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Abstract
Background and Objectives
To explore the clinical characteristics and HLA associations of patients with anti–leucine-
rich glioma-inactivated 1 encephalitis (LGI1E) from a large single center in Israel. Anti-
LGI1E is the most commonly diagnosed antibody-associated encephalitic syndrome in
adults. Recent studies of various populations reveal significant associations with specific
HLA genes. We examined the clinical characteristics and HLA associations of a cohort of
Israeli patients.

Methods
Seventeen consecutive patients with anti-LGI1E diagnosed at Tel AvivMedical Center between
the years 2011 and 2018 were included. HLA typing was performed using next-generation
sequencing at the tissue typing laboratory of Sheba Medical Center and compared with data
from the Ezer Mizion Bone Marrow Donor Registry, containing over 1,000,000 samples.

Results
Our cohort displayed a male predominance and median age at onset in the 7th decade, as
previously reported. The most common presenting symptom was seizures. Notably, parox-
ysmal dizziness spells were significantly more common than previously reported (35%),
whereas faciobrachial dystonic seizures were found only in 23%. HLA analysis revealed
overrepresentation of DRB1*07:01 (OR: 3.18, CI: 20.9 p < 1.e-5) and DRB1*04:02 (OR: 3.8,
CI: 20.1 p < 1.e-5), as well as of the DQ allele DQB1*02:02 (OR: 2.8, CI: 14.2 p < 0.0001) as
previously reported. A novel overrepresentation observed among our patients was of the
DQB1*03:02 allele (OR: 2.3, CI: 6.9 p < 0.008). In addition, we found DR-DQ associations,
among patients with anti-LGI1E, that showed complete or near-complete linkage disequi-
librium (LD). By applying LD analysis to an unprecedentedly large control cohort, we were
able to show that although in the general population, DQB*03:02 is not fully associated with
DRB1*04:02, in the patient population, both alleles are always coupled, suggesting the
DRB1*04:02 association to be primary to disease predisposition. In silico predictions per-
formed for the overrepresented DQ alleles reveal them to be strong binders of LGI1-derived
peptides, similarly to overrepresented DR alleles. These predictions suggest a possible cor-
relation between peptide binding sites of paired DR-DQ alleles.

Discussion
Our cohort presents distinct immune characteristics with substantially higher overrepresentation
of DRB1*04:02 and slightly lower overrepresentation of DQB1*07:01 compared with previous
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reports implying differences between different populations. DQ-DR interactions found in our cohort may shed additional light on
the complex role of immunogenetics in the pathogenesis of anti-LGI1E, implying a possible relevance of certain DQ alleles and
DR-DQ interactions.

The leucine-rich glioma-inactivated 1 (LGI1) protein is a synaptic
protein secreted by neurons in the CNS. Anti–LGI1-associated
autoimmunity can affect the central, peripheral, and autonomic
nervous systems. Most patients present with CNS symptoms of
cognitive decline, behavioral changes, sleep disturbances, and
seizures, which may be generalized or focal.1,2 Patients commonly
present with hyponatremia, which may be attributed to dysregu-
lated antidiuretic hormone secretion. Two of the more unique
CNS manifestations are the distinctive faciobrachial dystonic
seizures (FBDSs),3-5 considered pathognomonic for LGI1 en-
cephalitis, and paroxysmal dizziness spells (PDSs).6

Recent research of the postulated autoimmune nature of
leucine-rich glioma-inactivated 1 encephalitis (LGI1E) has
expanded to explore genetic factors associated with autoim-
munity. Of those, the HLA is the most relevant group.7

Specific HLA alleles have been previously linked to a pre-
disposition for autoimmune neurologic diseases, such as
myasthenia gravis (MG) and MS.8,9 Thus, it is not surprising
that an expanding body of evidence points to an association
between certain alleles of HLA genes and anti-LGI1E.

HLA genes correspond to the major histocompatibility
complex (MHC) in humans and encode antigen-presenting
proteins on the surface of the cells that are directly involved in
immune responses. HLA Class I–restricted recognition by
CD8+ T cells leads mainly to a cytotoxic T-cell response,
whereas HLA Class II–restricted recognition by CD4+ T cells
often leads to a B-cell immune response.

