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Abstract: The Leucine-rich glioma inactivated (LGI) family consists of four highly-conserved
paralogous genes,  LGI1-4  , that are highly expressed in mammalian central and/or
peripheral nervous systems. LGI1 antibodies are detected in subjects with autoimmune
limbic encephalitis and peripheral nerve hyperexcitability syndromes (PNHS) such as
Isaacs and Morvan syndromes. Pathogenic variations of  LGI1  and  LGI4  are
associated with neurological disorders as disease traits including familial temporal lobe
epilepsy, and neurogenic arthrogryposis multiplex congenita 1 with myelin defects,
respectively. No human disease has been reported for either  LGI2  or  LGI3  . We
implemented exome sequencing and family-based genomics to identify cases with
deleterious variants in  LGI3  and utilized GeneMatcher to connect practitioners and
researchers worldwide to investigate the clinical and electrophysiological phenotype in
affected subjects. We also generated  Lgi3  null mice, and performed peripheral nerve
dissection and immunohistochemistry to examine the juxtaparanode Lgi3
microarchitecture. As a result, we identified sixteen individuals from eight unrelated
families with Loss-of-function (LoF) biallelic variants in  LGI3  . Deep phenotypic
characterization showed  LGI3  LoF causes a novel and potentially clinically-
recognizable PNHS trait characterized by global developmental delay, intellectual
disability, distal deformities with diminished reflexes, visible facial myokymia, and
distinctive electromyographic features suggestive of motor nerve instability.  Lgi3  null
mice showed reduced and mis-localized Kv1 channel complexes in myelinated
peripheral axons. Our data demonstrate biallelic LoF variants in  LGI3  cause a novel
clinically-distinguishable disease trait of PNHS, likely caused by disturbed Kv1 channel
distribution in absence of LGI3.
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ABSTRACT  

The Leucine-rich glioma inactivated (LGI) family consists of four highly-conserved paralogous 

genes, LGI1-4, that are highly expressed in mammalian central and/or peripheral nervous 

systems. LGI1 antibodies are detected in subjects with autoimmune limbic encephalitis and 

peripheral nerve hyperexcitability syndromes (PNHS) such as Isaacs and Morvan syndromes. 

Pathogenic variations of LGI1 and LGI4 are associated with neurological disorders as disease 

traits including familial temporal lobe epilepsy, and neurogenic arthrogryposis multiplex 

congenita 1 with myelin defects, respectively. No human disease has been reported for either 

LGI2 or LGI3. We implemented exome sequencing and family-based genomics to identify cases 

with deleterious variants in LGI3 and utilized GeneMatcher to connect practitioners and 

researchers worldwide to investigate the clinical and electrophysiological phenotype in affected 

subjects. We also generated Lgi3 null mice, and performed peripheral nerve dissection and 

immunohistochemistry to examine the juxtaparanode LGI3 microarchitecture. As a result, we 

identified sixteen individuals from eight unrelated families with Loss-of-function (LoF) 

biallelic variants in LGI3. Deep phenotypic characterization showed LGI3 LoF causes a 

potentially clinically-recognizable PNHS trait characterized by global developmental delay, 

intellectual disability, distal deformities with diminished reflexes, visible facial myokymia, and 

distinctive electromyographic features suggestive of motor nerve instability. Lgi3 null mice 

showed reduced and mis-localized Kv1 channel complexes in myelinated peripheral axons. Our 

data demonstrate biallelic LoF variants in LGI3 cause a clinically-distinguishable disease trait 

of PNHS, likely caused by disturbed Kv1 channel distribution in absence of LGI3. 

Keywords LGI3, peripheral nerve hyperexcitability syndromes, facial myokymia, 

neurobiology of disease, genomic rearrangement, gene and genome instability, biallelic 

variation, KCNA 

Running title: LGI3-related peripheral nerve hyperexcitability  
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REPORT 

The Leucine-rich glioma-inactivated (LGI) family consists of four highly homologous proteins, 

LGI1-4, composed of two repeat domains: N-terminal cysteine-flanked Leucine-rich repeats 

