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Stress and Aging

Obama in 2008

University of.lQE

CINCINNATI



Stress: A Whole Body Problem

> Integrated physiological (and behavioral) response
designed to optimize survival and well-being in the
face of adversity (internal or external)

- Widespread molecular signal conveying contextual
iInformation

- Amplify ongoing cellular processes (beneficial or
deleterious)
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Ulrich-Lai and Herman, 2009
Nature Reviews | Neuroscience
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Systems Performance

Stress Dynamics and the Inverted U:
Balancing Cost, Context, and Coping

Optimal Match of Response
and Context

Inefficient regponse:;

Inadequate Adaptation
. Over-reactivity:

Catabolic Response

Physiological Response (e.g., cortisol)
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Communicating Physiological Context: Stress
Responses (Hypothalamo-Pituitary-
Adrenocortical Axis)

Central Feedback
Control

Pituitary Feedback
Control —

Adrenal drive
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Systemic circulation
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Glucocorticoid Signaling Mechanisms:
Genomic and non-Genomic, MR and GR

Frontiers in Neuroendocrinology 49 (2018) 124-145

‘Contents lists available at ScienceDirect

Frontiers in Neuroendocrinology

journal homepage: www.elsevier.com/locate/yfrne

Presynaptic
terminal

Review article

Importance of the brain corticosteroid receptor balance in metaplasticity, m
cognitive performance and neuro-inflammation | St

E.R. de Kloet™, 0.C. Meijer®, AF. de Nicola®, R.H. de Rijk®, M. Joéls®*

CRH neuron

Gene 1 | Cane 2 oEmE 3
w

MF-kE or AP-1

transrepression l

Anti-inflammation Amplification of Glu/NA-

MR-specificity activated pathways

GR depending on MR through Mewrol via co-activator complexes CRH
{permissive action ?) Stress responsiveness Contextualization
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Circadian Variation in Corticosteroid Levels:
Feeding a Hungry Organism
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Diurnal Heart Rate and Blood Pressure
Rhythms

Central Systolic BP Central Diastolic BP
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Baseline 3-day average raw salivary cortisol level (ug/dl)

Importance of Time-course Analysis in Human
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Glucocorticoids and Metabolic Rate
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Brain Stress Processing: Top-down and Bottom-up
Signaling

Stress signals »
« Experiential factors —_ I°Pl;d°;"" ':8‘_"‘“”“
« Innate programmes SRc porenain
1 Output systems
' i > | HPA activation (PVN) “¢—
Ongoing homeostatic ‘Middle management’ |=— " AR
feedback BST and hypothalamus | === 'SAM activation (ANS) «—
Stress signals Stress response triggers
» Homeostatic imbalance » | Brainstem
* Pain Hypothalamus
« Inflammation (@'e)

Nature Reviews | Neuroscience
Ulrich-Lai and Herman, 2009
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Stress responses are controlled by
multisynaptic pathways in the CNS

a Limbic site Neurocircuits Primary action

‘ .‘ vSUB
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‘ ) \ BLA [(psychogenic stress)
\ b a7 :
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210 MeA Zhd BLA |(psychogenic stress)

Nature Reviews | Neuroscience —

Ulrich-Lai and Herman, 2009 (modified)
Top-Down: Subcortical Relays: University of ‘[’
Ulrich-Lai and Herman, Medial |:)|:C BST y C| NC'N NAT|

Nat Rev Neurosci (2009)




Neural mechanisms of ‘Stress Control’:
Limbic Convergence in the BST
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Limbic Interactions with Effector Pathways

v

y
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BST HYP
ACC _
Stress/anxiety Homeostasis g
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Reward University of
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Limbic Imbalance Associated with
Pathology: PTSD

Control SPS

Behaviors:
Fear conditioning

Anxiety-related Behaviors ‘E
Cognitive Flexibility University of
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Males and females have a different glucocorticoid
biology

> The sexes differ in terms of biological priorities
- There are sex differences in peripheral metabolism
> Arguably, stress is a bigger problem for females
- affects ability to reproduce and nurture
- lower body mass and fat mass
> Definition of resilience will likely differ for females and males
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Sex and Stress (Glucocorticoid?)-Linked
Diseases

Women are disproportionally likely to be diagnosed with:
» Major depression
> PTSD
> generalized anxiety disorder
» chronic fatigue

Disease symptoms differ amongst the sexes

> Depressed men tend to report more physical symptoms than
women

> Women with PTSD tend not to exhibit changes in cortisol or
acoustic startle, men manifest more physical symptoms

Sex Differences: Pronounced and Blolog|caLIr>l/mity Ofl@
Important CINCINNATI



How are Stress Hormones Interpreted in the Male and Female
Brain? Forebrain

Forebrain GR Deletion (Glutamate neurons)

