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Romana Höftberger, MD*

Neurol Neuroimmunol Neuroinflamm 2022;9:e200006. doi:10.1212/NXI.0000000000200006

Correspondence
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Abstract
Background and Objectives
Paraneoplastic cerebellar degeneration (PCD) is characterized by a widespread loss of Purkinje
cells (PCs) and may be associated with autoantibodies against intracellular antigens such as Yo
or cell surface neuronal antigens such as the P/Q-type voltage-gated calcium channel (P/Q-
VGCC). Although the intracellular location of the target antigen in anti–Yo-PCD supports a
T cell–mediated pathology, the immune mechanisms in anti–P/Q-VGCC-PCD remain un-
clear. In this study, we compare neuropathologic characteristics of PCD with anti–P/Q-VGCC
and anti-Yo autoantibodies in an archival autopsy cohort.

Methods
We performed neuropathology, immunohistochemistry, and multiplex immunofluorescence
on formalin-fixed and paraffin-embedded brain tissue of 1 anti–P/Q-VGCC, 2 anti–Yo-PCD
autopsy cases and controls.

Results
Anti–Yo-PCD revealed a diffuse and widespread PC loss together with microglial nodules with
pSTAT1+ and CD8+granzymeB+ T cells and neuronal upregulation of major histocompatibility
complex (MHC) Class I molecules. Some neurons showed a cytoplasmic immunoglobulin G (IgG)
staining. In contrast, PC loss in anti–P/Q-VGCC-PCDwas focal and predominantly affected the upper
vermis, whereas caudal regions and lateral hemispheres were spared. Inflammation was characterized by
scattered CD8+ T cells, single CD20+/CD79a+ B/plasma cells, and an IgG staining of the neuropil in
the molecular layer of the cerebellar cortex and neuronal cytoplasms. No complement deposition or
MHC-I upregulation was detected. Moreover, synaptophysin was reduced, and neuronal P/Q-VGCC
was downregulated. In affected areas, axonal spheroids and the accumulation of amyloid precursor
protein andglucose-regulatedprotein 78 inPCs indicate endoplasmatic reticulumstress and impairment
of axonal transport. In both PCD types, calbindin expression was reduced or lost in the remaining PCs.

Discussion
Anti–Yo-PCD showed characteristic features of a T cell–mediated pathology, whereas this was
not observed in 1 case of anti–P/Q-VGCC-PCD. Our findings support a pathogenic role of
anti–P/Q-VGCC autoantibodies in causing neuronal dysfunction, probably due to altered syn-
aptic transmission resulting in calcium dysregulation and subsequent PC death. Because disease
progression may lead to irreversible PC loss, anti–P/Q-VGCC-PCD patients could benefit from
early oncologic and immunologic therapies.
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Paraneoplastic cerebellar degeneration (PCD) is character-
ized by an extensive loss of Purkinje cells (PCs) and fre-
quently associated with inflammatory infiltrates.1,2 Clinically,
patients develop a rapidly progressive cerebellar syndrome
commonly suffering from gait instability, vertigo, ataxia, dys-
arthria or ocular motor abnormalities and are associated with
specific types of cancer.3,4 Autoantibodies can be directed
against intracellular or cell surface epitopes, and underlying
immunopathogenic and neurotoxic mechanisms might
therefore be fundamentally different.5

In about 60% of PCD cases, high-risk antibodies against in-
tracellular antigens like Yo (CDR2/CDR2L) or Tr (DNER)
are present.4,5 Anti-Yo antibodies are frequently associated
with ovarian or breast cancer.4,6 Neuropathologic studies of
anti–Yo-PCD showed typical, nodular inflammatory infil-
trates within the PC layer comprising cytotoxic T cells
(CTLs) and activated microglia.3,7 Moreover, preclinical
studies and experimental data demonstrating major histo-
compatibility complex (MHC) Class I–restricted CDR2-
specific CTLs support the perception of a T cell–mediated
pathogenesis.6,8,9 In addition, in vitro studies demonstrated an
internalization of anti-Yo antibodies resulting in an alteration
of calcium homeostasis of PCs, suggesting a pathogenic an-
tibody role possibly by interfering with ribosome function via
binding to CDR2L.10-12

P/Q-type voltage-gated calcium channel (P/Q-VGCC) anti-
bodies are prevalent in about 40% of patients with PCD with
small-cell lung cancer.13,14 The antibodies are commonly asso-
ciated with Lambert-Eaton myasthenic syndrome (LEMS) and
may additionally present with PCD (with or without LEMS),
possibly due to the recognition of varying target epitopes.3,13,15

