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I.INTRODUCTION AND REVIEW
OF LITERATURE

The heredity of behavioural traits in humans was obvious already to Plato (427—
347 B.C.) who in Book V of the Republic (Plato, trans. 1901) described an ideal
state that is ruled by the elite class. He suggested that matching the best with the
best, and rearing their offspring with attention would lead to the expected,
beneficial results as projected from the parental characteristics. However, in
addition to his notice of the need of rearing with attention, he also understood
that ideal provenance is not infallibly predictive and suggested universal
education to all citizens, so that the inferior offspring of elite class could be
demoted, and the offspring of the lower class who show merit could be
promoted. Considering the extreme standpoints in the history of nature-nurture
controversy, Plato represented a rather balanced view of the roles of both nature
and nurture. However, the specific nature of both heredity and environment, and
interplay between them, is still only partly understood. Desire for knowledge
and need for new treatments drives research towards understanding how the
environment works with the genes to shape behaviour and development of
disorders.

I.1. Psychiatric disorders,
genetic vulnerability and environment

I.1.1. Environment and stress

The theory of stress and general adaptive syndrome was first proposed by Hans
Selye (1936) as a theory of universal bodily responses of the organism under
adverse conditions. So stress is a global response of the body to any demand or
stressor, external or internal. This groundbreaking theory has since then been
transformed to many more specific versions, including those focusing on indivi-
dual coping styles where stress responses are considered triggered by experiences
only if the individual perceives them adverse (Goldstein & Kopin 2007).

Stress responses may follow a time-dependent pattern in which short-term
stressors elicit adaptive changes by the organism whereas long-term or chronic
stressors evoke maladaptive changes, observable as detrimental changes in
various physiological systems, including the CNS (Chrousos 2009; Luine 2007;
Nugent et al. 2011). Stress reactions are orchestrated by the activity in the
hypothalamus-pituitary-adrenal (HPA) axis, a neuroendocrine system involved
in neural, hormonal, and behavioural responses to stressors. Abnormalities in
HPA function as a result of stress overload involve changes in monoaminergic,
glucocorticoid, and neuropeptide systems, largely triggered by corticotropin-
releasing factor (CRF) release (Chrousos 2009; Gillespie et al. 2009). Long-
term persistent alterations in these systems may lead to psychiatric disorders,
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including mood and anxiety disorders and substance use disorders, sometimes
referred to as disorders of the stress system (Chrousos 2009).

Stress responses have repeatedly been documented as different in males and
females (reviewed by Luine 2007). Effects of the same chronic stressor on
cognition and anxiety have been shown to differ by sex (Bowman et al. 2009;
Kumsta et al. 2007). This may be because hormonal and other physiological
systems differ in males and females, but may also suggest that males and
females perceive the same stressor differently. Indeed, stress- and sex-
dependent neurochemical changes have been documented in both humans and
animals (Bangasser et al. 2010; Marin et al. 2011). The most natural way of
explaining sex differences is derived from distinct endocrine environments in
males and females: counteractions take place between the HPA axis and the
hypothalamo—pituitary—gonadal (HPG) axis, from which sex hormones are the
end products. While cortisol has inhibitory effects at the HPG-axis, hypothalamic
regulation of the HPA axis is suppressed by testosterone (Terburg, Morgan & van
Honk 2009) explaining why the sexes differ in stress-induced HPA activity
(Kudielka & Kirschbaum 2005; Marin et al. 2011). These differences are also
thought to explain sex differences in the prevalence of affective, anxiety and
substance use disorders (Bangasser et al. 2010; Luine 2007; Witt 2007).

While considering life stress and environment in relation to psychiatric
disorders, controversies remain concerning which aspects of life stress are
important and how to measure stressors (reviewed by Monroe 2008). Research
has documented a wide range of adverse experiences and chronic stresses like
war, natural disaster, adverse family environment or severe maltreatment. Stress
reactions begin already in prenatal environment and continue throughout life
into late years. Much of it apparently remains well compensated for. There
seems to be an agreement of opinion that the most detrimental stress originates
from early developmental stages up to adolescence (Chrousos 2009; Luine
2007; Nugent et al. 2011). So exposures to trauma, maltreatment and neglect in
childhood have been identified as major risk factors for psychopathology in
adulthood, especially for mood and anxiety disorders (Gillespie et al. 2009).
However, individuals have a wide variety of responses to stress and not all the
subjects with history of stressful life events develop a psychiatric disorder.
While some individuals are sensitive to adverse experiences and develop a
psychopathology, others seem to be resilient by staying symptom free even after
experiencing significant adversities. Rutter (2006) has defined resilience as
“implying a relative resistance to environmental risk experiences, or the
overcoming of stress or adversity”. Sources of resilience come from psycho-
logical and social resources as well as from genetic factors. According to twin
studies, resilience is highly heritable (Boardman, Blalock & Button 2008;
Rutter 2006). So it is suggested that high levels of early life trauma lead to
disease through the developmental interaction of genetic variants with neural
circuits that regulate emotion, together mediating risk and resilience in adults
(Gillespie et al. 2009).
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[.1.2. Personality and psychiatric risk

Personality and psychopathology have been relatively distinct research objects,
one being rather dealt with in psychology and the other as the domain of
psychiatry. Researchers have largely agreed about the existence of basic
temperaments, and while normal ranges of temperament manifest as perso-
nality, extremes of the temperament confer the risk of psychopathology. Propo-
sals for the construction of a structurally valid model of psychopathology that
draws on the structure of personality for both Axis I and Axis II disorders have
been made (e.g., Kruger & Eaton 2010).

Mood and anxiety disorders are the most common psychiatric disorders with
12 month prevalence in European countries of 14% and 7.8%, respectively
(Wittchen et al. 2011). Mood and anxiety disorders have significant comor-
bidity with each other and also with alcohol use disorders: among subjects with
lifetime affective disorder, 41.4% had lifetime anxiety disorder and 40.3% had
lifetime alcohol use disorder (Hasin et al. 2005). Affective disorders and
comorbidity with alcohol use and anxiety disorders are associated with high
suicidality (Wasserman 2001).

Males and females have different prevalence of affective, anxiety and
substance use disorders. While mood and anxiety disorders are at least twice as
common in females compared to males, substance use is at least three times
more common in males (e.g., Wittchen et al. 2011).

Psychiatric diagnoses overlap significantly with extremes of dimensional
traits, such as Big Five personality dimensions, impulsivity, anxiety, depressive-
ness and self-esteem. This indicates shared, common etiology or influence on
one another. For example, higher neuroticism and lower extraversion predict
major depression, and the association arises largely because neuroticism shares
genetic risk with depression (Kendler et al. 2006). On the other hand, anxiety is
not specific for anxiety disorders only, e.g., high anxiety often accompanies and
precedes an affective disorder even when no anxiety disorder was diagnosed
(Moffitt et al. 2007; Wassermann 2001). Anxiety and neuroticism are associated
also with substance abuse and dependence and all these constructs are
associated with impulsivity and extraversion (Acton 2003; Chartier, Hessel-
brock & Hesselbrock 2010; Ersche et al. 2010; Iacono, Malone & McGue
2003). Subjects with affective/anxiety disorders and suicidal behaviour usually
exhibit low self-esteem (Mann et al. 2003; Wassermann 2001; Wild, Flisher &
Lombard 2004). Self-esteem, the affective or evaluative appraisal of one’s self,
is linked with adaptive personality functioning and has substantial genetic
origin (Neiss, Sedikies & Stevenson 2002).

The high heritability (Burmeister, McInnis & Zollner 2008) and comorbidity
of mood, anxiety and substance use disorders suggest shared genetic and
environmental factors (Domschke & Reif 2012; Heinz et al. 2001; Kendler et al.
2008; Kertes et al. 2011; Levine et al. 2001; ) which are more closely discussed
below.
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I.1.3. Psychiatric risk alleles and gene-environment interactions

Much of the evidence of genetic background of mental health, and more
specifically on affective and anxiety disorders, is derived from studies on
monoaminergic systems. This is because of the relative success of the candidate
gene approach that has placed focus on detection of functional variants of genes
known to regulate neuronal activity that is affected by known psychoactive
drugs. The effects of common genetic variants are however difficult to detect as
these only have small effects on phenotype.

In addition, alleles mostly exert their influence under specific environmental
conditions, as shown in the pioneering studies of Caspi and colleagues on
monoaminergic genes, behaviour and depression (Caspi et al. 2002; Caspi et al.
2003). Since then, the number of studies considering G x E effects is ever
increasing. As a complex disorder, depression is caused by both biological and
environmental factors, and has been suggested to have disturbances in
monoamine neurotransmission in the CNS (Harro & Oreland 2001; Moret &
Briley 2011).

Abnormalities in the HPA axis in response to increased levels of stress are
often found to be associated with dysregulations in the serotonergic system, and
to be relevant in mood disorders and in suicidal behaviour (Mandelli & Serretti
2013; Pompili et al. 2010). Involvement of the serotonergic dysfunction has also
been described at the level of gene variants. As an example, one of the most
studied psychiatric risk gene variants is the short allele of the serotonin
transporter promotor polymorphism, 5-HTTLPR (Lesch et al. 1996; Lesch
2004) that mediates reactivity to environmental factors: the s-allele carriers
show bad mood, less effective adaption, and in some cases depression, in
response to environmental adversities (reviewed by Bagdy et al. 2012).

Besides mood disorders, G x E effects on the serotonin and HPA axis
contribute to anxiety disorders (reviewed by Nugent et al. 2011). Despite of
high heritability (up to 70%, Burmeister et al. 2008), the evidence for G and G
x E effects on alcohol dependence and abuse is scarce compared to affective
and anxiety disorders (reviewed by Young-Wolff et al. 2010). However, again,
monoaminergic genes are the most studied players in alcohol research as well
(Young-Wolff et al. 2010).

In addition to deleterious effects that gave them the name, psychiatric risk or
vulnerability alleles ought to have also positive effects, otherwise they would go
extinct. Indeed, many gene variants that have been associated with higher
psychiatric risk have parallel advantages, and these effects are best observable
in the background of supportive environment. So Belsky et al. (2009) have
suggested a differential susceptibility model where some individuals are not
only more sensitive to negative experiences but they react more adaptively also
to favourable experiences. Accordingly, the 5S-HTTLPR s/s-genotype that has
been associated with higher risk for affective dysregulation and suicide risk in
the background of stressful life events had the lowest scores of depressiveness
and suicidality in the absence of adverse life events (Caspi et al. 2003). Similar
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pattern has emerged in other studies: the s-allele carriers were vulnerable to
adverse environment, but in the absence of adversities, they had far lower
depression scores compared to subjects with no risk allele (e.g., Brummett et al.
2008; Eley et al. 2004).

The progress in understanding complex disorders and traits has not been as
fast as expected. In addition to the complexity of their genetic background, the
reasons for non-replicable or even contradictory results may lie in differently
specified and measured traits, principles of selecting subjects, not accounting
for environmental factors or measuring environmental influences differently.
Still, a lot can be done for revealing G x E effects by investing into study design —
using population-representative samples, conducting longitudinal designs,
introducing dimensional phenotypes parallel to the categorical disease pheno-
types (Domschke & Reif 2012), and measuring different aspects of environ-
mental stressors.

1.2. Neuropeptide S system

“Neuropeptides are substances with a peptide structure that are synthetized in
nervous tissue and used there as messenger molecules. Some neuropeptides
fulfill all criteria for a neurotransmitter and may have additional roles as
neuromodulators or growth factors” (Encyclopedia of Psychopharmacology).
Neuropeptides are involved in the regulation of wide range of physiological
functions such as arousal, sleep, reward, metabolism, food intake, reproduction,
stress response, learning and memory. Neuropeptide S (NPS) and its G-protein
coupled receptor NPSR constitute a relatively novel neuropeptide system that is
involved in the regulation of arousal and anxiety, and various other physio-
logical functions.

|.2.1. Biochemistry, chemical neuroanatomy,
physiology and pharmacology

Neuropeptide S (NPS) is a 20-amino-acid peptide acting as a neuromodulator
by binding to a G-protein coupled receptor, now referred to as NPSR (Xu et al.
2004).

NPS precursor is present in tetrapods, including mammals, birds, reptiles and
amphibians, and sequence analysis has revealed that it is evolutionarily highly
conserved (Reinscheid 2007). The N-terminus is identical in all species
suggesting it to be the bioactive part of the NPS. The neuropeptide S receptor,
NPSR, is a typical G-protein coupled receptor (Xu et al. 2004) that was first
identified as the G-protein coupled receptor 154 (GPR154, Sato et al. 2002), or
the vasopressin-like receptor VRR1 (Gupte et al. 2004) as well as the G-protein
coupled receptor for asthma susceptibility GPRA (Laitinen et al. 2004). The
corresponding encoding gene is located on chromosome 7p14.3. NPSR-like
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sequence has been identified in hemichordates and cephalochordates,
suggesting an early emergence (Pitti & Manoj 2012). In humans, the closest
homologs of NPSR are vasopressin-like receptors (Pitti & Manoj 2012).

Alternative splicing of human NPSR mRNA produces multiple isoforms of
NPSR but only few full-length variants produce functional receptors that are
transported into the plasma membrane (Laitinen et al. 2004; Reinscheid et al.
2005; Vendelin et al. 2005).

In rat brain, NPS precursor mRNA is highly expressed in the brainstem area
between locus coeruleus and the Barrington's nucleus, while scattered mRNA
signals have also been detected in amygdala and hypothalamus (Xu et al. 2004).
In contrast, NPSR is expressed in many brain areas including amygdala,
thalamus, hypothalamus, hippocampus, preoptic area and orbital cortex (Xu et
al. 2004; Xu et al. 2007). The majority of NPS-expressing neurons in the locus
coeruleus area and principal sensory trigeminal nucleus are glutamatergic, while
NPS neurons in lateral parabrachial nucleus co-express corticotropin releasing
factor (Xu et al. 2007). The alongside localisation of the NPS neurons with the
noradrenergic neuronal cluster in locus coeruleus suggests that this brainstem
area may contain two independent transmitter systems that modulate arousal
and vigilance (Xu et al. 2004; see below).

The NPS precursor and receptors are also found outside of CNS: NPS in
epithelia of several organs (Vendelin et al. 2005; Xu et al. 2004), and NPSR
mRNA in human macrophages and eosinophils (Pulkkinen et al. 2006) where
their expression is increased during inflammatory diseases (d’Amato et al.
2010; Camilleri et al. 2010; Laitinen et al. 2004; Vendelin et al. 2005).

NPS activates NPSR at subnanomolar concentrations, consecutively inducing
mobilization of intracellular calcium, increasing intracellular cAMP formation,
and stimulating phosphorylation of mitogen-activated protein kinase (Rein-
scheid et al. 2005; Xu et al. 2004).

The NPS system modulates the release and action of other essential neuro-
transmitters and hormones: NPS enhances glutamatergic neurotransmission in
amygdala (Jiingling et al. 2008), stimulates dopaminergic activity in the medial
prefrontal cortex and the nucleus accumbens (Mochizuki et al. 2010; Si et al.
2010), and inhibits the release of serotonin and noradrenaline in the frontal
cortex (Raiteri et al. 2009). NPS also increases plasma ACTH and corti-
costerone levels indicating the role of NPS in stimulation of the HPA axis and
in stress response (Smith et al. 2006). A role for NPS in the modulation of stress
response in rodents was also found by Ebner et al. (2011) where stress led to
increased NPS levels in amygdala, and by Chauveau et al. (2012) where NPS
injection to amygdala prevented stress-induced changes of aversive behaviours.

So, the localisation of NPS and NPSR mRNA, their co-expression with
other neurotransmitters, and impact on the release or action of other bioactive
substances all suggest that neurotransmission using NPS modulates various
physiological functions like arousal, anxiety, energy homeostasis, stress
response, pain, learning and memory. Indeed, the evidence of the functional
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involvement of the NPS system in these important functions is accumulating as
further described below. However, data from humans remain scarce.

[.2.2. Neuropeptide S receptor gene (NPSRI) A/T
polymorphism (Asn'”lle) in humans

The most extensively studied receptor isoforms expressed in brain are the
NPSR1 Asn'” and NPSR1 '“Ile. The NPSRI gene has an A/T functional
single-nucleotide polymorphism (rs324981) that is responsible for an Asn-Ile
exchange in the first extracellular loop of the receptor protein at position 107.
NPS has up to 10 times higher potency on the '“’Ile (T-allele) encoded receptor
compared to Asn'”’ (A-allele) in terms of more effective signal transduction and
mobilization of intracellular calcium, stimulation of cAMP synthesis and
induction of MAPK phosphorylation (Reinscheid et al. 2005). Another NPSR
variant, expressed in epithelia of several organs, contains alternatively spliced
C-terminus and shows a similar pharmacological profile to NPSR1 Asn'®’
(Reinscheid et al. 2005).

