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Glycosphingolipids of Rat T Cells. Predominance of Asialo-GM 1 and GD 1 C+ 
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ABSTRACT: Glycosphingolipids play an important role in the immune response, yet their compositions in 
T and B cells which mediate cellular and humoral immunity, respectively, have not been elucidated. In 
this study, characteristic features of glycosphingolipids in rat T lineage cells were revealed by comparing 
the gangliosides and neutral glycolipids of spleen T- and P-cell-enriched fractions and thymocytes. In T 
cells, GDlc(NeuGc,NeuGc), a unique ganglioside synthesized through asialo-GM1 (GAl) ,  was the 
predominant ganglioside as previously found in thymocytes [Nohara, K., Suzuki, M., Inagaki, F., & Kaya, 
K. (1991) J .  Biochem. (Tokyo) 110,274-2781, and the amount was much higher than in thymocytes. In 
addition, three other GAl-derived gangliosides were detected in T cells and identified as GMlb(NeuAc),  
G M  1 b(NeuGc), and GDla(NeuAc,NeuAc). In contrast, GDla(NeuAc,NeuAc) was not discernible in 
thymocytes, although gangliosides corresponding to G M  1 b(NeuAc) and G M  1 b(NeuGc) were detected. 
The neutral glycolipids of T cells contained almost exclusively GA1, while thymocytes contained much 
lower amounts. The predominance of these GAl-derived gangliosides was confirmed as a singular feature 
of T lineage cells by comparison with gangliosides of spleen B-cell-enriched fractions which mainly consisted 
of gangliosides synthesized through GM3 and GM1. Furthermore, the unique structures, which contain 
the GM1 core and the extended modification of the lacto series, aGal-LacNAc-GM1, aGal-(LacNAc)2- 
GM 1, and sialyl-LacNAc-GM 1, were found in B-cell-enriched fractions. Unexpectedly, the neutral glycolipid 
composition of the thymocytes resembled that of the B-cell enriched fraction rather than that of the T cells. 

Glycosphingolipids, ubiquitous constituents of the plasma 
membrane of all eukaryotic cells, may play a role in the 
regulation of the immune response. This concept of immu- 
noregulatory properties of glycosphingolipids developed from 
the demonstrations that gangliosides suppressed the prolif- 
eration of a variety of T and B lymphocytes induced by lectins, 
antigens, and interleukin-2 (Miller & Esselman, 1975; Marcus, 
1984; Chu & Sharom, 1991; Jackson et al., 1987), as well as 
inhibition of T helper cells and cytotoxic effector function 
(Offner et al., 1987). Studies from Miller and Esselman 
(1975) raised the possibility that glycosphingolipids shed by 
antigen-stimulated T cells modulated humoral immune re- 
sponses (Miller & Esselman, 1975). The potent immuno- 
suppressive activity of specific gangliosides together with the 
observation that high concentrations of gangliosides are present 
in patients with certain types of tumors led to the suggestion 
that cellular immunodeficiency and associated diminished T 
cell responses frequently associated with cancer are due to 
shedding of gangliosides by tumors [reviewed in Ladisch et 
al. (1992)l. Furthermore, ganglioside GM1 also modulated 
CD4 surface expression on T cells (Offner et al., 1987; Grassi 
et al., 1990; Morrison et al., 1993). Recently, it was also 
shown that GMl-induced CD4 down regulation (Repke et 
al., 1992) was accompanied by CD4 degradation, which was 
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preceded by dissociation of p56lCk from CD4, and via a protein- 
kinase-C-independent pathway (Saggioro et al., 1993). 