At the neuromuscular junction, P/Q-VGCC antibodies were
shown to cause a downregulation and blocking of Cav 2.1
receptors.16,17 In PCD with anti–P/Q-VGCC antibodies, the
pathogenic mechanisms are unclear. Autopsies of patients with
PCD-LEMS with anti–P/Q-VGCC antibodies are rare and
mainly focused on the expression level of P/Q-VGCC, showing
a significant reduction particularly within the molecular layer of
the cerebellar cortex.18 Antibodies against the major immuno-
genic region of P/Q-VGCC were shown to alter cerebellar
synaptic transmission by inhibiting neuronal P/Q-VGCCs.15 In
mice, intrathecal injection of anti–P/Q-VGCC antibodies from
1 patient with PCD-LEMS caused reversible cerebellar symp-
toms.19 Patients’ immunoglobulin G (IgG) also caused neuro-
nal antibody internalization and subsequent PC death in a rat

cerebellar slice culture.20 High antibody prevalence in patients
with PCD, partial response to antibody-depleting therapies, and
intrathecal antibody production in a subset of patients further-
more suggest anti–P/Q-VGCC antibodies to be pathogenic in
PCD.2,3,13,18,20 Nevertheless, pathomechanisms that result in
disease progression and unsuccessful immunotherapy are still
unresolved.13,21

We present human autopsy data comparing in-depth neuro-
pathologic characteristics of patients with PCD with anti–P/
Q-VGCC and anti-Yo autoantibodies. Our results support the
concept of an antibody-mediated disease in anti–P/Q-
VGCC-PCD.

Methods
Sample Characterization
The study was performed using an archival collection of au-
topsies from 3 patients with PCD, 2 with anti-Yo and 1 with
anti–P/Q-VGCC antibodies, and 2 controls. The cases were
collected from 1995 to 2018 and archived at the Division of
Neuropathology and Neurochemistry, Department of Neu-
rology, Medical University of Vienna, Austria (4 autopsies)
and the Departments of Diagnostic Pathology and Clinical
Laboratory, Yokosuka Kyosai Hospital, Japan (1 autopsy).

Neuropathology and Immunohistochemistry
Neuropathologic analysis and immunohistochemistry (IHC)
were performed on small cerebellar sections from formalin-
fixed and paraffin-embedded (FFPE) tissue blocks. Hema-
toxylin and eosin and a set of primary antibodies, which are
summarized in eTable 1 (links.lww.com/NXI/A726), were
used to stain the sections. For double immunolabeling using
primary antibodies derived from different species, the same
antigen retrieval techniques were applied (eTable 1). Im-
munoreactivity was subsequently visualized by using alkaline
phosphatase–conjugated secondary antibodies for sub-
sequent development with Fast Blue BB salt as well as bio-
tinylated secondary antibodies and peroxidase-conjugated
streptavidin for subsequent development with aminoethyl
carbazole.22 Slide scanning was performed on a NanoZoomer
2.0-HT digital slide scanner C9600 (Hamamatsu Photonics,
Hamamatsu, Japan).

Multiplex Immunofluorescence
Multiplex immunofluorescence was performed on small cer-
ebellar sections from FFPE tissue blocks with OPAL reagents

Glossary
APP = amyloid precursor protein;CTL = cytotoxic T cell; cWM = cerebellar white matter; FFPE = formalin-fixed and paraffin-
embedded;GRP78 = glucose-regulated protein 78;HLA = human leukocyte antigen; IFN = interferon; IgG = immunoglobulin
G; IHC = immunohistochemistry; IVIG = IV immunoglobulin; LEMS = Lambert-Eaton myasthenic syndrome;MHC = major
histocompatibility complex;mRS = modified Rankin Scale; PC = Purkinje cell; PCD = paraneoplastic cerebellar degeneration;
PLEX = plasma exchange; P/Q-VGCC = P/Q-type voltage-gated calcium channel.
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from PerkinElmer as described in the PerkinElmer Multiplex
IHC manual. Primary antibodies used are summarized in
eTable 1 (links.lww.com/NXI/A726, method: IF). Pre-
treatment (heating) in a Braun household vegetable cooking
device was performed in AR9 antigen retrieval buffer from
PerkinElmer for 40 minutes before the first antibody and with
AR6 antigen retrieval buffer from PerkinElmer for 30 minutes
between each antibody staining.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was approved by the Institutional Review Board
of the Medical University of Vienna (EK 1123/2015 and
1636/2019).

