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Abstract: Background: Atypical Parkinsonian syndromes with prominent frontal lobe involvement
can occur in the 4R-taupathies progressive supranuclear palsy (PSP) and corticobasal degeneration
(CBD). Secondary forms of movement disorders may occur in the context of autoimmune encephalitis
with antineuronal antibodies, such as anti-glycine receptor (anti-GlyR) antibodies, which are typically
associated with Stiff-Person spectrum syndrome, or progressive encephalomyelitis with rigidity
and myoclonus. Overlaps between neurodegenerative and immunological mechanisms have been
recently suggested in anti-IgLON5 disease. In this case study, the authors describe a patient with a
Parkinsonian syndrome with frontal lobe involvement and anti-GlyR antibodies. Case presentation:
The patient presented was a 63-year-old female. Her symptoms had begun with insomnia at the
age of 60, after which, since the age of 61, increasing personality changes developed, leading to a
diagnosis of depression with delusional symptoms. Severe cognitive deficits emerged, along with
a left-side accentuated Parkinsonian syndrome with postural instability. The personality changes
involved frontal systems. Magnetic resonance imaging (MRI) showed low-grade mesencephalon
atrophy. [18F]fluorodeoxyglucose positron emission tomography (FDG PET) depicted a moderate
hypometabolism bilateral frontal and of the midbrain, while [123I]FPCIT single-photon emission
computed tomography (SPECT) revealed severely reduced dopamine transporter availability in both
striata, indicating pronounced nigrostriatal degeneration. In addition, anti-GlyR antibodies were
repeatedly found in the serum of the patient (max. titer of 1:640, reference: <1:20). Therefore, an
anti-inflammatory treatment with steroids and azathioprine was administered; this resulted in a
decrease of antibody titers (to 1:80) but no detectable clinical improvement. The cerebrospinal fluid
(CSF) and electroencephalography diagnostics showed inconspicuous findings, and negative CSF
anti-GlyR antibody results. Conclusion: The patient presented here was suffering from a complex
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Parkinsonian syndrome with frontal lobe involvement. Because of the high anti-GlyR antibody titers,
the presence of an autoimmune cause of the disorder was discussed. However, since no typical signs
of autoimmune anti-GlyR antibody syndrome (e.g., hyperexcitability, anti-GlyR antibodies in CSF, or
other inflammatory CSF changes) were detected, the possibility that the anti-GlyR antibodies might
have been an unrelated bystander should be considered. Alternatively, the anti-GlyR antibodies
might have developed secondarily to neurodegeneration (most likely a 4-repeat tauopathy, PSP or
CBD) without exerting overt clinical effects, as in cases of anti-IgLON5 encephalopathy. In this case,
such antibodies might also potentially modify the clinical course of classical movement disorders.
Further research on the role of antineuronal antibodies in Parkinsonian syndromes is needed.

Keywords: parkinsonian syndromes; frontal dementia; glycine receptor; antibody; PERM;
stiff-person syndrome

1. Background

Parkinson’s disease is characterized by rigidity, tremor, shuffling gait, and other symptoms, such
as loss of smell [1]. Atypical Parkinsonian syndromes include progressive supranuclear palsy (PSP),
corticobasal degeneration (CBD) and multisystem atrophy.

Different PSP phenotypes include classic Richardson’s syndrome, PSP-Parkinson’s syndrome,
PSP-corticobasal syndromes, PSP-speech language syndrome, PSP with predominant cerebellar ataxia,
and PSP with frontal presentation [2]. Richardson’s syndrome is characterized by mostly symmetrical,
axially accentuated, akinetic-rigid Parkinson’s syndrome, as well as a vertical supranuclear gaze
paresis, early falls, and a poor response to levodopa [2,3]. PSP with frontal presentation is rare, often
showing the symptomatology of a behavioral variant of frontotemporal dementia years before the
motor features of PSP become evident [2,4]. The pathological hallmarks are microtubule-associated
tau proteins in neurofibrillary tangles (so-called 4-repeat tauopathy), oligodendrocyte coils, and
astrocytic tufts [5]. Magnetic resonance imaging (MRI) characteristically shows atrophy in the midbrain
and superior cerebellar peduncles, while [18F]fluorodeoxyglucose positron emission tomography
(FDG PET) displays hypometabolism of the frontal cortex, caudate, midbrain and thalamus [2], of
which the midbrain findings have been incorporated in the novel diagnostic criteria as a supporting
imaging finding [5]. Dopamine transporter (DAT) imaging [e.g., [123I]FPCIT single-photon computed
tomography (FPCIT SPECT)] demonstrates severely and fairly symmetrically reduced nigrostriatal
innervation [6]; cerebrospinal fluid (CSF) tau/p-tau levels are normal or even lower than those of
controls [2]. PSP has a poor prognosis because no causal or sustained effective symptomatic treatment
is currently available [2,3].

