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I.INTRODUCTION AND REVIEW
OF LITERATURE

Untangling the origins of personality has been a popular subject of thought for
many philosophers in ancient and modern times. The first known personality
theories are dating back to ancient Greece, where a system of four humours was
created to explain temperament and health through excess or shortage of four
bodily fluids — blood, yellow bile, black bile and phlegm. Although this theory
has been replaced by modern ones, questions about the biological basis of
personality are still haunting many researchers in psychiatry and behavioural
sciences. Despite the rapid developments in biotechnology, not much is known
about the biological and genetic architecture of personality. Contemporarily,
one of the central issues regards the role of personality traits, together with
biological and genetic factors, underlying vulnerability to psychiatric disorders,
e.g. depression and anxiety. In other words, why do some individuals suffer
from mental illness but others do not? Answering this question would help to
improve the understanding of human behaviour and would greatly contribute to
the development of better treatment for psychiatric disorders.

I.1. Genetic vulnerability and personality traits
as risk factors for depression

l.1.1. Depression

Depression is a common and seriously impairing disease, carrying the heaviest
burden of disability among all other mental disorders worldwide (World Health
Organization, 2008). Large scale epidemiologic studies have suggested that the
prevalence of major depression can be as high as 7% and 16% for the 12-month
and lifetime prevalence, respectively (Kessler et al., 2003, Wittchen et al.,
2011). It is noteworthy that the prevalence differs drastically between genders,
whereas the risk in women is nearly twice as large that in men (Gater et al.,
1998, Kessler et al., 1993, Wittchen, 2011). Depression is characterized by a
constellation of psychological, behavioural and physical symptoms (Cassano
and Fava, 2002). These typically include lowered mood, anhedonia, lack of
interest and motivation, feelings of guilt and worthlessness, reduced
concentration and disturbances of sleep and appetite (DSM-IV, 1994, Cassano
and Fava, 2002, ICD-10, 1992). Depression symptoms are to some extent
overlapping with anxiety disorders and indeed both, depressive and anxiety
disorders, often coexist in the same patient (Gorman, 1996). Although the first
episodes of depression often occur in adulthood (Kessler et al., 2007), the
proportion of early onset in childhood and adolescence is substantial (Fava and
Kendler, 2000). Full recovery is difficult to achieve as most patients experience
multiple relapses, and up to 25% of them suffer from a chronic and recurrent



course (Mueller and Leon, 1996). Considering the deteriorated quality of life for
the patients, high prevalence of the disorder and the high chance of recurrences,
depression is a significant contributor to the global burden of disease
(Gustavsson et al., 2011, Murray and Lopez, 1997, Wittchen, 2011), as
measured e.g. in Disability-Adjusted Life Years, which express the number of
years of healthy life lost due to poor health, disability or premature death.

The etiology and biological mechanisms of the disorder remain poorly
understood. For decades, the classic monoamine hypothesis has played a
dominant role in antidepressant drug development. This theory emerged with
the accidental discovery of the antidepressant properties of monoamine oxidase
inhibitors (MAOIs), the prototype originally designed for treatment of
tuberculosis, and tricyclic antidepressants (TCAs), the prototype originally
designed as an antipsychotic, in the 1950s. The initial monoamine hypothesis
associated low levels of extracellular monoamine neurotransmitters, serotonin
(5-HT) and noradrenaline (NA), with depression (Bunney and Davis, 1965,
Coppen, 1967, Schildkraut, 1965) and further led to the development of modern
antidepressant drugs, e.g. the selective serotonin reuptake inhibitors (SSRIs). As
new evidence has emerged about the complexity of pathophysiological mecha-
nisms of depression, this theory has been advanced to more comprehensive
models of chemical imbalance of the brain (Harro and Oreland, 2001), which
emphasize, in addition to low levels of all monoamine neurotransmitters, the
stepwise development of complex alternative changes in brain circuitries as
depression develops. Further, the deteriorating effects of stress and depression
on adult neurogenesis in hippocampus, and the ameliorating and reversing
actions of antidepressants to these effects, have led to the neurogenic hypothesis
(Duman and Monteggia, 2006, Villanueva, 2013, Warner-Schmidt and Duman,
2006), and recently complex neural plasticity theories of depression have been
advanced (Wainwright and Galea, 2013).

The neurobiological mechanisms of depression are yet to be specified, but
large scale epidemiological studies have identified several risk factors for
depression susceptibility. Gender, stressful life events, adverse childhood
experiences and certain personality traits are standing out with the largest
evidence base and highest probability for causal link with developing
depression (Fava and Kendler, 2000).

1.1.2. Vulnerability factors of depression

The vulnerability — stress model (also known as the diathesis — stress model)
has often been used to explain the development of psychopathology. In the
context of depression, vulnerability is a predispositional factor, or factors,
which makes possible a disordered mental state (Ingram and Luxton, 2005). A
person’s predisposition combined with stress from life experiences could elicit
depressive states that individuals without vulnerability do not develop.
Regarding possible vulnerability factors, substantial amount of existing
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evidence highlights genetic predisposition and negative emotionality as
predictors of depression (Kendler et al., 2006, Kendler et al., 1993, Sullivan et
al., 2000).

During lifetime, people can experience extreme stress from various life
events and everyday problems are certainly of different nature for children,
adolescents and adults. In childhood, the list of potential environmental
stressors includes parental abuse, neglect, poor parent-child relationships,
parental discord and divorce, whereas in adulthood, job loss, major health
problems, marital difficulties and loss of a close personal relationship are all
linked with a substantial increase in risk for the onset of depression (Fava and
Kendler, 2000, Kendler et al., 2002). The presence of predispositional vulner-
ability, e.g. genetic and personality factors, increases the risk of developing
depression when experiencing stress from the environment. However, it is not
known how exactly the stressors lead from predisposition to depression.

I.1.2.1. Genetic vulnerability

Depression often runs in families. This notion is supported by a bulk of family
studies, which have reported up to a 3-fold increased risk for depression in the
first-degree relatives of probands with depression versus the general population
(for a review and meta-analysis see Sullivan, 2000). One of the excellent
methods of ascertaining the environmental and genetic influence are twin
studies, which enable to “control” for genetic base as monozygotic twins who
are genetically almost identical can be contrasted to dizygotic twins, who share
half of their genes. According to some twin studies, the heritability of depres-
sion could be as high as 37% to 50% (Kendler et al., 2001, Kendler and
Prescott, 1999, McGuffin et al., 1996, Sullivan, 2000). However, estimates of
gross heritability alone do not give information about the genetic architecture of
a disorder. This has led researchers to search for gene variants and genetic
markers responsible for development of depression and associated phenotypes.
Depression is a heterogeneous and multi-faceted disease with most probably
a very complex genetic architecture, with many contributing gene variants with
a small effect size at the population level (Lohoff, 2010). A hypothesis-based
candidate gene approach is one of the most widely used methods in psychiatric
genetics, whereas in depression-related research, the candidate gene association
studies have mainly been led by the classic monoamine hypothesis, but also the
more recent neural plasticity theories (Levinson, 2006). Several functional
polymorphisms, especially in the loci encoding the proteins of the 5-HT system,
have repeatedly been associated with mood disorders or relevant traits, but as a
rule these findings have not been consistently replicated (for reviews see:
Levinson, 2006, Lohoff, 2010). Association of a few candidate gene variants
with depression has survived meta-analysis, but even in these cases the popu-
lation-level effect size is very small. Low statistical power and inadequacies in
study design, as well as unknown functional relevance of tested single
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nucleotide polymorphisms (SNPs) are considered among the main limitations of
these studies (Hattersley and McCarthy, 2005, Lohoff, 2010).

A limitation of the candidate gene approach itself is that some a priori
knowledge about the biological mechanisms of investigated trait is required to
identify possibly relevant genes, which for depression, however, largely still
remain to be understood. With the rapid developments in biotechnology, it is
now possible to examine simultaneously the association of millions of common
gene variants with health-related traits and hence great expectations have arisen
also regarding unraveling the genetic architecture of depression. Genome-wide
association studies (GWAS) have gained a lot of attention as a method for
detecting specific genetic loci related to the etiology of a disease. GWAS are
hypothesis free and new candidates can be scanned from the entire DNA
structure. Indeed, some successful GWAS reports have been made (Hindorff et
al., 2009), but a recent mega-analysis of GWA studies in 18 759 subjects failed
to identify any specific loci which could play a role in increased (or decreased)
risk of developing depression (Sullivan et al., 2013). There may be a number of
reasons for the very limited success with GWAS, as discussed by the authors.
For example, suboptimal or heterogeneous phenotype, divergent genetic
architecture of MDD and insufficient power due to too small sample size were
some of the highlighted issues. With the large-scale scans of hundreds of
thousands SNPs on complex diseases with probably many small-effect genetic
variants, there is a high chance of Type I errors which requires stringent
multiple correction methods (usually Bonferroni correction). However,
correction for multiple testing comes with a high price, as small genotype
effects are likely to be considered insignificant (Williams and Haines, 2011). In
addition, as GWA studies have originally focused on single-locus testing,
statistical methods for reliable detection of more complex gene x gene (G X G)
and gene X environment (G x E) interactions are currently under development
and new approaches have only recently began to emerge (Gauderman et al.,
2013, Hu et al., 2014). Conclusively, in spite of major advantages, the GWAS
holds several limitations and therefore the hypothesis based candidate gene
approach remains as a useful method in order to provide new insight in the
genetic mechanisms underlying depression vulnerability. Any signal picked up
by GWAS would anyway need further confirmation while probably using the
candidate gene approach.

[.1.2.2. Personality traits

Of the personality traits, accumulating evidence has pointed out high
Neuroticism as a considerable risk factor for developing depression (Clark et
al., 1994, Enns and Cox, 1997, Kendler, 1993). Neuroticism was first defined
by H. J. Eysenck as a stable personality trait that is perceived as a continuum
ranging from the extremely stable to the extremely unstable, poorly integrated
and neurotic personality type (Eysenck and Prell, 1951). It is also characterized
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by dysphoria, anxiety, tension and emotional reactivity (e.g. Costa and McCrae,
1985). Neuroticism is one of the five-factor model (FFM) (i.e. Big Five)
personality traits, which is a widely accepted set of five broad factors describing
human personality, consisting of Neuroticism, Extraversion, Openness to
Experience, Agreeableness and Conscientiousness (Costa and McCrae, 1992,
Digman, 1990, Goldberg, 1993, John and Srivastava, 1999). The other four Big
Five domains, apart from Neuroticism, are conceptualized as follows:
Extraversion — an inclination to feel positive emotions, be energetic, talkative
and outgoing; Openness to Experience — a tendency to be adventurous, curious,
inventive and novelty seeking; Agreeableness — a predisposition to be
compassionate, friendly, cooperative and helpful; Conscientiousness — an
inclination to self-discipline, efficiency, dutifulness and personal organization
(Costa and McCrae, 1992). All of the broad dimensions of FFM can be
decomposed into six lower-order subscales (Goldberg, 1999), which are
presented in Table 1.

Table 1. Five-factor model broad dimensions and their six subscales according to the
International Personality Item Pool (IPIP) (Goldberg, 1999).

Neuroticism Extraversion Openness to Agree- Conscien-
Experience ableness tiousness
Anxiety Friendliness Imagination Trust Self-efficacy
Anger Gregariousness ~ Artistic interests Morality Orderliness
Depression  Assertiveness Emotionality Altruism Dutifulness
Self- Activity level Adventurousness Cooperation Achievement-
consciousness striving
Immoderation  Excitement- Intellect Modesty Self-discipline
seeking
Vulnerability  Cheerfulness Liberalism Sympathy Cautiousness

The FFM personality traits emerged from the lexical approach to personality,
originally formulated by Klages (1932), which states that the most important
personality characteristics in people’s lives will be encoded into their language,
and more important traits are more likely to be expressed by a single word
(Goldberg, 1993, John et al., 1988). Led by this theory, several independent
researchers tried to identify the core personality factors, and after decades of
such efforts, it became clear that similar five-factor structures were repeatedly
found in distinct samples (Digman, 1990, Goldberg, 1993, John and Srivastava,
1999). These findings were supported by already existing personality constructs
that had been developed for the personality assessments in clinical context. As
mentioned above, H. J. Eysenck (1947) was the first to identify Neuroticism,
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but he had also defined Extraversion as another broad personality dimension
with a great importance in psychopathology, and he provided the Eysenck
Personality Questionnaire (EPQ) as an assessment instrument (Eysenck, 1998,
Eysenck and Eysenck, 1975). Merging of the lexical and clinical questionnaire-
based traditions led to the formation of contemporary five-factor model of
personality (e.g. McCrae and Costa, 1996, McCrae and John, 1992). In addition,
with the development of the NEO Personality Inventory (NEO-PI) and its
revised version NEO-PI-R, which measures all five Big Five main domains
(Costa and McCrae, 1985, Costa and McCrae, 1992), a common standard in the
personality assessment was created. The NEO-PI-R has gained notable success
as the FFM-based personality inventories are widely used instruments for
personality assessments by many researchers worldwide.

The validity of the FFM, assessed with the NEO-PI-R, has been extensively
studied and large amount of evidence support the convergent and discriminant
validity across self, peer and spouse ratings (McCrae and Costa Jr, 1989,
McCrae and Costa Jr, 2004, Riemann et al., 1997). While the FFM traits are
considered to be rather stable across adult life, some changes have been
reported to occur during lifetime (Costa et al., 2000, Costa and McCrae, 1988,
Roberts and DelVecchio, 2000). Although the FFM personality traits were
derived from English, the same five-factor structure has been found in other
languages and cultures (McCrae and Costa Jr, 1997, McCrae and Terracciano,
2005). These results suggest the universal nature of the FFM, which supports its
use in investigation of possible underlying genetic factors. Indeed, based on
twin studies, the heritability of FFM personality traits have been estimated to be
between 40% to 60% (Jang et al., 1996, Jang et al., 1998), ranging from 0.41 to
0.49 for Neuroticism, 0.50 to 0.53 for Extraversion, 0.48 to 0.61 for Openness
to Experience, 0.41 to 0.48 for Agreeableness and 0.44 to 0.49 for Con-
scientiousness (overview in Hare et al., 2012). The remaining variability is
considered to represent the effects of non-shared environment, but probably also
includes gene x environment interactions, measurement errors and chance
factors in development (Bouchard and Loehlin, 2001). Interestingly, shared
environment has only little or no effect (Bouchard and Loehlin, 2001, Jang,
1996).

Given the well-established notion of Neuroticism’s role in depression
etiology, a common genetic ground would be expected. Indeed, 55% of the
estimated genetic risk of MDD is found to be shared with Neuroticism
(Kendler, 1993). But in addition to Neuroticism, other personality traits are also
associated with greater susceptibility for depression. For example, MDD has
been predicted by low Extraversion (Enns and Cox, 1997, Fanous et al., 2007)
and low Conscientiousness (Kendler and Myers, 2010, Kotov et al., 2010,
Weiss et al., 2009).

Naturally personality traits also predict other psychiatric conditions and
health-related behaviours. There is a wide evidence base for high Neuroticism
to be associated with the development of anxiety disorders (Bienvenu et al.,
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2004, Hettema et al., 2006) and together with low Conscientiousness it seems to
contribute to substance abuse and dependence (Terracciano and Costa, 2004,
Terracciano et al., 2008). Certain personality profiles are typical for personality
disorders (Samuel and Widiger, 2008). Other studies point at the association of
personality traits with beneficial behavioural endpoints: e.g. on the role of high
Agreeableness, Conscientiousness and Openness to Experience in educational
attainment (Poropat, 2009), high Extraversion and Conscientiousness in
workplace performance (Thoresen et al., 2004) and low Neuroticism but high
Extraversion and Conscientiousness in regular physical activity (De Moor et al.,
2006, Rhodes and Smith, 2006).

To be noted, in the literature, negative emotionality is also measured with
personality dimensions in other instruments, e.g. Harm Avoidance (HA) of the
Cloninger’s Tridimensional Personality Questionnaire (TPQ) and its newer,
extended version, Temperament and Character Inventory (TCI) (Cloninger et
al., 1993). Harm Avoidance is another personality trait often associated with
depression and similarly to Neuroticism, HA is described as a trait of anxiety
and pessimism (Cloninger et al., 2006). Indeed, Neuroticism and HA are found
to be considerably overlapping, but not identical (De Fruyt et al., 2000).
Differences exist in definitions of major domains by their subscales:
Neuroticism is formed by six subscales of Anxiety, Anger, Depression, Self-
consciousness, Immoderation and Vulnerability, however Harm Avoidance is
composed of four subscales of Worry, Fear of Uncertainty, Shyness, and
Fatigability (Schinka et al., 2004).

1.2. Candidate genes for negative emotionality

A genetic predisposition to vulnerability to stress, together with early exposure
to stressful life events in critical stages of development, may affect neural
development and result in a neurobiological phenotype which is reactive to
stress in a way that may increase the risk of an individual to develop depression
(Barlow et al., 2014, Lesch, 2004). Given the high probability of common
genetic factors predisposing to both depressive symptoms and Neuroticism
(Kendler, 1993), many efforts have been made by researchers to identify
specific genetic markers responsible for personality traits, however, only few
candidates have survived the replications. Although large-scale GWA studies
have initially identified several loci related to personality traits, replication
attempts so far have not been successful and it has been proven difficult to find
reliable associations between genetic markers and personality traits (Bae et al.,
2013, de Moor et al., 2012, Terracciano et al., 2011, Terracciano et al., 2010a).
This, again, has been attributed to the complex genetic architecture of pheno-
typically broad traits, where probably many relevant genetic factors have an
influence, each of them explaining only a small part of the phenotype variation.
With the GWAS limitations like reaching sufficient power, and difficulties of
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detecting genotype interaction effects with other genes and environmental
factors (for a review see: Montag and Reuter, 2014), the results from candidate
gene studies could again provide useful insights into the molecular mechanisms
of depression and related personality traits.

As discussed above, the search for candidate genes for depression and
negative emotionality is mainly led by the prevailing theories for depression,
that is, the chemical imbalance and the neurogenic hypothesis. Therefore genes
encoding key proteins of the 5-HT and dopamine (DA) systems, and
neurotrophins have gained much of attention.

1.2.1. Serotonergic system

Phylogenetically, the serotonergic system is one of the oldest neurotransmitter
systems in the central nervous system (CNS) (Tecott, 2007). It is involved in the
regulation of various physiological processes, for example mood, appetite, sleep
and memory. Serotonin is synthesized from the dietary precursor, amino acid
tryptophan, which is converted to S5-hydroxytryptophan by the enzyme
tryptophan hydroxylase (TPH), followed by decarboxylation by aromatic
L-amino acid decarboxylase (DOPA decarboxylase) to 5-hydroxytryptamine
(5-HT) (Walther and Bader, 2003). Interestingly, there are two TPH isoforms:
TPH1 and TPH2, whereas TPH2 is exclusively in the brain and TPHI is mostly
found in the periphery (Walther et al., 2003). Serotonergic perikarya are located
in the brainstem raphe nuclei and innervate the large majority of the CNS
regions (Dahlstrom and Fuxe, 1964, Jacobs and Azmitia, 1992). Serotonin is
released, by exocytosis, into the synaptic cleft between pre- and postsynaptic
neurons and it activates serotonin receptors, which mediate both excitatory and
inhibitory neurotransmission (Barnes and Sharp, 1999). The majority of the
fourteen subtypes of 5-HT receptors are G-protein-coupled receptors, the
exception being 5-HTj;, which is a ligand-gated cation channel. In the synapse,
the action of 5-HT is throughout the CNS terminated primarily by the
membrane-bound 5-HT transporter (5-HTT) molecules located on the
presynaptic neuron, which regulate the synaptic 5-HT levels by re-uptake.
Blocking some of the 5-HT re-uptake terminals, and hence, increasing the
synaptic 5-HT levels, is the action mechanism for the most commonly used
antidepressants, SSRIs (Hyttel, 1994), and also part of the mechanism of action
of several other antidepressant groups such as the TCAs and SNRIs. 5-HT is
primarily metabolized by monoamine oxidases (MAO), preferentially by the
isoenzyme referred to by type A (Shih et al., 1999). MAO catalyses the
oxidative deamination of 5-HT, which is followed by oxidation to the stable
metabolite, 5-hydroxyindoleacetic acid (5-HIAA).
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[.2.1.1. Serotonin in depression and related traits

The initial version of the monoamine hypothesis proposed the low levels of
serotonin and noradrenaline in the synaptic clefts to form the basis of depression
(Bunney and Davis, 1965, Coppen, 1967, Schildkraut, 1965). Because of the
decades-long emphasis on this hypothesis, the key proteins of the 5-HT system
have been the most studied amongst all neurotransmitter systems regarding the
possible association with both depression and related personality traits. Indeed,
there is no possibility to measure 5-HT release in the brain directly except after
neurosurgery, and while positron emission tomography would allow indirect
assessment as does pharmaco-fMRI provide some clues, most of the evidence
must focus on proteins controlling the levels of 5-HT and mediating its action.
A large amount of indirect evidence does support the role of 5-HT in
depression. Historically, much interest was devoted to the lower levels of the
5-HT metabolite 5-HIAA in cerebrospinal fluid (CSF) of suicide attempters
with major depression (Mann et al., 1996, Placidi et al., 2001, Traskman et al.,
1981), but this has more recently been attributed more specifically to
impulsivity associated with self-destructive behaviour (Harro and Oreland,
2001). In suicide victims, the serotonin transporter availability is decreased in
post-mortem amygdala and 5-HT,, receptor binding sites are increased in
prefrontal cortex (PFC) and amygdala (Hrdina et al., 1993). Additionally, in the
raphe nuclei of depressed suicide victims, increased levels of TPH2 and TPH2
protein per neuron have been found, which is suggested to be an adaptive
response to functional serotonin deficiency in projection areas (Bach-Mizrachi
et al., 2008). Also tryptophan depletion (TD), a paradigm for mood response to
serotonin depletion achieved by dietary manipulations, induces depressive
symptoms in some remitted depressive patients and healthy subjects (Smith et
al., 1997, Young et al., 1985) and reverses antidepressant response (Delgado et
al., 1999).

