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Many mental health difficulties have developmental origins. Understanding the mecha-

nisms for how psychosocial experiences are biologically embedded and influence lifelong

development is a key challenge for themental health disciplines. In recent years, epigenetic

processes have emerged as a potential mechanismmediating the long-lasting vulnerability

following the experience of adversity. Animal models provide evidence that early-life

adversity can produce enduring epigenetic modifications in the brain, which mediate

disorder-like behaviours, and there is emerging evidence to support that environmental

factors influence epigenetic processes in humans. The investigation of DNAmethylation,

a chemical modification of theDNAwith a role in gene regulatory processes, is becoming

increasingly popular in psychological studies. A particular interest for the psychotherapy

field lies in the potential for psychological interventions to influence epigenetic processes.

Hence, the focus of this review will be on studies that have investigated intervention-

associated changes in DNA methylation. Results of the first few studies will be critically

reviewed, and a model of how therapy-associated changes of DNA methylation in

peripheral, non-brain tissue might be useful as epigenetic biomarkers of treatment

outcome will be presented.

Practitioner points

� Many mental health difficulties have substantial developmental origin. Epigenetic processes have

emerged as a potential mechanism mediating the long-term effects of early adversity

� Epigenetic refers to cellular mechanisms that control gene expression states, independent of changes

to the underlying DNA sequence. The epigenome can be highly dynamic and potentially influenced by

external factors

� A particular interest for the psychotherapy field lies in the potential for psychological interventions to

influence epigenetic processes.

Epigenetic mechanisms and the biological embedding of experience
It has long been recognized that many mental health difficulties have substantial

developmental origin. A number of prenatal influences such as maternal psychosocial

stress, psychopathology, smoking, ormalnutrition (Gluckman&Hanson, 2004; Schlotz &
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Phillips, 2009; Thapar et al., 2003) and postnatal adversities such as growing up in

institutions, or experiencing abuse, neglect, or other forms of maltreatment have been

found to increase risk for a wide range of negative health outcomes (Gilbert et al., 2009;

Sonuga-Barke et al., 2017). Understanding the mechanisms for how psychosocial
influences are biologically embedded and cause long-term alterations in structure and

function of the central nervous system and brain-to-body communication systems is a key

challenge for the mental health disciplines. In recent years, epigenetic processes have

emerged as a potential mechanism mediating the observed long-lasting vulnerability

following early adversity.

Epigenetic processes are essential for normal cellular development, differentiation, and

regulation of gene activity or function that occurs in the absence of changes to the DNA

sequence. In contrast to the DNA sequence, the epigenome can be highly dynamic and

potentially influenced by external factors and changes in internal milieu, thus providing a

mechanism for the interaction of the genome with environmental influences. Several

epigenetic mechanisms involved in the control of gene expression have been described,

including DNA methylation, chromatin modification, and control of mRNA expression by

non-coding RNAs (Jaenisch & Bird, 2003). Most epigenetic studies in psychology and the
behavioural neurosciences focus on DNA methylation, which involves direct chemical

modification of the DNA, that is methylation of cytosines in cytosine–guanine (CpG)

dinucleotides (although non-CpG methylation rarely occurs). The relationship between

DNA methylation and gene regulation is complex, and depends on a number of factors,

including genomic localization: broadly speaking, DNAmethylation in promoter regions of

Epigenetics

DNA carries biological information. It consists of two chains made up of the four bases
cytosine, guanine, thymine, and adenine and a sugar-phosphate backbone, and these

chains coil around each other to form a double helix. Specific stretches of DNA contain

instructions for the production of functional products, in most cases messenger RNA

which act as templates for proteins, the building blocks of cells. This highly regulated

process is influenced by epigenetic mechanisms. The most important epigenetic

mechanisms are DNA methylation, histone modifications, and the control of gene

expression through non-coding RNA.

Essentially, DNA and its associated proteins can be chemically modified without

alterations to the underlying sequence, and these chemical modifications influence

how genes are expressed, that is turned on or off. What is important is the fact the

epigenetic mechanisms are responsive to changes in the environmental context. The

implications for psychotherapy are first: how environments can alter and choreograph

gene expression to fit different contexts. Second that this patterning of genetic

expression can increase vulnerability to mental health problems as well as prosocial

and antisocial behaviour. Third and particularly important is that psychotherapeutic

and contextual interventionsmight target the regulation of genes and thereby produce
bottom-up change into phenotypic expressions of various traits. Just as we understand

now that the brain is more plastic than we thought, and that can be exploited through

therapy, so gene expressions may be more plastic than we thought opening new

avenues to understand the human mind in terms of how it matures in certain contexts

and the potential for new therapeutic interventions.
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genes is associated with reduced gene expression, whereas the opposite is observed for

gene body DNA methylation (Schroder et al., 2017; Stricker, Koferle, & Beck, 2017).

Since the first reports of associations between epigenetic alterations and cancer

pathology, epigenomic changes have been correlated with the exposure to various
nutritional, chemical, and physical risk factors (Feil & Fraga, 2012). The epigenetics field

became particularly relevant for psychology with the seminal work published by the

Meaney at the beginning of this century. Variations in the levels of maternal care were

shown to program the stress response of rats, and these lifelong stable differences were

mediated via epigenetic modifications of a gene critically involved in stress regulation.

Specifically, low levels of maternal care during the first 10 days of life increased

hippocampal DNAmethylation in the promoter of exon 17 of the glucocorticoid receptor

gene (Gr, Nr3c1), which codes for the receptor for the stress hormone cortisol. Increased
levels of DNAmethylation decreased GR expression, which resulted in impaired negative

feedback sensitivity of the hypothalamus–pituitary–adrenal axis (Weaver et al., 2004).

These programming effects were not limited to regulation of the stress response, as the

effects of maternal care extended to fear-related behaviour and attentional processes

under stressful conditions, synaptogenesis and cognitive development, female reproduc-

tive behaviour, and maternal care itself (Zhang & Meaney, 2010). Animal models thus

provide powerful evidence that early-life adversity can produce enduring epigenetic

modifications in the brain, which mediate disorder-like behaviours (Kundakovic &
Champagne, 2015). It follows that many researchers have since been interested whether

these findings translate to humans, specifically asking (i)whether psychosocial adversities

lead to DNA methylation changes; (ii) whether DNA methylation changes are associated

with psychopathology; and importantly, (iii) whether DNAmethylation changes mediate

the effects of psychosocial adversity on psychopathology.

