
NARCOLEPSY

Narcolepsy is an increasingly recognized sleep disorder characterized by excessive daytime 
sleepiness, symptoms of dissociated/abnormal rapid eye movement (REM) sleep, disrupted 
nocturnal sleep, and cataplexy. Although daytime sleepiness is the most disabling symptom, 
signi!cantly disrupted sleep at night results in a similar amount of sleep over 24 hours compared 
to controls. Many of the hallmark symptoms of narcolepsy [sleep paralysis, hypnagogic halluci-
nations, sleep-onset REM period (SOREMP)s] are also seen in the general population, especial-
ly in the context of sleep deprivation, however cataplexy (brief episodes of bilateral muscle weak-
ness triggered by emotions) is highly speci!c to narcolepsy. "e most typical triggers for cata-
plexy are joking, laughter, and to a lesser extent, anger. Attacks may vary in severity ranging 
from jaw sagging or head dropping, to knees buckling, or total body paralysis lasting up to sev-
eral minutes, with consciousness preserved through the duration. "e unifying feature of these 
symptoms is that they all reflect a fundamental dysregulation of normal transitions between 
sleep and wake. Disease onset is most o#en in childhood, peaking between 10 and 25 years of 
age, and once established, the disease is life-long. Recent work has resulted in substantial in-
sights on key genetic factors contributing to susceptibility and how these relate to the immu-
nological processes underlying the pathophysiology of the disease.

Narcolepsy-cataplexy occurs with a fairly consistent prevalence of approximately 0.02-0.03% 
in various Caucasian groups throughout the world, with a somewhat higher prevalence in Japa-
nese (0.16%) and individuals of African descent, and a lower prevalence in Israeli Jews (0.002%).1,2 
"ese prevalence rates partially correspond with higher frequency of the susceptibility factor 
DQB1*06:02 (discussed below). "is factor has a high frequency in African Americans (38%) 
and lower frequency in Ashkenazi Jews (3-6%), although not in Japanese (12%). "e prevalence 
of narcolepsy without cataplexy has been di$cult to characterize, as the diagnosis lacks speci!c-
ity (relying primarily on the presence of SOREMPs), and patients are likely to be underdiagnosed 
or misdiagnosed. Population based studies indicate that 1-3% of the population report sleepiness 
with multiple SOREMPs detected by mean sleep latency test (MSLT) testing.3,4 

Familial occurrence of narcolepsy-cataplexy was reported in the initial 1887 report by West-
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Narcolepsy has long been known to be associated with speci!c Human Leukocyte Antigen variants, and therefore expected to be an auto-
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phal,5 and until recently, it has been considered to be a familial 
disorder. Many previously reported affected family members 
were instances of unrecognized obstructive sleep apnea, and it is 
now understood that narcolepsy is primarily a sporadic disor-
der, although one with a strong genetic susceptibility factors. 
Approximately 8-10% of patients report another family member 
with narcolepsy/cataplexy, indicating that familial clustering 
occurs at low levels. The risk to first-degree relatives is 0.9-
2.3%, which is low, but nevertheless 10-40 fold greater than in 
the general population.1,6 Increased rates of narcolepsy-like 
symptoms (excessive sleepiness, hypnagogic hallucinations, 
sleep paralysis) are also seen in family members, but overall risk 
is di$cult to quantify due to the high prevalence of these in the 
general population.1 Twin studies in narcolepsy indicate a very 
low concordance rate. Among 21 published case-reports of 
monozygotic twins, only 25% were concordant for narcolepsy-
cataplexy (32% concordance when narcolepsy either with or 
without cataplexy was considered).1 
"ese family and twin studies support the action of genetic 

variants conferring disease susceptibility, as well as the need for 
environmental triggers to initiate disease. As described in detail 
in this review, several signi!cant susceptibility loci have now been 
identi!ed for narcolepsy, and likely underlie part of the familial 
risks for the disease. While a speci!c Human Leukocyte Antigen 
(HLA) allele is clearly involved (DQB1*06:02, described below), 
this locus does not account for all of the increased risk observed 
in !rst-degree relatives.7 Non-HLA susceptibility genes are there-
fore being sought in context of multiplex families, and as co-fac-
tors in sporadic narcolepsy. Multiplex families with narcolepsy oc-
curring across multiple generations have been rarely identi!ed, 
and 30% of these show no association with HLA DQB1*06:02, sug-
gesting the action of high penetrance non-HLA alleles (see1). "e 
small size of these families together with their rare occurrence has 
precluded identi!cation of these variants through traditional link-
age studies. Recently, several non-HLA susceptibility genes have 
been identi!ed through GWA studies of sporadic narcolepsy cases, 
and like HLA, these also have important roles in immune function.

Animal Models of Narcolepsy: 
!e Role of Hypocretins

Narcolepsy with clear cataplexy has been repeatedly reported 
in dogs, and attempts to establish a canine model of the disease 
began in the 1970s. As in humans, canine narcolepsy is primari-
ly sporadic, but following identi!cation of multiple a%ected Do-
berman puppies from the same litter, as well as several a%ected 
Labrador retrievers, a breeding colony was successfully established 
at Stanford to study this recessive mutation.8 Canine narcolepsy 
was found to be very similar to the human disorder. In both the 
sporadic and genetic forms, dogs exhibited typical cataplexy trig-
gered by food or play, had decreased bout length for sleep and wake, 
and had short REM latency. A%ected Dobermans, Labradors and 
Dachshunds, were found to carry mutations in the hypocretin re-

ceptor 2 gene following an extensive positional cloning e%ort.9 "e 
three identi!ed mutations each resulted in complete loss of recep-
tor function and thus impairment of postsynaptic hypocretin neu-
rotransmission. In parallel experiments, a narcolepsy phenotype 
(including sleep fragmentation, cataplexy-like episodes, and sleep 
onset REM periods) was also produced in prepro-hypocretin (al-
ternatively named orexin) knockout mice.10 "is ligand gene en-
codes two highly related peptides, released by proteolytic cleav-
age and termed hypocretin-1 and -2. "ese peptides then signal 
two related G protein-coupled receptors called hypocretin/orexin 
receptors 1 and 2.11,12 Hypocretin-receptor de!cient rodents were 
created,13 demonstrating that the Hypocretin receptor-2 knock-
out animals, and animals lacking both receptors had a narcolepsy 
phenotype, but receptor-1 knockout animals have a very mild phe-
notype with only slight sleep fragmentation abnormalities. Addi-
tional transgenic models were later created to study the e%ects of 
loss of orexin/hypocretin-containing cells as opposed to selective 
loss of the neuropeptide.14,15 

