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Figure 1.  Photographs of Hans Selye from 1950s (left) and 1960s. (Modified from: A personal reminiscence by Dr Istvan Berczi). Selye was born January 

26, 1907, Vienna, Austria and died October 16, 1982, Montreal, Canada. 

Published in: Sandor Szabo; Yvette Tache; Arpad Somogyi; Stress  2012, 15, 472-478. 

DOI: 10.3109/10253890.2012.710919 

Copyright © 2012 Informa Healthcare USA, Inc. 



Questions of interest… 

Outcome: cognitive decline, 
dementia ? 

resilience- 
coping 

stressful 
events - 
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genes 



Central role of the brain in allostasis and the behavioral and physiological response to 

stressors. [From McEwen (211), copyright 1998 Massachusetts Medical Society.]. – increased 

levels of glucocorticoids 

Bruce S. McEwen Physiol Rev 2007;87:873-904 

©2007 by American Physiological Society 



 Figure 1. Schematic representation of the limbic hypothalamic pituitary adrenal axis. Modified after Lupien and Lepage (2001). GR, 

glucocorticoid receptor; MR, mineralocorticoid receptor. 

Biological Psychiatry, Volume 59, Issue 2, 2006, 155–161 

Glucocorticoids Increase Amyloid-beta and Tau 

Pathology in a Mouse Model of Alzheimer’s Disease  

(Green et al., 2006) 

Corticotropin-releasing factor receptor-dependent effects of repeated 

stress on tau phosphorylation, solubility, and aggregation 

(Rissman et al., 2011) 





Opposing effects of stress on learning depend on the timing of the events.  

Bruce S. McEwen Physiol Rev 2007;87:873-904 

©2007 by American Physiological Society 



Stress disrupts cognitive processes  
(Roozendaal et al., Nature Reviews, Focus on Stress, 2009) 

Nature Reviews | Neuroscience

Stress

Hippocampus

Medial prefrontal 
cortex

Amygdala

 Reduced volume
 Inversely correlated 

with symptom severity 

 Reversible dendritic atrophy
 Reduced neurogenesis

 Persistent dendritic growth
 Persistent spine formation

 Hyper-responsive
 Correlated with 

symptom severity

 Hyporesponsive 
 Inversely correlated with symptom severity

 Reversible dendritic atrophy
 Reversible spine loss

effects highlight distinctions between various amygdala 

nuclei, and they also leave open the question as to which 

of these changes is more important for the anxiety that 

results from stressful experiences, including the possibil-

ity that they are all important to some degree. First, in 

terms of cytoarchitecture, the BLA has been described 

as a ‘cortical’ nucleus whereas the CeA and MeA have 

been classified as ‘non-cortical’ nuclei121. Second, these 

region-specific differences in cytoarchitecture are paral-

leled by variations in the expression patterns of specific 

molecular markers that are implicated in morphologi-

cal plasticity and synaptic reorganization. For example, 

stress-induced spine loss in the MeA depends on the 

extracellular matrix protease tissue plasminogen acti-

vator (TPA; also known as PLAT), which has no role 

in spine formation in the BLA122,123. Importantly, stress-

induced upregulation of TPA is restricted to the MeA and 

CeA — it is not evident in the BLA. A similar regional 

gradient was reported for polysialylated neural cell adhe-

sion molecule (PSA–NCAM), which can be a substrate 

for TPA-mediated proteolysis124, with the CeA and MeA 

showing the highest levels of expression125. Chronic 

restraint stress causes a significant downregulation of 

PSA-NCAM in these nuclei but not in the BLA. These 

observations highlight the need to examine the subtle 

region specificity, possibly even cell specificity, of these 

molecular effects of stress in the amygdala network.

Implications and future directions
The findings summarized above — that stress exposure 

has direct effects on amygdala function and induces 

more enduring morphological effects on cells and syn-

apses in the amygdala — has important clinical impli-

cations. Several lines of evidence indicate that after an 

intensely aversive experience the formation of a strong, 

aversive memory trace is an important pathogenic 

mechanism for the development of anxiety disorders 

such as PTSD126. PTSD is a chronic response to a trau-

matic event and is characterized by the following fea-

tures: re-experiencing the traumatic event, avoidance of 

stimuli associated with the trauma, and hyperarousal127. 

The findings from animal studies suggest that memory 

consolidation and recall processes might be perma-

nently altered in these conditions. Although it is likely 

that stress-induced functional and structural changes 

in the amygdala play a pivotal part in many of these 

symptoms119, other brain regions are also involved in 

the plasticity and in the storage and recall of memories. 

Although largely unexplored, the stress-related remod-

elling of amygdala, prefrontal cortex and hippocampal 

neurons is likely to influence their memory-processing 

capabilities. This is particularly important because, as 

already noted, the morphological effects of stress on 

amygdala plasticity are strikingly different to those in 

the hippocampus and the prefrontal cortex, two brain 

areas that are not only sensitive to stress but also regu-

late the stress response (BOX 1). In turn, these findings 

have implications for the understanding, diagnosis and 

treatment of anxiety and mood disorders (BOX 2).

