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During the last years, significant advances in the area of stress and
psychopathology have been the result of close interactions and
collaboration among neuroscientists, pharmacologists, and
molecular and cell biologists, all working at the interface of brain and
behavior. It is more evident now than any time before, that such a
multidisciplinary approach is necessary to achieve the ultimate goal
of developing effective therapeutic strategies to slow down and/or
prevent the progression of stress-related neuropsychiatric diseases.

The goal of this meeting is to shed new light on the mechanisms
underlying the effects of stress on brain and behavior with a focus
upon translational issues, novel behavioral and computational tools,
and potential therapeutic approaches. In addition, an important goal
of this meeting is to promote discussions.

Donations of the following companies supported the realization of the meeting:



PROGRAMME

10:30 Welcome Introduction

|. Translational Issues

Chair: Gernot Riedel, Univ. of Aberdeen, UK

10:40

11:05

11:30

Christopher Pryce, Novartis, Switzerland

Neuropsychological assessment in non-human primates: contribution to understand the
physiological and pathological effects of stress in humans.

Lynn Nadel, Univ. of Arizona, U.S.A

Differential modulation of memory by stress in humans

Bill Deakin, Univ. of Manchester, U.K.

Serotonin modulation of motivation, emotion and memory in humans; how, when and
why?

11:55 Discussant: Eberhard Fuchs, German Primate Center, Gottingen, Germany

ll. Behaviour and Modelling

Chair: Bruno Poucet, Marseille, France

12:20

Peter Dayan, Univ. College London, U.K.
Computational models of aversive processing: serotonin, dopamine and stress

Lunch break 12:45-14:00

14:00

14:25

Jeansok J. Kim, Univ. of Washington, U.S.A.

Neurocognitive effects of stress

Gediminas Luksys and Carmen Sandi, EPFL, Switzerland

The interaction of affective traits and stress on learning: Experiments and modelling

14:50 Discussant: Ray Dolan, Univ. College London, U.K.

Coffee break 15:15-15:40

lll. Pharmacology

Chair: Gal Richter-Levin, Univ. of Haifa, Israel

15:40

16:05

16:30

16:55

17:20

Gabriele Fligge, German Primate Center, Gottingen, Germany

Impact of stress on gene expression related to 5-HT neurotransmission: Regulation by
the SSRI citalopram

Melly Oitzl, Univ. of Leiden, The Netherlands

Cognition and emotion: Antagonizing stress system activity in a mouse model of stress
related disorders

Fiona Thomson, Organon Pharmaceuticals, Scotland and Netherlands

Innovative approaches for the treatment of depression: Targeting stress and the HPA axis
Discussant: Thomas Steckler, Johnson & Johnson Pharmaceuticals, Belgium

Conclusions and closure



|. Translational Issues

Neuropsychological assessment in non-human primates contribution to
understanding the physiological and pathological éécts of stress in humans

Pryce CR

Neuroscience Research, Psychiatry, Novartis Inesitufor BioMedical Research,
Novartis Pharma AG, Basel, Switzerland

Stress is an adaptive state in the short-term,igrabsociated with the aetiology and
course of many diseases, including neuropsychidigorders such as depression and
post-traumatic stress disorder, in the long-terraufdpsychological processes that are
enhanced by stress include motivation to avoid ghunent, selective attention, and
memory consolidation; and processes that are itgilby stress include motivation for
reward, behavioural inhibition, divided attentioexecutive functioning and memory
recall. Because of the development of tasks basedom-verbal responses to visual
stimuli, each of these neuropsychological processesbe studied using very similar
paradigms in humans and non-human primates. Tormpmed with the high monkey-
human homology in terms of (1) the physiology aedmobiology of stress, and (2) the
neurobiological circuitry underlying behaviourabpesses, allows for reliable translation
of findings between monkey and human. Exampledefstudy of effects of stress on
neuropsychological functioning will be presented fbe common marmoset, squirrel
monkey and rhesus macaque, as will ideas for fugearch.