A growing number of studies have provided evidence for an association between

exposure to a range of psychosocial adversities early in life and altered DNA methylation

levels. These include prenatal factors like maternal anxiety and depression (Hompes et al.,
2013; Oberlander et al., 2008), self-reported maternal stress (Rijlaarsdam et al., 2016), as

well as objectively recorded maternal stress during natural disasters like the Quebec ice

storm (Cao-Lei et al., 2014). Postnatal risk exposures include poverty (Borghol et al.,

2012), childhood stress (Essex et al., 2013), institutional rearing (Esposito et al., 2016;

Kumsta et al., 2016), childhood maltreatment in the family context (Cecil, Smith, et al.,

2016), and bullying (Ouellet-Morin et al., 2013). Because of the small overlap with respect

to risk exposure and design of the published studies, it is currently difficult to come to

integrative conclusions, and the notion of a specific adversity-related epigenetic signature
awaits confirmation. Of note, a negative finding has been reported in a very well-powered

study (sample size of > 1.600) embedded in the longitudinal E-RISK study. There was no

evidencebetweenexposure to adversity in childhoodor adolescence andDNAmethylation

levels, neither genome-wide nor in selected stress-related genes (Marzi et al., 2018).

The situation is similarwith regard to studies that have examined associations between

DNAmethylation andmental disorders. There is evidence of altered epigenetic processes

in a range of psychopathologies, including disorders of childhood and adolescence

(reviewed by Barker, Walton, & Cecil, 2018), depression (Story Jovanova et al., 2018),
schizophrenia (Pries, Guloksuz, & Kenis, 2017), and Alzheimer‘s disease (De Jager et al.,

2014; Lunnon et al., 2014). Of note, several of these studies have investigated post-

mortem brain tissue and have taken further steps to biologically characterize DNA

methylation associated processes, strengthening functional interpretation of observed

alterations. Similar to the studies cited above, however, there was little overlap in the
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identified differentially methylated sites, again most likely due to differences in analytical

strategy and study design. Also, studies of mental disorders were cross-sectional, and

findings might reflect reverse causation, that is an effect of psychopathology on DNA

methylation levels. To establish a mediation model in which altered DNA methylation
levels link exposure to psychopathology risk, the exposure should occur before DNA

methylation. As recently reviewed by Barker et al. (2018), only four studies so far have

examined DNA methylation in relation to both risk exposures and outcomes, three of

which come from the longitudinal ALSPAC study. To cite an example, Cecil,Walton, et al.

(2016) investigated epigenome-wide, prospective associations between DNA methyla-

tion in cord blood and blood samples taken at age 7 years and substance use in

adolescence. DNAmethylation variation at 65 CpGs at birthwas associatedwith an earlier

age of abuse onset among users and greater levels of substance use during adolescence.
Collectively, these CpG sites mediated the influence of maternal smoking during

pregnancy on adolescent substance use. Interestingly, across the three ALSPAC studies,

only DNA methylation variation at birth but not at later time points was identified as

mediator of prenatal influences (Barker et al., 2018).

Overall, compared to animal models, the picture of environmental regulation of the

epigenomeand its role inpsychopathology appearsmoreheterogeneous inhumans.Despite

some difficulties in the interpretation of findings, few doubt that epigenetic processes are

highly relevant developmental mechanisms that will help to explain how characteristics of
the early environment are linked to health and disorder later in life. As argued by others,

further understanding of the basic biology of gene regulation, as well as improvements in

analytical approaches and study design, will increase chances of determining cause and

effect in longitudinal studies and will clarify the extent to which DNA methylation pattern

may trulymediate psychosocial influences on the development and course of psychopathol-

ogy (Barker et al., 2018; Lappalainen & Greally, 2017; Mill & Heijmans, 2013).

Epigenetics in psychotherapy research

Intervention-associated changes of DNA methylation

As outlined above, exposures to unfavourable environments can lead to long-lasting

alterations in DNA methylation. Given that DNA methylation patterns are more dynamic

than previously thought (Wong et al., 2010), and given that DNA methylation continues

to be responsive to environmental influences across the life-span (Dekkers et al., 2016;

Joehanes et al., 2016), there is growing interest in the potential for psychological

interventions to influence these biological processes. So far, six studies have been

published that assessed DNA methylation before and after therapeutical intervention.
These will be briefly reviewed, differences and commonalities will be discussed, and

caveats in the interpretation of results will be outlined.

The first study to investigate epigenetic alterations as therapy-associated markers was

conducted in combat veterans with PTSD (Yehuda et al., 2013). Given the role of stress in

the aetiology of PTSD and findings of altered HPA axis function, the focus was on two genes

with important regulatory function for the HPA axis: NR3C1 and FKBP5. Patients received

prolonged exposure psychotherapy for 12 weeks, and biomaterial was sampled at pre-

treatment,post-treatment, andafter3-month follow-up.Half of thepatients showeda therapy
response, whereas the other half still met PTSD diagnostic criteria. Higher NR3C1 pre-

treatment DNA methylation levels were associated with lower post-treatment PTSD

symptom severity and a reduction of symptoms from pre- to post-treatment. NR3C1 DNA

methylation levels did not change over the course of therapy. FKBP5 DNA methylation,
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however, showed a therapy response-associated change, with a decrease of DNA

methylation levels in therapy responders and an increase in non-responders. This pilot

study (sample sizen = 16) thus showed thatDNAmethylation levels of two genes important

for stress regulationmaybeused as apredictivemarker for therapy success (NR3C1) and that
changes inDNAmethylationmightassociatewith treatmentoutcome(FKBP5), respectively.

