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Anti-Basal Ganglia Antibodies and their Clinical Relevance

streptococcal autoimmune response against neu-

rones in the basal ganglia is the proposed patho-
genesis of an emerging group of movement and neu-
ropsychiatric disorders. Sydenham’s chorea is the proto-
type of this group of disorders. Anti-basal ganglia anti-
bodies (ABGA) are found in the majority of subjects
with Sydenham’s chorea.”” More recently other neu-
ropsychiatric disorders or phenotypes have also been
associated with ABGA. These include Tourette’s syn-
drome,’ adult-onset tic disorders,* obsessive-compulsive
disorder (OCD),’ paediatric autoimmune neuropsychi-
atric disorders associated with streptococcal infections
(PANDAS),*” dyskinesias,® dystonia,” post-streptococcal
acute disseminated encephalomyelitis (ADEM),"
myoclonus" and post-encephalitic Parkinsonism or
encephalitis lethargica.” The proposal that these disor-
ders are mediated by autoimmune mechanisms is con-
troversial and not widely accepted.” Reasons for con-
flicting results in this field and issues concerning the
detection of ABGA have been highlighted recently."
Differences in Western immunoblotting methods may
explain the differences in the reported prevalence of
ABGA in these disorders.™ Studies are currently being
undertaken to reconcile these differences. The identifica-
tion of the candidate autoantigens will obviously aid this
process.

The association between a specific neuropsychiatric
disorder and ABGA does not necessarily imply that these
disorders are autoimmune. To establish a disorder as
being autoimmune one needs to apply Witebsky’s crite-
ria of autoimmunity (Table 1)."” To do this it will be nec-
essary to confirm the results of recent studies that have
identified candidate autoantigens in these disorders™"
and to establish the specificity and sensitivity of antigen-
specific autoantibody assays. Kirvan et al. identified a
monoclonal antibody from a subject with Sydenham’s
chorea with specificity for both mammalian lysoganglio-
side and N-acetyl-beta-D-glucosamine (GlcNAc), a
dominant carbohydrate epitope of group A streptococ-
ci.'”® Their human anti-lysoganglioside monoclonal anti-
body from a subject with Sydenham’s chorea and sera
from subjects with active Sydenham’s chorea bind to the
surface of human neuronal cells and induce
calcium/calmodulin-dependent protein (CaM) kinase II
activity. Convalescent sera and sera from other strepto-
coccal diseases in the absence of chorea did not activate
the kinase.” This implicates antibody-mediated neu-
ronal cell signalling in the pathogenesis of Sydenham’s
chorea. Dale and colleagues have identified aldolase C
(40 kDa), non-neuronal and neuronal specific enolase
(45 kDa doublet) and pyruvate kinase M1 (60 kDa) as
possible autoantigens.” These glycoytic enzymes are
expressed on the surface of neurones and streptococci
and are homologous with each other, which raises the
possibility that ABGA are induced by molecular mimic-
ry. Human non-neuronal enolase has previously been
proposed as a candidate auto-antigen in autoimmune
diseases related to streptococcal infection including
rheumatic fever.” Appropriate animal models using can-
didate autoantigens will have to be established to build
the case for autoimmune mediated mechanisms. Of
note, Poynton, Paine and Holmes, between 1901 and
1903, were able to induce a disease in rabbits with fea-
tures similar to rheumatic fever and Sydenham’s chorea
by inoculating the animals with “rheumatogenic” strains
of streptococci.” Three studies have used a passive trans-
fer model by studying the effects of infusing serum con-
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taining anti-neuronal antibodies from subjects with
Tourette’s syndrome into the striatum of rats. Two stud-
ies showed a significant increase in either oral stereotyp-
ies or episodic utterances in rats receiving higher-titre
sera from subjects with Tourette’s syndrome as com-
pared to rats infused with lower-titre sera from subjects
with Tourette’s syndrome or controls.””” The third study
using a similar methodology did not confirm these
results.*

In support of contemporary findings in relation to
encephalitis lethargica a number of early investigators,
including von Economo, detected streptococci or diplo-
cocci in the throats of patients with encephalitis lethar-
gica during the 1917-1928 epidemic;” the gram positive
organism was dismissed as being the primary aetiologi-
cal agent of encephalitis lethargica as it was never isolat-
ed from the brain of terminal cases. Remarkably, an
encephalitis lethargica-like illness was induced in dogs
after vaccination with streptococcal isolates from
patients with encephalitis lethargica.”

