
Neuroinflammation in first 
episodes of psychosis 

Miquel Bioque Alcázar 

ADVERTIMENT. La consulta d’aquesta tesi queda condicionada a l’acceptació de les següents condicions d'ús: La difusió 
d’aquesta tesi per mitjà del servei TDX (www.tdx.cat) i a través del Dipòsit Digital de la UB (diposit.ub.edu) ha estat 
autoritzada pels titulars dels drets de propietat intel·lectual únicament per a usos privats emmarcats en activitats 
d’investigació i docència. No s’autoritza la seva reproducció amb finalitats de lucre ni la seva difusió i posada a disposició 
des d’un lloc aliè al servei TDX ni al Dipòsit Digital de la UB. No s’autoritza la presentació del seu contingut en una finestra
o marc aliè a TDX o al Dipòsit Digital de la UB (framing). Aquesta reserva de drets afecta tant al resum de presentació de 
la tesi com als seus continguts. En la utilització o cita de parts de la tesi és obligat indicar el nom de la persona autora. 

ADVERTENCIA. La consulta de esta tesis queda condicionada a la aceptación de las siguientes condiciones de uso: La 
difusión de esta tesis por medio del servicio TDR (www.tdx.cat) y a través del Repositorio Digital de la UB 
(diposit.ub.edu) ha sido autorizada por los titulares de los derechos de propiedad intelectual únicamente para usos 
privados enmarcados en actividades de investigación y docencia. No se autoriza su reproducción con finalidades de lucro 
ni su difusión y puesta a disposición desde un sitio ajeno al servicio TDR o al Repositorio Digital de la UB. No se autoriza 
la presentación de su contenido en una ventana o marco ajeno a TDR o al Repositorio Digital de la UB (framing). Esta 
reserva de derechos afecta tanto al resumen de presentación de la tesis como a sus contenidos. En la utilización o cita de 
partes de la tesis es obligado indicar el nombre de la persona autora. 

WARNING. On having consulted this thesis you’re accepting the following use conditions:  Spreading this thesis by the 
TDX (www.tdx.cat) service and by the UB Digital Repository (diposit.ub.edu) has been authorized by the titular of the 
intellectual property rights only for private uses placed in investigation and teaching activities. Reproduction with lucrative
aims is not authorized nor its spreading and availability from a site foreign to the TDX service or to the UB Digital 
Repository. Introducing its content in a window or frame foreign to the TDX service or to the UB Digital Repository is not 
authorized (framing). Those rights affect to the presentation summary of the thesis as well as to its contents. In the using or
citation of parts of the thesis it’s obliged to indicate the name of the author.



Neuroinflammation in first 

episodes of psychosis 

Miquel Bioque Alcázar 

PhD Candidate 

Dr. Miguel Bernardo  Arroyo 

PhD Director 

Dr. Juan Carlos Leza Cerro 

PhD Director 

Programa Doctorat Medicina 

Departament de Psiquiatria i Psicobiologia Clínica 

Facultat de Medicina 

Universitat de Barcelona 

September 2013 





To my family that I adore, 

My wife Eva, 

my parents Leonor and Bartolomé, 

my sisters Sara and Diana,  

and my nephew Lucas.  

I feel immensely lucky to have you by my side every day. 

I love you so much. 





5 

This thesis has been developed in the Clinic Schizophrenia Unit of the 

Hospital Clinic of Barcelona, part of the Clínic Institute of Neuroscience August Pi i 

Sunyer Biomedical Research Institute (IDIBAPS), University of Barcelona (UB) and 

the Centro de Investigación Biomédica en Salud Mental (CIBERSAM - G04).  

All biochemical determinations (except the genetics) were performed in the 

Department of Pharmacology, Faculty of Medicine, Complutense University Madrid, 

CIBERSAM - G12. 

The studies here presented were supported by the Instituto de Salud Carlos 

III (ref. ISCIII 2009-2011: PEPs study PI 080208 - “Phenotype-genotype and 

environmental interaction. Application of a predictive model in first psychotic 

episodes. Proyecto PEPs”) belonging to the Spanish Ministry of Economy and 

Competiveness, CIBERSAM (Intramural Projects 2010: Flamm-PEPs study), 

European Union FEDER, Dirección General de Universidades, Comunidad de Madrid, 

CANNAB-CM (S2010/BMD-2308), Government of Catalonia, Secretaria 

d’Universitats i Recerca del Departament d’Economia i Coneixement 

(2009SGR1295), Esther Koplowitz Center (Barcelona).  





7 

ACKNOWLEDGEMENTS 

I want to thank my thesis director Miquel Bernardo. Without your help and 

persistent guidance this thesis would not have been possible. Thank you for trusting 

me and allow me to be part of this fantastic group. 

I would like to express my deepest gratitude to my thesis co-director Juan 

Carlos Leza, for giving me the opportunity, resources and guidance to carry out 

such an exciting research. Thank you for your constructive comments and warm 

encouragement. 

Karina McDowell made a huge contribution to conduct the laboratory 

experiments. Thank you for your tireless work and your patience with me during 

my unforgettable stays in Madrid.  

 I owe my deepest gratitude to Borja García-Bueno, for his generous support 

and nearness.  Without your encouragement and guidance this thesis would not 

have materialized. 

I am particularly grateful for the assistance given by Mª Fe Barcones and 

Javier Santabárbara for the statistical analysis. 

 I would particularly like to thank Ana Meseguer for her enormously, priceless 

help in the collection and processing of biological samples. 

I would like to offer my special thanks to Bibiana Cabrera for being my 

traveling companion in the Clínic Schizophrenia Unit, since we landed four years 

ago. 

I am in debt to Clemente Garcia, whose unlimited, unselfish support and 

friendship have been invaluable during these years.  

Special thanks to the members of the research team of the Clínic 

Schizophrenia Unit and collaborators: Anna Folch, Eduard Parellada, Alicia Durán, 

Cristina Oliveira, Enric Buisán, Gisela Mezquida, Eduardo Jiménez, Alicia Valiente, 

Sergi Mas, Patrícia Gassó and Amàlia Lafuente. 





9 

TABLE OF CONTENTS 

1- Introduction 13

a. Schizophrenia and first-episode psychosis 13 

b. Gene-environment interaction 15 

c. The schizophrenia inflammatory hypothesis 16 

d. The endocannabinoid system 21 

e. Cannabis and psychosis 23 

2- Objectives and Hypothesis 25 
a. Objectives 25 

b. Hypothesis 26 

3- Subjects and Methods 27 
a. Subjects: PEPs & FLAMMPEPs studies 27 

b. Inclusion/Exclusion criteria 28 

c. Clinical Assessment 29 

d. Specimen collection and preparation 30 

e. Biochemical determinations in plasma 31 

f. Biochemical determinations in PBMC 31 

g. Data collection and statistical analyses 35 

4- Results 37 
a. Hypothesis A 37 

b. Hypothesis B 39 

c. Hypothesis C 40 

5- Articles 43 

6- Discussion 91 

7- Limitations 99 

8- Conclusions          103 

9- References          105 





11 

ACRONYMS AND ABBREVIATIONS 
15d-PGJ2: Prostaglandin 15-deoxy-PGJ2  

2AG: 2-arachidonoylglycerol  

AEA: Anandamide  

BMI: Body mass index  

cAMP: Cyclic AMP 

CAN-: Cannabis non-smokers 

CAN+: Cannabis smokers 

CATIE: Clinical Antipsychotic Trials of Intervention Effectiveness 

CB1: Cannabinoid receptor 1 

CB2: Cannabinoid receptor 2 

C-GAS: Children’s Global Assessment Scale 

CIBERSAM: Centro de Investigaciones Biomédicas en Red en Salud Mental 

CNS: Central nervous system 

COMT: Catechol-O-methyl transferase 

COX: Cyclooxygenase 

COX-2: Cyclooxygenase type 2 

CSF: Cerebrospinal fluid 

DAGL: Diacylglycerol lipase  

DDD: Defined daily dose 

DNA: Deoxyribonucleic acid 

DSM-IV: Diagnostic and statistical manual, 4th edition. 

DUP: Duration of untreated psychosis  

ECS: Endocannabinoid system 

EDTA: Ethylenediaminetetraacetic acid 

EIA: Enzyme immunoassay  

ELISA: Enzyme-Linked Immunosorbent Assay 

EuropAsi: European Adaptation of a Multidimensional Assessment Instrument for Drug and Alcohol 

Dependence 

FAAH: Fatty acid amide hydrolase (FAAH) 

FEP: First episode of psychosis 

FIS: Fondo Investigaciones Sanitarias 

GAF: Global Assessment of Functioning Scale  

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase 

GLU: Glutamate 

H2O2: Hydrogen peroxide 

HCY: Homocysteine 

HRP: Horseradish peroxidase 

I�B�: Alpha inhibitory complex �B 

IFN�: Interferon gamma 

IKK�: Inhibitor of nuclear factor kappa-B kinase subunit alpha 

IKK�: Inhibitor of nuclear factor kappa-B kinase subunit beta 

IKK�: Inhibitor of nuclear factor kappa-B kinase subunit gamma 

IL: Interleukin 

IL1: Interleukin 1 

iNOS: Inducible nitric oxide synthase 



12 

IQ: Intelligence quotient  

I�B: Inhibitory complex �B 

I�B: Inhibitory complex �B 

K-SADS-PL: Kiddie-Schedule for Affective Disorders & Schizophrenia, Present & Lifetime Version 

MADRS: Montgomery-Asberg Depression Rating Scale  

MAGL: Monoacylglycerol lipase 

MRI: Magnetic resonance imaging 

mRNA: Messenger ribonucleic acid   

NAPE: N-acyl phosphatidylethanolamine phospholipase 

NAPE-PLD: N-acyl phosphatidylethanolamine-specific phospholipase D 

NEDA: N-(1-naphthyl) ethylenediamine dihydrochloride 

NF�B: Nuclear transcription factor �B  

NGF: Nerve growth factor 

NO: Nitric oxide 

NO2
-: Nitrogen dioxide 

NSAIDs: Non-steroidal anti-inflammatory drugs  

O2
-: Superoxide radical 

OD: Optical density 

OH-: Hydroxyl radical  

ONOO-: Peroxinitrite 

P: Phosphor 

p50: NF�B p50 protein subunit  

P65: NF�B p65 protein subunit 

PANSS: Positive and Negative Syndrome Scale 

PBMC: Peripheral blood mononuclear cells 

PEPs: Spanish abbreviation of “Primeros Episodios Psicóticos” 

PGDS: Prostaglandin-D synthase 

PGE2: Prostaglandin E2 

PPAR: Peroxisome proliferator activated receptors 

PPAR�:  Peroxisome proliferator activated receptors, gamma isoform 

PPRE: Peroxisome proliferator response element 

SCID: Semi-structured diagnostic interview to establish the diagnosis in adults 

SNPs: Single nucleotide polymorphisms 

SP-1: Specificity Protein 1 

TBA: Thiobarbituric acid 

TBARS: Thiobarbituric Acid Reactive Substances (TBARS) 

TBS-Tween: Tris Buffered Saline –Tween 

TNF: Tumor necrosis factor 

TRP channels:  Transient receptor potential channels 

Ub: Ubiquitin 

WB: Western blot 

YMRS:  Young Mania Rating Scale 



13 

1- INTRODUCTION 

Schizophrenia and first-episode psychosis 

Psychotic disorders are characterized by the presence of positive (delusions, 

hallucinations and disorganization), negative (such as apathy or alogia), cognitive 

and affective symptoms. Among others, disorders that may present episodes with 

psychotic features are schizophrenia related disorders, affective disorders and 

psychotic disorders due to drug abuse. Around 3% of the general population suffers 

a first episode of psychosis (FEP) along their life [1]. The start of a FEP is usually 

somewhere between 15 and 30 years old, when academic, professional and social 

skills are in their major expansion [2]. An early onset is associated with a higher 

genetic load, severe cognitive deterioration, male gender and worse evolution and 

prognosis [3-5].  The clinical evolution after a FEP uses to be chronic and variable, 

causing a huge loss in quality of life of patients and their families, and a high cost 

to society, representing the 10% of the global burden of mental disorders in Europe 

[6]. Complete remission only occurs in one third of the patients [7]. Up to 80% of 

the patients relapse during the next five years after a FEP, with a major risk to 

become resistant to treatment [8].  

While the population with chronic schizophrenia has been studied in large, 

naturalistic studies with real-life patients [9], the FEP population represents a 

unique opportunity to evaluate the biological, clinical and functional outcomes of 

psychotic disorders [10]. Conducting longitudinal research in the onset of illness 

avoids the effect of confounding variables such as the influence of antipsychotic 

treatment, comorbidity or chronicity [10, 11]. Such variables cause long-term 

structural changes and may be one reason for the inconsistency of the findings so 

far [12, 13]. Patients with a first psychotic episode are therefore an excellent group 

to study the risk factors linked to the development of schizophrenia and other 

psychotic disorders related to neural stress processes [10]. Establishment of 

biomarkers as soon as possible after the onset of the disease will enable early 

disease prevention, and thus improve the prognosis [14]. Indeed, early intervention 

seems to mitigate progression and improve therapeutic outcomes of the disease 

[15]. Consequently, the characterization of the FEP population has become a 

priority area of growing interest for research, with large studies both in the United 

States and Europe [10-12, 16-18] (figure 1). 
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Figure 1 – Total number of articles about FEP, schizophrenia and meta-

analyses on schizophrenia published in the 2002-2012 decade.  

Whilst the enormous scientific efforts to better understand the nature of the 

disease, we are still far from having ideal effective and safe treatments to offer to 

our psychotic patients. There is a necessity of a change in the strategy of drug 

discovery for the treatment of schizophrenia, mainly based in the better 

comprehension of the pathophysiology [19, 20]. Not surprisingly, less than 50% of 

patients respond to an initial treatment with antipsychotic medication. Clearly there 

is a need to open strategies in possible novel therapeutic targets for new drugs [19, 

20].  
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Gene-environment interaction 

The research in recent decades demonstrates the heterogeneity of the 

aetiology of psychotic disorders, where both genetic and environmental factors play 

a key role [2] (figure 2).  

Figure 2: Model of schizophrenia and related psychotic disorders 

Adapted from van Os and Kapur [2] 

Genetics play a big role in psychotic disorders, as evidenced by the existence 

of families with multiple affected individuals or monozygotic twin studies [21]. The 

heritability of the disorder is estimated around 80% [22], with a higher prevalence 

of pathology at a higher genetic load shared with the affected relative [23]. 

Common genetic variants tend to have low penetrance and a moderate effect on 

risk, while rare variants even have a major effect to explain a lower proportion of 

cases [24]. However, the associations obtained in these studies may be more 

related to disease mechanisms, evolution and classification than with the risk to 

suffer it [25]. Moreover, these studies do not evaluate the contribution of the 

interaction between genes and environment. In fact, environmental factors are not 

measured in most genetic studies [26-29]. 
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The literature has detected as the main environmental risk conditions for 

psychosis prenatal stress, high paternal age, malnutrition, infections during 

pregnancy, perinatal hypoxia, presence of traumatic events, being membership of a 

minority ethnic groups and cannabis use. Increased risk is associated with the 

exposure before adulthood, suggesting an interaction with development [30-32]. 

Following the concept of sensibilization [33], there is evidence that the exposure to 

certain environmental factors interacting with genetic factors can alter 

dopaminergic transmission, neuroendocrine and cognitive functioning, patterns of 

interpersonal interaction and affective processing and may lead to a 

psychopathology worsening [33-36]. For instance, Caspi and colleagues found that 

cannabis use in adolescence increases the risk of psychosis in adulthood only to 

those subjects with specific catechol-O-methyl transferase gene polymorphisms 

[34]. Despite these studies, research on the impact of the environmental 

mechanisms such as cannabis in neuroinflammation mechanisms and its 

relationship with increased vulnerability to diseases such as schizophrenia or 

affective disorders is in its initial stages [37]. 

The schizophrenia inflammatory hypothesis 

Despite the growing number of published research studies in recent years, 

the aetiology of psychotic disorders in general, and of schizophrenia in particular, is 

far from being clarified [20]. Nowadays we are living a reformulation of the classical 

concept of the psychotic illness [20], being seen as an heterogeneous disorder with 

a multisystemic impact from the beginning, in addition to its psychiatric expression 

[38]. Several hypotheses involving the immune system and neuroinflammatory 

processes – at both peripheral and central nervous system (CNS) - have been 

proposed as etiological explanations for psychosis [39, 40]. In this context, new 

research data are appearing in the field of neuroendocrinology, 

psychoneuroimmunology, genetics or psychopharmacology showing a big overlap 

between different groups of psychiatric disorders, pointing that different 

pathological mechanisms in schizophrenia and depression may lead to the same 

final common pathway of inflammation [41].  

In the past fifteen years, a great deal of interest has been focused on 

immune/inflammatory alterations and the associated oxido/nitrosative 

consequences associated as key pathophysiological mechanisms involved in 

schizophrenia. An appreciable body of evidence indicates some immunological 

dysfunctions in schizophrenia, including immune or inflammatory related genes as 

risk factors for this disorder [42]. Some studies have shown the association 
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between schizophrenia risk and autoimmune diseases and severe infections [43]. 

Recent findings implicated an immune component to schizophrenia risk, with 

certain genetic variations in the major histocompatibility complex [44, 45]. 

Most of the evidence supporting the inflammatory hypothesis of 

schizophrenia referred to elevation of pro-inflammatory cytokine levels, mainly in 

plasma [46]. Cytokines are important mediators in the regulation between the 

central nervous system and the immune system [47]. Though recent reviews have 

demonstrated the role of certain cytokines in the schizophrenia inflammatory 

hypothesis, it is still soon before thinking proinflammatory cytokines and/or their 

signalling pathways as a possible novel strategy to treat psychosis [48]. It has also 

been demonstrated brain microglial activation in post-mortem and positron 

emission tomography studies, while up-regulated inflammation-related genes in 

brain tissue have been identified [49-52]. There have also been described increased 

plasma levels of the inflammatory mediator prostaglandin E2 (PGE2), the major 

product of inducible cyclooxygenase (COX-2) and increased COX activity [53, 54]. 

All these data supported some clinical studies using non-steroidal anti-inflammatory 

drugs (NSAIDs) in psychotic disorders. Recent meta-analyses reported provisional 

and limited symptomatic improvement of add-on NSAIDs to antipsychotics in 

schizophrenia [55].  

In contrast, fewer studies have focused on the role of anti-inflammatory 

signalling pathways in both experimental and clinical settings, with data showing a 

clear misbalance in some pro/anti-inflammatory mediators in blood of patients with 

chronic schizophrenia at protein expression level [47, 56]. The stimulation of anti-

inflammatory cytokines such as IL-4, IL-10 and IL-17 seems to be a mechanism 

elicited by several antipsychotics to regulate uncontrolled and potentially 

deleterious inflammation in schizophrenia [57-59]. In fact, some authors reported 

an endogenous increase of these molecules in different stages of schizophrenia as 

an attempt to counteract (or limit) ongoing pro-inflammatory processes [60]. 

Evidence also suggests an imbalance of immune responses in schizophrenia 

towards a major humoral response (increased levels of IL 1, 4, 6,10,12 in plasma 

and CSF of patients), correlated with a worse prognosis [48]. 

While the inflammatory response is an adaptative mechanism that allows the 

organism to cope with diverse threatening challenges, under pathological and long 

lasting conditions the maintenance of this response could become deleterious. The 

precise regulation of the whole process involves complex endogenous 

counterbalancing mechanisms that control the effects of potentially deleterious pro-

inflammatory mediators. Thus, apart from all data showing inflammatory 

mechanisms in schizophrenia or psychosis, several studies have focused on the role 
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of the anti-inflammatory signaling pathways in both experimental and clinical 

settings with data showing a clear misbalance in some pro/anti-inflammatory 

mediators in blood of patients with long-lasting schizophrenia at protein expression 

level [47, 56]. However, there are not data regarding the state of inflammatory 

mediators and their balance in early phases of the disease, such as after a FEP.  

A major pro-inflammatory pathway is the one triggered by the activation of 

the nuclear transcription factor �B (NF�B) [61] (figure 3). Stimuli of diverse nature 

start up a series of multi-enzymatic routes that causes the degradation of its 

inhibitory complex I�B [62-64]. NF�B then translocates to the nucleus where it 

recognizes specific DNA sequences in the promoter of target genes among which 

are those that codify for the pro-inflammatory enzymes inducible nitric oxide 

synthase (iNOS) and the isoform 2 of the enzyme cyclooxygenase-2 (COX-2). The 

over-activation of these enzymes can produce an accumulation of oxidative and 

nitrosative mediators (i.e. nitric oxide, peroxinitrite anion, PGE2), which can cause 

the depletion of endogenous antioxidant defenses and attack membrane 

phospholipids causing cell damage in a process known as oxidative stress [47]. 

Figure 3:  NF-�B activation pathway 
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However, in the last few years, some endogenous counterbalancing 

mechanisms, activated in response to an inflammatory/immune stimulus, have 

been also described [65]. One of these mechanisms is the activation of peroxisome 

proliferator activated receptors (PPARs) [66] (figure 4). These nuclear receptors act 

as ligand-dependent transcription factors, binding to DNA in specific regions and 

regulating the expression of pro-inflammatory genes [66, 67]. They are expressed 

in the great majority of brain and peripheral immune cells and recent studies 

demonstrated that PPARs (mainly their gamma isoform, PPAR�) are master 

regulators of cerebral physiology and potential therapeutic targets for the treatment 

of several neuropathological conditions, including those related to neuronal stress 

exposure [68-70].  