HLA Class II molecules are heterodimers consisting of alpha and
beta chains, encoded by 3 different loci, DR, DQ, and DP. These
genes are highly polymorphic, and their variability modulates the
peptide binding affinity of the expressed HLA Class II molecules.
For HLA-DR, variability stems chiefly from alleles encoding the
beta chain (DRB), as the alpha subunit is practically invariable.10,11

In contrast, both chains of HLA-DQ and -DP are polymorphic.
For HLA-DP, however, only a few allelic combinations are
prevalent, resulting in limited variability of DP molecules.12

Recent studies reported associations of anti-LGI1E with cer-
tain HLA genes (alleles and haplotypes), including HLA-
DRB1*07 and HLA-DRB4 in a Dutch population study,13

DRB1*07:01 and DQB1*02:02 in a Korean population
study,14 and DRB1*07:01, DRB1*04:02, DQA1*02:01, and
DQB1*02:02 in a Caucasian population study.15-18 How-
ever, a study in the Chinese population found a significant
variation in common haplotypes pointing to DRB1*03:01
and DQB1*02:01 as the most common susceptible HLA
loci.19,20 These inconsistent findings may be explained by
different ethnicities as HLA alleles vary among diverse ethnic
groups, or they may represent various disease phenotypes
yet to be deciphered.

Previous reports on HLA clinical association found DRB1*07:01-
negative patients to be younger at disease onset and with a female
predominance. Furthermore, amoderate association ofDRB1*04:
02 with an increasedmodified Rankin Scale (mRS) score at onset
was found.18 Herein, we describe the clinical characteristics and
HLA associations of 17 patients with anti-LGI1E encephalitis of
heterogeneous ethnicities in a single center in Israel.

Methods
Study Protocol Approvals, Registrations, and
Patient Consents
This study was approved by the Tel Aviv Medical Center
Institutional Review Board. Written informed consent was
obtained from all patients.

Subjects
Seventeen consecutive patients diagnosed with anti-LGI1-
associated encephalitis at the Neurological Department at Tel
Aviv Sourasky Medical Center between the years 2011 and
2018 were included. Detection of anti-LGI1antibodies in se-
rum and CSF was performed with the EUROIMMUN cell-
based assay, as previously described.6 The clinical information,
auxiliary diagnostic tests results, and treatment types of patients
were obtained from Tel-Aviv Medical Center medical records.
Response to treatment was assessed based on the physician and
patient reports, Montreal Cognitive Assessment (MoCA)
scores, and mRS. An experienced epileptologist classified sei-
zures based on files and EEG reports.

Response to treatment was assessed based on physician and
patient reports and the mRS scores. These assessments were

Glossary
EPTP = epitempin repeat; FBDS = faciobrachial dystonic seizure; LD = linkage disequilibrium; LGI1 = leucine-rich glioma-
inactivated 1; LGI1E = leucine-rich glioma-inactivated 1 encephalitis; LRR = leucine-rich repeat; MHC = major
histocompatibility complex; MoCA = Montreal Cognitive Assessment; MR-EM = multirace expectation maximization
algorithm; mRS = modified Rankin Scale; NGS = next-generation sequencing.
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performed by 2 neurologists (M.N. and A.G.), and the average
of the 2 assessments determined the final score. A MoCA test
was added for wider exploration of cognitive outcomes.

HLA Analysis and Protein Binding Prediction
1–2 mL of whole blood was collected at the last follow-up for
HLA genotypes. Blood samples were sent to the Tissue
Typing Laboratory at Sheba Medical Center for HLA typing.

HLA genotyping was performed by the next-generation se-
quencing (NGS) method using the NGS-go MX6-1 kit for 6
HLA loci (A, B, C, DRB1, DQB1, and DPB1) and NGSgo-
AmpX V2 primer for HLA-DQA1 locus (GenDx, the Nether-
lands) on IlluminaMiniSeq instrument. HLA typing results were
obtained with the analysis of sequencing data (FASTQ files)
using NGSengine software (GenDx, the Netherlands). The
HLA genotypes were imputed to estimate the most probable
haplotype pair for each typing for haplotype-based association
using GRaph IMputation and Matching for HLA Genotypes.21

The control group was obtained from the Ezer Mizion Bone
Marrow Donor Registry, counting over 1,000,000 donors.
The haplotype frequencies were estimated using a multirace
expectation maximization algorithm22 (MR-EM). The allele
frequencies were the marginal frequencies of the haplotypes
(i.e., the frequency of an allele was the sum of the frequencies
of the haplotypes containing it). The frequencies were esti-
mated for the 2main origin groups of the patients—Sephardic
and Ashkenazi Jews, as estimated from the MR-EM.

