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The presence of gangliosides, a class of
complex sphingolipids, was originally demon-
strated in normal brain tissue by Klenk(1).
These compounds were later found to occur
in larger amounts in the brains of patients
with Tay-Sachs disease(2) and the accumu-
lation of gangliosides in these brains is con-
sidered a significant pathognomonic feature.
Interest in the possible role of lipids as anti-
gens has recently been renewed by the dem-
onstration by Rapport et al.(3,4) that a cera-
mide (N-acyl sphingosine) dihexoside called
Cytolipin H has antigenic properties. These
observations suggested that gangliosides
which contain N-acetylgalactosamine and N-
acetylneuraminic acid residues in addition to
the sphingosine-, fatty acid-, glucose- and gal-
actose-moieties of the dihexoside structure
might also have antigenic properties. This
supposition was proven to be correct by the
recent demonstration that both gangliosides
and asialogangliosides, materials from which
the terminal N-acetylneuraminic acid resi-
dues had been removed, each caused the pro-
duction of specific antibodies(5). There was
little or no cross reaction between the anti-
bodies to these materials.

The present communication describes the
results of experiments in which the sera from
animals and patients with various central ner-
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vous system lesions were examined for the
presence of antibodies against gangliosides
and asialogangliosides.

Materials and methods. Gangliosides were
isolated and purified from beef and human
brain tissue according to the method of Trams
and Lauter(6). Asialogangliosides were pre-
pared by mild acid hydrolysis of gangliosides
(6). Blood group antisera were obtained
from Ortho Pharmaceutical Corp., N. J. Sheep
erythrocytes used in this investigation were
prepared as described previously(5).

Hemagglutination test. The samples of se-
rum were inactivated at 56°C for 30 minutes
and heteroagglutinins were removed by ab-
sorption onto washed sheep erythrocytes im-
mediately prior to use. The presence of anti-
ganglioside or anti-asialoganglioside anti-
bodies was examined by a hemagglutination
test developed in this laboratory(5). Essen-
tially, the technic consists of coating sheep
erythrocytes with the antigen by incubating
1 volume of washed packed sheep erythro-
cytes with 9 volumes of a 0.1% solution of
the appropriate lipopolysaccharide in 0.1 M
sodium phosphate-sodium chloride buffer at
pH 6.4 for 1 hour at 37°C. The coated
erythrocytes were then washed twice with
saline and 0.1 ml of a 1% suspension of the
coated erythrocytes in saline was added to
0.1 ml of serum. The mixture was incubated
in a 1.0 X 7.5 cm test tube for 1 hour at 23°
C. A positive reaction is defined as one in
which the erythrocytes were agglutinated in
the form of a diffuse carpet over the bottom
of the tube(7). A small circle of cells having
a dark outer rim or a tight button of erythro-
cytes were scored as negative readings. The
sera which showed a positive reaction were
serially diluted with saline to determine the
antibody titer.

Control tests were performed with sera of
known anti-ganglioside and anti-asialogangli-
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TABLE 1. Presence of Anti-Ganglioside and Anti-Asialoganglioside Antibodies in Sera.
Sera containing antibodies against:
No. of sera,  Gangliosides Asialogangliosides

Source Condition examined No.  Titers No. Titers
Human Normal 42 0 0
Chimpanzee Encephalitis without CNS damage 83 0 0
Human Japanese B encephalitis 14 0 6 (1:2-1:8)

” Venezuelan 1 0 1 (1:4)

" Murray Valley ” 1 0 1 (1:4)
Chimpanzee Encephalitis with CNS damage 12 0 5 (1:2-1:4)
Human Tay-Sachs disease 14 0 5 (1:1-1:4)

v Schizophrenia 14 1 (1:8) 3 (1:1-1:4)

” Multiple sclerosis 42 8 (1:1-1:4) 0

” Brain tumor 4 1 (1:8) 0

” Amyotrophie lateral sclerosis 3 1 (1:8) 0

" Kuru 3 0 0
Guinea pig  Experimental allergic encephalitis 11 0 0

” ”? Injected with gangliosides 9 5 (1:8-1:32) 0

oside antibody titers obtained from rabbits
immunized against these materials(5). Neg-
ative controls were carried out with saline,
normal human sera, non-immune animal sera,
and non-coated sheep erythrocytes.

When samples of patients’ blood were avail-
able, the erythrocytes were tested for the
ABO, MN, Le2, Rh (C, D, E, ¢, and e) blood
type systems.

