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Abstract—Cerebellar degeneration has been associated with gluten sensitivity and celiac disease. Patients with celiac
disease may have neuropathy and antibodies to gangliosides. The authors investigated the presence of antiganglioside
antibodies in 22 patients with hereditary and nonhereditary ataxia and found 64% reactive in a novel agglutination test.
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Association of ataxia with celiac disease has long
been known.1 Celiac disease is an autoimmune enter-
opathy caused by chronic exposure to gluten in ge-
netically susceptible persons.2,3 Other autoimmune
disorders may occur in patients with celiac disease
before the disease is recognized.4 We, and others,
found evidence that sporadic cerebellar degeneration
may be associated with gluten sensitivity in the ab-
sence of overt celiac disease.5-7 Hereditary cerebellar
degeneration may also be associated with gluten sen-
sitivity, although it is primarily seen in SCA-2 pa-
tients with the DQ2 haplotype.7 This higher
frequency of gluten sensitivity in SCA-2 patients
may reflect the different populations studied because
investigators elsewhere have not reported similar
findings. Recently, antiganglioside antibodies were
detected in patients with celiac disease and neuropa-
thy.8 We investigated the presence of ganglioside an-
tibodies in patients with cerebellar degeneration.

Patients and methods. The Institutional Review Board at the
National Institute of Neurologic Disease and Stroke (National
Institute of Neurological Disorders and Stroke) approved this
study; all patients gave informed consent. Patients were seen and
examined in the Human Motor Control Section Clinic at the Na-
tional Institute of Neurological Disorders and Stroke. Patients
had been referred to the clinic for the diagnostic evaluation of
progressive ataxia and various treatment trials. The clinical eval-
uation consisted of a full neurologic assessment, specific rating
scales for ataxia, and a general medical examination. All patients
had MRI of the brain to exclude structural causes of ataxia. Pa-
tients underwent laboratory testing for underlying causes of
ataxia. The tests included complete blood count, liver function
tests, thyroid function tests, vitamin E level, homocysteine level,
cobalamin level, human leukocyte antigen (HLA) typing, quantita-
tive immunoglobulin levels, antigliadin (AGA) antibodies (IgG and
IgA), antireticulin (ARA) antibodies, antiendomysial (EmA) anti-
bodies, and tissue transglutaminase antibodies (TTG). Patients
were tested for abnormal trinucleotide expansion in the SCA
genes types 1, 2, 3, 6, 7, 8 and Friedreich’s ataxia (FA). SCA-5 was
diagnosed by linkage analysis.

The label of gluten sensitivity was given to those patients with
positive test results for AGAs, ARAs, EmAs (Mayo Medical Labs,
Rochester, MN), or TTGs (Inova Diagnostics, San Diego, CA), and
these patients were referred for duodenal biopsy. Hereditary dis-
ease was defined based on a positive genetic test or if there was a
clear family history suggesting hereditary ataxia. The term multi-
ple system atrophy (MSA) was used for those nonhereditary pa-
tients with prominent autonomic manifestations.9 The remaining
patients were determined to have idiopathic ataxia (IA). Many of
these patients have been reported previously.7 From a database of
more than 100 sequential patients with cerebellar degeneration,
22 were selected to undergo ganglioside antibody testing. This
subset of patients was randomly chosen to include similar propor-
tions of hereditary and nonhereditary disease; both groups have
approximately equal numbers of patients with gluten sensitivity.
The 22 patients were evaluated for antiganglioside antibodies us-
ing a recently developed method.8,10 Briefly, serum is initially
screened for ganglioside antibodies using microparticles coated
with a total ganglioside extract from bovine brain. The presence or
absence of agglutination was determined and, if present, graded
from 1 to 3 (3 � marked agglutination). Those positive were ana-
lyzed for antibodies to individual gangliosides using ELISA. Spe-
cific testing was done for IgG and IgA antibodies to GM1, GM2,
GD1a, GD1b, GQ1b, and GT1b. These results were contrasted
with a control population of 46 healthy volunteers, 20 patients
with MS, and 6 patients with ALS.

Results. Twenty-two patients were studied for antiganglioside
antibodies (table). There were 8 men and 14 women (mean age,
51.7 years; mean disease duration, 9.3 years). Twelve patients had
hereditary ataxia: four had a history consistent with autosomal
dominant cerebellar ataxia (Patient 1 had only one affected first-
degree relative), three had SCA-2, and one each had SCA-1, -5, -6,
-8, and FA. Three patients met diagnostic criteria for MSA. The
remaining seven patients were determined to have IA. Of the 11
patients with gluten sensitivity, 5 had a duodenal biopsy with
nonspecific inflammatory changes and focal villous blunting with-
out crypt hyperplasia (Patients 2, 6, 7, 8, and 10); one refused
biopsy; and the remainder was normal. Eleven patients had an
HLA phenotype of DQ2 or DR4/DQ8, which is associated with risk
for celiac disease.