The rs324981 A/T functional polymorphism was soon after initial discovery
found to be linked to emotional processing, and anxious, fear- and activity-
related traits (Dannlowski et al. 2011; Domschke et al. 2011; Donner et al.
2010; Okamura et al. 2007; Raczka et al. 2010). The precise nature of this
association, however, was not easy to characterize and is the subject of this
dissertation.

[.2.3. NPS modulates anxiety and arousal

NPS has a rather unusual profile in animal studies: It elicits arousal paralleled
by an anxiolytic-like effect (Leonard et al. 2008; Pulga et al. 2012; Reinscheid
2008; Rizzi et al. 2008; Smith et al. 2006; Xu et al. 2004). This has led NPS
being called “an activating anxiolytic” (Guerrini et al. 2010; Koob et al. 2004).
Specifically, NPS stimulates locomotor activity, increases wakefulness and
reduces burying behaviour and other anxiety-related behaviours in both mice
and rats (Leonard et al. 2008; Lukas & Neumann 2012; Paneda et al. 2009;
Pape et al. 2010; Pulga et al. 2012; Rizzi et al. 2008; Smith et al. 2006;
Wegener et al. 2012; Xu et al. 2004; Zhao et al. 2012). In addition, NPS
facilitates the extinction of fear-related memory (Lukas & Neumann 2012). The
locomotor activity enhancing effect is most likely caused by NPS action on the
HPA axis because NPS increased the release of CRF, and the CRF antagonist
blocked the locomotor enhancing effect of NPS without affecting its anxiolytic
action (Paneda et al. 2009; Smith et al. 2006).

Rodent studies have led to the expectation that the more active NPS-system
should be associated with higher arousal also in humans. Indeed, the T-allele of
the NPSRI gene A/T polymorphism (Asn'“Ile) that encodes for the more active
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receptor isoform has been associated with arousal expressed by higher heart rate
(Domschke et al. 2011); stronger reactions to aversive stimuli (Dannlowski et
al. 2011; Klauke et al. 2014; Raczka et al. 2010; Tupak et al. 2013); later
bedtime in a genome wide study of sleep and circadian rhythm phenotypes
(Gottlieb, O’Connor & Wilk 2007); and higher prevalence of panic disorder
(Domschke et al. 2011; Donner et al. 2010; Okamura et al. 2007).

Affective and anxiety disorders may develop in consequence of an interplay
between biological predisposition and environmental factors like adverse life
events and family environment (e.g., Domschke & Reif 2012; Harro 2010).
Before studies leading to the present dissertation, there had been only one gene
x environment (G X E) interaction study with NPSRI probing the Anxiety
Sensitivity Index (ASI) (Klauke et al. 2014, published online 2012) which
however was limited by the retrospective assessment of life events and the use
of a rather specific psychometric scale. A few animal studies with NPS have
also directly dealt with stress regulation: forced swim stress induced release of
NPS in the amygdala (Ebner et al. 2011), and administration of NPS into the
amygdala facilitated extinction of conditioned fear responses (Chauveau et al.
2012; Jingling et al. 2008). Such evidence would indirectly support the
hypothesis that subjects with more effective NPS-ergic neurotransmission, e.g.,
subjects with the NPSRI TT genotype, should be able to deal better with stress,
i.e., be more resilient. Nevertheless, as mentioned above, so far the T-allele has
rather been associated with psychiatric conditions.

Stress is differently perceived and expressed in males and females, as
discussed above, and gender related effects of NPSRI have been already
reported (Dannlowski et al. 2011; Domschke et al. 2011; Okamura et al. 2007).
This is not surprising as the NPS system interacts with the HPA axis (Paneda et
al. 2009; Smith et al. 2006). In addition, in the G x E study by Klauke et al.
(2014), the NPSRI T-allele carriers had higher scores in Anxiety Sensitivity
Index if reporting higher number of adverse life events. It follows that Sex X
NPSRI and Environment X NPSRI effects are expected.

[.2.4. NPS system and reward

Central administration of NPS enchances dopaminergic neurotransmission
(Mochizuki et al. 2010; Si et al. 2010) that in turn is known to be related to
reward-associated behaviour and addiction. In rodents, activity of the NPS
system has been associated with addictive behaviours in several studies
(reviewed by Cannella et al. 2013) but the direction of the association is
equivocal because in some experiments, higher NPS-ergic activity is related to
substance seeking (Cannella et al. 2009a; Cao et al. 2011; Paneda et al. 2009),
and in others it appears as protective against substance use and dependence
(Badia-Elder et al. 2008; Enquist et al. 2012; Ruggeri et al. 2010). In more
detail, administration of NPS facilitated reward seeking and induced positive
reinforcement (Cao et al. 2011), and reinstated cocaine (Paneda et al. 2009) and
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alcohol seeking in rodents (Cannella et al. 2009a). On the other hand, NPS
administration decreased alcohol intake in two alcohol-preferring rat lines
(Badia-Elder et al. 2008; Cannella et al. 2009b), that are known for their
anxious phenotype and therefore hypotesised to consume alcohol for its
anxiolytic effects (Cannella et al. 2013). In line with this, Enquist et al. (2012)
showed that injection of NPS into the basolateral amygdala promoted anxiolysis
after chronic ethanol consumption. So it is possible that, in alcohol preferring
rats, NPS decreases ethanol consumption not because it acts on reward
mechanisms, but rather because of its anxiolytic-like properties (Cannella et al.
2013).

These seemingly controversial findings, however, are not surprising as low
NPS-ergic activity is associated with anxiety, whereas high NPS-ergic activity
is linked to arousal, hyperlocomotion and impulsivity (e.g., Rizzi et al. 2008;
Xu et al. 2004), and substance use is related to both anxiety and impulsivity
(Acton 2003; Chartier et al. 2010; Ersche et al. 2010; Grant et al. 2004; Iacono
et al. 2003). However, up to now, there are no studies on NPS or NPSR1 effects
on substance use in humans. As NPSR1 is involved in emotional processing and
arousal in both humans and animals, and NPS system modulates reward and
addiction in animals, the search for evidence of NPSR! involvement in
substance use and addiction in humans is warranted.
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2. AIMS OF THE STUDY

The general aim of this dissertation was to examine the association of a
functional NPSRI rs324981 A>T polymorphism (Asn'”Ile) with a variety of
behavioural and physiological measures that, based on the literature, could have
been hypothesized to be affected by inter-individual differences in NPS-
mediated neurotransmission. This was facilitated by access to multidisciplinary
databases from large population-derived samples. Particular emphasis was
placed on possibility of occurrence of G x E interactions, and on the role gender
may play in such interactions.

More specifically, the research questions were:

1.

Is the NPSRI A/T polymorphism associated with personality traits, and
whether any eventual associations depend on age, sex, stressful life events
and family environment?

Is the NPSR1 A/T polymorphism associated with impulsivity and ADHD-
related traits, and whether any eventual associations depend on age, sex,
stressful life events and family environment?

Is the NPSR1 A/T polymorphism associated with depressiveness, anxiety
and self-esteem, and whether any eventual associations depend on age, sex,
stressful life events and family environment?

What is the relationship between the NPSRI A/T polymorphism and
anxiety and mood disorders, and whether any associations depend on sex
and environmental factors?

Is the NPSRI A/T polymorphism is associated with suicide attempts, and
whether the association is modified by sex and environmental factors?

Are there links between NPSRI A/T polymorphism and alcohol use and
alcohol use disorders, and whether any eventual links depend on age, sex,
stressful life events and family environment?

What are the mediating traits in the possible association of NPSRI A/T
polymorphism with alcohol use and alcohol use disorders, accounting for
sex and environmental factors?

Does the NPSRI A/T polymorphism affect sleep, and if yes, does this
depend on sex and environmental factors?
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3. MATERIALS AND METHODS

3.1. Subjects

3.1.1. The Estonian Children Personality Behaviour and Health Study
(Papers I, Il, Il and V)

Data of both birth cohorts of the Estonian sample for the European Youth Heart
Study (EYHS, 1998/99), which was subsequently incorporated into the longi-
tudinal Estonian Children Personality Behaviour and Health Study (ECPBHS)
were used for most of the analyses in this dissertation. The rationale and
procedure of sample formation have been described in detail elsewhere (Harro
et al. 2001; Tomson et al. 2011), but it is pertinent to point out that this sample
is population-representative and has low attrition rate. The total number of
subjects in the first wave in 1998/99 was 1176; 583 in the younger cohort
(Mage=9.6+0.5) and 593 in the older cohort (Mue=15.6+0.6). The follow-up
studies for the younger cohort took place in 2004 (n=483, Mag~15.3+0.5) and
2007 (n=453, Mag~18.3£0.5); for older cohort, the follow-ups were in 2001
(n=454, including 62 additional subjects, Mag=18.4+0.7) and 2008 (n=540,
M ge=24.7£0.7). All subjects were of Caucasian origin. EYHS and ECPBHS
have been approved by the Tartu University Ethics Review Committee on
Human Research. All participants, and the parents, gave informed consent.

3.1.2. The Estonian Psychobiological Study of Traffic Behaviour
(Paper V)

The database of the Estonian Psychobiological Study of Traffic Behaviour
(EPSTB; Eensoo et al. 2010; Paaver et al. 2006; Paaver et al. 2013) that
includes two population derived samples was used. One (Car Drivers) was
formed of car driving male subjects selected randomly from the driving-licence
database of the Estonian Motor Vehicle Registration Centre as a control group
to traffic law violators (original N=509; M,=36.7+11.8; Paaver et al. 2006).
These participants filled in impulsivity self-reports during a visit to laboratory
in 2001-2003. The other sample (Driving School; original N=1866,
M g=24.0+8.0) was formed during an intervention study in driving schools on
students applying for a passenger car driving license (Eensoo et al. 2010; Paaver
et al. 2013). In brief, 24 driving schools out of 54 in the two biggest cities in
Estonia, Tallinn and Tartu, were considered eligible and agreed to participate.
Subjects from the total of 113 study groups in these driving schools filled in
questionnaires in a driving school lesson, and some responded to an additional
questionnaire sent by e-mail 2-3 years later. We have used data from years
2007 when impulsivity and mild social deviance were measured and 2010 when
attention deficit hyperactivity disorder related symptoms were self-reported.
Altogether 773 subjects (41%) donated blood samples (males, n=318,
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Mpge=22.6+7.4; females n=455, Mag=25.1+8.2 during the original sampling).
This study was approved by the institutional Ethics Review Committee of
University of Tartu, Estonia. All participants gave informed consent.

3.2. Measures
3.2.1. Personality

Personality traits of the five-factor model (Papers I, II and III) were measured
in ECPBHS by self-reports with the Estonian version of Revised NEO
Personality Inventory (NEO-PI-R, Kallasmaa et al. 2000), EPIP-NEO (Mottus
et al. 2006) which is a semantically simplified full-length version of NEO-PI-R,
or Estonian Brief Big Five Inventory (EBBFI) which is a shorter and semanti-
cally simplified questionnaire (Laidra et al. 2006; Harro et al. 2009). Personality
data were collected from the younger cohort at ages 15 (EPIP-NEO) and 18
(EBBFI), and the older cohort at age 15 (EBBFI), 18 and 25 (both NEO-PI-R).
As the data have been collected with different instruments all scores were trans-
formed into z-scores for statistical analysis.

3.2.2. Impulsivity and symptoms of attention deficit
hyperactivity disorder

Impulsivity was self-reported (Papers L, I1I and IV) by subjects of all samples.
We used the Adaptive and Maladaptive Impulsivity Scale (Paaver et al. 2006;
Laas et al. 2010) with subscales measuring Fast decision making and
Excitement seeking (functional or adaptive impulsivity), and Disinhibition and
Thoughtlessness (dysfunctional or maladaptive impulsivity). In ECPBHS, the
younger cohort filled AMIS at ages 15 and 18, and the older cohort at ages 18
and 25. Subjects of both Car Drivers and Driving School samples filled AMIS
once. We have also used Barratt Impulsivity Scale 11th version (BIS-11, Patton
et al. 1995; Estonian version described by Paaver et al. 2007), filled in by the
ECPBHS younger cohort at ages 15 and 18, and by the older cohort at age 25;
and by the sample of Driving School during initial evaluation.

ADHD symptoms were reported by teachers (Kiive et al. 2010) in ECPBHS
at ages 9, 15 and 18 using the Hyperactivity Scale and SNAP-IV (Papers I and
III). The Hyperactivity Scale consists of three items (Aggressiveness, Motor
restlessness, and Concentration difficulties), and Hyperactivity score was calcu-
lated by summing the scores of Motor Restlessness and Concentration Diffi-
culties (af Klinteberg & Oreland 1995). Swanson, Nolan & Pelham Question-
naire SNAP-IV consists of two subscales, Inattention and Hyperactivity/
impulsivity (Swanson et al. 2001). Adult ADHD Self-Report Scale (ASRS,
Kessler et al. 2005) was administered to the older cohort of ECPBHS at age 25
(Papers I and III) and to the Driving School sample about three years after
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initial assessment (Paper 1V). The scales were also dichotomised by upper 5%
for the hypothetical presence of ADHD for examining categorical NPSRI
associations in ECPBHS.

3.2.3. Psychiatric diagnosis

Psychiatric assessment based on DSM-IV was carried out in the older cohort of
the ECPBHS at age 25 by experienced clinical psychologists using the Mini-
International Neuropsychiatric Interview (MINI 5.0.0; Sheehan et al. 1998;
Estonian version: Shlik et al. 1999) at age 25 (Papers II and III). Substance
use disorders comprised mainly of alcohol use disorders, so three males with
NPSRI genotype who were abusing or were dependent on illicit drugs were
excluded from analysis for the sake of the clarity. We used lifetime prevalence
of disorders in this analysis. As of writing this dissertation, psychiatric assess-
ment has not been carried out in the younger cohort.

3.2.4. Suicidality

History of suicide attempts was self-reported by the subjects of the younger
cohort of ECPBHS at ages 15 and 18, and by the older cohort at age 18 (Paper
II). The data of both cohorts at age 18 was combined for analysis. The question
asked was: “Have you ever tried to attempt a suicide?” with two possible
answers — “Yes” or “No”.

3.2.5. Depressiveness

Depressiveness was measured by the self-report version of the Montgomery-
Asberg Depression Rating Scale (MADRS; Montgomery & Asberg 1979) or
Beck Depression Inventory (BDI; Beck et al. 1961) (Paper II). Subjects of the
younger cohort of the ECPBHS filled BDI at age 15 and MADRS at age 18; and
subjects of the older cohort filled MADRS at ages 18 and 25.

3.2.6. Anxiety

The Spielberger State Trait Anxiety Inventory (STAI, Spielberger 1983) was
used to measure anxiety in Paper II in the ESPBHS. STAI was administered to
subjects of the younger cohort at ages 15 and 18; and to the older cohort at age
25.
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3.2.7. Self-esteem

The Rosenberg Self-Esteem Scale (RSES, Rosenberg 1965; Estonian version
Pullmann & Allik 2000) was used to measure global self-esteem (Paper II).
Self-esteem is defined as a favorable or unfavorable attitude toward the
self (Rosenberg 1965). RSES items were self-reported on a 5-point Likert scale
ranging from 0 (strongly disagree) to 4 (strongly agree) by subjects of both the
older (ages 15 and 18) and the younger cohort (at age 25) of the ECPBHS.

3.2.8. Alcohol use

Alcohol use (Paper III) was self-reported during the visit to the laboratory
(Merendkk et al. 2011) in all waves of the ECPBHS. The measures in
questionnaires varied by study waves. Alcohol use indices were the age of first
drink (the age of having the first %2 standard drink in years); alcohol use
(frequency of alcohol use); heavy drinking (frequency of having five or more
drinks on a single occasion); being drunk (frequency of drinking to intoxi-
cation); getting drunk deliberately (in past, answers yes/no). Questions about
alcohol use effects were administered at age 18 to the older cohort only “When
I drink alcoholic beverages, 1 feel relaxed”, “When I drink alcoholic beverages |
feel happier” (1-very likely, 2-likely, 3-unsure, 4-unlikely, 5-very unlikely). To
reduce skewness, alcohol use indices that were not binary were dichotomised
except the age of having the first drink.

