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Abstract 
Lipids  of the nervous system and other tissues 

which contain at least one molecule of a carbo- 
hydra te  have been shown to exhibit haptenic 
properties. The specificity of the antibodies 
produced by the administration of these materials 
is directed by specific portions of the carbohydrate 
moiety. Examples of antibodies induced by the 
polyhexoside and N-acetyl neuraminic acid por- 
tions of gangliosides will be shown. The potential 
usefulness of such antigen-antibody systems for 
structural  studies will be illustrated. Some con- 
sideration will be given to the possible role of 
glyeolipid haptens in pathological conditions such 
as experimental allergic encephalomyelitis and 
multiple sclerosis. 

S TUDIES OF T H E  PROPERTIES and reactions of lipid 
haptens are of considerable interest for investigators 

concerned with immunological phenomena in at least 
four areas. The first deals with immune reactions 
which occur with an incompatible blood type. The 
second is the phenomenon of t ransplantat ion im- 
munity. The third, perhaps related to the seeond, is 
the immunopathology of neoplasms. The four th  arises 
from attempts to diseover some insight into the 
pathogenesis of demyelinating diseases such as 
multiple sclerosis. All of these fields seem to have 
two characteristics in common. The haptens or anti- 
gens responsible for  these immune reactions arise 
f rom components of cellular membranes or are eon- 
tiguous with them as in the ease of the endoplasmic 
reticulum of eells (1,2). Seeondly, the haptenic 
material is generally not a simple chemical entity, but  
f requent ly  is a covalently-bound complex of lipid, 
carbohydrate and protein. We are pr imari ly  concerned 
in this presentation with immunoehemieal studies of 
haptens containing the first two of these substances. 

Sphingolipid Haptens 
The simplest sphingoglycolipid is a cerebroside 

which is comprised of 1 molecule each of sphingo- 
sine, long chain fa t ty  acid, and hexose. The carbo- 
hydrate  may be either galaetose or glucose. Cerebro- 
sides account for  approximately 4% of the fresh 
(wet) weight of brain tissue. The largest portion is 
in the white matter,  and galaetoeerebrosides, which 
constitute 95% of the eerebrosides of nervous tissue, 
are a characteristic lipid of the myelin sheath. 

I t  has been known for nearly 40 years that  alcoholic 
extracts of brain tissue contain what appears to be 
an organ-specific lipid hapten (3,4). Recent investiga- 
tions in two laboratories have ra ther  conclusively 
shown that  this hapten is galactoeerebroside. The 
first identification of the haptenic proper ty  of this 
material was accomplished by Niedieek (5) in studies 
with sera of rabbits sensitized by the intradermal  
injection of peripheral  nerve, brain or spinal cord, 
along with an adjuvant  in the manner  character- 
istically employed to produce experimental allergic 
encephalomyelitis ( E A E ) .  Antieerebroside antibodies 
were found in the serum and some correlation was 

claimed between the onset of the signs of E A E  and 
the appearance of anti-cerebroside antibodies. The 
other s t u d y  was carried out by Joffe et al. (6) by 
intraperi toneal  injections of brain part iculate ma- 
terial. Antigalactocerebroside antibodies were found 
in the serum from these animals. Neither glucocere- 
broside nor ceramide-lactose cross-reacted with this 
antiserum. 

It  therefore seems quite likely that  galactocere- 
broside was the alcohol-soluble hapten with which the 
earlier investigators were dealing. These studies in- 
dicated that  the presence of a single hexose molecule 
conferred haptenic properties to an otherwise non- 
haptenic material, in this case ceramide (N-aeyl 
spbingosine). Fur thermore ,  in keeping with the 
known high degree of specificity of immunological 
reactions, epimerization at C-4 of the hexose molecule 
completely alters the immunological specificity of the 
cerebroside molecule. 