Serotonin transporter is a key protein in the regulation of synaptic 5-HT and
therefore genetic variations in the 5-HTT gene have gained elevated attention in
depression-related research. Probably the most studied psychogenetic factor is
the variable number of tandem repeats (VNTR) polymorphism in the 5-HTT
gene (SLC6A4) promoter region, the S-HTTLPR. This polymorphism has a long
allele with 16 repeats (L) and a short allele with 14 repeats (S), whereas
carrying the S-allele results in lower transcriptional activity (Heils et al., 1995,
Lesch et al., 1996). The S-allele can increase the risk for depression (Clarke et
al., 2010), but these associations mostly emerge when stressful environmental
factors are taken into account (Caspi et al., 2003, Kaufman et al., 2006, Sjoberg
et al., 2006). In addition, the S-allele is also associated with suicidal behaviour
(for a review see: Gonda et al., 2011). Consistently, the S-allele carriers have
been reported to present heightened amygdala response to stimuli with negative
affective valence (a review by Munafo et al., 2008), which is often found in
depressed patients (Suslow et al., 2010). Lesch and colleagues (1996) originally
found associations between the S-allele and negative emotionality (Lesch,

17



1996), including Neuroticism, but the results in replication studies have been
inconsistent (see meta-analyses by Munafo et al., 2009, Schinka, 2004, Sen et
al., 2004). One of the possible confounders is the choice of personality
measurement instruments. A meta-analysis revealed that the association
between negative emotionality and the S-allele of 5-HTTLPR has been most
evident with FFM Neuroticism, in contrast to Eysenck’s Neuroticism or the
Harm Avoidance of the TCI (Munafo, 2009).

Tryptophan hydroxylase is the rate-limiting enzyme in the synthesis of 5-HT
and hence another protein that is universally important for 5-HT-ergic
neurotransmission throughout the CNS. The brain-specific isoform, TPH2, is
encoded by the TPH2 gene, which has hence become a candidate gene for a
wide spectrum of psychiatric conditions (Waider et al., 2010). In mutant mice
with genetic inactivation of TPH2 function a number of phenotypic changes,
such as growth retardation, late-onset obesity, enhanced conditioned fear
response, increased aggression and depression-like behavior have been
described (Lesch et al., 2013). In humans, a potentially functional single
nucleotide polymorphism G-703T (rs4570625) in the promoter region of the
TPH2 gene has been described (Chen et al., 2008, Lin et al., 2007, but see
Scheuch et al., 2007). Some reports have suggested that the T-allele carriers of
the TPH2 G-703T variation are more vulnerable to psychiatric disorders related
to emotional dysregulation, such as personality disorders (Gutknecht et al.,
2007) and depression (Mandelli et al., 2012). According to a recent meta-
analysis of several variations in the TPH2 gene, the G-703T polymorphism had
the strongest link with major depressive disorder (MDD), the T-allele increasing
the vulnerability (Gao et al., 2012). This is consistent with the brain imaging
studies using functional magnetic resonance (fMRI), which have reported
higher amygdala reactivity in face-processing tasks for T-allele carriers (Brown
et al., 2005, Canli et al., 2005). In addition, the TPH2 G-703T polymorphism
has been implicated in other phenotypes that are possibly associated with
emotional instability, e.g. low executive cognitive control (Baehne et al., 2009,
Reuter et al., 2007b, Strobel et al., 2007), attention deficit hyperactivity disorder
(ADHD) (Walitza et al., 2005) and obsessive-compulsive disorder (OCD)
(Mossner et al., 2006). All this evidence makes TPH2 and this particular
promoter polymorphism a strong candidate for shaping inter-individual
differences in anxiety-related personality traits. However, surprisingly little
direct evidence is available in this regard. Of the few studies published to date,
Gutknecht and colleagues (2007) found associations of a TPH2 haplotype,
including the G-703T variation’s G-allele, with increased TPQ/TCI Harm
Avoidance and FFM Neuroticism scores. Lower HA scores have been reported
for T/T homozygotes (Reuter et al., 2007a). In a number of studies with
relatively small sample sizes, however, no association was found with
Neuroticism (Canli, 2005, Mandelli, 2012, Strobel, 2007).
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1.2.2. Dopaminergic system

The best known neural pathways emerging from dopaminergic cells in the
mammalian brain project either from ventral tegmental area (VTA)
(mesolimbic/mesocortical pathway) or substantia nigra (nigrostriatal pathway)
or are intra-regional (tuberoinfundibular pathway in hypothalamus). The
mesolimbic/mesocortical pathway, which innervates the limbic system and
frontal cortex, is crucial in behaviour aiming towards natural rewards, such as
food, sex and social interaction, and also in drug addiction as well as depression
(Koob and Le Moal, 2001, Nestler and Carlezon Jr, 2006, Wise, 1998).

Dopamine (DA) is synthesized in the cytoplasm from the amino acid
tyrosine. The rate-limiting enzyme in dopamine synthesis, tyrosine hydroxylase,
converts tyrosine to 3,4-dihydroxy-l-phenylalanine (L-DOPA). This is followed
by the enzymatic activity of DOPA decarboxylase, catalyzing the conversion of
L-DOPA to dopamine. The effects of DA are exerted through action on five
dopamine receptor subtypes (D;-Ds), which are all G-protein coupled receptors.
In basal ganglia, the DA signal is terminated by the dopamine transporter
(DAT), however in the PFC the DA reuptake is mediated by noradrenaline
transporter (NAT) because of its much higher abundance there. The reuptake is
followed by the degradation of DA by MAO and catechol-O-methyltransferase
(COMT) to dihydroxyphenylacetic acid (DOPAC) and homovanillic acid
(HVA) (Dunlop and Nemeroff, 2007, Molinoff and Axelrod, 1971).

[.2.2.1. Dopamine in depression and related traits

Dopamine is known by its role in the regulation of motivation (e.g. Depue and
Collins, 1999, Ikemoto and Panksepp, 1999). As low motivation, anhedonia and
decreased energy levels are common symptoms in depressive patients, the
mesolimbic/mesocortical system is proposed to contribute to the patho-
physiology of depression (Nestler and Carlezon Jr, 2006). Also animal models
of depression imply the role of mesolimbic DA system function, whereas
chronic antidepressant treatment acts to enhance DA neurotransmission in these
brain regions (Willner, 1997). In depressed patients, lower levels of CSF HVA
as compared to controls have been repeatedly reported (Goodwin et al., 1973,
Mendels et al., 1972, Roy et al., 1989). The possible role of DA system in
depression is also implicated by the co-occurrence of depression and
Parkinson’s disease, possibly mediated by dysfunction in mesocortical/
prefrontal reward, motivational, and stress-response systems (Cummings,
1992). The physiological mechanisms underlying reduced dopamine signaling
in depression are not completely understood, however such a reduction could
result from either diminished DA release from presynaptic neurons or impaired
postsynaptic signal transduction, either due to changes in receptor number or
function and/or altered intracellular signal processing (Dunlop and Nemeroff,
2007).
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Catechol-O-methyltransferase is a major enzyme in the metabolic pathway
of catecholamines that contributes to catabolism of various bioactive molecules
throughout the organism and has a particularly important role in the prefrontal
cortex (PFC) for degrading dopamine (Meyer-Lindenberg and Weinberger,
2006, Tunbridge et al., 2004). COMT is synthesized in two forms from the
same gene — the soluble COMT-S and membrane-bound MB-COMT, whereas
the MB-COMT is predominant in the brain (Ménnisté and Kaakkola, 1999).

A functional SNP in the COMT gene results in a methionine (Met) to valine
(Val) substitution in the position 158 (COMT Vall58Met) and impacts the
activity of COMT enzyme. The Met form of the COMT enzyme is 3—4 fold less
active and therefore results in increased levels of synaptic dopamine in the PFC
(Chen et al., 2004a, Weinshilboum et al., 1999). The low activity Met-allele has
been associated with enhanced cognitive functions. Carrying one or two copies
of the Met-allele appears to be beneficial in working memory and attentional
tasks (Barnett et al., 2008, Goldman et al., 2009, Mier et al., 2010, Savitz et al.,
2006). However, the results of studies on the association of this genotype with
depression and with anxiety disorders are very contradictory indeed. Some
studies have reported increased corticolimbic responses to emotional stimuli for
Met-allele carriers (Drabant et al., 2006, Smolka et al., 2005), but others show
higher amygdala reactivity in Val-allele carriers (Domschke et al., 2012,
Kempton et al., 2009, Lelli-Chiesa et al., 2011). Moreover, some have found the
Met-allele to be associated with increased susceptibility to stress, anxiety and
depression (Eley et al., 2003, Enoch et al., 2003, Stein et al., 2005), but on the
contrary, others have identified the Val-allele as promoting increased
susceptibility to these phenotypes (Domschke et al., 2004, Drury et al., 2010,
Hettema et al., 2008, Massat et al., 2004, McGrath et al., 2004, Rothe et al.,
2006). In addition, a number of reports fail to find any associations with
depression or anxiety (Bakken et al., 2008, Frisch et al., 1999, Kunugi et al.,
1997, Ohara et al., 1998, Serretti et al., 2003, Wray et al., 2008).

Similarily, the results on the effect of COMT Vall58Met on negative
emotionality are far from clear. While several studies show no significant
associations with personality (Henderson et al., 2000, Ishii et al., 2007, Kang et
al., 2010, Light et al., 2007, Urata et al., 2007), other authors have reported Met
homozygotes to have lower Extraversion, higher Neuroticism (Eley, 2003, Hoth
et al., 2006, Reuter and Hennig, 2005, Stein, 2005) and higher Harm Avoidance
scores (Enoch, 2003, Hashimoto et al., 2007). Interestingly, Harris et al. (2005)
did not find any effect on Neuroticism or Extraversion, but described a trend
toward heterozygotes scoring higher on Agreeableness and Conscientiousness
scales. But subjects with the Val/Val genotype have also been found to score
higher in Sensation Seeking (Lang et al., 2007), Novelty Seeking (Tsai et al.,
2004b), Harm Avoidance (Kim et al., 2006), negative emotionality scales (Chen
et al., 2011), and higher in Trait Anger and lower in Anger Control scales (Baud
et al., 2007). However, most of these genotype effects have been present only in
female subjects (Baud, 2007, Eley, 2003, Enoch, 2003, Kim, 2006, Lang, 2007,
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Stein, 2005, Tsai, 2004b), which suggests major gender differences in the
contribution of the COMT Vall58Met genotype and possibly prefrontal
dopamine to behaviour.

The large amount of inconsistent findings provides rationale to assume the
presence of some confounding factors. For example, the samples under
investigation are very heterogeneous by many aspects and hence may lead to
contradictory results. To provide further clarification, the effects of COMT
Vall58Met should be studied in large, unbiased and ethnically homogeneous
samples.

1.2.3. Growth factors, with focus on brain-derived
neurotrophic factor

Brain-derived neurotrophic factor (BDNF) is a member of the neurotrophin
family of growth factors, together with three other types of neurotrophins: nerve
growth factor (NGF), neurotrophin-3 and neurotrophin-4. Their main function is
to induce and support the differentiation, survival, development and function of
neurons (Huang and Reichardt, 2001). BDNF is initially produced as a
precursor molecule proBDNF, which is followed by proteolytic cleaving to
mature BDNF (Lu, 2003). ProBDNF acts by binding to the receptor p75,
whereas mature BDNF binds to its receptor tyrosine kinase TrkB (Chao and
Bothwell, 2002). In the CNS, the role of BDNF is especially prominent in the
hippocampus and cortex as an enhancer of synaptic plasticity and neuro-
transmission (Croll et al., 1994, Lessmann et al., 1994, Levine et al., 1995,
Marty et al., 1996, McAllister et al., 1999, Nawa et al., 1993, Poo, 2001). This
effect is believed to be induced by the neuronal activity-dependent secretion of
BDNF, a function distinct of other growth factors, which are secreted
constitutively (Lu, 2003). The activity-dependent secretion of BDNF is crucial
in hippocampus-dependent memory processes (Egan et al., 2003, Lu and Chow,
1999). The BDNF and trkB knockout mice exhibit severe deficits in memory
and learning (Linnarsson et al., 1997, Minichiello et al., 1999).

1.2.3.1. BDNF in depression and related traits

A large body of evidence shows that stress and depression can lead to neuronal
atrophy and cell loss in key limbic and associated brain regions implicated in
depression, including amygdala, PFC and hippocampus, and altered expression
of neurotrophic factors is found to have a functional significance in these
processes (Duman and Monteggia, 2006, Manji et al., 2001, Villanueva,
2013). Brain imaging studies have reported decreased volumes in structures
such as hippocampus and PFC in depressed patients (Drevets et al., 2008,
Videbech and Ravnkilde, 2004). In addition, it is widely recognized that stress
decreases and antidepressant treatment increases hippocampal neurogenesis
(Warner-Schmidt and Duman, 2006). The importance of BDNF in depression
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susceptibility has been highlighted, as decreased expression of BDNF
contributes to the onset of depression and upregulation of BDNF plays a role in
the actions of antidepressant treatment (Duman and Monteggia, 2006).

BDNF is coded by the BDNF gene, which includes a SNP Val66Met in the
5’ pro-domain of the BDNF gene. An amino acid substitution of valine (Val) to
methionine (Met) at codon 66 affects hippocampal function and memory
processes (Egan, 2003, Hariri et al., 2003, Pezawas et al., 2004). The Val form
of BDNF not only reaches the neurites better but also allows for better activity-
dependent secretion of BDNF (Chen et al., 2004b). In a fMRI experiment, the
Met-allele was associated with stronger amygdala reaction in response to
emotional stimuli (Montag et al., 2008). In addition, Met-allele has also been
reported to contribute to the onset of mood disorders (Kaufman, 2006, Kim et
al., 2007, Verhagen et al., 2010), eating disorders (Ribases et al., 2003, Ribases
et al., 2004), obsessive-compulsive disorder (Hall et al, 2003) and
schizophrenia (Frustaci et al., 2008, Hiinnerkopf et al., 2007, Sen et al., 2003).
Studies on any eventual effect of the BDNF Val66Met polymorphism on
personality traits have resulted in discordant findings. The Met-allele has been
associated with lower Neuroticism (Frustaci, 2008, Hiinnerkopf, 2007, Sen,
2003) and Extraversion (Itoh et al., 2004, Terracciano et al., 2010b), but others
reported no association (Tochigi et al., 2006, Tsai et al., 2004a).

1.2.4. Gene X gene interactions

Because of the assumption that depression and personality traits have a
complex genetic base, interactions between variants of different genes that
encode proteins within neurobiological systems, and proteins of interacting
systems, are expected. Indeed, the literature provides a large amount of relevant
reports on genotype interactions, most of them concentrating on polymorphisms
in genes encoding the proteins of the 5-HT system.

As probably the most investigated psychogenetic marker, 5S-HTTLPR has
been studied widely regarding possible gene x gene interaction effects on
depression and related traits. Because 5-HTT and TPH2 are the two key
proteins for regulation of neurotransmitter levels in the serotonin system, the
interaction of the functional variants of corresponding genes in behavioural
regulation is of obvious interest. To our knowledge, no report has been
published on TPH2 G-703T x 5-HTTLPR interaction effect on personality
traits. Nevertheless, an additive effect of these two genotypes has been
described in an emotional picture viewing task using event-related potentials
(ERPs), and in cognitive-affective tasks with emotional and neutral facial
expressions and word stimuli by fMRI (Canli et al., 2008; Herrmann et al.,
2007). Carriers of the S5-HTTLPR short variant and the T-allele of
TPH?2 exhibited the greatest degree of neural activation in these tasks. Recently,
Hahn and colleagues (2013) have reported a positive correlation between
connectivity of amygdala and hippocampus, and Gray's trait anxiety (BIS)
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scores in individuals with presumably low synaptic 5-HT level. Low synaptic
5-HT subjects were defined in this study as TPH2 G-allele homozygotes and
5-HTTLPR L,-allele homozygotes. Interestingly, in the high 5-HT level group,
comprising TPH?2 T-allele carriers with at least one S-HTTLPR S or L-allele, a
negative association was found instead (Hahn et al., 2013). These findings
suggest such an interaction between the two genotypes that should have a
reflection in the style of reaction to the environment, i.e., personality.

As BDNF promotes the development and function of serotonergic neurons
(Martinowich and Lu, 2008, Ren-Patterson et al., 2005), interactions of BDNF
variants with genes affecting the serotonin system should be expected. Indeed,
some studies have found interaction effects of 5S-HTTLPR and BDNF Val66Met
genotypes on depression and related phenotypes. It has been reported that the
SLC6A4 gene interacts with BDNF to impact amygdala and anterior cingulate
cortex volume (Pezawas et al., 2008). Furthermore, an interaction effect of 5-
HTTLPR and BDNF Val66Met and stressful life events has been shown on
depression in children (Kaufman, 2006) and elders (Kim, 2007). In addition, it
has been found that the BDNF gene moderates the association of S-HTTLPR
with biological stress responses in preschoolers (Dougherty et al., 2009) and the
effect of 5S-HTTLPR on worrying (Bredemeier et al., 2014). Of personality
traits, Terraciano and colleagues (2010) reported a G x G interaction effect on
personality: S-HTTLPR L/L homozygotes scored lower on Neuroticism in the
presence of BDNF Val variant, whereas they scored higher with the Met-allele.

Regardless of the large number of studies on gene associations with
depression-related personality traits, the results have not led to a clear picture.
There are most likely several reasons for limited replications. One of the main
issues is the small effect size of the gene variants, which are of course expected
for complex traits. Moreover, small sample sizes, high ethnic diversity and large
varieties in the age and health status of the subjects have been highlighted as
probable confounding factors in candidate gene studies (Chen, 2011).
Therefore, leaving aside the widely used convenience samples, an ethnically
homogeneous population representative sample with a longitudinal database
would contribute greatly to the clarification of the ever-increasing amount of
contradictory results. Furthermore, such a sample design would enable to assess
the effect size for general population.
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2. AIMS OF THE STUDY

Studies included in this dissertation were intended to explore how do common
variants of neurotransmission-related genes, often linked to depression and
negative emotionality, associate with personality traits in a large population
representative sample.

More specifically,

— Does the BDNF Val66Met polymorphism have any effect on personality
traits? (Paper I)

— Is COMT Vall58Met polymorphism associated with personality traits?
(Paper II)

— Is TPH2 genotype affecting personality traits? (Paper I1I)

— Does any eventual association of TPH2 and BDNF genotypes with
personality interact with the S-HTTLPR genotype? (Papers I and I1I)

— Are eventual associations of these functional gene variants with perso-
nality reflected in health-related and personality dependent behaviours,
such as binge eating (Paper 1V), educational attainment (Paper II) and
depressiveness (Unpublished data)
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3. MATERIALS AND METHODS

3.1. The sample

The sample consisted of the two age cohorts of the European Youth Heart Study
that was conducted in Estonia in 1998/99 and subsequently incorporated into
the longitudinal Estonian Children Personality Behaviour and Health Study
(ECPBHS). It is an ethnically homogeneous sample of Caucasian participants
and the rationale for sample formation and the procedure has previously been
described (Harro et al., 2009, Harro et al., 2001, Laas et al., 2014, Tomson et
al., 2011). Briefly, all schools of Tartu County, Estonia, which agreed to
participate (54 of the total of 56) were included into the sampling using the
probability proportional to the number of students of the respective age groups
in the school, and 25 schools were selected. In 1998/99, all children from grades
3 (Cohort 1; younger cohort) and 9 (Cohort 2; older cohort) were invited to
participate and written informed consent was received from 76% of the invited
subjects and their parents. The total number of subjects in this sampling was
1176 (583 in Cohort 1, age 9.6 (SD =0.5) years, 593 in Cohort 2, age of 15.4
(SD = 0.6) years). The follow-up studies for the younger cohort took place in
2004 (n =483, age = 15.3 (SD =0.5)) and 2007 (n = 453, age = 18.3 (SD = 0.5));
for older cohort, the follow-ups were in 2001 (n = 417, age = 18.3 (SD = 0.7))
and 2008 (n = 487, age = 24.7 (SD = 0.7)). Permission for the study was
obtained from the Ethics Review Committee on Human Research of the
University of Tartu. The study was conducted in accordance with the
Declaration of Helsinki.

