
ORIGINAL INVESTIGATION

Screening genetic variability at the CNR1 gene
in both major depression etiology and clinical
response to citalopram treatment

Marina Mitjans & Alessandro Serretti & Chiara Fabbri &
Cristóbal Gastó & Rosa Catalán & Lourdes Fañanás &

Bárbara Arias

Received: 17 September 2012 /Accepted: 8 January 2013 /Published online: 14 February 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract
Rationale The endocannabinoid system has been implicated
in the pathogenesis of major depression (MD) as well as in
the mediation of antidepressant drug effects.
Objectives To analyze CNR1 gene variants in MD and clin-
ical response to citalopram (selective serotonin re-uptake
inhibitors [SSRI]).
Methods The role of CNR1 gene (rs806368, rs1049353,
rs806371, rs806377 and rs1535255) was investigated in 319
outpatients with MD and 150 healthy individuals. A subsam-
ple of 155 depressive patients were treated with citalopram
and evaluated for response (fourth week) and remission (12th

week) by the 21-item Hamilton Depression Rating Scale
(HDRS).
Results We observed a higher frequency of rs806371 G
carriers in MD patients with both presence of melancholia
(p=0.018) and psychotic symptoms (p=0.007) than in con-
trols. Haplotype frequency distributions between MD sam-
ple and controls showed a significant difference for Block 1
(rs806368–rs1049353–rs806371) (p=0.008). This haplo-
type finding was consistent when we compared controls
with MD subsample stratified by melancholia (p=0.0009)
and psychotic symptoms (p=0.014). The TT homozygous
of the rs806368 and rs806371 presented more risk of no
Remission than the C carriers (p=0.008 and 0.012, respec-
tively). Haplotype frequency distributions according to
Remission status showed a significant difference for Block
1 (p=0.032). Also, we observed significant effect of time–
sex–genotype interaction for the rs806368, showing that the
C carrier men presented a better response to antidepressant
treatment throughout the follow-up than TT homozygous
men and women group (p=0.026).
Conclusions These results suggest an effect of CNR1 gene
in the etiology of MD and clinical response to citalopram.
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Introduction

Major depression (MD) is a common disease caused by a
complex interaction of a large number of genetic and non-
genetic factors, each of them with a relatively small
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contribution to the disorder (Caspi et al. 2003). Treatment of
MD is principally based on selective serotonin re-uptake
inhibitors (SSRI) that enhanced serotonergic neurotransmis-
sion by blocking the serotonin transporter. However, clinical
response to drug treatment in depression is a highly complex
biological phenomenon in which several factors are in-
volved, some of them genetic (Rasmussen-Torvik and
McAlpine 2007; Klengel and Binder 2011; Uher 2011).

Recently, the endocannabinoid system has been implicated
in the pathogenesis of depression and anxiety, the mediation
of antidepressant drug effects in animal models and the neu-
robiology of emotion processing in healthy volunteers
(Domschke et al. 2008). Physiological actions of endocanna-
binoid system in the central nervous system (CNS) are medi-
ated by the activation of a specific cannabinoid receptor, the
CB1 receptor (Matsuda et al. 1990). This receptor is coded by
the CNR1 gene located on chromosome 6 (6q14–15). It is
considered the most abundant G protein-coupled receptor
expressed in the CNS of mammalian brain, being present in
the limbic system and in the brain areas related to stress
response, such as the central amygdala and the paraventricular
nucleus (PVN) of the hypothalamus (Herkenham 1991). In
addition, changes in the functional activity of the endocanna-
binoid system can cause altered activity in other neuromodu-
latory systems as well as imbalance in the primary
GABA/glutamate control system (Rodriguez de Fonseca et
al. 2005). Moreover, endocannabinoid system could activate
the hypothalamic–pituitary–adrenal (HPA) axis (Weidenfeld
et al. 1994), the neuroendocrine system involved in the
responses to emotional stress.

Experimental data provide evidence that blocking the
endocannabinoid system is a risk factor in the pathogenesis
of depression as well as in anxiety disorders (Martin et al.
2002; Hill and Gorzalka 2005a). The administration of CB1
receptor agonist or endogenous cannabinoid re-uptake
inhibitors results in antidepressant-like effects and increases
efficacy of the antidepressant fluoxetine in experimental
animal models (Gobbi et al. 2005; Hill and Gorzalka
2005a; Adamczyk et al. 2008).

In line with that, patients diagnosed with depression are
found to have a reduced levels of circulating endocannabi-
noids (Hill et al. 2009). Moreover, a decreased in CB1
receptor density in grey matter glial cells was found in the
post mortem brains of patients with MD (Koethe et al.
2007). Furthermore, an up-regulation of CB1 receptors
was observed in the prefrontal cortex of subjects with MD
who died by suicide (Hungund et al. 2004).

