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Abstract: Inmune-mediated cerebellar ataxias (IMCASs), a clinical entity reported for the first time
in the 1980s, include gluten ataxia (GA), paraneoplastic cerebellar degenerations (PCDs), anti-
glutamate decarboxylase 65 (GAD) antibody-associated cerebellar ataxia, post-infectious cerebelli-
tis, and opsoclonus myoclonus syndrome (OMS). These IMCAs share common features with regard
to therapeutic approaches. When certain factors trigger immune processes, elimination of the anti-
gen(s) becomes a priority: e.g., gluten-free diet in GA and surgical excision of the primary tumor in
PCDs. Furthermore, various immunotherapeutic modalities (e.g., steroids, immunoglobulins, plas-
mapheresis, immunosuppressants, rituximab) should be considered alone or in combination to pre-
vent the progression of the IMCAs. There is no evidence of significant differences in terms of re-
sponse and prognosis among the various types of immunotherapies. Treatment introduced at an
early stage, when CAs or cerebellar atrophy is mild, is associated with better prognosis. Preserva-
tion of the “cerebellar reserve” is necessary for the improvement of CAs and resilience of the cere-
bellar networks. In this regard, we emphasize the therapeutic principle of “Time is Cerebellum” in
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IMCAs.
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ataxia, paraneoplastic cerebellar degeneration, anti-GAD65Ab-associated cerebellar ataxia, post-infectious cerebellitis,

opsoclonus myoclonus syndrome.

1. INTRODUCTION

Immune-mediated neuronal dysfunction leading to cell
death is a pathomechanism responsible for the development
of cerebellar ataxia (CA) [1]. Immune-mediated cerebellar
ataxias (IMCAs) characteristically encompass diverse auto-
immune-based etiologies [1], such as gluten ataxia (GA) [2],
paraneoplastic cerebellar degeneration (PCD) [3-8], anti-
glutamate decarboxylase 65 antibody-associated cerebellar
ataxia (anti-GAD65Ab-associated CA) [9], post-infectious
cerebellitis, and opsoclonus myoclonus syndrome (OMS).
The therapeutic response is thought to vary in particular
according to the etiology of IMCAs [1-9]. To date, there are
virtually no large-scale randomized studies on therapeutic
strategies. Indeed, most published studies are retrospective in
design or case reports. Accordingly, only fragmented infor-
mation on treatment is available to the clinicians.

We have proposed recently a classification of these im-
munologically divergent etiologies [10] and we have also
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suggested therapeutic guidelines based on available reports
[11]. Furthermore, we also discussed the existence of treat-
able and non-treatable stages that are commonly observed in
IMCAs, and, hence, proposed the importance of early im-
munotherapy during the time when “cerebellar reserve”, de-
fined as preservation of the capacity of the intact tissue for
compensation and restoration, is still sufficient [12-14].

Recent studies have described new findings with regard
to the pathogenesis and clinical trials in IMCAs. Many cell-
and antibody-mediated immune mechanisms have been de-
scribed, which can collectively provide a rationale for new
and early treatments. Large-scale studies have reported re-
cently the prevalence of the clinical subtypes [15, 16]. Fur-
thermore, accumulated case reports suggest possible effec-
tive outcomes following the use of combinations of immuno-
therapies. However, apart from these clinical aspects of IM-
CAs, the majority of these ataxias remain underdiagnosed
since the progressive forms of IMCAs mimic the profiles of
degenerative CA. Unfortunately, delay in clinical interven-
tion is associated with loss of therapeutic opportunities. This
is also explained by the fact that the cerebellum is a privi-
leged site of neuronal loss in a large number of diseases,
often delaying the diagnosis.

©2019 Bentham Science Publishers
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The present review not only expands our previous studies
[10-14], but also aims to outline updated therapeutic guide-
lines for IMCAs according to their etiology based on very
recent findings and to stress a common therapeutic principle
in IMCAs on the basis of the notion of the cerebellar reserve.
For this purpose, this review is arranged in four chapters (or
sections) from basic principles to the clinic. We first discuss
certain issues related to the classification based on a large-
scale study [15]. Secondly, we review the general principles
underlying IMCAs. Some cytokines and autoantibodies,
which impair the cellular activities in the cerebellum, could
be possible molecular targets for therapeutics in the near
future. Thirdly, we review the therapies that have been tried
in five representative IMCAs (gluten ataxia, PCDs, anti-
GAD65Ab-associated CA, post-infectious cerebellitis, and
OMS). The pathogenic mechanisms and prognostic factors
of each disorder still remain uncertain and debated. We out-
line an updated framework for possible first-line therapies.
Since there is no definite consensus on the therapeutic inter-
ventions for PCDs and anti-GAD65Ab-associated CA, we
also survey treatments described in published case reports.
Finally, we review the physiological mechanisms underlying
“cerebellar reserve”. Since the cerebellar circuitry is well
known for its inherent ability of self-organization, the cur-
rently available as well as future immunotherapies should
optimize/promote the neural tissue capacity of this part of
the brain for self-repair. By using the motto of “Time is
Cerebellum”, we stress the importance of early diagnosis and
treatment of IMCAs.

2. CLASSIFICATION

2.1. History

Historically, J.M. Charcot was the first to describe im-
mune-mediated CAs [1]. In 1868, he described the features
of multiple sclerosis (MS), the relapse and remission of
symptoms, such as intention tremor, scanning speech and
nystagmus, together with motor paralysis and optic neuritis
[17]. The next historical milestone was the description by B.
Brouwer in 1919 of the association of CAs with malignan-
cies [18]. The association between CA and many types of
neoplasms, including breast, uterine, and ovarian cancers,
small cell lung carcinoma, and Hodgkin’s lymphoma, has
been largely documented during the last three decades. Inter-
estingly, specific autoantibodies have been identified in several
categories of neoplasms [3-8], including anti-Yo, anti-Hu,
anti-Tr, anti-CV2, anti-Ri, anti-Ma2, and anti-VGCC [3-8].

Around the turn of the millennium, several reports about
GA [2] and anti-GAD65Ab-associated CA [9] were among
the main turning points in the field. Both conditions are
characterized by the association of autoantibodies, absent or
relatively mild cerebellar atrophy when compared with the
clinical severity. Together with “classical diseases”, such as
MS and PCDs, the clinical category of IMCAs has now been
established in ataxiology [1, 10, 11, 16].

2.2. Proposal of Classification

There is no definite consensus on the classification of
IMCAs. In our consensus paper in 2016 [10], we proposed a
classification based on two criteria: the main autoimmune
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target and the definite antigen that triggers the immune re-
sponse. These two factors reflect the autoimmune mecha-
nism in a particular pathology. First, IMCAs can be classi-
fied into two groups based on whether the cerebellum is the
main target for the immune attack (Table 1) [10]. For exam-
ple, in MS and CAs in the context of connective tissue dis-
eases, such as lupus erythematosus, the cerebellum is only
one of multiple autoimmune targets [10]. For the second
group in which the cerebellum is the main autoimmune tar-
get, two subtypes can be distinguished: one subtype includes
diseases in which autoimmunity is triggered by another well-
defined disease or condition (e.g., GA, post-infectious cere-
bellitis, Miller Fisher syndrome, and PCDs), and a second
subtype in which autoimmunity is not triggered by another
disease or condition (e.g., anti-GADG65Ab-associated CA)
[10].

2.3. Prevalence

There have been only a few large-scale studies on the
prevalence of CAs. The study by Hadjivassiliou ef al. [15] is
the only large-scale published study on the etiology of CAs,
with a survey of 1,500 UK patients with progressive ataxia.
The authors reported that 33% of the patients had a genetic
disorder, although some did not show evident family history,
and 11% of the patients had multiple systemic atrophy
(MSA). Apart from the above 44% of the cohort with degen-
erative CAs, 30% had definite IMCAs; 25% had GA, 3%
had PCD, 2% had anti-GAD65Ab-associated CA, 1% had
post-infectious cerebellitis, and <1% had OMS.

Interestingly, the authors classified 24% of the patients
with idiopathic sporadic ataxias. This category included pri-
mary autoimmune cerebellar ataxia (PACA) [19]. CAs were
diagnosed as PACA when immune-mediated mechanisms
were suspected, though the clinical profiles of the patients
did not match any of the known diseases in IMCAs. Thus,
the group was heterogeneous and probably included several
subcategories.

2.4. Open Problems in Classification

In the present classification, we carry on the framework
of two coordinates that we used in our previous classification
published in 2016; a target tissue/organ and an autoimmunity
trigger [10], since these two factors can reflect the pathological
nature of each autoimmune etiology. However, we revised
the following points in our previous classification (Table 1).

2.4.1. Cerebellar Efferents/afferents as Target of Autoim-
munity

Here we discuss not only the pure cerebellar type but also
the cerebellar efferent/afferent type (Fig. 1). In this regard,
OMS are added to the list as an efferent type. It is assumed
that autoimmune reactions disrupt the cerebellar cortex-
mediated control on the cerebellar nuclei (the sole site of
projections outside the cerebellum; cerebellar efferents),
resulting in the clinical appearance of neurological symp-
toms. In Miller Fisher syndrome, the origin of ataxia is at-
tributed to the cerebellum [10, 15]. However, the possible
involvement of the spino-cerebellar afferents as the target of
autoimmunity cannot be ruled out [10].
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Table 1.  List of representative auto antibodies to cerebellar antigens in paraneoplastic cerebellar degenerations.

Well Characterized Autoantibodies,
Suggestive of a Specific Disease

Autoantibodies Found in Different Conditions,
Suggestive of Autoimmune Mechanisms

Anti-TG 2, 6 Gluten ataxia Anti-VGCC (P/Q type) PCD (SCLC), PACA
Anti-Yo PCD (breast, uterus and ovarian cancers) Anti-Homer-3 Neoplasm*, PIC, PACA
Anti-Hu PCD (SCLC) Anti-GluR32 PIC, PACA

Anti-CV2 PCD (SCLC, thymoma) Anti-GADG65 (low titer) PACA
Anti-Ri PCD, paraneoplastic OMS (breast cancer) Less well characterized autoantibodies
Anti-Ma2 PCD (Testis and lung cancers) Reported only in a few patients with cerebellar ataxias

Anti-GAD65 (high titer)

Anti-GADG6S5 antibody-associated ataxia

PCA-2

PCD (rare)

Partially characterized autoantibodies

Anit-glycine R

Paraneoplastic OMS (rare)

Anti-mGluR1

Neoplasm*

Anti-Tr PCD (Hodgkin’s lymphoma) Anti-Ca/ARHGAP26 Neoplasm*, unknown
Anti-CARP VIII Neoplasm*
Anti-PKCy Neoplasm*
Anti-Nb/AP3B2 Unknown
Anti-Sj/ITPR1 Unknown
Anti-LGl1 Unknown
Anti-CASPR-2 Unknown
Anti-neurochondrin Unknown

*Association was reported only in a few patients with neoplasm. Unknown conditions might be PACA.
Abbreviations: PCD; parancoplastic cerebellar degeneration, PIC; post-infectious cerebellitis, PACA; Primary autoimmune cerebellar ataxia, SCLC; small cell lung cancer.

2.4.2. Primary Autoimmune Cerebellar Ataxia (PACA)

Another revision concerns PACA. PACA is indicated
when CA is elicited by an autoimmune reaction in the cere-
bellum [e.g., association with HLA DQ2, autoimmune dis-
eases, and autoantibodies (anti-thyroid antibodies and
autoantibodies that target the cerebellum), and response to
immunotherapy)], and the clinical features do not match the
defined etiology [15]. The high frequency of idiopathic CAs
in the above-discussed study [15] indicates that the etiology
of autoimmune-mediated CAs in some patients is still un-
known and requires further definition. This may be the rea-
son for the underestimated rate and overlooked diagnosis of
IMCAs in daily clinical practice. To gain clinical attention,
PACA could be utilized for tentative diagnosis indicating
IMCAs. Further advancements in immune profiles might allow
the establishment of a new clinical entity from tentative clas-
sification. Alternatively, PACA could be presented as an entity
of a spectrum that also includes other phenotypes (Table 1).