The four most important CBD subtypes are probable corticobasal syndrome (CBS), frontal
behavioral-spatial syndrome, nonfluent/agrammatic variant of primary progressive aphasia, and PSP
syndrome [7]. CBS is characterized by asymmetric akinetic-rigid Parkinsonism, limb dystonia or limb
myoclonus, and other cortical symptoms, such as ideomotor apraxia or alien limb phenomena [8].
Like PSP, CBD is also a 4-repeat tauopathy [9]. MRI can show asymmetric frontoparietal atrophy in
the course of the disease; the brain stem MRI findings are typically inconspicuous [3]. FPCIT SPECT
reveals asymmetric reduction of the presynaptic dopamine transporter density, and FDG PET displays
usually markedly asymmetrically reduced frontoparietal glucose metabolism [6,10,11]. There is also
no known causal treatment [8].

Secondary forms of movement disorders may occur in the context of autoimmune encephalitis
with different antineuronal antibodies [12–15]. Dyskinesias are found in anti-NMDA-receptor (R)
encephalitis. Cerebellar ataxia is associated with a number of paraneoplastic, antineuronal antibodies
against intracellular antigens. PSP phenotypes are described for anti-Ma2 and anti-IgLON5 antibodies,
Stiff-Person spectrum diseases are associated with anti-GAD5 antibodies or anti-glycine receptor
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(anti-GlyR) antibodies, and progressive encephalomyelitis with rigidity and myoclonus (PERM)
syndrome is associated with anti-GlyR antibodies [13,16].

Patients with anti-GlyR antibody syndrome are, on average, 50 years old and suffer from spasms,
stiffness, rigidity, myoclonus, and related walking difficulties (with falls in 80%). Limb paresis and
pyramidal signs are observed in 60% of cases, trigeminal, facial, and bulbar disturbance or excessive
startle reflexes in 57%, and oculomotor disturbances with nerve or gaze palsy in 53%; cognitive
impairment is present in half of patients [17]. A recent publication has pointed to an extension of the
spectrum with several visual symptoms, including visual hallucinations, synesthesia and intermittent
diplopia [18]. Subacute courses occur in 44% of cases, while a primary chronic course has been
described in 11% [17]. Tumor association is observed in <5% [16]. MRI of the brain reveals pathological
findings in 28% of patients, and spinal lesions in 22%. Electroencephalography (EEG) pathologies have
been found in 71%, with slowing in about half (52%) [17]. CSF abnormalities are observed in about half
of the cases [19], with increased white blood cell (WBC) counts in most (43%) [17]. Intrathecal anti-GlyR
antibody synthesis was observed in the majority of cases [17,20,21]. The response to anti-inflammatory
treatment is mostly good, with the modified Rankin scale scores dropping from a median of 5 during
disease peak to 1 [17].

Overlaps between neurodegenerative and immunological mechanisms have been previously
described in anti-IgLON5 disease [22,23]. In anti-IgLON5 encephalopathy, antibodies against the
neuronal cell-adhesion protein IgLON5 have been shown to be associated with tauopathy of the
brainstem tegmentum [22].

Rationale: The symptoms of Parkinsonian syndromes with frontal lobe involvement, such as
PSP or CBD, and autoimmune anti-GlyR antibody syndrome have obvious overlaps. From a clinical
perspective, the distinction between the two is important because of the different therapy options and
prognoses indicated. New developments in the field also raise the question of the interaction between
neurodegenerative and immunological diseases. The case presented here shows a patient in this
conflicting area, with Parkinsonsian syndrome with frontal lobe involvement and anti-GlyR antibodies.

2. Case Presentation

The female patient was 63 years old when presented to our hospital. She has given her signed
written informed consent for this case report, including all the data and the presented images,
to be published. At that time, she suffered mainly from personality changes (reduced energy,
social withdrawal, introversion, emotional flattening, avoidance of eye contact, loss of interest in
discussions, lack of insight), cognitive deficits (attention/concentration and working memory deficits),
and Parkinson’s syndrome with left-emphasized bradykinesia/reduced amplitude in finger tapping,
hypomimia, bilateral rigor, and a postural instability with a tendency to fall (Hoehn and Yahr stage IIb).

Up to the age of 60, the patient had always been mentally healthy, in a good mood, and active.
At the age of approximately 60 years, she developed growing insomnia (with problems in maintaining
sleep and early awakening). At the age of 61, a change in her behavior became increasingly apparent.
Her energy levels were reduced, she withdrew socially, seemed affectively flattened, and experienced
more insecurity and anxiety. In addition, the patient developed delusional fears (felt spied on and
therefore wanted the roller shutters closed continuously). Consequently, depression with psychotic
symptoms was diagnosed. Muscle tone was assessed as normal at that time. However, retrospectively,
a reduced facial expression had already been observed by her husband. The sleep disturbances
improved with low-dose mirtazapine (3.75 mg/day). Treatment with duloxetine (60 mg/day) led to
slight improvement of delusional fears. In the further course, an increasing personality change was
observed. The patient was less happy, more introverted, appeared to be increasingly emotionless, and
was no longer able to maintain eye contact. The MRI examination of the brain and the EEG remained
inconspicuous (at the age of 61 years). In CSF diagnostics, identical oligoclonal bands (OCBs) in CSF
and serum were found, indicating a systemic process. The neurodegeneration markers (tau, p-Tau,
β-amyloid quotient, 14-3-3) were in the normal range. At the same time, she developed increasing
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trunk stiffness and left accentuated rigor. At the age of 62, elevated anti-GlyR IgG serum–antibodies
with a titer of 1:640 (reference: <1:20; Laboratory Krone, Bad-Salzuflen, Germany) were found, and a
left-accentuated Parkinson’s syndrome became more and more apparent. Anti-inflammatory treatment
with prednisolone (3 × 1000 mg/day) was started and repeated five times every 4 weeks. Tolerability
was good, but no relevant clinical improvement was observed. The antibody titers only changed by
one titer step (to 1:320). Thus, maintenance therapy with azathioprine (150 mg) was started. On this
therapeutic regimen, a stabilization of the symptoms could be achieved, but no sufficient improvement.
The antibody titers dropped to 1:80 (reference: <1:20). Additional levodopa treatment (with only
187.5 mg/day) was well tolerated, and led to the slight improvement of mood and rigor (see Figure 1).
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Figure 1. Clinical course. Abbreviation: CSF, cerebrospinal fluid; yrs, years.

