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Introduction: Narcolepsy type 1 is accompanied by a selective loss of  orexin/hypocretin (hcrt) neurons in the lateral hypothalamus caused by yet unknown 
mechanisms. Epidemiologic and genetic associations strongly suggest an immune-mediated pathogenesis of  the disease.
Methods: We compared specific T-cell reactivity to orexin/hcrt peptides in peripheral blood mononuclear cells of  narcolepsy type 1 patients to healthy controls 
by a carboxyfluorescein succinimidyl ester proliferation assay. Orexin/hcrt-specific T-cell reactivity was also determined by cytokine (interferon gamma and gran-
ulocyte-macrophage colony-stimulating factor) analysis. Individuals were considered as responders if  the cell division index of  CD3+CD4+ T cells and both stimu-
lation indices of  cytokine secretion exceeded the cutoff  3. Additionally, T-cell reactivity to orexin/hcrt had to be confirmed by showing reactivity to single peptides 
present in different peptide pools.
Results: Using these criteria, 3/15 patients (20%) and 0/13 controls (0%) showed orexin/hcrt-specific CD4+ T-cell proliferation (p = .2262). The heterogeneous 
reactivity pattern did not allow the identification of  a preferential target epitope.
Conclusions: A significant role of  orexin/hcrt-specific T cells in narcolepsy type 1 patients could not be confirmed in this study. Further studies are needed to 
assess the exact role of  CD4+ T cells and possible target antigens in narcolepsy type 1 patients.
Keywords:  Narcolepsy type 1, autoimmune disease, orexin/hypocretin, CD4+ T-cell proliferation, HLA-DQB1*06:02.

INTRODUCTION
Narcolepsy is a lifelong chronic sleep disorder with excessive 
daytime sleepiness and disturbed nocturnal sleep. The disease is 
often accompanied by cataplexy (narcolepsy type 1), a sudden 
loss of muscle tone with retained consciousness triggered by 
emotions.1,2 Age of onset varies with peaks around the ages of 
15 and 35 years3 and the prevalence lies between 25 and 50 per 
100 000 individuals.4

The etiology of narcolepsy type 1 is not known, but onset of 
clinical manifestation is related to a selective loss of approxi-
mately 90% orexin/hypocretin (hcrt)-producing neurons lying 
interspersed between melanin-concentrating hormone (MCH)–
producing cells in the lateral hypothalamus. The fact that 
MCH-producing cells are spared suggests a highly selective 
mechanism of cell loss.5–7

Data from genetic, epidemiologic, and immunologic studies 
strongly suggest an immune-mediated pathogenesis of narco-
lepsy type 1. The genetic association with the human leukocyte 
antigen (HLA) class II allele DQB1*06:02,8–11 with more than 
95% of patients with narcolepsy type 1 carrying this allele, as 
opposed to 12–38% HLA-DQB1*06:02-positive individuals in 
the general population,12–16 is much higher than in many well-es-
tablished autoimmune diseases. More recently, further genes 
involved in immune modulation such as T-cell receptor alpha,17 
OX40L,18 cathepsin H,18 and P2RY1119 were shown to be asso-
ciated with narcolepsy in genome-wide association studies 
(GWAS), pointing towards a T-cell-mediated immune process.

The hypothesis of an immune-driven cause of the disease has 
recently been corroborated by reports of an increased incidence 

of narcolepsy in children following the 2009 H1N1 influenza 
virus pandemic in China20,21 and in children and adults after 
pandemic H1N1 vaccinations in Sweden, Finland, Ireland, 
UK, Norway, and France.22 Recently, antibodies reacting with 
a nucleoprotein of influenza virus, which is also present in the 
vaccine associated with narcolepsy, have been demonstrated to 
crossreact with orexin/hcrt receptor 2, further underscoring a 
possible autoimmune pathogenesis of the disease.23