Figure 4: Transcription PPAR pathway 
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Interestingly, several COX derived products, such as the prostaglandin 15-

deoxy-PGJ2 (15d-PGJ2) act as endogenous anti-inflammatory agents by targeting 

PPAR� [69]. Thus, 15d-PGJ2/PPAR� pathway is involved in the endogenous 

compensatory mechanism regulating the inflammatory process and that they can 

also be stimulated pharmacologically, representing not only a potential biomarker 

but an important new candidate therapeutic target in neurologic/neuropsychiatric 

diseases with inflammation taking part of their physiopathology (figure 5). 
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Figure 5: Pro-inflammatory (red) and anti-inflammatory (green) changes 

induced by stress in the brain 

15d-PGJ2: Prostaglandin 15-deoxy-PGJ2; COX-2: Cyclooxygenase type 2; iNOS: Inducible nitric oxide 
synthase; NF�B: Nuclear transcription factor �B; PPAR�:  Peroxisome proliferator activated receptors, 
gamma isoform. Adapted from García-Bueno et al. [47] .

Previous laboratory works using in vivo and in vitro animal models have 

shown the alteration of the anti-inflammatory compensatory mechanisms in stress 

and neuroinflammation conditions [47]. 

The grade and evolution of the inflammatory process, its 

beneficial/deleterious consequences and the nature of its auto-regulatory 

mechanisms may vary in the different states of the psychotic illness [71]. The 

majority of the scientific evidence supporting the idea that inflammatory/immune 

alterations may play a relevant role in psychotic disorders has been found in 

established schizophrenia. However, some studies indicate subtle alterations in 

inflammatory/immune mediators, stress response systems and oxidative/nitrosative 

stress at the very beginning of the natural course of the disease, as in the FEP [60, 

72-74]. In fact, a recent imaging study demonstrates that neuroinflammation is 

more predominant than axonal degeneration in early stages of schizophrenia [75]. 
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Schizophrenia is associated with impaired oxidative stress parameters, as a 

consequence of aberrant reduction-oxidation (redox) control [76]. In humans, the 

most important biomarkers of oxidative stress are the reactive oxygen species 

hydrogen peroxide (H2O2), superoxide radical (O2
-), and hydroxyl radical (OH-) and 

reactive nitrogen species, that include nitric oxide (NO) and peroxinitrite (ONOO-). 

Hydroxyl radicals, produced from both hydrogen peroxide and nitric oxide, promote 

apoptosis, DNA damage, protein carbonylation, and lipid peroxidation. 

Thiobarbituric acid reactive substances (TBARS) and malondialdehyde (MDA) are 

important end products of lipid peroxidation [76]. Hyperhomocysteinemia can cause 

oxidative stress via a number of mechanisms (such as auto-oxidation) to form 

reactive oxygen species or increased lipid peroxidation [77]. Previous studies 

indicated that high levels of Homocysteine (Hcy) associate with oxidative stress in 

schizophrenia, showing a correlation between the increased amount of Hcy and 

nitrotyrosine in plasma proteins or plasma TBARS, thus being considered as a risk 

factor for the disease [78, 79]. 

The endocannabinoid system 

The endocannabinoid system (ECS) is a recently discovered signaling system 

comprising the arachidonate-based lipids ligands anandamide (AEA) and 2-

arachidonoylglycerol (2AG); their cannabinoid G protein-coupled receptors, namely 

CB1 and CB2, the two main synthesis enzymes N-acyl phosphatidylethanolamine 

phospholipase (NAPE) and Diacylglycerol lipase (DAGL) and the enzymes fatty acid 

amide hydrolase (FAAH) and Monoacylglycerol lipase (MAGL) that are responsible 

for their degradation or reuptake (see figure 6) [80]. 

The ECS signaling system is a widespread, neuromodulatory system in brain 

and in the periphery which also modulates metabolic functions and the immune 

system, having important biological effects [81]. Considerable data support the 

notion that endocannabinoid signaling has three broad and overlapping functions in 

mammals: stress recovery, energy balance control and immune regulation [82-84].  

Thus, the ECS signaling is activated in a feedback loop by stress and 

functions to return endocrine, nervous, and behavioral systems to homeostatic 

balance [82]. It is also triggered by tissue injury [85] and modulates immune and 

inflammatory responses [84]. So, the ECS has been proposed as a main 

homeostatic system implicated in the regulation of the complex neuroimmune 

interactions in diverse neuropathological scenarios [86]. In particular, the ECS is 

present in stress-responsive neural and peripheral circuits, reducing both 
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neurodegenerative and inflammatory damage [86, 87], similar to the previously 

described PPARg/15d-PGJ2 pathway. 

Figure 6: The main endocannabinoid system components 

Biosynthetic pathways shown in blue, degradative pathways are shown in pink. ABH4/6/12: alphabeta-
hydrolase 4/6/12; CB1/2: cannabinoid receptor 1/2; COX2: cyclooxygenase 2; DAG: diacylglycerol; 
EMT:'endocannabinoid membrane transporter'; FAAH: fatty acid amide hydrolase; GDE1: 
glycerophosphodiester phosphodiesterase 1; GPR55: G protein-coupled receptor 55; MAGL: 
monoacylglycerol lipase; NAPE-PLD: N-acyl-phosphatidylethanolamine-selective phosphodiesterase; 
NATs: N-acyltransferases; PA: phosphatidic acid; (s)PLA1/2: (soluble) phospholipase A1/2; PLC: 
phospholipase C; PLCbeta: phospholipase Cbeta; PLD: phospholipase D; PTPN22: protein tyrosine 
phosphatase, non-receptor type 22; TRPV1: transient receptor potential, vanilloid subtype 1 receptor.  
Adapted from di Marzo [80]. 

Stress exposure is a major contributing factor to cell death and damage in 

neurological and neuropsychiatric diseases by three interrelated mechanisms: 

hypothalamic/pituitary/adrenal axis dysregulation, excitotoxicity, and 

neuroinflammation. As stated above, stress exposure also activates alternative 

mechanisms with the aim to correctly resolve this response. In this way, the CB1 

upregulation could be a mechanism related to this protective response of the brain 

[88]. Exposure to stress elicits excitoxicity and neuroinflammation in the brain, 

contributing to cell death and damage in stress-related neurological and 

neuropsychiatric diseases such as psychosis [47]. The ECS is present in stress-

responsive neural circuits and has been proposed as an endogenous 
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neuroprotective system activated in some neuropathological scenarios to restore 

homeostasis [86, 89]. 

Several studies have related the ECS with psychotic disorders, focusing on 

CB1 and CB2 receptors. Reduced CB1 expression and activity have been found in 

different brain areas of patients with schizophrenia [90]. 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 [91]. 

Schizophrenia symptom remission has been linked to significant changes in CB2 

mRNA transcripts in peripheral blood mononuclear cells (PBMC) [92]. Moreover, 

deletion of CB2 has been related to schizophrenia-like behaviors in animal models 

[93]. Therefore, it has been reported that both receptors play 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 [81]. 

Regarding other components of the ECS, cerebrospinal fluid (CSF) AEA levels have 

been found elevated in subjects with schizophrenia [94, 95]. Finally, it has been 

recently reported specific alterations in the levels of some endocannabinoids in 

different brain regions of post-mortem brain tissue form subjects with 

schizophrenia [96].  

Cannabis and psychosis 

Exogenous cannabis use is one of the most important and studied 

enviromental risk factors related to psychosis [31, 32]. Around 25 to 50% of 

subjects who suffer a FEP use cannabis [97, 98]. Its use in youth increases the risk 

of developing psychosis, with an estimated odds ratio of 2.10-2.93 [99, 100], 

decreasing the age of schizophrenia onset [101]. A 15-year follow-up of 50465 

Swedish male conscripts reported that those who had tried cannabis by age 18 

years were 2.4 times more likely to be diagnosed with schizophrenia than those 

who had not [102]. However, the cessation of use of cannabis use after a first 

episode, both in adults and adolescents, is clearly associated with a clinical and 

functional improvement [103].  

The neurobiological mechanisms underlying this increased psychosis 

susceptibility are poorly understood [104, 105]. Most schizophrenia patients have 

no history of adolescent cannabis use and the vast majority of young people who 

use cannabis do not develop psychosis, suggesting the hypothesis that, if cannabis 

is indeed causal, some individuals may be genetically vulnerable to its effects [34]. 

Some researchers have suggested that adolescence is a sensitive time period 

during which the brain may be especially vulnerable to deleterious effects of 
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marijuana, which may disrupt normal brain maturation and lead to increased 

schizophrenia risk [106]. This vision has been supported by animal studies [107].  

Some studies have found that frequent cannabis exposure may down-

regulate AEA signaling in patients with schizophrenia, but not in healthy individuals 

[108]. It has also been described that FEP who use cannabis present cognitive 

impairment associated to altered brain structure in particular brain regions rich in 

CB1 [109, 110].  

The effects of both exogenous cannabis and endocannabinoids are mediated 

by CB1, which is widely expressed in the brain, including dorsolateral prefrontal 

cortex, hippocampus, posterior cingulated and medial temporal lobe [111, 112]. 

CB1 is localized to chromosome 6q14–q15, a schizophrenia susceptibility locus 

[113]. Exogenous cannabinoids could alter endogenous cannabinoid-mediated 

synaptic plasticity, possibly affecting brain maturation in adolescence [112]. 

Cannabis may affect neurodevelopmental processes, such as synaptic plasticity, 

thought to be impaired in schizophrenia [114]. New findings suggest that heavy 

cannabis use in the context of specific CB1 genotypes (tSNPs rs7766029, 

rs12720071, and rs9450898) may contribute to greater white matter volume 

deficits and cognitive impairment, which could in turn increase schizophrenia risk 

[110].  
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2- OBJECTIVES AND HYPOTHESIS 

Objectives 

A. To study the physiological balance between all the elements of the interrelated 

proinflammatory (NF�B, iNOS, COX2, NO2
-, TBARS and Homocysteine) and anti-

inflammatory pathways (15d-PGJ2, PPAR� and the NF�B inhibitory subunit 

I�B�), from the main single nucleotide polymorphisms (SNPs) to their protein 

expression level and activity, in plasma and peripheral blood mononuclear cells 

(PBMC) samples from control and FEP patients, taking advantage of a Spanish 

multicenter, longitudinal, naturalistic, follow-up study. 

� To identify potential risk/protective factors for FEP among these pro-

inflammatory and anti-inflammatory pathways.

� To detect if some of these mediators implicated are related to

determinate clinical features, as global functioning, symptom severity

or diagnosis.

B. To determine, after a period of 6 month of follow-up of the FEP cohort, whether 

there are changes in some of the components of these pro-inflammatory/anti-

inflammatory pathways. 

� To identify some of these biomarkers studied as potential

risk/protective factors to suffer a FEP and to detect trait or state

biomarkers for this condition among them, considering the

longitudinal follow-up design.

� To detect if some of these mediators implicated are related to

determinate clinical features, as global functioning, symptom severity

or diagnosis, at this point of the evolution.

C. To study the expression of the main endocannabinoid system (ECS) components 

in PBMC samples from healthy controls and FEP patients, taking advantage of a 

Spanish multicenter, longitudinal, naturalistic, follow-up study.  

� To identify some of the ECS components as potential risk/protective

factors to suffer a FEP.

� To find possible differences in the ECS status according to prolonged,

heavy cannabis use.
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Hypothesis 

A. Patients with a first episode of psychosis (FEP) will show evident systemic 

inflammatory conditions compared to matched healthy controls. 

� The physiological balance between the interrelated pro/anti-inflammatory

pathways will be disregulated in patients with a FEP. Specifically, there will

be an increase of the proinflammatory pathway components (NF�B, INOS,

COX2, NO2
-, TBARS and Homocysteine) that lead to an increased oxidative

stress and a decrease of the anti-inflammatory pathway components (15d-

PGJ2, PPAR� and the NF�B inhibitory subunit I�B�).

� These pathways will be altered from the main SNPs to their protein

expression level and activity in plasma and PBMC samples from FEP patients.

� Some of the mediators implicated in the imbalanced, pro-inflammatory

phenotype in FEP patients will be related to determinate clinical features, as

global functioning, symptom severity or diagnosis.

� Some of these biomarkers studied will be identified as potential

risk/protective factors.

� These results will not be cofounded by gender, age, BMI, smoking, cannabis

use, antipsychotic drugs or other potential confounding factors.

B. After a period of 6 month of follow-up there will be changes in some of the 

components of the disregulated pro-inflammatory/anti-inflammatory pathways 

described in FEP. 

� Some of the mediators implicated in the imbalanced, pro-inflammatory

phenotype in FEP patients will be related to determinate clinical features, as

global functioning, symptom severity or diagnosis.

� Some of these biomarkers studied will be identified as potential

risk/protective factors.

� These results will not be cofounded by gender, age, BMI, smoking, cannabis

use, antipsychotic drugs or other potential confounding factors.

C. The endocannabinoid system components studied and their homeostatic role will 

be disrupted in the peripheral blood mononuclear cells of first-episode of 

psychosis patients. 

� The endocannabinoid status will be modified in those patients who reported

prolonged, heavy cannabis use.

� These results will not be cofounded by gender, age, BMI, smoking, cannabis

use, antipsychotic drugs or other potential confounding factors.
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3- SUBJECTS AND METHODS 

Subjects: PEPs & FLAMMPEPs studies 

The study population comes from a Spanish multicenter, naturalistic, 

prospective, longitudinal study called PEPs study, from the Spanish abbreviator of 

“Phenotype-genotype and environmental interaction. Application of a predictive 

model in first psychotic episodes.” The PEPs study was designed to evaluate clinical, 

neuropsychological, neuroimaging, biochemical, environmental and 

pharmacogenetic variables in a sample of more than 300 first-episode psychosis 

patients matched with healthy controls by age, sex and socio-economic status. Its 

aim is to assess the clinical characteristics, prognostic factors, diagnostic 

specificities of findings and pathophysiological changes in the brain during the first 

2 years after the psychotic episode through an integrative and translational 

approach. This project was totally funded by the Spanish public health system by 

means of the Public National Agency (FIS), during the period 2009-2011. Patients 

were recruited from sixteen centers located throughout the Spanish territory with 

experience in performing and assessing diagnoses and in evaluation and treatment 

with semi-structured interviews and clinical scales from April 2009 to April 2011. All 

the patients who met the inclusion criteria that were attended at these facilities 

during the recruitment period were invited to participate in the study. Fourteen of 

these teams were members of the Centro de Investigaciones Biomédicas en Red en 

Salud Mental (CIBERSAM), the Spanish network of translational research in 

neuroscientific aspects related to health and mental illness. The other two hospitals 

were CIBERSAM related centers. The inclusion criteria and the rationale for the 

assessment approach adopted in the PEPs study, along with an overview of the 

selected clinical and functional measures were presented in a specific article [10].  

Taking advantage of the infrastructure and deployment of human and 

technical resources of the PEPs project, six of the participant clinical centers and 

two new basic research teams conducted a sub-study called FLAMMPEPs from 

“Inflammatory alterations in schizophrenia: search of biological markers in first 

psychotic episodes”. Its main objective was to identify possible biochemical 

pathways leading oxidative/nitrosative and inflammatory status in a subsample of 

around 100 patients with a FEP and 100 healthy controls. This project was funded 

by a CIBERSAM grant, and the 8 participants centers were CIBERSAM groups.  

Finally, 117 patients with a FEP and 106 healthy controls were included in 

the FLAMMPEPs baseline visit, which were our population of study. 85 patients were 

followed during six months to the FLAMMPEPs final visit. From the initial sample, 95 
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patients with a FEP and 90 controls were included in the endocannabinoid system 

assay. See figure 7 for details. 

Figure 7: The study population  

Inclusion/Exclusion criteria 

The inclusion criteria for patients were: 

� Age between 7 and 35 years old at the time of first evaluation.

� Presence of psychotic symptoms of less than a year.

� Speak Spanish correctly.

The exclusion criteria for patients were: 

� Mental retardation per DSM-IV criteria [115], including not only an

intelligence quotient (IQ) below 70 but also impaired functioning.

� History of traumatic head injury with loss of consciousness

� History of organic disease with mental repercussions.

Healthy controls were selected from the same geographic areas following a 

pair-wise matching. Their inclusion criteria for controls were:  

� Same gender as patients;

� Similar age (± 10%).
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� Similar parental socioeconomic status (±1 level in the Hollingshead-Redlich

scale) [116].

� No past o present psychiatric disorder per DSM-IV criteria [117].

� Speak Spanish correctly.

� No history of psychotic disorder among first-degree relatives.

 The exclusion criteria for controls were the same than for patients. 

Having designed a real-life patient, naturalistic study, substance use or 

having suicidal ideation were not exclusion criteria [10]. Neither the patients nor 

the controls presented ongoing infections, fever, allergies, other serious medical 

conditions as cancer or autoimmune, cardiac, pulmonary, chronic infectious 

diseases, or were receiving immunosuppressive drugs or vaccinations for at least 

six months prior to inclusion in the study, nor anti-inflammatory or analgesics the 

two days previous to the extraction of the blood sample. 

The study was approved by the ethics committees of all the participating 

hospitals. The subjects participated after providing a written, informed consent, 

following the Declaration of Helsinki II. In underage subjects, informed consent was 

signed by legal guardians. Controls were offered an economic compensation for 

their participation of around 80€. 

Clinical Assessment 

Expert clinicians used the Spanish translation of the DSM-IV semi-structured 

diagnostic interview to establish the diagnosis in adults (SCID) [118, 119], and the 

Kiddie-Schedule for Affective Disorders & Schizophrenia, Present & Lifetime Version 

(K-SADS-PL) for subjects less than 18 years old [120].In order to not exclude 

early-onset psychotic patients, there was a broad age of inclusion allowed [10].  

The psychopathological assessment was performed using validated Spanish 

versions of the Positive and Negative Syndrome Scale (PANSS) [121], the Young 

Mania Rating Scale (YMRS) [122] and the Montgomery-Asberg Depression Rating 

Scale (MADRS) [123]. The Global Assessment of Functioning Scale (GAF) and the 

Children’s Global Assessment Scale (C-GAS) were used to measure the global 

severity of symptoms and the level of functioning [124, 125].  

We calculated the potency equivalents to Chlorpromazine of every 

antipsychotic dosage, following the international consensus [126]. 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 
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or G9 scoring four or more). The duration of untreated psychosis (DUP) was defined 

as the 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 (BMI=weight 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) [127]. A systematic recording of drug misuse habits was performed. 

 

Specimen collection and preparation 

 Venous blood samples (10 mL) were collected by nursery personnel in 

polypropylene EDTA-containing tubes in the morning (between 8:00 and 10:00) 

after fasting overnight. All the sample collection and preparation protocols were 

approved by the technical committee of the Flamm-PEPs study (available in 

www.cibersam.es). The fresh blood samples were maintained at 4 ºC until 

preparation after approximately 1 hour.  

 Blood tubes were centrifuged (641 g x 10 min, 4ºC). The resultant plasma 

samples were carefully collected and stored at -80ºC until further action was 

required. The rest of the sample was 1:2 diluted in culture medium (RPMI 1640®, 

Invitrogen, UK) and a gradient with Ficoll-Paque® (GE Healthcare, Uppsala, 

Sweden) was used to isolate mononuclear cells by centrifugation (800 g x 40 min, 

RT). Peripheral Blood Mononuclear Cells (PBMC) layer was carefully aspired and 

resuspended in RPMI and centrifuged (1116 g x 10 min). The supernatant was 

removed and the mononuclear cell enriched pellet was manually resuspended in 

RPMI and stored at -80 ºC until further processing. 

 For genetic studies, genomic DNA was isolated from 25 μL of the 

resuspended mononuclear cell enriched pellet using Puregene® (Gentra Systems, 

Indianapolis, Indiana) in accordance with the manufacturer's protocol. The DNA 

concentration was determined by means of absorbance (ND1000®, NanoDrop, 

Wilmington, Delaware). 
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Biochemical determinations in plasma 

 Prostaglandin Levels: Plasma levels of COX by-products PGE2 and 15d-

PGJ2 were measured by enzyme immunoassay (EIA) using reagents in kit form 

(Prostaglandin E2 EIA Kit-Monoclonal; Cayman Chemical Europe, Tallinn, Estonia 

and 15-deoxy-�12,14- Prostaglandin J2 ELISA Kit DRG Diagnostics, Marburg, 

Germany, respectively)[128].  

 Nitrites: NO-
2 the final and stable product of nitric oxide, were measured 

using the Griess method, where samples are incubated in acidic solution with 

sulfanilamide and N-(1-naphthyl) ethylenediamine dihydrochloride (NEDA). The 

nitrites are converted into a pink compound that is measured photometrically at 

540nm (Synergy 2, Biotek). 

 Lipid peroxidation was determined by Thiobarbituric Acid Reactive 

Substances (TBARS) assay (Cayman Chemical Europe, Tallinn, Estonia), based on 

the reaction of malondialdehyde (MDA) and thiobarbituric acid (TBA) under high 

temperature (95 ºC) and acidic conditions. The MDA-TBA adduct formed is 

measured colorimetrically at 530-540 nm (Synergy 2, Biotek). 

 Homocysteine were determined using an enzymatic assay (Axis-Shield 

Diagnostics; Dundee, UK) according to manufacturer’s instructions. Measurements 

were recorded at 340 nm and 37 °C in a Biotek PowerWave HT microplate scanning 

spectrophotometer (Biotek Instruments, Winooski, VT, U.S.A.). Control plasma 

samples with normal and abnormal ranges of Hcy were used to calibrate the assay. 

Biochemical determinations in PBMC 

To carry out all biochemical determinations PBMC samples were first 

fractionated in cytosolic and nuclear extracts. For preparation of cytosolic and 

nuclear extracts, a modified procedure based on the Schreiber et al method was 

used. PBMCs were homogenized in 150 μL buffer [10 mmol/L N-2-

hydroxyethylpiperazine-N'-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-chloromethyl 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 gently vortexed for 30 sec, and nuclei were collected by centrifugation at 

8000g x 5 min. The supernatants were considered to be the cytosolic fraction. The 
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pellets were resuspended in 50 μL buffer supplemented with 20% glycerol and 

0.4mol/L KCl and gently shaken for 30 min at 4ºC. Nuclear protein extracts were 

obtained by centrifugation at 13.000 g x 5 min, and aliquots of the supernatant 

were stored at –80 ºC. All steps of the fractionation were carried out at 4ºC. As a 

control experiment to finely analyze the purity of cytosolic and nuclear extracts, 

Western blot (WB) assayed against GAPDH (glyceraldehyde-3-phosphate 

dehydrogenase), SP-1 (Specificity Protein 1) or �-actin were made (in cytosol: 

99±1; 19±5; 98±1% of total optical density (OD) signal, respectively; in nuclei: 0; 

81±7; 99±1% of total OD signal, respectively). 

