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Polymorphism located in TCRA locus confers
susceptibility to essential hypersomnia with
HLA-DRB1*1501-DQB1*0602 haplotype

Taku Miyagawa1, Makoto Honda2,3, Minae Kawashima1,4, Mihoko Shimada1, Susumu Tanaka2, Yutaka Honda3

and Katsushi Tokunaga1

Essential hypersomnia (EHS) exhibits excessive daytime sleepiness without cataplexy and is associated with the

HLA-DRB1*1501-DQB1*0602 haplotype, similar to narcolepsy with cataplexy. Single-nucleotide polymorphism (SNP)

rs1154155 located in the T-cell receptor a (TCRA) locus has been recently identified as a novel genetic marker of susceptibility

for narcolepsy with cataplexy. We investigated whether the SNP was associated with EHS in the Japanese population.

We found a significant association with EHS patients possessing the HLA-DRB1*1501-DQB1*0602 haplotype, compared

with HLA-matched healthy individuals (Pallele¼0.008; Ppositivity¼5�10�4), whereas no significant association was observed

for EHS patients without this haplotype. Thus, TCRA is a plausible candidate for susceptibility to EHS patients positive

for the HLA-DRB1*1501-DQB1*0602 haplotype.
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INTRODUCTION

Earlier studies have revealed that narcolepsy with cataplexy is asso-
ciated with the human leukocyte antigen (HLA) and T-cell receptor a
(TCRA) genes. With regard to HLA, almost all narcoleptic patients
with cataplexy in Japan carry the HLA-DRB1*1501-DQB1*0602 hap-
lotype.1,2 Similar findings have been confirmed in narcoleptic patients
of European and African decent, for whom the association is with
DQB1*0602.2,3 It has recently been reported that single-nucleotide
polymorphism (SNP) rs1154155 located in the TCRA locus was
associated with narcolepsy with cataplexy by means of a genome-
wide association study in European populations, and this association
was replicated in Asian populations.4 These findings suggest that
immunological pathogenesis contributes to the development of nar-
colepsy with cataplexy.
Central nervous system (CNS) hypersomnias other than narcolepsy

with cataplexy are also complex disorders. Both genetic and environ-
mental factors are believed to contribute to the development of CNS
hypersomnias, as is the case with narcolepsy with cataplexy.5,6 Several
reports have also confirmed the association between some CNS
hypersomnias and HLA. About 30–50% of Japanese CNS hypersom-
nia patients other than narcolepsy with cataplexy carry the HLA-
DRB1*1501-DQB1*0602 haplotype, whereas 12% of the general Japa-
nese population carry the haplotype.7–9 In this study, we examined the

possible association between SNP rs1154155 in the TCRA locus and
essential hypersomnia (EHS), CNS hypersomnia similar to narcolepsy
with cataplexy, with regard to the symptom of excessive daytime
sleepiness.7–10

MATERIALS AND METHODS
Cases of EHS (n¼137) included unrelated Japanese individuals living in Tokyo

or neighboring areas. Our diagnostic criteria for EHS comprised three clinical

items: (1) recurrent daytime sleep episodes that occur basically everyday over a

period of at least 6 months; (2) absence of cataplexy; (3) the hypersomnia is not

better explained by another sleep disorder, medical or neurological disorder,

mental disorder, medication use or substance use disorder.7–10 The diagnostic

criteria for EHS correspond to narcolepsy without cataplexy and most of the

idiopathic hypersomnia without long sleep time if we apply the criteria

according to the International Classification of Sleep Disorders second edition

(ICSD-2). Cataplexy is absent in both disorders. Excessive daytime sleepiness of

narcolepsy without cataplexy is typically associated with naps that are refresh-

ing nature. Meanwhile, that of idiopathic hypersomnia without long sleep time

results in unintended naps with or without refreshing nature. EHS includes

patients with short refreshing naps in idiopathic hypersomnia without long

sleep time. The nocturnal sleep and total amount of sleep are basically normal

in both disorders. Multiple sleep latency test (MSLT) is required for the

diagnosis in ICSD-2. Idiopathic hypersomnia without long sleep time is

differentiated from narcolepsy without cataplexy by the absence of REM-
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related features, most notably two or more sleep-onset REM periods (SOR-

EMPs) on MSLT. However, we consider that the nature of naps (short or long,

refreshing or non-refreshing) is more appropriate to distinguish a group of

patients for study than MSLT, which is useful for the diagnosis of narcolepsy

with cataplexy, but is not optimized for the diagnosis of related hypersomnia

patients using the number of SOREMPs and mean sleep latency on MSLT to

distinguish between narcolepsy without cataplexy and idiopathic hypersomnia

without long sleep time. In addition, MSLTrequires a whole day and impose an

economic burden to patients. Therefore, we focused on the symptoms

themselves and adopted the definition of EHS.

