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Chapter1

General Introduction



CHAPTER 1

Background

The efficacy of antidepressants is tested in randomized controlled trials (RCTs). RCTs report
rather modest remission rates when it comes to the efficacy of serotonin reuptake inhibitors
(SSRIs) (Keller et al., 1998; Trivedi et al., 2006). For instance, an RCT with the SSRI sertraline
in chronically depressed patients yielded a response rate of 22% (i.e. reduction of symptoms
of at least 50%) and a remission rate of 36% (i.e. symptom reduction below the threshold
of disorder) after 12 weeks (Keller et al., 1998). The response rate of outpatients with major
depressive disorder (MDD) to treatment with the SSRI citalopram in an observational study
was 47%, while the remission rate was only 28-33% after 8 weeks of treatment (Trivedi et al.,
2006). Overall, this leaves + 50% of MDD patients who do not respond to antidepressants
(Keller et al., 1998; Trivedi et al., 2006). Meta-analysis of RCTs have also indicated that
antidepressants improve the symptoms of depression, but the difference with placebo is
small and may only be clinically worthwhile in severely depressed patients (where placebo is
less effective) (Khan et al., 2002; Kirsch et al. 2008; Fournier et al., 2010).

A complementary tool to predict efficacy of novel antidepressant drug

Although much research effort has been put into the development of new antidepressant
drugs, the process of developing a drug often fails at the stage of large RCTs in which an
initially promising compound appears to lack efficacy after all (Harmer et al., 2011). Several
experimental medicine models have been proposed as preclinical tools in order to predict
drug efficacy before the stage large RCTs (Dawson et al., 2011). Experimental medicine
models focusing on antidepressant drug development tap into a range of biomarkers
underlying the defective processes seen in MDD patients including behavioural measures,
electroencephalogram (EEG), Magnetic Resonance Imaging (MRI) and sleep physiology
(Pangalos et al., 2007, Dawson et al., 2011).

Among the various experimental medicine models, the cognitive neuropsychological model
has been proposed as a complementary tool to predict the efficacy of antidepressant
drug even before the stage of large scale and expensive RCTs (Harmer et al., 2009; 2011).
Despite the fact that antidepressants may take weeks to show a clinical effect in depressed
patients, they do have immediate effects on emotional information processing, even after
single doses in healthy volunteers (Harmer et al.,, 2003; Harmer et al., 2008; Arnone et al.,
2009; Murphy et al., 2009; Rawlings et al., 2010). The neuropsychological model of drug action
aims to measure early antidepressant effects by detecting the shift from a negative to a more
positive bias in different domains of emotional information processing such as attention,
memory and processing of emotional facial expressions (reviewed by Harmer et al., 2009).
Some markers of depression that are present in remitted patients are also detectable
through pharmacological challenges in healthy individuals (Harmer et al., 2003; Harmer et
al., 2008; Arnone et al., 2009; Murphy et al., 2009; Rawlings et al., 2010). Furthermore, healthy
individuals do not have a current or history of psychiatric disorders and their response to
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antidepressants is not contaminated by earlier pharmacological treatment. These attributes
of healthy individuals makes them suitable for assessing the effects of interventions in
experimental psychological settings.

Cognitive neuropsychological model of drug action

Antidepressants may take 6-12 weeks to elicit a clinically observable reduction of depressive
symptoms in MDD patients (Frazer and Benmansour 2002). Antidepressants do have
immediate biological effects as several processes (e.g. increasing the amount of serotonin
in the synaptic cleft by blockade of transporters) are directly initiated at the molecular level
(Berton and Nestler 2006; Stahl et al., 2013). Already in the early stage of antidepressant
administration these direct biological effects lead to the initiation of downstream neuro-
adaptive processes but also to a shift from a negative to a positive bias in information
processing. According to the neuropsychological model of drug action, these induced
changes in information processing interact with emotional and social cues from the
environment, resulting over the course of time in an effect on mood states (Figure 1). This
gives an alternative (complementary) explanation for the delay in clinically observable
antidepressant effects. The early shift towards positive emotional processing is proposed to
be associated with neural fine-tuning in subcortical and cortical circuits (Review, Harmer et
al., 2009), which will be discussed in the following paragraphs.

a)
D .
Increased 5-HT N ownst.ream N Improved N Change in
neuroadaptive effects mood emotional bias
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Delay
Downstream

Increased 5-HT

neuroadaptive effects

Vv

Delay
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Figure 1. a) Mechanisms underlying the delay in antidepressant drug action as it is generally accepted,;
b) Mechanisms underlying the delay of drug action as it described in the neuropsychological model of drug
action by Harmer et al., 2009.
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CHAPTER 1

Validation of the cognitive neuropsychological model of drug action

The cognitive neuropsychological model of drug action has been validated in healthy
volunteersby meansofbehaviouraltasks and neural measures, assessing different domains of
emotional information processing following administration of conventional antidepressant
drugs which act on different neurotransmitter systems (Harmer et al., 2003; Harmer et al.,
2008; Arnone et al., 2009; Norbury et al., 2007; Murphy et al., 2009; Rawlings et al., 2010).