Immunoglobulin G (IgG) from narcolepsy patients, but not 
from healthy controls, enhanced bladder parasympathetic 
cholinergic contractile responses, confirming a hypersensi-
tivity to cholinergic stimulation in narcolepsy and suggest-
ing the presence of a pathogenic autoantibody in patients.24 
Attempts to identify possible target antigens involved in an 
autoantibody-mediated pathogenesis led to Tribbles homolog 
2 (TRIB2). Antibodies against this intracellular antigen were 
found in 14–41% narcolepsy type 1 patients and only in 
2–4% of controls, with higher antibody titers close to disease 
onset.25–27 Intra-cerebroventricular injection of pooled IgG from 
anti-TRIB2 antibody-positive narcolepsy patients into mice 
resulted in a decrease of neuronal and synaptic markers and of 
prepro-orexin in the lateral hypothalamus and caused behavio-
ral changes resembling narcolepsy.28 However, results from a 
recent study using a similar approach in rats do not support the 
hypothesis that anti-TRIB2 antibodies cause the destruction of 
orexin/hcrt neurons.29 Potentially pathogenic antibodies against 
further yet unknown antigens were also shown to elicit different 
staining patterns in rat brain sections and to induce alterations 
of sleep patterns after passive IgG transfer.30

Statement of Significance
Investigating T-cell-mediated autoimmunity in narcolepsy type 1 is very challenging and yielded conflicting results in the past. This is the first study to 
determine the rate of  proliferating CD4+ T cells of  patients with narcolepsy type 1 after stimulation with orexin/hypocretin peptides in vitro. In this setting, 
only a small subset of  patients with a distinct T-cell proliferation could be identified. The exact role of  CD4+ T cells in the pathogenesis of  narcolepsy type 1 
remains unclear and should be addressed in future studies.
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Taken together, despite many attempts to identify autoim-
mune causes for the pathogenesis of spontaneous (i.e. non 
vaccine/infection associated) narcolepsy type 1, definite evi-
dence for an autoimmunity-driven mechanism is still lacking 
(recently reviewed).31 In particular, the role of T cells remains 
unclear.32,33 The majority of postmortem studies failed to detect 
microglial or T-cell infiltrations in affected hypothalamic areas 
of patients. However, since those studies were carried out often 
decades after disease onset, a possible role of immune cells at 
the time of disease onset cannot be excluded. Evidence from 
a case with concomitant Ma antibody-associated encephalitis 
showed gliosis and extensive CD8+ T-cell infiltrations in the 
hypothalamus 4 months after disease onset.34 In addition to the 
strong genetic association with HLA class II alleles suggesting 
an involvement of CD4+ T cells, to date, two studies reported an 
association with HLA class I alleles.35,36 Recently, using trans-
genic mice expressing hemagglutinin specifically in orexin/
hcrt-producing neurons, it was shown that antigen-specific 
CD4+ and CD8+ T cells were able to infiltrate the hypothalamus 
and cause local inflammation, but only CD8+ T cells caused a 
selective loss of orexin/hcrt-producing neurons.37

In the present study, we investigated orexin/hcrt-specific CD4+ 
T-cell reactivity in peripheral blood mononuclear cells (PBMC) of 
patients with narcolepsy type 1 and healthy controls. For this pur-
pose, we used a carboxyfluorescein succinimidyl ester (CFSE)–
based proliferation assay that quantifies proliferating T cells and 
measured cytokine secretion after stimulation with a peptide library 
covering the full length pre-pro orexin/hcrt precursor protein.

METHODS AND MATERIALS

Study design and participants
In total, 15 patients with narcolepsy type 1 and 15 healthy 
controls were included in the study. Blood samples were 
drawn between 2013 and 2014 at the Clinical Department of 
Neurology, Innsbruck. For the primary evaluation, isolated 
PBMC were used immediately for subsequent experiments, 
without cryopreservation. Initially, cells of some individuals 
did not proliferate in response to positive control peptides, 
and results of those stimulations were considered unreliable. 
Therefore, reassessments were made from frozen PBMC of 
these individuals (patients #7, #9, and #10, and controls #3, #4, 
#10, and #14), yielding a clear proliferation in response to pos-
itive control peptides. All patients were seen by experts in sleep 
medicine (B.H., A.S., T.M.) and fulfilled the diagnostic crite-
ria of narcolepsy type 12 (or ICSD-2,38 since all patients were 
diagnosed before 2014). The present study was approved by 
the Ethical Committee of the Medical University of Innsbruck 
(study number UN4966 322/4.10), and all patients and con-
trols gave written informed consent to the study protocol. For 
patients younger than 18 years of age, written informed consent 
was sought from a parent or legal guardian. In total, 2 minors 
were enrolled in the study and written informed consent was 
sought from a parent on their behalf.

