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DETECTION OF NEUROLOGICAL
DISORDERS WITH IMMUNE REACTIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
co-pending U.S. provisional patent application Ser. No.
61/358,655 entitled “DETECTION OF NEUROLOGICAL
DISORDERS WITH IMMUNE REACTIONS,” filed Jun.
25, 2010, which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

[0002] Thepresentinventionrelates generally to the field of
methods of diagnosing a neurological disorder with immune
reaction in a mammal. Also disclosed are methods of treating
and/or preventing a neurological disorder with immune reac-
tion in a patient.

BACKGROUND OF THE INVENTION

[0003] Hypocretin (orexin) neurons play a critical role in
the regulation of sleep and wakefulness, and disturbances of
the hypocretin system have been directly linked to narcolepsy
in animals and humans (1-6). Human narcolepsy is believed
to be caused by a selective hypocretin neuronal loss (2, 3).
Current hypotheses suggest an autoimmune process targeting
these neurons. Attempts to characterize immune-related pro-
cesses have failed so far.

[0004] Narcolepsy is tightly associated with the HLA sys-
tem with 95% of narcolepsy patients with cataplexy carrying
the HLA-DQB1*0602 allele and having undetectable hypo-
cretin levels in their cerebrospinal fluid (CSF) (7, 8). A recent
genome-wide association study found also a strong associa-
tion between narcolepsy and a T-cell receptor alpha gene
variant, corroborating the autoimmune hypothesis (9). More-
over, using a model of spontaneous colonic migrating motor
complex, the presence of functional autoantibodies in sera of
narcolepsy patients could be demonstrated (10, 11).

[0005] However, peripheral or central immune abnormali-
ties in narcolepsy, even in patients diagnosed shortly after the
disorder onset, could not be demonstrated thus far (12). One
hypothesis is that hypocretin neurons express a specific pep-
tide recognized as an autoantigen. The autoimmune attack
may be acute and narcolepsy symptoms may develop once
hypocretin neurons are lost with autoantibody titers below
detectable levels. Two peptides neuronal pentraxin 2 (NPTX2
or Narp) and PDYN (Dynorphin), which are co-localized
with hypocretin within the posterior lateral hypothalamus,
were like hypocretin absent in the few post-mortem brains of
narcolepsy patients (13). However, because a putative
immune attack does not seem to target either hypocretin
ligands or their receptors (12) and because Narp and Dynor-
phin are abundantly expressed in many brain structures, they
are unlikely autoantigen targets.

[0006] Therefore is a need to develop improved method of
diagnosing neurological disorder with immune reaction.

SUMMARY OF THE INVENTION

[0007] The present invention provides a method of diag-
nosing a neurological disorder with immune reactions in a
mammal comprising the step of detecting, in a test sample
from the mammal, autoantibodies to an epitope of at least one
Trib2 protein or an antigenic determinant thereof, optionally
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combined with a quantitative measure of orexins. Also pro-
vided is a method of treating and/or preventing a neurological
disorder with immune reaction in a patient. Also provided is
an assay kit for diagnosing neurological sleep disorders in a
mammal.

[0008] In one embodiment, a method is provided of diag-
nosing a neurological disorder with immune reaction in a
mammal. The method can comprise the step of detecting, in a
test sample from a mammal, autoantibodies to an epitope ofat
least one Trib2 protein or an antigenic determinant thereof.
[0009] Inanother embodiment, the method of diagnosing a
neurological disorder with immune reaction comprises the
steps of a) contacting the test sample with the at least one
Trib2 protein or an antigenic determinant thereof; and b)
detecting any antibody-antigen complexes formed between
the at least one Trib2 protein or an antigenic determinant
thereof and antibodies present in the test sample, wherein
presence of said complex is indicative of a neurological dis-
order with immune reaction.

[0010] In another embodiment, the neurological disorder
with immune reaction is selected from the group consisting of
narcolepsy with and without cataplexy, idiopathic hypersom-
nia, Kleine Levin syndrome, multiple sclerosis, Parkinson’s
disease, Alzheimer’s disease, Guillain-Barré syndrome, uvei-
tis, Myasthenia gravis, Neuromyotonia, Neuropathic diabe-
tes, Schizophrenia, and other neuroinflammatory disorders.
[0011] In another embodiment, the method comprises the
step of detecting orexin A protein and/or orexin B protein in
a test sample from said mammal.

[0012] In another embodiment, the method comprises the
step of assessing the clinical symptoms of the mammal.
[0013] In another embodiment, the mammal is a human.
[0014] In another embodiment, the test sample is selected
from the group consisting of plasma, serum, whole blood,
urine, sweat, lymph, faeces, tears, nasal fluid or nasal neu-
roepithelium, and cerebrospinal fluid.

[0015] In another embodiment, the antibody-antigen com-
plexes are determined using an immunoassay or a chemilu-
minescent assay.

[0016] A method of treating and/or preventing a neurologi-
cal disorder with immune reaction in patient is also provided.
The method can comprise:

1) assessing the clinical symptoms corresponding to a neuro-
logical disorder with immune reaction in the patient;

ii) detecting the presence or absence of autoantibodies to an
epitope of at least one Trib2 protein or an antigenic determi-
nant thereof'in a test sample obtained from the patient accord-
ing to the method of diagnosing a neurological disorder with
immune reaction; and

iii) administering to a patient in need thereof a compound
inactivating the autoantibody.

[0017] In one embodiment, the method of treating and/or
preventing a neurological disorder with immune reaction fur-
ther comprises the step of detecting orexin A protein and/or
orexin B protein in a test sample from said mammal.

[0018] In another embodiment of the method of treating
and/or preventing a neurological disorder with immune reac-
tion, the compound that inactivates the autoantibody is
selected from the group consisting of beta interferons, inter-
leukin-12, corticosteroids, plasmaphoresis, and intravenous
immunoglobulines such as an immunoglobuline G, or a com-
bination of said compounds, or pharmaceutical composi-
tions.
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[0019] An assay kit for diagnosing a neurological disorder
with immune reaction in a mammal is also provided. The
assay kit can comprise i) at least one epitope of at least one
Trib2 protein or an antigenic determinant thereof;, ii) reagents
for the constitution of the medium appropriate for carrying
out the autoantibody-epitope reaction; and iii) the reagents
making possible the detection of the complex formed.
[0020] A method of monitoring treatment in a patient suf-
fering from a neurological disorder with immune reaction,
wherein the patient is treated by administration of a com-
pound or a pharmaceutical composition is also provided. The
method can comprise the steps of:

[0021] (a) determining the concentration or amount in a
first test sample from a patient of one or more autoantibodies
reactive with Trib2 protein, or an antigenic determinant
thereof;

[0022] (D) treating the patient with one or more pharmaceu-
tical compositions for a period of time;

[0023] (c) determining the concentration or amount in a
second or subsequent test sample obtained from the patient
following treatment in step (b) of one or more autoantibodies
reactive with Trib2 protein, or an antigenic determinant
thereof;, and

[0024] (d) comparing the concentration or amount of one or
more autoantibodies reactive with Trib2 protein or an anti-
genic determinant thereof determined in step (¢) with the
concentration or amount of one or more autoantibodies reac-
tive with Trib2 protein or an antigenic determinant thereof
determined in step (a), wherein if the concentration or amount
determined in step (c) is unchanged or is unfavorable when
compared to the concentration or amount of one or more
autoantibodies reactive with Trib2 protein or an antigenic
determinant thereof determined in step (a), then the disorder
in the subject is determined to have continued, progressed or
worsened, and the subject should be treated with a higher
concentration of the one or more pharmaceutical composi-
tions administered to the subject in step (b) or the subject
should be treated with one or more pharmaceutical composi-
tions that are different then the one or more pharmaceutical
compositions administered to the subject in step (b), further
wherein, if the concentration or amount of one or more
autoantibodies reactive with Trib2 protein or an antigenic
determinant thereof determined in step (c) is favorable when
compared to the concentration or amount of one or more
autoantibodies reactive with Trib2 protein or an antigenic
determinant thereof determined in step (a), then the disorder
in the subject is determined to have discontinued, regressed or
improved, and the subject should continue to be administered
the one or pharmaceutical compositions of step (b).