To gain further insight into the functions of gangliosides 
in lymphocyte activation, ganglioside-binding proteins, such 
as toxins (Spiegel et al., 1985; Spiegel, 1989; Olivera & Spiegel, 
1992) or antiganglioside antibodies (Hakomori, 1990; Hersey 
et al., 1989), which interact specifically with individual 
gangliosides on the cell surface, were used. We have previously 
extensively used the B subunit of cholera toxin (CTB),’ which 
binds with very high affinity to ganglioside GM1, to accu- 
mulate important clues to the role of ganglioside GM1 in 
cellular proliferation and signal transduction (Spiegel et al., 
1985; Spiegel, 1989; Dixon et al., 1988; Olivera & Spiegel, 
1992). CTB was mitogenic for rat thymocytes (Spiegel et al., 
1985; Dixon et al., 1987) and for resting human B lymphocytes 
(Dugas et al., 1991) and also has immunomodulatory 
properties as it potentiates the thymus-dependent antibody 
response (Campbell & Munson, 1987). In contrast, binding 
of CTB to murine leukemia cell lines inhibited their prolif- 

1 Abbreviations: CTB, cholera toxin B subunit; mAB, monoclonal 
antibody; PBS, phosphate-buffered saline; BSA, bovine serum albumin. 
Abbreviations for glycosphingolipids: GA1, asialo-GM1; GA2, asialo- 
GM2; CDH, lactosylceramide; aGa1,Fuc-GA 1, Gala1 -3 (Fuca 1 -2)GalBl- 
3GalNAc@1-4Galj31-4Gl@l- 1’Cer; GM 1 b, sialyla2-3Galj31-3GalNAc@l- 
4Galj31-4Glcfll- 1‘Cer; GalNAc-GM 1 b, GalNAc@l-4( sialyla2-3)Gal@l- 
3GalNAc@l-4Gal@1-4Glc@l- 1’Cer; GD 1 a, sialyla2-3Gal@l-3 (sialyla2- 
6)GalNAc@1-4Gal@l-4Glc@l-1‘Cer; GDlc, sialyla2-8sialyla2-3Gal@l- 
3GalNAc@l-4Gal@1-4Glc@l-l’Cer; LacNAc-GM1, Gal@1-4GlcNAc@l- 
3Galj31-3GalNAc@1-4(NeuGca2-3)Gal@1-4Gl@l- 1’Cer; aGal-LacNAc- 
GM 1,  Gala 1 -3Gal@ 1 -4GlcNAc@l-3Gal@l-3GalNAc@ 1 -4(NeuGca2-3)- 
Gal@l-4Glc@l- 1’Cer; aGal-(LacNAc)t-GM 1 ,  Gala 1 -3(Ga1@1-4Glc- 
NAc@l-3)~Gal@l-3GalNAc@1-4(NeuAca2-3)Gal@1-4Glc@l- 1’Cer; sia- 
lyl-LacNAc-GM 1 ,  NeuGca2-3Gal@l-4GlcNAc@l-3Gal@1-3GalNAc~l- 
4(NeuGca2-3)Galj31-4Glc@1- 1’Cer; globoside, GalNAc@l-3Gala 1 - 
4Gal@l-4Glc@l-l’Cer. Other gangliosides are designated according to 
Svennerholm (1963). Sialic acid species are indicated as (A) for NeuAc 
and (G) for NeuGc. 
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eration (Pessina et al., 1989) and also inhibited mitogen- and 
antigen-induced T cell proliferation and anti-IgM-induced B 
cell proliferation of mouse splenocytes (Woogen et al., 1987). 
Further studies revealed that while binding of recombinant 
CTB subunit inhibited mitogen-stimulated B cell proliferation, 
it enhanced the expression of MHC class I1 (Ia) molecules 
(Francis et al., 1992), which provides a potential explanation 
for its ability to act as an immunoadjuvant. Others have 
found that monoclonal antibodies (mAb) against GD3, a 
human melanoma-associated ganglioside, stimulate prolifera- 
tion of T lymphocytes derived from peripheral blood and also 
potentiate lymphocyte proliferation in response to a variety 
of stimuli, such as phytohemagglutinin, interleukin-2, and 
and T3 antigen, amplifying the normal activation pathway 
(Hersey et al., 1989). 

