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j Abstract The cannabinoid receptor 1 gene
(CNR1) has been associated with addictive disorders
and schizophrenia in different studies. We have
compared the frequencies of the alleles for the 3¢-UTR
CNR1 microsatellite in a sample of 113 Spanish
schizophrenic patients, including 68 with comorbid
substance abuse, and 111 healthy controls. We report
that the frequency of the allele 4 of this microsatellite
is significantly lower in schizophrenia patients when
compared with controls (v2 = 7.858; df 1; P = 0.005).
No differences have been found with respect to sub-
stance abuse.Thus, the allele 4 represents, in our
sample, a protective factor against schizophrenia
(odds ratio 0.468, 95% confidence interval (CI) 0.27–
0.79). The population attributable genetic risk for the
allele 4 absence is 30% (95% CI = 17–41%) and the
attributable risk for the allele 4 absence in those with
schizophrenia is 53% (95% CI = 20–73%). Our results
suggest that, independent of substance abuse, differ-

ences in the cannabinoid system function could be
involved in the vulnerability to schizophrenia in
Spanish population.
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Introduction

Schizophrenia is a psychiatric disorder suffered by
1% of the population. These patients are at greater
risk to develop substance use disorders, which have a
negative impact on the course and prognosis of the
illness (Andreasson et al. 1987; Caton et al. 1989;
Drake and Wallack 1989; Osher and Kofoed 1989; Test
et al. 1989; Arndt et al. 1992; Rubio 1999; Rubio and
Casas 2001). In schizophrenic patients polysubstance
use is often found with cannabis abuse representing
60% of the total (Shearn and Fitzgibbons 1972;
Blackwell and Beresfors 1987; Schneier and Siris 1987;
Cuffel 1992). Different clinical studies indicate that
cannabis abuse may produce psychotic episodes with
symptoms similar to those of schizophrenia (Halikas
et al. 1972; Chaudry et al. 1991; Mathers and Ghodse
1992; McGuire et al. 1994; Johns 2001) and worsen
positive symptoms of schizophrenia (Negrete 1989;
Turner and Tsuang 1990). In addition, different epi-
demiological studies also have suggested that canna-
bis could be a risk factor for the development of
schizophrenia (Andreasson et al. 1987; Linzsen et al.
1994; Zammit et al. 2002; Weiser et al. 2002; Arse-
neault et al. 2002, 2004; Van Os et al. 2002; Fergusson
et al. 2003). As is the case with other endocannabi-
noids, d-9-tetrahidrocannabinol inhibits gabaergic
transmission, increasing dopaminergic tone, and thus
acting on mesolimbic and nigrostriatal systems,
which are involved in the neurobiology of schizo-
phrenia. These data have been interpreted as indi-
cating that cannabis use has a direct effect along the
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pathway that causes schizophrenia. However, there
are a number of findings independent of possible
cannabis use in schizophrenic patients that implicates
the endocannabinoid system in this psychiatric dis-
order. Two independent studies have observed an
increased density of CB1 endogenous cannabinoid
receptors in prefrontal dorsolateral cortex and ante-
rior cingulate regions of schizophrenic patients (Dean
et al. 2001; Zavitsanou et al. 2004). Also, higher levels
of endogenous cannabinoids in blood and cerebro-
spinal fluid have been observed in these patients
(Leweke et al. 1999). A recent study of a cohort of
individuals followed from adolescence to adulthood,
suggested the existence of genetic factors underlying
the association between cannabis use and the risk of
developing psychosis (Caspi et al. 2005).

The CB1 protein, which consists of 472 aminoacids
and seven transmembrane hydrophobic domains, is
an abundant Gi/Go-coupled receptor found in certain
brain regions such as the hippocampus, striatum, and
cerebral cortex. These areas, associated with schizo-
phrenia, are important for reward and memory pro-
cesses that are involved in substance use disorders
(Gardner 1992). Since CB1 receptors in the striatum
are found on the same neurons as Gi-coupled D2
receptors, they may be involved in the modulation of
dopamine in brain circuits that are important for the
rewarding effects of psychotropic drugs (Chen 1990).
CB1 receptors are encoded by the CNR1 gene
(OMIM114610), which is located in the chromosome
6q14–q15 (Hoehe et al. 1991). The structure of the
human CNR1 gene has been described recently
(Zhang et al. 2004). The CNR1 locus shows many
single nucleotide polymorphisms (SNPs) and an
(AAT)n microsatellite at the 3¢-UTR (Dawson 1995),
18,086 bp away from the exon 4 translational start site
(Zhang et al. 2004).

