
Autoantibodies and Psychosis

Eric Kelleher, Helen Barry, David R. Cotter, Aiden Corvin,
and Kieran C. Murphy

Contents

1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
2 History of the Influence of Antibodies on Psychosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
3 N-Methyl-D-Aspartate Receptor Antibody (NMDAR-Ab) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

3.1 Structure of the NMDA Receptor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
3.2 Mechanism of NMDAR-Ab Encephalitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
3.3 Incidence and Clinical Characteristics of NMDAR-Ab Encephalitis . . . . . . . . . . . . . . . 95
3.4 Diagnosis of NMDAR-Ab Encephalitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
3.5 Psychiatric Features Associated with NMDAR-Ab Encephalitis . . . . . . . . . . . . . . . . . . . 98
3.6 Treatment of NMDAR-Ab Encephalitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
3.7 Clinical Course and Relapse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

4 Voltage-Gated Potassium Channel Complex Antibodies (VGKCC-Ab) . . . . . . . . . . . . . . . . . 101
4.1 Leucine-Rich Glioma-Inactivated-1 Antibody (LGI1-Ab) . . . . . . . . . . . . . . . . . . . . . . . . . . 102
4.2 Contactin-Associated Protein-2 Antibody (CASPR2-Ab) . . . . . . . . . . . . . . . . . . . . . . . . . . 104

5 α-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic Acid Receptor Antibody
(AMPAR-Ab) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
5.1 Structure and Mechanism of Action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
5.2 Clinical Features of AMPAR-Ab-Related Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
5.3 Psychiatric Features Associated with AMPAR-Ab . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
5.4 Treatment and Clinical Course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107

6 γ-Aminobutyric Acid A Receptor (GABAAR) and γ-Aminobutyric Acid B Receptor
(GABABR) Antibody Disease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
6.1 Structure and Mechanism of Action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
6.2 Clinical and Psychiatric Features of GABA Antibody-Related Disease . . . . . . . . . . . 107
6.3 Treatment and Clinical Course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108

7 Dopamine 2 Receptor Antibody (D2R-Ab) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
7.1 Structure and Mechanism of Action . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
7.2 Clinical and Psychiatric Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
7.3 Treatment and Clinical Course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

E. Kelleher (*)
Department of Psychiatry and Neurobehavioral Science, University College Cork, Cork, Ireland
e-mail: eric.kelleher@ucc.ie

H. Barry, D. R. Cotter, and K. C. Murphy
Department of Psychiatry, Royal College of Surgeons of Ireland, Dublin, Ireland

A. Corvin
Department of Psychiatry, Trinity College Dublin, Dublin, Ireland

© Springer Nature Switzerland AG 2019
Curr Topics Behav Neurosci (2020) 44: 85–124
DOI 10.1007/7854_2019_90
Published Online: 11 July 2019

85

http://crossmark.crossref.org/dialog/?doi=10.1007/7854_2019_90&domain=pdf
mailto:eric.kelleher@ucc.ie


8 Dipeptidyl-Peptidase-Like Protein 6 Antibody
(DPPX-Ab) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
8.1 Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
8.2 Clinical Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
8.3 Treatment and Clinical Course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

9 Rare Autoimmune Syndromes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
10 Summary and Future Directions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112

Abstract Research into antibody-mediated disease, in response to immune dys-
function or to tumour development, has rapidly expanded in recent years. Antibodies
binding to neuroreceptors can cause psychiatric features, including psychosis, in a
minority of patients as well as neurological features. The responsiveness of some of
these cases to immunotherapy supports the hypothesis that antibody-associated
mechanisms play a role in the pathogenesis of psychotic diseases. The purpose of
this chapter is to review autoantibodies that are most likely to be relevant for patients
with psychotic symptoms. Herein, we describe receptor structure and mechanism of
action, clinical and psychiatric features for the growing number of neuronal surface
antibodies, including those to the N-methyl-D-aspartate (NMDA) receptor. The
identification of a subgroup of patients with psychiatric features having antibody-
mediated disease highlights the importance of considering the diagnosis, particularly
in those patients presenting with a first episode of psychosis.

Keywords Autoimmune encephalitis · First episode psychosis · NMDA
encephalitis · Organic psychosis · Psychoneuroimmunology

1 Background

Inflammation is increasingly recognised as a risk factor for psychosis (Cannon et al.
2014; Khandaker et al. 2015; Kelleher and Corvin 2013). The influence of inflam-
mation was recognised as early as schizophrenia was conceptualised, with Kraepelin
suggesting that dementia praecox was a disease of the brain caused by ‘an autoin-
toxication’ from the body (Kraepelin 1899; Noll 2004). The study of immunity and
psychosis incorporates many landmark studies of psychiatric research. Examples
include Wagner-Jauregg’s treatment of ‘general paralysis of the insane’ (in fact
neurosyphilis) with induced Plasmodium vivax malaria (Wagner-Jauregg and
Bruetsch 1946) and the systematic reviews examining the association between
winter or spring birth and schizophrenia (Davies et al. 2003; Mcgrath and Welham
1999), maternal infection during pregnancy and schizophrenia (Brown et al. 2004;
Mortensen et al. 2007; O’Callaghan et al. 1991), childhood infection and schizo-
phrenia (Khandaker et al. 2018, 2012; Dalman et al. 2008; Benros et al. 2011),
childhood/adolescent inflammatory markers and risk of schizophrenia and related
psychoses (Khandaker et al. 2014; Metcalf et al. 2017; Kappelmann et al. 2019) and
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maternal infections and inflammation in animal models and their effects on
neurodevelopment (Cotter et al. 1995; Farrelly et al. 2015). From a genetic perspec-
tive, genome-wide association studies (GWAS) have identified that several common
variants of the locus for the major histocompatibility complex (MHC), a group of
cell surface proteins that regulate the adaptive immune system, are strongly associ-
ated with schizophrenia (Purcell et al. 2009; Shi et al. 2009; Stefansson et al. 2009).
Most recently, emerging evidence suggest that the effects of antibodies binding to
neuroreceptors, generated in response to immune dysfunction or in response to
tumour development, can lead to psychiatric features, providing additional evidence
of this interplay. While research has linked schizophrenia with dysfunction in
various aspects of immune system, the purpose of this chapter is to review autoan-
tibodies that are most likely relevant for pathogenesis of psychoses.

2 History of the Influence of Antibodies on Psychosis

Early work by Oppenheim (Schulz and Pruss 2015), Lehmann-Facius (Deakin et al.
2014) and Deny-Brown (Denny-Brown 1948) examined links between the immune
system, malignancy, circulating antibodies and subsequent neuropsychiatric fea-
tures. In 1960, Brierley and colleagues reported three patients with ‘subacute
encephalitis of later adult life, mainly affecting the limbic areas’ (Brierley et al.
1960). Corsellis et al. (1968) later described ‘limbic encephalitis’ in a case series of
patients with either short-term memory loss or dementia in association with bron-
chial carcinoma. All those affected had degenerative changes concentrated in the
temporal parts of the limbic grey matter. In the 1980s, paraneoplastic limbic enceph-
alitis associated with antibodies targeting neuronal epitopes (the part of the antigen
the antibody binds to) was identified in patients with central nervous system (CNS)
and peripheral nervous system (PNS) syndromes who had an underlying cancer
(Graus et al. 1985). Subsequently the concept of an immune-mediated pathogenesis
gained relevance after anti-Hu (Dalmau et al. 1992) and other onconeuronal anti-
bodies against intracellular antigens were identified (Dalmau and Bataller 2006),
some of them with more syndrome specificity for limbic dysfunction than the anti-
Hu immune response (Table 1).

