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The molecular self 
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Lonely  

Integrated 

Social isolation 

78 131 

Inflammation 

Immunoglobulin G1 production 
Type I interferon antiviral response 

Cole et al., Genome Biology, 2007 



Low SES 
Social loss / bereavement 
Post-traumatic stress 
Cancer diagnosis 
Social threat 
Loneliness 
Social instability 
Chronic stress 
Low social rank 
Caregiving for seriously ill 
Anxiety 

Early life adversity 
 



Social instability 

 
Cole et al., PNAS, 2012 
Tung et al., PNAS, 2012 
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Simple questions 
1.  Which gene modules are sensitive 

to social processes? 

2.  Which transcription control 
pathways mediate those effects? 

Social signal transduction 



Irwin & Cole, Nature Reviews Immunology, 2011 



CNS threat 
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Bone marrow 
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Cole et al., PNAS, 2011 
Powell et al., PNAS, 2013 

Heidt et al., Nat. Med., 2014 
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Sloan et al., Cancer Research, 2010 



Adverse 
environment 

CNS threat 
perception 

SNS neurons, 
NE 

Bone marrow 
 

Stem 
Cell 

Lymphoid 

Myeloid 

Granulocyte 

Monocyte 

Systemic 
circulation 

Lung / airway 
- pneumonia    

- asthma 
Vasculature 

- atherosclerosis 
 

Solid tumor 
- breast   
- ovarian 

Metastasis 

Lymph nodes 
- neoinnervation 
- IFN, Th2/Th17 

Viral 
infection 

CNS 
- inflammation 
- neurodegen 

Cole et al., PNAS, 2011 
Powell et al., PNAS, 2013 

Heidt et al., Nat. Med., 2014 



Irwin & Cole, Nature Reviews Immunology, 2011 



Genome 

CNS 
function 

Peripheral 
neurobiology 

Cell signal 
transduction 

Transcription 
factors 

 
Low SES 

Social signal transduction 

 
Isolation 

 
Social threat Bereavement  



CTRA – conserved transcriptional response to adversity  

Irwin & Cole, Nature Reviews Immunology, 2011 

Immunoglobulin G1 production 
Type I interferon antiviral response 
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2 “social genomic programs” in immune cells 
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1.  Recursive persistence and 
environmental embedding 

Not-so-simple 
questions 

Simple questions 
1.  Which gene modules are sensitive 

to social processes? 

2.  Which transcription control 
pathways mediate those effects? 



Stable social conditions 

Unstable 

Sloan et al., J. Neurosci., 2007 
Capitanio & Cole, Philos Trans R Soc Lond B Biol Sci., 2015 
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Social isolation 
 
 

Isolated  

Control  

334 1532 

High 

Low 



Time 1 Environment1 Body1 
RNA1 

Behavior1 

Time 2 Environment2 Body2 
RNA2 

Behavior2 

Time 3 Environment3 Body3 
RNA3 

Behavior3 

Recursive developmental remodeling 

RNA = intra-organismic adaptation 

Cole, Curr Dir Psych Sci, 2009 
Cole, Am J Public Health, 2013 
Gray et al., Mol Psychiat, 2014 
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1.  Recursive persistence and 
environmental embedding 

2.  Social programming of non-
immune tissues (e.g., neural, 
reproductive) 

3.  The human metagenome 

Social genomics 

Not-so-simple 
questions 

Behavior & 
Social Niche 
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Your experiences today 
will influence the molecular composition of your body  
for the next 2-3 months 
 
… or perhaps the rest of your life. 
 
 
 

Plan your day accordingly.  
 
 



Let’s take a break. 



How should we live? 

Lonely  

Integrated 

How not to live 
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Emory CALM study   
PIs: Dr. Charles Raison, Tad Pace, Matthias Mehl 
N = 119, genes = 41 
blood sampled in 2012, age 25-55 yrs, 68% female 
Mostly Emory University staff 
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UNC SOBC2 study 
PI: Dr. Barbara Fredrickson 

N = 91, genes = 52 
blood sampled in 2013-2014, age 35-67 yrs, 73% female 

Chapel Hill adults, UNC staff 

Effect of meditation on CTRA gene expression 



Contemplative leukocytes 
 
 
Cognitive-behavioral 
Antoni et al. (2012) Biological Psychiatry 71:366–372 
 

Mindfulness  
Creswell et al. (2012) Brain, Behavior, & Immunity 26:1095-1101 
 

Relaxation response / mindfulness 
Bhasin et al. (2013) PLoS ONE, 8:e62817 
 

Yogic meditation  
Qu et al. (2013) PLoS ONE, 8:e61910 
Black et al. (2013)  Psychoneuroendocrinology, 38:348-55 
 

Yoga 
Bower et al. (2014)  Psychoneuroendocrinology, 43:20-29 
 

Tai Chi 
Irwin et al. (2014)  Journal of the National Cancer Institute, in press. 
 