Proliferation assay
Whole blood was collected in EDTA containing Monovette® 
collection tubes (Sarstedt, Nuembrecht, Germany). PBMC 
were isolated using Ficoll gradient reagent (Sigma-Aldrich, St. 

Louis, MO, USA) and immediately used for subsequent exper-
iments or frozen for later analyses. At a density of 2 × 107 cells 
per milliliter, isolated PBMC were stained with 0.4 µM CFSE 
(Life Technologies, Carlsbad, CA, USA) following the manu-
facturer’s instructions with minor modifications. Briefly, PBMC 
were stained with CFSE diluted in PBS (Sigma-Aldrich) for 
5 min at 37°C. The reaction was stopped by adding RPMI-1640 
growth medium containing 10% FCS (both Life Technologies). 
The cell suspension was placed on ice for 10 min, and after one 
further washing step with RPMI-1640 containing 10% FCS, 
followed by one washing step with RPMI-1640 without FCS, 
the cells were cultivated in X-Vivo 15 growth medium (Lonza, 
Basel, Switzerland). For the expansion of antigen-specific T 
cells, PBMC were exposed to orexin/hcrt peptide pools cov-
ering the full length protein (Peptides & Elephants, Potsdam, 
Germany). A peptide library of overlapping 15-mer peptides 
and two 13-mer peptides (orexin/hcrt

1-13
 and orexin/hcrt

45-57
 that 

were included due to their predicted high binding affinity for 
HLA-DQB1*06:02)39 was generated, and each peptide (10 µg/
mL) was contained in 2 different peptide pools (Table 1). This 
setup has the following advantages: (1) the number of total 
reactions is reduced and (2) each peptide is contained in exactly 
2 peptide pools, which allows the identification of specific 
epitopes involved in possible immune reactions. As controls, 
a tetanus toxin (TTX) pool (Peptides & Elephants) and a pool 
of myelin peptides (MBP

13–32
, MBP

83–99
, MBP

111–129
, MBP

146–170
,  

MOG
1–20

, MOG
35–55

, PLP
139–154

; 10 µg/mL; Bachem AG, 
Bubendorf, Switzerland)40 were used. As vehicle control, dime-
thyl sulfoxide (Sigma-Aldrich) was used. Cells were seeded at 
a density of 2 × 105 cells per 200 µL in tissue culture test plates 
96U (TPP, Trasadingen, Switzerland), each 6 wells per condi-
tion. After 48 h 50 µL of supernatant were replaced by fresh 
culture medium in each well and stored at −80°C for cytokine 
analysis. After 8 days, cell were restimulated with either peptide 
pools (10 µg/mL per peptide) or vehicle control, and 100 µL of 
the supernatant were replaced with fresh medium containing 
20 U/mL IL-2 (Peprotech, Hamburg, Germany) and stored at 
−80°C. Three days later, PBMC were harvested and analyzed 
by flow cytometry. To determine the proliferation of T cells, 
PBMC were stained with CD3, CD4, and CD45RO antibodies 
(all BD Bioscience, Franklin Lakes, NJ, USA) and analyzed on 
an Accuri C6 flow cytometer (BD Bioscience). For analysis of 
a positive T-cell proliferation response, the cell division index 
(CDI) was calculated as follows:

CD3 CD4 CFSE cells stimulated 
  with orexin hcrt peptides 

+ ± −

/ %%

( ) %

( )
( )+ ± −Vehicle DMSO  treated CD3 CD4 CFSE cells 

A CDI ≥ 3 was considered as significant proliferation.

Interferon gamma and granulocyte-macrophage colony-stimulat-
ing factor levels
Cell culture supernatants from 48 h, days 8 and 11 were stored 
at −80°C until use. Interferon gamma (IFN-γ) and granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) lev-
els in the supernatants were determined by commercially 
available Luminex-based ProcartaPlex Immunoassays (48 h; 
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eBioscience, San Diego, CA, USA) or enzyme-linked immuno-
sorbent assay kits (days 8 and 11; BioLegend, San Diego, CA, 
USA). Stimulation indices (SIs) and cutoff values were calcu-
lated as described for CDI.

Genomic HLA typing
To determine the frequency of the HLA-DQB1*06:02 allele 
of patients and controls from genomic DNA the Olerup SSP® 
DQB1*06:02, DQA1*01:02 Typing Kit (Vienna, Austria) was 
used.

