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During adulthood few men know how they became 
what they are… 
Something acted on them like fly paper on a fly,  
blocking a hair here, a movement there  
and slowly enveloping them until they are buried  
in a thick envelope that hardly resembles  
their original shape… 
but a youthful, unresting, creative  
and often purposeless force…  
may spread and lead to revolutions,  
progress or simply to the cyclic generation change.  

 
 

The Man without Qualities  
Robert Musil, 1942. 
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Genetics of mood disorders 
 
Mental disorders in general, and mood disorders in particular, are leading causes of morbidity 
which affect human populations around the world. Mood (affective) disorders are the most 
common severe adult psychiatric disorders. The term 'mood disorder' includes a wide variety 
of conditions, from mild and close to normal mood variations to some of the most severe 
episodes of psychotic illness seen in clinical practice (Kendler and Gardner, 1998). The most 
relevant ones include Bipolar Disorder (BP) and Major Depression (MD). 
BP and MD present a point prevalence of about 1% and 7-10% respectively (Alonso and 
Lepine, 2007; Kessler et al., 2005). These diseases are associated with a high rate of 
morbidity and mortality, even after taking into account suicide separately (Serretti et al., 
1999). Mood disorders are also associated with high direct and indirect costs for the frequent 
hospitalizations, the high probability of abuse of alcohol and psychotropic drugs, the 
significant social and professional impairment and the burden on caregivers. It has been 
estimated that they alone contribute to 11% of all ICD-9 disabilities, and that only in the USA 
they cost about 147 billion dollars a year summing both direct and indirect costs (Das Gupta 
and Guest, 2002; Pincus and Pettit, 2001; Sartorius, 2001; Ustun et al., 2004; Wittchen and 
Jacobi, 2005). 
It is now widely accepted that mood disorders have a genetic liability (McGuffin et al., 2004). 
This has been demonstrated by decades of family, twin and adoption studies. Estimates of 
heritability range from 30% to 80% with values closer to the higher range for bipolar disorder 
(Johansson et al., 2001). 
In detail, data from more than 40 studies on families over a period of 60 years, show that 
there is a strong genetic predisposition, with a risk of being affected for relatives of first and 
second degree affected subjects that ranges from 2 to 15 times compared to the general 
population (Tsuang and Faraone, 1990). This value is proportional to the number of affected 
family members, and the results are in favor of a higher genetic component in BP in which 
the concordance rate for monozygotic twins is 80%, while it is around 59% for MD (Tsuang 
and Faraone, 1990). The difference in concordance rate between monozygotic and dizygotic 
twins allows the calculation of heritability. While if a monozygotic twin is affected, the co-
twin has from 60 to 80% chance of being affected, the dizygote twin of an affected individual 
has only 10-15% chance of developing the disease. From this, the heritability estimate of 
approximately 80%. 
Despite the fact that we know that genetic factors play an important role, the pattern of 
genetic transmission of mood disorders it is not yet established. Segregation analyses rejected 
a single locus mendelian inheritance, reduced penetrance models have been proposed but also 
disconfirmed and the most plausible model is a complex interaction between a number of 
interacting genes, each contributing to a single aspect of the disease and interacting with the 
environment (Risch, 1990). It is likely that this critical role played by the environment in 
modulating the genetic susceptibility to mood disorders is the main difficulty in investigating 
genetics susceptibility factors. 
 
Notwithstanding this strong evidence coming for formal genetic studies, the identification of 
specific risk gene variants has proven to be quite difficult (Craddock et al., 2001; Johansson 
et al., 2001; Kato, 2007). After the initial enthusiasm spread by the claim of identification of 
the gene for bipolar disorder on chromosome 11 (Egeland et al., 1987), 20 years of 
investigations with more than 2000 published reports failed to identify unequivocal liability 
genes. In fact, after only 2 years, the same authors re-evaluated the published sample and 2 
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subjects out of more than 100 that were not affected at the time of the first report were 
diagnosed as affected and the association dropped to non significance (Kelsoe et al., 1989). 
This was the beginning of what has been described a “manic depressive history” (Risch and 
Botstein, 1996) with enthusiasm for new findings followed by disillusionment for lack of 
replication in independent samples. The core problem being the original idea that a single 
gene could be responsible of the disease in a Mendelian inheritance and that the phenotype as 
described by current classification systems could be adequate (American Psychiatric 
Association, 1994). The idea that a single gene is responsible for the whole picture of BP or 
MD has been abandoned also following examples from simpler organisms where each single 
gene modifies in a subtle but wide way the behavior (Kendler, 2005; Kendler and Greenspan, 
2006). Subtle because the variances explained by each variant are in the range of 2-3% with 
other gene variants further intervening and wide because each gene variant influences many 
behavioral traits simultaneously (pleiotropy). This has been clarified by the example of the 
polymorphism within the serotonin transporter gene (Serretti et al., 2006a), that will be 
discussed in more detail later. Moreover, the huge number of single nucleotide variations 
(SNPs, 5-7 millions) is not the only source of genetic variability. Recent reports underline the 
growing importance of hundred of thousands of small sequence abnormalities (copy number 
variation) (Rodriguez-Revenga et al., 2007) or of environmentally controlled epigenetic 
controls (methylation) (Holliday, 2006). 
Nevertheless some promising findings have been obtained. A number of risk gene variants 
for mood disorders have been consistently replicated. A review of published findings is 
beyond our aim but, as an example, in Figure 1 are reported all the linkage findings in bipolar 
disorder up to date with in bold the replicated areas.  
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Figure 1. Genome areas where linkage with bipolar disorder has been reported. Bolder arrows 
indicate stronger evidence. 
 
 
Some regions are overlapping also with candidate gene studies. Again a huge number of 
results have been reported and in Table 1 only findings replicated in at least three 
independent samples are summarized. It is clear from the table that also a number of studies 
did not confirm the original finding, and this has been related to the complexities 
abovementioned. 
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Region Gene Positive studies Negative studies 

Chromosome 1 
1q42.1 DISC1 (Hodgkinson et al., 2004; Maeda et al., 

2006; Thomson et al., 2005; Wellcome 
Trust, 2007) 

(Devon et al., 2001) 

Chromosome 5 
5p15.3 SLC6A3 (Greenwood et al., 2001; Greenwood et 

al., 2006; Keikhaee et al., 2005; Ohadi et 
al., 2007; Stober et al., 2006; Waldman et 
al., 1997)  

(Bocchetta et al., 1999; 
Georgieva et al., 2002; Gomez-
Casero et al., 1996; Heiden et al., 
2000; Souery et al., 1996) 

5q35.1* DRD1 (Dmitrzak-Weglarz et al., 2006; Ni et al., 
2002b; Severino et al., 2005) 

(Cichon et al., 1994; Cichon et 
al., 1996; Jensen et al., 1992; 
Mitchell et al., 1992; Nöthen et 
al., 1992; Savoye et al., 1998) 

Chromosome 6 
6p21.3 DTNBP1 (Breen et al., 2006; Fallin et al., 2005; Joo 

et al., 2007; Pae et al., 2006; Pae et al., 
2007; Raybould et al., 2005) 

 

Chromosome 8 
8p22-
p11* 

NRG1 (Green et al., 2005; Thomson et al., 2007; 
Walss-Bass et al., 2006) 

 

Chromosome 11 
11p13 BDNF (Geller et al., 2004; Green et al., 2006; 

Kremeyer et al., 2006; Lohoff et al., 2005; 
Muller et al., 2006; Neves-Pereira et al., 
2002; Okada et al., 2006; Schumacher et 
al., 2005; Sklar et al., 2002; Strauss et al., 
2004) 

(Hong et al., 2003; Kanazawa et 
al., 2007; Kunugi et al., 2004; 
Nakata et al., 2003; Neves-
Pereira et al., 2005; Oswald et 
al., 2004; Skibinska et al., 2004) 

Chromosome 12 
12q21.1 TPH2 (Harvey et al., 2007; Harvey et al., 2004; 

Lopez et al., 2007; Van Den Bogaert et al., 
2006a ) 

(De Luca et al., 2004; Mann et 
al., 2007) 

Chromosome 13 
13q14-
q21* 

HTR2A (Arranz et al., 1997; Bonnier et al., 2002; 
Chee et al., 2001; Lin et al., 2003; Ranade 
et al., 2003) 

(Anguelova et al., 2003; Arranz 
et al., 1997; Etain et al., 2004; 
Gutierrez et al., 1997a; Ni et al., 
2002a; Ohara et al., 1998; 
Vincent et al., 1999) 

13q33.2* DAOA (Chen et al., 2004; Hattori et al., 2003; 
Schumacher et al., 2004; Williams et al., 
2006) 

 

Chromosome 17 
17q11.1-
q12* 

SLC6A4 (Anguelova et al., 2003; Cho et al., 2005; 
Furlong et al., 1998; Lasky-Su et al., 
2005) 

(Neves et al., 2007) 
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Chromosome 22 
22q11.21 COMT (Burdick et al., 2007; Funke et al., 

2005; Li et al., 1997; Mynett-
Johnson et al., 1998; Rotondo et al., 
2002; Shifman et al., 2004)  

(BEBCG, 1997; Gutierrez et al., 1997b; Kunugi 
et al., 1997; Lachman et al., 1997; Prata et al., 
2006; Serretti et al., 2003b; Serretti et al., 2006b; 
Van Den Bogaert et al., 2006b) 

Chromosome X 
Xp11.23 MAOA (Furlong et al., 1999; Lin et al., 

2000; Muller et al., 2007; Preisig et 
al., 2000) 

(Gutierrez et al., 2004; Kunugi et al., 1999; 
Syagailo et al., 2001) 

 
Table 1. Genes associated with bipolar disorder in at least in three independent samples. The 
table reports their position and positive and negative studies. Symbol of the gene refer to the 
OMIM database (http://www.ncbi.nlm.nih.gov/sites/entrez?db=OMIM&itool=toolbar). 
Asterisks near the position of the gene indicate that the region have been found in positive 
linkage with BP. In bold, meta-analysis or large studies on pooled sample. 
 
 
For MD a smaller number of results have been produced, both for the smaller effort in this 
direction and for the putatively smaller genetic contribution to the disease (Faraone et al., 
1999), however a number of liability gene variants overlap between the two disorders (Kato, 
2007; Levinson, 2006). 
Converging evidence suggests that this picture is best explained by the fact that each single 
gene variant exerts some influence on specific behavioral aspects (attention (Egan et al., 
2001), temperament (Serretti et al., 2007a), liability to stress (Caspi et al., 2003), etc.) which 
in turn confers susceptibility to the disease (Flint and Munafo, 2006; Lenox et al., 2002). 
Therefore the final effect on diagnosis is small and inconsistently replicated. Following this 
line of evidence, recently research shifted to behavioral aspects more close to the genetic 
liability, the so called endophenotypes (Flint and Munafo, 2006; Hasler et al., 2006; Lenox et 
al., 2002). Those may be neuropsychology, symptomatology or brain imaging features. 
Among the many possible endophenotypes, a particularly interesting one is pharmacogenetics 
(Weber, 1997). 
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Pharmacogenetics 
 
Historical aspects 
 
The term “pharmacogenetics” is relatively recent, having been proposed by Friedrich Vogel, 
German geneticist, in 1959 to describe a discipline dedicated to the study of inheritable 
differences in the metabolism of pharmacological agents such as exogenous drugs and 
environmental toxins (Vogel, 1959). However, observations and studies relating to the 
concept of “pharmacogenetics”, as well as phenomena such as interindividual variability of 
response to a given drug or, in a broader sense, to a given substance, were already known.  
Between 1850 and 1900 some researchers noticed that most of the drugs were excreted in a 
different form than the administered one, thus suggesting the existence of chemical 
modifications prior to the excretion of these substances. Cuenot, Garrod and Bateson first 
hypothesized that the genetic structure could play a key role in controlling the chemical 
transformations (Hickman and Cairns, 2003). Garrod realized also that some substances 
could produce in some people very different reactions, and that these effects could be 
attributed to toxic substances produced during their metabolic transformations. This is the 
first time the concept of pharmacokinetics has been proposed. 
Around 1930, Snyder showed that the phenomenon of gustatory blindness was inherited as a 
mendelian autosomal recessive character (Snyder, 1931). This discovery is important because 
it was the first to suggest the high degree of specificity of the response to chemicals with a 
genetic influence. 
Nearly three decades later, Williams in a series of papers further developed the 
pharmacokinetic concept putting in evidence the fact that humans are able to transform a 
large number of chemicals using few metabolic pathways and explained that the metabolism 
of drugs takes place in two stages, characterized by oxidation reactions, reduction or 
hydrolysis (Phase I) and conjugation reactions (Phase II) and the involved enzymes were 
located in the endoplasmic reticulum of the liver or other tissues.  
Later, the first changes from person to person to be studied were genetic response to 
succinylcholine, primaquine and isoniazid. Kalow showed the presence of a different enzyme 
form in some people and their closest relatives with a correlation with hypersensitivity to the 
drug (Kalow and Gunn, 1957). This study was the first to highlight a link between an 
heritable enzyme variant and sensitivity to a drug. 
Alving then reported that also the administration of the antimalaric primaquine caused in 
some subjects destruction of red blood cells and correlated this phenomenon to a specific 
deficiency, associated with sex, to the G6PD enzyme (Alving et al., 1958).  
Further, isoniazid, widely used in the treatment of tuberculosis, was observed to cause 
numbness and paresthesia in some patients. Hughes showed that isoniazid had a different 
level of acetylation in these people (Hughes et al., 1954). Studies on twins and families 
allowed then to discover that the population could be divided into ”slow acetylators” and 
“rapid acetylators”, and that this character was genetically transmitted. Subsequently, 
molecular studies allowed to establish that this is due to a mutation that makes the enzyme N-
acetyltransferase labile and less efficient in its activity. 
However it was until late ’90 that the availability of molecular tools allowed to investigate 
gene variants linked to the efficacy of antidepressant drugs by our group for the first time 
(Smeraldi et al., 1998). 
Recently, pharmacogenetic aspects have been conceptually divided in pharmacokinetic and 
pharmacodynamic. Pharmacokinetics is the study of the gene variants responsible of 
variability in plasma drug concentrations among individuals, on the other hand 
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pharmacodynamics focuses on genes influencing variability in sensitivity in drug targets. 
More specifically, pharmacokinetic describes the way in which a drug is distributed in or 
cleared from the body and involves absorption of the drug, distribution through hydrophilic 
and hydrophobic spaces, metabolism, and excretion. Pharmacodynamic examines the drug’s 
interaction with its targets (receptors, transporters or enzymes) and with downstream 
processes such as second-messenger systems (Perlis, 2007). 
Pharmacokinetic genetic controls are important and can influence all antidepressant plasma 
levels (Kirchheiner et al., 2001), however for the most widely used Selective Serotonin 
Reuptake Inhibitors (SSRI), the therapeutic range is very large, at times 20-30 times the 
minimum efficacy level (as an example for Fluvoxamine). Moreover, plasma level has not 
been linked to therapeutic response, as it was the case for some tricyclic antidepressants 
(Amsterdam et al., 1997; Kuhs et al., 1992; Normann et al., 2004) 
This is the reason why almost all pharmacogenetic studies in mood disorders focused on 
pharmacodynamic candidate genes. 
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Pharmacogenetics in mood disorders  
 
We previously outlined the difficulties impairing genetic investigations in psychiatric 
disorders. Analyses limited to single aspects of the disorder could better elucidate the genetic 
influence. This, coupled with the need of improving treatments, boosted the recent increase of 
pharmacogenetic studies in mood disorders. 
The need to improve everyday clinical practice comes from the fact that at this moment clinic 
phenotypes of depression do not allow to select the specific treatment for a specific patient, 
and when an antidepressant treatment is started, the antidepressant effect does not always 
lead to complete remission. In fact, even though different classes of antidepressant drugs 
(AD) have been used to treat depressive syndromes, the antidepressant treatment efficacy is 
often uncomplete (60 - 70% of patients do not experience remission, 30 – 40% do not show 
significant response) (Moncrieff and Kirsch, 2005), regardless of the initial choice of 
standard psychiatric medication (Bauer et al., 2002; Entsuah et al., 2001). Moreover, 
antidepressant response is usually associated with a 2 to 4 weeks lag before improvement 
takes place, and even though amelioration can occur during the first 2 weeks of treatment, 
this is uneasy to tell apart from placebo effect (Mitchell, 2006). Accordingly, clinical 
guidelines still recommend to wait for at least 4 - 6 weeks before switching to another AD, 
when an antidepressant response is not achieved. This exposes patients to an un-effective 
therapy period, higher risk of clinical conditions worsening, higher risk of premature 
discontinuation, and worse hopelessness feelings, possibly leading to higher suicidal risk 
(Masand, 2003). As a result, patients run more risk of recurrence of major depressive 
episodes or worsening of the mental suffering, and possibly have to prolong their hospital 
stay for longer periods with higher direct and indirect costs. Also, the side effects profiles are 
not predictable so far, and even though there is a wide interindividual variability, side effects 
are so common (40%-90% (Cramer and Rosenheck, 1998)) that the clinical choice of a 
specific drug is partially determined by the probability of unwanted effects occurrence. 
Therefore, in order to reduce the patients' suffering and minimize costs, it would be desirable 
to know in advance whether a drug is likely to be effective and tolerable: clinic and 
anamnestic variants were not found to be helpful in this direction (Nierenberg, 2003), 
whether the genetically determined investigation of pharmacological responses could hold 
more opportunities (Malhotra et al., 2004; O'Reilly et al., 1994; Perlis, 2007; Serretti and 
Olgiati, 2007).  
The first step to the advance of pharmacogenetic studies is to candidate polymorphic gene 
variants: there are 5-7 millions of SNPs in the human genome, and even though they usually 
cosegregate in small groups (tags), the identification of the key variations remains important 
and difficult to achieve (Drago et al., 2007; Serretti et al., 2007c). The choice of candidate 
genes is difficult for a number of reasons including the partial knowledge of the 
pathophysiology mechanisms, the partial knowledge of genetic mechanisms and the almost 
complete lack of knowledge of systems interactions. In any case candidate genes should be 
chosen on the basis of variants frequency, functionality, tagging role and coverage of the 
gene. This last point is almost invariably poorly considered mainly for economical reasons: 
the genotype of 20-40 variants per gene is more costly than 1-2. However a more complete 
and commonly accepted investigation of the gene is advised for a list of reasons: to facilitate 
results’ interpretation throughout different studies, to cover important functional areas such as 
5’UTR, 3’UTR, promoter, enhancers, silencers, to permit an inductive research approach to 
the genetic sequence, identifying relevant mutations still far to be hypothesized and to permit 
the identification of mutations interfering with important functional mechanisms such as: 
DNA access, reading and trasduction, mRNA stability and translation, mRNA primary 
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structure based functions. In all those mechanisms, intronic sequences are as important as 
exonic ones. Currently, two strategies are available in order to find suitable genes: an 
inductive approach (genome-wide analysis) based on wide genome association studies of 
500,000-1,000,000 SNPs looking for statistical combinations of genetic variations and clinic 
phenotypes, independently from pharmacological and physiological rational, and a deductive 
way (candidate gene approach), investigating key variations in genes chosen on the basis of 
the knowledge of drug therapeutic mechanisms and pathophysiological hypothesis of 
depression, or based on previous evidence of associations. Those lines of research are 
mutually dependent: induction of new elements gives more details to improve and criticize 
previous theoretical models of depression, and deductive efforts stimulate and address new 
lines of coherent and focused research. 
There is a growing interest about the potential of pharmacogenetic in applications for new 
drug approval and review of existing drugs: the US FDA has began to focus on the near term 
benefits from such  approach (see examples http://www.fda.gov/). 
 
Following this line of research, the present thesis reports 10 recent papers performed within 
one of the main groups in the field of pharmacogenetics of mood disorders. 
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ORIGINAL RESEARCH ARTICLE

Influence of tryptophan hydroxylase and serotonin
transporter genes on fluvoxamine antidepressant activity
A Serretti, R Zanardi, D Rossini, C Cusin, R Lilli and E Smeraldi

Department of Psychiatry, Vita-Salute University, San Raffaele Institute, Milan, Italy

Keywords: tryptophan hydroxylase; serotonin transporter;
pindolol; fluvoxamine; mood disorders; antidepressant treat-
ment

The aim of the present study was to test a possible
effect of the A218C tryptophan hydroxylase (TPH) gene
variant on the antidepressant activity of fluvoxamine in
a sample of major and bipolar depressives, with or with-
out psychotic features. Two hundred and seventeen
inpatients were treated with fluvoxamine 300 mg and
either placebo or pindolol in a double blind design for
6 weeks. The severity of depressive symptoms was
weekly assessed with the Hamilton Rating Scale for
Depression. TPH allelic variants were determined in
each subject by using a PCR-based technique. No sig-
nificant finding was observed in the overall sample as
well as in the pindolol group, while TPH*A/A was asso-
ciated with a slower response to fluvoxamine treatment
in subjects not taking pindolol (P = 0.001). This effect
was independent from the previously reported influence
of 5-HTTLPR polymorphism. If confirmed, these results
may shed further light on the genetically determined
component of the response to pharmacological treat-
ments, thus helping the clinician to individualize each
patient’s therapy according to their genetic pattern. Mol-
ecular Psychiatry (2001) 6, 586–592.

Antidepressant drugs efficacy for major depression
treatment is partly under genetic control.1–7 Selective
serotonin reuptake inhibitors (SSRIs) exert their
activity through a blockade of the neuronal serotonin
transporter. The gene encoding for this protein has
been shown to have a functional polymorphism in the
upstream regulatory region (5-HTTLPR) 8,9 and recent
studies have reported an association between this poly-
morphism and the antidepressant response to certain
SSRIs, such as fluvoxamine10,11 and paroxetine.12,13

The variance accounted for by this gene was about 7%.
This is in accordance with current views on polygenic
inheritance, where minor effect genes contribute only
1–10% to the total phenotypic variance,14,15 and the
existence of other genes, that contribute with additive,
multiplicative or epistatic effects, is very likely.16

Further candidate genes may then be identified in the
serotonin pathway. Tryptophan (TRP) availability
influences 5-HT synthesis in the brain, and TRP has
been used both alone17 and in combination with anti-
depressant drugs18,19 for the treatment of major
depressive disorders. Moreover rapid TRP depletion in
depressed patients in clinical remission causes a tran-
sient depressive relapse.20 The tryptophan hydroxylase

(TPH) gene, which codes for the rate-limiting enzyme
of serotonin biosynthesis, is therefore a strong candi-
date for a possible genetic influence on the antidepress-
ant response. This gene has been cloned21 and mapped
on 11p15.3–p14.22 Two biallelic polymorphisms in
complete disequilibrium have been identified on pos-
ition 218 (A218C) and 779 (A779C) of intron 7.23 Pre-
liminary evidence suggests that the rarer TPH*A vari-
ant influences serotonin turnover as lower CSF 5-HIAA
levels were found in male healthy volunteers with the
TPH*A allele.24 The aim of the present paper is to
investigate the possible effect of TPH variants both
alone and in interaction with 5-HTTLPR on the out-
come of fluvoxamine antidepressant treatment.

A detailed description of the clinical outcome of the
sample has been separately reported in previous stud-
ies.10,11 A brief description of the pooled sample is
illustrated in Table 1. The time course of fluvoxamine
response was investigated using RRM analysis (Table
2). We observed a significant effect of time, indicating
an overall symptomatological improvement during the
trial. The presence of delusional features was associa-
ted with higher HAM-D baseline scores, while the
remaining variables were not associated with baseline
scores. Following this, we performed an analysis on
the effect of independent variables on the HAM-D time
course. Gender, education, diagnosis and age at onset
did not significantly influence antidepressant outcome.
Subjects with psychotic features showed a more rapid
decrease of depressive symptomatology independently
from treatment (P = 0.014). A more rapid improvement
was observed in subjects with more severe basal HAM-
D score (P � 0.001). Subjects with pindolol aug-
mentation showed a significantly better response com-
pared to fluvoxamine plus placebo (P = 0.041).

Baseline clinical and demographic characteristics of
subjects grouped according to TPH variants did not
show any significant difference (Table 1). No signifi-
cant association with time course was observed in the
overall sample as well as in the pindolol group, on the
other hand the TPH*A/A variant was significantly
associated with a slower response to fluvoxamine treat-
ment in subjects not taking pindolol (see also Figure
1). In fact we observed a significant interaction between
TPH variants and pindolol (interaction term: Z = 2.82,
P = 0.005), with a much greater effect of TPH variants
in subjects without pindolol (TPH effect: Z = −3.21, P
= 0.001). We then evaluated the possible confounding
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Table 1 Sample description. Data are expressed as means (standard deviations). No significant difference was found comparing
the genotype groups

TPH genotypes A/A (n = 40) A/C (n = 107) C/C (n = 70) F P

Age (years) 51.41 (13.59) 51.55 (12.03) 53.17 (11.23) 0.51 0.60
Age at onset (years) 36.26 (12.21) 37.73 (12.47) 39.64 (11.71) 1.09 0.34
Education (years) 10.09 (4.19) 8.79 (4.27) 8.55 (4.27) 1.53 0.22
Previous episodes (number) 4.92 (7.24) 4.45 (5.25) 4.17 (4.64) 0.23 0.79
Duration current episode (weeks) 19.63 (19.36) 20.65 (17.17) 20.11 (21.64) 0.13 0.88
Baseline HAM-D score 31.20 (6.14) 30.72 (5.62) 30.17 (4.68) 0.50 0.61
HAM-D score at T6 10.18 (13.03) 7.06 (10.02) 5.77 (9.37) 2.26 0.11
HAM-D score at T6* 14.09 (13.64) 8.57 (10.67) 5.45 (8.99) 4.57 0.01
Fluvoxamine blood level 340.61 (140.42) 389.40 (231.59) 365.17 (226.01) 0.71 0.49

�2 P

Gender (female/male) 30/10 69/38 45/25 1.52 0.47
(75.00/25.00%) (64.50/35.50%) (64.30/35.70%)

Psychotic features (no/yes) 14/26 54/53 38/32 5.02 0.08
(35.00/65.00%) (50.47/49.53%) (54.29/45.71%)

Major depressives/bipolar 27/13 70/37 47/23 0.09 0.96
(67.50/32.50%) (65.42/34.58%) (67.14/32.86%)

Pindolol augmentation (yes/no) 19/21 49/58 28/42 0.29 0.75
(47.50/52.50%) (45.79/54.21%) (40.00/60.00%)

Responders/non responders 26/14 81/26 57/13 2.93 0.23
(65.00/35.00%) (75.70/24.30%) (81.43/18.57%)

Responders/non responders* 11/10 42/16 34/8 5.43 0.06
(52.38/47.62%) (72.41/27.59%) (80.95/19.05%)

*Subjects not taking pindolol (HAM-D score at T6: TPH*A/A vs TPH*C/C P = 0.003).

Table 2 RRM results

Effect Estimate SEM Z P-value

Overall improvement rate −17.197 0.811 −21.212 �0.0001

Differences in baselines*
Psychotic features 6.457 1.306 4.946 �0.0001

Differences in improvement rates (slopes):
Gender −0.851 1.253 −0.679 0.496
Education −0.107 0.147 −0.730 0.465
Diagnosis 0.847 1.238 0.684 0.493
Age at onset 0.043 0.048 0.898 0.369
Pindolol −2.414 1.183 −2.039 0.041
Psychotic features −2.891 1.179 −2.452 0.014
Basal HAM-D score −0.379 0.102 −3.713 �0.001
TPH −1.376 0.853 −1.613 0.106
TPH# −1.861 0.579 −3.209 0.001
5-HTTLPR −2.752 0.792 −3.475 �0.001
TPH*5-HTTLPR 0.170 0.767 0.222 0.824

The slope estimate indicates the decrease in HAM-D total score per unit of time due to the variable under analysis. The P-
values indicate the probability of no association of the variable with HAM-D scores. Pindolol, psychotic features and basal
symptomatology were associated with HAM-D total score decrease during treatment while the remaining clinical variables
showed no association. TPH#: variants were associated with HAM-D total score decrease in the sample not taking pindolol.
*Only significant variables are reported.

effect of clinical variables. In detail, there was a sig-
nificant interaction between TPH variants and diag-
noses (Z = 2.16, P = 0.030), with a greater effect of TPH
variants when diagnosis was included in the model (Z
= −2.68, P = 0.007), due to a more marked effect in
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major depressives. Baseline HAM-D scores, fluvoxa-
mine plasma levels or the presence of psychotic fea-
tures did not significantly influence the association of
TPH with outcome (data not shown). Finally, in order
to investigate a possible interaction of TPH and 5-
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Figure 1 The time course of response divided by TPH variants: subjects with TPH*A/A variant showed a slower decrease of
the symptomatology (P = 0.001). This effect was not present in subjects on pindolol.

HTTLPR, we included both polymorphisms in the
RRM model considering only subjects not taking pin-
dolol. The interaction was not significant (Table 2). In
Figure 2 the antidepressant outcome is divided into all
possible combinations of the two polymorphisms, the
visual inspection suggests an additive effect with inde-
pendent influences of both polymorphisms. The sam-
ple was in Hardy–Weinberg equilibrium (�2 = 0.006, P
= 0.94).

Figure 2 The time course of response divided by TPH and 5-HTTLPR variants in the sample without pindolol: subjects with
both TPH*A/A and 5-HTTLPR*s/s variants showed the slowest decrease of the symptomatology.

It was previously reported that the 5-HTTLPR short
variant was associated with a slower response to vari-
ous antidepressant treatments10,12,13,25 and that the
addition of pindolol to fluvoxamine was able to reduce
this genotype effect. In the present sample, subjects
with the TPH*A/A variant showed the slowest
response, as measured by the HAM-D scores. Also in
this case the variant effect was not significant in the
group of patients on pindolol augmentation treatment.
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We observed a more marked influence of TPH variants
on major depressives response. This could be due to
the supposedly different genetic background between
the two disorders.26,27

Recently Kim et al published a study in which the
5-HTTLPR*1/1 was associated with a poor outcome to
various SSRIs.28 However some differences between
this and other studies should be pointed out. Firstly
from a genetic point of view, polymorphism fre-
quencies in oriental populations are strongly different
from those in Western countries,29 a difference
reflected in the samples of the aforementioned paper
(frequency of 5-HTTLPR*1 in normals 0.25 vs 0.58–
0.68 in Western countries). Subsequently the number
of 1/1 patients in the sample was low (n = 5). Last but
not least the use of a different response criterion (50%
HAM-D score decrease vs a final score of 8) further
complicates any comparison. However a more recent
paper reported an association between 5-HTTLPR and
paroxetine response in the same direction as our orig-
inal paper.13

The frequencies of TPH alleles and genotypes in our
sample were similar to those published for Western
countries, being 0.57 and 0.43 for the TPH*C and TPH*
A allele, respectively. They did not significantly differ
from the ones, 0.60 and 0.40, in Nielsen et al.23,30 Eth-
nic origin is a possible cause of stratification bias since
a significant TPH allele frequency variation has been
reported among samples of individuals from popu-
lations in different parts of the world.31 However, Italy
being characterized by a substantial genetic homogen-
eity,32 we tend to exclude such bias from our sample.
The frequencies in this study were different from those
found by Bellivier et al.33 This was the only report
where an overall association of TPH*A with bipolar
disorder was observed while several others failed to
confirm this finding.34–40 TPH variants have also been
associated with alcoholism,41 but further rare variants
did not prove to be associated with either mood and
anxiety disorders.42–44

To date, no definite information is available about
the possible functional consequences of the TPH
A218C polymorphism. It is located in a potential
GATA transcription factor binding site and therefore
might affect TPH gene expression.23 Alternatively, it
may be in linkage disequilibrium with another nearby
functional mutation. Recently, lower CSF 5-HIAA lev-
els were found in male healthy volunteers with the
TPH*A allele.24 The TPH*A variant was also proposed
as a liability factor for suicidal behavior (though not
unequivocably),35,39,45–50 and anger-related traits.51,52

The TPH polymorphism explained about 5% of the
variance (effect size f = 0.235) of the variation in antide-
pressant efficacy,53 an observation that could be in
agreement with a supposedly minor effect of the gene
coding for the TPH. Moreover, the effect proved to be
independent from that of the 5-HTTLPR, thus suggest-
ing an additive effect. The antidepressant drugs
activity could be mediated by two limiting steps, one
at the level of the TPH and the second at the level of
5-HT transporter function. In conclusion, variants of
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the TPH polymorphism, as well as those of the 5-
HTTLPR, may influence the antidepressant response to
fluvoxamine, particularly the onset of action. In both
cases, pindolol appears to be able to override these gen-
etic effects, therefore it is mainly recommended in
those subjects displaying unfavorable variants (TPH*
A/A and 5-HTTLPR*s/s). If confirmed by future stud-
ies, these results could turn out to be a useful tool for
the clinician in choosing a proper pharmacological
treatment for each patient.