(LRRs) and C-terminal epitempin (EPTP) repeats.1; 2 These repeats exhibit 60-70% similarity 

in their amino acid sequence and highly similar domain structures, categorizing LGI1-4 within 

the large LRR and EPTP superfamilies.2  

Members of the EPTP superfamily have been proposed as candidates for epilepsy and 

neurological disorders.2 LGI1-4 paralogues are highly expressed in the central and/or peripheral 

nervous system (CNS and PNS, respectively).3; 4 LGI3 is widely expressed in the mammalian 

brain.3 It colocalizes and interacts with endocytosis-associated proteins and SYNTAXIN-1, 

potentially regulating neuronal endocytosis and exocytosis.5; 6 LGI3 expression increases 

dramatically during postnatal brain development suggesting a role in neuronal differentiation, 

maturation, synaptogenesis, and plasticity.7 LGI3 is highly expressed in sensory and motor 

neurons in the PNS and induces neurite outgrowth in dorsal root ganglia explants.4; 8; 9  

No known disease association exist for LGI3, paralogues LGI1 and LGI4 associate with 

neurological disease traits: familial temporal lobe epilepsy (FTLE [MIM: 600512]) and 

neurogenic arthrogryposis multiplex congenita 1, with myelin defects (AMC1 [MIM: 617468]), 

respectively.10-13 Antibodies against LGI1 can be found in acquired autoimmune limbic 

encephalitis and peripheral nerve hyperexcitability syndromes (PNHS).14; 15 

PNHS are a rare group of neurological disorders characterized by clinical and electrodiagnostic 

evidence for instability of neurotransmission in lower motor neurons or peripheral motor nerves  

resulting in spontaneous discharges, such as fasciculations, myokymia, neuromyotonia, and 

overactivity of the muscle groups, leading to muscle stiffening, cramps, and gait impairment.14 

Occasionally, CNS features such as agitation, memory loss, ataxia, dysarthria, seizures, 

autonomic dysfunction, dystonia, and/or dyskinesia are observed.14; 16-18 The majority of PNHS 
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are acquired immune-mediated disorders including Isaacs syndrome [MIM: 160120], Morvan 

syndrome, and cramp-fasciculation syndrome.14  

Evidence for peripheral nerve hyperexcitability is observed in several genetic syndromes, the 

“genetic PNHS”, such as KCNA1-related episodic ataxia type 1 (EA1)/myokymia syndrome 

[MIM: 160120], KCNQ2-related benign familial neonatal epilepsy type 1 and/or myokymia 

[MIM: 121200], HINT1-related neuromyotonia and axonal neuropathy [MIM: 137200], 

ADCY5-related familial dyskinesia with facial myokymia [MIM: 606703], and PNKD-related 

paroxysmal non-kinesigenic dyskinesia 1 [MIM: 118800].  

We describe a genetic PNHS due to biallelic LGI3 LoF in 16 subjects from eight unrelated 

families. Prominent clinical features include global developmental delay (GDD), intellectual 

disability (ID), facial myokymia, distal deformities and hyporeflexia/areflexia demonstrating 

both CNS and PNS dysfunction. Our data in mouse and human suggest a plausible model to 

explain electrodiagnostic myokymia and the appearance of observable facial myokymia.  

Legal guardians of affected individuals provided written informed consent for clinical data 

sharing, collection and storage of biological samples, experimental analyses, and publication of 

relevant findings as well as images and videos. The study was performed in agreement with the 

Declaration of Helsinki and was approved by the relevant institutional ethics committees from 

participating centers that connected through GeneMatcher.19 Individual case reports can be 

found in the supplemental data. Family 4 was previously included in a gene discovery cohort.20 

Exome Sequencing (ES) was implemented using genomic DNA extracted from leukocytes. 

Sanger di-deoxynucleotide sequencing was performed in all available family members 

orthogonally validating variant alleles and segregation in accordance with Mendelian 

expectations (Supplemental Data). We used unphased ES data in Families 1, 5 and 6 to 

determine Absence-of-Heterozygosity (AOH) of genomic intervals and infer Runs-of-

Homozygosity (ROH) representing haplotypes ‘homozygosed’ via identity-by-descent (IBD) 
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versus identity-by-state (IBS), and to calculate the estimated coefficient of inbreeding, FROH, 

for fraction of genome shared (Supplemental Data). ExomeDepth, a tool utilizing read depth 

from ES data as a surrogate measure of copy number variants (CNVs), was used to detect the 

homozygous multi-exonic intragenic deletion in LGI3 in Family 1.21 Characterization of the 

exonic CNV event, breakpoint junctions and inference of mutational mechanisms is detailed in 

the Supplemental Data.  

Families originated from multiple countries and diverse ethnic backgrounds (Figure 1A and 

Table 1). All families reported a history of consanguinity with 1st degree cousin marriage except 

for two families (Family 5A and Family 7). Family 5A’s parents however were descendants of 

the same large tribe. The estimated inbreeding co-efficient FROH of their affected children 

(Family 5A, II-1 and II-2) was 0.04 and 0.022, respectively, approaching that of a second-

degree cousin marriage (F= 0.03125).  

