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The objective of this study was to perform global gene expression profiling of patients affected by narcolepsy
with cataplexy (NRLCP). This enabled identifying new potential biomarkers and relevant molecules possibly
involved in the disease pathogenesis. In this study 10 NRLCP patients and 10 healthy controls were compared.
Total RNA isolated from blood specimens was analyzed using microarray technology followed by statistical data
analysis to detect genome-wide differential gene expression between patients and controls. Functional analysis of
the gene list was performed in order to interpret the biological significance of the data. One hundred and
seventy-three genes showed significant (p < 0.01) differential expression between the two tested conditions.
The biological interpretation allowed categorizing differentially expressed genes involved in neurite outgrowth/
extension and brain development, which could be possibly regarded as peripheral markers of the disease. More-
over, the NRLCP-related gene expression profiles indicated a dysregulation of metabolic and immune-related
mechanisms. In conclusion, the gene expression profile associated to NRLCP suggested that molecular markers
of neurological impairment, dysmetabolic and immune-related mechanisms, can be detected in blood of
NRLCP patients.
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INTRODUCTION

Narcolepsy with cataplexy (NRLCP) is a rare sleep
disorder characterized by excessive daytime sleepi-
ness; cataplexy (sudden loss of muscle tone triggered
by emotions); other abnormal rapid eye movement
(REM) sleep phenomena, such as sleep paralysis and
hypnagogic hallucinations, and disturbed nocturnal
sleep, along with additional clinical symptoms (2).
Patients often share a dysmetabolic phenotype: many
studies showed an increased body weight or body
mass index (BMI). An increased prevalence of type
2 diabetes in this population have been also described
in recent years (10,13,20,40,44). Human NRLCP is
regarded as a multifactorial disorder, with multiple
genetic and environmental factors involved in the

'These authors provided equal contribution.

etiopahtogenesis (22). A genetic susceptibility factor
associated with the disorder has been found in the
human leukocyte antigen (HLA) class II region,
mapped on 6p21.3: the HLA-DRB1*1501-DQB1*
0602 haplotype [HLA-DRB1 (MIM 142857) and
HLA-DQB1 (MIM 604305)] (14,30). Although
NRLCP does not seem to be a classical autoimmune
disorder, this evidence allowed to hypothesize that
some immunological dysregulations may occur (31,
47,48). These alterations are likely to be reflected
in the gene expression changes occurring in white
blood cells.

Additional human NRLCP candidate regions and
genes have been investigated in association studies,
indicating at least three susceptibility loci (NRCLP1,
17921; NRCLP2, 4p13-q21; NRCLP3, 21q11.2), and
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some possible candidate genes, including the nar-
colepsy candidate region gene 1A (NLCI1A), the
myxovirus resistance 2 gene (MX2), the carnitine O-
palmitoyltransferase 1 (CPTIB), and the cholin
kinase beta (CHKB) (11,22,32). Moreover, growing
evidences are supporting the role of the hypocretin
receptor 2 (HCRTR?2, orexin) as a NRLCP candidate
gene. Mutation in HCRTR2 was found to be respon-
sible for the disorder in an autosomal recessive
canine model of NRLCP (25). In humans, hypocretin
concentration in cerebrospinal fluid was reduced in
sporadic forms and the number of hypothalamic
hypocretin neurons was decreased in postmortem
NRLCP brains, suggesting an imbalance in hypothal-
amic neurotransmission (35,39,50).

Despite this intense research effort, clear explanations
of the disease mechanisms along with the availability of
specific molecular biomarkers are still lacking.

Many essential genes and signaling cascades
involved in the pathogenesis of neurological disor-
ders are expressed in blood cells, even in the absence
of a clinically relevant hematological involvement
(42). Based on such evidences, we hypothesized that
blood gene expression profiles could help to elucidate
the molecular pathways underlying NRLCP etio-
pathogenesis and provide some useful hints towards
the definition of new potential biomarkers. Therefore,
we attempted to identify differentially expressed
genes across the whole genome of the white blood
cells of NRLCP using microarray technology.

