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Abstract Cerebellar adult onset ataxia is a heterogeneous

condition. The aim of this study was to ascertain if there is

a heightened autoimmune background in patients with

sporadic cerebellar ataxia of unknown origin, and if auto-

immunity correlates with a more rapid evolution of the

ataxia. We selected patients with sporadic progressive adult

onset cerebellar ataxia with a follow-up of [5 years. As

controls we included 43 patients with genetically demon-

strated hereditary ataxia. All patients were tested for a

panel of neuronal (onconeuronal, glutamate-decarboxylase

[GAD], IgG/IgA transglutaminase 6 antibodies) and sys-

temic non-neuronal antibodies (including IgG/IgA gliadin

and transglutaminase 2, thyroperoxidase, thyroglobulin,

antinuclear, striational, smooth muscle, mitochondrial,

liver kidney microsomal, and parietal gastric cells anti-

bodies). Correlation between the antibodies and disease

progression was studied with Cox regression models and

Kaplan–Meier plots. Forty-four patients were included. All

patients were negative for onconeuronal or GAD antibod-

ies. There were no significant differences between patients

and controls in the prevalence of transglutaminase 6, 2,

gliadin, or thyroid antibodies. However, when we studied

the panel of systemic non-neuronal autoantibodies as a

group, antibodies were more frequent in patients with

sporadic ataxia (p = 0.018). The presence of one or more

systemic non-neuronal antibodies correlated with a faster

evolution to stage 2 (loss of independent gait) (p = 0.03)

and shorter survival (p = 0.03) in patients with sporadic

ataxia. We conclude that there is probably a heightened

autoimmune background in some patients with sporadic

cerebellar ataxia of unknown origin. The presence of sys-

temic non-neuronal autoantibodies is a prognostic marker.
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Introduction

Physicians dealing with patients presenting with sporadic

adult-onset cerebellar ataxia are challenged to recognize

treatable conditions [1, 2.] There is evidence that autoim-

munity leads to neuronal loss in paraneoplastic cerebellar

degeneration (PCD), and these patients may benefit from

aggressive immune (and antineoplastic) treatment. It has

also been suggested that autoimmunity underlies subacute

non-paraneoplastic cerebellar ataxia. However, because of

the lack of serological markers and the unclear nosologic

limits of this condition it is often difficult to make early

treatment decisions. An exception is the presence of anti-

glutamic acid decarboxylase (GAD) antibodies in some

patients that usually have a slower progression of the
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cerebellar symptoms. The role of autoimmunity in other

chronic forms of sporadic adult-onset ataxia remains

speculative. As an example, there is controversy as to

whether silent celiac disease can be presented solely with

cerebellar ataxia. Some investigators have suggested that

ataxia in these patients is immune mediated and proposed

to name this disorder ‘‘gluten ataxia’’ [3, 4].

We studied a panel of neuronal and systemic autoanti-

bodies in a series of patients with sporadic cerebellar ataxia

to ascertain if there is a heightened autoimmune back-

ground, and if autoimmunity correlates with a more rapid

evolution of the ataxia.

Methods

Patients

We studied patients referred to the ataxias unit of our

center between 1995 and 2005 with progressive cerebellar

ataxia, onset after the age of 20 years and a follow-up of at

least 5 years. Exclusion criteria were the following: (1)

