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Survivors of war trauma or childhood maltreatment are at increased risk for trauma-
spectrum disorders such as post-traumatic stress disorder (PTSD). In addition, trau-
matic stress has been associated with alterations in the neuroendocrine and the immune
system, enhancing the risk for physical diseases. Traumatic experiences might even affect
psychological as well as biological parameters in the next generation, i.e. traumatic stress
might have transgenerational effects. This article outlines how epigenetic processes,
which represent a pivotal biological mechanism for dynamic adaptation to environmental
challenges, might contribute to the explanation of the long-lasting and transgenerational
effects of trauma. In particular, epigenetic alterations in genes regulating the
hypothalamus–pituitary–adrenal axis as well as the immune system have been observed
in survivors of childhood and adult trauma. These changes could result in enduring
alterations of the stress response as well as the physical health risk. Furthermore, the
effects of parental trauma could be transmitted to the next generation by parental distress
and the pre- and postnatal environment, as well as by epigenetic marks transmitted via
the germline.While epigenetic research has a high potential of advancing our understand-
ing of the consequences of trauma, the findings have to be interpreted with caution, as
epigenetics only represent one piece of a complex puzzle of interacting biological and
environmental factors. Copyright # 2015 John Wiley & Sons, Ltd.

INTRODUCTION

Reports of violent or traumatic events, such as the East Ukraine crisis or the Syria
conflict but also severe civilian violence, including childhood maltreatment or sexual
violence, dominate our daily newspapers. The ephemerality of such news creates a
sharp contrast to the long-lasting, but often invisible, consequences for the survivors
of trauma and violence.

Trauma survivors are at increased risk to develop disorders of the trauma spectrum
such as post-traumatic stress disorder (PTSD) or depression. While the latter can arise
in response to different environmental stressors, PTSD is unique among the psychiatric
disorders as it requires experience of a traumatic event to manifest. These psychological
disorders may take a chronic course and are associated with low levels of social and
economic functioning, higher rates of suicidality and less active societal participation
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(Sareen et al., 2005; Stansfeld, Clark, Rodgers, Caldwell, & Power, 2010). However,
the consequences of trauma and violence are not limited to psychosocial functioning,
but can be extended to physical health. Trauma survivors show changes in the immune
and the neuroendocrine system (Danese, Pariante, Caspi, Taylor, & Poulton, 2007;
Hunter, Minnis, &Wilson, 2011) and a higher risk for infections, diabetes, cardiovascu-
lar disease or even cancer (Norman et al., 2012). Epigenetic modifications might repre-
sent one piece in the puzzle of the link between traumatic stress exposure and associated
health consequences (Bick et al., 2012). Finally, the impact of traumatic experiences can
even be transmitted to the next generation, referred to as a transgenerational cycle of
trauma and maltreatment. Among the complex factors accounting for this
transgenerational transmission, epigenetic alterations could play a pivotal role.

After introducing the field of epigenetics to the reader, this selective literature review
describes the psychological and biological consequences of war trauma and childhood
maltreatment. It is followed by an explanation of how epigenetic alterations might
partially account for these trauma-associated alterations. The next section is devoted
to the transgenerational transmission of trauma, violence and PTSD. Again, we start
by explaining risk factors on the behavioral level and proceed with illuminating alter-
ations on the biological level, with a focus on how epigenetic processes could mediate
the transmission to the next generation.

An Introduction to Epigenetics

Shortly after Rosalind Franklin started her studies on deciphering the molecular
structure of DNA and James Watson and Francis Crick described the DNA double
helix structure (Watson & Crick, 1953), the belief that DNA carries important
biological information that flows in a unique single direction was widely disseminated.
The so called “central dogma” of molecular biology stated that biological information
is transcribed from DNA into RNA, which is translated into proteins (Crick, 1970).
However, the veracity of the central dogma was called into question for two reasons:
First, studies suggested the existence of DNA modifications that were acquired
throughout life—epigenetic mechanisms (Holliday & Pugh, 1975; Jaenisch & Bird,
2003); and second, because genetic risk factors alone did not completely explain the
estimated heritability for the majority of diseases and traits, commonly referred to as
the “missing heritability problem” (Chaufan & Joseph, 2013; Manolio et al., 2009).
As an example, according to twin studies, genetic factors were estimated to account
for at least 60% of individual variability in schizophrenia risk (Picchioni & Murray,
2007). However, the genetic risk factors reliably identified by large-scale meta-analyses
explained only a small proportion of the total phenotypic variance (Gershon, Alliey-
Rodriguez, & Liu, 2011). Explanations for the missing heritability include methodo-
logical issues (e.g., small sample sizes, inadequate selection of control groups,
imprecise definition of phenotypes, neglect of gene×environment interactions, and a
focus on samples with European ancestry) as well as reasons more inherent to genetic
association studies. The latter comprises (1) the small effect sizes of single genetic risk
factors, (2) the fact that genes act in pathways, which would require the modulation of
complex gene×gene interaction analyses, (3) the existence of non-additive genetic
effects (e.g. dominance and epistasis) and (4) the potential impact of rare variants or
structural variations such as copy number variations, which are much more difficult
to study in population-based studies (diLalla & Gottesman, 1991; Gershon et al.,
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2011; Manolio et al., 2009). Finally, epigenetic modifications of the genetic loci under
investigation might influence gene expression and hence mask the effects of the
genetic risk factor. Accordingly, the investigation of epigenetic modifications could
contribute to our understanding of the remaining variability in disorder liability
(Slatkin, 2009).