We used the full-length sequences of LGI1 from the UniProt
database in the FASTA format (accession number O95970).
Protein binding prediction to different MHC alleles was
assessed via NetMHCIIpan4.1.23 We examined the binding
prediction for DQ serotypes to consecutive overlapping
peptides with a length of 15 amino acids. We considered rank
values ≤1 as strong binders and >1 but ≤3 as medium binders.
Graphics were created with BioRender (biorender.com).

Statistical Analysis
The association between each HLA allele and haplotype was
tested for each HLA separately using χ2 with p value, CI, and
OR calculated. A Bonferroni multiple measurement correc-
tion was performed.

The expected count of each allele in the overall population
was defined to be the weighted average of the frequency of the
same allele in the reference population, using the population
composition of the current sample (53% Sephardic and 47%
Ashkenazi). The same was performed for the haplotypes.

For alleles with a significant association, linkage disequilib-
rium (LD) was assessed for each ethnicity. The LD coefficient
DAB is defined as the difference between the observed fre-
quency of the combined haplotype AB and the expected
probability of both A and B to occur together, assuming that

Table 1 Patient Characteristics (n = 17)

Characteristic Values

Median age
at onset (y)

66 Range (37–79 y)

Male (%) 10 (59%)

Ethnicity

Sephardic (%) 9 (53%)

Ashkenazi (%) 8 (47%)

Average time to
diagnosis (mo)

2.8 Range (0–7 mo)

Presenting symptom (%)

GTCS 5 (29%)

CPS + SPS 4 (23%)

Cognitive 3 (18%)

Behavioral/psychiatric 2 (12%)

FBDS 1 (6%)

PDS 1 (6%)

Cramps and autonomic 1 (6%)

Disease course (%)

Central

Cognitive 17 (100%)

Seizures 16 (94%)

Partial (SPS/CPS) 12 (70%)

GTCS 9 (53%)

FBDS 4 (23%)

Sleep disturbances 11 (65%)

Behavioral/psychiatric 8 (47%)

PDS 6 (35%)

Peripheral

Autonomic 6 (35%)

Pain 4 (23%)

Cramps 1 (6%)

Coexisting autoimmunity (%) 7 (41%)

Polyarthritis 1

Uveitis with suspected
optic neuritis

1

Hashimoto thyroiditis 3

Autoimmune hepatitis 1

Type 1 diabetes 1

Abbreviations: CPS = complex partial seizure; FBDS = faciobrachial dystonic
seizure; GTCS = general tonic-clonic seizure; PDS = paroxysmal dizziness
spell; SPS = simple partial seizure.
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the association between the 2 is completely independent.
Normalization of D for the broad range of possible values of
frequencies was performed by dividing it by the theoretical
maximum difference between the observed and expected
haplotype frequencies

DAB = pAB − pA*pB   ð1Þ

Dmax =

(
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Because a higher LD score indicates either higher or lower
than random pairing of 2 alleles, when reporting, we multi-
plied the LD score by −1 in case of lower association (DAB < 0.

Data Availability
Data will be shared by request from any qualified investigator.

Results
Epidemiologic and Clinical Features of Patients
Our cohort showed a male preponderance (10 patients, 59%)
and a median age at onset in the 7th decade, as previously
reported (Tables 1 and 2). Ethnicity showed a rather even
distribution between Ashkenazi and Sephardic Jews (8 and 9
patients, respectively).

The most common presenting symptom was general tonic-
clonic seizures (5 pts, 29%), closely followed by focal sei-
zures with or without impaired awareness (4 pts, 23.5%).
Notably, one patient presented with 3 weeks of PDSs (a
complaint that does not routinely raise suspicion of en-
cephalitis) before developing a general tonic-clonic seizure.
More striking was the fact that only one patient presented
with clear FBDS. Throughout the illness, FBDSs were
recorded in 4 patients (25%), whereas dizziness spells were
observed in 35% (6/17) of patients, significantly higher than
previously reported.6

CSF, MRI, and EEG characteristics are further described in
eTable 2, links.lww.com/NXI/A815. Of interest, 8/17 (47%) of
our patients had another systemic autoimmunity. Most (7/8,
87%) were diagnosed in close proximity to their anti-LGI1E
presentation, whereas only one had preexisting hypothyroidism.