All LGI3 variants found in these families are listed in Table 1. Identified variants have been 

deposited to ClinVar (SUB11712385). Alleles include five predicted LoF variants (including 

three frameshift, one nonsense and one multi-exonic deletion) and two missense variant alleles 

(Table 1 and Figures 1C and S1). The two intronic +1/-1 variants (8:22011480, c.494+1G>C 

and 8:22006491, c.830-1G>A) are located at a canonical splice site which most likely cause 

aberrant splicing (SpliceAI highest confidence score (0.99-1.00) on both variants).22 How such 

putative splicing defects affect LGI3 protein expression remains to be determined.  

The missense variant p.(Leu141His) localizes to the LRR domain whilst the missense variant 

p.(Asp331Asn) localizes to the EPTP domain. The mutant encoding p.(Leu141His) variant is 

located 1bp from the exon-intron junction but is predicted not to affect mRNA splicing 

(SpliceAI score of 0.00-0.09).22 Both missense mutations are predicted to be damaging, and we 

show that indeed the mutant proteins accumulate in the endoplasmic reticulum (ER) and are 
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secreted at severely reduced levels (Figure S1B-E). Thus, these mutations represent probable 

functional-null alleles of LGI3. However, it is likely that the clinical phenotype of members of 

Families 4 and 6 is further impacted by ER stress, as expression of these mutant proteins result 

in strong ER accumulation and upregulation of chaperone proteins (Figure S1E-E1). 

The deleterious variants in LGI3 were homozygous and conformed with expected autosomal 

recessive (AR) trait inheritance in all families except for Family 7 with no reported 

consanguinity or tribal marriage in which the variants were compound heterozygous. 

Interestingly, the two branches of Family 5 (5A and 5B) were not known to be related but were 

from the same geographic region and carried the same variant allele that may represent a Clan 

Genomics-derived Founder allele.23 Further exploration of extended pedigrees revealed a 

shared ancestor, and the variant allele was identified within an overlapping AOH block of 1.9 

Mb with a total AOH of 107-137 Mb by AOH haplotype analysis of affected children (Figure 

S2). Note the LGI3 embedded AOH block of 15 Mb for Family 5B with a total AOH of 265-

300 Mb (Figure S2.). Two subjects carried a second molecular aberration, including 

chr16q13.11 microduplication of unknown significance (Family 7; individual II-1) and 

pathogenic homozygous variant in GHRHR [NM_000823.3:c.214G>T; p.(GluE72*)]  (Family 

1, II-3) causing AR isolated growth hormone deficiency type IV (IGHD4 [MIM: 618157]); 

thus, the multi-locus pathogenic variation in this proband may result genetically by distributive 

ROH. 

A homozygous intragenic deletion involving exons 6 to 8 of LGI3, which has eight coding 

exons, was identified in the proband from Family 1 (Figure 2A). Nucleotide-level resolution of 

the breakpoint junction was obtained and confirmed a homozygous deletion allele (~1.5Kb 

band) in proband genomic DNA (gDNA), suggesting genomic deletion size of ~6.9Kb; both 
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parents and the unaffected sister were heterozygous carriers of the exonic deletion. In contrast, 

only the wild-type (WT) allele (~8.4Kb band) was observed in the gDNA control (Figure 2B). 

Eight possible CNV-Alu pairs were predicted with an AAMR genomic instability risk score of 

0.469 for MIM genes and 0.486 for RefSeq genes; the latter reference haploid human genome 

computationally annotated genes, for LGI3 (Figure 2C). Examination of the haploid human 

reference genome showed multiple directly-oriented Alu elements flanking the deletion region, 

suggesting potential susceptibility to AAMR (Figure S3A). Sanger sequencing across the 

breakpoint junction in the deleted allele showed a chimeric, or recombinant, Alu element 

yielded from AluSp/AluSx recombination, with 65 bp microhomology at the apparent 

recombinant joint (Figure S3B) consistent with AAMR generating the new mutation haplotype 

in the Clan. 