MATERIALS AND METHODS
Patients

A case-control study was performed comparing 10
narcoleptic patients (both sexes, mean age 50, median
age 50) with 10 age- and sex-matched healthy con-
trols. The entire study protocol was approved by the
Ethical Committee of the IRCCS—Oasi Institute for
Research on Mental Retardation and Brain Aging
(IRCCS), Troina, Italy. All patients were of Cauca-
sian origin, in a postpubertal state, and drug naive.
The NRLCP diagnosis was made according to the
International Classification of Sleep Disorders, as
previously described (40). All subjects were enrolled
by the Sleep Disorders Center, Department of Neuro-
logical Sciences, University of Bologna (Italy), upon
providing a written informed consent according to
local ethics committee. Briefly, NRLCP patients had
excessive daytime sleepiness for at least 3 months, as
assessed with an Epworth Sleepiness Scale patho-
logic score (i.e., = 11). Clear-cut cataplexy, defined
as sudden bilateral loss of muscle tone triggered
by sudden emotions, was clinically diagnosed by a

BERNARDINI ET AL.

neurologist with a structured interview focused on
detailed descriptions of the attacks, their length, fre-
quency, trigger factors, and parts of the body
involved. The presence of possible hypnagogic hallu-
cinations and sleep paralysis was ascertained by his-
tory taking. Confirmation of instrumental diagnosis
included continuous 48-h polysomnography per-
formed in a free-running condition, followed by a
diagnostic multiple sleep latency test (MSLT) (i.e., at
least two sleep-onset REM periods and a mean sleep
latency within 8 min). All NC patients were diag-
nosed as cataleptic; based on the BMI four patients
were obese, five were overweight, and one normal
weighted. One NC patient was diabetic. HLA haplo-
typing was performed on all individuals enrolled in
the study. All narcoleptic patients and one control
subject were HLA-DQB1*0602 positive (Table 1).
The healthy controls did not experience excessive
daytime sleepiness or exhibit any signs of immuno-
logical abnormalities at the time of blood collection.
Moreover blood count was performed on all subjects,
revealing no significant differences in total leuko-
cyte counts.

Gene Expression Profiling

A blood specimen of 2.5 ml was collected from
each subject using PAXgene Blood RNA tubes (Bec-
ton Dickinson, Franklin Lakes, NJ, USA) and total
RNA was isolated using PAXgene Blood RNA Kit
(Qiagen, Valencia, CA, USA), according to the man-
ufacturer’s protocols. Total RNA was quantified

TABLE 1

PATIENTS AND CONTROLS HAPLOTYPES
Cod. Age Sex Type DRB1I DQBI HR
n_l 40 M NRLCP 1115 0306 0602
n2 38 M NRLCP 1115 0306 0602
n_3 73 M NRLCP 1115 06 0602/0604
n_4 60 M NRLCP 15 0506 0602
n_S 12 F  NRLCP n.d. 0206 0602
n_6 53 M NRLCP 1115 0306 0602
n_7 60 M NRLCP 0715 0306 0602
n_8 30 M NRLCP 0415 0306 0602
n_9 31 F NRLCP 1516 0506 0602
n_l10 39 M NRLCP 0415 0306 0602
c_1 50 M CTRL 0311 03 n.d.
c 2 58 F  CTRL 0107 0205 nd
c 3 42 M CTRL 1315 06 0609
c_4 60 M CTRL 11 03 n.d.
c5 40 M CTRL 0411 03 n.d.
c_6 39 F  CTRL 0711 0203 nd
c 7 54 M CTRL 0308 02 n.d.
c_8 55 M CTRL 0115 06 0601/0603
c9 29 M CTRL 0116 05 n.d.
c_10 52 M CTRL 15 0506 0602

NRLCP, narcoleptic; CTRL, healthy control; n.d.: not detected.
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Figure 1. The hierarchical dendrogram represents the “condition tree” where the subjects are in row and the genes in column (gray scale of
expression on the bottom side). The individual expression signal of the statistically significantly modulated transcripts across the categories
(i.e., C: CTRL, N: NRLCP) was clustered: the transcripts with most similar expression blueprints across the different subjects were placed
adjacent to each other. The clustering algorithm allowed the identification of two main trends in gene expression, discriminating the control

from the narcoleptic individuals.

