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Abbreviations

auto-HSCT
CA

CNS

CSF
GABA
GABARAP
GAD
GAD-ab
GlyR-ab
lgG

Vig

LADA

LE

MRI

mRS
PERM

PET
PLP
PNS
RIA
SPS
SPSD
T1DM

autologous hematopoietic stem cell transplantation,

cerebellar ataxia,

central nervous system,
cerebro-spinal fluid,
gamma-aminobutyric acid,

GABA receptor-associated protein,
glutamic acid decarboxylase,
antibodies against GAD,

antibodies against the glycine receptor,
Immunoglobulin type G,

intravenous immunoglobulin,

latent autoimmune diabetes mellitus,
limbic encephalitis,

magnetic resonance imaging,

modified rankin scale,

progressive encephalomyelitis with rigidity and
myoclonus,

positron emission tomography,
pyridoxal 5 phosphate,

paraneoplastic neurological syndrome,
radioimmunoassay,

stiff-person syndrome,

stiff-person spectrum disorders,

type 1 diabetes mellitus
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Antibodies and neurological disorders

This thesis focuses on antibodies against the glutamic acid decarboxylase
(GAD-ab) in neurological disorders. Antibodies (immunoglobulins) have
multiple functions and can associate with autoimmune diseases when
harboured against self-molecules. Antibodies recognizing neural antigens
have been implicated in several neurological diseases, affecting either the
central or the peripheral nervous system including the neuromuscular
junction, but the significance of their detection may be very different. In
some such diseases, autoantibodies are directly pathogenic, whereas in
others they are indicative of an immune inflammatory process but may not

directly cause the disease.

Pathogenic antibodies are implicated in antibody-mediated disorders.

After binding its antigen, they cause the disease by reducing the surface
expression, localization and/or functions of the antigen, or by recruiting
other components of the immune system, such as cytotoxic natural killer
cells and complement, resulting in tissue damage. Criteria to establish an
antibody-mediated immunopathogenesis, based on the postulates of
Witebsky', are the followings: 1) the direct demonstration of circulating
antibodies; 2) the recognition of the specific antigen against which this
antibody is directed; 3) the production of antibodies against the same
antigen in experimental animals after immunization; 4) the appearance of
pathological changes in the corresponding tissues of immunized
experimental animal that are basically similar to those in the human
disease. The best direct evidence of autoantibody pathogenicity can be
obtained from passive transfer studies; an autoantibody is considered

pathogenic if the recipient animals develop symptoms closely mimicking
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those of the individuals with the autoimmune disease. Occasionally, direct
evidence of autoantibody pathogenicity comes from pregnant women with
autoimmune disease, in whom maternal antibodies may cause the same,
although temporary, disease in the newborn after crossing the placenta.
Examples of well characterized antibody-mediated disorders in neurology
are myasthenia gravis with antibodies against acetylcholine receptor
(AChR), which have shown to produce activation of the complement
cascade or internalization of the receptors at the neuromuscular junction
in rodents that develop the disease after passive transfer;> NMDA
encephalitis with antibodies against the NMDA receptor, which have
shown to produce internalization of the receptors at hippocampal neurons
in vitro and in a rodent experimental model;** or neuromyelitis optica with
antibodies against aquaporin-4 contained in astrocytes, which have shown
to reproduce the pathological hallmarks of this demyelinating lesions when
transferred along with complement.” In general, these antibodies are
directed against cell-surface proteins, frequently synaptic proteins when
CNS is involved, that are readily accessible to circulating autoantibodies
from serum or CSF, and the reduction of antibody levels in patients
correlates with the clinical course. To date, mainly autoantibodies of the
lgG class have been shown to directly cause neurological disorders; the

structure and subclass determine the effector mechanism.®

In other neurological disorders, antibody-associated disorders, the

antibodies are not responsible for the onset of the autoimmune disease,
but are surrogate markers of a disease. Their detection is the basis of
several tests, so they are excellent diagnostic biomarkers. Although they
are not able to trigger the disease themselves, it is likely that these

antibodies can contribute to the disease by amplifying the autoimmune



reaction. The best example is the group of paraneoplastic neurological
syndromes (PNS), the first CNS disorders that associated with neuronal
autoantibodies.” The mechanism entails the ectopic expression by a
tumour of an antigen that normally is expressed exclusively in the nervous
system, and this antigen mounts a T-cell mediated immune response,
aimed to control the growth of the cancer that ultimately causes the injury
of the nervous system. In general, these antibodies target nuclear or
cytoplasmic antigens that have been released subsequent to primary injury
and efforts to decrease the antibody burden are less likely to cause a
clinical improvement. Nevertheless, improvement of disease symptoms in
response to immunotherapy is considered only circumstantial evidence of
an autoimmune aetiology, like the epidemiological association with other

autoimmune conditions or particular MHC haplotypes.

The issue related to GAD-ab in neurological diseases is that it is unclear
what their role is. Are they pathogenic? Despite extended research, these
antibodies are still difficult to classify. In vitro effects suggest that they
could be pathogenic and the antigen that recognize is a synaptic protein
relevant for neurotransmission, but there is no definite evidence that the
antibodies can bind in vivo their antigen, which is intracellular, and the
passive transfer of human antibodies do not reproduce successfully the
disease in rodent models. Are they only biomarkers? In that case, for what?
Do they have predictive or prognostic value? Whether their presence in a
patient is predictive of outcome or treatment response, association with
cancer and if the type of GAD antibody associates with specific clinical

phenotypes are unsolved questions that we will try to address in this thesis.
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Antibodies against GAD, biomarkers of different autoimmune
diseases

GAD-ab were first identified in 1988 in the serum and CSF from one
patient with stiff-person syndrome (SPS), type 1 diabetes mellitus (T1DM)
and epilepsy.® Since its identification, GAD-ab have been detected in
several autoimmune conditions affecting the endocrine system, the CNS or
both simultaneously. This organ-specificity is because the glutamic acid
decarboxylase is the enzyme responsible for the synthesis of gamma-
aminobutyric acid (GABA) in neuroendocrine tissues, and is selectively

expressed in GABAergic neurons and in the B-cells of the pancreatic islets.

GAD-ab are biomarkers of autoimmune diabetes and also have become
excellent biomarkers of stiff-person syndrome (SPS), cerebellar ataxia (CA),
epilepsy and limbic encephalitis (LE) of autoimmune origin. They have been
exceptionally found in few cases of isolated nystagmus, palatal tremor, or
brainstem dysfunction.’ Frequently, GAD-ab are found in a more complex
autoimmune background, since other organ-specific autoimmune diseases
or biomarkers can coexist in patients with GAD-ab, including Hashimoto’s
thyroiditis, Grave’s disease, pernicious anaemia, coeliac disease and vitiligo.
GAD-ab are seldom detected in serum of healthy subjects (1%), individuals
with other neurological conditions (5%),' and can appear along the clinical
course in the juvenile form of neuronal ceroid lipofuscinosis Batten disease,
result of mutations in the CLN3 gene.'* Whether GAD-ab are pathogenic or
whether all GAD-associated syndromes share the same pathogenic

mechanism are still important questions despite recent advances.

GAD-ab can be demonstrated by several techniques, with different

sensitivity depending on the characteristics of the antibodies. They can be



detected by immunoblots, using the denaturized protein, when the
antibodies recognize antigenic determinants (epitopes) contained in a
particular sequence of amino acids (linear epitopes). Immunoassays like
immunoprecipitation or a cell-based assay using cells transfected with
GAD, which maintain intact the tridimensional structure of the antigen, are
appropriate to detect antibodies recognizing epitopes that are dependent
on the three-dimensional structure of the antigen (conformational
epitopes). GAD-ab can be detected also by immunohistochemistry using
paraformaldehyde-fixed frozen rat tissues, which is a non-specific test for
immunoreactivity against intracellular antigens with a sensitivity depending
on the antibody level. Finally, there are tests able to detect the presence of
GAD-ab and guantify at the same time the level of the antibodies. Two of
these tests, radioimmunoassay (RIA) and enzyme-linked immunosorbent
assay (ELISA), have become the standard tests for GAD-ad detection in
many laboratories because of these advantages along with the ability to
detect low titres of antibodies. The combined use of these techniques
showed from early investigations that GAD immune response differs
between patients with endocrine and CNS disorders. The core differences
in the GAD response between both groups of diseases are the titre of GAD-
ab and their pattern of epitope recognition. Serum levels of GAD-ab are
usually substantially higher (around 100 fold) in neurological disorders, and
GAD-ab in T1IDM are frequently unable to recognize linear epitopes. This
could be relevant in the immune pathogenesis of both group diseases and
could explain the fact that less than 5% of patients with TIDM will develop
a neurological disorder associated with GAD.™ One could argue that the
relative immune-privilege of CNS due to BBB may justify this low

prevalence of neurological disorder among patients with GAD-associated
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T1DM. However, it does not explain the prevalence of TIDM among
patients with neurological disorders; only around 1/3 of patients with SPS

will develop concomitant TLDM at some point.”

GAD-ab in autoimmune diabetes

T1DM is the prototypic organ-specific autoimmune disease. It is the
result of a selective immune-mediated destruction of the pancreatic B-
cells, causing a chronic and irreversible deficiency of insulin. TIDM s
strongly associated with haplotypes of HLA genes that are involved in
antigen presentation. HLA haplotypes DR4-DQ8 and DR3-DQ2 alone or in
combination may be present in nearly 90% of patients with T1DM

diagnosed before 18 years of age.”

The pathogenic process begins years before the clinical onset. In the
disease initiation, inflammatory infiltrates, mainly comprising dendritic
cells, macrophages and B- and T-lymphocytes, invade the islets. This
“insulitis” is thought to be initiated by CD4+ T-cells, which react to peptides
of insulin. Once initiated by T-cells specific for insulin, islet cell damage
ensues with concomitant release of autoantigens that results in the
activation of an increasingly heterogeneous autoreactive T-cell repertoire.
The mechanisms orchestrating the progression from non-invasive to
invasive insulitis are not well understood, but it is likely that the highly
proliferative nature of B-lymphocytes allows them to efficiently capture B-
cell antigen for presentation to activated diabetogenic CD4+ T-cells and
CD8+ T-cells, resulting in the rapid expansion of cells killing the islet B-

14

cells.”™ At the time of clinical symptoms 60-80% of the B-cells are

destroyed. Then, the development of autoantibodies to B-cell antigens is



likely a by-product of the autoimmune destruction of pancreatic cells.
However, experimental work shows an active role of this autoantibodies in
the pathogenesis of the disease promoting cytotoxic T cell responses.™ In
this sense, it is remarkable a phase Il study of rituximab (a B-lymphocyte
depleting monoclonal antibody) in patients newly diagnosed with T1IDM
significantly reduced the progression of insulin deficiency compared to

placebo.™

GAD is one of the 3 major autoantigen in the islet cell autoimmunity.
Approximately 70-80% of newly diagnosed T1DM patients harbour GAD-
ab.’” Autoantibodies to the B-cell (GAD, insulinoma-2-associated and the
Zinc-transporter-8) can be found preceding the emergence of disease by
up to several years. In individuals with a first-degree relative with T1DM,
the presence of a single islet autoantibody only marginally increases the
risk of TIDM. However, this risk increases with each additional islet auto-
antibodies. Thus, the greatest value of the detection of GAD-ab is to be
predictive markers to identify healthy subjects at high risk for T1DM,
allowing the prompt identification of individuals who could benefit from

. . . . . 18
the inclusion in prevention trials.

Lately, screening of antibodies against islet antigens in adults, found that
5-10% of patients diagnosed with type 2 diabetes have GAD-ab and this
predicts a risk for conversion to insulin dependence. This type of diabetes
has also been referred to as latent autoimmune diabetes in the adult
(LADA).™ In this context, GAD-ab are important predictors of treatment

response.
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GAD-ab in neurological disorders

Only high serum GAD-ab levels (2000 U/ml by RIA) are demonstrated to

have diagnostic value in neurological disorders.”*

However, a proportion
of patients with TIDM (particularly frequent in the context of the
autoimmune polyendocrine syndrome type II) might have high GAD-ab
levels. Thus, an important feature in order to consider GAD-ab implicated
in a particular neurological disorder is the presence of GAD-ab and
oligoclonal 1gG bands in CSF, which are present in more than 60% of
patients with neurological disorders. The levels in CSF are lower than in
serum, but proportionally higher than any other protein or IgG. The
presence of oligoclonal bands that are specifically directed against GAD
along with a high CSF GAD-ab index indicate a specific intrathecal synthesis

of GAD antibodies in neurological disorders.”***

The spectrum of GAD autoimmunity affecting CNS has expanded since
the identification of GAD-ab in SPS. The majority of the research has been
focused in this neurological disorder, and moved to other syndromes only
in the recent years. Even though all the syndromes share the same
autoimmune biomarker, it may well be that GAD-ab have a different role in
each syndrome. Whether all GAD-associated syndromes share the same
pathogenic mechanisms, or what renders certain brain regions vulnerable

to autoantibody attack is not clear.

Stiff-person syndrome

SPS is a rare (estimated incidence of about one in a million) CNS disorder
characterized by progressive muscular rigidity, predominantly of the trunk

muscles, with superimposed painful spasms. Symptoms are frequently



triggered by unexpected stimuli, even light touch or emotional
disturbance.” It has a female predominance and the age of initiation is
variable including 5% cases presenting during childhood.?> Muscle rigidity is
caused by sustained muscular co-contractions concurrently occurring in
agonists and antagonist muscles, which can be revealed by
electrophysiological studies that characteristically show continuous activity
of motor unit firing at rest.”® This involuntary activity improves during
sleep, anaesthetics or benzodiazepines, which is an important clinical

criterion.

Diagnosis of this disorder is still based on clinical criteria. Since it first
description in 1956 by Moersh and Woltman,?’ these criteria have been
reviewed at least twice in 1967%° by Gordon et al. and in 1989% by Lorish et
al., which are the currently the accepted ones for the classic form of the
disease: 1) Stiffness and rigidity in axial muscles (proximal limb muscles
may also be sometimes involved); 2) abnormal axial posture (usually an
exaggeration of the normal lumbar lordosis); 3) superimposed spasms
precipitated by voluntary movement, emotional upsets and unexpected
auditory and somaesthetic stimuli; 4) absence of brainstem, pyramidal,
extrapyramidal and lower motor neuron signs, sphincter and sensory
disturbance, and cognitive involvement (epilepsy may occur); 5) continuous
motor unit activity (CMUA) in at least one axial muscle; 6) positive

response to intravenous or oral diazepam (minor criterion)

Antibodies are not currently a diagnostic criteria, although some
authors proposed the inclusion of GAD-ab as a minor criterion.”® Indeed,

they have demonstrated to be a very useful tool in daily practice to identify
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some border-line cases that do not fulfil all major criteria (1-5 from the

upper list).

Cases defined with the aforementioned criteria generally associates with
the presence of GAD-ab (around 80%), have a relative good prognosis since
remain ambulant for many years and respond to symptomatic drugs such

%31 However, many patients do not show the

as diazepam and baclofen.
classic axial distribution of stiffness and spasms, or present additional
neurological symptoms that exceeds the classic SPS. Marked progress has
been made in the clinical and immunological characterisation of this
disorder and allowed the recognition of SPS variants such as focal SPS (stiff-
limb***, or stiff-trunk syndromes), jerking stiff syndrome, paraneoplastic
variants or an infrequent severe presentation as encephalomyelitis (called
progressive encephalomyelitis with rigidity and myoclonus or PERM).** And
at the same time, investigations have shown that stiff-person disorder is a
heterogeneous immunological condition that is associated with several

antibodies other than GAD-ab. Pathogenic and clinical implications of this

will be discussed later.

A common immunogenetic background has been noted for both TIDM
and SPS due to overlapping alleles in the HLADRB1 and DQP1 loci in more
than 75% of patients with TIDM and SPS.* Nevertheless,
electrophysiological and pathological studies in SPS point to a selective
dysfunction of certain brain circuits more than a cytotoxic damage, which is
the hallmark in TIDM. The continuous activity of motor unit firing at rest
that characterize these patients is attributable to the dysfunction of
GABAergic inhibitory neuronal circuits, although it is not yet clear which

circuits in the brain or in the spinal cord are primary involved.



Electrophysiological studies show a diffuse hyperexcitability of the motor
cortex, as determined by paired pulse transcranial magnetic stimulation,
but also a local loss of inhibition in the spinal circuits, as determined by H-
reflex test using vibration-induced inhibition and reciprocal inhibition.>**’
The fact that these electrophysiological parameters improve after
immunotherapy and that are absent in patients with SPS without GAD-ab
support a role of the immune-response in this GABAergic dysfunction.?”*®
Other kind of evidence of GABAergic dysfunction in patients with SPS is a
significant decrease in GABA level in the sensorimotor cortex without
structural changes measured by MRI spectroscopy,® a reduced
postsynaptic GABA, receptor using a positron emission tomography (PET)

study,” and a reduction of GABA levels measured directly in the CSF of

patients.20

The findings in the few autopsies from patients diagnosed with SPS
rarely show inflammatory infiltrates comparable to the insulitis seen in
T1DM. Degeneration of anterior horn cells in the spinal cord with
vacuolization, neuronal loss restricted to motoneurons and intense gliosis

A2 contrast, the rare variant PERM is a

is the only finding in some cases.
polioencephalomyelitis consisting in perivascular lymphocyte cuffing and
neuronal loss essentially in the lower brainstem and spinal cord.”*™ This
pathological hallmark was the base to define PERM in the seminal

46-48

descriptions. In some other cases in the middle, clinically diagnosed

with SPS, a mild perivascular lymphocytic cuffing in the brainstem and

d.%™* After a second look to the clinical

spinal cord has been foun
description is interesting that all of them presented with atypical symptoms
like respiratory arrest or cranial nerve involvement. Although some authors
defend that PERM and SPS are different entities, these findings suggest a
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clinic-pathological continuum from a functional disorder that may be
partially rescued with symptomatic treatment, to a severe end of the
spectrum with important inflammation extending beyond the spinal cord
where the prognosis could be more dependent on the initiation of

immunotherapy.

Prognosis of stiff-person syndrome disorders is generally unpredictable.
Therapy is aimed at symptomatic relief, and modulation of the
autoimmune process. Symptomatic treatment is based mainly on
GABAergic drugs: central GABA, agonists like benzodiazepines, GABAg
agonist like baclofen, or facilitators of GABAergic currents like other
antiepileptic drugs. This symptomatic relief with drugs such as diazepam
provides additional support to functional disruption of GABAergic circuits.
This could be enough in initial stages or mild cases of SPS, but many
patients need increasing dose reaching intolerable side effects that
prevents high doses. Additional improvements occur among patients
treated with immunotherapy, supporting the hypothesis that this disease is
immune-mediated. The treatment seems to be associated with an
ambulatory outcome in up to 70% of patients years after onset.*” However,
immunotherapy rarely causes the remission of the disease, which is a
common feature for the GAD-associated neurological disorders. It is
unknown the best therapeutic approach regarding immunotherapy.
Nevertheless, SPS is the GAD-associated neurological disorder with a higher
accumulated evidence. Controlled studies have been conducted only with
intravenous immunoglobulin (IVIg) and rituximab. In a randomised-
crossover trial, IVlg showed efficacy as compared to a placebo. A marked
improvement in muscle spasms, mobility, frequency of falls and activities of

daily living was observed in parallel with the reduction of GAD-ab titres and



the benefit lasted up to 1 year in some patients.”® The trial with the B cell-
depleting agent was not so promising, presumably because of strong
placebo responses. Twenty-four patients were randomized to placebo or
rituximab in a double-blind, placebo-controlled study. No significant
treatment differences between the two groups were noted at 6 months. In
spite of the overall negative study, 4 patients had definite improvement
after this immunotherapy.”® Interestingly, investigations in SPS showed that
the humoral autoimmune response is composed of a rituximab-sensitive
part that is rapidly cleared after treatment, and a rituximab-resistant

2
Recently, a relevant

component, presumably long-lived plasma cells.’
publication reported 2 cases of severe SPS treated with autologous
hematopoietic stem cell transplantation (auto-HSCT). Both patients
achieved clinical remission with sustained and marked improvement in
symptoms, and a return to premorbid functioning, more than 2.5 and 4.5
years after the procedure, despite the persistence of GAD-ab following
auto-HSCT.>® Thus, auto-HSCT emerges as a novel and promising therapy

for these diseases and it success supports that clinical remission can be a

goal.

Cerebellar ataxia

Years after the identification of GAD-ab, isolated descriptions®* > and 2
series of 14°° and 17 (11 new)’ patients, established the link between these
antibodies and a late-onset cerebellar syndrome. The current prevalence of
this disorder is not known. It is probably the second cause of autoimmune
ataxia after paraneoplastic cerebellar degeneration and the prevalence can
increase in the next years, since some cases attributed to other

autoimmune causes are likely GAD-related.®*
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Among neurological disorders associated with GAD-ab, cerebellar ataxia
is the second most frequent neurologic disorder after SPS.” Overall, there
were no apparent differences between patients with cerebellar ataxia and
SPS regarding GAD-ab titres, presence of intrathecal synthesis of GAD
antibodies, and the presence of oligoclonal CSF bands.” The only
particularity is that intrathecal GAD-ab production can be higher in patients
with SPS and CA combined (2.5-fold higher comparing 5 to 33 typical
SPS).°* Similar to SPS, there was also a frequent coexistence of other organ-
specific autoimmunities, with a higher prevalence of autoimmune DM than
in general population (50% along the course of the neurological disease).’
This syndrome presents a female predominance (more than 90% of
patients are women) with a mean age of onset between 47-59 years old.
The main cerebellar sign, which is present in all reported patients, is gait
ataxia followed in frequency by limb ataxia and nystagmus in 65-85% of
patients (depending on the series). A slow progression from presentation,
suggesting a degenerative disease, is more frequent (around 60%) than a
subacute onset mimicking a paraneoplastic cerebellar degeneration.

However both presentations are possible.

Patients with cerebellar syndrome share the same biomarker, the same
epidemiological and co-morbidity association than SPS with GAD-ab. Can
we assume a similar pathomechanism and a similar clinical course? At the
time of diagnosis, the most frequent situation is the absence of cerebellar
atrophy. Moreover, there is evidence of dysfunction of the GABAergic
system using functional neuroimaging in patients with cerebellar syndrome
and GAD-ab in analogy to what is found in SPS.%®> A study performed in 3
patients using combined [11C]-flumazenil (a radiotracer that binds

selectively to the GABA, receptor, especially in the cerebellum) and [18F]-



fluorodeoxyglucose (FDG) PET, showed a decreased flumazenil binding in
the present patients. In 2/3 patients, this cerebellar GABAergicimpairment
was not associated to a decreased metabolic rate of glucose that could
reflect neuronal loss. Nevertheless, neuroimaging reveal some kind of
cerebellar atrophy in approximately 50% of patients after a variable follow-
up time, indicating a special vulnerability to autoimmune injury in this brain

area.6o

There are scarce post-mortem studies, but they show specific neuronal
death in patients with prolonged cerebellar ataxia and GAD-ab. In one
patient that died from pneumonia after 5-year clinical course, the
microscopic examination showed almost complete depletion of the
Purkinje cells with Bergmann gliosis in absence of brain lymphocytic
infiltration or macroscopic atrophy. At the same time, there were
lymphocytic infiltrates in the pancreas and the selective decrease in the
pancreatic islets corresponded with the pathological findings of
autoimmune insulin-dependent diabetes mellitus.®® This finding is similar to
the post-mortem study of other female patient with cerebellar ataxia and
GAD-ab who died from a terminal purulent meningitis.> Besides a lepto-
meningitis, there was a selective loss of Purkinje cells with Bergmann gliosis

and no perivascular lymphocytic cuffing or parenchymal infiltrates.

It is unknown which mechanisms ultimately cause the damage of the
Purkinje cell. An indirect effect of GAD-ab through excitotoxicity by the
selective suppression of inhibitory postsynaptic currents, or direct
mechanism immune-mediated could be responsible. Be that as it may, it

results in the selective death of the only efferent neuron in the cerebellum.
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Hence, when that point is reached, the likelihood of functional recovery

declines.

In contrast to SPS, GABAergic drugs in patients with cerebellar ataxia and
GAD-ab are not associated with symptomatic improvement.”® Therefore,
immunotherapy is the only available treatment for them. While SPS with
GAD-ab tends to be less disabling, cerebellar ataxia with GAD-ab can
associate with a poor prognosis. However, the information about long-term
outcomes is scarce and the benefit from treatment is unknown in patients
with GAD-associated cerebellar ataxia. Publications of isolated cases report
have shown contradictory effects with steroids, intravenous
immunoglobulins, rituximab or azathioprine, all of them alone or

combined.>> 70575

One possible explanation is that the therapeutic
window is narrow in patients with cerebellar ataxia. In a series of 62 GAD-
ab-positive patients from the Mayo Clinic with a combination of cerebellar
(63% of patients), brainstem, extrapyramidal, and spinal cord symptomes,
the proportion of patients disabled by the disease was 60% in a median
time of 30 months of disease duration.”® In this retrospective study, the

delay from symptom onset to initiation of treatment was significantly

longer for patients who did not improve with immunotherapy.

Considering that cerebellar syndrome in the context of GAD
autoimmunity may associate depletion of Purkinje cells, the delay in the
initiation of immunotherapy could be crucial for the outcome of these
patients. Currently, the factors associated with a better outcome are not
well known. Therefore, one of the main objectives of this thesis was to
analyse the clinical course of this group of patients, and the long-term

effect of the immunotherapy.



Epilepsy and limbic encephalitis

Epilepsy is known to be a concomitant disorder (around 10%) in SPS with
GAD-ab since its early description.'” But this condition can be the sole
manifestation of GAD autoimmunity. Patients with GAD-ab typically
develop a longstanding pharmacoresistant temporal lobe epilepsy (TLE).”!
Although autoimmunity is a rare cause of epilepsy, the prevalence of GAD-
ab may be around 20% in a subgroup of epileptic patients with TLE of adult
onset, and absence of precipitant factors (history of viral encephalitis or

72,73

meningitis, febrile seizures or head trauma). The frequency in non-

selected epileptic patients, though, is less than 5%.”*”®

Patients with epilepsy and GAD-ab can initiate the disease with a limbic
encephalitis, defined by a brain magnetic resonance imaging (MRI)
revealing mediotemporal hyperintensity without atrophy in T2/FLAIR
sequences and disturbance of episodic memory.”” Isolated seizures may be
the first manifestation of the disease and abnormal cognitive or psychiatric
functioning is not prominent, so these patients can be easily misdiagnosed.
Intrathecal synthesis of the specific antibody is present in all patients.
Regarding the clinical course, there is evidence from a prospective study of
9 GAD-positive patients among a cohort of 53 patients with LE.”* After a
mean follow-up of 17 months in 7 patients, none of them were seizure-free
and all of them received at least intravenous methylprednisolone pulses

besides antiepileptic drugs.

Histopathological information is available from 9 patients who

underwent surgery for incontrollable epilepsy.””®”’

The microscopic
investigations revealed a characteristic neuropathological hippocampal

sclerosis (HS), the ILAE type 3 HS or “end folium sclerosis” (CA4
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predominant neuronal cell loss and gliosis), which is the least common
form of HS based on a series of 135 surgical resections, and, clustered T
lymphocytes in the hippocampus. The prominent chronic inflammation
contrast with the post-mortem findings in SPS and CA. Furthermore, in one
case was observed apposition of multiple GrB+ lymphocytes to single
neurons, consistent with a specific cytotoxic T cell attack, but in a lower
extent than in paraneoplastic encephalitis with onconeural antibodies.”
Another piece of evidence pointing towards a more relevant role of T
lymphocytes in GAD-related epilepsy is the study of a single patient with
limbic encephalitis, and high GAD-ab levels, who was treated with a
chimeric anti-interleukin-2 receptor monoclonal antibody (basiliximab).
This monoclonal antibody blocks the receptor on the surface of antigen-
activated T lymphocytes. In this patient, flow-cytometry analysis of CSF
revealed an increased fraction of activated HLA-DR+CD8+ T-lymphocytes
despite pulses of methylprednisolone. Consecutive analysis showed that
the fraction of activated T-lymphocytes was normalized under basiliximab
treatment and, later on, also the GAD-ab concentration was reduced. This
immunological course was correlated with a temporary reduction of

seizures.’®

These findings open the door to a different immunopathogenesis in
patients with limbic encephalitis and epilepsy, where the GAD-ab may be
less relevant than in SPS or CA. Especially in those cases who evolve to
secondary mesial sclerosis, which can be per se a potential epileptogenic
trigger. Therapy in these cases with a dual mechanism cannot be
extrapolated from the findings in cerebellar and SPS cohorts, and this
challenging issue deserves specific research that has not been included in

this thesis.



GAD as onconeuronal antigen

Patients with neurological syndromes associated with GAD-ab are not
considered at risk for cancer, and extensive search for a tumour is not
indicated unless they harbour additional onconeural antibodies. However,
there are case reports of patients with GAD-ab whose cancer was identified
by the time of the neurological diagnosis, suggesting a paraneoplastic

mechanism.

The neurological syndromes in these few case reports are diverse, and
also the kind of associated tumour. There are reports of limbic encephalitis,
cerebellar ataxia, and encephalomyelitis associated with small-cell lung
cancer (SCLC), non-SCLC, thymic carcinoma or pancreatic endocrine

9798 \Whether these cases represent a casual association or a

neoplasm.
true paraneoplastic trigger is unclear. A finding that support a true
paraneoplastic origin is that, in one case in which it had been studied, the
tumour expressed ectopically the antigen, and the sera from the patient
immunoreacted with GAD-expressing tumoral cells.”® In these case, GAD-
autoimmunity is probably triggered by the hidden neoplasm. It is unknown
whether the mounted immune response is different in any extent to the
non-paraneoplastic cases. However, the post-mortem study of an isolated
case showed a common final effect from an anatomo-pathological point of
view compared to patients with no associated tumour. In this case, the
brain autopsy of a patient that presented a paraneoplastic
encephalomyelitis, showed an extensive loss of Purkinje cells in the
cerebellum, proliferation of Bergmann astrocytes and vacuolization in the

posterior columns of the spinal cord. Inflammatory infiltrates were not

detected in the cerebellum or other areas of the nervous system.”
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Nevertheless, the long-term outcome in cases associated to a hidden
neoplasm is probably more dependent on the type of cancer that on the
neurological condition and a prompt recognition may be essential.
Therefore, an important question is whether we are able to identify
patients at risk of cancer when we detect GAD-ab associated with a
neurological disorder. In this thesis we collected all the cases identified in
our laboratory with neurological disorders, GAD-ab, and absence of other

onconeuronal antibodies to address this question.



Immunopathogenesis of neurological syndromes associated
with antibodies against GAD. Are these antibodies pathogenic?

As has been previously discussed, a fundamental pathomechanism of
the neurological dysfunction is the disturbance of GABAergic inhibitory
neuronal circuits. Antibodies against GAD target the enzyme that is
ultimately responsible for the synthesis of this neurotransmitter. Hence,
the logical hypothesis is that these antibodies might be pathogenic. In fact,
in vitro studies support this effect. Antibodies from patients with stiff-
person syndrome or cerebellar ataxia cause the inhibition of GAD
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enzymatic activity reducing GABA production and alter the GABAergic

transmission affecting the presynaptic compartment in whole-cell patch-

884 This effect is

clamp studies using rat hippocampal or cerebellar slices
dose dependent, however is not related to GAD-ab titres in patient’s
sample®, and it can be reversible by removing the antibodies from the
media or recovered by drugs which facilitate the release of GABA (e.g.

forskolin, an activator of A kinase).®

The antigen

The glutamic acid decarboxylase is the rate-limiting enzyme that
catalyses the decarboxylation of L-glutamate to gamma-aminobutyric acid
(GABA) and is selectively expressed in GABAergic neurons as well as in
pancreatic beta cells. The enzyme has two isoforms with distinct cell
distribution and function: GAD65, a membrane-associated form enriched in
the synaptic vesicles or pancreatic microvesicles, is responsible for the
rapid synthesis of GABA; GAD67, a soluble form in the cytoplasm of the

GABAergic neurons, is involved in functions such as synaptogenesis, but
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not in neurotransmission. Thus, both isoforms are involved in the
biosynthesis of GABA, the most abundant inhibitory neurotransmitter in
CNS and they function synchronously to produce and regulate physiological
levels of the neurotransmitter in different situations. GAD65 is seen as a
regulatory enzyme that adapts the GABA level in situations of sudden
demand and GAD67 might be involved in the synthesis of GABA for general

® GAD67-knockout mice die shortly after birth. In

metabolic activity.®
contrast, GAD65-knockout mice may suffer from epilepsy and stress-
induced seizures but survive to adulthood.®” Each of them is produced by
two different genes, GAD2 and GAD1, respectively, but share 65% of the
amino acid sequence. Both have 3 functional domains (the amino-terminal
domain, the middle domain where the catalytic site resides, and the
carboxy-terminal domain) and differ in their amino acid sequence, which
contains the signals that anchor GAD65 in the synaptic vesicles. Both the
GADG65 and GAD67 enzymes form obligate dimers (Figl.) There is, however,
a striking difference in the structure of the catalytic loop of the two

isoforms,®®

which is consistent with a stable binding of the coenzyme
pyridoxal 5 phosphate (PLP) to GAD67, whereas GAD65 oscillates between
an inactive apoenzyme and an active holoenzyme. It has been postulated
that the inherent flexibility of GAD65, not present in GAD67, may be the
cause of an increased antigenicity in GAD65.%° This may be relevant since

the prevalence of antibodies against both isoforms is different, as will later

be discussed.



Fig.1. Structural features of glutamic acid decarboxylase (GAD)

A
Domains: N-terminal PLP C-terminal
1 188 Lys396 464 585
GAD65
PLP
GAD67
1 197 Lys405 473 594
25% identity 74% identity
B PLP-domains

N-terminal doméins

(A) Depiction of “traditional” three domains of GAD monomers, GAD65 and GAD67
and binding site in the PLP domain of the co-factor L- Pyridoxal 5 phosphate (PLP, cyan
with black arrow). (B) Dimeric structure of GAD65 (amino acids 84-585) showing the
structural locations of the three domains. The two C- terminal epitope clusters (ctcl

and ctc2) are indicated by dotted ovals.

Adapted from Ali F, Rowley M, Jayakrishnan B, Teuber S, Gershwin ME,
Mackay IR. Stiff-person syndrome (SPS) and anti-GAD-related CNS
degenerations: protean additions to the autoimmune central neuropathies.

JAutoimmun. 2011 Sep,;37(2):79-87.
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However, although the antigen seems to be relevant, and in vitro
evidence points to a potential pathogenic role of GAD-ab, several concerns
arise from clinical observations regarding the pathogenic significance of
these antibodies. First, in SPS patients there is no correlation between
GAD-ab titres (in serum or CSF) and severity or duration of the disease.’>*
Second, GAD-ab-positive neurological syndromes do not respond well to
immunotherapy compared to those associated with antibodies against
neuronal surface antigens like anti-NMDAR encephalitis. That means that,
although patients may benefit from immunotherapies at some extent and
achieve some degree of clinical improvement, the neurological syndrome is

2051 Bt the most

rarely fully recovered and it can easily become chronic.
important issue is that GAD is a cytoplasmic antigen and it is unknown how

antibodies can reach the intracellular compartment.

It has been proposed that GAD65 may be exposed to the outer side of
the plasma membrane during the process of GABA exocytosis, since it is
attached to the inner surface of the synaptic vesicles, but this has not been
clearly demonstrated.” On the other hand, antibodies have been proved to

penetrate living neurons.”>?

Studies conducted in rats in the late eighties
showed that IgG injected intraperitoneally were uptaken by motor neurons
of the CNS.% Recently, another set of experiments demonstrated that anti-
ganglioside antibodies are removed from circulation in mice by neuronal
endocytosis and retrogradely transported to the motor neuron cell body in
the spinal cord.”® These neurons have the particularity that their axons

project outside of the blood-brain barrier, in contrast to the rest of neurons

in CNS. Another possible exception to neuronal exclusion of antibodies is



the Purkinje neuron, which is able to uptake in vivo different molecules
including 1gG.” Several experiments by the group of Dr. Greenlee show
that paraneoplastic 1gG recognizing intracellular antigens in Purkinje cells
(anti-Yo, anti-Ri or anti-Yo antibodies) are taken up by viable neurons in
slice cultures and show specific antibody-mediated neuronal death.”*?%%’
This may have implications in the pathophysiology of patients with
cerebellar ataxia and GAD-ab. Penetrating live Purkinje cells has not been
demonstrated for GAD-ab, but the internalization by viable neurons in vitro
was demonstrated once by flow cytometry and indirect fluorescence using
an immortalized rat mesencephalic cell line (AF5).” Despite these concerns
about the intracellular nature of the antigen, there is an example of
successful attempt to generate an animal model by passive transfer of
autoantibodies against intracellular antigens, in particular against
amphiphysin. This is a protein located in the pre-synaptic compartment of
the GABAergic synapse involved in synaptic vesicle endocytosis and
antibodies are found in a paraneoplastic form of SPS. The series of
experiments using antibodies against amphiphysin showed that antibodies
were able to bind in vivo its antigen and produce electrophysiological and

clinical effects.”*®

In addition, two other pieces of evidence argue against a direct
pathogenic role. First, GAD-ab do not transfer the disease from mothers to
infants despite being present at high titres up to 24 months after birth.'**
However, even in the case of myasthenia gravis where the antibodies are
well documented to be pathogenic, only 20% of infants develop

myasthenia gravis. Second, autologous hematopoietic stem cell

transplantation led to the resolution of clinical manifestations in 2 patients
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with SPS despite the persistence of GAD-ab 2.5 and 4.5 years after the

procedure, although this was only tested in serum.>

Experimental animal models to study pathogenicity of GAD-ab

A key step to confirm the direct pathogenic role of the antibodies in the
development of neurological symptoms is to demonstrate such an effect in
vivo. Several efforts have been made to induce disease in animals by
passive transfer of human GAD-ab or, less frequently, by active
immunization. So far, there are no convincing animal models. Only partial
effects have been elicited, mainly electrophysiological abnormalities, and

robust clinical or histological effects are generally absent.

The first study used local injections of purified IgG from patients with
GAD-ab-associated SPS or cerebellar ataxia into anesthetized rats, and
achieved clinical effects resembling in part the symptoms that present

patients with SPS.'%?

Thus, one dose at the lumbar paraspinal level in rats
receiving GAD-IgG from patients with neurological disorders but not from
TIDM patients induced repetitive muscle discharges, abnormal
exteroceptive reflexes, and increased F-waves/M-response ratios after
stimulation of the left tibial nerve, suggesting that these antibodies can
enhance motoneuronal activity. Likewise, the intracerebellar injection
inhibited the normal increase in the cortical motor response associated to
repeated somatosensory stimulation only after infusion of GAD-IgG from
neurological patients, which supports a dysfunction of the cerebellum in
the normal modulation of this response. Furthermore, these investigators

used microdialysis to study the effect on glutamate and nitric oxid

production, and found an impaired synaptic regulation of glutamate



induced by the antibodies, supporting the possibility of excitotoxicity by
increased concentrations of this neurotransmitter as a mechanism of cell

death.®

Nevertheless, further studies were not able to reproduce consistently
the results or achieve robust clinicopathologic correlations. In experiments
conducted by the same group that demonstrated the pathogenicity of
antibodies against amphiphyisin, intracerebral and intrathecal injections
with purified 1gG elicited some marginal aspects of the patients’

131% In this set of experiments, histological studies

symptomatology.
demonstrated a widespread deposition of the injected IgG in the brain of
the treated animals, with predominant overlay of GABAergic neurons by
double immunofluorescence. However, it is noteworthy that some relevant

areas such as cerebellum or brainstem were not involved.

