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Abstract: Autoimmune dementia is a novel and expanding field which subsumes neuropsychiatric
disorders with predominant cognitive impairments due to an underlying autoimmune etiology. Pro-
gressive dementias with atypical clinical presentation should trigger a thorough diagnostic approach
including testing for neural surface and intracellular antibodies to avoid a delay in accurate diagnosis
and initiating appropriate therapy. Here, we present two emerging cases of progressive demen-
tia with co-existing serum autoantibodies against the KCNA2 (potassium voltage-gated channel
subfamily A member 2) subunit. We found various cognitive deficits with dominant impairments
in the memory domain, particularly in delayed recall. One patient presented a subacute onset
of then-persisting cognitive deficits, while the other patient’s cognitive impairments progressed
more chronically and fluctuated. Cognitive impairments coincided with additional neuropsychiatric
symptoms. Both had a potential paraneoplastic background according to their medical history and
diagnostic results. We discuss the potential role of KCNA2 autoantibodies in these patients and
in general by reviewing the literature. The pathogenetic role of KCNA2 antibodies in cognitive
impairment is not well delineated; clinical presentations are heterogeneous, and thus a causal link
between antibodies remains questionable. Current evidence indicates an intracellular rather than ex-
tracellular epitope. We strongly suggest additional prospective studies to explore KCNA2 antibodies
in specifically-defined cohorts of cognitively impaired patients via a systematic assessment of clinical,
neuropsychological, neuroimaging, as well as laboratory and CSF (cerebrospinal fluid) parameters,
and antibody studies to (1) determine the epitope’s location (intracellular vs. extracellular), (2) the
mode of action, and (3) seek co-existing, novel pathogenetic autoantibodies in sera and CSF.

Keywords: autoimmunity; cognitive impairment; neural autoantibodies; KCNA2; VGKCC

1. Introduction

Voltage-gated potassium channels play a pivotal role in regulating neuronal excitabil-
ity and synaptic functions. 40 genes are known to encode for 12 protein subfamilies (Kv.1.-
12.) of which the KCNA2 gene encode for an alpha subunit for Kv1.2 [1]. Kv1 channels
consist of a (homo-/hetero-) tetrameric structure out of four alpha subunits. Combining
different Kv1 subunits gives rise to a variety of different isoforms of Kv1 shaker-related
ion channels exerting special electrophysiological characteristics [2]. The Kv1-subfamily is
ubiquitously expressed, but at high density in CNS (central nervous system) tissue with
respect to Kv1.1, Kv1.2 and Kv1.4 channels [3]. Furthermore, neural site-specific variations
in the structure of Kv1.2 indicate its distinct functions within different neural compart-
ments [4]. Neurological disorders associated with genetically altered VGKC (voltage gated
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potassium channel) genes, i.e., KCNA2-related disorders, are heterogeneous, ranging from
epileptic encephalopathies to hereditary spastic paraplegia and episodic ataxia [5–7]. About
two decades ago, patients with symptoms in the peripheral or central nervous system or
both were increasingly found to possess antibodies labelling VGKC channels. They were
thought to bind Kv1 channels and, therefore, directly interfere with their functions on
an autoimmune basis. Firstly, they were described in patients with neuromyotonia [8],
Morvan’s syndrome [9], limbic encephalitis [10,11] and faciobrachial dystonic seizures.
Later evidence revealed that antibodies in the sera of the aforementioned patients did not
react with the VGKC complex itself, but were directed to specific VGKC-associated pro-
teins known as LGI1 (Leucin rich glioma inactivated (1) and CASPR2 (contactin-associated
protein (2) [12,13]. Antibodies against LGI1 and CASPR2 were linked to well-described
immunotherapy-responsive autoimmune syndromes in the peripheral and central nervous
system. In contrast, a broad spectrum of VGKC-associated antibodies excluding CASPR2-
and LGI1-antibodies exists that are not closely linked to specific neuropsychiatric syn-
dromes, and their pathogenic roles are questionable [14]. In autoimmune encephalitis,
as cognitive dysfunctions can dominate the onset of neuropsychiatric symptoms, they
can often mimic the clinical features of typical neurodegenerative dementia [15,16]. Here
we present for the first time two patients suffering predominant cognitive decline and
neuropsychiatric symptoms in the presence of autoantibodies against the KCNA2 (Kv1.2)
subunit of the VGKC complex. We thoroughly discuss the potential role of KCNA2 in
both cases and provide recommendations for future investigations. We emphasize the
importance of taking a systematic diagnostic approach in patients presenting with clinical
features signaling an autoimmune-related cognitive decline that they might mimic, but
must be differentiated from neurodegenerative diseases, as the therapeutic implications are
immense and a delay in inducing effective immunotherapy will compromise the patient’s
clinical outcome [17,18].

2. Case Reports
2.1. Case 1

A 66-year-old Caucasian male patient was first examined in January 2020 in our
memory clinic (Figure 1). The patient is married and father of a daughter. He achieved
an educational level of 8 years and was employed as a factory worker until retiring in
2017. His wife described a marked loss of memory functions about 3 years ago. After
a subacute onset of cognitive decline, his memory problems failed to resolve, and were
accompanied by depressive symptoms with insomnia over time. Symptoms of cognitive
impairment were initially attributed to the affective disorder, and he was given mirtazapine
at a daily dosage of 15 mg by a psychiatric consultant. The patient underwent MRI imaging
of the neurocranium in November 2019, which revealed asymmetrical atrophy of the
mesiotemporal region suggesting Alzheimer´s disease (Figure 2A,B). His wife also reported
a progressive speech disorder, a beginning disorientation, and behavioral symptoms in the
last few months. Behavioral symptoms comprised minor signs of frontal disinhibition and
impulse-control dysregulation. She also reported that he had begun using swear words
more often, and had developed delusional symptoms: he became convinced he was being
addressed by the hosts of a certain afternoon television show and seemed to converse with
them bidirectionally. The presence of hallucinations in the context of psychotic symptoms
could not be confirmed. His treatment at the time of first contact in our memory clinic
consisted of mirtazapine at a daily dosage of 15 mg, acetylsalicylic acid, magnesium and
Vitamin D supplements. His mother grew very old (88 years), but suffered from dementia
of unknown etiology. The cause of his father’s death was unknown. His medical history
comprised a myocardial infarction in 2018 and intermittent muscle cramps. There were no
signs of substance-related abuse, or consumption of illegal psychoactive substances.
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Figure 1. Evolution of symptoms in patient 1. Timelines comprise clinical onset, evolution of 
symptoms, diagnostics and treatments. The subacute onset of cognitive impairment in Patient 1 is 
indicated by the thunderbolt. Consecutive neuropsychological tests detected cognitive fluctuations 
in Patient 2. cMRI, brain magnetic resonance imaging; CSF, cerebrospinal fluid; EEG, electroen-
cephalography; EMG, electromyography; NG, neurography; NP, neuropsychological test. 

