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EDITORIAL

Contribution of Epigenesis towards the Etiology, Prevention 
and Treatment of Post-Traumatic Stress Disorder

Amarendra N. Singh1,2)

ABSTRACT
Introduction: Post-Traumatic Stress Disorder (PTSD) is a chronic, highly debilitating and heterogeneous psychiatric disor-

der. PTSD is characterized by uncontrollable re-experiencing (flashbacks, nightmares, and intrusive memories), hyper-arousal, 
avoidance behaviour and negative alterations in cognition and mood3-5). Occurrence of trauma(s) precipitates this disorder. 
Prevalence of PTSD is between 7.8-8.7% in spite of the majority of people (90%) having suffered from trauma(s) during their 
lifetime4,6). This raises the question as to whether those with PTSD have different biological processes than the majority of trau-
ma sufferers who remain resilient and do not suffer from PTSD. In recent years, the focus of research has moved towards bio-
logical processes, particularly on heritability for knowing the etiological factors or causes of PTSD. In spite of multiple research 
studies on genetic etiology by GWAS, family linkage studies and hypothesis-free genomes, no conclusive evidence has been found 
for etiological factors. Most of the research works have confirmed the involvement of multiple genes (approximately 25 genes), 
however replicability has not been achieved in these studies. Epigenesis has thus become another important path for finding the 
biological basis of PTSD5,7-10). 

In 1942 Waddington coined the term 'epigenesis' to describe the interaction of genetics and environmental factors. Changes 
by this genetic mechanism have developed due to outside influences including environmental factors, rather than being geneti-
cally determined or those that are outside of conventional genetics. The underlying mechanism of epigenesis thus involves 
non-interpreted genes induced by environmentally modified gene expression without altering the DNA sequences11-15). 

Objective: This paper describes the epigenetic changes occurring in PTSD and their contribution towards understanding the 
etiology, prevention and treatment of PTSD.

Method: Published research works on epigenesis related to PTSD.
Results: Role of DNA methylation has become an important cause for the occurrence of PTSD. Epigenesis dysregulation 

clarifies the molecular pathways by which environmental and genetic interaction produce gene expression and alterations asso-
ciated with PTSD. The interaction and relationship of DNA methylation and traumatic experiences causes the occurrence of 
PTSD. Epigenetic changes are also different in PTSD sufferers than those who are resilient and non-PTSD sufferers40-46).

Conclusion: Epigenetic changes can reveal the etiological basis of PTSD and can also pave the path for the prevention and 
treatment of PTSD sufferers. Future enhanced research activities are needed for epigenetic pharmacological therapy.
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INTRODUCTION

Post-Traumatic Stress Disorder (PTSD) entered DSM III in 1980 as 
a disorder in the trauma and stress disorder category1-3). Prior to 1980, 
this disorder has been diagnosed as 壮 hell-shock  combat fatigue and 
war neurosis2). PTSD is a chronic, highly debilitating and heterogeneous 
psychiatric disorder. PTSD is characterized by uncontrollable re-experi-
encing (flashbacks, nightmares and intrusive memories), hyper-arousal, 
avoidance behaviour and negative alterations in cognition and mood3,4). 

Exposure to trauma(s) are very common to most people (90%) but 
the majority of sufferers remain resilient and are free from PTSD4,6,7). 
Prevalence of PTSD is between 7.8% to 8.7% while 12-month preva-
lence in adults is 3%4). PTSD is more common in severe trauma and 
includes violence, military combat and disaster8). 

As a low percentage of trauma(s) sufferers have PTSD, the possibil-
ity of different biological processes have been considered in PTSD suf-
ferers. Genetic and epigenetic changes are very important biological 
processes to be taken into account for PTSD sufferers. These changes 
are of different types in PTSD sufferers from the trauma sufferers who 
do not have PTSD disorder. Even in PTSD sufferers, individual variabil-
ity is common. In recent years, the focus has been on research activities 
on heritability and many research papers have been published on genetic 
and epigenetic changes to discover their etiological role in PTSD.

In the genetic field, multiple research studies have been published 
on hypothesis-free genomes, genome wide association studies (GWAS) 
and family linkage studies. As yet, no conclusive evidence has been 
found as an etiological factor. Most of the information confirms 
involvement of multiple genes (about 25 genes) but replicability of 
these studies has not been successful.8-10) 
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This article focuses on epigenetic changes and its contribution to 
PTSD in etiology, prevention, treatment and future production of epi-
genetic-based medications.

In 1942, Waddington coined the term 'epigenesis' to describe the 
interaction of genetics and environmental factors11,14,20,29). The underlying 
mechanism of epigenesis thus involves non-interpreted genes induced 
by environmentally modified gene expression without altering DNA 
sequences12-15,20,29).

