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Defining Stress
[ |

Input (stressor) — Processing information — Output (stress response)

e A stressor is perceived as any stimulus- either real or imagined-
which threatens the integrity of the individual

 The most severe stressor is psychological.
No sense of control, inability to predict, uncertain, fearful

 Homeostasis - stable equilibrium (pH, electrolytes etc)
* Allostasis - labile equilibrium (anticipation, brain)

 BRAIN is the organiser and target of the stress response

Levine, 2005
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Acute stress

Enhances cognition, motivation, adaptation
Energy replenishment,

Enhances immune and cardiovascular function

Chronic Stress

Impairs cognitve function & adaptation
Energy depletion, muscle atrophy
Osteoporosis, suppression immune function,
Cardiovascular problems

Metabolic syndrome



stress mediators in blood

e Psychological & Increase
environmental (nor) adrenaline
stressors ACTH, endorphins

e Excessive exercise Cortisol

e Inadequate nutrition Glucagon

Negative energy balance

Low carbohydrate intake Decrease

BeliEiden Testosterone

Insuline (blockade glucose
uptake except brain)



CO rt I S O I Basal pulse pattern synchronizes

CO rt | COS t erone daily and sleeg;:elated events

* Energy

e Stress - Adaptation

Stress response coordinates the
ability to cope and adapt

CORT .
failure to
cope

15 90 min
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Hypothalamus —
Pituitary — \
Adrenal axis stressor
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DEPRESSION - elevated cortisol, flattened rhythm

uring Depression After Recover
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PATTERNS MATTER RATHER THAN ABSOLUTE LEVELS



Disorders Linked to Over- and
Under exposure to Cortisol

Over - exposure

Cushing syndrome
Hyperthyroidism
*Major depression
*Psychotic depression
Anorexia nervosa
Sleep deprivation
Malnutrition

Chronic alcoholism
Childhood abuse
Excessive exercise

Under - exposure

« Atypical depression

e Chronic fatigue syndrome

« Fibromyalgia

 Post traumatic stress disorder
» Schizophrenia

 Panic disorder

 burnout

Hypothyroidism

Rheumatoid arthritis

Allergies

ASth ma GP Chrousos & PW Gold, 1992




Barker Hypothesis
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Early-life environment: low maternal care

Distribution of Licking and Grooming

9-13 %

1 7.5 90 104 119 132
% Licking & Grooming

Long Evans rats; Liu et al. 1997, Champagne et al. 2003, Zhang et al. 2005
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Daskalakis et al, Claessens et al.
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Long-lasting effects of mother-pup interaction

pnd 3-4

3 months 12 months 24 months
young adult aged

30-32 months
senescent

24 hrs
maternal
deprivation

Behaviour, neuroendocrine markers, genes

Deprivation of maternal care a

laboratory model for neglect
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Increased inter-individual variability of
cognitive performances at senescence
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Outcome of an early adverse experience cannot be generalized




“stress: midlife surge
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Chronic Stress causes neurons to shrink or grow

but not necessarily to die

Control \1 &, Control

Chronic Chronic
stress \ stress
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Prefrontal Cortex Amygdala
And Hippocampus OFC MCcEwen



Schaffer collateral fiber Neocortical

pathway association areas
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http://www0.gsf.de/idg/groups/adult_neurogenesis/captions_1.html

(rat) 3 weeks of chronic stress;

4 days CORT Antagonist day 17 - 21: rapid recovery neurogenesis
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Laser dissection
dentate gyrus

525 B 576

267 258 318

control+CORT  stress+CORT

* Corticosterone to controls and chronically stressed rats

* 3 hrs later differential gene expression patterns, but also overlap.

 Some genes are suppressed by cort, others enhanced.

Datson et al. Endocrinology, july 2013.



Question

e How does corticosteroid action change from
protective into damaging ?

e Whatis the cause?

e What are the consequences?



The story of the adaptation
syndrome (selye)

v, Glucocorticoids
’4';% anti-inflammatory
. E

A
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Mineralocorticoids
pro-inflammatory

Heart failure
(antagonist is
life saver)



Not one, but two corticosteroid
receptor types in Brain

'Mineralocorticoid’ Receptor
e high affinity for Aldo + Cort
e restricted to hippocampus

e always occupied
CORT inactivated in kidney, not in brain

Glucocorticoid Receptor

e 10-fold lower affinity Cort
e widespread, PVN

e occupied after stress

Reul/de Kloet 1985
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One hormone - enormous Y ortisol
diversity in action v 2
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e.g. neurotransmitters,
growth factors,
inflammation

Marie-Pierre Moisan %
Membrane
receptor

Marian Joéls

11HSD

activation of TFs:
AP1, CREB, STAT, NFxB

< interplay >/ nucl|ear translocation
. Homo - heterodimers

* Co-regulator cocktails

+ < modulate transcription.
SGRM, Onno Meijer .

transrepression transactivation
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Figure 1: 11 Beta-hydroxysteroid Dehydrogenase
Redox Equilibrium of Corticosteroids

Cortisone
(11-dehydro Steroid)
Inactive metabolite

CH,OH
C=0
-OH

Kidney tubular and
other epithelial cells
HSD-2

reductase
11-Beta-HSD1

NADPH NADP+
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/\D

11-Beta-HSD2

oxidase

Cortisol
(Steroid)
Active metabolite

Heart, fat, brain non-
epithelial cells
HSD-1



Brain MR & GR

MR-Aldo
aen 1 MR — GR € 116-HSD 2

/

hippocampus

Circumventricular organs

MR - Cortisol/corticosterone MR - Aldosterone

Aldosterone, progesterone, - Salt appetite
DOC « Cardiovascular regulation
* NTS innervates forebrain

