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Publishable Executive Summary

NewMood — New molecules for Mood disorders.
Overview

The Consortium and Objectives

NewMood is a major collaboration between 13 clihiaad basic science groups in 10 EU

countries which addresses the compelling needstmouer:
. New molecular mechanisms in the causation ofekspon.
. New molecular mechanisms of effective drug-treatm

Map of the NewMood Co-ordinators, Principal Investgators and Centres
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Rafael Maldonado
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Klaus-Peter Lesch
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Depression is common and affects twice as many waseanen. In the global burden of disease
survey, it is the fourth most prevalent cause e&bility, greater than e.g. cardiovascular disease.
Gender, social and familial factors increase r@kdepression, but little is known about how these
influences work in the brain, least of all at theletular level. Newer antidepressant treatments
still act in the same way as 30 years ago and tlminstream molecular actions are obscure. At
most 65% of new episodes respond to drug-treatarehthronic, treatment-resistant depression is
a major health burden.

Research effortNewMood was supported by the EC’s Framework 7 (RF#) a total of 7.2m
euros over 5 years (May 2004 — October 2009) amalved a total of 4,611 person-months effort
(1,985 funded by NewMood and 2,626 funded from iotloeirces).
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Section 1 - Project Execution

Objectives

The over-arching objectives were to identify

+ New molecular mechanisms in the causation of demmesspecifically new candidate genes
for diagnosis, prognosis and treatment choice.

+ New molecular mechanisms of effective drug-treatmsgmecifically new molecular targets for
antidepressant drugs and novel candidate drugriezds.

The major objective of NewMood is in its acronymto- identify new molecules for mood
disorders. At the heart of the NewMood strategygaee-expression studies which aim to identify
genes whose expression is changed (how much tleetpuared on or off) in a number of animal
models of vulnerability to depression. The candidgenes are then confirmed in humans
principally by demonstrating that allelic variatithe activity of the two genes inherited one from
each parent) in candidate genes is associatedvaiitiition in biomarkers for vulnerability such as
emotionality and a bias to detecting negative imftion. Further validation could be sought by
determining whether the genes overexpressed ibrtie in animal models are also overexpressed
in human post-mortem brain from patients with degi@n.

In humans, vulnerability to depression appearsctobg sensitizing individuals to the triggering
effect of adverse life events especially in thetisgtof current chronic social adversity. One
endophenotypic marker for vulnerability is the peaity trait of neuroticism which has a
heritability of about 0.5 and is known from prosipee studies to greatly amplify the risk of
depression following a life event, especially i thetting of chronic social adversity. Adversity
early in life such as neglect, parental loss orsabus also a vulnerability factor that acts to
increase the potency of life events. NewMood hsangited to model genetic vulnerability using
genetically modified (GM) mice. Maternal separat{®fS) and chronic mild stress (CMS) model
early and late psychosocial stress. Giving up glimg in an inescapable situation and reduced
preference for sucrose model respectively the lesgakss and anhedonia of the depressed state.
Combining these translational measures with the Mlesd expression array data and with human
SNP associations offers a unique opportunity tadigwalidate the new candidate genes identified
through the array studies.

NewMood has established a comprehensive transdtaataset in rodents and humans that has
yielded a multilevel integrated account of the pgtmesis of depression (table 4). The lllumina
array gene expression data has taken the accoiistdeepest molecular level, the ultimate task of
NewMood, securely tied to a superstructure of caiyef/alidated behaviours through intervening
brain processes. Where possible at each level ibeegses have been translated to and from
humans and rodents. The superstructure is impontanalidating the molecular translation: we
can say not only that the same genes affect viligyan rodents and humans but also that they
do so through similar processes. We have reachedttite for several genes — the CB1 cannabis
receptor, the 5-HT transporter, Tryptophan hydraggl2, 5-HT. and 5HT g receptors and Brain-
Derived Neurotrophic Factor (BDNF). The Major Acheenents section describes the CB1 and
BDNF translations, which we believe offers a newdthesis-testing way to proceed in detecting
molecular mechanisms in depression. The Major Adreents section begins at the molecular
level by asking whether NewMood found new molecditgsmood disorders using microarrays to
detect changes in gene expression and then des@diee of the notable findings at selected
levels of table 4.
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Summary of original objectives and progress towardhem *
1. To define the common behavioural/psychologeadlophenotypes of genetic and acquired
vulnerability to depression which
« are shared by a range of animal models
« occur in humans

« are reversed by antidepressant drugs
These objectives have been met in full

2. To directly identify new candidate genetic m@ukms of depression by identifying changes in
brain microarray gene expression which
« underlie the behavioural endophenotypes acrossalenedels
« occur in human post-mortem brain
« are reversed by antidepressant drugs

New candidate molecular genetic mechanisms hava peaerated from array studies
carried out by a single service provider to a umnifioprotocol in three brain areas in
guadruplicate pools of 3 animals in 9 core mod€lsst analyses of all the models have
been carried out using a unified analysis pipelarel some confirmatory qPCR studies
have been successful but these are not regardedbbgatory in our view. A single
analysis of frontal cortex samples has been carovetl on the GM mouse models and
further combined analyses of other regions andais will be carried out. In several cases,
array data on the effect of chronic stress and 4fdhys antidepressant treatment on
control and experimental animals have been accutedldut these analyses are at a
preliminary stage. All data will be made availalde the NewMood website. Studies in
human post-mortem brain confirmed changes in DLGARitein and neurotrophins but
further studies were not possible within the ava#atime and budget.

3. To identify candidate molecular mechanismsudherability based on underlying neurobiology
including (hypothesis-testing approach to identifynew genes).
« changes in distributed brain system networks angsiptogy which are common to
animal and human endophenotypes
+ identifying changes in neurotransmitter and horrhdmaction, including mechanisms
of BHT sensitisation and cortisol hypersecretiorhiolr underlie endophenotypic
components of vulnerability to depression

Many of these objectives have been met. Regioaal bretabolism was mapped in all the
models using cytochrome oxidase and in some caseg B-deoxyglucose. The latter was
useful for mapping metabolic responses to drug esobf 5-HT receptor function in the

models but neither method proved very sensitivenapping activity of networks. This

objective was well met using fMRI in humans. Alltted models were in general well

characterised in term of the core dataset in ansnal humans novel imaging methods for
probing 5-HT and cortisol feedback were developed ased.

4. To identify candidate molecular mechanisms wherability through understanding trophic
and apoptotic influences of 5HT and of antidepnetssan development and adaptation of
cortical networks and circuitry.

Apoptosis was not a major focus of study. 5-HTidaptessants, BDNF and neurogenesis
have been major foci of study in the animal modeld the human cohorts. Cortical
networks and circuitry have been important in huniltRl studies but have been less
amenable to extensive study in the models althgogte cytoarchitectonic changes were
described in some models.
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5. To validate new candidate molecules by:
+ determining whether altering their expression inimats induces component
endophenotypes of depression defined in 1 & 3 above
+ identifying single nucleotide and functional polyrmpbisms in the gene in humans and
determining their association with endophenotyparkars and with depressive disease

A number of new GM models were developed inclutiegtechnically difficult Tph2
knockout. The emphasis has been on double GM medels5-HTT / BDNF or 5-HTT /
Tph2 modified animals. Candidate genes from arraises have emerged too late to
stimulate new GM models within the time period.

6. Create a new tool for research in depressienNEWMOOD ‘Depression’ microarray to:
- validate candidate gene-expression signaturestddtec
« validate new animal models of depression
« detect entirely new molecules with targeted effycagainst depression and its
component processes
+ lead to the design of chip of human polymorphisarsiiolecular diagnosis, prognosis
and selection of most appropriate drug treatment

The last of these was clearly overambitious inahgence of a major clinical trial
component to NewMood. Similarly, detecting newdaptiessant molecules was not
feasible without a major collaboration with indugtand a library of molecules. However,
two new principles of enhancing the effect of S®RIslocking local and long-feedback
control the raphe have emerged from NewMood dis@s/dn general the objectives were
superseded by the use of the Illumina whole geribmad arrays.

7. Define a human pharmaco - fMRI signature fdrdepressant efficacy

NewMood has developed potential fMRI signaturesifdidepressants and also for
vulnerability to depression based on modificatiémesponses to emotional stimuli and on
changes in connectivity during such tasks. They raédation with noradrenaline acting
antidepressants. However, one fMRI model succégsielected the novel effective agent
agomelatine for Servier in healthy human volunteers

8. Disseminate new and harmonised standards ddvim®iral research in animal models of
depression vulnerability

Many new harmonised technologies and techniques Bpread through the participating
laboratories. The main route of dissemination waélbntinue to be via conference
proceedings and publications in peer-reviewed jalsn
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Contractors involved
NewMood involved 13 partners in 10 EC countries:
Table 1. List of NewMood Partners, locations and aration of involvement
Partiner . . Short Project month
Number Participant name Institute name Country Sart | End
1 Bill DEAKIN University of Manchester| UNIMAN UK 1 66
Laurence .
2 LANEUMEY INSERM, Paris INSERM France 1 66
3 Peter LESCH University of Wirzburg UWAR Germany l 66
Raphael University Pompeu Fabra, .
4 MALDONADO Barcelona UBAR Spain 1 66
5 Jaanus HARRO University of Tartu UTAR Estonia ] 6 6
6 Harry STEINBUSCH University of Maastricht UMAA Neerlands| 1 66

National Institute of
7* Gyorgy BADGY Psychiatry and NIPN Hungary 1 44
Neurology, Budapest

8 Paul KELLY University of Edinburgh UEDIN UK 1 66

9 Trevor SHARP University of Oxford UOXF.BW UK 1 66

Karolinska Institute,

10 Tomas HOKFELT KISTO Sweden 1 66
Stockholm

11 Renato CORRADETT] University of Florence UNIFI taly 1 66

12 Joaquin DEL RIO and| University of Navarra, UNAV Spain 1 66

Rosa TORDERA Pamplona

Institute of Genetics and
13 Artur SWIERGIEL Animal Breeding, IGHZ Poland 1 66
Jastrzebiec

Semmelweis University,

14 * Gyorgy BAGDY Budapest

SE Hungary 36 66

* In 2007, due to the reorganization of the healtkcsystem in Hungary and the closure of the
National Institute of Psychiatry and Neurology (NP Prof. Gyorgy Bagdy was forced to relocate
his research group to Semmelweis University (S®hile this caused considerable disruption to
Prof Bagdy and his research group, it did not tegulany significant delay in the research
programme. In effect, Partner 7 (Prof. Bagdy &N)l was replaced by Partner 14 (Prof. Bagdy at
SE), however the planned work remained the same.
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Partner 1: Bill Deakin, MB PhD (male) Professor of Psychiatry in the Neuroscieand **

Psychiatry Unit: with over 25 years experience ixpeximental clinical and basic

psychopharmacology research, focusing on the nopsyahological functions of 5-HT and how
they become disturbed in depression, anxiety arpllsivity,
including fMRI and phMRI. He was responsible for-co Bill and Artur, April 2009
ordinating the project as a whole.

Partner 2. Laurence Lanfumey, PhD(female): has more
than 20 year experience in research on CNS
neurotransmission, using  electrophysiological and
pharmacological approaches. She was responsibléhéor

electrophysiological, neuroendocrinological and
neuropharmacological investigations and coordindtes

activities of all [/
the co-workers in &

her team.

Peter and Laurence, April 200

Partner 3: Klaus Peter Lesch, MD(male) Professor of
Psychiatry and Psychotherapy at the Department of
Psychiatry and head of the Laboratory of Molecu#ar
Clinical Psychobiology, he was responsible for
overseeing all aspects of the research activitlesa
collection and analysis in his team.

Rafael and Rosa, April 200

Partner 4. Rafael Maldonado MD, PhD (male)
Professor of Pharmacology, has significa
expertise in the behavioural study of affecti
disorders and drug dependence processes, ma
major contributions to the understanding @

classical pharmacological approaches as welljia
generating knockout mice. h

Partner 5: Jaanus Harro, MD, PhD (male)
Professor of Psychophysiology has over 20 yearsresqce of different methods used in
experimental and clinical neurosciences, partityitéve development of behavioural techniques in
laboratory animals, psychopharmacology of neuragept and receptor biochemistry. His team
takes a multi-disciplinary approach.

Partner 6: Harry Steinbusch, PhD (male)Professor

of Neuroscience, has 27 years experience in the fie
v 1| . of functional neuroanatomy, micropharmacology and
g animal behaviour in the rat brain, using
p ’ micropharmacological approaches to focus on the
. hypothesis that peri-, pre- or postnatal streggyéns
the initiation of early life depression and lateli
neurodegeneration.

Trevor and Jaanus, April 200

Partner 7 / 14: Gyorgy Bagdy, PhD, DSgmale) has
N . 27 years experience in research in preclinical and
;J\\ e ™ clinical neuro- and psychopharmacology and
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neuroendocrinology. He focussed on EEG, neuroeirddaind behavioural pharmacologidal
studies in combination with surgical and
morphological techniques, plus human geneii
polymorphism studies.

Harry and Renato, April 2009

Paul Kelly PhD, (male) is a Systems
Neuroscientist and former Head of Medic
Faculty Animal Facilities. With twenty years
experience of using quantitative autoradiographic
brain imaging techniques, he oversaw the
management of animal resources/welfare foinall
vivo work and directed the LCMRgIu/LCBF
autoradiography and functional studies.

Trevor Sharp, PhD (male) has a special interest in the applicatidn neurochemical,
electrophysiological and molecular techniques talemstand the function of 5-HT receptor
subtypes in the CNS, and their role in the therapeifect of antidepressant drugs. Non-clinical
and clinical researchers work and train side bg gidkey areas relevant to mood disorders.

Tomas Hokfelt, MD, PhD (male) Professor in Histology has thirty yearsegperience in the
histochemical analysis of the nervous system, dioly immunohistochemistry at the light and
ultrastructural level andh situ hybridization, as well as ordinary electron mic@sy. He has
mapped many molecules related to synaptic and yioagsic signalling in rat and mouse brain.

Gyorgy and Tomas, April 2009 Renato Corradetti, M.D. (male) Professor of
Pharmacology has 20 years experience In
electrophysiological recording of synaptically-
and receptor-stimulated responses in neurones.
He has devoted much work in developing multi-
disciplinary  approaches which  combined
electrophysiology with neurochemical techniques
in the brain tissue used for recordings.

Joaquin and Paul, April 2009

Joaquin Del Rio, PhD (male), Professor anc
Director of the Division of Neurosciendeas more |
than forty years experience in neuropharmacolo
including the development of new animal modé
of depression, and neurochemical / molec
studies on the mechanism of action
antidepressants and pharmacological develop
of new synthetic drugs.

Rosa Tordera, PhD, (female) Researcher / Associate Professor, supervisarious
neurochemical, molecular and behavioural aspecth@fresearch. In close collaboration with
Prof. Del Rio, she also took responsibility for fireject in Pamplona for the two final years.

Artur H. Swiergiel, PhD, DSc, (male) has over 20 years experience in developatavioural
models of responses in stress in a number of span@uding transgenic mice, and knowledge of
methods typical for behavioural pharmacology, péxgperience with neurochemical methods
(HPLC, microdialysis, voltammetry).
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Work Performed

The work was coordinated through a set of 7 rebefork-Packages (Table 2 - WPs), plus one
for management and dissemination, integrated wilatbrities (Table 3).

Table 2. List of NewMood Workpackages
WP . Workpackage
No. Workpackage title leader
1 Behaviour Rafael Maldonado
2 Genomics animal and human Klaus-Peter Lesch
3 Neurochemistry of neurotransmission and hormanetfon Trevor Sharp
4 Ne_urochemlstry of cell responses and gene expredssmwMood Laurence Lanfumey
chip array
5 Cyto and immunohistochemistry Tomas Hokfelt
6 Neurophysiology Renato Corradetti
7 Functional imaging Human and animal Bill Deakin
8 Review, Assessment and Dissemination Bill Deakin
Activity title Activity leader
Rafael (behaviour),
1 Models of Vulnerability Factors in Depression — Nd@aod 1000 Laurence (array
array studies), Bill
(imaging)
2 The Neurotransmitter Endophenotype of Vulnerghbili Renato
3 The Neuroendocrine (stress-hormone) Endophenotype o Peter (neurogenesis),
Vulnerability Paul /Gyorgy (HPA)
4 Human Studies lan Anderson
Effects of Anti-depressants on Behavioural, Neamgmitter and . .
5 Bill Deakin
Stress-hormone Endophenotypes
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Table 3. Summary of Activities

Activity 1

Activity 2

Activity 3

Activity 4

Activit y 5

1.1 Reward, aversion and
cognition

« Open-field exploration

e Talil suspension (mice)

e Learned immobility (rats &
mice)

¢ CMS anhedonia

1.2 Regional brain function

e Cytochrome oxidase
(rats & mice)

« 2DG

2.1 Monoamine cells

« Raphe & locus dialysis

« Raphe & locus:
tryptophan & tyrosine
hydroxylase mRNA
autoreceptor mRNA
CRF receptor ish
CRF immuno
Galanin peptide and receptors
NPY and receptors

2.2 Monoamine release

e Hippocampal dialysis

* Forebrain 5-HTT & NAT
binding

2.3 Beyond the synapse
5-HT1A & 5-HT2C binding
NAal &2 binding

3.1 Molecular markers HPA

e Gluco & mineralo- corticoid
receptor mRNA:

e Hippocampus & PVN

e CRF mRNA PVN

3.3 Neurogenesis
* BrdU cell counts

4.0 Community cohort

e Genetic vulnerability
Family history
5-HT polymorphisms

« Developmental vulnerability
Early life adversity
Personality

« Acquired vulnerability
Acute life events
Chronic difficulties
Tryptophan availability

4.1 Neurobiology of reward
aversion and cognition

« reward tasks (gambling),

e stress & mood induction

« affective bias memory & face
emotion identification

5.1 Antidepressants
e Reversal 1.1 & 1.2 by SSRI ¢
NARI

lllumina microarrays

changes confirmed by gPCR & in-situ hybridisation
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Section 2 - Project objectives and major achievemén
Major scientific achievements
Table 4. NewMood translational dataset in rodentand humans
Processes Human measures Rodent models and
measures
Genetic / molecular: Family history. GM mice
SNPs haplotypes. Rat strains
PM brain, ISH, gPCR Microarrray, ISH, gPCR
Developmental adversity: | CEQ self-ratings. Prenatal stress
Neglect, Abuse, Loss Maternal separation
Brain development: Voxel-based morphometry. | Measure neurogenesis
Impaired frontal regulation | Connectivity analysis. & cytoarchitecture.
of limbic system Regional brain metabolism
maps.
Compromised 5HT system | Citalopram pharmaco-mri. Partial SHT depletion model.
Citalopram modulation of 5HT functional measures e.g.
tasks. cell firing, neurochemistry,

rat pharmaco mri

Info processing biases of | Core processes in recovered | Core behaviours pre-stress

vulnerability: depressives (i.e. vulnerable): | (see below)
Perceptual distortion computer task performance
Emotion dysregulation task-evoked fMRI reponses.
Impaired reward
Personality/ behavioural Big 5 Personality Q. Stable individual differences:
traits. (neuroticism, agreeableness.|.High/low Exploration
Impulsivity Qs. High/low Sociability
Rumination Qs. High/low Pleasure chirps
Chronic psychosocial stress: Self — report. Chronic mild / ultra mild
Lack of food, shelter, social stress
contact
Abnormal HPA function GR SNPs. GR-i model
AM cortisol response to GR and CRF expression
waking. Challenge studies
Acute stress Life events Q Learned immobility
Loss, humiliation, threat... TST, FST
Depressed state: Currently depressed patients:; Core behaviours post-stress:
Emotional activation, anxiety Symptoms. Fearfulness, helplessness
anhedonia. Core processes - performanceanhedonia.
and fMRI.
Cognitive impairment: CANTAB computer tests. Set-shifting, social & object
Executive and mnemonic. recognition.

Abbreviations: CEQ, childhood experiences questinen FST, forced swim test;
GM, genetically modified; GR, glucocorticoid receptISH, in-situ hybridisation;
Q, questionnaire; TST, tail suspension test.
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New Molecules for Mood Disorders *x

One starting point for NewMood was to was to comapérgenetically modified (GM) mouse
models of vulnerability to depression beginning hwigenes in four systems most directly
implicated in human studies of depression: 5-hygingptamine (5-HT), the hypothalamico-
pituitary-adrenal system (HPA; stress hormone syjtglutamate and cannabinoid signalling.
Altered 5-HT function and impaired negative feedbaontrol of the hypothalamico-pituitary-
adrenal system (HPA) have been described in depredsr several decades. More recent
interest has focussed on glutamate and cannabisyggtems as candidate mechanisms for
depression, largely on the basis of antidepressdarg effects and the ability of the cannabis
receptor antagonist rimonabant to precipitate degve illness.

The mouse models were selected according to thelgiegmined behavioural criteria and
harmonised procedures of the NewMood project (WP1hat they all show learned immobility
in the tail suspension or forced swim tests, amdegpably increased anxiety-like behaviour in the
light-dark emergence or open field tests and amhiedin the sucrose preference test using
harmonised procedures. The four GM models selectmtprised three knock-outs; 5-HT
transporter (HTT-/-), vesicular glutamate transpo(v/Glut -/+), cannabis 1 receptor (CNR1 -/-)
and an antisense knock down of the glucocortice@ptor (GR-i). A uniform method of brain
dissection and mRNA extraction was used. Qualitytrad and hybridisation was carried out by a
service company using lllumina arrays. We usedaadsird NewMood pipeline for analysis of
the 24,000 genes.

The models converged in showing changes in exmressi genes (WP 4) in various formally
defined functional categories including cellular tatmlism, protein handling, mitochondrial
function, ribosomal proteins but most specifically36 genes in the ‘synapse’ category and
others in the MAPK signalling pathway. The greatdsinges in expression across the models
were in activity-related cytoskeletal associatedtgin (Arc; gene 1 below). Partner 9 had
previously shown that this gene is influenced byidepressant treatment and Partner 13 has
subsequently shown it is upregulated after chramild stress. The changes in genes in the
synapse category (genes 1-3 below) are implicab¢cbmly in glutamate and GABA signalling
but also in long-term changes in connectivity thatlerpin learning and memory. The MAPK
pathway is also associated with plastic changesuronal development and connectivity and it
is responsive to brain-derived neurotrophic fagiBDNF). The ability to modify neuronal
connectivity is thought to be an important partresilience to adversity and in long-term
recovery from depression. Some of the ribosomewisigoaltered expression are concerned with
the local synthesis of proteins such as Arc.

Table 5. Dysregulated genes common to four mouseodels

No | Gene CB1 VGlutl | 5HTT Gri
1 | activity regulated cytoskeletal-associated protei 0.58 1.46 1.21 2.23
2 | lin-7 homolog b (C. elegans) 1.23 1.26 1.16 | 0.88
3 | synaptic vesicle glycoprotein 2 a 1.26 0.71 1.36 1.14
4 | erythroid differentiation regulator 1 1.38 1.36 1.40 1.26
5 | quininoid dihydropteridine reductase 0.72 0.88 0.68 0.87

The numbers in the table are fold changes — the edexpression in the GM animals to the wild tyqoatrols.
Reddenotes increased expressiolue decreased.

As reported in the last PAR some genes were upatglin all 4 models albeit to a varying
extent. The greatest changes were seen in the egrd&® (gene 4 above). This initially
unpromising and little known gene that influendes development of red blood cells, turned out
to have shown major changes in expression in assmciwith anxiety-like behaviour in various
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mouse strains. This may point to a NeéWsenes dysregulated in the GM models in the MTOR and b

direction in the pathogenesis 0fMAPK pathways shown by red stars
depression once more is known about
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Several array studies in individual mouse and ratlefs are in various stages of publication and
the combined analysis of the GM mouse models @dli@bove are in preparation for the special
NewMood issue of European Neuropsychopharmacoléipwever, the work with the very
extensive NewMood array results will continue fome considerable period and be available to
the wider community through the NewMood websitesentations and publications.

Developmental adversity and vulnerability to depres in animals and humans

The experience of adversity in early life througtglect and abuse is a major risk factor for
depression. This was modelled in various ways enNlbewMood models. Rat pups separated for
periods from their mother, show increased suscéiptilto chronic mild stress-induced learned
helplessness in adulthood. Partner 13 showed this associated with changes in Arc and
glutamate function using microarray and other makcmethods. Partner 3 showed that mouse
pups rearing by females with poor mothering behaviwas not itself sufficient to induce
depression and anxiety-like behaviour when the papshed adulthood. However when 5-HTT
-/- pups were reared by poor mothers they showededsion-like behaviour; a demonstration of
a gene x environment vulnerability interaction im @nimal system. This was associated with
persistently increased expression of BDNF in tigdpocampi, a possible epigenetic effect in
which early experience produces a long-term chamgene expression.

In humans, developmental adversity was measurednbiyding the self-rated Childhood
Experiences Questionnaire (CEQ) in the assessnoembpleted by the community cohort of
1500 individuals recruited and genotyped by Parindnstead of seeking association on a gene
by gene basis, they determined genetic variatismgjle nucleotide polymorphisms; SNPs) at 9
locations in the CREB-BDNF-TrkB neurotrophin patlywamportantly, these genes are quite
distinct genetically with different chromosomal &ions but they converge in promoting
neuronal differentiation and survival through theARK pathway discussed in the previous
section. Partner 1 showed in human post-mortemn liteit the SNPs had functional effects in
that they affected protein levels in human postterar brain. No associations with current
depressive symptoms were found. However, 8 0BtB&IPs significantly amplified the effect of
early psychosocial adversity (CEQ-rated) in incirggaghe risk of depression (see figure).
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CREB and BDNF minor alleles amplify the influence of early
adversity on lifetime depression
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Childhood adversity Childhood adversity
BDNF Met dominant model: OR=1.16, p=0.0036 CREB A dominant model; OR=1.13 p=0.0053

CHA scores and [% of the population]: 0=0-3 [60%], 1=4-6 [20%)], 2= >B6 [20%];
LR+ = ratio of reported depression by genotype and childhood adversity group

In a subset of the cohort, people with no prioitdrs of depression who had risk CREB and
BDNF variants had increased brain responses whaming faces with sad expressions during a
functional magnetic resonance imaging (fMRI) sassio

These findings
suggest  that the
neurotrophin  system
affects the
development of
emotion  processing
systems in the brain
and that early
adversity such as
parental neglect or
abuse modifies this

CREB and BDNF minor alleles enhance sad
emotion processing

significantly more active areas in minor allele carriers after FWE correction
(p<0.05). Region of interest analysis

BDNF rs6265 A>GG
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studies of depression
that do not include
information about known psychosocial risk factaysgatly reduce the possibility of detecting
genetic effects in depression. Furthermore, thethgsis-testing pathway approach, validated by
functional effects on brain emotion processing, M@ppear to be a powerful way to test insights
from animal models of vulnerability

Compromised 5-HT systems in depression
NewMood has led to major new insights into the lomad long-feedback control of 5-HT
function (Workpackage 3) and into 5-HT mechanisidepression in humans and animals.

Local control of 5-HT cells in the midbrain raph®artner 11 showed that non-impulse-
dependent release of 5-HT from dendrites in thdeapvhich is determined by availability of
tryptophan in the diet controls the firing-rate adlls. Local 5-HT acts on dendritic 5-khl
receptors. These autoreceptors mediate inhibitio®-BT cell firing early in antidepressant
treatment and as they desensitise during contitigadment, the firing rate returns to normal.
This increases release from terminals and allowiggeater accumulation of 5-HT in the synapse
by inhibition of uptake. This is thought to accodot the delay in onset of the full therapeutic
effect of uptake inhibitors. Blockade of 5-hlautoreceptors could thus hasten the onset of
antidepressant effect. Unfortunately, current 5.HBntagonists also block forebrain post-
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synaptic receptors that probably mediate antidspraseffects. Partner 2 has important evidende
that that pre- and post-synaptic receptors diffeirtlinkage to G-protein mediated signalling and
that therefore selective presynaptic antagonistédcbe developed. Indeed Partner 11 has been
experimenting with such an agent.

Laurence Lanfumey (Paris) and Renato Corradettir@iice) have collaborated with the groups
with experimental models to disseminate electroptygical (WP6) and neurochemical (WP3)
methods of assessing 5-kFAT autoreceptor functioning. In general autorecegtorction is
reduced. This rules out the possibility that exisesautoreceptor restraint of raphe 5-HT cell
firing is a general mechanism of compromised 5-Hiiction in depression. Indeed, the results
are more in keeping with the more subtle idea T release is enhanced in emotion
processing areas in response to acute stress atidteseanxiety responses. In contrast, after
chronic stress impairment of 5-HT release occurtlier brain regions as part of the mechanism
of learned helplessness. Antidepressant drugs noal lay re-balancing different 5-HT systems
through their combined effects on terminal 5-HTeasle, changes in postsynaptic sensitivity and
long and local control of the raphe.

Cortical control of the raphe; novel long-feedbankchanismsPartners 2 and 9 have described
and characterised novel and important long feedbankol mechanisms that control raphe firing
from glutamate cells in prefrontal cortex (WP6).eQpopulation is activated by 5-HJreceptors
which project to local GABA interneurones that imhi5-HT cells in the raphe. Another
population probably activated by 5-btlreceptors, projects to the lateral habenula whketds
extrinsic inhibitory projections to the raphe. Part 9 has shown that 5-KJ antagonists by
blocking long feedback inhibition of the raphe, remse 5-HT accumulation in the synapse
following treatment with serotonin selective rel@anhibitors. These findings demand clinical
trials to establish whether 5-HJselective antagonists enhance antidepressara@ffic

Compromised 5-HT function in depression in huméisether 5-HT function is compromised in
depression continues to elude decisive demongtratibumans. lan Anderson and colleagues in
Manchester have developed intravenous citalopraafiecige pharmacoMRI as a way of probing
5-HT function in living humans; citalopram abrupthcreases synaptic 5-HT and MRI is used to
follow the brains response (WP7). Patients withistory of depression show evidence of
reduced responses in subcortical structures sudheagaudate nucleus but some regions of
prefrontal cortex show enhanced responses. Impainédortical responsiveness may indicate
that vulnerable people who are currently well nthadess have impaired subcortical 5-HT
function and better frontal regulation of limbic efon processing centres. However, this pattern
could also indicate a mechanism of remission incWirontal cortex is better able to control
stress-related 5-HT release. This group is vigdyooentinuing to investigate these fundamental
issues using UK MRC funding obtained on the basi?NewMood data. Parallel studies in
animals by Trevor Sharp in Oxford have used cita@opor fenfluramine challenge phMRI and
also 2 deoxyglucose imaging as used by Paul Kelidinburgh, to show changes in response to
stress and antidepressant treatment, and in tfegatit animal models.

Compromised 5-HT function in animal8. number of groups have studied the behavioural
consequences of experimentally impairing 5-HT fiorcusing a variety of techniques including
drug—induced partial depletion with the recreatiairag ecstasy (MDMA; Paris, Budapest and
Edinburgh groups) and p-chloroamphetamine (PCAju)arndn general these animals show
depression-like disturbances of sleep and leareguléssness in some circumstances but do not
display the full anhedonia/anxiety/helpless syndrofeter Lesch (Wlrzburg) has developed a
GM mouse lacking the 5-HT synthetic enzyme TphanReably, their 5-HT neurones appear to
develop normally but are completely empty of 5-Hheir behaviour is also remarkably normal
in the absence of stress but further studies aezlete to determine their vulnerability to
depression-like response to chronic stress.
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Role of the 5-HT transporteMuch research world-wide has Right Caudate
been generated by the seminal observation of Retech’s LL sL S3
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group that genetic variation in the activity of tleHT
transporter was related to the personality traihediroticism.
This finding was confirmed and elaborated by Gyddggdy’s
group in their Hungarian population. That the glallis the
less active form of the transporter has been dyrec
demonstrated in humans by the Manchester groupy TH
showed that the citalopram-challenge phMRI respongere
clearly reduced in homozygous ss-allele carrieze {®).

'
H

.,rHIUH’MH‘“'

! ZﬁiinutesTimerluE'.ins!

(LI

% BOLD signal change

LAt

D

The most compelling evidence that the less actialete is associated with emotionality comes
from Wirzburg and other groups using fMRI; the adglg, a key centre for integrating anxiety
responses, is more responsive to emotional imagkamans who carry the s-allele. The role of
the transporter in depression is more controverdiae 5HTT-/- knockout mouse has been
extensively studied by many NewMood groups togethigh its complement, the SHTT over
expressing mouse and this has generated many tesiBnoadly speaking the results are
compatible with the idea that raised synaptic 543THTT-/-) is associated with anxiety-like
behaviour but that helplessness may be more assdd@av 5-HT in the 5-HTT o/e mouse in
which the greater number of uptake sites removel§ 5rom the synapse. However, increased
helplessness compared to control animals can hed@udin both strains. It seems likely that other
changes are needed to reveal the depression ppenmtyanimals and humans such as those
revealed by NewMood - early adversity, altered rbralevelopment, and changes in
glutamate/GABA and neurotrophin pathways. The ssidlescribed in WP3 indeed show that
other risk genes such as the CB1 receptor and Tghgact with 5-HTT variants to influence
emotionality and impulsiveness at the level of peality and at a neural systems level of
emotion information processing.

Information processing biases and vulnerability&pression

The core translational processes which may be rclosgenetic mechanisms (endophenotypes)
than symptoms in humans are impaired reward prowgsfncreased anxiety and impaired
tolerance of stress. The extensive behaviouralachenisation of the animal models is described
in WP1. In humans, much use has been made of &ldy gctivation of the amygdala, detected by
fMRI, when viewing emotional faces (see previoustis@). This appears to be a genuine
endophenotypic marker for convergent influencesseVeral genes described in WP3 on
unconscious emotion processing. These effects eatetected with much smaller samples than
those needed to detect genetic influences on husganptoms or questionnaire scores. The
Manchester group have recruited a group of abutpE@ple currently well but with two or more
past episodes of depression. This remitted depte$B®) group who are vulnerable to
depression, have been compared a similar numlqgeagfle who have never been depressed. The
vulnerable group showed a greater ability to detegfative emotion in faces using performance
measures and this was paralleled by greater caubl@tween visual and emotion processing
areas in the brain when viewing faces. Howevegnmotion processing regions, fMRI responses
were reduced in the RD group and this may be aggmothat sustains remission. NewMood has
been dramatically successful in demonstrating emdtiformation processing biases that
underpin genetic and acquired vulnerability to éspion.