Epigenetic mechanisms are long-term DNA modifications that do not affect the
sequence but do modulate gene regulation and expression. The most extensively
described epigenetic mechanism in the context of psychiatry is DNA methylation,
which consists of the addition of a methyl group to a cytosine residue followed by
guanosine, referred to as “CpG sites” (Jaenisch & Bird, 2003). Since epigenetic
modifications are crucial for the cellular differentiation process (i.e., the fact that all
cells carry the same DNA but exert different functions; Morgan, Santos, Green, Dean,
& Reik, 2005), they need to be at least somewhat stable. However, epigenetic modifi-
cations could be also responsible for environmentally shaped gene expression in order
to adjust to life’s demands (Francis, 2011), which would imply at least partial flexibility.
The discovery of enzymes responsible for dynamic epigenetic changes, including DNA
methyltransferases and histone acetyltransferases (Ramchandani, Bhattacharya,
Cervoni, & Szyf, 1999; Rice & Allis, 2001; Strahl & Allis, 2000), provided the first
evidence that epigenetic processes could indeed flexibly respond to environmental in-
fluences. This idea is reflected in the concept of behavioral epigenetics, which describes
behavioral adaptations by epigenetically shaped gene expressions in response to diffi-
cult life experiences.

Among the complex interacting biological and environmental factors that could
account for the consequences of trauma and its transgenerational transmission (see
Fig. 1), this selective literature review predominantly focuses on the role of epigenetic
processes. Epigenetic processes could be of particular importance in the field of
trauma, as they can flexibly adapt to environmental challenges (in contrast to genes)
and these adaptions can also become at least partly stable (in contrast to mRNA and
proteins).

LONG-LASTING EFFECTS OF WAR TRAUMA AND
MALTREATMENT

Posttraumatic Stress Disorder and the Building Block Effect of War
Trauma

PTSD is characterized by (1) intrusive re-experiencing of the traumatic event in the form
of recurrent dreams, thoughts, sensations or flashbacks, (2) avoidance of potentially
trauma reminding thoughts or activities, (3) emotional numbing as well as persistent alter-
ations in mood and cognition and (4) a heightened state of alertness or arousal (American
Psychiatric Association, 2013). As indicated in the introduction, the experience of a trau-
matic event is a necessary condition to develop PTSD. Yet, the development of PTSD
after a single traumatic experience seems to be the exception rather than the rule. While
50–60% of study participants reported at least one potential traumatic experience in
western non-war countries, only 5–10% of them developed PTSD (Kessler, Sonnega,
Bromet, Hughes, & Nelson, 1995; Kessler et al., 2005). Studies investigating PTSD in
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war affected countries reported higher prevalence rates, ranging from 16% lifetime
prevalence reported in Ethiopia up to 37% in Algeria (de Jong et al., 2001). Another
survey showed current prevalence rates of up to 40% among West Nile refugees (Neuner
et al., 2004). The detrimental effects of war trauma on psychological well-being can be
explained by the so-called “building block effect” of traumatic load (Schauer et al.,
2003): It has been repeatedly shown that the number of different traumatic event types
experienced increases the risk of developing PTSD in a dose–response manner (Brewin,
Andrews, & Valentine, 2000; Dunmore, Clark, & Ehlers, 2001; Fawzi et al., 1997;
Kolassa, Kolassa, Ertl, Papassotiropoulos, & De Quervain, 2010; Neugebauer et al.,
2009; Neuner et al., 2004), while the likelihood of spontaneous remission from PTSD de-
creases with accumulating trauma exposure (Kolassa, Ertl, Kolassa, Onyut, & Elbert,
2010). Furthermore, there seems to be no ultimate resilience towards PTSD: Neuner
et al. (2004) investigated 3,339 West Nile refugees in Uganda and showed that the
probability of developing PTSD approximated 100% after having experienced extreme
levels of traumatic stress. Accordingly, this important environmental risk factor should
be included in every study examining individual risk factors for PTSD. However, one
important critical point is the lack of consistency when measuring “trauma load” (Maier,
2007). For instance, it is not clear whether the frequency of traumatic events, the severity
or the age should also be considered (Wilker et al., in press). It is also unclear whether it is
adequate to define trauma load as the unweighted sum of traumatic events, or whether
some events, such as interpersonal violence (Breslau et al., 1998) and sexual violence in

Figure 1. Epigenetic modifications represent one piece of the complex puzzle linking trauma experiences to
an elevated risk of psychopathology and adverse physical health consequences. The arrows indicate
interacting pathways between the biological and environmental factors that are more commonly described
in the literature. The dark grey color represents the major contributors to the transgenerational transmission
of the possible consequences of trauma, which include not only internal factors such as (epi)genetic variants,

but also behavioral responses such as lifestyle and parenting imitation.
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particular (Maercker, Michael, Fehm, Becker, & Margraf, 2004; Maercker et al., 2009;
Schoedl et al., 2010), should be given more weight, as they are associated with a higher
risk of PTSD.