Drug administration and early behavioural changes

Two hours following a single dose of the tetracyclic antidepressant mirtazapine (15 mg),
healthy volunteers were less accurate in recognizing fearful faces during a facial expression
recognition task (FERT) without affecting reaction times (Arnone et al.,, 2009). Mirtazapine
increased reaction times to self-referential words in general, and specifically improved the
recall of positive self-referential words during an Emotional Categorization and Memory
Task, which is another component of the Emotional Test Battery (ETB) (Arnone et al., 2009).

In another study a single dose of the noradrenergic antidepressant reboxetine (4 mg)
improved the recall of happy facial expressions only 2 hours after administration in healthy
volunteers (Harmer et al., 2003). In addition, the reboxetine group had a faster reaction time
towards positive vs negative self- referential words, while this difference was much smallerin
the placebo group during the Emotional Categorization Task (Harmer et al., 2003).

The ETB was also completed by healthy volunteers 6 hours after administration of a single
dose of the serotonin-norepinephrine reuptake inhibitor duloxetine (60 mg) (Harmer et al.,
2008). Duloxetine improved the recognition of both disgust and happy facial expressions
without affecting reaction times (Harmer et al., 2008).

These findings provide evidence for early changes in the behavioural response to emotional
stimuli following antidepressant drugs administration, however, the interpretation of the
changes found on the behavioural measures may vary.

Drug administration and early neural changes

Next to the early detection of changes in emotional processing and biases by means of
behavioural measures following antidepressant treatment, early changes at a neural level
can also be detected by means of neuroimaging techniques measuring neuronal activity.
Neuronal activity is accompanied by an increase in oxygenation metabolism, cerebral blood
flow and volume. MRl is an imaging technique that measures these changes in blood flow
and provides an indirect measure of neuronal activity in the brain.

A single dose of mirtazapine (15 mg) vs placebo was associated with a differential neural
response to emotional faces in healthy volunteers two hours after administration (Rawlings et
al.,2010). Mirtazapine decreased activation to fearful faces and increased activation to happy
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faces in brain regions involved in emotional processing such as the amygdala, hippocampus
and fronto-striatal cortex (Rawlings et al., 2010).

Reboxetine administration (8 mg daily for seven days) in healthy volunteers was associated
with decreased neural response to subliminally presented fearful faces in the right amygdala
and with increased activation in the right fusiform gyrus to subliminally presented happy
faces (Norbury et al., 2007).

Furthermore, a single dose of the SSRI citalopram (20 mg) reduced the neural response to
fearful faces in the amygdala of healthy individuals, while it did not affect the response to
happy and neutral facial expressions (Murphy et al., 2009).

Thus, the findings on the neural response to emotional stimuli following antidepressant
drugs administration seems to be more unequivocal compared to the findings on the
behavioural response.

The majority of the aforementioned studies investigated the acute effect of various
antidepressants on emotional information processing (i.e. on behaviour and neural
responses) and reported differences between the antidepressant vs placebo groups in
absence of changes in mood or subjective state (Harmer et al., 2003; Norbury et al., 2007;
Murphy et al., 2009; Rawlings et al., 2010). The findings indicate a positive shift in emotional
information processing. These observations may be interpreted as evidence for the cognitive
neuropsychological model which hypothesizes that early changes in emotional bias precede
the improvement in mood following antidepressant treatment (Harmer et al., 2009). Since
single or short-term administration of antidepressant drugs already have a detectable
effect in healthy volunteers, the ETB has been applied as a tool to investigate whether new
compounds such as GSK424887 (NK1 antagonist and serotonin reuptake inhibitor) (Harmer
et al.,, 2013) and erythropoietin (Miskowiak et al., 2007a; Miskowiak et al., 2007b) may have
antidepressant effects. As mentioned above, this approach implements a potential new step
in the development of new antidepressant drugs. This might improve the efficiency of the
registration process, as initially promising compounds in animals often fail to be effective in
depressed patients (Review, Harmer et al., 2011).

