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Abstract
In Japanese, Koreans and Caucasians, narcolepsy/hypocretin deficiency is tightly
associated with the DRB1 *15:01 -DQA1 *01:02 -DQB1 *06:02 haplotype. Studies in
African-Americans suggest a primary effect of DQB1 *06:02 , but this observation has
been difficult to confirm in other populations because of high linkage disequilibrium
between DRB1 *15:01/3 and DQB1 *06:02 in most populations. In this study, we
studied human leucocyte antigen (HLA) class II in 202 Chinese narcolepsy patients
(11% from South China) and found all patients to be DQB1 *06:02 positive.
Comparing cases with 103 unselected controls, and 110 and 79 controls selected
for the presence of DQB1 *06:02 and DRB1 *15:01 , we found that the presence of
DQB1 *06:02 and not DRB1 *15:01 was associated with narcolepsy. In particular,
Southern Chinese haplotypes such as the DRB1 *15:01 -DQA1 *01:02 -DQB1 *06:01
and DRB1 *15:01 -DQA1 *01:02 -DQB1 *05 were not associated with narcolepsy.
As reported in Japanese, Koreans, African-Americans and Caucasians, additional
protective effects of DQA1 *01 (non-DQA1 *01:02 ) and susceptibility effects of
DQB1 *03:01 were observed. These results illustrate the extraordinary conservation
of HLA class II effects in narcolepsy across populations and show that DRB1 *15:01
has no effect on narcolepsy susceptibility in the absence of DQB1 *06:02 . The results
are also in line with a previously proposed ‘HLA-DQ allelic competition model’
that involves competition between non-DQA1 *01:02 , non-DQB1 *06:02 ‘competent’
(able to dimerize together) DQ1 alleles and the major DQα*01:02 / DQβ*06:02
narcolepsy heterodimer to reduce susceptibility.