Another work used intracerebellar injections of purified 1gG (from
patients with SPS or cerebellar ataxia) or monoclonal GAD65-ab, and found
a mild motor or cognitive effects such as decreasing the exploration
behaviour or impairing the navigational strategies on the Morris Water

98,105
Maze test.”™

A major concern in these experiments is the use of a
monoclonal GAD65-ab (b78 and b96.11) obtained from the serum of a
patient with high antibody titres, polyendocrinopathy but no neurological

symptoms, so the interpretation of the findings is not straightforward.

All the aforementioned experiments were based on intrathecal or
intracerebral injections. In a recent work, systemic injection of purified IgG
from 2 patients with SPS and subsequent disruption of the blood-brain
barrier with lipopolysaccharides did not achieve any behavioural effect.'®

The same negative result was obtained after active immunization
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experiment with GAD65. Despite harbouring antibodies against GAD, this

97 In both set of

was not followed by any behavioural abnormality.
experiments, human and mouse IgG were demonstrated to bind some
brain areas, but mostly hippocampus and circumventricular areas and
furthermore, 1gG were also found in the non-immunized mice.
Interestingly, the binding of the patients’ IgG or antibodies harboured by
immunization with GAD65 was not completely abolished after adsorption
with purified GAD protein and the remaining staining in cultured cerebellar
neurons was interpreted as immunoreactivity against yet unknown
antigens in the surface of neurons, suggesting the likelihood of pathogenic

antibodies besides GAD-ab in neurological disorders associated to GAD

autoimmunity.

The aforementioned concerns cast doubt on the pathogenicity of GAD-
ab. In terms of causality, it seems that they are not sufficient per se to
produce a neurological dysfunction. Although they recognize a relevant
antigen and in vitro studies suggest a direct effect, the passive transfer of
human antibodies do not reproduce successfully the disease in rodent
models. Then, the fourth criteria for an antibody-mediated disease is not

satisfied and the search for other pathomechanisms is appropriate.

Alternative pathogenic hypothesis to GAD-ab in neurological disorders

T-cell studies

If GAD-ab are not enough to clearly reproduce clinic-electrophysiological
effects, it is possible that GAD-related neurological disorders are a T-cell

mediated disease. However, in the few available post-mortem studies in



humans, there are no findings to support this hypothesis unless in cases of
PERM and to some extent in limbic encephalitis. T-cell infiltrates in
cerebellum or spinal cord are generally absent despite neuronal
degeneration and concomitant lymphocytic infiltration in the pancreatic

. 64,108-110
islets.”™

There are only few studies that have investigated GAD65-specific T-cell
reactivity in SPS patients, in contrast to research in the field of TIDM and
obtained different results. In one study using the sample from a patient
with SPS, an increase in IFN-y production was observed when peripheral
blood lymphocytes were stimulated with GAD65”°, whereas other group
found that only patients with CA in contrast to SPS or patients with
endocrinopathies showed a significantly high production of IFN-y after GAD

3 1n another study, GAD65-reactive T cell lines isolated from

stimulation.
the peripheral blood of a patient with SPS had immunoregulatory features
in proliferation assays and cytokine production profile, suggesting a
GADG65-specific cellular autoimmunity suppression.”™ In experimental
animals, it was shown that mice possessing a monoclonal GAD65-specific
CD4+ T cell population developed a lethal encephalomyelitis disease in

absence of any other T cells or B cells.'*> GAD65-reactive CD4+ T cells were

found throughout the CNS in this model.

In view of these findings, a T-cell mediated cytotoxicity in GAD-
associated neurological disorders is unlikely, but still T cells may have an
important paper in mounting a specific immune-response. Generation of
high-affinity antibodies is T cell—dependent, and T cells specific to GAD65,
the neuronal antigen, are important in the T cell-B cell cognate

interactions leading to B-cell differentiation to plasma cells secreting high-
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affinity GAD65-ab. In this sense, GAD-specific T cells and clonally expanded
GAD-specific B cells have been demonstrated to coexist intrathecally in
patients with SPS, where they may collaborate in the synthesis of GAD-
|gG 116

Other autoantibodies

Other possibility is that in these disorders, more relevant autoantibodies
coexist with GAD-ab. A few other antigenic targets, particularly for SPS,
have been identified; all localized in the pre- or post-synaptic compartment
of inhibitory synapses. The figure 2 is a representation of almost all known
autoantigens in the GABAergic synapsis found in patients with SPS. In
paraneoplastic variants (5% of SPS patients), sera contained antibodies
against amphiphysin (mainly breast or lung cancer) or against gephyrin in
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one patient with a mediastinum carcinoma. Amphiphysin, as
aforementioned, is a cytosolic pre-synaptic vesicle-associated protein with
a role in endocytosis, whereas gephyrin is also cytosolic, but post-synaptic
and it interacts with GABA, or glycine receptors and the cytoskeleton. So
far, antibodies against gephyrin have not been found in other patients
further than the index patient. In contrast, the presence of antibodies
against amphiphysin is higher and their pathogenic role has been
demonstrated. The disease was successfully transferred to rats using serum
from a patient suffering from paraneoplastic SPS with high-titre antibodies
against amphiphysin, as previously discussed.” Further experiments
showed that anti-amphiphysin 1gG was internalized into neurons co-
localizing in vivo with pre-synaptic vesicular proteins, and reduced

stimulated release of GABA through a structural disorganization in

GABAergic synapses that ultimately lead to depletion of resting pool



vesicles and trapping of releasable pool vesicular proteins at the plasma
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membrane. GAD-ab were not simultaneously found in these

paraneoplastic cases.

Another target within the inhibitory synapse that has been associated to
SPS, is the GABA receptor-associated protein (GABARAP). GABARAP is a
microtubule-associated protein expressed in the cytosol and in axonal
processes, and interacts with gephyrin to assemble the GABA, receptor
(GABAAR). Antibodies against GABARAP have been recently found by mass
spectrometry in 70% of GAD65-positive SPS sera.”” In vitro experiments
demonstrated that the IgG from GABARAP antibody-positive patients, but
not control I1gG, significantly inhibited the surface expression of GABAR.
Interestingly, 12 SPS patients in that study with severe disease had higher
GABARAP-ab titres compared with eight patients with lower titres and a
milder clinical severity, suggesting that GABARAP-ab may correlate with
disease severity, unlike the GAD-ab. This finding has never been further

replicated.

All the aforementioned antigens are intracellular. The group of

antibodies against cell-surface antigens, a field developed basically in the

last 10 years, is more interesting since many of them have been
demonstrated to be pathogenic. Little evidence has been gathered in GAD-
related neurological syndromes. In a cohort of GAD-ab-positive patients,
when sera were adsorbed with purified GAD protein, binding activities
against other neuronal surface antigens were demonstrated. The antigens

involved in this reactivity remain yet unidentified.'®

Our group identified in 2011 three patients with concomitant antibodies

against the GABAg-receptor among a cohort of patients with high titres of
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GAD-ab."™ The interesting finding is that all GABAg-receptor positive cases
were paraneoplastic (two LE with lung cancer and one CA with thymus

carcinoid).

Recently it has been identified antibodies directed against the alpha
subunit of the glycine receptor (GlyRal). Glycine is a key neurotransmitter
in spinal inhibitory interneurons and glycine receptors are mostly
expressed in the spinal cord, brainstem and cerebellum, and mutations in
the glycine receptor can cause hereditary hyperekplexia in infants.'”

123

Antibodies against GIlyR (GlyR-ab) were first described in PERM™" and

subsequently have been found in around 10% of patients with SPS.'**
Immunotherapy responses were noted more frequently in GlyR-ab—
positive cases than in those patients without GlyR-ab. /In vitro, the GlyR-ab
activated complement on glycine receptor-transfected human embryonic
kidney cells at room temperature, and caused internalization and

125

lysosomal degradation of the glycine receptors.” It is unknown if they

exist also in other GAD-related neurological disorders.

A third candidate antigen is the GABA4R. In a recent work of our group,
high serum and CSF titres of antibodies directed against the GABAAR were
identified in patients who developed refractory status epilepticus or
epilepsia partialis continua along with extensive cortical-subcortical MRI
abnormalities, including 3 patients with GAD-ab. In vitro, patients’
antibodies caused a selective reduction of GABA4R clusters at synapses.*°
The role of these antibodies in the pathogenesis of GAD-associated
neurological condition is then unknown, but may be relevant in cases with

epileptic symptoms.



This  preliminary evidence suggests that additional neuronal
autoantibodies may be present in the setting of GAD autoimmunity, at
least in some subgroups of patients. However, a systematic investigation
for neuronal cell surface autoantibodies has not been performed in GAD-
positive patients, especially in those patients with other syndromes that

are not SPS.
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Fig.2. Autoantigens in the GABAergic synapsis in patients with GAD-

associated neurological disorders
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In the pre-synaptic neuron the main antigens are GAD, the enzyme converting
glutamate to GABA and amphiphysin, a synaptic vesicle-associated protein responsible
for endocytosis of vesicle plasma membranes following GABA release. In the post-
synaptic neuron, the target antigens are glycine receptor, gephyrin and GABARAP.
Glycine receptors are ligand-binding ion channels. Gephyrin is a cytoskeleton-binding
protein needed for clustering post-synaptic receptors. GABARAP is a linker protein,
involved in the organization of the GABAs-receptors. GABAg-receptor is not
represented.

GABARAP: GABA,-receptor-associated protein; GAD: Glutamic acid decarboxylase

Adapted from Alexopoulos H, Dalakas MC. Immunology of stiff person syndrome and
other GAD-associated neurological disorders. Expert Rev Clin Immunol. 2013

Nov;9(11):1043-53.



Syndrome-specificity of neuronal autoantibodies

Immune responses that are more pathogenically relevant (autoantibody-
mediated) generally show a high degree of syndrome specificity. The
antibody, after binding its target, prompts a unique or restricted
phenotype. In line with other concerns about the pathogenic role, GAD
autoimmunity associates with a variety of neurological syndromes that may
co-exist in the same patient in rare occasions. GAD-ab appeared initially as
a syndrome-specific antibody, due to the selection in initial studies of
relatively homogeneous cohorts of patients with SPS. This consideration
changed as new evidence emerged, demonstrating at the same time that

very similar phenotypes can associate with different immune responses.

Same antibody, different neurological phenotypes

An intriguing issue is how patients with the same autoimmune
biomarker develop such a striking different phenomenology. Why a patient
with GAD-ab develops a SPS, which implies a predominant involvement of
the spinal cord and brainstem, whereas another patient presents with
limbic encephalitis or resistant epilepsy due to mesotemporal lobe

involvement.

The most comprehensive attempts to find phenotypic determinants in
the immune response are the investigations comparing the serum from
patients with TIDM and SPS. Purified IgG from patients with CNS disorders
produce a selective suppression of GABAergic transmission in vitro. In
contrast, 1gG from diabetic or polyendocrine patients do not alter the
GABAergic function unless in exceptional cases with high titres of GAD-

ab.®® In addition to different titers, the immune response to GAD have
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other differential features: a distinct epitope-specificity in the recognition
of GAD65, and a different prevalence of antibodies against GAD67 in
addition to GAD65-ab. Extended research showed that in both conditions
the humoral response is complex since the antibodies recognize several
regions of the GAD65, but there are some immunodominant epitopes. In
SPS the antibodies are primarily against linear epitopes located
predominantly in the middle domain of the protein, and less frequently in
the C- or NH-terminal domains; whereas in TIDM are primarily directed
against conformational epitopes almost exclusively located in the middle

. . 127-12
and C-terminal domains. 9

Also investigations in auto-reactive T cells
have shown a different epitope specificity. In a series of eight patients, T
cells from peripheral blood of SPS patients recognized two dominant
epitopes from GADG65 (aa 81-171 and aa 313—-404), which were different

M2 The second differential feature is the

from those seen in T1DM.
prevalence of antibodies against both isoforms at the same time. Whereas
in patients with TIDM the detection of concomitant GAD67-ab is around
one third of the patients, in SPS the proportion of GAD67-ab in sera is up to
70%. Considering that GAD67 in not expressed in human pancreatic cells,
their detection could be surprising. Further studies demonstrated that the
presence of these antibodies represent a minor population of GAD65-ab
that are reactive with a cross-reactive epitope found also on GAD67;*°***
in neurological disorders their significance is not clear and it is unknown
their  prevalence among  other  GAD-associated  neurological

disorders, 18132133

Recent publications suggest that analogous disparities in epitope
specificities could be relevant in the neurological presentation. In a number

of experiments was shown different epitope-recognition among GAD-ab



from different neurological syndromes'® and a different functional effect
of the antibodies depending on the syndrome. In particular, GAD-ab from a
patient with cerebellar ataxia had different neurophysiological and
neurochemical effects than GAD-ab from patients with SPS after intra-
cerebellar administration in rats;"** and studies in vitro using sera or CSF
form patients with LE do not affect GABAergic neurotransmission in
cultured hippocampal networks, as has been demonstrated in SPS or

cerebellar ataxia.”>> ™’

The majority of these studies are based in the same
epitope mapping approach, by means of competition binding assays using
2 monoclonal antibodies: b78 and b96.11. These monoclonal antibodies
recognize different epitopes located at the C-terminus of GAD65, present
different ability to inhibit the enzymatic activity in vitro (only b78 is able to
do it) and different behavioral effects (b96.11 provoked immediate severe
effects, which rapidly decrease, whereas b78 induce moderate but
prolonged effects in procedural spatial functions based on the Morris
Water Maze test performance®). Nevertheless, this epitope mapping is
indirect, and alternative methods using constructs or deleted mutants

spanning the whole protein, similar to the former studies with sera from

T1DM or SPS, are lacking.

Moreover, this dissimilar functional effect (in vitro or in animal models)
of serum or CSF IgG depending on the type of neurological syndrome could
be due to the presence of additional autoantibodies (previously discussed),
especially those against neuronal cell-surface, whose effects have been

demonstrated in vitro.'”>*°

To date there are no large series or
comprehensive studies comparing the spectrum and heterogeneity of the
immune responses that occur in patients with diverse GAD-associated
syndromes. Furthermore, it is unclear the contribution of other additional
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autoantibodies in the clinical course or co-morbidities. Besides a potential
pathogenic role in GAD-associated neurological conditions, they may have
clinical implications. In fact, additional antibodies against GABAg-R in the
context of GAD-associated neurological disorders have been found only in
patients with a tumor™’; and in patients with SPS and GAD-ab, the
presence of additional antibodies against GlyR are associated with a better

response to immunotherapy.™’

Same neurological phenotype, different antibodies.

The stiff-person syndrome (classic phenotype and its variants) is a great
example of how different autoimmune processes can associate a similar
phenotype. Recent investigations have shown that it is a heterogeneous
immunological condition. This constellation of phenotypes can be collected
under the term stiff-person spectrum disorders (SPSD), in parallelism with
other group of autoimmune disorders of the CNS that present overlapping
symptoms but different underlying autoimmunities, such as the

neuromyelitis optica spectrum disorders.

Besides marking an autoimmune aetiology, if the detection of particular
antibodies has additional value over the clinical classification is unknown.
Three independent series of patients with SPSD collected together a total
number of 190 patients, that were classified in 3 groups based on clinical
and electrophysiological criteria, and investigated their immunological

1,454
status.>t*>4

Fifty patients were classified as partial SPS (or stiff-limb
syndrome) and 26 (52%) had GAD-ab. In contrast, among the 106 patients
classified as classic SPS, 89 (84%) had GAD-ab.*” Among those patients that

were GAD-ab-negative, 5 had antibodies against amphiphysin. This finding



is almost invariably associated with a hidden breast cancer and patients are
characterized by a particular presentation consisting in rapid progression,
with upper limb involvement and the development of fixed deformity of a

. 138
limb.

The third group of patients was classified as having progressive
encephalomyelitis with rigidity and myoclonus (PERM); 23 out of 34 (68%)
had GAD-ab. These patients are characterized by rigidity that typically
involves upper or distal limbs with abnormal postures and generalized
myoclonus, frequent brainstem dysfunction and prominent dysautonomia.
Before the introduction of immunotherapy in the management of these
patients, the outcome was invariably lethal before 2-3 years. In these large
series, the response to immunomodulatory therapies was not dependent

on antibody status (presence or absence of GAD-ab or antibodies against

amphiphysin), antibody level, or the clinical classification.

In 2008, years after this large series exploring the clinic-immunological
associations, Hutchison et al. described a patient with PERM, without GAD-
ab, who presented a delayed but substantial recover after immunotherapy.
The serum of this patient was found to contain antibodies recognizing the
glycine receptor. A recent study in a cohort of patients GlyRal-positive
found that 73% had a phenotype of PERM, based on author’s criteria.'*
Nevertheless, GlyR-ab have been found in 10-15% patients with SPS,

L4139 The most interesting

sometimes in coexistence with GAD-ab.
association of GlyR-ab detection in this studies is not to a specific clinical
phenotype, but a good response to immunotherapy. In analogy to what
have been described in other neurological disorders associated with
antibodies against cell-surface antigens, a good outcome was observed in

many severe cases of PERM with GlyR-ab after immunotherapy.'®
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SPSD is thus a complex autoimmune entity, and can occur with several
autoantibodies. Since the antibodies are not a mandatory diagnostic
criterion, determination of antineuronal antibodies are not part of the
initial evaluation in many patients. Although preliminary evidence suggests
that autoantibodies may have prognostic implications in SPSD, a
comprehensive study including different clinical phenotypes has not been

performed yet.



Hypothesis and objectives

55






Hypothesis

High serum levels of GAD-ab are biomarkers of several neurological
syndromes. Stiff-person syndrome is the most frequent, followed by
cerebellar ataxia, limbic encephalitis, epilepsy and other less frequent
neurological syndromes. The role of GAD-ab is still a matter of debate.
Experimental studies suggest that GAD-ab may have different effect in
vivo/in vitro depending on a distinct epitope-recognition specificity within
the antigen, but their pathogenicity has not been definitely proven. In the
search for more relevant autoantibodies, different antibodies have been
demonstrated in some patients with GAD-associated neurological
disorders, including those against neuronal cell-surface or synaptic
antigens. These additional antibodies had clinical implications in the cases
described, like a great response to immunotherapy in patients with stiff-

person spectrum disorders or association with cancer.

GAD-ab associate with different neurological syndromes, rarely present
in the same patient. The heterogeneity of the immunologic response may
be responsible for the diversity of neurological phenotypes and,

additionally, may have prognostic implications in particular syndromes.

In the setting of GAD autoimmunity, there are certain conditions such as
the presence of an underlying tumour, or the depletion of Purkinje cells in
cerebellar ataxia, which could implicate a worse prognosis if the diagnosis

is delayed. Predictive factors of cancer or treatment response are unclear.
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Objectives

1. To investigate if there are any differences in the immunological profile
in serum and CSF from patients with GAD-ab and different neurological
syndromes (stiff-person syndrome, cerebellar ataxia, epilepsy or limbic

encephalitis). In particular:
a. To study the humoral response against the GAD isoforms
b. To study the presence of co-existing antibodies to other proteins or

receptors of the inhibitory synapses

2. To describe the long-term effect of the immunotherapy, and to
investigate predictive factors of response in a cohort of patients with

cerebellar ataxia and GAD-ab

3. To investigate the clinical and immunological features of patients with
neurological syndromes, GAD-ab, and the presence of a tumour, and to

explore the predictive factors associated with risk of cancer

4. To determine the value of GAD-ab in a cohort of patients with stiff-

person spectrum disorders
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Abstract

Antibodies to glutamic acid decarboxylase (GAD-ab) associate to different neurological
syndromes. It is unknown if the diversity in syndrome association represents epitopes in dif-
ferentimmunodominant domains or co-existence of antibodies to other proteins of the inhib-
itory synapsis. We examined the serum and CSF of 106 patients with anti-GAD related
syndromes (39 cerebellar ataxia, 32 stiff-person syndrome [SPS], 18 epilepsy, and 17 lim-
bic encephalitis [LE]). GAD65-ab titres were quantified by ELISA. Immunoblot was used to
determine if the antibody-targeted epitopes of GAD65 and GAD67 were linear. A cell-based
assay (CBA) with HEK293 cells expressing the GAD65 N-terminal, central catalytic domain,
or C-terminal was used to investigate the immunodominant domains. Antibodies to GAD67,
gamma-aminobutyric acid A receptor (GABAaR), glycine receptor (GlyR), GABAaR-associ-
ated protein (GABARAP), and gephyrin were determined with CBA. GAD-ab internalization
was investigated using cultured rat hippocampal neurons. CSF GAD65-ab titres were
higher in patients with cerebellar ataxia and LE compared to those with SPS (p = 0.02).
GADG67-ab were identified in 81% of sera and 100% of CSF. GAD65-ab recognized linear
epitopes in 98% of the patients and GAD67-ab in 42% (p<0.001). The GADB65 catalytic do-
main was recognized by 93% of sera, and the three domains by 22% of sera and 74% of
CSF (p<0.001). Six patients had GABAaR-ab and another 6 had GlyR-ab without associa-
tion to distinctive symptoms. None of the patients had gephyrin- or GABARAP-ab. GAD65-
ab were not internalized by live neurons. Overall, these findings show that regardless of the
neurological syndrome, the CSF immune response against GAD is more widespread than
that of the serum and that there is no specific association between clinical phenotype and
the presence of antibodies against other proteins of the inhibitory synapsis.
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Introduction

High levels of antibodies against glutamic acid decarboxylase (GAD-ab) have been reported in
serum of patients with several neurological syndromes, including stiff person syndrome (SPS),
cerebellar ataxia, epilepsy, and limbic encephalitis (LE), all of them characterized by neurologi-
cal dysfunction of the GABAergic system [1-3]. The reason why some patients develop one
neurological syndrome versus another is unclear. Neurological syndromes linked to GAD-ab
were initially described in 1988 [4] but to date there are no large series or comprehensive stud-
ies comparing the spectrum and heterogeneity of the immune responses that occur in patients
with diverse anti-GAD-associated syndromes. Studies addressing this issue are small or re-
stricted to SPS, predominantly focused on the GAD65 isoform, or using only serum. In addi-
tion, it was postulated that in patients with GAD-ab and LE or seizures, these symptoms could
be caused by more relevant autoantibodies against cell surface antigens and respond well to im-
munotherapy [5]. On the other hand, there are patients with LE and isolated GAD-ab that ap-
pear to have worse outcome [6]. Therefore, determination of whether patients with different
anti-GAD associated syndromes have distinct underlying immune responses may have practi-
cal clinical implications.

The pathogenic significance of GAD65-ab is controversial. Some studies suggest they play a
direct pathogenic role, but several lines of evidence suggest otherwise. First, GAD65-ab-posi-
tive neurological syndromes do not respond well to immunotherapy compared to those associ-
ated with antibodies against neuronal surface antigens [7,8], second, there is no correlation
between antibody titres and disease severity [9], and third, there are no convincing animal
models of the neurological disorders [10,11]. An important step towards proof of pathogenicity
would be the demonstration that GAD-ab bind to live neurons, and after internalization reach
the intracellular GAD isoforms.

To address all these questions, we examined serum or CSF of 106 patients with different
anti-GAD associated neurological syndromes aiming to determine the repertoires of antibodies
against the two GAD isoforms, the main immunodominant regions and linear or conforma-
tional structure of the epitopes, the presence of co-existing antibodies to other proteins or re-
ceptors of the inhibitory synapses, and whether GAD-ab were internalized by live neurons.

Materials and Methods
Patients and inclusion criteria

Patients were seen by the authors or referring physicians between December 1994 and April
2013. Serum or CSF were examined for autoantibodies in the laboratory of Neuroimmunology
at the Institut d’Investigacions Biomediques August Pi i Sunyer (IDIBAPS), Hospital Clinic,
Barcelona, Spain, or in the Department of Neurology, Hospital of the University of Pennsylva-
nia, Philadelphia, USA. Inclusion criteria was the presentation of a neurological disorder asso-
ciated with serum GAD65-ab detected by brain immunohistochemistry (this technique detects
GAD-ab with radioimmunoassay (RIA) levels >2000U/mL; patients below these titres have di-
abetes (T1IDM), but almost never neurological symptoms) [1] and confirmed by cell-based
assay (CBA) of HEK293 cells expressing GAD65. Patients with a definite or possible paraneo-
plastic syndrome were excluded from the study [12].

Clinical information was obtained directly by the authors or provided by referring physi-
cians, through questionnaires and telephone interviews. SPS included patients with classical
forms, defined by stiffness and spasms predominantly involving the proximal aspect of the legs
and lumbar muscles, and patients with partial forms, including stiff-limb syndrome or isolated
lower or upper extremity stiffness [13]. Cerebellar ataxia was considered in patients who
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Table 1. Basic clinical information of the cohort study.

Cerebellar ataxia Stiff-person syndrome Isolated epilepsy Limbic encephalitis
Patients, (CSF) 39 (26) 32 (17) 18 (8) 17 (10)
Female, (%) 32 (82) 29 (91) 15/17 (88) 12/15 (80)
Age (in years), median (range) 60 (32-79) 53 (5-77) 32 (9-67) 26 (12-49)
Overlapping syndrome 14 (92+5P) 5 (3°+2°%) 0 12
T1DM at onset, (%) 12/32 (38) 14/29 (48) 4/9 (44) 2/6 (33)
Thyroiditis, (%) 18/30 (60) 7/25 (28) 7/10 (70) 3/5 (60)
Other autoimmune disorders® 9 5 3 2
CSF oligoclonal bands, (%) 18/24 (75) 4/15 (27) 4/9 (44) 7/7 (100)
Months from onset to GAD diagnosis, median (IQR) 4 (1-11) 36 (16-72) 19 (1-72) 12 (7-15)
Immunotherapy
Steroids (+ 1VIg) 4 (3) 2(2) 0 5(2)
Other combinations® 3 4 0 0

IQR: interquartile range; 1VIg: intravenous immunoglobulin; T1DM: type 1 diabetes mellitus.

& Coexistent stiff-person syndrome

® Epilepsy (5 of them drug-resistant temporal lobe epilepsy)

¢ Cerebellar ataxia

9 Pernicious anemia: 10 patients, celiac disease: 2, vitiligo: 5, psoriasis: 2, myasthenia: 2
¢ IVIg or plasma exchange: 4; azathioprine: 2; IVIg + rituximab: 1.

doi:10.1371/journal.pone.0121364.t001

developed a cerebellar syndrome and fulfilled previously reported criteria (absence of alterna-
tive explanation and high GAD65-ab levels) [8]. LE was defined by the subacute onset of short-
term memory loss, behaviour change, seizures, and involvement of the temporal lobes by imag-
ing studies, or post-mortem examination [12,14]. Patients who developed isolated epilepsy
without neuroimaging criteria of limbic involvement were classified as epileptic patients.
When several GAD-associated neurological syndromes coexisted in a patient, the predominant
syndrome by the time of diagnosis was used to classify such patient. Overall, 106 patients
where included in the study. Four groups with different neurological syndromes were identi-
fied: 39 with cerebellar ataxia (CSF samples: 26), 32 with SPS (17), 17 with LE cases (10), and
18 with epilepsy (8). Table 1 summarizes the clinical characteristics of the study cohort.

Standard Protocol Approvals and Patient Consents

All subjects gave written informed consent for the storage and use of serum and CSF samples
for research purposes. Serum and CSF samples used in the study are deposited in the collection
of biological samples named "Neuroinmunologia" registered in the biobank of Institut d' Inves-
tigaci6 Biomedica August Pii Sunyer (IDIBAPS), Barcelona, Spain. Animal handling proce-
dures were approved by the Local Ethics Committee (99/1 University of Barcelona) and the
Generalitat de Catalunya (1094/99), in accordance with the Directive 86/609/ EU of the Euro-
pean Commission. The study was approved by the Comité Etic d’Investigacié Clinica (CEIC)
of Hospital Clinic.

Immunohistochemistry of rat cerebellum

GAD-ab immunoreactivity was analyzed (serum screening dilution 1:500; CSF undiluted)
using an avidin-biotin technique on paraformaldehyde-fixed frozen rat cerebellar sections as
described previously [15]. To study the distribution of IgG subclasses of the antibody, the same
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immunohistochemistry technique was used after changing the secondary antibody by biotiny-
lated mouse monoclonal antibodies to human IgG 1-4 subclasses (Sigma, St. Louis, MO)
(dilutions: anti-IgG1 1:100, anti IgG2 1:200, anti-IgG3 1:200, and anti-IgG4 1:200) as described
[16].

To study the presence of intrathecal synthesis of GAD-ab, the GAD-ab titers obtained by
immunohistochemistry in paired samples of CSF and serum and the CSF/serum albumin
index were used to calculate the index for intrathecal synthesis of GAD-ab as previously re-
ported [1]. Values higher than 1, are a strong indicator of intrathecal synthesis of antibody-spe-
cific IgG [17].

GADG65 ELISA

Levels of GAD65-ab were detected by ELISA (RSR Limited, UK) using a commercial kit follow-
ing manufacturer’s specifications. Since GAD65 titres in neurologic syndromes are high, se-
rums and CSF were titrated to determine the optimal dilution factor. Briefly, ELISA wells were
seeded for 1 h with patients’ sera diluted 1:10000 or CSF diluted 1:200, followed by 1h incuba-
tion with GAD65 biotinylated protein, and 20 min incubation with streptavidin peroxidase.
Colorimetric reaction was developed with 3,3’,5,5’-Tetramethylbenzidine for 20min, stopped
with sulfuric acid and read at 450nm in a multiplate reader.

Immunoblot

Human GADG65 (Diamyd, Stockholm, Sweden), GAD67 (Abnova, Taipei, Taiwan), and
GABARAP (Abnova) recombinant proteins were electrophoretically separated and transferred
to a polyvinylidene difluoride membrane and strips incubated with the patient's serum (1:1000
dilution), GAD65 (GAD-6, Hybridoma Bank, Iowa City, IA), GAD67 (Abcam, Cambridge,
UK), or GABARAP (Abcam) commercial antibodies followed by biotinylated goat antihuman
IgG or horse antimouse IgG (Vector Laboratories, Burlingame, CA) and developed with diami-
nobenzidine tetrahyrochloride [15]. In some experiments we used an enhanced chimioluminis-
cence technique (ECL Western Blotting System) following manufacturer’s instructions. The
specificity of GAD65 and GAD67 commercial antibodies was confirmed with immunoblots
with recombinant proteins and also with HEK293 cells (see below) expressing the
corresponding antigens.

Immunocytochemistry on HEK293 cells

To test the presence of antibodies against different synaptic antigens, HEK293 cells were trans-
fected with plasmids containing human GAD65 or GAD67 (OriGene, Rockville, MD), the

ol and B3 subunits (co-transfected 1:1) of the GABAaR, GABARAP, ol subunit of the GlyR,
or gephyrin (co-transfected 1:1 with collybistin) as described [8,18-20]. All DNA sequences
were purchased from OriGene except from those of GlyR, gephyrin and collybistin (a gift of
Dr. R] Harvey). Twenty-four hours after transfection, immunofluorescence on live (for the
GABAaR and GlyR assays) or fixed (for the other assays) HEK293 cells was performed as de-
scribed [5]. Briefly, HEK293 cells were incubated with patients’ serum (1:40) or CSF (1:5) com-
bined with the corresponding primary commercial antibodies, GAD65 (GAD-6, Hybridoma
Bank), GAD67 (Abcam), anti-GABAa receptor ol subunit (Millipore Termecula, CA), anti-
glycine receptor ol subunit (Synaptic systems, Gottingen, Germany), or GABARAP (Abcam),
followed by incubation with goat anti-human IgG Alexa Fluor 488 or goat anti-mouse IgG
Alexa Fluor 594 (Life Technologies, Eugene, OR). When live HEK293 cells were used, they
were fixed with 4% paraformaldehyde, and permeabilized with 0,3% triton X-100, after the in-
cubation with patients’ and commercial primary antibodies. Results were photographed under
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fluorescence microscope (Zeiss Axioimager M2) using Zeiss Axiovision software (Zeiss, Ober-
kochen, Germany).

To validate the CBA for GAD65, 50 sera from patients with different neurological disorders
(20 neurodegenerative, 15 NMDAR-ab, 10 anti-Hu, 5 other neuroimmunological disorders)
and 17 from T1DM were used. None of the 50 sera were positive by this CBA and the sensitivi-
ty for T1IDM depended on the titer: only 10/17 T1DM sera with higher antibody titer (1822-
7900 U/ml by RIA) showed reactivity against GAD65. This finding indicates that the CBA for
GADG5, like rat immunohistochemistry, is not sensitive enough to detect low levels of GAD65-
ab (within the range typical of TIDM) and that are identified by RIA.

GADG5 epitope analysis

We designed plasmids to express the sequence of the N-terminal domain (Nt: aa 1-188), the
central region containing the decarboxylase catalytic domain also termed pyridoxal-5’-phos-
phate (PLP) domain to indicate the cofactor used by GAD (aa 189-464), and the C-terminal
domain (Ct: aa 465-585) from GAD65 (SC300136, OriGene). Customized sequences were
ordered and commercially subcloned with Nhel-NotI (GenScript, Hong Kong) into a pCMV6-
AC-Myc-tagged plasmid (PS100003, OriGene) Resulting plasmids were transfected into
HEK?293 cells and immunocytochemistry studies were performed as described above. A com-
mercial antibody against the Myc-Tag protein (Myc-Tag (9B11) mouse mAb, Cell Signaling
Technology) was used to confirm the correct expression of each construct.

Analysis of antibodies against neuronal surface antigens

Antibodies against neuronal surface antigens were detected by immunohistochemistry of rat
brain and immunofluorescence of rat hippocampal and cerebellar neuronal cultures as previ-
ously reported [5,21,22].

Study of internalization of GAD IgG

To determine if GAD-ab are internalized in vivo, GAD-ab-positive CSF samples diluted 1:25
were incubated with live rat hippocampal neurons for 24h at 37°C. Cells were then washed
with fresh neurobasal media and incubated with unlabeled anti-human IgG antibody (Jackson
Immunoresearch, West Grove, PA) at 1:5 dilution for 1h at 37°C (to block detection of any spe-
cific or non-specific human IgG binding to the neuronal cell surface). After extensive washing,
neurons were fixed for 5min with 4% paraformaldehyde, permeabilized with 0.1% Triton X-
100 and incubated for 1h with Alexa Fluor 488 anti-human IgG. As positive control of the IgG
internalization we used a NMDAR-ab-positive CSF. Results were photographed under confo-
cal microscope (Zeiss LSM710) and analyzed with Zen software (Zen 2012 black edition 8.0,
Zeiss).

Statistical analysis

Non-parametric tests (Fisher exact, W Wilcoxon) were used when the application conditions
for parametric tests (x>, ANOVA) were violated. As ELISA values did not follow a normal dis-
tribution, log-transformation was used to normalize them prior to statistical analysis. Statistical
software (Stata version 13; StataCorp) was used for the analyses and a p value < 0.05 was con-
sidered significant.

PLOS ONE | DOI:10.1371/journal.pone.0121364 March 16, 2015 5/14



@’PLOS ’ ONE

Antibodies in CNS Disorders and GAD Autoimmunity

Patient A

Patient B

Serum

CSF

Serum

CSF

Fig 1. Reactivity of serum and CSF samples with HEK293 cells expressing GAD67. Fixed HEK293 cells transfected to express GAD67 were incubated
with serum and CSF of patient A and B (in green) and a commercial antibody against GAD67 (in red). The nuclei of the cells are stained with 4’,6-diamidino-2-
phenylindole (DAPI). The merged reactivity is shown in panels C, F, |, and L. The CSF, but not the serum, of patient A immunoreacted against GAD67,
whereas the serum and CSF of patient B were both positive. Scale bar =20um.

doi:10.1371/journal.pone.0121364.g001

Results

By CBA, serum from the 106 (100%) patients had GAD65-ab and 88% GAD67-ab. No differ-
ences were observed in the frequency of GAD67-ab among the cerebellar ataxia, SPS, LE, or ep-
ilepsy groups. By contrast all 61 CSF tested (100%) contained both GAD65- and GAD67-ab
(Fig. 1). There were nine paired serum-CSF samples in which the serum was negative and the
CSF positive for GAD67-ab. These samples were equally distributed among the four clinical
groups. Immunohistochemical analysis of IgG subclasses showed that in all 106 patients the
predominant GAD immunoreactivity was IgG1.

Serum GADG65-ab levels tended to be higher in patients with cerebellar ataxia and LE
(Fig. 2A). This trend was confirmed in the CSF where GAD65-ab levels were significantly
higher in patients with cerebellar ataxia and LE compared to those of SPS patients (Fig. 2B). In
addition, the median index of intrathecal synthesis of GAD65-ab in available paired serum/
CSF was higher in 14 patients with cerebellar ataxia (median: 9.7 [IQR: 3.6-16.6]) compared to
that of 11 with SPS (5.3 [2.3-17.4]); p = 0.38. The presence of serum GAD67-ab was associated
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Fig 2. GADG65 antibody levels measured by ELISA in serum (A) and CSF (B) samples classified by neurological syndrome. CSF, but not serum, GAD65
antibody titres were significantly higher in the groups of ataxia and limbic encephalitis compared to those of stiff-person syndrome (median: 2.1 x10% U/ml
(interquartile range (IQR):1.4-8.5) in SPS vs. 10.4 x10% U/ml (4.1-21.9) in CA; **p = 0.01 and 12 x10° U/ml (8.5-31.9) in LE; *p = 0.02). SPS: stiff person
syndrome; CA: cerebellar ataxia; LE: limbic encephalitis; EP: epilepsy.

doi:10.1371/journal.pone.0121364.9002

with GADG65-ab titres (7.2 x10°> U/ml (3.3-14.0) vs. 2.9 x10° U/ml (1.5-7.8) for patients with
and without serum GAD67-ab respectively; p = 0.02; Fig. 3).

Analysis of GAD-ab epitopes

To elucidate whether GAD65- and GAD67-ab identify linear epitopes, all 106 serum samples
were screened by immunoblot of purified GAD65 and GAD67 recombinant protein. All but
two sera (98%) reacted with GADG65 whereas only 39 (42%) of the 93 sera with GAD67-ab as-
sessed by the CBA were positive by immunoblot of GAD67 (Fig. 4). No correlation was found
between the serum reactivity with GAD67 immunoblot and any specific

neurological syndromes.

To investigate the antigenic region of GAD65 recognized by GAD65-ab of patients with the
different neurological syndromes, we produced constructs of the three different domains of
GADG65: Nt, PLP, and Ct. After demonstrating that the subcloning process did not induce a de-
crease in GAD65 immunoreactivity (data not shown), we then tested the reactivity of all sera
and CSF samples on HEK293 cells expressing each of the three constructs. In 46% of patients
serum GADG65-ab recognized only one domain, whereas 74% of CSF GAD65-ab recognized all
three domains (p < 0.001) (Fig. 5). The most frequently recognized immunodominant region
in serum was in the PLP domain; 93% of the sera showed reactivity against this region, includ-
ing those with the lower titre of GAD65-ab. No correlation was noted between GAD65-ab lev-
els and reactivity with any particular epitope. Serum of patients with LE were more likely to
react with the Nt domain (69% vs. 29% for the rest of the patients; p = 0.002), whereas epileptic
patients showed more reactivity against the Ct domain (67% vs. 38% for the other 3 groups; p =
0.04). We did not find these differences in CSF, since most of the samples recognized all three
domains. No other epitope-region differences were seen among clinical phenotypes. The
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Fig 3. GADG65 antibody titres measured by ELISA in serum samples from patients with (n =93) or
without (n = 13) additional GAD67 antibodies. GADG65 antibody levels were higher in the group of patients
with concurrent GAD67 antibodies. *p<0.05.

doi:10.1371/journal.pone.0121364.9003

distribution of frequencies of the number of domains recognized by serum GAD65-ab was sim-
ilar between the group of sera with or without GAD67-ab, indicating that the presence of
GADG67-ab was not related to the extent of the reactivity against GADG65.

