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Stressful and traumatic events occurring during early childhood have been consistently associated with the

development of psychiatric disorders later in life. This relationship may be mediated in part by epigenetic

mechanisms, such as DNA methylation, which are influenced by the early-life environment. Epigenetic patterns

can have lifelong effects on gene expression and on the functioning of biological processes relevant to stress

reactivity and psychopathology. Optimization of epigenetic research activity necessitates a discussion surrounding

the methodologies used for DNA methylation analysis, selection of tissue sources, and timing of psychological and

biological assessments. Recent studies related to early-life adversity and methylation, including both candidate

gene and epigenome-wide association studies, have drawn from the variety of available techniques to generate

interesting data in the field. Further discussion is warranted to address the limitations inherent to this field of

research, along with future directions for epigenetic studies of adversity-related psychopathology.
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� We identified issues regarding sample characteristics in epigenetic studies of early life adversity.
� We compared methods and technologies used for candidate gene analysis and whole epigenome

studies.
� We discussed future perspectives, including combining multiple forms of large-scale data and newer

technologies.
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T
he experience of stressful and traumatic experi-

ences, especially early in life, can lead to the

development of psychiatric disorders in vulnerable

individuals (Turecki, Ota, Belangero, Jackowski, &

Kaufman, 2014). Psychiatric disorders are common and

often chronic conditions that are associated with signifi-

cant disability and mortality (Moussavi et al., 2007).

Through longstanding efforts to gain insight into the

etiology of these disorders, it has become clear that their

development and pathology result from an intricate inte-

raction between clinical, social, genetic, and environmen-

tal factors (Turecki & Brent, 2015). Thus, understanding

the complex interplay between genes and the environment

represents a key frontier in elucidating the molecular

mechanisms underlying the development of psychiatric

disorders (Caspi & Moffitt, 2006).

Individuals who have experienced early-life adversity

(ELA), such as childhood abuse, parental neglect, and

prenatal adversity, display increased rates of anxiety,

depression, substance use disorders, and suicidal behaviors

(Gilbert et al., 2009; McLaughlin et al., 2010; Monk, Spicer,

& Champagne, 2012). Anxious and impulsive/aggressive

traits are also more frequently observed among those

who have experienced childhood abuse (Wanner, Vitaro,
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Tremblay, & Turecki, 2012) and evidence links these traits

to increased risk of suicide (Brent et al., 2015; McGirr

et al., 2009). Changes resulting from adverse experiences

in childhood may confer characteristics that could in-

crease chances of survival (e.g., increased anxiety), but

that become maladaptive as the environment changes

throughout the lifespan.

For example, physiological responses to stress, in

particular, the hypothalamus�pituitary�adrenal (HPA)

axis, which is responsible for controlling cortisol release

and response, have been extensively shown to be dysregu-

lated by ELA (Heim, Shugart, Craighead, & Nemeroff,

2010). Both animal and human data suggest that environ-

mental effects on stress response are partially mediated

through epigenetic regulation of gene function (McGowan

et al., 2009; Weaver et al., 2004), and that such epigeneti-

cally-altered stress responses are linked to the development

of psychopathologies (Turecki, 2014; Turecki & Meaney,

2014; Turecki et al., 2014). Epigenetic modifications are

a collection of chemical and physical alterations in the

genome that regulate the activity of genes (Tsankova,

Renthal, Kumar, & Nestler, 2007). This review focuses

on DNA methylation, which is the most studied and best

characterized epigenetic mark. DNA methylation involves

the addition of a methyl group to cytosine nucleotides,

primarily at cytosine-guanine dinucleotides (CpG). DNA

methylation in gene regulatory regions (i.e., promoters

or enhancers) is often associated with gene repression

through the recruitment of methyl-binding proteins that

lead to chromatin condensation or interference with

transcription factor binding (Klose & Bird, 2006).

A thorough discussion of findings linking ELA-

induced epigenetic changes and psychiatric disorders is

beyond the scope of this review, and studies reporting

these effects have been extensively reviewed elsewhere

(e.g., Jawahar, Murgatroyd, Harrison, & Baune, 2015;

Lutz, Almeida, Fiori, & Turecki, 2015; Turecki et al.,

2014). Comparing results across studies has, however,

become increasingly difficult due to the diversity of study

designs and rapidly evolving techniques for quantifying

DNA methylation. We therefore focus on methodological

issues that must be considered when planning and

interpreting studies investigating the relationships be-

tween DNA methylation and ELA. We first discuss

sample characteristics in terms of populations being

examined, measures used to assess ELA, and selection

of biological tissues. Second, we provide an overview of

molecular techniques that can be and have been used to

examine DNA methylation.

Sample characteristics

Sample size
Studies in behavioral epigenetics have used highly variable

sample sizes, ranging from 24 (Suderman et al., 2012) to

939 (Van Der Knaap et al., 2015), with groups typically

dichotomized into ELA-exposed and non-exposed con-

trols. While some studies have used exclusively male or

female subjects, most have included individuals of both

genders with matched control groups. Sex-specific epige-

netic effects have been suggested to occur in animal models

of adversity (Kundakovic, Lim, Gudsnuk, & Champagne,

2013), and in humans there appear to be sex-specific

psychiatric outcomes of ELA (Davis & Pfaff, 2014);

however, there is currently insufficient evidence to con-

clude as to the role of sex in ELA-induced epigenetic

changes in humans. In many cases, subjects with reported

histories of ELA were participants in larger epidemiologi-

cal cohorts, which may introduce bias when comparing

studies.

Clinical populations
Epigenetic studies performed in specific clinical popula-

tions may aid to determine how childhood adversity

predisposes individuals to develop psychopathology.

For example, epigenetic changes have been consistently

reported in individuals with mood and anxiety disorders,

eating disorders, substance use disorders, and personality

disorders who had histories of childhood abuse (Turecki,

2014; Turecki et al., 2014). These studies have contributed

to our understanding of the development of psychopathol-

ogies by identifying genes of interest and physiological

circuits that may be affected by ELA, with the most well-

studied being the HPA axis and associated genes including

the glucocorticoid receptor (NRC31) and FK506 binding

protein 5 (FKBP5).

Assessment of early-life adversity
There has been substantial variability in the methods used

for evaluating both the experience and severity of adversity.

Many studies rely on self-reported experiences assessed

through a small number of items, typically yes/no questions

regarding specific forms of abuse. Although this information

is useful for dichotomizing subjects, it does not account for

important variables that may act as moderators, such as

frequency and severity of the abuse, identity of the abuser,

age, etc., which have demonstrable effects on ensuing

psychopathology (Brezo et al., 2007; Fergusson, Woodward,

& Horwood, 2000; Lopez-Castroman et al., 2012, 2013).

