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Summary

Background—Autoimmunity may be involved in sleep and neurodegenerative disorders. We
aimed to describe a neurological syndrome with prominent sleep dysfunction and antibodies to a
previously unknown neuronal antigen.

Methods—In this observational study, clinical and video-polysomnography (V- PSG)
investigations identified a novel sleep disorder in three patients referred to the Sleep Unit of
Hospital Clinic University of Barcelona for abnormal sleep behaviors and obstructive sleep
apnea(OSA). They had antibodies against a neuronal surface antigen also present in five additional
patients referred to our laboratory for antibody studies. These five patients had been evaluated
with PSG and in two, the study was done or reviewed in our Sleep Unit. Two patients underwent
postmortem brain examination. Immunoprecipitation and mass spectrometry were used to
characterize the antigen and to develop a diagnostic test. Serum or CSF from 285 patients with
neurodegenerative, sleep, or autoimmune disorders served as controls.

Findings—All eight patients (five women; range: 52-76 years, median 59) had abnormal sleep
movements and behaviors and OSA confirmed by PSG. Six patients had a chronic evolution
(range 2—12 years, median 5.5); in four the sleep disorder was the initial and most prominent
feature, and in two it was preceded by gait instability, and followed by dysarthria, dysphagia,
ataxia, or chorea. Two patients had a rapid evolution with disequilibrium, dysarthria, dysphagia,
and central hypoventilation, and died two and six months after symptom onset. In 5/5 patients, the
V-PSG reviewed in our Unit disclosed OSA, stridor, and abnormal sleep architecture with
undifferentiated NREM sleep or poorly structured stage N2 with simple movements and finalistic
behaviors, normalization of NREM sleep by the end of the night, and REM sleep behavior
disorder. Four/4 patients carried the HLA-DRB1*1001 and HLA-DQB1*0501 alleles. All patients
had antibodies (mainly IgG4) against IgLLONS, member of a family of neuronal cell adhesion
molecules. Only 1/285 controls (with progressive supranuclear palsy) had IgLLONS antibodies.
Neuropathology showed neuronal loss and extensive deposits of hyperphosphorylated tau mainly
involving the tegmentum of the brainstem and hypothalamus.

Interpretation—IgL.ONS5-antibodies identify a unique NREM and REM parasomnia with sleep
breathing dysfunction and pathological features suggesting a tauopathy.

Funding—Fondo de Investigaciones Sanitarias. Centros de Investigacién Biomédica en Red de
enfermedades neurodegenerativas (CIBERNED) and Respiratorias (CIBERES), Ministerio de
Economia y Competitividad, Fundacié la Marat6 TV3 and the National Institutes of Health.
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Introduction

A number of relevant and well-characterized sleep disorders may occur in
neurodegenerative diseases or autoimmune encephalitis.!~ The immune system has been
implicated in pathological processes of neurodegeneration but the exact mechanisms
involved or whether they play a primary or secondary role are unclear.* Some patients with
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neurodegenerative diseases develop antibodies against neuronal proteins, although the
intracellular location of the target antigens suggests they are not pathogenic. In contrast,
there is a category of rapidly progressive disorders, named autoimmune encephalitis, in
which a disruption of sleep patterns can be prominent, the target antigens are known, and
highly specific probably pathogenic antibodies against cell surface or synaptic proteins can
be used as disease biomarkers.® For example, patients with limbic encephalitis and
antibodies against the protein, leucine rich glioma inactivated 1 (Lgil) often develop rapid
eye movement (REM) sleep behavior disorder (RBD),’ and patients with Morvan’s
syndrome and antibodies against contactin-associated protein related 2 (Caspr2) develop
severe insomnia with abnormal sleep-related motor activation (agrypnia excitata).89

In clinical practice, determination of antibodies to cell-surface or synaptic proteins is
increasingly being considered in patients with rapidly progressing encephalitis of unclear
etiology, but it is rarely assessed in patients with protracted neurological deficits suggestive
of a neurodegenerative disease, including those with prominent sleep abnormalities. In such
clinical scenario the potential detection of highly specific antibodies against a neuronal cell
surface protein would provide a link between immune mechanisms, neurodegeneration, and

sleep dysfunction.

We report here the clinical features and detailed video-polysomnography (V-PSG) of a
novel sleep disorder identified in eight patients. In addition, we describe the target neuronal
cell surface antigen recognized by antibodies present in all patients’ serum and cerebrospinal
fluid (CSF), and the neuropathological findings in two cases.