using spectrophotometry (Beckman Coulter, Brea,
CA, USA). Quality of total RNA was checked using
2100 Bioanalyzer (Agilent, Palo Alto, CA, USA).
Gene expression profiling was then performed
using the Genechip microarray technology (Affyme-
trix, Santa Clara, CA, USA), as described elsewhere
(4,23). Briefly, the syntheses of cDNA and biotinyl-
ated cRNA was performed according to the protocols
provided by the manufacturer. Biotinylated frag-
mented cRNA probes were hybridized to the Gene-
Chip Human Genome U133A 2.0 Array (Affymetrix),
allowing the simultaneous analysis of over 18,000
transcripts. Hybridization was performed at 45°C
for 16 h in a hybridization oven (Affymetrix). The
Genechips were then automatically washed and
stained with streptavidin-phycoerythrin conjugate
using the Genechip Fluidics Station (Affymetrix).
Fluorescence intensities were scanned with the Gene-
Chip Scanner 3000-7G (Affymetrix). Hybridizations

was carried out independently for each condition,
according to the “minimum information about a
microarray experiment” (MIAME) guidelines (www.
mged.org/Workgroups/MIAME/miame.html) (9).

Data Analysis

Preprocessing. Gene expression data were ana-
lyzed using Partek Genomics Suite software (version
6.4 Copyright © 2009 Partek Inc., St Louis, MO,
USA). For this purpose CEL files were imported
using the default Partek normalization parameters.
Probe-level data were preprocessed, including back-
ground correction, normalization, and summarization
(54), using robust multiarray average (RMA) analy-
sis; subsequent data normalization was performed
across all arrays using quantile normalization (7,21).
The normalized probe intensity values were then
compiled, or summarized, within each probe set,
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TABLE 2
TOP MODULATED GENES
Fold Change Molecules
Upregulated
TTC3 1.562
PAFAHI1B1 1.462
APP 1.462
CD44 1.450
WNK1 1.440
PALM2-AKAP2 1.427
ROD1 1.422
BPTF 1.416
ZNF652 1.389
LARP4B 1.386
Downregulated
ISG15 -1.783
COX5B -1.326
UBLS -1.322
COX6A1 -1.310
FAMI128B —-1.268
DDT —1.240
OASL -1.230
DRAP1 -1.219
GCHFR -1.215
GPX4 —1.211

using the median polish technique, to generate a sin-
gle measure of expression (21). These expression
measures were then log transformed, base 2.

Differential Expression Analysis. Differential expres-
sion levels were computed using algorithms imple-
mented in the Partek Genomic Suite software, which
allowed to perform a one-way analysis of variance
(ANOVA) with a significance level of p < 0.01. This
enabled obtaining a list of the top significantly modu-
lated genes between patients and controls. The result-
ing list was annotated according to functional roles or
biological processes according to the Gene Ontology
Consortium directions (3).

The gene list was further analyzed by Ingenuity
Pathway Analysis (IPA; Ingenuity Systems, Inc.,
Redwood City, CA, USA), aimed at the biological
interpretation of the microarray results. This gener-
ated functional networks and canonical pathways that
connect the differentially expressed genes, using the
IPA Knowledge base, in which the interactions are
supported by peer-reviewed publications and which
contains over 1.4 million interactions between genes,
proteins, and drugs. Scores were assigned, allowing
ranking of the networks, using a Fisher’s right-tailed
exact test. The functional analysis of the gene list was
accomplished using the Core Analysis workflow,
enabling to associate biological functions and dis-
eases to the experimental results by assigning a
p-value, indicating the statistical significance of
the association. Moreover, IPA network functions
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allowed to observe the networking of all genes
included in the gene list resulting from the micro-
array data analysis.

Gene Expression Validation

The gene expression results obtained by means of
microarray analysis were validated using quantitative
real-time PCR to amplify selected transcripts. For
this purpose total RNA was isolated and reverse-tran-
scribed from all patients and controls, as above men-
tioned. Real-time PCR was carried out using
SybrGreen as already described previously (24).