Presence of additional antibodies against the GABAergic inhibitory
synapsis

All 106 serum and 61 CSF samples were examined by immunofluorescence with live rat hippo-
campal neurons (sera from cerebellar ataxia and stiff-person syndrome cases where also tested
in cultures of cerebellar neurons), HEK293 cells expressing c.1/B3 subunits of GABAaR, ol
subunit of GlyR, gephyrin or GABARAP. We found six patients with GABAaR antibodies (1
cerebellar ataxia, 2 SPS and 3 epilepsy, all in serum, CSF not available) and six with GlyR

A B CDZE FGH I

65kDa —»

67kDa — . ot !

Fig 4. Inmunoblot of purified GAD65 (upper panel) or GAD67 protein (lower panel). Strips were
incubated with a commercial antibody (A), serum from a healthy individual (B), and serum from patients with
cerebellar ataxia (C and D), stiff-person syndrome (E), limbic encephalitis (F and G) and epilepsy (H and I).
All patients’ sera reacted against GAD65 but only a few recognized GAD67 despite that all immunoreacted
with HEK293 cells transfected with GADG67; this finding suggests that the recognized epitope is
conformational. Both gels were run at the same time and blots were developed in parallel. The images were
cropped to include the visible bands.

doi:10.1371/journal.pone.0121364.g004
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Full length Ct domain PLP domain Nt domain
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Fig 5. Study of GADG65 epitope immunoreactivity. Fixed HEK293 cells transfected to express full length GAD65, C-terminal (Ct), middle (PLP) and N-
terminal (Nt) domains (all expressing an N-terminal myc tag) were incubated with patient serum (upper panels) or CSF (lower panels) (green)and a
commercial antibody against myc tag (red). The nuclei of the cells are stained with 4’,6-diamidino-2-phenylindole (DAPI) (blue). The merged reactivity is
shown in yellow. The serum sample reacts against full length and PLP domain, whereas the CSF sample shows a broader reactivity, staining the full length
and three GAD65 domains. Scale bar =20um.

doi:10.1371/journal.pone.0121364.9005

antibodies (4 cerebellar and 2 epilepsy, all in serum, negative in the four CSF available). All
samples had low titres (<1:200) of the antibodies. No additional antibodies against neuronal
surface antigens were detected in neuronal cultures. We did not find any patient with
GABARAP or gephyrin-ab. This result was confirmed by immunoblot using GABARAP re-
combinant proteins that were tested with serum from 32 patients with SPS (not shown).

Internalization of GAD-ab

If we postulate that GAD65 antibodies are pathogenic, they should reach the antigen, which is
intracellular, and for this the antibodies need to be internalized. For this experiment we first
confirmed that the cultured neurons used contained GAD65. Therefore, cultured neurons were
first fixed, permeabilized and incubated with a commercial GAD-6 monoclonal antibody along
with patients” CSF. This preliminary study indicated that the neurons contained intracytoplas-
mic GAD65 and that both, the commercial antibodies and patients’ CSF antibodies were able
to react with the antigen when the cell membrane was permeabilized (Fig. 6, panel A). Subse-
quently, we examined if patients’ antibodies were able to react with live neurons (membrane
not permeabilized). For this experiment live rat hippocampal neurons were incubated for

24 hours with GAD65 antibodies contained in the CSF of four patients with cerebellar ataxia,
four with SPS, three with LE and five with epilepsy; the same experiment using CSF with
NMDAR antibodies from a patient with anti-NMDA receptor encephalitis served as control of
IgG internalization. No intracellular staining was detected in any of the four groups of patients
with GAD-ab whereas IgG internalization was observed with the CSF of the patient with
NMDAR-ab as previously reported [23] (Fig. 6). Overall, these set of studies demonstrate that
patients * GAD65 antibodies only react with GAD65 when the membrane is permeabilized but
not in live neurons.

Discussion

The current study provides for first time a comprehensive overview of the humoral immune re-
sponses present in serum and CSF of patients with neurological disorders associated with
GAD-ab. Our data show several important immunological features; 1) the humoral immune
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Fig 6. Study of anti-GAD IgG internalization in cultures of dissociated rat hippocampal neurons that express GAD65. Panel A demonstrates that
neurons express GADG5; in this experiment neurons were permeabilized and incubated with a patient’s CSF with GAD65-ab (green) and a commercial
GADG65-ab (red); the co-localization of reactivity with GADE5 is shown in yellow. Panels B and C show the experiment of internalization; in B, live neurons
were incubated with CSF of a patient with anti-NMDAR antibodies, and in C with the CSF of a patient with GAD65 antibodies for 24h at room temperature.
After blocking the extracellular IgG binding with a secondary antibody without fluorescent tag, the neurons were washed, fixed and permeabilized and the
internalized IgG was determined with a secondary anti-human IgG antibody with a fluorescence tag (green), or with an antibody against MAP2 (red). Insets
show dendrites at higher magnification. Only the CSF of the patient with IgG antibodies against NMDAR showed IgG internalization, as previously reported
(Hughes et al. 2010), and used here as a control. Scale bar = 10um, insert scale bar = 2,5um.

doi:10.1371/journal.pone.0121364.9006

response against GAD is different in CSF and serum. In the CSF the antibodies target more do-
mains of GAD65 and also immunoreact with GAD67, 2) GAD65-ab titres were higher in the
CSF of patients with LE or cerebellar ataxia compared to those with SPS, 3) the frequency of
additional antibodies against antigens of the GABAergic inhibitory synapses is low across all
neurological syndromes, and 4) GAD-ab are not internalized by primary neuronal cultures
suggesting that GAD-ab are not directly pathogenic.

A novel finding of our study is that the humoral response to GAD was different in CSF and
serum. All patients regardless of the associated neurological syndrome had GAD67-ab in the
CSF, including 9/61 (15%) patients whose serum was negative for these antibodies. In addition,
CSF GADG65-ab usually recognized epitopes present in the three domains examined. These
data along with the frequent detection of CSF oligoclonal bands [24,25] and specific intrathecal
synthesis of GAD65-ab [1,17,26] strongly suggest that the presence of CSF GAD65-ab is not
only a result of passive antibody transfer from serum to CSF, but they are part of an active im-
mune response orchestrated in the CNS compartment.

Although we did not identify differences in the GADG65 epitope repertoire among the four
neurological syndromes examined, CSF levels of GAD65-ab were lower in patients with SPS
than in those with cerebellar ataxia or LE which unlike SPS, commonly associate with neuronal
loss[6,27]. In a previous series of five patients with cerebellar ataxia, the CSF GAD65-ab titres
were similar to those of 10 patients with SPS. However, patients with cerebellar ataxia showed
a 2.5-fold higher intrathecal production of GAD65-ab compared to SPS[28] as we have also
found in the current study.

Analysis of GAD65-ab epitopes has been previously done in patients with T1IDM and SPS
but not in other neurological syndromes. In TIDM, GAD65-ab mostly recognize
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conformational epitopes in the PLP and Ct domains [29,30]. Initial epitope studies in cohorts
of SPS found that the strongest reactivity with GAD65 depended on two discontinuous do-
mains in the Ct, and in addition most sera recognized at least one epitope in the Nt domain
[31]. Other authors also described a dominant linear epitope located in the Nt domain [32,33].
In the present study, the PLP domain was the GAD65 region most frequently recognized by
serum GADG65-ab with no differences among neurological syndromes. Our findings are similar
to those of a recent study that using a luciferase immunoprecipitation technique and GAD65
sub-fragments deletion mutants showed that the central region containing the decarboxylase
catalytic domain was highly immunoreactive with sera of all patients with SPS [34]. We did not
find a significant difference in GAD65 immunodominant regions in patients with the four in-
dicated neurological syndromes. Our analysis of immunodominant domains included three
large GADG65 deletion constructs spanning the entire molecule. This analysis could have missed
smaller protein segments containing epitopes specific for a particular neurological syndrome
[35].

We did not find antibodies against gephyrin and GABARAP. Gephyrin is a protein involved
in clustering both GlyR and GABAaR [36] and antibodies to this protein were described in a
single patient with SPS and mediastinal cancer [37]. Antibodies to GABARAP, a protein that
stabilizes GABAaR in the membrane [38], were described in 70% of a cohort of 27 patients
with SPS and GAD65-ab [39]. It is unclear why we did not detect GABARAP-ab but the study
published in 2006 has never been replicated. The methods of detection were different; while
GABARAP-ab were initially detected by immunoprecipitation and immunoblot, we have used
CBA for all our patients and immunoblot with recombinant GABARAP in a subgroup ran-
domly selected. We cannot rule out that our techniques were less sensitive but if this was the
case the levels of GABARAP antibodies should be very low.

The recent discovery of antibodies against cell-surface or synaptic receptors in patients with
autoimmune encephalitis, along with data supporting their pathogenicity and sometimes coex-
istence with GAD-ab, led us to investigate whether additional cell-surface antibodies could
offer an explanation for the syndrome diversity. In the current study we used the same ap-
proach that resulted in the discovery of 9 of 11 cell surface or synaptic receptor autoantigens
[40] and only identified 12 cases (11%) with these antibodies, all directed against known target
antigens (six GABAaR and six GlyR) and with a similar distribution among clinical pheno-
types. These findings are therefore different from those of a recent study [41] that identified an-
tibodies against unknown cell surface antigens in patients with GAD65-ab. We did not find
coexisting GlyR-ab in patients with SPS; this is in contrast with a previous report that showed
that 15% of patients had coexisting GAD65 and GlyR antibodies [42]. If different serum dilu-
tions or other technical details are responsible for this difference is unclear; we used a similar
live cell-based assay but the serum dilution was not provided in the previous study[42].

Lastly, the pathogenic role of GAD-ab has been subjected to debate [3]. In vitro studies have
demonstrated that GAD-ab from SPS patients, but not from diabetic patients, inhibit the enzy-
matic activity of GAD65 [43]. Intrathecal and intracerebellar injections of IgG purified from
GADG65-ab-positive samples of patients with SPS or cerebellar ataxia, or human monoclonal
antibodies to GAD65, induced clinical symptoms and neurophysiological changes similar to
those seen in patients [10,11,35,44]. However, these experiments failed to unambiguously dem-
onstrate that the observed changes were directly related to the interaction of the antibodies
with GAD65. Similarly, active immunization experiments with GAD65 did not cause neuro-
logical dysfunction in immunized animals [45,46]. GAD65 is an intracellular antigen and
therefore an essential experiment is the demonstration that GAD-ab are internalized and reach
the antigen. Previous studies showed that human monoclonal antibodies to GAD65 were inter-
nalized by cells from an immortalized rat CNS cell line [44] or into neurons surrounding the
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area of injection into rat cerebral cortex[47]. However, none of these studies showed that the
antibodies reacted with intracellular GAD in vivo [44,47]. Our in vitro experiments failed to
show that GAD-ab are internalized in cultures of neurons that express GAD65 casting doubt
on the antibody pathogenicity. These experiments are nor definite proof that GAD-ab are not
pathogenic; however, to resolve this issue future studies should unambiguously demonstrate
that GAD-ab can reach the target antigen, visualizing the binding with high resolution confocal
microscopy, and determining if the potential effects on GAD correlate with symptoms using
appropriate animal models, as recently demonstrated for NMDAR antibodies in patients with
anti-NMDAR encephalitis [48].

Conclusions

The present study emphasizes the importance of studying the CSF of patients with CNS syn-
dromes suspected to be mediated by GAD autoimmunity because the repertoire of antibodies
to different immunodominant regions is wider in the CNS than systemically. We did not find a
specific immunodominant region or associated antibody that could be used as a biomarker of a
particular neurological anti-GAD-associated syndrome. Moreover, GAD-ab are not internal-
ized in live neurons, raising doubts about the direct pathogenicity of the antibodies.
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IMPORTANCE Current clinical and immunologic knowledge on cerebellar ataxia (CA) with jamaneurology.com
glutamic acid decarboxylase 65 antibodies (GAD65-Abs) is based on case reports and small
series with short-term follow-up data.

OBJECTIVE To report the symptoms, additional antibodies, prognostic factors, and long-term
outcomes in a cohort of patients with CA and GAD65-Abs.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study and laboratory
investigations at a center for autoimmune neurologic disorders among 34 patients with CA
and GAD65-Abs, including 25 with long-term follow-up data (median, 5.4 years; interquartile
range, 3.1-10.3 years).

MAIN OUTCOMES AND MEASURES Analysis of clinicoimmunologic features and predictors of
response to immunotherapy. Immunochemistry on rat brain, cultured neurons, and human
embryonic kidney cells expressing GAD65, GAD67, al-subunit of the glycine receptor, and a
repertoire of known cell surface autoantigens were used to identify additional antibodies.
Twenty-eight patients with stiff person syndrome and GAD65-Abs served as controls.

RESULTS The median age of patients was 58 years (range, 33-80 years); 28 of 34 patients
(82%) were women. Nine patients (26%) reported episodes of brainstem and cerebellar
dysfunction or persistent vertigo several months before developing CA. The clinical
presentation was subacute during a period of weeks in 13 patients (38%). Nine patients
(26%) had coexisting stiff person syndrome symptoms. Systemic organ-specific
autoimmunities (type 1diabetes mellitus and others) were present in 29 patients (85%).
Twenty of 25 patients with long-term follow-up data received immunotherapy (intravenous
immunoglobulin in 10 and corticosteroids and intravenous immunoglobulin or other
immunosuppressors in 10), and 7 of them (35%) improved. Predictors of clinical response
included subacute onset of CA (odds ratio [OR], 0.50; 95% Cl, 0.25-0.99; P = .047) and
prompt immunotherapy (OR, 0.98; 95% Cl, 0.96-0.99; P = .01). Similar frequencies of serum
GADG67-Abs were found in patients with CA (24 of 34 patients [71%]) and in patients with stiff
person syndrome (20 of 28 patients [71%]). However, GAD67-Abs were found in all of the
cerebrospinal fluid samples examined (22 samples from patients with CA and 17 samples from
patients with stiff person syndrome). Glycine receptor antibodies but not other cell surface
antibodies were identified in 4 patients with CA. The presence of glycine receptor antibodies
did not correlate with any specific clinical feature.

CONCLUSIONS AND RELEVANCE In patients with CA and GAD65-Abs, subacute onset of
symptoms and prompt immunotherapy are associated with good outcome. Persistent vertigo
or brainstem and cerebellar episodes can herald CA and should lead to GAD65-Ab testing,
particularly in patients with systemic organ-specific autoimmunities. Author Affiliations: Author )
affiliations are listed at the end of this
article.
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utoimmunity is increasingly recognized as a cause of
cerebellar dysfunction. Cerebellar ataxia (CA), associ-
ated with antibodies against the 65-kDa isoform of glu-
tamic acid decarboxylase (GAD65-Abs), is one of the best-
characterized cerebellar syndromes in which autoimmune
mechanisms probably have a relevant pathogenic role." After
stiff person syndrome (SPS), CA is the second most frequent
neurologic disorder associated with GAD65-Abs.? Current
knowledge of the clinical and immunologic profile of CA with
GADG65-Abs is based on small series and single case reports, and
the long-term outcomes after immunotherapy are unknown.">
The association of GAD65-Abs with various syndromes
such as SPS or CA has led to several hypotheses regarding the
possible pathogenicrole of these antibodies. The results of ex-
perimental investigations using monoclonal antibodies against
different GADG65 epitopes suggest that the various neurologic
syndromes could be related to the pattern of epitope recogni-
tion by human serum.* Alternatively, the occurrence of CA or
SPS could result from additional mechanisms mediated by
T cells® or antibodies against surface antigens such as those de-
scribed in several autoimmune encephalitis.® In this regard,
y-aminobutyric acid B receptor and glycine receptor antibod-
ies (GlyR-Abs) have been described in patients with concur-
rent GAD65-Abs and limbic encephalitis or SPS.7®
In this study, we retrospectively examined a cohort of pa-
tients with CA associated with GAD65-Abs. We aimed to bet-
ter characterize the clinical presentation, the immunologic pro-
file, the presence of additional antibodies against cell surface
antigens, and the long-term response to immunotherapy.

Methods

Patients

The study was approved by the ethics committee of the Hos-
pital Clinic, Barcelona, Spain. Written informed consent was
obtained from all patients for the storage and use of serum and
cerebrospinal fluid (CSF) samples for research purposes. Pa-
tients with CA and GAD65-Abs who were seen at the Hospital
Clinic or whose serum or CSF samples were examined at the
Institut d’Investigacions Biomédiques August Pi i Suny, Bar-
celona, Spain, between December 15, 1994, and April 4, 2013,
were included in the study if they met the following criteria:
(1) predominant or isolated cerebellar dysfunction at presen-
tation and the absence of another cause that could explain their
CA, (2) available clinical information, and (3) the presence of
high serum titers of GAD65-Abs confirmed by radioimmuno-
assay and immunohistochemistry.? Evidence has shown that
positive serum immunoreactivity using rat cerebellar sec-
tions is associated with high GAD65-Ab levels on radioimmu-
noassay (usually >2000 U/mL).? Overall, 49 potential study pa-
tients were identified, 15 of whom were excluded because of
alack of clinical information. Long-term follow-up data were
obtained in 25 of 34 patients (74%) (median, 5.4 years; inter-
quartile range, 3.1-10.3 years). Data were obtained from clini-
calrecords, and information was collected from referring neu-
rologists using a structured questionnaire mainly focused on
the clinical presentation, the presence of neurologic symp-
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toms preceding the cerebellar syndrome, concomitant symp-
toms of rigidity and spasms, and the response to immuno-
therapy. The onset of CA was defined as subacute when the
cerebellar symptoms reached their nadir or required neuro-
logic assessment within the first 3 months of symptom pre-
sentation. Ten patients were examined and followed up by 1
or more of us. Neurologic disability was measured by the modi-
fied Rankin Scale (mRS).° Patients with a history of cancer who
met the criteria for definite or possible paraneoplastic neuro-
logic syndrome were excluded from the study.'° Serum and CSF
samples used in the study were deposited in the Neuroinmu-
nologia collection of biological samples registered in the bio-
bank of the Institut d’Investigacions Biomédiques August Pi i
Sunyer, Barcelona, Spain.

Autoantibody Assays

All laboratory techniques have been previously reported and
are described in detail in the eMethods in the Supplement.
These include immunohistochemistry on frozen rat brain, im-
munoblot of human GAD65 recombinant protein (Diamyd),>
immunocytochemistry on cultures of rat hippocampal and cer-
ebellar granular neurons,>'-'> and immunocytochemistry on
human embryonickidney 293 cells transfected with the a-1sub-
unit of the GlyR (obtained by gift) and with GAD65 and GAD67
(OriGene).®

Statistical Analysis

Nonparametric tests were used when the distribution of the
analyzed variables differed from normal using the Kolmogorov-
Smirnov test. Good outcome was defined as an mRS score of
less than 3 at the last follow-up visit, and bad outcome was de-
fined as an mRS score of 3 or higher. In treated patients, im-
provement was defined as a decrease of at least 1 point on the
mRS at the last follow-up visit compared with the score at di-
agnosis. For the multivariate analysis, a generalized linear
model*® was used that included relevant or significant (P < .10
on univariate analysis) factors. As a dependent variable to ana-
lyze response to treatment, we used the change in mRS scores
from the onset to the last follow-up visit. Odds ratios (95% CIs)
were used to measure the effect of predictors on the exponen-
tial function of the regression coefficient. Statistical software
(SPSS Statistics version 19; IBM) was used for the analyses.

. |
Results

Clinical Characteristics at Diagnosis

The median age of patients was 58 years (range, 33-80 years);
28 of 34 patients (82%) were women. Twenty-nine patients
(85%) had concomitant systemic organ-specific autoimmune
disorders. Type 1 diabetes mellitus was present at diagnosis
in 13 patients (38%), and the incidence increased to 17 of 25 pa-
tients (68%) during the follow-up period. Twenty-one pa-
tients (62%) had other organ-specific autoimmune disorders,
mainly thyroiditis and pernicious anemia (Table 1). Thirteen
patients (38%) had subacute presentation of CA lasting for
weeks, while the other 21 patients (62%) had a chronic course
progressing during months or years. Overall, the demo-
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Table 1. Clinical and Immunologic Features of Patients Having CA or SPS With GAD65-Abs

CA SPS

Variable (n=34) (n=28) P Value
Age, median (range), y 58 (33-80) 56 (19-77) .19
Female sex, No. (%) 28 (82) 26 (93) .20
Type 1 diabetes mellitus at diagnosis, No. (%) 13 (38) 14 (50) .25
Other organ-specific autoimmune disorder

No. (%) 21 (62) 13 (46) .17

Thyroiditis, No. 18 7 NA

Pernicious anemia, No. 7 3 NA

Vitiligo, No. 2 3 NA

Other, No.? 3 0 NA
Tumor, No.? 4 1 .36
Epilepsy, No. (%) 4(12) 3(11) .61
GAD65-Ab radioimmunoassay, median (interquartile range), 1000 U/mL 20.8 (9.5-44.6) 15.0 (5.7-28.5) 31
CSF oligoclonal bands, No./total No. (%) 16/22 (73) 5/17 (29) .07
GADG65-Ab intrathecal synthesis, No./total No. (%)¢ 13/15 (87) 9/11 (82) .57
X-fold of GAD65-Ab intrathecal production, median (range)¢ 8.9 (2.2-95.2) 5.3(1.1-20.0) 43
GAD67-Abs

Serum, No. (%) 24 (71) 20 (71) .45

CSF, No./total No. (%) 22/22 (100) 17/17 (100) NA

Abbreviations: CA, cerebellar ataxia; CSF, cerebrospinal fluid; GAD65-Abs,
glutamic acid decarboxylase 65 antibodies; NA, not applicable; SPS, stiff person
syndrome.

2 Includes celiac disease, psoriasis, and myasthenia.

bThree tumors (thymoma, endometrial carcinoma, and breast cancer)
diagnosed at least 7 years (range, 7-7.6 years) before the onset of their CA. The
fourth patient manifested a myelodysplastic syndrome 6 years after the
diagnosis of CA. The only tumor in patients with SPS was a case of breast
cancer diagnosed 20 years after the onset of SPS.

¢ The index for intrathecal synthesis of GAD-Abs was calculated using the
following formula: (CSF GAD-ADb Titer Divided by Serum GAD-ADb Titer) Divided
by (CSF Albumin Level in Milligrams per Liter Divided by Serum Albumin Level
in Milligrams per Liter).2

d Calculated in reference to the general IgG ratio instead of the albumin ratio in
13 patients with CA and 11 patients with SPS.2

€ Seven patients having CA and 4 patients having SPS with CSF GAD67-Abs did
not manifest these antibodies in serum.

graphic features and autoimmune clinical associations of 34
patients with CA were similar to those of 28 patients with SPS
and GAD65-Abs.

Gait ataxia was the most common clinical presentation (31
patients), followed by limb ataxia (25 patients) that was asym-
metric in 20, dysarthria (24 patients), and nystagmus (20 pa-
tients). Muscle rigidity and spasms were identified in 9 pa-
tients (26%), and 4 of them manifested electromyographic
features of SPS (Table 2). Muscle rigidity and spasms oc-
curred at the time of their CA in 5 patients and 2 to 5 years later
in 3 patients. In 1 patient, leg spasms triggered by emotional
stimuli or anxiety were present 2 years before the onset of her
CA. Four patients also had epilepsy. In 3 of them, their epi-
lepsy antedated the diagnosis of CA by 15, 13, and 2 years. Two
of these patients met the criteria for refractory temporal lobe
epilepsy. The fourth patient developed 2 generalized seizures
18 months after the onset of CA.

Neurologic symptoms antedating the diagnosis of CA were
reported in 9 patients (26%), with 2 different profiles. Six pa-
tients reported fluctuating vertigo 7 to 26 months before de-
veloping CA. All manifested exacerbations that lasted days to
weeks. During this period, the neurologic examinations showed
no signs of CA. The remaining 3 patients had at least 1 episode
of transient neurologic deficit, suggesting brainstem or cer-
ebellar involvement, 2 to 24 months before the diagnosis of CA.
The first patient had an episode of isolated vertical diplopia
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that lasted 10 days. The second patient had 2 episodes of dys-
arthria and gait ataxia that lasted a few days. The third pa-
tient developed dysarthria and right arm ataxia that lasted for
2 months and resolved spontaneously. The presence of pro-
dromal symptoms was 3 times more common in men (P = .07).

Long-term Outcomes

Long-term follow-up data were available for 25 patients.
Figure 1 shows the type and duration of treatment during the
course of the disease. Five patients received no immuno-
therapy, and 2 patients were untreated for more than 2 years.
None of them improved, and the condition in 3 patients slowly
deteriorated. Twenty patients received immunotherapy, which
in 10 patients included intravenous immunoglobulin (IVIg),
while 9 patients received intravenous methylprednisolone
alone (4 patients) or in combination with IVIg (4 patients) or
rituximab (1 patient). One patient was treated with oral pred-
nisone (1 mg/kg/d). Among treated patients, 17 received vari-
ous types of maintenance therapy: 6 were treated with IVIg dur-
ing a median of 56.2 months (interquartile range, 24.4-121.5
months), and 11 received 1 or more regimen of oral corticoste-
roids, azathioprine, or mycophenolate mofetil.

The eFigure in the Supplement shows the degree of dis-
ability at diagnosis, at the end of the first treatment (up to 6
months), and at the last follow-up visit. At the last follow-up
visit, 11 patients had an mRS score of less than 3 (good out-
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Table 2. Symptoms of SPS in 9 Patients With CA and GAD65-Abs Having Muscle Rigidity and Spasms

Temporal
Sex/Age at Distribution Other SPS Neurophysiological Relationship Clinical Course
Diagnosis, y of Stiffness Symptoms Findings With CA Treatment of SPS and CA
F/53 Legs Frequent falls Compatible with SPS? Same time IVIg No change with SPS
and CA
F/77 Legs, trunk Leg spasms, Compatible with SPS 2y Later Oral IS, SPS improved and
lumbar pain rituximab later relapsed, CA
improved and then
progressed
F/76 Right leg Leg spasms Compatible with SPS Same time IVIg, rituximab, Remission of SPS
chronic IS after first-line
treatment and
relapsing at last visit
(5), slow partial
improvement of CA
F/50 Legs first, then Leg spasms, lumbar Compatible with SPS 2y Later PE, oral IS, SPS improved,CA
trunk hyperlordosis rituximab stable
M/74 Leg, trunk Leg spasms Sensorimotor Same time IVlg, oral IS Improvement of
polyneuropathy both syndromes
after 1y
F/40 Right leg Leg spasms Signs of denervation Same time IVIg, oral IS Both syndromes
stable
F/59 Legs, trunk Lumbar pain, Normal Same time IVlg, oral IS No response after
hyperlordosis 4 mo, patient lost to
follow-up data
F/52 Legs, first Leg spasms Not done 5y Later IVlg, PE Mild improvement of
asymmetric SPS spasms, CA
stable
F/52 Legs Leg spasms, Normal under 2y Before® IVig Clear improvement

agoraphobia
treatment

benzodiazepine

of SPS after 1 cycle,
no CA immediate
effect, patient lost
to follow-up data

Abbreviations: CA, cerebellar ataxia; F, female; GAD65-Abs, glutamic acid
decarboxylase 65 antibodies; IS, immunosuppression; IVIg, intravenous
immunoglobulin; M, male; PE, plasma exchange; SPS, stiff person syndrome.

@ Continuous motor unit potentials firing at rest and during contraction of

antagonist muscles in needle electromyographic recordings.

bThe patient experienced leg spasms triggered by emotional stimuli and
prominent anxiety. She was diagnosed as having conversion disorder until she
developed CA.

come), and 14 patients had an mRS score of 3 or higher (bad
outcome). Patients with good outcome had a better mRS score
at diagnosis than patients with bad outcome (median, 2 vs 3;
P =.01) and responded to immunotherapy more frequently
(6 patients [55%] vs 1 patient [7%], P = .01) (Table 3).

Among 20 patients who were treated, 10 showed clinical
improvement (>1 point on the mRS during the first 6 months
of treatment), which in 7 patients (35%) persisted at the last
follow-up visit. Four of them were treated with pulses of in-
travenous methylprednisolone, and 3 were treated with IVIg.
Four patients also received maintenance immunotherapy (for
1.1-4.9 years) with oral immunosuppressors (3 patients) or IVIg
(1 patient). Improvement after immunotherapy was more com-
mon in patients with subacute onset (5 of 7 subacute patients
[71%]vs 2 of 13 chronic patients [15%], P = .02). Age, sex, mRS
score at diagnosis, the presence of type 1 diabetes mellitus or
other autoimmune disorders, and evidence of cerebellar at-
rophy on magnetic resonance imaging at diagnosis were simi-
lar in responders and nonresponders. On multivariate analy-
sis, favorable predictors of clinical response included subacute
onset of CA (odds ratio, 0.50; 95% CI, 0.25-0.99; P = .047) and
prompt immunotherapy (odds ratio, 0.98; 95% CI, 0.96-0.99;
P=.01).

Immunologic Studies
All serum and CSF samples from patients with CA and SPS

included in the study showed reactivity to human embry-
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onic kidney cells transfected with GAD65. Similarly, all but
one CA serum samples were positive in immunoblots of
GADG65 recombinant protein, suggesting that the antibodies
from patients with CA and SPS recognize linear epitopes.
The assessment of GAD65-Abs by immunohistochemistry
revealed that in all cases the predominant IgG isotype was
IgG1. Additional isotypes were detected in a small propor-
tion of patients, including IgG3 in 2 of 34 patients with CA
and 2 of 28 patients with SPS and IgG2 in 2 of 34 patients
with CA and 6 of 28 patients with SPS.

The frequencies of serum GAD67-Abs were similar in pa-
tients with CA (24 of 34 patients [71%]) and in patients with
SPS (20 of 28 patients [71%]). GAD67-Abs were found in all CSF
samples available from 22 patients with CA and from 17 pa-
tients with SPS. GAD67-Abs were present in CSF samples but
notin serum samples of 7 patients with CA and 4 patients with
SPS having paired serum and CSF samples (Figure 2). Serum
and CSF samples from patients with CA did not immunoreact
with live hippocampal and granular cerebellar neurons,
and none manifested antibodies against N-methyl-D-
aspartate, y-aminobutyric acid B, and a-amino-3-hydroxy-5-
methylisoxazole-4-propionate receptors or leucine-rich
glioma-inactivated protein 1, dipeptidyl peptidase-like pro-
tein 6, and contactin-associated protein 2 antigens. In con-
trast, 4 patients with CA had GlyR-Abs in serum samples but
not in the 2 CSF samples available. The presence of GlyR-Abs
did not correlate with any specific clinical feature, no patient
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Figure 1. Individual Therapy Regimens in 25 Patients With Long-term Follow-up Data
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For visual purposes, periods of treatment or between-periods are approximate,
and therapeutic schemes are simplified. See the Long-term Outcomes
subsection of the Results section for a description of the types of induction
therapy and oral immunosuppression.

2Total follow-up: 283 months. Beyond 156 months, patient 3 was treated with

oral immunosuppression for 63 months and then observation.

bTotal follow-up: 209 months. Beyond 156 months, patient 10 continued
treatment with intravenous immunoglobulins.

“Total follow-up: 197 months. Beyond 156 months, patient 34 continued
treatment with oral immunosuppression.

had associated symptoms of SPS, and only one patient re-
sponded to immunotherapy.

|
Discussion

To our knowledge, this is the first study to describe the long-
term outcomes in a series of patients with CA and GAD65-
Abs. Our findings indicate that patients with subacute presen-
tation of CA are more likely to respond to immunotherapy and
achieve good functional status (mRS score, <3) and confirm that
a shorter delay in the initiation of immunotherapy predicts
clinical improvement.'#

jamaneurology.com

Previous autopsy studies'>'® of patients with CA and
GADG65-Abs revealed selective loss of Purkinje cells. How-
ever, the clinical improvement observed in some of our pa-
tients indicates that part of the cerebellar dysfunction at the
time of diagnosis may be due to functional impairment that
can be reversed by early onset of immunotherapy. Although
the pathogenic role of GAD65-Abs is unclear, studies'”'® have
shown that they interfere with the y-aminobutyric acid-ergic
synaptic transmission in tissue culture systems and that these
effects are reversible after removing the GAD65-Abs. In addi-
tion, intracerebellar injection of GAD65-Abs induces an in-
crease in glutamate levels that may lead to glutamate excito-
toxic effects.* These neurochemical and neurophysiological
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Table 3. Clinical Features of 25 Patients With Long-term Follow-up Data by Good Outcome (mRS Score, <3)

and Bad Outcome (mRS Score, 23)

Good Outcome

Bad Outcome

Variable (n=11) (n=14) P Value Abbreviati GADS5-Ab, glutami
- reviations: -Ab, glutamic
Age, median (range), y 69 (33-76) 54 (36-79) .58 acid decarboxylase 65 antibody:
Female sex, No. 9 13 41 IVIg, intravenous immunoglobulin;
Type 1 diabetes mellitus at diagnosis, No. 7 10 .50 mRS, modified Rankin Scale; SPS, stiff
d .
Associated SPS or epilepsy, No. 5 5 .46 person syndrome
@ From the onset of symptoms to

Subacute onset, No. 6 3 .09 immunotherapy.
mRS score at diagnosis, median (range) 2 (1-4) 3 (2-5) .01 b Includes high dose of
GAD65-Ab radioimmunoassay, median 11.5 (6.6-20.8) 20.1 (9.3-31.5) .28 corticosteroids, rituximab, or
(interquartile range), 1000 U/mL cyclophosphamide.
Time to treatment, median (range), mo® 5.88 (0.99-64.95) 6.70 (0.13-165.40) .49 < The other patients received
Treated, No. 9 11 .62 immunossupressors

Induction therapy® 3 5 49 (corticosteroids, azathlloprlne, or

- mycophenolate mofetil).

Maintenance .therapy / 10 50 9 Defined as sustained decrease in

IVlg as chronic therapy* 3 4 .64 mRS score of at least 1 point in
Improvement after therapy? 6 1 01 treated patients at the last
Total duration of disease, median (range), y 5.02 (1.52-9.15) 8.01 (0.98-23.61) .08 follow-up visit compared with mRS

score at diagnosis.

Figure 2. Reactivity of Serum and Cerebrospinal Fluid (CSF) Samples to Fixed Human Embryonic Kidney Cells

Expressing Glutamic Acid Decarboxylase 65 (GAD65) and GAD67
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Shown is reactivity of fixed cells
expressing human GAD65 and
GADG67 to serum samples (A-D and
I-L) and CSF samples (E-H and M-P) in
2 patients with cerebellar ataxia and
GADG5 antibodies (green) and to a
commercial monoclonal antibody
against GAD65 or GAD67 (red). The
nuclei of the cells are stained with
4',6-diamidino-2-phenylindole.
Patient CA34 manifests GAD67
antibodies in CSF (H) but not in
serum (D).

abnormalities could initially affect the function of Purkinje cells
without causingirreversible damage but may cause their death
in the long run.

The retrospective design of this study and the multi-
center locations of the patients make it difficult to recom-
mend a particular type of immunotherapy. The effect of vari-
ous immunotherapies has been described in single case reports
(summarized in the eTable in the Supplement).'*2° As in the
present series, the most common treatments used were cycles
of IVIg or methylprednisolone. Most of the described pa-
tients had a chronic presentation of symptoms, and treat-
ment was started after a median delay of 12 months (range,
2-120 months). Improvement was reported in 13 of 16 patients
(81%) compared with 7 of 20 patients (35%) in this series. How-
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ever, the figures are not comparable because the degree of im-
provement reported in many of these case reports would not
fulfill the required decrease of at least 1 point on the mRS as
used herein (eTable in the Supplement).18-28

As in SPS,3°3!' we observed that patients with CA who re-
sponded to immunotherapy did so early, during the first 6
months. A lack of improvement in this short period should be
an indication for switching to a second-line immunotherapy
or stopping treatment.3? Our study does not clarify whether
maintenance immunotherapy is useful: 3 of 7 patients who im-
proved with the initial treatment remained stable without sub-
sequent immunotherapy.

We have identified a previously unrecognized feature to
date of patients with CA and GAD65-Abs. Three patients (9%)
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reported episodes of diplopia or combinations of dysarthria and
ataxia of unclear etiology months before the development of
full-blown CA. In addition, 6 patients (18%) reported isolated
vertigo in the absence of other symptoms of cerebellar dys-
function. We consider that vertigo in these patients was her-
alding the development of more widespread involvement of
the cerebellum. This feature has been observed in other cer-
ebellar syndromes. In patients with spinocerebellar ataxia, epi-
sodic vertigo antedated the development of gait ataxia by sev-
eral years in 4% of patients.?® Investigations of selective
ischemicinfarcts of the cerebellum indicate that patients who
were seen with isolated vertigo more frequently had the in-
farct in the caudal vermis.3* Taken together, these data sug-
gest that in some patients GAD65 autoimmunity may result in
subtle, focal, or transient symptoms, likely representing in-
volvement of selective brainstem or cerebellar regions. In some
patients, particularly those with diseases that are associated
with GAD autoimmunity (eg, type 1 diabetes mellitus), the de-
velopment of persistent vertigo of unknown etiology or epi-
sodes of diplopia, dysarthria, or ataxia, should lead to
GADG65-Ab testing. In that clinical scenario, the detection of
high-titer GAD65-Abs (usually >2000 U/mL) should raise con-
cern about impending CA.

In our patients with CA, the immunologic response against
GAD did not differ from that observed in patients with SPS. We
found no significant increase in intrathecal production of
GAD65-Abs in patients having CA compared with those hav-
ing SPS, as previously suggested.?> A relevant observation was
that all patients in whom CSF samples could be analyzed mani-
fested GAD67-Abs, despite that some of them did not have
these antibodies in serum samples. The presence of GAD67-
Abs only in CSF, along with previous demonstration of intra-
thecal synthesis of GAD65-Abs?> and a different epitope rep-
ertoire noted between paired serum and CSF samples,3°®
strongly supports the presence of GAD-specific B cells in the
central nervous system and emphasizes the importance of
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examining the CSF in autoimmune disorders of the central ner-
vous system.

Except for 4 patients with CA who had concomitant GlyR-
Abs in serum samples, we did not find (as suggested in SPS3”)
other antibodies against neuronal surface antigens. Glycine re-
ceptor antibodies were initially described in patients having
progressive encephalomyelitis with rigidity and myoclonus.3®
More recently, GlyR-Abs were reported in 12% to 15% of pa-
tients with SPS (with or without GAD65-Abs) and in 3% of pa-
tients with epilepsy.®39-4° In our patients, the significance of
GlyR-Abs is unknown because the clinical course and out-
come did not differ in patients without this antibody. In 2 of
these 4 patients, CSF samples were available and were nega-
tive for GlyR-Abs in both of them. Although earlier described
patients having progressive encephalomyelitis with rigidity and
myoclonus showed GlyR-Abs in serum and CSF samples,*>+?
in patients with SPS or epilepsy GlyR-Abs were usually stud-
ied based on serum samples only.®394° Therefore, it is un-
clear whether the presence or absence of GlyR-Abs in CSF is
associated with different clinical phenotypes as recently re-
ported in other autoimmune encephalitis.*® Future studies
should determine the degree of syndrome specificity of GlyR-
Abs, comparing paired serum and CSF samples in larger groups
of patients and control subjects.

. |
Conclusions

Our findings reveal that patients with CA and GAD65-Abs may
respond to immunotherapy and maintain good functional sta-
tus for many years. The retrospective design of the study pre-
vents our making definite recommendations, but in our ex-
perience the use of IVIg or corticosteroids should be considered
in all patients with CA and GAD65-Abs, particularly those with
subacute presentation. Early initiation of treatment likely of-
fers a greater chance of improvement.
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eMethods. Supplemental Methods
1. GAD65-ab radioimmnunoassay.