Patients and methods

Identification of patients and controls

In 2010, a 59 year-old man (patient 1, Table 1) with an insidiously progressive atypical sleep
disorder was studied in our multidisciplinary Sleep Disorders Unit (Hospital Clinic,
University of Barcelona). Although the clinical features were different from Morvan’s
syndrome, the presence of dysautonomic features led us to investigate his serum and CSF
for antibodies to Caspr2. We did not find antibodies against Caspr2 or other neuronal
surface antigens ( NMDA, GABAg, AMPA, mGluR1, or mGluRS receptors, DPPX, and
Lgi1)® but the immunohistochemical study on frozen rat brain sections and cultured neurons
identified an antibody against a novel neuronal cell surface protein which identity was
unknown. While the characterization of the antigen was being performed, two additional
patients (patients 2, 3, Table 1) with clinical and video-PSG features remarkably similar to
the index patient were identified in the same Sleep Unit. In these two patients the
recognition of the disorder was solely based on the characteristic pattern of sleep alterations,
without other ancillary or immunological studies. This led to subsequently investigate their
serum and CSF, showing the same pattern of antibody reactivity with rat brain and cell
surface of cultured neurons as those of the index case. Then, we used our extensive
collection of samples in the neuroimmunology center to identify patients with the same
autoantibody and potentially the same disorder. Serum and CSF samples in the
neuroimmunology center are from patients referred worldwide for study of neuronal
antibodies. This search (masked of clinical information) identified five additional patients

Lancet Neurol. Author manuscript; available in PMC 2015 June 01.



1duosnuely Joyiny vd-HIN 1duosnuey Joyiny d-HIN

1duosnuely Joyiny Vd-HIN

Sabater et al.

Page 4

(one from our center and four from other institutions) with the same autoantibody. The
clinical information, MRI, EEG, EMG, neuropsychological tests, and CSF studies of these
patients were reviewed by the treating physicians, additional information obtained, and
compared to that of our patients. After characterization of the antigen and development of a
diagnostic cell-based assay (CBA) to detect the antibody, serum or CSF of 298 patients with
neurodegenerative or sleep disorders, autoimmune encephalitis, and multiple sclerosis (see
appendix)were used as controls to determine the specificity of the antibody.

Brain tissue, serum, and CSF samples used in the study are deposited in the Neurological
Tissue Bank and the Biobank of the Institutd’Investigacions Biomediques August Pi i
Sunyer, Barcelona, Spain. Written informed consent for the storage and use of these samples
for research was obtained from all patients. The eight patients or their relatives (five cases)
gave written permission to be included in the study. Additional written consent was obtained
from patients whose videos are included in the manuscript. The study was approved by the
ethics committee of the Hospital Clinic, Barcelona, Spain.

Video-Polysomnographic studies

Four patients (patients 1-3 and 7)underwent V-PSG several nights throughout their clinical
course at the Sleep Disorders Unit, Hospital Clinic, University of Barcelona, and one
(patient 5) at the sleep laboratory in the University of Ulm, Germany, and the recording
subsequently reviewed at Hospital Clinic. V-PSG were recorded as previously described
(see appendix).’ Sleep stages and associated events (e.g., sleep apneas), were scored
according to the 2007 American Academy of Sleep Medicine criteria.!? with the
modifications previously proposed when the standard criteria could not be applied.!! The
later include the following definitions: 1. We defined “undifferentiated NREM sleep” in
those epochs with irregular slow theta EEG activity, clearly different from the awake alpha
rhythm, lacking vertex sharp waves, K complexes, sleep spindles or delta slowing, and
without definite and recurrent rapid eye movements, such as those typically seen in REM
sleep. 2. We defined “poorly structured stage N2” in epochs with definite K complexes or
spindles at 12—14 Hz, associated with either excessive EMG activity, movements or
occasional bursts of rapid eye movements of lower amplitude than those typical seen in
REM sleep in the same patient. 3. “RBD” was defined as increased EMG activity in the
submentalis muscle and/or limbs associated with abnormal movements during in REM
sleep. 4. “Vocalizations” were classified as simple (e.g, murmuring, whispering, groaning)
and complex (e.g., talking, shouting, laughing, crying).5. “Motor events” were classified as
jerks (sudden contractions of a single or several muscle groups), Simple (movements like
raising the arms, kicking and punching) and finalistic (elaborated movements following a
complex pattern that clearly reminded an identifiable daytime activity such as eating,
drinking or manipulating objects). Rapid periodic leg movements was defined as repetitive
and stereotyped lower extremity movements separated by an interval of less than five
seconds that did not fulfill criteria for periodic leg movements in sleep.12 6. “Stridor” was
defined as a crowing harsh high pitched sound that occurred with breathing.
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Laboratory studies for detection of IJLON5 antibodies and characterization of the antigen

