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autoimmune cerebellar
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MSA-C - A review

Patryk Chunowski*, Natalia Madetko-Alster and Piotr Alster*

Department of Neurology, Medical University of Warsaw, Warsaw, Poland

Autoimmune cerebellar ataxia (ACA) associated with anti-Homer-3 antibodies is
a rare but increasingly recognized immune-mediated neurological condition. It
represents a potentially treatable cause of sporadic cerebellar syndrome and may
clinically mimic primarily multiple system atrophy of the cerebellar type (MSA-C),
and less frequently, other atypical parkinsonian disorders. Because of the
significant clinical overlap with neurodegenerative diseases, particularly MSA-C,
Homer-3-associated ACA may be underdiagnosed or misdiagnosed, delaying
effective treatment. This narrative review synthesizes the currently available
literature on anti-Homer-3 immunoglobulins, with a focus on their
pathophysiological role, diagnostic utility, therapeutic response, and clinical
differentiation from neurodegenerative conditions. Homer-3 is a postsynaptic
scaffold protein expressed in Purkinje cells, where it plays a key role in calcium
signaling through metabotropic glutamate receptor pathways. Antibodies against
Homer-3 have been identified in patients with a wide range of neurological and
neuropsychiatric symptoms, most commonly with subacute cerebellar ataxia.
Neuroimaging in such cases frequently shows cerebellar atrophy or
inflammation, and cerebrospinal fluid analysis often reveals inflammatory
markers. The treatment with immunotherapy, particularly corticosteroids and
intravenous immunoglobulins, which has showed encouraging results, however
therapeutic outcomes can vary. The aim of this review is to collect and analyze all
currently available data on anti-Homer-3-associated ACA, with the goal of
raising clinical awareness and emphasizing the importance of early recognition
and aggressive intervention.
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Introduction

Ataxia is a neurological syndrome marked by impaired
coordination, which in the majority of cases results from
cerebellar dysfunction. It typically presents with unsteady gait,
poor limb coordination, slurred speech, and involuntary eye
movements (nystagmus) (1). Importantly, ataxia is not a
diagnosis in itself but rather a clinical sign that warrants further
investigation to determine the underlying cause. Although rare,
ataxias can stem from a range of conditions, broadly categorized as
either genetic or acquired (2, 3). The genetic basis of ataxia is well
established, a positive family history directs the diagnostic approach
toward genetic forms of ataxia, including autosomal dominant
spinocerebellar ataxias (SCAs). [Chien] Inherited cerebellar
ataxias affecting approximately 1 in 10,000 individuals (4). The
causes of acquired ataxia include toxins, infections, vitamin
deficiency, vascular disturbances, tumors alongside with
paraneoplastic syndromes and immune mediated disorders (5). A
representative example of acquired ataxia is autoimmune cerebellar
ataxia (ACA), a significant and potentially treatable cause of
sporadic cerebellar syndromes (6). ACA is a notable subtype of
cerebellar ataxia driven by immune mediated mechanisms. As
research in this area grows, a more detailed understanding of the
pathophysiology and clinical features of ACA is emerging. Over
time, the clinical understanding of primary autoimmune cerebellar
ataxia (PACA) has significantly improved and it has been classified
as a distinct clinical entity. PACA is characterized by an
autoimmune response directed against cerebellar neurons,
occurring without a known external trigger. Studies have revealed
a high prevalence of autoimmune conditions among patients with
idiopathic sporadic ataxias. For instance, approximately 60% of
these patients tested positive for anti-cerebellar antibodies (2) The
multiple system atrophy (MSA) emerged as the most prevalent
diagnosis among individuals with cerebellar ataxia. In the study
conducted by Kudo et al. 93 of the 243 patients has been diagnosed
as a MSA (7). MSA belongs to the group of synucleinopathies. It is a
rapidly progressing disorder, classified into two primary forms: the
parkinsonian type (MSA-P) and the cerebellar type (MSA-C) (8).
Cerebellar symptoms such as gait ataxia, limb ataxia, dysarthria,
and nystagmus are key features of MSA-C. Another disease that can
mimic cerebellar symptoms and belongs to the group of atypical
parkinsonian syndromes is progressive supranuclear palsy with
predominant cerebellar ataxia (PSP-C) (9). Differentiating these
symptoms from those of other conditions can be difficult and it is
often misdiagnosed (8). Among the autoimmune cerebellar
disorders, those associated with specific antibodies have drawn
particular interest. In recent years, antibodies such as anti-
Homer-3 have been frequently linked to ACA, highlighting a
growing focus on antibody-mediated cerebellar syndromes (10-12).

Aim of the review

Aim of the review is to collect all available data about anti-
Homer 3 immunoglobulins in identifying immune mediated causes
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of cerebellar ataxia, which appears to be potentially treatable. This
underscores the importance of careful differential diagnosis,
particularly in the context of overlapping clinical features with
atypical parkinsonian syndromes, and in particular with MSA-C.