There are many fascinating unanswered questions. 

First, are the same hormone and neurotransmitter sys-

tems that have a role in adaptive learning and memory 

responsible for the structural changes that occur in the 

BLA after chronic exposure to stress? Studies on learning 

and memory have focused on the crucial role of arousal-

induced noradrenergic activation, but morphological 

studies have not investigated this. It is important to 

investigate whether noradrenaline has a central role in 

inducing structural changes in the amygdala.

Second, acute and chronic stress increase anxiety in 

open-field and plus-maze tests (FIG. 4), but it is unclear 

how these increases in anxiety might translate to changes 

 Box 1 | Structural changes in interconnected brain regions

Repeated stress of the type that causes 

remodelling of neurons and connections in the 

amygdala produces concurrent neuronal 

remodelling in the prefrontal cortex and 

hippocampus (see the figure), two structures 

that regulate the activity of the hypothalamus-

pituitary-adrenal axis117. These changes include 

shrinkage of dendrites and a reduction of spine 

density in medial prefrontal cortex neurons and, 

in the hippocampus, shrinkage of dendrites in 

CA3 pyramidal neurons and dentate gyrus 

granule neurons. Chronic stress also decreases 

neurogenesis and neuron number in the dentate 

gyrus. However, dendritic branching in the 

orbitofrontal cortex increases as a result of 

chronic stress. For the most part, these 

stress-induced changes in the hippocampus and 

medial prefrontal cortex are reversible over time, 

at least in the animal models that have been 

investigated so far. As these brain regions are 

interconnected, it is likely that the structural 

remodelling in one region will influence the 

functions of other brain regions.
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 Framingham study 

 

 Alzheimer’s Disease 

Neuroimaging 

Initiative (ADNI)  

- more severe events – higher rate of cognitive 

decline – PTSD? 

- chronic stress – better cognitive function 

- ApoE e4 carriers – stronger association   

(Comijs et al., 2011) 



Stress, cortisol and the 

hippocampal volume 

(Lupien et al. 1998, Apostolova et al. 

2010) 



 Figure 1. Using whole-brain voxel-based morphometry, more cumulative adverse life events were associated with lower mean gray 

matter volume (GMV), after controlling for age, sex, and total intracranial volume in a region (20,679 voxels; familywise error p &lt;... 

 Cumulative Adversity and Smaller Gray Matter Volume in Medial Prefrontal, Anterior 

Cingulate, and Insula Regions. (Ansell et al., 2012) 



Critical periods – nonlinear subcortical aging  
(Fjell et al., 2013) 



Relationship between baseline hippocampal atrophy and white matter–MRI percent change 

maps.  

Nicolas Villain et al. Brain 2010;133:3301-3314 

© The Author (2010). Published by Oxford University Press on behalf of the Guarantors of Brain. 

All rights reserved. For Permissions, please email: journals.permissions@oxfordjournals.org 



Illustration of white matter alterations.  

Nicolas Villain et al. Brain 2010;133:3301-3314 

© The Author (2010). Published by Oxford University Press on behalf of the Guarantors of Brain. 

All rights reserved. For Permissions, please email: journals.permissions@oxfordjournals.org 



Brain patterns of grey matter atrophy and 18FDG-PET hypometabolism in amnestic MCI. 

Profiles of brain alterations in patients with amnestic MCI at baseline compared with healthy 

elderly (top) and over the 18-month follow-up period (bottom).  

Nicolas Villain et al. Brain 2010;133:3301-3314 

© The Author (2010). Published by Oxford University Press on behalf of the Guarantors of Brain. 

All rights reserved. For Permissions, please email: journals.permissions@oxfordjournals.org 



 Brain development and aging: Overlapping and unique patterns of change. 

Tamnes et al., 2013. 



Neuroscience & Biobehavioral Reviews, Volume 32, Issue 6, 2008, 1161–1173 

http://dx.doi.org/10.1016/j.neubiorev.2008.05.007 

I. Sotiropoulos et al. / Neuroscience and Biobehavioral Reviews (2008)  

Depression and mood status: effects on cognition 



Delicate balance  
(Recent Developments in Understanding Brain Aging: Implications for 

Alzheimer’s Disease and Vascular Cognitive Impairment,  

Deak et al., 2015) 

neurovascular 
coupling 

blood-brain 
barrier 

integrity 

Treatment vs prevention dilemma 



Young blood reverses age-related 
impairments in cognitive function 
and synaptic plasticity in mice  
 
(Villeda et al., Nature Medicine 
2014) 
 
- heterochronic parabiosis: joining 
blood supply between young and old 
animals 
- ‘rejuvenated phenotype’: 
 
beta-2-microglobulin decrease 
 
synaptic plasticity related  
transcriptional changes in 
hippocampus- dentritic spine density 
improved 
 
cognitive performance improved 