The methods for immunohistochemistry on rat brain sections, immunofluorescence with
cultures of neurons and Human Epithelial Kidney (HEK) 293 cells transfected with
plasmids, and techniques of immunoprecipitation have been reported previously and are
shown in detail in the Appendix.!3-16 To further confirm the specificity of the antigen,
HEK?293 cells were transfected with plasmids containing IgLONT1, 2, 3, 4, and 5 (green
fluorescent protein (GFP)-tagged clones from Origene: RG213594, RG226879, RG207618,
RG216034, RG225495) as described.!” To rule out the presence of other neuronal
antibodies, serum diluted 1:200 was immunoabsorbed with live HEK293 cells expressing
IgLLONS or cells transfected with plasmids without insert. After six rounds of
immunoabsorption (sequential passing of serum into six plates with the indicated HEK
cells), the serum was applied to sections of rat brain and live hippocampal neurons and the
reactivity developed as described. !0

Neuropathological examination

Neuropathological examination was done according to standardized protocols at the
Neurological Tissue Bank of the IDIBAPS Biobank in two patients (patients 2 and 7 Table
1).!8 Immunohistochemistry was performed applying a panel of primary antibodies (Table
1S) as described.!8 To evaluate the expression of IgLONS in the areas affected by tau
pathology, sections from patient 7 and comparable areas from a patient with Alzheimer
disease were incubated with a commercial antibody against IgZLONS (Abcam, Cambridge,
UK) and the immunoreactivity visualized with the avidin-biotin immunoperoxidase method.

Role of the funding sources

Results

The study sponsors had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report. All authors had full access to all the data in the study
and the corresponding author had final responsibility for the decision to submit for
publication.

Clinical findings

The eight patients (five women; age range at disease onset: 52 to 76 years, median: 59) had
a sleep disorder characterized by abnormal sleep movements and behaviors, and obstructive
sleep apnea (OSA) identified by PSG. The three index patients had initial PSG without
synchronized audiovisual recording in other hospitals, , and they were misdiagnosed with
isolated OSA. The clinical features are described in detail in Table 1 and appendix. Six
patients (patients 1-6, Table 1) had a chronic, slow evolution of the symptoms (median: 5.5
years from disease onset to death or last visit, range 2—12 years). In patients 1-4, the sleep
disorder was the presenting and most prominent complaint during the evolution of the
disease. All four patients had variable features of bulbar involvement and dysautonomia;
patient 3 developed choreic movements in the four limbs, and patient 4 in the arms along
with orofacialdyskinesias(Table 1).
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Patients 5 and 6 started with frequent falls and slowly progressive gait instability,
subsequently developing a similar sleep disorder as that of patients 1-4. Both patients also
developed dysarthria, dysphagia, limb ataxia, and choreic movements in the limbs and face.
During the last year of the disease, patient 6 developed several episodes of central
hypoventilation that required multiple admissions in the intensive care unit. Patients 7 and 8
had a sub acute evolution characterized by the sleep disorder in association with severe
disequilibrium, gait failure, dysarthria, dysphagia, vocal cord paresis, and central
hypoventilation until their death two and six months after symptom onset. None of the eight
patients developed parkinsonism or abnormal ocular movements as those reported in
patients with progressive supranuclear palsy (PSP).1°

Brain MRI, EEG, CSF, and EMG findings were unremarkable in all patients (EMG not done
in patient 4). CSF hypocretin levels were normal in 3/3 patients(patients 2—3, and 7); from
the other patients no CSF was available or the amount was insufficient. Human leukocyte
antigen (HLA) typing was performed in four patients (patients 1-3, 7) and all showed the
HLA-DQB1*0501 and HLA-DRB1*1001 alleles. HLA typing could not be done in the rest
of the patients because by the time the HLA association was identified they were already
death and DNA was not available. Based on the detection of antibodies against a neuronal
surface antigen, all patients were treated with immunotherapy (Table 1). Only patient 8
improved; a few days after being discharged home, she died suddenly in the morning after
awakening from sleep. The cause of death was unclear and no electrocardiographic
abnormalities were detected during her stay in the hospital. Four additional patients died
suddenly out of the hospital, two during wakefulness (patient 4 had presented previous
episodes of syncope with bradyarrhythmia), and two during sleep (patient 7 after recent
closure of the tracheostomy for an episode of central hypoventilation).