3.2.9. Family relations

Family relations were self-reported by the subjects of ECPBHS (Papers I, 11,
III and V) with the Tartu Family Relationships Scale (TFRS; Kiive et al. 2010;
Paaver et al. 2008). TFRS consists of four subscales named Closeness (15
items, e.g., “Our family is dedicated to each other”, “The marriage of my
parents is happy”), Support (7 items, e.g., “My family supports me”, “Someone
in the family helps (has helped) me to feel myself important and special”),
Misprize (10 items, e.g., “I can make no decision on my own”, “I am
depreciated at home™), and emotional and physical Abuse (7 items, e.g., “Were
you ever hit by someone in your family or have you experienced physical
violence in your family?”). Items were presented on 4 or 5-point Likert scale.
Based on similarity, the four subscales can be combined to obtain two higher
order scales Warmth (Closeness and Support) and Maltreatment (Neglect/
Misprize and Abuse). A single measure of positive family relationships (FR)
was formed by subtracting scores of Maltreatment from scores of Warmth. We
have used only higher order scales Warmth, Maltreatment and Family relations.
Subjects were divided into low and high groups by median split.
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3.2.10. Stressful life events

History of stressful life events (SLE) was self-reported by the subjects of
ECPBHS (Papers L 11, III and V). The list of adverse life events varied across
measurement times and consisted of 10-17 (dependent on the study wave)
stressful experiences including parental death and divorce/-separation,
unemployed parent, parental alcoholism, poverty, poor living conditions, poor
health, accidents and traumas, physical abuse, emotional abuse, severe burden/
serious concerns, suicidal attempts, leaving home for several days without
telling anyone, depression of a close relative, committed suicide, or suicide
attempt of a close relative (Reif et al. 2011). Subjects were divided into low and
high SLE exposure groups by median split.

3.2.11. Mild social deviance

Mild social deviance was measured by the Social Motivation Questionnaire
(SMQ, West et al. 1993) in the Driving School sample (Paper IV). SMQ is a
short instrument consisting of 10 items on a 3-point Likert scale; and it
measures mild social deviance in imagined situations, which might harm the
interests of others.

3.2.12. Anthropometric measures

Anthropometric measurements were available for ECPBHS and carried out in
both cohorts in all waves (subjects with all data including NPSRI by study
waves: older cohort n=575, 369 and 449, respectively; younger cohort n=563,
469 and 437, respectively). Body mass index (BMI, kg/m’) was calculated
based on height and weight and used as a covariate in Paper V because BMI
has been found to be associated with sleep duration and quality in adolescents
(Shochat et al. 2014).

3.2.13. Sleep duration and bedtime

Sleep-related measures were available for the ECPBHS cohorts (Paper V). For
the first study wave in 1998/99, sleep duration was calculated from self-reports
of bedtime and wake-up time (Ortega et al. 2011). Subjects answered two
questions: (1) “What time do you usually get up on a School day?” with four
possible answers ranging from <06:30 to >07:30, at 30 min intervals; and (2)
“What time do you usually go to bed on a School day?” with four possible
answers ranging from <20:00 to >22:00, at 1 h intervals. In next waves, the
questions administered to both birth cohorts were: (1) ,,When do you usually go
to bed? with five possible answers ranging from <21h to >24h, and (2) ,,How
long do you usually sleep?* with five time intervals from <7h to >12h. Sleep
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duration was transformed into a two-category variable <9h and >%h for ages 9—
18 according to the National Sleep Foundation that defines optimal sleep in
children and adolescents as sleeping more than 9 h (National Sleep Foundation
2006). At age 25, five time intervals from <6h to >11h were used, and sleep
duration was transformed into a two-category variable <8h and >8h for further
analysis. Both bedtime and sleep duration were self-reported.

3.2.14. Sleep-related difficulties

In all the waves, reports of sleep-related difficulties were obtained (Paper V):
(1) difficulties with falling asleep in the evening; (2) difficulties with getting up
in the morning; and (3) tiredness in the morning. Six-point Likert scale was
used, from 1 — no difficulties to 6 — difficulties almost every day. We have used
parental reports for the younger cohort in all three waves (subjects with
genotype data: n=533 at age 9, n=444 at age 15, and n=404 at age 18), and for
the older cohort at ages 15 (n=482) and 18 (n=332). At age 25, only self-reports
were available (n=471). Composite score of sleep-related problems was formed
by summing the scores of all three questions.

3.2.15. NPSRI rs324981 A/T polymorphism (Asn'”lle) genotyping

The alleles at the NPSRI 1s324981 (Asn'"’Ile) SNP locus were amplified from
DNA isolated from venous blood samples as previously described (Domschke
et al. 2011). The genotyping was carried out in the Department of Psychiatry of
the University of Wuerzburg, Germany. Briefly, DNA isolated from venous
blood samples was amplified by PCR using the primers F:5'-
GAAGGAAAAAAATTAAAAATGAACCTCCCCAGGATTTCAT and R: 5°-
TCTACCCAGGAGAAAGCGGGCAGTTTGATGCA. Standard PCR was
carried out in a 20-pl volume containing 45-60 ng of genomic DNA, 10 pmol
of each primer, 200 uM dNTPs, 0.4 U Taq"™ DNA Polymerase (Eppendorf AG,
Hamburg, Germany), 50 mM KCI, 1.5 mM MgCl,, and 10 mM Tris-HCI (pH
8.4). After a 5 min denaturation, 35 cycles were carried out each consisting of
30 s at 94 °C, 30 s at 66 °C, and 60 s at 72 °C, followed by a final extension
time of 10 min at 72 °C. Amplicons were digested with Tasl (Fermentas) (1 U),
separated for 2 h on a 15 % polyacrylamide gel and visualized by silver
staining. NPSRI A/T polymorphism was genotyped in all four samples: in the
older (n=575) and in the younger cohort (n=563) of the ECPBHS; and in Car
Drivers (n=491) and Driving School (n=773) of the EPSTB. Genotype
frequencies were in Hardy-Weinberg equilibrium in all the samples and for both
sexes (Table 1).
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3.3. Data analysis

The NPSRI genotype distribution by categorical variables was compared with
Chi-square or Fisher's exact test; odds ratios (OR) with confidence intervals
(CI) were calculated as a measure of effect size (Papers I-V). Correlation
analysis was used to reveal associations between study variables (Papers I-V).
Analysis of variance and covariance (AN(C)OVA) was used to test the effect of
NPSRI and other categorical variables on study variables (Papers I-V).
AN(C)OVA results are reported as F-statistic, raw p-value, 1? as a measure of
effect size and CI for group means. In figures, whiskers indicate 95% confi-
dence intervals. In Paper III, binary logistic stepwise regression with backward
elimination of the covariates was used to test if covariates (personality,
hyperactivity and environmental factors) explain the relationship between the
genotype and outcome variables. A significance level of <0.20 was used to
allow a covariate into the model, and a significance level of <0.25 for a
covariate to stay in the model (we used enter method for the first data block
containing genotype effects). The models were built by the age when covariates
were reported; e.g., for the older cohort, if alcohol related report was attained at
age 15 we used covariates from age 15; and for predicting AUD and alcohol use
at age 25, covariates from ages 15, 18 and 25 were used in three separate
models per outcome variable. The results from regression models for AUD
were reported as regression coefficient f with 95% confidence interval (CI).
The results for alcohol use were reported as the direction of the influence of
significant covariates and the p-value for the genotype effect after accounting
for covariates. Logistic regression with enter method was used also to predict
suicide attempts and affective/anxiety disorders (additional analysis for
dissertation), and sleep duration (Paper V). Calculations were made with
SPSS.16.0. (SPSS Inc., Chicago, IL, USA) with data in Papers II, III and IV.
Mixed-effects analysis of variance, e.g., multilevel models (MLM) was used
for analysing longitudinal effects of the NPSRI genotype, age, sex, SLE and
family relations on personality and ADHD scores (Paper I); and on bedtime
and sleep quality, considering covariates BMI and month filling the question-
naire for Paper V. MLM longitudinal analyses were performed with SAS 9.1.3.
(SAS Institute Inc., Cary, NC, USA) using PROC MIXED. Contrasts were
calculated for significant MLM effects. Results from MLM were reported in the
form of t-statistic, raw p-value and confidence intervals (CI) for group means.
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4. RESULTS AND DISCUSSION

4.1. The NPSRI AIT genotype distribution
in published studies

The distribution of the NPSRI A/T genotype in studies published so far reveals
significant differences. Some of these reflect differences between ethnic groups
(Table 1). The TT genotype was most common in a Japanese sample and least
common in German samples. In Estonia, the genotype frequencies yield a rather
balanced distribution of both alleles. Psychiatric “risk genotypes”, such as the S
allele of the 5-HTTLPR and the Met allele of BDNF Val66Met, are known to be
less frequent in Caucasians but more common in Asian people (e.g., Goldman et
al. 2010; Pivac et al. 2009), Estonian samples being observed as typical
Caucasian groups. In case of NPSRI, Estonians appear to position between
Japanese and the German Caucasian samples. However, we cannot make a strict
conclusion about the allelic variation of the NPSRI rs324981 in this regard as
we know of the distribution in only one Asian sample, and there is non-
negligible variation between German samples.

Table 1 The NPSRI rs324981 genotype distribution in primarily non-clinical samples;
Chi-square test for differences in ethnic groups.

NPSRI genotype

The sample i
p AA AT TT Total Difference from ...
N sample
C Y2
Estonian Japanese: X?=15.5,

608 (25.3%) 1216 (50.6%) 578 (24.1%) 2402 p<0.001; German:

total X2=13.3, p=0.001

Driving School 191 (24.7%) 400 (51.7%) 182 (23.5%) 773

Males 84(26.4%) 164 (51.6%) 70(22.0%) 318
Females 107 (23.5%) 236 (51.9%) 112 (24.6%) 455
fﬂéﬁiﬁﬁfﬁ 123 (25.1%) 247 (50.3%) 121 (24.6%) 491
ECPBHS 294 (25.8%) 569 (50.0%) 275 (24.2%) 1138
Males 136 (26.3%) 258 (49.8%) 124 (23.9%) 518
Females 158 (25.5%) 311(50.2%) 151 (24.4%) 620
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Table 1. Continuation

NPSRI genotype

The sample i
p AA AT TT Total Difference from ...
N sample
Japanese: Estonian: X?=15.5,
Okamura

52(21%) 106 (43%) 87 (36%) 245 p<0.001; German:

et al. (2007) X?=28.2, p<0.001

controls
Japanese: X?=28.2,
641 (29.7%) 1068 (49.4%) 451 (20.9%) 2160 p<0.001; Estonian:
X?=13.3, p=0.001

German
total

Domschke

etal. (2011) 264 (34.0%) 366 (47.2%) 146 (18.8%) 776
controls

Klauke et al.

(2014) 131 (27.6%) 245(51.6%) 99 (20.8%) 475
controls

Kumsta et al.
(2013)

Lennertz et al.
(2012) 190 (26.6%) 359 (50.4%) 164 (23.0%) 713
controls

56(28.6%) 98 (50.0%) 42 (21.4%) 196

4.2. NPSRI effects on personality, impulsivity and
ADHD-related symptoms (Papers | and 1V)

We first examined whether the functional NPSRI 15324981 polymorphism
influences personality, impulsivity and hyperactive/inattentive behaviours, and
whether any eventual associations depend on age, sex, stressful life events and
family relations (Paper I).

In animal studies, higher NPS-ergic activity that corresponds to NPSRI
rs324981 T-allele in humans produces arousal concurrently with anxiolytic
effects (e.g., Pape et al. 2010; Xu et al. 2004) that is a rather unusual profile of
action as pharmacological compounds that reduce anxiety also reduce arousal
and activity. Human studies have so far been in agreement on that T-allele is
associated with arousal (e.g., Dannlowski et al. 2011; Domschke et al. 2011) but
have also suggested, contrary to animal findings, that T-allele is associated with
higher anxiety as well (Dannlowski et al. 2011; Domschke et al. 2011; Donner
et al. 2010; Klauke et al. 2014; Okamura et al. 2007; Raczka et al. 2010).

The key findings in the ECPBHS sample were: 1) subjects with the NPSR]
TT genotype had the highest level of impulsive tendencies; 2) subjects with the
TT genotype were most sensitive to SLE; and 3) subjects with the AA genotype
were, instead, more sensitive to the family environment. The simplified
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overview of these results is presented in Figure 1. The data have been derived
from three measurement waves of two separate birth cohorts of ECPBHS. The
effects on ADHD-related symptoms were apparent in both cohorts, although
more evident in the younger cohort, whereas the main effects of NPSRI and
interaction effect with sex on personality and impulsivity were observed
primarily in the older cohort due to differences at age 18, and even more
prominently, in young adulthood at age 25. This is plausible, as a part of ADHD
symptoms are known to decrease with adolescence and adulthood, while stable
personality is formed in early adulthood. NPSR! interaction effects with SLEs
and family relations on personality, including impulsivity, were observed in
both cohorts.

Lifetime adversities

NPSR1 SLE Inf::::i:,anT"y
enotype ..
g yp Objective Subjective

v

Adaptive imp ( Adaptive imp |,
AA Openness to >| Maladaptive imp
Experience Extraversion |,
\ Neuroticism T
Stable traits and resilience
AT

to stress

v
ADHD traits P

Maladaptive imp T
Adaptive imp T

ADHD traits
Adaptive im
T p pl

Openness to
Experience |,

Figure 1 Simplified overview of the results of the NPSR! effects and interactions with
SLE and family relations in the ECPBHS (Paper I). Imp — impulsivity.

The results described in Paper IV provide further evidence for the association
of NPSRI A/T polymorphism with impulsivity and hyperactivity. These
analyses used entirely independent samples. Again, subjects, especially males,
carrying the T-allele had higher scores of both impulsivity and ADHD-related
symptoms. However, we had no information about exposure to environmental
adversities for these samples and could not check for G x E effects.
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Impulsive action

The NPSRI A/T polymorphism influenced impulsivity as measured by the
AMIS scale that enables to differentiate between adaptive and maladaptive
types of impulsivity (Dickman 1990; Paaver et al. 2006) (Papers I and IV). We
have also measured impulsivity with Barratt Impulsivity Scale but no
differences between NPSRI genotypes were observed in any of the samples.
This obviously suggests that the impulsivity constructs of Barratt significantly
differ from others with regard to neurobiology that is NPS-related, and informs
further studies on the brain circuits important for impulse control.
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Figure 2 NPSRI % environment effects on maladaptive impulsivity in the ECPBHS.
(a) NPSRI x SLE x Age effects on Disinhibition, #(1, 279)=2.70, p=0.007. (b) NPSR1 x
Maltreatment effect on Thoughtlessness, #(1, 366)=—2.96, p=0.003, at age 18
F(2, 311)=0.13, p=0.877, n*=0.001; at age 18 F(2, 247)=3.49, p=0.032, n>=0.018.
™ p<0.01, ™" p<0.001, difference from different environment, same genotype and age;
# p<0.05, difference from different allele, same age and environment; & p<0.05,
difference from age 18, same genotype and environment; ¢ p=0.06, difference from
A-allele carriers, same environment and age; ~ p<0.05, difference from TT genotype,
same environment and age.
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In the EPSTB sample, male T-allele carriers had higher impulsivity scores;
however, in Car Drivers, it was higher adaptive impulsivity, whilst in the
Driving School sample, it was higher maladaptive impulsivity (Paper IV). It is
important to recognize, that both types of impulsivities are sensitive to G X E
effects (Paper I). TT homozygotes had significantly higher impulsivity in case
of high SLE that hypothetically may indicate the rise of activity in response to
stress (e.g., Figure 2a). This fits well with the modest effects of NPSRI on
ADHD related behaviour as rated by teachers, where the TT males had more
symptoms (Figure 3), and SLE further increased the scores.

In ECPBHS sample, subjects with the AA genotype, especially males, had
the steepest elevation in Adaptive impulsivity fom age 18 to 25. AA homo-
zygotes also gained the most from favourable family relations by reacting with
elevated Adaptive impulsivity and Extraversion, and with lowered Thought-
lessness and Neuroticism (Figures 2b and 4). This may be because supportive
environment lowers anxiety. On the other hand, unfavourable family environ-
ment increased Thoughtlessness and Neuroticism and lowered Extraversion in
subjects with AA genotype that may indicate the harmful effects of anxiety
(Figures 2b and 4). So the NPSRI effects on both types of impulsivities and
personality may reflect changes in balance between activity/ arousal and
anxiety. Such a notion appears to be consistent with animal studies where NPS-
ergic neurotransmission concurrently promotes arousal and lowers anxiety (Lukas
& Neumann 2012; Rizzi et al. 2008; Wegener et al. 2012; Xu et al. 2004).

We found no evidence for genotype differences in social deviance that was
available for the Driving School sample only (for males, n=315, F<0.01,
p=0.979, n1?<0.001; for females, n=449, F=0.77, p=0.381, 1>=0.002). While high
impulsivity may lead to socially irresponsible behaviours, this appears not to be
the case with NPSRI-related impulsivity. Nevertheless, we cannot rule out G x
E effects on social deviance.

In both cohorts, males with the TT genotype of the NPSRI had more ADHD
symptoms as observed by teachers (Paper I). Stressful life events further
increased the ADHD scores in TT genotype. We also found that the TT
genotype was overrepresented in the upper 5% of ADHD scores at age 15. The
reason for failing to detect this at older age may be based on the higher dropout
rate of the subjects with the extreme values of ADHD scores: while overall 94%
of 15-years-old subjects from younger cohort participated in the next wave, it
was only 63% of the extremely high ADHD score subjects.
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Figure 4 NPSRI x family environment x Age effects on personality in the ECPBHS.
(a) NPSRI x Warmth x Age effect on Neuroticism, #(1, 324)=2.53, p=0.012. (b) NPSRI
x Family relations x Age effect on Extraversion, #(1, 316)=2.02, p=0.044. * p<0.05,

p<0.01, " p<0.001, difference from different environment, same genotype and age; *
<0.05, ™ p<0.01, difference from T-allele, same environment and age.

