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Several hypotheses involving alterations of the immune system have been proposed among etiological explanations for psychotic

disorders. The endocannabinoid system (ECS) has a homeostatic role as an endogenous neuroprotective and anti-inflammatory system.

Alterations of this system have been associated with psychosis. Cannabis use is a robust risk factor for these disorders that could alter the

ECS signalling. In this study, 95 patients with a first episode of psychosis (FEP) and 90 healthy controls were recruited. Protein expression

of cannabinoid receptor 2 (CB2), the protein levels of the main endocannabinoid synthesizing enzymes N-acyl phosphatidylethanolamine

phospholipase (NAPE) and diacylglycerol lipase (DAGL), and of degradation enzymes fatty acid amide hydrolase (FAAH) and

monoacylglycerol lipase (MAGL) were determined by western blot analysis in peripheral blood mononuclear cells (PBMCs). Patients with

a FEP showed a decreased expression of CB2 and of both endocannabinoids synthesizing enzymes (NAPE and DAGL) in comparison to

healthy controls. After controlling for age, gender, body mass index, and cannabis use, NAPE and DAGL expression remained significantly

decreased, whereas FAAH and MAGL expression were increased. On the other hand, FEP subjects with history of severe cannabis use

showed a larger ECS dysregulation compared with healthy controls. These results indicate an ECS dysregulation in PBMC of FEP

patients. The alteration of the ECS presented at the initial phases of psychosis could be contributing to the pathophysiology of the

disease and constitutes a possible biomarker of psychotic disorders and an interesting pharmacological target to take into account for

therapeutic purposes.
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INTRODUCTION

Nowadays, we are living a reformulation of the classical
concept of the psychotic illness (Insel, 2010), being seen as

an heterogeneous disorder with a multisystemic impact
from the beginning, in addition to its psychiatric expression
(Kirkpatrick, 2009). Despite the growing number of
published research studies in recent years, the etiology of
psychotic disorders is far from being clarified (Bernardo
and Bioque, 2010). The exposure to certain environmental
factors interacting with genetic factors can alter dopami-
nergic transmission, neuroendocrine, and cognitive func-
tioning, patterns of interpersonal interaction and affective
processing and may lead to a psychopathology worsening
(Caspi et al, 2005).

Among other pathophysiological alterations, several
hypotheses involving the immune system—at both periph-
eral and central nervous system (CNS)—have been
proposed as etiological explanations for psychosis (Garcia-
Bueno et al, 2013; Garcia-Rizo et al, 2012; Meyer et al, 2011).
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The endocannabinoid system (ECS) has been proposed
as a main homeostatic system implicated in the regula-
tion of the complex neuroimmune interactions in
diverse neuropathological scenarios (Wolf et al, 2008).
In particular, the ECS is present in stress-responsive
neural and peripheral circuits, reducing both neurodegen-
erative and inflammatory damage (Centonze et al, 2008;
Wolf et al, 2008).

In short, the ECS refers to the arachidonate-based lipids
anandamide (AEA) and 2-arachidonoylglycerol (2AG); their
cannabinoid G protein-coupled receptors, namely CB1 and
CB2, the two main synthesis enzymes N-acyl phosphatidy-
lethanolamine phospholipase (NAPE) and diacylglycerol
lipase (DAGL), and the enzymes fatty acid amide hydrolase
(FAAH) and monoacylglycerol lipase (MAGL) are respon-
sible for their degradation or reuptake.

Several studies have related the ECS with psychotic
disorders (particularly in schizophrenia), focusing on CB1/
CB2 receptors. Reduced CB1 expression and activity have
been found in different brain areas of patients with
schizophrenia (Eggan et al, 2008). A close relationship has
also been reported between a diminished CB2 function
(polymorphism Q63R) and an increased susceptibility to
schizophrenia, together with other risk factors (Ishiguro
et al, 2010). Schizophrenia symptom remission has been
linked to significant changes in CB2 mRNA transcripts in
peripheral blood mononuclear cells (PBMC; De Marchi
et al, 2003). Moreover, deletion of CB2 has been related to
schizophrenia-like behaviors in animal models (Ortega-
Alvaro et al, 2011). Therefore, it has been reported that both
receptors have a homeostatic role in certain situations and
their altered expression has been described in patients with
schizophrenia: CB1 mainly in the CNS and CB2 at the
peripheral level (Hillard et al, 2012). Regarding other
components of the ECS, cerebrospinal fluid (CSF) AEA
levels have been found elevated in subjects with schizo-
phrenia (Giuffrida et al, 2004; Leweke et al, 1999).

