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“Contrary to many fears, genetic research is serving to only underscore 
the importance of the social environment, not diminish it” (Way & 

Taylor, 2010, p. 111).  
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*Is gene function independent of the environment, or is it 
responsive to the environment, including social environments? 

*Theories of genetic predisposition to “mental health disorders” 
tend to implicate DNA and conceal the importance of the 
social environment. 

*However, even when heredity has been shown to be a factor in 
the development of human behaviour, researchers have failed 
to explain this by genes alone. “Heredity” is not synonymous 
with “genetics.” The case of the missing heredity (Maher, 2008, 
p. 18)? 

 



*Genes and environments interact with each other, and 
epigenetic responses to the environment are capable of 
directing gene expression.  

*“Genetic determinism has died a quiet death” (Simons et 
al., 2011, p. 883)  

*Thus, we now know that we may alter our gene function 
by changing our environments! 

 



*Gene-environment interaction (G x E) research. 

*Framework for critical analysis of G x E research. 

*Epigenetic research: Changes in gene expression that are not 
related to differences in DNA sequence. 

*Implications for therapy and other social responses. 

*“Contrary to many fears, genetic research is serving to only 
underscore the importance of the social environment, not 
diminish it” (Way & Taylor, 2010, p. 111).  

 



*Language of effects – determinism – cause and effect e.g., 
“environmental causes” and “genetic effects.”  

*Language of responses – agency – e.g., “epigenetic responses.” 

*In this presentation, I use a language of responses. 

*For further information regarding the distinction between 
effects and responses please see Wade (1999). 

 



*Research designs use diagnostic categories that denote 
psychopathology (“mental illness”). 

*However, diagnostic criteria tend to lack analysis of 
context, and thus may be particularly problematic in 
cases where human suffering is a response to adversity.  



*1980 to 2005: Attempts to identify single genes involved in 
causation of psychiatric disorders.  

*These attempts failed to identify any single locus that was 
unequivocally replicated (Burmeister et al., 2008).  

*From 1996 onward, a shift to genetic association studies 
(genes associated with an increased incidence of a disorder).  

*2002 – a paradigm shift to gene-environment interaction  

   (G x E) studies.  

*Results are exciting, but misinterpretations carry serious 
ethical implications.  

 



*Claims that common genetic variations (frequencies of 25-80%) 
convey vulnerability to stress (Caspi & Moffitt, 2006); 

*“Genetic risk” (Bakermans-Kranenburg & van Ijzendoorn, 2011); 

*“Most vulnerable genotypes” (Kaufman et al., 2006); 

*“High-risk genotype” (Brody et al., 2009, p. 657); 

*“Genetic defect” (Morse, 2011, p. 207); 

*“Warrior gene” (Lea & Chambers, 2007); 

*“In theory, 5-HTTLPR S-carriers are characterized by the stable 
trait of negative affectivity that is converted to psychopathology 
only under conditions of stress, just as glass is always 
characterized by the trait of brittleness but shatters only when a 
stone is thrown” (Caspi et al, 2010).  



*Best case scenario for those with genetic 
variations (alleles) said to convey vulnerability or 
risk is that they will have the same outcomes as 
others as long as environmental conditions are 
favourable.  

*Worst case scenario: Those with risk alleles 
suffer more when environments are adverse. 

*No possible benefits of carrying these alleles. 

*However, much is concealed by this perspective. 



*Negative social responses following severe 
adverse events are associated with more intense 
and prolonged distress (Andrews et al., 2003; 
Brewin et al., 2000; Campbell et al., 2001).  

*Lack of social support is one of the strongest risk 
factors for PTSD following severe adverse events 
(Brewin et al., 2000; Ozer et al., 2008). 



*Conceal the importance of social responses. 

*Suggest that distress following adversity is a result of an 
intrinsic biological deficiency. 

*Suggest a solution may be to use pharmacological 
interventions to alter gene function. 

*Suggest those with genetic vulnerability may be resistant 
to therapy. 

*After all, how easy is it to mend shattered glass?  

*However, a growing body of research supports an 
alternative view. 

 



*Caspi et al. (2002)studied monoamine oxidase A (MAOA), 
which degrades serotonin, dopamine, and 
norepinephrine (Shih et al., 1999).  