The involvement of CB1 receptors in regulating mood is
further supported by evidences showing that the CB1 recep-
tor antagonist, rimonabant, administered to humans for
weight loss and obesity-related metabolic disorders has been
shown to increase the risk of depressed mood disorder and
anxiety along the treatment even though when the presence

of depressed mood was an exclusion criteria in the study
(Christensen et al. 2007). Moreover, a genetic study de-
scribed the association between the polymorphism
rs1049353 at the CNR1 gene and major depressive individ-
uals when comparing with healthy controls showing an odds
ratio (OR) of 2.46 for the contribution of the A allele to the
probability of having MD (Monteleone et al. 2010).

Recent studies show the link between endocannabinoid
system and antidepressant treatment. It has recently been
suggested that the expression of CB1 receptor in the hippo-
campus and the hypothalamus is up regulated by chronic
tricyclic antidepressant treatment (Hill et al. 2006).
Furthermore, Domschke and colleagues (Domschke et al.
2008) found that individuals with G allele at rs1049353 had
increased risk for antidepressant treatment resistance, par-
ticularly in females with comorbid anxiety. In contrast, we
described that rs1049353 GG men presented better response
along the follow-up than A carrier men or the women group
(Mitjans et al. 2012).

According to these previous results, which seem to indicate
a possible role of CNR1 gene (rs1049353 polymorphism) in
both MD (Monteleone et al. 2010) and pharmacogenetics
(Domschke et al. 2008; Mitjans et al. 2012), the aims of this
study are therefore to investigate the role of several genetic
variability at theCNR1 gene (rs806368, rs1049353, rs806371,
rs806377 and rs1535255) as a risk factor for (a) MD and
severity clinical features associated with the disease (b) re-
sponse to citalopram (CIT) treatment.

Materials and methods

Total sample

The MD sample consisted of 319 depressive outpatients
(227 females and 92 males; mean age 46.38 years, SD=
15.08 age of onset 38.29 years, SD=14.92) from the Centre
de Salut Mental of the Hospital Clinic de Barcelona. All
patients suffered an active episode of MD diagnosed fol-
lowing the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV) at the time of inclusion in the study.
All cases were diagnosed using the Spanish version of the
Structures Clinical Interview (SCID-I) (Spitzer et al. 1990).
Detailed data about severity clinical features such as pres-
ence of melancholic features (n=151 (50.3 %)), psychotic
symptoms (n=75 (25.1 %)) or previous suicide attempts
(n=55 (18.6 %)) were also collected (Arias et al. 2009).
No patients with bipolar I or II disorder were included in this
sample. Patients with drug abuse and dependence, mental
retardation or with a medical disease that impairs evaluation
have been excluded from the study.

A control sample consisting of 150 healthy individuals (71
females and 79 males; mean age 42.1 years, SD=10.3) with
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no personal history of mental illness was included in the study.
The Spanish version of the 28-item General Health
Questionnaire (Goldberg and Hillier 1979) was used to assess
their current mental condition.

All the individuals included in the study were of Spanish
origin as stated through the birthplace of their four grand-
parents, thereby reducing the possibility of confounding
genetic differences by population stratification (Freedman
et al. 2004).

Ethnical approval was obtained from Spanish local re-
search ethic committees. All patients and controls provided
a complete written informed consent before inclusion in the
study. All procedures were carried out according to the
Declaration of Helsinki.

Pharmacogenetic subsample

A subsample of 155 patients out of the total depressive
sample (120 females and 35 males) was followed for a
pharmacogenetic study. All patients were treated with CIT
and followed along 12 weeks by experienced psychiatrists.
Patients were initially evaluated for the severity of their
symptoms using 21-item Hamilton Depression Rating
Scale (HDRS) (mean initial HDRS 24.72, SD=4.74). A
new HDRS was assessed to all patients every 4 weeks until
completion of the follow-up at week 12. Clinical response to
CIT treatment was considered when a decreased of at least
50 % in the baseline HDRS score was observed at the fourth
week (Baumann et al. 1996). Remission for the index epi-
sode was considered when HDRS scores were equal or
under 7 by the end of 12th week (Frank et al. 1991).
Plasma levels of CIT were determined at sixth week using
high-performance liquid chromatography (Olesen and
Linnet 1996).

All patients were treated with CIT at standard therapeutic
doses (mean initial dose 26.39 mg/day; range 20–
40 mg/day). Before their inclusion in the study, a 2-week
wash-out was carried out with those patients who were
being treated with different drugs. In case it was necessary,
low dose concomitant treatments with drug such as neuro-
leptics (10 % of the sample) or benzodiazepines at bedtime
(55.4 % of the sample) were allowed. The presence and
intensity of side effects was assessed by using the UKU
scale (Lingjaerde et al. 1987) at the end of the fourth week
of pharmacological treatment.

Ethnical approval was obtained from local research ethic
committees. Patients provided written informed consent be-
fore inclusion in the study.

