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Abstract Autistic disorders (ADs) are heterogeneous
neurodevelopmental disorders arised by the interaction of
genes and environmental factors. Dysfunctions in social
interaction and communication skills, repetitive and ster-
eotypic verbal and non-verbal behaviours are common
features of ADs. There are no defined mechanisms of
pathogenesis, rendering curative therapy very difficult.
Indeed, the treatments for autism presently available can be
divided into behavioural, nutritional and medical approa-
ches, although no defined standard approach exists.
Autistic children display immune system dysregulation and
show an altered immune response of peripheral blood
mononuclear cells (PBMCs). In this study, we investigated
the involvement of cannabinoid system in PBMCs from
autistic children compared to age-matched normal healthy
developing controls (age ranging 3-9 years; mean age:
6.06 & 1.52 vs. 6.14 £ 1.39 in autistic children and heal-
thy subjects, respectively). The mRNA level for cannabi-
noid receptor type 2 (CB2) was significantly increased in
AD-PBMCs as compared to healthy subjects (mean £+ SE
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of arbitrary units: 0.34 & 0.03 vs. 0.23 £ 0.02 in autistic
children and healthy subjects, respectively), whereas CB1
and fatty acid amide hydrolase mRNA levels were
unchanged. mRNA levels of N-acylphosphatidylethanola
mine-hydrolyzing phospholipase D gene were slightly
decreased. Protein levels of CB-2 were also significantly
increased in autistic children (mean £ SE of arbitrary
units: 33.5 £ 1.32 vs. 6.70 + 1.25 in autistic children and
healthy subjects, respectively). Our data indicate CB2
receptor as potential therapeutic target for the pharmaco-
logical management of the autism care.
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Introduction

Autistic disorders (ADs) are variable heterogeneous neuro-
developmental disorders defined by deficits in social
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interaction, adaptive functioning, and communication skills,
combined with repetitive and stereotypical behaviours
(Diagnostic and Statistical Manual of Mental Disorders, 4th
Edition, Text Revision (DSM-IV-TR), American Psychiatric
Association 2000; Levy et al. 2009). While autism patho-
genesis remains unclear, efforts to define valid treatments for
ADs are being pursued. Numerous biochemical and cellular
events are associated with ADs (i.e. oxidative stress, mito-
chondrial dysfunction, intestinal dysbiosis and immune
dysregulation) (Ashwood et al. 2006; de Magistris et al.
2010). Among the immunological dysfunctions described in
ADs, peripheral blood mononuclear cells (PBMCs) are
reported (Enstrom et al. 2010; Siniscalco et al. 2012). AD-
PBMCs show increased levels of pro-inflammatory cyto-
kines and interleukins with resultant long-term immune
alterations (Molloy et al. 2006; Onore et al. 2009). Recently,
it has been demonstrated that AD-PBMCs show altered
expression and activation of several caspases (Siniscalco
etal. 2012). These caspases are a phylogenetically conserved
structurally-related family of aspartate-specific, cysteine-
dependent proteases (Lamkanfi et al. 2002). They regulate
apoptosis and inflammatory signalling pathways. However,
beyond apoptosis, these enzymes show other functions.
Caspases are pleiotropic enzymes, functioning in cell dif-
ferentiation and proliferation, as well as in activation and
nuclear reprogramming pathways (Algeciras-Schimnich
et al. 2002).

The endocannabinoid system consists of arachidonic
acid derived compounds (endocannabinoids), their recep-
tors and the associated enzymes (Li et al. 2011). This
represents an intricate network of lipid signalling pathways
(Barna and Zelena 2012). Accumulating evidence high-
lights that the endocannabinoid system is involved in
several psychiatric disorders (i.e. autism, anxiety, major
depression, bipolar disorder and schizophrenia), as well as
developmental disorders (Schneider and Koch 2005;
Ishiguro et al. 2010; Robinson et al. 2010; Garcia-Gutierrez
and Manzanares 2011; Minocci et al. 2011).

Endocannabinoids, such as N-arachidonoylethanol-
amine (anandamide, AEA) and 2-arachidonoyl glycerol (2-
AG), are synthesized and released upon demand in a
receptor-dependent way (Mouslech and Valla 2009). They
exert their effects through the G-protein-coupled cannabi-
noid receptors CB1 and CB2, which, in turn, are negatively
coupled to adenylate cyclase enzyme (Pertwee et al. 2010).
After receptor binding, endocannabinoids are transported
into cells by a specific uptake system and degraded by the
fatty acid amide hydrolase (FAAH).