*There are high-activity (MAOA-H) and low-activity 
(MAOA-L) MAOA alleles located only on the X 
chromosome. (Caspi, 2002). 

MAOA-L Allele Frequencies 

New 

Zealand 

Caucasians 

African  
Americans 

Maori Taiwanese Chinese 

37% 58% 56% 61% 56% 
Caspi et al. 
(2002) 
 

Lea & 
Chambers 
(2007) 

Lea & 
Chambers 
(2007) 

Lu et al. (2002) Lung et al. 
(2011) 



*Caspi et al. (2002) proposed that “childhood 
maltreatment predisposes most strongly to adult violence 
among children whose MAOA is insufficient to constrain 
maltreatment-induced changes to neurotransmitter 
systems” (p. 851). 

*Caspi et al. (2002) studied a New Zealand birth cohort 
(Dunedin Multidisciplinary Health and Development 
Study)  of 442 males who had been followed from ages 3 
to 26. 

 

 



Composite index of antisocial behavior as a function of MAOA 

activity and a childhood history of maltreatment (Caspi et al., 

2002, p. 852).  

No direct relationship 

between MAOA activity and 

antisocial behaviour. 

 

However, those carrying the 

MAOA-L allele and exposed to 

maltreatment showed 

significantly higher levels of 

antisocial behaviour. 

 



 

 

 

 

 

 

 

 

“This is an important finding because it suggests that specific 
genotypes may be associated with increasing or decreasing risks for 
psychiatric disorder contingent on environmental exposures” (Foley et 
al., 2004, p. 742). 



• Kim-Cohen et al. (2006) studied 

the relationship between MAOA 

alleles, physical abuse, and 

aggression in 975 seven-year-old 

boys in the UK. 

 

• MAOA-L activity alleles 

associated with higher levels of 

distress and aggression after 

physical abuse.  

 

• Significant main effect of MAOA 

activity in the opposite 

direction! 

(Kim-Cohen et al., 2006, p. 907) 



*Belsky and colleagues (Belsky, Bakermans-Kraneneburg, & van 
IJzendoorn, 2007; Belsky et al, 2009; Belsky & Pluess, 2009)  

*Much psychiatric genetic research is based on the diathesis-
stress model (sensitivity to stress)  

*Differential susceptibility to environmental influences 
(susceptibility to both positive and negative influences) 

*Vulnerability genes/risk alleles vs. plasticity genes 

*I prefer the terms differential responsiveness and 
responsiveness alleles. 



*Byrd and Manuck (2013) conducted a meta-analysis of studies 
testing the interaction of MAOA genotype with childhood 
adversities on antisocial outcomes in predominantly non-
clinical samples. 

*Across 20 male cohorts, early adversity was more strongly 
associated with antisocial outcomes for those carrying MAOA-L 
than for those carrying MAOA-H. 



*Belsky & Pluess (2009) identified 7 studies showing a cross-
over with those carrying MAOA-L alleles showing higher levels 
of distress when exposed to adversity and lower levels of 
distress in supportive environments than those carrying 
MAOA-H alleles. 



*MAOA-L has been referred to as the “Warrior 
Gene” (Lea & Chambers, 2007). 

*Research suggests it would be more accurately 
portrayed as responsiveness gene – associated 
with increased responsiveness to social 
interactions: both adverse and beneficial. 



* Long (L) and short (S) alleles of 5-HTT gene-
linked polymorphic region (5-HTTLPR) have been 
identified (Heils et al, 1996).  

*The S allele has been associated with decreased 
5HTT function (Lesch, 1996) relative to the L 
allele. 

 

 



Both S and L alleles are common throughout the world 
(Gelernter et al., 1997; Hu et al., 2006). 

5-HTTLPR S-Allele Frequencies 

African 

Americans 

European 

Americans 

Native 

Americans 

Japanese 

25% 40% 65% 80% 

 

 

5-HTTLPR Genotype Frequencies in a Caucasian Population 

(Caspi et al., 2003) 

S/S S/L L/L 

17% 51% 31% 



*Caspi et al (2003) conducted a G x E study looking at variations 
of the serotonin transporter gene and exposure to childhood 
maltreatment and stressful life events. 