Although these studies illustrate the importance of gly- 
cosphingolipids in the immune response, little information on 
the actual compositions of glycosphingolipids in T and B 
lymphocytes is available, which has hindered clarification of 
the molecular basis of the mechanism of their functions. 
Murine lymphocyte gangliosides have been shown to have 
peculiar structural features. In mouse splenic T lymphoblasts, 
which were activated with ConA and metabolically labeled 
with radioactive carbohydrates, GM 1 b, GalNAc-GM 1 b, and 
GDlaweredetected (Muthinget al., 1987,1989). Apeculiar 
feature of these three gangliosides is that they are synthesized 
through asialo-GM1 (GA1) and GMlb  and not through 
gangliosides GM3 and GM 1. Previously, GM1 b had only 
been found in rat ascites hepatoma cells (Hirabayashi et al., 
1979; Matsumoto et al., 1981) and mouse spleen (Nakamura 
et al., 1984) and G D l a  in rat ascites hepatoma cells (Taki 
et al., 1986). Recently, another GMlb-derived ganglioside, 
GD lc, was found to be the predominant ganglioside of rat 
and mouse thymocytes (Nohara et al., 1991; Nakamura et 
al., 1991). We also found a novel group of gangliosides 
containing LacNAc-GM 1 structures as the major gangliosides 
of rat spleen lymphocytes (Nohara et al., 1990a, 1992). 
Moreover, in rat thymocytes, the composition of gangliosides 
is greatly altered after cell activation, and the compositional 
changesdepend on the nature of stimuli (Nohara et al., 1993). 
In the present study, we determined the compositions of 
gangliosides and neutral glycolipids in resting spleen T cells, 
B-cell-enriched fractions, and thymocytes. Characteristic 
features of glycosphingolipids in T cells were revealed. 

MATERIALS AND METHODS 
Materials. RPMI 1640 medium and Dulbecco’s phosphate- 

buffered saline (PBS) were obtained from Nissui Pharma- 
ceutical Co. (Tokyo). Dynabeads M-450 were from Dynal 
Inc. (Great Neck, NY). Vibrio cholera sialidase (type V) 
was from Sigma (St. Louis, MO). Arthrobacter ureafacience 
sialidase was from Nacalai Tesque, Inc. (Kyoto). mAbs 
against rat thymocytes and T cells (MRC Ox-34) and against 
rat B cells (MRC Ox-33) were from Serotec (Oxford). Rabbit 
antiasialo-GM 1 was from Iatron Lab. (Tokyo). Biotinylated 
goat antirabbit IgG was from Caltag Laboratories Inc. (South 
San Franciso, CA). CTB and goat anti-CTB were from List 
Biological Laboratories (Campbell, CA). Biotinylated rabbit 
antigoat IgG and Vectastain ABC Kit were from Vector 
Laboratories (Burlingame, CA), Precoated thin-layer plates 
(HPTLC silica gel 60) for standard analyses were purchased 
from Merck (Darmstadt), and those (SbHPF TLC plate silica 
gel) for immunostaining were from J. T. Baker Chemical Co. 
(Phillipsburg, NJ). 

Standard Glycolipids. GDla(NeuAc,NeuAc) from frog 
brain (Ohashi, 198 1) was kindly provided by Prof. M. Ohashi 
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(Ochanomizu University). Globoside from porcine erythro- 
cytes was purchased from Wako Pure Chemical (Osaka). 
Lactosylceramide (CDH) and GA1 were prepared from GM3- 
(NeuAc) and GMl(NeuGc) of rat spleen (Nohara et al., 
1990b) by mild acid hydrolysis (Svennerholm et al., 1973), 
respectively. Asialo-GM2 (GA2) and aGa1,Fuc-GAl were 
prepared by hydrolyses of GMZ(NeuGc) and aGa1,Fuc-GM1- 
(NeuGc) from rat spleen, respectively, with A .  ureafacience 
sialidase (Nohara et al., 1990b; Sugano et al., 1978). 