As T-allele carriers, especially male TT homozygotes, expressed increased
activity (Papers I and IV), and higher arousal in the gain-of function T-allele
carriers has been established previously (e.g., Domschke et al. 2011), NPSR1
appears as a strong ADHD candidate gene, supported by animal models
(Reinscheid 2008). This is also consistent with the results of the impulsivity-
related role of the NPSRI (Papers I and IV). Both ADHD patients and
individuals with above-average impulsivity are highly responsive to situations
and easily aroused emotionally, which is in accordance with the enhanced
reactivity to emotional stimuli in the T-allele carriers (Raczka et al. 2010;
Dannlowski et al. 2011). Nevertheless, Okamura et al. (2007) reported no
association of NPSR1 A/T polymorphism with ADHD. Neither have searches
for ADHD candidate genes pointed towards NPSR/ or its location on chromo-
some 7pl4.3 (e.g., Banaschewski et al. 2010; Lesch et al. 2008; Neale et al.
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2008). So the NPS receptor may rather contribute to ADHD-like behaviour
dimensionally and through impulsivity and arousal, effects that become evident in
non-clinical samples and may have public health relevance in general population.

In response to centrally administered NPS in rodent models, the increased
locomotor activity is accompanied by wakefulness and reduced sleep (Rizzi et
al. 2008; Xu et al. 2004; Zhao et al. 2012). In children, hyperactive and
inattentive symptoms are also related to short sleep duration, so insufficient
sleep and fighting drowsiness may be causally related to these symptoms
(Paavonen et al. 2009). NPS-ergic neurotransmission has a direct effect on the
HPA axis and contributes to the modulation of arousal and anxiety by
regulating the release of CRF (Paneda et al. 2009; Smith et al. 2006; Zhao et al.
2012). Speculatively, the human NPSRI A/T polymorphism may reflect a
population-level balancing mechanism for fighting drowsiness and low cortical
activity, and boosting arousal, which is observable to the largest extent in males
with the TT genotype (Paper I), already mimicking the ADHD symptoms. In
the EPSTB samples, high impulsivity and hyperactivity were present not
exclusively in TT homozygotes, but T-allele carriers (Paper IV). We thus may
suggest that in general population, subjects with the T-allele have higher-
functioning arousal/anxiety system that does not lead automatically to anxiety-
related psychopathology.

Stressful life events and family relations

There were no differences in evaluating family environment or the occurrence
of stressful life events by NPSRI in ECPBHS subjects. However, our findings
suggest that both AA and TT NPSRI homozygotes respond to stress more than
heterozygotes, but the vulnerabilities differ: AA responded more to family
environment, and TT mainly to stressful life events (Paper I). The fact that the
AA genotype (the genotype leading to the least active NPSR receptor-mediated
signal transduction) was reactive to stress may demonstrate that elevation of
anxiety in adverse family environment is not well compensated for by NPS if
the receptors are less sensitive. This would be consistent with animal studies
where NPSRI knockout mice expressed increased anxiety-like behaviour
(Duangdao et al. 2009) and administration of NPS acted like an anxiolytic
(Jungling et al. 2008; Lukas & Neumann 2012; Wegener et al. 2012; Xu et al.
2004). Otherwise, subjects with TT and not AA genotype were sensitive to
adverse life events — they had significantly higher scores of impulsivity, inatten-
tion and motor restlessness (the latter in males only).

The sensitivity to environment of the T-allele carriers is in accordance with
previous human studies where all the presumed adverse arousal and anxiety-
related psychiatric effects were limited to T-allele carriers. Similarly, in the
single previous G x E study (Klauke et al. 2014), NPSRI TT genotype subjects
were more sensitive to adverse life events, reporting higher anxiety sensitivity.
NPS activates HPA axis (Paneda et al. 2009; Smith et al. 2006; Zhao et al.
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2012), and enhanced acute stress response was recently detected in T-allele
carriers (Kumsta et al. 2013). Importantly, however, all this is not easily
compatible with animal studies: a simple deduction from the facts that NPS
administration evokes anxiolytic effects in rodents, attenuates the expression of
contextual fear (Meis et al. 2008) and facilitates fear extinction (Jiingling et al.
2008) would be that in humans the T-allele carriers, especially the TT
homozygotes, have better functioning in response to stress compared to those
with A-alleles. Translating our findings that both AA and TT homozygotes are
less resilient to environmental adversities back to animal studies, one could
expect divergent effects of NPS on anxiety-related behaviour in radically
different experimental designs. For another neuropeptide, cholecystokinin, this
has been reported (see Harro 2006 for review).

Indeed, what is different in the two measures of environmental adversities
requires further analysis. Conceivably, less warm family environment overall
and specific adverse life events are different stressors although they correlate
moderately. In our sample, these two types of adversities had quite similar
effects on personality, impulsivity and ADHD-related symptoms. A working
hypothesis is that the key is the relative subjectivity of the evaluation: while life
events were mostly reported as having occurred or not (e.g., death of a close
relative), the family environment assessment was quantitative and based on
perceptive evaluation. Whether objective or subjective indicators of environ-
mental stress evaluations are used does affect the outcome (Monroe 2008).

Self-reports of adverse life events may underestimate their occurrence. In
this study such a bias could affect the results only if underreporting were geno-
type-dependent. This nevertheless cannot be excluded and merits attention in
future studies.

It has been reported that NPSRI A/T polymorphism influences emotional
evaluation, and T-allele carriers react more strongly to fear-related emotional
stimuli possibly caused by higher arousal of T-allele (Dannlowski et al. 2011;
Domschke et al. 2011; Raczka et al. 2010). These findings guide the thinking to
explanation that the higher response to SLE of subjects with two T alleles could
be related to arousal mechanisms that are separate from the neurobiology of
anxiety, and the reaction of AA genotype on family environment in Paper I
must be anxiety-related as derived from animal studies. Without knowing the
exact neural mechanisms yet, we can however conclude that a double
dissociation of perception of family environment (as measured by the scale we
used) and adverse life events occurs in NPSRI AA and TT homozygotes,
resulting in distinct G x E outcomes in personality, impulsivity and ADHD
symptoms.

The effects of the NPSRI AA genotype on personality and impulsivity were
advantageous in case of favourable family environment, and more so for men
(Paper I). Nevertheless, the sensitivity to family environment of the subjects
with AA genotype led to detrimental changes as reflected e.g., in scores of
Neuroticism in case of adverse family relations.
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4.3. NPSRI x environment effects:
contribution to affective and anxiety disorders,
and suicidal behaviour (Paper Il)

Considering the evidence of the role of NPS-ergic neurotransmission in the
regulation of emotional processing (Dannlowski et al. 2011; Domschke et al.
2011; Klauke et al. 2014; Raczka et al. 2010; Tupak et al. 2013), panic disorder
(Domschke et al. 2011; Donner et al. 2010; Okamura et al. 2007), and NPSR!
interactions with the environment in shaping traits (Paper I) that predict anxiety
and affective disorders (e.g., Lonnqvist et al. 2009), we aimed to clarify the role
of NPSRI A/T polymorphism for anxiety and mood disorders in the general
population, also taking into account the sensitivity of the genotype to
environmental factors.

We found that in females with the functionally least active NPSRI AA
genotype who had experienced adverse family environment, lifetime affective/
anxiety disorders were more prevalent by age 25 (Figure 5a). This higher
prevalence of psychiatric disorders was accompanied by high anxiety and low
self-esteem (Figures 6 and 7), traits that both predict affective disorders and
suicidal behaviour (Domschke & Reif 2012; Mann et al. 2004; Moffitt et al.
2007; Wasserman 2001; Wild et al. 2004). Indeed, G x E interaction effects had
been present already in adolescence as reflected in higher depressiveness and
anxiety, lower self-esteem and higher frequency of suicide attempts in AA
homozygotes (Figure 5b).

a Family environment Females p Family environment Females
Low warmth High warmth Low warmth High warmth
= = <0.001 =0.887
100% - p=0.003 p=0.696 100% - 14 - _P -
90% 1 Affective/ 90% 1 -
R Suicide
80% Anxiety 80% A
) attempts
n 70% A disorders o 70% A
o o
U 4 (9 4
-_g. 60% ONo '§ 60% ONo
g >0% 1 M VYes ~§ 50% 1 W VYes
5 40% A < 40% -
"g 30% - "g 30% A
S 20% 1 S 20% A
& 10% - o 10%
0% - NPSR1 0% | m i |Im NPSRI
AA AT TT AA AT TT genotype AA AT TT AA AT TT Eenotype

Figure 5 NPSRI x Warmth in the family association with affective/anxiety disorders
and suicide attempts in females of the ECPBHS. (a) Affective/anxiety disorders in the
older cohort by age 25, n=179; (b) Suicide attempts in both cohorts by age 18, n=461.
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It is also known that the risk for suicidal behaviour is heightened by impulsivity
(Fawcett 2001; Nock et al. 2008), and the risk for anxiety/affective disorders is
increased by neuroticism and lowered by extraversion (Bienvenu et al. 2004;
Kotov et al. 2010). In accordance with this, subjects with the AA genotype who
experienced adverse family environment developed high maladaptive impul-
sivity and neuroticism, and low extraversion (Paper I) that could contribute to
suicide attempts and disorders. Hence the question emerges, whether the
association of the NPSRI with suicidal behaviour is mediated by these perso-
nality traits or the disorders. Additional analysis to predict suicide attempts with
the genotype and predictors from earlier age revealed, that besides NPSRI AA
genotype, female sex and higher SLE, suicide attempts were only predicted by
lower extraversion reported three years earlier, and not neuroticism (Table 2).
The NPSRI genotype was a stronger predictor of suicide attempts than extra-
version. Similar results were obtained when predicting affective/anxiety dis-
orders (not shown in detail): significant predictors from age 15 were female
gender (OR=3.15 [1.26-7.90], p=0.014), the AA genotype (OR=2.7 [1.20—
6.12], p=0.019) and higher SLE (OR=2.34 [1.04-5.30], p=0.041), while
personality did not contribute significantly. These associations held and were
even stronger when females were analysed separately. So, NPSRI appears as an
independent predictor of both suicide attempts and affective/anxiety disorders,
and contributes to the development of personality and impulsivity described in
Paper 1. Thus, the accumulation of harmful traits in that are magnified by
adverse environment possibly lead to suicidal behaviour and ideation, and
affective/anxiety disorders in females with the AA genotype. These phenotypes
are correlated with each other and are likely to share underlying biology;
nevertheless, they still are different dimensions with their own mechanisms of
development; to which extent these are interwoven, requires further study.
Thus, the NPSRI genotype appears to represent a basic system involved in
vulnerability to emotion dysregulation.

The contribution of the NPSRI AA genotype to affective/anxiety disorders is
compatible with results of animal studies where less active NPS-ergic neuro-
transmission is associated with anxiety-related behaviour (Lukas & Neumann
2012; Rizzi et al. 2008; Wegener et al. 2012; Xu et al. 2004). In addition, very
recent evidence points to the involvement of A-allele in anxiety-related
psychopathology in humans: Subjects with the AA genotype were reported to
have higher trait anxiety in one study (Glotzbach-Schoon et al. 2013); in others,
the A-allele carriers had more likely early onset obsessive-compulsive disorder
(Lennertz et al. 2013), and were over-represented among patients with
schizophrenia (Lennertz et al. 2012) which is not surprising as anxiety may be
the core symptom dimension in schizophrenia (reviewed by Muller et al. 2004).
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Table 2 Predicting suicide attempts by personality reported 3 years earlier in combined
cohorts of the ECPBHS, results from simultaneous logistic regression. Bold —
significant effect.

o

Predictor st?c?slgc COHE)SIG)I(IE)G [iiiefval]
Sex (females) 8.53 0.003 5.61 [1.76-17.8]
NPSRI (AA vs T-allele) 6.58 0.010 2.84 [1.28-6.32]
Neuroticism 0.03 0.863 1.04 [0.66—1.63]
Extraversion 5.40 0.020 0.60 [0.39-0.92]
Openness to experience 0.32 0.571 0.86 [0.58-1.35]
Agreeableness 0.43 0.514 0.87 [0.58-1.32]
Conscientiousness 0.15 0.702 0.91 [0.56-1.48]
SLE at age 15 (high) 7.12 0.008 3.11 [1.35-7.15]
Constant 19.7 <0.001

As mentioned above, these new findings of ours, and others, are in an apparent
contrast with the original suggestion that the NPSRI T-allele is associated with
panic disorder (Domschke et al. 2011; Donner et al. 2010; Okamura et al. 2007)
that belongs to the group of anxiety disorders. To reconcile the inconsistency
with animal studies that rather suggest the A-allele as anxiety-related, the
NPSR-associated panic disorder was hypothesized to arise from arousal
mechanisms, not anxiety (Domschke et al. 2011; Okamura et al. 2007), as NPS-
ergic transmission is associated with higher arousal/activity in both animal (e.g.,
Guerrini et al. 2010; Smith et al. 2006) and human studies (e.g., Domschke et
al. 2011; Paper I). The biological differentiation of panic disorder from anxiety
would be in accordance with Panksepp's theory of basic limbic emotional
action systems, the primary sources of fear response and panic being in
neurobiologically independent domains (Panksepp 1998; Panksepp 2005).
Higher arousal does not have to lead to anxiety-related psychopathology (panic
disorder set aside), given that NPS has the unique pattern of effects in animals,
being concurrently stimulant and anxiolytic (e.g., Pape et al. 2010). Instead, the
higher arousal and reactivity of the amygdala / dorsal anterior cingulate cortex /
dorsomedial PFC system (Dannlowski et al. 2011; Raczka et al. 2010) as well
as the less prominent cortical activation in response to emotional stimuli (Tupak
et al. 2013) in T-allele carriers could indicate decreased inhibitory control (Kim
& Lee 2011). Impulsive action that is more characteristic to subjects with the
TT genotype (Papers I and IV) may thus contribute rather specifically to e.g.,
panic disorder and bipolar disorder. Indeed, lower activity of dorsolateral PFC
is observed in panic disorder and post-traumatic stress disorder, but in case of
anxiety disorders that involve worry and rumination (recursive self-focused
thinking) such as generalized anxiety and obsessive-compulsive disorder, the
PFC is characteristically more active (Berkowitz et al. 2007; Strawn et al.
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2012). Also rumination in depression is associated with increased activation in
limbic areas and in dorsolateral PFC (Cooney et al. 2010). Consistent with this
notion, AA subjects have high activity in dorsolateral PFC (Domschke et al.
2011; Tupak et al. 2013). Thus, increased dorsolateral PFC activity in subjects
with the AA genotype may not only be an indicator for stronger amygdala input
suppression but also for repetitive self-focused thinking. In addition, rostral
dorsomedial PFC activity is reduced in depressed females in response to
negative stimuli (Moses-Kolko et al. 2010) similarly to subjects with the AA
genotype in the Raczka et al. (2010) study. Repetitive thoughts may also
represent a constructive form of cognitive coping strategies like planning,
problem solving and rehearsal (Watkins 2008). In line with this, subjects with
the AA genotype appear as being able to take advantage of favourable
environments, as they had on average the highest level of self-esteem, elevated
extraversion and adaptive impulsivity as well as the lowest anxiety and
neuroticism (Papers I and II).

Essentially in consistency with animal studies where NPS has influenced the
function of the HPA axis (Paneda et al. 2009; Smith et al. 2006), male T-allele
carriers (no females were tested) had larger salivary cortisol responses to social
stress in laboratory (Kumsta et al. 2013). The authors concluded that the
T-allele represents one vulnerability factor to stress- and anxiety-related
disorders if carriers were subjected to chronic stress. Again, this would however
apparently contradict animal studies where higher NPS activity, that has
stronger influence on the HPA axis, is simultaneously arousal-promoting and
anxiolytic (e.g. Pape et al. 2010; Smith et al. 2006; Xu et al. 2004), and
facilitates fear extinction (Han et al. 2013; Lukas & Neumann, 2012; Okamura
et al. 2011). However, there is substantial difference between acute and
chronically active stress response, with the first being adaptive/mobilising and
the latter possibly having detrimental consequences on health (Chrousos 2009;
Luine 2007; Nugent et al. 2011). So cortisol measurement one hour after social
stress test as in Kumsta et al. (2013) provides no sufficient information to
conclude on long-term effects of NPSRI on neuroendocrine and stress response.
Evidence from Paper I agrees that T-allele carriers do respond to SLEs with
maladaptive traits (higher impulsivity and hyperactivity) but these are AA
homozygotes instead who react to adverse family environment with persistent
changes in maladaptive traits (Papers I and II) that could accumulate and
convert into affective/anxiety disorders (Paper II) that quite obviously do not
develop overnight (Harro and Oreland 2001).

