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Gangliosides and autoimmune neuropathies:
classification and clinical aspects of autoimmune
neuropathies

Andreas J Steck, Ludwig Kappos

The aim of this short review is to provide
some background information on the subject
of antibodies to gangliosides and peripheral
neuropathies. Gangliosides are a family of
acidic glycolipids composed of a lipid
(ceramide) and carbohydrate (oligosaccharide
chain). Four gangliosides GM1, GDla,
GDlb and GTlb, are especially abundant in
the brain. They each contain an identical four
sugar chain but vary in the number of sialic
acid molecules. In the peripheral nerve, a fifth
ganglioside, LM1, containing a different car-
bohydrate structure occurs in relative abun-
dance. Gangliosides are present in the
membrane of neurons, on the axolemma, par-
ticularly at the node of Ranvier and to some
extent also in myelin. They are synthesised in
the Golgi apparatus, transported down the
axons at fast rates of axoplasmic flow to
become inserted in the axolemma and at
synaptic terminals. In addition to ganglio-
sides, other glycoconjugates are found in the
peripheral nerve including neutral glycolipids,
glucuronic acid containing glycolipids, and
glycoproteins such as myelin associated glyco-
protein (MAG) and the myelin glycoproteins
Po and PMP22.' Most of these glycoconju-
gates have been implicated in the past as
being candidate antigens in instances of
peripheral neuropathy in which antibodies to
one or more of these compounds may be mea-
sured.2 Whether these antibodies are patho-
genic alone, or there are some associated
factors necessary to cause the neuropathy, is a
matter of considerable debate.
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Peripheral neuropathies and neuropathic
processes
The primary neural elements that compose
the peripheral nervous system lie partly within
the central nervous system, particularly the
cell bodies of motor neurons and the intra
spinal portion of the central processes of pri-
mary sensory neurons.3 A part of these ele-
ments therefore are protected by the
blood-brain-barrier. Other portions lie behind
the more permeable blood-nerve-barrier and
finally, the dorsal root ganglia themselves and
some motor nerve terminals at the neuro-
muscular junction are barrier free. These
anatomical facts have important implications
for distribution of disease and selective vul-
nerabilities.
The two major processes by which periph-

eral nerve fibres are affected are segmental

demyelination and axonal degeneration.
Primary breakdown of myelin is the hallmark
of segmental demyelination. The process usu-
ally begins at a node of Ranvier by paranodal
involvement. The physiological consequence
of segmental demyelination is conduction
block. Other pathophysiological features of
demyelinating neuropathies are the slowing of
nerve conduction velocities, prolonged distal
latencies, and late responses. Onset and
recovery from segmental demyelination can
be rapid and dramatic as in the case of acute
Guillain-Barre syndrome. However, in pri-
mary demyelinating neuropathies associated
with dysproteinaemia, demyelination occurs
at a much slower pace. Both conditions are
thought to be of autoimmune origin, and dif-
ferences in the rate of progression must be
due to some as yet poorly understood autoim-
mune factors. Axonal degeneration usually
results from dysmetabolic events affecting the
lower motor neuron or primary sensory neu-
ron. The sites of greatest vulnerability appear
to be those furthest from the nerve cell body.
In some neuropathies mixtures of axonal
degeneration and segmental demyelination
occur.

Peripheral neuropathies and
anti-glycoconjugate antibodies
A) BACKGROUND
Several findings serve as background.
Different authors have reported the associa-
tion of peripheral neuropathy and monoclonal
proteins and in some patients it was shown
that the monoclonal protein bound to periph-
eral nerve. In 1982 Braun et al4 showed that
the structure to which the monoclonal IgM
was bound was myelin associated glycoprotein
(MAG) and since then many more such
patients have been identified.5 Soon after, it
was observed that the IgM bound to the car-
bohydrate part of MAG. The epitope for
monoclonal IgM of patients is also present on
two glycosphingolipids present in peripheral
nerve and is referred to as SGPG and
SGLPG. In addition Po, another glycoprotein
of myelin, also carries the epitope.6 Current
evidence strongly suggests a causative role for
the anti-MAG antibodies in the demyelinating
neuropathy.

Interest in autoantibody activities of mono-
clonal proteins was stimulated by the finding
that some patients with lower motor neuron
syndromes had monoclonal antibodies
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binding to one or more gangliosides. In addi-
tion, many patients with multifocal motor
neuropathies have high titres of polyclonal
antibodies to the ganglioside GM1.7 More
recently, elevated antibodies to the ganglio-
side Gqlb have been shown in patients with
Miller Fisher syndrome.8 The controls,
including those with Guillain-Barre syn-
drome, were negative. Taken together, these
observations suggest the possibility that glyco-
conjugates (glycoproteins and/or glycolipids)
could play a role in the immunopathogenesis
of autoimmune neuropathies.