This spectrum may also be used for patients with Hashi-
moto’s encephalopathy (HE). In the original classification,
HE was classified as an independent entity [10]. HE was
reported to have a good response to steroids and to be asso-
ciated with anti-thyroid Abs [10, 20, 21]. However, the re-
cently reported association with other autoantibodies (e.g.,
low titer of anti-GAD Abs or anti-gliadin Abs) [11] and het-
erogeneous physiological actions in the CSF [22] render a
single entity unlikely. Thus, these patients could be de-

scribed as patients with good response to corticosteroids [11,
23] and classified as one phenotype in PACA.

2.4.3. Diversity of Autoantibodies

Table 1 lists representative autoantibodies associated
with IMCAs. From a diagnostic point of view, these autoan-
tibodies against cerebellar targets can be classified into two
groups; disease-specific and -nonspecific autoantibodies.
The former include the well-characterized autoantibodies
associated with gluten sensitivity (TG2 and TG6 antibodies)
for GA, the onconeural antibodies for PCDs, such as anti-
Yo, Hu, CV2, Ri, and Ma-2 antibodies, the high-titer of anti-
GADG65 antibody for anti-GAD65 Ab-associated CA, and
anti-Ri antibody for OMS [3, 6-8, 10, 11]. However, the as-
sociation with nonspecific autoantibodies indicates only the
presence of an autoimmune reaction. This category includes
anti-VGCC, Homer-3, GluR-delta2, and low-titer of anti-
GADG5 antibodies. Since these autoantibodies are character-
istically associated with different etiologies, the diagnosis
should be considered based on comprehensive clinical
profiles.

PCA-2, anti- mGluR CA/ARHGAP26, CARP VIII, PKCy,
Nb/AP3B2, Sj/ITPR1, LGI1, CASPR-2, and neurochondrin
antibodies were reported only in a few patients [11, 24, 25],
and therefore, are less well characterized. More antibodies
and their target antigen molecules will probably be added to
this list.
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Fig. (1). Classification of immune-mediated cerebellar ataxias (IMCAs). (The color version of the figure is available in the electronic copy of

the article).

3. AUTOIMMUNE PATHOGENESIS AS A POSSIBLE
THERAPEUTIC TARGET

3.1. Cell-mediated Autoimmune Mechanisms
3.1.1. CD4+ T Cells

Studies on experimental autoimmune encephalomyelitis
(EAE) suggest possible T cell-mediated autoimmune mecha-
nisms, specifically involving CD4+ T cells [26]. Naive
CD4+ T cells (Th 0 cells) are activated by antigens presented
by major histocompatibility complex (MHC) class I mole-
cules on antigen-presenting cells (APC) and differentiate
into Th1 and Th17 cells in the periphery. They infiltrate the
CNS, where they start to orchestrate an inflammatory cas-
cade by secreting cytokines (e.g., [IFN-y by Th1 and IL-17 by
Th17), leading to demyelination or cell death [26].

Regulatory T cells (Treg) are a population of differenti-
ated CD4+ T cells that maintain self-tolerance, inhibit auto-
immunity, and act as critical negative modulators of inflam-
mation in various autoimmune diseases [27]. Thus, dysfunc-
tion of Treg is one of mechanisms that precedes and leads to
cell-mediated autoimmunity [27].

The primary genetic associations with human leukocyte
antigen (HLA) class II in MS, whose gene products present
to CD4+ T cells, suggest possible pathogenic roles of CD4+
T cells in MS [28]. Likewise, in anti-GAD65 Ab associated
CA, it is reported that GADG65 stimulates proliferation of
CD4+ T cells in the periphery [29].

3.1.2. CD8+ T Celis

CDS8+ T cells, which recognized MHC class I molecules
expressed on nucleated cells, also play cytotoxic roles in MS
under a facilitation by CD4+ T cells [28]. CD8+ T cells are

observed in MS plaque, outnumbering CD4+ T cells 3-to 10-
fold and the degree of axon damages are correlated with the
number of CD8+ T cells and macrophages rather than CD4+
T cells [28]. Notably, clinical therapeutic trials using mono-
clonal antibodies specifically against CD4+ T cells or their
cytokines have failed to elicit therapeutic benefits, unlike
therapies targeting broad spectrum T cells [28]. It is there-
fore hypothesized that CD8+ T cells are crucial in the auto-
immunity of MS, but that CD4+ T cells determine whether
the disease progresses or halts after an initial attack [28].
Consistently, in some subtypes of IMCAs, CD8+ T cells are
reported to increase in the CSF [24] and infiltrate in the
cerebellum with macrophages [30], which suggests common
roles of CD8+ T cells in cell-mediated pathogenesis in IM-
CAs. However, detailed mechanisms remain unclear.
Autoreactive CD8+ T cells are assumed to be due to a failure
in elimination during thymic negative selection, either as a
result of weak expression or poor binding of certain self-
peptides to the predisposing HLA molecules [28].

3.2. Relevance of Autoantibodies and Possible Pathogenic
Mechanisms

The targets of autoantibodies in IMCAs include nuclear,
intracellular, and extracellular antigens. While the mecha-
nisms that trigger the formation of autoantibodies remain
obscure, several environmental factors, including viral infec-
tion, exposure to toxic chemicals, diet, [31] and diseases,
such as cancer [32], have been suggested to trigger the for-
mation of autoantibodies. Indeed, many cancer-associated
antibodies are directed against self-antigens [33]. Matzinger
(2002) proposed the “danger” model, where the immune
system is activated by danger signals emitted from injured
tissues [34]. Autoantigens, either presented to the immune
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system in association with inflammatory signals, or after
modification caused by inflammation, or through prolonged
exposure, may trigger an autoimmune response [33].

Autoantibodies can also be found in healthy individuals,
although their levels are usually low [35-38], suggesting that
autoantibody titers, rather than their presence, is related to
disease development. However, even the presence of high
autoantibody titers is not necessarily associated with disease
[39, 40]. Characteristically, autoantibodies in healthy sub-
jects are restricted to the periphery, while in IMCAs autoan-
tibodies are also present in the CSF [41, 42], permitting ac-
cess of the autoantibodies to neuronal targets [43]. Further-
more, while autoantibodies in healthy individuals may rec-
ognize the same protein, they often recognize different anti-
body epitopes, suggesting a different underlying autoim-
mune response [44].

Based on the intracellular or nuclear localization of many
autoantigens in IMCAs, it has often been argued that the
autoantibodies do not have a pathological role and are mere
markers of an autoimmune response. However, the dogma
that neurons cannot take up antibodies, has long been dis-
puted in several studies. The uptake of immunoglobulins by
a wide range of living cells both ex vivo and in vivo, often
with pathogenic consequences, has been demonstrated un-
ambiguously in experimental studies [45-49]. Specifically,
Purkinje cells incorporate both host and non-host immuno-
globulins in rat organotypic cultures [45], and kappa and
lambda light chains were clearly detected in Purkinje cells of
a patient with multiple myeloma [50]. Internalized IgGs
have been confirmed in the rat cerebellum [51], autopsies of
human cerebellar tissue [52], after interventricular injection
of human IgGs in guinea pigs [53] and after peripheral ad-
ministration of human IgGs in rats [49]. Human monoclonal
GADG65AD are taken up by cultured neurons [54] and can be
detected in CAl interneurons and Purkinje cells after injec-
tion in the medial septum/diagonal band and ipsilateral
interpositus nucleus, respectively [55, 56]. Moreover, the
internalized monoclonal GAD65Ab elicits behavioral ab-
normalities [55, 56]. The pathogenic roles of autoantibodies
have been experimentally characterized not only in anti-
GAD65Ab-associated CAs but also in PCD (see chapter I1I).

In conclusion, recent studies have elucidated certain as-
pects of the intricately intertwined cell- and autoantibody-
mediated autoimmune mechanisms. Divergent cell- and
autoantibody-mediated mechanisms are duplicated in the
development of the disease. These mechanisms could be
potentially suitable targets for the design of molecular thera-
peutics aimed at preventing an autoimmune attack in the
cerebellum.

4. AVAILABLE TREATMENT OPTIONS FOR EACH
SUBTYPE OF IMCAS

4.1. Gluten Ataxia
4.1.1. Diagnosis

GA is characterized by autoimmunity based on gluten-
sensitivity. GA affects mostly women in their 40-50s (mean
age; 48 years), and show either chronic or insidious onset,
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sometimes associated with sensorimotor axonal neuropathy,
focal myoclonus, palatal tremor, gluten-sensitive enteropa-
thy/gastrointestinal symptoms [1, 2, 10, 11, 16]. Enteropathy
is seen in half of the patients [1, 2, 10, 11, 16]. Almost all
patients with GA present clinically with posture and gait
ataxia, whereas limb ataxia, dysarthria, and nystagmus are
observed in only about 60 to 70% of the patients [1, 2, 10,
11, 16]. Association with autoimmune diseases is common,
such as thyroiditis, type 1 diabetes mellitus, and pernicious
anemia [1, 2, 10, 11, 16].

The HLA type DQ2 is detected in 70% of the patients.
Anti-gliadin (IgG and IgA), anti-transglutaminase 2 (TG2)
and anti-TG6 antibodies are detected in the sera and CSF of
patients with GA. In a few cases, oligoclonal bands are de-
tected in the CSF [1, 2, 10, 11, 16]. Anti-TG6 antibody has
been shown to be specific to the neurological manifestations
of gluten sensitivity [16]. Since the clinical course of GA is
similar to that of degenerative CA, differentiating GA from
the latter is important (Table 2).

4.1.2. Types of Therapies that have been Tested so far

A gluten-free diet is considered an effective therapy for
GA, based on avoidance of antigens that can trigger im-
mune-mediated mechanisms, similar to the strategy used in
celiac disease [57].

4.1.3. Prognosis

Hadjivassiliou et al. [57] confirmed the benefits of
gluten-free diet in 43 patients with GA. The authors com-
pared prospectively the clinical courses of patients who ad-
hered to gluten-free diet and the control group whose pa-
tients refused the diet. The two groups were matched for
baseline conditions (age, duration of symptoms, and severity
of CA). Patients of the treatment group showed improvement
in the subjective clinical impression score and the perform-
ance test score (the Finger-to-Nose test latency and tapping),
compared with patients of the control group. Furthermore,
the improvement in CAs was associated with a decrease
in the titer of anti-gliadin Ab. The response to the gluten-
free diet was similar between patients with and without
enteropathy.

A long-term observational study analyzed the prognostic
factors involved in the response to gluten-free diet [11, 16,
57]. The study comprised 371 patients with GA, including
74% with mild ataxia (ability to walk unaided), 16% with
moderate ataxia (inability to walk without support), and 10%
with severe ataxia (wheelchair use). Strict gluten-free diet
was applied for one year, which was confirmed by various
serological tests showing elimination of gluten sensitivity.
Clinical improvement correlated significantly with severity
of cerebellar atrophy and was evident in patients with mild
ataxia. Gluten-free diet halted and stabilized CAs, but did
not improve clinical symptoms in some patients with severe
ataxia.

In contrast to the above study, another work described
lack of clinical response to gluten-free diet [58]. The authors
argued that these patients were treated with intravenous im-
munoglobulins (IVIg), and all showed a satisfactory re-
sponse coupled with clinical and serological improvements.
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Clinical profiles of gluten ataxia and anti-GAD65 Ab-associated cerebellar ataxia.