Results from yes/no questionnaires may therefore be

insufficient to allow investigation of the relationship

between abuse and other measures. Standardized ques-

tionnaires improve the capacity to compare results be-

tween studies and provide more detailed information

regarding the forms and severity of abuse. The two most

frequently used questionnaires are the Childhood Experi-

ence of Care and Abuse (CECA) questionnaire (Bifulco,

Brown, & Harris, 1994) and the shorter, self-administered

Childhood Trauma Questionnaire (CTQ) (Bernstein et al.,

1994). The CECA is an interview-based questionnaire

that assesses various dimensions of the parent�child
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relationship during childhood and provides information

regarding physical, sexual, and emotional abuse, as well as

emotional and physical neglect. An important considera-

tion is that even with standardized questionnaires, assess-

ment of ELA is nearly always done retrospectively, and is

subject to certain biases, with childhood abuse likely to be

underreported (false-negatives) due to repression of mem-

ories and feelings of shame and guilt experienced by

the victim, among other factors, with limited evidence of

over-reporting (false-positives) (Hardt & Rutter, 2004).

In addition to experiences of abuse and neglect, adversity

may also be characterized by experiences of stressful

family environments, including financial hardship, domes-

tic violence, parental psychopathology, social disruption

(such as adoption and war), or prenatal events, each of

which can be assessed through a variety of measures (e.g.,

census data, police reports, and self-reports).

Selection of age groups to examine
Studies of ELA have been performed in cohorts of

children, adolescents, and adults. These groups differ

in several key aspects: most importantly, the temporal

relationships between the experience and assessment of

ELA and DNA methylation. These differences are im-

portant to consider for several reasons. Firstly, the length

of time since childhood may affect recall of the experience.

Secondly, the initial epigenetic changes may induce

cascades of altered methylation patterns, with gene ex-

pression differences at early stages resulting in epigenetic

changes later on. Therefore, performing studies in adults

may yield different results than in children or adolescents,

even if the initial effects were identical (Heim, Mayberg,

Mletzko, Nemeroff, & Pruessner, 2013).

The developmental stage of the abuse victim at the time

of the adversity may define the nature and extent of

neurobiological alterations. Abuse occurring earlier in life

may have greater influence on DNA methylation, suggest-

ing the presence of critical or sensitive periods for the

epigenetic effects of ELA (Guintivano & Kaminsky, 2016;

Heim & Binder, 2012). Finally, it remains unclear whether

neurobiological alterations are specific to different forms

of maltreatment (Heim et al., 2013), or if they are due

to the psychological impact of adversity, irrespective of

the type of abuse. As we increasingly recognize the

importance of epigenetics, researchers have begun design-

ing longitudinal studies with epigenetic assessments at

multiple time points, which can give insight into how these

modifications vary over time.

Selection of tissues to analyze
Although the brain is the most biologically relevant

tissue for psychological studies, obtaining high-quality

samples is challenging and results may be influenced by

factors such as post-mortem interval (Rhein et al., 2015).

Studies involving living subjects must therefore rely upon

peripheral samples. The three most commonly collected

are blood, saliva, and buccal cells. These tissues may

be examined directly, or in the case of blood, lymphoblast

cell lines may be generated to facilitate downstream

functional studies. There is evidence that methylation

patterns vary between the brain and peripheral tissues,

between regions of the brain (Davies et al., 2012; Xin et al.,

2010), and between cell types in a given tissue (Mellen,

Ayata, Dewell, Kriaucionis, & Heintz, 2012), adding to

the complexity of analyzing differentially methylated

regions from various tissue sources. Thus the selection

of tissue to examine for epigenetic studies can have a

considerable impact on the results and on the ability to

interpret these findings.

Despite these limitations, studies using peripheral

tissues are informative and are of particular relevance

in the pursuit of biomarkers of disease, and in some cases

have successfully mirrored results obtained using brain

tissue (Turecki & Meaney, 2014). Comparison of methyla-

tion signatures across different organs and individuals have

shown DNA methylation variance to be more closely

linked to tissue-specificity than to individual-specificity

(Schultz et al., 2015). The majority of methylation in the

genome is fairly stable, with only approximately 20% of

autosomal CpG sites displaying dynamic methylation

between cell types and across tissues (Ziller et al., 2013).

Nonetheless, while significant, overall correlation of

DNA methylation in blood and brain is low (Walton

et al., 2015), and subgenetic locations such as 5’UTR,

gene body, 3’UTR, and CpG islands (�200 nucleotide

regions with high percentages of CG dinucleotides) and

shores show strikingly different levels of correlation of

methylation levels between blood and brain (Hannon,

Lunnon, Schalkwyk, & Mill, 2015). Therefore, variations

in DNA methylation in blood do not necessarily capture

variations in brain tissues.

While data from peripheral tissues may not be as

informative as that obtained from the brain, there is

evidence that methylation patterns in blood may be

appropriate as a proxy (Tylee, Kawaguchi, & Glatt,

2013), and two conceptual frameworks have been formu-

lated. In the ‘‘signature’’ model, an event contributing to

disease causes specific methylation changes in blood. In the

‘‘mirror’’ model, similar disease-associated methylation

changes occur at given genomic sites across both blood

and brain tissues. A recent study investigated this concept

in mice undergoing antipsychotic treatments and found

support for the two hypotheses (Aberg et al., 2013).

Given the importance of tissue-specificity, DNA must

be extracted from identical and well-identified tissues for

all subjects. Technical advances have improved accuracy

of such tissue selection, with improved isolation of specific

cell types using fluorescence-assisted cell sorting, laser

microdissection, and immunomagnetic separation. This

has been performed in the brain to separate neuronal and

non-neuronal cells (Kozlenkov et al., 2014; Labonte,
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Suderman, et al., 2012) and in the blood to isolate specific

white blood cell types (Wang et al., 2012). Bioinformatic

approaches may also be used to generate cell-type

specific profiles (‘‘deconvolution’’) from mixed samples

(Guintivano, Aryee, & Kaminsky, 2013; Houseman et al.,

2012). An important confounder to these analyses is the

potential to misinterpret results when cell-type composi-

tion is influenced by disease state (e.g., inflammation)

(Mill & Heijmans, 2013). Adequate controls are needed

to address this concern, and single-cell analyses may be

an important approach to distinguish between the rela-

tive contributions of cell types to observed methylation

changes.

Molecular techniques
Investigations of epigenetic changes associated with ELA

can be globally divided into two types: candidate gene

studies and genome-wide studies. Candidate studies tend

to be simpler to carry out, since choosing genes of interest

at the outset limits the number of sites to evaluate for

epigenetic changes. However, the last few years have seen

a rise in the number and type of genome-wide approaches

which, although more laborious and expensive, are less

biased and have the potential to identify new genes of

interest for further investigation.

