNS tumours and 
sulphatlde as a marker for demyelination. 

The ganglioside composition of normal human CSF has been determined by 
thin-layer chromatography (TLC) [3,4] and the gas chromatographlc (GC) 
determination of smhc acid liberated after aci&c hydrolysis [ 51. These anal- 
yses require large volumes of CSF (25-100 ml), and the methodologies used 
do not allow the determination of ganghosldes in m~vidual CSF samples. Ow- 
ing to the low content of gangliosldes in normal human CSF, the sensitivity of 
immunologrcal assays, which have been applied in some recent studies, IS re- 
quired In one, a radioimmunoassay was used to measure GM1 ganghoslde with 
cholera toxin subunit B (CT-B) [ 61. In another set of studies, ganghosldes of 
the ganghosenes were separated by TLC and hydrolysed on the plates with 
Arthrobacter suddase to GA1 and GA2, which were determined with specific 
antibodes [ 7,8]. 

We have developed a complete procedure, including extraction, purification 
and TLC-enzyme immunostainmg, for the determination of major gangho- 
srdes in individual samples of less than 5 ml of CSF. The ganghosldes of the 
ganghotetraose series, GMl, GDla, GDlb and GTlb, were individually as- 
sayed by TLC-enzyme-linked immunosorbent assay (ELISA) after chroma- 
tography and sialidase hydrolysis to GMl. CT-B and a specific monoclonal 
anti-CT-B antibody were used to determine the GM1 formed. The glycosphin- 
golipids, GD2,3’-isoLM1,3’-LMl and sulphatide, were determined with spe- 
cific monoclonal antibodies by TLC-ELISA. This paper describes the method 
and presents the results obtained for the concentrations of individual ganglio- 
sides and sulphatide in normal CSF from ten individuals. 

EXPERIMENTAL 

Chemccak 
Silica gel (230400 mesh) was obtained from Merck (Darmstadt, F.R.G.). 

Polygrams Sil G precoated plastic sheets ( 10 x 20 cm) were supplied by Mach- 
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erey & Nagel (Duren, F.R.G.). 5-Bromo-4-chloro-3-mdolyl phosphate (BCIP) 
was obtained from Sigma (St Louis, MO, U.S.A.). Vzbrzo cholera siahdase (EC 
32.18) was purchased from Behrmgwerke (Marburg-Lahn, F R.G.). CT-B was 
a gift from the Institute Merieux (Lyon, France). The gangliostdes GM1 and 
GTlb were labelled in the sphmgosine base using the sodium borohydride pro- 
cedure [ 91 Ganghosides and sulphatide used as references and standards were 
isolated and characterized in our department. 

Antzbodzes 
The monoclonal antibodies (Mab) used against CT-B (CTOB + 5), GD2 

(SGDZ), 3’-isoLM1 (SL50) and 3’-LMl (TR3) and sulphatide (Sulph-1) 
were produced m our department (Table I). Affinity-purified alkaline phos- 
phatase-conjugated goat anti-mouse IgG and IgM (H + L) were obtained from 
Jackson Immunoresearch Labs. (West Grave, PA, U S.A. ). 

CSF samples 
The mvestigation was performed on CSF samples from ten patients referred 

to our laboratory for protein determmatlons for the exclusion of an infectious 
disorder The inclusion criteria were < 300 mg/l albumin and absence of im- 
munoglobulm elevation and M components The mean age of the patients was 
50 4 + 13.7 years. 

Extractzon of ganglzoszdes 
CSF (5 ml) was centrifuged, lyophilized and extracted twice with 5 ml of 

chloroform-methanol-water (60 30 4.5, v/v) The supernatants were pooled 
and applied to a column of 1 g of silica gel packed m chloroform-methanol- 
water (65 25 4, v/v). Sulphatide was eluted with eight bed volumes of chlo- 
roform-methanol-water (65 25 4, v/v), then the gangliosides were eluted with 
ten bed volumes of chloroform-methanol-water (30 60 20, v/v). The gan- 
ghoside fraction was evaporated, dissolved m water and dlalysed against 20 @f 
potassium carbonate buffer (pH 8.5). After dialysis the ganglioside fraction 
was evaporated and dissolved m 5.0 ml of chloroform-methanol-water 
(60 30 4 5, v/v) The recovery of gangliosides m the extraction and purifica- 
tion procedure was assessed by liquid scmtillation counting of internal stan- 
dards of [3H]GM1 and [3H]GTlb. 