The following genes were selected for validation,
as either being indicative of the main functional
groups of modulated transcripts or exerting the high-
est levels of modulation. The glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) gene was amplified
by real-time PCR from the same RNA samples and
used as a housekeeping control gene. The sequences
of the oligonucleotide primers, designed using Primer
3 software (http://primer3.sourceforge.net/), were as
follows: ISG15_F, 5’-gacaaatgcgacgaacctct-3” and
ISG15_R, 5’-geccttgttattectcacca-3"; TTC3_F, 5'-cce
tgactgtgaaggtgtca-3” and TTC3_R, 5’-caccaccactgct
gaagatg-3; TNC_F, 5’-aatctcccagtgacaacatcg-3" and
TNC_R, 5'-tcccagagccacctaagaga-3’; PAFAHIBI_F,
5’-caaatcactattcgtttttggtg-3" and PAFAHIBI_R, 5'-
atgcacattgcacatcccta-3’; WNKI_F, 5'-cttgtgtttctgetg
cttgg-3” and WNKI_R, 5’-tgaaaatggactgcgtgaaa-3’;
TNFAIP3_F, 5'-gggaaaatgccacagtgttc-3” and TNFAIP3
_R, 5-agcctgactcaaagcaagga-3’; SMARCA2_F, 5'-
gtcatcaatggggctgaact-3” and SMARCA2_R, 5’-agcag
ctcaaacttceetga-3’; MEDI1_F, 5-atgcatttgcatgaaggttg-
3’ and MEDI1_R, 5’-ccatgactcaaacggacaact-3"; COX
6A1-F, 5-gtgtacctgaagtcgcacca-3” and COX6A1_R,
5’-atgaactcgggtctctegtg-3’; GAPDH_F, 5’-tggaaggac
tcatgaccaca-3” and GAPDH_R, 5’-gtcttctgggtggcagt
gat-3.

The analysis was performed on a Step One real-
time thermal cycler (Applied Biosystem, Foster City,
CA). The PCR conditions were as follows: an initial
incubation of 50°C for 2 min and 95°C for 10 min
followed by 40 cycles of 94°C for 15 s and 60°C for
I min. Standard curves were generated for all the
assays to verify PCR efficiency. The threshold cycle
(CT) which correlates inversely with the levels of tar-
get mRNA was measured as the cycle number at
which the reporter fluorescence emission exceeded a
preset threshold level. The amplified transcripts were
quantified using the comparative CT method as pre-
viously described (26), with the formula for relative
quantity (RQ) =224T, where AACT = [ACT gene of
interest (treated sample) — ACT 5S rRNA (treated
sample)|-]JACT gene of interest (control sample) —
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Figure 2. Top biological functions resulting from IPA analysis. (a) Diseases and Disorders categories that are involved in the gene list
resulting from microrray analysis are displayed along the x-axis, the y-axis displays the significance (-log p-value). The threshold line is set
as default at p = 0.05; (b) Physiological System Development and Function are displayed along the x-axis, the y-axis displays the significance
(-log p-value).The threshold line is set as default at p = 0.05.

TABLE 3
TOP BIOLOGICAL FUNCTIONS

Name p-Value No. Genes

Diseases and disorders

Inflammatory response 7.80E-05-1.13E-02 13
Hematological disease 8.13E-05-1.39E-02 6
Neurological disease 8.13E-05-1.13E-02 10
Organismal injury and abnormalities 8.13E-05-9.70E-03 14
Developmental disorder 9.65E-05-9.05E-03 17
Physiological system development and function
Hematological system development and function 3.93E-05-1.67E-02 25
Hematopoiesis 3.93E-05-1.67E-02 19
Lymphoid tissue structure and development 3.93E-05-1.26E-02 4
Nervous system development and function 5.92E-05-1.53E-02 21

Skeletal and muscular system development and function 5.92E-05-1.39E-02 17
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TABLE 4
FUNCTIONAL GROUPS
Gene FC p-Value
Brain development
TTC3 1.56 0.006
PAFAHIBI 1.24 0.009
SPOCK2 1.19 0.009
SSTR2 -1.15 0.007
APP 1.46 0.008
TNC -1.12 0.0001
WNK1 1.44 0.002
PLPI1 -1.15 0.007
MARK4 1.22 0.001
NENF —-1.11 0.003
OCLN -1.21 0.002
Immunomodulation
HLADQBI1* 4.90 0.028
IFNA1* —-1.06 0.016
IFNA2* —-1.11 0.045
IFNAS —-1.08 0.006
IFNA14 -1.09 0.007
ISGI15 -1.78 0.003
UBE2D1 -1.09 0.010
UBLS5 -1.32 0.010
Metabolism
CHKB -1.13 0.004
FABP1 -1.16 0.008
MNATI1 -1.12 0.007
MEDI1 1.37 0.008
SMARCA2 1.26 0.006
HMGCS1 1.11 0.005
INSR 1.18 0.005
TWIST1 1.07 0.009
TNFAIP3 1.23 0.010
*p < 0.05.

ACT 5S rRNA (control sample)]. ACT represents the
mean CT value of each sample. An unpaired #-test
among ACT values with a cut-off of p < 0.05 was used
to assess the statistical significance of qPCR results.