The median time from symptom onset to treatment was 2
months, much shorter than what was previously reported in
2017, but in line with more recent reports.24,25 All our patients
showed clear improvement following immunomodulatory
treatment, although relapses were observed in 29% (5/17) of
patients.

HLA Associations Among Patients
We compared our patient population’s HLA allele distribu-
tion to the distribution of HLA alleles in the Ezer Mizion
BoneMarrowDonor Registry, the largest registry of volunteer
donors per capita in the world, composed of over 1 million
donors. Several distinct alleles were considerably more fre-
quent among patients with anti-LGI1E (Table 3).

Of those, the most abundant was the HLA-DRB1*07:01 al-
lele, reported previously in several studies.13,14,16,17 It was
observed in 12/17 (70%) of our patients (allele frequency
being 41% in patients compared with;13% in controls, OR:
3.18, CI: 20.9, p value <1E-5); among them, 2 patients (16%)
were homozygotes for the allele, whereas the rate of homo-
zygosity among healthy HLA-DRB1*07:01 carriers was 8%.
Assessment of the effect of homozygosity for DRB1*07:01
showed the OR for homozygosity among patients to be
double that of heterozygotes (OR: 2.11, p value = 0.05, CI:
0.48–9.54). Additional overrepresented alleles were HLA-
DQB1*02:02, observed in 10/17 (59%) of our patients (allele
frequency being 35% in patients compared with ;12% in
controls OR: 2.8, CI: 14.2, p value < 0.0001).

This is in agreement with previous reports, which argued that their
increased prevalence among patients was attributed to being in a
substantial (LD) with HLA-DRB1*07:01.14,16-18 Here, HLA-
DQB1*02:02 was present in 2 overrepresented haplotypes (eTa-
ble 1, links.lww.com/NXI/A815, estimated using imputation):

Table 2 Frequency ofMHC Class II Alleles Among PatientsWith Anti-LGI1E ComparedWith Expected Frequency Calculated
From the Ezer Mizion Bone Marrow Donor Registry

Allele Expected allele frequencya Observed allele frequency among patients OR p CI

DRB1*07:01 13% 41.2% 3.1 4.73e-6 20.9

DRB1*04:02 7.6% 29.4% 3.7 7.46e-6 20.1

DQB1*03:02 13% 29.4% 2.2 0.008 6.9

DQB1*02:02 12% 35.3% 2.8 0.0001 14.2

Abbreviation: LGI1E = leucine-rich glioma-inactivated 1 encephalitis.
The p values are after Bonferroni correction.
Only alleles with p values <0.05 are presented.
a Expected frequency was calculated based on a pool of 1,000,000 ethnically matched controls.
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HLA-A*02:01;B*13:02;C*06:02;DQB1*02:02;DRB1*07:
01(OR: 21, CI: 0.08, p value <1.e-8) and HLA-A*02:05;B*50:
01;C*06:02;DQB1*02:02;DRB1*07:01 (OR: 8.36, CI: 0.18,
p value <1.e-4).

Further uniquely overrepresented alleles were HLA-
DQB1*03:02 and HLA-DRB1*04:02, both observed in 9/17
(53%) of patients (allele frequency being ;30% in patients
compared with 13% in controls. HLA-DQB1*03:02: OR 2.3,
CI: 6.94, p value < 0.008, and 8% for HLA-DRB1*04:02: OR:
3.8, CI: 20.1, p value < 1e-5). These 2 alleles appear locked
together in complete LD among patients with anti-LGI1E,
However, although HLA-DRB1*04:02 is always associated
with HLA-DQB1*03:02 in both Sephardic and Ashkenazi
background populations, the opposite is not true, and less
than 50% of the HLA-DQB1*03:02 are associated with HLA-
DRB1*04:02 among these background populations (Table 2
and eTables 3, links.lww.com/NXI/A815). Homozygosity
analysis for DRB1*04:02 was not performed due to the low
number of homozygote patients. In addition, several Class I
alleles were found to be significantly overrepresented among
patients with LGI1E patients (eData, links.lww.com/NXI/
A815).