Genetic analysis

A total of five single nucleotide polymorphisms (SNPs) locat-
ed at the CNR1 gene were selected according to previous

literature: rs806368 (T/C), rs1049353 (G/A), rs806371
(T/G), rs806377 (T/C) and rs1535255 (T/G). Genomic DNA
was extracted from blood samples using a standard phenol–
chloroform extraction protocol. All the polymorphisms were
successfully assayed using Sequenom MassArray technology
(Tang et al. 1999).

Statistical analysis

The Hardy–Weinberg equilibrium for genotype frequencies
in all samples was calculated using chi-square tests with
EpiInfo v.3.5.1 (Dean et al. 1991).

Simple chi-square tests of independence were performed
to confirm the presence or absence of allele or genotype
associations. OR with 95 % confidence intervals (CI) were
estimated for the effects of high-risk genotypes. The com-
bined case–control study (MD vs. Controls) had an 80 %
power (95 % CI) to detect OR equal or greater than 2.21 for
disease according to the minimum allele frequencies of the
different polymorphisms analyzed in our sample. In refer-
ence to the pharmacogenetic sample, the minimum detect-
able OR for no-response or no-remission will be equal or
greater than 3.1 or 2.99, respectively (Cohen 1988).
Bonferroni correction was conservatively applied for multi-
ple analyses in single polymorphism analyses (p=0.01
(=0.05/5 variations)).

Haploview 3.2 (Barret et al. 2005; Barrett et al. 2005)
was used to generate a linkage disequilibrium map and to
test for Hardy–Weinberg equilibrium in the haplotype anal-
ysis. The ‘R’ software (http://www.r-project.org) was
used to calculate haplotype frequencies and to include
covariates (see “Pharmacogenetic study” section) in the
analysis for quantitative traits by the “haplo.stat” pack-
age (Schaid et al. 2002). Rare haplotypes less frequent
than 1 % were excluded from the analyses. The global
significance of the results for haplotype analyses was
estimated using permutation (50,000 permutations) to
confirm the asymptotic p values.

In the pharmacogenetic subsample the genetic variant
effects on HDRS change scores over 12 weeks of CIT treat-
ment was performed using analysis of variance (ANOVA)
with repeated measures (genotype and gender as fixed factor,
time point as a repeated measure and a number of covariates;
see “Pharmacogenetic study” section). These analyses were
processed using SPSS 17.00 (SPSS for Windows; SPSS Inc.,
Chicago, IL, USA).

Because the SNP rs1049353 (G/A) was analyzed in our
previous study (Mitjans et al. 2012) according to response and
remission status in the subsample of major depressive patients
treated with CIT (n=155), this polymorphism was only con-
sidered in the analyses that include the total sample ofMD and
controls. It has been also included when haplotype analyses
were performed in all case–control design analyses.
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Results

Total sample (major depression and control samples)

Genotype distribution of all SNPs was found to be in Hardy–
Weinberg equilibrium in the control sample (rs806368
χ2=0.35, df=2, p=0.839; rs1049353 χ2<0.01, df=2, p=1;
rs806371 χ2=0.4, df=2, p=0.819; rs806377 χ2=0.88, df=2,
p=0.644; rs1535255 χ2=0.1, df=2, p=0.95) as well as in the
MD sample (rs806368 χ2=0.85, df=2, p=0.652; rs1049353
χ2=0.19, df=2, p=0.91; rs806371 χ2=0.08, df=2, p=0.959;
rs806377 χ2=2.08, df=2, p=0.354; rs1535255 χ2<0.01,
df=2, p=1). Genotypic and allelic frequencies in patients and
controls are shown in Table 1.

Allele and genotype frequencies for the five SNPs ana-
lyzed did not significantly differ between MD patients and
the control sample (see Table 1 for details).

Also, we did not find any significant difference when we
compared the allele and genotype distribution according to
clinical features (presence of melancholic features, psychot-
ic symptoms and suicide attempts) in the major depressive
sample (data not shown).

However, genotype and allele frequencies of the
rs806371 significantly differed between the control sam-
ple and those patients that present MD with melancholia
(n=151) (genotype: χ2=6.42, df=2, p=0.04; allele: χ2=
5.97, df=1, p=0.014). We observed a higher frequency
of G carriers in patients with presence of melancholia
than in healthy subjects (χ2=5.59, df=1, p=0.018; OR=
1.83 95 % CI [1.07–3.15]). After multiple correction
adjustment these results were no longer significant.
Similar results were found when we compare genotype
and allele frequencies between the control sample and
depressive patients with psychotic symptoms (n=75)
(genotype: χ2=8.56, df=2, p=0.01; allele: χ2=7.89,
df=1, p=0.004), showing G carriers presented increased
risk of 2.22 for suffering MD with psychotic symptoms com-
pared to healthy subjects (χ2=6.96, df=1, p=0.008; OR=2.22
95 % CI [1.17–4.22]).