Determination of pro-inflammatory p65 NF�B subunit and anti-inflammatory 

PPAR� respective transcriptional activities were carried out in nuclear extracts from 

PMBC: 

Nuclear factor kappa B (NF�B) activity: Activation of NF�B occurs by 

enzymatic degradation of the bound inhibitory protein (I�B�), allowing movement 

of the p50/65 subunits from the cytoplasm to the nucleus where they bind to 

consensus �B sequences in DNA. The presence of p65 subunit in cell nuclei is 

considered an index of activity. The activity of NF�B was measured in nuclear 

extracts (obtained as described above) through a commercially available NF�B 

(p65) Transcription Factor Assay (Cayman Chemicals, MI, USA) following the 

manufacturer’s instructions. Briefly, a specific doublestranded DNA sequence 

containing the NF�B response element was immobilized to wells of a 96-well plate 

and nuclear extract was added. NF�B (p65) was detected by addition of a specific 

primary antibody directed against it and a secondary antibody conjugated to 

Horseradish peroxidase (HRP) was added to provide a sensitive colorimetric readout 

at 450 nm. The plate was read in a spectrophotometer (Biotek®, Synergy 2). The 

OD was normalized using the amount of protein present in the nuclear fraction - 

OD/mg of protein - and the results are presented as percentage of control. 

 PPAR� Transcription Factor Assay: PPAR� activity was determined in 

nuclear extracts from PBMC using ELISA-based kits, which allow the detection and 

quantification of PPAR� specific transcriptional activity (Cayman Chemical Europe, 

Tallinn, Estonia). Briefly, nuclear extracts were incubated in a multiwell plate coated 

with specific peroxisome proliferator response element (PPRE) probes. PPAR 

bounded to the PPRE probe was detected using a specific antibody against the � 

isoform. HRP-labeled secondary antibody was added in and the binding was 

detected by spectrophotometry at 450nm (Synergy 2, Biotek). Measurement was 

performed according to the manufacturer’s instructions. This assay is specifically for 
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PPAR� activation and it does not cross-react with other PPAR isoforms such as 

PPAR� or PPAR�/�.  

The protein levels of the inhibitory subunit of NF�B I�B� and the pro-

inflammatory enzymes COX2 and iNOS in cytosolic extracts from PBMC were 

quantified by Western Blot analysis (WB). In addition PPAR� protein expression was 

quantified in nuclear extracts from PBMC also by WB. 

 Western Blot 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 μL/mL Laemmli) 

and 12.5 μg 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 I�B� in a dilution 

of 1:1000 in TBS-Tween (sc-371 ; Santa Cruz Biotechnology); (2) COX-2 goat 

polyclonal antibody in a dilution of 1:1000 in 0.5% skimmed milk in TBS-Tween 

(sc-1747; Santa Cruz Biotechnology); (3) iNOS rabbit polyclonal antibody in a 

dilution of 1:750 in 1% skimmed milk in TBS-Tween (ab15323; Abcam, UK); (4) 

rabbit polyclonal PPAR� in a dilution of 1:1000 in TBS-Tween (sc-7196; Santa Cruz 

Biotechnology, USA); (5) �-actin mouse monoclonal in a dilution of 1:15000 (Clone 

AC-15; Sigma, Spain); (6) SP1 rabbit polyclonal antibody in a dilution of 1:2000 

(sc-59; Santa Cruz Biotechnology); 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). In the Western blot analyses carried out in cytosolic extracts, the house 

keeping gene �-actin was used as loading control (blots shown in the respective 

figures). In the case of PPAR�, the loading control was the nuclear factor SP1.  
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Endocannabinoid  system components Western Blot Analysis: After 

determining and adjusting protein levels using the Bradford method (Bradford, 

1976), 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 �-mercaptoethanol (50 μL/mL Laemmli) and 12.5 μg 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 Chemical); (4) rabbit polyclonal DAGL� 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) �-actin mouse monoclonal in a dilution of 

1:15000 (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). In the Western blot analyses carried out in 

cytoplasmatic extracts, the house keeping gene �-actin was used as loading control 

(blots shown in the respective figures).

 Gene Studies: A total of 40 SNPs were selected in five candidate gene 

regions (NF�B, iNOS, COX2, PPAR�, and PGDS: prostaglandin-D synthase, the 

synthesizing  enzyme of PGD2, from which PGJ2 derive non enzymatically, covering 

target loci and upstream and downstream regions) by tagging analysis (as 

implemented in Haploview 4.1) at an r2 threshold of 0.8 to capture 98% of the 

most common HapMap phase II variants based on the CEU panel (minor allele 

frequency>0.05) (range 91-100% for individual genes). Three SNPs were rejected 

prior to genotyping for assay rules. The remaining 37 tag SNPs were genotyped by 

the Mass Array genotyping system (Sequenom Inc., San Diego, USA). 
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Data collection and statistical analyses 

The groups participating in the project needed an effective and friendly tool 

for the collection and testing of clinical and genetic data of subjects included in the 

study. The system created, named GRIDSAM, followed the PsyGrid® philosophy 

[129], defining a Service-Oriented Architecture on which are built several web 

applications that interact with a central database [10].  

Differences between baseline characteristics for patients and controls were 

assessed using Chi-square, or nonparametric Mann-Whitney U tests, according to 

the distribution and scales of the variables. 

To assess the effect of psychotropic medication we calculated the potency 

equivalents compared to Chlorpromazine, following the international consensus 

method described by Gardner et al. [126], and we performed linear regression 

models for each biomarker. 

To calculate the association between FEP and the level of biological markers, 

we used hierarchical logistic regression models. In order to explore mechanisms 

explaining the association, we used five models for each biological marker, in which 

we gradually controlled for potential confounders (age, gender, BMI, cannabis use 

per month and cotinine levels). Model 1 included the level of biological marker. 

Model 2 additionally included terms for age and gender. Model 3 additionally 

included BMI. Model 4 additionally included cannabis use per month and finally, 

Model 5 additionally included cotinine levels. Only biological markers significantly 

associated (p<0.05) with FEP in model 5 in the previous analyses were selected for 

the following steps. Logistic regression analyses were again calculated with the 

same system, and all the biological markers chosen were kept and analyzed 

together in a new model 1. Model 2 additionally included terms for age and gender. 

Model 3 additionally included BMI. Model 4 additionally included cannabis use per 

month. Model 5 additionally included cotinine levels (final model). 

Multiple linear regression analysis were used to analyze the change between 

6 and 12 months after diagnosis in each biological marker depending on the change 

in demographic (gender, age, BMI), clinical variables (DUP, GAF), antipsychotic 

medication (DDD), cannabis, tobacco (cotinine). 

Data was managed and analyzed with the IBM SPSS Statistics v.20® [130]. 
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4- RESULTS 

Hypothesis A 

García-Bueno B, Bioque M, Mac-Dowell KS, Barcones MF, Martínez-Cengotitabengoa 

M, Pina-Camacho L, Rodríguez-Jiménez R, Sáiz PA, Castro C, Lafuente A, 

Santabárbara J, González-Pinto A, Parellada M, Rubio G, García-Portilla MP, Micó JA, 

Bernardo M, Leza JC. Pro-/Anti-inflammatory Dysregulation in Patients With First 

Episode of Psychosis: Toward an Integrative Inflammatory Hypothesis of 

Schizophrenia. Schizophr Bull. 2013 Mar 13. 

IF (2012): 8.486. Psychatry rank: 7/135 . 

In this study, we found evidence of systemic inflammatory conditions in 

patients diagnosed of FEP. Specifically we have identified a significant increase in 

some intracellular components of a main pro-inflammatory pathway, along with a 

significant decrease in the anti-inflammatory ones (see figure 8).  

Multivariate logistic regression analyses conducted identified as the most 

reliable potential risk factors the expression of inducible isoforms of nitric oxide 

synthase and cyclooxygenase in PMBC and homocysteine plasma levels, and as 

potential protection factors the inhibitor of inflammatory transcription factor I�B� 

and the antiinflammatory prostaglandin 15d-PGJ2.  

Taken as a whole, the results of the study indicate robust phenotypical 

differences at the cellular machinery level in PBMC of patients with FEP. Although 

more scientific evidence is needed, the determination of multiple components of 

pro- and anti-inflammatory cellular pathways including the activity of nuclear 

receptors have interesting potential as biological markers and potential 

risk/protective factors for FEP.  

Due to its soluble nature, a notable finding in this study is that the 

antiinflammatory mediator 15d-PGJ2 might be used as plasmatic biomarker for first 

episodes of psychosis. 
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Figure 8: Inflammatory dysregulation in peripheral mononuclear blood 

cells and plasma from patients with FEP 

15d-PGJ2: Prostaglandin 15-deoxy-PGJ2; COX-2: Cyclooxygenase type 2; HCY: Homocysteine; I�B�: 
Alpha inhibitory complex �B; iNOS: Inducible nitric oxide synthase; NF�B: Nuclear transcription factor 
�B; NO2

-: Nitrogen dioxide; PBMC: Peripheral blood mononuclear cells; PGE2: Prostaglandin E2; 
PPAR�:  Peroxisome proliferator activated receptors, gamma isoform; TBARS: Thiobarbituric Acid 
Reactive Substances (TBARS) 
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Hypothesis B 

García-Bueno B, Bioque M, Mac-Dowell KS, Barcones MF, Martínez-Cengotitabengoa 

M, Pina-Camacho L, Sáiz PA, Castro C, Lafuente A, Santabárbara J, González-Pinto 

A, Parellada M, García-Portilla MP, Micó JA, Bernardo M, Leza JC.  

Pro/anti-inflammatory disregulation in incipient psychosis: results from a 

longitudinal, case-control study with first-episode psychosis. 

Submitted. 

In this follow-up study we have strengthen the evidence of systemic 

inflammatory alterations in patients diagnosed of FEP. Previously, with this same 

cohort of patients, we described phenotypical differences in pro-inflammatory 

mediators at the cellular machinery level in PBMC, but the resultant soluble 

elements were not significantly altered.  

However, 6 months later the great majority of soluble elements analyzed 

already appear significantly altered, suggesting the existence of a pro/anti-

inflammatory balance more deregulated and potentially more harmful, as can be 

observed by the lipid peroxidation (TBARS) data found. NO2
- and TBARS plasma 

levels and COX-2 expression are the most reliable potential risk factors and the 

plasmatic levels of 15d-PGJ2 might be used as protection factor. An interesting 

correlation exists between antipsychotic dose and the change of PGE2 (inverse) and 

15d-PGJ2 (direct).  

Interestingly, an inverse relationship between global functioning GAF scale 

and TBARS is also present. 

These findings support the existence of a deregulated inflammatory balance 

in FEP. Pro and anti-inflammatory mediators can be used as state or trait 

risk/protection biomarkers, respectively.  



40 

Hypothesis C 

Bioque M, García-Bueno B, Mac-Dowell KS, Meseguer A, Saiz PA,  Parellada M, 

Gonzalez-Pinto A, Rodriguez-Jimenez R, Lobo A, Leza JC, Bernardo B. 

Peripheral endocannabinoid system dysregulation in first-episode psychosis. 

Neuropsychopharmacology. In press.  

IF (2012): 8.678. Psychiatry rank: 6/135. 

In this study, we found a reduced expression of the CB2 receptor and of the 

main endocannabinoid synthesis enzymes (NAPE and DAGL) in PBMC of patients 

with a FEP compared to matched, healthy controls. After controlling for age, 

gender, body mass index and cannabis use, the group of FEP showed a significantly 

reduced expression of the endocannabinoid synthesis enzymes (NAPE and DAGL) 

and an increased expression of the degradative ones (FAAH and MAGL). On the 

other hand, FEP subjects with history of severe cannabis use showed a larger ECS 

dysregulation compared to healthy controls. 

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 

9).  

Taking into account that prolonged cannabis use is a risk factor to develop a 

psychotic disorder, the FEP group was subdivided for further statistical analyses. 

The patient subgroup with a history of heavy cannabis use showed a lower 

CB2 receptor expression, NAPE and DAGL expression in comparison to the control 

group. No statistically, significant differences were found with the sporadic/non-

users subgroup of patients. 
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Figure 9: Endocannabinoid system dysregulation in peripheral blood 

mononuclear cells of patients who have suffered a first episode of 

psychosis. 

CB2: cannabinoid receptor 2; 2-AG: diacylglycerol; EMT:'endocannabinoid membrane transporter'; 
DAGL: Diacylglycerol lipase; FAAH: fatty acid amide hydrolase; MAGL: monoacylglycerol lipase; NAPE-
PLD: N-acyl-phosphatidylethanolamine-selective phosphodiesterase; PBMC: Peripheral blood 
mononuclear cells 
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Background: Schizophrenia is a chronic syndrome of 
unknown etiology, predominantly defined by signs of psy-
chosis. The onset of the disorder occurs typically in late 
adolescence or early adulthood. Efforts to study pathophys-
iological mechanisms in early stages of the disease are cru-
cial in order to prompt intervention. Methods: Case-control 
study of first-episode psychotic (FEP) patients and matched 
controls. We recruited 117 patients during the first year after 
their FEP according to the DSM-IV criteria and recruited 
106 gender-, race-, and age-matched controls between 
September 2010 and June 2011. Results: Biochemical 
studies carried out in peripheral mononuclear blood cells 
(PMBC) and plasma evidence a significant increase in intra-
cellular components of a main proinflammatory pathway, 
along with a significant decrease in the anti-inflammatory 
ones. Multivariate logistic regression analyses identified the 
expression of inducible isoforms of nitric oxide synthase and 
cyclooxygenase in PMBC and homocysteine plasma levels 
as the most reliable potential risk factors and the inhibitor 
of the inflammatory transcription factor NFκB, IκBα, and 
the anti-inflammatory prostaglandin 15d-PGJ2 as potential 
protection factors. Discussion: Taken as a whole, the results 
of this study indicate robust phenotypical differences at the 

cellular machinery level in PMBC of patients with FEP. 
Although more scientific evidence is needed, the determina-
tion of multiple components of pro- and anti-inflammatory 
cellular pathways including the activity of nuclear receptors 
has interesting potential as biological markers and potential 
risk/protective factors for FEP. Due to its soluble nature, a 
notable finding in this study is that the anti-inflammatory 
mediator 15d-PGJ2 might be used as plasmatic biomarker 
for first episodes of psychosis.

Key words: first-episode psychosis/inflammatory balance/ 
schizophrenia/biomarker

Introduction

Schizophrenia is a chronic syndrome of unknown etiol-
ogy, predominantly defined by signs of psychosis. The 
onset of the disorder occurs typically in late adolescence 
or early adulthood and includes positive, negative, affec-
tive and cognitive symptoms.1 While around 3% of the 
general population suffers a first episode of psychosis 
(FEP) along their life, schizophrenia affects approxi-
mately 1% of the population worldwide.2
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After a century of scientific effort to better understand 
the nature of the disease, we are still far from a clear con-
trol of the symptoms, and there is a need to change the 
strategies followed to understand the pathophysiology of 
the disorder and the possible therapeutic targets for new 
drugs.3,4

Early intervention seems to mitigate progression 
and improve therapeutic outcomes of the disease.5 
Establishment of biomarkers as soon as possible after the 
onset of the disease will enable early disease prevention 
and thus improve the prognosis.6 Notably, research in the 
onset of illness is especially significant because it avoids 
the effect of confounding variables, such as chronicity. 
Therefore, in this vein, patients with a FEP are an excellent 
target to study the risk factors linked to the development 
of schizophrenia and other psychotic disorders.

Among the different pathophysiological mechanisms 
involved in schizophrenia and other psychosis, several 
hypotheses involving inflammatory processes, caused 
both by external and endogenous factors, have been 
proposed.7 An appreciable body of evidence indicates a 
spectrum of immunological dysfunctions in schizophre-
nia.8 This includes genome-wide association study results 
implicating immune- or inflammatory-related genes as 
risk factors of this disorder.9 In addition, recent meta-
analyses and reviews have reported favorable effects of 
add-on classic, nonsteroidal anti-inflammatory drugs to 
antipsychotics on total, positive and negative symptoms 
in schizophrenia.10,11

A lot of additional data support the inflammatory 
hypothesis in the pathophysiology of schizophrenia: (a) 
an elevation of proinflammatory cytokines8; (b) a decrease 
of anti-inflammatory cytokines and of the interleukin-1 
antagonist receptor (IL-1ra)12,13; (c) anticytokine effect 
shown by some antipsychotics14–16; (d) increased plasma 
levels of the inflammatory mediator prostaglandin E2 
(PGE2), the major product of inducible cyclooxygenase-2 
(COX-2),17 and increased COX activity18; (e) microglial 
activation suggested by postmortem and positron emis-
sion tomography studies, at least in subpopulations of 
individuals with schizophrenia,19,20 and the identification 
of inflammation-related genes upregulated in schizo-
phrenic brains.21,22

The inflammatory response is an adaptive mechanism 
that allows the organism to cope with diverse threatening 
challenges, but under pathological and long-lasting con-
ditions, the maintenance of this response could become 
deleterious. The precise regulation of the whole process 
involves complex endogenous counterbalancing mecha-
nisms that control the effects of potentially deleterious 
proinflammatory mediators. Thus, apart from all data 
showing inflammatory mechanisms in schizophrenia or 
psychosis, several studies have focused on the role of 
anti-inflammatory signaling pathways in both experi-
mental and clinical settings,23 with data showing a clear 
misbalance in some proinflammatory/anti-inflammatory 

mediators in blood of patients with long-lasting schizo-
phrenia at protein expression level.24 However, there are 
no data regarding the state of inflammatory mediators 
and their balance in early phases of the disease, such as 
after a FEP.

A major proinflammatory pathway is the one triggered 
by the activation of the nuclear factor κB (NFκB). Stimuli 
of diverse nature trigger a series of multienzymatic routes 
that cause the degradation of its inhibitory complex 
IκB.25–27 NFκB then translocates to the nucleus where it 
recognizes specific DNA sequences in the promoter of 
target genes, among which are those that codify for the 
proinflammatory enzymes, inducible nitric oxide syn-
thase (iNOS) and the isoform 2 of the enzyme cyclooxy-
genase-2 (COX-2). The overactivation of these enzymes 
can produce an accumulation of oxidative and nitrosative 
mediators (ie, nitric oxide, peroxinitrite anion, and PGE2), 
which can cause the depletion of endogenous antioxidant 
defenses and attack membrane phospholipids causing cell 
damage in a process known as lipid peroxidation.23

However, in the last few years, some endogenous 
counterbalancing mechanisms, activated in response 
to an inflammatory/immune stimulus, have been also 
described.28 One of these mechanisms is the activation of 
peroxisome proliferator activated receptors (PPARs).29 
These nuclear receptors act as ligand-dependent transcrip-
tion factors, binding to DNA in specific regions and regu-
lating the expression of proinflammatory genes.29,30 They 
are expressed in the great majority of brain and periph-
eral immune cells,31 and recent studies demonstrated 
that PPARs (mainly their gamma isoform, PPARγ) are 
master regulators of cerebral physiology and potential 
therapeutic targets for the treatment of several neuro-
pathological conditions, including stress-related condi-
tions.23,32 Interestingly, several COX-derived products, 
such as the prostaglandin 15-deoxy-PGJ2 (15d-PGJ2), 
act as endogenous anti-inflammatory agents by targeting 
PPARγ.33 Thus, 15d-PGJ2/PPARγ pathway is involved in 
the endogenous compensatory mechanism regulating the 
inflammatory process. This pathway can also be stimu-
lated pharmacologically, representing not only a potential 
biomarker but also an important new candidate thera-
peutic target in neurologic/neuropsychiatric diseases, with 
inflammation taking part in their physiopathology.

Based on this background, we hypothesized that the 
physiological balance between these interrelated proin-
flammatory/anti-inflammatory pathways may be disrupted 
in FEP (see figure  3). Our purpose is to study in detail 
all the elements of these pathways from the main single 
nucleotide polymorphisms (SNPs) to their protein expres-
sion level and activity in plasma and Peripheral Blood 
Mononuclear Cells (PBMC) samples from control and 
FEP patients, taking advantage of a Spanish multicenter, 
longitudinal, naturalistic, follow-up study, designed to 
evaluate clinical, neuropsychological, neuroimaging, bio-
chemical, and genetic variables of a strictly recruited FEP 
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patient sample between 2010–2011 (PEPs study). Finally, 
multivariate logistic regression analyses were conducted to 
identify potential risk/protective factors for FEP.

Methods

See online supplementary material for complete details 
of each subheading.

Subjects

We recruited 117 patients during the first year after their 
first episode of psychosis according to the DSM-IV crite-
ria34 and 106 gender-, race-, and age-matched controls. In 
adults, diagnosis was established according to DSM-IV 
criteria (SCID-I and II).34 For participants under 18 years 
of age, diagnosis was made using the Kiddie-Schedule for 
Affective Disorders & Schizophrenia, Present & Lifetime 
Version (K-SADS-PL).35 The duration of untreated psy-
chosis (DUP) was defined as the number of days elapsed 
between the first onset of positive psychotic symptoms 
(the first week with the Positive and Negative Syndrome 
Scale [PANSS] items P1, P3, P5, P6, or G9 scoring four 
or more) and the beginning of the first adequate treat-
ment of psychosis. Full recruitment details are shown 
in supplementary information (see Methods and online 
supplementary data 1).

