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Abstract

Objective: Schizophrenia is a psychiatric disorder whose mechanisms have remained only partially
elucidated. The current proposals regarding its biological basis, such as the dopaminergic
hypothesis, do not fully explain the diversity of its symptoms, indicating that other processes
may be involved. This paper aims to review evidence supporting the involvement of the
endocannabinoid system (ECS), a neurotransmitter group that is the target of Cannabis sativa
compounds, in this disorder. Methods: A systematic review of original papers, published in English,
indexed in PubMed up to April, 2012. Results: Most studies employed genetics and histological,
neuroimaging or neurochemical methods - either in vivo or post-mortem - to investigate
whether components of the ECS are compromised in patients. Overall, the data show changes
in cannabinoid receptors in certain brain regions as well as altered levels in endocannabinoid
levels in cerebrospinal fluid and/or blood. Conclusions: Although a dysfunction of the ECS has
been described, results are not entirely consistent across studies. Further data are warrant to
better define a role of this system in schizophrenia.
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Introduction

Schizophrenia is a major psychiatric disorder consisting of
a diversity of clinical features, which have been grouped
as positive, negative and cognitive symptoms."? The phar-
macological approach for its treatment is quite limited and
consists mainly of antipsychotic compounds, which are not
effective in all the dimensions of this disorder . Almost all
of these drugs share a common mechanism of action, which
is the antagonism of dopamine receptors.?

The biological basis of schizophrenia has been exten-
sively studied and discussed. Based on the mechanisms of
antipsychotic medications and other pieces of evidence,
the prevalent view is that its symptoms could result from a
dysfunction in the dopaminergic neurotransmission, the so
called dopaminergic hypothesis.*3 There are, however, clear
limitations for this hypothesis, as it does not properly explain
the complexity of symptoms and its clinical heterogeneity.
Apart from dopamine, there are other neurotransmitters
that are also in focus, such as serotonin and glutamate.®’”

More recently, there has been investigation as to whether
the endocannabinoid system (ECS) might be involved in
schizophrenia. This neurotransmitter system is named after
the herb Cannabis sativa (“marijuana”), known as one of the
most consumed drugs of abuse. Its main active compound
is delta-9-tetrahydrocannabinol (THC), the prototype of a
class of compounds called cannabinoids. Other major natural
cannabinoids are cannabidiol (CBD) and cannabinol. The ECS
comprises the receptors for the cannabinoids, thus termed
cannabinoid type-1 and type-2 receptors (CB1-R and CB2-R);
their endogenous ligands, such as arachydonoyl ethanol-
amide (AEA, also known as anandamide), 2-arachydonoyl
glycerol (2-AG), palmitoyl ethanolamide (PEA) and oleoyl
ethanolamida (OEA), collectively termed endocannabinoids
(eCBs); and the enzymes responsible for their synthesis and
catabolism. Anandamide and 2-AG are metabolized by the
enzymes fatty acid amide hydrolase (FAAH) and monoacyl
glycerol lipase (MAGL), respectively.®® A schematic view of
the proposed functioning of the ECS is depicted in Figure 1.

The chronic use of cannabis has been pointed as a pos-
sible factor leading to psychosis, more specifically schizo-
phrenia. Other comprehensive reviews have focused on this
possible link."®'"'2 The aim of the present paper is to review
the literature addressing a putative role of the ECS in the
pathophysiology of schizophrenia.

Method

Asearch in PubMed database was performed with the terms:
“genetic”, “central nervous system”, “cerebrospinal fluid”
(CSF), “serum”, “plasma”, “blood”, “neuroimaging”, “PET
scan”, “fMRI”, “post-mortem”, individually crossed with
“endocannabinoid system”, “endocannabinoids”, “anan-
damide”, “2-AG”, “2-arachidonoyl-glycerol”, “cannabinoid
receptors”, “CNR1”, “CB1R”, “cannabinoid receptor 2”,
“CNR2”, “CB2R” and “schizophrenia”.

The inclusion criteria were: original papers; English
language; studying changes of the ECS in schizophrenia (ge-
netic variations in the components of the ECS, changes in
cannabinoid receptors in the brain and changes in eCB levels
in liquor or blood). Abstracts from scientific meetings were

also included. There was no limit for the year of publication,
and the search included papers until April, 2012.

The search retrieved 90 articles, from which 22 were
included. An Additional 9 articles were included based
on references from these articles, totalling 31 articles on
which the review was based. The remaining 68 articles were
excluded for the following reasons: review papers (n = 19);
studies with new radioligands for the cannabinoid receptor
(n = 15); studies in animals (n = 7); studies investigating the
effects of cannabis in healthy volunteers or schizophrenic pa-
tients (n = 10); studies evaluating the link between Cannabis
sativa use and schizophrenia (n = 3); studies evaluating other
outcomes from therapeutic interventions (n = 2); case report
(n = 1); comment on an original paper (n = 1); and studies
focusing on other disorders and conditions (n = 10).

Results

The studies were divided according to three main strate-
gies to approach the ECS in schizophrenia: investigation of
polymorphisms, detection of cannabinoid receptors in brain
regions and measurement of eCB levels in CSF or blood.

Genetic variations in the components of the ECS

Genetic variations related to the components of the ECS have
been investigated in several studies. Most of them focused on
the relationship between polymorphisms of the CNR1 gene,
which encodes for CB1-R, and schizophrenia. This gene is
located in the 6q14-q15 chromossomic region, which has
been identified as a locus for schizophrenia susceptibility. '

The first studies evaluating the relationship between
CNR1 variations and schizophrenia obtained negative re-
sults (Table 1). Tsai et al.™ did not find any link between
the (AAT)n triple repeat (AL136096) polymorphism and
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Figure 1 A simplified view of the endocannabinoid system,
its main components and mechanisms.

Endocannabinoids (eCBs), anandamide (arachdonoyl ethanolamide, AEA) and
2-arachydonoyl glycerol (2-AG) are synthesized from the membrane of post-
synaptic neurons after calcium influx [1]. They diffuse to the synaptic cleft
[2] and exert their effect mainly through the CB1 receptor at pre-synaptic
terminals [3]. eCBs action are limited by uptake processes [4] to post- or
pre-synaptic neurons for AEA and 2-AG, respectively. AEA is broken down
to by an enzyme called fatty acid amide hydrolase (FAAH), whereas 2-AG is
metabolized by monoacyl glycerol lipase (MAGL) [5].
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schizophrenia in a study comparing 127 Chinese patients
with schizophrenia and 146 healthy controls. Leroy et al.”
evaluated a distinct polymorphism from the same gene,
1359 G/A (rs1049353). These authors also did not find any
difference in the allele frequency or genotypic distribution
between 102 patients with schizophrenia or schizoaffective
disorder and 63 controls in a French Caucasian population.
Likewise, Zammit et al.'® did not find any relation between
this same polymorphism and schizophrenia in 750 patients
as compared to 688 controls in a British population. Seifert
et al."” evaluated the association of three polymorphisms
from the CNR1 (1359 G/A (rs1049353), (AAT)n triple repeat
(AL136096) and rs6454674) with schizophrenia in 104 patients
and 140 controls in a German population, but did not find
differences between these groups. There was a tendency

towards a lower frequency of the (AAT), allele in patients,
although the result did not reach statistical significance, pos-
sibly due to the low sample size. Hamdani et al."® also studied
the 1359 G/A (rs1049353) polymorphism and, again, did not
find any association with schizophrenia in 133 patients as
compared to 141 controls in a French population. Despite the
negative result, this work did find a higher frequency of the G
allele in patients with refractory schizophrenia, which could
mean that the 1359 G/A polymorphism would not be related
to vulnerability for this disorder, but rather to a response to
antipsychotic drugs. In addition, the differences between
three other polymorphisms (rs806368, rs806379 and rs806380)
were analysed between patients refractory or responsive
to antipsychotic treatment, but no association was found.
Finally, Morita et al.” investigated a possible relationship

Table 1 Genetic variations in the components of the ECS in schizophrenia

Authors

Purpose

Design

Subjects

Polymorphisms

Results

Conclusions

Tsai et al.™

Assess the
involvement of
CNR1 gene in the

pathogenesis of Scz.

Genetic association
study.

= 127 patients with
Scz

= 146 controls

= Chinese population

= Triple repeat (AAT)
n (AL136096)

There was not

a significant
association between
CNR1 genotypes and
Scz.

Does not support the
hypothesis that the
triple repeat (AAT)

n polymorphism is
associated with the

pathophysiology
of Scz.
Leroy et al.® Assess the Genetic association = 102 patients = 1359 G/A * There was no = Does not support
involvement of study. with Scz or (rs1049353) difference in the hypothesis
CNR1 gene in the Schizoaffective allelic frequency that the 1359 G/A
pathogenesis of Scz. disorder or genotypic polymorphism is
« 63 controls distribution between associated with the
patients with Scz pathophysiology
= French population and controls. of Scz.
= gg genotype = Suggests that CNR1
was less frequent genetic variations
in schizophrenic are related to the
patients that did not risk to use drugs
use drugs. in Scz.
Ujike et al.?® Assess the Genetic association 1359 G/A = 1359 G/A = Allelic frequency Supports the
involvement of study. polymorphism: (rs1049353) of (AAT)n repeat hypothesis that the

CNR1 gene in the

pathogenesis of Scz.

= 116 patients with
Scz (paranoid: 55;
hebephrenic: 61)

= 137 controls

(AAT)n
polymorphism:

= 242 patients with
Scz (paranoid: 110;
hebephrenic: 128)

=296 controls

= Japanese
population

= Triple repeat (AAT)
n (AL136096)

was different
between
hebephrenics and
controls (higher
frequency of (AAT),
allele and lower of
(AAT),, allele).

= Genotypic
distribution of 1359
G/A did not differ
between patients
and controls.

triple repeat (AAT)

n polymorphism, but
not the 1359 G/A
polymorphism, is
associated with the
pathophysiology of
hebephrenic Scz.

Morita et al.”

Assess the
involvement of
FAAH gene in the

pathogenesis of Scz.

Genetic association
study.

= 260 patients with
Scz (paranoid: 127;
hebephrenic: 127;

not classified: 6)

= 63 controls

= Japanese
population

= Pro129Thr
(rs324420)

There was no
difference in

allelic frequency

or genotypic
distribution
between patients
with Scz and
controls (regardless
the disorder
subtype).

Does not support
the hypothesis
that the Pro129Thr
polymorphism is
associated with the
pathophysiology

of Scz.
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Martinez-Gras
et al.?

Assess the
involvement of
CNR1 gene in the
pathogenesis of Scz.

Genetic association
study.

* 113 patients with
Scz

= 111 controls

= Spanish population

= Triple repeat (AAT)
n (AL136096)

Allelic frequency
of (AAT)n repeat
was different
between patients
and controls (lower
frequency of the
allele 4 - (AAT), ).

= Supports the
hypothesis that the
triple repeat (AAT)
n polymorphism is
associated with the
pathophysiology

of Scz.

= Allele 4 could
be the protective
variant for Scz of
the CNR1 gene.

Zammit et al."® Assess the Genetic association = 750 patients with = 1359 G/A Genotypic Does not support
involvement of CNR1 study. Scz (rs1049353) distribution of 1359 o hypothesis
and CHRNA genes « 688 controls G/A did not differ  ynat the 1359 G/A
in the pathogenesis » ‘ between patients polymorphism is
of Scz. = British population and controls. associated with the
pathophysiology
of Scz.
Seifert et al."” Assess the Genetic association = 104 patients with = 1359 G/A = Allelic frequency - Does not support
involvement of study. Scz (rs1049353) of (AAT),,was lower

CNR1 gene in the
pathogenesis of Scz.