Hypocretin De"ciency in Human Narcolepsy
"e identi!cation of hypocretin receptor defects in canine nar-

colepsy led directly to our current understanding of the patho-
physiology in humans, by directing focus to the function of the 
hypocretin system. Studies of cerebrospinal &uid (CSF) revealed 
low or undetectable levels of hypocrein-1 peptide in the CSF of 
sporadic narcolepsy cases, and post mortem brains from narco-
lepsy cases had profound decreases in expression of preprohypo-
cretin, and peptide content.16-18 In situ hybridization showed a re-
markably speci!c loss of hypocretin hybridization signal, with no 
apparent loss or damage to co-mingled MCH expressing cells.17 
Subsequent studies of narcolepsy brain tissue indicated similar re-
ductions in expression for genes co-expressed in hypocretin cells 
including dynorphin, Narp and IGFBP3, suggesting loss of the 
cells.19-21 

Mutation screening was also performed to search for variants 
causing hypocretin system dysfunction, but as occurrence is typi-
cally sporadic, HLA-associated, and involved apparent loss of cells, 
studies focused on rare DQB1*06:02 negative, and familial cases, 
which would be more likely to carry mutations. One mutation was 
identi!ed, introducing a highly charged Arginine into the signal 
peptide of the preprohypocretin protein in a highly unusual case 
of early onset disease which was DQB1*06:02 negative and mani-
fested cataplexy at 6 months.17 Functional analysis suggested ab-
normal tra$cking of the mutant protein precursor, likely result-
ing in toxicity to the cells, which was supported by undetectable 
hypocretin-1 in the CSF. Multiple studies of typical DQB1*06:02-
positive sporadic cases of narcolepsy, using a variety of methods 
(sequencing of candidate genes, and genome wide association stud-
ies) have not revealed mutations or SNP variants linked with hypo-
cretin ligand or receptor genes predisposing to narcolepsy.17,22-25 
"us, while defects in hypocretin neurotransmission underlie nar-
colepsy, this is not due to loss of expression or function of the hypo-
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cretin system loci, but rather to dramatic impairment or loss of the 
~70,000 cells producing the peptide within the hypothalamus. As 
noted above, canine narcolepsy is highly analogous to human nar-
colepsy: the majority of identi!ed cases are sporadic, and are as-
sociated with low CSF hcrt-1 levels.26 As three distinct hypocretin 
receptor 2 mutations have been identi!ed in dogs, it is therefore 
somewhat mysterious that no such mutations have yet been iden-
ti!ed in humans. HCRTR2-mutant narcoleptic dogs show typi-
cal cataplexy, but mice lacking HCRTR2 exhibit less cataplexy 
than hypocretin/ orexin ligand knockout mice, or mice lacking 
both receptors.13 It may thus be that HCRTR2 mutations in hu-
mans result in a diminished phenotype. "e HLA association (de-
scribed in detail below), the highly selective pattern of hypocre-
tin cell loss and the lack of identi!ed mutations point to an unde-
rlying autoimmune disease mechanism for narcolepsy.

HLA GENE ASSOCIATIONS 
IN NARCOLEPSY

"e HLA genes are located within an extended span of human 
chromosome 6p containing 239 annotated loci (see27), also referred 
to as the major histocompatability locus (MHC). In addition to the 
classical Class I and II genes, the MHC region contains over a hun-
dred non-HLA loci, many of which also have roles in the immune 
response. "e critical role of speci!c class II HLAs antigens in the 
development of narcolepsy was !rst noted in the Japanese pop-
ulation, when it was noted that 100% of cases had DR2 and DQ1, 
whereas this haplotype was found in only 30% of controls.28 Class 
II HLA antigens are heterodimeric glycoproteins that are primari-
ly located on antigen presenting cells (dendritic and phagocytic 
cells), and function to bind processed foreign peptides and pres-
ent them to T cells by engaging the T cell receptor. "e initial as-
sociation noted in Japanese was rapidly con!rmed in individuals 
of European descent29,30 but was found to be more variable in Af-
rican Americans, where there is greater haplotype diversity.31 "e 
core susceptibility locus was identi!ed by analyzing high resolu-
tion HLA haplotypes in varous ethnic groups, which revealed that 
DQB1*06:02 is the most speci!c marker for narcolepsy in all eth-
nic groups. In Japanese and Europeans, the predisposing DQB1-
*06:02 allele occurs together with DQA1*01:02 on a haplotype 
with DRB1*15:01. In African Americans, however, these DQB1 
and DQA1 alleles are found on haplotypes with a variety of DRB1 
alleles, particularly DRB1*15:03, DRB1*15:01, DRB1*11:01 and 
DRB1*08:06.32,33 "e speci!city of DQB1*06:02 versus DR2 in 
narcolepsy was again highlighted in a small study of Korean pa-
tients and controls, where two common DR2 haplotypes were 
identified (DRB1*15:01, DQB1*06:02 and DRB1*15:02, DQB1-
*06:01).34 All cases of narcolepsy with typical cataplexy were DQB1-
*06:02 positive, versus 24% controls, however from the perspec-
tive of DR2, the additional common haplotype reduced this ratio 

to 100% vs 33%.
DQB1*06:02 is clearly the most important factor predisposing 

to narcolepsy, and is found in 90% of narcolepsy cases. Neverthe-
less, the allele is quite common, ranging in frequency across eth-
nic groups from 12% in Japanese to 38% in African Americans, and 
is therefore not su$cient for the development of the disease. Fur-
thermore, the association between narcolepsy and DQB1*060:2 
is particularly strong only in cases with typical cataplexy, and much 
decreased, or absent in cases without cataplexy.35-37 Less than 1% 
of cases with low hypocretin levels are DQB1*06:02 negative, sug-
gesting disease heterogeneity among DQB1*06:02-negative sub-
jects, and those without cataplexy.

Indeed, it is not clear whether the DQB1*06:02 allele acts alone, 
or in combination with other HLA variants to confer susceptibil-
ity, although additional HLA gene variants certainly modulate the 
DQB1*06:02 e%ects. "e genes encoding DQB1 and DQA1 (en-
coding DQβ and DQα, respectively) are located adjacent to each 
other within a 20 kb segment of the Major Histocompatibility 
Complex (MHC) class II region on human chromosome.6 "e pro-
tein products form a αβ heterodimer known as the HLA DQ an-
tigen localized on the cell surface, which binds foreign or self an-
tigens and presents these to the T cell receptor to e%ect either an 
immune response or tolerance. Not surprisingly, given the close 
proximity, the DQB1*06:02 and DQA1*01:02 alleles are in nearly 
complete linkage disequilibrium in all populations, making it very 
di$cult to study independent contributions of the two genes, or 
whether they are actually required to act together to confer nar-
colepsy susceptibility. "e DQA1*01:02 allele occurs in conjunc-
tion with a variety of non-DQB1*06:02 haplotypes, and these do 
not increase risk for narcolepsy, therefore DQA1*01:02 by itself 
does not predispose to the disease.
"ere are clear dosage e%ects for HLA DQB1*06:02, and addi-

tional HLA alleles have been identi!ed that modulate narcolepsy 
risk in DQB1*06:02 heterozygotes. Carriers of two DQB1*06:02 
alleles (homozygotes) have an additional 2-4 fold risk for narco-
lepsy compared to heterozygotes, and may also exhibit more se-
vere symptoms,38 thus the effect is not merely dominant/addi-
tive.7,39,40 "ere are numerous alleles that increase predisposition, 
including DQB1*0301, DQA1*06, DRB1*04, DRB1*08, DRB1-
*11, and DRB1*12.7,39 "e most prominent of these susceptibili-
ty alleles is DQB1*0301, which yields consistently high relative 
risks in all ethnic groups. Surprisingly, the predisposing e%ect was 
present on a wide variety of DQA1 haplotypes, suggesting that 
antigen binding activity may be speci!ed by unique variations en-
coded by DQB1*03:01 (independent of those present on the DQα 
chain). Alternatively, susceptibility may result through a mecha-
nism independent of DQα DQβ pairing.39