Haplotype analysis has shown the existence of linkage
disequilibrium among rs806368–rs1049353–rs806371
(Block 1: D′=0.907, r2=0.557) and rs806377–rs1535255
(Block 2: D′=0.938, r2=0.173) in the MD sample. As we
detected the same results for the control sample (Block 1:

Table 1 Genotype and allele distribution of the analyzed polymorphisms of CNR1 gene for MD patients and the MD samples stratified according
to clinical features (melancholia, psychotic symptoms and suicide attempts) vs. control group

Polymorphism C (%) MD (%) p-value MD-Mel (%) p-value MD-Psy (%) p-value MD-Suic (%) p-value

rs806368 Genotypes TT 83 (56.1) 179 (57.4) 0.214 83 (56.4) 0.482 36 (48.6) 0.447 135 (57.7) 0.13
TC 53 (35.8) 120 (38.4) 57 (38.8) 33 (44.6) 91 (38.9)

CC 12 (8.1) 13 (4.2) 7 (4.8) 5 (6.8) 8 (3.4)

Alleles T 219 (74) 478 (76.6) 0.387 223 (75.9) 0.601 105 (70.9) 0.496 361 (77.1) 0.321
C 77 (26) 146 (23.4) 71 (24.1) 43 (29.1) 107 (22.9)

rs1049353 Genotypes GG 84(56.4) 182 (58.1) 0.905 81 (55.1) 0.954 41 (55.4) 0.975 132 (56.4) 0.988
GA 56 (37.6) 111 (35.5) 56 (38.1) 28 (37.8) 87 (37.2)

AA 9 (6) 20 (6.4) 10 (6.8) 5 (6.8) 15 (6.4)

Alleles G 224 (75.2) 475 (75.9) 0.814 218 (74.1) 0.775 110 (74.3) 0.846 351 (75) 0.958
A 74 (24.8) 151 (24.1) 76 (25.9) 38 (25.7) 117 (25)

rs806371 Genotypes TT 114 (76.5) 214 (68.4) 0.120 94 (64) 0.04 44 (59.4) 0.01* 164 (70.1) 0.319
TG 34 (22.8) 91 (29.1) 49 (33.3) 27 (36.5) 66 (28.2)

GG 1 (0.7) 8 (2.5) 4 (2.7) 3 (4.1) 4 (1.7)

Alleles T 262 (88) 519 (82.9) 0.05 237 (80.6) 0.014 115 (77.7) 0.004* 394 (84.2) 0.151
G 36 (12) 107 (17.1) 57 (19.4) 33 (22.3) 74 (15.8)

rs806377 Genotypes TT 50 (33.6) 89 (28.4) 0.421 40 (27.2) 0.415 19 (25.7) 0.487 66 (28.2) 0.421
TC 65 (43.6) 138 (44.1) 66 (44.9) 36 (48.6) 103 (44)

CC 34 (22.8) 86 (27.5) 41 (27.9) 19 (25.7) 65 (27.8)

Alleles T 165 (55.4) 316 (50.5) 0.164 146 (49.7) 0.164 74 (50) 0.284 235 (50.2) 0.163
C 133 (44.6) 310 (49.5) 148 (50.3) 74 (50) 233 (49.8)

rs1535255 Genotypes TT 97 (65.1) 208 (66.5) 0.946 94 (63.9) 0.827 48 (64.9) 0.965 154 (65.8) 0.946
TG 47 (31.5) 94 (30) 46 (31.3) 23 (31.1) 71 (30.3)

GG 5 (3.4) 11 (3.5) 7 (4.8) 3 (4) 9 (3.9)

Alleles T 241 (81) 510 (81.5) 0.827 234 (79.6) 0.695 119 (80.4) 0.906 379 (81) 0.969
G 57 (19) 116 (18.5) 60 (20.4) 29 (19.6) 89 (19)

C controls, MD-Mel major depression with melancholia, MD-Psy major depression with psychotic symptoms, MD-Suic major depression with
suicide attempts

*Significant p-values after Bonferroni correction: p=0.01; (see text to comparisons of allele carriers)
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D′=0.957; r2=0.36; Block 2: D′=1.0, r2=0.191), Fig. 1
shows linkage disequilibrium for the whole sample (MD+
controls).

Comparisons of the haplotype frequency distributions
between MD and control samples showed a significant
difference for Block 1 (Global-stat=13.76, df=4, simulated
p=0.0078), showing a lower haplotype frequency for the C–
G–T haplotype (rs806368–rs1049353–rs806371) in the MD
sample (7.5 %) than in the control sample (14.3 %) (simu-
lated p=0.001) (see Table 2 for haplotype frequencies
details).

