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autoimmune cerebellar degeneration
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[OPEN|

ABSTRACT

Objectives: To describe response to treatment in a patient with autoantibodies against voltage-
gated calcium channels (VGCCs) who presented with autoimmune cerebellar degeneration and
subsequently developed Lambert-Eaton myasthenic syndrome (LEMS), and to study the effect
of the patient’s autoantibodies on Purkinje cells in rat cerebellar slice cultures.

Methods: Case report and study of rat cerebellar slice cultures incubated with patient VGCC
autoantibodies.

Results: A 53-year-old man developed progressive incoordination with ataxic speech. Laboratory
evaluation revealed VGCC autoantibodies without other antineuronal autoantibodies. Whole-
body PET scans 6 and 12 months after presentation detected no malignancy. The patient
improved significantly with IV immunoglobulin G (IgG), prednisone, and mycophenolate mofetil,
but worsened after |V IgG was halted secondary to aseptic meningitis. He subsequently devel-
oped weakness with electrodiagnostic evidence of LEMS. The patient’s IgG bound to Purkinje
cells in rat cerebellar slice cultures, followed by neuronal death. Reactivity of the patient's auto-
antibodies with VGCCs was confirmed by blocking studies with defined VGCC antibodies.

Conclusions: Autoimmune cerebellar degeneration associated with VGCC autoantibodies may precede
onset of LEMS and may improve with immunosuppressive treatment. Binding of anti-VGCC antibodies
to Purkinje cells in cerebellar slice cultures may be followed by cell death. Patients with anti-VGCC auto-
antibodies may be at risk of irreversible neurologic injury over time, and treatment should be initiated
early. Neurol Neuroimmunol Neuroinflamm 2016;3:e222; doi: 10.1212/NX1.0000000000000222

GLOSSARY

ACD = autoimmune cerebellar degeneration; IgG = immunoglobulin G; LEMS = Lambert-Eaton myasthenic syndrome;
VGCC = voltage-gated calcium channel.

Autoimmune cerebellar degeneration (ACD) is characterized by progressive ataxia, dysarthria,
dysphagia, and diplopia and, in adults, often indicates the presence of underlying malignancy.
Sera and CSF of affected patients frequently contain antibodies directed against cerebellar Pur-
kinje cells."* These include anti-Hu antibodies in patients with small cell lung cancers, anti-Yo
antibodies in patients with gynecological or breast cancers, and anti-Tr antibodies in patients
with Hodgkin disease."?

Although antibodies to P/Q-type voltage-gated calcium channels (VGCCs) are most com-
monly associated with Lambert-Eaton myasthenic syndrome (LEMS), occasionally patients with
VGCC autoantibodies may present with ACD, with or without accompanying LEMS.*"!
While LEMS may improve with immunosuppressive therapy, treatment of patients with
ACD and VGCC autoantibodies has usually been unsuccessful.>”#

Herein, we present a patient with ACD and VGCC autoantibodies who initially improved
with IV immunoglobulin G (IgG) and immunosuppression but who subsequently developed
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[ Figure 1 VGCC antibody uptake in cerebellar slice culture ]

Slice culture of rat cerebellum incubated with patient serum containing VGCC autoantibodies and examined at different
points in time. (A) Slice culture incubated with normal serum for 144 hours, treated with SYTOX dyes to detect cell death,
and labeled with Cy5-conjugated anti-human IgG, showing absence both of neuronal antibody binding and of SYTOX stain-
ing indicative of cell death. (B, C) Slice cultures incubated for 48 and 72 hours with serum containing VGCC autoantibodies.
In these images, binding of the patient's IgG is labeled red; rare dead cells outside the Purkinje cell layer are labeled green. At
48 hours, IgG can be detected throughout the neuropil with labeling of occasional Purkinje cells (arrows) (B). By 72 hours,
there is extensive binding of IgG to Purkinje cell membranes (arrows) (C). (D-F) A slice culture incubated with patient serum
for 144 hours and labeled with Cy5-conjugated anti-human IgG (D), stained with SYTOX dyes to detect cell death (E), and as
a merged image (F). In cultures at this time point, some Purkinje cells continued to show surface binding of antibody panels
(G-I). In other areas, however, Purkinje cells showed uptake of IgG with cytoplasmic and nuclear labeling (D); some IgG-
containing Purkinje cells demonstrated staining with SYTOX dyes, indicating cell membrane disruption and death (E, F),
whereas others excluded SYTOX dyes, indicating antibody uptake by viable Purkinje cells. Purkinje cell antibody binding and
cell death at 144 hours are shown at higher power in panels G through |. Arrows indicate the same cells in panels D-F and in
G-I. Scale bars = 20 pm. IgG = immunoglobulin G; VGCC = voltage-gated calcium channel.