2.1. Diagnostic Findings

Following admission to our specialized ward at the age of 63, three years after the onset of
the neuropsychiatric syndrome, a comprehensive clinical examination was performed. The MRI of
the brain revealed low-grade mesencephalon atrophy, but there was no clear “hummingbird sign”.
Other brain regions, including the basal ganglia and limbic system, were unremarkable (Figure 2).
The MRI of the spinal cord showed no evidence of myelopathy or contrast-enhancing lesions. In the
visual assessment and independent component analyses, the EEG was normal. The CSF revealed
slightly increased protein concentration. The anti-GlyR serum IgG antibody titers were 1:80 (reference:
<1:20; Laboratory Krone, Bad-Salzuflen, Germany), and the CSF testing was negative (identical OCBs
in serum and CSF were no longer positive). Tau, p-tau and β-amyloid quotients were in the normal
range. In addition, slightly elevated anti-thyroid peroxidase (TPO) antibodies were found in the
serum (Table 1). The FDG PET depicted a moderate bilateral hypometabolism of the frontal lobes, the
midbrain, and, to a lesser extent, the caudate nuclei as well, compatible with a frontotemporal lobar
degeneration (Figure 3). On the whole body FDG PET/CT, there was no indication of a neoplastic
process. For examination of nigrostriatal degeneration, which in severe expression would be more
typical for PSP than FTD, an FPCIT SPECT was performed, which revealed a severely reduced dopamine
transporter availability in both striates, indicating pronounced nigrostriatal degeneration (Figure 3).
Thus, nuclear medicine findings are well compatible with PSP [5,6,11], whereas the lack of asymmetry
argues against CBD [6,10,11]. In the neuropsychological testing of attention performance (TAP), a clear
impairment of both basal and more complex attention functions was detected. The “Consortium to
Establish a Registry for Alzheimer’s Disease” (CERAD) test battery revealed deficits in verbal memory
and executive performance (word fluency, set-shifting; Figure 4).
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Figure 2. (A) Combined voxel- and region-based morphometry shows decreased gray matter volumes
of the medial frontal lobes (z-scores < −2 are displayed in blue to white). (B) A support vector machine
suggests this pattern to be compatible with a fronto-temporal lobar degeneration. On visual analysis, the
midbrain is atrophic (C,D), however the midbrain to pons ratio is (with 0.61) in the normal range (D).
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Figure 3. [18F]fluorodeoxyglucose positron emission tomography (FDG PET; upper panel) and
[123I]FPCIT single-photon emission computed tomography (FPCIT SPECT; lower panel). The FDG
PET revealed moderate bilateral hypometabolism of the frontal lobes, midbrain (see medial view),
and, to a lesser extent, the caudate nuclei as well [upper row: transaxial FDG PET images, voxel-wise
FDG uptake normalized to whole brain uptake; lower row: 3D surface projections of regions with
decreased FDG uptake, color-coded Z-score compared to age-matched healthy controls [24]]. FDG PET
of the brain was performed in addition to the whole-body scan at 50 min after injection of 348 MBq
FDG (Vereos Digital PET/CT, Philips Healthcare, Eindhoven, The Netherlands). The FPCIT SPECT
showed a severely reduced dopamine transporter (DAT) availability in both striata in the patient (left)
compared to normal DAT binding in a healthy control (right), indicating pronounced nigrostriatal
degeneration. FPCIT SPECT was performed 3 h after injection of 183 MBq FPCIT (Intevo SPECT/CT,
Siemens, Erlangen, Germany; shown are parametric maps of the distribution volume ration (DVR)
using the occipital cortex as reference without DAT binding). Abbreviations: R, right; l, left.

Table 1. Diagnostic findings approximately three years after symptom onset. Abnormal findings are
marked in bold.

Blood analyses

• Blood cell count, liver/kidney/pancreas values, and C-reactive protein
were normal. Sodium and potassium were normal, calcium levels were
borderline high (from 2.54–2.57 mmol/l; reference 2.15–2.5 mmol/l).
Normal HbA1c.