Data Availability
Data can be made available from the corresponding author on
reasonable request and after approval from the ethics review
board at the Medical University of Vienna.

Results
We studied postmortem brain tissue of 3 patients with PCD
(1 woman, 58–69 years old), 2 with anti-Yo and 1 with cell
surface anti–P/Q-VGCC autoantibodies, and controls. Clin-
ical data were obtained from treating physicians.

Case Reports

Anti–Yo-PCD
Detailed clinical information of the first patient was previously
published.7 Briefly, a 66-year-old male patient with the di-
agnosis of an invasive non–small-cell lung cancer presented
with progressive ataxia, vertigo, and speech disturbances.
Following the detection of anti-Yo antibodies using indirect
immunofluorescence and immunoblot, chemotherapy was
initiated. However, general and neurologic conditions de-
teriorated, and the patient died 5 months after initial neuro-
logic symptoms due to pneumonia. The second patient was a
58-year-old woman presenting with a progressive unstable
gait and change in motor speech. MRI revealed no cranial or
spinal abnormalities. CSF analysis was unremarkable. Elec-
troencephalography was normal. Additional electrophysio-
logic examination showed a mildly delayed nerve conduction
and decreased motoric amplitude, indicating possible neu-
ropathies of the lower extremities. Initial therapy with 500 mg
methylprednisolone for 3 days and 600 mg alpha lipoic acid
followed by a stay at the rehabilitation unit did not achieve
improvement. Cerebellar symptoms progressed to a hypore-
flexia and areflexia in the upper and lower extremities, re-
spectively, a latent paresis of lower limbs, dysarthria, and
upper limb intention tremor (modified Rankin Scale [mRS]
score 4). Subsequent autoantibody screening was positive for
anti-Yo antibodies. Analysis of relevant tumor markers

Figure 1 Clinical Course of Anti–P/Q-VGCC-PCD

The clinical course shows a 42-month disease duration and positive effects of oncologic and immunologic therapies on cerebellar symptoms. (:) Left y-axis:
the SARA score on cerebellar symptoms ranges from 0 (asymptomatic) to 40. (d) Right y-axis: anti–P/Q-VGCC antibody titers in the serum (pmol/L). CBCDA =
carboplatin; CPT-11 = irinotecan; IVIG = IV immunoglobulin; PC = Purkinje cell; PCD = paraneoplastic cerebellar degeneration; PLEX = plasma exchange; P/Q-
VGCC = P/Q-type voltage-gated calcium channel; SARA = the Scale for the Assessment and Rating of Ataxia; VP-16 = etoposide.
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revealed elevated levels of CA-125, suggestive for ovarian
carcinoma. However, CT, MRI, and sonography did not re-
veal a tumor. The patient did not respond to repeated therapy
cycles with steroids and developed vertical nystagmus, severe
dysarthria, incomprehensible speech, involuntary move-
ments, weak motor reflexes, and areflexia of the upper and
lower extremities, respectively. Following sepsis, anemia, and
hypokalemia, the patient deceased 3 months after her first
neurologic admission. At autopsy, no tumor was found mac-
roscopically, and the brainstem and cerebellum were pro-
cessed for further histopathologic investigation.

Anti–P/Q-VGCC-PCD
A 69-year-old male patient initially developed vertigo, dysar-
thria, and gait instability. Three weeks later, he was having
oscillopsia and an inability to sit without assistance (mRS
score 5). Neurologic examination at admission revealed dys-
arthria with explosive speech, truncal and limb ataxia, and a
downbeat nystagmus. No motor weakness, sensory loss, or
autonomic dysfunction was present. CSF examination
showed a mild lymphocytosis (15 cells/μL) and an elevated
protein concentration (52 mg/dL) without oligoclonal bands.
Brain MRI and electrophysiologic examination revealed no
abnormalities, particularly no signs for LEMS. Thoracic CT
and transbronchial biopsy led to the diagnosis of a small-cell
lung cancer. Extensive screening for autoantibodies was
negative for intracellular antibodies (Hu, Ri, Yo, PCA-2, Tr,
ANNA-3, AGNA-1, amphiphysin, CRMP-5, and GAD) and
surface antibodies (NMDAR, AMPAR, GABA(A)R,
GABA(B)R, mGluR1, mGluR5, LGI1, Caspr2, DPPX, neu-
rexin-3α, and IgLON5). However, radioimmunoprecipitation
assays revealed anti–P/Q-VGCC autoantibodies in the serum