Homer-3 patophysiology

Encoded by Homerl, Homer2 and Homer3 genes (13) Homer
proteins were mainly localized in the dendritic spines of Purkinje
cells (14). Homer-3, a scaffold protein abundantly expressed in
Purkinje cells and it is involved in regulating neuronal activity. The
expression of Homer-3 is dependent on mTORCI signaling (15).
Excessive activation of mTORCI triggered significant apoptosis in
Purkinje cells and was associated with disrupted cellular
homeostasis, including activation of a pseudohypoxic response,
increased mitochondrial respiratory activity, and cell swelling
(16). These proteins constitute a family of small adaptor
molecules localized at postsynaptic densities (PSDs), where they
facilitate the interaction between cytoplasmic domains of group I
metabotropic glutamate receptors (mGluRIs) and other PSD-
associated proteins, such as Shank, or membrane proteins like Ins
(1,4,5)P3 receptors. Homer proteins regulate the membrane
localization and postsynaptic organization of group I mGluRIs
and modulate their coupling to G proteins as well as to
intracellular Ca*" stores mediated by Ins(1,4,5)P; and ryanodine
receptors (17).

Diagnostics

Many antibodies are associated with ACA. The anti-Homer-3
antibody is one of them (18) and is increasingly reported finding in
the literature. To best of our knowledge, 15 cases of Homer-3
antibody-associated autoimmune cerebellar ataxia have been
reported. The average patient age was 44.5 years, with a female
predominance (10 females and 5 males). Majority of the patients
described below presented with prodromal symptoms upon
admission, primarily in the form of vertigo-type dizziness or
general dizziness accompanied by nausea. Less frequently
observed prodromal symptoms in cases of ACA with positive
Homer-3 antibodies included drowsiness (19), fever (12) sleep
disturbances, concentration complaints or affect changes (20) In
Liu et al. study Homer-3 antibodies were found in six patients (four
women and two men). The median onset age was 54.5 years,
however one adolescent was also affected. Most had subacute
onset, and symptoms included cerebellar ataxia, encephalopathy
with myeloradiculopathy, and rapid eye movement (REM) sleep
behavior disorder (RBD) with autonomic dysfunction. All patients
showed cerebellar syndrome with symptoms like dizziness,
unsteady gait, limb ataxia, dysarthria, and nystagmus. Two
patients exhibited encephalopathy with cognitive and motor
impairments, with electromyography (EMG) findings suggesting
denervation. Two others showed MSA-C-like features, including
addtionally dysautonomia and RBD, with cerebellar syndrome
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reflecting cerebellar atrophy in three cases. Brain magnetic
resonance imaging (MRI) revealed also other symmetrical
cerebellar abnormalities hot cross bun sign and pontine atrophy.
Lumbar puncture revealed leukocytosis, elevated protein, or
oligoclonal bands in some cases (12). In the case of A 38 year old
male, who developed symptoms similar to the previously described
case, additionally exhibited a partial seizure with secondary
generalization and a papilloedema. Due to the suspicion of a
neuroinfection, a lumbar puncture was performed, which revealed
a high opening pressure, elevated protein concentration with mild
lymphocytic pleocytosis (60/uL, 78% lymphocytes) The brain MRI
was initially normal, however revealed a mild cerebellar atrophy in
follow-up (19). In a different report of a 65-year-old woman with a
typical prodromal symptoms and typical disturbances in
neurological examination for Homer-3 positive ACA. In a CSF
detected in addition to leukocytosis, an increased level,
approximately double the norm of IgG index. The patient did not
show improvement following steroid therapy. Homer 3 was
identified as an autoantigen associated with the immune response
in idiopathic subacute cerebellar ataxia (21). A 56 years old woman
was admitted to the hospital due to severe mental disturbances
comprising sleep, memory, concentration and mood complaints.
Notably, this patient did not present with either typical prodromal
symptoms or cerebellar syndrome characteristic of individuals with
positive anti-Homer-3 antibodies. Phosphorylated tau protein 181
was found to be elevated in the lumbar puncture. Due to the
presence of phosphorylated tau protein 181 in the CSF, along
with rapidly progressing cognitive and affective symptoms, a
suspicion of Alzheimer’s disease (AD) was raised. However, in
the absence of laboratory findings (including no reduction in the
Af342/40 ratio or decreased Af342 level in the cerebrospinal fluid)
and given the symptoms suggestive of a cerebellar origin (due to
cerebellar atrophy in MRI), AD was not diagnosed (20). A 25-year-
old man with a typical clinical presentation. Neurological
examination revealed dysmetria and nystagmus. MRI showed
cerebellar hyperintensities, and CSF analysis indicated
inflammation. Serum tested positive for Homer-3 antibodies.
Despite steroid treatment, his symptoms worsened, including
severe speech impairment and psychiatric symptom such as
difficulties with emotional control. Months later, he relapsed with
intention tremor, lower limb weakness, and worsening cerebellar
lesions on MRI. High-dose steroids and further plasma exchanges
were ineffective, prompting rituximab administration. Gradual
clinical improvement followed, with notable reduction in tremor
and limb weakness, although gait remained unstable (22). A 58 year
old female with distinctive clinical picture for Homer-3 positive
ACA, except for marked vision disturbances likely resulting from
nystagmus. Of note cranial MRI did not show cerebellar atrophy, a
typical finding in cerebellar degeneration. Initial autoimmune
antibody screening returned negative, leaving the underlying
cause unclear. However, anti-Homer-3 antibodies were later
detected in both serum and cerebrospinal fluid using indirect
immunofluorescence (11). A 10-year-old male was evaluated for a
two-week history of cognitive decline, irritability, slurred speech,
and cautious gait, indicating possible neurological dysfunction and
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coordination problems. Neurological examination revealed features
of pan-cerebellar syndrome, including bradypsychia, dysarthria,
and ataxia. Brain MRI showed hyperintensities in both cerebellar
hemispheres and the vermis, suggesting cerebellar inflammation,
atrophy has been intensifying as the disease advances. Anti-Homer-
3 antibodies were detected in CSF but not in serum (23). The head
tremor can be a Homer-3 positive ACA prodromal symptom
(10, 24). This manifestation was observed in a prodromal disease
course in a 20 year old female was uncontrollable head tremors
accompanied by a bilateral horizontal nystagmus and a gait ataxia
two days after a common cold. Brain MRI and CSF presentation
with the positive oligoclonal banding pattern was indicative for
Anti-Homer-3 ACA, which was confirmed in both CSF and serum
(10). In another research, a tremor of the head was evident as well.
Evaluation of the lower extremities revealed reduced distal muscle
strength with no deep tendon reflexes. Serum testing revealed the
presence of anti-Homer-3 antibodies (24). The next analysis of a 26
year old female showed marked cerebellar oedema with contrast
enhancement, indicating cerebellar inflammation connected with
Homer-3 antibodies presence. The patient was treated with
intensive immunosuppressive therapy; however, her clinical
response was limited. A follow-up MRI two months later revealed
cerebellar atrophy, reflecting likely irreversible cerebellar damage
and suggesting a poor prognosis with potential long-term impacts
on recovery and quality of life (25). It should be noted that the cited
articles describe individual case reports, with the largest group
consisting of six individuals with positive Homer-3 antibodies.
However, the described cases are largely consistent. In another
study, 59 patients of European descent from two German biobank
cohorts, diagnosed with possible or probable MSA according to the
Gilman criteria. Given that the reported cases of ACA with positive
Homer-3 antibodies mimicking MSA-C are potentially treatable,
individuals were screened for Homer-3 antibodies using a research-
grade assay. Of these, 33 presented with the MSA-C phenotype and
26 with the MSA-P phenotype. Homer-3 antibodies were not
detected in the serum of any patient (26). Considering that the
previously cited case reports mainly involved the Asian population,
there is a possibility of geographic variation in the prevalence of
Homer-3 antibodies. Given the low prevalence of positive Homer-3
antibodies, a statistically significant impact of false-positive results
cannot be excluded. This effect may arise from secondary
immunoglobulin production or from differences in antibody
detection methodologies or variability in the sensitivity and
specificity of reagents used across laboratories (26).