Baseline demographic details of patients involved in 
the study are detailed in table 1. To ensure diagnosis sta-
bility, clinical evaluations were repeated after 6 months 
of the inclusion of the patients. In order to not exclude 
early-onset psychotic patients, there was a broad age of 
inclusion allowed. Inclusion criteria for patients were (a) 
age: 9–35  years at the first evaluation; (b) presence of 
psychotic symptoms of less than 12 months of duration; 
(c) speaking Spanish correctly; and (d) having signed the 
informed consent. Exclusion criteria for patients were 
(a) mental retardation per the DSM-IV criteria, includ-
ing not only an intelligence quotient below 70 but also 
impaired functioning; (b) history of head trauma with 
loss of consciousness; and (c) organic disease with men-
tal repercussions.

Healthy controls were selected from the same 
geographic areas. Inclusion criteria were (a) same gender 
as patients; (b) similar age (± 10%) as patients; (c) similar 
parental socioeconomic status as patients, measured by 
the Hollingshead-Redlich scale (±1 level); (d) no past or 
present psychiatric disorder per DSM-IV criteria34; (e) 
speaking Spanish correctly; and (f) having signed the 
informed consent. The exclusion criteria for controls were 
(a) mental retardation according to DSM-IV criteria34 
including not only an intelligence quotient below 70, 
but also impaired functioning; (b) history of head 
trauma with loss of consciousness; (c) organic disease 
with mental repercussions; and (d) history of psychotic 
disorder among first-degree relatives.

Clinical assessment of patients and controls included 
a complete medical history and physical examination, 
laboratory tests, electrocardiogram, weight, height, and 

Table 1. Baseline Demographic and Clinical Characteristics

Characteristic
Patients  
(N = 117)

Controls  
(N = 106)

Demographic characteristics
 Age(y) 23.91 ± 5.83 25.43 ± 6.43
 Sex, n (%)
  Male 81 (69.2) 70 (66.0)
  Female 36 (30.8) 36 (34.0)

Socioeconomic status
  High 22 (18.8) 14 (13.2)
  Medium-high 12 (10.3) 17 (16)
  Medium 48 (41) 54 (50.9)
  Medium-low 27 (23.1) 19 (17.9)
  Low 8 (6.8) 2 (1.9)

Ethnic group
  Caucasian 110 (94) 96 (90.6)
  Gipsy 1 (0.9) 0 (0)
  Maghrebian 1 (0.9) 2 (1.9)
  Asian 1 (0.9) 0 (0)
  Caribbean 1 (0.9) 0 (0)
  Hispanic 3 (2.6) 6 (5.7)
  Others 0 2 (1.9)
Psychiatric history

Duration of untreated  
psychosis (DUP) in d

98.02 ± 114.38 —

 Diagnosis, n (%)
  Affective psychosis 21 (17.9) —
  Non-affective psychosis 96 (82.1) —
Psychopathology score
 PANSS
  Total 53.10 ± 19.50 —
  Positive 11.17 ± 6.05 —
  Negative 14.32 ± 6.03 —
  General 27.62 ± 10.07 —
 Young 1.90 ± 4.76 —
 Montgomery-Asberg 6.51 ± 6.37 —

Overall functioning score  
(GAF)

67.20 ± 13.70 —

Baseline antipsychotic  
medication, n (%)

 Risperidone 43 (36.8) —
  Olanzapine 15 (12.8) —
  Aripiprazole 11 (9.4) —
  Paliperidone 9 (7.7) —
  Clozapine 8 (6.8) —
  Quetiapine 7 (6.0) —
  Ziprasidone 2 (1.7) —
  None 22 (18.8) —

Lithium use, n (%) 10 (8.5) —
Baseline body mass index 24.92 ± 4.07* 23.14 ± 3.16
Baseline Cannabis use, n (%) 31 (26.5) 14 (16.0)
Baseline Cannabis per 

month use
11.38 ± 34.02* 1.15 ± 6.36

Baseline tobacco use, n (%) 56 (57.7)* 20 (23.0)
Baseline tobacco per  

month use
212.43 ± 248.63* 45.38 ± 119.32

Note: Mann-Whitney U test, *P-value < .05. The bold values 
in the table represent the values reaching statistical significance 
(P-value < .05).
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body mass index. The exclusion criteria were ongoing 
infections, fever, allergies, or the presence of other seri-
ous medical conditions (autoimmune, cardiac, pulmo-
nary, endocrine, and chronic infectious diseases and 
neoplasms). Having designed a real-life patient, natural-
istic study, substance use was not an exclusion criterion. 
Neither the FEP patients nor the healthy control subjects 
were receiving immunosuppressive drugs or vaccina-
tions for at least 6 months prior to inclusion in the study 
or anti-inflammatory analgesics the 2 days prior to the 
extraction of the blood sample.

The study was approved by the Ethics Committee of 
the 6 participant hospitals. The subjects participated 
after receiving a full explanation of the study and pro-
viding written informed consent in accordance with the 
Declaration of Helsinki II.

Specimen Collection and Preparation

Venous blood samples (10 ml) were collected between 8:00 
and 10:00 h after fasting overnight. All the sample collec-
tion and preparation protocols in Flamm-PEPs study are 
available at www.cibersam.es. Samples were maintained 
at 4ºC until preparation after approximately 1 h.

Blood tubes were centrifuged (641 g × 10 min, 4ºC). 
The resultant plasma samples were collected and stored 
at −80ºC. The rest of the sample was 1:2 diluted in culture 
medium (Roswell Park Memorial Institute [RPMI] 
1640, Invitrogen) and a gradient with Ficoll-Paque (GE 
Healthcare) was used to isolate mononuclear cells by 
centrifugation (800 g × 40 min, room temperature [RT]). 
PBMC layer was aspired and resuspended in RPMI and 
centrifuged (1116 g × 10 min, RT). The supernatant was 
removed and the mononuclear cell-enriched pellet was 
manually resuspended in RPMI and stored at −80ºC.

For genetic studies, genomic DNA was isolated from 
25  µl of  the resuspended mononuclear cell-enriched 
pellet using Puregene (Gentra Systems) in accordance 
with the manufacturer’s protocol. The DNA concentra-
tion was determined by means of absorbance (ND1000, 
NanoDrop).

Biochemical determinations in plasma

Prostaglandin Levels. Plasma levels of COX by-products 
PGE2 and 15d-PGJ2 were measured by enzyme immuno-
assay (EIA) using reagents in PGE2 EIA Kit-Monoclonal; 
Cayman Chemical Europe and 15-deoxy-Δ12,14- PGJ2 
Enzyme-linked immunosorbent assay (ELISA) Kit DRG 
Diagnostics, respectively.

Nitrites. NO−
2, the final and stable product of nitric 

oxide, were measured using the Griess method.

Lipid Peroxidation. This was determined by Thiobarbi-
turic Acid Reactive Substances (TBARS) assay 
(Cayman Chemical Europe), based on the reaction of 

malondialdehyde and thiobarbituric acid under high 
temperature (95ºC) and acidic conditions.

Plasma Levels of Homocysteine. Plasma levels of homo-
cysteine (Hcy) were determined using an enzymatic assay 
(Axis-Shield Diagnostics) according to manufacturer’s 
instructions.

Biochemical Determinations in PBMC

To carry out all biochemical determinations, PBMC sam-
ples were first fractionated in cytosolic and nuclear extracts. 
For preparation of cytosolic and nuclear extracts, a modi-
fied procedure based on the Schreiber et al.36 method was 
used. Determination of proinflammatory p65 NFκB sub-
unit and anti-inflammatory PPARγ respective transcrip-
tional activities were carried out in nuclear extracts from 
peripheral mononuclear blood cells (PMBC):

Nuclear Factor Kappa B activity. Activation of Nuclear 
factor kappa B (NFκB) occurs by enzymatic degrada-
tion of the bound inhibitory protein (IκBα), allowing 
movement of the p50/65 subunits from the cytoplasm to 
the nucleus where they bind to consensus κB sequences 
in DNA. The presence of p65 subunit in cell nuclei is 
considered an index of activity. The activity of NFκB 
was measured in nuclear extracts (obtained as described 
above) through a commercially available NFκB (p65) 
Transcription Factor Assay (Cayman Chemicals) follow-
ing the manufacturer’s instructions.

PPARγ Transcription Factor Assay. PPARγ activity 
was determined in nuclear extracts from PBMC using 
ELISA-based kits, which allow the detection and 
quantification of PPARγ specific transcriptional activity 
(Cayman Chemical Europe).

Western Blot Analysis. The protein levels of the inhibi-
tory subunit of NFκB, IκBα, and the proinflammatory 
enzymes COX-2 and iNOS in cytosolic extracts from 
PBMC were quantified by Western blot (WB) analysis. 
In addition, PPARγ protein expression was quantified in 
nuclear extracts from PBMC also by WB analysis. In the 
WB carried out in cytosolic extracts, the housekeeping 
genes β-actin and GAPDH were used as loading con-
trol (blots shown in the respective figures). In the case of 
PPARγ, the loading control was the nuclear factor SP1. 
For clarity, in the figures two WB results are presented, 
representative of all the samples studied (in each different 
gel, n = 3 per group—control or FEP sample). The insets 
were the most representative of statistical AU data after 
densitometric analysis as stated above. All densitometry 
results are expressed in percent from control.

Gene Studies. A total of 40 SNPs were selected in 5 
candidate gene regions (NFKB, NOS2–iNOS-, COX-2, 
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PPARG, and PGDS: prostaglandin-D synthase, the syn-
thesizing enzyme of PGD2, from which PGJ2 is derived 
non enzymatically, covering target loci and upstream 
and downstream regions) by tagging analysis (as imple-
mented in Haploview 4.1) at an r2 threshold of 0.8 to cap-
ture 98% of the most common HapMap phase II variants 
based on the CEU panel (minor allele frequency > 0.05) 
(range 91%–100% for individual genes). Three SNPs were 
rejected prior to genotyping for assay rules. The remain-
ing 37 tag SNPs were genotyped by the MassARRAY 
genotyping system (Sequenom Inc.).

Statistical Analysis

Differences between baseline characteristics for patients 
and controls were assessed using Chi-square, t test, or 
nonparametric Mann-Whitney U tests, according to the 
distribution and scales of the variables.

To assess the effect of psychotropic medication, linear 
regression models were performed for each biomarker, 
and we followed the consensus method described by 
Gardner et al., 201037 to calculate the potency equivalents 
compared with Chlorpromazine.

To calculate the association between FEP and the level 
of biological markers, we used hierarchical logistic regres-
sion models. In order to explore mechanisms explaining 
the association, we used 5 models for each biological 
marker, in which we gradually controlled for potential 
confounders (age, gender, body mass index [BMI], can-
nabis use per month, and tobacco use per month). Model 
1 included the level of biological marker. Model 2 addi-
tionally included terms for age and gender. Model 3 addi-
tionally included BMI. Model 4 additionally included 
cannabis use per month and finally, Model 5 additionally 
included tobacco use per month. Only biological markers 
significantly associated (P < .05) with FEP in model 4 in 
the previous analyses were selected for the following steps. 
Logistic regression analyses were again calculated with 
the same system, and all the biological markers chosen 
were kept and analyzed together in a new model 1. Model 
2 additionally included terms for age and gender. Model 3 
additionally included BMI. Model 4 additionally included 
cannabis use per month (final model). Model 5 addition-
ally included tobacco use per month (final model).

To estimate the independent contribution of each SNP, 
genotype frequencies were assessed by means of multi-
variate methods based on logistic regression analysis and 
analyzed under codominant, dominant, overdominant, 
recessive, and additive models.

Results

Demographic and Clinical Features

The demographic and clinical characteristics of the 
FEP patients and healthy control group are presented 
in table 1 and online supplementary data 1. Patient and 

control groups did not differ in gender, age, and race 
because the case-control match had been designed. The 
patients and control subjects differed in body mass index 
(BMI; 24.92 ± 4.07 vs 23.14 ± 3.16, P < .05) and in base-
line number of cannabis cigarettes smoked per month 
(11.38 ± 34.02 vs 1.15 ± 6.36, P < .05) although no dif-
ferences were found in the percentage of active cannabis 
users at the study’s baseline.

In addition, there are also differences in baseline 
tobacco use (56 patients [57.7%] vs 20 controls [23.0%]) 
and in baseline tobacco cigarettes per month use 
(212.43 ± 248.63 vs 45.38 ± 119.32).

The clinical characteristics of the sample were similar 
to other Spanish and European studies with FEP,38,39 tak-
ing into account that subjects younger than 18 years were 
allowed to participate.

Patients had been diagnosed and treated for 6 months. 
The PANSS mean total score was 53.10 ± 19.50, and the 
mean Global Assessment of Functioning (GAF) score 
was 67.20 ± 13.70, although these patients had been diag-
nosed and treated for 6 months. The mean age of inclu-
sion was 23.91 ± 5.83  years, while the mean DUP was 
98.02 ± 114.38 days. The 82.1% of the patients had been 
diagnosed of nonaffective psychotic disorders. Only 21 
subjects (17.9%) were oriented as affective disorders with 
psychotic features. Risperidone and olanzapine were the 
most frequent antipsychotics used. Twenty-two patients 
had discontinued the antipsychotic treatment at the 
inclusion time, 13 of which were oriented as affective psy-
chosis and 6 (27.27%) were taking lithium. The clinical 
variables PANSS, Young, Montgomery-Asberg, GAF, 
age of inclusion, and DUP were not associated with any 
of the inflammatory markers studied separately.

However, the lineal regression analysis made to elucidate 
whether the antipsychotic treatment modify the levels of 
any of the inflammatory and oxido/nitrosative markers 
studied showed that only the levels of TBARS are signifi-
cantly modified (P =  .048) for the effect of antipsychotic 
medication. Thus, for each increased unit of chlorproma-
zine equivalents per day, TBARS levels decrease 0.003 units.

Inflammatory and Oxido/Nitrosative Markers 
in Control and First-Episode Psychotic Patients

The transcription factor NFκB is a master regulator of the 
inflammatory and oxido/nitrosative (I&ON) status of a 
cell. In nuclear extracts from PMBC, the activity of its 
p65 subunit is increased in samples from FEP patients 
compared with controls (table 2 and figure 1a). Similarly, 
the expression of the 2 main enzymatic sources of I&ON 
soluble mediators, iNOS and COX-2, were significantly 
higher in FEP group than those in the control subjects 
(table 2 and figure 1b and c). However, at this particular 
stage of the disease, the mean levels of the I&ON markers 
in plasma NO−

2, PGE2, TBARS, and Hcy were increased 
in FEP patients, but they did not reach statistical signifi-
cance (P > .05; table 2 and figure 1d–g, respectively).
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Anti-inflammatory Markers in Control and First-
Episode Psychotic Patients

Levels of the NFκB inhibitory subunit IκBα (which 
maintains NFκB dimers in the cytoplasm of unstimu-
lated cells, blocking its translocation to the nucleus) in 
cytosolic extracts were decreased in patients compared 

with those in healthy subjects (table 2 and figure 2a), sug-
gesting the presence of a chronic proinflammatory status 
in PBMC from patients.

On the contrary, the plasma levels of the anti-inflam-
matory prostaglandin 15d-PGJ2 were significantly lower 
in FEP patients than those in the control subjects (table 2 
and figure 2b).

Fig. 1. Mean differences (SD) on biomarkers between FEP and controls (univariate analysis). (a) NFκB activity in PBMC nuclear extracts 
from FEP patients (n = 53) and controls (n = 35); (b) Western blot analysis of proinflammatory proteins iNOS (patients n = 91, controls, 
n = 88); (c) COX-2 in PBMC cytosolic extracts from FEP patients (n = 90) and controls (n = 88); and (d) plasma levels of nitrites (NO2

−; 
patients n = 50, controls, n = 61), (e) proinflammatory prostaglandin E2 (patients n = 111, controls, n = 104), (f) thiobarbituric acid reactive 
substances (patients n = 105, controls, n = 104), and (g) homocysteine from FEP patients (n = 71) and controls (n = 41). AU, arbitrary 
units. Two-tailed nonparametric Mann-Whitney U test was used. ° represents an atypical value and * an extreme value.

Table 2. Biological Markers

Marker Patients, Total N = 117 Controls, Total N = 106 Statistics df P-Value

NFκB -act- 12.79 ± 22.24* (n = 53) 4.36 ± 3.28 (n = 35) U = 612.0 — .007
iNOS -WBc- 125.36 ± 49.71* (n = 91) 96.60 ± 40.50 (n = 88) U = 2585.5 — <.001
COX2 -WBc- 145.28 ± 145.50* (n = 90) 94.58 ± 61.92 (n = 88) U = 2517.0 — <.001
NO−

2 -sol- 14.65 ± 5.90 (n = 50) 12.75 ± 4.67 (n = 61) U = 1270.0 — .131
PGE2 -sol- 524.89 ± 739.41 (n = 111) 373.35 ± 264.95 (n = 104) U = 5522.5 — .584
TBARS -sol- 3.49 ± 3.52 (n = 105) 2.68 ± 2.69 (n = 104) U = 4748.5 — .109
Hcy -sol- 16.30 ± 17.41 (n = 71) 9.87 ± 6.86 (n = 41) U = 1194.0 — .114
IκBα -WBc- 84.81 ± 47.63* (n = 91) 103.66 ± 47.13 (n = 88) U = 2922.0 — .002
15dPGJ2 -sol- 571.32 ± 154.63* (n = 108) 618.87 ± 158.42 (n = 104) U = 4737.0 — .049
PPAR -WBn- 77.64 ± 32.91* (n = 14) 103.12 ± 27.92 (n = 16) t = 2.30 28 .029
PPAR -act- 1.39 ± 0.96* (n = 71) 1.88 ± 1.45 (n = 41) U = 2532.5 — .005

Note: Mean differences (SD) on biomarkers levels between FEP and controls. Two-tailed t test was assessed for PPARγ expression 
because its distribution meets the assumption of normality in the Kolmogorov-Smirnov (with Lillierfors correction) test. For the rest 
of variables, two-tailed nonparametric Mann-Whitney U test was used. *P-value < .05. The bold values in the table represent the values 
reaching statistical significance (P-value < .05). Analyses carried out in WB: protein expression, determined by western blot in PBMC 
(WBc: in cytoplasmatic fraction; WBn: in nuclear fraction); sol: plasma levels of soluble compounds; act: activity assay in nuclear 
extracts. See Methods for details.
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Given that 15d-PGJ2 acts as an endogenous ligand for 
PPARγ, which is considered a potent anti-inflammatory 
transcription factor, we explored the expression (by WB 
analysis) and transcriptional activity (by studying its abil-
ity to bind to its specific DNA response elements) of this 
receptor in nuclear extracts from PBMC. The WB anal-
ysis revealed lower PPARγ expression in patients com-
pared with controls (table 2 and figure 2c). Moreover, the 
transcriptional activity of PPARγ, analyzed by its ability 
to bind to its specific DNA response elements, was also 
reduced in patients (table 2 and figure 2d).

Gene Studies

The results of the association analysis for the 35 SNPs 
studied in 5 candidate genes (NFκB, iNOS, COX-2, 
PPARG, and PGDS) are shown in online supplementary 
data 2. Two polymorphisms presented nominal point-
wise, P < .027, the nominal P-value expected by chance 
(rs13348258, NFκB; rs2779248, iNOS). However, none 
of these showed significant empirical P-values after per-
mutation correction for multiple testing.

Multivariate Analysis

In the final model, only 6 of the 11 biological markers 
studied were significantly associated with FEP after con-
trolling for all possible confounders (table 3 and online 
supplementary data 3). The resulting equation was 
[0.428 × NFκB] + [0.055 × iNOS] + [0.072 × COX-2] + 
[0.432 × Hcy] + [−0.097 × IκBα] + [−0.069 × 15d-PGJ2] 
+ [−0.152 × gender (female)] + [0.482 × age] + [1.185 × 
BMI] + [0.182  × cannabis use per month] + [0.011  × 
tobacco use per month].

Among the proinflammatory markers, the highest odds 
ratio (OR) observed was the Hcy (OR = 1.541), meaning 
that for each unit increased of this biomarker, the risk40 
of FEP increased by 54.1% [(e0.432 × 1 − 1) × 100] after con-
trolling for remaining biological markers and all possible 
confounders. Similarly, the results were 53.4% for NFκB 
(not significant), 5.6% for iNOS, 7.5% for COX-2.

Among the anti-inflammatory markers, the IκBα vari-
able had the lowest OR observed (OR = 0.908), meaning 
that the association went in the inverse direction of proin-
flammatory markers, because the risk decreased by 10.2% 

Fig. 2. Mean differences (SD) on (a) Western blot analysis of IκBα in PBMC cytosolic extracts (patients n = 91, controls, n = 88); (b) 
plasma levels of anti-inflammatory prostaglandin 15d-PGJ2 (patients n = 108, controls, n = 104); (c) Western blot analysis of peroxisome 
proliferator activated receptor γ (PPARγ; patients n = 14, controls, n = 16); and (d) transcriptional activity of PPARγ (patients 
n = 78, controls, n = 87) in PBMC nuclear extracts. Two-tailed t test was assessed for PPARγ, and for the rest of variables, two-tailed 
nonparametric Mann-Whitney U test was used. ° represents an atypical value and * an extreme value.
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[(e0.097 × 1 − 1) × 100] for each unit of increased biomarker 
after controlling for remaining biological markers and all 
possible confounders. Similarly, the result for 15d-PGJ2 
was 7.1%.

PPARγ protein expression data were excluded of the 
multivariate analysis due to its small sample size although 
it was significant (P < .05) in its individual regression 
model controlled for all confounders.

Discussion

In this study, we have found evidence of systemic inflam-
matory conditions in FEP patients. Specifically we have 
identified a significant increase in some intracellular com-
ponents of a main proinflammatory pathway, along with 
a significant decrease in the anti-inflammatory ones. This 
is, to our knowledge, the first description of such imbal-
ance in this particular clinical sample. All together, these 
results describe an imbalanced, proinflammatory pheno-
type in FEP patients. The multivariate logistic regression 
analyses conducted allows us to identify Hcy plasma lev-
els as the most reliable potential risk factor, along with 
iNOS and COX-2, and IκBα and 15d-PGJ2 as potential 
protection factors. Due to its soluble nature, a notable 
finding in this study is that the anti-inflammatory 15d-
PGJ2 might be used as plasmatic biomarker for FEP.