See figure 1 below:

Phenotypes established between genes and environmental factors 
using the process of developmental plasticity bring the changes in gene 
expression. The molecular basis of epigenesis is complex and multiple 
inherited systems may also play a part in forming cell memory. These 
changes may remain for remainder of cell life or may also last for multi-
ple generations16,20,29). 

Exposure to various types of trauma in suffering patients produce 
phenotypes by interaction of genes and environmental factors using the 
process of developmental plasticity. Changes in the majority of trauma 
sufferers (91.5%) are matched to best suited environmental life factors 
and they remain free from PTSD. On the other hand, 7%-8.5% of trau-
ma suffers have mismatched phenotypes which cause them to suffer 
from PTSD12,14,17,18,20,29). The degree of mismatch usually will determine 
the degree of severity in PTSD sufferers (7%-8.5%)13,14,18,20,29). See Table 1 
below.

Environmental Factors
PTSD is produced by genome imprinting and related changes, and 

also by transgenerational observation12,14,19,20,21,29). The changes of gene 
expression have been suggested as an important molecular mechanism 
of adaptation in brain20-22,29) and maladaptation in brain is important part 
in causing PTSD.

Maladaptation is also responsible for altering behaviour in PTSD 
sufferers through MRNA changes20,22,29) in a specific part of the human 
brain20,22,29). The epigenetic process which exerts lasting control over 
gene expression and alters gene regulation, may be responsible for 
PTSD9,20,23,29). Differences in expression patterns between trauma-ex-
posed non-PTSD sufferers have been observed7,24-28). These differences in 
expression are seen in the HPA axis immune function and, transcription 
of neural and endocrinal proteins24,26,28).

Epigenetic regulation starts very in human life29-31). Human studies 
have shown the importance of epigenetic regulation of the placenta gene 
playing a central role in maternal fetal interactions29,32,33). In animal stud-
ies, epigenetic regulation starts during embryogenesis and continues 
during placenta development29,31). Thus, maternal adversity like malnutri-
tion, violence between parents, various kinds of stresses and low social 
status during pregnancy, become the stimulus for the start of abnormal 
epigenetic changes which lasts a lifetime. 

Traumas occurring during the prenatal period, in early childhood 
and adulthood in human life influences the epigenetic pattern of the 
brain, thereby contributing to the occurrence of PTSD in later life8,32,34,35). 

In a post-mortem study of patients who committed suicide, MRNA 
levels of GR were found down-regulated in those suicide victims who 
had a history of suffering from early life traumas31-37,39).

Epigenetic inheritance is also becoming an exciting area of 
research. Interestingly, epigenetic changes (intron 7 demethylation) 
have been seen in the offspring of holocaust survivors. It has been sug-
gested that epigenetic alterations can pass to the next generation through 
germline7,29,31-38). As described earlier, epigenesis in PTSD is not only 
complex but involves many pathways. Epigenesis Wide Associated 
Studies (EWAS) have confirmed the epigenetic changes related to syn-
aptic, particularly in cholinergic signalling, oxytocin and inflammatory 
responses. Smaller studies have implicated immune responses, inflam-
matory responses, endocrine responses and nervous system path-
ways7-9,23).

Overview of Epigenetic Mechanism14,20,29,35)

1. DNA methylation and Chromatin remodeling
2. Histone Modification (Conversion of cytosine to 5 methylcyto-

sine or addition of methyl groups to DNA)
3. Micro RNA (coded and non-coded) dysregulation
4. Sumolyation, acetylation, phosphorylation, ubiquitylation and 

other processes also have part to play

DNA Methylation
In PTSD, DNA methylation has been researched widely by multiple 

cross-sectional studies, a few longitudinal studies and some EWAS 
group studies. Apart from human studies, many animal studies, particu-
larly in rodents, have confirmed markedly similar epigenetic changes as 
seen in humans. The animal studies were also directed to find epigenetic 
changes seen in PTSD rodents and non-PTSD rodents. Epigenetic 
changes found in human PTSD sufferers were seen in PTSD rodent suf-
ferers. 

DNA methylation is dynamically regulated by active enzymatic 
methylation and demethylation processes7,36-38). This dynamic regulation 
adjusts to changes brought epigenetically in trauma suffering PTSD 
patients versus non-PTSD trauma sufferers. 

Findings from Research Studies Regarding DNA Methylation
The majority of findings have come from candidate genetic loci 

while EWAS are on the increase in recent years. EWAS provide 
approaches to analyzing epigenetic MDNA sites in PTSD in cost-effec-
tive ways by utilizing microarrays or sequencing based studies. In the 
beginning, EWAS were of a smaller sample size but with the recent 
larger sample size, epigenetic changes related to synaptic plasticity, cho-
linergic signalling, oxytocin signalling and inflammatory responses 
were identified9,23,57). EWAS were also able to confirm immune and 
inflammatory responses40-43,45,49,51,55). 