Childhood Maltreatment and Associated Psychological Consequences

Childhood maltreatment comprises sexual, physical and emotional abuse as well as
physical and emotional neglect (Butchart, Harvey, Mian, & Furniss, 2006; Cicchetti
& Toth, 2005; Myers, 2011) and can have a detrimental impact on a child’s develop-
ment and psychological as well as physical health throughout life (Schury & Kolassa,
2012). In a U.S. survey with 4,503 children and adolescents (aged one month up to
17years), Finkelhor, Turner, Shattuck, and Hamby (2013) reported a lifetime
prevalence of 9.6% for physical abuse, 14.9% for emotional abuse and 14.6% for
neglect by caregivers, and 9.5% for any sexual victimization by adults and peers.
Thombs et al. (2006) reported a similar prevalence, with higher rates of physical and
emotional abuse among boys and higher rates of sexual abuse among girls. Concerning
child sexual abuse, a global meta-analysis based on 331 independent samples estimated
a general prevalence of 11.8%, with a prevalence of 18% in female samples and 7.6% in
male samples (Stoltenborgh, van IJzendoorn, Euser, & Bakermans-Kranenburg,
2011).

The potentially adverse consequences of childhood maltreatment are manifold: On
the one hand, experiencing maltreatment during childhood can lead to an increased
risk for internalizing behavioral problems (e.g., depression, anxiety), presumably more
common among women (Ackerman, Newton, McPherson, Jones, & Dykman, 1998;
Fergusson, Boden, & Horwood, 2008; Moylan et al., 2010; Norman et al., 2012),
and externalizing behavioral problems (e.g., aggressive behavior, delinquency), more
often observed in men (Ackerman et al., 1998; Evans, Davies, & DiLillo, 2008;
Moylan et al., 2010). On the other hand, the experiences of abuse can repeat
themselves: Victims of childhood maltreatment are at increased risk to be abused
during adulthood or to become involved in relationships with abusive partners
(Barrios et al., 2015; Bensley, Van Eenwyk, & Wynkoop Simmons, 2003). Moreover,
the risk of becoming perpetrators themselves and abusing their spouses and children
(Duke, Pettingell, McMorris, & Borowsky, 2010; Ehrensaft et al., 2003; Gil-González,
Vives-Cases, Ruiz, Carrasco-Portiño, & Álvarez-Dardet, 2008), or of becoming
involved in offending and violent crime, is elevated in childhood maltreatment survi-
vors (Thornberry, Henry, Ireland, & Smith, 2010). In addition, increased levels of
substance or alcohol abuse as well as engagement in risky sexual behaviors were
observed in survivors of childhood maltreatment compared with non-maltreated
individuals (Thornberry et al., 2010; Widom, Ireland, & Glynn, 1995; Wilson &
Widom, 2008).

Potential Health Consequences of Trauma and Childhood
Maltreatment

Both childhood maltreatment and war-related traumatic experiences can have negative
consequences on physical health. In particular, childhood maltreatment is associated
with an increased likelihood of cardiovascular disease, diabetes and obesity (Batten,
Aslan, Maciejewski, & Mazure, 2004; Danese & Tan, 2014; Suglia, Clark, Boynton-
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Jarrett, Kressin, & Koenen, 2014; Thomas, Hypponen, & Power, 2008). Similarly,
trauma survivors were found to be more vulnerable to infection, cancer, chronic lung
disease, diabetes and cardiovascular problems (Brown et al., 2010; Norman et al.,
2012). Furthermore, the risk of developing any physical disease increases with the
number of traumatic event types (Scott et al., 2013). Hence, the building block effect
seems not to be limited to mental disease, but also extends to the biological level.

Next to lifestyle factors associated with childhood and adult trauma exposure (in-
cluding smoking, alcohol and substance abuse, and poor nutrition), trauma-
associated neuroendocrinological as well as immunological alterations are likely to
contribute to the enhanced physical health risk. Upon trauma exposure, the
sympathetic nervous system and the hypothalamic–pituitary–adrenal (HPA) axis are
activated, resulting in the release of catecholamines and cortisol, respectively.
Furthermore, PTSD has been found to be associated with endocrinological deregula-
tions. While the literature consistently points towards increased catecholamine levels
in PTSD (Pervanidou & Chrousos, 2012; Yehuda, Southwick, Giller, Ma, & Mason,
1992; Young & Breslau, 2004), evidence regarding cortisol levels is more heteroge-
neous. Yet, the majority of studies points towards lower cortisol levels (Heim &
Nemeroff, 2009; Pace & Heim, 2011; Yehuda, Halligan, & Bierer, 2002) and
increased sensitivity of glucocorticoid receptors in PTSD (Yehuda, Golier, Yang, &
Tischler, 2004). However, adding to the complexity of the cortisol literature, child-
hood maltreatment survivors rather present a lower density of central and peripheral
glucocorticoid receptors, higher cortisol levels, general insensitivity to cortisol and
disrupted stress reactivity (Carpenter et al., 2007, 2009; Tyrka, Price, Marsit,
Walters, & Carpenter, 2012). These opposed findings in PTSD versus childhood
maltreatment could be due to a higher vulnerability of the developing brain structures
(Kellermann, 2013). Since the immune system and the endocrine system interact via
peptide hormones, neurotransmitters and cytokines, it is not surprising that trauma
survivors with PTSD show immunological alterations too. In more detail, traumatic
stress seems to be followed by a reduction in the count of naïve and regulatory T lym-
phocytes as well as an increase of memory T cells (Sommershof et al., 2009). More-
over, spontaneous production of pro-inflammatory cytokines by isolated leukocytes
(Gola et al., 2013) and circulating levels of pro-inflammatory cytokines (Carpenter
et al., 2010; von Känel et al., 2007) seem to be increased in association with childhood
maltreatment and PTSD.