GADG65-ab were measured by radioimmunoassay using a commercial kit (CIS biointernational. France) following
the manufacturer's instructions. Briefly, 20 pl of standards (SMS serum containing GAD-AD at different dilutions
expressed in arbitrary units U/ml), and serum samples, were incubated with 50 pl of '*I-labeled human recombinant
GADG6S5 for 2 hours at room temperature. Then, 50 pl of protein A-sepharose was added, and the mixture incubated
for 1 hour at room temperature. After centrifugation at 1500 g for 30 minutes at 4°C, the precipitates were counted
for '°I with a gamma scintillation counter. The results were interpolated in the standard curve constructed using the
dilutions of the positive control serum. For each serum conditions were established in that appropriate dilutions of
the serum produced results that were in the straight line portion of the standard curve.

2. Immunohistochemistry.

Wistar rats were anesthetized and perfused with saline followed with 4% paraformaldehyde in phosphate buffered
saline (PBS). The cerebellum was further fixated with 4% paraformaldehyde for 4 hours and cryoprotected with
20% sucrose in PBS overnight. Samples were frozen in isopentane chilled in liquid nitrogen. 10 mm frozen sections
were air-dried for 30 minutes and, after inhibition of endogenous peroxidase with 0.3% hydrogen peroxide in PBS
for ten minutes, were sequentially incubated with 10% normal goat serum for 20 minutes, patient's serum (screening
dilution 1:500) for 3 hours at 37°C, biotinylated goat anti-human IgG for 30 minutes, and the avidin biotin
immunoperoxidase complex (Vector Laboratories, Burlingame, CA) for 30 minutes. The reaction was developed
with 0.05% diaminobenzidine tetrahydrochloride (Sigma-Aldrich, St.Louis) with 0.01% hydrogen peroxide in PBS
with 0.5% Triton X-100. Dilution of antibodies was done in PBS with 0.3% Triton X-100. To study the GAD65-ab
IgG subtypes, brain section incubated with the positive GAD65-ab serum were subsequently incubated with
secondary biotinylated mouse monoclonal anti-human IgG 1-4 (Sigma-Aldrich, St.Louis) diluted 1:100 for IgG1 and
1:200 1gG2-4.

3. GAD65 immunoblot.

Human GADG65 recombinant protein (Diamyd, Stockholm, Sweden) was electrophoretically separated in a 4-12%
Bis-Tris polyacrylamide gel (Life Technologies, Carlsbad, CA) and transferred to PVDF membrane. After blocking
with 5% dry Carnation milk, strips were incubated with the patient's serum (1:1000 dilution) or GAD-6 monoclonal
antibody (Hybridoma Bank, Iowa City, IA) overnight at room temperature and incubated with biotinylated goat anti-
human IgG, diluted 1:1,000, or horse antimouse IgG (Vector Laboratories, Burlingame, CA), diluted 1:10000 in 5%
normal goat serum for 1 hour. Strips were then immunoreacted with an avidin-biotin technique and developed with
diaminobenzidine tetrahyrochloride.

4. Immunocytochemistry on HEK293 cells.

Fixed cells

HEK293 cells were transfected with plasmids containing the human GAD65 or GAD67 (OriGene, Rockville, MD).
Cells were grown for 24 hours after transfection before assessment. Transfected cells were fixed in 4%
paraformaldehyde, permeabilized with 0.3% Triton X-100 and then incubated with patients’ serum (1:40) or CSF
(1:5) along with a commercial mouse antibody against against the GAD65 (1:4000, GAD-6 Hybridoma Bank, lowa
City, IA), or the GAD67 (1:4000, Abcam, Cambridge), for 1 hour at room temperature, and the corresponding
fluorescent secondary antibodies (Alexa Fluor 488 goat anti-human IgG, A11013, diluted 1:1000; and Alexa Fluor
594 goat anti-mouse IgG, A11032, diluted 1:1000, both from Life Technologies, Carlsbad, CA). Results were
photographed under a fluorescence microscope using Zeiss Axiovision software.

Live cells

HEK293 cells were transfected with plasmids containing the human a1 subunit of the glycine receptor. Live
transfected HEK cells were incubated with serum (1:40) or CSF (1:5) of the patient together with the commercial
antibody against a1 subunit of the glycine receptor (dilution 1:1000, Synaptic Systems Goettingen, Germany) for 1

© 2014 American Medical Association. All rights reserved.



hour at 37°C, washed, and fixed with 4% paraformaldehyde for 5 minutes. After washing cells were then incubated
with the corresponding Alexa Fluor secondary antibodies indicated above.

5. Primary neuronal cell cultures and in vivo immunocytochemistry.

Hippocampal neurons were obtained from E18 Wistar rat embryos. Cells were enzymatically and mechanically
disrupted and resuspended in Neurobasal medium supplemented with B27 (Life Technologies, Carlsbad, CA).'
Granular cell cultures were prepared from dissected cerebella of 8-day-old Wistar rats and processed equally as
hippocampal neurons but using Neurobasal-A medium containing 25 mM of KCI and supplemented with B27.>
Cells were plated in poly-L-lysine pre-coated P24 plates and 10 uM cytosine-D-arabinofuranoside (Sigma-Aldrich,
St. Louis, MO) was added to the cultures 20 h after plating, to prevent proliferation of non neuronal cells.

In the immunocythochemistry experiments, samples (1:5 CSF dilution and 1:200 serum dilution) were incubated on
live neurons for 1 hour, then fixed with 4% paraformaldehyde and permeabilized with 0.3% Triton TX-100.
Appropriate fluorescent secondary antibodies were applied and the coverslips were mounted with Vectashield with
DAPI mounting media (Vector Laboratories, Burlingame, CA) and visualized with an Axio Imager M2 ZEISS
microscope.

© 2014 American Medical Association. All rights reserved.



eFigure. Degree of Disability at Diagnosis, at the End of the First Treatment (up to 6
Months), and at the Last Follow-up Visit
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Individual outcomes in 25 patients with CA and GAD 65-ab. Bars represent the mRS at onset (MRS 0); at 6 months of treatment
(mRS PT), and at last follow-up visit (MRS F). Patients are grouped in non-treated (patient 1 to 5) and treated with subacute (7 to
25) and chronic (6 to 24) onset. Patients’ number are the same than in Figure 1.

© 2014 American Medical Association. All rights reserved.



eTable. Case Reports of Patients With Cerebellar Ataxia and GAD65-Ab Treated With

Immunotherapy
Reference® | Age® | Onset Delay® | Induction Maintenance | Outcome (time®)
/sex | CA

Virgilio® 76/M | chronic 7 IV steroids Steroids Improved (11)

Planche 1° 72/F | subacute | 6 IVIg x2, rituximab | No Progressed after
IVIg, improved
after rituximab*
(10

Planche 2° 73/F | unknown | 36 IVIg, rituximab IVIg x3 Improved* (13)

Planche 3* 65/M | unknown | 36 IVig x2, No Progressed (17)

rituximab, Cy

Pedroso’ 51/M | chronic 108 IVIg x3 No Improved (4)

Nociti® 42/F | chronic 7 Steroids AZA Improved (21)

Nanri 1’ 51/F | unknown | 120 IVig x4 No Improved* (36)

Nanri 2’ 72/F | unknown | 48 IVig No Improved* (12)

Lauria® 66/F | chronic 5 IV steroids, 1VIg Steroids, Cy | Improved (17)

Bonnan 2° 38/F | chronic 12 IV steroids, IVIg, | No Improved* (36)

PE
Bonnan 3° 45/F | chronic 12 IV steroids, 1VIg Periodic IVIg, | Stable (31)
AZA

Bonnan 4° | 75/F | chronic 10 IV steroids No Stable (12)

Bayreuther™” | 47/F | chronic 24 IVIlg No Improved* (6)

Vulliemoz' | 58/M | subacute | 2 IV steroids Steroids, Improved (8)

AZA
Abele™ 50/F [ chronic | 216 IVIg x2 No Improved* (2)
McFarland™ | 70/M | chronic 9 IVlg, PE AZA Improved (19)

3same references indexed in main text, but in different order. °At diagnosis. “Months from onset of CA until first treatment. “Months from onset of
treatment to last follow-up visit. *Description in text reflects mild improvement. None of them improved more than 12/100 points in the ICARS
(International Cooperative Ataxia Rating Scale). These patients probably would not achieve a shift in the mRS and the effect of therapy should be
interpreted as stable response when compared with the data of our series.

AZA: azathioprine; CA: cerebellar ataxia; Cy: cyclophosphamide; IV: intravenous; 1VIg: intravenous immunoglobulins; PE: plasma exchange

© 2014 American Medical Association. All rights reserved.
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EDITORIAL

Opinion

Association of Paraneoplastic Neurological Disorders
With Glutamic Acid Decarboxylase Antibodies

Christian G. Bien, MD

Anincreasing number of antineural IgG antibodies have been
detected since the 1980s in patients with autoimmune cen-
tral nervous system disease. Antibodies to intracellular anti-
gens were initially found and antibodies to antigens on the

neural surface have now been
= identified. Antibodies to the
Related article page 874 intracellular enzyme glu-

tamic acid decarboxylase
(GAD) were one of the earliest antibodies discovered." How-
ever, not all antibodies have the same value. This means that
not all are pathogenic, specific for defined syndromes, and in-
dicative for responsiveness to immunological treatment. An-
tibodies to the N-methyl-D-aspartate receptor and defined an-
tigens in the voltage-gated potassium channel complex, such
as leucine-rich glioma inactivated protein 1 and contactin-
associated protein 2 (most likely the antibodies to the a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor, the
y-aminobutyric acid B receptor, the glycine receptor, and oth-
ers as well), are high-rank antibodies in that sense. However,
other antibodies have their flaws because they lack 1 or more
of these criteria. Antibodies to GAD are quite specific and are
found in stiff-man syndrome, cerebellar ataxia, limbic en-
cephalitis, and temporal lobe epilepsy.? Specificity beyond 1
single syndrome is not uncommon. Even the high-rank anti-
bodies are not entirely specific, as observed in the N-methyl-
D-aspartate receptor antibodies.># However, as already dis-
cussed in the Solimena et al article, the intracellular location
of GAD makes an in vivo immunological reaction unlikely; GAD
antibodies are probably not pathogenic on their own.! The re-
sponse of GAD antibodies to treatment is not as effective as,
for example, antibodies to elements of the voltage-gated po-
tassium channel complex.> Taken together, GAD antibodies,
even if they are high titer, are somehow considered second-
class antibodies.

Despite these limitations, GAD antibodies have fascinat-
ing features. Neurological researchers have made observa-
tions that keep challenging the too-nihilistic view on the value
of these antibodies. Glutamic acid decarboxylase antibodies
are found in patients with neurological symptoms usually at
high titers and can be picked up by a number of techniques,
such as radioimmunoprecicitation or enzyme-linked immu-
nosorbent assays, rodent brains, cell-based assays, and im-
munoblots. These antibodies are relatively frequent. Al-
though they are directed to an intracellular target, they are not
asregularly associated with paraneoplastic syndrome (PNS) as
the classic onconeural antibodies that are also directed to in-
tracellular antigens, such as Hu and Yo, among others.? Glu-
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tamic acid decarboxylase antibodies have prognostic impli-
cations because they usually indicate long-term difficult-to-
treat courses. For example, epilepsy associated with GAD
antibodies is usually resistant to antiepileptic and immuno-
therapeutical interventions.® However, in stiff-man syn-
drome with GAD antibodies, there is a prospective placebo-
controlled immunotherapy trial demonstrating a superior
outcome on intravenous immunoglobulins.” Glutamic acid de-
carboxylase autoimmunity often does not stand alone but is
part of polyendocrine autoimmunity and is frequently asso-
ciated with additional antibodies (eg, thyroid antibodies). Glu-
tamic acid decarboxylase is a prominent enzyme in the cen-
tral nervous system. It catalyzes the conversion of the main
excitatory neurotransmitter (glutamate) to the main inhibi-
tory transmitter (y-aminobutyric acid). Should that not sug-
gest a potential pathogenic potency of the GAD antibodies,
given the frequent hyperexcitatory characters of associated
neurological syndromes? Several animal transfer studies have
been performed with material from patients with GAD anti-
bodies. These studies have been interpreted as showing patho-
genic effects of the antibodies, possibly modulated by subtle
differences in antigenic targeting (see the Manto et al study®
with further references). However, other authors suggested that
itis not the GAD antibodies but accompanying other antibod-
ies that exert these pathogenic effects. An example for this po-
sition is a study by Gresa-Arribas et al® with Francesc Graus,
MD, PhD, as the senior author. It is 1 of more than 20 studies
on GAD antibodies that he has authored.

In this issue of JAMA Neurology, Arifo et al'° present novel
data on GAD antibodies. In their collection of 121 cases with
high-titer GAD antibodies, the authors found an unexpect-
edly large number of patients (n = 15; 12%) with tumors clas-
sified as having a definite or possible PNS. None of them had
classic onconeural antibodies. However, 8 of 15 patients with
PNS had additional antibodies directed to the following tar-
gets: y-aminobutyric acid B receptors, y-aminobutyric acid A
receptors, glycine receptors, or unknown targets on neuronal
cell surfaces. This underlines the impression that GAD anti-
bodies more likely come together with additional antibody re-
activities compared with other antibodies. Although there have
been some small-scale studies on patients with GAD antibod-
ies and tumors, to our knowledge, this is the first large sys-
tematic study of this constellation. Arifio et al'° are well known
for their experience with PNS. This makes it possible that the
large number of these syndromes in their biobank is owing to
a higher likelihood that materials from patients with tumors
are sent to their laboratory. However, even if one takes into ac-
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count a slight overestimation of this constellation, the study is
novel and important. Some years ago prior to the era of the sur-
face antibodies, the clinical description of patients with PNS with
GAD antibodies would have been possible, however, not with
evidence of concomitant antibodies that might portend an un-
derlying tumor. With the emergence of antibodies to surface an-
tigens, half of patients with PNS and GAD antibodies are found
to harbor such surface antibodies as well. Many neurologists con-
clude that a comprehensive antibody workup of patients, in-
cluding those to the novel surface antigens, should be part of
an adequate assessment of patients suspected to have an im-
munological basis of their central nervous system disease. One
can imagine that the 121 patients from the Arifio et al study*®
would have only been tested for GAD antibodies and classic on-
coneural antibodies (as was typical several years ago). Detec-
tion of the usually nonparaneoplastic GAD antibodies often
might have satisfied the physician prematurely. Part of the tu-
mors might have gone unnoticed, with potentially negative con-
sequences for the affected patients quoad vitam. However, with
inclusion of the surface antigens in the antibody test battery,
an additional antibody was found that would trigger a tumor
search in at least half of the patients with PNS. For example,
y-aminobutyric acid B antibodies are known to occur in half of
cases with tumors. However, because half of the patients with
PNS and GAD antibodies had negative test results for other
known antibodies, Arifio et al'® suggested screening every pa-
tient with GAD antibodies for a potentially underlying tumor.

ARTICLE INFORMATION

As a relevant further merit of the study, the authors re-
fined our view of the syndromic presentation of patients with
positive GAD antibodies. Arifio et al'® observed in their own
patients and those reported in the literature that paraneoplas-
tic cases with GAD antibodies were particularly likely to have
a classic PNS (eg, limbic encephalitis and subacute cerebellar
degeneration) compared with less specific presentations, such
as pure epilepsy or stiff-man syndrome. Another finding was
that paraneoplastic patients with stiff-man syndrome and those
with a thymic neoplasm seemed to have a particularly good
outcome.

Glutamic acid decarboxylase antibodies are worth being
studied as part of a broad antibody search in patients with
suspected autoimmune or paraneoplastic neurological disor-
ders. These antibodies may pave the way to the identifica-
tion of a tumor. Even if a patient does not have a paraneo-
plastic syndrome, GAD antibodies have a sufficient
syndromic specificity to terminate an extensive diagnostic
process if found in a patient with a typical GAD antibody
syndrome. Glutamic acid decarboxylase antibodies have
prognostic implications. They often herald a chronic and
difficult-to-control disorder without a rapid and terminal
decline. These antibodies may occur in patients with under-
lying tumors; thus, a tumor search is warranted. By clarify-
ing this, Arifio et al'® have enhanced our understanding and
refined our management of neurological conditions associ-
ated with GAD antibodies.
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IMPORTANCE Little is known of glutamic acid decarboxylase antibodies (GAD-abs) in the Supplemental content at
paraneoplastic context. Clinical recognition of such cases will lead to prompt tumor diagnosis jamaneurology.com
and appropriate treatment.

OBJECTIVE To report the clinical and immunological features of patients with paraneoplastic
neurological syndromes (PNS) and GAD-abs.

DESIGN, SETTING, AND PARTICIPANTS Retrospective case series study and immunological
investigations conducted in February 2014 in a center for autoimmune neurological
disorders. Fifteen cases with GAD65-abs evaluated between 1995 and 2013 who fulfilled
criteria of definite or possible PNS without concomitant onconeural antibodies were included
in this study.

MAIN OUTCOMES AND MEASURES Analysis of the clinical records of 15 patients and review of
19 previously reported cases. Indirect immunofluorescence with rat hippocampal neuronal
cultures and cell-based assays with known neuronal cell-surface antigens were used. One
hundred six patients with GAD65-abs and no cancer served as control individuals.

RESULTS Eight of the 15 patients with cancer presented as classic paraneoplastic syndromes
(5 limbic encephalitis, 1 paraneoplastic encephalomyelitis, 1 paraneoplastic cerebellar
degeneration, and 1 opsoclonus-myoclonus syndrome). When compared with the 106
non-PNS cases, those with PNS were older (median age, 60 years vs 48 years; P = .03), more
frequently male (60% vs 13%; P < .001), and had more often coexisting neuronal cell-surface
antibodies, mainly against y-aminobutyric acid receptors (53% vs 11%; P < .001). The tumors
more frequently involved were lung (n = 6) and thymic neoplasms (n = 4). The risk for an
underlying tumor was higher if the presentation was a classic PNS, if it was different from
stiff-person syndrome or cerebellar ataxia (odds ratio, 10.5; 95% Cl, 3.2-34.5), or if the patient
had coexisting neuronal cell-surface antibodies (odds ratio, 6.8; 95% Cl, 1.1-40.5). Compared
with the current series, the 19 previously reported cases had more frequent stiff-person
syndrome (74% vs 13%; P = .001) and better responses to treatment (79% vs 27%;

P = .005). Predictors of improvement in the 34 patients (current and previously reported)
included presentation with stiff-person syndrome and the presence of a thymic tumor.

CONCLUSIONS AND RELEVANCE Patients with GAD-abs must be screened for an underlying
cancer if they have clinical presentations different from those typically associated with this
autoimmunity or develop classic PNS. The risk for cancer increases with age, male sex, and
the presence of coexisting neuronal cell-surface antibodies.
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igh serum levels of antibodies to the synaptic en-

zyme glutamic acid decarboxylase (GAD-abs) isa very

sensitive biomarker of stiff-person syndrome (SPS) and
have also been described in subgroups of patients with limbic
encephalitis (LE)," cerebellar ataxia,? epilepsy, and isolated
cases of palatal tremor, as well as downbeat or periodic alter-
nating nystagmus.? Patients with neurological syndromes as-
sociated with GAD-abs are not considered at risk for cancer and
extensive search for a tumor is not indicated unless they har-
bor additional onconeural antibodies. However, there are case
reports of patients with GAD-abs whose cancer was identi-
fied by the time of the neurological diagnosis, suggesting a
paraneoplastic mechanism.*> Whether these cases represent
a casual association or a true GAD-ab-associated paraneoplas-
tic neurological syndrome (PNS) is unclear.

The discovery of antibodies against neuronal cell-surface
receptors and synaptic antigens in patients with encephalitis
adds complexity to the study of GAD-ab-associated neuro-
logical syndromes. Patients with LE may have coexistent
GAD-abs and antibodies against the y-aminobutyric acid
(GABA) b receptor, and this association seems more frequent
in patients with cancer.® A systematic determination of neu-
ronal cell-surface antibodies has not been done in patients with
GAD-abs and suspected PNS.

In this study, we retrospectively examined a cohort of pa-
tients with clinical criteria of definite or possible PNS but with-
out onconeural antibodies in whom GAD-abs were identified
during investigations for a paraneoplastic etiology. In addi-
tion, we performed a systematic review of previously reported
cases of GAD-ab-associated PNS. The aims of this study were
to describe the PNS and tumor types associated with GAD-abs,
the occurrence of additional neuronal cell-surface antibodies,
and the neurological response to cancer treatment and immu-
notherapy, as well as to provide the more frequent GAD-abs
clinical settings in which a tumor screening is warranted.

Methods

Patients

In February 2014, we retrospectively identified patients ex-
amined between 1995 and 2013 with definite or possible diag-
nosis of PNS according to the PNS Euronetwork criteria,” whose
serum samples were sent to our laboratory for the determina-
tion of onconeural antibodies but routine immunohistochem-
istry on paraformaldehyde-perfused brain tissue revealed
GAD-ab reactivity (a positive brain tissue serum reactivity in-
dicates high GAD-ab levels, usually >2000 U/mL when deter-
mined by radioimmunoassay). In all samples with evidence
of GAD-ab reactivity, the presence of GAD-abs was subse-
quently confirmed by radioimmunoassay. All patients were
seen by at least 1 of the authors. Basic clinical information was
obtained from medical records and additional information was
collected through a structured questionnaire focused on symp-
tom presentation, type of tumor, and response to immuno-
therapy and tumor treatment. Neurological disability was mea-
sured by the modified Rankin Scale®; a change of 1 point was
required to define improvement or symptom progression.

jamaneurology.com
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To compare the findings of our patients with those of pre-
viously reported cases, we performed a comprehensive PubMed
search using the terms GAD antibodies AND cancer and identi-
fied all cases until January 1, 2015. Only cases published in Eng-
lish that included clinical information were included. Articles
were also identified by searches of the authors’ files.

To define the frequency of a paraneoplastic etiology among
different GAD-ab-associated neurological syndromes, we
searched in our database for all cases diagnosed as having GAD-
ab-associated neurological syndromes without cancer dur-
ing the same period as the PNS cases were diagnosed. In total,
106 patients were identified, including 39 with cerebellar ataxia,
32 with SPS, 18 with isolated epilepsy, and 17 with LE (eFigure
in the Supplement).

Patients’ serum and cerebrospinal fluid (CSF) samples
are deposited in the collection of biological samples named
Neuroinmunologia registered in the Biobank of Institut
d’Investigacions Biomeédiques August Pi i Sunyer (IDIBAPS).
Written informed consent for the storage and use of the samples
for research purposes was obtained from all patients. The study
was approved by the ethics committee of the Hospital Clinic
of Barcelona, Barcelona, Spain.

Autoantibody Assays

Levels of GAD65-abs were detected by enzyme-linked immu-
nosorbent assay (RSR Limited) using a commercial kit follow-
ing the manufacturer’s specifications. Because GADG65 titers in
neurologic syndromes are high, serum and CSF samples were
titrated to determine the optimal dilution factor. Briefly, en-
zyme-linked immunosorbent assay wells were seeded for 1 hour
with patients’ serum samples diluted 1:10 000 or CSF diluted
1:200, followed by 1-hour incubation with GADG65 biotinylated
protein, and 20-minute incubation with streptavidin peroxi-
dase. In addition, serum and CSF samples were tested for an-
tibodies to intracellular and neuronal cell-surface antigens using
brain immunohistochemistry, as previously reported.®>'° On-
coneural antibodies to Hu, Yo, Ri, CV2, amphiphysin, and Ma1/2
were determined with immunoblot assays and GAD67, gephy-
rin (cotransfected 1:1 with collybistin), and neuronal cell-
surface antibodies were investigated using in-house cell-
based assays, including leucine-rich, glioma-inactivated 1,
contactin-associated protein-like 2, GluN1/2B subunits of the N-
methyl-D-aspartate receptor, GluR1 and 2 subunits of the
a-amino-3-hydroxy-5-methyl-4-isoxazolepropionate, Bl and B2
subunits of the GABADbR, a1 and 33 subunits of the GABAaR, and
the a1 subunit of the glycine receptor (GlyR), as reported.** All
DNA sequences were purchased from Origene except from those
of GlyR, gephyrin, and collybistin (a gift of R. J. Harvey, PhD,
Department of Pharmacology, University College London School
of Pharmacy, London, England).

To demonstrate the expression of GAD65 and GAD67 in the
tumor, paraffin sections were deparaffinized and the antigen
retrieved, as reported.* After inhibition of endogenous per-
oxidase with 0.3% hydrogen peroxide in phosphate-buffered
saline for 15 minutes, sections were incubated with GAD65 (Hy-
brioma Bank) or GAD67 (Abcam) monoclonal antibodies (di-
luted 1:1000) overnight at 4°C, and developed with the avidin-
biotin peroxidase technique (Vector Laboratories).
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Table 1. Clinical and Immunological Features of Patients With and Without PNS With GAD Antibodies

PNS Non-PNS
Characteristic (n=15) (n=106) P Value
Age, mean (range), y 60 (29-80) 48 (5-79) .03
0,
Faills, e (69 &) 02 () SO Abbreviations: CSF, cerebrospinal
Diabetes mellitus at onset, No./total No. (%) 2/13 (15) 31/74 (42) 12 fluid; GAD, glutamic acid
Other organ-specific autoimmune disorder, No./total 4/13 (31) 43/75 (57) 13 decarboxylase; IQR, interquartile
No. (%) range; LE, limbic encephalitis;
Clinical syndrome PCD, paraneoplastic cerebellar
Encephalitis (LE, n = 5)° 6 (26)° 17 degeneration; PEM paraneoplastic
encephalomyelitis;
Cerebellar ataxia (PCD, n = 1)° 4 (9)° 39 PNS, paraneoplastic neurological
Stiff-person syndrome 2 (6)° 32 syndromes.
Opsoclonus-myoclonus syndrome? 1 (100)® <.001 @ Classic PNS.
PEM? 1(100)° b Percentage of patients in whom the
syndrome was paraneoplastic.
Other® 1(100)° o )
: 5 < Axial rigidity, vertigo, and
Isolated epilepsy 0(0) 18 dysautonomia (see the Results
GADG65-ab titer, median (IQR) section).
Serum, x10° U/mL 10.5 (1.2-31.9) 5.9 (2.9-13.2) 79 dy-Aminobutyric acid bR antibody
CSF, x10° U/mL 3.5 (1.2-57.1) 7.5(1.7-17.2) 86 (n = 3). y-aminobutyric acid aR
antibody (n = 2), glycine receptor
GAD67-ab, No./total No. (%) antibody (n = 1), and unknown
Serum 8/13 (62) 93/106 (88) .03 antigen (n = 2).
CSF 4/7 (57) 61/61 (100) <.001 €y-Aminobutyric acid aR antibody
Neuronal cell-surface antibodies, No./total No. (%) 8/15 (53) 12/106 (11)° <.001 (n = 6) and glycine receptor

Statistical Analysis

The Fisher exact test was used to assess proportions when the
expected frequencies were small (<5). For multivariate analy-
sis of the probability of paraneoplastic origin in the present se-
ries, a logistic regression, including factors with a P value of
.10 or lessin the univariate analysis, was used. P < .05 was con-
sidered statistically significant. The software used was Stata
version 13.1 (StataCorp).

. |
Results

Fifteen patients with PNS and GAD-abs were identified. None
ofthem had onconeural antibodies (Table 1). Eight of them ful-
filled the criteria of definite PNS and 7 of possible PNS. The mean
age was 60 years (range, 29-80 years) and 6 (40%) were women.
The most frequent clinical syndromes included encephalitis (6
patients; 5 of them had typical LE”) and cerebellar ataxia (4 pa-
tients; 1 of them had been previously reported).> One patient
fulfilled criteria of paraneoplastic cerebellar degeneration,”
whereas the remaining 3 had a slowly progressive course of the
disease more suggestive of degenerative ataxia. Two addi-
tional patients developed SPS, 1 opsoclonus-myoclonus syn-
drome, 1 paraneoplastic encephalomyelitis (previously
reported*), and 1a syndrome that included vertigo, ataxia, axial
rigidity, and dysautonomia (eTable 1 in the Supplement).

Six patients had lung cancer (4 of them small-cell lung can-
cer [SCLC]), 4 had neuroendocrine tumors (2 pancreas and 2
thymic carcinoids), 2 had thymoma, 2 had breast cancer, and
1had non-Hodgkin lymphoma. The neurological syndrome an-
tedated the diagnosis of the cancer in 10 patients and led to
the diagnosis of a tumor relapse after 10 years of remission in
another patient. The median delay between the diagnosis of

JAMA Neurology August 2015 Volume 72, Number 8

antibody (n = 6).

the neurological syndrome and cancer was 2.7 months (inter-
quartile range, 1.2-4.5 months).

All patients received immunotherapy: 11 high-dose corti-
costeroids, associated with intravenous immunoglobulins in
6; 2 with isolated intravenous immunoglobulins; 1 with intra-
venous immunoglobulins combined with rituximab; and 1 with
intravenous immunoglobulins followed by cyclophospha-
mide. In addition, 10 patients (71%) had oncological treat-
ment (surgery, chemotherapy, and radiotherapy alone or com-
bined). Clinical follow-up was available for all 15 patients: 8
(53%) had clinically progressed (5 had died owing to PNS); 4
were stable; and 3 had neurological improvement (all 3 with
neoplasms of the thymus: 2 thymomas and 1 thymic carci-
noid) (eTable 1in the Supplement).

Immunological Studies
Serum and CSF GAD65-ab levels were similar in patients with
or without PNS. The frequency of GAD67-abs was signifi-
cantly lower in patients with PNS, particularly in CSF (Table 1).
Gephyrin antibodies were not detected. Neuronal cell-
surface antibodies were detected in 8 of 15 patients (53%). The
antibodies, type of associated syndrome, and tumor were as
follows: 3 patients with GABADR antibodies (2 LE with SCLC
and 1 paraneoplastic cerebellar degeneration with thymic car-
cinoma), 2 patients with GABAaR antibodies (2 LE with SCLC
and thymoma), 1 patient with GlyR antibodies (cerebellar ataxia
and thymic carcinoma), and 2 patients with antibodies against
unknown neuronal cell-surface antigens (2 epidermoid lung
cancer with opsoclonus-myoclonus syndrome and ataxia and
myoclonus).

Tumor expression of GAD was assessed in 3 patients, 2 of
them were previously reported.*> The 3 cases had a neuroen-
docrine tumor (2 pancreatic and 1 thymic carcinoma) that were

jamaneurology.com
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Figure 1. Glutamic Acid Decarboxylase (GAD) Reactivity in a Pancreatic Tumor Sample
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Immunohistochemistry (of patient 9 in eTable 1in the Supplement) revealed the
tumoral expression of synaptophysin (A) and both isoforms of GAD (C and D).

Contiguous section of the tumor immunostained with a monoclonal antibody
against CD20 (B) shows infiltrates of B lymphocytes.

found to express GAD65. Only one tumor was tested for ex-
pression of GAD67 and it was found to be positive (Figure 1).

Comparison With Patients With GAD-abs Without Cancer

Compared with the 106 patients with nonparaneoplastic
GAD-ab-associated disorders, patients with PNS were older
(median age, 60 years vs 48 years; P = .03), were more fre-
quently male (60% vs 13%; P < .001), had more often coexis-
tent neuronal cell-surface autoantibodies (53% vs 11%;
P <.001), and presented a different clinical profile (more clas-
sic PNS than SPS or cerebellar ataxia) (Table 1). Taking into ac-
count the clinical presentation, patients presenting with a syn-
drome different from SPS, cerebellar ataxia, or isolated epilepsy
had a 10-fold increased risk for being paraneoplastic (odds ra-

jamaneurology.com

tio, 10.5; 95% CI, 3.2-34.5). Similarly, the detection of neuro-
nal cell-surface antibodies carried a 7-fold increased risk for
the presence of an underlying tumor (odds ratio, 6.8; 95% CI,
1.1-40.5). In a multivariate analysis that included age, sex, and
the presence of neuronal cell-surface antibodies, the clinical
presentation remained the most robust predictor of a para-
neoplastic origin (odds ratio, 33.2; 95% CI, 5.0-220.2).

Comparison With Previously Reported

GAD-ab-Associated PNS

A literature search identified 23 patients with PNS and iso-
lated GAD-abs. Three patients'?"* were excluded from analy-
sis because the period between the development of PNS and
tumor diagnosis was unknown or longer than 2 years.” An-
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Table 2. Clinical Features and Tumor Associations in Patients With PNS With GAD-abs From the Present Study

and Previously Reported Cases'®3*

No. (%)
Present Series Literature Review
Feature (n=15) (n=19) P Value
Definite PNS 8 4 .05
Age, mean (range), y 60 (29-80) 56 (31-85) 43
Sex
Male 9 9 0
Female 6 10 ’
Autoimmune diseases® 6 5 .39
PNS first, mo 11 17 0
Median delay to tumor diagnosis (IQR), mo 2.7 (1.2-4.5) 1(1-3.9) ’ o .
linical synd Abbreviations: CA, cerebellar ataxia;
Clinical syndrome GAD-abs, glutamic acid
SPS (SLS) 2 (0) 14 (5) decarboxylase antibodies;
Encephalitis (LE) 6 (5) 0 HD, Hodgkin disease;
oMS 1 2 001 IQR, mter_q_uamle range; LE, limbic
encephalitis; MM, multiple myeloma;
CA (PCD) 41 1 NHL, non-Hodgkin lymphoma;
Other 2 (PEM and brainstem) 2 (PEM and PERM) OMS, opsoclonus-myoclonus
Tumors syndrome; PCD, paraneoplastic
) _ cerebellar degeneration;
Lung (SCLC) 6 (4) 4 (3) (Mesothelioma, n = 1) PEM, paraneoplastic
Thymoma (malignant) 4(2) 6 (1) encephalomyelitis;
Breast 2 4 73 PERM, progressive
Hematological 1 (NHL) 3 (MM, NHL, and HD) encephalomyelitis, rigidity, and

Other
Clinical outcome

2 (Pancreas)

2 (Kidney and cavum)

Improved 4 15
Stable 3 0
Worse (death) 8 (5) 4 (4)

myoclonus; PNS, paraneoplastic
neurological syndrome;

SCLC, small-cell lung cancer;
SLS, stiff-limb syndrome;

005 SPS, stiff-person syndrome.

2 Type 1diabetes mellitus, thyroiditis,
or myasthenia.

other patient was excluded because the neurological syn-
drome (SPS) occurred after autologous bone marrow trans-
plantation for multiple myeloma, raising the possibility of an
abnormal immune reconstitution rather than PNS as the cause
of SPS.*> The clinical information of the remaining 19 patients
is summarized in eTable 2 in the Supplement.'6-34

Among these 19 patients, 53% were female. Stiff-person
syndrome was the most common neurological syndrome
(74%), with a remarkable frequency of focal forms (36%). By
contrast, none of the patients developed LE, which was the
most prevalent syndrome in the present series. The distribu-
tion of associated tumors was also different. Thymic tumors
were the most frequent neoplasm (6 patients), followed by lung
cancer (4 patients) and breast cancer (4 patients). Compared
with the present series, the previously reported cases ap-
peared to have better outcomes (79% vs 27%; P = .005; Table 2).

When considering together the 15 current PNS cases and
the 19 previously reported, the probability of clinical improve-
ment was greater in patients with thymic tumors, either be-
nign or malignant (100% vs 38% other tumors; P = .001) and
in those with SPS (75% vs 39% other syndromes; P = .03). Sur-
vival curves are shown in Figure 2.

|
Discussion

In some neurological syndromes with antibodies different from
those strongly associated with cancer (onconeural antibod-

JAMA Neurology August 2015 Volume 72, Number 8

ies), the immune response can be occasionally triggered by an
underlying tumor and the syndrome is considered paraneo-
plastic. An example is LE, which, when it is associated with
GABADbR-abs, may be idiopathic (autoimmune) or caused by an
immune response against a tumor, usually SCLC, that ex-
presses GABADR.®!! Patients with SPS, cerebellar ataxia, or other
neurological syndromes that typically associate with GAD-abs
rarely have cancer and therefore an aggressive or repeated tu-
mor search is not indicated. However, our study showed that
when GAD-abs occur in patients with LE or other classic PNS
(paraneoplastic cerebellar degeneration, opsoclonus-
myoclonus syndrome, or paraneoplastic encephalomyelitis)” the
risk for cancer is 10-fold higher than that in patients with SPS
or cerebellar ataxia and the workup for a tumor is mandatory.
Therole of the tumor as a trigger of the immune response is sup-
ported by the demonstration of GAD65 in the tumors of these
patients.*> The higher frequency of classic PNS in our series com-
pared with the predominance of SPS in previously published
cases probably reflects the fact that our laboratory receives
samples from patients with a wide spectrum of neurological syn-
dromes, not only from those typically related to GAD-abs.

A second important observation of our study was that the
probability of an underlying cancer was 7 times higher in pa-
tients with GAD-abs and coexisting antibodies against neuro-
nal cell-surface antigens. Therefore, the determination of these
antibodies in patients with GAD-abs is indicated particularly
in cases of LE or cerebellar ataxia. The neuronal cell-surface
antibodies predominantly identified were against GABA re-

jamaneurology.com
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Figure 2. Kaplan-Meyer Survival Curves of 34 Patients With Paraneoplastic Glutamic Acid Decarboxylase

Syndromes by Tumor and Neurological Syndrome

E Thymic vs other tumors
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A, Survival curves for 10 patients with
thymic tumors compared with 24
with other tumor types. B, Survival
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stiff-person syndrome and 18 with
other neurological syndromes.

ceptors. y-Aminobutyric acid bR antibodies usually occur in
patients with LE and 58% of patients with these antibodies as-
sociate with cancer, mainly SCLC.3>3° y-Aminobutyric acid aR
and GlyR antibodies have been reported in a few patients with
thymoma.3”-3® However, it is important to keep in mind that
with the exception of GABAbR-abs that are often detected in
GAD-ab patients with cancer,® the antibodies against
GABAaR or GlyR are more frequently found in nonparaneo-
plastic patients with GAD-abs.3°

The analysis of our series and the cases previously re-
ported identified 3 subgroups of patients in whom GAD-ab-
associated syndromes can be paraneoplastic. The first group
included patients with classic PNS or neurological syn-
dromes not usually associated with GAD-abs (38%; 13 of 34 pa-
tients). These patients had additional neuronal cell-surface an-
tibodies (46%) and lung cancer was the most frequent tumor
(46%), whereas thymomas were rare (15%); only 42% of pa-
tients in this group improved with treatment. Limbic encepha-
litis was the most frequent PNS. It is usually considered that

jamaneurology.com

LE associated with GAD-abs often occurs in young women with
a predominant or isolated epileptic syndrome and it is not
paraneoplastic.' However, our study indicated that patients
with LE and GAD-abs may have a tumor, usually an SCLC, and
that this possibility is higher if LE occurs in older men.

The second group included patients with SPS and repre-
sented 47% (16 of 34) of all cases. Unlike patients of the first
group, thymomas and breast cancer accounted for 53% of the
tumors and 75% responded to therapy. Although patients with
classic PNS and GAD-abs are more likely to be men, this is not
the case in the subgroup of paraneoplastic SPS, where 69% of
patients were women. The association of SPS with thymoma
probably reflects the propensity of this tumor to induce a vari-
ety of autoimmune disorders and circulating autoantibodies.*%#!
There is no evidence that thymoma cells express GAD65 or
GADG67; therefore, the possible pathogenic mechanisms re-
main unclear. Patients with SPS and breast cancer usually har-
bor amphiphysin antibodies rather than GAD-abs.**%3 Some of
the patients with SPS reported with GAD-abs and breast can-
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cer also had type 1 diabetes mellitus and other organ-specific
autoimmunities commonly seen in idiopathic SPS, therefore,
the diagnosis of the breast cancer, a very frequent tumor, could
be a coincidence. On the other hand, GAD65 is expressed in
breast cancer cells and the GABAbR pathway is implicated in
breast cancer cell invasion and migration.** This observation
supports the possibility that GAD may act as a tumor antigen
and thus trigger, in some patients, an immune response lead-
ing to the development of SPS.