3.2. Measurements
3.2.1. Personality measurements

The five-factor model personality traits (Papers I, II and III) were measured
by self-reports with the Estonian version of Revised NEO Personality Inventory
(NEO-PI-R) (Kallasmaa et al., 2000), EE.PIP-NEO (Mbttus et al., 2006), which
is a semantically simplified full-length version of NEO-PI-R, Short Five (S5)
(Konstabel et al., 2011), which is a short inventory of five-factor personality, or
Estonian Brief Big Five Inventory (EBBFI), which is a short and semantically
simplified questionnaire (Harro, 2009, Laidra et al., 2006). All scales measure
each of the FFM personality dimensions (Neuroticism, Extraversion, Openness
to experience, Agreeableness and Conscientiousness), and their six subscales
with the exception of EBBFI. All four instruments have been found to provide
realistic and convergent assessment of personality according to the five-factor
model (Konstabel, 2011, Laidra, 2006, Mdttus, 2006). Personality data were
collected at age 15 (younger cohort: EE.PIP-NEO; older cohort: EBBFI), 18
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(younger cohort: S5; older cohort: NEO-PI-R) and 25 (older cohort: EE.PIP-
NEO). Data were standardized into z-scores for common analysis.

3.2.2. Psychiatric disorders

The Mini-International Neuropsychiatric Interview (M.I.N.1.5.0.0; Sheehan et
al., 1998, Estonian version: Shlik et al., 1999) was used to screen for major
psychiatric disorders at the age 25 (Paper II). Diagnostic assessment was
carried out by experienced clinical psychologists.

3.2.3. Educational attainment

At the age 25, the participants were asked to report their current level of
education, either as 1) primary; 2) secondary; 3) vocational; 4) incomplete
higher; 5) higher education (Paper II). For the statistical analysis the level of
education obtained was stratified in three levels: 1) primary; 2) secondary and
vocational; 3) higher (including incomplete higher) education.

3.2.4. Socioeconomic status

The participants were asked to report their monthly income, as well as the
monthly income of their household (Paper II). Also they were asked to assess
the economic status of their household on a 5-point scale, ranging: 1 — we have

huge difficulties in coping ..... 5 — we are coping very well. To assess the
perceived socioeconomic status the participants were asked to rate themselves
on a 10-step scale ranging: 1 — I feel repelled from society ...... 10 — I feel I

belong to the most influential part of society.

3.2.5. Body weight regulation

Participants were asked whether they have tried to regulate their body weight
(1. Yes, I have tried to increase my body weight, 2. No, I don’t think it’s
necessary to regulate my body weight, 3. Yes, I have tried to decrease my body
weight), and indicate which methods of the following they had been using:
dieting (avoiding high-fat and/or high carbohydrate food), restriction of meal
sizes, training, reduction in meal frequency, starvation (no food intake for at
least 24 h), or any other methods not mentioned in the questionnaire (Paper
Iv).

3.2.6. Eating behaviour and attitudes

Two subscales of Eating Disorders Inventory-2 — Drive for Thinness and
Bulimia — were used to assess eating behaviour and attitudes (EDI-2; Garner,
1991; Estonian versioon: Podar et al, 1999) (Paper IV). The Drive for
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Thinness subscale measures concern and preoccupation with dieting and weight
gain, the Bulimia subscale measures the tendency to think about and engage in
episodes of binge eating. These subscales have been shown to be most directly
related to eating-disordered behaviour (Hurley et al., 1990).

3.2.7. Depressiveness

Depressiveness was assessed during the second and third study wave using the
self-report format of the Montgomery — Asberg Depression Rating Scale
(MADRS; Montgomery and Asberg, 1979) or Beck Depression Inventory (BDI;
Beck et al., 1961) (Unpublished data). Subjects of the younger cohort filled
BDI at age 15 and MADRS at age 18; and subjects of the older cohort filled
MADRS at ages 18 and 25.

3.2.8. Anxiety

Anxiety levels were measured with the Spielberger State Trait Anxiety
Inventory (STAI; Spielberger, 1983) (Unpublished data). Anxiety data were
collected from the younger cohort at ages 15 and 18; and from the older cohort
at age 25.

3.2.9. Genotyping
3.29.1. 5-HTTLPR

DNA was extracted from venous blood with QIAamp DNA Midi kit (Qiagen,
Hilden, Germany). The alleles at the 5-HTTLPR locus were amplified following
protocols described by Paaver et. al (2007) (Paper I) and Tomson et al. (2011)
(Paper I1I).

In Paper 1, the alleles at the S-HTTLPR locus were amplified from genomic
DNA using PCR. The polymorphic region was amplified using the primers 5-
HTTLPR-F: CAA CCT CCC AGC AAC TCC CTG TA, 5-HTTLPR-R: GAG
GGA CTG AGC TGG ACA ACC AC, where the forward primer was
fluorescently labeled with a 5'-FAM. Reagents and conditions for the PCR
reaction were: 1x PCR buffer (Perkin Elmer, AmpliTaq Gold buffer II), 200 pM
dNTP with 50% of dGTP replaced with 7 deaza-dGTP, 2 mM MgCl,, 1 uM of
each primer, 1 U Taq polymerase (Perkin Elmer, AmpliTaq Gold) and 20 ng
genomic DNA, in a total reaction volume of 10 uL. The reaction started with
10 min at 95°C, followed by 40 cycles with 30 s at 95°C, 30 s at 59°C, 30 s at
72°C and ended with 7 min at 72°C. PCR products were then run on an ABI
PRISM 3700 DNA analyzer (Applied Biosystems, USA.) and scored using the
software GeneMarker 1.5 (SoftGenetics, U.S.A.). All genotypes were manually
checked on chromatograms to detect inconsistencies and where needed,
amplified and scored a second time.
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In Paper III, the 5S-HTTLPR polymorphic region was amplified using the
primers 5-HTTLPR-F: 5-6FAM-ATG CCA GCA CCT AAC CCC TAA TGT-3'
and 5-HTTLPR-R: 5'-GGA CCG CAA GGT GGG CGG GA-3'. PCR reaction
components and final concentration were as follows: 1 x of 5x HotFirepol
BLEND with BSA 2.5 mM MgCl, (Solis Biodyne); 5% of DMSO; 1 x of 10x
Solution S (Solis Biodyne); 380 uM each of the forward and reverse primers;
10-50 ng of template DNA. The amplification was conducted in a total volume
of 20 ul. The touchdown PCR cycles were used as by Anchordoquy et al.
(2003). The electrophoresis was made on ABI PRISM 3130XL genetic analyser
(Applied Biosystems, USA) and the components used were: 1 ul PCR product,
10 ul Hi-Di formamide, 0.25 ul Liz 500 size standard. Genotypes were
generated using ABI Gene-Mapper V 4.0 software.

3.2.9.2. BDNF Val66Met

BDNF Val66Met (SNP rs6265) genotyping was carried out by restriction
analysis, and to eliminate any chances of false positive or false negative results,
extra sequencing reactions were performed on 23% of the sample (Papers I and
IV). No inconsistencies between the two methods occurred.

Amplification reactions were performed in a total volume of 20 pl with
10-50 ng of template DNA, using thermal cycler ,,Biometra UNO II”. PCR
reaction components and final concentration were as follows: 1:10 tartrazine
buffer (750 mM Tris HCI, pH 8.8, 200 mM (NH),SO,, 0.1% Triton x 100, 5%
Ficoll 400, 10 mM tartrazine); 1.9 mM MgCly; 0.1 mM dNTP; 0.5 pmol/pl
primer F 5°-ACT CTG GAG AGC GTG AAT-3’; 0.5 pmol/ul primer R 5’-ATA
CTG TCA CAC ACG CTC-3’; 1.5U Taq DNA polymerase (FIREPol). To
determine the possible contamination, a negative control was added to every
experiment. The PCR cycling conditions consisted of an initial denaturation of
2 min at 95°C, followed by 37 cycles of 96°C for 20 s, 50°C for 15 s, 72°C for
40 s, and final extension 72°C for 6 min. PCR products were visualized on 2%
agarose gel electrophoresis with ethidium bromide.

3.2.9.3. COMT Vall58Met

COMT Vall58Met polymorphism (rs4680) genotyping reactions were per-
formed in a total volume of 20 pul with 10-50 ng of template DNA. The real-
time polymerase chain reaction (RT-PCR) was performed with primers and
fluorescent probes obtained from Applied Biosystems (Foster City, CA, USA)
Custom TagMan SNP Genotyping Assays. RT-PCR reaction components and
final concentrations were as follows: 1:5 5xHOT FIREPol Probe qPCR Mix
Plus (ROX) (SolisBiodyne) and 1:20 80xTagMan Primers Probe (F 5° —
CCCAGCGGATGGTGGAT -3’; R 57 -CAGGCATGCACACCTTGTC -3’;
Reporter 1 -TTCGCTGGCATGAAG (VIC); Reporter 2 -TCGCTGGCGTGAAG
(FAM)). Reactions were performed on the ABI 7500 Real-Time PCR system
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(Applied Biosystems, USA) and the amplification procedure consisted of an
initial denaturation step at 95°C for 15 min and 40 cycles of 95°C for 15 s and
60°C for 1 min. All reactions were carried out in duplicate and extra negative
controls were added to each reaction plate.

3.2.9.4. TPH2 G-703T

Genotyping for TPH2 G-703T (rs4570625) was performed on the Applied
Biosystems ViiA™ 7 Real-Time PCR System using TagMan® Pre-Designed
SNP Genotyping Assay and Solis BioDyne 5x HOT FIREPol® Probe qPCR
Mix Plus (ROX).

3.3. Statistical analysis

Owing to the small number of BDNF Val66Met Met homozygotes in our
sample (n=19), the genotype was divided into two groups — Val homozygotes in
one group (Val) and Met-allele carriers in another group (Met). All other
genotypes (5-HTTLPR, COMT Vall58Met, TPH2 G-703T) were grouped
based on their allelic variances. All genotype frequencies were found to be
consistent with the Hardy-Weinberg equilibrium.

For statistical analyses, one-way and two-way analysis of variance or
covariance (ANOVA or ANCOVA) were used to test the main effects on
personality traits of all polymorphisms under investigation, and gene x gene
interactions with the 5-HTTLPR polymorphism or interaction with sex.
ANOVA was also used to test the associations between the test scores of eating
behaviour and the BDNF Val66Met genotype. Mixed linear model analysis was
carried out to test the interactions with age. Fisher’s LSD was used for post-hoc
comparisons and contrasts were calculated for significant model effects. To test
for main effects of COMT Vall58Met on education and psychiatric disorders
the Pearson chi-square test was used. Mixed linear model analysis was carried
out using the SPSS Statistics version 19. All other statistical analyses were
carried out with STATISTICA 7.0.
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4. RESULTS AND DISCUSSION

4.1. Associations of depression- and anxiety-related
gene polymorphisms with personality

4.1.1. BDNF Val66Met polymorphism and
personality traits (Paper I)

BDNF Val66Met polymorphisms was associated with Conscientiousness,
whereas the Met-allele carriers scored significantly lower than Val-homozy-
gotes (F(1,807) = 4.32, p = 0.038). The Met-allele carriers thus tend to be less
organized, determined and cautious, but also more impulsive and spontaneous
than the Val homozygotes. The deteriorating effect of the Met-allele was most
evident with C1: Self-Efficacy and C2: Orderliness facets (Figure 1), which
indicates that Met-allele carriers may have lower level of accomplishment,
effectiveness and organization, compared to their peers.
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Figure 1. Personality profiles for BDNF Val homozygotes and Met-allele carriers.
* — significant differences between Val homozygotes and Met-allele carriers.
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Besides high Neuroticism, low Conscientiousness has repeatedly been found to
increase depression risk (Kendler and Myers, 2010, Kotov, 2010). Health-
related effects of Conscientiousness may arise from its influence on behaviours
that may lead to poor health, e.g. substance use (Terracciano, 2008) or lack of
physical exercise (Rhodes and Smith, 2006). Conscientiousness, as a trait for
high orderliness, efficiency and self-discipline, is also related to prospective
memory (Uttl et al., 2013). Indeed, to be conscientious, one has to be able to
make and follow plans, which requires good memory performance. Given the
importance of BDNF in memory processes (e.g. Egan, 2003), our findings may
indicate that fundamental brain functions (i.e., personality and memory) have
some overlaps in their genetic architecture. On the other hand, memory can
contribute to the perception of Conscientiousness through remembering certain
behaviours from the past, when completing the personality questionnaires.

Several previous studies have reported the Met-allele carriers to score lower
on Neuroticism or Extraversion scales, however no association has previously
been observed regarding Conscientiousness. There may be a number of reasons
for this. The principles of sample formation may influence the variability of
personality dimensions in the sample. The study of Sen and colleagues (Sen,
2003) that originally demonstrated the effect of Val66Met polymorphism on
Neuroticism did not reveal any genotype effect on other FFM personality
dimensions, including Conscientiousness. The sample they used was recruited
from a blood pressure monitoring program targeted on families, and thus
certainly not representative of the whole population. It is likely that their sample
was relatively high in Conscientiousness, because this personality trait would
facilitate family life and involvement in a long-term program targeted at health
issues. In a small Japanese study which was on a sample of staff and students of
a university, the results in fact reflected a non-significant trend towards lower
Conscientiousness in Met carriers (Itoh, 2004). However, several studies have
shown that high Conscientiousness can predict academic success (Noftle and
Robins, 2007, O’Connor and Paunonen, 2007, Vedel, 2014). High school
students are more conscientious and therefore more successful in their studies
than their peers. When the sample is composed entirely out of college and
university students, then it is already significantly biased towards higher
Conscientiousness. Hence the dispersion of this trait might be too small, leading
to false negative results.

The data of this study were collected from the second study wave, where the
average age for the younger cohort was 15 and older cohort 18 years. As of
writing this dissertation we have collected additional data from the third study
wave, where the average age was 18 and 25 years for younger and older cohort,
respectively, and this allows us to pool data of both cohorts age-wise at age 18.
We failed to detect any significant BDNF Val66Met main effects on Con-
scientiousness, however, a tendency for a gene x sex interaction emerged
(F(1, 821) = 3.70, p = 0.055). Male Met-allele carriers expressed a strong trend
for lower Conscientiousness, compared to all other subjects. These results
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support previous findings on gender specific effects of the BDNF Val66Met
polymorphism on depression, whereas male Met-allele carriers show increased
risk (for a meta-analysis see Verhagen, 2010). However, as the mean age of
subjects included in the meta-analysis were higher compared to our sample
(50.6 years for cases and 47.6 years for controls), this issue should be addressed
again in the future in our longitudinal sample to assess possible age-dependent
effects.

4.1.2. COMT Vall58Met genotype and
personality traits (Paper Il)

The importance of dopamine in behaviour and psychopathology gives reason to
examine the possible role of COMT Vall58Met polymorphism on personality
traits and their development on a large population representative sample, which
we addressed in Paper II. We used the data of all three study waves on the
older cohort of the ECPBHS sample, the participants having respectively been
15, 18 and 25 years old. Mixed linear modeling of these longitudinal dataset of
general population revealed that in the five-factor model, COMT Vall58Met
does have an effect on personality traits, particularly on Neuroticism.
Interestingly these effects became manifest by the time of young adulthood,
observed at the present study at age 25, by which age women with the Val/Val
genotype had developed higher Neuroticism (Figure 2). This made it irrational
to examine the genotype effect on personality in the younger cohort of the
ECPBHS until they will have been participated in the scheduled data collection
wave at age 25. In addition, we found the effect of COMT genotype on
Conscientiousness to increase with age. By the age of 25 female heterozygotes
scored higher than both homozygote groups on the Conscientiousness scale.
There was a tendency of low Conscientiousness being more evident in males,
whereas high Neuroticism is manifested more in females. In population-
representative samples, Neuroticism and Conscientiousness correlate nega-
tively, and in the future, it seems worthwhile to examine whether subgroups of
males and females have, dependent on COMT genotype, different perception of
aspects of these traits.

Reported associations of gene variants affecting the activity of the dopamine
system with personality traits have been inconsistent (Ebstein, 2006, Reif and
Lesch, 2003) and so our findings also stand in contrast to several of the previous
results regarding COMT Vall58Met effect on personality traits (Eley, 2003,
Hoth, 2006, Reuter and Hennig, 2005, Stein, 2005). As noted by Chen and
colleagues (Chen, 2011), some of the reasons for inconsistent results in the
studies with COMT genotype may be due to small sample sizes, high ethnic
diversity and different age groups. Age-dependency of effects of functional
gene variants on personality has previously been reported (Harro and Kiive,
2011, Harro, 2009, Laas, 2014). A twofold increase in COMT enzyme activity
has been shown from post-birth to adulthood (Tunbridge et al., 2007) and this
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may have an effect on the development of personality traits. Therefore, the
developmental stage should be considered while comparing different studies on
the association of genes and personality, and in elucidating the mediating
neurobiological mechanisms.
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Figure 2. Personality profiles by genotype and gender at age 25; z-scores. *: p < 0.05
vs. all comparison groups. N: Neuroticism; E: Extraversion; O: Openness to experience;
A: Agreeableness; C: Conscientiousness.

Of other personality traits, Conscientiousness, mostly associated with being
organized, responsible and dependable, is the best predictor of mental health.
Our results indicate that in addition to the increased Neuroticism by the age 25,
Val homozygotes scored the lowest on Conscientiousness scale. Although
Neuroticism is a strong predictor of stress and dysphoria the correlations
between Neuroticism and different anxiety disorders vary (Watson et al., 2005),
thus it would be reasonable to explore the association of COMT genotype in
relation to different types of anxiety disorders with adequate sample size. Since
the manifestation of mental disorders, including anxiety disorders and
depression, are moderated by adverse life events and social support, it would be
worthwhile to address these aspects in relation to COMT genotype as well.
Nevertheless, excessive speculation should be avoided at this stage, as the
results of this study should be considered exploratory because of the limitation
of not correcting for multiple testing that makes replications on other samples
mandatory before major conclusions can be drawn.
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4.1.3. TPH2 G-703T genotype and
personality traits (Paper Ill)

Variations in the tryptophan hydroxylase gene, encoding for the rate-limiting
enzyme in the 5-HT synthesis, may modulate the 5-HT system and therefore
also behaviour. Hence, in Paper III, we aimed to study the effects of TPH2
G-703T polymorphism on personality traits and their development in this large
population-representative sample. We pooled the data of the younger and older
cohorts age-wise, at age 15 (n = 742) and 18 (n = 834). We found that, indeed,
the TPH2 G-703T genotype is associated with personality traits of the five-
factor model. At age 15, subjects with the T/T genotype scored considerably
lower on Neuroticism and higher on Conscientiousness scale. Three years later,
by the age of 18, the T/T homozygotes again scored the highest on Con-
scientiousness and also Extraversion, however the effect on Neuroticism was no
longer significant (Figure 3). Indeed, the mixed linear model analysis revealed
the age-dependent genotype effect on Neuroticism, whereas at age 15 the T/T
homozygotes scored significantly higher compared to G-allele carriers, but by
the age 18 they were more similar to other groups.
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Figure 3. TPH2 G-703T genotype and personality profiles at age 15 and 18. Data are
presented as z-scores. * — p < 0.05 vs. all comparison groups; ** — p < 0.001 vs. G/T;
% — p = 0.0001 vs. G/T; # — p < 0.001 vs. G/G (Fisher’s LSD). N: Neuroticism;
E: Extraversion; O: Openness to experience; A: Agreeableness; C: Conscientiousness.

Our results are consistent with previous findings on higher negative emotio-
nality in the G/G genotype that were based on Harm Avoidance scores (Reuter,
2007a). However, none of the previous studies had found G-703T main effect
on Neuroticism, the negative emotionality scale of the FFM. Gutknecht and
colleagues (2007) reported a haplotype association of TPH2 G-703T with TPQ
Harm Avoidance and FFM Neuroticism, in a sample of university students
(n =336). Strobel et al. (2007) have described a tendency of G/G homozygotes

34



scoring higher on Neuroticism, however, as pointed out by the authors, the
sample size was small (n = 78). In a number of studies the T/T and G/T
genotype groups have been combined and contrasted to G/G homozygotes, due
to the small number of T/T homozygotes (e.g. Canli, 2005, Hahn et al., 2013,
Strobel, 2007). However, some evidence has suggested that subjects with the
T/T genotype could differ from the other genotype groups, e.g. they scored
lower on HA scale (Reuter, 2007a), and this is consistent with the present data
in a large population-representative sample. Interestingly, the G/T and G/G
subjects had a very similar personality profile.