[0025] A method of monitoring treatment in a patient suf-
fering from a neurological disorder with immune reaction and
treated by administration of a compound or a pharmaceutical
composition is also provided. In one embodiment, the method
comprises the steps of:

[0026] (a) determining the concentration or amount of
orexin A protein and/or orexin B protein in said first, or
another, test sample from a patient;

[0027] (D) treating the patient with one or more pharmaceu-
tical compositions for a period of time;

[0028] (c) determining the concentration or amount of
orexin A protein and/or orexin B protein in said second, or
another, test sample from a patient; and (d) comparing the
concentration or amount of orexin A protein and/or orexin B
protein determined in step (c) with the concentration or
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amount of orexin A protein and/or orexin B protein deter-
mined in step (a), wherein if the concentration or amount
determined in step (c) is unchanged or is unfavorable when
compared to the concentration or amount determined in step
(a), then the disorder in the subject is determined to have
continued, progressed or worsened, and the subject should be
treated with a higher concentration of the one or more phar-
maceutical compositions administered to the subject in step
(b) or the subject should be treated with one or more pharma-
ceutical compositions that are different then the one or more
pharmaceutical compositions administered to the subject in
step (b), further wherein, if the concentration or amount of
orexin A protein and/or orexin B protein determined in step
(c) is favorable when compared to the concentration or
amount determined in step (a), then the disorder in the subject
is determined to have discontinued, regressed or improved,
and the subject should continue to be administered the one or
pharmaceutical compositions of step (b).

[0029] Other objects and advantages will become apparent
to those skilled in the art from a review of the ensuing detailed
description, which proceeds with reference to the following
illustrative drawings, and the attendant claims.

DESCRIPTION OF THE FIGURES

[0030] FIG. 1. Pabpc 1-hypocretin transgenic mice (A) RT-
PCR experiments performed on total RNAs from a transgenic
mouse hypothalamus (Tg+) showing the presence of both the
construct and hypocretin (Hert) transcripts. Four different
primer pairs were used, each generating a PCR fragment of
the size predicted by its cDNA sequence: 5' orx/Flag (467 bp),
PABP/IRES (333 bp), GFP (611 bp) and orx (189 bp). (B)
Quantitative RT-PCR experiments showing similar relative
RNA expression levels for Flag-tagged PABP, GFP and orx in
transgenic mice hypothalamus. Only the orx transcript was
detected in non-transgenic (Tg-) mouse hypothalamus as
expected. The normalized relative values (+1 standard devia-
tion) obtained correspond to the mean values from four bio-
logical replicates per condition. (C) Western blot analysis
demonstrating the presence of the Flag protein in the hypo-
thalamic extract (obtained from three transgenic mice) and its
absence in the cortical fraction (from the same three mice).
The loading control is a non-specific band generated by the
mouse monoclonal anti-Flag M2 antibody. Photomicro-
graphs illustrating the distribution of orx (D,F) and Flag
(E,G)—expressing cells on a coronal section from the tuberal
hypothalamus. Higher magnifications confirm that orx and
Flag are co-expressed in the same neurons. Arrows indicate
both single orx or Flag or double orx-Flag staining. Almost all
orx neurons were found to express the Flag containing con-
struct. cp: cerebral peduncle, fx: formix, mtt: mammilo-tha-
lamic tract, 3V: third ventricle. Scale bars in D and E 100 pm,
inF, G, H 20 um.

[0031] FIG. 2. ELISA determination of anti-Trib2 antibod-
ies in sera. (A) Each dot corresponds to the serum of a single
subject. Mean and *1 standard deviation of each group is
reported next to individual values. Dotted horizontal line
indicates the mean anti-Trib2 titer in healthy control subjects
+2 standard deviations. All values are relative to the optical
density of a healthy control subject (=1). P values correspond
to independent t-tests between indicated groups. OIND: other
inflammatory neurological disorders. (B) Mean+1SD of anti-
Trib2 titers at different intervals from the disorder onset. The
horizontal plain and dotted lines indicate mean titer £1SD in
normal control subjects. Numbers indicate the number of
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narcolepsy patients at each interval. Note the sharp titers
decrease within the first 2-3 years reaching normal values.
From 5 up to 30 years after disorder onset, the titers remain
stable but significantly (1SD, p<5x10-5) higher than healthy
control subjects (n=42).

[0032] FIG. 3. Double immunohistochemistry with hypo-
cretin antibody and a high anti-Trib2 antibody-containing
serum of a narcolepsy with cataplexy patient. (A) Coronal
section through the mouse hypothalamus stained with anti-
hypocretin antibody. (B) The same section stained with the
patient’s serum. (C) Merged hypocretin-serum staining
showing that the vast majority of hypocretin-positive neurons
are co-stained by the patient’s serum. Higher magnifications
(D-F) confirm the double-labeling of hypocretin neurons.
Overall, 87% of hypocretin neurons are co-stained by the
serum. (G) Another mouse hypothalamic section stained with
anti-hypocretin antibody. (H) Immunoreactivity with the
same patient’s serum as in (B) but after pre-absorption of
anti-Trib2 antibodies with excess Trib2 peptide. (I) Merged
image showing that the vast majority of hypocretin neurons
are only stained with hypocretin-antibody. Only 8% of hypo-
cretin neurons are double-labeled. Higher magnifications
(J-L) confirm that serum depletion of anti-Trib2 antibodies
results in the absence of double staining Scale bars=20 pm.
[0033] FIG. 4. Generation of Pabpl-orexin transgenic
mice. A: orexin gene structure within the BAC (RP23-
279L.23) used for transgene construction. B: the construction
including the coding sequence of Flag-Tagged Pabpl and
eGFP, the selection cassette Zeomycine and recombinase rec-
ognition sites FRA was PCR amplified with primers corre-
sponding to the immediate 5' and 3' region of the orexin gene.
C: this construct was recombined with the BAC in EL250
competent cells, before removing the selection cassette (D)
and pronucleus injection (E).

[0034] FIG. 5. mRNA Immunoprecipitation of orexin and
MCH from total brain RNA extracts. To test the specificity of
our construct and immunoprecipitation technique, the ratio of
orexin to MCH mRNA was compared between pull down and
whole brain extracts that showed a 20 fold increased in orexin
transcript.

DETAILED DESCRIPTION OF THE INVENTION

[0035] To screen for hypocretin-coexpressed peptides that
may be targets of an autoimmune attack in narcolepsy, Appli-
cants have engineered a transgenic mouse model. As shown in
the Results part, Tribbles homolog 2 transcript (Trib2) is
enriched over 3 fold in hypocretin-producing neurons.
[0036] Surprisingly, Applicants found that patients suffer-
ing from a neurological disorder with immune reaction, such
as narcolepsy, have high titers of circulating autoantibodies
against Trib2 as compared to all other groups. Moreover, they
showed that serum of a narcolepsy patient showed immunore-
activity with over 86% of hypocretin neurons in the mouse
hypothalamus and that preabsorption of the serum with
recombinant Trib2 peptide abolished immunorectivity. These
results indicate for the first time that Trib2 is an autoantigene
in neurological autoimmune disorders such as human narco-
lepsy and that anti-Trib2 antibodies specifically target hypo-
cretin neurons, ultimately leading to their disappearance and
hypocretin deficiency.

[0037] High anti-Trib2 titers (>2.5-3 SD) were found in
narcolepsy with cataplexy patients exclusively, but Appli-
cants did not find an overall difference between narcolepsy
with and without cataplexy. Furthermore, antibody titers cor-
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relate both with the severity of cataplexy and sleepiness,
suggesting that the two conditions might share a similar
pathophysiology.

[0038] Although neither Trib2 nor any other peptide was
found specific to hypocretin neurons, given the low level of
Trib2 expression but its specific enrichment in hypocretin
neurons, it may be that in addition to other sporadic neurons,
hypocretin neurons are the major target of the autoimmune
attack, resulting primarily in narcolepsy symptoms. Never-
theless, other colocalized and/or enriched transcripts such as
Igf2 bp2 or Slcl12a6, might play some functional role in
hypocretinergic neurotransmission, as also suggested for
Igfbp3 (18). Anti-Trib2 antibodies seem to predominate in
narcolepsy patients with recent disorder onset further sug-
gesting that these antibodies are pathogenic. Although only
14% of all our narcolepsy patients had anti-Trib2 titers over
2SD above controls, 30% of patients with an interval from
disorder onset below 1 year had titers >2SD. Anti-Trib2 titers
sharply decrease within the first 2-3 years of disorder onset
but remains significantly higher than controls up to 30 years,
suggesting that narcolepsy might be triggered by an acute
autoimmune process and not a recurrent process as in many
other autoimmune disorders. Together with HLA and T cell
receptor alpha associations, Applicants findings strongly sug-
gest that narcolepsy can be an autoimmune disorder.

[0039] Obviously not all narcolepsy patients have high
anti-Trib2 titers even close to the disorder onset, suggesting
more complex mechanisms leading to the development of the
condition. The time-course of a potential autoimmune pro-
cess targeting hypocretin neurons may vary from patient to
patient. Some patients may have a rapid course with major
deficit in hypocretin production, resulting in sudden appear-
ance of excessive daytime sleepiness and cataplexy, while
others may have a slower course resulting in excessive day-
time sleepiness followed, up to several years later, by cata-
plexy when the number of hypocretin neurons reaches a criti-
cal value. It may also be that Trib2 is not the only autoantigen
and/or not the most specific one. As in other autoimmune
disorders (e.g. type 1 diabetes), several autoantibodies may
be involved but not all are detectable in the majority of
patients.

