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Abstract
Leucine-rich, glioma inactivated 1 (LGI1) is a secreted glycoprotein, mainly expressed in the brain, and involved in central 
nervous system development and physiology. Mutations of LGI1 have been linked to autosomal dominant lateral tempo-
ral lobe epilepsy (ADLTE). Recently auto-antibodies against LGI1 have been described as the basis for an autoimmune 
encephalitis, associated with specific motor and limbic epileptic seizures. It is the second most common cause of autoim-
mune encephalitis. This review presents details on the molecular structure, expression and physiological functions of LGI1, 
and examines how their disruption underlies human pathologies. Knock-down of LGI1 in rodents reveals that this protein is 
necessary for normal brain development. In mature brains, LGI1 is associated with Kv1 channels and AMPA receptors, via 
domain-specific interaction with membrane anchoring proteins and contributes to regulation of the expression and function 
of these channels. Loss of function, due to mutations or autoantibodies, of this key protein in the control of neuronal activity 
is a common feature in the genesis of epileptic seizures in ADLTE and anti-LGI1 autoimmune encephalitis.
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Introduction

The epilepsies affect more than 1% of the world population 
and have diverse causes and prognoses. While mutations of 
genes encoding ion channels are the most frequent cause of 
inherited epilepsies, other mechanisms may be involved. For 
instance leucine-rich, glioma inactivated 1 protein (LGI1) is 
a secreted synaptic protein and mutations of LGI1 are asso-
ciated with autosomal dominant lateral temporal lobe epi-
lepsy (ADLTE) [1–3]. In addition, auto-antibodies against 
LGI1 are linked to an autoimmune encephalitis (AE). It is 

becoming clear that such auto-immune disorders are respon-
sible for many unexplained drug-resistant epilepsies [4–6]. 
AE with anti-LGI1 antibodies is the second most frequent 
type of AE, and is characterized by limbic encephalitis asso-
ciated with pathognomonic tonic–dystonic seizures (TDS) 
[7–10].

LGI1 is a member of the LGI protein family. This family 
consists of secreted glycoproteins with a leucine-rich repeat 
(LRR) domain and an epitempin (EPTP) domain, which 
influence several aspects of nervous system development and 
physiology [11]. LGI1 was initially described as a putative 
tumor suppressor, since it was found at a chromosomal trans-
location breakpoint in a glioma cell line [12]. LGI1 was also 
underexpressed in glioblastoma cells [12–14] and reduced 
tumor cell proliferation and migration [15–17]. However, 
the link to cancer remains controversial. LGI1 is expressed 
at low levels in glial cells [18], and tumors are not associ-
ated with either ADLTE [19] or with the AE linked to LGI1 
auto-antibodies [20].

This review first examines the molecular structure, 
expression and physiological functions of LGI1. We then 
discuss how disruption of LGI1 functions, due to either 
genetic mutations or auto-antibodies, contributes to genetic 
or autoimmune epileptic syndromes.
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Structure, expression of LGI1 and molecular 
partners

LGI1 structure and domain organization

The human LGI1 gene, located in the chromosomal region 
10q24, is 39.6 kb long and consists of eight exons and 
seven introns. It encodes a 2.2 kb transcript. The mouse 
LGI1 gene shares 91% of its nucleotide sequence with its 
human orthologue, resulting in 97% amino acid sequence 
identity [12, 21]. LGI1 is a protein of 557 amino acids 
with a molecular weight of 64 kDa [12]. It includes an 
N-terminal leucine-rich repeat (LRR) domain and a 
C-terminal epitempin repeat (EPTP) domain, also called 
epilepsy-associated repeat (EAR) domain (Fig. 1). LGI1 
has no transmembrane domain, and cleavage of the sig-
nal peptide at the N-terminal extremity produces a mature 
protein of 60 kDa. LGI1 is a secreted glycoprotein [1–3, 
22, 23]. Before secretion, LGI1 is N-glycosylated on the 
N192, N127 and N422 residues in the endoplasmic reticu-
lum [3, 24].

The LRR domain is composed of four leucine-rich pat-
terns, each of 24 amino acids, and has a cysteine cluster 

on each side. It is coded by exons 1 to 6 [21, 25, 26]. The 
EPTP domain is coded by the exons 7 and 8. It contains 
a seven-bladed beta-propeller, with each blade composed 
of four-stranded antiparallel β-sheets of around 45 amino 
acids [26–29]. LRR and EPTP domains are both thought 
to mediate interactions with other proteins [28, 30].

LGI1 expression profile

Various commercial antibodies directed against LGI1 have 
been shown to cross-react with other members of the LGI 
protein family [1, 24, 31, 32]. This lack of specificity might 
seem to preclude analysis of LGI1 protein distribution by 
immunohistochemistry. However, anti-LGI1 antibodies puri-
fied from auto-immune encephalitis patients are known to 
be specific [33, 34].

In mouse and human tissue, LGI1 transcripts are 
expressed at high levels in the brain, at moderate levels in 
spinal cord, and are not detected in heart, liver, lungs, pla-
centa, or pancreas [12, 25, 35–37]. In mouse brain, LGI1 
expression is higher in neurons, than in glial cells [24, 
35, 38]. LGI1 is expressed by both excitatory and inhibi-
tory neurons. Ohkawa et al. [33] used dual hybridization 
in situ to show that in mouse hippocampus, LGI1 mRNA 

Figure 1   Domain organization of LGI1 and localization of mutations 
linked to ADLTE. Mutations are distributed along the whole gene 
sequence, without domain-preference. The list of mutations was com-

piled from Boillot and Baulac, 2016 [95] and Yamagata and Fukai, 
2020 [96]. SP: signal peptide (cleaved in mature protein); C: cysteine 
cluster
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was coexpressed with vGluT1, the vesicular glutamate 
transporter 1, specific to excitatory neurons, and also with 
GAD67, glutamate decarboxylase 67kD, an inhibitory cell 
marker.

In adult mice, LGI1 mRNA levels are higher in the hip-
pocampus, other limbic structures and neocortex. Hip-
pocampal mRNA signals are most strongly associated with 
CA3 pyramidal cells and granule cells of the dentate gyrus, 
with lower expression in the CA1 subfield [1, 39–41]. The 
application of serum and cerebrospinal fluid (CSF) IgG from 
anti-LGI1 AE patients to mouse brain sections, revealed 
strong LGI1 labeling in hippocampal neuropil [7, 33]. In 
slices from LGI1−/− mice hippocampus, viral re-expression 
of LGI1 showed expression in both axons and dendrites [42]. 
A spatially restricted expression suggested LGI1 is secreted 
in paracrine fashion. LGI1 has been shown to be enriched at 
synapses [43, 44] and the axon initial segment of hippocam-
pal neurons [45, 46].