(319 pmol/L, normal range <20 pmol/L).23 Details on the
clinical course are shown in Figure 1. After initiating che-
motherapy, the patient improved significantly and was able
to walk independently after 1 month (mRS score 2). Cycles
of subsequent immunotherapies including plasma ex-
change (PLEX) and IV immunoglobulins (IVIGs) admin-
istrations (0.4 g/kg for 5 days) showed quick and solid
responses, although they were always followed by a slowly
progressive clinical deterioration. Nevertheless, after the
detection of multiple asymptomatic brain metastases, the
patient subsequently developed paraparesis and urinary
retention and deceased 42 months after disease onset.
Autopsy revealed metastases in subependymal regions of
the lateral, third, and fourth ventricles, in lumbar dorsal
root ganglia, lumbosacral nerve roots, and in the lep-
tomeninges of the cerebellum, medulla, and spinal cord.
The left cerebellar hemisphere was macroscopically un-
remarkable without signs of atrophy and used for histo-
pathologic examinations.

Neuropathology

Pattern of Purkinje and Golgi Cell Loss in Anti–P/Q-
VGCC-PCD vs Anti–Yo-PCD
In anti–P/Q-VGCC-PCD, the loss of PCs predominantly af-
fected the upper vermis (Figure 2, A–D), whereas caudal re-
gions and lateral hemispheres were spared (Figures 2, E and F
and 3A). In both PCD subtypes, calbindin was lost or reduced
in the remaining PCs, comparedwith controls (Figure 3, A–D).
In anti–Yo-PCD, PC loss was almost complete (Figure 3,
C and G, arrowheads) and associated with Bergmann astro-
gliosis. In addition, we found a severe loss of neurons within the
dentate nucleus (data not shown). In areas with PC loss,

Figure 2 Focal Neuronal Loss in the Vermis in Anti–P/Q-VGCC-PCD

Topographic distribution of PC loss shows a focal
affection of the upper vermis associated with
Bergmann astrogliosis (A–D) and the remaining
PCs within the lower vermis (E and F). Scale bars:
100 μm (except for A: 3 mm). PC = Purkinje cell;
PCD = paraneoplastic cerebellar degeneration; P/
Q-VGCC = P/Q-type voltage-gated calcium
channel.
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neurogranin-labeled Golgi cells were coextensively reduced in
both PCD subtypes, compared with controls (Figure 3, E–H).

Characterization of Inflammation in Anti–Yo-PCD vs
Anti–P/Q-VGCC-PCD
Inflammation in anti–Yo-PCD was characterized by
microglial nodules within the cortical PC layer and dentate
nucleus (Figure 4, A–C), cytotoxic CD8+granzymeB+

T-cell (CTL) infiltrates (Figure 4, D, K and L and 6A,
arrowheads mark granzymeB+ T cells attached to PCs), and
an upregulation of MHC Class I molecules in the remaining
PCs (Figure 4J, arrows). Human leukocyte antigen (HLA)-
DR was strongly upregulated in activated microglia within
the dentate nucleus (Figure 4C), throughout the cerebellar
white matter (cWM) and in the cerebellar cortex (Figure 4,
A and B). CTLs within the dentate nucleus (Figure 4E) and
cWM were accompanied by nodular parenchymal and
perivascularly accentuated CD4+ T cells (Figure 4, F and
G) and CD20+/CD79a+ B/plasma cells (Figure 4, H and I).
In addition, moderate infiltrates consisting of CD3+, CD8+,
CD20+, and CD79a+ cells were observed in the cerebellar
meninges (not shown). pSTAT1, as a marker for interferon
(IFN) signaling, was strongly upregulated in microglia and
T cells in microglial nodules (Figure 4M, arrowhead, and
Figure 6B, arrow) as well as in neurons entrapped in in-
flammatory nodules in the dentate nucleus (Figure 4M,
arrow, and Figure 6C, arrows). Few remaining PCs in the
cerebellar cortex that were not surrounded by inflammatory
cells were pSTAT1 negative (data not shown). IgG
immunolabeling showed diffuse cytoplasmic IgG deposits
in single remaining PCs and dentate nucleus neurons, but

not in the neuropil (Figure 4N). In contrast, in anti–P/Q-
VGCC-PCD, microglial nodules were absent (Figure 4O),
and the cWM showed a moderate activation of HLA-DR+