Methods

Sample
Two hundred and seventeen inpatients, consecutively
admitted to the Mood Disorder Center, Department of
Psychiatry at the Institute H San Raffaele, Milan, were
included in this study (age = 52.11 ± 12.04 years; onset
= 37.97 ± 12.16 years; female/male: 144/73; bipolars:
delusional/non delusional = 40/33, major depressives:
delusional/non delusional = 71/73). Lifetime diagnoses
were assigned by trained psychiatrists and supervised
by an independent senior psychiatrist on the basis of
unstructured clinical interviews and medical records,
according to DSM-IV criteria54 and following a best
estimate procedure.55 The presence of any concomitant
Axis I diagnosis, major depressive single episode,
together with somatic or neurological illnesses
impairing psychiatric evaluation represented exclusion
criteria. Subjects had not taken nonreversible monoam-
ine oxidase inhibitors or slow-release neuroleptics for
at least one month before entering the study.

All patients were evaluated at baseline and weekly
thereafter until the sixth week using the 21-item Hamil-
ton Rating Scale for Depression (HAM-D-21)56 adminis-
tered by trained senior psychiatrists blind to genetic
data and to treatment. Subjects for the present study
have been treated in the context of two previous trials
under double blind conditions10,11 where 5-HTTLPR
variants were studied. The procedure was the same in
both trials. Briefly, after a 7-day washout period, flu-
voxamine was titrated to reach 300 mg daily from day
8 until the end of the trial. Pindolol 2.5 mg three times
a day was blindly added to approximately half of the
sample randomly selected (96/217). Concomitant psy-
chotropic drugs were not allowed, except flurazepam
at bedtime (up to 45 mg) or lithium maintenance (n =
26/217). A decrease in HAM-D scores to 8 or less, with
Delusion factor equal to 0 (items 2, 15, 20),57–59 was
considered the response criterion. After the procedure
had been fully explained to all subjects, informed con-
sent was obtained.

Plasma fluvoxamine levels were determined by high-
performance liquid chromatography after 2 weeks of
stable 300 mg daily dose.60 Nine patients with fluvox-
amine plasma levels exceeding the mean value of the
sample ± 1.96 SD were removed from the study to
avoid the possibility that extreme differences in the
bioavailability of the drug could influence the clini-
cal response.
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DNA analysis
DNA was extracted from leucocytes by NaCl precipi-
tation.61 Genomic DNA was extracted from leucocytes
by NaCl precipitation.61 For PCR the 5�-TTC AGA TCC
CTT CTA TAC CCC AGA-3� and 5�-GGA CAT GAC
CTA AGA GTT CAT GGC A-3� primers were
employed.33 The PCR reaction was carried out in a 10-
�l volume containing 150 ng genomic DNA, 1 �M of
each primer, 200 �M each dNTP, 1× PCR buffer (Perkin
Elmer Italia, Monza, Italy), 5% of DMSO and 0.025 U
�l−1 of Taq Polymerase (Perkin Elmer Italia). After an
initial denaturation step of 4 min at 99°C, 35 cycles of
amplification (30 s at 94°C, 30 s at 60°C, 30 s at 72°C)
and a final extension step of 2 min at 72°C were perfor-
med. An aliquot of PCR product was digested using
BfaI (New England BioLabs, Beverly, MA, USA) and
the fragments obtained were separated in 2.5% agarose
gels. Depending on the presence or absence of the poly-
morphic BfaI site, either one fragment (allele A) or two
fragments (allele C) were produced. 5-HTTLPR poly-
morphism analysis was carried out with primers and
conditions as described elsewhere.10

Statistical analysis
Seven HAM-D scores’ measurements (baseline and 6
weeks) were analyzed. Common methods of analysis of
longitudinal data imply some level of oversim-
plification (for a complete review see Gibbons et al62).
Repeated measures analysis of variance on weekly
based mean scores is the most common technique, but
two drawbacks are present: first, it does not take into
account interindividual variability and second, it is
based on an a priori assumption of equal weekly vari-
ances. When analyzing longitudinal data, not only the
mean trend is of interest, but also the distribution of
trends in the sample. To accomplish this analysis, a
random regression model (RRM) has been developed,
which demonstrates considerably superior flexibility
and power when compared to traditional techniques62–64

RRM used for the present study was implemented with
the computer program MIXREG available at
http://www.uic.edu/�hedeker/mix.htm.65 In the RRM,
we included the HAM-D total scores as dependent vari-
ables, time and intercept as random effects, and each
independent variable plus the interaction with time as
fixed effects. In order to obtain an approximate lin-
earity we used the transformation Ln (time + 1). When
multiple independent variables were included in the
model they were added with the interaction factor with
time. The baseline score was included in the model, as
well as all the clinical variables that were associated
with outcome when investigating TPH variants. An
‘intent-to-treat’ analysis was carried out for all patients
who had a baseline assessment and at least one assess-
ment after randomization, with the last observation
carried forward on the HAM-D. A Student’s t-test and
chi-square were used when appropriate. All P values
were 2-tailed, and statistical significance was set at P
� 0.05.
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Abstract

The aim of the present study was to test a possible effect of the G-proteinb3-subunit (Gb3) C825T gene variant on the antidepressant
activity of selective serotonin reuptake inhibitors (SSRIs) in a sample of major and bipolar depressives, with or without psychotic features.
Four hundred and ninety inpatients were treated with fluvoxamine 300 mg/day (n5362) or paroxetine 40 mg/day (n5128) and either
placebo or pindolol in a double-blind design for 6 weeks. The severity of depressive symptoms was weekly assessed with the Hamilton
Rating Scale for Depression. Gb3 allelic variants were determined in each subject using a PCR-based technique. Subjects with Gb3 T/T
variants showed better response to treatment (P50.009) and this effect was independent from analyzed demographic and clinical
variables. These results confirm preliminary reports and shed further light on the genetics of the response to antidepressant treatments.
   2003 Elsevier Science B.V./ECNP All rights reserved.

Keywords: Pharmacogenetics; Paroxetine; Fluvoxamine; Mood disorders; Antidepressant treatment

1 . Introduction of both genes, which explain 7 and 5% of the total
variance of antidepressant response, respectively (Serretti

Antidepressant drugs efficacy in major depression treat- et al., 2001b). Other liability genes are therefore possibly
ment is partly under genetic control (Berrettini, 1998; involved as antidepressant response is a complex trait
Franchini et al., 1998; O’Reilly et al., 1994; Orsini, 1987; (Pickar and Rubinow, 2001) and the existence of other
Pare and Mack, 1971; Sederer, 1986; Serretti et al., 1998). genes, that contribute with additive, multiplicative or
Pharmacogenetic predictors of selective serotonin reuptake epistatic effects, is likely (Frankel and Schork, 1996).
inhibitors (SSRIs) efficacy have been postulated and tested Heterotrimeric guanine nucleotide binding proteins (G-
over the last few years. The functional polymorphism in proteins) represent essential regulatory components in the
the upstream regulatory region of the serotonin transporter transmembrane coupling system of many receptors in-
(5-HTTLPR) gene has been repeatedly associated with volved in SSRIs activity (Birnbaumer et al., 1990; Gilman,
antidepressant response to SSRIs (Pollock et al., 2000; 1987). G-proteins are composed by three subunits and,
Smeraldi et al., 1998; Zanardi et al., 2000, 2001) even if it after receptor activation, dissociate into Ga and Gbg units
has not been replicated in oriental populations (Kim et al., (Nestler and Duman, 1994; Simon et al., 1991). It seems
2000; Yoshid et al., 2002). Preliminary results suggest that therefore possible that mutations in the G-proteinb or g
the tryptophan hydroxylase (TPH) gene variant (A218C) are responsible for alteration in second messenger path-
are also involved in this regulation (Serretti et al., ways (Ram et al., 1997). Levine et al. (1990a,b) mapped
2001a,b). Pindolol potentiation seems to override the effect the gene for theb3 subunit to 12pter–p12.3. The entire

gene spans 7.5 kb and is composed of 11 exons and 10
introns (Rosskopf et al., 2000). Several polymorphisms has*Corresponding author. Tel.:139-2-2643-3250; fax:139-2-2643-
been reported within this gene: an A(-350)G substitution in3265.

E-mail address: serretti.alessandro@hsr.it(A. Serretti). the promoter region, a G814A polymorphism which results

0924-977X/03/$ – see front matter   2003 Elsevier Science B.V./ECNP All rights reserved.
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in the replacement of glycine by serine at position 272, a genetic data and to treatment. Subjects for the present
C1429T polymorphism in the 39 untranslated region, a study have been treated in the context of previous trials
C825T substitution in exon 10. Haplotype analysis indi- under double-blind conditions (Serretti et al., 2001b;
cated an almost complete disequilibrium of C825T with Smeraldi et al., 1998; Zanardi et al., 2000) where 5-
1429T, and vice versa (Rosskopf et al., 2000; Siffert et al., HTTLPR and TPH variants were studied. The procedure
1998). The T allele of C825T polymorphism was associ- was the same in all trials. Briefly, after a 7-day washout
ated with the occurrence of a splice variants (Gb3-s) in period, fluvoxamine or paroxetine was administered to
which nucleotides 498–620 of exon 9 were deleted; this reach, respectively, 300 and 20–40 mg daily from day 8
in-frame deletion caused the loss of 41amino acids produc- until the end of the trial. Pindolol 2.5 mg t.i.d. or placebo
ing a shortened, more active, splice variant of theb3- was blindly added to approximately one-third of the
subunit (Siffert et al., 1998). sample randomly selected (n5150). Concomitant psycho-

Studies about a possible associations between G proteins tropic drugs were not allowed, except flurazepam at
subunits variants and mood disorders gave conflicting bedtime (up to 45 mg) or lithium maintenance (n584).
results (Lin et al., 2001; Ram et al., 1997; Saito et al., HAMD scores during treatment are the main outcome
1999; Tsiouris et al., 1996), but, recently, Zill et al. (2000) measure, moreover a decrease in HAM-D scores to 8 or
reported that the C825T Gb3 polymorphism was associ- less, with Delusion factor equal to 0 (items 2, 15, 20)
ated with affective disorders and with response to antide- (Bech et al., 1993; Bellini et al., 1992; Sobin and Sackeim,
pressants treatment in depressive patients (bipolars and 1997), was used to define non-responders. After the
unipolars treated with various classes of both pharmaco- procedure had been fully explained to all subjects, written
logical and non-pharmacological treatments: SSRIs, tri- informed consent was obtained. Plasma fluvoxamine and
cyclic antidepressants, electroconvulsive therapy and paroxetine levels were determined by high-performance
others). In detail, they found a statistically significant liquid chromatography after 2 weeks of stable daily dose
association between TT homozygosity and better response (Lucca et al., 1994). Four patients with fluvoxamine and
to antidepressants (Zill et al., 2000). five with paroxetine plasma levels above or under the

Therefore we investigated the possible influence of the mean value of the sample61.96 S.D. were removed from
C825T Gb3 polymorphism on antidepressant response to the study to avoid the possibility that extreme differences
fluvoxamine and paroxetine in a large sample of depressive in the bioavailability of the drug could influence the
patients from an Italian population treated with SSRIs with clinical response.
and without pindolol potentiation.

2 .2. DNA analysis

2 . Experimental procedures Genomic DNA was extracted from leucocytes by NaCl
precipitation (Lahiri and Nurnberger, 1991). A couple of

2 .1. Sample primers (59-TGA CCC ACT TGC CAC CCG TGC-39, and
59-GCA GCA GCC AGG GCT GGC-39) was used to

Four hundred and ninety inpatients, consecutively ad- amplify the fragment of interest. Polymerase chain re-
mitted to the Mood Disorder Center, Department of actions (PCR) were carried out in a 10-ml volume con-
Psychiatry at the Institute H. San Raffaele, Milan, were taining 150 ng genomic DNA, 5 pM of each primer, 200
included in this study (age, 51.31613.07 years; onset, mM each dNTP, 13PCR Gold Buffer (Applied Biosys-
36.11612.92 years; female/male, 334/156; bipolars / tems, Monza, Italy), and 0.025 U/ml of Taq Gold Poly-
major depressives, 200/290; delusional /non delusional, merase (Perkin-Elmer). After an initial step of 5 min at
203/287). Lifetime diagnoses were assigned by trained 958C, 35 cycles of amplification (1 min at 958C, 45 s at
psychiatrists and supervised by an independent senior 608C, 1 min at 728C) and a final extension step of 7 min
psychiatrist on the basis of unstructured clinical interviews at 728C were performed. An aliquot of PCR product was
and medical records, according to DSM-IV criteria (Ameri- digested usingBseDI (New England BioLabs) and frag-
can Psychiatric Association, 1994) and following a best ments electrophoresed in agarose gels.
estimate procedure (Leckman et al., 1982). The presence The unrestricted PCR product (TT genotype) has a size
of any concomitant Axis I diagnosis, major depression of 268 bp; complete restriction (CC genotype) produces
single episode, together with somatic or neurological bands of 116 and 152 bp; depending on the presence or
illnesses impairing psychiatric evaluation represented ex- absence of the restriction site either two fragments (116
clusion criteria. Subjects had not taken nonreversible and 152 bp) or one fragment (268 bp) are produced (Zill et
monoamine oxidase inhibitors or slow-release neuroleptics al., 2000).
for at least 1 month before entering the study.

All patients were evaluated at baseline and weekly 2 .3. Statistical analysis
thereafter until the sixth week using the 21-item Hamilton
Rating Scale for Depression (HAM-D-21) (Hamilton, Seven HAM-D scores measurements (baseline and 6
1967) administered by trained senior psychiatrists blind to weeks) were analyzed. Repeated measures analysis of
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variance (MANOVA) was used to examine the differences Gb3 genotypes resulted significantly associated with a
between drug treatments on HAM-D scores. Analysis of better response to SSRIs treatment (see also Fig. 1 and
covariance (MANCOVA) was used when appropriate. An Table 1, MANOVA:F52.28; d.f.512, 2922;P50.009).
‘intent-to-treat’ analysis was carried out for all patients We then included the HAMD measurement at baseline as
who had a baseline assessment and at least 1 assessment covariant, but the association remained unchanged (MAN-
after randomization, with the last observation carried COVA:F52.22; d.f.510, 2435;P50.01). Following, we

2forward on the HAM-D. Studentt-test andx -test were compared mean HAM-D levels at each observation time,
used to compare demographic data and baseline ratings. and this analysis evidenced that the difference between
All P values are two-tailed, and statistical significance was genotypes was present since week 3 (ANOVA: Week 1,
set at the 5% level (P,0.05). With these parameters, our P50.13; Week 2,P50.15; Week 3,P50.02; Week 4,
sample had a high power (0.80) to detect a medium–small P50.02; Week 5,P50.02; Week 6,P50.04). Considera-
effect size (d50.44) which corresponded to a difference of tion of clinical and demographic variables, such as sex,
approximately 4.2 points on the final HAM-D between two diagnosis, presence/absence of delusional features, and
genotypes (Cohen, 1988). The analysis was performed treatment (fluvoxamine versus paroxetine, presence versus
pooling fluvoxamine and paroxetine, given their similarity absence of pindolol augmentation), did not affect this
of action and previous reports suggesting similar genetic significant genotype effect. Categorical analyses showed a
influences (Serretti et al., 2001a,b; Smeraldi et al., 1998; difference in the response rate (55.8 vs. 72%) though not
Zanardi et al., 2000); in the same way the reported effect reaching the significance level. The sample was in Hardy–

2of Gb3 variants was observed for various antidepressants Weinberg equilibrium (x 50.04, P50.84).
treatments (Zill et al., 2000).

4 . Discussion
3 . Results

Gb3 variants resulted associated with SSRIs treatment
A detailed description of the clinical outcome of the outcome, independently from clinical and demographic

sample has been separately reported in previous studies variables. In detail, subjects with Gb3*T/T variant showed
(Serretti et al., 2001b; Smeraldi et al., 1998; Zanardi et al., a significantly better response to antidepressant treatment,
2000). A brief description of the pooled sample is summa- as measured by the HAM-D scores, and the variant effect
rized in Table 1. Baseline clinical and demographic was not significantly influenced by the analysed clinical,
characteristics of subjects grouped according to Gb3 demographic and pharmacological variables.
variants did not show any significant difference. Therefore our finding seems to be in agreement with the

Table 1
Sample description: data are expressed as mean (standard deviations). Significant results are indicated by *

Gb3 Genotypes C/C (n5224) C/T (n5216) T/T (n550) F (2,487) P

Age (years) 51.52(13.22) 51.04(13.20) 51.56(12.04) 0.09 0.92
Age at onset (years) 36.44(12.47) 35.74(13.42) 36.29(12.92) 0.16 0.85
Education (years) 9.42(4.32) 8.49(4.36) 9.81(4.64) 2.60 0.08
Previous episodes (number) 5.46(5.82) 4.94(5.28) 4.51(4.15) 0.63 0.53
Duration current episode (weeks) 23.05(25.54) 24.26(42.06) 32.38(25.17) 0.25 0.78
Baseline HAM-D score 30.10(6.32) 30.0(6.04) 29.0(5.08) 0.67 0.51
HAM-D score at T6 10.37(11.67) 8.83(10.50) 6.22(8.70) 3.27 0.04
Fluvoxamine mean blood level 280.76(124.31) 280.27(120.48) 283.45(101.42) 0.01 0.99
Paroxetine mean blood level 71.48(35.36) 58.32(32.11) 58.63(38.0) 1.08 0.35

F (10,2435)
HAM-D score at T1–T6[ – – – 2.22 0.01*

2
x P

Gender (female/male) 149/75 153/63 32/18
(66.5/33.5%) (70.8/29.2%) (64.0/36.0%) 1.39 0.50

Psychotic features (no/yes) 136/88 122/94 29/21
(60.7/39.3%) (56.5/43.5%) (58.0/42.0%) 0.82 0.66

Major depressives/Bipolar 136/88 124/92 30/20
(60.7/39.3%) (57.4/42.6%) (60.0/40.0%) 0.51 0.77

Pindolol augmentation (no/yes) 150/74 158/58 32/18
(67.0/33.0%) (73.2/26.8%) (64.0/36.0%) 2.74 0.25

Responders/Non-responders 125/99 132/84 36/14
(55.8/44.2%) (61.1/38.9%) (72.0/28.0%) 4.74 0.09

[MANCOVA with HAMD baseline as covariant.
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Fig. 1. shows the time course of response divided by Gb3 variants: subjects with Gb3*T/T variant showed a faster decrease of the symptomatology
compared to other genotypes (F52.22; df512,2922;P50.009).

previous study by Zill et al. (2000) which suggested a mood disorders (Gerfen et al., 1988; Manji et al., 1995;
more favorable outcome of T/T homozygotes. It is Rhee et al., 1989). Studies about a possible associations
noteworthy that the observation of a significant effect of between G-proteins subunits variants and mood disorders
T/T genotype supports the hypothesis of a recessive effect gave conflicting results (Lin et al., 2001; Ram et al., 1997;
of Gb3 variants; however, another study suggested a Saito et al., 1999; Tsiouris et al., 1996; Zill et al., 2000),
dominant effect (Siffert et al., 1998). this could be due to the lack of homogeneity in the

The C825T Gb3 polymorphism has been widely studied inclusion criteria of the studies. In fact, hypothesizing that
because it was primarily associated with hypertension the association of Gb3 variants with antidepressant out-
(Pietruck et al., 1996; Siffert et al., 1995, 1998), an come is true, a variable rate of resistant subjects could
association not always confirmed in following papers influence Gb3 frequencies.
(Beige et al., 1999; Benjafield et al., 1998; Brand et al., In our study of the Gb3 polymorphism explained
1999; Dong et al., 1999; Hegele et al., 1998; Jacobi et al., approximately 2% of the variance (partial correlation-
1999; Jia et al., 1999; Kario et al., 1999; Kato et al., 1998; effect sizef50.132) of antidepressant efficacy (Cohen,
Schorr et al., 2000; Siffert et al., 2000; Tsai et al., 2000; 1988), an observation that could be in agreement with a
Wuthrich et al., 2000; Zeltner et al., 2001). However G minor effect of the gene (Pickar and Rubinow, 2001).
proteins are extensively implicated also in the patho- We previously reported the influence of 5-HTTLPR and
physiology and treatment of psychiatric disorders (Avissar TPH variants on SSRI response and this effect proved to
et al., 1997a,b, 2001; Young et al., 1994). Its relevance in be independent (Serretti et al., 2001b). The present study
mood disorders was in fact suggested by studies indicating suggests that also Gb3 variants influence SSRI efficacy;

21that abnormalities of the phosphoinositide and Ca sig- the complex interaction between polymorphism is a
naling systems could influence G-protein-mediated trans- statistically challenging issue (Frankel and Schork, 1996);
duction mechanism. In particular, activation of phospholip- however, if this finding will be confirmed by future
ase beta C by release of thebg subunit from the complex studies, it could accordingly be postulated that the antide-
Gabg leads to inositol 1,4,5-triphosphate (IP3) synthesis pressant drugs efficacy is influenced by different limiting

21and to the subsequent release of Ca from the storage steps. The first could be at TPH level (5-HT biosynthesis)
pools contained into the endoplasmic reticulum (Camps et (Serretti et al., 2001a,b), the second at 5-HTT level of the
al., 1992). In this view, Corson et al. (2001) studied the serotonin transporter (Pollock et al., 2000; Smeraldi et al.,
possible association between the C825T polymorphism in 1998; Zanardi et al., 2000), and the third at the second
the coding gene for theb3 G-protein and calcium basal messenger cascade level. Interestingly, the effect of Gb3
level in B lymphoblast cell lines in bipolar patients versus genetic variant does not seem influenced by pindolol
control subject. They found no statistically significant augmentation.
association; this study, though, led to the investigation of Ethnicity is often considered a possible source of bias in
the possible role of G-proteins and/or intracellular calcium association studies. However, subjects of Italian descent
level in mechanism of action of lithium in the treatment of seem to share a substantial genetic homogeneity (Gasparini
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gene with altered Ca(21) homeostasis in bipolar disorder. Mol.et al., 1997). Further limitations could be linked to the
Psychiatry 6, 125–126.possibility of spontaneous remissions in our sample (Quit-

Dong, Y., Zhu, H., Sagnella, G.A., Carter, N.D., Cook, D.G., Cappuccio,
kin et al., 1984); however, the washout period at the F.P., 1999. Association between the C825T polymorphism of the G
beginning of the studies should protect against this bias. protein beta3-subunit gene and hypertension in blacks. Hypertension

34, 1193–1196.In conclusion, Gb3 genotypes may influence the antide-
Franchini, L., Serretti, A., Gasperini, M., Smeraldi, E., 1998. Familialpressant response to SSRI. These results shed further light

concordance of fluvoxamine response as a tool for differentiating
on the pharmacogenetics of SSRI, and they may contribute mood disorder pedigrees. J. Psychiatr. Res. 32, 255–259.
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Abstract
Background: The increasing number of available genotypes for genetic studies in humans requires
more advanced techniques of analysis. We previously reported significant univariate associations
between gene polymorphisms and antidepressant response in mood disorders. However the
combined analysis of multiple gene polymorphisms and clinical variables requires the use of non
linear methods.

Methods: In the present study we tested a neural network strategy for a combined analysis of two
gene polymorphisms. A Multi Layer Perceptron model showed the best performance and was
therefore selected over the other networks. One hundred and twenty one depressed inpatients
treated with fluvoxamine in the context of previously reported pharmacogenetic studies were
included. The polymorphism in the transcriptional control region upstream of the 5HTT coding
sequence (SERTPR) and in the Tryptophan Hydroxylase (TPH) gene were analysed simultaneously.

Results: A multi layer perceptron network composed by 1 hidden layer with 7 nodes was chosen.
77.5 % of responders and 51.2% of non responders were correctly classified (ROC area = 0.731 –
empirical p value = 0.0082). Finally, we performed a comparison with traditional techniques. A
discriminant function analysis correctly classified 34.1 % of responders and 68.1 % of non
responders (F = 8.16 p = 0.0005).

Conclusions: Overall, our findings suggest that neural networks may be a valid technique for the
analysis of gene polymorphisms in pharmacogenetic studies. The complex interactions modelled
through NN may be eventually applied at the clinical level for the individualized therapy.

Background
The increasing number of available genotypes for genetic
studies in humans requires more advanced techniques of
analysis [1]. Moreover, genes interact in a complex way,
with some gene variants acting additively with others, in a
multiplicative way or with a compensatory effect [2,3].
Traditional statistical techniques are not appropriate for
detecting such effects [4], because they rely on the basic
assumption of linear combinations only [5]. Investigation

in multifactorial disorders in fact evidenced that non lin-
ear interactions are not detected by traditional regression
analyses [6].

In particular, psychiatric disorders are characterized by a
non mendelian, multifactorial genetic contribution with a
number of susceptibility genes interacting with each other
[7,8]. In the process of disentangling the contribution of
environment versus genes, it has been recently suggested
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to focus on endophenotypes instead of psychiatric syn-
dromes as a whole [9,10]. One interesting endopheno-
type is drug response, a field that gained much attention
due to the possible clinical applications, ranging from
individualized therapy to new drug development [11-14].
However, notwithstanding the promising results observed
in the pharmacogenetic field, no single major effect gene
was identified, but a variable number of polymorphisms
in various genes are supposedly involved in modulating
the response and/or side effects to drugs [15-20].

Since our initial study [21] we investigated the short term
response to Selective Serotonin Reuptake Inhibitors
(SSRIs) and a number of candidate genes, observing both
positive and negative associations [22].

However, both the increasing number of genes associated
with response and the limitations of traditional methods
of analysis are factors requiring the use of new techniques
of analysis that more closely resemble to the underlying
biological process, i.e. that allows for non-linear
interactions.

Neural networks (NN) have been proposed for such stud-
ies [1,23,24]. The main advantage of neural networks is
that complex non-linear relationships can be modelled,
potentially incorporating high-order interactions between
predictive variables. This is of particular importance in a
complex phenotype such as antidepressant response
[22,25].

NN have been used in other fields of medicine, for exam-
ple to predict cyclosporine dosage in patients after kidney
transplantation [26], perspective outcome in AIDS
research [27] but also in a genetic analysis in heart disease
analysing 10 candidate genes simultaneously [28]. More
complex models including gene-environment interac-
tions have been developed [29].

In fact, neural networks proved to outperform single
marker association tests, particularly in the case of a com-
plex mode of inheritance or where multiple mutations
result in more than one haplotype associated with the dis-
ease [25,30,31].

In the present paper we have re-analysed our sample
where polymorphism in the transcriptional control region
upstream of the 5HTT coding sequence (SERTPR) and in
the Tryptophan Hydroxylase (TPH) gene were analized
[32], in that paper we observed an association of both pol-
ymorphisms with drug response but we could not evalu-
ate their possible non linear interactions. In the present
paper we had the aim of evaluating the validity of NN
models and of comparing them with traditional statistical

techniques (multiple regression and discriminant func-
tion analysis).

Methods
Sample
The sample was already described in the original paper
[32]. Briefly, two hundred and seventeen depressed inpa-
tients were included in this study (age = 52.11 ± 12.04;
onset = 37.97 ± 12.16; female/male: 144/73; bipolars:
delusional/non delusional = 40/33, major depressives:
delusional/non delusional = 71/73). All patients were
evaluated at baseline and weekly thereafter until the sixth
week using the 21-item Hamilton Rating Scale for Depres-
sion (HAM-D-21) [33] administered by trained senior
psychiatrists blind to genetic data and to treatment (flu-
voxamine 300 mg daily from day 8 plus pindolol 7.5 mg
to one third of the sample). A decrease in HAM-D scores
to 8 or less was considered the response criterion. After the
procedure had been fully explained to all subjects,
informed consent was obtained.

Plasma fluvoxamine levels were determined by high-per-
formance liquid chromatography after 2 weeks of stable
300 mg daily dose [34]. Nine patients with extreme
plasma levels (more than 2 standard deviations) were
removed from the study in order to avoid biases due to
side effects that are present at high doses, also subjects
with plasma levels below 20 ng/ml were excluded as this
may indicate non compliance, but no cases with such low
doses were observed. The influence of both SERTPR and
TPH polymorphisms was limited to subjects not taking
pindolol [32] therefore we included in the present study
the 121 subjects including fluvoxamine alone (81
responders/40 non responders). DNA analysis was per-
formed as described in the original paper [32].

Review of the models used
Multilayer Perceptrons
This is one of the most popular network architecture in
use today, though relatively recent [35]. In MLP the units
each perform a biased weighted sum of their inputs and
pass this activation level through a transfer function to
produce their output, and the units are arranged in a lay-
ered feedforward topology. The first step of the analysis is
the choice of the number of layers and nodes. This is per-
formed searching for a minimum in the error/perform-
ance hyperplane. Once the number of layers, and number
of units in each layer, have been selected, the weight and
threshold of the network must be set so as to minimize
the prediction error made by the network. This is the role
of the training algorithms. The best-known example of a
neural network training algorithm is back propagation. In
back propagation, the gradient vector of the error surface
is calculated and used to decrease the error. A sequence of
such moves (slowing as we near the bottom – epochs) will
Page 2 of 6
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eventually find a minimum. A large number of epochs
with no further improvement in the performance suggests
that the optimum set of weights has been reached.

Linear Networks
Originally developed about 60 years ago by Fisher [36], in
classification, the hyperplane is positioned to divide the
two classes (a linear discriminant function) while in
regression, it is positioned to pass through the data. A lin-
ear model is typically represented using an NxN matrix
and an Nx1 bias vector. The linear network provides a
good benchmark against which to compare the perform-
ance of your neural networks.

Radial Basis Function Networks
In a radial basis function network the response surface of
a single radial unit is a Gaussian (bell-shaped) function,
peaked at the center, and descending outwards. RBF net-
works have advantages and disadvantages over MLPs.
First, they can model any non-linear function using a sin-
gle hidden layer, which removes some design-decisions
about numbers of layers. Second, the simple linear trans-
formation in the output layer can be optimized fully using
traditional linear modelling techniques, which are fast
and do not suffer from problems such as local minima
which plague MLP training techniques. However the
clumpy approach also implies that RBFs are not inclined
to extrapolate beyond known data: the response drops off
rapidly towards zero if data points far from the training
data are used, therefore they are less reliable for clinical
samples such our one. Detailed review of the models are
reported elsewhere [24,37].

Model development and selection
An "intent-to-treat" analysis was carried out for all
patients who had a baseline assessment and at least 1
assessment after randomization, with the last observation
carried forward on the HAM-D. For the current applica-
tion the inputs to the first layer of the neural network con-
sist of SERTPR and TPH genotypes while the target
outputs consist of response status. The network is then
trained to attempt to predict response from genotypes.
Each node of the input layer of the network is set to a
value representing the genotype of each polymorphism.
For each polymorphism and for each subject this value is
set to genotypes aa, ab or bb. If a marker genotype is miss-
ing then the input is assigned a value equal to the average
of the values for all subjects in the dataset, however no
missing data were present in our sample. The target out-
put for the network is set to 1 or 2 depending on whether
the subject is responding or not.

The best network was selected on the basis of its discrimi-
nating error and performance, positive and negative pre-
dictive values were also reported for each model. This last

was expressed as area under the Receiving Operator Char-
acteristic (ROC) Curve. The area under a ROC curve
ranges from zero to one, with values close to unity indicat-
ing better predictive power; an area of 0.5 indicates that
the model is not predicting better than a random choice.