Recent studies suggested that endocannabinoids exhibit
potent anti-inflammatory and immunosuppressive proper-
ties. Therefore, this pathway presents therapeutic potential
for autoimmune and inflammatory diseases (Klein and
Cabral 2006; Nagarkatti et al. 2009).
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Schultz hypothesized acetaminophen contributes to the
risk of autism via activation of the endocannabinoid system
(Schultz 2010). To our knowledge, however, no studies
have specifically investigated the endocannabinoid system
in the development of autism. Herein we address the issue
of whether these disorders are associated with changes in
the expression of CB1/2 receptors and endocannabinoid
metabolism enzymes, the AEA biosynthetic enzyme N-
acylphosphatidylethanolamine-hydrolyzing phospholipase
D (NAPE-PLD) and the AEA degradative catabolic enzyme
FAAH in PBMCs from AD patients.

Materials and Methods
Subjects

Informed consent was obtained from all subjects enrolled
in this study in compliance with national legislation and the
Code of Ethical Principles for Medical Research Involving
Human Subjects of the World Medical Association (Dec-
laration of Helsinki).

We investigated 17 children with autism, and compared
them to 22 age and sex matched healthy children used as
control group (age ranging 3-9 years; mean age: 6.06 +
1.52 vs. 6.14 £ 1.39 in autistic and healthy individuals,
respectively). The 17 subjects with autism were recruited
into the study from the outpatient Centre for Autism of La
Forza del Silenzio, Naples-Caserta, Italy. The cohort
included 14 boys and 3 girls. Before entering the study, all
of the children were administered the Autism Diagnostic
Interview-Revised version (Lord et al. 1994), the Child-
hood Autism Rating Scales (Schopler et al. 1993), and the
Autism Diagnostic Observation Schedule-Generic (Lord
et al. 2000) to document the diagnosis of autism. All
included patients met the Diagnostic and Statistical Manual
of Mental Disorders-IV criteria for autism (DSM-IV-TR)
(American Psychiatric Association 2000). In addition to
meeting the criteria for autistic disorder (AD), subject
children were required to score at least 30 points on the
CARS scale. Twenty-two healthy children (females 4,
males 18) were recruited among staff family members.
Potential subjects were excluded if they had any of the
following: a neurological or comorbid psychiatric disorder,
epilepsy, history of liver, renal or endocrine disorders,
current infection of any origin. Mental retardation or
behavioural disorders, including Pervasive Developmental
Disorder—not otherwise specified (PDD-NOS), inclusion
criteria for attention deficit-hyperactivity disorder, were all
considered exclusion criteria for control children. Children
diagnosed with Asperger’s syndrome, fragile X syndrome
and tuberous sclerosis were also excluded from the study.
IQ test was not performed. Neither AD subjects nor
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controls had special diets or other pharmacological inter-
ventions. Other exclusion criteria were coeliac disease and/
or other major diseases of the intestinal tract, such as
inflammatory bowel disease or hepatic disorders.

Isolation of Peripheral Blood Mononuclear Cells
(PBMCs)

Fresh peripheral blood samples from AD subjects and
control donors were drawn and collected in sterile EDTA
tubes (Becton—-Dickinson, Franklin Lakes, NJ, USA).
Peripheral blood mononuclear cells (PMBCs) were isolated
by centrifugation over Histopaque 1,077 density gradient
(Sigma Chemical, St Louis, MO, USA). Briefly, blood was
diluted 1:1 in phosphate buffer saline (PBS) (Sigma, St.
Louis, MO, USA), overlaid onto lymphocyte separation
media (Lymphocyte Separation Medium—Lonza, Walk-
ersville, MD, USA), centrifuged at 2,200 rpm for 30 min at
room temperature and plasma was removed. Mononuclear
cell fraction was harvested and washed twice in PBS. The
final pellet was re-suspended in Tri-Reagent solution
(Molecular Research Center Inc., Cincinnati, OH, USA) or
protein lysis buffer for further molecular analysis.