Depression involves rather general impairmentsntéllectual functioning (‘cold-cognition’) —
reasoning, memory and decision-making. The RD gshgw persisting cognitive impairments.
Jaanus Harro (Tartu) and Trevor Sharp (Oxford) Hmaen able to bring this under experimental
control in animals. Animals with depression-likehbeiours after repeated social defeat show
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impaired performance in tasks involving attentiow amemory. These measures may be useful fri*
finding drugs that improve cognition in depression.

Acute and chronic psychosocial stress

The chronic mild stress (CMS) and ultra-mild strpasadigms have been used extensively by
NewMood to reveal vulnerability to stress both e tGM and acquired vulnerability models.

These stressors involve repeated exposure to ungakleé mild ‘hassles’ such as unchanged
bedding, delayed feeding and disrupted light-dgdticg. The animals show signs of anhedonia
and lose their preference for drinking sweetenetemwalhey more rapidly develop helpless

behaviour in response to the acute stress of ipabta swim stress or tail suspension. In the
human cohorts several groups (Budapest, Maastii¢duchester and Wirzburg) obtained self-

ratings of stressful life-events and determinedrtiduence on mood in people with variants in

the genes disrupted in the animal models. A vengdgexample of this translation is provided by

the NewMood studies of the CN1 receptor.

Rafael Maldonado and colleagues generated the @B&kkut mouse model and showed their
susceptibility to repeated swinr
stress. The GM animals develop
immobility more rapidly and they|
show exaggerated stress hormone
responses (fig a). They showed an
impaired ability to mount a BDNF
response to the stress (fig b) and
replacement of the BDNF by local
injection (fig c) reversed the deficit
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In a direct translation, the
Manchester group genotyped their <)
community cohort for variants of
the CB1 receptor. Several SNPs and
combinations of SNPs predicted
current depressive symptoms but
this was almost entirely attributabl
to the group that had experience
life-events. Possession of the ri
variants of the CB1 recepto
increased susceptibility to develo
depression in the face of life-stres
(see fig). Some of this effect ma
be mediated by the personality tra
of neuroticism since 1% of the
variance in this personality trai
was accounted for by CB1 genet
variants.
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Summary bk
NewMood has identified through its gene-expressstmdies new leads in the search for
understanding the pathogenesis of depression. ddus fis very much on molecular mechanisms
of synaptic plasticity. The partners work togethall and continue to collaborate. Much more

will emerge from the rich molecular dataset in idfgimg molecular signatures of pathogenesis
and the effect of antidepressants on the changd®iaxperimental models. Large collections of
DNA together with phenotypic information have besmtumulated in human cohorts and these
clinical datasets will continue to be used to tsterging molecular insights from the animal

models. In addition much has been learned aboudaimental mechanisms of the control of 5-HT

function and the role of neurotrophic mechanismadaptation to stress.
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Section 3 — Workpackage 5-year Summary

Table 6. List of all Milestones throughout the prgect

All the Milestones have been passed successfully.
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No. | Milestone Name WP no. Due | Actual
date | date

Uniform method of brain dissection agreed. (DVD mag Partners 6 and 2;

1 . . 4 15 15
available to all consortium members)

5 Selection of rodent models for more detailed behavineurotransmitter and 3 18 18
neuroendocrine endophenotypic analysis
New genomic targets for mechanisms and treatmentifted, (Preliminary

3 results of functional SNP-based association/linkstgey of a appropriate 2 18 18
candidate gene in depression)

4 Decisions on models to be taken forward for dedadlealysis of mechanisms 2 18 18
(Selection of the models to be used for furthedists)
Identification of new genetic and developmental gledrom molecular

5 . 4 24 24
developmental & array studies.

6a Data lock on collaborative community study (LevelDecided to delay data-lock 7 o 48
until month 48 to allow inclusion of participanecruited at Levels 2 and 3.]

6b | Completion of motivation-reward and ruminatidfiRl studies (Level 3). 7 24 48

7 Decisions on detailed studies of mechanismsletts models All 30 30
Decisions on new Activities on basis of promisiimglings e.g. role of

8 e . e 1 30 30
vulnerability models in addiction.

9 Selection of parameters and models for antidepresffects to be studied All 30 30

10 | First results of antidepressant effects on gexmpeession. 4 30 42

11 | Completion of sample from community study (Lelein Manchester 7 30 30

12 Evaluation of use of 2-dimensional statistical pae&ric mapping of group 7 36 36
differences applied to autoradiographic brain sesti
Decision on viability of peptide release experinsensing molecular biological

13 3 36 36
approaches

14 | Assessment of the utility of arachidonic acid inmggas an adjunct to GW§S, 3,7 36 36
Decision on studied monoamine neurochemical endugkipes for inclusion ir

15 o 3,5,6 36 36
characterization of all models

16 | Neurogenesis studies complete in core models 5,2 36 36

17 | Completion of neuropsychological study (Level 2) 7,2 36 42

18 DeC|§|on on the influence of a reduced expressfoi@_UT1 on 5-HT cell body 6.3 42 54
function

19 | Completion of motivation-reward and ruminatidsR| studies (Level 3). 7 42 42

20 | Decisions on detailed studies of mechanismslected models All 42 42

21 _Selec_tl(_)n of parameters and models for antidepnésstects to be further studied All 42 42
in Activity 5
Identification of changes in gene expression shdredseveral models from

22 . h DT 4 48 48
NewMood Bioinformatics Analysis Pipeline

23 Decision on whethen vivorat brain MRS measurements of GABA/glutamate |are 3 48 48
achievable. [The decision was made that theseureagnts are not achievable
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No. | Milestone Name WP no. Due | Actual
date | date
Effectiveness of antidepressant treatment at rengethe decreased neurogenesis
24 | . . S 4,5 48 48
induced by maternal separation and chronic milelsstr
Identification of abnormalities of HPA feedback wésgion shared by several
25 3 48 48
models
26 Completlon of direct citalopram phMRI in controldepressed and remitted 7 48 54
patients.
27 | Decision on feasibility of Level 2 study in Bymest 7 48 48
BDNF, TPH1, TPH2, GR genotypes determined and edlab behavioura
28 - - 2,4,7 48 54
measures in Longitudinal TWIN-study
NewMood Genelist for depression and antidepresséfitacy presented [ The
29 | original Milestone 29 “Design of NewMood chip” isirtwal and has beep 2,4,5 54 60
superseded by the NewMood Genelist]
30 | Decisions on final detailed studies of mechanisnselected models All 54 54
31 | Selection of parameters and models to be refinedre models All 54 54
Genotyping completed for a group of subjects witbllwcharacterised brain
32 : . : 2,4,7 54 54
responses to face emotion and emotional procetsskg
Correlation of the behavioural depression endoptypeoof CB1 knockout mice 134
33 | with patterns of regional brain activity (cytochreroxidase) and with respect fto 5 6 ’ 60 66
serotonin patterns (5HT release and transporter) '
Validation replication of genes from the expressiorays (e.g. by RT-PCR an
34 . AL 4 60 60
situ hybridisation)
Correlation of the serotonergic deregulation of CBiockout mice with the
35 . . . 4 60 66
differential gene expression of the 5}dTeceptor
36 Determination of changes induced by chronic antieegants on gene expression 4 60 60
in CB1 knockout mice and validation by RT-PCR
The effect of galanin and galanin agonists/antagisrin depression-like
37 | behaviour and on expression of markers in dorgdle®-HT neurons will be 1,5 60 60
presented
38 Integrated understanding of the role of HPA dysfiamcacross mouse and rat 3.4,5 60 66
models.
Integrated understanding of raphe control mechasismore behavioural 1, 3,4,
39 L9 60 66
phonotype of depression in mouse and rat models 56,7
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Table 7. List of all Deliverables throughout the poject

All the Deliverables have been accomplished. (Deta the achievement of each research

Deliverable, is given in the relevant WP Delivemtlbcument. Details of the achievement of the
dissemination Deliverables is covered by the sepalacument - PUDK 2004-09).

Due | Actua
Del. No. | Deliverable Name WP no. | date | Idate
Project month
Initial core behavioural data-set complete. 1,8 18 18
Initial NEWMOOD-1000 microarray data-set. 41, 18 24
Two new mutant mice models ready for Core Datiesaluation 2 18 36
Publications describing relation between behavinaurochemistry
4 All 18 18
/hormone. Total >25

5 First association study in study participants 7 2, 18 18

6 Analysis of initial microarray data-set completel mouse models. 148, 24 48

7 First conditional 5HT knock-outs available. 2 24 36

8 Core data-set of molecular HPA parameters acnostels 1,2,3,4,5 24 36

9 Micro-array identifies first genes common to aaimmodels 4 24 60

10 Modified 18-month plan 8 18 N.A.
11 & 32b Completed data-set on neurotransmitter endopheaatyyoss several 3,56 30 36

models.
MCPP or citalopram pMRI and modulation of rewanggraion and

12 . 7 30 48

cognition completed.

13 Initial analysis of data in collaborative comrityrstudy (Level 1) 7 30 42
14 & 28a| Two Level Il studies (fMRI, pMRI studi@s participants) completed 7 30 48
15 & 31a Three NEWMOOD reviews published (behaviour, 5SHTutatgon, All 36 60

neurogenesis)

16 Design of NEWMOOD ‘Depression’ chip agreed [The o$the lllumina All 36 NA

whole genome chip has lead to this Deliverable beag void] o
Review of molecular basis of changes in neurogeriediewMood models
17 - 5 30 48
of vulnerability
18 & 31b | Illumina array microarray data-set in Ctedels 1,24 36 48

19 Identification of first candidate genes from N@od / lllumina array 4 36 48

20 First array data from human post-mortem brain 2,7 36 36

21 Long-loop and local control of 5-HT cell activiphysiology 5,7 36 36

22 Long-loop and local control of 5-HT cell actizimodels of vulnerability 3,5, 36 36

23 Neurophysiological responses in selected models 3,4,5,6 36 36

24 Cellular responses in selected models 1,456 36 48

Communications to international scientific meetiogsbehaviour/ 5SHT
25a X . . 4 All 60 60
regulation / neurogenesis neurophysiology/ nheunmistey/hormone
25b & | Completed data on neurotransmitter regulation & raternal separation
3,4,6 42 48
30a model
26 Review of insights from NewMood models on cohttBA in stress 3,4 36 42
27a Initial analysis of genenvironment data in collaborative community stu 2.4.7 36 48
(Level 1)
27b & | Citalopram pMRI measuring 5-HT sensitivity complétel5 controls and 7 42 48
32a 15 remitted depressed subjects

28b Brain maps of comparative oxidative metabolism ialnerability to 7 42 60

depression
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Due | Actua
Del. No. | Deliverable Name WP no. | date | |date
Project month
20b Chang_es in the acute effects of SSRI antidepressantpartial 5HT 1 42 42
depletion models
30b Completion of the pharmacological profiling of braifunction that 7 42 48
contributes to the imaging core data set in modiieHTT function models
3la&b | (see 15 and 18)
32a &b | (see 27 and 11)
33 Communications to international scientific tiags, publications All 36 36
Changes in hippocampal gene expression in vulréyaimodels replicated
34 . 4 48 60
in samples from depressed humans
35 Brain maps of 5-HT receptor function in modif@dHTT function models 7 48 48
Characterization of sleep parameters in the rateinofdpartial serotonergic
36 & 45 ; ; : . 6 54 54
lesion during damage and partial recovery [Dupéitat
37 Validation of animal imaging model of 5-ktllong-loop feedback 3,7 48 60
Role of the NPY system in neurogenesis will be lalée, including the
38 . : 5 48 48
effect of selective deletion of the two receptors
39 First association data in resistant depresstenpa 2 48 60
40 Determl_natmn of effect of SSRI/5-H{F antagonist combinations on gepe 4 48 60
expression
The effect of galanin and galanin agonists/antasisndn depression-like
41 behaviour and on expression of markers in dorggie&-HT neurons wil 5 48 48
be reported
42 Key results from neuropsychological study (LeXeB00 subjects) available 54 54
43 Tryptophan hydroxylase mapping in raphe of enoelels presented 5 54 60
44 Microarray data on 5-HTT over-expressing andckrout mice 4 54 60
45 (see 36)
46 Behavioural data set on the effects of chroogiat defeat 1 60 60
47 Molecular account of CB1 behavioural, monoamine @&dro-endocrine 1,4 60 60
phenotype
48 Da'ga on transcript levels of galanin and galanid issireceptors in various 3.5 6 60 60
brain regions
Behavioural data-set for the effects of habenudales on 5-H}: mediated
49 : 1 60 60
behaviour
Role of different G-protein-coupled receptors oa pinoduction of
50 S : . 1,24 60 60
endocannabinoids relevant to depressive behaviour
51 Local and long-loop regulatory mechanisms oflbsyistem function 3,%,7 60 60
52 Brain maps of 5-HT receptor function in core smmodels 7 60 60
Effects of serotonergic damage in pregnant fenatethe development of
53 the serotonergic system and behavioural phenotl/ffe®ffspring in 1,3 60 60
adulthood
54 Role of the CCK system in neurogenesis will bblighed 5 60 60
Association study and/or haplotype analysis otgraglated to mood in the
55 . 2 60 54
Hungarian cohort
56 Communications to international scientific meg$, publications All 48 48
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Workpackage 1 — Behaviour

1. Objectives
i. To determine the effects of classic and new antesgants in animals exposed to acute
and chronic behavioural models of depression
il. To characterize emotional-like behaviour in geratycmodified mice.
iii. To define the responses induced by classic andargigdepressants in mice with target
mutations.

2. Progress towards the Objectives

Activity 1: Behavioural endophenotype of modelof genetic, developmental and acquired
vulnerability to depression.

The major objective of Activity 1 is the identifitan of core behavioural endophenotypes
(anhedonia, fearfulness, helplessness) which ogcw@nimal models of genetic and acquired
vulnerability (1.1) in order to identify shared clgs in regional brain activation (1.2) and gene
expression (1.3) which mediate the influence oheuwbility on the core processes. Firstly, the
behavioural characterisation of the Core Models gaased out and, secondly, it was performed
the identification of changes in regional brainiation (1.2) and gene-expression (1.3), which
are common to the models and which relate to pdaticomponent processes such as anhedonia
or anxiety which vary in degree and sometimes tioacin the different models.

Further to the switching to the comprehensive llhararray system, the identification of the first
genes which respond to stress, to vulnerability tntreatment with antidepressant drugs has
been completed in the last period year. These rggliwill be rapidly validated in humans
because: i) all DNA has been collected; ii) volenseand patient samples have been evaluated
clinically and for endophenotypic markers of vubidatity (Activity 4) including fMRI; and iii)

we have established our statistical analysis methddhus, as soon as a genotypic data is
available, associations with disease and endopygicanarkers will rapidly follow.

Table 8. Core Models - behavioural endophenotyping

Help- | Reversal | Array

Genetic vulnerability Species | Partner| Anhed| Anxiety less | by ADs | done
Cannabis receptor 1 knockout (CB1-/-)| Mouse 4,2 + + + Yes Yes
Glucocorticoid receptor antisense (GR-)Mouse 2 ns ns + Yes Yes
5-HT transporter models

e 5-HTT knockout (5-HTT-/-) Mouse 2,3,4,8 ns ns/+ +/- Yes

« 5-HTT overexpressing (5-HTT o/e) Mouse 8,9 - + Yes

Vesicular glutamate transporter
(VGLUT1+/-)

High/low swim test analgesia (HA/LA
[HA is the ‘depressed’ endophenotype]

High/low exploration (novelty respons E)Rat

Mouse 12 + + + Yes Yes

Mouse 13 + + + Yes Yes

(HE / LE) [LE is the ‘depressed’ phenotype] 5 * * * resistant Yes

Acquired vulnerability

Partial 5-HT depletion (PCA) + CMS Rat 5 + + + Yes Yes

Maternal separation (MS) Rat ) 12 N - * Yes Yes

Rat (Q) ns ns + Yes Yes

Prenatal stress (PS) Rat 6 cms + + Yes Yes

Chronic Social DefedSD)[non-resilient | Rat 59 ns + + unknowr Yes
Anhed = anhedonia; Helpless = helplessness; ADsatidépressants; CMS = chronic mild stress; modeliléd-type (HE vs LE,
HA vs LA): ns = no significant difference; + = imase; — = decrease;
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1. Models of genetic & constitutional vulnerability bk

1.1.Core models

Cannabis receptor knock-out mice (CB1-/Bartner 4 (Barcelona)

The behaviour of CB1-/- mice has been extensivélgracterised and they show a consistent
depressive endophenotypic pattern; they show arased response to acute and chronic stress
exposure in behavioural models of anhedonia (chrampredictable mild stress), anxiety
(elevated plus maze and lit/dark box) and helpkessrtail suspension test, TST, and forced
swimming test, FST). Furthermore, they have alt@@ticosterone release after stress exposure
and decreased expression of brain derived neutatdpctor (BDNF) in the hippocampus in
basal conditions and after acute or chronic exmotustress, in comparison with control animals
(Activity 3). In order to elucidate its regulatonyechanism, the expression of CAMP responsive
element binding protein (CREB), and its activat{tavels of phosphorylated CREB, pCREB) in
the hippocampus of GEknockout mice were studied. No differences indhgvation of CREB
(ratio pCREB/CREB) were found in basal conditionsew compared CB1-/- mice to wild-type
littermates. However, chronic stress induced aregse in the activation of CREB in wild-type
animals that was not observed in CB1-/- mice, iative of a possible mechanism of differential
response to stress between genotypes. On the lodhel, chronic treatment with fluoxetine (a
selective serotonin reuptake inhibitor) ameliordtesdepressive-like behaviour shown by CB1-/-
mice in the TST and induced an increase in BDNEI&In the hippocampus of CB1-/- animals.
In order to further investigate the role of CB1 mahinoid receptor in the control of stress
responses that are altered in CB1-/- mice, humeonbinant BDNF was directly administered
in the hippocampus of those animals, with a comspteversion of the depressive-like. These
results suggest that CBdannabinoid receptor would not be involved in thBN& related
mechanisms of response to stress. However, thepter seems to play a crucial role in the
control of the HPA axis since the lack of C&lnnabinoid receptor induces an increased response
to stress and hippocampal alterations (Aso et 20108). The effects induced by nicotine,
physostigmine and scopolamine were studied in GBdd/ wild-type mice in the active
avoidance paradigm. In addition, the effects ofghetreatment with the CB1 receptor antagonist
rimonabant were evaluated on the responses induceitotine in the active avoidance and the
object recognition tasks in wild-type mice. Nicaidid not modify the performance of CB1-/-
and wild-type mice in this model, whereas scopafmimpaired the performance in both
genotypes. Physostigmine increased the active amoel performance in wild-type but not in
CB1-/- mice. Rimonabant did not modify the perfonoa in the active avoidance test, given
alone or co-administered with nicotine. In contrastotine enhanced the performance in the
object recognition task but this response was a#iidl by rimonabant co-administration. The
different responses induced by nicotine in thevactivoidance and object recognition task might
be consequence of the distinct neurobiological satesand cognitive responses evoked in these
behavioural models. The present findings demorstitiiat the effects of nicotine and
physosotigmine are attenuated in the absence of l€8dptor activity. However, scopolamine
effects are independent from CB1 receptor activithhe cognitive responses induced by
rimonabant in the active avoidance paradigm wefferdnt to those observed in CB1-/- mice.
Moreover, we have demonstrated the correlatiorhefBDNF impairment with the behavioural
endophenotype of CB1 knockouts since the local amgction of BDNF in the hippocampus
reversed the increased despair behaviour exhilbyethe mutant mice in the Tail Suspension
Test. These results highlight the important roleyptd by neurotrophic factors on the
manifestation of the depressive-like phenotype, (88e et al., 2008).
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Glucocorticoid receptor antisense mig@R-i) Partner 2 (Paris) e

The GR-i mouse is a genetic model of vulnerabtlityenvironmental factors such as stress and is

of special relevance to asséssv HPA axis dysfunction can contribute to triggpmhavioural

deficits associated with depression.

* No difference in saccharine intake was measur&Rn versus their wild-type controls.

* GR-i mice exhibited a higher immobility score (+%90than their wild-type controls, when
recorded for a 6 min TST session.

* No changes was seen in anxiety behaviour has redyrad using elevated plus maze.

The effects of stress on these parameters are @xgerimentation. Some of these data have

been presented in different meetings (FENS, Pazanial, 2006, Society for Neuroscience,

Paizanis et al, 2006) and a manuscript is currémgbyeparation for submission.

Serotonin transporter knock-out mi¢eHTT-/-) Partner 2 (Paris)

In contrast to GR-i mice, 5-HTT-/- mice exhibitedbaver immobility (-71.0 %) compared to WT
control in the TST. This “anti-depressant-like’hla@iour is in line with low immobility obtained
after a fluoxetine treatment (-56.7 %) in C57BLf6ite (on which these 5-HTT mice have been
backcrossed). No modification in tpeeference of sweet solutievas found in 5-HTT-/- mice.
On the CD-1 genetic background, we confirmed, terain extent, that mutant mice lacking the
5-HTT exhibited enhanced responses to anxiogennditons. Thus, compared to their WT
littermates, 5-HTT-/- mutant mice showed a decreagbe ratio of central/peripheral activity in
the open-field test, which indicates an increasexiety-like behaviour. However, 5-HTT-/-
mutants exhibited no signs of increased anxietthenlight-dark box or the elevated plus-maze
tests. As previously described for other genetikbgeounds, we observed a general reduction in
exploratory locomotion for 5-HTT-/- mice with CDHackground.

Mice over-expressing the human serotonin transpgeee (5-HTT o/efPartner 9 (Oxford)

A commonly occurring polymorphic variant of the hamm5-HT transporter (5-HTT) gene, that
increases 5-HTT expression, has been associatedetiticed anxiety levels in human volunteers
and patient populations. However, it is not knowether this linkage between genotype and
anxiety relates to variation in 5-HTT expressiomgd @onsequent changes in 5-HT transmission.
We have investigated this hypothesis by measuring meurochemical and behavioural
characteristics of a mouse genetically engineeedver-express the human 5-HTT. These
transgenic mice showed the presence of 5-HTT mRN#eé midbrain raphe nuclei, as well as a
2-3 fold increase in 5-HTT binding sites in theh@amuclei and a range of forebrain regions. The
transgenic mice had reduced regional brain whaleué levels of 5-HT and, in microdialysis
experiments, decreased brain extracellular 5-HTcwineversed on administration of the 5-HTT
inhibitor, paroxetine. Compared to wild-type mitiee transgenic mice exhibited a low anxiety
phenotype in a variety of anxiety tests includihg elevated plus maze and hyponeophagia tests.
Furthermore, in the plus maze test the low anxpignotype of the transgenic mice was reversed
by acute administration of paroxetine, suggestingdjract link between the behaviour, 5-HTT
overexpression and low extracellular 5-HJartner 9 has extended the characterisation of the
behavioural phenotype of this mouse model usingetyparadigms (including conditioned fear)
and measures of stress and learned helplessnessd(fovim test). The data demonstrate that 5-
HTT overexpressing mice have a low anxiety pherogqross a range of anxiety tests including
conditioned fear, and demonstrate increased immpil the forced swim test. Effects on sleep
are described in WP@n toto, these findings demonstrate that associationsdatvincreased 5-
HTT expression and anxiety can be modelled in nsind may be specifically mediated by
decreases in 5-HT transmissidtartner 9has also extended the behavioural characterization
these animals, to include the study of appetitraepsses (satiety sequences) and spatial working
memory (water maze). In both respects, the 5-HTa@rexpressing mice were not different from
wildtype controls. One implication of these datdhat variation in 5-HTT expression does not
have a significant impact on satieBartner 9commenced collaborate studies wiRhrtner 3
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(Wirzburg), investigating the behaviour of the 5-Hiansporter overexpressing mice i+
comparison with 5-HT transporter knock out micepéesally, decision-making and effort based
reward tasks)Partner 9 in collaboration witHPartner 2 (Paris), studied sleep architecture in the
5-HTTo/e mice (WP1/6) and obtained preliminary evide of exhibited lower levels of REM
sleep, a phenotype opposite to that previouslyrebgan 5-HTT-/- mice.

Vesicular glutamate transporter heterozygous kmmak-mice (VGLUT1+/-) Partner 12
(Pamplona)

The vesicular glutamate transporter (VGLUT1) is thejor isoform in cerebral cortex and
hippocampus, where it is selectively located onagyic vesicles of excitatory glutamatergic
terminals. We investigated the possible influendeaodown regulation of the VGLUTL1
transporter in anxiety, depressive-like behaviond éearning. The behavioural phenotype of
adult VGLUT1 heterozygous knockout mice (male agmdle, C57/BL/6) was compared to wild
type mice. VGLUT1+/- mice displayed normal spontaugelocomotor activity, increased anxiety
in the light-dark exploration test and depressike-behaviour in the forced swimming test. In
the novel object recognition test, VGLUT1 heteraayg mice showed normal short-term but
impaired long-term memory. These results, suggbhst ©a presynaptic alteration of the
glutamatergic transmission leads to a behavioutsenptype resembling some aspects of
neuropsychiatric disorders (Tordera et al., 2006)reover, adult male VGLUT1+/- and wild
type (WT) mice (C57BL/6) were exposed to unpredildaepeated mild stressors for six weeks.
Anhedonic-like behaviour was evaluated by weeklynitwoing of sucrose intake and a battery of
behavioural tests was performed over the week #fteend of stress (Elizalde et al., submitted).
VGLUT1+/- mice exposed to CMS showed a higher vidbgity for anhedonic behaviour
compared to WT mice. Moreover, VGLUT1+/- controlcenishowed lower levels of sucrose
intake compared to WT. One week after the end resst both VGLUT1+/- control and CMS
mice showed depressive behaviour compared to toeiesponding WT groups. However, no
significant differences across genotypes were @kgein the CMS-induced anxious behaviour
(elevated plus maze) and impaired recognition mgnfoovel object recognition). Repeated
antidepressant treatment with imipramine reversed@MS-induced anhedonic-like behaviour
from the 5th week until the end. Imipramine showésib anti depressant activity in the FST both
in control and CMS exposed mice and reverted radognmemory deficit Activity 5. In
summary, VGLUT1+/- control mice show a behavioudapressive-like profile (Tordera et al.,
2007), which is comparable to that shown by WT egato CMS. Moreover, VGLUT1+/- mice
exposed to CMS showed a higher vulnerability fdresdonic and depressive behaviour compared
to WT, effects that were fully reverted by chromdpramine, thus confirming its validity as a
transgenic model of depression.

High and Low swim test analgesia mice (HA/P&ytner 13 (Warsaw)

Over the last 22 years mice have been selectethdomagnitude of analgesia induced by 3-min
swimming in 20°C water (swim stress-induced anageSSIA) and developed high analgesia
(HA) and low analgesia (LA) lines of mice (Panoekaal., 1986). HA mice, as compared with
LA mice, are much more responsive to the analgefects of morphine and selective agonists of
mu, delta and kappa opioid receptors and displasigaificantly higher level of mu-opioid
receptor mRNA in the nucleus raphe magnus. Thes Iaiéfer in a number of physiological
responses, including anxiety- and depression-li&eakiours. Partner 13 investigated whether
there are differences between the mouse lines #pect to changes in sweetened milk intake
induced by restraint. As a decreased intake of swehitions is considered a measure of
anhedonia, a cardinal symptom of depression, the ob interaction between the genetically
determined activity of the opioid system and stiessiducing anhedonia was studied. Restraint
strongly depressed drinking and HA mice drank g$igamtly less than LA mice. Moreover,
HA/LA animals do not show major differences in r@spe to CMS although the CMS procedure
was shown to be reliable. As a link between alasholand depression has been suggested we
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studied the effects of chronic mild stress (CMS)tla voluntary intake of 8% ethanol in the* **

mouse lines displaying high (HA) or low (LA) swintress-induced analgesia. Normally, 8%
ethanol is aversive to rodents. We found that LAcenwith the low opioid system activity
exposed to CMS manifested greater ethanol intake @imder no stress conditions. No such effect
of CMS on ethanol consumption was observed in H&enthat display the enhanced opioid
system activity. We conclude that CMS imposed atividuals with a genetically determined
low opioid activity may favour the development d¢ii@ol abuse and, possibly, susceptibility to
depression under stress.

Low vs. High Exploration rats (HE/LE)Rartner 5 (Tartu)

Low or high exploration in a novel environment agq®eto be trait-like characteristic in
individual animals and is associated with featuéshe depression endophenotype. We have
characterised this model further regarding behayibiochemistry (see Activity 2 and 3) and
sensitivity to chronic variable stress. LE-ratse(tidepressed” phenotype) did not differ in new
home-cage activity which contrasts to their lownatst in the exploration box and elevated plus-
maze. In contrast to stronger sensitization to atgrhine in LE-rats, no difference was found
between LE- and HE-rats in cocaine-induced plaedepence, but in LE-rats the extinction of
preference upon repeated testing was faster, wisichimilar to their faster extinction of
conditioned fear. Chronic variable stress elicitethrger decrease in sucrose intake in the LE-
rats; this effect was also more persistent asarHB-rats partial adaptation to this effect of sdre
We conclude that LE-rats are more vulnerable tomicrstress and have, besides, higher anxiety,
a different cognitive profile which may contribute their passive strategy in fear-provoking
novel environments. An alternative test was dewado@nd further used (see Activity 3.2), for
predicting the LE/HE phenotype, as preliminary ekpents demonstrated the effect of GRF
receptor blockade in LE-HE-rats being influenced pmevious experience of the testing
environment.

1.2.0ther models of genetic & constitutional vulnerétpil

We have also analysed and behaviourally charaetenther models of genetic & constitutional
vulnerability of depression. After the full behawural characterisation of these models, they were
not included in the list of core models (see aboVW&e main additional models that we have
characterised in this project are briefly describetbw.

Galanin and galanin receptor overexpressing miartner 10 (Stockholm)

Galanin is co-expressed with 5HT in neurones ofdbesal raphe nucleus. Previously reported
experiments (WP5) indicate that galanin receptGaR) interfere with 5SHT release and that the
galanin receptor is a target for antidepressang development. Mice modified to overproduce
galanin or one of its receptors show evidence akiased immobility in the forced swim test. We
have continued the analysis of our transgenic miosy focusing on the line overexpressing
GalR2 under the PDGF-B promoter with an EGFP caonstrThey exhibit a decreased
immobilization time in the forced swim test. No te@n difference between wild-type and
transgenic was observed in the elevated plus mesteot in the activity box. Histochemical
analysis indicates overexpression of GalR2 in paldr in cortical areas with high expression in
the retrosplenial cortex as well as in ventralicattareas, whereas no signal was observed in the
hippocampus. This confirms our and others finditlggt the GalR2 is ‘antidepressive’ and
further underlines that a GalR2 agonist is a padetreatment of depression.

Individual differences in sociability & rewardPartner 5 (Tartu)

LS/HS rats: animals with persistently different iabdity. We have characterised this model
regarding sensitivity to chronic variable stre#s.contrast to LE- vs. HE-rats, in which case the
more anxious and “depressed” LE-rats have highke@onic response to stress, the initially less
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anxious HS-rats were more sensitive to stressltifarats as measured by the decrease in sucrdse’
intake. HS-rats also had a higher number of défeta during immobilization stress than LS-
rats. Conclusively, animals with high trait soclapiare more vulnerable to stress in conditions
of single housing, suggesting that social behavioay in such animals serve as a protective
factor against negative emotionality. The effedtslronic variable stress on reward, aversion
and cognition have been studied in this vulnergbilmodel. HS-rats, while less
anxious/depressed at baseline, are more sensitiverms of reduction in sucrose intake, to the
anhedonia-eliciting effect of chronic stress (T8aemret al, Neuroscienc2008, 152: 867-876).
This may be, however, because of their dependencsooial interactions is higher and the
experiments were carried out with single housednals. The initially more anxious LS-rats
develop during chronic variable stress a numbdyetfavioural changes that resemble increased
impulsivity and may reflect alterations in cognéipgrocessing.

LC/HC rats: animals with persistently different eagsion of positive emotiondC animals have
high levels of 50 kHz ultrasonic vocalizations (U§\associated with pleasurable states. We
have extended their behavioural characterizatiotnath male and female animals, and also
compared the sensitivity to chronic variable stréssindividually stable and characteristic level
of 50-kHz chirps was reached after two weeks ofimdation in three independent experiments.
22-kHz USVs, revealing negative affective statesreness frequent and did not correlate with
50-kHz USVs. Further behavioural tests were alwersied out after the animals had reached
adulthood (60 days). HC-animals of both sexes kad anxiety in the elevated plus-maze and
foot-shock induced freezing in the fear-conditi@niparadigm, as compared to not handled
controls. In contrast, in the exploration box tdst HC-rats are less active. Chronic variable
stress regime reduced sucrose preference more inGtrats, this effect being significant only in
females. Conclusively, the low positive emotionaliC-rats appear to be more anxious but have
stronger approach behaviour, and female LC-ratsnare prone to anhedonia elicited by chronic
stress.

Reward sensitivity — persistent differences in gserintake Measurement of sucrose intake or
preference is in widespread use for predicting iseitg to rewards, but limited information is
available about the consistency of individual ssermtake or preference. We have measured this
in free-feeding rats during both the dark and lighaises. Altogether eight two-bottle tests were
carried out intermittently during light and darkgse. Intake and preference of sucrose during the
dark phase was significantly higher compared tolijet phase, and sucrose intake, but not
preference was individually very consistent acrdsgterent tests, especially during the dark
phase. Thus, sucrose intake is an individuallylstéfait, especially when measured during the
dark phase, and animals with different reward $mitgias measured by sucrose intake should be
further examined in tests of aversion and cognitleurthermore, this phenotype is related to the
function of dopamine preceptors in the nucleus accumbens (see Activiy Animals with low
baseline sucrose intake become more anxious #fésssas shown in the open field test whereas
sucrose intake became similar in the high and letake animals during chronic exposure to
stress.

Hypomorphic tryptophan hydroxylase-2 mice (TPHRgartner 3 (Wirzburg)

TPH2 hypomorphic mice have been generated with cedilb-HT synthesis. They showed
decrease anxiety-like behaviour which was depenadentmaternal behaviour. In addition,
preliminary results in heterozygous 5HTT+/- micergiag one hypomorphic TPHZR allele
and exposure to adverse rearing conditions revealetketration of a latent anxiety-like
phenotype. The identification of non-synonymousyparphisms in the murin€ph2allowed us

to generate a mouse strain with reduced 5-HT sgigland to study epigenetic programming in a
mouse model. These Tph2 hypomorphic mice showeckdsed anxiety-like behaviour which
was dependent on maternal behaviour. In additiogljnpinary results in heterozygous$T T+/-

Final Activity Report 2004-09 — LSHM-CT-2004-503474 Page 31/100



mice carrying one hypomorphic TpHZ allele and exposed to adverse rearing conditiore
revealed penetration of a latent anxiety-like phwpe (Carola et al., in preparation).