doi: 10.1111/j.1399-0039.2012.01948.x

Introduction

Narcolepsy/hypocretin deficiency affects 1 in every 3000
individuals in most populations (1–6). It is caused by the
loss of ∼70,000 hypocretin (hcrt, also known as orexin)producing neurons in the hypothalamus (7, 8). The loss of
hypocretin neurons can be documented through the measure of hypocretin-1 in the cerebrospinal fluid (CSF) (9, 10).
In almost all populations, narcolepsy is strongly associated
with DRB1*15:01-DQA1*01:02-DQB1*06:02 (11–17), suggesting an autoimmune mediation of the hypocretin cell loss.
The human leucocyte antigen (HLA) association is even
stronger when CSF hypocretin-1 has been evaluated (18). The
disease also is notably rare in Israel (19) and Sardinia (20),
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where DRB1*15:01-DQA1*01:02-DQB1*06:02 frequency is
very low, suggesting the importance of this haplotype.
Genetic associations with other immune-modulating
genes such as the T cell receptor alpha (17, 21) and
P2RY11/DNMT1 polymorphisms (22) have been shown
across multiple populations, including Chinese samples (23).
Other associations have also been reported in Japan (14, 24).
Renewed interest in this pathology has come from the recent
observation that the autoimmune process is likely precipitated
by winter upper airway infections such as H1N1 influenza
(25, 26) and Streptococcus pyogenes (5, 27). Post pandemic
2009 H1N1 vaccination cases have also been reported in
Northern Europe (25, 28), raising alarm.
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Although almost all cases of narcolepsy carry DRB1*15:01DQA1*01:02-DQB1*06:02 , rare Caucasian cases carry
unusual haplotypes with DQB1*06:02 but not DRB1*15:01 ,
while the reverse haplotypes are not found, suggesting the
primacy of DQB1*06:02 in this association (29). Furthermore, in African-Americans where linkage disequilibrium
is not as high between DQB1*06:02 and DRB1*15:01 ,
association is stronger with DQB1*06:02 (13, 30, 31),
a phenomenon which was first noted using serological
typing (32). In this population, DRB1*15:01-DQA1*01:02DQB1*06:02 , DRB1*11:01-DQA1*01:02-DQB1*06:02 and
DRB1*15:03-DQA1*01:02-DQB1*06:02 , all common haplotypes in African-Americans, are all significantly increased
in frequency in patients versus controls. Using DQB1*06:02
as the disease marker, we estimate that less than 2% of
cases with demonstrated hypocretin deficiency (low CSF
hypocretin-1) do not have this allele (7, 10, 18, 33, 34),
making narcolepsy one of the most tightly HLA-associated
diseases known. These results show that DQB1*06:02 alone
can predispose to narcolepsy/hypocretin deficiency, but do
not exclude the possibility that DRB1*15:01 alone can also
carry predisposition, as haplotypes with DRB1*15:01 but
without DQB1*06:02 are not found in populations studied to
date.
As in other HLA-associated diseases, the genetic association is not simply a dominant effect of DQA1*01:02DQB1*06:02 . First and foremost, association is highest with
subjects homozygous for DQB1*06:02 (about twofold to
threefold higher risk than in heterozygotes) (35) a result likely
explained by increased availability of the DQβ*06:02 protein
in immune cells of homozygous versus heterozygous patients
(36). Furthermore, strong protective effects are noted with
DQA1*01:03-DQB1*06:01 , DQA1*01:01-DQB1*05:01 and
DQA1*01:03-DQB1*06:03 (12, 13, 17). This result suggests
that heterodimerization of DQA1*01:02 and DQB1*06:02
with other DQA1 and DQB1 alleles of the DQ1 groups may
reduce the abundance of DQα*01:02 /DQβ*06:02 , possibly
explaining decreased susceptibility (12). The only secondary
association that cannot be explained by indirect effects on the
availability of the DQα*01:02 /DQβ*06:02 heterodimer is a
trans DQB1*03:01 association that increases risk independent
of DQA1 (12, 13, 37). Remarkably, all these complex effects
are found consistently across multiple ethnic groups including African-Americans, Koreans, Japanese and Caucasians
(12, 13).
Interestingly, recent studies have shown increased diversity of DRB1*15:01-DQ6 haplotypes in the Chinese population, notably in South China and South East Asia where
DRB1*15:01 is associated not only with DQB1*06:02 but
also with DQB1*06:01 (38–41), a protective allele for narcolepsy in Japan and Korea (12, 13, 42). Other haplotypes carrying DRB1*15:01 with DQB1*05:01 , DQB1*05:02
and DQB1*05:03 have also been reported but are less
well documented (43). To test whether DRB1*15:01 could
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predispose to narcolepsy independent of DQB1*06:02 , we
conducted a class II association study in Chinese narcolepsy
versus control, with follow-up comparisons of DR2 haplotypes across cases and controls. Results confirm the primacy
of the DQA1*01:02-DQB1*06:02 association in narcolepsy
and confirm additional HLA class II effects found in other
populations.

Subjects and methods
Patients

Two hundred and two narcolepsy-cataplexy cases (Age,
13.55 ± 9.33; Female, 37.1%) were drawn from a sample
of 906 cases with probable narcolepsy/hypocretin deficiency,
with enrichment of the sample with subjects coming from
South China. Probable hypocretin deficiency (called narcolepsy/hypocretin deficiency through the text) was defined
as in prior studies by the presence of low CSF hypocretin-1
or by the presence of DQB1*06:02 and definitive cataplexy
(34). Using these criteria, we estimate that over 98% of these
cases would have low CSF hyporetin-1 if all tested. All subjects were DQB1*06:02 identified by codon 9–27 sequencespecific primer (SSP) polymerase chain reaction (PCR), as
described in Hallmayer et al. (21), with follow up exon 2
sequencing. Most patients were Han (121/128, 95%) and came
from North China (north of the Yangtze River) (179/202,
89%). The study was reviewed and approved by Stanford and
University of Beijing Institutional Review Boards (ethics committees) and was conducted in accordance with the principles
expressed in the Declaration of Helsinki.
Controls