This (AAT)n microsatellite has been associated
with the use of different drugs (Comings et al. 1997),
with the P300 wave (Johnson et al. 1997) and with the
childhood antecedent of attention deficit and hyper-
activity disorder (ADHD) in alcoholics (Ponce et al.
2003). In addition, CNR1 knock-out animals have re-
vealed a critical role of the CB1 receptor in clinically
important aspects of alcohol (Racz 2003) and opiate
dependence (Ledent 1999). A case/control study of this
CNR1 microsatellite in schizophrenia has revealed in
Japanese patients an association, especially with the
hebephrenic subtype (Ujike et al. 2002). However, no
association was reported in Caucasian population
(Dawson 1995). Thus, it is probable that variations in
the cannabinoid system’s function in schizophrenic
patients are associated with both, increased rates of
cannabis use and an increased risk of schizophrenia.
We hypothesize that the genetic variants of the can-
nabinoid receptor gene may have a significant effect
on the susceptibility to schizophrenia, and that they
could be associated with the high comorbidity between
schizophrenia and substance use.

Subject and methods

j Subjects

One hundred and thirteen inpatients (66.4% male and 33.6% fe-
male; mean age 37.14 ± 8.10 years) with a diagnosis of schizo-
phrenia were recruited in two psychiatric units (‘‘Complejo
Asistencial Benito Menni’’ and ‘‘Hospital Universitario 12 Octu-
bre’’) in Madrid. All patients were examined by a senior clinical
psychiatrist using a semi-structured interview (SCID-I) (Firsts et al.
1995), leading to lifetime diagnoses according to DSM-IV criteria.
In each case, substance-induced psychosis could be ruled out
according to DSM-IV criteria. Patients who had at least once in
their lifetime fulfilled DSM-IV criteria for abuse or dependence of
any kind of psychoactive substance (except nicotine and caffeine)
were defined as ‘‘substance abusing’’ (SA) (n = 68). The rest of the
patients were defined as ‘‘non-substance abusing’’ (NSA) (n = 45).
Information concerning clinical and treatment history was also
obtained from practitioners, chart reviews, and, whenever possible,
from the family. Psychiatric assessment included evaluation of the
course of the illness (mean age for first episode, 20.8 ± 5.8 years,
mean age at first psychiatric hospitalization, 23.4 ± 7.11), family
history of psychiatric disorders (25% schizophrenia; 24.1% sub-
stance abuse disorder; 7.4% substance abuse or dependence and co-
occurring schizophrenia) and schizophrenia subtype according to
DSM-IV criteria (55.6% paranoid, 22.1% residual and 21.2% other
subtypes). The hundred and eleven unrelated controls matched for
age and sex, were composed of healthy individuals recruited from a
primary care center. Screening was undertaken to exclude psychi-
atric or substance abuse history with a semi-structured interview
(SCID-I). The mean age of our control subjects was 37.7 years
(SD ± 16.84). Patients did not differ significantly from controls
with respect to age (F = 40.008, P = 0.746) or gender distribution
(v2 = 3.548, df = 1, P = 0.076). Patients and controls had at least
three Spanish Caucasian generations. The psychiatric assessment
was completed before genetic analysis. The choice of variables for
the analysis was blind to allelic frequency results. This study was
approved by the local ethical committee. All subjects gave a written
informed consent prior to their inclusion in the study.