LEMS despite immunosuppressive therapy.
The patient’s IgG bound to Purkinje cell cal-
cium channels in rat cerebellar slice cultures

and produced Purkinje cell death.

CASE REPORT A 53-year-old man presented with 4
months of progressive gait instability, falls, and
difficulty performing fine motor tasks. Examination
revealed dystaxic speech and severe appendicular
ataxia but was otherwise normal.

Blood counts and erythrocyte sedimentation rate
were normal. Antinuclear antibody was not detected.
CSF showed 7 white blood cells/mm? and 62.1 mg/dL
protein. Oligoclonal bands were absent. Extensive
serum and CSF evaluations for infectious, toxic, and
metabolic causes were negative. Serum contained anti-

bodies against P/Q-type VGCCs (483.5 pmol/L;
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normal range 0.0-24.5 pmol/L) (ARUP Laboratories,
Salt Lake City, UT). Other antineuronal autoantibod-
ies were not detected. Contrasted brain MRI was
unremarkable at presentation and 3 months later.
Contrasted CT of the chest, abdomen, and pelvis were
without evidence of malignancy as were PET scans at 6
and 12 months after onset of ataxia.

The patient was treated with IV IgG 2 g/kg over 3
days followed by methylprednisolone 1 g IV daily for
3 days, an oral prednisone taper beginning at 60 mg
daily, and mycophenolate mofetil 500 mg twice daily.
Speech, coordination, and ambulation initially
improved significantly. A repeat trial of IV IgG, how-
ever, was discontinued after he developed aseptic
meningitis. The patient’s ataxia and dysarthria subse-
quently worsened despite plasma exchange and an

increase in mycophenolate dosage to 750 mg twice



Figure 2
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Binding of the patient’s IgG to Purkinje cells is inhibited by pretreatment of rat tissue with anti-VGCC antibodies, confirming
specificity of the patient’s antibody response

-
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Adult rat tissue was fixed, sectioned, and treated with an antigen retrieval system before blocking for 1 hour with serial concentrations of commercially
obtained rabbit anti-VGCC antibodies directed against the a1 subunit of the VGCC receptor before being exposed to a 1:200 dilution of patient serum
for 24 hours. Tissue was then labeled with Cy5-conjugated donkey anti-human IgG to detect the patient’s antibodies and fluorescein isothiocyanate-
conjugated anti-rabbit IgG to detect the commercial anti-VGCC antibody. Pretreatment with commercial anti-VGCC antibody inhibited binding of the
patient’s IgG to Purkinje cells in a dose-dependent manner, confirming the specificity of the patient’s antibody for the VGCC. Scale bars = 20 um. IgG =
immunoglobulin G; VGCC = voltage-gated calcium channel.

daily. Inidally his strength was normal, but 11
months later he developed progressive weakness.
Electrophysiologic studies at that time demonstrated
low amplitude and unexpectedly variable motor
response compound motor action potentials in several
nerve distributions. With 10 seconds of voluntary
exercise, there was 50% to 300% facilitation in
amplitude and area under the waveform curve. The
findings were thought to represent evidence of a cor-
rectable presynaptic defect in neuromuscular junction
transmission consistent with LEMS. Treatment with
3,4-diaminopyridine resulted in improvement of dys-
phagia but not coordination. The patient declined
further therapy and succumbed 18 months after onset

of his ataxia.