microglia (Figure 4P). CD8+ T cells were few (Figure 4, Q
and R) and accompanied by single parenchymal and peri-
vascular CD4+ T cells (Figure 4, S and T) and CD20+/
CD79a+ B/plasma cells (Figure 4, U and V). No neuronal
MHC Class I upregulation (Figure 4W, arrows), activated
complement complex depositions (C9neo) (Figure 4X), or
pSTAT1 expression was found (Figure 4Y). IgG immu-
nolabeling showed a significant neuropil staining in the
molecular layer of the cerebellar cortex (Figure 4Z, ar-
rowhead) and some diffuse cytoplasmic staining within
PCs, Golgi cells, and neurons of the dentate nucleus (data
not shown).

Anti–P/Q-VGCC-PCD Shows Reduced Synaptophysin
and an Altered Receptor Expression
Synaptophysin was strongly reduced in the molecular layer
(arrow), on PCs (arrowhead) and its dendrites in anti–P/Q-
VGCC-PCD (Figure 5A), compared with anti–Yo-PCD and
controls (Figure 5, B and C). The reduced synaptophysin
expression was accompanied by a rearrangement of synaptic
calcium-related receptor proteins (P/Q-VGCC, NMDAR1,
and AMPAR2/3). In anti–P/Q-VGCC-PCD, the expression
of P/Q-VGCCs was reduced on dendrites and within the
cytoplasm of PCs (Figure 5D, asterisks), compared with
anti–Yo-PCD and controls (Figure 5, H and I, arrows). In
parallel, respective P/Q-VGCC–negative PCs also showed a
reduced calbindin immunoreactivity (Figure 5E, asterisks).
In comparison, an overexpression of P/Q-VGCCs was

Figure 3 Pattern of Purkinje and Golgi Cell Loss in PCD Subtypes

Single remaining PCs in PCD subtypes showed weak or no calbindin immunoreactivity (A–C) and were accompanied by Bergmann astrogliosis (C and G,
arrowheads), compared with controls (D). PCs and calbindin expression were lost in the upper vermis in anti–P/Q-VGCC-PCD (B, line marks transition zone
from lower to upper vermis). Neurogranin-marked Golgi cells were present in the granular cell layer of the lower vermis in anti–P/Q-VGCC-PCD (E) and in
controls (H), coextensively reduced in the upper vermis in anti–P/Q-VGCC-PCD (F), and lost in anti–Yo-PCD (G). Scale bars: 50 μm. PC = Purkinje cell; PCD =
paraneoplastic cerebellar degeneration; P/Q-VGCC = P/Q-type voltage-gated calcium channel.
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Figure 4 Characterization of Inflammation in PCD Subtypes

Inflammation in the cerebellum shows distinct patterns in PCD subtypes. In anti–Yo-PCD, inflammatory nodules were present, comprising predominantly HLA-DR+

activatedmicroglia (A–C), cytotoxic CD8+granzymeB+ T cells (D and E; K and L, arrowheads), single CD4+ T cells (F), and CD20+ B cells (H). Perivascular cuffs within the
cWM were composed of CD4+ T cells (G) and mostly CD79a+ B/plasma cells (I). Single remaining PCs showed an upregulation of MHC-I molecules (J, arrows). In the
dentate nucleus, prominent infiltrates of activatedmicroglia (C), CD8+ CTLs (E), and diffuse cytoplasmic IgGdeposits in single neurons (N)were shown. In anti–Yo-PCD,
pSTAT1was strongly positive in nuclei of various cells including neurons (arrow) in areas that showed local T-cell attachment (arrowhead) to neurons (M). pSTAT1was
not significantly expressed in anti–P/Q-VGCC-PCD (Y). In anti–P/Q-VGCC-PCD, distribution of HLA-DR+ microglia did not present cortical nodules (O) and was
accentuated in the cWM (P). CD8+ T cells (Q and R) and CD20+/CD79a+ B/plasma cells (U and V) were scattered mainly within the cWM, accompanied by single
perivascular CD4+ T cells (S andT).MHCClass Iwasnegative in the remainingPCs (W, arrows) and complement (C9neo)wasnot detected (X), but IgG immunoreactivity
was positive in PCs, Golgi cells, and dentate nucleus neurons (not shown), as well as strongly in the neuropil (Z, arrowhead). Scale bars: 50 μm (except K, L: 25 μm).
cWM= cerebellarwhitematter;HLA= human leukocyteantigen; immunoglobulinG;MHC=majorhistocompatibility complex;PC= Purkinje cell; PCD=paraneoplastic
cerebellar degeneration; P/Q-VGCC = P/Q-type voltage-gated calcium channel.

