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Unlike autoimmune diseases that have a clear
target organ or clear target cell specificity
(e.g. pancreatic islet cells in type 1 diabetes,

thyroid in Hashimotos thyroiditis, melanocytes in
vitiligo), in autoimmune diseases affecting the CNS
the concept of target specificity is perhaps less well
appreciated because the brain is often viewed
(mainly by non-neurologists) as one “organ”. The
brain however, is made up by such a diverse collec-
tion of cells and systems that it is probably more
appropriate to think of it as a collection of well inte-
grated but nonetheless multiple “organs”.

The cerebellum, in particular, is one of the largest,
oldest and most structurally conserved structures in
the vertebrate nervous system with a remarkable
homogeneity across species.1 Despite its name
(cerebellum – Latin for little brain), its structure and
complexity suggest that its role within the central
nervous system matches in importance, that of the
cerebral cortex. It has a limited number of morpho-
logically well-defined classes of cells with Purkinje
cells perhaps being the most important of all.  They
certainly constitute the most important efferent ele-
ment of the cerebellum, reflected by the fact that
each can accommodate up to 160,000 synapses.
This is the largest number of synapses seen in any
neuron of the mammalian brain. Purkinje cells are
often the target of immune mediated insults such as
those seen in the context of paraneoplastic cerebel-
lar degeneration. This disease is characterised diag-
nostically by a number of specific antibodies against
different Purkinje cell antigens, pathologically by
loss of Purkinje cells, and clinically by a rapidly pro-
gressive ataxia.2 The cerebellum can also be an
immune target in the context of other diseases such
as post infectious cerebellitis3 and gluten sensitivity
(gluten ataxia).4

In addition to these specific entities where
autoimmunity is triggered by another disease (can-
cer, infection, gluten ingestion) there is evidence to
suggest that the cerebellum can be an organ specif-
ic autoimmune disease,5 hence the proposed term of
Primary Autoimmune Cerebellar Ataxia (PACA). This
term implies no obvious trigger factor for the devel-
opment of immune mediated damage to the cere-
bellum. The evidence in support of PACA comes
from a number of observations: 

Firstly, the Human Lymphocyte Antigen (HLA)
type DQ2 is significantly overrepresented in patients
with idiopathic sporadic ataxia (74% vs 35% in the
healthy population). The prevalence of this HLA type
in patients with genetically characterised ataxias is
no different to the one found in the healthy popula-
tion.5 The HLA DQ2 has been shown to have a strong

association with autoimmune diseases, such as coeli-
ac disease, gluten ataxia, type 1 diabetes mellitus,
Stiff-Person syndrome (SPS), autoimmune thyroid
disease and autoimmune polyendocrine syn-
dromes.6 10 One interpretation of this observation is
that at least some cases of idiopathic sporadic ataxi-
as have an autoimmune basis. 

Secondly, it has been shown that there is a signifi-
cantly higher prevalence of one or more autoim-
mune diseases in patients with idiopathic sporadic
ataxia when compared to the general population
and to patients with genetic ataxias (47%, 3% and 5%
respectively).5 Other autoimmune diseases encoun-
tered in the context of idiopathic sporadic ataxia
include thyroid (usually Hashimoto’s disease but
also thyrotoxicosis), type 1 diabetes, primary biliary
cirrhosis, vitiligo, pernicious anaemia, Sjogren’s syn-
drome, alopecia, but also autoimmune diseases
involving the nervous system and muscle such as
Isaac’s syndrome, polymyositis and SPS (unpub-
lished observation).

Thirdly,  it has been shown that cerebellar antibod-
ies can be present in at least 60% of patients with
idiopathic sporadic ataxia in contrast to 5% in
patients with genetic ataxias.5 Four different staining
patterns were observed in this study, three of which
resembled those seen in patients with gluten ataxia
(cytoplasmic with processes, cytoplasmic alone,
nuclear) and the fourth showing staining of the gran-
ular layer of the cerebellum. Further characterisation
of such antibodies may prove to be helpful in the
diagnosis of PACA. This is very important because
PACA may well account for a substantial number of
patients with idiopathic sporadic ataxia. Idiopathic
sporadic ataxia accounts for 24% of all ataxias
attending a specialised ataxia clinic run by the
author at the Royal Hallamshire Hospital, Sheffield
UK (see Table 1).