Video-Polysomnographic studies

Five subjects (patients 1-3,5,7) underwent video-PSG (in total 19 studies) and their most
prominent features are shown in Figures 1 and 2 and Tables 2 and 3. In four patients, sleep
onset was accompanied by rapid periodic leg movements (Figure 2A, video segment 1).
Initiation of sleep and reentering sleep after awakenings were abnormal in all five patients,
either as an undifferentiated NREM sleep or poorly structured NREM sleep stage N2 sleep.
In these NREM sleep stages there were frequent simple and complex vocalizations plus
simple and finalistic movements resembling daytime activities such as eating, drinking or
manipulating objects (Figure 2B, video segments 2—3). Normal relaxed N1 sleep was
infrequent and well-structured N2 sleep with spindles and K complexes was rare. In all
patients, clear periods of delta slowing typical of N3 sleep stage with frequent spindles and
without vocalizations or movements were recorded (Figure 2D). Four patients showed RBD
of mild intensity characterized by body and limb jerks and simple movements with absence
of finalistic behaviors and vocalizations(Figure 2C, video segment 4). In the remaining

patient REM sleep was not recorded.

Patients had inspiratory stridor and frequent obstructive sleep apneic events (apnea-
hypopnea indices ranging from 20 to 84; normal <5) that were more evident during quiet
N3 sleep stage (video segment 5). Stridor did not occur during wakefulness. Most events
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were obstructive hypopneas with moderate oxyhemoglobin desaturations (nadir ranging
from 75% to 88%)and arousals. CPAP therapy in three patients and tracheostomy in one
abolished stridor and OSA, but the abnormal NREM and REM movements and behaviors
persisted.

Total sleep time and sleep efficiency were moderately reduced compared to normative
values (Table 2).20 There was a characteristic distribution throughout the night of the sleep
abnormalities (present in 14/19 V-PSG). Periods of undifferentiated NREM and poorly
structured N2 with finalistic movements predominated and were of longer duration after
onset of nocturnal sleep or following awakenings in the first half of the night. Despite the
severity of the sleep architecture abnormalities, there were normal N3 periods that were
more frequent and lasted longer in the second half of the night. REM sleep, always in the
form of RBD, also had a similar tendency being more prominent in the second half of the
night.

Antibody characterization

The serum of the eight patients, and the CSF (available from five) showed an identical
pattern of reactivity with the neuropil of rat brain. Immunoreactivity was more intense in the
molecular layer and synaptic buttons of the granular layer of the cerebellum (Figure 3). All
samples labeled the membrane of live neurons in culture indicating the antigen was exposed
on the cell surface (Figure 3). Inmunocompetition assays showed that all samples blocked
the reactivity of the biotinylated IgG of patient 1, strongly suggesting that the antibodies of
the eight patients reacted with the same epitopes (not shown). Serum antibody titers
(measured with serial dilutions of serum and brain tissue immunohistochemistry) ranged
from1/5,000 to 1/40,000. Follow-up titers were obtained in five patients: in four, the titers
decreased more than two-fold after immunotherapy, and they did not change during one year
without treatment in the fifth patient. Analysis of IgG subclasses showed that in all patients
the novel antibody was IgG4 (Figure 1S); four patients had additional mild IgG1 reactivity,
one mild IgG2, and none IgM. None of the patients had antibodies to previously known cell
surface or synaptic proteins including, NMDA, GABAg, AMPA, mGluR1, or mGluR5
receptors, DPPX, Lgil and Caspr2.