A series of HLA alleles have been identi!ed that provide sig-
ni!cant protective e%ects in DQB1*06:02 heterozygotes, includ-
ing DQB1*06:01, DQB1*05:01, and DQA1*01 (non-DQA1*01:02). 
Analysis of the structure of DQB1*06:01 indicates that very mi-
nor changes in the peptide-binding pocket may determine dis-
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ease risk, since this variant is structurally very similar to DQB1-
*06:02, di%ering by only 9 amino acids. "ree of these are located 
at the T cell receptor binding surface, and 5 contribute to binding 
pockets. In a crystallographic study comparing DQB1*06:02 vs 
*06:011, the latter allele was predicted to have a signi!cantly dif-
ferent hydrogen binding pattern in pocket P9, and a signi!cantly 
reduced volume in the P4 pocket in DQ*06:011. "ese would 
have substantial impact on peptide speci!city.41 Studies by several 
groups using di%erent methods have reported protective e%ects of 
DQA1*01:03-DQB1*06:03,7 most recently, through a genome-wide 
association study in narcolepsy.42 It is notable that two of the most 
highly protective haplotypes contain DQA1*01 alleles that are 
non-DQA1*01:02 i.e. DQA1*01:03/DQB1*06:01, and DQA1-
*01:01/DQB1*05:01.39 "is has led to speculation that the protec-
tive e%ect may be mediated through DQA1 and DQB1 alleles en-
coding proteins that can pair with DQA1*01:02 and DQB1*06:02. 
DQα and DQβ chains from the same family are structurally very 
similar, and have been shown to form stable trans-heterodimers 
in vitro.43 "is indicates that both DQB1*05 and DQB1*06 can 
form heterodimers with DQA1*01 subtypes since they all belong 
to the general DQ1 family, but not with other DQA1 alleles. Ac-
cording to this model, the DQA1*01, non-DQA1*01:02 allele en-
coded on the alternative chromosome, could pair with DQB1-
*06:02, reducing the incidence of the pathogenic DQA1*01:02-
DQB1*06:02 heterodimer through competition. Similar trans-
pairing e%ects have been documented in the pathophysiology of 
celiac disease and type 1 diabetes, two other DQB1-associated au-
toimmune diseases.44,45 

Non-HLA, Non-HCRT Genes in Narcolepsy
Linkage analysis has been a very powerful method for identi-

fying mutations in Mendelian disorders segregating in families, 
where successes usually depend on large numbers of families 
with many affected individuals across several generations. To 
date, linkage studies to identify susceptibility genes in familial nar-
colepsy have largely been disappointing, and suggested loci have 
not been replicated.46,47 While these small and rare families have 
not yielded much information to date, future studies using ge-
nome-wide sequencing technologies such as whole exome se-
quencing, may yet provide a wealth of information. By contrast, 
genome-wide association studies using high-density single nucle-
otide polymorphism (SNP) arrays have been fruitful. "e !rst nar-
colepsy susceptibility SNP identified a genome wide study was 
identi!ed in a Japanese case control design study.24 "e associated 
SNP, rs5770917, is located between CPT1B and CHKB on chro-
mosome 22 (discovery set: 222 cases, 389 controls; replication in 
159 case,190 controls. P values ranged from 1 to 6 × 10-4; OR = 
1.79). "is same SNP was also signi!cantly associated with nar-
colepsy in a small sample of Korean narcolepsy cases (p = 0.03, 
115 cases, 309 controls), and showed similar trends in cases of Eu-
ropean and African descent. In two subsequent large GWA stud-
ies of narcolepsy cases and controls of European descent, the chro-

mosome 22 SNP showed no association with narcolepsy suscep-
tibility, although the variant has a very low minor allele frequency 
in this group (4%).25,42 Interestingly, this same SNP was associated 
with Essential Hypersomnia in another small Japanese sample (137 
cases, 569 controls).24 "is is a heterogeneous disorder, which may 
include incompletely penetrant cases of narcolepsy cataplexy, as 
the rate of DQB1*06:02 is increased. Both genes &anking the SNP 
are potentially interesting candidates as potential modulators of 
narcolepsy and REM sleep e%ects. CPT1B is a rate-limiting en-
zyme in long chain fatty acid β oxidation in muscle mitochondria, 
a pathway implicated in regulation of theta frequency in REM sleep 
in mouse models.48 Likewise, CHKB is a kinase involved in phos-
phatidylcholine synthesis- a precurser to acetylcholine which is a 
known regulator of REM sleep and wakefulness.49 Although the 
minor allele frequency is very di%erent between Japanese and Eu-
ropeans, it is notable that this SNP was not associated with nar-
colepsy in a large sample from China (510 DQB1*06:02 positive 
case, 452 controls), where the allele frequency is similar to Japa-
nese. "e polymorphism also had no e%ects on clinical presenta-
tion of narcolepsy including severity of objective sleepiness.50 "ese 
con&icting results could nevertheless represent genetic variation 
among populations, which could be clari!ed through replication 
testing of an additional set of Japanese cases and controls.
"e T cell receptor alpha (TCRA) is now established as a sig-

ni!cant and general susceptibility factor for narcolepsy, based on 
multiple replications and remarkably consistent odds ratios 
across studies. "ree SNPs within the TCRA locus were found to 
be signi!cantly associated with narcolepsy in a genome wide study 
of large cohort of European descent (p = 1.9 × 10-13, OR = 1.87).25. 
"e discovery sample consisted of 1074 controls and 807 cases of 
European ancestry, all DQB1*06:02 positive. "e association was 
replicated in samples from multiple ethnic groups, with highest 
signi!cance across individuals of European, African, and Asian 
(Japanese and Korean) descent at rs1154155. Of interest, the pop-
ulation attributable risk for rs1154155C in Caucasians is estimat-
ed to be 20%, but this rises to 43% in Asians, where the allele fre-
quency is much higher, which may explain the increased prevalence 
of narcolepsy in Japan, despite the lower frequency of DQB1*06:02 
in this group.7 "is association between has now been found re-
peatedly, and appears to be an important susceptibility locus in all 
groups. An second genome wide study in a large sample of Euro-
pean narcolepsy cases (DRB1*1501 positive, thus presumed DQB1-
*06:02+) and controls also observed a significant association 
for this rs1154155C (discovery + replication samples total 932 cas-
es, 1449 controls; p = 5.3 × 10-7 OR = 1.54).42 Furthermore, the 
TCR alpha !nding was also replicated in the Chinese cohort not-
ed above, with rs1154155 showing a dose-dependent e%ect on sus-
ceptibility (p < 10-4, OR = 1.47).50 "e polymorphism did not show 
an e%ect on the severity of daytime sleepiness in this cohort, al-
though an increased age of onset for carriers was suggested (re-
quiring follow-up in additional studies). "is !nding is similar to 
the e%ect of DQB1*06:02 dose, where homozygosity dramatically 



increases risk for narcolepsy, with more variable results regarding 
e%ects on disease severity and age of onset suggested.38,40