The same two geneswere investigated in a sample of children around the age of 10 years

(n = 98) with anxiety disorders undergoing cognitive behaviour therapy (Roberts et al.,

2015).Therewasnoassociationbetweenpre-treatmentDNAmethylation in anyof theCpGs

inboth genes and treatment response, definedaschange inprimary anxiety disorder severity

from pre-treatment to follow-up. Furthermore, there was no change in DNA methylation

form pre- to post-treatment when considering the group as a whole. Taking into account

therapy response, however, there was a significant association between DNA methylation
change in one of four CpGs and treatment outcome for the FKBP5 gene. In contrast to the

PTSD study outlined above, a decrease in DNA methylation was associated with a greater

reduction in symptom severity. The authors also investigated the interaction between

genotype and DNA methylation on treatment outcome and found that therapy-associated

FKBP5 DNA methylation change was only observed in individuals carrying one or more

minor alleles (designated as risk alleles) of five FKBP5 SNPs. A previous study has also

demonstrated a gene by environment byDNAmethylation interaction for the FKBP5 gene

(albeit at a different locus), where childhood trauma was associated with decreased DNA
methylation in a genotype-dependent manner, which mediated the effect of early-life

adversity on PTSD risk (Klengel et al., 2013). These results suggest a genetic influence on

differential responsivity towards both negative and positive environmental influences

realized through genotype-dependent DNA methylation dynamics.

The same sample of children (n = 116) (Roberts et al., 2014) was also investigated for

DNA methylation of the serotonin transporter gene (SLC6A4), the most widely studied

candidate gene inpsychiatry. DNAmethylation levels did not differ betweenpre- andpost-

treatment in the whole group; however, there were significant differences between
responders and non-responders. Patients defined as responders at 6-month follow-up (but

not at post-treatment) showed a small increase in SLC6A4 methylation during the

treatment period of one CpG site, whereas non-responders showed a decrease in DNA

methylation. The difference in DNA methylation change was thus observed between

those who continued to improve during the follow-up period, and those who worsened.

For broad anxiety response, defined as the absence of all anxiety diagnoses, a similar

pattern of results was observed.

Perroud et al. (2013) studied 115 patients with borderline personality disorder (BPD).
Given the role of childhood maltreatment in the development of BPD, and given altered

BDNF protein levels in BPD patients, the BDNF gene was considered as a target for

epigenetic modifications as a consequence of early-life adversity. BDNFDNAmethylation

levels were assessed before and after a 4-week course of intensive dialectical behaviour

therapy. Compared to controls, BPD patients had significantly higher DNA methylation

levels (expressed as mean percentage across CpG sites in the two investigated regions),

and there was a positive association between number of endorsed childhood trauma

categories and DNA methylation levels. After therapy, DNA methylation increased in
non-responders, whereas responders displayed no change or decreasedwhen depression

response was used as criterion. It needs to be noted, however, that DNA methylation

levels were very low (below 1%) and that DNA methylation changes were below 0.3%.

Furthermore, no association was observed between BDNF DNA methylation levels and

BDNF protein levels in plasma.
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In patientswith panic disorder (PD;n = 28),DNAmethylation levels in blood cells and

their change over the course of a 6-week exposure-based cognitive behavioural therapy

was assessed in a region covering exon 1 and parts of intron 1 of themonoamine oxidase A

(MAOA) gene (Ziegler et al., 2016). Given its location on theX chromosome, only females
were investigated. The study also included a control group and a replication sample. As

previously observed, MAO DNA methylation was lower in PD patients compared to

controls, and therewas a negative correlation betweenDNAmethylation and PD severity.

The experience of a lower number of panic attacks at post- versus pre-treatment was

defined as the response criterion. In therapy responders, averageMAOADNAmethylation

(mean of 13 CpGs) increased, whereas it decreased in non-responders. Therewas no such

therapy response-dependent change in DNAmethylation in the replication sample when

the same therapy response criterion was used. However, amelioration of agoraphobic
avoidance correlated with DNA methylation increases in the replication sample.

Guided by findings from an epigenome-wide study on BPD, Knoblich et al. (2018)

investigated DNA methylation in the APBA2 and in the MCF2 gene. Patients underwent a

12-week dialectical behaviour therapy,withDNA available for 24patientswho completed

treatment. No differences in DNA methylation were observed between patients and

controls, and no change in DNA methylation was observed between pre- and

post-treatment. However, DNA methylation status of both genes predicted therapy

outcome, in that higher DNAmethylation at pre-pretreatment was observed in those who
responded to therapy (n = 7).

As shown in Table 1, the studies conducted so far are very heterogeneous in terms of

investigated samples, selected candidate genes, type of intervention, sampled tissue, and

biochemical analyses of DNA methylation. A striking commonality of all studies is the

observation that therapy responders and non-responders show divergent direction in

their DNA methylation changes from pre- to post-intervention. DNA methylation change

might thus be regarded as a marker or epigenetic correlate of therapy outcome.

However, caution is needed in the interpretation of findings with regard to several
aspects. First, except for one study, no control group was investigated, so that possible

stochastic fluctuations in DNA methylation over time cannot be ruled out. Second, the

observed changes are small, and further, biological characterization is needed to confirm

functional significance of the findings. Furthermore, the applied methods mostly have

insufficient sensitivity to reliably assess such small DNAmethylation differences. Third, it

is unclear whether differences in DNA methylation pre-to-post-intervention reflect true

DNA methylation changes and not changes in cell composition. Last, it is important to

reflect on the meaning of peripheral DNA methylation changes, and to consider carefully
whether – as suggested by some – changes observed in peripheral surrogate tissue can

indeed inform about neuronal activity-dependent – that is learning-associated – changes in
DNA methylation in neuronal tissue. The two latter important considerations will be

discussed in more detail below.

Considerations for the study of DNA methylation in psychotherapy

Cell composition

In psychology and psychiatry, the most commonly used DNA sampling methods are cheek
swabs, saliva samples, or blood samples. Both saliva samples and cheek swabs include

buccal epithelial cells and white blood cells, with cheek swabs representing the more

homogenous sample type. Blood includes up to ten major and several minor cell types. In

contrast to the DNA sequence, which is largely identical across cell types (although
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mosaicism exists), DNA methylation patterns are highly cell type-specific. In case–control
studies, a well-recognized source of variability of DNA methylation is the presence of

systematic differences in cell-subtype proportions between the tested groups (Houseman

et al., 2012; Jaffe & Irizarry, 2014), with cell type within a tissue representing the second-
biggest contributor to DNA methylation variation (Farre et al. 2015). This has important

implications for the interpretation of DNA methylation differences between groups, and

between time points in the same individuals. If two samples, for example pre- and

post-intervention,with different cell type compositions are compared, then the differences

between the samples will primarily reflect those differences in cell type, which might be

unrelated to the effect of intervention (Figure 1). The composition of the circulating

leucocyte pool is dynamic and influenced by various external factors, including infections

or stress exposure– indeed, leucocyte composition can rapidly change in response to stress
(Cole, 2010). It is thus critical to account for cell compositionwhen attempting to elucidate

the causal effects of intervention on DNA methylation changes.