Controls were selected from several Chinese control panels and matched for North–south China sub-ethnicity. To
establish a panel of randomly selected Chinese controls, we
used 103 HLA class II oligotyped samples (DRB1, DQA1,
DQB1) from two separately recruited North (n = 91) and
South (n = 102) Chinese control populations, courtesy of
Dr Jiabin An (UCLA VA hospital), matched for subethnicity (11% South Chinese). In additional comparisons, we
selected DQB1*06:02 positive or DRB1*15:01 positive controls from Dr An’s panels, adding a randomly selected sample
of 41 DQB1*06:02 positive control North Chinese subjects
from Beijing University People’s Hospital (screened using
the codon 9–27 SSP PCR) and 50 DRB1*15:01 positive
North Chinese subjects randomly selected from the Chinese
bone marrow registry, courtesy of Dr Xiangjun Liu. Using
these panels, we constructed a sample of 110 samples of
DQB1*06:02 positive controls and 79 DRB1*15:01 positive controls, both containing 89% subjects from Northern
China and 11% subjects from South China. Of note, analyses were also performed separating South and North Chinese
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samples, and although power was only sufficient to look at
North Chinese samples only, results were virtually the same,
with similar conclusions (Tables S2 and S3, Supporting Information).
HLA typing

All patients and DQB1*06:02 positive controls were DRB1,
DQA1 and DQB1 exon 2 sequenced by Dr Xiangjun Liu in
China. Some of the narcolepsy samples were also sequenced
for exon 3, but as not all samples were sequenced, subtypes
are only reported based on exon-2 sequencing. The random
Chinese oligotyped controls from Dr Jiabin An (11% from
South China) were exon-2 retyped by sequencing at Stanford.
Unusual haplotypes were verified through repeat genotyping
or sequencing.
HLA class II haplotypes assignments

Two (DQA1-DQB1) and three (DRB1-DQA1-DQB1) locus
haplotypes were assigned to all subjects on the basis of known
HLA haplotype Chinese association. To do so: (i) It was
assumed that the DRB1, DQA1 and DQB1 loci have no
blanks. On the basis of this assumption, when a single HLA
allele was found, the individual was considered homozygous
for that allele; (ii) In the assignment of haplotypes, priority
was given to combinations known to exist in homozygous
B-cell lines or families, and to alleles having 100 per cent
associations in the analysis of unrelated individuals; (iii) Rare
associations were accepted when the other complementary
haplotypes were well defined (i.e. fitted criteria).
Statistical analysis

Chi-square or Fisher’s exact tests were used for statistical comparison. Odds Ratios (OR) were reported to
estimate the magnitude of the effects whenever the comparisons were significant (P ≤ 0.05). Simple allele per allele
comparisons of case versus control carrier (phenotype)
frequencies were first performed between 202 patients and
103 geographically matched controls. Next, we compared
DRB1-DQA1-DQB1 haplotype carrier frequencies for
haplotypes carrying either DQB1*06:02 , DRB*15:01 (or
both) in 202 cases versus (i) 103 unselected controls; (ii)
110 controls selected to be DQB1*06:02 positive and (iii)
79 controls selected to be DRB1*15:01 positive. Finally,
we compared all DQA1*01:02-DQB1*06:02/X combinations in narcolepsy versus DQA1*01:02-DQB1*06:02/X
controls (all possible genotype combinations). Next,
based on the confirmation of prior findings in many
other ethnic groups we compared the following genotypic
combinations: DQA1*01:02-DQB1*06:02 homozygotes,
DQA1*01:02-DQB1*06:02 /DQA1*X-DQB1*03:01
(any
DQA1), DQA1*01:02-DQB1*06:02 /non01:02 DQA1*01 and
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DQA1*01:02-DQB1*06:02 /non-01:02, non-06:02 DQB1*05/
06 to all other combinations, identifying the most significant
effect, then redoing the comparisons using the allele counts
remaining after removing the most significant effects, a
technique very similar to the relative predispositional effect
used by Thomson et al. (44) in other HLA analyses.
This serial statistical approach is used to control for the
fact all HLA allele effects are interdependent (13, 44). Indeed,
for example, because DQB1*06:02 is so strongly associated
with narcolepsy, allele counts for all other alleles are artificially decreased, making them appear all artificially protective
(Table 1). One way around this issue is to use a single parent transmission disequilibrium test approach as performed
in our trio study during the 13th International Histocompatibility workshop (45). In this case, transmission of parental
alleles is only analyzed in parents without DQB1*06:02 . In
case-control study, logistic regression or relative predispositional effect techniques are most appropriate (13, 44). In our
analysis, the serial approach was used together with common
sense allele pooling approach reflecting our allele competition model, i.e. pulling non-DQA1*01:02 DQA1 and nonDQB1*06:02 DQB1*05/06 alleles together.