Peptide Binding Prediction
Adding to these previous reports regarding the binding
affinity of various DR alleles to LGI1 peptides, we aimed to
explore the affinity of relevant DQ alleles to such peptides.
Previous reports show that DQB1*02:02 and DQB1*03:02
are associated each with a single DQA1 allele (DQA1*02:
01 and DQA1*03:02, respectively).26 See eTables 3 and 4,
links.lww.com/NXI/A815, for original typing and imputed
haplotypes. Using NetMHCIIpan4.1, we assessed peptide
binding prediction for each of the overrepresented DQB1
alleles.

For DQB1*02:02, 18 peptides were predicted as medium/
strong binders, encompassing 7 core peptides. The majority
of peptides found to be strong binders were located in the
leucine-rich repeat (LRR) domain (Figure 1). For DQB1*03:
02, 9 peptides were predicted as medium/strong binders,

encompassing 4 core peptides. The strongest binder was in
the epitempin repeat (EPTP) domain (Figure 1).

Discussion
We report the clinical phenotype and HLA associations of
anti-LGI1E encephalitis patients in a large tertiary center in
Israel. The clinical features of our cohort bear a resemblance
to previous descriptions in the wide prevalence of seizures and
cognitive impairment.27 However, in contrast to previous
reports, our patients presented with significantly lower rates
of FBDS (reported in 23% of our patients while previously
reported in 50%–70%14,16,28). Furthermore, PDSs, were
documented in over a third of our patients. Previous accounts
of PDSs are limited, with rates ranging from 14% in a study of
200 patients6 to 45% in a report of 20 patients with contactin-
associated protein-like 2 encephalitis.29

Such variations in the clinical phenotype may be partially
explained by variations in research definitions of clinical
symptom categories, as well as the ever-expanding growth of
knowledge regarding this relatively novel clinical entity (thus,
PDSs were initially reported in association with LGI1Emerely
5 years ago). Another cause may be the difference in docu-
mentation; PDS is easy to recover from archival files because
it is reported by the patients, whereas FBDS may have easily
been overlooked by the physician as it was a new entity,
therefore not easy to recover from the files since not docu-
mented. To strengthen this hypothesis, since 2017, the rate of
FBDS among our patients is around 50%.

Nevertheless, another possible explanation relates to un-
derlying genetic properties, which may predispose a patient to
develop anti-LGI1E and may attenuate its clinical phenotype.
One such possible genetic factor is the HLA gene complex.

As mentioned, HLA associations with anti-LGI1E were for-
merly studied among Chinese, Korean, and Caucasian pop-
ulations with heterogeneous results (Table 4). In accordance
with previous research, we examined the HLA genotype of

Table 3 Frequency of Most Prevalent DQ-DR Haplotype Pairs Among Patients With Anti-LGI1E Compared With Expected
Frequency Calculated From the Ezer Mizion Bone Marrow Donor Registry

Haplotype Expected frequencya
Observed frequency
among patients OR p CI

DQB1*03:02∼DRB1*04:02 7.9% 29.4% 3.7 2.88E-05 0.89

DQB1*02:02∼DRB1*07:01 11.6% 35.3% 3 0.000199 1.2

DQB1*03:03∼DRB1*07:01 1.2% 5.6% 4.8 0.059179 0.16

DQB1*05:01∼DRB1*01:02 5.1% 5.6% 1.2 1 0.32

Abbreviation: LGI1E = leucine-rich glioma-inactivated 1 encephalitis.
The p values are after Bonferroni correction.
Only alleles with p values <0.05 are presented.
a Expected frequency was calculated based on a pool of 1,000,000 ethnically matched controls.
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our cohort of patients with anti-LGI1E in search of specific
HLA associations that may expand our understanding of dis-
ease pathogenesis. Similar to most previous reports, we found
DRB1*07:01, DRB1*04:02, and DQB1*02:02 to be signifi-
cantly overrepresented among patients with anti-LGI1E.

Recently, HLA-DRB1*04:02 was reported18 as independently
associated with anti-LGI1E, with a clinical correlation of a
younger age at onset. A similarly increased incidence was
demonstrated in our cohort, independent of the association to
the DRB1*07:01 allele (contrary to previous findings of 78%
concordance between the 2 alleles17). In addition to these
previously reported alleles, we have recognized DQB1*03:02
as a novel allele associated with anti-LGI1E.