Because of the broad and comprehensive nature of the main domains,
analyses on the facet level may lead to better prediction of behaviour (Paunonen
and Ashton, 2001). We therefore further examined the 7PH2 G-703T effect on
the subscales of Conscientiousness at age 18, when the association was the
strongest. Amongst the six subscales of Conscientiousness domain our results
show the strongest genotype association with Orderliness and Self-Discipline,
and the weakest with Cautiousness. Speculatively, this may have implications to
a potential link between serotonergic system and locus of control. The present
study also suggests that the TPH2 G-703T genotype association with
personality should not be expected in studies with small number of participants
unless the sample is biased.

4.1.4. Moderation by the 5-HTTLPR genotype
of the gene X personality associations (Papers | and Ill)

4.1.4.1. BDNF Val66Met x 5-HTTLPR interaction effect
on personality traits

Considering the possible epistatic effects between the SLC6A4 and BDNF genes
(Kim, 2007, Pezawas, 2008, Terracciano, 2010b), exploration of interaction effect
of the functional 5-HTTLPR x BDNF Val66Met polymorphisms on personality
traits is of obvious interest. This issue was addressed in Paper I, where we used
the data of both cohorts from the second study wave. At the time of assessment,
participants in the younger cohort were 15 and older cohort 18 years old.

Indeed, our results showed a gene x gene interaction on personality traits.
BDNF Met-allele carriers with the 5-HTTLPR S/S genotype scored lower on
Conscientiousness than their peers (Figure 4). The effect of the Val66Met
genotype on Conscientiousness mainly rested on its large effect in the S/S
group. This effect was significant in Conscientiousness facets C1: Self-Efficacy
and C4: Achievement Striving. Both of these facets are related to goal-
orientation, accomplishment and achievement, and appear to be inferior in
participants with this allelic combination. Additionally we found that BDNF
Val-allele homozygotes with 5-HTTLPR S-allele carriers score lower in
Openness to Experience facet O6: Liberalism. People with this allelic combi-
nation may thus prefer more traditional values.
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Figure 4. Significant interactions of S-HTTLPR and BDNF Val66Met polymorphisms
on personality traits and their facets. Pairwise comparisons made with Fisher’s LSD
test. ¥ —p < 0.05 vs all other groups. ** — p < 0.05 between two groups.

Previous reports on 5-HTTLPR x BDNF Val66Met interactions have resulted
with mixed findings. Pezawas and colleagues (2008) demonstrated an
interaction effect on the volume reduction of anterior cingulate cortex,
suggesting a protective effect of BDNF Met-allele in S-allele carriers. Others
have identified 5-HTTLPR S/S genotype together with a BDNF Met-allele as a
risk genotype for depression, but only in interaction with environmental factors
(Kaufman, 2006, Kim, 2007). However, to our knowledge the only study
reporting an 5S-HTTLPR and BDNF interaction on personality traits in a large
sample found the S-HTTLPR L/L homozygotes to score lower on Neuroticism
in the presence of two BDNF Val-alleles, whereas Met-allele carriers scored
higher (Terracciano, 2010b). This effect technically differs from our results,
where we demonstrated the lowest Conscientiousness scores in S/S homozy-
gotes with at least one Met-allele present, but it should be born in mind that
Neuroticism and Conscientiousness are in negative correlation in population-
derived samples.
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4.1.4.2. The interaction effect of TPH2 G-703T and 5-HTTLPR
polymorphisms on personality traits

The two principal proteins in the serotonergic neurotransmission, 5-HTT and
TPH2 are both involved in the regulation of neurotransmitter levels available
for release in the brain. Therefore the interaction of functional polymorphisms
in genes encoding these proteins on behavioural measures, e.g. personality, can
be expected. In Paper III, we aimed to study the possible G x G interaction
effect on personality traits at age 15 and 18. We used data of both birth cohorts
of ECPBHS with age-wise combined z-scores. An interaction effect on
Conscientiousness at age 18 (F(4, 816) = 2.99, p = 0.018) was found. Indeed,
the association of TPH2 G-703T genotype with Conscientiousness was entirely
dependent on the S-HTTLPR genotype: the TPH2 effect was evident only in
5-HTTLPR S-allele carriers (Figure 5).
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Figure 5. TPH2 G-703T x 5-HTTLPR interaction effect on Conscientiousness at age
18. Data are expressed as z-scores +/— SEM. * —p < 0.01 vs. all TPH2 G-allele carriers;
** — p <0.01 vs. all TPH2 G-allele carriers and all 5S-HTTLPR L/L genotype groups
(Fisher’s LSD).

To the best of our knowledge there has been no previous report regarding 7TPH?2
x 5-HTTLPR interaction on FFM personality traits. This may well suggest that
studies on smaller or less representative samples have missed the effect of the
minority T-allele. Nevertheless, our findings are partially in accordance with the
results of EEG and fMRI studies of emotional picture viewing and cognitive
affective tasks, where carriers of the combination of TPH2 T-allele and 5-
HTTLPR short variant exhibited the greatest degree of neural activation in these
tasks (Canli et al., 2008; Herrmann et al., 2007). Obviously, given the
significantly smaller sample sizes in brain imaging studies, subjects with the
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genotype combination of T/T-homozygotes and the S-allele would be rare, but
measurement of the endophenotypes is closer to the gene than self-reported
personality and hence expected to be more sensitive, even detecting the
difference with a single T-allele of the TPH2. Additionally, Hahn and
colleagues (2013) have reported a positive correlation between connectivity of
amygdala and hippocampus, and Gray’s trait anxiety (BIS) scores in individuals
with the combination of TPH2 G/G and 5-HTTLPR L,/L, genotypes.
Interestingly, in the TPH2 T-allele carriers with at least one 5-HTTLPR S or
Lg-allele, a negative association was found instead (Hahn, 2013). Together with
our findings on personality traits, it seems plausible that such an interaction
between the two genotypes reflect a certain style of reaction to environment and
putative changes in serotonergic neurotransmission may impact fundamental
phenotypes, i.e. personality.

But in addition to G % G interactions on personality, also G X E interactions
may play a pivotal role. Based on twin studies, the genetic component in
personality is substantial, whereas shared environmental effects have little, if
any, effect on personality traits (Bouchard and Loechelin, 2001). However,
unique non-shared environmental effects seem to have more pronounced
impact, but this in essence probably comprises several residual causes, e.g.
measurement errors, chance and G x E interactions (Bouchard and Lochelin,
2001). Indeed, early environmental stressors, e.g. childhood adversities and
trauma, may influence children’s cognitive styles and moderate risk for a
persistent state of negative emotionality, which, in turn, increase the probability
of developing anxiety and mood disorders (Barlow, 2014). Furthermore, the
combination of genetic predisposition and early life stress may sensitize key
circuits within the brain, e.g. the hypothalamic—pituitary—adrenal (HPA) axis, in
response to acute stress, leading to altered stress reactivity (Barlow, 2014).
Therefore, the possible impact of genotype and stressful life events interaction
effects on personality traits should be addressed in the future.

4.2. Associations of these functional gene
variants with personality reflected in health-related
and personality dependent behavior
(Papers I, IV and unpublished data)

4.2.1. The impact of BDNF Val66Met genotype on food
restriction in body weight regulation (Paper V)

Eating disorders represent a group of mental illnesses characterized by
abnormal eating behaviour, which harms individual’s physical and mental
health. Brain-derived neurotrophic factor has been regarded as a possible
candidate molecule associated with the etiology of eating disorders. BDNF is
widely distributed in the regions associated with regulation of eating behaviour
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and energy intake, such as hypothalamic nuclei (Kernie et al., 2000). Evidence
from the animal studies supports the role of BDNF' in the modulation of 5-HT
turnover and appetite (Lyons et al., 1999, Pelleymounter et al., 1995). In
addition,hyperphagia and obesity are present in conditional mutant mice with
complete deletion of BDNF (Rios et al., 2001). In humans, the BDNF Met-
allele carriers are reported to have higher body mass index and increased
obesity risk (Beckers et al., 2008). Furthermore, associations with disordered
eating are supported by a meta-analysis, which concluded that Met-allele
carriers have increased risk of developing an eating disorder compared with the
Val/Val homozygotes (Gratacos et al., 2007), however, a more recent meta-
analysis failed to detect associations between BDNF Val66Met and,
specifically, anorexia nervosa (Brandys et al., 2013).

In Paper IV, we aimed to study the BDNF Val66Met effect on eating
behaviour and body weight regulation in both birth cohorts of our study. The
data were collected during the second study wave, when the participants of
younger and older cohorts were 15 and 18 years old, respectively.

We found an interaction effect between the genotype and food restriction on
scores of Bulimia among girls. More specifically, an interaction was found between
Val66Met genotype and the reduction of meal frequency (F(1,386) = 5.70,
p = 0.02) and between Val66Met genotype and starvation (F(1,385) = 5.52,
p = 0.02). The Met-allele carriers who tried to regulate their body weight by
reducing meal frequency or starvation scored higher on Bulimia subscale, i.e.,
they were more engaged in binge eating. In addition, a tendency to consume
less calories in the food restrictive Met-allele carriers was observed, and this
was statistically significant among the users of the most severe method,
starvation (BDNF Val66Met x food restriction interaction on energy intake:
F(1,391) = 4.16, p = 0.04). The interactions remained significant after the
covarying effect of BMI was controlled for. There was no Val66Met genotype X
food restriction interaction effect on Bulimia scores in boys, but bulimic
behaviour in boys is infrequent.

Our results show the modulating effect of BDNF Val66Met polymorphism
on the association between food restriction and binge eating, whereas Met-allele
carriers are more vulnerable to the effect of food restriction to induce binge
eating as compared to Val-homozygotes. Met-allele carriers have been reported
to be more reactive to negative stimuli (Montag, 2008) and score higher on
reward dependence (Itoh, 2004). The association of poor reward-related
inhibition response with binge eating has also been shown in eating disorder
patients (Rosval et al., 2006). It is thus possible that the BDNF Met-allele has a
role in the development of eating disorders because it increases reward
dependence, which enhances vulnerability to binge eating in subjects who
engage in restrictive diets. Interestingly, these results correspond to our findings
of the effects of BDNF Val66Met polymorphism on Conscientiousness on the
same sample, assessed at the same time point (Paper I). The Met-allele carriers,
who we also found more likely to practice binge eating while trying to restrict
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food intake in Paper 1V, scored significantly lower on Conscientiousness. As a
trait for persistence, organization, self-discipline and orderliness, Conscien-
tiousness has been found to be associated with disordered eating behaviour
(Ghaderi and Scott, 2000, Podar et al., 1999). In a recent twin study a negative
correlation between Conscientiousness and binge eating episodes was
confirmed (Koren et al., 2014). In addition, the authors reported 45% of the
covariance between Conscientiousness and binge eating to be due to additive
genetic and 55% individual-specific environmental factors, which may therefore
suggest shared etiological underpinnings with lack of control during binge
eating episodes (Koren, 2014).

4.2.2. The effect of COMT Vall58Met polymorphism on
educational attainment, socioeconomic status and history
of mood disorders (Paper Il and unpublished data)

Personality is considered to be fully developed by the time of young adulthood
(Costa et al., 1994). Our results indicate that, indeed, the COMT Vall58Met
genotype effects were more evident at age 25, compared to ages 15 and 18.
Such genotype-dependent development of personality could be expected to have
an influence on obtaining education, and educational achievements importantly
shape the environment of the individual (Alvarez-Galvez et al., 2013, Lynch et
al., 1997). The well-established effects of COMT genotype on the function of
prefrontal cortex provide further reason to examine its possible impact on
academic achievements, as both personality and cognitive abilities are of great
importance in educational attainment. Therefore, in Paper II, we tested if
COMT Vall58Met genotype has an effect on participants’ educational
attainment by the age 25.

We found a genotype x gender effect on obtaining education. Males with
Val/Met genotype had mainly obtained secondary or vocational education,
whereas female heterozygotes had rather striven for higher education (Figure 6).
Previously, several authors have reported no effect of COMT genotype on years
of education or educational attainment (Liu et al., 2008, Martin et al., 2011,
Sheldrick et al., 2008). One of the reasons for these negative findings could
however be the structure and recruitment of samples. None of these samples has
been population-representative, which could result in a bias due to the limited
variability in the characteristics of study participants. Interestingly, Enoch and
colleagues (Enoch et al.,, 2009) reported an interaction between COMT
genotype and years of education affecting the scores of the Information (verbal
comprehension and long-term memory) and Block Design (working memory)
subscales of the WAIS-R. Interestingly, in the less educated group (crossover
point 11-12 years), Met-allele carriers scored lower than Val homozygotes,
whereas in the higher educated group Met-allele carriers had markedly better
scores. According to the authors’ interpretation, the Met-allele carriers need a
good educational environment in order to develop their full potential for
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superior cognitive skills compared to Val homozygotes. In case of adversity,
their emotional vulnerability may deteriorate the development of cognitive
skills. Thus, our finding that participants with the Val/Met genotype tend to
have higher Conscientiousness scores than other genotypes is in line with the
effect of COMT Vall58Met genotype on education levels, but the direction of
causality, if any, remains an open matter. People with high Conscientiousness
scores are more organized, dutiful and self-disciplined. Therefore, they are more
likely to be successful in all of their endeavors. However, although participants
with the Val/Val genotype scored lower on Conscientiousness, in educational
attainment by age 25, the heterozygotes differ from both of the homozygote
groups. This effect could be explained with the Met homozygotes’ vulnerability
to stress and Val homozygotes’ poorer cognitive performance, which both can
affect the educational attainment. Also different adaptive strategies can play a
role, heterozygotes possibly developing better coping strategies by the time of
young adulthood than homozygotes. In addition, these strategies appear to differ
between genders, which can explain the gender differences in the Val/Met
group. For example, males with the Val/Met genotype may not have felt the
pressure to obtain higher education, if there were faster options to success in the
society.

a Males b Females

40

% of the participants

20 204

0

T T T T T T
Val/Val Val/Met Met/Met Val/Val Val/Met Met/Met
[ Higher (incl. incomplete) ] Secondary and vocational ] Primary

Figure 6. Educational levels by genotype and gender. Significantly higher than
expected female COMT Vall58Met Val/Met representation in higher education group,
and lower representation of males (Chi-square = 13.6; df =2; p=0.001).

Low socioeconomic status is a strong predictor for a wide range of physical and
mental health problems (Adler et al., 1994, Andrade et al., 2000, Lynch, 1997),
and therefore we aimed to study the COMT Vall58Met polymorphisms’ effect
on the monthly income and perceived socioeconomic status of the individual
and the household. The COMT genotypes did not differ in terms of monthly
income and monthly income of the household in either gender. Interestingly,
heterozygote women assessed their socioeconomic status to be higher as
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compared to both homozygote groups (F(2,277) = 3.53; p = 0.03). This may be
related to their level of educational attainment. In addition, they tend to score
lower on Neuroticism and higher on all other FFM personality traits than all
remaining genotype groups. As the professional carriers unfold, further follow-
ups may be more informative on whether or not the genotype-related
differences in education will have an impact on other measures such as income.

In females, there was a tendency for Val-homozygotes to perceive their
economic status of their household to be poorer as compared to both Val/Met
heterozygotes and Met-homozygotes, although there were no differences in
reported monthly incomes of the participants or their households. There were no
differences between genotypes in the perceived socioeconomic status and
economic status of the household in males. Recently it was confirmed that the
Val-allele of COMT genotype increased in an allele-dose fashion the amygdala
activity in response to fearful and angry facial stimuli. The effect was
demonstrated only in females (Domschke, 2012). All this is in line with the
notion that people with high Neuroticism experience more often negative affect
which in turn manifests in negative bias in information processing.

Dysfunction in the major DA pathway in the brain, the mesolimbic/
mesocortical system, is proposed to contribute to the pathophysiology of
depression (Nestler and Carlezon Jr, 2006). The COMT Vall58Met variation is
indeed found to modulate corticolimbic responses to emotional stimuli
(Drabant, 2006, Smolka, 2005) and be involved in increased susceptibility to
depression, stress and anxiety (Drury, 2010, Eley, 2003, Enoch, 2003, Hettema,
2008, Massat, 2004, Stein, 2005). Hence, we examined the effect of COMT
polymorphism on the history of anxiety and mood disorders, and on the self-
rated depressiveness (MADRS) and anxiety scores (STAI-S and STAI-T).

We did not observe any differences in genotype frequencies in individuals
with anxiety and mood disorders and healthy controls in either gender.
However, we detected a significant effect of COMT genotype on depressiveness
at age 25 (F(2, 485)=4.97, p = 0.007), whereas Val-homozygotes scored higher
than other genotype groups (Unpublished data) (Figure 7). Regarding self-
rated state and trait anxiety scores, we did not detect any significant genotype
effects on STAI scores, but a tendency emerged on STAI-T (F(2, 474) = 2.98,
p = 0.052), again showing the highest scores of the Val-homozygotes. To be
noted, we did not find any gender differences in genotype effects on
depressiveness nor anxiety scores.
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Depressiveness at age 25

VM
COMT Vall58Met

Figure 7. The effect of COMT Vall158Met on depressiveness scores at age 25 (+/— SEM).
* —p <0.001 vs. all other groups; Fisher’s LSD.

With these results we provide further evidence of Val/Val genotypes’ effect on
depressiveness. Nevertheless, previous studies have resulted in variable findings
on depression, anxiety and negative emotionality, as some authors report the
Met-allele and others the Val-allele to increase the susceptibility risk. One of
the confounders may regard ethnicity of the subjects, as differences in geno-
typic distributions have been found across ethnic groups (Palmatier et al.,
1999). In Caucasians, the Met-allele has often been associated with Neu-
roticism, but rather appears as decreasing the risk for anxiety and mood
disorders. The Val-allele has been associated with higher phobic anxiety scale
scores (McGrath, 2004), early onset of major depressive disorder in Caucasian
samples (Massat, 2004), and the Met-allele has been found to be protective for
depressive symptoms in children exposed to early social deprivation (Drury,
2010). Val/Val genotype has also been found to be more prevalent in suicide
attempters than in normal controls, whereas in females it had an effect on the
scores on STAXI (State-Trait Anger Expression Inventory) subscales Trait
Anger and Anger Control (Baud, 2007). Parenthetically, our results also
revealed the women with Val/Val genotype to score the highest on Anger
subscale of the EE.PIP-NEO Neuroticism scale (F(2, 450) = 6.12, p = 0.002). In
addition, a meta-analysis concluded that the Val-allele is associated with panic
disorder in Caucasian and Met-allele in Asian samples, and these results were
restricted only to females (Domschke et al., 2007). Regarding Asians, the Met-
allele has also been associated to higher negative emotionality in females (Chen,
2011). Hettema and colleagues’ study (Hettema, 2008) based on selected cases
and controls from a large twin cohort found a haplotype of COMT Vall58Met
Val-allele with the A allele of rs165599 polymorphism to predict both higher
Neuroticism and risk for anxiety disorders and major depression in a Caucasian
sample, whereas these effects were again specific to females. Taken together,
this issue needs further clarification on large ethnically homogeneous samples
and the role of population differences as potential confounders should be taken
into account in future meta-analytic studies.
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4.2.3. Influence of TPH2 G-703T polymorphism on mood and
anxiety disorder symptoms (Unpublished data)

Considering the rate-limiting effects of TPH2 on serotonergic neurotrans-
mission, the possible effect of TPH2 gene variants on mood and anxiety
disorders has been considered. As discussed in the introduction section, the
TPH2 G-703T polymorphism has been found associated with depression and
higher amygdala reactivity to emotional stimuli, as well as with emotional
instability. As described above, our results also indicate the TPH2 G-703T
effect on the personality traits Neuroticism and Conscientiousness. Thus we
aimed to investigate the possible association of this gene variation with the
scores of depressiveness inventories BDI and MADRS, as well as trait and state
anxiety scores (STAI-S and STAI-T).

Data of depressiveness rating scales were available for both cohorts from the
second and third study wave. STAI scores were collected from the younger
cohort during second and third study wave, and only for the third study wave
for the older cohort.

We did not find any genotype effect on the scores of depressiveness or
anxiety rating scales. However, by the age 25, we detected a tendency fora G x G
interaction effect with 5S-HTTLPR genotype on STAI-T (F(4, 468) = 1.99,
p=0.095) and STAI-S (F(4,467)=1.78, p=0.132). The TPH2 T/T homozygotes
with 5-HTTLPR S-allele compared to L/L homozygotes had a tendency of
scoring lower on both STAI scales. This is in accordance with our findings
regarding personality traits, where the subjects in the same genotype groups
were scoring lower on Neuroticism and higher on Conscientiousness. In-
terestingly, by the age 25, we did not find these genotype associations with
personality traits in older cohort, but instead a tendency towards lower anxiety.
One of the possible explanations could be more pronounced social desirability
in personality questionnaire responses by age 25, which may bias the variance
of the personality scores. Another possible confounder may regard the
environmental effects in developing psychiatric disorders. Indeed, the impor-
tance of life stress in depression etiology is well known (e.g. Fava and Kendler,
2000). More specifically, the genotype interactions with the number of stressful
life events have been repeatedly reported to influence depression risk (Caspi,
2003, Kendler et al., 2005). Therefore the possible gene x environment effects
should be addressed in the future.