On the other hand, cannabis is one of the most important
and studied enviromental risk factors related to psychosis
(Torrey et al, 2012). Around 25–50% of subjects who suffer
a first episode of psychosis (FEP) present with cannabis
use (Koskinen et al, 2009; Volkow, 2009). Its use in youth
increases the risk of developing psychosis, with an
estimated odds ratio of 2.10–2.93 (Henquet et al, 2005;
Moore et al, 2007), decreasing the age of schizophrenia
onset (Sugranyes et al, 2009). The neurobiological mechan-
isms underlying this increased psychosis susceptibility are
poorly understood (D’Souza et al, 2009; Gage et al, 2013).
However, some studies have found that frequent cannabis
exposure may downregulate AEA signalling in patients with
schizophrenia, but not in healthy individuals (Leweke et al,
2007). It has also been described that FEP patients who use
cannabis present cognitive impairment associated to altered
brain structure in particular areas rich in CB1 (Bangalore
et al, 2008; Ho et al, 2011).

Based on these data, we hypothesized that the ECS
may be disrupted in the FEP. We aimed to study the
expression of the main ECS components in PBMC samples
from healthy controls and FEP patients, taking advantage
of a Spanish multicenter, longitudinal, naturalistic,
follow-up study (PEPs study, from the Spanish abbreviation
of Primeros Episodios Psicóticos; Bernardo et al, 2013).

Multiple logistic regression analyses were conducted to
identify potential risk/protective factors for suffering a
FEP among the ECS components studied. Finally, further
statistical analyses were conducted to find possible differ-
ences in the ECS status according to prolonged, heavy
cannabis use.

SUBJECTS AND METHODS

Subjects

Six Spanish university hospitals recruited 95 FEP patients
and 90 matched controls from September 2010 to April 2011
(see Supplementary Data 1 for details). The inclusion
criteria were described and discussed in previous articles
(Bernardo et al, 2013; Garcia-Bueno et al, 2013). Inclusion
criteria for patients were: (1) age between 9 and 35 years;
(2) duration of the psychotic symptoms of less than a year;
(3) speak Spanish correctly. The exclusion criteria were:
(1) mental retardation, including not only an IQ below
70 but also impaired functioning; (2) history of traumatic
head injury with loss of consciousness; (3) history of
organic disease with mental repercussions. Healthy controls
were selected from the same geographic areas following a
pairwise matching. Their inclusion criteria were: (1) same
gender as patients; (2) similar age (±10%); (3) similar
parental socioeconomic status (±1 level in the
Hollingshead–Redlich scale; Hollingshead and Redlich,
1958); (4) no past or present psychiatric disorder per
DSM-IV criteria (American Psychiatric Association, 1994);
(5) speak Spanish correctly; (6) no history of psychotic
disorder among first-degree relatives. The exclusion criteria
for controls were the same than for patients.

The study was approved by the ethics committees of all
the participating hospitals. The subjects participated after
providing a written, informed consent. In underage
subjects, informed consent was signed by legal guardians.

Clinical Assessment

The clinical assessment in the PEPs study was detailed
described in a previous article (Bernardo et al, 2013).
Briefly, the diagnosis was established by the semi-structured
diagnostic interviews according to DSM-IV criteria (SCID;
First et al, 1999). The psychopathological assessment was
performed using validated Spanish versions of the Positive
and Negative Syndrome Scale (PANSS; Kay et al, 1987), the
Young Mania Rating Scale (Young et al, 1978), and the
Montgomery-Asberg Depression Rating Scale (MADRS;
Montgomery and Asberg, 1979). The Global Assessment of
Functioning Scale (GAF) and the Children’s Global Assess-
ment Scale were used to measure the global severity of
symptoms and the level of functioning (Endicott et al, 1976;
Shaffer et al, 1983). We calculated the potency equivalents
to Chlorpromazine of every antipsychotic dosage, following
the international consensus (Gardner et al, 2010). Apart
from the interviews with the patient, multiple sources of
information (including medical records and interviews with
relatives) were used to establish the onset of positive
psychotic symptoms (defined as the first week with the
PANSS items P1, P3, P5, P6, or G9 scoring four or more).
The duration of untreated psychosis was defined as the
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number of days elapsed between this onset and the
beginning of the first adequate treatment for psychosis.

Clinical assessment included a complete medical history
and physical examination, laboratory tests, and body mass
index (BMI¼weight in kg/height in m2). Cannabis use was
evaluated by a portion of the European Adaptation of a
Multidimensional Assessment Instrument for Drug and
Alcohol Dependence (EuropAsi; Kokkevi and Hartgers,
1995). A systematic recording of drug misuse habits was
performed.