Nitric oxide synthase-1 (NOS-I) knockout mideartner 3 (Wurzburg)

Nitric oxide (NO) in the brain is formed by nitraxide synthase-I (NOS-I). A considerable body
of evidence implicated NO in fear conditioning.ess response and depression-like behaviour of
animals: pharmacological inhibition of NOS-I, foxaeple, has antidepressant and anxiolytic
propertiesNOS3(the gene for the so-called “endothelial isoforkipckout mice likewise show
an antidepressant phenotype. Mice in which sl gene has been partially deleted (to a
remaining expression level of ca. 6%) by disruptidexon 2 show overtly aggressive behaviour;
however, specific behavioural assessment with dsgr depression-like behaviour has not yet
been systematically undertaken, and neither haadheonal expression profile of these animals
been investigated. The results of our study indicah conclusion, despite convincing
pharmacological evidence, Nosl knockout mice i display anti-depressant behaviour. In
contrast, they showed only subtle abnormalitiegativity and cognition. Expression profiling
with the NewMood chip revealed several regulatedege some of which will undergo further
investigation by quantitative RT-PCR aiml situ hybridisation. The model will serve as a
positive control for the selected models of depogssulnerability.

Arginine vasopressin deficient (Brattleboro) raBartner 7/14 (Budapest)

Increased sucrose preference, decreased helplesamdsiecreased anxiety have been found in
Brattleboro rats in basal conditions compared tocehtrols. These data provide evidence for
decreased depression-like behaviour in these asinie effects of chronic mild stress (CMS)
were characterized in Brattleboro rats. CMS dee@afod and water intake, increased
immobility and anxiety in the elevated plus mazeboth Brattleboro and control rats. Some
behavioural and physiological (body weight change eorticosterone secretion) effects of CMS
were altered in Brattleboro rats, and these dajether with those found at baseline conditions in
acute challenges led us to the conclusion thatprassin indeed is an important factor in the
mediation of the behavioural effects of chroni@s$: That means, in general, that these animals
show less behavioural signs of depression compared controls. We concluded that arginine
vasopressin deficiency is a protective factor agjaime development of depression.

New TRKC overexpressing motstner 3 (Wuirzburg)

Accumulating evidence suggest that neurotrophintiggaate in the pathophysiology of mood
disorders. We have studied the role of such modscuby means of transgenic mice
overexpressing the full-length neurotrophin-3 reécedrkC (TgNTRKS3) in the central nervous
system. TQNTRK3 mice show increased anxiety-likdnadv®our and enhancement of panic
reaction in the mouse defence test battery, aloitiy an increase in the number and density of
catecholaminergic (tyrosine hydroxylase positiveumons in locus coeruleus and substantia
nigra. Furthermore, treatment of TgNTRK3 mice witlazepam significantly attenuated the
anxiety-like behaviours in the elevated plus makkese results provide evidence for the
involvement of TrkC in the development of noradrgin®neurons in the central nervous system
with consequences on anxiety-like behaviour andicpaeaction. Thus, changes in TrkC
expression levels could contribute to the phenactypipression of panic disorder through a
trophic effect on noradrenergic neurons in the $ocoeruleus. The elevated NT3- TrkC tone via
overexpression of TrkC in the brain may constituteunderlying molecular/neuronal mechanism
for the expression of anxiety.

5-HTT (S) / BDNF (B) double knockout miPartners 2 (Paris) and 3 (Wurzburg)

A colony of 5-HTT / BDNF (SB) double knockout mibas been established. With the first mice
we obtained, immobility using TST in heterozygous/-B+/- mice and compared to their
respective WT controls (S+/+B+/-, S+/-B+/+, S+/+B}lvas measured. Immobility in TST was
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measured in S+/-B+/- heterozygous mice comparedh&r respective wild-type controls ™ **

(S+/+B+/-, S+/-B+/+, S+/+B+/+). No modification afespair like behaviour was observed in
these heterozygous mice. Future experiments hawe tdone using homozygous 5-HTT and
heterozygous BDNF (S-/-B+/-) mice, and their colstr@as soon as the mutated colony will be
large enough to handle these experiments. Studi€stdT; A regulation in SB double knockout
mice in comparison with their respective contra@mgle knockout mice) are being carried out
usingin vitro electrophysiological approaches.

2. Models of acquired vulnerability

2.1.Core models

Partial 5-HT denervation + chronic mild stres®artner 5(Tartu)

This model has been fully characterised and arsalysthe effect of specific stressors and their
order of presentation has been carried out to dpval procedure with controlled degree of
adaptive response to repeated stressors in thaichrariable/mild stress paradigm. The model
has also been characterised for regional brainbobsan (see 1.2).

Maternal separation (MS) in ratsRartner 12 (Pamplona)

In a widely used model of depression, the forcedsmng test, MS produced a significant
increase in immobility both in males and femaleSucrose intake (sucrose consumption / rat
weight) was also reduced in male, not in female, i8S as compared with controls, a sign of
anhedonia. In the plus-maze, male MS rats, butferotle rats, showed increased anxiety-like
behaviour. Consequently, neonatal MS in the rat loanconsidered as an animal model of
vulnerability to development of a depression-likadrome, although there are some differences
in the endophenotype of male /female MS rats (mamptsin preparation). MS male rats
exhibited a significant cognitive impairment in twidferent learning tasks (Aisa et al., 2008). In
the acquisition phase of the Morris water maze,tdske was no significant effect of rearing in
the latency to find the platform. However, rearprgduced a statistically significant impairment
in the retention phase. Time spent by animals keegdor the platform was significantly lower
in the MS group compared to control rats. In theah object recognition test, MS rats showed a
learning impairment. None of the experimental gsouwliffer in their spontaneous locomotor
activity in an open-field.

Prenatal stress & gender differenceBartner 6 (Maastricht)

Exposure to physical and/or psychological stresgpriegnancy has been implicated in the

pathogenesis of mood disorders in offspring. Weistlithe increased vulnerability to depression
in later life in the prenatally-stressed offsprioigFischer 344 rats. In those studies we found that
the impact of prenatal stress heavily depends ergénetic background, i.e. stain, of rats used
(Van den Hove et al. 2005, see also activity 1T2erefore, we also examined the effects of
prenatal stress on adult anxiety- and depressiatece behaviour in Sprague-Dawley male and
female rats. Prenatal stress was associated witkased anxiety, in male, but not female adult
offspring. Likewise, depression-related behavioasvincreased in male prenatally-stressed rats
only. Male offspring further showed increased bgdatma corticosterone levels, whereas both
prenatally-stressed males and females failed tevsdro adequate response to stress with lower
stress-induced corticosterone levels as comparembritrols. Female hippocampal weight was

relatively higher after prenatal stress, which neaplain the absence of behavioural effects of
prenatal stress in this gender. Thus, surprisinghgnatal stress probably affects the male
offspring more than the female offspring with resp® affective behaviour. These studies test
the hypothesis that psychological stress in pregnarcreases vulnerability to mood disorders in

later life possibly by stress hormone effects or dpigenetic mechanisms. In addition, we

investigated the effect of chronic mild stress gacond hit’) during adult life on anxiety- and
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depression-related behaviour in both prenatallyssied and control rats. Prenatal stress increaded
anxiety-related behaviour (elevated zero maze) geqtession-related behaviour (forced swim
test). Acute stress-induced plasma corticostereoeegon was also increased. Interestingly, we
found an age-related gender-specific effect of arstress, i.e. females are more vulnerable at a
younger age. Depression-like symptoms in the seciotake test and forced swim test were
increased after chronic mild stress.

Social defeat in ratsPartners 9 (Oxford) and FTartu)

Social defeat is a major natural stressor in arsraad a source of depression, anxiety, low self
esteem, and social withdrawal in humans (e.g. img)y The model is based on exposure of
animal to social defeat and continuous contact \aigressor, and reportedly produces long
lasting social aversion, anhedonia, loss of biaalgihythms, reduced feeding and weight loss. In
experiments to date in Oxford (PhD student fromtd,aMs Kadri Kdiv), intruder rats
demonstrated submissive behavioural postures dradagnic vocalisations in response exposure
to an aggressive resident rat. Chronically expastgdder rats showed reduced weight gain and
reduced sucrose consumption. While the Oxford gioagp attempted to increase the aggressive
behaviour of residents by housing them in closghi®urhood with female animals, the Tartu
group has used pharmacological means, the apomergiensitization aggressiveness. Analysis
of other behavioural and physiological measuresié#@version, anxiety, learned helplessness,
plasma corticosterone etc) are ongoing. The outcofrtbese experiments will help determine
whether regional brain tissue from the social defeds (which is collected) is subject to
microarray analysis.

2.1.0ther models of acquired vulnerability

We have also analysed and behaviourally charaeteother models of acquiredinerability of
depression. After the full behavioural characteiggaof these models, they were not included in
the list of core models (see above). The main anfdit models that we have characterised in this
project are briefly described below.

Repeated MDMAartner 2 (Paris)

As in the case of alcohol abuse, MDMA (ecstasWniswn to drive severe depressive disorders,
particularly in the young population. In order tother explore the mechanisms which are linked
to this risk, we treated for 4 days mice with MDM#d explored different parameters 21 days
after the treatment. TST experiments did not re\aal despair behaviour after this delay,
although in this model, such as in the alcohol maitie alteration of the 5-HT system can be
observed (see activity 2). In addition, and inambration with Partner 4 (Barcelona), MDMA
self administration behaviour was investigated Bl knock-out mice. These experiments
showed that MDMA self-administration was aboliskégten the 5-HTT was inactivated. We also
evaluated the delayed effects of MDMA exposurelen3-HT system, usinig vitro andin vivo
approaches in both 5-HTT wild-type and knock-outeniAcute MDMA in vitro application on
slices of the dorsal raphe nucleus (DRN) inducettentration-dependent 5-HT release and 5-
HT cell firing inhibition. Four weeks after MDMA adinistration (20 mg/kg, b.i.d for 4 days), a
2-fold increase in the potency of the 544 Teceptor agonist ipsapirone to inhibit the disgear
of DRN 5-HT neurons and a larger hypothermic respoto 8-OH-DPAT were observed in
MDMA- compared to saline-treated mice. In addititong term MDMA treatment also induced
increased immobility duration in the forced swinsttsuggesting a depressive-like behaviour
induced by MDMA treatment. All these effects weilgolsshed in 5-HTT -/- knock-out mice
(Renoir et al., 2008).
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MDMA partial 5HT lesionPartners 7/14 & 8 (Budapest and Edinburgh)

Behavioural phenotyping has been continued afteg-term partial lesion of the serotonergic
system in rats. Increased impulsivity, motor aaion, without differences in peaceful social
interaction and overt aggressive behaviour weremies. These data provide evidence that a
partial decrease in 5-HT content in the neocortexiges a unique behavioural profile with some
but not other symptoms similar to depression in &ousn(Kirilly et al., 2005; Ando et al., in
press) (WP1) (collaboration: Partner 7/14 and Ra@i.

Prenatal stress; offspring of MDMA treated motheRartners 7/14 & 8 (Budapest &
Edinburgh)

Body weight at birth and thereafter is decreaseaffspring of mothers treated three times with a
single low dose of MDMA over gestation. Behaviowtkcts are have been analysed.

Prenatal mercury neurotoxicityRartner 10 (Stockholm)

Initial experiments have focused on the effect mfeavironmental contaminant, methal mercury,
given to pregnant female mice. Using a novel behewl analysis system, the Intellicage,
offspring were found to have lower sucrose prefegethan matching controls and longer
immobility time in the forced swimming test, sugtjeg that the system can monitor depression-
like behaviour (Onishchenko et al., 2006).

Bacterial endotoxin sickness behaviour mo&arner 13 (Warsaw)

Lipopolysaccharide (LPS) evokes an adaptive sickiehaviour in rodents together changes in
stress hormones and serotonergic and noradreniemgition. However, LPS injection had no
differential effects in the high (HA) or low (LAmSm stress-induced analgesia strains on various
measures of emotional reactivity including the atimustartle reflex and prepulse inhibition
despite the fact that LPS produced robust sickibebssviour, as evidenced by a decrease in
locomotion and body weight, and an increase in@usterone concentration.

Comparison of different stressors and responseatsiand mice Partner 13 (Warsaw)

The effects of chronic footshock or restraint oa behavioural responses to acute stressors and
corticotropin-releasing factor (CRF) were studiedats and mice. In rats (male Harlan Sprague-
Dawley rats) chronic footshock decreased acuteskmmk-induced freezing and ultrasonic
vocalization (measures of anxiety), but it increasentext conditioned freezing and ultrasonic
vocalization. Intracerebroventricular (icv) -corticapin-releasing factor (CRF) increased
conditioned freezing and vocalization but only mnrchronically stressed rats (the finding may
suggest desensitization of CRF receptors by chisinéss). In rats, in the forced swim test (FST),
chronic footshock did not induce consistent effeeithough there was a trend for increased
immobility (floating). By contrast, chronic restnai consistently decreased floating.
Intracerebroventricular (Icv) CRF increased flogtian effect akin to that observed after chronic
footshock. In adult male CD-1 mice (like in ratshronic footshock significantly increased the
time spent floating in the FST. In mice, in thd gispension test (TST), chronic footshock did
not alter immobility. Thus chronic footshock inddcdepression-like activity in the FST, but
acute footshock or restraint immediately beforénigsnduced antidepressant-like effects in both
the TST and the FST. In mice, icv CRF consisteddgreased immobility in the TST and the
FST, with a significant effect at the 100 ng do8eys mimicking the effects of the acute
footshock or restraint. CRF depressed activityhie open field, so these effects are unlikely to
reflect a change in overall activity. Thereforerasfic footshock increased immobility in the FST
in both species, whereas icv administration of GiRéduced opposite effects in the FST. It is
concluded that although many behavioural and né&@mdacal responses in stress are similar in
both species, caution should be exercised in extaitipg the results of experiments with CRF
from rats to mice and vice versa (Dunn and Swiérg@08).
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3. Revealing vulnerability: stress paradigms

The concept of vulnerability implies a trait whialy be hidden until circumstances reveal it.
A full valuation of rodent models of vulnerabilitgquires that some environmental manipulation
is applied to reveal the predisposition. Two padrege standardising chronic mild and ultra mild
stress paradigms (see below) as one approach &alimey vulnerability. The next section
describes another approach using 5HT depletion.

Behavioural phenotype of mice exposed to chronlid stiess (CMS) Partner 12 (Pamplona)

Adult male C57BL/6 mice were exposed to unpredietabpeated mild stressors applied for 6
weeks. Anhedonic behaviour was evaluated by weeRbnitorization of sucrose intake.
Paroxetine (10 mg/kg) or saline were daily admered for the last three weeks of the CMS and
treatment was continued for two weeks thereaftdvatiery of behavioural tests, including motor
activity, compulsivity (marble burying), anxietyight-dark exploration test), depression (forced
swimming test: FST) and memory test (novel objecbgnition), was carried out over the last
week of the CMS and one month after the last stidgse exposed to CMS showed anhedonia
(decrease in sucrose intake) from the third wedl tihe end of the procedure. However, the
effect of paroxetine could not be evaluated duartantrinsic effect of this antidepressant on
sucrose intake. Over the last week, mice expose@€MtS displayed depressive behaviour
(increased immobility time in FST) and impaired nogynin the object recognition test. Repeated
paroxetine produced an antidepressant-like effethe FST in control mice but failed to prevent
the depressive-like behaviour and memory deficit€ MS mice. One month after the end of the
test, saline treated CMS mice still showed incréasenobility time in the FST. The depressive-
like behaviour was reversed in paroxetine treat®tb@nice. These results suggest that this CMS
procedure leads to a long term behavioural prafilat parallels the chronic symptoms of
depression.

Chronic Ultra Mild Stress (CUMS)PRartner 2 (Paris)

The chronic ultra mild stress we are applying osems an adaptation of the chronic mild stress
protocol described originally by P. Wilner. Thisrahic ultra mild stress induced after a three
week session, in both C57BL/6J mice and DBA/2J maereduction inTST immobility
(respectively -27.7 and -61.5%), further corrobotthe increase in impulsivity already
described after a similar stress applied in noranal healthy mice. In addition, chronic ultra mild
stress induced by itself a decrease in sacchantakd (~-60 and -65% for C57BL/6J and
DBA/2J, respectively), suggesting that CMS coulduice anhedonia. Despair behaviour was
measured using TST after a four week ultra-mildsstrsession, in the two mouse strains. In both
C57BL/6J and DBA/2J mice, stress induced a rednatioimmobility (respectively, ~-25 and -
50%). The technique may be a more sensitive waletdcting vulnerability.

5HT depletion/Acute Tryptophan Depletion (ATD) tdrade in mice Partner 6 (Maastricht)

Acute Tryptophan Depletion (ATD) is a way of depigt the circulation of tryptophan and
removing the precursor for 5SHT synthesis from tharb In humans, symptoms of depression
can be evoked by ATD but only where there is pristarg vulnerability — e.g. previous illness,
genetic risk, and 5-HTT risk allele. The ATD chalie method has been fully established in rats,
but not in mice. In this study we used the chramildl stress (CMS) paradigm in the C57BL/6J
mouse as a model of depression to test the hypsttieg CMS mice would be more sensitive to
ATD. CMS increased plasma baseline CORT levelsdautleased body weights after 3 weeks of
stress, whereas anxiety and depression-like betwawias not affected. After 6 weeks of CMS,
anxiety was still not affected, yet depression-lienaviour was increased. ATD also appeared to
increase immobility in control mice. Male C57BL/Gice were orally administered (2x15ml/kg,
60 min interval) with a protein-carbohydrate mixpeither with (TRP+ group) or without (TRP-
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group) TRP. One hour after the first administrateo64% depletion of plasma TRP levels wag**
found in the TRP- group, which was still 64% oneuthafter the second administration. This
indicates that the ATD is at its lowest level. lontrast, TRP levels remained the same in the
TRP+ group. However, 5-HT levels were not affecitedhe hippocampus. Yet, 5-HIAA was
decreased in the TRP- group, indicating that 5-KHifndver is decreased, probably as a
compensatory mechanism. ATD did not have a diffgaenffect in CMS mice, possibly due to a
ceiling effect.

Chronic alcohol in mice Partner 2 (Paris)

The purpose of this study was to evaluate whetleehal consumption during the “adolescent”
period could modify the spontaneous alcohol prefegeat adult age in two mouse strains,
C57BL/6J and DBA/2J, with marked differences inivaatalcohol preference. To this aim, 3-4
week-old (PND 26) male C57BL/6J and DBA/2J miceevgubjected to an intragastric ingestion
of various doses (1, 2.5 and 5 g/kg) of ethanol5ar 15 days. They were then exposed to a
progressive ethanol intake procedure, in a freecehparadigm (3-10% alcohol in water, versus
tap water, 21 days) at adult age (8-10 week-old).C57BL/6J mice, the early ethanol
administration did not significantly modify theijpentaneously high alcohol consumption at adult
age, except when ethanol 1 mg/kg was administesed fdays (PND 26 to PND 30), which
caused a slight decrease (-23.5%) of alcohol copsam Conversely, DBA/2J mice, which
normally have no preference for alcohol, drank isicgmtly more alcohol when they have been
given ethanol during the “adolescent” period (betwe 33% and +185%, depending on the dose
and duration of early ethanol administration). Ehessults show that an early ethanol exposure
can exert a permissive control on alcohol intakewever, the differences between C57BL/6J
and DBA/2J mice indicate that such modulations loblol intake are under genetic control,
which will be further studied using gene targetadated mice.

Extra-dimensiona(ED) shifting in ratsPartner 9 (Oxford)

Impairments in executive function are strongly &dkto the cognitive deficits of psychiatric
disorders such as major depression. Executive ibm dependent on the prefrontal cortex and
can be modelled in animals and humans by meastheggbility to shift attention from one
dimension of a complex perceptual stimulus to aeptthe extra-dimensional (ED) shift. In the
last reporting period, Partner 9 developed a madeED shifting in rats (WP1) and used
functional imaging methods (Fos expression) to stiat this cognition caused prefrontal cortex
activation (WP5 and WP7). The effect of set shiftaf pharmacological challenges which target
5-HT receptors, and especially the 5¢H€ceptor subtype which is implicated in the motiara

of cognition in recent studies was investigatedpdfiments showed that a selective 5HT
agonist (WAY 181187) facilitated extra-dimensio(faD) set shifting and this effect was blocked
by pretreatment with a selective 5-fl@ntagonist (SB 399885). The agonist had no effect
other non-ED phases of the task (e.g. intra-dinogragiset shifting) and enhanced ED set shifting
even when administered after the attentional set haen acquired, thereby ruling out
impairments in attentional set formation. Moreowitie agonist evoked Fos expression in the
prefrontal cortex. These findings comprise the fngdence that ED set shifting can be enhanced
by 5-HT, and specifically through activation of S-freceptors.
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Activity 5: Testing classic and new molecules on ¢hmolecular gene expression targets **

identified through Activities 1-4.
5.1 Effects of SSRI and NARI treatments

Effects on behavioural, neurotransmitter and neadmerine endophenotypes

Core model. GR-i miceRartner 2 (Paris)

The effects of agomelatine, a novel antidepressatht melatonin receptor agonist and 5-4dT
receptor antagonist properties, has been evalimt&&R-i mice and compared with the reference
compound fluoxetine. Both antidepressants reducetbbility in the TST. However, this effect
was reached after acute treatment in the caseuokdtine (30 mg/kg) and only after chronic
administration (50 mg/kg, 21 days) in the case gdnaelatine (Paizanis et al., 2009). Both
antidepressants raised BDNF mRNA expression inhippocampus of the transgenic mice,
restoring mRNA expression up to wild-type levelsowéver agomelatine, but not fluoxetine,
increased GR expression in the hippocampus of @&isgenic mice, so that GR mRNA levels
in these mice were the same than in wild-type r{fR@zanis et al, 2009).

Core model. Maternal separation (MS) in ratBartner 12 (Pamplona)

The effect of chronic treatment with two antidegesds (fluoxetine and venlafaxine) on the
behavioural deficit induced by maternal separatias been studied. Acute administration of
venlafaxine, but not fluoxetine, was able to revidr® depressive-like phenotype (increased
immobility in the Porsolt forced swim test) and ndiye deficits (novel object recognition test).
Chronic (2 weeks) administration of both antidepagds was able to revert the depressive-like
phenotype (increased immobility in the Porsolt &atswim test) and cognitive deficits (novel
object recognition test). In addition, on the badithe effects of MS on cognition and the effects
of stress on aging, we hypothesize that MS inmag contribute to cognitive deficits associated
to aging. Therefore, the effects of MS on the behaal phenotype of aged rats (18-24 months
old) have been studied. In close analogy with adais (3 months old), we have found a
depressive-like phenotype (increased immobilityetiim the Porsolt forced swim test) and
cognitive deficits (novel object recognition testlaged rats.

Core model. HE- and LE- ratsRartner 5 (Tartu)

While the effects of citalopram on behavioural djes elicited by partial serotonergic
denervation, chronic variable stress, and theirloation have been reported (Tdnissegal,
2008), similar experiments in other models havgéaigbehind the schedule, but several are now
in progress. Partner 5 has focused on the revkigibf the defining phenotype in the LE/HE-
model. It was found that this phenotype is resistarchronic stress, and that different methods
of antidepressant treatment, from intraperiton@aipiamine to reboxetine given by osmotic
minipumps, can not substantially change the LE-phgie. Long-term experiments attenuate the
differences in behavioural tests of anhedonia alpléssness and anxiety between LE- and HE-
rats, so the efficacy of antidepressants is clodgedhe “placebo response” as is the case in
clinical studies. We have now strong evidence tihat_E-rats can indeed be made similar to HE-
rats in terms of the defining “depressed” phenoty&ng a hypothesis based approach that
combines classic and novel psychopharmacologicdl resurobiological techniques. Thus the
LE/HE-model appears as a very promising model teestfor antidepressants with much higher
efficacy.

Galanin and depression-related phenotyp@sairtner 10 (Stockholm)

The work has focused on the differential role dagan receptors in the regulation of depression-
like behaviour and monoamine/stress related gemeke dorsal raphe and is now published
(Kuteeva et al.,, 2008). Galanin, the GalR1 agoM&l7 or the GalR2 antagonist M871
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increased, while the GalR2/R3 agonist ARM1896 desed immobility time compared g "
controls. Galanin transcript levels were increaseldC, but not in DR, and tyrosine hydroxylase
in LC following injection plus swim stress in saiand fluoxotine treated rats. TPH2 were not
affected. These results support that GalR1 receptaediate prodepressive and GalR2
antidepressant effects of galanin. This is indiddig work with a GalR2-OE mouse that shows
decreased immobility time in the forced swim tédtis mouse is now further investigated in
various behavioural paradigms as well as beingaezgl with regard to expression of GalR2,
both with regard to levels and anatomical locaiorat

MDMA-induced partial serotonergic lesiorPartner 7/14 (Budapest)

Chronic SNRI treatments were performed in the gbs@rotonergic lesion model by Partner 14.
Behavioural and HPA parameters were measured andl Wbk extracted according to the
harmonized methods. Dark-Agouti ragpressed very high baseline anxiety and helplessne
compared to other rat strains, but anhedonia meddoy sucrose-preference test was normal.
MDMA in parallel with a significant (30-40%) los# i5-HT axons and terminals increased
anhedonia, but decreased anxiety and helplessndbgse rats. Some of these alterations were
reversed by chronic treatment with the serotonirepmephrine-selective reuptake inhibitor
venlafaxine. RNA measurements were performed amdwarently being analysed.

Overview

1. The objectives have been met:

1) Eight core animal models for genetic and consttadl vulnerability for depression have
been fully characterised at the behavioural, mdég@nd histochemical level.

i) Three core animal models for acquired vulnerabitity depression have been fully
characterised at the behavioural, molecular artddtiemical level

iii) Several non-core models for genetic and constitatio(six) and acquired (six)
vulnerability for depression have also been studied

iv) Several classical antidepressants and new poteatiilepressants, namely galanin
agonists and agomelatine, with novel actions, Heen studied and shown to reverse the
depressive behavioural phenotype of the core models

2. To better mirror the stress-diathesis featuresepirelssion and to model depressive state, Six
different stress paradigms, including chronic nskiess, SHT depletion/acute tryptophan
depletion, chronic alcohol, social defeat and egtraensional shifting have been studied in
most of the core models of vulnerability.

3. A number of sex differences in the models are appaand their molecular basis has been
investigated especially in WP 4.

4. The identification of changes in regional brainiation and gene-expression, which are

common to the models, particularly in componentcpsses such as anhedonia or anxiety,
have been carried out.
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Table 9. Deliverables and milestones for Workpaclge 1
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All the Milestones and Deliverables involved withP@&/ have been achievedFor detailed

information about the Deliverables, please seeragpaeport (“Deliverables WP 1: Behaviour”).
Below is a list of all Deliverables and Milestortesvhich WP1 contributed solely or in part.

Deliverable No. Deliverable name Date Actual
(main contributor) due date
1 Initial core behavioural data-set complete andukgta constructed & 18 18
populated
8 Core data-set of molecular HPA parameters acroselso 24 36
20b Changes in the acute effects of SSRI antidepressanpartial 5HT| 4o 42
depletion models
46 Behavioural data set on the effects of chronicalatgfeat 60 60
47 Molecular account of CB1 behavioural, monoamine iagwgro-endocring 60 60
phenotype
49 Behavioural data-set for the effects of habenwdales on 5-H}¢ 60 60
mediated behaviour
50 Role of different G-protein-coupled receptors oa pinoduction of 60 60
endocannabinoids relevant to depressive behaviour
Effects of serotonergic damage in pregnant fenmatethe development 60 60
53 of the serotonergic system and behavioural pheeatyphe offspring in
adulthood
Deliverable No.
(part-contribution)
2,4,6,15& 31, 18 18-60 | 18-66
& 31, 24, 25a, 33, | (various)
56
Milestone Na Milestone name Date Actual
(main contributor) | —————— due date
8 Decisions on new Activities on basis of promisimgdings, e.g. role o 30 30
vulnerability models in addiction.
Milestone Na
(part-contribution)
7,9, 20. 21, 30, 31} (various) 18-60 | 18-66
33, 37,39
Final Activity Report 2004-09 — LSHM-CT-2004-503474 Page 40 /100



Workpackage 2 - Genomics - animal and human

1. Objectives

The general goal is to enhance the basic understaoéifactors controlling:
I. the development of serotonergic (5-HT) neurones and
ii. the morphogenic effects of 5-HT on target cells.

By developing the knowledge base, tools, and ressuneeded to decipher the function of 5-HT
pathway genes and their products (e.g. transcnigators, neurotrophins, signal transducers)
their interactions with each other and with envimemt and their relevance to depression will be
explored.

Specific objectives:
* Functional genomics approaches to genes known tovioéved in the development of 5-
HT related systems. Detection of new genes by coatipa genomics.
» Single-Nucleotide Polymorphism (SNP) screeninghiese genes and functional analysis.
Functional SNP-based association/linkage studieepmession and related disorders.
* Generation of mouse models with constitutive, inblig¢ and combined knockout of
selected candidate genes. Phenotyping and genessiqun profiling of these models.
A multidisciplinary approach will be applied to lbastructural and functional genomics by
integrating behavioural and population geneticaggexpression, and transgenic technologies.

2. Progress towards the Objectives

Activity 1. Behavioural endophenotype of model®f genetic, developmental and acquired
vulnerability to depression.

1.4 Molecular developmental approach to new gened anodels of vulnerability
Identification of factors controlling developmertsddT neurones

A series of variants in genes involved in the depeient and functional activity of the 5-HT
system (e.g., SLC6A4/SERT/5-HTT, HTR2A, TPH2, CNBDNF, COMT, NOS1) were tested
for association with depression and related digsrdas well as depression-associated
endophenotypes involvingartner 1, 3, 6 and 7/14 (Manchester, Wirzburg, Mastricht and
Budapest) Although human personality is characterized bgubstantial heritable component,
only few functional gene variants have been assatiaith personality and behavioural traits.
Although genetic and pharmacological studies inmaté have demonstrated a role for the
neuronal isoform of nitric oxide synthase (nNOS, ] in a wide range of behaviours including
aggression, until now no evidence existed for aoaation between genetic variants of NOS1
and behavioural traits in humans. In comprehensively it was demonstrated that a novel
functional promoter repeat length variation in NOQRODS1 Ex1f VNTR) is associated with traits
related to impulsivity, including hyperactive, aggsive, and violent behaviours, in a cohort of
more than 3,500 individuals (Reif et al. 2009). Speally, the short repeat variant is more
frequent in adult Attention-Deficit/Hyperactivityi§brder, Cluster B Personality Disorder, and
other disorders displaying by impulsive as welbato- and hetero-aggressive behaviours. It was
shown that the short variant is associated withredesed transcriptional activity of the NOS1
exon 1f promoter and alterations in the neurorahdcriptome in human post-mortem brains,
including altered expression of RGS4 and GRINL, egepreviously linked to behavioural
disorders. Moreover, the short variant is assodiatéh deficits in prefrontal brain activity,
including hypo-activation of the anterior cingulattex, a structure known to be involved in the
processing of emotion and reward in behaviourakrobnThese findings implicate deficits in
neuronal signalling via gaseous nitric oxide in thederation of prefrontal circuits underlying
impulsivity-related behaviour in humans.
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Cannabinoid receptor 1 (CB1) gene (CNR1) knockowerare prone to develop anhedonic and
helpless behaviour after chronic mild stress. Imans, the CB1 antagonist rimonabant increases
the risk of depressed mood disorders and anxighgsd studies suggest the hypothesis that
genetic variation in CB1 receptor function influeacthe risk of depression in humans in
response to stressful life events. In a populasample (n=1269 from NewMood Level 1), we
obtained questionnaire measures of personality @vg Inventory), depression and anxiety
(Brief Symptom Inventory), and life events. The CNBene was covered by 10 SNPs located
throughout the gene to determine haplotypic asBoniaVariations in the CNR1 gene were
significantly associated with a high neuroticisnddow agreeableness phenotype (explained
variance 1.5 and 2.5%, respectively). Epistasisyaizaof the SNPs showed that the previously
reported functional 5' end of the CNR1 gene sigaiitly interacts with the 3' end in these
phenotypegJuhasz et al. (2009). Furthermore, current defmessores significantly associated
with CNR1 haplotypes but this effect diminishedeaficovariation for recent life events,
suggesting a gene x environment interaction. Indesd766029 showed highly significant
interaction between recent negative life events @gression scores. The results represent the
first evidence in humans that the CNR1 gene islafactor for depression — and probably also
for co-morbid psychiatric conditions such as suftista use disorders — through a high
neuroticism and low agreeableness phenotype. Thidy salso suggests that the CNR1 gene
influences vulnerability to recent psychosocial edity to produce current symptoms of
depression.

Seasonal Affective Disorder (SAD), seasonality amdeased sensitivity to the fluctuation of
seasons in psychological and biological parametansmanifest to varying degrees across the
normal population. The serotonin-2A receptor geag long been suggested as a candidate gene
in the background of this phenomenon. Associatietwben genotypes and haplotypes of the
HTR2A receptor gene polymorphism rs731779, rs98548#rs6311 was there fore analyzed in
609 population sample. Seasonality was measurethdgelf-rating Global Seasonality Scale
(GSS) of the Seasonal Pattern Assessment Questenaad SAD by the Seasonal Health
Questionnaire (SHQ). GG subjects of rs731779 scerignificantly higher on the GSS scale
compared to carriers of the T allele. People cagyhe GG genotype were six times more likely
to manifest winter or summer SAD compared to GTTorgenotype ones (OR=6.47, Cl=1.94-
21.57), and the chance to have winter-type SAD v@B genotype were almost seven-fold
(OR=8.7 CI=2.53-29.74). In the haplotype analysibjescts carrying the G allele of rs731779
scored higher, while presence of the T allele kealdwer scores on the GSS scale. These results
suggest that variations in the HTR2A gene play gnificant role in the development of
seasonality and especially in winter type SAD. Taet that the polymorphisms in questions
showed association not only with clinical SAD busocaseasonality symptoms in a general
population provided evidence for the spectrum rmatfithis phenomenon.