• Folic acid and Vitamin B12 levels were normal. Selenium (48 µg/l;
reference: 75–140 µg/l) and Vitamin D (15 ng/mL; optimal: >30 ng/mL)
were reduced.

• Thyroid-stimulating hormone, triiodothyronine, and thyroxine levels were
in normal ranges. Autoantibodies against and thyroid peroxidase were
increased (48.1 IU/mL; reference < 34 IU/mL). Autoantibodies against
thyroglobulin and TSH receptor were not increased.

• Antibody testing for Lyme borreliosis, syphilis, and HIV were negative.
Toxoplasmosis IgG antibodies were positive, for IgM were negative.
The Bartonella henselae and Hepatisis B/C/E serologies were negative. A
quantiferon test was negative.

• No IgG autoantibodies against the following intracellular onconeural
antigens, Yo, Hu, CV2/CRMP5, Ri, Ma1/2, SOX1, Tr, Zic4, or the
intracellular synaptic antigens GAD65/amphiphysin, were found using
Ravo line assay®. No IgG autoantibodies against the following
intracellular onconeural antigens, amphiphysin, CV2/CRMP5, Ma2/Ta, Ri,
Yo, Hu, recoverin, Sox1, Titin, Zic4, DNER/Tr, were found using immune
blot method (Laboratory Krone, Bad Salzuflen, Germany).

• In the serum IgG anti-GlyR autoantibodies with a titer of 1:80
(reference < 1:20) were discovered using cell-based assays (Laboratory
Krone, Bad Salzuflen, Germany). IgG autoantibodies against different
other neuronal cell surface antigens (NMDA-R, AMPA-1/2-R, GABAB-R,
DPPX, CASPR2, LGI1) were negative (using fixed cell biochip assays from
Euroimmun®). No antibodies against IgLON5 or mGluR5/1 were detected
using cell-based assays (Laboratory Krone, Bad Salzuflen, Germany).
Aquaporin 4 and MOG antibodies were negative.

• “Tissue-based assay” using indirect immunofluorescence on unfixed
murine brain tissue (Prof. Prüss, Berlin) showed a perinuclear signal
in many neurons, likely reflecting ANAs.

• Traceable ANAs. ENA differentiation and testing for ds-DNA antibodies
remained negative. ANCAs, antiphospholipid, and AMAs/SMAs were
negative. Rheumatoid factor was negative. Analyses of the complement
system showed normal findings for C3, C4, and CH50. C3d was slightly
increased (9.6 mg/l, reference: < 9 mg/l). Serum IgG and IgA levels
normal, IgM was slightly decreased (0.34 g/l; reference 0.7–4.0 g/l).
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Table 1. Cont.

Cerebrospinal fluid
analyses

• Normal white blood cell count (1/µL; reference < 5/µL).
• Increased protein concentration (563 mg/L; reference < 450 mg/L).
• Normal age-corrected albumin quotient: 8 (age-dependent reference < 9.3

× 10−3).
• No intrahtecal IgG, IgA or IgM synthesis. No CSF specific oligoclonal

bands; IgG index not increased (0.53; reference < 0.7).
• IgG autoantibodies against neuronal cell surface antigens (NMDA-R,

AMPA-1/2-R, GABAB-R, DPPX, LGI1, CASPR2) were negative (using fixed
cell biochip assays from Euroimmun®).

• IgG antibodies against the GlyR were negative (cell-based assay;
Laboratory Krone, Bad-Salzuflen, Germany). No antibodies against
IgLON5 or mGluR5/1 were detected using cell-based assays (Laboratory
Krone, Bad Salzuflen, Germany). No IgG autoantibodies against the
following intracellular onconeural antigens, amphiphysin, CV2/CRMP5,
Ma2/Ta, Ri, Yo, Hu, recoverin, Sox1, Titin, Zic4, DNER/Tr were found
using immune blot method (Laboratory Krone, Bad Salzuflen, Germany).

• Tau/phospho-Tau levels and ß-amyloid quotient were normal.
• “Tissue-based assay” using indirect immunofluorescence on unfixed

murine brain tissue (Prof. Prüss, Berlin) showed a perinuclear signal
in many neurons, likely reflecting ANAs.

Cerebral magnetic
resonance imaging

• Combined voxel- and region-based morphometry shows decreased
gray matter volumes of the medial frontal lobes (z-scores < −2).

• On visual analysis the midbrain is atrophic, however the midbrain to
pons ratio is with 0.61 in the normal range.

Spinal magnetic
resonance imaging

• No evidence of myelopathy, no evidence of intraspinal
contrast-affine lesions.

Electroencephalo-graphy.

• Visual assessment: No slow wave activity. No epileptic activity.
No dysrhythmia.

• Independent component analysis: Alpha at 10.1 Hz, no abnormal activity.

[18F]fluorodeoxy-glucose
positron emission
tomography (FDG

PET)

• Brain: Moderate bilateral hypometabolism of the frontal lobes,
midbrain and, to a lesser extent, caudate nuclei.

• Whole body: No lesions or metabolic changes suspicious of malignancy
on whole-body FDG PET/computer tomography.