[0040] Based onthe aforementioned results, the Applicants
have developed a method of diagnosing a neurological disor-
der with immune reaction in a mammal comprising the step of
detecting, in a test sample from the mammal, autoantibodies
to an epitope of at least one Trib2 protein or an antigenic
determinant thereof.

[0041] Usually, the method of the present invention com-
prises the steps of a) contacting the test sample with the at
least one Trib2 protein or an antigenic determinant thereof;
and b) detecting any antibody-antigen complexes formed
between the at least one Trib2 protein or an antigenic deter-
minant thereof and antibodies present in the test sample,
wherein presence of said complex is indicative of a neuro-
logical disorder with immune reaction.

[0042] An “antigenic determinant” of the present invention
refers to a part of a Trib2 protein, which binds to an antibody-
combining site or to a T-cell receptor (TCR). Alternatively, an
“antigenic determinant” may be a site on the surface of a
Trib2 protein of the present invention to which a single anti-
body molecule binds. Generally an antigen has several or
many different antigenic determinants and reacts with anti-
bodies of many different specificities. Preferably, the anti-
body is an autoantibody immunospecific to a Trib2 protein.
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[0043] Antigenic determinants usually consist of chemi-
cally active surface groupings of molecules, such as amino
acids or sugar side chains, and can have specific three dimen-
sional structural characteristics, as well as specific charge
characteristics.

[0044] Examples of antigenic determinants comprise
whole antigens, immunogenic domains, or epitopes.

[0045] The term “epitope” includes any protein determi-
nant capable of specific binding to an immunoglobulin or
T-cell receptor.

[0046] “Autoantibodies” or “autoantibody” refers to
endogenous antibodies that bind to (or react with) an analyte
that occurs naturally in the animal in which the antibody is
produced. In the context of the present disclosure, the analyte
is the Trib2 protein or a antigenic determinant thereof thereof.
Use of “at least one” and “one or more” with respect to
autoantibodies means at least one or one or more types or
populations of autoantibodies, i.e., such as autoantibodies
that react with different epitopes or antigenic déterminants on
Trib2 protein or antigenic determinant thereofs thereof.
[0047] “Trib2 protein” or “Tribbles homolog 2” refers to
one of the mammalian homolog of Drosophila tribbles. All
tribbles proteins closely resemble serine-threonine kinases,
but are believed to be functionally dead as they contain a
variant catalytic core and lack the ATP binding site of con-
ventional kinases. The N-terminal region shows the least
homology amongst Trib family members and to Drosophila
tribbles (Kiss-Toth et al., Cell Signal 18:202-214 (2006)).
Drosophila embryos with tribbles loss of function have low
viability, with only 14% of mutant flies surviving to adult-
hood, and loss of homozygotes did appear to occur at a
specific developmental stage. Mammalian data for Trib2 is
limited, with one study identifying Trib2 as a candidate
autoantigen in autoimmune uveitis from patient eye samples
(14).

[0048] “Neurological disorders with immune reaction” are
disorders characterized by an immune system’s failure to
recognize self. Examples of such neurological disorders
include, but are not limited to, the group comprising narco-
lepsy with or without cataplexy, idiopathic hypersomnia,
Kleine Levin syndrome, multiple sclerosis, Parkinson’s dis-
ease, Alzheimer’s disease, Guillain-Barre syndrome, uveitis,
Myasthenia gravis, Neuromyotonia, Neuropathic diabetes,
Schizophrenia, and other neuroinflammatory disorders.
Other disorders where the orexin neurons may be destroyed
or critically involved include, but are not limited to, obesity,
addiction, secondary hypersomnias due to tumors, head
trauma, and stroke. The term “immune recation” is used in its
singular form but includes one or more immune reations.
[0049] As used herein, the term “test sample” generally
refers to a biological material being tested for and/or sus-
pected of containing at least one autoantibody of interest,
such as a myeloperoxidase. The test sample may be derived
from any biological source, such as, a physiological fluid,
including, but not limited to, plasma, serum, whole blood,
urine, sweat, lymph, faeces, tears, nasal fluid and nasal neu-
roepithelium, and cerebrospinal fluid, and other suitable
bodily fluids. The test sample may be used directly as
obtained from the biological source or following a pretreat-
ment to modify the character of the sample. For example,
such pretreatment may include preparing plasma from blood,
diluting viscous fluids and so forth. Methods of pretreatment
may also involve filtration, precipitation, dilution, distilla-
tion, mixing, concentration, inactivation of interfering com-
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ponents, the addition of reagents, lysing, etc. Moreover, it
may also be beneficial to modify a solid test sample to form a
liquid medium or to release at least one autoantibody.

[0050] Examples of mammals include, but are not limited
to, dogs, cats, rabbits, mice, rats, goats, sheep, cows, pigs,
horses, non-human primates and humans. Preferably the
mammal is a human.

[0051] Asusedin this specification, the singular forms “a”,
“an”, and “the” include plural references unless the context
clearly dictates otherwise. Thus, for example, a reference to
“the method” includes one or more methods, and/or steps of
the type described herein and/or which will become apparent
to those persons skilled in the art upon reading this disclosure
and so forth.

[0052] Since applicants have shown that titers of autoanti-
bodies against Trib2 correlated with the severity of, for
example, cataplexy, the present invention also provides the
step of assessing the clinical symptoms of the mammal. The
amount of any antibody-antigen complexes formed between
the at least one Trib2 protein or an antigenic determinant
thereof and antibodies present in the test sample is indicative
and directly correlated with the severity of orexin deficiency
in the neurological disorder with immune reaction.

[0053] After obtaining the test sample from a mammal said
the test sample is being assessed for autoantibodies to Trib2
protein (or an antigenic determinant thereof) and a first spe-
cific binding partner, wherein the first specific binding partner
and any autoantibodies contained in the test sample form a
first specific binding partner-autoantibody complex.

[0054] Preferably, the first specific binding partner is Trib2
protein or an antigenic determinant thereof.

[0055] In one embodiment, a DNA sequence encoding
either the Trib2 protein or a antigenic determinant thereof is
fused to a tag such as but not limited to GST or His. This
fusion protein is usually used to purify and detect antibodies
ofinterest. In a GST gene fusion system, the GST sequence is
incorporated into an expression vector alongside the gene
sequence (e.g. cDNA) encoding the Trib2 protein or an anti-
genic determinant thereof. Induction of protein expression
from the vector’s promoter results in expression of a fusion
protein: the Trib2 protein or an antigenic determinant thereof
fused to the GST protein. This GST-Trib2 protein (or a anti-
genic determinant thereof) can then be purified from cells via
its high affinity for glutathione. Once expressed and purified,
the GST fusion protein containing the Trib2 protein or an
antigenic determinant thereof is immobilized on a solid
phase.

[0056] Preferably, the Trib2 antigenic determinant is either
the full length human TRIB2 protein of SEQ ID Nol:

(SEQ ID NO: 1)
MNIHRSTPITIARYGRSRNKTQDFEELSSIRSAEPSQSFSPNLGSPSPPE

TPNLSHCVSCIGKYLLLEPLEGDHVFRAVHLHSGEELVCKVFDISCYQES
LAPCFCLSAHSNINQITEIILGETKAYVFFERSYGDMHSFVRTCKKLREE
EAARLFYQIASAVAHCHDGGLVLRDLKLRKFIFKDEERTRVKLESLEDAY
ILRGDDDSLSDKHGCPAYVSPEILNTSGSYSGKAADVWSLGVMLYTMLVG
RYPFHDIEPSSLFSKIRRGQFNIPETLSPKAKCLIRSILRREPSERLTSQ

EILDHPWFSTDFSVSNSAYGAKEVSDQLVPDVNMEENLDPFEN,
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its 28 C-terminal amino acids having the following sequence
SEQ ID No 2:

NSAYGAKEVSDQLVPDVNMEENLDPFFN, (SEQ ID NO: 2)

or any fragment of said SEQs ID No 1 or 2.

[0057] The order in which the test sample and the first
specific binding partner are added to form a mixture is not
critical. Preferably, the first specific binding partner is immo-
bilized on a solid phase. The solid phase used in the immu-
noassay (for the first specific binding partner and, optionally,
the second specific binding partner) can be any solid phase
known in the art, such as, but not limited to, a magnetic
particle, a bead, a test tube, a microtiter plate, a cuvette, a
membrane, a scaffolding molecule, a film, a filter paper, adisc
and a chip. After the mixture containing the first specific
binding partner-autoantibody complex is formed, any
unbound autoantibodies are removed from the complex using
any technique known in the art. For example, the unbound
autoantibodies can be removed by washing.