Table 2 summarizes the developmental and neurological features of the 16 individuals from 

eight unrelated families with deleterious biallelic LGI3 variants (further detailed in 

supplemental case reports and Tables S1 and S2). All affected subjects had mild to moderate 

GDD (16/16), ID (13/13). Prominent neurological features included distal limb deformities 

(14/16); areflexia or hyporeflexia (10/16); tone abnormalities (7/13) including lower limb 

hypotonia in three subjects (one also with truncal hypotonia) and peripheral hypertonia/stiffness 

in five; near-continuous facial myokymia (7/16) (Supplemental Movies) associated with a small 

mouth with restricted opening (6/16). The facial myokymia was noted as early as 3 months of 

age (Family 6). Distal deformities included knee, hip, and ankle contractures (4/14), 

contractures/deformities of fingers and feet (6/14), and other uncharacterized deformities 

(4/14). 

Less common features included umbilical or diaphragmatic hernias (4/16), gait abnormality 

(5/16), neurobehavioral traits including autism spectrum disorder (5/16) or attention deficit 
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hyperactivity disorder (4/16), tongue fasciculations (3/16), and seizures (2/16). Other rarely 

observed features- seen only in one subject each- include severe progressive microcephaly (Z 

score -5 SD ), failure to thrive (FTT; weight at -4 SD), short stature (height at -4 SD), growth 

hormone (GH) deficiency, kyphosis (in Family 1, II-3 with IGHD4), bilateral hip dysplasia, 

pectus carinatum, anxiety, eczema, celiac disease, hypokinesia, and ataxia. 

Nerve conduction studies (NCSs) were normal in six subjects (6/7) while one subject (1/7) 

[Family 2, II-2] at age 6 years had an abnormal NCS consistent with an axonal neuropathy 

(Supplemental Data, Table S2). Myokymic discharges or fasciculations were characteristically 

observed in the majority (5/8) of those who underwent an EMG study (Figure S4); The 

discharges were not related to age or variant type. Muscle biopsy was performed in two siblings 

(Family 2) with non-specific findings of increased citrate synthase activity without deficiency 

in respiratory chain enzymes in the first child, and slight denervation atrophy with type 1 fiber 

‘smallness’ in some fascicles in the sibling. Brain MRI was normal in most subjects (6/8), and 

abnormal in two subjects. One subject, with a second molecular diagnosis causing GH 

deficiency, showed a small hypophysis whereas the other showed mild frontal hypoplasia. Four 

subjects underwent routine EEG study which revealed occasional epileptiform activity in two 

subjects, one of which has seizures (Family 4, II-1). 

The myokymic discharges and fasciculations observed in a subset of individuals could result 

from perturbations to the myelinated axons of the facial nerve. We therefore explored whether 

the LGI3 protein is expressed in the myelinated axons of the mouse PNS and what consequence 

deletion of Lgi3 has. LGI3 is highly expressed in PNS sensory and motor neurons (Allan Brain 

mouse atlas: https://mouse.brain-map.org/).4 Within peripheral myelinated axons LGI3 is 

highly expressed at the juxta-paranodal membrane, co-localizing with the voltage-gated 

potassium channels Kv1.1 (KCNA1) and Kv1.2 (KCNA2), and associated proteins CASPR2 

(CNTNAP2), PSD95 (DLG4) and the LGI-binding proteins ADAM23 and ADAM22 (Figure 
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3 A and B). To assess how loss of LGI3 impacts this organization, we generated homozygous 

Lgi3 null mice (Lgi3∆1/∆1: Figure S6). Lgi3 mutant mice are fertile, have a normal lifespan and 

do not show obvious behavioral abnormalities. We found that the homozygous deletion of Lgi3 

resulted in strongly reduced expression and mis-localization of Kv1 channel complexes that  

infringe on the paranodal domain (Figure 3B and C). This mis-localization of Kv1 channel 

complexes is further exacerbated following nerve injury, as Kv1 complexes are confined to the 

paranodal domain in remyelinated axons (Figure S5). It is speculated that these reduced and 

mis-localized Kv1 complexes affect the electrophysiological characteristics of the myelinated 

axons and contribute to the axonal hyperexcitability that underpins the observed myokymia in 

PNHS subjects homozygous for LGI3 LoF alleles.  

The majority of the subjects had neuropathic features such as distal contractures/deformities 

(14/16) and diminished reflexes (10/16) despite normal NCSs (6/7). Depressed reflexes has 

been observed in autoimmune PNHSs.24 Interestingly, motor and sensory NCSs are often 

normal in Isaacs syndrome, an autoimmune PNHS, except for after-discharges best observed 

on repetitive nerve stimulation, which were not performed in any of our subjects.24 Additionally, 

nearly half of our subjects (7/16) had characteristic clinically-visible facial myokymia, and the 

majority of those who underwent EMG (5/8) had findings suggestive of motor nerve hyper-

excitability such as myokymia and/or fasciculations. The reason for normal NCS despite the 

presence of neuropathic features remains to be explored.  