Determznatzon of ganglzoszdes of theganglzotetraose serzes by szalzdase treatment 
on the TLCplate combzned wzth TLC-ELISA 

The ganghosldes of the ganghotetraose series, GMl, GDla, GDlb and GTlb, 
were determined by a two-step procedure. Standards of GM1 (0 1-O 8 pmol), 
a reference of bram ganghosldes of known composition and 5-20 ~1 of the CSF 
extract were applied on 5-mm lanes on a plastic sheet After chromatographic 
separation in chloroform-methanol-O 25% potassium chloride solution 
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TABLE I 

BINDING SPECIFICITY OF THE MONOCLONAL ANTIBODIES 

Antigen 

Name Epltope structure’ 

Monoclonal antlbodlesb 

CTOB+ 5 SGD2 TR3 SL50 Sulph-1 

GM1 

GTla 

GQlb 

GD2 

GD3 

3’-LMl 

3’ -1soLMl 

Sulphatlde 

Gal/31-3GalNAc/31-4Galal-R 01 - - 
cr213 
NeuAc 

Gal~l-3GalNAc~1-4Gal/3l-R - 30 - 
a213 (~213 
NeuAc NeuAc 
(~218 
NeuAc 
Galfl - 3GalNAcpl-4Gal/?l-R - 30 - 
~~213 a213 
NeuAc NeuAc 
~~218 a218 
NeuAc NeuAc 
GalNAcpl-4Gal/?l-R - 3 - 

a213 
NeuAc 
a218 
NeuAc 

Galfll-R 
au213 
NeuAc 
a218 
NeuAc 
Galpl-3GlcNAcpl-3GalPl-R - - 5 
a213 
NeuAc 
Galfl-3GlcNAcj31-3Galal-R - - 5 
a213 
NeuAc 
GalPl -R, - - - 
3 

- - 

- - 

- - 

- - 

- 100 - - - 

- - 

5 - 

- 30 

Lactosylceramlde Galal-R 
3-sulphate 3 

- - - 

I 
so3 

- 30 

=R1 = Cer, R= 4Glcj?l-Cer 
‘Detection hmlts (pmol) for the bmdmg between the monoclonal antlbodles and their antigen 
The bmdmg was assayed by TLC-ELISA on thin-layer plates as described under ExperImental 
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TABLE II 

APPROPRIATE VOLUMES OF CSF FOR DETERMINATION OF GANGLIOSIDES AND 
SULPHATIDE BY TLC-ELISA 

Glycosphmgohpld DetectIon hmlt Volume of CSF for 

(pm01 1 TLC-ELISA analyses (~1) 

GM1 01 20-30 
GDla, GDlb, GTlb 0 1 5-10 
GD2 3 400 
3’-LMl 2 1000 
3’-1soLM1 2 1000 
Sulphatlde 30 500 

(50 40 10, v/v) a 21 o C until the solvent was 5 mm from the front, the plate 
was &pped twice m 0.1% poly (isobutyl methacrylate ) in hexane for 1 min, 
dried and preincubated with Tris-bovine serum albumin (BSA) [ 0 15 M Tns- 
HCl (pH 8) containing 0.14 M sodium chloride and 1% BSA] for 30 mm at 
room temperature. 

The plate was overlaid with Vzbrw cholerae sialidase (0.02 U/ml) diluted in 
0.02 MTris-maleate buffer (pH 6.5) contaming 4 ticalcium chloride placed 
in a humid chamber at 37’ C for a minimum of 16 h. The reaction was termi- 
nated by washmg the plate m phosphate-buffered saline (PBS) (0.15 M so- 
dium chloride, 0.01 M sodium phosphate, pH 7.4). All gangliosides of the gan- 
gliotetraose series were hydrolysed to GMl, which was detected by incubation 
with CT-B (1 &ml) and subsequently with anti-CT-B antibody by TLC- 
ELISA [lo] Some batches of the plastic-backed TLC plates did not allow the 
separation of GDla and GDlb in the neutral solvent described above. On these 
occasions, a second plate was chromatographed in an alkaline solvent, chlo- 
roform-methanol-2.5 M ammonia (50 40 10, v/v), which separated GDla 
from GDlb and the procedure for determination was repeated. 