Fractionation of Spleen Lymphocytes. Cell suspensions 
were prepared from spleens of adult male Wistar rats by 
chopping in RPMI 1640 medium supplemented with 12 mM 
HEPES, 0.05 mM 2-mercaptoethanol, 100 units/mL penicil- 
lin, 100 pg/mL streptomycin, and 10% fetal calf serum 
(complete medium), and the lymphocytes were obtained by 
centrifugation on Ficoll-Paque gradient as described previously 
(Nohara et al., 1992). After three washes with complete 
medium, the lymphocytes were fractionated using a column 
packed with nylon wool (Wako Pure Chemical, Osaka) 
according to Julius et al. (1973). T cells were obtained in the 
column pass through and treated with ammonium chloride/ 
EDTA solution to eliminate contaminating red blood cells 
(Nohara et al., 1991). The adherent cells were recovered 
from the column by gentle shaking in PBS and used as the 
B-cell-enriched fraction after removing contaminating T cells 
by immunomagnetic negative selection. Briefly, cells were 
incubated with mouse mAb directed against rat T cells (MRC 
Ox-34) and subsequently rosetted with Dynabeads M-450 
(sheep antimouse IgG) (cel1:beads = 1:4), according to the 
manufacturer’s protocol. The rosetted cells were then isolated 
by applying a magnet on the wall of the tube. Purities of T- 
and B-cell-enriched fractions were assessed by immunofluo- 
rescent staining with mAbs specific for rat T and B cells 
followed by flow cytometric analysis using either FACS440 
or FACStarPLUS (Becton Dickinson, San Jose, CA). Mor- 
phologic examination of Wright-Giemsa stained cytospin 
preparations was also performed to identify monocytes and 
large granular lymphocytes, referring to Reynolds et al. (1 98 1). 

Preparation of Thymocytes. Thymocytes were prepared 
from thymuses of 6-9-week-old male Wistar rats as described 
previously (Nohara et al., 1991). 

Preparation of Gangliosides. Total glycolipids were 
prepared from T cells, B-cell-enriched fractions, and thy- 
mocytes by extraction, partition, and mild alkali treatment 
and then fractionated by DEAE-Sephadex column chroma- 
tography into the four fractions of neutral glycolipids and 
mono-, di-, and tri- and tetrasialogangliosides, exactly as 
described previously (Nohara et al., 1991). 

Detection of Gangliosides with GAl  Core Structure. 
Gangliosides were separated on silica gel plates (Si-HPF) using 
l-propanol/28% NHrOH/water (75:5:25). The plates were 
fixed with 0.1% poly(isobuty1 methacrylate) in chloroform 
and air-dried (Nohara et al., 1993). Gangliosides were 
hydrolyzed for 3 ha t  room temperature in situ with V. cholera 
sialidase (40 milliunits/mL) and then washed once with PBS 
(Miithing & Miihlradt, 1988). After immersion in PBS 
containing 1% bovine serum albumin (BSA) for 20 min, the 
gangliosides were subsequently overlaid with rat anti-GAl 
(1:250 dilution) for 1 h, biotinylated antirabbit IgG (1:250 
dilution) for 1 h, and Vectastain ABC solution for 1 h, and 
then, the peroxidase activity was detected with 4-chloro- 1- 
naphthol/H202 solution (Hawkes et al., 1982). 

Detection of Gangliosides That Bind to CTB. In order to 
identify the minor CTB-binding monosialogangliosides, the 
sensitive overlay technique was used (Spiegel et al., 1985; 
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FIGURE I: TLC profiles of gangliosides from thymocytes and T cells. The gangliosides from thymocytes and T cells were fractionated on 
a DEAE-Sephadex column into mono- (M), di- (D), and tri- and tetrasialogangliosides (T). Each fraction from thymocytes (8 X IO' cells) 
and T cells (8 X IO' cells) was applied to HPTLC silica gel 60 plates, developed with chloroform/methanol/O,2% CaCll (60409) (A) or 
I-propanol/28% NH40H/water (75525) (B), and visualized with resorcinol reagent. Ref (reference glycolipids): 1, GM3(NeuAc) and 
GMI(NeuAc); 2,  GDlc(NeuGc,NeuGc): 3, total gangliosides from rat brain. 