Not only do individuals with PTSD present an increased risk and an earlier onset of
age-related diseases, but the aforementioned immunological alterations are also
indicative of a prematurely aged immune system. Similarly, the examination of age-
related biomarkers indicates premature aging in trauma survivors: Shorter telomere
length—a robust biomarker for premature aging—was associated with childhood
maltreatment and exposure to chronic stress (Epel et al., 2004; Tyrka et al., 2010).
Furthermore, increased DNA breakage accumulation has been observed in peripheral
blood mononuclear cells of trauma-exposed individuals with and without PTSD
(Morath et al., 2014). Moreover, comparing the GlycoAgeTest in individuals with
and without PTSD also pointed towards accelerated physiological aging in trauma
survivors with PTSD (Moreno-Villanueva et al., 2013).

But how can traumatic stress lead to long-lasting endocrinological and immunolog-
ical changes? The following section describes how enduring epigenetic modifications
might explain some of the observed alterations in trauma survivors.
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EPIGENETIC PROCESSES MAY ACCOUNT FOR THE
LONG-LASTING CONSEQUENCES OF TRAUMA

Epigenetics of War Trauma and PTSD

The majority of studies investigating survivors of adult trauma focused on epigenetic
correlates of PTSD. Since intrusive memories for the traumatic experiences form a
hallmark of the disease, and PTSD patients present distinct memory impairments,
the disorder has been conceptualized as a disorder of pathological memory formation
(Brewin, 2011). Recent work highlighted the essential mediating role of epigenetic
marks in the molecular mechanisms of memory formation (Levenson & Sweatt,
2005) and showed that inhibition of the DNA methyltransferase blocks long-term
potentiation and memory consolidation in rat hippocampi (Miller & Sweatt, 2007).
Moreover, mRNA levels of de novo DNA methyltransferase undergo upregulation after
fear conditioning (Miller & Sweatt, 2007). Since glucocorticoids are central players in
emotionally driven memory consolidation, they are essential for the biological charac-
terization of PTSD (de Quervain, Aerni, Schelling, & Roozendaal, 2009; Roozendaal,
Okuda, de Quervain, & McGaugh, 2006) and represent a pivotal target for epigenetic
investigations aiming to explain pathological memory formation in PTSD. In this
context, Vukojevic et al. (2014) investigated DNA isolated from human saliva and
found an association between epigenetic alterations in the gene encoding the glucocor-
ticoid receptor (NR3C1) and human healthy memory performance, as well as intrusive
memory symptoms in male PTSD patients. Moreover, higher DNA methylation at the
NR3C1 promoter exon 1F was associated with less intrusive memory symptoms in male
but not in female survivors of the Rwandan genocide (Vukojevic et al., 2014). The
gender-specific and complex interaction between methylation of NR3C1, memory for-
mation and PTSD risk is not yet completely understood, but represents an interesting
starting point for the investigation of epigenetic alterations in memory-related genes.

Within this framework, a greater number of glucocorticoid receptors in lymphocytes
and changes of circulating cortisol levels of war combatants with PTSD have been
observed (de Kloet et al., 2007; Yehuda, Lowy, Southwick, Shaffer, & Giller, 1991),
and reduced methylation of NR3C1 promoter has been assumed to account for the
observed alterations in glucocorticoid signaling (Seckl & Meaney, 2006). Consistently,
Labonté and colleagues reported an increased expression of glucocorticoid receptor
variants in T lymphocytes in individuals with lifetime PTSD compared with controls,
an effect that was accompanied by lower overall methylation of NR3C1 in individuals
with PTSD (Labonté, Azoulay, Yerko, Turecki, & Brunet, 2014). Similarly, Yehuda
and co-workers observed lower methylation in the promoter region of the NR3C1 gene
in peripheral blood mononuclear cells from veterans with PTSD and a 39% higher
relative expression of the glucocorticoid receptor gene in PTSD cases compared with
controls (Yehuda et al., 2015). Finally, a higher number of glucocorticoid receptors
in peripheral blood mononuclear cells of soldiers before war service has been indicated
as a vulnerability factor for PTSD development after deployment: The odds ratio for
the presence of PTSD symptoms after deployment increased 7.5-fold with every
increment of 1,000 receptors counted (van Zuiden et al., 2010).

As previously mentioned, PTSD-related health problems might stem from
alterations in immune function (Baker et al., 2001; Gola et al., 2013; Hoge et al.,
2009; von Känel et al., 2007), which might be partly mediated by epigenetic changes
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(Smith et al., 2011). A comparison of whole blood DNA methylation in more than
14,000 genes between PTSD cases and healthy controls showed epigenetic changes
of immune activation in PTSD patients, as some genes regulating the innate and the
adaptive immune system were significantly less methylated (Uddin et al., 2010).
Methylation signatures of immune activation mechanisms were also found in periph-
eral blood cells investigated in an African American population with a PTSD diagnosis
compared with healthy controls (Smith et al., 2011).

While these studies do not yet allow for causal interferences between PTSD, in-
creased expression of proinflammatory cytokine genes and decreased concentrations of
neuroprotective chemokines, they suggest a chronic immune system activation in PTSD
that correlates with corresponding alterations on the epigenetic level. Whether epigenetic
alterations represent a risk factor or a consequence of PTSD is not yet clear (Rusiecki
et al., 2013; Sipahi et al., 2014). Nevertheless, in interaction with the identified genetic
risk factors and the number of traumatic events experienced, epigenetic signatures could
contribute to the explanation of interindividual variance of psychiatric outcomes follow-
ing war-trauma exposure, thus representing a promising approach for future research.