= 140 controls

= German population

= Triple repeat (AAT)
n (AL136096)

= 156454674

in Scz patients than
in controls, but it
was not statistically
significant.

= There was no
difference in allelic
frequency of 1359
G/A (rs1049353)
and rs6454674
polymorphisms
between patients
and controls.

the hypothesis
that the 1359

G/A (rs1049353)
and rs6454674
polymorphisms are
associated with the
pathophysiology

of Scz.

* There was a
tendency of lower
frequency of the
(AAT),, allele in
Scz, maybe not
confirmed due to
the small sample
size.

Chavarria-Siles et
al.?

Assess the
involvement of
CNR1 gene in the
pathogenesis of Scz.

Family-based
genetic association
analyses.

= 66 patients with
hebephrenic Scz

= 244 patients
with Scz (broad
phenotype)

= Costa Rican
population

= Triple repeat (AAT)
n (AL136096)

= There was

an association
between the
triple repeat (AAT)
n polymorphism
and patients with
hebephrenic Scz
(lower frequency
of the allele 4 -
(AAT), ).

= There was no
association between
the polymorphism
and patients

with Scz (broad
phenotype).

= Supports the
hypothesis that the
triple repeat (AAT)
n polymorphism is
associated with the
pathophysiology of
hebephrenic Scz.

= Supports the
hypothesis

that different
genetic and
pathophysiological
mechanisms can
relate to different
subtypes of Scz.

Hamdani et al.™

Assess the
involvement of
CNR1 gene in the
pathogenesis of
Scz and in the APs
response.

Genetic association
study.

= 133 patients with
Scz on atypical APs
(responders: 74;
non- responders: 59)

= 141 controls

* French population

= 1359 G/A
(rs1049353)

= rs806368
= rs806379
= rs806380

= There was no
difference in allelic
and genotypic
frequencies of 1359
G/A (rs1049353)
polymorphism
between patients
and controls.

= The allelic
frequency of the
G allele of 1359
G/A (rs1049353)
polymorphism
was higher in non-
responders Scz
patients.

1359 G/A
(rs1049353)
polymorphism would
not be related to
vulnerability to

Scz, but to atypical
antipsychotic
response.
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* There was no
difference in allelic
and genotypic
frequencies of
rs806368, rs806379
and rs806380
polymorphisms
between responders
and non-
responders.

Tiwari et al.?

Assess the

Genetic association

= 183 patients

= rs806368

Allelic frequency

Supports the

involvement of study. with Scz or « 1512720071 of rs806378 hypothesis that
CNR1 gene in the Schizoaffective polymorphism (T the rs806378
AP-induced weight disorder on = 151049353 allele) was higher polymorphism
gain in Scz. antipsychotic . 15806369 in European Scz relates to atypical
treatment patients that AP-induced weight
= rs806370 i i i
= European (n=117) g?]mtmoire l\r«:;ght sain.
and African (n=55) = rs806374 on atypical AFs
ancestry population (etezpilie oF
» rs806375 olanzapine).
= rs806377
= rs806378
= rs2023239
= rs806380
= rs806381
= 157752758
= rs12528858
= 1512205430
= rs6914429
= rs2180619
= rs754387
= rs9450902
= rs10485170
Ishiguro et al.? Assess the Genetic association = 1920 patients with = rs9424339 Allelic frequencies  Supports the

involvement of
CNR2 gene in the
pathogenesis of Scz.

study.

Scz
= 1920 controls

= Japanese
population

* 52502959

» 152501432 (R63Q)
* rs2229579 (H316T)
- rs12744386

of rs12744386 and
rs2501432 (R63Q)
polymorphisms
were higher in Scz
patients.

hypothesis that the
rs12744386 and
rs2501432 (R63Q)
polymorphisms of
the CNR2 gene are
associated with the
pathophysiology

of Scz.

Ho et al.**

Assess interactions
between CNR1 gene
polymorphisms,
cannabis use,
cerebral volume and
cognitive function

in Scz.

Cross-sectional
with neuroimaging
(MRI) and cognitive
battery.

= 52 patients
with Scz or
Schizoaffective
disorder with
cannabis abuse/
dependence.

= 183 patients
with Scz or
Schizoaffective
disorder without
cannabis abuse/
dependence.

= rs806365
= rs806366
= 15806368
= rs806374
= 15806375
= rs806376
= 15806380
= 157766029
= rs12720071

« 1049353 (1359
G/A)

= rs6454672
= 19450898

= Cannabis users
had smaller WM
frontotemporal
volumes than non-
users.

= Allelic frequencies
did not differ
between users and
non-users.

= rs12720071 (G
allele) carriers
had smaller
frontotemporal
WM volumes than
A allele carriers.
Cannabis users
had even smaller
parietal WM
volumes.

= 157766029 (C
allele) had smaller
parietotemporal
than the T allele

= Suggests that
cannabis use
associated with
specific CNR1
genotypes can
contribute to WM
alterations and
cognitive deficits in
a subgroup of Scz
patients.

= Supports the
hypothesis that
genetic and
environmental
influences

work together

to determine

the phenotypic
expression in Scz.
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carriers and
rs9450898 (C
allele) had smaller
frontotemporal
WM volumes than T
allele carriers.

= 1512720071 G
allele carriers had
the worst processing
speed/attention
and problem-solving
tests results.
Cannabis users had
even worse results
on problem solving
tests.

between the Pro129Thr (rs324420) polymorphism of the
FAAH gene and schizophrenia. No difference was found in a
group of 260 patients with schizophrenia (127 paranoids, 127
hebephrenics and 6 not classified) as compared to 63 controls
in a Japanese population, regardless of the disorder subtype.

Contrasting these negative results, other studies point
to an association between variations in the CNR1 gene and
schizophrenia. Ujike et al.? compared 242 patients (110
paranoids and 128 hebephrenics) with 296 healthy controls
in a Japanese population, in relation to the (AAT)n triple
repeat polymorphism (AL136096), and found a difference in
the allelic frequency in hebephrenics versus controls (higher
frequency for the (AAT), allele and lower for (AAT),,). In the
same study, another group of 116 patients and 137 controls
were evaluated for differences in 1359 G/A (rs1049353)
polymorphism, but no differences were found. Some of
these results were replicated by Martinez-Gras et al.*' that
found a lower frequency of the (AAT),  allele (allele 4) in 113
patients with schizophrenia in comparison to 111 controls in
a Spanish population. Chavarria-Siles et al.?? compared 244
patients with schizophrenia, without subtype classification,
to 66 patients of the hebephrenic subtype and did not find an
association between the (AAT)n triple repeat polymorphism
(AL136096) and patients with schizophrenia in general, but,
similar to Ujike et al.,® they observed an effect for patients
of the hebephrenic subtype (lower frequency of the (AAT),
allele). These data reflect the pathophysiologic heterogene-
ity of schizophrenia and suggest that variations in the CNR1
gene may contribute to the pathogenesis of specific subtypes
of this disorder.

Tiwari et al.” evaluated 20 polymorphisms of the CNR1
gene in 183 patients with schizophrenia or schizoaffective
disorder that were on antipsychotic treatment and found
higher allelic frequency (allele T) of the rs806378 polymor-
phism on those patients that gained more weight while using
clozapine or olanzapine, which suggests that this genetic
variation relates to susceptibility to antipsychotic-induced
weight gain.

Ho et al.* evaluated interactions between CNR1 poly-
morphisms, cannabis use, cerebral volume and cognitive
function in an interesting study. They compared 52 patients
with schizophrenia or schizoaffective disorder with cannabis
abuse/dependency and 183 patients without cannabis use and
observed smaller frontotemporal white matter (WM) volumes
in those that smoked cannabis. Besides that, patients with
rs12720071 polymorphism (G allele) had lower WM volumes

than those with the A allele. Those with the G allele that
used cannabis had even lower WM volumes. Patients with
rs7766029 (C allele) and rs9450898 (C allele) had lower WM
volumes than those with the T allele. In the cognitive bat-
tery, patients with rs12720071 (G allele) had worse results
on processing speed/attention and problem-solving tests.
Results on problem-solving tests were even worse in those G
allele carriers that smoked cannabis. Those results suggest
that the use of cannabis in association with specific CNR1
genotypes can contribute to alterations in WM and cogni-
tive deficits in a subgroup of schizophrenic patients, which
favors the hypothesis that genetic and environmental fac-
tors work together to determine the phenotypic expression
in schizophrenia.

Only one study focused on variations in the CNR2 gene
(which encodes CB2-R) in the pathogenesis of schizophrenia.
Ishiguro et al.? evaluated differences in the allelic frequen-
cies of five CNR2 polymorphisms (rs9424339, rs2502959,
rs2501432 (R63Q), rs2229579 (H316T) and rs12744386), com-
paring 1920 patients with schizophrenia to 1920 controls in
a Japanese population. The authors found an association of
the polymorphisms rs2501432 (R63Q) and rs12744386 with the
disorder. This result supports the hypothesis that variations
in the CNR2 gene may participate in the pathophysiology of
schizophrenia.

To summarize, most studies refer to (AAT)n triple repeat
(AL136096) and 1359 G/A (rs1049353) polymorphisms of the
CNR1 gene. Among the studies evaluating the (AAT)n triple
repeat (AL136096) polymorphism, one found an association
with schizophrenia,?' two found associations with schizophre-
nia of the hebephrenic subtype??? and two did not find any
associations between the polymorphism and the disorder.'*"
Among those evaluating the 1359 G/A (rs1049353)'>-18.20
polymorphism, no study found any association. The only
study evaluating variations in the CNR2 gene? observed a
relationship between two polymorphisms with schizophrenia.
The polymorphisms Pro129Thr (rs324420) of the FAAH gene;
rs6454674 of the CNR1 gene; as well as rs9424339, rs2502959
and rs2229579 (H316T) of the CNR2 gene did not seem to
have any association with the disorder.

Changes in cannabinoid receptors in the brain

Another strategy employed by several authors to investigate
the role of the ECS in the pathophysiology of schizophrenia
focuses on the determination of the levels of CB1-R in cer-
tain brain regions possibly related to this disorder. This has
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been performed either in post-mortem or in vivo studies.
Post-mortem studies evaluated the density of CB1-R through
three main methods: radio-ligand binding assays, immuno-
histochemistry or polymerase chain reaction (PCR), whereas
in vivo studies employed neuroimaging techniques. These
studies are summarized in Table 2.

The first post-mortem study with a radioligand was con-
ducted by Dean et al.,* who investigated differences in the
levels of [*H] CP-55940 binding (a CB1-R agonist) in area 9 of
the dorsolateral prefrontal cortex (dIPFC), caudato-putamen
and hippocampus of 14 patients with schizophrenia and 14
controls. The authors detected an increase of CB1-R density
in the dIPFC of the patients, a result not related to cannabis
consumption. There was no difference in other brain regions.
In addition, Dalton et al.” evaluated the density of CB1-R in
another area of the dIPFC (area 46) with the same ligand and
found an increase in the density of this receptor in patients
with paranoid schizophrenia (n = 16) as compared to controls
(n = 37). Zavitsanou et al.? focused on the anterior cingulate
cortex (ACC) using the CB1-R antagonist [*H]-SR141716A
in 10 patients with schizophrenia versus 10 controls,

describing an increase in CB1-R density. Newell et al.?”’
also found an increase in CB1-R expression in posterior
cingulate cortex (PCC), as revealed by the CB1-R agonist
[3H]-CP-55940 in eight patients and eight controls. Finally,
Deng et al.* evaluated differences in [*H]-SR141716A binding
in the superior temporal gyrus (STG), a brain region proposed
to be particularly involved in the auditory hallucinations.
However, they did not find any difference between patients
(n = 8) and controls (n = 8).