 
Figure 2. Brain magnetic resonance imaging. Patient 1: Asymmetrical atrophy of mesiotemporal 
structures in the right hemisphere and leukoencephalopathy (A,B): T2-weighted fluid-attenuated 

Figure 1. Evolution of symptoms in patient 1. The timeline comprises clinical onset, evolution of
symptoms, diagnostics and treatments. The subacute onset of cognitive impairment in patient 1 is
indicated by the thunderbolt. cMRI, brain magnetic resonance imaging; CSF, cerebrospinal fluid; EEG,
electroencephalography; EMG, electromyography; NG, neurography; NP, neuropsychological test.
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Figure 2. Brain magnetic resonance imaging. Patient 1: Asymmetrical atrophy of mesiotemporal
structures in the right hemisphere and leukoencephalopathy (A,B): T2-weighted fluid-attenuated
inversion recovery (FLAIR). Patient 2: Arachnoid cyst paramedial in posterior skull, but no further
pathology (C,D) T2-weighted sequences).
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Initial physical and neurological examination revealed no pathologies, in particular, no
signs of cerebellar disorders like ataxia or oculomotor abnormalities. Routine and extended
laboratory tests excluded Vitamin B1, B6, and B12 deficiency. Ceruloplasmin and cupper
values in serum were normal. Thyroidal hormone levels were also normal, and screening
for autoantibodies against thyroidal gland tissue was negative. Any neurological manifes-
tation of borreliosis and lues was excluded. IgM-antibodies against borrelia burgdorferi
in serum were ascribed to a persistent antibody response with no clinical relevance, as no
specific borreliosis-antibodies or elevated cell count were detected in CSF. Routine CSF
diagnostics continued to reveal normal values (2 cells/µL, protein 401 mg/L, oligoclonal
bands negative, MRZ-VZV-HSV-AI were not elevated). Biomarkers implied no neurode-
generative disease (normal were total tau, 181pTau, ß-Amyloid 1-42, ß-Amyloid-Ratio).
An anti-neural antigen immunofluorescence test exposed Anti-KCNA2 (voltage-gated
potassium channel ß-subunit Kv1.2) (1:100) antibodies in serum only. No LGI1 or CASPR2
reactivity was identified (Table 1).

Table 1. Diagnostic parameters. Analysis of specific antibodies against paraneoplastic antigens were performed by using
antibody blots (Amphiphysin, CV2 (cronveinten 2), GAD65 (glutamic acid decarboxylase 65), HuD, Ma1/2, Ri, Ro, SOX1,
TR, Zic4) in CSF and serum. Recombinant-cell indirect immunofluorescence was used to find antibodies against neuronal—
surface antigens in CSF and serum, e.g., Aquaporin-, AMPAR1/2—(a-amino-3-hydroxy- 5-methyl-4-isoxazolepropionic
acid receptor 1/2), CASPR2- (contactin-associated protein-like 2), DPPX—(dipeptidyl peptidase protein-like 6), GABAAR—
(g-aminobutyric acid A receptor), LGI1—(Leucine-rich glioma inactivated 1) and NMDAR—(N-methyl-Daspartate receptor)
antibodies. Analyses were performed in the CSF laboratory in the Department of Neurology, University Medical Center
Goettingen, and in the Euroimmun laboratory in Luebeck, Germany. KCNA2 autoantibodies (Euroimmun) were specifically
identified via a diagnostic biochip array of recombinant HEK293 cells.

Patient Number Patient 1 Patient 2

CSF Analysis 1/2020 7/2020

Cell count /µL (pathological: >5 µL) 2 0

Lymphocytes in % 61 70

Monocytes in % 13 29

Plasma cells in % - -

Albumin mg/L 269 358

IgG mg/L 41.6 25.1

IgA mg/L 6.8 9.8

IgM mg/L 0.92 0.34

QAlb % 7.1 8.3

QIgG % 3.5 3.7

QIgA % 1.8 1.9

QIgM % 0.92 0.62

Lactat mmol/L 1.8 1.6

Oligoclonal IgG (CSF/Serum) -/- -/-

NSE ng/mL (pathological: >30 ng/mL) n.a. 35

S100 µg/L (pathological: >2.7 µg/L) n.a. 4.1

T-tau pg/mL (pathological: >450 pg/mL) 370 505

P-tau181 pg/mL (pathological: >61 pg/mL) 45 118

Aß1-42 pg/mL (pathological: <450 pg/mL) 1139 716

Aß1-40 pg/ml 9013 18,662

Aß ratio (pathological: <0.5) 1.3 0.38
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Table 1. Cont.

Patient Number Patient 1 Patient 2

Specific antibody-indices (CSF)

Borreliosis-antibody-index-IgM (pathological: >1.5) - n.a.

Borreliosis-antibody-index-IgG (pathological: >1.5) - n.a.

Measles-rubella-varicella-herpes simplex-antibody-index-IgG
(pathological: >1.5) 0.9 n.a.

Measles-rubella-varicella-herpes simplex-antibody-index-IgM
(pathological: >1.5) 0.9 n.a.

Anitbodies against neuronal cell-surface and paraneoplastic antigens
(serum/CSF) 1/2020 2/2020 + 7/2020

Anti-KCNA2-antibodies (pathological: >1:10) 1:100/- 1:32/-

Serum

Homocysteine (pathological: >16.2 µmol/L) 10.9 16.5

Cerulopasmine (pathological: >60 mg/dL) 29.8 n.a.

Cupper (pathological: <11 µmol/L) 18.7 n.a.

Vitamin B12 (pathological: <187 ng/L) 547 365

Holotranscobalamine (pathological: <50) 194.5 n.a.

Vitamin B1 (pathological: <28 µg/L) 72.8 n.a.

Vitamin B6 (pathological: <4 µg/L) 7.4 n.a.