Epigenetic Mechanisms Following Childhood Maltreatment

Pioneering studies by Meaney and colleagues presented experimental evidence for the
potential programming role of infant adversity in rats. They suggested as early as 1996
that early environmental regulation of glucocorticoid receptor gene (NR3C1) expres-
sion was mediated by mother–infant interaction. Offspring experiencing high maternal
care (in terms of licking and grooming in laboratory rats) had fewer anxiety-like
behaviors and responded with a decreased HPA-axis reactivity to stressful experiences
(Meaney et al., 1996). In order to understand why maternal care provoked a reduced
response to stress, the same group studied DNA methylation levels of the NR3C1
promoter and its hippocampal expression. The offspring of high-caring mothers
showed an increased NR3C1 expression rate and a lower methylation level (Weaver
et al., 2004; Weaver, Meaney, & Szyf, 2006). This observation could explain the
previously mentioned reduced stress reactivity in high maternal care pups. In more
detail, the negative feedback of the HPA axis, which is required for a timely termination
of the stress response, is strengthened by higher NR3C1 expression. Similar studies in
animal models support the idea that methylation could be a key modulator of the stress
response after early-life adversity (Fagiolini, Jensen, & Champagne, 2009; Murgatroyd
et al., 2009; Oh et al., 2013). Even more surprising are first indicators for changes of
DNA methylation in germline cells, suggesting transgenerational effects of early-life
adversity, as persistent and maintained across generations. For example, methylation
increase has been observed in sperm cells of male mice exposed to unpredictable
maternal separation combined with unpredictable maternal stress (Franklin et al.,
2010). Together, these data suggest that maternal behavior can have profound conse-
quences on the offspring’s behavioral and neuroendocrine response to stress.

Postmortem analyses in human brain mirrored the results from earlier animal
research regarding the effects of early-life stress (McGowan et al., 2009): Hippocampal
cells from suicide completers with a history of childhood maltreatment showed higher
methylation levels of the exon 1F NR3C1 promoter and significantly less expression of
NR3C1 mRNA compared with suicide completers without childhood trauma and con-
trols who died suddenly or accidentally (McGowan et al., 2009). Enhanced NR3C1
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promoter methylation after experiences of childhood maltreatment were also found in
several studies investigating peripheral tissue (see Daskalakis & Yehuda, 2014, for a
review). Moreover, a positive correlation between the severity, repetition and sexual
character of childhood abuse andNR3C1 promoter methylation levels has been observed
(Perroud et al., 2011, 2013), indicating a cumulative effect of childhood maltreatment,
similarly to the building block effect of traumatic load (Schury & Kolassa, 2012).

Contrary to these results, epigenetic analysis in war veterans with PTSD showed
lower methylation of the NR3C1 promoter (Labonté et al., 2014; Vukojevic et al.,
2014; Yehuda et al., 2015). This suggests that epigenetic modifications might differ
depending on the developmental timing of trauma exposure, resulting in either hypo-
or hyper-gene expression. Correspondingly, Mehta et al. (2013) compared the gene
expression and methylation profiles between PTSD patients with and without a history
of childhood maltreatment and found almost no overlap in the gene expression profile
of the two groups, an effect that was mirrored by distinct epigenetic signatures.

Another gene involved in HPA axis regulation that is found to be subject to trauma-
related epigenetic changes is FKBP5, which encodes for a chaperon-like protein that
downregulates cortisol binding and glucocorticoid receptor translocation into the cell
nucleus. Accordingly, FKBP5 decreases the sensitivity of the glucocorticoid receptor
to glucocorticoids. Since binding of glucocorticoids to the glucocorticoid receptor is
essential for a termination of the stress response via a negative feedback loop, increased
FKBP5 expression might be associated with a prolonged stress response (Binder,
2009). PTSD risk following childhood maltreatment has been associated with certain
genetic variations of the FKBP5 gene (Binder et al., 2008; Klengel et al., 2013; Xie
et al., 2010). Furthermore, lower methylation levels of the FKBP5 gene were observed
in individuals with childhood abuse who were also carriers of a genetic risk factor at the
FKBP5 locus (Klengel et al., 2013). Thus, the authors hypothesized that the increased
cortisol release resulting from early life events induces epigenetic changes in the
promoter area of the gene (Klengel et al., 2013). Accordingly, there seems to be a com-
plex interaction between genetic makeup, environment and consequent epigenetic
changes, which warrants further investigations.

While the aforementioned targeted epigenetic studies mainly focused on genes
involved in HPA-axis regulation, first epigenome-wide studies allow identification of
broad methylation changes that introduce new potential biological pathways related
to childhood adversity. So far reported pathways include, among others, cellular
signaling cascades (Naumova et al., 2012), neural communication (Naumova et al.,
2012), estrogen receptor response (Bick et al., 2012) and developmental pathways
(Khulan et al., 2014). Furthermore, a recent study investigating peripheral blood cells
aimed to establish genome-wide DNA methylation changes in the promoters of genes
that were mostly involved in embryonal development and inflammatory regulation
(Suderman et al., 2014).