Finally, studies have shown that idiopathic spo-
radic cerebellar ataxia is consistently associated
with a high prevalence of glutamic acid decarboxy-
lase antibodies (anti-GAD).11 These antibodies are a
marker of multiple autoimmunity. They were first
identified in type 1 diabetes,12 and subsequently
found in patients with SPS.13 Evidence for anti-GAD
antibodies being a marker of multiple autoimmunity
comes from the observation that one or more addi-
tional autoimmune disorders are present in 60% of
anti-GAD positive patients with SPS versus 6% in anti-
GAD negative patients.14 Similarly, patients with anti-
GAD antibodies and IDDM have a higher prevalence
of autoimmune thyroiditis than anti-GAD negative
ones.15 Thus the findings of a high prevalence of anti-
GAD antibodies in patients with idiopathic sporadic
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ataxia who often have an additional autoimmune
disease may signify that the ataxia in these cases
is due to autoimmunity.

The autoimmune mechanism by which the
cerebellum is damaged in the context of autoim-
munity remains unclear. In paraneoplastic cere-
bellar degeneration, a number of well charac-
terised antibodies (e.g. anti-Yo in association with
ovarian cancer) appear to be reactive with both
tumour and Purkinje cell antigens ultimately
resulting in the loss of Purkinje cells and the
development of ataxia. Nobody has so far been
able to convincingly induce ataxia in an animal
model, using serum from patients with paraneo-
plastic cerebellar degeneration. Thus a pathogen-
ic role of such antibodies in the paraneoplastic
cerebellar degeneration remains doubtful. In the
case of gluten ataxia, antigliadin antibodies have
been shown to cross react with Purkinje cell epi-
topes. Sera from patients with gluten ataxia have
been shown to possess additional antibodies
(e.g. transglutaminase antibodies) that react with
cerebellar tissue.16 Support for an antibody medi-
ated pathogenesis in this type of immune mediat-
ed ataxia comes from work demonstrating induc-
tion of ataxia in a mouse model using serum
from patients with gluten ataxia.17  Another study
has demonstrated that ataxia associated with
anti-GAD antibodies may be the direct conse-
quence of antibody-mediated neuronal dysfunc-
tion, but the precise characterisation of the anti-
body involved is lacking.18 This antibody(s) may
be unrelated to GAD antibodies.  All the evidence
however, suggests that the cerebellum and
Purkinje cells in particular, are good immunolog-
ical targets.

The next step in unravelling and consolidating
PACA as a disease entity is a trial of immunosu-
pression as a means of treatment. Assessment of
the value of immunosuppression in these
patients will be challenging.  Monitoring of treat-
ment response may prove very difficult because
of the variable and mostly slowly progressive
nature of the disorder and the crude nature of
ataxia rating scales. There is emerging evidence
however, that MR spectroscopy of the cerebellum
may well be an important and accurate tool in
monitoring disease.19 Whilst the final common
pathological outcome in PACA, as in other cere-
bellar ataxias, is the irreversible loss of Purkinje
cells, evidence derived from treatment of other
immune mediated ataxias suggests that early
intervention may not only stabilise the ataxia but
could also salvage malfunctioning cells as evi-
dent by the demonstration of improvement of the
ataxia.20

Case identification in PACA is also problemat-
ic.  As the HLA DQ 2 is found in up to 35% of
healthy individuals, this test alone cannot serve as
the only marker of patients with autoimmune
ataxia. Indeed out of the 154 patients with idio-
pathic sporadic ataxia (Table 1) 54 would have
had the HLA DQ2 by chance. The presence of
additional autoimmune diseases in either the
patient or their first degree relatives may be
another helpful pointer. Ultimately characterisa-
tion of the cerebellar antibodies in patients with
idiopathic sporadic ataxia may prove to be a very
useful marker for those cases that may be
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Table 1: Cause of ataxia in 640 patients with progressive ataxia attending the 
ataxia clinic, Royal Hallamshire Hospital, Sheffield, UK.