RESULTS
Molecular Profiling and Functional Interpretation

The comparative gene expression profiling of
NRLCP versus controls was performed by means of
microarray analysis using RNA isolated from blood
lymphomonocites. Raw data (.cel files) have been
submitted to the Gene Expression Omnibus (GEO)
international web-based database (http://www.ncbi.
nlm.nih.gov/geo; GEO accession number GSE21592).
Data resulting from microarray analysis were normal-
ized and summarized as described in Materials and
Methods, then analyzed using ANOVA with a cut-
off value of p < 0.01. This allowed to obtain a list of
173 genes being differentially expressed across the
dataset (data not shown). These genes represented
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the molecular signature of the disease resulting from
the analysis. Based on them, it was possible to effi-
ciently segregate the two classes of individuals
(NRCLP vs, CTRL) (Fig. 1). The top modulated
genes, scored based on their expression value (i.e.,
fold change) are reported in Table 2.

The biological interpretation of microarray results
by means of IPA software, allowed to categorize sig-
nificantly modulated genes into functional classes,
based on their biological function. This provided an
overview of the cellular and disease phenotypes most
significantly associated to the resulting genes,
enabling to hypothesize how they impact the pheno-
type. This allowed identifying the top biological
functions (including Diseases and disorders and
Physiological System Development and Function
subcategories) that were most significant to the data
set (p<0.05), based on IPA Knowledge Base
(www.ingenuity.com). In particular, among the Dis-
eases and Disorders category genes mainly involved
in inflammatory response, hematological diseases,
neurological diseases, organism injury and abnormal-
ities, and developmental disorders were annotated
(Fig. 2a). Also, among the Physiological System
Development and Function were categorized mole-
cules mainly implicated in the development and func-
tion of the hematological system and hematopoiesis,
lymphoid tissue, nervous system, and skeletal-muscu-
lar system (Fig. 2b). The overall number of genes
involved in the above mentioned biological functions
with corresponding statically significance are listed
in Table 3.

On the whole, the biological interpretation allowed
to categorize differentially expressed genes into three
main functional groups: brain development, immuno-
modulation, and metabolism (Table 4). In particular,
among neurological-related upregualted genes, the
following genes are noteworthy. PAFAH1B1 (encod-
ing the noncatalytic alpha subunit of the intracellular
Ib isoform of platelet-activating factor acteylhydro-
lase) is involved in the abnormal neuronal migration
phenotypes. Increased PAFAH1B1 dosage causes mild
brain structural abnormalities, moderate to severe
developmental delay, and failure to thrive. In fact,
transgenic mice overexpressing PAFAH1B1 presented
with smaller brains and neuronal migration abnormal-
ities (6). TTC3 gene maps on the Down syndrome
critical region and encodes a protein of unknown fuc-
ntion. TTC3 mRNA is progressively enriched in post-
mitotic regions of the central nervous system (CNS)
(27,41), thus suggesting its possible involvement in
neuronal differentiation. Accordingly, it has been found
that TTC3 overexpression in PCI12 cells strongly
inhibits the neurite extension induced by NGEF,
whereas TTC3 RNAIi consistently increases neurite
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Figure 3. Network of interacting genes resulting from IPA analysis. Genes significantly associated to the main biological functions resulted
from the functional analysis were associated in the graphical representation of their reciprocal interactions; interactions are represented as
nodes and the biological relationship between two nodes is represented as an edge (line). All edges are supported by at least one reference
from the literature, from a textbook, or from canonical information stored in the Ingenuity Pathways Knowledge Base (www.ingenuity.com).
The gray scale intensity of the node indicates the degree of upregulation or downregulation. Nodes are displayed using various shapes that

represent the functional class of the gene product.

length (5). SPOCK2 modulates cell adhesion, neurite
growth, and signal transduction during the develop-
ment of the nervous system. An inhibition of neurite
growth was observed when SPOCK?2 was added to
primary cerebellar neurons (43). WNKI1 codes for a
serine-threonine kinase expressed in brain; mutations
in this gene were found to cause hereditary sensory
and autonomic neuropathy type II (45). A recent
study demonstrated that WNK-1 is indirectly involved
in the inhibition of neurite extension (55). In addi-
tion, the amyloid precursor protein (APP) gene
resulted upregulated in the dataset; APP is present in
the amyloid plaques in the brain of Alzheimer disease
and Down syndrome patients. Also, the downregula-
tion of selected neurodevelopment-related genes was
observed in the dataset: TNC, PLP1, OCL (Table 4).
In particular, the tenascin-C (TNC) gene, coding an
extracellular matrix (ECM) glycoprotein, is abun-
dantly expressed in neural and nonneural tissues in
remodeling processes like embryogenesis, wound
healing, and tumorigenesis (15). In the CNS, TNC is
produced and released by glial cells and is involved