We did not find any significant difference when we
compared the haplotype frequency distributions according
to clinical features (presence of melancholic features, psy-
chotic symptoms and suicide attempts) in the major de-
pressive sample either for Block 1 or Block 2 (data not
shown).

When patients were stratified according to clinical fea-
tures and compared to the control subjects, we detect a
significant association between the haplotype Block 1 and
melancholia (Global-stat = 17.537, df=4, simulated
p=0.0009) and psychotic symptoms (Global-stat=12.003,
df=4, simulated p=0.014) (see Table 2 for haplotype fre-
quencies details).

Pharmacogenetic study

In the pharmacogenetic subsample, 95 patients (64.6 %)
were considered Responders (Rp) and 52 (35.4 %) were
classified as no-Responders (No-Rp) according to the de-
crease of their HDRS scores at fourth week. Considering the
remission criteria at 12th week, 96 patients (65.3 %) were
classified as Remitters (Rm) and 51 (34.7 %) as no-
Remitters (No-Rm).

Concerning response at the fourth week, we did not
observe any significant difference in genotype or allele
distribution of any polymorphism between Rp/no-Rp
(Table 3). However, we observed significant differences
when we consider Remission status. There was significant
differences for the rs806368 allele and genotype distribution
according to Remission [genotype: χ2=7.07, df=2, p=
0.029; allele: χ2=5.27, df=1, p=0.021], however these
results did not survive multiple correction. Carriers analyses
showed that TT homozygous presented almost 2.7 times
more risk of no-remission than the C carriers (χ2=6.94,
df= 1, p= 0.008; OR=2.64 95 % CI [1.20–5.89]).
Furthermore, we observed the same significant difference
for rs806371 (genotype: χ2=6.18, df=2, p=0.045; allele:
χ2=5.74, df=1, p=0.016). The TT homozygous of the
rs806371 presented 2.8 times more risk of no-remission than
the G carriers (χ2=6.18, df=1, p=0.012; OR=2.8 95 % CI
[1.14–7.01]).

We considered the presence of suicide attempts andCIT levels
at the sixth week as covariates in the response and remission
haplotype analyses and in the longitudinal study because of their
implication in response treatment. In a previous study with the
same sample, the presence of suicide attempts was associated
with no response at fourth week (χ2=3.75, df=1, p=0.046) and
no remission at 12th week (χ2=10.204, df=1, p=0.002). Also,
lower CIT levels at sixth week were associated with no response
at fourth week (F=4.72, df=1, p=0.032) (Mitjans et al. 2012).

Haplotype analyses for the two analyzed blocks did not
yield a significant association with response at fourth week
(Table 4). However, haplotype analysis showed a significant
association between the haplotype Block 1 and remission
(Global-stat=10.503, df=4, simulated p=0.029) (see
Table 4 for haplotype frequencies details).

We performed a longitudinal study through a two-way
repeated-measures ANOVA on HDRS scores to evaluate the
effect of different polymorphisms on the 12-week clinical
outcome of the patients treated with CIT. The longitudinal
study showed no effects of the rs806371, rs806377 and
rs1535255 polymorphisms on the 12-week clinical out-
come. We found a significant effect of rs1049353 and
rs806368. The rs1049353 effect had been reported in our
previous study showing that individuals with GG genotype
presented better response along the follow-up than A car-
riers (Mitjans et al. 2012). The longitudinal study of
rs806368 showed that there was a significant decrease of
HDRS scores over 12 weeks (F(2.76, 284.98)=138.539, p<
0.001), a significant effects of time–sex interaction (F(2.76,

284.98)=6.85, p<0.001), time–genotype interaction (F(2.76,

284.98)=4.987, p=0.003) and a time–sex–genotype interac-
tion (F(2.76, 284.98)=3.233, p=0.026). So, we observed sig-
nificant effect of time–genotype interaction, showing that
the C carriers presented a better response to antidepressant
treatment throughout the follow up than TT homozygous.

Fig. 1 Linkage disequilibrium among markers in the whole Spanish
sample (Block 1: D′=0.918, r2=0.485; Block 2: D′=0.95, r2=0.18)
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Stratification for gender revealed that this effect is originat-
ed by the subgroup of male patients (Fig. 2).

Discussion

We have conducted an association study in which we have
analyzed the genetic variability at CNR1 gene as a genetic

risk factor for MD as well as for no response to clinical
treatment with SSRIs.