Four post-mortem studies employed different techniques
to measure CB1-R density. Through imunohistochemistry,
Koethe et al.*' did not find differences in the ACC of patients
with schizophrenia in relation to their controls (n = 15 per
group). However, Eggan et al.*> observed a reduction in
CB1-Rin the dIPFC (area 9), as revealed by protein and mRNA
expression of 23 patients and equal number of controls.
Likewise, Uriglien et al.** found reduced CB1-R protein ex-
pression (though not mRNA) in this same region in a sample
of 31 young patients as compared to 33 controls. Finally,
Eggan et al.** also evaluated CB1-R density in dIPFC, area
46, in two cohorts of patients and controls. In the first,

Table 2 Changes in central endocannabinoid receptors in schizophrenia

Authors Purpose Design Subjects

Brain areas

investigated Results Conclusions

Dean et al.?®

Evaluate the
density of CB1-R
(through the level
of the [*H] CP-55940
radioligand binding,
CB1 agonist) in brain
areas involved in
Scz.

Observational,
transversal, post-
mortem analysis of
brain tissue using
radioligand and
autoradiography.

= 14 patients with
Scz

= 14 controls

= dIPFC, area 9
- CP

= Temporal lobe

= Increase in the
density of CB1-R
in the dIPFC from
subjects with Scz
(independent of
recent cannabis
ingestion).

= No difference in
the density of CB1-R
in the CP and in the
hippocampus when
comparing patients
with Scz to controls.

= Increase in the
density of CB1-R in
the CP from subjects
who had recently
ingested cannabis
(independent of

Favors the
hypothesis that
changes in ECS

in the dIPFC are
associated with the
pathology of Scz.

diagnoses).
Zavitsanou et al.?® Evaluate the density Observational, = 10 patients with =ACC Increase in the Favors the
of CB1-R (through transversal, post- Scz density of CB1-R hypothesis that
the level of the mortem analysis of 10 controls in the ACC from changes in ECS
[3H] SR141716A, brain tissue using subjects with Scz in the ACC are
radioligand binding, radioligand and (independent of associated with the
CB1 antagonist) in autoradiography. recent cannabis pathology of Scz
brain areas involved ingestion). (mainly negative
in Scz. and cognitive
symptoms).
Newell et al.? Evaluate the Observational, = 8 patients with Scz = PCC Increase in the Favors the

density of CB1-R
(through the level
of the [*H] CP-55940
radioligand binding,
CB1 agonist) in brain
areas involved in
Scz.

transversal, post-
mortem analysis of
brain tissue using
radioligand and
autoradiography.

= 8 controls

density of CB1-R in
the PCC (superficial
layers) from
subjects with Scz.

hypothesis that
changes in ECS

in the PCC are
associated with the
pathology of Scz.
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Deng et al.*

Evaluate the density
of CB1-R (through
the level of the

[3H] SR141716A,
radioligand binding,
CB1 antagonist) in
brain area involved
in Scz.

Observational,
transversal, post-
mortem analysis of
brain tissue using
radioligand and
autoradiography.

= 8 patients with Scz

= 8 controls

= STG

No difference in the
density of CB1-R

in the STG when
comparing patients
with to controls.

Does not favor the
hypothesis that
CB1-R in the STG is
associated with the
pathology of Scz.

Koethe et al.?!

Evaluate the density
of CB1-R in brain
area involved in Scz,

Observational,
transversal, post-
mortem analysis

= 15 patients with
Scz

= 15 patients with

= ACC

No difference in the
density of CB1-R
in the ACC when

Does not favor the
hypothesis that
CB1-R in the ACC is

BD and MDD. of brain tissue BD comparing patients  associated with the
using immunohisto- with Scz to controls. pathology of Scz.
chemistry. = 15 patients with

MDD
= 15 controls
Eggan et al.* Evaluate the Observational, = 23 patients with = dIPFC, area 9 Reduction of Favors the
density of CB1-R transversal, post- Scz protein and mRNA hypothesis that

(protein and mRNA
expression) in brain
area involved in Scz.

mortem analysis

of brain tissue
using immunohisto-
chemistry and in
situ hybridization.

= 23 controls

expression of CB1-R
in the dIPFC (area
9) when comparing
patients with Scz to
controls

changes in ECS in
the dIPFC (area

9) are associated
with the pathology
of Scz.

Urigiien et al.®

Evaluate the density
of CB1-R, dopamine
D2 receptor

and adenosine

A,, receptor
(protein and mRNA
expression) in brain
area involved in Scz.

Observational,
transversal, post-
mortem analysis of
brain tissue using
immunoblot and
PCR.

= 31 young patients

with Scz that

committed suicide

(11 treated with
atypical AP)

* 13 non-Scz suicide

victims

* 33 non-suicide
controls

= dIPFC, area 9

= Reduction of
protein expression
of CB1-R in the
dIPFC (area 9) when
comparing patients
with Scz to controls
(independent of
suicide).

= No difference

in the mRNA
expression of CB1-R
in the dIPFC (area
9) when comparing
patients with Scz to
controls.

Favors the
hypothesis that
changes in ECS in
the dIPFC (area 9)
are associated with
the pathology of
Scz and that the
use of antipsychotic
is related to CB1-R
down-regulation in
this area.

Wong et al.®

Evaluate the density
of CB1-R in brain
area involved in Scz.

Observational,
transversal, in
vivo neuroimaging
(PET scan) with
radioligand.

= 10 patients with
Scz on APs

= 10 controls

= frontal, temporal,
parietal, occipital
and cingulate
cortex, fusiform
gyrus, hippocampus,
para- hippocampus,
insula, putamem,
caudato, globus
pallidus, thalamus,
cerebelum and
pons.

= Increase in the
density of CB1-R
in the pons from
subjects with
schizophrenia.

= Positive correlation
between CB1-R
expression and
positive symptoms.
Negative correlation
between CB1-R
expression and
negative symptoms.

Favors the
hypothesis that
changes in ECS are
associated with the
pathology of Scz.

Eggan et al.**

Evaluate the density
of CB1-R in brain
area involved in Scz.

Observational,
transversal, post-
mortem analysis
of brain tissue
using immunocyto-
chemistry.

Cohort n° 1:

* 12 patients with
Scz

= 12 controls
Cohort n°2:

* 14 patients with
Scz

= 14 patients with
MDD

=14 controls

= dIPFC, area 46

Cohort n° 1:

= Reduction of CB1-R
density in dIPFC
(area 46) from
subjects with Scz.

Cohort n°2:

= Reduction of
CB1-R density in
dIPFC (area 46)
when comparing
patients with Scz to
MDD patients and
controls.

= No difference in
the density of CB1-R
in the dIPFC when
comparing patients
MDD to controls.

= Favors the
hypothesis that
changes in ECS in
the dIPFC (area
46) are associated
with the pathology
of Scz.

* CB1-R alterations
are present in
several dIPFC
regions and would
be specific (not
present in MDD) of
Scz.




The endocannabinoid system and its role in schizophrenia S171
v
Ceccarini et al.® Evaluate the density Observational, = 49 patients with = NA * Increase in the = Favors the
of CB1-R in brain transversal, in Scz with APs density of CB1-Rin  hypothesis that
. . R . . = Insula X . .
area involved in Scz. vivo neuroimaging + 9 patients with Scz NA from subjects changes in ECS in
(PET scan) with 3 p = ACC with Scz. NA, insula and ACC
. without APs . X
radioligand. . are associated with
* Increase in the
= 12 controls the pathology of

density of CB1-R in
insula and ACC from
subjects with Scz
on APs.

Scz.

Dalton et al.?”

Evaluate the density
of CB1-R ([*H] CP-
55940 radioligand
binding and mRNA
expression) in brain
area involved in Scz.

Observational,
transversal, post-
mortem analysis of
brain tissue using
radioligand and
autoradiography and

= 16 patients with
paranoid Scz

= 21 patients with
non-paranoid Scz

= 37 controls

= dIPFC, area 46

= Increase in the
density of CB1-R
in dIPFC (area 46)
from subjects with
paranoid Scz.

= Favors the
hypothesis that
changes in ECS in
the dIPFC (area 46)
are associated with
the pathology of

quantitative PCR.

paranoid Scz.
= No difference
in the mRNA
expression of CB1-R
when comparing
patients with
schizophrenia to
controls.

comprising the same group from their previous study, they
found reduction in CB1-R density in this brain region. In the
second cohort, comprising 14 patients with schizophrenia,
14 with major depression and 14 controls, there was also a
reduction in CB1-R density in schizophrenia as compared to
controls, as well as to the major depression group.

Regarding in vivo studies, there were two investigating
the levels of CB1-R in brain through neuroimaging methods.
Wong et al.?> employed PET scan to evaluate receptor expres-
sion in several brain areas (frontal, temporal, parietal, oc-
cipital and cingulated cortices; fusiform gyrus, hippocampus,
insula, putamen, caudate nucleus, globe pallidum, thalamus,
cerebellum and pons) of 10 patients and equal number of
controls. They found a significant increase in receptor ex-
pression only in the pons. There was also a tendency in this
direction in most of the other regions (except for the fusiform
gyrus and the cerebellum). In addition, they found that CB1-R
expression correlated directly with positive symptoms and
inversely with negative. Ceccarini et al.*¢ also employed PET
scan to evaluate the levels of the receptor in three brain
areas (nucleus accumbens, insula and ACC) of 49 patients
with schizophrenia treated with antipsychotics, 9 untreated
patients and 12 controls. They observed an increase in CB1-R
density in the nucleus accumbens, regardless treatment sta-
tus and an increase in the insula and ACC in treated patients
in relation to controls.

To summarize, studies measuring CB1-R expression in
schizophrenia yield contradictory results. Five of them evalu-
ated the dIPFC (three focusing on area 9 and two on 46). In
area 9, one found an increase? and two, a decrease’?* in
schizophrenia. Regarding area 46, one found an increase?
and other a decrease.** In the ACC, two studies observed
higher CB1-R levels,?®* whereas another did not find any
difference between patients and controls.3' Otherwise, there
was an increase in the PCC,? pons,* nucleus accumbens and
insula.? No differences were observed in caudato-putamen,
hippocampus? and STG.3®

Changes in endocannabinoid levels in
CSF and blood

In addition to changes in the ECS in brain regions, studies de-
scribed altered levels of eCBs in the CSF and blood collected
from patients. The eight studies retrieved by our search are
summarized in Table 3.