Sera from 14 patients (64%) with cerebellar ataxia were posi-
tive for antiganglioside antibodies when tested with the agglutina-
tion assay. Of the 14 patients with positive sera, 9 demonstrated
evidence for gluten sensitivity. When tested by ELISA for antibod-
ies to the individual gangliosides, six patients had elevated titers
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of anti-GM2 antibodies, three were positive for antibodies to
GD1b, and one was positive for antibodies to GD1a. Six of the sera
were positive using the agglutination assay but not with ELISA.
There was no relationship between the presence of antiganglioside
antibodies and hereditary or acquired ataxia. All but two patients
with gluten sensitivity had antibodies to gangliosides. None of the
control population had ganglioside antibodies.

We investigated whether the presence of any specific clinical
signs beyond ataxia was correlated with the presence of antigan-
glioside antibodies. Four of four patients with autonomic involve-
ment had antibodies to gangliosides. Three of eight patients with
dorsal column/large fiber neuropathy involvement on vibratory
testing were positive for antiganglioside antibodies. Two of seven
patients with idiopathic ataxia were associated with antiganglio-
side antibodies (Patients 8, 12, 14, 15, and 22).

Discussion. We found a high prevalence of anti-
ganglioside antibodies in patients with cerebellar de-
generation, particularly those with other prominent
noncerebellar findings such as seen in MSA. This
provides a further link between autoimmunity and
degenerative ataxias. Although the specificity of the
assay used has not been fully defined, current evi-
dence suggests that it is unlikely to simply reflect
general neurologic insult. Further study should investi-
gate the relevance of autoimmunity in the pathogenic
processes of hereditary and sporadic ataxias, especially
as it may relate to extracerebellar manifestations. It is
probable that antiganglioside antibodies (and autoim-
munity in general) are secondary to the primary patho-
genic processes. However, even if this is true,

autoimmunity may contribute to neurologic dysfunc-
tion. If this contribution can be demonstrated, it may
lead to effective therapy for these conditions.
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Table Individual patient information

Patient number/
age (y)/sex/DD Diagnosis Other signs Gluten sensitivity

Ganglioside
antibodies^/ELISA DRB1

HLA
DQB1 DRB

1/51/M/6 ADCA UMN, S, A AGA 3/� 0101, 1302 0501, 0604 3*0301
2/63/F/9 SCA8 EPS AGA, ARA, TTG �/� 0401, 0404 0301, 0302 4*01
3/60/F/2 SCA2 UMN AGA 1/� 1501, 0000 0601, 0000 ?
4/37/F/14 SCA2 B, SS, S AGA 1/GM2 IgG 0301, 0401 0201, 0305 3*02, 4*01
5/65/F/6 SCA2 B, S AGA 1/GD1a IgA, GM2, IgA 0701, 1501 0201, 0501 4*01, 5*01
6/71/M/3 MSA B, A AGA 1/GM2 IgG 0101, 1501 0501, 0601 5*01
7/62/M/7 MSA B, UMN, A AGA 1/� 0410, 1501 0401, 0602 4*01, 5*0101
8/50/M/20 IA � AGA �/� 1302, 1501 0601, 0601 3*0301, 5*01
9/49/M/4 MSA B, UMN, S, A AGA 1/� 1101, 1501 0301, 0602 3*0202, 5*0101
10/43/F/4 ADCA ? TTG 1/� 0101, 1301 0501, 0603 3*01
11/41/F/23 ADCA B, M AGA 2/GM2 IgG 0101, 1301 0501, 0601 3*0301
12/68/F/2 IA UMN, S � �/� 0801, 1302 0401, 0601 3*0301
13/55/F/9 IA UMN � 2.5/GD1b IgG 0701, 1001 0201, 0000 4*01
14/62/M/32 IA S � �/� 0404, 1101 0301, 0302 3*0202, 4*01
15/27/F/5 IA UMN, S � �/� 0404, 0701 0201, 0401 4*01
16/50/F/5 SCA1 UMN, S � 3/GD1b IgG, GM2 IgG,

GD1b IgA
1001, 1101 0301, 0501 3*02

17/27/M/17 ADCA ? � �/� 0301, 1101 0201, 0301 3*01, 3*02
18/61/M/7 SCA6 � � 1/� 1401, 1501 0501, 0601 3*02, 5*01
19/29/F/9 FA S � �/� 0301, 1101 0201, 0301 3*01, 3*02
20/74/F/12 IA C, EPS, UMN � 2/GM2 IgG, GD1b IgA 0401, 1301 0301, 0603 3*01, 4*01
21/31/F/5 SCA5 � � 1.5/GM2 IgG 0401, 1601 0301, 0501 4*01, 5*02
22/62/F/4 IA S � �/� 0101, 0701 0201, 0501 4*01

DD � disease duration (years); ADCA � autosomal dominant cerebellar ataxia; MSA � multiple system atrophy; IA � idiopathic atax-
ia; SS � slowed saccades; B � bulbar; A � autonomic; UMN � upper motor neuron; S � loss of vibratory sensation; M � myoclonus;
C � cognitive impairment; EPS � extrapyramidal signs or symptoms; AGA � antigliadin antibodies; ARA � antireticulin antibodies;
TTG � tissue transglutaminase antibodies; � � none detected; ? � unknown; ^ � degree of agglutination.
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