When analysing the SNPs variability at the CNR1 gene
(rs806368, rs1049353, rs806371, rs806377 and rs1535255),
the results of the case–control association study did not
show any genetic influence of this variability on the overall
risk to suffer MD. However, the haplotype analysis showed
that Block 1 C–G–T combination (rs806368–rs1049353–

Table 2 CNR1 markers haplotype distributions in the control and the MD samples

Haplotype Haplotype frequencies (hf) Control:MD (hf) p value Sim p value Global score statistics

Block 1

TGT 0.507 0.487:0.516 0.430 0.428 Global-stat=13.76, df=4

CGG 0.145 0.117:0.158 0.08 0.08 p=0.008

TAT 0.241 0.248:0.238 0.746 0.757 Global sim p=0.0078*
CGT 0.097 0.143:0.075 0.001 0.001*

Block 2

TT 0.476 0.446:0.490 0.216 0.215 Global-stat=3.039, df=3

CT 0.351 0.362:0.346 0.595 0.592 p=0.3855

CG 0.169 0.191:0.158 0.215 0.215 Global sim p=0.378

Controls:MD melancholia (hf)

Block 1

TGT 0.490 0.487:0.492 0.925 0.932 Global-stat=17.537, df=4

CGG 0.151 0.117:0.186 0.014 0.016* p=0.0015

TAT 0.253 0.248:0.258 0.776 0.753 Global sim p=0.0009*
CGT 0.099 0.143:0.055 <0.001 <0.001*

Block 2

TT 0.472 0.446:0.490 0.214 0.235 Global-stat=2.64, df=3

CT 0.346 0.362:0.329 0.383 0.38 p=0.449

CG 0.179 0.191:0.167 0.454 0.464 Global sim p=0.446

Controls:MD psychotic (hf)

Block 1

TGT 0.474 0.487:0.445 0.38 0.374 Global-stat=12.003, df=4

CGG 0.149 0.117:0.215 0.005 0.005* p=0.017

TAT 0.251 0.248:0.257 0.846 0.867 Global sim p=0.014*
CGT 0.120 0.143:0.075 0.033 0.038*

Block 2

TT 0.461 0.446:0.500 0.305 0.317 Global-stat=1.075, df=3

CT 0.351 0.362:0.331 0.514 0.514 p=0.5842

CG 0.184 0.191:0.169 0.551 0.564 Global sim p=0.588

Controls:MD suicide (hf)

Block 1

TGT 0.503 0.487:0.512 0.503 0.512 Global-stat=9.153, df=4

CGG 0.135 0.117:0.146 0.219 0.258 p=0.057

TAT 0.247 0.248:0.246 0.968 0.95 Global sim p=0.054
CGT 0.105 0.143:0.082 0.007 0.007*

Block 2

TT 0.474 0.446:0.491 0.225 0.219 Global-stat=3.086, df=3

CT 0.349 0.362:0.342 0.522 0.528 p=0.378

CG 0.172 0.191:0.160 0.284 0.286 Global sim p=0.404

Haplotype distributions in the control and the MD samples stratified according to clinical features (melancholia, psychotic symptoms and suicide
attempts) are also shown

sim simulated

*Significant p values after permutation procedures.
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rs806371) is associated with an increased risk for MD.
These results are in line with a previous study by

Monteleone and colleagues (2010) that associated the
CNR1 gene with depression.

Table 3 Genotype and allele distribution of the analyzed polymorphisms of CNR1 gene in response (fourth week) and remission (12th week) status

Polymorphism Rp (%) N-Rp (%) p-value Rm (%) N-Rm (%) p-value

rs806368 Genotypes TT 56 (59) 29 (55.8) 0.881 48 (50) 37 (72.6) 0.029
TC 35 (36.8) 20 (38.4) 43 (44.8) 12 (23.5)

CC 4 (4.2) 3 (5.8) 5 (5.2) 2 (3.9)

Alleles T 147 (77.4) 78 (75) 0.646 139 (72.4) 86 (84.3) 0.021
C 43 (22.6) 26 (25) 53 (27.6) 16 (15.7)

rs1049353 Genotypes GG 52 (54.7) 29 (55.8) 0.979 55 (57.3) 26 (51) 0.765
GA 38 (40) 20 (38.4) 36 (37.5) 22 (43.1)

AA 5 (5.3) 3 (5.8) 5 (5.2) 3 (5.9)

Alleles G 142 (74.7) 78 (75) 0.96 146 (76) 74 (72.5) 0.511
A 48 (25.3) 26 (25) 46 (24) 28 (27.5)

rs806371 Genotypes TT 66 (69.5) 36 (69.2) 0.742 60 (62.5) 42 (82.3) 0.045
TG 25 (26.3) 15 (28.9) 32 (33.3) 8 (15.7)

GG 4 (4.2) 1(1.9) 4 (4.2) 1 (2)

Alleles T 157 (82.6) 87 (83.6) 0.823 152 (79.2) 92 (90.2) 0.016
G 33 (17.4) 17 (16.4) 40 (20.8) 10 (9.8)

rs806377 Genotypes TT 35 (36.8) 15 (28.8) 0.140 28 (29.2) 22 (43.1) 0.188
TC 30 (31.6) 25 (48.1) 37 (38.5) 18 (35.3)

CC 30 (31.6) 12 (23.1) 31 (32.3) 11 (21.6)