Candidate gene studies
Studies investigating DNA methylation have used avariety

of molecular techniques, and these have evolved since

the initial publications in behavioral epigenetics. Each

technique has its own relative advantages and drawbacks,

with two key differences being the size of the genomic

region examined and resolution at the sequence-level.

Initial studies focused on particular genes of interest,

with targeted analyses to identify the effects of ELA

on genes previously demonstrated to be involved in stress

response or behavior. Consistent alterations in DNA

methylation have been found in NR3C1 (Labonte, Yerko,

et al., 2012; McGowan et al., 2009; Perroud et al., 2011),

FKBP5 (Klengel et al., 2013; Tyrka et al., 2015; Yehuda

et al., 2015), the serotonin transporter (SLC6A4) (Beach,

Brody, Todorov, Gunter, & Philibert, 2010; Wang et al.,

2012; Wankerl et al., 2014), and brain derived neurotrophic

factor (Perroud et al., 2013; Thaler et al., 2014).

Clone sequencing is the ‘‘gold-standard’’ method to

examine DNA methylation and involves bisulfite conver-

sion of DNA, a chemical process that specifically converts

unmethylated cytosines to uracil residues, followed by

amplification and cloning of a small (less than 600

nucleotides) region of the genome. Multiple clones are

sequenced for each sample, providing information on

each cytosine residue in the region and indicating strand-

specific patterns of methylation (i.e., which sites tend to be

methylated concurrently). Although this method provides

the greatest resolution, it is labor-intensive and only

feasible for small genomic regions. It is thus reserved

for hypothesis-driven studies (i.e., McGowan et al., 2009)

or for validation of data obtained by high-throughput

approaches.

Targeted next-generation bisulfite sequencing has begun

to replace clone sequencing as the gold standard in epi-

genetic studies. Similar to clone sequencing, this method

involves bisulfite conversion and amplification of small

genomic regions, but uses next-generation sequencing

(NGS) technologies to obtain sequence-resolution infor-

mation for a much larger number of amplified fragments

(�100) than is typically examined in clone sequencing.

This method can therefore yield a much more accurate

quantification of average methylation at a given site.

Pyrosequencing generates information regarding the

specific quantities of each nucleotide at each base within

a sequence, and when performed on bisulfite-converted

DNA, indicates the percentage of methylation at each

cytosine within the sequence being examined. The afford-

ability of pyrosequencing, along with its accuracy and

speed, has made it an attractive alternative to clone

sequencing for both targeted investigations (Klengel

et al., 2013; Tyrka et al., 2015) and validation studies

(Suderman et al., 2014). However, pyrosequencing has

the relative disadvantages of having increased sensitivity to

poor-quality DNA, being more susceptible to errors in

regions of repeated nucleotides, requiring physically-

sensitive machinery, and only being useful to examine a

relatively small number of CpG sites.

Quantitative PCR-based methods, such as high-resolution

melt assays, are another alternative to clone sequencing.

In the case of high-resolution melting, specific nucleo-

tide composition affects the melting point of the double-

stranded DNA fragment being analyzed and can be

compared with non-bisulfite-treated DNA to infer the

level of methylation. While this technique has been

successfully applied to samples of relevance in stress

studies (Perroud et al., 2013), it presents some challenges

linked to the cost of labeled primers, lengthy optimization

protocols and ambiguity in results interpretation, as

strand- and locus-specificity are obscured in the readout.

Mass-spectrometry-based analysis, such as EpiTYPER

(Sequenom), is a widely used technique in methylation

studies (Beach et al., 2010; Melas et al., 2013). It has

many advantages over other techniques, such as low cost,

near single-base resolution, and sequence reads up to 600

nucleotides, and it can be outsourced to genome centers.

Its main disadvantage is its inability to independently

analyze two CpGs located in close proximity, which limits

analysis to CpG-poor regions.

Whole- and partial-methylome studies
Although candidate gene studies have provided impor-

tant insight into the role of specific genes and methylation

marks in psychiatric disorders, it has become increasingly
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clear that epigenetic reprogramming in response to

environmental adversity occurs on a much larger scale

and that genome-wide patterns of altered methylation

may be more relevant than quantifying levels at specific

CpG sites. Furthermore, candidate gene studies fail to

assess relationships between altered methylation sites

across different biological pathways and genomic regions.

Next-generation sequencing techniques have been

adapted for use in epigenetics, with the ability to generate

vast amounts of base-resolution information. NGS tech-

niques generate the richest information, as they associate

methylation marks with genomic location, strand speci-

ficity, and local sequence variations. In addition to

whole-genome bisulfite sequencing (WGBS), a less costly

alternative is reduced representation bisulfite sequencing,

which primarily targets CpG-rich regions. Both ap-

proaches produce large sets of data but also bring specific

challenges, notably the need for robust and validated

bioinformatic pipelines, statistical correction for multiple

testing, and validation of findings with other technological

platforms and/or additional cohorts. So far, no studies

investigating ELA have been published using whole-

genome bisulfite or reduced representation bisulfite NGS

data to date, but ongoing studies are applying WGBS to

study methylation changes associated with ELA (Turecki,

unpublished.

Affinity-based approaches are an economical alterna-

tive for methylation analysis. Methylation arrays, which

involve hybridization of DNA against pre-selected se-

quences, allow for large-scale investigations of the epigen-

ome and rely on an initial bisulfite-treatment of the DNA.

To date, the most commonly used array has been the

Illumina Human 450K array (Khulan et al., 2014; Prados

et al., 2015; Suderman et al., 2015), which targets the

majority of known coding genes, as well as additional

known and putative regulatory regions outside of gene

bodies. The use of a commercial array allows results to

be compared across studies using the same technology

but may not provide sufficient information on specific

targets that are of interest to the researcher. One alternative

is the use of methylation-specific immunoprecipita-

tion techniques using antibodies directed against either

methylated DNA (MeDIP) or against proteins known to

bind methylated CpGs (e.g., MDB-IP) (Weber et al., 2005).

DNA fragments can then be quantified using custom-

designed microarray chips to assess methylation at specific

functional (Labonte, Yerko, et al., 2012) or genomic

(Suderman et al., 2012; Zhang, Wang, Kranzler, Zhao, &

Gelernter, 2013) regions.

Additional molecular considerations
The relationship between CpG methylation and gene

expression has been best characterized for sites that are

in regulatory regions in or near a gene body, often found

in CpG islands. Accordingly, these regions have been the

primary site of investigation for candidate gene studies,

and follow-up functional analyses. However, whole-genome

studies of many diseases have found that dynamically

methylated disease-associated regions are frequently located

far from transcriptional start sites, outside of CpG islands

(Ziller et al., 2013). More complicated molecular techniques

will be required to elucidate the downstream effects of

altered methylation at these sites.