Gluten Ataxia

Anti-GAD65 Ab-associated Cerebellar Ataxia

Clinical profile

Time course

Insidious and chronic

Insidious and chronic or subacute

Age and sex 50s, female (55%)

60s, female (mostly)

Main symptoms of cerebellar

involvement frequent (60-70%)

Gait ataxia. Limb ataxia and nystagmus are mild and less

Gait ataxia. Limb ataxia and nystagmus are mild and
less frequent (60-70%)

Associated neurological symptoms

Cortical myoclonus, neuropathy

Stiff person syndrome, epilepsy

Abnormality in cerebrospinal fluid Generally none

Sometimes; CSF oligoclonal bands

Cerebellar atrophy on MRI

relative to ataxia

Present depending on duration of ataxia. The vermis is
primarily involved. The degree of atrophy is mild

Present depending on duration of ataxia
The vermis is primarily involved. The degree of
atrophy is mild relative to ataxia

Clues for diagnosis

e 40-60s, female
e  QGait ataxia with dominant vermian atrophy

e Atrophy on MRI is milder relative to the severity of ataxia

Neurological features suggestive the need for further investigations on autoimmunity:

g

Gluten Ataxia

Anti-GAD65Ab-associated Cerebellar Ataxia

Autoimmune background

Trigger of autoimmunity Gluten ingestion

Unknown

HLA Type DQ2 or DQ8

Well characterized autoantibodies
Anti-TG2, TG6

Anti-gliadin (IgG/IgA)

Anti-GADG65AD (high titer) usually exceeds the levels
seen in type 1 diabetes mellitus by 100-fold

Associated autoimmune diseases

Coecliac disease (47%)

Type 1 diabetes mellitus, autoimmune thyroid diseases,
pernicious anemia

However, the most common cause of lack of response to
gluten-free diet is poor adherence to the diet or hypersensi-
tivity to gluten, in which a small amount of gluten still pre-
sent in the usual gluten-free food, causes a strong immune-
mediated response, including cerebellar damage. Interest-
ingly, the titers of anti-gliadin antibodies are persistently
high in these treatment-failure cases [59, 60].

Thus, serological tests for gluten sensitivity should be
conducted when gluten-free diet is ineffective. In patients
with persistently high titers of anti-gliadin antibodies, strict
adherence or wheat-free diet should be considered before
switching to immunotherapy. MR spectroscopy can also be
an effective tool to check strict adherence to gluten-free diet
[61]. The authors reported that the N-acetylaspartate (NAA)/
creatine (Cr) area ratio from the cerebellar vermis increased
in 62 out of 63 (98%) patients on strict gluten free diet, in 9 of
35 (26%) patients on gluten free diet but positive antibodies,
and in only 1 of 19 (5%) patients not on gluten free diet.
[61]. If it is not possible to control this kind of ataxia with
gluten-free diet, maintenance therapy of IVIg or immuno-

suppressants (e.g., mycophenolate mofetil, cyclosporin, and
cyclophosphamide) is recommended [11, 16].

Myoclonic ataxia is a subtype associated with refractory
celiac disease [62]. Despite strict gluten-free diet, myo-
clonus, CAs and malabsorption characteristically persist in
such patients. Immunosuppression with mycophenolate
mofetil is reported to improve CAs and malabsorption [62].

4.1.4. Pathogenesis

Studies in coeliac disease suggest that a diet component
is a potential environmental risk, leading to activation of
autoimmunity [63]. Digested gluten peptides are cross-linked
and deaminated by TG2, leading to the creation of an immu-
nostimulatory epitope for HLA-DQ2 or -DQ8 on antigen-
presenting cells. These epitopes are presented to CD4" T
cells, from which cytokines are released to facilitate the pro-
duction of antibodies against gliadin and TG. Similar
mechanisms are assumed to operate in GA. Anti-TG anti-
bodies target tissue transglutaminase TG2, which is present
in most cells, and TG6, which is abundantly expressed in the
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CNS [64]. A pathogenic role for anti-TG antibodies was
suggested when anti-TG2 antibody isolated from celiac pa-
tients induced neuronal cell apoptosis in cell cultures [65].
Subsequent studies showed that intraventricular injection of
anti-TG2 antibody induced ataxia in mice [66]. TG2 activity
is upregulated through calcium binding, and anti-TG2 anti-
body cloned from celiac patients preferably bind to the cal-
cium-activated enzyme conformation [67], suggesting that
anti-TG2 antibody may play a pathogenic role by maintain-
ing TG2 in its enzymatically active conformation. This hy-
pothesis is supported by the presence of aberrant cerebral TG
activity and protein aggregates in affected brain areas of pa-
tients with neurodegenerative diseases [68]. These findings
provide a rationale for the removal of gluten. On the other
hand, the mechanisms of cell-mediated autoimmunity remain
to be clarified.

4.1.5. Recommended Therapeutic Strategy

(1) Gluten-free diet is the first line of therapy for GA. Since
the response is dependent on the severity of CAs and ex-
tent of cerebellar atrophy, early intervention is recom-
mended, at a stage when the immune cascade has not
caused a substantial cerebellar neuronal loss beyond a
threshold (see the concept of cerebellar reserve). The
therapeutic strategy is based on the avoidance of the anti-
gen.

(2) Poor adherence to the gluten-free diet or hypersensitivity
to gluten does not eliminate the trigger to the autoim-
mune cascade, leading to disease progression. Titers of
anti-gliadin antibodies should be monitored for poor ad-
herence and assessment of sensitivity.

(3) In cases of hypersensitivity, a wheat-free diet should be
considered, followed by treatment with immunosuppres-
sants (e.g., mycophenolate mofetil, cyclosporin, and cy-
clophosphamide).

4.2. Paraneoplastic Cerebellar Degeneration (PCD)
4.2.1. Diagnosis

PCD is characterized by an autoimmune response trig-
gered by a neoplasm. It tends to show an acute or subacute
time-course at the onset [3-8]. The cerebellar syndrome may
be preceded by prodromal symptoms such as nausea, vomit-
ing, and dizziness, resembling a viral infection-related dis-
ease [4]. Subsequently, patients notice gait instability, which
is followed by limb ataxia, dysarthria and nystagmus
(pancerebellar ataxia), usually within weeks [4]. The CSF
frequently shows signs of inflammation, which include mod-
erate lymphocytic pleocytosis, increased protein concentra-
tions, high IgG index, and CSF-specific oligoclonal bands

[4].

Many patients with PCD are positive for onconeuronal
antibodies [4, 6-8] listed in Table 1, though some are sero-
negative for these antibodies [5, 10]. Since subacute CAs are
listed as classical symptoms in the 2004 diagnostic criteria
[3], the diagnosis of cancer, which develops within 5 years
of diagnosis of CA, or appearance of well-characterized
onconeuronal antibodies (anti-Yo, anti-Hu, anti-CV2, anti-
Ri, anti-MA?2) helps to establish a definite diagnosis of PCDs
[3,4].
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It should be noted that CA is the first manifestation of
neoplasm in 70% of the patients [4]. Of these cases, systemic
investigation of the neoplasm is necessary.

4.2.2. Types of Therapies that have been Tested so far

Once the diagnosis of PCD is confirmed, the patient is
generally scheduled for surgical excision of the neoplasm as
soon as possible [4, 11, 69, 70]. Surgery is combined with
radiotherapy and/or chemotherapy, depending on the type of
neoplasm, in order to prevent systemic metastasis and re-
move antigens at the origin of the immune-mediated attacks
[4, 11, 69, 70]. Such approach is reported to significantly pro-
long survival time [4, 69-71]. In addition to the above strat-
egy, various kinds of immunotherapies (e.g., single drug ther-
apy, or combinations of corticosteroids, IVIg, plasmaphere-
sis, immunosuppressants, and rituximab) have been used.

4.2.3. Prognosis

4.2.3.1. Poor Prognosis

Prognosis of PCDs is generally poor [4, 69-71]. The re-
sponse to immunotherapy following removal of the neoplas-
tic lesion is often disappointing [4, 69-71]. Peterson et al
[72] examined the efficacy of various immunosuppressive
therapies in patients with anti-Yo antibody. Of the 22 pa-
tients who received plasmapheresis, only one showed mod-
erate sustained clinical benefits while four other patients
showed mild but transient improvement. Corticosteroids
were tried in 17 patients, of whom only one patient showed a
satisfactory clinical response. All 4 patients who were
treated with cyclophosphamide showed no clinical im-
provement. Furthermore, Rojas et al. [73] reported no bene-
fits in 23 patients with PCDs who received combinations of
these therapies.

Two long-term studies reported short survival times in
patients with PCDs. Candler ef al. [74] examined the clinical
course of 63 patients with paraneoplastic neurological dis-
eases, including 13 patients with PCDs. These patients re-
ceived various kinds of anti-neoplasm therapies, followed or
not by one or several combinations of immunotherapies
(prednisolone, IVIg, and/or plasmapheresis). Three of the 13
(23%) patients with PCDs died before the final follow-up,
and the mean survival time from onset of neurological symp-
toms was 42 months (95% CI 32-52). In patients with para-
neoplastic neurological diseases, 17 of the 63 (27%) patients
died and the mean survival time was 43 months. The cause
of death was not described in their study. On the other hand,
Keime-Guibert et al. [75] examined the outcome of long-
term follow up of 16 patients with PCDs (10 patients with
anti-Hu antibody and six patients with anti-Yo antibody).
After surgical removal of tumors, various types of immuno-
therapies were tried, including one to nine cycles of the
combination of intravenous methylprednisolone, 1VIg, and
cyclophosphamide. None of the 16 patients who underwent
the above protocol showed clinical improvement (more than
1 point change in Rankin Score), although 3 patients showed
stabilization (lack of change in the score after three courses
of the therapies). Fourteen of the 16 (88%) patients died dur-
ing the follow-up, and the cause of death was neoplasm-
related in 9 patients, neurological deficits in 3, and unknown
in the remaining 2 patients. The median survival time from
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the first therapy was 10.2 months (range 2-38). Based on the
above data, it is considered that fewer than 10% of patients
with PCDs are likely to respond to immunotherapy [11].

4.2.3.2. Benign Prognostic Factors and Types of PCD

Although there are only a few studies on the therapeutic
benefits in patients with PCDs, we have surveyed the prog-
nostic factors commonly observed in responders.

4.2.3.3. Autoantibodies

Shams’ili et al. [76] examined the relation between the
effectiveness of treatment and the associated antibodies in
their study of 50 patients with PCDs. Patients positive for
anti-Ri antibody showed the best response to anti-neoplasm
and anti-immune therapies. Three of the 6 patients showed
satisfactory clinical responses, and 5 (83%) patients were
able to walk at the time of the last-follow up or before death.
In contrast, only 4 of the 19 (21%) patients positive for anti-
Yo antibody and only 4 of the 16 (25%) patients positive for
anti-Hu antibody could walk unaided after the completion of
treatment. Furthermore, the survival time from diagnosis was
significantly longer in patients positive for anti-Tr antibody
(median >113 months), compared with >69 months in pa-
tients with anti-Ri antibody, 13 months in patients with anti-
Yo antibody, and 7 months in those with anti-Hu antibody.
While the survival time seems longer in patients with anti-Tr
antibody, these patients suffer severe disability or depend-
ence. A long survival time is also sometimes recorded in
patients with anti-CV2 antibody, provided the underlying
cancer is controlled.

4.2.3.4. Other Benign Prognostic Factors

Table 3 summarizes the findings in published case re-
ports of patients with PCDs who showed good response to
immunotherapy [77-96]. These articles were selected for
review based on the following process; (/) we searched for
articles using key words of ‘Paraneoplastic cerebellar degen-
eration’ and ‘Treatment’ published between 1993-2017 in
PubMed database, and (2) among those identified, we se-
lected English-language articles that described the effective-
ness of immunotherapeutic in their abstracts. Some of these
articles had already been reviewed elsewhere [11].

The treatments received by the 22 responders described
in 20 articles included intravenous methylprednisolone
(n=1), IVIg (n=5), cyclophosphamide (n=2), rituximab
(n=4), oral prednisolone + IVIg + cyclophosphamide (n=1),
intravenous methylprednisolone + oral prednisolone + cy-
clophosphamide (n=1), oral prednisolone + IVIg + rituximab
(n=1), oral prednisolone + cyclosporine + cyclophosphamide
(n=1), IVIg + plasmapheresis (n=5), and IVIg + rituximab
(n=1). There appears to be no significant difference in the
outcome considering different types of immunotherapy. Of
these reports, Voltz [71] proposed a regime of immunother-
apy consisting of one course of intravenous methylpredniso-
lone, followed by 1 or 2 weeks of IVIg in case of lack of
improvements, and plasmapheresis or cyclophosphamide in
case of no efficacy in the following 1 or 2 weeks. On the
other hand, Dalmau and Rosenfeld [4] suggested that the
combination of IVIg or plasmapheresis with cyclophos-
phamide could be effective in a subgroup of patients. Nota-
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bly, rituximab was reported to be effective in patients with B
cell lymphoma (for example, Hodgkin lymphoma) [89-91].
In these cases, R-CHOP therapy should be beneficial for
both lymphoma and CAs.