LGI1 mRNA is expressed in diverse neocortical areas, 
with some variability between layers: cortical layers V–VI 
have higher expression levels than layers I–IV. In adult mice, 
LGI1 transcripts are detected in the amygdala, piriform cor-
tex, entorhinal cortex and cerebellum. In the cerebellum, 
anti-LGI1 antibodies from AE patients induce labeling at 
basket cell synapses but not on the soma of Purkinje cells. 
LGI1 transcripts are absent or expressed at low levels in 
the olfactory bulb, diencephalon and brainstem [2, 7, 36, 
39–41].

A developmental time profile of LGI1 expression has 
been resolved using Western blot analysis of mouse brain 
lysates. It shows LGI1 protein first appears during late 
embryonic development (E15) and increases until adulthood 
[2, 37, 38, 47–49]. During embryogenesis, LGI1 expression 
is not restricted to differentiated neurons but is rather diffuse 
[31, 49]. This diffuse expression seems to be regulated in a 
spatial and temporal manner [31]. LGI1 is associated with 
certain immature migrating neurons [31]. This orchestrated 
time profile sustains the idea that LGI1 plays a significant 
role in normal brain development (cf. paragraph 3.1).

LGI1 interactors

LGI1 protein network

Protein partners of LGI1 have been identified by affinity 
purification in knock-in (KI) mice expressing an epitope-
tagged LGI1 protein. Partner proteins from the precipitated 
complex linked to LGI1 were identified by mass spectrom-
etry and Western Blot [50]. The most abundant proteins 
identified in this way were ADAM22 (A Disintegrin and 
Metalloproteinase 22) and ADAM23. Less abundant pro-
teins included ADAM11, postsynaptic membrane-associated 
guanylate kinase proteins (MAGUKs: PSD95, PSD93 and 

SAP97), Kv1 channels, presynaptic scaffolding proteins 
(CASK and Lin7), and the 14–3–3 protein, a known partner 
of ADAM22 [50, 51]. Some of the identified proteins share 
some functional attributes with LGI1. As we will describe, 
genetic disruptions of LGI1 produce animals which exhibit 
generalized epileptic seizures during early postnatal life 
[37, 50, 52]. Similar seizures were seen in animals in which 
ADAM11 [53], ADAM22 [54], ADAM23 [55] and KCNA1 
and KCNA2—which code for Kv1 channel subunits [56, 
57]—genes are inactivated.

Membrane receptors for LGI1: ADAM11, ADAM22, ADAM23 
and Nogo receptor 1

ADAM proteins  Members of the ADAM protein family are 
components of multi-molecular protein complexes which 
include LGI1 [50]. The extracellular domain of ADAM 
proteins contains a metalloproteinase-like domain, a dis-
integrin domain, a cysteine-rich domain and an epidermal 
growth factor (EGF)-like domain. Three ADAM proteins 
(ADAM22, ADAM23 and ADAM11) bind to LGI1 and are 
exclusively expressed in the CNS [58]. They all lack a zinc-
binding motif resulting in a catalytically inactive metallo-
proteinase domain due to the absence of critical amino acids 
at this site [58–60].

Further insight into the nature of the multi-molecular pro-
tein complex was obtained by immunoprecipitation based on 
tagged ADAM22 rather than LGI1 [44]. Affinity purification 
showed that partner proteins included LGI family members 
(LGI1 to LGI4), ADAM proteins (ADAM11, ADAM22 and 
ADAM23), pre and postsynaptic MAGUKs and scaffold 
proteins, presynaptic Kv1 channels, and the 14–3–3 protein 
partner of ADAM22. Close similarities of protein complexes 
based on tagged LGI1 or ADAM22 suggest they form part 
of the same pathway.

One isoform of ADAM22 contains an intracellular C-ter-
minal PDZ binding motif specifically interacting with the 
third PDZ domain of the MAGUK family protein PSD95 
[2]. LGI1 and ADAM22 are the two main components of the 
protein complex associated with PSD95, identified by immu-
noprecipitation [2]. PSD95 acts as a postsynaptic anchor 
for proteins at excitatory synapses. It contributes to syn-
aptogenesis and synaptic plasticity among other processes 
[61]. ADAM11 and ADAM23 lack the PDZ domain binding 
motif and, therefore, do not directly interact with PSD95, 
suggesting other partners [55]. Binding to PSD95, suggests 
ADAM22 and LGI1 are localized at the postsynaptic side of 
the synaptic cleft. Time-lapse imaging of mCherry tagged 
ADAM22 and ADAM23 in cell culture, provides further 
support for a postsynaptic location of ADAM22 and suggests 
that ADAM23 may be located presynaptically. Axonal trans-
port of ADAM23 was largely anterograde, while ADAM22 
was predominantly transported in a retrograde sense [46]. 
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However, this assumed localization may not be completely 
resolved. ADAM22 is also enriched presynaptically in the 
axonal compartment at the axon initial segment [46]. Further 
studies may bring clarification.

ADAM proteins act as chaperone-like proteins for LGI1 
as well their role in anchoring LGI1 to the cell membrane. 
They participate in LGI1 maturation and N-glycosylation 
processes [46]. Furthermore, ADAM22 and ADAM23 
colocalize with LGI1 in axonal transport vesicles [46], 
suggesting possible interdependent interactions for their 
transport and subcellular distribution. Membrane expres-
sion of LGI1 is strongly decreased in ADAM22−/− and 
ADAM23−/− mice [62], as is ADAM22 and ADAM23 
expression in LGI1−/− animals [50, 62], providing further 
evidence for interactions between ADAM family proteins 
and LGI1.

Nogo receptor 1 (NgR1)  The Nogo receptor 1, NgR1, is 
coded by the RTN4R gene. It is a 473 amino acid protein, 
which contains a signal peptide, eight LRR domains, an 
LRR C-terminal flanking domain cysteine rich, a unique 
region and a glycosylphosphatidylinositol membrane 
anchorage site [63]. NgR1 interacts directly with LGI1 [48, 
64]. It co-immunoprecipitates with ADAM22 from rat brain 
lysate suggesting functional interactions exist [48]. How-
ever, it is not present in the multi-molecular protein com-
plex recovered by LGI1 purification, nor in those purified 
by immunoprecipitation based on tagged ADAM22, Kv1, or 
PSD95 [2, 44, 50, 65]. The absence of NgR1 in these pro-
tein complexes is hard to explain. We speculate that NgR1 
binding to LGI1 may be weaker than that to the ADAM 
receptors and associated proteins. This hypothesis could be 
usefully tested.