However, one major problem of NN analyses is to estab-
lish if the prediction from genotypes is greater than would
be expected by chance. If the whole sample is used for
training, the network will to some extent "learn to recog-
nise" particular features of each member of the dataset
and can use these to predict response in a way which may
not reflect any general association between marker geno-
types and disease. Generally, this problem is faced by a set
of strategies: dividing the dataset (50:50, 80:20...), Jack-
knife, bootstrapping, cross-validation and so on. However
those methods present some disadvantages, in particular
if only a part of the data is used to train the network this
leads to a loss of power given that subjects in the validat-
ing part have different patterns of association between
genotypes and drug response.

In order to remedy these problems, in the case of MLP, it
has been suggested to perform both training and testing
on the entire dataset. The statistical significance of any
observed association between outputs and affection status
can be estimated using a permutation test [25].

Once the network was defined, a statistic, denoted T, is
calculated to compare the outputs for responders and non
responders in the same way as an unpaired t statistic,
although the statistic is not expected to follow a t distribu-
tion under the null hypothesis. Instead, in order to esti-
mate statistical significance a permutation procedure is
performed. A large number of replicate data sets are gen-
erated from the original data and the obtained network
model by randomly permuting genotypes with respect to
affection status. For each of these replicate data sets we can
then train and test the data set as before, each time calcu-
lating T. Since each permuted data set will have only ran-
dom association between genotype and affection status
we obtain N values of T which provide a distribution of T
under the null hypothesis. We count the number of times
any of these values exceeds the value of T we obtained for
the real dataset and denote this number R. Then (R + 1)/
(N + 1) provides an unbiased estimate of the statistical sig-
nificance of the association between genotype and affec-
tion status in the real dataset.

In order to estimate a p-value of alpha, one should carry
out approximately 10/alpha replicates. Typically, in order
to detect association at a significance of 0.01 one would
Page 3 of 6
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perform 1000 replicates (including the real dataset and

999 permuted datasets). In the case of the present paper
we performed 10000 replicates.

Multiple regression and discriminant function analyses
were performed to compare the results obtained with the
NN strategy with traditional techniques. Responder status
was the dependent variable with SERTPR and TPH as
independent variables. Genotypes were scored in the fol-
lowing way according to the hypothesis of codominance
(SERPR*l/l = 1, SERPR*l/s = 2, SERPR*s/s = 2, TPH*C/C
= 1, TPH*C/A = 2, TPH*A/A = 2).

Calculations for the NN selection were performed using
STATSOFT (Kernel release 5.5 A). Evaluation was per-
formed using the NNPERM package [31].

Results
MLP showed the best performance and was therefore
selected over the other networks (see table 1). The MLP
selected over the other models on the basis of error and
performance was composed by 1 hidden layer with 7
nodes (Figure 1) after testing about 150 different MLP
models. The network showed a very good basic perform-
ance (Error 0.430, Performance 0.685).

After, we trained the network with the back propagation
algorithm. Initially we used a learning rate of 0.1
(momentum 0.3, noise set to 0), after 5000 epochs we
reduced it to 0.01 but after 5000 further epochs we
observed no improvement and therefore we finished the
selection process and retained the network. Both poly-
morphisms contributed substantially to the model
(SERTPR error= 0.532, ratio = 1.21; TPH error= 0.450,
ratio = 1.02). This was expected since both markers were
individually associated with response. In detail single
marker significance, calculated as simple allelic chi-
square, was p = 0.00058 for SERTPR and p = 0.025 for
TPH. The classification of subjects in responders and non
responders was 77.5 % for responders and 51.2% for non
responders. Classification may vary depending from the
selected threshold, therefore the area under the ROC curve
is a better indicator of performance, in this case the area

was 0.731. We also evaluated the predictive power of the
network with the SERTPR polymorphism only, in this case
the area under the ROC curve was 0.698. We may there-
fore observe that the add of TPH polymorphism increases
the predictive power of the system.

In order to evaluate the significance of the network we
applied a permutation test with 10000 replicates. The t
statistic for the network was 4.35, it was achieved in 81
out of 10000 simulations yielding a network p-value =
(81+1)/(10000+1) = 0.0082.

Finally, we performed a comparison with traditional tech-
niques. A multiple regression analysis showed a signifi-
cant correlation (p = 0.0004) with a variance explained of
12.5%. The discriminant function analysis correctly classi-
fied 34.1 % of responders and 68.1 % of non responders
(F = 8.16 p = 0.0005).

Following, we tested the possible impact of clinical varia-
bles on response. We included in the model the following
variables: Age, age at onset, sex, education, diagnosis,
presence of delusional features, recurrence index (defined
as number of episodes per year), pindolol augmentation
and baseline HAM-D. With those variables no satisfactory
network was identified. They were therefore not

Table 1: Comparison of NN models. PPV = Predictive Positive Value, NPV = Predictive Negative Value, ROC = area under the ROC 
curve.

Network type Error Performance sensitivity specificity PPV NPV ROC Youden's J

Linear 0.447 0.636 67.12 56.34 75.97 45.46 0.687 0.23
RBF 0.449 0.691 85.61 35.21 73.10 54.35 0.664 0.21
MLP (1 – 7) 0.439 0.682 77.50 51.20 76.35 52.17 0.731 0.28

MLP composed by 1 hidden layer with 7 nodes used for the analysisFigure 1
MLP composed by 1 hidden layer with 7 nodes used for the 
analysis.
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considered as possible confounding factors in the genetic
analysis.

Discussion
This paper reports the first attempt to use NN in pharma-
cogenetic analyses. We applied this technique to short
term antidepressant response in mood disorders. Our
analyses suggest that MLP network is the most appropriate
for this kind of data, in according with previous observa-
tions [25]. The growing number of polymorphisms
(about 3.000.000) and the growth of simultaneous tech-
niques such as gene arrays ask for appropriate techniques
of analysis. Traditional ones have strong limitations not
allowing for non linear interactions and the risk of over-
fitting in the case of multiple polymorphisms analysed in
necessary limited sample sizes. We observed that a rela-
tively simple MLP NN is able to predict response in a way
comparable to traditional techniques. The lack of non lin-
ear interactions in the simple model we analysed [32]
explains why did not observe a marked superiority of NN
over traditional analyses. However the most promising
result of the strategy we tested in the present paper is the
possibility to add a large number of polymorphism to the
network and to evaluate the improvement in the predic-
tion, showed by the area under the ROC curve. Moreover
the significance of the network can be evaluated with the
permutation test [25,31]. Moreover the MLP model we
used is quite parsimonious in terms of parameters used (2
input variables, 1 output variable and 1 hidden layer with
7 nodes).

Further developments of this strategy are the inclusion of
more detailed information on the phenotypic side. The
classification results we obtained are not sufficient in clin-
ical terms were in particular much higher specificities are
needed in order to recognize in advance non responders.
To reach this target we should consider that we previously
observed that some polymorphism influence only part of
the whole depressive symptomatology [38]. Further clini-
cal variables should also be considered as reported to
influence the short term antidepressant outcome [39],
even if previous NN studies failed to identify clinical pre-
dictors of antidepressant response [40]. Our analyses are
in line with this view, in fact the clinical variables we ana-
lysed were not significantly associated with outcome.

The relatively small sample we used does not guarantee
against a possible overfitting phenomenon, therefore
enlargement of the sample is a priority. Moreover we used
the same sample for testing and validating our result, this
is not a standard technique [41], this problem is usually
faced by a set of strategies such as dividing the dataset,
Jackknife, bootstrapping, cross-validation and so on.
However those methods present some disadvantages, in
particular if only a part of the data is used to train the net-

work this leads to a loss of power in the case that subjects
in the validating part have different patterns of association
between genotypes and drug response. Therefore in the
present paper we performed both training and testing on
the entire dataset with the use of a permutation test to val-
idate the results [25]. Another limitation of the present
paper is that we compared NN with multiple regression
only, other techniques could be tested as well such as set
association [30], multifactor dimensionality reduction
[42], and logic regression [43].

Differences in allele frequency for different populations
have been reported [44]. However our sample was com-
posed of subjects mainly collected in the North of Italy
with Italian antecedents for at least two generations,
though genetic heterogeneity have been evidenced for
some isolate populations (such as Sardinia, not included
in our sample) Italy is characterized by a substantial
genetic homogeneity [45]. Another caveat is linked to the
characteristics of our sample. In fact the Center for Mood
Disorders of San Raffaele Hospital is a tertiary structure,
therefore we cannot exclude a potential selection bias
associated with illness severity and possible extension to
outpatients or drug abusers are not warranted [46].

Conclusions
Overall, our findings suggest that neural networks may be
a valid technique for the analysis of gene polymorphisms
in pharmacogenetic studies. The complex interactions
modelled through NN may be eventually applied at the
clinical level for the individualized therapy [47].
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Genetic Dissection of Psychopathological Symptoms:
Insomnia in Mood Disorders and CLOCK
Gene Polymorphism

Alessandro Serretti,* Francesco Benedetti, Laura Mandelli, Cristina Lorenzi, Adele Pirovano,
Cristina Colombo, and Enrico Smeraldi
Department of Psychiatry, Vita-Salute University, Fondazione Centro San Raffaele del Monte Tabor, Milan, Italy

We investigated the possible effect of the
3111T/CCLOCKgene polymorphism on sleep
disorders in a sample of 620 patients af-
fected by major depressive disorder (MDD)
and bipolar disorder (BP). We detected a
significantly higher recurrence of initial
(P¼0.0001), middle (P¼0.0009), and early
(P¼0.0008) insomnia in homozygotes for
the C variant and a similar trend concerning
decreased need of sleep in BP (P¼0.0074).
Other demographic and clinical features
were found not related with CLOCK poly-
morphisms. This preliminary observation
leads to hypothesize a possible involvement
of the CLOCK gene polymorphism in the
sleep disregulations in MDD and BP. Copy-
right � 2003 Wiley-Liss, Inc.

KEY WORDS: CLOCK gene; bipolar disor-
der; major depressive dis-
order; insomnia; circadian
rhythm

INTRODUCTION

There is substantial evidence that the suprachias-
matic nuclei (SCN) of the anterior hypothalamus con-
tain a central circadian pacemaker that regulates most,
if not all, circadian rhythms in mammals [Meijer and
Rietveld, 1989; Klein et al., 1991; Moore, 1995]. At a
molecular level, several genes interact in intracellular
autoregulatory transcriptional–translational feedback
loops, with positive and negative components acting
to regulate transcriptional events in order to produce

a circadian rhythm (see reviews in [Lowrey and
Takahashi, 2000; Reppert and Weaver, 2001]). The
genesCLOCK andBMAL1 form the positive regulator of
the system, with their protein products driving tran-
scription of other genetic components of the molecular
oscillator.

In mice, a mutation of CLOCK has been shown to lead
to a lengthened circadian period [Viterna et al., 1994].
In healthy humans, a single nucleotide polymorphism
located in the 30 flanking region of the human CLOCK
gene has been investigated as a predictor of diurnal
preference. Subjects carrying one of the two CLOCK
alleles, 3111C, showed a significantly higher ‘‘evening-
ness’’ and showed a substantial 10- to 44-min delay
in preferred timing for activity or sleep episodes
[Katzenberg et al., 1998].

The possible role of 3111T/CCLOCK gene polymorph-
ism in psychiatry is currently under investigation, given
the high frequency of circadian rhythms disturbances in
psychiatric illnesses, and the proposed role of chron-
obiological abnormalities in the pathogenesis of mood
disorders [Wirz-Justice and Van den Hoofdakker, 1999].
Available data showed that CLOCK alleles were not
associated with major depression [Desan et al., 2000]. In
a previous study [Benedetti et al., in press] our group
could not detect an association between CLOCK geno-
type and perceived diurnal mood fluctuations during
a major depressive episode, but found a significantly
higher recurrence rate of illness episodes in bipolar
patients homozygotes for the C variant. To explain this
finding, we hypothesized that the eveningness asso-
ciated with C allele might result in a prolonged phase
delay of sleep and other rhythms in C/C patients, a
known triggering factor for illness episodes in bipolar
disorder (BP) [Wehr et al., 1998; Wirz-Justice and Van
den Hoofdakker, 1999].

Following this hypothesis, 3111C CLOCK gene allelic
variant should be associated with a delay in sleep onset
and could influence the occurrence and the psycho-
pathological features of sleep disturbances in affective
illness. In the present study, we investigated the pos-
sible effect of CLOCK variants on sleep disturbances in
a sample of 620 subjects affected by major depressive
disorder (MDD) and BP.
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MATERIALS AND METHODS

Sample

Six hundreds and twenty subjects consecutively
admitted to the Clinic for Mood Disorders of S. Raffaele
Hospital in Milan were included in this study
(age¼ 47.47�14.23 years; onset¼ 32.97�12.80 years;
female/male¼395/225; bipolars/major depressives¼
386/234). Subjects were mainly inpatients (91.42%)
and few outpatients (8.58%) previously included in
genetic studies [Serretti et al., 2001]. All patients were
evaluated using the Operational Criteria for Psychotic
Illness checklist (OPCRIT, [McGuffin et al., 1991]) with
a lifetime perspective [Farmer et al., 1994]. Lifetime
diagnoses were assigned by two independent psychia-
trists on the basis of interviews and medical records,
according to DSMIV criteria [American Psychiatric
Association, 1994]. Information about the illness before
contact with our center were collected following the best
estimate procedure interviewing the subjects, family
members, previous health professionals, and obtaining
records when possible [Leckman et al., 1982]. Mental
retardation, drug dependence, or other axis I disorders,
together with somatic or neurological illnesses that
impaired psychiatric evaluation represented exclusion
criteria. OPCRIT comprises a 90-item checklist of signs
and symptoms that cover major psychoses symptoma-
tology. Inter-rater reliability has been evaluated in
research centers across Europe and the USA including
ours. Each rating was then compared to a standard
rating using a kappa statistic. Good levels of reliability
were observed within all classifications (e.g., DSM-III-R,
kappa¼ 0.73) and a similar pattern of rating was found
in both the European and USA samples [Craddock et al.,
1996; Williams et al., 1996].

The OPCRIT items that were used for this study are:
reduced need for sleep, initial insomnia, middle insom-
nia, early morning waking, excessive sleep.

Informed consent was obtained from all probands
after the procedure had been fully explained; probands
were unrelated and of Italian descent with antecedents
from all parts of the country.

DNA Analysis

Genomic DNA was extracted from leukocytes by NaCl
precipitation [Lahiri and Nurnberger, 1991]. PCR is
performed with the following primers: 50-TCC AGC AGT
TTC ATG AGA TGC-30 50-GAG GTC ATT TCA TAG CTG
AGC-30. The PCR reaction was carried out in a 10 mcl
volume containing 150 ng genomic DNA, 1 mcM of each

primer, 200 mcM each dNTP, 1� PCR Gold Buffer
(Applied Biosystems, Monza, Italy), 0.025 U/mcl of
AmpliTaq Gold Polymerase (Applied Biosystems), and
1.5 mM MgCl2. DNA was heated at 958C for 5 min;
5 cycles were performed with following steps: 958C for
30 sec, 588C for 30 sec, and 728C for 1 min. This profile
was followed by others 30 cycles: 958C for 30 sec, 578C for
30 sec, and 728C for 1 min. The reaction ends with an
extension step at 728C for 10 min [Katzenberg et al.,
1998]. Amplified fragments were digested by use of Bsp
1286I restriction enzyme (New England Biolabs, Eng-
land, UK). The incubation is performed at 378C over-
night and fragments are separated in agarose gels. The
unrestricted PCR product (TT genotype) has a size of
221 bp; complete restriction (CC genotype) produces
bands of 125 and 96 bp.

Statistical Analysis

Chi-square was used to investigate differences be-
tween groups. Logistic regression analysis was used to
include possible confounders. Alpha levels were con-
sidered significant when less than 0.05. The power of our
sample to detect differences amongst gene variants was
calculated considering an alpha value of 5% two tailed.
With these parameters in our sample we had a high
power (0.80) to detect a small effect size (w¼0.117) that
corresponded to a difference of approximately 11%
between the two major genotypes or to an Odds Ratio
of 1.56 [Cohen, 1988].

RESULTS

Genotype frequencies are summarized in Table I, the
sample is in Hardy–Weinberg equilibrium (w2¼0.065,
df¼ 1, P¼0.80). There was no significant difference in
genotype frequencies between MDD and BP.

We observed a strong association between CLOCK
genotype variants and initial insomnia, middle in-
somnia, and early morning waking. Both TC and CC
genotypes were associated with a higher occurrence of
middle, early, and initial insomnia (Table II). The
difference was mainly due to BP, except for initial
insomnia where the effect was observed for both groups.
Decreased need of sleep in BP was also associated with
CLOCK variants, while excessive sleep did not.

No significant differences were observed when con-
trolling for age, sex, age at onset, age at first lifetime
treatment, suicide attempts, number and violence of
suicide attempts, number of episodes, number of
hospitalizations, and positive family history for axis I
disorders.

TABLE I. CLOCK Genotype in Subjects Affected by Bipolar Disorder (BP) and Major Depressive
Disorder (MDD), Calculated for 620 Subjects

TT TC CC

TotalN % N % N %

BP 208 53.89 155 40.16 23 5.96 386
MDD 121 51.71 92 39.32 21 8.97 234
Total 329 247 44
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DISCUSSION

We observed a strong association between CLOCK
variants and lifetime occurrence of sleep disturbances
in a sample of patients affected by mood disorders. In
patients affected by recurrent major depression the
presence of the C allele was linked with an higher
occurrence of initial insomnia, while in patients affected
by BP the same allele was associated with insomnia
throughout the whole night and reduced need for sleep.

In MDD, then, the direction of the effect of CLOCK C
allele on circadian sleep–wake rhythm was the same
described in healthy subjects [Katzenberg et al., 1998],
where the C allele has been reported to be associated
with a higher eveningness. This preference for the
second half of the day seems to lack clinical relevance
in the absence of psychiatric illnesses, since no clinical
symptoms were reported in the original work on the
relationship between CLOCK and diurnal preference
[Katzenberg et al., 1998] and a recent study failed to
detect an association between the CLOCK C variant and
the presence of delayed sleep phase syndrome [Iwase
et al., 2002]. On the other hand, mood disorders are not
associated with CLOCK variants, in agreement with
previous findings [Desan et al., 2000], in fact in our study
we observed genotype frequencies similar to that
reported in healthy subjects [Katzenberg et al., 1998].
When both MDD and C alleles are present, the patients
complain about initial insomnia. The association of
clinical insomnia and CLOCK C allele in patients
affected by mood disorder suggests the presence of a
still undefined interaction between CLOCK variants
and other variables linked with mood disorders, which
may pertain to biological substrates or to environmental
stimuli.

In patients affected by BP the effect of CLOCK seemed
to be more complex. The presence of the C variant was
associated with higher scores in all sleep disturbance

items, except daytime sleepiness. In particular, patients
showed a higher lifetime reduced need for sleep. Sleep
loss has been shown to trigger and augment mood
episodes in patients affected by BP [Wehr et al., 1987;
Wehr, 1991; Barbini et al., 1996]: a higher propensity to
sleep loss in bipolar patients with the C allele could
explain the finding of more lifetime mood episodes
[Benedetti et al., in press]. Again, since the C allele was
not associated with sleep disturbances in healthy
subjects, the presence of lifetime sleep disturbances in
these patients can only be explained by an interaction
between CLOCK variants and mood illness.

A major limitation of our study is its retrospective
approach. This could bias data collection towards
decreased detection of past episodes and unreliable
estimates of clinical variables [Keller et al., 1987]. To
limit this bias we used a set of strategies: information
about the illness were collected by experienced psychia-
trist interviewing subjects, family members, previous
health professionals, and obtaining records when
possible [Leckman et al., 1982]; a second experienced
psychiatrist reviewed the chart, unreliability was asses-
sed and considered an exclusion criteria [Shapira et al.,
1996]. The use of hypnotic drugs could bias the observed
result, however the lifetime perspective guarantees
against this bias. Moreover, the functional significance
of the CLOCK polymorphism has not yet been clearly
defined at a molecular level. However, polymorphisms
in the 30 flanking region have been shown to affect
mRNA stability and half-life [Beelman and Parker,
1995; Ross, 1996], with possible significant effects on
the level of protein finally being translated. Finally,
differences in allele frequency for different populations
have been reported [Desan et al., 2000]. However our
sample was composed of subjects mainly collected in
the North of Italy with Italian antecedents for at least
two generations, though genetic heterogeneity have
been evidenced for some isolate populations (such as

TABLE II. Diurnal Mood Variations and Sleep Dis-Regulations, Calculated for 620 Subjects

TT TC CC

Total w2 PN % N % N %

Initial insomnia 19.39 0.0001
Absent 72 72.73 24 24.24 3 3.03 99
Present 257 49.33 223 42.80 41 7.87 521

Middle insomnia (a) 13.99 0.0009
Absent 83 66.94 37 29.84 4 3.23 124
Present 246 49.60 210 42.34 40 8.06 496

Early insomnia (b) 14.23 0.0008
Absent 60 72.29 20 24.10 3 3.61 83
Present 269 50.09 227 42.27 41 7.64 537

Excessive sleep 4.1 n.s.
Absent 273 51.80 213 40.42 41 7.78 527
Present 56 60.22 34 36.56 3 3.23 93

Reduced need of sleep
(bipolars only)

9.81 0.0074

Absent 28 73.68 10 26.32 0 0.00 38
Present 180 51.72 145 41.67 23 6.61 348

Initial insomnia is significant in both groups.
Middle insomnia is significantly different in BP (w2¼ 13.66; P¼0.0011); but not in MDD (1.93; P¼0.3801).
Early insomnia is significantly different in BP (w2¼10.39; P¼ 0.0055); but not in MDD (3.92; P¼ 0.1406).
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Sardinia, not included in our sample) Italy is character-
ized by a substantial genetic homogeneity [Gasparini
et al., 1997].

Overall our findings support the hypothesis that
CLOCK genotype has an effect on sleep disturbances
in MDD and BP. By relating this result with previous
findings, it is possible to hypothesize a relationship
between the eveningness associated with C allele
[Katzenberg et al., 1998] and sleep disregulations in
MDD and BP.
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Sleep disturbances are commonly observed in
mood disorders, and sleep manipulations can
influence the clinical status. In the present study,
we investigated the possible effect of the 3111 T/C
circadian locomotor output cycles kaput (CLOCK)
gene polymorphism on insomnia symptomatology
during antidepressant treatment. One hundred
seventy-eight inpatients were treated with fluvox-
amine 300 mg/day (n¼147) or paroxetine 20–
40 mg/day (n¼31), and either placebo or pindolol
in a double blind design for 6 weeks. The severity
of depressive symptoms was weekly assessed with
the Hamilton Rating Scale for Depression (HAM-
D). We observed a significantly higher presence of
insomnia throughout the trial in homozygotes for
the C variant (P¼0.026). Other demographic and
clinical features were found not to be related with
CLOCK polymorphisms. Overall, our findings may
suggest that CLOCK genotype influences the time
course of insomnia during antidepressant treat-
ment. This, together with previous findings on this
polymorphism could lead to a further dissection of
the complexity of mood disorders.
� 2005 Wiley-Liss, Inc.
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INTRODUCTION

Alterations in biological rhythms have been repeatedly
observed in subjects affected by mood disorders; for example,
circadian mood fluctuations with typical morning worsening
and improvement in the evening time have been considered a
distinctive trait of those diseases, and they have been also
associated with a positive outcome [Reinink et al., 1993].
Further, sleep abnormalities such as failure to fall asleep
(initial insomnia), to maintain sleep (middle insomnia), and

early wakening in the morning (terminal insomnia) are
commonly observed. In the manic phase, a general reduction
of need of sleep is almost the rule. Besides, in clinical practice,
rhythm manipulations have a proven clinical efficacy: in fact,
sleep deprivation is an effective treatment for depressed
bipolar patients [Smeraldi et al., 1999]; conversely, a preven-
tion of sleep loss could inhibit an early manic phase in patients
affected by bipolar disorder [Wehr et al., 1987].

The endogenous control of circadian rhythms is under the
control of a central pacemaker localized in the suprachiasmatic
nuclei (SCN) of the anterior hypothalamus. Several genes are
thought to interact in rhythmic control (see review in Reppert
andWeaver, 2001) and they are called ‘‘clock’’ for their function
of regulation of timing in biological functions [Bunney and
Bunney, 2000]. In particular, the circadian locomotor output
cycles kaput (CLOCK) gene was identified in mice [King et al.,
1997] and in humans [Steeves et al., 1999].

In the mouse and human orthologs of clock, the high level of
sequence conservation suggests a conserved function for the
CLOCK protein in the circadian system of mammals. The
mRNA of human CLOCK gene (4q12-GDB: 9785615) has been
found in the SCN, hippocampus, piriform cortex, and cerebel-
lum [Steeves et al., 1999], all areas involved in biological
rhythms.

Onepolymorphismnamed3111T/C located in the30 flanking
region has been shown to affect mRNA stability and half-life
[Mignone et al., 2002]. The C allele has been associated with
significantly higher ‘‘eveningness’’ in healthy subjects and
with a delay in preferred timing for activity or sleep episodes,
with no changes in sleep architecture [Katzenberg et al., 1998],
though this result was not confirmed in a subsequent study
[Robilliard et al., 2002]. In patients affected bymood disorders,
two studies performed by our research group reported no
association between CLOCK 3111 T/C polymorphism and
diagnosis, andnoassociationwith circadianmoodfluctuations,
but found a significantly higher recurrence rate of illness
episodes in bipolar patients homozygotes for the C variant
[Benedetti et al., 2003] and a strong association between the C
variant and an increased lifetime sleep disturbances (in
particular, initial and middle insomnia) [Serretti et al., 2003].

Those findings confirmed the clinical relevance of CLOCK
3111 T/C polymorphism in mood disorders, raising the possi-
bility of a genetic dissection of psychopathological symptoms
associated with depression: the moderate and clinically not
relevant phase preference associated with CLOCK C/C geno-
type in healthy subjects could become symptomatic insomnia
in patients affected by mood disorders. We then hypothesized
that the efficacy of antidepressant treatments on insomnia
symptomatology may vary depending on 3111 T/C CLOCK
gene variants.
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METHODS

Sample

One hundred seventy-eight subjects consecutively admitted
to the Mood Disorder Center, Department of Psychiatry at the
Institute H. San Raffaele, Milan were included in this study
(age¼ 52.6� 12.6 years; onset¼ 37.3� 12.6 years; female/
male¼ 113/65; bipolars/major depressives¼ 88/90; delu-
sional/non-delusional¼ 70/108). Assessment methods were
previously reported [Smeraldi et al., 1998; Serretti et al.,
2001]. All patients were evaluated at baseline and weekly
thereafter until the sixth week using the 21-item Hamilton
Rating Scale for Depression (HAM-D-21) [Hamilton, 1967]
administered by trained senior psychiatrists, blind to genetic
data and to treatment. Subjects for the present study are part
of a larger sample where we studied the effect of CLOCK
variants on lifetime insomnia and periodicity [Serretti et al.,
2003]. They have been treated in the context of previous trials
under double blind conditions [Smeraldi et al., 1998; Serretti
et al., 2001] where 5-HTTLPR and TPH variants were studied.
The procedure was the same in all trials. Briefly, after a 7-day
washout period, fluvoxamine or paroxetine was administered
to reach respectively, 300 mg and 20–40 mg daily from day 8
until the end of the trial. Pindolol was blindly added to
approximately one-third of subjects (n¼ 68). Concomitant
psychotropic drugs were not allowed except flurazepam at
bedtime (up to 45 mg) or lithium maintenance (n¼ 45).
Detailed data about hypnotics were not available, however,
an analysis performed in a subsample of 59 individuals showed
that flurazepam was administered to 80% of patients. The
distribution of flurazepam was not significantly different
depending onCLOCKvariants w2¼ 4.29; d.f.¼ 2;P¼n.s.) with
a trend of higher use in C/C genotype. We also analyzed in this
subsample, if the dose was reduced, maintained, or increased
during hospitalization, and it was not different across geno-
types (w2¼ 0.97; d.f.¼ 4; P¼n.s.). Therefore, hypnotics were
not considered for the calculations. HAM-D scores during
treatment are the main outcome measure; insomnia sympto-
matology was scored based on the actual symptoms of the
current week, independent from treatment. A decrease in
HAM-D scores to eight or less, with delusion factor equal to
zero (items 2, 15, 20) [Bellini et al., 1992; Bech et al., 1993;
Sobin andSackeim, 1997],wasused to define responders. After
the procedure had been fully explained to all subjects, written
informed consent was obtained. Two subjects with extreme
(�1.96 SD) plasma fluvoxamine and paroxetine levels were
excluded [Lucca et al., 1994].

DNA Analysis

Genomic DNA was extracted from leukocytes by NaCl
precipitation [Lahiri and Nurnberger, 1991]. PCR was per-
formed according to themethods reported by Katzenberg et al.
[1998]. Amplified fragments were digested by use of Bsp 1286I
restriction enzyme (New England Biolabs, England, UK). The
incubation is performed at 378C overnight and fragments were
separated in agarose gels. The unrestricted PCR product (TT
genotype) had a size of 221bp; complete restriction (CC geno-
type) produced bands of 125 and 96 bp. The sample was in
Hardy–Weinberg equilibrium (w2¼ 0.33; P¼ 0.56).

Statistical Analysis

Seven HAM-D insomnia (items 4-5-6) scores measurements
(baseline and 6 weeks) were analyzed. Repeated measures
analysis of variance (MANOVA) was used to examine the
differences between gene variants on HAM-D scores. Analysis
of covariance (MANCOVA) was used when including covar-
iants. An ‘‘intent-to-treat’’ analysis was carried out for all
patients who had a baseline assessment and at least one

assessment after randomization, with the last observation
carried forward on the HAM-D. Variation from baseline was
used for all calculations. A Student’s t-test and w2 were used to
compare demographic data and baseline ratings. All P values
are 2-tailed, and statistical significance was set at the 5% level
(P< 0.05).

With these parameters, our sample had a high power (0.80)
to detect a medium-large effect size (d¼ 0.74), which corre-
sponded to a difference of approximately 0.9 points on the final
HAM-D insomnia between the two genotypes [Cohen, 1988].
The analysis was performed, pooling fluvoxamine and paro-
xetine, given their similarity of action, previous reports
suggesting similar genetic influences [Smeraldi et al., 1998;
Serretti et al., 2001], and comparing C/C variants versus T/T
and T/C following previous evidences [Katzenberg et al., 1998;
Benedetti et al., 2003; Serretti et al., 2003].

RESULTS

The clinical outcome of the sample has been separately
reported in previous studies [Smeraldi et al., 1998; Zanardi
et al., 2000; Serretti et al., 2001]. A brief description of
demographic and clinical variables is summarized in Table I.
Baseline characteristics of subjects grouped according to
CLOCKvariants did not showany significant difference except
for a significant association of the C/C genotype with females
w2¼ 10.42; d.f.¼ 2; P¼ 0.0055).

We then analyzed insomnia score (sum of the HAM-D items
4-5-6) during antidepressant treatmentwithbaseline level as a
covariant. CLOCK genotypes were not associated with insom-
nia at baseline, there was a non-significant trend in the
direction of higher terminal insomnia inCLOCKC/Cgenotype.
The CLOCK C/C genotype resulted associated with a more
severe insomnia symptomatology during SSRIs treatment
(see Fig. 1; MANCOVA: F¼ 5.04; d.f.¼ 1,175; P¼ 0.026; base-
line covariant not significant). More in detail, the effect of
genotype was greater formiddle insomnia (P¼ 0.02) compared
to both early and late insomnia respectively, (P¼ 0.07 and
P¼ 0.05).

Figure 1 shows that thedecrease of insomnia score followeda
parallel slope of time course in the C/T and T/T subjects, but
with C/C patients maintaining a higher severity throughout
the treatment. The whole HAM-D score decrease comparing
genotypes C/C versus others did not show any significant
difference (Table I).