Nohara, et al., 1993). Briefly, after gangliosides were 
chromatographed on Si.HPF TLC, the chromatogram was 
treated with poly(isobuty1 methacrylate), overlaid with 1% 
bovineserumalbumininPBSfor20min,CTB( 1:500dilution) 
for 1 h, goat anti-CTB (1500 dilution) for 1 h, and then with 
biotinylatedantigoat IgG (1 :250dilution) for 1 h. The bound 
toxin was detected by Vectastain ABC solution and 4-chloro- 
l-naphthol/Hz02 solution as mentioned above. 

RESULTS 

Isolation of Lymphocytes. The recoveries of the T cells 
after the nylon wool column procedure ranged from 20% to 
40% of total splenic lymphocytes applied. The purity was 
consistently around 85%, containing about 10% B cells and 
a few percent non-T, non-Bcells. The B-cell-enriched fraction, 
obtained from nylon-wool-adherent cells followed by immu- 
nomagnetic T cell depletion, consisted of B cells (-60%), T 
cells (--%),and non-T, non-Bcells (>30%), with arecovery 
of about 10%. Morphologic evaluation of the non-T, non-B 
fraction revealed the presence of only several percent mono- 
cytes and even fewer large granular lymphocytes, indicating 
that monocytes and granular lymphocytes are minor con- 
stituents of this fraction. The remaining non-T, non-B cells 
werenot identified. Gangliosides and neutral glycolipids were 
prepared from T cells, the B-cell-enriched fraction, and 
thymocytes and identified by several techniques. 

Gangliosides of Spleen T Cells and Thymocytes. Thy- 
mocytes contained gangliosides belonging to the mono-, di-, 
tri-, and tetrasialoganglioside families, wherease in spleen T 
cells, only mono- and disialogangliosides weredetected (Figure 
1). The content of gangliosides per cell was found to be about 
IO-fold higherinTcellsthanin thymocytesasshowninFigure 
I ,  where the gangliosides from 8 X IO8 thymocytes and those 
from 8 X 10' T cells are compared. Identical results were 
obtained in three preparations from thymocytes and two 
preparations from T cells. GM3 was the major monosialo- 
ganglioside in thymocytes, whereas it was only a minor 
constituent of the monosialoganglioside fraction from spleen 
T cells. In agreement with our previous studies, the pre- 
dominant ganglioside of thymocytes was GDlc- 
(NeuGc,NeuGc) (Nohara et al., 1991). The present study 
revealed that T cells also contain GDlc(NeuGc,NeuGc) as 
the overwhelmingly abundant ganglioside. This was further 
confirmed by immunostaining with anti-GAl antibody after 
in situ hydrolysis with V. cholera sialidase (Figure 2) .  In 
addition to GDlc,  three prominent gangliosides, two mono- 

--,- 
FIGURE 2 Detection of GA1 after in situ sialidase treatment. 
Monosialogangliosides (M) and disialogangliosides (D) from T cells 
(8 X 10' cells) were chromatographed on a Si.HPF TLC plate using 
I-orooanol/28% NHAOHlwater ( 7 5 5 2 5 )  and visualized with 

~ .... 
resorfinol &agent ( A i &  (mmunostained using anti-CAI antibody 
after in situ sialidase treatment (B). Ref (referenceglycolipids): I ,  
GMI(NeuAc1 and GMI(NeuGc): 2, GMlb(NeuAc) and GMlb- 
(NeuCc) (300 ng of each as sialic acid); 3, GDlu(NeuAc,NeuAc). 

sialogangliosides, and one disialoganglioside were detected in 
T cells with anti-GAl antibody after sialidase hydrolysis 
(Figure 2B). The coincidence of the Rjvalues with those of 
standards identified the monosialogangliosides as GM I b- 
(NeuAc) and GMI b(NeuGc) and the disialoganglioside as 
GDla(NeuAc,NeuAc). However, as shown in the chro- 
matograms in Figure l,GDla(NeuAc,NeuAc) wasnot found 
in thymocytes, though gangliosides corresponding to GM1 b- 
(NeuAc) and GMlb(NeuGc) could be detected. 