One study showed that the NgR1–ADAM22 complex 
could facilitate binding of LGI1 to ADAM22 [48]. How-
ever, LGI1 also bound NgR1 independently in HEK293T 
cells [48]. In this way LGI1 seems to act as a competitive 
inhibitor of NgR1, antagonizing the effects of growth inhi-
bition mediated by the ligands Nogo66, myelin-associated 
glycoprotein (MAG) and oligodendrocyte myelin glycopro-
tein (OMPG) [48].

Trans‑synaptic assemblies of LGI1

Immunoprecipitation studies suggest that LGI1 interacts 
with both pre and postsynaptic molecules. It is co-immuno-
precipitated with presynaptic anti-Kv1.1 antibodies [65], and 
with postsynaptic anti-PSD95 antibodies [2]. In addition, 
both pre and postsynaptic proteins are present in the LGI1-
purified multi-molecular complex [50]. Moreover, ADAM22 
and ADAM23 co-immunoprecipitated from wild-type mice 
brain lysates but not those derived from LGI1−/− mice [50]. 
Based on this evidence, the LGI1 protein has been suggested 

to form a trans-synaptic bridge between the ADAM23 and 
ADAM22 proteins [50].

Superresolution imaging has recently provided more 
details on interactions between LGI1 and ADAM22 using 
an epitope-tagged ADAM22 KI animal [26]. Cryo-electron 
microscopy demonstrated 1:1, 2:2 and 3:3 ADAM22-LGI1 
complexes in solution, in a ratio of approximately 6:3:1. 
Crystallization of the 2:2 ADAM22–LGI1–LGI1–ADAM22 
hetero-tetramer [26] showed that LGI1 binds to the metallo-
proteinase-like domain of ADAM22 via its EPTP domain. 
This LGI1–EPTP domain alone is sufficient to mediate 
ADAM22 binding. This binding is mediated by interac-
tions between the amino acids Trp398, Tyr408 and Tyr409 
of ADAM22 and a hydrophobic pocket in the EPTP beta 
propeller of LGI1. The LGI1–ADAM22 complex dimerizes 
through binding between LRR domains of pairs of LGI1 
molecules, thus forming 2:2 dimer-of-dimer heterotetramers 
[26] (Fig. 2A).

This dimerization is consistent with a trans-synaptic role 
for 2:2 ADAM22–LGI1 assemblies. The length of the 2:2 
heterotetramer is estimated at 19 nm [26], which is close to 
the size of the synaptic cleft [66]. Different LGI1–ADAM 
complexes could be possible, since LGI1 may similarly bind 
to ADAM22, ADAM23 and ADAM11 [26, 29]. Experimen-
tal evidences for the existence of this trans-synaptic complex 
in vivo, and of the association with different ADAM pro-
teins, remain to be conclusively demonstrated.

In addition to the trans-synaptic complex, LGI1 is also 
enriched at the axon initial segment, where it colocalizes 
with ADAM22 and Kv1 channels [45, 46]. Complexes at 
this site may involve 1:1 or 3:3 ADAM–LGI1 assemblies.

Physiological functions of LGI1

Role of LGI1 during development

LGI1 is required for a normal brain development

LGI1 is expressed during late development in the mouse 
and expression increases to reach a peak during the first two 
postnatal weeks (cf. paragraph 2.2). A role for LGI1 in brain 
development was inferred from structural abnormalities in 
animals from which LGI1 is genetically deleted. The cortex 
of early postnatal LGI1−/− mice (P7–P20) shows a diffuse 
dysplasia together with an abnormal neuronal layer organi-
zation [67]. Cortical dysplasia is also induced in mice by 
conditional inactivation of LGI1 in nestin immunopositive 
cells, but not in GFAP cells, CAMK2a cells or parvalbumin 
cells [68]. This data suggests that cortical malformations 
may result from a loss of LGI1 function in neuronal precur-
sor cells during development. In a different LGI1−/− mouse, 
cortical malformations were not observed but neuronal loss 
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occurred in the CA1 and CA3 areas, and the thickness of the 
granule cell layer was enhanced with neuronal dispersion 
[37]. Defects in cerebellar foliation have been detected in 
P2–P4 LGI1−/− animals together with a reduction in thick-
ness of the external granule cell layer [69].

LGI1 enhances neurite growth and synapse formation 
and maturation

Several studies suggest that LGI1 controls synapse numbers 
and activity. In LGI1−/− mice, cortical and hippocampal 
neurons receive fewer synapses and synaptic signaling is 
reduced [64, 67]. Conversely, application of LGI1 to cul-
tured hippocampal neurons over 6 days increased synapse 
numbers [64]. LGI1 stimulates dendritic growth of neurons 
in culture, and enhances axonal growth by suppressing mye-
lin-induced growth cone collapse [48, 55].

Interactions between LGI1 and the Nogo receptor 1, 
NgR1, (cf. paragraph 2.3.2) are suggested to mediate these 
effects on axonal and dendritic growth and also on the for-
mation and maturation of synapses [64]. When occupied by 
its myelin-derived agonist ligands, NgR1 activates RhoA 
signaling. This small GTPase acts to limit synapse numbers 
in development [70], and is crucial for normal neuronal mor-
phogenesis [71]. Hippocampal neurons of NgR1−/− mice 
receive more synapses than control mice [64]. Work on 
LGI1−/− mice suggests that LGI1 inhibits RhoA activa-
tion via NgR1 [64]. Thus, the NgR1–LGI1 balance would 
regulate RhoA activity during development, and in this way 
affect synaptic number and function.

LGI1 may also affect neuronal maturation through its 
interactions with proteins of the ADAM family. Indeed, 
LGI1–ADAM22 and LGI1–ADAM23 interactions have been 
shown to influence neuronal development [55]. Furthermore, 

Figure 2   Synaptic organization of LGI1 and disruption by mutations 
and autoantibodies. A Organization of LGI1 in a trans-synaptic com-
plex with protein partners, and indirect functional interactions with 
presynaptic Kv1 channels and postsynaptic AMPA-Rs. B Pathogenic 
disruptions of LGI1, either by loss-of-function mutation or by autoan-
tibodies. LGI1 alterations were shown to disrupt both Kv1 channels 
and AMPA-R expression and function. This could result from (1) 
internalization of Kv1 channels with their protein complex [133], 
(2) a decrease in Kv1 current, through fast-inactivation mediated by 

Kvβ1 [65, 86], (3) removal of Kv1 channels and AMPA-R from the 
synapse, or decreased expression [45, 85, 133, 138]. The loss of Kv1 
currents enhances neurotransmitter release and so increases synaptic 
glutamate levels. Similarly, internalization, loss of channel function 
or changes in synaptic expression might be involved for AMPA-R 
channels. These may be the most promising candidate mechanisms 
that link LGI1 disruption to seizures. We used Servier Medical Art to 
create the figure
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NgR1 and ADAM22 interact directly, although it is not clear 
whether ADAM proteins and NgR1 participate in independ-
ent LGI1-associated pathways, or function as co-receptors 
for LGI1. Both arrangements may coexist.