Following, we compared mean insomnia score at each
observation time and we observed that the difference between
genotypes was present as a trend since week 1, reaching
significance only in week 5 (Student’s t-test: week 1: P¼ 0.08;
week 2: P¼ 0.08; week 3: P¼ 0.2; week 4: P¼ 0.05; week 5:
P¼ 0.02; week 6: P¼ 0.06), but not at baseline (P¼ 0.9).
Consideration of sex, presence of delusional features, and drug
did not affect the genotype effect, while considering diagnosis,
we observed a slightly more marked effect in bipolars subject
compared to MDD. Female sex, which was associated with
CLOCK*C/C genotype, was associated with higher baseline
scores for middle insomnia (t¼ 2.64; d.f.¼ 169; P¼ 0.0092).

DISCUSSION

We observed a significant association between 3111 T/C
CLOCK polymorphism and sleep disturbances during SSRI
treatment in patients affected by a major depressive episode.
We previously reported that the same C/C variant was associ-
ated with lifetime insomnia [Serretti et al., 2003] and mood
disorders time course [Benedetti et al., 2003]. In particular,
inpatients affected by recurrent major depression, the pre-
sence of the C variant was linked to a higher occurrence of
initial insomnia, while inpatients affected by bipolar disorder,
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the samevariantwas associatedwith insomnia throughout the
whole night and reduced need for sleep.

Interestingly, the present results suggest that part of the
clinical picture of acute depressive episodes could be linked to
stable trait features, genetically controlled, and relatively
resistant to antidepressant treatment. We observed this
phenomenon for insomnia, which is a stable lifetime feature
in subjects with 3111 T/C CLOCK variants and it is
significantly less influenced by antidepressant treatment. An
early recognition of those subjects could help the clinicians to

individualize the treatments, and to avoid the erroneous
interpretation of an incomplete remission due to persistence
of sleep disturbances. However, we should consider that the
present finding was obtained in a relatively small number of
subjects (16 with CLOCK C/C) and with a low significance
value.

The use of hypnotic drugs may bias studies on sleep.
Unfortunately, in the present sample we do not have reliable
data for all subjects. However, we should consider that our
analysis in a subgroup of patients did not show any significant

TABLE I. Demographic and Clinical Features for CLOCK Genotypes

TT number (%) TC number (%) CC number (%) Total* w2 P

Sex 10.42 0.0055
Female 59 (52.22%) 39 (34.51%) 15 (13.27%) 113
Male 32 (49.23%) 32 (49.23%) 1 (1.54%) 65

178
Marital status 2.86 0.8267
Single 17 (53.13%) 13 (40.63%) 2 (6.24%) 32
Married 45 (47.87%) 40 (42.55%) 9 (9.58%) 94
Separated/divorced 13 (61.90%) 6 (28.57) 2 (9.53%) 21
Widowed 3 (60.00) 2 (40.00) 0 (0.00%) 5

152
Diagnosis 2.26 0.3224
UP 50 (55.56%) 31 (34.44%) 9 (10.00%) 90
BP 41 (46.59%) 40 (45.46%) 7 (7.95%) 88

178
Psychotic features 2.14 0.3435
Absent 39 (55.71%) 23 (32.89%) 8 (11.40%) 70
Present 52 (48.15%) 48 (44.44%) 8 (7.41%) 108

178
Personality disorders 0.12 0.9401
Absent 17 (48.57%) 14 (40.00%) 4 (11.43%) 35
Present 36 (49.32%) 31 (42.46%) 6 (8.22%) 73

108
Pindolol augmentation 0.76 0.6832
Yes 32 (46.38%) 30 (43.48%) 7 (10.14%) 69
No 59 (54.13%) 41 (37.61%) 9 (8.26%) 109

178
Responders 1.75 0.4168
Yes 56 (53.33%) 42 (40.00%) 7 (6.67%) 105
No 35 (47.95%) 29 (39.72%) 9 (12.33%) 73

178
Initial insomnia at baseline 1.24 0.5362
Absent 3 (50.00%) 3 (50.00%) 0 (0.00%) 6
Present 88 (51.16%) 68 (39.53%) 16 (9.30%) 172

178
Middle insomnia at baseline 0.53 0.7659
Absent 9 (60.00%) 5 (33.33%) 1 (6.67%) 15
Present 82 (50.31%) 66 (40.49%) 15 (9.20%) 163

178
Early morning waking insomnia at
baseline

4.32 0.1155

Absent 9 (75.00%) 3 (25.00%) 0 (0.00%) 12
Present 82 (49.40%) 68 (40.96%) 16 (9.64%) 166

178
Mean�SD Mean�SD Mean�SD F P

Age 52.6�13.16 52.04� 12.67 54.81�9.65 161 0.31 0.7347
Education (years) 9.08�4.05 9.23� 3.99 7.61�3.64 155 0.90 0.4076
Onset 35.87�11.74 38.78� 13.42 39.13�13.61 161 1.13 0.3256
Number of episodes 4.45�3.71 4.33� 3.23 4.44�3.36 110 0.02 0.9842
Age at first lifetime treatment 38.15�12.64 40.20� 13.77 40.33�14.01 142 0.44 0.6466
Number of hospitalizations 3.66�4.15 3.83� 3.50 2.50�2.11 138 0.62 0.5416
Duration current episode (weeks) 19.04�21.14 16.25� 20.69 13.10�12.40 113 0.48 0.6224
Baseline HAM-D score 28.67�6.18 30.53� 7.11 27.94�6.43 178 2.00 0.1383
HAM-D score at T6 8.27�9.40 9.15�10.50 11.94�12.74 178 0.90 0.4065

Fluvoxamine mean blood level 370.98�201.57 300.81� 175.55 344.00�168.03 147 1.37 0.2583
Paroxetine mean blood level 150.00�92.97 104.50� 89.99 — 31 0.43 0.5424

*Some data are available for subset of patients.
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differencebetweenCLOCKvariants.Moreover, a trend toward
a heavier use of sleep inducing drugs in C/C subjects could bias
toward an overtreatment of insomnia in those subjects leading
to an effect opposite compared to the one we observed.

We previously investigated the influence of genes of the
serotonergic pathway in response to SSRIs, however, we did
not observe any association of CLOCKwith total HAM-D time
course but only with insomnia symptomatology, thus eviden-
cing how polymorphisms may have a different impact on the
drug response phenotype. Further, a case-control association
study in subjects affected by mood disorders, showed no
positive result for CLOCK and major depression [Desan et al.,
2000].

The functional significance of theCLOCKpolymorphismhas
not yet been clearly defined at amolecular level. However, it is
important to underline that this polymorphism is in a well
conserved regionbetweenmice andhumans, and that inmouse
it contains several functional polyadenylation signals [King
et al., 1997]. Alternatively, this polymorphism could be in
linkage disequilibrium with others, as yet unidentified, but
more functionally significant [Savov et al., 1995].

Differences in allele frequency for different populations have
been reported [Desan et al., 2000]. However, our sample was
genetically homogenous [Gasparini et al., 1997].

Overall, our findings suggest that CLOCK genotype influ-
ences the severity of insomnia during antidepressant treat-
ment of amajor depressive episode; this togetherwith previous
findings on this polymorphism lead to further dissect the com-
plexity of mood disorders.
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Abstract: The serotonin system modulates affective, cognitive and behavioral processes. A key molecular structure of this system, the 
serotonin transporter (SERT) gene, has been associated with many human behaviors, both normal and pathological. This article aim is a 

comprehensive overview of the human behavioral features influenced by SERT gene variants and to suggest some comprehensive hy-
potheses. 

In particular, the SERTPR insertion/deletion polymorphism has been related to hippocampal volume and amygdala response and it has 

been found to influence anxiety-related personality traits and anxiety disorders; in mood disorders it showed some influences on age at 
onset, periodicity, illness recurrence, rapid cycling, antidepressants response and depressive reaction to stressful life events. Psychoso-

matic disorders, suicide, alcoholism, smoking, eating disorders, attention deficit hyperactivity disorders and autism have been also found 
to be related to SERTPR variants. 

SERT gene variants seem therefore to modulate a wide range of aspects in both normal and affected individuals, many of which are pos-

sibly due to indirect correlations between such human features. 

Key Words: Serotonin transporter, phenotype, complex disorder, genetics, psychiatry. 

INTRODUCTION 

The Serotonin System 

 The name “serotonin” is something of a misnomer and it re-
flects the circumstances of the compound’s discovery. It was ini-
tially identified as a vasoconstrictor substance in blood serum 
(hence “serotonin”), a serum agent affecting vascular tone. This 
agent was later chemically identified as 5-hydroxytryptamine (5-
HT) and after that the broad range of physiological roles were elu-
cidated, 5-HT became the preferred name in the pharmacological 
field [1]. 

 Serotonin is synthesized from the aminoacid tryptophan, which 
is derived from diet; the rate-limiting step is the hydroxylation of 
tryptophan by tryptophan hydroxylasis.  

 Serotonin is found in both the brain and the human gastrointes-
tinal tract, or gut, but it is now widely understood that about 98% of 
the serotonin in the human body resides in the gut, with only 2% of 
serotonin cells in the brain. 

 Serotoninergic neurons are clustered in midline raphe nuclei of 
the midbrain, pons and medulla [2]. Raphe nuclei have heavy as-
cending serotonin projections to cortex, thalamus, hypothalamus 
and limbic system. Neurons in these regions are involved in cir-
cadian rhythms (sleep-wake cycle, hormonal secretion and body 
temperature), sexual behavior, appetite and mood. 

 As important as the ascending pathways are fibers that descend 
from brainstem to spinal cord to modulate the incoming painful 
stimuli. Serotonin-containing cell bodies more caudal, in the ventral 
medulla and caudal pons, provide descending projections to dorsal 
horn of the spinal cord; the lumbosacral section receives a particu-
larly large number of fibers. These neurons are critically involved 
in pain sensation (anti-nociceptive effect). 

 The serotonin system has been implicated in almost every con-
ceivable physiologic or behavioral function: affect, aggression, 
appetite, cognition, emesis, endocrine function, gastrointestinal 
function, motor function, neurotrophism, perception, sensory func-
tion, sex, sleep and vascular function [2-4]. 

*Address correspondence to this author at the Institute of Psychiatry, Uni-

versity of Bologna, Viale Carlo Pepoli 5, 40123 Bologna, Italy; Tel: +39 
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 Small lesions or drug injections into the median raphe produce 
a dramatic behavioral syndrome, characterized by pronounced hy-
peractivity, aggressiveness, large increases in food and water intake 
and sexual behavior and a pattern of disturbances in learning and 
memory [5].  

 The understanding of the genetic modulation of the serotonin 
system is therefore crucial in the whole psychiatric genetic field. 

The Serotonin Transporter Polymorphisms 

 The serotonin transporter (SERT or 5-HTT) is an integral 
membrane protein, localized in pre-synaptic neuronal membranes, 
that has the function of taking up serotonin into the pre-synaptic 
neurons after its release in synaptic spaces, with the purpose of 
terminating the synaptic action of serotonin and recycle it in a so-
dium-dependent manner. The SERT is encoded by the single gene 
SLC6A4, positioned on chromosome 17, in location 17q11.1-q12; 
the SLC6A4 gene spans 31 kb and consists of 14 exons [6].  

 Two polymorphisms have been recognized in this gene: firstly, 
Ogilvie and colleagues [7] identified the existence of a polymor-
phism, with three novel alleles of the variable number tandem re-
peat (VNTR) region, in the second intron, which contains 9 
(Stin2.9), 10 (Stin2.10) or 12 (Stin2.12) tandem repeats; they found 
a significant difference between controls and an affective disorder 
group, largely explained by an excess of an allele with 9 copies of 
the VNTR element, that was significantly associated with risk of a 
depression episode or a major depressive disorder. Secondly, Heils 
and colleagues [8] reported a polymorphism in the transcriptional 
control region upstream of the serotonin gene coding sequence 
(SERTPR); the polymorphism is located approximately 1 kb up-
stream of the transcription initiation site of the SLC6A4 gene and is 
composed of 16 repeat elements. The polymorphism consists of a 
44-bp insertion or deletion, involving repeat elements 6 to 8; dele-
tion characterizes a short variant (s), while insertion characterizes a 
long variant (l). The short variant reduces the transcriptional effi-
ciency of the SERT gene promoter, resulting in decreased SERT 
expression and availability [9].  

SEROTONIN TRANSPORTER AND CRITICAL NEURO-

ANATOMIC SITES 

Volume of the Hippocampus 

 Hippocampus is a part of the limbic system, located inside the 
temporal lobes. It plays a key part in memory [10]. Frodl and col-
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leagues examined the influence of SERTPR polymorphism on hip-
pocampal volumes in patients with major depression and healthy 
controls. Patients with the l/l genotype had significantly smaller 
hippocampal gray and white matter volumes than controls with the 
same genotype, but interestingly they also had significantly smaller 
hippocampal white matter volumes than patients with the l/s or s/s 
genotypes [11].  

 In a recent study, subjects with the l/l genotype and character-
ized by late-onset depression, exhibited smaller hippocampal vol-
umes than l/l non-late onset patients and l/l controls. On the other 
hand, non-late s/s patients had smaller hippocampal volumes in 
subjects than controls. Authors hypothesized an interaction between 
the serotonergic system, neurotrophic factors and/or cortisol re-
sponse to stresses, each of which may have an effect on hippocam-
pal volumes [12]. 

The Amygdala Response 

 The serotonin-containing raphe nuclei have heavy ascending 
projections to limbic system, which is composed by amygdala, 
thalamus, hypothalamus, hippocampus, locus coeruleus, cingulate 
gyrus and pituitary gland. The limbic system modulates emotionally 
driven behaviors, anxiety, fear and anger, olfaction, taste, sexuality, 
short-term memory storage (into long-term memory), visual atten-
tion and attention span. Amygdala, located in the temporal lobes, is 
believed to play a key role in the emotional and social behavior 
[10]. 

 Hariri and collaborators [13], in a functional Magnetic Reso-
nance Imaging (fMRI) study, reported an intriguing result: indi-
viduals with one or two copies of the s allele of the SERTPR ex-
hibit greater amygdala neuronal activity in response to fearful stim-
uli, compared with individuals homozygous for the l allele. Thus, 
differential excitability of the amygdala, mediated by SERTPR, 
may contribute to increased fear and anxiety, previously associated 
with the s allele (see below). Recently, the same Authors confirmed 
their previous finding in a large independent cohort of healthy sub-
jects [14]. 

 Therefore, SERTPR polymorphism may be hypothesized a 
susceptibility factor for anxiety and affective disorders as it modu-
lates the functional reactivity of the human amygdala in the context 
of stressful life events and/or deficient cortical regulatory input. 

ANXIOUS PERSONALITY TRAITS 

 In the field of temperamental anxiety, Lesch and collaborators 
[9] first reported an association between SERTPR and anxiety-
related personality traits. Personality traits were assessed with three 
different measures: the Tridimensional Personality Questionnaire 
(TPQ), which is a former version of the Temperament and Charac-
ter Inventory (TCI), based on the psychobiological model of Clon-
inger [15]; the NEO Personality Inventory Revised (NEO-PI-R), a 
self-report inventory based on the five-factor model of personality 
[16]; the Sixteen Personality Factor Questionnaire (16PF), based on 
the factor model by Cattell [17]. Individuals with either 1 or 2 cop-
ies of the s form were found to have higher anxiety related scores 
compared to individuals homozygous for the l variant. 

 This study caused a huge explosion of researches, both in chil-
dren and in adults. Children studies reported somewhat conflicting 
findings. On one hand s variant was found to be related to tem-
perament traits that are perhaps the underpinning of adult neuroti-
cism: Lakatos and his group found that infants at 12 months of age, 
with at least one copy of both the l variant of SERTPR and the 7-
repeat dopamine D4 receptor (DRD4) allele, responded with sig-
nificantly less anxiety to the stranger's initiation of interaction than 
infants with other genotypes [18]; in a second study infants at 2 
months with the s/s genotype had higher scores on Negative Emo-
tionality and Distress to Limitations at the Rothbart's Infant Behav-
ior Questionnaire (IBQ) than infants with the l/s or l/l genotypes 
[19]; finally children shyness was associated with s variant [20]. 

 On the other hand other studies reported the l variant associated 
with the same temperamental traits: Arbelle and colleagues found a 
significant association between the l SERTPR polymorphism and 
shyness in a non-clinical sample of second-grade children [21]; 
Auerbach and collaborators, in a sample of infants aged 12 months, 
found that homozygous for the s variant showed less fearful distress 
to stranger approach and less pleasure in a structured play situation 
than infants with l/l or l/s [22]; finally, Jorm and his team found
that, at ages 13-14 years and 15-16 years, the l/l genotype was asso-
ciated with higher anxiety [23].  

 Among studies on adult samples, most of them yielded positive 
results about the association between the s allele and anxiety related 
temperamental traits [24-32]. Recently, to assess the statistical 
strength of the relationship between SERTPR gene and anxious 
personality traits, Schinka and colleagues conducted a meta-
analysis of 26 studies of various ethnic groups. They found that the 
genotype has a small but reliable influence on anxiety traits, but 
only when measured with a Neuroticism scale based on the five-
factor model of personality [33]. Another meta-analysis on 23 stud-
ies achieved the same results: the association between SERTPR s 
variant and increased Neuroticism scores as measured by the NEO 
Personality Inventory was found [34]. 

 Gene-gene interaction is a biological mechanism that is poorly 
considered in psychiatric genetic studies [35]. This is mainly due to 
the statistical problems that arise when considering more than one 
polymorphism at time in different loci. However both linear [36] 
and non linear [37] methods have been proposed to deal with such 
issue. Using linear methods, Szekely and colleagues observed a 
significant interaction between the SERTPR and the dopamine D4 
receptor gene DRD4 VNTR for the dimension of Harm Avoidance: 
subjects homozygous for the s allele and carriers of the 7 repeat 
DRD4 genotype showed higher Harm Avoidance scores than the 
other groups [38]. On the other hand, several studies failed to repli-
cate the previous results [39-47]. 

 To our knowledge, there is no evidence for associations be-
tween SERT and personality disorders, with the exception of a re-
cent study by Jacob and colleagues in which Authors found differ-
ences for SERTPR genotype distribution among patients with a 
cluster C diagnosis: as expected, carriers of s allele exhibited higher 
Neuroticism scores than non-carriers [48].

 In conclusion, we can assume the existence of a certain influ-
ence of SERTPR short variant on anxiety related traits. The lack of 
unequivocal results may be due to several factors, such as the sam-
ple, for its heterogeneous composition in terms of gender, age and 
ethnicity, the small number of subjects for each study, the use of 
different personality scales, like the TPQ, the TCI, the NEO-PI-R, 
the NEO Five Factor Inventory (NEO-FFI) and the Karolinska 
Scales of Personality (KSP). Future studies should better investigate 
homogeneous and large populations and compare different person-
ality scales, pointing out the relationships between the sub-scales of 
the several tests. 

ANXIETY AND MOOD DISORDERS 

 Psychiatric disorders are complex diseases with both genetic 
and environmental components interacting in a complex and un-
known way [49]. In the last years we dropped the hypothesis of a 
single gene causing psychiatric disorders. Complex phenotypes 
such as Affective Disorders or Schizophrenia recognize multiple 
susceptibility genes not easy to identify [50,51]. The current ap-
proach is represented by the multifactorial inheritance of psychiat-
ric disorders, which also implies that disorders may share suscepti-
bility loci for multiple regions of the genome [52]. Another factor 
that contributes to increase the complexity of this field is the fact 
that the genes implicated in psychiatric disorders may predispose to 
a variety of phenotypical features, not strictly pathological. It has 
been therefore suggested that the existing data may best fit a model 
in which different set of genes predispose to overlapping pheno-
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types that are in part both quantitative and dissimilar in nature 
[53,54]. This fact generates a large number of studies in which posi-
tive and negative associations followed one another; consequently, 
having a wide-ranging and comprehensive view is a difficult target. 

Anxiety Disorders 

 Susceptibility genes findings for anxiety disorder have been 
recently reviewed. Both genetic and environmental factors are re-
ported to influence normal anxiety traits as well as anxiety disor-
ders [55,56].  

 Studies on SERTPR knock-out mice showed that behavioral 
phenotyping function in knock-outs revealed genetic background-
related abnormalities, including increased anxiety-like behaviors, 
reduced aggression, and exaggerated stress responses [57-60]. 

 To date, researches carried out on humans are controversial 
regarding the role of SERT in Obsessive Compulsive Disorder 
(OCD) [61-64], while, for what concerns Panic Disorder (PD), 
results are mainly negative [65-68], with the exception of a SPECT 
study, in which patients with current PD showed a significant de-
crease in SERT binding in the midbrain, in the temporal lobes and 
in the thalamus, in comparison to controls. These findings allow to 
hypothesize an involvement of SERT in PD [69]. Further re-
searches are required to investigate this relation. 

 You and colleagues reported an increased risk for Generalized 
Anxiety Disorder (GAD) associated with the SERTPR s/s genotype. 
In their work they found the frequency of the s allele, as well that of 
the s/s genotype, significantly higher in GAD patients than in con-
trol subjects. On the contrary patients and controls were not statisti-
cally different for the genotypic and allelic distribution of VNTR 
polymorphism [70]. However, in a previous Single Photon Emis-
sion Computed Tomography (SPECT) study, other Authors did not 
found positive results regarding differences in binding properties of 
SERT in brains of patients with GAD, compared to healthy sub-
jects. This negative finding could probably be due to the extremely 
small sample (7 patients with GAD and 7 matched healthy volun-
teers) [71]. 

 In a recent study the possible association between Post Trau-
matic Stress Disorder (PTSD) and SERTPR was examined and the 
frequency of the s/s genotype was found significantly higher in 
PTSD patients than in normal controls [72]. 

 Finally, in an innovative study the relation between SERTPR 
and VNTR polymorphisms and compulsive buying was assessed: 
no significant differences were seen for either polymorphisms 
among the compulsive buyers [73]. Further studies are required but 
it should be noted that personality features may also influence the 
observed associations with anxiety phenotypes. 

Psychosomatic Disorders 

 The serotonin transporter gene seems to be linked also with 
several psychosomatic disorders. Park and colleagues, for example, 
found an excess of the s allele and s/s genotype in patients with 
Chronic Tension-type Headache (CTH). Moreover, patients with 
CTH had significantly higher scores on anxiety related personality 
traits than controls [74]. 

 In another recent study a strong genotypic association was ob-
served between the s/s genotype and the diarrhoea predominant 
Irritable Bowel Syndrome phenotype (dIBS), suggesting that the 
SERT is a potential candidate gene for dIBS in women [75]. 

 Also Fibromyalgia (FM) seems to be modulated by SERT: in 
two studies a higher frequency of the s/s genotype in FM patients, 
compared with healthy controls, was observed. The s/s subgroup 
exhibited higher mean levels of depression and psychological dis-
tress [76,77]. Nevertheless Gursoy did not replicate this finding for 
both SERTPR and VNTR polymorphisms [78]. 

 All this positive results suggest a connection between the sero-
tonin transporter and psychosomatic disorders. Further studies are 
required to understand in depth this topic. 

Mood Disorders 

 Dysfunctions of the serotonin system, in particular a disturbed 
serotonin transport, have been largely hypothesized in Affective 
Disorders [79]. Similar results have been achieved in animal sam-
ples [58,80,81]. The functional SERTPR polymorphism was firstly 
associated with both Major Depressive (UP) and Bipolar disorders 
(BP) by Collier and colleagues [82]. These Authors found the fre-
quency of the s variant to be higher in patients than in controls, as 
well as the frequency of the homozygous s/s genotype.  

 After this pioneering work, the SERTPR, and also the VNTR 
polymorphism, were largely studied. However, results of associa-
tion studies examining UP or BP have been controversial. To sum 
up the literature status, recent meta-analyses [83,84] and reviews 
[85,86] focused on this argument. Lotrich and his group carried out 
a meta-analysis on 48 association studies and 9 Transmission Dise-
quilibrium Tests (TDT) studies. Their primary finding is that the 
effect of the s/s genotype was significant for the UP patients, even 
if the association was small. A similar trend was found in BP pa-
tients, although the result did not reach statistical significance. No 
consistent associations for the VNTR polymorphism were found. 
Lasky-Su and colleagues, in their meta-analysis on case-control 
studies resulting in four meta-analyses, found the s allele of the 
SERTPR polymorphism slightly but significantly associated with 
BP, but not with UP. Regarding the VNTR variants, an increase in 
the number of tandem repeats had no significant association with 
any of the disorders.  

 Different methodologies of analysis may explain those slightly 
discrepant findings, however the association between the s allele of 
SERTPR and Mood Disorders is ascertained, although is not clear 
whether it is more marked in UP or BP affective disorders. On the 
contrary, the role of VNTR polymorphism remains still unclear.  

Symptomatology 

 We [87] investigated the potential involvement of SERTPR in 
depressive symptomatology. Psychiatric inpatients affected by UP 
and BP disorders were considered. SERTPR variants were not as-
sociated with total depressive symptomatology, as measured by the 
21 items Hamilton Rating Scale for Depression (HAM-D). How-
ever, the s variant was marginally associated with higher psychic 
anxiety scores, especially among BP patients and those character-
ized by an early onset. In another study by our group, SERTPR 
variants were not associated with four symptomatologic factors 
(Mania, Depression, Delusion and Disorganization) [88], but this 
analysis did not cover anxiety features.  

 Thus, the SERTPR gene does not appear to be associated with 
depressive symptomathology per se, as well as other symptoma-
tologic cluster of Mood Disorders other than anxiety. 

Age at onset 

 Our groups found BP s/s patients having an earlier age at onset 
and a lower recurrence of illness than l/l, with l/s patients showing 
intermediate values. A marginally significant trend toward the same 
difference in recurrence was observed in UP patients, with no dif-
ferences in age at onset [89]. Similarly, Bellivier and colleagues 
found patients carrying the s/s genotype to begin their illness 
slightly earlier than other patients; at the opposite, patients carrying 
at least one VNTR Stin2.12 allele developed Mood Disorders later 
[90]. Golimbet and colleagues tested the role of SERT in late-onset 
depression (LOD) and early-onset depression (EOD). Considering 
genotype frequency distribution of the two SERT polymorphisms, 
LOD and EOD patients did not differ from each other and from a 
control group [91].  
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 A recent study seems to confirm the extension of these results 
to depressed patients [92]: in a children sample, excess of the s 
allele, as well as the s/s genotype, were found among major de-
pressed children. The family-based results suggested that the s al-
lele was preferentially transmitted to depressed children.  

 Summing up, the connection between early onset in BP patients 
and the s variant of SERTPR seems to be stronger than in UP pa-
tients. Other studies are crucial to understand if this link could be 
extended to UP patients and to replicate the association between 
SERT variants and illness recurrence. 

 As previously reviewed, hippocampal volume may be a mediat-
ing factor as late-onset l/l depressed exhibited smaller hippocampal 
volumes compared with other groups [12]. Therefore, hippocampal 
volumes could be considered in future studies on age at onset in 
Mood Disorders. 

Rapid cycling and Antidepressant-Induced Mania 

 The rapid cycling pattern, i.e. high depressive and/or manic 
episodes recurrence, is defined by at least four affective episodes 
during one year period by the DSM-IV [93].  

 We observed a significant association of rapid cycling patients 
with SERTPR l allele [94]. On the opposite a French group ob-
served that the s allele was associated with lifetime history of rapid 
cycling [95]. To our knowledge there are no other studies about 
rapid cycling and SERTPR. However rapid cycling may also be 
induced by the use of antidepressant drugs [96], therefore the 
switch from depression to mania has been studied by some groups. 

 Mundo and her group originally reported that subjects with at 
least one manic or hypomanic episode induced by treatment had an 
excess of the s allele [97]. Though we could not replicate the find-
ing [98], others observed the same excess of s allele in subjects with 
lifetime history of Antidepressant-Induced Mania (AIM) in bipolar 
and unipolar patients [95,99].  

 Another study focused on the relation between the risk of AIM 
and patient age [100]. The age of patients may modulate the risk of 
AIM. Treatment with antidepressants is associated with highest 
conversion hazards among children aged 10 to 14 years. An indirect 
correlation with age at onset is therefore possible. For that reason 
the rapid cycling question requires future studies to understand if 
the association subsists for the s or the l variant and what part pa-
tient age plays. 

Antidepressant Response 

 The serotonin transporter is the site of action of many antide-
pressants, the so called Selective Serotonin Reuptake Inibitors 
(SSRIs) antidepressants. A consistent number of studies, recently 
reviewed by our group, confirmed the association of the SERTPR s 
variant with a poorer response to SSRI (fluvoxamine, paroxetine, 
citalopram, sertraline and fluoxetine) at least in Caucasian samples 
[101]. Previous studies found that depressed inpatients heterozy-
gous and homozygous for the l variant showed a better antidepres-
sant response than homozygous for the s variant to serotoninergic, 
but not noradrenergic, drug treatments [102-104]. L/l patients also 
showed a better response to total sleep deprivation, a current non-
pharmacological effective treatment for BP [105].  

 To sum up, consideration of another original study is essential. 
Hanna and colleagues found SERT-linked polymorphic region hav-
ing a significant effect on blood serotonin content: a significant 
interaction between SERTPR and seasonal variation in blood sero-
tonin content was found, with significant seasonal differences in 
serotonin levels, higher only in subjects with the l/l genotype [106]. 
Consequently, the s allele might lead to a “higher stability” of sero-
tonin function and this stability could manifest both with a lower 
illness recurrence in s/s patients and with a lower antidepressant 
response to 5-HT enhancing treatments. If this hypothesis is true, 
the l variant might be related to rapid cycling and a pattern of insta-
bility, like stated by our group [94]. Future researches are necessary 

to solve the matter even because other contradictory evidence has 
been reported. 

Side Effects 

 Concerning the role of SERT in side effects of pharmacological 
treatments, to our knowledge, there are few reports in literature. 
One study focused on the association between three serotonergic 
polymorphisms (SERTPR, VNTR in the Stin2 and a polymorphism 
within the Tryptophan Hydroxylase gene, TPH-A218C), which 
have all been reported as potentially associated with response to 
SSRIs, and the occurrence of nausea, which is the most frequent 
side effect induced by SSRIs, in patients treated with fluvoxamine. 
The study reported negative finding, suggesting that the incidence 
of fluvoxamine-induced nausea is not in relation with the consid-
ered serotoninergic polymorphisms [107]. Another study, on the 
other hand, suggested a possible association with side effects of 
mirtazapine and paroxetine [108].  

Life Events 

 Recently, a gene-by-environment interaction model has been 
developed and it postulates that the individual's response to stress-
ful life events is moderated by the individual's genetic makeup. 

 The SERTPR was found to moderate the influence of stressful 
life events on depression by Caspi and collaborators [109]. Indi-
viduals with one or two copies of the s allele exhibited more de-
pressive symptoms, diagnosable depression and suicidal risk in 
relation to stressful life events than individuals homozygous for the 
l allele. Eley and colleagues replicated the previous result on a 
sample of adolescents and found a trend for a similar effect of 
SERTPR [110]. Gillespie and collaborators were not able to repli-
cate previous results, probably because they used a sample of older 
subjects than Caspi [111]. Kendler and his group replicated and 
extended prior findings: they found individuals homozygous for the 
s variant more sensitive to the depressogenic effects of stressful life 
events; moreover, s/s individuals had an increased sensitivity to the 
impact of mild stressors [112]. Finally, we recently replicated the 
finding in a mood disorder sample with retrospective assessment 
[113]. 

 This fresh branch of studies needs replication of these intrigu-
ing results but the positive outcomes obtained up till now are yet 
promising. 

SUICIDE 

 Courtet and his group reviewed the literature on suicide and 
found a positive association between the s allele of the SERTPR 
polymorphism and violent suicidal behavior, possibly mediated by 
personality aspects. On the contrary, they did not found any posi-
tive results about the VNTR polymorphism [114]. Also in another 
recent review the insertion/deletion polymorphism of the SERTPR 
did not seem to be involved in general suicidal behaviour but in 
violent and repeated suicide attempts [115]. After the publication of 
these works other studies have been carried out, with mainly nega-
tive results [116-119]. Further studies are required to better under-
stand this topic. 