"e TCRA locus is an obvious biological candidate, as it en-
codes the alpha chain of the mature T cell receptor αβ heterodi-
mer. "is protein is localized on the surface of T cells and recog-
nizes antigens bound and presented by class I or class II MHC 
molecules, and following engagement with the antigen-MHC com-
plex, initiates an immune response. The T Cell receptor loci are 
highly complex, and undergo somatic cell recombination similar 
to the immunoglobulin loci to produce the myriad unique recep-
tors in the T cell repertoire which undergo positive and negative 
selection to be capable of recognizing self MHC, yet not be auto-
reactive. "e TCRA locus contains 46 functional variable (V) and 
49 functional joining (J) segments, with the susceptibility SNP lo-
cated in the J segment region. 

In addition, to the associations in narcolepsy, the same SNP was 
significantly associated in the Japanese Essential Hypersomnia 
sample. "e rs1154155C allele was signi!cantly increased among 
patients that carried HLA-DRB1*15:01-DQB1*06:02 vs HLA 
matched controls (p = 0.008, 47 cases, 151 controls), but showed 
no signal among those that were HLA-negative.51 As noted above, 
DQB1*06:02 is increased in frequency in EHS. Together, the HLA 
and TCR !ndings suggest that this subset of EHS cases shares a 
similar genetic basis and autoimmune pathophysiology with nar-
colepsy cataplexy, likely representing an incompletely penetrant 
phenotype. DQB1*06:02 is also at increased frequency in narco-
lepsy without cataplexy, where approximately 30-40% of cases car-
ry the allele versus 25% in controls. "is suggests that approxi-
mately 5-15% of these cases may have a hypocretin related pa-
thology, a !gure also consistent with CSF hypocretin-1 studies in 
this subgroup of patients. 
"e HLA region also shows strong signal in genome wide as-

sociation studies, although these were not remarkable in the study 
by Hallmayer et al due to the experimental design which used 
DQB1*06:02 positive cases and controls. However, a signi!cantly 
protective HLA region SNP located upstream of the DQA2 locus 
was identi!ed in the genome wide study of European narcolepsy 
cases and controls.42 "e rs2858884 marker was associated with 
narcolepsy in the discovery sample (p = 4.65 × 10-5, OR = 2.1, 562 
cases, 702 controls) and replication sample (p = 0.038, OR = 1.4, 
370 cases, 495 controls). "e highly protective e%ect of this SNP 
is partly explained by strong linkage disequilibrium with DRB1-
*13:01-DQB1*06:03. "is DQ variant di%ers by only two amino 
acids from DQB1*06:02, and in the context of DRB1*13:01, is car-
ried together with DQA1*01:03, a haplotype with known protec-
tive e%ects. As discussed above, this may be mediated through 
DQA1*01:03 trans-pairing with DQB1*06:02.7,39 
"e precise mechanism underlying the associations of HLA 

and TCR genes has not been characterized, but rs1154155 or an-
other polymorphism in tight linkage could in&uence the occur-
rence of potentially pathogenic VJα recombinants. When present 
in context of the DQB1*06:02/DQA1*01:02- encoded DQ het-

erodimer, this very speci!c TCR idiotype could then lead to fur-
ther immune reaction ending in the destruction of hypocretin-
producing cells. Together the HLA and T cell receptor associations 
clearly demonstrate an autoimmune basis for narcolepsy, as un-
like HLA, functional TCRs are only expressed in immune T-cells.
"e P2RY11 purinergic receptor gene also plays a role in nar-

colepsy development, as noted in several studies. "is susceptibili-
ty locus was initially identi!ed through screening and replication 
of second-tier signi!cance hits in a study of European and Euro-
pean/American narcolepsy cases and controls.25 SNP rs4804122 
was associated with narcolepsy susceptibility in the discovery sam-
ple (although not at genome-wide levels of signi!cance; p = 5.92 
× 10-5, OR 0.76, 788 cases, 1061 controls), and gave similar results 
in a Caucasian replication sample (p = 5.4 × 10-4, OR = 0.77; 603 
cases, 907 controls). However, this marker was not signi!cantly 
associated in a large sample of Asian cases and controls when test-
ed for replication. "e marker is located in a region of high link-
age disequilibrium spanning the PPAN through DNMT1 loci on 
chromosome,19 and comparison of regional linkage disequilibri-
um suggested alternative markers that could be associated across 
ethnic groups. One of these, SNP rs2305795A located in the 3’ 
untranslated region of the P2RY11 purinergic receptor gene, sh-
owed strong association with narcolepsy across the three ethnic 
groups tested (Caucasian, African American, Asian (Japanese, 
Korean); p = 6.14 × 10-10, OR 1.28; 2522 cases, 3167 controls).52 
Sub-analysis in the Chinese narcolepsy cohort also showed the 
same SNP, rs2305795A, was signi!cantly associated in this pop-
ulation (p = 0.01, OR 1.29; 741 cases, 610 controls). "is second 
study con!rms the involvement of the locus in narcolepsy, de-
spite the fact that the !rst SNP did not meet genome wide signi!-
cance, and did not replicate outside the Caucasian ethnic group. 
"ere is still rather scant information on how this purinergic re-
ceptor contributes to narcolepsy susceptibility, because the Y11 
form is present as a pseudogene in rodents, and thus little is known 
about the function of this protein. In humans, the gene is widely 
expressed, with pronounced levels in the brain and in white blood 
cells, both appealing targets in the pathophysiology of narcolep-
sy.53 Purinergic signaling plays a fundamental role in immune reg-
ulation, modulating proliferation, chemotaxis and apoptosis in a 
variety of lymphoid cell types. P2RY11 is expressed in CD8+ T 
cells and NK cells, and the A allele of rs2305795 is associated with 
reduced P2RY11 expression in selected cell populations, and is also 
associated with reduced ATP-induced apoptosis of immune cells. 
This locus could therefore mediate narcolepsy susceptibility th-
rough a variety of mechanisms including modulation of immune 
response to an infectious trigger, modulation of an autoimmune 
process, mediation of neutrophil chemotaxis, or potentially through 
direct apoptotic e%ects on hypocretin cells. 
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HLA ASSOCIATIONS 
AND AUTOIMMUNITY

