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Abstract  LGI1 is a multifunctional brain protein whose dysfunction is related to 
several neurologic disorders as diverse as autosomal dominant lateral temporal epi-
lepsy (ADLTE), autoimmune limbic encephalitis (LE), and glioma tumor progres-
sion. ADLTE is a genetic focal epilepsy characterized by auditory or aphasic aura 
and onset in infancy/adolescence, whereas autoimmune LE occurs in adult life and 
is characterized by amnesia, confusion, and seizures. The complex molecular mech-
anisms underlying these epileptic conditions are largely unknown. In this chapter, 
I outline the clinical features, the genetic or autoimmune causes, and a molecular 
mechanism possibly underlying both ADLTE and autoimmune LE.

Introduction

The leucine-rich, glioma inactivated 1 (LGI1) gene has been associated with clinical 
phenotypes as different as malignant glioma, autosomal dominant lateral temporal 
epilepsy (ADLTE), a rare genetic focal epilepsy syndrome, and autoimmune limbic 
encephalitis (LE), an acquired immunological disorder of the brain. Although very 
different in nature, these brain disorders result from a reduction of the physiological 
level of the Lgi1 protein.

In 1998, LGI1 was cloned due to its rearrangements in the T98G glioblastoma 
multiforme (GBM) cell line and was found to be downregulated in many malig-
nant gliomas, suggesting a possible tumor suppressor function (Chernova et  al. 
1998). Subsequent studies failed to reveal point mutations in the LGI1 coding se-
quence and differential methylation of its core promoter region in GBM tumors, 
arguing against a role of LGI1 as a tumor suppressor gene (Somerville et  al. 
2000; Piepoli et  al. 2006). However, LGI1 has been shown to control prolifera-
tion and invasiveness of glioma cell lines by regulating expression of the matrix 
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metalloproteinases MMP1 and MMP3, suggesting that LGI1 may serve as a tumor 
metastasis suppressor gene (Kunapuli et al. 2003; 2004). In 2002, LGI1 heterozy-
gous mutations were shown to cause ADLTE in several American and European 
families (Kalachikov et al. 2002; Morante-Redolat et al. 2002). Subsequent stud-
ies showed that LGI1 mutations account for about 50 % of ADLTE families (Mi-
chelucci et al 2003; Ottman et al. 2004). ADLTE is clinically characterized by auras 
with auditory features and is also named autosomal dominant partial epilepsy with 
auditory features (ADPEAF). Finally, in 2010, LGI1 was implicated in acquired 
autoimmune limbic encephalitis, a neurological disorder of adulthood (Irani et al. 
2010; Lai et al. 2010). Patients with autoantibodies directed against the Lgi1 protein 
suffer from psychiatric symptoms, including memory loss and confusion, as well 
as epilepsy.

The LGI1 gene consists of eight exons with a coding region of 1671 bp. It is 
expressed mainly in neurons, particularly in the neocortex and limbic regions (Ka-
lachikov et  al. 2002; Senechal et  al. 2005) and encodes a protein of 557 amino 
acids with no similarities to ion channels. The Lgi1 protein is secreted (Senechal 
et al. 2005), and its structure consists of an N-terminal signal peptide and two dis-
tinct structural domains: the N-terminal region contains four leucine-rich repeats 
(LRR) flanked by conserved cysteine clusters (Kobe and Kajava 2001), whereas 
the C-terminal region consists of seven copies of a repeat named EPTP (Staub et al. 
2002), which form a beta-propeller structural domain (Paoli 2001). Both LRR and 
beta-propeller motifs mediate protein-protein interactions (Kobe and Kajava 2001; 
Paoli 2001).

In this chapter I describe the clinical features of ADLTE and LE, the role of LGI1 
as a cause of these syndromes, and outline the current views about the possible 
functions of LGI1.

ADLTE

Clinical Features

ADLTE is a rare familial condition characterized by focal seizures with prominent 
ictal auditory symptoms, negative MRI findings, and relatively benign evolution 
(Ottman et al. 1995; Michelucci et al. 2009). Its prevalence is unknown but it may 
account for about 19 % of genetic focal epilepsies (Ottman et al. 2004). Since the 
first description of the syndrome (Ottman et al. 1995), 39 families, most of which 
with unique LGI1 mutations have been reported. The syndrome segregates with an 
autosomal dominant inheritance pattern with reduced penetrance. Familial diagnosis 
is based on the existence of at least two cases with unprovoked focal or secondarily 
generalized seizures whose symptoms suggest a lateral temporal lobe onset.