abnormal brainstem or cerebellar MRI findings other than

cerebellar atrophy; (2) clinical or MRI features of multiple

system atrophy, progressive myoclonic ataxia, fragile-X-

associated tremor/ataxia syndrome, MERRF (myoclonic

epilepsy with ragged-red fibers), MELAS (mitochondrial

myopathy, encephalopathy, lactic acidosis, and stroke-like

episodes) or NARP (neuropathy, ataxia, and retinitis pig-

mentosa); (3) exposure to alcohol or other toxins on the

cerebellum; (4) vitamin B12 or E deficiency; (5) clinical,

laboratory or MRI evidence of HIV, syphilis, prionopathy,

or Whipple disease; (6) positive family history of ataxia or

parental consanguinity; (7) positive genetic test (all

patients were screened for Friedreich ataxia, dentatoru-

bropallidoluysian ataxia, SCA1,2,3,6,7, and 8 genes; when

clinically indicated FMR1 premutation was studied). To

study disease progression we defined the following stages

(modified from reference [5]): stage 0 = no gait difficul-

ties; stage 1 = disease onset, as defined by onset of gait

difficulties; stage 2 = loss of independent gait, as defined

by permanent use of a walking aid or reliance on a sup-

porting arm; stage 3 = confinement to wheelchair, as

defined by permanent use of a wheelchair; stage

4 = confinement to bed; stage 5 = death. As a control

group for our study we selected 43 patients with genetically

demonstrated hereditary ataxia: 20 Friedreich ataxia, 1

SCA2, 11 SCA3, 10 SCA6, 1 SCA7. Serum was obtained

in the first visit or admission under informed consent and

kept frozen at -80�C. We received approval from the

ethical standards institutional committee. Written informed

consent for research was obtained from all patients par-

ticipating in the study.

Immunological studies

Serum samples of all patients were tested for the following

antibodies:

Antineuronal antibodies

Well characterized onconeuronal, Tr, and GAD antibodies

were studied with indirect immunofluorescence (IF) as

previously described [6]. Positive samples were confirmed

with immunoblots of whole rat cerebellum extracts or

human recombinant proteins. Neuronal transglutaminase 6

IgG/IgA (TG6) antibodies were studied with ELISA fol-

lowing manufacturers instructions (Zedira, Darmstadt,

Germany).

Panel of systemic non-neuronal antibodies

Gliadin, transglutaminase 2 IgG/IgA (TG2), thyroperoxidase

and thyroglobulin antibodies were studied with ELISA.

Standard indirect immunofluorescence on rat tissues was

used for testing the following antibodies: antinuclear anti-

bodies (ANA), striational antibodies, anti-smooth muscle

antibodies, anti-mitochondrial antibodies, anti-liver kidney

microsomal antibodies (ALKM), anti-parietal gastric cell

antibodies (APGC).

Statistical analysis

To compare the demographic characteristics and frequency

of antibodies between groups, the v2 or t Student tests were

used accordingly. Cox multivariate regression model and

Kaplan–Meier plots were used to evaluate the association

between systemic antibodies and disease progression.

Results

Patients and immunological associations (Table 1)

Fifty patients fulfilled the inclusion criteria for our study.

Five patients developed cancer within 5 years of the onset

of the ataxia (PCD). Three had well characterized onco-

neuronal antibodies (Abs) (two anti-Yo and ovarian cancer,

one anti-Hu and lung cancer); one of the patients with anti-

Yo Abs had also TG6 antibodies. One patient had GAD

Abs and thymic carcinoid (previously reported [7]), and

another patient had cerebellar ataxia, Lambert–Eaton

myasthenic syndrome, and lung cancer. These patients

were excluded from further analysis. We also excluded a

woman with anti-Yo antibodies and no cancer after a fol-

low-up of 5 years. None of the remaining 44 patients with

sporadic ataxia or 43 control patients with genetic ataxia
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had onconeuronal or GAD antibodies. Nine patients with

sporadic ataxia and four controls had atypical reactivities

on IF on rat cerebellum (p = 0.145). We found eight

patients with TG6 antibodies (Table E-1): five patients with

sporadic ataxia of unknown origin, two patients with

Friedreich ataxia, and one patient with SCA3. When ana-

lyzed as a group, the presence of one or more of the sys-

temic non-neuronal auto-antibodies was more frequent in

patients with sporadic ataxia (p = 0.018). No significant

statistical differences were found when gliadin IgG/IgA,

TG2 IgG/IgA, or thyroid antibodies were analyzed

independently.