When using blood samples, simple blood cell count can be used to strip away

variations in DNA methylation that can be attributed to differences in leucocyte subset

Figure 1. shows hypothetical tissue sample with two cell subtypes A and B at two sampling points, for

example pre- and post-intervention. In a single cell, the cytosine on a pair of chromosomes can be

methylated on both (representing 100%DNAmethylation), neither (representing 0%DNAmethylation),

or one of the alleles (representing 50%DNAmethylation). In patients‘ DNA samples, up to a fewmillions

of cells are measured at the same time, so that DNA methylation is expressed as a continuous measure

with ranges from0 to 100%.Change in the overall DNAmethylation of a sample can be the result of either

cellular reprogramming, that is change of DNA methylation at specific CpG sites (not shown), or the

result of changes in cellular composition. In that case, DNA methylation in respective subtypes of cells

does not change, but the overall DNAmethylation of the tissuewill differ because of a higher abundance of

cell typeswith a differentDNAmethylation patterns. This highlights the importance of taking into account

cell composition when interpreting change over time. [Colour figure can be viewed at wileyonline-

library.com]
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composition. More labour-intensive methods include physical isolation of cells via cell

sorting or immunomagnetic isolation (Schwaiger et al., 2016). In epigenome-wide

association studies, the relative proportions of cell types canbe inferred and controlled for

through comparison with DNA methylation profiles created from isolated cell types
(available for brain and commonly used surrogate tissues such as blood, cheek swab, and

saliva (Houseman et al., 2012; Smith et al., 2015)). For less well characterized cell types,

reference-free methods exist (Lutsik et al., 2017; Rahmani et al., 2016).

The meaning of DNA methylation changes in peripheral cells

An extensively discussed question concerns the utility of quantifying DNA methylation

variation in cells derived from peripheral tissues when the brain is the primary organ of
interest (Heijmans&Mill,2012;Mill&Heijmans,2013). Surrogate tissuecanbe informative

even if the investigated tissue are not directly involved in thephenotypeof interest, as they

might reflect the exposure to environmental influences (as has been shown, e.g., for the

effects of prenatal subnutrition (Tobi et al., 2018), chemicals (Leung et al., 2018),

psychosocial adversity (Kumsta et al., 2016), or combat (Rutten et al., 2018). Thus,

although variation in peripheral tissue may not directly reflect epigenetic variation in the

brain, theymay still representuseable biomarkers as they report of anexposure that causes

the phenotype in a different tissue (Hannon, Lunnon, Schalkwyk, & Mill, 2015).
In the case of intervention-associated DNAmethylation changes, the situation appears

more complex. The role of epigenetic mechanisms in learning and memory processes is

well established; however, any learning-associated changes in chromatin or DNA

methylation will be specific for neuronal cells. As buccal epithelium or leucocytes do

not have a biologically realistic link to cellular processes occurring in neurons,

intervention-associated epigenetic changes triggered by neuronal activity will most likely

not be reflected in peripheral surrogate tissue (Figure 2). But again, although leucocytes

or buccal cells might not be a ‘window to the brain’, it might still be of value to investigate
therapy-associated DNAmethylation changes in peripheral cells as biomarkers of therapy

outcome. In the case where the effects of intervention on stress–immune interplay are of

interest, blood cells may even be the primary tissue of interest (see below). Following a

brief introduction to epigenetic mechanisms of learning, a model that incorporates

potential pathways that might convey intervention effects to peripheral cells will be

introduced below.

Epigenetics of learning

Psychological interventions such as cognitive behaviour therapy and especially exposure

therapy rely on learning and other memory-related processes, and it is increasingly

recognized that learning-associated changes in neuronal plasticity represent the neuro-

biological basis for psychological treatments (Margraf & Zlomuzica, 2015). As noted by

Kandel (1998), substantive changes in behaviour following psychotherapywill have been

brought about by intervention-associated alternations in gene expression. As epigenetic

mechanisms control gene expression states, they represent prime candidates to
understand cellular mechanism of learning processes, and to understand how psycho-

logical interventions that rely on fundamental learning principles can lead to stable

extinction of old as well as formation of new memories.

A definition of epigenetics readily embraced by researchers of memory processes is of

‘structural adaptation of chromosomal regions so as to register, signal, or perpetuate

198 Robert Kumsta



altered activity states’ (Bird, 2007). This definition implies that epigenetic modifications

react to neuronal activity triggered, for example by learning of new information, and that

they can convey such information into specific gene expression programs, a prerequisite

for the formation of long-lasting memories (Kandel, 2001). Neuronal activity results in a

variety of coordinated modification to chromatin and DNA methylation (Graff & Tsai,

2013;Nagy, Vaillancourt, &Turecki, 2018). Although the exactmechanisms are still being

elucidated, there is convincing evidence that learning-associated changes of neuronal
activity transiently induce epigenetic modifications, which lead to altered gene

expression patterns driving synaptic plasticity and ultimately result in memory formation

andmodification. This brief excursionwasmeant to highlight that epigeneticmechanisms

are critical for learning and memory, and thus of great relevance for psychotherapy

research. However, there is no plausible way to explain why these transient and activity-

dependent alterations of chromatin and the possibly more stable alterations in DNA

methylation in neuronal cells should be reflected in peripheral surrogate tissue.

Social genomics

Where does that leave the study of intervention-associated DNA methylation changes in

non-neuronal cells? The premise for a meaningful interpretation of such changes is that

Figure 2. Many psychological interventions rely on learning mechanisms, and learning-associated

rewiring of neuronal circuits is thought to contribute to therapy-associated behavioural changes.

Epigenetic processes triggered by changes in neuronal activity are involved in synaptic plasticity and are

likely involved in stabilization of new and extinction of old memories, respectively. These activity-

dependent epigenetic changes will not be reflected in peripheral cells. [Colour figure can be viewed at

wileyonlinelibrary.com]
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therapy-associated changes in thoughts, feelings, behaviour as well as the perception of

the social environment are signalled to the periphery, down to the level of cellular

function. Two major brain-to-body communication systems enable such cross talk

between the CNS and peripheral organs, the autonomic nervous system and the HPA axis.
The activation of these bio-behavioural systems under situations of acute threat or stress

leads to increased secretion of the stress effectors noradrenalin and adrenalin, controlled

through the sympathetic nervous system, and of cortisol, controlled by HPA axis activity.