Identification of IgJLON family member 5 as the target antigen

Two independent immunoprecipitations using live cultured neurons and serum of two
patients, followed by peptide characterization with mass spectrometry revealed seven
peptides containing 29% of the IgLLONS protein sequence, and 3 peptides containing 14% of
the same protein (Figure 2S). To confirm the specificity of patients” antibodies for IgLONS,
HEK?293 cells transfected with plasmids coding each of the five members of the IgLON
family were used in a cell-based assay (CBA). The serum and CSF of the eight patients only
reacted with cells transfected with the GFP-tagged IgLONS (Figure 4). Immunoblots of
HEK?293 cells transfected with IgLONS showed reactivity with a commercial IgLONS
antibody but were negative with patients’ antibodies suggesting that the latter were directed

against conformational epitopes (Figure 3S).
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Analysis of serum or CSF of the 298 controls using the IgLONS CBA identified only one
patient with serum, but not CSF, antibodies. This patient is currently being followed in our
Movement Disorders Unit of Hospital Clinic, University of Barcelona. He is an 81 year-old
man who fulfills clinical criteria of PSP.1 The only unusual feature of this patient is the
prolonged course of the disease of nearly 20 years. He has not developed sleep disturbances,
and he is HLA- DQB1*0501 and HLA-DRB1*1001 negative.

To determine if in addition to IgLONS antibodies there were other antibodies that could
associate with clinical features identified in only some patients, we immunoabsorbed the
serum of three patients (# 1, 5, 7), who differed in some symptoms (except for the sleep
disorder) and clinical evolution, with HEK293 cells expressing IgLONS or cells transfected
with plasmids without insert. The absorption with IgLONS abrogated the reactivity of the
three sera with rat brain and hippocampal neurons indicating that the antibodies were
directed only against IgLONS (Figure 4S).

Neuropathological examination

A detailed description of the post-mortem brain examination of both patients (patients 2 and
7) is given in the appendix. In brief, there was a widespread accumulation of abnormal,
hyperphosphorylated tauptotein in neurons, much beyond of that expected for “normal”
ageing.2! Neuronal tau deposits were predominant inhypothalamus, prehypothalamic region,
and tegmentum of brainstem including laterodorsal tegmental area, periaqueductal gray
matter, the region of the pedunculopontine nucleus, magnocellular nuclei, and nucleus
ambiguus. Neuronal loss, astrogliosis and microglial activation was variable in these areas,
being globally mild in Patient 2 with predominant involvement of ventral parts of
dorsomedial thalamus, hypothalamic nuclei, periaquaeductal gray matter, pontine tegmental
area, and mild involvement of formatioreticularis and magnocellular nuclei of medulla
oblongata. Neuronal loss was more severe in Patient 7, with preferential involvement of
zonaincerta, hypothalamus, periaqueductal gray matter, mesencephalic and
pontinetegmentum, medulla oblongata, and particularly n. ambiguus and magnocellular
nuclei (Table 25, Figures 5 and 5S).

Tau aggregates were exclusively neuronal, in form of pretangles, tangles and neuropil
threads (Figure 6S), with presence of 3-repeat and 4-repeat tau isoforms in patient 7 and
predominance of 4-repeat tau isoforms in patient 2 (not shown). Neuronal loss and gliosis
correlated better with the presence of neurofibrillary tangles than with pretangles. There
were no tau-positive grains and no glial tau pathology, neither in astrocytes (tufted or thorn
shaped astrocytes, bush-like astrocytes or astrocytic plaques), nor in oligodendrocytes
(coiled bodies, globular glial inclusions). No inflammatory infiltrates or concomitant
abnormal protein deposits of beta-amyloid, or alpha-synuclein, were detected. IgLONS
immunoreactivity was not decreased in the affected brainstem regions of patient 7 compared
with those of a patient with Alzheimer disease used as control (Figure 7S).

Discussion

We report eight patients with a neurological disorder characterized by a unique NREM and
REM parasomnia with sleep breathing dysfunction, variable features of gait instability and
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brainstem symptoms, and autoantibodies against IgLLONS, a neuronal cell adhesion protein.
Several findings establish this disorder as a new entity, 1) the characteristic sleep disorder
identified in the first three patients by investigators in the Sleep Disorders Unit (masked of
information regarding autoantibodies), and in the other five patients by investigators in the
Neuroimmunology Laboratory (masked of clinical information)after searching for cases
with antibodies similar to those found in the three index patients, 2) the demonstration that
patients’ antibodies recognized the same neuronal cell surface antigen (IgLONS), 3) the
identification that all patients’ IgLONS antibodies were mainly IgG4, an isotype considered
involved in anti-inflammatory responses,?Z although in some disorders they can be
pathogenic,?? 4) the demonstration in 4/4 patients of the same HLA DRB1*1001 and
DQB1*#0501 alleles which are uncommon among the Spanish population,?* and 5) the
presence of similar neuropathology in two patients, suggesting a novel tauopathy with
predominant brainstem and hypothalamic involvement.