"e binding and presentation of processed antigens by HLA 
proteins is critical to the development of tolerance in the thymus 
(by deletion of self-reactive T cells) and to determination of an im-
mune response in the periphery, and not surprisingly, the vast ma-
jority of autoimmune diseases have shown associations with HLA 
variants. In most cases, a series of predisposing and protective al-
leles at di%erent loci have been identi!ed, indeed the key alleles 
involved can be di$cult to discern due to the complex and exten-
sive linkage disequilibrium patterns of the MHC region. "e iden-
ti!cation of the tight association with DR2/ DQB1*06:02 imme-
diately suggested an autoimmune mechanism for narcolepsy, which 
is also consistent with the peripubertal pattern of onset, and low 
rates of concordance in monozygotic twins. Notably, the DQB1-
*06:02 allele shows the tightest of any HLA-autoimmune disease 
associations, being nearly ubiquitously present in narcolepsy, and 
conferring nearly absolute dominant protection against the auto-
immune destruction of insulin-secreting pancreatic β cells in type I 
diabetes (see6,54). Some clinical features of narcolepsy are less typi-
cal of autoimmune disorders: females are not at increased risk, and 
it has been exceedingly di$cult to !nd direct evidence of humoral 
or cellular autoimmune attack.6,55,56 "e !rst direct and replicated 
evidence of an autoimmune process in narcolepsy has been the re-
cent identi!cation of reactive autoantibodies against the Tribbles 
2 homolog (TRIB2) protein in sera of narcolepsy cases.57-59 In three 
independent studies, autoantibodies were found among 14-26% 
of DQB1*06:02 positive cases with cataplexy, but were rare in cases 
without cataplexy and were found in 2-4% of controls. Di$culty 
in detecting such processes in the past may have re&ected the typi-
cally long delay between disease onset and diagnosis, emerging only 
now that the diagnostic delay is becoming reduced. Nevertheless, 
it is not clear how these antibodies relate to the disease process, as 
there is no direct evidence that the antibodies injure hypocretin 
neurons, and TRIB2 expression is widespread in the brain and oth-
er tissues.60 In addition, subsequent investigations have not con-
tinued to identify these autoantibodies.61 Alternative models for 
the role of these antibodies could include hypocretin cell death 
(through another cause) causing the release of intracellular TRIB2 
protein and leading to the production of autoantibodies, a process 
known as epitope spreading; both hypocretin cell death and pro-
duction of TRIB2 antibodies could also be independent results of 
an in&ammatory response; or !nally, TRIB2 antibodies could be 
the result of an unrelated in&ammatory response widespread in 
the population, but restricted to a timeframe in which more re-
cent onset cases were identi!ed and collected versus controls.

POTENTIAL ENVIRONMENTAL 
TRIGGERS

"e search for environmental triggers is currently a fast mov-
ing and exciting !eld, and recent studies indicate that upper air-
way infections may be key players. Studies repeatedly suggest a role 
for Streptococcal infections, and increased levels of streptococcal 
antibodies (anti-streptolysin O) have been noted in patients com-
pared to age-matched Caucasian controls when analyzing serum 
samples taken within 3 years of narcolepsy onset. "is association 
then dissipates when studying samples from cases with longstand-
ing disease.58,62,63 In a questionnaire-based study, narcolepsy was 
also more common among people reporting a diagnosis of strep 
throat before the age of 21.64 "ese recent !ndings support early 
reports of increased Streptococcal antibodies in narcolepsy which 
had remained controversial.62,65,66 "ese !ndings are interesting 
in context of a recent study on the presentation of cataplexy very 
close to disease onset in pediatric cases, which appears to be some-
what di%erent from cataplexy a#er the disease phenotype has be-
come stable. In these incipient cases, cataplexy is more complex 
and manifests not only with “negative” motor features (partial/fa-
cial or generalized hypotonia, head drops and falls) but also with 
various additional “active” motor abnormalities ranging from fa-
cial grimaces, eyebrow raising, perioral/ tongue movements, to ste-
riotypies, swaying of head and/or trunk, and dyskenetic/dystonic 
movements reminiscent of chorea.67 Both negative and active be-
haviors were signi!cantly associated with narcolepsy versus neu-
rologically normal controls, and were enhanced in patients by emo-
tional triggers, consistent with the classic de!nition of cataplexy. 
Active motor features were more prevalent close to disease onset, 
resolving within several years of onset, suggesting an overlapping 
movement disorder occurring close to narcolepsy onset in chil-
dren, and then resolving with time. In this study, the active mo-
tor phenomena were also increased in patients with higher titers 
of ASO (>400), which is of particular interest when considering 
commonalities of these active cataplexy features with Syndenham 
chorea, various tics, and PANDAS, which are considered to be post 
streptococcal autoimmune disorders of the central nervous sys-
tem.68 "ese all share an episodic course, present with motor and 
behavioral symptoms, and may disappear within several years. In-
deed, cases of nascent narcolepsy in children have been initially 
misdiagnosed as Syndenham chorea, Huntington disease, and PAN-
DAS. It will be of interest to determine whether choreic features 
of incipient cataplexy represent a post-streptococcal disorder. 

Other emerging evidence indicates that exposure to antigens 
from H1N1 subtype of in&uenza A virus may also trigger the dis-
ease. An apparent increase in recent onset narcolepsy cases was not-
ed in major narcolepsy centers in France, Canada and the US fol-
lowing the 2009 H1N1 swine &u pandemic.61 "irty-one cases with 
DQB1*06:02-positive narcolepsy/ hypocretin deficiency were 
identi!ed and studied for past H1N1 exposure or vaccination. Two 



of the cases described developed narcolepsy following docu-
mented or likely H1N1 viral infection. Fourteen cases developed 
disease between 2-8 weeks of H1N1 vaccination, and 11 had re-
ceived a vaccine formulated with an unusual adjuvant system con-
taining squaline and alpha tocopherol (Pandemrix). "ere were 
several notable clinical features including rapid development of se-
vere sleepiness and severe cataplexy, as well as atypical age at on-
set (5 cases over age 38, and 2 cases under age 5). Of interest, elev-
en post vaccination cases showed high ASO titers suggesting 
recent or recurrent streptococcal infections, but none had detect-
able anti-TRIB2 antibodies. Two additional studies have followed 
the initial !ndings, reporting 9-fold and 6.6 fold increased risk of 
narcolepsy in children and adolescents aged 4-19 a#er immuni-
zation with the Pandemrix vaccine in Finland and Sweden, respec-
tively.69,70 "ese breaking results indicate that streptococcal anti-
gens, and/or H1N1 antigens could potentially trigger narcolepsy 
in predisposed individuals, spurring active investigation to sub-
stantiate the link. "e action of a speci!c peptide antigen in the ini-
tiation of narcolepsy is suggested by both the highly constrained 
DQB1 (and potentially DQA1) sequences, and the selected T Cell 
Receptor sequences that have been implicated. As such, patholog-
ic H1N1 epitopes may be created from infection with the virus, or 
through an interaction of the adjuvant with epitopes present in the 
vaccine (that does not occur in the non-adjuvanted formulations). 
Alternatively, H1N1 could be a non-speci!c trigger, acting through 
a mechanism more related to the strength of the immune response 
than to speci!city per se, as the adjuvanted formulation of the vac-
cine is associated with a stronger immune response. Likewise, strep-
tococcus infection could act as a non-speci!c factor by leading to 
superantigen stimulation of dormant autoreactive T-cell clones. In 
addition, either of these factors could thus potentially act indirect-
ly by increasing blood brain penetration.