Forty-seven (34.3%) of the cases carried the HLA-DRB1*1501-DQB1*0602

haplotype.7 We used non-HLA-matched healthy individuals (n¼433) and HLA-

matched healthy individuals with the HLA-DRB1*1501-DQB1*0602 haplotype

(n¼151) as control groups. The control groups included unrelated Japanese

individuals living in Tokyo or neighboring areas. Informed consent was obtained

from all participants, and the study was approved by the local institutional review

boards of all collaborative organizations. Genotyping for SNP rs1154155 was

performed using the Taqman Genotyping Assays (Applied Biosystems, Foster City,

CA, USA) and LightCycler 480 System II (Roche Diagnostics, Mannheim, Land

Baden-Württemberg, Germany) according to the manufacturer’s protocol.

Interactions between the two markers (SNP rs1154155 and HLA-

DRB1*1501-DQB1*0602 haplotype) were calculated on the basis of the

positivity of each risk allele in EHS using the correlation coefficient. The

observed association of SNP rs1154155 was assessed by comparing frequency

differences between EHS and control groups using w2-test.

RESULTS

To investigate whether SNP rs1154155 is also a genetic risk marker for
the development of EHS, the SNP was first genotyped in 137 EHS
patients and 433 controls. There were no significant differences
between EHS and control groups (Table 1). Next, interaction between
SNP rs1154155 and the HLA-DRB1*1501-DQB1*0602 haplotype was
calculated in EHS cases (n¼137). A significant interaction was
observed in EHS patients (|R|¼0.2, P¼0.02). There was a tendency
for the risk allele (G) of SNP rs1154155 to be present in EHS patients
positive for the HLA-DRB1*1501-DQB1*0602 haplotype. Thus, EHS
cases were subdivided into two groups, HLA-DRB1*1501-DQB1*0602
haplotype-positive and -negative EHS, for stratified analysis. We
found that HLA-positive EHS was significantly associated with
SNP rs1154155 (Pallele¼0.04, odds ratio, OR¼1.46; Ppositivity¼0.01,
OR¼2.65) (Table 2). The association was compatible with the posi-
tivity model, under which the OR was 2.65. Of the 47 HLA-positive

Table 1 Overall frequency of SNP rs1154155 in EHS and control groups

EHS group Control group

Genotype (%) Genotype (%)

GG GT TT Positivity (%) GG GT TT Positivity (%) Pallele Ppositivity

31 72 34 75.2% 85 227 121 72.1% 0.19 0.24

22.6% 52.6% 24.8% 19.6% 52.4% 27.9%

Abbreviations: EHS, essential hypersomnia; SNP, single-nucleotide polymorphism.
Pallele and Ppositivity were assessed for allele frequency and positivity, respectively, between EHS and control groups using w2-test (one-tailed test). Positivity (%) indicates frequency of (GG + GT).

Table 2 HLA-positive EHS was significantly associated with SNP rs1154155

HLA-positive EHS group Control group HLA-negative EHS group

Genotype (%) Genotype (%) Genotype (%)

GG GT TT Positivity (%) GG GT TT Positivity (%) Pallele Ppositivity GG GT TT Positivity (%)

11 30 6 87.2% 85 227 121 72.1% 0.04 0.01 20 42 28 68.9%

23.4% 63.8% 12.8% 19.6% 52.4% 27.9% 22.2% 46.7% 31.1%

Abbreviations: EHS, essential hypersomnia; HLA, human leukocyte antigen; SNP, single-nucleotide polymorphism.
Pallele and Ppositivity were assessed for allele frequency and positivity, respectively, between HLA-positive EHS and control groups using w2-test (one-tailed test). Odds ratios in allele-based test and
positivity-based test were 1.46 (95% confidence interval: 0.95–2.24) and 2.65 (95% confidence interval: 1.10–6.40), respectively. Positivity (%) indicates frequency of (GG + GT).