Four of them measured the levels of eCBs in the CSF.
Leweke et al.*” focused on the levels of AEA and PEA in 10 pa-
tients with schizophrenia and 11 controls and found increased
levels of AEA in patients. In another study, Giuffrida et al.3®
measured AEA, PEA and OEA in four groups: 47 patients with
untreated first episode of paranoid schizophrenia; 71 paranoid
patients undergoing antipsychotic treatment (36 typical and
35 atypical); 22 patients with mood disorders and 13 patients
with dementia syndrome. The levels of AEA were increased,
whereas PEA was reduced in the first group of patients. Both
eCBs were increased in patients under treatment with atypi-
cal antipsychotic. In patients with schizophrenia treated with
typical antipsychotic, in those with mood disorders or those
with dementia there were no changes in the levels of AEA as
compared to controls. The levels of OEA in patients with un-
treated first episode of paranoid schizophrenia did not differ
from controls. Noteworthy, there was a negative correlation
between the levels of AEA in the CSF in patients with schizo-
phrenia and the symptoms (as revealed by the Positive and
Negative Syndrome Scale, PANSS), suggesting that AEA may
represent a modulatory response against the hyperdopamin-
ergic state characteristic of schizophrenia.

In order to evaluate the effects of cannabis consumption
on the levels of eCBs, in the CSF, Leweke et al.* measured the
levels of AEA, PEA and OEA in 44 patients with schizophrenia
and 81 controls, both being divided in subgroups accordingly
to high or low cannabis consumption. The authors detected a
higher level of AEA in the CSF in patients who consumed less
cannabis as compared to those who used it frequently as well
as to the controls. The levels of other eCBs were not altered.
There was a negative correlation between the levels of AEAin
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the CSF and the PANSS score, but only in the low consumption
patient subgroup. The authors suggested that heavy cannabis
use by subjects with a hyperactive ECS may down-regulate
AEA signalling in the central nervous system and disrupt the
eCB modulation over the dopaminergic system.*

Koethe et al.” tested the hypothesis that the increase in
eCBs in schizophrenia could be detected in the early stages
of the disorder. Thus, they measured the levels of AEA and
OEA in 27 psychotic patients in the prodromic phase and 81
controls. The levels of AEA, but not OEA were increased in
the patients. Again, there was an inverse correlation between
the PANSS score, although only with the cognitive dimensions.
Patients in prodromic stage with higher levels of AEA in the
CSF tend to develop less psychosis, supporting the hypothesis
that the ECS might exert a modulatory role upon the dopa-
minergic system that, in turn, protect against positive symp-
toms. Giuffrida et al.,*® Leweke et al.*® and Koethe et al.®
also measured the levels of AEA, PEA and OEA in the blood
(serum), but did not observe differences in relation to
controls. By contrast Yao et al.*' measured AEA and 2-AG in
17 untreated first episode patients with schizophrenia, 20
stable patients and 20 controls. They observed an increase
in AEA in the first group in relation to controls, and reduced
levels of 2-AG in relation to stable patients. Shwarz et al.*
measure fatty acid amides (FAAs, a class of lipids that include
the eCBs) in 70 untreated patients with paranoid schizophre-
nia, 74 patients with paranoid schizophrenia undergoing
antipsychotic therapy (34 with atypical and 40 with typical
antipsychotic), 37 patients with mood disorders and 59 con-
trols. They observed that the levels of FAAs were increased in
untreated patients with schizophrenia in relation to controls
and that these levels were normalized in patients treated
with typical, but not atypical antipsychotic.

Finally, two studies evaluated the blood levels of eCBs
before and after treatment with antipsychotics. De Marchi
et al.** measured AEA and mRNA for FAAH, for CB1-R and for
CB2-R in the blood of 12 patients with schizophrenia present-
ing acute psychosis and 20 controls. Before treatment, AEA
levels were higher in patients, but after olanzapine treatment
and improvement in positive symptoms in 5 patients, AEA
levels were similar to controls. There was also a reduction in
FAAH and CB2-R mRNA, but not CB1-R mRNA. Potvin et al.*
tested the hypothesis that quetiapine could help to reduce
drug abuse in patients with schizophrenia through modula-
tion of the ECS. They quantified the levels of AEA, 2-AG, PEA
and OEA in 27 addicted patients with schizophrenia and 17
controls. Before treatment, the levels of AEA, PEA and OEA,
but not 2-AG, were increased. After 12 weeks on quetiapine
treatment, there was a reduction in drug abuse and improve-
ment in positive, negative and depressive symptoms, but no
reduction in AEA, PEA or OEA levels.

In summary, four studies detected an increase in the
levels of AEA in the CSF.3“ Regarding measures in the blood,
three also reached this result,*** whereas other three did
not find any difference.3®4 The levels of 2-AG in the blood
were found to be reduced in one study*' and unchanged in
another.* The levels of OEA in the CSF did not differ from
controls in two studies, % although in the blood they were
either higher* or unchanged.*“° One study found that the
levels of PEA in the CSF were increased in patients receiving
atypical antipsychotics and reduced in the untreated.* Other

studies found that the blood levels were either increased*
or unchanged.” The treatment with atypical antipsychotics
was inversely correlated with the levels of AEA in the blood
in two studies, 4 but another one did not find any change.*
As for typical AP, their use changed AEA and FAAs to levels
similar to controls.3

Conclusion

The present systematic review described the literature
investigating changes in the ECS in patients suffering from
schizophrenia. The original papers reviewed here studied ge-
netic polymorphisms, the expression of cannabinoid receptors
in specific brain regions and levels of eCBs in CSF or blood.

So far, it is difficult to draw any consistent theory on the
role of the ECS in this major psychiatric disorder. Taking into
account the acute effects of Cannabis sativa and cannabi-
noids, which induce psychotomimetic effects,* and the epi-
demiologic evidence suggesting that chronic consumption of
Cannabis may be a predisposing factor to schizophrenia,'®'"12
there is a rationale to link changes in the ECS to symptoms
in this disorder. Indeed, an endocannabinoid hypothesis of
schizophrenia has been proposed.“ Nonetheless, from the
studies retrieved in our review, no clear picture has emerged.

This topic is relevant not only for theoretical reasons. The
current pharmacological therapy of schizophrenia is limited
to the antagonism of dopamine receptors, which presents
limited efficacy and significant side effects.? Thus, alternative
pharmacological strategies must be pursued and one approach
involves the characterization of other neurotransmitters sys-
tems affected in this disorder. Such a strategy has been put
into practice, for instance, with the glutamate system. Based
on the theory that schizophrenia might be related to a low
functioning of glutamate, there have been attempts to develop
drugs that enhance this neurotransmitter.®” As for the ECS,
it has been investigated whether CB1-R antagonism induces
antipsychotic effects, as a corollary to the psychotomimetic
effects of cannabinoids, which activate this receptor. However,
results to date have been mixed.” Studies in experimental
animals have also been inconsistent.“

In conclusion, despite several studies investigating
changes in the ECS in schizophrenia, it remains uncertain
whether a malfunctioning of this system would be consis-
tently related to the disorder.
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DESCRITORES Resumo

Esquizofrenia; Objetivo: A esquizofrenia é um transtorno psiquiatrico cujos mecanismos permanecem apenas
Cannabis; parcialmente elucidados. As atuais propostas relativas a base bioldgica, tais como a hipotese
Endocanabinoides; dopaminérgica, ndo explicam por completo a diversidade de seus sintomas, o que indica que
Antipsicaticos. outros processos podem estar envolvidos. Este artigo tem como objetivo revisar indicios que

sustentem o envolvimento do sistema endocanabinoide (SECB), um grupo de neurotransmissores-
alvo dos compostos da Cannabis sativa, nesse transtorno. Métodos: Revisao sistematica dos artigos
originais, publicados em inglés e indexados no PubMed até abril de 2012. Resultados: A maioria
dos estudos empregou métodos neuroquimicos ou de neuroimagem genéticos e histologicos - tanto
in vivo quanto post-mortem - para investigar se os componentes do SECB estao comprometidos
nos pacientes. De modo geral, os dados mostram mudancas nos receptores canabinoides em
determinadas regides cerebrais, bem como a alteracdo dos niveis de endocanabinoides no
liquido cefalorraquidiano e/ou no sangue. Conclusées: Ainda que a disfuncao do SECB tenha sido
descrita, os resultados dos estudos ndo sao totalmente consistentes. Sdo necessarios mais dados
para definir melhor o papel desse sistema na esquizofrenia.
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Introducéao

A esquizofrenia € um transtorno psiquiatrico que apresenta
diversas caracteristicas clinicas, as quais foram agrupadas
como sintomas positivos, negativos e cognitivos."? A aborda-
gem farmacoldgica para esse tratamento é um tanto limitada
e consiste, basicamente, de compostos antipsicoticos, que
nao sao eficazes em todas as dimensoes dessa desordem.
Quase todas essas drogas compartilham de um mecanismo
de acdao comum, que é o antagonismo dos receptores de
dopamina.3

A base biologica da esquizofrenia tem sido amplamente
estudada e discutida. Com base nos mecanismos dos me-
dicamentos antipsicoticos e em outras evidéncias, a visao
corrente é a de que os sintomas poderiam ser a consequéncia
da disfuncao da neurotransmissdo dopaminérgica, a chamada
hipotese dopaminérgica.*® Ha, no entanto, limitacdes claras
para essa hipotese, ja que nao explica adequadamente a
complexidade dos sintomas e a heterogeneidade clinica.
Além da dopamina, ha outros neurotransmissores em foco,
como a serotonina e o glutamato.®’

Evidéncias recentes apontam para o possivel envolvi-
mento do sistema endocanabinoide (SECB) na esquizofrenia.
Esse sistema neurotransmissor leva o nome da erva Cannabis
sativa (maconha), umas das drogas de abuso mais consumi-
das. Seu composto ativo é o delta-9-tetra-hidrocanabinol
(THC), o prototipo da classe dos compostos denominados
canabinoides. Outros importantes canabinoides naturais sao
o canabidiol (CBD) e o canabinol. O SECB abrange os recep-
tores canabinoides, cunhados como receptores canabinoides
do tipo 1 e do tipo 2 (CB1-R e CB2-R); os ligantes endoge-
nos, tais como o araquidonoil etanolamina (AEA, também
chamada de anandamida); 2-araquidonoil-glicerol (2-AG);
palmitoil etanolamina (PEA) e oleoil etanolamina (OEA),
coletivamente chamados de endocanabinoides (eCBs); e as
enzimas responsaveis pela sintese e pelo catabolismo dos
endocanabinoides. Aanandamida e o 2-AG sao metabolizados
pelas enzimas amida hidrolase de acido graxo (FAAH) e a
lipase monoacilglicerol (MAGL), respectivamente.®® AFigura
1 mostra a visao esquematica do funcionamento do SECB.

0 uso cronico da cannabis foi apontado como um possivel
fator causador da psicose, mais especificamente da esquizo-
frenia. Outras revisdes amplas focaram nessa possivel liga-
¢a0."%".12 O objetivo deste artigo é revisar a literatura que
indica um papel do SECB na fisiopatologia da esquizofrenia.

Métodos

Foi feita uma busca na base de dados do PubMed com os
termos genetic, central nervous system, cerebrospinal
fluid (liquor), serum, plasma, blood, neuroimaging, PET
scan, fMRI e post-mortem, cruzados individualmente com
endocannabinoid system, endocannabinoids, anandamide,
2-AG, 2-arachidonoy!-glycerol, cannabinoid receptors, CNR1,
CB1R, cannabinoid receptor 2, CNR2, CB2R e schizophrenia.

Os critérios de inclusao foram: artigos originais; em
lingua inglesa; estudo que avaliaram alteracoes do SECB
na esquizofrenia (variacoes genéticas nos componentes do
SECB, mudancas nos receptores canabinoides no cérebro e
mudancas nos niveis eCB no liquor ou no sangue). Resumos
de encontros cientificos também foram incluidos. O ano de

publicacao nao foi limitado e a busca incluiu artigos publi-
cados até abril de 2012.