Treatment

Initial immunotherapy, typically involving high-dose intravenous
corticosteroids, was the most commonly employed first-line
intervention across nearly all cases. For example, in the case series
by Liu et al. the majority experienced clinical improvement following
immunotherapy, implying corticosteroids and/or intravenous
immunoglobulins (IVIG). 4 patients exhibited partial clinical
improvement, specifically in ataxia, motor weakness, and
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encephalopathy, 1 patient achieved stabilization of their symptoms.
The last patient continued to worsen despite treatment, suggesting
drug resistant disease. 2 patients who initially improved experienced
clinical relapse during corticosteroid tapering or following the
discontinuation of IVIg indicating that the disease tends to relapse
when immunosuppressive treatment is reduced or stopped.
Radiologically, patients 3 and 6 showed shrinkage of cerebral
lesions on MRI, suggesting at least partial responsiveness of the
underlying inflammatory process to treatment. However, serum
Homer-3 antibodies remained detectable in patients 1, 2, and 3 at
their final follow-up, indicating persistent immunological
activity despite clinical management (12). A 38-year-old man
described by Hoftberger was treated with intravenous steroids and
immunoglobulins, followed by long-term low-dose oral prednisone
(7.5 mg daily for two years), which led to partial recovery. The
individual remained independent in daily activities with only mild
residual symptoms. Post-treatment brain MRI to assess central
nervous system (CNS) morphological changes was not performed
in this case (19) Other cases reported varied responsiveness to
corticosteroids. A 65-year-old woman in the Zuliani study failed to
respond to steroid therapy, despite laboratory confirmation of anti-
Homer-3 autoimmunity and clear cerebellar involvement,
highlighting a subset of patients who may be steroid-resistant. In
contrast, a 10-year-old male described by Kuang et al. initially showed
no improvement with corticosteroids but experienced gradual
recovery after a course of intravenous immunoglobulin (IVIG),
achieving almost complete resolution of symptoms over a year
(21). Combination immunotherapy proved especially effective in
more severe or relapsing conditions. A 25 years old man exhibited
worsening symptoms despite steroid treatment. He improved the
treatment by following plasma exchange, but later the symptoms
recurrent. High-dose steroids and repeated plasmapheresis failed to
control the relapse. It was decided to the escalate the therapy to
rituximab which is referred as a B-cell depleting therapy, which led to
gradual symptom resolution (22). Similarly, in one reported case, a 58
years old woman underwent a multi-modal approach: high-dose
methylprednisolone, 5 plasmapheresis sessions, and additional
chemotherapy (epirubicin and cyclophosphamide) along with
IVIG, resulting in significant clinical improvement (11). In
contrast, some cases demonstrated more rapid improvement. A 20
years old woman developed an acute cerebellitis following a viral
infection, responded well to a combination of high-dose
methylprednisolone and IVIG, followed by tapering steroids. She
regained most coordination within weeks, although mild residual
symptoms persisted (10). Not all the patients responded favorably.
In a particularly severe case, a 26-year-old woman with
cerebellar inflammation confirmed by MRI received intensive
immunosuppression. Despite therapy, the disease progressed to
cerebellar atrophy within two months (25). A rare clinical
manifestation is primarily cognitive and affective disturbances and
due to the individual’s denial for further diagnostics and treatment,
there is no data regarding this particular manifestation of Homer-3
positive ACA. Impaired control of emotions is another psychiatric
symptom which developed despite of steroid administration with
temporary improvement following plasma exchange, later requiring