In spite of the evidence for the production of anti- 
cerebroside antibodies, most investigators agree that  
induction of antibodies by injection of cerebrosides 
is not responsible for the neurological lesions which 
occur in E A E  (7,8). Fur thermore ,  it appears that  the 
neurological manifestations are actually due to an 
antibody directed against a basic protein component 
of the myelin sheath (9). The role of galaetoeere- 
broside as an inducer of an autoimmune phenomenon 
in multiple sclerosis seems even more remote. This 
concept is supported by the findings of Sherwin et al. 
(10) and Somers (11) who clearly demonstrated 
that  antimyelin antibodies are present in sera from 
animals with EAE,  but  absent in patients with mul- 
tiple sclerosis. Hence the etiological similarity between 
these conditions seems evanescent. However, the 
reservation must be made that  anticerebroside anti- 
bodies may not have been detected because of improper 
testing procedures. This may be due in par t  to dif- 
ficulties in examining the hapten, in this case cere- 
broside, in a properly solubilized form. In  addition, 
studies in which the explicit status of the patient  is 
carefully controlled have yet  to be done. I t  is con- 
ceivable that  antimyelin (cerebroside, basic protein) 
antibodies may have been completely adsorbed from 
the serum by components of the nervous system during 
periods of remission of the pathological process. 
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Higher Ceramide Oligosaccharides 
Ceramide -Lac tose  

The next higher na tura l ly  occurring sphingolipid 
homologue is eeramide-laetose. This substance was 
actually the first sphingoglyeolipid hapten to be 
definitively characterized and was conclusively identi- 
fled by Rappor t  et al. (12). I t  was called cytolipin H 
by these investigators. I t  was shown to be a hapten 
and was obtained from methanolie extracts of human 
epidermoid carcinoma explants grown in rats. The 
components were shown to be equimolar proportions 
of sphingosine, fa t ty  acid, glucose and galaetose. 
Later  this material was identified in serum from 
normal human beings (13). These two observations 
afforded a reeoneiliation of the findings of Goodman 
and Brady  (14) that  serum samples from normal 
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T A B L E  I 

H a p t e n  I n h i b i t i o n  of A g g l u t i n a t i o n  of 
Cells Coated  wi th  As ia logang l ios ide  ( 2 2 )  
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T A B L E  I I I  

Re la t ionsh ip  B e t w e e n  Chemical  S t r u c t u r e  a n d  
Blood G r o u p  Ac t iv i ty  in  H e m a g g l u t i n a t i o n  I n h i b i t i o n  Tes t s  ( 2 4 )  

I n h i b i t o r  Concen t r a t i on  

As ia logangl ios ide  < 1 m g / m l  
Cer amide-glucose-gala  ctose-N-acetylgalact  o samine  1 m g / m l  
L a c t o s e  0.0015 IV[ 
4-O-~-D-gala ctosyl-N-acetylgalact  o samine  0.020 :5/i 
Globoside Ine f fec t ive  
Gangl ios ide  Ine f fec t ive  

S e r u m  f rom rabb i t s  i m m u n i z e d  wi th  as ia logangl ios ide  w a s  u s e d  as 
source  of an t ibody  ( 2 4 ) .  

humans as well as patients with multiple sclerosis 
appeared to contain an antibody which reacted with 
chicken erythrocytes coated with ceramide-lactose. 

Ceramide-Trisaccharides 

One of the next higher homologues, a eeramide-tri- 
saceharide (glucose-galactose-N-acetyl~alactosamine) 
has also been demonstrated in normal human serum. 
To date, no immunization studies with this substance 
have been reported. One wonders about the possible 
relationship of this material to the Forsmann hapten 
(15) which as yet  is not well characterized. The lat ter  
substance is said to contain eeramide plus at least 
1 molecule each of galaetose and N-acetylgalactosa- 
mine (16). 

Another ceramide-trisaccharide which contains glu- 
cose and galactose in the ratio of 1:2 has been isolated 
from the kidney tissue of a pat ient  with Fabry ' s  
disease (17). We have confirmed the accumulation of 
ceramide-trihexoside in Fabry ' s  disease by examining 
the lipid composition of an enlarged lymph node ob- 
tained from a pat ient  with this condition ( 1 8 ) ,  I t  is 
not yet known if an auto-immune response to this 
material plays a role in the pathogenesis of the renal 
failure which often occurs in these patients although 
it would appear to be a likely possibility. 

Ceramide-Tetrasaccharides 

At the present time two fair ly well-defined ceramide- 
tetrasaecharides have been demonstrated. The first, 
called globoside by Yamakawa and his associates, 
consists of ceramide-glucose-galactose-galactose-N- 
acetylgalactosamine (19). I t  is said to be the main 
glycolipid of erythrocyte  stroma. The production of 
antibodies with the use of this material as hapten 
has not been reported as yet. Recent experiments with 
this material indicate the immunological identi ty of 
globoside and another sphingoglycolipid isolated from 
kidney tissue, termed cytolipin K (20). I t  was known 
that  the lat ter  material  contained the same type and 
number of carbohydrate residues as globoside, but  the 
arrangement  of tile hexoses had not been clarified. 
The immunochemieal studies by Rapport  and Graf  
indicate that  they are most likely identical materials. 
Furthermore,  the haptenie properties of cytolipin K 
have been recently established (21). 