Folic acid (pathological: <3.1 µg/L) 12.9 10.5

CRP (pathological: >5 mg/L) 2.5 5.2

Endocrinology Laboratory

Parathyroid hormone (reference range: 18.1–88.5 ng/L) 54.9 n.a.

Cortisol (reference range: 37–194) 99.4 n.a.

TSH (reference range: 0.35–4.94 mlU/L) 2.72 0.95

T3 (reference range: 1.71–3.71 ng/L) 3.34 3.27

T4 (reference range: 7.0–14.8 ng/L) 10.7 10.0

Thyroid peroxidase antibodies (pathological: >6 IU/mL) <3 n.a.

Thyroglobulin antibodies (pathological: >14 IU/mL) <4 n.a.

Thyroid-stimulating hormone receptor (pathological: >1.75 IU/L) <0.80 n.a.

Serological Diagnostics

Borreliosis-IgM-EIA (pathological: >9) 4.8 1.5

Borreliosis-IgG-EIA (pathological: >9) 37 15.10

Borreliosis-IgM-Immunoblot - -

Borreliosis-IgG-Immunoblot + -

Lues TPPA (pathological: >1:80) - -

Lues TPPA (pathological: >1:1) - -

- = not present; n.a.= not available; Aß ratio, ß amyloid 1-42/1-40 ratio; Aß1-40, ß amyloid 1-40; Aß1-42, ß amyloid 1-42; CRP, c-reactive
protein; CSF, cerebrospinal fluid; EIA, enzyme immunoassay; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin
M; NSE, neuron-specific enolase; P-tau181, phosphorylated tau protein 181; QAlb, quotient albumin; QIgA, quotient immunoglobulin A;
QIgG, quotient immunoglobulin G; QIgM, quotient immunoglobulin M; TPPA, treponema pallidum particle agglutination assay; TSH,
thyroid-stimulating hormone; T-tau, total tau protein.

His MRI dataset was reviewed in the Department of Neuroradiology, confirming an
asymmetrical atrophy of the mesiotemporal and right temporopolar brain regions and
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progressive leukoencephalopathy in white matter (Figure 2A,B). MRI data were initially
compared to those obtained in 2014 that had shown no atrophy and fewer white matter
lesions. The mesiotemporal atrophy was interpreted as being compatible with a limbic
encephalitis at later stages, which was recently reported in courses of limbic encephalitis
by Wagner et al. [19].

Preliminary cognitive screening detected a significant result in MMSE (Mini Mental
State Examination) (23/30). The clock-drawing test was normal, but comprehensive neu-
ropsychological assessments including the CERAD (Consortium to Establish a Registry for
Alzheimer’s Disease) test-plus battery (covering these cognitive domains: attention, lan-
guage, visuoconstruction, memory and executive functions) and ROCFT (Rey-Osterrieth-
Complex-Figure test) revealed marked deficits in figural and verbal memory parameters
associated with an impaired delayed recall. Moreover, language impairments (Boston
Naming Test and Semantic fluency) were moderate. His working memory was also moder-
ately affected, whereas visuoconstructual/visuo-spatial abilities were unaffected. As our
patient is not a native German-speaker, his verbal memory and language functions must
be interpreted very carefully (Figure 3). Nevertheless, in light of his relevant deficits in
daily-living abilities, we diagnosed a dementia.
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Figure 3. Results of neuropsychological tests of patient 1. Results are provided as z-scores enabling direct comparison
with healthy subjects of the same age, gender, and education level. The dashed line indicates the cut-off for pathological
scores (−1: mild deficits; −2: marked deficits). Trail Making B was not evaluated as the patient discontinued this test.
CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; ROCFT, Rey-Osterrieth-Complex-Figure test; WAIS-IV,
Wechsler Adult Intelligence Scale IV.

Subsequently, the patient was admitted to the Department of Neurology in February
2020. EEG recordings revealed no abnormalities—neither epileptic potentials nor any
focal slowing. Thorough electrophysiological examinations (EMG, neurography) revealed
no signs of peripheral nerve hyperexcitability, nor acute or chronic denervations. Thus,
Morvan´s syndrome was unlikely. Daily intravenous corticosteroids were applied over
5 days and well tolerated. His wife reported improved speech fluency and attentive-
ness. We screened for any malignancy, including a conventional X-ray of the thorax and
ultrasound diagnostics of the abdomen. An undefined tumorous structure in the blad-
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der and additional hyperdense lesion in the lung were identified. We recommended a
further computer tomography of the thorax and abdomen and PET (positron emission
tomography)-tumor-screening, but the patient refused.

2.2. Case 2

A 78-year-old retired male gardener with 8 years of school education presented in our
tertiary memory clinic 2018 suffering a progressive impairment of his episodic memory,
concentration capacity, and word-finding difficulties since 2013 (Figure 4). He often put
things in places he could not remember later. His neurological examination was unre-
markable in 2018. He was married, and has a daughter. He had had colon cancer in 2010,
and in 2005 bladder carcinoma, with consecutive, complete extirpation of both tumors.
He had been diagnosed with borreliosis in 2000, followed by antibiotic treatment. His
comorbidities were bilateral cataract and Morbus Dupuytren. No relevant neurologic or
psychiatric disease was reported by his relatives. Cranial MRI revealed an arachnoid cyst
paramedial in the posterior skull, but no further pathology. In 2018, an amnestic, mild
cognitive impairment in multiple domains was diagnosed via CERAD testing. He had
presented impaired verbal and figural memory. Consecutive tests revealed an impaired
visuoconstructive capacity and working memory in 2018. No CSF analysis including serum
autoantibodies testing took place in 2018. At his follow-up visit in 2020, he exhibited fluctu-
ating difficulties with cognitive functions. We also noted psychomotor retardation. At that
time, his neurological examination exhibited a distal hypoesthesia and thermohypoesthesia
in the lower extremities, and dysphagia. Comprehensive neuropsychological investigation
via CERAD revealed a slower processing speed (Trail Making Test, Part A), a pathological
clock test, impaired working and figural memory, verbal encoding deficits related to faulty
memory consolidation of complex verbal memory, a delayed recall, and impaired visuocon-
structive capacity. His capacity to encode verbal material and performance in the CERAD
list recognition improved (Figure 5). As his daily-life activities were significantly impaired
in 2020, the dementia criteria were fulfilled. The geriatric depression scale revealed no
signs of depression in 2020; his MMSE-documented cognition was better than it had been
two years earlier.