The possible association of the serotonin-1A (5A4)1Teceptors and impulsivity phenotype was
studied. 5-HTa receptors are known to play a role in impulsivitdyated behaviour. The C(-
1019)G functional polymorphism (rs6295) has beeggsesated to regulate the 5-kATreceptor
gene (HTRa) expression in presynaptic raphe neurons, nanmegeased receptor concentration
and reduced neuronal firing could be associated thig G allele. Previous studies indicated that
this polymorphism was associated with aggressioicjde and several psychiatric disorders, yet
its association with impulsivity has rarely beewudstigated. We studied the relationship between
impulsivity and the C(-1019)G polymorphism of thelRi, in a population sample of 725
volunteers using the Impulsiveness subscale (IVEef) the Eysenck Impulsiveness,
Venturesomeness and Empathy scale and also theatBampulsiveness Scale (BIS-11).
Significant differences between the C(-1019)G ggmeigroups (GG vs. GC vs. CC) were found.
Subjects carrying GG genotype showed significahtgher impulsiveness scores compared to
GC or CC carriers for the IVE-l scale (p=0.014)r the Motor (p=0.021) and Cognitive
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Impulsiveness (p=0.002) and for the BIS total scue0.008) but not for the Nonplanniné***
Impulsiveness (p=0.520) subscale of the BIS-11.s&hesults suggest the involvement of the
HTR1a in the continuum phenotype of impulsivity (Benkbat 2009). It was also found that
cyclothymic, depressive and anxious temperament® l@a significant role in the explained
variance of depressive scores and they are alifisigmtly related to affective family history. A
significant difference was determined between gsowiph positive and negative affective family
history in ZSDS and BSI-D score and these effedgeveliminated if affective temperaments
were entered as covariants. The chance to havel@ninant temperament was more than two-
fold in the group with positive compared to negataffective family history (OR=2.33). These
results suggest that a crucial part of inheritectdia of depression is mediated by affective
temperaments, (Lazary et al. 2009).

The tryptophan hydroxylase-2 gene (TPH2) codeshierenzyme of 5-HT synthesis in the brain
and variation of TPH2 have been implicated in disos of emotion regulation. In order to extend
these studies toward conditions with a high contbiypiof depression, the influence of allelic
variation of TPH2 activity on anxiety-related pearmabty traits and disease risk in patients with
personality disorders and co-morbid affective disos was investigated. The genotype of TPH2
polymorphisms was determined in 428 patients wihspnality disorders and in 336 healthy
controls. Individual SNP and haplotype analysefated significant differences in genotype
frequencies between controls and cluster B as agetlluster C patients, respectively (Gutknecht
et al. 2006). In both patient groups, overrepregent of T allele carriers of a functional
polymorphism in the upstream regulatory region ¢fHR (SNP G-703T, rs4570625) which
biases the responsiveness of the amygdala (Caalli 2005), a structure critically involved in the
modulation emotional behaviours, was observed. heamore, significant effects of TPH2
variants on anxiety-related traits defined primahly the TPQ Harm Avoidance were found in
healthy individuals. The results link functional HP variants to personality traits related to
emotional instability as well as to cluster B angé&sonality disorders. These findings implicate
alterations of 5-HT synthesis in emotion regulateord confirm TPH2 as a susceptibility and/or
modifier gene of affective spectrum disorders.

Previous studies have related TPH2 also to dejresschizophrenia, alcoholism, drug abuse,
aggression and suicidality. One possible explanatichis is that TPH2 function might relate to
a more basic behavioural feature, or endophenotyp®lved in many psychiatric disorders.
Impaired decision making, attributed to a 5-HT deéfin orbitofrontal cortex (OFC), is one
candidate endophenotype for many psychiatric candit It was also demonstrated that rapid
dietary tryptophan depletion — leading to reducedt@l 5-HT function — altered decision-
making of healthy volunteers. Therefore, the hypsth whether TPH2 gene variation affects
decision making was tested in a large sample usisig\ple paper-pencil task. The task consisted
of choosing between two ‘wheel of fortune-like’aehatives: ‘A’ which provided a smaller but
more likely ‘win’ and ‘B’ which gave a ‘win’ 2 timg the amount with lower probability that was
systematically varied. A repeated measure desigh dvidifferent probability levels of winning
on ‘A’ was used. The probability of winning on ‘Bt which the subjects valued the two trials
equally (indifference point) was determined as asuee of willingness to take a risk. TPH2
haplotypes and Anxiety scores had an independgntfisant effect on decision making, with
more anxious subjects making less risky choicebasiu et al. 2009). There was no interaction
between TPH2 haplotypes and Anxiety scores. Dejoresscores had no further effect on
decision making keeping anxiety in the model. Tdtisdy supports the role of TPH2 gene, and
the 5-HT system, in risk taking behaviour. This gfemeffect is independent of mood state and
might be an additive factor contributing to psythedisorders.

The5-HTTLPR of SERT was investigated in several cahortluding samples from the EFPTS
(twin) study consisting of a cohort of 260 femalnis from a normal population. It was
examined whether the 5-HTTLPR polymorphism moder#te association between neuroticism
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and depression, and how this may explain previoungs concerning Significant Life Event$***
(SLEs). A neuroticism score was calculated usirggNeuroticism-Extraversion subscale of the
Eysenck Personality Questionnaire. The findingsstiat the depressogenic effect of SLEs was
significantly greater in women with 2 copies of gallele, compared to women with 1 or none.
This effect disappeared however after taking imimant the effect of SLEs that were conditional
on neuroticism. The depressogenic effect of nesot was also progressively greater with
number of s-alleles, but this was unchanged aftiking into account the effect of neuroticism
conditional on SLEs (Jacobs et al., 2006). It ex¢fore concluded that the 5-HTTLPR genotype
moderates the way individuals continually respoadand cope with, mild SLEs and minor
environmental experiences in daily life, rathemtlitemerely moderates the relationship between
a threatening event and the onset of depressions, Tdenotype x environment interactions in
depression may be more productively interpretednplving mechanisms more proximal to
psychological experience itself.

Spielberger's STAI and 5-HT transporter (SLC6A4/3BERjenotype were investigated in a
cohort of psychiatrically healthy females also wathg migraineurs. Migraineurs showed
significantly higher state and trait anxiety thaonsmigraineurs, and also had a significantly
higher frequency of the s-allele of the SERT géites findings support the hypothesis that high
comorbidity of depressive and anxiety disorders magraine may be influenced by the genetic
background, and the common genetic factor is plyssiinmveyed by allelic variation of SERT
expression. In a related study, Zung's Self-Ratidgpression Scale was evaluated and 5-
HTTLPR was genotyped female subjects with no hfetiand current history of DSM-IV Axis |
disorder. Significant differences were found om thung SDS and also on the physical-
vegetative subscale of the ZUNG SDS according tth lphenotype and genotype. Subjects
carrying the s-allele scored significantly higher the Zung SDS and had also significantly
higher scores on the physical-vegetative symptobscale (Gonda et al., 2005). Furthermore,
subjects carrying the ss genotype scored highessaljects carrying the Il genotype scored the
lowest on both scales. It is conclude that submdinidepressive symptoms (i.e. DSM-IV
subthreshold depression) are associated with theti@unal polymorphism of SERT. The s allele
of the SHTTLPR gene is associated with a “low meadophenotype”.

In the general population polymorphisms of candidgénes were also studied in relation to
affective temperaments and other symptoms related dépression and “low mood”
endophenotype. In a subgroup of subjects, the atdrmtd Hungarian version of the TEMPS-A
guestionnaire and 5-HTTLPR genotype was investiatea sample of unrelated Caucasian
females with no current or lifetime Axis | psychiatdisorders. A significant association was
found between the s allele and the TEMPS scorethefdepressive, anxious, irritable, and
particularly the cyclothymic temperaments; no sadsociation emerged with respect to the
hyperthymic temperament. In addition, the s alt#léhe 5-HTTLPR was significantly associated
also with Spielberger STAI, both state and traitiety (Gonda et al., 2006; Gonda et al., 2007).
The results are in good agreement with earlieristucporting a strong association between the s
allele of the 5-HTTLPR and major as well as sulghotd forms of depression, and extend this
association to the normative temperament leveleddd these temperaments might best be
regarded as proximate behavioural endophenotypes.

Animal studies have linked genetic variation of BIHfunction to an increased stress reactivity
of the hypothalamus-pituitary-adrenal (HPA) axishil& there is also preliminary evidence for
such an association in humans, the extent to wdmchltered HPA axis function is a result of a
significant gene-environment interaction is stilhknown. The role of the 5-HTTLPR
polymorphism in HPA axis activity was therefore éstigated in humans who had not yet
experienced a significant number of adverse lifenés so far (Miller et al.,, 2009). The 5-
HTTLPR genotype including the A/G SNP in a samfl16 three days old newborns. A heel
prick was applied as a stressor and endocrine ahdvoural stress responses were determined.
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The heel prick induced a significant behaviourad @andocrine stress response in all newborng*”
However, the 5-HTTLPR genotype did not explain &ace in the endocrine or behavioural
stress response profiles. It is concluded thabthE TLPR genotype per se does not affect HPA
stress responses without the additional impacheirenmental influence.

Impulsivity is a multidimensional personality tréiat includes the inability to delay gratification
and to act without regard to consequences. ltdsaamacteristic of several psychiatric conditions,
such as substance abuse and addiction, attentificit/dgperactivity (ADHD), and mood
disorders, as well as a feature of suicide atten@@®MT gene variations have been implicated in
a wide range of psychiatric disorders but theilerol impulsivity has not yet been directly
assessed. Our aim was to investigate the funcfitheoCOMT gene in impulsivity by applying
haplotypic association analysis in a populatiomgtiesign. We recruited 1267 participants from
Manchester (UK) and a replication sample of 942extib from Budapest (Hungary) (Level 1
subjects). Impulsivity was measured using impulsess items from the Impulsiveness-
Venturesomeness-Empathy Scale (IVE) that has bedidated in both languages. For the
analysis we calculated a continuous weighted dimearscore (sum of item scores divided by the
number of items completed). The COMT gene was @ua/by four htSNPs (rs933271, rs740603,
rs4680, rs4646316) located throughout the geneaeifmve the influence of multiple testing we
used a permutation test, randomly grouping the g&ad@Q00 times. All the SNPs were in Hardy-
Weinberg equilibrium in both populations. In the Mdhester sample the COMT gene showed
significant association (permutated p = 0.003) wntpulsivity explaining 1.29% of the variance
in this personality factor. We successfully repichthis finding in the Budapest sample, where
the COMT gene also associated with impulsivity fpatiated p = 0.038) and explained 1.19% of
the variance. Five common haplotypes representé8b% of the Manchester and 76.21% of the
Budapest population. All haplotypes showed the sdirextion of effect (risk or protective) in
both populations although the most significant eff@as associated with the TGGC haplotype
(protective; p = 0.0008) in the Manchester popafatand to the CGAC haplotype (risk; p =
0.0018) in the Budapest population. The resulterdtfiie first evidence that the COMT gene is
significantly associated with self reported impuilsi in two independent European populations.
However, there was no evidence for major effectsthed Vall08/158Met (rs4680) non-
synonymous polymorphism in the COMT functional a#idns, as both alleles (G/A) can be seen
in protective as well as in risk haplotypes. This@rvation might explain previous, inconsistent
findings related to the Val108/158Met polymorphisndifferent psychiatric disorders, (Juhasz et
al. 2009).

Several studies addressed the role of gene x emugnt (GXE) interactions in depression with
particular focus on stress sensitivity, mediatibrH®A-axis reactivity, neuroticism, and reward
experience involvindPartner 1, 3, 6 and 14 The EFPTS (twin) study investigated whether the
5-HTTLPR polymorphism moderated the associationvbeh neuroticism and depression, and
how this may explain previous findings concerningeSsful Life Events (SLESs). It was found
that the 5-HTTLPR genotype moderates the way iddiads continually respond to, and cope
with, mild SLEs and minor environmental experiengesdaily life, rather then it merely
moderates the relationship between a threateniagteand the onset of depression (Jacobs et al.
2006). In addition, the influence of the (-1019)@&ymorphism in the promoter of the 5-HT1A
gene on HPA-axis reactivity to social stressorglaily life was assessed. Negative affect (NA)
was a weighted measure on different emotional iteralsiding anxiety and mood, which were
measured on a 7-point likert scale. It was fourad the G/G genotype of the 5-HT1A(-1019)CG
polymorphism, which is a risk factor for major degsion, is associated with increased cortisol
levels in response to social stress. This polymemhalso moderated the effect of social stress
on negative affect (NA) (Wichers et al. 2008a). Wike the effect of social stress on NA is
mediated by cortisol (in interaction with 5-HT1Argeype) is still subject of future studies.
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From the experience sampling method (ESM) data,easnre for positive affect (PA) was***
constructed. Reward experience was then defindteasffect of the (positive) appraisal of an
event on PA. The more pleasant the event was equal, the greater an effect it showed on PA.
However, the ability to experience reward was ntedidy the COMTvall58met polymorphism,
in that subjects with more ‘met’-alleles showedhagreward experience (Wichers et al. 2008b).
It has been shown that subjects with a genetidlityakio develop depression do not show
increased stress sensitivity if they have the tgbib experience PA as well at the time of the
stressor. We were already able to demonstratettibaBDNFval66met polymorphism mediates
stress sensitivity: thus, ‘met’-allele carriers plisg/ higher stress sensitivity than ‘non-met’
carriers. Interestingly, the ability to experiened reduced the increased stress-sensitivity in
‘met’-allele carriers (Wichers et al. 2008c).

Activity 2: Functional states of monoamine regulaton in rodent models of vulnerability —
the neurotransmitter endophenotype.

2.1 Regulation of monoamine cell-body function iaphe and locus coeruleus

To uncover the molecular substrates of the genevikanment (GXE) risk factor, a mouse model
was established in which a heterozygous null mutat the 5-Htt gene moderates the effects of
poor maternal care on adult anxiety and depressilated behavior. Biochemical analysis of
brains from these animals identified distinct malac substrates of the gene, environment, and
GXE effects. Mice experiencing low maternal carevetd deficient GABA-A receptor binding in
the amygdala and 5-Htt heterozygous knockout mivewsed decreased 5-HT turnover in
hippocampus and striatum (Carola et al. 2008).kiggly, levels of BDNF mRNA in
hippocampus were elevated exclusively in 5-Htt toetggous knockout mice experiencing poor
maternal care, suggesting that developmental pnogiag of hippocampal circuits may underlie
the 5-HTT x E risk factor. These findings demortstréghat 5-HT plays a similar role in
modifying the long-term behavioural effects of regrenvironment in diverse mammalian
species and confirms BDNF as a molecular subsifatas risk factor.

In several follow-up studies attempts are being ental identify the molecular mechanisms
underlying GXxE risk factor in order to improve urgtanding individual differences in resilience
to stress. This was done in a mouse model of thEb-x stress risk factor. Wild-type and
heterozygous 5-Htt knockout mice were subjectechtonic psychosocial stress. 5-Htt genotype
did not affect physiological and behavioural consetes of stress as measured by changes in
body temperature and weight and home cage locomd#owever, heterozygous 5-Htt knockout
mice experiencing high levels of stress showedifstgmtly increased social avoidance toward an
unfamiliar male in a novel environment when compacewild-type littermates (Bartolomucci et
al. 2010, in press). Heterozygous 5-Htt knockouwtengxposed to stress also showed significantly
lower levels of serotonin turnover than wild-typgermates selectively in the frontal cortex, a
structure known to control of fear and avoidancgpomses and implicated in susceptibility to
depression. In another experiment concerning saexgleriences, males of all three 5-Htt
genotypes were provided with a winner or a losgreeience in a resident-intruder paradigm on
three consecutive days (Heiming et al. 2009). Aiyxike behaviour and exploration were
recorded in the dark-light, elevated plus-maze apdn-field test. To non-invasively assess
adrenocortical activity, corticosterone metabolitesre determined from feces. The main
findings were: Repeated social experience, irrdsgeof winning or losing, elevated levels of
anxiety-like behaviour and decreased exploratinoriosers a distinct effect of genotype occurred,
with homozygous knockout males showing more anxikgybehaviour and less exploration than
the other genotypes. In winners no genotype-depegngeiation was found. Genotypes did not
differ in basal stress hormone secretion. There Wawever, a main effect of social experience
with higher activation of the stress hormone systertosers than in winners. This effect was
strongest in the heterozygous genotype. Finallgiualy was aiming at to elucidation of the
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effects of a threatening environment during eaihyages of life on anxiety-like (ANX) and™**”

exploratory behaviour (EXP) in adult mice, varyiimgserotonin transporter (5-Htt) genotype
(Jansen et al. 2009). For this purpose, pregnaditlactating 5-Htt+/- dams were repeatedly
exposed to olfactory cues of unfamiliar adult matgsintroducing small amounts of soiled
bedding to their home cage. These stimuli signal dlanger of infanticide and simulate a
threatening environment. Control females were écavith neutral bedding. The offspring (5-
Htt+/+, +/-, -/-) were examined for their ANX anXB. The main results were: (1) a main effect
of genotype existed, with 5-Htt-/- showing highevels of ANX and lower levels of EXP than 5-
Htt+/- and wild-types. (2) When mothers had livedai threatening environment, their offspring
showed increased ANX and reduced EXP compared mtrats. (3) These effects were most
pronounced in 5-Htt -/- mice. By applying a new legtcally relevant paradigm we conclude: If
5-Htt +/- mothers live in a threatening environmehiring pregnancy and lactation, their
offspring behavioural profile will, in principle gbshaped in an adaptive way preparing the young
for an adverse environment. This process is, howenedulated by 5-Htt genotype, bearing the
risk that individuals with impaired serotonergicunaransmission (5-Htt-/-) will develop an
exaggerated, potentially pathological level of amxifrom gene x environment interactions.
These data indicate that the 5-Htt modified mouseres as a useful animal model for the
increased vulnerability to stress reported in imtimals carrying the 5-HTTLPR s allele and
suggest that dysregulated 5-HT homeostasis in dfoootrtical structures plays a role in
adaptations to social adversity.

2.3 Molecules beyond the monoamine synapse

Inactivation of 5-HTT by pharmacologically in theeanate or genetically increases risk for
depression in adulthood, whereas pharmacologitébition of 5-HTT ameliorates symptoms in
depressed patients. The differing role of 5-HTTchion during early development and in adult
brain plasticity in causing or reversing depressiemains an unexplained paradox. To address
this Partner 3 profiled the gene expression of taiiitt knockout (5-Htt -/-) mice and 5-HTT
inhibitor-treated mice (Ichikawa et al. 2008). Ineel profile changes between the two
experimental conditions were seen in 30 genes. i€tens$ results of the upstream regulatory
element search and the co-localization searchesetlyenes indicated that the regulation may be
executed by Pax5, Pax7 and Gata3, known to be\asoin the survival, proliferation, and
migration of serotonergic neurons in the developbrgin. Several factors involved in the
survival, proliferation, and migration of serotogierneurons are likely to regulate downstream
genes related to serotonin system in the adulhbrai

For generation of a Tph2-deficient mouse (constuand conditional/inducible Tph2 knockout
- cKO) a targeting constru&artner 3 designed in which a region of Tph2 is flanked koxP
sites. Initial characterisation of this new mouse®del on the genetic, histological and
neurochemical levels indicates that in Tph2 knotkuoice raphe neurons are completely devoid
of 5-HT, whereas no obvious alteration in morphgland fiber distribution are observed
(Gutknecht et al. 2008, Kriegebaum et al. 2010g filndings confirm the exclusive specificity of
Tph2 in brain 5-HT synthesis and suggest that Tphfhesized 5-HT is not required for
serotonergic neuron formation., The reduced 5-HElkobserved in these cKO mice predict an
altered serotonergic neurotransmission, which domss a new powerful model to be extensively
studied in order to elucidate the underlying medmaa of 5-HT homeostasis, its effect on
behaviour and its implication in psychiatric disewsl The generation of a complete and an
inducible knockout of Tph2 on the basis of this cKitategy will provide new insights into the
role of 5-HT during development of the nervous egst After further expansion of the colony
breeding pairs are being distributed to other Newilpartners.

Dysregulation of the brain 5-HT system, includingsfinction based on genetic variation in
tryptophan hydroxylase (TPH) -dependent 5-HT syithehas long been implicated in the
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etiopathogenesis of a wide variety of neuropsydialisorders, although there is presentr)?**
considerable controversy regarding the differergigdression pattern and the specific role of the
two isoforms, TPH1 and TPH2. A systematic spatiogeral analysis of Tphl and Tph2
expression in murine brain during pre- and postnd¢éaelopment (from E9.5 to P23) and in
mouse and human adult brain (Gutknecht et al. 200®Rassess expression at the transcriptional
and translational level in brain as well as in otM®H-expressing tissues serving as internal
control, we used complementary methods permittisgform-specific detection of mRNA
(quantitative real time PCR and in situ hybridiea)i and protein (Western blot and
immunohistochemistry). Effects of potential confding factors on brain TPH isoform content
conveyed by non-neural circulating cells were adgsaluated. Commencing before E11 during
murine development, TPH2 expression was found enréiphe nuclei of both species, as well as
in fibres in the deep pineal gland and in the snrmadistine. In contrast, none of the techniques
used identified significant TPH1 expression, neitdaring murine brain development, nor in
mouse and human adult brain. Physiologically megnlinTPH1 expression was nevertheless
detected in the pineal gland and small intestinevas confirmed that in both mice and human
brain TPH2 expression is restricted to serotonengiarons of the raphe nuclei. In the brain,
TPH1 expression is confined to the pineal glandrbast abundant in the intestirighe findings
are relevant to the interpretation of the TPH isoi& role in brain development and function as
well as in the molecular neurobiology of complex&@eéour and psychopathology. This also puts
the brain-specific TPH2 as a critical regulatorsefotonergic transmission into the centre of
transgenic mouse model research.

Activity 4: In vivo studies of vulnerability, depression and recovery in humans
4.1 Neurobiology of reward, emotion, and cognititwy risk group and depression

A distinct mechanism may involve the control oflekelr microstructure underlying neurogenesis
and neural plasticity during later life in braintipaays that process emotional information. A
promising candidate for such a mechanism is stathmhich is a cytosolic neuron-enriched
phosphoprotein that regulates the formation angilgtaof microtubules in response to a number
of extracellular messengers. It is preferentiakpressed in pathways processing contextual fear
conditioning and emotional learning, and stathneficent mice exhibit impairment in fear-
related innate and learned behaviour. It was tbesehypothesized that in humans the gene
coding for stathmifSTMNJ influences behavioural responses to fear andengtimuli by way

of two common single nucleotide polymorphisms (1%, SNP1; rs213641, SNP2) located
within or close to the putative transcriptional ttohregion.Partner 3 used the acoustic startle
paradigm and a standardized laboratory protocalbferinduction of fear and psychosocial stress
in 106 healthy volunteers to investigate the impdctathmin gene variation on human emotion
regulation by behavioral measures of fear and &nxi#/e found thatSTMN1 genotype
interacting with individuals’ gender significantijmpacts fear and anxiety responses as measured
with the startle and cortisol stress response (Braet al. 2009). It is conclude th&TMN1
genotype has functional relevance for the regutatibbasic fear and anxiety responses also in
humans. The study suggests a novel plasticity atiggl molecular mechanism underlying
human fear and anxiety behaviour and may thus ibomér to a better understanding of human
fear behaviour at the molecular level.

Several studies also investigated the role of gengene (GxG) interactions in depression
involving Partner 1, 3 and 14 Since functional variants of both the 5-HTT arfHR genes, are

key regulators of the serotonergic signalling pathwand modulate amygdala activation during
emotional processing. The question was addressatdhemthese two gene variants modulate
each other, using two different cognitive-affectitasks with emotional and neutral facial
expressions and word stimuli and fMRI. The studyswisigned to replicate and extent this
initial report in an independent study sample, asd to identify specific neural loci that may
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mediate the 5-HTT-TPH2 additive effect. There waslence for an additive effect of 5-HTT—
TPH2 genotype, which was most robust in the putaraaegion rich in both 5-HTT and TPH2

protein, but was also observed in the amygdalalessastringent threshold, and in other cortical
regions (Canli et al. 2008). The additive effectswaore robust effect for visuospatial than for
verbal stimuli, and more robust for negatively thian positively valenced stimuli. The results

confirm and extend the additive effect of two cali genes in the serotonergic regulation of
neural processing of affective stimuli, and idgntlie striatum as a critical site where is epistasi
takes place.

Experimental data suggest that the Endocannabifystem (ECS) can modulate several
neurotransmitter systems, including the serotoresgstem, which itself plays a significant role
in anxiety. However, to date there is no evident&xrG interactions; indeed genetic studies
focusing separately on the two systems provide lictinfy data. Thus, the interaction of the
promoter regions of the serotonin transporter (SAQQ6and cannabinoid receptor 1 (CNR1)
genes on anxiety was analyzed. Seven hundred anddsviduals were genotyped for the 5-
HTTLPR in the SLC6A4 promoter and 4 SNPs locatethan CNR1 promoter region. Anxiety
was measured by the State-Trait Anxiety Invent@¥AlI-S, STAI-T), the anxiety subscale of
TEMPS-A (TEMPS-Anx), and the Brief Symptom Invert¢BSI-Anx). Significant 5-HTTLPR

x CNR1 promoter-promoter interaction was obsen&dgSTAI-T (p=0.0006) and TEMPS-Anx
(p=0.0013). The risk of high anxiety scores on B8k was 4.6-fold greater in homozygous
‘GG’ rs2180619 in combination with homozygous 'S&SHTTLPR (p=0.0005) compared to
other genotypes. The effect of previously descrii&dC” haplotype in the alternative promoter
of CNR1 depended both on the conventional promptdymorphism and the 5-HTTLPR.
Visualized results of likelihood ratio tests fotaractions between genetic markers (5-HTTLPR,
rs2180619, rs806379, rs1535255, rs2023239) and TEMHX, STAI-T and BSI-Anx are
generated by ‘SNPassoc’ R-package. Highly suggestiteractions were shown between the 5-
HTTLPR of SLC6A4promoter and rs2180619 of CNR1 promoter on anXjety.01).

The neuroplastic pathway, that consists of theicyadenosine monophosphate (CAMP) response
element binding protein (CREB1), brain derived wwaphic factor (BDNF) and its receptor
TrkB (NTRK2), plays a crucial role in the adaptatiof brain to stress and thus variations of
these genes are plausible risk factors for demesdihis analysis of the NewMood Level 1,
Level 2 and Level 3 Manchester data tested thethgse that different genes in the neuroplastic
pathway exert similar effects on risk mechanismslgpression using a pathway approach. A
total of 1269 Caucasian subjects (Level 1) weral dse a genetic association study, subsets of
which were interviewed (n=264 from Level 2) and emgent fMRI (n=33 from Level 3) (see
WP7). Lifetime depression, current depressive spmpt and ruminative response style were
analysed. Regional BOLD signal changes were alsesiigated during sad face emotion
processing task (see WP7). For BDNF the previoudéntified non-synonymous Val66Met
(rs6265) functional polymorphism and another 5 HRSNrs12273363, rs962369, rs988748,
rs7127507, and rs1519480) were genotyped to cdvewhole gene; of these rs12273363 and
rs7127507 had been found in our previous studyftaence the hippocampal proBDNF density
(Dunham et al. 2009). For CREB1 we genotyped tl#253206 promoter htSNP that also
showed functional effects. For NTRK2 we genotypedit3NPs at the 5 end of the gene
(rs1187323 and rs1187326) that significantly inficed the TrkB receptor density in
hippocampus. In this study, the major alleles @265 and rs2253206 were significantly
associated with rumination and through ruminatiathwurrent depression severity. However,
childhood adversity increased the risk of lifetirdepression in the minor allele carriers of
rs6265, rs988748 and rs2253206 and in the majeleatarriers of five other SNPs. We validated
our findings in the interviewed subjects using stinzal equation modelling. Finally, areas that
are more active in depressed subjects based oiopsditerature, showed significantly increased
activation in rs6265 A (66Met) and rs2253206 A ieas to a sad face emotion processing fMRI
task (manuscript submitted). Genetic variation eisged with reduced function in the CREB1-
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BDNF-NTRK2 pathway has multiple, sometimes opposinfuences on risk mechanisms of* **
depression but almost all the SNPs studied amglifie effect of childhood adversity on risk of
depression. Differential effects on neural procegsof emotion appear to be involved.
Investigation of genetic pathways with cognitivedareural intermediate phenotypes may be a
productive route to revealing pathomechanism ofekegon.

Serotonin transporter gene polymorphisms, perdgnaind response to serotonergic and
noradrenergic antidepressants was investigated Paytner 1 and NewMood-associated
researchers (R. Tranter, Bangor, Wales). This sexdynined associations between 5-HTTLPR
polymorphisms, baseline harm avoidance (HA) scaed clinical response to the SSRI
citalopram and the NaRI reboxetine in primary caaients. A total of 55 Caucasian subjects
were recruited. Personality was assessed usindrihdimensional Personality Questionnaire
(TPQ) before randomisation. Twenty four patientsen@ndomised to citalopram (20 mg) and 31
patients to reboxetine (8 mg), with follow-up ov@rweeks. Baseline and 6 week clinical
outcomes were measured using the Clinical OutcomeRoutine Evaluation (CORE). 5-
HTTLPR polymorphisms were genotyped from buccallsgamples. Given the small sample the
genotype was analysed as Il homozygote and s-cadgsociations between genotype and
baseline HA scores, and between genotype and pgageenhange in CORE scores over 6 weeks
for the two treatment groups were explored using-tway analysis of variance (ANOVA). 5-
HTTLPR genotype frequencies did not significantlyfedt from expected frequencies in a
European population. The Il genotype was associattdhigher harm avoidance scores F(1,57)
=8.41, p = 0.005. ANOVA of percentage change in E&Rores over 6 weeks did not show any
significant between-subjects effects for medicatjpn= 0.17) or genotype (p = 0.48), with a
possible interaction between genotype and meditaf(l,54) = 3.42, p = 0.07 (Tranter et al.
2009). Covarying for HA score the interaction bedwamedication and genotype just missed
significance, F(1,54) = 4, p = 0.051. Post-hoc wsialshowed a trend towards the s allele being
associated with greater percentage change in@@&E scores on citalopram (p = 0.08), but not
on reboxetine (p = 0.43). There was a significasbaiation between the s allele and percentage
change in the functioning subscale of the COREitalopram (p = 0.015) but not on reboxetine
(p = 0.94). In this small sample there was a S§igant association between 5-HTTLPR
polymorphisms and HA scores, and a strong trenaisgmciation with treatment outcome when
HA scores were included as a covariate. The resuiggest that the association between 5-
HTTLPR polymorphisms and clinical outcome is sgedid the SSRI. However, the direction of
effect for HA and response to citalopram were & dpposite direction from previous studies in
Western populations.

Overview

1) NewMood is increasing the knowledge of the effefcgenetic variation on brain activity
(psychophysiology and functional imaging) in trasfsanxiety and depression as well as in
related disorders of emotion regulation throughidieation of: a) novel candidate genes, b)
gene x gene (GxG) interaction, c) gene x envirorin{@&xE) interaction, and d) gender
effects.

2) The generation &ph2 constitutive and conditional knockout mice has roeempleted
together with advances in behavioural, neurochdraiwa cytoarchitectural phenotyping.

3) The completion of Level 1 genotyping of over 30@dividuals with self-rated phenotypic
features has resulted in the discovery of a nurab&NP and haplotype associations of genes
in humans corresponding to the genetic mouse modibksy include 5-HTT, TPH2, BDNF
and CB1 genes. The direct association of CB1 hgpdst with depression is especially
striking and provides the first validation of a g&no mouse model in NewMood.
Associations with other candidate genes have aso blescribed, notably with CREB1. The
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DNA collection provides a valuable resource to sur&NPs for new candidate genes from **
the NewMood array findings for association withnerdability to depression.

4) A very large collection of cortisol responses tokimg in 100 controls, 100 recovered
depressives (i.e. a group with vulnerability to mssion) and 30 depressives indicates that
common depression is associated with an impairgidyaio mount a cortisol response.

5) Collaborations and interactions continue for spegfojects involving Partners 2, 4, 5, 6, 7,
8,9, 11, 13 and 14.

Deviations
No significant deviations from the project work gramme have occurred.

Table 10. Deliverables and milestones for Workpadage 2

All the Milestones and Deliverables involved witiP®/have been achiev@oiartial achievement
of deliverable 39). For detailed information abthé Deliverables, please see separate report
(“Deliverables WP 2: Genomics — animal and human”)

Below is a list of all Deliverables and Milestortesvhich WP2 contributed solely or in part.

Deliverable No. Deliverable name Date Actual
(main contributor) due date
3 Two new mutant mice models ready for Core Dataegaluation 18 36
7 First conditional 5HT knock-outs available 24 36
20 First array data from human post-mortem brain 36 36
39 First association data in resistant depressedntatie 48 66
Association study and/or haplotype analysis oftdraeglated to mood in
55 : 60 54
the Hungarian cohort
Deliverable No.
(part-contribution)
4,5,8,15 & 31a, 18-60 | 18-66
18 & 31b, 25a, 274, (various)
33, 50, 56
Milestone Na Milestone name Date Actual/
(main contributor) | =/ due date

New genomic targets for mechanisms and treatmemntified,
3 (Preliminary results of functional SNP-based asgami/linkage study o 18 18
a appropriate candidate gene in depression)

Decisions on models to be taken forward for dedainalysis of

mechanisms (Selection of the models to be usefiiftirer studies) 18 18

Genotyping completed for a group of subjects withll veharacteriseq

brain responses to face emotion and emotional psitg tasks 54 54

32

Milestone Na
(part-contribution)

7,9, 16, 17, 20, 21| (various) 18-60 | 18-66
28, 29, 30, 31, 32
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Workpackage 3 - Neurochemistry and hormone function

1. Objectives

The objectives of this work package areetablish and understand a data set of neurochlemica
and hormonal changes across a range of selectedtigeand environmental models of
vulnerability depression, to determine and undecdstdhe effects of classical and new
antidepressant treatments on neurochemical anddmainfunction, and finally to determine and
understand the effects of classical and new antdspnt treatments on neurochemical and
hormonal function in selected genetic and enviramalemodels of vulnerability to depression.

Specific objectives of the study

* To investigate basal and stress-evoked monoamitie@ o acid transmitter release in
key mood-related brain regiomsvivg,

* To investigate the function of presynaptic autad &eteroceptors modulating transmitter
release;

* To investigate basal and stress-evoked levels ohtwes of the hypothalamic pituitary
axis (HPA).

2. Progress towards the Objectives

Activity 2: Functional states of monoamine regulaton in rodent models of vulnerability —
the neurotransmitter endophenotype.

2.1 Changes in regional brain function & response stress shared by models

5-HTT overexpressing mice.