Alleles T 100 (52.6) 55 (52.9) 0.966 93 (48.4) 62 (60.8) 0.043
C 90 (47.4) 49 (47.1) 99 (51.6) 40 (39.2)

rs1535255 Genotypes TT 60 (63.1) 34 (65.4) 0.373 59 (62.1) 35 (67.3) 0.795
TG 28 (29.5) 17 (32.7) 30 (31.6) 15 (28.8)

GG 7 (7.4) 1 (1.9) 6 (6.3) 2 (3.9)

Alleles T 148 (77.9) 85 (81.7) 0.438 148 (77.9) 85 (81.7) 0.438
G 42 (22.1) 19 (18.3) 42 (22.1) 19 (18.3)

Rp responders, N-Rp no responders, Rm remitters, N-Rm no remitters (see text to comparisons of allele carriers)

Table 4 CNR1 markers haplotype distributions in response (fourth week) and remission (12th week) status

Haplotype Haplotype frequencies (hf) Rp:N-Rp (hf) p value Sim p value Global score statistics

Block 1

TGT 0.508 0.513:0.5 0.842 0.846 Global-stat=0.451, df=4

CGG 0.155 0.157:0.153 0.963 0.962 p=0.978

TAT 0.242 0.243:0.239 0.853 0.854 Global sim p=0.975
CGT 0.079 0.069:0.096 0.526 0.533

Block 2

TT 0.473 0.473:0.471 0.721 0.727 Global-stat=3.49, df=2

CT 0.319 0.305:0.346 0.108 0.114 p=0.173

CG 0.207 0.221:0.182 0.19 0.197 Global sim p=0.185

Rm:N-Rm (hf)

Block 1

TGT 0.529 0.477:0.567 0.091 0.096 Global-stat=10.5, df=4

CGG 0.118 0.193:0.086 0.007 0.006* p=0.032

TAT 0.238 0.226:0.268 0.24 0.245 Global sim p=0.029*
CGT 0.097 0.085:0.067 0.153 0.146

Block 2

TT 0.472 0.510:0.403 0.082 0.086 Global-stat=3.21, df=2

CT 0.319 0.268:0.413 0.133 0.142 p=0.20

CG 0.207 0.221:0.182 0.552 0.542 Global sim p=0.21

Rp responders, N-Rp no responders, Rm remitters, N-Rm no remitters, sim simulated

*Significant p values after permutation procedures
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Moreover, we grouped major depressive patients accord-
ing to clinical features of severity such as the presence of
melancholia, psychotic symptoms or suicide attempts and
compared them to the control sample. Our results showed
that patients with presence of melancholia or psychotic
symptoms presented a higher frequency of rs806371 G
carriers than healthy controls. Furthermore, the haplotype
analysis showed an association between the haplotype
Block 1 and melancholia and psychotic symptoms.

These results highlight the clinical and biological hetero-
geneity underlying the categorical diagnoses of MD which
can easily overcome the power of genetic association studies
(Winokur 1997). Categorical diagnostic tools are based on
clusters of symptoms and characteristics of clinical course
that maybe are not defining the different pathophysiological
processes occurring in the disease. The definition of genet-
ically relevant phenotypes in MD could help to increase the
success of genetic studies (Hasler et al. 2004). Our results
are in line with those defending that a stricter phenotype re-
definition could increase power to detect more robust ge-
netic effects (van der Sluis et al. 2010).

MD with melancholia has been identified as a valid
subtype of MD that identifies a subset of more severe
depressive patients with a particularly high genetic back-
ground (Kendler 1997). It has been shown that the genetic
or pharmacological blockade of endocannabinoid system in
animal models provoked similar symptomatology than mel-
ancholic depression (Hill and Gorzalka 2005b). One of the
most reliable biological markers of melancholic depression
is alterations in the HPA axis. Recent evidences show the

role of the endocannabinoid system in regulation of the HPA
axis activity (Di et al. 2003; Barna et al. 2004; Patel et al.
2004). Recent studies have shown that CB1 knockout mice
present hypersecretion of corticotropin-releasing hormone
(CRH) in the PVN (Cota et al. 2003), as well as elevated
basal adrenocorticotropin (ACTH) and corticosterone
(Barna et al. 2004). Consistent with the findings, glucocor-
ticoid receptors (GR) antagonists have been found to be
effective in very severe forms of depression, such as psy-
chotic or endogenous forms of depression (Belanoff et al.
2001; Reus and Wolkowitz 2001). Our findings are in line
with these evidences suggesting that severe forms of depres-
sion may have specific biological processes.

When we analyzed genetic variability in relation to clinical
response or remission in the pharmacogenetic subsample, we
did not observe any effect of the single different polymorphisms
analyzed in response at fourth week to CIT treatment. However,
we found significant effects of rs806368 and rs806371 poly-
morphisms on remission at 12th week. The TT homozygous of
the rs806368 presented more risk of no Remission than the C
carriers and TT homozygous of the rs806371 also presented
more risk of no Remission than the G carriers. Although
previous studies have shown the involvement of the rs806368
in substance use disorder or cannabis dependence (Zuo et al.
2007; Agrawal et al. 2009), no association study considering its
role in clinical response has been published.