Autoantibody analysis via immunofluorescence testing (due to his tumor history) as
an indicator for possible underlying autoimmunity led us to detect KCNA2 autoantibodies
in serum. CSF analysis 5 months later in 2020 revealed no specific autoantibodies against
neural and intracellular antigens, but elevated markers of neuronal degeneration such as
an elevated S100 (4.1 µg/L (pathological > 2.7 µg/L), neuron-specific enolase (35 ng/mL
(pathological >30 ng/mL) and tau protein (505 pg/mL (>450 pg/mL) and a reduced ratio
of Aß42/40 (0.38 (pathological < 0.5). KCNA2 autoantibodies were again detected in serum
5 months after their first detection in 2020. Neuroborreliosis and lues were excluded by
CSF diagnostics (Table 1). A cranial MRI 2 months after his initial presentation in 2020
revealed cerebral microangiopathy and an arachnoid cyst left paramedial in the occipital
lobe, but no signs of an encephalitis (Figure 2C,D). We initiated a single course of high-dose
intravenous methylprednisolone and continued rivastigmine.
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through comprehensive neuropsychological assessment. His cognitive decline’s subacute 
onset, and the discovery of additional mood and psychotic symptoms made us suspect an 
autoimmune pathology, especially because of the presence of serum autoantibodies 
against the Kv1.2 subunit. MRI brain-images were reviewed by our neuroradiological col-
leagues, who confirmed the asymmetrically atrophied mesiotemporal structures as being 
compatible with a post-acute phase of a limbic encephalitis. A progressive reduction in 
hippocampal structures in the subacute stadium of limbic encephalitis was shown sys-
tematically by Wagner et al. in autoimmune-related limbic encephalitis [19]. Furthermore, 
in the course of limbic encephalitis, the initial swelling of hippocampal structures can be 
followed by their atrophy, as in the present case [20]. Progressive leukoencephalopathy in 
white matter was found to be compatible with demyelination or inflammation defining a 
possible autoimmune encephalitis, but that does not fulfill the criteria defining a definitive 

Figure 5. Results of neuropsychological tests of patient 2. Results are provided as z-scores enabling direct comparison with
healthy subjects of the same age, gender, and education level. The dashed line indicates the cut-off for pathological scores
(−1: mild deficits; −2: marked deficits). Trail Making B was not evaluated as the patient discontinued this test. CERAD,
Consortium to Establish a Registry for Alzheimer’s Disease; ROCFT, Rey-Osterrieth-Complex-Figure test; RWT Regensburg
word fluency test; WAIS-IV, Wechsler Adult Intelligence Scale IV; WMS-IV, Wechsler Memory-Scale IV.
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3. Discussion

In patient 1, we described a pattern of persistent cognitive impairments ascertained
through comprehensive neuropsychological assessment. His cognitive decline’s subacute
onset, and the discovery of additional mood and psychotic symptoms made us suspect
an autoimmune pathology, especially because of the presence of serum autoantibodies
against the Kv1.2 subunit. MRI brain-images were reviewed by our neuroradiological col-
leagues, who confirmed the asymmetrically atrophied mesiotemporal structures as being
compatible with a post-acute phase of a limbic encephalitis. A progressive reduction in
hippocampal structures in the subacute stadium of limbic encephalitis was shown systemat-
ically by Wagner et al. in autoimmune-related limbic encephalitis [19]. Furthermore, in the
course of limbic encephalitis, the initial swelling of hippocampal structures can be followed
by their atrophy, as in the present case [20]. Progressive leukoencephalopathy in white
matter was found to be compatible with demyelination or inflammation defining a possible
autoimmune encephalitis, but that does not fulfill the criteria defining a definitive limbic
encephalitis, which requires such alterations restricted to the medial temporal lobe [21]. In
a recent position paper we emphasized that an autoimmune etiology of psychiatric syn-
dromes including cognitive impairment is conceivable [22] despite not fulfilling the criteria
for autoimmune encephalitis [23]. Current consensus articles addressing how to specify a
definitive limbic encephalitis reported that at least four criteria must be met (namely, a typ-
ical subacute onset of clinical symptoms, the aforementioned bilateral MRI abnormalities,
and an abnormal EEG or pathological CSF parameters and careful exclusion of alternative
causes) [21,23,24] in combination with the detection of now-established antibodies against
neural surface antigens or onconeural antibodies [24]. In light of the hippocampal atrophy
detected here and Prüss et al. [23], we diagnosed a possible autoimmune encephalitis due
to Graus criteria [21].

The atypical presentation of progressive and fluctuating cognitive impairments in
conjunction with hypoesthesia, thermohypoesthesia and dysphagia, and the patient’s
tumor history prompted us to take a diagnostic approach seeking potential autoimmunity
in the second patient’s course, as did recently published criteria [22]. Indeed, in patient
2 we discovered KCNA2 autoantibodies corroborated by repeated measurements, and,
as in patient 1, patient 2’s antibodies were restricted to serum probes. It is noteworthy
that our CSF analysis revealed elevated total tau and phospho-tau 181 concentrations,
which indicate axonal neurodegeneration. Furthermore, the coincidence of a reduced ß
amyloid 1–42/1–40 ratio in CSF implied Alzheimer’s disease. Unlike in neurodegenerative
diseases, subsequent brain MRI imaging revealed no mesiotemporal atrophy, but neither
were there any specific indications for encephalitis like hyperintense lesions in mesio- and
extra-temporal brain structures. Summarizing the results of CSF analyses and affection
of episodic memory functions at time of onset, we discussed this case in the context of
Alzheimer’s disease. According to findings by Lang et al. [14], Kv1.2 autoantibodies are
likely arising secondary to diverse pathologies setting free the intracellular epitope of
Kv1.2, then rendered accessible to the immune system. They stated that the primary patho-
logical insult may not be immune. However, uncertainty remained in the presence of the
KCNA2 autoantibodies, as autoimmune-mediated dementia seemed possible according
to recently published criteria [22] and fluctuating cognitive deficits are known to be an
indicator of a possible autoimmune dementia involving immunotherapeutic responsive-
ness [25]. Some authors have hypothesized that evidently elevated total tau in CSF may
be associated with secondary neurodegeneration due to CNS inflammation. This mech-
anism was recently discussed, and CSF biomarkers of neurodegeneration have proven
to correlate inversely with clinical improvement [26,27]. A potential association between
autoantibodies and cognitive decline in autoimmune dementia has been thoroughly inves-
tigated, and currently recruiting clinical trials investigating the impact of immunotherapy
in suspected Alzheimer’s disease associated with novel autoantibodies have been reviewed
elsewhere [28,29]. Autoantibodies exhibit variable associations with paraneoplastic syn-
dromes sometimes resembling neurocognitive syndromes such as Alzheimer’s disease,
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which we had to reconsider as the second patient had a positive tumor history. Actually,
both men had a potential paraneoplastic background indicated by their medical history
and the diagnostic findings (first patient’s). From this viewpoint, unlike well-established
neuronal cell-surface antibodies (e.g., LGI1 or CASPR2), KCNA2 autoantibodies may not
necessarily interfere with extracellular protein functions, but they do represent a more
potential surrogate marker of a paraneoplastic neurological syndrome. Interestingly, Lang
et al. recently reported paraneoplastic neuromyotonia and Lambert Eaton syndrome, both
possibly related to Kv1 subunit reactivity in small-cell lung carcinoma. Unfortunately,
as both patients have been lost to follow up, we have no information on further tumor
diagnostics or their response to immunotherapy. Intravenous corticosteroids appeared
to improve speech fluency and attention functions in the first patient, but we could not
confirm this as he refused to undergo a consecutive neuropsychological assessment. We
think it is probable that also non-anti-inflammatory effects, e.g., psychotropic effects, could
have caused the improvement in his case. In the light of the aforementioned reports,
follow-up diagnostics would undoubtedly be helpful, as there is evidence of alleviated
cognitive impairments in conjunction with autoimmune dementia [25].