Studies by Partners 8 and 9 (Edinburgh, Oxfordg¢sssed regional brain function and response to
stress in 5-HTT overexpressing mice. Brain regiotiviy-dependent markers (c-fos, regional
glucose utilisation) were similar between wild-typed transgenic mice under basal conditions
and in response to acute stress.

Comment These data indicate that 5-HTT over-expressiors du# alter responsivity to acute
stress, possibly due adaptive changes in 5-HT fum¢see Activity 2.3).

5-HTT-/- mice.

A similar investigative approach was initiated WBHHTT knock-out mice by Partners 2 (Paris)
and 3 (Wurzburg). Acute restraint stress increas€ms expression within raphe serotonergic
neurons and this was reduced in 5-HTT-/- mice.

VGLUT+/- mice

Studies by Partner 9 (Pamplona) found that VGLUTInice have increased vulnerability to
depression (Garcia-Garcia et al. (2009) Biol. Pisynh66:275-82). These mice also showed an
increased c-fos response to acute stress (forceal) $ocalised to raphe 5-HT neurones.

Chronic mild stress

Partner 9 (Pamplona) found that the raphe c-fqsorese to acute stress increased in rats exposed
chronic mild stress, an effect prevented by antielegant treatment.

Comment Overall, in several models of depression vulnditgbithe responsivity of the 5-HT
system to acute stress was elevated. This couldelated to findings that increased 5-HT
counteracts the deleterious effects of repeate$¢apable) stress.

Tryptophan depletion.

Acute TRP depletion (ATD) reduces 5-HT function,damay increase vulnerability to
depression. Partner 6 (Maastricht) investigated Aiflnice and found no decrease brain 5-HT
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levels or change in affective behaviour. Studieghmneffects of food and stress manipulatioﬁ§**
ruled out interfering factors.

CommentThese results suggest that ATD in mice does rtigee a suitable model of
depression vulnerability (Van Donkelaar et al. @04eurochem Int56:21-34). Species-specific
compensatory mechanism may counter ATD depletion.

Cytokine-5-HT interactions

Proinflammatory cytokines lower mood in humans anonal models. Partners 9 (Oxford) and 6
(Maastricht) studied effects of immune system atton on brain 5-HT, focusing on indoleamine
2,3-dioxygenase (IDO), a tryptophan metabolisingzyeme. Immune stimulants elevated
peripheral but not brain IDO, and did not alteritiayptophan or 5-HT. However, experiments
found effects of immune stimulants in an imagingdeloof 5-HT function and on expression of
5-HT genes.

Comment These findings suggest that while immune stimokatioes not activate IDO in the

brain or decrease brain tryptophan and 5-HT, it béher striking effects on 5-HT function

unrelated to IDO.

Partner 13 (Warsaw) studied CNS neurochemical amchdnal effects of cytokines (IL-1) and
tested the role of the vagus and cyclo-oxygena&X{jCVagotomy with COX inhibition prevent

changes induced by IL-1 treatment.

Comment These results add new evidence for a role of #mgus in the neurochemical and
endocrine responses to cytokine administration.

2.2 Regulation of monoamine cell-body function iaphe and locus coeruleus

Quantal release of noradrenaline

Partner 10 (Stockholm) studied noradrenaline reldasn locus coeruleus neurons at the single-
cell level using combined electrochemical and etgxttysiological analysis of quantal release.
Noradrenaline release was strongly modulated bhgrapibtential frequency, and somatodendritic
release of noradrenaline caused autoinhibition

Comment These data demonstrate for the first time thatcamtrast to classic synaptic
transmission, quantal noradrenaline release fromas® is characterized by distinct properties,
including long latency and high sensitivity to actipotential frequency (Huang et BNAS2007
104:1401-1406).

Effect of 5-H}c receptor activation on 5-HT transmission

Partner 9 (Oxford) found that 5-HJ receptors inhibit the firing of raphe 5-HT neurpu®m a
habenula-dependent mechanism (Sharp et al (20073 BB:629-36; Quérée et al (2009) Br J
Pharmacol. 158:1477-85). Partners 9 and 6 (Maastriound a behavioural correlate of this
phenomenon. Partner 2 (Paris) found that 5d-Hgonists inhibited stress-induced but not basal
5-HT release.

Comment These findings provide new evidence that 5-HTroees are subject to feedback
control by 5-HT¢ receptors and that this mechanism is stress-sansit

Rats with low and high exploratory traits

Rats with a low exploration trait (LE) have a degsiee-like phenotype versus rats with a high
exploration trait (HE). Partner 5 (Tartu) studiednoamine release in LE and HE rats with
microdialysis. Partners 5 and 9 (Oxford) exchangeds to harmonise protocols. LE rats had
higher 5-HT release in prefrontal cortex but alsghlr 5-HT reuptake. Dopamine release was
higher in HE than LE rats at baseline and aftertztamine, and HE rats had a higher proportion
of D, (high) receptors.
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CommentThe data suggest that the LE trait is associdtadges in 5-HT and dopamine releasé*”
which may link to the differences in behaviourakpbtypes (Méallo et aR008,Brain Res1194:
110-17; Alttoa et al, 200%Bynapsé3:443-6; Harro, 201®harmacol Ther125:402-22).

High- and low-sociability traits in rats.

Partner 5 (Tartu) monitored monoamine releasetswéth a low and high sociability traits (LS
and HS, respectively). In microdialysis studies{ b release in prefrontal cortex was higher in
LS compared to HS rats. In comparison, a 5-HTasetey agent elicited a similar 5-HT increase
in both groups.

Comment These findings suggest that low presynaptic 5-tticfion may be linked to persistent
individual differences in sociability.

CB1 knockout mice

CB1 receptor -/- mice are another core model ofetienvulnerability to depression. In
microdialysis experiments Partner 4 (Barcelona) ntbuthat SSRI-induced increase in
extracellular 5-HT in the prefrontal cortex is attated in CB1-/- mice.

Comment These results are some of the first evidence esigy altered presynaptic 5-HT
function in CB1 knockout mice (Aso et al, 2009\eurochem109:935-44).

5-HTT overexpressing mice.

In microdialysis studies Partner 9 (Oxford) fouhatt5-HTT overexpressing mice had reduced
basal and depolarisation-evoked 5-HT release ifrgral cortex and hippocampuB vitro
voltammetric methods were developed to obtain higie resolution measurements of 5-HT
release. Studies with Partner 3 (Wirzburg) fountaaked loss of 5-HT release in the mice,
whereas 5-HTT-/- mice had increased 5-HT.

Comment These experiments are the first to demonstratkirg changes in synaptic 5-HT
output in the association with variability in 5-HT&xpression (Jennings et al, 2006, J
Neuroscienc®6:8955-64).

High and low susceptibility to stress in mice.

Experiments by Partner 13 (Warsaw) studied monoamgurochemistry and HPA activity in
mice selected for high and low susceptibility toess (swim-stress evoked analgesia). It was
found that stress reliably increased markers oadm@nergic, dopaminergic and serotonergic
activity and plasma corticosterone.

2.3 Molecules beyond the monoamine synapse

Postsynaptic 5-HT receptor expression and modulatifoforebrain function

5-HTT overexpressing mice.

Partners 8 (Edinburgh), 9 (Oxford) and 3 (Wirzbwtggied 5-HT receptor expression in 5-HTT
overexpressing mice. 5-HJ receptor function was increased, and this effeatccbe mimicked
by 5-HT depletion. The mice also had increased 24d€eptor binding, whereas 5-Kileceptor
binding was decreased in 5-HTT-/- mice. These cbhangere also linked to altered availability
of 5-HT. Density of 5-HTa, 5-HTig, 5-HT>a and 5-HTGc binding was not changed in 5-HTT
overexpressing mice (excluding gender effects). TaaHand 5-HTa receptor mRNA was not
altered.

Comment These studies discovered that variation 5-HTTresgion results in adaptation of
specific postsynaptic 5-HT receptor subtypes (Jagmet al, 2008\europharmacologp4:776-
83)

Rats with low/high exploratory and high/low-socigpitraits.
Partner 5 (Tartu) measured 5-HT and dopamine recept rats with low/high exploratory and
high/low-sociability traits. 5-H7Ta receptor binding was not changed but rats with/hogi
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exploratory traits had no changes in dopaminedaeptor mediated cAMP accumulation eithéf **
under basal conditions or following stress.

2.4. Modulation of information processing beyondehmonoamine synapse

VGLUT1+/- mice

Partner 12 (Pamplona) studied glutamate system&GhUT1+/- mice and found that chronic
mild stress increased cortical and hippocampahgtate in both wildtype and VGLUT1+/- mice.
In response to stress, VGLUT1+/- mice showed dseaABA. In wild type mice chronic
mild stress decreased VGLUT1 expression, whichwith findings that antidepressants increase
VGLUTL1 expression.

Comment These data demonstrate an impact of stress oitaloglutamate and GABA, and
suggest that altered VGLUT1 expression may be af&etpr in the causes of depression and
treatment (Tordera et al, 20@&ur J Neurosci25:281-90).

Activity 3.1: Molecular markers of HPA function in models, following stress and
antidepressants.

Olfactory bulbectomy and maternally-deprived rats.
Partner 7 (Budapest) found higher baseline leviefgasma corticosterone in rats with a bilateral
olfactory bulbectomy, and rats subject to mateseglaration.

Arginine-vasopression (AVP)-deficient Brattleboats:.

Partner 7 (Budapest) tested the validity of Brhtite rats as a depression model. Hypothalamic
CRH mRNA was increased and CRH sensitivity was ceduand a tendency for increased basal
corticosterone, and increased dexamethasone sspprex corticosterone after restraint stress.
Chronic mild stress elevated ACTH and corticosteronthese rats and these responses were less
than controls.

CommentThese data indicate that while Brattleboro rat;dibhave depressive endophenotypic
markers, they inform on the role of vasopressiHRA responses to stress (Mlynarik et al, 2007,
Horm Behab1:395-405).

Repeated stress.

Partner 13 (Warsaw) studied the effects of repeastlaint or footshock on HPA responses to
acute stressors and found that repeated stressadedr sensitivity of CRF receptors or decreased
CREF activation, and attenuated increased plasmaHA&Td corticosterone, observed after acute
stress (Dunn & Swiergiel, 2008nn N Y Acad Scil148:118-26; Dunn & Swiergiel, 200Bur J
Pharmacol.583:186-93.).

5-HTT overexpressing mice.

Partner 8 (Edinburgh) found that 5-HTT over-expiregsnice had normal basal and acute stress-
evoked levels of circulating ACTH and corticostexoMhe sensitivity of 5-HF and 5-HTg
receptor control of HPA axis function was not atem@lthough hippocampal mineralocorticoid
and glucocorticoid receptor mMRNA was increased.

Maternally separated rats

Partner 12 (Pamplona) found that maternally sepdratats had increased in plasma
corticosterone levels, a change reduced by tredtwiémantidepressants.
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3.2 Influence of CRF1&2, AVP, GC and MR receptors o
Effect of agonists and antagonists on reward, d@earand cognition

Rats with low and high exploratory traits

Partner 5 (Tartu) found that CRFeceptor blockade reduced exploration in HE rdtemwgiven
acutely, but increased exploration when given regabg In contrast, in LE rats the antagonist
reduced exploration after both acute and repeatedtnent. LE-animals had higher
corticosterone than HE-rats. Repeated exploragsting reduced corticosterone in LE- and HE-
rats. Consequently, repeated GR#tockade reduced corticosterone in HE-rats, bateased
levels in LE-rats.

Comment These findings suggest that the behavioural effe€ CRk receptor blockade are
dependent on environmental habituation. The oppadiects of CRFblockade in LE and HE
rats suggest differences in their stress copinghar@sms.

Activity 5: Testing classic and new molecules on éhmolecular gene expression targets
identified through Activities 1-4.

5.1 Effects of SSRI and NARI treatments

Antidepressant augmentation strategies.

Partner 9 (Oxford) studied the effects of antidepamts combined with blockers of 5-HT
autoreceptors and 5-HTeceptors. In microdialysis experiments, the SSIRIT; antagonist, SB
649915-B, increased 5-HT release in cortex, astké novel SSRI/5-Hi, antagonist, SB-
733885-B. The latter also evoked a 5-HT-dependectease in activity-dependent gene
expression. Non-selective 5-kiblockade enhanced SSRI-induced 5-HT release dasetictive
5-HT,ac antagonists. Combined SSRI/5-/Tantagonists increased activity-dependent gene
expression.

Partner 2 (Paris) found that 5-klreceptor function was reduced by chronic SSRIsyedkas in
5-HTT-/- mice, suggesting desensitization of 5;HTieceptor-mediated feedback by long-term 5-
HTT blockade.

Comment The data suggest that combined blockade of tHgb-and 5-HT feedback results in
antidepressant augmentation (Boothman et al, 28@8ropharmacology0:726-32; Hughes et
al, 2007 Psychopharmacology92:121-33).

Galanin.

Partner 10 (Stockholm) studied galanin receptoagonists. Microdialysis studies showed that
GalR3 blockade partially prevented galanin-evokeduction in hippocampal 5-HT release, as
did 5-HT;a receptor blockade. Combined GalR3 and 5AHdlockade completely reversed the
inhibition of 5-HT release by galanin. GalR3 blodkaalso reversed galanin-evoked inhibition of
raphe 5-HT neuron firing.

Comment: These results indicate that the antidepressant- aandolytic-like effects Gal3-
selective antagonists may be mediated by attenmuafithe inhibitory influence of galanin on 5-
HT transmission (Swanson et al, 200BAS102:17489-94).

SSRI effect on glial and neuronal glutamate symshesovel C13 methodology.

Partners 1 and 13 (Manchester & Warsaw) probed 5tiddtion in rats using non-invasive MRS
measurement of glutamate turnover, by tracin§’Ctglucose and 1,%C acetate. SSRI
administration stimulated neuronal and glucose atiodh in the cerebrum. Astrocytic substrate
utilization was not changed. Absence of chang#iMR spectra indicated unaffected pool sizes
of unlabelled metabolites.

Comment °C MRS is a more sensitive method th#d MRS for detecting changes in
neurotransmitter —related glutamate function, aotemtially translatable to man.
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Overview

Over the past 66 months the research activitiesdl aontributing partners of WP ®értners 1,
2,3,4,5, 6, 7/14, 8, 9, 10, 12 and) Isave produced deliverables that focus on the main
objectives of this WP, and especially in relationestablishing and understanding a data set of
neurochemical and hormonal changes across a raingelected genetic and environmental
models of vulnerability depression.

The main objectives of WP3 for this reporting pdriwve been fulfilled in terms of the following

discoveries:

1) New knowledge on neurochemical and hormonal chamgegenetic and environmental
animal models of depression have been obtainedtlmies: i) tryptophan depletion, ii)
chronic mild stress, iii) 5-HTT knockout and ovepexssing mice, iv) low exploration and
sociability traits, v) Brattleboro rats, vi) VGLUT@nockout mice, vii) cannabinoid receptor
knockout mice, and viii) immune system activation.

2) The finding that activation of 5-HT release by s&reappears to be an adaptive coping
response to stress.

3) New knowledge of the fundamental mechanisms cdimgol5-HT and noradrenaline
neurones.

4) New knowledge on adaptive changes beyond the 5&difome in response to variation in 5-
HTT expression in terms of 5-HT receptor bindingl aaceptor function as assessed HPA
responses to 5-HT drug challenge (Partner 8).

5) New knowledge on the effects of classical and nemtidapressant treatments on
neurochemical and hormonal function has been aiddiy studies: i) Galanin antagonists, ii)
SSRI/5-HT, autoreceptor antagonist, iii) SSRI/5-Hantagonist combinations.

6) Extensive collaborations and interactions were bdisteed for specific projects including
Partners 2, 3 & 4, Partners 6 & 8, Partners 8 &&tners 6, 8 & 9, Partners 5 & 9 and
Partners 1 & 13.
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Table 11. Deliverables and milestones for Workpaaige 3 o
All the Milestones and Deliverables involved witiP8/have been achievedétor detailed
information about the Deliverables, please seeragpaeport (“Deliverable WP 3:
Neurochemistry of neurotransmission and hormonetion”)

Below is a list of all Deliverables and Milestortesvhich WP3 contributed solely or in part.

Deliverable No. . . Date Actual
(—main contributor) Deliverable name  (All Achieved) due Jate
11 & 32b Completed data-set on neurotransmitter endopheaofgoss several 30 36
models.
23 Neurophysiological responses in selected models 36 36
26 Review of insights from NewMood models on contr®?Adin stress 36 42
25ph & 30a Completed data on neurotransmitter regulation énnttaternal separation 42 48
model
37 Validation of animal imaging model of 5-HJlong-loop feedback 48 60
Deliverable No.
(part-contribution)
4, 6,8, 15 & 31a,
22, 25a, 33, 48, 51| (various) 18-60 | 18-66
53, 56
Milestone Na Milestone name Date Actual
(main contributor) due date
Selection of rodent models for more detailed batayineurotransmitter
2 . . ) 18 18
and neuroendocrine endophenotypic analysis
Decision on viability of peptide release experinsemsing moleculaf
13 . ) 36 36
biological approaches
23 Decision on whetherin vivo rat brain MRS measurements |of 48 48
GABA/glutamate are achievable
Identification of abnormalities of HPA feedback wégion shared by
25 48 48
several models
Milestone Na
(part-contribution)
7,9, 14, 15, 18, 20, 18-60 | 18-60
21, 30, 31, 33, 38,| (various)
39.
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Workpackage 4 - Neurochemistry of cell responses drgene expression:
NewMood chip array

1. Objectives
The main objective of the WP4 is to analyse theresgion and functional implications of
relevant genes and proteins

I. in models of genetic, developmental and acquirdderability to depression,

ii. after either classical (antidepressant molecl€Xl) or new approaches to alleviate the

affective disorders

lii. in human post-mortem brain.
Studies will be conducted at the cell level to gsalthe cellular / molecular mechanisms
responsible for the adaptive cell responses botharanimal models and after treatment.

Detailed objectives

Oligonucleotide microarrays We wanted to investigate which genes were diffeatly
expressed in the models of affective disordersdalsy the consortium, and those susceptible to
change after classical and new antidepressantrtegas$. Chips were constructed with the help of
both the local facilities and a biotech companyn€&&core, in order to raise a standard gene array
(NEWMOOD array) to be used by all the Partnershef tonsortium(Activity 1.3. Changes in
gene expression which are shared by models: TheMIB®D gene array)

Membrane binding assays, autoradiographic labelliMgestern blotting, enzyme mobility shift
assay (EMSA), RT-PCR and in situ hybridization duisemistry:to visualize and quantify
receptor binding proteingdranscription factors (CREB and other) and tleeicoding mRNAs. In
addition, the specific binding of'8]GTR/S to brain membranes (using antibody capture assay)
and brain sections (autoradiography) exposed tecBe¢ agonists was measured in order to
assess the G-protein coupling status of receptoseliected brain aredéctivity 2.3 Molecules
beyond the monoamine synapse)

Immunocytochemical methodgre used to visualize and quantify the subcelldistribution and
the possible internalization of monoamine-, neupbiple- and HPA-axis-related receptors in the
various models of depression and after variougrnreats (Activity 2.3 Molecules beyond the
monoamine synapse and Activity 3.1 Molecular markdrHPA function in models, following
stress & antidepressants).

2 Progress towards objectives

Activity 1.3. Changes in gene expression which arghared by models: The NEWMOOD
gene array

Gene expression was planned to be studied by clipstructed with the help of both the local
facilities and a biotech company, GeneScore, inemrtb raise a standard gene array
(NEWMOOD array) to be used by all the Partnershef¢onsortium. However, in October 2006,
without prior warning, the SME Genescore was deddrankrupt. The bankruptcy forced the
consortium to reconsider its gene-finding strate@gythe light of current technology and the
marketplace. It was agreed that we should takerddge of the greatly increased possibility of
identifying altered function in biochemical pathwgagfforded by a genome-wide platform. After
thoroughly investigating the various options aua®a the consortium decided that all the
laboratory work would use the Illumina platform avelcarried out at ServiceXS (Leiden).

The first years of the program has been devotethé¢oselection of genes for the GeneScore
NewMood chip, to the analysis of gene expressiamguscal facilities and to the construction of
the standard gene array (NewMood-1000 array) wite help of the biotech company,
GeneScore.
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Using available commercial microarrays, partnengehan pilot gene analysis using tissues from **
either animal models of affective disorders or aigiireated with antidepressants.

» Partner 2(Paris) (on mutated mouse model, 5-HTT), usingooucleotide-based
microarrays “Neurotrans” from GeneScore), analybeddifferential expression for gene
observed with the GeneSore chip by real-time PGRyuspecific (TagMan) probes and
confirmed that the mRNA encoding prepro-CCK (chg#tokinin) was down-regulated
(-30%) in the anterior raphe area of 5-HTT knock-oice.

» Partner 3(Wirzburg) studied the expression profiling witle tNewMood chip in NOS1-
/- mice which revealed several regulated genesesafrwhich will undergo further
investigation by quantitative RT-PCR (QRT-PCR) anditu hybridisation as a positive
control for the core models. In addition, using @ae-wide expression profiling
approach in 5-HTT deficient mice, Partner 3 shdwesilmportance dPomclgene peak
expression in the mouse brain at postnatal dag tlareresilience to stress.

» Partner 9(Oxford) developed pilot gene array analysis sdue from rats treated
repeatedly with electroconvulsive shocks ECS byrildyxing cDNA probes to nylon
membrane arrays, BD Atlas array,

» Partner 12(Pamplona) analyzed gene expression in materpalaton in Wister rats,
using Affimetrix array. Hypothesis-testing Westdrot studies were then carried out on
protein expression of the GABA-B receptor and ®drsubunit of the GABA-A
receptor. The GABA-B receptor protein was decreasé@dsS rats, which, confirms the
changes in gene expression previously found imahkippocampus after maternal
separation using the Affymetrix microarray. Tdnasubunit of the GABA-A receptor was
significantly decreased in the frontal cortex amcteased in the striatum of maternal
separated rats.

» Partner 13(Warsaw) using GeneScore array found a differgptession among 11 genes
in RNA isolated from brains of mice subjected toachic mild stress (CMS), which
produces depression-like behaviour versus micedtbusnormal conditions in mice
selected for high (HA line) and low (LA line) swistress-induced analgesia.

In Partner 1(Manchester) team, a central and single analys&ipe was developed for all array
data at the University of Manchester. This includethy data previously obtained in several
models using the NewMood 1000 Genescore array.

In the three other years, after the bankruptcy ef€score, the consortium shifted to an Illunima
array

» Partner 1set up the NewMood biometric array analysis. Temtdy changes in gene-
expression that are shared across the modelspligenes showing changed expression
within models were compared between them. In auldithe LIMMA linear modelling
program was used to run analyses of variance fgeaks across mouse and across rat
models with factors for depressed phenotype, mduiain region, and, stress. The linear
modelling approach is a potentially powerful waydetecting changes common to several
models and across brain areas resulting in lafgetefe sample sizes; the main effect of
phenotype were based on a comparison of 16 vsragsafor each brain area.

* A combined analysis of array data from the 4 GM swostrains has been carried and
summarised in the Major Achievments section andane detail in the PAR for the fifth
reporting period.

e Partner 2(Paris) investigated the genome-wide expressighdrcore model GR-i mice.
Genes whose expression was modified in three laraizs known to be involved in mood
disorders (anterior raphe area, hippocampus amdiantortex) of these mutants versus
paired wild-type (WT) mice were searched usinganiigcleotide-based microarrays
(Whole-Genome Expression BeadChips, lllumina). Agtre few genes whose
expression clearly differed in mutants versus W&anthe genes encoding Urocortin and
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CART were overexpressed in the raphe area, whéreas encoding Arc, Cortistatin and™***
Vamp 8 were upregulated in the three regions.

» Partners 2 and qParis and Oxford) joined their efforts to analgeme expression in the
5-HTT -/- and overexpressing mice. Genes whoseesspyn was modified in the anterior
raphe area of these mutants versus paired wild{{@ mice were searched using
oligonucleotide-based microarrays (Whole-Genomeré&sgion BeadChips, lllumina
MouseRef-8). Among the genes whose expressionlglgiffiered in mutants vs WT
mice, the gene encoding Urocortin (UCN) appeardaetdown-regulated (-50%) in the
anterior raphe area of 5-HTT-/- mice and, in castirap-regulated (+200%) in this same
area in 5-HTT+ mice.

e Partner 4(Barcelona) after completion of the results gehwie first NewMood array on
CB1 knockout mice, used lllumina microarray chip4,000 transcripts) in hippocampus,
frontal cortex and dorsal raphe nucleus samples fheese animals in order to extend the
results to the whole genome and to homogenizexperenental conditions to those used
in the studies that will be done in other core alimodels of depression. The effects
produced by chronic antidepressant treatments nomge expression have been also
investigated in CB1 knockout mice.

e Partner 5(Tartu) studied three brain regions selected bywMeod for Illumina array
studies, in the models selected as NewMood coreetsopartial 5-HT denervation by
low dose PCA + chronic variable stress, and LEHE:rats: animals with persistently
different behavioural pattern in novelty. The LEAA®del has so far received more
attention as this was selected as one of the fewNibod models. Comparing the HE-
and LE-rats, 816 transcripts in the raphe, 80&iénhippocampus, and 602 in the frontal
cortex were significantly differentially expressgublr < 0.001). There was considerable
overlap in the expression profiles between theistudrain areas, as 390 transcripts were
changed in the same direction and in common imdpke, the hippocampus, and the
frontal cortex. Of these, 264 genes were downregaland 156 upregulated in the LE-
rats. RNA for Illumina arrays was also run for dueial defeat model. Several genes
identified overlap with those detected as diffeiaht expressed in previously analysed
models.

e Partner 6(Maastricht) investigated gene expression ini@iaio prenatal-stress and
additional adult stress and showed that hippocagrae-list contained several over-
expressed genes for ribosomal proteins especrafiymale offspring and several
concerned with glutamate neurotransmission. Itiquaar, in females, interesting
patterns showed up, suggesting changes in e.gatargulin signalling, GABAergic and
glutamatergic neurotransmission, and synaptic iplast

* Partner 12(Pamplona) analyzed in the VGLUT1+/- model, theffuntal cortex and
revealed changes in the expression of 950 gene®P{i <0.001) in VGLUT1+/- mice
compared to WT. On the other hand, WT mice exptsetironic mild stress showed
changes in 147 genes. Interestingly, 55 genes eoenenon to the VGLUT1+/- and the
CMS models and, also, most of them showed regulsiio the same direction. Among
these, candidate genes selected for playing anrteniaole on cell survival, apoptosis,
redox metabolism, glutamate transmission or cytiesée were included.

e Partner 13(Warsaw) investigated gene expression in micen(bi&t and LA) subjected
to restraint stress and chronic mild stress arateétewith desipramine. Different genes in
each brain structures differently expressed irutiteeated (naive) HA and LA mice are
involved in regulation of biochemical pathways sashgap junction, long-term
potentiation, long-term depression, axon guidaand,neuroactive ligand-receptor
interaction. After chronic mild stress, a total rhenof 49 genes changed their expression
in HA and LA mice compared with corresponding cohgroups that were not subjected
to stress procedure in the raphe area, and theges$the analysis suggested that 5-HT5B
and orphan Gpr88 receptors may be involved in adi@ptto chronic stress.
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Activity 2.3 Molecules beyond the monoamine synapse

Partner 1(Manchester) has assessed the expression of NMi2kfed genes in the post-
mortem hippocampus (Stanley Consortium brain cbtiag using real-time quantitative
PCR (gRT-PCR). These genes included NR1, NR2A, NRERC, NR2D, PSD-95,
CLCAL, DLGAP1, NOS1 and LRFN1.No changes in gen@ession were found for the
obligatory NMDAR subunit, NR1, nor associated pggtaptic density protein PSD-95.
However, increases in three of the four NR2 sulsuif, 2B and 2D were found in
depression. Also, an increase in DLGAP1, a molekntavn to functionally interact with
PSD-95, was found specifically in depression. Camgtto the suggestion by Paul and
Skolnick, (2003), no effects of antidepressantdidfDAR subunits were found.

Partners 2 and 1ZParis and Pamplona) determined the activity bifTaa receptorsn

vitro by quantitative autoradiography of 5-tATreceptor-mediated/{>>S]GTP-S binding
using the 5-HTa receptor agonist 5-carboxamido-tryptamine (5-CA3. a
complementaryn vivo approach, 8-OH-DPAT (induced hypothermia was eateld. 5-

CT induced increase in°S]JGTP-S binding was markedly less in the DRN of
VGLUT1+/- mutants compared to WT. Moreover 8-OH-DRiduced hypothermia was
also significantly attenuated in VGLUT1+ersusWT mice. In addition, higher levels of
5-HT in the brain stem of VGLUT1+/- compared to We&re found. These data suggest
that 5-HT;» autoreceptors were desensitisethe heterozygous mice. Impaired feed back
mechanisms of control from descending glutamatgrggections over the 5-HT activity

in the brain stem are suggested to be involvetighdesensitization.

Partner 4(Wurzburg) in collaboration witRartner 2 (Paris) analyzed the 5-HT system

in the core model CB1-/- mice. The lack of CB(19agtor has been shown to induce a
facilitation of the activity of serotonergic neusoim the DRN by altering different
components of the 5-HT feedback as well as an aserén 5-HT extracellular levels in

the prefrontal cortex in micén vivo microdialysis experiments revealed increased basal
5-HT extracellular levels and attenuated fluoxetm#uced increase of 5-HT extracellular
levels in the prefrontal cortex of CB1 knockout gared with wild-type mice. The lack

of CB1 receptor also altered 5-HT receptors relédetie 5-HT feedback. Extracellular
recordings in the dorsal raphe nucleus revealddtieadeletion of CB1 receptor induced
a 5-HT;a autoreceptor functional desensitization.

Partner 5 (Tartu) determined dopamine;Dreceptor function, measured by cAMP
accumulation, in striatum and accumbens in LE-HE:rats which had been given either
vehicle or cocaine for three weeks. In accumbergmifcantly higher ) receptor
dependent cAMP accumulation was found in HE-ratsl, this difference was abolished
by repeated cocaine treatment. In striatum, howdweth basal CAMP levels and; D
receptor dependent cAMP accumulation were twiceetaw the LE-rats, the “depressed”
phenotype. The differences were particularly réaldlle because there was no overlap in
the data of the groups, and the difference wasabotished by cocaine which did not
influence the differences in behavioural phenotypther. Thus, B receptor and
adenylate cyclase related mechanisms appear asmpartant feature in the LE-
phenotype. In additionPartner 5 used the 8-OH-DPAT induced hypothermia to
characterize 5-Hijx receptor function in the LE/HE-model, and in theA?stress model.
The “depressed” LE-rats were less sensitive tdipothermic effect of 8-OH-DPAT. As
these animals also had lower 5-44TFeceptor expression hippocampus in the microarray
experiment they might have a more general 3A4+HEceptor functional deficit. Finally,
chronic stress increased the hyperthermic stregonse and interfered with the recovery
to baseline body temperature; both serotonergioracéptor activation and serotonergic
denervation reduced the acute hyperthermic stesgonse in rats.

Partner 7/14(Budapest) studied the MDMA partial 5HT lesionttoé serotonergic

system to characterize possible changes in thdifumof postsynaptic receptors after
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long-term decrease in availability of 5-HT. Belwwial and vigilance effects were bk

measured after the use of selective receptor agaisl antagonists as challenges. Basal
and agonist-induced specific binding of [35S]GTPga® to brain membranes and brain
sections were measured in this model by the patngiroup. Like that observed in the
DRN, basal labelling within the hippocampus did diter. With Partner 8(Edinburgh),
uncoupling of the heterologous G-proteins and syloset internalization of the receptor
afterB-arrestin binding was measured for 54l Teceptors. The ability of 5-H§

receptors to bin@-arrestin2 upon stimulation was followed using cwal microscopy

and bioluminescence resonance energy transfer (BRiE€restingly, no detectable
interaction between 5-H§ receptors anfl-arrestin2 were found. These data show that
serotonin is unable to induce association of th€ls receptor with-arrestin2 and
suggest thgt-arrestins do not participate in regulation of 5:klfleceptor function.

Activity 3.1 Molecular markers of HPA function in models, following stress &
antidepressants).

» Partner 4(Barcelona) in the core model, the CB1-/- mousalated plasmatic
corticosterone levels under basal and stressfuditons. The expression of
glucocorticoid receptors and the levels of CRF mRMge alsoevaluated in these mice
on different brain structures under basal cond#iand after exposure to the different
protocols of stress used in previous experiments.

» Partner 2(Paris) set up the steps to complete the studlyeoHPA axis in the core model.
GR-i mouse. Both GR and MR mRNA quantification wiasie using gRT-PCR with
specific probes, and as expected, GR expressmgngicantly decreased in GR-i mice, a
genetic model of vulnerability to environmentalttas, compared to WT. In addition, we
showed that chronic treatment with the novel aptidssant, agomelatine, but not
fluoxetine, increased GR expression in the hippguesof GR-i transgenic mice, so that
GR mRNA levels in these mice were no longer diffiéfeom those in WT mice.

» Partner 12(Pamplona) measured the levels of GC receptdisihippocampus after
chronic treatment with fluoxetine and venlafaxinghe core model. Maternal Separation
rats. MS produced a significant decrease in hippped GR expression that was reverted
by chronic fluoxetine or venlafaxine treatments.

Overview

The main objectives of the WP4 have been reachelebglifferent partners.

1) The bankruptcy forced the consortium to reconsittegene-finding strategy in the light of
current technology and the marketplace Illluminayaistudies have been completed on all
core models The NewMood biometric array analysipelme has been successfully
implemented.

2) The array data are complemented by expressionestirdicortex in response to chronic mild
stress and antidepressant drugs.

3) The quantification of several receptor bindingtpnes and their encoding mRNA, and also
specific GTPy-S binding has been initiated. The 5-HT1A autorémepunction has been
analyzed in all the core models.

4) Monoamine and HPA-axis-related receptors has bealyzed in various models of affective
disorders and after treatment
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All the Milestones and Deliverables involved witlPd/have been achievefor detailed

information about the Deliverables, please seeragpaeport (“Deliverables WP 4:
Neurochemistry of cell responses and gene expresd@wvMood / lllumina array”). Below is a
list of all Deliverables and Milestones to which We&bntributed solely or in part.