SUBSTANCE ABUSE DISORDERS 

Cigarette Smoking 

 Li and collaborators reviewed the genes potentially involved in 
smoking related behaviors [120] and they asked for further studies 
investigating SERT gene, to determine whether it plays a signifi-
cant role in smoking behavior or not. Following the review publica-
tion, two other studies still obtained controversial results. Kremer 
and his group found a significant excess of the SERTPR l allele 
with the 12-repeat VNTR in smokers, compared to participants who 
had never smoked. Results suggested that this gene influences the 
initiation of smoking, even independently of Novelty Seeking per-
sonality traits, which did not mediate the effect of SERT on smok-
ing in this sample [121]. 
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 In a second study on adolescents, the s/s genotype frequency 
was significantly higher among smokers compared with non-
smokers. The s/s genotype frequency was significantly higher 
among heavy smokers with early onset, compared with moderate 
smokers with late onset [122].

Alcohol 

 At present, a bond between alcoholism and the serotoninergic 
system, in particular the serotonin transporter, is quite established, 
also in non-human primates sample [123]. In the 1998 a significant 
reduction in the availability of SERT was found in an alcoholic 
sample [124]. In alcohol dependent patients, a high frequency of the 
s allele was firstly found by Hammoumi [125]. After these pioneer-
ing studies, many works followed and currently meta-analyses and 
reviews are available. In a recent meta-analysis, conducted on 17 
published studies, the frequency of the s allele resulted significantly 
associated with alcohol dependence [126]. Other recent reviews 
confirm the consistency of this association [127,128]. Nevertheless, 
a study showed a dissimilar result: alcoholism and low level of 
response to alcohol (LR), a phenotype that mediates the risk for 
alcohol abuse, resulted both significantly related to the l allele 
[129]. 

 We previously described some attempt to investigate gene in-
teractions; in this field, Herman and collaborators hypothesized that 
a significant gene-gene interaction would stratify the risk of binge 
drinking and assessed both monoamine oxidase type A (MAO-A) 
VNTR polymorphism and the SERTPR one. Women carrying 
higher expression MAO-A VNTR allele, homozygous for the s 
SERTPR variant, demonstrated the highest rate of binge drinking, 
while those carrying higher expression MAO-A VNTR allele carry-
ing at least one l SERTPR variant had the lowest risk of binge 
drinking [130].  

 Therefore, alcoholism seems strongly related to genes involved 
in the serotonin processing, particularly to s allele of SERTPR; 
nevertheless, the LR phenotype and its link with the l form have to 
be further investigated. 

Ecstasy  

 Ecstasy is the colloquial name for 3,4-methylenedioxymetham- 
phetamine (MDMA). Neurotoxic effects of MDMA on the sero-
tonin system have been widely described in humans [131-136]. 
Functional imaging studies reported decreased availability of the 
serotonin transporter in different brain regions of MDMA users, 
supporting the hypothesis of MDMA-induced protracted alterations 
of the serotonergic system [137-140]. In particular, a recent study 
found that SERT availability in current MDMA users was signifi-
cantly reduced in the mesencephalon, thalamus, left caudate, hippo-
campus, occipital cortex, temporal lobes, and posterior cingulate 
gyrus compared with all other groups. The reduction resulted more 
pronounced in female than in male subjects [141].  

 For what concerns the SERTPR polymorphism, Roiser and 
colleagues found that MDMA use was associated with higher Beck 
Depression Inventory score and abnormalities in the Affective 
Go/No-Go test in individuals with s/s and l/s genotype but not in 
those homozygous for the l variant. Therefore, MDMA users carry-
ing the s allele showed abnormal emotional processing [142].  

 In conclusion, it is possible to assume that chronic MDMA use 
may cause long-term changes to the serotonin system, and that 
MDMA users carrying the s allele may be at particular risk for 
emotional dysfunction. 

Cocaine 

 High affinity binding of the cocaine analogue [
125

I]RTI-55 to 
the SERT sites in human brain has been demonstrated [143]. 
Moreover changes in SERT have been reported in neuroimaging 
and post-mortem studies of cocaine abusers [144,145].  

 There are relatively limited published data on the relation be-
tween cocaine abusers and the SERT polymorphisms. Patkar and 
colleagues investigated whether SERTPR and VNTR polymor-
phisms confer susceptibility to cocaine dependence and did not 
observed any relationship [146,147]. Moreover, the same authors, 
examining the reduced platelet SERT densities in cocaine depend-
ents, found that allelic variations in the serotonin transporter pro-
moter region do not seem to influence levels of platelet SERT in 
cocaine-dependent patients or healthy volunteers [148]. Conse-
quently, further studies involving larger samples are required.

Heroin 

 There are few and fragmented results in literature about the link 
between heroin dependence and the SERT polymorphisms. Tan and 
collaborators found evidence for the association between heroin 
dependence and the VNTR polymorphism [149]. On the contrary, 
no association was found between the SERTPR polymorphism and 
heroin addiction in two further researches [150,151]. Nevertheless, 
in a recent study the s/s genotype was significantly higher among 
heroin dependent individuals, compared with control subjects, and 
it was significantly higher among violent heroin dependent indi-
viduals, compared with addicted individuals without aggressive 
behavior. These last results suggest that the s variant may be asso-
ciated with an increased risk for substance use disorders, mostly in 
subjects with more consistent aggressiveness and impulsiveness 
[152]. Moreover, Szilagyi and colleagues assessed the interaction 
between the dopamine receptor DRD4 polymorphism (-521 C/T 
SNP) and the SERTPR polymorphism and found an interaction 
between them. Association between the -521 CC vs. CT or TT 
genotypes and heroin dependence was enhanced in the presence of 
SERTPR s allele. This intriguing result emphasizes the importance 
of combined analysis of polymorphisms in the serotonergic and 
dopaminergic systems in heroin dependence [153]. However, fur-
ther studies are necessary to replicate and extend these results. 

EATING DISORDERS 

 A recent review enlightened the SERT important role in eating 
disorders: the s allele could represent a moderate but significant risk 
factor for anorexia nervosa [154]. 

 Following studies obtained positive results and extended the 
findings to other eating disorders: firstly, the s allele frequency was 
found significantly higher in subjects with anorexia nervosa than in 
controls [155]; secondly, in a sample of women with bulimia spec-
trum syndromes, carriers of the s allele showed significantly more 
affective instability, behavioral impulsivity, interpersonal insecu-
rity, comorbidity with borderline personality disorder and lower 
density (Bmax) of paroxetine-binding sites [156]. 

 Finally, in a recent study Urwin and colleagues provided evi-
dence in support of interaction between the MAO-A and SERT 
genes in anorexia nervosa. The s variant of the SERTPR was pref-
erentially transmitted to children with anorexia nervosa and restrict-
ing anorexia nervosa when the more active MAO-A gene variant 
was also transmitted. The increased risk of developing the disorder 
is up to eight times greater than the risk imposed by the MAO-A 
gene variant alone [157]. 

 Consequently, further researches about eating disorders, sero-
tonin transporter polymorphisms and gene-gene interaction are 
required.  

ATTENTION DEFICIT HYPERACTIVITY DISORDER 

 The Attention Deficit Hyperactivity Disorder (ADHD), charac-
terized by marked and pervasive inattention, over-reactivity and 
impulsiveness, is highly heritable but is likely a complex disorder 
involving multiple genes of moderate effect [158].  

 Bobb and his team reviewed all ADHD studies and found evi-
dence for association for four genes, including SERT, thought the 
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candidate gene approaches continue to face the problem of rela-
tively low power [159]. Evidence for the association between SERT 
and ADHD was found in another recently published review [160]. 

AUTISM 

 Among candidate genes contributing to Autism Spectrum Dis-
order (ASD) susceptibility, the serotonin transporter seems to have 
a role in the modulation of the disorder. In two recent reviews on 
autism the role of SERTPR gene appears to be consistent, even if 
studies are far from being complete and further investigation are 
required [161,162]. Nevertheless Bartlett and colleagues stated that 
the SERTPR may not be the most important of the polymorphisms 
in SERT and it could be merely in linkage disequilibrium with an-
other risk allele. Authors underlined the need to investigate the role 
of other proteins capable of transporting serotonin across the mem-
brane, such as the organic cation transporters (OCT1, OCT3 and 
OCT2) [161]. 

SCHIZOPHRENIA 

 The SERT gene is a candidate for schizophrenia. Nevertheless, 
association studies have produced conflicting results regarding the 
association between SERTPR and VNTR polymorphisms and 
schizophrenia susceptibility. A recent meta-analysis, based on asso-
ciation studies published before April 2004, was performed. The 
study showed no statistically significant evidence for the connec-
tion between the s variant of the SERTPR and schizophrenia. On 
the other hand, an association with the Stin2.12 allele of the VNTR 
polymorphism was observed [163]. Conversely, in a previous re-
view the role of the SERTPR polymorphism was stated [164]. 

 Further association studies obtained conflicting results: Pae and 
collaborators investigated the potential interaction of the serotonin 
receptor gene 2A and SERTPR polymorphisms in the development 
of schizophrenia, as well as in symptomatology, family history, age 
at onset and antipsychotic response, and they found that SERTPR 
may not contribute to schizophrenia susceptibility as well as other 
clinical factors [165]; in a second study an excess of transmission of 
l allele of SERTPR was detected in a sample of schizophrenic pa-
tients [166]. 

 Moreover, in a PET study on serotonin transporter availability 
in patients with schizophrenia and matched controls, no alterations 
were found in patients with schizophrenia [167]. 

 Therefore, other replication studies are needed to ascertain the 
association of both SERTPR and VNTR with the susceptibility to 
schizophrenia. 

Symptomatology 

 Also the subtypes and the symptomatology features of schizo-
phrenia were analyzed in relation to SERT polymorphisms. Firstly, 
the schizophrenia subtypes were assessed: patients with schizo-
paranoid schizophrenia were more frequently homozygous for the 
Stin2.12 allele than controls and all other schizophrenic patients; on 
the contrary, the Stin2.9 allele represented a risk factor for residual 
schizophrenia. Moreover, schizo-affective patients were more fre-
quently homozygous for the l allele than other schizophrenic pa-
tients and controls [168]. 

 Pae and colleagues found significant differences in the negative 
score and general psychopathology score of the positive and nega-
tive syndrome scale according to SERTPR genotypes in a Korean 
sample [169].  

 Patients with the s/s genotype scored significantly higher on 
"Guilt feelings" and "Depression" items, as compared with homo-
zygous for the l genotype [170] and suffered of more distress for 
auditory hallucinations [171], accordingly with previously de-
scribed studies on Mood Disorders and anxiety related traits. 

 In a Korean sample of patients with schizophrenia all episodes 
of aggression from the last discharge to readmission were rated 

using the Overt Aggression Scale (OAS). Authors found a statisti-
cally significant association between SERTPR l/l genotype and 
higher mean total score of all episodes of aggression [172]. 

 Finally, the s allele of SERTPR was related to a significant 
decrease of the scores of delusions, disorganization and negative 
symptoms among subjects having the TPH genotype AA and was 
also related to an increase in scores among subjects having the TPH 
genotype AC, yielding the highest scores for the combinations AA 
x l/l and AC x s/s. Schizophrenia subjects had significantly higher 
frequencies of AA x ll and of AC x ss. Thus, an interaction between 
TPH and SERTPR genes may constitute susceptibility to schizo-
phrenia, yielding an apparent correlation between symptomatology 
and genotype [173]. 

ALZHEIMER AND PARKINSON DISEASES 

 The etiology of late onset Alzheimer Disease (AD) and Parkin-
son Disease (PD) is not known [174]. In both disorders there is an 
extensive degeneration of serotoninergic neurons, with losses of 
SERT. A review of association studies on the link between both AD 
and PD and SERT has been carried out [175]. The studies showed 
that the low-activity allele of the SERTPR was a risk factor for late-
onset AD. Nevertheless, also several negative studies were pub-
lished [176-179]. On the other hand, the l allele and the l/l genotype 
were found to be significantly associated with aggressive behavior 
in patients with AD [180] and with the risk for the combined psy-
chotic symptoms and AD with the aggressive phenotype [181]; also 
in this case negative studies were published as well [179,182]. Fi-
nally, in PD, the SERTPR influences the risk of developing depres-
sion, a common symptom in PD patients [175,183]. 

CONCLUSIONS 

 This impressive list of effects (summarized in Table 1), some of 
which widely replicated, suggests that SERT gene variants exert a 
broad effect on many aspects of the human behavior, in both its 
normal and pathological expressions. Though at the present time we 
do not have firm and definitive evidence, as methodological prob-
lems and controversies remain and further both biological and be-
havioral issues are still unexplored, we may provisionally hypothe-
size a model to combine the several data acquired by the extensive 
and intensive research on SERTPR in the last decade. 

 Thus, considering together the main results obtained on 
SERTPR, a carrier of the short variant may be hypothesized to be 
iper-reactive to negative stimuli (amygdala iper-reactivity) and thus 
to be more exposed to Anxiety Disorders and/or to be more likely 
characterized by anxious personality traits. Being more sensitive to 
depressogenic effects of stressful life events, as demonstrated, this 
person would be at risk for Mood Disorders or Alcoholism. In par-
ticular, if he/she develop a Mood Disorder, he/she would be young 
at the onset, he/she subsequently have a low number of episodes, 
but he/she would show a poor response to pharmacotherapy. It is 
possible to hypothesize that the amygdala iper-activity represents 
the origin of the others phenotypes and, consequently, it leads to 
elevated sensitivity to stressful life events and expose the individual 
to develop a Mood Disorder early in his/her life, Anxiety Disorders, 
Psychosomatic Disorders and/or Alcoholism. 

 Considering all the features modulated by the short allele, the s 
allele “high stability” hypothesis would account for the low illness 
recurrence and the poor antidepressants response.  

 A person carrier of the long variant is hypothesized to exhibit a 
more regular amygdala neuronal activity in response to fearful 
stimuli, to be not particularly anxious and less sensitive to stressful 
life events. Moreover, he/she would have a lower risk for Mood, 
Anxiety and Psychosomatic Disorders and Alcoholism than s/s 
subjects. On the other hand, the l/l child would have a higher risk to 
develop the Attention Deficit Hyperactivity Disorder. Furthermore, 
if an l/l subject develops a Mood Disorder, he/she would probably 
experience a higher recurrence of affective episodes than s/s 
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Table 1. Positive and Negative Results About the Features Modulated by SERTPR that have been Cited in the Text, we Followed 

the Order of Presentation in the Text. SERTPR s Allele or s Containing Genotype is the Risk Factor where not Alterna-

tively Specified 

FEATURES MODULATED BY SERTPR POSITIVE AND NEGATIVE STUDIES 

NEUROANATOMIC SITES 

Hippocampal volume + + 

Amygdala response + + 

ANXIOUS PERSONALITY TRAITS 

Infants  + + + 

Infants (l/l) + + + 

Adults  + + + + + + + + + + * * + - - - - - - - - - 

Cluster C diagnosis + 

ANXIETY DISORDERS 

Obsessive Compulsive Disorder - - - + 

Panic Disorder - - - - 

Generalized Anxiety Disorder + 

Post Traumatic Stress Disorder + 

Compulsive Buying - 

PSYCHOSOMATIC DISORDERS 

Chronic Tension-type Headache + 

Diarrhoea Irritable Bowel Syndrome phenotype + 

Fibromyalgia + + - 

MOOD DISORDERS 

Major Depressive Disorder + * * 

Bipolar Disorder + * * * 

Total depressive symptomatology - 

Psychic anxiety symptomatology  + 

Depression, Mania, Delusion and Disorganization symptomatologic factors - 

Early age at onset  + + - + 

Lower illness recurrence  + 

Rapid cycling (l or s allele) + + 

Antidepressant induced mania  + - + + 

Better response to serotoninergic treatments (l allele) * + + + 

Better response to total sleep deprivation (l/l) + 

Side effects (nausea) - 

Stressful life events  + + - + + 

SUICIDE * * - - - + 
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(Table 1) contd…. 

FEATURES MODULATED BY SERTPR POSITIVE AND NEGATIVE STUDIES 

SUBSTANCE ABUSE DISORDERS 

Cigarette (l allele) # + 

Cigarette # + 

Alcohol  + * * * + 

Alcohol (l allele) + 

Ecstasy + 

Cocaine - - 

Heroin + - - + + 

EATING DISORDERS 

Anorexia Nervosa * + + 

Bulimia Nervosa + 

ATTENTION DEFICIT HYPERACTIVITY DISORDER * * 

AUTISM * * 

SCHIZOPHRENIA 

Diagnosis * * - + 

Schizo-affective subtype + 

Symptomatology - + + + + 

ALZHEIMER DISEASE * - - - - + + - - 

PARKINSON DISEASE * + 

(+ : Positive study; - : Negative study; * : Positive results Meta-analysis or Review; # : Negative results Meta-analysis or Review). 

patient, however, he/she would likely gain benefit from pharma-
cotherapy.  

 Also for the l carrier it is possible to hypothesize a phenotypic 
model: firstly, the lower amygdala reactivity to negative stimuli 
would lead to less anxiety, lower sensitivity to stressful life events 
and, if the person is predisposed to, a postponed development of a 
Mood Disorder, compared to that of an s/s subject similarly predis-
posed to Mood Disorders by other means. This lower amygdala 
reactivity would represent the reason of the lower risk for Anxiety 
and Psychosomatic Disorders, Alcoholism, Anorexia Nervosa and 
Suicide. The l allele “higher instability” hypothesis explains the 
high illness recurrence, the rapid cycling pattern and the good re-
sponse to antidepressants.  

 But, in an evolutionary perspective, why should short alleles 
exist given the large number of detrimental effects they cause? A 
possible answer comes from a recent study which focused on social 
functioning of s carriers [184]. Though the global adjustment is 
lower for s carriers due to their disadvantage, in analogy to other 
researchers [185], they have a better functioning in family and 
working areas. This could be due to their more ‘anxious’ tempera-
ment that makes them follow family and working rules more ap-
propriately. In an evolutionary sense, those subjects would have 
been more keen to the ‘team’ in ancient human societies, thus fa-
voring their gene transmission. 

 We should remember to the reader that we here summarized 
data of literature and we then simply built phenotypic models, bas-
ing our observations on the reported results, which are however 

provided by a large number of studies, often conflicting and meth-
odologically different, each planned for specific aims and each 
performed employing particular human samples, which are differ-
ent in each study for a number of features, such as sex rates, age of 
participants, ethnic origins, psychiatric disorders and more. No 
mathematical analysis was performed to test our hypothesis. Only a 
large database with a number of clinical features would allow this 
to be performed. Moreover, we hypothesized correlations among
different phenotypic aspects on the basis of their linear association 
with the serotonin transporter gene, but we do not have evidence 
that such phenotypes actually correlated with each other. An in-
triguing field of research could be focused on this issue, testing co-
occurring features influenced by the serotonin transporter gene or 
other genes that modulate such broad systems.  

 In conclusion, summarizing the huge amount of studies on a 
topic could be advantageous, as potentially helpful to gain a com-
prehensive view of a complex argument, to address innovative in-
vestigations and acquire new data. It is in fact now generally be-
lieved that only widening the search of liability genes to very broad 
phenotypes we could understand their effect [54]. We thus here also 
suggested a simple methodology to resume focused data in complex 
phenotypic models, as a starting-point for future researches on the 
role of crucial genes in modulating complex human behaviors. 
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Abstract
Clinicians face everyday the complexity of depression. Available pharmacotherapies and
psychotherapies improve patients suffering in a large part of subjects, however up to half of
patients do not respond to treatment. Clinicians may forecast to a good extent if a given patient
will respond or not, based on a number of data and sensations that emerge from face to face
assessment. Conversely, clinical predictors of non response emerging from literature are largely
unsatisfactory.

Here we try to fill this gap, suggesting a comprehensive assessment of patients that may
overcome the limitation of standardized assessments and detecting the factors that plausibly
contribute to so marked differences in depressive disorders outcome.

For this aim we present and discuss two clinical cases. Mr. A was an industrial manager who came
to psychiatric evaluation with a severe depressive episode. His employment was demanding and
the depressive episode undermined his capacity to manage it. Based on standardized assessment,
Mr. A condition appeared severe and potentially dramatic. Mrs. B was a housewife who came to
psychiatric evaluation with a moderate depressive episode. Literature predictors would suggest
Mrs. B state as associated with a more favourable outcome.

However the clinician impression was not converging with the standardized assessment and in
fact the outcome will reverse the prediction based on the initial formal standard evaluation.

Although the present report is based on two clinical cases and no generalizability is possible, a
more detailed analysis of personality, temperament, defense mechanisms, self esteem,
intelligence and social adjustment may allow to formalize the clinical impressions used by
clinicians for biologic and pharmacologic studies.

Published: 7 February 2007

Annals of General Psychiatry 2007, 6:5 doi:10.1186/1744-859X-6-5

Received: 29 November 2006
Accepted: 7 February 2007

This article is available from: http://www.annals-general-psychiatry.com/content/6/1/5

© 2007 Serretti et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Page 1 of 12
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17286859
http://www.annals-general-psychiatry.com/content/6/1/5
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


Annals of General Psychiatry 2007, 6:5 http://www.annals-general-psychiatry.com/content/6/1/5
Background
Treatment evaluation and guidelines relies mainly on
published clinical trials. Unfortunately clinicians face an
everyday clinical practice that can differ in terms of effi-
cacy and prediction of outcome. This leaded to criticize
the clinical trial method [1,2]. The difference is mainly
due to the fact that in the clinical practice a much higher
number of variables is taken into account. In fact case
reports yield much more information and are closer to
clinical practice [3]. This gap is particularly troublesome
for biologic and genetic research where effects are subtle
and wide [4,5].

As an attempt to fill this gap we are presenting two clinical
cases of depressed subjects that are much similar in terms
of traditional assessment but substantially differ when a
more detailed analysis is applied. This could constitute a
suggestion for inclusion of such detailed assessment in
clinical trials and biologic analyses.

To pursue this goal we have chosen a battery of tests that
explore the whole human complexity, according to the
holistic approach of the biopsychosocial model of medi-
cine, which considers patient illness like a combination of
a large quantity of biological, psychological and social fac-
tors interacting with each other [6], and according to
W.H.O. concept of health, like "a complete state of phys-
ical, mental and social well-being" [7].

We have therefore considered a number of features that
have been suggested, at a variable degree of certainty, as
associated with outcome [8-19]. We included in the anal-
ysis heredity, intrapsychic aspects (temperament and per-
sonality traits, personality disorders, defensive
mechanisms, locus of control, coping styles, self esteem),
cognitive features and social features. In order to measure
those features, we tried to use validated and reliable
instruments, when available. Informed consent has been
obtained by the two subjects in compliance with the Hel-
sinki Declaration in the context of approval of the local
ethical committee for the study.

Although a follow up of a large cohort of depressed sub-
jects investigated at baseline would be the correct strategy
to investigate this issue, practical limitations do not allow
such a study to be performed. The only comprehensive
naturalistic follow up to date is the STAR*D study which,
with a large effort and a multicentric approach, only tar-
gets resistant depression and it includes only a very lim-
ited number of predictive variables [20]. We therefore
propose a very preliminary strategy of comprehensive
assessment in line with the evidence of the complex pat-
tern of determinants of depressive disorders [21-24].

The use of this wide-ranging assessment is also motivated
by the fact that clinical predictors of non response emerg-
ing from literature are largely unsatisfactory [25]; so it is
currently accepted that the coexistence of a broad number
of factors contributes to the resistance to therapy response
and in this paper we have tried to investigate this issue.

The double aim of this paper is to suggest a comprehen-
sive assessment of mood disorders patients that may over-
come the limitation of standardized assessments and to
detect factors that plausibly contribute to the well known
marked differences in depressive disorders outcome.

Mr. A
Mr. A is a fifty-year-old industrial manager. Striking
politeness and respectfulness characterize him – he
defines himself a "medieval knight". His inclination
toward cooperation contributes to the fluency of inter-
views.

He describes himself like a good planner and his life style
reflects it: he got a degree in engineering with full marks at
twenty-five years old, something that made him very
proud; at twenty-six he did military service, he took the
qualifying examination and he began to work in a design
laboratory of a small business; at twenty-seven he got mar-
ried with a woman of the same age and they gave birth to
a daughter when he was thirty, an experience that he
defined hard but of immeasurable joy.

To spoil these plans several depressive episodes have
cropped up. At twenty-six years old, in the period of the
first employment, Mr. A began to suffer depressive symp-
toms: persistent sadness, loss of interest in activities, psy-
chic anxiety, weight loss (3–4 kilograms), sleeping
difficulty, especially waking too early, sluggishness, lack
of energy, tiredness, inappropriate guilt and loss of confi-
dence, thinking and concentrating difficulties. Mr. A
imputed this collapse to difficulties and incomprehen-
sions in the business framework. He came to psychiatric
evaluation and he was treated with clinical management
and pharmacological therapy (clomipramine, dose
unknown). After the therapy response and the symtoma-
tological remission, Mr. A got married and this event, in
conjunction with the experience of paternity, helped him
to become settled and to pass years of composure.

From the age of forty-five years old other three depressive
episodes followed, concomitant with stress in the com-
pany context. These three episodes, with similar symp-
tomatology of the first, occurred respectively when he was
forty-five, forty-seven and forty-eight years old. Each epi-
sode was treated with clinical management and the same
pharmacological medication (fluvoxamine 200–300 mg
and mirtazapine 15 mg), with positive response and com-
Page 2 of 12
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plete symtomatological remission. The time course of
Hamilton Rating Scale for   Depression (HAM-D) scores in
the first (index) episode at 45 years was 23 at baseline and
in the following 7 weeks was: 23, 18, 17, 16, 8, 8, 2. The
present score of his depressive symptoms   assessment,
carried out with the use of the HAM-D, is 2 (at the item 6,
Late Insomnia, 2 = Unable to fall asleep again if he gets
out of bed).

A number of stressful life events were concomitant with
the occurrence of depression, besides dissatisfactions in
job; Mr. A himself made a list of the "heavy events": the
death of his father, several organic diseases of his wife and
daughter, the country home devastated by an earthquake,
the job burden of his wife.

Moreover, two years ago, Mr. A's daughter began to show
marked psychopathology which will be diagnosed as
Bipolar Disorder, type I. Nevertheless, in this time, Mr. A
did not show other depressive signs. He referred to feel
himself changed, capable to consider events with detach-
ment, perhaps thanks both to pharmacological treatment,
which is still taking, and self-discipline learned with the
help of meditation and physical activity.

So, contrary to all expectations, Mr. A condition, at the
beginning apparently severe, has completely recovered
and, at the present time, seems to be steady.

Mrs. B
Mrs. B, a sixty-year-old small looking frightened woman
came to psychiatric evaluation after the death of her hus-
band, at fifty-one years. From the first interview her frailty
was clear. She had few hopes about her recovery.

She felt deeply depressed and anxious, with symptoms
like persistent sadness, inappropriate crying, feelings of
worthlessness, hopelessness, complete loss of self esteem,
loss of interest in activities, agitation and psychic anxiety,
appetite and weight loss, sleeping difficulty, lack of
energy, tiredness, thinking difficulty, impaired concen-
trating and making decisions, fear of the future, difficul-
ties in relationships and social withdrawal.

She lived in an isolated setting, incapable to do anything.
Difficulties to find the right pharmacological medication
became visible quite early because of the absence of any
response (amitryptiline not tolerated, amisulpiride 50
mg, citalopram 60 mg, paroxetine 50 mg, clomipramine
150 mg, pindolol 20 mg, mirtazapine 60 mg, trazodone
100 mg, lithium 600 mg, venlafaxine 375 mg, olanzapine
10 mg, fluoxetine 60 mg, all for extended periods and in
various combinations).

In truth, the first distress sign came into sight when, at the
age of twenty-seven, Mrs. B had an abortion. This awful
experience damages her everyday-life and forced her in
bed for a long time. Unfortunately, other two subsequent
abortions, at twenty-nine and thirty-two years old,
shocked Mrs. B. She described this period like character-
ized by ups and downs: the delighted moments during
pregnancy and the deep grief of lost and mourning fol-
lowed one upon the other without a break. Besides feeling
depressed, Mrs. B suffered of panic symptomatology (rac-
ing heartbeat, excessive sweating, trembling, breathless-
ness, chest discomfort, nausea, dizziness, feeling of
derealization, fear of losing control), which impaired her
life, compelling her to avoid crowded places and circum-
stances like travel by underground, tram or air.

Providentially, at the age of thirty-four years old, Mrs. B
gave birth to a son. She stopped to work (she was a tailor)
and devoted herself to her son. The uneasiness feelings
considerably diminished, even though anxiety and panic
attacks were always present.

Nevertheless, after her husband death, her condition got
worse and, at the present time, no treatment, neither clin-
ical management nor pharmacological therapy, has any
effects on mood and anxiety symptomatology. The
present score of her depressive symptoms assessment, car-
ried out with HAM-D, is 24. The score is substantially sta-
ble over time.

Besides the three abortions and the loss of her husband,
the death of both parents and two brothers has contrib-
uted to Mrs. B manifestation of depression.

Also regarding Mrs. B condition, expectations based on
standard research criteria, in this case of a good response,
were misleading.

Hereditary features
In accordance to the principles of formal genetics, sharing
a portion of genetic heritage increases the risk of being
affected by the same disease.

Both Mr. A and Mrs. B have other cases of depressive dis-
orders in their families, but with substantial differences:
Mr. A mother was affected by depressive disorder and
showed an anxious temperament; moreover, the bipolar
disorder of Mr. A daughter strengthen the genetic hypoth-
esis. On the contrary, only Mrs. B mother aunt was
affected by depression and anxiety, pharmacologically
treated. Therefore, the genetic load is more marked in Mr.
A compared to Mrs. B. This is usually an indication of
more 'typical' mood disorder compared to sporadic cases
[26] and it has been described as more responsive to treat-
ments [27,28].
Page 3 of 12
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Intrapsychic features
Temperament and personality traits
Personality can be defined as a complex of psychological
and behavioural dimensions [29,30]. Several theories
attempted to define what is personality and descriptions
of human personality are so many as theories are. Among
these, the bio-social theory of Cloninger gave an original
and successful contribution, describing a model that
incorporates both biological and socio-cultural influences
in the development of human personality [31]. His model
was based on the assumption that a part of the individ-
ual's personality is heritable. In particular, he hypothe-
sized that personality is composed both by Temperament,
the totality of traits which are heritable and stable
throughout life, and Character, the whole traits that are
influenced by socio-cultural learning and that mature
throughout life. Temperament consists of four traits, so
called Harm Avoidance, Novelty Seeking, Reward
Dependence and Persistence. Harm Avoidance denotes
the individual's inclination to behavioral inhibition in
front of potentially dangerous stimuli and to anticipate
negative effects; Novelty Seeking relates to exploratory
behaviors and activation in response to novel stimuli;
Reward Dependence concerns relational and affective
skills but also other dependencies; finally Persistence
characterizes industrious, hard working and stable indi-
viduals despite frustration and fatigue. Character consists
of three dimensions: Self-Directedness, Cooperativeness
and Self-Transcendence. Self-Directedness expresses the
individual's competence towards autonomy, reliability
and maturity; Cooperativeness is related to social skills,
like support, collaboration and partnership; finally, Self-
Transcendence denotes the aptitude towards mysticism,
religion and idealism.

The Temperament and Character Inventory (TCI), a 240
items tool to assess individuals differences in the seven
basic dimensions of Temperament and Character [32], was
administered to both Mr. A and Mrs. B (Table 1). Mr. A
showed high scores in Harm Avoidance (100), Reward
Dependence (104), Persistence (126), Self-Directedness
(146) and Cooperativeness (132) and low scores in Nov-
elty Seeking (87) and Self-Transcendence (50). Mrs. B

showed similar scores to Mr. A in Reward Dependence
(109) and Novelty Seeking (86). In comparison with Mr.
A, she had higher scores in Harm Avoidance (128), Coop-
erativeness (147) and Self-Transcendence (66), even if
Self-Transcendence score remains low, and she had lower
scores in Self-Directedness (138) and Persistence (103).

So, Mr. A appears quite inhibited and responsible, pur-
poseful, goal-oriented and resolute. Differently, Mrs. B
seems to be much more timorous and inhibited toward
potentially dangerous stimuli or social circumstances, and
less mature and tenacious, although more collaborative.

Numerous studies have found high scores in Harm Avoid-
ance trait in samples of patients affected by mood disor-
ders [32-35]; this fact fortifies the hypothesis of a link
between depression and withdrawal like reaction to loss
or disappointment [36].