Previously, we have shown that CTB induces proliferation 
of rat thymocytes by binding to monosialoganglioside G M l  
(Spiegelet al., 1985;Dixonet al., 1987). Others have further 
substantiated a role for monosialogangliosides in T and B cell 
proliferation (Dugas et al., 1991; Woogen et al., 1987) 
suggesting an immunomodulatory role for these monosialo- 
gangliosides (Campbell & Munmn, 1987; Franciset al., 1992). 
Thus, it was of interest to examine, by the sensitive overlay 
technique, the existence of monosialogangliosides that hind 
to CTB. There was about 10-fold higher CTB binding in T 
cells than in thymocytes as indicated in Figure 3, where 
gangliosides from 8 X lo7 thymocytes and 8 X lO6T cells are 
compared. Three monosialogangliosides in thymocytes and 
four in T cells were detected by immunostaining with CTB 
(Figure 3A). In agreement with a previous study (Spiegel et 
al., 1985), two were identified as GMl(NeuAc) and GM1- 
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(NeuGc,NeuGc) was the predominant ganglioside in splenic 
T cells. This ganglioside is also the predominant ganglioside 
ofrat thymocytes (Nohara et al., 1991). In addition toGDlc- 
(NeuGc,NeuGc), three other GAl-derived gangliosides, 
GMI b(NeuAc), GMI h(NeuGc), and GDla(NeuAc,NeuAc), 
were found in rat T cells in this study. Interestingly, GMlb- 
(NeuGc) is likely to be the precursor ofGD Ic(NeuGc,NeuGc) 
and GMlb(NeuAc) to be the precursor of GDla(NeuAc,- 
Neu Ac), since gangliosides GD 1 c(NeuGc,NeuAc) and GD 1 a- 
(NeuAc,NeuGc) were not detectable. Previously, G D l a  has 
been detected in various T cell lines, in sorted CDCpositive 
and CD8-positive lymph nodes, but not in B cells (Miithing 
et al., 1989; Eble et al., 1992). However, only trace amounts 
ofGDla(NeuAc,NeuAc) were detected in murine thymocytes 
and found mainly in mature peripheral T blasts, suggesting 
that the synthesis of G D l a  correlates with maturation or 
stimulation of T cells (Miithing et al., 1989). In agreement, 
in the present study, we found that GDla(NeuAc,NeuAc) 
was not discernible in rat thymocytes, although gangliosides 
corresponding to GM1 b(NeuAc) and GMI b(NeuGc) were 
readilydetected. Thus, in rats, thisganglioside most probably 
isonlyexpressedon matureTcells and perhapsonl yon certain 
populations of mature T cells. 

Previously, we havedemonstrated that CTB, which is known 
to interact specifically with the oligosaccharide of GMI 
exposed on the cell surface, can induce proliferation of rat 
thymocytes which was accompanied by rapid influx of calcium 
(Spiegeletal., 198S;Dixonetal.. 1987). Inthepresentstudy, 
it was demonstrated that there are three monosialogangliosides 
which can bind to CTB in thymocytes and four in T cells. 
Although two of these gangliosides were identified as GMI- 
(NeuAc) andGMl(NeuGc), wecanonlyspeculateabout the 
identity of the others. Previously, a ganglioside with CTB- 
binding activity was isolated from mouse spleen and shown 
to be Galfl1-3GalNAcfl1-4GM 1 b(NeuGc) (Nakamura et al., 
1987). This ganglioside, which contains a terminal tetrasac- 
charidestructureidentical with that ofGMl, is alsoa derivative 
of GMlb. The unknown gangliosides which bind CTB in T 
cells and thymocytes could be Galfl1-3GalNAcflI-4GMlb 
containing NeuAc and NeuGc. It is not yet possible to 
determine which of these gangliosides is responsible for the 
effects of CTB on lymphocytes. The future availability of 
specific mAbs against these individual gangliosides may make 
it possible to sort out the importance of these minor 
monosialogangliosides. 

