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Abstract: Major advances in our understanding of the neurology/pathology, anatomy/physiology, and molecular biology 
of the cerebellum have opened a new door for cerebellar ataxias (CAs). We have now entered in the ‘era of therapies’. 
Cures are knocking at the door. We discuss the hot topics in the therapeutic protocols available for CAs, including amino-
pyridines, noninvasive cerebellar stimulation, anti-oxidant drugs and therapies for immune-mediated cerbellar ataxias 
(IMCAs), topics emphasized in this issue. The history of the cerebellum is a typical example of the importance of appar-
ently divergent and multi-disciplinary approaches. 
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1. THE HISTORICAL ERAS OF NEUROLOGY/ 
PATHOLOGY, ANATOMY/PHYSIOLOGY, AND 
MOLECULAR BIOLOGY 
 The terminology of Cerebellar ataxias (CAs) encom-
passes a group of heterogenesous disorders characterized by 
motor incoordination and impaired cognitive/affective func-
tions. CAs have significant impact on daily living activities 
of the afflicted patients. With the discovery of the impor-
tance of cerebellum in cognitive/affective operations from 
childhood and the ageing of the population, CAs are being 
recognized worldwide, both clinically and socially. It is an-
ticipated that each public and private hospital will include a 
separate ataxia unit for patients with CAs in the next decade 
[1, 2]. 
 Historically, after the reports of Jean Pierre Flourens, 
Franz Joseph Gall and Luigi Luciani, Joseph Jules François 
Félix Babinski attributed motor incoordination to cerebellar 
dysfunction at the beginning of the 20th century [3], and the 
clinical entity of multiple systemic atrophy, one of the most 
variant of degenerative CAs, was simultaneously established. 
Before Babinski, motor incoordination was often thought to 
be caused exclusively by lesions in the dorsal column of the 
spinal cord. The concept of CAs was subsequently brushed 
up by Gordon Holmes [4]. Holmes also reported on 
adiadochokinesia (first described by Babinski) and dys-
metria, and defined asthenia and adventitious movement 
which could be more complex symptoms. From these pio-
neer studies, the field of classical cerebellar neurology (atax-
iology) has been progressively established and matured. It 
provides detailed comparisons of clinical symptoms and  
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associated pathological changes, and includes various clinical 
entities such as neurodevelopmental disorders, cerebellar 
tumors, cerebellitis, metabolic CAs, and degenerative CAs. 
 Since the 1960s, the blue prints of the cerebellum have 
been clarified. The classic book "The Cerebellum as a Neu-
ronal Machine" authored by Eccles, Ito, and Szentágothai 
described the highly geometrical structure of the cerebellum 
(Fig. 1) [5]. They identified the mossy fibers, which termi-
nate on the granule cells, convey afferent information from 
the periphery and the cerebral cortex for coordinative con-
trols. They also described another afferent system composed 
of the climbing fibers, which originate from the inferior olive 
nucleus and terminate on Purkinje cells (PCs). The parallel 
fibers (long axons of the granule cells running on the surface 
in the cerebellar cortex) induce PC activation, which subse-
quently dampens the neuronal activity of the deep cerebellar 
nuclei. However, the principles of actions in this highly 
geometrical structure are still controversial. Currently, there 
are two major theories on the cerebellar coordinative motor 
control systems: the time control machine and the learning 
machine. Llinãs proposed that rhythmic activity of the infe-
rior nucleus neurons synchronizes a group of PCs [6]. On the 
other hand, Ito proposed that error signals from the climbing 
fibers reduce parallel fiber inputs onto the PCs and, thus 
eliminate inadequate PC activations through long-term de-
pression [7]. Elaborated and improved theories have been 
proposed subsequently [1]. In the 1980-1990s, under the 
input of Schmahmann, clinical and scientific evidence was 
provided for the involvement of the cerebellum in the control 
of cognitive, affective and emotional functions [8-12]. The 
works of Strick have also led to novel views on cerebello-
cerebral loops and connectivity with basal ganglia [13]. The 
uniformity of the compositional structure suggests a similar 
role in coordination, such as timing and/or prediction con-
trol, in the cognitive, affective and emotional domains. 
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 Since the 1980s, advances in molecular biology have 
identified various genetic abnormalities (more than 140 
cerebellar disorders are associated with gene mutations) and 
re-classified the etiologies of cerebellar diseases based on 
molecular pathologies [14]. These advances have also clari-
fied the molecular changes underlying cell death. In addition, 
cerebellar transplantation, using grafts of embryonic or fetal 
cerebellar tissue, has been attempted in laboratory animals, 
though the results clearly need further analysis to enter in the 
clinic [15]. 
 In conclusion, the field of cerebellar medicine has ma-
tured after three historical eras in the last 200 years that have 
defined the neurology/pathology, physiology/anatomy, and 
molecular biology (Fig. 2). 

2. HOLMES PROVIDES EVIDENCE FOR POSSIBLE 
RESTORATION OF CEREBELLAR FUNCTION 
 Is improvement in CAs an absurd story? It is generally 
considered that the cerebellum has the capacity of self-repair 
after abrupt injury or stroke damage in any part of the cere-
bellum. This consideration originates from a classical study 
by Holmes on patients with gunshot injuries [4]. Holmes 
described the recovery process of two patients (pages 514-
515). One had a limited lesion to the lateral lobe and the 
other had a larger and medial lesion in the lateral lobe. De-
spite the considerable damage, both patients walked with 
stability after 58 days and 71 days, respectively. Interest-
ingly, there was no difference in the gait of the two patients, 

despite the marked difference in the extent of the two le-
sions. Such historical cases suggest that restoration of cere-
bellar function can occur in CAs. Nowadays, the evidence of 
possible recovery after a cerebellar stroke is not challenged 
anymore. 