Results
HLA class II allele phenotype frequencies in cases
versus controls

Phenotype frequencies are shown in Table 1 for DRB1,
DQA1 and DQB1 alleles. As can be seen, all 202 cases carried DQA1*01:02 and DQB1*06:02 , whereas 2 cases were
DRB1*15:01 negative. The DQB1*03:01 allele was also significantly increased. Alleles that were significantly decreased
included DQA1*01:01/4/5 and DQA1*01:03 . Of notable
importance, DQB1*06:01 , an allele strongly protective in
Japanese and Korean populations was not strongly protective in Chinese. Further calculations with sequential removal
of DRB1*15:01 , non-01:02 DQA1*01 and DQB1*06:02 suggest that the predisposing effects of DQB1*03:01 are independent of non-01:02 DQA1*01 protective effects.
Novel alleles detected by exon 3 sequencing

Three new alleles were found in narcoleptic subjects and
named DQA1*03:03:02 (DQA1*03:03:01 like, except
in exon 3: 108 CTC > CTT, no amino acid change)
and DQA1*01:08 (DQA1*01:02 like, exon 3: 134
GGT > GCT p.G > A) and DQA*01:09 (exon 3: 103
GGT > GAT p.G > D). Of note, DQA1*01:08 was observed
in a narcoleptic subject with DRB1*15:01 /DRB1*07:01 ,
DQA1*01:08 /DQA1*02:01 , DQB1*02:02 /DQB1*06:02 . In
contrast, DQA1*01:09 was observed in a narcolepsy subject
also carrying the classical DQA1*01:02 , DQB1*06:02 predisposing haplotype DRB1*15:01 /-, DQA1*01:02/DQA1*01:09 ,
© 2012 John Wiley & Sons A/S
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Table 1 Phenotype frequency in Chinese patients versus random
controls

DRB1
01:01
01:02
03:01
04:01
04:02
04:03
04:04
04:05
04:06
04:07
04:10
07:01
08:02
08:03
09:01
10:01
11:01
11:04
12:01
12:02
13:01
13:02
14:01/14:54
14:02
14:03
14:05
15:01
15:02
16:02

DQA1
01:01/4/5
01:02/8/9
01:03
02:01
03
04:01
05/non 05:02
06:01
01(non-01:02)

DQB1
02
03:01
03:02
03:03
04:01
04:02
05:01
05:02
05:03
06:01
06:02

Patients Controls
(202)
(103)
0
0
3
4
0
3
1
8
3
1
0
25
1
3
23
1
28
7
13
17
2
7
1
0
1
2
200
4
1

5
1
6
4
1
2
1
10
9
0
1
24
2
7
26
3
12
1
5
12
3
1
8
1
2
1
23
17
9

Patients Controls
(202)
(103)
5
202a
4
23
46
0
52
17
9

21
34
19
24
50
2
24
12
40

Patients Controls
(202)
(103)
26
71
10
22
9
0
3
11
2
13
202

26
33
15
28
11
2
11
12
9
19
22
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OR
(95% CI)

OR (95% CI)
minus 15:01

0 (0–0.57)

Table 1 Continued

DQB1
06:03
06:04
06:09
05/06 (non 06:02)

Patients Controls
(202)
(103)
1
4
2
36

2
0
1
54

OR
(95% CI)

0.27 (0.16–0.44) 0.56 (0.33–0.93)b

OR, odds ratios; CI, confidence interval.
a
One
patient
with
DQA1*01:08 ,
DQA1*01:02 /DQA1*01:09 .
b
NS after correction of 06:02 and 03:01.
0.16 (0.03–0.67)

0.21 (0.04–0.91)
0.31 (0.19–0.74)
2.89 (1.35–6.28)

OR (95% CI)
minus 06:02

one

patient

with

DQB1*06:02 /-. Because not all subjects were sequenced for
exon 3, DQA1*01:08 and DQA1*01:09 were considered
DQA1*01:02 for the purpose of further analysis. Similarly,
DQA1*03:03:02 , an allele observed in a subject with
DRB1*15:01 /DRB1*14:54 ,
DQA1*01:02 /DQA1*03:03 ,
DQB1*04:01 /DQB1*06:02 , was considered DQA1*03 for
the analysis.
Analysis of DRB1*15:01 and DQB1*06:02 carrying
haplotypes