Biochemical Determinations in PBMC

Blood sample collection, preparation, and cytosolic extrac-
tion conditions were described in a previous article (Garcia-
Bueno et al, 2013).

Preparation of cytosolic extracts. PBMCs were homo-
genized in 150 ml buffer (10 mmol/l N-2-hydroxyethylpiper-
azine-N0-2-ethanesulfonic acid (pH 7.9); 1 mmol/l EDTA,
1 phenylmethylsulfonyl fluoride, 0.1 mg/ml aprotinin,
1 mg/ml leupeptin, 1 mg/ml Na-p-tosyl-L-lysine-chloro-
methyl ketone, 5 mmol/l NaF, 1 mmol/l NaVO4, 0.5 mol/l
sucrose, and 10 mmol/l Na2MoO4). After 15 min, Nonidet
P-40 (Roche, Mannheim, Germany) was added to reach a
concentration level of 1%. The tubes were vortexed for 30 s,
and nuclei were collected by centrifugation at 8000 g for
5 min. The supernatants were considered to be the cytosolic
fraction, being stored at � 80 1C. All steps of the fractiona-
tion were carried out at 4 1C. As an analysis of their purity,
cytosolic extracts were assayed by western blot (WB)
analysis against GAPDH, SP-1, or b-actin (in cytosol:

99±1; 19±5; 98±1% of total optical density signal,
respectively).

WB analysis. After determining and adjusting protein
levels using the Bradford method, extracts were mixed with
Laemmli sample buffer (Bio-Rad, USA; SDS 10%, distilled
H2O, 50% glycerol, 1 M Tris HCl, pH 6.8, dithiothreitol
and bromophenol blue) with b-mercaptoethanol (50 ml/ml
Laemmli) and 12.5 mg were loaded into an electrophoresis
gel. Once separated on the basis of molecular weight,
proteins from the gels were blotted onto a nitrocellulose
membrane (Amersham Ibérica, Spain) with a semi-dry
transfer system (Bio-Rad) and were incubated with specific
antibodies: (1) rabbit polyclonal CB2 in a dilution of 1 : 1000
in TBS-Tween (101550; Cayman Chemical); (2) rabbit
polyclonal CB1 in a dilution of 1 : 750 in TBS-Tween
(ab23703; Abcam); (3) rabbit polyclonal NAPE-PLD in a
dilution of 1 : 1000 in TBS-Tween (10306; Cayman Chemi-
cal); (4) rabbit polyclonal DAGLa in a dilution of 1 : 1000 in
TBS-Tween (sc-133307; Santa Cruz Biotechnology, USA);
(5) rabbit polyclonal FAAH in a dilution of 1 : 750 in TBS-
Tween (101600; Cayman Chemical); (6) rabbit polyclonal
MAGL in a dilution of 1 : 1000 in 5% skimmed milk in
TBS-Tween (100035; Cayman Chemical); (7) b-actin mouse
monoclonal in a dilution of 1 : 15 000 (Clone AC-15; Sigma,
Spain); (8) SP1 rabbit polyclonal antibody in a dilution of
1 : 2000 (sc-59; Santa Cruz Biotechnology); (9) GAPDH
monoclonal antibody at 1 : 5000 (ab9484; Abcam, UK).
Membranes were incubated with the respective HRP-linked
secondary antibodies (1 : 2000 in TBS-Tween). Blots were
imaged using an Odyssey Fc System (Li-COR Biosciences)
and were quantified by densitometry (NIH ImageJ software).

Figure 1 Western blot analysis of ECS components in PBMC cytosolic extracts from FEP patients and controls. WB analysis (insets) of proteins of interest
(upper) and loading control (lower) and densitometric analysis (% from control). Mean differences (SD) on ECS markers between FEP and controls
(univariate analysis). Western blot analysis in PBMC cytosolic extracts from FEP patients and controls of (a) CB2 receptor, (b) NAPE, (c) DAGLa, (d) FAAH,
and (e) MAGL. Two-tailed t-test was assessed for CB2, NAPE, and DAGL, and for the rest of variables, two-tailed nonparametric Mann–Whitney U-test was
used. 1Represents an atypical value and * an extreme value.
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In the WB analyses carried out in cytoplasmatic extracts,
the house keeping gene b-actin was used as loading control
(blots shown in the respective figures). In the Figure 1, two
WBs are presented, representing all the samples studied
(in each different gel, n¼ 3 per group –control or FEP).
The insets were the most representative of statistical AU
data after densitometric analysis as stated above. All
densitometry results are expressed in percentage from
control.