Currently, regarding anxiety scales only data of the older cohort at age 25
are available. Hence, this possible G X G interaction on anxiety scores should be
investigated again in the near future, when the presently ongoing data collection
for younger cohort at age 25 has been completed and data of the two cohorts
can be pooled for statistical analysis.
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5. CONCLUSIVE REMARKS

The presence of a notable genetic component in personality development and
depression etiology is generally well recognized. The rapid biotechnological
advances are contributing to wider availability of genetic research methods in
unraveling specific genetic loci underlying the vulnerability of depression and
negative emotionality. However, regardless of some successes in detecting
genetic risk variants, a lot still remains unknown.

With this dissertation, we have contributed in this field of research by
demonstrating the effects of several depression- and anxiety-related common
gene variants and gene X gene interactions on personality traits, potential risk
factors in depression etiology. Furthermore, we show genotype effects on
additional health-related factors, such as binge eating in body weight regulation,
educational attainment, perceived socioeconomic status and depressiveness.

Although the BDNF Val66Met, TPH2 G-703T and 5-HTTLPR poly-
morphisms have repeatedly been associated with Neuroticism and Harm
Avoidance, interestingly we have found instead the main effects of BDNF
Val66Met and TPH2 G-703T on Conscientiousness, a trait for discipline, order
and persistence, which is often linked to psychopathology and memory
processes. In addition, we observed moderation by the 5-HTTLPR poly-
morphism, whereas subjects with a combination BDNF Val66Met Met-allele
and 5-HTTLPR S/S genotype scored the lowest in Conscientiousness, but a
combination of TPH2 G-703T T/T and 5-HTTLPR S-allele yielded the highest
scores. Genotype effects on Conscientiousness are not frequent findings;
however this is not surprising considering the common usage of biased samples,
e.g. university students. Therefore these preliminary results should be replicated
in the future in unbiased samples.

We are not aware of any reports on the genotype interaction effects of BDNF
or TPH2 and 5-HTTLPR on Conscientiousness, but the results are not
surprising, as such interactions have been found on several other depression-
related phenotypes. As BDNF, TPH2 and 5-HTT are key elements in
serotonergic neurotransmission, the interaction effects should have been
expected.

Another important factor modulating the genotype effects is time, which
allows the environmental effects and development to take place. Our results
suggest the relevance of time and maturation in genotype effects on
Neuroticism, as the effect of COMT Vall58Met was most evident by the age
25; and the effect of TPH2 G-703T was evident at age 15, but not 18. This
implies the possible role of respective neurotransmitter systems in personality
development and emphasizes the importance of future studies in longitudinal
samples, being also compatible with the large difference in genes implicated in
depression of childhood vs. adulthood (Harro and Kiive, 2011).

Genotypes under investigation also influenced other aspects of the lives of
our subjects. The BDNF Val66Met Met-allele carriers, who we found to be with
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low Conscientiousness, seem to be more engaged in binge eating while
restricting food intake to regulate body weight. In addition, COMT Vall58Met
Val/Val homozygotes had the highest depressiveness scores and, furthermore,
females with the Val/Met genotype, less neurotic than both homozygote groups,
also had more likely pursued higher education by age 25 and assessed their
socioeconomic status to be better. The subjects with the combination of TPH2
G-703T T/T and 5-HTTLPR S-allele tended to score lower on anxiety scales by
the age 25 as compared to the L/L homozygotes of 5-HTTLPR.

Considering the population representative nature of our sample and
relatively young age of study participants, the findings of genotype effects on
diagnostic criteria meeting anxiety and mood disorders would have been
unlikely and indeed they were not found. Nevertheless, by studying the
genotype effects on the results of anxiety and mood disorder inventories
continuously, we could assess the possible risk of developing such disorders.
Therefore, this issue should be addressed in the future to assess whether this
possible risk will eventually lead towards a diagnosis of anxiety or mood
disorder in the general population.

To conclude, the difficulties in unraveling the genetic foundations of
personality traits and depression suggest a large number of additional factors,
which may modulate the emergence of genotype effects. Our work on
depression- and anxiety-related candidate genes in a large population
representative sample highlights the significance of considering time, sex and
gene X gene interactions as possible modulators of genotype effects. Moreover,
it is important to invest into sample designs which enable to study genotype
effects on complex behaviour in unbiased manner.

46



ACKNOWLEDGMENTS

I am grateful to all participants of the ECPBHS study for their continuous
contribution to science. I would like to express my deepest gratitude to my
supervisor Professor Jaanus Harro for all the guidance and inspiration through
all these years. I would like to thank all my coauthors for excellent and fruitful
collaborations, especially Kirsti Akkermann, Jiiri Parik, Mariliis Vaht, Jarek
Maiestu and Toomas Veidebaum. I also thank all my coworkers in the Depart-
ment of Psychology, the ECPBHS team and the neuropsychopharmacology
group. Finally, I am very grateful to my dear friends for helping to keep up the
spirits, and especially my sweet family for all the patience, support and
encouragement.

This study has been supported by grants from the Estonian Science
Foundation (No 8622), Estonian Ministry of Education and Science (No
0180027 and IUT20-40), European Social Fund (Estonian Primus No
3-8.2/60); European Regional Development Fund ERC Program TerVE
3.2.10002.11-0002 Project ELIKTU, and the EC FP7 project Aggressotype
(FP7-Health-2013-Innovation-1 602805). In addition, this study has been
supported by number of grants to collaborators at the Universities of Tartu and
Uppsala, and the National Institute for Health Development.

47



REFERENCES

Adler, N. E., Boyce, T., Chesney, M. A., Cohen, S., Folkman, S., Kahn, R. L., & Syme,
S. L. (1994). Socioeconomic status and health: the challenge of the gradient. Am.
Psychol., 49(1), 15.

Alvarez-Galvez, J., Rodero-Cosano, M. L., Motrico, E., Salinas-Perez, J. A., Garcia-
Alonso, C., & Salvador-Carulla, L. (2013). The impact of socio-economic status on
self-rated health: study of 29 countries using European social surveys (2002—2008).
Int. J. Environ. Res. Public Health, 10(3), 747-761.

American Psychiatric Association. (1994). Diagnostic and statistical manual of mental
disorders, Fourth edition Washington. DC: American Psychiatric Association.

Anchordoquy, H. C., McGeary, C., Liu, L., Krauter, K. S., & Smolen, A. (2003). Geno-
typing of three candidate genes after whole-genome preamplification of DNA
collected from buccal cells. Behav. Genet., 33(1), 73-78.

Andrade, L., Caraveo-Anduaga, J. J., Berglund, P., Bijl, R., Kessler, R. C., Demler, O.,
... Wittchen, H-U. (2000). Cross-national comparisons of the prevalences and
correlates of mental disorders. Bull. World Health Organ., 78(4), 413-426.

Bach-Mizrachi, H., Dunderwood, M., Tin, A., Pellis, S., Mann, J. J., & Arango, V.
(2008). Elevated expression of tryptophan hydroxylase-2 mRNA at the neuronal
level in the dorsal and median raphe nuclei of depressed suicides. Mol. Psychiatry,
13(5), 507-513. doi: 10.1038/sj.mp.4002143

Bae, H. T., Sebastiani, P., Sun, J. X., Andersen, S. L., Daw, E. W., Terracciano, A., . ..
Perls, T. T. (2013). Genome-wide Association Study of Personality Traits in the
Long Life Family Study. Front Genet, 4. doi: 10.3389/fgene.2013.00065

Baehne, C. G., Ehlis, A. C., Plichta, M. M., Conzelmann, A., Pauli, P., Jacob, C., . . .
Fallgatter, A. J. (2009). Tph2 gene variants modulate response control processes in
adult ADHD patients and healthy individuals. Mol. Psychiatry, 14(11), 1032—1039.
doi: 10.1038/mp.2008.39

Bakken, P. M., Skorpen, F., Stordal, E., Zwart, J.-A., & Hagen, K. (2008). Depression
and anxiety in relation to catechol-O-methyltransferase Vall58Met genotype in the
general population: The Nord-Trendelag Health Study (HUNT). BMC Psychiatry,
8(1), 48.

Barlow, D. H., Ellard, K. K., Sauer-Zavala, S., Bullis, J. R., & Carl, J. R. (2014). The
Origins of Neuroticism. Perspect. Psychol. Sci., 9(5), 481-496.
doi: 10.1177/1745691614544528

Barnes, N. M., & Sharp, T. (1999). A review of central 5-HT receptors and their
function. Neuropharmacol., 38(8), 1083—1152.
doi: http://dx.doi.org/10.1016/S0028-3908(99)00010-6

Barnett, J. H., Scoriels, L., & Munafo, M. R. (2008). Meta-analysis of the cognitive
effects of the catechol-O-methyltransferase gene vall58/108Met polymorphism.
Biol. Psychiatry, 64(2), 137-144. doi: 10.1016/j.biopsych.2008.01.005

Baud, P., Courtet, P., Perroud, N., Jollant, F., Buresi, C., & Malafosse, A. (2007).
Catechol-O-methyltransferase polymorphism (COMT) in suicide attempters: A
possible gender effect on anger traits. Am. J. Med. Genet. B Neuropsychiatr. Genet.,
144B(8), 1042—-1047. doi: 10.1002/ajmg.b.30541

Beck, A. T., Ward, C. H., Mendelson, M., Mock, J., & Erbaugh, J. (1961). Beck
Depression Inventory BDI; An inventory for measuring depression. Arch Gen
Psychiatry, 4, 561-571.

48



Beckers, S., Peeters, A., Zegers, D., Mertens, 1., Gaal, L. V., & Van Hul, W. (2008).
Association of the BDNF Val66Met variation with obesity in women. Mol. Genet.
Metab., 95(1-2), 110-112.

Bienvenu, O. J., Samuels, J. F., Costa, P. T., Reti, I. M., Eaton, W. W., & Nestadt, G.
(2004). Anxiety and depressive disorders and the five-factor model of personality: a
higher- and lower-order personality trait investigation in a community sample.
Depress. Anxiety, 20(2), 92-97. doi: 10.1002/da.20026

Bouchard, T. J., & Loehlin, J. C. (2001). Genes, evolution, and personality. Behav.
Genet., 31(3), 243-273.

Brandys, M. K., Kas, M. J. H., van Elburg, A. A., Ophoff, R., Slof-Op’t Landt, M. C.
T., Middeldorp, C. M,, . . . Adan, R. A. H. (2013). The Val66Met polymorphism of
the BDNF gene in anorexia nervosa: New data and a meta-analysis. World J. Biol.
Psychiatry, 14(6), 441-451. doi: 10.3109/15622975.2011.605470

Bredemeier, K., Beevers, C. G., & McGeary, J. E. (2014). Serotonin transporter and
BDNF polymorphisms interact to predict trait worry. Anxiety Stress Coping, 27(6),
712-721. doi: 10.1080/10615806.2014.909928

Brown, S. M., Peet, E., Manuck, S. B., Williamson, D. E., Dahl, R. E., Ferrell, R. E., &
Hariri, A. R. (2005). A regulatory variant of the human tryptophan hydroxylase-2
gene biases amygdala reactivity. Mol. Psychiatry, 10(9), 884—888.
doi: 10.1038/sj.mp.4001716

Bunney, W. E., & Davis, J. M. (1965). Norepinephrine in depressive reactions: A
review. Arch. Gen. Psychiatry, 13(6), 483—494.

Canli, T., Congdon, E., Gutknecht, L., Constable, R. T., & Lesch, K. P. (2005).
Amygdala responsiveness is modulated by tryptophan hydroxylase-2 gene variation.
J. Neural Transm., 112(11), 1479—1485. doi: 10.1007/s00702-005-0391-4

Caspi, A., Sugden, K., Moffitt, T. E., Taylor, A., Craig, I. W., Harrington, H., . . .
Poulton, R. (2003). Influence of life stress on depression: Moderation by a
polymorphism in the 5-HTT gene. Science, 301(5631), 386-389.

Cassano, P., & Fava, M. (2002). Depression and public health: An overview.
J. Psychosom. Res., 53(4), 849-857.
doi: http://dx.doi.org/10.1016/S0022-3999(02)00304-5

Chao, M. V., & Bothwell, M. (2002). Neurotrophins: To Cleave or Not to Cleave.
Neuron, 33(1), 9-12. doi: http://dx.doi.org/10.1016/S0896-6273(01)00573-6

Chen, C. H., Chen, C. S., Moyzis, R., Dong, Q., He, Q. H., Zhu, B., . . . Lessard, J.
(2011). Sex Modulates the Associations Between the COMT Gene and Personality
Traits. Neuropsychopharmacol., 36(8), 1593—1598. doi: 10.1038/npp.2011.39

Chen, G.-L., Vallender, E. J., & Miller, G. M. (2008). Functional characterization of the
human TPH2 5’ regulatory region: untranslated region and polymorphisms modulate
gene expression in vitro. Hum. Genet., 122(6), 645—657.

Chen, J. S., Lipska, B. K., Halim, N., Ma, Q. D., Matsumoto, M., Melhem, S., . . .
Weinberger, D. R. (2004). Functional analysis of genetic variation in catechol-o-
methyltransferase (COMT): Effects on mRNA, protein, and enzyme activity in
postmortem human brain. Am. J. Hum. Genet., 75(5), 807-821.

Chen, Z. Y., Patel, P. D., Sant, G., Meng, C. X., Teng, K. K., Hempstead, B. L., & Lee,
F. S. (2004). Variant brain-derived neurotrophic factor (BDNF) (Met66) alters the
intracellular trafficking and activity-dependent secretion of wild-type BDNF in
neurosecretory cells and cortical neurons. J. Neurosci., 24(18), 4401-4411.
doi: 10.1523/jneurosci.0348-04.2004

49



Clark, L. A., Watson, D., & Mineka, S. (1994). Temperament, personality, and the
mood and anxiety disorders. J. Abnorm. Psychol., 103(1), 103—-116.
doi: 10.1037/0021-843x.103.1.103

Cloninger, C., Svrakic, D. M., & Przybeck, T. R. (1993). A psychobiological model of
temperament and character. Arch. Gen. Psychiatry, 50(12), 975-990.

Cloninger, C. R., Svrakic, D. M., & Przybeck, T. R. (2006). Can personality assessment
predict future depression? A twelve-month follow-up of 631 subjects. J. Affect.
Disord., 92(1), 35-44. doi: 10.1016/j.jad.2005.12.034

Coppen, A. (1967). The biochemistry of affective disorders. The British Journal of
Psychiatry, 113(504), 1237-1264.

Costa, P., & McCrae, R. (1985). The NEO personality inventory manual. Psychological
Assessment Resources, Odessa, FL.

Costa, P. T., Herbst, J. H., McCrae, R. R., & Siegler, I. C. (2000). Personality at
midlife: Stability, intrinsic maturation, and response to life events. Assessment, 7(4),
365-378.

Costa, P. T., Jr., McCrae, R. R., Heatherton, T. F., & Weinberger, J. L. (1994). Set like
plaster? Evidence for the stability of adult personality Can personality change?
(pp- 21-40): Washington, DC, US: American Psychological Association.

Costa, P. T., & McCrae, R. R. (1988). Personality in adulthood: A six-year longitudinal
study of self-reports and spouse ratings on the NEO Personality Inventory. J. Pers.
Soc. Psychol., 54(5), 853—863. doi: 10.1037/0022-3514.54.5.853

Costa, P. T., & McCrae, R. R. (1992). Revised NEO personality inventory [NEO-PI-R]
and the NEO five-factor inventory [NEO-FFI] professional manual. Psychological
Assessment Resources, Odessa, FL.

Croll, S. D., Wiegand, S. J., Anderson, K. D., Lindsay, R. M., & Nawa, H. (1994).
Regulation of neuropeptides in adult rat forebrain by the neurotrophins BDNF and
NGF. Eur. J. Neurosci., 6(8), 1343—1353.

Cummings, J. L. (1992). Depression and Parkinsons-disease — a review. Am.
J. Psychiatry, 149(4), 443-454.

Dahlstrom, A., & Fuxe, K. (1964). Evidence for the existence of monoamine-containing
neurons in the central nervous system. I. Demonstration of monoamines in the cell
bodies of brain stem neurons. Acta Physiol. Scand. Suppl., SUPPL 232: 231.

De Fruyt, F., Van De Wiele, L., & Van Heeringen, C. (2000). Cloninger’s Psycho-
biological Model of Temperament and Character and the Five-Factor Model of
Personality. Pers. Individ. Dif., 29(3), 441-452.
doi: http://dx.doi.org/10.1016/S0191-8869(99)00204-4

De Moor, M. H., Beem, A. L., Stubbe, J. H., Boomsma, D. I., & De Geus, E. J. (2006).
Regular exercise, anxiety, depression and personality: a population-based study.
Prev. Med., 42(4), 273-279. doi: 10.1016/j.ypmed.2005.12.002

De Moor, M. H. M., Costa, P. T., Terracciano, A., Krueger, R. F., de Geus, E. J. C,,
Toshiko, T., . . . Boomsma, D. 1. (2012). Meta-analysis of genome-wide association
studies for personality. Mol. Psychiatry, 17(3), 337-349.
doi: http://www.nature.com/mp/journal/v17/n3/suppinfo/mp2010128s1.html

Delgado, P. L., Miller, H. L., Salomon, R. M., Licinio, J., Krystal, J. H., Moreno, F. A., . ..
Charney, D. S. (1999). Tryptophan-depletion challenge in depressed patients treated
with desipramine or fluoxetine: implications for the role of serotonin in the
mechanism of antidepressant action. Biol. Psychiatry, 46(2), 212-220.
doi: http://dx.doi.org/10.1016/S0006-3223(99)00014-1

50



Depue, R. A., & Collins, P. F. (1999). Neurobiology of the structure of personality:
Dopamine, facilitation of incentive motivation, and extraversion. Behav. Brain Sci.,
22(3), 491-569.

Digman, J. M. (1990). Personality structure: Emergence of the five-factor model. Annu.
Rev. Psychol., 41(1), 417-440.

Domschke, K., Baune, B. T., Havlik, L., Stuhrmann, A., Suslow, T., Kugel, H., . . .
Dannlowski, U. (2012). Catechol-O-methyltransferase gene variation: Impact on
amygdala response to aversive stimuli. Neuroimage, 60(4), 2222-2229.
doi: 10.1016/j.neuroimage.2012.02.039

Domschke, K., Deckert, J., O’Donovan, M. C., & Glatt, S. J. (2007). Meta-analysis of
COMT vall58met in panic disorder: Ethnic heterogeneity and gender specificity.
Am. J. Med. Genet. B Neuropsychiatr. Genet., 144B(5), 667-673.
doi: 10.1002/ajmg.b.30494

Domschke, K., Freitag, C. M., Kuhlenb&umer, G., Schirmacher, A., Sand, P., Nyhuis, P, . . .
Rietschel, M. (2004). Association of the functional V158M catechol-O-methyl-
transferase polymorphism with panic disorder in women. [Int. J. Neuro-
psychopharmacol., 7(02), 183—188.

Dougherty, L. R., Klein, D. N., Congdon, E., Canli, T., & Hayden, E. P. (2009).
Interaction between 5S-HTTLPR and BDNF Val66Met polymorphisms on HPA axis
reactivity in preschoolers. Biol Psychol.
doi: S0301-0511(09)00230-0 [pii] 10.1016/j.biopsycho.2009.10.009 [doi]

Drabant, E. M., Hariri, A. R., Meyer-Lindenberg, A., Munoz, K. E., Mattay, V. S,
Kolachana, B. S., . . . Weinberger, D. R. (2006). Catechol O-methyltransferase
vall58met genotype and neural mechanisms related to affective arousal and
regulation. Arch. Gen. Psychiatry, 63(12), 1396—-1406.
doi: 10.1001/archpsyc.63.12.1396

Drevets, W., Price, J., & Furey, M. (2008). Brain structural and functional abnormalities
in mood disorders: implications for neurocircuitry models of depression. Brain
Structure and Function, 213(1-2), 93—118. doi: 10.1007/s00429-008-0189-x

Drury, S. S., Theall, K. P., Smyke, A. T., Keats, B. J., Egger, H. L., Nelson, C. A, . ..
Zeanah, C. H. (2010). Modification of depression by COMT vall58met poly-
morphism in children exposed to early severe psychosocial deprivation. Child Abuse
Negl., 34(6), 387-395. doi: 10.1016/j.chiabu.2009.09.021

Duman, R. S., & Monteggia, L. M. (2006). A Neurotrophic Model for Stress-Related
Mood Disorders. Biol. Psychiatry, 59(12), 1116—1127.
doi: http://dx.doi.org/10.1016/j.biopsych.2006.02.013

Dunlop, B. W., & Nemeroff, C. B. (2007). The role of dopamine in the pathophysiology
of depression. Arch. Gen. Psychiatry, 64(3), 327-337.
doi: 10.1001/archpsyc.64.3.327

Ebstein, R. P. (2006). The molecular genetic architecture of human personality: beyond
self-report questionnaires. Mol. Psychiatry, 11(5), 427-445.