In the here described patients (Table 3), there were no
significant differences in the latency to treatment and sever-
ity of CAs at the start of therapy. Latency was short (less
than 1 month between the onset of CAs and the start of im-
munotherapy) in 5 of the 22 (23%) patients, moderate (more
than 1 month but less than 3 months) in 6 (27%) patients,
and long (more than 3 months) in 8 (36%) patients. On the
other hand, Berzero et al. [97] recently reported therapeutic
benefits after early IVIg (within 3 months of onset of neuro-
logical symptoms) in 17 patients with paraneoplastic neuro-
logical diseases, including 1 patient with PCDs. The median
survival time was 25.6 months, which was longer than that
reported in the study of Keime-Guibert et al. [75]. Impor-
tantly, their data showed only one patient with neurological
disorders-related symptoms. Similar tendency was observed
also in the study by Shams’ili et al. [83].

The severity of CA before therapy was considered mod-
erate in all 22 patients and 11 patients were unable to walk
without assistance.

MRI studies showed no cerebellar atrophy in 7 of the
examined 16 patients (44%) and mild cerebellar atrophy in 8
patients (50%) (Table 3). However, since PCDs are often
defined as CAs with no initial MRI evidence of atrophy [3],
further control studies are necessary.

4.2.4. Pathogenesis

4.2.4.1. PCDs Associated with Anti-Yo and _Anti-Hu
Antibodies

Both Yo (cdr2) and Hu proteins are intracellular antigens
[5, 98]. It is assumed that cell-mediated mechanisms are the
main autoimmune mechanisms underlying PCDs associated
with anti-Yo and anti-Hu antibodies [4, 98]. Passive transfer
experiments using onconeuronal antibodies targeting intra-
cellular antigens and immunization using protein or DNA
failed to induce ataxic symptoms in animals [99-101]. High
proportions of cdr2- or Hu-specific T cells are present in
blood of patients with anti-Yo (cdr2) antibody or anti-Hu
antibody, respectively [102-104]. These results suggest that
PCDs are mediated by T-cell immune response towards an
autoantigen recognized by onconeuronal Ab [5]. Consis-
tently, autopsy studies of patients with anti-Yo antibody
showed near total loss of Purkinje neurons and gliosis [105].
Infiltration of CD8+ T cells in the cerebellum is another fea-
ture, with appearance of cytotoxic T cells proximal to dam-
aged neurons [105]. Collaboration of CD4+ and CD8+ T
cells is necessary to induce inflammation, where CD4+ T
cells exhibit a Th1 phenotype, and secrete IFN-y and TNF-a
[106]. Histochemical examination showed lack of both IgG
deposits and B cells infiltration [98].

However, a direct pathogenic effect was demonstrated
for anti-Yo antibody, which is internalized by Purkinje cells
and associated with subsequent cell death [107, 108]. Okano
et al. [107] proposed a pathogenic role for anti-Yo antibody
targeting Cdr2. Cdr2 encodes a leucine zipper motif that
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Table 3. Beneficial effects of immunotherapy on cerebellar ataxia with paraneoplastic cerebellar degeneration. Summary of 20
studies.
Age/Gender Associated Neoplasm/Treatment Delay Autoantibodies/MRI Immunotherapy Outcome/follow-up Period (Months)
Moll et al. (1993)
Not identified. No . L . - .
44/F Breast cancer. Surg, chemo 13 days troph plasmapheresis [VIg Gait with assistance — gait without assistance 8
atrophy
Stark et al. (1995)
. Not identified. Mild oral PSL (no effect), o . o .
61/F Ovarian tube cancer. Surg, chemo 2.5m Gait with wheel chair —gait with assistance. 54
atrophy CS, CP
51/F Ovarian cancer. Surg 24 days Not identified. ND CP Moderate ataxic gait — minimal ataxic gait. 24
David et al. (1996)
. Anti-Yo Ab. Mild plasmapheresis, Gait with assistance — gait no assistance. 2
81/F Ovarian cancer. No cancer therapy 2m .
atrophy IVIg (symptom deterioration 3 m later)
Blaes et al. (1999)
patient 1: 62/F Peritoneal carcinomatosis. Chemo ND ‘ Anti-Yo Ab. ND IVIg Marked reduction of ataxia. 24
Batocchi et al. (1999)
Pelvic endometroid cancer. Surg, Anti-Yo Ab. Mild o .
47/F K 6m CP ? — gait with wheel chair, 21
chemoradio atrophy
Mowzoon & Bradley (2000)
Not identified. Mild o . o
56/F Unknown 19m IVIg, oral PSL, CP Gait with wheel chair — gait with cane, 18
atrophy
Shams’ili ez al. (2006)
patient 4: 48/F Ovarian cancer. Surg I m ‘ Anti-Yo. ND Rituximab Modified Rankin scale 4—3, 16
Taniguchi ef al. (2006)
A o A IVIg, plasmaphere- A . o
53/M Hogkin's lymphoma, Chemoradio immediate Anti-Tr Ab. ND . Improvement in standing and gait disturbances
sis
Geromin et al. (2006)
. . Anti-Tr Ab. Mild atro- Severe nystagmus, dysarthria — mild nystagmus,
17/F Hogkin's lymphoma, Chemoradio ND IVIg .
phy dysarthria, 120
Phuphanich & Brock (2007)
Papillary carcinoma (extraovarian .
72/F . 12m Anti-Yo Ab. Atrophy IVIg ? — able to swallow, 18
origin). chemo
. . Gait with wheel chair — gait with assistance,
54/F Ovarian cancer. Surg, chemo 6m Anti-Yo Ab. ND IVIg
Unknown
Théone et al. (2008)
86/F Ovarian cancer. No cancer therapy ‘ 5m ‘ Anti-Yo Ab. No atrophy | mPSL, oral PSL, CP | Gait with assistance — gait with walking frame, 4
Esposito ez al. (2008)
Lung small cell carcinoma. . o
48/F . 12m Anti-Hu Ab. No atrophy Rituximab ICARS 40—11, 24
Chemoradio
Schessl et al. (2011)
. R IVIg, oral PSL,
72/F Ovarian cancer. Surg, chemo ND Anti-Yo Ab. No atrophy

rituximab

Gait with assistance decrease in falling, 120

(Table 3) contd....
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Age/Gender Associated Neoplasm/Treatment Delay Autoantibodies/MRI Immunotherapy Outcome/follow-up Period (Months)
Shimazu et al. (2012)
55/M ‘ Lymphoma. Chemo ‘ 3m ‘ Not identified Mild atrophy ‘ Rituximab ‘ SARA 30—1, 15
Yeo et al. (2012)
10/M ‘ Hodgkin’s lymphoma. Chemoradio | 2 years Anti-Tr Ab. ND ‘ Rituximab, IVIg ‘ Gait with a walker — gait with assistance, 36
Lakshmaiah et al. (2013)
68/M Lymphoma. Chemo 2m Not identified. Mild atrophy Rituximab There was a signiﬁcax:i;i:;p;ovcmcnt in cerebellar
Bhargava et al. (2014)
44/F Ovarian cancer. Surg ~10m ‘ Anti Yo Ab. Mild atrophy IVIg Modified Rankin scale 4—2 2
Mitchell ez al. (2015)
75/F Lung cancer. Surg 3m Anti-Ri Ab. No atrophy Plasmla\;/);lgcrcsis, Nearly complete clinical recovery, 24
Zhu et al. (2016)
68/M Bladder cancer. Surg ‘ 5 days Not identified. No atrophy mPSL Barthel index of activities of daily living, 35—85
Gungor et al. (2017)
\L/F Hodgkin’s lymphoma. Chemo 1 wk Anti-Tr Ab. No atrophy Plasmapheresis, Gait with assistance — gait without assistance,
IVIg Unknown

Abbreviations: Surg: surgery, chemo: chemotherapy, chemoradio: chemoradiotherapy, mPSL; intravenous methylprednisolone, oral PSL; oral prednisolone, IVIg; intravenous im-

munoglobulins, CS: cyclosporine, CP: cyclophosphamide, ND: Not described.

interacts with another leucine zipper motif on the nuclear
transcription factor c-Myc. Cdr2 regulates the level of c-Myc
in the nucleus and c-Myc associated signaling activities.
Okano et al [107] also demonstrated that Cdr2-specific anti-
Yo antibodies inhibit the interaction between Cdr2 and c-
Myc, possibly allowing excess of c-Myc to enter the nucleus
and disrupt cell cycle signaling. Similarly, the binding of
anti-Yo antibody to Cdr2 may prevent interaction with mor-
tality factor-like protein MRGX and/or NFkb and conse-
quently alter transcriptional activity and lead to cell apopto-
sis [108].

4.2.4.2. PCD Associated with VGCC Antibody

P/Q type voltage-gated calcium channels (VGCC) are
membrane proteins on Purkinje cells known to determine the
activity and survival of neurons [98, 109]. PCD patients
positive for anti-VGCC antibody show diffuse loss of Purk-
inje cells and low number of VGCC [109]. Administration of
Abs triggers ataxic movements in mice with an epitope-
dependence [110]. Thus, autoimmunity against VGCC is
considered to be mediated by VGCC autoantibody [109, 110].

4.2.5. Recommended Therapeutic Strategy

(1) Immediate attention to the treatment of neoplasm should
be the first objective of treatment.

(2) Immediate induction of immunotherapy using corticos-
teroids (intravenous methylprednisolone or oral predniso-
lone), IVIg, plasmapheresis, immunosuppressants, or ri-
tuximab, either alone or in different combinations. There

are no significant differences in the response to these
types of immunotherapies.

(3) The anti-neoplasm therapies and immunotherapies have
no benefits in most cases, with a relatively short median
survival time (10.2 to 43 months), although retrospective
studies on a few responders have identified some prog-
nostic factors (for example, anti-Tr or anti-Ro antibody).

4.3. Anti-GAD65Ab-associated Cerebellar Ataxia
4.3.1. Diagnosis

Anti-GAD65Ab-associated CA is characterized by CAs
associated with high-titer anti-GAD65 antibody. The disease
has a predilection for women in their 50-60s (mean age; 58
years) [9-11, 111]. The onset is subacute or chronic, and the
phenotype is sometimes associated with stiff-person syn-
drome and epilepsy [9-11, 111]. Association with type 1
diabetes mellitus is frequently observed, and most patients
have high serum and CSF titers of anti-GAD65Ab. Almost
all patients with anti-GAD65Ab-associated CA present clini-
cally with posture and gait ataxia, whereas limb ataxia,
dysarthria, and nystagmus are observed in only about 60 to
70% of the patients [9-11, 111]. The ataxic patients charac-
teristically have high titers of anti-GAD65AD in serum (10 to
100-fold, compared with patients with type 1 diabetes melli-
tus) and in CSF [9-11, 111]. The CSF shows CSF-specific
oligoclonal band in 70% of the patients, although protein
concentration is normal. No cell proliferation is observed in
most patients [9]. The clinical course in anti-GADG65Ab-
associated CA is sometimes similar to that of degenerative
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CA, and therefore differential diagnosis between these two
diseases is important (Table 2).

4.3.2. Types of Therapies that have been Tested so far

Combination immunotherapies (e.g., one or the combina-
tion of corticosteroids, IVIg, plasmapheresis, immunosup-
pressants, and rituximab) have been attempted [10, 111],
though there are no published large-scale studies, mainly due
to the rarity of this form of CA.

4.3.3. Prognosis

The clinical factors that influence prognosis of anti-
GAD65Ab-associated CA have not been identified yet. To
identify such factors, we divided the patients based on the
mode of onset. The onset was defined as subacute, when the
CA reached its nadir or required neurological assessment
within 3 months [111], and as chronic when the above crite-
rion was not satisfied [111].