Deliverable No. . . Date Actual
(main contributor) Deliverable name  (All Achieved) due Jate
2 Initial NEWMOOD-1000 microarray data-set 18 24
6 Analysis of initial microarray data-set completedimouse models. 24 48
9 Micro-array identifies first genes common to animmaldels 24 60
16 $ Design-of NEWMOOD-‘Depression-chip-agreed 36 X%
18 & 31b Illumina array microarray data-set in Core Models 36 48
19 Identification of first candidate genes from Ndeod / lllumina array 36 48
Changes in hippocampal gene expression in vulnéyaimiodels
34 : . 48 60
replicated in samples from depressed humans
20 Determination of effect of SSRI/5-HJ antagonist combinations on gepe 48 60
expression
44 Microarray data on 5-HTT over-expressing and knoakmice 54 60
Deliverable No.
(part-contribution)
4,8, 15 & 31a, 23,
24, 25a, 25b & 304, .
26, 27a. 33, 47, 50, (various) 18-60 | 18-66
56
Milestone Na
(sole contributor)
Uniform method of brain dissection agreed. (DVD mdxy Partners 6
1 . : . 15 15
and 2; available to all consortium members)
Identification of new genetic and developmental riledrom molecular
5 ) 24 24
developmental & array studies
10 First results of antidepressant effects on gapeession 30 30
22 Identification of changes in gene expression shamedeveral models 48 48
from NewMood Bioinformatics Analysis Pipeline
34 Validation replication of genes from the express&rays (e.g. by RT} 60 60
PCR orin situ hybridisation)
35 Correlation of the serotonergic deregulation of G&bckout mice with 60 60
the differential gene expression of the 5Hfleceptor
36 Determination of changes induced by chronic antieegants on gene 60 66
expression in CB1 knockout mice and validation ByfRCR
Milestone Na
(part-contribution)
;09350351354 28, (various) 30-60 30-60

$ The original Deliverables number 16 “Design of WHOOD ‘Depression’ chip agreed” was removed when
Geenscore was declarded bankrupt and NewMood hsdtiumina whole-genome bead-arrays.
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Workpackage 5 — Cyto- and immunochemistry

1. Objectives:

The objective is to characterize the neuroanatdnaind neurochemical phenotype of various
animal models, including genetically modified miaelevant to depression, in particularly
markers related to central 5-HT neurons in thealaoephe, and also noradrenaline neurons in the
locus coeruleus nucleus.

Specific objectives of the study
e To characterize in particular noradrenergic andtseergic markers in various rat and
mouse depression models as well as in the humamihreelation to controls.
 To characterize expression patterns of auxiliaryssaegers including nitric oxide,
neuropeptides, cytokines and their receptors.
* To establish whether or not cell death and new &bion of cells is an important issue in
depression.

2. Progress towards the Objectives:

In this summary, we will focus of some of the magvancements achieved within the
framework of WP 5: (1) Regulation of the DRN 5-Heunons and (2) the phenotypic
characterization of 5-HT DRN and NA LC neurons adents and man (Activity 2), and (3)
relation of neurogenesis to depression-like behlawio various core models and other
experimental paradigms (Activity 3)

Activity 2: Functional states of monoamine regulatn in rodent models of vulnerability —
the neurotransmitter endophenotype.

Regulation of monoamine cell-body function in raprend locus coeruleus

A major effort has been made, in particularRartner 9(Oxford) together withPartner 6
(Maastricht), to elucidate how the 5-HT neuronthi dorsal raphe region are controlled, that is
defining the feedback pathway(s) from forebrairaar@nervated by the 5-HT neurons.
Pharmacological and neuroanatomical propertiesicdi pathways involved in the long-loop
feedback regulation have been analysed using &ication ofin vivo electrophysiological,
histochemical, neuropharmacological, functionalging (c-fos), pathway tracing and fMRI
approaches. These studies provide strong evidendkd existence of a long-loop, polysynaptic
5-HT feedback pathway, whereby 5-fATreceptors on prefrontal cortical afferents modutae
firing of dorsal raphe 5-HT neurons. More receuttyimportant input from the lateral habenula
nucleus (LHN) has been established, involving &t and 5-HThc receptors, with local
GABA neurons in the periaqueductal grey as crittmahponents in the circuitry. This was
established by studying the effect of lesionsldNLon 5-HT,¢ receptor mediated inhibition of
5-HT cell firing. The circuitry underlying the canot of 5-HT neurons in the DRN has been
further analysed focusing on 5-btlreceptors and the LHN activating the GABA neurionthe
ventral PAG It was found that LHN lesion dramatigaéduced the inhibitory effect of 5-Hd
agonist administration.

This is now a well understood and proven circumrgchanism in rat. The immunohistochemical
analysis of the mouse PAG shows a similarly promipeesence of GABA neurons, but to what
extent they are functionally involved in the sanrewgts as in rat remains to be analysed (Partner
10, Stockholm). Clearly, it is critical to estalblithe situation in the human brain.

In complementary experiment®artner 9 also investigated the effect of administration of
different 5-HT,c agonists (WAY 161503, Ro 60-0175, mCPP) on fosresgion in the LHN.
Each 5-HTEc agonist caused a marked increase in Fos expressibis nucleus, and the effect
was blocked by a selective 5-ktlantagonist (SB 242084).
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Further mechanisms were explored. Thus, 5-HT neumothe dorsal raphe can express the Thich
R1 mRNA, and the transcript levels are increaseer administration of LPS. There is also
evidence that the antidepressant and anxiolytiece$fof NK1 antagonists may be exerted via
actions on afferents to the dorsal raphe 5-HT neurdhe effect on MDMA on forebrain
serotonin nerve terminals has been characterizedetail using anti-sera against tryptophan
hydroxylase and the 5-HTT (Partner 7/14). Long-tepartial lesions of the 5-HT system by
MDMA treatment caused biphasic effects on 5-HTTsdAthe glucose metabolism was affected
in the raphe nuclei.

Ongoing experiments biyartners 6 and %are studying the interaction between the subthalam
nucleus and raphe. These studies are of major tanpe® for our understanding of the effect of
subthalamic stimulation in Parkinson’s diseaseramtly leading to depression.

Taken together, thanks to the NewMood grant our knowledge of kegchanisms underlying
involvement of the 5-HT neurons in mood regulatiol the therapeutic effect of antidepressants
have been substantially advanced.

The phenotypic characterization of 5-HT DRN and NAC neurons in rodents and man

The monoamine nuclei locus coeruleus (LC) (noraaliee, NA) and the dorsal raphe
nucleus/complex (DRN)(serotonin, 5-hydroxytrypta@ib-HT) are key structures in the brain
for understanding the pathology and treatment gondepression disorder (MDD). This means
that characterization of their neurochemical pegfds well as of their projections and their
afferent input is an essential task, that is theudry in which they are involved.

Partners 2 and 1(have phenotyped neurons in the DRN/periaquedgcasl (PAG)

In the mouse PAG has been studied with focus orropeptides, GABA (glutamic acid
decarboxylase, GAD), nitric oxide synthase (NOS)J treir relation to 5-HT neurons. The main
result is the occurrence of distinct species difiees: Whereas many 5-HT neurons in rat
express both NOS and galanin, these two molecukse wot found in 5-HT neurons in the
mouse DR. In fact, with exceptions of single celigressing a neuropeptide, the mouse 5-HT
neurons seem to lack coexisting neuropeptide mgssenolecules (of the ones so far studied).
However, our data strongly suggest that a populatio5-HT neurons, mainly in the midline, is
GABAergic. Moreover, it is highly likely that theris coexpression of the vesicular glutamate
transporter 3 (VGLUT3) in many midline 5-HT DRN mens (data from ABA and literature), as
has previously been shown for rat. However, in meoudBis coexistence has not been
demonstrated at the cellular level, but the stromgrlap suggests that many 5-HT neurons
release glutamate also in mouse. These resultsrttavdéeen submitted th Comp. Neuro] and

the revised manuscript has been returned to thhegbulhe results have been compared with the
recently published Allen Brain Atlas (ABA), whichliqvides a fairly complete information on the
distribution of some 20,000 transcripts in the P@&Ad all other brain areas). Further studies are
needed, in particular employing douldesitu hybridization using non-radioactive riboprobes for
the peptides and the radioactive oligonucleotidges for TPH2. (Collaboration with Partner 2,
Paris)

An important aspect is the phenotypic charactegsdf the LC and DRN neurons in humans. The
hypothesis-building is mostly based on results fsiodies of rodents, but these results may not
necessarily be relevant for humans. Theregitglies have been carried out on the human post
mortem brain with focus on NA and 5-HT synthesizemgymes, markers for glutamate and
GABA neurons and, in particular, neuropeptides dhe€ir receptors. The latter group of
molecules have recently been considered as nokggtsafor development of antidepressants.
Initially riboprobes for galanin, GalR1 and -R3 eptors have been prepared. Galanin and GalR3
signals have been detected in the LC, and all thvaders in the PAG (Le Maitre et al., 2008a,
b, 2009). So far NOS transcript has not been okseirvthe DRN, but in LC neurons. We have
also carried out gRT-PCR studies on galanin and RG&3, initially on adrenal
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pheochromocytoma tumours (Tofighi et al., 2008) andimilar study on pituitary tumors Tkl
completed, and will be submitted soon. We also mooed transcript levels in samples from
several brain regions obtained from control andreleged (suicide) brains (from The Human
Brain Bank in BudapesP@artner 14and Dr. Miklos Palkovits, Semmelweis University).

Taken together, the results show that distinct species differereast with regard to the galanin
system when comparing human, rat and mouse. Whgegasin peptide is expressed robustly in
all three species, GalR1 and -2 are expressed usenand art LC, whereas human has GalRS3.
The rat, but not mouse or human, 5-HT DRN neuropsess galanin. In the human, but not in
rodents, these 5-HT neurons express GalR3.

Thus, when attempting to identify relevant targetsdeveloping antidepressants, it is important
to compare expression patterns in rodents withetimsiumans.

Activity 3.3 Neurogenesis & apoptosis: stress, moamine & antidepressant effects

Neurogenesis, with its relation to growth factdras emerged as a possibly important mechanism
involved in etiology and treatment of MDD. Sevepaltners have done frontline research in this
area. The results from studies of the core modelparticularly important.

Partner 2 (Paris) has studied cell proliferation, differation and survival in some of the core
models, including the GR-i mouse. They showed ¢kétproliferation within the hippocampus is
modified in some models. Thus, neurogenesis in @Giee was significantly decreased when
compared to WT mice. In addition, BDNF mRNA expresganalyzed by qRT-PCR) was also
reduced in the hippocampus of these mice. Moreoseronic treatments with a reference
antidepressant compound, fluoxetine, or the newd@ptessant Agomelatine, promote both
granule cell proliferation and cell survival withthe dorsal part of the dentate gyrus of GR-i
mice. In addition, both treatments raised BDNF mRBbpression in the hippocampus of the
transgenic mouse, restoring mMRNA expression tondasi level as in WT mice.

The core model 5-HTT-/- was studied Pwrtners 4 (Barcelona)and 2 with regard to adult
neurogenesis, that is under conditions of enharfedtll function on adult neurogenesis.
Compared to WT controls, aged 5-HTT-/- mice (~l4twnths) showed an increase in
proliferative capacity of adult neural stem cells.contrast, in vivo analyses of young adult 5-
HTT-/- mice (~3.0 months) and cultures of neurosptdrom their hippocampus did not reveal
significant changes in proliferation of neural steells or survival of newborn cells. Thus, the
cellular fate of newly generated cells in 5-HTTatice is not different with respect to the total
number and percentage of neurons or glial cells fnoldtype controls.

The findings indicate that elevation of synapticHB- concentration throughout early
development and later life of 5-HTT deficient maees not induce adult neurogenesis but may
influence stem cell proliferation in senescent mice

Partner 6 has studied the Core Model Prenatal stress (P8tsnand shown that hippocampal
BDNF protein content is decreased in PS rat pups @fter birth, but increases within the
hippocampus of particularly female offspring. Thessults indicate that PS can trigger a gender-
and region-specific, compensatory effect, in attengp protect the hippocampus against the
deleterious effects of stress. The increased BDblEent may be linked to the relatively high
hippocampal weight and relative less affected &ffedehaviour of prenatal stress in this gender
in later life. Male rats exposed to PS and/or cloonild stress (CMS) displayed changes in the
morphology and number of basal spines in the maahedrontal cortex. CMS had a negative
effect on spine densities, particularly on spineshe mushroom type. PS alone did not affect
spine densities, but the percentage of mushroonespias reduced.

Partner 12 (Pamplona) has studied the effect of CMS and aptessant treatment on

neurogenesis and found a short-term and long-texonedse in cell proliferation in the dentate
gyrus of the hippocampus 24 h after CMS. Chronroxyetine (px) treatment reverted the effects
of CMS. In long-term studies on mice exposed to CAf@ px treatment, cytogenesis but not
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*
neurogenesis was decreased in the dentate gyrtiseofentral hippocampus in CMS mice;* **
suggesting that the generation of glial cells ie@éd at long-term while the neurogenesis is
recovered. Unexpectedly, chronic px treatment Siamtly decreased both the cytogenesis and
neurogenesis in control mice. It is suggested tinatdecrease could be related to homeostatic
mechanisms.

In the maternal separation rat core model Parti@eisHowed a significant decrease in cell
proliferation in dentate gyrus of hippocampus whigs normalized by chronic treatment either
with fluoxetine or venlafaxine

Taken together these findings indicate stress-iedgender and region specific, changes in cell
proliferation and BDNF levels. Moreover, there akear morphological changes in response to
stress; however, the type of stress is decisiveoAhere may be differences between mild and
ultramild stress.

Partner 2 has also initiated a new program regarding thaticeiship between antidepressant
modulation of neurogenesis induced by cerebral lfagzhemia in mice. Indeed, there is a
comorbidity for stroke and depression, and chrdms@tment with antidepressants has been
reported not only to alleviate MDD but also postké mood disorders. At anatomical level, a
reduction in hippocampus volume is a commun featuteth MD and stroke. However, marked
differences have been noted regarding neurogemesg$evant rodent models of these disorders.
A clear decrease in hippocampal neurogenesis has tdescribed in depression-like models
whereas experimental stroke caused by transieiision of middle cerebral artery (tMCAO) is
usually followed by an increase in cell prolifecati in both the subgranular (SGZ) and
subventricular (SVZ) zones. Furthermore, the pdadt zone is also depicted to develop
neurogenic properties after tMCAO. In depressi@n-Inodels, antidepressants of various classes
can restore neurogenesis at the hippocampal Ipuabably through induction of neurotrophic
factors such as BDNF. Partner 2 has shown, perbagsisingly, that chronic paroxetine had
apparently no impact on the effects of tMCAO on S¥&l proliferation (and locomotor
performance) in CD1 mice.

Partner 10has shown that double-cortin (DCx; a marker for etume neurons) is coexpressed
with Y1R but not Y2R. There is a marked reductiomiCX-positive cells both in Y1R and Y2R
knock-out mice. These findings indicate that neaptgles may be of significance in depression
in view of the now substantiated relation betweeuaragenesis and antidepressant treatment, as
well as the demonstration that some effects of BRNFmediated by NPY (Howell et al., 2005).

Partner 3 (Wiurzburg) studied morphogenic effects of 5-HT tamget cells, assessing the
thickness and neuronal cell density of various lw@lecortical areas in 5-HTT-/-, characterized
by elevated extracellular 5-HT levels. Effects agpcortical morphology depended upon the
genetic background of 5-HTT-/-. Mixed ¢129-CD1-C&7&) mice display a consistently thinner
layer 1V, yielding significantly decreased overtiickness in many cortical areas. Instead, mice
backcrossed into the C57BL/6J background displagemses in supragranular and infragranular
layers, which compensate entirely for decreasedrl#ly thickness, resulting in unchanged, or
even enhanced cortical thickness. In general, fesndisplay either less of a decrease, or more of
an increase in cortical thickness compared to malepending on genetic background and
cortical area. Also significant increases in neatorell density are found in 5-HTT-/- with a
C57BL/6J background (wt:hz:ko ratio = 1.00:1.047),Jand not in mixed ¢129-CD1-C57BL/6J
knockout animals. The findings of this quantitatstedy show altered neocortical cell density
and layer thickness in 5-HTT -/- and provide evidemf 5-HTT gene effects on neocortical
morphology, in epistatic interaction with genetariants at other loci.

Taken together, studies by NewMood partners have greatly advanmed knowledge on
possible roles of neurogensis in relation to MDD.
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Overview

The Partners iWWP5 have through intense work and fruitful interactiatistinctly advanced the
knowledge in the field of depression-related bebanvdisease and provided a better basis for the
understanding and possible treatment of this tyjpsedous mental disorders. This includes a
detailed description of the origin of the affererguts and the receptors involved in the control of
the ascending 5-HT neurons, which are key targetttfe major group of antidepressants. A
neurochemical phenotyping of transmitters and n@eptdes expressed in the 5-HT neurons has
been carried in mouse, to a limited extent alsadh@ core depression models. In addition,
messenger molecules have been studied in the hyoatmortem brain, reporting some
interesting species differences, which may be slewhen discussing translational, therapeutic
aspects. Finally, a fairly recent idea in the depien field is a possible role of hippocampal
neurogenesis as an important process involvedpredsive behaviour. Here WP5 has produced
a wealth of information in studies of core modatsl éhe effect of various antidepressants. The
results support the neurogenesis hypothesis, botpaint to some inconsistencies.

Table 13. Deliverables and milestones for Workpadge 5

All the Milestones and Deliverables involved witiP&/have been achieve#or detailed
information about the Deliverables, please seeragpeeport (“Deliverables WP 5: “Cyto- and
Immuno-histochemistry”). Below is a list of all eerables and Milestones to which WP5
contributed solely or in part.

Deliverable No. . . Date Actual
(main contributor) Deliverable name  (All Achieved) —d_ue date
17 Review of molecular basis of changes in neurogsriedilewMood 30 48
models of vulnerability
38 Role of the NPY system in neurogenesis will be lalée, including the 48 48

effect of selective deletion of the two receptors

(1]

The effect of galanin and galanin agonists/antagjeron depression-lik
41 behaviour and on expression of markers in dorgathgeb-HT neurons 48 48
will be reported

43 Tryptophan hydroxylase mapping in raphe of enoelels presented 54 60

54 Role of the CCK system in neurogenesis will beligshed 60 60

Deliverable No.
(part-contribution)
4, 8,15 & 31, 24,
253, 33,48, 11 &
32b, 23, 21, 22, 51,
56

Milestone Na
(main contributor)

(various) 18-60 | 18-66

(none)

Milestone Na
(part-contribution)
7,9, 15, 16, 20, 21,
24, 28, 29, 30, 31} (various) 30-60 30-66
33, 37, 38, 39.
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Workpackage 6 — Neurophysiology

1. Objectives:

To provide the consortium with the necessary kndgdeof neurophysiological properties of
several brain nuclei (e.g. dorsal raphe nucleus) larain cortical areas (e.g. hippocampus,
cerebral cortex) involved in depression and anxietWP6 is structured to supply novel
background information on mechanisms of 5-HT sydiamstioning and focussed information on
specific topics relevant to development of animaddels and/or effects of treatment with
antidepressants. The investigation will develapulyhout the entire project lifetime.

Specific objectives of the study:
* to characterise the neurophysiological modificagiaf synaptic function in selected
animal models of vulnerability;
« the alterations in neurotransmission and recepémisigvity in various brain regions
(relevant to depression);
» the adaptive neurophysiological changes producedelyments.

2. Progress towards the Objectives:

The present summary reports only the principalifigd that are considered most relevant to
illustrate the progression of the project

For a full account of the results and deliveraldbsained by the WP6, please refer to annual
Activity and Deliverable Reports

Activity 1. Behavioural endophenotype of model®f genetic, developmental and acquired
vulnerability to depression.

During the 5 years of project's life, functionaungphysiological studies have been performed in
several models of vulnerability.

As activity 1 was directed to the characterizabdanimal models of genetic, developmental and
acquired vulnerability to depression, WP6 contiifruto this activity was the study of functional
responses in selected animal models where neurigbbyisal investigation could support the
interpretation of behavioural findings and evenualechanism of drug action.

Therefore, most of the results obtained in a nundferore mouse models (e.g} CB1-/-;ii)
GR-iiii) HA and LA; and mood-pathology relevant mouse medel Helpless / non-helpless
mouse strainsy) 5-HT,a (-/-) mice;) have been published as integratedspaf behavioural,
neurochemical, and pharmacological investigation rodent models of vulnerability to
depression.

In many cases these studies have been done to raspeeific questions and it would be
dispersive to mention them in detail here. Exh&esinformation can be tracked back in the
annual reports and in the description of WP6 dedibkes. Thus, only key references are indicated
in this summary.

However, some&ore models have been selected for more systemati¢remmdugh investigation
and the results obtained deserve mention as thiglyspecific aims of WP6: (a) the mouse core
models of vulnerability due to altered 5-HT memlgraransporter function: 5-HT transporter
knock-out mice (5-HTT-/-), 5-HT transporter heteygaus mice (5-HTT+/-) and mice over-
expressing the human 5-HTT gene (5-HTTo/e); (b)rttecore model of partial 5-HT depletion
obtained with injection of the selective 5-HT syste neurotoxin 3,4-methylene-
dioxymethamphetamine (MDMA).
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5-HTT-/-, 5-HTT+/- and 5-HTT o/e mice

Sleep disturbances are a common finding in depdgssgents. 5-HT is known to play key role in
mechanisms controlling sleep/wake patterns, and alterations in depressed patients.

In 5-HTT-/- mice,Partner 2 (Paris) investigated the consequences of an exdes4iT in the
synaptic cleft on sleep-wake stages and found 3HdT T-/- mutants display, at baseline, an
increase in rapid eye movement sleep (REMS) amgéexandre et al, 2006). The study was
extended to the REM sleep rebound caused resstigds and interplay between 5-HT and the
hypothalamic neuropeptide hypocretin (hcrt). Uspglysomnographic recordings Partner 2
found that REM sleep rebound was blunted in 5-HTMice and that pretreatment with a
selective hcrtR1 antagonist restored a robust REdpsrebound. Altogether, these data show
functional interactions between hypocretinergic aarbtonergic systems that may be relevant to
alteration of sleep and wakefulness homeostasilemession. NexRartners 2 and 9Oxford)
examined 5-HTTo/e mice which have deficient 5-HEase and storage mechanisms and exhibit
increased anxiety-like behaviour. B HTTo/e mice wakefulness was increased and REMS
episodes were decreased throughout the gdarlod. In contrast, no significant differences
between wild-type and transgenic mice were obseregdrding slow-wave sleep. Altogether,
these data show that the decrease in extracelthr levels measured in 5-HTTo/e mice results
in changes in the sleep-wake pattern ostensiblyosifg to what observed in 5-HTT-/- mice
(Rachalski et al., 2010). Using voltammeinyvivo, Partner 9 found striking loss of frequency
sensitivity of electrically-evoked release of 5-Hilevel of serotonergic terminals, both in the 5-
HTTo/e and 5-HTT-/- mice. This non-linear relatibips between 5-HTT expression and 5-HT
signalling predicts abnormal 5-HT transmission viatith loss- and gain-of-function 5-HTT gene
variants.

Partner 8 (Edinburgh) investigated synaptic plasticity in thentate gyrus of hippocampal slices
from adult male 5-HTT-/- and their wild-type andtém@zygote littermates. In 5-HTT+/+ and 5-

HTT+/- groups long—term potentiation (LTP) was s@nificantly different whereas the 5-HTT

-/- group showed a significant decrease in the mad@ of potentiation. Post-tetanic

potentiation, measured immediately after tetanicwdation, was comparable across all three
groups. When a similar study was performed at derg@us granule cell synapse and CA3/CAl
Schaffer collateral synapse in the hippocampusath mmale and female 5-HTTo/e mice, no
significant differences in LTP were found eitherttwrespect to genotype or with respect to
gender. These data suggest that serotonergic sygiay a role in synaptic plasticity in the

dentate gyrus either directly through its synagtations or indirectly through its effects on

development, and that certain cognitive process@gtch the hippocampus contributes might be
disrupted when 5-HT transporter functioning is sabgally altered.

Partner 3(Wurzburg) examined the effects of genetically enivoss of 5-HTT function in the 5-
HTT-/- mouse on the mediation of fear- and stresated behaviours, and electrophysiological
properties of hippocampus, amygdala, and prefrontatex. They demonstrate a specific
phenotypic profile of fear- and stress-related daesfiin 5-HTT-/- mice, accompanied by
morphological abnormalities in amygdala and prefeboortex (Wellman et al., 2007).

Furthermore, using patch-clamp whole-cell recordifRgrtner 2 (Paris) found that 5-Hk
autoreceptor desensitisation in 5-HTT-/- mice @d#d alteration in the coupling between G-
proteins and GIRK channels (Loucif et al., 2006haly, Partner Zound resilience of 5-HTT-/-
mice to several effects produced by MDMA-induceddntésion of 5-HT system. Notably, the
increased immobility duration in the forced swinsttdi.e. depressive-like behaviour), the
increase in 5-H7a receptor-mediatedutoinhibitionof DRN 5-HT neurons (see Activity 2) and
the larger hypothermic response to 8-OH-DPAT, vadrelished (Renoir et al., 2008).

Collectively, the results obtained with 5-HTT-/-;HIT-/+ and 5-HTTo/e mice show that,
altogether this set of animals represents a vadu#ddl for exploring the role of 5-HTT in
vulnerability to depression and effectiveness of deugs.
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MDMA-induced selective 5-HT system impairment inkBgouti rats

The investigation has been performedRartners 2 (Paris) 7/14 (Budapest), §Edinburgh)
and Partner 11(Florence).

Complete 24 hour long recordings of sleep in adalesanimals with MDMA—induced partial
depletion of 5-HT performed bRartner 7/14revealed significant decreases in REM latencies
and increased duration of REM in the first houthaf passive sleep phase. This was accompanied
by increased delta power off either SWS-1 or in S2YSut none of the other parameters used
for characterization of NREM were significantly edted. Next, the effects of the selective
serotonin reuptake inhibitor (SSRI) antidepress#éatopram were studied on EEG, EMG, motor
activity recordings were performed, and effectsvagilance states, including wake, light slow
wave sleep, deep slow wave sleep, and paradoxesh.simmediate effects of citalopram were
similar or even stronger in animals treated with M several weeks earlier. However, the
effects lasted only a few hours while the effeatssisted much longer in control animals. An
attenuation of SSRI-induced vivo effects, but not of those produced by 8-OH-DPAIggested
that blunted responses to the SSRIs are directteffdf decreased axonal densities rather than
direct receptorial changes. This conclusion appeafse confirmed by findings obtained in a
collaborative study wittPartner 2on basal and agonist-induced specific binding@8J[GTR/S

to cell membranes in hippocampal regions. Reduc&d Ratency is a classic feature of
depression and the results add to the evidenceMBlA treatment models some but not all
aspects of depression. Consistently, our data geowvidence that a partial lesion of the
serotonergic axons and terminals, or hypofunctibthe 5-HT system, changes the effects of
SSRI antidepressants indicating that alteratiorautoreceptor function and adaptive changes
relevant to depression and antidepressant treatraésd occur. 5-Hiz and 5-HE receptor
activation-mediated functional changes of motoivédgtand sleep-wake parameters were also
measured by Partner 7/14, several months aftantluetion of the lesion, when most areas show
complete recovery of axons at least by quantitatieasures. Induction of wake by stimulation of
5-HT,g receptors was markedly reduced, but other effeet® not affected 6 months after the
lesion. 5-HT receptor activation-induced changes in the thetaep as well as motor activity
effects were significantly altered 6 months aftee induction of the lesion providing further
evidence that several key receptor functions daezed during the recovery period and imply that
virtually complete recovery may not necessarily maacomplete recovery of functions (Kirilly
et al., 2008)

Alteration of 5-HT system functioning has been asged with impairment of cognitive
performances, which also is a trait present in ief@ms of depressioRartner 11 (Florence)
investigated synaptic plasticity in slices of vahtnippocampus taken from rats with mild 5-HT
system impairment produced by repeated administratif MDMA in vivo. Since we had
demonstrated that endogenous 5-HT released inalesiites increases the excitability of CA1
pyramidal cells through activation of 5-kTout not 5-HE or 5-HT;, receptors (Mlinar et al.,
2006, 2008), the work focussed on possible chamggsHT, receptor sensitivity and changes in
plasticity. Mild depletion of 5-HTn vivo produced atncreasein LTP susceptibility that was not
accompanied by changes in 5-HEceptor of};-adrenoceptor sensitivity in the CAL region of
the hippocampus [Morini et al., (2010) Enhancedobgampal LTP following MDMA-induced
serotonergic impairment in Dark-Agouti rats. Eurapelournal of Neuropsychopharmacology
(submitted)]. We concluded that substantial remafahe inhibitory effects of 5-HT does not
disrupt the basic hippocampal mechanisms of piastielevant for learning and memory, but
that functional changes in hippocampal plasticigyrbe relevant to altered emotional responses.

The offspring of MDMA-treated female rats have als®en characterized as a model for the
study of the effects of prenatal exposure to syithdrugs on vulnerability to depression
(Partner 8. Electrophysiological assessment of 5-HT modutatiof dorsal raphe and
hippocampal neuronal function in slices from theffispring showed no major alterations and
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helped to interpret the changes in regional cetdbration detected with 2DG autoradiographv**
(see WP 7)

In conclusion, the MDMA-induced selective 5-HT gystimpairment model resulted very useful

for the study of the behavioural alterations pratlby an impairment of the 5-HT system and
provided new knowledge of 5-HT system functionimggchanisms of its repair after mild lesion,

and its role in altered social interaction, slesmpg cognitive functions. The properties and limits
of this model, based on anatomical loss of a pga¢rminals, for future studies of antidepressant
drug actions have also been defined.

Activity 2. Functional states of monoamine regulatn

Activity 2 was devoted to in-depth and innovatiwepleration of the functional mechanisms
regulating the activity of serotonergic cells inpla nuclei (local and long-loop feed-back
mechanisms), hence the release of 5-HT throughdw brain. Furthermore, the

neurophysiological effects of serotonin releas® datget cells in hippocampus and other cortical
and subcortical areas have been studied.

Altogether, this activity resulted in extremely ioffant new knowledge on 5-HT system
functioning which undoubtedly will mark future déopment of our understanding of the role of
serotonin in mood disorders.

Long-loop and local control of 5-HT cell activity
Long feedback regulation

Partner 9 (Oxford) obtained data suggesting the presence of a nowgdtine feedback
mechanism that controls the electrical activityroflbrain 5-HT neurones via postsynaptic 5,HT
receptors. The investigation has been extenddtid¢meuroanatomical pathways involved in
long-loop feedback regulation of 5-HT neurones gsincombination of neuropharmacological,
immunocytochemical and pathway tracing approacRagner 2 (Paris)andPartner 9 applied

in vitro electrophysiological methods to model local 5;H@ceptor-mediated feedback loops and
used transgenic mice (5-HA receptor knock-outs) to explore the pharmacolo@ly5ddT
receptor subtypes involved (Boothman et al, 200Bkctrophysiologicain vivo recordings have
been carried out to investigate the 5-;H&ceptor subtype involved, and specifically ta fes
the involvement of the 5-HE subtype. (Boothman et al, 2006b; Boothman e2aDy).

Collectively the results indicated that medial poatal cortical neurones projecting to raphe
express 5-H7a receptors and supported a role for the SddfBceptor subtype in postsynaptic
feedback control of 5-HT neurones.

Next, Partner 9 in collaboration withPartner 6 (Maastricht),continued to investigate possible
behavioural correlates of long-loop feedback, watifocus on the 5-HE feedback system.
Specifically, we investigated the effect of disingt 5-HT,c receptor-mediated long-loop
feedback on a range of experimental models of 5cHi&ceptor function including hypophagia,
anxiety, learned helplessness and hypolocomotidil & receptor-mediated long-loop feedback
was disrupted by excitotoxic lesion of the latdrabenula nucleus, since this lesion prevents 5-
HT,c receptor agonist-induced inhibition of 5-HT caliirfg. Importantly, neuroanatomically-
discrete lesions of the lateral habenula nuclessilted in a marked attenuation of 5T
receptor agonist-induced hypolocomotion, hypophag@anxiety.

These data provide a direct link between the 5dHeceptor-mediated long-loop feedback
pathway and some common behavioural effects of &-H&ceptor activation (Quérée et al.,
2009). Altogether, these data suggest that 5cHifonists activate the lateral habenula nucleus
that in turn activates DRN GABA neurones to inhBiHT cell firing. The presence of 5-HJ
receptors on DRN GABA neurones also suggests dédfegt of 5-HTc agonists.
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Sub Thalamic Nucleus-raphe interactions

Bilateral stimulation of the subthalamic nucleug K is used clinically to treat Parkinson’s
Disease, but suffers from a high incidence of dffecside effects (Temel et al., 2009). In
collaborative workPartners 9 and 6(Oxford and Maastricht) investigated the effects of
stimulation of the subthalamic nucleus (STN) on B-¢¢ll firing in the midbrain raphe nuclei
with a view to understanding better the high inokeof affective side effects associated with the
therapeutic application of STN stimulation in patge with Parkinson’s Disease (Temel et al.,
2007). STN stimulation at clinically relevant fremqcies and low currents, caused a clear-cut
inhibition of firing rate in the vast majority ofET neurones tested. This marked effect on 5-HT
cell firing may underlie the affective side effeatdd STN stimulation. A combination of
retrograde tracing and VGLUT2 immunocytochemistay gutative marker of STN outputs)
revealed connectivity between STN inputs to thestaritia nigra and nigral outputs to the dorsal
raphe nucleus.These data identify the substantia nigra as a datelineural substrate of the
effect of high frequency stimulation of the STN BfHT cell firing. Collectively, their data
provided the first experimental evidence that eleat stimulation of the STN, at parameters used
to relieve the motor deficits of Parkinson’s dissasauses a striking inhibition of 5-HT neuronal
activity which is directly linked to the inductioof depressive-like behaviour. This effect may
contribute to the psychiatric disturbances obserwefdatients subject to STN stimulation and
provide an experimental basis for their clinicalnmgement. The powerful link between the STN
and the 5-HT system constitutes evidence for the&tence of a novel ‘limbic-motor interface’ for
the integration and processing of sensorimotog@asve and emotional information.

Local physiological regulation - auto and heter@eetor function

The fact that presynaptic (somatodendritic) Stkl@utoreceptors inhibit firing of 5-HT neurones
is well recognised, but whether this autoinhibitangchanism is relevant to physiology (and/or
pathology) or only to pharmacological treatments Ib@en a matter of debate for long time.

