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Abstract

Introduction: Subacute cerebellar ataxia combined with cerebrospinal fluid (CSF) pleocytosis is the result of an
immune response that can occur due to viral infections, paraneoplastic diseases or autoimmune-mediated mecha-
nisms. In the following we present the first description of a patient with anti-Homer-3 antibodies in serum and CSF
who has been diagnosed with paraneoplastic subacute cerebellar degeneration due to a papillary adenocarcinoma
of the breast.

Case presentation: A 58-year-old female was admitted to our clinical department because of increasing gait

and visual disturbances starting nine months ago. The neurological examination revealed a downbeat nystagmus,
oscillopsia, a severe standing and gait ataxia and a slight dysarthria. Cranial MRI showed no pathological findings.
Examination of CSF showed a lymphocytic pleocytosis of 11 cells/ul and an intrathecal IgG synthesis of 26%. Initially,
standard serological testing in serum and CSF did not indicate any autoimmune or paraneoplastic aetiology. However,
an antigen-specific indirect immunofluorescence test (IIFT) revealed the presence of anti-Homer-3 antibodies (IgG)
with a serum titer of 1: 32,000 and a titer of 1: 100 in CSF. Subsequent histological examination of a right axillary lymph
node mass showed papillary adenocarcinoma cells. Breast MRI detected multiple bilateral lesions as a diffuse tumour
manifestation indicative of adenocarcinoma of the breast. Treatment with high-dose methylprednisolone followed by
five plasmaphereses and treatment with 4-aminopyridine resulted in a moderate decrease of the downbeat nystag-
mus and she was able to move independently with a wheeled walker after 3 weeks. The patient was subsequently
treated with chemotherapy (epirubicin, cyclophosphamide) and two series of immunoglobulins (5 x 30 g each). This
resulted in a moderate improvement of the cerebellar symptoms with a decrease of ataxia and disappearance of the
downbeat nystagmus.

Conclusion: The presented case of anti-Homer-3 antibody-associated cerebellar degeneration is the first that is
clearly associated with the detection of a tumour. Interestingly, the Homer-3 protein interaction partner metabo-
tropic glutamate receptor subtype 1A (mGIuR1A) is predominantly expressed in Purkinje cells where its function is
essential for motor coordination and motor learning. Based on our findings, in subacute cerebellar degeneration, we
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recommend considering serological testing for anti-Homer-3 antibodies in serum and cerebrospinal fluid together

with tumor screening.

Keywords: Cerebellar degeneration, Paraneoplastic tumour, Homer-3, Anti-Homer-3 antibody, Downbeat

nystagmus, Case report

Introduction

Subacute cerebellar ataxia with cerebrospinal fluid (CSF)
pleocytosis can be autoimmune-mediated, occur after
viral infections or be a symptom of paraneoplastic dis-
eases. The spectrum of onconeural antibodies represent-
ing markers for paraneoplastic cerebellar degeneration
has been continuously expanded in the past 20 years
[1-4]. A small number of relevant autoantibodies have
been identified in patients with non-paraneoplastic cer-
ebellar degeneration: glutamic acid decarboxylase [5],
metabotropic glutamate receptor type 1 (mGluRl) [6,
7], contactin-associated protein 2 (CASPR2) [8], Rho
GTPase activating protein 26/ARHGAP26 [9], inosi-
tol-1,4,5-trisphosphate receptor type 1/ITPR1 [10] and,
most recently, Homer-3 [11-14]. The Homer-3 protein
can be detected almost exclusively perisynaptically in
the cerebellum. Strikingly, the intracellular domain of the
metabotropic glutamate receptor type 1 (a cell surface
receptor strongly expressed perisynaptically on Purkinje
cell dendrites) interacts with Homer-3 thus enabling
multimerization and clustering of the receptor, a process
that is crucial for neuroadaptation [15-18]. So far, a total
of only eight cases of idiopathic cerebellitis with subacute
cerebellar degeneration associated with the detection of
anti-Homer-3 antibodies have been published [11-14],
six of which were recently described by in an encephalitis
case series in China [14]. One of these patients revealed
pulmonary nodules of potential malignancy in chest-CT,
but refused biopsy. Because no associated tumour was
detectable in any of these patients, a non-paraneoplas-
tic autoimmune-mediated pathogenesis was suspected.
All patients showed CSF pleocytosis and an inconsist-
ent response to immunosuppressive therapy. To the best
of our knowledge, we present the first case of a patient
diagnosed with subacute cerebellar degeneration with
anti-Homer-3 antibody in serum and CSF who has his-
tological detection of a papillary adenocarcinoma of the
breast.