The third group included patients with cerebellar ataxia
or progressive encephalomyelitis with rigidity and myoclo-
nus that is usually associated with GAD-abs without cancer
(15%; 5 of 34 patients). The most frequent tumors were lung
and breast cancer, and 2 of the 5 patients improved. These pa-
tients, as those with classic PNS, were more frequently men
(80%).

A previous study on patients who underwent extensive
paraneoplastic screening, including also GAD autoimmunity,

Paraneoplastic Neurological Syndromes and Glutamic Acid Decarboxylase

identified 62 patients with GAD-abs, none of them with
cancer.*> Our experience also indicated that paraneoplastic
GAD autoimmunity is infrequent®3 but this possibility can-
not be overlooked.

. |
Conclusions

Patients with high levels of GAD-abs (in our setting >2000 U/mL
by radioimmunoassay) and classic PNS or neurological syn-
dromes not typically associated with GAD-abs should be
screened for an underlying cancer. Considering the tumors
identified in the current series and previous reported cases,
the tumor workup should include mammogram and chest com-
puted tomography or computed tomography-positron emis-
sion tomographic scan, depending on the clinical setting. The
cancer risk increases with age, male sex, and presence of con-
comitant antibodies against neuronal cell-surface antigens.
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eFigure. Flowchart of Patients

Patients with GAD
reactivity by
immunohistochemistry
1994-2013 (N=131)

Excluded (no clinical
nformation or not enoug

volume sample) Confirmation by RIA
(N=10)

Paraneoplastic e
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RIA: radioimmunoassay; PNS: paraneoplastic syndrome; LE: limbic encephalitis; SPS: stiff-person syndrome.
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eTable 1. Patients of Our Series With Paraneoplastic Neurological Syndromes and GAD Antibodies

Patient | Age/Sex | Syndrome | PNS level First diagnosis Tumor Treatment Outcome Comments
(delay in (follow-up in months)
months)

1 80/M LE Definite PNS (3) SCLC (relapse) | Steroids, chemotherapy | Worse (6) Thyroiditis

2 79/M CA Possible PNS (2) NSCLC IVIg, steroids Worse (7)

3 54/M CA Possible PNS (6) Thymic Surgery, Improved (91) Hypothyroidism
neuroendocrine | chemotherapy, RT, and diabetes
carcinoma® IVIg, steroids, rituximab years later

4 57/F PCD Definite PNS (1) Thymic Steroids, IFN alpha-2b | Improved (4) Hypothyroidism
neuroendocrine
carcinoma

5 67/M PEM Definite PNS (3) Pancreatic Surgery, Vg, Death (12)
neuroendocrine | diazepam, baclofen,
carcinoma® gabapentine

6 61/F CA Possible Tumor (15) Breast Surgery, Stable (91), relapse 3 | Myasthenia

chemotherapy, RT, years later, response
IVIg, PLEX, to immunotherapy
cyclophosphamide

7 73IF LE Definite PNS (2) NHL (Burkitt) Steroids, VIg Death (3) Dysautonomia

8 70/M LE Definite PNS (1) SCLC Steroids, 1VIg, Death (2)

9 78/F Brainstem | Possible PNS (5) Pancreatic Surgery, Stable (27)

b neuroendocrine | chemotherapy, IVIg
carcinoma®
10 66/M LE Definite PNS (1) SCLC Steroids, 1VIg Death (13)
11 37/M LE Definite PNS (3) Thymoma Surgery, steroids Improved (4) Later developed

© 2015 American Medical Association. All rights reserved.




SPS

12 72/M OMS Definite Tumor (1) NSCLC Surgery, Death (1)
chemotherapy, IVIg,
steroids

13 47/M SPS Possible Tumor (27)° SCLC Chemotherapy, steroids | Stable (9) Diabetes

14 40/F SPS Possible PNS (24) Breast Surgery, Worse (84) Thyroiditis, CA 5
chemotherapy, Vg, years later
steroids, diazepam

15 29/F Egcephalit Possible Tumor (19) Thymoma Surgery, steroids, Improved (2) Myasthenia

is PLEX

PNS: paraneoplastic neurological syndrome; LE: limbic encephalitis; PCD: paraneoplastic cerebellar degeneration; PEM: paraneoplastic encephalomyelitis, SCLC: small-cell lung
cancer; NSCLC: non-small cell lung cancer; HNL: non-Hodgkin lymphoma; SPS: stiff-person syndrome; RT radiotherapy; PLEX: plasma exchange: IVIg: intravenous immunoglobulins;
OMS: opsoclonus-myoclonus syndrome

& Tumor cells expressed GADG65; "Vertigo, ataxia, axial rigidity, and dysautonomia; ® Tumor active at the time of PNS diagnosis; d Sleepiness, aphasia, left faciobrachial paresis and
dystonic movements in both legs with a MRI showing multifocal cortico-subcortical hyperintensities in FLAIR sequences that improved in a second MRI.
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eTable 2. Literature Survey of Patients With Paraneoplastic Neurological
Syndromes and GAD Antibodies'™°

Author Age/ | Syndro | PNS First Tumor Treatment Outco | Comments
(year) sex me level | diagn me
osis (follow
(delay -up in
in month
month s)
s)
Ferrari 31/M | SPS Possi | PNS Hodgkin | Chemothera | Impro
(1990) ble® (1) (relapse) | py, ved
diazepam, (12)
baclofen
Silverman | 68/F | SPS Possi | PNS Breast Steroids, Death | Grave's
(1999) (SLS) | ble Q) clonazepam | (18) disease.
Autopsy:
no
inflammati
on
Hagiwara | 40/F | SPS Possi | PNS Thymom | Surgery, RT | Impro
(2001) ble Q) a steroids, ved
immunoadso | (?)
rption
Sinnreich | 85/F | SPS Possi | PNS Breast Surgery, Impro | Hashimoto
(2001) ble (6) PLEX, IVIg, ved ; uveitis
steroids (7
Schiff 47/F | SPS Possi | Tumor | Multiple Diazepam Impro | Hypothyroi
(2003) (SLS) | ble relaps | myeloma ved dism,
e (9 (24) epilepsy
Thomas 45/M | SPS Possi | PNS Thymom | Surgery, Impro
(2005) ble® (11) a baclofen, ved
IVig, (18)
clonazepam
Tanaka H | 57/F | SPS Possi | PNS Thymom | Diazepam, Impro | SPS
(2005) ble® (4) a surgery ved relapse,
baclofen (24) responded
to IVIg
lwata T 79/F | SPS Possi | PNS Thymom | Surgery, IVIg | Impro | A relapse
(2006) (SLS) | ble? (3) a ved treated
(12) with PE
McHugh 53/M | SPS Possi | PNS Kindey Vig, Impro | Hypothyro
(2007) (SLS) | ble (11) baclofen, ved dism and
diazepam (48) diabetes
Agarwal 55/F | SPS Possi | PNS Breast Chemothera | Impro
(2010) (SLS) | ble? (2) py, steroids, | ved
baclofen, (12)

© 2015 American Medical Association. All rights reserved.




diazepam

Rakocevi | 44/F | SPS Possi | Tumor | Cutaneou | Baclofen, Impro | rituximab
¢ (2012) ble® | (48)° |sTcell IVIg, ved and
lymphom | diazepam, (156) | alemtuzum
a steroids, ab for
cyclophosph relapses
amide,
tacrolimus,
Aghajanz | 32/M | SPS Definit | PNS Thymic Surgery Impro | Baclofen
adeh e? (5) carcinom ved and
(2013) a (12) diazepam
not
effective
Koca 58/F | SPS Possi | Tumor | Mesotheli | Diazepam, Death | SPS did
(2014) ble? | (?)° oma baclofen, (3) not
steroids improve
Kobayash | 68/M | SPS Possi | PNS Thymom | Surgery, Impro | Relapse
i (2014) ble® (1) a steroids ved 13 years
(156) | later at the
time of
tumor
recurrence
Spitz 73/IM | PERM | Possi | PNS SCLC Chemothera | Death
(2004) ble? (0.5) py, IVig, (2)
diazepam
Venker 52/M | CA Possi | PNS Breast Chemothera | Impro
(2011) and ble® (11) (relapse) | py, ved
dystoni immunoabso | (13)
a rtion
Carra- 59/M | PEM Definit | PNS SCLC Chemothera | Impro
Dalliere e (2) py, RT, IVIg ved
(2012) (12)
Laroumag | 65/M | OMS Definit | PNS SCLC Chemothera | Death
ne (2014) e (0.5) py, steroids | (1)
Lamotte 61/M | OMS Definit | PNS Pyriform | Chemothera | Impro
(2014) e (0.5) sinus py, RT, IVIg ved
(6)

PNS; paraneoplastic neurological syndrome; SLS, stiff-limb syndrome; SPS: Stiff-person syndrome; RT: radiotherapy;
PLEX: plasma exchange; IVIg: intravenous immunoglobulins; PERM: progressive encephalomyelitis with rigidity and
myoclonus; PEM: paraneoplastic encephalomyelitis; SCLC: small-cell lung cancer; OMS: opsoclonus-myoclonus

syndrome

& Amphiphysin antibodies not tested; ® tumor active at the onset of the PNS; ¢ PNS improved each time tumor was put into
remission; ® tumor active at the time of SPS diagnosis.
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Contribution:
We examined the largest cohort of patients with stiff-person spectrum
disorders. The relative frequency of several antibodies, syndrome
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that the immunologic characterization may be helpful to predict the
outcome, with independence of the clinical classification.
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IMPORTANCE Symptoms of stiff-person syndrome (SPS), stiff-limb syndrome (SLS), or jamaneurology.com
progressive encephalomyelitis with rigidity, myoclonus, or other symptoms (SPS-plus) can
occur with several autoantibodies, but the relative frequency of each antibody, syndrome
specificity, and prognostic implications are unclear.

OBJECTIVE To report the clinical and immunologic findings of a large cohort of patients with
stiff-person spectrum disorder (SPSD), including SPS, SLS, and SPS-plus.

DESIGN, SETTING, AND PATIENTS This study retrospectively examined a case series (January 1,
1998, through December 31, 2014) of immunologic investigations performed in a
neuroimmunology referral center. The study included 121 patients with clinical features of
SPSD. Data analysis was performed from July 1, 2015, through November 1, 2015.

MAIN OUTCOMES AND MEASURES Analysis of clinical-immunologic associations, including
autoantibodies to 8 proteins expressed in inhibitory synapses.

RESULTS The median age of the patients was 51 years (interquartile range, 40-61 years), and
75 (62.0%) were female. Fifty (41.3%) had SPS, 37 (30.6%) had SPS-plus, 24 (19.8%) had SLS,
and 10 (8.3%) had SPS or SLS overlapping with ataxia, epilepsy, or encephalitis. Fifty-two
patients (43.0%) had glutamic acid decarboxylase (GAD65) antibodies (2 with
y-aminobutyric acid-A [GABA-A] receptor antibodies), 24 (19.8%) had a,-subunit of the
glycine receptor (GlyR) antibodies (2 with GAD65 antibodies), 5 (4.1%) had other antibodies,
and 40 (33.1%) tested negative for antibodies. None had gephyrin or glycine transporter
antibodies. Among the main immunologic groups (GAD65 antibodies, GlyR antibodies, and
antibody negative), those with GAD65 antibodies were more likely to be female (45 [86.5%]
of 52, 8 [36.4%] of 22, and 18 [45.0%] of 40, respectively; P < .001), have systemic
autoimmunity (34 [65.4%] of 52, 7 [31.8%] of 22, and 13 [32.5%] of 40, respectively;

P =.004), and have longer delays in being tested for antibodies (median, 3 vs 0.5 and 1year;
P < .001). Patients with GAD65 antibodies were more likely to develop SPS (27 [51.9%] of 52)
or overlapping syndromes (8 [15.4%] of 52) than patients with GlyR antibodies (5 [22.7%]
and 0 [0%] of 22, respectively), who more often developed SPS-plus (12 [54.5%] of 22 vs 7
[13.5%] in those with GAD65 antibodies); antibody-negative patients had an intermediate
syndrome distribution. In multivariable analysis, symptom severity (P = .001) and
immunologic group (P = .01) were independently associated with outcome. Compared with
patients with GlyR antibodies, those with GAD65 antibodies (odds ratio, 11.1, 95% Cl, 2.3-53.7;
P = .003) had worse outcome. Patients without antibodies had similar outcome than patients
with GlyR antibodies (odds ratio, 4.2, 95% Cl, 0.9-20.0; P = .07).

CONCLUSIONS AND RELEVANCE In SPSD, symptom severity and presence and type of Author Affiliations: Author
antibodies are predictors of outcome. affiliations are listed at the end of this
article.

Corresponding Author: Josep
Dalmau, MD, PhD, Neuroimmunology
Program, Institut d'Investigacions
Biomediques August Pii Sunyer,
Casanova 143, Cellex Bldg,
JAMA Neurol. 2016;73(6):714-720. doi:10.1001/jamaneurol.2016.0133 Floor 3A, 08036 Barcelona, Spain
Published online April 11, 2016. (josep.dalmau@uphs.upenn.edu).
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Stiff-Person Spectrum Disorder Investigations

tiff-person syndrome (SPS) is a disorder characterized

by fluctuating muscle rigidity and painful spasms that

occur spontaneously or are triggered by diverse
stimuli.!? Partial or segmental forms of the disorder, such as
stiff-limb syndrome (SLS) and the more severe disease called
progressive encephalomyelitis with rigidity and myoclonus
(PERM), are usually considered within the spectrum of
SPS,>-¢ but there is an increasing recognition of atypical and
overlapping syndromes. For all these disorders, which we
collectively termed stiff-person spectrum disorder (SPSD),
there is evidence of underlying immune mechanisms that
target proteins mainly expressed by the inhibitory synapses.
Six autoantigens have been identified, including glutamic
acid decarboxylase (GAD65),”® the a,-subunit of the glycine
receptor (GlyR),%!° amphiphysin,!! gephyrin,'? dipeptidyl
peptidase-like protein 6 (DPPX),'>!* and the y-aminobutyric
acid-A (GABA-A) receptor (GABAaR).!® Some of these
immune responses have been suggested to be associated
with distinct variants of SPSD,'® but the degree of syndrome
specificity and implications for treatment and prognosis are
unclear. Because some autoantigens were recently discov-
ered and SPS is a rare disease, most studies have focused on
a limited number of autoantibodies (GAD65 or GlyR) and
well-defined syndromes (SPS or PERM) without examining
the entire spectrum of clinical-immunologic associations
and the implications of being antibody negative. To address
these issues, we investigated the clinical features of 121
patients with SPSD, determined the presence of autoanti-
bodies to 8 potential targets of the inhibitory synapse, and
compared the syndromes among the most frequent
immunophenotypes. In addition, we provide the treatment,
outcome, and prognostic factors of 75 patients for whom
long-term follow-up information was available.

Methods

Study Design and Participants

We retrospectively reviewed the clinical information of pa-
tients with SPSD seen by us (57 cases) or whose serum or ce-
rebrospinal fluid (CSF) samples were referred to our labora-
tory for antibody testing from January 1, 1998, through
December 31, 2014. Data analysis was performed from July 1,
2015, through November 1, 2015. Stiff-person spectrum dis-
order was clinically defined by the presence of symptoms of
axial stiffness and muscle spasms not restricted to the classic
presentation of SPS but also including forms with partial or dis-
tal limb distribution or symptoms of encephalomyelitis. Clini-
cal information was obtained by us or the referring physi-
cians with a structured questionnaire.

One hundred forty-six patients were initially identified as
having possible SPSD. Of these, 20 were excluded after other
disorders were identified (eMaterial in Supplement) and
another 5 because of suboptimal information. Overall, 121
patients had the final diagnosis of SPSD, comprising 4
groups: (1) classic SPS: rigidity in axial trunk, sometimes
involving proximal limbs, in association with muscle spasms,
resulting in abnormal axial posture?; (2) SLS: affecting 1 or

jamaneurology.com
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Key Points

Question Do autoantibodies have prognostic implications in
stiff-person spectrum disorder (SPSD)?

Findings In this retrospective case series that included 121
patients, those with glutamic acid decarboxylase antibodies had
worse outcome than patients with glycine receptor antibodies or
patients who tested negative for antibodies. In contrast, the type
of syndrome did not predict outcome.

Meaning In SPSD, the presence and type of autoantibodies are
predictors of outcome.

more limbs with distal rigidity and abnormal posturing of
hands or feet®; (3) SPS-plus, including patients with all or par-
tial elements of PERM: brainstem dysfunction, myoclonus,
upper or lower motor neuron symptoms, sensory deficits,
sphincter or autonomic dysfunction, seizures, and cognitive
changes®; and (4) overlapping syndromes, including patients
with SPS or SLS in association with cerebellar ataxia,
epilepsy, or limbic encephalitis.!”-2°

Treatments were classified as (1) symptomatic (eg,
GABAergic drugs), (2) first-line immunotherapies (intrave-
nous corticosteroids, intravenous immunoglobulin, or
plasma exchange alone or combined), (3) second-line immu-
notherapies (rituximab, cyclophosphamide), and (4) long-
term oral immunotherapy (prednisone, azathioprine,
mycophenolate mofetil, cyclosporine).

The delay to diagnosis was calculated as the difference be-
tween the patient’s age at the time of autoantibody testing and
the age at symptom onset. Neurologic disability was mea-
sured using the modified Rankin Scale (mRS).*! The degree of
improvement was calculated as the difference between the
maximum mRS score during the disease and the score at the
last follow-up. Improvement of at least 1 point with an mRS
score of O to 2 at the last follow-up was considered a good out-
come; a score of 3 or higher or no change in the mRS score was
considered a bad outcome. Written informed consent for stud-
ies was obtained from patients or their families. The study was
approved by the institutional review boards of the Hospital of
the University of Pennsylvania and Hospital Clinic, Univer-
sity of Barcelona.

Antibody Assays

Paired serum and CSF samples were available from 65 pa-
tients, only serum from 50, and only CSF from 6. Antibody
studies were performed using previously reported tech-
niques, which are described in the eMaterial in the Supple-
ment. Serum or CSF samples of 245 patients were used as con-
trols, including samples from 30 healthy individuals, 20
patients with neurodegenerative diseases, and 195 patients
with immune-mediated central nervous system disorders
(eMaterial in Supplement).

Statistical Analysis

Demographic information and symptoms were analyzed
using the Fisher exact test, Fisher-Freeman-Halton test (an
extension for rxc contingency tables), or Mann-Whitney test,
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as appropriate. Because of a skewed distribution, log trans-
formation was used for duration of follow-up. The maximum
mRS score was dichotomized as low (range, 0-3) or high
(range, 4-6). Factors that influenced outcome were assessed
by univariable binary logistic regression. Factors associated
with a bad outcome (P < .10) were included in a multivariable
binary logistic regression model and approached by back-
ward stepwise procedure; only the variables that remained
significant were considered as independent predictors. Odds
ratios (95% Cls) were used to measure the effect of predic-
tors. SPSS statistical software, version 19 (SPSS Inc), was used
for the analyses.

.|
Results

General Clinical Features

Seventy-five (62.0%) of 121 patients were women. The me-
dian age at symptom onset was 51 years (interquartile range
[IQR], 40-61 years), and the median delay to diagnosis was 2
years (IQR, 0-4 years). Fifty patients (41.3%) had SPS, 37 (30.6%)
had SPS-plus, 24 (19.8%) had SLS, and 10 (8.3%) had SPS or SLS
overlapping with cerebellar ataxia (6 cases), epilepsy (3 cases),
or limbic encephalitis (1 case). Clinical features, diagnostic tests,
and outcome according to immunologic groups are listed in
Table 1 and according to the type of syndrome in eTable 1 in
the Supplement.

Neurophysiologic studies were performed in 84 patients,
revealing continuous motor unit activity in 52 (61.9%), with a
similar proportion of positive cases across all syndromes
(eTable 1 in the Supplement). Only 7 patients (5.8%) had
abnormal magnetic resonance imaging findings, including
high T2 signal in temporal lobes in 2 patients with overlapping
syndromes (1 limbic encephalitis and 1 epilepsy) and focal or
diffuse high T2 signal in 5 patients with SPS-plus (2 brain, 2
brainstem, and 1 spinal cord abnormalities). Three patients
(2.5%) had cancer (2 breast, 1 colon), 1 each presenting with
SLS, SPS-plus, and overlapping syndromes.

Patients with SPS-plus had higher mRS scores (more dis-
abled) than those with SPS and SLS (median, 4; IQR, 3-5; me-
dian, 4;IQR, 2.5-4 [P = .001]; and median, 3; IQR, 2-4 [P = .002],
respectively) (eTable 1in the Supplement). In addition to first-
line immunotherapy, patients with SPS-plus were more likely
toreceive long-term oralimmunotherapy than those with other
syndromes, and patients with overlapping neurologic syn-
dromes were more likely to receive second-line immuno-
therapy (eTable 1 in the Supplement). Symptomatic GABAer-
gic drugs were more frequently used in typical SPS (42 [84.0%]
vs 16 [66.6%] in SLS, 21 [56.7%] in SPS-plus, and 5 [50.0%] in
overlapping syndromes, P = .006).

Antibody Findings

Eighty-one patients (66.9%) had autoantibodies against inhibi-
tory synaptic proteins, including 52 (43.0%) with GAD65 (2 with
concurrent GABAaR antibodies), 24 (19.8%) with GlyR (2 with
concurrent GAD65 antibodies), 5 (4.1%) with other antibodies
(2 GABAaR, 2 amphiphysin, 1 DPPX), and 40 (33.1%) who were
antibody negative. Paired serum and CSF samples were stud-
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ied in 26 (50.0%) of 52 patients with GAD65 antibodies and 14
(58.3%) of 24 patients with GlyR antibodies; in 3 (11.5%) of 26
patients, GAD65 antibodies were detected only in CSF, and in
6 (42.8%) of 14 patients, GlyR antibodies were detected only
in serum. None of the patients had antibodies against gephy-
rin, glycine transporter (GlyT) 1 or GlyT2. Three patients (2.4%)
of 121, without antibodies against any of the 8 target antigens,
had serum antibodies against unknown neuronal cell surface
antigens determined in live neuronal cultures.

Fifteen (6.1%) of 245 controls had GlyR antibodies in se-
rum: 4 had cerebellar ataxia, 2 had epilepsy, 4 had anti-N-
methyl-D-aspartate receptor encephalitis, and 5 had multiple
sclerosis. Five controls (2.0%) had GABAaR antibodies: 1 had
cerebellar ataxia, 3 had epilepsy, and 1 had anti-N-methyl-D-
aspartate receptor encephalitis. Paired CSF samples were avail-
able from 12 of these 20 patients, and all tested negative for
GlyR and GABAaR antibodies. The titers of GlyR antibodies in
serum tended to be lower in the controls than in patients with
SPSD (median titer, 1/80; range, 1/40 to 1/640; vs median ti-
ter, 1/160; range, 1/40 t0 1/1280; P = .06). The titers of GABAaR
antibodies in serum of controls and patients with SPSD were
similar (median titer, 1/40; range, 1/20 to 1/160; vs median ti-
ter, 1/40; range, 1/20 to 1/40; P = .09). None of the controls with
GlyR antibodies had symptoms of SPSD; 4 of 5 controls with
serum GABAaR antibodies had prominent seizures.

Clinical Comparisons of Immunologic Groups

These studies focused on the main immunologic groups
(GADG65 antibodies, GlyR antibodies, and antibody negative),
which comprised 114 (94.2%) of 121 patients; the 2 patients with
coexisting GAD65 and GlyR antibodies were excluded. Pa-
tients with GADG65 antibodies or antibody-negative patients
were more likely to develop SPS than those with GlyR anti-
bodies, who more frequently developed SPS-plus (P = .002; see
list of symptoms in Table 1). Patients with GAD65 antibodies
were investigated for antibodies later than those with GlyR an-
tibodies or antibody-negative patients (median delay to diag-
nosis, 3 years; IQR, 1-6 years; 0.5 year; IQR, 0-2 years [P < .001];
and 1year; IQR, O-5 years [P = .02], respectively) and had lower
maximum mRS scores (lower symptom severity) compared
with those of the other 2 groups (median mRS score for GAD65,
3.5;1QR, 2-4; GIyR, 4; IQR, 3.5-5 [P = .01]; and antibody nega-
tive, 4; IQR, 3-5 [P = .05], respectively). Patients with GAD65
antibodies were more likely to be female (45 [86.5%] of 52, 8
[36.4%] of 22, and 18 [45.0%] of 40, respectively; P < .001) and
had more frequent systemic autoimmune or endocrine dis-
orders (34 [65.4%] of 52, 7[31.8%] of 22, and 13 [32.5%] of 40,
respectively; P = .004). On the other hand, patients with GlyR
antibodies had more frequent CSF pleocytosis than those of
the other 2 groups (7 [38.9%] of 18 vs 2 [10.0%] of 20 for the
GADG65 group and 4 [14.8%] of 27 for the antibody-negative
group, P < .001). None of the antibody-negative patients had
CSF oligoclonal bands (11 [47.8%] of 23, 5 [29.4%] of 17, and O
of 19 in the GAD65 antibodies, GlyR antibodies, or antibody-
negative groups, respectively; P < .001). No significant differ-
ences were identified in terms of age at onset of symptoms,
electrophysiologic findings, immunotherapies used, and
relapses among the 3 immunological groups (Table 1).
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Table 1. Clinical Features of the Main Immunologic Groups?®

GADG5 Antibodies GlyR Antibodies Antibody Negative

Clinical Feature (n=52[43.0%]) (n =22[18.2%])° (n=40[33.1%]) P Value
Female sex 45 (86.5) 8 (36.4) 18 (45.0) <.001
Age at onset, median (IQR), y 52.5 (39.0-62.0) 46.0 (39.0-60.0) 50.0 (39.0-59.0) 74
Delay to diagnosis, median (IQR), y 3.0 (1.0-6.0) 0.5 (0-2.0) 1.0 (0-5.0) <.001¢
Syndrome

SPS 27 (51.9) 5(22.7) 17 (42.5)

SLS 10 (19.2) 5(22.7) 7 (17.5)

SPS-plus 7 (13.5) 12 (54.5) 15 (37.5) 002

Overlapping syndromes 8 (15.4) 0 1(2.5)
Hyperekplexia 14 (26.9) 11 (50.0) 11 (27.5) .009
Myoclonus 6 (11.5) 9 (40.9) 9 (22.5) .07
Brainstem 3(5.8) 10 (45.5) 7 (17.5) .002
Pyramidal 7 (13.5) 11 (50.0) 11 (27.5) .004
Sphincter 1(1.9) 7 (31.8) 5(12.5) .008
Sensory 0 5(22.7) 3(7.5) .01
Autonomic 5(9.6) 7 (31.8) 6 (15.0) .06
Insomnia 2(3.8) 6 (27.3) 7 (17.5) .045
Systemic autoimmune disorders? 34 (65.4) 7 (31.8) 13 (32.5) .004
CMUA on EMG 26/36 (72.2) 6/14 (42.9) 16/30 (53.3) .25
CSF pleocytosis 2/20 (10.0) 7/18 (38.9) 4/27 (14.8) <.001
CSF OCBs 11/23 (47.8) 5/17 (29.4) 0/19 (0) <.001
Maximum mRS score, median (IQR) 3.5 (2-4) 4 (3.5-5) 4 (3-5) .02¢
Symptomatic treatment 46 (88.5) 10 (45.5) 24 (60.0) <.001
Type of immunotherapy

Nontreated 9/45 (20.0) 2/18 (11.1) 6/28 (21.4)

First line only 22/45 (48.9) 4/18 (22.2) 11/28 (29.3)

First line and long-term oral 4/45 (8.9) 7/18 (38.9) 4/28 (14.3) 17

First and second line 7/45 (15.5) 5/18 (27.8) 6/28 (21.4)

Other® 3/45 (6.7) 0 1/28 (3.6)
Cases with follow-up 41 (78.8) 14 (63.6) 24 (60.0) 13
Follow-up period, median (IQR), mo 34.0 (12.0-66.0) 11.0 (8.0-40.0) 12.0 (9.0-54.0) .049¢
Relapsing course 13/41 (31.7) 6/14 (42.9) 6/24 (25.0) 77
Final mRS score, median (IQR) 3(1-3) 1(1-3) 2.5 (1-4) .14
Improvement

Treated 24/32 (75.0) 11/14 (78.6) 11/19 (57.9)

Nontreated 3/9(33.3) 0 4/5 (80.0) 14
Change in mRS score, median (IQR) 1(0-1) 3(0.75-4) 1(0-2) .009¢

Abbreviations: CMUA, continuous motor unit activity; CSF, cerebrospinal fluid;

EMG, electromyography; GAD65, glutamic acid decarboxylase; GlyR, a;-subunit

of the glycine receptor; IQR, interquartile range; mRS, modified Rankin scale;

OCBs, oligoclonal bands; SLS, stiff-limb syndrome; SPS, stiff-person syndrome;

SPS-plus, progressive encephalomyelitis with rigidity, myoclonus, or other

symptoms.

@ Data are presented as number (percentage) of patients unless otherwise
indicated.

b Excludes 2 patients with concurrent GAD65 and GlyR antibodies.

€ Mann-Whitney test: delay to diagnosis for patients with GAD65 antibodies vs
GlyR antibodies, P < .001; GAD65 antibodies vs antibody negative, P = .02;
and GlyR antibodies vs antibody negative, P = .052; maximum mRS score for
patients with GAD65 antibodies vs GlyR antibodies, P = .01; GAD65 antibodies

vs antibody negative, P = .05; and GlyR antibodies vs antibody negative,

P = .44; follow-up period for patients with GAD65 antibodies vs GlyR
antibodies, P = .04; GADG65 antibodies vs antibody negative, P = .053; and
GlyR antibodies vs antibody negative, P = .70; and change in mRS score for
GADG5 antibodies vs GlyR antibodies, P = .002; GAD65 antibodies vs
antibody negative, P = .41; and GlyR antibodies vs antibody negative, P = .04.

9 Fifty-four patients (44.6%), including 18 with type 1 diabetes mellitus, 13 with
thyroiditis, 2 with celiac disease, 2 with psoriasis, 2 with vitiligo, 2 with
Raynaud syndrome, and 15 with thyroid, antinuclear antibody,
double-stranded DNA, or gastric parietal cell antibodies.

€ Includes 3 patients who received long-term oral immunotherapy (not

preceded by first-line therapy) and 1 patient who received chemotherapy for
colon cancer.

Because SPSD without antibodies has been infrequently
reported in the literature,'® we further assessed the clinical fea-
tures of the 3 immunologic groups to compare only those pa-
tients with SPSD and electromyographic findings of agonist-
antagonist continuous motor unit activity. This subgroup
analysis revealed that the antibody-negative patients still com-

jamaneurology.com

posed one-third of the cases, and the main distinctive clinical
features among immunologic groups were similar to those
indicated above (eTable 2 in the Supplement).

Among the group of 10 patients with SPS or SLS, and
overlapping syndromes, 8 had GAD65 antibodies (5 cerebel-
lar ataxia and 3 epilepsy), 1 had limbic encephalitis and

JAMA Neurology June 2016 Volume 73, Number 6

Copyright 2016 American Medical Association. All rights reserved.

n7



718

Research Original Investigation

Table 2. Variables Related to a Bad Outcome (mRS Scores of 3-6
or No Improvement)

Variable 0dds Ratio (95% Cl) P Value
Univariable Analysis
Sex 1.56 (0.59-4.1) .37
Age at onset 1.02 (0.99-1.05) .18
Clinical syndrome .85
SPS (n = 32)
SLS (n = 14) 0.58 (0.16-2.1) .40
SPS-plus (n = 25) 0.72 (0.25-2.1) .54
Overlapping syndromes (n = 4) ... (0-) .99
Delay to diagnosis® 1.20 (0.96-1.48) 11
Maximum mRS group (4-6 vs 0-3) 3.9 (1.50-10.4) .005
Follow-up period (log,) 0.89 (0.57-1.41) .63
Immunotherapy
Nontreated
Treated 1.18 (0.37-3.8) .78
Immunologic group .08
GlyR antibodies (n = 14)
Antibody negative (n = 22) 2.5 (0.60-10.4) 21
GADG5 antibodies (n = 39) 4.5 (1.20-16.9) .03
Multivariable Analysis
Maximum mRS group 7.5 (2.3-24.5) .001
Immunologic group .01
GlyR antibodies
Antibody negative 4.2 (0.90-20.0) .07
GADG5 antibodies 11.1 (2.3-53.7) .003

Abbreviations: ellipses, data not applicable; GAD65, glutamic acid
decarboxylase; GlyR, a;-subunit of the glycine receptor; log,, natural logarithm;
mRS, modified Rankin scale; SLS, stiff-limb syndrome; SPS, stiff-person
syndrome; SPS-plus, progressive encephalomyelitis with rigidity, myoclonus, or
other symptom.

@ For patients tested for autoantibodies after 5 years of symptom onset (n = 15),
the delay to diagnosis was considered 6 years.

amphiphysin antibodies, and 1 had cerebellar ataxia and
was antibody negative. Five patients without GAD65 and
GlyR antibodies had autoantibodies against other known
antigens (2 amphiphysin, 2 GABAaR, and 1 DPPX; eMaterial
in Supplement).

Clinical Outcome

Clinical outcome was available for 75 patients (62.0%), with a
median follow-up of 18 months (IQR, 11-60 months). Patients
with GlyR antibodies had a greater degree of improvement
than those with GADG65 antibodies or without antibodies (ime-
dian change in mRS score for patients with GlyR antibodies, 3;
IQR, 0.75-4; for patient with GAD65 antibodies, 1; IQR, 0-1
[P = .002]; and antibody-negative patients, 1; IQR, 0-2
[P = .04]) (Table 1). The eFigure in the Supplement shows
patients’ outcome according to the clinical syndrome and
immunologic group. At the last follow-up, 40 patients (53.3%)
had a bad outcome, and 35 (46.7%) had a good outcome. Nine
patients (12.0%) died, 5 as a result of systemic complications
(pneumonia, pulmonary embolism, sepsis, intestinal perfora-
tion, status epilepticus) and 4 of cardiorespiratory arrest; 6
patients had GAD65 antibodies, 2 were antibody negative, and

JAMA Neurology June 2016 Volume 73, Number 6

Stiff-Person Spectrum Disorder Investigations

1 had GlyR antibodies. In univariable analysis, the factors sig-
nificantly associated with a bad outcome were symptom
severity and presence of GAD65 antibodies (Table 2). In multi-
variable analysis, symptom severity and immunologic group
were independently associated with outcome (Table 2). Com-
pared with patients with GlyR antibodies, those with GAD65
antibodies (odds ratio, 11.1, 95% CI, 2.3-53.7; P = .003) had
worse outcome. Patients without antibodies had similar out-
come than patients with GlyR antibodies (odds ratio, 4.2, 95%
CL, 0.9-20.0; P = .07).

|
Discussion

This study reveals that in a cohort of 121 patients with SPSD
only 50 (41.3%) had typical SPS, and the overall prognosis de-
pended more on the underlying immune mechanism and se-
verity of symptoms than on the type of syndrome. Among 8
potential autoantigens, GAD65 and GlyR were by far the most
frequently identified, leading to 3 immunologic groups: GAD65
antibodies (43.0%), GlyR antibodies (19.8%), and antibody
negative (33.1%).

The clinical features associated with GAD65 antibodies
were similar in many respects to those previously repor-
ted.2%-22-24 When compared with patients with GlyR anti-
bodies or without antibodies, those with GAD65 antibodies
were more likely to be female and have systemic autoim-
mune or endocrine disorders. The main neurologic differ-
ences among the 3 immunophenotypes depended on the
relative frequency of symptoms included within the spec-
trum of PERM (hyperekplexia, myoclonus, brainstem, pyra-
midal, sensory, or autonomic dysfunction), which were
mainly associated with GlyR antibodies, whereas the devel-
opment of classic SPS or SLS with or without overlapping
syndromes (eg, cerebellar ataxia, epilepsy) more frequently
occurred with GAD65 antibodies. Patients without antibod-
ies had a distribution of symptoms between those associated
with GlyR and GADG65 antibodies. Although these differ-
ences were statistically significant, there was no clear
syndrome-immunologic specificity, indicating that any form
of SPSD can potentially occur with any of the 3 main immu-
nologic groups considered here.

A frequent concern that arises in clinical practice is how
frequently other antibodies that are less accessible in clinical
laboratories (eg, DPPX, GABAaR, gephyrin) are missed
because they are not tested for. The current data indicate that
in our setting (a reference center for autoimmune and para-
neoplastic disorders of the central nervous system) the fre-
quency of antibodies other than GAD65 and GIlyR is low.
Indeed, only 5 patients (4.1%) had antibodies to amphiphy-
sin, DPPX, or GABAaR, and none had antibodies to gephyrin,
GlyT1, or GlyT2. These transporters were included because
their mutations result in symptoms similar to those reported
in mutations or autoimmunity to GlyR (hyperekplexia).?>
Compared with previous studies,?*2¢ our findings reveal a
larger group of seronegative patients (40 [33.1%] of 121
patients vs 16 [23.5%] of 68 patients** and 18 [18.2%] of 99
patients?®). This finding is likely explained by the fact that 20
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patients (16.5%) were referred to our center for assessment of
novel or atypical antibodies after clinical or commercial anti-
body tests (mostly composed of GAD65, amphiphysin, or
GlyR) tested negative. This referral pattern emphasizes even
more the low frequency of DPPX and GABAaR antibodies
among patients who test negative for the more common
autoantibodies. The low frequency of amphiphysin antibod-
ies has been reported in previous series.?”2® Nevertheless,
amphiphysin antibodies are important to consider in the
paraneoplastic context, mainly breast and lung cancer.?”

Detection of GABAaR antibodies in CSF or at high titers in
serum (>1/160) is associated with encephalitis with severe
seizures or status epilepticus but without SPSD.!® Therefore,
detection of these antibodies only in serum and at low titers
should be interpreted with caution. Similar caution should be
considered for low serum titers of GlyR antibodies, which as
reported here and in previous studies?°-! occurred in 6% to
10% of controls without SPSD (eg, multiple sclerosis, cerebel-
lar degeneration, or epilepsy). When CSF was available, none
of these patients had GlyR antibodies in CSF, a finding that
needs confirmation with a larger number of patients. In con-
trast, for GAD65 antibodies, we used 2 previously validated
techniques (immunohistochemistry with rat brain and cell-
based assay) that only reveal these antibodies if they are
present at moderate to high titers, similar to those associated
with neurologic disorders; titers equivalent to radioimmuno-
assay values of 2000 U/mL or less (seen in many patients
with diabetes mellitus) are not detected with the techniques
used here.2%:3!

A novel finding of our study is that the underlying
mechanism (eg, presence and type of antibodies) but not the
type of syndrome (eg, SPS, SLS, SPS-plus, or overlapping
syndrome) was an independent predictor of outcome. For
example, although at disease diagnosis patients with GlyR
antibodies had more severe neurologic deficits than patients
with GADG65 antibodies (and similar to antibody-negative
patients), the outcome of patients with GlyR was better than
that of patients with GAD65 antibodies. This finding could
be explained by an early diagnosis in patients with GlyR anti-
bodies (as shown in our study), which is likely owing to a
more rapid and severe symptom onset (eg, SPS-plus or
PERM) and the presence of CSF inflammatory changes when
compared with patients of the other groups. Moreover,
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patients with GlyR antibodies were treated more aggres-
sively (eg, first-line immunotherapy combined with second-
line or long-term oral immunotherapy) than those of the
other 2 groups, who more often received first-line immuno-
therapy and symptomatic treatment. On the other hand, dis-
orders associated with antibodies to cell surface antigens,
such as GlyR, are usually more responsive to immuno-
therapy than those associated with intracellular antigens,
such as GAD65 or paraneoplastic antigens.