Distinct LGI1−/− mouse strains have provided opposite 
evidence on LGI1 influences on neuronal process growth 
and synaptogenesis [43, 62]. Electron microscopy provided 
no evidence that dendritic growth or synaptogenesis were 
altered in different LGI1−/− mice. The reasons for these 
inconsistencies are unknown, and further work is needed 
to understand differences between animals with LGI1 
deletions.

LGI1 regulates neuronal myelination

Electron microscopy examination of LGI1−/− mice has 
suggested LGI1 facilitates myelination in the central and 
peripheral nervous system [72]. In addition, recent data has 
shown that LGI1 may control the differentiation of oligoden-
drocyte precursor cells [38]. In LGI1−/− animals the expres-
sion of TSC1 (tuberous sclerosis complex 1) was reduced, 
which could be responsible for an upregulating activity of 
the mTORC1 complex in oligodendrocytes. Since mTORC 
activity is known to affect CNS myelination [73], over-acti-
vation in LGI1−/− mice could tend to reduce myelination 
[38].

Roles of LGI1 in the control of neuronal ion channels

LGI1 regulates presynaptic voltage‑dependant K+ current 
through Kv1 channels

Kv1 channels are a family of K+ channels, which are 
expressed as protein tetramers of 4 alpha subunits, each 
with 6 transmembrane domains. Eight alpha subunits have 
been described so far (Kv1.1–Kv1.8). They can assemble 
into homotetramers or heterotetramers. Different combina-
tions control the biophysics, pharmacology and dynamics of 
K+ currents and also sites of membrane insertion and chan-
nel mobility [74]. Alpha subunits may be associated with 
accessory intracellular beta subunits which modify channel 
properties and currents [75]. Kv1 channels are expressed 
ubiquitously and exhibit great diversity in expression, topog-
raphy, and associated subunits [74, 76]. Expression levels 
are high in axons and terminal boutons as well as somata and 
dendrites. Kv1 channels are enriched and colocalize with 
LGI1 in axon initial segments [45, 46].

K+ currents mediated by Kv1 channels activate at mem-
brane potentials near neuronal firing threshold [77] thus 
operating to prevent hyperexcitability by limiting and 
delaying neuronal firing [78, 79]. Kv1 channels control 
action potential shape, timing and frequency and transmit-
ter release from axonal terminals [79–82]. Kv1.1 subunits 

tend to promote fast activating, slowly inactivating outward 
K+ currents in response to depolarization [74], which are 
blocked by the specific inhibitor dendrotoxin-K [83, 84].

Interactions between Kv1 and LGI1 suggest that LGI1 
affects Kv1 expression and functional properties. Co-immu-
noprecipitation studies with anti-LGI1 antibodies precipitate 
Kv1 channels, and reciprocally LGI1 protein was isolated in 
co-immunoprecipitation work based on anti-Kv1.1 antibod-
ies [50, 65]. However, LGI1 does not bind directly to Kv1, 
but interactions are mediated indirectly via proteins of the 
ADAM family and PSD95-like MAGUKs [44]. LGI1 does 
not interact in the same way with all different Kv1 subunits. 
In LGI1−/− mice, Kv1.1 and Kv1.2 expression, but not that 
of Kv1.4 and Kv1.6, was considerably reduced [45, 85].

Functional interactions between LGI1 and Kv1.1 were 
first described by Schulte et al. in a heterologous expres-
sion system [65]. LGI1 potentiated K+ currents by block-
ing fast-inactivation of Kv1.1 channels, which is mediated 
by the beta subunit Kvβ1. Similarly, LGI1, associated with 
ADAM22, potentiates K+ currents in HEK293 cells trans-
fected with Kv1.1/Kv1.4 [86]. Furthermore in LGI1−/− mice, 
axonal expression of Kv1.1 channels in CA3 pyramidal 
cells is strongly decreased, as well as Kv1.1 currents, which 
increases neuronal excitability [45]. Dendrotoxin-K, the 
specific Kv1.1 antagonist, increases neuronal excitability 
and transmitter release in wild-type neurons, but not in neu-
rons lacking LGI1 [45], confirming that LGI1 acts on Kv1.1 
channels.

LGI1 regulates postsynaptic AMPA‑R channels

Glutamate-activated ionotropic AMPA receptors (AMPA-R) 
underlie fast, excitatory synaptic transmission in the mam-
malian brain. They are heterotetramers formed by diverse 
assemblies of AMPA-receptor subunits GluR1 to GluR4. 
When activated by synaptically released glutamate, ion flux 
through a membrane pore opened in the receptor mediates a 
postsynaptic excitatory current [87].

While the multi-molecular protein complex derived 
by immunoprecipitation of tagged LGI1 did not contain 
AMPA-R, it did contain PSD95 and SAP97 [50], which both 
interact with AMPA-Rs. PSD95 is a scaffolding protein, 
which stabilizes AMPA-R at the postsynaptic membrane 
[61]. It binds, through its two first PDZ domains, to starga-
zin protein which in turn binds to AMPA-R subunits [88]. 
SAP97 is another anchoring protein of the MAGUK family. 
It binds directly through its second PDZ domain, to a PDZ 
ligand motif on the C-terminus of the GluR1 subunit [89]. 
An alternatively spliced version of ADAM22 also possesses 
a C-terminal cytoplasmic PDZ ligand motif which binds to 
the third PDZ motif of PSD95 [2].

PSD95 overexpression increases the number of AMPA-
R expressed at postsynaptic sites and so increases the 
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amplitude of synaptic events [61, 88]. This effect was 
abolished in LGI1−/− mice and in KI mice expressing a 
mutated version of ADAM22 without its PDZ binding 
site to PSD95 [42, 44]. These data suggest that both LGI1 
and ADAM22 are needed for PSD95 membrane anchor-
ing of AMPA-R. Postsynaptic stabilization of AMPA-R 
is thus indirectly linked to LGI1, via complexes of either 
ADAM22–PSD95–stargazin or ADAM22–PSD95–SAP97.