Longitudinal studies of recent years8,44,50,55) have been able to provide 
information about epigenetic profile of PTSD and enable the researchers 
the temporal changes in DNA methylation. Longitudinal studies which 
involve longer duration can provide whether DNA methylation precedes 
the development of PTSD or are a result of PTSD. The longer the dura-
tion of longitudinal studies, the more biospecimens can be collected, 
and trauma(s) associated DNA methylation and epigenetic aging, can be 
studied.

Candidate gene loci of SLC6A4 in one study44) has shown that lower 

Table 1
 Good Match  Matchup Mismatch

	 	 ←gene→	 Causes	PTSD
 No illness and  + Severity will depend on the
 no PTSD Environmental Factors degree of mismatch

Figure 1. Interaction of Biopsychological and Environmental 
Factors Affecting Brain-Body Function and Causing 
PTSD with the Ongoing Process of Epigenesis
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level of methylation increases the risk of PTSD while higher level pro-
tects them from PTSD. Candidate gene loci MAN2CI in another study45) 
showed lifetime risk of PTSD increased with higher level and has the 
tendency to be exposed to greater number of traumatic events. 

NR33CI has been investigated in six research studies46,47,52,53,55,56) and 
five studies47,52,53,55,56) have shown PTSD associated with hypomethylation 
of 1FCPG sites. However, one study47) have also shown hypermethyla-
tion at axon 1FCPG sites20,26,30-32,39,46) in association with PTSD46,47). 

In majority of studies gene expression was inversely related to 
methylation as higher expression were seen in PTSD46). EWAS provided 
enhanced information of broad nature and identified DNA methylation 
difference in CPG or gene region. In earlier study40), indicated that 
immune system functions are over-represented in unmethylated genes of 
PTSD sufferers. EWAS48,57) showed the relationship of socio-economic 
position moderates the relationship between methylation level of genes 
involved in neuronal function of PTSD. EWAS49) has also shown that 
PTSD cases with child abuse showed distinct gene expression and 
mDNA profile in comparison to PTSD cases without childhood abuse.

In military trainees, longitudinal EWAS50) showed accelerated epi-
genetic aging of significant nature and was associated while PTSD 
symptoms development was inversely correlated with epigenetic aging. 
Expression analyses also confirmed decreased mDNA with increase of 
PTSD symptoms43).

Recent study43) in majority of differently methylated CPG island 
showed increased mDNA in PTSD cases and the respective differently 
methylated genes (DMGS) were linked to following four clusters of: 
endocrine signalling, somatic complication, nervous system and nervous 
system functions.

In a longitudinal study44) of USA military persons, blood DNA 
methylation of immune system related genes were measured in a group 
of pre and post PTSD cases and PTSD free as a control. The results 
showed degree of methylation change in two groups were different for 
the long non-coded RNA transcript (H19) and IL8. In another longitudi-
nal study50) in Dutch military group epigenetic changes by using HM450 
Arrays in the level of trauma exposed and severity of PTSD symptoms 
were compared at pre and post duration. The study results were similar.

EWAS51) showed decrease mDNA was associated with increased 
PTSD symptoms. Accelerated epigenetic aging was associated with 
DNA methylation increased in PTSD sufferers seen in another longitu-
dinal study54). Longitudinal study in civilians showed variation of DNA 
methyltranferase genes associated with susceptibility to PTSD55).

DISCUSSION

In PTSD the most marked epigenetic modification is DNA methyla-
tion. For PTSD trauma(s) experience is essential and trauma(s) precipi-
tate the epigenetic changes as shown in Figure 2.

DNA methylation changes are to provide molecular adaptability to 
cope with adverse reaction from trauma(s). As indicated earlier, most of 
the research activities for epigenetic changes in PTSD have been 
focused on DNA methylation findings from specific candidate genes, 
EWAS, and longitudinal studies. The changes seen in human studies 
have been confirmed by trauma studies on animals and similar DNA 
methylation has been seen in human and animal studies. 

Based on present research activities, the role of DNA methylation is 
very important and most of the studies have shown hypomethylation 
present in PTSD, though a few studies have claimed to have hypermeth-
ylation state. It is also important to note that DNA methylation works 
through multiple networks and different types of methylation changes 
have been seen in a number of candidate genes studies. 