Moreover, also low Novelty Seeking and low Self-Direct-
edness represent trait markers for liability to recurrent
major depressive disorder [34,35,37].

Therefore, we can hypothesize that the higher introver-
sion and lower responsibility and maturity of Mrs. B could
have contributed to the negative outcome of therapies.
Nevertheless, it must be said that Harm Avoidance trait is
gender-specific and generally scores are higher in women
than men [38-42]. Moreover high Harm Avoidance scores
could be directly related to the depressive symptomatol-
ogy [32].

Personality disorders
Both Mr. A and Mrs. B were investigated for Axis II diag-
noses using the Structured Clinical Interview for the DSM-
IV (SCID-II) [43].

Mr. A suffers from an Obsessive-Compulsive Personality
Disorder, with symptoms like: excessive attention to
details, rules, lists, tidiness, organization, plans; excessive
conscientiousness, meticulousness, rigorousness and ide-
alism; incapability to get rid of consumed and no value
objects; rigidity and obstinacy.

Table 1: Mr. A and Mrs. B TCI scores in comparison with minimum and maximum values.

Temperament and 
Character dimensions

Minimum Scores Mr. A Mrs. B Maximum Scores

Harm Avoidance 33 100 128 165
Novelty Seeking 35 87 86 175

Reward Dependence 30 104 109 150
Persistence 35 126 103 175

Self-Directedness 40 146 138 200
Cooperativeness 36 132 147 180

Self-Transcendence 26 50 66 130
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Differently, Mrs. B has an Avoidant Personality Disorder,
with traits like: avoidance of job activities that imply sig-
nificant interpersonal relationships due to the fear of crit-
icism and judgment; avoidance of interpersonal
relationships if there is no certainty of being accepted;
inhibition in interpersonal relationships and inadequacy
feelings; feelings of inferiority; reluctance toward new
activities. Moreover, Mrs. B shows a number of traits of
Dependent Personality Disorder (like difficulties to
express disagreement, difficulty to do things autono-
mously, fear of being alone and need of support) and sev-
eral traits of Obsessive-Compulsive Personality Disorder
(perfectionism interfering with completing activities,
excessive conscientiousness and idealism; incapability to
get rid of consumed and no value objects).

In literature, up till now, there is evidence of the fact that
the occurrence of a personality disorder is high among
depressive disorders [44] and complicates their treatment
[45,46], though evidence is not unequivocal [47].

In particular, Cluster C Personality Disorders, including
Avoidant, Dependent and Obsessive-Compulsive sub-
types, has been largely investigated. Firstly, Cluster C sub-
types seem to predominate between personality disorders
in mood disorder samples [48-52]. Secondly, it was
observed that a Cluster C diagnosis was associated with
significantly higher rates of early-onset depression [49].
Several recent studies have replicated these findings:
Nubukpo and colleagues observed that the frequency of
personality disorders was higher in patients with early-
onset depression rather than in those with late-onset
depression; moreover, between the early-onset depressed
patients, the most frequent personality disorders were
Avoidant and Dependent [53]. Thirdly, patients with both
panic disorder and major depression showed higher
Harm Avoidance levels and a greater prevalence of Cluster
C personality disorders, compared to patients with pure
disorders [54]. Moreover, Russell and colleagues, in a
study previously mentioned, observed that a Cluster C
diagnosis was associated with comorbid anxiety disorder
[49].

Finally, Cluster C subtypes emerged as robust predictors
of slowed remission from major depressive disorder. In
two different studies Viinamaki and collaborators investi-
gated whether Cluster C personality disorder is associated
with recovery from depression and found an association
between lack of recovery and presence of Cluster C per-
sonality disorder. In detail, among patients with depres-
sion alone, 54% had recovered from the disorder, but
only 16% of those with a Cluster C personality disorder
and depression recovered [55,56]. Grilo and colleagues
observed that participants with major depressive disorder
who had certain forms of coexisting personality disorder

psychopathology (Avoidant, Schizotypal or Borderline)
had a significantly longer time to remission from depres-
sion than did patients without any personality disorder
[57]. Moreover, Morse and colleagues observed that Clus-
ter C was associated with longer time-to-response during
acute treatment and non-response in continuation or
maintenance treatment. Although not statistically signifi-
cant, there was evidence of a cumulative negative impact
of Cluster C personality disorder and residual depressive
symptoms on instrumental activities of daily living during
maintenance treatment [58].

Also negative results were reported: in a sample of
depressed patients, one comorbid personality disorder
was of limited relevance to the course of the affective ill-
ness, especially if it was a Cluster C personality disorder
[59].

Nevertheless, summarizing, the large quantity of positive
studies justifies the assumption that the diagnosis of a
Cluster C personality disorder could be associated with
early-onset depression and comorbid anxiety disorder
and it hinders the alleviation of depressive symptoms in
major depression.

Consequently, we can hypothesize that Mrs. B repeated
treatment failures was due to the specific structure of her
personality, in which coincident traits of three personality
disorders have been crystallized in a maladaptive organi-
zation. These conclusions could be connected to temper-
amental considerations: actually, Cluster C personality
disorders were found related just with high Harm Avoid-
ance, low Novelty Seeking and low Self-Directedness [60],
therefore this fact makes Mrs. B personality profile
emblematic.

For what concerns Mr. A, his personality organization
appears more adaptive: in fact, he shows only one person-
ality Disorder – Obsessive-Compulsive – which further-
more probably represents an important resource for him,
especially in the job field.

Defense mechanisms
We have also considered the defense mechanisms of Mr.
A and Mrs. B, administering them the 88 items Defense
Style Questionnaire (DSQ) by M. Bond [61], recently val-
idated on Italian sample [62]. The questionnaire allows
the identification of four defensive mechanism styles, rep-
resenting groups of defenses classified from more imma-
ture, and therefore maladaptive, to more mature and
adaptive (Table 2).

This questionnaire has consented us to analyze the preva-
lent defensive styles of Mr. A and Mrs. B (Table 3). Their
scores are similar to those of healthy Italian sample [62],
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with the exceptions of Mr. A scores in Anticipation and
Sublimation and Mrs. B scores in Reactive Formation,
Inhibition and Isolation, higher in comparison with those
of healthy sample.

Analysing scores different from the control sample, two
Mr. A defensive mechanisms are more adaptive. Anticipa-
tion and Sublimation, in which he obtained higher scores,
are mature defenses. Mr. A usually faces up to emotional
conflicts or internal and external stressful life events in
two adaptive way: 1) anticipating and prefiguring his
affective reactions towards future possible events or antic-
ipating the consequences and the solutions of these events
(Anticipation); 2) channeling potentially maladaptive
affects and impulses in socially appreciated behaviors, like
sport, sculpture and painting (Sublimation). Abraham
was the first who underlined the possible link between
depression and specific defenses like sublimation: he
describes in a brilliant way how the painter Giovanni Seg-
antini recreated in his works the love for his mother [63].

On the contrary, several Mrs. B defensive mechanisms
appear maladaptive. Reactive Formation, Inhibition and
Isolation are neurotic immature defenses. Mrs. B usually
faces up emotional conflicts or internal and external
stressful life events in three maladaptive way: 1) with
behaviours, thoughts and affects opposite to her own
unacceptable thoughts and feelings (Reactive Formation);
2) reducing relational capacity to avoid the anxiety associ-
ated to unacceptable internal conflicts (Inhibition); 3)
removing affects related to concepts and maintaining only
cognitive elements (Isolation). M. Klein, in her first stud-
ies about early anxieties, placed two different defense

mechanisms like Isolation and Splitting close together: it
can suggest that the psychological condition of Mrs. B is
nearer to a higher level of loss anxiety and it needs early
defenses [64].

We can hypothesize that the maturity of Mr. A defenses
has a protective function, while the immaturity of Mrs. B
defenses could be a further factor explaining the absence
of any therapy response. In fact, in the same line of evi-
dence, Mullen and collaborators, comparing treatment
responders and non-responders of a major depressive dis-
order sample, found that medication responders used sig-
nificantly less maladaptive defenses than did non-
responders and had a significantly higher or healthier
level of overall defensive functioning [65]. Nevertheless, it
is essential to underline that the individual defensive style
could be also modulated by depressive mood itself. More-
over, in a study over mentioned, immature defenses
seemed to be strongly related to low Self-Directedness and
both Self-Directedness scores and immature defense
scores were predictive of the presence and number of per-
sonality disorders [60]. Mrs. B particular profile supports
these data.

Locus of control
We have also considered the locus of control of Mr. A and
Mrs. B, administering them the 24 item Internal, Powerful
Others and Chance Scales (IPC Scales) by H. Levenson
[66]. The scale has been validated on Italian sample [67].

Locus of control refers to an individual's generalized
expectations concerning where control over subsequent
events resides. Hannah Levenson offered an alternative

Table 2: The defensive styles according to Bond [61].

Style 1: Reflects a regressive situation and highlights behavioural disorders. The patient appears incapable of integrating his own impulses in a 
constructive and responsible action. It includes defenses that are commonly considered immature

Autistic withdrawal, acting-out, inhibition, passive aggression, projection

Style 2: Identifies problems in relationships and includes defenses that "distort the image" more than defenses concerning action. Such a defensive 
structure disturbs the object relations while it does not interfere with social and work fulfilment; in literature these are defenses associated with 
borderline and narcissistic disorders

Splitting, primitive idealization, omnipotent devaluation

Style 3: Includes "self-sacrificing" defenses (for instance the compulsion to "appear good"); it poses problems more on the level of creative 
capabilities rather than relational ones, allowing in this last field stable object relations even if not necessarily "healthy" ones (i.e. masochistic 
relations)

Reactive formation, pseudo-altruism

Style 4: It is also defined as "adaptive"; including defenses associated with a good adjustment and a good integration

Sense of humour, repression, sublimation
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model of Rotter's original locus of control formulation
[68]. Whereas Rotter's conceptualization viewed locus of
control as unidimensional (internal to external), Leven-
son's model asserts that there are three independent
dimensions: Internal, Powerful Others and Chance.
According to Levenson's model, one can endorse each of
these dimensions of locus of control independently and at
the same time. For example, a person might simultane-
ously believe that both oneself and powerful others influ-
ence outcomes, but that chance does not. The IPC Scales
allow the identification of the three locus of control
dimensions.

Mr. A and Mrs. B scores are similar to those of healthy Ital-
ian sample [67] (Table 4).

Nevertheless, Mr. A Internal score is higher than Mrs. B
one (40 versus 28) and Mr. A Chance score is lower (18
versus 25). The prominent internal locus of control of Mr.
A represents a resource: he is certain to control events of
his own life, to obtain success thanks to hard work and to
his own capacities and talent. Mrs. B has a less strong
internal locus of control and she scarcely believes to the
influence of fortune in determining her life.

It is essential to consider that these features could also be
altered by the specific disorder outcome: Mr. A positive
response and complete stable recover could have contrib-
uted to his confidence, while Mrs. B repeated unsuccessful
treatments have certainly emphasized her feelings of pow-
erlessness.

Coping styles
Besides, we have considered the coping styles of Mr. A and
Mrs. B, administering them the 28 items Brief COPE by
Carver [69] (Table 5). It has not been validated in Italy.
The questionnaire allows the identification of fourteen
coping styles: Positive Reorganization, Attention With-
draw, Expression, Instrumental Support, Operatively Fac-
ing Up, Negation, Religion, Humor, Behavioral
Disengagement, Emotional Support, Substance Use,
Acceptation, Planning, Self Blaming.

We focused our attention on marked differences between
the two patients (≥ 4). Mr. A uses more adaptive and prag-
matic coping strategies like Operatively Facing Up, Accep-
tation and Planning. Nevertheless, Mrs. B seems to have a
positive, essential resource too: the support of Religion.
Moreover, she usually looks for advices and aids from oth-

Table 3: Mr. A and Mrs. B DSQ mean scores and healthy sample mean scores. The asterisk indicates deviance from normal values on 
the basis of standardized distance from the population mean and significance of the mechanism on the basis of the number of items.

Defense Mechanisms Healthy Men Sample Scores 
(Mean ± SD)

Mr. A Scores Healthy Women Sample Scores 
(Mean ± SD)

Mrs. B Scores

Acting-out 3.52 ± 1.77 4.8 4.06 ± 1.66 4.4
Affiliation 2.79 ± 2.05 5 3.48 ± 2.24 5
Undoing 2.67 ± 1.67 2 2.60 ± 1.80 4.33
Anticipation 4.86 ± 2.10 7.5* 4.97 ± 2.13 6.5
Passive aggressive 2.74 ± 1.47 2.8 2.81 ± 1.45 2.4
Consumption 1.94 ± 1.67 2.33 2.56 ± 1.70 1.33
Denial 1.80 ± 1.29 3.5 1.43 ± 1.32 3
Fantasy 4.52 ± 2.87 6 4.78 ± 2.83 5
Reaction formation 2.80 ± 1.60 3.8 2.93 ± 1.60 5.2*
Primitive idealization 3.14 ± 2.29 4 3.62 ± 2.58 6.5
Projective identification 0.98 ± 1.86 1 1.51 ± 2.45 5
Inhibition 2.96 ± 1.72 3.8 3.56 ± 1.84 7*
Isolation 3.10 ± 1.65 3 2.47 ± 1.59 4.5*
Help-rejecting complaining 2.22 ± 1.97 2 2.28 ± 1.96 4
Omnipotence 2.71 ± 1.61 2.5 2.27 ± 1.58 1.33
Task-orientation 4.87 ± 2.37 6.5 5.18 ± 2.12 2.5
Projection 1.62 ± 1.06 2.44 1.79 ± 1.19 2.44
Pseudo-altruism 5.69 ± 2.10 7 6.22 ± 1.91 8
Regression 2.30 ± 2.02 5 3.31 ± 2.12 6.5
Suppression 3.94 ± 2.08 5 3.58 ± 2.18 3
Withdrawal 4.56 ± 2.05 6.33 5.47 ± 1.93 7.33
Splitting 3.45 ± 2.09 4 3.40 ± 1.98 4.67
Somatization 1.97 ± 2.09 4 2.97 ± 2.28 5.5
Sublimation 2.05 ± 2.65 5* 2.60 ± 2.98 5
Humor 4.69 ± 1.84 4.33 4.57 ± 1.93 4.33
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ers (Instrumental Support); this coping style could be the
result of Mrs. B dependent personality traits (like difficul-
ties to do things autonomously).

Self esteem
To assess Mr. A and Mrs. B self esteem we have adminis-
tered them the 10 items Self Esteem Scale by Rosenberg
[70]. We would expect to observe Mrs. B scores lower than
Mr. A ones, also considering her depressive symptomatol-
ogy. Nonetheless, contrary to all expectations, their self
esteem level did not differ. This fact is contrasting with the
observation of lower self esteem in euthymic depressed
subjects [71] and we are unable to explain this other that
some contingent factor that could have influenced it.

Cognitive features
The Wechsler Adult Intelligence Scale – Revised (WAIS-R)
[72] was administered to Mr. A and Mrs. B to evaluate
their cognitive functioning and their intelligence quo-
tient.

Mr. A Total IQ was 136, Verbal IQ 126 and Performance
IQ 138; Mrs. B obtained lower scores: Total IQ was 112,
Verbal IQ 104 and Performance IQ 121. Mr. A scores
would suggest that he has more cognitive resources than
Mrs. B, but, considering that WAIS-R assesses also the

individuals education level, we could observe that the dif-
ferences between the two scores could be due to the dis-
parity of Mr. A and Mrs. B education years (18 in the case
of Mr. A versus 5 in the case of Mrs. B). Furthermore, their
different occupations, in terms of cognitive involvement,
(industrial manager versus housewife) could influence
the outcome.

Finally, cognitive function has been found impaired dur-
ing acute episodes, particularly attention, learning and
memory, psychomotor functioning and frontal executive
functions [73] and this could be another possible expla-
nation of the difference in the two scores [74]. Consider-
ing all these observations, it is possible to state that both
patients have good cognitive resources.

Social features
Social adjustment
We have also considered the social adjustment of Mr. A
and Mrs. B (Table 6), administering them the Social
Adjustment Scale Self-Report (SAS-SR) [75]. The ques-
tionnaire has been validated in many countries including
Italy and it evaluates six adjustment areas: Work, Spare
Time, Family, Children, Family Unity, Finance.

Considering the fact that higher scores correspond to
higher impairment, we can observe that Mrs. B reported
scores that evidence some impairment in the social func-
tioning. This has been previously observed for patients
with mood disorder even in their remission phase
[71,76]. Mr. B functioning, compared with control one, is
worse in all areas, with the exception of Family field.
Moreover, comparing Mr. A and Mrs. B scores, a relevant
divergence could be detected in the Spare Time area (1.8
versus 3.2).

Since social functioning can be evaluated as an outcome
of treatment [77], Mrs. B higher social impairment has
surely been modulated by the absence of any positive
effect.

Morningness-eveningness preference
Finally, we have evaluated Mr. A and Mrs. B morningness
or eveningness preference administering them the Morn-
ingness-Eveningness Self-Assessment Questionnaire [78].

Table 5: Mr. A and Mrs. B Brief COPE mean scores. The asterisk 
indicates marked differences between the two patients (≥ 4).

Coping Styles Mr. A Scores Mrs. B Scores

Positive Reorganization 4 6
Attention Withdraw 2 5
Expression 7 5
Instrumental Support 2 7*
Operatively Facing Up 8* 4
Negation 2 3
Religion 2 8*
Humor 4 5
Behavioral Disengagement 2 5
Emotional Support 6 5
Substance Use 2 2
Acceptation 8* 4
Planning 8* 4
Self Blaming 7 4

Table 4: Mr. A and Mrs. B IPC Scales mean scores and healthy sample mean scores.

Locus of Control scales Healthy Men Sample Scores 
(Mean ± SD)

Mr. A Scores Healthy Women Sample Scores 
(Mean ± SD)

Mrs. B Scores

Internal 32.54 ± 8.35 40 30.35 ± 9.12 28
Powerful Others 18.16 ± 8.59 8 17.04 ± 8.67 9
Chance 19.16 ± 8.92 18 20.94 ± 8.40 25
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Since mood disorders are characterized by circadian
rhythm abnormalities [79], we tried to analyze both Mr. A
and Mrs. B rhythm profile. Mr. A reported morningness
preference scores markedly higher than Mrs. B one (71
versus 47).

Recent studies showed that a single nucleotide polymor-
phism (T3111C), located in the 3' flanking region of the
human CLOCK gene, was associated with diurnal prefer-
ences of human healthy subjects, with higher eveningness
in subjects carrying at least one copy of the C allele [80].
In another study the possible role of the same polymor-
phism in the regulation of diurnal mood fluctuations dur-
ing a major depressive episode was investigated; Authors
observed a significantly worse outcome in homozygotes
for the C variant [81].

Consequently, it is possible to hypothesize a link between
eveningness and higher recurrence and, also in this case,
Mrs. B condition could be representative of this connec-
tion.

Conclusion
This manuscript aimed to analyse in depth the mixture of
aspects contributing to depressive disorders outcome. It is
interesting to consider that, from the standard assessment
point of view, Mr. A and Mrs. B differ one from another
only for what concerns therapy response: both are affected
by recurrent major depression, no major somatic or neu-
rologic disorder is present, no other DSM-IV axis I comor-
bidity. Subsequently, patients with so divergent clinical
history in standard research terms are similar. On the con-
trary, the complexity and heterogeneity of the individual
case should be meticulously taken into account.

Summarizing, we can consider Mr. A depression like
adaptive since it has facilitated detachment and a more
balanced involvement in his life. In fact, depressive disor-
der has long been explored in terms of adaptive and mala-
daptive functions [82]. Some depressive disorders, at mild
levels, can be adaptive if they enable individuals to disen-
gage from aversive environments and to relocate or elicit
new resources from the environment [83-85]. Moreover,
Mr. A meticulousness and his strict involvement in work-

ing area could have an essential protective function for
him.

On the contrary, in Mrs. B case depression has maladap-
tive functions. The impact of prior pharmacological inter-
ventions on Mrs. B may have been adversely affected by
several factors: 1) personality factors such as high Harm
Avoidance and low Novelty Seeking and Self-Directed-
ness; 2) Avoidant Personality Disorder, which prevents
Mrs. B from putting her energy in new social situations; 3)
Dependent Personality traits and their combination with
the loss of her husband; 4) immature defensive mecha-
nisms at intrapsychic level; 5) a therapeutic alliance prob-
ably based on omnipotence attributions. We can also
hypothesize a different way to react to previous losses and
aversive environments: Abraham indicates, among the
factors of melancholia, the repeating of situations of loss
and mourning [86]. This different way can be found in
specific personality organization in which is very difficult
to promote the change [87].

Subsequently, we could notice that the role of intrapsy-
chic factors as clinical predictors of non response appears
fundamental in the cases presented, especially for what
concerns the constellation of individual temperament
and personality traits, personality disorders, defensive
mechanisms and locus of control. Nevertheless, this pres-
entation has only a suggestive aim, given that no formal
(statistical) demonstration has been provided of the pre-
dictive value of the reported factors. The differences we
observed could be due to chance variations, however we
observed associations with poor outcome that were in the
direction hypothesized by the a-priori knowledge (e.g.
dependent personality profile, lack of maturity, lack of
social support) but that have never been joined in a com-
prehensive assessment.

This last point is the main limitation of our paper: as we
stated in the introduction section we did not perform a
large, prospective, cohort study with a comprehensive
assessment. Such a study would require an extraordinary
organizational and economic effort. Even the largest fund-
ing agency available to date did only organize a much
smaller follow up [20]. We are also aware that two sub-

Table 6: Mr. A and Mrs. B SAS-SR mean scores.

Social Adjustment Areas Healthy Sample Scores (Mean ± SD) Mr. A Scores Mrs. B Scores

Work 1.24 ± 0.56 1.5 1.7
Spare Time 1.77 ± 0.43 1.8 3.2
Family 1.56 ± 0.39 1.2 1.4
Children 0.76 ± 0.80 1 1.5
Family Unity 1.07 ± 0.68 1 1.7
Finance 1.25 ± 0.56 1 2
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jects, of different sex, can be only described and no gener-
alizability is possible.

The choice of the test is also a crucial point. A number of
features could be measured with a number of instru-
ments. This article is not aimed for a review of all possible
predictors [10,13,14,16,17]. We followed the guideline of
investigating features previously associated with outcome
and using validated instruments used in previous studies.
The indications we reported may therefore be of use for
larger studies where some of the features we propose
could be included. This would improve informativeness
and generalizability of clinical trial results [1,88].

Further, a more detailed dissection of depressive status
could be of benefit for biologic and specifically genetic
studies, where the small variances explained by single
gene variant require a careful control of environmental
confounders [4]. Alternatively genes may themselves con-
trol for basic features [89] such as temperament [90,91],
drug response [92], IQ [93], or complex combinations of
features [5].

In conclusion, we suggest that the inclusion of a set of
assessment that more deeply investigate the patient status
may help in filling the gap between routine clinical activ-
ity and standardized assessments for pharmacologic or
biologic studies.

Key points
- Clinical trial samples are scarcely representative of 'real'
patients

- Standardized clinical assessment is very limited and does
not take into account many subtle variables that predict
antidepressant response in the everyday clinical practice

- Those variables include personality, temperament,
defense mechanisms, self esteem and social adjustment

- Inclusion of those variables in the evaluation is costly
but increases validity and representativity for clinical and
biologic studies
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Meta-analysis of serotonin transporter gene promoter
polymorphism (5-HTTLPR) association with selective
serotonin reuptake inhibitor efficacy in depressed patients
A Serretti1, M Kato1,2, D De Ronchi1 and T Kinoshita2

1Institute of Psychiatry, University of Bologna, Bologna, Italy and 2Department of Neuropsychiatry, Kansai Medical University,
Osaka, Japan

The serotonin transporter gene promoter polymorphism (5-HTTLPR) has been repeatedly
associated with antidepressant response in mood disorder patients, but findings are not
consistent across studies. A meta-analysis was performed on 15 studies including data of 1435
subjects. We tested three phenotypes: remission rate, response rate and response rate within
4 weeks using the cochrane review manager. We observed a significant association of the s/s
variant of 5-HTTLPR with remission rate (P < 0.0001) and both s/s and s/l variants with response
rate (P = 0.0002). Response rate within 4 weeks was associated in both models (P = 0.003–
P < 0.00001). This effect is quite robust to ethnic differences although a significant
heterogeneity is present in Asian samples.
Molecular Psychiatry (2007) 12, 247–257. doi:10.1038/sj.mp.4001926; published online 5 December 2006
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Introduction

Mood disorders have a large impact on social health,
with considerable both direct and indirect costs.1–4

Selective serotonin reuptake inhibitors (SSRIs) treat-
ment reduced their morbidity with a favorable side
effect profile. Unfortunately, not all individuals
benefit from treatment, and 30–40% of patients do
not show a complete response to treatment.5,6

The first step of SSRIs action is to inhibit the
serotonin transporter (5-HTT) and thus modulate the
serotonergic activity. The human gene encoding 5-
HTT is located on chromosome 17q–11.1-q12, it spans
31 kb and consists of 14 exons. Heils et al.7 reported a
functional polymorphism in the transcriptional con-
trol region upstream of the 5-HTT coding sequence
(5-HTTLPR). Since then, this polymorphism has been
the most widely studied in psychiatric genetics for its
high number of effects.8 Of particular interest is the
association with SSRI efficacy. Our group performed
the first studies, and tested the hypothesis that 5-
HTTLPR was related to the response to fluvoxamine
and/or augmentation with pindolol in 102 inpatients
with major depression.9 The carriers of the long allele
showed a better response to fluvoxamine compared to
those who were homozygous for the short allelic
variant. Following this pilot study, the association
between 5-HTTLPR and response in patients with

mood disorder has been investigated by a large
number of studies, but findings are not always
consistent. Significant associations between the long
variant and a good response have been reported, but
other studies did not confirm these findings.10,11

Meta-analysis are a powerful and useful tool to
investigate discrepant findings12 and this method
helped also in the possible association between 5-
HTTLPR and mood disorders.13,14

However, no article has pooled and analyzed all the
data from studies testing associations of 5-HTTLPR
with treatment response. The purpose of this study
is the reevaluation of the association between 5-
HTTLPR and clinical response to SSRIs treatment in
patients with mood disorders pooling existing studies
through a meta-analysis.

Materials and methods

To identify studies eligible for this meta-analysis, we
searched Medline for all publications available up to
July 2006 studying the association between SSRIs
treatments and 5-HTTLPR in depressive patients with
the key words affective, depression, mood, treatment
response, serotonin transporter promoter region
(SERTPR) and 5-HTTLPR. We also used reference
lists from identified articles and reviews to find
additional articles not indexed by MEDLINE. Studies
were included in the current meta-analysis if they
evaluated the association between clinical response
to SSRIs treatments and 5-HTTLPR in patients
diagnosed with major depressive disorder or bipolar
disorder according to DSM criteria. Studies were
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excluded from the analysis if outcome was not
evaluated as response or remission rate on a depres-
sion scale, and studies with overlapping patient
samples were excluded to only include the study
with the large number of patients. Authors were
contacted when data were not reported in the article.
Hardy–Weinberg equilibrium was examined in stu-
dies where genotype frequencies were included.9,15–25

Given the lack of unequivocal data for 5-HTTLPR
genotype pooling, we tested both dominant and
recessive hypotheses: l/l versus l/s-s/s and l/l-l/s
versus s/s. Outcome was defined with three pheno-
types: remission rate, response rate, and response rate
within 4 weeks. Subjects with pindolol augmentation
were excluded given the observed influence of
pindolol on the 5-HTTLPR effect.9

Remission was defined as a final Hamilton Rating
Scale for Depression (HAM-D) total score of 7 or less.
Response was defined as at least 50% decrease in
HAM-D or Montgomery and Asberg Depression
Rating Scale (MADRS) total score. In one study,17

response was defined as a 60% or greater decrease in
MADRS. Remission is a quite robust outcome defini-
tion but response is more sensitive although quite
non-specific. Moreover, the length of evaluation of
response varied largely between studies. We therefore
investigated separately response within 4 weeks of
treatment and response at any length of observation
(2–12 weeks). We focused on the response rate within
4 weeks because it is a sensitive measure to evaluate
speed of response. Many studies presented the out-
come of 4 weeks, while only three studies presented
outcome within 2 weeks, and 6 weeks was too a long
period to investigate speed of response.26

Remission was instead calculated at 6 weeks when
possible, and in defect of data we used different
observation lengths. When outcome data were not
available in the article, we requested data from the
author or estimated the number of response and
remission from the presented figures. Data were
entered into the Cochrane Collaboration review
manager software (RevMan version 4.2) and analyzed
by RevMan analysis 1.01. Heterogeneity between the
studies was assessed with w2 test. Individual and
pooled odds ratio (OR) and associated 95% CIs were
calculated. A fixed-effect model was used in all
analyses. We used the fixed-effect despite a moderate
heterogeneity across studies given that we had no
a priori reason to hypothesize data coming from
different populations and because of the main aim of
the present analysis being the identification of the
best estimate of a single effect size more than the
range of effect sizes across populations.12

Results

The literature search and selection produced 19
studies,9,15–25,27–33 but only 15 studies were included
in current meta-analysis, as listed in Table 1. Studies
by Kraft et al.28 and Minov et al.30 were excluded
because they included patients treated by a mixture of

antidepressants. The paper by Lee et al.29 was not
included because it did not use HAM-D or MADRS
but Clinical Global Impressions of Improvement (CGI)
score. The paper by Murphy et al.31 was not included
because data were not available. Two studies17,19 used
the DSM-III-R diagnostic criteria and all the other
studies applied the DSM-IV diagnostic criteria.

Analysis in the whole sample
Figure 1 presents ORs for the individual studies and
the pooled analyses in the l/l and l/s genotype versus
the s/s genotype subjects for the remission rate,
response rate and response rate within 4 weeks.
All studies except two showed an OR higher than 1.
The pooled OR of seven studies of remission rate
including 745 subjects was highly significant (2.21,
CI = 1.53–3.21, P < 0.0001) and there was no evidence
for heterogeneity across studies. Pooled OR of nine
studies of response rate including 944 subjects was
not significant (1.20, CI = 0.90–1.60, P = 0.21) but with
a significant heterogeneity across studies (P = 0.001).
When we considered only the five studies reporting
response rate within 4 weeks including 633 subjects
the effect of the 5-HTTLPR s/s genotype was again
significant (1.72, CI = 1.20–2.47, P = 0.003) with no
heterogeneity across studies.

We then pooled the l/l genotype versus the l/s and
s/s genotype and results were presented in Figure 2.
Pooled OR of seven studies of remission rate includ-
ing 745 subjects was 1.42 (CI = 0.98–2.04, P = 0.06)
with no heterogeneity across studies. On the other
hand, that of 10 studies of response rate including
1031 subjects was 2.01 (CI = 1.39–2.89, P = 0.0002)
with heterogeneity across studies, whereas the effect
in seven studies of response rate within 4 weeks
including 771 subjects was significant (OR = 2.57,
CI = 1.70–3.88, P < 0.00001) without heterogeneity
across studies.

To investigate whether ethnicity played a role in
confounding the association between 5-HTTLPR and
SSRIs response, we examined studies with Caucasian
and Asian subjects separately.

Analysis in Caucasian subjects
The pooled analyses and OR in the l/l and l/s
genotype versus the s/s genotype within Caucasian
subjects are presented in Figure 3. There was no
evidence for heterogeneity and all OR were higher
than 1. Pooled OR of five studies of remission rate
including 544 subjects was highly significant (2.37,
CI = 1.56–3.58, P < 0.0001), while the pooled OR of
four studies of response rate including 345 subjects
(1.53, CI = 0.90–2.59, P = 0.11) and the one of two
studies of response rate within 4 weeks including
208 subjects (1.37, CI = 0.65–2.88, P = 0.40) were not
significant, although greater than 1. Figure 4 pre-
sented the pooled analyses in the l/l genotype versus
the l/s and s/s genotype. Pooled OR of five studies
of remission rate including 544 subjects was
not significant (1.37, CI = 0.93–2.00, P = 0.11), whereas
the pooled OR of five studies of response rate
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including 432 subjects (1.74, CI = 1.10–2.76, P = 0.02)
and those of four studies of response rate within 4
weeks including 346 subjects (1.75, CI = 1.07–2.88,
P = 0.03) was significant. Overall in Caucasians, we
observed an association of the s/s genotype with
nonremission and of the s containing genotype with
nonresponse but with some reduction in the signifi-
cance possibly due to the smaller number of studies
included.