4.3.3.1. Benign Prognostic Factors: Analysis of Short-term
Follow-up Studies

Table 4 summarizes the findings of previous short-term
follow up studies on patients with anti-GAD65Ab-associated
CA [43, 112-127]. These publications were identified by
searching the 1993-2017 PubMed database using the key
words "anti-GAD antibody" and "cerebellar ataxia". Among
them, the case reports that provided details of the clinical
course were selected. Some of these articles had already
been reviewed elsewhere [11]. The results obtained from 22
patients of 27 trials showed definite tendency in the induc-
tion and response to maintenance therapies, although mean-
ingful statistical analysis could not be performed due to the
small number of patients.

First, there appears to be no significant difference in the
response to different types of immunotherapies used for pa-
tients with anti-GAD65Ab-associated CA. High responsive-
ness was observed following induction with intravenous
methylprednisolone (3 trials), intravenous methylpredniso-
lone + plasmapheresis (1 trial), [VIg + rituximab (1 trial),
and plasmapheresis + rituximab (1 trial). Second, the out-
come appears to correlate with the type of onset (subacute or
chronic onset) and the degree of cerebellar atrophy. High
responsiveness to immunotherapies was observed in 4 of the
6 trials with subacute onset (67%), but only in 3 of 21 pa-
tients with chronic onset (14%). Improvement after immuno-
therapies was observed in none of the 4 trials involving pa-
tients with evident cerebellar atrophy (marked neuronal
loss), compared to improvement in 1 of the 8 trials involving
patients with mild atrophy (12%) and in 5 of the 10 trials
involving patients with no atrophy (50%).

4.3.3.2. Benign Prognostic Factors: Analysis of Long-term
Follow-up Studies

Arino et al (2014) examined the long-term effects of im-
munotherapies in 25 patients with anti-GAD65Ab-associated
CA [111]. The median duration of treatment was 5.4 years
(3.1-10.3 years). Using the modified Rankin Sale (mRS),
they considered immunotherapy to be effective when the
score improved by more than 1 point. Compared with the
International Cooperative Ataxia Rating Scale (ICARS) used
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in most of the short-term follow-up studies, improvement of
more than 1 point in the modified Rankin Scale means sig-
nificant change in daily lives.

Importantly, CAs progressed in five patients who re-
ceived no immunotherapy. One of them became bedridden
(mRS=5), and two other patients became incapable of at-
tending their bodily needs without aid or to walk without
assistance (mRS=4). Thus, anti-GAD65Ab-associated CA
has a progressive nature.

The induction immunotherapies used in 20 patients in the
above study included IVIg (n=10), intravenous methylpred-
nisolone (n=9; methylprednisolone alone, n=4; methylpred-
nisolone + IVIg; n=4, methylprednisolone + rituximab, n=1),
and oral prednisolone (n=1). Seventeen of these 20 patients
received further maintenance immunotherapies; 6 were
treated with IVIg for a median duration of 56.2 months
(24.4-121.5 months), while 11 patients received oral immu-
nosuppressants, and one or a combination of prednisolone,
azathioprine or mycophenolate mofetil. The authors did not
report the superiority of any particular type of immunother-
apy. Using multivariate analysis, they found that age, sex,
mRS at diagnosis, evidence of cerebellar atrophy on MRI,
association with type 1 diabetes mellitus or other autoim-
mune diseases, were similar between responders and non-
responders to the treatment.

On the other hand, there were significant differences be-
tween the subacute and chronic onset groups. The immuno-
therapies improved CAs in 5 of 7 (71%) patients with suba-
cute onset. Three of these five responders showed no dis-
abilities in daily lives (mRS=1); they were able to perform
all usual activities although their movements were ataxic. In
contrast, only 2 of 13 (15%) patients with the chronic type
showed improvement following immunotherapies. In spite of
induction and maintenance immunotherapy, 3 patients still
required help in daily living activities, although they were
able to walk unaided (mRS=3), and 4 patients found it diffi-
cult to attend to their bodily needs without aid or to walk
without assistance (mRS=4).

Anti-GAD65Ab-associated CA sometimes shows a pla-
teau clinical-course, instead of linear progressive time-course
[1]. Even in these cases, clinicians should continue immuno-
suppressive therapy.

4.3.3.3. Summary of Short- and Long-term Follow-up Studies

Considered together, it is clear that the results of short-
and long-term follow-up studies are similar. Patients with
subacute onset showed relatively good response to these
therapies compared to patients with chronic onset. Short-
term follow-up studies have identified cerebellar atrophy as a
high risk factor for disability, though this finding was not
observed in the long-term follow-up studies. There appears
to be no significant differences in the response to predniso-
lone, IVIg and plasmapheresis.

4.3.4. Pathogenesis
4.3.4.1. Anti-GAD65Ab-associated CA

It has been considered to be unlikely that anti-GAD65
antibody has a pathogenic role because of GADG65’s
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Table4. Summary of 17 studies on the effects of various immunotherapies in patients with anti-GAD65Ab-associated CA.
Delay GAD Abs Induction / Maintenance Outcome Estimation Levels of
Age/Gender
Subtype MRI Therapy Follow up Period (Months) GAD Abs
Ishida et al. (1998)
66/F 7 months. 77,000 (U/ml). oral PSL / oral PSL, plasma Ataxias: slight recovery Subsequent progression of ataxia. Decreased
Chronic Atrophy exchange Death 4 years after first therapy. Low response
Abele et al. (1999)
68/F 18 years >1,000 (U/1) 1) IVIg 2) IVIg / none ICARS: 59—50 ICACRS: 50—48 Low response (for 3 No change
Chronic Atrophy months)
Takenoshita et al. (2001)
72/F 2 years 95,500(U/ml) ND IVIg / none Ataxias: unchanged No change
Chronic No change (for 3 months)
Kono et al. (2001)
66/F 10 months > 50,000(U/ml) plasmapheresis+tIVIg /none Ataxias: unchanged Decreased
Chronic Normal No change (follow up ?)
Riiegg et al. (2002)
62/F 1 year 321 (U/1) Mild IVIg / none Gait ataxia: unchanged ND
Chronic atrophy No change (for 1 month)
Matsumoto et al. (2002)
63/F 1 month 10,400(U/ml) 1) plasmapheresis 2) IVIg / Gait with aid—gait without aid (relapsed after 3 weeks) Decreased
Subacute Normal none Prominent gait ataxia: unchanged
No change (for 1 month)
Lauria et al. (2003)
66/F 5 months 531,000 (U/) Mild | [First therapy] mPSL+IVIg / ICARS: 60—10 Decreased
Chronic atrophy oral PSL [Second therapy] Low response (relapsed after 12 months) Decreased
mPSL / oral PSL+CP ICARS: 36—8
High response (for 6 months)
Birand et al. (2006)
38/F 33 months 6,472 (U/ml) mPSL / none ICARS: 6151
Chronic? Atrophy Low response (18 months)
McFarland et al. (2006)
70/M 9 months 10,018 (U/ml) 1) mPSL 2) plasma exchange ICARS: 78—20 (relapse after 2 months) Decreased
Chronic Normal 3) mPSL ICARS: 29—30 ICARS: 30—6 Decreased
/ azathioprine High response (for 12 months from azathioprine Decreased
medication)
Kim et al. (2006)
40/F 4 months 92,680( U/ml) ND 1) mPSL 2) mPSL / oral PSL ICARS: 31—20 (relapse after 4 months) ICARS: 23—11 Decreased
+Stiff person syndrome Chronic High response (for 5 month) Decreased
Rakocevic et al. (2006)
30M 1 year 2,413(nmol/L) IVIg / none Ataxias: unchanged ND
Chronic Normal No change (follow up ?)
Vulliemoz et al. (2007)
58/M 2 months 1/8000 Normal mPSL / oral PSL, Gait with aid—gait without aid High response ND
+Epilepsy Subacute azathioprine (for 8 months)

(Table 4) contd....
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GAD Abs Induction / Maintenance Outcome Estimation Levels of
Age/Gender Delay Subtype
MRI Therapy Follow up Period (Months) GAD Abs
Chang et al. (2007)
56/F 3 months 1,752 (nmol/l) mPSL / oral PSL, plasma ex- Gait with aid—gait without aid High response (for 15 Decreased
+Cognition failure Subacute Normal change + plasma exchange + months)
mPSL (monthly for 9 months) +
mycophenolate mofefill /none
Bonnan et al. (2008)
38/F 12 months >30,000 (U/ml) mPSL x 6+plasma exchange / ICARS: 60—52 Fluctuated
Chronic ND none Low response (36 months)
45/F 12 months 9,565( U/ml) ND mPSL x 6 ICARS: 8—12 Fluctuated
Chronic / azathioprine+ periodic IVIg Progression (31 months)
75/F 10 months 302/(U/ml) ND mPSL x 6 / none ICARS: 16—14 Fluctuated
Chronic No change (12 months)
Georgieva and Parton (2014)
45M 7 years Chronic Strongly positive [First therapy] ICARS: 8—4.5 ND
+epilepsy Mild atrophy IVIg / azathioprine Low response (relapsed after 10 weeks)
[Second therapy] ICARS: 7.5—5.5
IVIg / azathioprine Low response (relapsed after 10 weeks)
[Third therapy] ICARS 15—6
plasma exchange Low response (relapsed after 12 weeks)
/ azathioprine ICARS: 12.5—10
[Fourth therapy] Low response (relapsed after 8 weeks)
IVIg / azathioprine ICARS 12—8
[Fifth therapy] Low response (relapsed after 8 weeks)
plasma exchange
/ azathioprin
Planche et al. (2014)
72/F 6 months >250 (U/ml) 1) IVIg X2 Ataxias: progressive ICARS: 22—10 Increased
Subacute Normal 2) rituximab High response (for 14 months) Decreased
/none
73/F 3 years >221 (U/ml) 1) IVIg X2 Ataxias: slight recovery ICARS: 22—21 ND
Chronic? Normal 2) rituximab Low response (for 17 months) No change
/IVIg X3
65/M 3 years >1,000 (U/ml) 1) IVIg Ataxias: progressive [CARS: 35—43 No change
Chronic? Atrophy 2) IVIg+rituximab+CP Progressed (for 16 months)
/none
Kuchling et al. (2014)
74/F 6 months > 2,000 TU/ml immunoabsorption+ rituximab / Gait with aid—gait without aid ND
Subacute Normal none High response (for 1 month)
76/F 6 years Suba- > 2,000 TU/ml immunoabsorption+ rituximab / Prominent gait ataxia: unchanged No change (for 1 ND
cute Normal none month)

Summary of data of 27 clinical trials that included 22 patients from 17 studies.

Abbreviations: SPS: Stiff person syndrome, mPSL; intravenous methylprednisolone, oral PSL; oral prednisolone, IVIg; intravenous immunoglobulins, CP: Cyclophosphamide, ND:

Not described.

cytoplasmic location and its antibody’s association with
other conditions, such as type 1 diabetes mellitus, CA, and
SPS [128]. However, several recent studies documented
clearly the pathogenic roles of anti-GADG65 antibody in the
development of CAs [13, 14, 56]. Anti-GAD65ADb accesses
GADG65, located on the cytosolic surface of GABA-

containing vesicles, in GABAergic neurons terminals, and
such antigen-antibody interaction interferes with the packag-
ing of GABA into the synaptic vesicles and shuffling of the
synaptic clefts [56], resulting in a decrease of GABA release
[129-132]. It is assumed that the antigen might be temporally
exposed during exocytosis, providing a chance for binding



46 Current Neuropharmacology, 2019, Vol. 17, No. 1

with the antibodies [133, 134]. Since a disinhibition of the
dentate-thalamo-cortical pathway (an extrication of the in-
terneuron-induced inhibition on Purkinje cells) generates an
initiation of movements with an exact timing [135], any im-
pairment at GABA synapses can cause critical deficit in
cerebellar timing coordination, leading to CAs. Consistently,
administration of patients’ CSF and monoclonal GAD65Ab
mimicking epitope specificity of GAD65Ab in CA patients
elicits impairment of cerebellar control of the motor
cortex [136] and ataxic movements in experimental animals
[56].