Egan, M. F., Kojima, M., Callicott, J. H., Goldberg, T. E., Kolachana, B. S., Bertolino, A.,
... Weinberger, D. R. (2003). The BDNF val66met polymorphism affects activity-
dependent secretion of BDNF and human memory and hippocampal function. Cell,
112(2),257-2609.

Eley, T. C., Tahir, E., Angleitner, A., Harriss, K., McClay, J., Plomin, R., . . . Craig, L.
(2003). Association analysis of MAOA and COMT with neuroticism assessed by
peers. Am. J. Med. Genet. B Neuropsychiatr. Genet., 120B(1), 90-96.
doi: 10.1002/ajmg.b.20046

51



Enns, M. W., & Cox, B. J. (1997). Personality dimensions and depression: review and
commentary. Can. J. Psychiatry., 42(3), 274-284.

Enoch, M. A., Waheed, J. F., Harris, C. R., Albaugh, B., & Goldman, D. (2009). COMT
Vall58Met and cognition: main effects and interaction with educational attainment.
Genes Brain Behav., 8(1), 36-42. doi: 10.1111/j.1601-183X.2008.00441.x

Enoch, M. A., Xu, K., Ferro, E., Harris, C. R., & Goldman, D. (2003). Genetic origins
of anxiety in women: a role for a functional catechol-O-methyltransferase poly-
morphism. Psychiatr. Genet., 13(1), 33-41.
doi: 10.1097/01.ypg.0000054709.85338.c3

Eysenck, H. J. (1998). Dimensions of personality (Vol. 5). New Brunswick: Transaction
Publishers.

Eysenck, H. J., & Eysenck, S. B. G. (1975). Manual of the Eysenck Personality
Questionnaire (junior and adult): Hodder and Stoughton.

Eysenck, H. J., & Prell, D. B. (1951). The inheritance of neuroticism: an experimental
study. J Ment Sci, 97(408), 441-465.

Fanous, A. H., Neale, M. C., Aggen, S. H., & Kendler, K. S. (2007). A longitudinal
study of personality and major depression in a population-based sample of male
twins. Psychol. Med., 37(8), 1163-1172.

Fava, M., & Kendler, K. S. (2000). Major depressive disorder. Neuron, 28(2), 335-341.

Frisch, A., Postilnick, D., Rockah, R., Michaelovsky, E., Postilnick, S., Birman, E., . . .
Poyurovsky, M. (1999). Association of unipolar major depressive disorder with genes
of the serotonergic and dopaminergic pathways. Mol. Psychiatry, 4(4), 389-392.

Frustaci, A., Pozzi, G., Gianfagna, F., Manzoli, L., & Boccia, S. (2008). Meta-analysis of the
brain-derived neurotrophic factor gene (BDNF) Val66Met polymorphism in anxiety
disorders and anxiety-related personality traits. Neuropsychobiology, 58(3—4), 163—170.

Gao, J., Pan, Z., Jiao, Z., Li, F., Zhao, G., Wei, Q., . . . Evangelou, E. (2012). TPH2 Gene
Polymorphisms and Major Depression — A Meta-Analysis. PLoS One, 7(5), €36721.

Garner, D. M. (1991). Eating Disorder Inventory-2 manual. Odessa, FL.

Gater, R., Tansella, M., Korten, A., Tiemens, B. G., Mavreas, V. G., & Olatawura, M. O.
(1998). Sex differences in the prevalence and detection of depressive and anxiety
disorders in general health care settings: report from the World Health Organization
Collaborative Study on Psychological Problems in General Health Care. Arch. Gen.
Psychiatry, 55(5), 405-413.

Gauderman, W. J., Zhang, P. Y., Morrison, J. L., & Lewinger, J. P. (2013). Finding
Novel Genes by Testing GXE Interactions in a Genome-Wide Association Study.
Genet. Epidemiol., 37(6), 603—613. doi: 10.1002/gepi.21748

Ghaderi, A., & Scott, B. (2000). The big five and eating disorders: A prospective study
in the general population. Eur J Pers, 14(4), 311-323.

Goldberg, L. R. (1993). The structure of phenotypic personality traits. Am. Psychol.,
48(1), 26.

Goldberg, L. R. (1999). A broad-bandwidth, public domain, personality inventory
measuring the lower-level facets of several five-factor models Personality psychology
in Europe (Vol. 7, pp. 7-28). Tilburg, The Netherlands: Tilburg University Press.

Goldman, D., Weinberger, D. R., Malhotra, A. K., & Goldberg, T. E. (2009). The Role
of COMT Vall158Met in Cognition. Biol. Psychiatry, 65(1), el-e2.

Gonda, X., Fountoulakis, K. N., Harro, J., Pompili, M., Akiskal, H. S., Bagdy, G., &
Rihmer, Z. (2011). The possible contributory role of the S allele of 5-HTTLPR in
the emergence of suicidality. J. Psychopharm., 25(7), 857-866.
doi: 10.1177/0269881110376693

52



Goodwin, F. K., Post, R. M., Dunner, D. L., & Gordon, E. K. (1973). Cerebrospinal
fluid amine metabolites in affective illness: The probenecid technique. Am. J.
Psychiatry, 130(1), 73-79.

Gorman, J. M. (1996). Comorbid depression and anxiety spectrum disorders. Depress.
Anxiety, 4(4), 160—-168.

Gratacos, M., Gonzalez, J. R., Mercader, J. M., de Cid, R., Urretavizcaya, M., &
Estivill, X. (2007). Brain-derived neurotrophic factor Val66Met and psychiatric
disorders: Meta-analysis of case-control studies confirm association to substance-
related disorders, eating disorders, and schizophrenia. Biol. Psychiatry, 61(7), 911—
922. doi: 10.1016/j.biopsych.2006.08.025

Gustavsson, A., Svensson, M., Jacobi, F., Allgulander, C., Alonso, J., Beghi, E., . . .
Grp, C. S. (2011). Cost of disorders of the brain in Europe 2010. Eur. Neuro-
psychopharmacol., 21(10), 718-779. doi: 10.1016/j.euroneuro.2011.08.008

Gutknecht, L., Jacob, C., Strobel, A., Kriegebaum, C., Muller, J., Zeng, Y., . . . Lesch,
K. P. (2007). Tryptophan hydroxylase-2 gene variation influences personality traits
and disorders related to emotional dysregulation. Int. J. Neuropsychopharmacol.,
10(3), 309-320. doi: 10.1017/s1461145706007437

Hahn, T., Heinzel, S., Notebaert, K., Dresler, T., Reif, A., Lesch, K.-P., . . . Fallgatter,
A.J. (2013). The tricks of the trait: Neural implementation of personality varies with
genotype-dependent serotonin levels. Neuroimage, 81, 393-399.
doi: 10.1016/j.neuroimage.2013.05.037

Hall, D., Dhilla, A., Charalambous, A., Gogos, J. A., & Karayiorgou, M. (2003).
Sequence variants of the brain-derived neurotrophic factor (BDNF) gene are strongly
associated with obsessive-compulsive disorder. Am. J. Hum. Genet., 73(2), 370-376.

Hare, E., Contreras, J., Raventos, H., Flores, D., Jerez, A., Nicolini, H., . . . Escamilla,
M. (2012). Genetic structure of personality factors and bipolar disorder in families
segregating bipolar disorder. J. Affect. Disord., 136(3), 1027-1033.
doi: http://dx.doi.org/10.1016/j.jad.2011.04.057

Hariri, A. R., Goldberg, T. E., Mattay, V. S., Kolachana, B. S., Callicott, J. H., Egan, M. F.,
& Weinberger, D. R. (2003). Brain-derived neurotrophic factor val(66)met
polymorphism affects human memory-related hippocampal activity and predicts
memory performance. J. Neurosci., 23(17), 6690-6694.

Harris, S. E., Wright, A. F., Hayward, C., Starr, J. M., Whalley, L. J., & Deary, L. J.
(2005). The functional COMT polymorphism, Vall58Met, is associated with logical
memory and the personality trait intellect/imagination in a cohort of healthy 79 year
olds. Neurosci. Lett., 385(1), 1-6. doi: 10.1016/j.neulet.2005.04.104

Harro, J., & Kiive, E. (2011). Droplets of black bile? Development of vulnerability and
resilience to depression in young age. Psychoneuroendocrinology, 36(3), 380-392.
doi: 10.1016/j.psyneuen.2010.02.009

Harro, J., Merendkk, L., Nordquist, N., Konstabel, K., Comasco, E., & Oreland, L.
(2009). Personality and the serotonin transporter gene: Associations in a longitudinal
population-based study. Biol. Psychol., 81(1), 9-13.
doi: 10.1016/j.biopsycho.2009.01.001

Harro, J., & Oreland, L. (2001). Depression as a spreading adjustment disorder of
monoaminergic neurons: a case for primary implication of the locus coeruleus.
Brain Res. Rev., 38(1), 79-128.

Harro, M., Eensoo, D., Kiive, E., Merenédkk, L., Alep, J., Oreland, L., & Harro, J. (2001).
Platelet monoamine oxidase in healthy 9-and 15-years old children: The effect of

53



gender, smoking and puberty. Prog. Neuropsychopharmacol. Biol. Psychiatry,
25(8), 1497-1511.

Hashimoto, R., Noguchi, H., Hori, H., Ohi, K., Yasuda, Y., Takeda, M., & Kunugi, H.
(2007). A possible association between the Vall58Met polymorphism of the
catechol-O-methyl transferase gene and the personality trait of harm avoidance in
Japanese healthy subjects. Neurosci. Lett., 428(1), 17-20.

Hattersley, A. T., & McCarthy, M. 1. (2005). What makes a good genetic association
study? Lancet, 366(9493), 1315-1323. doi: 10.1016/s0140-6736(05)67531-9

Heils, A., Teufel, A., Petri, S., Seemann, M., Bengel, D., Balling, U, . . . Lesch, K. P.
(1995). Functional promoter and polyadenylation site mapping of the human
serotonin (5-HT) transporter gene. J. Neural Transm., 102(3), 247-254.

Henderson, A. S., Korten, A. E., Jorm, A. F., Jacomb, P. A., Christensen, H., Rodgers, B.,
... Easteal, S. (2000). COMT and DRD3 polymorphisms, environmental exposures,
and personality traits related to common mental disorders. Am. J. Med. Genet.,
96(1), 102-107.

Hettema, J. M., An, S.-S., Bukszar, J., van den Oord, E. J. C. G., Neale, M. C., Kendler,
K. S., & Chen, X. (2008). Catechol-O-Methyltransferase Contributes to Genetic
Susceptibility Shared Among Anxiety Spectrum Phenotypes. Biol. Psychiatry,
64(4), 302-310.

Hettema, J. M., Neale, M. C., Myers, J. M., Prescott, C. A., & Kendler, K. S. (2006). A
population-based twin study of the relationship between neuroticism and
internalizing disorders. Am. J. Psychiatry, 163(5), 857-864.
doi: 10.1176/appi.ajp.163.5.857

Hindorff, L. A., Sethupathy, P., Junkins, H. A., Ramos, E. M., Mehta, J. P., Collins, F. S.,
& Manolio, T. A. (2009). Potential etiologic and functional implications of genome-
wide association loci for human diseases and traits. Proc. Natl. Acad. Sci. U. S. A.,
106(23), 9362-9367.

Hoth, K. F., Paul, R. H., Williams, L. M., Dobson-Stone, C., Todd, E., Schofield, P. R.,
... Gordon, E. (2006). Associations between the COMT Val/Met polymorphism,
early life stress, and personality among healthy adults. Neuropsychiatr. Dis. Treat.,
2(2),219-225.

Hrdina, P. D., Demeter, E., Vu, T. B., S6tonyi, P., & Palkovits, M. (1993). 5-HT uptake
sites and 5-HT2 receptors in brain of antidepressant-free suicide victims/
depressives: increase in 5-HT2 sites in cortex and amygdala. Brain Res., 614(1-2),
37-44. doi: 10.1016/0006-8993(93)91015-K

Hu, J. K., Wang, X. & Wang, P. (2014). Testing Gene—Gene Interactions in Genome
Wide Association Studies. Genet. Epidemiol., 38(2), 123—134.
doi: 10.1002/gepi.21786

Huang, E. J. & Reichardt, L. F. (2001). Neurotrophins: Roles in Neuronal Development
and Function. Annu. Rev. Neurosci., 24(1), 677-736.
doi: doi:10.1146/annurev.neuro.24.1.677

Hiinnerkopf, R., Strobel, A., Gutknecht, L., Brocke, B., & Lesch, K. P. (2007). Inter-
action between BDNF Val66Met and dopamine transporter gene variation
influences anxiety-related traits. Neuropsychopharmacol., 32(12), 2552-2560.
doi: 10.1038/sj.npp.1301383

Hurley, J. B., Palmer, R. L., & Stretch, D. (1990). The specificity of the Eating
Disorders Inventory: A reappraisal. Int. J. Eat. Disord., 9(4), 419-424.

54



Hyttel, J. (1994). Pharmacological characterization of selective serotonin reuptake
inhibitors (SSRIS). Int. Clin. Psychopharmacol., 9, 19-26.
doi: 10.1097/00004850-199403001-00004

Ikemoto, S. & Panksepp, J. (1999). The role of nucleus accumbens dopamine in
motivated behavior: a unifying interpretation with special reference to reward-
seeking. Brain Res. Rev., 31(1), 6-41.

Ingram, R. E., & Luxton, D. D. (2005). Vulnerability-stress models. Development of
psychopathology: A vulnerability-stress perspective, 32—46.

Ishii, G., Suzuki, A., Oshino, S., Shiraishi, H., Matsumoto, Y., Otani, K., & Goto, K.
(2007). Association study of catechol-O-methyltransferase Vall58Met polymorphism
with personality traits in Japanese healthy volunteers. Eur. Psychiatry, 22(7), 462—
465.

Itoh, K., Hashimoto, K., Kumakiri, C., Shimizu, E., & Iyo, M. (2004). Association
between brain-derived neurotrophic factor 196 G/A polymorphism and personality
traits in healthy subjects. Am J Med Genet B Neuropsychiatr Genet, 124B(1), 61-63.
doi: 10.1002/ajmg.b.20078

Jacobs, B. L., & Azmitia, E. C. (1992). Structure and function of the brain serotonin
system. Physiol. Rev., 72(1), 165-229.

Jang, K. L., Livesley, W. J., & Vernon, P. A. (1996). Heritability of the big five
personality dimensions and their facets: A twin study. J. Pers., 64(3), 577-591.

Jang, K. L., McCrae, R. R., Livesley, W. J., Angleitner, A., & Riemann, R. (1998).
Heritability of facet-level traits in a cross-cultural twin sample: Support for a
hierarchical model of personality. J. Pers. Soc. Psychol., 74(6), 1556—1565.

John, O. P., Angleitner, A., & Ostendorf, F. (1988). The lexical approach to personality:
A historical review of trait taxonomic research. Eur J Pers, 2(3), 171-203.

John, O. P., & Srivastava, S. (1999). The Big Five trait taxonomy: History,
measurement, and theoretical perspectives Handbook of personality: Theory and
research (Vol. 2, pp. 102—138).

Kallasmaa, T., Allik, J., Realo, A., & McCrae, R. R. (2000). The Estonian version of the
NEO-PI-R: An examination of universal and culture-specific aspects of the five-
factor model. Eur J Pers, 14(3), 265-278.

Kang, J. 1., Song, D.-H., Namkoong, K., & Kim, S. J. (2010). Interaction effects
between COMT and BDNF polymorphisms on boredom susceptibility of sensation
seeking traits. Psychiatry Res., 178(1), 132—136.

Kaufman, J., Yang, B. Z., Douglas-Palumberi, H., Grasso, D., Lipschitz, D., Houshyar, S.,
... Gelernter, J. (2006). Brain-derived neurotrophic factor-5-HTTLPR gene inter-
actions and environmental modifiers of depression in children. Biol. Psychiatry,
59(8), 673—680.

Kempton, M. J., Haldane, M., Jogia, J., Christodoulou, T., Powell, J., Collier, D., . . .
Frangou, S. (2009). The effects of gender and COMT Vall58Met polymorphism on
fearful facial affect recognition: a fMRI study. Int. J. Neuropsychopharmacol.,
12(03), 371-381.

Kendler, K. S., Gardner, C. O., Neale, M. C., & Prescott, C. A. (2001). Genetic risk
factors for major depression in men and women: similar or different heritabilities
and same or partly distinct genes? Psychol. Med., 31(4), 605-616.

Kendler, K. S., Gardner, C. O., & Prescott, C. A. (2002). Toward a comprehensive
developmental model for major depression in women. Am. J. Psychiatry, 159(7),
1133-1145.

55



Kendler, K. S., Gatz, M., Gardner, C. O., & Pedersen, N. L. (2006). Personality and
Major Depression: A Swedish Longitudinal, Population-Based Twin Study. Arch.
Gen. Psychiatry, 63(10), 1113—-1120. doi: 10.1001/archpsyc.63.10.1113

Kendler, K. S., Kuhn, J. W., Vittum, J., Prescott, C. A., & Riley, B. (2005). The
interaction of stressful life events and a serotonin transporter polymorphism in the
prediction of episodes of major depression: A replication. Arch. Gen. Psychiatry,
62(5), 529-535. doi: 10.1001/archpsyc.62.5.529

Kendler, K. S., & Myers, J. (2010). The genetic and environmental relationship between
major depression and the five-factor model of personality. Psychol. Med., 40(05),
801-806. doi: doi:10.1017/S0033291709991140

Kendler, K. S., Neale, M. C,, Kessler, R. C., Heath, A. C., & Eaves, L. J. (1993). A
Longitudinal Twin Study of Personality and Major Depression in Women. Arch.
Gen. Psychiatry, 50(11), 853-862. doi: 10.1001/archpsyc.1993.01820230023002

Kendler, K. S., & Prescott, C. A. (1999). A population-based twin study of lifetime
major depression in men and women. Arch. Gen. Psychiatry, 56(1), 39—44. doi:
10.1001/archpsyc.56.1.39

Kernie, S. G., Liebl, D. J., & Parada, L. F. (2000). BDNF regulates eating behavior and
locomotor activity in mice. EMBO J., 19(6), 1290-1300.

Kessler, R. C., Angermeyer, M., Anthony, J. C., De Graaf, R., Demyttenaere, K.,
Gasquet, 1., ... Ustiin, T. B. (2007). Lifetime prevalence and age-of-onset
distributions of mental disorders in the world health organization’s world mental
health survey initiative. World Psychiatry, 6(3), 168—176.

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Koretz, D., Merikangas, K. R., . . .
Wang, P. S. (2003). The epidemiology of major depressive disorder: results from the
National Comorbidity Survey Replication (NCS-R). JAMA, 289(23), 3095-3105.

Kessler, R. C., McGonagle, K. A., Swartz, M., Blazer, D. G., & Nelson, C. B. (1993).
Sex and depression in the national comorbidity survey .1. Lifetime prevalence,
chronicity and recurrence. J. Affect. Disord., 29(2-3), 85-96.
doi: 10.1016/0165-0327(93)90026-g

Kim, J. M., Stewart, R., Kim, S. W., Yang, S. J., Shin, L. S., Kim, Y. H., & Yoon, J. S.
(2007). Interactions between life stressors and susceptibility genes (S-HTTLPR and
BDNF) on depression in Korean elders. Biol. Psychiatry, 62(5), 423-428.

Kim, S. J,, Kim, Y. S, Kim, S. Y., Lee, H. S., & Kim, C. H. (2006). An association
study of catechol-O-methyltransferase and monoamine oxidase A polymorphisms
and personality traits in Koreans. Neurosci. Lett., 401(1-2), 154—158.
doi: 10.1016/j.neulet.2006.03.006

Klages, L. (1932). The science of character.

Konstabel, K., Lonnqvist, J.-E., Walkowitz, G., Konstabel, K., & Verkasalo, M. (2011).
The ‘Short Five’ (S5): Measuring personality traits using comprehensive single
items. Eur J Pers, 26(1), 13-29. doi: 10.1002/per.813

Koob, G. F., & Le Moal, M. (2001). Drug Addiction, Dysregulation of Reward, and
Allostasis. Neuropsychopharmacol., 24(2), 97-129.

Koren, R., Munn-Chernoff, M. A., Duncan, A. E., Bucholz, K. K., Madden, P. A.,
Heath, A. C., & Agrawal, A. (2014). Is the Relationship Between Binge Eating
Episodes and Personality Attributable to Genetic Factors? Twin Res Hum Genet,
17(02), 65-71.