[0058] After any unbound autoantibodies are removed, a
second specific binding partner is added to the mixture to
form a first specific binding partner-autoantibody-second
specific binding partner complex. The second specific bind-
ing partner is preferably an anti-human antibody. Moreover,
also preferably, the second specific binding partner is labeled
with or contains a detectable label.

[0059] Interms of the detectable label, any detectable label
known in the art can be used. For example, the detectable
label can be a radioactive label (such as, e.g., °H, '*°I, 3°S,
14C, 2P, and **P), an enzymatic label (such as, e.g., horse-
radish peroxidase, alkaline peroxidase, glucose 6-phosphate
dehydrogenase, and the like), a chemiluminescent label (such
as, e.g., acridinium esters, luminal, isoluminol, thioesters,
sulfonamides, phenanthridinium esters, and the like), a fluo-
rescence label (such as, e.g., fluorescein (e.g., 5-fluorescein,
6-carboxyfluorescein, 3'6-carboxyfluorescein, 5(6)-carboxy-
fluorescein, 6-hexachloro-fluorescein, 6-tetrachlorofluores-
cein, fluorescein isothiocyanate, and the like)), dyes,
rhodamine, phycobiliproteins, R-phycoerythrin, quantum
dots (e.g., zinc sulfide-capped cadmium selenide), a thermo-
metric label, photosensitizers or an immuno-polymerase
chain reaction label. An introduction to labels, labeling pro-
cedures and detection of labels is found in Polak and Van
Noorden, Introduction to Immuno cytochemistry, 2nd ed.,
SpringerVerlag, N.Y. (1997) and in Haugland, Handbook of
Fluorescent Probes and Research Chemicals (1996), which is
a combined handbook and catalogue published by Molecular
Probes, Inc., Eugene, Oreg.

[0060] Preferably, the detectable label is selected from
dyes, fluorescers, radiolables, enzymes, chemiluminescers,
photosensitizers.

[0061] Also preferably, the second specific binding partner
is an anti-human antibody labeled with biotin.

[0062] Usually, the antibody-antigen complexes are deter-
mined using an immunoassay, immuno-real time PCR or a
chemiluminescent assay.

[0063] Examples of immunoassay are selected form the
non-limiting group comprising affinity chromatography,
Immunoelectrophoresis, radioimmunoassay (RIA), enzyme-
linked immunosorbent assays (ELISAs), immunofluorescent
assays, Western blotting, and the like.

[0064] In another embodiment, immuno-PCR can be used
to detect any of the autoantibodies against Trib2 protein or a
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antigenic determinant thereof. Immuno-PCR is a modifica-
tion of the conventional ELISA format in which the detecting
antibody is labeled with a DNA label, and is applicable to the
analysis of biological samples (see, e.g., U.S. Pat. No. 5,665,
539 and U.S. Patent Application Publication No. 2005/
0239108; Refs 33 & 34, all herein incorporated by reference).
The amplification ability of PCR provides large amounts of
the DNA label which can be detected by various methods,
typically gel electrophoresis with conventional staining (e.g.,
Sano et al, Science, 258:120-122, 1992). This method can
also include the direct conjugation of the DNA label to the
antibody and replacement of gel electrophoresis by using
labeled primers to generate a PCR product that can be assayed
by ELISA or using real time quantitative PCR. In an example
of'the real-time PCR method, PCR is used to amplify DNA in
a sample in the presence of a nonextendable dual labeled
fluorogenic hybridization probe. One fluorescent dye serves
as a reporter and its emission spectra is quenched by the
second fluorescent dye. The method uses the 5' nuclease
activity of Taq polymerase to cleave a hybridization probe
during the extension phase of PCR. The nuclease degradation
of the hybridization probe releases the quenching of the
reporter dye resulting in an increase in peak emission from the
reporter. The reactions are monitored in real time.

[0065] An example of commercially available immuno-
PCR kit is the Imperacer™ Kit developed by Chimera Biotec.
[0066] Immuno real time PCR (31), quantitative real-time
immuno-PCR (30) and immuno-detection amplified by T7
RNA polymerase (IDAT, 32) are also techniques envisioned
to be used to detect any of the autoantibodies against Trib2
protein or a antigenic determinant thereof.

[0067] Chemiluminescent signals generated can be
detected using routine techniques known to those skilled in
the art.

[0068] Since the levels of autoantibodies against Trib2 pro-
tein or an antigenic determinant thereof usually correlate with
the extent of orexin neuronal loss, the present invention also
contemplates the simultaneous or previous detection of
orexin A protein and/or orexin B protein, and autoantibodies
against Trib2 protein or an antigenic determinant thereof, for
a quantitative diagnosis of autoimmunity and orexin defi-
ciency. This orexin A and/or orexin B level(s) detection is
usually done through similar techniques as those used for the
detection of Trib2 protein or an antigenic determinant thereof.
[0069] Orexin deficiency is so far detected mainly by
Radio-immunoassay with limited resolution and orexin defi-
ciency is defined by a level lower than the third of normal
healthy subjects. Therefore the preferred method of detection
of orexin A and/or orexin B is immuno-PCR.

[0070] “Orexin A protein” and/or “orexin B protein” refer
to neuropeptide hormones derived from proteolytic process-
ing of the same orexin precursor protein. They are released
from the hypothalamus and are involved in the regulation of
sleeping patterns, feeding, and metabolism. Orexins A and B
are less than 50% amino acid identical. Orexin A is a ligand
fortwo 7-transmembrane orexin receptors, OX 1R and OX2R,
while orexin B preferentially binds OX2R.

[0071] Usually, orexin A protein and/or orexin B protein
is/are detected in the same test sample as that used for the
detection of autoantibody.

[0072] Alternatively, the test sample is different from that
used for the detection of autoantibody.

[0073] Applicants have reported several cases of narco-
lepsy treated with intravenous immunoglobulins (IVIg) soon
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after the first symptoms with unexpected positive results,
suggesting that the autoimmune process may be counteracted
if treated early (21, 22). Most recently they have reported a
narcolepsy patient with hypocretin deficiency in whom the
CSF hypocretin level normalized after IVIg treatment (23).
The present findings strengthen the autoimmune hypothesis
and suggest that early-diagnosed patients with high anti-trib2
titers might benefit from immunotherapy.

[0074] Therefore, in another embodiment, the present
invention also provides a method of treating and/or prevent-
ing a neurological disorder with immune reaction in patient
comprising

1) assessing the clinical symptoms corresponding to a neuro-
logical disorder with immune reaction in the patient sugges-
tive of orexin deficiency,

ii) detecting the presence or absence of autoantibodies to an
epitope of at least one Trib2 protein or an antigenic determi-
nant thereof in a test sample obtained from the patient accord-
ing to the method of the present invention,

iii) detecting the level of orexin A protein and/or orexin B
protein to correlate autoantibody titers and orexin levels,

iii) administering to a patient in need thereof a compound
inactivating the autoantibody.

[0075] Preferably, the compound, or pharmaceutical com-
position, which inactivates the autoantibody is selected from
the group comprising but not limited to beta interferons,
interleukin-12, corticosteroids, plasmaphoresis, and intrave-
nous immunoglobulines or acombination of said compounds,
or pharmaceutical compositions.

[0076] Most preferably, the compound, or pharmaceutical
composition is an immunoglobuline G preparation or phar-
maceutical composition.

[0077] In still yet another embodiment, the present disclo-
sure relates to a method of monitoring treatment in a patient,
e.g., treatment of a patient for neurological disorder with
immune reaction by administration of a compound, or a phar-
maceutical composition. The method comprises the steps of:
[0078] (a) determining the concentration or amount in a
first test sample from a patient of one or more autoantibodies
reactive with Trib2 protein, or an antigenic determinant
thereof;,

[0079] (b) determining the concentration or amount of
orexin A protein and/or orexin B protein in said first, or
another, test sample from a patient,

[0080] (c)treating the patient with one or more pharmaceu-
tical compositions for a period of time;

[0081] (d) determining the concentration or amount in a
second or subsequent test sample obtained from the patient
following treatment in step (b) of one or more autoantibodies
reactive with Trib2 protein, or an antigenic determinant
thereof; and

[0082] (e) determining the concentration or amount of
orexin A protein and/or orexin B protein in said second, or
another, test sample from a patient,

[0083] (f) comparing the concentration or amount of one or
more autoantibodies reactive with Trib2 protein or an anti-
genic determinant thereof determined in step (d) with the
concentration or amount of one or more autoantibodies reac-
tive with Trib2 protein or an antigenic determinant thereof
determined in step (a), wherein if the concentration or amount
determined in step (d) is unchanged or is unfavorable when
compared to the concentration or amount of one or more
autoantibodies reactive with Trib2 protein or an antigenic
determinant thereof determined in step (a), then the disorder
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in the subject is determined to have continued, progressed or
worsened, and the subject should be treated with a higher
concentration of the one or more pharmaceutical composi-
tions administered to the subject in step (c) or the subject
should be treated with one or more pharmaceutical composi-
tions that are different then the one or more pharmaceutical
compositions administered to the subject in step (c), further
wherein, if the concentration or amount of one or more
autoantibodies reactive with Trib2 protein or an antigenic
determinant thereof determined in step (d) is favorable when
compared to the concentration or amount of one or more
autoantibodies reactive with Trib2 protein or an antigenic
determinant thereof determined in step (a), then the disorder
in the subject is determined to have discontinued, regressed or
improved, and the subject should continue to be administered
the one or pharmaceutical compositions of step (c).