[123]FPCIT
single-photon

emission computed
tomography (FPCIT

SPECT)

• Severely reduced dopamine transporter availability in both striata,
indicating pronounced nigrostriatal degeneration.

• The approximated binding potential values were: Caudate nucleus
right/left 0.38/0.42 (asymmetry index −10%) and putamen right/left
0.22/0.18 (21%).
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2.2. Illness, Somatic, and Family History

Her history was negative for in-utero/birth complications, febrile convulsions, inflammatory
brain diseases, severe systemic infections, or craniocerebral traumata. She had no history of a
neurodevelopmental or personality disorder. She never had a tumor disease but suffered from Hashimoto’s
thyroiditis supplemented with l-thyroxin (75 µg/ day). Her father died early of a heart attack. Parents,
grandparents, and siblings are not aware of any neurological, autoimmune or tumor diseases.

3. Discussion

This case study is of a female patient exhibiting a remarkable neuropsychiatric syndrome,
beginning with insomnia and followed by increasing frontal lobe-linked personality changes. These
changes initially mimicked depression with psychotic symptoms, and the patient later developed
severe cognitive deficits and left-side accentuated Parkinson’s syndrome with postural instability.

In the absence of oculomotor abnormalities, the presence of a frontal syndrome and mild postural
instability leads diagnosis towards a “suggestive frontal PSP” [5]. The (only) minimal improvement
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with levodopa and the tendency to fall would also be compatible with PSP [3]. A supranuclear palsy
of the eye was not currently present, but this symptom can occur after a delay [2]. Alternatively, the
clinical diagnosis could be probable CBD, with frontal behavioral-spatial syndrome and asymmetrical
Parkinsonism [7]. The nuclear medicine findings, which showed hypometabolism of the frontal
lobes, midbrain and caudate nucleus on FDG PET, as well as strongly reduced dopamine transporter
availability in both striates on FPCIT SPECT, are well in line with PSP [5,6], whereas the lack of
asymmetry in both examinations argues against CBD [6,10,11]. There was a low-grade midbrain
atrophy, which did not decisively argue for or against one of the two 4-repeat tauopathies [5,25,26].
In summary, the patient appeared to be suffering from a Parkinsonian syndrome with prominent
frontal lobe involvement, but a definitive PSP or CBD diagnosis could not be made. This is in line
with the notion that the 4-repeat tauopathies PSP and CBD may be considered to represent different
manifestations of a disease spectrum with several common clinical, neuroimaging, pathological, genetic
and biochemical features, which prohibits accurate in vivo distinction between both diseases [11,27].

The elevated anti-GlyR antibodies (with a maximum titer of 1:640) suggested a possible
autoimmune cause for the complex Parkinsonian syndrome with frontal lobe involvement. Initial
positive identical OCBs in serum and CSF indicate a systematic process. The perinuclear signal in
many neurons (likely reflecting ANAs) in the tissue-based assays could be indicative of increased
autoimmune susceptibility. Anti-GlyR antibodies are typically associated with Stiff-Person spectrum
syndromes or PERM, but they can also be syndromally associated with a very “colorful picture” of
symptoms [17,21,28]. The presence of anti-GlyR antibodies in other neuro-immunological diseases,
and in the “colorful clinical picture”, mitigates their high specificity, although these antibodies can be
pathophysiologically relevant if they reach the brain [29]. The coexistence of Parkinsonian syndrome
with frontal lobe involvement and anti-GlyR antibodies may relate to at least three possible causes and
consequences:

1. The anti-GlyR antibodies could have been generated first, thereby triggering a clinical phenotype as
a Parkinsonian syndrome with frontal lobe involvement. This is conceivable in principle, but very
unlikely in the presented patient; no typical signs of autoimmune anti-GlyR antibody syndrome
presently known (e.g., hyperexcitability, anti-GlyR antibodies in CSF, or other inflammatory CSF
changes) were detected [17]. Furthermore, the instrument-based diagnostics, using EEG, MRI
and FDG PET, as well as the poor response to anti-inflammatory treatment did not support the
hypothesis of underlying autoimmune encephalitis.

2. The joint presence of a Parkinsonian syndrome with frontal lobe involvement and anti-GlyR
antibodies could have been a pure coincidence. In this case, the anti-GlyR antibodies might be of
no relevance. From the authors’ perspective, according to current knowledge, this alternative is
possible. In antibody prevalence studies of healthy individuals, anti-GlyR antibodies have also
been found in the serum of 0.06% of healthy individuals [one subject in a healthy control group
of 1703 individuals [30].