Kotov, R., Gamez, W., Schmidt, F., & Watson, D. (2010). Linking "big" personality
traits to anxiety, depressive, and substance use disorders: A meta-analysis. Psychol.
Bull., 136(5), 768.

56



Kunugi, H., Vallada, H. P., Hoda, F., Kirov, G., Gill, M., Aitchison, K. J., . . . Collier,
D. A. (1997). No evidence for an association of affective disorders with high-or low-
activity allele of catechol-O-methyltransferase gene. Biol. Psychiatry, 42(4), 282—
285.

Laas, K., Reif, A., Kiive, E., Domschke, K., Lesch, K.-P., Veidebaum, T., & Harro, J.
(2014). A functional NPSR1 gene variant and environment shape personality and
impulsive action: A longitudinal study. J. Psychopharm., 28(3), 227-236.

Laidra, K., Allik, J., Harro, M., Merenékk, L., & Harro, J. (2006). Agreement among
adolescents, parents, and teachers on adolescent personality. Assessment, 13(2),
187-196.

Lang, U. E., Bajbouj, M., Sander, T., & Gallinat, J. (2007). Gender-dependent
association of the functional catechol-O-methyltransferase Vall58Met genotype
with sensation seeking personality trait. Neuropsychopharmacol., 32(9), 1950—-1955.
doi: 10.1038/sj.npp.1301335

Lelli-Chiesa, G., Kempton, M., Jogia, J., Tatarelli, R., Girardi, P., Powell, J., . . .
Frangou, S. (2011). The impact of the Vall58Met catechol-O-methyltransferase
genotype on neural correlates of sad facial affect processing in patients with bipolar
disorder and their relatives. Psychol. Med., 41(04), 779-788.

Lesch, K.-P., Araragi, N., Waider, J., van den Hove, D., & Gutknecht, L. (2013).
Targeting brain serotonin synthesis: insights into neurodevelopmental disorders with
long-term outcomes related to negative emotionality, aggression and antisocial
behaviour. Phil Trans R Soc B, 367(1601), 2426-2443. doi: 10.1098/rstb.2012.0039

Lesch, K.-P., Bengel, D., Heils, A., Sabol, S. Z., Greenberg, B. D., Petri, S., . . .
Murphy, D. L. (1996). Association of anxiety-related traits with a polymorphism in
the serotonin transporter gene regulatory region. Science, 274(5292), 1527-1531.
doi: 10.1126/science.274.5292.1527

Lesch, K. P. (2004). Gene—environment interaction and the genetics of depression. J.
Psychiatry Neurosci., 29(3), 174.

Lessmann, V., Gottmann, K., & Heumann, R. (1994). BDNF and NT-4/5 enhance
glutamatergic synaptic transmission in cultured hippocampal neurones. Neuroreport,
6(1), 21-25.

Levine, E. S., Dreyfus, C. F., Black, 1. B., & Plummer, M. R. (1995). Brain-derived
neurotrophic factor rapidly enhances synaptic transmission in hippocampal neurons
via postsynaptic tyrosine kinase receptors. Proc. Natl. Acad. Sci. U. S. A., 92(17),
8074-8077.

Levinson, D. F. (2006). The genetics of depression: A review. Biol. Psychiatry, 60(2),
84-92. doi: 10.1016/j.biopsych.2005.08.024

Light, K. J., Joyce, P. R., Luty, S. E., Mulder, R. T., Carter, J. D., Frampton, C. M. A., . ..
Kennedy, M. A. (2007). An association study of DRD2 and COMT polymorphisms
with novelty seeking and harm avoidance scores, in two independent samples of
depressed patients. Behav Brain Funct, 3(3). doi: 10.1186/1744-9081-3-3

Lin, Y. M. J., Chao, S. C., Chen, T. M., Lai, T. J., Chen, J. S., & Sun, H. S. (2007).
Association of functional polymorphisms of the human tryptophan hydroxylase 2
gene with risk for bipolar disorder in han chinese. Arch. Gen. Psychiatry, 64(9),
1015-1024. doi: 10.1001/archpsyc.64.9.1015

Linnarsson, S., Bjorklund, A., & Ernfors, P. (1997). Learning deficit in BDNF mutant
mice. Eur. J. Neurosci., 9(12), 2581-2587.

Liu, M.-E., Hong, C.-J., Liou, Y.-J., Tsai, Y.-L., Hsieh, C.-H., & Tsai, S.-J. (2008).
Association study of a functional catechol-O-methyltransferase polymorphism and

57



executive function in elderly males without dementia. Neurosci. Lett., 436(2), 193—
195.

Lohoff, F. W. (2010). Overview of the genetics of major depressive disorder. Curr
Psychiatry Rep, 12(6), 539-546.

Lu, B. (2003). Pro-Region of Neurotrophins: Role in Synaptic Modulation. Neuron,
39(5), 735-738. doi: http://dx.doi.org/10.1016/S0896-6273(03)00538-5

Lu, B., & Chow, A. (1999). Neurotrophins and hippocampal synaptic transmission and
plasticity. J. Neurosci. Res., 58(1), 76-87.

Lynch, J. W., Kaplan, G. A., & Salonen, J. T. (1997). Why do poor people behave
poorly? Variation in adult health behaviours and psychosocial characteristics by
stages of the socioeconomic lifecourse. Soc. Sci. Med., 44(6), 809—-819.

Lyons, W. E., Mamounas, L. A., Ricaurte, G. A., Coppola, V., Reid, S. W., Bora, S. H.,
... Tessarollo, L. (1999). Brain-derived neurotrophic factor-deficient mice develop
aggressiveness and hyperphagia in conjunction with brain serotonergic
abnormalities. Proc. Natl. Acad. Sci. U. S. A., 96(26), 15239-15244.
doi: 10.1073/pnas.96.26.15239

Mandelli, L., Antypa, N., Nearchou, F. A., Vaiopoulos, C., Stefanis, C. N., Serretti, A.,
& Stefanis, N. C. (2012). The role of serotonergic genes and environmental stress on
the development of depressive symptoms and neuroticism. J. Affect. Disord., 142(1-
3), 82—89. doi: 10.1016/j.jad.2012.03.047

Manji, H. K., Drevets, W. C., & Charney, D. S. (2001). The cellular neurobiology of
depression. Nat. Med., 7(5), 541-547.

Mann, J. J., Malone, K. M., Sweeney, J. A., Brown, R. P., Linnoila, M., Stanley, B., &
Stanley, M. (1996). Attempted suicide characteristics and cerebrospinal fluid amine
metabolites in depressed inpatients. Neuropsychopharmacol., 15(6), 576-586. doi:
10.1016/s0893-133x(96)00102-9

Mannistd, P. T., & Kaakkola, S. (1999). Catechol-O-methyltransferase (COMT):
biochemistry, molecular biology, pharmacology, and clinical efficacy of the new
selective COMT inhibitors. Pharmacol. Rev., 51(4), 593—628.

Martin, N. W., Medland, S. E., Verweij, K. J. H., Lee, S. H., Nyholt, D. R., Madden, P.
A., ... Martin, N. G. (2011). Educational Attainment: A Genome Wide Association
Study in 9538 Australians. PLoS One, 6(6), €20128. doi:
doi: 10.1371/journal.pone.0020128.

Martinowich, K., & Lu, B. (2008). Interaction between BDNF and serotonin: Role in
mood disorders. Neuropsychopharmacol., 33(1), 73-83.

Marty, S., Berninger, B., Carroll, P., & Thoenen, H. (1996). GABAergic stimulation
regulates the phenotype of hippocampal interneurons through the regulation of
brain-derived neurotrophic factor. Neuron, 16(3), 565-570.

Massat, 1., Souery, D., Del-Favero, J., Nothen, M., Blackwood, D., Muir, W., . . .
Mendlewicz, J. (2004). Association between COMT (Vall58Met) functional
polymorphism and early onset in patients with major depressive disorder in a
European multicenter genetic association study. Mol. Psychiatry, 10(6), 598—605.

McAllister, A. K., Katz, L. C., & Lo, D. C. (1999). Neurotrophins and synaptic
plasticity. Annu. Rev. Neurosci., 22(1), 295.

McCrae, R. R., & Costa Jr, P. T. (1989). Rotation to maximize the construct validity of
factors in the NEO Personality Inventory. Multivar Behav Res, 24(1), 107-124.

McCrae, R. R., & Costa Jr, P. T. (1997). Personality trait structure as a human
universal. Am. Psychol., 52(5), 509.

58



McCrae, R. R., & Costa Jr, P. T. (2004). A contemplated revision of the NEO Five-
Factor Inventory. Pers. Individ. Dif., 36(3), 587-596.
doi: http://dx.doi.org/10.1016/S0191-8869(03)00118-1

McCrae, R. R., & Costa, P. T. (1996). Toward a New Generation of Personality
Theories: Theoretical Contexts for the Five-Factor Model. In J. S. Wiggins (Ed.),
The Five-Factor Model of Personality: Theoretical Perspective (pp. 51-87). New
York: Guilford Press.

McCrae, R. R., & John, O. P. (1992). An introduction to the five-factor model and its
applications. J. Pers., 60(2), 175-215.

McCrae, R. R., & Terracciano, A. (2005). Universal features of personality traits from
the observer’s perspective: data from 50 cultures. J. Pers. Soc. Psychol., 88(3), 547.

McGrath, M., Kawachi, 1., Ascherio, A., Colditz, G. A., Hunter, D. J., & De Vivo, 1.
(2004). Association Between Catechol-O-Methyltransferase and Phobic Anxiety.
Am. J. Psychiatry, 161(9), 1703—-1705. doi: 10.1176/appi.ajp.161.9.1703

McGuffin, P., Katz, R., Watkins, S., & Rutherford, J. (1996). A hospital-based twin
register of the heritability of DSM-IV unipolar depression. Arch. Gen. Psychiatry,
53(2), 129-136.

Mendels, J., Frazer, A., Fitzgerald, R. G., Ramsey, T. A., & Stokes, J. W. (1972).
Biogenic amine metabolites in cerebrospinal fluid of depressed and manic patients.
Science, 175(4028), 1380-1382.

Meyer-Lindenberg, A., & Weinberger, D. R. (2006). Intermediate phenotypes and
genetic mechanisms of psychiatric disorders. Nat. Rev. Neurosci., 7(10), 818-827.
Mier, D., Kirsch, P., & Meyer-Lindenberg, A. (2010). Neural substrates of pleiotropic
action of genetic variation in COMT: a meta-analysis. Mol. Psychiatry, 15(9), 918—

927.

Minichiello, L., Korte, M., Wolfer, D., Kiithn, R., Unsicker, K., Cestari, V., . . . Klein, R.
(1999). Essential role for TrkB receptors in hippocampus-mediated learning.
Neuron, 24(2), 401-414.

Molinoff, P. B., & Axelrod, J. (1971). Biochemistry of catecholamines. Annu. Rev.
Biochem., 40(1), 465-500.

Montag, C., & Reuter, M. (2014). Disentangling the molecular genetic basis of
personality: From monoamines to neuropeptides. Neurosci. Biobehav. Rev., 43(0),
228-239. doi: http://dx.doi.org/10.1016/j.neubiorev.2014.04.006

Montag, C., Reuter, M., Newport, B., Elger, C., & Weber, B. (2008). The BDNF
Val66Met polymorphism affects amygdala activity in response to emotional stimuli:
Evidence from a genetic imaging study. Neuroimage, 42(4), 1554—1559.

Montgomery, S. A., & Asberg, M. (1979). A new depression scale, designed to be
sensitive to change. Brit J. Psychiatry, 134, 382-389.

Massner, R., Walitza, S., Geller, F., Scherag, A., Gutknecht, L., Jacob, C., . . . Herpertz-
Dahlmann, B. (2006). Transmission disequilibrium of polymorphic variants in the
tryptophan hydroxylase-2 gene in children and adolescents with obsessive—
compulsive disorder. Int. J. Neuropsychopharmacol., 9(04), 437-442.

Mbttus, R., Pullmann, H., & Allik, J. (2006). Toward more readable Big Five
personality inventories. Eur. J. Psychol. Assess., 22(3), 149-157.
doi: 10.1027/1015-5759.22.3.149

Mueller, T. 1., & Leon, A. C. (1996). Recovery, chronicity, and levels of psycho-
pathology in major depression. Psychiatr. Clin. North Am., 19(1), 85-&.
doi: 10.1016/s0193-953x(05)70275-6

59



Munafo, M. R., Brown, S. M., & Hariri, A. R. (2008). Serotonin transporter (5-
HTTLPR) genotype and amygdala activation: A meta-analysis. Biol. Psychiatry,
63(9), 852-857. doi: 10.1016/j.biopsych.2007.08.016

Munafo, M. R., Freimer, N. B., Ng, W., Ophoff, R., Veijola, J., Miettunen, J., . . . Flint,
J. (2009). 5-HTTLPR genotype and anxiety-related personality traits: A
meta-analysis and new data. Am. J. Med. Genet. B Neuropsychiatr. Genet., 150(2),
271-281.

Murray, C. J. L., & Lopez, A. D. (1997). Alternative projections of mortality and
disability by cause 1990-2020: Global Burden of Disease Study. The Lancet,
349(9064), 1498—1504. doi: http://dx.doi.org/10.1016/S0140-6736(96)07492-2

Nawa, H., Bessho, Y., Carnahan, J., Nakanishi, S., & Mizuno, K. (1993). Regulation of
Neuropeptide Expression in Cultured Cerebral Cortical Neurons by Brain-Derived
Neurotrophic Factor. J. Neurochem., 60(2), 772-775.

Nestler, E. J., & Carlezon Jr, W. A. (2006). The Mesolimbic Dopamine Reward Circuit
in Depression. Biol. Psychiatry, 59(12), 1151-1159.
doi: http://dx.doi.org/10.1016/j.biopsych.2005.09.018

Noftle, E. E., & Robins, R. W. (2007). Personality predictors of academic outcomes:
Big five correlates of GPA and SAT scores. J. Pers. Soc. Psychol., 93(1), 116—130.

O’Connor, M. C., & Paunonen, S. V. (2007). Big five personality predictors of post-
secondary academic performance. Pers. Individ. Dif., 43(5), 971-990.
doi: 10.1016/j.paid.2007.03.017

Ohara, K., Nagai, M., Suzuki, Y., Ochiai, M., & Ohara, K. (1998). No association
between anxiety disorders and catechol-O-methyltransferase polymorphism.
Psychiatry Res., 80(2), 145-148.

Paaver, M., Nordquist, N., Parik, J., Harro, M., Oreland, L., & Harro, J. (2007). Platelet
MAO activity and the 5-HTT gene promoter polymorphism are associated with
impulsivity and cognitive style in visual information processing. Psycho-
pharmacology (Berl.), 194(4), 545-554. doi: 10.1007/s00213-007-0867-z

Palmatier, M. A., Kang, A. M., & Kidd, K. K. (1999). Global variation in the fre-
quencies of functionally different catechol-O-methyltransferase alleles. Biol.
Psychiatry, 46(4), 557-567. doi: http://dx.doi.org/10.1016/S0006-3223(99)00098-0

Paunonen, S. V., & Ashton, M. C. (2001). Big five factors and facets and the prediction
of behavior. J. Pers. Soc. Psychol., 81(3), 524.

Pelleymounter, M. A., Cullen, M. J., & Wellman, C. L. (1995). Characteristics of
BDNF-induced weight loss. Exp. Neurol., 131(2), 229-238.

Pezawas, L., Meyer-Lindenberg, A., Goldman, A. L., Verchninski, B. A., Chen, G.,
Kolachana, B. S., . . . Weinberger, D. R. (2008). Evidence of biologic epistasis
between BDNF and SLC6A4 and implications for depression. Mol. Psychiatry,
13(7), 709-716. doi: 10.1038/mp.2008.32

Pezawas, L., Verchinski, B. A., Mattay, V. S., Callicott, J. H., Kolachana, B. S., Straub,
R. E., ... Weinberger, D. R. (2004). The brain-derived neurotrophic factor val66met
polymorphism and variation in human cortical morphology. J. Neurosci., 24(45),
10099-10102. doi: 10.1523/jneurosci.2680-04.2004

Placidi, G. P. A., Oquendo, M. A., Malone, K. M., Huang, Y. Y., Ellis, S. P., & Mann, J. J.
(2001). Aggressivity, suicide attempts, and depression: Relationship to cerebrospinal
fluid monoamine metabolite levels. Biol. Psychiatry, 50(10), 783-791. doi:
10.1016/s0006-3223(01)01170-2

60



Podar, 1., Hannus, A., & Allik, J. (1999). Personality and Affectivity Characteristics
Associated With Eating Disorders: A Comparison of Eating Disordered, Weight-
Preoccupied, and Normal Samples. J. Pers. Assess., 73(1), 133—147.
doi: 10.1207/S15327752JPA730109

Poo, M.-m. (2001). Neurotrophins as synaptic modulators. Nat. Rev. Neurosci., 2(1),
24-32.

Poropat, A. E. (2009). A meta-analysis of the five-factor model of personality and
academic performance. Psychol. Bull., 135(2), 322-338. doi: 10.1037/a0014996
Reif, A., & Lesch, K. P. (2003). Toward a molecular architecture of personality. Behav.

Brain Res., 139(1-2), 1-20.

Ren-Patterson, R. F., Cochran, L. W., Holmes, A., Sherrill, S., Huang, S. J., Tolliver, T., . . .
Murphy, D. L. (2005). Loss of brain-derived neurotrophic factor gene allele
exacerbates brain monoamine deficiencies and increases stress abnormalities of
serotonin transporter knockout mice. J. Neurosci. Res., 79(6), 756-771.

Reuter, M., & Hennig, J. (2005). Association of the functional catechol-O-methyl-
transferase Vall58Met polymorphism with the personality trait of extraversion.
Neuroreport, 16(10), 1135-1138.

Reuter, M., Kuepper, Y., & Hennig, J. (2007). Association between a polymorphism in
the promoter region of the TPH2 gene and the personality trait of harm avoidance.
Int. J. Neuropsychopharmacol., 10(3), 401-404. doi: 10.1017/s1461145706007073

Reuter, M., Ott, U., Vaitl, D., & Hennig, J. (2007). Impaired executive control is
associated with a variation in the promoter region of the tryptophan hydroxylase 2
gene. J. Cogn. Neurosci., 19(3), 401-408. doi: 10.1162/jocn.2007.19.3.401

Rhodes, R. E., & Smith, N. E. (2006). Personality correlates of physical activity: a
review and meta-analysis. Br. J. Sports Med., 40(12), 958-965.
doi: 10.1136/bjsm.2006.028860

Ribases, M., Gratacos, M., Armengol, L., de Cid, R., Badia, A., Jimenez, L., . . . Estivill, X.
(2003). Met66 in the brain-derived neurotrophic factor (BDNF) precursor is
associated with anorexia nervosa restrictive type. Mol Psychiatry, 8(8), 745-751.

Ribases, M., Gratacos, M., Fernandez-Aranda, F., Bellodi, L., Boni, C., Anderluh, M., . . .
Estivill, X. (2004). Association of BDNF with anorexia, bulimia and age of onset of
weight loss in six European populations. Hum. Mol. Gen., 13(12), 1205-1212. doi:
10.1093/hmg/ddh137

Riemann, R., Angleitner, A., & Strelau, J. (1997). Genetic and environmental influences
on personality: A study of twins reared together using the self- and peer report NEO-
FFI scales. J. Pers., 65(3), 449—475.

Rios, M., Fan, G., Fekete, C., Kelly, J., Bates, B., Kuehn, R., . . . Jaenisch, R. (2001).
Conditional deletion of brain-derived neurotrophic factor in the postnatal brain leads
to obesity and hyperactivity. Mol. Endocrinol., 15(10), 1748—-1757.

Roberts, B. W., & DelVecchio, W. F. (2000). The rank-order consistency of personality
traits from childhood to old age: a quantitative review of longitudinal studies.
Psychol. Bull., 126(1), 3.

Rosval, L., Steiger, H., Bruce, K., Israél, M., Richardson, J., & Aubut, M. (2006).
Impulsivity in women with eating disorders: problem of response inhibition,
planning, or attention? /nt. J. Eat. Disord., 39(7), 590-593.

Rothe, C., Koszycki, D., Bradwejn, J., King, N., Deluca, V., Tharmalingam, S., . . .
Kennedy, J. L. (2006). Association of the Vall58Met catechol O-methyltransferase
genetic polymorphism with panic disorder. Neuropsychopharmacol., 31(10), 2237—
2242.

61



Roy, A., De Jong, J., & Linnoila, M. (1989). Cerebrospinal fluid monoamine metabo-
lites and suicidal behavior in depressed patients. A 5-year follow-up study. Arch.
Gen. Psychiatry, 46(7), 609-612.