In addition to the altered neural and cognitive responses to emotional information, altered
resting-state connectivity is associated with MDD and may contribute to its pathophysiology.
Several pharmacological studies have investigated the effect of conventional antidepressant
drugs on connectivity within the affective networks associated with MDD (Anand et al., 2005;
McCabe and Mishor, 2011; van Wingen et al., 2014). These studies have mainly focussed on
abnormalities in the cortico-limbic mood regulating circuit (MRC), the default-mode network
(DMN) and the task-positive network (TPN) as these have been reported to be altered in
depressed patients (reviewed by Wang et al., 2012). Pharmacological resting-state studies
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CHAPTER 1

conducted with conventional antidepressant drugs in healthy individuals reported reduced
connectivity within the cortico-limbic network (McCabe and Mishor et al., 2011) and reduced
connectivity in DMN and TPN, the latter two networks are thought to be increased in MDD
patients (Greicius et al., 2007, Wang et al., 2012).

Structure of this dissertation

The studies presented in this thesis concern two projects. In both projects we applied
the cognitive neuropsychological model of drug action to test antidepressant effects of a
compound in healthy volunteers. In the second project, concerning a well-known compound
(L-tryptophan), we further investigated the model by tapping into HPA-axis reactivity and
social decision making as additional outcomes, and investigated their interaction with a
genetic marker. In the first project, concerning a novel compound (ARA290), we used not only
behavioural/cognitive measures but also neuroimaging to detect antidepressant effects.

Pharmacological compound ARA290

Erythropoietin (EPO) is an endogenous protein of which the primary function is to regulate
the proliferation of hematopoietic stem cells into red blood cells (erythropoiesis). Next
to its role in erythropoiesis, EPO plays a role in tissue protection and repair through anti-
inflammatory actions (Brines and Cerami, 2005). EPO administration in animal models of
clinical conditions involving tissue damage such as experimental brain damage (Brines
et al.,, 2000) and neonatal stroke (Gonzalez et al., 2009) have shown that EPO crosses the
blood brain barrier (BBB) and exerts neurotrophic actions. In humans, administration of
EPO improved cognitive performance of patients with multiple sclerosis and schizophrenia
(Ehrenreich et al., 2007a; 2007b).

Based on these beneficial effects of EPO on brain tissue and cognition, a series of studies
have been conducted to investigate the antidepressant-like effects of EPO, using the
neuropsychological model of drug action (Miskowiak et al., 2007a; Miskowiak et al., 2007b).
The first studies were in healthy volunteers and later in patients with MDD (Miskowiak et
al., 2009; 2010). Although the results of these studies did suggest that a single dose of EPO
administration may have antidepressant effects, its utilization as antidepressant drug is
rather limited due to hematopoietic side effects of repetitive EPO administration (Wolf et
al., 1997; Stohlawets et al., 2000). However, the hematopoietic and tissue protective roles of
EPO are regulated by two distinct receptor systems (Figure 2). ARA290 is an 11-amino acid,
linear peptide developed as an EPO analogue, which solely acts on a specific receptor (i.e.
Innate Repair Receptor; IRR) that initiates tissue protective and anti-inflammatory actions.
The IRR consist of a B-common receptor (BCR) subunit (CD131) coupled to an EPOR and its
activation initiates multiple signalling pathways resulting tissue protective actions, without
initiating hematopoietic effects (Figure 2) (Review, Brines and Cerami, 2012). ARA290 has an
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elimination half-life of approximately 2 minutes following i.v. administration (Niesters et al.,
2013). Despite the short elimination half-life, ARA290 is suggested to elicit durable effects
due to the activation of IRR which regulates the innate tissue-protective response in various
stages over a period from hours to days (Brines et al., 2008a; Brines and Cerami, 2012).

The lack of hematopoietic effects makes ARA290 suitable for repetitive administration and
- if similar antidepressant-like effects are found as was reported with EPO administration -
more promising to develop into an effective antidepressant drug. In Chapter 2 and 3, the first
studies testing potential antidepressant-like effects of ARA290 in humans will be described.
Specifically, effects of ARA290 on behavioural measures (emotional information processing)
and neural measures (task-related and resting-state fMRI) will be presented.

BcR dimer
EPOR EPOR EPOR EPOR

Figure 2. ARA290 is acting on the EPO-R-CD131 receptor to initiate tissue protection (adapted from Brines and
Cerami, 2012, The receptor that tames the innate immune response).

Dietary compound: L-tryptophan

Reduced serotonergic activity is involved in the pathophysiology of depression (reviewed
by Nestler et al., 2002). Experimental manipulations of serotonin in humans, for instance
by means of acute tryptophan depletion, have been extensively used in order to shed light
on its role in depression (Review, Booij et al., 2003). Acute Tryptophan Depletion (ATD) is
an dietary intervention in which deprivation of L-tryptophan (the amino acid precursor of
serotonin) causes a transient state of reduced serotonergic activity. ATD affects mood and
cognition in a subgroup of remitted patients treated with SSRIs and recovered depressed
patientsin a mannerthatis consistent with a depressogenic effect (Review, Booij et al., 2003).
Since reducing levels of tryptophan may induce (transient) depressive symptoms, dietary
interventions thatincrease tryptophan have been used in order investigate whether opposite
effects on mood and cognition can be achieved (Booij et al., 2006; Markus et al., 2008). This
approach has been applied in depression vulnerable populations defined by, for instance,
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CHAPTER 1