Case presentation

A 58-year-old female was admitted to the Department
of Neurology in February 2019 due to increasing gait
and visual disturbances, dizziness and nausea, which she
had been suffering from for approximately nine months.
Neurological examination revealed downbeat nystagmus
with oscillopsia, severe standing and gait ataxia, slight

extremity ataxia and slight dysarthria. The patient was
only able to walk with assistance. Cranial MRI showed
no evidence of cerebellar atrophy. There were no abnor-
malities in routine laboratory tests. CSF analysis showed
pleocytosis of 11 cells/ul and an intrathecal IgG synthe-
sis of 26% (i.e. IgG index=0.89). Serological tests were
negative for autoantibodies against the neuronal antigens
GQ1b, aquaporin-4, MOG, GAD, Hu, Yo, Ri, CV2, Mal,
Ma2, NMDA, GABA(A), GABA(B), CASPR2, LGI-1 and
mGluR1 receptors. So were serological test for autoanti-
bodies against ITPR1, ARHGAP26 and CARP VIII and
Tr/DNER (data not shown). In addition, the following
tumour markers were on normal levels: CA 72—4, Cyfra
21-1, NSE, beta-HCG, beta-2-Microglobulin, alpha-
Fetoprotein, CA 15-3, CA 19-9, CA 125 and CEA. Indi-
rect immunofluorescence test (IIFT) on HEK293 cells
ectopically expressing selected antigens (EUROIMMUN
Medizinische Labordiagnostika AG, Liibeck, Germany)
revealed the presence of anti-Homer-3 antibodies (IgG)
with a titer of 1:32,000 in serum and 1:100 in CSF. I[IFT
results are shown in Fig. 1, where monkey cerebellum
incubated with the serum or CSF of the patient shows
a dense, net-like fluorescence of the molecular layer
with involvement of the Purkinje cells and accentuation
of their neurites. This is also the case for a sample from
another Homer-3 positive patient, that was included
as control. The sample from an anti-Homer-3 antibody
negative patient does not show fluorescence at the 1:10
cut-off on the monkey cerebellum substrate. As already
mentioned above, antibodies in the serum and CSF of
the patient described in this case report bind the anti-
gen Homer-3 overexpressed in HEK293 cells. This is also
true for the additional anti-Homer-3 positive patient
sample. Importantly, the HEK293 controls do not show
fluorescence, and Homer-3 transfected HEK293 cells do
not show fluorescence when incubated with the anti-
Homer-3 negative serum.

The thorax and abdomen CT scan revealed a lymph
node mass in the right axillary. Histological analysis
revealed lymph node metastasis of a papillary adeno-
carcinoma. Because of unremarkable findings in mam-
mography, a breast-MRI was performed, which showed
multiple lesions on both sides as a diffuse tumour mani-
festation of adenocarcinoma of the breasts. The whole-
body tumour PET showed signal increases in both breasts
without further tumour manifestations. The patient
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Fig. 1 Immunofluorescence analysis of the patient’s samples (rows 1 and 2), as well as two additional samples from two other patients, known
to be positive (row 3) or negative (row 4) for anti-Homer-3 antibodies. Numbers in figure panels indicate respective dilution of samples. HEK293
controls were included for all incubated samples (right column) and did not show fluorescence
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received four times 1000 mg methylprednisolone fol-
lowed by five plasmaphereses. To treat the downbeat nys-
tagmus, 4-aminopyridine was dosed with 10 mg b.d. [15],
which resulted in a moderate decrease of the nystagmus.
After three weeks, the patient’s ambulation improved
and she was able to move independently with a wheeled
walker. She was subsequently treated with chemotherapy
(epirubicin, cyclophosphamide) and two series of immu-
noglobulins (5 x 30 g each). Until September 2019, there
was a moderate improvement of the cerebellar symptoms
with a decrease of ataxia, disappearance of the downbeat
nystagmus and a decrease in serum anti-Homer-3 anti-
body titer down to 1:100 in serum.