Samuel, D. B., & Widiger, T. A. (2008). A meta-analytic review of the relationships
between the five-factor model and DSM-IV-TR personality disorders: A facet level
analysis. Clin. Psychol. Rev., 28(8), 1326-1342.
doi: http://dx.doi.org/10.1016/j.cpr.2008.07.002

Savitz, J., Solms, M., & Ramesar, R. (2006). The molecular genetics of cognition:
dopamine, COMT and BDNF. Genes, Brain and Behav., 5(4), 311-328.
doi: 10.1111/5.1601-183X.2005.00163.x

Scheuch, K., Lautenschlager, M., Grohmann, M., Stahlberg, S., Kirchheiner, J., Zill, P., . . .
Priller, J. (2007). Characterization of a functional promoter polymorphism of the
human tryptophan hydroxylase 2 gene in serotonergic raphe neurons. Biol.
Psychiatry, 62(11), 1288—1294.

Schildkraut, J. J. (1965). The catecholamine hypothesis of affective disorders: a review
of supporting evidence. Am. J. Psychiatry, 122(5), 509-522.

Schinka, J. A., Busch, R. M., & Robichaux-Keene, N. (2004). A meta-analysis of the
association between the serotonin transporter gene polymorphism (5-HTTLPR) and
trait anxiety. Mol. Psychiatry, 9(2), 197-202. doi: 10.1038/sj.mp.4001405

Sen, S., Burmeister, M., & Ghosh, D. (2004). Meta-analysis of the association between
a serotonin transporter promoter polymorphism (5-HTTLPR) and anxiety-related
personality traits. Am. J. Med. Genet. B Neuropsychiatr. Genet., 127B(1), 85-89.

Sen, S., Nesse, R. M., Stoltenberg, S. F., Li, S., Gleiberman, L., Chakravarti, A., . . .
Burmeister, M. (2003). A BDNF coding variant is associated with the NEO
personality inventory domain neuroticism, a risk factor for depression. Neuro-
psychopharmacol., 28(2), 397-401.

Serretti, A., Cusin, C., Cristina, S., Lorenzi, C., Lilli, R., Lattuada, E., . . . Barale, F.
(2003). Multicentre Italian family-based association study on tyrosine hydroxylase,
catechol-O-methyl transferase and Wolfram syndrome 1 polymorphisms in mood
disorders. Psychiatr. Genet., 13(2), 121-126.

Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J., Weiller, E., . . .
Dunbar, G. C. (1998). The Mini-International Neuropsychiatric Interview (M.I.N.L):
the development and validation of a structured diagnostic psychiatric interview for
DSM-1V and ICD-10. J. Clin. Psychiatry, 59 Suppl 20, 22-33;quiz 34-57.

Sheldrick, A. J., Krug, A., Markov, V., Leube, D., Michel, T. M., Zerres, K., . . . Kircher, T.
(2008). Effect of COMT vall58met genotype on cognition and personality. Eur.
Psychiatry, 23(6), 385-3809.

Shih, J., Chen, K., & Ridd, M. (1999). Monoamine oxidase: from genes to behavior.
Annu. Rev. Neurosci., 22, 197.

Shlik, J., Aluoja, A., & Kihl, E. (1999). MINI 5.0. 0. Mini rahvusvaheline neuro-
pstihhiaatriline intervjuu DSM—-IV. Eesti versioon.

Sjoberg, R. L., Nilsson, K. W., Nordquist, N., Ohrvik, J., Leppert, J., Lindstrom, L., &
Oreland, L. (2006). Development of depression: sex and the interaction between
environment and a promoter polymorphism of the serotonin transporter gene. Int.
J. Neuropsychopharmacol., 9(4), 443—449. doi: 10.1017/s1461145705005936

Smith, K., Fairburn, C., & Cowen, P. (1997). Relapse of depression after rapid
depletion of tryptophan. The Lancet, 349(9056), 915-919.

Smolka, M. N., Schumann, G., Wrase, J., Grusser, S. M., Flor, H., Mann, K., . . . Heinz,
A. (2005). Catechol-O-methyltransferase vallS8met genotype affects processing of

62



emotional stimuli in the amygdala and prefrontal cortex. J. Neurosci., 25(4), 836—
842. doi: 10.1523/jneurosci.1792-04.2005

Spielberger, C. D. (1983). Manual for the State-Trait Anxiety Inventory (STAI). Palo
Alto, CA: Consulting Psychologists Press.

Stein, M. B., Fallin, M. D., Schork, N. J., & Gelernter, J. (2005). COMT poly-
morphisms and anxiety-related personality traits. Neuropsychopharmacol., 30(11),
2092-2102. doi: 10.1038/sj.npp.1300787

Strobel, A., Dreisbach, G., Muller, J., Goschke, T., Brocke, B., & Lesch, K. P. (2007).
Genetic variation of serotonin function and cognitive control. J. Cogn. Neurosci.,
19(12), 1923-1931. doi: 10.1162/jocn.2007.19.12.1923

Sullivan, P. F., Daly, M. J., Ripke, S., Lewis, C. M., Lin, D.-Y., Wray, N. R, . . .
Psychiat, G. C. (2013). A mega-analysis of genome-wide association studies for
major depressive disorder. Mol. Psychiatry, 18(4), 497-511.
doi: 10.1038/mp.2012.21

Sullivan, P. F., Neale, M. C., & Kendler, K. S. (2000). Genetic epidemiology of major
depression: Review and meta-analysis. Am. J. Psychiatry, 157(10), 1552—1562.

Suslow, T., Konrad, C., Kugel, H., Rumstadt, D., Zwitserlood, P., Schoning, S., . . .
Dannlowski, U. (2010). Automatic Mood-Congruent Amygdala Responses to
Masked Facial Expressions in Major Depression. Biol. Psychiatry, 67(2), 155-160.

Tecott, L. H. (2007). Serotonin and the orchestration of energy balance. Cell Metab,
6(5), 352-361.

Terracciano, A., & Costa, P. T., Jr. (2004). Smoking and the Five-Factor Model of
personality. Addiction, 99(4), 472—481. doi: 10.1111/j.1360-0443.2004.00687.x
Terracciano, A., Esko, T., Sutin, A. R., de Moor, M. H., Meirelles, O., Zhu, G., . . . Uda, M.
(2011). Meta-analysis of genome-wide association studies identifies common
variants in CTNNA2 associated with excitement-seeking. Transl Psychiatry, 1, e49.

doi: 10.1038/tp.2011.42

Terracciano, A., Lockenhoff, C. E., Crum, R. M., Bienvenu, O. J., & Costa, P. T., Jr.
(2008). Five-Factor Model personality profiles of drug users. BMC Psychiatry, 8, 22.
doi: 10.1186/1471-244x-8-22

Terracciano, A., Sanna, S., Uda, M., Deiana, B., Usala, G., Busonero, F., . . . Costa, P.
T., Jr. (2010). Genome-wide association scan for five major dimensions of
personality. Mol. Psychiatry, 15(6), 647-656. doi: 10.1038/mp.2008.113

Terracciano, A., Tanaka, T., Sutin, A. R., Deiana, B., Balaci, L., Sanna, S., . . . Costa, P. T.,
Jr. (2010). BDNF Val66Met is Associated with Introversion and Interacts with
5-HTTLPR to Influence Neuroticism. Neuropsychopharmacol., 35(5), 1083—1089.

Thoresen, C. J., Bradley, J. C., Bliese, P. D., & Thoresen, J. D. (2004). The big five
personality traits and individual job performance growth trajectories in maintenance
and transitional job stages. J. Appl. Psychol., 89(5), 835-853.
doi: 10.1037/0021-9010.89.5.835

Tochigi, M., Otowa, T., Suga, M., Rogers, M., Minato, T., Yamasue, H., . . . Sasaki, T.
(2006). No evidence for an association between the BDNF Val66Met polymorphism
and schizophrenia or personality traits. Schizophr. Res., 87(1-3), 45-47. doi:
10.1016/j.schres.2006.06.029

Tomson, K., Merenidkk, L., Loit, H. M., Maestu, J., & Harro, J. (2011). The relationship
between serotonin transporter gene promoter polymorphism and serum lipid levels
at young age in a longitudinal population-representative study. Prog. Neuro-
psychopharmacol. Biol. Psychiatry, 35(8), 1857-1862.
doi: 10.1016/j.pnpbp.2011.08.004

63



Traskman, L., Asberg, M., Bertilsson, L., & Sjostrand, L. (1981). Monoamine
metabolites in CSF and suicidal-behavior. Arch. Gen. Psychiatry, 38(6), 631-636.
Tsai, S.-J., Hong, C. J., Younger, W. Y. Y., & Tai-Jui Chen, A. (2004). Association
study of a brain-derived neurotrophic factor (BDNF) Val66Met polymorphism and
personality trait and intelligence in healthy young females. Neuropsychobiology,

49(1), 13-16.

Tsai, S. J.,, Hong, C. J., Yu, Y. W. Y., & Chen, T. J. (2004). Association study of
catechol-O-methyltransferase gene and dopamine D-4 receptor gene polymorphisms
and personality traits in healthy young chinese females. Neuropsychobiology, 50(2),
153-156. doi: 10.1159/000079107

Tunbridge, E. M., Bannerman, D. M., Sharp, T., & Harrison, P. J. (2004). Catechol-O-
methyltransferase inhibition improves set-shifting performance and elevates
stimulated dopamine release in the rat prefrontal cortex. J. Neurosci., 24(23), 5331-
5335. doi: 10.1523/jneurosci.1124-04.2004

Tunbridge, E.M., Weickert, C.S., Kleinman, J. E., Herman, M. M., Chen, J.,
Kolachana, B.S., . . . Weinberger, D. R. (2007). Catechol-o-methyltransferase
enzyme activity and protein expression in human prefrontal cortex across the
postnatal lifespan. Cereb. Cortex, 17(5), 1206—1212. doi: 10.1093/cercor/bhl032

Urata, T., Takahashi, N., Hakamata, Y., lijima, Y., Kuwahara, N., Ozaki, N., . . . Inada, T.
(2007). Gene-gene interaction analysis of personality traits in a Japanese population
using an electrochemical DNA array chip analysis. Neurosci. Lett., 414(3), 209-212.
doi: 10.1016/j.neulet.2006.12.018

Uttl, B., White, C. A., Gonzalez, D. W., McDouall, J., & Leonard, C. A. (2013).
Prospective memory, personality, and individual differences. Front. Psychol., 4. doi:
10.3389/fpsyg.2013.00130

Vedel, A. (2014). The Big Five and tertiary academic performance: A systematic review
and meta-analysis. Pers. Individ. Dif., 71, 66—76. doi: 10.1016/j.paid.2014.07.011

Verhagen, M., van der Meij, A., van Deurzen, P. A. M., Janzing, J. G. E., Arias-
Vasquez, A., Buitelaar, J. K., & Franke, B. (2010). Meta-analysis of the BDNF
Val66Met polymorphism in major depressive disorder: effects of gender and
ethnicity. Mol. Psychiatry, 15(3), 260-271.

Videbech, P., & Ravnkilde, B. (2004). Hippocampal volume and depression: A meta-
analysis of MRI studies. Am. J. Psychiatry, 161(11), 1957-1966.
doi: 10.1176/appi.ajp.161.11.1957

Villanueva, R. (2013). Neurobiology of Major Depressive Disorder. Neural Plast., 7.
doi: 10.1155/2013/873278

Waider, J., Araragi, N., Gutknecht, L., & Lesch, K.-P. (2010). Tryptophan hydroxylase-
2 (TPH2) in disorders of cognitive control and emotion regulation: A perspective.
Psychoneuroendocrinology, 36(3), 393—405. doi: 10.1016/j.psyneuen.2010.12.012

Wainwright, S. R., & Galea, L. A. M. (2013). The Neural Plasticity Theory of
Depression: Assessing the Roles of Adult Neurogenesis and PSA-NCAM within the
Hippocampus. Neural Plast., 805497. doi: 10.1155/2013/805497

Walitza, S., Renner, T. J., Dempfle, A., Konrad, K., Wewetzer, C., Halbach, A., . . .
Lesch, K. P. (2005). Transmission disequilibrium of polymorphic variants in the
tryptophan hydroxylase-2 gene in attention-deficit/hyperactivity disorder. Mol.
Psychiatry, 10(12), 1126-1132. doi: 10.1038/sj.mp.4001734

Walther, D. J., & Bader, M. (2003). A unique central tryptophan hydroxylase isoform.
Biochem. Pharmacol., 66(9), 1673—1680. doi: http://dx.doi.org/10.1016/S0006-
2952(03)00556-2

64



Walther, D. J., Peter, J. U., Bashammakh, S., Hortnagl, H., Voits, M., Fink, H., &
Bader, M. (2003). Synthesis of serotonin by a second tryptophan hydroxylase
isoform. Science, 299(5603), 76-76. doi: 10.1126/science.1078197

Warner-Schmidt, J. L., & Duman, R. S. (2006). Hippocampal neurogenesis: Opposing
effects of stress and antidepressant treatment. Hippocampus, 16(3), 239-249.
doi: 10.1002/hipo.20156

Watson, D., Gamez, W., & Simms, L. J. (2005). Basic dimensions of temperament and
their relation to anxiety and depression: A symptom-based perspective. J Res Pers,
39(1), 46-66. doi: 10.1016/j.jrp.2004.09.006

Weinshilboum, R. M., Otterness, D. M., & Szumlanski, C. L. (1999). Methylation
pharmacogenetics: Catechol O-methyltransferase, thiopurine methyltransferase, and
histamine N-methyltransferase. Annu. Rev. Pharmacol. Toxicol., 39, 19-52.

Weiss, A., Sutin, A. R., Duberstein, P. R., Friedman, B., Bagby, R. M., & Costa, P. T.
(2009). The Personality Domains and Styles of the Five-Factor Model are Related to
Incident Depression in Medicare Recipients Aged 65 to 100. Am. J. Geriatr.
Psychiatry, 17(7), 591-601.

Williams, S. M., & Haines, J. L. (2011). Correcting Away the Hidden Heritability. Ann.
Hum. Genet., 75, 348-350. doi: 10.1111/j.1469-1809.2011.00640.x

Willner, P. (1997). The mesolimbic dopamine system as a target for rapid anti-
depressant action. Int. Clin. Psychopharmacol., 12, S7-14.

Wise, R. A. (1998). Drug-activation of brain reward pathways. Drug Alcohol Depend.,
51(1-2), 13-22.

Wittchen, H.-U., Jacobi, F., Rehm, J., Gustavsson, A., Svensson, M., Jonsson, B., . . .
Faravelli, C. (2011). The size and burden of mental disorders and other disorders of
the brain in Europe 2010. Eur. Neuropsychopharmacol., 21(9), 655-679.

World Health Organization. (1992). The ICD-10 classification of mental and
behavioural disorders. Geneva. World Health Organization.

World Health Organization. (2008). The global burden of disease: 2004 update.

Wray, N. R., James, M. R., Dumenil, T., Handoko, H. Y., Lind, P. A., Montgomery, G. W.,
& Martin, N. G. (2008). Association study of candidate variants of COMT with
neuroticism, anxiety and depression. Am. J. Med. Genet. B Neuropsychiatr. Genet.,
147(7), 1314-1318.

Young, S. N., Smith, S. E., Pihl, R. O., & Ervin, F. R. (1985). Tryptophan depletion
causes a rapid lowering of mood in normal males. Psychopharmacology (Berl.),
87(2), 173-177.

65



SUMMARY IN ESTONIAN

Depressiooni ja drevusega seotud geenivariandid: moju
isiksuseomadustele ja tervistmojustavale kaitumisele

Varasemate uuringute pohjal on teada, et moned isiksuseomadused suurendavad
depressiooni tekkimise riski. Uheks levinumaks selliseks isiksuseomaduseks
peetakse Neurootilisust, mis néitab inimese kalduvust liigsele muretsemisele ja
drevuse tundmisele. Nii isiksuseomadustel kui ka depressioonil on aga tugev
parilik taust, seejuures osa geneetilisest alusest arvatakse neil olevat {ihine. Kuid
hoolimata joudsatest arengutest biotehnoloogia valdkonnas ei ole siiani
kummagi fenotiilibi geneetilist alust suudetud tuvastada. Olulist rolli méngib
siin kindlasti asjaolu, et tegemist on vdga komplekssete tunnustega, millel on
toendoliselt ka vdga keeruline geneetiline taust.

Kéesolevas viitekirjas uurisime suurel rahvastikupohisel valimil, kuidas
mojutavad depressiooniga seotud geenivariandid isiksuseomadusi. Koik uurimis-
alused geneetilised variandid on seotud aju neurotransmissiooniga - 5S-HTTLPR
ja TPH2 G-703T polimorfismid serotoniini- ja COMT Vall58Met dopamiini-
siisteemiga, aga BDNF Val66Met neurotroofiliste funktsioonidega, mis on
olulised nidrvirakkude arengu ja funktsionaalsuse tagamisel. Lisaks oli meie
eesmérgiks teada saada, kas esineb ka nende geenide vahelisi interaktsioone,
kas vanus mingib rolli ning lisaks, kas nimetatud geenivariandid voivad
mojutada ka muid tervise ja heaoluga seotud tegureid, nagu nditeks meeleolu- ja
sO0mishéirete siimptomaatika, kdrghariduse omandamine ja sotsiaalmajanduslik
staatus.

Leidsime, et koik nimetatud kandidaatgeenid tdepoolest mojutavad isiksuse-
omadusi rahvastikus. Tépsemalt, BDNF Val66Met Met-alleeli kandjad on
madalama, kuid 7PH2 G-703T T/T genotiiiibiga isikud kdrgema Meelekindlu-
sega, vorreldes teiste genotiiiibi gruppidega. Samas esines modlema geeni-
variandi puhul ka interaktsioon S5-HTTLPR polimorfismiga, kusjuures
kummagi genotliibi mdju oli koige tugevam just S5-HTTLPR S/S
homosiigootide hulgas. TPH2 T/T homosiigootidel oli 15-aastaselt ka teistest
palju madalam Neurootilisus, kuid kolm aastat hiljem oli see erinevus kadunud
ning genotiiiibi mdju Neurootilisusele ei olnud. Lisaks leidsime ka COMT
Vall58Met moju Neurootilisusele — Val/Val genotiiiibiga naised olid oluliselt
neurootilisemad kui teiste alleelikombinatsioonidega naised. Huvitaval kombel
avaldus genotiilibi moju alles 25-aastaselt, mis viitab ajafaktori olulisusele
genotliiibi efekti avaldumisel.

Edasi uurisime, kas nimetatud geenide moju isiksusele voiks peegelduda ka
teistes inimese tervise ja heaoluga seotud tegurites. Esiteks leidsime, et BDNF
Val66Met poliimorfism avaldab moju ka s6Omishéirete siimptomaatika tekki-
misel. Nimelt nende tiidrukute seas, kes piilidsid oma kehakaalu reguleerida
toidukoguste vihendamise voi niljutamise teel, esines Met-alleeli kandjail Val-
homosiigootidest oluliselt rohkem kontrollimatuid s66mishooge, mida peetakse

66



s00mishéire buliimia peamiseks siimptomiks. Lisaks leidsime, et COMT geno-
tiitibi Val-homosiigootidel on kdrgem depressiivsus ja COMT genotiilip néib ka
mdjutavat inimeste haridusteed. Nimelt 25ndaks eluaastaks oli kdige suurem
hulk korgharidust omandavate inimeste hulk Val/Met naiste seas ning vastu-
pidiselt, kdoige vihem, Val/Met meeste seas. Lisaks olid just Val/Met geno-
tiilibiga naised need, kes hindasid oma sotsiaalmajanduslikku staatust teistest
paremaks. Ka ei tuvastanud me TPH2 mdju meeleoluhdiretele, kuid sellegi-
poolest leidsime G X G interaktsiooni tendentsi drevusele 25-ndaks eluaastaks —
TPH2 T/T ja 5-HTTLPR S-alleeli kombinatsiooniga isikutel on madalam drevus
kui 5S-HTTLPR L/L homosiigootidel.

Kokkuvdttes, leidsime neurotransmissiooni mdjutavate geenivariantide moju
isiksuseomadustele, Neurootilisusele ja Meelekindlusele, suurel populatsiooni-
pohisel valimil ning lisaks kinnitasime, et need seosed peegelduvad ka teistes
tervise ja heaoluga seotud tegurites. Kéitumisgeneetika valdkonna ummikseis
isiksuseomaduste, aga ka teiste keeruliste fenotiilipide geneetiliste aluste
tuvastamisel viitab erinevatele moduleerivatele mdjuteguritele geeniefektide
avaldumisel. Kédesoleva viitekirja tulemuste pohjal rohutame soo, vanuse ja
geenidevahelise interaktsiooni arvestamise olulisust genotiilipide moju uuri-
misel komplekssetele fenotiilipidele. Lisaks pole vihemtihtis, et paljud geno-
tiitibi efektid isiksuseomadustele saavad ilmneda vaid suurte ja kallutamata
valimite uurimisel.
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