Stress and human explicit memory: effects on encadlj, consolidation and retrieval
Nadel L, Hoscheidt S, Jackson E, Payne JD
University of Arizona, Tucson, AZ, USA

The effects of stress on human memory was inveastigan a series of behavioral
experiments. We compared the impact of sociaipged stress on emotional and
neutral material, mostly using variants of the Berg paradigm, in which subjects are
presented narrative materials. Stress was indeitleer prior to encoding, after encoding
(and hence during consolidation), or during retlevlhe impact of stress varied both as
a function of the material being learned, and tages of learning during which stress was
induced. Under some conditions gender effects loanobserved. We discuss the
implications of these results for understanding hstress differentially influences
multiple learning and memory systems.

Serotonin modulation of motivation, emotion and merary in humans: how, when
and why?

Deakin JFW, Anderson IM, Lythe KJ, Palm ME, Efi&

Neuroscience and Psychiatry Unit, University of dlagster, U.K.

Deakin and Graeff suggested that different SHT gstiesns are engaged by aversive
events with two principal functions — a) dorsallhramucleus (DRN) - 5SHT2c projections
to amygdala and basal ganglia serve to prevenbd¢harrence of future aversive events
by motivating and directing avoidance behaviour dhaedian raphe (MRN)- 5HT1A
projections to hippocampus minimise the impactwfent and past aversive events, by
uncoupling acute stress responses and preventinigation.



We have used pharmacoMRI in volunteers and in @itk and anxious individuals to
test some of these ideas. Intravenous administratidhe 5SHT2c agonist mCPP evokes
subjective anxiety and MRI responses in amygdathcaudate that are blocked by oral
pre-treatment with mirtazepine, a 5HT2c antagonistptophan depletion reduces
central 5HT neurotransmission and selectively reduthe detection of fear in face
emotion processing. Increased 5HT release indugeitddopram has the opposite effect.
These findings are predicted by the DRN-5HT2c feygpothesis. However, amygdala
fMRI responses evoked by fearful faces were attexuaather than enhanced by iv
citalopram pre-treatment. 5SHT modulation of MRI iaations evoked by go/no-go,
reward, worry and social tasks and experimentkarctinical groups will be presented.
Deakin JFW, Graeff FG (1991) 5HT and mechanisnmdedénce. J Psychpopharmacol 5,
305-315.

Deakin JFW (1996) 5HT, antidepressant drugs #ed psychosocial origins of
depression. Journal of Psychopharmacology 1(3831-

Lowry CA et al (2005) Modulation of anxiety circsliby serotonergic systems. Stress 8:
233-46.

The neurobiological consequences of stress — a tedational approach
Fuchs E

Clinical Neurobiology Laboratory, German Primaten@e, Gottingen, Germany

When Hans Selye formulated his stress theory abdwears ago, stress was thought to
have a merely endocrine character, and noxiousubtoh physical or chemical nature
were the primary stressors discussed in those daybsequent research, however,
demonstrated that psychological stimuli are alsanst activators of the endocrine system
and there was increasing evidence that ‘stress diagsi such as adrenocortical steroids
profoundly influence brain excitability. Today te&ess response is regarded as an alarm
system which is initiated whenever there is a éigancy between what an organism is
expecting and what really exists. Uncertainty, ladkinformation or loss of control
induce alarm reactions whereas the presence adlsagpport, information and control
reduce the alarm reactions. Therefore, the stresponseper seis not harmful or
pathological in itself. Only when demanding, prajed and sustained, body and brain
homeostasis can be threatened, and health maydaagared. Since this is a consistent
finding across species including man, it is impottédo understand the relationship
between stressors and diseases. To refine our kdgelof the underlying processes
neurobiological theories emerging from preclinieaperimentation are tested on human
subjects (bench to bedside)wce versavhere information obtained from investigations
in human subjects can be used to improve our utadehsig of the biological principles
(bedside to bench). Examples of this translati@apgdroach are presented and discussed
in the first part of the Satellite Meeting startimgth investigations in non-human
primates and leading to investigations in humanjesi®. The intent is not only to
summarize facts on the role of the brain in thesstrresponse but also to promote
discussion for future studies that will lead to thetter mechanistic understanding of
stress-related disturbances and their treatment.