Our study has limitations related to its retrospective na-
ture and possible selection of cases toward complex syn-
dromes (with elements of PERM or overlapping syndromes).
These limitations may explain the lower frequency of GAD65
antibody-positive cases compared with that of other series (52
[43.0%] of 121 patients vs 50 [73.5%] of 68 patients?* and 79
[79.8%] of 99 patients?®). Despite this, to our knowledge, the
current series provides the most comprehensive autoanti-
body screening reported to date in SPSD. One could argue that
using cultures of hippocampal neurons we missed antibodies
directed to novel antigens restricted to the brainstem or spi-
nal cord, a possibility to consider in future studies.

. |
Conclusions

Several practical implications can be derived from this and
previous studies.??3* First, SPSD is a complex group of disor-
ders, with multiple autoantigens but 3 predominant immuno-
phenotypes (GAD65 antibodies, GlyR antibodies, and anti-
body negative). Second, this immunologic characterization
and the severity of symptoms are predictors of outcome.
Third, although PERM predominantly occurs with GlyR anti-
bodies, it can potentially be associated with other autoanti-
bodies. This implication is important because, contrary to the
concept that PERM carries a poor prognosis,>® our findings
indicate that this depends on the underlying immune
response (worse in patients with GAD65 antibodies than
antibody-negative patients and patients with GlyR antibod-
ies). Fourth, DPPX and GABAaR are infrequent in SPSD; our
data do not support upfront testing for these antibodies
unless the clinical context (eg, gastrointestinal symptoms,
hyperekplexia, encephalopathy for DPPX,¢ or prominent sei-
zures for GABAaR) suggest their investigation.
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eMaterial

Patients excluded after identifying a final diagnosis other than SPSD

Patients with a final diagnosis of other disorders included, 6 cases with a functional disorder, 4
peripheral nerve hyperexcitability, 2 sporadic Creutzfeldt-Jacob disease, 2 amyotrophic lateral
sclerosis, and one of each, tetanus, subacute combined spinal cord degeneration, primary

progressive multiple sclerosis, Hashimoto encephalopathy, myotonia congenita, and myopathy.

Patients with immune mediated CNS disorders used as controls

Among the 195 patients with other immune mediated CNS disorders used as controls, 75 (44
with paired CSF) had GAD65 antibodies and symptoms other than SPS (cerebellar ataxia,
epilepsy, or limbic encephalitis); 55 (30 with CSF) multiple sclerosis; 55 (49 CSF) encephalitis
associated to neuronal-surface antibodies (NMDA-receptor, LGI1, or GABAb-receptor), and 10

anti-Hu associated paraneoplastic symptoms.

Antibody assays

Serum and CSF were examined for GAD65 and amphiphysin antibodies using frozen sections of
paraformaldehyde (PFA) perfused sagittal sections of rat brain, as reported.' The presence of
GAD65 antibodies was confirmed with cell-based assay (CBA) as described,” and amphiphysin
antibodies were confirmed with immunoblot. GlyR and GABAaR antibodies were determined with
live CBAs as reported.®* Antibodies to gephyrin were determined by CBA using HEK293 cells
expressing (transfection ratio 1:1) cherry-labeled human Gephyrin and hPEM2 or collybistin, a
protein necessary for membrane anchorage of gephyrin. HEK293 cells were fixed for 10 minutes in
4% PFA, permeabilized, and incubated with patients’ serum (1:40) or CSF (1:5) overnight at 4°C,

followed by the secondary Alexa Fluor 488 goat anti-human antibody (1:1000, A11013 Molecular

© 2016 American Medical Association. All rights reserved.



Probes/ Life Technologies). Antibodies to the Glycine transporters 1 and 2 (GlyT1, GlyT2) were
determined using HEK293 cells expressing myc-tagged human GlyT1 or GlyT2. Cells were
incubated with patients’ serum (1:40) or CSF (1:5) for 1 hour at 37°C, fixed and permeabilized, and
serially incubated with a myc-tag mouse monoclonal antibody (1:5000, 2276, Cell Signaling
Technology, Inc.), the indicated anti-human secondary antibody, and Alexa Fluor 594 goat anti-

mouse (11005, Molecular Probes/Life Technologies).

Additional antibodies against neuronal cell surface proteins were determined in serum and
CSF using an immunofluorescence assay with dissociated rat hippocampal neuronal cultures as
reported.’ Positive cases were tested for antibodies to DPPX or other antigens (NMDAR, AMPAR,
GABADR, Caspr2, LGI1) by CBAs, as reported.® Results were photographed under fluorescence
microscopy (Zeiss Axioimager M2) using Zeiss Axiovision software (Zeiss, Oberkochen,

Germany).

Summary of 5 patients with antibodies other than GADG65 or GlyR

Five patients without GAD65 and GlyR antibodies had autoantibodies against other known
antigens (2 amphiphysin, 2 GABAaR, and 1 DPPX). One of the two patients with amphiphysin
antibodies had SPS with limbic encephalitis and breast cancer, and the other had SLS in association
with breast cancer. The patient with DPPX antibodies developed SPS along with hyperekplexia,
myoclonus, upper motor neuron dysfunction, sensory symptoms, orthostatic hypotension and
prominent pruritus, all symptoms preceded by diarrhea and 15% weight loss. The 4 patients with
GABAaR antibodies (2 of them with concurrent GAD65 antibodies) were young male (median 20
years, range 12-46) who developed classic SPS (n=2), SLS (n=1), and overlapping SPS with

epilepsy (n=1, discussed above); these cases have been previously reported.*
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eReferences

1. Saiz A, Arpa J, Sagasta A, et al. Autoantibodies to glutamic acid decarboxylase in three
patients with cerebellar ataxia, late-onset insulin-dependent diabetes mellitus, and polyendocrine
autoimmunity. Neurology. 1997;49(4):1026-1030.

2. Arino H, Gresa-Arribas N, Blanco Y, et al. Cerebellar Ataxia and Glutamic Acid
Decarboxylase Antibodies: Immunologic Profile and Long-term Effect of Immunotherapy.
JAMA Neurol. 2014;71(8):1009-1016.

3. Martinez-Hernandez E, Sepulveda M, Rostasy K, et al. Antibodies to Aquaporin 4,
Myelin-Oligodendrocyte Glycoprotein, and the Glycine Receptor ol Subunit in Patients With
Isolated Optic Neuritis. JAMA Neurol. 2015;72(2):187-193.

4. Petit-Pedrol M, Armangue T, Peng X, et al. Encephalitis with refractory seizures, status
epilepticus, and antibodies to the GABAA receptor: A case series, characterisation of the
antigen, and analysis of the effects of antibodies. Lancet Neurol. 2014;13(3):276-286.

5. Lancaster E, Lai M, Peng X, et al. Antibodies to the GABAB receptor in limbic
encephalitis with seizures: case series and characterisation of the antigen. Lancet Neurol.
2010;9(1):67-76.

6. Boronat A, Gelfand JM, Gresa-Arribas N, et al. Encephalitis and antibodies to dipeptidyl-
peptidase-like protein-6, a subunit of Kv4.2 potassium channels. Ann Neurol. 2013;73(1):120-
128.

© 2016 American Medical Association. All rights reserved.



eTable 1. Clinical Features According to the Type of Syndrome

Clinical features SPS SLS SPS-plus | Overlapping | p valug
N=50 (41%) | N=24 (20%) N=37 syndromes
(31%) N=10 (8%0)
Female sex (%) 30 (60) 18 (75) 20 (54) 7(70) 0.38
Age at onset, 47 (38-56) 47 (45-58) 60 (44-66) | 52 (28-63) 0.055
median years (IQR)
Delay to diagnosis, | 2 (1-5) 1 (0-3) 1 (0-2.5) 3 (0.5-5) 0.151
median years (IQR)
Systemic 26 (52) 13 (54) 13 (35) 4 (40) 0.51
autoimmune
disorders
Cancer 0(0) 1(4) 1(3) 1 (10) 0.49
CMUA on EMG 21/32 (65.6) | 10/19 (53) 17/28 (61) | 4/5(80) 0.49
CSF pleocytosis 4/24 (17) 0/11 (0) 10/28 (36) | 1/6 (17) 0.017
CSF OCBs 7/23 (30) 1/13 (8) 9/24 (38) 1/3 (33) 0.17
Antibodies: 0.002
GADG65 27 (54) 10 (42) 7(19) 8 (80)
GlyR* 5(10) 5@21) 12 (32) 0(0)
Other 1(2) 2 (8) 1(3) 1 (10)
Maximum mRS 4(2.5-4) 3(2-4) 4 (3-5) 4 (2-5) 0.002*
score, median
(IQR)
Symptomatic 42 (84) 16 (67) 21 (57) 5(50) 0.006
treatment
Type of 0.009
immunotherapy:
Non-treated 10 (26) 6 (32) 1(3) 1(13)
First line only 19 (50) 9(47) 10 (31) 3(37)
First line and long- | 5 (13) 1(5) 10 (31) 0(0)

© 2016 American Medical Association. All rights reserved.



term oral

First and second 4(10) 2(11) 9 (28) 4 (50)

line

Other 1(3) 1(5) 2 (6) 0(0)

Cases with follow- | 34 (68) 14 (58) 29 (78) 5(50) 0.22
up

Follow-up period, 17 (11-66) 54 (12-72) 18 (9-42) 24 (15-37) 0.54
median months

(IQR)

Relapsing course 9 (26.5) 321 12 (41) 2 (40) 0.61
Final mRS score, 2(1-3) 2(1-3) 2 (1-5) 3.5(2-5) 0.39
median (IQR)

Change in mRS 1(0-1) 1(0.75-2) 2(-1-3) 0.5(-0.75-1) | 0.51
score, median

(QR)

CMUA: continuous motor unit activity; IQR: interquartile range; mRS: modified Rankin scale;

OCBs: oligoclonal bands; SLS: stiff-limb syndrome; SPS: stiff-person syndrome; SPS-plus:

progressive encephalomyelitis with rigidity, myoclonus, or other symptoms.

* Two additional patients had concurrent GAD65 and GlyR antibodies

* Mann-Whitney U test: maximum mRS SP-plus vs SPS p=0.001, SPS-plus vs SLS p=0.002,

SPS-plus vs overlapping syndromes p=1

© 2016 American Medical Association. All rights reserved.




eTable 2. Clinical Features of the Main Immunologic Groups With EMG Findings Consistent

With SPS (Continuous Agonist-Antagonist Motor Unit Activity)

Clinical features GADG65+ GlyR+ N=6* | Antibody-negative | p value
N=26 (13%) N=16 (33%)
(54%)
Female sex (%) 23 (88) 1(17) 8 (50) 0.001
Age at onset, median 54 (45-65) | 52 (33-62) 47 (36-63) 0.38
years (IQR)
Delay to diagnosis, 2(1-4) 0 (0-2) 1.5 (0.5-5) 0.10
median years (IQR)
Syndrome: 0.005
SPS 13 (50) 0(0) 7 (44)
SLS 7(27) 0(0) 2(12)
SPS-plus 3(11) 6 (100) 6 (38)
Overlapping syndromes | 3 (11) 0(0) 1(6)
Hyperekplexia 9 (35) 5 (83) 4 (25) 0.021
Myoclonus 2 (8) 4 (67) 3(19) 0.014
Brainstem 2 (8) 6 (100) 2(13) <0.001
Pyramidal 1(4) 4 (67) 5@31) 0.001
Sphincter 1(4) 3 (50) 5@31) 0.039
Sensory 0(0) 3 (50) 2 (13) 0.013
Autonomic 2 (8) 4 (67) 2 (13) 0.034
Insomnia 2 (8) 4 (67) 1 (6) 0.013
Systemic autoimmune | 18 (69) 3 (50) 6 (38) 0.25
disorders”
CSF pleocytosis 2/11 (18) 2/6 (33) 1/11 (9) 0.029
CSF OCBs 6/14 (42) 1/6 (17) 0/6 (0) 0.016
Maximum mRS score, |4 (3-4) 5 (4-5) 4 (3-5) 0.012%*
median (IQR)
Symptomatic treatment | 26 (100) 4 (67) 12 (75) 0.007
Type of 0.05
immunotherapy:
Non-treated 5(19) 0 (0) 2 (13)
First line only 12 (46) 0(0) 6 (38)
First line and long-term | 4 (15) 3 (50) 2(12.5)
oral
First and second line 3(12) 3 (50) 0(0)
Other 1(4) 0 (0) 1 (6)
Cases with follow-up 25 (96) 6 (100) 11 (69) 0.034
Follow-up period, 32 (11-72) | 27 (9-129) 48 (12-75) 0.91
median months (IQR)
Relapsing course 11 (44) 3 (50) 5 (45) 1
Final mRS score, 2.5(1-3) 1.5 (1-5) 2.5(1.5-5) 0.68

median (IQR)

© 2016 American Medical Association. All rights reserved.




Improvement: 0.70
Treated 16/20 (80) | 4/6 (67) 5/9 (56)

Non-treated 2/5 (40) 0 (0) 1/2 (50)

Change in mRS score, | 1(0-2) 3(-0.25-4) 0.5(-0.25-2) 0.24
median (IQR)

IQR: interquartile range; mRS: modified Rankin scale; SLS: stiff-limb syndrome; SPS: stiff-
person syndrome; SPS-plus: progressive encephalomyelitis with rigidity, myoclonus, or other

Ssymptoms.
* Excludes 1 patient with concurrent GAD and GlyR antibodies

®27 patients (56%): including 6 with type I diabetes mellitus, 6 thyroiditis, 1 celiac disease, 1
psoriasis, 1 vitiligo, 1 Raynaud syndrome, and 11 had thyroid, ANA, dsDNA or gastric parietal cell

antibodies

* Mann-Whitney U test: maximum mRS score GAD65+ vs GlyR p=0.002, GAD65+ vs Ab-neg

p=0.22, GlyR+ vs Ab-neg p=0.037

© 2016 American Medical Association. All rights reserved.



eFigure. Outcome According to the Clinical Syndrome and Immunologic Group
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Patients” maximum mRS score compared with the score at the last follow-up according to the
main syndromes: first row stiff-person syndrome (SPS), second row stiff-limb syndrome (SLS),
and third row stiff-person syndrome plus (SPS-plus); and according to the immunologi group:
first column GADG65 antibodies, second column antibody-negative (Ab-neg), and third column
GlyR antibodies. Improvement for each individual patient is depicted in blue, deterioration in
red, and no change in orange. The median mRS is provided as a horizontal black line (only
provided if n > 5). In multivariable analysis on group level, presence of GAD65 antibodies was
associated with less favorable outcome (Table 2).
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Discussion
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Since its description in 1988 by Solimena and coworkers,® GAD-ab have
become an excellent biomarker of autoimmunity in certain neurological
disorders. Initial research established determinant differences between
antibodies from patients with autoimmune diabetes, where GAD is still the

12,17,24,91,132,140 .
IR S This means

major autoantigen, and neurological disorders.
that pathomecanisms, clinical course and potential immunotherapeutic
strategies cannot just be extrapolated from scientific achievements in the
field of TIDM. Research focused in neurological disorders is then essential,
and at the same time is a challenge due to the low frequency of these

diseases.

Previous work of this group, which also led to a thesis in the past,
resulted fundamental in the contribution to the knowledge of GAD-
autoimmunity involvement in CNS disorders. Those efforts served to
provide guidelines on the diagnostic value of high titres of GAD-ab in
patients with neurological syndromes. In this sense, it is noteworthy the
first descriptions of cerebellar ataxia associated to GAD-ab®> and the
identification of partial forms of SPS* that helped to complete the clinical
spectrum of GAD autoimmunity, or the study of the prevalence of GAD-ab
in epileptic syndromes and the identification of specific clinical phenotypes

71,73

among epileptic patients’"". Despite these observations, major knowledge

gaps remained to be elucidated.

One of the most intriguing questions is why some patients develop a
stiff-person syndrome, and others present with a cerebellar dysfunction,
for example. In Paper | we addressed this question with a very
comprehensive study of the largest cohort of GAD-related neurological

syndromes described so far. Despite this strength, we did not find relevant
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differences in the humoral immune-response trough the diverse
neurological syndromes. One explanation is that our approach was not
powered enough in some aspects. The epitope analysis was performed
using clones that spanned the whole sequence of the GAD65, but in 3 large
parts corresponding to the 3 functional domains of the enzyme. That might
completely overlook a small linear epitope within a functional domain or a
relevant conformational epitope dependent of the spatial relation of 2 or
more domains. A contemporary work of another independent group using
an immunoprecipitation assay with 3 constructs, also found that the main
immunodominant region of the epitope, was located in the catalytic core in
all the GAD65-ab containing sera with independence of the clinical

' But unless a more accurate experiment is done, the

syndrome.**
hypothesis of different epitope specificity within the GAD65 isoform cannot
be definitely ruled out. Other explanation is that these differences actually
do not exist. Indeed, there is evidence that other promoting factors are
driving the disease. The sole presence of circulating antibodies against
GADG65 is not apparently sufficient to develop a neurological disorder. The
long latency between GAD-ab detection and development of limbic
encephalitis in Case Report | is an example; although high serum titres in
this case could be the consequence of the polyglandular autoimmune
syndrome, which is the associated endocrine disorder that harbours higher
levels of GAD-ab. Another piece of evidence is the precedent of 2 patients
with  SPS  who underwent autologous hematopoietic stem cell

transplantation and achieved sustained clinical remission more than 2.5

and 4.5 years after the procedure, despite the persistence of GAD65-ab.

The comprehensive screening that we accomplished shows that the

analysis of CSF is essential in these neurological conditions, and that no



definitive conclusion about the role of GAD-ab can be achieved from the
study of serum samples. The specific intrathecal synthesis had been
previously shown, indicating that the presence of antibodies in the CSF is
not a phenomenon of passive antibody transfer from serum. But results
emerging from this thesis point to a specific intrathecal maturing of the
humoral response. On one hand, the GAD65 epitope recognition is
generally broader in CSF that in serum. In 46% of patients, serum GAD65-
ab recognized only one domain, whereas 74% of CSF GAD65-ab recognized
all three domains. This indicates an intramolecular B cell epitope spreading
driven intrathecally. The epitope spreading can potentially occur through
many mechanisms, including interactions with T cells, endocytic processing
of antigens, and somatic hypermutation in the B cell. While the presence of
auto-antibodies may antedate in years the clinical presentation of
autoimmune diseases, intramolecular epitope spreading has been
demonstrated to be one of the events that precede the development of
symptoms in entities like TIDM, pemphigus, systemic lupus erythematosus
or experimental allergic encephalomyelitis (the murine model of multiple
sclerosis)."” In an autoimmune encephalitis mediated by antibodies against
LGI1, somatic hypermutation rates point to a CSF antigen-driven activation
of clonally related B cells that shape the intrathecal immune repertoire.'*
On the other hand, the frequency of antibodies against GAD67 is
significantly higher in CSF than in serum. This fact is important because
GADG67, the other isoform of the enzyme, has been historically neglected in
the study of these diseases. A relevant circumstance is that GAD67 is
mainly expressed in neurons, and not in beta pancreatic cells. The low
frequency of GAD67-ab in patients with TIDM seems to be explained by a

phenomenon of cross-reactivity due to the sequence similarities between
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both isoforms.™** However, we demonstrated that in neurological
conditions, the prevalence of GAD67-ab is 100% in CSF. This, along with the
report of a patient with cerebellar ataxia and GAD67-ab but not GAD65-ab
(Case Report Il), suggests that GAD67 deserves further investigations to
determine its role. Whether their presence is the sterile result of the
epitope spreading, or they have a pathogenic role is presently unclear.
Nevertheless, the intracellular distribution of GAD67 associates the same
theoretical concerns that are still unsolved for GAD65-ab, regarding the
pathogenic potential role. In our set of experiments, we were not able to
demonstrate the internalization of antibodies contained in CSF samples
(GAD65 and GADG67) into live rat hippocampal neurons with the same
procedure that clearly demonstrated the internalization of NMDAR IgG. At
least, GAD67-ab have a potential role as diagnostic biomarker, since they

may be detected even in the absence of GAD65-ab.

Despite the absence of specific differences in the humoral response
linked to the diverse phenotypic presentation, the following question that
we tried to address was if the clinical course is similar among the different
GAD-associated neurological syndromes. In Paper Il we focused on patients
with cerebellar ataxia to determine the long-term outcome, an issue not
well known. The frequency of disabled patients due to their neurological
condition after years of follow-up was higher than an autonomous
outcome. This was associated logically to a lower disability at the time of
diagnosis, reflecting probably a natural lower aggressiveness of the disease
in some patients, but also to the effect of immunotherapy. A sustained
improvement after treatment was reported in 35% of treated patients, and
the frequency of this beneficial effect was higher, although not exclusive, in

those patients with a subacute onset. Independently of the therapy, the



subacute onset emerged as a predictive factor of a better outcome in the
multivariate analysis. These findings, along with the absence of differential
brain atrophy in MRI, supports the hypothesis that it may exist an initial
phase of the disease where the neurological symptoms have a functional
component. And this effect is potentially reversible before definite
structural damage is established. Immunotherapy is, then, indicated in
every patient with GAD-associated cerebellar ataxia. The limitations of the
study preclude revealing any significant evidence regarding the type or the
duration of immunotherapy, but the delay to treatment appeared as a
prognostic factor. This data indicates the convenience of treating as soon
as possible these patients, and, therefore, the importance of prompt
recognition of the syndrome. The cerebellar dysfunction is difficult to
distinguish from other sporadic cerebellar syndromes of autoimmune
aetiology like a paraneoplastic cerebellar degeneration, especially if the
neurological symptoms progress rapidly in a subacute manner.
Interestingly, our investigations led also to important clinical clues to
recognize these patients. A proportion of patients presented neurologic
symptoms antedating the development of a full cerebellar syndrome. The
most frequent picture was a fluctuating vertigo and this could happen up
to 26 months earlier. A second clue confirmed in this series is that the
coexistence of partial manifestations of the SPS spectrum are not
infrequent and may present simultaneously; EMG may be useful in cases
where symptoms are not evident. A third clinical aspect is the known co-
existence of other organ-specific autoimmune disorders in the context of
GAD autoimmunity, and the detection of concomitant TIDM or thyroiditis
(clinical or subclinical) may help to suspect this specific autoimmunity.

These features should raise the clinical suspicion and the subsequent
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search for GAD-antibodies. The detection of antibodies is assessable by
commercial tests, broadly available in non-research centres. As we have
learned, there might be some cases where isolated GAD67
immunoreactivity may be overlooked with commercial tests. So, to send
the samples to a reference laboratory is a good practice, especially when a

first screening is negative.

Other important challenge that clinicians have to face is when to suspect
a paraneoplastic origin in cases of neurological symptoms, high-titre of
GADG65-ab, and the absence of onconeuronal antibodies. Due to the low
prevalence reported, the systematic screening may unjustifiably increase
the cost in the health care of these patients, and at the same time the
likelihood of iatrogenicity. Our investigations published in Paper Ill resulted
in important clues to recognize patients with a hidden tumour, and the
relevance of these findings were highlighted with an award in the European
Academy of Neurology, and an editorial in the journal where the study was
published. The clinical presentation in paraneoplastic cases moves away
from the most typical presentation of GAD-related-neurological
syndromes: a woman under 50 years old who develops a SPS or a CA with
an insidious onset. In contrast, patients with an associated tumour were
older, males or presented other neurological syndromes (either classic
paraneoplastic syndromes like limbic encephalitis, or atypical syndromes
like brainstem dysfunction). Considering only this clinical features at
presentation, 13 out of 15 patients from our series could be suspected to
be paraneoplastic. Moreover, we found a significantly higher proportion of
antibodies against neuronal surface antigens in patients with tumours.
Hence, a comprehensive immunological test including the search for

additional antibodies besides GAD65-ab may help to increase the clinical



suspicion. In our cohort, the type of tumour aggregated around thymomas,
and tumours with neuroendocrine tissue expression (SCLC, pancreatic).
These tumours are able to trigger a paraneoplastic pathogenesis through 2
mechanisms: a) an ectopic expression of neural antigens, demonstrated by
immunohistochemistry of the tumoral tissue in 3 cases; b) loss of natural
immune tolerance to self, typical in disorders of central lymphoid organs
like thymus. Altogether, these reasons support a true paraneoplastic origin
in most patients. Only 2 patients from the series were clinically
indistinguishable from a non-paraneoplastic GAD-associated neurological
syndrome, and the level of certainty of a paraneoplastic origin in both
cases is far from definite, since they could correspond merely to an
epidemiological association. These patients were females with SPS or slow

CA, breast cancer, and GAD65-ab as the only biomarkers of autoimmunity.

In the last objective of this thesis, addressed in Paper IV, we investigated
the immunological spectrum in SPSD in the era of the neuronal cell surface
autoantibodies, and the results led to the conclusion that immunological
status may help to better classify these patients. Although being a large
cohort, it may have an important bias of referral, because we are a
reference center for autoimmune and paraneoplastic disorders of the
central nervous system. Clear clinical cases (“classic SPS”) or those GAD-ab-
positive, which are broadly accessible in clinical laboratories, may be
under-represented. This forces to interpret with caution the relative
frequency of immunological or clinical groups, but does not invalidate the
relation among immunostatus and clinical features. Among 121 patients,
only 41% had typical SPS and only 60% had a typical EMG. This highlights
the limitations of the actual diagnostic algorithm, which relies on clinical
and electrophysiological criteria. The only recognized biomarker so far,
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GADG65-ab, was present only in 54% of patients with typical syndrome or
EMG, and this frequency decreases to 43% of the entire cohort when
considering more challenging cases. A comprehensive screening did not
identify a novel diagnostic biomarker; GlyR-ab (not coexisting with GAD-ab)
were positive in around 20%, and seronegative is still an important group
(33.1%). This last group is interesting. After excluding 20 patients whose
serum or CSF was referred to our laboratory and finally had an alternative
diagnosis, still 40 remained fulfilling clinical suspicion of SPSD. Indeed, at
least half of them had typical SPS or a compatible EMG. A high proportion
(30%) had other organ-specific autoimmunities like in GAD autoimmunity;
80% received some kind of immunotherapy, and in those cases 60%
improved a median of 1 point in mRS scale. Considering these findings, the
probability of a different etiology in these patients is low, and we
hypothesize that the pathomechanism in many of them is also an
autoimmune dysfunction of the inhibitory synapse with a less evident
humoral autoimmunity. One possible explanation is the aggregation is this
group of cases with a positive CSF and a negative serum. Three of 26 GAD-
ab-positive cases in this cohort were only positive in CSF, and 16 patients in
the seronegative group did not have a CSF available sample. Other
possibility is a technical problem regarding sensitivity of the tests used.
Whereas in previous studies we proved that immunohistochemistry
detects high levels of GAD65-ab (over 2000 U by RIA), the sensitivity of our
cell-based assay for lower titers has not been specifically investigated and
could be unable to detect lower levels of GAD-ab. Nevertheless, the
contribution of this work is the confirmation that SPSD is a heterogeneous
disorder from the immunological point of view and that the immunostatus

does not unequivocally correlates with the clinical presentation (the



neurological syndrome). However, the most remarkable value of antibody
testing is that the presence and type of autoantibodies are predictors of
outcome. In contrast, the type of syndrome did not predict outcome.
Patients with GlyR-ab, despite a more severe clinical presentation, had a
greater degree of improvement than those with GAD-ab or without
antibodies. GAD-ab predicted the worse outcome in this cohort of SPSD,
consisting in a higher degree of disability at last follow-up visit along with

the absence of substantial improvement after immunotherapy.

In light of these results, the screening of antibodies in SPSD should be
incorporated to the initial evaluation of these patients. The magnitude of
the prognostic value can be confirmed only with a prospective
determination of the antibodies, to avoid the potential selection bias of

difficult or severe cases.

Summary of the contribution of this thesis and final thoughts

We investigated comprehensively the immune-response in the largest
cohort of neurological syndromes associated with GAD-ab ever published,
and additionally we focused on subgroups of patients with a clinical gap.
Our results confirmed that autoimmunity regarding the humoral response
is similar among different neurological syndromes, and that GAD-ab is still
the most important biomarker in these diseases. The research focus in the
future should come back to this antigen to clarify the role of these
antibodies in a complex disorder of the immune system, and to design
strategies to modulate this aberrant autoimmunity once developed. In the
case of T1DM, the reference of GAD-associated disorder, no single

intervention towards immunosuppression convincingly preserves the
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residual B-cell function present at the time of clinical diagnosis.
contrast, interventions directed to re-establish the balance between the
harmful and the regulatory arms of the autoimmunity seem more
promising. The expansion of disease-specific regulatory T cells using
relevant autoantigens like GAD have shown hopeful results in preclinical
models of several autoimmune diseases, including a T1DM murine

| 145

mode Future trials will clarify whether this is the best approach to treat

these GAD-associated neurological disorders.

For the daily practice, our investigations enlighten the value of these
antibodies in SPSD, and come up with clinic-immunological clues to early
recognize patients with GAD-associated cerebellar ataxia, and
paraneoplastic neurological syndromes. Both groups of patients are
challenging from a diagnostic point of view, and their outcomes partially

reside in the possibility of a prompt treatment.



Conclusions
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. The presence of additional antibodies against antigens of the
inhibitory synapse or a different reactivity against particular GAD
isoforms or sites of GAD65 do not explain the diversity of the
clinical phenotype in non-paraneoplastic neurological syndromes

associated with GAD-ab

. The immunological response against GAD is different in serum and
CSF, indicating a process of antigen-driven intrathecal maturation

in patients with non-paraneoplastic syndromes

. Patients with cerebellar ataxia and GAD-ab may respond to
immunotherapy, and maintain good functional status at long-
term. Early initiation of treatment likely offers a greater chance of

improvement

. Neurological syndromes with paraneoplastic criteria in the context
of GAD autoimmunity have a different clinical presentation and
humoral immunity profile. Patients presenting neurological
syndromes not typically associated with GAD-ab should be

screened for an underlying cancer

. Among patients with stiff-person spectrum disorders, the
immunological classification is an independent predictor of
outcome. Those patients with GAD-ab have worse prognosis than

antibody-negative patients and patients with GlyR-ab.

149






References

151






Rose, N. R. & Bona, C. Defining
criteria for autoimmune diseases
(Witebsky’s postulates revisited).
Immunol. Today 14, 426—-430
(1993).

Vincent, A. Unravelling the
pathogenesis of myasthenia
gravis. Nat. Rev. Immunol. 2,
797-804 (2002).

Hughes, E. G. et al. Cellular and
synaptic mechanisms of anti-
NMDA receptor encephalitis. J.
Neurosci. 30, 5866—75 (2010).

Planaguma, J. et al. Human N -
methyl D-aspartate receptor
antibodies alter memory and
behaviour in mice. Brain 138, 94—
109 (2015).

Lucchinetti, C. F. et al. The
pathology of an autoimmune
astrocytopathy: lessons learned
from neuromyelitis optica. Brain
Pathol. 24, 83—97 (2014).

Vidarsson, G., Dekkers, G. &
Rispens, T. IgG Subclasses and
Allotypes: From Structure to
Effector Functions. Front.
Immunol. 5,520 (2014).

Dalmau, J. & Rosenfeld, M. R.
Paraneoplastic syndromes of the
CNS. Lancet Neurol. 7, 32740
(2008).

Solimena, M. et al.
Autoantibodies to glutamic acid
decarboxylase in a patient with
stiff-man syndrome, epilepsy,
and type | diabetes mellitus. N.
Engl. J. Med. 318, 1012-20
(1988).

Saiz, A. et al. Spectrum of
neurological syndromes

153

10.

11.

12.

13.

14.

15.

associated with glutamic acid
decarboxylase antibodies:
diagnostic clues for this
association. Brain 131, 2553-63
(2008).

Ruige, J. B. et al. Low prevalence
of antibodies to GAD65 in a 50-
to 74-year-old general Dutch
population. The Hoorn Study.
Diabetes Care 20, 1108-10
(1997).

Pearce, D. A., Atkinson, M. &
Tagle, D. A. Glutamic acid
decarboxylase autoimmunity in
Batten disease and other
disorders. Neurology 63, 2001-5
(2004).

Solimena, M., Folli, F., Aparisi, R.,
Pozza, G. & De Camilli, P.
Autoantibodies to GABA-ergic
neurons and pancreatic beta cells
in stiff-man syndrome. N. Engl. J.
Med. 322, 1555-60 (1990).

Notkins, A. L. & Lernmark, A’
Autoimmune type 1 diabetes:
Resolved and unresolved issues.
J. Clin. Invest. 108, 1247-1252
(2001).

Jayasimhan, A., Mansour, K. P. &
Slattery, R. M. Advances in our
understanding of the
pathophysiology of Type 1
diabetes: lessons from the NOD
mouse. Clin. Sci. (Lond). 126, 1—
18 (2014).

Reijonen, H., Daniels, T. L.,
Lernmark, A. & Nepom, G. T.
GAD65-specific autoantibodies
enhance the presentation of an
immunodominant T-cell epitope
from GADG65. Diabetes 49, 1621—
6 (2000).



16.

17.

18.

19.

20.

21.

22.

Pescovitz, M. D. et al. Rituximab,
B-lymphocyte depletion, and
preservation of beta-cell
function. N. Engl. J. Med. 361,

2143-52 (2009). 23.

Baekkeskov, S. et al.
Identification of the 64K
autoantigen in insulin-dependent
diabetes as the GABA-
synthesizing enzyme glutamic
acid decarboxylase. Nature 347,
151-6 (1990).

24.

Pihoker, C., Gilliam, L. K., Hampe,
C.S. & Lernmark, A.
Autoantibodies in diabetes.
Diabetes 54 Suppl 2, S52-61

(2005). 25.

Littorin, B. et al. Islet cell and
glutamic acid decarboxylase
antibodies present at diagnosis of
diabetes predict the need for

insulin treatment. A cohort study 26.

in young adults whose disease
was initially labeled as type 2 or
unclassifiable diabetes. Diabetes
Care 22, 409-12 (1999).

Dalakas, M. C., Li, M., Fujii, M. &
Jacobowitz, D. M. Stiff person
syndrome: quantification,
specificity, and intrathecal

synthesis of GAD65 antibodies. 27.

Neurology 57, 780—4 (2001).

Rakocevic, G., Raju, R. & Dalakas,
M. C. Anti-glutamic acid
decarboxylase antibodies in the
serum and cerebrospinal fluid of
patients with stiff-person

syndrome: correlation with 28.

clinical severity. Arch. Neurol. 61,
902-4 (2004).

Skorstad, G. et al. GAD65 IgG

autoantibodies in stiff person 29.

syndrome: clonality, avidity and
persistence. Eur. J. Neurol. 15,
973-80 (2008).

Jarius, S. et al. Qualitative and
guantitative evidence of anti-
glutamic acid decarboxylase-
specific intrathecal antibody
synthesis in patients with stiff
person syndrome. J.
Neuroimmunol. 229, 219-24
(2010).

Lorish, T. R., Thorsteinsson, G. &
Howard, F. M. Stiff-man
syndrome updated. Mayo Clin.
Proc. 64, 629-36 (1989).

Clardy, S. L. et al. Childhood
Onset of Stiff-Man Syndrome.
JAMA Neurol. (2013).
doi:10.1001/jamaneurol.2013.44
42

Meinck, H. M., Ricker, K. &
Conrad, B. The stiff-man
syndrome: new
pathophysiological aspects from
abnormal exteroceptive reflexes
and the response to
clomipramine, clonidine, and
tizanidine. J. Neurol. Neurosurg.
Psychiatry 47, 280—7 (1984).

MOERSCH, F. P. & WOLTMAN, H.
W. Progressive fluctuating
muscular rigidity and spasm
(‘stiff-man’ syndrome); report of
a case and some observations in
13 other cases. Proc. Staff Meet.
Mayo Clin. 31, 421-7 (1956).

Gordon, E. E., Januszko, D. M. &
Kaufman, L. A critical survey of
stiff-man syndrome. Am. J. Med.
42, 582-99 (1967).

Dalakas, M. C. Stiff person
syndrome: advances in



30.

31.

32.

33.

34.

35.

36.

pathogenesis and therapeutic
interventions. Curr. Treat.
Options Neurol. 11, 102-10
(2009).

Brown, P. & Marsden, C. D. The
stiff man and stiff man plus
syndromes. J. Neurol. 246, 648—
52 (1999).

Barker, R. A., Revesz, T., Thom,
M., Marsden, C. D. & Brown, P.
Review of 23 patients affected by
the stiff man syndrome: clinical
subdivision into stiff trunk (man)
syndrome, stiff limb syndrome,
and progressive
encephalomyelitis with rigidity. J.
Neurol. Neurosurg. Psychiatry 65,
633-40 (1998).

Brown, P., Rothwell, J. C. &
Marsden, C. D. The stiff leg
syndrome. J. Neurol. Neurosurg.
Psychiatry 62, 31-7 (1997).

Saiz, A., Graus, F., Valldeoriola, F.,
Valls-Solé, J. & Tolosa, E. Stiff-leg
syndrome: a focal form of stiff-
man syndrome. Ann. Neurol. 43,
400-3 (1998).

Baizabal-Carvallo, J. F. & Jankovic,
J. Stiff-person syndrome: insights
into a complex autoimmune
disorder. J. Neurol. Neurosurg.
Psychiatry 86, 840-848 (2014).

Dalakas, M. C., Fujii, M., Li, M. &
McElroy, B. The clinical spectrum
of anti-GAD antibody-positive
patients with stiff-person
syndrome. Neurology 55, 1531-5
(2000).

Floeter, M. K., Valls-Solé, J., Toro,
C., Jacobowitz, D. & Hallett, M.
Physiologic studies of spinal
inhibitory circuits in patients with

155

37.

38.

39.

40.

41.

42.

43.

stiff-person syndrome. Neurology
51, 85-93 (1998).

Koerner, C., Wieland, B., Richter,
W. & Meinck, H.-M. Stiff-person
syndromes: motor cortex
hyperexcitability correlates with
anti-GAD autoimmunity.
Neurology 62, 1357—62 (2004).

Rossi, S. et al. Effects of
immunotherapy on motor cortex
excitability in Stiff Person
Syndrome. J. Neurol. 257, 281-5
(2010).

Levy, L. M., Levy-Reis, I., Fujii, M.
& Dalakas, M. C. Brain gamma-
aminobutyric acid changes in
stiff-person syndrome. Arch.
Neurol. 62, 9704 (2005).

Galldiks, N., Thiel, A., Haense, C.,
Fink, G. R. & Hilker, R. 11C-
Flumazenil positron emission
tomography demonstrates
reduction of both global and local
cerebral benzodiazepine receptor
binding in a patient with Stiff
Person Syndrome. J. Neurol. 255,
1361-1364 (2008).

Saiz, A. et al. Stiff-man syndrome
with vacuolar degeneration of
anterior horn motor neurons. J.
Neurol. 246, 858—60 (1999).

Ishizawa, K. et al. Large motor
neuron involvement in Stiff-man
syndrome: a qualitative and
guantitative study. Acta
Neuropathol. 97, 63—70 (1999).

Mitsumoto, H. et al. Sudden
death and paroxysmal autonomic
dysfunction in stiff-man
syndrome. J. Neurol. 238, 91-6
(1991).



44.

45.

46.

47,

48.

49.

50.

51.

52.

Warren, J. D., Scott, G.,
Blumbergs, P. C. & Thompson, P.
D. Pathological evidence of
encephalomyelitis in the stiff
man syndrome with anti-GAD
antibodies. J. Clin. Neurosci. 9,
328-9 (2002).

Meinck, H.-M. & Thompson, P. D.
Stiff man syndrome and related
conditions. Mov. Disord. 17, 853—
66 (2002).

Kasperek, S. Stiff-Man Syndrome
and Encephalomyelitis. Arch.
Neurol. 24, 22 (1971).

Howell, D. a, Lees, aJ. & Toghill,
P.J. Spinal internuncial neurones
in progressive encephalomyelitis
with rigidity. J. Neurol.
Neurosurg. Psychiatry 42, 773—-85
(1979).

