
Penelope Fouka, BSc*
Harry Alexopoulos,

DPhil*
Ioanna Chatzi, MD
Skarlatos G. Dedos, PhD
Martina Samiotaki, PhD
George Panayotou, PhD
Panagiotis Politis, PhD
Athanasios Tzioufas, MD
Marinos C. Dalakas, MD,

FAAN

Correspondence to
Dr. Dalakas:
mdalakas@med.uoa.gr

Supplemental data
at Neurology.org/nn

Antibodies to inositol 1,4,5-triphosphate
receptor 1 in patients with cerebellar
disease

ABSTRACT

Objective: To describe newly identified autoantibodies associated with cerebellar disorders.

Design/Methods: We first screened the sera of 15 patients with cerebellar ataxia, without any
known associated autoantibodies, with immunocytochemistry on mouse brain. After character-
ization and validation of a newly identified antibody, 85 additional patients with suspected auto-
immune cerebellar disease were screened using a cell-based assay.

Results: Immunoglobulin G from one of the first 15 patients demonstrated a distinct staining pat-
tern on Purkinje neurons. This autoantibody, as characterized further by immunoprecipitation and
mass spectrometry, was binding inositol 1,4,5-triphosphate receptor 1 (IP3R1), an intracellular
channel that mediates the release of Ca21 from intracellular stores. Anti-IP3R1 specificity was
then validated with a cell-based assay. On this basis, screening of 85 other patients with cere-
bellar disease revealed 2 additional IP3R1-positive patients. All 3 patients presented with cere-
bellar ataxia; the first was eventually diagnosed with primary progressive multiple sclerosis, the
second had a homozygous CAG insertion at the gene TBP, and the third was thought to have
a neurodegenerative disease.

Conclusions: We independently identified an autoantibody against IP3R1, a protein highly ex-
pressed in Purkinje neurons, confirming an earlier report. Because a mouse knockout model for
IP3R1 exhibits ataxia and epilepsy, this autoantibody may have a functional role. The heteroge-
neity of the antibody-positive patients suggests that this antibody may either have a direct
involvement in disease pathogenesis or it is a surrogate marker secondary to cerebellar injury.
Anti-IP3R1 antibodies should be further explored in various ataxic and epileptic syndromes as
they may denote a marker of response to immunotherapies. Neurol Neuroimmunol Neuroinflamm

2017;4:e306; doi: 10.1212/NXI.0000000000000306

GLOSSARY
BSA 5 bovine serum albumin; CBA 5 cell-based assay; IgG 5 immunoglobulin G; IP3R1 5 inositol 1,4,5-triphosphate
receptor 1; NGS 5 normal goat serum; PBS 5 phosphate-buffered saline; PPMS 5 primary progressive multiple sclerosis;
SCA 5 spinocerebellar ataxia; TTBS 5 Tris-buffered saline with 0.1% Tween-20.

Cerebellar disorders may present with a multitude of signs and symptoms including ataxia, dys-
arthria, dysdiadochokinesia, dysmetria, hypotonia, nystagmus, scanning speech, and tremor.
The etiology of cerebellar disorders is diverse and includes immune-mediated mechanisms.
More specifically, autoimmune cerebellar symptoms may be associated with antibodies against
intracellular targets such as anti-GAD antibodies,1 with paraneoplastic cerebellar degeneration
associated with antibodies such as anti-Yo, Hu, and Tr/DNER,2 with the cerebellar type of
Hashimoto encephalopathy, with ataxia associated with systemic lupus erythematosus, but also
with antibodies that target membrane-bound molecules, primarily expressed in the Purkinje
neurons, such as Ca/RhoGTPase-activating protein 26 (ARHGAP26)3 and mGluR1.4 The
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main objective of our study was to identify and
describe new autoantibodies associated with
cerebellar disorders.

