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The brain is the central organ for adaptation to

experiences, including stressors, which are capable

of changing brain architecture as well as altering

systemic function through neuroendocrine,

autonomic, immune, and metabolic systems.

Because the brain is the master regulator of these

systems, as well as of behavior, alterations in brain

function by chronic stress can have direct and

indirect effects on cumulative allostatic overload,

which refers to the cost of adaptation. (...)

The healthy brain has a considerable capacity for

resilience, based upon its ability to respond to

interventions designed to open “windows of

plasticity” and redirect its function toward better

health. (…)

McEwen BS (2016) ANNALS OF THE NEW YORK

ACADEMY OF SCIENCES 1373; 56-64



Indeed, there are no magic bullets and

drugs cannot substitute for targeted

interventions that help an individual

become resilient, of which mindfulness-

based stress reduction and meditation

are emerging as useful tools.

McEwen 2016

No magic bullets,

But targeted interventions of psychological
mental, behavioral, cultural type



McEWEN: The brain is the

central organ for adaptation to

experiences

The psyche-brain system is 

the central network for 
adaptation to experiences
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Self as Brain (Patricia Churchland)
Mind-Brain identity

Here the psychological dimension has no
possibility for a feedback on the biological
one: what happens inside the mind of an
individual is rigidly determined by the
genetically organized structure of the brain
and at the same time the lived psychological
events do not have any influence, whether
positive or negative, on the brain and on the
rest of the body of that individual.



The Brain as a simple
product of biological
evolution

In fact it ignores the co-evolution of 
the biological and cultural 
structures: co-evolution of brain 
and psyche. 
Namely it does not considers the 
fact that culture, technology and 
behaviors retroact on the biological 
structure from which they come, 
the brain, modifying it both 
functionally and structurally



In opposition to the reductionist 
vision identifying the psyche with the 
brain, an extensive series of data 
show unequivocally that the 
psychological dimension retroacts on 
the nervous circuits from which it 
arises.



STRESS EFFECTS
ON PSYCHE-BRAIN SYSTEM

Neighborhood matters: divergent patterns

of stress-induced plasticity across the brain
•Sumantra Chattarji, 

Nature Neuroscience (2015) 18, 1364–1375 doi:10.1038/nn.4115

http://www.nature.com/neuro/journal/v18/n10/full/nn.4115.html
http://www.nature.com/neuro/journal/v18/n10/full/nn.4115.html
http://www.nature.com/neuro/journal/v18/n10/fig_tab/nn.4115_F3.html#auth-1


Hippocampus modulation of stress system, emotion, cognition

Resistance

INFLAMMATION



Stress Science
The need for a synthesis

Richard Lazarus 1922-2002Hans Selye 1907-1982



“It may be difficult to see at first how 
such essentially different things as 
cold, heat, drugs, hormones, sorrow 
and joy could provoke identical 
biochemical reactions in the body. 
Nevertheless this appears to be the 
case. It can be demonstrated 
scientifically by highly objective 
quantitative biomedical  and  
morphological  parameters  that 
certain  reactions  to  stress are totally 
nonspecific, and common to all types 
of stressors, whatever their 
superimposed specific effects may be” 
(Selye H., Stress in Health and Disease, 1976, p.14).

Stress reactions
nonspecific

Biological tradition



Lazarus’   central   concepts   were   that   
physiological   and psychological stressors cannot 
be overlapped for  different  reasons. 
Particularly, psychological stressors need  to  be  
mediated  by  the  mind, unlike the physiological 
stressors. Referring to Mason’s  studies  on  
monkeys, Lazarus highlights that the 
physiological stressors have a minor impact on 
the stress axis compared to  the  psychological  
ones.  Therefore, Lazarus  says,  the  systems 
activated  by  them  are  also  different.  Lastly 
“Selye does  not  help  us  to understand the 
way psychological stressors work; he only says 
how they affect the body” 
(Lazarus R., Stress and Emotion. A new synthesis, Springer 1999, 
p. 48).

Psychological
Tradition

Psychological
Stressors
Mediated by Mind



FRANCESCO BOTTACCIOLI RIPRODUZIONE 
RISERVATA

Bottaccioli F, Bottaccioli AG (2017) 
Psiconeuroendocrinoimmunologia e 
scienza della cura integrata. Il 
Manuale, Edra-Elsevier, Milano

STRESS SYSTEM
3 ARMS: 
HPA
Simpathetic N. System
AVP, Oxytocin
AND 2 ENTRANCE
PATHWAY:
Psychic and Biologic

synthesis



Dum RP, Levinthal DJ, Strick PL (2016)
Proc Natl Acad Sci U S A 113(35):9922-7. 