In contrast to T lineage cells, the gangliosides synthesized 
through GM3 and GMI were found to be predominantly 
expressed in the B-cell-enriched fraction. Previously, we 
isolated four novel gangliosides containing LacNAc-GM1 
structures (Nohara et al., 1990a, 1992). In the present study, 
aGal-LacNAc-GMI, aGal-(LacNAc)2-GM1, and sialyl- 
LacNAc-GMI were detected in the B-cell-enriched fraction, 
whereas LacNAc-GMI was barely detectable. In addition, 
significant amounts of GDlc were also detected in the B-cell- 
enriched fraction. However, as this fraction contained about 
5% T cells and 30% non-T, non-B cells, it is not clear whether 
GDlc in this fraction was due to contamination with T cells 
and/or other types of cells or whether it is present in both T 
and B cells. 

GAI is known to be a specific antigen of thymocytes and 
natural killer cells in mouse (Habu et al., 1980; Kasai et al., 
1980; Young et al., 1980), whereas in rat, it can be found 
mainly on peripheral T cells and macrophages and to a lesser 
degreeon thymocytes (Amdt et al., 1981). Furthermore, 5% 
of thymus and 60-80% of lymph node T cells were immuno- 
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FIGURE 3: Detection of monosialogangliosides that bind to CTB. 
(A) Monosialogangliosides from thymocytes (Thy, 8 X IO’ cells) 
and T cells (T, 8 X IO6 cells) were chromatographed on a Si.HPF 
TLC plate with I-propanol/28% NH,OH/water (75525)  and 
immunostained with CTB as described in Materials and Methods. 
(B) Monasialogangliosides from T cells werevisualized with resorcinol 
reagent. Ref (reference glycolipids): GMI(NeuAc) and GMI- 
(NeuGc) (12 ng of each as sialic acid). 

(NeuGc) by coincidence with reference standards. From 
Figure 2A,B, the predominant band in the monosialogan- 
gliosides of T cells consisted of GMlb(NeuAc) and GMlb-  
(NeuGc) and the amounts of GMl(NeuAc) and GMI- 
(NeuGc) were significantly less than that of GDlc. 

Gangliosides of theB-Cell-EnrichedFroction. In contrast 
to the T lineage cells, the most abundant ganglioside of the 
Bell-enriched fraction was GM3(NeuAc) (Figure 4). Gan- 
gliosides corresponding to GM3(NeuGc) and GMl(NeuGc) 
were also found to be major monosialogangliosides. In 
addition, minor amounts of aGal-LacNAc-GMI and aGal- 
(LacNAc)2-GM1 were also detected, while LacNAc-GMI 
wasnot evident. Oneofthemajordisialogangliosidescoincided 
with sialyl-LacNAc-GMI. In addition to those gangliosides 
which are synthesized through GM3 and GMI,  GDlc was 
the predominant disialoganglioside found in this Bcell fraction. 

Neutral Glycolipidsof Thymocytes, TCells, ondtheB-Cell- 
Enriched Froction. In T cells, GA1 was nearly the exclusive 
neutral glycolipid present (Figure SA). As shown in Figure 
SB,using anti-GAl antibody, both bandsofthedoublets were 
confirmed to be GAI, most probably arising due to acyl- 
chain heterogeneity. On theother hand, thymocytescontained 
only minor amounts of CAI,  and the major glycolipids were 
identified as galactosylceramide (Figure SA) and globoside 
(Figure SC). A glycolipid corresponding to aGa1,Fuc-GAl 
was also recognized in thymocytes (Figure SA). It should he 
noted that the amount of neutral glycolipids in thymocytes 
was much lower than that in T o r  B cells as shown in Figure 
SA, where glycolipids from 1 X IO9 thymocytes and those 
from 1 X IO8 T cells or the B-cell-enriched fraction are 
compared. In the B-cell-enriched fraction, the glycolipids 
corresponding to CAI, aGalFuc-GAl, and globoside were 
the major neutral glycolipids (Figure SA). These neutral 
glycolipids were also identified by thin-layerchromatography, 
based on mobilities in a different solvent system composed of 
chloroform/methanol/NH40H (60:35:8) (data not shown). 