Il Behaviour and Modelling

Computational models of aversive processing: seratn, dopamine and stress
Dayan P
Gatsby Computational Neuroscience Unit, UniverSitfiege London, UK

A wealth of evidence supports the notions thath@® phasic activity of dopamine cells
reports a temporally sophisticated prediction efoorthe delivery of rewards; that (ii)
targets of these cells, including the amygdala aedtral and dorsal striatum, are
involved in learning about and representing botpetiive predictions of future rewards
and also the actions that will result in maximizihgir delivery; and that (iii) there is a
complex interaction between this scheme for therobof behaviour, which is associated
with outcome-insensitive habits, and a model-basgdteme, associated with outcome-
sensitive or goal-directed actions, which appearbd realized in prefrontal structures.
Despite an impressively extensive range of experiaidindings, our understanding of
the nature and realization of aversive processppears to be rather less far advanced.
One possibility is that serotonin might play a rak the sort of aversive opponent to
dopamine that has been mooted and investigated &opsychological perspective.
However, appetitive and aversive processing ardrfan being mirror images of each
other psychologically, and indeed dopamine andtseno, despite evidence for some
mutually inhibitory interactions, are far from bgimirror images of each other neurally.
We will provide a computational examination of esree processing in general, and
opponency in

particular.

A systems-level model of stress effects on cognitio

Kim JB (1), Yoon TJ (1), Blair HT(2)

(1) Department of Psychology and Program in Newlolgy & Behavior, University of
Washington, Seattle, Washington, U.S.A.; (2) Deparit of Psychology, University of
California, Los Angeles, California, U.S.A.

Stress is a biologically significant social-envineental factor that plays a pervasive role
in our lives, from impacting our daily behaviors giooducing and exacerbating myriad
physical and mental illness. An accumulating boflgwdence from human and animal
studies reveals that while the acute responserésss{i.e., heightened cognition) is an
adaptive mechanism, exposureautewontrollable(unpredictable and inescapable) stress
can subsequently produce detrimental neurocognigfkects, particularly in the
hippocampus. Rodent studies further indicate tlrass impairs long-term potentiation
(LTP), a leading candidate cellular mechanism oforimation storage, in the
hippocampus. We have recently discovered that aaiggdesions/inactivation and
prefrontal cortex lesions block and exacerbatgyaetsvely, stress-induced impairments
in hippocampal LTP and spatial memory. Moreoveangka unit recording data indicate
that stress alters the firing rate of place ceisorded from dorsal hippocampus,
providing an empirical bridge between stress e$femt synaptic plasticity and spatial
memory. Based on these findings, we will presecdreceptual model of the central stress
mechanism (a neural-endocrine network comprisingrofgdala, prefrontal cortex and
glucocorticoids) regulating hippocampal functioning



The interaction between affective traits and stressn learning: Experiments and
modelling

Luksys G, Sandi C

Brain Mind Institute, Swiss Federal Institute of hhology (EPFL), Lausanne,
Switzerland

Acute stress regulates different aspects of behaaldearning through the action of
stress hormones and neuromodulators. Stress’ effleptend on its type, intensity, timing,
and the learning paradigm. However, animals wittiedent affective traits (such as
anxiety, impulsivity, and novelty reactivity) care laffected by stressors in different,
sometimes even opposing ways. In the first patheftalk we will give an overview of
rat and mouse experiments, showing a variety ofngkas, how affective traits may
influence stress’ effects on learning and memoryr @nimals, characterized prior to
learning experiments, are tested on different tasksere stress type, intensity, and
timing are manipulated. In addition, we relate bedtwaral effects to levels of stress
hormones (glucocorticoids), providing evidence tlifferential stress reactivity is really
responsible for differences in learning. In theosset part of the talk, we will describe
how mouse behaviour can be formalized and studsatgueinforcement learning (RL)
models. In this framework, the effects of stresd ganetic background on learning and
memory can be attributed to differential dynamiésmmdel meta-parameters (such as
learning rate or exploitation-exploration factaghjich are thought to be somehow related
to activity of neuromodulators in the brain. Welwitovide the main results of RL meta-
parameter studies and discuss benefits and peirgseof such approach.

Behaviour and Modeling
Dolan R
Wellcome Trust Centre for Neuroimaging, UCL, LongdbiK.