Whiteley, A. M., Swash, M. &
Urich, H. Progressive
encephalomyelitis with rigidity.
Brain 99, 27-42 (1976).

McKeon, A. et al. Stiff-man
syndrome and variants: clinical
course, treatments, and
outcomes. Arch. Neurol. 69, 230—
8 (2012).

Dalakas, M. C. et al. High-dose
intravenous immune globulin for
stiff-person syndrome. N. Engl. J.
Med. 345, 18706 (2001).

Dalakas, M. C., Rakocevic, G.,
Dambrosia, J. & McElroy, B. A
double-blind, placebo-controlled
study of rituximab in patients
with stiff-person syndrome (SPS).
Ann. Neurol. 66, S20—
S20(Suppl.)13 (2009).

Rizzi, M. et al. Long-lived plasma

53.

54.

55.

56.

57.

58.

cells and memory B cells produce
pathogenic anti-GAD65
autoantibodies in Stiff Person
Syndrome. PLoS One 5, e10838
(2010).

Sanders, S. et al. Autologous
stem cell transplantation for stiff
person syndrome: two cases
from the Ottawa blood and
marrow transplant program.
JAMA Neurol. 71, 1296-9 (2014).

Abele, M. et al. Cerebellar ataxia
with glutamic acid decarboxylase
autoantibodies. Neurology 52,
857-9 (1999).

McFarland, N. R., Login, I. S.,
Vernon, S. & Burns, T. M.
Improvement with
corticosteroids and azathioprine
in GAD65-associated cerebellar
ataxia. Neurology 67, 1308-9
(2006).

Bayreuther, C., Hieronimus, S.,
Ferrari, P., Thomas, P. & Lebrun,
C. Auto-immune cerebellar ataxia
with anti-GAD antibodies
accompanied by de novo late-
onset type 1 diabetes mellitus.
Diabetes Metab. 34, 386—8
(2008).

Planche, V., Marques, A., Ulla,
M., Ruivard, M. & Durif, F.
Intravenous Immunoglobulin and
Rituximab for Cerebellar Ataxia
with Glutamic Acid
Decarboxylase Autoantibodies.
Cerebellum (2013).
doi:10.1007/s12311-013-0534-3

Kuchling, J. et al. GAD Antibody-
Associated Late-Onset Cerebellar
Ataxia in Two Female Siblings.
Case Rep. Neurol. 6, 264-70



59.

60.

61.

62.

63.

64.

65.

(2014).

Saiz, A. et al. Autoantibodies to
glutamic acid decarboxylase in
three patients with cerebellar
ataxia, late-onset insulin-
dependent diabetes mellitus, and
polyendocrine autoimmunity.
Neurology 49, 1026—30 (1997).

Honnorat, J. et al. Cerebellar
ataxia with anti-glutamic acid
decarboxylase antibodies: study
of 14 patients. Arch. Neurol. 58,
225-30(2001).

McKeon, A., Lennon, V. A,,
Pittock, S. J., Kryzer, T. J. &
Murray, J. The neurologic
significance of celiac disease
biomarkers. Neurology 83, 1789—
96 (2014).

Rakocevic, G., Raju, R., Semino-
Mora, C. & Dalakas, M. C. Stiff
person syndrome with cerebellar
disease and high-titer anti-GAD
antibodies. Neurology 67, 1068—
70 (2006).

Hosoi, Y. et al. GABA-A receptor
impairment in cerebellar ataxia
with anti-glutamic acid
decarboxylase antibodies. J.
Neurol. 260, 3086—92 (2013).

Ishida, K. et al. Selective loss of
Purkinje cells in a patient with
anti-glutamic acid decarboxylase
antibody-associated cerebellar
ataxia. J. Neurol. Neurosurg.
Psychiatry 78, 190-2 (2007).

Piccolo, G. et al. Clinico-
pathological findings in a patient
with progressive cerebellar
ataxia, autoimmune
polyendocrine syndrome,
hepatocellular carcinoma and

66.

67.

68.

69.

70.

71.

72.

157

anti-GAD autoantibodies. J.
Neurol. Sci. 290, 148-9 (2010).

Vulliemoz, S., Vanini, G., Truffert,
A., Chizzolini, C. & Seeck, M.
Epilepsy and cerebellar ataxia
associated with anti-glutamic
acid decarboxylase antibodies. J.
Neurol. Neurosurg. Psychiatry 78,
187-9 (2007).

Vianello, M., Tavolato, B.,
Armani, M. & Giometto, B.
Cerebellar ataxia associated with
anti-glutamic acid decarboxylase
autoantibodies. Cerebellum 2,
77-9 (2003).

Lauria, G., Pareyson, D., Pitzolu,
M. G. & Bazzigaluppi, E. Excellent
response to steroid treatment in
anti-GAD cerebellar ataxia.
Lancet Neurol. 2, 6345 (2003).

Pedroso, J. L., Braga-Neto, P.,
Dutra, L. A. & Barsottini, O. G. P.
Cerebellar ataxia associated to
anti-glutamic acid decarboxylase
autoantibody (anti-GAD): partial
improvement with intravenous
immunoglobulin therapy. Arg.
Neuropsiquiatr. 69, 993 (2011).

Pittock, S. J. et al. Glutamic acid
decarboxylase autoimmunity
with brainstem, extrapyramidal,
and spinal cord dysfunction.
Mayo Clin. Proc. 81, 1207-14
(2006).

Peltola, J. et al. Autoantibodies to
glutamic acid decarboxylase in
patients with therapy-resistant
epilepsy. Neurology 55, 46-50
(2000).

Malter, M. P., Helmstaedter, C.,
Urbach, H., Vincent, A. & Bien, C.
G. Antibodies to glutamic acid



73.

74.

75.

76.

77.

78.

79.

decarboxylase define a form of
limbic encephalitis. Ann. Neurol.
67, 470-8 (2010).

Falip, M. et al. Prevalence and
immunological spectrum of
temporal lobe epilepsy with
glutamic acid decarboxylase
antibodies. Eur. J. Neurol. 19,
827-33 (2012).

McKnight, K. et al. Serum
antibodies in epilepsy and
seizure-associated disorders.
Neurology 65, 1730—6 (2005).

Errichiello, L. et al.
Autoantibodies to glutamic acid
decarboxylase (GAD) in focal and
generalized epilepsy: A study on
233 patients. J. Neuroimmunol.
211, 120-3 (2009).

Bien, C. G. et al.
Immunopathology of
autoantibody-associated
encephalitides: clues for
pathogenesis. Brain 135, 1622—-
38 (2012).

Glover, R. L. et al. ILAE type 3
hippocampal sclerosis in patients
with anti-GAD-related epilepsy.
Neurol. Neuroimmunol.
neuroinflammation 2, €122
(2015).

Widman, G. et al. Treating a
GADG65 antibody-associated
limbic encephalitis with
basiliximab: A case study. Front.
Neurol. 6, (2015).

Hernandez-Echebarria, L. et al.
Paraneoplastic encephalomyelitis
associated with pancreatic tumor
and anti-GAD antibodies.
Neurology 66, 450-1 (2006).

80.

81.

82.

83.

84.

85.

86.

87.

Bataller, L. et al. Cerebellar ataxia
associated with neuroendocrine
thymic carcinoma and GAD
antibodies. J. Neurol. Neurosurg.
Psychiatry 80, 696—7 (2009).

Dinkel, K., Meinck, H. M., Jury, K.
M., Karges, W. & Richter, W.
Inhibition of gamma-
aminobutyric acid synthesis by
glutamic acid decarboxylase
autoantibodies in stiff-man
syndrome. Ann. Neurol. 44, 194—
201 (1998).

Raju, R. et al. Analysis of GAD65
autoantibodies in Stiff-Person

syndrome patients. J. Immunol.
175, 7755-62 (2005).

Ishida, K. et al. Selective
suppression of cerebellar
GABAergic transmission by an
autoantibody to glutamic acid
decarboxylase. Ann. Neurol. 46,
263-7 (1999).

Mitoma, H. et al. Presynaptic
impairment of cerebellar
inhibitory synapses by an
autoantibody to glutamate
decarboxylase. J. Neurol. Sci. 175,
40-4 (2000).

Ishida, K., Mitoma, H. &
Mizusawa, H. Reversibility of
cerebellar GABAergic synapse
impairment induced by anti-
glutamic acid decarboxylase
autoantibodies. J. Neurol. Sci.
271, 18690 (2008).

Soghomonian, J. J. & Martin, D. L.
Two isoforms of glutamate
decarboxylase: Why? Trends
Pharmacol. Sci. 19, 500-505
(1998).

Asada, H. et al. Cleft palate and



88.

89.

90.

91.

92.

93.

decreased brain gamma-
aminobutyric acid in mice lacking
the 67-kDa isoform of glutamic
acid decarboxylase. Proc. Natl.
Acad. Sci. U. S. A. 94, 6496-9
(1997).

Fenalti, G. et al. GABA production
by glutamic acid decarboxylase is
regulated by a dynamic catalytic
loop. Nat. Struct. Mol. Biol. 14,
280-6 (2007).

Fenalti, G. & Buckle, A. M.
Structural biology of the GAD
autoantigen. Autoimmun. Rev. 9,
148-52 (2010).

Hummel, M. et al. Humoral and
cellular immune parameters
before and during
immunosuppressive therapy of a
patient with stiff-man syndrome
and insulin dependent diabetes
mellitus. J. Neurol. Neurosurg.
Psychiatry 65, 204—8 (1998).

Reetz, A. et al. GABA and
pancreatic beta-cells:
colocalization of glutamic acid
decarboxylase (GAD) and GABA
with synaptic-like microvesicles
suggests their role in GABA
storage and secretion. EMBO J.
10, 1275-84 (1991).

Fabian, R. H. & Petroff, G.
Intraneuronal IgG in the central
nervous system: uptake by
retrograde axonal transport.
Neurology 37, 1780—4 (1987).

Greenlee, J. E., Burns, J. B., Rose,
J. W., Jaeckle, K. A. & Clawson, S.
Uptake of systemically
administered human
anticerebellar antibody by rat
Purkinje cells following blood-

159

94.

95.

96.

97.

98.

99.

100.

brain barrier disruption. Acta
Neuropathol. 89, 341-5 (1995).

Cunningham, M. E. et al. Anti-
ganglioside antibodies are
removed from circulation in mice
by neuronal endocytosis. Brain
aww056 (2016).
do0i:10.1093/brain/aww056

Borges, L. F., Elliott, P. J., Gill, R,,
Iversen, S. D. & lversen, L. L.
Selective extraction of small and
large molecules from the
cerebrospinal fluid by Purkinje
neurons. Science 228, 346—8
(1985).

Greenlee, J. E. et al. Purkinje cell
death after uptake of anti-Yo
antibodies in cerebellar slice
cultures. J. Neuropathol. Exp.
Neurol. 69, 997-1007 (2010).

Hill, K. E., Clawson, S. A., Rose, J.
W., Carlson, N. G. & Greenlee, J.
E. Cerebellar Purkinje cells
incorporate immunoglobulins
and immunotoxins in vitro:
implications for human
neurological disease and
immunotherapeutics. J.
Neuroinflammation 6, 31 (2009).

Hampe, C. S. et al. Monoclonal
antibodies to 65kDa glutamate
decarboxylase induce epitope
specific effects on motor and
cognitive functions in rats.
Orphanet J. Rare Dis. 8, 82
(2013).

Sommer, C. et al. Paraneoplastic
stiff-person syndrome: passive
transfer to rats by means of 1gG
antibodies to amphiphysin.
Lancet 365, 1406—-11 (2005).

Geis, C. et al. Stiff person



101.

102.

103.

104.

105.

106.

107.

syndrome-associated
autoantibodies to amphiphysin
mediate reduced GABAergic
inhibition. Brain 133, 3166—-80
(2010).

Burns, T. M. et al. Clinically
disparate stiff-person syndrome
with GAD65 autoantibody in a
father and daughter. Neurology
61, 1291-3 (2003).

Manto, M.-U. et al. Effects of
anti-glutamic acid decarboxylase
antibodies associated with
neurological diseases. Ann.
Neurol. 61, 544-51 (2007).

Hansen, N. et al. Human Stiff
person syndrome IgG-containing
high-titer anti-GAD65
autoantibodies induce motor
dysfunction in rats. Exp. Neurol.
239, 202-209 (2013).

Geis, C. et al. Human stiff-person
syndrome IgG induces anxious
behavior in rats. PLoS One 6,
el16775 (2011).

Manto, M. et al. Disease-specific
monoclonal antibodies targeting
glutamate decarboxylase impair
GABAergic neurotransmission
and affect motor learning and
behavioral functions. Front.
Behav. Neurosci. 9, 78 (2015).

Chang, T. et al. Neuronal Surface
and Glutamic Acid Decarboxylase
Autoantibodies in
Nonparaneoplastic Stiff Person
Syndrome. JAMA Neurol. 70,
1140-1149 (2013).

Chang, T. et al. Immunization
against GAD Induces Antibody
Binding to GAD-Independent
Antigens and Brainstem

108.

109.

110.

111.

112.

113.

114.

GABAergic Neuronal Loss. PLoS
One 8, 72921 (2013).

Holmey, T., Skorstad, G., Rgste, L.
S., Scheie, D. & Alvik, K. Stiff
person syndrome associated with
lower motor neuron disease and
infiltration of cytotoxic T cells in
the spinal cord. Clin. Neurol.
Neurosurg. 111, 708—12 (2009).

Witherick, J., Highley, J. R. &
Hadjivassiliou, M. Pathological
findings in a case of stiff person
syndrome with anti-GAD
antibodies. Mov. Disord. 26,
2138-9 (2011).

Warich-Kirches, M. et al. Stiff-
man syndrome: possible
autoimmune etiology targeted
against GABA-ergic cells. Clin.
Neuropathol. 16, 214-9 (1997).

Lohmann, T. et al. Immune
reactivity to glutamic acid
decarboxylase 65 in stiffman
syndrome and type 1 diabetes
mellitus. Lancet 356, 31-5
(2000).

Lohmann, T., Londei, M., Hawa,
M. & Leslie, R. D. G. Humoral and
cellular autoimmune responses
in stiff person syndrome. Ann. N.
Y. Acad. Sci. 998, 215-22 (2003).

Costa, M. et al. T-cell reactivity to
glutamic acid decarboxylase in
stiff-man syndrome and
cerebellar ataxia associated with
polyendocrine autoimmunity.
Clin. Exp. Immunol. 129, 471-8
(2002).

Schloot, N. C. et al. GAD65-
Reactive T cells in a non-diabetic
stiff-man syndrome patient. J.
Autoimmun. 12, 289-96 (1999).



115.

116.

117.

118.

119.

120.

121.

122.

Burton, A. R. et al. Central
nervous system destruction
mediated by glutamic acid
decarboxylase-specific CD4+ T
cells. J. Immunol. 184, 4863—-70
(2010).

Skorstad, G., Hestvik, A. L. K.,
Vartdal, F. & Holmgy, T.
Cerebrospinal fluid T cell
responses against glutamic acid
decarboxylase 65 in patients with
stiff person syndrome. J.
Autoimmun. 32, 24-32 (2009).

Butler, M. H. et al. Autoimmunity
to gephyrin in Stiff-Man
syndrome. Neuron 26, 307-12
(2000).

Folli, F. et al. Autoantibodies to a
128-kd synaptic protein in three
women with the stiff-man
syndrome and breast cancer. N.
Engl. J. Med. 328, 546-51 (1993).

Werner, C. et al. Human
autoantibodies to amphiphysin
induce defective presynaptic
vesicle dynamics and
composition. Brain 139, 365-379
(2015).

Raju, R. et al. Autoimmunity to
GABAA-receptor-associated
protein in stiff-person syndrome.
Brain 129, 3270-6 (2006).

Boronat, A., Sabater, L., Saiz, A.,
Dalmau, J. & Graus, F. GABA(B)
receptor antibodies in limbic
encephalitis and anti-GAD-
associated neurologic disorders.
Neurology 76, 795—800 (2011).

Davies, J. S. et al. The glycinergic
system in human startle disease:
a genetic screening approach.

Front. Mol. Neurosci. 3, 8 (2010).

161

123.

124.

125.

126.

127.

128.

Mas, N. et al. Antiglycine-
receptor encephalomyelitis with
rigidity. J. Neurol. Neurosurg.
Psychiatry 82, 1399-401 (2011).

McKeon, A. et al. Glycine
receptor autoimmune spectrum
with stiff-man syndrome
phenotype. JAMA Neurol. 70, 44—
50 (2013).

Carvajal-Gonzdlez, A. et al.
Glycine receptor antibodies in
PERM and related syndromes:
characteristics, clinical features
and outcomes. Brain 2178-2192
(2014).
do0i:10.1093/brain/awul4?2

Petit-Pedrol, M. et al.
Encephalitis with refractory
seizures, status epilepticus, and
antibodies to the GABAA
receptor: a case series,
characterisation of the antigen,
and analysis of the effects of
antibodies. Lancet Neurol. 13,
276-86 (2014).

Kim, J., Namchuk, M., Bugawan,
T., Fu, Q. & Jaffe, M. Higher
autoantibody levels and
recognition of a linear NH2-
terminal epitope in the
autoantigen GADG65, distinguish
stiff-man syndrome from insulin-
dependent diabetes mellitus. J.
Exp. Med. 180, 595—606 (1994).

Burbelo, P. D., Groot, S., Dalakas,
M. C. & ladarola, M. J. High
definition profiling of
autoantibodies to glutamic acid
decarboxylases GAD65/GADG67 in
stiff-person syndrome. Biochem.
Biophys. Res. Commun. 366, 1-7
(2008).



129.

130.

131.

132.

133.

134.

Daw, K., Ujihara, N., Atkinson, M.
& Powers, a C. Glutamic acid
decarboxylase autoantibodies in
stiff-man syndrome and insulin-
dependent diabetes mellitus
exhibit similarities and
differences in epitope
recognition. J. Immunol. 156,
818-25 (1996).

Seissler, J. et al. Prevalence of
autoantibodies to the 65- and 67-
kD isoforms of glutamate
decarboxylase in insulin-
dependent diabetes mellitus. J.
Clin. Invest. 92, 1394-9 (1993).

Jayakrishnan, B., Hoke, D. E.,
Langendorf, C. G., Buckle, A. M. &
Rowley, M. J. An analysis of the
cross-reactivity of autoantibodies
to GAD65 and GAD67 in diabetes.
PLoS One 6, e18411 (2011).

Butler, M. H., Solimena, M., Dirkx,
R., Hayday, a & De Camilli, P.
Identification of a dominant
epitope of glutamic acid
decarboxylase (GAD-65)
recognized by autoantibodies in
stiff-man syndrome. J. Exp. Med.
178, 2097-106 (1993).

Meinck, H. M. et al. Antibodies
against glutamic acid
decarboxylase: prevalence in
neurological diseases. J. Neurol.
Neurosurg. Psychiatry 71, 100-3
(2001).

Manto, M. U., Hampe, C. S,,
Rogemond, V. & Honnorat, J.
Respective implications of
glutamate decarboxylase
antibodies in stiff person
syndrome and cerebellar ataxia.
Orphanet J. Rare Dis. 6, 3 (2011).

135.

136.

137.

138.

139.

140.

141.

Vianello, M. et al. Increased
spontaneous activity of a
network of hippocampal neurons
in culture caused by suppression
of inhibitory potentials mediated
by anti-gad antibodies.
Autoimmunity 41, 66—73 (2008).

Stemmler, N. et al. Serum from a
Patient with GAD65 Antibody-
Associated Limbic Encephalitis
Did Not Alter GABAergic
Neurotransmission in Cultured
Hippocampal Networks. Front.
Neurol. 6, 189 (2015).

Hackert, J. K. et al. Anti-GAD65
Containing Cerebrospinal Fluid
Does not Alter GABAergic
Transmission. Front. Cell.
Neurosci. 10, 1-8 (2016).

Murinson, B. B. & Guarnaccia, J.
B. Stiff-person syndrome with
amphiphysin antibodies:
distinctive features of a rare
disease. Neurology 71, 1955-8
(2008).

Alexopoulos, H., Akrivou, S. &
Dalakas, M. C. Glycine receptor
antibodies in stiff-person
syndrome and other GAD-
positive CNS disorders. Neurology
81, 1962-4 (2013).

Kim, J. et al. Differential
expression of GAD65 and GAD67
in human, rat, and mouse
pancreatic islets. Diabetes 42,
1799-808 (1993).

Fouka, P. et al. GAD65 epitope
mapping and search for novel
autoantibodies in GAD-
associated neurological
disorders. J. Neuroimmunol. 281,
73-77 (2015).



142.

143.

Cornaby, C. et al. B cell epitope 144.
spreading: Mechanisms and

contribution to autoimmune

diseases. Immunol. Lett. 163, 56—

68 (2015).
145.

Irani, S. R. et al. The active
intrathecal B-cell response in
LGl1-antibody encephalitis.
Lancet 385 Suppl, S46. Abstract
(2015).

163

Lernmark, A. & Larsson, H. E.
Immune therapy in type 1
diabetes mellitus. Nat. Rev.
Endocrinol. 9, 92-103 (2013).

Clemente-Casares, X. et al.
Expanding antigen-specific
regulatory networks to treat
autoimmunity. Nature 1-19
(2016). doi:10.1038/nature16962






Annex

165






Case Report |

Long latency between GAD-antibody detection and development of limbic
encephalitis — a case report.

Fauser S, Uttner |, Arifio H, Scherbaum WA, Saiz A, Lewerenz J. BMC
Neurology. 2015;15:177.

(omc

Neurology
IF JCR 2015 (percentile): 1.961 (Q3)

167






Fauser et al. BMC Neurology (2015) 15:177
DOI 10.1186/512883-015-0435-9

BMC
Neurology

CASE REPORT Open Access

Long latency between GAD-antibody

@ CrossMark

detection and development of limbic
encephalitis — a case report

Susanne Fauser'”, Ingo Uttner’, Helena Arifio®, Werner A. Scherbaum?, Albert Saiz*® and Jan Lewerenz'”

Abstract

Background: In the pathogenesis of limbic encephalitis other promoting factors besides the pure existence of
autoantibodies are increasingly discussed to play a significant role. This is to our knowledge the first described
patient in whom the presence of autoantibodies precedes the manifestation of limbic encephalitis for many years.

Case presentation: At the age of 38 years, in the serum of a patient with polyendocrine autoimmunity high titers
of cytoplasmic islet cell antibodies and of anti-glutamate decarboxylase (GAD) 65 antibodies were observed as an
incidential finding, GAD67 antibodies were negative at that time. After a latency of 18 years, she manifested with
refractory temporal lobe epilepsy most likely due to autoimmune limbic encephalitis. After epilepsy onset, the
patient underwent magnetic resonance imaging (MRI), electroencephalography, cerebrospinal fluid (CSF), serum
and neuropsychological investigations during a follow-up period of 8 years. A pharmacoresistent epilepsy with
seizure onset from the right temporal lobe and declarative memory deficits were observed affecting primarily the
recall of verbal informations. MRI showed a slightly increased signal in the right amygdala without progression.
GAD antibodies could be detected in serum (titre 1: 1000) and CSF (titre 1:1) by immunofluorescence. Both, GAD65
and GAD67 antibodies were observed in cell-based assays.

Conclusions: It can be assumed that in addition to a pre-existing systemic T-cell response associated with the
longstanding polyendocrine autoimmunity, a delayed intrathecal autoimmunity developed leading to limbic
encephalitis. This change might be reflected by the development of GAD67 antibodies in our patient. Besides the
contribution of this case report to a better understandig of the pathomechanisms for the development of central
nervous system (CNS) autoimmunity, it also has a clinical impact as early treatment of GAD antibody-associated
CNS disorders has a better prognosis. Therefore, vigilance for symptoms indicating GAD antibody-associated CNS
autoimmunity is mandatory in patients with GAD antibody-associated endocrine dysfunction.

Keywords: Clinical manifestation, GAD antibodies, Limbic encephalitis, Pathogenesis

Background

Limbic encephalitis describes a heterogenous spectrum of
neurological disorders characterized by mostly subacute
onset and progressive mnestic deficits, epileptic seizures
and psychiatric disturbances such as depression and
psychosis. A variety of autoantibodies against brain anti-
gens has been detected in association with limbic enceph-
alitis. These include onconeuronal antibodies against
intracellular proteins (Hu, Ma2, CV2) in the context with
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malignant tumors [1] and a multitude of other distinct
pathogenic autoantibodies against surface protein recep-
tors in the absence or presence of tumors [2] .
Anti-glutamic acid decarboxylase (GAD) antibodies oc-
cupy an intermediate position, as they are directed against
an intracellular antigen but are not associated with malig-
nant tumors in the majority of cases [2]. Two distinct GAD
isoforms exist in humans, GAD65 and GAD67, which are
encoded by different genes and share approximately
75 % amino acid sequence identity [3]. Both isoforms
are expressed in islet cells and GABAergic neurons, al-
though GADG65 at higher levels. The molecular nature
of GAD antibodies is partly distinct in different clinical
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conditions [4]. Patients with GAD antibodies manifest
with different clinical disorders, either with or without
neurological dysfunction. Non-neurological disorders
comprise type 1 diabetes mellitus alone or polyendo-
crine autoimmunity with or without diabetes [5, 6]
while neurological disorders associated with GAD anti-
bodies include stiff person syndrome (SPS), cerebellar
ataxia and limbic encephalitis sometimes presenting as
therapy refractory temporal lobe epilepsy [7, 8]. While
GAD antibodies in autoimmune endocrinopathies
recognize conformational epitopes on GAD65 and the
infrequent recognition of GAD67 isoform is assumed
as cross-reactivity phenomenon [9], the antibodies in
SPS and cerebellar ataxia recognize linear epitopes on
GADG65 so they can be detected by Western blotting
and frequently recognize GAD67 [10, 11, 12, 13].
Whereas a direct pathogenic mechanism of autoanti-
bodies was demonstrated for antibodies to the N-
methyl-D-aspartate receptor (NMDAR antibodies) [14]
and can be assumed for limbic encephalitis associated
with others surface protein autoantibodies [2], in cases
with antibodies against intracellular antigens including
GAD antibodies, the toxic effect on the central nervous
system (CNS) is more probably mediated by cytotoxic
T cells [2]. However, even in autoimmune encephalitis
associated with NMDAR antibodies, it has been re-
cently shown that an intrathecal antibody synthesis can
persist for a long time after remission of acute NMDAR
encephalitis [15]. Thus, other promoting factors seem
to be essential to establish the clinical phenotype. Blood
brain barrier function and antibody affinity have been
discussed as such further important promoting factors.

Here, we report the first patient with limbic encephal-
itis associated with antibodies to GAD in whom these
antibodies had already been detected 18 years before the
patient became symptomatic with epileptic seizures and
mnestic deficits. This case report adds to the medical lit-
erature that in longstanding polyendocrine autoimmun-
ity a delayed intrathecal spread is possible leading many
years later to limbic encephalitis.

Case presentation

At the age of 38 years, the female patient participated as
a healthy control in scientific studies concerning cyto-
plasmic islet cell antibodies (ICA) in insulin-dependent
diabetes using an indirect immunofluorescence tests on
cryostat sections of human pancreas [16—18]. At that time
she neither suffered from diabetes mellitus nor presented
with any neurological symptoms. However, at the same
time, she was diagnosed for autoimmune thyroiditis
with high-titre antibodies to thyroid microsomal antigens
(although hypothyreoidism had already been known for
several years and treated with L-thyroxin), she had vitiligo
and antibodies to gastric parietal cells as well as antibodies
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to the intrinsic factor. At that time - as an incidential
finding - high titers of ICA (reportedly >1:128, immu-
nefluorescence on human pancreas) and GAD anti-
bodies were observed in the patient’s serum. The GAD
antibodies were directed to the GADG65 antigen only.
Antibodies to GAD67 were negative at that time [5].
The ICA reactivity could not be eliminated by preincuba-
tion with GADG65 indicating additional antigens against
which the ICA was directed [17].

At the age of 56 years, the patient presented with first
epileptic seizures. Seizure semiology consisted mainly in
simple partial seizures with tightness in the chest accom-
panied by anxiety resembling angina pectoris. These sei-
zures lasted for 0.5 to 3 min. During most of these
seizures, she was adequately responsive to verbal and non-
verbal commands. Sometimes, there was a transition to
complex partial seizures of temporal semiology. Report-
edly, she was unresponsive and appeared helpless. More-
over, she showed fumbling manual automatisms for about
2 to 3 min. The patient had amnesia for these episodes.
Additionally she reported acoustic hallucinations in
terms of a perception of music/melodies. Generalised
tonic-clonic seizures never occurred. Seizure frequency
was several simple partial and complex partial seizures
per month. Simultaneously with epilepsy onset, the pa-
tient complained of considerable memory impairment.
A first neuropsychological examination revealed signifi-
cant episodic memory deficits that affected primarily
the recall of verbal information. The figural episodic
memory as well as primary verbal memory and verbal flu-
ency were only slightly reduced. Information processing
speed, divided and selective attention were in the normal
range. Initial cerebrospinal fluid (CSF) examination at the
age of 56 was normal (0 leucocyte, total protein 324 mg/l,
lactate 1,6 mmol/l, oligoclonal and oligoclonal IgG n
serum and CSF negative).

In the cerebral magnetic resonance imaging (MRI) per-
formed three years later, a slight T2-hyperintensity of the
right amygdala without increased volume was observed.

At the age of 60, video-electroencephalography (EEG)
monitoring was performed. Interictal epileptiform dis-
charges were seen in the right temporo-anterior region.
One habitual complex partial seizure could be registered
with EEG onset also over the right temporal lobe. In a
neuropsychological follow-up performed, a substantial
worsening of the figural episodic memory performance
was found, whereas episodic verbal memory and verbal
fluency presented nearly normal. Repeated CSF ana-
lysis at the age of 60 again revealed a normal cell count
(1 cells/pl), CSF/blood barrier function (total protein
271 mg/l, CSF/serum albumin ratio 3.0 x 107%) and ab-
sent intrathecal immunoglobulin synthesis. However,
GAD antibodies were highly positive in both serum and
CSF when tested by a GAD65 ELISA (serum 15.800 U/ml,
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CSF 48 U/ml) as described [7] or using immunofluores-
cence on primate cerebellum (serum 1:1000, CSF 1:1)
(Fig. 1a-c) and rat brain (serum 1:64,000, CSF 1:8) [7]. GAD
antibodies in serum recognized a linear GAD65 epitope, as
suggested by the positive reactivity in immunoblots using
recombinant GADG65 protein [13]. Concomitant antibodies
against GAD67 (serum 1:40, CSF 1:5) were found in serum
and CSF using a cell-based assay [19]. Indirect immuno-
fluorescence using both rat brain and primate cerebellum,
pancreas and gut did not reveal the presence of antibodies
at relevant titres to neuronal antigens other than GAD.
Specific subtests could exclude NMDAR, CASPR2, LGI1,
AMPAR, GABAgR and GABA4R antibodies in serum and
CSF and GlyR, Aquaporin 4, Hu, Yo, Ri, CV2, Tr, Mal/2,
Zic4 antibodies in serum.

In the following years, the epilepsy took a pharmacore-
sistent course. The patient was treated by levetiracetam,
lamotrigine and zonisamide without relevant improve-
ment. The MRI abnormality remained unchanged over an
observation time of 3 years (Fig. 1d). A further neuro-
psychological assessment at the age of 62 revealed again
mnestic deficits mainly concerning the recall of verbal epi-
sodic information and — to a less severe degree - the pri-
mary verbal memory while non-verbal memory functions
had improved. Moreover, the patient presented with defi-
cits in the selective attention and with emotional lability
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as well as moderate depressive symptomes. However, dur-
ing the course of the disease the patient remained able to
work. At the age of 63, the patient received two cycle of
high-dose methylprednisolone (1 g /daily for 5 consecutive
days every four months). In parallel, the seizure frequency
decreased considerably to less than once per month al-
though in parallel her antiepileptic therapy was comple-
mented by perampanel.

Until present, the patient has not developed diabetes
mellitus.

Based on the clinical findings of late-onset temporal
lobe epilepsy with a pharmacoresistant course, impair-
ment of both, verbal and nonverbal declarative memory,
a slight increase of signal intensity in the right amyg-
dala without hippocampal atrophy or sclerosis and high
GADG65 and positive GAD67 antibodies in serum and
CSE, a GAD antibody-associated limbic encephalitis
was diagnosed.

Conclusion

Initially, GAD antibodies in our patient were only associ-
ated with endocrine autoimmunity for many years. Thus,
our case illustrates that besides the pure presence of the
autoantibodies other promoting factors must play a role in
the pathogenesis of limbic encephalitis. Whereas complete
recovery from symptoms of autoimmune encephalitis has

Fig. 1 Immunofluorescence findings and magnetic resonance imaging in our case of GAD antibody-associated limbic encephalitis. a-¢ Micrographs
showing immunofluorescence using the patient’s serum diluted 1:100 (a/c) or CSF diluted 1:1 (b) on primate cerebellum (a/b) or pancreas (c)
(bar =100 um). Note the typical fluorescence pattern for GAD antibodies with prominent fluorescence in the granule cell layer and a subset of
islet cells and less prominent signal in Purkinje cells. d T2-weighted magnetic resonance imaging demonstrates a slight signal hyperintensity
of the right amygdala/anterior hippocampus compatible with the diagnosis of limbic encephalitis
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been described despite the persistence of autoantibodies
[15], our patient is to our knowledge the first in whom the
presence of autoantibodies preceded the manifestation of
limbic encephalitis for many years. Although autoimmune
encephalitis in terms of GAD autoimmunity cannot be
proven in our patient, there are many arguments in favor
of this hypothesis. First, high antibody levels were found
in the range previously described associated with GAD
antibody-associated neurological syndromes [7], which de-
tected a linear epitope as found in other GAD antibody-
associated CNS disorders [13]. Second, GAD67 antibodies
were positive in the CSE a finding invariably present in
patients with GAD antibody-associated disorders of the
CNS [19]. Third, the clinical course with prominent phar-
macoresistant epilepsy and less apparent psychiatric and
cognitive disturbances is typical of GAD antibody-positive
limbic encephalitis [8]. Fourth, in cranial MRI a slight in-
crease of signal intensity was seen in the right amygdala
without enlarged volume or hippocampal sclerosis, which
remained without progression over three years. Thus, a
low-grade brain tumor, mesial temporal sclerosis or a dys-
plasia is unlikely to exist in this case.

How could the long latency between the appearance of
GAD antibodies and the clinical manifestation of limbic
encephalitis be explained? In NMDAR encephalitis, in con-
trast to GAD antibody-associated syndromes, the NMDAR
antibodies play a pathophysiologically relevant role [14].
Here, a spread from systemic to intrathecal autoimmunity
against NMDARs is hypothesized to trigger the onset of
the encephalitis [20]. In patients with antibodies against
intracellular antigens, including those with GAD anti-
bodies, a higher CD8/CD3 ratio and more frequent apposi-
tions of granzyme-B(+) cytotoxic T cells to neurons were
found compared to the patients with surface antigens [21].
In analogy with NMDAR encephalitis, however, it can be
assumed that in addition to the pre-existing systemic T cell
response associated with the longstanding polyendocrine
autoimmunity in our patient, a delayed intrathecal auto-
immunity developed leading to limbic encephalitis. This
change might be reflected by the development of GAD67
antibodies in our patient. Moreover, a (transient) blood—
brain barrier disruption might have played an important
part in the reported patient. Alternatively, the epilepsy may
not have occurred immediately after tissue damage but
after a longer latency period in which remodelling of
synapses finally lead to epileptogenesis similar to hippo-
campal sclerosis.

In conclusion, our case shows that systemic GAD
autoimmunity, even after many years, can spread to the
CNS. Moreover, our case underlines that the presence
of one or more autoimmune disorders is an indicator
that epilepsy may be of autoimmune origin [22]. As
early treatment of GAD antibody-associated CNS disor-
ders has a better prognosis [19], vigilance for symptoms
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indicating GAD antibody-associated CNS autoimmunity
is mandatory in patients with GAD antibody-associated
endocrine dysfunction.

Consent

Written informed consent was obtained from the patient
for publication of this Case report and any accompany-
ing images. A copy of the written consent is available for
review by the Editor of this journal.
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immunoreactivity against GAD67 is found in high proportion of patients with GAD-ab-associated neurological
disorders. We describe the case of a 59-year-old woman who presented with pancerebellar syndrome of sub-

acute onset (9 weeks to nadir). In the etiological study, high titers of GAD-ab were found, but these only recog-
nized the GAD67 isoform and not the GAD65. Screening of GAD67-ab should be considered in late-onset
cerebellar ataxia when GAD65-ab are absent.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Autoantibodies against glutamic acid decarboxylase (GAD-ab) asso-
ciate with several neurologic disorders such as stiff-person syndrome,
cerebellar ataxia, and limbic encephalitis (Saiz et al., 2008). GAD-ab
recognize the smaller isoform of the enzyme, GADG65, localized at the
intracellular presynaptic site of inhibitory synapses, and high titers of
GADG5-ab are currently a biomarker of these disorders. The presence
of antibodies against the larger isoform, GAD67, is rarely included in
clinical testing despite it has been reported in a high proportion of
patients with GAD-ab associated disorders, usually accompanying
GADG65-ab (Meinck et al.,, 2001). It is unknown whether GAD67-ab
alone associate with a specific neurological syndrome. We report here
the case of a patient who developed cerebellar ataxia along with auto-
antibodies restricted to the GAD67 isoform.

2. Case report

In November 2015, a 59-year-old woman presented with sudden
onset of dizziness, vomiting and vertigo for 15 days. She denied sensory
deficits and other focal neurologic or systemic symptoms, but

* Corresponding author at: Institut d Investigacions Biomédiques August Pi i Sunyer
(IDIBAPS) Casanova, 143 (CELLEX building) 08028 Barcelona, Spain.
E-mail address: harino@clinic.ub.es (H. Arifio).

http://dx.doi.org/10.1016/j,jneuroim.2016.09.019
0165-5728/© 2016 Elsevier B.V. All rights reserved.

complained of blurred vision. Neurological examination was remark-
able for vertical nystagmus, horizontal diplopia, and mild right-arm
dysmetria on finger-to-nose testing. Routine laboratory evaluation,
brain MRI and MR-angiography were normal (Fig. 1). She was first
treated for vertigo with betahistine and sulpiride, but during the ensu-
ing 9 weeks she had a rapidly progressive neurological deterioration
evolving to a pancerebellar syndrome. At examination, she had nystag-
mus on upward gaze, scanning speech, asymmetric dysmetria involving
the 4 limbs, intention tremor, hypotonia, brisk deep tendon reflexes,
right ankle clonus, and wide-based ataxic gait requiring bilateral assis-
tance to walk. Cognition was normal. There were no other cranial
nerve deficits, and she had normal strength. The score in ICARS scale
was 61/100 (Trouillas et al., 1997).

Repeat brain MRI was normal (Fig. 1). Blood tests including blood
count and renal function were normal. Specific studies for metabolic
or nutritional deficits (copper, thyroid function, vitamins E and B12),
autoimmune or inflammatory disorders (transglutaminase antibodies,
antinuclear and Ro antibodies, angiotensin-converting enzyme) and
tumor markers were unremarkable. Whole-body CT scan was normal.
Two CSF studies were normal except for a CSF-restricted IgG oligoclonal
band. Neuronal antibody studies using frozen rat brain tissue immuno-
histochemistry revealed a pattern of reactivity suggestive of GAD-ab in
CSF and serum (Fig. 2). Immunoblot using 2 commercial kits containing
GADG65 (Euroimmune and Ravo) were both negative in serum and CSF.
Serum was also negative for GAD65 using a commercial RIA analysis. An
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Fig. 1. Brain MRI. At diagnosis axial T2 (A) and axial T1-gadolinium (B) did not reveal structural abnormalities or contrast enhancement. In sagittal slices, the volume of the cerebellar
vermis was stable in a control (D) at 10 months from clinical onset, 6 weeks after the first neuroimaging (C).

in house cell-based assay using HEK293 cells transfected with recombi-
nant human GAD65 or GAD67 (Gresa-Arribas et al,, 2015) showed that
both serum and CSF contained antibodies restricted to the GAD67
isoform. The titer of GAD-abs was evaluated by serial dilutions in immu-
nohistochemistry until the specific immunoreactivity disappeared.
Serum titer was 1:3600 and CSF titer 1:1200. The index of GAD-ab
was calculated as previously described (Saiz et al., 2008) and it was
74.8, indicating a strong intrathecal synthesis.