LGI1 may also regulate AMPA-R mediated synaptic 
currents. Application of LGI1 protein to acute slices of rat 
hippocampus enhanced EPSC amplitudes [2]. Inversely, 
AMPA-R currents decreased in slices from LGI1−/− mice 
or from animals expressing mutated ADAM22 [42, 44, 
50]. Moreover, AMPA-R currents were restored by LGI1-
expressing lentivirus injections in hippocampal slice cul-
ture from LGI1−/− mice [42]. Thus LGI1 directly enhances 
postsynaptic events presumably by recruiting AMPA-Rs to 
postsynaptic sites. AMPA-R decrease in LGI1−/− mice was 
not a consequence of seizures in these animals, as the study 
of Lovero et al. [42] reported AMPA-R alteration in P8 mice, 
before the emergence of spontaneous seizures (cf. paragraph 
4.1.2).

Some of these findings have been disputed in work with 
other strains of LGI1−/− mice. Other studies reported no 
differences in AMPA-R expression or in EPSC properties 
compared to control mice [43, 52]. The reasons for those 
discrepancies remain unclear. However, a number of differ-
ent approaches, including LGI1−/− mice, ADAM22 KI mice 
expressing a non-functional ADAM22, as well as PSD95 
overexpression in LGI1−/− and ADAM22-mutated mice, 
tend to conclude that LGI1 acts on molecules that stabilize 
AMPA-Rs at post-synaptic sites and so enhances the number 
of receptors expressed. These findings are congruent with 
data from protein interaction studies.

Human pathologies related to LGI1 
disruption

Genetic disruption of LGI1

Autosomal dominant lateral temporal lobe epilepsy 
(ADLTE)

In 1995, Ottman et al. reported a familial focal epilepsy with 
autosomal dominant inheritance linked to chromosome 10q 
[90]. Predominant auditory features were suggestive of a 
lateral temporal lobe onset. LGI1 mutations were identified 
a few years later in several families with autosomal domi-
nant lateral temporal lobe epilepsy [25, 35, 39]. Although 
heterozygous mutations in reelin, RELN, have also been 
reported in ADLTE families [91], LGI1 mutations remain 
predominant and are identified in about one-half of cases 

[35, 39, 92]. A reduced penetrance around 70% is described 
[25, 35, 39, 92–94].

The first symptoms of ADLTE occur during adolescence 
or early adulthood. Focal aware seizures—formerly known 
as ‘auras’—with auditory features are the most suggestive 
manifestations. Ictal auditory symptoms are reported in 62% 
of patients and seizures are reportedly triggered by sudden 
sounds, such as a phone ringing for about 20% of them 
[93]. Initial ictal symptoms include simple sounds, such as 
buzzing, ringing and humming, or more complex halluci-
nations, such as voices or music. Positive or negative audi-
tory illusions include altered sound volumes or frequencies. 
Patients may experience other less common types of focal 
aware seizures: visual or olfactory hallucinations, dysmne-
sic features (déjà-vu), or vertigo. 20% of patients describe 
ictal aphasia [93, 94] as a receptive aphasia, formerly called 
Wernicke’s aphasia. Focal to bilateral tonic–clonic seizures 
affect about two thirds of patients [93]. Brain MRI scans are 
frequently normal, while EEG records may reveal temporal 
epileptiform activity. ADLTE is generally well controlled 
by antiepileptic drugs. However, drug treatment must be 
maintained for life, since relapses are frequent when drugs 
are withdrawn.

LGI1 mutations: a loss‑of‑function pathophysiology

At least 45 distinct mutations of LGI1 have been identified 
in ADLTE patients. Lists of mutations were published in 
2016 and 2020 [95, 96], and no new mutations of LGI1 have 
been reported since 2020. Of the 45 mutations, there are 
30 missense (67%), 7 frameshift (16%), 4 in splicing donor 
or acceptor sites (9%), 2 nonsense (4.5%) and 2 microdele-
tions (4.5%). The mutations are homogeneously distributed 
throughout the LGI1 sequence, with no specific domain pref-
erence (Fig. 1).

Three lines of LGI1−/− mice have been generated to 
model pathophysiological effects of a genetic loss of LGI1 
function [37, 50, 52]. They exhibit similar behavioral pheno-
types. Spontaneous generalized epileptic seizures appeared 
during the second postnatal week at a frequency of approxi-
mately one per hour. Ictal EEG events originated earlier in 
the hippocampus than in the cortex [37]. Weight gain in 
these young animals was strongly reduced when seizures 
emerged and LGI1−/− mice died prematurely during the third 
postnatal week [37, 50, 52]. No spontaneous epileptic sei-
zures have been observed in LGI1+/− mice. Their survival 
was normal, as was their fertility [37, 50, 52]. However, at 
one month, they were more sensitive than LGI1+/+ mice to 
the induction of seizures by the convulsant pentylenetetra-
zole (PTZ) [50] and by sound stimulation [37]. Thus, LGI1 
loss of functions leads to an epileptic phenotype, in a gene-
dose dependent manner.
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The function of LGI1 mutations associated with 
ADLTE has been assessed. Frameshift, splice-site, non-
sense and deletion mutations seem likely to induce loss 
of function, since protein sequences are strongly altered. 
Most missense mutations tested (21/24) show defects in 
secretion, while 3/24 are secretion competent [96]. The 
loss of secretion may result from abnormal protein con-
formations which would lead to premature degradation 
by quality control machinery. This hypothesis was tested 
for the E383A mutation, with a transgenic LGI1−/− model 
made to express the mutated protein [62], and also for the 
L385R mutation, in a transgenic rat model [97]. Both ani-
mal models exhibited generalized seizures and died pre-
maturely between the second and fourth week of life. Both 
mutated proteins were unstable and prematurely degraded. 
The chemical corrector, 4-phenylbutyric acid, which acts 
to stabilize misfolded proteins, improved secretion of 
the mutated LGI1 and reduced seizure susceptibility in 
LGI1–E383A mice, suggesting possible conformational 
alterations in the LGI1–E383A protein [62].