In addition to IgLONS antibodies, the main clinical signature of this disorder is the V-PSG
features characterized by disrupted sleep architecture and abnormal motor activation that
involves both NREM and REM sleep stages with several findings that differ from those
described in “agrypnia excitata”.8 First, the total sleep time was only moderately reduced;
second, there were clear periods of normal NREM sleep; and third, the finalistic movements
were associated with a different PSG pattern and never invaded daytime wakefulness.
Moreover, the presence of periods of NREM and REM sleep (associated with RBD)
differentiates our patients from those with “status dissociatus”. This term defines an extreme
form of wakefulness/sleep state dissociation in which patients have sleep-related motor
agitation with continuous limb movement and vocalizations and a PSG without identifiable
sleep stages, specifically lack of K complexes and sleep spindles.25 A previous case report
with dementia and a sleep disorder defined as “Stages 1-2 NREM sleep behavior disorder”
had some similarities with the findings of our patients, including the presence of finalistic
behaviors in stages N1-N2 NREM sleep and RBD; however, the patient did not have
identifiable N3.26 We did not record sleepwalking or sleep terror episodes in any of the V-
PSG performed in our patients, and together with the severe distortion of sleep architecture
the diagnosis of overlap parasomnia is unlikely.2” Another finding not described in any of
the parasomnias mentioned above is the presence of OSA and stridor. The three patients
investigated in our Sleep Unit had been previously studied in other centers and
misdiagnosed of isolated OSA. The reason for this diagnosis was that the stridor that
accompanied the agitated nocturnal behavior was confused with snoring and audiovisual
recordings were not available. In contrast to isolated OSA, the abnormal behaviours of our
patients did not improve with CPAP therapy.28

Neuropathological examination showed neuronal loss and gliosis associated with an atypical
tauopathy mainly involving the tegmentum of brainstem and hypothalamus. Part, but not all,
of the subcortical distribution pattern is observed in other tauopathies, such as progressive
supranuclear palsy or corticobasal degeneration. However, the absence of glial pathology,
grains or globular glial inclusions, prevents to classify the pathology of our patients within

any of the currently known tauopathies.2%-30
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Two cases with clinical and neuropathological features similar to our patients were
previously reported as possible PSP and atypical Alzheimer disease respectively.3!-32 The
first patient was a 60 year-old woman who developed nocturnal agitation, continuous
respiratory groan, gait instability, chorea, progressive dysphagia, and episodes of respiratory
insufficiency that required thracheostomy.3! The second patient was a 77 year-old woman
with a six year history of progressive dysphagia, breathing problems, stridor, paralysis of the
vocal cords that required tracheostomy, and central hypoventilation. 32

The diffuse involvement of the brainstem nuclei in our patients probably explains the sleep
breathing disorder, gait instability, and bulbar symptoms.33 The hypothalamus has an
important role in the regulation of sleep onset and organization of sleep; therefore, the
hypothalamic abnormalities in our patients likely contributed to the difficulties in the proper
order of entering sleep.3* A striking finding was the presence of abnormal finalistic
behaviors during NREM sleep. Similar behaviors have been associated with thalamic
degeneration,3 but our patients did not have substantial involvement of the thalamus. The
similarities between these behaviors and those performed during routine awake activities
suggest the occurrence of an abnormally intense sleep-related hippocampal reactivation of
awake motor patterns.3>-3¢ Damage of the hippocampus or its afferents from the tegmentum
of the brainstem together with a non-specific motor hyperactivation would potentially result
in the complex finalistic behaviors characteristic of this parasomnia. Finally, the RBD would
be related to the involvement of the nucleus magnocellularis considering the relative
preservation of the coeruleus/subcoeruleus complex.3’

The target antigen of all eight patients’ antibodies is IgLONS, the latest identified member
of the [gGLON family (Table 2S) which is part of the immunoglobulin superfamily of cell
adhesion molecules.® IgLON proteins are highly glycosylated, contain three
immunoglobulin-like domains, and are attached to the plasma membrane through a
glycosylphosphatidyl inositol (GPI) anchor.3® The family of IgLON proteins has important
functions in neuronal path finding and synaptic formation during brain development.3?
Autoimmunity against other members of the immunoglobulin superfamily has been mainly
reported in multiple sclerosis and other demyelinating syndromes. Antibodies against
neurofascin and contactin-2-specific T cells are believed to play a role in the axonal and
gray matter degeneration in multiple sclerosis.*?