Cole, Am J Public Health, 2013 
Cole, PLOS Genetics, 2014 



Attention as a key resource for resilience 
 
Contemplative practices weren’t invented to fight cancer or boost performance, 

but rather to tackle big issues like living purposefully  
and facing death with equanimity.  

 
One fundamental skill they build is attention, the simple act of consciously 

choosing what to focus on instead of letting the mind wander.  
 

Having strong attention is an important component of resilience, because it 
develops a sense of agency and choice in directing one’s thoughts 

and influencing one’s inner landscape  
 

– a powerful counterweight to the sense of helplessness or passivity  
that traumatic stress can produce. 

Dr. Tad Pace - Scientific Americam MIND guest blog with the Garrison Institute 
 



What if you can’t stand… medication? Or meditation? 

Maybe try just being nice. 



How should we live? 

How often do you feel happy? 
How often do you feel satisfied?  

Keyes MHC-SF - Hedonic 

Life has direction and meaning? 

Grow and become a better person?  
Keyes MHC-SF – Eudaimonic 

Hedonic Eudaimonic 

Fredrickson et al., PNAS, 2013 
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JUN 
JUNB 
JUND 
NFKB1 
NFKB2 
REL 
RELA 
RELB 

Eudaimonic 

Hedonic 

IL1A 
IL1B 
IL6 
IL8 
TNF 
PTGS1 
PTGS2  

IGJ  
IGLL1  
IGLL3   

GBP1  
IFI16  
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IFNB1  
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MX1  
MX2  
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OASL  

Favorable 

Adverse 
Fredrickson et al., PNAS, 2013 



Hedonic Eudaimonic 

Hedonic 

Eudaimonic 



Goetz et al., Psych Bulletin, 2010 
Porges, Int J Psychophys., 2001 

Porges, Psychophysiol., 1995 



A"en%onal	
  path	
  to	
  Eudaimonia:	
  	
  direct	
  a)en+on	
  away	
  from	
  the	
  self,	
  
and	
  outward,	
  toward	
  others	
  and	
  the	
  world	
  around	
  us.	
  

	
  

How	
  can	
  we	
  increase	
  eudaimonic	
  well-­‐being?	
  





	
  
Tomorrow,	
  you	
  are	
  to	
  perform	
  three	
  nice	
  things	
  for	
  others,	
  	
  
all	
  three	
  in	
  one	
  day.	
  	
  
	
  
Tomorrow,	
  you	
  are	
  to	
  perform	
  three	
  nice	
  things	
  to	
  improve	
  the	
  world,	
  	
  
all	
  three	
  in	
  one	
  day.	
  	
  
	
  
Tomorrow,	
  you	
  are	
  to	
  perform	
  three	
  nice	
  things	
  for	
  yourself,	
  	
  
all	
  three	
  in	
  one	
  day.	
  	
  
	
  
Tomorrow,	
  as	
  you	
  go	
  about	
  your	
  day,	
  please	
  keep	
  track	
  of	
  your	
  ac%vi%es.	
  
Do	
  not	
  alter	
  your	
  rou+ne	
  in	
  any	
  way;	
  simply	
  keep	
  track	
  of	
  what	
  you	
  do.	
  

A"en%onal	
  path	
  to	
  Eudaimonia:	
  	
  direct	
  a)en+on	
  away	
  from	
  the	
  self,	
  
and	
  outward,	
  toward	
  others	
  and	
  the	
  world	
  around	
  us.	
  

	
  

How	
  can	
  we	
  increase	
  eudaimonic	
  well-­‐being?	
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Attention as a key resource for resilience #2 
 

Direct attention toward others, to support empathy, compassion, connection 
and the good personal health that comes from eudaimonic well-being.  
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