6 Neurology: Neuroimmunology & Neuroinflammation | Volume 9, Number 4 | July 2022 Neurology.org/NN

http://neurology.org/nn


detected on reactive astrocytes within the granular cell layer
and in Bergmann glia (Figure 5, F and G, arrowheads).
Within the granular cell layer including the glomerula cer-
ebellaria, NMDAR seemed to be reduced in anti–P/Q-
VGCC-PCD, compared with anti–Yo-PCD and controls
(Figure 5, J–L). AMPAR2/3 immunoreactivity did not ap-
pear to be reduced in the molecular layer of anti–P/Q-
VGCC-PCD, despite reduced synaptophysin expression
(Figures 5, M and N and 6D, asterisk). However, calbindin-
negative PCs showed a cytoplasmic accumulation of amyloid
precursor protein (APP) (Figure 6E, arrowhead) and
AMPAR2/3 protein (Figures 5, M and N and 6F, arrow-
head), which was not found in unaffected PCs (Figure 6D

and E, arrows), in anti–Yo-PCD and controls (Figure 5, O
and P). In anti–P/Q-VGCC-PCD, axons also accumulated
APP (Figure 6G, arrows) and formed axonal spheroids
(Figure 6H, arrow) in affected regions. As a marker for
endoplasmatic reticulum stress and unfolded protein re-
sponse, preserved PCs strongly expressed glucose-regulated
protein 78 (GRP78) (Figure 6I, arrowhead), compared with
controls (Figure 6J, arrowhead).

Discussion
In this study, we compared the neuropathology of anti–Yo-
with anti–P/Q-VGCC-PCD. We observed that the neuronal

Figure 5 Expression Patterns of Synaptic and Receptor Proteins in PCD Subtypes

Composition of synaptic proteins and calcium-related ion channels vary in PCD subtypes. Synaptophysin was strongly reduced within the molecular layer
(arrow) and on PCs (arrowhead) in anti–P/Q-VGCC-PCD (A), comparedwith anti–Yo-PCD and controls (B and C). In anti–P/Q-VGCC-PCD, immunoreactivity of P/
Q-VGCC was strongly reduced within the cytoplasm and on dendrites of PCs (D, asterisks), but preserved in anti–Yo-PCD (H, arrow) and controls (I, arrows).
Corresponding P/Q-VGCC–negative PCs showed a weak calbindin expression (E, asterisks). Double labeling of GFAP and P/Q-VGCC revealed a strong calcium
receptor upregulation on reactive astrocytes (arrowheads) andwithin Bergmann astrogliosis in anti–P/Q-VGCC-PCD (F andG). Immunohistochemical staining
of NMDAR1 appeared to be weakly expressed within the granular cell layer in anti–P/Q-VGCC-PCD (J), compared with anti–Yo-PCD and controls (K and L).
AMPAR2/3 was strongly expressed on PCs and its dendrites in anti–P/Q-VGCC-PCD (M and N), in contrast to anti–Yo-PCD and controls (O and P). Scale bars:
50 μm. PC = Purkinje cell; PCD = paraneoplastic cerebellar degeneration; P/Q-VGCC = P/Q-type voltage-gated calcium channel.
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loss as well as type and spatial distribution of inflammation is
clearly different between these 2 PCD subtypes, supporting
the concept of distinct underlying pathophysiologies.

In our 2 anti–Yo-PCD cases, we observed a generalized loss of
PCs that was associated with Bergmann astrogliosis and
neuronal cell loss within the dentate nucleus.1,6 In compari-
son, anti–P/Q-VGCC-PCD showed a focal loss of PCs and
Golgi cells in the upper vermis. A focal affection of the vermis
may also be observed in other PCD subtypes associated with
intracellular or surface antibodies and might reflect an in-
creased vulnerability of this region.2,24 Of interest, we found a
coextensive loss of Golgi cells along with PCs, which may
either be a secondary phenomenon after PC loss or might
reflect an additional target of the autoimmune reactivity.
Because P/Q-VGCCs are not only labeled in the cytoplasm of
PCs, but also expressed at synapses of parallel and mossy
fibers, both Purkinje and Golgi cells might be functionally
impaired by pathogenic antibodies.25 Furthermore, we ob-
served that anti–Yo-PCD but not anti–P/Q-VGCC-PCD
showed characteristics of a T cell–mediated pathology, in-
cludingMHCClass I upregulation of PCs as well as microglial
nodules with pSTAT1+, CD8+, and granzymeB+ T cells