Total number of patients assessed 640

familial ataxia 124/640 (19%)

autosomal dominant inheritance 90/124 (73%)

autosomal recessive inheritance 34/124 (20%)

genetic characterisation 49/124 (40%)

(15 SCA6, 13 EA2, 8 FA, 4 SCA2, 2 SCA8, 1 SCA3, 1 SCA1, 1 SCA7, 1 SCA28, 1FAP, 1FBD, 1GSS)

sporadic ataxia 516/640 (81%)

idiopathic sporadic 154/516 (30%)

gluten ataxia 113/516 (22%)

clinically probable MSA-C 87/516 (17%)

genetic diagnosis 76/516 (15%)

(28 FA, 12 mitochondrial cytopathy, 8 SCA6, 7 EA2, 7 cerebellar dysgenesis/congenital, 
3 Cockaynes syndrome, 2 SCA 2, 2 CTX, 1 SCA7, 1 Tay-Sachs, 1 Krabbe’s,1 AOA 2, 1 XP, 1 AHGH, 1 FX)

alcohol related 65/516 (13%)

paraneoplastic ataxia 18/516 (3%)

anti-GAD associated ataxia 8/516 (2%)

opsoclonus-myoclonus 8/516 (2%)

idiopathic sporadic out of total 154/640 (24%)

total presumed genetic (124+76) 200/640 (31%)

SCA=spinocerebellar ataxia, FA=Friedreich’s ataxia, EA=episodic ataxia,  
FAP=familial amyloid polyneuropathy, FBD=familial british dementia, MSA-C=cerebellar variant of
Multiple System Atrophy, CTX=Cerebrotendinous xanthomatosis, AOA=ataxia occulomotor
apraxia, XP=xeroderma pigmentosum, AHGH=ataxia with hypogonadotrophic hypogonadism,
GSS=Gerstmann-Straussler-Scheinker syndrome, FX=Fragile X syndrome.

Figure 1: MR imaging demonstrating cerebellar atrophy in a patient with slowly progressive ataxia due to PACA. This patient pre-
sented in 1999 at the age of 51. She has the HLA DQ2 and at presentation apart from the ataxia she was positive for thyroid per-
oxidase antibodies but had normal TSH. She developed hypothyroidism 2 years later. She developed insulin dependent diabetes
mellitus 5 years after the onset of the ataxia. Finally she was recently found to have low vitamin B12 with positive parietal anti-
bodies in keeping with pernicious anaemia.

10 > ACNR > VOLUME 9 NUMBER 6 > JANUARY/FEBRUARY 2010

ACNRJF10:Layout 1  11/1/10  21:47  Page 10



ACNR > VOLUME 9 NUMBER 6 > JANUARY/FEBRUARY 2010 > 11

amenable to immunomodulatory therapy. 
The clinical characteristics of such patients may also assist in case iden-

tification and in some cases distinguish them from other causes of ataxia.
Patients with PACA tend to develop ataxia in their early 50s. The ataxia in
general tends to be slowly progressive but in a few cases there may be a
rather acute onset (a picture not dissimilar to that often seen at presenta-
tion in paraneoplastic cerebellar degeneration). Subsequently, however
such patients follow a much more  benign course. In fact some of these
patients may have originally been diagnosed as having post infectious cere-
bellitis, the difference being that they continue to progress rather than
improve, in contrast to patients with post-infectious cerebellitis.21 Additional
autoimmune diseases may be already present or may manifest subsequent
to the development of the ataxia (Figure 1). Patients with PACA almost
always have cerebellar atrophy on MRI but the severity of atrophy depends
on disease duration.5 These patients are also easily distinguished from
patients with cerebellar variant of Multiple Aystem Atrophy (MSA) by the
absence of autonomic involvement and the slower progression.  

The next logical step in consolidating this disease entity is an adequate-
ly-powered study comparing immunosupressive treatment with placebo.
The results of such a study will not only clarify and consolidate the concept
of PACA but will hopefully offer hope for a substantial number of patients
with progressive sporadic “idiopathic” ataxia.  l

R E V I E W A RT I C L E

REFERENCES 

1. Sultan F, Mock M, Their P (2000). Functional architecture of the cerebellar system. In: T
Klockgether (Ed.) Handbook of ataxia disorders. Marcel Dekker, New York pp 1-52.