Table 3 Frequency of SNP rs1154155 in HLA-positive EHS and HLA-matched control groups

HLA-positive EHS group HLA-matched control group

Genotype (%) Genotype (%)

GG GT TT Positivity (%) GG GT TT Positivity (%) Pallele Ppositivity

11 30 6 87.2% 31 62 58 61.6% 0.008 5�10�4

23.4% 63.8% 12.8% 20.5% 41.1% 38.4%

Abbreviations: EHS, essential hypersomnia; HLA, human leukocyte antigen; SNP, single-nucleotide polymorphism.
Pallele and Ppositivity were assessed for allele frequency and positivity, respectively, between HLA-positive EHS and HLA-matched control groups using w2-test (one-tailed test). Odds ratios in allele-
based test and positivity-based test were 1.78 (95% confidence interval: 1.11–2.83) and 4.26 (95% confidence interval: 1.70–10.7), respectively. Positivity (%) indicates frequency of (GG + GT).
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EHS patients, 41 (87.2%) carried the risk allele of SNP rs1154155,
whereas 312 of 433 controls (72.1%) carried the allele. In addition,
SNP rs1154155 was genotyped in HLA-matched controls possessing
the HLA-DRB1*1501-DQB1*0602 haplotype, and a significant
association was also confirmed between HLA-positive EHS and
HLA-matched control groups (Pallele¼0.008, OR¼1.78; Ppositivity¼
5�10�4, OR¼4.26) (Table 3). With regard to HLA-negative EHS
patients, positivity was 68.9%; there were no significant differences
between the HLA-negative EHS and control groups.

DISCUSSION

We found that SNP rs1154155 located in TCRA locus, which has
recently been identified as a novel genetic marker of susceptibility for
narcolepsy with cataplexy, also confers susceptibility to the EHS group
positive for the HLA-DRB1*1501-DQB1*0602 haplotype. However, no
significant SNP association was observed for the EHS subgroup
negative for the HLA haplotype. In addition, allele positivity
(87.2%) in HLA-positive EHS patients was similar to that (84.3%)
in narcolepsy patients with cataplexy (Table 2),4 whereas allele
positivity in HLA-negative EHS patients was similar to that in controls
(Table 2). These findings suggest that HLA-positive EHS exhibits
autoimmune pathogenesis, similar to narcolepsy with cataplexy, but
EHS unassociated with the HLA haplotype is unique from narcolepsy
with cataplexy and HLA-positive EHS. EHS is heterogeneous, con-
sisting of several CNS hypersomnias, including narcolepsy without
cataplexy and idiopathic hypersomnia without long sleep time in
ICSD-2. Although MSLT is normally performed to distinguish
between these two sleep disorders by the presence or absence of
REM-related features, our results indicate that HLA and TCRA typing
provides an etiological tool for classifying other CNS hypersomnias
(EHS).
Meanwhile, carnitine palmitoyltransferase 1B (CPT1B) and

choline kinase b (CHKB), which have been identified as susceptibility
genes to narcolepsy with cataplexy,11 confered susceptibility to EHS,
regardless of the HLA haplotype.7 Furthermore, there were no
interactions between SNP rs1154155 in the TCRA locus and
SNP rs5770917 in CPT1B and CHKB in Caucasians, Asians and
African Americans.4 These results suggest the autoimmune
etiology mediated by HLA haplotype and the TCRA locus is inde-
pendent from CPT1B and CHKB function for the development of
CNS hypersomnias.
Hypocretin-1 in the cerebrospinal fluid (CSF) of narcoleptics with

cataplexy is reduced or undetectable.12 It has been reported that SNP
rs1154155 located in TCRA locus was associated with hypocretin
deficient narcolepsy with cataplexy.4 Meanwhile, the CSF hypocretin-1
levels of most of the narcoleptics without cataplexy are within the

normal range except for some cases,6,13 indicating that many of the
EHS patients might not be hypocretin deficient and SNP rs1154155
might also be associated with hypocretin non-deficient hypersomnias.
However, the CSF hypocretin-1 measurements were not performed in
this study. To verify the association, it is necessary to measure the CSF
hypocretin-1 of the EHS subjects in further study.
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