Their concerted effects on a multitude of physiological processes, including immune

function and energy metabolism, enable the organism to cope with the stressor and

ultimately also lead to the termination of the stress response through negative feedback

mechanisms. In variousmental disorders, dysregulations of the stress response have been

observed and are thought to be causally involved in disorder processes (McEwen, 1998).
In the context of this paper, the effects of catecholamines and cortisol on circulating

immune cells are of particular interest. Stress system mediators engage cellular receptor

system, which ultimately regulate the transcription of genes, with specific biochemical

signals inducing specific gene expression responses. Several studies with individuals

exposed to social adversity, chronic or traumatic stress, or facing imminent bereavement

have revealed a specific transcriptional profile – termed conserved transcriptional

response to adversity (CTRA) – characterized by enhanced expression of

pro-inflammatory immune response genes and a reciprocal downregulation of antiviral
immune response genes (Cole, 2014). Interestingly, randomized controlled studies have

shown that CTRA gene expression profiles can be suppressed or reversed by interven-

tions such as cognitive behavioural stress management (Antoni et al., 2012), prosocial

behaviour (Nelson-Coffey, Fritz, Lyubomirsky, & Cole, 2017), meditation (Black et al.,

2013; Creswell et al., 2012), yoga (Bower et al., 2014), and Tai Chi (Irwin et al., 2014).

Apart from intervention effects, an association between a psychological trait and gene

expression profileswas reported. Individuals who showed eudaimonicwell-being, a form

of well-being that stems from devoting one’s efforts to purpose outside the self or a noble
cause showed lower levels of CTRA-related gene expression compared to people who

showedhigh level of hedonicwell-being, amore self-focused formofwell-being generated

by the pursuit of positive emotional experiences and consummatory self-gratification

(Fredrickson et al., 2013, 2015).

Taken together, the emerging field of social genomics provides a framework of

the relationship between the social context and genome function. Importantly, this

model can also be used to derive testable hypothesis of the relationship between

stress mediators, immune cell gene expression profiles, and variation in DNA
methylation. It is likely that the observed alteration of gene expression profiles

following diverse intervention come about through changes in upstream signalling of

stress mediators, which might also lead to changes in DNA methylation, as has been

shown for glucocorticoid receptor action (Zannas & Chrousos, 2017). Altered DNA

methylation levels might either merely reflect these overall changes in physiological

and cellular milieu associated with treatment effects, and thus be regarded as

biomarkers of treatment outcome, or they might be causally involved in altered

cellular functions and possibly stabilize beneficial effects of intervention through
effects on stress receptor function, normalizing cellular responsivity to stress

mediators (Figure 3).

200 Robert Kumsta



Conclusions and outlook

Different interventionswork better for some individuals than for others. A long-term goal,

not only in the mental health field but in all of medicine, is to realize personalized

treatment approaches. To achieve this, relevant mediators and moderators of treatment

efficacy need to be identified. Several features are associated with response to

psychological therapy, and these can be found in the characteristics of the social
environment and the psychological characteristics of patients. However, part of the

observed outcome heterogeneity is likely rooted in biological processes.

Epigenetic featuresmight be used in the same fashion to predict outcome as in therapy

genetics approaches, where DNA sequence variation is the biological predictor variable

Figure 3. In addition to targeting associative memory processes, many interventions have been shown

to influence top-down control of brain-to-body communication systems that relay perceived signals of

the social environment (e.g., threat vs. safety). Indeed, many interventions normalize the activity of stress

response systems, and changes in the levels or function of circulating stress hormones can influence gene

regulatory processes and possibly alter DNAmethylation levels. Changes of DNAmethylation at known

binding sites for transcription factors can help to identify upstream signalling involved in the cellular

reprogramming process. Therapy-associated changes of DNA methylation levels might either merely

reflect changes in physiological milieu (biomarkers of treatment outcome), or they might be causally

involved in altered physiological processes. Extensive bi-directional communication between periphery

and central nervous systemhas been demonstrated, and there is abundant evidence showing the influence

of stress and immune effectors on various cognitive and emotional processes. Thus, this bottom-up

signalling provides for an additional pathway of intervention effects through changes in peripheral

stress–immune interplay. [Colour figure can be viewed at wileyonlinelibrary.com]
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(Bakermans-Kranenburg & van IJzendoorn, 2015; Eley, 2014; Wannemuller, Moser,

Kumsta, Johren,&Margraf, 2018). The studies outlined abovemark the start of attempts to

identify such epigenetic therapy biomarkers. Interestingly, it was not so much the

pre-treatment DNA methylation status, but rather the change in DNA methylation levels
over the course of treatment that was associated with treatment outcome, with

responders and non-responders diverging the direction of change.

An important consideration in the interpretation of these findings is tissue specificity

of DNAmethylations patterns. Peripheral surrogate tissuewill not necessarily reflect DNA

methylation status of brain tissue and will most likely not reflect changes in neurons that

occur in response to learning and concomitant increases in synaptic activity. Still, DNA

methylation changes in leucocytes or buccal epithelium can serve as a valuable peripheral

epigenetic marker for treatment outcome, but caution must be exercised in leaping from
markers to mechanisms. On the other hand, as the effects of therapy are not restricted to

changes in neuronal connectivity, but extend to brain-to-body communication system,

and thus influence peripheral stress and immune effectors, the investigation of epigenetic

changes in immune cells might indeed be mechanistically informative when studying

social regulation of stress–immune interplay (Kim et al., 2016).

To date, there have not been any psychotherapies that have been developed

specifically to generate epigenetic effects. Therapies like compassion focused therapy are

beginning to explore this arguing that such interventions will likely need to be rooted in
evolutionary salient stimuli. Themost likely candidates here are basic evolve motivational

system rather than specific cognition. For example, possibilities include the switching

people from competitive motivational systems into caring motivational systems, which

will recruit a different suite of autonomic and central nervous system processes.