j Genotyping

For CNR1 allelic frequency determinations, genomic DNA was ex-
tracted from peripheral white blood cells according to standard
procedures. PCR amplification was performed using primers 5¢
GCTGCTTCTGTTAACCCTGC 3¢ and 5¢ TCCCACCTATGAGTGA
GAACAT 3¢. The PCR was performed in a 10-ll reaction volume
containing 2.5 mM MgCl2, DMSO (4%) and a-dCTP32 through 35
cycles of 94�C for 30 s, 58�C for 30 s and 72�C for 45 s following
initial denaturation at 94�C for 10 min and then a final extension at
72�C for 10 min. Due to the discrepancies found in the literature
regarding the number of AAT repetitions in this microsatellite,
homozygous individuals for the different alleles were sequenced.
We found nine alleles in our population group, with a number of
trinucleotide repetitions ranging from 7 to 15. There are seven AAT
repetitions in the shortest allele, nine repetitions in the allele 3,
10 repetitions in the allele 4, and so until the allele 9 that has
15 repetitions.

j Statistical analysis

Allelic frequencies in schizophrenic patients and in control subjects
were compared using the chi-square test. Odds ratios (OR) and
95% confidence intervals (CIs) were estimated. Analyses were
performed using the SPSS Statistical Package, Version 11.1. Power
discrimination and heterozigosity values were calculated using
Power STATS, Version 1.2.

To calculate the attributable risk we used the software Pepi
version 4.0 (Abramson and Gahlinger 2001).

438



Results and discussion

Allelic frequencies of the CNR1 gene microsatellite in
Spanish control subjects and in the total sample of
schizophrenic patients are shown in Fig. 1a. The most
frequent allele in control subjects was allele 4 (32.9%)
followed by allele 8 (27.0%), allele 7 (18.0%) and allele
6 (14.4%). Among schizophrenic patients the most
frequent allele was the allele 7 (25.2%), followed by
the allele 8 (24.8%), the allele 4 (23.5%), and the allele
6 (18.6%). Both schizophrenic and control samples
were in Hardy–Weinberg equilibrium based on the
respective allele frequencies of each group.

The comparison between allelic frequencies in
controls and patients showed that differences were
significant only in the case of allele 4 that were over
represented in controls (v2 = 7.858; df 1; P = 0.005)
(Fig. 1a). When the sample of patients was further
divided according to drug abuse, it was found that
allelic distributions were not significantly different
between SA and NSA patients for any of the alleles
(Fig 1b). Assuming a prevalence of schizophrenia of
1%, we calculate the attributable genetic risk for the
allele 4 absence in the general population and in the
patients. We found that the general population
attributable genetic risk for the allele 4 absence is 30%
(95% CI = 17–41%). The attributable risk in the
schizophrenic population is 53% (95% CI = 20–73%)
(Abramson and Gahlinger 2001).

The results of this study suggest that in our sample,
the (AAT)n CNR1 microsatellite could be associated
to schizophrenia. We found that the most frequent
alleles in Spanish population were 4, 7 and 8, com-
parable to previously reported control frequencies in
Caucasian populations (Comings et al. 1997; Zhang
et al. 2004).

The comparison of this microsatellite frequency
distribution between controls and Spanish schizo-
phrenic patients showed that differences exist in allele
4 frequency and that these are very statistically sig-

nificant. The study of this microsatellite in Japanese
population has also found a positive association,
though with a different allele of this polymorphism
with hebephrenic schizophrenia (Ujike et al. 2002;
Ujike et al. 2004). Since these are two different pop-
ulations with very different frequency distributions
for the alleles of this polymorphism, we cannot ignore
the fact that both studies seem to indicate a rela-
tionship between the CNR1 gene variations and
schizophrenia. The fact that other studies in Cauca-
sian and Oriental populations have not found a po-
sitive association between CNR1 and schizophrenia
using this microsatellite could, in part, be due to a
lack of homogeneity between the studies, including
disease-related reasons and statistical issues (Dawson
1995; Li et al. 2000; Tsai et al. 2000). In addition, we
think that this polymorphism may not be the func-
tional variation responsible for the association, but
rather that it is in linkage disequilibrium with other
functional polymorphisms. This seems the most
plausible hypothesis, in view of the results reported
recently in a CNR1 genetic study with substance-using
patients, where patterns of linkage disequilibrium
correlate with functional differences (Zhang et al.
2004). In addition, the CNR1 gene microsatellite
showed, in our sample, a high power of discrimina-
tion (91.6%) and a value for heterozigosity of 76.2%,
which could correlate with a high extent of linkage
disequilibrium. Therefore, it would seem necessary to
explore other polymorphisms and/or haplotypes that
could increase the power of detection of CNR1 gene
variations and to clarify the nature of the differences
that could underlie the association found.