0.06 (0.03–0.47)

348 (76–2195)
0.10 (0.03–0.34)
0.05 (0.02–0.41)

Not applicable

OR
(95% CI)

OR (95% CI)
minus 01:02

0.11 (0.04–0.33)
inf (81–inf)
0.10 (0.02–0.32)
0.48 (0.25–0.90)
0.41 (0.26–0.66)

Not applicable

2.92 (1.63–5.27)
0.10 (0.04–0.21) 0.18 (0.08–0.41)
OR
(95% CI)

OR (95% CI)
minus 06:02

0.47 (0.26–0.87)
2.84 (1.70–4.76)
0.32 (0.13–0.78)
0.36 (0.19–0.67)

0.13 (0.03–0.5)
0.11 (0.02–0.54)
0.32 (0.15–0.71)
inf (144-inf)

Not applicable

Carrier frequencies of various haplotypes containing either
DRB1*15:01 or DQB1*06:02 are reported in various subgroups of controls matched for North South subethnicity in
Table 2. As can be seen, all 202 narcolepsy patients carried at
least one copy of DQB1*01:02-DQB1*06:02 , almost always
in the context of DRB1*15:01-DQA1*01:02-DQB1*06:02
(two
patients
carried
DRB1*11:01-DQA1*01:02DQB1*06:02 , and not DRB1*15:01 , an haplotype also
frequent in patients of African Ancestry). In controls, all
110 subjects selected as positive for DQB1*06:02 were also
DRB1*15:01 positive (100%), while only 65 of 79 subjects
selected as positive for DRB1*15:01 were DQB1*06:02
positive (82%). The results conclusively shows that in this
population DRB1*15:01 independent of DQB1*06:02 does
not predispose to narcolepsy. This was most striking when
considering DRB1*15:01-DQA1*01:02-DQB1*06:01 , a
haplotype common in the South Chinese population (38) that
was never found in isolation of DQB1*06:02 in narcoleptic
patients, but was frequent in controls.
Effects of DQ alleles in trans of DQB1*06:02

Further analysis focused on DQB1*06:02 positive subjects only (narcolepsy versus controls, Table 3). These
were done per individual haplotypes (Table S1, Supporting Information) and after grouping of the genotypes
identified above and in prior publications as modifying narcolepsy risk (Table 3). As can be seen in
Table 3, homozygosity for DQA1*01:02-DQB1*06:02 and
DQA1*01:02-DQB1*06:02 /DQA1*X-DQB1*03:01 had the
highest predisposing ratios, doubling predisposition. We also
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Table 2 HLA DR-DQ carrier haplotype frequency in Chinese narcolepsy patients and controls

Alleles/
haplotypes

DQA1*01:02
DQB1*06:02
DRB1*15:01
15:01-01:02-06:02
11:01-01:02-06:02
15:02-01:02-06:02
15:01-01:02-06:01
15:01-01:02-05:03
15:01-01:02-05:02
15:01-05-03:01

Selected controls

Patients

Unselected
controls

DQB1*06:02 +

DRB1*15:01+

n = 202

n = 103

n = 110

n = 79

n

%

n

%

OR (95% CI)

n

%

n

%

202a
202
200
200
2

100
100
99
99
1.0

34
22
23
21

33
21
22
19

inf (81-inf)
inf (144-inf)
348 (76-2195)
390 (85.0-2479)

110
110
110
110

100
—
100
100

78
65
79
65

99
82
—
82

1
2

1.0
1.9

9

4.5

1

0.5

OR (95% CI) versus
15:01 or 06:02
controls

inf (8.25-inf)
21.5 (4.49–141.2)

3

2.6

9
4
2
1

11
5.1
2.5
1.3

HLA, human leucocyte antigen; OR, odds ratios; CI, confidence interval.
a
One with DQA1*01:08 , one with DQA1*01:02 , DQA1*01:09 .