B) MOTOR NEURON DISEASE
Separating motor neuron diseases from pure
motor neuropathies has not always been easy.
For example, is it correct to call a condition in
which there is loss of anterior horn cells a
motor neuropathy or should it be designated
as a motor neuron disease? There are clearly
problems in deciding, on clinical and electro-
physiological grounds, whether a condition is
a motor neuronopathy or an axonopathy or
both.9
The report of Freddo et al'I has triggered a

number of surveys on the relation of motor
neuron disease and anti-ganglioside GMl
antibodies. A few patients with motor neuron
syndromes have a monoclonal IgM reactivity
with gangliosides, typically GMl and Gdlb.
Some patients with the clinical course and
features of classic amyotrophic lateral sclerosis
also have high titres of antibodies (usually
polyclonal) to gangliosides."1 12 At present the
meaning of these observations is unclear.

C) MULTIFOCAL MOTOR NEUROPATHY
In the last five years, an increasing number of
patients have been described with a clinical
syndrome of asymmetric motor weakness,
electrophysiological evidence of motor con-
duction block as well as axonal loss. Some of
these patients have been shown to have poly-
clonal anti-GM1 antibodies in high titres.
These patients are clearly distinct from classi-
cal motor neuron diseases or ALS in terms of
clinical signs, symptoms, and response to
treatment. Many publications have now
shown that these patients are responsive either
to courses of intravenous cyclophosphamide
or intravenous immunoglobulin."'-15

D) DEMYELINATING NEUROPATHY WITH
MONOCLONAL IGM ANTI-MAG ANTIBODY
More than 50% of patients with IgM neu-
ropathy have an anti-MAG reactivity. The
phenotype of this neuropathy tends to be that
of a large fibre sensory neuropathy with ataxia
and demyelinating features by electrodiagnos-
tic examination. Additional reasons for con-
sidering this neuropathy a separate clinical
entity are:
1) In contrast to IgG and IgA neuropathy
those with anti-MAG antibodies show
immunoglobulin deposits on myelin in nerve
biopsy. 17
2) Abnormal widening of myelin lamellae is
almost pathognomonic for patients with anti-
MAG antibodies.'7

3) The clinical characteristics, course,
electromyographic features for anti-MAG
neuropathy, differ statistically from those with
IgG or IgA MGUS neuropathy.

In general it has been claimed that patients
with IgG and IgA paraproteins respond better
to corticosteroids, cytotoxic drugs or plasma
exchange than those with IgM paraprotein.
Results of a double-blind trial confirmed this
impression: plasma exchange was efficacious
in neuropathy with monoclonal gammopathy
of undetermined significance (MGUS) of the
IgG or IgA type, but not in the IgM group. It is
not known why patients with IgM gammopa-
thy do not respond, but plasma exchange may
not have been effective in removing IgM anti-
bodies from the site of the action in the
myelin sheath in the time allowed by the study
design.'8

Conclusion
The subject of polyneuropathies associated
with antibodies that bind to glycoconjugates
has generated a wealth of publications. Many
different autoantibodies have now been
described in association with peripheral nerve
disorders. It is interesting that neuropathies
caused by these different autoantibodies
appear to be clinically distinct. Auto-
antibodies to MAG cause a demyelinating
sensory motor neuropathy. Autoantibodies to
the ganglioside GMl have been associated
with a multifocal motor neuropathy but other
motor syndromes have also been described in
the presence of anti-GMl antibodies. In
Miller Fisher syndrome elevated antibodies to
the ganglioside Gqlb have been reported.
This suggests that antibodies to glycolipids or
glycoproteins are important factors in the
pathogenesis of neuropathies.

However, some problems remain: progress
in understanding the pathogenesis of these
autoantibodies has been slow because of the
lack of appropriate animal models. The relia-
bility of antibody measurement used by differ-
ent investigators has been questioned and
results obtained in different laboratories are
not easily comparable.'9 As antibodies to gan-
gliosides seem to be ubiquitous and part of
the normal immune repertoire, the signifi-
cance of low titre antibodies to various glyco-
conjugates that are found in some cases of
GBS, motor neuron diseases and chronic
inflammatory demyelinating polyneuropathy
is a matter of debate. Whether antibody
responses are secondary to neural tissue
breakdown is not known, although the
absence of high titres in patients with other
neurological diseases associated with neuronal
tissue breakdown is an argument against this
assumption.20 The vexing problem is the dis-
covery of other cases of the same disease that
do not have any measurable antibody titre to
glycoconjugates. Answers to all these ques-
tions may have to wait for a better under-
standing of the underlying autoimmune
mechanisms.
This study was supported by the Swiss National Science
Foundation and the Swiss Multiple Sclerosis Society.
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