Statistical analysis
Statistical analysis was done using GraphPad Prism 7 
(GraphPad, San Diego, CA, USA). Between-group compari-
sons were performed with Kruskal–Wallis test, Mann–Whitney 
U test, Fisher’s exact test, and Dunn’s multiple comparison post-
hoc test when appropriate. Correlation of parameters was ana-
lyzed with Spearman’s non-parametric correlation. Statistical 
significance was defined as 2-sided p-value < 0.05.

RESULTS

Frequency of the HLA-DQB1*06:02 allele in patients and 
controls
Demographic data of all patients and controls included in the 
study are shown in Table 2. All 15 patients with narcolepsy type 
1 were positive for the HLA-DQB1*06:02 allele (100%) and 
2/10 healthy controls were HLA-DQB1*06:02 positive (20%), 
consistent with the reported distribution of this allele in patients 
and controls.8,9,12–16 In order to control for a possible confound-
ing effect of the HLA-DQB1*06:02 allele, we increased the 
number of HLA-DQB1*06:02-positive healthy controls by 
selectively including 5 further healthy controls with the HLA-
DQB1*06:02 allele (#11–15), allowing subgroup analyses of 
HLA-DQB1*06:02-positive and negative controls.

CD4+ T-cell proliferation to orexin/hcrt and control peptides
The gating strategy for identification of CD3+CD4+CFSE− cells 
is shown in Figure 1. CD4+ T-cell proliferation in response to 
the control peptides TTX was higher compared to prolifera-
tion in response to orexin/hcrt peptide pools across all groups 

(p < .0001). CD4+ T-cell proliferation to TTX was higher in 
patients compared to controls (p < .05) but did not reach statis-
tical significance when comparing HLA-DQB1*06:02-positive 
patients and controls only. No further significant group-spe-
cific differences in CD4+ T-cell proliferation were observed in 
response to myelin or orexin/hcrt peptide pools (Figure 2).

A positive CD4+ CDI (≥3) to the TTX control peptides was 
observed in 15/15 (100%) patients with narcolepsy type 1, in 
6/7 (86%) HLA-DQB1*06:02-positive healthy controls and 
in 7/8 (88%) HLA-DQB1*06:02-negative healthy controls. 
Individuals who did not respond to TTX control peptides (i.e. 2 
healthy controls) were excluded from further statistical analysis 
when using Fisher’s exact test. Significant CD4+ T-cell responses 
to any orexin/hcrt peptide pool were observed in 7/15 (47%) 
patients and in 2/13 (15%) healthy controls, without reaching 
statistical significance between the groups (p = .1145; Figure 3, 
Table 2). Four of 9 responders were female and 5 male. Among 
the non-responders, 8 were female and 11 male. We did not find 
significant differences related to gender. The vast majority of 
proliferating CD4+ T cells was positive for the memory T-cell 
marker CD45RO compared to CD4+ T cells from samples not 
showing a distinct proliferation (98.0% vs. 81.7% (patients) and 
95.7% vs. 78.1% (controls); p < .0001; Figure S1 in supple-
mental material). Significant proliferation in response to myelin 
peptides was seen in 2 patients and 2 healthy controls.

There were no statistically significant differences in subgroup 
analyses between HLA-DQB1*06:02-positive and negative 
healthy controls.

IFN-γ and GM-CSF secretion after orexin/hcrt stimulation
To complement the findings of the proliferation responses 
(CDI), we measured the levels of cytokines after stimulation 
with peptides at 48 h, day 8 (before restimulation) and day 11. 
The IFN-γ and GM-CSF concentrations in cell culture super-
natants after 48 h and after 8 days of culture were frequently 
below the detection limit. At 48 h, 38/40 (95%) tested samples 
were below detection limits, missing 2/4 (50%) control reac-
tions to TTX, and all samples from patient #6 who showed a 
clear CD4+ T-cell proliferation to orexin/hcrt pools 1, 7, and 8 
in the CFSE-based proliferation assay and cytokine secretion 
after 11 days. At 8 days still >50% of IFN-γ and GM-CSF levels 

Table 1—Orexin/hcrt Peptide Pools Used for Stimulation of  PBMC.