Furthermore, methylation of non-canonical CpG

sites is being recognized as a key regulator of cellular

function, particularly in neuronal cells (Guo et al., 2014).

Preclinical evidence suggests that DNA methylation in

non-CG contexts, which seems to rapidly and selectively

accumulate in neuronal cells during the first few years

of life (Lister et al., 2013), may be particularly sensitive

to ELA.

Oxidative forms of cytosine methylation, including

hydroxymethylcytosine, formylcytosine, and carboxylcy-

tosine, which have been identified in the brain (Lunnon

et al., 2016; Massart et al., 2014), are indistinguishable by

many of the technologies described above and require

tailored approaches to distinguish their effects from those

of traditional cytosine methylation (Plongthongkum,

Diep, & Zhang, 2014).

Perspectives
Multiple technical approaches have provided evidence

to support the concept that altered DNA methylation

represents one of the molecular mechanisms through

which ELA influences the expression of pathology-

associated genes throughout the lifespan. As we have

highlighted herein, researchers must carefully consider

their sample characteristics in terms of psychological

assessment, biological tissue, and age groups, as well as

the molecular methodology they use when assessing

methylation at either the gene or whole-genome level.

Ultimately, each of these factors influences our ability

to detect and interpret the developmental trajectory of

epigenetic changes in response to ELA and the way these

modifications act or interact to predispose individuals to

psychiatric disorders.

As technologies improve and their costs decrease, it

will become feasible to combine multiple forms of high-

throughput gene expression and epigenetic data to gain

a more comprehensive view of the role of different

epigenetic modifications in influencing the transcriptome.

Though the relationship between different types of

epigenetic modifications is not fully understood (Road-

map Epigenomics Consortium et al., 2015), it is likely

that combining DNA methylation data with information

regarding levels of specific histone modifications (another

form of epigenetic alteration) could provide insight into

potential functional roles of specific genomic regions.

Such integrative analysis may reveal the downstream

effects of DNA methylation changes associated with ELA.
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Additionally, it has become clear that there is an im-

portant relationship between genetic variation (i.e., single-

nucleotide polymorphisms) and DNA methylation, and

this represents a key aspect of the interaction between

genetics and the environment (Gaunt et al., 2016). As such,

incorporation of genetic information into future studies

can be used to determine whether certain polymorphisms

may be more vulnerable to changes in methylation patterns,

thereby altering resilience to stress.

Newer technologies, such as the Illumina EPIC arrays,

have greatly increased their coverage of non-traditional

methylation sites, such as specific enhancers and open

chromatin sites, DNase hypersensitive sites, and miRNA

promoter regions. Furthermore, advances in cell sorting

methods, as well as the collection of DNA from multiple

tissue sources from the same individual, will improve our

understanding of tissue-specific effects, and our ability to

use peripheral samples for diagnostic purposes.

Despite the heterogeneous methodological approaches

that have been applied when studying altered methylation

patterns in individuals who have been exposed to ELA,

the research conducted to date has given us insight into

the biological mechanisms of resilience and vulnerability.

Increasingly, we are identifying other mechanisms of

epigenetic influences on gene expression, which illustrate

the complexity of individual response to stress and beha-

vioral regulation. The most effective interventions may

therefore need to be tailored to individuals’ biological,

experiential, and social contexts, as informed by the growing

literature in the field. Ultimately, these studies could allow

us to identify potential biomarkers for individuals who may

benefit from early treatment intervention, and identify

putative targets for novel therapeutics.
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cherche du Québec*Santé through a Chercheur Na-

tional salary award and through the Quebec Network on

Suicide, Mood Disorders and Related Disorders.

Acknowledgements

The authors are indebted to Sylvanne Daniels for her assistance in

the preparation of this review.

Conflict of interest and funding

G.T. has received investigator-initiated grants from Pfizer

Canada, and honoraria from Bristol-Myers Squibb

Canada, Janssen Canada, and Servier.

References

Aberg, K.A., Xie, L.Y., McClay, J.L., Nerella, S., Vunck, S., Snider,

S., . . . Van den Oord, E.J. (2013). Testing two models

describing how methylome-wide studies in blood are informa-

tive for psychiatric conditions. Epigenomics, 5(4), 367�377.

Beach, S.R., Brody, G.H., Todorov, A.A., Gunter, T.D., & Philibert,

R.A. (2010). Methylation at SLC6A4 is linked to family

history of child abuse: An examination of the Iowa Adoptee

sample. American Journal of Medical Genetics Part B Neurop-

sychiatric Genetics, 153B(2), 710�713.

Bernstein, D.P., Fink, L., Handelsman, L., Foote, J., Lovejoy, M.,

Wenzel, K., . . . Ruggiero, J. (1994). Initial reliability and

validity of a new retrospective measure of child abuse and

neglect. American Journal of Psychiatry, 151(8), 1132�1136.

Bifulco, A., Brown, G.W., & Harris, T.O. (1994). Childhood

experience of care and abuse (CECA): A retrospective inter-

view measure. Journal of Child Psychology and Psychiatry,

35(8), 1419�1435.

Brent, D.A., Melhem, N.M., Oquendo, M., Burke, A., Birmaher, B.,

Stanley, B., . . . Mann, J.J. (2015). Familial pathways to early-onset

suicide attempt: A 5.6-year prospective study. JAMA Psychiatry,

72(2), 160�168. doi: http://dx.doi.org/10.1001/jamapsychiatry.

2014.2141

Brezo, J., Paris, J., Barker, E.D., Tremblay, R., Vitaro, F., Zoccolillo,

M., . . . Turecki, G. (2007). Natural history of suicidal beha-

viors in a population-based sample of young adults.

Psychological Medicine, 37(11), 1563�1574. doi: http://dx.doi.

org/10.1017/S003329170700058X

Caspi, A., & Moffitt, T.E. (2006). Gene-environment interactions in

psychiatry: Joining forces with neuroscience. Nature Reviews

Neuroscience, 7(7), 583�590. doi: http://dx.doi.org/10.1038/

nrn1925

Davies, M.N., Volta, M., Pidsley, R., Lunnon, K., Dixit, A.,

Lovestone, S., . . . Mill, J. (2012). Functional annotation of

the human brain methylome identifies tissue-specific epigenetic

variation across brain and blood. Genome Biology, 13(6), R43.

Davis, E.P., & Pfaff, D. (2014). Sexually dimorphic responses to

early adversity: Implications for affective problems and autism

spectrum disorder. Psychoneuroendocrinology, 49, 11�25. doi:

http://dx.doi.org/10.1016/j.psyneuen.2014.06.014

Fergusson, D.M., Woodward, L.J., & Horwood, L.J. (2000).