Endpoint

Basal AM Cort T no
Stress Response T nope
FST immobility T not even close
Stress Sensitization nothing T

Forebrain GR Deletion (GABA neurons)

Basal AM Cort no no
Stress Response no T
FST immobility no no

Center Time Open Field no no lQE
University of
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How are Stress Hormones Interpreted in the Male and Female
Brain? Hypothalamus

Sim-1 GR Deletion (PVYN/SON neurons)

Basal AM Cort no (
Stressor Response (CORT) T zZip
Stressor Response (ACTH) ( \)

Solomon et al, Endo (2015)
Nahar er al, Endo (2015)
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Adolescent Sculpting of Prefrontal Cortex Connectivity

a Grey-matter volume changes during normal development 0
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Immediate and Lasting physiological
Responses to Adolescent CVS

test cvs
¥

S

Adol

test

v

Adult —

d40 d61 d121

Impact of Adolescent Chronic Stress Impact of Adolescent Chronic Stress (As

(Relative t Adults)

Index / Male Female\ Index Male Female
Body weight J n.d. Body weight n.d. !, n.d.
Adrenal weight ) n.d. Adrenal weight n.d. n.d.
Thymus weight ¥ n.d. Thymus weight n.d. n.d.
Body Fat \’ n.d. Body Fat n.d. n.d.
AM T n.d. AM n.d. n.d.
Corticosterone Corticosterone

\/

Jankord et al, Endocrinology (2011), Wulsin et al, PNE (2016)
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Environmental Enrichment Confers Resilience to
Lasting Effects of CVS in Females but not Males

>

FST: Immobility
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» Exaggerated chronic stress response > Adult-like chronic stress response

» Sensitivity to stress triggers in adulthood
» Sensitivity to second ‘hit’ of stress in
adulthood

> Resistant to stress triggers in adulthood
» Reduced sensitivity to second ‘hit’ of
stress in adulthood

» Males and females use a distinct neurocircuitry to
control emotional responses following stress

University of.l@
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Stress responses contribute to adaptation as well
as pathology

Stress Onset

Adaptation Failure
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Aberrent stress responses contribute to pathology
as well as resilience

A. Reduced Adaptive Capacity
B. Reduced Adaptive Response
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Stress and Age-related Disease:
Pathology

- Alzheimer’s Disease: chronic
stress/glucocorticoids contribute to
disease pathology, GR receptor
antagonists improve memory and mood-
related symptoms

» Parkinson’s Disease: stress can accelerate
loss of dopamine neurons, strong
depression comorbidity

- Cardiovascular Disease: MI, hypertension,
vascular pathology

- Neurodegeneration: stress,

glucocorticoids accelerate phosphorylated l@
Tau expression, decrease neurogenesis sity of

NCINNATI



Stress and Affective Disease: Stress
Hormone Pathology

> PTSD: enhanced glucocorticoid receptor
signhaling linked to pathology

- Depression: pathology linked to impaired
negative feedback regulation of the HPA
axis

- Addictive Disorders: stress,
glucocorticoids are implicated in relapse

> Chronic fatigue, fibromyalgia: connection
to reduced cortisol secretion

University of -lQE

CINCINNATI



Age-related Disease: Mechanisms of
Stress Pathology

> Mitochondrial dysfunction (oxidative stress)
> Calcium dyshomeostasis

> Inflammation (enhanced cytokine production)
- Telomere shortening

Guo et al, Signal Trans > Enhanced cellular senescence
Targeted Ther, (2022)
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Stress and Aging: Resilience

- Lifespan:

» Maintenance of glucocorticoid
homeostasis

- Dietary restriction: Anti-
Inflammatory (associated with

elevated glucocorticoids?) ., = .
M ars b 1

2. "STRESSED”

Y is |
I,«'V}\Vmp V194948 - Well-being(?):
S B | shelled . Activation of reward pathways

gy’ backwards 3
L . Environmental enrichment tyofl@
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Rethinking Stress Biology: Balancing
Adaptation and Pathology

Optimal Match of Response and Context:

*RetjucedvBahamaokal Flexibility
*Redlfctak &risks atory Behavior
*Renmembe-bad\things/ very well
*Behrandgd Gtrgbt ®dhetivity

Stress Hypoa tivatiori

Prefrontal Output

e ST,
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Prefrontal Output

Context and Pathology

‘BlaiioRRlositrecBinssl s @wttetds
oimaicockmptiaey ek iy #rthology ?

1 1
v v

Physiological and Behavioral Response

University of -LQE

CINCINNATI



Systems Performance

‘Bending’ the Inverted U?

Optimal Match of Response
and Context

Physiological or CNS Response
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