TRANSGENERATIONAL TRANSMISSION OF TRAUMA AND
VIOLENCE

There is mounting evidence that the consequences of trauma and violence could be
transmitted to the next generation. For instance, children of Holocaust survivors with
PTSD are at increased risk to develop PTSD themselves (Yehuda, Bell, Bierer, &
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Schmeidler, 2008). Furthermore, parental early adversity is believed to be a risk factor
for maltreatment of their own offspring (Dixon, Browne, & Hamilton-Giachritsis,
2008). In a sample of 135 parents with a history of childhood maltreatment, 6.7%
abused their own children during the first 13months (Dixon et al., 2008) while only
0.4% of the non-abused control parents abused their offspring. Many different factors,
which are detailed hereafter, could account for this transgenerational transmission of
trauma and violence. Foremost, beginning with risk factors on the behavioral level,
the experience of trauma and violence, especially if it occurs in early development
stages, could repeat itself—a process termed re-victimization. Individuals who have
been sexually abused during childhood are at increased risk to experience sexual and
physical re-victimization as adults (Arata, 2000; Classen, Palesh, & Aggarwal, 2005;
Messman-Moore, Long, & Siegfried, 2000). Moreover, the experience of different
types of abuse increases the likelihood of abusive experiences in adulthood (Chiu
et al., 2013), including intimate partner violence. Additionally, experiencing childhood
abuse has been linked to a higher probability of engagement with a violent intimate
partner (Whitfield, Anda, Dube, & Felitti, 2003; WHO, 2005). Besides physical inju-
ries such as head, neck or facial injuries (Wu, Huff, & Bhandari, 2010), victims of
inter-personal violence showed stress-related symptoms including loss of appetite,
gastrointestinal dysfunction (Campbell, 2002; Coker, Smith, Bethea, King, &
McKeown, 2000; Leserman & Drossman, 2007) and hypertension (Coker et al.,
2000; Letourneau, Holmes, & Chasedunn-Roark, 1999; Silverman, Decker, Reed, &
Raj, 2006). Furthermore, higher prevalence rates of anxiety disorders, PTSD, sleeping
disorder and alcohol and drug abuse were observed in victims of intimate partner
violence (Campbell, 2002; Carbone-López, Kruttschnitt, & Macmillan, 2006; Krug,
Mercy, Dahlberg, & Zwi, 2002; Pico-Alfonso et al., 2006).

Intimate partner violence and childhood maltreatment are correlated, and individuals
who abuse their partners often also tend to maltreat their children (Appel & Holden,
1998). Indeed, parent–child interaction can be negatively affected by parental history of
childhood maltreatment and intimate partner violence (Buist, 1998; Malta, McDonald,
Hegadoren, Weller, & Tough, 2012). In more detail, abused mothers showed an
enhanced psychological aggression and physical punishment, less parental warmth and
problems in establishing boundaries (Banyard, 1997; Barrett, 2009; Letourneau et al.,
2011; Peled & Gil, 2011). To summarize, adults who were abused in childhood have a
higher probability of abusing their own children, and they more often become involved
in violent intimate relationships in which they re-experience victimization and may fail
to protect the children from their violent partner (Dixon, Browne, & Hamilton-
Giachritsis, 2005), which can be referred to as a ‘cycle of maltreatment’ (Widom, 1989).

Survivors of childhood maltreatment, especially survivors of sexual abuse, are not
only at increased risk to become violent towards their own family but are also more
likely to become involved in delinquency, to carry a weapon for self-protecting reasons,
to be arrested and to commit different types of crime (Currie & Tekin, 2012; Smith &
Thornberry, 1995; Widom, 1989). Nevertheless, it is important to emphasize that the
majority of childhood maltreatment survivors do not become perpetrators. As most
previous studies assessed violent outcome retrospectively, representative prospective
cohort studies are warranted to derive a valid estimate of the association between mal-
treatment and future violent behavior.

Another factor involved in the transgenerational transmission of violence is the
occurrence of violent behavior during pregnancy. Violent relationships are associated
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with higher rates of unintended pregnancies, which are in turn related to an increased
risk of inter-partner violence during pregnancy (Curry, Perrin, & Wall, 1998;
Gazmararian et al., 1995; Goodwin et al., 2000; Saltzman, Johnson, Gilbert, &
Goodwin, 2003). Exposure to stress and violence can lead to serious complications
during pregnancy as well as premature birth and low birth weight of the newborn,
associated with adverse effects on the child’s future psychological health (Cokkinides,
Coker, Sanderson, Addy, & Bethea, 1999; Curry et al., 1998; Fernandez & Krueger,
1999; Schmuel & Schenker, 1998; Silverman et al., 2006). Presumably, maternal stress
can program brain development and stress system plasticity of the fetus (DiPietro,
Novak, Costigan, Atella, & Reusing, 2006; O’Donnell et al., 2012). During pregnancy,
the developing fetus is protected from maternal glucocorticoid levels by enzymatic
inactivation of cortisol in the placenta. However, when maternal cortisol levels are
too high, the buffering function of the respective placental enzyme is reduced (Cottrell
& Seckl, 2009). Fetal cortisol exposure programs the activity of the HPA-axis (Seckl,
2004) and is associated with low birth weight, increased risk of impaired
neurodevelopment and psychiatric diseases later in life (Talge, Neal, & Glover,
2007). For instance, infants of mothers who experienced the September 11th event
during pregnancy and subsequently developed PTSD had a lower birth weight and
showed more severe depressive symptoms (Yehuda & Bierer, 2009; Yehuda et al.,
2005). Acute stress during pregnancy was furthermore associated with subsequent
development of PTSD and lower cortisol levels in mothers and their babies (Yehuda
et al., 2005). This data supports the aforementioned idea that maternal stress exposure
and hence elevated glucocorticoid levels during pregnancy can influence the child’s
reactivity to stress. The underlying epigenetic processes taking place during in utero
development after episodes of maternal stress will be discussed in the next section.