In spite of DNA methylation changes there is also possibility of 
other epigenetic processes involved in methylation changes5,7,14,20,29) as 
also described earlier in this paper. The timing of traumas has a very 
marked influence on epigenetic modifications. For example, traumas in 
early life and outside early life can cause different types of epigenetic 
changes in PTSD susceptible persons. However, epigenetic findings are 
also influenced by genetic variations of trauma sufferers.

Limitations of Epigenetic Research Studies
1. One of the important limitations remains small sample size and 

underpowered studies to detect statistically significant findings.
2. Methylation at multiple sites with multiple variables were not 

corrected for multiple testings
3. There has been a lack of clear replicable findings in many 

research studies
4. All studies of methylation have been tissue-specific in blood, 

buccal cells and saliva. These tests might not correspond to DNA meth-
ylation in the brain. This brings the issue of conducting studies if possi-
ble, on post mortem human brain tissue along with ongoing peripheral 
blood assessment in living humans.

5. Most of the research studies are cross-sectional and have been 
limited in research duration which does not describe full development of 
epigenetic changes. This problem can be solved by conducting longitu-
dinal studies of statistically significant sample sizes for obtaining repli-
cable results 

6. EWAS are another important vehicle to obtain larger sample sizes 
and for improving the consistency of results in a continuous nature of 
all research data but particularly of methylation data

7. Lack of common and similar protocols with defined and agreed 
methods of testing, will make results replicable, and also difficulties in 
understanding variable and unsimilar studies, will disappear

8. Finally, the research findings should be able to differentiate epi-
genetic changes which cause PTSD versus changes occurring during the 
period of PTSD.

CONCLUSION

PTSD cases have been found to carry DNA methylation dysregula-
tion. Epigenetic dysregulation clarifies the molecular pathways by 
which environmental and genetic interactions produce gene expression 
alteration associated with PTSD and PTSD risk. The research studies 
have shown the relationship and interactions between DNA methylation 
and traumatic experiences which precipitates the manifestation of 
PTSD. Early life trauma starts epigenetic dysregulation which adds on 
to the development of PTSD. Epigenetic changes also have shown that 
these changes can also differentiate the risk of PTSD and also resilience 
for not having PTSD. 

Figure 2. below simplifies epigenetic deelopmentoccurrence in PTSD
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FUTURE  DIRECTIONS

In future, designs of studies should be preplanned to meet consis-
tency, equivalency and replicability. Equivalency between studies 
including methods used to study DNA methylation will open a better 
understanding for confirming their findings by other researchers. The 
sample size should be large enough to produce statistically significant 
results. Shifts to longitudinal studies are desirable for collecting biologi-
cal samples at multiple times with longer duration for extensive tempo-
ral epigenetic changes. EWAS are very necessary steps to solve the 
problem of sample size and also to observe the continuous nature of epi-
genetic changes and dysregulation. Besides human blood tissue studies, 
post mortem brain tissue studies should be conducted to find the full 
spectrum of epigenetic changes on non-coding mRNA and to fully 
understand histone modification. EWAS and longitudinal studies are 
most suitable for answering the differentiation in DNA methylation 
which are occurring during the process of PTSD illness and also the 
consequences which are caused by fully developed PTSD. The under-
standing of full epigenetic dysregulation and modification in PTSD will 
also open the door to finding ways to prevent and treat PTSD. 

Epigenetic dysregulation can be reversed by utilizing newer epigen-
etic based medication. Medications have been produced through epigen-
etic processes in cancer, and newer drugs like Decitabine (5-aza2-deox-
ycytidine) and Vidaza (5-azacytidine) have been approved by the FDA. 
Japanese scientists have also suggested20,29) drugs can be produced by 
epigenetic processes for the treatment of depression based on histone 
deacetylase inhibitors.

At present, the lack of specific inhibitors for many epigenetic inter-
pretations are responsible for not understanding the mechanism of chro-
matic remodelling which also can help in developing epigenetic phar-
macotherapy20). Chromatic modification is responsible for long-lasting 
behaviour changes in PTSD and is also open for further research. 
Further research on chip sequencing also will enhance the understand-
ing of transcriptional mechanism in-vivo, and make it possible to study 
an open-ended range of genes. All these research activities are also 
capable of opening the door to many other epigenetic-based pharmaco-
therapies. 

However, newer epigenetic-based drugs should be developed. These 
drugs should be PTSD specific medications either for preventing PTSD 
from occurring or for treating PTSD sufferers after the illness has start-
ed. In future, epigenetic pharmacological therapy will be utilized to cor-
rect epigenetic defects in most of the psychiatric disorders including 
PTSD.

In future, enhanced research activities in PTSD will increase our 
knowledge and understanding of the etiological area more clearly, and 
will also provide greater help in the prevention and treatment of PTSD. 
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