high neuroticism scores, high cognitive reactivity scoresors-carriersof the 5-HTTLPR genotype
(Markus et al., 1998;Firk and Markus, 2009; Markus and Firk, 2009). One of the multiple dietary
interventions to increase plasma Tryptophan/Large Neutral Amino Acids ratio (TRP/LNAA) -
an index of central serotonin availability - is to administer pure L-tryptophan (Tryptophan)
capsules (Markus et al., 2008). Tryptophan is an amino acid present in nutrients and is daily
ingested as part of our diet (World Health Organization, 2002). Besides being the precursor
of serotonin, tryptophan is metabolized in various tissues in the periphery and has multiple
physiological functions (Le Floc’h et al., 2011). Approximately 90% of ingested tryptophan
found in blood and plasma is bound to albumin (Madras et al., 1974; Pardridge 1979). The
remaining 10% of free tryptophan in plasma is available for transport through the BBB
into the extracellular fluid and cerebrospinal fluid of the central nervous system (CNS) (Le
Floc’h et al.,, 2011). Transport through the BBB is facilitated by transporters embedded in
the capillaries of the BBB. These transporters are shared with Large Neutral Amino Acids
(LNAA), therefore, the transportation of tryptophan into the CNS is under influence of the
TRP/LNAA ratio in plasma (Le Floc’h et al., 2011). Once tryptophan has crossed the BBB it is
taken up by cells within the CNS, and is used for i.e. serotonin synthesis as depicted in Figure
3. The synthesis of serotonin is dependent on the amount of tryptophan entering the brain
as the rate limiting enzyme, Tryptophan hydroxylase is not saturated at physiological levels
of tryptophan in the brain (Le Floc’h 2011; Silber and Schmitt 2010).

Chapter 4 and 5 describes two studies based on the premise that increasing dietary
tryptophan intake will increase TRP/LNAA ratio and as a consequence serotonin availability
in the brain. The effect of increasing serotonin availability in a genetically vulnerable (i.e.
5-HTTLPR genotype) group was expected to attenuate the physiological response to social
stress (i.e. HPA-axis response) and to attenuate the regulation of emotions in response to
unfairness (i.e. social-emotional decision making).

L-Tryptophan

l Tryptophan hydroxylase

5 — Hydroxytryophan
l Aromatic L-amino acid decarboxylase

5 — Hydroxytryptamine (Serotonin)

Figu re 3. Serotonin synthesis with the precursor L-tryptophan (adapted from Le Floc’h et al., 2011)
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Serotonin transporter polymorphism and vulnerability to depression

One of the genetic variations found to be related to depression which has been studied
extensively is an allelic variation in the promoter region of the serotonin transporter gene:
the serotonin transporter polymorphism (Heils et al.,, 1996). The serotonin transporter
polymorphism is a repetitive sequence in the promoter region consisting of two alleles which
can be either long or short. The long (L) variant is associated with higher, whereas the short
(S) variant is associated with lower transcription activity. Depending on the combination
of the two variants of alleles (i.e. L/L, L/S or S/S) more or less serotonin transporters are
expressed in the membrane of the presynaptic neurons. The serotonin transporter regulates
the availability of serotonin in the synaptic cleft by removing and recycling serotonin and
therefore influences serotonin neurotransmission (Canli and Lesch, 2007).

The serotonin transporter polymorphism (5-HTTLPR) has been associated with personality
traits related to anxiety and depression (Lesch et al,, 1996). Meta-analysis, however, has
reported no consistent direct effects of 5-HTTLPR genotype on the anxiety-related personality
traits such as harm avoidance and neuroticism (Munafo et al., 2009).

Apart from the direct effect of 5-HTTLPR genotype, its interaction with adverse childhood
events was associated with the probability of depression and with suicide risk (Caspi et al.,
2003). Despite the mixed results of meta-analyses and reviews on 5-HTTLPR as a vulnerability
gene for depression (Munafo et al., 2009; Risch et al., 2009; Belsky et al., 2009; Uher & McGriffin
etal 2010; Karg et al., 2011) the literature on Gene x Environment (G x E) interactions and the
modulation of vulnerability markers related to depression by 5-HTTLPR genotype continues
to expand (Favaro et al., 2014).

