EPIGENETICS

41

THE PSYCHOTHERAPIST’S ESSENTIAL GUIDE TO THE BRAIN

T

he mature brain was once thought immutable,
until evidence began to accumulate that it was,
in fact, somewhat malleable. Now the remarkable
plasticity of the brain is common knowledge. Similarly
we have undergone a paradigm shift in our thinking
about DNA. We now know that DNA is not fixed—in
fact it is also quite malleable, and genes are as capable of
modification as the brain. Both the brain and our genetic make-up have a level of plasticity that allows wiring
pathways and gene expression to change with experience over time. This is illustrated by the case of genetically identical twins, who have obvious DNA-driven
similarities, yet also differences that develop in response
to personal experience (Kaminsky et al., 2009).
DNA, the molecule that acts as long-term storage for
our genetic information, is also capable of regulating
its own use. Most of our DNA is in fact not dedicated
to the primary role of protein production. This nonprotein-coding DNA was believed for years to be relatively useless, even acquiring the moniker “junk DNA”.
We are only now discovering that junk DNA performs a
number of important functions, and that RNA strands
(ribonucleic acid transcribed from certain non-coding
DNA) act to regulate, stimulate, and disrupt the activity of protein production. Much of this is an epigenetic

response: in other words, it is dependent on the nature
of the individual’s experience in the context of particular environmental conditions. This discovery represents
an enormous breakthrough in our understanding of our
malleable biology.
Epigenetics (literally “above the genes”), also known
as behavioural epigenetics, is the study of how environmental factors influence gene expression both within
and through heritable changes in DNA. The environment can “mark” genes, dramatically or subtly, changing
levels of expression either transiently or for a lifetime—
even to subsequent generations (Peckham, 2013). It is
the mechanism by which genes adapt to the environment, shaping gene expression to best adapt to whatever
circumstances confront us.
When the environment prompts heritable changes in
gene expression, no changes are made to the underlying DNA sequence (Levenson & Sweatt, 2005). In any
strand of DNA, only a well-defined portion of the genetic possibilities within the DNA are expressed, and
the rest are permanently, semi-permanently, or temporarily turned off. To use the language of geneticists,
the universal DNA genotype is epigenetically changed
to a cell-specific phenotype. The detail of epigenetic ac-
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tion is complex, but the principle is quite straightforward. By adding or subtracting chemicals, it is possible
to “silence” a gene and thus make it impossible for that
gene to be expressed in that cell or in any of its daughter
cells. This is not exactly the same process we refer to as
“turning genes on and off ”, which is more about utilizing genes that are readily available in accordance with
particular needs at the time. Genes that are epigenetically silenced are taken completely out of the picture
(Hill, 2013).
One way that a gene is silenced is when chemical
alterations are made to tiny chemical tails that emerge
from each of the eight histones (proteins that act as
spools around which DNA winds and becomes compact). Addition or subtraction of these chemicals allows or disallows transcription factors to attach to the
promoter region (the part of the DNA that starts the
transcription of a particular gene). The process that has
received the most attention is acetylation: when a histone tail is acetylated, the difference in ionic (electrochemical) charge between the histone and the section
of DNA wrapped around it is neutralized (the larger the
difference in charge between objects, the stronger the
electromagnetic attraction). The effect of acetylation
in neutralizing this difference is that the DNA is looser
and therefore accessible to transcription factors. When
the histone tail is de-acetylated, the difference in charge
increases, causing the DNA to wrap tightly around the
histone so that it is impossible for transcription to occur (Grunstein, 1997; for a general discussion of DNA
methylation and histone modification, see Peckham,
2013).
Another, entirely different silencing mechanism is
a change added to the DNA code itself. In particular
positions, usually near the promoter region in the gene
(at what is described as CpG nucleotides), the cytosine
“letter” of the DNA code is methylated, which blocks
the transcription factor from binding to the promot-
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er region and, again, stops gene expression (Comb &
Goodman, 1990). The crucial point here is that, through
a series of intricate and elegant processes that evoke images of a symphony, the information in our genes is
constantly being brought into activity or silenced.
Studies of rats and their maternal behaviour have
demonstrated that the quality of maternal care of rat
pups in the first weeks of life influences the patterns of
gene expression that affect social engagement and selfdefence (Kauffman & Meaney, 2007). The pups that received enriched stimulation from their mothers showed
different patterns of gene expression in their hippocampus, prefrontal cortex, and amygdala from the pups
who did not get as much maternal care. Subsequently,
the well-cared-for rats demonstrated better social skills
and were more approach-oriented in their environment
and less fearful (Baylin, 2013). One of the most notable
differences observed in the well-cared-for rat pups was
the development of a robust stress-response system. The
reason for this is that the hippocampus has corticosterone stress-hormone receptors that help turn off this
system after a stressful experience. These receptors were
more highly expressed in the well-cared-for rats, who
were able to down-regulate the stress response faster
than their not-so-well-cared-for peers. The nurturing
contributed to less self-defensiveness in these individuals and more exploration and social connectedness.
The research with rats has since been extended to
primates and humans, to investigate the extent of gene
expression as a result of environmental factors, especially attachment factors. Interestingly, the human studies
on levels of care and epigenetic effects show a striking
parallel to the rodent studies, suggesting that all sorts
of early childhood experiences (and even pre-birth and
birth factors such as Caesarean section) heighten the
DNA methylation that negatively affects neurons and
brain plasticity. Peckham (2013) says of these studies:
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It is tempting to speculate that perhaps lower levels of care restrict the variety of genes that can be
expressed, whereas higher levels of care are the epigenetic gateway to our available genome. We speak
of wanting to give our children “every opportunity”,
but the reality of what epigenetic opportunities are
available to our children could largely depend on
the care we give them very early in life. Access to
the widest potential of their genome could be profoundly influenced by their experience of our care,
and if the genes that are accessed by enhanced care
perform plasticity-related functions, the effect of
that care is compounded for good or ill. Poor care
may mean that fewer plasticity-related genes are
expressed, thus restricting a child’s (and the adult’s)
potential to learn, remember, or adapt within their
environment, manifesting in less flexibility and perhaps more stereotyped or rigid responses. (p. 15)
Research suggests that early life experiences with
attachment figures activate different patterns of gene
expression—but that experience-dependent gene expression is not limited to these early experiences and
continues throughout life (Baylin, 2013). These findings have significant implications for psychotherapy.
The adaptive role of epigenetic mechanisms is to ensure
the young are well equipped to survive in the particular environments in which they find themselves. A safe
and enriched environment, therefore, will help shape
a healthy nervous system that connects with people, is
approach-orientated, and is able to down-regulate fear
responses quickly. In contrast, an unsafe and harsh environment will produce a nervous system that is epigenetically geared toward self-defence, avoidance, and
an easily activated and prolonged stress response. The
unfortunate outcome of this programming is a compromised system of self-regulation (in terms of the control
mechanisms from the prefrontal cortex to the limbic
system and a stress-response feedback mechanism to
down-regulate an overly sensitive amygdala, to name
just two), which can lead to a life of low self-esteem,
avoidance, anxiety, and depression.
But are we to remain victims of our early childhood experiences forever, genetically speaking? Fortunately the answer is no. Just as we are learning that
early experience shapes the development of neural networks, we are now learning that the early years are the
most critical for the epigenetic shaping of our brains;
but similarly, just as the plasticity of neural networks
opens them to transformation via new experiences and
memory reconsolidation, so we are discovering that our
genetic expressions are open to change in response to
perceived changes in our environment. Furthermore,
not only are epigenetic processes associated with social and emotional factors, they are also associated with