Frontiers in Immunology

10.3389/fimmu.2025.1660587

administration of rituximab (22). The most common treatment
outcome was partial improvement, typically following therapy with
corticosteroids, IVIG, plasmapheresis, mycophenolate mofetil, or
rituximab. While several patients showed significant improvement
or clinical stabilization, others experienced limited benefit or
deterioration, indicating considerable variability in treatment
response in Homer-3 autoimmunity. The summary of the reported
case studies has been presented in Table 1.

Discussion

The pathogenic potential of anti-Homer-3 antibodies remains
uncertain. As described, the intracellular localization of Homer 3
makes antibody dependent cell mediated or complement mediated
cytotoxicity less likely. Due to the wide range of interactions and
functions of Homer-3 within Purkinje cells, a functional impact of
antibody binding remains conceivable. In particular, interference
with the Homer-3 interaction with mGluRla could increase
constitutive mGluR1 activity, as indicated by spontaneous inositol
phosphate formation and calcium-dependent channel activity
observed in cellular models following Homer-3 knockdown (1).
In the context of the unclear mechanism underlying Homer-3
antibody production, secondary generation of these antibodies as
a consequence of neurodegeneration cannot be excluded. This
possible functional role of the antibodies could account for the
clinical heterogeneity observed in ACA. Individuals with ACA may
present with a diverse range of neurological symptoms. ACA may
initially follow a relapsing pattern of symptoms (6). Common
clinical features include dizziness, nystagmus (horizontal, vertical,
or both), limb ataxia, trunk ataxia, and occasionally dysarthria.
Other potential symptoms of Homer-3 positive ACA include gait
ataxia, dysmetria, vertigo (27) limb and head tremor (22) Moreover,
the Homer-3 antibody may be associated with affective disorders,
RBD, encephalopathy, cognitive decline, concentration and
orientation deficits causing an autoimmune-based MCI
accompanied by depressive symptoms. A common symptom is
also headache accompanied by vomiting and nausea, along with
progressive confusion. which may resemble the clinical picture of a
neuroinfection. To perform differential diagnosis, a lumbar
puncture is often conducted (12). This particular type of ACA
can be diagnosed when IgG Homer-3 autoantibodies are detected in
the CSF (19). In CSF an inflammatory reaction and in some cases
also oligoclonal bands are present (12). The pathological process
can impact both the cerebellum and the hippocampus in the context
of memory and cognitive dysfunction. Homer-3 is a protein that
regulates AMPAR signaling in the hippocampus (28).
Autoantibodies targeting Homer-3 have been linked to
neurological conditions like cerebellar ataxia, which may mimic
the clinical presentation of other disorders such as MSA-C (27).
Homer-3 antibody associated ACA, MSA-C and PSP-C share
overlapping clinical features, however they show several key
differences. According to MSA guidelines to diagnose clinically
probable MSA one characteristic autonomic dysfunction in
combination with features of parkinsonism or cerebellar
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TABLE 1 Summary of magnetic resonance imaging (MRI) findings, cerebrospinal fluid (CSF) results, biological specimens, and antibody detection methods in patients with anti-Homer-3 positive autoimmune
cerebellar ataxia (ACA).