Statistical Analysis

Differences between control and patient features were
assessed using two-tailed w2-tests (on categorical data)
and t-tests (on variables with approximately normal
distributions, as ECS components were). A multiple linear
regression analysis was performed to assess the effect of
psychotropic medication and clinical variables. T-tests were
used to differentiate the ECS component expression in the
FEP group according to the diagnosis (affective vs non-
affective psychosis), gender, and active cannabis users.
Bivariate analyses were used to find differences according to
age, clinical scales scores, chlorpromazine’s equivalent
antipsychotic dosage, BMI, and number of cannabis
cigarettes smoked per month.

To calculate the association between FEP and each ECS
marker, we used hierarchical logistic regression models with
FEP/control status as the dependent variable, and we
controlled for in a step-wise manner for potential con-
founders. Given that the expression of the ECS can be
modified by aging (Bilkei-Gorzo, 2012), can be different
between genders (Battista et al, 2012) and it is related to
sustained food intake (Di Marzo et al, 2001), analyses were
controlled for age, gender, and BMI. Model 1 included the
expression of every ECS marker. Model 2 additionally
included age and gender. Model 3 additionally included
BMI. Model 4 additionally included cannabis use per
month. Only those markers with a significant association
(po0.05) with the FEP group in the previous analyses were
selected for the following steps. Logistic regression analyses
were again calculated with the same system, and all the ECS
components chosen were kept and analyzed together in a
new Model 1, Model 2 (adding age and gender), Model 3
(adding BMI), and Model 4 (adding cannabis use per
month—final model).

Data were managed and analyzed with the IBM SPSS
Statistics v.20 (IBM Corp, 2011).

RESULTS

Demographic, Clinical, and Cannabis Use Features

Demographic, clinical, and cannabis use information are
presented in Table 1 and Supplementary Data 1. Patient and
control groups did not differ in gender, age, ethnic group,
and socioeconomic status.

The antipsychotic mean dose was of 357.33 mg/day of
chlorpromazine equivalents. According to the linear regres-
sion analysis, none of the ECS component expression was
modified by the use of antipsychotic medication or lithium.
We did not find any significant difference between those

Table 1 Demographic, Clinical, and Cannabis use Features

Characteristic Controls
(N¼ 90)

Patients
(N¼ 95)

Demographic characteristics

Age (years) 25.30±6.41 23.59±5.60

Gender, no. (%)

Male 62 (68.9) 67 (70.5)

Female 28 (31.1) 28 (29.5)

Socioeconomic status, no. (%)

High 14 (15.56) 19 (20)

Medium–High 14 (15.56) 10 (10.53)

Medium 45 (50) 37 (38.95)

Medium–Low 15 (16.67) 23 (24.21)

Low 2 (2.22) 6 (6.32)

Ethnic group, no. (%)

Caucasian 83 (92.22) 90 (94.74)

Gipsy 0 1 (1.05)

Maghrebian 0 1 (1.05)

Asian 0 1 (1.05)

Caribbean 0 0

Hispanic 5 (5.56) 2 (2.11)

Others 2 (2.22) 0

Body mass index 23.30±3.16 24.93±5.33 a

Cannabis, active users, no. (%) 8 (10.53) 16 (16.84)

Cannabis, age of use (years) 16.54±2.02 16.04±2.84

Cannabis, use per month—cigarettes 1.33±6.83 12.67±35.76 a

Cannabis, time of use (years) 0.51 (2.36) 2.72±3.84 a

Cannabis, lifetime contact, no. (%) 20 (26.32) 52 (54.74) a

Cannabis, lifetime abuse/dependence,
no. (%)

5 (6.58) 46 (48.42) a

Cannabis, unknown use habits, no. (%) 14 (15.55) 0 (0)

Diagnosis, no. (%)

Affective psychosis — 16 (16.8)

Non-affective psychosis — 79 (83.2)

Psychopathology score

PANSS

Total — 53.75±18.303

Positive — 11.13±5.693

Negative — 14.85±6.154

General — 27.77±8.856

Young Mania Rating Scale — 1.67±4.457

Montgomery-Asberg Depression Rating
Scale

6.58±6.718

Overall functioning score (GAF) — 66.39±13.153

Antipsychotic medication, no. (%)

Risperidone — 36 (37.9)

Olanzapine — 11 (11.5)

Aripiprazole — 9 (9.5)

Paliperidone — 7 (7.4)

Clozapine — 7 (7.4)

Quetiapine — 5 (5.3)

Ziprasidone — 2 (2.1)

Noneb — 18 (18.9)

Lithium use, no. (%) — 9 (9.47)

aT-test, p value o0.05. Results are based on two-sided tests assuming equal
variances with significance level 0.05. For each significant pair, the key of the
smaller category appears under the category with larger mean. Tests are
adjusted for all pairwise comparisons within a row of each innermost subtable
using the Bonferroni correction.
bIncludes both never treated patients and those who had stopped the
antipsychotic treatment.
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FEP subjects treated with antipsychotic and those who were
not taking antipsychotic treatment (n¼ 18).