3. Finally, a Parkinsonian syndrome with secondary anti-GlyR antibody production is plausible.
In this case, the anti-GlyR antibodies could even have effects on the brain, but these would
likely be overlooked in the progressive neurodegenerative Parkinsonian syndrome. In the
authors’ view, this seems a plausible scenario. Indeed, a similar discussion is currently taking
place regarding anti-IgLON5 antibodies; in patients with increased levels of anti-IgLON5
antibodies, a tauopathy of the brainstem tegmentum has been described in combination with
antibody-mediated encephalopathy that is responsive to immunotherapy [22,23]. According
to these novel observations, a new basic principle of interaction between neurodegeneration
and neuroimmunological processes is conceivable. In the present case, it would be similar
to encephalopathy with IgLON5 antibodies; antineuronal antibodies possibly modulate the
clinical course of PSP/CBD or other neurodegenerative disorders, without primarily causing
those disorders.
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4. Conclusions

This paper describes a neuropsychiatric syndrome that initially manifested with purely psychiatric
symptoms, and later developed into a Parkinsonian syndrome with frontal lobe involvement, likely
caused by a 4-repeat tauopathy (PSP or CBD). A primary causal role of the additionally detected
anti-GlyR antibodies was unlikely. However, the anti-GlyR antibodies might have developed
secondarily to neurodegeneration, without overt clinical effects. Therefore, such antibodies might have
the potential to modify the clinical course of classical movement disorders. Further research is needed
on the role of immunological processes in neurodegenerative diseases like Parkinsonian syndromes.

Author Contributions: R.W., K.D. and L.T.v.E. treated the patient. D.E. performed the data research and wrote the
paper. S.M. supported the data search and created Figure 1. H.P. and M.R. performed the neurological interpretation.
H.P. performed the CSF tissue tests. T.S. performed the neuropsychological testing and interpretation. P.T.M.
performed the nuclear medicine investigations and interpretation. P.T.M. critically revised the paper. H.U.
performed and interpreted the MRIs. K.N., K.R., K.D. and L.T.v.E. supported the clinical and laboratory
interpretation. All authors were critically involved in the theoretical discussion and composition of the manuscript.
All authors have read and agreed to the published version of the manuscript.

Funding: The article processing charge was funded by the German Research Foundation (DFG) and the University
of Freiburg in the funding program Open Access Publishing.

Acknowledgments: DE was funded by the Berta-Ottenstein-Programme for Advanced Clinician Scientists, Faculty
of Medicine, University of Freiburg.

Conflicts of Interest: DE: None. HP: None. MR: None. TS: None. RW: None. KN: None. SM: None. KR: None.
HU: HU is shareholder of the Veobrain GmbH. KD: Steering Committee Neurosciences, Janssen. PTM: Advisory
boards and lectures within the last three years: GE, Philips, OPASCA, Curium, Desitin and Medac. LTvE: Advisory
boards, lectures, or travel grants within the last three years: Roche, Eli Lilly, Janssen-Cilag, Novartis, Shire, UCB,
GSK, Servier, Janssen and Cyberonics.

References

1. Grayson, M. Parkinson’s disease. Nature 2016, 538. [CrossRef] [PubMed]
2. Boxer, A.L.; Yu, J.; Golbe, I.L.; Litvan, I.; Lang, E.A.; Höglinger, G.U. Advances in progressive supranuclear

palsy: New diagnostic criteria, biomarkers, and therapeutic approaches. Lancet Neurol. 2017, 16, 552–563.
[CrossRef]

3. Hufschmidt, A.; Lücking, C.; Rauer, S.; Glocker, F.X. Neurologie Compact; Hrsg. 7. Auflage.; Thieme: Stuttgart,
Germany, 2017. [CrossRef]

4. Rascovsky, K.; Hodges, J.R.; Knopman, D.; Mendez, M.F.; Kramer, J.H.; Neuhaus, J.; Van Swieten, J.C.;
Seelaar, H.; Dopper, E.G.P.; Onyike, C.U.; et al. Sensitivity of revised diagnostic criteria for the behavioural
variant of frontotemporal dementia. Brain 2011, 134, 2456–2477. [CrossRef] [PubMed]

5. Höglinger, G.U.; Respondek, G.; Stamelou, M.; Kurz, C.; Josephs, K.A.; Lang, E.A.; Mollenhauer, B.; Müller, U.;
Nilsson, C.; Whitwell, J.L.; et al. Clinical diagnosis of progressive supranuclear palsy: The movement
disorder society criteria. Mov. Disord. 2017, 32, 853–864. [CrossRef]

6. Meyer, P.; Hellwig, S. Update on SPECT and PET in parkinsonism—Part 1. Curr. Opin. Neurol. 2014, 27,
390–397. [CrossRef]

7. Armstrong, M.J.; Litvan, I.; Lang, E.A.; Bak, T.H.; Bhatia, K.P.; Borroni, B.; Boxer, A.L.; Dickson, D.W.;
Grossman, M.; Hallett, M.; et al. Criteria for the diagnosis of corticobasal degeneration. Neurology 2013, 80,
496–503. [CrossRef]

8. Parmera, J.B.; Rodriguez, R.D.; Neto, A.S.; Nitrini, R.; Brucki, S.M.D. Corticobasal syndrome: A diagnostic
conundrum. Dement. Neuropsychol. 2016, 10, 267–275. [CrossRef]

9. Mimuro, M.; Yoshida, M. Chameleons and mimics: Progressive supranuclear palsy and corticobasal
degeneration. Neuropathology 2019, 40, 57–67. [CrossRef] [PubMed]

10. Niethammer, M.; Tang, C.C.; Feigin, A.; Allen, P.J.; Heinen, L.; Hellwig, S.; Amtage, F.; Hanspal, E.;
Vonsattel, J.P.; Poston, K.L.; et al. A disease-specific metabolic brain network associated with corticobasal
degeneration. Brain 2014, 137, 3036–3046. [CrossRef] [PubMed]