Table 3 Predisposing and protecting allelic combinations in Chinese narcolepsy

01:02-06:02

Other
DQB1

Other
DQA1

DQB1*06:02
patients (202)

DQB1*06:02
controls (110)

OR
(95% CI)

OR
(95% CI)

01:02-06:02
01:02-06:02
01:02-06:02
01:02-06:02
01:02-06:02
01:02-06:02
01:02-06:02
01:02-06:02
01:02-06:02
01:02d-06:02

06:02
06:02
06:02
05/06 (non 06:02)
05/06 (non 06:02)
05/06 (non 06:02)
Other
Other
03:01
Other

01:02a
01 but non 01:02
Other
01:02
01 but non 01:02
Other
01:02
01 but non 01:02
Other
Other

27
—
—
27
9
0
—
—
71
68

7
—
—
13
18
2
—
—
18
52

2.27 (0.90–5.95)*
—
—
1.15 (0.54–2.48)b,c
0.24 (0.10–0.59)*,b
inf (0.45-inf)b
—
—
2.77 (1.50–5.18)*,b
0.57 (0.34–0.93)*,b

—
—
—
—
—
—
—
—
3.02 (1.54–5.96)*,b
Ref

OR, odds ratios; CI, confidence interval.
*P < 0.05.
a
01:09 in one case.
b
After removal of 06:02 homozygosity effects.
c
After removal of both 06:02 homozygosity and DQ1 protective effects.
d
01:08 in one case.

found that the DQB1*03:01 effect was independent of DQA1
and DRB1 (Table 1 and Table S1, Supporting Information),
as previously noted in other ethnic groups. In addition, we
found 4× protective effects of DQA1*01 alleles that are
not DQA1*01:02 when associated with DQB1*05/06 alleles
that are not DQB1*06:02 . Interestingly, in cases where
DQA1*01:02 was present but associated with DQB1*05/06
alleles that are not DQB1*06:02 , predisposition was neutral
(OR = 1.15, NS).