Sixteen patients (16.8%) were oriented as affective
disorders (unipolar major depression or bipolar disorder)
with psychotic features.

It was determined that 46 out of the 95 FEP patients met
criteria of cannabis abuse or dependence (48.4%, FEP
CANþ ), whereas 49 did not (51.6%, FEP CAN� ). These
subgroups did not statistically differ in the clinical
evaluation, the duration of untreated psychosis, the age of
onset, and the BMI (Supplementary Data 2).

ECS in Control and FEP Groups

The WB analysis revealed a significant lower expression
of the CB2 receptor and of the two main enzymatic
sources of endocannabinoids, NAPE and DAGL, in
PBMC from FEP group than in the control subjects
(Table 2 and Figure 1a–c, respectively). The expression
of the two main degradation enzymatic pathways, FAAH
and MAGL, trend to be increased in FEP patients but they
did not reach statistical significance in the univariate
analysis (Table 2 and Figure 1d and e, respectively). After
controlling for possible confounders (age, gender, BMI,
and number of cannabis cigarettes per month), four of the
five components of the ECS studied were significantly
associated with FEP. Although univariate analysis showed
CB2 differences between groups, these differences were
no longer statistically significant after covarying for
BMI, cannabis use per month, and the rest of the ECS
components.

Among the ECS synthesis enzymes, DAGL had the lowest
OR observed (OR¼ 0.969), meaning that for each decrease
in one unit of DAGL expression the probability for suffering
a FEP increased in a 3.1% [(e0.084� 1� 1)� 100] (Table 2
and Supplementary Data 3).

When analyzing the ECS degradation enzymes, the
highest OR observed was for the FAAH (OR¼ 1.015),
meaning that for each unit of this biomarker, the risk of
a FEP increased by 1.5% [(e0.489� 1� 1)� 100] after controll-
ing for remaining ECS components and all possible studied
confounders. Similarly, the results were 1% for MAGL.

Unfortunately, in our experimental conditions it was not
possible to reliably detect CB1 receptor expression in PBMC
in the great majority of samples.

ECS in Different Clinical Subgroups

The mean expression of the FAAH of the FEP subjects was
significantly higher in men than in women (124.36 vs 87.42,
p¼ 0.014). We found a negative correlation between the
FAAH expression and total PANSS scores (p¼ 0.019).
FAAH expression also showed a negative correlation with
the MADRS scale (p¼ 0.032).

According to the diagnosis, patients were classified as
non-affective or affective psychosis. There were no differ-
ences in the ECS components among these groups. These
groups were different in the clinical scale scores and the
antipsychotic mean dose, as expected.

Age did not correlate with any of the ECS components
studied. The group of patients younger than 18 years old
was not different in any of ECS components studied in
comparison to the older patients.

Differences between FEP Cannabis Heavy
Users/Non-Heavy Users and Controls

Considering the potential confounding effect of prolonged
cannabis use on the peripheral ECS expression, the FEP
group was divided in two subgroups according to prolonged
use of cannabis, defined as those subjects that had fulfilled
DSM-IV criteria for dependence or abuse (at least during
12 consecutive months) throughout their lives. These two
groups (FEP CANþ vs FEP CAN� ) were compared with
the healthy control group (n¼ 71), excluding from these
analyses those volunteers who had presented heavy
cannabis use in the past (n¼ 5) and those without complete
information of cannabis use (n¼ 14).

One-way ANOVA revealed statistically significant differ-
ences between the three diagnostic groups (FEP CANþ ,
FEP CAN� and control) on CB2 (F¼ 3.86, p¼ 0.023),
NAPE (F¼ 5.47, p¼ 0.005), and DAGL (F¼ 18.35, po0.001,
Figures 2 and 3). Bonferroni post hoc analysis indicated
that FEP CANþ patients had a significant lower expression
of CB2 compared with controls (76.72±41.93 vs 100.65±
5.1 AU, p¼ 0.036; Figure 2a), lower NAPE expression
(71.64±48.20 vs 105.75±65.05 AU, p¼ 0.006; Figure 2b),
and lower DAGL expression (69.29±25.97 vs 108.01±
43.21 AU, po0.001; Figure 2c). In this analysis, we found no
statistically significant differences between the three groups
in the FAAH and MAGL expression. Interestingly, there
were no differences between FEP CANþ and CAN�
groups in the expression of any of the ECS elements studied.