It is still early days for therapy epigenetics, and so far, only a limited number of

candidate geneswith limited coverage of CpGs have been investigated. As array-based and

next-generation sequence technologies become more affordable, a future goal will be to

realize epigenome-wide studies of therapy response in the context of randomized
controlled trials. Future studies should also incorporate genetic information, as DNA

sequence variation is a major source of DNA methylation variation (Chen et al., 2016).

Lastly, studies should be designed in ways that maximize inference of biological

significance of epigenetic modifications by including gene expression profiles and

assessment of peripheral mediators with putative effects on DNA methylation changes,

such as stress hormones and immune system effectors.

In the long run, different types of biomarkers, ranging from genetic variation, DNA

methylation patterns and gene expression profiles together with a range of clinical
information might help to guide treatment choices and help us move towards more

personalized approaches in treatment of mental health difficulties.
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Farré, P., Jones, M. J., Meaney, M. J., Emberly, E., Turecki, G., & Kobor, M. S. (2015). Concordant

and discordant DNA methylation signatures of aging in human blood and brain. Epigenetics &

Chromatin, 8(19), 1–17.
Feil, R., & Fraga,M. F. (2012). Epigenetics and the environment: Emergingpatterns and implications.

Nature Reviews Genetics, 13(2), 97–109. https://doi.org/10.1038/nrg3142
Fredrickson, B. L., Grewen, K. M., Algoe, S. B., Firestine, A. M., Arevalo, J. M., Ma, J., & Cole, S. W.

(2015). Psychological well-being and the human conserved transcriptional response to

adversity. PLoS ONE, 10, e0121839. https://doi.org/10.1371/journal.pone.0121839

Fredrickson, B. L., Grewen,K.M., Coffey,K. A., Algoe, S. B., Firestine, A.M., Arevalo, J.M., . . .Cole, S.
W. (2013). A functional genomic perspective onhumanwell-being.Proceedings of theNational

Academy of Sciences of the United States of America, 110, 13684–13689. https://doi.org/10.
1073/pnas.1305419110

Gilbert, R., Widom, C. S., Browne, K., Fergusson, D., Webb, E., & Janson, S. (2009). Burden and

consequences of child maltreatment in high-income countries. Lancet, 373, 68–81. https://doi.
org/S0140-6736(08)61706-7 [pii] 10.1016/S0140-6736(08)61706-7

Gluckman, P. D., & Hanson, M. A. (2004). The developmental origins of the metabolic syndrome.

Trends in Endocrinology and Metabolism, 15, 183–187. https://doi.org/10.1016/j.tem.2004.

03.002

Graff, J., & Tsai, L. H. (2013). Histone acetylation: Molecular mnemonics on the chromatin. Nature

Reviews Neuroscience, 14, 97–111. https://doi.org/10.1038/nrn3427
Hannon, E., Lunnon, K., Schalkwyk, L., & Mill, J. (2015). Interindividual methylomic variation across

blood, cortex, and cerebellum: Implications for epigenetic studies of neurological and

neuropsychiatric phenotypes. Epigenetics, 10, 1024–1032. https://doi.org/10.1080/15592294.
2015.1100786

Heijmans, B. T., & Mill, J. (2012). Commentary: The seven plagues of epigenetic epidemiology.

International Journal of Epidemiology, 41, 74–78. https://doi.org/10.1093/ije/dyr225
Hompes, T., Izzi, B., Gellens, E., Morreels, M., Fieuws, S., Pexsters, A., . . . Claes, S. (2013).

Investigating the influence of maternal cortisol and emotional state during pregnancy on the

DNA methylation status of the glucocorticoid receptor gene (NR3C1) promoter region in cord

blood. Journal of Psychiatric Research, 47, 880–891. https://doi.org/10.1016/j.jpsychires.
2013.03.009

Houseman, E. A., Accomando, W. P., Koestler, D. C., Christensen, B. C., Marsit, C. J., Nelson, H. H.,

. . . Kelsey, K. T. (2012). DNA methylation arrays as surrogate measures of cell mixture

distribution. BMC Bioinformatics, 13, 86. https://doi.org/10.1186/1471-2105-13-86

Irwin, M. R., Olmstead, R., Breen, E. C.,Witarama, T., Carrillo, C., Sadeghi, N., . . .Cole, S. (2014). Tai
chi, cellular inflammation, and transcriptome dynamics in breast cancer survivors with

insomnia: A randomized controlled trial. Journal of theNational Cancer InstituteMonographs,

2014, 295–301. https://doi.org/10.1093/jncimonographs/lgu028

Jaenisch, R., &Bird, A. (2003). Epigenetic regulation of gene expression:How the genome integrates

intrinsic and environmental signals. Nature Genetics, 33(Suppl), 245–254. https://doi.org/10.
1038/ng1089

Jaffe, A. E., & Irizarry, R. A. (2014). Accounting for cellular heterogeneity is critical in epigenome-

wide association studies. Genome Biology, 15, R31. https://doi.org/10.1186/gb-2014-15-2-r31

Joehanes, R., Just, A. C.,Marioni, R. E., Pilling, L. C., Reynolds, L.M.,Mandaviya, P. R., . . . London, S. J.
(2016). Epigenetic signatures of cigarette smoking. Circulation: Cardiovascular Genetics, 9,

436–447. https://doi.org/10.1161/CIRCGENETICS.116.001506
Kandel, E. R. (1998). A new intellectual framework for psychiatry.American Journal of Psychiatry,

155, 457–469. https://doi.org/10.1176/ajp.155.4.457
Kandel, E. R. (2001). The molecular biology of memory storage: A dialogue between genes and

synapses. Science, 294, 1030–1038. https://doi.org/10.1126/science.1067020
Kim, D., Kubzansky, L. D., Baccarelli, A., Sparrow, D., Spiro, 3rd, A., Tarantini, L., . . . Schwartz, J.

(2016). Psychological factors and DNA methylation of genes related to immune/inflammatory

204 Robert Kumsta



system markers: the VA Normative Aging Study. British Medical Journal Open, 6(1), e009790.

https://doi.org/10.1136/bmjopen-2015-009790

Klengel, T., Mehta, D., Anacker, C., Rex-Haffner, M., Pruessner, J. C., Pariante, C. M., . . . Binder, E. B.
(2013). Allele-specific FKBP5DNAdemethylationmediates gene-childhood trauma interactions.