The results obtained in activity 2, greatly conitdxl to clarify the issue and provided a
breakthrough that unequivocally pointed #&itered autoinhibitionas a possible causative

mechanism of pathology in autonomic and mood desr@dAudero et al., 2008). The concept has
recently been confirmed by an US competing groupgua different approach (Richardson-Jones
et al.,, 5-HT1A autoreceptor levels determine vudbdity to stress and response to

antidepressantdleuron65(1):40-52, 2010)

Partner 11(Florence)jn collaboration withPartners 2(Paris)3 (Wurzburg)and 6 (Maastricht),
conducted a thorough study of the role of 5:KTeceptor-mediated inhibition of serotonergic
neuron firing by investigating the relationshipweén 5-HT turnover, level of 5-HA receptor
expression by serotonergic neurones, autoinhibiteord response to SSRI application, using
extracellular and/or whole cell intracellular redimigs in brainstem slices containing DRN.

Partner 11 also found that the activity of 5-HT cells in DRN is (al inhibited by tonic
stimulation of 5-HTa receptors exerted by 5-HT originating from nonieesr pool(s) and
outflowing from 5-HT cell bodies to the extracefiulspace and that the availability and level of
L-tryptophan is crucial for maintaining the physigical degree of autoinhibitioM{inar et al.,
2005.

These data provided background knowledge relevattié physiological regulation of DRN 5-
HT neurone activity by endogenous 5-HT and defitedconditions for future investigations on
the functional role of 5-HT neuron autoinhibitiaonpathology.

The issue was investigated using mutant nsekectivelyand conditionally overexpressing 5-
HT.a receptors in raphe 5-HT cells (5-klo/e, estimate of overexpression ~8 times grehtar t
littermates). In these mice the level of autointioimi of 5-HT cells following application of 10
uM Trp was greatly enhanced compared to that of robtittermates and mutants in which
overexpression was kept repressed. ConsistendyS8RI citalopram produced a decrease in 5-
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*
HT cell firing rate with greater efficacy than iordrol littermates. Using whole-cell patch-clamf)***
recording, differences in response to 5:kBgonists have been characterized in 5-HT cells
identified by intracellular injection of Alexa 488nd later processing of the slice for TpH2
immunohistochemistry, in collaboration wiartner 3(Wurzburg)

In vivo, the increased autoinhibition of raphe 5-HT call$ikely to decrease 5-HT tonic release
from terminals in projection areas, which corredatgth the depression-like behaviour (increase
in tail suspension immobility), increased aggressamd autonomic disregulation observed in
these animals. The correlation between the oveesspn of 5-HTa receptors and the presence
of an aggressive phenotype has been investigatetail and the data showed an involvement of
altered autoinhibition of raphe 5-HT cells in thggeessive behaviour and in autonomic
disregulation consequences observed in these Wime(o et al., 2008; Audero et al., 2009)

Therefore, two important consequences of the egsteof 5-HTa receptor-mediated
autoinhibition of raphe 5-HT cell firing for phydamgy and pathology are that: i) the level of 5-
HT1a expression and/or their functionality may greathange the level of autoinhibition, hence
the response to antidepressants; ii) the bioavhijabf 5-HT, that strictly depends on tryptophan
(Trp) bioavailability, will be the major determiniamf physiological activity of 5-HT cells.

Therefore, locally released 5-HT exerts a toniddjanhibition that may have a crucial role in
physiopathology of depression and mood disordedsrathe effects of antidepressant drugs able
to modify the level of extracellular 5-HT in raphiclei. The results are also crucial for
understanding the role that desensitization or Kalde of 5-HTa receptors may have in
therapeutic effects of antidepressant drugs.

For years there has been an active search for amsag selectively acting at raphe 5-HAT
receptors because the use of these compounds mal/ \@ue for hastening the response to
antidepressant drugs, without greatly impairing #ffects of 5-HT at postsynaptic 5-Ihl
receptors. In contrast to the desired effects ctireently available antagonists appear devoid of
regional selectivityPartner 11(Florence) characterised the electrophysiologiciba two new
selective 5-HTa receptor inverse agonists, Rec 27/0224 and Re@02Z/ at 5-HT, (auto)
receptors of DRN 5-HT neurones and at (hetero)ptecs expressed by CA1 pyramidal cells and
demonstrated that 5-HA receptor inverse agonists display a consideralelgresz of cell
selectivity and are effective in blocking the effeof SSRIs in the DRN. DRN (Corradetti et al.,
2005) A molecular mechanism that could explaindtierential sensitivity of 5-HTa receptors
expressed in hippocampal pyramidal cells to invaigenists has been provided by the parallel
study performed byPartner 2 (Paris) who demonstrated a differential coupling5eHTia
receptors to specific G proteins in the hippocamgndraphe (Mannoury et al., 2006).

These data provide novel background knowledge fw possible development of new
antidepressant drugs.

Overview

Throughout the projecWP 6 contributed to:
» the assessment of the characteristics of animaemaad depressiorActivities 1, 2, 3,
* the selection of those models to be used for fuhedies Activities 1, 5;
* the assessment of sensitivity of a several recep(®HT, 5-HT,c, CB1, B1-
adrenoceptors, and galanin) in selected mesencdephi@in nuclei, and cortical areas
(Activities 2, 5.

During the five years of the project's life WP6 tidouted to the achievement of NewMood
objectives through the following major results:

A. New knowledge on neurophysiological responsesnimal models of depression has been
obtained by the studies in a number of core andtmrd-pathology relevant mouse models.
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Core mouse models
(i) 5-HTT expression modified mice [i.e.: 5-HTT-BsHTT+/- and 5-HTTo/e];
(i) CB1-/-; (iii) GR-i; (iv) VGlutl(+/-), and (Y HA and LA strains;
Mood-pathology relevant mouse models
(i) Helpless / non-helpless strains; (ii) 5-¢dF/-; (iii) galanin o/e; (iv) raphe5-Hk o/e;
Rat model
(i) MDMA-induced partial 5-HT depletion
This research has involvé&rtners 2, 3, 7/14, 8, 9, 10, 1(Deliverables 22, 36, 45 achieved

B. Advancement in the understanding of long-loop beett and local regulation of dorsal raphe
5-HT neurone activity with deep insight has beetaiied into the role of:
() 5-HT and 5-HTa receptors; (ii) 5-HT receptors; (iii) CB1 receptors.

Notably,three outstanding resulthave been obtained:

1. the circuitry underlying the control of 5-HT neusoim the DRN has been analysed focusing
on 5-HT2C receptors and the lateral habenular nacéetivating the GABA neurons in the
ventral PAG. This is now a well understood and prouircuitry mechanism in rat.

2. we provided the first experimental evidence thaceical stimulation of the STN, at
parameters used to relieve the motor deficits afkiRson's disease, causes a striking
inhibition of 5-HT neuronal activity which is dirgg linked to the induction of depressive-
like behaviour.

3. we obtained the first experimental evidence thigredl level of 5-HTa receptors in the raphe
serotonergic cells produces pathological consemsgerrelevant to mood disorders and
autonomic disregulation.Pértners 2, 4, 6, 9, D1(Deliverable 51 achieved

Finally, collaborations have been established tardginuing betweeRartners 2 & 7/14(Paris &
Budapest 2 & 4 (Paris & Barcelong 2 & 9 (Paris & Oxford; 8, 9 & 6 (Edinburgh, Oxford &
Maastrich}, 11 (Florence)& 2 (Pari9, & 6 (Maastricht)& 3 (Wirzburg.

Table 14. Deliverables and milestones for Workpa&ge 6

All the Milestones and Deliverables involved witiP@/have been achieveétor detailed
information about the Deliverables, please seeragpeeport (“Deliverables WP 6:
“Neurophysiology”). Below is a list of all Delivables and Milestones to which WP6
contributed solely or in part.

Deliverable No. . . Date Actual
(—main contributor) Deliverable name  (All Achieved) _d_ue “date
21 Long-loop and local control of 5-HT cell actiphysiology 36 36
22 Long-loop and local control of 5-HT cell activimodels of vulnerability 36 36
Characterization of sleep parameters in the ratainofdpartial
36 & 45 - . ; , 3 54 54
serotonergic lesion during damage and partial regofDuplicate]
51 Local and long-loop regulatory mechanisms oflbsyistem function 60 60
Deliverable No.
(part-contribution)
4,11 & 32b,15 &
2?étaé%?8a243132i1aé (various) 18-60 | 18-66
56
Milestone Na
(main contributor) (none)
Milestone Na
(part-contribution)
30,51, 33,30 | various 3060 | 3066
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Workpackage 7 — Functional Imaging - Human and Aninal

1. Objectives

1) To identify in animals and humans, the distributa@in systems whose functional
activity is associated with a) vulnerability to degsion, b) changes in reward, aversion
and cognitive processing in depression, c) treatméh antidepressant drugs.

i) To identify at a cellular level the neural pathwagsdiating responses to aversion and
how these responses are changed after repeatssl ist@nimal models of depression.

iii) To use magnetic resonance spectroscopy (MRS) tatifuachanges in glutamate
metabolism in models of vulnerability and respotesreatment in animals and humans.

iv) To use Blood Oxygen Level Dependent (BOLD) magnetgonance imaging (MRI) to
measure the functional neural response to drudectgEs of neurotransmitter systems in
animals and humans (pharmacoMRI; pMRI).

v) To guide neurochemical and molecular studies ofrefsion to appropriate regions of
brain

2. Progress towards the Objectives

Activity 1. Behavioural endophenotype of model®f genetic, developmental and acquired
vulnerability to depression.

1.2. Changes in regional brain function & response stress shared by models

Cytochrome oxidase mapping

Partner 5 (Tartu) examined the patterns of oxidative metabolism kpadyome oxidase (COX)
histochemistry and developed a standard operatimcegure to be used in the consortium. COX
metabolism was studied in different models of dsgien together with the interaction between
model and chronic mild stress (CMS) to test vulbiityg x environmental stress mechanisms.
CMS increases COX metabolism in brainstem and raidlregions making this manipulation a
useful tool to explore the effects of stress inlihain. The effect of partial 5-HT depletion using
parachlorophenylalanine (PCA) was shown to havendiseffects on COX metabolism and to
reduce the effect of CMS indicating that stressdated changes in COX metabolism are
partially dependent on intact 5-HT innervation. dddition the broad upregulation of COX
metabolism may be replaced with widespread dowragign under specific stress such as social
defeat stress (where maintained hedonic responsedmse protects against downregulation).
The models studied were frorRartner 5 (Tartu; High v Low Exploring (HE/LE) rats, High v
Low Social (HS/LS) rats and High v Low Positive Bmooal Expression (HC/LC) ratslpartner

4 (Barcelona; CB1-/- miceRartner 13 (Warsaw; HA/LA stress analgesia mic®artner 12
(Pamplona; maternally deprived rats) aPdrtner 2 (Paris; GR-i mice). In two other mouse
depression models 5-HTT overexpressing mice (5-H&)Té&rom Partner 8 (Edinburgh) and
VGLUT1 +/- mice fromPartner 12 (Pamplona) changes in COX were not observed so the
studies were not taken further. There were langerdiindividual differences making it difficult to
find clear findings with the conventional number abservations and in the mouse COX
metabolism levels in different brain regions arestnong correlation. LE v HE rats show
increased COX in limbic regions and the reverseoitical regions with no differential response
to CMS (possibly due to a developmental time windolw HS/LS rats COX metabolism in
striatal regions and anterior supraoptic nucleusedawith sociability but in brainstem and
midbrain both extremes varied from a medium groujm the HC/LC model striking sex
differences were observed and LC versus HC malenbufemale rats were more sensitive to
CMS with increased COX metabolism in midbrain amdbic regions. In CB1ko mice COX
metabolism was decreased in thalamus and mamilaglein In maternally deprived rats
increases in COX were found in midbrain areas anbit areas. In GR-i mice, 56 out of 101
analyzed regions COX was higher in many brain regji@levant to the stress response.
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Studies mapping tryptophan and tyrosine hydroxylasee also been started (Partner okl
Barcelona; Partner 10, Stockholm; Partner 5, Tar@flecting the enduring nature of the
NewMood collaboration.

2-deoxyglucose (2DG) mapping of current metabdicattive brain regions in animal models

Partners 8 (Edinburgh) used 2DG autoradiography to visualise altered pwtteof brain
metabolism (local cerebral glucose utilization, IB§Ic) in 5-HT depleted (using MDMA)
nulliparous female rats, and their subsequent offgpunder normal conditions and conditions
of stress and pharmacological challenge. 2DG was @bplied to animal models used by other
partners, and used to validate animal pharmacoMRlies. It was not found possible to apply
statistical parametric mapping (SPM) to 2DG autmghphs which would have enabled better
comparison with pharmacoMRI studies. Wilartner 7/14 (Budapest), a standard MDMA
treatment protocol was agreed and standardisede AdDMA produces sex-specific alterations
in brain metabolism with more brain regions affdcie female rats and changes (increases or
decreases) more marked in female rats, particusdriing in the dorsal raphe nucleus. MDMA-
experienced animals had attenuated effects compatecdhaive animal which are consistent with
tolerance to locomotor activating effects of thegland to anhedonia due to decreased activation
of reward centres (mesocorticolimbic system).

We now have a comprehensive pharmacological profilerain function in the two modified 5-
HTT mouse models: 5-HTT overexpressing, (5-HTTafe&) 5-HTT knock-out (5-HTT-/-) and in
particular have shown how sex by genotype intesastiinfluence brain functiorRartners 8
(Edinburgh) andPartner 6 (Maastricht) studied 5-HTTo/e together with chronic fluoxetine
treatment to reveal a gender x genotype interadiwth a significant gender x drug treatment
interaction. SSRI treatment decreased ICMRglc nmommales than female wild-type mice with
more marked decreases in 5-HTTo/e in both sexds avilightly greater effect in females. In
collaboration withPartner 5(Tartu) the only correlation between the 2DG ar@XGvas where
there was an increase in ICMRglc. In 5-HTT-/- m{@artner 8 and Partner 3 Wirzburg)in
contrast there was no alteration of ICMRglc at basebut 8-OH-DPAT challenge-induced
decreases in ICMRglc were almost totally attenuatetemale, but not male, 5-HTT-/- mice.
Partner 8 has shown that there is no alteration in respooseHT.g (CP 94253), and 5-HT
(DOI) agonists in both male and female 5-HTT-/- enic

Partners 8(Edinburgh),6 (Maastricht) and’/14 (Budapest)karried out studies of the effects of
ATD on glucose utilization, blood flow, BDNF expsésn and behaviour showing effects of
ATD to uncouple blood flow from glucose metabolidower glucose use after ATD in MDMA-
pretreated rats than control rats, but no ovefédicess on BDNF concentrations although brain
TRP levels correlated positively with BDNF in batie prefrontal cortex and hippocampus.
MDMA attenuated the effect of citalopram on LCMRg@uthalamus and hippocampus and that
of on fluoxetine on improving anxiety.

Other studies have included studies of the DISCi$r(ipted in Schizophrenia 1) gene and the
effects of the 5-HT agonist, DOI Partner 8 and Partner 6 (Maastricht). Partner 8 has
investigated basal neurogenesis and differentiationild type and 5-HTTo/e male mice using
BrdU labelling.

In summary COX metabolism was studied across matdkgbsession models and in interaction
with CMS and similarities and differences were obsd but with no consistent picture across all
models. 2DG autoradiography has been used to igaéstcerebral metabolism and provided
mapping of activity in relation to 5-HT in two mausnodified 5-HTT models and effects in the
MDMA-treated rats.
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Activity 2: Functional states of monoamine regulaton in rodent models of vulnerability —
the neurotransmitter endophenotype

2.3 Molecules beyond the monoamine synapse
2-deoxyglucose autoradiography

Partner 8 (Edinburgh)showed thaMDMA-treated rats had fewer and less widespreadedses
ICMRglu than untreated rats group after acutdagptam in neocortex, although some areas (e.g.
limbic system and sensory nuclei) were unaffecte®MBDMA-pretreatment. 8-OH-DPAT mostly
reproduced the effect of citalopran®artners 6 (Maastricht), 7/14 (Budapest) and8 in
collaboration found that in rats pretreated with M® a general increase in ICMRglu was found
in response to DOI in contrast to the decreasenineated animalsPartner 8 studied the 5-
HTTo/e mouse and found significant drug effectsdiealopram and 5-H 5-HTi4 and 5-HTg
agonists and a sex by drug genotype effect; inrashATD had no effect

5HT drug-challenge studies — BOLD pharmacoMRI

Partner 1 (Manchester) andPartner 9 (Oxford) have shown that drugs which enhance 5HT
function by contrasting methods evoke activatiaonsverlapping regions and that antagonists or
synthesis inhibitors block the responses suggesiieg indeed reflect actions mediated by 5SHT
receptorsPartner 1in collaboration with the Department of Imaging &we and Biomedical
Engineering (ISBE) in Manchester used animal phaoktkrl to show that mCPP (a 5K
agonist) activated frontal and ventral striatalieeg and some activations were blocked by pre-
treatment with a selective 5KHJ antagonistPartner 9 showedthat acute challenge with the 5-
HT releasing agent, fenfluramine, increased c-fggession (MRNA and immunoreactivity) in a
variety of cortical and subcortical regions. In noases the BOLD response to fenfluramine
appears to be blocked in animals pretreated wite 8HT synthesis inhibitor, p-
chlorophenylalanine, 5-Hk receptor antagonist administration and attenuatey
proinflammatory cytokines that have mood loweriffg&s.

2.4 Modulation of information processing beyond tingonoamine synapse
Amino-acid neurotransmission

Partner 9 (Oxford) using fenfluramine pharmacoMRI showedt tinereases in c-fos expression
in cortical and subcortical areas occurred in pydaimeurons double-labelled with EAAT3, an
amino acid transporter. This effect was not sedar &-HT depletion indicating that 5-HT
activates glutamatergic cortical neurons.

Partner 12 (Pamplona)investigated glutamate function in the VGLUT1+/- use using~>C-
MRS studies. A significant increase of ¥G] glutamate, derived from [C] glucose was
shown in whole brain extracts of VGLUT1+/- mice Wwiho changes in the levels of the other
metabolites; this suggest an increase of the nalidennovo synthesis of glutamate.

In summary the effects of 5-HT neurotransmissiors Heeen studied using 2DG and
pharmacoMRI with application of the former to twoodels of depression vulnerability.

Although there has been some investigation of gilata function it has not been possible to
extend this to the depression models and studidauimans are limited by uncertainty about
whether MRS can detect dynamic changes in glutafoatgion.

Activity 3: HPA axis gene expression and feedbacloatrol

3.2 Influence of CRF1&2, AVP, GC and MR receptors
Site of action of GC and MC on feedback regulatb@RF

Partner 8 (Edinburgh)investigated the role of endogenous CRF recepjantis (urocortin 3) in
urocortin 3 over-expressing (UCN3+) male mice usiBDG autoradiographic imaging.
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Widespread attenuation of 8-OH-PDAT-induced redundiin local cerebral metabolic rate weré **
found in UCN3+ mice indicating adaptive changesh® serotonergic system probably at the
level of the raphé.

Partner 1 (Manchesterlundertook a proof-of-concept pilot study and denvaed that acute
‘fast’ effects of steroid receptor activation (leeied to be mediated through MR receptors) could
be detected in human hippocampus using pharmacgiRidigms. This will be applied to the
study of the role of corticosteroids in cognitivapairment and poor treatment response in
depression in a study commencing in 2010.

Activity 4: In vivo studies of vulnerability, depression and recoverin humans

4.1 Neurobiology of reward, emotion, and cognititwy risk group and depression

Partners 1 (Manchester) and7/14 (Budapest)undertook community cohorts enriched for

depression using questionnaires and taking gesatigples numbering approx 2,800 subjects
(Level 1) which providing data for genetic and gen& environment interactions in relation to

depression vulnerability (reported in WorkpackayePartner 1 characterised a subgroup of over
250 of these subjects (Level 2) by standardiseervigws and computerised tasks to identify
groups of never depressed (ND), remitted depregB#2), and currently depressed (CD)

participants in order to investigate affective mssing abnormalities related to vulnerability to
depression. This fed into a smaller subgroup oflpe® participants (Level 3) who underwent

pharmacoMRI and fMRI to investigate 5-HT abnormeditand the neural basis for affective

processing abnormalities in RD®artner 1 also collaborated with a linked MRC study

(REMED:I) which studied antidepressant treatmenéaff in drug-free depressed patients and
with SBE at the University of Manchester in a €igi¢ alliance with AstraZeneca plc to study

antidepressant drug effects in health voluntdeastner 3 (Wurzburg) studied genetic effects on

affective processing in a large healthy voluntesrort.

Behavioural findings in the Level 2 cohort of relage to imaging findings

In the Manchester Level 2 cohoRdrtner 1) CDs showed abnormalities in affective processing
consistent with the literature. RDs did not dispillag negatively biased memory deficits found in
CD but had raised rumination scores and there washdle difference in the effect of the
reflective component of rumination in RDs which m@flect an impaired ability to problem
solve based on previous experience. They had aatiged response to positive social stimuli but
still showed the bias for negative situations seethepression and an increased bias to recognise
emotions (driven by negative emotional faces. Mat#id subjects had normal face emotion
processing which may relate to the known effectanidepressants on emotional processing.

Regional brain fMRI responses to reward, emotiod angnition

Partner 1. RD participants showed altered affective processihat may be related to
vulnerability to depression. RDs showed reducedrar@al activation in a number of areas to
negative stimuli, possibly an adaptive responsentasiing remission given that this is opposite
to the increased responses seen in CD in our fysdamd the literature. Rumination appears to be
a key mediator of vulnerability to depression arel lvave related this to affective processing at
the neuronal level where it appears to work agdimst'adaptive suppression’ of responses to
negative stimuli seen in the RD group as a whole.algo found altered anterior cingulate cortex
activation to feedback in RD but the direction bange was task dependent. This is an area that
has been associated with error checking and rglgigrformance to external factors and is
consistent with vulnerability to depression beirsgariated with altered sensitivity to external
events or evaluation of self in relation to lifeeats. Recurrent depression, independent of current
symptoms was associated with alterations in greytemavolume in areas associated with
functional changes in depression. This includeshippocampus, which previous studies have
shown to be smaller in patients with a long histofydepression, possibly due to cortisol
hypersecretion.
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4.2 Pre and post-synaptic 5-HT function by risk gno & depression
Genetic studies

Imaging the effects of 5-HT genotypes may give asight into the function of this
neurotransmitterPartner 1 demonstrated that homozygous SS carriers of tH& Sransporter
(5-HTT) showed altered BOLD signal responses tal@iram challenge, a presynaptic 5-HT
probe, in frontal and parietal cortex and striattwmpared to LL carriers suggesting that 5-HT
innervation depends on 5-HTT genotypartner 7/14used multimodal magnetic resonance-
based imaging (functional, perfusion, and strudfugenotyping, and self-reported life stress and
rumination. They showed that 5-HTT genotype is eissed with differential activation to
negative, positive, and neutral stimuli in limbimgluding amygdala), striatal, and cortical
regions, suggesting a much broader role in modigdbrain processes and the default mode of
resting brain activity. They also report signifitadifferences in grey matter density in frontal
cortical regions, anterior cingulate, and cerelmllas a function of 5-HTT genotype. Their
results support for a model by which life stressnination and 5-HTT genotype interact to
influence amygdala and hippocampal resting actwatand functional connectivity. In
collaboration with Partner 3 (Wurzburg) Partner 714 has also shown that a potentially
functional variant of the tryptophan hydroxylasgehe (TPH2), involved in the synthesis of 5-
HT, modulates amygdala responsiveness to emotistiraluli of both negative and positive
valence on its own and in an interaction with 5-HTJownstream postsynaptic effects of
genotype have also been demonstrate®donyner 1 with two SNPs in the neuroplastic pathway
(cAMP, CREB1, BDNF and TrkB) modulating neural respes to negative stimuli and by
Partner 3showing that two SNPs in the regulatory regiothef gene coding for stathmin (which
regulates microtubules in response to extracellolassengers) modulated anterior cingulate
reactivity to emotional stimuli, interacting witlegder and life stress.

5-HT neurotransmission studied using 5-HT challeplgeIRI

Partner 1 validated mCPP challenge phMRI (a probe of posgptic 5-HTc receptors) in
healthy volunteers using the 5-bk£Treceptor antagonist, mirtazapine, extending to dnsrthe
results found in animals. Using citalopram challeepipMRI (a putative probe of presynaptic 5-
HT function) Partner 1 showed that RDs compared to NDs had altered ebricd subcortical
activation suggesting altered 5-HT innervation e tdrug-free state. In healthy volunteers
chronic SSRI treatment modified striatal and caitiesponses to citalopram challenge showing
for the first time a specific functional effecttéatment on 5-HT neurotransmission in humans.

5-HT modulation phMRI of affective processing

Partner 1 compared RDs with NDs to show altered patternsafral activation after acute
citalopram to positive and negative faces and edteffective connectivity between the amygdala
and fusiform gyrus. In healthy volunteers chrontalopram treatment altered neural responses
to emotional faces in limbic and cortical regiomsi also altered lateral frontal cortical responses
in a response inhibition task. In CD patients sashti¢ treatment with an SSRI was associated
with increased bias towards positive words in licdnnd medial prefrontal regions.

Overview

In animal studies considerable success was achievedllaboration between the Partners to
characterise core depression models. The humaresthdve provided a rich collaboration and
source of data providing insight into vulnerabiltty depression with a focus on 5-HT systems
from gene to neuronal function associated withcdiffe processing.
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Deviations from the project work programme o
MRS studies were not undertaken in the wider depyasmodels or humans as there is doubt
that this can be used as a dynamic measure of lglatamate and further methodological

developments are required.

As has been previously mentioned it was not posgiblrecruit sufficient numbers of depressed
individuals into Manchester's NewMood Level 2 ands®idy. The REMEDi study — a

complementary research study also based in Marehesthas nearly completed recruiting
depressed individuals and the data will feed ihtofinal outcomes from the NewMood study.
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rables and milestones for Workpadage 7

All the Milestones and Deliverables involved witlP@/have been achievefror detailed
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information about the Deliverables, please seeragpeaeport (“Deliverables WP 7: “Functional
imaging — human and animal”)

Below is a list of all Deliverables and Milestortesvhich WP7 contributed solely or in part.

Deliverable No. . . Date Actual
(—main contributor) Deliverable name  (All Achieved) _d_ue “date
5 First association study in study participants 1§ 18
MCPP or citalopram pMRI and modulation of rewanegrsion and
12 o 30 48
cognition completed.
13 Initial analysis of data in collaborative comrtyrstudy (Level 1) 30 42
14 & 28a Two Level Il studies (fMRI, pMRI studi@s participants) completed 30 48
27a Initial analysis of gene-environment data in cadlediive community 36 48
study  (Level 1)
27b & 32a C|talopram_pMRI measuring 5.—HT sensitivity compléte15 controls 42 48
and 15 remitted depressed subjects
28b Brain maps of comparative oxidative metabolism winerability to 42 60
depression
Completion of the pharmacological profiling of brafunction that
30b contributes to the imaging core data set in modifieHTT function 42 48
models
35 Brain maps of 5-HT receptor function in modifiedH3-T function 48 48
models
Key results from neuropsychological study (LeveB@0 subjects)
42 : 54 54
available
52 Brain maps of 5-HT receptor function in core s@models 60 60
Deliverable No.
(part-contribution)
4,15 & 31a, 20,
21, 25a, 33, 37, 51| (various) 18-60 | 18-66
56
Milestone Na
(main contributor)
6a Data lock on collaborative community study (Ldye 24 48
6b é:)ompletlon of motivation-reward and rumination fMRiudies (Level 24 48
11 Completion of sample from community study (Lelein Manchester 30 30
12 Evaluation of use of 2-dimensional statistical pae&ic mapping of 36 36
group differences applied to autoradiographic bsaictions
19 g)ompletlon of motivation-reward and rumination fMRiudies (Level 42 42
Completion of direct citalopram phMRI in controldepressed and
26 . . 48 54
remitted patients.
27 Decision on feasibility of Level 2 study in Byodsst 48 54
Milestone Na
(part-contribution)
7,9, 14, 17, 20, 21, .
28, 30, 31, 32, 30. (various) 30-60 30-66
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Section 4 — Plans for Using and Disseminating therdwledge
(summary only)

This section alone is over 100 pages, thereforenangary only is included here. For the full
details of all peer-reviewed publications (incluglibook chapters and reviews), posters / verbal
presentations at national and international sdiertonferences (including published abstracts),
conferences workshops attended during the 5 yeend, all tables, please see the separate
document “Final Plan for Using and Disseminating Kmowledge” (FPUDK 2004-09).

Section 1 — Exploitable knowledge and its use

The knowledge gained through NewMood will lead tbedter understanding of the molecular
mechanisms in the causation of depression, anahatiiy should help the development of new
and effective drug-treatments. However, althoughes “potential commercial applications,

products, processes or services" could be evegaas, these will not occur during the lifetime
of the project or fall within the exploitation adgties directly linked to the project.

Section 2 — Dissemination of knowledge
Teaching and Training:

All of the NewMood partners are researchers witihprofile international scientific reputations
— 9 of the 13 are professors. Ten of the resegimahps are located at distinguished universities
(e.g. Wirzburg, Tartu, Oxford), and the remainimgeé are at internationally acclaimed research
institutes (e.g. the Karolinska Institute). Theref most of the partners are involved with
teaching and training undergraduates (includingiosgdand all have PhD students. Many of
these students visit other labs within the congortto undergo training in specialised scientific
techniques. These placements are shown in TabtelAxfi the PUDK (see separate document).

Many students (29 males and 54 females) have uadengesearch training within the NewMood
study, contributed to the research and succesdlellgnded their PhD thesis or are predicted to
submit their thesis in the next year or two; a ¢istall students is given in Table Anx 2 of the
PUDK (see separate document).

The NewMood Annual General Meetings (AGM)

The NewMood AGMs allowed PhD students and youngaeders to exchange ideas and
information. They were held in a variety of locais:

2005: 1-3 May, Amsterdam, The Netherlands

2006: 24-25 April, Barcelona, Spain

2007: 16-17 April, Budapest, Hungary

2008: 4-5 April, in the Nobel Forum at the Karokadnstitute, Stockholm, Sweden.

Dissemination of Knowledge - Excluding Scientific Bblications:

The NewMood public websitehttp://www.medicine.manchester.ac.uk/psychiatry/mewed),
hosted by the University of Manchester is accessiblthe general public. It provides basic
details of the NewMood consortium and the reseaesiy also general information about
depression, plus links to various sources of furthi®rmation and help.

Throughout the project, NewMood results were diseatad primarily at national and
international scientific conferences and througbljgations in peer-reviewed journals. During
the five years, the partners attended over 25@reifft international scientific conferences and
workshops in 34 different countries world-wide, gweninantly within the EU, but also USA,
Canada, Japan, China, Brazil, Mexico, Argentinastfalia. A list of conferences attended is
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given in Table Anx 3 of the PUDK (see separate dumt). Many partners were invited to giv‘é***
presentations, or plenary lectures, or chair sassio

Full publications in peer-reviewed journals

NewMood collaborative effottetween two of more grougsas resulted in 40 joint full publications
to date; more will follow. In addition, the condarh partners individually published over 400
papers relevant to NewMood. Most papers were pedl in journals with an impact factor
around 5 (ISI Journal Citation Report 2008jhough there were several with significantlytag
impact factors, e.g. Partner 3 (Murphy & Lesch,@00ublished ifNature Rev Neuros€éimpact
factor 25.94) specifically acknowledging NewMoodhile Partners 2 (Conti et al. 2006), 9
(Sharp 2006) and 11 (Audero et al. 2008) publishe8cienceimpact factor 28.10); Partners 9
and 11 specifically acknowledge NewMood in thosklisations.

In addition, the Eur J Neuropsychopharmacology lsnqng a special issue devoted to
NewMood. This is expected to be published in sum20&0.

Impact factors for papers specifically Impact factors for all NewMood-related
acknowledging NewMood (2004-09) publications (2004-09)
80 160
70 . 140 *
0 60 A » 120
5 5
= 50 * %= 100 .
o R
S 40 = 80
230 d 2 60 .
S S
20 S Z 40 S
10 +* *~—o
* * 20 rY 2 L2
o * o o . . o . L o o . .
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Impact factor Impact factor

A full list of book chapters, full publications peer-reviewed journals, conference presentations /
abstracts can be found in the separate PUDK dodumen
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Section 3 — Consortium Management (2004-09)

Overview

NewMood has been a great success. The consoraumeps worked well together in a spirit of

openness and trust, which engendered constructsleaages of material and information, to the
benefit of the programme. Several of the parthed collaborated previously in a programme
funded under Framework 5, and some had been indatvan FP4 project; this gave NewMood

a positive foundation from which to grow and deyeloThere was good contact and honesty
within the consortium; formal progress meetings & the consortium members (or their

representatives) were held every 6-months in varigll locations, and this fostered both

professional relationships and also social friemmshin addition, partners frequently met, and
exchanged ideas, information and materials.

Changes to the NewMood contractors / consortium melers:

1. Inthe original proposal, Vernalis (an SME in Waliivam, UK) was expected to collaborate.
Due to a company takeover and change in key peestefore the start of the project, the
planned collaboration with this company did noketakace; however, this was not a major
difficulty for the NewMood programme. With full aggment from the consortium, the
funding initially allocated for Vernalis, was trdaged to the co-ordinator (Manchester) to
cover some shared costs.

2. In the original proposal, Partner 13 (Swiergielladd) working at the Institute of Genetics
and Animal Breeding (IGAG) in Jastrzebiec, expedted some of the work would be
performed by co-workers at Institute of ExperiméBialogy, Polish Academy of Sciences
(NENKI) in Warsaw. However, at the start of thejpct, NENKI withdrew from the
consortium without claiming any costs. This did affect the progress of the work — all the
planned tasks have been performed using resourt@4\B.

3. In 2007, due to the crisis in health services imgary, Prof Gyorgy Bagdy was forced to
relocate his research group. Prof. Bagdy wasrmallyi located at the National Institute of
Psychiatry and Neurology (NIPN), which was situated large building in extensive
grounds on the outskirts of Budapest. As parhefreorganization of the healthcare system,
the Hungarian Government decided to close thistiief and Prof Bagdy and his team
relocated to Semmelweis University (SE), Facultivedicine, Department of Pharmacology
and Pharmacotherapy. Thus Partner 7 (Bagdy at NW#iRdrew from the consortium, to be
replaced by Partner 14 (Bagdy at SE). While thissed considerable disruption and some
loss to his team, it did not result in any sigrafit delay in the research programme.