Table 2 Differences in the ECS Markers Expression in FEP and Controls Group (Univariate Model)

ECS marker Controls (N¼ 90) Patients (N¼95) Univariate model Multivariable model

Statistics P-value B SE Wald OR (95% CI) P-value

CB2 101.77±45.23 86.02±48.87 t¼ 2.27 0.024 � 0.007 0.004 2.347 0.993 (0.985–1.002) 0.126

NAPE 102.84±59.64 77±51.05 t¼ 3.17 0.02 � 0.012 0.004 7.824 0.988 (0.980–0.996) 0.005

DAGL 104.10±41.86 72.87±32.36 t¼ 5.69 o0.0001 � 0.032 0.007 20.041 0.969 (0.955–0.982) o0.001

FAAH 97.41±36.33 113.47±67.69 U¼ 4147 0.725 0.015 0.004 11.333 1.015 (1.006–1.024) 0.001

MAGL 99.17±48.75 105.59±71.16 U¼ 4355 0.826 0.010 0.004 5.521 1.10 (0.002–1.019) 0.019

Association of the ECS components analyzed together and adjusted for age, gender, body mass index, and cannabis use per month (Multiple Logistic Regression
Analysis). Bold values indicate significant results (Po0.05).
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These results did not change significantly using a semi-
quantitative index for a better characterization of the
cannabis use habit (considering its level and duration)
nor by analyzing the ECS results according to the early
onset of the cannabis use disorder.

DISCUSSION

In this study, we found a reduced expression of the CB2
receptor and of the main endocannabinoid synthesis
enzymes in PBMC of patients with a FEP compared with
matched healthy controls. After controlling for possible
confounders, the group of FEP showed a significantly
reduced expression of the endocannabinoid synthesis
enzymes and an increased expression of the degradative
ones. All together, these results describe, for the first time to
our knowledge, a dysregulation of these ECS components
in patients who have suffered a FEP (Figure 3). Taking into
account that prolonged cannabis use is a risk factor to
develop a psychotic disorder (Moore et al, 2007; Torrey
et al, 2012), the FEP group was subdivided for further
statistical analyses. The patient subgroup with a history of
heavy cannabis use showed a lower CB2 receptor expres-
sion, NAPE and DAGL expression in comparison to the
control group. No statistically significant differences were
found with the sporadic/non-users subgroup of patients.

Data reported so far indicate a dysregulation in the ECS
(both in terms of ligands and receptors) in patients with
schizophrenia and in animal models of psychosis (Ortega-
Alvaro et al, 2011; Zamberletti et al, 2012). Our results agree
with the described relationship between a diminished CB2
function (polymorphism Q63R) and an increased suscept-
ibility to schizophrenia (Ishiguro et al, 2010), although from
our data we cannot ensure whether its reduced expression is
previous or concomitant to the psychotic episode. The ECS

has been implicated as a neuroprotective system activated
in certain neurodegenerative and neuroinflammatory damage
(Wolf et al, 2008; Zoppi et al, 2011). The synthesis of
endocannabinoids could be a defense mechanism adopted
by the brain in a psychotic state (Giuffrida et al, 2004;
Giuffrida and Seillier, 2012). A lower expression of CB2 in
the group of FEP might indicate a loss of this protector
system.

Leweke et al (1999) found elevated AEA levels in the CSF
of patients with schizophrenia. Later studies also described
elevated CSF AEA levels in antipsychotic-naive first-episode
paranoid schizophrenia subjects and in prodromal states of
psychosis, with no changes in serum levels (Giuffrida et al,
2004; Koethe et al, 2009). At peripheral level, De Marchi
et al (2003) found elevated AEA levels in blood from a small
sample of patients with acute schizophrenia. Clinical
remission was accompanied by a significant drop in the
AEA levels and in the mRNA transcripts for CB2 and FAAH,
suggesting that during the acute phase of schizophrenia the
ECS signalling might be altered, not only in the CNS but
also at systemic level (De Marchi et al, 2003).