RNA Extraction and RT-PCR

The RNA was extracted from PBMCs using a RNA Tri-
Reagent (Molecular Research Center Inc., Cincinnati, OH,
USA) according to the manufacturer’s protocol. The total
RNA concentration and integrity were determined by
Nanodrop ND-1000 UV spectrophotometer (Nano-Drop®
Technologies, Thermo Scientific, Wilmington, DE, USA).
The mRNA levels of the endocannabinoid genes under
analysis were measured by RT-PCR amplification, as pre-
viously reported (Siniscalco et al. 2012). Reverse Trans-
criptase from Avian Myeloblastosis Virus (AMV-RT;
Promega, Madison, WI, USA) was used. For first-strand
cDNA synthesis 200 ng total RNA, random examers,
dNTPs (Promega, Madison, WI, USA), AMV buffer,
AMV-RT and recombinant RNasin ribonuclease inhibitor
(Promega, Madison, WI, USA) were assembled in diethyl-
pyrocarbonate-treated water to a 20 pl final volume and
incubated for 10 min at 65 °C and 1 h at 42 °C. RT minus
controls were carried out to check potential genomic DNA
contamination. These RT minus controls were performed
without using the reverse transcriptase enzyme in the
reaction mix. Aliquots of 2 pul cDNA were transferred into
a 25 ul PCR reaction mixture containing dNTPs, MgCl,,
reaction buffer, specific primers and GoTaq Flexi DNA
polymerase (Promega, Madison, WI, USA), and amplifi-
cation reactions using specific primers and conditions for
human genes under analysis cDNA were carried out.
Sequences for the human mRNAs from GeneBank

(DNASTAR INC., Madison, WI, USA) were used to
design specific primer pairs for RT-PCRs (OLIGO 4.05
software, National Biosciences Inc., Plymouth, MN, USA)
(Table 1). Each RT-PCR was repeated at least three times
to achieve the best reproducibility data. The mean of the
inter-assay variability of each RT-PCR assay was 0.07. The
levels of mMRNA measured were normalized with respect to
glyceraldehyde-3-phosphate  dehydrogenase (GAPDH),
which was chosen as the housekeeping gene. Indeed
GAPDH is one of the most stably expressed genes in
human peripheral blood (Stamova et al. 2009). To our
knowledge, there is no molecular evidence of variation in
GAPDH mRNA-levels in autism disorders (Siniscalco
et al. 2012). The gene expression values were expressed as
arbitrary units £ SEM. Amplification of the genes of
interest and GAPDH was performed simultaneously. PCR
products were resolved into 2.0 % agarose gel. A semi-
quantitative analysis of mRNA levels was carried out by
the “Gel Doc 2000 UV System” (Bio-Rad, Hercules, CA,
USA).

Protein Extraction and Western Blot Analysis

For protein extraction, PBMCs were suspended in protein
lysis buffer [HEPES 25 mM; EDTA 5 mM; SDS 1 %;
Triton X-100 1 %; PMSF 1 mM; MgCl, 5 mM; Protease
Inhibitor Cocktail (Roche, Mannheim, Germany); Phos-
phatase Inhibitor Cocktail (Roche, Mannheim, Germany)].
Protein concentration was determined using the method
described by Bradford (1976). Each sample was loaded,
electrophoresed in a 15 % SDS-polyacrylamide gel and
electroblotted onto a nitrocellulose membrane. The mem-
brane was blocked in 5 % milk, 1X Tris-buffered saline
and 0.05 % Tween-20. Primary antibodies to detect CB2
(Calbiochem-Merck, Darmstadt, Germany) were used
according to the manufacturer’s instructions at 1:250
dilutions. The rabbit anti-CB2 antibody detects endogenous
levels of the human 45 kDa fragment of CB2 receptor
protein. The antibody does not cross-react with the CB1
receptor protein and, according to the manufacturer, was
validated with a recombinant protein consisting of the first
33 amino acids of human CB2 receptor used as a positive
control. Immunoreactive signals were detected with a
horseradish peroxidase-conjugated secondary antibody and
reacted with an ECL system (Amersham Pharmacia,
Uppsala, Sweden). To assess equal loading, protein levels
were normalized with respect to the signal obtained with
Ponceau S staining, as previously reported (Alessio et al.
2010; Romero-Calvo et al. 2010; Zanichelli et al. 2012).
We used Ponceau S staining over actin as equal loading
control as this method has a better dynamic range and
overcomes the possibility that housekeeping proteins could
vary in this pathology or be saturated at the levels of
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Table 1 Primer sequences, annealing temperatures, and product sizes for RT-PCRs