attached to neurons.1,3,7,9 Anti–Yo-PCD also showed prom-
inent perivascularly accentuated CD4+ T cells and CD20+/
CD79a+ B/plasma cell cuffs, compared with single paren-
chymal and perivascular CD20+/CD79a+ B/plasma cells in
anti–P/Q-VGCC-PCD. In general, the quantity of in-
flammatory infiltrates was much less in anti–P/Q-VGCC-
PCD. Our patient underwent extensive immunotherapy,
which may explain the low amount of inflammation as it was
recently also described in 1 treated case of anti-NMDAR
encephalitis.26

Concepts of T cell–mediated types of encephalitis associated
with intracellular antigens like Yo were previously
established.1,3,9,27 This is in line with our finding in anti–Yo-
PCD, where T cells, microglia, and neurons showed a strong
pSTAT1 expression. In addition, we detected neuronal MHC
Class I upregulation, which most likely represents the result of
a complex signal transduction pathway involving the pro-
duction of IFN-γ by cerebellum-invading T cells and upre-
gulation of pSTAT1. Recently, IFN-γ–induced pSTAT1
signaling was also shown to be essentially involved in creating
a proinflammatory milieu and T cell–mediated cytotoxicity in
Rasmussen encephalitis.28,29 In vitro studies demonstrated an

Figure 6 Pathophysiologic Mechanisms in PCD Subtypes

Multiplex immunofluorescence in anti–Yo-PCD
presents cytotoxic CD8+granzymeB+ T cells
closely attached to PCs (A, arrowhead) and within
microglial nodules (B and C). In microglial nod-
ules, pSTAT1 is upregulated in CD8+ T cells (B,
arrow), Iba1+ microglia, and neurons (C, arrows).
In areas of anti–P/Q-VGCC-PCD with preserved
calbindin expression, a regular AMPAR2/3 ex-
pression is present within the molecular layer
(asterisk) and in the cytoplasm of PCs (D and E,
arrows). Cytoplasmatic AMPAR2/3 expression is
enhanced in APP-positive PCs (E, arrowhead) and
even stronger expressed in APP-positive PCs in
cortical areas with a reduced or lost calbindin
reactivity (F, arrowhead). In calbindin-weak or
-negative regions (G, asterisk) with severe PC loss,
axons show APP accumulation (G, arrows) and
axonal spheroids (H, arrow). Single preserved PCs
(I, arrowhead) within this region upregulate
GRP78 as an endoplasmatic reticulum chaperon
involved in unfolded protein response, compared
with controls (J, arrowhead). Scale bars: A: 20 μm;
B and C: 50 μm, D–J: 25 μm. APP = amyloid pre-
cursor protein; GRP78 = glucose-regulated pro-
tein 78; PC = Purkinje cell; PCD = paraneoplastic
cerebellar degeneration; P/Q-VGCC = P/Q-type
voltage-gated calcium channel.
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internalization of anti-Yo antibodies in PCs, resulting in
neuronal calcium dysregulation, suggesting a pathogenic role
of these antibodies, possibly by interfering with the ribosome
function due to CDR2L binding.10 In our study, we observed
a diffuse cytoplasmic IgG staining in some neurons within the
dentate nucleus, which may support the in vitro findings of
antibody internalization, although a nonspecific IgG uptake
due to a leakiness of damaged neurons cannot be excluded.30

We also found a diffuse cytoplasmic neuronal IgG staining in
anti–P/Q-VGCC-PCD, but additionally observed a strong
neuropil staining in the molecular layer of the cerebellar
cortex resembling the immunolabeling of P/Q-VGCCs.18,20