Analysis in Asian subjects
Figure 5 presented results for Asian subjects.
Pooled OR of two studies of remission rate including

201 subjects demonstrated a nonsignificant trend of
favorable response to SSRIs in the l/l or l/s genotype
carrier (1.70, CI = 0.74–3.93, P = 0.21) with no evi-
dence for heterogeneity. Pooled OR of the five studies
of response rate including 599 subjects was not
significant (1.09, CI = 0.78–1.53, P = 0.62) but with
evidence for large heterogeneity (P < 0.0001). In fact
the neutral OR of 1.09 is due to the sum of three
studies showing a worse response effect of the s/s
genotype and two studies reporting a protective effect
of the s/s genotype. However, analyzing response rate
within 4 weeks there was no evidence for hetero-
geneity across three studies including 425 subjects

Table 1 Characteristics of studies investigating the association between SSRIs treatments and 5-HTTLPR in mood disorder
patients

Reference Type of SSRIs
(dose: mg/day)

N (Male/Female) Mean age
(years)

Ethnicity Inclusion
criteria

Evaluation

Arias et al.15 Citalopram
(20–40)

131 (31/100) 40.0 Caucasian MD Response rate: 4w
Remission rate: 12w

Durham et al.27 Sertraline
(50–100)

106 (47/59) 69.7 Mostly
Caucasian

MD Response rate: 2, 4, 6,
8w
Remission rate: 12w

Hong et al.16 Fluoxetine
(20–40)

224 (93/131) 44.0 Asian MD Response rate: 4w

Joyce et al.17 Fluoxetine
(10–80)

86 (not reported) 31.8
whole group

Caucasian MDþBPII Response rate: 6w

Kato et al.18 Fluvoxamine
(50–150) or
paroxetine
(20–40)

80 (44/36) 43.9 Asian MD Response rate: 2, 4, 6w
Remission rate: 6w

Kim et al.19 Fluoxetine
(20–50) or
paroxetine
(20–60)

120 (78/42) 54.2 Asian MDþBPI, II,
dysthymia

Response rate: 6w

Kirchheiner
et al.20

Citalopram,
fluoxetine,
fluvoxamine,
paroxetine or
sertraline
(common
doses)

77 (22/55) 44.0 Caucasian MDþBP Response rate: 3w

Pollock et al.32 Paroxetine
(20–30)

51 (not reported) 72.0
whole group

Caucasian MD Response rate: 2w

Rausch et al.33 Fluoxetine
(0–40)

51 (not reported) Not reported Caucasian MD Response rate: 12w

Serretti et al.21 Fluvoxamine
(up to 300) or
paroxetine
(up to 40)

220 (75/145) 50.6 Caucasian MDþBP Remission rate: 6w

Smeraldi et al.9 Fluvoxamine
(100–300)

53 (16/37) 49.0 Caucasian MDþBP Remission rate: 6w

Yoshida et al.22 Fluvoxamine
(50–200)

54 (22/32) 51.2 Asian MD Response rate: 6w

Yu et al.23 Fluoxetine
(20–60)

121 (70/51) 44.7 Asian MD Response rate: 4w
Remission rate: 4w

Zanardi et al.24 Paroxetine (40) 58 (15/43) 47.7 Caucasian MDþBP Remission rate: 4w
Zanardi et al.25 Fluvoxamine

(100–300)
88 (25/63) 52.0 Caucasian MDþBP Remission rate: 6w

Abbreviations: MD, major depression; BP, bipolar disorder.
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and pooled OR was significant in the same direction
of Caucasians with the s/s genotype associated with
poor response (1.85, CI = 1.22–2.79, P = 0.004). The
alternative pooling of the l/l genotype versus the l/s
and s/s genotype are presented in Figure 6. Pooled OR
of the two studies of remission rate including 201
subjects was not significant (2.28, CI = 0.59–8.86,
P = 0.23). However, pooled OR of the five studies of
response rate including 599 was significant (2.52,
CI = 1.37–4.62, P = 0.003) with large heterogeneity,
whereas pooled OR of the three studies of response
rate within 4 weeks including 425 subjects was highly

significant (5.96, CI = 2.70–13.17, P < 0.0001) with no
heterogeneity.

Discussion

In this study, we retrieved 15 studies that included
data from 1435 subjects to evaluate the association
between 5-HTTLPR and clinical response to SSRIs
treatment in patients with mood disorders. The
results of our study indicate a significant association
between 5-HTTLPR and clinical response in both
remission rate and response rate. These findings

Figure 1 Outcome data for l/l and l/s versus s/s in remission rate, response rate and response rate within 4 weeks in the
whole sample.
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suggest that 5-HTTLPR could be a predictor of
response to SSRIs treatment.

The results also showed a more robust effect of
5-HTTLPR for remission rate when comparing the
l/l and l/s versus the s/s and for response rate when
comparing the l/l versus the l/s and s/s pooled
genotypes. Nevertheless both comparisons showed a
similar direction of effect. It is interesting to note that

the effect of 5-HTTLPR for response within 4 weeks
was the most robust and consistent in all comparisons
except one analysis in Caucasian with some reduction
in the significance due to the smaller number of
studies included. This could suggest a major effect on
speed of response of both s/s and s/l genotypes, while
only the homozygote s/s effect could influence the
overall remission rate. The dominance of 5-HTTLPR

Figure 2 Outcome data for l/l versus l/s and s/s in remission rate, response rate and response rate within 4 weeks in the
whole sample.
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has not been addressed unequivocally, even though a
dominant s allele effect has been repeatedly re-
ported34–36 other studies did not confirm this model37

and SNPs are usually supposed to have a codominant
effect.38 Our results favour the view of a dominant s
effect, as indicated on response and early response.
However, the remission effect was more clear with
both s allele copies (s/s). We repeated the analysis
excluding the first published study, which may
inflate the overall estimate of effect to test for
publication bias, but the outcome was similar to
those with all together. OR in the l/l and l/s genotype

versus the s/s genotype were 2.06 (P = 0.0003) in
the whole population and 2.18 (P = 0.0005) within
Caucasian whereas that in the l/l versus l/s and s/s
genotype were 1.26 (P = 0.23) in the whole population
and 1.20 (P = 0.38) within Caucasian. Consequently,
the publication bias should have not influenced our
results.

There are several differences among the studies
included in this meta-analysis to discuss that could
explain the significant heterogeneity we observed in
some comparisons: different kind and dose of SSRIs,
different subtype of affective disorder, different

Figure 3 Outcome data for l/l and l/s versus s/s in remission rate, response rate and response rate within 4 weeks in
Caucasian subjects.
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ethnic populations, and different lengths of assess-
ment. Moreover other SNPs within the gene could be
the causal variant and this might lead to the observed
differences.39,40 A wider list of polymorphism should
be investigated to achieve a better resolution given
that other control regions may be present for the 5-
HTT expression, not to mention possible enhancers or
silencers located in other regions far from the gene
locus. In fact, Hamilton et al.28,41 reported a signifi-
cant association of a functional SNP (rs25531)42,43

located just upstream of the 5-HTTLPR with anti-
depressant response to fluoxetine treatment and in
linkage disequilibrium (LD) with 5-HTTLPR. In the
presence of the g allele of this SNP, the l allele of

5-HTTLPR seems to be associated with nonresponse,
while this is the case for the s allele in presence of the
a allele of the SNP. In partial agreement, we found the
same polymorphism influencing response, although
in a different direction.44 These effects may be one of
the sources of heterogeneity between studies.

Ethnicity and length of assessment might have also
played a role in determining the heterogeneity among
studies. Different allele frequencies between Cauca-
sians and Asians, the s allele being present in 42% of
Caucasians, but in 79% of Asians,45 are a strong cause
of heterogeneity. In fact, when Caucasians were
analyzed separately, the heterogeneity disappeared
but it still remained when Asians were analyzed

Figure 4 Outcome data for l/l versus l/s and s/s in remission rate, response rate and response rate within 4 weeks in
Caucasian subjects.
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alone. The reason of this large amount of hetero-
geneity in Asian population could not be understood
well, however, the length of assessment could be one
of the sources. Observation length ranged from 2 to 12
weeks, this wide range mostly influences the outcome
in term of response given its lower robustness
compared to remission. In fact, there was no evidence
for heterogeneity among studies that assessed re-
sponse rate within 4 weeks both in Caucasians and in
Asians. Indeed some evidence suggest that the
association between 5-HTTLPR and treatment re-
sponse is due to acceleration, more than overall
response rate.24,32,46 The results of our study suggest
the period of assessment could be an important factor
to evaluate the response rate, while on the other hand

the remission rate seemed less influenced by the
period of assessment because our results showed no
heterogeneity in all remission comparison. This could
be due to the fact that remission was evaluated in a
longer length of observation: only two studies within
4 weeks.23,24 Finally, as previously discussed, a
causative SNP located nearby the 5-HTTLPR could
be the cause for association in the opposite direction
in Asians.

We used a fixed-effect model for the meta-analysis.
The two populations gene frequency differences may
not fully justify the a priori population independence,
as well as other minor methodological differences in
the studies. Moreover the discrepant Asian results
argue against a true population independence from

Figure 5 Outcome data for l/l and l/s versus s/s in remission rate, response rate and response rate within 4 weeks in Asian
subjects.
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Caucasians. Therefore, we presented the fixed-effect
model to address the best estimate of a single effect
size. However, the differences between the fixed-
effects and the random-effects models were minimal
in this analysis (data not shown).

To the best of our knowledge, our study is the first
article investigating the association of 5-HTTLPR
with response to SSRI treatment with a meta-analytic
technique. Smits et al.11 collected and analyzed
studies about association of 5-HTTLPR with treat-
ment in depression. They result in a somewhat less
favorable effect of SSRIs among Caucasian population
with the s/s variants of the 5-HTTLPR as opposed to
those with the l/l and l/s variant and no available

evidence in Asian population. Our results were
consistent with their ones, the conceivable difference
between our study and theirs is that they analyzed a
smaller number of studies focusing on the mean
decrease in HAM-D and MADRS score. Another
partial meta-analysis has been reported but in the
context of a wider review and including only a small
part of the studies here included and with a large
heterogeneity of treatments.47

In conclusion, our meta-analysis confirmed the
significant association of the l variant of 5-HTTLPR
with a better response to SSRIs and this effect seemed
independent from ethnic differences. The subjects
with s/s genotype have difficulties to reach remission,

Figure 6 Outcome data for l/l versus l/s and s/s in remission rate, response rate and response rate within 4 weeks in Asian
subjects.
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and take a long time, over 4 weeks, to respond as well
as the subjects with s allele take a long time to
respond. The pooled OR in this meta-analysis
resulted in up to 2.57 in all populations that seems
a moderate effect and it is in line with minor effect
genes.48 Other genes are expected to influence this
complex trait and a comprehensive knowledge could
enable clinical use of a gene profile as predictor to
allow identification of the best therapeutic tools and
avoid lengthy treatment trials.
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Abstract

The exact role of the enzyme glycogen synthase kinase 3β (GSK-3β) in mood disorders is still unknown. GSK-3β has been
mapped to chromosome 3q13.3, a potential susceptibility locus for bipolar disorder. The -50T/C polymorphism, falling within
the promoter region of the gene coding for GSK-3β, was previously reported to be associated with age at onset, therapeutic
response to lithium salts and total sleep deprivation in bipolar patients. In the present study we investigated the association
between the -50T/C polymorphism and both symptomatic and personality features in mood disorders. The sample comprised 365
inpatients affected by major depressive disorder and bipolar disorder, genotyped for the GSK-3β-50 polymorphism and assessed
with the Operational Criteria Checklist for Psychotic Illness (OPCRIT). Ninety-five subjects were also evaluated with the
Temperament and Character Inventory (TCI). The GSK-3β-50 polymorphism showed a positive association with delusional
symptomatology and with the personality features linked to Self-Transcendence. Finally, GSK-3β-50 and personality showed
an interactive effect on delusional scores. In conclusion, our findings support the role of GSK-3β-50 in both normal and
psychopathological aspects of human cognition and further suggest a possible interaction between genes and personality in the
liability to psychotic disorders.
© 2007 Elsevier Ireland Ltd. All rights reserved.
Keywords: Personality; Psychotic symptoms; Delusion; Bipolar disorder; Major depressive disorder; Genetics; GSK-3β; Personality
1. Introduction

The glycogen synthase kinase 3 (GSK-3) enzyme is a
proline-directed serine–threonine kinase that was ini-
tially identified as a phosphorylating and inactivating
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Bologna, Viale Carlo Pepoli 5, 40123 Bologna, Italy. Tel.: +39 051
6584233; fax: +39 051 521030.
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glycogen synthase, which is critical in the regulation of
glucose storage (Embi et al., 1980). Two isoforms exist,
alpha (α) and beta (β), showing a high degree of amino
acid homology (Stambolic and Woodgett, 1994).

GSK-3α is involved in energy metabolism, neuronal
cell development and body pattern formation (Plyte et al.,
1992); it has a central role in the regulation of neuronal
plasticity, gene expression and cell survival; and it may be
a key component of neuro-degenerative diseases (Grimes
and Jope, 2001). The role of this kinase iswell validated in
rved.

mailto:alessandro.serretti@unibo.it
http://dx.doi.org/10.1016/j.psychres.2007.06.017


133A. Serretti et al. / Psychiatry Research 158 (2008) 132–140
Alzheimer's disease (Sperber et al., 1995; Hong and Lee,
1997), and some evidence also exists for an involvement
in schizophrenia (Kozlovsky et al., 2000, 2001).

Interesting clues come from mood disorder treat-
ments and their mechanism of action. Lithium, the most
widely used mood stabilizer, directly inhibits GSK-3β
(Klein and Melton, 1996), and this has been hypothe-
sized as a mechanism underling its action (Salinas and
Hall, 1999; Manji et al., 2000; Detera-Wadleigh, 2001).
Levels of this kinase in post-mortem brain from bipolar
patients did not differ from control subjects; however,
differences in level of phosphorylation of protein tau (a
target of GSK-3β) were observed (Lesort et al., 1999;
Bijur et al., 2000). In addition, the GSK-3β gene has
been mapped to chromosome 3q13.3, a potential sus-
ceptibility locus for bipolar disorder (Bailer et al., 2002).

A large number of polymorphisms exist within the
GSK-3β gene. Among those, the GSK-3β single nucleo-
tide polymorphism -50T/C (GSK-3β-50), detected by
Russ and collaborators (Russ et al., 2001) has evoked
particular interest. It is a common and attention-grabbing
Single Nucleotide Polymorphism (SNP) because it falls
into the effective promoter region (nt −171 to +29) of the
GSK-3β gene.

Association studies with GSK-3β-50 and flanking
markers have been performed in mood disorders but
with conflicting results (Lee et al., 2006; Nishiguchi
et al., 2006; Szczepankiewicz et al., 2006b). We pre-
viously investigated this variant in different samples.
We found an effect of the GSK-3β-50 polymorphism on
age at onset of bipolar illness (Benedetti et al., 2004a),
therapeutic response to lithium salts (Benedetti et al.,
2005), though not replicated (Szczepankiewicz et al.,
2006a), and efficacy of total sleep deprivation (TSD)
treatment (Benedetti et al., 2004b).

Overall, these observations suggest a role for GSK-
3β-50 in respect to bipolar illness, but discrepant
findings and associations with specific clinical features
suggest that the comprehensive picture of GSK-3β
effects could be more complex. In fact, recent genetic
analyses in psychiatric disturbances showed that gene
variant effects are not limited to single features of the
disorder. As an example, the polymorphism in the
promoter of the serotonin transporter gene (SERTPR)
demonstrated a very broad effect on many features of
individuals, both in their normal and abnormal beha-
viors (Serretti et al., 2006). In fact, if single complex
traits are well known to be influenced by many genetic
and environmental variables (Glazier et al., 2002),
single genes (especially those influencing a complex
trait) are probably unlikely to be involved in the deter-
mination of a single trait only. For the above-mentioned
reasons, any analysis focused on a specific feature may
lack sufficient power not only because the genes are
interconnected and with reciprocal influences, but also
because of the cross-influences exerted on a huge
number of features by each single gene (Kendler, 2005).

Recent data suggest new possible roles for GSK-3β
in psychiatric diseases, by showing in animal models
that antipsychotic and psychotomimetic substances have
opposite effects on this enzyme. In particular, in animal
models an elevation of GSK-3β has been shown to be
shared by repeated administration of antypsychotics of
different classes (haloperidol, risperidone, and cloza-
pine), and it has been linked to their antipsychotic effect
due to dopamine D2 blockade (Alimohamad et al.,
2005a). Conversely, amphetamines were shown to sig-
nificantly decrease GSK-3β (Alimohamad et al., 2005b),
and D-amphetamine, LSD, and PCP shared the ability to
regulate the phosphorylation state of GSK-3β (Sven-
ningsson et al., 2003). It should be noted that the
abnormalities detected in the levels of GSK-3β in post-
mortem brains of schizophrenic patients were in the
direction elicited, in animal models, by psychotomi-
metics, and not by antipsychotics, thus suggesting a role
for GSK-3β in chronic psychosis (Kozlovsky et al.,
2000, 2001). Following this line of reasoning, it has been
suggested that GSK-3β would modulate dopaminergic
systems (Castelo-Branco et al., 2004), probably through
an indirect effect in circadian rhythm systems (Nestler
and Carlezon, 2006).

In the present study: we therefore investigated the
involvement of this polymorphism in psychotic symp-
toms in mood disorders. Moreover, we also controlled for
personality features in a sub-sample of subjects.

2. Materials and methods

2.1. Sample

Three hundred and sixty-five patients affected by
recurrent major depressive disorder (MDD) (N=122)
and bipolar disorder (BD) (N=243) admitted to the
Mood Disorder Center at the Department of Psychiatry
of San Raffaele Hospital, Milan, were included in the
study. Of the 365 patients, 222 patients were females
and 143 were males, with a mean age of 44 years and a
mean age at onset of 30 years. Sample's characteristics,
stratified for genotypes, are described in Table 1.

Lifetime diagnoses were assigned according to
DSM-IV criteria (American Psychiatric Association,
1994) on the basis of the Structured Clinical Interview
for DSM-IV (SCID) (First et al., 1995), plus all avail-
able sources, such as observed clinical symptomatology,



Table 1
GSK-3β -50T/C genotype and demographic and clinical variables (MDD=recurrent major depressive disorder; BD=bipolar disorder)

Genotypes GSK-3β-50 χ2 P

TT (n=156) TC (n=159) CC (n=50)

N (%) N (%) N (%) (df=2)

Gender
Males 53 (37.06%) 75 (52.45%) 15 (10.49%) 7.81 0.02
Females 103 (46.40%) 84 (37.84%) 35 (15.77%)

Diagnosis
MDD 47 (38.52%) 61 (50.00%) 14 (11.48%) 1.48 0.48
BD 109 (44.86%) 98 (40.33%) 36 (14.81%)

Mean±standard deviation Mean±standard deviation Mean±standard deviation F (df=2, 362) P

Age 44.65±14.35 44.01±15.85 42.7±13.08 0.66 0.52
Age at onset 30.34±11.37 30.15±11.59 31.51±12.12 0.50 0.60
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rating scales administered, family history and previous
clinical data. A psychiatrist evaluated the retrospective
course of illness, by interviewing subjects, family
members, previous health professionals and obtaining
records when possible (Leckman et al., 1982). A second
experienced psychiatrist reviewed the chart and, if no
consensus was obtained, a third senior psychiatrist was
involved. However, no subject was excluded because of
diagnostic disagreement.

The sample is part of a larger one previously ana-
lysed for association between antidepressant treatment
and other candidate genes in published studies (Smer-
aldi et al., 1998; Serretti et al., 2001b, 2004; Zanardi
et al., 2001; Cusin et al., 2002; Benedetti et al., 2004a,b,
2005).

The inclusion criteria of the study consisted in the
clinical diagnosis of recurrent MDD or BD. The pre-
sence of any concomitant Axis I diagnosis and somatic
or neurological illnesses limit psychiatric evaluation
represented exclusion criteria. All subjects were pro-
vided with information about this study and written
informed consent was obtained.

2.2. Evaluation instruments

Symptomatology of 339 subjects was obtained by the
Operational Criteria Checklist for Psychotic Illness
(OPCRIT) (McGuffin et al., 1991).

In the present study, we analysed a specific OPCRIT
set of items (items 54 to 72) investigating the lifetime
psychotic symptomatology. Moreover, we investigated
the previously identified five OPCRIT factors: Excite-
ment, Depression, Delusion, Disorganization and Neg-
ative Symptomatology (for a description, see Serretti et
al., 2001a; Serretti and Olgiati, 2004).
Ninety-five patients included in the study also com-
pleted the assessment of temperamental and character
features with the Temperament and Character Inventory
(TCI) (Cloninger et al., 1994); the questionnaire was
administered to subjects only during a euthymic phase
of at least 3 months (DSM-IV criteria).

2.3. DNA analysis

Blood samples were obtained from 365 subjects.
Genomic DNA was extracted from leucocytes by NaCl
precipitation (Lahiri and Nurnberger, 1991). PCR was
performed with these primers: 5′ GATTCCCAGACGC-
CTGTTAC 3′ and 5′ CTCGCTTCCTTCCTTCCTTT 3′.

The PCR reaction was carried out in a 10 μl volume
containing 150 ng genomic DNA, 5 pM of each primer,
200 μM each dNTP, 1× PCR Gold Buffer (Applied
Biosystems, Monza Italy), and 0.025 U/μl of Taq Gold
Polymerase (Applied Biosystems, Monza Italy). After an
initial step of 5 min at 95 °C, 35 cycles of amplification
(30 s at 95 °C, 30 s at 60 °C, 30 s at 72 °C) and a final
extension step of 10 min at 72 °C were performed. An
aliquot of PCR product was digested using Alu I (New
England Biolabs, UK); fragments were separated in
agarose gels.

Unrestricted PCR product (CC genotype) had a size
of 235 bp; complete restriction (TT genotype) produces
two bands of 150 bp and 85 bp.

2.4. Statistical analysis

The Chi-square (χ2) test was employed to evaluate the
association between GSK-3β-50 genotypes and categor-
ical variables. One-way analysis of variance (ANOVA)
and Student t-test were used for continuous variables.
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Multivariate analysis of variance (MANOVA) was
employed to assess the main effect of genotypes and
personality on OPCRIT factor scores and to analyse the
interaction between the two variables. The relation
between OPCRIT factors and TCI dimensions was
analysed with the Spearman correlation test. Finally,
analysis of covariance (ANCOVA) and linear regression
were used to check the effect of potential confounding
variables, such as subjects' gender or age, in the
statistically significant associations. Statistical analyses
were performed using the “Statistica” package (StatSoft,
1995).

The main analysis concerned the association with the
OPCRIT delusional factor and personality dimensions of
the TCI (7 dimensions). To avoid the risk ofmissing small
effects exerted by genetic variants, we applied a reduced
Bonferroni correction, setting an alpha level of 0.01. With
these parameters we had a sufficient power (0.80) to
detect a medium size effect (d=0.55), corresponding to a
difference of 2.7 points on delusional scores for GSK-3β-
50 genotypes and to an explained variance of 7%. The
effect size was larger (d=0.73) for personality scores,
corresponding to a difference of approximately 3.6 points
and an explained variance of 12% (Cohen, 1988).

3. Results

Firstly, the association between genotype variants
TT, TC and CC of GSK-3β-50, demographic factors
(gender and age) and clinical features (diagnosis and
age at onset) of subjects were investigated. Then, GSK-
3β-50 variants were analysed in relation to symptom-
atology. Further, since clinical features of affective
disorders may be hypothesized to be influenced by some
personality features, we controlled for potential associa-
tions between personality and symptomatologic clus-
ters, as well as for associations between GSK-3β-50
and personality. Finally, we looked for potential interac-
tions between personality, symptomatology and genetic
variants.
Table 2
Incidence of delusions listed in the OPCRIT, stratified for GSK-3β-50 geno

Genotypes GSK-3β-50

TT (n=147) TC (n=147)

Mean±standard deviation Mean±standa

Excitement 0.52±0.36 0.51±0.35
Depression 0.76±0.22 0.80±0.18
Delusion 0.11±0.16 0.11±0.15
Disorganization 0.12±0.17 0.10±0.15
Negative symptomatology 0.06±0.15 0.03±0.09

Beta and P values obtained by linear regression analysis, controlling for sex
3.1. GSK-3β-50, demographic and clinical features

In Table 1, the distribution of the three genotypes TT,
TC and CC, stratified for demographic and clinical
features of the sample, is reported. GSK-3β-50 genotypes
were in Hardy–Weinberg equilibrium (χ2=0.86, df=1,
P=0.35); however, we observed a small excess of the
heterozygous genotype TC between males. Sex was then
systematically controlled in the following analyses by the
multivariate analysis of variance (MANOVA) and the
linear regression analysis.

3.2. GSK-3β-50 and symptomatology

Mean scores of OPCRIT factors in the three groups
of subjects (TT, TC and CC) are reported in Table 2.
Subjects with the CC genotype showed a trend for
higher scores on the Delusion factor, while they did not
differ from other patients in the factors of Excitement,
Depression, Disorganization and Negative symptoms.
We therefore carried out an exploratory analysis, in-
vestigating type of single delusions in the three groups
of subjects (Table 3) and we observed that delusions of
influence occurred more frequently among CC subjects
than in other patients.

3.3. Personality and symptomatology

According to the hypothesis of a modulation of some
mood disorder manifestations exerted by personality, we
found some trends toward association between TCI
scores and the delusional factor. Delusion scores were
marginally related to Harm Avoidance (R=−0.23,
P=0.05) and positively related to the Self-Directedness
sub-scales of Resourcefulness (R=0.26, P=0.03) and
the Self-Transcendence sub-scale of Transpersonal
Identification (R=0.27, P=0.02).

Subjects' gender was not associated either with De-
lusion scores (t=1.49, df=1, P=0.14) or the Transper-
sonal Identification dimension (t=0.83, df=1, P=0.41),
types

F
(df=2, 336)

P

CC (n=45)

rd deviation Mean±standard deviation

0.62±0.36 2.12 0.15
0.76±0.20 0.01 0.92
0.18±0.21 7.15 0.008
0.13±0.18 0.65 0.42
0.04±0.11 0.002 0.96

, are reported.



Table 3
OPCRIT factors stratified for the GSK-3β-50 genotypes

Genotypes GSK-3β-50 Beta P

TT TC CC

N (%) N (%) N (%)

No/yes No/yes No/yes

Persecutory delusions 99/48 (67.35/32.65%) 97/50 (65.99/34.01%) 23/22 (51.11/48.89%) 0.09 0.11
Grandiose delusions 120/27 (81.63/18.37%) 126/21 (85.71/14.29%) 28/17 (62.22/37.78%) 0.10 0.06
Delusions of influence 142/5 (96.60/3.40%) 140/7 (95.24/4.76%) 38/7 (84.44/15.56%) 0.14 0.009
Delusions of passivity 146/1 (99.32/0.68%) 146/1 (99.32/0.68%) 44/1 (97.78/2.22%) 0.04 0.45
Thought insertion 146/1 (99.32/0.68%) 147/0 (100/0.00%) 43/2 (95.56/4.44%) 0.09 0.11
Thought withdrawal 146/1 (99.32/0.68%) 146/1 (99.32/0.68%) 44/1 (97.78/2.22%) 0.04 0.47
Thought broadcast 145/2 (98.64/1.36%) 147/0 (100/0.00%) 44/1 (97.78/2.225) −0.004 0.94
Delusions of guilt 130/17 (88.44/11.56%) 126/21 (85.71/14.29%) 43/2 (95.56/4.44%) −0.04 0.44
Delusions of poverty 142/5 (96.60/3.40%) 141/6 (95.92/4.08%) 45/0 (100/0.00%) −0.04 0.42
Nihilistic delusions 144/3 (97.96/2.04%) 143/4 (97.28/2.72%) 45/0 (100/0.00%) −0.03 0.58
Thought echo 147/0 (100/0.00%) 147/0 (100/0.00%) 45/0 (100/0.00%) – –

F and P values obtained in multivariate analysis of variance, controlling for sex, are reported.

136 A. Serretti et al. / Psychiatry Research 158 (2008) 132–140
while females showed higher scores on Harm Avoidance
in comparison with males (t=2.76, df=1, P=0.007), as
previously observed (Cloninger et al., 1994).

Analyzing TCI dimensions for each type of delusion,
high scores on Transpersonal Identification were signif-
icantly associated with Delusion of influence (t=−2.79,
df=1, P=0.007). Scores on Harm Avoidance were not
significantly related to specific delusion types (data not
shown).

3.4. GSK-3β-50 and personality

Since we found personality scores moderately as-
sociated with delusional symptoms, we investigated
whether GSK-3β-50 also modulated personality dimen-
sions whether related to delusions or not. We firstly
Table 4
Mean scores in TCI personality dimensions, stratified for GSK-3β-50 genot

Genotypes GSK-3β-50

TT (n=39) TC (n=

Mean±standard deviation Mean±

Novelty Seeking NS 18.85±5.17 19.58±
Harm Avoidance HA 20.69±7.53 18.55±
(Shyness with Strangers) (HA3) (4.56±2.38) (3.30±
Reward Dependence RD 14.54±3.47 14.65±
Persistence PE 3.85±1.80 4.51±1
Self-Directedness SD 24.69±17.34 30.35±
Cooperativeness C 29.92±4.95 29.3±7
Self-Transcendence ST 13.33±6.41 13.53±
(Transpersonal Identification) (ST2) (3.38±1.91) (3.19±

F and value of the multivariate analysis of variance, controlling for sex, are
performed an association analysis between GSK-3β-50
genotypes and personality traits (Table 4) and we found
the CC genotype showing a trend of association with low
scores on Shyness with Strangers (Harm Avoidance sub-
scale), and a significant association with high scores on
Transpersonal Identification (Self-Transcendence sub-
scale). The association between GSK-3β-50 and Trans-
personal Identification was not influenced by subjects'
gender and age (MANCOVA main effect of genotype:
F=5.55, df=2, P=0.005) while gender significantly
modulated the association between GSK-3β-50 and
HarmAvoidance, with females showing higher scores on
this sub-scale (Cloninger et al., 1994) (MANCOVAmain
effect of gender: F=8.42, df=1, P=0.005). Diagnosis
did not influence the observed association (data not
shown).
ype

F
(df=2, 92)

P

42) CC (n=14)

standard deviation Mean±standard deviation

6.48 20.21±5.25 0.38 0.68
7.53 18.64±7.85 2.08 0.13
2.22) (3.93±1.94) (3.58) (0.03)
3.33 15.28±3.89 0.19 0.83
.79 3.50±1.83 1.93 0.15
7.60 26.57±10.32 1.40 0.25
.03 30.43±4.64 0.41 0.66
7.03 18.36±5.48 2.38 0.098
2.05) (5.21±2.01) (5.11) (0.008)

shown.
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3.5. Interaction between genetics and personality in
delusional symptomatology

Previous analyses evidenced a significant association
between the GSK-3β-50 CC genotype and Delusional
scores. Delusions were also affected by personality traits
and GSK-3β-50 showed an association with personality
as well, in particular with sub-scales of Harm Avoidance
and Self-Transcendence. These results allowed us to
hypothesize an influence of GSK-3β-50 on delusional
symptomatology mediated or modulated by personality.

To evaluate the influence of both genetic and
individual personality traits on delusional dimensions,
we performed a multivariate analysis (MANOVA), in-
cluding in the model both GSK-3β-50 genotypes and
personality as independent variables, with OPCRIT De-
lusion scores as the dependent variable.

Delusions were significantly affected by GSK-3β-50
(MANOVA main effect of genotype: F=10.74, df=2,
P=0.0017) and by personality as well (MANOVA
effect of interaction between Harm avoidance and Self-
Transcendence: F=8.87, df=1, P=0.004). Moreover,
the interaction between GSK-3β-50 and personality on
Delusion scores was moderately significant (MANOVA
interaction between genotype and personality dimen-
sions: F=6.48, df=3, P=0.013). Results were not in-
fluenced either by gender (P=0.28) or age (P=0.16).