Overall, the pathological and clinical relevance of double negative VGCK antibodies is
controversial, as they comprise a wide range of only partially known targets, heterogeneous
clinical phenotypes, and reveal a variable response to standard immunotherapy [30].
KCNA2 autoantibodies were recently discovered to target the plasma membrane-associated
Kv1.2 subunit in the VGKC complex of patients with suspected autoimmune neurological
syndromes [31]. It is questionable if these novel autoantibodies are pathogenetic. Contrary
to previous descriptions [31], recent evidence reported by Lang et al. led to the assumption
that Kv1 subunit-associated autoantibodies were more likely directed to the intracellular
epitope, as they did identified no detectable binding to the hippocampal cell culture
system. Furthermore, they detected no specific autoimmune phenotype, and the response
of most patients to immunotherapy was generally poor, with exception of one young male
with Kv1.2 antibody-associated limbic encephalitis. However, they provide no detailed
information on clinical factors or other diagnostic results (Table 1 in Lang et al. [14]).
Discrepancies in antibody analyses of serum and CSF in our patients raised our concerns,
as double-negative VGKC complex antibodies reactivity has also been found in healthy
subjects [11]. Our final conclusions were driven by the clinical reasoning described above
and a potential paraneoplastic association which we could not exclude (in addition to
patient 2’s possible Alzheimer’s disease).

KCNA2 autoantibodies are worthy of further study in large-scale, prospective studies
including well characterized groups of patients with neurocognitive disorders. Results
from previous clinical and experimental animal studies support an association between
antibodies against Kv1 and impaired memory functions encoded by neuronal hippocampal
circuits. In summary, these studies depicted verbal and figural memory dysfunctions
either in acute [32] and in post-acute LGI1/CASPR2 or double-negative VGKC antibody-
related limbic encephalitis [33,34], as does hippocampal atrophy in sequential MRIs [19,32].
Combined structural and functional MRI studies revealed disturbances in hippocampal
functional connectivity predicting memory impairments rather than regional atrophy in
VGKC-positive patients with post-acute limbic encephalitis [35]. Recently, the workgroup
around Kirschstein et al. presented neurophysiological data showing differential effects of
anti-Kv1.2 antibodies when the sera from a patient who had suffered a status epilepticus
due to anti-Kv1.2-related limbic encephalitis (and who had responded well to immunother-
apy) was injected in rat hippocampus. The sera of both patients with previous anti-CASPR2
encephalopathy and those with anti-Kv1.2. antibodies altered the cellular excitability of
hippocampal structures in the rat, and facilitated epileptic conditions, but through different
pathomechanisms [36]. Their work attributes anti-Kv1.2 with a mode of action in patients
with antibody-associated temporal lobe epilepsy in limbic encephalitis, and provides ev-
idence that anti-Kv1.2 may bear pathogenetic potential. Their conclusions make sense,
as potassium voltage-gated channels are known to regulate excitability, neurotransmitter
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release, and synaptic functions [4,37] and genetic alterations resulting in Kv-channel dys-
functions are proven causes of neurological syndromes such as episodic ataxia and familiar
epilepsy [38] as well as affection of temporal lobe structures with cognitive dysfunction
and epilepsy [39]. Moreover, Kv channels are highly expressed in hippocampal neurons,
which are a component in limbic circuitry known to be involved in episodic memory [40].
If this mode of action were to apply in patients with an epileptic phenotype in limbic
encephalitis, we should investigate a potential contribution of Kv1.2 dysfunction in a
subgroup of autoimmune related neurocognitive disorders.

In the present case series, both patients suffered various cognitive deficits and marked
impairments in the memory domain, particularly in delayed recall. Patient 1 presented a
subacute onset of later-persisting cognitive deficits. Together with the evidence of brain
atrophy in MRI imaging and absence of neurodegenerative biomarkers, we postulated a
possible autoimmune pathomechanism [23]. Patient 2’s cognitive impairments progressed
more chronically and fluctuated. His CSF analyses implied Alzheimer’s disease, but we
suspected an additional autoimmune contribution to his cognitive decline.