The patient was treated with intravenous metilprednisolone (1 g
per day during 3 days) and 3 pulses of IVIg (2 g/kg distributed along 5
days), with only mild clinical improvement. Subsequently, she
received rituximab (2 cycles of 1 g separated by 15 days) and
1 month later 1 g of cyclophosphamide (the first of 3 cycles in a
monthly basis). The patient has not developed diabetes mellitus. In
the last follow-up, 8 months after symptom onset, the patient was
slightly better; the ICARS was 48/100 and she was able to walk a
few steps without assistance.

3. Discussion and conclusions

To our knowledge, this is the first report of cerebellar ataxia associ-
ated with antibodies exclusively against GAD67. The clinical picture
consistent with late-onset rapidly progressive cerebellar degeneration
in a woman close to her sixties, is undistinguishable from the phenotype
associated with GAD65-ab (Arifio et al., 2014; Honnorat et al., 2001).
High titer of GAD-ab and the demonstration of intrathecal synthesis of
antibodies are key findings for the diagnosis of GAD-ab associated
neurological disorders (Jarius et al., 2010; Saiz et al., 1997). This case sat-
isfies both conditions. Other cases of neurological syndrome associated
exclusively with GAD67-ab include 2 patients with stiff-person
syndrome who presented GAD immunoreactivity in serum revealed
by immunohistochemistry, negative by immunoblot but recognizing
native GAD67 (Johnstone and Nussey, 1994).

Although the significance of GAD67-ab is poorly understood, a re-
cent study focused in the systematic determination of GAD-ab in a
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Fig. 2. Immunoassays for GAD-ab detection. (A, B) Immunohistochemistry on rat cerebellar tissue shows the characteristic staining of the presynaptic inhibitory terminals, especially the
axon hillock of Purkinje cells (*), the granular layer (GL) and dendritic tree of Purkinje cells penetrating the molecular layer (ML). At regular conditions for antibody screening this pattern
was stronger in the CSF (A, dilution 1:2) compared with the serum (B, dilution 1:500), which had the immunostaining more apparent essentially in the cerebellar deep nuclei (inset, x40).
(C) A commercial immunoblot was negative for GAD65-ab in serum and CSF (strips 22 and 21 respectively), in contrast to the serum from another patient with cerebellar ataxia and GAD-
ab (strip 23). (D-E) Merged images of a cell-based assay using HEK293 cells transfected with GAD65 (D, E) or GAD67 (F, G) showing selective recognition of the GAD67 isoform. The yellow
signal shows the merged immunofluorescence of the commercial antibody and the patient's antibody recognizing GAD67 in serum (F) and CSF (G). This contrasts to the GAD65 assay,
which is only red due to the absence of reactivity in serum (D) and CSF (E). (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)
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large cohort of patients with neurological disorders showed that in pa-
tients with GAD65-ab, the study of CSF always showed the presence of
GADG67-ab, despite 15% of paired sera were GAD67-ab negative, indicat-
ing an active antibody synthesis within the CNS (Gresa-Arribas et al.,
2015).

The absence of GAD65-ab in our patient (and presumably in 2 previ-
ous patients with stiff-person syndrome) argues against the presence of
GADG67-ab being the result of cross-reactivity or an epitope-spreading
phenomenon secondary to a dominant epitope in GAD65. Moreover, it
raises the question whether GAD65-ab are the most specific biomarker
for neurological disorders or, in contrast, we should consider the routine
screening of GAD67-ab or both in patients with suspected GAD-ab
associated syndromes. It is unknown how antibodies against GAD65
or GADG67 reach their intracellular antigens, so the same concerns
about the pathogenic role of GAD65-ab are applicable to GAD67-ab
(Alexopoulos and Dalakas, 2010). Considering only their diagnostic
value, this case illustrates the importance of GAD67-ab as autoimmune
biomarker to identify patients that may respond to immunotherapy and
the value of the antibody analysis by immunohistochemistry that detect
antibodies against both GAD isoforms in contrast to the most common
routine techniques (radioimmunoassay and immunoblot). The thera-
peutic strategy in patients with cerebellar ataxia and GAD-ab is not
clear and the response is variable, but an early diagnosis is mandatory
to increase the likelihood of a better outcome (Arifio et al., 2014). In
summary, this study shows that patients with neurological symptoms
suggestive of GAD-autoimmunity, but GAD65-ab negative, may have
antibodies against GAD67.
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Resumen en Castellano

Introduccion y objetivos

Esta tesis se centra en sindromes neurolégicos asociados a anticuerpos
contra el enzima descarboxilasa del acido glutamico (anti-GAD). Estos
anticuerpos se han descrito asociados a multitud de sindromes
neurolégicos, enfermedades endocrinoldgicas, e incluso se encuentran en
una pequefia proporcion de sujetos sanos. El rol de estos anticuerpos en
cada una de estas entidades no esta perfectamente establecido y, desde el
punto de vista de la neurologia clinica, es especialmente relevante conocer
qué implicaciones clinicas tiene el hallazgo de estos anticuerpos en

pacientes con determinados sindromes neurolégicos.

La presencia de anticuerpos dirigidos contra moléculas, antigenos, del
propio individuo (autoanticuerpos) se ha asociado a enfermedades
autoinmunes del sistema nervioso, pero con diferente rol. Si bien en unos
casos estos autoanticuerpos son directamente patogénicos (enfermedades
mediadas por anticuerpos), en otros son marcadores subrogados de un
proceso autoinmune subyacente, pero no los son responsables de la
inmunopatogénesis de la enfermedad (enfermedades asociadas a
anticuerpos). En este Ultimo caso, la deteccién de anticuerpos es la base de
tests especificos cuyo valor mas importante es ser biomarcador
diagndstico. De los trabajados derivados de Witebsky se establecieron los
criterios para determinar la patogenicidad de un determinado
autoanticuerpo, que incluyen la demostracion directa de anticuerpos
circulantes en pacientes dirigidos contra un antigeno especifico, la
capacidad de inducir la produccidon de anticuerpos en animales de

experimentacion tras inmunizacion activa con dicho antigeno y por ultimo,
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la induccion de cambios patoldgicos en dichos modelos experimentales
(tras inmunizacidn activa o por transferencia directa de anticuerpos de
pacientes) que remeden la enfermedad en humanos. El paradigma de
enfermedad inmunomediada afectando al sistema nervioso central es la
encefalitis  NMDAR, mediada por anticuerpos contra el receptor
glutamatérgico N-metil-D-aspartato de la membrana neuronal. Ejemplos de
enfermedad asociada a, pero no inmunomediada por, anticuerpos son gran
parte de los sindromes neurolégicos paraneoplasicos, donde la expresion
ectopica de antigenos neurales por un tumor da lugar a una respuesta
autoinmune generalmente mediada por citotoxicidad. Los anticuerpos
detectados en estos casos, ayudan a diagnosticar pacientes con un
sindrome neuroldgico de origen paraneopldsico y a la busqueda precoz de
un tumor oculto. Pero ademas, este distinto papel patogénico con
frecuencia se asocia a distinta respuesta a la inmunoterapia; pues aquellos
mediados por anticuerpos responden de forma mas contundente al

tratamiento que logra reducir efectivamente el nivel de anticuerpos.

En el caso de los anticuerpos anti-GAD la evidencia respecto a su
patogenicidad es controvertida. Estudios in vitro sugieren que pueden
tener un papel patogénico, pero no se ha demostrado que los anticuerpos
puedan alcanzar su antigeno intracelular y estudios experimentales in vivo
no logran reproducir robustamente ninglun aspecto clave de la
enfermedad. Asi pues, si no son patogénicos, éiqué valor tiene su
deteccion? iSon exclusivamente biomarcadores de determinados
sindromes neuroldgicos autoinmunes? ¢Pueden ayudar a predecir el
fenotipo clinico, la respuesta a la inmunoterapia o la presencia de un tumor

oculto?



La descarboxilasa del acido glutamico (GAD) es la enzima limitante de la
sintesis del principal neurotransmisor inhibidor del sistema nervioso
central, el acido y—aminobutirico (GABA). Este enzima se expresa
selectivamente en neuronas GABAérgicas y células pancredticas B. El
enzima tiene dos isoformas, derivadas de dos genes diferentes, GAD65
(una forma asociada a la membrana de la vesicula sinaptica o
microvesiculas pancreaticas) y GAD67 (forma soluble encargada de la
produccion basal de GABA, detectable Unicamente en el sistema nervioso
central). Comparten un 65% de identidad y difieren principalmente en la

region amino-terminal.

El GAD es el principal autoantigeno presente en diabetes mellitus tipo 1
(DM1) y los anticuerpos contra anti-GAD se detectan hasta en un 80% de
los pacientes con DM1 de reciente diagndstico. Se encuentran titulos altos
de anti-GAD, del orden de las 100 veces respecto a los titulos de DM1, en
pacientes con sindrome de persona rigida (SPR), en pacientes con ataxia
cerebelosa de inicio tardio asociada a DM1 o a sindrome poliglandular
autoinmune, pacientes con epilepsia o encefalitis limbica y en otros grupos
de pacientes menos frecuentes como pacientes con nistagmus vertical,

temblor palatino y disfuncién troncoencefalica.

Los anti-GAD pueden ser detectados a muy bajas concentraciones
mediante inmunoensayo (ELISA o RIA). Se desconoce el valor diagndstico
de titulos bajos de anti-GAD65 en suero, que pueden estar presentes en
poblacion sana (1%) y en otros sindromes neuroldgicos (5%).(Meinck et al.,

2001).

El SPR es un trastorno del sistema nervioso central caracterizado por

rigidez muscular progresiva de predomino en la musculatura del tronco con
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espasmos, secundaria a la co-contraccion de musculos agonistas vy
antagonistas causada por la descarga involuntaria de unidades motoras en
reposo. En el 80% de los pacientes con SPR o sus variantes (SLS-stiff limb
syndrome, PERM-Progressive encephalomyelitis with rigidity and
myoclonus) se encuentran anti-GAD a titulos altos, tanto en suero como en
liquido cefalorraquideo, por lo que son un excelente marcador de la
enfermedad aunque no se requieren para diagndstico. El sindrome se
asocia  frecuentemente a otras enfermedades  autoinmunes
organoespecificas, especialmente a DM1 (30-60%), con una relacion
temporal variable. Por ser el primer trastorno neuroldgico asociado a la
inmunidad anti-GAD65 y el mas prevalente, la mayoria de los trabajos
enfocados a estudiar la fisiopatologia han sido hechos en este grupo de

pacientes en comparacion a pacientes diabéticos.

La ataxia cerebelosa, el segundo trastorno neuroldgico mas
frecuentemente asociado a anti-GAD, consiste en un sindrome cerebeloso
de curso insidioso e inicio en la edad adulta en que el sintoma princeps es
la ataxia de la marcha, aunque puede acompafiarse de dismetria, nistagmo
o disartria. Parece compartir las mismas caracteristicas epidemioldgicas,
clinicas e inmunoldgicas que el SPR idiopatico. En aquellos pacientes con
mayor indice de sintesis intratecal, puede coexistir ataxia cerebelosa con
SPR.  En estos pacientes la inmunoterapia parece mejorar
fundamentalmente el SPR pero no el sindrome cerebeloso. No obstante,

no se conoce el prondstico a largo plazo de estos pacientes.

La prevalencia de titulos elevados de anti-GAD en epilepsia es mayor de
la que series iniciales sugerian si se selecciona la poblacion a estudio. En

epilepsia del |[6bulo temporal (ELT) de inicio en edad adulta llega al 15% (9-



17%, segun la serie consultada). Hay un subgrupo de pacientes en los que
se ha descrito el inicio agudo en forma de encefalitis limbica (con crisis
temporales vy criterios radioldégicos), que evolucionan a epilepsia temporal
farmacorresistente  pese  al  tratamiento  inmunosupresor 0
inmunomodulador. Se observa una disminucion de los titulos de
anticuerpos tras inmunoterapia en estos pacientes con encefalitis limbica,
pero no desaparece la sintesis intratecal ni quedan libres de crisis. En un

pequefio porcentaje puede coexistir ELT con SPR.

Una cuestion fundamental es qué determina el variado fenotipo clinico
de los trastornos neuroldgicos contra el mismo autoantigeno. No parece
existir una relacion entre el titulo de anti-GAD y la presentacion clinica. Ni
siquiera es suficiente para justificar el desarrollo de un sindrome
neuroldégico en pacientes con DM1 vy titulos elevados en seguimientos
clinicos prolongados. Estudios in vitro han demostrado la capacidad de los
anti-GAD de inhibir la sintesis de GABA cuando proceden de pacientes con
SPR pero no con DM1. Todo ello sugiere una diferente especificidad de
epitopos de GAD. Esta diferencia se demostré en estudios realizados
fundamentalmente en la década de los 90. Existen epitopos
conformacionales cuya presencia no se puede detectar por Western Blot
pero si mediante otras técnicas. En general se considera que los
anticuerpos de pacientes con DM1 reconocen epitopos conformacionales
de GADG65, mientras que los sueros de pacientes con SPR reconocen
principalmente epitopos lineales en la regién aminoterminal de la molécula
GADG65. Pero ademas coexiste una reactividad diferente a la isoforma
GAD67 vy estudios previos demuestran reactividad a epitopos
conformacionales de GAD67 en un 50-60% de los casos de pacientes con
SPR seropositivos para GAD65 (aunque a titulos mas bajos), mientras en
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DM1 esta reactividad no llega a un 12% vy se atribuye a un fendémeno de
reaccion cruzada. Se desconoce la frecuencia de anti-GAD67 en pacientes

con trastornos neurologicos diferentes a SPR.

A pesar de los esfuerzos realizados hasta la fecha, se desconoce el
significado de estos autoanticuerpos y se cuestiona su rol patogénico. El
problema fundamental es que se trata de una proteina citosdlica. Los
autoantigenos intracelulares se consideran en general marcadores
subrogados de inmunidad celular. En la busqueda de otros anticuerpos mas
relevantes se ha descrito anticuerpos contra GABARAP (proteina asociada
al receptor de GABA,) en un 70% de pacientes con SPR vy titulos elevados
anti-GAD65. Pero al igual que GAD, se trata de una proteina intracelular,
por lo que su relevancia es cuestionable. En relacion a antigenos de
superficie neuronal adicionales que pudiesen ser mas relevantes, se han
identificado 2 anticuerpos en un limitado niumero de pacientes. Por una
parte, nuestro grupo ha descrito una pequefia de serie de pacientes con
titulos elevados de anti-GAD y anticuerpos contra el receptor de GABAg. Se
trata de 2 casos de encefalitis y 1 caso de ataxia cerebelosa, todos
paraneoplasicos. En otra publicacién reciente se ha descrito una serie de
casos del espectro clinico del SPR con anti-GAD que presentan anticuerpos
contra la subunidad 1 del receptor de glicina (neurotransmisor con efecto
inhibidor sindptico a nivel medular y troncoencefalico). En estos escasos
pacientes, la respuesta al tratamiento inmunosupresor parece ser mas
constante. No se ha investigado de forma sistematica la presencia de
anticuerpos contra estos nuevos autoantigenos potencialmente implicados
en la disfuncién gabaérgica que comparten estos trastornos neurolégicos

asociados a inmunidad anti-GAD, ni qué implicaciones clinicas tiene la



deteccion de estos anticuerpos en el contexto de determinados sindromes

neurolégicos.

Pese a que se ha demostrado la expresion de GAD en tejido tumoral de
pacientes con un sindrome neuroldgico y niveles elevados de anti-GAD, los
casos asociados a neoplasia son sustancialmente menos frecuentes que los
que no. Por este motivo, los anticuerpos anti-GAD no pueden ser incluidos
en el grupo de anticuerpos onconeuronales bien caracterizados, que llevan
a un diagnostico definitivo de sindrome neurolégico paraneoplasico. El
pronodstico, sin embargo, es bien diferente. Actualmente no es posible
distinguir los casos paraneopldsicos en el momento del diagndstico de un

sindrome neuroldgico asociado a inmunidad anti-GAD.

Con estos antecedentes, esta tesis esta enfocada a investigar los
determinantes inmunolégicos de la diversidad fenotipica y el rol de los
anticuerpos anti-GAD como biomarcador prondstico o predictivo de

respuesta al tratamiento o a la presencia de cancer. Por objetivos:

1. Investigar las diferencias en la respuesta inmune entre diferentes
fenotipos clinicos asociados a anti-GAD (sindrome de la persona

rigida, ataxia cerebelosa, epilepsia y encefalitis limbica)

2. Investigar el prondstico a largo plazo y el efecto de Ila

inmunoterapia en pacientes con ataxia cerebelosa

3. Explorar factores predictivos de neoplasia en pacientes con

sindromes neurolégicos y anticuerpos anti-GAD

4. Determinar el valor prondstico de los anticuerpos anti-GAD en

pacientes con sindromes del espectro de la persona rigida
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Resultados

Para cada uno de los objetivos especificos, se ha realizado un trabajo con
publicacién independiente. A continuacion se resume la metodologia y los

hallazgos mas importantes de cada uno de ellos.

OBJETIVO 1
Antibodies to inhibitory synaptic proteins in neurological syndromes
associated with glutamic acid decarboxylase autoimmunity. PLoS One. 2015

Mar 16;10(3):e0121364. doi: 10.1371/journal.pone.0121364.

En este articulo se estudid el suero y liquido cefalorraquideo (LCR) de
106 pacientes con sindromes neuroldgicos asociados a anticuerpos anti-
GAD sin neoplasia asociada: 39 pacientes con ataxia cerebelosa, 32 con
sindrome de la persona rigida (SPR), 18 con epilepsia y 17 con encefalitis
limbica. El titulo de GAD65 se cuantifico mediante ELISA. Se determind si
los epitopos reconocidos por los anticuerpos anti-GAD en GAD65 y GAD67
eran lineales con inmunoblot. Mediante ensayo celular usando células
HEK293 expresando alguno de los 3 dominios funcionales del GAD65 (N-
terminal, dominio central con la region catalitica o el C-terminal) se
investigaron los dominios inmunodominantes. Se determinaron
anticuerpos adicionales contra GAD67, receptor de GABA,, de glicina,
GABARAP vy gefirina usando un ensayo celular con HEK293 transfectadas
con el antigeno correspondiente. Se investigd la internalizacion de anti-

GAD en cultivos de neuronas hipocampales de rata.

El titulo de anticuerpos contra GAD65 en LCR fue mas elevado en
pacientes con encefalitis limbica y ataxia cerebelosa comparado con el de

los pacientes con SPR (p = 0,02). Se identificd anti-GAD67 en el 81% de los



sueros y 100% del LCR de todos los pacientes. Los anticuerpos
reconocieron epitopos lineales de GAD65 en el 98% de los pacientes y de
GAD67 en el 42% (p < 0,001). Se identificd reactividad contra el dominio
central catalitico de GAD65 en el 93% de los sueros y contra los 3 dominios
en el 22% de los sueros pero el 74% de los LCR (p < 0,001). En 6 pacientes
se demostraron anticuerpos contra el receptor GABA, y en otros 6 contra
el receptor de glicina sin asociarse a ninguna distincién clinica. En ninguno
de los pacientes se encontraron anticuerpos contra glicina o GABARAP.
Finalmente, los anticuerpos anti-GAD no fueron internalizados por
neuronas hipocampales viables. Estos hallazgos muestran que,
independientemente del sindrome neurolégico, la respuesta inmune anti-
GAD en el LCR es mas extensa que la encontrada en el suero. Ademas, no
en este estudio no se encontrd ninguna asociacion especifica entre el
fenotipo clinico y la presencia de anticuerpos contra otras proteinas de la

sinapsis inhibitoria.

OBJETIVO 2
Cerebellar ataxia and glutamic acid decarboxylase antibodies:

immunologic profile and long-term effect of immunotherapy. JAMA Neurol.

2014 Aug;71(8):1009-16. doi:10.1001/jamaneurol.2014.1011.

Este trabajo incluyd una cohorte de estudio de 34 pacientes con ataxia
cerebelosa y anticuerpos anti-GAD. Se realizd un estudio retrospectivo de
esta cohorte seleccionada entre aquellos pacientes con inmunorreactividad
contra GAD identificados en nuestro centro de referencia de trastornos
neurolégicos autoinmunes en un periodo de 9 afos. Se estudio el perfil
inmunoldgico (prevalencia de GAD67 y anticuerpos adicionales contra

autoantigenos de la sinapsis inhibitoria) con una metodologia andloga al
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trabajo anterior. Se analizaron las caracteristicas clinico-inmunolégicas y se
buscaron los factores predictivos de respuesta a la inmunoterapia en un
subgrupo de 25 pacientes con informacion a largo plazo (mediana: 5,4
afios; rango intercuartilico: 3,1 — 10,3 afios) mediante un analisis

estadistico multivariable.

La edad media de los pacientes fue 58 afios (rango: 33-80); 28 (82%)
eran mujeres. Nueve pacientes (26%) padecieron episodios de disfuncion
cerebelosa, troncoencefalica transitoria o de vértigo fluctuante varios
meses antes de desarrollar el cuadro cerebeloso. La presentacion clinica
fue subaguda, desarrollandose en un periodo de semanas en 13 pacientes
(38%). Nueve pacientes (26%) presentaron sintomas del espectro del SPR
simultaneamente. En 29 pacientes (85%) se encontraron trastornos
autoinmunes organoespecificos (diabetes mellitus tipo 1, tiroiditis y otros).
Veinte de los 25 pacientes con seguimiento recibid inmunoterapia
(inmunoglobulinas endovenosas en 10 y esteroides combinados con
inmunoglobulinas o algin inmunosupresor en otros 10); 7 delos cuales
(35%) mejord. Los factores de respuesta clinica encontrados fueron 2: el
inicio subagudo (OR 0,5; IC95% 0,25 —0,99; p = 0,047) y el inicio precoz de
la inmunoterapia (OR 0,98; 1C95% 0,96-0,99; p = 0,01). La frecuencia de
anti-GAD67 encontrada fue 71% en suero y 100% en LCR, similar a la
prevalencia de estos anticuerpos en un grupo control de pacientes con
SPR. Se encontraron anticuerpos contra el receptor de glicina en 4
pacientes, que no se correlaciond con el prondstico ni otra caracteristica

clinica especifica.



OBJETIVO 3

Paraneoplastic Neurological Syndromes and Glutamic Acid Decarboxylase
Antibodies. JAMA Neurol. 2015 Aug;72(8):874-81. doi:
10.1001/jamaneurol.2015.07489.

Este trabajo es un estudio retrospectivo de una serie de pacientes con
anti-GAD, cancer, un sindrome neuroldgico con criterio temporal de
paraneoplasico (Graus et al., 2004) y ausencia de otros anticuerpos bien
caracterizados de sindromes paraneoplasicos. Se recogieron 15 pacientes
con estas caracteristicas identificados entre 1995 y 2013 en nuestro centro
de referencia de sindromes paraneopldsicos y se investigaron las
caracteristicas clinicas e inmunoldégicas. Ademas se realizd una revision de
la literatura de 19 casos publicados con adecuada informacion. Se compard
la serie propia con los 106 casos sin criterios de paraneopldsico (no-PN)
recogidos en el primer trabajo. Mediante regresion logistica se buscaron

factores predictivos de cancer.

De los 15 pacientes con cancer, 8 desarrollaron un sindrome neurolégico
paraneoplasico clasico (5 encefalitis limbica; 1 encefalomielitis
paraneoplasica; 1 degeneracidn cerebelosa paraneoplasicay 1 sindrome de
opsoclono-mioclono). En comparacién a los 106 casos no-PN, los pacientes
con sindromes paraneopldsicos eran mayores (edad mediana de 60 vs. 48
afios, p = 0,03), mas frecuentemente hombres (60% vs. 13%, p < 0,001) y
mayor prevalencia de anticuerpos adicionales contra receptores de
superficie neuronal (53% vs. 11%, p < 0,001), fundamentalmente contra el
receptor GABAg. Los tumores mas frecuentemente involucrados eran de
pulmon (6) y de origen timico (4). El riesgo de cancer subyacente fue mayor

en aquellos casos que se presentaban con un sindrome diferente al SPR o
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ataxia cerebelosa (OR 10,5; IC95% 3,2 — 34,5), fundamentalmente en forma
de sindrome neurolégico paraneopldsico clasico, o en casos con
anticuerpos adicionales contra receptores de superficie neuronal (OR 6,8;
IC95% 1,1-40,5). Los 19 casos previamente publicados, en comparacion a
nuestra serie, comprendian una mayor frecuencia de SPR (74% vs. 13%, p=
0,001) y tenian una mayor tasa de respuesta al tratamiento (79% vs. 27%, p
= 0,005). Teniendo en cuenta los 34 pacientes (la serie propia y los
previamente publicados), la presentacion como SPR y la presencia de un

tumor timico son predictores de mejoria clinica.

OBJETIVO 4

Clinical and Immunologic Investigations in Patients With Stiff-Person
Spectrum  Disorder. JAMA  Neurol. 2016 Jun 1,;73(6):714-20.
doi:10.1001/jamaneurol.2016.0133.

Este trabajo, también un estudio retrospectivo, incluye una cohorte de
121 pacientes seleccionados con criterios clinicos, con sindromes del
espectro de la persona rigida. Se investigd el perfil inmunoldgico (presencia
de anticuerpos contra GAD, receptores de GABA,, GABAg, glicina,
transportadores de glicina 1 y 2, gefirina y DPPX), la asociacién clinico-
inmunoldgica vy el valor prondstico en un subgrupo de 75 pacientes con un

seguimiento de 18 meses de mediana.

La edad media de los pacientes fue de 51 afios (rango intercuartilico 40-
61 afios) y 75 (62%) eran mujeres. Cincuenta pacientes (41,3%) tenian SPR,
37 (30,6%) SPR-plus (con criterios de PERM o sintomas parciales), 24
(19,8%) tenian un sindrome de miembro rigido (stiff-limb), y 10 (8,3%) SPR

o stiff-limb unido a otro sindrome neuroldgico asociado a inmunidad anti-



GAD (ataxia cerebelosa, epilepsia o encefalitis). Anti-GAD se encontraron
en 52 pacientes (43%, 2 con anticuerpos adicionales contra receptor
GABA,), 24 (19,8%) anticuerpos contra receptor de glicina (2 con anti-
GAD), 5 (4,1%) presentaron otros anticuerpos, y 40 (33,1%) resultaron
negativos para cualquiera de los anticuerpos testados. En ningun caso se
identificaron anticuerpos contra el transportador de glicina o contra
gefirina. Entre los principales grupos inmunolégicos (anti-GAD, anticuerpos
contra el receptor de glicina y seronegativos), aquellos pacientes con anti-
GAD eran con mayor frecuencia mujeres (45 [86,5%] de 52; 8 [36,4%] de
22; y 18 [45 %] de 40 respectivamente; p<0,001), presentaban mayor
frecuencia de trastornos autoinmunes sistémicos (34 [65,4%] de 52; 7
[31,8%] de 22; y 13 [32,5%] de 40 respectivamente; p=0,004), y mayor
retraso en ser testados para presencia de anticuerpos (mediana de 3 vs 0,5
y 1 afio; p< 0,001). Los pacientes con anti-GAD presentaban con mayor
frecuencia SPR (27 [51,9%] de 52) o sindromes de solapamiento (8
[15,4%] de 52) que aquellos pacientes con anti-receptor de glicina (5
[22,7%] y O de 22 respectivamente), los cuales desarrollaban a menudo un
SPR-plus (12 [54,5%] de 22 vs. 7 [13,5%] anti-GAD). En el estudio
multivariable, la gravedad clinica (p=0,001) y el grupo inmunoldgico
(p=0,01) se asociaban de forma independiente con el prondstico (medido
como la combinacion de mejoria clinica y un estado funcional ambulatorio
en la dltima visita). En comparacion a los pacientes con anti-receptor de
glicina, aquellos con anti-GAD tuvieron un peor pronéstico (OR 11,1; IC95%
2,3-53,7; p=0,003). Los pacientes seronegativos, sin embargo, tuvieron un
prondstico similar a los pacientes con anti-receptor de glicina (OR 4,2;

1IC95% 0,9 — 20; p = 0,07)
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Discusion

Esta tesis incluye la cohorte mas grande de pacientes con sindromes
neurolégicos y anticuerpos anti-GAD. Se ha realizado un estudio exhaustivo
de la respuesta inmune asociada, incluyendo la reactividad contra epitopos
inmunodominantes y la presencia de anticuerpos adicionales, tanto contra
la isoforma GAD67 como contra antigenos de superficie neuronal,
mostrando que esta respuesta inmune es relativamente homogénea entre
los diferentes sindromes neurolégicos con la metodologia empleada, y no
se han detectado asociaciones clinico-inmunoldgicas particulares. Es
relevante, no obstante, que las caracteristicas de esta respuesta difieren
entre el suero y LCR, y es mas amplia en este Ultimo compartimento,
sugiriendo una maduracion especifica a este nivel. Sea cual sea el
mecanismo de esta maduracion, este hallazgo tiene implicaciones a la hora
de investigar el rol de estos anticuerpos en sindromes neuroldgicos donde

puede resultar esencial usar muestras de LCR en lugar de suero.

Los trabajos centrados en los objetivos 2-4 muestran el valor predictivo
0 prondstico de estos anticuerpos mas alld de indicar un origen
autoinmune del sindrome neuroldgico. En los pacientes con ataxia
cerebelosa, que pueden desarrollar deplecion neuronal selectiva de células
de Purkinje segun los escasos estudios necropsicos, los hallazgos de
nuestro estudio muestran que se benefician del tratamiento
inmunomodulador y pueden mantener un buen prondstico funcional a
largo plazo. Uno de los factores de respuesta al tratamiento en nuestro
estudio es el tiempo desde el diagndstico al inicio del tratamiento,
teniendo mayor posibilidad de respuesta cuanto mas temprano se inicia la

inmunoterapia. Existe, pues, una ventana terapéutica donde la disfuncion



es potencialmente reversible y, aunque los pacientes con inicio subagudo
parece que son los que responden con mayor frecuencia, el ensayo
terapéutico con inmunoterapia deberia intentarse en todos los pacientes
con ataxia cerebelosa y anti-GAD. Para identificar precozmente estos
pacientes, se incide en las caracteristicas clinicas que deben hacer
sospechar inmunidad anti-GAD asociada a un sindrome cerebeloso. En ese
sentido, es relevante la frecuencia de episodios transitorios de disfuncion
neurolégica en los meses previos a desarrollar el cuadro cerebeloso, o la
frecuencia de sintomas del espectro del sindrome de la persona rigida que

coexisten en estos pacientes.

Aunque la inmunidad anti-GAD raramente se asocia a la presencia de
una neoplasia oculta (prevalencia inferior al 15% entre pacientes con anti-
GAD en un centro de referencia para trastornos neurolégicos
paraneoplasicos), el estudio realizado en esta cohorte halla factores
predictivos que deben elevar la sospecha de cancer en pacientes con
sindromes neuroldgicos. El tipo de sindrome es el factor mas robusto, y los
pacientes que se presentan con sindromes neuroldgicos atipicos en el
contexto de inmunidad anti-GAD (diferentes a SPR o ataxia cerebelosa)
deben someterse al despistaje de una neoplasia oculta. Ademas, el riesgo
se incrementa en los pacientes varones, de edad avanzada o en presencia

de anticuerpos adicionales contra superficie neuronal.

En el Ultimo trabajo se demuestra que los sindromes del espectro de la
persona rigida, definidos clinicamente, son heterogéneos desde un punto
de vista inmunoldgico y se asocian a gran numero de anticuerpos ademas
de anti-GAD, aunque este sigue siendo el grupo mas frecuente. Otros

grupos frecuentes son pacientes con anticuerpos contra el receptor de
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glicina y pacientes sin anticuerpos. La distribucion relativa de estos grupos
debe interpretarse con precaucion, pues probablemente existe un
importante sesgo de seleccion por el tipo de pacientes cuyas muestras son
referidas a un centro especialista. Por el contrario, son relevantes las
asociaciones clinico-inmunoldgicas obtenidas en nuestro estudio, no tan
vulnerables a este sesgo. Encontramos que cualquiera de los sindromes
puede aparecer entre los 3 principales grupos inmunoldgicos hallados y es
la clasificacion inmunoldgica, pero no el tipo de sindrome, el factor que se
relaciona de forma independiente con el prondstico. Los pacientes con
anti-receptor de glicina son los que mejor prondstico tienen a pesar de una
presentacién mas grave, lo que puede explicarse por la mayor respuesta a
la inmunoterapia que presentan los pacientes con anti-receptor de glicina
respecto a los pacientes con anti-GAD. Los anticuerpos no son actualmente
un criterio diagnostico. A la luz de estos hallazgos, no deben serlo; existen
pacientes que, con las técnicas de laboratorio usadas actualmente, son
definitivamente seronegativos. Sin embargo, dadas las implicaciones
prondsticas, esta justificado incluir el despistaje de los principales grupos
inmunoldgicos en la valoracion inicial de pacientes con sindromes del

espectro de la persona rigida.

Los resultados de esta tesis contribuyen a clarificar qué valor tiene el
hallazgo de anticuerpos anti-GAD en pacientes con determinados
sindromes neurolégicos y a caracterizar el perfil de algunos de los grupos
clinicos asociados a anti-GAD mas desconocidos, como son pacientes con

ataxia cerebelosa o sindromes paraneoplasicos.



Conclusiones

1. La presencia adicional de anticuerpos contra antigenos de la sinapsis
inhibitoria, una reactividad diferente contra alguna de las isoformas de
GAD o contra algun epitopo particular de GAD65, no determinan la
diversidad fenotipica en sindromes neurolégicos asociados a anticuerpos

anti-GAD

2. La respuesta inmune contra GAD difiere en suero y liquido
cefalorraquideo, sugiriendo un proceso de maduracién intratecal en

pacientes con sindromes neuroldgicos no paraneoplasicos

3. Los pacientes con ataxia cerebelosa y anticuerpos anti-GAD pueden
responder a la inmunoterapia y mantener un buen estado funcional a largo
plazo. La instauracion del tratamiento de forma precoz, posiblemente

ofrece una mayor probabilidad de respuesta

4. En el contexto de la inmunidad anti-GAD, los sindromes neurolégicos
paraneoplasicos tienen una presentacion clinica y un perfil inmunoldgico
diferente. Aquellos pacientes con sindromes neurolégicos diferentes al
sindrome de la persona rigida o ataxia cerebelosa deberian ser sometidos

al despistaje de una neoplasia oculta

5. En pacientes con sindromes del espectro de la persona rigida, Ia
clasificacion inmunoldgica es un factor prondstico independiente. Aquellos
pacientes con anticuerpos anti-GAD tienen un peor pronoéstico que
aquellos seronegativos o que los pacientes con anticuerpos contra el

receptor de glicina.
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Epilogue

A mucha gente le debo en alguna medida el haber culminado este
proyecto; desde el soporte familiar, los compaferos de andanzas en la
universidad o en el hospital que ha sido mi casa durante estos afios, hasta
los referentes profesionales o los buenos amigos que alivian el pesar de

algunos tramos del trayecto.

Pero el primer agradecimiento es sin duda a Cesc, por darme la
oportunidad de iniciarme en el fascinante campo de la Neuroinmunologia.
Como decia Ramon y Cajal en su “Reglas y consejos sobre investigacion
cientifica”: ... la fortuna de inaugurar un estudio lleno de promesas con un
hecho trascendental es rara, y ningun investigador prudente debe contar
demasiado con ella, por donde, para iniciar nuestra obra, no debemos
vacilar en partir del descubrimiento de otros. Esta tesis es un ejemplo de
como, por trillada que pueda parecer una materia, siempre se puede
arrojar luz si uno sabe hacer las preguntas correctas. Agradezco a ambos
directores el haberme permitido contribuir a la continuaciéon del trabajo
que hace unos afios emprendieron exitosamente. Y por extension, a Josep,
por permitirme continuar la obra. To Myrna, because you always help us to

get the best from each of us.
A los pacientes, esto es por y para ellos.

Al laboratorio, a sus gentes. Increibles compafieros. Nuri, a ti
especialmente por haberme llevado de la mano en mis primeros pasos. Y al
resto, Maria, Lidia, Esther, Eugenia, Thais, Mar, Merche, Eva, Francesco,

Marianna, Jesus, Marta, por haberme acompafiado en el camino, siempre
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aprendiendo de todos vosotros. Lo que mas agradezco es haberme hecho
sentir que formo parte de un equipo, de este equipo. A colaboradores y
compafieros de proyecto (por coincidir en un estimulante espacio-tiempo)

como Romana, Mateus, Kevin, Frank, Maarten, Bataller, Makoto...

Nuria, Sara, Maria, Ana, Irati y al resto del equipo clinico del grupo, los
que nos vemos las caras en el Hospital de Dia intentando ayudar a los
pacientes. Ejemplo de la mejor practica médica y excepcional calidad

humana.

La residencia, especialmente influyente. Entonces aprendi a ser
neurdloga, a trabajar en equipo y a plantearme coémo mejorar lo que
hacemos o sabemos respecto a lo que los pacientes padecen, esencia de la
investigacion. De esta densa etapa es imposible agradecer a todos aquellos
qgue han contribuido. A los médicos que me recibieron y orientaron en los
primeros dias de profesion; Iranzo y el equipo de suefio por darme la
primera oportunidad de escribir un (la mar de divertido) articulo; el equipo
de vascular encabezado por Chamorro por instruirnos en semiologia y
ensefiarnos a reflexionar mas alla de los algoritmos diagndsticos;
especialmente a Xabi, por iniciarme en metodologia de la investigacion,
pero sobre todo por el gran soporte personal y por ensefiarme a ejercer la
profesion con el mejor sentido comun, entre otras muchas cosas; al
servicio de Neurologia en general; a los residentes de neurologia en
particular, “co-Rs” y mayores, airosos supervivientes del mismo huracan,
los mejores compafieros de esta etapa formativa llena de anécdotas
perdurables, incluyendo a Sergi, el eterno residente mayor que siempre

quiere estar en todos los “saraos”. Entre los no-neurdlogos, a los Bracers,



de la mejor generacion de residentes del Clinic, amigos para siempre,

familia dentro y fuera del hospital (extendida ahora a Valencia y Suecia).

Y naturalmente, de esta guisa de vinculo, a familia y amigos, que
enmarcan y dan sentido al camino. Artifices de los éxitos y testigos de los
fracasos de esta carrera de fondo. En especial, a Paula, Mery, Inma, Alex,
Inma, Sandra, Miguel, César y Hugo, por lo divertido que fue convertirse en
meédicos. A Lauri, ejemplo personal, mi familia en esta ciudad que nos ha
acogido a ambas. A Nenuchi, José y Nuch, por proporcionarme un segundo
hogar y por esas inolvidables vacaciones. Familia Aguillaume-Leira, por ser
ejemplo de conciliar de manera envidiable éxitos profesionales con una
plena vida personal. A la “bis”, mi abuela, ese médico frustrado que inspird
estas andanzas. A Olguich, por aguantarme de pequefia, por entenderme
de mayor. A papa y a mama, por hacer posible todo lo anterior, por darme
las herramientas para enfrentarme al mundo, por el amor incondicional. A
Pablo, por el ultimo empujon y por ensefiarme el entusiasmo por la ciencia

con mayusculas.
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