The results of  the multivariate analysis applied is 
of  special translational importance because it tries to 
simulate what actually happens in biological pathways, 
including both pro- and anti-inflammatory markers in 
the same statistical model, allowing them to interact 
even with possible sociodemographic confounders. So in 
the clinical practice, we could calculate the association 
between FEP and one of  the markers (eg, iNOS) once 
the influence of  other markers (PGE2, COX-2, Hcy, and 
15d-PGJ2) and confounders (age, sex, BMI, cannabis, 
and tobacco) have been controlled. The association cal-
culated is quiet stable because this did not change after 
adjusting for possible confounders. The strength of  the 
association was supported by the stability of  OR in the 
different models calculated.

Taken as a whole, the results of this study indicate phe-
notypical differences at the cellular machinery level in 
PBMC of FEP patients, 80% of whom are at the begin-
ning of a multi-episode chronic severe mental illness such 
as schizophrenia or bipolar disorder.41 It is worth noting 
that, contrarily to what occurs in schizophrenia patients, 
the majority of the proinflammatory soluble elements are 
not significantly altered although all the parameters follow 
the same tendency to increase. In addition, the levels of 
TBARS, a final consequence of cellular damage produced 
by oxidative stress, follows the same profile. This lack of 
statistical significance could be explained in base of the 
heterogeneity of the FEP samples; in fact, only a part of 
these subjects will develop a full-blown schizophrenia. 
Longitudinal studies with the same patients will clarify 
the relevance of the potential oxido/nitrosative cellular 
damage in FEP subjects, taking into account the increase 
in lipid hydroperoxides reported in a similar sample.42

There are few studies focused on diagnostic tools in 
FEP; some image studies indicate subtle brain abnormal-
ities43 and others clinical slight symptoms.44 In terms of 
the inflammation process, our results show that while the 
soluble final products are not significantly modified, their 
enzymatic sources iNOS and COX-2, both inducible iso-
forms regulated by the IκBα/NFκB pathway,45,46 are over-
expressed in PMBC. This suggests that FEP patients are 
at the onset of the inflammatory process.

The great majority of studies reporting inflammatory/
immune alterations are described in full-blown schizo-
phrenic patients,15,17,24,47–50 a situation in which tissue of 
plasma antioxidant mechanisms are exhausted.51 Similarly, 
hyperhomocysteinemia can cause oxidative stress via a 
number of mechanisms such as auto-oxidation of Hcy to 
form reactive oxygen species.52 Previous studies53 showed 
a correlation between the increased amount of Hcy and 
nitrotyrosine in plasma proteins or plasma TBARS,54 thus 
being considered as a risk factor for the disease. In this 
vein, our multivariate statistical approach has identified 
Hcy levels as a very reliable risk factor for FEP.

There is also a decrease in the counterbalancing path-
way mainly controlled by 15d-PGJ2. Indeed, this mecha-
nism is considered as a possible endogenous regulator of 
the inflammatory response in neurodegenerative condi-
tions and stress-related diseases.23 Our group recently 
described a decrease in this pathway in male, chronic 
schizophrenic inpatients in acute relapse phase.24 Now, 
the data presented here indicate that the changes in 15d-
PGJ2/PPARγ pathway are also present at the very early 
stages of the disease.

This study suggests an active role for the anti-inflam-
matory signaling pathway in the pathophysiology of the 
disorder, which adds support to pharmacological strat-
egies involving the stimulation of the PPARγ activity. 
Of special interest is the possible use of some thiazoli-
dinediones, potent agonists of PPARγ, used as insulin-
sensitizing drugs for the treatment of type 2 diabetes.55 

Table 3. Multivariate Logistic Regression Analysis

B SE Wald OR (95 % CI) P-Value

NFκB 0.428 0.234 3.242 1.534 (0.963–2.443) .072
iNOS 0.055 0.028 4.041 1.057 (1.001–1.115) .044
COX2 0.072 0.037 3.889 1.075 (1.000–1.154) .049
Hcys 0.432 0.202 4.560 1.541 (1.036–2.291) .033
IκBα −0.097 0.042 5.403 0.908 (0.837–0.985) .020
15d-PGJ2 −0.069 0.032 4.697 0.933 (0.876–0.993) .030

Note: Association between FEP and level of biomarker. All the 
biomarkers were analyzed together and adjusted for age, gender, 
body mass index, cannabis use per month, and tobacco use per 
month. The bold values in the table represent the values reaching 
statistical significance (P-value < .05).
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Pharmacological activation of PPARγ is a multifaceted 
therapeutic target due to its anti-inflammatory/antioxi-
dant/antiexcitotoxic/proenergetic profile, reported in some 
inflammatory-related scenarios (neurological and stress-
related diseases).23,56 Recently, PPARγ activation has been 
presented as a putative treatment for neurocognitive defi-
cits associated with mood and psychotic syndromes.57

In addition to the putative neuroprotective effects of 
PGD2/15d-PGJ2/PPARγ for the negative and cognitive 
symptomatology treatment of schizophrenia, classical 
studies already suggested a relevant mechanism to elu-
cidate a specific role for PGD2 in the management of the 
positive symptoms. In these studies, PGD2 stimulated 
the production of cyclic adenosine monophosphate and 
thereby exerted functional antagonism of dopamine-D2 
receptors.58 Therefore, PGD2 and its metabolites could 
be counteracting the biochemical and behavioral effects 
of dopamine, and deficient PGD2/PGJ2 signaling in the 
brain could influence dopamine transmission.59

After the analysis of the most common SNP variables 
of pro/anti-inflammatory mediators, the lack of correla-
tion with their studied gene variants could suggest a pos-
sible role for epigenetic factors, other less-studied SNPs, 
or other candidate genes, as well as the need for new 
methods to detect genetic effects. For example, a recent 
study used a SNP-based analysis of neuroactive pathways 
implicates PGE2 as a novel mediator of antipsychotic 
treatment response using data from the multiphase, ran-
domized controlled trial Clinical Antipsychotic Trials of 
Intervention Effectiveness (CATIE).60

On the other hand, the absence of findings related to 
genetic makers and the lack of any clinical correlates of 
the biomarkers does not yield support to these biomarkers 
being of etiological relevance. The effects reported could 
well be reflecting an epiphenomenon related to stress or 
metabolic complications, which anyway does not dimin-
ish their value as putative therapeutic targets. Fortunately, 
Flamm-PEPs is still an open study, and future longitudinal 
studies are now conducted with 2 years of follow-up and 
that will help elucidate these controversial issues and eval-
uate the utility of this pro-/anti-inflammatory signaling 
pathway as biological marker for possible second episodes.

Some limitations in this study should be noted: First, we 
used a single control group of healthy subjects instead 
of using 2 control groups, 1 from healthy subjects and 
another including other psychiatric conditions with the 
aim of controlling and thereby increasing the specificity 
of our results. In fact, changes in both inflammatory and 
anti-inflammatory COX-derived pathways occur after 
acute and chronic stress exposure.23,30 Second, 81.2% of the 
FEP patients included in our study were receiving atypi-
cal antipsychotic treatment, and there is some evidence 
on the potential anti-inflammatory effects of antipsychot-
ics,13–15 most of them at anti-cytokine level. Nevertheless, 
we have tried to control the possible confounding effect 
of antipsychotic treatment through a multiple linear 

regression analysis, and we found only marginal effects 
on the plasma levels of TBARS. As commented above, 
increased lipid peroxidation has been found in early-onset 
first-episode psychosis, but the specific effects of antipsy-
chotic medication were not addressed.42 Third, a small 
group (8%) of patients required lithium. Although there 
are no clear references about lithium and inflammation, 
the possibility of being a confounding factor was also 
assessed. However, the result did not modify the associa-
tion showed in this study. Fourth, the total number of 
subjects taking part of this study is 117 patients and 106 
matched controls, but we could not measure all of the 
parameters in all the subjects. In general, for the parame-
ters measured in plasma (eg, the 2 prostaglandins) almost 
all subjects were used, but for the determinations made 
in the cytosolic/nuclear extracts of PBMC, some meth-
odological limitations existed and the quantity of sample 
obtained is relatively low. With this limitation in mind, we 
have tried to get a reasonable number of subjects for each 
parameter studied to carry out a reliable statistical analy-
sis. No major changes were found between the differences 
in the whole sample and those in the subsets that were 
finally analyzed. It is worth noting that PPARγ protein 
expression data were not chosen and kept together with 
the other markers selected because of the sample size was 
small although PPARγ protein was significant in its indi-
vidual regression model controlled for all confounders. 
Keeping these data in mind, we cannot discard a role for 
PPARγ as a potential protective factor in FEP patients. 
In fact, PPARγ expression and activity are significant in 
the two-tailed Chi-square tests on categorical data used 
to identify differences between baseline characteristics for 
patients and control subjects, both in our study and in 
schizophrenic inpatients in acute relapse phase.24

Despite these limitations, key strengths of the study 
deserve mention: The sample was very homogeneous in 
the moment in the course of illness and originated from 
specific areas of 2 major and 3 middle European cities. 
The diagnostic evaluation was performed with a very 
comprehensive protocol, and inclusion-exclusion criteria 
were applied in a strict manner. Finally, another unique 
feature of the study is that it includes a wide spectrum of 
biochemical inflammatory markers in both PBMC and 
plasma samples, allowing in-depth insights and relation-
ships between multiple components of the pro- and anti-
inflammatory signaling pathways.

Efforts in describing biological markers for schizophre-
nia in pathway approaches are claimed by psychiatrists as 
tools to help early diagnosis and monitor evolution of the 
disease; this would greatly assist preventive strategies by 
identifying at-risk individuals who could then be monitored 
and treated in a way to minimize subsequent morbidity.

In conclusion, and regarding to implications for clinical 
practice, the importance of early detection and interven-
tion in psychosis has renewed interest in subtle psycho-
pathology beyond positive and negative symptoms and 
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also in the search for biological markers of the disease. 
Although more scientific evidence is needed, the determi-
nation of multiple components of pro- and anti-inflam-
matory cellular pathways has interesting potential as 
biological risk/protective markers for FEP. Their phar-
macological modulation can be a promising (see figure 3) 
therapeutic target to take into account in the future.
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Fig. 3. Inflammatory dysregulation in peripheral mononuclear blood cells and plasma from patients with FEP. Increase in some 
intracellular components of the main proinflammatory pathway (in red, straight lines) has been also demonstrated: increase in NFκB 
transcriptional activity and increase in the expression of 2 of the main inflammatory and oxido/nitrosative inducible enzymes, iNOS and 
COX-2. On the other hand, a decrease in various components of the anti-inflammatory pathway (in green, dotted lines) has been also 
demonstrated: decrease in the production of 15d-PGJ2, decrease in PPARγ transcriptional activity and decrease in the expression of the 
NFκB inhibitory subunit, IκBα. +: activation; −: inhibition.
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ABSTRACT 

Objective: The deregulation of the pro/ antiinflammatory balance has been described in the first 
psychotic episode (FEP). However, the nature and/or severity of activated inflammatory responses in 
psychotic disease may critically change as a function of disease progression. To obtain consistent results 
supporting a role for inflammation in the diagnosis, aetiology and physiopathology of FEP, follow up 
studies controlling confounding factors and clinical variables are needed. 

Method: 117 subjects with a first episode of psychosis (FEP) and 106 matched controls were recruited. 
From the initial sample, 85 FEP subjects were followed during 6 months. Plasma and Peripheral Blood 
Mononuclear Cells samples were obtained and the determination of several pro/anti-inflammatory 
mediators was made. Multivariate logistic regression analyses were used to identify potential 
risk/protective factors and finally, by means of multiple linear regression models, the change of every 
biological marker, depending on the changes of explanatory variables during follow-up was analysed. 

Results: In this follow-up study we have strengthen the evidence of systemic inflammatory alterations in 
FEP, because the majority of soluble elements analysed already appear significantly altered, suggesting a 
more severe dysregulation. NO2

- and TBARS plasma levels and COX-2 expression are the most reliable
potential risk factors and the plasmatic levels of 15d-PGJ2 might be used as protection factor. An 
interesting correlation exists between antipsychotic dose and the change of PGE2 (inverse) and 15d-PGJ2 

(direct). Finally, an inverse relationship between GAF scale and TBARS is also present. 

Conclusions: Our findings support the existence of a deregulated inflammatory balance in FEP. Pro and 
anti-inflammatory mediators can be used as state or trait risk/protection biomarkers, respectively. The 
direct association between oxidative/bitrosative damage and the GAF scale, and the striking result that 
one of the targets of antipsychotic therapy could be the restoration of the pro/antiinflammatory 
balance studied here support the establishment and completion of clinical trials using anti-inflammatory 
drugs as co-adjuvant strategy to antipsychotics. 
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INTRODUCTION 

Schizophrenia is a chronic form of psychotic illness of unknown etiology, affecting approximately 1% of 
the population worldwide (van Os and Kapur 2009). The onset of the disorder occurs typically in late 
adolescence or early adulthood and includes positive, negative, affective and cognitive symptoms (van 
Os and Kapur 2009). This first episode of psychosis (FEP) is suffered by around the 3% of the general 
population along lifetime. 

The clinical evolution after a FEP tends to be chronic and variable, causing a huge loss in quality of life of 
patients and their families, in their physical health, and a high cost to society (Insel 2010, Olesen, 
Gustavsson et al. 2011). Up to 80% of the patients relapse during the next five years after a FEP, with a 
major risk to become resistant to treatment (Alvarez-Jimenez, Parker et al. 2009). Complete remission 
only occurs in one third of the patients (Huber, Naber et al. 2008).  

While the population with chronic schizophrenia has been studied in large, naturalistic studies with real-
life patients (Lieberman, Stroup et al. 2005), the FEP population represents a unique opportunity to 
evaluate the biological, clinical and functional outcomes of psychotic disorders (Bernardo, Bioque et al. 
2013). Consequently, the characterization of the FEP population has become a priority area of growing 
interest for research, with large studies both in the United States and Europe (McEvoy, Lieberman et al. 
2007, Bertelsen, Jeppesen et al. 2008, Castro-Fornieles, Parellada et al. 2008, Kahn, Fleischhacker et al. 
2008, Bertani, Lasalvia et al. 2011). Conducting longitudinal research in the onset of illness avoids the 
effect of confounding variables such as the influence of antipsychotic treatment, comorbidity or 
chronicity (Kahn, Fleischhacker et al. 2008, Bernardo, Bioque et al. 2013). Such variables cause long-
term structural changes and may be one reason for the inconsistency of the findings so far (Castro-
Fornieles, Parellada et al. 2008, Arango, Rapado-Castro et al. 2012). Patients with a first psychotic 
episode are therefore an excellent group to study the risk factors linked to the development of 
schizophrenia and other psychotic disorders related to neural stress processes (Bernardo, Bioque et al. 
2013). Moreover, early intervention seems to mitigate progression and improve therapeutic outcomes 
and prognosis of the disease5,6.  

Despite great efforts involving basic and clinical science, we are still far from a complete understanding 
of the aetiology and pathophysiology of the disorder. Not surprisingly, less than 50% of patients respond 
to an initial treatment with antipsychotic medication3. Clearly there is a need to open strategies in 
possible novel therapeutic targets for new drugs 3,4.  

In the past fifteen years, a great deal of interest has been focused on immune/inflammatory alterations 
and the associated oxido/nitrosative consequences associated as key pathophysiological mechanisms 
involved in schizophrenia and other psychosis7, and an appreciable body of evidence indicates a 
spectrum of immunological dysfunctions in schizophrenia8, including immune or inflammatory related 
genes as risk factors for this disorder9. Most of the evidence supporting the inflammatory hypothesis of 
schizophrenia referred to elevation of pro-inflammatory cytokine levels (Miller et al, Biol Psychiatr 2011) 
mainly in plasma, brain microglial activation by post-mortem and positron emission tomography 
studies19,20 as well as the identification of up-regulated inflammation-related genes in brain tissue21,22. 

Also, increased plasma levels of prostaglandin E2 (PGE2) and cyclooxygenase (COX) activity has been 
reported in patients17,18. All these data supported some clinical studies using non-steroidal anti-
inflammatory drugs (NSAIDs). Recent meta-analyses reported provisional evidence about symptomatic 
favourable effects of add-on NSAIDs to antipsychotics in schizophrenia (Sommer et al., J Clin Psychiatr 
2011). 
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In contrast, fewer studies have focused on the role of anti-inflammatory signaling pathways in both 
experimental and clinical settings23, with data showing a clear misbalance in some pro-
inflammatory/anti-inflammatory mediators in blood of patients with chronic schizophrenia at protein 
expression level24. The stimulation of anti-inflammatory cytokines such as IL-4, IL-10 and IL-17 seems to 
be a mechanism elicited by several antipsychotics to regulate uncontrolled and potentially deleterious 
inflammation in schizophrenia (rev. in Meyer, 2011). In fact, some authors reported an endogenous 
increase of these molecules in different stages of schizophrenia as an attempt to counteract or limit 
ongoing pro-inflammatory processes (Borovcanin et al., 2012). 

The grade and evolution of the inflammatory process, its beneficial/deleterious consequences and the 
nature of its auto-regulatory mechanisms may vary in the different states of the psychotic illness 
(Fineberg and Ellman, 2013). The majority of the scientific evidence supporting the idea that 
inflammatory/immune alterations may play a relevant role in psychotic disease has been found in 
established schizophrenia. However, some studies indicates subtle alterations in inflammatory/immune 
mediators, stress response systems and oxidative/nitrosative stress at the very beginning of the natural 
course of the disease, as in the FEP (Borovcanin et al., 2012; Herberth et al., 2013; van Venrooij et al., 
2012; Martínez-Cengotitabengoa et al., 2012). In fact, a recent imaging study demonstrates that 
neuroinflammation is more predominant than axonal degeneration in early stages of schizophrenia 
(Pasternak et al., 2012). 

The precise regulation of the whole inflammatory process involves complex endogenous 
counterbalancing mechanisms that control the effects of potentially deleterious pro-inflammatory 
mediators. Thus, several studies have focused on the role of anti-inflammatory signalling pathways in 
both experimental and clinical settings 23, with data showing a clear misbalance in some pro-
inflammatory/anti-inflammatory mediators in blood of patients with chronic schizophrenia at protein 
expression level 24.  

Recently, FLAMM-PEPs, a multicentric, collaborative and translational group inside Spanish national 
network for mental health research (CIBERSAM) aimed to study inflammatory pathways in psychosis 
both as possible biomarkers and as possible new therapeutical targets, presented the first integrated 
results about the disbalance of pro- and antiinflammatory components in peripheral blood mononuclear 
cells (PBMC) in FEP patients (García Bueno et al., 2013), taking advantage of the PEPs project (Spanish 
research project in FEP) (Bernardo et al. 2013). In particular, the pro-inflammatory pathway studied was 
the one triggered by the activation of the nuclear factor κB (NFκB), which translocates to the nucleus 
after release of the bound to its citoplasmatic inhibitory complex IκB25,26,27. NFκB then recognizes 
specific DNA sequences in the promoter of target genes, among which are those that codify for the pro-
inflammatory enzymes inducible nitric oxide synthase (iNOS) and the isoform 2 of the enzyme 
cyclooxygenase-2 (COX-2). The over-activation of these enzymes can produce an accumulation of 
oxidative and nitrosative mediators (i.e. stable nitric oxide metabolites such as NOx, PGE2), which can 
cause the depletion of endogenous antioxidant defences and attack membrane phospholipids causing 
cell damage in a process known as lipid peroxidation23. On the other hand, endogenous 
counterbalancing mechanisms, activated in response to an inflammatory/immune stimulus, such as 
peroxisome proliferator activated receptors (PPARs) have been described29. These nuclear receptors 
(mainly their gamma isoform, PPARγ)29,30 act as ligand-dependent transcription factors, binding to DNA 
in specific regions and regulating (decreasing) the expression of pro-inflammatory genes. Interestingly, 
several COX derived products, such as the prostaglandin 15-deoxy-PGJ2 (15d-PGJ2) act as endogenous 
anti-inflammatory agents by targeting PPARγ33. Thus, the 15d-PGJ2/PPARγ pathway is involved in the 
endogenous compensatory mechanism regulating the inflammatory process. This pathway can also be 
stimulated pharmacologically, representing not only a potential biomarker but an important new 
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candidate therapeutic target in those neurologic/neuropsychiatric disorders in whose inflammation may 
play a role. 

In short, the above cited Flamm-PEPs first study (García Bueno et al., 2013), on biochemical analyses in 
peripheral blood mononuclear cells (PBMC) showed an imbalanced, pro-inflammatory phenotype in FEP 
patients after 6 months of diagnosis compared to matched, healthy controls. Multivariate logistic 
regression analyses identified iNOS and COX2 as reliable potential risk factors, along with IκBα and 15d-
PGJ2 as potential protection factors. The disruption of this physiological balance is again re-examined in 
the present follow up study 12 months after of the inclusion of the patients in order to: (1) analyze the 
evolution of the physiological balance between inter-related pro-inflammatory/anti-inflammatory 
pathways described in FEP, (2) identify potential risk/protective factors for FEP by means of multivariate 
logistic regression analyses, (3) recognize pro/antiinflammatory mediators associated with symptom 
severity, and finally (4) by means of multiple lineal regression models, to analyze the change of every 
biological marker after a period of 6 months of longitudinal follow, in correlation to the respective 
changes of explanatory variables (sociodemographic characteristics, clinical variables and possible 
confounding factors) during follow-up. 