The effects of NPSRI as described in Paper II were generally female-
dominant. Sex-dependent effects of NPSR/ were found also by Dannlowski et
al. (2011), Domschke et al. (2011), Okamura et al. (2007), and in studies
leading to Paper I. The biological underpinnings behind the relative sex-
specificity of the NPSRI associations could possibly be explained by the action
of NPS on monoaminergic system (Didonet et al. 2014; Raiteri et al. 2009; Si et
al. 2010) and on CRF release (Paneda et al. 2009; Smith et al. 2006). Sex-
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specific neurochemical changes have been documented both in monoaminergic
system (e.g., Jovanovic et al. 2008; Millo et al. 2009; Van den Hove et al.
2014) and CRF function (Bangasser et al. 2010), and these differences are
thought to explain sex differences in the prevalence of affective and anxiety
disorders.

In conclusion, our findings suggest that the NPSRI A/T polymorphism is
associated with affective and anxiety disorders and suicidal behaviour in a sex-
and environment-dependent manner. It appears that in females the AA genotype
and adverse family relations could lead to affective dysregulation, suicide
attempts and internalizing psychopathology.

4.4. NPSRI x environment effects: contribution to
alcohol consumption and alcohol use disorders (Paper lll)

Given that NPSRI influences traits that are associated with substance use
(Papers L, II and 1V), and the involvement of the NPS system in addictive
behaviours in rodent studies (reviewed by Cannella et al. 2013), we
hypothetised that the NPSRI A/T polymorphism may contribute in a complex,
certainly sex-dependent manner to alcohol use disorders (AUD) and alcohol
use.

We indeed found that the associations of the NPSRI genotype with alcohol
use and AUD were significant but differed by sex. In females, both AUD and
excessive alcohol use were more prevalent in subjects with at least one A-allele.
In contrast, AUD in males was more prevalent in carriers of the high-activity
related T-allele, and especially so if the subjects had been exposed to environ-
mental adversity in adolescence. Thus, male T-allele carriers had consumed
alcohol more excessively in adolescence. It was surprising to find that the risk
allele for higher alcohol use at age 25 was the A-allele in both females and
males. This may relate to distinct pathways to higher alcohol use, as discussed
below.

After testing the associations with personality traits that were found to be
associated with NPSR1 (Paper I) and are known to affect alcohol use, most of
the genotype effects become weaker or disappeared. This suggests that NPSR/
effects on AUD and alcohol use are at least partly mediated by personality.

The sex and time dependent nature of NPSRI associations with AUD and
alcohol use are in line with the overall personality and impulsivity regulating
role of NPSR1 as found in studies described in Papers I, II and IV. Again, the
NPSRI1 sex-specific effects could be explained by the NPS system interactions
with monoaminergic systems (Didonet et al 2014; Mochizuki et al. 2010;
Raiteri et al. 2009; Si et al. 2010) and HPA function (Cannella et al. 2009;
Jiingling et al. 2012; Smith et al. 2006) that are known to play role in sex
differences both in stress responses (Bangasser et al. 2010) but also in alcohol
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abuse (reviewed by Witt 2007). We have presented data-driven developmental
pathways to AUD in males and females by NPSR1 genotype in Figure 8.

Subjects with higher neuroticism and emotion dysregulation tend to use
alcohol because of its acute anxiolytic effects (Bolton, Robinson & Sareen
2009; Chartier et al. 2010; Kushner et al. 2011). This may apply to female A-
allele carriers of this study as the genotype effects on AUD and alcohol use
were mostly explained by neuroticism. They also reported feeling more relaxed
and happier when drinking compared to the T-allele carriers, and this may refer
to the regulation of negative emotions by alcohol use. Moreover, female
A-allele carriers in this sample were vulnerable for affective and anxiety
disorders (Paper II) and all females with anxiety/affective disorders comorbid
with AUD were A-allele carriers. The harmful use of alcohol and AUD is
indeed common among individuals with affective and anxiety disorders (e.g.,
Bolton et al. 2009; Kleinberg, Aluoja & Vasar 2010; Kushner et al. 2011). As
alcohol dependence is considered to be related to overall internalizing
psychopathology load rather than to a particular disorder (Kushner et al. 2012),
we suggest that in females the lower NPS-ergic activity bears a risk for affective
and anxiety-related dysregulation that renders them vulnerable also to alcohol
use.

Contrary to females, the risk allele for AUD in males was the T-allele. The
likelihood for the disorder in T-allele carriers was even higher if adverse
environmental factors were accounted for. The pattern of more excessive
alcohol use of male T-allele carriers was observed already at age 15. We have
shown that subjects with the T-allele are more impulsive and hyperactive
(Papers I and 1V), and sensitive to stressful life events that increase disinhi-
bition (Paper I). Early-age initiation of alcohol consumption and poor impulse
control, which are often related, are both risk factors for developing substance
use disorders (Diemen et al. 2008; Iacono et al. 2003). So development of
alcohol addiction in males with at least one T-allele may possibly depart from
initial higher activity/impulsivity level: these subjects start with larger quantities
of alcohol, then stressful life events further accentuate disinhibition that loosens
the control over alcohol consumption and leads to alcohol abuse, allowing the
drug to take control. This hypothesis is supported by significant association of
extraversion, adaptive and maladaptive impulsivity, hyperactivity and stressful
life events with alcohol use and AUD in this study. In adolescents and young
adults, early stages of heavy alcohol use are characterised by impulsive drinking
(Heilig & Koob 2007) where activity of the mesolimbic dopaminergic system
plays a crucial role (reviewed by Vengeliene et al. 2008). As NPS stimulates
dopaminergic activity (Didonet et al. 2014; Mochizuki et al. 2010; Si et al.
2010), males with the high-activity T-allele could be especially vulnerable to
excessive alcohol wuse patterns in adolescence associated with high
dopaminergic activity.
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Figure 8 Proposed pathways to alcohol use disorders (AUD) in males and females by
NPSRI genotype. In females, the lower NPS-ergic activity in A-allele carriers and
especially in AA homozygotes bears a risk for affective and anxiety-related
dysregulation already in adolescence (Paper II) that also renders them vulnerable to
alcohol use. Consequently, some females carrying the A-allele develop AUD already in
young adulthood. In males, an impulsivity-related early-onset pathway to AUD occurs
in T-allele carriers and in particular in TT homozygotes: already in adolescence, they
exhibit more ADHD symptoms and impulsivity (Paper I) that make them vulnerable to
alcohol use, especially when experiencing adverse environment (Paper I). As a
consequence, many males carrying the T-allele develop AUD by young adulthood. In
males, a delayed-onset pathway to AUD is also suggested for the AA genotype: the
increase of adaptive impulsivity, extraversion and openness to experience by age 25 in
males with AA genotype (Paper I) can make them vulnerable to higher alcohol use.
However, future studies have to reveal whether AUD will develop on this basis in male
AA subjects in later age. ADHD traits — ADHD-related traits; imp — impulsivity;
Openness — Openess to experience.
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Interestingly, the risk allele for higher alcohol use was not T-allele anymore by
young adulthood, and more alcohol was consumed by males with the AA
genotype instead. This discrepancy can be explained by the significant
progression of adaptive impulsivity from adolescence to age 25 in males with
the AA genotype (Paper I) that is generally beneficial but is also associated
with substance use, and possibly very much so in a country with a general high
level of alcohol consumption. Indeed, AA genotype effects on alcohol use in
males were explained by both high adaptive impulsivity and neuroticism.
Again, future studies will have to test whether AUD will develop in male AA
subjects in later age than in T-allele carriers.

4.5. Neuropeptide S receptor gene (NPSRI) AIT
polymorphism and sleep (Paper V)

Consistent with animal studies where higher NPS-ergic activity is associated
with reduced sleeping time and increased wakefulness (e.g., Xu et al. 2004;
Zhao et al. 2012), the T-allele carriers had later bedtime in a study of circadian
phenotypes by Gottlieb et al. (2007). However, subjects with the AA genotype
had higher prevalence of affective/anxiety disorders (Paper II) and higher trait
anxiety (Paper II; Glotzbach-Schoon et al. 2013) that go hand in hand with
sleep problems (reviewed by Shochat et al. 2014). But sleep disturbances and
shorter sleep duration are also associated with hyperactivity (Ganelin-Cohen &
Ashkenasi 2013) that appears as characteristic to T-allele carriers (Papers I and
IV). Except the GWAS quoted above (Gottlieb et al. 2007), no study has been
published to date on NPSRI link to sleep difficulties.

In the present analysis, NPSR1 rs324981 (A/T) polymorphism was associated
with both bedtime and sleep duration, and also with sleep-related problems.

The NPSRI association with bedtime changed with age. While subjects with
the AA genotype had the latest bedtime in childhood and middle adolescence,
no differences in bedtime were observed at age 18, and in young adulthood at
age 25, those were subjects with the TT genotype who had the latest bedtime.
We also found age-dependency in effects of NPSR/ on personality and alcohol
use in these birth cohorts (Papers I and III) and this is not surprising as
adolescence is a period with rapid changes in the CNS (reviewed by Casey et al.
2008). As mentioned above, the latest bedtime in adult TT homozygotes was
previously reported by Gottlieb et al. (2007), and these results are consistent
with animal studies where higher NPS-ergic activity is associated with reduced
sleep (Camarda et al. 2009; Hirota et al. 2009; Jiingling et al. 2008; Rizzi et al.
2008; Smith et al. 2006; Xu et al. 2004).

Reduction of sleep time by NPSR! in the ECPBHS sample was observed
only when environmental factors were accounted for, and only in adulthood. At
age 25, the latest time point available, subjects with the TT genotype slept less
if they had reported higher number of stressful life events (SLE) in adolescence;
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and subjects with the AA genotype had shorter sleeping time if they had
experienced adverse family environment. G x E effects were present also in
case of sleep-related problems: again more problems were reported by subjects
with the AA genotype in case of adverse family environment, and by subjects
with the TT in case of high SLE. One has to recall that the preferential
sensitivity of TT genotype to SLEs and AA to family environment was also
found in associations of NPSRI with personality and hyperactivity (Paper I).
Consistently, subjects with the TT genotype reported higher anxiety sensitivity
in Klauke et al. (2014) if they had experienced higher number of adverse life
events. In ECPBHS, subjects with the AA genotype more often reported suicide
attempts and were diagnosed with an affective/anxiety disorder in case of
adverse family environment (Paper II).

NPSRI had effects on sleep-related difficulties in both birth cohorts of the
ECPBHS but the effects were different. In the older cohort, subjects with the
AA genotype had the highest number of sleep-related problems whereas
subjects with the TT genotype had the least problems (Figure 9). However, in
AA homozygotes the high frequency of sleep problems depended on adverse
family environment in adolescence. In the younger cohort, similarly, higher
scores in AA homozygotes in case of less warm family environment were
observed, but the association emerged at later age. Higher frequency of sleep-
related problems in subjects with the AA genotype, especially when
experiencing adverse family environment, was expected as we had found that
subjects with the AA genotype had higher prevalence of affective/anxiety
disorders, the highest frequency of suicide attempts and the highest scores of
depressiveness and anxiety, if reporting adverse family environment in late
adolescence (Paper II). In addition, AA homozygotes had higher prevalence of
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Figure 9 NPSR] effects in sleep-related difficulties in the older cohort of the ECPBHS.
(a) NPSRI main effect, =2.36, p=0.019. (b) NPSRI x warmth effect, +=2.48, p=0.014.
" p<0.05, ™" p<0.001, differences from AT or TT genotype, or AT&TT/ different
environment; “* p<0.001, difference from the same genotype, different environment.
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alcohol use disorder that appeared as developmentally related to anxiety (Paper
III). Involvement of the A-allele in trait anxiety and in obsessive-compulsive
disorder was found also by Glotzbach-Schoon et al. (2013) and Lennertz et al.
(2013), and is expected from animal studies (e.g., Pape et al. 2010). So, sleep-
related problems in subjects with AA genotype that were already observable at
age 15 most likely reflect affective dysregulation that could lead to psychiatric
disorders diagnosed in young adulthood, as sleep-related problems have been
found to be in positive correlation with depression symptoms (reviewed by
Shochat et al. 2014). However, further analysis revealed that significant
predictors for affective/anxiety disorders were sex, higher number of SLEs and
NPSRI AA genotype in combination with adverse family environment; whereas
bedtime, sleep duration and sleep-related problems recorded at age 15 were not
associated with the disorder later in life (Table 3). This could mean that NPSR1
independently influences both sleep-related measures and affective/anxiety-
related dysregulation.

Table 3 Predicting affective/anxiety disorders in the older cohort of the ECPBHS,
results from simultaneous logistic regression. Bold — significant effects.

o

Predictor st?t?slgc COHE)(;EI(IE)C [i?liefval]
Sex (females) 9.01 0.003 2.76 [1.42-5.36]
NPSRI (AA vs T-allele) 0.44 0.507 1.40[0.52-3.82]
Sleep-related problems 0.90 0.341 0.96 [0.88—-1.05]
Bedtime 0.95 0.330 1.20 [0.83-1.74]
Sleep duration 0.43 0.513 0.79 [0.39-1.60]
SLE at age 15 (high) 4.18 0.041 1.99 [1.03-3.86]
Warmth in the family 0.62 0.431 0.75[0.37-1.54]
NPSRI1 x Warmth (AA/low) 6.51 0.011 5.79 [1.50-22.3]
Constant 9.67 0.002

4.6. Closing remarks

In this dissertation, we have concentrated on neuropeptide S (NPS) receptor
NPSR1 gene functional rs324981 A>T polymorphism (Asn'"’Ile), that is rela-
tively newly identified research target. We have demonstrated that NPSRI
influences the development of personality, hyperactivity, anxiety, depressive-
ness, self-esteem, suicidality, affective/anxiety disorders, alcohol use and
alcohol use disorders, and sleep-related measures.

Association of NPSRI with various physiological and psychological
measures is not surprising as NPS and NPSR are localised in brain areas that
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regulate basic physiological functions like arousal and circadian rhythms. In
addition, NPS is known to modulate HPA axis function and the release of
monoamines that could explain the sex, age and environment-dependent effects.

Our findings suggest that the NPSRI A/T polymorphism is associated with
affective and anxiety disorders, suicidal behaviour, and alcohol use disorders in a
sex- and environment-dependent manner. The genotype by sex/gender
interactions were profound. In females, the lower NPS-ergic activity in A-allele
carriers and especially in AA homozygotes bears a risk for affective and anxiety-
related dysregulation already in adolescence. The risk for developing maladaptive
traits is significantly higher in case of adverse family environment. As a
consequence, females with the AA genotype had reported suicidal behaviour
more frequently and had developed affective/anxiety disorders by age 25.
Affective and anxiety related dysregulation may render them vulnerable also to
alcohol use. Consequently, some females carrying the A-allele develop AUD
already in young adulthood.

In males, an impulsivity-related early-onset pathway to AUD occurs in T-
allele carriers and in particular in TT homozygotes: already in adolescence, they
exhibit more ADHD symptoms and impulsivity that make them vulnerable to
alcohol use, especially when experiencing adverse environment. As a
consequence, many males carrying the T-allele develop AUD by young
adulthood. In males, a delayed-onset pathway to AUD is also suggested for the
AA genotype: the increase of adaptive impulsivity, extraversion and openness
to experience by age 25 in males with AA genotype can make them vulnerable
to higher alcohol use. However, future studies have to reveal whether AUD will
develop on this basis in male AA subjects in later age.

NPSR is clearly a tempting target for drug development as it affects emotion
regulation, arousal and alcohol abuse. E.g., nasal administration of NPS
demonstrated by Lukas & Neumann (2012) in animals could lower anxiety and
promote behavioural activation in humans in case of affective/anxiety disorders
as well but possible side effects including panic attacks in some individuals
elicited by higher autonomic arousal caused by higher NPSergic activity
warrant more studies. So, although the results presented in this dissertation are
based on population-representative samples, the NPSRI influence on various
measures while accounting with environment should be tested on other ethnic
groups, and in different types of societies as well. In addition, future directions
should address the distinct pattern of emotion regulation by A- and T-allele
carriers.
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5. CONCLUSIONS

We have found that the functional NPSRI A/T polymorphism (Asn'"Ile) is
associated with various measures in general population in age-, sex- and
environment-dependent manner.

1.

NPSR1 genotype is associated with personality, but this association will
become apparent mostly by young adulthood due to changes in scores from
age 18 to 25. The TT genotype effects on personality could be interpreted
as adverse, especially in women. The effects of the AA genotype on
personality were advantageous, especially in the case of a favourable
family environment, and more so for men. However, sensitivity of the AA
genotype to family environment could lead to detrimental changes in
personality, e.g., higher neuroticism and lower extraversion, in both sexes.
NPSRI T-allele carriers, especially male TT homozygotes, exhibited high
levels of ADHD-related symptoms and impulsivity that were further
accentuated by stressful life events. While NPSRI was associated with
hyperactive/inattentive behaviour as rated by teachers already durig the
childhood of the subjects, NPSRI related changes in self-reported
impulsivity emerged more prominently in young adulthood.