Myo-kymia, Greek for “muscle waves”, was first reported in the late 1800s independently by 

two German clinicians, Kny and Schultze.14; 25; 26 Facial myokymia, a distinct neurological 

phenomenon and an exceedingly rare form of myokymia, was described later in 1902 by 

Bernhardt as “continuous undulant quivering fasciculation of the muscles of the face”.27 In a 

majority of cases, the myokymia occurs abruptly due to an acquired etiology, specifically 

pontine glioma and multiple sclerosis, although idiopathic cases have been described.18; 27-29 
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Myokymia is thought to represent abnormal firing of the motor neuron or peripheral motor 

nerves.16 The pathology in facial myokymia is speculated intramedullary in the brainstem and 

close to the facial nucleus.27; 29 Many subjects also had narrowing of the palpebral fissures, 

updrawn angle of the mouth, and similar to our subjects, pursing of the lips consistent with the 

wide involvement of facial musculature as a potential underlying basis of the facial 

dysmorphology gestalt.27; 29 

Facial myokymia has also been observed in ADCY5-related disorder [MIM: 606703] in 

association with chorea/dyskinesia disorder and in a subject with dominant-negative 

heterozygous KCNQ2 mutation with distal contractures and febrile seizures but, in contrast to 

our subjects, without GDD/ID.16; 18 The visible myokymia in LGI3-related disorder is restricted 

to the face (peri-orbital and peri-oral). Few subjects also had tongue fasciculations and 

electromyographic myokymia and fasciculations suggesting the involvement of other cranial 

and peripheral nerves (Table 2 and Table S1). Myokymia, neuromyotonia and fasciculations 

can also occur in other genetic PNHS, such as HINT1-, KCNA1- and, PNKD-related disorders 

[MIM: 137200, 160120, 118800, respectively].30  

The overlap between acquired immune-related and genetic (inherited) disorders is an evolving 

concept and exploring myokymia in both acquired and inherited disease can reciprocally inform 

the mechanism and pathogenesis of both.31; 32 The implication of voltage-gated potassium 

channels (VGKCs) in both autoimmune and genetic PNHS is a salient example. Autoimmune 

PNHS are occasionally paraneoplastic in origin and antibodies against VGKC complex are 

often detected.14; 33 In parallel, mutations in KCNA1 and KCNQ2 encoding juxtaparanodal and 

nodal VGKCs (Kv1.1 and Kv7.2, respectively) associate with myokymia.17; 18 VGKCs dampen 

neuronal excitability by determining resting action potential, setting threshold for excitation, 

controlling firing frequency, and promoting repolarization after action potential.34; 35 
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Suppression of outward VGKCs’ current and induced repetitive nerve firing in dorsal root 

ganglia is observed in subjects with Isaacs syndrome.36; 37  

Notably, anti-VGKC complex antibodies are not solely directed towards VGKCs but often 

target associated complex-forming proteins such as CASPR2 and CONTACTIN-2 (CNTN2, 

also called TAG-1), as well as LGI1, although the majority of antigen targets remain unknown 

(Figure 3).33 It is thus not surprising to see that impairment of VGKC in the PNS and its 

interactomes are heavily implicated in PNHS. Indeed, we demonstrate that loss of LGI3 in mice 

affects VGKCs and results in strongly reduced and mis-localized expression of Kv1 protein 

complexes at the juxtaparanodal domain of the node of Ranvier thus likely contributing to the 

PNHS phenotype (Figure 3). How other genetic PNHS-associated proteins, such as ADCY5 

and PNKD, potentially interact with VGKCs remains to be explored. We propose that 

identifying and describing genetic PNHSs, such as LGI3-related disorder, can inform the 

neurobiology of axonal transmission and illuminate the pathophysiology of immune-related 

PNHS and potentially define new antigen targets. 