in both glial proliferation/differentiation and neuronal
migration (36). The effects of reduced dosage of this
gene on neurodevelopmental processes have been ana-
lyzed in Tnc-deficient mice, where structural and
functional brain cortex aberrations, along with abnor-
mal behavior and neurotransmission, were observed
(16). The proteolipid protein 1 gene (PLP1) encodes
a predominant myelin transmembrane protein present
in the central nervous system, playing a role in the
formation of myelin sheaths, as well as in oligoden-
drocyte development and axonal survival (1). The tight
junction protein occludin (OCL) is involved in the
immunomodulation of CNS vascular permeability, as
it decreases during CD8 T-cell-mediated BBB damage,
occurring in several neurological disorders (46).
Furthermore, among the top-modulated molecules,
two genes coding for cyclo-oxygenases (COX5B and
COX6A1) were both downregulated (Table 2). In
order to focus on functionally relevant genes and
gene interactions within the gene list, data have been
categorized using the networks function implemented
in IPA Core Analysis, enabling the study of interactions
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Figure 4. Real-time PCR validation. Results of real-time PCR on selected genes. Relative quantity values (RQ) obtained in qPCR are
compared to fold changes obtained with microarray analysis. Results for all genes are statistically significant (p < 0.05).

and regulatory events. In particular, the key molecu-
lar events seemed to involve immunoregulatory mol-
ecules, including interferon alpha cluster genes
(IFNAS and IFNA14), IFN-inducible gene ISGIS,
and TNFAIP3 (Fig. 3). These molecules are involved
in the immunoregulatory functions of T lymphocites
(52). The actual role of all these genes in the disease
mechanism needs to be further investigated by means
of functional validation.

Interestingly, analyzing an extended gene list,
which included less significant extent of differential
expression (p < 0.05, data not shown), additional
molecules could be included in the above-specified
functional categories. In particular, other IFNA clus-
ter genes (namely IFNA 1 and 2) were also downreg-
ulated, while the HLADQBI gene, coding for the
class II MHC molecule, appeared to be strongly
upregulated (FC = 4.90).

Gene Expression Validation

Gene expression results obtained by microarray
analysis were also validated by real-time PCR per-
formed on all patients and controls in triplicate exper-
iments. The assay confirmed the modulated expression
of the target genes tested, showing consistent align-
ment with the trends shown in the microarray analy-
sis (Fig. 4).

DISCUSSION

This study attempted to identify a specific blood
expression profile associated to narcolepsy, aimed at

the identification of potential biomarkers and at
delineating possible hints towards a better explana-
tion of the disease pathogenesis. The biological inter-
pretation of the gene list allowed focusing on selected
functionally related genes, which were categorized
into at least three distinct functional groups: brain
development, immunomodulation, and metabolism
(Table 4). Among these transcripts, the downregulation
of TNC along with the upregulation of TTC3,
SPOCK2, and WNKI altogether pointed toward the
inhibition of neurite outgrowth extension, essential for
the correct brain development (5,6,36,43,55). Undoubt-
edly, the actual role of these genes in the disease mech-
anism needs further functional investigations.

The involvement of the PAFAHIB1 gene in the
pathogenesis of neurological disorders has been
already described. This gene maps within a region on
chromosome 17p13.3 deleted in an isolated lis-
sencephaly sequence, known as Miller-Dieker Syn-
drome (MDS; MIM#247200). Complete trisomy of
17p was associated to a MDS-like phenotype, sug-
gesting that increased PAFAH1B1 gene dosage could
be involved in the development of human brain dis-
eases. In fact, individuals with gene duplication
showed cognitive, neurobehavioral and subtle brain
abnormalities, while triplication of PAFAHIBI
resulted in a more severe phenotype with mental
retardation and muscle hypotonia. Furthermore, the
cellular phenotype of trangenic mice overexpressing
PAFAHIBI1 indicated the impairment of cell polarity
and neuronal migration (6).
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It has been reported that OCLN levels decrease
during blood-brain barrier damage through an
immune-mediated mechanism (46); thus, the down-
regulation of OCLN, could possibly suggest an
impairment of CNS vascular permeability. It may be
speculated that this could be a significant immune-
related event that independently contributes to brain
damage in narcolepsy. In fact, recent findings failed
to demonstrate any evidence of hypothalamic-spe-
cific autoimmunity in narcoleptic patients (29).