A busca recuperou 90 artigos, dos quais 22 foram inclui-
dos. Mais nove foram incluidos com base nas referéncias
desses 22, totalizando 31 nos quais esta revisao se baseou.
Os 68 restantes foram excluidos pelas seguintes razoes:
artigos de revisao (n = 19); estudos com novos radioligantes
para o receptor canabinoide (n = 15); estudos em animais
(n = 7); estudos que investigavam os efeitos da cannabis em
voluntarios saudaveis ou pacientes esquizofrénicos (n = 10);
estudos que avaliavam a ligacao entre o uso da Cannabis sa-
tiva e a esquizofrenia (n = 3); estudos que avaliavam outros
resultados de intervencdes terapéuticas (n = 2); estudo de
caso (n = 1); comentarios sobre um artigo original (n = 1);
e estudos com foco em outros transtornos e outras doencas
(n =10).

Resultados

Os estudos foram divididos de acordo com trés estratégias
principais de abordagem do SECB na esquizofrenia: investiga-
cao de polimorfismos, deteccao de receptores canabinoides
nas regides cerebrais e medicao dos niveis do eCB no liquor
Ou no sangue.

Variagées genéticas nos componentes do sechb

As variacdes genéticas relacionadas aos componentes do
SECB foram investigadas em alguns estudos. A maioria focou
na relacao entre polimorfismos do gene CNR1, que codifica
CB1-R e a esquizofrenia. Esse gene esta localizado na regiao
cromossdmica 6q14-q15, que foi identificada como um locus
de suscetibilidade para a esquizofrenia.’

an
2-AG
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Figura 1 Uma visao simplificada do sistema endocanabi-
noide, seus principais componentes e mecanismos.

Os endocanabinoides (eCBs) anandamida (araquidonoil etanolamina, AEA) e
2-araquidonoil glicerol (2-AG) sao sintetizados a partir da membrana dos
neurdnios pos-sinapticos apo6s o influxo de calcio [1]. Eles se propagam
para a fenda sinaptica [2] e atuam principalmente por meio do receptor
CB1 nos terminais pré-sinapticos [3]. As acdes dos eCBs estao limitadas aos
processos de captacao [4] para neurdnios pos e pré-sinapticos para AEA e
2-AG, respectivamente. A AEA é quebrada por uma enzima chamada amida
hidrolase de acido graxo (FAAH), enquanto que 2-AG ¢ metabolizado por
lipase monoacilglicerol (MAGL) [5].
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Os primeiros estudos que avaliaram a relacao entre as
variacoes de CNR1 e a esquizofrenia obtiveram resultados
negativos (Tabela 1). Tsai et al.™ ndo encontraram ligacao
entre o polimorfismo (AL136096) com repeticao tripla de
(AAT)n e a esquizofrenia em um estudo que compara 127
pacientes chineses com esquizofrenia e 146 controles sauda-
veis. Leroy et al." avaliaram um polimorfismo diferente do
mesmo gene, 1359 G/A (rs1049353). Esses autores também
nao encontraram quaisquer diferencas quanto a frequéncia
alélica ou a distribuicao genotipica entre 102 pacientes com
esquizofrenia ou transtorno esquizoafetivo e 63 controles
em uma populacao francesa caucasiana. De forma seme-
lhante, Zammit et al." nao encontraram qualquer relacao
entre esse mesmo polimorfismo e a esquizofrenia em 750
pacientes, se comparados a 688 controles em uma populacao
britanica. Seifert et al."” avaliaram a associacao entre os

trés polimorfismos de CNR1 (1359 G/A [rs1049353], [AAT]n
repeticao tripla [AL136096] e rs6454674) com esquizofrenia
em 104 pacientes e 140 controles em uma populacao alema,
mas nao encontraram diferencas entres esses grupos. Houve
uma tendéncia em direcdo a menor frequéncia do alelo
(AAT),, em pacientes, embora o resultado nao tenha atingido
significancia estatistica, possivelmente devido ao tamanho
reduzido da amostra. Hamdani et al.'® também estudaram o
polimorfismo 1359 G/A (rs1049353) e, novamente, nao encon-
traram associacao com a esquizofrenia em 133 pacientes, se
comparados aos 141 controles em uma populacao francesa.
Apesar dos resultados negativos, o trabalho mencionado
encontrou uma frequéncia maior do alelo G em pacientes
com esquizofrenia refrataria, o que poderia significar que o
polimorfismo 1359 G/A nao estaria relacionado a vulnerabili-
dade para esse transtorno, mas sim a uma resposta a drogas

Tabela 1 Variacdes genéticas nos componentes do SECB na esquizofrenia

Autores Objetivo Tipo Sujeitos Polimorfismos Resultados Conclusées
Tsai et al.™ Avaliar o Estudo de = 127 pacientes com = Repeticao tripla de Nao houve Nao sustenta a
envolvimento do associacao genética. esquizofrenia (AAT)n (AL136096) associacao hipotese de que

gene CNR1 na
patogénese da
esquizofrenia.

= 146 controles
= Populagao chinesa

significativa entre
os genotipos do
gene CNR1 e
esquizofrenia.

o polimorfismo
com repeticao
tripla de (AAT)

n esta associado a
patofisiologia de

ESQ.

Leroy et al."

Avaliar o
envolvimento do
gene CNR1 na
patogénese da
esquizofrenia.

Estudo de

associacao genética.

= 102 pacientes com
ESQ ou transtornos
esquizoafetivos

= 63 controles
= Populagao francesa

* 1359 G/A
(rs1049353)

= Nao houve
diferenca na
frequéncia alélica
ou na distribuicao
genotipica entre
pacientes com ESQ e
controles.

= 0 gendtipo gg foi
menos frequente
em pacientes
esquizofrénicos que
nao usavam drogas.

= Nao sustenta a
hipotese de que o
polimorfismo 1359
G/A esta associado
a patofisiologia de
ESQ.

= Sugere que as
variacoes genéticas
de CNR1 estao
relacionadas ao
risco de se usarem
drogas na ESQ.

Ujike et al.?®

Avaliar o
envolvimento do

Estudo de

associacao genética.

Polimorfismo 1359
G/A:

= 1359 G/A
(rs1049353)

= A frequéncia
alélica da repeticao

Sustenta a
hipotese de que o

gene CNR1 na « 116 pacientes com - Repeticdo tripla de de (AAT)n foi polimorfismo com
patogénese da ESQ (paranoides: 55; (AAT)n (AL136096) diferente entre repeticao tripla de
esquizofrenia. hebefrénicos: 61) hebefrénicos (AAT)n, mas nao o
e controles polimorfismo 1359
* 137 controles (frequéncia mais G/A, esta associado
Polimorfismo (AAT) alta do alelo de a patofisiologia de
n: [AAT], e mais baixa  ESQ hebefrénica.
= 242 pacientes com do alelo de [AAT],,).
ESQ (paranoides: = Nao houve
110; hebefrénicos: diferenca na
128) distribuicdo tripla
= 296 controles de 1359 G/A
- entre pacientes e
. IR controles.
japonesa
Morita et al."” Avaliar o Estudo de = 260 pacientes com = Pro129Thr Nao houve N&o sustenta a
envolvimento do associacao genética. ESQ (paranoides: (rs324420) diferenca quanto a  hipotese de que
gene FAAH na 127; hebefrénicos: frequéncia alélica o polimorfismo

patogénese da
esquizofrenia.

127; nao
classificados: 6)
= 63 controles

= Populacao
japonesa

ou distribuicao
fenotipica entre
pacientes com

ESQ e controles
(independetemente
do subtipo do
transtorno).

Pro129Thr esta
associado a
patofisiologia de
ESQ.
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Martinez-Gras
et al.”

Avaliar o
envolvimento do
gene CNR1 na
patogénese da
esquizofrenia.

Estudo de

associacao genética.

= 113 pacientes com
ESQ

= 111 controles

= Populacéao
espanhola

= Repeticao tripla de
(AAT)n (AL136096)

Houve diferenca
quanto a frequéncia
alélica da

repeticao de (AAT)
n entre pacientes

e controles
(frequéncia mais
baixa do alelo 4 -
[AAT],,).

= Sustenta a
hipotese de que

o polimorfismo
com repeticao
tripla de (AAT)

n esta associado a
patofisiologia de
ESQ.

* O alelo 4 poderia
ser o variante de
protecao para a ESQ
do gene CNR1.

Zammit et al."® Avaliar o Estudo de = 750 pacientes com = 1359 G/A Nao houve Nao sustenta a
envolvimento dos associacao genética. ESQ (rs1049353) diferenca quanto hipotese de que o
genes de CNR1 « 688 controles a distribuicao polimorfismo 1359
e CHRNA7 na . genotipica de 1359  G/A esta associado
patogénese de ESQ. : P‘oPu.lagao G/A entre pacientes a patofisiologia de

britanica e controles. ESQ.

Seifert et al."” Avaliar o Estudo de = 104 pacientes com = 1359 G/A = A frequéncia » Nao sustenta a

envolvimento do associacao genética. ESQ (rs1049353) alélica de (AAT), foi hipotese de que os

gene CNR1 na
patogénese da
esquizofrenia.

= 140 controles
= Populagao alema

= Repeticao tripla de
(AAT)n (AL136096)
= 156454674

menor em pacientes
portadores de

ESQ do que em
controles, mas nao
foi estatisticamente
significativa.

= Nao houve
diferenca quanto

a frequéncia

alélica dos
polimorfismos 1359
G/A (rs1049353)

e rs6454674

entre pacientes e
controles.

polimorfismos 1359
G/A (rs1049353)

e rs6454674 estao
associados a
patofisiologia de
ESQ.

= Houve tendéncia
de uma frequéncia
menor do alelo
(AAT),,na ESQ,
talvez ndao
confirmada devido
ao tamanho da
amostra, que foi
pequena.

Chavarria-Siles et
al.?

Avaliar o
envolvimento do
gene CNR1 na
patogénese da
esquizofrenia.

Analises de
associacao genética

baseada em familia.

= 66 pacientes com
ESQ hebefrénica

= 244 pacientes
portadores de ESQ
(fenotipo amplo)

= populacao
costarriquenha

= Repeticao tripla de
(AAT)n (AL136096)

* Houve associagcao
entre a repeticao
tripla do
polimorfismo de
(AAT)n em pacientes
portadores de

ESQ hebefrénicos
(frequéncia menor
do alelo 4 - [AAT], ).

= Nao houve
associacao entre
o polimorfismo

e pacientes
portadores de ESQ
(fenotipo amplo).

= Sustenta a
hipotese de que

o polimorfismo
com repeticao
tripla de (AAT)

n esta associado a
patofisiologia de
ESQ hebefrénica.

= Sustenta a
hipotese de que
mecanismos
genéticos e
patofisiologicos
distintos podem
estar relacionados
aos diferentes
subtipos de ESQ.

Hamdani et al.™

Avaliar o
envolvimento do
gene CNR1 na
patogénese da
esquizofrenia e
resposta de AP.

Estudo de

associacao genética.

= 133 pacientes
portadores de ESQ
em AP atipicos
(responsivos: 74;
nao responsivos: 59)

= 141 controles
= Populagéo francesa

= 1359 G/A
(rs1049353)

= rs806368
= rs806379
= rs806380

* Nao houve
diferenca quanto as
frequéncias alélicas
e genotipicas do
polimorfismo 1359
G/A (rs1049353)
entre pacientes e
controles.