Gene Sense primer Antisense primer Annealing Product sizes bp
temperature °C
CB1 5'-CAAGGAGAATGAGGAGAACA-  5'-CCAGCGTGAGGGACAGGACT-3" 55 318
3/
CB2 5'-TTGGCAGCGTGACTATGACC-3'  5-AGGAAGGCGATGAACAGGAG- 55 274
3/
FAAH 5'-GGCCACACCTTCCTACAGAA-3" 5-GTTTTGCGGTACACCTCGAT-3" 58 218
NAPE- 5'-GAAGCTGGCTTAAGAGTCAC-3' 5'-CCGCATCTATTGGAGGGAGT-3' 60 178
PLD
GAPDH 5'-TCACCAGGGCTGCTTTTAAC-3'  5-GGACTCCACGACGTACTCAG-3' 55 242

PCR primers were designed by using the computer program OLIGO 4.05 software (National Biosciences Inc., Plymouth, MN, USA) and were

purchased from PRIMM (Milan, Italy)

loading (Romero-Calvo et al. 2010). The semi-quantitative
analysis of protein levels was carried out by the Chemi-
Doc-It 5000, using VisionWorks Life Science Image
Acquisition and Analysis software (UVP, Upland, CA,
USA).

Immunocytochemistry

For immunocytochemical analysis, PBMCs were extracted
and plated as previously reported (Siniscalco et al. 2012). In
brief, mononuclear cells were re-suspended at 1 x 10° cell/
mL in RPMI 1640 complete medium (Lonza, Verviers,
Belgium) containing 10 % fetal bovine serum (FBS) (Eu-
roClone-Celbio, Milan, Italy), 2 mM r-glutamine, 100
U/ml penicillin, and 100 mg/ml streptomycin (all Lonza),
were plated on slides with a 12-well plate and incubated for
4 days at 37 °C with 5 % CO,. Cells were then fixed with
4 % paraformaldheyde fixative. After washing in PBS, non-
specific antibody binding was inhibited by incubation for
30 min in blocking solution (1 % BSA in PBS). Primary
antibodies were diluted in PBS blocking buffer and slides
were incubated overnight at 4 °C in primary antibodies to
human CB1 receptor or to human CB2 receptor (either
diluted at 1:200; Calbiochem-Merck, Darmstadt, Ger-
many). Fluorescent-labeled secondary antibodies (1:1,000;
Alexa Fluor 488 (for CB1) and 568 (for CB2), Molecular
Probe; Invitrogen, Carlsbad, CA, USA) specific to the IgG
species used as a primary antibody were used to locate the
specific antigens in each slide. Cells were counterstained
with bisbenzimide (Hoechst 33258; Hoechst, Frankfurt,
Germany) and mounted with mounting medium (90 %
glycerol in PBS). Fluorescently labelled slides were viewed
with a fluorescence microscope (Leica, Wetzlar, Germany).
Immunofluorescence images were analyzed with Leica
FW4000 software (Leica, Wetzlar, Germany). Only bis-
benzimide counterstained cells were considered as positive
profiles so as to avoid overcounting cells.
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Statistical Analysis

Biomolecular data are expressed as mean =+ SEM ANOVA,
followed by Student—Neuman—Keuls post hoc test, was used
to determine the statistical significance among groups,
without correction for multiple test comparison. p < 0.05
was considered statistically significant.

Results

AD- Related Changes in Endocannabinoid System
Gene Expressions

We examined endocannabinoid system gene expression
mainly by RT-PCR, since this technique is a far more
sensitive method for the detection of gene expression than
immunocytochemistry (Giordano et al. 2011; Siniscalco
et al. 2012). In addition, the genes analysed showed a
transcriptional regulative mechanism (Galiegue et al.
1995; Maccarrone et al. 2001; Nong et al. 2002). When
compared to controls, the semiquantitative analysis of
PBMC-extracted mRNA levels, measured by RT-PCR
amplification, showed an increase in the CB2 receptor
gene in PBMCs of AD patients (mean &+ SE of arbitrary
units: 0.34 £+ 0.03 vs. 0.23 £ 0.02, p < 0.05, in autistic
children and healthy subjects, respectively), whereas
mRNA levels of NAPE-PLD gene were slightly decreased
(mean £ SE of arbitrary units: 0.25 £ 0.04 vs. 0.39 £+
0.03, p < 0.05, in autistic children and healthy subjects,
respectively); mRNA levels of CB1 receptor (mean & SE
of arbitrary units: 0.51 £ 0.05 vs. 0.69 £ 0.07, p > 0.05,
in autistic children and healthy subjects, respectively) and
FAAH enzyme gene (mean £+ SE of arbitrary units:
0.38 + 0.10 vs. 0.48 + 0.08, p > 0.05, in autistic children
and healthy subjects, respectively) were not different
(Fig. 1; Table 2).
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Fig. 1 Over-expression of CB2 200
receptor gene, but not of CB1 )
receptor and FAAH enzyme, E’ 175
and down-expression of NAPE- c
PLD gene in AD-PBMCs. The o 1%
measured mRNA levels were (]