Later work identified that, from a psychiatric perspective, the most relevant
antibodies are antibodies to the N-methyl-D-aspartate receptor antibody (NMDAR-
Ab) and to a lesser extent leucine-rich glioma-inactivated protein (LGI1-Ab) and
contactin-associated protein-2 (CASPR2-Ab). These can present with prominent
neuropsychiatric features particularly in the early stages of illness (Dalmau et al.
2007, 2008; Irani et al. 2010a, b; Lai et al. 2010; Vitaliani et al. 2005; Zandi et al.
2011). While most are rare, other autoantibodies that have been linked to encephalitis
with psychiatric features include dopamine 2 receptor (D2R) (Dale et al. 2012),
gamma-aminobutyric acid (GABA) (Lancaster et al. 2010) and α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic receptor (AMPAR) (Lai et al. 2009)
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amongst others. A summary of relevant paraclinical data linking these autoantibodies
with psychiatric features is outlined in Table 2.

3 N-Methyl-D-Aspartate Receptor Antibody (NMDAR-Ab)

Since at least 1995, there have been case reports of women with ovarian teratomas
presenting with reduced consciousness, psychiatric symptoms and neurological
disease whose symptoms improved following tumour removal (Nokura et al.
1997; Okamura et al. 1997). Initially this was believed to be a paraneoplastic process
due to an antibody to an unknown antigen expressed in the hippocampus (Vitaliani
et al. 2005). In 2007, antibodies were identified as binding to the N-methyl-D-
aspartate receptor (NMDAR) in a case series of four females who presented with
initial psychotic/altered behaviour and then developed progressive neurological
features. This condition was termed anti-NMDA or NMDAR-Ab encephalitis
(Dalmau et al. 2007; Irani et al. 2010b), an immune-mediated disorder that occurs
when IgG antibodies bind to the GluN1 subunit of the NMDA receptor causing it to
be internalised and destroyed (Hughes et al. 2010).

Due to prominent psychiatric symptoms early on in the course of this illness,
psychiatry is the specialty that is often in contact with these patients in early stages of
their presentation, in approximately 75% of cases according to one report (Dalmau
et al. 2011). As highlighted in the first report in the psychiatric literature by Barry
et al. (2011), psychosis features prominently. NMDAR-Ab encephalitis supports the
influence of glutamatergic dysregulation and has revitalised efforts into whether
specific autoantibody syndromes might explain a subset of patients with schizophre-
nia or psychosis.

Table 1 Paraneoplastic antibodies that may associate with limbic encephalitis (Dalmau and
Bataller 2006)

Antibody Syndrome Cancer

Hu Limbic encephalitis, encephalomyelitis SCLC, other

Ma Limbic, hypothalamic and brainstem encephalitis Testis, lung,
other

CV2/
CRMP5

Limbic, striatal encephalitis (chorea), cerebellar ataxia, periph-
eral neuropathy, uveitis

SCLC,
thymoma

Amphiphysin Limbic encephalitis, stiff-person syndrome Breast,
SCLC

SCLC small cell lung cancer
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3.1 Structure of the NMDA Receptor

The NMDA receptor is essential to the development and function of the nervous
system and plays a central role in synaptic plasticity and memory formation (Bliss
and Collingridge 1993). It is an ionotropic type of receptor with eight alternatively
spliced GluN1 isoforms and two GluN3 subunits (A–B), which bind glycine, and
four GluN2 subunits (A–D), which bind glutamate. Target epitopes are located in
extracellular regions of NR1–NR2B NMDA receptors (Dalmau et al. 2007) with the
crucial epitopes in NMDAR-Ab encephalitis present in the more widely expressed
NR1 subunit (Dalmau et al. 2008).

In healthy NMDA receptors, glutamate is released from the presynaptic terminal
into the synaptic cleft to act on postsynaptic glutamate receptors. Subsequent
activation of α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic (AMPA) receptors
by glutamate depolarises the postsynaptic membrane and removes a magnesium
block on the NMDA receptor (Mayer et al. 1984; Nowak et al. 1984). This allows
cations, including calcium ions (Ca2+), to flow into the postsynaptic dendrite,
leading to excitatory transmission and synaptic plasticity (Mayer and Westbrook
1987). The strengthening of the impulse between the two neurons is an essential
process in synaptic plasticity, cognition and memory formation. The hippocampus
contains the highest density of NMDARs which are important for shaping the
strength of synaptic connections through involvement in long-term potentiation
(LTP) and long-term depression (LTD) (Newcomer and Krystal 2001; Waxman
and Lynch 2005).

3.2 Mechanism of NMDAR-Ab Encephalitis

Blockade of the NMDA receptor through NMDA antagonists such as phencycli-
dine (PCP) and ketamine is well known to cause both positive- and negative-type
symptoms of schizophrenia (Javitt 2007) as well as agitation and dissociation
(Javitt and Zukin 1991). Psychotic features due to ketamine are proportional to
glutamate levels, suggesting a mechanism of action that may lead to psychosis
(Stone et al. 2012).

Approximately 50% of adult women presenting with NMDAR-Ab encephalitis
have an underlying teratoma, which may contain nervous tissue (Titulaer et al.
2013). In a paraneoplastic model, it is proposed that an antigen, released by tumour
cells undergoing apoptosis, is taken up by antigen-presenting cells (Martinez-
Hernandez et al. 2011; Moscato et al. 2014). This breaks down immune tolerance
by a sequence of mechanisms including antigen presentation by T or dendritic cells
generating memory B cells and antibody-producing plasma cells. Systemically
synthesised antibodies can bind to NMDA receptors present in the tumour. It is
postulated that antibodies can also pass through a disrupted blood-brain barrier
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(BBB) or reach the brain through the choroid plexus. The memory B cells (also
activated T cells) undergo restimulation (resident antigen-presenting cells or T cells),
antigen-driven affinity maturation, clonal expansion and differentiation into NMDA
receptor antibody-secreting plasma cells (Moscato et al. 2014). Antibodies bind to
extracellular epitopes of the NMDA receptor causing subsequent dysfunction and
internalisation.

Greater than 90% of young girls or males with the disorder have no identified
trigger, although it may be associated with herpes simplex virus 1 (HSV-1) infection
(Irani et al. 2010b; Titulaer et al. 2013; Armangue et al. 2014). Approximately
10–25% of patients with HSV-1 encephalitis have an immune-mediated relapse
associated with GluN1-specific antibodies and NMDAR-Ab encephalitis symptoms.

NMDAR-Ab have been shown to cause reversible reduction in neuronal surface
NMDA receptors without causing cell death (Hughes et al. 2010; Moscato et al.
2014) leading to reduction in NMDAR-mediated currents and synaptic plasticity.
Removal of the pathogenic antibodies through tumour removal and treatment with
immunosuppression (see below) leads to clinical improvement (Titulaer et al. 2013).
Antibody titres may decline (months or even years) after recovery or in some cases
remain detectable (Gresa-Arribas et al. 2014).