SUMMARY REMARKS

While long suspected to be an autoimmune disease, narcolepsy 
can now be formally considered as an autoimmune disease based 
the strong predisposing genetic variants within the HLA and T Cell 
receptor loci and the identi!cation of increased levels of speci!c 
autoantibodies near disease onset. "e typically sporadic occur-
rence of narcolepsy, together with studies in twins and rare fami-
lies had previously demonstrated a complex pathophysiology for 
the disease, which would require environmental triggers acting on 
a susceptible (DQB1*06:02 positive) background, or more rarely, 
the action of more highly penetrant gene variants acting through 
a DQB1*06:02-independent mechanism. Recently, speci!c can-
didates for these antigenic triggers have been identi!ed and are 
under active investigation to determine whether the e%ects are an-
tigen-speci!c, or indirect. To date, highly penetrant genes have only 
been identified in exceptional cases, as in the single detected 

HCRT mutation, however additional non-HLA/ non-HCRT nar-
colepsy loci are likely to be identi!ed in the future through whole 
genome sequencing, or exome sequencing studies of rare families 
segregating narcolepsy per se, or in conjunction with a spectrum 
of features (for example narcolepsy/cerebellar ataxia/deafness71,72). 
"ese may prove to have modulatory e%ects on the presentation 
of the more prevalent autoimmune narcolepsy phenotype in con-
junction with HLA and TCR factors. Additional susceptibility loci 
such as P2RY11 are already emerging, which appear to play a role 
in modulating the immune response but act outside the immu-
nological synapse of HLA/antigen/T cell receptor. "ese are ex-
citing functional candidates, and are under active study with re-
spect to in&uence on immune function. In addition, recent results 
in the genetics of other autoimmune diseases have revealed com-
bined e%ects of clusters of immune-related susceptibility genes im-
plicating specific immune pathways leading to disease: these 
should be actively studied in the context of narcolepsy.73-75 Finally, 
variants at HLA DQ, TCRA and other susceptibility loci may also 
prove to be useful in the identi!cation phenotypic subsets in more 
heterogeneous disorders such as narcolepsy without cataplexy and 
hypersomnias, as has been done in Essential Hypersomnia, which 
are likely to share overlapping pathophysiology.

Conflicts of Interest
"e authors have no !nancial con&icts of interest.

1. Mignot E. Genetic and familial aspects of narcolepsy. Neurology 1998; 
50:S16-22.

2. Longstreth WT Jr, Ton TG, Koepsell T, Gersuk VH, Hendrickson A, 
Velde S. Prevalence of narcolepsy in King County, Washington, USA. 
Sleep Med 2009;10:422-6.

3. Mignot E, Lin L, Finn L, Lopes C, Plu% K, Sundstrom ML, et al. Corre-
lates of sleep-onset REM periods during the Multiple Sleep Latency Test 
in community adults. Brain 2006;129:1609-23.

4. Singh M, Drake CL, Roth T. "e prevalence of multiple sleep-onset REM 
periods in a population-based sample. Sleep 2006;29:890-5.

5. Schenck CH, Bassetti CL, Arnulf I, Mignot E. English translations of the 
!rst clinical reports on narcolepsy and cataplexy by Westphal and Gélin-
eau in the late 19th century, with commentary. J Clin Sleep Med 2007;3: 
301-11.

6. Chabas D, Taheri S, Renier C, Mignot E. "e genetics of narcolepsy. Annu 
Rev Genomics Hum Genet 2003;4:459-83.

7. Mignot E, Lin L, Rogers W, Honda Y, Qiu X, Lin X, et al. Complex HLA-
DR and -DQ interactions confer risk of narcolepsy-cataplexy in three eth-
nic groups. Am J Hum Genet 2001;68:686-99.

8. Nishino S. Clinical and neurobiological aspects of narcolepsy. Sleep Med 
2007;8:373-99. 

9. Lin L, Faraco J, Li R, Kadotani H, Rogers W, Lin X, et al. "e sleep disor-
der canine narcolepsy is caused by a mutation in the hypocretin (orexin) 
receptor 2 gene. Cell 1999;98:365-76.

10. Chemelli RM, Willie JT, Sinton CM, Elmquist JK, Scammell T, Lee C, et 
al. Narcolepsy in orexin knockout mice: molecular genetics of sleep reg-
ulation. Cell 1999;98:437-51.

11. Sakurai T, Amemiya A, Ishii M, Matsuzaki I, Chemelli RM, Tanaka H, 
et al. Orexins and orexin receptors: a family of hypothalamic neuropep-
tides and G protein-coupled receptors that regulate feeding behavior. Cell 
1998;92:573-85.



단축제목 기재바랍니다.

12. de Lecea L, Kildu% TS, Peyron C, Gao X, Foye PE, Danielson PE, et al. 
"e hypocretins: hypothalamus-speci!c peptides with neuroexcitatory 
activity. Proc Natl Acad Sci U S A 1998;95:322-7.

13. Willie JT, Chemelli RM, Sinton CM, Tokita S, Williams SC, Kisanuki 
YY, et al. Distinct narcolepsy syndromes in Orexin receptor-2 and Orex-
in null mice: molecular genetic dissection of Non-REM and REM sleep 
regulatory processes. Neuron 2003;38:715-30.

14. Hara J, Beuckmann CT, Nambu T, Willie JT, Chemelli RM, Sinton CM, 
et al. Genetic ablation of orexin neurons in mice results in narcolepsy, 
hypophagia, and obesity. Neuron 2001;30:345-54.

15. Beuckmann CT, Sinton CM, Williams SC, Richardson JA, Hammer RE, 
Sakurai T, et al. Expression of a poly-glutamine-ataxin-3 transgene in orex-
in neurons induces narcolepsy-cataplexy in the rat. J Neurosci 2004;24: 
4469-77.