 

METHODS 

Subjects 

As described in a previous article, 117 subjects with a first episode of psychosis (FEP) and 106 gender, 
race and age matched healthy controls were included in the baseline Flamm-PEPs study (García Bueno 
et al., 2013). From the initial sample, 85 FEP subjects were followed during the following 6 months 
(maximum 12 months after inclusion) in five Spanish university hospitals. 

Baseline inclusion criteria for patients were: 1) Age between 9 and 35 years old; 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.  

Having designed a real-life patient, naturalistic study, substance use or having suicidal ideation were not 
exclusion criteria (Bernardo, Bioque et al. 2013). 

Healthy controls were selected from the same geographic areas. Their inclusion criteria were: 1) same 
gender as patients; 2) similar age (± 10%) 3) similar parental socioeconomic status, allowing ±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. 

Neither the patients nor the controls presented ongoing infections, fever, allergies, other serious 
medical conditions as cancer or autoimmune, cardiac, pulmonary, chronic infectious diseases, or were 
receiving immunosuppressive drugs or vaccinations for at least six months prior to inclusion in the study 
or antiinflammatory-analgesics the two days previous to the extraction of the blood sample. 

Expert clinicians used the Spanish translation of the DSM-IV semi-structured diagnostic interview to 
establish the diagnosis in adults (First, Spitzer et al. 1999, First, Spitzer et al. 1999), and the Kiddie-
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Schedule for Affective Disorders & Schizophrenia, Present & Lifetime Version (K-SADS-PL) for subjects 
less than 18 years old (Ulloa, Ortiz et al. 2006).In order to not exclude early-onset psychotic patients, 
there was a broad age of inclusion allowed (Bernardo et al., 2013). 

Apart from the interviews with the patient, multiple sources of information were used to establish the 
onset of positive psychotic symptoms, including medical records and interviews with relatives. The onset 
of the FEP was defined as the first week with the PANSS items P1, P3, P5, P6 or G9 scoring four or more1. 
The duration of untreated psychosis (DUP) was defined as the number of days elapsed between this 
onset and the beginning of the first adequate treatment for psychosis. 

Clinical assessment of patients and controls included a complete medical history, physical examination, 
electrocardiogram and laboratory tests, including complete blood cell count, thyroid, liver and renal 
function, electrolyte levels, and urinalysis 2. Anthropometric measures were assessed: weight, height 
and body mass index (BMI=weight in kg/height squared).  

The Ethics Committee of the participant hospitals approved the study. Following the Declaration of 
Helsinki II, all subjects were included after receiving a full explanation of the study and providing 
written, informed consent. 

Specimen collection and preparation 

Venous blood samples (10 mL) were collected between 8:00 and 10:00 h after fasting overnight. All the 
sample collection and preparation protocols in Flamm-PEPs study are available in www.cibersam.es. 
Samples were maintained at 4 ºC until processing. 

Blood tubes were centrifuged (641 g x 10 min, 4ºC). The resultant plasma samples were collected and 
stored at -80ºC. The rest of the sample was diluted in culture medium (RPMI 1640, Invitrogen, UK) and a 
gradient with Ficoll-Paque® (GE Healthcare, Uppsala, Sweden) was used to isolate mononuclear cells by 
centrifugation (800 g x 40 min, RT). Peripheral Blood Mononuclear Cells (PBMC) layer was aspired and 
resuspended in RPMI and centrifuged (1116 g x 10 min, RT). The supernatant was removed and the 
mononuclear cell enriched pellet was stored at -80 ºC. 

Biochemical determinations in plasma 

- Prostaglandin Levels: COX by-products PGE2 and 15d-PGJ2 plasma levels were measured by enzyme 
immunoassay (EIA) using reagents in Prostaglandin E2 EIA Kit-Monoclonal; Cayman Chemical Europe, 
Tallinn, Estonia and 15-deoxy-Δ12,14- Prostaglandin J2 ELISA Kit DRG Diagnostics, Marburg, Germany, 
respectively. 

- Nitrites (NO-
2), the final and stable product of nitric oxide, were measured using the Griess method. 

- Lipid peroxidation was determined by Thiobarbituric Acid Reactive Substances (TBARS) assay (Cayman 
Chemical Europe), based on the reaction of malondialdehyde (MDA) and thiobarbituric acid (TBA) under 
high temperature (95 ºC) and acidic conditions. 

- Cotinine levels: Cotinine is the major degradation product of nicotine metabolism. Measurement of 
cotinine levels provides a sensitive estimate of tobacco smoke exposure. The levels were determined by 
enzyme immunoassay using Cotinine EIA Serum kit (Cozart®, Abingdon, UK) following manufacturer’s 
instructions. 
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Biochemical determinations in PBMC 

To carry out all biochemical determinations PBMC samples were first fractionated in cytosolic and 
nuclear extracts. For preparation of cytosolic and nuclear extracts a modified procedure based on the 
Schreiber et al.36 method was used. Determination of pro-inflammatory p65 NF�B subunit and 
antiinflammatory PPAR� respective transcriptional activities were carried out in nuclear extracts from 
PMBC: 

- Nuclear factor kappa B (NFκB) activity: Activation of NF�B occurs by enzymatic degradation of the 
bound inhibitory protein (I�B�), allowing movement of the p50/65 subunits from the cytoplasm to the 
nucleus where they bind to consensus �B sequences in DNA. The presence of p65 subunit in cell nuclei is 
considered an index of activity. The activity of NF�B was measured in nuclear extracts through a 
commercially available NFκB (p65) Transcription Factor Assay (Cayman Chemicals, MI, USA) following 
the manufacturer’s instructions.  

-PPAR� Transcription Factor Assay: PPAR� activity (PPAR� act) was determined in nuclear extracts from 
PBMC using ELISA-based kits, which allow the detection and quantification of PPAR� specific 
transcriptional activity (Cayman Chemical Europe). 

-Western Blot Analysis: The protein levels of the inhibitory subunit of NF�B I�B� and the pro-
inflammatory enzymes COX2 and iNOS were quantified by Western Blot analysis (WB) in cytosolic 
extracts from PBMC and the protein levels of PPARγ were quantified in nuclear extracts. The house 
keeping gene β-actin was used as loading control and the nuclear factor SP1 was used like loading 
control for PPARγ (blots shown in the respective figures). For clarity, in the figures two WB are 
presented, representative of all the samples studied (in each different gel, n = 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 % from control.  

Statistical analysis 

Differences between baseline characteristics for patients and controls were assessed using Chi-square, 
or nonparametric Mann-Whitney U tests, according to the distribution and scales of the variables.  

To assess the effect of psychotropic medication we calculated the potency equivalents compared to 
Chlorpromazine (following the international consensus method described by Gardner et al., 201037) and 
we performed linear regression models for each biomarker. 

To calculate the association between FEP and the level of biological markers, we used hierarchical 
logistic regression models. In order to explore mechanisms explaining the association, we used five 
models for each biological marker, in which we gradually controlled for potential confounders (age, 
gender, BMI, cannabis use per month and cotinine levels). Model 1 included the level of biological 
marker. Model 2 additionally included terms for age and gender. Model 3 additionally included BMI. 
Model 4 additionally included cannabis use per month and finally, Model 5 additionally included 
cotinine levels. Only biological markers significantly associated (p<0.05) with FEP in model 5 in the 
previous analyses were selected for the following steps. Logistic regression analyses were again 
calculated with the same system, and all the biological markers chosen were kept and analyzed together 
in a new model 1. Model 2 additionally included terms for age and gender. Model 3 additionally 
included BMI. Model 4 additionally included cannabis use per month. Model 5 additionally included 
cotinine levels (final model).  
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Multiple linear regression analysis were used to analyze the change between 6 and 12 months after 
diagnosis in each biological marker depending on the change in demographic (gender, age, BMI), clinical 
variables (DUP, GAF), antipsychotic medication (DDD), cannabis, tobacco (cotinine). 

 

RESULTS 

1.- Demographic and clinical features 

Table 1 presents the demographic and clinical characteristics of the FEP patients and healthy control 
group.   

22 from the 117 FEP subjects didn’t follow the 6 month period of study. Due to these early drop-outs, 
there were differences in the socioeconomic status between the groups that were not present at 
baseline. However, patient and control groups did not differ in gender, age and race, as the case-control 
matching had been designed.  

The FEP and control groups differed in BMI (24.65± 5.73 vs. 23.14 ± 3.16, p<0.05) and in percentage of 
active cannabis users (4 patients (5.1%) vs 14 controls (16%), p<0.05), although no differences were 
found in the number of cannabis cigarettes smoked per month. There were also differences in the 
number of tobacco smokers and in the number of tobacco cigarettes per month use (241.98 vs 45.38, 
p<0.05). Plasma levels of cotinine, the main metabolite of nicotine, appear also higher in patients than 
in controls (97.27±84.50 vs 26.28±49.31 ng/mL). 

PANSS mean total score was 40.29 ± 23.67 and the mean Global Assessment of Functioning score (GAF) 
was 72.08 ± 17.23. The mean age of psychosis onset was 24.37 ± 5.92 years, while the mean duration of 
untreated psychosis (DUP) was 68.58 ± 77.28 days. The 72.9% of the patients had been diagnosed of 
non-affective psychotic disorders. Only 17 subjects (20%) were oriented as affective disorders with 
psychotic features (bipolar, psychotic depression or schizoaffective disorder). Consequently, the Young 
and the Montgomery-Asberg scales mean scores were low (1.39 and 6.02, respectively).  

The mean age of psychosis onset was 24.37 ± 5.92 years, while the mean duration of untreated 
psychosis (DUP) was 68.58 ± 77.28 days. The 72.9% of the patients had been diagnosed of non-affective 
psychotic disorders. Only 17 subjects (20%) were oriented as affective disorders with psychotic features, 
as bipolar disorder, psychotic depression or schizoaffective disorder, so the Young and the Montgomery-
Asberg scales mean scores were low (1.39 and 6.02, respectively).  

Risperidone and aripiprazole were the most frequent antipsychotics used, while 21 (25.9%) patients had 
discontinued their antipsychotic treatment in the 6 month follow up period. The defined daily dose of 
chlorpromazine equivalents was 298.06 ± 303.16 mg/day. 

The multiple linear regression analysis made to elucidate whether the antipsychotic treatment modify 
the levels of any of the inflammatory and oxido/nitrosative markers studied showed that only the levels 
of PGE2 and d15PGJ2 are significantly modified for the effect of antipsychotic medication (p= 0.028 and 
0.006, respectively). 
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2.- Inflammatory and oxido/nitrosative markers in control and first-episode psychosis patients 

The nuclear transcription factor NF�B is a master regulator of the inflammatory and oxido/nitrosative 
(I&ON) status of a cell. In nuclear extracts from PMBC, its activity is increased in samples from FEP 
patients when compared with controls (Table 2 and Fig. 1a). Similarly, the expression of the main 
enzymatic source of I&ON soluble mediators, COX2, was significantly higher in FEP group than those in 
the control subjects, although the expression of iNOS was not different between groups (Table 2 and 
Fig. 1b and c). Interestingly, at this particular stage of the disease, the plasmatic levels of the I&ON 
markers in plasma PGE2, NO-

2 and TBARS were increased in FEP patients (Table 2 and Fig. 1d-e, 
respectively). 

3.- Antiinflammatory markers in control and first-episode psychosis patients 

Protein expression of the NF�B inhibitory subunit, I�B� (in cytosolic extracts were not decreased in 
patients compared to healthy subjects (Table 2 and Fig. 2a). However, plasma levels of the anti-
inflammatory prostaglandin 15d-PGJ2 were significantly lower in FEP patients than those in the control 
subjects (Table 2 and Fig. 2b). 

Given that 15d-PGJ2 acts as an endogenous ligand for PPAR�, which is considered a potent anti-
inflammatory transcription factor, we explored the expression (by WB) and transcriptional activity (by 
studying its ability to bind to its specific DNA response elements) of this receptor in nuclear extracts 
from PBMC. The WB analysis revealed lower PPAR� expression in patients when compared to controls 
(Table 2 and Fig. 2c). Moreover, the transcriptional activity of PPAR�, analyzed by its ability to bind to its 
specific DNA response elements, was also reduced in patients (Table 2 and Fig. 2d). 

 

4.- Multiple logistic regression analysis 

In the final model only six of the ten biological markers studied were significantly altered in FEP after 
controlling for all possible confounders (Table 3 and Supplementary Data 1). The resulting equation was 
[0.005 x PGE2] + [0.017 x COX2] + [0.369 x NO-

2] + [0.182 x TBARS] + [-0.832 x PPARγ act] + [-0.023 x 15d-
PGJ2] + [0.062 x gender (ref.female)] + [-0.194 x age] + [-0.070 x BMI] + [-0.014 x cannabis use per 
month] + [0.034 x cotinine level]). 

Among the pro-inflammatory markers, the highest OR observed was the NO-
2 (OR=1.447), meaning that 

for each unit increased of this biomarker, the risk40 of FEP increased by 44.7% [(e-0.369x1-1)x100] after 
controlling for remaining biological markers and all possible confounders (p=0.023)40. Similarly, the 
results were 20% for TBARS (n.s.), 1.7 % for COX2 (p=0.011) and 0.5% for PGE2 (n.s.). 

Among the anti-inflammatory markers, the PPARγ act variable had the lowest OR observed (OR=0.435), 
meaning that the association went in the inverse direction of pro-inflammatory markers, since the risk 
decreased by 56.5% [(e-0.832x1-1)x100] for each unit of increased biomarker after controlling for 
remaining biological markers and all possible confounders, although it was not significant (p=0.187). 
Similarly, the result for 15d-PGJ2 was 2.3% (p=0.001). 

PPARγ protein expression data were excluded of the multivariate analysis due to its small sample size, 
although it was significant (p<0.05) in its individual regression model controlled for all confounders. 
NFκB expression data were excluded of the multivariate analysis because it was not significant (p=0.175) 
in its individual regression model controlled for all confounders. 
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5.- Multiple linear regression analysis.  

By means of this analysis, it is possible to predict the change of each biological marker (from baseline to 
the follow-up point, 12 months) given the set of explanatory variables:  gender, age, BMI, cannabis use, 
plasma cotinine levels, the defined daily dose (DDD) of chlorpromazine equivalents, the DUP and the 
GAF scale score and the days from diagnostic to the blood sampling for basal values). Four (PGE2, COX2, 
NO-

2 and TBARS) of the six proinflammatory and oxido-nitrosative biological markers studied and two 
(15dPGJ2 and PPARγ activity) of the four antiinflammatory markers studied were significantly associated 
with some of the explanatory variables (Table 4 and Supplementary Data 2). 

Inflammatory and oxido/nitrosative markers: the increase in plasma levels of PGE2 from baseline to the 
follow up appears negatively related with DDD (for each DDD unit increased during these period, PGE2 
will decrease 0.733 units during follow up, once controlling the effect of the increase in the other 
explanatory variables). Also, PGE2 will decrease 3.387 units for each increase in one unit of cotinine 
plasma levels. Finally, PGE2 levels will increase 0.714 units for each day from diagnostic to the blood 
sampling for basal values. The PBMC expression of COX2 also appear related with cotinine: it will 
increase 0.672 units for each unit of cotinine levels increased from basal to follow up. 

The increase in nitrite levels, the main stable metabolite of NO and responsible of cellular and tissular 
oxido/nitrosative damage, appears also related to the explanatory variables chosen: NO-

2 increase by 
7.451 units more in female patients than in male patients, and decrease 0.19 units for each cigarette of 
cannabis smoked. The increase from basal to follow up TBARS levels in plasma, the final marker of 
systemic oxido-nitrosative stress appear also related: for each unit of GAF scale increase, TBARS 
decrease 0.12 units. Finally, for each day from diagnostic to the blood sampling for basal values, TBARS 
will increase 0.005 units.      

Antiinflammatory markers: plasma levels of PGJ2 from baseline to the follow up appear positively 
related with DDD (for each DDD unit during these period, PGJ2 will increase 0.333 units during follow up, 
once controlling the effect of the increase in the other explanatory variables). Finally, the activity of 
PPARγ will decrease 0.033 units for each point in GAF score and 0.75 units for each year of age. 

 

DISCUSSION 

In this follow-up study we have strengthen the evidence of systemic inflammatory alterations in patients 
diagnosed of FEP. Previously, with this same cohort of patients, we described phenotypical differences 
in pro-inflammatory mediators at the cellular machinery level in PBMC, but the resultant soluble 
elements were not significantly altered (García-Bueno et al., 2013). However, 6 months later the great 
majority of soluble elements analyzed already appear significantly altered, suggesting the existence of a 
pro/antiinflammatory balance more deregulated and potentially more harmful, as can be observed by 
the lipid peroxidation (TBARS) data found. 

One possible limitation to explain the results reported in our first study would be that the observed 
changes might be related to stress perception. It is known that a stress component could be one of the 
factors implicated in the onset of the FEP (rev. in Holtzman et al., 2013). Indeed, psychosocial and/or 
physical stress could contribute to the observed shift towards enhanced pro- vs. anti-inflammatory 
signalling (García-Bueno et al 2008). However, past and current complementary results show that the 
deregulation of the inflammatory balance is permanent (and even worse) in male, chronic schizophrenic 
inpatients in acute relapse phase (Martínez-Gras et al., 2011) with a history of psychosis of 12.73 yrs. 
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This evolution could suggest that the inflammatory process found is not only due to acute stress 
exposure in the beginning of FEP. 

The multivariate logistic regression analysis conducted allow us to identify the plasmatic levels of the 
markers of oxidative/nitrosative damage NO2

- and TBARS and COX-2 protein expression in PBMC as the 
most reliable potential risk factors. As occured in our previous study, the plasmatic levels of the 
antiinflammatory mediator 15d-PGJ2 might be used as potential protection factor for FEP. 

In addition, due to our current longitudinal approach we were able to analyze the significant changes of 
every biological marker between 6 months after the inclusion of the patients and one year, in 
correlation to the respective changes of clinical characteristics and confounding factors. Especially 
remarkable is the result regarding the associations between antipsychotic dose and the change in the 
plasma levels of PGE2 (inverse) and 15d-PGJ2 (direct). Indeed, these results suggest that one of the 
therapeutic mechanisms of antipsychotic therapy is the restoration of the pro/antiinflammatory 
balance, disrupted in FEP. It is worth noting that the 25.9% of the FEP patients here recruited were 
under medication with risperidone. In the last years, it has been shown that this atypical antipsychotic 
normalizes increased inflammatory mediators (cytokines and prostaglandins) and restores anti-
inflammatory pathways in murine models of neuroinflammation elicited by lipopolysaccharide (LPS) 
(Sugino et al., 2009; MacDowell et al., 2013). Others antipsychotics used, such as olanzapine (7.4%) or 
clozapine (7.4%), also reduced PGE2 concentration in rat brain in chronic administration (Cheon et al., 
2011; Kim et al., 2012). A recent study using a SNP-based analysis of neuroactive pathways implicated 
PGE2 as a mediator of the effects of risperidone, olanzapine and quetiapine (also used by 6.2% of the 
patients of our study), using data from the CATIE trial60. 

The correlation results between medication with antipsychotics and the restoration of the 
pro/antiinflammatory balance in FEP represent an important finding supporting the establishment and 
completion of clinical trials using antiinflamamtory drugs as co-adjuvant strategy to antipsychotics in 
schizophrenia (Sommer et al., J Clin Psychiatr 2011). 

The multiple linear regression analysis results also support the idea that cigarette smoking can activate 
inflammatory pathways and may represent an important confounding factor. The differential effects of 
cigarettes consume in COX-2 levels in PBMCs and in the content of its main pro-inflammatory product 
PGE2 in plasma should be carefully evaluated. COX-2 is a complex enzyme expressed both in brain and in 
PBMCs, capable to produce pro and antiinflammatory mediators in different phases of its activity to 
resolve inflammation, depending of the nature and the level of the stimulus. It is possible that the 
increase in COX-2 levels observed was related to a correspondent rise in the levels of other 
antiinflammatory products, such as 15d-PGJ2, that modulates a massive production of PGE2. In fact, the 
levels of 15d-PGJ2 directly correlate with cotinine levels, although this correlation did not reach 
statistical significance (p=0.225). Indeed, it is well know that nicotine could activate COX-2 and PGE2 
synthesis in brain and other peripheral tissues (De Simone et al., 2005; Toledano et al., 2010; Huang et 
al., 2011), but on the other hand, other authors have found that a lower dose of nicotine could be 
antiinflammatory by the inhibition of proinflammatory mediators in human monocytes by suppression 
of NF-κB transcriptional activity through nicotinic acetylcholine receptor α7 (Yoshikawa et al., 2006). 
Although there are no studies reporting nicotine effects on 15d-PGJ2 levels, nicotine can up-regulate 
PPARγ in dendritic cells and in monocyte/macrophages from healthy smokers (Yanagita et al., 2012; 
Amoruso et al., 2007). Further research is warranted to elucidate the relationship between both 
antiinflammatory pathways in physiological and pathological conditions. 

Cannabis use is also related to immune alterations and constitutes a possible confounding factor that 
should be controlled. Supporting this idea, our correlation analysis results show how the cannabinoids 
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use per month negatively correlates with the levels of the stable metabolites of NO, nitrites in plasma. 
This specific antioxidant profile of some of the cannabinoids present in the consumed preparations of 
Cannabis Sativa, such as cannabidinol for example, have been demonstrated in different 
neuropathological scenarios (Ruiz-Valdepeñas et al., 2011; Esposito et al., 2006, 2007). The biological 
relevance of the correlation here found needs to be explored, for example in a vascular context, where 
endocannabinoids actions are complex (Randall et al., 2004), and could be altered by exogenous 
cannabinoid use. 

From a clinical point of view, the inverse relationship found here between GAF scale and TBARS plasma 
levels is particularly relevant to provide scientific evidence to support a direct role for 
oxidative/nitrosative stress cellular damage in the general symptomatology of FEP and, possibly, in 
other disorders that course psychotic symptoms. Similarly, in a comparable cohort of patients, it has 
been reported that cognitive impairment (in learning and memory) is related to oxidative stress in FEP 
(Martínez-Cengotitabengoa et al., 2012).  