A fundamental principle in the organization of cdexporganisms is that of homeostasis.
Perturbation in homeostasis provides a metric & tlegree to which on-going
environmental interactions are stressful. The Isaiesponse to stress involves central
cognitive repertoires (including appraisal, arougaédiction, cognitive control) as well
as peripherally mediated responses mediated vianamtic nervous and hormonal
systems (a rapidly acting neural and a slow adtiognonal mechanism). Ideally both
act in concert to integrate short and long termivatibnal needs in relation to current
and, anticipated, future states of the environméninaladaptive response to acute stress,
or the emergence of chronic stress, is known tatexerofound negative impact on
psychological and physical well-being leading tsadders such as depression, anxiety
and cognitive under-function. Thus, key issues maarstanding the impact of stress
include the relationship between stress and awensigcessing, the influence of neuro-
humoural responses on neuronal plasticity, neurgsnas well as how stress interacts
with individual genetic endowment. This mini-sympos will address each of these
themes.



[l Pharmacology

Impact of stress on gene expression related to séwoergic neurotransmission:
regulation by the antidepressant citalopram

Fligge G, Abumaria N

Clinical Neurobiology Laboratory, German Primaten@e and DFG Research Center
Molecular Physiology of the Brain (CMPB), Univessiof Gottingen, Gottingen,
Germany

It is well known that acute stress activates thetseergic (5-HT) system and increases
tryptophan hydroxylase (TPH) activity in the dorsgdhe nucleus (DRN). We studied the
effects of chronic social stress and a chronictimeat with the specific serotonin-
reuptake inhibitor (SSRI) citalopram on TPH expi@ssn the DRN using a resident-
intruder paradigm. Male Wistar rats were daily econfed with a dominant Lister
Hooded rat during five weeks and received citaloprévia drinking water; 30
mg/kg/day) during four weeks starting on week 2tloé stress period. Citalopram
normalized several stress-induced behavioral pasasjee.g. performance in the sucrose
preference test (Rygula et al., Behav Pharm 1729 2006).

Quantitative Real-time PCR and Western blottingficored previous data revealing
strong TPH2 expression in the DRN but showed diap TPH1 is weakly expressed in
this nucleus. Expression of the two TPH genes waad to be differentially regulated:
TPH1 mRNA was increased more than three-fold byrmier stress and normalized by
chronic citalopram. In contrast, TPH2 mRNA expressivas not affected by stress but
was downregulated by citalopram (to less than 5@%pth stressed and control animals.
TPH protein was upregulated by stress exposure thadeffect was prevented by
citalopram. The SSRI had no effect on serotoninsjpparter mMRNA but reduced 5-k&
autoreceptor mRNA in stressed animals. These da¢d sew light on presumptive
mechanisms underlying the beneficial effects alofiram, and possibly other SSRIs, in
rebalancing the central nervous 5-HT system. Magogynaptic vesicle protein 2b
MRNA and protein were increased by chronic stregsr@rmalized by the antidepressant
indicating that the SSRI has a balancing effecthenneurotransmitter release machinery.
Citalopram prevented the stress-induced upregulatb mRNA for CREB binding
protein, an important factor in CREB-regulated s@iption. In conclusion, our data
demonstrate that in the rat DRN, citalopram bloe&scts of chronic stress on distinct
genes related to neurotransmitter release and plestity (Abumaria et al., Eur
Neuropsychopharmacol. 2006 Dec 18; [Epub aheadimt)p

Cognition and emotion: Antagonizing stress systemcdavity in a mouse model of
stress related disorders

Oitzl MS(1,2), Dalm S(1), Brinks V(1)

(1) LACDR/LUMC Division of Medical Pharmacology, lden University, Leiden; (2)
SILS Center for Neuroscience, University of Amsgn] Amsterdam, The Netherlands.