Discussion

Since 2003, eight case reports on patients with idiopathic,
subacute cerebellar degeneration and anti-Homer-3 anti-
bodies in serum and CSF have been published [11-14].
All patients showed a similar clinical picture with suba-
cute onset ataxia, CSF pleocytosis and/or intrathecal
IgG-synthesis and normal findings or cerebellar atro-
phy on cranial MRI. An extensive search for tumours
in these patients did not reveal any underlying malig-
nancy that could have initiated the aberrant production
of autoantibodies. Hence, the authors of these studies
concluded that anti-Homer-3 antibodies are associated
with non-paraneoplastic cerebellar degeneration. To our
knowledge, the current case of an anti-Homer-3 anti-
body-positive woman with severe cerebellar ataxia is the
first case that is clearly associated with the detection of a
carcinoma. It is important to point out, that we can not
entirely exclude the possibility that the presence of anti-
Homer-3 IgG in this cancer patient represents an acci-
dental co-occurence without causative connection. While
this appears unlikely, future studies may aim to show that
the carcinoma cells do in deed express Homer-3 at sig-
nificant levels and that patient-derived antibodies bind
these structures.

The Homer-3 protein displays predominant expres-
sion in the dendrites of Purkinje cells. The metabo-
tropic glutamate receptor subtype 1 (mGluR1) is also
a predominantly abundant splice variant in Purkinje
cells and has a carboxyl-terminal domain that interacts
with Homer scaffold proteins [16]. Strikingly, mGluR1
is essential for motor coordination and motor learning
[17]. While the potential pathogenic role of Homer-3
in the context of cerebellar ataxias is unknown, we
speculate that selective loss of Purkinje cells in the
cerebellar cortex due to autoimmune-related mecha-
nisms may contribute to the observed clinical fea-
tures. Since Homer-3 represents the major scaffold
for proteins controlling the intracellular levels of cal-
cium anions (such as glutamate receptor subunits and
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voltage-dependent calcium channels [18]), future stud-
ies may aim at addressing the role of Homer-3 and its
protein interaction partners in Purkinje cell—specific
calcium homeostasis, especially in the context of cer-
ebellar ataxia. Intriguingly, both anti-Homer-3 and
anti-mGluR1 antibodies belong to a group of more than
twelve Purkinje cell—specific autoantibodies that are
also commonly referred to as ‘Medusa head antibod-
ies’ due to their characteristic dendritic binding pat-
tern in immunohistochemistry [2—4, 19]. Implementing
the analysis of these autoantibodies into the diagnostic
work-up of patients with cerebellar ataxia of unclear
aetiopathogenesis may emerge as a valuable addition
to already existing diagnostic routines. The cerebellar
symptoms of our patient resemble those of previously
published cases with idiopathic anti-Homer-3 antibod-
ies associated with subacute cerebellar degeneration
[11-14]. In our view, it is particularly important that
they cannot be differentiated clinically from other types
of paraneoplastic cerebellar degeneration. All of these
cases had an acute to subacute onset with initial light-
headedness and/or dizziness and in the further course
developed classical cerebellar symptoms such as severe
ataxia, dysarthria, downbeat nystagmus and oscillop-
sia. A detailed analysis of the cerebrospinal fluid fre-
quently showed pleocytosis, increased protein levels
and intrathecal IgG synthesis.

Cerebellar atrophy usually occurs in later stages of
the disease. It remains unclear whether the only moder-
ate response to immunotherapy is due to Purkinje cell
loss during the early stage of the disease and whether
stronger immunotherapy in that early phase could have
prevented irreversible damage to the Purkinje cells [20].

Testing for the presence of well-characterized autoan-
tibodies against neural antigens is important for the
diagnostic work-up in patients with cerebellar ataxia
to determine a possible paraneoplastic or autoimmune
cause. We highly recommend considering serological
testing for the presence of anti-Homer-3 antibodies in
serum and CSF accompanied by tumor screening in
patients with subacute cerebellar degeneration.
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