Bottaccioli F, Bottaccioli AG (2017) 
Psiconeuroendocrinoimmunologia e 
scienza della cura integrata. Il Manuale, 
Edra-Elsevier, Milano
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EFFETTI
DEL CORTISOLO

Bottaccioli F, Bottaccioli AG (2017) 
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Glucocorticoid receptor (GR) 

activation has been shown to 

reduce adult hippocampal 

progenitor cell proliferation and 

neurogenesis. By 

contrast, mineralocorticoid receptor 

(MR) signaling is associated with 

neuronal survival in the dentate 

gyrus of the hippocampus, and 

impairment of hippocampal MR has 

been linked to pathological 

conditions, such as depression or 
neurodegenerative disorders

Gesmundo, I. et al (2016).
Frontiers in Endocrinology, 7, 66. 

MR

GR

STRESS               MR:GR RATIO ↓

De Kloet ER (2014) From Receptor Balance to 
Rational Glucocorticoid Therapy, Endocrinology 
155: 2754-2769

GC Therapy increases by 2 times the risk
of depression, manic attack 4 times
and 7 times the risk of suicide



Young neurons may contribute to the 
circuitry both by integrating new
information and by inhibiting the
activity of the dense network of mature 
granule cells. This inhibitory effect of
adult-born neurons may be important to
erase previously established, fear-
associated memories and to allow new,
non-fear- associated memories to be
formed instead (cognitive flexibility).

Christoph Anacker and René Hen

Adult hippocampalneurogenesis
and cognitiveflexibility— linking
memory and mood

Nature Reviews Neuroscience June 2017; 18: 335-346



From rodent studies, the neurogenesis 
can be enhanced by learning, aerobic 
exercise, environmental enrichment and 
caloric restriction. 
These strategies may indeed be useful 
therapeutic tools in humans to reduce
anxiety disorders and depression. 
Novel therapeutic interventions could
also target cognitive and emotional 
functions that are dependent on
neurogenesis.
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NICHE NEUROGENETIC

Brain training  
Meditation
Exercise
Diet anti-inflammatory



Preliminarily, two questions:
1. Emotion-Brain-Immune System relationship: What evidences? 
2. How does the psyche work?  What mechanisms?



The Bucharest Early Intervention Project is a 

randomized clinical trial of high quality foster care 

as an intervention for institutionally reared 

children in Bucharest, Romania. 

During infancy, children were randomly selected:

1. to remain in an institution 

2. or to be placed into foster care. 

3. compared to a group of socio-demographically 

matched children reared in biological families 

at baseline and several points throughout 

development. 

4. At around eight years of age, 69 of the original 

136 children underwent structural MRI scans.

Bick J., Zhu T., Stamoulis C. et al. (2015), “Effect of early
institutionalization and foster care on long-term white matter
development: a randomized clinical trial” JAMAPediatr 169(3): 211-
219. 

Boston
Children’s
Hospital
Harvard
Medical
School



Significant associations emerged between early 

life neglect and microstructural integrity of the 

body of the CORPUS CALLOSUM and 

tracts involved in limbic circuitry (FORNIX 

crus, CINGULUM), FRONTO-STRIATAL 

CIRCUITRY (anterior and superior corona 

radiata, external capsule) and sensory 

processing (MEDIAL LEMNISCUS, 

RETROLENTICULAR INTERNAL 

CAPSULE). 

CHILDREN IN FOSTER CARE

Follow up analyses revealed that early 

intervention promoted more normative 

white matter development among 

previously neglected children who 

entered foster care



Catani M, Thiebaut de Schotten M (2012) Atlas of Human Brain Connections, 
Oxford University Press



This work adds to a growing body of 

literature suggesting that the 

socioeconomic contexts in which children 

develop not only shape cognitive 

functioning and its underlying 

neurobiology, but may also shape the 

relations between brain and behavior.

In a diverse sample of 1082 

children and adolescents aged 3–21 

years, we examined socioeconomic 

disparities in white matter 

macrostructure and microstructure.

Socioeconomic status, white matter, and executive function in children
Alexandra Ursache, Kimberly G. Noble for the Pediatric Imaging, 
Neurocognition and Genetics Study, Brain and Behavior 2016; 6: e00531



ORIGINAL ARTICLE

Prenatal maternal depression is associated with offspring inflammation at 25 years: 

a prospective longitudinal cohort study
DT Plant, S Pawlby, D Sharp, PA Zunszain and CM Pariante
Transl Psychiatry (2016) 6, e936; doi:10.1038/tp.2015.155

www.nature.com/tp

High-sensitivity C-reactive protein (hs-CRP) and awakening

cortisol were measured at age 25 in 103 young-adult 

offspring of the South London Child Development Study 

(SLCDS), a prospective longitudinal birth cohort of mother–

offspring dyads recruited in pregnancy in 1986.