Risk factors and life processes associated with the onset of

suicidal behaviour during adolescence and early adulthood.

Psychological Medicine, 30(1), 23�39.

Gaunt, T.R., Shihab, H.A., Hemani, G., Min, J.L., Woodward, G.,

Lyttleton, O., . . . Relton, C.L. (2016). Systematic identification

of genetic influences on methylation across the human life

course. Genome Biology, 17(1), 61. doi: http://dx.doi.org/10.

1186/s13059-016-0926-z

Gilbert, R., Widom, C.S., Browne, K., Fergusson, D., Webb, E., &

Janson, S. (2009). Burden and consequences of child maltreat-

ment in high-income countries. The Lancet, 373(9657), 68�81.

doi: http://dx.doi.org/10.1016/S0140-6736(08)61706-7

Guintivano, J., Aryee, M.J., & Kaminsky, Z.A. (2013). A cell

epigenotype specific model for the correction of brain cellular

heterogeneity bias and its application to age, brain region and

Laura M. Fiori and Gustavo Turecki

6
(page number not for citation purpose)

Citation: European Journal of Psychotraumatology 2016, 7: 31593 - http://dx.doi.org/10.3402/ejpt.v7.31593

http://dx.doi.org/10.1001/jamapsychiatry.2014.2141
http://dx.doi.org/10.1001/jamapsychiatry.2014.2141
http://dx.doi.org/10.1017/S003329170700058X
http://dx.doi.org/10.1017/S003329170700058X
http://dx.doi.org/10.1038/nrn1925
http://dx.doi.org/10.1038/nrn1925
http://dx.doi.org/10.1016/j.psyneuen.2014.06.014
http://dx.doi.org/10.1186/s13059-016-0926-z
http://dx.doi.org/10.1186/s13059-016-0926-z
http://dx.doi.org/10.1016/S0140-6736(08)61706-7
http://dx.doi.org/10.1016/S0140-6736(08)61706-7
http://dx.doi.org/10.1016/S0140-6736(08)61706-7
http://www.ejpt.net/index.php/ejpt/article/view/31593
http://dx.doi.org/10.3402/ejpt.v7.31593


major depression. Epigenetics, 8(3), 290�302. doi: http://dx.

doi.org/10.4161/epi.23924

Guintivano, J., & Kaminsky, Z.A. (2016). Role of epigenetic

factors in the development of mental illness throughout life.

Neuroscience Research, 102, 56�66. doi: http://dx.doi.org/10.

1016/j.neures.2014.08.003

Guo, J.U., Su, Y., Shin, J.H., Shin, J., Li, H., Xie, B., . . . Song, H.

(2014). Distribution, recognition and regulation of non-CpG

methylation in the adult mammalian brain. Nature Neuroscience,

17(2), 215�222. doi: http://dx.doi.org/10.1038/nn.3607

Hannon, E., Lunnon, K., Schalkwyk, L., & Mill, J. (2015). Inter-

individual methylomic variation across blood, cortex, and

cerebellum: Implications for epigenetic studies of neurological

and neuropsychiatric phenotypes. Epigenetics, 10(11), 1024�1032.

doi: http://dx.doi.org/10.1080/15592294.2015.1100786

Hardt, J., & Rutter, M. (2004). Validity of adult retrospective reports

of adverse childhood experiences: Review of the evidence.

Journal of Child Psychology and Psychiatry, 45(2), 260�273.

Heim, C.M., & Binder, E.B. (2012). Current research trends in

early life stress and depression: Review of human studies on

sensitive periods, gene-environment interactions, and epige-

netics. Experimental Neurology, 233(1), 102�111. doi: http://dx.

doi.org/10.1016/j.expneurol.2011.10.032

Heim, C.M., Mayberg, H.S., Mletzko, T., Nemeroff, C.B., &

Pruessner, J.C. (2013). Decreased cortical representation

of genital somatosensory field after childhood sexual abuse.

The American Journal of Psychiatry, 170(6), 616�623. doi:

http://dx.doi.org/10.1176/appi.ajp.2013.12070950

Heim, C.M., Shugart, M., Craighead, W.E., & Nemeroff, C.B.

(2010). Neurobiological and psychiatric consequences of

child abuse and neglect. Developmental Psychobiology, 52(7),

671�690. doi: http://dx.doi.org/10.1002/dev.20494

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. doi: http://dx.doi.

org/10.1186/1471-2105-13-86

Jawahar, M.C., Murgatroyd, C., Harrison, E.L., & Baune, B.T.

(2015). Epigenetic alterations following early postnatal stress:

A review on novel aetiological mechanisms of common

psychiatric disorders. Clinical Epigenetics, 7, 122. doi: http://

dx.doi.org/10.1186/s13148-015-0156-3

Khulan, B., Manning, J.R., Dunbar, D.R., Seckl, J.R., Raikkonen,

K., Eriksson, J.G., & Drake, A.J. (2014). Epigenomic profiling

of men exposed to early-life stress reveals DNA methylation

differences in association with current mental state. Tran-

slational Psychiatry, 4, e448. doi: http://dx.doi.org/10.1038/tp.

2014.94

Klengel, T., Mehta, D., Anacker, C., Rex-Haffner, M., Pruessner,

J.C., Pariante, C.M., . . . Binder, E.B. (2013). Allele-specific

FKBP5 DNA demethylation mediates gene-childhood trauma

interactions. Nature Neuroscience, 16(1), 33�41. doi: http://dx.

doi.org/10.1038/nn.3275

Klose, R.J., & Bird, A.P. (2006). Genomic DNA methylation: The

mark and its mediators. Trends in Biochemical Sciences, 31(2),

89�97.

Kozlenkov, A., Roussos, P., Timashpolsky, A., Barbu, M., Rudchenko,

S., Bibikova, M., . . . Dracheva, S. (2014). Differences in DNA

methylation between human neuronal and glial cells are con-

centrated in enhancers and non-CpG sites. Nucleic Acids

Research, 42(1), 109�127. doi: http://dx.doi.org/10.1093/nar/

gkt838

Kundakovic, M., Lim, S., Gudsnuk, K., & Champagne, F.A. (2013).

Sex-specific and strain-dependent effects of early life adversity

on behavioral and epigenetic outcomes. Frontiers in Psychiatry,

4, 78. doi: http://dx.doi.org/10.3389/fpsyt.2013.00078

Labonte, B., Suderman, M., Maussion, G., Navaro, L., Yerko, V.,

Mahar, I., . . . Turecki, G. (2012). Genome-wide epigenetic

regulation by early-life trauma. Archives of General Psychiatry,

69(7), 722�731. doi: http://dx.doi.org/10.1001/archgenpsychia-

try.2011.2287

Labonte, B., Yerko, V., Gross, J., Mechawar, N., Meaney, M.J., Szyf,

M., & Turecki, G. (2012). Differential glucocorticoid receptor

exon 1(B), 1(C), and 1(H) expression and methylation in

suicide completers with a history of childhood abuse. Biological

Psychiatry, 72(1), 41�8. doi: http://dx.doi.org/10.1016/j.biop-

sych.2012.01.034

Lister, R., Mukamel, E.A., Nery, J.R., Urich, M., Puddifoot,

C.A., Johnson, N.D., . . . Ecker, J.R. (2013). Global epigeno-

mic reconfiguration during mammalian brain development.