Pool 5 Pool 6 Pool 7 Pool 8

Pool 1 Orexin/hcrt1–13
MNLPSTKVSWAAV

Orexin/hcrt45–57
CSCRLYELLHGAG

Orexin/hcrt1–15
MNLPSTKVSWAAVTL

Orexin/hcrt11–25
AAVTLLLLLLLLPPA

Pool 2 Orexin/hcrt21–35

LLPPALLSSGAAAQP
Orexin/hcrt31–45

AAAQPLPDCCRQKTC
Orexin/hcrt41–55

RQKTCSCRLYELLHG
Orexin/hcrt51–65

ELLHGAGNHAAGILT

Pool 3 Orexin/hcrt61–75

AGILTLGKRRSGPPG
Orexin/hcrt71–85

SGPPGLQGRLQRLLQ
Orexin/hcrt81–95

QRLLQASGNHAAGIL
Orexin/hcrt91–105

AAGILTMGRRAGAEP

Pool 4 Orexin/hcrt101–115
AGAEPAPRPCLGRRC

Orexin/hcrt111–125
LGRRCSAPAAASVAP

Orexin/hcrt117–131
APAAASVAPGGQSGI

A peptide library from full length orexin/hcrt was created. Pools 1, 2, 3, 5, 6, and 7 contained each 4 orexin/hcrt peptides, pools 4 and 8 contained each 3 
orexin/hcrt peptides at a concentration of  10 µg/mL per peptide. Each peptide was contained in 2 different pools.
Hcrt = hypocretin. PBMC = peripheral blood mononuclear cells.
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Table 2—Demographic Data and CD3+ T-cell Proliferation to Orexin/hcrt Peptide Pools of  All Patients and Controls.

Patients Gender/age† HLA-
DQB1*06:02 
positive

Disease  
duration†

H1N1  
vaccination

CD4+ T-cell 
reactivity to 
TTX control 
peptides

CD4+ T-cell 
reactivity to 
orexin/ 
hcrt pool(s)

CD4− T-cell 
reactivity to 
orexin/ 
hcrt pool(s)

P1 M 55 Yes 28 Not known Yes 5 No

P2 M 40 Yes 10 No Yes No No

P3 M 31 Yes 5 Not known Yes No No

P4 M 45 Yes 25 No Yes No No

P5 F 57 Yes 9 No Yes 7 7

P6 F 68 Yes 18 No Yes 1, 7, 8 1, 7, 8

P7 M 38 Yes 2 No Yes 5 No

P8 F 62 Yes 46 No Yes No No

P9 M 14 Yes 1 No Yes 4# No

P10 M 18 Yes 8 No Yes 2*, 6 No

P11 F 12 Yes 3 Not known Yes No No

P12 M 56 Yes 24 Not known Yes No No

P13 F 38 Yes 15 No Yes 2, 6 2, 6, 8#

P14 M 34 Yes 10 Not known Yes No 3#

P15 F 19 Yes 6 No Yes No No

M:F 9:6 15/15

Median 
(range)†

39.1 (12–68) 10 (1–46)

Controls Gender/age HLA-DQB1*06:02

C1 F 27 No n/a No Yes No No

C2 M 31 No n/a No Yes No No

C3 M 48 No n/a No Yes No No

C4 M 52 No n/a No Yes 2#,6#,7# 6#

C5 M 48 Yes n/a No No No No

C6 M 38 No n/a No Yes* No No

C7 F 60 No n/a No No No No

C8 M 60 No n/a No Yes No No

C9 F 61 Yes n/a No Yes No No

C10 M 21 No n/a No Yes No No

C11 F 29 Yes n/a No Yes No No

C12 F 27 Yes n/a No Yes 4#, 5# 5#

C13 M 32 yes n/a No Yes No No

C14 F 35 Yes n/a No Yes No No

C15 F 25 Yes n/a No Yes No No

M:F 8:7 7/15

Median 
(range)†

39.6 (21–61) n/a

†Years; #CD4+ T-cell proliferation was not confirmed by secretion of  both cytokines. *CD4+ T-cell reactivity had detected a CDI of  2.94, which was marginally 
below the cutoff  (3) but clearly elevated SI ≥3 of  IFN-γ and GM-CSF secretion.
CDI = cell division index. GM-CSF = granulocyte-macrophage colony-stimulating factor. hcrt = hypocretin. IFN-γ = interferon gamma. n/a = not applicable. 
PBMC = peripheral blood mononuclear cells. SI = stimulation index.
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were below detection limits and therefore considered as unreli-
able (data not shown). After 11 days, 7% and 13% of IFN-γ and 
GM-CSF levels, respectively, were below detection limits. SI of 
IFN-γ and GM-CSF levels after 11 days of culture correlated 
well with CDI in the proliferation assay: 0.73 [95% confidence 
interval (CI): 0.67–0.78] and 0.71 (95% CI: 0.65–0.76), respec-
tively (Spearman ρ; p < .0001). As can be seen in Figure 3, SI 
of cytokine levels exceeded the cutoff (≥3) more often than the 
above described CDI in patients and controls.