One of these vulnerability markers is the regulation of neuroendocrine responses to stress.
The association between 5-HTTLPR genotype and HPA-axis reactivity has been of special
interest due to the interaction of the serotonin system and HPA axis (Fuller, 1990; Porter et al.,
2004) in regulating neuroendocrine responses. The effect of 5-HTTLPR genotype on HPA-axis
reactivity has been studied by inducing acute (social) stress through exposure to a public
speaking task and assessing levels of the stress hormone cortisol (Gotlib et al., 2008; Way
and Taylor 2010). Some studies showed that homozygous S- allele carriers have an increased
cortisol response to acute stress (Gotlib et al., 2008; Way and Taylor., 2010), whereas Mueller
et al. (2011) reported the opposite: homozygous L-carriers showed an increased cortisol
response compared to individuals carrying at least one S allele. A few other studies did not
find an effect of 5-HTTLPR genotype on HPA-axis reactivity (Wist et al., 2009; Verschoor and
Markus, 2011). These inconsistent findings may have been caused by confounding effects of
gender, type of stressor, time of testing during the day and the use of hormonal contraceptives.
Despite the inconsistent findings, however, the association between 5-HTTLPR genotype
and HPA-axis reactivity to stress, with homozygous s-carriers exhibiting an increased cortisol
response has been confirmed in a meta-analysis (Miller et al., 2013). However, the association
had a rather small effect size (d =0.27) (Miller et al., 2013).
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CHAPTER 1

Chapter 4 of this dissertation describes a study in which the association between 5-HTTLPR
genotype and cortisol response, as a measure of HPA-axis reactivity, has been investigated.
We carefully identified and excluded methodological limitations of previous studies that
investigated the association between 5-HTTLPR genotype and HPA-axis activity, but reported
inconsistent findings. Specifically, we a) pre-selected participants based on genotype b)
exposed every participant to the stressor only once to avoid anticipation) c) and excluded
possible confounders of the cortisol response (e.g. use of hormonal contraceptives). The strict
study design and in- and exclusion criteria were expected to facilitate the detection of the
distinct effect of 5-HTTLPR genotype on the cortisol response. Additionally, we investigated
whether the hypothesized elevated cortisol response in homozygous s-allele carriers can be
treated by tryptophan supplementation.

Next to HPA-axis reactivity, the 5-HTTLPR genotype has also been associated with emotional
processing as a behavioural endophenotype (Perez-Edgar et al., 2010; Antypa et al., 2011;
Koizumi et al., 2013). Furthermore, the association between serotonin availability and
the regulation of emotions in social decision making has been shown by studies with
serotonergic manipulations in healthy individuals (Crockett et al., 2008; 2010). Since variation
in 5-HTTLPR genotype is associated with altered processing of emotional and socially
relevant information, and serotonin availability is involved in decision making processes
in which people have to overcome an emotional reaction, we investigated whether 1)
5-HTTLPR genotype is associated with altered regulation of emotions in response to unfair
offers made by others and whether 2) the regulation of emotions in response to unfair offers
can be altered by tryptophan supplementation (Chapter 5).

Outline of this thesis

« Chapter 2 describes a placebo-controlled randomized clinical trial, testing the effect of
a novel pharmacological intervention, ARA290, on the behavioural and neural measures
related to emotional information processing in healthy individuals.

« Chapter 3 describes a study on the effect of ARA290 versus placebo on resting-state
connectivity in the same healthy individuals.

« Chapter 4 describes a placebo-controlled randomized clinical trial, testing the effect of
a dietary intervention, tryptophan supplementation, on HPA-axis reactivity in healthy
carriers of the 5-HTTLPR genotype variants.

« Chapter 5 describes the effect of tryptophan versus placebo on social decision making in
healthy carriers of the 5-HTTLPR genotype variants.

18



GENERAL INTRODUCTION

References

Anand A, Li Y, Wang Y, Wu J, Gao S, Bukhari L et al (2005). Antidepressant Effect on Connectivity of the
Mood-Regulating Circuit: An fMRI Study. Neuropsychopharmacology 30: 1334-1344.

Antypa N, Cerit H, Kruijt A, Verhoeven F, Van der Does A (2011). Relationships among 5-HTT genotype,
life events and gender in the recognition of facial emotions. Neuroscience 172: 303-313.

Arnone D, Horder J, Cowen PJ, Harmer CJ (2009). Early effects of mirtazapine on emotional processing.
Psychopharmacology 203: 685-691.

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

Berton O, Nestler E J (2006). New approaches to antidepressant drug discovery: beyond monoamines.
Nat Rev Neurosci 7: 137-151.

Booij L, Merens W, Markus CR, Van der Does AJW (2006). Diet rich in a-lactalbumin improves memory
in unmedicated recovered depressed patients and matched controls. J Psychopharmacol 20: 526-
535.

Booij L, Van der Does AJW, Riedel WJ (2003). Monoamine depletion in psychiatric and healthy
populations: review. Mol Psychiatry 8:951-973.

Brines M, Cerami A (2005). Emerging biological roles for erythropoietin in the nervous system. Nat Rev
Neurosci 6: 484-494.