4. Conclusions

We present two patients exhibiting prominent memory impairments in the presence of
autoantibodies against the Kv1.2 subunit. Their cognitive deficits were similar in terms of
verbal and figural memory functions, but heterogenous in non-memory cognitive domains,
the initial onset, and course of clinical presentation. Atypical neurological symptoms and
hints of a potentially paraneoplastic origin of dementia prompted a critical review of these
two patients, including the search for neural cell-surface and intracellular autoantibodies.
Our diagnosis of an autoimmune disease in these patients relied on clinical reasoning
including ancillary testing in our memory clinic. The role of KCNA2 autoantibodies in
autoimmune-related dementia requires further investigations within large-scale, prospec-
tive study designs including well-characterized, cognitively impaired patients. Methods
should include thorough clinical, neuropsychological, neuroimaging, and laboratory as
well as CSF assessments to identify subgroups of dementia in whom KCNA2 autoantibod-
ies may serve as a direct pathogenetic agent. We suggest that suitable methods should be
carried out to (1) determine the antigen specificity (intracellular vs. extracellular epitopes)
by using live neurons and hippocampal tissue in addition to cell-based immunofluores-
cence tests, and (2) search for undetected, co-existing (novel) pathogenic autoantibodies in
KCNA2 positive patients’ sera and CSF. Professionals at memory clinics should be aware
of the clinical features indicating a possible underlying autoimmune process in dementia,
such as additional neuropsychiatric symptoms and a subacute onset or a fluctuating course
of symptoms. These features should trigger a sophisticated diagnostic algorithm and
search for well-established autoantibodies, as early immunosuppressive treatment can
significantly improve long-term outcomes [41].

Author Contributions: C.T. and N.H. conceived and wrote the manuscript. P.v.G., S.H., C.L. and J.W.
revised the manuscript for important intellectual content. All authors have read and agreed to the
published version of the manuscript.

Funding: We acknowledge support by the Open Access Publication Funds of the Göttingen Univer-
sity.

Institutional Review Board Statement: Ethical approval was waived by the local Ethics Committee
of University of Göttingen in view of the retrospective nature of the study and all the procedures
being performed were part of the routine care.

Informed Consent Statement: Written informed consent was obtained from the individuals for the
publication of any potentially identifiable images or data included in this article.

Data Availability Statement: The data presented in this study are available on reasonable request
from the corresponding author.



Brain Sci. 2021, 11, 89 12 of 13

Acknowledgments: J.W. is supported by an Ilídio Pinho professorship, iBiMED (UIDB/04501/2020)
at the University of Aveiro, Portugal.

Conflicts of Interest: The authors have no conflict of interest to declare.

References
1. Yellen, G. The voltage-gated potassium channels and their relatives. Nature 2002, 419, 35–42. [CrossRef]
2. Jan, L.Y.; Jan, Y.N. Voltage-gated potassium channels and the diversity of electrical signalling. J. Physiol. 2012, 590, 2591–2599.

[CrossRef]
3. Melé, M.; Ferreira, P.G.; Reverter, F.; DeLuca, D.S.; Monlong, J.; Sammeth, M.; Young, T.R.; Goldmann, J.M.; Pervouchine, D.D.;

Sullivan, T.J.; et al. Human genomics. The human transcriptome across tissues and individuals. Science 2015, 348, 660–665.
[CrossRef] [PubMed]

4. Sheng, M.; Tsaur, M.L.; Jan, Y.N.; Jan, L.Y. Contrasting subcellular localization of the Kv1.2 K+ channel subunit in different
neurons of rat brain. J. Neurosci. 1994, 14, 2408–2417. [CrossRef] [PubMed]

5. Masnada, S.; Hedrich, U.B.S.; Gardella, E.; Schubert, J.; Kaiwar, C.; Klee, E.W.; Lanpher, B.C.; Gavrilova, R.H.; Synofzik, M.; Bast,
T.; et al. Clinical spectrum and genotype-phenotype associations of KCNA2-related encephalopathies. Brain 2017, 140, 2337–2354.
[CrossRef] [PubMed]

6. Manole, A.; Männikkö, R.; Hanna, M.G.; Kullmann, D.M.; Houlden, H. De novo KCNA2 mutations cause hereditary spastic
paraplegia. Ann. Neurol. 2017, 81, 326–328. [CrossRef]

7. Corbett, M.A.; Bellows, S.T.; Li, M.; Carroll, R.; Micallef, S.; Carvill, G.L.; Myers, C.T.; Howell, K.B.; Maljevic, S.; Lerche, H.; et al.
Dominant KCNA2 mutation causes episodic ataxia and pharmacoresponsive epilepsy. Neurology 2016, 87, 1975–1984. [CrossRef]

8. Shillito, P.; Molenaar, P.C.; Vincent, A.; Leys, K.; Zheng, W.; van den Berg, R.J.; Plomp, J.J.; van Kempen, G.T.; Chauplannaz, G.;
Wintzen, A.R. Acquired neuromyotonia: Evidence for autoantibodies directed against K+ channels of peripheral nerves. Ann.
Neurol. 1995, 38, 714–722. [CrossRef]

9. Barber, P.A.; Anderson, N.E.; Vincent, A. Morvan’s syndrome associated with voltage-gated K+ channel antibodies. Neurology
2000, 54, 771–772. [CrossRef]

10. Buckley, C.; Oger, J.; Clover, L.; Tüzün, E.; Carpenter, K.; Jackson, M.; Vincent, A. Potassium channel antibodies in two patients
with reversible limbic encephalitis. Ann. Neurol. 2001, 50, 73–78. [CrossRef]

11. Vincent, A.; Buckley, C.; Schott, J.M.; Baker, I.; Dewar, B.-K.; Detert, N.; Clover, L.; Parkinson, A.; Bien, C.G.; Omer, S.; et al.
Potassium channel antibody-associated encephalopathy: A potentially immunotherapy-responsive form of limbic encephalitis.
Brain 2004, 127, 701–712. [CrossRef] [PubMed]

12. Irani, S.R.; Alexander, S.; Waters, P.; Kleopa, K.A.; Pettingill, P.; Zuliani, L.; Peles, E.; Buckley, C.; Lang, B.; Vincent, A. Antibodies
to Kv1 potassium channel-complex proteins leucine-rich, glioma inactivated 1 protein and contactin-associated protein-2 in
limbic encephalitis, Morvan’s syndrome and acquired neuromyotonia. Brain 2010, 133, 2734–2748. [CrossRef]

13. Lai, M.; Huijbers, M.G.M.; Lancaster, E.; Graus, F.; Bataller, L.; Balice-Gordon, R.; Cowell, J.K.; Dalmau, J. Investigation of LGI1 as
the antigen in limbic encephalitis previously attributed to potassium channels: A case series. Lancet Neurol. 2010, 9, 776–785.
[CrossRef]