Identification of orexin/hcrt epitopes eliciting an immune 
response
The orexin/hcrt peptide pools consisting of a peptide library 
derived from the full length orexin/hcrt protein were designed to 
be able to identify 15-mer peptides yielding a possible immune 
response, since each peptide was contained in 2 pools (Table 1). 
Four patients (#1, #5, #7, and #9) showed CD4+ T-cell prolifer-
ation to each one peptide pool; therefore, no peptide-specific 
proliferation could be confirmed in these patients. However, 
3 patients (#6, #10, and #13) showed proliferation to multiple 

peptide pools, and this proliferation was also confirmed by IFN-
γ and GM-CSF secretion: CD4+ T cells of patient #6 reacted 
to pools 1, 7, and 8, and CD4+ T cells of patients #10 and #13 
to pools 2 and 6, leading to orexin/hcrt

1–15
 and orexin/hcrt

11–25
 

(patient #6), and orexin/hcrt
31–45

 (patients #10 and #13) as pos-
sible target epitopes. Thus, the CD4+ T-cell proliferation of nar-
colepsy type 1 patients follows a heterogeneous pattern but is 
restricted to the N-terminal region of orexin/hcrt.

In contrast, CD4+ T-cell proliferation of 2 healthy controls 
(#4: pools 2, 6, and 7; #12: pools 4 and 5) was not confirmed by 
IFN-γ and GM-CSF secretion.

Using these stringent criteria, only 3 of 15 (20%) patients had 
a significant response to orexin/hcrt peptides as opposed to 0 of 
13 (0%) healthy controls (p = .2262).

Orexin/hcrt-specific CD3+CD4− cell proliferation
Although we cannot certainly identify CD8+ T cells with this 
setting, we further analyzed the population of CD3+CD4– cells, 
which comprises cytotoxic CD8+ T cells, CD3+ natural killer 
(NK) T cells and γδ T cells. The gating strategy for identification 

Figure 1—Gating strategy for identification of  proliferated CD3+ T cells. PBMC stimulated with orexin/hcrt or control peptides after 11 days in 
culture were analyzed. Gating of  lymphocytes (A), CD3+ cells (B), CD4+ and CD4− T cells (C) is shown. (D–F) Gating of  proliferated CFSE− T 
cells. This example shows proliferated T cells to the vehicle control (D), in response to TTX peptides (E) and orexin/hcrt pool 6 of  patient #13 
(F). CFSE = carboxyfluorescein succinimidyl ester. FSC = forward scatter. PBMC = peripheral blood mononuclear cells. SSC = side scatter. 
TTX = tetanus toxin.
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of CD3+CD4−CFSE− cells is shown in Figure 1. As observed 
for CD3+CD4+ T cells, CD3+CD4− cell proliferation in response 
to the control peptides TTX was higher compared to prolifera-
tion in response to orexin/hcrt peptide pools across all groups 
(p < .0001; Figure S2 in supplemental material). No significant 
group-specific differences in CD3+CD4− cell proliferation were 
observed in response to orexin/hcrt peptide pools. A CDI ≥ 3 
to any orexin/hcrt peptide was observed in 4/15 (27%) patients 
and 2/13 (15%) healthy controls (p = .6546). CD3+CD4− cell 
reactivity largely overlapped with CD3+CD4+ T-cell reactiv-
ity specific for orexin/hcrt peptides (Figure 3 and Table 2). 
There were only 2 responses of CD3+CD4− cells that were not 
observed for CD3+CD4+ T cells, which were however also not 
detectable by cytokine secretion (patient #13 to orexin/hcrt 
pool 8 and patient #14 to orexin/hcrt pool 3).