16. Nishino S, Ripley B, Overeem S, Lammers GJ, Mignot E. Hypocretin 
(orexin) de!ciency in human narcolepsy. Lancet 2000;355:39-40.

17. Peyron C, Faraco J, Rogers W, Ripley B, Overeem S, Charnay Y, et al. A 
mutation in a case of early onset narcolepsy and a generalized absence 
of hypocretin peptides in human narcoleptic brains. Nat Med 2000;6: 
991-7.

18. "annickal TC, Moore RY, Nienhuis R, Ramanathan L, Gulyani S, Al-
drich M, et al. Reduced number of hypocretin neurons in human nar-
colepsy. Neuron 2000;27:469-74.

19. Honda M, Eriksson KS, Zhang S, Tanaka S, Lin L, Salehi A, et al. IGFBP3 
colocalizes with and regulates hypocretin (orexin). PLoS One 2009; 
4:e4254. 

20. Crocker A, España RA, Papadopoulou M, Saper CB, Faraco J, Sakurai T, 
et al. Concomitant loss of dynorphin, NARP, and orexin in narcolepsy. 
Neurology 2005;65:1184-8.

21. Blouin AM, "annickal TC, Worley PF, Baraban JM, Reti IM, Siegel 
JM. Narp immunostaining of human hypocretin (orexin) neurons: loss 
in narcolepsy. Neurology 2005;65:1189-92.

22. Hungs M, Lin L, Okun M, Mignot E. Polymorphisms in the vicinity of 
the hypocretin/orexin are not associated with human narcolepsy. rology 
2001;57:1893-5.

23. OlafsdÓttir BR, Rye DB, Scammell TE, Matheson JK, Stefánsson K, 
Gulcher JR. Polymorphisms in hypocretin/orexin pathway genes and 
narcolepsy. Neurology 2001;57:1896-9.

24. Miyagawa T, Honda M, Kawashima M, Shimada M, Tanaka S, Honda 
Y, et al. Polymorphism located between CPT1B and CHKB, and HLA-
DRB1*1501-DQB1*0602 haplotype confer susceptibility to CNS hy-
persomnias (essential hypersomnia). PLoS One 2009;4:e5394.

25. Hallmayer J, Faraco J, Lin L, Hesselson S, Winkelmann J, Kawashima 
M, et al. Narcolepsy is strongly associated with the T-cell receptor alpha 
locus. Nat Genet 2009;41:708-11.

26. Ripley B, Fujiki N, Okura M, Mignot E, Nishino S. Hypocretin levels 
in sporadic and familial cases of canine narcolepsy. Neurobiol Dis 2001; 
8:525-34.

27. Shiina T, Inoko H, Kulski JK. An update of the HLA genomic region, 
locus information and disease associations: 2004. Tissue Antigens 2004; 
64:631-49.

28. Juji T, Satake M, Honda Y, Doi Y. HLA antigens in Japanese patients 
with narcolepsy. All the patients were DR2 positive. Tissue Antigens 
1984;24:316-9.

29. Marcadet A, Gebuhrer L, Betuel H, Seignalet J, Freidel AC, Confa-
vreux C, et al. DNA polymorphism related to HLA-DR2 Dw2 in patients 
with narcolepsy. Immunogenetics 1985;22:679-83.

30. Mueller-Eckhardt G, Strohmaier P, Schendel DJ, Meier-Ewert K, Muel-
ler-Eckhardt C. Possible male segregation distortion of DR2 haplotypes 
in narcolepsy patients. Hum Immunol 1987;20:189-93.

31. Neely S, Rosenberg R, Spire JP, Antel J, Arnason BG. HLA antigens in 
narcolepsy. Neurology 1987;37:1858-60.

32. Matsuki K, Grumet FC, Lin X, Gelb M, Guilleminault C, Dement WC, 
et al. DQ (rather than DR) gene marks susceptibility to narcolepsy. Lan-
cet 1992;339:1052.

33. Mignot E, Kimura A, Lattermann A, Lin X, Yasunaga S, Mueller-Eckhardt 
G, et al. Extensive HLA class II studies in 58 non-DRB1*15 (DR2) narco-
leptic patients with cataplexy. Tissue Antigens 1997;49:329-41.

34. Hong SC, Leen-Kim, Park SA, Han JH, Lee SP, Lin L, et al. HLA and 
hypocretin studies in Korean patients with narcolepsy. Sleep 2002;25: 
440-4.

35. Matsuki K, Honda Y, Juji T. Diagnostic criteria for narcolepsy and HLA-
DR2 frequencies. Tissue Antigens 1987;30:155-60.

36. Mignot E, Hayduk R, Black J, Grumet FC, Guilleminault C. HLA 
DQB1*0602 is associated with cataplexy in 509 narcoleptic patients. Sleep 
1997;20:1012-20.

37. Lin L, Mignot, E. Human Leukocyte Antigen and Narcolepsy: Present 
Status and Relationship with Familial History and Hypocretin De!cien-
cy. In: Bassetti C, BIlliard M, Mignot E. Narcolepsy and Hypersomnia. 
New York, London: informa healthcare. 2007;411-426. (검색안됨)

38. Pelin Z, Guilleminault C, Risch N, Grumet FC, Mignot E. HLA-DQB1- 
*0602 homozygosity increases relative risk for narcolepsy but not dis-
ease severity in two ethnic groups. US Moda!nil in Narcolepsy Multi-
center Study Group. Tissue Antigens 1998;51:96-100.

39. Hong SC, Lin L, Lo B, Jeong JH, Shin YK, Kim SY, et al. DQB1*0301 and 
DQB1*0601 modulate narcolepsy susceptibility in Koreans. Hum Immu-
nol 2007;68:59-68.

40. Watson NF, Ton TG, Koepsell TD, Gersuk VH, Longstreth WT Jr. 
Does narcolepsy symptom severity vary according to HLA-DQB1*0602 
allele status? Sleep 2010;33:29-35.

41. Siebold C, Hansen BE, Wyer JR, Harlos K, Esnouf RE, Svejgaard A, et al. 
Crystal structure of HLA-DQ0602 that protects against type 1 diabetes 
and confers strong susceptibility to narcolepsy. Proc Natl Acad Sci U S A 
2004;101:1999-2004.

42. Hor H, Kutalik Z, Dauvilliers Y, Valsesia A, Lammers GJ, Donjacour CE, 
et al. Genome-wide association study identi!es new HLA class II haplo-
types strongly protective against narcolepsy. Nat Genet 2010;42:786-9.

43. Kwok WW, Kovats S, "urtle P, Nepom GT. HLA-DQ allelic polymor-
phisms constrain patterns of class II heterodimer formation. J Immunol 
1993;150:2263-72.

44. Margaritte-Jeannin P, Babron MC, Bourgey M, Louka AS, Clot F, et al. 
HLA-DQ relative risks for coeliac disease in European populations: a study 
of the European Genetics Cluster on Coeliac Disease. Tissue Antigens 
2004;63:562-7.