To conclude, on the behavioral level, trauma and maltreatment can have adverse
transgenerational consequences. As parents abused in childhood have a higher proba-
bility for re-victimization, trauma-related psychopathology and violent behavior, their
offspring is also at an increased risk for traumatic experiences. Observational learning
and imitation of poor lifestyle habits as well as sedentary lifestyle, smoking and alcohol
consumption could be additional behavioral mechanisms accounting for the cycle of
maltreatment, which also impact physical health. On a biological level, next to the
genetic transmission of risk (diLalla & Gottesman, 1991), violence or stress exposure
in utero is likely to impact the unborn’s stress system, presumably via epigenetic
mechanisms.

Transgenerational Epigenetics

If psychological and behavioral distress consequent to trauma and childhood maltreat-
ment can be passed on the next generation, how can this transmission be biologically
explained? This enigma could be partially solved by investigating epigenetics. It has
already been shown that epigenetic modifications occurring in a germline cell can
become stable in the next generation, if fecundation occurs (Bale, 2014).

Chronic and unpredictable maternal separation in mice induced behavioral alterations
not only in the affected offspring, but also in their own pups (Franklin et al., 2010). In
more detail, increased depression and anxiety-like behavior as well as methylation mod-
ifications of sperm cells in numerous stress- and emotion-regulation-related genes have
been observed, suggesting enduring epigenetic marks that can be transgenerationally
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transmitted (Franklin et al., 2010). Besides DNA methylation, microRNAs (miRNAs)
can also regulate gene transcription and have been implicated in the transmission of
the effects of early life stress (Gapp et al., 2014; Zucchi et al., 2013). An experiment
conducted by Zucchi et al. (2013) indicated that, if pregnant rats were exposed to
stressors such as restraint or forced swimming, 336 miRNAs were differentially
expressed in their offspring. When a miRNA binds to its mRNA-target, it represses ex-
pression through degradation of the mRNA (Khraiwesh et al., 2010). The putative gene
targets for miRNA that appeared differentially expressed were related to neurotransmis-
sion, neurodevelopment, brain pathologies and stress responsivity. This indicates that
the developing brain is particularly vulnerable to stress exposure during gestation
(Zucchi et al., 2013).

Another experiment showed alterations in miRNA expression, metabolism and
behavior after traumatic stress in early life up to the third generation in mice (Gapp
et al., 2014). In response to maternal stress and unexpected maternal separation, the
relative miRNA levels were altered in germ cells, serum and brain of the first genera-
tion. This was accompanied by behavioral alterations, including increased depressive
behavior and reduced fear in experimental tests (Gapp et al., 2014). The resulting off-
spring revealed upregulation of several miRNAs in serum, plasma and brain, but inter-
estingly not in sperm. However, the third generation showed behavioral symptoms
similar to those of the first and second generations of mice, except changes in miRNA
of the sperm cells. These findings suggest an alternative mechanism mediating the
transfer of adaptive changes to subsequent generations, which might include other
epigenetic marks such as histone modifications. Last, the authors injected sperm RNAs
purified from early-stress exposed mice into fertilized mouse oocytes, which reproduced
behavioral alterations (Gapp et al., 2014), suggesting the existence of a RNA-dependent
processes in the inheritance of acquired traits after early traumatic stress in mammals.

In humans, it has been reported that parental PTSD is not only a risk factor for
PTSD in the offspring, but also leads to transgenerational effects on the epigenetic level
(Yehuda & Bierer, 2009). In more detail, differential effects of maternal and paternal
PTSD on the methylation of their children’s NR3C1 1F promoter have been observed.
If only the father was diagnosed with PTSD the promoter region was hypermethylated,
while if both parents suffered from PTSD methylation was significantly decreased
(Yehuda et al., 2014). The authors discussed that mothers were the primary caregivers
in their sample and might have buffered the stress associated with parental PTSD,
while PTSD in both parents might lead to unpredictable stress in the offspring,
resulting in epigenetic changes mimicking those of individuals with PTSD (Yehuda
et al., 2014).