Homer-3  Biological material : Symptoms
. . : Anti-Homer-3 :
Sex antibody  in which Homer-3 . . o o overlapping Implemented Treatment
Age : . . MRI finding CSF evaluation positive ACA clinical . .
(F/M) = detection antibodies were symbtoms with possible treatment outcome
method  investigated (+ or -) ymp MSA-C
An increased High-dose
signal in the right intracrani‘al l?ressure elevatic-)n, me.thylprednisolone Improvement with
Serum + cerebellar pleocytosis, increased protein CA, prodromal head with gradual dose . R .
20 F IIFT . . CA K . persisting mild residual
CSF + hemisphere levels, and a positive tremor (10) tapering. Prednisone. symptoms (10)
without oligoclonal band IVIG. Ganciclovir ymp
enhancement and MMF
High-dose
methylprednisolone.
5 plasmapheresis
Lymphocytic pleocytosis of 11 sessions. IVIG
1 - -
58 F IIFT Serum + No abnormalities cells/ul with an intrathecal CA, dysarthria (11) CA, dysarthria ch?mo.th.erapy .Slgmﬁcant clinical
CSF + K (epirubicin and improvement (11)
IgG synthesis .
cyclophosphamide)
due to co-existing
breast
adenocarcinoma
CA, RBD, dysuria,
Th liabl A, RBD, ia, 1 -
65 M IIFT Serum + No abnormalities e results ar? un're 1a.b ¢ due to CA R dys.una postura postural CS, IVIg and PLEX Deterioration (12)
CSF - blood contamination in the CSF hypotension (12). i
hypotension
Partially i d with
Serum + Leukocytosis, elevated protein CA, prodromal fever, limb aIrvlla Zl:dn}g;) ‘::ithWZI
14 M IIFT No abnormalities and weakness and hyporeflexia, CA CS, IVIg § .
CSF - . . . relapses during CS
oligoclonal bands were present seizure psychosis (12) .
tapering (12)
Serum + . B . e .
84 F IIFT CSE No abnormalities Mild leukocytosis CA (12) CA CS Stabilization (12)
Hyperintensity in CA, limb weakness and IVIg (improvement
Serum + . - . -
59 F IIFT CSF N/A bilateral frontal No abnormalities hyporeflexia, cognitive CA IVIg, CS followed by relapse) and
and parietal cortex impairment (12) CS (improvement) (12)
S Cerebell
46 F IIFT erum + erebetum Present oligoclonal bands CA (12) CA CS, MMF Partial improvement (12)
CSF + atrophy
bell d
Serum + Ceroense a:: ?111 CA, RBD, dysuria, postural CA, RBD, dysuria,
50 F IIFT P ,P 4 No abnormalities ’ » ¥ o P postural CS, MMF Partial improvement (12)
CSF - accompanied by hypotension. (12) .
. hypotension
hot cross bun sign

(Continued)
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TABLE 1 Continued

Homer-3  Biological material " Symptoms
: : : Anti-Homer-3 :
antibody  in which Homer-3 e . o o overlapping Implemented Treatment
: : . MRI finding CSF evaluation positive ACA clinical . .
detection antibodies were symptoms with possible treatment outcome
method  investigated (+ or -) y MSA-C
Initially without CA, dysarthria prodromal
pathology after 10 » .
A L headache, nausea, vomiting, Prednisone, IVIg
Serum + months disease Pleocytosis with elevated i . . L
38 Western blot . . confusion with CA, dysarthria followed by oral Partial improvement (19)
CSF N/A duration cerebellar protein level
encephalopathy and CS therapy
atrophy myeloradiculopathy (19)
was observed Y patty
Repetitive
ial
Serum + Cerebellar elevated phosphorylated tau Cognitive and affective tra'nscr.ama . .
56 IFA i R - magnetic-stimulation No improvement (20)
CSF + atrophy. protein 181 (ptau 181) disturbances (20) R
treatment, with no
further therapy
Stabilization followed by
S Lymph is with elevated
65 IIFT erum + No abnormalities ymp 0cyt051§ With elevate CA (21) CA Prednisone cerebellar ataxia which
CSF N/A IgG index
developed years later (21)
CS (dysarthria and
Lymphocytosis with elevated ( yearinia an
. . . . psychosis deterioration),
Progressive IgG index. The protein Methyloprednisolone .
i X PEX (partial
Serum + cerebellar atrophy = concentration was elevated from CA, limb weakness, pulses followed by .
25 IIFT K . . CA . improvement), relapse
CSF - with T1 the outset, with subsequent psychosis (22) oral prednisolone, I
. . . . . treated with rituximab,
mild enhancement worsening alongside with PEX, Rituximab . .
. S with partial
clinical deterioration .
improvement (22)
Progressive CS (no improvement) IVIg
S - bellar atroph CA, dysarthria, iti
10 IIFT erum cerebe a-r atrophy Granular leukocytosis R ysaf ria, cognitive CA, dysarthria CS, IVIg (significant
CSF + with impairment (23) i
. . improvement) (23)
multiple lesions
S N Cerebellar Lymphocvtic bl is with CA, head tremor, limb
51 IFA erum atrophy. Hot cross yfnp ocytic pleocytosis ‘fvl weakness with absence of CA CS, MMF Partial improvement (24)
CSF + . intrathecal IgG synthesis
Bun sign deep tendon reflexes (24)
Cerebellar oedema
Serum + and contrast Aggressive
26 IHC CSF + enhancement with N/A CA (25) CA (29) immunosuppression Limited improvement (25)
subsequent (undefined)
cerebellar atrophy