Problems encountered and how they have been addresis

Most problems have been relatively minor and gdlyed an administrative nature. These
included (a) strict control of funds and very cumsdeene purchasing procedures encountered by
Partner 13 (Dr Artur Swiergiel) resulting to a dela the purchase of equipment agreed in the
contract (this was resolved by year 2); (b) bureatic problems delayed the recruitment of new
staff members, and there was particularly high-twer of staff (postdoctoral and temporary
research fellows) at the University of Florencer{ffer 11, Renato Corradetti) in year 1, although
this resulted in minimal disruption because thelkwwas conducted by staff funded from other
sources; and (c) the co-ordinator (Manchester) gingrbanks (from NatWest to Barclays) which
incurred a loss of 8.73 euro.

One major problem was encountered during the coafr$iee project: in October 2006, without
prior warning, the SME Genescore was declared logmkiGenescore had contributed significant

Final Activity Report 2004-09 — LSHM-CT-2004-503474 Page 86 /100



wx X E
N* WMOO

*

*

intellectual input into the design of the NewModadjonucleotides (for the planned “NewMood>* **
1000 gene chip), and many of the gene expressimhiest had been completed to the satisfaction
of the consortium. However, further studies hagnpglanned and these could not now be carried
out by Genescore. This bankruptcy forced a radiealhink of the strategy for the gene
expression studies and provided an opportunitygfeater harmonisation — central facilities, for
example, would minimise the variability between dahnd improve reliability. Thus the
consortium agreed that, to ensure maximum unifgrinétween the partners, the array studies
should be done using a single platform by a cora@®laboratory, and that all the raw data from
each array would be analysed centrally by an expam.

For several months, a number of different alteugastrategies were investigated, (with input
from the teams in Manchester, Maastricht, Wurzbargl Paris) and discussed within the
consortium. Price quotations were obtained fromtreé¢ service laboratories at the Universities
of Wirzburg, Maastricht and Manchester (all for &fé/metrix platform), from ServiceXS (for
both Affymetrix and lllumina platforms), and fromavitpellier (for their own array chips). The
price quotations were to provide a complete analyservice, including labelling and
hybridisation, for approximately 240 mouse and efiGamples.

After careful consideration of various factors, luting costs, the consortium decided to use
lllumina’s MouseRef-8 and RatRef-12 Expression B#agds, and all lab work to be undertaken
by ServiceXS — an SME located in Leiden, with egted technical expertise in gene expression
profiing. Raw data was transferred to the Uniitgref Manchester, where it was normalised
and put through an analysis pipeline under thectioe of Prof Andy Brass who has considerable
experience of interpreting array data. The totst€ (lab and initial analyses) was shared across
the consortium by all partners. Results from tigiviidual models were then sent to the relevant
partner(s) for validation (e.g. qRT-PCR) and furthealysis.

The data generated by whole genome chips are isgmnify more extensive than that produced
from custom-built chips, and thus the analysistafien a considerably longer time than initially
envisaged. However, the advantage is that no dewvegver unlikely its effect on the depressive
state, would be discounted from the analysis

Management websites — ProjectPlace and LiveLink

To aid the management tasks and to enhance thiadikd of achieving the targets and goals of
the research, initially a NewMood website was @éatwithin the web-based Projectplace
management system. However, due to cost consmesatarious alternatives were investigated
and the consortium decided to use LiveLink — anvedent resource hosted by the University of
Manchester and available to the consortium at zest. All the files were migrated to LiveLink
in October 2006. As with ProjectPlace, this sysfgovided a safe and secure tool both for the
management of this research study and for effeatv@munication between partners. The
document archive — accessible to all partners viged a central point of storage for all project
documents; any changes and updates, could be flaggbe system. Presentations given at the
biannual Partners’ Meetings were also uploadeddnvieLink where they were freely available
for later reference.

The NewMood website

This public website Http://www.medicine.manchester.ac.uk/psychiatry/mewd) is hosted by
The University of Manchester. The primary aimially was to interest members of the UK
population in the community study and to give thi& opportunity to participate. This website
also gives information about the study as a whalduding the locations of the thirteen research
centres, with links to the institutes’ websites @edsonal web pages (if appropriate).
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The website was launched 9th August 2005 and byetite of April 2006 the website had***
received a total of 118,172 impressions (‘hits§ thajority being in the first few months after the
launch, the distribution being predominantly on kdseys rather than weekends.
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During the first three months, there was an avetdd&394 hits per day, 29% and 27% of these
were from the UK and the USA respectively, the rewbar being from a total of 97 other
countries around the world, including Mexico, Camal$rael, the Russian Federation, Australia
and New Zealand. This demonstrates that the sitergted a large amount of interest among the
general public world wide.

The website is updated regularly.

Gender of NewMood researchers

During the five years, the researchers involvechviiewMood showed a gender distribution
shown in the following table (this is an estimateme discrepancies may occur if individuals
were promoted during the five years, or gained 2)Ph

Table 16. Gender distribution of NewMood researchs
Senior PhD Total by | % of
P! Researcher Researcher student | gender total
Male 12* 64 24 29 117 38 %
Female 2* 65 71 55 191 36 %
Total 14* 129 95 84 308 100 9

* In close collaboration with Prof. Del Rio (Partnd2, Pamplona), Rosa Tordera took
responsibility for the project in the two final ysa

Although there are only two female PlIs (for theafigears of NewMood), female scientists are
equally represented at senior research levels-(uxst. etc.) and are over-represented at the more
junior levels (including research assistants awmtirigians) and as PhD students. Overall there
are more females than males involved in the NewMesdarch study.

Harmonisation of methodologies between consortium embers

* Gene expression studiezs described above, the use of a central factigy\iceXS), a single
platform (lllumina) and a unified method of nornsafiion and initial analysis, allowed
greater harmonisation between consortium members.

» Brain dissection:In order for the gene expression data to be vdligs important that the
same brain regions are isolated and compared. nable the harmonisation of dissection
methods, a film crew from Maastricht travelled tariB to record Michel Hammon dissecting
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a rat brain and a mouse brain. The film was temefl to DVD format and made available t6***

each member of the consortium.

* Animal imaging studiesthe four groups conducting imaging studies of regiobrain

wk s

N* WMOO

function in animals (Tartu, Manchester, Oxford akdinburgh) agreed protocols for
cytochrome oxidase and 2-deoxyglucose metaboligpmgmand drug administration.
* Animal microdialysis studiegshe consortium agreed to follow a set protocol necended
by Partner 7 / 14 (Budapest)
e Human community studiesManchester and Budapest collect data using a phrall
guestionnaire and database — both were devisedanchester and translated into Hungarian
— enabling a direct comparison of the data. Lilsewithese two research centres collect
buccal swabs and send them to Manchester for geaedlysis at the Centre for Integrated
Genomic Medical Research (CIGMR); the results wanalysed separately providing a
robust study, comparing data from two differentdp@an populations.

NewMood provides ‘Added Value’

The partners are experts in their own field of aesle. The consortium therefore provides
opportunities for students and post-doctoral feide be trained in a variety of techniques by
spending time in different laboratories acrossEkk this is actively encouraged by the partners.
These training placements, which also enhanced drasation of methodologies, are

summarised in Table 17. Although training in otladys would have occurred, the extent of this
inter-group training has certainly been greatemhbse of to the existence of NewMood.

Table 17. Training placements of researchers fohe full duration of the project.

From To Student Dates and duration

Paris Barcelona Mr Thibault Renoir January - Magf05 (2 months)

Budapest Edinburgh Ms Brigitta Balogh January y 2005 (6 months)

Maastricht Oxford Mr Yasin Temel June 2005 (5 days)

Maastricht Oxford Mr Yasin Temel January 2006 (§9ja

Budapest Manchester Ms Kriztina Mekli March — A@@06 (5 weeks)

Maastricht Oxford Mr Yasin Temel April / May 2006 @ays)

Warsaw Manchester Mr Grzegorz Juszczal March — 28p6 (6 months) (PhD student
Maastricht Edinburgh Ms Eva van Donkelaa Marchevéimber 2006 (9 months)

Oxford Paris Dr. Laura Boothman March 2006-Marcl20

Budapest Manchester Mrs Krisztina Mekii June — Saybier 2006 (14 weeks)
Barcelona Paris Ms Ester Aso August 2006 (3 days)

Warsaw Edinburgh Mr Grzegorz Juszczak December PDO&ek) (PhD student)
Maastricht Stockholm Mr. Rob Vermeulen January reJ2007 (6 months)

Barcelona Paris Ms Ester Aso April-July 2007 (Phient)

Pamplona Oxford Ms Natalia Elizalde 14 -19 M&P?2 (one week) (PhD student)
Oxford Maastricht Mr Philip Queree July-Sept. 2@ Mmonths) (PhD student)
Maastricht Wirzburg Dr. Daniél van den Hoye Jul@20Dec. 2007 (6 months) (Post Doc)
Florence Maastricht Dr. Gilda Baccini Septembe5R007 (1 week) (Post Doc)
Barcelona Paris Ms Ester Aso September —Novemt@f @ehD student)
Paris Florence Mr Thibault Renoir Sept.-Dec. 20®pnths) (PhD student)
Budapest Maastricht Dr. R. Csaba Sept. 2007 — B8 (6 months) (Post Dog
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From To Student Dates and duration

Maastricht Oxford Mr Sonny Tan January 2008 (onekyéPhD student)

Tartu Oxford Ms Kadri Kdiv January 2008 (one we@khD student)

Maastricht Edinburgh Ms Eva van Donkelaa Feb. 2608pr. 2008 (3 weeks total) (Ph
student)

Tartu Oxford Ms Kadri Kdiv April — June 2008 (Phiudent)

Tartu Stockholm Mr Denis Matrov April — June 206D student)

Edinburgh Maastricht Dr. Linda Ferrington May — 007 (Post-doc)

Maastricht Wirzburg Dr Daniel van den Hoye  20Q&esent: (25% of the time) (post-doc)

Wirzburg Paris Dr Lise Gutknecht 2008 — 1 mo@af9 1 month (post-doc)

Maastricht Oxford Sonny Tan Dec 2008 — Dec 2009 (PhD student)

Tartu Stockholm Denis Matrov 2009 — 3 months (Rhient)

Pamplona Paris Alvaro Garcia Garcia 2009 — 3 mMnnf#010 — 3 months (Ph
student)

Maastricht Stockholm Ali Jahanshahianvar May-2099 — 3 months (PhD student)

Warsaw Tartu Dr Grzegorz Juzsczak 2009 — 2010qpths) (post-doc)

Training of PhD students

Over 80 PhD students, listed in Table 18, have beeolved with NewMood, including one
split-site PhD studentships between Budapest andcMsster, established in October 2006; a
second split-site PhD studentship was set-up i® 2@dween Maastricht and Paris.

Meetings between the consortium members

Many meetings have taken place between membehe @iinsortium; these are listed in Table 19.
These meetings include bi-annual meetings (fopaitners and / or their representatives), which
allowed an opportunity to discuss progress, and aismbled a social networking (partners met

the evening before for a joint meal).

relationship between members of the consortium.

Transfers and exchanges between consortium members

This engeedea very friendly, open and harmonious

Samples, data and protocolsfransfers and exchanges of data within the coosortare

summarised in Table 20.
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Table 18. PhD students (research related to NewMdpin the consortium (2004-2009)

Student name

Male /
female

Date of successful defence Title of thesis / proposed title

[  predicted date of

completion

Partner 1 (Manchester)

n

Karen Lythe female | Awarded 2006 The role of gluteevend NMDA receptors in schizophrenia

Jason Dunham male Awarded 2007 Laboratory studisshizophrenia

Marisha Palm female | Awarded July 2008 The neurodsteyn neuropsychiatry and functional neuroanatahgnxiety disorders

Neal Hinvest male Awarded August 2008 Neuropsyatiold structural and biochemical differences inhhygimpulsive individuals comparefd
to healthy controls and the distribution of 5HT rens in the human brain

Darragh Downey male Awarded August 2008 The neypatations of depression utilising functional magnessonance imaging (fMRI)

Emma Pegg female| Awarded May 2009 Interactions éetwumination, depression and cognition

Nia Golden female Successfully defendeBynamic causal modelling of psychopharmacologi¢tdots on effective connectivity between brai

November 2009 regions

Kriztina Mekili female Predicted spring 2010 Molemmuimechanisms of genetic vulnerability and restléeein depression

Paula Trotter female Predicted spring 2010 Invasitig the correlation between attitudes and expeeg of pleasant touch and depression

Partner 2 (Paris)

Sabah Kelai female| Awarded June 2006 InvolvemeBtldT and CB systems in alcohol consumption inrtfzeise

Chloé Alexandre female| Awarded November 2007 Sémoet états de vigilance: Implications du tramspg et des récepteurs 5-HT1A et 5-HT1B|de
la sérotonine dans la régulation du sommeil cheplais.

Thibault Renoir male Awarded June 2008 Neurobiaalgtonsequences of MDMA treatment in the mouse

Eleni Paizanis female| Awarded July 2008 Neuroplastid behavioural consequences of both genetiepigénetic modifications in the mouse

Patricia Bonvallon female Awarded November 2008  unfdeal pathways of the brainstem involved in thgutation of sleep and wakefulness: distribution
and role of 5-HT1A receptors

Adeline Rachalski female Planned September 2010  pokhetin-serotonin interactions in sleep regulatammal models and pharmacology

Jenny Molet female Planned September 2010 Effdaanty exposure to ethanol and/or cannabis onctiddiat adult age

Cedric Martin male Planned Autumn 2011

Relevanfcéhe 5-HT2C receptor desensitization to the alykic effect of chronic antidepressant
drugs and mutation in mice T
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Student name Male /| Date of successful defence Title of thesis / proposed title
female |/ predicted date of
completion

Fabien Boullé male Planned Autumn 2012 Epigematidulations of bdnf gene: implications in adulthmdogy

Cécile Limousin female Planned Autumn 2012 Modulation of cerebral focal ischemia-induced neemesis by antidepressants and functig
correlates

Partner 3 (Wirzburg)

Claudia Kriegebaum female Successfully defend&gpatio-temporal expression patterns of the seroteyinthesis enzymes TPH1 and TPH2 and effects

November 2009 of acute stress

Sarah Nietzer female Planned January 2010 Stras8aes and their morphological correlates in gea#y modified mice

Sabrina Fritzen female Planned July 2010 The infleeof NO signalling on adult neurogenesis andatssequences for psychiatric disorders

Jonas Waider male Planned November 2010 GABAemgican plasticity in the hippocampus of Tph2 modifiaice

Naozumi Araragi male Planned November 2010 Eletiysiplogical correlates odf 5-HT dysfunction in 9-Hdeficient mice

Sissi Jacob female Planned June 2011 Molecular anésrins of epigenetic programming in 5-HTT deficienite

Antonia Post female Planned June 2011 Anxiety-ageqptession-related behavior in Tph2 modified mice

Partner 4 (Barcelona)

Ester Aso female | Awarded December 2008 Participation of the endagiamabinoid system in the control of the emotiaeaponses related to
affective disorders and addiction

Lola Galeote female | Awarded December 2008 Role of the endogen opidtesyin nicotine addiction

Simona Andreea Bura| fémale | pjanned March 2010 Interaction between cannabiraridsnicotine in addictive processes

M. Juliana Orejarena female | pjanned July 2010 Participation of the monoamimergsystem in mice exposure to MDMA (3,
methylendioxymetanphetamine) and TH&S{tetrahydrocannabinol): behavioural and neurochaln
aspects

Xavier Nadal male Planned September 2010 Involvement of the endogkapinid system in neuropathic pain

Arnau Busquets male Planned December 2012 Interaction of the opioid @habinoid systems with other cellular signaliyaghways in addictive

Garcia disorders

Clara Tourifio female | Awarded February 2009 Paribgm of the endogen cannabinoid system in thertigrece phenomena to ecstasys

Partner 5 (Tartu)

Margus Tdnissaar male Awarded June 2006 Stressaniability: individual differences and their neahemical substrate

Tanel Mallo male Awarded June 2008 Exploratory béha and 50-kHz ultrasonic vocalizations in rat&havioural and neurochemical
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Student name Male /| Date of successful defence Title of thesis / proposed title
female |/ predicted date of
completion

profiles of persistent inter-individual differences

Aet Alttoa female | Awarded September 2008 Neurochahiegulation of rat exploratory behaviour: foamus dopaminergic and noradrenergic
neurotransmission

Argo Vonk male Awarded June 2009 Determinationddrasine A2A-and dopamine D1 receptor-specific faighn of adenylate cyclase
activity in rat striatum

Denis Matrov male Planned June 2010 Monoamine ebernistry and regional oxidative metabolism inmatdels of depression

Kadri Kdiv female Planned August 2010 Dopamin- aatbtonergic mechanisms in inter-individual diffezes

Laura Herm female Planned August 2010 Dopamineptece and behaviour: varieties of motivation

Margus Kanarik male Predicted June 2011 Searchbrfain regions involved in social behaviour and sstreesponse: mapping of oxidative
metabolism

Karita Raudkivi female Predicted June 2011 Rolglofamate and monoamine neurotransmission in inthvidual differences

Partner 6 (Maastricht)

Daniél van den Hove male Awarded April 2006 Premgttess and adult psychopathology

Eva van Donkelaar female| Awarded September 2009 lleDiging the serotonergic system

Marisela Martinez female Planned Winter 2010 Rdiebi@in derived neurotrophic factor (BDNF) in higgaanpal plasticity in relation to stress-
cognition interaction

Jochen De Vry male Planned Spring 2011 Role of brain-derived neurotrophic factor (BDNF) meuronal and synaptic plasticity in affective
disorder

Annerieke Sierksma female Planned Autumn 2011 Dmjoa as a risk factor for Alzheimer's disease

Partner 7 / 14(Budape

st)

Xenia Gonda female | Awarded April 2008 Associatibtho 5SHTTLPR S allele, anxiety, depression aneeti’e temperaments

Brigitta Balogh female | Awarded October 2008 Effenft8#/DMA on vigilance and pharmacological effectsneural damage

Tamas Telek male Awarded May 2009 Association efr@nstrual symptoms with personality dimensionsaartimood changes

Eszter Kirilly female Successfully defended’ime course of neuronal damage and recovery indbgeMIDMA: Expression and distribution @

November 2009

serotonin transporter in rat brain

—h

Judit Lazary

female

Predicted February 2010

Gegene and gene x environment interactions in defweeasd anxiety phenotypes

Anita Benko

femele

Predicted September 201

0

Astoniaf impulsivity, depression and the HT1AR gene
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Student name Male /| Date of successful defence Title of thesis / proposed title
female |/ predicted date of
completion
Eszter Molnar female Predicted Sept. 2011 Seasdfative disorder: association with the serotoreesgstem
Partner 8 (Edinburgh)
Neil Dawson male Awarded January 2008 Affectivediedl endophenotypes in serotonin transporter oxgessing mice
Emma Perkins female| Awarded July 2007 Investigatthg modulation of neonatal rat facial motoneurogecitability by monoaming
neurotransmitters : Postsynaptic mechanisms arsypaptic modulation of glutamate release
Partner 9 (Oxford)
Michael Newson male Awarded March 2005 Investigatibthe effects of combined 5-HT transporter/5-&liforeceptor blockade on central 5-HT
function
Katie Jennings female| Awarded March 2005 Analysisrain 5-HT function in transgenic mice overexsiag the 5-HT transporter
Josephine Raley female| Awarded August 2006 A pheofogical and neuroanatomical study of 5-HT and @ABteractions in the brain
Philip Queree male Awarded July 2008 Feedback obimtrthe central 5-HT system: evidence for a @fi®-HT2C receptors
Samantha Line female| Awarded June 2008 Investigatidhe behavioural phenotype of mice overexpnestie 5-HT transporter
Kate Burnham female | Awarded June 2009 Investigatingole of 5-HT6 receptors in prefrontal cortifiadction
Sep Hafizi male Awarded January 2009 Brain neuiokinreceptors in depression and interactions thiéhserotonin system
Matthew Taylor male Predicted Autumn 2009 A pharohagical and neuroimaging study of 5-HT and glutemateractions in the brain
Christopher Barkus male Predicted Summer 2010 Rylaitamate systems in depression and interactidtistine 5-HT system
Qin Xie female Predicted Spring 2010 Behavioura mmlecular effects of immune system activatioe:rble of 5-HT mechanisms
Partner 10 (Stockholm)
Susanne Hilke female| Awarded Oct 2005 |&@alanin and Neuropeptide Y in the Rodent Brain:i®&gfects of 171-Estradiol and Possible Role |n
Linkdping University Hippocampal Plasticity.
Eugenia Kuteeva female| Awarded March 2007 Braiamjalsystems and their role in depression-like biela
Ming Zhao female Successfully defended |2Meurorestorative strategies involving neurogeneseéyronal precursors and stem cells in animal
October 2009 models of Parkinson’s disease
Tara Wardi female Planned February 2010 Galanieptec subtypes in rodent models of mood disorders
Kang Zheng male Planned autumn 2010 The brain igasystem: Histochemical and electrophysiologitaties

Partner 11 (Florence)
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Student name Male /| Date of successful defence Title of thesis / proposed title
female |/ predicted date of
completion

Raffaella Morini female | Awarded March 2007 N-metByfi-methylenedioxyamphetamine  (MDMA, ecstasy) affe on  hippocampa
neurotransmission and synaptic plasticity.

Simona Mascalchi female| Awarded March 2007 Locgulation of dorsal raphe serotonergic neuronendiractivity by serotonin in rat braiste
slices.

Gilda Baccini female Planned mid 2010 Role of 5;KTeceptor-mediated autoinhibiton in raphe serogineneurone activity in anima

models of human psychiatric pathology.

Partner 12 (Pamplona)

s

Barbara Aisa female| Awarded 2008, “Excellertlaternal separation: an experimental model of degio@ based on an altered response to stress
Cum Laude”
Natalia Elizalde female Planned February 2010 wldber, cellular and behavioural characterizatiotoof—term chronic mild stress
Alvaro Garcia Garcia male Planned September 2010 oleddlar, cellular and behavioural characterizatminthe VGLUT1+/- mice: interaction wit
environment.
Eva Martisova female Planned December 2011 Effeantidepressant drug therapy on altered resporsteess induced by maternal separation.
Elisabet Venzala female Planned October 2012 Sveralis environmental stress in experimental manfetsajor depression
Partner 13 (Warsaw)
Grzegorz Juszczak male Awarded November 2007Role of opioid system in emotional behaviors inerselected for high and low stress-induced
analgesia
Adam Sliwa male Awarded November 2007 Effectstiifss on appetitive behaviors in mice selectedhifgih and low stress-induced analgesia
Patrycja Wolak female PhD student 2005-2006 |(Registered title: Role of cytokines in depressigbdviors in mice
months), resigned from

doctoral studies for family
and carer reasons

Pawel Lisowski

male

PhD student in 2005
months  doing researg
related to NEWMOOD, foi

administrative reasons
transferred to  different
laboratory). Planne

February 2010 T

1Pentative title while doing research related to NE@®OD: “Changes in gene expression in braing
hmice responding or resistant to citalopram andmipsamine”. Current title to be defended: "Ge
expression profiling in the liver of dairy and beettle breeds”

of
ne
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Table 19. Meetings between Partner groups for thiall duration of the project

Meeting between (Pls and / or their| Location Date Purpose of the meeting

representatives)

All partners / representatives Paris 01/Oct/04 Bigh progress meeting

All partners / representatives Amsterdam 1-3/May/05 NewMood Annual General Meeting

Oxford, Tartu Tartu 15-18/May/05  Discussions omhanisation of microdialysis protocol

Oxford, Maastricht Maastricht 03-04/May/05  Discass on collaborative experiments and future plans

Budapest, Florence, Pamplona, Edinburgh Budapest /085 Harmonization of methods for collaborativerk — WP1, 3, 6, 7

All partners / representatives Paris 3-4/Nov/05 nBizal progress meeting

Paris, Barcelona Paris 6-7/Dec/200b  Discussiormsotiaborative experiments and future plans

Budapest and Stockholm (Bagdy an8udapest 24/Jan/06 Discuss experiments with olfgdtolbectomy

Hokfelt)

Stockholm, Budapest, with Prof. MiklgsBudapest 26/Jan/06 WP5 immunohistochemistry and tshharmonise procedures

Palkovits

Manchester, Oxford, Barcelona  withOxford 21/Mar/06 Bioinformatics - to discuss pdtahdatabases

Geoffroy Golfier (GeneScore) and Prof.

Jonathan Flint et al.

Manchester, Tartu, Oxford, EdinburghManchester 27/Mar/06 WP7 Imaging — to harmonisegdures

Warsaw, with Prof. Steve Williams et al.

All partners / representatives Barcelona 24-25/@¢pr/ | NewMood Annual General Meeting

Tartu and Budapest (Harro and Bagdy) Tartu 2908un/ Discussion of experiments and data with partalotonergic denervation and
depression phenotype

Maastricht, Wirzburg Wiirzburg 01/Aug/06 Discussionduture plans about prenatal stress/5-HTT krmatkmice

Maastricht, Edinburgh Edinburgh 24/Aug/06 Evaluatid ongoing collaboration on tryptophan depletod 2DG/blood flow

Paris and Budapest (Veronique Fabre, MighBlaris 19/Sep/06 Discussion of data and furtheliestuglated to sleep regulation

Hamon, Gyorgy Bagdy)

All partners / representatives Paris 25/0ct/06 Bigah progress meeting

Manchester and Budapest (Gyorgy Bagdy Budapest 17/Nov/06 WP7 [ Activity 4 — harmonisataf human studies (including genotyping studied

al, lan Anderson et al.) planned joint publications)

Maastricht, Edinburgh Maastricht 13/Dec/06 Discossion future plans on 2DG/blood flow
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Meeting between (Pls and / or their| Location Date Purpose of the meeting
representatives)
Oxford, Maastricht Maastricht 01/Mar/07 Contributtito neuroscience training course
All partners / representatives Budapest 16-17/Apr/0 NewMood Annual General Meeting
Wiirzburg and Tartu Wiirzburg 5 June 2007 To distutsse plans on LE/HE-model and psychogenetics
All partners / representatives Brussels July 2007 o discuss the harmonization of the lllumina gengression array data
Manchester & Budapest Budapest August 2007 To sissganotyping data results and joint publications
Manchester & Budapest Budapest Sept. 2007 To digmssible modification in handling of databaseddaher analyses
All partners / representatives. Florence Octob@®720| Biannual Meeting for the Partners
Manchester & Budapest Budapest Dec. 2007 To diggersstyping data and addition of possible furtHdPS in the human cohort
Manchester, Paris, Wirzburg ,TarfuManchester January 2008 Bioinformatics workshop
Maastricht, Oxford
All partners / representatives Stockholm 4-5/Apr/08 | NewMood Annual General Meeting
Paris, Wirzburg, Budapest, OxfordOxford 17-21/Jul/08 Serotonin Club meeting
Manchester
All partners / representatives Brussels 10/Oct/08 ianBual progress meeting
Tartu / Oxford Washington, | 17/Nov/08 To discuss the social defeat model
DC
Paris / Barcelona Barcelona 19/Dec/08 PhD Defense
Tartu / Wirzburg Wiirzburg January- Jaanus Harro was a Guest Professor at the UnivessitWiirzburg Department
February 2009| Psychiatry. Meetings with Klaus-Peter Lesch t@dss expression profiling data
All partners / representatives Manchester 03/Apr/09 | Biannual progress meeting
Wiurzburg / Maastricht Maastricht April 2009 To diss genetic programming studies
All partners / representatives Brussels 04/Jun/09 | o dicuss progress of NewMood
Manchester, Paris, Barcelona, Maastrightondon 03/Jul/09 To discuss results / analysis fitumina genechip array data
Tartu, Oxford, Warsaw
Wirzburg / Maastricht Wirzburg July 2009 To disqossgress in genetic programming studies
All partners / representatives Istanbul 12-16/S2p/OECNP conference / NewMood symposium / NewMoodlfineeting
Warsaw / Tartu Tartu October 2004 To discuss erpartal work
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Table 20. Material transferred between Partners fothe full duration of the project

From To Nature Date

Tartu Stockholm Sera from patients with eating diso Summer 2004

Paris Barcelona Mice (5-HTT mice) \']:sg,’ ;é’k:‘%Gsept’ Nov 2005

Stockholm Budapest Data (galanin immunohistochiemifrom rat brains sent earlier to Stockholm fr@wdapest Paris AGM 2005

Edinburgh Budapest Data (LCMRglu) of a parallelaobrative study (see joint publications) 1 September 2005

Paris Budapest Data (GTP-gammaS) from rat braimseselier to Paris from Budapest 15" September 2005

Budapest Edinburgh Data (5-HTT immunohistocheyisif a parallel, collaborative study (see joinbfications) 28 November 2005

Budapest Manchester Approx. 300 mouth swab sanfild3NA extraction and genetic polymorphism anasysi January & March 2006

Edinburgh Warsaw Experimental protocols for 2-D@erxments in mice; 14C standards for preparatioautéradiographic images;January — April 2006 an
access to image analysis equipment in Edinburgh. continuing

Tartu Edinburgh Protocols for cytochrome oxidas¢hmdology March 2006

Maastricht Oxford Brain tissue samples for HPLClygsia April 2006

Wurzburg Paris Double knockout (5-HTT/BDNF) mice July 2006

Wurzburg Warsaw Transgenic mice Summer 2006

Barcelona Paris RNA samples for microarrays August and November 2006

Pamplona Oxford Heterozygous VGLUT1 mice for eleghysiological studies October 2006

Wurzburg Oxford 5-HT transporter k.o. mice October 2006

Edinburgh Budapest Data (LCMRglu) of a parallelaodbrative study with SSRIs 3 October 2006

Wirzburg Budapest Antibody for tryptophan hydrasg staining 9 October 2006

Budapest Stockholm Brain tissue samples for immistothemistry anéh situ hybridization 10 November 2006

Wirzburg Oxford Transfer of 5-HTT KO mice November 2006

Budapest Maastricht Experimental protocols for imaustaining of 5-HT transporter and tryptophan loygtase 15 December 2006

Budapest Manchester Buccal samples for genotyping Feb. & Oct. 2006, Feb. 2007

Manchester Budapest SNP and length polymorphisen dat continuously

Edinburgh Tartu Frozen brains harvested from 5-léV@r-expressing male mice, for cytochrome oxidéasi@isg April 2007

Pamplona Tartu Brain tissue from maternal separatedcontrol rats for cytochrome cytochrome oxidas@vity April 2007

Barcelona Paris CB1 knockout mice April 2007
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From To Nature Date
Maastricht Florence Protocols for Acute Tryptoplspletion and Diet May 2007
Wirzburg Florence Protocols for Tryptophan Hydrasg IHC and Antibodies May 2007
Paris Stockholm Brain tissue (5-HTT-/- and 5-HTTiHer ISH analysis May 2007
Pamplona Paris VGLUT1 mouse brains for GTS May 2007
Pamplona Paris Brain tissue from VGLUT1+/- and Wite (control and CMS) for 5-HT1A activity in DRN May 2007
Wirzburg Florence Protocols for Tryptophan Hydrasg IHC and Antibodies May 2007
Maastricht Florence Protocols for Acute Tryptoplspletion and Diet May 2007
Paris Stockholm Brain tissue (5-HTT-/- and 5-HTTiHer immunohistochemistry / ISH analysis May 2007
Pamplona Paris VGLUT1 mouse brains for GTPgS May 2007
Pamplona Paris Brain tissue from VGLUT1+/- and Wite (control and CMS) for 5-HT1A activity in DRN May 2007
Oxford Paris 5-HTT over-expressing mice for GT®, sleep study and microarray studies May 2007Jand2008
Budapest Manchester Buccal samples for genotyping May 2007 and April 2008
Edinburgh Warsaw Protocols and supplies for 2DChoekto determine metabolic activity in mice brain ung 2007
Paris Florence Transfer of 5-HTT k.o. mice August 2007
Maastricht Florence Protocols for Acute Tryptoplmpletion and Diet September 2007
Tartu Pamplona Data on cytochrome c oxydase acfmitbrain tissue from maternal separated androbruts October 2007
Pamplona Tartu Brain tissue from VGLUT1+/- and Witenfor cytochrome ¢ oxydase activity November 2007
Oxford Maastricht Plasma and brain tissue samjplearialysis of BDNF protein November 2007
Tartu Edinburgh Data on cytochrome ¢ oxydase dgtfer brain tissue from 5-HTT o.e. male mice Az008
Oxford Warsaw Protocol for measurement of 5-HT1£oeeceptor function (hypothermia model) April 2008
Tartu Pamplona Data on cytochrome c oxydase acfivtbrain tissue from VGLUT1+/- and WT mice Ap#0D08
Tartu Stockholm Brain tissue from the rat socidedemodel for ISH analysis April 2008
Barcelona Tartu Frozen brain tissue from CB1 knatleamd WT mice for cytochrome c oxidase activity rinp008
Barcelona Maastricht, Pamplondllumina microarray data April 2008

& Tartu
Pamplona Paris Transfer of frozen brains from VGILY/- mice and WT littermates to perfoimsitu hybridisation studies (n+ May and July 2008

10 brains [May] and 11 brains [July])

Paris Tartu GR-i mice (frozen brain) July 2008
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From To Nature Date
Oxford Paris Transfer of frozen brains from 5-HTU¥epexpressing mice and WT littermates to perforlARextraction for| July 2008
microarray analysis.
Barcelona Paris CB1 KO mice (frozen brains) September 2008
Pamplona Oxford Transfer of live VGLUT1+/- mice aWd littermates to perform behavioural studies. tSeyber 2008
Budapest Stockholm Human brain tissue (frozen) October 2008
Pamplona Tartu CB1-KO mice (frozen brains) October 2008
Barcelona Tartu, Maastricht, Inter-exchange of data from microarrays experimésgseral models) October 2008
Pamplona
Pamplona Paris Transfer of live VGLUT1+/- mice aNd littermates to perform electrophysiology studigs= 16 animals) January 2009
Paris Barcelona 5-HT2A mice February 2009
Barcelona Pamplona Validation data from VGLUTImiee microarrays experiments Feb 2009
Pamplona Paris Transfer of frozen brains (n= IdmMiVGLUT1+/- mice and WT littermates to perform@madiography studies March 2009
Paris Stockholm 5-HTT-KO mice (frozen brain) May 2009
Pamplona Stockholm VGLUT +/- mice (frozen brains) May 2009
Maastricht Wiirzburg 5-HTT KO mouse brains followipgnatal stress June 2009
Tartu Paris COX data on GR-i mice July 2009
Tartu Pamplona COX data on CB1-KO mice July 2009
Pamplona Stockholm CB1-KO mice (frozen brains) October 2009
Warsaw Tartu LA/HA mice (frozen brains to assegsayrome oxydase activity) October 2009
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