exercise, sleep/wake cycles, mindfulness practices, and
diet. This opens up for psychotherapists a whole new
world of hope for change, and a more integrative model
of mental-health intervention.
Pharmacotherapeutics is making inroads into reversing epigenetic marks caused by environmental experiences on genes associated with stress response and
mental well-being. But for those who are looking for
an alternative to pharmacology, the enriched environment of safety, social connectedness, and sensory/motor/cognitive stimulation can have a mitigating effect on
the negative epigenetic processes of the early years. As
Peckham (2013) notes:
Environmental enrichment is a powerful tool to effect epigenomic changes, which subsequently affect
the levels of BDNF and modulate HPA axis activity,
which, in turn, builds resilience to, or delays the onset of, various psychiatric or neurodegenerative disorders. . . . Psychotherapy can be seen as a form of
emotional environmental enrichment. It is perfectly
placed to offer an enriched experience of a caring
relationship, albeit an asymmetrical one, where one
can receive empathic, attuned attention that may be
wholly novel and life changing. By offering a new,
benevolent experience of relationship, psychotherapy can be reasonably assumed to change gene
expression, calming a hyperreactive stress axis and
ameliorating the effects of an epigenetically scarred
BDNF promoter, and in so doing, changing our responses to stress and, perhaps, our capacity to learn
and flexibly respond to emotionally challenging
situations. For the client in psychotherapy—as in
many situations in life—it really is the experience
that counts. (p. 17)
Brain plasticity has revolutionized our thinking
about the capacity to make positive changes in our lives.
Epigenetics is one way the body “writes down” and
memorizes ongoing life experience in a way that helps
us adapt to our experiences. Ultimately, what we do,
when we do it, and how we feel about it while we are doing it all contribute to the way experience assembles and
shapes the building materials in our DNA to construct
the person that we see both in the bathroom mirror and
in the mirror of our friends and loved ones. But what
in childhood served as adaptive programming may no
longer be appropriate to our needs and environment in
adulthood, and so we can and should change. It is exciting to know that we have the capacity to change our
neural networks, our emotional memory, and our mental schemas. And with a little help, we can even change
the expression of our genes to better adapt to our current circumstances.
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