IIFT, indirect immunofluorescence technique; IFA, indirect immunofluorescence assay; IHC, immunohistochemistry; N/A, not available; CA, cerebellar ataxia; RBD, rapid eye movement sleep behavior disorder; CS, corticosteroid; IVIg, intavenous immunoglobulin;
PLEX, plasma exchange; MMF, Mycophenolate Mofetil.
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syndrome (29). Gait ataxia and limb dysmetria are prominent and
early features in Homer-3 ACA (12) which are the core features of
the cerebellar syndrome criteria, required for diagnosis of probable
or possible MSA-C. In Homer-3 ACA a head tremor and limb
tremor are frequently observed. head tremor is very rare and
typically suggests essential tremor or other differential diagnoses
(30-32). In Homer-3 ACA, encephalopathy, might occur due to the
autoimmune etiology in the central nervous system resulting in
among others severe cognitive dysfunction. Less pronounced
cognitive impairment in form of MCI is frequently observed,
particularly affecting memory, concentration, and orientation.
Depressive symptoms are also commonly reported. These
neuropsychiatric features are not included in the diagnostic
criteria for MSA, Moreover, dementia is included in the
diagnostic criteria for MSA-C as an exclusion. RBD may occur in
both of the previously mentioned disease entities (20, 29). MRI
often reveals cerebellar atrophy (6, 25), and in some cases,
combined atrophy of the cerebellum and pons (12). Oligoclonal
bands have been reported in the CSF (24), and denervation in
electromyography (EMG) (12); however, none of these findings are
specific. ACA with positive anti-Homer-3 antibodies can also
mimic PSP-C, which is important considering that patients with
PSP-C have predominantly been identified in Asian countries, while
this condition has been noted to be very rare in Western
populations (9). This is consistent with the cited literature review,
in which most reported cases originate from Asia. Due to its rarity,
specific diagnostic criteria for PSP-C have not been established (33).
It is worth noting that in one case with positive Homer-3 antibody,
ataxia or other typical, clinical symptoms for this entity were not
detected, instead, the condition manifested primarily through
psychiatric symptoms such as cognitive impairment, memory
problems, and sleep disturbances resembling AD. However, in
MRI of the brain characteristic cerebellar atrophy for MSA-C was
observed (20). The above description confirms the variability of
symptoms among patients with positive Homer-3 antibodies. These
antibodies are increasingly recognized in the study of autoimmune
neurological disorders. The Homer-3 protein, mainly found in the
cerebellum’s Purkinje cells, plays a key role in calcium signaling by
interacting with metabotropic glutamate receptors such as mGluR1
and IP3R (34). Homer-3 is an antibody directed against Purkinje
cells (PCs) causing ACA that is not associated with cancer. There
are speculations that the Homer-3 antibody may be associated with
lung cancer (35) however, the evidence supporting this link remains
unconvincing. Other antibodies targeting PCs have been identified,
which are associated with paraneoplastic neurological syndromes.
These antibodies often correlate with specific tumor types and
present with characteristic neurological symptoms and subcellular
localization within Purkinje cells (36). Anti-Sj/ITPR-1 antibodies
have been linked to a variable disease course, often lacking a
consistent clinical pattern. Likewise, anti-Ca/ARHGAP26
antibodies are associated with a range of neurological
manifestations, and in some cases, have been connected to the
presence of an underlying tumor. Anti-MAG antibodies are
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generally observed in patients with chronic gait disturbances and
neuropathy, although the ataxia arises from central nervous system
involvement. On the other hand, anti-Septin-5 antibodies have been
identified in chronic cerebellar syndromes that appear resistant to
immunotherapy. Anti-neurochondrin antibodies have been
described in patients with long-standing cerebellar or brainstem
symptoms (2), while Adapter-related protein complex 3 beta-2
subunit (AP3B2) antibodies are more frequently associated with a
subacute form of cerebellar ataxia (37). Anti-Homer-3 antibodies,
though rare, have been found in individuals with subacute
cerebellar ataxia and are gaining recognition as potential
indicators of autoimmune cerebellar syndromes (2). This
distinction is clinically significant, as individuals with Homer-3
autoantibodies may respond to immunotherapy, unlike those with
MSA-C, where treatment options are often limited (12). The
physiological relevance of mGluR1 and its signaling interactions,
including with IP3 and calcium signaling pathways, underscores a
diverse role in sustaining neuronal health and function. With
ongoing research into their pharmacological modulation, mGluRs
are emerging as promising targets for innovative therapeutic
strategies aimed at addressing MSA-C, providing hope for
enhanced treatment modalities in clinical practice (38).
Autoimmune causes, associated with a wide range of antibody
mediated neurological disorders, can mimic MSA-C and should
be considered in the differential diagnosis (39). However, it should
be noted that other antibodies targeting Purkinje cells (PCs) have
been described, which also primarily cause a cerebellar syndrome in
autoimmune cerebellar syndromes (36, 40) All of them are linked
with cerebellar syndrome to different extents and they are
associated with different cancer types. Among the other, this
group comprise: Contactin-associated protein-like 2 (Caspr2)
correlated with memory and affective disturbances (41), Glial
fibrillary acidic protein (GFAP) potentially connected with
thymoma and other more rare neoplasms (40) and it is
postulated that this antibody presented in plasma has a potential
in differentating SCA with MSA-C. GFAP exhibit higher level in
individuals with spinocerebellar ataxia type 7 (SCA7) (42, 43). In
this ataxia type many symptoms are common with Homer-3 ACA
such as incoordination, gait impairment, dysmetria,
dysdiadochokinesia, nystagmus, ocular motor disturbances,
dysarthria, postural tremor, hyperreflexia, and peripheral
neuropathy (44). however vision loss is a differentiating feature of
these disorders (45, 46). Similar ACA linked to ITPR1 presents with
similar symptoms. This antibody is related to an increased
likelihood of neoplastic processes (35). Alongside this, anti-
KLHLI11 antibodies have also been associated with paraneoplastic
presentations. Notably, among patients with anti-KLHL11 antibody
positivity, ataxia is frequently accompanied by encephalopathy, and
in the majority of reported cases (11 out of 13), a seminoma was
also diagnosed (47). Due to a similar mechanism of action referring
the regulation of group I mGluR membrane localization,
postsynaptic signaling organization, and their coupling to
intracellular calcium stores via IP; and ryanodine receptors the
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clinical presentation of ACA with anti-mGluR1 antibodies should
be differentiated in comparison to that seen in ACA with anti-
Homer-3 antibodies. However anti-mGluR1 ACA was more
frequently associated with neoplasms, cognitive and behavioral
disturbances, or dysautonomia. It is also worth noting that
cerebellar atrophy is typically less pronounced compared to ACA
associated with anti-Homer-3 antibodies. Clinical features of ACA
associated with mentioned antibodies has been concluded
in Table 2.