3.3 Incidence and Clinical Characteristics of NMDAR-Ab
Encephalitis

The incidence of NMDAR-Ab encephalitis has been estimated at 0.85 per million
children per year in the UK (Wright et al. 2015). While it can affect both men and
women of any age, it appears to predominantly affect young women (median age
21 [range 1–95], 81% female) (Titulaer et al. 2013). As mentioned previously, in
women over 18 years of age, ~50% have an underlying tumour (overwhelmingly
found to be ovarian teratoma) compared to only 5% of men (Dalmau et al. 2011).

About 70% of cases have prodromal symptoms including headache, fever, nausea
and respiratory tract infections (Dalmau et al. 2008). Within 2 weeks they can
develop psychiatric symptoms characterised by psychotic features, e.g. delusions,
hallucinations, paranoia and, less commonly, anxiety and mood symptoms. These
are the presenting symptoms in over 65% of cases (Titulaer et al. 2013). Children are
more likely to have abnormal movements, e.g. chorea earlier in the disease course,
and to experience seizures compared to adults. Psychosis is less common compared
to adults, but behavioural regression is frequently noted (Titulaer et al. 2013).

During the first month of the disease, the majority of patients (87%) developed
four or more of eight categories of symptoms (see Table 3) (Dalmau et al. 2008).
Short-term memory loss is common early in the disease process but can be
underestimated because psychopathology and language deficits can dominate the
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clinical presentation. Following this, abnormal movements such as catatonia, chorea,
akathisia, dystonia and orofacial dyskinesia manifest (Baizabal-Carvallo et al. 2013;
Duan et al. 2016; Mohammad et al. 2014). Features may progress and include
autonomic instability leading to cardiac/respiratory arrest or refractory status
epilepticus. Patients are often (75%) transferred to the intensive care unit (ICU) at
this stage for ventilation, intravenous antiepileptic medication and inotropic support
(Titulaer et al. 2013).

3.4 Diagnosis of NMDAR-Ab Encephalitis

Criteria to aid the early diagnosis of NMDAR-Ab encephalitis have been published
by lead researchers in the field based primarily on clinical features and the results of
investigations (Graus et al. 2016) (see Table 4). Techniques that identify NMDAR-
Ab in serum and CSF are cell-based assays (CBAs) (used by most clinical labora-
tories) using live or fixed cells, immunohistochemistry of brain sections adapted to
membrane proteins (commercially available; sometimes used as a confirmatory test)
and immunocytochemistry of cultures of dissociated rodent live hippocampal neu-
rons (used in research laboratories) (Graus et al. 2016).

Electroencephalogram (EEG) is abnormal in approximately 90% of patients,
usually showing non-specific, slow and disorganised activity (Dalmau et al. 2008).
Slow rhythmic activity in the delta-theta range (the so-called ‘delta brush’ sign) was
initially thought to predominate in the catatonic-like stage (Schmitt et al. 2012);
however this feature was later shown to appear in other neurological disorders
(Baykan et al. 2018). CSF analysis is abnormal in about 80% of patients, demon-
strating lymphocytic pleocytosis (Dalmau et al. 2008; Irani et al. 2010b). Other
findings include normal or mildly increased protein concentration and, in 60% of
patients, CSF-specific oligoclonal bands (Dalmau et al. 2011). Importantly, CSF
abnormalities may be the only remarkable clinical finding (Scott et al. 2018), hence
the importance of offering lumbar puncture to patients found to be seropositive for
NMDAR-Ab.

Clinical routine brain magnetic resonance imaging (MRI) is abnormal in only
30% of patients approximately, despite patients being significantly unwell at the

Table 3 Features of
NMDAR-Ab encephalitis

Behavioural change

Memory dysfunction

Speech disorder/mutism

Seizures

Decrease in level of consciousness

Movement disorder

Autonomic dysfunction

Central hypoventilation
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time of imaging (Titulaer et al. 2013). Changes may include white matter
hyperintensities. Follow-up brain MRI has been shown to remain normal or show
minimum change despite the severity and duration of symptoms (Dalmau et al.
2011). Brain biopsy may show normal or non-specific signs of inflammation. These
include perivascular lymphocytic cuffing (predominantly of B cells), sparse paren-
chymal T-cell infiltrates or microglial activation (Camdessanche et al. 2011).

Patients who have had NMDAR-Ab encephalitis identified should undergo
screening for malignancies associated with these occasional paraneoplastic anti-
bodies. In the largest study of patients with NMDAR-Ab encephalitis (N ¼ 571)
(Titulaer et al. 2013), 38% of patients were found to have underlying malignancy,
invariably ovarian teratomas. While teratomas and carcinoma located elsewhere
(lung, breast, testicular; ovarian carcinoma, thymic carcinomas and pancreatic can-
cer) can occur, they are uncommon.

Given the prominent psychiatric, especially psychotic, features, there is signifi-
cant interest by the psychiatric community in what has been described as a new
‘identifiable treatable subtype of psychosis’ (Kayser and Dalmau 2016). Therefore, a
key issue for psychiatrists is whether patients with NMDAR-Ab encephalitis may
have psychiatric features alone and whether patients with psychosis and NMDAR-
Ab require a different treatment pathway (Lennox et al. 2012).

Table 4 Diagnostic criteria for anti-NMDA receptor encephalitis (Graus et al. 2016)

Probable anti-NMDA receptor encephalitis
Diagnosis can be made when all three of the following criteria have been met:
Rapid onset (less than 3 months) of at least four of the six following major groups of symptoms:
• Abnormal (psychiatric) behaviour or cognitive dysfunction
• Speech dysfunction (pressured speech, verbal reduction, mutism)
• Seizures
• Movement disorder, dyskinesias or rigidity/abnormal postures
• Decreased level of consciousness
• Autonomic dysfunction or central hypoventilation
At least one of the following laboratory study results:
• Abnormal EEG (focal or diffuse slow or disorganised activity, epileptic activity or extreme
delta brush)
• CSF with pleocytosis or oligoclonal bands
Reasonable exclusion of other disorders
• Diagnosis can also be made in the presence of three of the above groups of symptoms
accompanied by a systemic teratoma

Definite anti-NMDA receptor encephalitis
Diagnosis can be made in the presence of one or more of the six major groups of symptoms and
IgG anti-GluN1 antibodies, after reasonable exclusion of other disorders. Antibody testing should
include testing of CSF. If only serum is available, confirmatory tests should be included (e.g., live
neurons or tissue immunohistochemistry, in addition to cell-based assay)
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3.5 Psychiatric Features Associated with NMDAR-Ab
Encephalitis

As outlined above, psychiatric features appear prominently in the early course of
NMDAR-Ab encephalitis, and psychiatrists are usually the first clinicians to assess
such cases, who usually do not have a previous psychiatric history (Peery et al.
2012). Patients with psychotic disorders such as first episode psychosis (FEP) and
schizophrenia would seem a natural cohort to assess for NMDAR antibodies. There
has been much debate as to the most robust methodologies used to identify
NMDAR-Ab, the relevance of NMDAR-Ab in serum only in the absence of CSF
and the significance of IgM and IgA antibodies amongst others.