Genetic PNHSs have an overlapping organismal phenotype, yet each has unique features in 

sync with the protein’s function and its anatomical and temporal expression. The paroxysmal 

episodes of ataxia and dysarthria, painful contractures, and myokymia in KCNA1-related EA1 

are compatible with the Kv1.1 expression in the cerebellum and peripheral nerves.17; 35 ADCY5 

is highly expressed in the striatum correlating with the associated movement disorder 

phenotype.16 Furthermore, the Kv7.2 (KCNQ2) peak brain expression at birth, its expression at 

the nodes of Ranvier and axon initial segment is consistent with the KCNQ2-related neonatal 

seizures and myokymia phenotype.34; 38 Similarly, the CNS and PNS features of this LGI3-

related disorder, align with LGI3’s widespread cortical and peripheral nerve expression and role 

in brain development, neurite growth and peripheral nerve biology.7; 9; 39; 40 Interestingly, LGI3 
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expression is detected most strongly in the facial nerve nucleus concurring with proposed 

pathophysiology of facial myokymia.27; 29 

Severe progressive microcephaly (PM), short stature, FTT, GH deficiency, and small 

hypophysis (as revealed by neuroimaging) were observed in only one individual in this study 

who also carried a second molecular diagnosis; a GHRHR homozygous variant causing IGHD4 

[MIM: 618157] that explains the severe growth failure but not the PM. Multi-locus pathogenic 

variation (MPV) in which variations at two or more genetic loci lead to a blended phenotype- 

accounts for 5% of sporadic cases with molecular diagnoses established by clinical exomes and 

up to 29% of neurodevelopmental disorder (NDD) cases from consanguineous families with 

increased FROH. 41-43 The individual’s total genomic AOH is 330 Mb and consistent with a 

distributive ROH raising the possibility for a third contributing locus to explain the PM. 

Interestingly, one-third of the subjects with NDD from consanguineous families with apparent 

phenotypic expansion initially attributed to a single known disease gene were later found to 

have evidence for MPV.44  

One subject had a multi-exonic intragenic homozygous LGI3 deletion confirmed 

experimentally to be mediated by AAMR, an under-recognized mutational mechanism for SV 

mutagenesis and generation of pathogenic CNV alleles and exonic deletions.45 Biallelic CNVs 

are increasingly identified as a cause of autosomal recessive traits (AR-CNV) due to their 

increased detection through bioinformatic tools using ES read-depth analyses.21; 46 Surprisingly, 

the vast majority (~94%) of AR-CNV affect a single gene with more than 75% involving a 

single or only few exon(s).46 Small CNVs, such as the one detected in Family 1, often arise de 

novo in a common ancestor and become homozygous alleles via IBD.47 Similarly, the calculated 

inbreeding coefficient in Family 5A (F= 0.22-0.4) and the overlapping AOH interval of 1.9 Mb 

in available affected children of Family 5 (Figure S2) suggest the private variant in both 
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branches (5A and 5B) is likely a recent clan/tribal allele that arose in a common distant ancestor 

at least 5 generations ago.47 

In summary, a potentially clinically-identifiable genetic PNHS was described in 16 individuals 

with biallelic LoF variants in LGI3; the clinical synopsis of the disease trait is characterized by 

GDD/ID, distal deformities with hyporeflexia/areflexia, and involvement of facial musculature 

in the form of small mouth with restricted opening and facial myokymia, and evidence of motor 

nerve instability on EMG. Mouse studies revealed that LGI3 is highly expressed at the juxta-

paranodal membrane and co-localizes with the voltage-gated potassium channels Kv1.1 and 

Kv1.2 and associated proteins. Moreover, loss of LGI3 results in reduced and mis-localized 

Kv1 channel complexes in myelinated axons. Human paralogous gene mutational studies and 

aggregation of worldwide genomic and molecular data, of multiple variant allele types (SNV 

and CNV), from eight unrelated families with biallelic LoF variants in LGI3 provide insights 

into: i) Clan Genomics, ii) organismal nervous system development and function, and iii) with 

mouse investigations informs the genesis of electrodiagnostic and clinically observed facial 

myokymia. Paralogous gene studies may also provide a route to molecular therapies.  
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Figure Legends 

Figure 1. Pedigree, photographs, and variants location in the eight families with biallelic 

variants in LGI3 

(A) A world-map showing countries of origin of each family in the study along with their 

pedigree. The genotype of the variant can be found under each individual in the pedigree. 

(B) All available clinical photos of affected individuals with LGI3-related disorder in this study 

are displayed. Note the small mouth (except for Family 5B, II-1 and II-2) and distal 

deformities in the fingers in the affected subjects. Individual II-3 (Family 1) also has short 

stature, thin build, and genu valgum, syndactyly, camptodactyly and kypholordosis. 

(C) A schematic of the LGI3 gene with the location of the variants across the gene shown. Below 

the gene structure is the LGI3 protein structure with its different domains including the LRR 

and EAR repeats.  