Science, 341(6146), 1237905. doi: http://dx.doi.org/10.1126/

science.1237905

Lopez-Castroman, J., Jaussent, I., Beziat, S., Genty, C., Olie, E.,

De Leon-Martinez, V., . . . Guillaume, S. (2012). Suicidal

phenotypes associated with family history of suicidal behavior

and early traumatic experiences. Journal of Affective Disorders,

142(1�3), 193�199. doi: http://dx.doi.org/10.1016/j.jad.2012.

04.025

Lopez-Castroman, J., Melhem, N., Birmaher, B., Greenhill, L.,

Kolko, D., Stanley, B., . . . Oquendo, M.A. (2013). Early

childhood sexual abuse increases suicidal intent. World

Psychiatry, 12(2), 149�154. doi: http://dx.doi.org/10.1002/wps.

20039

Lunnon, K., Hannon, E., Smith, R.G., Dempster, E., Wong, C.,

Burrage, J., & . . . Mill, J. (2016). Variation in 5-hydroxymethyl-

cytosine across human cortex and cerebellum. Genome Biology,

17(1), 27. doi: http://dx.doi.org/10.1186/s13059-016-0871-x

Lutz, P.E., Almeida, D., Fiori, L.M., & Turecki, G. (2015).

Childhood maltreatment and stress-related psychopathology:

The epigenetic memory hypothesis. Current Pharmaceutical

Design, 21(11), 1413�1417.

Massart, R., Suderman, M., Provencal, N., Yi, C., Bennett, A.J.,

Suomi, S., & Szyf, M. (2014). Hydroxymethylation and DNA

methylation profiles in the prefrontal cortex of the non-human

primate rhesus macaque and the impact of maternal depriva-

tion on hydroxymethylation. Neuroscience, 268, 139�148. doi:

http://dx.doi.org/10.1016/j.neuroscience.2014.03.021

McGirr, A., Alda, M., Seguin, M., Cabot, S., Lesage, A., & Turecki,

G. (2009). Familial aggregation of suicide explained by cluster

B traits: A three-group family study of suicide controlling

for major depressive disorder. American Journal of Psychiatry,

166(10), 1124�1134. doi: http://dx.doi.org/10.1176/appi.ajp.

2009.08111744

McGowan, P.O., Sasaki, A., D’Alessio, A.C., Dymov, S., Labonte,

B., Szyf, M., . . . Meaney, M.J. (2009). Epigenetic regulation of

the glucocorticoid receptor in human brain associates with

childhood abuse. Nature Neuroscience, 12(3), 342�348. doi:

http://dx.doi.org/10.1038/nn.2270

McLaughlin, K.A., Green, J.G., Gruber, M.J., Sampson, N.A.,

Zaslavsky, A.M., & Kessler, R.C. (2010). Childhood adversities

and adult psychiatric disorders in the national comorbidity

survey replication II: Associations with persistence of DSM-IV

disorders. Archives of General Psychiatry, 67(2), 124�132.

Melas, P.A., Wei, Y., Wong, C.C., Sjoholm, L.K., Aberg, E., Mill, J.,

. . . Lavebratt, C. (2013). Genetic and epigenetic associations of

MAOA and NR3C1 with depression and childhood adversities.

International Journal of Neuropsychopharmacology, 16(7),

1513�1528. doi: http://dx.doi.org/10.1017/S1461145713000102

Mellen, M., Ayata, P., Dewell, S., Kriaucionis, S., & Heintz, N.

(2012). MeCP2 Binds to 5hmC enriched within active genes

and accessible chromatin in the nervous system. Cell, 151(7),

1417�1430. doi: http://dx.doi.org/10.1016/j.cell.2012.11.022

Epigenetic consequences of early-life adversity

Citation: European Journal of Psychotraumatology 2016, 7: 31593 - http://dx.doi.org/10.3402/ejpt.v7.31593 7
(page number not for citation purpose)

http://dx.doi.org/10.4161/epi.23924
http://dx.doi.org/10.4161/epi.23924
http://dx.doi.org/10.1016/j.neures.2014.08.003
http://dx.doi.org/10.1016/j.neures.2014.08.003
http://dx.doi.org/10.1038/nn.3607
http://dx.doi.org/10.1080/15592294.2015.1100786
http://dx.doi.org/10.1016/j.expneurol.2011.10.032
http://dx.doi.org/10.1016/j.expneurol.2011.10.032
http://dx.doi.org/10.1176/appi.ajp.2013.12070950
http://dx.doi.org/10.1002/dev.20494
http://dx.doi.org/10.1186/1471-2105-13-86
http://dx.doi.org/10.1186/1471-2105-13-86
http://dx.doi.org/10.1186/s13148-015-0156-3
http://dx.doi.org/10.1186/s13148-015-0156-3
http://dx.doi.org/10.1038/tp.2014.94
http://dx.doi.org/10.1038/tp.2014.94
http://dx.doi.org/10.1038/nn.3275
http://dx.doi.org/10.1038/nn.3275
http://dx.doi.org/10.1093/nar/gkt838
http://dx.doi.org/10.1093/nar/gkt838
http://dx.doi.org/10.3389/fpsyt.2013.00078
http://dx.doi.org/10.1001/archgenpsychiatry.2011.2287
http://dx.doi.org/10.1001/archgenpsychiatry.2011.2287
http://dx.doi.org/10.1016/j.biopsych.2012.01.034
http://dx.doi.org/10.1016/j.biopsych.2012.01.034
http://dx.doi.org/10.1126/science.1237905
http://dx.doi.org/10.1126/science.1237905
http://dx.doi.org/10.1016/j.jad.2012.04.025
http://dx.doi.org/10.1016/j.jad.2012.04.025
http://dx.doi.org/10.1002/wps.20039
http://dx.doi.org/10.1002/wps.20039
http://dx.doi.org/10.1186/s13059-016-0871-x
http://dx.doi.org/10.1016/j.neuroscience.2014.03.021
http://dx.doi.org/10.1176/appi.ajp.2009.08111744
http://dx.doi.org/10.1176/appi.ajp.2009.08111744
http://dx.doi.org/10.1038/nn.2270
http://dx.doi.org/10.1017/S1461145713000102
http://dx.doi.org/10.1016/j.cell.2012.11.022
http://www.ejpt.net/index.php/ejpt/article/view/31593
http://dx.doi.org/10.3402/ejpt.v7.31593


Mill, J., & Heijmans, B.T. (2013). From promises to practical

strategies in epigenetic epidemiology. Nature Reviews Genetics,

14(8), 585�594. doi: http://dx.doi.org/10.1038/nrg3405

Monk, C., Spicer, J., & Champagne, F.A. (2012). Linking prenatal

maternal adversity to developmental outcomes in infants: The

role of epigenetic pathways. Development and Psychopathology,

24(4), 1361�1376. doi: http://dx.doi.org/10.1017/S095457941

2000764

Moussavi, S., Chatterji, S., Verdes, E., Tandon, A., Patel, V., &

Ustun, B. (2007). Depression, chronic diseases, and decrements

in health: Results from the world health surveys. The Lancet,

370(9590), 851�858.