Our findings vary somewhat from previous reports—
although previous reports of various populations showed a
rate of ;90% for DRB1*07:01 carriage among patients, our
cohorts exhibited a lower rate of 70%. As for DRB1*04:02,
while previously reported in 7.4% (20/269) of cases in a large
Caucasian cohort, it was found in 53% of our patients. These
variations are likely due to the unique ethnic composition in
our cohort, which is primarily Jewish, in our case containing
about half Sephardic and half Ashkenazi Jews, 2 populations
with high DRB1*04:02 frequency (eTable 2B, C, links.lww.
com/NXI/A815). It would be of further interest to assess
whether such variations in the immunogenetic composition of
patients translate to variations on clinical presentation. An

additional significant finding of this study in our opinion
regards the unique overrepresentation of certain DR-DQ
haplotypes among patients and not among controls.

We found the combination of DRB1*04:02 and DQB1*03:
02 presented with complete LD among patients (namely
all patients presenting with one of the alleles carried the
other), whereas analysis of healthy controls reveals a par-
tial co-occurrence p(HLA-DRB1*04:02|HLA-DQB1*03:
02) = 0.6. These findings are noteworthy because we ex-
amined DR-DQ LD in an unprecedentedly large control
cohort of over a million samples, enabling us to discern
particular immunogenic features unique to patients with
anti-LGI1E. Previous reports of the prevalence of these
alleles among the healthy Jewish population, as well as
regarding LD analysis in various populations, were based
on substantially smaller samples ranging from 100 to 500
subjects.14,30,31

Our data points to these DR-DQ combinations as distinctive
immunogenic features of patients with anti-LGI1E and suggests
a possible shared role in disease pathogenesis. Such an associa-
tion to DR-DQ combinations is reported in other autoimmune
diseases such as celiac,32 type 1 diabetes,30 and MS31,33

To explore the possible role of DQ alleles in the presentation of
LGI1 peptides, we set out to examine protein binding pre-
diction of the relevant DQ alleles to LGI1 peptides. All 3 DQ

Figure 1 Identifying LGI1 Peptides With Predicted High Binding Affinity for Selected HLAs

(A) Binding likelihood of peptideswithin epitempin repeat (EPTP) and leucine-rich repeat (LRR) domains to HLA-DQ andHLA-DRmolecules. Dashed linesmark
the absolute value of the rank binding probability cutoff (=1), where all peptides above the dashed line are ranked strong binders. The likelihood binding was
determined by 1-log10(rank). (B) Heatmap of binding affinity of peptides (represented by positions) predicted by NetMHCIIpan4.1 to bind the selected HLAs
(high = rank <1, medium = rank 1–3, and low = rank >3). LGI1 = leucine-rich glioma-inactivated 1.
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alleles examined were predicted to bind with high affinity to
specific LGI1 peptides.

The binding sites of DQB1*02:02 were relatively evenly dis-
tributed between the LRR and EPTP domains. However, the
majority of peptides found to be strong binders only were in
the LRR domain. In fact, DQB1*02:02 was the only allele
predicted to bind with strong affinity to peptides of the LRR
domain. The binding sites of DQB1*03:02 were also dis-
tributed between the LRR and EPTP domain, yet the stron-
gest binder of DQB1*03:02 was in the EPTP domain.

As demonstrated in eTable 4, links.lww.com/NXI/A815, all pa-
tients carrying DQB1*02:02 had DRB1*07:01 as their comple-
mentary DRB1 allele, whereas all patients carrying DQB1*03:02
had DRB1*04:02 as their complementary DRB1 allele. Of note,
previous reports of binding prediction for DRB1 alleles showed
DRB1*07:01 to bind preferentially to the LRR domain, whereas
DRB1*04:02 was shown to bind peptides in the EPTP domain.18

An interesting hypothesis may be that among patients carrying
DRB1*07:01;DQB1*02:02, both DR- and DQ-expressed re-
ceptors can bind neighboring peptides in the LRR domain of
the LGI1 protein, whereas in patients carrying DRB1*04:
02;DQB1*03:02, these receptors can bind adjacent peptides in
the EPTPdomain (Figure 1). Thus, theseDR-DQcombinations

unique to patients with anti-LGI1E may take part in the path-
ogenesis of a distinct immunogenic pathway through specific
antigen presentation. As the clinical correlations to specific alleles
continue to emerge, the variations in binding targets of the LGI1
protein may serve as an important clue to disease pathogenesis
and its relation to clinical phenotypes.