Nature Neuroscience, 16(1), 33–41. https://doi.org/10.1038/nn.3275
Knoblich,N., Gundel, F., Bruckmann, C., Becker-Sadzio, J., Frischholz, C., &Nieratschker, V. (2018).

DNA methylation of APBA3 and MCF2 in borderline personality disorder: Potential biomarkers

for response to psychotherapy. European Neuropsychopharmacology, 28, 252–263. https://
doi.org/10.1016/j.euroneuro.2017.12.010

Kumsta, R., Marzi, S. J., Viana, J., Dempster, E. L., Crawford, B., Rutter, M., . . . Sonuga-Barke, E. J.
(2016). Severe psychosocial deprivation in early childhood is associated with increased DNA

methylation across a region spanning the transcription start site of CYP2E1. Translational

Psychiatry, 6, e830. https://doi.org/10.1038/tp.2016.95

Kundakovic, M., & Champagne, F. A. (2015). Early-life experience, epigenetics, and the developing

brain. Neuropsychopharmacology, 40(1), 141–153. https://doi.org/10.1038/npp.2014.140
Lappalainen, T., & Greally, J. M. (2017). Associating cellular epigenetic models with human

phenotypes. Nature Reviews Genetics, 18, 441–451. https://doi.org/10.1038/nrg.2017.32
Leung, Y. K., Ouyang, B., Niu, L., Xie, C., Ying, J., Medvedovic, M., . . .Ho, S.M. (2018). Identification

of sex-specific DNAmethylation changes driven by specific chemicals in cord blood in a Faroese

birth cohort. Epigenetics, 13, 290–300. https://doi.org/10.1080/15592294.2018.1445901
Lunnon, K., Smith, R., Hannon, E., De Jager, P. L., Srivastava, G., Volta, M., . . . Mill, J. (2014).

Methylomic profiling implicates cortical deregulation of ANK1 in Alzheimer’s disease. Nature

Neuroscience, 17, 1164–1170. https://doi.org/10.1038/nn.3782
Lutsik, P., Slawski, M., Gasparoni, G., Vedeneev, N., Hein, M., & Walter, J. (2017). MeDeCom:

Discovery and quantification of latent components of heterogeneous methylomes. Genome

Biology, 18(1), 55. https://doi.org/10.1186/s13059-017-1182-6

Margraf, J., & Zlomuzica, A. (2015). Changing the future, not the past: A translational paradigm shift

in treating anxiety. EMBO Reports, 16, 259–260. https://doi.org/10.15252/embr.201540076

Marzi, S. J., Sugden, K., Arseneault, L., Belsky, D.W., Burrage, J., Corcoran, D. L., . . .Caspi, A. (2018).
Analysis of DNA methylation in young people: Limited evidence for an association between

victimization stress and epigenetic variation in blood. American Journal of Psychiatry, 175,

517–529. https://doi.org/10.1176/appi.ajp.2017.17060693
McEwen, B. S. (1998). Protective and damaging effects of stressmediators.NewEngland Journal of

Medicine, 338, 171–179. https://doi.org/10.1056/NEJM199801153380307

Mill, J., & Heijmans, B. T. (2013). From promises to practical strategies in epigenetic epidemiology.

Nature Reviews Genetics, 14, 585–594. https://doi.org/10.1038/nrg3405
Nagy, C., Vaillancourt, K., & Turecki, G. (2018). A role for activity-dependent epigenetics in the

development and treatment of major depressive disorder. Genes, Brain, and Behavior, 17,

e12446. https://doi.org/10.1111/gbb.12446

Nelson-Coffey, S. K., Fritz, M. M., Lyubomirsky, S., & Cole, S. W. (2017). Kindness in the blood: A

randomized controlled trial of the gene regulatory impact of prosocial behavior.

Psychoneuroendocrinology, 81, 8–13. https://doi.org/10.1016/j.psyneuen.2017.03.025
Oberlander, T. F., Weinberg, J., Papsdorf, M., Grunau, R., Misri, S., & Devlin, A. M. (2008). Prenatal

exposure to maternal depression, neonatal methylation of human glucocorticoid receptor gene

(NR3C1) and infant cortisol stress responses. Epigenetics, 3, 97–106.
Ouellet-Morin, I.,Wong, C. C., Danese, A., Pariante, C.M., Papadopoulos, A. S., Mill, J., & Arseneault,

L. (2013). Increased serotonin transporter gene (SERT) DNA methylation is associated with

bullying victimization and blunted cortisol response to stress in childhood: A longitudinal study

of discordant monozygotic twins. Psychological Medicine, 43, 1813–1823. https://doi.org/10.
1017/S0033291712002784

Perroud, N., Salzmann, A., Prada, P., Nicastro, R., Hoeppli, M. E., Furrer, S., . . .Malafosse, A. (2013).

Response to psychotherapy in borderline personality disorder and methylation status of the

BDNF gene. Translational Psychiatry, 3, e207. https://doi.org/10.1038/tp.2012.140

Epigenetics and Psychotherapy 205



Pries, L. K., Guloksuz, S., & Kenis, G. (2017). DNA methylation in schizophrenia. Advances in

ExperimentalMedicine andBiology, 978, 211–236. https://doi.org/10.1007/978-3-319-53889-
1_12

Rahmani, E., Zaitlen, N., Baran, Y., Eng, C., Hu, D., Galanter, J., . . . Halperin, E. (2016). Sparse PCA
corrects for cell typeheterogeneity in epigenome-wide association studies.NatureMethods,13,

443–445. https://doi.org/10.1038/nmeth.3809

Rijlaarsdam, J., Pappa, I., Walton, E., Bakermans-Kranenburg, M. J., Mileva-Seitz, V. R., Rippe, R. C.,

. . . van, I. M. H. (2016). An epigenome-wide associationmeta-analysis of prenatal maternal stress

in neonates: A model approach for replication. Epigenetics, 11, 140–149. https://doi.org/10.
1080/15592294.2016.1145329

Roberts, S., Keers, R., Lester, K. J., Coleman, J. R., Breen, G., Arendt, K., . . .Wong, C. C. (2015). Hpa

axis related genes and response to psychological therapies: Genetics and epigenetics. Depress

Anxiety, 32, 861–870. https://doi.org/10.1002/da.22430
Roberts, S., Lester, K. J., Hudson, J. L., Rapee, R. M., Creswell, C., Cooper, P. J., . . . Eley, T. C. (2014).