4. Discussion

In the present study we investigated the relation bet-
ween genetic aspects, symptomatology dimensions and
personality traits, in a sample of patients affected bymood
disorders. Our aim was to evaluate the influence of the
GSK-3β SNP -50T/C (GSK-3β-50) on mood disorders,
taking into account personality in such illness manifesta-
tions. Our results evidenced an association between the
GSK-3β-50⁎C variant and psychotic symptomatology.

We did not replicate our previous findings con-
cerning age at onset (Benedetti et al., 2004a), but this
could be due to the fact that both major depressives and
bipolar subjects were included in the present study or to
chance fluctuations of associations.

The product of the GSK-3β gene has multiple func-
tions, but this enzyme is particularly involved in cellular
degenerative processes. Cellular enzyme capacity may
have a remarkable impact on neuronal survival processes,
for our interest, in cerebral areas like fronto-temporal
cortex (hippocampus and para-hippocampus) and sub-
cortical areas like the thalamus as well.

Confirmation of GSK-3β involvement in neuro-
degenerative processes came from studies on Alzheimer
disease (Sperber et al., 1995;Hong and Lee, 1997); in fact,
the protein, responsible of neurofibrillary tangles, is one of
the principal targets of the enzyme itself (Lesort et al.,
1999; Bijur et al., 2000). Another hypothesis involves the
dopaminergic system: GSK-3β action would modulate
dopaminergic systems (Castelo-Branco et al., 2004),
probably through an indirect effect on circadian rhythm
systems (Nestler and Carlezon, 2006), and this would
directly influence delusion and personality features.

In the present work we also evaluated personality
features, hypothesizing manifestation of the disease as
potentially modulated by personality. In accordance
with this hypothesis, delusional symptoms were more
frequent in patients with higher scores on the Transper-
sonal Identification sub-scale and, less strongly, on
Harm Avoidance.

Transpersonal Identification is characterized by feelings
of strong connection with nature and the universe as a
whole, feelings of everything as part of one living or-
ganism. This inclination towards transcendence is related to
a detachment from reality; boundaries between self and the
world and between self and other people would be vague
and tend to fuse (Houran and Lange, 2004; Lawrence and
Peters, 2004).

The GSK-3β-50 polymorphism showed a positive
association with delusional scores and also with those
personality traits related to delusion. We may hypoth-
esize an effect of GSK-3β-50 on personality in non-
clinical patients as well; however, the lack of a control
sample precludes testing of this hypothesis. GSK-3β-50
showed a major effect on delusion, but an interaction
between genetics and personality was also observed,
thus indicating that psychotic aspects may be modulated
by personality.

Our investigation had a number of limitations. Firstly,
the retrospective approach could bias data collection
towards unreliable estimates of clinical variables (Keller
et al., 1987). To limit this bias, we used a set of strategies:
information about the illness was collected by an
experienced psychiatrist who interviewed subjects, family
members, and previous health professionals and obtained
records when possible (Leckman et al., 1982); a second
experienced psychiatrist reviewed the chart, and lack of
was assessed and considered an exclusion criterion
(Shapira et al., 1996).

Secondly, subjects were mainly inpatients. This could
decrease the sample size and impair representativeness
for the general population. In fact, our Center is a
tertiary care setting, and therefore we cannot exclude a
potential bias associated with severity of illness. Third,
research was carried out on a sample of patients affected
by mood disorders; thus results could not be extended to
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the general population or other psychiatric patients.
Further, we can only hypothesize a genetic effect on
severity of delusion but not a genetic association, as a
control group was not available.

Fourth, the evaluation instruments have some limita-
tions. The OPCRIT has been validated (Williams et al.,
1996), but it is not widely employed in both clinical and
experimental settings; thus comparison with other studies
and observations is difficult. Mood disorders impact
patients' personality and thus its evaluation; for example,
Harm Avoidance is reported to be higher during a
depressive episode and lower with recovery (Cloninger et
al., 1994). To limit this bias, the TCI was administered
during a euthymic phase, lasting at least 3 months. Ne-
vertheless, Harm Avoidance scores might not return to a
standard level after remission (Strakowski et al., 1992;
Joffe et al., 1993; Young et al., 1995; Richter et al., 2000;
Farmer et al., 2003). Further, sub-clinical symptomatol-
ogy (Blazer et al., 1994; Blazer, 1997), as well as main-
tenance antidepressant therapy (Knutson et al., 1998),
may impact personality evaluation. From a genetic per-
spective, we did not control for ethnic stratification
(Pritchard and Rosenberg, 1999); however, subjects were
recruited in the genetically homogenous area of North
Italy (Cavalli Sforza, 1994). Finally, the significance
levels were very low (Risch andMerikangas, 1996) and a
false positive result is likely considering the large number
of analyses performed.

Taking into account the above-mentioned limitations,
we observed an association between GSK-3β and both
psychotic and personality features in mood disorder
patients. Neuro-degenerative processes linked to GSK-
3β may be in part responsible for delusional symptoms,
as well as specific personality dimensions. Finally, we
pointed out the interaction between genetic and
personality traits in modulating delusional symptoms.
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Discussion 
 
The series of papers reported in the present thesis chapters summarize about 8 years of 
activity in the field of pharmacogenetics that extend our knowledge also in the broader field 
of psychiatric genetics. 
In fact, while the original effort was directed toward the identification of gene variants 
influencing the liability to antidepressant response, it was then clear that each gene variant 
exert an effect that is much broader on the human behavior and extends on many other 
aspects, as discussed more in detail later. 
 
Coming to the specific chapters, following the first evidence of association of the most 
plausible candidate, serotonin transporter linked polymorphic region - HTTLPR, with 
antidepressant response (Smeraldi et al., 1998), we tried to investigate further variants on 
other genes. The identification of candidate genes must be performed in pathways of the 
antidepressant response, that, even if not completely known, starts with the initial blockade of 
serotonin transporter by SSRIs. This increase of serotonin in the synapsis is further 
modulated by other mechanisms. Notably by the serotonin availability in the presynaptic 
cleft. The enzyme tryptophan hydroxylase (TPH) is therefore a main candidate as it catalyzes 
the rate-limiting step in serotonin (5-HT) biosynthesis. TPH has two isoforms: TPH1 and 
TPH2. Initially TPH1 was considered to be important and this is the reason why we decided o 
investigate it. After, it has been suggested that it is expressed only in peripheric tissues, while 
TPH2 is expressed in the central nervous system. But recently it has been suggested that it 
may exert an important role during development (Nakamura and Hasegawa, 2007; Nakamura 
et al., 2006). In fact we observed a significant effect on antidepressant response, and for the 
first time, in the second chapter of this thesis, we demonstrated that it has a contribution on 
antidepressant response that is independent from the one of HTTLPR (Serretti et al., 2001b). 
This was the first time that a multigenic control of antidepressant response was observed. 
This reflects the biological reality, as complex traits are likely controlled by 10-30 gene 
variants (Kendler, 2005; Kendler and Greenspan, 2006; Risch, 1990). After our initial finding 
a number of groups alternatively replicated or failed to replicate this finding (Ham et al., 
2007; Serretti et al., 2001a; Serretti et al., 2001b), while no significant association could be 
seen with intolerance as well as treatment response in other studies (Ham et al., 2005; Hong 
et al., 2006; Kato et al., 2008a; Takahashi et al., 2002; Yoshida et al., 2002). We will discuss 
later the possible reasons of such discrepancies, that affect also the main field of psychiatric 
genetics. 
In the further search of other gene variants influencing antidepressant response, we focused 
on post-synaptic candidates. Serotonin receptors are mediated by G protein activities. As in 
all systems there exist variants genetically controlled. It should be noted that the entire 
genome contains about 5-7 millions variants (SNPs) spanned approximately every 500 base 
pairs, therefore each gene has a number of variants depending on its length that can reach 
several hundreds. We already discussed the issue of the genetic variation and the problems to 
face in the identification of candidate variants. Therefore we focused on the G protein beta 3 
subunit, which gene contains a functional polymorphism influencing the protein activity. 
Interestingly, in the third chapter of this thesis, we observed a significant correlation with 
antidepressant response (Serretti et al., 2003c). In the following years some other studies 
reported significant associations of the same T variant with better response to various classes 
of antidepressant (Lee et al., 2004; Zill et al., 2000), to nortriptyline in less than 25 years 
subjects (Joyce et al., 2003) while other studies found no association of this SNP with SSRIs 
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(Hong et al., 2006; Joyce et al., 2003; Kato et al., 2008b) and mirtazapine response (Kang et 
al., 2007). One study found also opposite results (Wilkie et al., 2007). 
During the 1990 decade, a lot of interest focused on the possible modulating influence of 
serotonin autoreceptors in the serotonin system. Artigas first reported that 5HT1A receptors 
can modulate via a feedback system the serotonin turnover (Artigas et al., 1994). It was then 
suggested to add the only available drug having this effect, the beta blocker pindolol, as 
potentiation to antidepressant treatment to prevent the early negative feedback exerted by 
5HT1A with mixed but mainly positive results (Perez et al., 1997). We then candidated 
5HT1A gene variants as possible predictors of efficacy hypothesizing that a variation on the 
protein could modulate the feedback on the serotonin system resulting in a variable clinical 
effect. In the fourth chapter here presented we reported a significant, though only in bipolar 
subjects, effect on antidepressant response of 5HT1A gene variants (Serretti et al., 2004). 
This variant was involved in the regulation of the transcription rate of the HTR1A gene. 
When the G-allele is present, it prevents the binding of this putative repressor to DNA, 
leading, in this way, to an increase of 5-HT1A auto receptors and to a reduction of 
serotonergic neurotransmission (Stahl, 1994). Also for this identification a series of papers 
followed trying to replicate the finding. One study reported similar findings with less 
responders in G/G carriers but in a small sample (Parsey et al., 2006). While the study by 
Arias revealed opposite findings to these studies but this significance could be seen only after 
considering the genetic variation together with the 5-HTTLPR. However most other studies 
reported negative findings (Arias et al., 2005; Lemonde et al., 2004; Levin et al., 2007; Peters 
et al., 2004; Serretti et al., 2004). In the Asian population two studies reported significant 
results with better response for G/G compared to C allele carriers (Hong et al., 2006; Yu et 
al., 2006). Further variants should be investigated to cover all gene (Drago et al., 2007), this 
is an aspect that applies to all investigations. 
The availability of a number of variants influencing antidepressant response, as it was 
obtained also for antipsychotic response (Arranz and de Leon, 2007; Arranz et al., 2000), 
prompted us to investigate possible statistical models that could combine all available genetic 
effects to reach the final goal of an individualized therapy based on a genetic analysis. This is 
the topic of the fifth chapter in this thesis. In the paper we developed a neural network model 
with the aim of testing it versus the more common linear models. In fact it is biologically 
plausible that gene interactions exert their combined effect in a non linear way. In the paper it 
is reported that non linear interaction may successfully describe the gene variant effects, this 
was the first time to investigate and develop such a method that is flexible and can be 
extended to a much larger number of both genetic and clinical-environmental predictors 
(Serretti and Smeraldi, 2004), as we further described on other two papers related to clinical 
and demographic predictors (Serretti et al., 2007f; Serretti et al., 2007g). 
Developing this line of research, it was hypothesized that each gene variant may influence a 
trait that is not reflected by the overall antidepressant response, but only to a part of it. In fact, 
parallel investigations of our group evidenced that variants on the CLOCK gene (Katzenberg 
et al., 1998) may influence diurnal preference, sleep pattern (sixth chapter of this thesis) 
(Serretti et al., 2003a) and this is reflected in higher recurrence of episodes in mood disorder 
patients (Benedetti et al., 2003). It is in fact well known that if mood disorder patients, 
particularly bipolars, do not sleep well, they relapse more easily. A gene variant that 
influences sleep patterns is of great interest for pharmacogenetics, therefore in the seventh 
chapter of this thesis (Serretti et al., 2005a) we investigated it in our sample and we observed 
a very interesting finding. Patients carrying the CLOCK CC variant had a peculiar response 
to treatment evidenced by a normal global response but with persisting insomnia. In other 
words those patients have a kind of ‘structural’ insomnia that is not relieved by treatment. If 
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confirmed, this finding may have substantial clinical implications because clinicians should 
not consider the patient as a partial responder, but a full responder with a kind of ‘permanent’ 
and genetically determined insomnia. Unfortunately no other group tried to replicate this 
finding that should be considered as preliminary at this time. 
As before mentioned, each gene variant exerts a wide range of effects on human behavior. 
Scientific investigation is scattered in a number of reports investigating a single aspect each. 
Therefore, for the first time in literature, we tried to combine all available evidence on the 
gene that has been most consistently associated with antidepressant response, the HTTLPR 
variant. In the eight chapter of this thesis we reported the large number of effects of HTTLPR 
on human behavior (Serretti et al., 2006a). In particular, the 5-HTTLPR short (S) form was 
found to relate to a higher amygdala response, anxiety-related personality traits but not 
anxiety disorders, elevated vulnerability in front of stressors, a worse response to selective 
serotonin reuptake inhibitors in different diagnoses, higher side effects. Moreover, bipolar 
disorder, alcohol dependence, eating disorders, attention deficit hyperactivity disorder and 
suicide attempts have also been found to be associated with the S allele.  
If we take the main results obtained on 5-HTTLPR into consideration, a carrier of the short 
variant may be hypothesized to be strongly hyper-reactive to negative stimuli that, with 
plausibly other neuroanatomical influences, could lead to a stronger attentional bias for 
anxious stimuli and to showing more likely anxiety-related personality traits, that could also 
influence the individual attachment pattern. He or she has higher risk of developing mood 
disorders, eating disorders, alcohol dependency and of attempting suicide; furthermore, when 
treated with antidepressants shows a poorer response to pharmacotherapy and higher side 
effects. As a result, having the S allele could be erroneously considered as a selection 
mistake. Nevertheless, being an S allele carrier has advantages, such as resistance to dementia 
and more active sexual behaviour with higher number of offsprings. Moreover, S carriers 
displayed a better functioning in family and working areas (Serretti et al., 2005b).  
This is a further advance that evidences how a single gene variant originally associated with 
antidepressant response may have this effect via many other interacting pathways. 
We previously mentioned that gene variants are important for antidepressant response but 
clinical and demographic factors are at least equally important. Also previously mentioned is 
the fact that we tried to combine all clinical-demographical factors in a predictive model but 
the variance explained in that paper was about 25%, less than half the one expected, that 
should be in the range of 50%. We therefore hypothesized that other factors should be present 
but that were not investigated. The clinical practice if of great help in this direction. When a 
clinician is facing the patient during a consultation a much larger number of variables 
intervene in the decision of the treatment and prognosis other than age, sex, onset and the 
limited n umber of variables collected in pharmacogenetic studies. It was therefore evident a 
gap between the complexity of the everyday clinical practice and the reductionism of 
research studies. In the ninth chapter we deeply investigated two clinical cases with the aim 
of suggesting a more deep and comprehensive assessment for pharmacogenetic studies 
(Serretti et al., 2007b), that were partially included in another recent paper proposing 
guidelines in the field (Serretti et al., 2007d). In detail, a more detailed analysis of 
personality, temperament, defense mechanisms, self esteem, intelligence and social 
adjustment may allow to formalize the clinical impressions used by clinicians for biologic 
and pharmacologic studies. 
After a decade from our initial report about the HTTLPR influence on antidepressant 
response a number of other groups tried to replicate the finding, therefore a study 
summarizing available evidence was greatly needed. This was the aim of the tenth chapter 
(Serretti et al., 2007e). In a field were independent replications are the exception rather than 
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the rule, we observed a significant association of the s/s variant of 5-HTTLPR with remission 
rate and both s/s and s/l variants with response. This effect was quite robust to ethnic 
differences though a significant heterogeneity was present in Asian samples. 
The eleventh chapter of this thesis is an application of the finding of the preceding ones, 
given the pivotal importance of GSK-3beta variants in human physiology, we investigated 
this variant in a large range of behaviors and we observed that GSK-3β-50 polymorphism 
showed a positive association with delusional symptomatology and with the personality 
features linked to Self Transcendence. Also, GSK-3β-50 and personality showed an 
interactive effect on delusional scores (Serretti et al., 2008). It also influenced antidepressant 
response (unpublished data). 
 
The 10 studies here reported show clearly how starting from a relatively simple working 
hypothesis, results then leaded to a much wider complexity that we are just at the beginning 
to investigate. Psychiatric genetics is in fact a relatively new field of investigation. A brief 
historical overview may help in understanding the reasons underlying the present status. 
Historically the importance given to hereditary factors in psychiatry has lived synchronous 
oscillations with the dominance of different pathogenic model of mental illness. A positivist 
position during the late '800, promoted a biological vision culminated with the race 
approaches in the first half of the twentieth century that leaded to a rapid decline in genetic 
research starting from the '50. For three decades, the hegemony of the psycodynamic, 
phenomenological and psychosocial models (Arieti, 1959; Szaz, 1973) has relegated 
biological studies to a marginal position. The '80s marked a new reverse route announced by 
the publication of DSM-III (American Psychiatric Association, 1980). The traditional 
idiographic method, that is based on the description of individual case studies, is replaced by 
standardized atheoretical diagnostic criteria. This neo-kraepelinian model marks the rebirth of 
the biological psychiatry also fostered by the spread of an effective psychopharmacology, 
although not resolving, in most psychiatric disorders.  
Psychiatric genetic research knows at this time an exciting phase of expansion driven by 
advances in molecular biology. Since the mid-'80s the introduction of genetic markers has 
made it possible to identify individual parts of the genome and to associate normal or 
pathological features to it. Human DNA, organized in about 20,000 genes, is 99.9% the same 
in all individuals (Venter et al., 2001). The genomic diversity is ensured by the remaining 
0.1%. This several million base pairs scattered throughout the genome, constitute the 
foundation of all genetic interindividual differences. While in previous years genetic 
association studies were based on phenotypical markers, such as blood group and HLA, they 
were necessarily limited in number. In this period it become possible for the first time to 
characterize each subject for hundreds, then millions of variations scattered along the 
genome. The availability of "reliable" psychiatric diagnosis and techniques for high-
resolution genotyping represents an extremely favorable conjunction and many authors 
believed to be able to determine the liability to mental disorders combining one or more gene 
variants. The enthusiasm for this type of approach has reached its apex at the end of the 80s 
when particular emphasis was given to the study we previously discussed that seemed to have 
identified the genetic basis of bipolar disorder (Egeland et al., 1987). It was believed to be on 
the threshold of an era of profound transformation in the psychiatric classification 
revolutionized by genetics. We saw later how this vision was overly optimistic (Kendler, 
2006). Then started in fact a period characterized by continuous discoveries of susceptibility 
genes for schizophrenia or mood disorders, followed invariably by lack of confirmations in 
independent replications (Risch and Botstein, 1996). Although the'90s have been defined 
'decade of the brain', it ended without any significant result achieved in the field of 
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psychiatric genetics, compared to the amount of studies (over 2000 - source MEDLINE) and 
the considerable public and private effort put on it. The beginning of the years 2000 features 
two contrasting trends, on the one hand, the completion of the sequence of the human 
genome seems to draw a new rebirth of genetics, on the other a public opinion frustrated by 
the lack of results leaded many agencies to reduce the financing of the sector. This happened 
at American Institute of Health (NIMH), which in previous years had been one of the main 
sponsors.  
In recent years it takes shape an attitude of the researchers who seems to overcome the 
difficulties of the past and, perhaps, offer a key interpretation less naive and more profitable. 
 
Which are therefore the real effects of genes in psychiatric disorders? All psychiatric diseases 
have a genetic component, whose weight varies from 80% for schizophrenia and bipolar 
disorder to 30%-40% for anxiety disorders. The effect of individual genes seems to be much 
more modest, as Kendler clearly described in his work (Kendler, 2005) and we previously 
outlined.  
If the association between a gene variant and the corresponding phenotype following a 
mendelian mode of transmission is defined by an odds ratio (OR) if 100 or more, depending 
from the penetrance, the link between psychiatric disorders and most liability genes reported 
in the literature does not exceed ORs of 5, with a suggested mean value of 1.5. In the light of 
these observations the idea prevailing at the end of the'90s and early 2000 was that not one 
but perhaps 10 or 20 gene variations were necessary to give to a person the liability to 
develop mood disorder or schizophrenia, along with an equivalent contribution from the 
environment. In recent years it was clear that each gene variant influences many 
physiopathological pathways which in turn affect different behavioral characteristics in 
healthy and affected subjects. This was a change of view from the hypothesis a gene - a 
disease to multiple genes - a disease and, finally, most genes - various behavioral 
characteristics. 
The complexity of this view can be effectively illustrated by a few examples. In classical 
mendelian genetics every subject bearing of genotype or pathogen is affected. This is the case 
for many genetic diseases such as cystic fibrosis, phenylketonuria, or to stay in 
neuropsychiatric field, the Huntington disease. It is therefore possible for each person to 
predict the state of the disease on the basis of a simple genetic examination. The so-called 
complex diseases require the simultaneous presence of several susceptibility genes together 
with environmental influences, such as diabetes or hypertension. The new concept proposed 
by the most recent evidence suggests that gene variants are not only responsible for 'part' of 
susceptibility to the disease, but also has other effects, depending from the condition of the 
subject. A gene variant may cause slight changes in neuropsychological features of healthy 
subjects or induce psychotic manifestations in the subject affected by the mood disorder, or 
influence the choice and pattern of substances of abuse, to influence the response to particular 
drugs, and so forth. Gene variants thus as factors in susceptibility to behavioural dimensions 
not only exceeding the nosographic boundaries of psychiatry but also challenging the very 
concept of psychiatric disorders (Angst and Cassano, 2005). 
The paradigmatic example of this understanding of genetics in psychiatry is the variant 's' of 
HTTLPR polymorphism located on promoter gene encoding for the serotonin transporter and 
analyzed in the seventh chapter of this thesis. This variant is present in just over half the 
population or, in the homozygous form, in approximately one quarter of the population. This 
is a functional variant that influences the expression of the serotonin transporter. Subjects 
homozygous for the s allele have many characteristics: they are characterized by increased 
anxiety and neuroticism, basic tendency to develop depressive episodes and resistance to 
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antidepressant treatment, liability to substance abuse (particularly alcohol) and eating 
disorders, increased incidence of depressive symptoms in people with schizophrenia and a 
special presentation of the Alzheimer type dementia (Serretti et al., 2006a). Moreover, in a 
longitudinal perspective, subjects that express the variation 's' showed greater sensitivity to 
stressors and anxious stimuli (Caspi et al., 2003), this sensitivity seems to be mediated by 
temperamental features such as neuroticism (Jacobs et al., 2006). These experimental results 
appear to outline a scenario different from traditional genetic (Kendler, 2005). An allelic 
variant on HTTLPR, the physiological effect of which is to reduce by about half the number 
of serotonin transporters in the brain (Bradley et al., 2005; Lesch et al., 1996), causes a trend 
to determine slight, but detectable unspecific behaviours of the person, that, in combination 
with other gene or environmental factors, causes a full disorder. One might ask at this point 
why these gene variants have been retained by evolution if they are so deleterious to the 
individual? The answer comes from the cited recent studies showing that the bearers of the s 
variant are also (and perhaps because of behavioural trends anxious above mentioned) liable 
to pay more attention to work and family and with greater cognitive ability (Roiser et al., 
2007; Serretti et al., 2005b), further they have a higher sexual activity possibly leading to a 
higher number of offsprings (Halpern et al., 2007; Krawczak et al., 2005). These features are 
adaptive in the case of lack of other susceptibility genes or protective factors, but disadaptive 
in the presence of concurrent genetic or environmental susceptibility factors. 
The evidence reported in the literature to support this theory are so substantial that appears 
difficult doubt of this view. In any case we realized how difficult is to proceed to a full 
analysis of the interactions occurring in each individual. The variations in the human genome 
are approximately 5,000,000 of these presumably only 60,000 are functional, namely the ones 
changing protein expression, and an even smaller number is expressed in the brain. However 
it is always tens of thousands of possible behavioural modulators whose reciprocal influences 
and with the environment determine the mental status of the subject. Despite those 
difficulties, the encouraging results obtained confirm that this is the way forward. 
Some authors have raised the question if the traditional scientific method is be best suited to 
lead us to know of all the factors involved (Woyshville et al., 1999). The complexity of the 
interaction between genes and environment and their change with time, cannot be analyzed 
with statistical traditional approaches also considering multivariate or flexible ones such as 
neural networks (Serretti and Smeraldi, 2004). Probably even more flexible approaches as 
theories of Chaos or Fuzzy logic could be useful (Ehlers, 1995).  
But what could be the future scenario? We could envisage a society based on genetic 
discrimination in advance of individuals, as proposed by some literary and cinematographic 
authors (Huxley, 1932; Niccol, 1997)? Or the current historical period characterized by a 
significant preponderance biological studies will leave the field to a return of humanistic 
approaches and idiographic ones based on individual cases? The nomothetic and idiographic 
approaches seem destined to meet when the complexity of each individual is accepted and not 
reduced within broad nosographic categories. The genetic susceptibility can never be 
deterministic, it will never be possible to provide each person with a certainty of what will 
happen, but it will be possible only to furnish a percentage of increase or reduction compared 
to the general population. Moreover, the detailed knowledge of all possible effects of genetic 
susceptibility can never create individuals of A or B series - any psychological genetically 
determined trait also has positive aspects as well as negative ones, as we previously described 
- but only profiles characterized by specific risks more or less marked in each subject. This 
will allow to possibly modulate the environment in order to minimize the negative impact of 
the individual genetic profile.  
Even purely psychological aspects such as defense mechanisms and styles of interpersonal 
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relationships will be perhaps one day knowable in terms of gene-environment interaction 
(Mundo, 2006). These acquisitions will enrich the dynamic psychology of new therapeutic 
tools rather than delete it passing to a biologically based psychiatry. However, premature 
jumps forward should be avoided, such as that one recently brought to fame by a survey 
conducted on behalf of the Senate of the United States (July 2006 - 
http://www.gao.gov/new.items/d06977t.pdf). Some Internet sites offered to pay the analysis 
of the genetic profile of each individual providing a summary that highlighted the possible 
risks of disease (stroke, hypertension, etc.), followed by prescription of custom packages of 
integrators aimed at counteracting the genetic susceptibility, this also available on payment. 
The government survey underscored how, despite there were some scientific basis for the 
allegation, they were totally insufficient to justify such a behavior by companies.  
Finally, the variable part of our genome that makes us different from one another predisposes 
us so thin but broad trends of specific psychological and psychiatric traits interacting with the 
environmental stimuli. Knowledge of these effects can realistically be achieved in order to 
outline a profile of individual vulnerability, according to a bio-psycho-social model really 
focused on the needs of the patient. 
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Summary and concluding remarks 
 
Mood disorders are the most common severe adult psychiatric disorders. Genetic factors are 
important as well as environmental ones. During the last decades a number of liability genes 
have been identified but the full understanding of the genetic contribution is still far to be 
obtained. The focus on more specific aspects could be a better strategy. Pharmacogenetics, 
that is the study of gene variants influencing drug response, is one of these aspects and the 
starting point of the papers reviewed in this thesis.  
The newly reported contributions of three gene variants on antidepressant response is the 
subject of the chapters two to four followed by the first attempt to create a neural network 
analysis of gene interaction in antidepressant response. The sixth and seventh chapters report 
the first investigation of a specific effect of a gene (CLOCK) on mood disorder insomnia and 
antidepressant response. The eight chapter further develops the concept of pharmacogenetics 
suggesting that gene variants exert their influence through a much more complex range of 
effects on the whole human behavior. In order to investigate also the possible environmental 
influences, the ninth chapter focused on the possible clinical factors influencing 
antidepressant response that should be considered in future studies. The tenth chapter 
summarizes available knowledge through the first meta analysis ever of the most important 
gene for antidepressant response (HTTLPR) and finally the eleventh chapter is the first 
application of the new concept that genes influence a wide range of effects, with the example 
of GSK-3beta gene variants. 
The path of the reported research line starting from pharmacogenetics leads to a more 
comprehensive analysis of the effect of gene variants on human behavior. But genetic 
susceptibility will never be deterministic, it will never be possible to provide each person 
with a certainty of what it will happen, but it will be possible only to furnish a percentage of 
increase or reduction compared to the general population. Moreover, the detailed knowledge 
of all possible effects of genetic susceptibility can never create individuals of A or B series - 
any psychological genetically determined trait also has positive aspects as well as negative 
ones - but only profiles characterized by specific risks more or less marked in each subject. 
Genetic knowledge will allow to possibly modulate the environment in order to minimize the 
negative impact of the individual genetic profile. This could also lead to a personalized 
medicine but also to a deeper knowledge of genetic influences on humans. 
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Samenvatting en conclusies 
 
Stemmingsstoornissen zijn de meest voorkomende zware psychiatrische stoornissen bij 
volwassenen. Zowel genetische factoren als omgevingsfactoren spelen een belangrijke rol. 
Gedurende de laatste decennia is een aantal risicogenen geïdentificeerd, maar er is nog lang 
geen sprake van een totaalbeeld van de genetische bijdrage. Een betere strategie zou kunnen 
zijn om de nadruk te leggen op meer specifieke aspecten. Eén van deze aspecten is de 
farmacogenetica, de discipline die onderzoekt hoe genvarianten de reactie op medicatie 
beïnvloeden. De farmacogenetica is het uitgangspunt van de papers die in deze thesis worden 
besproken.  
Hoofdstuk twee t/m vier gaan over de recent ontdekte invloed van drie genvarianten op de 
reactie op antidepressiva. Daarop volgt de eerste poging tot een neurale netwerkanalyse van 
de interactie tussen genen bij de reactie op antidepressiva. In hoofdstuk zes en zeven wordt 
verslag uitgebracht over het eerste onderzoek naar het effect van een specifiek gen (CLOCK) 
op slapeloosheid ten gevolge van stemmingsstoornissen en op de reactie op antidepressiva. 
Hoofdstuk acht gaat dieper in op het concept van de farmacogenetica en hier wordt besproken 
of de invloed van genvarianten op het volledige menselijke gedrag veel complexer is dan 
gedacht. Om ook de mogelijke invloed vanuit de omgeving te kunnen onderzoeken, ligt de 
nadruk in hoofdstuk negen vooral op de mogelijke klinische factoren die de reactie op 
antidepressiva beïnvloeden en die in de toekomst meer aandacht moeten krijgen. In hoofdstuk 
tien wordt de beschikbare kennis samengevat aan de hand van de eerste meta-analyse ooit 
van het belangrijkste gen in verband met de reactie op antidepressiva (HTTLPR). Ten slotte 
wordt in het elfde hoofdstuk voor het eerst het nieuwe idee toegepast dat genen een groot 
aantal effecten beïnvloeden, met als voorbeeld varianten van het gen GSK-3beta. 
Het onderzoekspad begint bij farmacogenetica en leidt naar een uitgebreidere analyse van het 
effect van genvarianten op menselijk gedrag. Genetische vatbaarheid zal echter nooit 
deterministisch zijn. Het zal nooit mogelijk zijn om elk individu met zekerheid te zeggen wat 
er gaat gebeuren. Het zal enkel mogelijk worden een hoger of lager kanspercentage te 
verschaffen in vergelijking met de rest van de bevolking. Gedetailleerde kennis van alle 
mogelijke invloeden van genetische vatbaarheid kan bovendien nooit worden gebruikt om 
individuen onder te verdelen in een categorie A of B: elk genetisch bepaald psychologisch 
kenmerk heeft zowel positieve als negatieve eigenschappen. Er kunnen enkel profielen 
worden gecreëerd waarbij bepaalde risico's per individu meer of minder aanwezig zijn. 
Dankzij genetische kennis wordt het misschien mogelijk de omgeving zo te manipuleren dat 
de negatieve impact van het genetische profiel wordt geminimaliseerd. Dit kan niet alleen 
leiden tot gepersonaliseerde medicatie, maar ook tot een beter begrip van genetische 
invloeden op mensen. 
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