Females with the NPSRI AA genotype who had reported adverse family
environment in adolescence had higher scores of trait anxiety and
depressiveness, and lower self-esteem. Male AA homozygotes had higher
depressiveness only in case of adverse family relations.

The hypothesised high wvulnerability of AA genotype to emotion
dysregulation was corroborated by the highest prevalence of affective/
anxiety disorders by age 25 in female AA homozygotes who had experien-
ced adverse family environment in adolescence.

Female AA homozygotes also reported suicidal behaviour more frequently,
and again, this association was further accentuated by adverse family
environment.

In females, both AUD and harmful alcohol use were more prevalent in A-
allele carriers. In contrast, in males, AUD was more frequent in T-allele
carriers, especially if exposed to adverse environments during adolescence.
Alcohol use was higher in male T-allele carriers in adolescence as well.
However, in adulthood, the risk allele for higher alcohol use for males was
the A-allele as in females, suggesting distinct pathways to higher alcohol
use by NPSRI in males.

The associations of NPSRI with AUD and alcohol use were mediated by
personality and hyperactivity. This is in line with the hyperactivity/
impulsivity and personality regulating role of the NPSR/ that differs in
males and females. In females, the probable lower NPS-ergic activity in
A-allele carriers and especially in AA homozygotes bears a risk for
affective and anxiety-related dysregulation already in adolescence that also
renders these subjects vulnerable to alcohol use. Consequently, some
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females carrying the A-allele develop AUD already in young adulthood. In
males, an impulsivity-related early-onset pathway to AUD occurs in T-
allele carriers and in particular in TT homozygotes: already in adolescence,
they exhibit more ADHD symptoms and impulsivity that make them
vulnerable to alcohol use, especially when experiencing adverse environ-
ment. As a consequence, many males carrying the T-allele develop AUD
by young adulthood. In males, a delayed-onset pathway to AUD is also
suggested for the AA genotype: the increase of adaptive impulsivity,
extraversion and openness to experience by age 25 in males with AA
genotype can make them vulnerable to higher alcohol use. However, future
studies have to reveal whether AUD will develop on this basis in male AA
subjects in later age. Nevertheless, altogether these findings highlight the
possibility that variants of a single gene can contribute to the development
of a psychiatric disorder through several behavioural and neurobiological
pathways.

The NPSRI A/T polymorphism is associated with sleep-related pheno-
types. While the AA genotype was associated with higher frequency of
sleep-related problems both at adolescence and adulthood, and later
bedtime in adolescence, the TT genotype was associated with later bedtime
in adulthood. Both AA and TT homozygous subjects slept less in
adulthood if they had experienced adverse environment in adolescence.
These associations of genotype and sleep could in part explain the
psychiatric disorders associated with the NPSRI genotype.

51



ACKNOWLEDGEMENTS

I am grateful to the ECPBHS study participants, both children and their parents,
and also EPSTB study participants, for their personal contribution to science.

I wish to thank various coworkers, coauthors and people from the study team
and the lab: Jarek Maéestu, Helle-Mai Loit, Evelyn Kiive, Triin Kurrikoff,
Ludmilla Jakobson, Mariliis Vaht, Kirsti Akkermann, Evelin Létt, Diva Eensoo,
Inga Villa, Tanel Kaart, Aet Alttoa, Kadri Koiv, Marika Paaver, Toomas
Veidebaum, Katharina Domschke, Ene Karja, and other people from the
departement of psychology.

My special gratitude goes to my supervisor Jaanus Harro for his professional
guidance, everlasting encouragement and relevant critiques — I couldn’t have
wished for a better tailored supervision.

I would also like to thank Professors Klaus-Peter Lesch and Andreas Reif for
support and mind-broadening remarks.

Finally, I wish to thank my family and friends for their encouragement and
support. My greatest fan was my dear mother-in-law Viive Tikk who is not with
us anymore — I miss her very-very much.

This study has been supported by grants from the Estonian Science
Foundation (No 8622 and 8607); Estonian Ministry of Education and Science
(No 0180027 and IUT20-40); Estonian Road Administration; European Social
Fund (Estonian Primus No 3-8.2/60); European Regional Development Fund
ERC Program TerVE 3.2.10002.11-0002 projects ELIKTU and VIGA; 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 Wiirzburg and Maastricht, and the National Institute for
Health Development.

52



REFERENCES

Acton GS (2003) Measurement of impulsivity in a hierarchical model of personality
traits: implications for substance use. Subst Use Misuse 38:67-83.

Af Klinteberg B, Oreland L (1995) Hyperactive and aggressive behaviors in childhood
as related to low platelet monoamine oxidase (MAO) activity at adult age: a
longitudinal study of male subjects. Pers Indiv Differ 19:373-383.

Badia-Elder NE, Henderson AN, Bertholomey ML, Dodge NC, Stewart RB (2008) The
effects of neuropeptide S on ethanol drinking and other related behaviors in alcohol-
preferring and —nonpreferring rats. Alcohol Clin Exp Res 32:1380-1387.

Bagdy G, Juhasz G, Gonda X (2012) A new clinical evidence-based gene-environment
interaction model of depression. Neuropsychopharmacol Hung 14:213-220.

Banaschewski T, Becker K, Scherag S, Franke B, Coghill D (2010) Molecular genetics
of attention-deficit/hyperactivity disorder: an overview. Eur Child Adoles Psy 19:
237-257

Bangasser DA, Curtis A, Reyes BAS, Bethea TT, Parastatidis I, Ischiropoulos H, Van
Bockstaele EJ, Valentino RJ (2010) Sex differences in corticotropin-releasing factor
receptor signaling and trafficking: potential role in female vulnerability to stress-
related psychopathology. Mol Psychiatr 15:896-904.

Beck AT, Ward C, Mendelson M (1961) Beck Depression Inventory (BDI). Arch Gen
Psychiat 4:561-571.

Belsky J, Jonassaint C, Pluess M, Stanton M, Brummett B, Williams R (2009)
Vulnerability genes or plasticity genes? Mol Psychiatr 14:746-754.

Berkowitz RL, Coplan JD, Reddy DP, Gorman JM (2007) The human dimension: How
the prefronatal cortex modulates the subcortical fear response. Rev Neurosci
18:191-207.

Bienvenu OJ, Samuels JF, Costa PT, Reti IM, Eaton WW, 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
20:92-97.

Boardman JD, Blalock CL, Button TMM (2008) Sex differences in the heritability of
resilience. Twin Res Hum Genet 11:12-27.

Bolton JM, Robinson J, Sareen J (2009) Self-medication of mood disorders with alcohol
and drugs in the National Epidemiologic Survey on Alcohol and Related Conditions.
J Affect Disord 115:367-375.

Bowman RE, Micik R, Gautreaux C, Fernandez L, Luine VN (2009) Sex-dependent
changes in anxiety, memory, and monoamines following one week of stress. Physiol
Behav 97:21-29.

Brummett BH, Boyle SH, Siegler IC, Kuhn CM, Ashley-Koch A, Jonassaint CR, et al.
(2008) Effects of environmental stress and gender on associations among symptoms
of depression and the serotonin transporter gene linked polymorphic region (5-
HTTLPR). Behav Genet 38:34-43.

Burmeister M, Mclnnis MG, Zollner S (2008) Psychiatric genetics: progress amid
controversy. Nat Rev Genet 9:527-540.

Camarda V, Rizzi A, Ruzza C, Zucchini S, Marzola G, Marzola E, Guerrini R,
Salvadori S, Reinscheid RK, Regoli D, Calo G (2009) In vitro and in vivo
pharmacological characterization of the neuropeptides S receptor antagonist
[D-Cys(tBu)SINPS. J Pharmacol Exp Ther 328:549-555.

53



Camilleri M, Carlson P, Zinsmeister AR, McKinzie S, Busciglio I, Burton D, Zucchelli
M, D’Amato M (2010) Neuropeptide S receptor induces neuropeptide expression
and associates with intermediate phenotypes of functional gastrointestinal disorders.
Gastroenterology 138:98—-107.

Cannella N, Economidou D, Kallupi M, Stopponi S, Heilig M, Mass M, Ciccocioppo R
(2009a) Persistent increase of alcohol-seeking evoked by neuropeptide S: an effect
mediated by the hypothalamic hypocretin system. Neuropsychopharmacol 34:2125—
2134.

Cannella N, Kallupi M, Ruggeri B, Ciccocioppo R, Ubaldi M (2013) The role of
neuropeptide S system in addiction: Focus on its interaction with the CRF and
hypocretin/orexin neurotransmission. Prog Neurobiol 100:48-59.

Cannella N, Ruggeri B, Ubaldi M, Braconi S, Kallupi M, Massi M, Ciccocioppo R
(2009b) Neuropeptide S differently modulate ethanol self-administration and cue-
induced reinstatement of ethanol seeking in msP and wistar rats. /3th Biennal
Meeting of the European Behavioral Pharmacology Society, Rome, Italy, Behav
Pharmacol Special Issue 1, S31P30.

Cao J, de Lecea L, Inemoto S (2011) Intraventricular administration of neuropeptide S
has reward-like effects. Eur J Pharmacol 658:16-21.

Casey BJ, Jones RM, Hare TA (2008) The adolescent brain. Ann N Y Acad Sci
1124:111-126.

Caspi A, McClay J, Moffitt TE, Mill J, Martin J, Craig IW, et al. (2002) Role of
genotype in the cycle of violence in maltreated children. Science 297:851-854.

Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW, Harrington H, et al. (2003)
Influence of life stress on depression: moderation by a polymorphism in the 5-HTT
gene. Science 301:386-389.

Chartier KG, Hesselbrock MN, Hesselbrock VM (2010) Development and vulnerability
factors in adolescent alcohol use. Child Adolesc Psychiatr Clin N Am 19:493-504.
Chauveau F, Lange MD, Jiingling K, Lesting J, Seidenbecher T, Pape H-C (2012)
Preventionnof stress-impaired fear extinction through neuropeptide S action in the

lateral amygdala. Neuropsychopharmacol 37:1588—-1599.

Chrousos GP (2009) Stress and disorders of the stress system. Nat Rev Endocrinol
5:374-381.

Cooney RE, Joormann J, Eugéne F, Dennis EL, Gotlib IH (2010) Neural correlates of
rumination in depression. Cogn Affect Behav Ne 10:470—478.

D’Amato M, Zucchelli M, Seddighzadeh M, Anedda F, Lindblad S, Kere J, Alfredsson
L, Klareskog L, Padyukov L (2010) Analysis of neuropeptide S receptor gene
(NPSR1) polymorphism in rheumatoid arthritis. PloS ONE 5:¢9315

Dannlowski U, Kugel H, Franke F, Stuhrmann A, Hohoff C, Zwanzger P, Lenzen T,
Grotegerd D, Suslow T, Arolt V, Heindel W, Domschke K (2011) Neuropeptide-S
(NPS) receptor genotype modulates basolateral amygdala responsiveness to aversive
stimuli. Neuropsychopharmacol 36:1879—1885.

Dickman SJ (1990) Functional and dysfunctional impulsivity: personality and cognitive
correlates. J Pers Soc Psychol 58: 95-102

Didonet JJ, Cavalcante JC, Souza LS, Costa MSMO, André E, Soares-Rachetti VP,
Guerrini R, Calé G, Gavioli EC (2014) Neuropeptide S counteracts 6-OHDA-
induced motor deficits in mice. Behav Brain Res 266:29-36.

Domschke K, Reif A (2012) Behavioral genetics of affective and anxiety disorders.
Curr Topics Behav Neurosci 12:463-502.

54



Domschke K, Reif A, Weber H, Richter J, Hohoff C, Ohrmann P, Pedersen A, Bauer J,
Suslow T, Kugel H, Heindel W, Baumann C, Klauke B, Jacob C, Maier W, Fritze J,
Bandelow B, Krakowitzky P, Rothermundt M, Erhardt A, Binder EB, Holsboer F,
Gerlach AL, Kircher T, Lang T, Alpers GW, Strohle A, Fehm L, Gloster AT,
Wittchen HU, Arolt V, Pauli P, Hamm A, Deckert J (2011) Neuropeptide S receptor
gene — converging evidence for a role in panic disorder. Mol Psychiatr 16:938-948.

Donner J, Haapakoski R, Ezer S, Melen E, Pirkola S, Gratacos M, Zucchelli M, Anedda
F, Johansson LE, S6derhill C, Orsmark-Pietras C, Suvisaari J, Martin-Santos R,
Torrens M, Silander K, Terwilliger JD, Wickman M, Pershagen G, Lonnqvist J,
Peltonen L, Estivill X, D’Amato M, Kere J, Alenius H, Hovatta I (2010) Assessment
of the neuropeptide S system in anxiety disorders. Biol Psychiat 68:474—483.

Eensoo D, Paaver M, Harro J (2010) Factors associated with speeding penalties in
novice drivers. Ann Adv Automot Med 54:1-9.

Ebner K, Rjabokon A, Pape H-C, Singewald N (2011) Increased in vivo release of
neuropeptide S in the amygdala of freely moving rats after local depolarisation and
emotional stress. Amino Acids 41: 991-996.

Eley TC, Sugden K, Corsico A, Gregory AM, Sham P, McGuffin P, et al. (2004) Gene-
environment interaction analysis of serotonin system markers with adolescent
depression. Mol Psychiatr 9:908-915.

Enquist J, Ferwerda M, Madhavan A, Hok D, Whistler JL (2012) Chronic ethanol
potentiates the effect of neuropeptide S in the basolateral amygdala and shows
increased anxiolytic and anti-depressive effects. Neuropsychopharmacol 37:2436—
2445,

Ersche KD, Turton AJ, Pradhan S, Bullmore ET, Robbins TW (2010) Drug addiction
endophenotypes: Impulsive versus sensation-seeking personality traits. Biol Psychiat
68:770-773.

Fawcett J (2001) Treating impulsivity and anxiety in the suicidal patient. Ann NY Acad
Sci 932:94-102.

Filaferro M, Novi C, Ruggieri V, Genedani S, Alboni S, Malagoli D, Cal6é G, Guerrini
R, Vitale G (2013) Neuropeptide S stimulates human monocyte chemotaxis via NPS
receptor activation. Peptides 39:16-20.

Ganelin-Cohen E, Ashkenasi A (2013) Disordered Sleep in Pediatric Patients with
Attention Deficit Hyperactivity Disorder: An Overview. Isr Med Assoc J 15:705—
709.

Gillespie CF, Phifer J, Bradley B, Ressler KJ (2009) Risk and resilience: Genetic and
environmental influences on development of the stress response. Depress Anxiety
26:984-992.

Glotzbach-Schoon E, Andreatta M, Reif A, Ewald H, Troger C, Baumann C, Deckert J,
Miihlberger A, Pauli P (2013) Contextual fear conditioning in virtual reality is
affected by SHTTLPR and NPSRI polymorphisms: effects on fear-potentiated
startle. Behav Neurosci 7:31. doi:10.3389/fnbeh.2013.00031

Goldman N, Glei DA, Lin YH, Weinstein M (2010) The serotonin transporter poly-
morphism (5-HTTLPR): Allelic variation and links with depressive symptoms.
Depress Anxiety 27:260-269.

Goldstein DS, Kopin 1J (2007) Evolution of concepts of stress. Stress 10:109-120.

Gottlieb DJ, O’Connor GT, Wilk JB (2007) Genome-wide association of sleep and
circadian phenotypes. BMC Med Genet 8:S9. Accessed 20 April 2014. doi:
10.1186/1471-2350-8-S1-S9

55



Grant BF, Stinson FS, Dawson DA, Chou SP, Dufour MC, Compton W, Pickering RP,
Kaplan K (2004) Prevalence and co-occurrence of substance use disorders and
independent mood and anxiety disorders. Arch Gen Psychiat 61:807-816.

Guerrini R, Salvadori S, Rizzi A, Regoli D, Calo G (2010) Neurobiology, pharmaco-
logy, and medicinal chemistry of neuropeptide S and its receptor. Med Res Rev
30:751-777.

Gupte J, Cutler G, Chen JL, Tian H (2004) Elucidation of signaling properties of
vasopressin receptor related receptor 1 by using the chimeric receptor approach.
Proc Natl Acad Sci USA 101:1508-1513.

Han RW, Zhang RS, Xu HJ, Chang M, Peng YL, Wang R (2013) Neuropeptide S
enhances memory and mitigates memory impairment induced by MKS8O01,
scopolamine or A4 in mice novel object and object location recognition tasks.
Neuropharmacology 70:261-267.

Harro J (2006) CCK and NPY as anti-anxiety treatment targets: promises, pitfalls, and
strategies. Amino Acids 3:215-230.