Basal ganglia dysfunction has various manifestations,
all of which fall into a relatively well-defined symptom
complex or syndrome.” It is difficult to rely on the clin-
ical manifestations to make an aetiological diagnosis in
disorders due to basal ganglia dysfunction. Although a
particular phenotype is typically associated with a “spe-
cific” disease entity, for example chorea or tics in
Sydenham’s chorea and Tourette’s syndrome respective-
ly, one would expect from applying basic principles that
immune mediated basal ganglia dysfunction should
result in the full spectrum of movement and emotional
disorders that have been attributed to basal ganglia
pathology. Huntington’s disease and Wilson’s disease,
well-defined genetic disorders with a predilection for the
basal ganglia, are associated with the full spectrum of
both hyper- and hypo-kinetic movement disorders.
Therefore using a biomarker, in addition to specific clin-
ical features, would seem appropriate in defining this
group of disorders.

The apparent overlap between the clinical phenotype
of Sydenham’s chorea, PANDAS, Tourette’s syndrome
and OCD, and the finding of serological evidence of
recent streptococcal infection and ABGA in these disor-
ders, suggests that they may represent one disease entity.
For example, patients with PANDAS usually have psy-
chiatric features and frequently have choreaiform move-
ments. Patients with Sydenham’s chorea often have tics
and OCD and patients with OCD often have tics and
other subtle movement disorders. If PANDAS, Tourette’s
syndrome and OCD are the same disease as Sydenham’s
chorea why don’t patients with these disorders have
associated rheumatic fever? A detailed cardiac evaluation
of 60 subjects with PANDAS did not reveal evidence of
rheumatic carditis.” Whether or not subjects with ABGA
have subtle cardiac involvement has yet to be investigat-
ed systematically. One could speculate that the current
strains of streptococci that induce neuropsychiatric dis-
ease are different to those that are capable of inducing
rheumatic carditis. These issues and others will hopeful-
ly be resolved once the putative autoantigens have been
confirmed and further categorised.

In conclusion, immune-mediated basal ganglia dys-
function is plausible, particularly if you accept the clini-
cal similarities between ABGA positive patients with
PANDAS, Tourette’s syndrome, OCD and Sydenham’s
chorea. At present the experimental evidence to cate-
gorise these disorders as autoimmune is incomplete, i.e.
we have yet to confirm identified putative autoantigens
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and create appropriate animal models. Despite this deficiency in the experi-
mental evidence there is a case to acknowledge immune mediated basal ganglia
dysfunction as an emerging clinical entity. This is important as it has poten-
tially major implications for the diagnosis and treatment of patients with basal
ganglia dysfunction.

Table 1. Modified Witesbsky’s Criteria”

1. The presence of auto-reactivity, i.e. an antibody or T cell which is self-reactive.
2. Recognition of the specific autoantigen.

3. Induction of the disease in animal model.

4. Passive transfer of the disease to the animal.*

* Criterion 4 applies to auto-antibody mediated human disease only. It is not possible
to transfer a human autoimmune disease to animal via the passive transfer of
autoreactive T cells as they have to by definition see their ‘autoantigen’ in the context
of the correct MHC molecule.

References

1.

10.

11.

12.

13.
14.

15.

16.

17.

19.

20.

21.
22.

23.

24.

25.

26.

27.

Husby G, Van de Rijn I, Zabriskie JB et al. Antibodies reacting with cytoplasm of subthalamic and
caudate nuclei neurons in chorea and acute rheumatic fever. ] Exp Med 1976;144:1094-110.

Church AJ, Cardoso F, Dale RC, et al. Anti-basal ganglia antibodies in acute and persistent
Sydenham’s chorea. Neurology. 2002;59:227-31.

Church AJ, Dale RC, Lees AJ, et al. Tourette’s syndrome: a cross sectional study to examine the
PANDAS hypothesis. ] Neurol Neurosurg Psychiatry 2003;74:602-7.

Edwards MJ, Dale RC, Church AJ, et al. Adult-onset tic disorder, motor stereotypies, and behav-
ioural disturbance associated with antibasal ganglia antibodies. Mov Disord 2004;19:1190-6.