Notably, a less frequent symptom is cerebellar ataxia, which
represents the main clinical feature of neurodegeneration associated
with Homer-3 antibodies (39). Other types of autoimmune cerebellar
ataxia may be potentially treatable as well. These include ataxias
associated with anti-glutamic acid decarboxylase (GAD) antibodies,
gluten ataxia, and neurological manifestations linked to Hashimoto’s
encephalopathy (48). These antibodies show a strong association with
cerebellar ataxia facilitating distinguish it from other forms of ataxia
and neurological diseases (12). Progressive supranuclear palsy,
corticobasal degeneration, and multiple system atrophy make up
roughly 10% of neurodegenerative parkinsonism. There is
considerable clinical overlap among these disorders, including

TABLE 2 Summary of key symptoms in autoimmune cerebellar ataxia
(ACA) associated with selected antibodies.

selected antibodies Characteristic clinical features

associated with ACA

Subacute cerebellar ataxia, potential response to

Anti-Homer-3

immunotherapy, more pronounced cerebellar
atrophy than in other ACA types

Inositol 1,4,5-trisphosphate
receptor type 1 antibodies
(Anti-Sj/ITPR-1)

ARHGAP26 antibodies
(Anti-Ca/ARHGAP26)

Myelin-associated
glycoprotein antibodies
(Anti-MAG)

Septin-5 antibodies (Anti-
Septin-5)

Neurochondrin antibodies
(Anti-neurochondrin)

Variable disease course, no consistent clinical
pattern, similar symptoms to Homer-3 ACA,
potentially associated with neoplasms

Broad neurological manifestations, sometimes
associated with tumors

Chronic gait disturbances, neuropathy, ataxia
resulting from CNS involvement

Chronic cerebellar syndromes, most often
resistant to immunotherapy

Long-standing cerebellar or
brainstem symptoms

Adaptor protein complex 3
beta-2 subunit antibodies
(Anti-AP3B2)

Contactin-associated protein-
like 2 antibodies
(Anti-Caspr2)

Glial fibrillary acidic protein
antibodies (Anti-GFAP)

Kelch-like protein 11
antibodies (Anti-KLHL11)

Metabotropic glutamate
receptor 1 antibodies
(Anti-mGluR1)
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More commonly associated with subacute onset
of cerebellar ataxia

Memory and affective disturbances

Possibly linked to thymoma and other
rare neoplasms

Ataxia accompanied by encephalopathy,
particularly regarding the seminoma

Frequently associated with neoplasms, cognitive
and behavioral disturbances, dysautonomia; less
cerebellar atrophy compared to Homer-3
antibody positive ACA

10.3389/fimmu.2025.1660587

features commonly regarded as specific to each condition (49).
The Homer-3 antibody related syndrome supports already
existing hypothesis regarding the mutual relationship between
neuroinflammation and neurodegeneration. Investigating the precise
mechanisms underlying this condition may help determine whether
neuroinflammation initiates neurodegeneration or whether immune
system activation in the central nervous system occurs as a reaction to
the pathological proteins aggregation. Autoimmune disorders may not
only mimic MSA but also resemble other neurodegenerative diseases
(50-52). The antibody of potential particular clinical relevance is anti-
IgLON5 antibodies. Anti-IgLON5 antibodies contribute to tau
accumulation by disrupting cytoskeletal integrity and inducing p-tau
deposition in neurons, leading to synaptic dysfunction and features
resembling neurodegenerative tauopathies (53-57). Neurodegenerative
disorders associated with anti-IgLON5 antibodies are frequently
characterized by sleep behavior disorder and bulbar symptoms (39,
58), but anti-igLONS5 disease symptoms has a wider range expressing a
clinical picture overlapping with disorders such as Alzheimer’s disease
(AD) (59, 60), corticobasal degeneration (CBD) (61) progressive
supranuclear palsy (PSP) (62, 63). The comparison of the previously
mentioned neurodegenerative diseases has been included in Table 3.
Homer-3 antibody associated ACA shows a promising response
to immunotherapy, with many cases demonstrating favorable
clinical outcomes, including improvement or stabilization of
symptoms. These results highlight the potential treatability of the
condition, especially when compared to neurodegenerative ataxias.
However, treatment response remains diverse, with some patients
showing only partial benefit or experiencing relapses, indicating
variability in disease course and therapeutic efficacy (12). First-line
treatment typically involves high-dose intravenous corticosteroids,
with or without IVIG. Many reported cases show clinical
improvement (12, 22) Relapses have been observed, particularly
during corticosteroid reduction or after discontinuation of IVIG,
suggesting steroid dependent and resistant to treatment forms
of the disease. Radiological improvements, including shrinkage of
inflammatory lesions on MRI, support a partial responsiveness of
the inflammatory process to treatment. Nevertheless, the continued
presence of Homer-3 antibodies in the serum or cerebrospinal fluid,
even after clinical improvement, indicates persistent immunological
activity and underscores the need for long term monitoring in order
to detect potential relapse in early stage and administer prompt
therapy (22). However, not all individuals respond adequately, in
several cases describe persistent or worsening symptoms despite
standard immunosuppressive therapy. The aggressive and
combined immunotherapy, even targeting B cell mediated
autoimmunity, may be necessary in resistant or progressive forms
of the disease. In severe cases, the risk of irreversible neurological
damage further emphasizes the importance of early and intensive
treatment (6, 11, 19, 21, 22, 25). Younger patients, particularly
children and young adults, often show more rapid and complete
recovery, especially when treatment is initiated early. In contrast,
older adults or those with advanced cerebellar involvement are
more likely to experience incomplete recovery or progression to
cerebellar atrophy, despite aggressive treatment (23). Relapses have
been observed, particularly during corticosteroid reduction or after
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TABLE 3 Comparison of selected symptoms of Homer-3 antibodies positive ACA, Anti-IgLONS5 Disease, progressive supranuclear palsy (PSP), multiple
system atrophy - cerebellar type (MSA-C), corticobasal degeneration (CBD) and Alzheimer’s disease (AD).