A study (Kayser et al. 2013) reviewed the presentations of 571 patients with
NMDAR-Ab encephalitis, who were identified as having NMDAR-Ab both in
serum and CSF with a fixed cell-based assay and immunohistochemistry. The
authors found that 23 (~4%) of these had isolated psychiatric symptoms – at the
time of presentation (0.9%, 5/571) or at relapse (3.2%, 18/571). When considering
that only 64 individuals (11.2%) experienced a relapse, the proportion of patients
with psychiatric features at relapse increases (28%, 18/64). Seventy-four percent had
some form of delusional thinking, 43% had abnormal perceptions (auditory or visual
hallucinations) and 57% had aggressive behaviour. Seventy percent had a mood
element to their presentation usually mania, mood lability and impulsivity. Depres-
sive symptoms were less common (Kayser et al. 2013). Psychotic phenomena in
presenting cases have been described as fragmented in comparison with those
typically found in functional psychoses, with delusions being poorly formed and
non-systematised (Barry et al. 2015).

Several screening studies have examined NMDAR-Ab in psychosis populations.
A landmark study (Zandi et al. 2011) identified that 3/46 (6.5%) patients with first
episode psychosis but without traditional encephalopathic features were seropositive
using a cell-based assay with live Human Embryonic Kidney (HEK) cells (Irani et al.
2010b). All three cases met DSM-IV criteria for schizophrenia, and one responded
to immunotherapy treatment. Similar results were found in a later study
(Pathmanandavel et al. 2015) of 43 children experiencing a first episode of psychosis
(FEP) (median age 15 years), which identified antibodies to NMDAR using a flow
cytometry live cell-based assay and none in a paediatric control cohort (N ¼ 43).
Studies utilising fixed and permeabilised CBAs found no difference in the
seroprevalences of NMDAR antibodies in patients and in controls (Dahm et al.
2014; Hammer et al. 2014). While some studies (de Witte et al. 2015; Masopust et al.
2015) which used both fixed cell-based assay and immunohistochemistry did not
identify any NMDAR-Ab in serum of cohorts of patients with schizophrenia and first
episode psychosis, other studies have identified seropositive cases in post-partum
psychosis, using this ‘double validation’ method (Bergink et al. 2015).

In 2014, a meta-analysis by Pollak and colleagues examined the seroprevalence
of NMDAR-Ab in 1441 patients with psychotic illnesses and 1,598 healthy controls
from several screening studies (Hammer et al. 2014; Haussleiter et al. 2012;
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Masdeu et al. 2012; Rhoads et al. 2011; Steiner et al. 2013; Tsutsui et al. 2012; Zandi
et al. 2011). This identified 115 individuals [7.98%, 95% confidence interval
(CI) 6.69–9.50] who were anti-NMDA receptor antibody positive. Of these,
21 patients (1.46%, 95% CI 0.94–2.23) were positive for antibodies of the IgG
subclass. Prevalence rates were greater in cases than controls only for IgG anti-
bodies. A meta-analysis of NMDAR-Ab seropositivity in patients with schizophre-
nia, schizoaffective disorder, bipolar affective disorder (BPAD) or major depressive
disorder (MDD) demonstrated a higher odds ratio of 3.1 compared to healthy
controls (Pearlman and Najjar 2014).

Scott et al. (2018) screened all inpatients (children as well as adults up to age
45 years old) admitted with a first episode psychosis for autoantibodies. Importantly,
they endeavoured to recruit every FEP case including those who had a drug-induced
psychosis, and each participant had a clinical assessment and was investigated with
EEG, MRI brain and antibodies both in serum and CSF. The authors identified that
approximately 5% (6/113) of participants had autoimmune encephalitis. Four of
these cases (3.5%, 4/113) were diagnosed with NMDAR-Ab encephalitis. Two other
recent studies (Lennox et al. 2017; Gaughran et al. 2018) which identified an
NMDAR-Ab seroprevalence rate of ~3% in first episode psychosis services, with
the prevalence in controls varying between 0 and 1%, using a live cell-based assay
(L-CBA) only. Although the results of clinical investigations were not described,
none of the cases were reported as having developed NMDAR-Ab encephalitis at
6-month follow-up in one study (Lennox et al. 2017). The prevalence of autoim-
mune encephalitis may be underestimated in research cohorts or community cohorts
(who are capacitous, prescreened for organic red flags and often in at least partial
remission) (Pollak and Lennox 2018). Therefore, the study by Scott and colleagues
is important as they recruited participants as early as possible, clinically investigated
them and obtained CSF which is often challenging in psychosis populations and a
criticism of studies that use serum only (Leypoldt et al. 2017).

NMDAR-Ab in serum has also been identified in patients with treatment-resistant
psychosis with an identified point prevalence of 7% (3/43) using a live cell-based
assay (Beck et al. 2015). NMDAR-Ab has also been identified in serum in cases of
autism (Creten et al. 2011), bipolar affective disorder (Choe et al. 2013), eating
disorders (Perogamvros et al. 2012) and post-partum psychosis (Bergink et al. 2015).

Differences between current assays suggest examining for NMDAR-Ab with at
least two techniques, e.g. both a CBA and immunohistochemistry, or binding to
cultured neurons, sampling both CSF and serum for NMDAR-Ab whenever possi-
ble, and cross-laboratory comparative assays should help understand the differences
described (Varley et al. 2015). Recent consensus criteria by Graus et al. (2016)
which utilise much of this will ideally lead to clarity for clinicians in the diagnosis of
NMDAR-Ab encephalitis. However, such an approach does exclude those patients
who have psychotic symptoms alone and are seropositive for NMDAR-Ab but who
do not have abnormal investigative findings or who have declined investigations.
Yet there are reports that such patients can respond to treatment with immunotherapy
and research into this is ongoing (Zandi et al. 2014).
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3.6 Treatment of NMDAR-Ab Encephalitis

A framework for treatment of NMDAR-Ab encephalitis has emerged (see Table 5)
(Titulaer et al. 2013). Utilising this, approximately 50% of patients that are treated
with first-line immunotherapy or tumour removal will experience improvement
within 4 weeks of treatment, reaching an mRS [modified Rankin Scale, which
runs from no symptoms (0) to death (6) (Quinn et al. 2008)] of 0–2 by 24 months
(Titulaer et al. 2013). Notably patients with psychosis due to NMDAR-Ab enceph-
alitis may experience worsening of autonomic dysfunction with neuroleptic treat-
ment (Lejuste et al. 2016), and psychiatric symptoms can resolve in response to
immunotherapy (Kayser et al. 2013; Zandi et al. 2011, 2014). 70% of those who do
not improve with first-line treatment receive second-line immunotherapy (Dalmau
et al. 2008; Irani et al. 2010b; Titulaer et al. 2013). Approximately 10–15% of
patients relapse in a 2-year period (Titulaer et al. 2013). Relapses are more likely to
be monosymptomatic (including psychiatric symptoms only) (Kayser et al. 2013)
and result in fewer admissions to ICU (Titulaer et al. 2013). NMDAR-Ab can persist
for a prolonged period following recovery (Gresa-Arribas et al. 2014).