. . o 125
normalized with respect to c
GAPDH (housekeeping gene) £ L0
and gene expression values 0
were expressed as a percentage E 75
of arbitrary units == SEM open x
circle indicates significant l': 50
difference versus healthy &
controls. p values <0.05 were o 25
considered statistically
significant. CTL healthy control

subjects, AD autistic patients

o

CB-1__CB-2 FAAH NAPE-PLD _ CB-1

CB-2_FAAH NAPE-PLD

CTL AD

Table 2 The mRNA levels (mean £ SE) of the genes under analysis measured by RT-PCR amplification are reported

Gene Healthy subjects PCR coefficient of variation  Autistic patients PCR coefficient of variation p value F(_37
CB-1/GAPDH 0.69 £+ 0.07 0.08 0.51 £ 0.05 0.05 0.056 391
CB-2/GAPDH 0.23 £ 0.02 0.07 0.34 + 0.03* 0.05 0.003 9.99
FAAH/GAPDH 0.48 + 0.08 0.06 0.38 + 0.10 0.08 0.434 0.63
NAPE-PLD/GAPDH  0.39 + 0.03 0.05 0.25 + 0.04* 0.07 0.007 8.17

Each RT-PCR was repeated at least three times. The semi-quantitative analysis of mRNA levels was carried out by the “Gel Doc 2000 UV
System” (Bio-Rad, Hercules, CA, USA). The measured mRNA levels were normalized with respect to GAPDH (housekeeping gene) and gene
expression values were expressed as arbitrary units £ SE. *p < 0.05 versus the corresponding healthy controls, as analyzed by four separate
ANOVAs, followed by Student—Neuman—Keuls test. The mean of the inter-assay variability of each RT-PCR assay was also reported as PCR
coefficient of variation. The values of variance p and F rate are also reported (critical alpha is set to 0.05)

CB2 Protein Levels are Increased in AD-PBMCs

As G protein-coupled receptors, the cannabinoid receptors
(CBs) also show post-translational regulation (Ardura and
Friedman 2011; Peralta et al. 2011). To confirm gene
expression change, we therefore determined the protein
levels of CB2 receptor by western blot analysis, as well as
by fluorescence immunocytochemistry.

To confirm a lack of change in protein levels for CB1
receptor as implied by mRNA levels, we performed
immunocytochemical analysis also for this receptor. Wes-
tern blot analysis showed a remarkable increase in CB2
protein levels in AD children as compared to healthy
controls (Fig. 2) (mean & SE of arbitrary units:
33.5 &+ 1.32 vs. 6.70 + 1.25, p < 0.05, in autistic children
and healthy subjects, respectively). Protein level analysis in
AD patients and control groups was performed simulta-
neously. CB2 protein level was enhanced in all the AD
children evaluated. The control group demonstrated no
intragroup variances of significance.

The difference between the increase in CB2 mRNA and
in the increase in CB2 protein in AD group is not sur-
prising. Post-translational control of protein function has
been described to affect protein levels. Indeed, the CB2
protein, as G protein coupled receptor, show a multilevel

system of regulation, that affects the levels of receptor in
the cell (Ardura and Friedman 2011; Peralta et al. 2011;
Tomankova and Myslivecek 2012).