Another  ceramide-tetrasaccharide, generally called 
asialoganglioside, has been produced by mild acid 

C o n c e n t r a t i o n  in  m g / m l  r equ i r ed  to 
inh ib i t  the  r e spec t ive  an t igen-an t ibody  

I n h i b i t o r  test  sys tems  

Ant i -A Ant i -B Ant i -M Ant i -N Ant i  Rho (D)  

Gangl ios ide  5.0 a 2.5 5.0 2.5 
Pur i f i ed  gang l ios ide  4-G b 0,0013 
As ia logangl ios ide  "a' '~'" "~'" "a'" a 
N - ace ty lneu r amin i c  acid  a a a a . 

a Denotes  lack of blood g r o u p  ac t iv i ty  a t  h ighes t  level tes ted 
( i 0  m g / m l ) .  

b Dodd,  M. C. et el., N a t u r e  204, 549 ( 1 9 6 4 ) .  

hydrolysis of gangliosides. In tiffs process, N-acetyl- 
neuraminic ac id  molecules are cleaved from the 
natural ly-occurring parent  gangliosides. The arrange- 
ment of hexose molecules in asialoganglioside is be- 
lieved to be ceramide-glucose-galactose-N-acetylga- 
lactosamine-galactose. The haptenic properties of this 
material have been investigated by Somers et al. (22). 
An antiserum was prepared by injecting rabbits with 
red cells coated with the glycolipid. The specifcity of 
the antibody produced by the injections of asialogan- 
glioside was examined by the hapten inhibition tech- 
nique (23). The asialoganglioside antiserum was 
incubated with the various sugars or glycolipids for 
15 rain at 23C before examining the hemagglutination 
of red cells coated with asialoganglioside. With this 
technique, inhibition was observed by pr ior  incubation 
with asialoganglioside and aminoglycolipid (ceramide- 
glucose-galaetose-N-acetylgalactosamine) (Table I) .  
No inhibition was observed with globoside in spite of 
the fact that the same carbohydrate residues are pres- 
ent as in asialoganglioside. These observations indicate 
that the arrangement  of the carbohydrate portion 
confers immunological specificity to the molecule and 
provides confirmatory evidence that  the sequence is 
indeed different in globoside and asialoganglioside. Of 
considerable interest was the additional finding that  
gangliosides did not appear  to be an inhibitor in the 
anti-asialoganglioside test system. 

These studies were extended to immunization ex- 
periments using red cells coated with gangliosides as 
hapten (24). Antiganglioside antibodies were 
produced with this technique. The antiganglioside 
antibody was inhibited by preincubating the antiserum 
with ganglioside, N-acetylneuraminic acid and 
eolominic acid, a polymer of N-acetylneuraminic acid 
(Table I I ) .  I t  was not inhibited by asialoganglioside. 
These findings again indicate the specificity of the 
antibody, and in this instance, it  appears to be con- 
ferred by the N-acetylneuraminic acid portion of the 
molecule. 

] t  is apparent  that  such specificity studies have been 
helpful in substantiating structural  differences be- 
tween various glycolipids, and in the case of cytolipin 
K, provide a ra ther  conclusive method for identifying 
this compound. Studies of this nature  have been used 
to help elucidate the s tructure of M and N substances 
present in erythrocyte  membranes as well as the 

TABLE II 

H a p t e n  Inh ib i t i on  of A g g l u t i n a t i o n  
of Cells Coated w i t h  Gangl ios ide  (22)  

I n h i b i t o r  Concen t r a t i on  

G a n g l i o s i d e  < 1 m g / m l  
N-ace ty lneu ramin i c  ac id  0.05 IV[ 
Colominic  acid  2 m g / m l  
As ia logangl ios ide  Ine f fec t ive  
Globoside Inef fec t ive  
Lac tose  Inef fec t ive  

S e r m n  f r o m  rabb i t s  i m m u n i z e d  wi th  gang l ios ides  [ Y o k o y a m a  et aL. 
J .  Immunol .  90, 372 ( 1 9 6 3 ) ]  w a s  used as  source  of an t ibody .  