[0084] Alternatively, it is also envisioned to compare the
concentration or amount of orexin A protein and/or orexin B
protein determined in step (e) with the concentration or
amount of orexin A protein and/or orexin B protein deter-
mined in step (b), wherein if the concentration or amount
determined in step (e) is unchanged or is unfavorable when
compared to the concentration or amount determined in step
(b), then the disorder in the subject is determined to have
continued, progressed or worsened, and the subject should be
treated with a higher concentration of the one or more phar-
maceutical compositions administered to the subject in step
(e) or the subject should be treated with one or more pharma-
ceutical compositions that are different then the one or more
pharmaceutical compositions administered to the subject in
step (e), further wherein, if the concentration or amount of
orexin A protein and/or orexin B protein determined in step
(e) is favorable when compared to the concentration or
amount determined in step (b), then the disorder in the subject
is determined to have discontinued, regressed or improved,
and the subject should continue to be administered the one or
pharmaceutical compositions of step (e).

[0085] Moreover, the present disclosure also relates to
methods of determining whether a subject predisposed to or
suffering from a neurological disorder with immune reaction
(e.g., narcolepsy) will benefit from treatment with a drug, and
the response of a subject receiving treatment by monitoring
one or more autoantibodies reactive with Trib2 protein or an
antigenic determinant thereof.

[0086] Another concern of the present invention is to pro-
vide an assay kit for diagnosing a neurological disorder with
immune reaction in a mammal comprising at least one
epitope of at least one Trib2 protein or an antigenic determi-
nant thereof, reagents for the constitution of the medium
appropriate for carrying out the autoantibody-epitope reac-
tion and the reagents making possible the detection of the
complex formed.

[0087] Alternatively, the assay kit for diagnosing a neuro-
logical disorder with immune reaction in a mammal further
comprises reagents for detecting orexin A protein and/or
orexin B protein in said, or another, test sample.

[0088] Those skilled in the art will appreciate that the
invention described herein is susceptible to variations and
modifications other than those specifically described. It is to
be understood that the invention includes all such variations
and modifications without departing from the spirit or essen-
tial characteristics thereof. The invention also includes all of
the steps, features, compositions and compounds referred to
or indicated in this specification, individually or collectively,
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and any and all combinations or any two or more of said steps
or features. The present disclosure is therefore to be consid-
ered as in all aspects illustrated and not restrictive, the scope
of the invention being indicated by the appended Claims, and
all changes which come within the meaning and range of
equivalency are intended to be embraced therein.

[0089] Various references are cited throughout this Speci-
fication, each of which is incorporated herein by reference in
its entirety.

[0090] The foregoing description will be more fully under-
stood with reference to the following Examples. Such
Examples, are, however, exemplary of methods of practicing
the present invention and are not intended to limit the scope of
the invention.

Examples

Methods

[0091] Transgenic mice production, mRNA tagging, and
immunoprecipitation. BAC-based Flag-tagged PABP-hypo-
cretin transgenic mice were generated following a procedure
(FIG. 4) similar to that described for the generation of
Hornerla-PABP transgenic mice (15). The study protocol
was approved by the Lausanne Veterinary Office.

Our mRNA tagging process was modified from two previ-
ously described procedures in Caenorhabditis elegans and
Drosophila (24, 25) and was demonstrated by us to success-
fully enrich Horner/a-specific mRNAs in Homerla-PABP
transgenic mice (15).

RT-PCR and Real-time RT-PCR experiments. RT-PCR geno-
typing of transgenic mice were performed with primers spe-
cific for the construction (PABP/IRES forward 5'-AAGC-
CATGCACCCTTCTCTTGC-3' (SEQ ID NO:3), reverse
5'-CCTTATTCCAAGCGGCTTCGG-3' (SEQ ID NO:4);
GFP forward 5-GAGCTGGACGGCGACGTAAACG-3'
(SEQ ID NO:5), reverse 5'-AGGACCATGTGATCGCGCT-
TCTC-3' (SEQ ID NO:6)). Quantitative RT-PCR experi-
ments to detect endogenous hypocretin, our construct, and
candidate genes were performed by TagMan Universal PCR
Master Mix (Applied Biosystems) in 384-well plates in an
ABI PRISM 7900 detection system (Applied Biosystems)
following standard procedures Gene-specific primers and
TagMan probes were as follows: Hypocretin TagMan gene
expression assay (Applied Biosystems), Pmch forward,
5'-AGAGATTTTGACATGCTCAGGTGTA-3' (SEQ ID
NO:7), reverse, 5-GCGGACCAGCAGGTATCAGA-3'
(SEQ ID NO:8), probe, 5'-CTGGGAAGAGTCTACCGAC-
CATGTTGGC-3' (SEQ ID NO:9), flag-Pabpcl forward,
5'-TAAAGATCATGACATCGATTACAAGGA-3' (SEQ ID
NO:10), reverse, 5'-AGGTCCCCCACGTACAGAGA-3'
(SEQ ID NO:11), probe, 5'-ACGATGACAAGCTCGACAT-
3' (SEQ ID NO:12), GFP forward, 5'-CTGCTGCCCGA-
CAACCAC-3' (SEQ ID NO:13), reverse, 5'-ACCATGT-
GATCGCGCTTCTC-3' (SEQ ID NO:14), probe,
5'-CCAGTCCGCCCTGAGCAAAGACC-3' (SEQ ID
NO:15), all from Eurogentec.

Western Blotting analysis. Three transgenic mice were rap-
idly sacrificed and coronal brain slices (300 pm-thick) were
cut on a vibratome in artificial cerebrospinal fluid. Slices
containing hypocretin neurons were selected and micro-dis-
sected with a razor blade in order to keep only the hypotha-
lamic region. All hypothalamic-dissected regions were
pooled together and protein extract prepared with RIPA lysis
buffer on ice. Cortex punches from each slice were also
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collected, pooled together and similarly treated as a control
extract. Protein concentration was calculated by using Brad-
ford assay and 32 pg of each fraction were separated on a
SDS-PAGE and transferred to a Nitrocellulose membrane.
After one hour blocking in Tween/Tris-buffered saline and
5% non-fat milk, membranes were incubated overnight with
the monoclonal mouse Anti-Flag® M2 primary antibody
(Sigma-Aldrich) diluted Y300 followed by one hour with the
secondary horseradish peroxidase-conjugated goat anti-
mouse antibody diluted Yeooo and revealed using ECL
reagents and Hyperfilm ECL.

Double Immunohistochemistry for hypocretin and Flag.
Paraformaldehyde-fixed brains were serially cut into 35 pm
coronal floating slices on a cryostat. Sections, taken at 140 um
intervals throughout the whole hypothalamus, were pro-
cessed for a double immunofluorescence procedure. The Flag
staining was first revealed with the mouse monoclonal Anti-
Flag® M2 antibody diluted Y500 followed by two hours with
the Alexa Fluor® 488 conjugated goat anti-mouse IgG1 sec-
ondary antibody diluted %1000. After rinsing in PBS, the hypo-
cretin labeling was performed with a rabbit anti-hypocretin A
serum diluted Y2000 followed by Alexa Fluor® 555 conjugated
goat anti-rabbit IgG (H+L) secondary antibody diluted Y1000.
Sections were observed with a Zeiss Axioskop 2 microscope
(filter sets 10, 15) equipped with an axiocam color CCD
camera. Images were recorded on computer through the
AxioVision™ software. A confirmation survey on a confocal
microscope was also performed.