*Caspi et al. (2003) found 

*No “main effect” of  5-HTTLPR genotype on outcome of 
depression. 

*G x E interaction: Childhood maltreatment and 5-HTTLPR  S allele 
interact to increase risk for depression. 

*G x E interaction: Stressful life events and 5-HTTLPR  S allele 
interact to increase risk for depression. 

 



Kaufman et al. (2004) examined 5-HTTLPR x maltreatment x 
social support interactions. 
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Taylor et al. (2006) studied a non-clinical sample of 118 young adults. 

 



0

1

2

3

4

5

6

7

8

9

10

Positive Life Events Negative Life Events

D
ep

re
ss

iv
e 

Sy
m

p
to

m
at

o
lo

gy
 

Life Events (past six months) 

S/S

L/L



*In a subsequent analysis, Way and Taylor (2010) found the 
interaction between social events (e.g., breaking up with a 
romantic partner, conflict with family or friends, or death of a 
loved one) and the S/S genotype was significantly associated 
with depressive symptomatology. 

*There was no interaction between non-social life events (e.g., 
receiving a low grade in class, job loss, being in a car accident) 
and S/S genotype.  

*“Contrary to many fears, genetic research is serving to only 
underscore the importance of the social environment, not 
diminish it” (Way & Taylor, 2010, p. 111). 

 



RelLE = Relative Life 

Events =  # positive life 

events - # negative life 

events. 

Thus, for S carriers, 

positive life events may 

help to counter-balance 

negative ones. 



*A meta-analysis of 54 studies suggests there is cumulative 
and replicable evidence that 5-HTTLPR moderates the 
relationship between stress and depression with the S 
allele associated with increased stress sensitivity (Karg et 
al., 2011). 

*Van IJzendoorn, Belsky, and Bakermans-Kranenburg 
(2012) conducted a meta-analysis of child and adolescent 
5-HTTLPR x environment studies. 

*SS/SL carriers were significantly more vulnerable to negative 
environments then LL carriers and, in Caucasian samples, SS/SL 
carriers also profited significantly more from positive 
environmental input than LL carriers.  

 

 



*Simons et al. (2012) 

*208 African American males ages 20-21 

*MAOA-L, 5-HTTLPR S, DRD4 7R genotype x 
hostile/demoralizing environment 





Three studies have shown greater responsiveness 
to psychotherapy among those with serotonin 
transporter short alleles (Brody et al., 2009; Eley 
et al., 2012; Fox et al., 2011)   



When researchers make claims of genetic vulnerability to stress, ask 

* Is the genetic variation common? 

* If it is common, what advantages might offset reported 
disadvantages? 

*What outcome measurements (measures of both distress and 
wellbeing?) have been used? 

* In what environments (restricted or broad, adverse and supportive?) 
have outcomes been examined?  

If narrow outcome measures were used in restricted environments, 
results must be interpreted with extreme caution. Results of G x E 
research reflect group averages and may have limited applications to 
specific individuals. 

 



*We may contest pathologizing of those who 
carry common genetic variations. 

*Those who are most distressed in response to 
adversity may also be most likely to respond to 
therapeutic social interventions. 

*Everything we do to reduce hostile/demoralizing 
environments may contribute to reductions in 
violence.  

 



*Subjecting those who are highly responsive to 
social environments to incarceration in hostile 
and demoralizing prison settings, may increase 
risk for future violence.  

*Consider implementing respectful and 
compassionate responses to those who have 
been maltreated and show aggression.  



*Those who are most responsive to social 
interactions may be interested in highly 
contextualized forms of therapy.  

*An example of such a therapeutic 
approach is Response-Based Therapy 
(Wade, 1999; see also 
responsebasedpractice.com) 



“Epigenetic” derives from the Greek epi 
meaning ‘‘upon’’ and genetics. Epigenetics 
has been defined as functional 
modifications to DNA that do not involve an 
alteration of DNA sequence. (Meaney, 
2010).  
 



When methyl groups attach to key DNA 
sequences, genes become inaccessible. 



The amount of time rat mothers spend licking and 
grooming their pups varies during the first week of 
life.  
 