As previously said, the longitudinal design let us analyse the temporal evolution of the mild 
inflammatory response that it is taking place in FEP patients. The comparison of the data obtained in the 
two selected time-points perfectly illustrates the complexity and the continuous dynamic changes of the 
inflammatory response in the natural course of incipient psychosis. This complexity is one of the causes 
why there are so many controversy regarding the specific role of inflammatory mediators in the patho-
physiology of the different types of psychotic disorders. Indeed, the nature and/or severity of activated 
inflammatory responses in schizophrenia may critically change as a function of disease progression 
(Meyer et al., 2011), and the design and proper use of therapeutical strategies based of 
antiinflammatory drugs are difficult, producing in the great majority of the cases only relatively modest 
improvement in clinical symptoms in the early stage of schizophrenia (Sommer et al., 2011). 

The results of the multivariate analysis show potential risk/protective factors common both in baseline 
and follow up visits. This is the case of COX-2 protein levels in PBMC as risk factor and 15d-PGJ2 plasma 
levels as putative protection factor. However other plausible biomarkers have lost its validity (i.e. IκBα). 
These results illustrate how one inflammatory biomarker could be useful in a limited phase of the 
natural course of the disease (status biomarker), but others are more general for all the phases of the 
disease (trait biomarker), as has been recently shown for the case of specific cytokines (Miller et al., 
2011). 

Although nowadays we are seeing a reformulation of the traditional conception of the psychotic illness 
(Insel et al., 2010), being considered as a heterogeneous disorder with a multisystemic impact from the 
onset in addition to its psychiatric expression (Kirkpatrick, 2009), one limitation of the data here 
reported is their systemic nature. Indeed, there is a need to corroborate our findings in brain areas 
related to schizophrenia to elucidate whether the alterations of these inflammatory risk/protection 
biomarkers could have etiological relevance and not only utility for diagnosis and monitoring the 
evolution of the disease. Recent studies compared the same immune biomarkers (cytokines such as 
IFNγ) in plasma and in post-mortem brain tissue from control and subjects with schizophrenia and found 
the same alterations in both compartments, validating the concept that schizophrenia can be 
investigated through studies of systemic biomarkers (Harris et al., 2012). In addition, a recent review 
suggested a link between peripheral inflammatory/immune processes and MRI detected anomalies in 
the brain of individuals with schizophrenia (Frodl and Amico, 2013). Furthermore, there are already 
studies in post-mortem brain tissue from subjects with schizophrenia showing increased levels of some 
of the pro/antiinflammatory and oxido/nitrosative stress markers studied here (NF-κB, COX-2, TBARS)  
(Rao et al., 2013; Tang et al., 2012; Wang et al., 2009). 
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All these findings suggest an active role of this pro/anti-inflammatory signalling pathway in the 
pathophysiology of the disorder, which support that the possible mechanism/s are not only related to 
the oxidative/nitrosative cellular damage. Thus, some authors have explored the possibility that 
abnormalities in prostaglandins and other lipids content in the brain of subjects with schizophrenia 
could alter synaptic monoaminergic neurotransmission and affect cognition as a result (Orešič et al., 
2012). In other approach, some authors have proposed that prostaglandins (PGE2) could be implicated in 
the up-regulation of the endogenous glutamate NMDA receptor antagonist kynurenic acid found in the 
brain of subjects with schizophrenia, which contributes to the pathogenesis of the disease, linking the 
dopamine hypothesis of schizophrenia together with the idea of a deficiency in glutamatergic function 
(Erhardt et al., 2007). Regarding the antiinflammatory side of the balance, classical studies showed that 
PGD2 stimulated the production of cyclic AMP (cAMP) and thereby exerted functional antagonism of 
dopamine-D2 receptors58. Therefore, PGD2 and its metabolites could be counteracting the biochemical
and behavioural effects of dopamine and deficient PGD2/PGJ2 signalling in the brain could influence 
dopamine transmission59. In addition to its antiinflammatory actions, PPARγ may directly regulate 
glutamatergic neurotransmission at NMDA receptor level (Salehi-Sadaghiani et al., 2012; Almasi-
Nasrabadi et al., 2012), which has been involved in positive symptoms of schizophrenia (Stone et al., 
2007). PPARγ is a master regulator of glucose metabolism and it has been proposed that alterations in 
its normal activity could be implicated in some of the metabolic disruptions originated as side effects by 
chronic antipsychotic medication (rev. in Rolland et al., 2013). 

Recently, the pharmacological modulation of PPARγ has been presented as a new treatment for 
neurocognitive deficits associated with mood and psychotic disorders57. However our correlation 
analyses indicate that PPAR activity present a negative correlation with GAF scale between de two time 
points considered. It is possible that PPARγ activity increases as an endogenous mechanism of response 
when the severity of the symptoms is greater, but this possibility needs to be corroborated in more 
advanced pathological states. Indeed, it is mandatory to re-evaluate the utility of PPARγ as therapeutic 
target to improve neurocognitive deficits because its chronic exogenous activation could produce 
metabolic and cardiovascular alterations that masks its neuroprotective actions. In this vein, a recent 
pilot clinical trial, PPARγ synthetic ligand rosiglitazone failed in the improvement of cognitive deficits in 
clozapine-treated patients with schizophrenia (Zhenghui et al., 2012).  

Some limitations in this study should be noted: Firstly, we used a single control group instead of using 
two, one from healthy subjects and another including other psychiatric conditions, with the aim to 
control and increase the specificity of our results. In fact, changes in both inflammatory and anti-
inflammatory COX derived pathways occur after acute and chronic stress exposure23,30. However, the 
results here presented need to be confirmed in human samples from other neuropsychiatric disorders, 
such as depression or bipolar disorder.  

Second, 74.1% of the FEP patients included in our study were receiving atypical antipsychotic treatment, 
and there is some evidence on their potential anti-inflammatory effects13-15, most of them at anti-
cytokine level. Nevertheless, we have tried to control the possible confounding effect of antipsychotic 
treatment through the multiple linear regression analysis and we found the inverse association between 
antipsychotic dose and the change in the plasma levels of PGE2 and the direct association with 15d-PGJ2 
discussed previously.  

Third, a small group (8.4%) of patients required lithium. Although there are no clear references about 
lithium and inflammation, given the broad pharmacological effects of this compound, the possibility of 
being a confounding factor was also assessed. However, the result did not modify the association 
showed in this study.  
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Fourth, the total number of subjects taking part of this study is 117 patients and 106 matched controls 
but we could not measure all of the parameters in all the subjects from the baseline visit to the 12-
month visit. In general, for the parameters measured in plasma (i.e. the two prostaglandins) almost all 
subjects were used, but for the determinations made in the cytosolic/nuclear extracts of PBMC some 
methodological limitations existed and the quantity of sample obtained was relatively low. With this 
limitation in mind we have tried to get a reasonable number of subjects for each parameter studied to 
carry out a reliable statistical analysis. In addition, we have checked if the sociodemographic 
characteristics were modified for this reason. No major changes were found between the differences in 
the whole sample and those in the subsets that were finally analyzed. 

It is worth noting that PPAR� protein expression data was not chosen and kept together with the other 
markers selected because of its small sample size, although it was significant in its individual regression 
model controlled for all confounders. Keeping this data in mind we cannot discard a role for PPARγ as a 
potential protective factor in FEP patients. In fact PPARγ expression and activity are significant in the 
two-tailed Chi-square tests on categorical data used to identify differences between baseline 
characteristics for patients and control subjects, both in our study and in inpatients subjects with 
schizophrenia in acute relapse phase24. 

Despite these limitations, we believe that our study has identified vulnerability conditions related to 
PBMC pro/ anti-inflammatory pathways in FEP in a sample of Spanish patients, which warrant greater 
attention in future investigations. Furthermore, key strengths of the study deserve mention: the sample 
of patients was very homogeneous according to the time frame of inclusion, the phase of the illness and 
originated from specific areas of two major and three middle European cities (Garcia-Bueno, Bioque et 
al. 2013). The diagnostic evaluation was performed with a very comprehensive protocol and inclusion-
exclusion criteria were applied in a strict manner (Bernardo, Bioque et al. 2013). Finally, another unique 
feature of the study is that it includes a wide spectrum of biochemical inflammatory markers both in 
plasma samples and peripheral blood mononuclear cells, allowing in-depth insights and relationships 
between multiple components of the pro- and anti-inflammatory signalling pathways. 

Efforts in describing biological markers for schizophrenia in pathway approaches are claimed by 
psychiatrists as tools to help early diagnosis and monitor evolution of the disease; this would greatly 
assist preventive strategies by identifying at-risk individuals who should be monitored and treated 
appropriately to minimize subsequent morbidity. 

In conclusion, in this follow-up study we have corroborated the existence of a deregulated systemic 
pro/anti-inflammatory balance in FEP, which becomes more severe during the initial period of time after 
the diagnosis of a FEP. The results of the multivariate analysis applied show potential risk/protective 
factors in both time points studied (COX-2 protein levels in PBMC and 15d-PGJ2 plasma levels) that can 
be considered trait markers, and others specific of each one or state biomarkers (IκBα protein levels and 
NO2

- and TBARS content in the cytosolic extract of PBMC). The more striking results come from the 
analysis of the multiple linear regression approach made, which shows how one of the targets of 
antipsychotic treatment is the restoration of the inflammatory balance. In addition, our results 
corroborate the need to control cigarette and cannabis use as confounding factors every time that 
immune/inflammatory alterations are reported in psychotic disorders, and possibly in other psychiatric 
pathologies too. Finally, from a clinical point of view, the inverse correlation between the final product 
of oxidative/nitrosative cellular damage TBARS and the GAF scale found is especially relevant to justify 
the onset and development of antioxidant/anti-inflammatory therapeutical strategies not only for 
established schizophrenia but in earlier stages of a psychotic disorder.  
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Table 1.- Demographic and Clinical Characteristics. 

Characteristic Patients 
(N=85) 

Controls 
(N=106) 

Demographic characteristics 

Age – years 25.21 ± 6.03 25.18 ± 6.79 

Sex – no. (%) 
     Male 60 (70.6) 70 (66.0) 
     Female 25 (29.4) 36 (34.0) 
Socioeconomic status 
   High 16 (18.8) 14 (13.2) 
   Medium-High 7 (8.2) 17 (16.0) 
   Medium 30 (35.3)* 54 (50.9) 
   Medium-Low 24 (28.2) 19 (17.9) 
   Low 8 (9.4)* 2 (1.9) 
Ethnic Group 

Caucasian 79 (92.9) 96 (90.6) 
Gipsy 1 (1.2) 0 (0) 
Maghrebian 1 (1.2) 2 (1.9) 
Asian 1 (1.2) 0 (0) 
Caribbean 1 (1.2) 0 (0) 
Hispanic 2 (2.4) 6 (5.7) 
Other 0 (0) 2 (1.9) 

Age of psychosis onset 24.37 ± 5.92 - 
Duration of Untreated Psychosis (DUP) - days 68.58 ± 77.28 - 
Duration of illness (DOI) - days 690.33 ± 320.89 
Diagnosis – no. (%) 
     Affective Psychosis 
     Non-affective Psychosis 

17 (20.0) 
62 (72.9) 

- 
- 

     Drugs Psychosis 6 (7.1) 
Psychopathology score 
PANSS 
     Total  
     Positive 
     Negative 
     General 

40.29 ± 23.67 
8.01 ± 5.03 

11.76 ± 8.15 
20.52 ± 11.99 

- 
- 
- 
- 

YOUNG 1.39 ± 3.57 - 
Montgomery-Asberg 6.02 ± 6.94 
Overall functioning score (GAF) 72.08 ± 17.23 - 
Baseline Antipsychotic medication – no. (%) 
     Risperidone 
     Olanzapine 
     Aripiprazole 
     Paliperidone 
     Clozapine 
     Quetiapine 
     Ziprasidone 

21 (25.9) 
6 (7.4) 

15 (18.5) 
5 (6.2) 
6 (7.4) 
5 (6.2) 
2 (2.5) 

- 
- 
- 
- 
- 
- 
- 



76 

     None 21 (25.9) - 
Defined Daily Dose of chlorpromazine equivalents – mg 298.06 ± 303.16 - 
Lithium use – no. (%) 7 (8.4) - 
Body Mass Index 24.65 ± 5.73 * 23.14 ± 3.16 
Cannabis use - no. (%) 4 (5.1) * 14 (16.0) 
Cannabis use per month – no. cigarettes 1.09 ± 6.37 1.15 ± 6.36 
Tobacco use – no. (%) 
Tobacco use per month – no. cigarettes 

54 (65.1)* 
241.98 (254.11)* 

25 (29.4) 
45.38 (119.31) 

Cotinine – ng/mL 97.27 ± 84.50* 26.28 ± 49.31 
* p – value < 0.05

Table 2 Biological markers 

Characteristic Patients 
(N=73) 

Controls 
(N=106) 

statistics df p value 

INOS 107.92 ± 54.89 96.60 ± 40.50 U=2796.0 - 0.320 
COX2 235.34 ± 176.51 94.58 ± 61.92 U=1230.0 - <0.001 
NFkB 5.75±2.87 4.36±3.28 U=709.0 - <0.001 
PGE2 664.41 ± 569.50 373.35 ± 264.95 U=2309.5 - <0.001 
NO2 17.97 ± 7.28 12.75 ± 4.67 U=1337.0 - <0.001 
TBARS 4.48 ± 1.78 2.68 ± 2.69 U=1509.0 - <0.001 
iKBa 104.22 ± 84.78 103.66 ± 47.13 U=2627.0 - 0.113 
d15PGJ2 418.69 ± 155.34 618.87 ± 158.42 U=1101.0 - <0.001 
PPARg 56.25 ± 50.87 103.12 ± 27.92 U=143.0 - <0.001 
PPARgAct 1.14 ± 0.57 1.88 ± 1.45 U=2055.0 - <0.001 

Table 3. Multivariate logistic regression analysis 

B SE Wald OR IC 95% p value

PGE2 0.005 0.002 3.721 1.005 1.000-1.009 0.054
COX2 0.017 0.007 6.509 1.017 1.004-1.031 0.011
NO2 0.369 0.163 5.137 1.447 1.051-1.991 0.023
TBARS 0.182 0.162 1.269 1.200 0.874-1.649 0.260
PPARyAct -0.832 0.631 1.741 0.435 0.126-1.498 0.187
d15PGJ2 -0.023 0.007 10.099 0.977 0.963-0.991 0.001
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Table 4. Multiple linear regression analysis 

 PGE2 COX2 NO-
2 TBARS PGJ2 PPARg act. 

Gender -45.635 -37.395 7.451 1.793 -31.095 -0.179 

Age -5.010 -0.462 -0.042 0.108 -11.284 0.075 

Body Mass Index -1.898 5.596 -0.038 -0.217 2.463 -0.141 

Antipsychotic DDD -0.733 0.148 0.006 -0.001 0.333 0.000 

DUP 1.020 0.187 0.019 -0.013 -0.025 0.003 

DOI 0.714 -0.047 0.001 0.005 -0.057 0.000 

GAF -3.401 2.490 0.122 -0.120 0.783 -0.033 

Cannabis use per month -0.619 -1.296 -0.190 0.015 0.994 -0.003 

Cotinine plasma levels -3.387 0.672 0.001 0.001 0.503 0.002 

 

Changes of each biological marker (from baseline to the follow-up point) depending on demographic 
and clinical variables. The bold values in the table represents the values reaching statistical significance 
(p-value<0.05) BMI: Body Mass Index, DDD: defined daily dose of antipsychotic chlorpromazine 
equivalents; DUP: Duration of Untreated Psychosis, DOI: Duration of illness (number of days between 
the first-episode psychosis onset and the study follow up visit), GAF: Global Assessment of Functioning 
scale. 
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Figure legends: 

Fig. 1. Mean differences (SD) on proinflammatory biomarkers between FEP and controls (univariate 
analysis). (a) NFκB activity in PBMC nuclear extracts from FEP patients (n = 85) and controls (n = 35); (b) 
Western blot analysis of proinflammatory proteins COX-2 (patients n = 85, controls, n = 88); (c) iNOS in 
PBMC cytosolic extracts from FEP patients (n = 85) and controls (n = 88); and (d) proinflammatory 
prostaglandin E2 (patients n = 85, controls, n = 104); (e) plasma levels of nitrites (NO2−; patients n = 85, 
controls, n = 61); (f) thiobarbituric acid reactive substances (patients n = 85, controls, n = 104). AU: 
arbitrary units. Two-tailed nonparametric Mann-Whitney U test was used. ° represents an atypical value 
and * an extreme value. 

Fig. 2. Mean differences (SD) on anti-inflammatory biomarkers. (a) Western blot analysis of IκBα in 
PBMC cytosolic extracts (patients n = 85, controls, n = 88); (b)plasma levels of anti-inflammatory 
prostaglandin 15d-PGJ2 (patients n = 85, controls, n = 104); (c) Western blot analysis of peroxisome 
proliferator activated receptor γ (PPARγ; patients n = 85, controls, n = 16); and (d) transcriptional activity 
of PPARγ (patients n = 85, controls, n = 87) in PBMC nuclear extracts. Two-tailed t test was assessed for 
PPARγ protein levels, and for the rest of variables, two-tailed nonparametric Mann-Whitney U test was 
used. ° represents an atypical value and * an extreme value. 
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Peripheral Endocannabinoid System Dysregulation in
First-Episode Psychosis

Miquel Bioque*,1, Borja Garcı́a-Bueno2,3, Karina S MacDowell2,3, Ana Meseguer1, Pilar A Saiz4,
Mara Parellada5, Ana Gonzalez-Pinto6, Roberto Rodriguez-Jimenez3, Antonio Lobo7, Juan C Leza2,3,
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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.

Neuropsychopharmacology advance online publication, 31 July 2013; doi:10.1038/npp.2013.165

Keywords: biomarker; cannabis; endocannabinoid system; first episode of psychosis; schizophrenia

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

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 (10mmol/l N-2-hydroxyethylpiper-
azine-N0-2-ethanesulfonic acid (pH 7.9); 1mmol/l EDTA,
1 phenylmethylsulfonyl fluoride, 0.1mg/ml aprotinin,
1mg/ml leupeptin, 1mg/ml Na-p-tosyl-L-lysine-chloro-
methyl ketone, 5mmol/l NaF, 1mmol/l NaVO4, 0.5mol/l
sucrose, and 10mmol/l Na2MoO4). After 15min, 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
5min. 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, 1M 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 357.33mg/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±65.05AU, p¼ 0.006; Figure 2b),
and lower DAGL expression (69.29±25.97 vs 108.01±
43.21AU, 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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6- DISCUSSION 

In the first study, we found evidence of systemic inflammatory conditions in 

patients diagnosed of FEP. Specifically we identified a significant increase in some 

intracellular components of a main pro-inflammatory pathway, along with a 

significant decrease in the anti-inflammatory ones. These results describe an 

imbalanced pro-inflammatory phenotype in FEP patients. The multivariate logistic 

regression analyses conducted allows us to identify Hcy plasma levels, along with 

iNOs and COX2, as the most reliable potential risk factors, and I�B� and 15d-PGJ2 

as potential protection factors. 

In the 6 months follow-up study we have strengthen this evidence of 

systemic inflammatory alterations in patients diagnosed of FEP. In the baseline 

study we described phenotypical differences in pro-inflammatory mediators at the 

cellular machinery level in PBMC, but the resultant soluble elements were not 

significantly altered. However, 6 months later the great majority of soluble 

elements analyzed already appear significantly altered, suggesting the existence of 

a more deregulated pro/anti-inflammatory balance (and potentially more harmful) 

as can be observed by the lipid peroxidation (TBARS) data found. In this follow-up 

study, the multivariate logistic regression analysis conducted allowed us to identify 

the plasmatic levels of the markers of oxidative/nitrosative damage NO2
- and 

TBARS and COX-2 protein expression in PBMC as the most reliable potential risk 

factors.  

These results indicate phenotypical differences at the cellular machinery 

level in PBMC of patients in an initial clinical setting of the disorder (the first 

episode), in which around the 80% of the patients may be at the beginning of a 

multi-episode chronic severe mental illness such as schizophrenia or bipolar 

disorder [131]. 

The continued search for quantifiable biological markers is particularly useful 

for the widely known difficulties in the diagnosis of psychiatric diseases [132]. 

Efforts in describing biological markers for schizophrenia in pathway approaches are 

claimed by psychiatrists as a tool for early diagnosis and also for monitoring the 

evolution of the disease; this would greatly assist preventive strategies by 

identifying at-risk individuals who could then be monitored and treated in a manner 

with a view to minimizing subsequent morbidity. In this vein, the results of the 

multivariate analysis applied in these studies are of special translational importance 

because it tries to simulate what actually happens in biological pathways, including 

both pro and anti-inflammatory markers in the same statistical model and allowing 
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them to interact even with possible socio-demographic and clinical confounders. So 

in the clinical practice we would be able to calculate the association between FEP 

and one of the markers (for example iNOS), once the influence of other markers 

(PGE2, COX2, Hcy and 15d-PGJ2) and confounders (age, sex, BMI, cannabis and 

tobacco use per month) have been controlled. The association calculated is quiet 

stable as this did not change after adjusting for possible confounders. The strength 

of the association was supported by the stability of OR in the different models 

calculated, because changes in OR were minor and occurred in upper direction only 

at decimal places. Due to its soluble nature, a notable finding in both studies is that 

the anti-inflammatory mediator 15d-PGJ2 might be used as plasmatic biomarker for 

FEP. 

There are few studies focused on diagnostic tools in FEP. Some 

neuroimaging studies indicate subtle brain abnormalities [13], and others clinical 

subtle symptoms [133]. In terms of inflammation our results coincide with these 

findings: while the soluble final products are not significantly modified, their 

enzymatic sources iNOS and COX2, both inducible isoforms regulated by the 

I�B�/NF�B pathway are over-expressed in PMBC [134, 135]. Thus, our results 

suggest that FEP patients are at the onset of the inflammatory process. It has to be 

taken into account that the great majority of studies reporting 

inflammatory/immune alterations in this pro/anti-inflammatory pathway are 

described in full-blown, chronic patients with schizophrenia [53, 56, 58, 136-139]. 