Microarray experiments. Targets were prepared from either 5
ng of immunoprecipitated (IP) mRNAs or 5 ng of whole brain
(WB) total RNAs using the NuGen WT-Ovation Pico RNA
amplification system. The generated cDNAs (5 ng) were frag-
mented, biotinylated and hybridized using the NuGen FL-
Ovation cDNA Biotin Module V2 following the manufactur-
er’s instructions. The resulting targets were hybridized to
Aftymetrix GeneChip Mouse Genome 230 2.0 arrays. All
statistical analysis were performed using the free high-level
interpreted statistical language R (R Core, 2004, http://www.
R-project.org) and various Bioconductor packages (http://
www.Bioconductor.org). Hybridization quality was assessed
using Bioconductor “affy” and “affyPL.M” packages (26, 27).
Because of the differences between expression profiles of IP
and WB samples, normalized expression signals were calcu-
lated in Affymetrix Expression Console using MAS 5.0,
which simply scales the overall expression signal to the same
intensity. Differential hybridized features were identified
from all probe sets using Bioconductor package “limma” on
log 2 transformed MAS 5.0 normalized values (28). P values
were adjusted for multiple testing with Benjamini and Hoch-
berg’s method to control the false discovery rate (FDR).
Probe sets showing at least 3-fold change and a FDR <0.05
were considered significant. Data are available at the Gene
Expression Omnibus database (http://www.ncbi.nlm nih gov/
geo, accession number GSE17617).

Subjects. Narcolepsy with cataplexy, narcolepsy without
cataplexy, and idiopathic hypersomma patients were included
based on diagnostic criteria of the International Classification
of'Sleep Disorders (ICSD-2). The frequency of cataplexy was
assessed by a scale from 1 to 5 reporting rare to very frequent
cataplexy attacks (29). Healthy controls were recruited in
affiliated sleep centers and had full clinical and in more than
half polysomnography investigations. Affiliated neurology
departments recruited multiple sclerosis and other inflamma-
tory neurological patients. All participants gave written
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informed consent and the ethics committee of the Faculty of
Biology and Medicine of the University of Lausanne
approved the study protocol.

ELISA. A GST fusion protein containing 28 C-terminal
amino acids (NSAYGAKEVSDQLVPDVNMEENLD-
PFFN) (SEQ ID NO: 2) of Trib2 was expressed and purified
(14). The vector containing the recombinant peptide was a
generous gift of Wei Li, University of Miami Miller School of
Medicine, Miami, USA. Anti-Trib2 antibody quantifications
in narcolepsy patients and controls were determined using
ELISA standard procedures. Ten mg of GST-TRIB2 partial
fusion protein were deposited in 96-well ELISA plates and
incubated overnight at 4° C. Wells were washed and blocked
one hour at room temperature (RT) with 1% BSA. Hundred
ml of diluted serum (Y100) or 50 ml of CSF were applied in
triplicates for 1 h at RT. Anti-Human IGG-biotin (diluted
Y10000) and Streptavidin-HRP (diluted Y10000) were then con-
secutively incubated one hour at RT. Colorimetric assay was
performed, using O-phenylenediamine diluted in citrate-
phosphate buffer. H,0, 30% was added just before use. After
10 minutes, reaction was stopped with 3N HC1 and absor-
bance was read at 492 nm For normalization and interplate
calibration, 3 serum samples were repetitively quantified on
each plate (intra-assay coefficient of variation <6%, inter-
assay coefficient of variation <15%). At least 10 sera were
tested both against GST-18aa Trib2 or GST-full-length Trib2
with virtually identical results, strongly suggesting that the
partial peptide contains an epitope recognized by auto-anti-
bodies.

Double Immunohistochemistry for hypocretin and narco-
lepsy serum. Immunochemistry was performed on fixed
floating 35 um mouse brain coronal sections. Sections were
incubated 24h at RT with a high anti-Trib2 antibody-contain-
ing serum of a narcolepsy with cataplexy patient (dilution at
15). They were rinsed in PBS and incubated 2 h at room
temperature with an anti-human IgG-biotin antibody (dilu-
tion at Yiooo) followed by 2 h of incubation with Cy2-conju-
gated streptavidin (dilution at Yio00). A double immunostain-
ing was performed to reveal hypocretin neurons with a rabbit
anti-hypocretin A serum (dilution at %1000) followed by Alexa
Fluor® 555 conjugated anti-rabbit IgG secondary antibody
(dilution at Y1000). To demonstrate specificity of Trib2 label-
ing with narcolepsy serum, the same procedure was repeated
with the narcolepsy serum preabsorbed during 2 h with 18-C
terminal amino acids of Trib2 at the concentration of 4 pg/ml.
Statistics. Microarrray gene expression analysis used stan-
dard statistical methods explained above. Antibody titers
were compared by two-tailed Student’s t-test. Other tests
included Fisher’s exact test, ¢, Spearman rank correlation,
and Pearson’s correlation and p values below 0.05 were con-
sidered as significant.

Results

[0092] mRNA Tagging and Identification from Hypocretin
Producing Neurons

To identify proteins co-expressed with hypocretin, we gener-
ated transgenic mice to profile gene expression in hypocretin
neurons. In a BAC-based construct we replaced the hypocre-
tin coding sequence by a Flag-tagged poly(A) binding protein
(Pabpcl) ¢cDNA sequence (FIG. 4 and Methods). This con-
struct takes advantage of the ability of Pabpcl to bind the
poly(A) tails of mRNAs in vivo. Thus only mRNAs from
hypocretin cells are expected to cross-link with the Flag-
tagged Pabpcl which can then be captured by co-immuno-
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precipitating with a specific anti-flag monoclonal antibody
(15). Two transgenic lines were obtained and one was fully
characterized as follows. RT-PCR experiments from hypotha-
lamic total RNA extracts, detected the presence of a Flag, a
Pabpc1, and an eGFP fragment in transgenic mice (FIG. 1A).
Similar relative expression levels of Flag, eGFP, and hypo-
cretin mRNAs were found by real-time RT-PCR in transgenic
hypothalami whereas only hypocretin mRNA was detected in
non-transgenic mice (FIG. 1B). A monoclonal mouse anti-
Flag antibody detected presence of the Flag in mouse hypo-
thalamic protein but not in cortical extracts (FIG. 1C). The
specific cellular expression of the Flag-Pabpc1 construct was
also demonstrated by double immunofluorescence. All Flag-
expressing cells were hypocretin-positive and all hypocretin-
expressing neurons were Flag-positive (FIG. 1D-H).
Melanin-concentrating hormone (Pmch) and hypocretin neu-
rons form two distinct but partially overlapping populations
in the hypothalamus. To assess mRNA tagging efficacy we
compared the ratio of hypocretin mRNA level recovered to
that of Pmch in transgenic immunoprecipitated (IP) samples
and in transgenic whole brain RNA samples (FIG. 5). Con-
sistent with our expectations, hypocretin mRNA expression
was enriched 20-fold after immunoprecipitation. Applying
this protocol to non-transgenic mouse brains did not result in
hypocretin enrichment.

Comparison between IP-mRNA and total brain mRNA (n=9)
in transgenic mice using Affymetrix Mouse Genome Array
indicated that 1721 probe sets were enriched at least 3-fold in
IP samples (False Discovery Rate: FDR <5%; data not
shown). Fold enrichment ranged between 3 and 107. Many of
the highly enriched transcripts turned out to be unannotated
or matched several genomic localizations. However, probe
set 1447461 _at was enriched 30-fold and map to an expressed
sequence (LOC100048678) with high homology with Spin-
dlins, which are meiotic spindle-binding proteins involved in
cell cycle. Over-expression of Spindlinl (Spinl) was recently
found to induce cellular senescence, multi-nucleation, and
apoptosis (16). Another highly enriched probe set (1420300_
at; 16.5-fold) indicated GABA-A2 receptor subunit gene
(Gabra2). Although Gabra2 mRNA has been detected in
hypocretin-producing neurons, Gabra2 protein was reported
not to be expressed (17).

[0093] A recentstudy investigated mRNA expressionin the
hypothalamic hypocretin region in mice and in post-mortem
human narcolepsy samples and identified insulin-like growth
factor binding protein 3 (Igfbp3) as a potential co-localized
protein (18). In the present study, Igfbp3 was unchanged or
slightly depleted from IP-mRNA samples (probe: 1423062_
at, fold-change: -1.2, FDR=0.02). Of the two peptides
reported to be co-localized with hypocretin, Narp transcript
was indeed slightly enriched in IP samples (probe: 1420720_
at, fold-change: 2.15, FDR <5.10~°) while prodynorphin was
not (probe 1416266_at, fold change=-1.1, FDR=0.48).