45. Koeleman BP, Lie BA, Undlien DE, Dudbridge F, "orsby E, de Vries 
RR, et al. Genotype e%ects and epistasis in type 1 diabetes and HLA-DQ 
trans dimer associations with disease. Genes Immun 2004;5:381-8.

46. Dauvilliers Y, Blouin JL, Neidhart E, Carlander B, Eliaou JF, Antonara-
kis SE, et al. A narcolepsy susceptibility locus maps to a 5 Mb region of 
chromosome 21q. Ann Neurol 2004;56:382-8.

47. Nakayama J, Miura M, Honda M, Miki T, Honda Y, Arinami T. Link-
age of human narcolepsy with HLA association to chromosome 4p13-
q21. Genomics 2000;65:84-6.

48. Ta#i M, Petit B, Chollet D, Neidhart E, de Bilbao F, Kiss JZ, et al. De!-
ciency in short-chain fatty acid beta-oxidation a%ects theta oscillations 
during sleep. Nat Genet 2003;34:320-5.

49. Platt B, Riedel G. "e cholinergic system, EEG and sleep. Behav Brain 
Res 2011;221:499-504.

50. Han F, Lin L, Li J, Aran A, Dong SX, An P, et al. TCRA, P2RY11 and 
CPT1B/CHKB associations in Chinese narcolepsy. Sleep Medicine in 
press.

51. Miyagawa T, Honda M, Kawashima M, Shimada M, Tanaka S, Honda 
Y, et al. Polymorphism located in TCRA locus confers susceptibility to 
essential hypersomnia with HLA-DRB1*1501-DQB1*0602 haplotype. 
J Hum Genet 2010;55:63-5. 

52. Kornum BR, Kawashima M, Faraco J, Lin L, Rico TJ, Hesselson S, et al. 
Common variants in P2RY11 are associated with narcolepsy. Nat Genet 
2011;43:66-71. 

53. Moore DJ, Chambers JK, Wahlin JP, Tan KB, Moore GB, Jenkins O, et al. 
Expression pattern of human P2Y receptor subtypes: a quantitative re-



verse transcription-polymerase chain reaction study. Biochim Biophys 
Acta 2001;1521:107-19.

54. Baisch JM, Capra JD. Analysis of HLA genotypes and susceptibility to 
insulin-dependent diabetes mellitus: association maps telomeric to HLA-
DP. Scand J Immunol 1992;36:331-40.

55. Overeem S, Verschuuren JJ, Fronczek R, Schreurs L, den Hertog H, He-
geman-Kleinn IM, et al. Immunohistochemical screening for autoanti-
bodies against lateral hypothalamic neurons in human narcolepsy. J Neu-
roimmunol 2006;174:187-91.

56. Scammell TE. "e frustrating and mostly fruitless search for an auto-
immune cause of narcolepsy. Sleep 2006;29:601-2.

57. Cvetkovic-Lopes V, Bayer L, Dorsaz S, Maret S, Pradervand S, Dauvil-
liers Y, et al. Elevated Tribbles homolog 2-speci!c antibody levels in nar-
colepsy patients. J Clin Invest 2010;120:713-9. doi: 10.1172/JCI41366.

58. Kawashima M, Lin L, Tanaka S, Jennum P, Knudsen S, Nevsimalova S, 
et al. Anti-Tribbles homolog 2 (TRIB2) autoantibodies in narcolepsy are 
associated with recent onset of cataplexy. Sleep 2010;33:869-74.

59. Toyoda H, Tanaka S, Miyagawa T, Honda Y, Tokunaga K, Honda M. An-
ti-Tribbles homolog 2 autoantibodies in Japanese patients with narcolep-
sy. Sleep 2010;33:875-8.

60. Lim AS, Scammell TE. "e trouble with Tribbles: do antibodies against 
TRIB2 cause narcolepsy? Sleep 2010;33:857-8.

61. Dauvilliers Y, Montplaisir J, Cochen V, Desautels A, Einen M, Lin L, et al. 
Post-H1N1 narcolepsy-cataplexy. Sleep 2010;33:1428-30.

62. Billiard M, Laaberki MF, Reygrobellet C, Seignalet J, Brissaud L, Besset 
A. Elevated antibodies to streptococcal antigens in narcoleptic subjects. 
Sleep Res 1989;18:201.

63. Aran A, Lin L, Nevsimalova S, Plazzi G, Hong SC, Weiner K, et al. Ele-
vated anti-streptococcal antibodies in patients with recent narcolepsy 
onset. Sleep 2009;32:979-83.

64. Koepsell TD, Longstreth WT, Ton TG. Medical exposures in youth and 

the frequency of narcolepsy with cataplexy: a population-based case-con-
trol study in genetically predisposed people. J Sleep Res 2010;19:80-6. 

65. Montplaisir J, Poirer G, Lapierre O, Montplaisir S. Streptococcal antibod-
ies in narcolepsy and idiopathic hypersomnia. Sleep Res 1989;18:271.

66. Mueller-Eckhardt G, Meier-Ewart K, Schiefer HG. Is there an infectious 
origin of narcolepsy? Lancet 1990;335:424.

67. Plazzi G, Pizza F, Palaia V, Franceschini C, Poli F, Moghadam K, et al. 
Complex movement disorders at disease onset in childhood narcolepsy 
with cataplexy. Brain in press. (검색안됨)

68. Dale RC. Post-streptococcal autoimmune disorders of the central ner-
vous system. Dev Med Child Neurol 2005;47:785-91.

69. Zarocostas J. WHO backs further probes into possible link between 
H1N1 vaccine and narcolepsy in children. BMJ 2011;342:d909. doi: 
10.1136/bmj.d909.

70. Eurosurveillance editorial team. Swedish Medical Products Agency pub-
lishes report from a case inventory study on Pandemrix vaccination and 
development of narcolepsy with cataplexy. Euro Surveill 2011;16. pii: 19904.

71. Melberg A, Hetta J, Dahl N, Nennesmo I, Bengtsson M, Wibom R, et 
al. Autosomal dominant cerebellar ataxia deafness and narcolepsy. J Neu-
rol Sci 1995;134:119-29.

72. Melberg A, Ripley B, Lin L, Hetta J, Mignot E, Nishino S. Hypocretin 
deficiency in familial symptomatic narcolepsy. Ann Neurol 2001;49: 
136-7.

73. Lettre G, Rioux JD. Autoimmune diseases: insights from genome-wide 
association studies. Hum Mol Genet 2008;17:R116-21.

74. Kelley JM, Edberg JC, Kimberly RP. Pathways: Strategies for susceptibil-
ity genes in SLE. Autoimmun Rev 2010;9:473-6.

75. Criswell LA. Gene discovery in rheumatoid arthritis highlights the 
CD40/NF-kappaB signaling pathway in disease pathogenesis. Immunol 
Rev 2010;233:55-61.