11. Meyer, P.; Frings, L.; Rücker, G.; Hellwig, S. 18F-FDG PET in Parkinsonism: Differential Diagnosis and
Evaluation of Cognitive Impairment. J. Nucl. Med. 2017, 58, 1888–1898. [CrossRef]

http://dx.doi.org/10.1038/538S1a
http://www.ncbi.nlm.nih.gov/pubmed/27783582
http://dx.doi.org/10.1016/S1474-4422(17)30157-6
http://dx.doi.org/10.1055/b-005-143671
http://dx.doi.org/10.1093/brain/awr179
http://www.ncbi.nlm.nih.gov/pubmed/21810890
http://dx.doi.org/10.1002/mds.26987
http://dx.doi.org/10.1097/WCO.0000000000000106
http://dx.doi.org/10.1212/WNL.0b013e31827f0fd1
http://dx.doi.org/10.1590/s1980-5764-2016dn1004003
http://dx.doi.org/10.1111/neup.12590
http://www.ncbi.nlm.nih.gov/pubmed/31515852
http://dx.doi.org/10.1093/brain/awu256
http://www.ncbi.nlm.nih.gov/pubmed/25208922
http://dx.doi.org/10.2967/jnumed.116.186403


Brain Sci. 2020, 10, 399 11 of 12

12. Kannoth, S.; Anandakkuttan, A.; Mathai, A.; Sasikumar, A.N.; Nambiar, V.; Anandakuttan, A. Autoimmune
atypical parkinsonism—A group of treatable parkinsonism. J. Neurol. Sci. 2016, 362, 40–46. [CrossRef]
[PubMed]

13. Balint, B.; Vincent, A.; Meinck, H.-M.; Irani, S.R.; Bhatia, K.P. Movement disorders with neuronal antibodies:
Syndromic approach, genetic parallels and pathophysiology. Brain 2017, 141, 13–36. [CrossRef]

14. Endres, D.; Bechter, K.; Prüss, H.; Hasan, A.; Steiner, J.; Leypoldt, F.; Tebartz van Elst, L.
Autoantikörper-assoziierte schizophreniforme Psychosen: Klinische Symptomatik. Der Nervenarzt 2019, 90,
547–563. [CrossRef] [PubMed]

15. Endres, D.; Leypoldt, F.; Bechter, K.; Hasan, A.; Steiner, J.; Domschke, K.; Wandinger, K.-P.; Falkai, P.;
Arolt, V.; Stich, O.; et al. Autoimmune encephalitis as a differential diagnosis of schizophreniform psychosis:
Clinical symptomatology, pathophysiology, diagnostic approach, and therapeutic considerations. Eur. Arch.
Psychiatry Clin. Neurosci. 2020, 1–16. [CrossRef] [PubMed]

16. Dalmau, J.; Geis, C.; Graus, F. Autoantibodies to Synaptic Receptors and Neuronal Cell Surface Proteins in
Autoimmune Diseases of the Central Nervous System. Physiol. Rev. 2017, 97, 839–887. [CrossRef] [PubMed]

17. Carvajal-González, A.; Leite, M.I.; Waters, P.; Woodhall, M.; Coutinho, M.E.; Balint, B.; Lang, B.; Pettingill, P.;
Carr, A.; Sheerin, U.-M.; et al. Glycine receptor antibodies in PERM and related syndromes: Characteristics,
clinical features and outcomes. Brain 2014, 137, 2178–2192. [CrossRef]

18. Piquet, A.L.; Khan, M.; Warner, J.E.; Wicklund, M.P.; Bennett, J.L.; Leehey, M.A.; Seeberger, L.;
Schreiner, T.L.; Soldan, M.M.P.; Clardy, S.L. Novel clinical features of glycine receptor antibody syndrome.
Neurol. Neuroimmunol. Neuroinflamm. 2019, 6, e592. [CrossRef]

19. Blinder, T.; Lewerenz, J. Cerebrospinal Fluid Findings in Patients with Autoimmune Encephalitis-A Systematic
Analysis. Front. Neurol. 2019, 10, 804. [CrossRef]

20. McKeon, A.; Martinez-Hernandez, E.; Lancaster, E.; Matsumoto, J.Y.; Harvey, R.J.; McEvoy, K.M.; Pittock, S.J.;
Lennon, V.A.; Dalmau, J. Glycine receptor autoimmune spectrum with stiff-man syndrome phenotype.
JAMA Neurol. 2013, 70, 44–50. [CrossRef]

21. Swayne, A.; Tjoa, L.; Broadley, S.; Dionisio, S.; Gillis, D.; Jacobson, L.; Woodhall, M.R.; McNabb, A.;
Schweitzer, D.; Tsang, B.; et al. Antiglycine receptor antibody related disease: A case series and literature
review. Eur. J. Neurol. 2018, 25, 1290–1298. [CrossRef]