The age of onset ranges between 1 and 60 years with a mean of 18 years. The 
ictal semiology includes focal seizures and secondarily generalized tonic-clonic sei-
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zures. Focal seizures are characterized by auditory auras in about 2/3 of the cases. In 
most cases, auditory symptoms are described as simple sounds (such as humming, 
buzzing, ringing); complex hallucinations (i.e. music, voices) are less frequent, and, 
sometimes, the aura is characterized by a distortion of sounds (becoming louder 
and louder or suddenly low). Aphasic seizures associated with auditory phenomena 
are reported, but may also be the only clinical symptom in some pedigrees (see 
Michelucci et al. 2003). Other less frequent auras include complex visual, psychic, 
autonomic, vertiginous, and other sensory symptoms, usually accompanying audi-
tory phenomena.

Secondary tonic-clonic seizures are common, occurring in 90 % of cases, both 
during wakefulness and sleep, and may unmask an otherwise undiagnosed history 
of elementary focal seizures with auditory symptoms. Interictal EEGs show tem-
poral abnormalities (described as mild slow/sharp waves) in about half of the pa-
tients, with a clear left predominance of the abnormalities in some families (Brodt-
korb et al. 2005; Pisano et al. 2005). Standard MRI shows no abnormalities, but a 
study of 8 ADLTE patients with LGI1 mutations performed by voxel-based MRI 
and diffusion tensor imaging demonstrated a cluster of fractional anisotropy in the 
left lateral temporal cortex, suggesting a malformative origin of the abnormality 
(Tessa et al. 2007).

Genetic studies have revealed mutations of LGI1 in about 30–50 % of the 
families, providing evidence for genetic heterogeneity (Michelucci et  al. 2003; 
2013). Detailed analysis of families with and without LGI1 mutations showed no 
phenotypic differences between the pedigrees.

Sporadic, non-familial cases with auditory seizures have been reported (Bisulli 
et al. 2004a). Despite their negative family history, they had a clinical picture in-
distinguishable from that of ADLTE patients, characterized by focal seizures with 
auditory auras, a mean age of onset of 19 years, a high rate of secondary generalized 
tonic-clonic seizures, low seizure frequency, good response to antiepileptic treat-
ment, unrevealing EEGs and normal MRIs. De novo LGI1 mutations have been 
found in two sporadic LTE cases (see below).

LGI1 Pathogenic Mutations

To date, a total of 37 LGI1 mutations have been described, either segregating in 
ADLTE families or occurring de novo in sporadic LTE patients (Fig. 1 and Table 1; 
nucleotide numbering uses the A of the ATG translation initiation start site as 
nucleotide + 1). Thirty-six mutations segregate in 39 affected families, whereas 
two, c.406C > T and c.1420C > T, are de novo mutations identified in non-familial 
cases, the latter occurring in both a family and a sporadic case (Morante-Redolat 
et al. 2002; Bisulli et al. 2004b). Of these mutations, 23 allow single amino acid 
substitutions, 13 result in protein truncation due to frameshift deletions or insertion, 
and to non-sense or splice site mutations, whereas one in frame deletion mutation 
(c. 377–379delACA) results in the deletion of an asparagine in the encoded pro-
tein. In addition, an internal deletion of exons 3–4, resulting from altered splicing 
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(c.431 + 1G > A), and a genomic microdeletion spanning the first 4 LGI1 exons have 
been identified (Table 1). Thus, the majority of the mutations as yet identified are 
missense nucleotide changes. The mutation distribution along the gene is somewhat 
uniform, though a higher density of mutations appears to occur in exons 3–5, which 
correspond to the N-terminal LRR repeat 2–4 (Ho et al. 2012; see Fig. 1). The over-
all penetrance estimate of LGI1 mutations was 66 % (Rosanoff and Ottman 2008) 
and the proportion of families with penetrance > = 75 % was similar among those 
with missense vs truncation mutations (Ho et al. 2012).