= A frequéncia
alélica do alelo G do
polimorfismo 1359
G/A (rs1049353)

foi mais alta

nos pacientes
esquizofrénicos nao
responsivos.

O polimorfismo1359
G/A (rs1049353) nao
estaria relacionado
a vulnerabilidade da
ESQ, mas a resposta
do antipsicotico
atipico.
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= Nao houve
diferenca quanto
as frequéncias
alélica e genotipica
dos polimorfismos
rs806368, rs806379
e rs806380 entre
responsivos e nao
responsivos.

Tiwari et al.?

Avaliar o Estudo de
envolvimento do

gene CNR1 no ganho
de peso induzido por

AP em ESQ.

associacao genética.

= 183 pacientes
portadores de ESQ
ou transtornos
esquizoafetivos
em tratamento
antipsicotico

= Populacéo de
ascendéncia
europeia (n=117) e
africana (n=55)

= 15806368

= 1512720071
= 151049353
= 15806369

= 15806370

= rs806374

= 15806375

= rs806377

= rs806378

= 52023239
= 15806380

= rs806381

= 57752758
= 512528858
= 1512205430
= 156914429
= 152180619
= 15754387

= 159450902
= 1510485170

A frequéncia alélica
do polimorfismo
rs806378 (alelo

T) foi mais alta
em pacientes
esquizofrénicos
europeus que
ganham mais peso
com APs atipicos
(clozapina ou
olanzapina).

Sustenta a
hipotese de que
o polimorfismo
rs806378 esta
relacionado ao
ganho de peso
induzido por AP
atipico.

Ishiguro et al.?

Avaliar o Estudo de
envolvimento do
gene CNR2 na
patogénese da

esquizofrenia

associacao genética.

* 1.920 pacientes
portadores de ESQ

* 1.920 controles

* Populacao
japonesa

= rs9424339

= 152502959

= 152501432 (R63Q)
= 152229579 (H316T)
= 1512744386

As frequéncias
alélicas dos
polimorfismos
rs12744386 e
rs2501432 (R63Q)
foram mais elevadas
em pacientes
portadores de ESQ.

Sustenta a
hipotese de que
os polimorfismos
rs12744386 e
rs2501432 (R63Q)
do gene CNR2
estao associados
a patofisiologia da
ESQ.

Ho et al.**

Estudo transversal
entre os com neuroimagem
polimorfismos do (IRM) e bateria
gene CNR1, o uso da cognitiva.
cannabis, o volume

cerebral e a funcao

cognitiva em ESQ.

Avaliar interagoes

» 52 pacientes
portadores de
ESQ ou transtorno
esquizoafetivo
usuarios/
dependentes da
cannabis.

= 183 pacientes com
ESQ ou transtorno
esquizoafetivo

Nnao usuarios/
dependentes da
cannabis.

= rs806365
= 15806366
= 15806368
= rs806374
= 15806375
= 15806376
= rs806380
= 157766029
= 1512720071

» rs1049353 (1359
G/A)

= rs6454672
= rs9450898

= Os usuarios

de cannabis
apresentaram
volumes
frontotemporais da
SB menores do que
0s Nao usuarios.

= Nao houve
diferenca quanto as
frequéncias alélicas
entre usuarios e nao
usuarios.

= Portadores de
rs12720071 (alelo
G) apresentaram
volumes
frontotemporais
da SB menores do
que os portadores
do alelo A. Os
usuarios da cannabis
apresentaram
volumes ainda
menores da SB
parietal.

= Sugere que o

uso da cannabis
associado aos
genotipos
especificos de CNR1
pode contribuir para
as alteracoes de SB
e déficits cognitivos
em um subgrupo

de pacientes
portadores de ESQ.

= Sustenta a
hipotese de que as
influéncias genéticas
e ambientais agem
em conjunto para
determinar a
expressao fenotipica
na ESQ.




O sistema endocanabinoide e seu papel na esquizofrenia

5183

* Portadores de
rs7766029 (alelo C)
apresentaram o lobo
parietotemporal
menor do que os
portadores do alelo
T e rs9450898 (alelo
C) apresentaram
volumes menores da
SB frontotemporal
do que os
portadores do

alelo T.

= Portadores
rs12720071 alelo

G apresentaram os
piores resultados
nos testes de
resolucao de
problemas e de
velocidade de
processamento/
atencéo. Os usuarios
da cannabis tiveram
resultados ainda
piores nos testes

de resolucao de
problemas.

antipsicoticas. Além disso, as diferencas entre outros trés
polimorfismos (rs806368, rs806379 e rs806380) foram analisa-
das entre pacientes refratarios ou responsivos ao tratamento
antipsicotico, mas nenhuma associacdo foi encontrada.
Finalmente, Morita et al." investigaram uma possivel relacao
entre o polimorfismo Pro129Thr (rs324420) do gene FAAH e
a esquizofrenia. Nenhuma diferenca foi encontrada em um
grupo de 260 pacientes com esquizofrenia (127 paranoides,
127 hebefrénicos e seis nao classificados), em comparacao
a 63 controles na populacao japonesa, independentemente
do subtipo de transtorno.

Contrastando esses resultados negativos, outros estudos
indicam uma associacao entre as variacées no gene CNR1 e a
esquizofrenia. Ujike et al.?® compararam 242 pacientes (110
paranoides e 128 hebefrénicos) com 296 controles saudaveis
em uma populacao japonesa em relacao ao polimorfismo
(AL136096) com repeticao tripla (AAT)n e encontraram uma
diferenca relativa a frequéncia alélica entre hebefrénicos
versus controles (frequéncia maior para o alelo [AAT], e
menor para o alelo [AAT],.). No mesmo estudo, outro grupo
com 116 pacientes e 137 controles foi avaliado quanto a
diferencas no polimorfismo G/A (rs1049353), mas nenhuma
foi encontrada. Alguns desses resultados foram reproduzidos
por Martinez-Gras et al.?', que encontraram uma frequéncia
baixa do alelo (AAT),, (alelo 4) em 113 pacientes com esqui-
zofrenia em comparacao a 111 controles em uma populacao
espanhola. Chavarria-Siles et al.”2 compararam 244 pacientes
com esquizofrenia, sem a classificacao de subtipo, a 66 pa-
cientes do subtipo hebefrénico e nao encontraram associacao
entre o polimorfismo (AL136096) com repeticao tripla (AAT)n
em pacientes com esquizofrenia em geral, mas, como Ujike
et al.,”® observaram um efeito para pacientes do subtipo
hebefrénico (frequéncia menor do alelo [AAT], ). Esses dados
refletem a heterogeneidade fisiopatologica da esquizofrenia
e sugerem que variacoes no gene CNR1 podem contribuir
para a patogénese dos subtipos especificos desse transtorno.

Tiwari et al.?avaliaram 20 polimorfismos do gene CNR1
em 183 pacientes portadores de esquizofrenia ou transtorno
esquizoafetivo em tratamento antipsicotico e encontra-
ram frequéncia alélica (alelo T) mais alta do polimorfismo
rs806378 nos pacientes que ganharam mais peso enquanto
usavam clozapina ou olanzapina, o que sugere que essa va-
riacao genética esta relacionada a suscetibilidade do ganho
de peso induzido por antipsicoticos.

Em um estudo interessante, Ho et al.?* avaliaram intera-
¢coes entre os polimorfismos de CNR1, o uso de cannabis, o
volume cerebral e a funcao cognitiva. Os autores compararam
52 pacientes portadores de esquizofrenia ou de transtorno
esquizoafetivo e usuarios/dependentes da cannabis e 183
pacientes nao usuarios e observaram menores volumes da
substancia branca frontotemporal (SB) naqueles que fuma-
vam cannabis. Além disso, pacientes com o polimorfismo
rs12720071 (alelo G) tinham volumes menores de SB do que
aqueles com o alelo A. Aqueles com o alelo G usuarios da
cannabis tinham volumes ainda menores de SB. Pacientes com
rs7766029 (alelo C) e rs9450898 (alelo C) apresentaram volu-
mes menores de SB do que aqueles com o alelo T. Na bateria
cognitiva, pacientes com rs12720071 (alelo G) apresentaram
resultados piores nos testes de resolucao de problemas e
de velocidade de processamento/atencao. Os resultados
dos testes de resolucao de problemas foram ainda piores
nos portadores do alelo G que fumaram cannabis. Aqueles
resultados sugerem que o uso da cannabis em associacao
com genotipos especificos de CNR1 pode contribuir para as
alteracdes na SB e para o déficit cognitivo em um subgrupo
de pacientes esquizofrénicos, o que favorece a hipotese de
que a genética e os fatores ambientais agem em conjunto
para determinar a expressao fenotipica na esquizofrenia.

Apenas um estudo focou nas variacdes do gene CNR2 (que
decodifica CB2-R) na patogénese da esquizofrenia. Ishiguro
et al.” avaliaram as diferencas quanto as frequéncias aléli-
cas de cinco polimorfismos de CNR2 (rs9424339, rs2502959,
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rs2501432 [R63Q], rs2229579 [H316T] e rs12744386), compa-
rando 1.920 pacientes portadores de esquizofrenia a 1.920
controles em uma populacao japonesa. Os autores encon-
traram uma associacao entre os polimorfismos rs2501432
(R63Q) e rs12744386 e o transtorno. Esse resultado corrobora
a hipotese de que as variagoes no gene CNR2 podem ter
participacao na fisiopatologia da esquizofrenia.

De forma geral, a maioria dos estudos se refere aos
polimorfismos com repeticao tripla de (AAT)n (AL136096)
e 1359 G/A (rs1049353) do gene CNR1. Dentre os estudos
que avaliam o polimorfismo com repeticao tripla de (AAT)n
(AL136096), um encontrou uma associacao com a esquizo-
frenia, dois encontraram associacoes com esquizofrenia do
subtipo hebefrénica?? e dois nao encontraram associacoes
entre o polimorfismo e o transtorno.''” Dentre os estudos que
avaliaram o polimorfismo 1359 G/A (rs1049353),">'820 nenhum
identificou qualquer associacao. O Unico estudo que avaliou
variacoes do gene CNR2% observou uma relacao entre dois
polimorfismos e a esquizofrenia. Os polimorfismos Pro129Thr
(rs324420) do gene FAAH, e rs6454674 do gene CNR1, bem
como rs9424339, rs2502959 e rs2229579 (H316T) do gene
CNR2, nao pareceram ter qualquer relagcao com o transtorno.

Alteracées de receptores canabinoides no cérebro

Outra estratégia empregada por alguns autores para investi-
gar o papel do SECB na fisiopatologia da esquizofrenia foca na
determinacao dos niveis de CB1-R em determinadas regioes
do cérebro possivelmente relacionadas a esse transtorno.
Isso foi feito nos estudos post-mortem e in vivo. Os estudos
post-mortem avaliaram a densidade de CB1-R por meio de
trés métodos principais: ensaios com ligacao de radioligan-
tes, imuno-histoquimica ou reacao em cadeia da polimerase
(PCR), enquanto estudos in vivo empregaram técnicas de
neuroimagem. Esses estudos estao resumidos na Tabela 2.
O primeiro estudo post-mortem com um radioligante
foi conduzido por Dean et al.,? que investigou diferencas
quanto aos niveis de ligacao de [*H] CP-55940 (um antago-
nista de CB1-R) na area 9 do cortex pré-frontal dorsolateral
(dIPFC), caudado-putamen e hipocampo de 14 pacientes
com esquizofrenia e 14 controles. Os autores detectaram
um aumento da densidade do CB1-R no dIPFC de pacien-
tes, um resultado nao relacionado ao consumo de canna-
bis. Nao houve diferenca em outras regides do cérebro.
Além disso, Dalton et al.?” avaliaram a densidade de CB1-R

Tabela 2 Alteracoes de receptores endocanabinoides no cérebro

Areas cerebrais

Autores Objetivo Tipo Sujeitos investigadas Resultados Conclusées
Dean et al.? Avaliar a densidade  Analise = 14 pacientes = dIPFC, area 9 = Aumento da Favorece a hipotese
do CB1-R (por meio  observacional, portadores de ESQ cp densidade de CB1-R de que as mudancas

do nivel da ligacao
do radioligante [*H]
CP-55940, agonista
de CB1) nas areas do
cérebro envolvidas
na ESQ.

transversal, post-
mortem do tecido
cerebral usando
radioligante e
autorradiografia.