Moreover, the levels of cellular mRNAs can be regu-
lated by controlling the rate at which the mRNA decays
(Wilusz et al. 2001). It is noteworthy to consider that there
is not a direct correlation between mRNA transcripts and
protein levels. Gene expression is also regulated by the
control of mRNA degradation, since the steady-state con-
centration of mRNA is determined both by its rates of
synthesis and decay (Rajagopalan and Malter 1997; Meyer
et al. 2004). Changes in mRNA half-life do not reflect
changes in transcription (Ross 1996). More importantly,
the correlation between mRNA and protein abundances in
the cell is insufficient to predict protein expression levels
from quantitative mRNA data (Gygi et al. 1999; Maier
et al. 2009). Determining a direct relationship between
mRNA and protein levels can be problematic (Pascal et al.
2008). However, mRNA expression is informative in the
prediction of protein expression (Guo et al. 2008).
Increasing in both mRNA and correspondent protein is
indicative of a positive correlation between mRNA and
protein expression levels (Guo et al. 2008; Yang et al.
2013). Using several and different techniques (i.e. RT-
PCR, Western blot, immunocytochemistry), as used here,
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Fig. 2 Representative western blot analysis of CB2 protein levels in
the PBMCs obtained from the autistic children and the healthy
controls, respectively. CTL healthy control subjects, AD autistic
disorder subjects. The histograms indicate percentage variations in
CB2 protein levels in the PBMCs of AD children compared to the
healthy controls (CTL). open circle indicates significant differences
versus healthy subjects. p < 0.05 was considered as the level of
significance

to study changes in gene expression is a valid tool to assess
the correlation between these macromolecules inside the
cell (Dong et al. 2012).

Immunofluorescence analysis was carried out using an
antibody able to detect endogenous levels of the human

Fig. 3 Representative A
fluorescent photomicrograph of
PBMCs showing
immunocytochemistry for CB1
receptor (bottom) and CB2
receptor (top). Top Arrows
indicate CB2 positive staining
(red fluorescent). Bottom
Arrows indicate CB1 positive
staining (green fluorescent). To
correctly identify cells, their
nuclei were counterstained with
bisbenzimide (blue
Sfluorescence), as shown in panel
a. a healthy control subjects;

b autistic disorder patients.
Scale bars 15 pm
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CB2 receptor protein, without cross-reacting with the CB1
receptor protein. Immunofluorescence staining confirmed
that CB2 was over-expressed in the PBMCs in AD children
as compared to healthy controls, while no difference in
CBI1 receptor related signals were observed in AD children
respect to healthy controls (Fig. 3).

Discussion

In this study, we demonstrated for the first time the up-
regulation of CB2 receptors in PBMCs from ADs subjects.
No differences were observed for CB1 receptor regulation.
Alterations in endocannabinoid levels are transient adaptive
reactions which attempt to re-establish normal homeostasis
disrupted by the disease. However, in some conditions,
endocannabinoid systems appear to contribute to a chronic
maladaptive disease state (Di Marzo and Petrosino 2007).
Emerging studies highlight that endocannabinoid signalling
through CB2 receptors could activate a protective system.
CB2 receptor activation is known to trigger immune sup-
pression (Hegde et al. 2010). After inflammation or tissue
injury, there is a rapid increase in local endocannabinoid
levels, which appears to mediate immune responses through
down-regulation of cytokine expressions (Jean-Gilles et al.
2010; Pacher and Mechoulam 2011). The immunomodu-
latory effects of endocannabinoids are mainly mediated by
the CB2 receptor expressed on immune cells (Klein et al.
2003; Cencioni et al. 2010). The CB2 gene, which is not
expressed in the brain, is principally expressed in immune
tissues (Kenny 2011); whereas CB1 is abundant in the
central nervous system (Galiegue et al. 1995). It’s

B

CB2 receptor
positive
staining (red
fluorescence)

CB1 receptor
positive
staining (green
fluorescence)
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noteworthy that CB2 receptors regulate cannabinoid-
induced immune modulation (Tanikawa et al. 2011). Can-
nabinoids are involved in B cell activation and maturation
through the CB2 receptor. Importantly, B lymphocytes
express the highest level of CB2 mRNA relative to other
immune cells (Agudelo et al. 2008). In addition, CB2
receptor is able to modulate development, migration, pro-
liferation, and effector functions of immune cells (Basu and
Dittel 2011). Alterations in immune system in autism
pathogenesis have been reported (Gupta et al. 2010; Suzuki
et al. 2011). Moreover, AD-PBMCs show increased acti-
vation of both Thl- and Th2- mediated immune response,
altered cytokine profiles, decreased lymphocyte numbers,
imbalance of serum immunoglobulin levels and caspase-
mediated immune response changes (Ashwood et al. 2006;
Li et al. 2009; Siniscalco et al. 2012). These observations,
when combined with the present study data, are suggestive
that CB2 receptor up-regulation in PBMCs could be related
to AD-immune dysregulation. It is well established that