DISCUSSION
In the present study, we found some patients with narcolepsy 
type 1 (7/15; 47%) showing a peripheral CD4+ T-cell reactiv-
ity in response to orexin/hcrt peptides, while orexin/hcrt-spe-
cific responses were observed in 2/13 (15%) healthy controls. 
However, when considering only those individuals with spe-
cific T-cell reactivity to single orexin/hcrt peptides, confirmed 
by reactivity to different pools containing the same peptide, 

and cytokine secretion, only 3/15 (20%) patients and 0/13 (0%) 
healthy controls had a positive response. The difference between 
patients and controls did not reach statistical significance, which 
is in line with a recent study reporting no significant difference 
in IFN-γ production in blood of patients in response to orexin/
hcrt B.41 Furthermore, no specific epitope could be identified, 
although the experimental setup was designed to enable the 
identification of 15-mer target peptides. We used very stringent 
criteria to exclude false positives, i.e. individuals having T-cell 
reactivity to only one of two peptide pools, or if the T-cell pro-
liferation was not confirmed by cytokine secretion.

It can be speculated that a putative epitope eliciting T-cell 
response in our patients is located rather in the N-terminal part 
of the full length protein (orexin/hcrt

1–60
), since stimulation 

with peptide pools containing exclusively C-terminal epitopes 
(orexin/hcrt

61–131
; pools 3 and 4) did not result in a positive CD4+ 

T-cell proliferation in any of the patients, with the exception of 

Figure 3—T-cell proliferation and cytokine secretion in response 
to TTX, myelin, and orexin/hcrt peptide pools. PBMC of  patients 
with narcolepsy type 1 (n = 15) and of  healthy controls (n = 15) 
were stimulated with respective peptide pools for 11 days. Heat 
maps indicate CDI of  CD3+CD4+ and CD3+CD4− cells and SI of  
IFN-γ and GM-CSF. The cutoff  CDI and SI (≥3) is indicated in 
white, values below in blue and above in red. Missing values are 
shown in gray. Note that C#5 and C#7 were excluded due to low 
CD4+ T-cell proliferation (CDI < 3). C#1–15 =  (healthy) controls. 
CDI = cell division index. DMSO = dimethyl sulfoxide (vehicle con-
trol). GM-CSF = granulocyte-macrophage colony-stimulating fac-
tor. IFN-γ  =  interferon gamma. OxPool1-8  =  orexin/hcrt peptide 
pools. P#1–15 = (narcolepsy type 1) patients. PBMC = peripheral 
blood mononuclear cells. SI  =  stimulation index. TTX  =  tetanus 
toxin (positive control).

Figure  2—TTX, myelin and orexin/hcrt-specific CD4+ T-cell 
proliferation in narcolepsy patients and controls. PBMC from 
patients with narcolepsy type 1 and healthy controls were ana-
lyzed by CFSE proliferation assay in response to TTX, myelin, and 
orexin/hcrt peptide pools (Table  1) after 11  days of  stimulation. 
CD3+CD4+CFSE− cells were quantified by calculation of  the CDI. 
Fifteen patients with narcolepsy type 1 and 15 healthy controls 
were analyzed. The cutoff  CDI (≥3) is indicated by horizontal gray 
lines. Medians are shown by horizontal gray bars. Between-group 
comparisons were calculated by Mann–Whitney U test. *p < .05. 
CDI = cell division index. CFSE = carboxyfluorescein succinimidyl 
ester. Ox Pool 1–8 = orexin/hcrt peptide pools. PBMC = peripheral 
blood mononuclear cells. TTX = tetanus toxin.
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patient #9 responding to orexin/hcrt pool 4, which was how-
ever not confirmed by cytokine secretion. The N-terminal part 
of orexin/hcrt contains the signal peptide (orexin/hcrt

1–33
) and 

the secreted orexin/hcrt A (orexin/hcrt
34–66

).42,43 One interest-
ing observation was the higher proliferation to the TTX con-
trol peptides in narcolepsy type 1 patients compared to healthy 
controls, reaching significance for CD4+ T cells. However, the 
difference was not significant anymore when considering only 
DQB1*06:02-positive controls. Thus, the HLA class II allele 
is an important determinant of the response to TTX, as was 
previously demonstrated for different vaccines.44,45 Still, pro-
liferation was more pronounced in narcolepsy patients. Thus, 
besides the HLA class II allele, additional factors that can mod-
ulate T-cell reactivity to TTX might differ between narcolepsy 
type 1 patients and healthy controls. This is in line with results 
from GWAS in narcolepsy pointing towards genes involved in 
immune modulation of T cells,17–19 although this is purely spec-
ulative based on the data from our study.