The above mentioned pathogenic actions were proved
using the following experimental designs; (/) the pathogenic
actions of patients’ CSF diminish after absorption of anti-
GADG65 antibody and (2) monoclonal GAD65 antibody with
pathologic epitope specificity mimicked the patients’ CSF
effects, and (3) no pathogenic effects were observed in slice
preparations from GAD65 knockout mice [13, 14, 56]. These
findings show that the binding of GAD65 by GADG65 anti-
bodies impairs GABA release, leading to the development of
cerebellar dysfunction.

Importantly, the anti-GADG65AD elicits these pathogenic
actions in an epitope-specific fashion [13, 14, 56], and only
anti-GAD65Ab with a distinct epitope specificity character-
istic for CA patients interferes with GABA release mecha-
nisms, while anti-GAD65ADb epitope specificities associated
with type 1 diabetes mellitus have no effects on GABAergic
neurotransmission [13, 14, 56]. Furthermore, differences in
neurological symptoms can be explained by differences in
epitope specificity. It is assumed that the cerebello-cerebral
controls on timing necessitates exact timing in cerebellar
GABAergic neuronal activities, that is, an exact timing of
GABA release, whereas in the cerebello-spinal loop, the de-
scending tracts are under less-phasic inhibition by the cere-
bellum, which requires GABA synthesis [13]. Consistent
with this assumption, cerebellar administration of CSF ob-
tained from CA and SPS patients elicits opposite effects,
mimicking CA- and SPS-like symptoms, respectively [44].
This strict dependence of induced symptoms on anti-
GADG65AD epitope specificity may explain why no correla-
tion between the overall anti-GADG65AD titer and severity of
symptoms has been observed [137]. It should be emphasized
here that the above results do not exclude the involvement of
cell-mediated autoimmunity.

4.3.5. Recommended Therapeutic Strategies

(1) Induction therapy (e.g., intravenous methylprednisolone,
IVIg, immunosuppressants, plasma exchange, and/or ri-
tuximab, either alone or in combination) is recommended
during the early stage of CAs. There are no significant
differences in the response to each type of these immuno-
therapies. A decrease in anti-GAD65Ab levels can be
utilized as therapeutic index.

(2) Maintenance therapy (e.g., oral prednisolone, IVIg, im-
munosuppressants, and/or rituximab, alone or in combi-
nation) is also recommended. Since anti-GADG65ADb-
associated CA exhibits a chronic time-course, the effi-
cacy and therapeutic dose of prednisolone should be
monitored carefully to avoid side effects.
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4.4. Post-infectious Cerebellitis
4.4.1. Diagnosis

Infectious-induced cerebellar dysfunction is classified
into two categories; (/) inflammation caused by direct inva-
sion of viral or bacterial microorganisms, and (2) inflamma-
tion induced by immune mechanisms triggered by the infec-
tion [138]. Some authors termed the former as acute cerebel-
litis (AC) [139] and the latter as post- or para-infectious
cerebellitis, post-infectious cerebellar ataxia, or acute cere-
bellar ataxia (ACA) [138, 140].

Cerebellitis affects mainly younger children after a vari-
ety of illnesses, usually viral infection, most commonly
varicella [138, 139]. It is reported that 0.05% of children
with varicella infection develop CAs [141]. Other viral in-
fections include EB virus, Coxsackie virus, influenza A and
B virus, parainfluenza virus, measles, mumps, and rubella
[10]. Cerebellitis is also associated with bacterial infections,
such as diphtheria, pertussis, typhoid, Legionnaires, leptospi-
rosis, and mycoplasma.

Connolly et al. [142] described in detail the clinical fea-
tures based on examination of 73 patients. The age distribu-
tion was skewed to younger children with 60% of the chil-
dren between 2-4 years. Furthermore, 57% of the children
were boys. With regard to background infections, 25% of the
children had varicella, 52% had other viral infections, and
3% of the patients had post-infectious cerebellitis related to
immunization. Cases associated with EB virus, mycoplasma
and vaccination-related cerebellitis were more frequent in
older children. The mean latency from the prodromal illness
to the onset of CAs was 9.947.9 days, whereas 19% of the
patients did not exhibit any infection before the onset of
CAs. The most recognized clinical signs in CAs of post-
infectious cerebellitis were gait ataxia, with 24% of the chil-
dren reported inability to walk. Nystagmus was present in
14% and cranial nerve palsies (e.g., abducens or facial nerve)
in 7%. On the other hand, the study showed that patients
with CAs of post-infectious cerebellitis did not present with
fever, meningeal signs, raised intracranial pressure or extrac-
erebellar symptoms, such as temporary clouding of con-
sciousness, seizures, extremely altered mental status (e.g.,
extreme irritability), or cerebral focal signs. Rather, the pres-
ence of these clinical signs is suggestive of inflammation
induced directly by infection, rather than inflammation in-
duced by autoimmunity [139]. However, mild behavioral
changes, such as mild irritability, hyperactivity, moodiness,
and whining was sometimes noted by parents, which corre-
lated with the degree of CAs. Laboratory tests in post-
infectious cerebellitis showed an inflammatory state in the
CSF with no involvement of cerebellar atrophy [142]. MRI,
which was conducted in only 8 patients, showed no atrophy
or abnormal intensity area, except for one child who exhib-
ited a hypersignal area in the cerebellar hemisphere with T2-
weighted resonance. In the CSF, pleocytosis (roughly equal
numbers of granulocytes and lymphocytes; 75%, lymphocyte
predominance; 20%) and high CSF/serum IgG index were
observed in half of the children. Oligoclonal bands were pre-
sent in 10-17% of the children.
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Adult patients with cerebellitis exhibited different clini-
cal features, as reported in the study of Klockgether et al.
[141] on 11 adult patients (mean age, 40.7£15.2 years). The
prodromal phase varied from 1 to 8 weeks. The most com-
mon IgM in the CSF was EBV-VCA antibody and 73% of
the patients showed cerebellar oculomotor disturbances, such
as impaired smooth pursuit, reduced optokinetic nystagmus,
impaired suppression of the vestibule-ocular reflex by fixa-
tion of a stationary target, nystagmus on lateral gaze, and
saccadic hypermetria. Extracerebellar clinical signs, such as
temporary clouding of consciousness, unilateral sensory dis-
turbance and facial nerve palsy were present in 36% of the
patients. CSF examination showed lymphocytic pleocytosis
in 91% and high IgG in 67%, whereas the IgG index was
normal and oligoclonal bands were not present in all sub-
jects. Other clinical signs and symptoms in adults were simi-
lar to those observed in children.

4.4.2. Types of Therapies that have been Tested so far

Since cerebellitis is self-limiting, close monitoring of the
patient and follow-up form the basis of clinical management.
When the CA persists or progresses, a combination of im-
munotherapies has been considered [138]. Some infectious
diseases (caused by bacterial agents) require the fast admini-
stration of antibiotics.

4.4.3. Prognosis
4.4.3.1. Pediatric Cases

In one large study of 60 pediatric cases, 43 (72%) pa-
tients who were followed for more than 4 months showed
complete recovery from CAs [142]. Full gait recovery re-
quired about 2 months in most cases. Persistent gait ataxia
was observed only in children without a preceding infection
or children whose preceding illness was a nonspecific respi-
ratory or gastrointestinal viral illness. Behavioral changes
were associated with CAs, although the severity was only
mild. On the other hand, 15 (25%) of these children experi-
enced transient behavioral or intellectual difficulties, such as
mild irritability, hyperactivity, moodiness, and whining,
whereas only 3 (5%) patients demonstrated persistent learn-
ing problems.

4.4.3.2. Adult Cases

In one study of 11 adult patients with CAs, full recovery
was documented in 9 (81%) [137], whereas the other two
patients who were older than 60 years showed persistent,
though non-progressive, CAs, associated with a great imbal-
ance in stance and gait [141]. Both elderly patients showed
cerebellar atrophy on MRI.

4.4.4. Pathogenesis

The good prognosis associated with this type of CAs lim-
its pathological investigations. MRI investigation in one pe-
diatric case of a 5-year-old patient with oligoclonal band
showed a lesion suggestive of demyelination in the cerebel-
lar peduncle [143]. The author concluded that the mechanism
of post-infectious cerebellitis is similar to that of MS/acute
disseminated encephalomyelitis. Another case of an adult
patient who developed CA after EBV infection was found
positive for serum IgG and IgM antibodies that were reactive
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to Purkinje cells [144]. While these findings suggest auto-
immune mechanisms, further large scale studies are needed
to confirm the role of such mechanisms.

4.4.5. Recommended Therapeutic Strategies

(1) Close observation and checking for stabilization and im-
provement (for instance following surgical intervention
in case of edema of the posterior fossa) are recom-
mended. Antibiotics may be required.

(2) Only when the symptoms persist, immunotherapies using
corticosteroids, IVIg, immunosuppressants, and/or plasma
exchange, either alone or in combination, are indicated.

4.5. Opsoclonus Myoclonus Syndrome (OMS)
4.5.1. Diagnosis

OMS is characterized by subacute onset of opsoclonus
(i.e., repeated, random and rapid eye movements in both
horizontal and vertical directions) and action myoclonus [16,
145-147]. Since most patients show CAs, it is sometimes
termed opsoclonus myoclonus ataxia syndrome [16]. OMS
affects primarily children under the age of two years, and
half of the patients have paraneoplastic syndrome, usually
due to neuroblastoma [16]. Sine other etiologies are post-
infectious and idiopathic, OMS is classified into three types;
paraneoplastic, post-infection and idiopathic [16].

On the other hand, adult OMS is rare, affecting mostly
women (55%) in their 40-60s (mean age; 54 years) in para-
neoplastic OMS, and 30-50s (mean age; 38 years) in idio-
pathic OMS [145]. The most common symptom at onset is
acute vertigo (22% in paraneoplastic OMS and 47% in idio-
pathic OMS), though some patients present with encephalo-
pathy (13% in paraneoplastic OMS and 7% in idiopathic
OMS) and behavior changes (about 5% in both). Character-
istically, autoimmune background is low compared with GA
and anti-GAD65Ab-associated CA (3% in paraneoplastic
OMS and 11% in idiopathic OMS) [145]. MRI is usually
negative for cerebellar or brain stem atrophy [145-147]. The
CSF shows abnormalities (high leukocyte count and protein
content) in 24% of paraneoplastic OMS patients and 42% of
idiopathic patients [145]. Onconeuronal antibodies are de-
tected in 11% of the patients, mostly anti-Ri antibody in
breast cancer [145], as listed in Table 1. Other autoantibod-
ies, such as anti-glycine receptor antibody, are detected in
few patients with cancers [145]. Thus, the clinical profile is
different in paraneoplastic OMS compared with idiopathic
OMS.

4.5.2. Types of Therapies that have been Tested so far

In the case of paraneoplastic OMS, patients have been
scheduled for surgical excision of the neoplasm as soon as
possible [145, 146]. After the neoplasm therapy, immuno-
therapies (e.g., singly therapy or a combination of corticos-
teroids, IVIg, plasmapheresis, immunosuppressants, and
rituximab) have been tried [16, 145-147]. On the other hand,
post-infectious OMS is usually self-limiting and shows good
prognosis, while idiopathic OMS shows spontaneous recov-
ery in some patients [16]. Similar immunotherapies used in
paraneoplastic OMS have been tried in non-paraneoplastic
OMS, especially in patients who do not show improvement
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and those with progressive opsoclonus and myoclonus [16,
145-147]. At the time of writing of this review, there are no
published large-scale studies probably due to the rarity of
this form of CA.

The involuntary movements of the opsoclonus and the
action myoclonus interfere with the daily lives of patients.
Thus, symptomatic therapies using clonazepam or baclofen
have also been described [146].