14. Lang, B.; Makuch, M.; Moloney, T.; Dettmann, I.; Mindorf, S.; Probst, C.; Stoecker, W.; Buckley, C.; Newton, C.R.; Leite, M.I.; et al.
Intracellular and non-neuronal targets of voltage-gated potassium channel complex antibodies. J. Neurol. Neurosurg. Psychiatry
2017, 88, 353–361. [CrossRef] [PubMed]

15. Molloy, A.; Cassidy, E.; Ryan, A.; O’Toole, O. VGKC positive autoimmune encephalopathy mimicking dementia. BMJ Case Rep.
2011, 2011. [CrossRef] [PubMed]

16. Reintjes, W.; Romijn, M.D.M.; Hollander, D.; Ter Bruggen, J.P.; van Marum, R.J. Reversible dementia: Two nursing home patients
with voltage-gated potassium channel antibody-associated limbic encephalitis. J. Am. Med. Dir. Assoc. 2015, 16, 790–794.
[CrossRef] [PubMed]

17. Gibson, L.L.; McKeever, A.; Cullen, A.E.; Nicholson, T.R.; Aarsland, D.; Zandi, M.S.; Pollak, T.A. Neuronal surface autoantibodies
in dementia: A systematic review and meta-analysis. J. Neurol. 2020. [CrossRef]

18. Sechi, E.; Flanagan, E.P. Diagnosis and Management of Autoimmune Dementia. Curr. Treat. Options Neurol. 2019, 21, 11.
[CrossRef]

19. Wagner, J.; Witt, J.-A.; Helmstaedter, C.; Malter, M.P.; Weber, B.; Elger, C.E. Automated volumetry of the mesiotemporal structures
in antibody-associated limbic encephalitis. J. Neurol. Neurosurg. Psychiatry 2015, 86, 735–742. [CrossRef]

20. Heine, J.; Prüss, H.; Bartsch, T.; Ploner, C.J.; Paul, F.; Finke, C. Imaging of autoimmune encephalitis–Relevance for clinical practice
and hippocampal function. Neuroscience 2015, 309, 68–83. [CrossRef]

21. Graus, F.; Titulaer, M.J.; Balu, R.; Benseler, S.; Bien, C.G.; Cellucci, T.; Cortese, I.; Dale, R.C.; Gelfand, J.M.; Geschwind, M.; et al. A
clinical approach to diagnosis of autoimmune encephalitis. Lancet Neurol. 2016, 15, 391–404. [CrossRef]

22. Hansen, N.; Lipp, M.; Vogelgsang, J.; Vukovich, R.; Zindler, T.; Luedecke, D.; Gingele, S.; Malchow, B.; Frieling, H.; Kühn, S.; et al.
Autoantibody-associated psychiatric symptoms and syndromes in adults: A narrative review and proposed diagnostic approach.
Brainbehaviorimmun. Health 2020, 9, 100154. [CrossRef]

23. Rössling, R.; Prüss, H. SOP: Antibody-associated autoimmune encephalitis. Neurol. Res. Pract. 2020, 2, 1. [CrossRef] [PubMed]

http://doi.org/10.1038/nature00978
http://doi.org/10.1113/jphysiol.2011.224212
http://doi.org/10.1126/science.aaa0355
http://www.ncbi.nlm.nih.gov/pubmed/25954002
http://doi.org/10.1523/JNEUROSCI.14-04-02408.1994
http://www.ncbi.nlm.nih.gov/pubmed/8158277
http://doi.org/10.1093/brain/awx184
http://www.ncbi.nlm.nih.gov/pubmed/29050392
http://doi.org/10.1002/ana.24866
http://doi.org/10.1212/WNL.0000000000003309
http://doi.org/10.1002/ana.410380505
http://doi.org/10.1212/WNL.54.3.771
http://doi.org/10.1002/ana.1097
http://doi.org/10.1093/brain/awh077
http://www.ncbi.nlm.nih.gov/pubmed/14960497
http://doi.org/10.1093/brain/awq213
http://doi.org/10.1016/S1474-4422(10)70137-X
http://doi.org/10.1136/jnnp-2016-314758
http://www.ncbi.nlm.nih.gov/pubmed/28115470
http://doi.org/10.1136/bcr.08.2011.4642
http://www.ncbi.nlm.nih.gov/pubmed/22674939
http://doi.org/10.1016/j.jamda.2015.06.008
http://www.ncbi.nlm.nih.gov/pubmed/26170033
http://doi.org/10.1007/s00415-020-09825-0
http://doi.org/10.1007/s11940-019-0550-9
http://doi.org/10.1136/jnnp-2014-307875
http://doi.org/10.1016/j.neuroscience.2015.05.037
http://doi.org/10.1016/S1474-4422(15)00401-9
http://doi.org/10.1016/j.bbih.2020.100154
http://doi.org/10.1186/s42466-019-0048-7
http://www.ncbi.nlm.nih.gov/pubmed/33324907


Brain Sci. 2021, 11, 89 13 of 13

24. 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, 270, 803–818. [CrossRef]

25. Flanagan, E.P.; McKeon, A.; Lennon, V.A.; Boeve, B.F.; Trenerry, M.R.; Tan, K.M.; Drubach, D.A.; Josephs, K.A.; Britton, J.W.;
Mandrekar, J.N.; et al. Autoimmune dementia: Clinical course and predictors of immunotherapy response. Mayo Clin. Proc. 2010,
85, 881–897. [CrossRef]

26. Constantinescu, R.; Krýsl, D.; Bergquist, F.; Andrén, K.; Malmeström, C.; Asztély, F.; Axelsson, M.; Menachem, E.B.; Blennow,
K.; Rosengren, L.; et al. Cerebrospinal fluid markers of neuronal and glial cell damage to monitor disease activity and predict
long-term outcome in patients with autoimmune encephalitis. Eur. J. Neurol. 2016, 23, 796–806. [CrossRef]

27. Körtvelyessy, P.; Prüss, H.; Thurner, L.; Maetzler, W.; Vittore-Welliong, D.; Schultze-Amberger, J.; Heinze, H.-J.; Reinhold, D.;
Leypoldt, F.; Schreiber, S.; et al. Biomarkers of Neurodegeneration in Autoimmune-Mediated Encephalitis. Front. Neurol. 2018, 9,
668. [CrossRef]