METHODS Patients and standard protocol approvals,
registrations, and consents. Patient clinical data and sera were
obtained from the records of our neuroimmunology diagnostic

service. The Ethics Committee of the University of Athens

granted ethical approval for this study.

Tissue immunohistochemistry. Sagittal mouse brain cryostat

sections (12 mm thick) were fixed for 5 minutes in cold paraformal-

dehyde 4% and permeabilized with Triton 0.3% in phosphate-

buffered saline (PBS). Following PBS washing and 1 hour

blocking in 10% normal goat serum (NGS), the sections were

incubated with patient serum (1/50 dilution) or anti– inositol

1,4,5-triphosphate receptor 1 (IP3R1) primary antibody (Thermo

PA1-901 rabbit polyclonal antibody, 1/200 dilution; see Results,

section regarding IP3R1 identification) in 1% bovine serum

albumin (BSA) for 1 hour. The sections were then incubated with

AlexaFluor488 anti-human or AlexaFluor568 anti-rabbit antibodies

(Invitrogen, Carlsbad, CA) at 1/500 dilution in 1% BSA and

visualized with a Zeiss (Oberkochen, Germany) fluorescence

microscope.

Immunoprecipitation and mass spectrometry. Protein

from mouse cerebellae was extracted in lysis buffer containing

25 mM Tris pH 7, 150 mM NaCl, 1 mM EDTA pH 8, 1%

Triton, and protease inhibitors (Sigma, St. Louis, MO). Patient

and normal control sera (70 mL) were incubated with 3 mg of

protein extract overnight at 4°C. Protein A/G agarose beads were

added to the supernatants for 3 hours at 4°C. After washing with

lysis buffer, the beads were centrifuged and the pellets were re-

suspended in 50 mL electrophoresis sample buffer, boiled, and

centrifuged. Supernatants were separated in a 7% gel and bands

were visualized with Coomassie Brilliant Blue, excised, and ana-

lyzed with mass spectrometry.

Western blot. Following mass spectrometry, the same superna-

tants were again separated in a 7% gel and the proteins were blot-

ted into nitrocellulose. The membrane was blocked with 5%

nonfat milk in Tris-buffered saline with 0.1% Tween-20 (TTBS)

for 1 hour and incubated with the anti-IP3R1 antibody (1/1,000

dilution) in 0.5% nonfat milk in TTBS overnight at 4°C.

Following TTBS washes, the membrane was incubated with

a secondary goat anti-human HRP-conjugated antibody (1/2,000

dilution) and the protein bands were visualized with a Pierce

(Rockford, IL) enhanced chemiluminescence Western blotting

substrate.

Cell based assays. HEK293T cells were transfected (Xfect;

Clontech, Mountain View, CA) with pcDNA3.2-Venus-rIP3R1

clone (see e-Methods at Neurology.org/nn). The cells were then

fixed for 5 minutes in cold acetone and after PBS washing they were

incubated in 10% NGS for 1 hour. The cells were then incubated

with patient serum (1/25 dilution) or anti-IP3R1 (1/2,000

dilution) in 1% BSA for 2 hours. After extensive washes, the cells

were incubated with AlexaFluor 568 anti-human or anti-rabbit

antibody, respectively, at 1/750 dilution in 1% BSA. Cells were

visualized with a Zeiss fluorescence microscope.

RESULTS Antigen identification. We initially
screened 15 patients with cerebellar ataxia and no
anti-GAD or anti-Yo antibodies (determined with
commercially available ELISA and Western blot kits,
respectively), with immunohistochemistry on mouse
brain slices. In one patient (index patient), we
observed a specific pattern of staining (figure 1A)
where the autoantibodies bound Purkinje neurons.5

On this basis, we set out to identify and characterize

Figure 1 Identification and validation of the anti–inositol 1,4,5-triphosphate receptor 1 (IP3R1) antibody