3.7 Clinical Course and Relapse

Delays in treatment are associated with cognitive and functional impairment as well
as death (Finke et al. 2012; Titulaer et al. 2013). The estimated mortality from
NMDAR-Ab encephalitis is 4% with the median time from disease onset to death
estimated at three and a half months (Dalmau et al. 2011). Female patients need to be
monitored with yearly ultrasound scanning in case ovarian pathology develops.
Screening protocols for males and prepubescent (<12) females are unknown
(Titulaer et al. 2013). A recent systematic review of cognitive outcomes identified
that, while intellectual functioning was more impaired within the acute recovery
period than in the later phase of convalescence (Mckeon et al. 2017), rates of
impaired processing speed, episodic memory and aspects of executive functioning
were consistent across time points. Adverse neuropsychological outcomes occurred
at higher frequency in patients where immunotherapy was delayed. Persistent

Table 5 Overview of immunotherapy treatment in NMDAR-Ab encephalitis

First-line immunotherapy Oral/IV steroids (methylprednisolone)

Intravenous immunoglobulins (IVIG)

Plasmapheresis

Plasma exchange

Second-line immunotherapy Rituximab

Cyclophosphamide

Other immunotherapy Azathioprine, mycophenolate mofetil, tacrolimus, methotrexate
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cognitive deficits are reported up to several years post-clinical remission (Finke et al.
2012; Mckeon et al. 2016).

4 Voltage-Gated Potassium Channel Complex Antibodies
(VGKCC-Ab)

In 2001, a type of limbic encephalitis characterised by neuropsychiatric features
including psychosis, seizures, amnesia and hyponatremia was described in patients
with antibodies to the voltage-gated potassium channel receptor (VGKC-Ab) (Buck-
ley et al. 2001). Later work (Irani et al. 2010a; Lai et al. 2010) demonstrated that
most VGKC-Ab were directed towards cell surface proteins complexed to the
voltage-gated potassium channel subunits (Kv), predominantly leucine-rich gli-
oma-inactivated-1 (anti-LGI1 antibody) and contactin-associated protein-2 (anti-
CASPR2 antibody) and more rarely contactin-2. Antibodies to this entire complex
were termed voltage-gated potassium channel complex antibodies (VGKCC-Ab).
However patients positive for LGI1-Ab and CASPR2-Ab accounted for almost all of
the immunotherapy-responsive cases, and many VGKC-Ab patients including those
without anti-LGI1 antibody and anti-CASPR2 antibody (so-called ‘double-negative’
VGKC-Ab cases) were tested and were less clearly immunoresponsive (Varley et al.
2017; Grain et al. 2017). Recently, double-negative autoantibodies have been shown
to be directed against intracellular aspects of the channel itself as well as against the
non-neuronal protein dendrotoxin (DTX). These are both unlikely to be pathogenic
autoantibodies (Lang et al. 2017). At present, direct testing for anti-LGI1 antibody
and anti-CASPR2 antibody is recommended instead of testing for VGKC-Ab.

Anti-LGI1 antibodies are more often associated with limbic encephalitis and
epilepsy, whereas anti-CASPR2 antibodies are associated with movement disorders
such as peripheral nerve hyperexcitability, neuromyotonia and Morvan’s syndrome.
Neuromyotonia is a syndrome of peripheral nerve hyperexcitability (PNH) with
fasciculations and cramps (Shillito et al. 1995). Morvan’s syndrome is characterised
by neuromyotonia, encephalopathy, autonomic dysfunction, insomnia and complex
nocturnal behaviours (Klein et al. 2013; Liguori et al. 2001).

LGI1 and CASPR2 antibodies are identified through cell-based assays examining
the binding of IgG immunoglobulins to human embryonic kidney (HEK) cells,
transfected with complementary DNA encoding the relevant autoantigen. This
binding is then visualised using a fluorescence-labelled secondary antibody (Irani
et al. 2010a).
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4.1 Leucine-Rich Glioma-Inactivated-1 Antibody (LGI1-Ab)

4.1.1 Structure of LGI1

LGI1 is a neuronal secreted synaptic protein expressed mainly in the hippocampus
and neocortex (Irani et al. 2010a). It forms a complex with presynaptic disintegrin
and metalloproteinase domain-containing protein 23 (ADAM23) and postsynaptic
disintegrin and metalloproteinase domain-containing protein 22 (ADAM22). LGI1
may interact with postsynaptic AMPA receptors, postsynaptic density protein
95 (PSD95) and presynaptic shaker Kv1-potassium channels. Through interacting
with pre- and postsynaptic proteins, LGI1 may have a role in the regulation of
neurotransmitter release (Fukata et al. 2010). It is known that murine mutations of
LGI1 disrupt the formation of this complex and alter AMPA-mediated signalling
(Fukata et al. 2010; Varley et al. 2017). Mutations in the LGI1 gene are associated
with lateral temporal lobe epilepsy and psychiatric features including psychosis
(Striano et al. 2011).

4.1.2 Mechanism of Action of LGI1-Ab

LGI1 antibodies cause reversible CNS synaptic dysfunction by several mechanisms
(Lancaster and Dalmau 2012). The antibodies may prevent binding of LGI1 to the
receptors that it regulates, or they might act on the LGI1-ADAM protein complex.
Alternatively, LGI1 antibodies could disrupt currents mediated by Kv1.1 and Kv1.2
and/or impair AMPAR function, either indirectly by blocking LGI1-mediated reg-
ulation of these proteins or directly by disrupting the entire protein complex. Binding
of antibodies to LGI1 leads to secondary channel dysfunction, caused by a reversible
reduction of synaptic AMPA receptors and a loss of function of inhibitory interneu-
rons, with consequent excess neuronal network excitation and seizures (Ohkawa
et al. 2013).

A study involving application of serum from a patient with LGI1 antibodies to a
hippocampal slice preparation showed increased nerve hyperexcitability, effects
similar to application of a Kv1.1 and Kv1.2 antagonist (Lalic et al. 2011). Antibody
titres appear to correlate with clinical presentation, with immunotherapy treatment
resulting in clinical improvement in patients (Malter et al. 2014). LGI1 antibodies
are strongly associated with Human Leukocyte Antigen-DR 7 isotype (HLA-DR7)
and HLA-DRB4 in nontumour patients, supporting the autoimmune hypothesis
(Kim et al. 2017; Van Sonderen et al. 2017).

4.1.3 Clinical Characteristics of LGI1-Ab Encephalitis

The median age of onset of LGI1-Ab encephalitis is around 60 years and most often
occurs in males (Irani et al. 2010a; Lai et al. 2010). Cases may develop
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neuropsychiatric features, including mood disturbances, psychosis, amnesia and
disorientation (Zandi et al. 2011; Irani et al. 2013; Navarro et al. 2016). 80% of
patients with limbic encephalitis due to LGI1 antibodies present with a variety of
seizures, including faciobrachial dystonic seizures (FBDS) (Irani et al. 2013). These
are brief (<3 s) unilateral contractions of the arm, often involving the ipsilateral face
(or leg) and occurring up to 100 times a day. Subsequently, patients develop
subacute onset amnesia and behavioural/psychiatric disturbances. Seizures may
develop into tonic clonic type (Irani et al. 2010a; Lai et al. 2010).