= 14 controles « Lobo temporal

no dIPFC de sujeitos
portadores de ESQ
independentemente
da recente ingestao
de cannabis).

* Nenhuma diferenca
na densidade do
CB1-RnoCPe

no hipocampo na
comparacao de
pacientes portadores
de ESQ e controles.

= Aumento na
densidade de CB1-R
no CP de sujeitos
que haviam ingerido
recentemente

a cannabis
(independentemente
do diagnostico).

no SECB no dIPFC
estdo associadas a
patologia de ESQ.

Zavitsanou et al.?®

Avaliar a densidade
do CB1-R (por meio
do nivel da ligacao
do radioligante

[3H] SR141716A,
antagonista do CB1)
nas areas do cérebro
envolvidas na ESQ.

Analise
observacional,
transversal, post-
mortem do tecido
cerebral usando
radioligante e
autorradiografia.

Aumento da
densidade de CB1-R
no ACC de sujeitos
portadores de ESQ
(independentemente
da recente ingestao
da cannabis).

Favorece a hipotese
de que mudancas
no SECB no ACC
estdo associadas a
patologia da ESQ
(principalmente os
sintomas cognitivos
e negativos).

Newell et al.?”

Avaliar a densidade
do CB1-R (por meio
do nivel da ligacao
do radioligante [*H]
CP-55940, agonista
de CB1) nas areas do
cérebro envolvidas
na ESQ.

Analise
observacional,
transversal, post-
mortem do tecido
cerebral usando
radioligante e
autorradiografia.

= 10 pacientes *ACC
portadores de ESQ

= 10 controles

= oito pacientes = PCC

portadores de ESQ

= oito controles

Aumento da
densidade do CB1-R
no PCC (camadas
superficiais) de
sujeitos portadores
de ESQ.

Favorece a hipotese
de que mudancas
no SECB no PCC
estao associadas a
patologia da ESQ.
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Deng et al.® Avaliar a densidade  Analise = 0ito pacientes « STG Nao ha diferenca Nao favorece a
do CB1-R (por meio  observacional, portadores de ESQ quanto a densidade  hipotese de que
do nivel da ligacdo  transversal, post- . do CB1-R no STG, CB1-R no STG

s . = 0ito controles 5 2 . 5

do radioligante mortem do tecido ha comparacao esta associado a
[3H] SR141716A, cerebral usando de pacientes com patologia de ESQ.
antagonista do CB1) radioligante e controles.
nas areas do cérebro autorradiografia.
envolvidas na ESQ.

Koethe et al.' Avaliar a densidade ~ Analise = 15 pacientes - ACC Nao ha diferenca N&o favorece a

do CB1-R na area do
cérebro envolvida
em ESQ, TB e TDM.

observacional,
transversal, post-
mortem do tecido
cerebral usando
imuno-histoquimica.

portadores de ESQ

= 15 pacientes com
TB

= 15 pacientes com
TDM

= 15 controles

quanto a densidade
do CB1-R no ACC,

na comparacao de
pacientes portadores

de ESQ com controles.

hipotese de que
CB1-R no ACC
esta associado a
patologia de ESQ.

Eggan et al.?

Avaliar a densidade
do CB1-R (expressao
do mRNA e da
proteina) na area do
cérebro envolvida
na ESQ.

Analise
observacional,
transversal, post-
mortem do tecido
cerebral usando
imuno-histoquimica
e hibridacéo in situ.

= 23 pacientes
portadores de ESQ

= 23 controles

= dIPFC, area 9

Reducéo da expressao
do mRNA e da
proteina do CB1-R

no dIPFC (area 9),

na comparagao de
pacientes portadores

de ESQ com controles.

Favorece a hipotese
de que mudancas
no dIPFC (area 9)
estdo associadas a
patologia da ESQ.

Urigiien et al.®

Avaliar a densidade
do CB1-R, dos
receptores D2

da dopamina e

A,, da adenosina
(expressao do mRNA
e da proteina) na
area do cérebro
envolvida na ESQ.

Analise
observacional,
transversal, post-
mortem do tecido
cerebral usando
imunoblot e PCR.

= 31 pacientes
jovens
esquizofrénicos que
cometeram suicidio
(11 foram tratados
com AP atipicos)

= 13 vitimas de
suicidio nao ESQ

= 33 controles que
nao cometeram
suicidio

= dIPFC, area 9

= Reducao da
expressao do mRNA e
da proteina do CB1-R
no dIPFC (area 9),

na comparagao de
pacientes portadores
de ESQ com controles
(independentemente
do suicidio).

= Nao ha diferenca
quanto a expressao
do mRNA do CB1-R
no dIPFC (area 9),
na comparagao de
pacientes portadores

de ESQ com controles.

Favorece a hipotese
de que mudancas
no dIPFC (area 9)
estdo associadas a
patologia da ESQ
e de que o uso

de antipsicoticos
esta relacionado
a sub-regulacao
descendente do
CB1-R nessa area.

Wong et al.®

Avaliar a densidade
do CB1-R na area do
cérebro envolvida
na ESQ.

Analise
observacional,
transversal,
neuroimagem in
vivo (PET scan) com
radioligante.

= 10 pacientes com
ESQ em APs

= 10 controles

= cortices frontal,
temporal,

parietal, occipital
e cingulado,

giro fusiforme,
hipocampo, para-
hipocampo, insula,
putamem, caudado,
globo palido,
talamo, cerebelo e
ponte.

= Aumento da
densidade do CB1-R
na ponte de sujeitos
com esquizofrenia.

= Correlagao positiva
entre a expressao de
CB1-R e os sintomas
positivos. Correlacao
negativa entre a
expressao do CB1-R e

0s sintomas negativos.

= Favorece a
hipotese de que
mudancas no SECB
estao associadas a
patologia da ESQ.

Eggan et al.**

Avaliar a densidade
do CB1-R na area do
cérebro envolvida
na ESQ.

Analise
observacional,
transversal, post-
mortem do tecido
cerebral usando
imunocitoquimica.

Coorte n° 1:

= 12 pacientes com

ESQ
= 12 controles
Coorte n°2:

= 14 pacientes com

ESQ

= 14 pacientes com
TDM

=14 controles

= dIPFC, area 46

Coorte n® 1:

= Reducao da
densidade do CB1-R
no dIPFC (area 46) de
sujeitos com ESQ.

Coorte n°2:

= Reducao da
densidade do CB1-R
no dIPFC (area 46),
na comparacao de
pacientes com ESQ,
pacientes com TDM e
controles.

= Nao ha diferenca
quanto a densidade
do CB1-R no dIPFC,
na comparacao de
pacientes portadores
de TDM com
controles.

= Favorece a
hipotese de que
mudancas no
SEBC (area 46)
estdo associadas a
patologia da ESQ

= As alteracoes

do CB1-R estao
presentes em
algumas regioes
do dIPFC e seriam
especificas (nao
presentes no TDM)
da ESQ.
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Ceccarini et al.*

Avaliar a densidade
do CB1-R na area do
cérebro envolvida
na ESQ.

Analise
observacional,
transversal,
neuroimagem in
vivo (PET scan) com

= 49 pacientes
portadores de ESQ
com AP

= nove pacientes
portadores de ESQ

= NA
« insula
= ACC

* Aumento da
densidade do CB1-R

no NA de sujeitos com

esquizofrenia.
* Aumento da

* Favorece a
hipotese de que
mudancas no
SECB no NA, na
insula e no ACC

radioligante. sem AP densidade do CB1-R estdo associadas a
na insula e no ACC patologia da ESQ.
= 12 controles de sujeitos com
esquizofrenia em
tratamento com AP.
Dalton et al.? Avaliar a densidade  Analise = 16 pacientes com = dIPFC, area 46 = Aumento da - Favorece a

do CB1-R (ligacao
do radioligante

[*H] CP-55940 e
expressao do mRNA)
na area do cérebro
envolvendo a ESQ.

observacional,
transversal, post-
mortem do tecido
cerebral usando
radioligante,
autorradiografia e

ESQ paranoide

= 21 pacientes com
ESQ nao paranoide

= 37 controles

densidade do CB1-R
no dIPFC (area

46) de sujeitos

com esquizofrenia
paranoide.

hipotese de que
mudancas no SECB
no dIPFC (area 46)
estdo associadas a
patologia da ESQ
paranoide.

PCR quantitativa.

= Nao ha diferenca
quanto a expressao
do mRNA do CB1-R,
na comparacao entre
pacientes portadores
de esquizofrenia e
controles.

em outra area do dIPFC (area 46) com o mesmo ligante e
encontraram um aumento na densidade desse receptor em
pacientes com esquizofrenia paranoide (n = 16) quando
comparados aos controles (n = 37). Zavitsanou et al.?®
focaram no cortex cingulado anterior (ACC) com o uso
do antagonista de CB1-R [*H]-SR141716A em 10 pacientes
com esquizofrenia versus 10 controles, descrevendo um
aumento da densidade de CB1-R. Newell et al.? também
encontraram um aumento da expressdo do CB1-R no cortex
cingulado posterior (PCC), conforme revelado pelo agonis-
ta de CB1-R [*H]-CP-55940, em oito pacientes e oito con-
troles. Finalmente, Deng et al.** avaliaram as diferencas na
ligacao de [*H]-SR141716A no giro temporal superior (STG),
uma regiao cerebral envolvida nas alucinacdes auditivas.
No entanto, ndo encontraram nenhuma diferenca entre
pacientes (n = 8) e controles (n = 8).

Quatro estudos post-mortem empregaram técnicas
diferentes para medir a densidade de CB1-R. Por meio da
imuno-histoquimica, Koethe et al.*' nao encontraram dife-
rencas no ACC de pacientes com esquizofrenia em relacao
aos controles (n = 15 por grupo). No entanto, Eggan et al.*
observaram uma reducao de CB1-R no dIPFC (area 9), con-
forme revelado pela expressao da proteina, e do RNAm de
23 pacientes e do mesmo nimero de controles. Da mesma
forma, Uriglien et al.** encontraram a expressao reduzida
da proteina CB1-R (mas ndo do RNAm) nessa mesma regiao
em uma amostra de 31 jovens pacientes, se comparados a
33 controles. Finalmente, Eggan et al.** também avaliaram
a densidade de CB1-R no dIPFC, area 46, em duas coortes
de pacientes e controles. Na primeira coorte, que contém o
mesmo grupo do estudo anterior, encontrou-se reducao da
densidade de CB1-R nessa regiao do cérebro. Na segunda,
contendo 14 pacientes com esquizofrenia, 14 com depressao
maior e 14 controles, também houve reducao da densidade
do CB1-R na esquizofrenia, se comparada aos controles e ao
grupo que sofre de depressao maior.