To identify the most specific genes expressed in hypocretin-
producing neurons, we selected those probe sets among the
1721 enriched at least 3-fold, that were called present in at
least 7 microarrays hybridized with IP-mRNA and called
absent in at least 7 hybridized with total brain RNA. This
analysis yielded only 23 probe sets (data not shown). None of
these 23 transcripts were reported to be specifically expressed
in hypocretin neurons based on the mouse brain atlas (Allen
Institute for Brain Science; http://mouse.brain-map.org/).
Nevertheless among these genes, several are of functional
importance and might be involved in abnormal functioning of
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hypocretin neurons in narcolepsy. Four of such candidate
genes (Igf2 bp2, Slcl12a6, Spinl, and Trib2) were tested and,
except for Spinl, confirmed by quantitative PCR. Trib2 was
the only gene found as an autoantigen in an autoimmune
disorder, uveitis (14). Intermediate uveitis was found to be
associated with HLA-DR15 and narcolepsy in a patient (19).
Also one of our narcolepsy patients was affected with uveitis.
To explore this further we developed an ELISA assay to
detect anti-Trib2 autoantibodies in sera and CSF of narco-
lepsy patients.

ELISA Assay Detects Trib2 Autoantibodies in Narcolepsy
Patients

[0094] A gluthatione S-transferase-tagged antigenic deter-
minant containing the last 28 amino-acids of Trib2 (14) was
used as a target and all 96-well assays were run with serum of
anormal subject for normalization. Sera from 119 narcolepsy
with cataplexy patients (HLA-DQB1*0602 positive) were
run at Yoo dilution against sera of 24 narcolepsy without
cataplexy, 42 normal subjects, 23 idiopathic hypersomnia, 16
multiple sclerosis, and 9 other neurological inflammatory
disorders. Relative anti-Trib2 antibody titers were signifi-
cantly increased in narcolepsy with cataplexy as compared to
all other groups (FIG. 2A) except for narcolepsy without
cataplexy. When contrasting narcolepsy patients to all others,
the relative anti-Trib2 titers were highly significantly
increased (p<3x107°). Fifty-six out of 143 narcolepsy
patients (39%) had titers higher than the mean titer of the
controls (>1 standard deviation, SD) and 20 (14%) had titers
more than 2 SD above the mean titer of healthy controls. Even
with the restrictive 2-SD criterion more narcolepsy patients
were positive for anti-Trib2 antibodies than all other groups
(20 narcolepsy with (n=17) and without cataplexy (n=3) ver-
sus 3 in healthy controls (n=2) and in ONID (n=1), Fisher’s
exact test, p<0.03). Anti-Trib2 titers of HLA DQB1*0602
positive and negative subjects were not significantly different.
Inaddition to all narcolepsy with cataplexy patients who were
DQB1*0602 positive, HLA typing was available in 27 out of
42 controls (64%), 18 out of 23 idiopathic hypersomnia
(78%), and 19 out of 24 narcolepsy without cataplexy (79%)
and overall 13 (15%) were HLA-DQBI1*0602 positive (4
controls, 4 idiopathic hypersomnia, and 5 narcolepsy without
cataplexy patients) but none except one narcolepsy without
cataplexy had anti-trib2 higher than 2SD above the mean of
the healthy control group, strongly suggesting that high anti-
Trib2 titers are specific to narcolepsy. In 96 narcolepsy with
cataplexy patients the delay between the disorder onset and
the time of serum withdrawal could be precisely established.
Although we did not find a correlation between anti-Trib2
titers and the duration of disorder, amongst the 17 high anti-
Trib2 titer (>2 SD) narcolepsy with cataplexy patients, 5
(29%) were sampled within the first year of disorder onset
against 9 (11%) out of the remaining 79 with lower titers
(c*=3.65, p<0.06). Anti-Trib2 titers sharply decreased within
the first 2-3 years after disorder onset (FIG. 2B) but remained
1SD above the mean titer of healthy controls even 30 years
after disorder onset (p<5x107%). In 10 out of the 17 patients
with >25D titers, complete clinical and laboratory data were
available. Anti-Trib2 titers were significantly and positively
correlated with the frequency of cataplexy (Spearman rank
correlation r=0.74, p<0.02) and tended to be correlated with
the severity of sleepiness (Epworth sleepiness scale, r=0.67,
p<0.06). CSF samples were available in a limited number of
patients (26 narcolepsy with cataplexy, 6 narcolepsy without
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cataplexy, 4 idiopathic hypersomnia, and 15 multiple sclero-
sis). Anti-Trib2 antibody could be detected at low levels with-
out a significant difference among groups. Nevertheless, in 18
narcolepsy with cataplexy patients, paired serum-CSF
samples could be assessed and a positive correlation was
found (r=0.54, p<0.03).

Trib2-Autoantibodies Target Hypocretin Neurons

[0095] To show that hypocretin-producing neurons are a
target of anti-Trib2 antibodies, mouse hypothalamic sections
were double-stained with a serum of a narcolepsy with cata-
plexy patient (age 8, serum available 10 months after disorder
onset) with high anti-Trib2 titer and an anti-hypocretin anti-
body Immunoreactivity against the patient’s serum was found
throughout the hypothalamus but more specifically over 86%
of hypocretin neurons were double-labelled (FIG. 3A-F). To
confirm the specificity of the immunoreactivity with hypo-
cretin neurons, the same serum was depleted of anti-Trib2
antibodies by pre-incubation with excess 28 amino-acid
Trib2 peptide. Depleted serum showed dramatic decrease
(less than 8%) in hypocretin neurons’ staining (FIG. 3G-I)
confirming the presence of anti-Trib2 autoantibodies target-
ing hypocretin neurons in the patient’s serum. The same
experiments with a healthy control serum or the serum from
our narcolepsy with uveitis (interval from disorder onset >15
years and anti-trib2 titer within the normal range), did not
show any specific staining (between 50 to 60% of hypocretin
neurons showed non-specific staining before and after pre-
adsorption, respectively).

Immuno-PCR Assay to Detect Anti-Trib2 Antibodies in Sera.

[0096] 167 narcolepsy with cataplexy, 29 narcolepsy with-
out cataplexy and 46 control subjects have been tested. Inter-
assay variability was 4.2% and Intra-assay variability 2.2%
indicating a highly reproducible assay. The mean and stan-
dard deviation of anti-Trib2 titers were calculated in control
subjects and any titer higher than 2 SD was considered as
positive. Two out 0f 46 control subjects (4.25%) were positive
against 42 out of 196 patients (21.43%; p=0.01). The sera in
24 out of the 42 positive patients (57%) were obtained within
the first year after the disease onset, confirming that anti-
Trib2 titers are much higher if tested close to the disease
onset.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 15
<210> SEQ ID NO 1

<211> LENGTH: 343

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1

Met Asn Ile His Arg Ser Thr Pro Ile Thr Ile Ala Arg Tyr Gly Arg
1 5 10 15

Ser Arg Asn Lys Thr Gln Asp Phe Glu Glu Leu Ser Ser Ile Arg Ser
20 25 30

Ala Glu Pro Ser Gln Ser Phe Ser Pro Asn Leu Gly Ser Pro Ser Pro
35 40 45

Pro Glu Thr Pro Asn Leu Ser His Cys Val Ser Cys Ile Gly Lys Tyr
50 55 60

Leu Leu Leu Glu Pro Leu Glu Gly Asp His Val Phe Arg Ala Val His
65 70 75 80

Leu His Ser Gly Glu Glu Leu Val Cys Lys Val Phe Asp Ile Ser Cys
85 90 95

Tyr Gln Glu Ser Leu Ala Pro Cys Phe Cys Leu Ser Ala His Ser Asn
100 105 110

Ile Asn Gln Ile Thr Glu Ile Ile Leu Gly Glu Thr Lys Ala Tyr Val
115 120 125

Phe Phe Glu Arg Ser Tyr Gly Asp Met His Ser Phe Val Arg Thr Cys
130 135 140

Lys Lys Leu Arg Glu Glu Glu Ala Ala Arg Leu Phe Tyr Gln Ile Ala
145 150 155 160

Ser Ala Val Ala His Cys His Asp Gly Gly Leu Val Leu Arg Asp Leu
165 170 175

Lys Leu Arg Lys Phe Ile Phe Lys Asp Glu Glu Arg Thr Arg Val Lys
180 185 190

Leu Glu Ser Leu Glu Asp Ala Tyr Ile Leu Arg Gly Asp Asp Asp Ser
195 200 205

Leu Ser Asp Lys His Gly Cys Pro Ala Tyr Val Ser Pro Glu Ile Leu
210 215 220

Asn Thr Ser Gly Ser Tyr Ser Gly Lys Ala Ala Asp Val Trp Ser Leu
225 230 235 240

Gly Val Met Leu Tyr Thr Met Leu Val Gly Arg Tyr Pro Phe His Asp
245 250 255

Ile Glu Pro Ser Ser Leu Phe Ser Lys Ile Arg Arg Gly Gln Phe Asn
260 265 270

Ile Pro Glu Thr Leu Ser Pro Lys Ala Lys Cys Leu Ile Arg Ser Ile
275 280 285

Leu Arg Arg Glu Pro Ser Glu Arg Leu Thr Ser Gln Glu Ile Leu Asp
290 295 300

His Pro Trp Phe Ser Thr Asp Phe Ser Val Ser Asn Ser Ala Tyr Gly
305 310 315 320

Ala Lys Glu Val Ser Asp Gln Leu Val Pro Asp Val Asn Met Glu Glu
325 330 335

Asn Leu Asp Pro Phe Phe Asn
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<210>
<211>
<212>
<213>