Hyponatremia is present in at least 60% of patients which may be due to the
syndrome of inappropriate antidiuretic hormone (SIADH) (Van Sonderen et al.
2016b, c). One possible mechanism is inflammation of the hypothalamic-pituitary
neuraxis (Newey and Sarwal 2014). Brain MRI shows T2 high signal of the medial
temporal lobe in approximately two-thirds of patients (Irani et al. 2010a; Lai et al.
2010; Shin et al. 2013). EEG can be abnormal in up to 90% of cases (Celicanin et al.
2017; Zandi et al. 2011; Van Sonderen et al. 2016c). CSF cell count and protein are
unremarkable in 75% of cases (Van Sonderen et al. 2016c). Tumour screening is
positive in up to 11% of the patients with thymoma and lung cancer being the most
common; however other malignancies have been associated (Irani et al. 2010a; Lai
et al. 2010; Malter et al. 2014).

4.1.4 Psychiatric Features Associated with LGI1-Ab

Both mood and psychotic symptoms are described in association with LGI1 anti-
bodies (Pruss and Lennox 2016). Additional psychiatric features include apathy,
disinhibition and compulsive behaviour (Van Sonderen et al. 2016c). The prevalence
of LGI1 antibodies has been found to be 0.1% in patients with established schizo-
phrenia in one study and none were identified in patients with affective disorders or
borderline personality disorder (Dahm et al. 2014). A more recent study of patients
with first episode psychosis (N¼ 228) and controls (N¼ 105) routinely screened for
LGI1-Ab found no significant difference between both cases and controls (Lennox et
al. 2017). Anti-LGI1 encephalitis is reported occurring post-partum with prominent
anxiety features that responded to immunotherapy (Gotkine et al. 2011). Psychotic
features with LGI1-Ab encephalitis show a response to treatment with immunother-
apy (Klein et al. 2013). New psychotic illness have also been described in individ-
uals following treatment for LGI1-Ab encephalitis (Pollak and Moran 2017).

4.1.5 Treatment of LGI1-Ab Encephalitis and Follow-Up

Treatment pathways are similar to those utilised in NMDAR-Ab encephalitis with
first- and second-line immunotherapies. In refractory cases, rituximab and cyclo-
phosphamide may be used (second-line therapies) (Lancaster et al. 2011b). Treat-
ment with first-line immunotherapy in 32 patients with anti-LGI1 encephalitis was
considered effective in 80% of cases (Van Sonderen et al. 2016c). Shorter time to
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start immunotherapy allows resolution of FBDS and recovery of basal functions
(Irani et al. 2011).

At 2-year follow-up of 21 patients with LGI1-Ab encephalitis, 67% of cases had a
favourable outcome (measured by mRS of 0–2). Six of seventeen (35%) patients
with available data had a relapse of symptoms, with a median time to relapse of
35 months (range 21–98 months) (Van Sonderen et al. 2016c). Cognitive assessment
of 11 immunotherapy treated individuals at median 44 months (range 25–95) follow-
up showed reduced spatial recognition, but they were otherwise normal compared to
normative data (Van Sonderen et al. 2016c). Other studies have reported that patients
may develop hippocampal atrophy and memory deficits (Butler et al. 2014; Malter et
al. 2014).

4.2 Contactin-Associated Protein-2 Antibody (CASPR2-Ab)

4.2.1 Structure of CASPR2

CASPR2 is a transmembrane axonal protein of the neurexin IV superfamily that is
localised to the juxtaparanode of myelinated axons (Poliak et al. 1999). It’s extra-
cellular domain interacts with contactin-2, and it connects with the cytoskeleton via
protein 4.1B. CASPR2, contactin-2 and protein 4.1B are necessary to concentrate
Kv1.1 and Kv1.2 channels in the juxtaparanode, which is important for the proper
electrical functioning of axons in both the CNS and PNS (Lancaster and Dalmau
2012; Zhou et al. 1999).

4.2.2 Mechanism of Action of CASPR2-Ab

CASPR2 antibodies are widely thought to act by disrupting axonal potassium
currents. Factors such as differences in time to establish intrathecal antibody syn-
thesis, or in the structure of tight, septate-like junctions of myelinating cells around
the axons, may explain the variability of PNS and CNS symptoms in patients with
CASPR2 antibodies (Lancaster and Dalmau 2012). Genetic variation in the human
gene encoding CASPR2 (CNTNAP2) is associated with autism (Jackman et al.
2009; Whalley et al. 2011), epilepsy (Strauss et al. 2006), Tourette syndrome,
obsessive-compulsive disorder (Verkerk et al. 2003), schizophrenia (Malhotra and
Sebat 2012), Pitt-Hopkins syndrome (Zweier et al. 2009) and other mental disabil-
ities (Gregor et al. 2011).
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4.2.3 Clinical Characteristics of CASPR2-Ab-Related Disease

Patients typically are males with age of onset later in life, e.g. approximately
66 years (Lai et al. 2010; Lancaster et al. 2011a; Irani et al. 2010a; Van Sonderen
et al. 2016a). Clinical syndromes include neuromyotonia alone, a purely CNS-based
limbic encephalitis or symptoms of both in Morvan’s syndrome (Varley et al. 2017).
They can also experience peripheral nerve hyperexcitability (PNH). Limbic enceph-
alitis with CASPR2-Ab can be associated with autonomic features, pain or cerebellar
symptoms (Irani et al. 2010a) and can potentially mimic Creutzfeldt-Jakob disease
(CJD). Indeed some patients with a positive CASPR2-Ab have been subsequently
diagnosed with CJD (Rossi et al. 2015).

In a case series of 38 patients with CASPR2 antibody-associated disease (Van
Sonderen et al. 2016a), the most common presenting symptoms were cognitive
disturbance, seizures, PNH or neuropathic pain. During the disease course, approx-
imately 80% of patients experienced cognitive dysfunction, and 53% had seizures.
Paraclinical data is outlined in Table 2. CASPR2 antibodies are associated with
malignancy in approximately 20% of cases (Van Sonderen et al. 2016a). These are
usually thymomas, found in 40% of cases of Morvan’s syndrome and 10% of other
presentations (Vincent and Irani 2010; Lancaster et al. 2010).

4.2.4 Psychiatric Features Associated with CASPR2-Ab

Behavioural disturbances, persecutory delusions, hallucinations and psychosis have
been reported in cases with CASPR2 antibodies (Irani et al. 2012; Lancaster et al.
2011a; Van Sonderen et al. 2016a). Rare mutations of the CNTNAP2 gene that
codes for CASPR2 protein (Ottman et al. 2004) can cause a clinical presentation of
auditory hallucinations and partial epilepsy. CASPR2-Ab have been estimated at
0.9% in one large study of 2,533 seropositive patients with a variety of neuropsy-
chiatric illness including schizophrenia (Dahm et al. 2014), although the seroprev-
alence rate in FEP in another study was not significantly different to healthy controls
(Lennox et al. 2017).

4.2.5 Treatment of CASPR-Ab-Related Disease and Follow-Up

Treatment of CASPR2-Ab disease includes identifying and treating any malignancy
and treatment with first- and second-line immunotherapy. Full recovery can be
achieved in ~40% of cases and partial recovery with 12%. Approximately 25% of
cases with >1-year follow-up had relapses presenting at a median of 19 months post
initial episode (Van Sonderen et al. 2016a).
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5 α-Amino-3-hydroxy-5-methyl-4-isoxazolepropionic Acid
Receptor Antibody (AMPAR-Ab)

5.1 Structure and Mechanism of Action

The α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR) is
a gated ion channel which consists of GluA 1–4 tetrameric subunits and is part of
the family of glutamate receptors. They mediate fast excitatory synaptic transmis-
sion, necessary for learning, memory and synaptic plasticity (Henley and Wilkin-
son 2016). Antibodies target the extracellular domains of GluA1 and GluA2
subunits of the AMPA receptor and were first described in ten patients with limbic
encephalitis (Lai et al. 2009). They cause a selective reversible decrease in the
total surface amount and synaptic location of GluA1 and GluA2 through increased
internalisation and degradation. This leads to a decrease of AMPAR-mediated
currents (Lai et al. 2009).