The three secretion-competent LGI1 mutations were 
also functionally assessed. The S473L mutation impairs 
LGI1 binding to ADAM22 but not to ADAM23 [26, 62]. 
The R474Q mutation did not alter LGI1–ADAM22 or 
LGI1–ADAM23 binding, but did suppress LGI1 dimeri-
zation [26]. The third secretion-competent LGI1 muta-
tion, R407C, did not affect LGI1–ADAM binding, or 
LGI1–LGI1 binding. Lethal epilepsy was not detected 
in LGI1−/− mice crossed with transgenic mice to overex-
press wild-type LGI1 [50]. Expression of LGI1–R407C in 
LGI1−/− mice rescued the phenotype, as observed with re-
expression of wild-type LGI1. Such a rescue did not occur 
with the S473L and R474Q mutations [26, 62]. These data 
suggest that the R407C mutation is non-pathogenic. In 
contrast, for the pathogenic but secretion-competent muta-
tions S473L and R474Q, function is lost but with no major 
effects on protein conformation. If the R407C mutation is 
not pathogenic, could its detection in one ADLTE family 
[98] be a false-positive? Possibly mutation of a different 
gene, such as reelin [91], might be involved in this family.

In summary, most LGI1 mutations induce a loss of 
function which is independent of the type of mutation 
and its localization in the gene, leading to the epileptic 
disease. Genotype–phenotype correlations are, therefore, 
absent. No differences were found between truncating 
and missense mutations, or between the mutations from 
different sites along the gene. No correlation has been 
established between different mutations and their respec-
tive penetrance [95, 99, 100]. In addition, the behavioral 
phenotype of LGI1+/− mice overexpressing LGI1–S473L 
or LGI1–R474Q was similar to that of LGI1+/− mice, sug-
gesting the absence of dominant-negative effects [62].

Autoimmune disruption of LGI1

Autoimmune encephalitis associated with antibodies 
directed against LGI1

An AE with antibodies targeting the LGI1 protein was 
reported in 2010 [7, 9]. Before this report, a group of AE 
syndromes involving central and peripheral nervous systems 
had been identified and related to antibodies directed against 
the voltage-gated potassium channel complex, or VGKC 
[101]. Anti-VGKC antibodies were later shown to target 
either LGI1 or contactin-associated protein-like2 (CASPR2), 
which are two protein members of the VGKC complex [7, 
9]. The term ‘anti-VGKC encephalitis’ has now been rede-
fined as two distinct subgroups—anti-LGI1 encephalitis 
and anti-CASPR2 encephalitis—with distinct symptoms 
and prognosis.

Anti-LGI1 encephalitis is the second most common sub-
type of AE-related to anti-neuropil antibodies—after anti-
NMDA (N-methyl-d-aspartate) receptor encephalitis. It rep-
resents about 25% (range 17.6–34.6%) of all AE subtypes 
[102–106], and is the most frequently observed subtype in 
epilepsy units [107].

Demographic characteristics  Patients with anti-LGI1 AE 
have a median age of 65 in the largest cohort (n = 196) [20] 
and from 56 to 60 in other significant cohorts [108–111]—
which could explain an association with Alzheimer’s dis-
ease. Patients are more often males than females in a ratio of 
2:1 [8, 10, 20, 108–113]. Data from several cohorts suggests 
a genetic predisposition exists with a strong association to 
Human Leukocyte Antigen (HLA) class II alleles. HLA-
DRB1*07:01 was found in 88–91% of patients [114–117]. 
In a large cohort of anti-LGI1 AE patients, non-carriers of 
this allele were younger (median age: 46), more frequently 
female, with fewer psychiatric symptoms and less frontal 
lobe dysfunction [117].

Clinical phenotypes  Two brain regions—motor cortex and 
the mesial temporal lobe—are mainly affected by anti-LGI1 
AE and clinical phenotypes differ accordingly (Fig. 3) [10]. 
When the motor cortex is involved, tonic–dystonic seizures 
(TDS) are generated. They have also been termed facio-
brachial dystonic seizures (FBDS) and are pathognomonic 
of anti-LGI1 encephalitis. When the mesial temporal lobe 
is involved, clinical symptoms are indicative of a limbic 
encephalitis.

Clinical characteristics of TDS are described in Table 1 
and supported by a video recording in the Online Resource 
1. We tend to prefer the term tonic–dystonic seizure (TDS) 
to faciobrachial dystonic seizure (FBDS), since face 
involvement may be variable or absent, although both 
terms are used. TDS events in video-EEG recordings are 
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preceded by a specific and highly reproducible slow wave 
[10, 118, 119]. This wave, which can be easily missed, 
lasts around 500 ms and arises from fronto-central elec-
trodes contralateral to the TDS. EEG analysis using aver-
age montage and co-recording of EMG activity of the 
corresponding muscles can help better identify this slow 
wave (Fig. 3, right). In EMG records, the tonic compo-
nent of the TDS is characterized by a ‘rhombus’-like shape 
of duration 1–2 s. Polymyographic records revealed two 
different EMG profiles associated with TDS [10]. In 2/5 
patients, EMG activity was continuous, corresponding to 
a purely tonic spasm. In 3/5 patients, EMG activity con-
sisted of short rhythmic bursts corresponding to a tonic 
spasm with superimposed short duration (20–40 ms) myo-
clonus. The temporal and spatial organization of the jerks 

was compatible with rapid pyramidal conduction along the 
corticospinal pathway, as for cortical myoclonus. Taken 
together, these features support a cortical origin for TDS. 
Finally, 18F-fluoro-deoxy-glucose (18F-FDG) positron 
emission tomography (PET) showed a strong increase of 
metabolism in contralateral primary motor cortex (Fig. 3, 
right) [10]. These observations suggest TDS originates in 
the motor cortex. MRI unilateral signal abnormalities and 
PET strong bilateral hypermetabolism in basal ganglia—in 
particular the striatum—may be detected in anti-LGI1 AE 
with TDS [120, 121]. MRI changes (T1 and/or T2 hyper-
intensities) have also been found in basal ganglia in some 
patients [120, 121]. While the motor cortex activation may 
generate the tonic phase of TDS [10], the striatum involve-
ment might cause the dystonic posture [122].