TABLE IV 

D e m o n s t r a t i o n  of Ant i -Gangl ios ide  Ant ibodies  
in  H u m a n  S e r a  in  V a r i o u s  Pa thologica l  Condi t ions  (26 ,27 )  

S e r a  Anti-  
Condi t ion  e x a m i n e d  g a n g l i o e i d e  

ant ibody  

No. T i t r e  
Norma l  42 0 
Mult iple sclerosis  42 8 I : 1 - 1 : 8  
Amyot roohic  la teral  sclerosis  3 :l 1 :8  
Sch izophren ia  14 :1 ] : 8 
Tay -Sechs '  d isease  14 0 
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R.ho(D) factor (24,25) (Table I I I ) .  However, in- 
vestigations along these lines have not been pursued 
so far as those described in the earlier portions of this 
communication. 

Finally, some attention has been directed towards 
the possibility that anti-ganglioside antibodies might 
occur in the serum of patients with various lesions of 
the central nervous system, particularly with regard 
to multiple sclerosis (26). Antiganglioside antibodies 
are not normally present in human serum. A low but 
demonstrable antiganglioside antibody titre does occur 
in about 20% of patients with multiple sclerosis, and 
amyotrophic lateral sclerosis (Table IV). The anti- 
body in the sera from patients with multiple sclerosis 
appears to be specific for monosialoganglioside (27). 
However, the role of antiganglioside antibodies in the 
etiology of pathological conditions such as multiple 
sclerosis and amyotrophie lateral sclerosis remains 
obscure. As in the case of animals in which anti- 
cerebroside antibodies were induced, no signs of 
neurological disability could be attributed to the pres- 
ence of circulating antiganglioside antibody (28). 

In retrospect, one might conclude that serum anti- 
cerebroside or antiganglioside antibodies would not 
necessarily be found in patients with multiple sclerosis 
even if an autoimmune reaction plays a role in the 
pathogenesis of this disease. This concept is supported 
by the widely accepted view that delayed hypersensi- 
tivity is a cellularly-mediated phenomenon and that 
circulating antibodies seem relatively unimportant in 
reactions of this nature (29). 
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The Structure and Chemistry of Sulfatides 
PIERRE J. STOFFYN, Harvard Medical School and McLean Hospital, Belmont, Massachusetts 

Abstract 
Recent advances in the chemistry o~ cerebro- 

side sulfates which have led to a precise formu- 
lation of their structure and to a detailed knowl- 
edge of their composition are reviewed. 

Qualitative and quantitative analyses of the 
constituent fa t ty  acids and sp,hingosine-type bases 
of cerebrosides and sulfatides have shown a close 
relationship between the cerebrosides and their 
sulfate esters. 

Sulfatides were converted into cerebrosides in 
high yield by mild desulfation with methanolie 
HC1 at room temperature. The products of par- 
tial degradation of cerebrosides--ceramide and 
psychosine--were found to be identical to the 
products obtained under similar conditions from 
desulfated sulfatides. 

By methylation and periodic acid oxydation, 
the sulfate group has been located conclusively 
and apparently only at C-3 of the galactose moi- 
ety in the sulfatide molecule. 

A fl-configuration of the galactosidic linkage 
in cerebrosides and in su]fatides has been dem- 
onstrated by direct comparison of the products 
of periodate oxidation of dihydropsychosine ob- 
tained from eerebrosides and from sulfatides, 
with the products of oxidation of 1-D-glycerityl 
fl-D-galactoside os known configuration. 

Investigations of the composition and structure 
of sulfatides abnormally accumulated in the brain 
and kidneys in cases of metachromatic le~kody- 
strophy, a demyelinating disorder, are reported. 

Introduction 

S E v ~  YEARS AGO Jatzkewitz (1) and Austin (2) 
identified as sulfatides the metachromatic sub- 

stance (3) which accumulates abnormally in the cen- 
tral nervous system (4) and the kidneys (5) of pa- 
tients afflicted with metachromatic leukodystrophy, 
a diffuse demyelinating disorder. This finding, con- 
firmed many times since (6-9), has undoubtedly been 
largely responsible for the growing interest shown 
recently in the chemistry and biochemistry of the 
cerebrosides sulfuric esters and their relationship to 
other complex lipids with which they are associated, 
notably as constitnents of the myelin membrane. 

The present article is intended to summarize the 
advances which have been made lately in the chem- 
istry of sulfatides, and to discuss some of the experi- 
mental data which are leading to a more accurate 
and detailed knowledge of the composition, the struc- 
ture and the chemical properties of these sulf01ipids. 

A general review entitled "The  Sulfolipids" and 
covering the different aspects of earlier work in the 
field has been published by Goldberg in 1961 (10). 