Determmation of ganglwstdes and sulphutzde wrth specific m.onoc.l~nul antiod- 
tes by TLC-ELISA 

The method described by Magnani et al. [ 111 was applied with some mod- 
fications as previously described [lo]. The gangliosides and sulphatide were 
determined with specific monoclonal antibodies. Plastic treatment and prem- 
cubation with Tris-BSA were performed as described above. Alkaline phos- 
phatase-linked second antibodies were used as detecting antibodies and BCIP 
as phosphatase substrate. The volumes of CSF required for the determination 
of each individual ganglioside are given in Table II. The glycohpids were quan- 
tified by densitometric scanning of the TLC plate on a Camag TLC Scanner 
II at 620 nm. The detection limits for the immunoreaction between sulphatide, 
GD2,3’ -LMl and 3’ -isoLMl and the corresponding antibody and for the assay 
of the ganghotetraose series are summarized in Table II. 
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RESULTS 

Opttmtzation of the extra&on and separatlonprocedure 
Chloroform-methanol-water (60 30 4 5, v/v) was the solvent system with 

lowest polarity that extracted all the ganghosldes quantitatively. The recovery 
of GM1 and GTlb was 95102% based on ten samples Extractron of CSF 
gangliosldes with chloroform-methanol (2 1, v/v) resulted m recoveries of 
GM1 and GTlb of 70 and 43%, respectively The presence of water in the 
extraction solvent was therefore essential 

Quantitative elutlon of gangliosrdes from the srlica gel column was obtained 
using ten bed volumes of chloroform-methanol-water (30 60 20, v/v), and 
the recovery of GM1 and GTlb was 95-100% (n=lO). Other mixtures con- 
tammg chloroform-methanol-water in different proportions were tested for 
the elution of the slhca gel column The recoveries of GM1 and GTlb with ten 
bed volumes of chloroform-methanol-water (60 35 8, v/v) were 90 and 65% 
and with 50 40 10, v/v eluent 95 and 60%, respectively 

Du-ect s&dase treatment of gangbosties on TLC plates 
A ganghoslde reference containmg the ganghosldes GMl, GDla, GDlb and 

GTlb m the proportions 46 20 21 13 was apphed to TLC plates in order to 
determme the optimum conditions for the hydrolyses of ganghosldes GDla, 
GDlb and GTlb by the enzyme slahdase. The productron of GM1 from GDla 
and GTlb mcreased w&h mcreasmg mcubatlon time and enzyme concentra- 
tion. Complete hydrolysis of GTlb was obtained first after 16 h using 0.02 U 
slahdase per ml buffer, whereas 8 h were sufficient for complete hydrolysrs of 
GDla and GDlb (Fig. 1). As mentioned under Experrmental, some batches of 
plates drd not allow the separatron of GDla and GDlb m the neutral solvent 
system chloroform-methanol-O 25% potassium chlorrde solution (50 40-10, 
v/v) and a second plate was run m chloroform-methanol-2.5 M ammonia 
(50 40 10, v/v) to separate GDla and GDlb (Frg. 2) The values of GMl, 

ov 
0 10 20 

bolus 

Fig 1 Effect on mcubatlon time of slahdase on the hydrolysis of GDla, GDlb and GTlb n , % 
GDla+GDlb, A, % GTlb 



GM1 

GDla 
GDlb I 

GTlb 

;rge *-- ;P) - -Lyr - - - - _I_ - - 1pI_ - _-d 

_y - 3 6 100 200 400 800 

CSF pm01 fmol 

ref GM 1 -standard 

Fig 2 Determmatlon of ganghotetraose series ganghosldes The ganghosldes were chromato- 
graphed m the solvent system chloroform-methanol-O 25% potassium chlonde solution The plate 
was treated with slahdase (0 02 U/ml) and the resulting ganghoslde GM1 was determined with 
CT-B and an antibody against CT-B m TLC-ELISA The ganghoslde reference (3 and 6 pmol 
total slahc acid) contained GMl, GDla, GDlb and GTlb 

TABLE III 

COEFFICIENTS OF VARIATION FOR DIRECT SIALIDASE TREATMENT ON TLC 
PLATES COMBINED WITH TLC-ELISA 

Ganghoslde Coefficient of variation (n = 10) (% ) Ganghoslde standard ( fmol) 

Wlthm-run Between-run TLC-ELISA Resorcinol staming 

GM1 10 10 360 366 
GDla 15 20 164 160 
GDlb 15 20 164 168 
GTlb 12 14 103 108 

GDla + GDlb and GTlb were obtained from plates from the former run and 
only the value of GDla was determined from the plates from the latter, because 
the spot representing GDlb and GTlb was not quantitative under the present 
conditions. 