Our study suggests an intriguing link between the presence of IgLONS antibodies and a
tauopathy. If IgLONS antibodies are a primary or secondary event in the pathophysiology of
the disorder is currently unclear. The IGLONS gene was identified during the sequencing of
human chromosome 19 and it is mostly expressed in the nervous system
(www.ebi.ac.uk/gxa/experiment/E-GEOD-803/ENSG00000142549%f=).4! Although the
exact role of IgLLONS is unknown, our study suggests that it could be involved in the
physiology of tau. Alternatively, the development of IgLONS antibodies could be a
consequence of the neurodegenerative process. The chronic clinical course in six patients,
the lack of response to immunotherapy despite decrease of the antibody levels, and the
neuropathological features would favor a primary neurodegenerative disorder. On the other
hand, the frequency of HLA-DRB1*1001 and DQB1#0501 among the Spanish population is
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1.6% and 14.4%,2* arguing that the association noted in all four patients with these alleles
represents a genetic susceptibility for autoimmune disease.

Our study has limitations that are inherent to the retrospective evaluation of some patients,
and the small number of cases and autopsy studies which preclude defining the full spectrum
of symptoms and pathological signature. However, the characterization of IgLONS
autoimmunity provides a useful biomarker of this disorder. An important practical
implication is that testing for IgLONS antibodies should be considered in patients who
develop NREM sleep dysfunction with simple and finalistic behaviors, along with RBD,
OSA, and stridor, preceded or followed by gait disequilibrium, chorea and brainstem

dysfunction.

Research in context

Systematic review

References for this study were identified through searches of PubMed for articles published
in English December 01, 2013 with the search terms (alone or in combination): “tauopathy”,
“brainstem”, “IgLLON family”, “parasomnia”, “sleep disorders”, and “autoantibodies”.
Articles were also identified by searches of the authors’ files. We did not find any study on
the function of IgLLONS protein or a previous description of the sleep disorder or
neuropathology identified in our patients. A previous case report had some similarities with
the findings of our patients, including the presence of finalistic behaviors in stages N1-N2
NREM sleep and RBD; however, the patient did not have identifiable N3.25 Two cases with
clinical and neuropathological features suggesting those of our patients were previously
reported as possible PSP and atypical Alzheimer disease respectively. The neuropathological
studies of the two patients showed a neuronal tauopathy mainly involving the

brainstem.3!:32

Interpretation

This study describes a new antibody against a surface antigen, called IgLONS, found in
eight patients with a characteristic sleep disorder previously not described and defined by
NREM and REM parasomnia and obstructive sleep apnea with stridor. These clinical and
immunological features were not previously described. Our study raises an intriguing link
between the presence of an antibody against a surface neuronal antigen, whose function is
unknown, and a tauopathy. It is currently unclear if IgLONS antibodies are a primary or
secondary event in the pathophysiology of the disorder. The lack of response to
immunotherapy despite decrease of the antibody levels and the neuropathological features
would favor a primary neurodegenerative disorder. However, the sharing of the same
haplotypes and the presence of an antibody that may interact with the surface antigen in vivo
indicate that the disorder could be immune mediated. Overall, the findings of this study are
important because they provide clear guidelines to identify patients with a novel tauopathy
and a unique sleep disorder not previously characterized. The identification of IgLONS
antibodies is important to confirm the diagnosis and clarify in the future the full clinical

spectrum of this syndrome.
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Figure 1. Sleep recording in patient 1 with continuous positive airway pressure (index case)
A. Hypnogram; B. Arousals, dissociations and periodic movements; C. Density Spectral

Array (DSA) showing the power spectrum of electroencephalographic frequencies (0-17
Hz) in electrode C3 referenced to electrode O2. Warmer colors indicate more dominant
frequencies. Abbreviations: Rems: Rapid eye movements; RBD: REM sleep behavior
disorder; PLM: Periodic limb movements; RPLM: Rapid periodic leg movements.
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Figure 2. Polysomnograhic epochs illustrative of each sleep state in patient 1 (index case)
See also figure 1. A:Sleep onset characterized by undifferentiated NREM sleep with diffuse

theta activity and rapid periodic leg movements that were particularly prominent at the left

AT EMG channel; B:N2 sleep with chain of four consecutive K complexes (arrows) with

frequent muscular phasic activity in EMG surface of the limbs that correlate with

vocalizations and finalistic movements; C: REM sleep with typical rapid eye movements

and EEG features with excessive phasic and tonic muscular activity and body jerks typical
of REM sleep behavior disorder; D: N3 with diffuse delta activity and well defined sleep
spindles at 13 Hz (arrows) without body/limb movements.