Dale RC, Church AJ, Giovannoni G et al. Obsessive-compulsive disorder: cross-sectional study for
recent streptococcal infection and anti-basal ganglia antibodies. [abstract] Eur Child Adolesc
Psychiatry 2003; 12 Suppl 2:1/24.

Swedo SE, Leonard HL, Garvey M, et al. Pediatric autoimmune neuropsychiatric disorders associ-
ated with streptococcal infections: clinical description of the first 50 cases. Am ] Psychiatry
1998;155:264-71. Erratum in: Am J Psychiatry 1998;155:578.

Church AJ, Dale RC, Giovannoni G. Anti-basal ganglia antibodies: a possibile diagnostic utility in
idiopathic movement disorders? Arch Dis Child. 2004;89:611-4.

Dale RC, Heyman I, Surtees RA, et al. Dyskinesias and associated psychiatric disorders following
streptococcal infections. Arch Dis Child 2004;89:604-10.

Edwards MJ, Dale RC, Church AJ, et al. A dystonic syndrome associated with anti-basal ganglia
antibodies. ] Neurol Neurosurg Psychiatry 2004;75:914-6.

Dale RC, Church AJ, Cardoso F, et al. Poststreptococcal acute disseminated encephalomyelitis with
basal ganglia involvement and auto-reactive antibasal ganglia antibodies. Ann Neurol
2001;50:588-95.

DiFazio MP, Morales J, Davis R. Acute myoclonus secondary to group A beta-hemolytic streptococ-
cus infection: A PANDAS variant. ] Child Neurol 1998;13:516-8.

Dale RC, Church AJ, Surtees RA, et al. Encephalitis lethargica syndrome: 20 new cases and evi-
dence of basal ganglia autoimmunity. Brain 2004;127:21-33.

Kurlan R. The PANDAS hypothesis: losing its bite? Mov Disord 2004;19:371-4.

Martino D, Church AJ, Dale RC, Giovannoni G. Antibasal ganglia antibodies and PANDAS. Mov
Disord 2005; 20:116-7.

Singer HS, Hong JJ, Rippel CA, Pardo CA. The need for caution in considering the diagnostic utility
of antibasal ganglia antibodies in movement disorders. Arch Dis Child 2004;89:595-7.

Giovannoni G, Dale R, Church A. Anti-basal ganglia antibodies in movement disorders. Arch. Dis.
Child. 2004; 89: 595-597. http://adc.bmjjournals.com/cgi/

eletters/89/7/595#1025 (online letter).

Rose NR, Bona C. Defining criteria for autoimmune diseases (Witebsky’s postulates revisited)
Immunol Today 1993; 14:426-30.

. Kirvan CA, Swedo SE, Heuser JS, Cunningham MW. Mimicry and autoantibody-mediated neuronal

cell signaling in Sydenham chorea. Nat Med 2003; 9:914-20.

Dale RC, Candler PM, Church AJ, et al. Glycolytic enzymes on neuronal membranes are candidate
autoantigens in post-streptococcal neuropsychiatric disorders. Mov Disord 2004; 19(Suppl 9);S33.
Fontan PA, Pancholi V, Nociari MM, Fischetti VA. Antibodies to streptococcal surface enolase react
with human alpha-enolase: implications in poststreptococcal sequelae. ] Infect Dis 2000;182:1712-21.
Jummani R, Okun M. Sydenham chorea. Arch Neurol 2001;58:311-3.

Hallett JJ, Harling-Berg CJ, Knopf PM, et al. Anti-striatal antibodies in Tourette syndrome cause
neuronal dysfunction. ] Neuroimmunol 2000;111:195-202.

Taylor JR, Morshed SA, Parveen S, et al. An animal model of Tourette’s syndrome. Am ] Psychiatry
2002;159:657-60.

Loiselle CR, Lee O, Moran TH, Singer HS. Striatal microinfusion of Tourette syndrome and PAN-
DAS sera: failure to induce behavioral changes. Mov Disord 2004;19:390-6.

Economo C. von. Encephalitis lethargica. Its sequelae and treatment. Translated by Newman KO.
Oxford University Press, 1931.

Ring HA, Serra-Mestres J. Neuropsychiatry of the basal ganglia. ] Neurol Neurosurg Psychiatry
2002;72:12-21.

Snider LA, Sachdev V, MaCkaronis JE, et al. Echocardiographic findings in the PANDAS subgroup.
Pediatrics 2004;114:e748-51.