Disease

Homer-3
antibodies
positive ACA

Anti-IgLON5

disease does not

Symptom

Progressive
supranuclear palsy
(PSP) (PSP-C

have exclusive
diagnostic criteria)

Crticobasal
degeneration
(CBD)

Alzheimer's
disease (AD)

Cerebellar ataxia Main symptom Less frequent (59) + (in PSP-C) - - +
RBD and -
RED Zz 4 nom difficulties in falling asleep,
Sleep disorder RBD (12) . + (63) sleep disruption and altered - RBD
parasommnias circadian sleep-wake cycle (59)
(39, 58) prwake o
Cognitive .
X X + (Rare) + (Often) + Main symptom + -
impairment
Oculomotor Antisaccade
disturbance Nystagmus (12) Vertical Vertical - performar.u:e Nystagmus
abnormality
Dysarthria +(19) - + (Rare) - + (Rare) +
Dizziness +(39) - - - - -
Dysautonomia +(39) + - - - +
Encephalopathy + (19) - - - - -
Myeloradiculopathy | + (19) - - - -
- (33)
Imitation of MSA-C PSP (50) - (60) - (61) -(29)

PSP-C, progressive supranuclear palsy — cerebellar type; RBD, rapid eye movement behavioral disorder.

discontinuation of IVIG, suggesting steroid dependent and
treatment-resistant and forms of the disease. Radiological
improvements, including shrinkage of inflammatory lesions on
MRI, support a partial responsiveness of the inflammatory
process to treatment. Nevertheless, the continued presence of
Homer-3 antibodies in the serum or cerebrospinal fluid, even
after clinical improvement, indicates persistent immunological
activity and underscores the need for long-term monitoring in
order to detect potential relapse in early stage and administer
prompt therapy (22). It is worth emphasizing that in cases of
ACA Homer-3 positive, the antibodies are not detected in every
instance and may only become detectable at a later stage (11) or
they might be identifiable only in CSF (23). This indicates that a
negative initial screening for Homer-3 antibodies does not exclude
the disease, and testing of both serum and CSF should be repeated.
However, the exact timeframe after symptom onset at which these
antibodies become detectable remains unclear. According to one
study the cerebellar atrophy may be preceded by edema (25).
Taking into the consideration, the fact that cerebellar atrophy
progresses alongside with disease progression (23, 25), possibly
Homer-3 seroconversion might progress also.

Limitations

The main limitation of the discussed studies is the very small
number of individuals with positive anti Homer-3 antibodies with
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no post-mortem neuropathological confirmation. Epidemiological
data and past medical history were often insufficient. Not all
patients underwent the same set of diagnostic tests which
increases the risk of obtaining both false positive and false
negative results. The implemented therapy was inconsistent and
heterogeneous, and the time from symptom onset to the treatment
initiation varied among patients Some individuals were not
evaluated during follow-up after treatment. Notably, only articles
written in English were included.

Conclusion

This narrative review highlights the critical importance of
recognizing immune mediated etiologies in cerebellitis, particularly
in the presence of specific neuronal antibodies such as anti-Homer-3.
Timely identification and initiation of immunotherapy may lead to
meaningful clinical improvement, underscoring the therapeutic
potential of targeted immunomodulatory treatments in autoimmune
cerebellar syndromes. ACA associated with Homer-3 antibodies may
exhibit a relapsing disease course and is often linked to a poor
prognosis, particularly in cases with established cerebellar atrophy.
The results of the studies underscore the potential need for early and
aggressive immunotherapy, such as rituximab, in managing Homer-3
autoimmunity. Although partial clinical improvement can be
achieved, persistent disability may remain. In relapsing or refractory
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cases, escalation to second line therapies may be required, and long-
term immunological monitoring should be considered due to the
potential for persistent antibody activity and disease recurrence. Since
Homer-3 positive ACA can mimic MSA, it is possible that some cases
diagnosed as MSA may be potentially treatable. However, further
research is required in this field.
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