5.2 Clinical Features of AMPAR-Ab-Related Disease

AMPAR antibody-associated disease mostly affects older females in response to
malignancy (lung, breast, thymus) in approximately 65% of cases (Hoftberger et al.
2015; Lai et al. 2009). Clinical features vary but may include those of limbic
encephalitis (short-term memory deficits, confusion, abnormal behaviour and sei-
zures). Seizures are frequently present. Insomnia, lethargy and decreased level of
consciousness have also been described (Graus et al. 2010; Hoftberger et al. 2015).
Paraclinical data is available in Table 2.

5.3 Psychiatric Features Associated with AMPAR-Ab

Almost one in three patients (27%) in a case series of AMPAR-Ab encephalitis
(N¼ 22) had psychotic features as part of their presentation (Hoftberger et al. 2015).
One of these cases had a background history of BPAD. Recent screening studies
however have identified no differences in the seroprevalence of AMPAR-Ab in FEP
compared to healthy controls (Lennox et al. 2017). An earlier study reported that
AMPAR-Ab were not found in a cohort of schizophrenia, affective disorders or
borderline personality disorders (Dahm et al. 2014). However an additional study
described that 3 of 4,819 patients with neuropsychiatric presentations had GluR2
AMPAR antibodies and that all had memory deficits and mood symptoms (Dogan
Onugoren et al. 2015). Additional case reports of atypical psychosis (Graus et al.
2010) and mood and psychotic symptoms (Elamin et al. 2015) responding to
immunotherapy treatment are described. Antibodies to AMPAR have been identified
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in patients with Turner’s syndrome with co-morbid bipolar disorder and psychotic
features (Quaranta et al. 2015).

5.4 Treatment and Clinical Course

Treatment with immunotherapy or oncological treatment leads to an improvement in
the majority (70–90%) of cases (Hoftberger et al. 2015; Lai et al. 2009). Relapses
occur in approximately 16% of cases which may be reduced by the use of more
aggressive forms of treatment (chemotherapy or rituximab).

6 γ-Aminobutyric Acid A Receptor (GABAAR) and γ-
Aminobutyric Acid B Receptor (GABABR) Antibody
Disease

6.1 Structure and Mechanism of Action

GABA receptors act as inhibitory receptors in the central nervous system through
mediation of GABA (γ-Aminobutyric acid), the major inhibitory neurotransmitter.
GABAA receptor (GABAAR) is a ligand-gated chloride channel that mediates fast
inhibitory synaptic transmission in the CNS. At the synapse, most GABAARs contain
2 α subunits, 2 β subunits and 1 γ subunit, arranged as γ-β-α-β-α (Sieghart 2006).
Genetic or pharmacological alteration of the GABAA receptor has been associated
with seizures (Baulac et al. 2001; Sun et al. 2013). GABAB receptors are heterodimers
comprising of the GABABR subunits 1 and 2 with GABAB1 subunits containing the
ligand-binding domain (Pagano et al. 2001). GABABRs are G-protein-coupled
receptors coupled indirectly to either calcium or potassium channels to produce
prolonged inhibitory responses (Bowery 2010) and are found in both the CNS
(cortex, cerebellum, thalamus and hippocampus) and the PNS (autonomic ganglia,
visceral tissue) (Benarroch 2012). GABAB1R polymorphisms are associated with
temporal lobe epilepsy (Xi et al. 2011), schizophrenia and obsessive-compulsive
disorder (Zai et al. 2005, 2009).

6.2 Clinical and Psychiatric Features of GABA Antibody-
Related Disease

Anti-GABAAR antibody encephalitis has been described relatively recently, and the
spectrum of symptoms has not been fully defined. One study (Pettingill et al. 2015)
identified autoantibodies against the α1 and/or γ2 subunits of the GABA receptors in
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40 of 2046 patients whose serum was negative for other neuronal surface antibodies.
Features of 15 representative patients included seizures (47%), memory impairment
(47%), hallucinations (33%) and anxiety (27%). Notably one of these patients had
pre-existing obsessive-compulsive disorder, and diagnoses for other cases included
paranoid schizophrenia. The majority of patients in this study were not treated with
immunotherapy. Antibodies to the GABA α1/β3 subunits were identified at high
serum titres as well as in the CSF of patients with limbic encephalitis, status
epilepticus or epilepsia partialis continua (Petit-Pedrol et al. 2014). Their presenta-
tions included affective problems, behavioural changes and/or psychotic features.
All cases developed extensive cortical-subcortical MRI abnormalities and had a high
mortality and a variable response to immunotherapy. Forty percent of patients with
anti-GABAAR encephalitis have tumours, mostly thymomas and, less commonly,
other neoplasms (e.g. Hodgkin lymphoma, multiple myeloma). See Table 2 for
paraclinical data.

Anti-GABAB receptor encephalitis was first described in 15 cases with limbic
encephalitis with a tendency towards severe seizures (Lancaster et al. 2010).
Behavioural disturbances and psychotic features (delusions, paranoia, gustatory
and visual hallucinations) formed part of the presenting complaint in 4 of these
15 cases (~25%) and in 5% (1/20) of another series (Hoftberger et al. 2013).
Additional studies since then (Lancaster et al. 2010, 2011a; Hoftberger et al. 2013;
Kim et al. 2014) show that the majority of patients present with seizures, confusion
and memory deficits. Ataxia and opsoclonus-myoclonus have also been reported
(Hoftberger et al. 2013). GABAB receptor antibodies have been identified in 0.3% of
affective disorders (Dahm et al. 2014). About 50% of GABAB receptor encephalitis
cases have lung cancer (mainly small cell lung cancer) (Hoftberger et al. 2013;
Lancaster et al. 2010). Underlying carcinoid of the thymus (Lancaster et al. 2011a)
and melanoma (Jarius et al. 2013) have also been reported.

6.3 Treatment and Clinical Course

Immunotherapy and treatment of malignancy resulted in substantial improvement in
18/21 (86%) patients with GABAA receptor encephalitis. Fourteen percent of cases
died from status epilepticus or sepsis (Spatola et al. 2017). Approximately 75% of
patients with GABAB receptor encephalitis show a partial or complete response to
immunotherapy and oncological treatment (Hoftberger et al. 2013).
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7 Dopamine 2 Receptor Antibody (D2R-Ab)

7.1 Structure and Mechanism of Action

Dopamine signalling is mediated through dopamine receptors. These are G-protein-
coupled seven-transmembrane domain receptors. Five receptors are divided into two
groups: D1- (D1R and D5R) and D2-class receptors (D2R, D3R and D4R) (Dale
et al. 2012). The dopamine 2 receptor (D2R) has long isoforms (located on the
postsynaptic membrane) and short isoforms (on presynaptic membrane) coded by
alternative splicing of the same D2R gene (Usiello et al. 2000). D2R are highly
expressed in the basal ganglia, cortex, hippocampus and substantia nigra and
involved in synaptic plasticity and memory formation (Beaulieu and Gainetdinov
2011). D2R expression modulation has been associated with schizophrenia, depres-
sion and movement disorders (Beaulieu and Gainetdinov 2011).