28. Rössling, R.; Prüss, H. Apheresis in Autoimmune Encephalitis and Autoimmune Dementia. J. Clin. Med. 2020, 9, 2683. [CrossRef]
29. Stracke, S.; Lange, S.; Bornmann, S.; Kock, H.; Schulze, L.; Klinger-König, J.; Böhm, S.; Vogelgesang, A.; von Podewils, F.; Föel, A.;

et al. Immunoadsorption for Treatment of Patients with Suspected Alzheimer Dementia and Agonistic Autoantibodies against
Alpha1a-Adrenoceptor-Rationale and Design of the IMAD Pilot Study. J. Clin. Med. 2020, 9, 1919. [CrossRef]

30. van Sonderen, A.; Schreurs, M.W.J.; de Bruijn, M.A.A.M.; Boukhrissi, S.; Nagtzaam, M.M.P.; Hulsenboom, E.S.P.; Enting, R.H.;
Thijs, R.D.; Wirtz, P.W.; Sillevis Smitt, P.A.E.; et al. The relevance of VGKC positivity in the absence of LGI1 and Caspr2 antibodies.
Neurology 2016, 86, 1692–1699. [CrossRef]

31. Scharf, M.; Miske, R.; Kade, S.; Hahn, S.; Denno, Y.; Begemann, N.; Rochow, N.; Radzimski, C.; Brakopp, S.; Probst, C.; et al.
A Spectrum of Neural Autoantigens, Newly Identified by Histo-Immunoprecipitation, Mass Spectrometry, and Recombinant
Cell-Based Indirect Immunofluorescence. Front. Immunol. 2018, 9, 1447. [CrossRef] [PubMed]

32. Malter, M.P.; Frisch, C.; Schoene-Bake, J.C.; Helmstaedter, C.; Wandinger, K.P.; Stoecker, W.; Urbach, H.; Surges, R.; Elger, C.E.;
Vincent, A.V.; et al. Outcome of limbic encephalitis with VGKC-complex antibodies: Relation to antigenic specificity. J. Neurol.
2014, 261, 1695–1705. [CrossRef] [PubMed]

33. Butler, C.R.; Miller, T.D.; Kaur, M.S.; Baker, I.W.; Boothroyd, G.D.; Illman, N.A.; Rosenthal, C.R.; Vincent, A.; Buckley, C.J.
Persistent anterograde amnesia following limbic encephalitis associated with antibodies to the voltage-gated potassium channel
complex. J. Neurol. Neurosurg. Psychiatry 2014, 85, 387–391. [CrossRef] [PubMed]

34. Frisch, C.; Malter, M.P.; Elger, C.E.; Helmstaedter, C. Neuropsychological course of voltage-gated potassium channel and glutamic
acid decarboxylase antibody related limbic encephalitis. Eur. J. Neurol. 2013, 20, 1297–1304. [CrossRef]

35. Loane, C.; Argyropoulos, G.P.D.; Roca-Fernández, A.; Lage, C.; Sheerin, F.; Ahmed, S.; Zamboni, G.; Mackay, C.; Irani, S.R.; Butler,
C.R. Hippocampal network abnormalities explain amnesia after VGKCC-Ab related autoimmune limbic encephalitis. J. Neurol.
Neurosurg. Psychiatry 2019, 90, 965–974. [CrossRef]

36. Kirschstein, T.; Sadkiewicz, E.; Hund-Göschel, G.; Becker, J.; Guli, X.; Müller, S.; Rohde, M.; Hübner, D.-C.; Brehme, H.; Kolbaske,
S.; et al. Stereotactically Injected Kv1.2 and CASPR2 Antisera Cause Differential Effects on CA1 Synaptic and Cellular Excitability,
but Both Enhance the Vulnerability to Pro-epileptic Conditions. Front. Synaptic Neurosci. 2020, 12, 13. [CrossRef]

37. Johnston, D.; Hoffman, D.A.; Magee, J.C.; Poolos, N.P.; Watanabe, S.; Colbert, C.M.; Migliore, M. Dendritic potassium channels in
hippocampal pyramidal neurons. J. Physiol. 2000, 525, 75–81. [CrossRef]

38. Shah, N.H.; Aizenman, E. Voltage-gated potassium channels at the crossroads of neuronal function, ischemic tolerance, and
neurodegeneration. Transl. Stroke Res. 2014, 5, 38–58. [CrossRef]

39. Hansen, N.; Widman, G.; Hattingen, E.; Elger, C.E.; Kunz, W.S. Mesial temporal lobe epilepsy associated with KCNT1 mutation.
Seizure 2017, 45, 181–183. [CrossRef]

40. Rolls, E.T. Limbic systems for emotion and for memory, but no single limbic system. Cortex A J. Devoted Study Nerv. Syst. Behav.
2015, 62, 119–157. [CrossRef]

41. Titulaer, M.J.; McCracken, L.; Gabilondo, I.; Armangué, T.; Glaser, C.; Iizuka, T.; Honig, L.S.; Benseler, S.M.; Kawachi, I.; Martinez-
Hernandez, E.; et al. Treatment and prognostic factors for long-term outcome in patients with anti-NMDA receptor encephalitis:
An observational cohort study. Lancet Neurol. 2013, 12, 157–165. [CrossRef]

http://doi.org/10.1007/s00406-020-01113-2
http://doi.org/10.4065/mcp.2010.0326
http://doi.org/10.1111/ene.12942
http://doi.org/10.3389/fneur.2018.00668
http://doi.org/10.3390/jcm9092683
http://doi.org/10.3390/jcm9061919
http://doi.org/10.1212/WNL.0000000000002637
http://doi.org/10.3389/fimmu.2018.01447
http://www.ncbi.nlm.nih.gov/pubmed/30038610
http://doi.org/10.1007/s00415-014-7408-6
http://www.ncbi.nlm.nih.gov/pubmed/24935858
http://doi.org/10.1136/jnnp-2013-306724
http://www.ncbi.nlm.nih.gov/pubmed/24403282
http://doi.org/10.1111/ene.12186
http://doi.org/10.1136/jnnp-2018-320168
http://doi.org/10.3389/fnsyn.2020.00013
http://doi.org/10.1111/j.1469-7793.2000.00075.x
http://doi.org/10.1007/s12975-013-0297-7
http://doi.org/10.1016/j.seizure.2016.12.018
http://doi.org/10.1016/j.cortex.2013.12.005
http://doi.org/10.1016/S1474-4422(12)70310-1

	Introduction 
	Case Reports 
	Case 1 
	Case 2 

	Discussion 
	Conclusions 
	References