Maternal prenatal depression was assessed in pregnancy at

20 and 36 weeks

Exposure to maternal prenatal depression predicted 

significantly elevated offspring hs-CRP at age 25 (odds ratio 

= 11.8, 95% confidence interval (CI) (1.1, 127.0), P = 0.041), 

independently of child maltreatment and adulthood 

depression, known risk factors for adulthood inflammation

http://dx.doi.org/10.1038/tp.2015.155
http://www.nature.com/tp


Why are depressed patients 

inflamed? 

A reflection on 20 years of 

research on depression, 

glucocorticoid resistance 

and inflammation
Pariante, Carmine M. (2017)

European Neuropsychopharmacology
in press

Danese, A., Moffitt, T. E., Pariante, C. M., Ambler, A., 

Poulton, R., & Caspi, A. (2008). ELEVATED 

INFLAMMATION LEVELS IN DEPRESSED ADULTS 

WITH A HISTORY OF CHILDHOOD 

MALTREATMENT. Archives of General Psychiatry, 65(4), 
409–415. http://doi.org/10.1001/archpsyc.65.4.409

• Chronic stress
• Early life 

adversities



Bader, H. N…..& Yehuda, R. (2014). Maternal Age at Holocaust

Exposure and Maternal PTSD Independently Influence Urinary

Cortisol Levels in Adult Offspring. Frontiers in Endocrinology, 5, 

103. http://doi.org/10.3389/fendo.2014.00103
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Biological underpinnings of trauma and 
post-traumatic stress disorder: focusing on 
genetics and epigenetics
Joanne Ryan….& Richard Saffery

Epigenomics Nov 2016; 11: 1553-1569 

http://www.futuremedicine.com/loi/epi


Epigenomics
July 2016 ,Vol. 8, No. 7, Pages 925-944 , DOI 10.2217/epi.16.9
(doi:10.2217/epi.16.9)

Systematic Review
Adverse maternal exposures, methylation of glucocorticoid-related genes and perinatal
outcomes: a systematic review

Sairaman Nagarajan… & Alexandra E Shields

Aim: Maternal environmental exposures affect perinatal
outcomes through epigenetic placental changes. We examine
the literature addressing associations between adverse maternal
exposures, perinatal outcomes and methylation of key genes
regulating placental cortisol metabolism. Methods: We
searched three databases for studies that
examined NR3C1 and HSD11β1/HSD11 β 2 methylation with 
maternal exposures or perinatal outcomes. Nineteen studies
remained after screening. We followed Cochrane's PRISMA 
reporting guidelines (2009). Results: NR3C1 and HSD11 
β methylation were associated with adverse infant
neurobehavior, stress response, blood pressure and physical
development. In utero exposure to maternal stress, 
nutrition, preeclampsia, smoking and diabetes were
associated with altered NR3C1 and HSD11β methylation.
Conclusion: NR3C1 and HSD11 β methylation are useful
biomarkers of specific environmental stressors associated with 
important perinatal outcomes that determine pediatric and adult
disease risk.

http://www.futuremedicine.com/loi/epi


Epigenomics
November 2016 ,Vol. 8, No. 11, Pages 1507-1517 , DOI 10.2217/epi-2016-0074
(doi:10.2217/epi-2016-0074)

Childhood abuse, promoter methylation of leukocyte NR3C1 and 
the potential modifying effect of emotional support
Alexandra E Shields… & Andrea A Baccarelli

Aim: To investigate childhood abuse victimization in relation to 
adult DNA methylation levels in a novel region of NR3C1, with 
emotional support as a possible modifier. Materials & 
methods: 295 participants from the Black Women's Health 
Study. Multivariable linear regression models were used to 
compute differences in mean percent methylation 
levels. Results: Women reporting childhood abuse 
victimization exhibited higher mean NR3C1 methylation levels 
than nonabused women, with a clear dose–response 
relationship. Childhood emotional support appeared to 
attenuate associations only among women with the highest 
levels of physical and sexual abuse. Conclusion: NR3C1 mean 
methylation was higher among women who reported 
childhood abuse. Further research is warranted to clarify 
whether or the extent to which childhood emotional support 
buffers the association.

http://www.futuremedicine.com/loi/epi
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mononuclear cell activation.
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MECHANISM: EMOTION AND INFLAMMATION
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* p < 0.05



Figure A, B: stress-induced cortisol (1, baseline; s2, peak; s3, recovery). Figure C, D area under curve

Bottaccioli et al
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