The COX gene downregulation observed in the
dataset could in part reflect possible metabolic alter-
ations occurring also in the nervous system of
affected individuals. In fact, it has been proposed that
cellular COX activity changes in response to meta-
bolic demands both in the intact brain and dissociated
neurons in culture. Therefore, it seems that modula-
tion of COX activity in the nervous system is directly
related to energy demand through neural activity (37).

APP was among the top 10 upregulated genes
detected in the molecular signature described in this
study. A previous study documented the correlation
between sleep alterations and APP overexpression in
neurons; this could possibly affect networks involved
directly in memory processing and cognition during
the different sleep stages (12).

Recently, Honda and colleagues attempted to cate-
gorize the narcolepsy-associated gene expression sig-
nature, by means of microarray analysis of human
postmortem posterior hypothalamic regions (19).
Their findings were limited to the description of
downregulated genes, with special regard to the role
of the insulin-like growth factor binding protein 3
(IGFBP3). This molecule, produced by hepatocytes,
was downregulated in both human and mouse
NRLCP models and colocalizes with hypocretin in
the mouse neurons (19). The same authors also found
an increase in CSF levels of IGFBP3, suggesting the
possible translocation of the blood—brain barrier.
Nonetheless, our results demonstrated that IGFBP3
expression is not significantly dysregulated in the
blood of affected individuals. Interestingly, IGFBP3
was found to inhibit the protective role of insulin
growth factor 1 (IGF1) against APP in an Alzhemier
disease model (33). Therefore, we could speculate
that the upregulation of the APP gene in patients’
blood reflects the APP-mediated toxicity acting dur-
ing the pathogenesis of selected damage of the poste-
rior hypothalamus in NRLCP patients, where the
IGFBP-3/IGF1 balance is altered.

Taken together, these data may suggest that the
blood gene expression signature of NRLCP patients
could, to some extent, reveal the alteration of brain
homeostasis and function. Although the expression of
genes involved in CNS function and development is

not expected to be reflected in circulating cells, a
proof-of-principle study of blood gene expression
profiling in neurological disease was originally per-
formed in a rat model (49). Additional studies showed
further evidence that peripheral blood gene expression
can be used as a fingerprint of selected neurological
diseases, including Huntington’s disease, Alzheimer’s
disease, and autism (8,28,34). More recently a large-
scale blood gene expression study revealed ALS-spe-
cific profiles, providing new insights into the molecular
mechanisms of the disease (42).

The functional analysis of the gene list also indi-
cated that selected differentially expressed genes,
including TWIST1, MED1, SMARCA?2, and MNAT1
(Table 4), are involved in the maintenance of energy
homeostasis, metabolic control, and adipogenesis
(17,18,38,51). These data are consistent with previ-
ous studies reporting a definite pattern of dysmeta-
bolic alterations associated to NRLCP (40). NRLCP
patients, including those enrolled in this study, are
typically obese. Moreover, the NRLCP candidate
gene hypocretin 1/orexin-A, is implicated in the regu-
lation of feeding behavior and energy balance (HCR)
(53). Taken together, these data could imply that the
altered expression of genes involved in distinct meta-
bolic pathways could represent the blood signature of
the dysmetabolic syndrome associated to NRLCP.

Additional functionally significant genes shared
functions implicated in the modulation of the immune
response (Fig. 3). In particular, the downregulation of
interacting genes, such as the IFNA-1, -2, -5, and -14
and the top downregulated ISG15, could imply some
kind of dysregulation of immunomodulatory networks.
The biological significance and possible clinical conse-
quences of this finding need further investigation.

Although NRLCP does not seem to be a classical
autoimmune disorder, the involvement of some immu-
nological dysregulations in NRLCP pathogenesis has
been previously postulated (31,48).

On the whole these data seemed to indicate a neu-
rological immune molecular profile in blood of
NRLCP patients, which provides original insights
toward the definition of a panel of potential diagnos-
tic biomarkers. The correct functional interpretation
of these molecular profiles in the light of understand-
ing the disease pathogenesis or their prognostic sig-
nificance deserves additional investigation.
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