4.5.3. Prognosis

The prognosis was compared between paraneoplastic and
idiopathic OMS in a few retrospective studies. Battler et al.
[147] examined outcomes in 24 patients [paraneoplastic as-
sociated with small cell lung carcinoma, non-small cell lung
cancer, breast carcinoma, gastric adenocarcinoma, and kid-
ney carcinoma (total n=10) and idiopathic (n=14)]. Paraneo-
plastic patients showed two different clinical courses; despite
treatment with corticosteroids and/or IVIg, five patients
whose cancers was not removed died, while eight patients,
whose cancer was removed, showed complete or partial im-
provement of neurological symptoms. On the other hand, 8
of the 10 patients with idiopathic OMS showed good out-
come and monophasic time-course; five patients showed full
recovery, and the other two patients, who showed self-
limiting disease, showed good response to corticosteroids
and/or IVIg. The other 2 patients with idiopathic OMS
showed relapse, which was controlled by immunotherapy.

Klaas et al. [146] reported similar good outcome for
idiopathic OMS. They examined the outcomes of 19 adult
patients (paraneoplastic OMS, n=3, idiopathic OMS, n=16)
with long-term follow-up (1-187 months). Of the 19, 18 pa-
tients received immunotherapy (methylprednisolone alone,
n=3, IVIg alone, n=1, methylprednisolone +IVIg, n=11;
methylprednisolone +plasmapheresis, n=2, methylpredniso-
lone + IVIg + plasmapheresis, n=2). Although their study did
not detect differences between paraneoplastic and idiopathic,
16 patients showed good outcome (remission in 13, and im-
provement in 3).

Amangué et al. [145] examined the therapeutic benefits
in a large-scale study of 81 adult patients (paraneoplastic
OMS, n=38, idiopathic OMS, n=43) with long-term follow-
up (>3 months). Of the 81 patients, 70 received immunother-
apy [corticosteroids alone, n=27, IVIg alone, n=10, corticos-
teroids + IVIg, n=24, corticosteroid +IVIg + plasmapheresis,
n=9, while in addition to the latter, 6 patients also received
azathioprine (n=4), rituximab (n=1), or mycophenolate
mofetil (n=1)]. Ten other patients were managed by close
observation only. Good outcome, defined by a modified
Rankin Score <2, was observed in 39% of patients with
paraneoplastic OMS and 84% of patients with idiopathic
OMS, and relapse was recorded in 24% of patients with
paraneoplastic OMS compared with 7% of patients with
idiopathic OMS. The above two findings suggest good out-
come in idiopathic OMS. Some of the untreated patients ap-
peared to belong to idiopathic OMS and develop self-
limiting disease. No correlation was observed between the
type of immunotherapy and outcome.

Taken together, idiopathic OMS seems to be self-limiting
at least in some cases, although the condition exhibits a pro-
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gressive nature; complete remission with immunotherapy is
the most common outcome and is the most common feature
[146]. In this regard, more than half of the patients with
paraneoplastic OMS show poor outcome. However, when
compared with prognosis in PCDs, that of paraneoplastic
OMS is better; more patients showed good response to im-
munotherapies with better overall survival.

Pranazatelli et al. [148] administered B cell depletion
therapy using a combination of rituximab with corticoster-
oids and IVIg in 12 children with OMS. These therapies rap-
idly diminish the opsoclonus and myoclonus. All patients
became ambulatory but two children subsequently showed
relapse. A 93% reduction in high CSF B cell count was re-
ported at 6 months post-treatment. Although background
differences between pediatric and adult cases should be
taken into account, this strategy is promising.

Hadjivassiliou [16] stressed the need for implementation
of a therapeutic strategy in adult OMS, including survey for
malignancy first using onconeuronal antibodies and PET.
After ruling out malignancy, he proposed the following
strategies [16]; (1) close observation for stabilization or im-
provement even without any intervention, (2) the use of
gabapentin, especially in patients with prominent opsoclonus
and action myoclonus, and (3) immunotherapy, especially in
patients with progressive condition. This could be the ad-
ministration of corticosteroids as the first line, followed by
other combinations of immunotherapies, in which rituximab
is promising.

4.5.4. Pathogenesis

Not only paraneoplastic and post infectious OMS but
also idiopathic OMS are considered to be autoimmune-
mediated for the following reasons [16, 145, 146]; (1)
autoantibodies, especially anti-Ri antibody, are associated
with breast cancer [145, 146], (2) CSF exhibits expansion of
CD19+ B cells and gamma-delta T cell subsets [149], and
(3) autopsy shows perivascular collection of lymphocytes
[148]. Unlike PCD, neither cell loss nor extensive T cell in-
filtration is characteristically evident in paraneoplastic OMS
[150, 151].

Immune mechanisms appear to disrupt adequate controls
by the cerebellar cortex on the cerebellar nuclei (fastigial
nucleus and dentate nucleus) in opsoclonus and action myo-
clonus, respectively. A recent physiological study demon-
strated that hyper-activation of fastigial nucleus neurons,
which terminate on excitatory burst neurons, underlies the
generation of opsoclonus [152]. It is assumed that the net
output from the cerebellar cortex cannot appropriately inhibit
the fastigial nucleus, resulting in facilitation of excitatory
burst neurons responsible for the chaotic saccade [152]. On
the other hand, the mechanisms of action myoclonus remain
uncertain. In analogy with the opsoclonus, a similar hyper-
activation in the dentate-thalamo-cortical tract could be op-
erational, which may be caused by malfunction of cerebellar
cortical inhibition of the dentate nucleus. Overflow of the
cerebellar output to the motor cortex can unstabilize its ex-
citability, in which even subthreshold inputs can easily acti-
vate the motor cortex, generating the action myoclonus. In
consistence with this assumption, electrophysiological stud-
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Fig. (2). (A) Clinical time-course is classified into six patterns; (a) full recovery type, (b) partial recovery type, (c¢) stabilization type, (d)
relapse type, (e) gradually progressive type, and (f) rapidly progressive type. Triangles: time of commencement of immunotherapy. Possible
clinical courses for each subtype are schematically indicated below. Black: common course, gray: occasional course, light gray: rare course.
PCI: post-infectious cerebellitis, OMS: opsoclonus myoclonus syndrome, GA: gluten ataxia, PCD: paraneoplastic cerebellar degeneration,
Anti-GAD: anti-GAD65Ab-associated CA. (B) Schematic diagram of decline of cerebellar function and the concept of "restorable stage" and
“cerebellar reserve”. Proper therapies can restore cerebellar function in patients with the cerebellum at the "restorable stage", meaning the
presence of sufficient cerebellar functional reserve. (The color version of the figure is available in the electronic copy of the article).

ies showed that the myoclonus is of cortical excitability ori-
gin in OMS associated with gluten sensitivity [62] and func-
tional MRI studies have shown low correlation between the
cerebellum and motor cortex [153].

It should be acknowledged again that autoimmunity does
not only target the cerebellar cortex, but also the cerebellar
cortex-mediated modulation of cerebellar nuclei.

4.5.5. Recommended Therapeutic Strategies

(1) Therapeutic strategies vary according to the etiology of
OMS.

1. Association with neoplasm should be considered first,
and necessary investigations should be conducted to de-
termine the stage of malignancy. In case of paraneoplas-
tic OMS, treatment of the neoplasm should be followed
subsequently by immunotherapy.

2. Patients with post-infectious OMS should be observed
closely, looking for stabilization and improvement, since
this subtype often shows full recovery.

3. Patients with idiopathic OMS should also be observed
closely, checking for stabilization and improvement. The
appearance of progressive symptoms warrant com-
mencement of immunotherapy.

(2) Corticosteroids (intravenous methylprednisolone) are
recommended as the first line of induction immunother-
apy. When the clinical course exhibits a progressive na-
ture, other combinations of IVIg, plasmapheresis, immu-
nosuppressants, and/or rituximab should be considered.
Rituximab is assumed a promising agent.

(3) The use of gabapentin is recommended for patients with
opsoclonus and action myoclonus who show disturbance
of daily living.

5. COMMON THERAPEUTIC RATIONALE FOR
VARIOUS TYPES OF IMCAS

5.1. The “Restorable Stage/cerebellar Reserve” Concept
for Understanding the Clinical Course of IMCAs

Detailed analysis of the reported patients suggests a char-
acteristic time-related clinical course that depends to a large
extent on the etiology (Fig. 2) [11]. Considerations about the
time-related clinical course of IMCAs led us to propose two
novel concepts in the field of ataxiology: the “restorable
stage” and “cerebellar reserve” [12-14] (Fig. 2). The “restor-
able stage” is defined as the time period during which the
recovery capacity of the cerebellum is still intact. Within the
“restorable stage”, proper therapies can improve CAs. In
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Table 5. Prognostic factors for GA, paraneoplastic cerebellar degeneration, and anti-GAD65Ab-associated CA.

Gluten Ataxia Paraneoplastic Anti-GAD65 Post-infectious Opsoclonus

Cerebellar b -Associated Cerebellitis Myoclonus

Degenerations Cerebellar Ataxia Syndrome

Cerebellar atrophy Mild or no Unknown Mild or no atrophy No atrophy -
atrophy (Originally, atrophy is absent.)
Latency from onset to diagnosis | Not determined Early intervention? Subacute Not assessed Not assessed
Others Strict Association of anti-Tr - Children Idiopathic type

gluten-free diet Ab or anti-Ri Ab

contrast, beyond the “restorable stage”, i.e., “non-restorable
stage”, any therapy is less likely to show any clinical effect.
Such capacity in turn correlates with the “cerebellar reserve”,
which is defined as the capacity of the cerebellum for com-
pensation and restoration. By introducing these two con-
cepts, “restorable stage” and “cerebellar reserve”, the time
course of each type of IMCAs can be better explained [12,
13, 14] (Fig. 2).

(1) In the nonresponsive type of IMCAs, especially PCDs,
the underlying autoimmune mechanisms damage cerebel-
lar neurons (in both the cerebellar cortex and nuclei) and
neural circuitry [4], and can potentially result in loss of
the “cerebellar reserve”. Consequently, such patients
show progressive CAs.

(2) On the other hand, in the responsive type of IMCAs (e.g.,
post-infectious cerebellitis, GA and subacute type of anti-
GAD65Ab-associated CA), disease progression can be
controlled by immunotherapy.

(3) When early therapeutic intervention halts the progression
of the disease, the stage will be still within the “restorable
stage”. These patients show good clinical outcome after
immunotherapy. “Cerebellar reserve” is a factor which
can diminish the ataxic symptoms.

(4) In post-infectious cerebellitis, the autoimmune attack
halts naturally. Since the stage will be within the “restor-
able stage”, the disease shows a self-limiting nature.

(5) Importantly, any delay in treatment is potentially a
missed opportunity to take advantage of the “cerebellar
reserve”. If the disease stage is beyond the “restorable
stage”, improvement in CA is not expected even in a
potentially responsive case. It is conceivable that even af-
ter halting disease progression by immunotherapy, CAs
will persist and continue to impair the daily lives of pa-
tients.

These classifications suggest an order in chaotic patholo-
gies.

These rationales are based on a physiological test that
defines the ratio of feed-forward control to feed-back control
[10]. In this test, normal healthy subjects complete a tracking
task using feed-forward control operated by the cerebro-
cerebellar loop. In patients with degenerative CAs and evi-
dent cerebellar atrophy, the tracking movements are guided
under feed-back control [10]. These results are rational since

the predictive feed-forward control cannot be utilized in pa-
tients with diffuse cerebellar damage. In such patients, the
cerebrum controls the tracking in a compensatory feed-back
fashion, by which smooth movements are impossible. In
contrast, in patients with early IMCAs and no or mild cere-
bellar atrophy, the tracking task can be achieved by feed-
forward control though it is not perfect [10]. That is, al-
though the tracking task can be poor in both patient groups,
the control mode is different. These results suggest that cere-
bellar functions are still preserved at the early stage of IM-
CAs, i.e., “restorable stage”.

5.2. Quantification of the “Cerebellar Reserve”

Prognostic factors suggest that patients with no or mild
cerebellar atrophy respond well to immunotherapy and show
improvement in CA (Table 5). Undoubtedly, the extent of
atrophy on MRI can be used for rough estimations of “cere-
bellar reserve”. Interestingly, a recent report described the
use of MR spectroscopy for quantitative estimation of cere-
bellar neuronal function [61]. The authors reported an in-
crease in the N-acetylaspartate (NAA)/creatine (Cr) ratio,
which represents the numerical value of cerebellar cellular
activities, after immunotherapy [61], suggesting that MR
spectroscopy can be a useful tool for the assessment of the
cerebellar reserve.