The imprecisions of the method were lo-20%, calculated on ten samples of 
the standard ganghoslde mixture for the within- and between-run determma- 
tions. The within- and between-run coefficients of variation are given m Table 
III. 

CSF concentrattons of ganglmtdes and sulphatlde m adults 
The total ganglioside content in CSF, excludmg GM3, from ten mdividuals 

varied between 100 and 230 nmol/l (total smlic acid 183-540 nmol/l). The 
dommating gangliosides were of the ganghotetraose series, represented by GMl, 
GDla, GDlb and GTlb (Table IV). Only 100 ~1 of CSF were required for the 
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TABLE IV 

GANGLIOSIDES AND SULPHATIDE IN NORMAL CSF 

Mean values, standard devlatlons and ranges for ten CSF samples from normal adults 

Glycosphmgohpld Glycosphmgohpld content (nmol/l) Total slahc acid (nmol/l) 

Mean SD Range Mean SD Range 

GM1 14 43 9-20 14 43 9-20 
GDla 26 13 11-50 52 26 22-100 
GDlb 39 90 22-50 78 18 44-100 
GTlb 48 22 27-93 144 44 54-186 
GD2 42 20 28-46 83 39 5 5-9 2 
Sulphatlde 60 26 20-102 _ 

Total ganghotetraose 
series 120 45 100-221 278 98 179-491 

determmation of these gangliosides, whereas quantitatlon of, for example, GD2 
required a much larger volume of 400 ~1. The major part of the ohgoganghoslde 
fraction was represented by GDla, GDlb and GTlb, of which the b-series gan- 
gliosides, i e., GDlb and GTlb, dominated 

The antibodies TR3 and SL50, which bind to 3’-LMl and 3’-isoLM1, re- 
spectively, did not give any positive reaction in TLC-ELISA for any sample, 
which means that these antigens constituted < 1 nmol/l. 

The mean value for sulphatlde concentration m CSF was 60 nmol/l. 

DISCUSSION 

This method allowed the determination of ganghosldes and sulphatlde m 
CSF from individual samples. Determmatlon of the ganghotetraose series gan- 
ghosides by direct siahdase treatment on TLC plates, combmed with CT-B on 
TLC-ELISA, required only 100 ~1 of CSF, as 100 fmol of the respective gan- 
glioside, i.e., GMl, GDla, GDlb and GTlb, could be assayed. The method is 
also suitable for determination of the ganghotetraose series ganghosides m 
other tissues, cell lines and biological fluids, which can be obtained only m 
small amounts Gmns and French [ 61 previously determmed GM1 ganghoside 
m CSF with CT-B using a radioimmunoassay, but other gangliosides were not 
assayed in their study. Another micromethod was recently reported for the 
assay of the gangliotetraose series ganghosides using CT-B [ 121. In that 
method, the assay was performed in microtitre wells and allowed the analysis 
only of GM1 and the total amount of ganghosides of the ganghotetraose series. 
The mean value of the ganglioside content m this study was 143 nmol/l (324 
nmol/l smlic acid), but it should be noted that GM3 was not included as we 
are lacking a monoclonal antibody agamst this ganglioside 
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It has been suggested that CSF ganghosides reflect the composition of brain 
gangliosides [ 3,5]. The large content of the four major bram ganghosides in 
our study 1s further evidence that most of the CSF gangliosides are derived 
from the CNS by shedding. It could also be assumed that some of the gangho- 
sides would be transported from plasma, as the pattern of the major CSF lipids 
is the same as that m serum [ 131. A possible way to evaluate the influence of 
plasma gangliosides would be to determine GM3, the dominating ganglioside 
in serum [ 141. This ganghoside could, however, not be determined m CSF from 
mdividual samples. We have calculated the GM3 level to be 8 nmol/l, ca. 2 5% 
of the total smlic acid (unpublished data) in pooled normal CSF based on TLC 
with resorcmol staining. The ratio between GM3 and GM1 is much higher in 
serum (11.2) than m CSF (0.6). This findmg suggests that only a small pro- 
portion of ganghoslde 1s transported from serum to CSF together with other 
serum lipids. No migration between serum and CSF was found with an intact 
blood-brain barrier in the study of Svennerholm et al. [ 151, while a reduced 
blood-brain barrier function could lead to a leakage of plasma gangliosides into 
CSF accordmg to a previous study m our laboratory [ 161. For this reason, only 
CSF from patients with an intact blood-spinal fluid barrier function was se- 
lected, i.e., having an albumin content < 300 mg/l. 