In addition to schizophrenia, several studies in neuroin-
flammatory diseases (multiple sclerosis, Huntington’s, and
Parkinson’s diseases) have described ECS alterations in the
CNS as well as in PBMC (Centonze et al, 2008; Hillard et al,
2012). Non-neuronal cell populations have an active and
contributory role in the pathogenesis of these neurodegen-
erative disorders (Perry et al, 2007), and signs of neuroin-
flammation can be detected preceding neuronal loss
(McGeer et al, 1988). In these CNS pathologies, it can be
expected that endocannabinoid concentrations in the
circulation and brain are in equilibrium (Hillard et al,
2012), PBMC being a mirror of the CNS endocannabinoid
status (Centonze et al, 2008). There is also evidence that
AEA and 2AG concentrations are increased at the peripheral
circulation when the immune system is activated during

Figure 2 Western blot analysis of the ECS components in PBMC cytosolic extracts from FEP patients (divided according to prolonged cannabis users/
non-users) and controls. Densitometric analysis (% from control). Mean differences (SD) on ECS markers between FEP cannabis non-users (FEP CAN� ),
FEP cannabis users (FEP CANþ ), and controls (univariate analysis). Western blot analysis in PBMC cytosolic extracts from FEP patients and controls of
(a) CB2 receptor, (b) NAPE, (c) DAGLa, (d) FAAH, and (e) MAGL. Two-tailed t-test was assessed for CB2, NAPE, and DAGL, and for the rest of variables,
two-tailed nonparametric Mann–Whitney U-test was used. 1 represents an atypical value and * an extreme value.
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inflammation, infection, or injury (Hillard et al, 2012).
Finally, a recent review suggests a strong association
between inflammatory processes and magnetic resonance
imaging anomalies in the brain of subjects with schizo-
phrenia, Alzheimer’s disease, or major depressive disorder
(Frodl and Amico, 2013).

Some of our findings suggest the value of the determina-
tion of peripheral ECS components to obtain potential
biomarkers for FEP (Hillard et al, 2012). The identification
of accessible blood biological markers for psychotic
disorders is one of the main needs for both patients and
psychiatrists for early diagnosis and evolution monitoring
(Schwarz et al, 2012), maybe being the best option to
approach to their cerebral expression (Rollins et al, 2010).
Taking into account the results of our multivariable analysis, a
low expression of DAGL and NAPE or a high expression of
FAAH and NAPE would be associated to a highest risk of
suffering a FEP. We will be in good position to establish the
predictive value of these findings, as this cohort is being
followed during a 2-year period (Bernardo et al, 2013).

FAAH expression was higher in men compared with
women. It was expected to find differences in FAAH
expression between genders, as its activity is regulated by
sexual hormones (mainly progesterone and estrogens;
Battista et al, 2012; Lazzarin et al, 2004). Knowing that

males have a higher lifetime risk of developing schizo-
phrenia (with a male–female relative risk of about 1.4
(Aleman et al, 2003; McGrath et al, 2004)), the different
FAAH expression found in this study could be one of the
factors involved in these risk differences between genders.

We also found a negative correlation between FAAH
expression and PANSS and MADRS score. It seems that more
severe, acute patients (with higher PANSS scores) would have
higher AEA levels (and lower FAAH expression), suggesting
that AEA elevation in acute psychosis may reflect a
compensatory adaptation to the disease state (Giuffrida
et al, 2004). In our sample, the mean PANSS score was 53.75
(Table 1), pointing to the fact that the majority of the patients
were under remission. This could be the reason why FAAH
expression is higher in the FEP group. All together, these
findings highlight the variations that the ECS could present
depending on the state of the psychotic disorder, severity, or
presence of depressive symptoms.

The pharmacological manipulation of the ECS may be a
novel therapeutic target for the treatment of psychotic
disorders. A recent study has shown that cannabidiol
moderately inhibits the degradation of AEA, reducing
psychotic symptoms of schizophrenia (Leweke et al,
2012). Pharmacological blockade of AEA degradation
attenuates induced psychotic-like behaviors in animal

Figure 3 Endocannabinoid system dysregulation in peripheral blood mononuclear cells of patients who have suffered a first episode of psychosis. PBMC,
peripheral blood mononuclear cells; NAPE-PLD, N-acyl phosphatidylethanolamine phospholipase; DAGL, diacylglycerol lipase; 2-AG, 2-arachidonoylglycerol;
EMT, endocannabinoid membrane transporter; CB2, cannabinoid receptor 2; FAAH, fatty acid amide hydrolase; MAGL, monoacylglycerol lipase. In gray: ECS
components studied; m: higher expression than healthy controls; k: lower expression than healthy controls.
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models (Beltramo et al, 2000; Seillier et al, 2010). The classic
focus on CB1 and CB2 has shown the complexity and
versatility of the hypothetical ECS role in psychotic
disorders (Giuffrida and Seillier, 2012). A recent clinical
trial with the CB1 receptor antagonist/inverse agonist
rimonabant for improving neurocognition in schizophrenia
did not reported clear positive results (Boggs et al, 2012).
There are various clinical trials recruiting subjects with
schizophrenia to test the utility of cannabidiol (Clinical-
Trials.gov identifiers: NCT00588731, NCT00309413, and
NCT00916201) and AVE1625 (a potent, selective CB1
antagonist. NCT00439634.)