DISCUSSION 

In this study, characteristic features of glycosphingolipids 
in rat T lineage cells were revealed by comparing the 
gangliosides and neutral glycolipids of spleen T- and B-cell- 
enriched fractions and thymocytes. Although previously we 
found thatGDIc(NeuGc,NeuGc) wasonly a minor component 
ofgangliosidesofrat spleen lymphocytes (Noharaet al., 1992), 
it was clearly demonstrated in the present study that GDlc- 
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FIGURE 4 TLC profiles of gangliosides from the B-cell-enriched fraction. The gangliosides from the B-cell-enriched fraction were separated 
on a DEAE-Sephadex column into mono- (M), di- (D), and tri- and tetrasialogangliosides (T). Each fraction from 1.6 x IO* cells was applied 
on HPTLC silica gel 60 plates. developed using chloroform/methanol/0.2% CaCI*(60:409) (A) or I-propanol/28% NH,OH/water ( 7 5 5 2 5 )  
(B), and visualized with resorcinol rragent. Ref (reference glycolipids): 1, GM3(NeuAc) and GMI(NeuAc): 2, GM3(NeuGc) and GMI- 
(NeuCc): 3, LacNAc-GM1, aCal-LacNAc-GMI, and uGal-(LacNAc)r-GMl; 4. sialyl-LacNAc-GMI; 5, GDlc: 6, total gangliosides from 
rat brain 
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FIGURE 5: Neutral glycolipids of thymocytes, T cells, and the B-cell-enriched fraction. Neutral glycolipids from thymocytes (Thy, 1 X IO9 
cells), T cells (T, 1 X 10% cells), and the B-cell-enriched fraction (B. 1 X IO8 cells) were separated on Si.HPF TLC plates, developed with 
chloroformlmethanol10.2% CaCL (60:35:8L and visualized with 20% sulfuric acid (A and C) or immunostained with anti-GAl antibodv iB1. 
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(A) Ref (rdference gl;colipids): i, CMH and CDH; 2, GA2 and GA1; 3, uGal,Fuc-GAl (contaminated with uCal,Fuc-GMl). = s&ldi& 
cholate, and ** = orcinol negative, nonglycolipid component. (C) Glob, globoside. 

stained by anti-GAl antibody (Momoi et al., 1982). The 
present study furtherindicates that CAI isalmosttheexclusive 
neutral glycolipid of T cells, whereas much lower amounts are 
present in thymocytes. CAI  was also detected in the B-cell- 
enriched fraction. However, its presence may be due to 
contamination with T cells and/or other cell types. 

Previously, globoside was reported to be specific for 
alloantigen-activated T cells in mouse (Gruner et al., 1981). 
In  addition, aGal,Fuc-CAI was also found in rat spleen and 
thymus (Taki et al., 1985). However, in the present study, 
the glycosphingolipids corresponding to aGal,Fuc-GAl and 
globoside were the major neutral glycolipids in the B-cell- 
enriched fraction rather than in T cells. aGal,Fuc-GAl was 
found not only in rat bone marrow cells, spleen, and thymus 
but also in rat ascites hepatoma cells AH1974F (Taki et al., 
1985). It has been proposed that aGal,Fuc-GAl may be 
commonly present in immunocytes and tumor cells and may 
be involved in the escape mechanism of tumor cells from host 
immunosurveillance systems. In this work, the glycosphin- 
golipid corresponding to aGal,Fuc-GMI was the major 
component ofneutral glycolipids ofthe B-cell-enriched fraction 
and of thymocytes. Furthermore, G M l b  and GDla ,  which 
were also detected in rat ascites hepatoma cells (Taki et al., 
1986), were also present in T cells. 

In summary, the predominance of CAI  and GDlc  and the 
presence ofcharacteristic gangliosides derived from GA1 were 
demonstrated in rat T cells. The involvement of these unique 

glycosphingolipids in signal transduction pathways remains 
to be eluciated. 
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