Results. Antibody against gangliosides and
asialogangliosides was not detected by the
hemagglutination method used in the present
experiments in 42 samples of normal human
serum or in 83 sera of chimpanzees inoculated
with Japanese encephalitis virus whose sera
showed complement fixing antibody titers of
1:4 to 1:32 and hemagglutination inhibiting
antibody titers of 1:10 to 1:5120 but without
histological evidence of brain damage (Table
I). In 8 out of 16 cases of human encepha-
litis, anti-asialoganglioside antibodies were
present in the sera. Similar antibodies were
observed in 5 of 12 sera from encephalitic
chimpanzees with brain lesions. Of the 14
sera obtained from patients with Tay-Sachs
disease, 5 showed the presence of anti-asialo-
ganglioside antibody. Anti-ganglioside anti-
bodies were not detected in these sera.

In 3 of the sera of 14 schizophrenic pa-
tients, anti-asialoganglioside antibodies were
found, and in another, the presence of anti-
ganglioside antibody was also detected. Anti-
ganglioside antibodies were present in the
sera of 8 of 42 cases of multiple sclerosis. The

serum obtained from one of 4 patients with
brain tumors and 1 of 3 sera obtained from
patients with amyotrophic lateral sclerosis
showed anti-ganglioside antibodies. No anti-
bodies against gangliosides or asialoganglio-
sides were detected in 3 cases of kuru. Simi-
lar negative results were obtained in 11 sera
of guinea pigs with experimental allergic en-
cephalomyelitis produced by the injection of
a partially purified spinal cord protein(8).
When a solution of gangliosides was injected
into guinea pigs along with a basic brain pro-
tein fraction(9), sera from 5 of the 9 animals
injected showed the presence of anti-ganglio-
side antibodies. No anti-asialoganglioside
antibodies were detected in these animals.

The results of the blood group tests showed
that all of the patients with multiple sclerosis
whose sera showed the presence of anti-gan-
glioside antibodies were homozygous with re-
spect to the hr'(c) blood group antigen. How-
ever, not all of the sera of the multiple sclero-
sis patients with the hr’(c) antigen contained
anti-ganglioside antibodies.

Discussion. The possibility that auto-
immune phenomena contribute to the patho-
genesis of a number of disease states has been
actively investigated(10-12). The demon-
stration by Rapport ef al. of the antigenicity
of a ceramide dihexoside suggested that the
sera of patients and experimental animals
with lesions of the central nervous system
should be examined for the presence of
sphingolipid antibodies. The present data
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indicate that in a number of instances, brain
damage is attended by the presence of anti-
bodies in the serum against gangliosides and
asialogangliosides. The formation of these
antibodies appears to be specific since no
cross reactions were observed in the present
series. This finding is consistent with the
production of specific antibodies when either
gangliosides or asialogangliosides were in-
jected into experimental animals(5).

Only anti-asialoganglioside antibodies were
present in human and chimpanzee sera from
encephalitis cases with evidence of brain
damage. It is perhaps significant in this re-
gard that the commonly accepted mechanism
of penetration of influenza virus into cells is
thought to occur with the concomitant libera-
tion of neuraminic acid(13). Thus, through
the action of the receptor destroying enzyme,
one might expect the production of asialo-
ganglioside as an antigenic residue on a por-
tion of the surface of the penetrated cell.

It was somewhat surprising to find anti-
ganglioside antibodies in the sera of patients
with multiple sclerosis in view of the fact
that gangliosides apparently are not charac-
teristic components of the myelin sheath. It
may be that the integrity of the myelin sheath
depends upon the functional state of the neu-
ron and these observations reflect some de-
rangement of the neuronal cell.

Conversely, it is difficult to explain satis-
factorily the finding of anti-asialoganglioside
antibodies in sera of patients with Tay-Sachs
disease, a condition in which an excess of
gangliosides accumulates in the neurones.
Such conflicting observations render prema-
ture attempts to assess the magnitude of the
role of the auto-immune phenomena in these
disease states, particularly in cases such as
multiple sclerosis where it appears that the
observations in the present study may have
revealed only one of a number of possible
antigenic agents.

- The observation that only patients homo-
zygous for hr’(c) blood group antigen showed
anti-ganglioside antibodies in the serum sug-
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gests that genetic factors may play a role in
this response. The role of such a hereditary
factor and whether a similar relationship
exists in other cases of multiple sclerosis with
perhaps other antigenic materials as yet un-
detected require further investigation.

Summary. Anti-asialoganglioside or anti-
ganglioside antibodies were not detected in
42 samples of normal human serum. Sera ob-
tained from animals and patients with viral
encephalitis having clinical evidence of brain
damage contained antibodies against asialo-
gangliosides. The presence of these anti-
bodies was also observed in 5 of the sera from
14 patients with Tay-Sachs disease and in 3
of 14 cases of schizophrenic patients. Anti-
ganglioside antibodies were found in the sera
of 8 of 42 patients with multiple sclerosis.
The formation of this antibody appeared to
be linked to the presence of homozygous
hr’(c) blood group antigen in these patients.
The participation of auto-immunizing phe-
nomena in the pathogenesis of this disease
state is considered.
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