Patient sera with a working diagnosis of cerebellar ataxia were screened using immunohistochemistry in mouse brain slices.
A specific pattern was identified, where the antibodies bound primarily the Purkinje cells (A). Following antibody identifica-
tion, the precipitate used for themass spectrometry was blotted and probed with a commercial antibody against IP3R1. The
antibody recognized the band, with an apparent molecular weight of 270–280 kDa (lane 1). The same antibody did not
recognize precipitates from healthy control subjects (lanes 2 and 3) (B). We double-labeled mouse brain with patient serum
(C) and the commercial antibody against IP3R1 (D). The colocalization was near perfect, confirming the identity of the
autoantibody (E). (A) Scale bar 200 mm; (C–E) scale bar 100 mm.
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the antibodies corresponding to the specific pattern.
Following immunoprecipitation and electrophoresis,
a single protein band was excised from a sodium
dodecyl sulfate polyacrylamide gel electrophoresis gel
and sent for mass spectrometry. The antigen was
identified as the inositol 1,4,5-triphosphate receptor 1
(IP3R1). Subsequently, the identity of the antibody was
confirmed, first by staining the precipitating band with
a commercial antibody against the IP3R1 receptor
(figure 1C) and then by double-staining mouse brain
slices with patient serum and the commercial anti-
IP3R1 antibody. A near-perfect tissue colocalization
was observed (figure 1, D and E).

Clinical associations. To validate our finding, sera from
85 patients referred to our neuroimmunology labora-
tory with cerebellar signs or symptoms were tested
with the more sensitive and specific method of cell-
based assay (CBA). For the screening, IP3R1 tagged
with YFP was expressed in HEK293 cells (figure 2).
Three patients (index patient plus 2 new patients)
were found positive for IP3R1 antibodies. No CSF
was available for testing. Their pertinent clinical data
based on the record review and clinical re-evaluation
(2/3 patients) are as follows.

Patient 1: Index patient. A 41-year-old man was
admitted to the hospital because of gait imbalance
and walking impairment that started subacutely 3
months prior to admission. A brain MRI revealed dif-
fuse nonenhancing demyelinating lesions consistent
with multiple sclerosis (figure e-1, A–C). CSF showed
oligoclonal immunoglobulin G (IgG) bands and ele-
vated IgG index. During a 4-year follow-up period,
his symptoms continued to progress, with prominent

cerebellar signs including gait ataxia, wide-based gait,
horizontal nystagmus, and bilateral intention tremor.
A follow-up MRI was unchanged. The findings were
consistent with primary progressive multiple sclerosis
(PPMS). During the course of his disease, the patient
has been treated with steroids, glatiramer acetate, and
interferon-b-1a, none of which has been convincingly
beneficial.

Patient 2. A 42-year-old woman presented with
subacute onset of walking instability and a broad-
based gait that necessitated help for support. There
was horizontal nystagmus at extreme lateral gaze ipsilat-
erally, dysarthria, dysmetria, and dysdiadochokinesis of
upper limbs. Deep tendon reflexes were equally elicited
throughout; muscle strength was 5/5 in all 4 extremities
and sensory examination results were normal. She had
symptoms of dysautonomia. MRI revealed a small
degree of cerebellar atrophy. CSF analysis revealed no
signs of inflammation (IgG index normal, no oligoclo-
nal bands). Genetic testing revealed a single homozy-
gous CAG insertion at the TBP gene (TATA-binding
protein). No cancer has been identified.

Patient 3. A 79-year-old woman reported subacute
onset of walking instability and the need for walking
aids (based on a telephone interview and medical re-
cords review). She had ataxia in both upper and lower
limps, dysarthria, dysautonomia (orthostatic hypoten-
sion), and REM sleep disturbances. Her muscle
strength was normal, without any cognitive deficits
or visual disturbances. Her brain MRI showed multi-
ple lesions of ischemic origin (figure e-1, D–F). Her
symptoms are consistent with neurodegenerative dis-
ease in the form of multiple system atrophy. No cancer

Figure 2 Cell-based assay (CBA) establishment

The full-length inositol 1,4,5-triphosphate receptor 1 (IR3R1) clone tagged with YFP was expressed in HEK293 cells (A, D).
The cells were incubated with either a commercial antibody against IP3R1 (B) or with patient serum (E). Merged images (C, F)
show that the CBA assay is sensitive and can detect IP3R1 serum antibodies. Scale bar 75 mm.
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has been identified and CSF was not available for
testing.