Our findings seem to indicate that allele 4 of the
CNR1 microsatellite represents the protective variant
of this gene for schizophrenia. CNR1 together with
other genetic and environmental risk/protective fac-
tors would underlie the scenario where the expression
of this psychiatric disorder would take place. The high
proportion of attributable risk for the absence of the 4
allele of CNR1 microsatellite indicates the importance

Fig. 1 Allele frequencies of AAT triplet repeats of the CNR1 gene microsatellite (a) Comparison between schizophrenic patients and controls (b) Comparison
between non-substance-abusing and substance abusing patients
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of the endocannabinoid system in the expression of
schizophrenia, or at least for a large subgroup of those
with schizophrenia. This highly significant result,
which is consistent with the already mentioned bio-
chemical findings in both, postmortem brain stud-
ies (Dean et al. 2001; Zavitsanou et al. 2004) and
cerebrospinal fluid of patients (Leweke et al. 1999),
indicates likely etiological and pathophysiological
significance. In summary, clinical, epidemiological,
neurobiological and genetic findings, including this
work, are highlighting the hypothesis of the cannab-
inoid system implication in schizophrenia.

Limitations of this study are related to the nature
of association studies, and therefore our results must
be treated with care in the data interpretation. The
strength of our results is tempered by a small sample
size. It would be desirable to replicate our genetic
studies in independent samples and in families with
the presence of both, schizophrenia and drug-use
disorder since this could clarify the possible role of
CNR1 variants. On the other hand, the clinical char-
acterization of substance abuse was retrospective.
However, this was done by experienced psychiatrists
using a standardized interview according to interna-
tional criteria and blind to the genotype to limit the
risk of bias. It should be stressed that most of the
patients included are well known in our department.
Despite these limitations, we believe that our study
has identified a major genetic protective factor for
schizophrenia in Spanish population, which deserves
greater attention in future investigations. Future re-
search should also examine whether specific pheno-
typic characteristics, such as symptom profile, age of
onset and treatment response, are associated with the
allele 4 of CNR1 polymorphism.

Finally, we did not find a relationship between
CNR1 variants and substance use in our schizo-
phrenic patients. CNR1 variants have been associated
with different addictive disorders (Comings et al.
1997; Schmidt et al. 2002; Zhang et al. 2004) and with
traits related to drug use (Johnson et al. 1997; Ponce
et al. 2003). The fact that we have not confirmed our
initial hypothesis (in which we hoped to find an
association between CNR1 variations and substance
use in schizophrenia) drives our attention to possible
differences in the underlying biological factors of
drug use in substance-abusing patients with and
without schizophrenia. Our findings suggest that
CNR1 is associated with schizophrenia but not with
substance abuse in Spanish patients, which would
imply that differences in endocannabinoid function
could play a part in the pathophysiology of this ill-
ness. It has been described that patients with
schizophrenia tend to abuse lower quantities of drugs
than psychiatric patients with personality disorders
(Lehman et al. 1994). On the whole, these findings
suggest that drug abuse differs in patients with
schizophrenia when compared with substance abus-
ing patients being these differences related to the

underlying neurobiological mechanisms (Mueser
et al. 1998).

The confirmation of our findings in other popu-
lations and in independent samples would bring
attention to the design of pharmacological strategies
oriented to the prophylaxis and treatment of these
patients. We are currently studying other polymor-
phisms in CNR1 that could help us recognize the
variations of this gene relevant for schizophrenia and
deepen our knowledge regarding the nature of this
association.
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