Perroud, N., Paoloni-Giacobino, A., Prada, P., Olie, E., Salzmann,

A., Nicastro, R., . . . Malafosse, A. (2011). Increased methyla-

tion of glucocorticoid receptor gene (NR3C1) in adults with a

history of childhood maltreatment: A link with the severity and

type of trauma. Translational Psychiatry, 1, e59. doi: http://dx.

doi.org/10.1038/tp.2011.60

Perroud, N., Salzmann, A., Prada, P., Nicastro, R., Hoeppli, M.E.,

Furrer, S., . . . Malafosse, A. (2013). Response to psychother-

apy in borderline personality disorder and methylation status

of the BDNF gene. Translational Psychiatry, 3, e207. doi:

http://dx.doi.org/10.1038/tp.2012.140

Plongthongkum, N., Diep, D.H., & Zhang, K. (2014). Advances in

the profiling of DNA modifications: Cytosine methylation and

beyond. Nature Reviews Genetics, 15(10), 647�661. doi: http://

dx.doi.org/10.1038/nrg3772

Prados, J., Stenz, L., Courtet, P., Prada, P., Nicastro, R.,

Adouan, W., . . . Perroud, N. (2015). Borderline personality

disorder and childhood maltreatment: A genome-wide methy-

lation analysis. Genes Brain and Behavior, 14(2), 177�188. doi:

http://dx.doi.org/10.1111/gbb.12197

Rhein, M., Hagemeier, L., Klintschar, M., Muschler, M., Bleich,

S., & Frieling, H. (2015). DNA methylation results depend

on DNA integrity-role of post mortem interval. Frontiers

in Genetics, 6, 182. doi: http://dx.doi.org/10.3389/fgene.2015.

00182

Roadmap Epigenomics, Consortium, Kundaje, A., Meuleman,

W., Ernst, J., Bilenky, M., Yen, A., . . . Kellis, M. (2015).

Integrative analysis of 111 reference human epigenomes.

Nature, 518(7539), 317�330. doi: http://dx.doi.org/10.1038/

nature14248

Schultz, M.D., He, Y., Whitaker, J.W., Hariharan, M., Mukamel,

E.A., Leung, D., . . . Ecker, J.R. (2015). Human body

epigenome maps reveal noncanonical DNA methylation varia-

tion. Nature, 523(7559), 212�216. doi: http://dx.doi.org/10.

1038/nature14465

Suderman, M., Borghol, N., Pappas, J.J., Pinto Pereira, S.M.,

Pembrey, M., Hertzman, C., . . . Szyf, M. (2014). Childhood

abuse is associated with methylation of multiple loci in adult

DNA. BMC Medical Genomics, 7, 13.

Suderman, M., McGowan, P.O., Sasaki, A., Huang, T.C., Hallett,

M.T., Meaney, M.J., . . . Szyf, M. (2012). Conserved epigenetic

sensitivity to early life experience in the rat and human

hippocampus. Proceedings of the National Academy of Sciences

of the United States of America, 109(Suppl. 2), 17266�17272.

doi: http://dx.doi.org/10.1073/pnas.1121260109

Suderman, M., Pappas, J.J., Borghol, N., Buxton, J.L., McArdle,

W.L., Ring, S.M., . . . Pembrey, M. (2015). Lymphoblastoid cell

lines reveal associations of adult DNA methylation with

childhood and current adversity that are distinct from whole

blood associations. International Journal of Epidemiology,

44(4), 1331�1340. doi: http://dx.doi.org/10.1093/ije/dyv168

Thaler, L., Gauvin, L., Joober, R., Groleau, P., De Guzman, R.,

Ambalavanan, A., . . . Steiger, H. (2014). Methylation of

BDNF in women with bulimic eating syndromes: Associations

with childhood abuse and borderline personality disorder.

Progress in Neuropsychopharmacology Biological Psychiatry,

54, 43�59.

Tsankova, N., Renthal, W., Kumar, A., & Nestler, E.J. (2007).

Epigenetic regulation in psychiatric disorders. Nature Reviews

Neuroscience, 8(5), 355�367.

Turecki, G. (2014). The molecular bases of the suicidal brain. Nature

Reviews Neuroscience, 15(12), 802�816. doi: http://dx.doi.org/

10.1038/nrn3839

Turecki, G., & Brent, D.A. (2015). Suicide and suicidal behaviour.

The Lancet, 387(10024), 1227�1239. doi: http://dx.doi.org/10.

1016/S0140-6736(15)00234-2

Turecki, G., & Meaney, M.J. (2014). Effects of the social environ-

ment and stress on glucocorticoid receptor gene methylation:

A systematic review. Biological Psychiatry, 79(2), 87�96. doi:

http://dx.doi.org/10.1016/j.biopsych.2014.11.022

Turecki, G., Ota, V.K., Belangero, S.I., Jackowski, A., & Kaufman,

J. (2014). Early life adversity, genomic plasticity, and psycho-

pathology. Lancet Psychiatry, 1(6), 461�466. doi: http://dx.doi.

org/10.1016/S2215-0366(14)00022-4

Tylee, D.S., Kawaguchi, D.M., & Glatt, S.J. (2013). On the outside,

looking in: A review and evaluation of the comparability of

blood and brain ‘‘-omes’’. American Journal of Medical

Genetics Part B Neuropsychiatric Genetics, 162B(7), 595�603.

doi: http://dx.doi.org/10.1002/ajmg.b.32150

Tyrka, A.R., Ridout, K.K., Parade, S.H., Paquette, A., Marsit, C.J.,

& Seifer, R. (2015). Childhood maltreatment and methylation

of FK506 binding protein 5 gene (FKBP5). Development and

Psychopathology, 27(4 Pt 2), 1637�1645. doi: http://dx.doi.org/

10.1017/S0954579415000991

Van Der Knaap, L.J., Riese, H., Hudziak, J.J., Verbiest,

M.M., Verhulst, F.C., Oldehinkel, A.J., & Van Oort, F.V.