Other immune disease controls. Because in a previous
study6 it was shown that 48.6% (17/35) of patients
with primary Sjögren syndrome harbored antibodies
against IP3R1, we assayed 45 patients with primary
Sjögren syndrome with our specific CBA; they were
all negative. This discrepancy is likely attributed to
different specificity and sensitivity of the methods
used or possibly to the difference of diagnostic criteria
used in defining disease among the examined pa-
tients. Since 1 of our 3 positive patients had a working
diagnosis of PPMS, we screened 15 additional pa-
tients with PPMS, 5 patients with anti-GAD (1)
cerebellar ataxia, and 15 healthy controls by CBA.
All patients and controls were also negative.

DISCUSSION We report 3 patients positive for an
antibody against IP3R1, a ligand-gated nonselective
cation channel activated by inositol 1,4,5-triphosphate.
IP3R1 is localized in the smooth endoplasmic
reticulum and triggers Ca11 release downstream of
mGluR1 stimulation and after direct interaction with
the Homer proteins, including Homer3.7 During the
course of clinical characterization of our patients, Jarius
et al.8 reported this antibody in patients with suspected
cerebellar disease. As discussed in a recent review article,9

this antibody appears to be fairly common among other
anti-Purkinje neuron autoantibodies, but its clinical
significance remains unexplored.

Mutations in the IP3R1 genes have been implicated
in spinocerebellar ataxia (SCA) 15 and SCA16.10,11 In
addition, a mouse knockout model for IP3R1 exhibits
ataxia and epilepsy, signifying a functional role of this
protein and a clinical connection with various ataxic
and epileptic syndromes.12 Recent evidence suggest
that many proteins, including IP3R1, implicated in
cellular Ca11 regulation are targets of autoimmunity
and comprise the same pathways affected by the
genetic variants of cerebellar disease. All our reported
patients had a predominant cerebellar disease, even
though their causes were diverse, including PPMS,
genetic, or possibly neurodegenerative.

Although the presence of this antibody suggests a co-
existing autoimmunity, a pathogenetic role is ambigu-
ous considering the intracellular localization of the
antigen. More often it is antibodies that can directly
access antigens localized on the cell surface that have
a direct pathogenetic role, e.g., anti-NMDAR or anti-
AQP4 antibodies.Whether these antibodies may be also
produced intrathecally or circulate in the CSF is
unknown, because we had no access to CSF samples.
In some autoimmune neurologic diseases, such as
NMDA receptor encephalitis, the antibodies in the
CSF are pathogenic, but in others, such as aquaporin-
4–positive neuromyelitis optica, serum antibodies are

pathogenic but they are not present in the CSF.
Therefore, their absence in the CSF does not preclude
pathogenicity. Because the cerebellum was not primarily
affected, as depicted in the MRI (figure e-1), the pos-
sibility that the antibodies may have been derived from
a widespread structural damage cannot be excluded.

It remains to be determined whether these antibod-
ies are pathogenic, biomarkers, or simply surrogate
markers. Given the heterogeneity of the underlying dis-
eases and their reported (though unconfirmed) presence
in Sjögren syndrome, the clinical utility of these anti-
bodies remains unclear. Whether anti-IP3R1 autoim-
munity follows a degenerative cerebellar process that
generates release of neoantigens or these antibodies
are produced de novo remains unknown. Functional
experiments are required to explore their pathogenic
role, if any. In spite of these uncertainties, anti-IP3R1
antibodies might be markers of potentially treatable
autoimmune forms of cerebellar disease.
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