The Lgi1 protein is expressed mainly in neurons and is secreted into the extra-
cellular compartment (Senechal et al. 2005; Fukata et al. 2010). All but one LGI1 
mutations reported so far inhibit protein secretion (Nobile et al. 2009), suggesting 
a loss-of-function effect of mutations. Only one missense mutation (R407C) has 
been shown to allow protein secretion (Striano et al. 2011), and its effect in the ex-
tracellular comparment of the brain is unclear. A three-dimensional protein model 
predicts that this mutation may perturb extracellular interactions of Lgi1 with other 
proteins, and that this effect may not be limited to this mutation (Leonardi et al. 
2011).

Lgi1 Protein Function

The function of LGI1 and the mechanisms of LGI1-related epilepsy remain un-
clear. Three main functions have been proposed for LGI1 in the CNS: (1) inhi-
bition of inactivation of the presynaptic voltage-gated potassium channel Kv1.1 

Fig. 1   Distribution of the pathogenic LGI1 mutations described so far. Most of them are single 
amino acid substitutions. Mutations are uniformely distrubuted along the gene, though a higher 
density of mutations appears to occur in exons 3–5 , which correspond to the N-terminal LRR 
repeat 2–4
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Nucleotide change Gene region Predicted 
effect

Reference

c.124T>C Exon 1 p.C42R Ottman et al. (2004)

c.124T>G Exon 1 p.C42G Berkovic et al. (2004)

c.136T>C Exon 1 p.C46R Gu et al. (2002); Pizzuti et al. (2005)

c.137G>T Exon 1 p.C46F Lee et al. (2014)

c.245T>C Exon 2 p.I82T Sadleir et al. (2013)

c.329C>A Exon 3 p.A110D Ottman et al. (2004)

c.329delC Exon 3 Truncation Hedera et al. (2004)

c.359-3C>A Intron 3 Truncation Kalachikov et al. (2002)

c.365T>A Exon 4 p.I122K Striano et al. (2008)

c.365T>C Exon 4 p.I122T Di Bonaventura et al. (2011)

c.367G>A Exon 4 p.E123K Di Bonaventura et al. (2009)

c.377-379delACA Exon 4 p.Asn126del de Bellescize et al. (2009)

c.406C>T Exon 4 p.R136W Di Bonaventura et al. (2011); 
Michelucci et al. (2007)

Genomic deletion Exon 1–4 Deletion Fanciulli et al. (2012)

c.431+1G>A Intron 4 Deletion Chabrol et al. (2007); Berghuis et al. 
(2013)

c.432-2_436del Exon 5 Truncation Sadleir et al. (2013)

c.435C>G Exon 5 p.S145R Hedera et al. (2004)

c.461T>C Exon 5 p.L154P Pisano et al. (2005)

c.535T>C Exon 6 p.C179R Di Bonaventura et al. (2011)

c.598T>C Exon 6 p.C200R Michelucci et al. (2003)

c.598delT Exon 6 Truncation Heiman et al. (2010)
c.611delC Exon 6 Truncation Kalachikov et al. (2002)

c.673G>T Exon 6 Truncation Sadleir et al. (2013)

c.695T>C Exon 7 p.L232P Chabrol et al. (2007)

c.758delC Exon 7 Truncation Morante-Redolat et al. (2002)

c.839-2A>G Intron 7 Truncation Kobayashi et al. (2003)

c.893T>C Exon 8 p.I298T Ottman et al. (2004)

c.953T>G Exon 8 p.F318C Fertig et al. (2003)

c.1050_1051delCA Exon 8 Truncation Kalachikov et al. (2002)

c.1148A>C Exon 8 p.E383A Kalachikov et al. (2002)

c.1219C>T Exon 8 p.R407C Striano et al. (2011)

c.1295T>A Exon 8 p.V432E Michelucci et al. (2003)

c.1418C>T Exon 8 p.S473L Berkovic et al. (2004); Kawamata 
et al. (2010)