Discussion

Our study is the first to examine HLA class II effects in
Chinese narcolepsy. As in other ethnic groups, the findings
show a remarkable conservation of effects previously reported
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in Japan, Korea, Caucasians and African-Americans, namely:
(i) the requirement of at least one copy of DQA1*01:02DQB1*06:02 (estimated at more than 98% of cases);
(ii) a predisposing effect of DQA1*01:02-DQB1*06:02
homozygosity or the presence of DQB1*03:01 in trans
of DQA1*01:02-DQB1*06:02 . (iii) Protective effects of
DQA1*01 (non-01:02) and DQB1*05/06 (non-06:02) that
could heterodimerize with DQA1*01:02 or DQB1*06:02 ,
reducing occurrence of the DQα1*01:02 /DQβ1*06:02
heterodimer.
The present study also showed several additional findings. First, in one case with typical narcolepsy and cataplexy, a rare new DQA1*01:02 like allele, DQA1*01:08 was
found within a classic DRB1*15:01-DQB1*06:02 susceptibility haplotype. The new polymorphism is in exon 3, in
© 2012 John Wiley & Sons A/S
Tissue Antigens, 2012, 80, 328–335
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a region not known to be functionally important, although
it is bracketed by conserved amino acids associated with
CD4 binding and DQ heterodimerization. Another rare exon
3 polymorphism on a DQA1*01:02 (DQA1*01:09 ), was also
found in one patient with narcolepsy. In this case, however,
the patient also carried DQA1*01:02 , thus it is uncertain
if it could replace DQA1*01:02 functionally in the context
of the DQα*01:02 /DQβ*06:02 disease susceptibility dimer.
These findings, made only in two cases, do not allow firm
conclusions but suggest that additional sequencing of exon
3 in more Chinese cases could show additional diversity,
helping to define key amino acids involved in susceptibility.
As for DQB1*02:01 and DQB1*02:02 exon 3 differences
and celiac disease, however, these polymorphisms are likely
not functionally important, suggesting a primary role of the
peptide-binding region of exons 1 and 2 for disease susceptibility. In addition to the two non-synonymous substitutions, we also report DQA1*03:03:02 (DQA1*03:03:01 like,
except in exon 3: 108 CTC > CTT, no amino acid change)
on a DRB1*14:54-DQA1*03:03:01-DQB1*04:01 Chinese
haplotype.
Second, our study excludes any significant effect of
DRB1*15:01 , something that had been difficult to do
previously, as the allele is very tightly associated with
DQB1*06:02 in almost all ethnic groups, but less so in
Chinese and South East Asians where is notably associated with DQB1*06:01 (38–41, 43). Third, although the
ranking of predisposition ORs for the various combinations
(described in Table 3) was generally compatible with the
allele competition model, variation was 10-fold between
protective and predisposing combinations. This was more
than expected if OR changes had been simply proportional to
(i) variation in DQα1*01:02 /DQβ1*06:02 absolute amount
(in theory 4× from homozygotes to protective heterozygotes)
or (ii) % ratio of DQα1*01:02 /DQβ1*06:02 in relation to
all possible dimers in a cell (also in theory varying up to 4×
from homozygotes to protective heterozygotes). Additional
analyses across ethnic groups are underway to test this
model using bigger sample sizes. Interestingly, because there
is a higher number of DQA1*01:02 bearing haplotypes
that do not carry DQB1*06:02 in Chinese, it was possible
to assess whether DQA1*01:02 alone has some effect on
predisposition in trans of DQA1*01:02-DQB1*06:02 as
predicted by the DQA1-DQB1 allelic competition model.
Interestingly, predisposition for these combinations falls
between DQA1*01:02-DQB1*06:02 /other and that of
DQA1*01:02-DQB1*06:02 homozygotes also suggesting
that both amount and ratio of DQα1*01:02 /DQβ1*06:02
may be important. On the basis of these findings, we propose
a model involving competition between DQ1 compatible
alleles with DQα1*01:02 /DQβ1*06:02 predisposing to
narcolepsy, explaining the protective effects of the other DQ1
subtypes. This result is also compatible with a recent finding
showing that the expression of the DQB1*06:02 mRNA and
© 2012 John Wiley & Sons A/S
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DQβ1*06:02 protein is 1.54-fold higher in DQA1*01:02DQB1*06:02 homozygotes versus heterozygotes (36), a
finding that could explain why homozygotes are at increased
risk for narcolepsy.
In contrast with this finding, the observation of a
strong DQB1*03:01 predisposing effect in the presence of
DQB1*06:02 remains difficult to explain. After removal of
DQ1 protective alleles, DQB1*03:01 predisposing effects
were maintained and even slightly increased, indicating
effects independent of our allele competition model. The
DQB1*03:01 predisposing effect was particularly strong in
the Chinese population, potentially reflecting the fact most
of our Chinese cases had onset as young children (70% of
our sample) (26); whether DQB1*03:01 positive patients
have lower age of onset then DQB1*03:01 negative subjects
remains to be tested. Alternatively, the DQB1*03:01 effect
could also be due to linkage disequilibrium with another
nearby polymorphism, but we believe this hypothesis to be
unlikely considering the consistency of the association across
very diverse ethnic groups. Furthermore, DQβ1*03:01 is not
known to pair with DQα1*01:02 in vitro, and should thus
not interact with other DQβs, i.e. DQβ1*06:02 (46, 47).
One possibility could be that DQβ1*03:01 -TCR interactions stimulate T cells via preferential binding of some superantigen to DQβ1*03:01 ; an association with Streptococcus
has been suggested to play a role as a cofactor in triggering
onset and Streptococcus is known to be capable of generate
superantigens (48). Another explanation could involve preferential competition of DQβ1*03:01 and DQβ1*06:02 with
HLA-DM, DO (49, 50) or even peptides with similar binding
motifs (47). These effects could somehow increase the loading of pathogenic peptides into the DQα1*01:02 /DQβ1*06:02
heterodimers for presentation. Finally, DQβ1*03:01 could
shape the T cell repertoire in ways that predispose to narcolepsy (51), or it could bind secondary antigens (other than
those binding to DQα1*01:02 DQβ1*06:02 ) increasing disease predisposition through interaction with other infectious
or immune factors. The relative simplicity and surprising conservation of HLA association effects in narcolepsy offers the
opportunity to understand more complex HLA effects in other
diseases, as illustrated by our proposed allelic competition
model and resulting statistical approaches.
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