When controlling for other variables, the association
between CB2 and the case–control group stopped being
significant, and the association between group and FAAH
and MAGL became significant (Table 2). These changes
appeared when controlling each ECS component between
each other, whereas age, gender, BMI, and active cannabis
use did not change much these results (Supplementary
Data 3). Thus, these changes were caused by the interaction
of the ECS between themselves, which seems logical being
part of the same biological system.

Some limitations in this study should be noted. First, CB1
receptor expression was undetectable in almost all samples
of PBMC. Although both receptors have a role to restore
homeostasis mechanisms, CB1 receptors perform their
function mainly in the CNS, whereas CB2 receptors do it
mainly at the peripheral level. Some authors have reported
CB1 expression in human PBMCs, but its levels are much
lower than CB2 and considerable work is still needed to
define its relevance and regulatory mechanism/s (Klein
et al, 2003). Second, 81.1% of the patients were receiving
antipsychotic treatment. In order to control this possible
confounding effect, a multiple linear regression analysis
(with each ECS element as dependant variable) was carried
out with the chlorpromazine equivalents dosing (Gardner
et al, 2010). No effect on the level of any of the ECS
components was found. In addition, 9% of patients were
taking lithium and, given its broad pharmacological effects,
the possibility of being a confounding factor was also taken
into account. This association did not modify the results
either. Third, 16.8% of FEP subjects were diagnosed of
affective disorders with psychotic features. This subgroup
showed no statistically significant differences in the ECS
status compared with non-affective psychosis group.
Fourth, cannabis use may have a confounding role when
determining the peripheral expression of the different
components of ECS. Repeated cannabis use in adolescence
produces tolerance to cannabinoid-mediated effects, in-
cluding brain cannabinoid receptors desensitization and
downregulation (Lazenka et al, 2012). The altered expres-
sion of CB1 and CB2 in cannabis smokers has also been
described in PBMC (Nong et al, 2002). In our study, we
found no significant differences between FEP CANþ vs FEP
CAN� subgroups. Bigger subgroups could have shown
larger statistically significant differences. Some peripheral
endocannabinoids (AEA and oleoylethanolamide) levels
are reduced in substance abusers without schizophrenia
in comparison to non-abusing schizophrenia subjects
(Desfosses et al, 2012). Along with other drug use disorders,
cannabis use should be an important issue to manage in
future research.

It is worth mentioning as strength of our study that the
diagnostic evaluation was performed with a very compre-
hensive protocol, with strict inclusion–exclusion criteria.
This naturalistic design makes the sample much closer to
the ‘real life’ FEP population. Owing to the heterogeneity of
schizophrenia as a clinical entity, the FEP subgroup is of
great interest because it avoids the effect of confounding
variables, such as prolonged antipsychotic treatment or
chronicity (Bernardo et al, 2013). Another key feature of
this study is that the age of inclusion is wider than in other
previous works, including 23 subjects under 18-year old.
Apart from this feature, clinical characteristics of the
sample were similar to other studies with FEP in our
context (Castro-Fornieles et al, 2008; Kahn et al, 2008). In
addition, complex statistical analyses were conducted to
limit biases in the results described.

Thus, future clinical investigations should describe the
ECS status in medication-free samples and explore the
therapeutic potentials of different ECS targets such as
the degrading enzymes studied here, TRP channels, PPAR
receptors, and cannabinoid membrane transporters
(Giuffrida and Seillier, 2012). MAGL activity could be
involved in the regulation of cognitive function (Chanda
et al, 2010). Studies in high-risk populations will allow
determining whether the described alterations in the ECS
are present before the psychotic episode starts. This
knowledge will have relevant implications to understand
the physiopathology of psychosis and also for possible
therapeutic implications.

In conclusion, this study has identified that the ECS,
which under normal conditions is involved in restoring the
homeostatic balance after neural stress, inflammation, or cell
damage, appears deregulated in PBMC of patients who had
suffered a FEP. Continuous cannabis use could accentuate
the malfunction of this endogenous protective system. Some
of the peripheral components of the ECS could be used as
biomarkers of the disorder. The ECS pharmacological
modulation is a promising therapeutic target. Such findings
warrant greater attention in future investigations and in the
translational significance of these data.
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