Brines M, Cerami A (2012). The receptor that tames the innate immune response. Mol Med 18: 486-496.

Brines ML, Ghezzi P, Keenan S, Agnello D, de Lanerolle NC, Cerami C et al (2000). Erythropoietin crosses
the blood-brain barrier to protect against experimental brain injury. Proc Natl Acad Sci USA 97:
10526-10531.

Brines M, Patel NS, Villa P, Brines C, Mennini T, De Paola M et al (2008a). Nonerythropoietic, tissue-
protective peptides derived from the tertiary structure of erythropoietin. Proc Natl Acad Sci USA
105: 10925-10930.

Canli T, Lesch KP (2007). Long story short: the serotonin transporter in emotion regulation and social
cognition. Nat Neurosci 10: 1103-1109.

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.

Crockett MJ, Clark L, Hauser MD, Robbins TW (2010). Serotonin selectively influences moral judgment
and behavior through effects on harm aversion. Proc Natl Acad Sci USA 107: 17433-17438.

Crockett MJ, Clark L, Tabibnia G, Lieberman MD, Robbins TW (2008). Serotonin modulates behavioral
reactions to unfairness. Science 320: 1739-1739.

Dawson GR, Dourish CT, Goodwin GM (2011). Special issue on CNS experimental medicine. Journal of
Psychopharmacology 25: 1145-1147.

Ehrenreich H, Fischer B, Norra C, Schellenberger F, Stender N, Stiefel M et al (2007a). Exploring
recombinant human erythropoietin in chronic progressive multiple sclerosis. Brain 130: 2577-2588.

Ehrenreich H, Hinze-Selch D, Stawicki S, Aust C, Knolle-Veentjer S, Wilms S et al (2007b). Improvement
of cognitive functions in chronic schizophrenic patients by recombinant human erythropoietin.
Mol Psychiatry 12: 206-220.

19

L |
S
(]
e}
o
(1]
=
(©]




CHAPTER 1

Favaro A, Manara R, Pievani M, Clementi M, Forzan M, Bruson A (2014). Neural signatures of the
interaction between the 5-HTTLPR genotype and stressful life events in healthy women. Psychiatry
Res: Neuroimaging: in press.

Firk C, Markus CR (2009). Mood and cortisol responses following tryptophan-rich hydrolyzed protein
and acute stress in healthy subjects with high and low cognitive reactivity to depression. Clin Nutr
28:266-271.

Fournier JC,DeRubeis RJ, Hollon SD, Dimidjian S, Amsterdam JD, Shelton RC et al (2010). Antidepressant
drug effects and depression severity: A patient-level meta-analysis. JAMA 303: 47-53.

Frazer A, Benmansour S (2002). Delayed pharmacological effects of antidepressants. Mol psychiatry 7
S23-28.

Fuller RW (1990). Serotonin receptors and neuroendocrine responses. Neuropsychopharmacology 3:
495-502.

Gonzalez FF, Abel R, Almli CR, Mu D, Wendland M, Ferriero DM (2009). Erythropoietin Sustains Cognitive
Function and Brain Volume after Neonatal Stroke. Dev Neurosci 31: 403-411.

Gotlib IH, Joormann J, Minor KL, Hallmayer J (2008). HPA Axis Reactivity: A Mechanism Underlying the
Associations Among 5-HTTLPR, Stress, and Depression. Biol Psychiatry 63: 847-851.

Greicius MD, Flores BH, Menon V, Glover GH, Solvason HB, Kenna H et al (2007). Resting-State Functional
Connectivity in Major Depression: Abnormally Increased Contributions from Subgenual Cingulate
Cortex and Thalamus. Biol Psychiatry 62: 429-437.

Harmer CJ, Cowen PJ, Goodwin GM (2011). Efficacy markers in depression. J of Psychopharmacol 25:
1148-1158.

Harmer CJ, Dawson GR, Dourish CT, Favaron E, Parsons E, Fiore M et al (2013). Combined NK1 antagonism
and serotonin reuptake inhibition: effects on emotional processing in humans. J Psychopharmacol
27:435-443.

Harmer CJ, Goodwin GM, Cowen PJ (2009). Why do antidepressants take so long to work? A cognitive
neuropsychological model of antidepressant drug action. BrJ Psychiatry 195: 102-108.

Harmer CJ,Heinzen J,0’Sullivan U, Ayres RA, Cowen PJ (2008). Dissociable effects o acute antidepressant
drug administration on subjective and emotional processing measures in healthy volunteers.
Psychopharmacology 199: 495-502.

Harmer CJ, Hill SA, Taylor MJ, Cowen PJ, Goodwin GM (2003).Toward a neuropsychological theory of
antidepressantdrugaction:increasein positive emotional bias after potentiation of norepinephrine
activity. Am J Psychiatry 160: 990-992.