Table 1   LGI1 mutations reported in literature 
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(Schulte et al. 2006); (2) potentiation ofAMPA receptor-mediated synaptic trans-
mission in the hippocampus through interaction with the transmembrane receptors 
ADAM22 and ADAM23 (Fukata et al. 2006; 2010; Ohkawa et al. 2013); (3) postna-
tal maturation of glutamatergic synapses, regulation of spine density, and dendritic 
pruning (Zhou et al. 2009). Remarkably, Lgi1- knockout mice (Fukata et al. 2010; 
Chabrol et  al. 2010; Yu et  al. 2010) display spontaneous seizures. Homozygous 
Lgi1 knockout (KO) mice have spontaneous seizures with onset at postnatal day 
10 and all pups die before the end of the third postnatal week, while heterozygous 
Lgi1+/− mice exhibit increased susceptibility to sound-induced or pentylenetetra-
zole-induced seizures (Chabrol et al. 2010; Fukata et al. 2010). The “intermediate” 
phenotype of heterozygous +/− mice supports the loss-of-function model, whereas 
the phenotypic features of mice overexpressing a truncated protein in the presence 
of normal endogenous Lgi1 suggest that some mutations may have a dominant neg-
ative effect (Zhou et al. 2009).

Acquired Immune-Mediated Disorders

LE

The pivotal role of LGI1 in epileptic disorders has been expanded with the recent find-
ing of autoantibodies against Lgi1 in patients with autoimmune LE, a neurological 
disorder of adulthood characterized by amnesia, confusion, seizures, which mostly 
involve the temporal lobes, and personality change or psychosis (Irani et al. 2010; 
Lai et  al. 2010). Autoimmune LE belongs to the group of autoimmune synaptic 
encephalopathies, in which patients develop antibodies against synaptic proteins, 
including the excitatory N-Methyl-D-aspartate (NMDA) and alpha-amino-3-hy-
droxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors and voltage-gated 
potassium channel (VGKC)-complexes (Kv1). Because of the crucial role of these 

Nucleotide change Gene region Predicted 
effect

Reference

c.1420C>T Exon 8 Truncation Morante-Redolat et al. (2002); Bisulli 
et al. (2004)

c.1421G>A Exon 8 p.R474Q Kawamata et al. (2010)

c.1477G>A Exon 8 p.G493R Heiman et al. (2010)

c.1636_1637delCA Exon 8 Truncation Heiman et al. (2010)
c.1639_1640insA Exon 8 Truncation Kalachikov et al. (2002)
LGI1 GenBank reference sequence: NM_005097.2. Nucleotide numbering uses the A of the 
ATG translation initiation start site as nucleotide + 1

Table 1  (continued)
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receptors in synaptic transmission and plasticity, the autoimmunity usually causes 
seizures and neuropsychiatric symptoms, ranging from alterations in memory, be-
haviour, and cognition, to psychosis. The resulting disorders are severe but treat-
able, and some of them can be individually classified on the basis of a particular 
immune response (for example, anti-NMDA receptor encephalitis (Dalmau et al. 
2008; Gable et al. 2009); or anti-VGKC LE (Vincent et al. 2004; Tan et al. 2008). 
The VGKC complex antibodies have traditionally been measured by immunopre-
cipitation of VGKC Kv1 subunits solubilized in detergent from rabbit brain tissue 
and radioactively labeled by 125I-dendrotoxin, a snake toxin that binds very strong-
ly to Kv1. Recently, a series of experiments has shown that the antibodies do not 
bind directly to Kv1 subunits but rather to other molecules that are complexed with 
the Kv1 in brain extracts. The most frequently associated molecules identified so 
far are Lgi1 and Contactin-associated protein 2 (CASPR2), with the great majority 
of the LE patients having antibodies to Lgi1 (Lai et al 2010). Commonly, these anti-
bodies are detected using an immunofluorescence cell-based method which detects 
the binding of patients’ sera to the surface of cells transfected with cDNA encoding 
the protein.

LE patients with autoantibodies directed against Lgi1 protein suffer from psychi-
atric symptoms and epilepsy. Clinical seizures, generalized or involving the tempo-
ral lobes, occur in about 80 % of LE patients, whereas 40 % have myoclonus; 60 % 
of patients have hyponatraemia On MRI, increased T2 signal involving one or both 
medial temporal lobes are frequently observed (Lai et al. 2010). Lgi1-positive LE 
usually is not associated with tumors. Immunotherapy, consisting of intravenous 
immunoglobulin, glucocorticoids, plasma exchange, or a combination thereof, re-
sults in full recovery or mild residual memory impairment in most cases. Relapses 
only occur in a minority of cases.