2. Dalmau J, Rosenfield MR. Paraneoplastic syndromes of the CNS. Lancet Neurol
2008;7:327-40.

3. Gieron-Korthals MA, Westbury KR, Emmanuel PJ. Acute childhood ataxia: 10 year experi-
ence. J Child Neurol 1994;9:381-5.

4. Hadjivassiliou M, Grünewald RA, Chattopadhyay AK et al. Clinical, radiological, neuro-
physiological and neuropathological characteristics of gluten ataxia. The Lancet
1998;352:1582-5.

5. Hadjivassiliou M, Boscolo S, Tongiorgi E, Grunewald RA, Sharrack B, Sanders DS,
Woodroofe N, Davies-Jones GAB. Cerebellar ataxia as a possible organ specific autoim-
mune disease. Movement Disorders 2008;23(10):1270-377.

6. Hadjivassiliou M, Grünewald RA, Sharrack B et al. Gluten ataxia in perspective: epidemiol-
ogy, genetic susceptibility and clinical characteristics. Brain 2003;126:685-91.

7. Serjeantson SW, Court J, Mackay IR et al. HLA-DQ genotypes are associated with autoim-
munity to glutamic acid decarboxylase in insulin-dependent diabetes mellitus patients.
Human Immunol 1993;38:97-104.

8. Pugliese A, Solimena M, Awdeh ZL et al. Association of HLA-DQB1 0201 with stiff-man
syndrome. J Clin Endocrinol Metab 1993;77:1550-3.

9. Segni M, Pani MA, Pasquino AM et al. Familial clustering of juvenile thyroid autoimmuni-
ty: higher risk is conferred by human leukocyte antigen DR3-DQ2 and thuroid peroxidase
antibody status in fathers. J Clin Endocrinol Metab 2002;87:3779-82.

10. Eisenbarth GS, Gottlieb PA. Autoimmune Polyendocrine Syndromes. N Engl J Med
2004;350:2068-79.

11. Meinck HM, Faber L, Morgenthaler N et al.  Antibodies against glutamic acid decarboxy-
lase: prevalence in neurological diseases. J Neurol Neurosurg Psychiatry 2001;71:100-3.

12. Baekkeskov S, Nielsen JH, Marner B, Bilde T, Ludvigsson J, Lernmark A. Autoantibodies in
newly diagnosed diabetic children immunoprecipitate human pancreatic islet cell proteins.
Nature 1982;298:167-9.

13. Solimena M, Folli F, Denis-Donini S, et al. Autoantibodies to glutamic acid decarboxylase
in a patient with stiff-man syndrome, epilepsy, and type 1 diabetes melitus. N Engl J Med
1988;318:1012-20.

14. Ellis TM, Atkinson MA. The clinical significance of an autoimmune response against glu-
tamic acid decarboxylase. Nature Med 1996;2:148-53.

15. Barova H, Perusicova J, Hill M et al. Anti-GAD positive patients with Type 1 diabetes
Mellitus have higher prevalence of autoimmune thyroiditis than anti GAD negative patients
with Type 1 and Type 2  diabetes Mellitus. Physiol Res 2004;53:279-86.

16. Hadjivassiliou M, Sanders DS, Grünewald RA, Woodroofe N, Boscolo S, Aeschlimann D.
The neurology of gluten sensitivity. Lancet Neurology (in press).

17. Boscolo S, Sarich A, Lorenzon A, Passoni M, Rui V, Stebel M, Sblattero D, Marzari R,
Hadjivassiliou M, Tongiorgi E. Gluten ataxia: passive transfer in a mouse model.
N.Y.Acad.Sci. 2007;1107:319-28.

18. Wilkinson ID, Hadjivassiliou M, Dickson JM, Wallis L, Grunewald RA, Coley SC, Widjaja
E, Griffiths PD. Cerebellar abnormalities on proton MR spectroscopy in gluten ataxia. J
Neurol Neurosurg Psychiatry 2005;76:1011-3.

19. Manto M, Laure M, Aguera M, Rogemond V, Pandolfo M, Honnorat J. Effects of anti-glu-
tamic acid decarboxylase antibodies associated with neurological diseases. Ann Neurol
2007;61:544-51.

20. Hadjivassiliou M, Davies-Jones GAB, Sanders DS, Grünewald RAG. Dietary treatment of
gluten ataxia. J Neurol Neurosurg Psychiatry 2003;74:1221-4.