METHODS The patient’s pretreatment serum was confirmed
by ARUP Laboratories to have VGCC autoantibodies, without
other paraneoplastic or other antineuronal autoantibodies. Or-
ganotypic cultures of cerebellums from 24-day-old Sprague-
Dawley rat pups were incubated with 1:400 dilutions of
patient sera as previously described.'? At intervals from 24 to
144 hours, cultures were coincubated for 2 hours with SYTOX
cell viability dyes, fixed with 2% paraformaldehyde, labeled
postfixation with Cy5-conjugated goat anti-human IgG, and
analyzed by confocal microscopy.'? Controls were sera from
neurologically normal individuals without malignancy. To
confirm that the reactivity of the patient’s IgG for Purkinje
cells represented specific binding to VGCCs, normal adult rat
tissue was fixed with paraformaldehyde, placed in paraffin

blocks, and sectioned onto slides. The normal tissue was

treated with an antigen retrieval system before blocking for
1 hour with serial concentrations of commercially obtained
rabbit anti-VGCC antibodies directed against the a4 subunit
of the VGCC (Thermo PA5-19598, Rockford, IL), and then
was subsequently exposed to patient sera (1:200) for 24 hours.
Sections were fixed and labeled with Cy5-conjugated donkey
anti-human IgG to detect the patient’s antibodies and
fluorescein  isothiocyanate—conjugated anti-rabbit IgG to

detect the commercial anti-VGCC antibody.

Standard protocol approvals, registrations, and patient
consents. The patient’s pretreatment serum was obtained under

appropriate institutional review board guidelines.

RESULTS Cerebellar slices exposed to the patient’s
serum for 48 hours showed presence of antibody pre-
dominantly within the neuropil, with labeling of
occasional Purkinje cells (figure 1). By 72 hours, Pur-
kinje cells exhibited surface binding of antibody, and
by 144 hours, Purkinje cells also showed cytoplasmic
labeling, indicating IgG uptake (figure 1; videos 1 and
2 at Neurology.org/nn). Most antibody-labeled
Purkinje cells excluded SYTOX dyes, indicating
that these cells were viable (figure 1). At 144 hours,
however, scattered Purkinje cells showed staining
with SYTOX dyes, indicative of cell death (figures
1 and 2). Pretreatment of rat tissue with
commercial anti-VGCC antibody inhibited binding
of the patient’s IgG to Purkinje cells in a
concentration-dependent manner, confirming the
specificity of the patient’s antibody for VGCCs
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Table

Study

19913

19924

19945

1997°

20027

2008°

2009°

2010%°

2014

Previously reported cases of ACD in patients with VGCC autoantibodies, showing initial presentation, presence or absence of LEMS
and/or malignancy, treatment used, and treatment response

No. of
patients

1

12

16

Initial LEMS
presentation VGCC antibody level present?
ACD and Not tested Yes
LEMS
ACD 2.7-4,352 pmol/lgG Yes in 6/9
patients
ACD N-type VGCC antibodies: 2,100 pM/g Yes
ACD >30 pmol/L In 8/12
patients
ACD For VGCC: sera (16/39 patients): median titer ~ Yes in 12/
648 pM/L; CSF (7 patients): median titer 81 16
pM/L patients
ACD and 398 pM, 864 pM Yes
LEMS
ACD P/Q-type VGCC “elevated” Yes
ACD 21.1-69.6 pmol/L Unknown
ACD 547.8 pmol/L Yes

Malignancy Response to
detected? Treatment used treatment
Found 15 mo Plasmapheresis Only LEMS
after improved
presentation
Yes in 7/9 Various Variable
patients
Yes “Immunotherapy” Only LEMS
improved
SCLC Corticosteroids, Variable
plasmapheresis, and/or
IV IgG
Lung cancer 3 patients treated Only LEMS
improved
No IV 1gG, corticosteroids, ~ Only LEMS
azathioprine, improved
cyclosporine
Yes Corticosteroids Some
improvement of
ACD
No Unknown Unknown
No IV 1gG Improvement of

ACD and LEMS

Abbreviations: ACD = autoimmune cerebellar degeneration; IgG = immunoglobulin G; LEMS = Lambert-Eaton myasthenic syndrome; SCLC = small cell
lung cancer; VGCC = voltage-gated calcium channel.

(figure e-1). Immunohistologic evaluation of the
patient’s serum using composite frozen sections did
not detect any other characterized neuron-specific
antibody patterns (data not shown).