3. THE START OF THE ERA OF CEREBELLAR 
THERAPY 
 The integrated advances in the above three fields (neu-
rology/pathology, anatomy/physiology, and molecular biol-
ogy) have opened the door for efficacious treatments of 
cerebellar diseases. We review here the currently hot topics 
on the therapeutic management of CAs. 
3.1. Physiologically-based Therapeutic Strategies 
3.1.1. Aminopyridines as a Key-therapy in Selected CAs 
 Although most of the currently available medications 
described to improve CAs are not effective, aminopyridines 
(K+ channel blockers), have therapeutic benefits in a sub-
group of CA patients. Recent double-blind randomized stud-
ies have demonstrated that aminopyridines reduce the attacks 
of CAs in episodic ataxia type 2 (EA2) [16] and improve 
downbeat nystagmus of ataxic symptoms [17]. It is thought 
that these actions of aminopyridines are mediated through 
restoration of pacemaking precision in PC activities and thus 
diminish the frequency of CA attacks and cerebellar specific 
nystagmus [18]. It could be argued that the above improve-
ments are due to restoration of clock-wise actions. Kalla R 
and Strupp M will review updated therapeutic benefits for 
aminopyridines in this issue. 
3.1.2. Noninvasive Cerebellar Stimulation as a Comple-
ment Tool to Pharmacotherapy 
 A double-blind, randomized, sham controlled study 
showed the therapeutic benefits of noninvasive cerebellar 
stimulation (transcranial direct current stimulation or tran-
scranial magnetic stimulation) in patients with CAs [19]. 
Although more than a single mechanism probably explains 
the improvement after such therapy, one possible explana-
tion is the modulation of cerebellar output thanks to the 
cerebellar anatomy [20]. Neurons of the cerebellar nuclei, 
which convey cerebellar output signals to the motor cortex, 
are under profound inhibition by PCs (Fig. 1). Coordinative 
motor commands for selection of a particular muscle move-
ment are formulated by attenuation of this PC-mediated in-
hibition [21]. Thus, noninvasive cerebellar stimulation alters 
the degree of inhibition of the cerebellar nuclei by fine tun-
ing neuronal excitability in the cerebellar cortex [20]. Further 
studies are needed to standardize the physiologically-based 
therapies, e.g., the conditions of simulation, so as to maxi-
mize the efficiency of cerebello-cerebral controls. These 
problems are discussed in a review article by Ferruci R et al. 
(this issue). 
3.2. Targeting Common Molecular Pathways Associated 
with Cell Death: Anti-oxidant Drugs 
 Friedreich ataxia, the most common hereditary ataxia, is 
characterized in the majority of cases by expansion of a 

 

Fig. (1). Schematic diagram of the neural circuitry of the cerebellar 
cortex. Abbreviations: PF: parallel fibers, CF: climbing fibers, MF: 
mossy fibers, PC: Purkinje cells, GC: granule cells, IN: interneu-
rons (Golgi cells, Basket cells, stellate cells, Lugaro cells), IOC: 
inferior olivary complex. 
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GAA triplets in the intron of the frataxin gene. The expan-
sion hinders transcription, which reduces the mRNA levels 
of frataxin involved in iron-sulfur cluster synthesis [22]. 
These abnormalities lead to accumulation of iron in the mi-
tochondria, and ultimately result in oxidative stress. 
 Mitochondrial dysfunction is also involved in the excito-
toxicity, which is common in various diseases, including 
ischemia and certain immune-mediated and metabolic CAs 
(such as anti-GAD65 antibody-associated CA and ethanol 
withdrawal-associated CA). Taken together, the recent stud-
ies potentially implicate oxidative stress as a common cellu-
lar pathology responsible for neuronal cell death in the cere-
bellum. The results also highlight new therapies that can be 
designed to target oxidative stress, for the management of 
various types of CAs. Finally, these studies suggest that, 
although the etiology of CAs can be different, there might be 
multiple common pathways in disordered cellular activities, 
providing opportunities for the development of new thera-
pies. The potential benefits of anti-oxidant drugs are dis-
cussed in an article by Barca E et al.(this issue). 

3.3. Immune-mediated Cerebellar Ataxias: A New Clini-
cal Entity and Therapeutic Potentials 
 Patients who show mild cerebellar atrophy but present 
with severe CA symptoms have been well described clini-
cally. These patients are sometimes misdiagnosed as degen-
erative CAs. In the 1980s, the clinical entity of immune-
mediated CAs (IMCAs) was established. IMCAs are not 
limited to the classical type (multiple sclerosis and paraneo-
plastic syndrome), but also includes gluten ataxia and anti-

GAD65 antibody-associated CA [23]. Importantly, a propor-
tion of these patients can respond to immunotherapies espe-
cially if these are used in the early stages of CA when the 
capacity for self-recovery is still preserved (i.e., adequate 
cerebellar reserve) [23]. Avoidance of antigen exposure and 
the use of a combination of oral prednisolone, intravenous 
methylprednisolone, intravenous immunoglobulins, immu-
nosuppressants, and/or plasma exchange are now recom-
mended [23]. Detailed clinical features and therapeutic 
strategies for IMCAs are reviewed in an article by Mitoma 
H, Manto M, and Hampe CS (this issue). 
CONCLUSION 
 Advancements in therapeutic strategies emphasize the 
need for divergent and multi-disciplinary approaches for the 
treatment of CAs. Once century after the publication of 
Holmes’ classic paper (1917), major progress has been made 
in the understanding of the roles of the cerebellum. The 
translational efforts are growing [24], the clinical deficits are 
refined [25] and the neuroanatomical reports are still improv-
ing [26]. All the pieces are on place to reach success in 
therapeutics. 
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