Serotonin transporter [corrected] methylation and response to cognitive behaviour therapy in

childrenwith anxiety disorders. Translational Psychiatry, 4, e444. https://doi.org/10.1038/tp.

2014.83

Rutten, B. P. F., Vermetten, E., Vinkers, C. H., Ursini, G., Daskalakis, N. P., Pishva, E., . . . Boks, M. P.

M. (2018). Longitudinal analyses of the DNA methylome in deployed military servicemen

identify susceptibility loci for post-traumatic stress disorder. Molecular Psychiatry, 23, 1145–
1156. https://doi.org/10.1038/mp.2017.120

Schlotz,W., & Phillips, D. I. (2009). Fetal origins ofmental health: Evidence andmechanisms.Brain,

Behavior, and Immunity, 23, 905–916. https://doi.org/10.1016/j.bbi.2009.02.001
Schroder, C., Leitao, E., Wallner, S., Schmitz, G., Klein-Hitpass, L., Sinha, A., . . . Horsthemke, B.

(2017). Regions of common inter-individual DNAmethylation differences in humanmonocytes:

Genetic basis and potential function. Epigenetics Chromatin, 10(1), 37. https://doi.org/10.

1186/s13072-017-0144-2

Schwaiger, M., Grinberg, M., Moser, D., Zang, J. C., Heinrichs, M., Hengstler, J. G., . . . Kumsta, R.

(2016). Altered stress-induced regulation of genes in monocytes in adults with a history of

childhood adversity. Neuropsychopharmacology, 41, 2530–2540. https://doi.org/10.1038/
npp.2016.57

Smith, A. K., Kilaru, V., Klengel, T., Mercer, K. B., Bradley, B., Conneely, K. N., . . . Binder, E. B.
(2015). DNA extracted from saliva for methylation studies of psychiatric traits: Evidence tissue

specificity and relatedness to brain. American Journal of Medical Genetics. Part B,

Neuropsychiatric Genetics: The Official Publication of the International Society of

Psychiatric Genetics, 168B, 36–44. https://doi.org/10.1002/ajmg.b.32278

Sonuga-Barke, E., Kennedy,M.,Kumsta, R., Knights,N.,Golm,D., Rutter,M., . . .Kreppner, J. (2017).
Child-to-adult neurodevelopmental and mental health trajectories after early life deprivation:

The young adult follow-up of the longitudinal English and Romanian Adoptees study. Lancet,

389, 1539–1548. https://doi.org/10.1016/S0140-6736(17)30045-4
Story Jovanova, O., Nedeljkovic, I., Derek, S.,Walker, R. M., Liu, C., Luciano,M., . . .Amin, N. (2018).

DNA methylation signatures of depressive symptoms in middle-aged and elderly persons: Meta-

analysis of multiethnic epigenome-wide studies. JAMA Psychiatry, 75, 949–959. https://doi.
org/10.1001/jamapsychiatry.2018.1725

Stricker, S. H., Koferle, A., & Beck, S. (2017). From profiles to function in epigenomics. Nature

Reviews Genetics, 18(1), 51–66. https://doi.org/10.1038/nrg.2016.138
Thapar, A., Fowler, T., Rice, F., Scourfield, J., van den Bree, M., Thomas, H., . . . Hay, D. (2003).

Maternal smoking during pregnancy and attention deficit hyperactivity disorder symptoms in

offspring. American Journal of Psychiatry, 160, 1985–1989.
Tobi, E. W., Slieker, R. C., Luijk, R., Dekkers, K. F., Stein, A. D., Xu, K. M., . . .Heijmans, B. T. (2018).

DNA methylation as a mediator of the association between prenatal adversity, & risk factors for

metabolic disease in adulthood. Science Advances, 4(1), eaao4364. https://doi.org/10.1126/sc

iadv.aao4364

206 Robert Kumsta



Wannemuller, A., Moser, D., Kumsta, R., Johren, H. P., & Margraf, J. (2018). The return of fear:

Variation of the serotonin transporter gene predicts outcome of a highly standardized exposure-

based one-session fear treatment. Psychotherapy and Psychosomatics, 87, 95–104. https://doi.
org/10.1159/000486100

Weaver, I. C., Cervoni, N., Champagne, F. A., D’Alessio, A. C., Sharma, S., Seckl, J. R., . . .Meaney,M. J.

(2004). Epigenetic programming by maternal behavior. Nature Neuroscience, 7, 847–854.
https://doi.org/10.1038/nn1276

Wong, C. C., Caspi, A., Williams, B., Craig, I. W., Houts, R., Ambler, A., . . . Mill, J. (2010). A

longitudinal study of epigenetic variation in twins. Epigenetics, 5, 516–526.
Yehuda, R., Daskalakis, N. P., Desarnaud, F., Makotkine, I., Lehrner, A. L., Koch, E., . . . Bierer, L. M.

(2013). Epigenetic biomarkers as predictors and correlates of symptom improvement following

psychotherapy in combat veterans with PTSD. Frontiers in Psychiatry, 4, 118. https://doi.org/

10.3389/fpsyt.2013.00118

Zannas, A. S., &Chrousos, G. P. (2017). Epigenetic programming by stress and glucocorticoids along

the human lifespan. Molecular Psychiatry, 22, 640–646. https://doi.org/10.1038/mp.2017.35

Zhang, T. Y., & Meaney, M. J. (2010). Epigenetics and the environmental regulation of the genome

and its function. Annual Review of Psychology, 61, C431–C433. https://doi.org/10.1146/
annurev.psych.60.110707.163625

Ziegler, C., Richter, J., Mahr, M., Gajewska, A., Schiele, M. A., Gehrmann, A., . . . Domschke, K.

(2016).MAOAgene hypomethylation in panic disorder-reversibility of an epigenetic risk pattern

by psychotherapy. Translational Psychiatry, 6, e773. https://doi.org/10.1038/tp.2016.41

Received 27 February 2019

Epigenetics and Psychotherapy 207



Copyright of Psychology & Psychotherapy: Theory, Research & Practice is the property of
Wiley-Blackwell and its content may not be copied or emailed to multiple sites or posted to a
listserv without the copyright holder's express written permission. However, users may print,
download, or email articles for individual use.