<400>

340

SEQ ID NO 2

LENGTH: 28

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 2

Asn Ser Ala Tyr Gly Ala Lys Glu Val Ser Asp Gln Leu Val Pro Asp

1

5 10

15

Val Asn Met Glu Glu Asn Leu Asp Pro Phe Phe Asn

<210>
<211>
<212>
<213>
<220>
<223>

<400>

20 25

SEQ ID NO 3

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthesized sequence

SEQUENCE: 3

aagccatgca cccttctett ge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthesized sequence

SEQUENCE: 4

ccttatteca ageggetteg g

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthesized sequence

SEQUENCE: 5

gagcetggacg gcgacgtaaa cg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthesized sequence

SEQUENCE: 6

aggaccatgt gatcgegett cte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 25

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthesized sequence

SEQUENCE: 7

agagattttyg acatgctcag gtgta

22

21

22

23

25
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<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized sequence

<400> SEQUENCE: 8

gcggaccage aggtatcaga 20

<210> SEQ ID NO 9

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized sequence

<400> SEQUENCE: 9

ctgggaagag tctaccgacc atgttggce 28

<210> SEQ ID NO 10

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized sequence

<400> SEQUENCE: 10

taaagatcat gacatcgatt acaagga 27

<210> SEQ ID NO 11

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized sequence

<400> SEQUENCE: 11

aggtcceccca cgtacagaga 20

<210> SEQ ID NO 12

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized sequence

<400> SEQUENCE: 12

acgatgacaa gctcgacat 19

<210> SEQ ID NO 13

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized sequence

<400> SEQUENCE: 13
ctgctgeceyg acaaccac 18
<210> SEQ ID NO 14

<211> LENGTH: 20
<212> TYPE: DNA
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-continued

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthesized sequence

<400> SEQUENCE: 14

accatgtgat cgcgettcete

<210> SEQ ID NO 15

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthesized sequence
<400> SEQUENCE: 15

ccagtecegee ctgagcaaag acc

20

23

1. A method of diagnosing a neurological disorder with
immune reaction in a mammal comprising the step of detect-
ing, in a test sample from a mammal, autoantibodies to an
epitope of at least one Trib2 protein or an antigenic determi-
nant thereof.

2. The method of claim 1 comprising the steps of a) con-
tacting the test sample with the at least one Trib2 protein or an
antigenic determinant thereof; and b) detecting any antibody-
antigen complexes formed between the at least one Trib2
protein or an antigenic determinant thereof and antibodies
present in the test sample, wherein presence of said complex
is indicative of a neurological disorder with immune reaction.

3. The method of claim 2 wherein the neurological disorder
with immune reaction is selected from the group consisting of
narcolepsy with and without cataplexy, idiopathic hypersom-
nia, Kleine Levin syndrome, multiple sclerosis, Parkinson’s
disease, Alzheimer’s disease, Guillain-Barré syndrome, uvei-
tis, Myasthenia gravis, Neuromyotonia, Neuropathic diabe-
tes, Schizophrenia, and other neuroinflammatory disorders.

4. The method of claim 1 further comprising the step of
detecting orexin A protein and/or orexin B protein in a test
sample from said mammal.

5. The method of claim 1 further comprising the step of
assessing the clinical symptoms of the mammal.

6. The method of claim 1 wherein the mammal is a human.

7. The method of claim 1 wherein the test sample is
selected from the group consisting of plasma, serum, whole
blood, urine, sweat, lymph, faeces, tears, nasal fluid or nasal
neuroepithelium, and cerebrospinal fluid.

8. The method of claim 2 wherein the antibody-antigen
complexes are determined using an immunoassay or a chemi-
luminescent assay.

9. A method of treating and/or preventing a neurological
disorder with immune reaction in patient comprising the steps
of:

1) assessing the clinical symptoms corresponding to a neu-

rological disorder with immune reaction in the patient;

ii) detecting the presence or absence of autoantibodies to

an epitope of at least one Trib2 protein or an antigenic
determinant thereof in a test sample obtained from the
patient according to the method of claim 1; and

iii) administering to a patient in need thereof a compound

inactivating the autoantibody.

10. The method of claim 9 further comprising the step of
detecting orexin A protein and/or orexin B protein in a test
sample from said mammal.

11. The method of treating and/or preventing a neurologi-
cal disorder with immune reaction of claim 9 wherein the
compound that inactivates the autoantibody is selected from
the group consisting of beta interferons, interleukin-12, cor-
ticosteroids, plasmaphoresis, and intravenous immunoglobu-
lines such as an immunoglobuline G, or a combination of said
compounds, or pharmaceutical compositions.

12. An assay kit for diagnosing a neurological disorder
with immune reaction in a mammal comprising 1) at least one
epitope of at least one Trib2 protein or an antigenic determi-
nant thereof; ii) reagents for the constitution of the medium
appropriate for carrying out the autoantibody-epitope reac-
tion; and iii) the reagents making possible the detection of the
complex formed.

13. A method of monitoring treatment in a patient, suffer-
ing from a neurological disorder with immune reaction and
treated by administration of a compound, or a pharmaceutical
composition, the method comprising the steps of:

(a) determining the concentration or amount in a first test
sample from a patient of one or more autoantibodies
reactive with Trib2 protein, or an antigenic determinant
thereof;

(b) treating the patient with one or more pharmaceutical
compositions for a period of time;

(¢) determining the concentration or amount in a second or
subsequent test sample obtained from the patient follow-
ing treatment in step (b) of one or more autoantibodies
reactive with Trib2 protein, or an antigenic determinant
thereof; and

(d) comparing the concentration or amount of one or more
autoantibodies reactive with Trib2 protein or an anti-
genic determinant thereof determined in step (¢) with the
concentration or amount of one or more autoantibodies
reactive with Trib2 protein or an antigenic determinant
thereof determined in step (a), wherein if the concentra-
tion or amount determined in step (c) is unchanged or is
unfavorable when compared to the concentration or
amount of one or more autoantibodies reactive with
Trib2 protein or an antigenic determinant thereof deter-
mined in step (a), then the disorder in the subject is
determined to have continued, progressed or worsened,
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and the subject should be treated with a higher concen-
tration of the one or more pharmaceutical compositions
administered to the subject in step (b) or the subject
should be treated with one or more pharmaceutical com-
positions that are different then the one or more phar-
maceutical compositions administered to the subject in
step (b), further wherein, if the concentration or amount
of one or more autoantibodies reactive with Trib2 pro-
tein or an antigenic determinant thereof determined in
step (c) is favorable when compared to the concentration
or amount of one or more autoantibodies reactive with
Trib2 protein or an antigenic determinant thereof deter-
mined in step (a), then the disorder in the subject is
determined to have discontinued, regressed or
improved, and the subject should continue to be admin-
istered the one or pharmaceutical compositions of step
(b).

14. A method of monitoring treatment in a patient, suffer-

ing from a neurological disorder with immune reaction and
treated by administration of a compound, or a pharmaceutical
composition, the method comprising the steps of:

(a) determining the concentration or amount of orexin A
protein and/or orexin B protein in said first, or another,
test sample from a patient;

(b) treating the patient with one or more pharmaceutical
compositions for a period of time;

Jan. 26, 2012

(c) determining the concentration or amount of orexin A
protein and/or orexin B protein in said second, or
another, test sample from a patient; and

(d) comparing the concentration or amount of orexin A
protein and/or orexin B protein determined in step (c)
with the concentration or amount of orexin A protein
and/or orexin B protein determined in step (a), wherein
if the concentration or amount determined in step (c) is
unchanged or is unfavorable when compared to the con-
centration or amount determined in step (a), then the
disorder in the subject is determined to have continued,
progressed or worsened, and the subject should be
treated with a higher concentration of the one or more
pharmaceutical compositions administered to the sub-
ject in step (b) or the subject should be treated with one
or more pharmaceutical compositions that are different
then the one or more pharmaceutical compositions
administered to the subject in step (b), further wherein, if
the concentration or amount of orexin A protein and/or
orexin B protein determined in step (c) is favorable when
compared to the concentration or amount determined in
step (a), then the disorder in the subject is determined to
have discontinued, regressed or improved, and the sub-
ject should continue to be administered the one or phar-
maceutical compositions of step (b).
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