 

Figure 2. The genomic architecture of the multi-exonic intragenic deletion of LGI3 in 

Family 1 derived from an Alu/Alu mediated genomic rearrangement (AAMR) 

(A) A screenshot of the proband’s exome sequencing data (Integrated Genomic View, IGV) 

showing an approximately 12 kb homozygous intragenic deletion involving exons 6-8 of 

the exon LGI3.  

(B) A pedigree of the Family 1 followed by the 1% agarose gel electrophoresis of PCR products 

generated using a primer flanking exon 6-8 in LGI3 and positioned 8.4 Kb apart. From left 

to right of the panel: parents with two bands of ~1.5 Kb and ~8.4 Kb representing the two 

alleles at this locus and consistent with the expected sizes for one deleted and one wild-type 

(WT) non-deleted allele (WT =  reference haploid genome); proband with a PCR band of 

~1.5 Kb consistent with a single deleted allele; unaffected sister with two bands, 

heterozygous alleles, like parental alleles; healthy gDNA control with one WT non-deleted 
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allele (~8.4 Kb band); and negative control (no template). The schematic below the gel 

shows the genomic profile of AluSp/AluSx pair mediated rearrangement. The long-range 

PCR primer pair was designed to produce an amplicon size of ~8.4 Kb for WT non-deleted 

allele and ~1.5 Kb for deleted allele resulting from AAMR with formation of a recombinant 

or chimeric Alu.  

(C) A screenshot from AluAluCNVPredictor shows gene-level prediction including AAMR risk 

score of LGI3 in MIM genes and RefSeq genes, respectively. A gene with a risk score higher 

than 0.6 is considered “at-increased-relative-risk” for genomic instability and susceptibility 

to AAMR. Genomic interval-level prediction shows eight possible CNV-Alu pairs 

intersecting the given genomic intervals. The specific AluSp/AluSx pair that was implicated 

by experimental data in generating the intragenic deletion in this family is marked with 

colored font.  

 

Figure 3. A schematic illustration of the myelinated peripheral nerves, the microanatomy 

of the nodes of Ranvier.  

(A) Saltatory conduction in myelinated axons depends on the sequestration of voltage gated ion 

channels to the node of Ranvier, the narrow gaps between adjacent myelin sheets. The 

immune fluorescence image shows the distribution of Kv1 voltage-gated potassium 

channels (green) under the myelin sheet, in what is referred to as the juxta-paranodal 

membrane, next to the paranodal junctions (PN in gray) that separate them from the voltage-

gated sodium channels Nav1 in the nodal membrane (N in red). At the bottom is a schematic 

illustration of the juxtaparanodal region highlighting some of the proteins that are highly 

expressed here. LGI3 binds ADAM23 and/or ADAM22 in the juxtaparanodal membrane. 

Note that Kv1.1, CASPR2 (CNTNAP2) and TAG-1 (CNTN2) have been implicated in 

autoimmune peripheral nerve hyperactivity syndrome (PNHS). Additionally, CASPR2 

[MIM: 610042] and ADAM22 [MIM: 617933] have been implicated in 
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neurodevelopmental disorders and epilepsies and LGI4 [MIM: 617468] and CASPR 

(CNTNAP1) [MIM: 616286], a component of the paranodal junctions, in neurogenic 

arthrogryposes.   

(B) Loss of LGI3 results in reduced and mis-localized Kv1 channel complex in myelinated 

axons. Representative images of nodes of Ranvier in sciatic nerve axons of 8 weeks old WT 

and Lgi3 Δ1/Δ1mice immunolabelled with antibodies against the paranodal protein CASPR 

(CNTNAP1) (grey) and members of the JXP: LGI3, Kv1.1, Kv1.2, ADAM23, CASPR2 

(CNTNAP2) and PSD95 (DLG4) (red). Arrowheads (node) and dashed lines (PN/JXP 

border) highlight the localization of JXP proteins in the paranode of mutant mice compared 

to their JXP expression in WT controls. Scale bar=10µm.  