DISCUSSION Although VGCC autoantibodies are
usually associated with LEMS, they have also been
detected in 21% to 41% of patients with paraneoplas-
tic cerebellar degeneration associated with lung can-

¢7 and in 11% of patients with cerebellar

cer
degeneration in the absence of malignancy.'” The
present case provides further evidence that adult pa-
tients presenting with subacute cerebellar ataxia
should be tested for VGCC autoantibodies.
Although VGCC autoantibodies have been
shown to be pathogenic in LEMS, their role in par-
aneoplastic cerebellar injury is less well defined.
Other investigators have demonstrated that a single
cisternal injection of mice with IgG from a VGCC-
positive patient with LEMS and cerebellar degener-
ation produced temporary motor ataxia, whereas
injection of IgG from a patient with LEMS alone
produced no cerebellar impairment.'® These authors
postulated that VGCC autoantibodies can cause cer-
ebellar dysfunction as well as LEMS, but that anti-
VGCC antibodies in patients with LEMS and ACD
may react against a slightly different epitope than do
those in patients with LEMS alone."® These inves-
tigators did not detect histologic evidence of neuro-
nal death in brains examined after 24 hours or
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15 days after this single infusion. In contrast, our
studies, using more prolonged exposure of cerebellar
neurons to patient anti-VGCC serum, demonstrated
surface labeling of Purkinje cells followed by anti-
body uptake and scattered Purkinje cell death. It is
possible that Purkinje cell death might have been
due to another unidentified antibody in the patient’s
serum, directed toward an unknown antigen of
Purkinje cells, in addition to VGCCs. However,
adsorption of the patient’s serum against the aja
subunit of the VGCC antibodies effectively abol-
ished all IgG labeling by our anti-human secondary
antibody, making the presence of an additional
autoantibody less likely. Although the possibility
also exists that Purkinje cell death might have been
due to some other nonantibody factor present in our
patient’s serum, our prior studies using other patient
paraneoplastic antisera have demonstrated that
neuronal death is specifically dependent on anti-
neuronal IgG and not on other serum compo-
nents."*"> Our data, together with those of the
investigators discussed above suggest that anti-
VGCC antibodies may initially cause functional
impairment of Purkinje cells, but that longer expo-
sure to VGCC autoantibodies may result in irrevers-
ible Purkinje cell injury and death.

Although autoimmune neurologic disorders asso-
ciated with cell-surface antibodies frequently
respond to immunosuppressive treatment, the con-
dition of patients with anti-VGCC antibodies and



ACD has often failed to improve, even when there
was improvement in accompanying LEMS
(table).>>7® Our patient’s ataxia improved during
IgG therapy but subsequently worsened after IV
IgG could no longer be administered. Another
group described a similar case of ACD with VGCC
antibodies, without an underlying malignancy; this
patient also improved significantly following treat-
ment with IV IgG."" In both cases, IV IgG was
administered relatively early in the course of disease,
suggesting that prompt intervention may be essen-
tial and that early administration of IV IgG may be
an effective means of treatment.

Paraneoplastic neurologic symptoms may ante-
date tumor diagnosis by as long as 5 years in as
many as 70% of patients."”” For this reason,
follow-up screening for malignancy is essential in
these patients if initial studies are negative. As
many as 6% to 20% of patients with VGCC auto-
antibodies and ACD may develop LEMS.®7
Because manifestations of LEMS may be masked
by severe cerebellar symptoms, electrophysiologic
testing should be considered if there is any question
of motor weakness.

VGCC autoantibodies may be associated with
ACD as well as LEMS, and patients presenting with
cerebellar signs and symptoms should be tested for
VGCC autoantibodies as part of a comprehensive
evaluation for neuronal antibodies, including the
use of screening immunofluorescence to detect poten-
tially unclassified antibodies. Although early treat-
of ACD in with  VGCC

autoantibodies may result in clinical improvement,

ment patients

VGCC autoantibodies may cause Purkinje cell death
over time. Patients with ACD and anti-VGCC anti-
bodies should undergo electrophysiologic evaluation
for LEMS, even if LEMS is not clinically evident,
and should also undergo malignancy screening, with
subsequent repeat evaluation if initial studies do not
detect neoplasia.
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