Com relacao aos estudos in vivo, dois avaliaram os niveis
do CB1-R no cérebro por meio dos métodos de neuroima-
gem. Wong et al.?> empregaram o PET scan para avaliar a

expressao do receptor em determinadas areas do cérebro
(cortices frontal, temporal, parietal, occipital e cingulado;
giro fusiforme, hipocampo, insula, putamen, nicleo caudado,
globo palido, talamo, cerebelo e ponte) de 10 pacientes e
um numero igual de controles. Foi encontrado um aumento
significativo da expressao do receptor apenas na ponte.
Também houve tendéncia nesse sentido na maioria das
regioes (exceto para o giro fusiforme e o cerebelo). Além
disso, os autores verificaram que a expressao do CB1-R se
correlaciona diretamente com os sintomas positivos e de
forma inversa com os negativos. Ceccarini et al.* também
empregaram o PET scan para avaliar os niveis do receptor em
trés areas do cérebro (nGcleo accumbens, insula e ACC) de
49 pacientes com esquizofrenia tratados com antipsicoticos,
nove pacientes sem tratamento e 12 controles. Os autores
observaram um aumento na densidade do CB1-R no nlcleo
accumbens, independentemente do status do tratamento,
e um aumento na insula e no ACC em pacientes tratados em
relacao aos controles.

Em resumo, os estudos que medem a expressao do CB1-R
na esquizofrenia geram resultados contraditérios. Cinco deles
avaliaram o dIPFC (trés deles com foco na area 9 e dois na
area 46). Na area 9, um estudo encontrou um aumento® e
dois um decréscimo®?3 na esquizofrenia. Com relacédo a area
46, um estudo verificou um aumento? e outro um decrésci-
mo.3* No ACC, dois estudos observaram niveis mais altos do
CB1-R,%3 enquanto outro nao encontrou diferencas entre
pacientes e controles.?' Por outro lado, houve um aumento
de PCC?, da ponte®, do nlcleo accumbens e da insula.?
Nenhuma diferenca foi observada no caudado-putamen, no
hipocampo?® e no STG*.

Alteracées nos niveis endocanabinoides
no liquor e no sangue

Além de mudancas no SECB em regides cerebrais, estudos
descreveram niveis alterados de eCB no liquor e no sangue
coletado de pacientes. Os oito estudos recuperados em nossas
buscas estao resumidos na Tabela 3.
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Quatro deles mediram os niveis de eCB no liquor. Leweke
et al.’” focaram nos niveis de AEA e PEAem 10 pacientes com
esquizofrenia e 11 controles e encontraram niveis elevados
de AEA em pacientes. Em outro estudo, Giuffrida et al.*®
mediram AEA, PEA e OEA em quatro grupos: 47 pacientes
sem tratamento com primeiro episodio de esquizofrenia
paranoide; 71 sob tratamento com antipsicoticos (36 tipicos
e 35 atipicos); 22 com transtornos de humor e 13 com sin-
drome demencial. Os niveis de AEA aumentaram, enquanto
o PEA diminuiu no primeiro grupo de pacientes. Ambos eCBs
aumentaram em pacientes em tratamento com antipsicoti-
cos atipicos. Em pacientes com esquizofrenia tratados com
antipsicoticos tipicos, com transtornos de humor e com
deméncia, nao houve mudancas nos niveis de AEA se com-
parados ao controles. Os niveis de OEA em pacientes sem
tratamento com primeiro episddio de esquizofrenia paranoide
nao diferiram daqueles dos controles. E importante ressaltar
que havia uma correlacdo negativa entre os niveis de AEA
no liquor em pacientes com esquizofrenia e os sintomas
(conforme revelado pela Escala das Sindromes Negativas e
Positivas, PANSS), o que sugere que o AEA pode representar
uma resposta moduladora contra o estado hiperdopaminér-
gico caracteristico da esquizofrenia.

Para avaliar os efeitos do consumo da cannabis nos
niveis de eCB no liquor, Leweke et al.** mediram os niveis
de AEA, PEA e OEA em 44 pacientes com esquizofrenia e 81
controles e ambos os grupos foram divididos em subgrupos
de acordo com o consumo elevado ou baixo da cannabis. Os
autores detectaram um nivel mais alto de AEA no liquor em
pacientes que consumiram menos cannabis na comparagao
com aqueles que a usaram com frequéncia ou aos controles.
Os niveis de outros eCBs nao foram alterados. Houve uma
correlacdo negativa entre os niveis de AEA no liquor e o escore
de PANSS, mas apenas no grupo de pacientes que apresenta-
ram baixo consumo de cannabis. Os autores sugeriram que
0 uso pesado da cannabis por sujeitos com SECB hiperativos
pode provocar um down-regulation da sinalizacao de AEA no
sistema nervoso central e interromper a modulacao de eCB
no sistema dopaminérgico.®

Koethe et al.* testaram a hipotese de que o aumento de
eCBs na esquizofrenia poderia ser detectado nos estagios ini-
ciais do transtorno. Dessa forma, mediram os niveis de AEAe
OEA em 27 pacientes psicoticos na fase prodromica e 81 con-
troles. Os niveis de AEA, mas nao de OEA, foram elevados nos
pacientes. Novamente, houve uma correlacao inversa entre
o0 escore PANSS, mas apenas quanto as dimensdes cognitivas.
Pacientes em estagio prodromico com niveis mais elevados
de AEA no liquor tendem a desenvolver menos psicose, o que
sustenta a hipotese de que o SECB pode exercer um papel
modulador sobre o sistema dopaminérgico, que, por sua
vez, protege contra os sintomas positivos. Giuffrida et al.,®
Leweke et al.* e Koethe et al.* também mediram os niveis
de AEA, PEA e OEA no sangue (soro), mas nao observaram
diferencas relativas aos controles. Yao et al.*' mediram AEA
e 2-AG em 17 pacientes sem tratamento com primeiro epi-
sodio de esquizofrenia, 20 pacientes estaveis e 20 controles.
Eles observaram um aumento de AEA no primeiro grupo em
comparacao aos controles e niveis reduzidos de 2-AG em
relacdo aos pacientes estaveis. Schwarz et al.”? mediram a
amida de acido graxo (FAA, uma classe de lipidios que inclui
os eCBs) em 70 pacientes com esquizofrenia paranoide sem

tratamento, 74 com esquizofrenia paranoide em tratamen-
to com antipsicoticos (34 com antipsicoticos atipicos e 40
com antipsicoticos tipicos), 37 com transtorno de humor e
59 controles. Os autores observaram que os niveis de FAA
aumentaram em pacientes sem tratamento, portadores de
esquizofrenia, em relacdo aos controles e que esses niveis
foram normalizados em pacientes tratados com antipsicoticos
tipicos, mas nao com os atipicos.

Finalmente, dois estudos avaliaram os niveis sanguineos
dos eCBs antes e depois do tratamento com antipsicoticos.
De Marchi et al.** mediram AEA e mRNA para FAAH, CB1-R
e CB2-R no sangue de 12 pacientes com esquizofrenia que
apresentavam psicose aguda e 20 controles. Antes do trata-
mento, os niveis de AEA eram mais altos em pacientes, mas
apods o tratamento com olanzapina e melhora dos sintomas
positivos em cinco pacientes, os niveis de AEA reduziram-se a
niveis semelhantes aos dos controles. Também houve reducao
de FAAH e CB2-R mRNA, mas nao do CB1-R mRNA. Potvin et
al.* testaram a hipdtese de que a quetiapina poderia ajudar
a reduzir o abuso de drogas em pacientes com esquizofrenia
por meio da modulacao do SECB. Eles quantificaram os niveis
de AEA, 2-AG, PEA e OEA em 27 pacientes com esquizofrenia
dependentes de substancias e 17 controles. Antes do trata-
mento, os niveis de AEA, PEA e OEA, mas nao o de 2-AG, au-
mentaram. Apds 12 semanas de tratamento com quetiapina,
houve reducao do abuso de drogas e melhora dos sintomas
positivos, negativos e depressivos, mas nao houve reducao
dos niveis de AEA, PEA ou OEA.

Em resumo, quatro estudos detectaram um aumento dos
niveis de AEA no liquor.’% Com relacdo as medidas no san-
gue, trés também alcancaram esse resultado,*** enquanto
trés nao encontraram diferenca alguma.3®3*% Um estudo*
mostrou niveis reduzidos de 2-AG no sangue e outro mostrou
niveis inalterados.* Os niveis da OEA no liquor néo diferiram
daqueles dos controles em dois estudos,*** embora, no
sangue, fossem mais altos* ou estivessem inalterados.*
Um estudo verificou que os niveis de PEA no liquor aumen-
taram em pacientes que recebiam antipsicoticos atipicos e
reduziram nos pacientes sem tratamento.3® Outros estudos
verificaram que os niveis sanguineos estavam elevados*
ou inalterados.® Em dois estudos,®% o tratamento com
antipsicoticos atipicos foi inversamente correlacionado aos
niveis de AEA no sangue, mas outra pesquisa nao encontrou
alteracao alguma.* Ja o uso de AP tipicos alterou AEA e FAA
a niveis semelhantes aos dos controles.3#4

Conclusao

A presente revisao sistematica descreveu a literatura que
investiga mudancas no SECB em pacientes portadores de
esquizofrenia. Os artigos originais revistos aqui abordaram
os polimorfismos genéticos, a expressao dos receptores ca-
nabinoides em regides especificas do cérebro e os niveis de
eCB no liquor ou no sangue.

Até agora, é dificil esbocar qualquer teoria consistente
sobre o papel do SECB nesse importante transtorno psi-
quiatrico. Levando em consideracao os efeitos agudos da
Cannabis sativa e dos canabinoides, que induzem efeitos
psicotomiméticos,* e as evidéncias epidemioldgicas que
sugerem que o consumo cronico da Cannabis pode ser fator
de predisposicao a esquizofrenia,'®' "2 ha uma razao para
associar mudancas no SECB a sintomas nesse transtorno.
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De fato, foi proposta uma hipotese endocanabinoide da
esquizofrenia.“® No entanto, nao se pode deduzir nenhuma
idéia clara sobre isso a partir dos estudos revisados.

Esse topico é relevante nao so6 por razbes teoricas. A
atual terapia farmacoldgica da esquizofrenia esta limitada
ao antagonismo dos receptores de dopamina, que apresenta
eficacia limitada e consideraveis efeitos colaterais.? Assim,
estratégias farmacoldgicas alternativas podem ser alcancadas
e uma possivel abordagem envolve a caracterizacao de ou-
tros sistemas neurotransmissores afetados nesse transtorno.
Tal estratégia tem sido usada, por exemplo, com o sistema
glutamatérgico. Baseado na teoria de que a esquizofrenia
pode estar relacionada com um baixo funcionamento gluta-
matérgico, tentativas de aumentar a sua neurotransmissao
vem sendo feitas.®” Quanto ao SECB, tem-se investigado se o
antagonismo de CB1-R induz os efeitos antipsicéticos, como
uma consequéncia dos efeitos psicotomiméticos de canabi-
noides que ativam esse receptor. No entanto, até agora, os
resultados sao heterogéneos.# Estudos em animais também
sdo inconsistentes.“

Por fim, apesar de alguns estudos investigarem mudancas
do SECB na esquizofrenia, ainda nao esta claro se o mau
funcionamento desse sistema estaria relacionado de forma
consistente a esse transtorno.
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