Figure  3   Two main targets of anti-LGI1 encephalitis: mesial tempo-
ral lobe and motor cortex. Left, Mesial temporal lobe involvement. 
Hippocampal hyper-intensity and edema can be found on the brain 
MRI (top left, coronal T2 image), as well as focal fronto-temporal 
lobe seizures (middle left; arrows indicate the EEG channels involved 
in the seizure) on EEG, and hippocampal hypermetabolism on F18–
FDG–PET (bottom left; coronal view, superimposed on brain MRI). 
A striking bilateral striatal hypermetabolism is often detected in anti-
LGI1 AE. Right, Motor cortex involvement. Tonic–dystonic seizures 

(TDS), also called faciobrachial dystonic seizures (FBDS), occur as 
in the top right (tonic contraction of the right hemiface and arm). 
Concomitant scalp EEG shows a fronto-central slow wave (mid-
dle right, black arrows) before the contralateral muscle contraction 
(white arrow, right arm EMG). F18–FDG–PET (bottom right) shows 
a hypermetabolism located on the primary motor cortex. EEG, MRI, 
and F18–FDG–PET figures are reproduced with permission from 
Navarro et al. 2016 [10]
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Limbic encephalitis (Fig. 3, left) is often characterized 
by mesial temporal lobe seizures and cognitive disorders of 
subacute onset (typically less than 3 months). Patients with 
anti-LGI1 AE may initially experience focal mesial temporal 
lobe seizures (MTLS) with no loss of consciousness, mainly 
including vegetative symptoms (ascending epigastric feel-
ing, hot and cold feeling, pilo-erection), as well as sudden 
fear or anxiety, which may be misdiagnosed as psychiatric 
symptoms. Dysmnesic symptoms (déjà-vu, déjà-vécu) can 
also occur, but rather in patients suffering from epilepsy in 
relation to a hippocampal sclerosis as late sequelae, without 
any active dysimmune encephalitis. The duration of seizures 
in patients with limbic encephalitis is typically a few sec-
onds, and their frequency may reach 30–40 per day. Focal 
seizures with impaired awareness and automatisms, and 
focal to bilateral tonic–clonic seizures and status epilepticus 
may occur thereafter or as the first manifestation. Cogni-
tive disorders associated with limbic encephalitis center on 
memory impairment, largely involving episodic verbal and 
visuospatial memories, due to hippocampal involvement. 
Confusion and disorientation can also be identified. Mean 
Mini-Mental State Examination (MMSE) score is 20–23.5 
points, indicating a mild cognitive impairment [10, 108, 123, 
124]. MRI scan can be normal at the early beginning of the 
disease, especially when limbic symptoms are discrete. Hip-
pocampal edema can be seen thereafter (Fig. 3, left). At later 
stage, after the disease is controlled by immunomodulatory 
drugs, hippocampal edema, defined by an increased volume, 
disappears. In later stages, signs of hippocampal sclerosis 
may be seen, including T2/FLAIR hypersignal associated 
with atrophy and loss of internal structure. 18F-FDG PET 
highlights hippocampal hypermetabolism in active limbic 
encephalitis. Frontal and temporal lobe hypometabolism is 
typical in patients with cognitive impairment.

Hyponatremia is reported in about two thirds of AE 
patients (39–69%) [7, 9, 10, 20, 108–110, 112]. It is thought 
to result from a syndrome of inappropriate antidiuretic 
hormone secretion (SIADH), which may originate from 
a hypothalamic involvement. Accordingly, a link between 
hyponatremia and mesial temporal involvement with major 
cognitive disorders was reported [8, 10]. Peripheral nerv-
ous system may also be involved. Peripheral neuropathy 
and peripheral nerve hyperexcitability have been reported 
in approximately 5–10% of patients with anti-LGI1 AE [20, 
125]. Neuropathic pain usually displays a length-dependent 
pattern and responds to immunotherapy [125].

Clinical evolution of the disease  Anti-LGI1 AE originates 
either in the motor cortex or the mesial temporal struc-
tures. Later, both regions can be affected (Fig. 4). In some 
patients TDS is initially unilateral and may become bilat-
eral with time. Similarly, the mesial temporal lobe may first 
be affected unilaterally before the encephalitis may affect 
bilateral cortical structures and severe cognitive impair-
ment ensues. As knowledge on the syndrome improves, the 
delay between symptom onset and diagnosis has decreased, 
from about 12 months a decade ago to 1–3 months at pre-
sent. The disease usually follows a monophasic time course. 
Relapses appear to occur in 25–41% of patients, usually in 
the first year after recovery [126–128]. Sequels of an initial 
encephalitis usually stem from a delayed diagnosis, associ-
ated with a temporal lobe involvement. For instance an early 
hippocampal edema can evolve into hippocampal sclerosis 
and induce MTLE. Epileptic seizures persist in about 20% 
of patients after treatment and recovery from encephalitis. 
Administration of corticosteroids may protect against this 
evolution [109, 128]. In older patients, interaction with Alz-
heimer’s disease processes can aggravate cognitive dysfunc-

Table 1   Main characteristic of TDS, also called FBDS, in anti-LGI1 AE

Duration Brief motor events around 1 s
Location Unilateral hemiface and upper limb (i.e., FBDS), or unilateral upper and lower limbs, and less frequently the trunk
Lateralization - One side at disease onset

- Later, possibly both sides, usually independently
- ‘A bascule’ TDS can also occur and consist in seizures affecting on one side then the other one after a few 

seconds
Type of movement disorders - Tonic component, which mimics epileptic spasms

- Dystonic component, which can be seen in the fingers and the hand, sometimes associated with brief automa-
tisms

Consequences - Falls or ‘drop attacks’ when affecting lower limbs
- Vocalization when affecting the head

Consciousness Rarely associated with a loss of consciousness, but ‘classical’ seizures from frontal or temporal lobes can emerge 
after disease progression

Triggers Sometimes triggered by surprise (ring, etc.), movement or strong (positive or negative) emotions
State of vigilance Occurring during both awakening and sleep stages
Evolution Progressive increase in frequency: from 1 TDS per week to 1 TDS every 2–3 min
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tion. CSF biomarkers should be explored to understand such 
interactions.

Biological findings  Antibodies against LGI1 are mainly 
IgG4 subtypes [129–131]. They can be identified in both 
CSF and blood. Antibodies can sometimes be detected 
only in blood. IgG4 are not pro-inflammatory antibodies, 
but rather mediate inhibitory protein–protein interactions 
with their targets [132]. CSF may be normal, and in con-
trast to anti-NMDAR AE, pleocytosis is rare and moder-
ate. To exert their pathological effects on their antigens, 
autoantibodies have to access the CNS. Entry of autoan-
tibodies into the CNS can occur via diffusion of IgG, or 
via the passage of B cells, from the periphery to the CNS, 
across the blood brain barrier. On study reported B cell 
IgG synthesis in the CNS of 3 anti-LGI1 AE patients 
[34]. It is not known if this mechanism could coexist with 
peripheral IgG diffusion to CNS, which is suggested by 
the approximately 100 times more concentrated antibod-

ies in the serum compared to the CSF [133]. The role of 
inflammation in anti-LGI1 AE remains to be clarified. Pos-
sibly ‘encephalopathy’ could be a better description since 
there may be no direct inflammation, even if hippocampal 
edema is observed probably resulting from inflammation 
due to excitotoxic processes [134] (Fig. 3, left).