(Image from Zhang & Meaney, 2010, p. C3) 



Glucocorticoid Receptors (GR) 

Stress Hormones GR 

- 



*Weaver et al. (2004) found that at the end of the 
first week of life, the glucocorticoid receptor 
gene was unmethylated in the pups of high-
licking-grooming (high-LG) mothers, but 
methylated in the pups of low-LG mothers. 

*McGowan et al. (2011) found methylation 
changes in many other genes revealing “a 
clustered yet specific and patterned response” 
(p. e14739). 

 



*Pups raised by low-LG mothers showed decreased 
learning and memory, decreased object recognition, and 
decreased hippocampal synaptic density.  

*These changes are related to licking and grooming and 
not genetics, as shown by cross-fostering. 

*However, when these rats were exposed to 
environmental enrichment from days 22 to 70 of life, the 
previous decreases in cognitive function were reversed. 
(Bredy et al., 2004) 



*Champagne et al. (2008) and Bagot et al. (2009) showed that 
under stressful conditions, pups of low-LG mothers 
outperformed those of high-LG mothers: They showed greater 
learning, memory, and hippocampal synaptic plasticity. 

*Pups of low LG mothers demonstrate enhanced capacity for 
defensive responses when exposed to threat, engage in less 
open-field exploration, reach puberty at an earlier age, show 
increased sexual receptivity, and spend more time mating 
(Cameron, 2011). 

*Champagne et al. (2008) conclude that, “individual differences 
in outcome of early experience depend on environmental 
context in later life” (p. 6043). 

 



*High-LG mothers placed in stressful conditions 
during gestation become low-LG mothers and 
their female pups also demonstrate low-LG 
practices with their own litters.  

*Low-LG mothers shift in the direction of high-LG 
mothers with an extensive period of 
environmental enrichment. (Champagne & 
Meaney, 2006).  



Meaney (2010) points out that while defensive 
responses to stress (e.g., increased vigilance and 
enhanced avoidance learning) are adaptive, 
persistent activation of these responses may lead 
to increased risk of chronic illness.  



However, “insufficient activation of defensive 
responses under conditions of threat also 
compromises health and is associated with chronic 
fatigue, chronic pain, posttraumatic stress 
disorder, and hyperinflammation” (Meaney, 2010, 
p. 54).  

 



Meaney (2010) concludes, “We walk a fine line 
here” (p. 54). The appropriate level of stress 
reactivity for an individual will vary according to 
the prevailing level of environmental demand. 
Thus, “there is no single, ideal level of stress 
reactivity across all populations” (p. 54). 

 



“If indeed there is no single ideal phenotype, then 
it should follow that there is no single ideal form 
of parenting. If this conclusion has worth, then it 
leads us to question the wisdom of establishing 
parenting programs that foster parental skills 
based on studies of families rearing children under 
more favorable conditions” (Meaney, 2010, p. 67).  

 



• F1 mice were exposed to unpredictable maternal separation  

• F1 males (but not females) were more immobile in response to 
adversity 

• Epigenetic alternations in germline genes related to emotions 
and behaviour 

F2 males showed 
epigenetic alterations 
in germline genes 

• F2 females (but not males) were 
more immobile in response to 
adversity 

• Epigenetic changes in brain 

F3 males (but not females) were 
more immobile in response to stress (Franklin et al., 2010)  



*Early maternal care in rodents is analogous to the 3rd 
trimester of human gestation.  

*Increased third trimester depressed/anxious mood in 
human mothers was associated with increased GR 
methylation in cord blood mononuclear cells collected at 
birth. 

*This was associated with increased salivary cortisol 
change scores following a stress test challenge (involving 
visual stimuli)  at three months of age (Oberlander et al., 
2008). 



*Radtke et al. (2011) examined methylation status 
of the GR gene in blood samples from mothers 
and their children ages 10-19 and assessed for 
intimate partner violence (IPV).  

*IPV during pregnancy, but not before or after 
pregnancy, was associated with increased 
methylation of the GR in children.  



Sharp and colleagues (2012) 

*Maternal pre- and post-natal depression 

*Significantly correlated with infant negative 
emotionality at age 29 weeks, 

*Only in the presence of low-frequency maternal 
stroking. 

 





*Sharp et al. (2015) investigated children age 2.5 
years.  