Functionally, noninvasive cerebellar stimulation using
transcranial magnetic stimulation (TMS) or transcranial di-
rect current stimulation (tDCS) is another promising tool not
only to promote recovery but also to assess the residual cir-
cuitry. Activation of the cerebellum 5-6 msec before cerebral
stimuli results in inhibition of motor cortex excitability, a
process termed cerebellar brain inhibition (CBI) [154]. The
CBI is explained by Purkinje cell-mediated inhibition of the
cerebello-cerebral pathway [155]; since the motor cortex is
facilitated by the dentate-thalamo-cerebral pathway, activa-
tion of inhibitory Purkinje cells reduces this facilitation
[155]. Furthermore, by changing stimulus parameters, the
stimuli can in turn activate interneurons so as to depress
Purkinje cells, resulting in facilitation of the dentate-
thalamo-cerebral pathway and increase in motor cortex ex-
citability [155]. Thus, noninvasive cerebellar stimulation can
also be used as a tool for assessment of preserved neurons in
the cerebellar neural circuitry.

Thus, it seems that the combination of imaging and non-
invasive cerebellar stimulation can be used for quantitative
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A Circuitry reserve
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B Cellular reserve

Astrocyte

interference of Glut uptake

increased Ca |permeability

AMPA
NMDA
mGluR
Ca channel

ER
chaperon
ubiquitin-
proteasome
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é normal structure protein
/\ abnormal structure protein

Fig. (3). A schematic diagram of the neural circuitry and cellular reserves underlying cerebellar reserve. (A) A schematic diagram of
the neural circuitry in the cerebellar cortex. PC: Purkinje cell, GC: granule cell, IN: molecular layer interneurons; Golgi: Golgi cells; MF:
mossy fibers, PF: parallel fibers, CF: climbing fibers. Two cellular mechanisms constitute the cerebellar reserve; (1) Multiple forms of synap-
tic plasticity and (2) Convergence and divergence of mossy fiber inputs. When one microzone is pathologically impaired, the reserve makes
it possible to substitute this function with another microzone. LTD: long-term depression, LTP: long-term potentiation, RP: rebound poten-
tiation. Excitatory neurons are shown with a white soma, whereas inhibitory neurons are shown with a black soma. (B) Pathology of excito-
toxicity, which causes increased calcium entry. The extracellular invasion, excitotoxicity, is characterized by enhancement through micro-
glia-induced neuroinflammation in a positive-feedback fashion. The excitotoxicity in turn forms a chained cascade leading to lethal statuses
(indicated by yellow boxes); (1) oxidative stress, (2) ER stress, and 3) DNA damage. Importantly, the cells are protected against these
stresses by (/) antioxidant agents and (2) ER chaperon, ubiquitin-dependent proteasome, and autophagy (indicated by blue boxes). Thus, the
lethal statuses, which are beyond these protective capacities, elicit cell death. The protective capacities consist of cellular reserve, cellular
ability for compensation and restoration. Glut: glutamate. (7he color version of the figure is available in the electronic copy of the article).

assessment of the “cerebellar reserve”. Specific studies are
warranted.

5.3. Synaptic Plasticity and Convergence of Redundant
Information; “Circuitry Reserve”

The cerebellar cortex is divided into numerous functional
units. Purkinje cells located within a narrow slit extending in
rostro-caudal direction act as a functional unit (a microzone)
[156, 157]. The microzone is located in the cerebro-
cerebellar loop, spino-cerebellar loop, and vestibulo-
cerebellar loop [158]. The microzone in the cerebro-
cerebellar loop coordinates timing in muscle activities in a
predictive fashion [158], and its malfunction leads to the
development of limb ataxia [159]. The cerebellar cortical
neural circuits are characteristically endowed with dynamic
and flexible features compared with other CNS areas.

First, there are many forms of synaptic plasticity in the
cerebellar circuits. For example, synaptic plasticity is elicited
activity-dependently by combinations of two inputs to the
Purkinje cells, parallel fibers and climbing fiber inputs; con-
junctive inputs of parallel fibers and climbing fibers induce
long-term depression (LTD) on parallel fibers-Purkinje cells

synapses [156]. The classic Marr-Albus-Ito theory hypothe-
sized that error signals conveyed by climbing fibers elimi-
nate inadequate parallel fiber inputs to Purkinje cells [156],
resulting in an update of the internal model, a neural ma-
chinery for predictive recognition of errors in outputs and
predictive formation of motor commands for desirable out-
puts [160]. While a consensus on this assumption has not
been obtained yet, new motor commands can be acquired in
a microzone through learning processes using many forms of
synaptic plasticity [161]. The co-existing synaptic plasticity
is illustrated in Fig. 3 [161].

Second, the mossy fibers-granule cells-parallel fibers
system conveys redundant information to the microzone. The
peripheral sensory information and the central commands or
central cognitive information are conveyed to the cerebral
cortex through mossy fibers [156, 157]. Surprisingly large
banks of external and internal (of cerebral cortex origin) in-
formation are conveyed to the cerebellar cortex. A single
mossy fiber axon projects to the cerebral cortex with expan-
sive mediolateral direction, resulting in innervation of multi-
ple microzones [162]. The mossy fibers terminate on the gran-
ule cells in the microzone and, in turn, axons of the granule



52 Current Neuropharmacology, 2019, Vol. 17, No. 1

cells make contacts on Purkinje cell dendrites [156, 157].
Consequently, huge information can converge into a single
microzone. In the ordinary mode, the majority of parallel fiber
inputs on Purkinje cells are silent synapses [163] and only a
few of them are utilized, which provides abundant reserve
capacities. It should be acknowledged also that the number
of granule cells is massive; their number is half of the num-
ber of CNS neurons [164]. About 60% of neurons are lo-
cated in the cerebellum, although the cerebellum constitutes
only 10% of the brain mass [164]. This anatomical/structural
peculiarity of granule cells means abundant reserve capacity.

Under these conditions, disruption of one microzone and
loss of its function is rapidly compensated for by other mi-
crozones through the employment of synaptic plasticity and
deserialization of unutilized information (Fig. 3). In this re-
gard, synaptic plasticity and convergence of redundant in-
formation constitute capacities for compensation and restora-
tion at the neural circuitry level. Provided these capacities of
“circuitry reserve” are preserved, “cerebellar reserve” can be
clinically preserved.

5.4. From Functional Disorder to Cell Death; Positive-
feedback Fashion Acceleration versus “Cellular Reserve”

What are the factors that can determine the switching
from "restorable stage" to “non-restorable stage”, or in other
words, disruption of “cerebellar reserve”? Recent physio-
logical studies of anti-GAD65Ab-associated CA might pro-
vide a clue to this question. In this etiology, there is a switch-
ing from functional disorder to cell death. As discussed in a
previous chapter, anti-GAD65Ab suppresses the release of
GABA at cerebellar inhibitory synapses, resulting in im-

Table 6.
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pairment of cerebellar motor control, ultimately leading to
the development of CAs [13, 56]. However, in the advanced
stage, this functional suppression of GABA release is fol-
lowed by complete loss of cerebellar neurons [129]. The
following cascade reactions are assumed to take place during
this process [13, 14]; (1) low GABA release attenuates het-
erosynaptic inhibition of glutamate release, resulting in in-
creased glutamate levels, (2) excess glutamate stimulates
microglia, resulting in glutamate release from microglia
[165], presumably through system xc(-), an antiporter ex-
changing extracellular cystine for intracellular glutamate
[166] (3) the activated microglia also release TNF-a, a neu-
roinflammatory cytokine [167], which suppresses the uptake
of glutamate by astrocytes [167], and potentiates Ca®" per-
meability of AMPA and NMDA receptors on neurons [168,
169], (4) the combination of these changes results in accu-
mulation of glutamate in the extracellular space, and (35) fi-
nally, Ca®" influx excess results in stimulation of calpain I
and nNOS [170]. These molecules damage the DNA and
enhance the formation of ONOO- (nitrosative stress), respec-
tively, leading to ER stress. Thus, a decrease in GABA re-
lease can accelerate the positive feedback loop, leading to
hyperexcitability of cerebellar neurons. When the “cellular
reserve”, which protects against these lethal cascades, dimin-
ishes in size, cell death is accelerated. Under conditions of
positive feed-back loop fashion accelerations, “cellular re-
serve” will be easily disrupted, indicating the need for early
treatment before such accelerations.

It is not certain whether progression from functional dis-
order to cell death occurs also in other types of IMCAs.
However, consistent with our hypothesis, any functional

Reported first line immunotherapy for each subtype of IMCAs.

Gluten ataxia

Induction and maintenance therapies: strict gluten-free diet

Paraneoplastic cerebellar degeneration

Quick removal of neoplasm must be the first objective of treatment

Discussion according associated Abs
Maintenance therapy: continuous oral PSL, IVIg, immunosuppressants

Anti-GAD Abs associated cerebellar ataxia

Post-infectious cerebellitis

Opsoclonus myoclonus syndrome

(In case of no improvement and negative gluten related antibodies, immunosuppressants or IVIg)

Induction therapy as soon as possible: mPSL, IVIg, immunosuppressants, or/and plasma exchange

Induction therapy: mPSL, IVIg, immunosuppressants, plasma exchange, or/and rituximab

Maintenance therapy: continuous oral PSL, IVIg, immunosuppressants, or/and rituximab

Since cerebellitis is self-limiting, close monitoring of the patient and follow-up form the basis of clinical management.

(When the CA persists, a combination of immunotherapies has been considered)

1. Neoplastic type; Quick removal of neoplasm must be the first objective of treatment

2 Post-infectious and idiopathic types; OMS should be observed closely, looking for stabilization and improvement

Abbreviations: Antibodies; mPSL: intravenous methylprednisolone; oral PSL: oral prednisolone; IVIg: intravenous immunoglobulins; CAs: cerebellar ataxias; OMS; opsoclonus

myoclonus syndrome.
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impairment (e.g., synaptic dysfunction or deranged signal
flow within the cerebellar neuronal circuitry) that precedes
degenerative cell loss, can advance to clinically-evident CA
in degenerative CAs [171, 172]. Taken together, the “restor-
able stage” corresponds to the period of functional disorders
and the period of minimal cell loss.

In this regard, in the responsive type of IMCAs, such as
post-infectious cerebellitis, idiopathic OMS, and GA (Fig. 2),
switching will occur slowly and the underlying immune
mechanisms can also be controlled. Consequently, patients
with these subtypes show no or only mild cerebellar atrophy,
and exhibit improvement of CAs using preserved “cerebellar
reserve”. In contrast, for IMCAs patients who do not respond
to treatment, such as those with PCDs (Fig. 2), the process
tilts towards the switching point and the underlying autoim-
munity is difficult to control. Fulminant autoimmunity can
be due to one or more of the following mechanisms; (/)
downregulation of regulatory T cells, (2) persistent autoim-
mune response to the malignancy, (3) structural modification
of certain intracellular proteins in cancer cells, which can
lead to stimulation of the immune system, and (4) death of
cancer cells with subsequent release of intracellular antigens
followed by exposure to the immune system [32]. On the other
hand, anti-GAD65Ab-associated CA and paraneoplastic OMS
are positioned somewhere in the middle of these two groups.

CONCLUSION

Systematic review of currently available treatments for
IMCAs identified a common therapeutic rationale for the
different types of IMCAs. In IMCAs, immunotherapy is de-
signed to stop disease progression within the “restorable
stage” or while “cerebellar reserve” is still preserved (Table
6). Especially, GA and the subacute type of anti-GAD65Ab-
associated CA, which can potentially respond to immuno-
therapy, can benefit from immunotherapy, particularly when
such treatment is used within the “restorable stage” [173].
For early treatment interventions, early diagnosis is neces-
sary. When cerebellar atrophy is mild compared with the
severity of CAs, IMCA should be considered in the differen-
tial diagnosis.
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