Harro J (2010) Inter-individual differences in neurobiology as vulnerability factors for
affective disorders: implications for psychopharmacology. Pharmacol Ther
125:402-422.

Harro J, Kiive E (2011) Droplets of black bile? Development of vulnerability and
resilience to depression in young age. Psychoneuroendocrino 36:380—392.

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 81:9—13.

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

Harro M, Eensoo D, Kiive E, Merendkk L, Alep J, Oreland L, Harro J (2001) Platelet
monoamine oxidase in healthy 9- and 15-years old children: the effect of gender,
smoking and puberty. Prog Neuro Psychoph 25:1497-151.

Hasin DS, Goodwin RD, Stinson FS, Grant BF (2005) Epidemiology of major
depressive disorder: Results from the national epidemiologic survey on alcoholism
and related conditions. Arch Gen Psychiat 62:1097-1106.

Heilig M, Koob GF (2007) A key role for corticotropin-releasing factor in alcohol
dependence. Trends Neurosci 30:399—406.

Heinz A, Mann K, Weinberger DR, Goldman D (2001) Serotonergic dysfunction,
negative mood states, and response to alcohol. Alcohol Clin Exp Res 25:487-495.
Hirota K, Kushikata T, Kudo M, Salvadori S, Calo G (2009) Effects of icv

neruropeptide S on ketamine anaesthesia in rats. Br J Anaesth 102:572-584.

lacono WG, Malone SM, McGue M (2003) Substance use disorders, externalizing
psychopathology, and P300 event related potential amplitude. Int J Psychophysiol
48:147-178.

Jovanovic H, Lundberg J, Karlsson P, Cerin A, Saijo T, Varrone A, Halldin C,
Nordstrom AL (2008) Sex differences in the serotonin 1A receptor and serotonin
transporter binding in the human brain measured by PET. Neuroimage 39:1408—
1419.

Jingling K, Liu X, Lesting J, Coulon P, Sosulina L, Reinscheid RK, Pape HC (2012)
Activation of neuropeptide S-expressing neurons in the locus coeruleus by
corticotropin-releasing factor. J Physiol 590:3701-3717.

56



Jingling K, Seidenbecher T, Sosulina L, Lesting J, Sangha S, Clark SD, Okamura N,
Duangdao DM, Xu Y-L, Reinscheid RK, Pape H-C (2008) Neuropeptide S-
mediated control of fear expression and extinction: Role of intercalated GABAergic
neurons in the amygdala. Neuron 59:298-310.

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

Kendler KS, Gatz M, Gardner CO, Pedersen NL (2006) Personality and major
depression. A Swedish longitudinal, population-based twin study. Arch Gen
Psychiat 63:1113-1120.

Kendler KS, Gardner CO, Lichtenstein P (2008) A developmental twin study of
symptoms of anxiety and depression: evidence for genetic innovation and
attenuation. Psychol Med 38:1567-1575.

Kertes DA, Kalsi G, Prescott CA, Kuo PH, Patterson DG, Walsh D, Kendler KS, Riley
BP (2011) Neurotransmitter and neuromodulator genes associated with history of
depressive symptoms in individuals with alcohol dependence. Alcohol Clin Exp Res
35:496-505.

Kessler RC, Adler L, Ames M, Demler O, Faraone S, Hiripi E, Howes MJ, Jin R,
Secnik K, Spencer T, Ustun TB, Walters EE (2005) The World Health Organization
Adult ADHD Self-Report Scale (ASRS): a short screening scale for use in the
general population. Psychol Med 35:245-256.

Kiive E, Kurrikoff T, Méestu J, Harro J (2010) Effect of as-adrenoceptor C-1291G
genotype and maltreatment on hyperactivity and inattention in adolescents. Prog
Neuropsychoph 34:219-224.

Kim S, Lee D (2011) Prefrontal cortex and impulsive decision making. Biol Psychiat
69:1140-1146.

Klauke B, Deckert J, Zwanzger P, Baumann C, Arolt V, Pauli P, Reif A, Domschke K
(2014) Neuropeptide S receptor gene (NPSR) and life events: G x E effects on
anxiety sensitivity and its subdimensions. World J Biol Psychiat 15:17-25.

Kleinberg A, Aluoja A, Vasar V (2010) Point prevalence of major depression in
Estonia. Results from the 2006 Estonian Health Survey. Eur Psychiat 25:485-490.

Koob GF, Greenwell TN (2004) Neuropeptide S: A novel activating anxiolytic? Neuron
43:441-442.

Kormos V, Gaszner B (2013) Role of neuropeptides in anxiety, stress, and depression:
From animals to humans. Neuropeptides 47:401-419.

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
163:768-821.

Kruger RF, Eaton NR (2010) Personality traits and the classification of mental
disorders: Toward a more complete integration in DSM-5 and an empirical model of
psychopathology. Personal Disord 1:97-118.

Kudielka BM, Kirschbaum C (2005) Sex differences in HPA axis responses to stress: a
review. Biol Psychol 69:113-132.

Kumsta R, Chen FS, Pape HC, Heinrichs M (2013) Neuropeptide S receptor gene is
associated with cortisol responses to social stress in humans. Biol Psychol 93:304—
307.

Kumsta R, Entringer S, Koper JW, van Rossum EF, Hellhammer DH, Wust S (2007)
Sex specific associations between common glucocorticoid receptor gene variants

57



and hypothalamus—pituitary—adrenal axis responses to psychosocial stress. Bio/
Psychiat 62:863-869.

Kushner MG, Wall MM, Krueger RF, Sher KJ, Maurer E, Thuras P, Lee S (2012)
Alcohol dependence is related to overall internalizing psychopathology load rather
than to particular internalizing disorders: Evidence from a national sample. Alcohol
Clin Exp Res 36:325-331.

Kushner MG, Maurer E, Menary K, Thuras P (2011) Vulnerability to the rapid
(,,telescoped™) development of alcohol dependence in individuals with anxiety
disorder. J Stud Alcohol Drugs 72:1019-1027.

Laas K, Reif A, Herterich S, Eensoo D, Lesch KP, Harro J (2010) The effect of a
functional NOS1 promoter polymorphism on impulsivity is moderated by platelet
MAQO activity. Psychopharmacology 209:255-261.

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

Laitinen Laitinen T, Polvi A, Rydman P, Vendelin J, Pulkkinen V, Salmikangas P,
Makela S, Rehn M, Pirskanen A, Rautanen A, Zucchelli M, Gullsten H, Leino M,
Alenius H, Petays T, Haahtela T, Laitinen A, Laprise C, Hudson TJ, Laitinen LA,
Kere J (2004) Characterization of a common susceptibility locus for asthma-related
traits. Science 304:300-304.

Lennertz L, Franke PE, Grabe HJ, Rampacher F, Schule-Rauschenbach S, Guttenthaler
V, Ruhrmann S, Pukrop R, Klosterkdtter J, Falkai P, Maier W, Wagner M, Mossner
R (2013) The functional coding variant Asn107Ile of the neuropeptide S receptor
gene (NPSRI1) influences age at onset of obsessive-compulsive disorder. Int J
Neuropsychoph 16:1951-1958.

Lennertz L, Quednow BB, Schuhmacher A, Petrovsky N, Frommann I, Schulze-
Rauschenbach S, Landsberg MW, Steinbrecher A, Hofels S, Pukrop R, Klosterkotter
J, Franke PE, Wolwer W, Gaebel W, Hafner H, Maier W, Wagner M, Mossner R
(2012) The functional coding variant Asn107Ile of the neuropeptide S receptor gene
(NPSR1) is associated with schizophrenia and modulates verbal memory and the
acoustic startle response. Int J Neuropsychoph 15:1205-1215.

Leonard SK, Dwyer JM, Sukoff Rizzo SJ, Platt B, Logue SF, Neal SJ, Malberg JE,
Beyer CE, Schechter LE, Rosenzweig-Lipson S, Ring RH (2008) Pharmacology of
neuropeptide S in mice: Therapeutic relevance to anxiety disorders. Psychophar-
macology (Berl) 197:601-611.

Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S, Benjamin J, Muller
CR, Hamer DH, Murphy DL (1996) Association of anxiety-related traits with a
polymorphism in the serotonin transporter gene regulatory region. Science
274:1527-1531.

Lesch KP (2004) Gene-environment interaction and the genetics of depression. J
Psychiatry Neurosci 29:174-184.

Lesch KP, Timmesfeld N, Renner TJ, Halperin R, Roser C, Nguyen TT, Craig DW,
Romanos J, Heine M, Meyer J, Freitag C, Warnke A, Romanos M, Schéfer H,
Walitza S, Reif A, Stephan DA, Jacob C (2008) Molecular genetics of adult ADHD:
converging evidence from genome-wide association and extended pedigree linkage
studies. J Neural Transm 115:1573—1585.

Levine J, Cole DP, Chengappa KNR, Gershon S (2001) Anxiety disorders and major
depression, together or apart. Depress Anxiety 14:94—104.

Luine V (2007) Chronic stress and neural function: Accounting for sex and age. J
Neuroendocrinol 19:743-751.

58



Lukas M and Neumann ID (2012) Nasal application of neuropeptide S reduces anxiety
and prolongs memory in rats: Social versus non-social effects. Neuropharmacology
62:398-405.

Lonngvist JE, Verkasalo M, Mékinen S, Henriksson M (2009) High neuroticism at age
20 predicts history of mental disorders and low self-esteem at age 35. J Clin Psychol
65:781-790.

Mandelli L, Serretti A (2013) Gene environment interaction studies in depression and
suicidal behavior: An update. Neurosci Biobehav Rev 37:2375-2397.

Mann M, Hosman CMH, Schaalma HP, de Vries NK (2004) Self-esteem in a broad-
spectrum approach for mental health promotion. Health Educ Res 19:357-372.

Marin MF, Lord C, Andrews J, Juster RP, Sindi S, Arsenault-Lapirre G, Fiocco AJ,
Lupien SJ (2011) Chronic stress, cognitive functioning and mental health. Neurobiol
Learn Mem 96:583-595.

Meis S, Bergado-Acosta JR, Yanagawa Y, Obata K, Stork O, Munsch T (2008)
Identification of a neuropeptide S responsive circuitry shaping amygdala activity via
the endopiriform nucleus. PloS ONE 3:e2695.

Merenikk L, Méestu J, Nordquist N, Parik J, Oreland L, Loit H-M, Harro J (2011)
Effects of the serotonin transporter (5-HTTLPR) and a,,-adrenoceptor (C-1291G)
genotypes on substance use in children and adolescents: a longitudinal study.
Psychopharmacology 215:13-22.

Mochizuki T, Kim J, Sasaki K (2010) Microinjection of neuropeptide S into the rat
ventral tegmental area induces hyperactivity and increases extracellular levels of
dopamine metabolites in the nucleus accumbens shell. Peptides 31:926-931.

Moffitt TE, Harrington H, Caspi A, Kim-Cohen J, Goldberg D, Gregory AM, Poulton R
(2007) Depression and generalized anxiety disorder: cumulative and sequential
comorbidity in a birth cohort followed prospectively to age 32 years. Arch Gen
Psychiat 64:651-660.

Monroe S (2008) Modern approaches to conceptualizing and measuring human life
stress. Annu Rev Clin Psychol 4:33-52.

Montgomery SA, Asberg M (1979) A new depression scale designed to be sensitive to
change. Br J Psychiat 134:382-389.

Moret C, Briley M (2011) The importance of norepinephrine in depression.
Neuropsychiatr Dis Treat 7:9—13.

Moses-Kolko EL, Perlman SB, Wisner KL, James J, Saul AT, Phillips ML (2010)
Abnormally reduced dorsomedial prefrontal cortical activity and effective
connectivity with amygdala in response to negative emotional faces in postpartum
depression. Am J Psychiat 167:1373—1380.

Muller JE, Koen L, Soraya S, Emsley RA, Stein DJ (2004) Anxiety disorders and
schizophrenia. Curr Psychiatry Rep 6:255-261.

Mbttus R, Pullmann H and Allik J (2006) Towards more readable Big Five personality
inventories. Eur J Psychol Assess 22:149-157.

Millo T, Matrov D, Koéiv K, Harro J (2009) Effect of chronic stress on behavior and
cerebral oxidative metabolism in rats with high or low positive affect. Neuroscience
164:963-974.

National Institute of Mental Health (NIMH), USA,
www.nimh.nih.gov/statistics/index.shtml, retrieved in 03 Feb 2013.

National Sleep Foundation (2006) Sleep in America Poll. National Sleep Foundation,
Washington, DC.

59



Neale BM, Lasky-Su J, Anney R, Franke B, Zhou K, Maller JB, Vasquez AA, Asher-
son P, Chen W, Banaschewski T, Buitelaar J, Ebstein R, Gill M, Miranda A, Oades
RD, Roeyers H, Rothenberger A, Sergeant J, Steinhausen HC, Sonuga-Barke E,
Mulas F, Taylor E, Laird N, Lange C, Daly M, Faraone SV (2008) Genome-wide
association scan of attention deficit hyperactivity disorder. Am J Med Genet B
147B:1337-1344.

Neiss MB, Sedikides C, Stevenson J (2006) Genetic influences on level and stability of
self-esteem. Self Identity 5:247-266.

Nock MK, Borges G, Bromet EJ, Cha CB, Kessler RC, Lee S (2008) Suicide and
suicidal behaviour. Epidemiol Rev 30:133-154.

Nugent NR, Tyrka AR, Carpenter LL, Price LH (2011) Gene—environment interactions:
early life stress and risk for depressive and anxiety disorders. Psychopharmacology
214:175-196.

Okamura N, Hashimoto K, Iyo M, Shimizu E, Dempfle A, Friedel S, Reinscheid RK
(2007) Gender-specific association of a functional coding polymorphism in the
Neuropeptide S receptor gene with panic disorder but not with schizophrenia or
attention-deficit/hyperactivity disorder. Prog Neuropsychoph 31:1444—1448.

Okamura N, Garau C, Duangdao DM, Clark SD, Jiingling K, Pape HC, Reinscheid RK
(2011) Neuropeptide S enhances memory during the consolidation phase and
interacts with noradrenergic systems in the brain. Neuropsychopharmacol 36:744—
752.

Ortega FB, Ruiz JR, Labayen I, Kwak L, Harro J, Oja L, Veidebaum T, Sjéstrom M
(2011) Sleep duration and activity levels in Estonian and Swedish children and
adolescents. Eur J Appl Physiol 111:2615-2623.

Paaver M, Eensoo D, Kaasik K, Vaht M, Miestu J, Harro J (2013) Preventing risky
driving: A novel and efficient brief intervention focusing on acknowledgement of
personal risk factors. Accident Anal Prev 50:430-437.

Paaver M, Eensoo D, Pulver A, Harro J (2006) Adaptive and maladaptive impulsivity,
platelet monoamine oxidase (MAO) activity and risk-admitting in different types of
risky drivers. Psychopharmacology 186:32—40.

Paaver M, Kurrikoff T, Nordquist N, Oreland L, Harro J (2008) The effect of 5-HTT
gene promoter polymorphism on impulsivity depends on family relations in girls.
Prog Neuropsychoph 32:1263-1268.

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. Psychopharmacology 194:545—
554.

Paavonen EJ, Riikkonen K, Lahti J, Komsi N, Heinonen K, Pesonen A-K, Jarvenpii A-
L, Strandberg T, Kajantie E, Porkka-Heiskanen T (2009) Short sleep duration and
behavioral symptoms of attention-deficit’/hyperactivity disorder in healthy 7— to 8-
year-old children. Pediatrics 123:857-864.

Paneda C, Huitron-Resendiz S, Frago LM, Chowen JA, Picetti R, de Lecea L, Roberts
AJ (2009) Neuropeptide S reinstates cocaine-seeking behavior and increases
locomotor activity through corticotropin-releasing factor receptor 1 in mice. J
Neurosci 29:4155-4161.

Panksepp J (1998) Affective neuroscience: The foundations of human and animal
emotions. London: Oxford University Press.

Panksepp J (2005) Affective consciousness: Core emotional feelings in animals and
humans. Conscious Cogn 14:30-80.

60



Pape HC, Jiingling K, Seidenbecher T, Lesting J, Reinscheid RK (2010) Neuropeptide
S: a transmitter system in the brain regulating fear and anxiety. Neuropharmacology
58:29-34.

Patton JH, Stanford MS, Barratt ES (1995) Factor structure of the Barratt Impulsiveness
Scale. J Clin Psychol 51:768-774.

Pitti T, Manoj N (2012) Molecular Evolution of the Neuropeptide S Receptor. PLoS
ONE 7: e34046.

Pivac N, Kim B, Nedi¢ G, Joo YH, Kozari¢-Kovaci¢ D, Hong JP, Muck-Seler D (2009)
Ethnic differences in brain-derived neurotrophic factor Val66Met polymorphism in
Croatian and Korean healthy perticipants. Croat Med J 50:43-48.

Plato (n.d./1901) The Republic (Jowett B, Trans.). New York: Willey Book Co.