In this subpopulation tissue o plasma antioxidant mechanisms might be exhausted 

[140].  

Similarly, hyperhomocysteinemia can cause oxidative stress via a number of 

mechanisms (such as auto-oxidation) to form reactive oxygen species or increased 

lipid peroxidation [77]. Previous studies indicated that high levels of Hcy associate 

with oxidative stress in schizophrenia, showing a correlation between the increased 

amount of Hcy and nitrotyrosine in plasma proteins or plasma TBARS, thus being 

considered as a risk factor for the disease [78, 79]. In this vein, our multivariate 

statistical approach has identified Hcy levels as a very reliable risk factor for FEP. 

On the other hand, we found also a decrease in the anti-inflammatory 

counterbalancing pathway, mainly controlled by 15d-PGJ2. Indeed, this mechanism 

is considered as a possible endogenous regulator of the inflammatory response in 

neurodegenerative conditions and stress-related diseases [47]. It has been recently 

described a decrease in this anti-inflammatory pathway in chronic schizophrenic 

inpatients in acute relapse phase [56]. Now, the data presented in our studies 

indicate that the changes in 15d-PGJ2/PPAR� pathway are also present at the very 

early stages of the disease. 
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 These results suggest an active role for the anti-inflammatory signaling 

pathway in the pathophysiology of the disorder, which opens up the possibility of 

using pharmacological strategies involving the stimulation of the PPAR� activity. Of 

special interest is the possible use of some thiazolidinediones, which are potent 

agonists of PPAR�, widely used as insulin-sensitizing drugs for the treatment of 

type 2 diabetes [141]. The pharmacological activation of PPAR� can be considered 

as a multi-faceted therapeutic target due to its anti-inflammatory/antioxidant/anti-

excitotoxic/pro-energetic profile, reported in some inflammatory-related scenarios 

(neurological and stress-related diseases) [47, 142]. The pharmacological 

modulation of PPAR� has been presented as a putative treatment for neurocognitive 

deficits associated with mood and psychotic syndromes [143]. 

 Due to the longitudinal design, we were able to analyze the significant 

changes of every biological marker between 6 months after the inclusion of the 

patients in correlation to the respective changes of clinical characteristics and 

confounding factors. Especially remarkable is the result regarding the associations 

between antipsychotic dose and the change in the plasma levels of PGE2 (inverse) 

and 15d-PGJ2 (direct), suggesting that one of the therapeutic mechanisms of 

antipsychotic therapy is the restoration of the pro/anti-inflammatory balance, 

disrupted in FEP. It is worth noting that the around 26% of the FEP patients 

recruited were being treated with risperidone. In the last years, it has been shown 

that risperidone normalizes increased inflammatory mediators (cytokines and 

prostaglandins) and restores anti-inflammatory pathways in murine models of 

neuroinflammation [57, 144]. Chronic administration of others antipsychotics, such 

as olanzapine (7.4%) or clozapine (7.4%), also reduced PGE2 concentration in rat 

brain [145]. A recent study using a SNP-based analysis of neuroactive pathways 

implicated PGE2 as a mediator of the effects of risperidone, olanzapine and 

quetiapine (also used by 6.2% of the patients of our study) [146]. The correlation 

results between medication with antipsychotics and the restoration of the pro/anti-

inflammatory balance in FEP represent an important finding supporting the 

establishment and completion of clinical trials using anti-inflammatory drugs as co-

adjuvant strategy to antipsychotics in schizophrenia [55]. 

 From a clinical point of view, the inverse relationship found here between 

GAF scale and TBARS plasma levels is particularly relevant to provide scientific 

evidence to support a direct role for oxidative/nitrosative stress cellular damage in 

the general symptomatology of FEP and, possibly, in other disorders that course 

psychotic symptoms. Similarly, in a comparable cohort of patients, it has been 

reported that oxidative stress is related to cognitive impairment (in learning and 

memory) in FEP [147]. 
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All these findings suggest an active role of this pro/anti-inflammatory 

signaling pathway in the pathophysiology of the disorder, which support that the 

possible mechanism/s are not only related to the oxidative/nitrosative cellular 

damage. Thus, some authors have explored the possibility that abnormalities in 

prostaglandins and other lipids content in the brain of subjects with schizophrenia 

could alter synaptic monoaminergic neurotransmission and affect cognition as a 

result [148]. In other approach, some authors have proposed that prostaglandins 

(PGE2) could be implicated in the up-regulation of the endogenous glutamate NMDA 

receptor antagonist kynurenic acid found in the brain of subjects with 

schizophrenia, which contributes to the pathogenesis of the disease, linking the 

dopamine hypothesis of schizophrenia together with the idea of a deficiency in 

glutamatergic function [149]. Regarding the anti-inflammatory side of the balance, 

classical studies showed that PGD2 stimulated the production of cyclic AMP (cAMP) 

and thereby exerted functional antagonism of dopamine-D2 receptors [150]. 

Therefore, PGD2 and its metabolites could be counteracting the biochemical and 

behavioral effects of dopamine and deficient PGD2/PGJ2 signaling in the brain could 

influence dopamine transmission [151].  

In addition to its anti-inflammatory actions, PPAR� may directly regulate 

glutamatergic neurotransmission at NMDA receptor level [152, 153], which has 

been involved in positive symptoms of schizophrenia [154]. PPAR� is a master 

regulator of glucose metabolism and it has been proposed that alterations in its 

normal activity could be implicated in some of the metabolic disruptions originated 

as side effects by chronic antipsychotic medication [155]. Recently, the 

pharmacological modulation of PPAR� has been presented as a new treatment for 

neurocognitive deficits associated with mood and psychotic disorders. However our 

correlation analyses indicate that PPAR activity present a negative correlation with 

GAF scale between the two time points considered. It is possible that PPAR� activity 

increases as an endogenous mechanism of response when the severity of the 

symptoms is greater, but this possibility needs to be corroborated in more 

advanced pathological states. Indeed, it is mandatory to re-evaluate the utility of 

PPAR� as therapeutic target to improve neurocognitive deficits because its chronic 

exogenous activation could produce metabolic and cardiovascular alterations that 

masks its neuroprotective actions. In this vein, a recent pilot clinical trial, PPAR� 

synthetic ligand rosiglitazone failed in the improvement of cognitive deficits in 

clozapine-treated patients with schizophrenia [156]. 

After the analysis of the most common SNP variables of pro/anti-

inflammatory mediators, the lack of correlation with their studied gene variants 

could suggest a possible role for epigenetic factors, other less studied SNPs or other 
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candidate genes, as well as the necessity of new methods to detect genetic effects. 

For example, a recent study used a SNP-based analysis of neuroactive pathways 

implicates PGE2 as a novel mediator of antipsychotic treatment response using data 

from the multiphase, randomized controlled trial CATIE [146]. On the other hand, 

the absence of findings related to genetic makers and the lack of any clinical 

correlates of the biomarkers here studied raises the issue of whether the effects 

reported could be reflecting an epiphenomenon related to stress or metabolic 

complications, rather than a mechanism contributing to symptomatic expression of 

the illness.  

 Regarding the ECS 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 to matched, healthy controls. After controlling for possible 

confounders, the group of FEP showed a significantly reduced expression of the ECS 

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. Taking into account 

that prolonged cannabis use is a risk factor to develop a psychotic disorder [31, 99] 

the FEP group was subdivided for further statistical analyses. The patient subgroup 

with a history of heavy cannabis use showed a lower CB2 receptor expression, 

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 [93, 157]. Our results agree with the described relationship between a 

diminished CB2 function (polymorphism Q63R) and an increased susceptibility to 

schizophrenia [91], 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 [86, 88]. The synthesis of endocannabinoids could be a 

defense mechanism adopted by the brain in a psychotic state [95, 158]. A lower 

expression of CB2 in the group of FEP might indicate a loss of this protector 

system.  

 Leweke et al. found CSF elevated AEA levels in patients with schizophrenia 

[94]. Later studies 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 [95, 159]. At peripheral level, Di Marchi et al. found 

elevated AEA levels in blood from a small sample of patients with acute 

schizophrenia [92]. Clinical remission was accompanied by a significant drop in the 
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AEA levels and the mRNA transcripts for CB2 and FAAH, suggesting that during the 

acute phase of schizophrenia the ECS signaling might be altered not only in the 

CNS but also in the blood [92]. Finally, it has been recently reported specific 

alterations in the levels of some endocannabinoids in different brain regions of 

post-mortem brain tissue form subjects with schizophrenia [96]. 

 In addition to schizophrenia, several studies in neuroinflammatory diseases 

(multiple sclerosis, Huntington's and Parkinson's diseases) have described ECS 

alterations in the CNS as well as in PBMC [81, 87]. Non-neuronal cell populations 

play an active and contributory role in the pathogenesis of these neurodegenerative 

disorders [160], and signs of neuroinflammation can be detected preceding 

neuronal loss [161]. In these CNS pathologies, it can be expected that 

endocannabinoid concentrations in the circulation and brain are in equilibrium [81], 

being PBMC a mirror of the CNS endocannabinoid status [87]. There is also 

evidence that AEA and 2-AG concentrations are increased at the peripheral 

circulation when the immune system is activated during inflammation, infection or 

injury [81]. Finally, a recent review suggest a strong association between 

inflammatory processes and magnetic resonance imaging anomalies in the brain of 

subjects with schizophrenia, Alzheimer’s disease or major depressive disorder 

[162]. 

 Some of our findings suggest the value of the determination of peripheral 

ECS components to obtain potential biomarkers for FEP [81]. As previously said, 

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 [132, 163], maybe being the best option to approach to their 

cerebral expression [164]. Taking into account the results of our multivariable 

analysis, a low expression of DAGL and NAPE or a high expression of FAAH and 

MAGL would be associated to a highest risk of suffering a FEP. 

 FAAH expression was higher in men compared to women. It was expected to 

find differences in FAAH expression between genders, as its activity is regulated by 

sexual hormones (mainly progesterone and estrogens) [165, 166]. Knowing that 

males have a higher lifetime risk of developing schizophrenia (with a male–female 

relative risk of about 1.4 [167, 168]), 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 

anandamide elevation in acute psychosis may reflect a compensatory adaptation to 
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the disease state [95]. In our sample, the mean PANSS score was 53.75, 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 [169]. Pharmacological blockade of AEA degradation 

attenuates induced psychotic-like behaviors in animal models [170, 171].  The 

classic focus on CB1 and CB2 has shown the complexity and versatility of the 

hypothetical ECS role in psychotic disorders [158]. A recent clinical trial with the 

CB1 receptor antagonist/inverse agonist rimonabant for improving neurocognition 

in schizophrenia didn’t reported clear positive results [172]. There are various 

clinical trials recruiting subjects with schizophrenia to test the utility of cannabidiol 

(ClinicalTrials.gov identifiers: NCT00588731, NCT00309413 and NCT00916201) and 

AVE1625 (a potent, selective CB1 antagonist. NCT00439634.)  

 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 [158]. MAGL activity could be involved in 

the regulation of cognitive function [173]. Studies in high risk populations will allow 

determining if 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.  

 It is worth mentioning as strength of these studies is that the diagnostic 

evaluation was performed with a very comprehensive protocol, with strict inclusion-

exclusion criteria. This naturalistic design makes the sample much closer to the 

"real life" FEP population. Due 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 

[10]. Another key feature of this study is that the age of inclusion is wider than in 

other previous works, including 23 subjects under 18 years old. Apart from this 

feature, clinical characteristics of the sample were similar to other studies with FEP 

in our context [11, 12]. In addition, complex statistical analyzes were conducted to 

limit biases in the results described.  
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7- LIMITATIONS 

� We used a single control group of healthy subjects instead of using two control

groups, one from healthy subjects and another including other psychiatric

conditions, with the aim of controlling and thereby increasing our results

specificity. So, the results here presented need to be confirmed in human

samples from other neuropsychiatric disorders, such as depression or bipolar

disorder.

� A possible limitation to explain the results reported in the first study would be

that the observed changes might be related to stress perception. It is known

that a stress component could be one of the factors implicated in the onset of

the FEP [174]. Indeed, psychosocial and/or physical stress could contribute to

the observed shift towards enhanced pro/anti-inflammatory signalling [47],

showing the importance to asses stress biomarkers or tests. However, past and

current complementary results show that the deregulation of the inflammatory

balance is permanent (and even worse) in male inpatients in acute relapse

phase with a history of schizophrenia of more than 10 years [56]. This evolution

could suggest that the inflammatory process found is not only due to acute

stress exposure in the beginning of FEP.

� Another limitation of our results is the systemic nature of the data. Although

nowadays we are seeing a reformulation of the traditional conception of the

psychotic illness [20], being considered as a heterogeneous disorder with a

multisystemic impact from the onset in addition to its psychiatric expression

[38], there is a need to corroborate our findings in brain areas related to

schizophrenia. This could be useful to elucidate whether the alterations of these

inflammatory risk/protection biomarkers could have etiological relevance and

not only utility for diagnosis and monitoring the evolution of the disease. Recent

studies compared the same immune biomarkers (cytokines such as IFN�) in

plasma and in post-mortem brain tissue from control and subjects with

schizophrenia and found the same alterations in both compartments, validating

the idea that schizophrenia can be investigated through studies of systemic

biomarkers [175]. This model has been also supported by a recent review that

suggested a link between peripheral inflammatory/immune processes and MRI

detected anomalies in the brain of individuals with schizophrenia [162].

Furthermore, there are already studies in post-mortem brain tissue from
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subjects with schizophrenia showing increased levels of some of the pro/anti-

inflammatory and oxido/nitrosative stress markers studied here (NF-�B, COX-2, 

TBARS)  [176, 177].  

 Similarly happens to the endocannabinoid system. Several studies in 

neuroinflammatory diseases (multiple sclerosis, Huntington's and Parkinson's 

diseases) have described ECS alterations in the CNS as well as in PBMC [81, 

87], and signs of neuroinflammation can be detected preceding neuronal loss 

[161]. In these CNS pathologies, it can be expected that endocannabinoid 

concentrations in the circulation and brain are in equilibrium [81], being PBMC a 

mirror of the CNS endocannabinoid status [87].  

� 81% of the FEP patients included in the study (74% at the 6 month follow up

visit) were receiving atypical antipsychotic treatment. There is some evidence

on the potential anti-inflammatory effects of antipsychotics [57, 58, 178], most

of them at anti-cytokine level. Nevertheless, we have tried to control the

possible confounding effect of antipsychotic treatment through a multiple linear

regression analysis. We found no effects over the endocannabinoids system and

only marginal effects on the plasma levels of TBARS in baseline visit ad inverse

association between antipsychotic dose and the change in the plasma levels of

PGE2 and the direct association with 15d-PGJ2. Increased lipid peroxidation has

been found in early onset FEP psychosis, but the specific effects of antipsychotic

medication were not addressed [179]. Thus, future clinical investigations should

explore these biomarkers in medication-free samples [158].

� Similarly, a small group (8%) of patients required lithium. Although there are

not clear references about lithium and inflammation, given the broad

pharmacological effects of this compound, the possibility of being a confounding

factor was also assessed. However, the result did not modify the association

showed in this study.

� 16.8% of FEP subjects were diagnosed of affective disorders with psychotic

features. This subgroup showed no statistically significant differences in any of

the biomarkers compared to non-affective psychosis group.

� We could not measure all of the parameters in all the subjects (117 patients and

106 matched controls) taking part of this study. In general, for the parameters

measured in plasma (i.e. the two prostaglandins) almost all subjects were used,

but for the determinations made in the cytosolic/nuclear extracts of PBMC some
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methodological limitations existed and the quantity of sample obtained is 

relatively low. With this limitation in mind we have tried to get a reasonable 

number of subjects for each parameter studied to carry out a reliable statistical 

analysis. In addition, we have checked if the sociodemographic characteristics 

were modified for this reason. No major changes were found between the 

differences in the whole sample and those in the subsets that were finally 

analyzed. 

� PPAR� protein expression data was not chosen and kept together with the other

markers selected because of its small sample size, although it was significant in

its individual regression model controlled for all confounders. Keeping this data

in mind we cannot discard a role for PPAR� as potential protective factor in FEP

patients. In fact PPAR� expression and activity are significant in the two-tailed

Chi-square tests on categorical data used to identify differences between

baseline characteristics for patients and controls subjects, both in our study and

in schizophrenia inpatients in acute relapse phase [56].

� Cannabis use is also related to immune alterations and constitutes a possible

confounding factor that had to be controlled. Supporting this idea, our

correlation analysis in the follow-up study results show how the cannabinoids

use per month negatively correlates with the levels of the stable metabolites of

NO, nitrites in plasma. This specific antioxidant profile of some of the

cannabinoids present in the consumed preparations of Cannabis Sativa, such as

cannabidiol, has been demonstrated in different neuropathological scenarios

[180-182]. The biological relevance of the correlation here found needs to be

explored, for example in a vascular context, where endocannabinoids actions

are complex [183] and could be altered by exogenous cannabinoid use [184].

Moreover, cannabis use may play 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,

including brain cannabinoid receptors desensitization and downregulation [185].

The altered expression of CB1 and CB2 in cannabis smokers has also been

described in PBMC [186]. In our study, we found no significant differences

between FEP CAN+ 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
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schizophrenia subjects [187]. Along with other drug use disorders, cannabis use 

should be an important issue to manage in future research. 

� The multiple linear regression analysis results of the follow-up study also

support the idea that cigarette smoking can activate inflammatory pathways

and may represent an important confounding factor. The differential effects of

cigarettes consume in COX-2 levels in PBMCs and in the content of its main pro-

inflammatory product PGE2 in plasma should be carefully evaluated. COX-2 is a

complex enzyme expressed both in brain and in PBMCs, capable to produce pro

and anti-inflammatory mediators in different phases of its activity to resolve

inflammation, depending of the nature and the level of the stimulus. It is

possible that the increase in COX-2 levels observed was related to a

correspondent rise in the levels of other anti-inflammatory products, such as

15d-PGJ2, that modulates a massive production of PGE2. In fact, the levels of

15d-PGJ2 directly correlate with cotinine levels, although this correlation did not

reach statistical significance (p=0.225). Indeed, it is well know that nicotine

could activate COX-2 and PGE2 synthesis in brain and other peripheral

tissues[188, 189], but on the other hand, other authors have found that a lower

dose of nicotine could be anti-inflammatory by the inhibition of proinflammatory

mediators in human monocytes by suppression of NF-�B transcriptional activity

through nicotinic acetylcholine receptor �7 [190]. Although there are no studies

reporting nicotine effects on 15d-PGJ2 levels, nicotine can up-regulate PPAR� in

dendritic cells and in monocyte/macrophages from healthy smokers [191, 192].

Further research is warranted to elucidate the relationship between both anti-

inflammatory pathways in physiological and pathological conditions.

� CB1 receptor expression was undetectable in PBMC. Although both receptors

play a role to restore homeostasis mechanisms, CB1 receptors perform their

function mainly in the CNS, while CB2 receptors do it mainly at the peripheral

level [158].
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8- CONCLUSIONS 

� Systemic inflammatory conditions have been evidenced in patients diagnosed of

FEP. Specifically, a significant increase in some intracellular components of a

main pro-inflammatory pathway, together with a significant decrease in the

anti-inflammatory ones have been identified. These results describe an

imbalanced pro-inflammatory phenotype in FEP patients.

� Although more scientific evidence is needed, the determinations of multiple

components of pro- and anti-inflammatory cellular pathways, including the

activity of nuclear receptors, have interesting potential as biological markers

and potential risk/protective factors for FEP.

� With the follow-up study, the existence of a deregulated systemic pro/anti-

inflammatory balance in FEP, which becomes more severe during the initial

period of time after the diagnosis of a FEP, has been corroborated. The results

of the multivariate analysis applied show potential risk/protective factors in both

time points studied (COX-2 protein levels in PBMC and 15d-PGJ2 plasma levels)

that can be considered trait markers, and others specific of each one or state

biomarkers (I�B� protein levels and NO2
- and TBARS content in the cytosolic

extract of PBMC).

� From a clinical point of view, the inverse correlation between the final product of

oxidative/nitrosative cellular damage TBARS and the GAF scale found is

especially relevant to justify the onset and development of antioxidant/anti-

inflammatory therapeutic strategies not only for established schizophrenia but in

earlier stages of a psychotic disorder.

� The multiple linear regression approach has shown how one of the targets of

antipsychotic treatment is the restoration of the inflammatory balance.

� The endocannabinoid system (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.
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� Some of the peripheral components of the ECS could be used as biomarkers of

the disorder.

� The pharmacological modulation of these of pro- and anti-inflammatory cellular

pathways and of the ECS can be promising therapeutic targets to take into

account in the future.

� It is necessary to control cigarette and cannabis use as confounding factors

every time that immune/inflammatory and endocannabinoid system

components alterations are reported in psychotic disorders, and possibly in

other psychiatric pathologies too.

� Despite the limitations referred, this study has identified vulnerability conditions

related to peripheral pro/anti-inflammatory pathways and of the ECS

components in a very well characterized sample of FEP, very close to the “real-

life” population of patients. Thus, the sample of patients was very homogeneous

according to the time frame of inclusion, the phase of the illness and origin; the

diagnostic evaluation was performed with a very comprehensive protocol and

inclusion-exclusion criteria were applied in a strict manner; and these studies

include a wide spectrum of biochemical inflammatory and endocannabinoid

markers (both in plasma samples and peripheral blood mononuclear cells)

allowing in-depth insights and relationships between multiple components, from

the genes to the intracellular machinery (cytoplasmatic and nuclear), enzymes,

proteins and soluble mediators and ending with the clinical features, following a

translational design.
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