21. Takada G, Sawaishi Y. Acute cerebellitis. The Cerebellum 2002;1:223-8.

Roger Barker is co-editor of ACNR, and is Honorary Consultant in
Neurology at The Cambridge Centre for Brain Repair. His main area of
research is into neurodegenerative and movement disorders, in particular
parkinson's and Huntington's disease. He is also the university lecturer in
Neurology at Cambridge where he continues to develop his clinical research
into these diseases along with his basic research into brain repair using neu-
ral transplants.

Editorial board and contributors

Professor Riccardo Soffietti, Italy: Chairman of the Neuro-Oncology Service, Dept of
Neuroscience and Oncology, University and S. Giovanni Battista Hospital.

Professor Klaus Berek, Austria: Head of the Neurological Department of the KH Kufstein.

Professor Hermann Stefan, Germany: Professor of Neurology /Epileptology in the
Department of Neurology, University Erlangen-Nürnberg.

Professor Nils Erik Gilhus, Norway: Professor of Neurology at the University of Bergen and
Haukeland University Hospital.

International editorial liaison committee

Peter Whitfield is ACNR’s Neurosurgery Editor. He is a Consultant
Neurosurgeon at the South West Neurosurgery Centre, Plymouth. His clini-
cal interests are wide including neurovascular conditions, head injury,
stereotactic radiosurgery, image guided tumour surgery and lumbar
microdiscectomy. He is an examiner for the MRCS and is a member of the
SAC in neurosurgery. 

Nicki Cohen is ACNR’s Neuropathology Editor. She is a Specialist Registrar
in Neuropathology at Southampton and has a DPhil in Neuroscience. Her
research interests lie in CNS stem cell biology, and the brain’s response to
injury.  

Alastair Wilkins is our Case Report Co-ordinator. He is Senior Lecturer in
Neurology and Consultant Neurologist, University of Bristol. He trained in
Neurology in Cambridge, Norwich and London.  His research interests are
the basic science of axon degeneration and developing treatments for pro-
gressive multiple sclerosis.

Andrew Larner is the editor of our Book Review Section. He is a
Consultant Neurologist at the Walton Centre for Neurology and
Neurosurgery in Liverpool, with a particular interest in dementia and cogni-
tive disorders. He is also an Honorary Apothecaries' Lecturer in the History
of Medicine at the University of Liverpool.

David J Burn is the editor of our Conference News Section and is
Professor in Movement Disorder Neurology & Honorary Consultant,
Newcastle General Hospital. He runs Movement Disorders clinics in
Newcastle-upon-Tyne. Research interests include progressive supranuclear
palsy and dementia with Lewy bodies. He is also involved in several drugs
studies for Parkinson's Disease. 

Stephen Kirker is the editor of the Rehabilitation Section of ACNR and
Consultant in Rehabilitation Medicine in Addenbrooke's NHS Trust,
Cambridge. He trained in neurology in Dublin, London and Edinburgh
before moving to rehabilitation in Cambridge and Norwich. His main
research has been into postural responses after stroke. His particular inter-
ests are in prosthetics, orthotics, gait training and neurorehabilitation.

Alasdair Coles is co-editor of ACNR. He is a University Lecturer in
Neuroimmuniology at Cambridge University. He works on experimental
immunological therapies in multiple sclerosis.

Heather Angus-Leppan is ACNR's ABN representative on the Editorial
Board. She is Head of the Neurology Department at Barnet Hospital and
Consultant Neurologist, Honorary Senior Lecturer and Epilepsy Lead at the
Royal Free Hospital, London, UK. She is the Honorary Assistant Secretary of
the Association of British Neurologists, Honorary Secretary of the
Neurosciences Section of the Royal Society of Medicine and current Chair
of the Map of Medicine Epilepsy Group, UK. 

Mike Zandi is co-editor of ACNR. He is an Honorary Specialist Registrar in
Neurology at Addenbrooke's Hospital, Cambridge and a Research Fellow at
Cambridge University. His research interests are in neuroimmunology, bio-
markers and therapeutics in particular.

ACNRJF10:Layout 1  11/1/10  21:47  Page 11