It was previously shown that antibodies binding to the LRR
domain trigger internalization of the LGI1-ADAM22 complex,
whereas antibodies targeting the EPTP domain interfere with
the interaction of LGI1 with ADAM22 or ADAM23.34 Our
findings and others suggest that the latter antibodies may be
preferentially expressed among carriers of the DRB1*04:02 allele
who were reported to present with a younger age at onset.18

Furthermore, the association with DRB1*04:02 may pro-
vide an additional clue to disease pathogenesis, as this allele
was reported formerly in association with another IgG4-
predominant autoimmune disease, Pemphigus Vulgaris,
where the role of IgG4 antibodies in disease pathogenesis is
known to be through binding a target protein (desmo-
glein), thus interfering with protein-protein interactions
and impairing cell adherence.35

Another avenue of conceivable implications of these findings to
disease pathogenesis relates to the DQ8 serotype, represented

Table 4 SummaryofPreviousReportsofHLAAssociationsAmongPatientsWithLeucine-RichGlioma-Inactivated1Encephalitis

Reference Publication, y
No. of
patients

No. of
controls Ethnicity HLA OR, CI, p

14 2017 11 485 Asian DRB1*07:01
DQB1*02:02

OR = 65.8, CI = 8.3–522.5, p value = 1.0 × 10−6

OR = 73.6, CI = 9.3–585.7, p value = 1.9 × 10−7

13 2017 25 5,600 Caucasian DRB1*07
DRB4
DQB1*02

OR = 26.37, CI = 8.535–81.489, p value <0.0001
OR = 58.59, CI = 3.565–962.842, p value <0.0001
OR = 5.75, CI = 2.240–14.759, p value = 0.0024

15 2018 54 1,194 Caucasian DRB1*07:01
DQA1*1:2
DQB1*02:02
DQB1*03:03

OR = 13.36, CI = 7.34–24.33, p value = 1.61 × 10−16

OR = 5 13.36 [7.34–24.33]; p = 1.38 × 10−6

OR = 10.01, CI = 5.74–17.45, p = 3.76 × 10–15;
p = 0.0028 OR = 3.06 [1.60–5.86]

16 2018 68 5,553 Caucasian DRB1*07:01
DQA1*01:03
DRB1*01:03

OR 27.6, CI = 12.9–72.2, p value = 4.1 × 10−26

OR = 4.4, CI = 2.2–8.1, p value = 4 × 10−3

OR = 14.7, CI = 3.6–51.5, p value = 0.04

17 2021 72 300 Caucasian DRB1*07:01
DQB1*02:02
DRB1*04:02

OR = 17.42, CI 8.29–36.58, p value <0.0001
OR = 7.94, CI = 4.43–14.24, p value <0.0001
OR = 5.9, CI 2.2–16.7, p value = 0.03

20 2022 34 305 Asian DRB1*03:01 OR = 4.31, CI = 1.96–9.25, p = 2.75 × 10−4

19 2020 11 200 Asian DRB1*03:01
DQB1*02:01

OR = 18.84, 95% CI = 5.01–70.89, Pc = 0.004
OR = 18.84, 95% CI = 5.01–70.89, Pc = 0.004

18 2022 269 1,359 Caucasian and Asian DRB1*07:01
homozygotes
DRB1*07:01
heterozygotes
DRB1*04:02

OR = 50.50, CI 25.84–98.68, p value <0.0001
OR = 25.97, CI = 16.94–39.81, p value <0.0001
0R = 8.93, CI = 2.79–28.54, p value = 0.0025

Current 2022 17 300,000 Ashkenazi and
Sephardic Jews

DRB1*07:01
DRB1*04:02
DQB1*03:02
DQB1*02:02

OR = 3.1, CI = ±20.9, p value <0.0001
OR = 3.7, CI = ±20.1, p value <0.0001
0R = 2.2, CI = ±6.9, p value = 0.008
0R = 2.8, CI = ±14.2, p value = 0.0001
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by the DQB1*03:02 allele. DQ8 was previously linked to
several autoimmune diseases, most prominently, type 1 di-
abetes,36 celiac disease,37 and among the neurologic auto-
immune diseases—MG.38