(2015). Adverse life events and allele-specific methylation of

the serotonin transporter gene (SLC6A4) in adolescents: The

TRAILS study. Psychosomatic Medicine, 77(3), 246�255. doi:

http://dx.doi.org/10.1097/PSY.0000000000000159

Walton, E., Hass, J., Liu, J., Roffman, J.L., Bernardoni, F.,

Roessner, V., . . . Ehrlich, S. (2015). Correspondence of DNA

methylation between blood and brain tissue and its applica-

tion to schizophrenia research. Schizophrenia Bulletin, 42(2),

406�414. doi: http://dx.doi.org/10.1093/schbul/sbv074

Wang, D., Szyf, M., Benkelfat, C., Provencal, N., Turecki,

G., Caramaschi, D., . . . Booij, L. (2012). Peripheral SLC6A4

DNA methylation is associated with in vivo measures of

human brain serotonin synthesis and childhood physical

aggression. PLoS One, 7(6), e39501.

Wankerl, M., Miller, R., Kirschbaum, C., Hennig, J., Stalder, T., &

Alexander, N. (2014). Effects of genetic and early environ-

mental risk factors for depression on serotonin transporter

expression and methylation profiles. Translational Psychiatry,

4, e402. doi: http://dx.doi.org/10.1038/tp.2014.37

Wanner, B., Vitaro, F., Tremblay, R.E., & Turecki, G. (2012).

Childhood trajectories of anxiousness and disruptiveness explain

the association between early-life adversity and attempted

suicide. Psychological Medicine, 42(11), 2373�2382. doi:

http://dx.doi.org/10.1017/S0033291712000438

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(8),

847�854. doi: http://dx.doi.org/10.1038/nn1276

Weber, M., Davies, J.J., Wittig, D., Oakeley, E.J., Haase, M., Lam,

W.L., & Schubeler, D. (2005). Chromosome-wide and promoter-

specific analyses identify sites of differential DNA methylation

in normal and transformed human cells. Nature Genetics, 37(8),

853�862. doi: http://dx.doi.org/10.1038/ng1598

Laura M. Fiori and Gustavo Turecki

8
(page number not for citation purpose)

Citation: European Journal of Psychotraumatology 2016, 7: 31593 - http://dx.doi.org/10.3402/ejpt.v7.31593

http://dx.doi.org/10.1038/nrg3405
http://dx.doi.org/10.1017/S0954579412000764
http://dx.doi.org/10.1017/S0954579412000764
http://dx.doi.org/10.1038/tp.2011.60
http://dx.doi.org/10.1038/tp.2011.60
http://dx.doi.org/10.1038/tp.2012.140
http://dx.doi.org/10.1038/nrg3772
http://dx.doi.org/10.1038/nrg3772
http://dx.doi.org/10.1111/gbb.12197
http://dx.doi.org/10.3389/fgene.2015.00182
http://dx.doi.org/10.3389/fgene.2015.00182
http://dx.doi.org/10.1038/nature14248
http://dx.doi.org/10.1038/nature14248
http://dx.doi.org/10.1038/nature14465
http://dx.doi.org/10.1038/nature14465
http://dx.doi.org/10.1073/pnas.1121260109
http://dx.doi.org/10.1093/ije/dyv168
http://dx.doi.org/10.1038/nrn3839
http://dx.doi.org/10.1038/nrn3839
http://dx.doi.org/10.1016/S0140-6736(15)00234-2
http://dx.doi.org/10.1016/S0140-6736(15)00234-2
http://dx.doi.org/10.1016/S0140-6736(15)00234-2
http://dx.doi.org/10.1016/S0140-6736(15)00234-2
http://dx.doi.org/10.1016/j.biopsych.2014.11.022
http://dx.doi.org/10.1016/S2215-0366(14)00022-4
http://dx.doi.org/10.1016/S2215-0366(14)00022-4
http://dx.doi.org/10.1016/S2215-0366(14)00022-4
http://dx.doi.org/10.1016/S2215-0366(14)00022-4
http://dx.doi.org/10.1002/ajmg.b.32150
http://dx.doi.org/10.1017/S0954579415000991
http://dx.doi.org/10.1017/S0954579415000991
http://dx.doi.org/10.1097/PSY.0000000000000159
http://dx.doi.org/10.1093/schbul/sbv074
http://dx.doi.org/10.1038/tp.2014.37
http://dx.doi.org/10.1017/S0033291712000438
http://dx.doi.org/10.1038/nn1276
http://dx.doi.org/10.1038/ng1598
http://www.ejpt.net/index.php/ejpt/article/view/31593
http://dx.doi.org/10.3402/ejpt.v7.31593


Xin, Y., Chanrion, B., Liu, M.M., Galfalvy, H., Costa, R., Ilievski,

B., . . . Haghighi, F. (2010). Genome-wide divergence of DNA

methylation marks in cerebral and cerebellar cortices. PLoS

One, 5(6), e11357. doi: http://dx.doi.org/10.1371/journal.pone.

0011357

Yehuda, R., Daskalakis, N.P., Bierer, L.M., Bader, H.N., Klengel,

T., Holsboer, F., & Binder, E.B. (2015). Holocaust exposure

induced intergenerational effects on FKBP5 methylation.

Biological Psychiatry, 80(5), 372�380. doi: http://dx.doi.org/

10.1016/j.biopsych.2015.08.005

Zhang, H., Wang, F., Kranzler, H.R., Zhao, H., & Gelernter,

J. (2013). Profiling of childhood adversity-associated DNA

methylation changes in alcoholic patients and healthy controls.

PLoS One, 8(6), e65648.

Ziller, M.J., Gu, H., Muller, F., Donaghey, J., Tsai, L.T., Kohlbacher,

O., . . . Meissner, A. (2013). Charting a dynamic DNA methy-

lation landscape of the human genome. Nature, 500(7463),

477�481. doi: http://dx.doi.org/10.1038/nature12433

Epigenetic consequences of early-life adversity

Citation: European Journal of Psychotraumatology 2016, 7: 31593 - http://dx.doi.org/10.3402/ejpt.v7.31593 9
(page number not for citation purpose)

http://dx.doi.org/10.1371/journal.pone.0011357
http://dx.doi.org/10.1371/journal.pone.0011357
http://dx.doi.org/10.1016/j.biopsych.2015.08.005
http://dx.doi.org/10.1016/j.biopsych.2015.08.005
http://dx.doi.org/10.1038/nature12433
http://www.ejpt.net/index.php/ejpt/article/view/31593
http://dx.doi.org/10.3402/ejpt.v7.31593