Pompili M, Serafini G, Innamorati M, Méller-Leimkiihler AM, Giupponi G, Girardi P,
Tatarelli R, Lester D (2010) The hypothalamic-pituitary-adrenal axis and serotonin
abnormalities: a selective overview for the implications of suicide prevention. Eur
Arch Psy Clin N 260:583—-600.

Pulga A, Ruzza C, Rizzi A, Guerrini R, Calo G (2012) Anxiolytic- and panicolytic-like
effects of Neuropeptide S in the mouse elevated T-maze. Eur J Neurosci 36:3531—
3537.

Pulkkinen V, Majuri ML, Wang G, Holopainen P, Obase Y, Vendelin J, Wolff H, Rytila
P, Laitinen LA, Haahtela T, Laitinen T, Alenius H, Kere J, Rehn M (2006)
Neuropeptide S and G protein-coupled receptor 154 modulate macrophage immune
responses. Hum Mol Genet 15:1667-1679.

Pullmann H, Allik J (2000) The Rosenberg Self-esteem scale: its dimensionality,
stability and personality correlates in Estonia. Pers Indiv Diff 36:485—-495.

Raczka KA, Gartmann N, Mechias ML, Reif A, Biichel C, Deckert J, Kalisch R (2010)
A neuropeptide S receptor variant associated with overinterpretation of fear
reactions: a potential neurogenetic basis for catastrophizing. Mo/ Psychiatr 15:1067—
1074.

Raiteri L, Luccini E, Romei C, Salvadori, Cald G (2009) Neuropeptide S selectively
inhibits the release of 5-HT and noradrenaline from mouse frontal cortex nerve
endings. Br J Pharmacol 157:474-481.

Reif A, Kiive E, Kurrikoff T, Paaver M, Herterich S, Konstabel K, Tulviste T, Lesch K-
P, Harro J (2011) A functional NOS1 promoter polymorphism interacts with adverse
environment on functional and dysfunctional impulsivity. Psychopharmacology
214:239-248.

Reinscheid RK (2007) Phylogenetic appearance of neuropeptide S precursor proteins in
tetrapods. Peptides 28:830-837.

Reinscheid RK (2008) Neuropeptide S: Anatomy, pharmacology, genetics and
physiological functions. Results Probl Cell Differ 46:145—158.

Reinscheid RK, Xu YL, Okamura N, Zeng J, Chung S, Pai R, Wang Z, Civelli O (2005)
Pharmacological characterization of human and murine neuropeptide s receptor
variants. J Pharmacol Exp Ther 315:1338-1345.

Rizzi A, Vergura R, Marzola G, Ruzza C, Guerrini R, Salvadori S, Regoli D, Calo G
(2008) Neuropeptide S is a stimulatory anxiolytic agent: a behavioural study in
mice. Br J Pharmacol 154:471-479.

Rosenberg M (1965) Society and the adolescent self-image. New York: Princeton UP.

Ruggeri B, Braconi S, Cannella N, Kallupi M, Soverichia L, Ciccocioppo R, Ubaldi M
(2010) Neuropeptide S receptor gene expression in alcohol withdrawal and
protracted abstinence in postdependent rats. Alcohol Clin Exp Res 34:90-97.

61



Rutter M (2006). Implications of resilience concepts for scientific understanding. Ann
NY Acad Sci 1094:1-12.

Sato S, Shintani Y, Miyajima N, Yoshimura K. Novel G-protein coupled receptor
protein and DNA thereof. WO 02/31145 A1, 2002.

Selye H (1936) A syndrome produced by diverse nocuous agents. Nature 138:32-32.

Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, Hergueta E,
Baker T, Dunbar GC (1998) The Mini International Neuropsychiatric Interview
(M.LN.L): the development and validation of a structured diagnostic psychiatric
interview for DSM-VI and ICD-10. J Clin Psychiat 59:22-33.

Shlik J, Aluoja A, Kihl E (1999) MINI 5.0.0. Mini rahvusvaheline neuropsiihhiaatriline
intervjuu DSM —IV. Estonian version of MINI international neuropsychiatric
interview.

Shochat T, Cohen-Zion M, Tzischinsky O (2014) Functional consequences of
inadequate sleep in adolescents: A systematic review. Sleep Med Rev 18:75-87.

Si W, Aluisio L, Okamura N, Clark SD, Fraser I, Sutton SW, Bonaventure P,
Reinscheid RK (2010) Neuropeptide S stimulates dopaminergic neurotransmission
in the medial prefrontal cortex. J Neurochem 115:475-482.

Smith KL, Patterson M, Dhillo WS, Patel SR, Semjonous NM, Gardiner JV, Ghatei
MA, Bloom SR (2006) Neuropeptide S stimulates the hypothalamopituitary-adrenal
axis and inhibits food intake. Endocrinology 147:3510-3518.

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

Strawn JR, Bitter SM, Weber WA, Chu W-J, Whitsel RM, Adler C, Cerullo MA,
Eliassen J, Strakowski SM, DelBello MP (2012) Neurocirquitry of generalized
anxiety disorder in adolescents: A pilot functional neuroimaging and functional
connectivity study. Depress Anxiety 29:939-947.

Swanson JM, Kraemer HC, Hinshaw SP, Arnold LE, Conners CK, Abikoff HB (2001)
Clinical relevance of the primary findings of the MTA: success rates based on
severity of ADHD and ODD symptoms at the end of treatment. J Am Acad Child
Adolesc Psych 40:168—179.

Terburg D, Morgan B, van Honk J (2009) The testosterone-cortisol ratio: A hormonal
marker for proneness to social aggression. Int J Law Psychiat 32:216-223.

Tomson K, Merendkk L, Loit H-M, Méestu 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 Psychoph
35:1857-1862.

Tupak SV, Reif A, Pauli P, Dresler T, Herrmann MJ, Domschke K, Jochum C, Haas E,
Baumann C, Weber H, Fallgatter AJ, Deckert J, Ehlis A-C (2013) Neuropeptide S
receptor gene: Fear-specific modulations of prefrontal activation. Neuroimage
66:353-360.

Van den Hove DL, Leibold NK, Strackx E, Martinez-Carlos M, Lesch KP, Steinbusch
HW, Schruers KR, Prickaerts J (201) Prenatal stress and subsequent exposure to
chronic mild stress in rats; interdependent effects on emotional behavior and the
serotonergic system. Eur Neuropsychopharm 24:595-607.

Vendelin J, Pulkkinen V, Rehn M, Pirskanen A, Rdisdnen-Sokolowski A, Laitinen A, et
al. (2005) Characterization of GPRA, a novel G protein-coupled receptor related to
asthma. Am J Respir Cell Mol Biol 33:262-70.

Vengeliene V, Bilbao A, Molander A, Spanagel R (2008) Neuropharmacology of
alcohol addiction. Br J Pharmacol 154:299-315.

62



Vitale G, Filaferro M, Ruggeri V, Pennella S, Frigeri C, Rizzi A, Guerrini R, Calé G
(2008) Anxiolytic-like effects of neuropeptide S in the rat defensive burying.
Peptides 29:2286-2291.

Von Diemen L, Bassani DG, Fuchs SC, Szobot CM, Pechansky F (2008) Impulsivity,
age of first alcohol use and substance use disorders among male adolescents: a
population cased case-control study. Addiction 103:1198-1205.

Wasserman D (2001) Suicide: An unnecessary death. In: Affective disorders and suicide
(Wasserman D, ed), pp 39—47. London: Martin Dunitz.

Watkins ER (2008) Constructive and unconstructive repetitive thought. Psychol Bull
134:163-206.

Wegener G, Finger BC, Elfving B, Keller K, Liebenberg N, Fischer CW, Singewald N,
Slattery DA, Neumann ID, Mathé AA (2012) Neuropeptide S alters anxiety, but not
depression-like behaviour in flinders sensitive line rats: a genetic animal model of
depression. Int J Neuropsychoph 15:375-387.

West R, Elander J, French D (1993) Mild social deviance, type-A behaviour pattern and
decision-making style as predictors of self-reported driving style and traffic accident
risk. Br J Psychol 84:207-219.

Wild LG, Flisher AJ, Lombard C (2004) Suicidal ideation and attempts in adolescents:
associations with depression and six domains of self-esteem. J Adolescence 27:611—
624.

Witt E (2007) Puberty, hormones, and sex differences in alcohol abuse and dependence.
Neurotoxicol Teratol 29:81-95.

Wittchen HU, Jacobi F, Rehm J, Gustavsson A, Svensson M, Jonsson B, Olesen J,
Allgulander C, Alonso J, Faravelli C, Fratiglioni L, Jennum P, Lieb R, Maercker A,
van Os J, Preising M, Salvador-Carulla L, Simon R, Steinhausen HC (2011) The
size and burden of mental disorders and other disorders of the brain Europe 2010.
Eur Neuropsychopharm 21:655-679.

Xu YL, Gall CM, Jackson VR, Civelli O, Reinscheid RK (2007) Distribution of
neuropeptide S receptor mRNA and neurochemical characteristics of neuropeptide
S-expression neurons in the rat brain. J Comp Neurol 500:84—102.

Xu YL, Reinscheid RK, Huitron-Resendiz S, Clark SD, Wang Z, Lin SH, Brucher FA,
Zeng J, Ly NK, Henriksen SJ, de Lecea L, Civelli O (2004) Neuropeptide S: a
neuropeptide promoting arousal and anxiolytic-like effects. Neuron 43:487-497.

Young-Wolff K, Enoch MA, Prescott CA (2010) The influence of gene-environment
interactions on alcohol consumption and alcohol use disorders: A comprehensive
review. Clin Psychol Rev 31:800-816.

Zhao P, Shao YF, Zhang M, Fan K, Kong XP, Wang R, Hou YP (2012) Neuropeptide S
promotes wakefulness through activation of the posterior hypothalamic
histaminergic and orexinergic neurons. Neuroscience 201:218-226.

63



SUMMARY IN ESTONIAN

Neuropeptiid S ja vaimne tervis: NPS retseptori genotiiubi ja
keskkonna roll isiksuseomaduste ja psuhhiaatriliste hairete kujunemisel

Hiljutiavastatud neuropeptiid S (NPS) avaldab nérilistel omapidrast mdju,
suurendades aktiivsust ja virgust samaaegselt drevuse alandamisega. Inimesel
on NPS retseptori geenis NPSRI funktsionaalne A>T poliimorfism (rs324981),
mille T-alleeli kooditud retseptorvalk on signaali vahendamisel tShusam.
T-alleeli kandlus on seotud suurema virguse, kuid ka paanikahiirega, mistottu
on T-alleeli hakatud pidama riskialleeliks. Viitekirjas kajastatud rahvastiku-
poOhiste uuringutega 16ime tasakaalustatuma pildi NPSRI toimimisest, leides nii
soost, vanusest kui keskkonnast s6ltuvaid seoseid.

NPSR] T-alleeliga isikud, eriti TT genotiilibiga mehed, olid hiiperaktiivse-
mad ja impulsiivsemad, ning stressirikkad elusiindmused rShutasid neid
omadusi veelgi. Kui NPSRI mdjutab aktiivsus-tdhelepanuhiirega seotud kaitu-
mist Opetajate hinnangute alusel juba lapseeas, siis genotiiiibi seosed enese-
raporteeritud impulsiivsuse ja muude isiksuseomadustega avaldusid tugevamalt
taiskasvanueas tinu muutustele 18-ndast 25-nda eluaastani. TT genotiilibi mdju
isiksusele voiks tdlgendada pigem ebasoodsana, ja seda eriti naiste jaoks. See-
vastu AA genotiilibiga uuritavatel, eriti meestel, oli soodsam isiksuseprofiil, ja
seda eriti heade peresuhete korral. Samas reageerisid molemast soost AA
genotiilibiga isikud tugevalt kehvale perekeskkonnale neurootilisuse ja mala-
daptiivse impulsiivsuse kasvu ning ekstravertsuse ja adaptiivse impulsiivsuse
alanemisega.

Leidsime, et naistel, kellel on madalaima aktiivsusega NPSR! genotiilip, AA,
voib juba teismeeas meeleolu ja drevuse regulatsiooniga raskusi olla. Mitte-
adaptiivsed jooned ilmnesid neil sagedamini just kehvade peresuhete korral ja
véljendusid kdrgemates piisidrevuse ja depressiivsuse skoorides ning madalas
enesehinnangus. AA genotiiilibi oletatav emotsionaalne haavatavus leidis veelgi
kinnitust: kdige rohkem afektiivseid ja drevushéireid esines 25ndaks eluaastaks
neil AA genotiilibiga naistel, kes olid kogenud teismelisena kehvi peresuhteid.
AA genotiilibiga naised raporteerisid 18-aastaselt ka kdige sagedamini
enesetapukatseid, ja jillegi oli seos tugevam just kehvade peresuhete korral.

NPSR] oli seotud ka alkoholi kuritarvitamise ja alkoholisdltuvusega. Naistel
olid nii alkoholi kuritarvitamine kui sdltuvushdire sagedasemad A-alleeli
kandjatel. Seevastu meestel esines oluliselt rohkem teismeea alkoholitarvitamist
ning sOltuvushiireid T-alleeli kandjate hulgas, ja seda eriti teismelisena kogetud
stressirikaste elusiindmuste puhul. Ometi oli meestel tdiskasvanuna sarnaselt
naistega alkoholitarvitamise riskialleeliks A-alleel, mis viitab meestel NPSRI-st
soltuvatele erinevatele alkoholitarvitamise mustritele. Kuna NPSRI seoseid
soltuvushdirete ja alkoholi tarbimisega vahendasid isiksusejooned ja impul-
siivsus, sobides kokku NPSRI sooti erineva rolliga hiiperaktiivsuse/impul-
siivsuse ja isiksuse kujundamisel, saab kirjeldada jirgnevaid soltuvuse
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tekkimise radasid. A-alleeliga naistel, eriti AA homosiigootidel, tdhendab tde-
ndoliselt madalam NPS-egiline aktiivsus raskusi meeleolu ja drevuse regulat-
siooniga juba teismeeas, mis teeb nad alkoholi tarvitamisele vastuvdtlikuks.
Seega kujunes osadel A-alleeliga naistest 25ndaks eluaastaks vélja alkoholi-
soltuvushdire. Meestel eksisteerib impulsiivsusega seotud varajase algusega
soltuvuse tekkimise rada: NPSRI T-alleeliga mehed, eriti TT homosiigoodid,
olid hiiperaktiivsemad ja impulsiivsemad, mis tegi nad vastuvotlikuks alkoholi
tarvitamisele, eriti stressirikkaid elusiindmusi kogedes. Seetottu pole iillatav, et
T-alleeliga meeste hulgas oli oluliselt rohkem soltuvushdireid. Nagu mainitud,
raporteerisid huvitaval kombel sarnaselt naistega alkoholiga liialdamist tiis-
kasvanuna hoopis AA genotiiiibiga mehed, mis viitab vdimalikule tdiendavale
hilise algusega soltuvuse tekkimise rajale: AA meestel tousid adaptiivne impul-
siivsus ja avatus oluliselt 25-ndaks eluaastaks, ning nad olid ka alkoholi
kuritarvitamisele vastuvotlikumad. Kas neil ka hiljem soltuvus kujuneb, jadb
tulevikus selgitada.

NPSR1 A/T polimorfism on seotud ka erinevate unefenotiiiipidega. AA
genotiiiibiga isikutel oli sagedamini uneprobleeme nii teismeeas kui tiis-
kasvanuna, ja nad liksid teismelisena hiljem magama; seevastu TT genotiilibiga
isikud léksid tdiskasvanuna hiljem magama. Nii AA kui TT homosiigoodid
magasid tdiskasvanuna lilhemat aega, kui nad olid teismelisena halvemat
keskkonda kogenud. Genotiiiibi seosed uneprobleemidega sobivad NPSRI rolli
selgitamiseks psiihhiaatrilistes héiretes.

NPSR on huvipakkuv sihtmérk ravimiarenduseks, kuna mojutab virgust,
emotsionaalseid reaktsioone ja alkoholi kuritarvitamist. Analoogselt loomkatse-
tega voiks NPSi ka inimestel kasutada nditeks meeleolu- ja drevushiirete puhul
kaitumusliku aktiviseerijana ja drevuse alandajana. Samas aga tuleks uurida ja
olla ettevaatlik voimalike koOrvaltoimete suhtes, kaasa arvatud voimalus, et
NPS-i indutseeritud autonoomse nérvisiisteemi aktivatsioonist tekivad monel
inimesel paanikahood. Kuigi véitekirjas esitatud tulemused on saadud
rahvastikupdhiseid valimeid kasutades, tuleks NPSRI/ mdju koostoimes
keskkonnaga uurida ka teistel etnilistel gruppidel ja erinevates iihiskondades.
Eraldi tdhelepanu tuleks suunata AA ja TT homosiigootide -erinevate
emotsioonide reguleerimise viiside stigavuti tundma dppimiseks.
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