Because P/Q-VGCCs are highly expressed at synapses within
the cerebellar cortex contributing to calcium-dependent
exocytosis of neurotransmitters, calcium homeostasis, and
synaptic plasticity, pathogenic antibodies may have detri-
mental effects on neuronal plasticity and survival.18,25 Func-
tional blocking may decrease calcium currents and impair
cerebellar synaptic transmission via parallel fibers, causing
functional impairment and subsequent PC death over
time.15,19,20,31 Intrathecal injection of a patient’s anti–P/Q-
VGCC antibodies in mice was shown to cause reversible
cerebellar symptoms, indicating antibody pathogenicity. The
reversibility, however, might be time dependent.19,20 Using
autoradiography, the quantity of cerebellar P/Q-VGCCs was
previously described to be extensively reduced in 3 autopsies
of patients with PCD-LEMS, in particular within the molec-
ular layer.18 We confirm immunohistochemically that the
expression of P/Q-VGCCs is reduced on dendrites and
within the cytoplasm of PCs in anti–P/Q-VGCC-PCD.
Moreover, synaptophysin was reduced in respective cortical
layers. Within the granular cell layer, double labeling
with GFAP revealed an upregulation of the calcium channel
on reactive astrocytes, which might reflect a compensatory
phenomenon and may aggravate calcium stress and neuro-
degeneration. We further investigated the synaptic composi-
tion of calcium-associated ion channels, demonstrating an
overexpression of AMPAR2/3 on PC dendrites and its cyto-
plasm in calbindin-weak or -negative areas, which is normally
inhibited by P/Q-VGCC–mediatedmechanisms.25 In contrast,
NMDAR appeared only weakly expressed on glomerula cer-
ebellaria in anti–P/Q-VGCC-PCD, compared with anti–Yo-
PCD and controls. The presence of axonal spheroids within the
molecular layer was accompanied by an accumulation of
cytoplasmatic proteins (APP, AMPAR2/3, and GRP78) in
PCs, indicating endoplasmatic reticulum stress, unfolded pro-
tein response, and impairment of axonal transport.32-34 Fur-
thermore, the immunoreactivity of calbindin was reduced or
lost in the remaining PCs in both PCD types, compared with
controls. These observations possibly explain ongoing cellular
stress, resulting in PC death caused by altered synaptic trans-
mission and high levels of free intracellular calcium.35-37 In
anti–P/Q-VGCC-PCD, antibodies may therefore initially
cause functional impairment of PCs, followed by an irreversible
neuronal damage after longer exposure.20,31 Overall, our neu-
ropathologic findings support a pathogenic role of anti–P/Q-
VGCC antibodies in neurodegenerative processes of PCD.

However, because we do not know whether the neuropatho-
logic changes seen here are also characteristically present
in other anti–P/Q-VGCC patients, future collaborative stud-
ies with more cases will be necessary to confirm these
observations.

The distinct neuropathologic findings of PCD subtypes are
very well reflected by the differences in the patients’ disease
course and therapy response. Clinically, all 3 patients with
PCD presented with a rapidly progressive cerebellar syn-
drome.4 Nevertheless, the 2 anti–Yo-PCD patients deceased
after relatively short neurologic disease courses of 3 to 5
months. The anti–P/Q-VGCC-PCD patient died after a sig-
nificantly longer disease duration of 42 months. However,
despite the longer disease course, the severity of PC loss was
less in our anti–P/Q-VGCC-PCD patient than in our
T cell–mediated anti–Yo-PCD cases.3,6,38 Compared with the
2 anti–Yo-PCD patients, who did not respond to chemo- or
immunosuppressive therapy, the anti–P/Q-VGCC-PCD pa-
tient repeatedly improved after oncologic and immunologic
therapies. In particular, PLEX therapy and IVIG cycles
showed rapid and significant effects, possibly supporting the
idea of a pathogenic anti–P/Q-VGCC antibody, which could
cause reversible, functional impairment of cerebellar synaptic
transmission.18-20 In anti–Yo-PCD, a future therapeutic op-
tion might possibly be found in IFN-γ–neutralizing anti-
bodies, which reduced cerebellar T-cell infiltration and
prevented neuronal destruction in a mouse model of PCD.39

Further translational and clinical studies will be necessary to
address these relevant questions.

In conclusion, our study reveals important findings: (1)
anti–Yo-PCD but not anti–P/Q-VGCC-PCD showed char-
acteristic features of a T cell–mediated pathology; (2) our
neuropathologic findings support the concept of a pathogenic
role of anti–P/Q-VGCC autoantibodies in PCD in causing
neuronal dysfunction, probably due to altered synaptic
transmission resulting in calcium dysregulation and sub-
sequent PC death after long-term exposure to the antibodies;
and (3) because disease progression may lead to irreversible
PC and Golgi cell loss, anti–P/Q-VGCC-PCD patients could
benefit from early oncologic and immunologic therapies.
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