Abbreviations: EEG: electroencephalogram; EMG: electromyogram; EOG:

electrooculogram; Chin: electromyography of mentalis muscle; EKG: electrocardiogram;

FDS: flexor digitorumsuperficialis muscle left (L) and right (R); EDB: extensor
digitorumbrevis muscle left (L) and right (R); AT: anterior tibialis left (L) and right (R);
NAS: nasal air flow; THO: thoracic respiratory movement; ABD: abdominal respiratory

movement. Note the calibration mark for time / EEG voltage.
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Figure 3. Reactivity of patient’s antibodies with rat brain and cultures of hippocampal neurons
(A) Sagittal section of rat brain immunostained with a patient’s CSF: there is a diffuse

staining of the neuropil, which is not seen when rat brain sections are incubated with a
control CSF (B). Immunoreactivity was particularly robust in the cerebellum (C) where
there was diffuse staining of the molecular layer and synaptic glomerula of the granular cell
layer (D, counterstained with hematoxylin). (E) Culture of rat hippocampal neurons
incubated (non-permeabilized) with a patient’s serum showing intense reactivity with a cell
surface antigen. Scale bars in A and B=1000 pm, C=200 pm, D=50 um and E=20 pm
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Figure 4. Detection of IgLONS antibodies using a HEK293 cell based assay
HEK?293 cells were transfected to express green fluorescent protein (GFP)-tagged IgLONS

and incubated live, not permeabilized, with a patient’s (A—C) or control (D-F) serum.
Patient’s serum, but not control serum, stained the cell surface of cells (red) that specifically
express IgLONS, as demonstrated by the GFP fluorescence (green). Both reactivities are
shown merged in C. Nuclei counterstained with DAPI. Scale bar=20 um
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Figure 5. Distribution of tau pathology
Panels A1-F1 correspond to patient 2, and panels A2-F2 correspond to patient 7. Moderate

amounts of AT8 immunoreactive neuropil threads and neurofibrillary tangles are detected in
hypothalamic nuclei (B1, A2. posterior hypothalamic nucleus; example of score ++) and
anterior thalamus (A1, B2: left figure), but are completely absent in lateral and posterior
thalamic neurons of both cases (A1, B2, right figure; example of score 0). While the
pontinetegmentum is mildly (D2; example of score +) and moderately (C1) affected in
Patients 7 and 2, respectively, neurons of n. propii of basis pontis show extensive Tau-
pathology mainly in form of pretangles(D1; example of score +++), which is not observed in
patient 7 (C2). In contrast, prominent pathology in n. ambiguus is detected in patient 7 (F2;
example of score +++), and less in case 2 (E1) and to a lesser extent in magnocellular nuclei
of formatioreticularis in both cases (F1, E2).
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Table 3

Summary of video-polysomnographic characteristics®

1 Total sleep time and sleep efficiency are moderately reduced.

2 A distinctive temporal sequence of sleep stages and behaviors occurs, from most abnormal at the beginning of the night, to more
normal at the end.

3 Rapid periodic leg movements during wakefulnes are often present, and they continue briefly after sleep onset.2

4 Initiation of sleep and re-entering sleep after awakening are abnormal with undifferentiated NREM sleep or poorly structured N2
sleep with frequent vocalizations, stereotyped repetitive upper limb movements and/or finalistic behaviors.

5 Normal relaxed N1 sleep is infrequent. NormalN2 sleep is rare. Diffuse delta activity, typical of normal N3 sleep is present and
always associated with frequent spindles.

6 REM sleep is present but only in the form of REM sleep behavior disorder.3

7 Sleep breathing disorder is characterized by stridor and obstructive sleep apnea.

1,
These features refer to the 5 patients with video-polysomnography reviewed at the Sleep Unit Disorders in the Hospital Clinic Barcelona.
2Rapid periodic leg movements during wakefulness and sleep-initiation were absent in patient 7.

REM sleep behaviour disorder was present in four patients. In patient 5 REM sleep was not recorded.
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