*When mothers experienced prenatal anxiety, 
their daughters (but not their sons) where more 
likely to show increased internalizing 
(emotionally reactive, anxious/depressed, 
somatic complaints, and withdrawal) scores only 
in the presence of low maternal stroking.  



High and low stroking with 95% confidence intervals for 2.5 years 

Child Behavior Checklist scores plotted against 32 weeks gestation 

maternal anxiety. High stroking is indicated by the grey dashed line, 

low stroking by the solid black line. (Sharp et al., 2015, p. 279) 

 



*Adults participated in a stress test. 

*Blood samples were drawn before, 10 
minutes after, and 90 minutes after 
the stress test (Unternaehrer et al., 
2012).  
 



Average mean DNA methylation levels in OXTR1 at pre-stress, post-

stress, and 90 minute follow-up. (Unternaehrer et al., 2012, p. e150)  

 



*Perroud et al. (2013) measured methylation of 
the brain-derived neurotrophic factor (BDNF) 
gene, (which codes for BDNF, a protein involved 
in neurodevelopment), in leukocytes of 
participants diagnosed with borderline 
personality disorder (BPD).  

*I-DBT treatment responders showed decreases in 
the methylation status of BDNF from pre- to 
post-treatment. Those showing the best 
response to treatment achieved the same BDNF 
methylation levels as control subjects.  



*Yehuda et al. (2013); 

*16 combat veterans enrolled in prolonged 
exposure therapy for PTSD;  

*Evaluated prior to 12-week treatment, post-
treatment, and at 3-month follow up;  

*8 treatment responders and 8 non-responders. 
 

     



*PTSD is associated with low plasma cortisol 
levels,  

*Increased GR responsiveness reduces cortisol 
levels,  

*GR methylation levels remained stable across the 
6 months of the study (Yehuda et al., 2013). 

 



*FKBP51 reduces GR responsiveness, thus increasing the 
stress response.  

*Low FKBP51 expression in PTSD has been associated with 
low plasma cortisol and increased PTSD severity (Yehuda 
et al., 2013). 

 

FKBP51 

GR 

Cortisol 



*Methylation levels of FKBP51 decreased from pre-
treatment to follow up in treatment responders.  

*The authors suggest that, though their findings are 
preliminary, successful psychotherapy may alter 
epigenetic status (Yehuda et al., 2013). 

 



*The more psychiatric genetic research tries 
to identify genetic and/or epigenetic 
contributions to human distress, the more 
it reveals the importance of social 
interactions. 

*In order to understand people’s responses, 
we need to understand their social 
environments/interactions. 



*Provides reason for optimism: Positive 
social responses (e.g., maternal stroking of 
infants, psychotherapy) may be associated 
with reversal of epigenetic responses to 
stress. 

*The overriding message of G x E and 
epigenetic research is that, in order to 
reduce human suffering, we must improve 
the quality of human social environments.  



In closing, I provide two quotes that show 
similarities between the findings of leading-edge 
epigenetic research and traditional indigenous 
wisdom. 

 



The function of the gene can only be fully 
understood in terms of the cellular environment in 
which it operates. And the cellular environment, 
of course, is dynamic, changing constantly as a 
result of signals from other cells, including those 
that derive from events occurring in the external 
environment. Ultimately, function can only be 
understood in terms of the interaction between 
environmental signals and the genome (Meaney, 
2010, p. 48). 

 



Levan (2003) provides a statement of the importance of context 
from an Inuit perspective: 

Within Inuit, and perhaps all land-based indigenous cultures, 
all aspects of life are seen as connected to each other in a 
web of infinite relationships. No part of life is separate from 
another part. All animal species, all vegetation and mineral 
life are related to each other, and to the earth. Nothing and 
no one can be understood outside of their place within this 
larger web of relationships. It is not possible to understand 
one person, or one event, by itself, without putting that 
person or event in its full historical, biological and spiritual 
context. In fact, physical and emotional survival is totally 
dependent on a focused, thorough appreciation and respect 
for this web of relationships. (¶ 10) 

 



Thank you to Dr. Allan Wade and Dr. Robin Routledge for sharing 
my enthusiasm for these topics and for many animated 
discussions regarding implications of this research for mental 
health practice.  

 

Correspondence regarding this presentation may be sent to 
brenda.adams@shaw.ca  
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