Treatments  TDS and MTLE are poorly controlled by 
standard antiepileptic drugs [102, 130, 135, 136]. Immu-
nomodulatory and immunosuppressive treatments acting 
on B lymphocytes and immunoglobulins are more efficient. 
High doses of corticosteroids with intravenous polyclonal 
immunoglobulins are often used as a first-line therapy. 
Alternatively plasma exchange can be used; rituximab has 
also been used. Other drugs have also been used, such as 
cyclophosphamide. Only one double-blind placebo-con-
trolled study was reported in anti-LGI1 AE and suggested 
the efficacy of intravenous polyclonal immunoglobulins in 

Figure  4   Natural clinical history of anti-LGI1 encephalitis. At dis-
ease onset unilateral motor cortex (unilateral TDS, top left) or mesial 
temporal lobe (isolated mesial temporal lobe seizure, bottom left) 
may be equally affected structures. The further evolution is character-

ized by bilateral involvement, leading to either bilateral TDS, or cog-
nitive disorders and MTLS. Finally, both structures, motor cortex and 
mesial temporal lobe, may be involved. The figure is reproduced with 
permission from Navarro et al. 2016 [10]
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reducing seizure frequency [137]. However, there is still 
no class 1 evidence for the use of specific drugs.

Anti‑LGI1 antibodies inhibit LGI1

When an antibody has been linked to an autoimmune dis-
ease, it is crucial to determine whether it plays an active 
role in the pathophysiology or whether it is just an effective 
biomarker. For anti-LGI1 AE, the absence of major inflam-
matory reactions in the CSF, and IgG4 subtype of most 
autoantibodies in patients (cf. paragraph 4.2.1) tend to favor 
a humoral rather than a cellular dysimmune reaction. The 
reversal of symptoms by immunotherapy also suggests that 
antibodies mediate AE, and not cytotoxic T lymphocytes 
which would induce irreversible tissue lesions.

The effects of human anti-LGI1 antibodies have been 
studied on neurons, in vitro and in vivo. Anti-LGI1 anti-
bodies are polyclonal and recognize epitopes of both the 
LRR and EPTP domains of LGI1 [33, 34, 133] which have 
recently been shown to initiate distinct pathophysiological 
effects [34, 133]. A recent study showed that binding to 
the EPTP domain impairs interactions between LGI1 and 
ADAM22 and also ADAM23. This disruption is similar to 
that induced by the secretion-competent mutation S473L (cf. 
paragraph 4.1.2). In contrast antibody binding to the LRR 
domain induces internalization of LGI1 and its membrane 
receptors.

Antibody injections into mouse hippocampus or cerebral 
ventricles, reduce expression of Kv1 and AMPA-R channels 
after 7–14 days [133, 138], reproducing effects observed in 
LGI1−/− mice (cf. paragraph 4.1.2). AMPA-R expression 
was also decreased after adding anti-LGI1 antibodies to rat 
hippocampal neurons in culture medium [33]. Anti-LGI1 
antibodies consistently increased neuronal excitability, 
regardless of the domain targeted, in vitro [34] and in vivo 
[133, 138]. In vivo infusion of antibodies in mice, reduces 
synaptic long-term potentiation [133, 138], and induced 
reversible memory deficits [138].

Surprisingly seizures did not emerge, even if intracerebral 
anti-LGI1 antibody injection in vivo decreased expression 
of Kv1 and AMPA-R channels and increased neuronal excit-
ability [133, 138]. AE evolves over weeks or months, so 
perhaps a 2 week exposure to antibodies, which decreased 
channel expression by ~ 15%, did not suffice to trigger sei-
zures [138]. For comparison, Kv1.1 expression was reduced 
by ~ 50% from control in LGI1 KO mice that exhibited fre-
quent generalized seizures [45, 85]. Thus, antibody infusion, 
critical to demonstrate pathogenicity, may not be the optimal 
method to explore human epileptic phenotypes.

In summary, LGI1 autoantibodies change neuronal and 
synaptic function so as to increase neuronal excitability. 
This loss of LGI1 function in AE is a pathophysiological 
common point with changes induced by LGI1 mutations in 

ADLTE patients (Fig. 2B). Seizures represent a common 
pathological point for AE and ADLTE, even if many clinical 
symptoms differ sharply.

Conclusion

This review has explored consequences of the loss of 
function of LGI1, a feature common to ADLTE, a genetic 
syndrome and AE, an autoimmune disease. Reduced Kv1 
currents due to loss of LGI1 function led to an increased 
neuronal excitability and activity, in both genetic and auto-
immune animal models, which seem likely to contribute to 
epileptic disorders linked to LGI1.

LGI1 also controls AMPA-R expression. Precise details 
on mechanisms have added support to this previously con-
troversial hypothesis. However, it remains unclear how a 
reduced efficacy of fast synaptic excitation could favor the 
emergence of seizures in the genetic syndrome ADLTE or 
in the immune related AE. The same question remains to 
be answered for anti-AMPA-R AE patients, who may also 
exhibit seizures in estimated 28% of patients [139]. One pro-
posed mechanism involves a specific decrease of AMPA-R 
activity in inhibitory interneurons [33]. However, condi-
tional inactivation of LGI1 in either glutamatergic cells or 
in parvalbumin-containing interneurons [32] did not support 
this hypothesis. Conditional inactivation in glutamatergic 
cells sufficed to trigger seizures, but deletion of LGI1 lim-
ited to parvalbumin cells did not induce seizures. Thus sei-
zures in LGI−/− mice may depend on an increased efficacy 
of excitatory cells rather than a disinhibitory reduction in 
interneuron efficacy. A reduced AMPA-R expression could 
also be involved in some non-epileptic symptoms of ADLTE 
and anti-LGI1 AE patients.

Evidence that LGI1 mutations induce an aberrant brain 
organization, with abnormal neuronal and synaptic morphol-
ogies, suggests that subtle developmental abnormalities may 
also contribute to seizures resulting from LGI1 mutations 
in ADLTE. More severe epileptic phenotypes result when 
LGI1 is deleted during embryogenesis than when deletions 
are made during adult life [32]. Developmental effects might 
partly explain different clinical profiles of ADLTE patients 
and anti-LGI1 AE patients, for whom LGI1 is inhibited in 
a fully mature brain.

LGI1 has emerged as a major molecular influence on the 
regulation of brain development, neuronal excitability and 
synaptic transmission and plasticity. Comprehension of this 
physiology is crucial to understand normal brain function 
as well as the pathophysiological syndromes reviewed here. 
Better understanding of the physiology, pharmacology and 
biochemistry will open new therapeutic approaches, such as 
targeting LGI1 molecular partners, or designing anti-epilep-
tic drugs to target the altered cellular and synaptic currents.
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