Analysis of the influence of autoimmunity on disease

progression and survival (Fig. 1)

Kaplan–Meier longitudinal analysis showed that in patients

with sporadic ataxia, the presence of one or more of the

systemic non-neuronal antibodies correlated with a faster

evolution to reach stage 2 (loss of independent gate)

(p = 0.03; log rank 5.35) and shorter survival (p = 0.03;

log rank 7.8). The mean latency to reach stage 2 was

4.3 years (Fig. 1a) for patients with one or more antibod-

ies, and was shorter (2.1 years, p \ 0.01; log rank 14.7) for

patients with a higher autoimmune ‘‘load’’ (two or more

positive antibodies). The Cox multivariate regression

analysis adjusted for age and sex confirmed the presence of

systemic non-neuronal antibodies as the only independent

prognostic factor for reaching stage 2 (odds ratio-OR- 2.4,

95% CI 1.1–5.3, p = 0.031) and death (OR 6.3, 95% CI

1.3–33.6, p = 0.030).

Significant differences persisted when the six patients

who had subacute cerebellar ataxia (time to reach stage 2

of less than 4 months) were excluded from this analysis

(Fig. E-1).

Discussion

In this study the presence of systemic autoantibodies was

related to a higher risk of disability progression and death

in patients with sporadic ataxia of unknown origin. While

autoimmunity may have played a role in the progression of

neuronal destruction, we failed to demonstrate specific

neuronal autoimmunity in these patients. Because of the

similarities with PCD, and the recent finding of implicated

neuronal antigens [8], it is believed that subacute sporadic

cerebellar ataxia is immune mediated. Although our find-

ings support this hypothesis, there was no clear cut between

patients with less/more than 4 months of evolution (the

most widely accepted temporal criteria for subacute ataxia)

[9]. In fact, the prognostic impact of systemic autoimmu-

nity persisted in patients with more than 4 months of

evolution.

When systemic antibodies as a group were studied, they

were more frequently found in patients with sporadic ataxia

as compared with genetic ataxia. Although age-related

increase in autoantibody prevalence can be in part respon-

sible for this difference [10], these antibodies are probably

markers of a heightened autoimmune background in some

patients with sporadic ataxia. This hypothesis is further

strengthened by the correlation between systemic antibodies

and the more rapid evolution of the symptoms and shorter

survival. Of interest, the individual frequency of gliadin,

tranglutaminases 2/6 or thyroid antibodies did not reach

significant differences between patients with sporadic and

genetic ataxias. These data argue against specific entities

such as Hashimoto [11] or gluten ataxia [3]. Recently, it has

been reported that antibodies against the neuronal specific

transglutaminase (TG6) are markers of gluten ataxia [12].

We were not able to replicate this finding as we found anti-

TG6 antibodies in patients with paraneoplastic, sporadic and

Table 1 Frequency of autoantibodies in sporadic versus genetic ataxias

a Include antinuclear antibodies, striational antibodies, anti-smooth muscle antibodies, anti-mitochondrial antibodies, anti-liver kidney micro-

somal antibodies, anti-parietal gastric cell antibodies
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genetic ataxias, including Friedreich ataxia and Machado–

Joseph disease. TG6 antibodies might be secondary to neu-

ronal damage, rather than being pathogenic. Of interest,

neuronal transglutaminase interact with abnormally expan-

ded polyglutamine tracts in patients with SCA3 [13]. Whe-

ther the immune system recognizes neuronal protein

aggregates in patients with polyglutamine expansion dis-

eases needs further investigation.

We conclude that there is probably a heightened auto-

immune background in some patients with sporadic cere-

bellar ataxia of unknown origin. The presence of systemic

non-neuronal autoantibodies is a prognostic marker. Fur-

ther research is needed to identify reliable serological

markers of patients with autoimmune non paraneoplastic

ataxias.
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Fig. 1 Kaplan–Meier graphs. a Latency to reach stage 2 (loss of

independent gait) in patients with sporadic ataxia positive for one or

more systemic non-neuronal autoantibodies versus seronegative

patients (p = 0.03). b Idem, patients positive for two or more

systemic non-neuronal autoantibodies versus the rest (p \ 0.01).

c Mortality of patients with sporadic ataxia positive for one or more

systemic non-neuronal autoantibodies versus seronegative patients

(p = 0.03)
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