The published values for the total ganghoside content m CSF differ mark- 
edly. Bernhelmer [3], Ledeen and Yu [5] and Nagal et al [4] have reported 
values for the ganglioside content of CSF to be 3200,456-1100 and 426 nmol 
sialic acid, respectively As ganglioside smlic acid comprises only a few percent 
of total slahc acid m CSF [ 51, even low contamination with protein-bound 
slalic acid might give elevated values for total ganghoslde siahc acid. In the 
radioimmunoassay by Gmns and French [6], where the antigens were not 
identified, it is also possible that the presence of glycoprotems and/or other 
ganghosldes might have given falsely high values for GM1 (161 nmol/l com- 
pared with our mean value of 14 nmol/l). Our method eliminates this effect as 
the ganglioside extract 1s first chromatographed and each mdrvldual ganglio- 
side is identified from its migration rate. Another explanation for the dlscrep- 
ancy m the reported values for the ganghoside content m pooled CSF might be 
that the CSF was collected from patients with a reduced blood-CSF barrier 
function. Under such circumstances, one would find an increase m GM3 m 
particular. The increasedvalues of GM3 and GM1 m pooled CSF from multiple 
sclerosis patients reported by Nagai et al [ 41 could therefore be explained by 
a reduced blood-CSF barrier and an increased transport of serum ganghosldes 
to CSF. 

There have been only a few studies concerning CSF ganghosldes determined 
from m~vldual samples [ 6-81. In the study by Gmns and French [ 61, only 
GM1 was determined. Two papers [ 7,8] have described a similar type of method 
to that proposed here. The ganghosldes separated by TLC were hydrolysed 
with Arthrobacter urefactens sialidase to GA1 and GA2, which were then de- 
termined with specific antibodies. In those two stu&es, the normal total gan- 
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20 n CSF 

0 
GM1 GDla GDlb GTlb 

Fig 3 Comparison of the proportions of the ganghotetraose series ganghosldes m normal human 
CSF and brain (n= 10, mean age 50 4 years) and the whole bram (n= 7, mean age 514 years) 

ghoslde content was found to be 50-150 nmol/l and GM1 and GDla to be the 
major ganghosldes In our study, the dommatmg ganghosldes instead were the 
b-series ganghosldes, GDlb and GTlb. Their low recovery of ganghosides and 
the different patterns might be explained by mcomplete extraction of the gan- 
ghosides. They used chloroform-methanol (2 1, v/v), which has been shown 
by us to give an incomplete extraction of gangliosides, particularly GTlb 

In our study all four major brain ganghosldes, GMl, GDla, GDlb and GTlb, 
were represented m CSF, but m different proportions to brain tissue (Fig. 3). 
The ratio between GM1 and the oligoganghosldes m normal CSF was higher 
than m normal brain tissue, whereas the ratio between GDla and GDlb m 
CSF is similar to that in the whole brain. The concentratmn of GTlb was 
considerably higher m CSF than m normal brain tissue (Fig. 3 ) . 

The present method was developed for the study of the CSF ganghoside 
pattern m lysosomal storage disorders, degenerative diseases such as Alz- 
helmer and Parkinson disease and bram tumours Significant changes m the 
ganghoslde pattern have been found m menmgiomas [lo]. We have assumed 
that the assay of sulphatide may give important information about the extent 
and progress of a demyelinating process such as m cerebrovascular and senile 
dementia [ 151 and multiple sclerosis. We are at present using the assay to 
evaluate the effect of bone marrow 
leucodystrophy. 

transplantation on metachromatic 
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