The results of our longitudinal study showed an influence
of the rs806368 polymorphism on the response to treatment.
G carrier men presented better response along the follow-up
than TT homozygous men or the women group. Specifically,

Fig. 2 Genotype distribution of the CNR1-rs806368 polymorphism
according to the different follow-ups based on CIT treatment. a
rs806368-C allele carriers presented a better response to antidepressant
treatment compared to rs806368-TT homozygous (F(2.76, 284.98)=

4.987, p=0.003). b This effect is originated by the subgroup of male
patients that showed a better outcome in response to CIT treatment
(F(2.76, 284.98)=3.233, p=0.026). Tables show the Hamilton scores
along the follow-up in relation to genotypes
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G carrier men had presented the highest HDRS scores at
baseline and the lowest scores at the end of the study being
the group with the greatest reduction in HDRS scores.
According to that, haplotype analysis showed linkage disequi-
librium between rs806368 and rs1049353 polymorphisms in
our samples. It has recently reported that rs1049353 has an
effect in antidepressant treatment response in MD (Domschke
et al. 2008; Mitjans et al. 2012). Domschke and colleagues
(2008) reported that the G allele of the rs1049353 confers an
increased risk of resistance to antidepressant treatment, partic-
ularly in female patients with MD and high comorbid anxiety.
In contrast, in a recent work, we described that men carrying the
GG genotype presented better response along the follow-up
than A carrier men or the women group (Mitjans et al. 2012).
Although both studies show the involvement of this
polymorphism in clinical response to antidepressant treatment,
the results according to sex showed opposite directions.

Differential response mediated by gender remains still
controversial (Serretti et al. 2008; Vermeiden et al. 2010;
Carter et al. 2012). It might be hypothesized that gender
differences in the response could be also reflecting the
differences that are found in the aetiology of MD as phys-
iological and epidemiological studies have shown (Biver et al.
1996; Weissman et al. 1996; Nishizawa et al. 1997; Kendler et
al. 2001; Legato 2010; Lai 2011). Studies suggesting a role of
estradiol in expression regulation of CB1 receptor mRNA
(Gonzalez et al. 2000; Hill et al. 2007) could explain the
differential response by gender found in this study.
However, more research is still needed to better understand
the gender specific contribution in antidepressant response.
Pharmacogenetics could help to elucidate the role of CNS
neurotransmission systems, such as the endocannabinoid sys-
tem, in response to antidepressants. However, genetics will
provide information for just a part of the complex puzzle of
clinical response to psychodrugs. Other factors such environ-
mental or clinical will be also necessary in order to understand
the total phenotype. Nowadays, a test with widespread clinical
use and adoption is still missing (Arranz and Kapur 2008).

All the analyzed polymorphisms are synonymous then not
altering amino acid residues. Although synonymous SNPs
have often been called silent or unable to affect functional
changes, recent reports indicate that there are several mecha-
nisms by which synonymous mutations could bring about
such changes (Komar 2007; Sauna et al. 2007). These may
have important implications in biology and in the diagnosis
and treatment of human diseases. Alternatively, these poly-
morphisms might not constitute the actual causative variant,
but rather reflect association of other polymorphisms in link-
age disequilibrium with this locus.

Our study has several limitations. The relatively small
size of our pharmacogenetic sample limits the power to
detect small differences. However, this study has enough
power to detect small–medium effect sizes. Moreover, the

possible functional effects of the analyzed markers are still
under investigation. We consider that multiple testing cor-
rections are likely to be excessively exclusive in the context
of the present study since the selection of the genetic poly-
morphisms, the sample size and the analyses performed had
a directional hypothesis based on previous findings (Cardon
and Bell 2001). However, as multiple testing based on
Bonferroni’s procedures were taking into account; part of
our results referred to the single SNP analyses (rs806368
and rs806371) did not survive the correction. Subsequent
statistical analyses such as the genotype carrier’s analyses or
the haplotype analyses, demonstrate the involvement of
these polymorphisms in the risk for MD or response to
antidepressant treatment.

In summary, CNR1 gene variants seem to be associated
with the etiology of MD and specifically with the severity of
MD showing that maybe a redefinition of the phenotype
could help to a better understanding of the disease.
Additionally, CB1 receptor gene seems to have an indirect
effect on clinical response to CIT (SSRIs) basically in re-
mission at the 12th week and along the follow-up.

Further studies focusing on other genes involved in the
endocannabinoid system or other systems related to endo-
cannabinoid system could help to elucidate the complex
mechanism of aetiology of MD and clinical response to
antidepressants.
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