Heils A, Teufel A, Petri S, Stober G, Riederer P, Bengel D et al (1996). Allelic Variation of Human Serotonin
Transporter Gene Expression. J Neurochem 66:2621-2624.

Karg K, Burmeister M, Shedden K, Sen S (2011). The Serotonin Transporter Promoter Variant
(5-HTTLPR), Stress, and Depression Meta-analysis Revisited: Evidence of Genetic Moderation. Arch
Gen Psychiatry 68: 444-454.

Keller MB, Gelenberg AJ, Hirschfeld RM, Rush AJ, Thase ME, Kocsis JH et al (1998). The treatment of
chronic depression, part 2: a double-blind, randomized trial of sertraline and imipramine. J Clin
Psychiatry 59: 598-607.

Khan A, Leventhal RM, Khan SR, Brown WA (2002). Severity of Depression and Response to
Antidepressants and Placebo: An Analysis of the Food and Drug Administration Database. J Clin
Psychopharmacol 22: 40-45.

20



GENERAL INTRODUCTION

Kirsch I, Deacon BJ, Huedo-Medina TB, Scoboria A, Moore TJ, Johnson BT (2008). Initial severity and
antidepressant benefits: a meta-analysis of data submitted to the Food and Drug Administration.
PLoS medicine 5: e45.

Koizumi A, Kitagawa N, Kondo HM, Kitamura MS, Sato T, Kashino M (2013). Serotonin Transporter Gene-
Linked Polymorphism Affects Detection of Facial Expressions. PLoS ONE 8: e59074.

Le Floc’h N, Otten W, Merlot E (2011). Tryptophan metabolism, from nutrition to potential therapeutic
applications. Amino Acids 41: 1195-1205.

Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg BD, Petri S et al (1996). Association of Anxiety-Related
Traits with a Polymorphism in the Serotonin Transporter Gene Regulatory Region. Science 274:
1527-1531.

Madras BK, Cohen EL, Messing R, Munro HN, Wurtman RJ (1974). Relevance of free tryptophan in serum
to tissue tryptophan concentrations. Metabolism 23: 1107-1116.

Markus CR, Firk C (2009). Differential Effects of Tri-Allelic 5-HTTLPR Polymorphisms in Healthy Subjects
on Mood and Stress Performance After Tryptophan Challenge. Neuropsychopharmacology 34:
2667-2674.

Markus CR, Firk C, Gerhardt C, Kloek J, Smolders GF (2008). Effect of different tryptophan sources on
amino acids availability to the brain and mood in healthy volunteers. Psychopharmacology 201:
107-114.

Markus CR, Panhuysen G, Tuiten A, Koppeschaar H, Fekkes D, Peters ML (1998). Does Carbohydrate-rich,
Protein-poor Food Prevent a Deterioration of Mood and Cognitive Performance of Stress-prone
Subjects when Subjected to a Stressful Task? Appetite 31: 49-65.

McCabe C, Mishor Z (2011). Antidepressant medications reduce subcortical-cortical resting-state
functional connectivity in healthy volunteers. Neuroimage 57: 1317-1323.

Miller R, Wankerl M, Stalder T, Kirschbaum C, Alexander N (2013). The serotonin transporter gene-linked
polymorphic region (5-HTTLPR) and cortisol stress reactivity: a meta-analysis. Mol Psychiatry 18:
1018-1024.

Miskowiak KW, Favaron E, Hafizi S, Inkster B, Goodwin GM, Cowen PJ et al (2009). Effects of erythropoietin
on emotional processing biases in patients with major depression: an exploratory fMRI study.
Psychopharmacology 207: 133-142.

Miskowiak KW, Favaron E, Hafizi S, Inkster B, Goodwin G, Cowen PJ et al (2010). Erythropoietin modulates
neural and cognitive processing of emotional information in biomarker models of antidepressant
drug action in depressed patients. Psychopharmacology 210: 419-428.

Miskowiak K, O’Sullivan U, Harmer CJ (2007a). Erythropoietin Reduces Neural and Cognitive Processing
of Fearin Human Models of Antidepressant Drug Action. Biol Psychiatry 62: 1244-1250.

Miskowiak K, O’Sullivan U, Harmer CJ (2007b). Erythropoietin enhances hippocampal response during
memory retrieval in humans. J Neurosci 27:2788-2792.

Mueller A, Armbruster D, Moser DA, Canli T, Lesch KP, Brocke B et al (2011). Interaction of Serotonin
Transporter Gene-Linked Polymorphic Region and Stressful Life Events Predicts Cortisol Stress
Response. Neuropsychopharmacology 36: 1332-1339.