Psychosocial difficulties during pregnancy may also affect the methylation pattern and
stress responsiveness in developing babies. An increased depressed maternal mood in the
third trimester has been associated with increased neonatal methylation of exon 1F of the
NR3C1 promoter (Oberlander et al., 2008 ). Furthermore, maternal exposition to war or
rape during pregnancy has been associated with higher DNA methylation of the NR3C1
promoter region in newborns (Mulligan, D’Errico, Stees, & Hughes, 2012; Rodney &
Mulligan, 2014). Similarly, Radtke and colleagues (2011) reported a positive correlation
between maternal exposure to intimate partner violence during pregnancy and the
NR3C1 DNA methylation level in their teenage children (Radtke et al., 2011). Even
though the mental health status of the children was not assessed, these findings point
towards an epigenetic transmission of prenatal stress and children’s psychological health.
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In sum, parental and prenatal exposure to adversities such as war or partner violence can
lead to enduring changes in the next generation, partly via epigenetic processes. However,
the exact molecular mechanisms remain to be illuminated, since a genome-wide loss of
DNA methylation occurs following fertilization (Morgan et al., 2005). If methylation in
the DNA inherited from maternal and paternal stem cells is erased in the very first stage
of development and reprogrammed across next stages, why can parental methylation traces
be found in the offspring after birth? Although it is not entirely clear how the “memory” of
parental methylation pattern can bemaintained, broader epigenetic machinery is likely to in-
teract. Presumably non-coding RNAs or chromatin structure modifications could store the
information to later guide the methyltransferases and define where to add methyl groups to
the DNA (Yan, 2014). It is further important to ask whether the observed methylation pat-
terns in offspring are truly inherited or whether they appear as a consequence of a modified
parenting model in the event that parents went through adversities during their own child-
hood. Research indicates that both processes seem to be of importance. On the one hand,
animal models show changes in behavior up to two generations after early life trauma, which
could affect methylation in their offspring (Gapp et al., 2014; Weaver et al., 2004). On the
other hand, cross-fostering studies reveal that methylation marks at specific sites can be at
least partially reversed by environmental enrichment (Bredy, Zhang, Grant, Diorio, &
Meaney, 2004). In addition, maternal pregnancy stress has been shown to directly induce
methylation changes in babies (Mulligan et al., 2012; Oberlander et al., 2008; Radtke
et al., 2011). However, further investigations of parenting behavior after a history of child-
hood maltreatment and methylation changes in parents and their descendants are needed
to completely understand the transgenerational programming of the epigenome.

LIMITATIONS AND FURTHER DIRECTIONS

This review has summarized current literature regarding the effect of childhood and
war trauma on methylation status. The majority of the summarized studies investigated
peripheral blood cells. Since DNA methylation is a core mechanism for cellular
functional differentiation, it is difficult to clarify if methylation changes in blood cells
mirror the methylation status of the brain. While this empirical research question can
of course not be addressed in human studies, future animal research can help to clarify
whether the observed methylation changes are global or cell specific.

One caveat when interpreting the literature on the biological consequences of war
and childhood trauma is the aforementioned alterations in lifestyle frequently observed
in trauma survivors (Zhou, Enoch, & Goldman, 2014). As survivors of violence expo-
sure show higher rates of smoking, alcohol and drug consumption (Campbell, 2002;
Carbone-López et al., 2006; Krug et al., 2002; Pico-Alfonso et al., 2006), the effects
of adverse lifestyle are difficult to disentangle from the effects of the stress per se.
Therefore, when interpreting the literature, one should be aware of the complex
interplay of genetics, perinatal environment, lifestyle factors, observational learning
and associated epigenetic changes. Accordingly, it becomes obvious that epigenetic
processes only represent one piece in a very complex puzzle. Nevertheless, the flexibil-
ity in response to environmental demands as well as the potential heritability render
epigenetic processes an interesting candidate for future research.

Concerning the transgenerational aspects of trauma and childhood maltreatment,
most studies have focused on the mother–child transmission (prenatal and postnatal)
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of epigenetic marks. Initial evidence also highlights the important role of the father in
transmitting the potentially adverse effects of early trauma and war. Therefore, epige-
netic research on sperm cells from fathers exposed to war and on their children could
provide important hints about the transgenerationality of paternal trauma.

Epigenetic plasticity is thought to be of importance for the adaptation to adverse en-
vironments and might help to explain interindividual variation in behavior. As indicated
earlier in the article, the majority of trauma survivors shows a relative resilience and does
not respond with the development of psychological disorders. Furthermore, while female
childhood maltreatment and trauma survivors are at increased risk to develop internaliz-
ing behavior problems such as PTSD or depression, male survivors rather respond with
antisocial and violent behavior. However, it is still not exactly clear which processes
mediate the different behavioral consequences of trauma and childhood maltreatment
and the observed gender effects. A biological/epigenetic approach might help to promote
a better understanding of human development and behavior after traumatic experiences.

Furthermore, individuals vary not only in their reaction to traumatic experiences,
but also in their responsiveness to trauma-focused psychotherapy, with approximately
one-third of trauma survivors not benefitting from therapy (Bradley, Greene, Russ,
Dutra, & Westen, 2005). Preliminary evidence from 16 trauma survivors receiving psy-
chotherapy indicates that some epigenetic marks might represent predictors of therapy
success, while others can be modified in the course of successful therapeutic treatment
(Yehuda et al., 2013). Hence, research on the epigenetic processes accompanying
successful recovery from trauma-related disorders could shed light on the underlying
biological processes and help to develop personalized treatments for PTSD.

Finally, it is important to emphasize that epigenetic marks could help to draw
attention to the profound consequences of war trauma and childhood maltreatment,
which can even proceed to the next generation. While the public media rather focus
on the visible physical wounds and economic needs caused by war, terrorism or natural
disasters, the invisible, psychological wounds are at least as disastrous and can lead to
life-long impaired psychosocial functioning, increased risk of physical diseases and
even a transgenerational transmission of risk. With epigenetic research, it finally be-
came feasible to begin to shed light on these long-lasting consequences, and to support
the psychological findings with biological data. On a public health policy level, these
findings could support arguments for an enhanced awareness for the psychological
consequences of trauma in first help providers and physicians, as well as an increased
availability of mental health care services, especially for highly traumatized populations
such as refugees and asylum seekers.
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