(C) Graphical representation of the distribution of JXP Kv1 complexes in the presence and 

absence of LGI3.  
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Supplemental movie legend 

Supplemental movie title: Facial myokymia and other features of the peripheral 

hyperexcitability syndrome in subjects with LGI3 biallelic variant 

A select subset of subjects are displayed in the video [subjects II-5 and II-6 (Family 6), subject 

II-1 (Family 7), and subject II-2 Family 8)]. The clips on subject II-5 (Family), subject II-6 

(Family 6) and subject II-1 (Family 7) show the peri-oral and peri-orbital facial myokymia in 

these subjects. The clip on subject II-2 (Family 8) shows peri-oral and peri-orbital facial 

myokymia, the restricted mouth opening, hand contractures and balance impairment (positive 

Romberg sign suggestive of sensory ataxia).  
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rs1050

199719 
Hmz 

1 Htz- 0 

Hmz 
26.1 4.43004 

N/A 

Family 

5A Saudi 

Arabia 

 No 
Chr8:22006203; 

delA 

c.1117del; 

p.(Trp373Glyfs*

18) 

 

Hmz 
0 Htz -0 

Hmz 
N/A 9.27922 

15/265-300Mb 

Family 

5B 

Yes 

 (1O cousins) 

N/A 2Mb/107-237Mb 

Family 6 Iraq 
Yes  

(1O cousins) 

Chr8:22011655; 

A>T 

c.422T>A; 

p.(Leu141His) 

N/A 
Hmz 

0 Htz -0 

Hmz 
33 9.0998 

23-28MB/ 

604-647MB 

Family 7 Japan No 

Chr8:22006491; 

C>T (pat) 
c.830-1G>A 

N/A 

Comp 

Htz 

0 Htz -0 

Hmz 
33 7.07505 

N/A 

Chr8:22013954; 

dupG (mat) 

c.102dup; 

p.(Lys35Glnfs*8

6) 

Rs7496

44081 
0 Htz -0 

Hmz 
N/A 0.132937 

N/A 

Family 8 Japan 
Yes  

(1O cousins) 

Chr8:22006383; 

delT 

c.937del; 

p.(Thr313Argfs*

20) 

N/A 

Hmz 
1 Htz- 0 

Hmz 
N/A 0.756417 

N/A 

  

 Abbreviations: AOH, Absence of heterozygosity; CADD, Combined Annotation Dependent Depletion; Comp Htz, compound heterozygous; Hmz, 

homozygous; Htz, heterozygous; mat, maternal inherited; N/A, not available; pat, paternal inherited; ref., reference  

  

https://www.ncbi.nlm.nih.gov/snp/rs1827450545
https://www.ncbi.nlm.nih.gov/snp/rs1827450545
https://www.ncbi.nlm.nih.gov/snp/rs769376680
https://www.ncbi.nlm.nih.gov/snp/rs769376680
https://www.ncbi.nlm.nih.gov/snp/rs1050199719
https://www.ncbi.nlm.nih.gov/snp/rs1050199719
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Table 2. Developmental and neurological features in the 16 affected individuals with biallelic deleterious variants in LGI3 

Individuals 

Developmental Characteristics   Neurological Features 

Age at 

last 

exam 

Sex GDD ID 
Areflexia/ 

Hyporeflexia 

Distal 

deformities 

Facial 

myokymia 

Small mouth 

with restricted 

opening 

Tongue 

fasciculations 

Abnormal 

NCS 

Myokymia or 

fasciculations on 

EMG 

 Family 1,  II-3 7y M + N/A + +  - - - - N/A 

 Family 2,  II-1 9y M + N/A + +  - - - N/A + 

                   II-2 6y M + N/A + + - - - + + 

 Family 3,  II-2 7y M + + + + +  + + N/A - 

                   II-3 4y 7m F + + + +  + + + N/A + 

Family 4,   II-1 22y M + + (Mild) - - - - - N/A N/A 

                   II-2 20y M + + (Mild) - - - - - N/A N/A 

Family 5A, II-1 11y M + + (Mild) - +  - - - - - 

                    II-2 9y F + + (Mild) - + - - - - - 

Family 5B,  II-1 13y F + + (Mild) - + - - - N/A N/A 

II-2 9y F + + (Mild) - + - - - N/A N/A 

Family 6, II-1 13y M + + (Moderate) + + +  + - - N/A 

II-5 6y M + + (Mild) + +  + + - - + 

II-6 3y M + + (Mild) + +  + + - N/A N/A 

Family 7, II-1 
12y 

10m 
F + + (Moderate) + + + - 

- - 
+ 

Family 8, II-2 13y M + + (Moderate) + + + + + N/A N/A 

Total     16/16 13/13 10/16 14/16 7/16 6/16 3/16 1/7 5/8 

Abbreviations: EMG, Electromyography; F, female; GDD, global developmental delay; ID, intellectual disability; M, male;  m, months; N/A, not available; NCS, nerve 

conduction study; y, years 
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