these cells are key regulators of the immune pathways, and
a dysregulation in the PBMC response could result in long-
term immune alterations seen in AD (Enstrom et al. 2010).
The CB2 receptor alterations we observed in AD-PBMCs
indicate the endocannabinoid system may be functionally
involved in AD pathogenesis or maintenance. The fact that
in PBMCs from autistic children we observed only CB2
receptor changes, but not CB1 and/or the anandamide cat-
abolic enzyme FAAH, could indicate that the main action
played by endocannabinoids in these cells is to regulate
inflammation and immune responses. CB1 receptors do not
seem involved in mediating these events. However, our data
cannot exclude CB1 receptor up-regulation in other cell
types or within the central nervous system. It is noteworthy
that pro-inflammatory stimuli suppress NAPE-PLD
expression (Zhu et al. 2011). In fact, the slight down-reg-
ulation we observed in mRNA levels for this biosynthetic
enzyme could be related to the inflammatory state associ-
ated with autism immunopathology.

Endocannabinoid system involvement in autism
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Fig. 4 Endocannabinoids, such as N-arachidonoylethanolamine
(anandamide, AEA) and 2-arachidonoyl glycerol (2-AG), are synthe-
sized and released upon demand in a receptor-dependent way, through
the AEA biosynthetic enzyme N-acylphosphatidylethanolamine-
hydrolyzing phospholipase D (NAPE-PLD) and the diacylglycerol
(DAG) lipase enzyme, respectively. They exert their effects through
the G-protein-coupled cannabinoid receptors CB1 and CB2, which, in

turn, are negatively coupled to adenylyl cyclase enzyme. After the
specific binding with their receptors, endocannabinoids are trans-
ported into cells by a specific uptake system and degraded by the
enzymes fatty acid amide hydrolase (FAAH). In peripheral blood
mononuclear cells, autistic disorders trigger over-production of CB2
receptor gene expression, as well as protein levels, together with a
down-expression of NAPE-PLD
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Another hypothesis could be related to a CB2 protective
response to AD-mediated inflammatory stimuli derived
from the capacity of CB2 to inhibit pro-inflammatory
cytokine synthesis and release (Di Filippo et al. 2004).
However, it has been demonstrated that pro-inflammatory
cytokines are abundantly increased in the plasma of autistic
patients (Ashwood et al. 2011). These data, when com-
bined with our study’s observations, enhance the hypoth-
esis of a correlation between CB2-mediated immune
dysfunction and autism pathophysiology. This further
indicates that the endocannabinoid system, through CB2
receptors, could mediate a cross-talk between immune and
nervous systems.

As previously mentioned, Schultz reviewed the possible
autism activation by endocannabinoid system (Schultz
2010). He reviewed data revealing sulfation deficits in
acetaminophen (paracetamol) metabolism with the autism
population. Acetaminophen administration in the presence
of a sulfation deficiency, creates a metabolic by-product,
N-arachidonoylphenolamine (AM404), causing an indirect
increase of endocannabinoids levels (Hogestitt et al. 2005;
Soukupova et al. 2010), which in turn activate CB1/2
receptors triggering autism. This hypothesis invites further
consideration of the endocannabinoid system regarding
autism pathogenesis However, acetaminophen was not
routinely taken by any of the subjects of this investigation,
so its involvement with endocannabinoids remains specu-
lative. Nevertheless, the question of the endocannabinoid
system involvement in autism pathogenesis remains a
potentially important concept deserving further investiga-
tion. Apart from the endocannabinoid system, other envi-
ronmental autism risk factors (i.e. environmental toxics
exposure, parental age, low birth weight, and maternal
infections during pregnancy) are under consideration. Any
of these may further interact with the endocannabinoid
system as well. Further experiments are needed in order to
better characterize the endocannabinoid system’s involve-
ment in AD.

In conclusion, to our knowledge, this is the first study
demonstrating an endocannabinoid-CB2 signalling dys-
regulation in autism, implying the endocannabinoid system
may represent a new treatment opportunity for autism
pharmacotherapy (Fig. 4). While the therapeutic use of the
endocannabinoid systems is inviting, extensive research
will be required to further evaluate this complex regulatory
pathway and the safety of pharmacological manipulation.
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