De Kloet, Joels and Holsboer Nature Reviews Neuroscience 6: 463-475 (2005)
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The Morris Water Maze
finding a hidden platform
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Rat / mouse learns by
finding shortest path to
platform using either
global spatial cues or
local contextual clues
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Melly Oitzl
Oitzl / de Kloet 1992, 1994, 1997, 2001, 2005, 2013




Novelty or
learning task

| Blockade GR at
Blockade MR 15 min <on consolidation; longlasting
for retrieval S . test 24 uur later.
O o . .
Fast effect B ) Same result GR dim/dim
o\‘*Q GR knockout/knockdown
/ tisyay > \
MR block: GR block:
altered swim pattern impaired consolidation
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Oitzl/de Kloet



‘fikmygdala — hippocampus =
spatial learning, explicit, declarative

Amygdala — striatum =
habit learning implicit, procedural
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Spatial learning and memory

Requires complex association between
multiple distal stimuli

Stimulus-response learning €24
“habit learning” ©

 formation of stimulus-response association
“simple” solutions, - one proximal stimulus




Two strategies are possible

Spatial and Stimulus-Response

Trials 1-6:

Learning - Szrri:leig:y

Stimulus-
Response

V

Stimulus-response?
Spatial?



Switch: spatial to S-R-strategy

Il spatial
[ stimulus-response

naive |Injection Restraint Chronic| CORT Stress+
stress MR-anta
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>>> Blockade of MR prevents the switch

Schwabe, Oitzl et al 2009, 2010



shortly after stress

resources to
amygdala, hippocampus

executive [¢ .g and/or striatum o
control vigilance
learning MR (+)
contextual . .
learnng habit learning
normalization resources to

of resources hippocampus and PFC

executive
control

>1 hr contextual
lea
after stress s



Appraisal/Coping Style  Adaptation

1‘ Cortisol

Stress response

MR +GR

Cognitive flexibility
Emotion

Memory storage
Executive control

MR |
genomic > > ~

non-genomic —>

Time

30 60 90 min




MR:GR imbalance

e Genetic variants

e Chronic stress — genomic reorganization
- cell-circuit remodeling

e Early life adversity — altered brain development
- programming behaviour

e Puberty — sex prevalence
e Depression

e Dexamethasone treatment



Effects of MR haplotypes

Hap Freq:
| D 5(%

) e ?g; MR 1; gain of function
3 e 12%

Transactivation mRNA regulation

I = 1000 0E
. MRgere |

G/C 50% 1s0180Val (20%) loss of function

Haplotype 2

« Enhanced dispositional optimism

« Decreased rumination

« Protection to depression

« Prediction of recurrent depression

« Enhanced response to antidepressants

(Klok et al Transl Psychiatry 2011)



Stress - related disorder

Health

resilience preventive curative treatment

Turning point

Biomarkers

Functional phenotype | clinica\phenotype

(epi) genetic profile - pathogeypic mechanism
|

Risk | Disease

birth  stress vulnerability ——— age









Schematic overview of key components of the mTOR pathway and a number of its

physiological and molecular regulators in the brain, indicating a role for GC. After GC binding
to GR’ FKRDR1 and NNITA ara iin_raniilatad hv a CRF_Arivvan marhaniem wharaae NDN|T4L a...

Hormones

Cytokines
Glutamate Energy Growth factors

MDA-R Nutrients

local synthesis of
synaptic spine proteins

Polman J A E et al. Endocrinology 2012;153:4317-4327

Endocrinology

©2012 by Endocrine Society



MTOR protein levels in the hippocampus measured by Western blotting. mTOR protein levels
were normalized against a-tubulin expression levels.

MTOR
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Polman J A E et al. Endocrinology 2012;153:4317-4327

Endocrinology

©2012 by Endocrine Society



Two corticosterone/cortisol receptor types

‘Mineralocorticoid” Receptor
high affinity for Aldosterone & Cortisol
Cortisol not degraded in brain, as in kidney
restricted to imbic structures, 11B-HSD 1
Hippocampus, amygdala, septum, pFC

MR

Glucocorticoid Receptor
10-fold lower affinity for Cortisol
widespread, PVN, amine, limbic-cortical
occupied after stress & at circadian peak

GR

Confocal image

Reul &de Klost Endocrnnology, 1985 Van Eekelen et &l J Neurosc Res 1983,
Van Steensel et & J Cell Sci19%0; Groenewsg et &, Plos One, 2014



Genes X Environment

Environmental Stressors

A S |
-~ e

Dopaminergic Genes: Schizophrenia
Vulnerable to ===
perinatal adolescence Depression

e Early stressors program - amygdala fear pathway

* Hypothalamus — pituitary — adrenal axis: cortisol/corticosterone
(Sullivan/Moriceau, 2006; Daskalakis et al.2014)

Cools et al. 2002 Daskalakis et al, 2013



* glucocorticoids: cortisol & corticosterone
> Energy metabolism
» Dampen initial stress reactions
» Motivation, arousal, cognition
» Behavioural adaptation

e mineralocorticoid: aldosterone
> Salt homeostasis: salt appetite to volume control

> less known: mineralocorticoids amplify initial stress
reactions