Experimental procedure and analysis of data used in this 
study were carefully selected to keep very stringent readout 
criteria, combining different methods to determine peptide-spe-
cific T-cell response: (1) dilution of CFSE-stained CD4+ cells, 
which is a direct way to determine cell proliferation; (2) secre-
tion of IFN-γ; and (3) GM-CSF to the cell culture supernatant. 
The combination of both readouts, i.e. T-cell proliferation and 
cytokine secretion strongly increases the validity of the results. 
Furthermore, we used mainly freshly isolated PBMC to improve 
the quality of our analysis.

Our study also has limitations. First, the number of patients 
and controls was small (n = 15). However, an a priori sam-
ple size calculation revealed that this number is sufficient to 
detect a biologically relevant difference of 50% with a statis-
tical power of 80% and 5% alpha. Furthermore, the precursor 
frequency of orexin/hcrt-specific T cells might be too low for 
the assays used in the study. Overall, we used 1.2 × 106 PBMC 
for each condition, which is in line with reported precursor fre-
quencies for auto-antigens,46 but we cannot exclude that these 
are very much lower in narcolepsy type 1 patients. In our study, 
the reactivity to the TTX-positive control peptides was absent 
in two of the healthy controls. We therefore considered cells of 
those individuals as not sufficiently responsive to antigen-spe-
cific proliferation and excluded them from further statistical 
analysis when using Fisher’s exact test.

The median disease duration of the narcolepsy patients 
investigated in our study was 10 years, and most of the patients 
had the disease for 10 or more years. This is a general issue 
since diagnosis of narcolepsy is frequently made several years 
after the actual onset of the disease, with a reported mean delay 
of 15 years or more.47 The 3 patients with a positive T-cell 
response had a mean disease duration of 14 years (range 8–18). 
In contrast, none of the 4 patients with a disease duration of 
5 years or less showed a convincing orexin/hcrt-specific T-cell 
reactivity. Thus, T-cell reactivity to orexin/hcrt might rather 
reflect a secondary process than an initial event in narcolepsy 
type 1.

Only 28% of the population aged 15–59 years and 40% of the 
population older than 60 years are vaccinated against influenza 
H1N1 in Austria,48 which is far below the European Union target 
(75%) and several other European Union Member States.49 In 

the present study, to our knowledge, none of the 15 patients was 
vaccinated against H1N1. Therefore, the cases described here 
represent a cohort of spontaneous narcolepsy type 1 patients (as 
opposed to patients that developed the disease after H1N1 vac-
cination), and it is not possible to conclude any possible effects 
of H1N1 vaccinations on the parameters investigated here.

Finally, the nature of proliferating CD3+CD4− cells (compris-
ing CD8+, CD3+ NKT cells and γδ T cells) observed in some 
individuals could not be further specified since the main focus 
of this study were CD4+ T-cell responses. Due to increasing evi-
dence for a contribution of CD8+ T cells in the pathogenesis of 
narcolepsy,35–37 a more specific analysis of CD8+ T-cell reactiv-
ity is warranted in future studies.

Overall, we conclude that orexin/hcrt-specific T-cell 
responses are elevated in some but not significantly more fre-
quently in patients with narcolepsy type 1 compared to healthy 
controls. Our data do not suggest that orexin/hcrt is a predom-
inant target antigen for T cells in narcolepsy type 1 patients. 
However, the observed tendency seen here does not exclude 
an autoimmune contribution and adds one further aspect to the 
myriad of ambiguous data on the topic. Similarly, recent studies 
investigating cytokine profiles in serum or CSF of narcolepsy 
patients yielded contradicting data detecting either differen-
tially regulated cytokines in narcolepsy50–52 or no significant 
group specific differences.53

The biological relevance of the observed T-cell reactivity to 
orexin/hcrt in the 3 positively tested patients remains unclear, 
and no single target peptide could be identified. Important 
questions as the frequency of orexin/hcrt-specific T-cell 
responses at disease onset or the influence of such T-cell 
responses on phenotype and disease course should be ana-
lyzed in studies with larger sample sizes and longitudinally 
repeated sampling.
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