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

21

L |
S
(]
e}
o
(1]
=
(©]




CHAPTER 1

Murphy SE, Norbury R, O’Sullivan U, Cowen PJ, Harmer CJ (2009). Effect of a single dose of citalopram
on amygdala response to emotional faces. The British Journal of Psychiatry 194: 535-540.

Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ, Gold SJ, Monteggia LM (2002). Neurobiology of Depression.
Neuron 34: 13-25.

Niesters M, Swartjes M, Heij L, Brines M, Cerami A, Dunne A et al (2013). The erythropoietin analog ARA
290 for treatment of sarcoidosis-induced chronic neuropathic pain. Expert Opin Orphan Drugs 1:
T77-87.

Norbury R, Mackay CE, Cowen PJ, Goodwin GM, Harmer CJ (2007). Short-term antidepressant treatment
and facial processing: Functional magnetic resonance imaging study. BrJ Psychiatry 190: 531-532.

Pangalos MN, Schechter LE, Hurko O (2007). Drug development for CNS disorders: strategies for
balancing risk and reducing attrition. Nat Rev Drug Discov 6: 521-532.

Pardridge WM (1979). Tryptophan transport through the blood-brain barrier: in vivo measurement of
free and albumin-bound amino acid. Life Sci 25: 1519-1528.

Pérez-Edgar K, Bar-Haim Y, McDermott JM, Gorodetsky E, Hodgkinson CA, Goldman D et al (2010).
Variations in the serotonin-transporter gene are associated with attention bias patterns to positive
and negative emotion faces. Biol Psychol 83: 269-271.

Porter RJ, Gallagher P, Watson S, Young AH (2004). Corticosteroid-serotonin interactions in depression:
areview of the human evidence. Psychopharmacology 173: 1-17.

Rawlings, N., Norbury, R., Cowen, P., & Harmer, C. (2010). A single dose of mirtazapine modulates neural
responses to emotional faces in healthy people. Psychopharmacology, 212(4), 625-634.

Risch N, Herrell R, Lehner T, Liang KY, Eaves L, Hoh J et al (2009). Interaction Between the Serotonin
Transporter Gene (5-HTTLPR), Stressful Life Events, and Risk of Depression — a meta-analysis. JAMA
301:2462-2471.

Silber BY, Schmitt JA (2010). Effects of tryptophan loading on human cognition, mood, and sleep.
Neurosci Biobehav Rev 34: 387-407.

Stahl S, Lee-Zimmerman C, Cartwright S, Ann Morrissett D (2013). Serotonergic drugs for depression
and beyond. Current drug targets 14: 578-585.

Stohlawetz PJ, Dzirlo L, Hergovich N, Lackner E, Mensik C, Eichler HG et al (2000). Effects of erythropoietin
on platelet reactivity and thrombopoiesis in humans. Blood 95: 2983-2989.

Trivedi MH, Rush AJ, Wisniewski SR, Nierenberg AA, Warden D, Ritz L et al (2006). Evaluation of outcomes
with citalopram for depression using measurement-based care in STAR* D: implications for clinical
practice. Am J Psychiatry 163: 28-40.

Uher R, McGuffin P (2010). The moderation by the serotonin transporter gene of environmental adversity
in the etiology of depression: 2009 update. Mol Psychiatry 15: 18-22.

Verschoor E, Markus CR, (2011). Effects of acute psychosocial stress exposure on endocrine and affective
reactivity in college students differing in the 5-HTTLPR genotype and trait neuroticism. Stress 14:
407-4109.

Van Wingen GA, Tendolkar I, Urner M, van Marle HJ, Denys D, Verkes RJ et al (2014). Short-term
antidepressant administration reduces default mode and task-positive network connectivity in
healthy individuals during rest. Neuroimage 88: 47-53.

Wang L, Hermens DF, Hickie IB, Lagopoulos J (2012). A systematic review of resting-state functional-MRI
studies in major depression. J Affec Disord 142: 6-12.

22



GENERAL INTRODUCTION

Way BM, Taylor SE (2010). The Serotonin Transporter Promoter Polymorphism Is Associated with
Cortisol Response to Psychosocial Stress. Biol Psychiatry 67: 487-492.

Wolf RF, Peng J, Friese P, Gilmore LS, Burstein SA, Dale GL (1997). Erythropoietin administration
increases production and reactivity of platelets in dogs. Thromb Haemost 78: 1505-1509.

World Health Organization (WHO) 2002. Protein and amino acid requirements in human nutrition:

report of a joint FAO/WHO/UNU expert consultation. WHO technical report series; no. 935. WHO,
Geneva.

WistS,KumstaR, Treutlein J,Frank J,EntringerS,Schulze TGetal (2009). Sex-specificassociation between

the 5-HTT gene-linked polymorphic region and basal cortisol secretion. Psychoneuroendocrinology
34:972-982.

23

L |
S
(]
e}
o
(1]
=
(©]