Stress precipitates affective disorders like depoesand anxiety. Genetic factors are
implicated, but individual vulnerabilities dependh @ene*life-events interactions. A
fundamental question in biomedical research addseise molecular mechanisms of
stress system disorders. Glucocorticoid stress twoes) acting via mineralocorticoid
(MR) and glucocorticoid receptors (GR) in the branme in the center of interest. They
modulate differential aspects of affective expr@ssiand cognition; facilitating as well as
impairing actions on memory have been reportede@as animal models, | will discuss



the action of corticosteroids and their antagoniBALB/c and C57BL/6 mice with a
distinct profile of central and peripheral markefsstress system activity will be used to
demonstrate, that glucocorticoids and genetic mgkeentribute in a distinct fashion to
the expression of different fear behaviours, and #tquisition, consolidation and
extinction of fear memories. The influence of checostress on emotional expressions,
responses to novelty, learning and memory in C58Bhice will be demonstrated in
relation to the effects of the GR antagonist Mifsfame.

Supported by grants of the Dutch Organization faef&ific Research NWO 015.01.076
and NWO-IRTG DN 95-420.

Innovative approaches for the treatment of depresen: Targeting stress and the
HPA axis

Thomson FJ (1), Craighead M (1), Marston HM (2) c8aeeney, C (2), Napier S (3) (1)
Dept. Molecular Pharamacology; (2) Dept. Pharmapgl¢3) Dept. Chemistry, Organon
Laboratories Ltd, Newhouse, UK

Depression is a major cause of disability yet,gitesof over 50 years of research effort
a substantial increase in the clinical efficacyaotidepressants has not been achieved.
This observation is unsurprising, considering thHt antidepressant drugs modulate
neurotransmission as a common mechanistic endpoiigt.intriguing to speculate that
improvement of drug efficacy may only emerge whéarmacological agents acting at
non-monoamine drug targets are developed. Furtherlack of understanding of the
mechanisms underlying depressive illness is a mhjmdle in our quest towards
developing better antidepressants. Chronic expodorestressful life events in
combination with susceptibility factors is suggést® contribute to an individual
developing depression. Exposure to stress resnltactivation of the hypothalamic
pituitary adrenal (HPA) axis and hyperactivity diist system is the most consistently
described neuroendocrine abnormality in depresslmegularities include elevated
cortisol concentrations, dysfunctional glucocoriico receptor activity, blunted
corticotrophin releasing factor (CRF) receptor-hdiion and increased sensitivity to
arginine vasopressin (AVP). Observations that céihiremission is associated with
normalisation of HPA axis activity suggest that giuhat intervene with this system
could have benefit for the treatment of depressiecently, selective inhibitors of the
vasopressin V1b receptor have emerged which, byntecacting vasopressinergic
hyperdrive of the HPA axis, are proposed to haveemg@l as a novel antidepressant
agent. Here | will describe the pharmacology aneclomical behavioural profile of a
novel, high affinity selective V1b receptor antagvand speculate on the challenges for
successful clinical application of such a drug.



Stress in depression - primary cause or epiphenomen?
Steckler T.
Dept. Psychiatry, R&D Europe, Johnson & Johnson PBd2rse, Belgium

Abnormal stress resilience has been considerednasmportant factor leading to
depression and anxiety disorders. Corroboratingdemde comes from studies as
discussed by Oitzl et al., linking genetic vulneligb and stress exposure to the
expression of fear-related behaviours in mice. wike, chronic stress has been shown to
alter serotonergic function and gene expressioataélto neuroplasticity (Flugge and
Abumaria), thought to play a role in depression angiety. Consequently, compounds
targeting stress responsivity and HPA axis abnatieslhave been proposed as potential
novel therapeutic approaches with improved efficéxytreat depression and anxiety
disorders (Thomson et al.).

Fundamental to this idea is the hypothesis thababalities in stress systems represent a
final common pathway in these disorders. Here wkdigcuss whether indeed this is the
case. A full understanding of the relationship hesw stress reactivity and anxiety and
depression is pertinent as this relationship wétedmine whether treatment strategies
aimed at stress responsivity will be best positibae monotherapy to treat the anxiety
and depression, or whether they require co-medicatiith other drugs, whether their
primary use will be during the acute phase, or Wwbiethey may be of prime benefit in
preventing relapse. Further, by broadening the epincf altered stress reactivity beyond
anxiety and depression, it can be expected thaethges of compounds will also be of
benefit in other disorders, including drug abusgchosis and sleep disorders.
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