7.2 Clinical and Psychiatric Features

Clinical features of D2R antibody disease include prominent movement disorders
(parkinsonism, dystonia and chorea). Psychiatric features including psychotic fea-
tures can occur in 25% of cases from one series (Dale et al. 2012). Where MRI brain
was abnormal, findings were localised to the basal ganglia. EEG was abnormal in a
minority of cases. D2R antibodies were also reported in 3 of 43 (7%) children with
FEP (Pathmanandavel et al. 2015) using a live CBA. They were not identified in
patients with schizophrenia, major depression or borderline personality disorder
(Muller et al. 2014). D2R antibodies have been found in PANDAS (paediatric
autoimmune neuropsychiatric disorders associated with streptococcal infection)
(Cox et al. 2013).

7.3 Treatment and Clinical Course

There is limited data on treatment of patients with D2R antibodies. In a follow-up of
12 cases with D2R antibodies who received first-line immunotherapy, 5/12 are described
as returning to baseline at 5-year follow-up; however residual motor, cognitive and
psychiatric deficits were common in other cases (Dale et al. 2012).
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8 Dipeptidyl-Peptidase-Like Protein 6 Antibody
(DPPX-Ab)

8.1 Structure

DPPX (dipeptidyl-peptidase-like protein 6) is an auxiliary subunit of Kv4.2 potas-
sium channels. It is a membrane glycoprotein involved in increasing the surface
expression and channel conductance of Kv4.2 channels (Kaulin et al. 2009). Kv4.2
channels and DPPX are distributed throughout the nervous and enteric system
(Boronat et al. 2013; Tobin et al. 2014).

8.2 Clinical Features

Hara et al. (2017) reviewed 39 known cases to date (median age 57 years); of these
the majority (67%) developed weight loss/diarrhoea, behavioural disturbances and
cognitive dysfunction and CNS hyperexcitability. DPPX antibodies have been
associated with progressive encephalomyelitis with rigidity and myoclonus
(PERM) (Balint et al. 2014). Psychiatric manifestations may occur with prominent
psychotic features or behavioural disturbances that may lead to admission under
psychiatry (Boronat et al. 2013) or neuropsychiatry (Hara et al. 2017). Forty-four
percent of cases may have mood symptoms (appetite loss, depression and apathy) at
the time of presentation (Hara et al. 2017). See Table 2 for paraclinical data.

Routine screening in a cohort of patients with first episode psychosis and high-
risk psychosis did not reveal any seropositive cases (Mantere et al. 2017). The
prevalence of DPPX antibodies in a cohort of patients with schizophrenia was
reported as less than 1% (Dahm et al. 2014).

8.3 Treatment and Clinical Course

Sixty percent of cases had moderate-substantial improvement in response to treat-
ment with immunotherapy. At follow-up, 20% of anti-DPPX encephalitis cases had
died. Relapse occurred in 8 of 35 patients (23%) and was responsive to immuno-
therapy (Hara et al. 2017).
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9 Rare Autoimmune Syndromes

Antibodies to the metabotropic glutamate receptor 5 (mGluR5), highly expressed in
the hippocampus, are associated with Hodgkin’s lymphoma (Carr 1982; Lancaster
et al. 2011c; Mat et al. 2013; Pruss et al. 2014). Symptoms include depression,
agitation, hallucinations and bizarre behaviour. Patient can have complete recovery
from this rare syndrome following immunotherapy/oncological therapy (Leypoldt
et al. 2015). Although glycine receptor and voltage-gated calcium channel (VGCC)
antibodies are associated with characteristic neurological symptoms, they are rarely
associated with psychiatric symptoms (Pollak et al. 2016).

10 Summary and Future Directions

The concept and emerging evidence of antibodies driving psychiatric symptoms
particularly psychosis are important. This may lead to a better understanding of the
mechanisms of schizophrenia and improved treatment pathways in a proportion of
individuals found to have antibody-related disease. Early identification of such and
treatment with immunotherapy lead to improved cognitive and functional out-
comes. Autoimmune encephalitis frequently affects individuals with no previous
psychiatric history, and behavioural change and psychosis are some of the earliest
features. Careful history taking (including collateral history where available) and
clinical examination for sometimes subtle neurological signs, CSF and paraclinical
investigations, e.g. MRI brain and EEG, lead to diagnosis and guide treatment
decisions (Midgley et al. 2018). Routine serum screening for such antibodies in
patients with first episode psychosis is recommended (Lennox et al. 2017). For
patients with isolated psychosis and NMDAR-Ab in serum, there appears to be no
difference in psychopathology compared to other patients with psychosis (Lennox
et al. 2017).

Examining for autoantibodies (in particular NMDAR-Ab) in several large cohorts
of patients with first episode psychosis, treatment-resistant psychosis, established
schizophrenia and healthy controls has shown that autoantibodies are identified in a
small proportion of patients with psychosis. The lack of paired CSF samples in some
studies has been criticised; however performing lumbar puncture in patients with
new psychiatric symptoms can be challenging as patients may refuse and in those
who are not neurologically ill it may be hard to justify. However, it is important that
the seropositive patients are offered this investigation which may in some cases be
the only abnormal finding (Scott et al. 2018).

This approach does however leave patients who present with psychotic symptoms
and who have a positive serum neuronal autoantibody test result but who do not have
EEG, neuroimaging or CSF abnormalities with diagnostic uncertainty. While rare,
there is evidence that patients with psychosis and NMDAR-Ab in serum who
are refractory to regular psychiatric treatment and receive immunotherapy may
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demonstrate clinical improvement (Zandi et al. 2014). Such patients have been
designated ‘synaptic and neuronal autoantibody-associated psychiatric syndromes’
(SNAps) by Al-Diwani et al. (2017). Whether such antibodies identified in serum
alone affect isolated psychotic symptoms is currently under investigation.

The SINNAPS2 trial (clinical trial number NCT03194815) is a randomised phase
II double-blinded placebo-controlled trial designed to explore the utility of immu-
notherapy for patients with acute psychosis associated with anti-neuronal antibodies
including NMDAR and LGI1 (Lennox et al. 2018). This trial may answer whether
patients with psychosis and cell surface antibodies improve with immunotherapy
treatment. If so, it could fundamentally change how we screen and treat patients with
psychosis in the future.

For the present, awareness by psychiatrists of the features of autoimmune
encephalitis is essential. Psychiatric features are early clinical signs of NMDAR-
Ab encephalitis and neurological features may only evolve when the patient is
already under psychiatric care (Barry et al. 2015). Hence, psychiatrists and psy-
chiatry services need to be aware of emerging clinical signs which may be subtle
or when the individual fails to respond to standard treatment or potentially has an
adverse reaction to treatment with antipsychotics. Training and education of staff
on the features of encephalitis is especially important in a time when psychiatric
services are becoming increasingly demedicalised (Craddock et al. 2008; Oyebode
and Humphreys 2011). In addition to considering the diagnosis, discussing such
cases with clinical neurology and agreeing joint management strategies between
psychiatrists and neurologists provide the best opportunity to enhance patient care
at present.
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