A possible role in disease evolution was eluded by in vitro
studies of T-cell lymphocytes from patients with MG carrying
various HLA-DQ alleles. T cells from patients carrying the
DQ8 serotype (A1*03:01, B1*03:02) were shown to produce
an augmented proliferative response following exposure to
human acetylcholine receptor peptides.39 This suggests that
DQ8 may be associated with a more potent presentation of
certain antigens via the MHC Class II receptors, thus leading
to the selection and expansion of autoreactive T cells. Nota-
bly, patients with MG carrying this haplotype were reported
to present with earlier age at disease onset. In fact, the specific
combination of DQ8 with certain DR alleles was previously
shown to amplify the T-cell proliferative response following
exposure to human antigens in a murine model of experi-
mental autoimmune encephalomyelitis.40

In addition to the aforementioned MHC Class II alleles, 3
common haplotypes and 8 Class I alleles were recognized.
The significant Class I associations observed in our cohort and
others may be explained by LD, as all significant Class I alleles
observed in our cohort were present in the 3 common hap-
lotypes containing DRB1*07:01 or DRB1*04:02.

Because of the limited size of our cohort, we were unable to
assess HLA clinical associations in our study. Yet, we found
it noteworthy that the only patient carrying haplotypes
lacking all the MHC Class II disease-specific alleles in ours
and previous accounts presented with a distinctive clinical
phenotype of cognitive impairment without evidence
of any epileptic activity and a striking peripheral in-
volvement. This highlights the need for further investiga-
tions of immunogenetic-clinical associations.

Our main study limitation relates to the relatively small cohort
of patients and the retrospective nature of clinical data collec-
tion. Nevertheless, our study is unique in that allele and hap-
lotype frequencies were compared not with a limited control
group but rather with a population-based database, while ac-
counting for our cohort’s ethnic distribution (which directly
affects certain allele frequencies). This served to reduce con-
founders, specifically those related to ethnicity, while enabling
the recognition of potentially significant associations despite a
limited cohort of patients. Most importantly, we revealed sig-
nificant DR-DQ associations unique to patients with anti-
LGI1E, by comparing LD of prominent DR and DQ alleles
among our patients to the rates of LD in the general population.

Our findings correspond with novel studies exploring the
various epitopes of LGI1 antibodies and their relation to
specific mechanisms of pathogenicity.41,42 It was recently
suggested that 2 distinct populations of antibodies may exist
among patients, with preferential binding to either the LRR or

EPTP domain, resulting in internalization of the LGI1-
ADAM22/23 complex for the LRR domain, or inhibition of
the docking of LGI1 to ADAM22/23 for the EPTP domain.42

The preferential development of these 2 distinct antibodies
populations may be related to variations in HLA MHC Class
II genetic expression, as eluded by ours and previous studies18

pointing to variations in prediction protein binding sites for
different LGI1E-associated genes.

We examined the clinical characteristics andHLA associations
of 17 patients with anti-LGI1E. Clinical characteristics were
mostly in accordance with previous reports, although the rate
of FBDS appeared lower, whereas PDSs were more common
among our cohort, and movement disorders were not ob-
served at all. This emphasizes the importance of maintaining a
high index of suspicion for this entity in patients of the rele-
vant age group presenting with cognitive and behavioral
changes, especially associated with seizures, even without the
pathognomonic FBDS.

Analysis of HLA associations revealed, apart from the vastly
acknowledged association with HLA-DRB1*07:01, an in-
dependent association with HLA-DRB1*04:02 (recently
reported) as well as associations with 2DQ alleles—DQB1*02:
02 and DQB1*03:02. These latter alleles appear in significant
LD with certain DRB1 alleles among our patients, whereas
examination of LD among controls shows a weaker correlation.
This suggests that the combination of specific DR and DQ
alleles among patients with anti-LGI1E may influence disease
pathogenesis. Our findings of similarities in potential binding
sites of the LGI1 protein in co-occurring DR and DQ alleles
support this possibility.

Notably, our cohort presents distinct immune characteristics
with substantially higher overrepresentation of DRB1*04:02
and slightly lower overrepresentation of DQB1*07:01 com-
pared with previous reports. Further studies are required, using
large cohorts of ethnically diverse patients with anti-LGI1E, to
fully understand this interaction, its possible relation to clinical
phenotypes, and its potential clinical implications.
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