In a proportion of patients, autoimmune LE is associated with faciobrachial dys-
tonic seizures (FBDS), which is characterized by typical episodes of facial grimac-
ing and ipsilateral arm dystonia (Irani et  al. 2008; 2013). Seizures occur at high 
frequency (up to 360 episodes per day). The onset is variable (22–83 years) and is 
sometimes triggered by auditory stimuli or high emotion. EEG abnormalities, i.e. 
rhythmic frontotemporal spikes, are detectable in about one-fourth of FBDS cases. 
This syndrome has been found consistently associated with antibodies against Lgi1 
(Irani et al. 2008; 2011; Vincent et al. 2011). Response to anti-epileptic drugs is 
poor whereas immunotherapy yields excellent results. Most FBDS patients subse-
quently develop the full LE phenotype, whereas in a minority of cases FBDS occur 
in isolation or follows LE. Early immunotherapy for faciobrachial dystonic seizures 
may postpone or even prevent progression to the cognitive impairment that charac-
terizes LE (Irani et al. 2011).
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Neuromyotonia and Morvan Syndrome

Lgi1 autoantibodies are also found in acquired immune-mediated peripheral nerve 
disorders neuromyotonia and Morvan syndrome, though often associated with other 
antibodies. Acquired neuromyotonia is characterized by the presence of spontane-
ous activity including positive sharp-waves and fibrillation potentials, fascicula-
tions, myokymia, multiple discharges, muscle cramps and repetitive after-discharg-
es in response to a voluntary contraction (Warmolts and Mendell 1980; Hart et al. 
1997). Acquired neuromyotonia may be clinically misdiagnosed as amyotrophic 
lateral sclerosis (ALS), particularly in the early stages of ALS where widespread 
fasciculations may be evident in the absence of other clinical features of ALS.

Morvan’s syndrome has been recognized as a rare constellation of peripheral 
nerve neuromyotonia combined with sensory abnormalities and central nervous 
system (CNS) features, such as dysautonomia and encephalopathy with marked 
insomnia (Hart et al. 2002). Some of the patients had a thymoma, but many do not 
have a tumor. In patients with neuromyotonia or Morvan syndrome CASPR2 an-
tibodies are mainly detected, whereas Lgi1 antibodies are much less frequent and, 
when occur, are frequently associated with CASPR2 antibodies (Irani et al. 2012).

Whether Lgi1 autoantibodies are pathogenic or represent an epiphenomenon 
is still uncertain. However, immunotherapies can lead to a marked improvement 
of these syndromes paralleling with antibody titer decrease, suggesting a possible 
direct role of antibodies on neuronal function.

LGI1 Functional Models

Despite definitive genetic evidence, the pathophysiological function of LGI1 in the 
brain remains controversial. Several studies have shown that the secreted Lgi1 pro-
tein binds to ADAM22 and ADAM23 receptors on the surface of neuronal cells 
and that these protein complexes exert various functions during neuronal matura-
tion and synaptic transmission (Fukata et al. 2006; 2010; Owuor et al. 2009). The 
involvement of both ADAM22 and ADAM23 in epilepsy is suggested by studies 
of knock-out mice, showing that lack of expression of either of these genes re-
sults in spontaneous seizures (Owuor et al. 2009; Sagane et al. 2005). It has been 
shown that the ligand-receptor complexes between Lgi1 and ADAM22/ADAM23 
regulates AMPA receptor-mediated synaptic transmission in the hippocampus, sug-
gesting a possible molecular mechanism underlying ADLTE (Fukata 2006; 2010). 
This mechanism is further supported by recent findings showing that Lgi1 antibod-
ies associated with LE neutralize the specific protein-protein interaction between 
LGI1 and ADAM22/ADAM23, and that disruption of this complex is sufficient to 
reduce AMPA receptors in rat hippocampal neurons (Ohkawa 2013). Thus, a unify-
ing view is emerging, suggesting that reduced binding of Lgi1 to ADAM22/23 may 
be a pathogenic mechanism for both genetically inherited ADLTE and acquired LE, 
providing further support to the central role of LGI1 in mechanisms for regulating 
brain function and excitability.
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