22. Sabater, L.; Gaig, C.; Gelpi, E.; Bataller, L.; Lewerenz, J.; Torres-Vega, E.; Contreras, A.; Giometto, B.;
Compta, Y.; Embid, C.; et al. A novel non-rapid-eye movement and rapid-eye-movement parasomnia with
sleep breathing disorder associated with antibodies to IgLON5: A case series, characterisation of the antigen,
and post-mortem study. Lancet Neurol. 2014, 13, 575–586. [CrossRef]

23. Gelpi, E.; Höftberger, R.; Graus, F.; Ling, H.; Holton, J.L.; Dawson, T.; Popovic, M.; Pretnar-Oblak, J.; Högl, B.;
Schmutzhard, E.; et al. Neuropathological criteria of anti-IgLON5-related tauopathy. Acta Neuropathol. 2016,
132, 531–543. [CrossRef] [PubMed]

24. Minoshima, S.; Frey, A.K.; A Koeppe, R.; Foster, N.L.; Kuhl, D.E. A diagnostic approach in Alzheimer’s
disease using three-dimensional stereotactic surface projections of fluorine-18-FDG PET. J. Nucl. Med. 1995,
36, 1238–1248.

25. Whitwell, J.L.; Jack, C.R.; Boeve, B.F.; Parisi, J.E.; Ahlskog, J.E.; Drubach, D.A.; Senjem, M.L.; Knopman, D.S.;
Petersen, R.C.; Dickson, D.W.; et al. Imaging correlates of pathology in corticobasal syndrome. Neurology
2010, 75, 1879–1887. [CrossRef] [PubMed]

26. Massey, L.A.; Jäger, H.R.; Paviour, D.C.; O’Sullivan, S.S.; Ling, H.; Williams, D.R.; Kallis, C.; Holton, J.;
Revesz, T.; Burn, D.; et al. The midbrain to pons ratio: A simple and specific MRI sign of progressive
supranuclear palsy. Neurology 2013, 80, 1856–1861. [CrossRef] [PubMed]

27. Kouri, N.; Whitwell, J.L.; Josephs, K.A.; Rademakers, R.; Dickson, D.W. Corticobasal degeneration:
A pathologically distinct 4R tauopathy. Nat. Rev. Neurol. 2011, 7, 263–272. [CrossRef]

28. Hinson, S.R.; López-Chiriboga, A.S.; Bower, J.H.; Matsumoto, J.Y.; Hassan, A.; Basal, E.; Lennon, V.A.;
Pittock, S.J.; McKeon, A. Glycine receptor modulating antibody predicting treatable stiff-person spectrum
disorders. Neurol. Neuroimmunol. Neuroinflamm. 2018, 5, e438. [CrossRef]

http://dx.doi.org/10.1016/j.jns.2016.01.006
http://www.ncbi.nlm.nih.gov/pubmed/26944115
http://dx.doi.org/10.1093/brain/awx189
http://dx.doi.org/10.1007/s00115-019-0700-z
http://www.ncbi.nlm.nih.gov/pubmed/30968197
http://dx.doi.org/10.1007/s00406-020-01113-2
http://www.ncbi.nlm.nih.gov/pubmed/32166503
http://dx.doi.org/10.1152/physrev.00010.2016
http://www.ncbi.nlm.nih.gov/pubmed/28298428
http://dx.doi.org/10.1093/brain/awu142
http://dx.doi.org/10.1212/NXI.0000000000000592
http://dx.doi.org/10.3389/fneur.2019.00804
http://dx.doi.org/10.1001/jamaneurol.2013.574
http://dx.doi.org/10.1111/ene.13721
http://dx.doi.org/10.1016/S1474-4422(14)70051-1
http://dx.doi.org/10.1007/s00401-016-1591-8
http://www.ncbi.nlm.nih.gov/pubmed/27358064
http://dx.doi.org/10.1212/WNL.0b013e3181feb2e8
http://www.ncbi.nlm.nih.gov/pubmed/21098403
http://dx.doi.org/10.1212/WNL.0b013e318292a2d2
http://www.ncbi.nlm.nih.gov/pubmed/23616165
http://dx.doi.org/10.1038/nrneurol.2011.43
http://dx.doi.org/10.1212/NXI.0000000000000438


Brain Sci. 2020, 10, 399 12 of 12

29. Crisp, S.J.; Dixon, C.L.; Jacobson, L.; Chabrol, E.; Irani, S.R.; Leite, M.I.; Leschziner, G.; Slaght, S.J.; Vincent, A.;
Kullmann, D.M. Glycine receptor autoantibodies disrupt inhibitory neurotransmission. Brain 2019, 142,
3398–3410. [CrossRef]

30. Dahm, L.; Ott, C.; Steiner, J.; Stepniak, B.; Teegen, B.; Saschenbrecker, S.; Hammer, C.; Borowski, K.;
Begemann, M.; Lemke, S.; et al. Seroprevalence of autoantibodies against brain antigens in health and
disease. Ann. Neurol. 2014, 76, 82–94. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/brain/awz297
http://dx.doi.org/10.1002/ana.24189
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Background 
	Case Presentation 
	Diagnostic Findings 
	Illness, Somatic, and Family History 

	Discussion 
	Conclusions 
	References

